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OB'bE)]JfHEHHhIH HHCTHTYT 

R,L(EPHbIX HCCJIE,L(OBAHHH: 
PO)K,L(EHHE HAYqHQH ,L(YBHbl 

B 2011 r. HCnOJIHHeTCH 55 JieT C MOMeHTa o6pa30BaHHH O6b

e,nHHeHHOro HHCTHTyTa H,nepHblX HCCJie,noBaHHH - Me)K,nyttapo,nHOH 

Me)KnpaBHTeJihCTBeHHOH Hay4HO-HCCJie,noBaTeJihCKOH opraHH3aUHH, 

pacnOJIO)KeHHOH B no,nMOCKOBHOH ,lly6He. 

1Ipe,I1,bICTOpm1. ATOM ,!1,JUI MHpa 

K cepe,nHHe npouIJioro CTOJieTHH 4eJIOBe4eCTBO 4eTKO OC03HaJIO 

Heo6xo,nHMOCTh OCBOeHHH H npaKTH4eCKoro HCnOJib30BaHHH B MHp

HblX ueJIHX HeHC4epnaeMhIX 3HepreTH4eCKHX pecypcoB, TaHI.I.I,HXCH 

B aTOMHOM H,npe. CTaHOBJieHHe H pa3BHTHe aTOMHOH HayKH H Tex

HHKH Tpe6oaaJio coTpy,nHtt4eCTBa yqeHhlX, o6be,nttHeHHH ycttJIHH 

ueJihlX Hay4Hb!X KOJIJieKTHBOB. ToJibKO orpoMHaH HCCJie,noBaTeJib

CKaH pa6oTa MHOfHX COTeH H Tb!CH4 yqeHblX - <pH3HKOB, nocBHTHB

llIHX CBOIO )KH3Hb H3y4eHHIO 3aKOHOMepHOCTeH MHpa 3JieMeHTapHblX 

4aCTHU H aTOMHhIX H,nep, Il03BOJIHJia HanpaBHTb THTaHH4eCKYIO 

3HeprHIO aTOMHOfO H,npa B MHpHoe pycJIO, 4TO Heo6xo,nHMO )1,JIH 

o6ecne4eHHH 3HepreTH4eCKHX noTpe6HOCTeH qeJIOBe4eCTBa H no

BbillleHHH ero 6JiarococTOHHHH. 

11cTOpmI pa3BHTHH aTOMHOH OTpaCJIH B Hawefi CTpaHe 6hIJia 

Hepa3pb1BHO CBH3aHa C )1,0CTH)KeHHHMH B o6JiaCTH TeopeTH4eCKOH 

H 3KcnepttMeHTaJihHOH H,nepHOH <pH3HKH H <pH3HKH 3JieMeHTapHbIX 

4aCTHU, 4TO, B CBOIO 04epe,nh, HeB03M0)KH0 6e3 coopy)KeHHH YHH

KaJibHbIX no CJIO)KHOCTH H T04HOCTH MOIUHbIX ycTpOHCTB - ycKO

'PHTeJieH 3apH)KeHHblX 4aCTHU H H,nepHbIX peaKTOpOB. T..J:eM 60Jibllle 

3HeprHH ny4Ka ycKopeHHblX 4aCTHU, HaXOAHIUerocH B pacnopH)Ke

HHH 3KcnepttMeHTaTopoB, TeM rny6)Ke B He,npa MHKpOMHpa MoryT 

OHH npOHHKHYTh. 11ccJie,noBaHHH no H,nepHOH <pH3HKe 6b!JIH Ha4aTbl 

B ro,nb1 BeJIHKOH OTe4eCTBeHHOH BOHHhI no HHHUHaTHBe aKa,neMH

Ka 11ropH BacttJibeBH4a Kyp4aToBa, KOTOphIH, B03rJiaBHB ,neHTeJih

HOCTh no pa3BHTHIO COBeTCKOH aTOMHOH HayKH H TeXHHKH, co6paJI 

B MocKBe CBOHX 6JIH3KHX yqeHHKOB H PHA KpynHhIX COBeTCKHX 

y4eHb!X. 



4 OI1JII1: pO)KJJ.eHHe ttayl!HOH ,ll,y6ttbI 

no BOCTTOMHHaHH.flM M. r. Mew.ep.HKOBa, co BTOpOH nOJI0BHHhl 

1944 r. B Kpyrax COBeTCKHX y'-!eHb!X, 3aH.f!Th!X HCCJie,ll,OBaHH.flMH 

B o6JiaCTH .fl,ll,epHOH Q)H3HKH, Ha'-!aJIOCh o6cy)K,n,eHHe B03M0)KH0CTH 

cTpOHTeJihCTBa B Hawe11 CTpaHe yCKopHTeJieH qacTHU:. HecKOJihKO 

coBew,aHHH no 3TOMY Bonpocy npowJio no,n, pyK0B0,ll,CTBOM aKa,n,e

MHKa 11. B. Kyp'-laTOBa B opraHH30BaHHOH HM Jia6opaTOpHH N2 2 
AH CCCP, BnocJie,n,cTBHH CTaBwe11 11HCTHTYTOM aTOMHOH 3HeprnH 

AH CCCP (HhIHe PHU, <<Kypl.!aTOBCKHH HHCTHTYT>>). B 3ace,n,aHH.flX 

yqacTBoBaJIH A. 11. AJIHXaHoB, B . 11. BeKcJiep, K. )l. CHHeJihHHKOB, 

11. E. TaMM, H3 JieHHHrpa,n,a npHrJiarnaJIHCh E. A. HHKHTHH, 

JI. 11. PyCHHOB, ,LI,. B. EcppeMOB H M. r. Mew.ep.HKOB, PYK0BO,ll,HBWHH 

TOr,n,a U:HKJI0TpOHHOH Jia6opaTOpHeH Pa,n,HeBoro HHCTHTyTa AH 

CCCP. B pe3yJihTaTe ,n,HcKyccHH ocTaHOBHJIHCh Ha TOM, '-!TO ,ll,JI.fl 

o6ecne'-!eHH.fl nepcneKTHBHh!X HanpaBJieHHH cpyH,n,aMeHTaJibHh!X 

cpH3H'-leCKHX HCCJie,n,oBaHHH B CCCP Heo6xo,n,HMO noCTpOHTh ,n,Ba 

ycKopHTeJI.fl Ha peKOp,ll,Hb!e no TeM BpeMeHaM 3HeprnH - npoTOH

Hh!H yCKopHTeJih Ha 450-500 M3B c nocJie,n,yIOW.HM yBeJIH'-leHHeM 

3HeprnH ,ll,O 650-700 M3B H 3JieKTpOHHh!H YCK0pHTeJib Ha 3HeprnIO 
He MeHee 250 M3B. 

fn~poTexHnqecKrui na6opaTopHH 

MHeHHe Q)H3HKOB JierJio B OCHOBY cy,n,h60HOCHOfO ,ll,JI.fl ,LI,y6Hbl 

peweHH.fl TTpaBHTeJihCTBa CCCP, cornaCHo KOTopoMy ,ll,JI.fl cTpoH

TeJihCTBa YCKOpHTeJI.fl H Hay'-!Horo ropo,n,Ka npH HeM H3 foccpoH

,n,a 6b!JI BhI,ll,eJieH (1946 r.) 3a60JIO'-leHHhIH yqacT0K Jieca Ha npa

BOM 6epery BepxHeH BoJirn pH,ll,0M c noceJIK0M DOJihWa.fl BoJira. 

O6pa30BaHHa.fl 3,ll,eCb B 1948 r. YCK0pHTeJihHa.fl Jia6opaTOpHH no 

coo6pa)KeHH.flM KOHCnHpau;HH H BBH,n,y 6JIH30CTH K MocKOBCKOMy 

MOplO noJiy'-IHJia Ha3BaHHe fH,n,poTeXHH'-leCKOH Jia6opaTOpHH (fTJI) 

AH CCCP. cf>aKTH'-!eCKH 3T0 6hIJI cpHJIHaJI Jia6opaTOpHH N!12, KO

Topo11 3aBe,n,oBaJI B MoCKBe 11. B. Kyp'-laToB. 

,ll,HpeKTOpOM fTJI H Hay'-!Hh!M PYKOBO,ll,HTeJieM pa3pa60TOK no 

yCKopHTeJIIO 6b1JI Ha3Ha'-leH MHxaHJI fpHropheBH'-1 Mew.epHKOB, 

a ero 3aMeCTHTeJieM - BeHe,n,HKT TTeTpOBH'-1 ,ll,)KeJienoB. TTpoeK

THpoBaHHe MarHHTa ycKopHTeJI.fl H 3JieKTpOTeXHH'-!eCKOro o6opy,n,o

BaHH.fl 6b!JIO Bhin0JIHeHO no,n, PYKOBO,ll,CTB0M C0Tpy,ll,HHKa cneu:HaJib

HOfO KOHCTpyKTOpCKOfO 610po JieHHHrpa,ll,CKOfO 3aB0,ll,a «3JieKTpO

CHJia>> ,LI,. B. EcppeMoBa. Pa3pa6oTKOH BhIC0K0'-!acTOTHOH CHcTeMhI 

YCKOpHTeJI.fl H MOW,H0fO Bh!COK0'-!aCTOTHOrO reHepaTopa PYKOBO,ll,HJI 
'-IJieH-KoppecnoH,n,eHT AH CCCP A. JI. MHHU:. 

OI1JII1: po)KJJ.eHHe ttayl!HO_H ,ll,y6ttbI 5 

M11xa11JI fp11ropheBH'I Mew:epHKOB 

no HaCT0.flHHIO 11. B. Kyp'-!aTOBa pa3pa6oTKa CHHXpOU:HKJIOTpo

Ha 6bJJia Ha'-!aTa B Jia6opaTOpHH N!12. OpraHH30BaHHh!H B HeH 

ycKOpHTeJihHh!H 0T,ll,eJI, PYK0B0,ll,HTeJieM K0Toporo 6hIJI Ha3Ha'-!eH 

M. r. Mew.ep.HKOB, 6hIJI npH3BaH B KpaT'-laHWHH cpoK C03,[{aTh ,n,eH

CTBYIOW.YIO MO,ll,eJib 6y,n,yw.ero CHHXp0U:HKJI0TpOHa H npoBepHTh Ha 

HeH npHHU:Hn aBTocpa3HpOBKH. Y)Ke B ,n,eKa6pe 194 7 r. TaKa.fl MO

,neJib 6bIJia 3a,ll,eHCTBOBaHa, a K cepe,nHHe 1948 r. Ha HeH 6b!JIH 

HCCJie,ll,OBaHbl BCe cyw.ecTBeHHb!e oco6eHHOCTH CHHXp0U:HKJIOTpOH

HOfO cnoco6a ycKopeHH.fl npOTOHOB. B npoBe,neHHH 3THX pa6oT 

npHHHMaJIH aKTHBHOe yqacTHe coTpy,nHHKH oT,neJia H. TT. Eora'-!eB, 

E. JI. fpHropheB, B. C. KaThIWeB, A. A. PeyT H A. A. KponHH. DhI

JI0 3anJiaHHpoBaHO, '-!TO nocJie 3aBepweHH.fl HCCJie,noBaHHH M0,[{eJIH 

H0B0f0 ycKopHTeJI.fl 3TOT OT,neJI nepee,neT Ha MeCTO CTpOHTeJibCTBa 

CJ-!HXpOU:HKJI0TpOHa H CTaHeT H,ll,pOM 6y.nyw.ero Hay'-IH0f0 u:eH1'pa. 

Me)K,n,y TeM O,ll,HOBpeMeHHO C coopy)KeHHeM YCKOpHTeJI.fl Bee 

6oJiee HapaCTalOW.HMH TeMnaMH BeJI0Ch H CTp0HTeJihCTB0 0CHOB

Hh!X Jia6opaTopHbIX 3,[{aHHH H )KHJih!X ,[{OM0B Hay'-!HOfO ropo,n,Ka -

6y,n,yw.e11 ,LI,y6Hhl. PyKOBO,ll,HJI 3THMH pa60TaMH O,ll,HH H3 OIThITHeH

WHX cTpOHTeJieH KpynHhIX o6beKTOB A. TT. JienHJIOB. B ,n,oBOJihH0 

C)KaTbie cpOKH, npH He6JiaronpHHTHh!X ycJI0BH.flX 6bIJI B03Be,ll,eH 

rJiaBHh!H Kopnyc CHHXpOU:HKJI0TpOHa - 3,[{aHHe, BhICOTa MaCCHBHh!X 

CTeH KOToporo ,ll,OCTHfaJia 35 M, TOJIW.HHa 6eTOHHOfO n0T0JIKa -



6 OJ15H1: pO)l{,!1.~li_He Hay<-1Hoii ,n:y6HbI 

2 M, a 061.UHH Bee nepeKpbITHSI npeBb!lllaJJ 10 000 T. OrpOMHaSI pOJJb 

B pellleHHH npo6JJeM rpaJJ.OCTpoHTeJJbCTBa npHHaJJ.JJe)lrnT M. r. Me

r.uepSIKoBy. OH 6b!JJ nepBb!M, KTO onpeJJ.eJJHJJ COU.HaJJbHbIH o6JJHK 

6yJJ.yr.ueii ,LJ,y6HbI - ropoJJ.a c oco6011 aTMoccpepoii He3pHMOH pa6o

TbI qeJJOBeqecKOH Mb!CJJH. 

B 1948-1949 rr. B fTJI npHllIJJH MOJJOJJ.bie <pH3HKH H. 11. <l>po

JJOB, IO. M. Ka3apHHOB, A. r. BaxpoMeeB, 6.11. 3aMOJJOJJ.',!HKOB, 

D. M. foJJOBHH, a TaK)Ke CTyJJ.eHTbI-JJ.HnJJOMHHKH B. TT. ,lJ,MHT

pHeBCKHH, A. E. 11rnaTeHKO, f.11. CeJJHBaHoB, JI. M. CopoKo. 

3Ta He6oJJblllaSI rpynna noJJO)KHJJa HaqaJJo nepBoMy Hay1,1H0My 

KOJJJJeKTHBY ,lJ,y6Hbl. 

3anycK CHHXpOU.HKJJOTpOHa COCTOSIJJCSI B peKOpJJ.Hb!e cpOKH -

14 JJ.eKa6pSI 1949 r. TTepBbIH B CCCP ycKopHTeJJh 3apa60TaJJ ! 3TO 

6hIJJO HCTOpHqecKoe co6bITHe, 03HaMeHOBaBllJee HaqaJJO pa3BHTHSI 

HOBOH o6JJaCTH HayqHbIX HCCJJeJJ.OBaHHH - <pH3HKH qaCTHU. Bb!COKHX 

3HeprnH. Ha CHHXpOU.HKJJOTpoHe CHaqaJJa 6bIJJH yCKopeHbI JJ.eHTpo

HbI JJ.O 3HeprnH 280 M3B, o:-1,1acrnu.h1 - JJ.O 250 M3B, H BCKope 

3.n.am1e rrepBoro ycK0pHTeJl5! ,ll.y6Hbl - CHHXp0UHKJI0Tp0Ha 

011.HI1: pO)l{,D.eHHe Hay•rnoii ,n:y6Hbl 7 

npOTOHbl - JJ.O 480 M3B. ,llo 1953 r. CHHXpOU.HKJJOTpOH OCTaBaJJCSI 

KpynHeHllIHM YCKOpHTeJJeM B MHpe. 

B 1953 r. nocJJe yBeJJH',!eHHSI JJ.HaMeTpa noJJIOCOB MarHHTa CHH

xpOU.HKJJOTpoHa JJ.O llJeCTH MeTpOB H cyr.uecTBeHHOH peKOHCTPYKU.HH 

ero Bb!COKO',!aCTOTHOH CHCTeMbl 6b!JJ BBeJJ.eH B JJ.eHCTBHe npoTOHHbIH 

BapHaHT yCKopHTeJJSI Ha 3Heprn10 npoTOHOB 680 M3B c HHTeHCHB

HOCTbJO nyqKa npoTOHOB npHMepHo 0,3 MKA. OJJ.HOBpeMeHHO C 3THM 

B . n. ,lJ,MHTpHeBCKHM 6hIJJ ocyr.uecTBJJeH HOBbIH, pereHepaTHBHbIH 

MeTOJJ. BbIBOJJ.a qaCTHU. H3 ycKOpHTeJJH, ',!TO n03BOJJHJJO yBeJJH',!HTb 

HHTeHCHBHOCTb BbIBeJJ.eHHOro nyqKa B JJ.eCSITKH pa3. 

DblCTpoe pa3BHTHe 3KCnepHMeHTaJJbHbIX HCCJJeJJ.OBaHl1H Ha CHH

xpOU.HKJJOTpOHe, noJiyqeH11e Ha HeM nepBOKJiaCCHblX no HayqHoH 

3Ha',ll1M0CTH pe3yJibTaT0B no3B0JIHJIH B 1953 r. npeo6pa30BaTb fTJI 

B 11HCTHTYT SIJJ.epHbIX npo6JieM AH CCCP, KOTopbIH B 1956 r., BOH

JJ.SI B C0CTaB O6beJJ.HHeHHOro HHCTHTyTa SIJJ.epHbIX 11CCJieJJ.OBaHl1H, 

CTaJI ero nepBOH JJ.eHcrny10r.ue11 Jia6opaTOp11e11 H noJiyq11JI Ha3BaHHe 

Jia6opaTOp11H SIJJ.epHbIX npo6JieM. ,LJ,11peKTOpOM 3TOH Jia6opaTOpH11 

6b!JI Ha3HaqeH B . n . .ll)KeJienoB. 

3JieKTpo<l>H3HtiecKaH Jia6opaTopm1 

B 1949 r. noJJ. pyK0B0JJ.CTB0M B. 11. BeKcJiepa np11 aKTHBHOH 

n0JJ.JJ.ep)KKe aKaJJ.eM11Ka C.11. BaB11J10Ba B paHOHe 6yJJ.yr.uei1 ,LJ,y6HhI 

HaqaJJ0Cb npoeKTHpoBaH11e er.ue 0JJ.H0rO M0I.UH0ro ycKop11TeJISI npo

TOH0B - CHHXpocpa30TpoHa Ha 3Heprn10 10 f3B. B 1953 r. 3JJ.eCb 

6bIJia o6pa3oBaHa 3JieKTpocpH3111,1eCKaSI Jia6opaTOpHSI AH CCCP 

(3<l>JIAH), K0TopaSI B 1956 r. B0llJJia B COCTaB 0115!11 11 CTaJia 

Ha3bIBaTbCSI Jia6opaTOp11eH Bb!C0Kl1X 3HeprnH (JIB3). OcHOBaTeJJeM 

11 JJ.11peKTopoM 3<l>JIAH 11 JIB3 JJ.O 1966 r. 6b1JI BJiaJJ.11M11p l1orn

cp0B11q BeKCJJep, OTKpbIBilll1H B 1944 r. np11Hu.11n aBTO<pa311pOBKl1, 

Jie)Kal.U11H B 0CH0Be pa60Tbl Bcex U.11KJll1',!eCKl1X ycKop11TeJieH Ha 

Bb!COKl1e 11 CBepXBbICOKl1e 3Heprn11. 

Bo3rJJaBl1B 60JibllIOH K0JIJieKTl1B cneu.11aJil1CT0B 113 pa3Jil1',IHbIX 

11HcT11TyT0B, B.11 . BeKcJiep, 6JJaroJJ.apSI CB0l1M opraH113aTOpcK11M 

cnoco6HOCTSIM H 11H)KeHepHbIM 3HaHl1SIM, HanpaBl1JI ero yc11J111SI Ha 

pellleH11e CJJO)KHeHllleH Hay1,1Ho-TexH111,1ecKoH npo6JieMbI - coopy

)KeH11e caMoro 60JibllIOf0 B M11pe np0T0HH0rO ycKop11TeJISI. K pa3-

pa60TKe npoeKT0B YHl1KaJJbH0f0 o6opyJJ.OBaHl1SI Cl1HXpocpa30TpoHa 

B.11. BeKCJiep np11BJieK HayqH0-11H)KeHepHbie K0JIJJeKTl1Bbl, B03rJJaB

JJSIBlll11eCSI ,LJ,. B . EcppeMOBhIM 11 A. JI . M11Hu.eM. 



8 011.Hl1: _po:>KJ].eHHe Hay<JHOH .ll:y6Hbl 

BJiaJU-iMHp l1ocmpoaH'-I BeKcJiep 

Coopy:>KeHHe yCKopHTeJrn: noTpe6osaJio peweHHH MHornx npo-

6JieM s o6JiaCTH 3JieKTpoMaWHHOCTpoeHHH, annapaTocTpoeHHH H 

cneu.HaJibHbIX MaTepHaJI0B. 6b!JIH pa3pa60TaHbl H C03JJ.aHbl rnraHT

CKHH KOJibU.eBOH 3JieKTp0MarHHT BeC0M 36 000 T, H3fOTOBJieHHbIH 

H3 cneu.HaJibHOH MapKH CTaJIH, cneu.HaJibHbie cxeMbl 3JieKTpHqecK0-

ro nHTaHHH H paJJ.H0TeXHHl.jeCKHe ycTpOHCTBa, YHHKaJibHaH H3MepH

TeJibHaH annapaTypa. B npou.ecce pa3pa60TKH pa.11.HoTexHHqecKoH 

H 3JieKTpOHHOH annapaTypbl p0JJ.HJiaCb H0BaH 0TpaCJib TeXHHt.jeCKOH 

HayKH - pa.11.HoTeXHHKa H 3JieKTp0HHKa M0IUHbIX ycK0pHTeJieH 

3apH:>KeHHbIX qaCTHU.. 

6oJiblliaH HayqH0-HCCJie)J.0BaTeJibCKaH pa6oTa BeJiaCb B <PH3H

qecK0M HHCTHTyTe AH CCCP (<l>HAH), r.11.e rpynna cpH3HKOB-Teo

peTHK0B, pyKoB0JJ.HMaH M. C. Pa6HHOBHqeM H A. A. KoJioMeHcKHM, 

B TeqeHHe JJ.JIHTeJibHOro speMeHH aHaJIH3HpOBaJia ycJI0BHH JJ.BH:>Ke

HHH qacrnu. B ycKopHTeJie. Ha TeppHT0pHH <l>HAH 6bIJia coopy

:>KeHa .11.eHCTBYIOIUaH MO)J.eJib CHHXpocpa30TpOHa C ycJIOBHbIM Ha-

3BaHHeM MKM, 3anymeHHaH B 1953 r. H no3BOJIHBWaH HCCJie

.11.osaTb pa3JIHl.jHbie npou.ecCbl, CBH3aHHble C pa60TOH ycKOpl-!TeJIH. 

B qacTHOCTH, 6bIJI H3yqeH sonpoc BBOJJ.a qacTHU. B ycK0pHTeJib OT 

BHellIHero HH:>KeKTOpa, a TaK:>Ke no.11.roT0BJieHbl KaJJ.pbl JI.JI.fl npe.11.

CTOHIUHX pa6oT Ha CHHXpocpa30TpOHe - MOJIOJJ.ble cneu.HaJIHCTbl, 

TOJibKO l.jTO OKOHl.jHBllIHe HHCTHTYTbJ: K. n. Mbl3HHKOB, C. K . EcHH, 

H. 6 . HccHHCKHH, JI . M . TTonHHeHKosa, 3. A. MH3, E. M. KyJiaKosa, 

H. M . 6a:>KeHosa 11 .11.p. 

011.Hl1 : po:>KJ].eHHe Hay<JHOH .ll:y6Hbl 9 

B K0HU.e 1956 r. MOHTa:>K OCHOBHb!X Y3JIOB CHHXpocpa30TpoHa 

6b!JI 3aKOHl.jeH. )lo ero 3anyCKa B JIB3 6bIJIH pa3pa6oTaHbl pa3-

JIHl.jHbie JJ.eTeKTOpbl qacTHU. H C03JJ.aHbl pa3HOro THna <pH3Hl.jeCKHe 

ycTaHOBKH. TaK, K HaqaJiy pa60Tbl CHHXpocpa30TpOHa Ha BHyTpeH

HeM nyqKe npoTOHOB roTOBHJIOCb 06opy.11.osaHHe JI.JI.fl o6JiyqeHHH 

HJJ.epHbIX <pOT03MYJibCHH, a Ha BbJBe)J.eHHOM nyqKe OTpHU.aTeJibHb!X 

nHOH0B 3aKaHl.jHBaJICH MOHTa:>K KaMepbl BHJibCOHa, ny3blpbKOBbIX 

KaMep: 24-JIHTposoti nponaHosoti H noJiyMeTposoti KCeHoHosoti. 

BnocJie)J.CTBHH MeTOJJ.HKa ny3blpbKOBbIX KaMep, perncTpHpylOIUHX 

noqTH see BTOpHl.jHbie 3apH:>KeHHbie H HeHTpaJibHbie qacTHU.bl, CTaJia 

OCHOBHOH npH H3yqeHHH npou.eccoB MHO:>KeCTBeHHOro pO:>KJJ.eHHH 

qacTHU. Ha CHHXpocpa30TpOHe. YCKopeHHblMH TeMnaMH cosepweH

CTBOBaJIHCb H C03)J.aBaJIHCb 3JieKTp0HHbie MeTOJJ.bl HCCJie)J.OBaHHH. 

Ha BbJBe)J.eHHb!X nyqKax CHHxpocpa30TpOHa n0HBHJIHCb npOCTbie, 

a 3aTeM H 6oJiee CJIO:>KHbie cneKTpoMeTpbl, co.11.ep:>KaIUHe HCKpOBbie 

KaMepbl H qepeHKOBCKHe cqeTl.jHKH. 

B 1957 r. Ha CHHXpocpa30TpOHe Jia6opaTOpHH Bb!COKHX 3Heprnti 

OH5IH 6bIJI snepBbie noJiyqeH nyqoK npoTOHOB, ycKopeHHbIX .11.0 

npoeKTHOH 3HeprnH - .11.eCHTb MHJIJIHap.11.os 3JieKTpOHBOJibT. Ycnew

Hb!H 3anycK CHHXpocpa30TpOHa Il03BOJIHJI yqeHbIM CTpaH-yqacTHHU. 

OH5IH aKTHBHO BKJIIOl.jHTbCH B HCCJie.11.osaHHH no noHcKy HOBbIX 

3JieMeHTapHbIX qaCTHU. H HeH3BeCTHbIX paHee 3aKOHOMepHOCTeH 3a

ra.11.oqHoro MHKpOMHpa B o6JiaCTH 3Heprnti, K0TopaH JJ.O 3Toro 6bIJia 

HeJJ.OCTynHa HH OJI.HOH Jia6opaTOpHH MHpa. <PH3Hl.jeCKaH nporpaMMa 

fJiaBHOe 3,D.aHHe CHHXpocpa30TpOHa 
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HCCJieJI.OBaHHH Ha CHHXpocpa30TpoHe 6hIJia no.n.roT0BJieHa H ocy
w:ecTBJIHJiaCb no.n. pyKoB0.11.CTB0M B. H. BeKcJiepa, M.A. MapKoBa H 
H . B. l.JyBHJIO. 

B 1959 r. 3a C03JI.aHHe 3Toro ycK0pHTeJIH 6bJJia npHCY:>KJI.eHa Jie
HHHCKaH npeMHH K0JIJieKTHBY aBTopoB B cocTaBe: B. H. BeKCJiepa, 
ct>. A. Bo.n.onbHHOBa, ,ll. B. EcppeMoBa, JI. TT. 3HHOBbeBa, A . A. KoJio
MeHcKoro, E. r. KoMapa, A. JI. MHHI.I.a, H. A. MoHoc3oHa, B. A. TTe
TyxoBa, M. C. Pa6HHOBHtia, C. M. Py6l!HHCKoro, A. M. CToJioBa. 

fpynnhI HJI.epHblX <pOT03MYJibCHH nepBbIMH 6hIJIH roT0Bbl K pa-
6oTe Ha yCKopeHH0M .11.0 peK0pJI.HbIX 3HeprnH nyl!Ke npoT0H0B. CJiy
lJaH p0:>KJI.eHHH 11 pacna.n.a aHTHCHrMa-MHHyc-rnnepoHa 6hIJI Ha11.11.eH 
00CJie npocM0Tpa 40 000 CTepeocpoTOrpacpHH, 3aperncTpHp0BaBll!HX 
.n.ecHTKH TbICHlJ .n.pyrnx B3aHM0JI.eHCTBHH 0Tpm.1.aTeJibH0 3apmKeH
HbIX 0H0H0B C aT0MaMH B0JI.0po.n.a H yrnepo.n.a nponaHa. Ha Po
l!eCTepcKOH KOH<pepem.1.1111 1960 r. B 6epKJIH (ClllA) .n.y6HeHCKHe 
yl!eHhie coo6w:HJIH .n.aHHbie, K0T0pbie BnepBbie HaH6oJiee 00JIH0 
OT06pa:>KaJIH 06w:y10 KaprnHy npou.eccoB o6pa30BaHHH CTpaHHbIX 
(A 0-, K 0-, :E±- 11 3- -) l!aCTHI.I. B nHoH-HYKJI0HHhIX B3a11Mo.11.e11cTBH

Hx npH caMbIX Bb!C0KHX B TO BpeMH 3HeprHHX. B l!aCTH0CTH, pac
CKa3bIBaJI0Cb 06 0TKpb!THH aHTHCHrMa-MHHyc-rnnepoHa - nepB0M 
3aperncTp11poBaHH0M 0TKpbITHH OH5IH, o nepBoM Ha6JIJOJI.eHHH 
MH0:>KecTBeHH0ro (6oJiee JI.Byx) pO)KJI.eHHH CTpaHHbIX lJaCTHI.I. H 06 
o6Hapy:>KeHHH 6hICTporo pocTa c 3Heprne11 cel!eHHH rettepau.1111 Kac
KaJI.HbIX KCH-MHHyc-rnnep0H0B. BnepBbie coo6w:aJIOCb 0 00JI.TBep
:>KJI.eHHH pattee ycTaH0BJieHHoro <pH3HKaMH OH5IH o6w:eH3BeCTHoro 
ce11l!ac 3aKoHa coxpatteH!rn 6apHOHHoro 3apH.11.a. 

06pa3oBaHHe OHRH 

rrJI 11 3ct>JIAH, JI.Be KpynHbie Jia6opaTopHH c MOW:HeHll!HMH 
ycKopHTeJIHMH, YHHKaJibHbIMH HCCJieJI.0BaTeJibCKHMH ycTaH0BKaMH, 
nepB0KJiaCCHbIM o6opy.n.oBaHHeM 11 ll!TaTaMH 00bITHbIX C0TPY.11.HH
K0B, B0llIJIH B C0CTaB O6beJI.HHeHHoro HHCTHTyTa HJI.epHbIX HCCJie
JI.OBaHHH - nepBOH Me:>KnpaBHTeJihCTBeHHOH Hayl!HOH opraHH3aI.I.HH 
C0I.I.HaJIHCTHlJeCKHX rocy.n.apCTB. 

Cornall!eHHe 0 C03JI.aHHH O6beJI.HHeHHOro HHCTHTyTa 6b!JIO 
00JI.0HCaH0 26 MapTa 1956 r. npe.n.cTaBHTeJIHMH npaBHTeJibCTB 
11 CTpaH-yl!pe.n.HTeJieH C 1.1.eJiblO 06beJI.HHeHHH HX HaylJH0ro H 
MaTepHaJibH0ro noTeHI.I.HaJia JI.JIH H3yl!eHHH cpytt.n.aMeHTaJibHbIX 
CBOHCTB MaTepHH. B TOM )Ke ro.n.y Hayl!Hb!H rop0JI.0K BMeCTe 
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CoBew.aHHe rrpe,ncTamneJJeH rrpaBHTeJJbCTB 0JI.HHHa,nu:arn cTpaH-y<1pe
.D.HTeJJe11 O6be,D.HHeHHoro HHCTHTyTa si.nepHbIX HCCJJe,D.0BaHHH. BbICTyrra
eT rnaBHbIH yc1eHbIH ceKpeTapb rrpe3H.D.HyMa AH CCCP A. B. TorrirneB. 
MoCKBa, 26 MapTa 1956 r. 

c pa6ol!HMH noceJIKaMH paAotta 6oJibllIOH BoJirn 6bIJI npeo6pa3oBaH 
B ropo.n., noJiyl!HBllIHH Ha3BaHHe ,lly6tta. 

TTepBbIM .11.11peKTopoM HttcTHTYTa KoMHTeT noJIH0M0l!HbIX npe.n.
CTaBHTeJie11 0JI.HHHa.11.1.1.aTH CTpaH e.n.HH0rJiaCH0 H36paJI npocpeccopa 
,ll. H. 6JIOXHHI.I.eBa, T0JlbK0 lJT0 3aBepll!HBll!ero C03JI.aHHe nepBOH 
B MHpe aTOMH0H 3JieKTp0CTaHI.I.HH B O6HHHCKe. B111.1.e-.11.11peKTopaMH 
Me)K.n.yttapo.n.Horo Hayl!Horo 1.1.eHTpa cTaJIH npocpeccopa M. ,llaHbilll 
(TToJibllla) H B. BOTpy6a (l.JexocJioBaKHH). 

B .n.onoJIHeHHe K .11.BYM B0llleJI.ll!HM B cocTaB OH5IH Jia6opaTO
pHHM 6b!JIH C03JI.aHbl TPH H0Bbie: Jia6opaTOpHH H.n.epHbIX peaKI.I.HH, 
JI.HpeKT0p0M KOTOpOH CTaJI r. H. ct>JiepoB, Jia6opaTOpHH HeHTpOHHOH 
<pH3HKH, K0Topy10 B03rJiaBHJI H. M. ct>paHK, H Jia6opaTOpHH Teo-

• peTHl!ecK011 <pH3HKH, B03rJiaBJieHHaH H. H. 6oroJI1060BbIM. B Jia-
6opaTopHH HJI.epHbIX peaKI.I.HH HalJaJI0Cb CTp0HTeJibCTB0 M0W:H0ro 
1.1.HKJI0Tp0Ha .11.JIH ycKopeHHH rn:>KeJiblX H0H0B, B Jia6opaTOpHH HeH
TpOHHOH <pH3HKH pa3BepHyJI0Cb CTp0HTeJibCTB0 YHHKaJibH0ro HM

nyJihCHoro peaKT0pa Ha 6bICTpb!X HeHTpOHax. 3TH ycTaH0BKH 6b!JIH 
ycrrell!H0 BBe.n.eHhI B .11.e11CTBHe B 1960 r. B 1966 r. B OH5IH 6b1Jia 
C03JI.aHa ew:e OJI.Ha Jia6opaTOpHH - Jia6opaTOpHH BbllJHCJIHTeJibHOH 
TeXHHKH H aBT0MaTH3aI.I.HH, JI.HpeKT0p0M KOTOpOH CTaJI ee C03JI.a
TeJib M. r. Mew:epHKOB. HoBhie TexHHl!eCKHe cpe.n.cTBa, rroHBHB-
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TioJIHOMO'-!HhIH rrpe,LI,cTamneJib TipaBHTeJibCTBa CCCP E. TI . CJiaBCKHH BbI
cTyrraeT Ha rrepB0M 3aCe,LI,aHHH KoMHTeTa IT0JIH0M0'-!Hb!X rrpe,LI,CTaBHTeJieH 
Ol15Il1 . ,Uy6Ha, ceHrn6pb 1956 r. 

urnecH 6JiafOAapH 3TOMY B l1HCTHTyTe, cyw.eCTBeHHO pacwHpHJIH 
AHana30H 3KCnepHMeHTaJihHbIX H TeopeTH'-!eCKHX HCCJieAOBaHHH, 
cnoco6cTBOBaJIH pa3BHTHIO HOBbIX Hay9Hb!X HanpaBJieHHH. 

He3aAOJif0 AO o6pa30BaHHH O6beAHHeHHOro HHCTHTyTa 
HAepHbIX HCCJieAOBaHHH 3anaAHOeBponeHCKHe CTpaHhl peaJIH30BaJIH 
HAeIO KOHCOJIHAaU.HH YCHJIHH B 113yqeHHH cpyHAaMeHTaJibHbIX 
CBOHCTB MHKpOMHpa, C03AaB B 1954 r. 6JIH3 )KeHeBbl (WBe11u.apHH) 
EBpone11CKyIO opraHH3aU.HIO HAepHbIX HCCJieAOBaHHH (UEPH), rAe 
6b!JIH nocTpOeHbl KpynHbie 3KcnepHMeHTaJibHbie ycTaHOBKH AJIH 
npoBeAeHHH HAepHo-cpH3H9eCKHX HCCJieAOBaHHH. 

B u.eJIOM, H C03AaHHe, H AaJihHe11waH AeHTeJibHOCTb ABYX 
KpynHeHWHX Me:>KAyttapOAHbIX Hay9Hb!X opraHH3aU.HH - Ol1.Hl1 H 
UEPH - cJiy:>KaT tteonpOBep:>KHMhIM AOKa3aTeJibCTBOM Toro, 9TO 
TOJibKO WHpOKOe Me:>KAyHapOAHOe COTPYAHH9eCTBO MO:>KeT o6ec
ne9HTb nocTynaTeJibHOe pa3BHTHe HAepHOH HayKH, paBHO KaK H 
MHpHoe HCTTOJib30BaHHe aTOMHOH 3HeprnH. 

CTaHOBJieHHe H pa3BHTHe OH.RH 

HcTOpHH CTaHOBJieHHH O6beAHHeHHOro HHCTHTyTa CBH3aHa 
c HMeHaM11 TaKHX Kpyntte11w11x yqeHbIX 11 pyKOBOAHTeJie11 Ha
YKH, KaK H. H . Boromo6oB, JI. HttcpeJihA, H.B. KypqarnB, r. He-
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BOAHH9aHCKHH, A . M. TTeTpochHHU. , E . rr. CJiaBcK1111 , H. E. TaMM, 

A . B . Tonq11eB, X . X y Jiy6e11, JI . .HttowH H AP-
B cpopMHpoBaHHH OCHOBHblX Hay9Hb!X HanpaBJieHHH Ha pa3Hb!X 

3Tanax pa3BHTHH l1HCTHTyTa npHHHMaJIH yqacTHe BbIAaIOI.I.J.H
eCH cpH3HKH: H. C. AMarno6eJIH , A . M. BaJIAHH, Batt fatt9aH, 
B . H . BeKcJiep, B . BoTpy6a, M. fMHTpo, H. H. foBopytt, M . ,llaHhIW, 
B . TT . ,ll:>KeJienoB, H. 3Bapa, H . 3JiaTeB, B . r. KaAhIWeBCKHH, 
,ll . K11w , .H . Ko:>KeWHHK, H. Kpoo, K . Jiatt11yc, Jie Batt TxHeM, 
A. A. JioryttoB, M . A . MapKoB, B. A. MarneeB, M. r. Mew.epHKOB, 
r. HaA:>KaKoB, HryeH Batt Xhey, IO. U. OraHeCHH, JI . TTaJI , 
B. TTeTp:>KHJIKa, r. f103e, 6 . M . TTottTeKopBo, B . TT . Capattu.eB, 
A . H . C11caKHH, H . CoAHOM, P. CocHOBCKH, A. C3HAyJiecKy, 
A . H . TaBxeJIHA3e, H. ToAopoB, H. YJierJia, H. Ypcy, r. H . cf>JiepoB, 

H . M. cf>paHK, X. XpHCTOB, A . XpbIHKeBH9, m. U11u.e11Ka, 4:>Koy 
fyatt9:>Kao, H.B. 4yBHJio, cf> . JI . Wan11po, ,ll . B . W11pK0B, ,ll. 36epT, 

E . .HHHK H AP-
Co BpeMeHH o6pa30BaHHH I1HCTHTYTa B o6JiaCTH HAepHbIX HC

CJieAOBaHHH npOH30WJIH H3MeHeHHH, KOTOpb!e C nOJIHbIM npaBOM 
MO:>KHO Ha3BaTb peBOJIIOU.HOHHbIMH. B 1961 r.' KOfAa 6b!JIH yqpe
:>KAeHbl npeMHH Ol1.Hl1, nepByIO HarpaAy noJiyq11JI KOJIJieKTHB aB
TopoB, B03rJiaBJIHeMbIH aKaAeMHKOM B . H. BeKcJiepoM H KHTaHCKHM 

TiepBa.H ,LI,HpeKU,HH Ol15Il1 11 ,LI,11peKTopa Jia6opaTOp1111 (CJieBa HarrpaBo): 
,LI,HpeKTop JIH<t> 11. M. <t>paHK, B11u,e-,n11peKTop Ol15U1 M. ,UaHbIW, ,LI,11-
peKT0p J15ITI B. TI. ,U)KeJierroB, B11u,e-,n11peKT0p Ol15Il1 B. BOTpy6a, a,LI,
MHHHCTparnBHhIH ,LI,11peKTop Ol15Il1 B. H. CeprneHKO, ,LI,HpeKT0p Ol15Il1 
,U. 11. 6Jiox11Hu,eB , ,LI,HpeKTop J1B9 B. 11. BeKcJiep, rroM0W.HHK ,LI,HpeKTopa 
Ol15Il1 A. M . PbI)KOB, ,LI,HpeKT0p JIT<t> H. H . 6oroJ11060B, ,LI,HpeKTop J15IP 
r . H . <PJiepoB. 1957 r. 
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npoqieccopOM BaH faH"!3HOM, 33 0TKpb!THe aHTHCHrMa-MHHyc-rnne

poHa. 

Y)Ke HeCK0JibK0 JieT cnycrn 3TOH 3JieMeHTapH011, KaK noJiaraJIH 

CHa"!aJia, "13CTHI..I.e 6b!JIO 0TKa3aHo B 3JieMeHTapH0CTH, a C HeH H 

np0T0HY, HeHTpoHy, 7f- H K-Me30HaM H .n.pyrnM TaK H33bIBaeMbIM 

a.n.poHaM. 3TH o6beKTbl 0Ka3aJIHCb CJI0)KHb!MH "13CTHI..I.3MH, C0CT0-

51Ill,HMH H3 KBapK0B H aHTHKBapK0B, K K0T0pb!M H nepeWJI0 npaB0 

H33bIB3TbC51 3JieMeHTapHbIMH. 

,Uy6HeHCKHe qlH3HKH (H. H. 6oromo6oB c y"leHHKaMH) BHeCJIH 

HCH0CTb B noHHMaHHe KBapKoB011 CTPYKTYPhI a.n.poHoB: 6hIJia npe.n.

JI0)KeHa K0HI..I.eTTI..I.H.51 I..I.BeTHbIX KBapK0B, KBapK0Ba.51 M0,LI.eJib a.n.poH0B, 

TT0JIY"IHBWa.51 Ha3BaHHe <<.n.y6HeHCKHl1 MeW0K>>, H T. ,LI.. 

CerO,LI.H.51 O6be,LI.HHeHHbll1 HHCTHTYT 51,LI.epHbIX HCCJie,LI.OB3HHl1 -

BCeMHpH0 H3BeCTHbl11 Hay"!Hb!H u.eHTp, 51BJI51!0Ill,H11 co6011 YHHK3Jlb

Hbll1 npHMep ycneWHOH HHTerpaI..I.HH qiyH,LI.aMeHT3JlbHbIX Teopern

"leCKHX H 3KcnepHMeHTaJibHbIX HCCJie,LI.OB3HHl1 C pa3pa60TKOl1 H 

npHMeHeHHeM HOBeHWHX TeXHOJIOrHH H yHHBepCHTeTCKHM 06pa30-

BaHHeM. Pe11rnHr Ol15Il1 B MHp0B0M ttay"IH0M coo6mecTBe o"!eHh 

Bb!C0K. 

l1HCTHTYT onHpaeTC.51 Ha MOill,HbIH qiyH,LI.aMeHT: Tpa,LI.HI..I.HH ttayq

Hb!X WK0JI, HMe!Olll,HX MHp0B0e npH3H3HHe; 6a30Bble ycTaH0BKH C 

YHHK3JlbHblMH B03M0)KH0CT5IMH, TT03B0JI51!0Ill,He pewaTb aKTyaJibHbie 

33,LI.a"IH BO MH0rHX o6Jiacrnx COBpeMeHHOH qlH3HKH; CTaTyc Me)K,LI.y

Hapo,LI.HOH Me)KnpaBHTeJibCTBeHHOH opraHH33I..I.HH. B C00TBeTCTBHH C 

YcTaBOM l1HCTHTYT ocymecTBJI51eT CB0IO ,LI.e51TeJibH0CTb Ha npHHI..I.H

nax 0TKpbIT0CTH ,LI.JI.51 y"!aCTH.51 BCex 33HHTepecoBaHHb!X rocy.n.apCTB, 

HX paBHonpaBH0ro B33HM0BblfO,LI.H0ro C0TPY.ll.HH"leCTBa. 

lJJieHaMH Ol15Il1 HBJIHIOTCH 18 rocy.n.apcTB: A3ep6a11.n.)KaH

cKaH Pecny6JIHKa, Pecny6JIHKa ApMeHHH, Pecny6JIHKa 6eJiopyc

CHH, Pecny6JIHKa 6oJirapHH, Cou.HaJIHCTH"lecKaH Pecny6JIHKa BheT

HaM, fpy3HH, Pecny6JIHKa Ka3axcTaH, Kope11cKaH Hapo.n.Ho-)leMo

Kparn"lecKaH Pecny6JIHKa, Pecny6JIHKa Ky6a, Pecny6JIHKa MoJI.n.o

Ba, MoHrOJIHH, Pecny6JIHKa TToJibwa, PoccHHCKaH <Pe.n.epau.HH, Py

MbIHHH, CJioBaI..I.KaH Pecny6JIHKa, Pecny6JIHKa Y36eKHCTaH, YKpa

HHa, l.JewcKaH Pecny6JIHKa. Ha npaBHTeJibCTBeHH0M ypoBHe 3a

KJI10"!eHbI cornaweHHH o C0TPY.ll.HH"leCTBe l1HCTHTyTa c BeHrpHe11, 

fepMaHHe11, ErnmoM, l1TaJIHe11, Cep6He11 H IO)Ktto-AqipHKaHCKOH 

Pecny6JIHK011. 

Bb1cwH11 pyKOBO.ll.Hlll,HH opraH l1HCTHTyTa - KoMHTeT noJIH0-

M0"IHbIX npe.n.cTaBHTeJie11 scex 18 cTpaH-y"!aCTHHI..I.. Hay"IHYIO noJIH

THKY l1HCTHTyTa Bbipa6aTbIBaeT Y"!eHb!H C0BeT, s C0CTaB K0Toporo, 
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<POTOBbICTaBKa <<ATOM - MHpy. 40 JieT O6be)I.HHeHHOMY HHCTHTYTY .HAep
HblX 11ccJie,LI.0BaH1111 B )ly6He>>. )KeHeBa, )lBopeu Hau1111 EBpone11cKoro 
0TAeJieHH.H OOH 
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nOMl1MO KpynHbIX yqeHblX, npe,!I.CTaBJIH!OW.11X CTpaHbJ-yqaCTH11UbI, 

BXO,ll.HT 113BeCTHbie <pl1311Kl1 [epMaHl111, [peUl111, HH,!I.1111, l1TaJil111, 

K11TaH, CllIA, <I>paHu1111 , llIBe11:uap1111, EBponeHCKOH opraH113au1111 

H,!I.epHbIX 11CCJie,ll.OBaHl1H 11 ,!I.p. 

lll11p0Koe Me:>K,ll.yHapo,!I.Hoe coTpy,!I.H11qecTBo - Ba:>KHe11:w1111: ac

neKT ,ll.eHTeJibHOCTl1 OH5IH. HHCTHTYT nO,ll.,!I.ep:>K11BaeT CBH311 6oJiee 

qeM C 700 HayqHblMl1 ueHTpaMl1 11 YHl1BepCHTeTaMl1 B 64 CTpaHax 

M11pa. ToJibKO B Pocrn11 , KpynHeHweM naprnepe OH5IH, coTpy,!I.

H11qecTBO ocyw.ecTBJIHeTCH 6oJiee qeM co 150 11CCJie,ll.OBaTeJibCKl1Ml1 

ueHTpaMl1, YHl1Bepc11TeTaMl1, npOMbIWJieHHbIMl1 npe,!I.np11HTl1HMl1 11 

cp11pMaM11 113 43 poCCHHCKl1X ropO,!I.OB. Cpe,!I.11 HayqHbIX naprnepoB 

06be,ll.11HeHHOf0 11HCTl1TyTa B Pocc1111 - 92 11CCJie,ll.OBaTeJibCKl1e 

opraH113au1111 B 23 ropo,!I.aX. Henocpe,!I.CTBeHHbIMl1 yqacTHl1KaMl1 

peaJil13aU1111 HayqHoH nporpaMMbl OH5IH HBJIHIOTCH 22 npoMbIW

JieHHbie opraH113au1111 113 14 ropO,!I.OB Pocc1111, KOTOpbie CHaqaJia 

npoeKTl1PYIOT, a 3aTeM np0113B0,ll.HT y ce6H HeCTaH,!I.apTHOe 06opy

,ll.OBaH11e. 

reorpacp11H coTpy,!I.H11qecTBa OH5IH c pocrn11:cK11M11 By3aM11 He 

orpaH11q11BaeTCH MoCKBOH, a pacnpocTpaHHeTCH Ha BCIO Tepp11TO

p11!0 CTpaHbl. TTapTHepcK11e OTHOWeHl1H y HHCTl1TyTa cyw.ecTByIOT 

c 40 YHl1BepCHTeTaMl1 B 25 pocc11HCKl1X ropo,!I.aX. 

B HHCTl1TyTe HaKonJieH KOJIOCCaJibHbIH OnbIT B3al1MOBblfO,ll.HO

ro HayqHO-TexH11qecKoro COTPYAH11qecTBa B Me:>K,ll.yHapO,!I.HOM MaC

WTa6e. OH5IH no,ll.,!I.ep:>K11BaeT KOHTaKThI c MAr AT3, IOHECKO, 

EBpone11:cK11M cp11311qecK11M o6w.ecTBOM, Me:>K,ll.yHapo,!I.HhIM ueHTpOM 

TeopernqecKOH cp11311Kl1 B Tp11ecTe. E:>KerO,ll.HO B ,lly6Hy np11e3:>Ka!OT 

6oJiee ThicHq11 yqeHhIX 113 c0Tpy,!I.H11qa10w.11x c OH5IH opraH113au1111:. 

C MOMeHTa o6pa30BaH11H OH5IH 3,!I.eCb BbinOJIHeH w11poK11H 

cneKTp 11CCJie,ll.OBaHl1H 11 nO,ll.fOTOBJieHbl HayqHbie Ka,!I.pbl BbICWeH 

KBaJI11cj)11Kau1111 ,ll.JIH CTpaH-yqacTHl1U HHCTl1TyTa. Cpe,!I.11 Hl1X npe-

311,ll.eHTbl Hau110HaJibHbIX aKa,ll.eM11H HayK, pyK0B0,ll.11TeJI11 KpynHeH

w11x H,!I.epHbIX 11HCTl1TYTOB 11 yH11Bepc11TeTOB MHOrHX rocy,!I.apCTB

qJieHOB OH5IH. 

B cocnBe OH5IH ceMb Jia6opaTop1111:, Ka:>K,ll.aH 113 KOTopbIx no 

MaCWTa6aM npOBO,ll.11MbIX 11CCJie,ll.OBaHl1H conocTaBl1Ma C 60Jibilll1M 

11HCTl1TYTOM. 

B HHcT11TyTe pa6oTaIOT OKOJIO 4 500 qeJioBeK, 113 H11x 6oJiee 

1200 - HayqHbie COTpy,!I.Hl1Kl1 (40 % - 113 CTpaH-yqaCTHl1U, KpOMe 

P<I>), B TOM q11cJie ,ll.eHCTBl1TeJibHble qJieHbl 11 qJieHbI-KOppecnoH,ll.eH

Tbl Hau110HaJibHbIX aKa,ll.eMl1H HayK, 6oJiee 260 ,ll.OKTOpOB 11 560 KaH-

~ 
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,!I.11,ll.aTOB HayK, OKOJIO 2 000 qeJIOBeK - l1H:>KeHepHo-TexH11qecKl1H 

nepcoHaJI. 

OcHOBHbie HanpaBJieH11H TeopeT11qeCKl1X 11 3KCnep11MeHTaJibHbIX 

11ccJie,ll.OBaH11H B OH5IH: cp11311Ka 3JieMeHTapHbIX qacT11u, H,!I.epHaH 

<pl1311Ka 11 <pl1311Ka KOH,ll.eHc11poBaHHbIX cpe,!I.. HayqHaH nporpaM

Ma OH5IH op11eHT11poBaHa Ha ,ll.OCT11:>KeH11e BbICOKl1X pe3yJibTaToB 

np11Hu11n11aJibHOfO HayqHoro 3HaqeHl1H. 

HHCTl1TYT pacnoJiaraeT yH11KaJibHhIM Ha6opoM 3Kcnep11MeH

TaJihHhIX cp11311qecK11x ycTaHOBOK. HapHAY c HbIHe ,ll.eHcTByIO

w.11M nepBblM ycKop11TeJieM ,lly6Hbl - cpa30TpOHOM Ha 3Heprn!O 

- 680 M3B, KOTOpb!H 11CnOJib3YeTCH ,ll.JIH JiyqeBOH Tepan1111, K Hl1M 

OTHOCHTCH: HYKJIOTpOH - CBepxnpOBO,!I.Hlll.1111: ycKop11TeJib H,!I.ep 11 

rn:>KeJiblX 110HOB Ha 3Heprn!O 6 r 3B/HYKJIOH ,ll.JIH 11CCJie,ll.OBaHl1H 

B o6JiaCTl1 peJIHTl1B11CTCKOH H,!I.epHOH cp11311K11; U11KJIOTpOHbl rn:>Ke

Jlb!X 110HOB Y-400 11 Y-400M, 11cnOJib3YeMbie B 3KCnep11MeHTax 

no Cl1HTe3y TH:>KeJiblX 11 3K30T11qecK11X H,!I.ep ,ll.JIH 113yqeH11H 11X 

<pl1311KO-Xl1Ml1qecKl1X CBOHCTB 11 MeXaHl13MOB H,!I.epHbIX peaKU11H ; 

11MnyJihCHbIH peaKTOp HEP-2M (cpe,!I.HHH MOW.HOCTb 2 MBT, n11Ko

BaH - 1 500 MBT) ,ll.JIH npoBe,ll.eHl1H 11CCJie,ll.OBaHl1H no Hei'.'.ITpOHHOH 

H,!I.epHOH cp11311Ke 11 <pl1311Ke KOH,ll.eHc11poBaHHbIX cpe,!I.. 

'I, 

sr,IJ,epHI:,IX 11ecne,D,0BaHlili 

BHB TTH OTEKA -~------~ 
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Caepxnpoao,DJ!Ill,HH ycKopHTeJih H,u_ep HYKJIOTpoH 

l..I,HKJIOTpOH Y-400M 
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Pa,u_Ho6HOJIOrH'-IeCKHe HCCJie,!I.OBaHHH 

3KcnepHMeHTaJibHaH 6a3a OJ1.SU1 no3B0JIHeT nposo,zunh He 

T0JibK0 nepe,ZI.0Bbie cpyH,11.aMeHTaJibHbie HCCJie,11.osamrn, HO 11 npH

KJia,ZI.Hbie HCCJie,ZI.0BaHHH B o6JiaCTH <pH3HKH K0H,ZI.eHCHposaHH0ro 

C0CT0HHHH semeCTBa, s 6HOJIOrHH, Me,ZI.HUHHe, MaTepHaJI0Be,ZI.eHHH, 

reocpH3HKe, HH)KeHepHOH ,ZI.HarH0CTHKe, HanpaBJieHHble Ha H3y4eHHe 

CTpoeHHH H CBOHCTB HaH0CHCTeM H H0BbIX MaTepHaJI0B, 6HOJIOrH4e

CKHX o6beKTOB, Ha pa3pa60TKY H C03,ZI.aHHe H0BbIX 3JieKTp0HHbIX, 

6110- H HH<popMaUHOHHblX HaHOTeXHOJIOrHH. 

OJUU1 06Jia,11.aeT M0W:HbIMH BbIC0KonpoH3B0,ZI.HTeJibHbIMH BbI-

4HCJIHTeJibHbIMH cpe,ZI.CTBaMH, K0T0pbie C noM0W:blO BblC0K0CK0-

pocTHbIX KaHaJI0B CBH3H HHTerpHpoBaHbl B MHp0Bbie K0MTTblOTep

Hble ceTH. B 2009 r. sse,11.eH B cTpoti Macuna611pyeMbIH KaHaJI 

CBH3H ,lly6Ha-MocKBa c Ha4aJibHOH nponycKHOH cnoco6H0CTbIO 

20 f6HT/c H B03M0)KH0CTbIO nocJie,11.y10mero pacumpeHHH nponycK

HOH cnoco6HocTH ,11.0 720 f6HT/c. OnopHaH ceTb OJUU1 co CK0-

pocTbIO nepe,11.a'-IH ,11.aHHbIX 1 f6HT/c o6be,ZI.HHHeT B e,ZI.HHYlO K0M

TTbIOTepHyIO ceTb JI0KaJibHbie ceTH Bcex Jia6opaTOpHH H no,11.pa3,11.e

JieHHH OH.HH. .H,11.po llbI4HCJIHTeJibHOH HH<ppacTpyKTYPbI HHCTHTy

Ta - UeHTpaJibHbIH HH<popMaUHOHHO-BbI4HCJIHTeJibHbIH KoMnJieKc 

(UHBK). Co3,11.aHHbIH Ha ero 6a3e rpH,11.-cerMeHT OH.HH HBJIHeTcH 

Ba)KHbIM 3JieMeHT0M MHposoti rpH,11.-HH<ppacTpyKTYPbI. 

OH.HH scer,11.a, ,11.a)Ke B HeJierKoe nocTnepecTpoe4H0e speMH, 

pa6oTaJI s C00TBeTCTBHH c K0HKpeTHbIMH nJiaHaMH. OTHOCHTeJib-
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UeHTpaJibHbIH 1-rncpopMau.110HHO-Bbil!HCJIHTeJihHb111 KOMrrJieKc 

HaH 3KOHOMHl!eCKaH CTa6HJibHOCTb B Hal!aJie HbIHeurnero CTOJieTHH 

fl03BOJIHJia KOJIJieKTHBY 11HCTHTyTa orrHpaTbCH Ha 6oJiee ,ll.OJirocpoq

Hbie fIJiaHbl pa3BHTHH - ceMHJieTHHe rrporpaMMbl (2003-2009 rr., 

2010-2016 rr.) H <<,ll.Opo:>KHYIO KapTy>> - rrepcrreKTHBHYIO rrporpaM

MY CTpaTernqecKoro pa3BHTHH 11HCTHTyTa Ha 10-12 JieT. 3TOT 

,ll.OKyMeHT, KOTOpbIH pa3 B ,ll.Ba-TpH ro.rr.a 6y.rr.eT KoppeKTHpOBaTbCH, 

rrpHHHT C u.eJiblO KOHU.eHTpaU.HH Ka,ll.pOBbIX H qrnHaHCOBbIX pecypcoB 

11HCTHTyTa ,ll.JIH peaJIH3aU.HH rrepcrreKTHBHbIX H aM6HU.H03HbIX rrpo

eKTOB. Pa3BHTHe Hayl!Hb!X HarrpaBJieHHH no OT,ll.eJibHbIM pa3,ll.eJiaM 

(<,ll.Opo:>KHOH KapTbl>> paCCl!HTaHO Ha rrepcrreKTHBY OT 10 ,ll.O 15 JieT. 

KoHu.errTyaJibHOH OCHOBOH COBpeMeHHbIX rrporpaMM pa3BHTHH 

11HCTHTyTa HBJIHeTCH TpHa.rr.a: HayKa - o6pa3oBaHHe - HHHOBaU.HH, 

l!TO COOTBeTCTByeT TaK)Ke CTpaTerHH 3KOHOMHl!eCKOro pa3BHTHH 

CTpaH-yl!aCTHHU. 0115111. 6a30Bb!H 3JieMeHT TpHa,ll.bl - cpyH,ll.aMeH

TaJibHaH HayKa - 3TO TaK Ha3bIBaeMbie KapKaCHbie rrpoeKTbl, T. e. 

npoeKTbl, CBH3aHHbie C KpynHblMH 3KcnepHMeHTaJibHbIMH yCTaHOB

KaMH. 6Jiaro.rr.apH HX peaJIH3aU.HH cpopMHPYIOTCH HOBbie Hayl!Hble 

HanpaBJieHHH, pa3pa6aTbIBalOTCH HOBbie TeXHOJIOrHH. B 06be,ll.H

HeHHbIH HHCTHTYT, pacnoJiaraIOI.I..I.HH MOI.I..I.HbIM H yHHKaJibHbIM nap

KOM 6a30Bb!X MallrnH (yCKopHTeJieH H peaKTopoB), Ha npOTH)KeHHH 

.rr.ecHTHJieTHH CTpeMHJIHCb yqeHbie H3 CTpaH-yl!aCTHHU. H MHOrHX 

.rr.pyrnx Hayl!Hb!X u.eHTpOB MHpa . 3.rr.ecb no.rr. PYKOBO,ll.CTBOM Kpyn

Hefiurnx yqeHbIX ccpopMHpOBaHbl Hayl!Hble llIKOJibl, peaJIH3YIOTCH 

KpynHbie Me)K,ll.yHapo.rr.Hbie npoeKTbl, C03,ll.a!OTCH 3JieMeHTbl HHHOBa-
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U.HOHHOrO noHca BOKpyr 11HCTHTyTa, ycHJIHBaeTCH poJib o6pa30Ba

TeJibHOH KOMnOHeHTbl B .rr.eHTeJibHOCTH 0115111. 

JII06ofi Hayl!HbIH HJIH TeXHOJiornqecKHH u.eHTP ocTaeTCH KOH

KypeHTocnoco6HbIM H npHBJieKaTeJibHbIM C Hayl!HOH TOl!KH 3peHHH, 

noKa He ycrnpeBaeT ero OCHaI.I..I.eHHe - npH60pbl H ycTaHOBKH. 

llo3TOMY <<.rr.opo)KHaH KapTa>> npe.rr.ycMaTpHBaeT B nepByIO oqepe.rr.h 

o6HOBJieHHe Hayl!HO-HHHOBaU.HOHHOH HHcppaCTpyKTYPbl O 115111: MO

.rr.epHH3aU.HIO BCex 6a30Bb!X ycTaHOBOK 11HCTHTyTa H Hal!aJIO co-

3,ll.aHHH HOBblX. llporpaMMa Hau.eJieHa Ha noBb!llieHHe npHBJieKa

TeJibHOCTH HCCJie,ll.OBaHHH Ha co6cTBeHHbIX ycTaHOBKaX 11HCTHTyTa 

KaK ,ll.JIH MHpOBOfO Hayl!HOfO coo6I.I..I.eCTBa, TaK H ,ll.JIH Hayl!HOH 

MOJIO,ll.e)KH CTpaH-yl!aCTHHU. . 

KoHu.enu.HH CeMHJieTHero nJiaHa pa3BHTHH 0115111 Ha 

2010-2016 rr. npe.rr.ycMaTpHBaeT KOHU.eHTpaU.HIO pecypcOB ,ll.JIH 

o6HOBJieHHH ycKopHTeJibHOH H peaKTOpHOH 6a3bl 11HCTHTYTa 

H HHTerpaU.HIO ero 6a30Bb!X yCTaHOBOK B e,ll.HHYIO CHCTeMy 

eBponeficKOH Hayl!HOH HHcppacTpyKTYPbI. 
B KOHU.e 2008 r. BBe,ll.eHa B CTpOH HOBaH 6a30BaH ycTaHOBKa -

HCTOl!HHK pe3oHaHCHbIX HettTpOHOB 11PEH-I, npe.rr.Ha3Hal!eHHaH ,ll.JIH 

HCCJie,ll.OBaHHH B o6JiaCTH H,ll.epHOH cpH3HKH C nOMOI.I..I.blO BpeMH

npoJieTHOH MeTO,ll.HKH B 3HepreTHl!eCKOM ,ll.Hana30He HeHTpOHOB ,ll.O 

coTeH K3B. 
AKTHBHO Be.rr.yTCH pa6oTbI no npoeKTY <<HyKJIOTpoH-M>>, KOTO

pbIH CTaHeT ocHOBOH HOBoro CBepxnpoBO.U.HI.I..I.ero KOJIJiafi.rr.epa NICA 

(Nuclotron based Ion Collider fAcility) ,ll.JIH yCKopeHHH TH)Ke

JibIX HOHOB ,ll.O Bb!COKHX 3HeprHH, OCHaI.I..I.eHHOrO MHOrou.eJieBblM 

.rr.eTeKTopoM MPD (MultiPurpose Detector), c u.eJiblO npoBe.rr.eHHH 

3KCnepHMeHTOB no H3yl!eHHIO a.u.poHHOH MaTepHH H ee cpa30BblX 

npeBpaI.I..I.eHHH . 
lllHpoKHe B03MO)KHOCTH ,ll.JIH npoBe,ll.eHHH 3KCnepHMeHTaJibHbIX 

HCCJie,ll.OBaHHH MeXaHH3MOB peaKU.HH co CTa6HJibHblMH H pa,ll.HO

aKTHBHb!MH H,ll.paMH npe.rr.ocTaBJIHeT COBpeMeHHb!H ycKOpHTeJibHblH 

KOMnJieKc TH)KeJibIX HOHOB DRIBs (Dubna Radioactive Ion Beams). 

C ycnexoM 3aBepllieHbI pa6oTbI no Mo.rr.epHH3aU.HH yHHKaJib

Horo HMnyJibCHOro 6hICTporo peaKTopa 116P-2M, BKJIIOlleHHoro 

B 20-JieTHIOIO EBponefiCKyIO cTpaTernqecKyIO nporpaMMY no HCCJie

.rr.oBaHHHM B o6JiaCTH HeHTpOHHOrO pacceHHHH. 

BcH 3KcnepHMeHTaJibHaH HayqHaH nporpaMMa 0115111 no.rr..rr.ep

)KHBaeTCH 6JieCTHI.I..I.eH llIKOJIOH TeopeTHl!eCKOH cpH3HKH, xopOllIO 

pa3BHTOH B 11HCTHTyTe MeTO,ll.HKOH cpH3Hl!eCKOf0 3KCnepHMeHTa , 

COBpeMeHHblMH HHcpopMaU.HOHHbIMH TeXHOJIOrHHMH , BKJIIOl!aH rpH,ll.-
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TeXHOJionrn. Ocyw.ecTBJIHIOTCH npoeKTbl, HanpaBJieHHbie Ha pa3-
BHTHe Hay4HOH 6a3bl CTpaH-y4aCTHHI.J. O11.HH, coopy)KeHHe HO
Bb!X ycTaHOBOK H pa3pa60TKY Hay4Hb!X nporpaMM )1.JIH HHX. 3a 
nocJie)J.HHe fO)J.bl peaJIH30BaHbl npoeKTbl C03)1.aHHH I.J.HKJIOTpOHOB 
s Ka3axcTaHe, CJiosaKHH H EoJirapHH. 

TTocJie 3aBeprneHHH 3Tana MOJJ.epHH3aI.J.HH 6a30Bb!X ycTaHOBOK 
HacTynHT nepHOJJ. HHTeHCHBHbIX Hay4HO-HCCJie)1.0BaTeJibCKHX pa6oT 
Ha (<Jl.OMarnHeH>> 6a3e 11HCTHTyTa B paMKax napTHepcKHX nporpaMM, 
npopa6aTbJBaeMbIX ce114ac co CTpaHaMH-y4aCTHHI.J.aMH H KpynHbIMH 
HCCJie)J.OBaTeJibCKHMH ueHTpaMH MHpa. HapHJJ.Y C (<Jl.OMallIHHMH>> 
pa60TaMH O11.HH npOJJ.OJI)KaeT CBOe y4acTHe B KpynHbIX Me)K
.11.yHapOJJ.HbIX npoeKTax (LHC, FAIR, XFEL) , HCCJie.11.osaTeJihCKHX 
nporpaMMax Ha yCKopHTeJIHX RHIC H nsaTpoH (CWA) . 

O6be)1.HHeHHbIH HHCTHTYT HJJ.epHbIX HCCJie)J.OBaHHH BXOJJ.HT 
B 4HCJIO y4aCTHHKOB npoeKTa no coopy)KeHHIO Me)KJJ.yHapOJJ.HOfO 
JIHHe11Horo KOJIJia11.11.epa ILC - MeranpoeKTa XXI s . TTo HToraM 
neperosopos c pyKoBOJJ.HTeJIHMH rno6aJibHOH npoeKTHOH rpynnhI 
ILC (GOE) O11.HH HapHJJ.Y c FNAL (CWA), KEK (.HnoHHH), 
UEPH (Wse11uap1rn) H DESY (fepMaHHH) npH3HaH oq:>HI.J.HaJibHbIM 
KaH)J.HJJ.aTOM Ha B03MO)KHOe pa3MeW.eHHe ycKopHTeJibHOfO KOM
nJieKca ILC. 

O6beJJ.HHeHHbIH HHCTHTYT aKTHBHO COTPYJJ.HH4aeT c Espone11-
cK011 opraHH3aI.J.HeH HJJ.epHbIX HCCJie.11.osaHHH B perneHHH MHOrHX 
TeopeTH4eCKHX H 3KCnepHMeHTaJibHb!X 3a)1.a4 q:>H3HKH Bb!COKHX 
3Heprni%. Cero.11.HH q:>H3HKH O11.HH y4acTBy10T B pa6oTax 15 npo
eKTOB UEPH. 

BecoMbIH BKJia.11. O11.HH B ocyw.ecTBJieHHe npoeKTa seKa <<DOJib
rno11 a.11.poHHhIH KOJIJia11.11.ep (LHC),> noJiy4HJI Bb1c0Ky10 oueHKY MH
posoro Hay4HOro coo6w.eCTBa. C ycneXOM H T04HO B cpoK 6hIJIH 
BbinOJJHeHbl see o6H3aTeJibCTBa O11.HH no pa3pa60TKe H C03)1.aHHIO 
OTJJ.eJibHhIX rncTeM .11.eTeKTopos ATLAS, CMS, ALICE H caMOH 
MarnHHbI LHC. <PH3HKH O11.HH 3a.11.e11cTBosaHbI s no.11.roTOBKe K 
npose.11.eHHIO llIHpOKOro cneKTpa q:>YHJJ.aMeHTaJibHbIX HCCJie.11.osaHHH 
B o6JiaCTH q:>H3HKH 3JieMeHTapHbIX 4aCTHI.J. Ha LHC. UeHTpaJibHbIH 
HHq:>OpMaI.J.HOHHO-Bbl4HCJIHTeJibHb!H KOMnJieKC 11HCTHTyTa aKTHBHO 
HcnoJih3yeTcH JJ.JIH 3aJJ.a4, CBH3aHHhIX c 3KcnepHMeHTaMH Ha LHC H 
.11.pyrnMH Hay4Hb!MH npoeKTaMH, Tpe6yIOW.HMH KpynHOMacrnTa6HbIX 
Bbl4HCJieHHH. 

B O11.HH co3JJ.aHhI npeKpacHbie ycJIOBHH JJ.JIH o6y4eHHH TaJiaHT
JIHBhIX MOJIOJJ.hIX cneuHaJIHCTOB. Y4e6Ho-Hay4HhIH ueHTp O11.HH 
e)KefO)J.HO opraHH3yeT npaKTHKYM Ha ycTaHOBKax 11HCTHTyTa )1.JIH 
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Hayt.JHbIH ceM1rnap <<<PH3HKa Ha 5oJibWOM a,npoHHOM KOJIJia11,nepe {LHC) 
UEPH,>, rrocBHW.eHHbIH Me,n1-1a-npe3eHTau1-11-1 rrepBbIX CTOJIKHOBeH1-111 rryt.J
K0B LHC rrp1-1 3Heprn1-1 7 T3B. )loM Me)K,nyHapo,nHhIX coBew.aHHH 0115!11 

CTy.n,eHTOB H3 BbIClllHX yqe6HbIX 3aBe.n,eHH11 PocCHH H .n,pyrnx 

CTpaH. <PH3HKaM H3 pa3BHBaJOlll,HXCH CTpaH OI15II1 rrpe.n,0CTaBJHl

eT crnrreH.II,HH. B 1994 r. no HHHU.Harnae .II,HpeKU.HH OI15II1, npH 

aKTHBH0M yqaCTHH PocCHHCKOH aKa.n,eMHH ecTeCTBeHHblX HayK, 

a.n,MHHHCTpau.H11 MocKOBCKOH o6Jiacrn H ropo.n,a 6hIJI co3.n,aH Me)K

.n,yttapo.n,HhIH YHHBepCHTeT npHp0.II,bl, o6mecTBa H qeJI0BeKa <<,Uy6-

Ha». Bero npeno.n,aBaTeJihCK0M cocTaBe - .n,ecHTKH coTpy.n,HHK0B 

OI15II1, yqeHbie MHp0B0f0 ypoBHH. Ha TeppHT0pHH OI15II1 aKTHBH0 

pa3BHBaeTCH yqe6HaH 6a3a YHHBepCHTeTa. 

CTy,neHTbI yH1-1Bepc1-1TeT0B !OAP Ha 03HaK0MHTeJibHOH rrpaKTHKe B 0115!11 

OI15II1:_J>_O)KAem1e ttay'lHOH Jl:y6m,1 25 
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O3HaKOMHTeJibHaH rrpaKTHKa ,ll_JIH CTy,neHTOB 

YqeHbie I1HCTHTyTa - HenpeMeHHbie yqaCTHHKH MH0rHX Me)K

.n,yttapo.n,HhIX H HaU.H0HaJibHblX ttayqHblX KOHcpepeHU.HH. B CBOIO 

oqepe.n,h, OI15II1 e)Kef0,II.H0 npoB0.II,HT .II,0 10 KpynHblX KOHcpepeH

U.HH, 6oJiee 30 Me)K.n,yttapo.II,HblX COBelll,aHHH, a TaK)Ke CTaBlllHe 

Tpa.II,HU.H0HHblMH lllK0Jibl M0JI0.II,blX yqeHhIX. E)KefO.II,HO B pe.n,aKU.HH 

MH0rHX )KypttaJI0B H oprK0MHTeTbl KOHcpepeHU.HH I1HCTHTYT Ha

npaBJIHeT 6oJiee 1 500 HayqHblX CTaTeH H .II,0KJia.II,0B, K0TOpbie npe.n,

CTaBJIHIOT 0K0JI0 3 000 aBTOp0B. TTy6JIHKaU.HH OI15II1 paCCbJJiaJOTCH 

6oJiee qeM B nHTb.II,eCHT CTpaH MHpa. l13.n,a10TCH H3BeCTHbie )Kyptta

Jlbl <<<PH3HKa 3JieMeHTapHblX qacTHU. H aT0MH0f0 H.II,pa>>, <<TTHCbMa 

B 3qA5I,> , e)KefO.II,HblH oTqeT 0 .n.esneJibH0CTH OI15II1, HHq>OpMaU.H

OHHbIH 610JIJieTeHb <,HoaocTH OI15II1,>, a TaK)Ke c6opHHKH Tpy.n,oB 

KOHcpepeHU.HH, lllK0JI, COBelll,aHHH, opraHH30BaHHblX I1HCTHTYTOM . 

Ha .II,0JIIO OI15II1 npHX0.II,HTCH 0K0JI0 40 OTKpbITHH a o6JiaCTH 

H.n,epHOH q>H3HKH . TTpH3HaHHeM BbI.II,a!Olll,ef0CH BKJia.n,a yqeHhIX I1H

CTHTyTa B C0BpeMeHHYJO q>H3HKY H XHMHIO CTaJI0 pellleHHe Me)K

.n,yttapo.n,Horo C0I03a qHCTOH H npHKJia.II,HOH XHMHH npHCBOHTb 3Jie

MeHTY 105 TTepHo.n,HqecK011 cHcTeMhI 3JieMeHT0B ,U. I1. Mett.n,eJieeaa 

Ha3BaHHe .n,y6HHl1. B qHCJie nocJie.II,HHX .II,OCTH)KeHHH I1HCTHTyTa -

npopb!B B CHHTe3e caepxTH)KeJihlX 3JieMeHT0B H B noHHMaHHH npo-

6JieMbl HX CTa6HJibHOCTH. oJiaro.n,apH ycoaepllleHCTB0BaHHIO 3KC-
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Y'laCTHHKH Me)K,nyHapo,nHOH 6oromo60BcK011 K0HcpepeHI..(HH <<ITpo6neMbI 
TeopeTH'-leCKOH H MaTeMaTl-l'leCKOH cj}H3HKH>> 

YT.JaCTHHKH rrpoB0.QHMOH B 0115111 BcepoccHHCKOH Hay<-rno11 illK0JibI .QJIH 
MOJIO,Qe)KH <<CoBpeMeHHaH HeHTpOHOrpacpm1: Me)K,QHCU.HITJIHHapHbie HCCJie
.Q0BaHHH HaHOCHCTeM H MaTepHaJI0B~ 

nepHMeHTaJibHbIX MeT0.Q0B H ,lI.0CTH)KeHHIO BblCOKOH 3cpcpeKTHBHO

CTH yCKopeHHH H0H0B yT.JeHbIMH ,[{y6Hbl anepBbie a MHpe 6bIJIH 

CHHTe3Hp0BaHbl H0Bbie .Q0Jlf0)KHBYlll.He caepxrn)KeJibie 3JieMeHTbl 

c nopH,LI.K0BbIMH H0MepaMH 113, 114, 115, 116, 117, 118. 
EoJiee 15 JieT O11JU1 yT.JacTByeT B peaJIH3aU.HH nporpaMMbI 

no C03,LI.aHHIO HHH0BaUH0HH0ro" TTOf!Ca ,[{y6Hbl. B 2005 r. TTpaBH

TeJibCTB0M P<I> 6bIJIO no,nnHCaHo nocTaH0BJieHHe <<0 C03,QaHHH Ha 
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l.JJieHbI KoMHTeTa rroJIH0M0'lHhIX rrpe,nCTaBHTeJieH 0115111 Ha 3KCKypcHH 

B oco6011 3KOHOMH'leCKOH 30He <<,lly6Ha>> 

TeppHT0pHH r . ,[{y6Hbl oco6oH 3KOHOMHT.JeCKOH 30Hbl TeXHHK0-BHe,LI,

peHT.JeCKoro THna,> . Cneu.H<pHKa OH51H HallIJia oTpa)KeHHe B Ha

npaaJieHH0CTH oco6oA 3KOHOMHI.JeCKOH 30Hbl. 3TO H,LI,epHO-<pH3Ht.Je

CKHe H HH<pOpMaU.HOHHbie TeXH0JI0rHH. ,[{JIH peaJIH3aU.HH B oco6oH 

3KOHOMHt.JeCKOH 30He O6be,LI.HHeHHbIM HHCTHTYT0M no,LI,r0T0BJieH0 

6oJiee 50 HHH0BaU.H0HHbIX npoeKT0B, 9 KOMnaHHH-pe3H,LI,eHTOB 033 

<<,L{y6Ha>> HMelOT caoH HCT0KH a OH51H. 

3aKJII011eHHe 

HcTOpHH O6be,LI.HHeHHOro HHCTHTyTa 6oraTa HpKHMH co6bITHH

MH, 0TKpbITHHMH MHpoaoro MaCllITa6a H Hepa3pbIBH0 CBH3aHa C HC

TOpHeH )KH3HH H cy,LI,b6aMH u.eJioro n0K0JieHHH yt.JeHblX, HH)KettepoB 

H pa6ot.JHX. EJiaro,LI.apH HX npocpeCCHOHaJIH3MY, 3HTY3Ha3MY H npe

,LI.aHH0CTH HayKe O6be,ll,HHeHHblH HHCTHTYT H,LI,epHbIX HCCJie,LI.OBaHHH 

B ,[{y6He npHo6peJI MHp0BYIO H3BeCTH0CTb, CM0r BbJ)KHTb B HeJier

K0e nocTnepecTp0et.JH0e BpeMH, cyMeB B HenpepbIBH0M Hayt.JH0M 

TT0HCKe ,ll,0CTHI.Jb BbI,LI.a!Olll.HXCH pe3yJibTaT0B H B0CTTHTaTb H0B0e 

TT0K0JieHHe TaJiaHTJIHBOH M0JI0,ll.e)KH, K0T0paH BMeCTe C HHCTHTYTOM 

yaepeHH0 CM0TpHT a 6y,LI,ylll.ee . 
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,[(aJibHeihnee ycneurnoe pa3BHTHe O6be)l.HHeHHOro HHCTHTYTa 

H.LI.epHbIX HCCJie)l.OBaHHH npe.n.ycMaTpHBaeT e.n.HHCTB0 cpyH.n.aMeH

TaJibHOH HayKH, llIHpOKOH HHH0BaUHOHHOH .n.eHTeJibH0CTH H Beco

MOH o6pa30BaTeJibHOH nporpaMMbI. Coa.n.aHHe B ,[(y6He Il0CTaH0BJie

HHeM CTpaBHTeJibCTBa pep oco6ofi 3KOHOMHqecKOH 30Hbl Il03B0JIHeT 

BilJI0THYIO npHCTYilHTb K cpopMHpoBaHHIO HHH0BaUH0HH0ro Il0HCa 

B0Kpyr 11HCTHTyTa, 0CH0BY K0Toporo C0CTaBHT H.n.epHO-<pH3HqecKHe 

H HHcpopMaUHOHHbie TeXH0JI0fHH, HX npHMeHeHHe B 3HepreTHKe, 

HaH0- H MHKp03JieKTp0HHKe, Me.LI.HUHHe, npH6opocTpoeHHH H MaTe

pHaJiose.n.eHHH. 

HAY4HA~ 
nPOrPAMMA 
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OCHOBHhlE ,llOCTHJKEHHH OHHH 
3A 2ooa-2009 rr. 

B npe.n.JiaraeMOM o63ope npe.n.cTaBJieH p.H.n. OCHOBHbIX 3KCnepH
MeHTaJibHbIX peayJibTaTOB, noJiyqeHHbIX B o6JiaCTH qlH3HKH 3JieMeH
TapHblX qaCTHU, aTOMHoro 51.LJ.pa H KOH)J.eHCHposaHHOro COCTO.HHH.H 
seruecTBa aa nepHo.n. peaJIH3aUHH nepsoro ceMHJieTHero nJiaHa paa
BHTH.H 11HCTHTYTa, npHH.HTOro s 2002 r. 

HaH60Jiee sa2KHbie peayJihTaTbl B o6JiaCTH $H3HKH aJieMeH

TapHbIX qacTHU: 6b!JIH noJiy11eHbl COTPY.LI.HHKaMH Jia6opaTOpHH cpH-
3HKH BbICOKHX 3Heprnif HM. B.11. BeKcJiepa H A. M. 5aJI.LI.HHa H Jia-
6opaTOpHH .H.LJ.epHbIX npo6JieM HM. B. TI. ,lJ.2KeJienosa. 3TH peayJihTa
ThI CTaJIH B03M02KHbIMH 6Jiaro.n.ap.H 3KCnepHMeHTaM no H3y'leHHIO 
HapyrneHH.H CP-cHMMeTpHH, HccJie.n.osaHHIO cnHHOBOH cTpyKTYPhI 
HYKJIOHa, IlOHCKY HOBbIX COCTO.HHHH a.n.poHHOH MaTepHH, a TaK2Ke 
6Jiaro.n.ap.H 3KCnepHMeHTaM B o6JiaCTH HeHTpHHHOH {pH3HKH H HC
CJie.n.osaHHIO pe.n.KHX .HBJieHHH H npoueccos C ueJibIO npeUH3HOHHOH 
nposepKH cospeMeHHOH CTaH.LJ.apTHOH MO)J.eJIH qlH3HKH qacrnu. 

B cepHH 3KcnepHMeHTOB no.n. 06IUHM Ha3BaHHeM NA48, KO
TOpb!e npoxo.n.HJIH s CERN, 6b1JI0 .n.oKaaaHo cyruecTBosaHHe np.H
Moro CP-HapyrneHH.H, y.n.aJiocb H3MepHTh HeHyJieBbie aHa11eHH.H 
napaMeTpos CP-HapyrneHH.H. HsJieHHe np.HMoro CP-HapyrneHH.H 
HrpaeT pernaIOIUYIO pOJib s sonpoce o6b.HCHeHH.H Ha6JIIO)J.aeMOH 
acHMMeTpHH Me2K.n.y MaTepHeH H aHTHMaTepHeH. B 3KcnepHMeHTe 
NA48 noJiy11eHbI 3Ha11eHH.H napaMeTpos CP-HapyrneHH.H Re (s' /s) = 
= (14,7 ± 2,2) • 10-4. B 3KcnepHMeHTe NA48/2 cooTBeTCTBeH
Ho noJiy11eHo A~ = (-1,5 ± 2,2) . 10-4 .LJ.JI.H K± -----+ 1r+1r-1r± 

· H A; = (-1,8 ± 1,8) . 10-4 .LI.JI.H K± -----+ 1r01r01r±, r.n.e Ag = (g+ -
- g-) / (g+ + g-) - acHMMeTpH.H napaMeTpos HaKJIOHa g+ H g- Ha 
rpacpHKe )].aJIHTua. 3TH peayJibTaTbl .HBJI.HIOTC.H caMblMH TO'IHbIMH 
cpe.n.H H3MepeHHbIX napaMeTpOB B pacna.n.ax HeHTpaJibHblX H aap.H-
2KeHHb!X KaOHOB. 

BnepBbie B pacnpe.n.eJieHHH Ha rpacpHKe ,lJ.aJIHTUa .LJ.JI.H pacna.n.a 
3ap.H2KeHHOro KaOHa Ha O)J.HH aap.H2KeHHb!H H .LI.Ba HeHTpaJibHbIX 
IlHOHa Ha6JIIO)J.aJiaCb aHoMaJIH.H (TaK Ha3b!BaeMb!H cusp-3cpcpeKT). 
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3To Ha6JIIO)J.eHHe Il03BOJIHJIO npOH3BeCTH caMoe TOt.JHOe H3MepeHHe 

JJ.JIHH IlHOH-IlHOHHOro pacceHHHH ao H a2 (pHC. I). 

a2m1r+ 

0.01 
DIRAC 

0 ~ 
-0.01 ! 

I 
-0.02 

-0.03 
NA48/2 

-0.04 E- i ~ ... i , ___ " ___ -:;::::::::::::::::::j::=-:-
i _ .. --~~ :f -~-- ; 

-0.05 E-----+::::::.:::::-----:: / i 
----···1 r __ ... f . ! 

-0.06 ~ ! ,..... I ! 
0.24 0.25 0.26 0.27 0.28 0.29 0.3 

(a0 - az)m1r+ 

PHc. 1. 3JIJIHIICbl (cIIJIOIIIHb!e JIHHlrn) CO0TBeTCTBYIOT pe3yJihTaTaM 1-:13Me
peHHH JJ.JIHH 1r1r-paccesrnm1: MaJieHbKHH 3JIJIHrrc cooTBeTcrnyeT orpaHHtJe
HHJO KHpaJibHOH Teop1-:11-:1 B03MymeHHH, 6oJiblIIOH 3JIJIHIIC - He3aBHCHM0MY 
qmrnpoBaHHIO rrapaMeTp0B ao-a2 1-:1 a2. 3JIJIHIICbl (IIITpHXOBb!e JIHHHH) -
orpaHHlJeHHH 1-:13 Ke4-pacrra)J.a. BepTHKaJibHhie JIHHJ-rn: u.eHTpaJibH0e 3Ha
lJeHHe 1-:13 3Kcrrep1-:1MeHTa DIRAC (rryHKTHpHaH JIHHHH) 1-:1 rrpeJJ.eJibl orn1-:160K 
(rnTp1-:1xoab1e JIHHHH). TeopernqecKHH JJ.Harra3oH B la, pa3perneHHhIH B KH
panhHOH Tt~op1-:11-:1, IIOKa3aH rryHKTHpHb!MH KpHBb!MH 

BMeCTe C pe3yJibTaTaMH aHaJIH3a pacna)J.OB Ke4 (K± --t 

--t 7r+ 1["-e± V) 3TH )J.aHHbie Il03BOJIHIOT IlOJIYt.JHTb caMocornaco

BaHHYIO KapTHHY 3Hat.JeHHH 6a30BhIX napaMeTpoa HH3K03Hepre

THt.JHOH KX)t IloJiyt.JeHHbie pe3yJibTaTbI xoporno corJiacyIOTCH 

c npeJJ.CKa3aHHHMH KHpaJibHOH TeopHH B03MymeHHH. KpoMe Toro, 

B 3KcnepHMeHTax NA48, NA48/2 anepBbie Ha6JIIOJJ.aJIHCh HOBhie 

MOJJ.bI peJJ.KHX pacna)J.OB KaOHOB H_ rnnepOHOB: Ks - 7r+7r-e+ e-' 
Ks - 7ro'Y'Y, ::::0 

--t ~+e-v --t 1r+7r0µ-v H K± --t 7r±e+e-"/. 
I1peUH3HOHHbie H3MepeHHH OTHOCHTeJibHbIX aepoHTHOCTeH noJiy

JienTOHHbIX MOJJ. pacna)J.a 3apmKeHHbIX H HeHTpaJibHbIX KaOHOB 

cnoco6cTBoaaJIH pa3perneHHIO npo6JieM1>1 yttHTapHOCTH MaTpHUhI 

CKM. 3Ta npo6JieMa B03HHKJia B pe3yJihTaTe HeJJ.OCTaTOt.JHO TOt.JHbIX 

H3MepeHHH B PHJJ.e npeJJ.bIJJ.YlllHX 3KCnepHMeHTOB. Ha6paHHaH 

a 3KcnepHMeHTe NA48/2 CTaTHCTHKa - 7253 KaHJJ.HJJ.aTa a pacnaJJ. 

OcHOBHble JJ.0CTH.lKeHlrn 011.811 33 2003-2009 rr. 33 

K± - 7r+e+e- (c cpoHOM B 1 %) Il03BOJIHJia npoBeCTH HaH60Jiee 

TOt.JHbie H3MepeHHH BepOHTHOCTH H cpopM<paKTOpa 3TOro pacna)J.a. 

Hoahle yttHKaJihHbie JJ.aHHbie o CTPYKType cnHHa HYKJIOHa 

(B KOHTeKCTe perneHHH H3BeCTHOH npo6JieMbI <<CilHHOBOro KpH3H

ca>>) noJiyt.JeHhI B 3KcnepHMeHTax COMPASS (CERN) H HERMES 
(DESY, fepMaHHH): anepBbie 6b1Jia H3Mepetta BeJIHt.JHHa noJIHpH-

3aUHH rJIIOOHOB (pHC. 2). Otta OKa3aJiaCb JJ.OCTaTOt.JHO He6oJiblllOH: 

I bog/ gl < 0,3. BnepBbie 6hIJI noJiyt.JeH noJIHhIH tta6op noJIHpH30BaH

H6Ix napTOHHbIX cpyHKUHH pacnpeJJ.eJieHHH bou, bod, bou, bod H bos. 

t:i..g/g 
0.8 

0.6 

0.4 

0.2 

0 

-0.2 

-0.4 

-0.6 

--- fit with AG>O 
•••••• fit with AG<O * COMPASS, open charm, prel. 
• COMPASS, high P. , a' <1, prel 
'f' COMPASS, high P.T, 0'>1, prel 
■ SMC, high P,, 0'>1 
A HERMES, high p , aR 0 2

, (2000) 
HERMES, high p:, aft 0 2

, Incl., prel. 

t 

l 
1~ W~ X 

P1-:1c. 2. Pe3yJihTaThI H3MepeHHii rronHp1-:13au.1-:11-:1 rn100H0B t).g / g B rrpou.eccax 
o6pa3oBaHHH oqapoaaHHhIX qacrnu. 1-:1 B rrpou.eccax pmK.n,eHHH a.n,poHHhIX 
nap C 60JiblIIHM PT KaK cflYHKU.HH X. fopH30HTaJibHbIMH JIHHHHMH 0T
MelJeHbl o6JiaCTH B X .D,JIH Ka:lK.n,oro H3MepeHHH; BepTHKaJibHble JIHHHH 
IIOKa3b!BaJOT CTaTHCTHlJeCKYIO T0lJH0CTb 1-:1 . o6mee lJHCJI0 ourn6oK ( eCJIH 
0HH ecTb). l13MepeHHH .D,JIH rrpou.eccoB o6pa30BaHHH oqapoBaHHb!X qacTHU. 
Bhm0JIHeHhI rrp1-:1 13 (f3B/ c)2 , .n,pyrne H3MepeHHH - rrp1-:1 3 (f3B/ c)2. Kp1-:1-
Bh1e - rrapaMeTpH3aU.HH aHaJIH3a NLO QCD B cxeMe MS rrpH 3 (f3B/c)2

, 

• 0HH C00TBeTCTBYIOT /j.Q > 0 (cIIJIOIIIHaH JIHHHH) 1-:1 /j.Q < 0 (rryHKTHpHaH 
JIHHHH) . 

B 3KCnepHMeHTe COMPASS BhinOJIHeHhI nepBbie HCCJieJJ.OBaHHH 

peaKUHH IlpHMaKOBa, ueJib KOTOpbIX - H3MepeHHe IlOJIHpH3yeMOCTH 

IlHOHa, t.JTO npeJJ.CTaBJIHeT HeCOMHeHHbIH HHTepec C TOt.JKH 3peHHH 

COOTBeTCTBHH HbIHelllHHM TeopeTHt.JeCKHM npeJJ.CKa3aHHHM. 

IlpH yt.JaCTHH cneuHaJIHCTOB 0115111 B 3KCnepHMeHTe Ht 
B DESY 6bIJia HCCJieJJ.oBaHa nonepet.JHaH cnHHOBaH cTpyKTypa ttyK-

2 0J.Ull1 - 55 JieT 
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JIOHa, H3yt..JeH xapaKTep 3KCKJII03HBHOro o6~30BaHHH MIOOHOB, BbI

noJIHeHO H3MepeHHe noJIHpHaauHH A- H A-rHnepoHoB, a TaK2Ke 

npose.z:r.etto npeUH3HOHHoe H3MepeHHe CTPYKTYPHOH ~YHKUHH F2 
B urnpOKOM KHHeMaTHt..JeCKOM ,!J.HanaaoHe 3 . 1 o-5 < X < 0,8 H Q2 

.z:r.o 3 · 104 (f3B/c)2. . v,, 
f1pH aKTHBHOM yt..JaCTHH rpynnbI H3 O11Jll1 B CTOJIKHOBeHHHX 

Au+ Au npH Jsiiii = 200 f3B (3KcnepHMeHT STAR Ha RHIC 

(BNL, CIIIA)) Ha6JI10.z:r.aJicH 3~~eKT aaMernoro no.z:r.asJieHHH Bb1xo.z:r.a 

3JieKTpOHOB (He~OTOHHOro npoHCXO)K,!J.eHHH, T. e. OT pacna,!J.OB D
H B-Me30HOB), o6Jia,!J.aIOIUHX 60JibllIHMH 3Hat..JeHHHMH nonepet..JHoro 

HMnyJibCa. 3TOT 3~~eKT noKa He HMeeT o6bHCHeHHH B COBpeMeH

HOH TeOpHH. 11ayt..JeHHe ~eMTOCKOnHt..JeCKHX KoppeJIHUHH B 3KCnepH

MeHTe STAR noKaaaJio, t..JTO pa.z:r.HycbI 1r, K,p H A aaBHCHT TOJihKO 

OT nonepet..JHOH MaCCbI (HMeIOT mt-CKeHJIHHr), l.JTO yKa3bIBaeT Ha 

YHHBepcaJibHbIH xapaKTep pacll!HpeHHH KBapK-rJIIOOHHOH MaTepHH, 

02KH.z:r.aeMhIH B rn.z:r.po.z:r.HHaMHKe. B paMKax 3KcnepHMeHTa STAR 

rpynna 0115111 yt..JaCTBOBaJia TaK2Ke B H3yt..JeHHH xapaKTepHCTHK 

MHfKHX ~OTOHOB, B paapa60TKe HOBOro TeopeTHt..JeCKoro no.z:r.xo.z:r.a 

K peKOHCTPYKUHH nJIOCKOCTH peaKUHH, B aHaJIH3e ~paKTaJibHOH 

paaMepHOCTH co6b!THH H MHOrot..JaCTHl.JHbIX KoppeJIHUHH BTOPHt..JHbIX 

t..JaCTHU, noJiyt..JeHHbIX B YJibTpapeJIHTHBHCTCKHX CTOJIKHOBeHHHX TH-

2KeJiblX HOHOB. fpynna nposeJia cpaBHeHHe npe.z:r.cKaaaHHH nepTyp-

6aTHBHOH KX)l H Mo.z:r.eJIH z-cKeHJIHHra c .z:r.aHHhIMH no acHMnTOTH

t..JecKoMy nose.z:r.eHHIO cTpyfi, noJiyt..JeHHbIMH Ha nsaTpoHe H RHIC. 

B 3KcnepHMeHTe NA49 (SPS, CERN) npH aKTHBHOM yqa

CTHH ~H3HKOB 0115111 Ha6JIIO,!J.aJiaCb aHOMaJihHaH BeJIHl.JHHa OTHO

ll!eHHH Bb!XO,!J.a CTpaHHbIX t..JaCTHU K BbIXO.U.Y nHOHOB B ueHTpaJib

HbIX Pb+ Pb-cTOJIKHOBeHHHX. 3Ty aHoMaJibHO 6oJihllIYIO seJIHt..JHHY 

M02KHO HHTepnpeTHpOBaTb KaK yKa3aHHe Ha HOBOe COCTOHHHe CHJib

HOB3aHMO,!J.eHCTBYIOIUeH MaTepHH. Otta Mo2KeT yKa3bIBaTb Ha Hat..JaJio 

.z:r.eKoH~aHHMeHTa Ha HH3KHX 3HeprnHx SPS (~ 10 f3B) • 

CHCTeMaTHt..JeCKOe H3yt..JeHHe CBOHCTB H nose.z:r.eHHH a.z:r.poHOB 

B H,!J.e pH OH cpe.z:r.e nocpe,lI.CTBOM o6Jiyt..JeHHH ee t..JaCTHUaMH OT nHOHOB 

H npoToHoB .z:r.o rn2KeJihIX 51.z:r.ep se.z:r.eTCH B 3KcnepHMeHTe HADES 
(GSI, )lapMllITa.U.T, fepMaHHH). fpynna 0115111 B 3TOM 3KcrrepHMeH

Te BbIITOJIHHJia Ot..JeHb Ba2KHYIO aa.z:r.aqy no paapa60TKe H C03,!J.aHHIO 

JierKHX .z:r.peH~OBbIX KaMep H 3JieKTpOHHKH Cl.JHTbIBaHHH .z:r.aHHbIX. 

Cpe.z:r.H ocHOBHbIX Hayt..JHbIX peayJihTaTOB 3KcnepHMeHTa HADES 

CJie.z:r.yeT OTMeTHTb Ha6JIIO,!J.eHHe H36bITKa 3JieKTpOH-n03HTpOHHbIX 

nap c MaJioH HHBapHaHTHOH Maccofi. KaK BbIHCHHJIOCb, npHt..JHHOH 

3TOro H36bITKa B CTOJIKHOBeHHHX C + C HBJIHJIHCb HeMe30HHbie HC-

OcttoBHhie )l0CTH)KeHHll OI1JU1 3a 2003-2009 rr. 35 

TOl.JHHKH yKa3aHHblX nap, npHCYTCTBYIOIUHe B HYKJIOH-HYKJIOHHbIX 

CTOJIKHOBeHHHX (p + p H d + p) H 06Jia.z:r.a10mHe Ot..JeHb CHJibHOH 

aaBHCHMOCTblO OT H30CnHHa. BnepBbie 6hIJI peKOHCTpyHpOBaH t..JeT

KHH cHrHaJI OT pacna.z:r.a oMera-MeaoHa w --t e+ e- npH 3HeprnHx 

ycKopHTeJIH SIS B p + p-, p+ Nb- H Ar+ K/Cl-cTOJIKHoBeHHHX. 

TaK2Ke snepBbie tta6JI10.z:r.aJIOCb rny6oKono.z:r.noporoBoe o6paaoBaHHe 

6apHOH0B 3-(1321) C MH02KeCTBeHHOCTHMH, 3Hat..JHTeJibHO npeBbI

ll!aIOIUHMH 01irn,!J.aHHH B CTaTHCTHt..JeCKHX H TpaHcnopTHbIX MO,!J.eJIHX. 

B paMKax 3KcnepHMeHTa NIS 6bIJI aanymeH npH6op .U.JIH no

HcKa ttapyllleHHH npaBHJia OZI B o6paaoBaHHH ¢- H w-MeaoHOB 

H po2K,!J.eHHH 8-6apHOHa (neHTaKBapKa) B npoTOH-npoTOHHblX B3a

HMO,!J.eHCTBHHX Ha HYKJIOTpoHe. 3KcnepHMeHTaJibHblH noHCK rnnep

H 17-51.z:r.e p H HX HCCJie,!J.OBaHHH C nOMOIUbIO MeTO,!J.HKH 51.z:r.epHbIX 

TpeKOBbIX 3MYJibCHH npoBO,!J.HJIHCb B paMKax npoeKTOB GIBS, <<Eta

H.z:r.pa,> H BECQUEREL. cf>aaoBbIH nepexo.z:r. B H.z:r.epHoH MaTepHH Hay

t..JaJicH B cepHH 3KcnepHMeHTOB PHASA H npo.z:r.oJI2KaeTCH B npoeKTe 

PHASA-3. 

B cooTBeTCTBHH c .z:r.oJirocpot..JHOH nporpaMMOH paaBHTHH 0115111 

~H3HKa HeHTpHHO H H3yt..JeHHe pe.U.KHX HBJieHHH - KJIIOt..JeBbie Ha

npaBJieHHH pa60Tbl Jia6opaTOpHH 51.z:r.epHbIX npo6JieM. 

OcHOBHaH ueJib 3KcnepHMeHTa GEMMA - H3MepettHe Mar

HHTHoro MOMeHTa aHTHHeHTpHHO C t..JYBCTBHTeJibHOCTblO Ha ypoBHe 

(4-;- 7) • 10-12 µB. CneKTpoMeTp GEMMA-I cocTOHT H3 cBepx

t..JHCToro repMaHHeBoro .z:r.eTeKTopa BeCOM 1,5 Kr c KOM6HHHpoBaH

HOH aKTHBHOH H nacCHBHOtt aamHTott. Ott ycTaHOBJieH no.z:r. ueH

TpoM peaKTopa (3 fBT) KaJIHHHHCKOH aTOMHOH 3JieKTpocTaHUHH. 

f1poBe,!J.eHHbIH B 2009 r. c6op .z:r.aHHbIX H HX aHaJIH3 n03BOJIHJIH 

YJIYt..JllIHTb npe.z:r.eJI Ha MarHHTHbIH MOMeHT .z:r.o 3,9. 10- 11 µB. O.z:r.

HOBpeMeHHO co c6opoM .z:r.aHHbIX H HX aHaJIH30M paapa6aTbIBaJICH 

H cTpoHJICH cneKTpoMeTp GEMMA-II. O2KH.z:r.aeTCH, t..JTO t..JYBCTBH

TeJibHOCTb K BeJIHl.JHHe HeHTpHHHOro MarHHTHOro MOMeHTa 6y.z:r.eT Ha 

ypoBHe Mettee ( 1,0 -;- 2,0) . 10- 11 µB. B TpeTbeH ~a3e 3KCnepHMeH

Ta (GEMMA-III) t..JYBCTBHTeJibHOCTb 6y.z:r.eT .z:r.oBe.z:r.etta .z:r.o 3Hat..JeHHH 
(0,4-;- 1,0) · 10-l l µB, 

OcttOBHaH ueJib 3KcnepHMeHTa NEM0-3 - 3TO noHCK npouec

ca ,!J.BOHHoro 6ern-pacrra.z:r.a CeMH pa3JIHl.JHbIX /3/3-H30TOnOB KaK C HC

nycKaHHeM .U.Byx HeHTpHHO (2v/3/3-pacna.z:r.), TaK H B 6eaHeHTpHHHOH 

MO,!J.e (Ov/3/3-pacna.z:r.). 3KcrrepHMeHTaJibHblH nOHCK Ov/3/3-pacna.z:r.a 

HMeeT ~YH.U.aMeHTaJibHOe 3Hat..JeHHe ,!J.JIH COBpeMeHHOH ~H3HKH t..Ja

CTHU. EcJIH y.z:r.acTCH Ha6JIIO,!J.aTb 3TOT npouecc, TO 3TO 6y.z:r.eT 03Ha

t..JaTb, l.JTO HeHTpHHO HMeeT MafiopaHOBCKYIO npHpo.z:r.y, H noHBHT-

2* 



36 Hay1rnaH nporpaMMa 

CH B03MO)KHOCTb ou:eH11Tb a6COJIIOTHOe 3HaqeHHe HeHyJieBOH Mac
Chi HeHTpHHO. Ha6op ,11.aHHhIX B 3KcnepttMeHTe NEMO-3 Be,11.eTCH 
C q>eBpaJIH 2003 r. B nO,IJ.3eMHOH Jia6opaTOpHH B Mo,11.aHe, pac
noJIO)KeHHOH B TYHHeJie <l>pe)KJOC Me)K,11.y <l>paHU:HeH H 1-haJIHeH 
Ha rny6ttHe 4800 M B0,11.HOfO 3KBHBaJieHTa. 3a npowe,11.wHe f0,11.bl 
KOJIJia6opau:tteH 6hIJIH noJiyqeHhI yHHKaJihHhie ,11.aHHhie no ,11.BOHHOMY 
6eTa-pacna,11.y pa3JIHqHblX H30TOnOB (Ta6JI. 1, 2). 

Ta6JIHU:a 1 

Ou:eHKa rrepHo.n.a 
3cpcpeKTHBHaH Macca l130TOIT 0v,B,8-rroJiypacrra.n.a T1;2, JieT HefiTp1rno (mv), sB (90% CL) 

IOOMo > 5,8. 1023 < 0,8 1,3 
s2se > 2,1. 1023 < 1,4-2,2 
48Ca > 1,3. 1022 < 29,7 
96zr > 8,6. 1021 < 7,4-20,1 
1s0Nd >1,8-1022 < 4,8-7,6 

Ta6JIHU:a 2 

l130TOIT l13MepeHHbitt rreptto.n. 2v,B,B-rroJiypacrra.n.a T1;2, JieT 

100Mo 0,711 ± 0,002(cTaT.) ± 0,054(cllCT.). 1019 

s2se 9,6 ± l,O(crnT.) ± 0,3(cHcT.). 1019 

116Cd 2,8 ± 0,l(crnT.) ± 0,3(cHcT.). 1019 

Is0Nd 0,920~g•g~~(CTaT.) ± 0,072(CllCT.) · 1019 

96zr 2,3 ± 0,02( CTaT.) ± 0,3( Cl!CT.) • 1019 

48Ca 4,4~8:~(CTaT.) ± 0,4(CllCT.) • 1019 

I30Te 76± 15(cTaT.) ±8(CllCT.), lQl9 

YcTaHOBKa NEMO-3, no cyw.ecTBy, yHHKaJihHa H HBJIHeTCH 
e,11.HHCTBeHHOH B Mttpe <<q>a6pHKOH>> ,11.ByxHeHTpHHHoro 6eTa-pacna,11.a 
pa3JIHqHb!X H,11.ep. 

<l>paHU:Y3CKO-HeMeu:Ko-poccHHCKHH 3KcnepHMeHT EDELWEISS 
HaU:eJieH Ha npHMoe ,11.eTeKTHpoBaHHe WIMP-qacTHU: TeMHOH Ma
Tepmi:. 3TOT 3KCnepHMeHT TaK)Ke npox0,11.HT B no,11.3eMHOH Jia6opa
T0pHH B Mo,11.aHe. B 3KcnepHMeHTe EDELWEISS ttcnoJib3YIOTCH 
BblCOKOqHCTbie repMaHHeBbie KpttoreHHbie ,11.eTeKTOpbl ,11.JIH 0,11.HOBpe
MeHHOfO H3MepeHHH q>OHOHHhlX H HOHH3aU:HOHHhlX CHrHaJIOB npH 
TeMnepaType OKOJIO 20 MK. B 2009 r. B TeqeHHe 8 MeCHU:eB 
KOJIJia6opau:HH EDELWEISS-II npoB0,11.HJia npHMOH rrottcK TeMHOH 

OcHOBHbie ,nocTH)KeHJ-rn OlHUI 3a 2003-2009 rr. 37 

MaTepHH, HCnOJib3YH ,11.ecHTb 400-rpaMMOBbIX KpHoreHHbIX ,11.eTeKTO
poB, cHa6)KeHHblX cneu:HaJihHb!MH qepe,11.yIOI.I.I.HMHCH 3JieKTpo,11.aMH. 
Ha6JI10,11.eHHe 0,11.Horo co6bITHH-KaH,11.H,11.aTa Ha WIMP c 3Heprne11 oT
,11.aqH H,11.pa Bb!Ille 20 K3B 3a 6 MeCHU:eB c6opa ,11.aHHblX HHTepnpeTH
poBaJIOCb KaK HOBOe orpaHHqeHHe Ha ceqeHHe cnHH-He3aBHCHMOfO 
B3aHMO,IJ.eHCTBHH WIMP-qacrnu: c HYKJIOHaMH. ,ILJIH MaccbI WIMP 
B 80 f3B/c2 Ha 90%-M ypoBHe ,11.0CTOBepHOCTH (CL) HCKJIJOqaJOTCH 
ceqeHHH, rrpeBbIIllaIOI.I.I.He 1,0 . 10-43 CM2. BnepBbie ,11.aHHbIH pe3yJih
TaT noKa3aJI YHHKaJibHbie B03M0)KHOCTH TaKoro copTa ,11.eTeKTOpOB 
TeMHOH MaTepHH B Bonpoce no,11.aBJieHHH q>OHOBbIX co6hITHH. 

· CqttTaeTcH, qTo oqeHh pe.n.KHH pacna,11. KaOHOB K£ --+ 1r
0vv 

HBJIHeTCH H)],eaJihHblM npou:eccoM ,11.JIH nOHHMaHHH npHqHH Hapy
weHHH CP-cHMMeTpHH, a TaK)Ke ,11.JIH npOBepKH CTaH,11.apTHOH M0-
,11.eJIH. TeopeTHqecKaH Heonpe,11.eJieHHOCTb B onpe,11.eJieHHH OTHOCH
TeJihHOH BepOHTHOCTH 3T0f0 npou:ecca, KOTOpaH B CTaH)],apTHOH 
M0,11.eJIH COCTaBJIHeT (3 ± 0,6). 10- 11 , ou:eHHBaeTCH Ha ypoBHe Bcero 
1-2 % . ,ILaHHblH pacna,11. paccMaTpHBaeTCH · KaK H,11.eaJibHbIH npou:ecc 
B q>H3HKe KBapKOBblX apoMaTOB ,11.JIH npoBepKH CTaH,11.apTHOH M0-
,11.eJIH H nottcKa HOBOH q>H3HKH 3a ee npe,11.eJiaMH. CoBpeMeHHhIH 
3KCnepHMeHTaJihHb!H npe,11.eJI COCTaBJIHeT 5,9. 10-7 • 3KcnepHMeHT 
E39la (KEK-PS, 5InoHHH) - 3TO nepBbIH u:eJieHanpaBJieHHhIH no
HCK yKa3aHHOfO pacna,11.a. B HeM HCnOJih3YIOTCH ,11.Be KOHU:enU:HH -
OCTpoHanpaBJieHHbIH nyqoK KaOHOB H repMeTHqHaH BeTO-CHCTeMa 
,11.JIH q>OTOHOB. Ha6op ,11.aHHbIX B 3KCnepHMeHTe HaqaJICH B q>eBpaJie 
2004 r. C u:eJiblO yJiyqwHTb cyw.ecTByIOI.I.I.HH 3KcnepHMeHTaJibHblH 
npe,11.eJI Ha HeCKOJibKO nopH,11.KOB. TTocKOJibKY O)KH,11.aeMoro CHrHaJia 
He 6b!JIO o6Hapy)KeHO, a npe,11.noJiaraeMhlH ypoBeHb q>OHa HHqTO)K
HO MaJI, noJiyqeHHblH BepXHHH npe,11.eJI Ha BepoHTHOCTb pacna,11.a 
K£--+ 1r0vv cocTaBHJI 6,7 • 10-8 (90% CL). 3TO caMaH ToqHaH 
B HaCTOHI.I.I.ee BpeMH BeJIHqHHa. CoTpy,11.HHKaMH 0115111 pa3~a60TaH 
a6coJIIOTHo HOBhIH no,11.xo,11. K H3MepeHHHM pacna,11.a K£ --+ 1r vv ,11.JIH 
3KcnepHMeHTa E391. Cyw.ecTBOBaBllIHH paHee perncTpaU:HOHHblH 
MeT0,11. He no3B0JIHJI pa3JIHqaTb THn qacTHU:bl, pacna,11.a10w.eHCH Ha 
,11.Be raMMa-qaCTHU:bl, tt Macca pacnaBWHXCH qaCTHU: He Morna 6hITb 
peKOHCTpyttpoBaHa H3-3a OTCYTCTBHH B03MO)KHOCTH yrnoBoro H3-
MepeHHH. EhIJI npe,11.JIO)KeH H pa3pa6oTaH HOBhIH MeTo,11. yrnoBOH 
peKOHCTPYKU:HH HMnyJihCOB raMMa-qacTHU:, 3aperncTpHpoBaHHbIX 
KaJiopttMeTpOM ycTaHOBKH. 

B paMKax npoeKTa PIBETA (PSI, II1Be11u:apttH) 6bIJIH no
JiyqeHbI OKOHqaTeJibHbie pe3yJibTaTbl aHaJIH3a 3KCnepHMeHTaJibHblX 
,11.aHHb!X no pa,11.HaU:HOHHOMY pacna)],y nHOHOB 7r+ --+ e+v"(. 3TOT 



38 Hay<maH nporpaMM~ 

pacnaA H3yqancH B Tpex KHHeMaTHqecKHX o6nacTHX C n0M0I.IJ.b!O 
AeTeKTopa PIBETA H ocTaH0BneHHoro nyqKa nH0H0B. L{aHHbie 
HCn0Hb30BaHHCb AHH H3BneqeHHH aKcHaHbH0ro FA H BeKT0pHoro 
Fv cpopMcpaKTOpOB nHoHa, a TaK2Ke AHH npoBepKH CTaHAapTHOH 
M0AeHH. O6beM AaHHb!X, nonyqeHHb!X 3a BCe BpeMH 3KCnepHMeHTa 
PIBETA, Ha nopHA0K 6onhllle, qeM o6beM AaHHbIX, nonyqeHHbIX BO 
Bcex npeAbIAYI.IJ.HX HCcneA0BaHHHX. L{nH rnnoTeTHqecK'.oro TeH30p
Horo BKHaAa B aMnnHTYAY pacnaAa 6bw nonyqeH BepxHHH npeAen 
IFr(O) I ~ 5, 1 · 10-4 npH 90%-M ypoBHe A0CT0BepH0CTH. 

B 2009 r. B PSI 6bw npoAon2KeH 3KcnepHMeHT MEG no noHcKy 
pacnaAa µ+ - e+,, 3anpemeHH0ro 3aK0H0M coxpaHeHHH nenT0H
Horo apoMaTa. UenbJO 3KCnepHMeHTa HBnHeTcH ynyqllleHHe cyme
CTBYJOIII.ero orpaHHqeHHH Ha Bep0HTH0CTb 3Toro pacnaAa Ha ABa 
nopHAKa H A0CTH2KeHHe peKOPAHOH qyBCTBHTeHbH0CTH Ha ypoBHe 
10-13_ AHaHH3 3KCnepHMeHTaHbHb!X AaHHb!X 2008 r. n03B0HHH 
nonyqHTb BepxHHH npeAen 3. 10-11 . Ilocne 3T0ro 6bIHH ynyqllleHbl 
xapaKTepHCTHKH AeTeKT0pa, H nocne o6pa60TKH 3KCnepHMeHTaHb
Hb!X AaHHb!X 02KHAaeTCH nonyqeHHe npeAena Ha ypoBHe (2 7 4) X 
X 10-12_ 

lJpe3BbrqaiiHO HHTepecHoe HBHeHHe - 0CU:HHHHU:HH HeHTpHHO, 
npeACKa3aHHb!e aKaAeMHK0M 6pyHo IloHTeKOpBO, ump0K0 H3yqa
lOTCH ceiiqac B pa3nHqHblX 3KcnepHMeHTaX. TaK, B 3KCnepHMeHTe 
OPERA nyqoK MJO0HHbIX HettTpHHO H3 CERN HanpaBnHeTCH Ha 
3KcnepHMeHTaHbHYIO ycTaH0BKY B na6oparnpHH fpaH-Cacco (11Ta
HHH), K0TopaH 6hwa nocTpoeHa npH aKTHBH0M yqaCTHH C0TPYAHH
K0B 0115111. B 2009 r. np0B0AHHCH nonHoMaCll!Ta6Hb!H ceaHC H 6b!
no 3aperHCTpHp0BaH0 6onee 3500 B3aHMOAeHCTBHH MIO0HHb!X HeH
TpHH0. O6mee K0HHqecTB0 AaHHbIX, nonyqeHHb!X B 2008-2009 rr., 
n03B0HHeT cqHTaTb, qTo nepBbie KaHAHAaTbl Ha p02KAeHHe Tay-HeH
TPHH0 A0H2KHbl 6b!Tb cpeAH 3aperncTpHp0BaHHb!X co6bITHH. fpynna 
H3 0115111 pa3pa6ornna nporpaMMY AHH npOBeAeHHH n0HCKa Bep
llIHHbl B3aHMOAeHCTBHH. 

C MaH 2007 r. np0A0H2KaeTCH Ha6op AaHHb!X B 3KCnepHMeHTe 
BOREXINO. 3a nocneAHHe r0AbI ocH0BHhie ycHnHH 3TOH Konna-
6opau:HH 6bWH HanpaBneHbl Ha ynyqllleHHe TQqHQCTH H3MepeHHH 
noT0Ka conHeqHb!X HettTpHHO OT 7Be. L{nH 3TOH BenHqHHbl 0K0H
qaTeHbH0 6bWO nonyqeH0 3HaqeHHe 49 ± 3( CTaT.) ± 4( CHCT.) 0T
cqeTOB B AeHb Ha 100 T CU:HHTHHHHTopa. O2KHAaeMb!H CHrnan 
B CTaHAapTHOH conHeqHoii M0AeHH 6e3 ocu:HnHHU:HH cocTaBnHeT 
74 ± 4 0Tcqern, yqeT 0CU:HHHHU:HH C0HHeqHblX HettTpHHO (cu:eHapHH 
MSW-LMA) CHH2KaeT 3TH 3HaqeHHH AO 48 ± 4 0TcqeT0B B AeHb Ha 

OcHOBHble .n.ocTtt.lKeH!rn OIUII1 aa 2003-2009 rr. 39 

100 T. fHnOTe3a 06 0TCyTCTBHH OCU:HHHHU:HH HettTpHHO He cornacy
eTCH C H3MepeHHHMH Ha ypoBHe 4o-. L{pyroii HHTepeCHb!H pe3ynb
TaT - 3T0 H0Bble, caMbie CTporHe orpaHHqeHHH Ha HettTpHHHb!H 
MarHHTHblH M0MeHT. l13yqeHHe B03M02KH0ro 0TKH0HeHHH cneKTpa 
OT cbopMbl qHCT0f0 3HeKTpocna6oro B3aHMOAeHCTBHH AHH HeHTpHHO 
oT 7Be Aano H0Boe orfiaHHqeHHe Ha 3cpcpeKTHBHbIH HeiiTpHHHbIH 
M0MeHT: µv < 5,4 · 10- 1 µs npH 90%-M ypoBHe A0CT0BepH0CTH. 

OcHOBHbie pe3yHbTaTbl pa60Tbl rpynnbI 0115111 B 3KCnepH
MeHTe CDP (FNAL, ClllA) - 3T0 H3MepeHHe Macchr Ton
KBapKa H 3cpcpeKTHBHaH pa6orn ycTaH0BKH CDF II. 6hw CAe
naH Ba2KHb!H BKHaA B npeU:H3H0HH0e H3MepeHHe MaCCbl T0n
KBapKa Mtop B TaK Ha3bIBaeMOH AHnenTOHHOH M0Ae pacnaAa 
npH HHTerpHpoBaHHOH cBeTHM0CTH 2,9 cp6- 1

. IlonyqeHO 3HaqeHHe 

Mtop = 165,5~}j(CTaT.) ± 3,l(cHCT.) f3B/c2
. C yqeT0M Bee~ AaH

HbIX, npoaHanH3H'poBaHHhIX Konna6opaU:HHMH CDF H DO, BepxHHe 
npeAeHbl Ha ceqeHHe o6pa30BaHHH 6030HOB XHrrca npHMepH0 B 
2,7 H 0,94· pa3a Bb!llle, qeM_ 02KHAaetcH B CTaHAapTHOH M0AeHH, 
AHH 6o3oHa XHrrca MaCCOH ffiH = 115 H 165 f3B C00TBeTCTBeHH0. 
TaKoii 6o3oH XHrrca H3yqancH Ha T3BaTpoHe B HHTepBane Mace 
163 < ffiH < 166 f3B npH 95%-M ypoBHe A0CT0BepH0CTH. 3TH 
pe3ynbTaTbI AaJOT H0By10 HHcpopMaU:HJO no Macce 6o3oHa XHrrca 
B paMKax CTaHAapTHOH M0AenH nocne npHMbIX HccneAOBaHHH 
Ha LEP. 

B paMKax npoeKTa DO (FNAL) 6h1no ocymecTBneHo nepBoe 
npHM0e Ha6n10AeHHe 3apH2KeHH0r0 <<npeneCTH0fO>> 6apHoHa Bb, K0-
TOpb!H c0Aep2KHT KBapKH Bcex Tpex noKoneHHH b, s H d. 6bIHH 
npoaHaHH3Hp0BaHbl 35 MHHHH0H0B npoT0H-aHTHnp0T0HHblX B3aH
MOAeHCTBHH C 3Heprneii 1,96 T3B, B K0T0pb!X perHCTpHp0BaHHCb 
MIO0HHbie nap bl C Maccoll 2,5-3,6 f 3B/ c2. B 3THX co6bITHHX 6bI
HH peK0HCTpyHp0BaHbl J/'lj;-qacTHU:bl H 3apH2KeHHbie B-rnnepOHbl 
H aHTHrHnep0Hbl. PacnpeAeneHHe HHBapHaHTHb!X Mace 3THX nap 
(J/'lj;B) HMeeT nHK (19 co6bITHH) npH 5774 M3B/c2 c llIHpHHOH 
37 M3B/ c2. BepOHTHOCTb Toro, _qTo Ta KOH nHK B03HHKHeT H3 
cpoHOBb!X KOne6aHHH, He npeBbilllaeT 3,3 . 10-8 (ypoBeHb cpoHa -
3,6 co6bITHH). IlHK HHTepnpernpoBancH KaK pacnaA Bb - J /'lj; + B 
(pHc. 3). 113MepeHHaH Macca Bb cornacyeTCH c TeopeTHqecKHMH 
npeACKa3aHHHMH. 

B 2008 r. 6hwo TaK2Ke ocymecTBneHo nepBoe npHMoe Ha6n10Ae
HHe <<npeneCTH0fQ>,) 6apHOHa nb (pHC. 4). 3TO 0TKpbITHe 6bIHO 0T
HeceHo AMepHKaHCKHM qJH3HqecKHM o6mecTBOM K pa3pHAY caMb!X 
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PHc. 3. Ha6JIIOJJ.eHHe IlHKa s (J /1PS)-pacnpe.D.eJieHHH 

Entries nu 
1.716 

0.04952 
0.5071 

144.6± 1G.8 
1.072:t 0.000 

.,...-------------1 :~~ 

1.65 1.7 

Prob 
N 
µ 
a 
a,, 

~ 
a 

0.003814 ± 0.000413 
•1 .035e+06± 4344444 
-3.99Ge+o6± 3906666 
8.994e+oG ± 2209387 

-5.591e+OG± 3114946 
15e+OG±79286 

1.75 1.8 
M(AK), GeV /c 2 

PHc. 4. Ha6JIIOJJ.eHHe nb-6apHOHa 

BbIJJ.aIOW.HXCH ,ll.OCTH)KeHHH B cpH3HKe 3a 2008 r., KOTOpbIX 6hIJIO He 

TaK MHOro. 

OcHOBHaH aa.n.aqa 3KcnepHMeHTa DIRAC (SPS, CERN) - H3-

MepeHHe BpeMeHH )KH3HH aTOMOB 7!"+7!"-, 7!"+ K- H 7!"-K+ C u.eJihlO 

npoBepKH npe.n.cKaaaHHH KXJJ. npH HH3KHX 3HeprnHx. B 2009 r. 

npoBO.D.HJiacb HacTpoHKa ycTaHOBKH DIRAC H Ha6op .n.aHHhIX 

c Ni-MHUieHbIO .D.JIH Ha6JIIO.D.eHHH 7!"+ K- - · H 7!"-K+ -MeaoaTOMOB, 

a TaK)Ke ,ll.JIH H3MepeHHH BpeMeHH )KH3HH 7!"+7!"- -aTOMOB C TOlJ

HOCTblO He Xy)Ke 6 %. O6pa60TKa H aHaJIH3 .n.aHHhIX, Ha6paHHbIX 

B 2001-2003 rr., nOJIHOCTblO 3aKOHlJeHbl - BpeMH )KH3HH aTOMOB 

7!"+7!"- 6hIJIO HaHJJ.eHo c TOlJHOCTblO 10 %. EbIJIH ony6JIHKOBaHbl 

nepBbie peayJihTaThI no noHcKy aToMOB 1l"K. B o6rn.eH CJIO)KHOCTH 

173 ± 54 7l" K-aTOMHbie napbl Ha6JIIO,ll.aJIHCb Ha ypoBHe ,ll.OCTOBepH0-

CTH 3,2a. 
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. 3aBepUieH aHaJIH3 · .n.aHHhIX; · noJiyIJeHHhIX Ha ycTaHOBKe. ANKE 
B COSY (IOJIHX, fepMaHHH), no peaKU.HH pacna.n.a · .n.eHTpoHa 

pd -t {pp} sn c HCnycKaHHeM Bnepe.n. 6bICTpOH npoTOHHOH · na

pbl {pp} s B COCTOHHHH l So npH 3HeprHH npoTOHHOro nyIJKa 

0,5.,..2,0 r 3B. B .3KcnepHMeHTe HCnOJih30BaJiacb · KOJIJIHHeapHaH reo

MeTpHH, lJTO no3BOJIHJIO aHaJIH3HpoBaTb co6bITHH C 60JibllIOH nepe

.n.aIJeH HMnyJihCa H HCCJie.n.oBaTh HYKJIOHHYIO CTPYKTYPY Ha MaJihIX 

pacCTOHHHHX. Eb!JIH H3MepeHbl .D.HcpcpepeHU.HaJihHhie. ceIJeHHH H yr

JIOBbie 3aBHCHMOCTH B ,ll.Hana30He yrnoB HcnycKaHHH npoTOHHOH 

napbl 0:-12°, a TaK)Ke 3HepreTHIJeCKaH 3aBHCHMOCTb ceIJeHHH. f1o

Ka3aHo, lJTO H3MepeHHbie Ha6JIIO,ll.aeMbie BeJIHlJHHbI OlJeHb IJYBCTBH

TeJibHhl K IJaCTH HYKJIOH-HYKJIOHHOro B3aHMO,ll.eHCTBHH Ha MaJih!X 

paCCTOHHHHX. . 

. . f1p11 aKTHBHOM yYaCTHH cpH3HKOB 0115!11 6hIJIH CKOHCTpyHpOBa

Hhl, aanyw.eHhl H ycneUIHO HalJaJIH pa6oTaTh 3~cnepHMeHTaJibHhie 

ycTaH0BKH CMS, ATLAS H ALICE Ha EoJibllIOM. a.n.poHHOM KOJI-

JiaH.n.epe LHC. . . . . 
. .. f1oBhlll:1eHHe HHTeHCHBHOCTH ycKOpHeMh!X C[YCTKOB ~apH)KeH

HblX qacTHU. H o6ecneIJeHHe BhICOKOH nJI0THOCTH qacTHU. B none~ 

pe•rnciM . ceIJeHHH nyIJKa HBJIHeTCH O,ll.HOH . H3 aKTyaJibHbIX npo6JieM 

I3 ycKopHTeJihHOH cpH3HKe H ·TeXHHKe. )].JIH peUieHHH 3TOH aa.n.aIJH 

B CHHXpOTpOHax HCnOJib3YIOTCH CHCTeMhl no.n.aBJieHHH KOrepeHTHb!X 

nonepeIJHb!X KOJie6aHHH, C nOM0W.blO KOTOpb!X ocyw.ecTBJIHeTCH 

KbppeKU.HH nonepeIJHoro HMnyJihca crycTKOB c yiieTOM HX cocToH

HH51 B npe.n.UieCTBYIOW.He MOMeHTbl BpeMeHH. Cn~{ittaJIHCTbl 0115!11 

coBMecTHo c CERN coa.n.aJIH cHcTeMy no.n.ai:weHHH · KorepeHTHhix 

nonepeIJHhIX KoJie6aHHH nyIJKa B LHC. f1pe.n.ycMoTpeHo yqacTHe 

(pH3HKOB 0115!11 B. HaJia,ll.Ke H 3anycKe CHCTeMbl no,ll.aBJieHHH none

peirnhIX KOJie6aHHH Ha nyIJKe KOJIJiaH.n.epa LHC, a taK)Ke B HCCJie

.n.oBaHHHx ,ll.HHaMHKH IJaCTHU. B CHHXpOTpOHe C u.eJihlO ,ll.OCTH)KeHHH 

npe.n.eJihHhIX napaMeTpoB nyIJKa Ha LHC. 

. PeayJihTaTbI HCCJie,ll.OBaHHH H paapa60TOK no CHCTeMe no.n.aBJie~ 

HHH nonepeIJHb!X KOJie6aHHH nyqKa H no CHCTeMaM MOW.HOH. 3JieK

'TpO,ll.HHaMHKH npe.n.noJiaraeTCH HCnOJib30BaTb Ha 6a30BhIX ycTaHOB~ 

Kax a 0115!11, BKJIIOIJaH CHHXpOTpOHbI a paMKax npoeKTOB <<HyK

JIOTpOH-M>> H NICA, H a coTpy.D.HHIJaIOW.HX c 0115!11 HHCTHTyTax 

H3 '.n.pyrnx CTpaH. 

B COOTBeTCTBHH C ,ll.OJirocpoqHblM nJiaHOM pa3BHTHH 0115!11 
HaH6oJiee Ba)KHb1e· -3KCnepHMeHTaJihHbie peayJihTaThl ·'B o6JiaCTH 

<l>H3UKH aTOMHoro .H,11.pa H . T.H:>KeJibIX HOHOB 6hIJIH noJiyIJeHhl 

COTPY.D.HHKaMH Jla6opaTOpHH H,ll.epHb!X peaKU.HH HM. r. H. <t>Jiepoaa 
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H Jla6opaTOpHH HefnpoHHOH q>H3HKH HM. 11. M. <l>paHKa. OcHOBHbie 

HCCJieJI.OBaHHH B 3TOH o6JiaCTH 6bIJIH cocpeJI.OToqeHbl B HanpaBJie

HHHX CUHme3a HOBblX Raep, U3yt.{,eflUR RaepHblX CBOUCmB U Mexa
HU3MOB peaKl{UU C mR:JICe/lblMU UOHaMU, UCC/leaoBaHUR npOl{eC
COB ae/leHUR 8 mR:JICe/lblX U CBepXmR:JICe/lblX RaepHblX CUCmeMaX, 
a maK:JtCe B o6Aacmu Raep1-tou cpu3uKu 1-teumpo1-toe u m. n. 

)lJIH Toro qTo6bI CHHTe3HpOBaTb csepXTH:>KeJibie HJI.pa B6JIH3H 

o6JiaCTH nOBblllieHHOH HJI.e pH OH CTa6HJibHOCTH, 6bIJIH BbI6paHbl pe

aKUHH nOJIHOro CJIHHHHH HeHTpOHOH36bITOqHbIX H30TOnOB aKTHHH

JI.OB, TaKHX KaK 244Pu, 243 Am, 248Cm, 249B k H 249Cf ( OHH HCnOJib-

30BaJIHCb B KaqecTBe MHIIIeHeti), H .u.sa:>KJI.bI MarnqecKoe HJI.po 48Ca 

(HaJieTaiomaH qacrnua). O:>KHJI.aeMhIH nepHOJI. noJiypacna.u.a TH:>Ke

JibIX HJI.e p, noJiyqeHHbIX B 3THX peaKUHHX, MO:>KeT sapbHpOBaTbCH OT 

HeCKOJibKHX MHKpoceKyHJI. JI.O .u.ecHTKOB qacoB, H npe.u.noJiaraeMbie 

ceqeHHH o6pa30BaHHH oueHHBalOTCH Ha ypoBHe HeCKOJibKHX nHK0-

6apH. 3KcnepHMeHTbl npOBOJI.HJIHCb C HCnOJib30BaHHeM .u.y6HeHCKO

ro ra3osoro cenapaTopa HJI.ep oT.u.aqH. 11oHbI 48Ca+5 ycKopHJIHCb Ha 

UHKJIOTpOHe Y-400. B 3KCnepHMeHTaX no CHHTe3y csepXTH:>KeJibIX 

HJI.e p HCnOJib30BaJIHCb MHIIIeHH H3 OKHCeti aKTHHHJI.OB TOJ!Il{HHOH 

~ 0,35 Mr/cM2 ' pacnOJIO:>KeHHbie Ha THTaHOBOH q>OJibre TOJ!Il{HHOH 
1,5 MKM. O6orameHHb1e H30TOnbI 233,238u, 237Np, 242,244pu, 243 Am, , 
245,248cm, 249Bk H 249Cf npHMeHHJIHCb s KaqecTBe MaTepHaJia JI.JIH 

MHIIIeHeti. B HCCJieJI.OBaHHbIX peaKUHHX 6b!JIH 3aperncTpHpOBaHbl 92 

uenoqKH pacna.u.os. B OCHOBHOM see 3TH uenoqKH xapaKTepH3YIOTCH 

HaJIHqHeM nocJieJI.OBaTeJibHbIX a-pacna.u.os (OT OJI.HOro JI.O IIIeCTH), 

KOTOpbie 3aBepIIIalOTCH cnoHTaHHbIM .u.eJieHHeM. B Ha6JIIOJI.aeMbIX 

uenoqKax 6bIJIO B o6meti CJIO)KHOCTH 253 HJI.e pHbIX pacna.u.a. J13y

qeHbl CBOHCTBa pacna.u.os 34 HOBblX HYKJIHJI.OB, noJiyqeHHbIX B 3KC

nepHMeHTaX C HaJieTa!Oll{HMH HJI.paMH 48Ca. 

ITapuHaJibHbie nepHOJI.bI noJiypacna.u.a JI.JIH cnoHTaHHoro .u.eJie

HHH (SF) HJI.e p c N ~ 163, noJiyqeHHbIX s peaKUHHX CJIHHHHH 

c 48Ca, a TaK:>Ke nepHOJI.bI noJiypacna.u.a SF-HyKJIHJI.OB c N :::;; 160 

noKa3aHbl Ha pHC. 5, a. )lHana30H H3MeHeHHH o6meti KHHeTHqecKOH 

3HeprHH q>parMeHTOB cnOHTaHHOfO .u.eJieHHH scex H3BeCTHbIX qeTHO

qeTHbIX H30TOnOB C z ~ 96 noKa3aH Ha pHC. 5, 6. 
l130TOnbI csepXTH:>KeJiblX 3JieMeHTOB C z = 111-116 H 118 

6b!JIH CHHTe3HpOBaHbl B 2001-2006 rr. B 3KCnepHMeHTaX C ycKO

peHHbIMH HOHaMH 48Ca. HaqHHaH C HIOJIH 2009 r. npoBOJI.HJICH 

3KCnepHMeHT no CHHTe3y HOBoro 3JieMeHTa 117 B peaKUHH noJIHOro 

CJIHHHHH 
249

Bk + 
48

Ca. 3KcnepHMeHT npoXOJI.HJI B JI.HP O11.Hl1 

Log TsF, s 
18 
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14 
12 
10 
8 
6 
4 

2 
0 

-2 
-4 
-6 
-8 

140 145 

OcHOBHbie ,nocTH)KeHHH 011Hl1 3a 2003-2009 rr. 43 

N=152 N=184 

.. •·; 

N=162 •• // I\ 
~-;112 i \ 

100: t/ 
s~~ t :i + ct-No ~ ' Vr,1 

~ ~0 V ,1!114 ~: : 
; ~;" •Hs 
i / v Os 

112 D■ 112 
Rf • 114 

150 155 160 165 170 175 180 185 
Neutron number 

TKE, MeV 

270 r 6 sym. mass 
yield ,. 260 

250 
240 
230 
220 
210 

200 
190 
180 
170 

:----267Rf (1 event onty) 

! 21159 •: 259f'm 262No : ., 

!'a 62SSNo: / 
259.2&i4d D ';/ :zti7Ob ,"~ 
258Frn:-o /""" i 'It" ~'-. 286114 

268[:)~f --~--: 2JJJ,2s10s '\.• 
D .,-,•/ .,,.282.284112 

259lr ,~CJ ,,,.,,., 
252--262No a,, 30 .. t?.... asym. mass 

:>i:, Ii';/ yield 
/1fl, •'<}.•",S5-262Rf , xa 

/W~<' ,..., .. Fm 
/~ .9( '253Es 

, .. ~ 248-252cf 
.. 2•2•250cm 

160 I ,.,1, .. I • .. , • ,I • I " 

1400 1600 1800 2000 
z2; Al/3 

PHc. 5. a) ITapuHaJibHbie rrepHO.LJ.bI rroJiypacrra.LJ.a .LJ.JIH crroHTaHHoro .LJ.eJie

HHH TsF KaK cpyHKUHH.H N )I.JI.H .H)l.ep C qeTHblMH aTOMHb!MH HOMepaMH 

z = 98-114. TeMHbie CHMBOJibl If KpeCTHKH o6o3HaqaIOT qeTHo-qeTHbie 

H)l.pa, CBeTJibie CHMBOJibl - qeTHO-HeqeTHbie .H)l.pa. CrrJIOillHbie JIHHHH 

rrpOBe)l.eHbl ITO TOqKaM TsF (exp), COOTBeTCTBY!OW:HM 3KcnepHMeHTaJib

Hb!M )l.aHHblM )I.JI.H qeTHo-qeTHb!X .H)l.ep. flyHKTHpHb!e JIHHHH - paccqlf

TaHHbie BeJIIfqlfHbl TsF(th), IIOJiyqeHHbie )I.JI.H qeTHo-qeTHbIX H3OTOIIOB 

c Z = 104-112. 6) YcpeJJ.HeHHbie 3HaqeHHH rroJIHOH KHHernqecKOH 3Hep

rnH cpparMeHTOB )l.eJieHHH TKE B 3aBHCHMOCTH OT Z2 / A 113• CBeTJibie 

KBa)l.paTbl - 3KCrrepHMeHTaJibHbie .LJ.aHHbie )I.JI.H H3OTOIIOB C z = 96-104, 
qepHbie CHMBOJibl - .LJ.aHHb!e .LJ.JIH SF-H30TOIIOB C z ~ 104, Ha6JIIO.LJ.aeMblX 

B peaKUHHX Act. + 48Ca. lllTpHXOBbJe JIHHHH pa3)1.eJIHIOT Macc-acHMMeT

pHqHbie If MaCC-CHMMeTpHqHbie 3OHbl .LJ.eJieHHH 

s COTPYJI.HHqecTBe c aMepHKaHcKHMH Jia6opaTOpHHMH OK-PHJI.:>Ka 

(ORNL), JlHsepMopa (LLNL} H YHHBepcHTeToM BaH.u.ep6HJibTa. 

B 2009 r. 6b!JI HaqaT eme OJI.HH 3KcnepHMeHT C 6oJiee HH3-

KOH 3HeprHeH 48 Ca, KOTOpaH COOTBeTCTByeT 3HeprHH B036y:>KJI.e

HHH 
297

117 - OKOJIO 35 M3B. Ha6JIIOJI.aJiaCb uenoqKa H3 IIIeCTH 

a-pacna.u.os, TaK:>Ke 3aKoHqHBIIIaHCH CilOHTaHHbIM JI.eJieHHeM. B Ha
t.{,aJle 2010 i. aAeMeHm 117 6btll ycneumo cu1-tme3upoBaH, OH 
noAyt.{,Ufl (npeaBapumeAbHoe) Ha3BaHue y1-ty1-tcenmuu. HetiTpoHo

H36bITOqHhie H JI.OJifO)KHBYII.LHe HYKJIHJI.bl, 06pa3yiomHeCH C ceqe

HHHMH B HeCKOJibKO IlHK06apH B peaKU.HHX Act.+ 48 Ca, HBJIHIOTCH 

YHHKaJibHblMH o6beKTaMH, HX HJI.epHaH CTPYKTypa, MOJI.bl pacna.u.a, 

CilOHTaHHOe .u.eJieHHe, aTOMHbie H XHMHqecKHe CBOHCTBa JI.OJI)KHbl 

6bITb TII.LaTeJibHO HCCJieJI.OBaHbl. 
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11ayqeHHe XHMH9eCKHX CBOHCTB HOBbIX HYKJIHJ],OB npe.ll,CTaBJI.HeT 

OTJl.eJibHhIH HHTepec B CB.H3H c ttccJie.ll,oBaHH.HMH CTPYKTYPhI cBepx

T.H)KeJibIX aTOMOB H XHMH9eCKHX CBOHCTB T.H)KeJibIX H CBepXT.H)Ke

JibIX 3JieMeHTOB. ITptt 3TOM O.ll,HH H3 Henocpe.ll,CTBeHHbIX MeTOJ],OB 

H.ll,eHTH<pHKaUHH aTOMHOro 9HCJia OCHOBbIBaeTC.H Ha KJiaCCH9eCKHX 

XHMH9eCKHX MeTO.ll,aX. 3TH MeTO.ll,bl BnOJIHe npttMeHHMbl B cepHH 

3KCnepttMeHTOB C HeHTpOHOH36bIT09HbIMH H OTHOCHTeJibHO Jl,OJifO

)KHBYII.I,HMH .HJl.paMH, CHHTeattpoBaHHhIMH B peaKUH.HX Act.+ 48 Ca. 

,lleHCTBHTeJibHO, HeKOTOpbie H3 3THX .H.ll,ep HMeIOT nepttOJ], noJiy

pacnaJ],a OT HeCKOJibKHX ceKyH.ll, J],0 n09TH cyTOK, 9TO J],eJiaeT HX 

Jl,OCTynHbIMH J],JI.H pa.ll,HOXHMH9eCKHX MeTOJ],0B aHaJIH3a (pttc. 6). 

a 
E•= 39.1 MeV 

237Np +48Ca 

203MeV 
0.53~J:h 

203MeV 
2a.o:i~.sh 

3n➔ y 
E,=40.1 Me" ~! Ex=44.5MeV 

2,aAm +•sea 

MeV y □ 3n~saJ 
l~~s E3Am-target z O 4n {287J 

MeV 10 

ms 

~ 
g 
¥ 1 

& 0.5 

0.111111 [ fl I ,n I It 1111 111t'1111 I\ In 

25 30 35 40 45 50 55 
Excitation energy (MeV) 

Pttc. 6. a) U:erroqKH pacrra.n.oB, tta6mo.n.aeMhie B peaKU.HH 237 N p + 48 Ca. 

6) OTKop.ReJrnpoBaHHbie u.erroqKlf pacrra,D.0B y tt Z, II0JiyqeHHbie B peaKU.HH 
2 3 Am+ 8Ca rrpH .D.BYX 3HaqeHH51X 3HeprnH B036y)K,D.eHH51 C0CT3BH0ro 

51,D.pa. B rrpaBOH qacTH II0K333Hbl ~accqHTaHHble qiyHKU.HH B036y)K,li,eHH51 
KaHaJioB xn-HcrrapeHH51 peaKU.HH 43 Am+ 48Ca. ToqKH - 3KcrrepHMeH

TaJibHhie ,D.aHHbie 

CaMbIH T.H)KeJihIH H3oTon, KOTOpbIH MO)KeT 6hITh ttcnoJib30BaH 

,li,JI.H CHHTe3a CBepXT.H)KeJibIX 3JieMeHTOB B Ka9eCTBe MHllieHH, -

3TO KaJittcpopHHH 249Cf. CJitt.HHtte 249Cf c HOHaMH 48Ca Jl,aeT .H.ll,pa 

3JieMeHTa 118, KOTOpbIH 6hIJI CHHTe3ttpoBaH B 2005 r. ,llaJibHeHWHe 

HCCJie.ll,OBaHH.H B o6JiaCTH CBepxT.H)KeJiblX 3JieMeHTOB Tpe6yIOT HC

noJib30BaHH.H 6oJiee T.H)KeJibIX, qeM 48Ca, ny9KOB HOHOB. 

11ccJie.ll,OBaHH.H C pa.ll,HOaKTHBHblMH HOHHbIMH nyqKaMH - 3TO 

Ba)KHOe HanpaBJieHHe B .HJJ.epHOH <pH3HKe. 11ayqeHHe .H.ll,ep BJ],aJIH OT 

o6JiaCTH ~-CTa6ttJibHOCTH H )J.a)Ke 3a npe.ll,eJiaMH JIHHHH .H.ll,epHOH 

·-

OcHOBHbie .nocTH.lKemrn 0115Ui 3a 2003-2009 rr. 45 

cTa6HJibHOCTH HMeeT Ba)KHOe 3Ha9eHHe J],JI.H noHHMaHH.H CBOHCTB 

.H.ll,epHOH MaTepHH B 3KCTpeMaJibHbIX ycJIOBH.HX. TaKHe HCCJie.ll,OBa

HH.H HY)KHbl J],JI.H J],aJibHefiwero pa3BHTH.H .HJ],e pH OH TeOpHH H HMe

!OT HeoueHHMOe 3Ha9eHHe J],JI.H .HJJ.epHOH acTpO<pH3HKH. I1porpecc 

B noJiyqeHHH oqeHb KOpOTKO)KHBYII.I,HX .HJ],e p H C03)].aHHe pa.ll,HO

aKTHBHbIX .HJ],e pHbIX ny9KOB o6ecne9HJIH 3TH HCCJie.ll,OBaHH.H Heo6-

XO.ll,HMbIMH HHCTpyMeHTaMH )J.JI.H J],eTaJibHOrD ttayqeHH.H 60JiblIIHH

CTBa 3K30TH9eCKHX .H.ll,ep. HaJIH9He pa.ll,HOaKTHBHbIX ny9KOB y)Ke 

no3BOJIHJIO noJiyqHTb 3aMeTHbie peayJibT3Tbl no raJIO-CTPYKTypaM, 

HHBepCHH o6oJioqeK, HOBbIM MarttqeCKHM 9HCJiaM H 3K30TH9eCKHM 

pe)KHMaM pacna.ll,OB, KOTOpbie npo.HBJI.H!OTC.H Ha rpaHHUaX .H.ll,epHOH 

CTa6HJibHOCTH. 
B 0115111 6hIJI npeJJ.JIO)KeH, paapa6oTaH H npttMeHeH Ha npaK

THKe HOBbIH no.ll,XOJ], K H3y9eHH!O pe30HaHCHblX COCTO.HHHH .HJ],e p 

B6JIH3H H 3a npe.ll,eJiaMH JIHHHH HeHTpOHHOH CTa6HJibHOCTH. Db!JIO 

noKa3aHO, 9TO B 3KCnepttMeHTax, npoBe)J.eHHbIX C onpe.ll,eJieHHbIMH 

KHHeMaTH9eCKHMH HaCTpOHKaMH, npttcymtte npo.ll,yKTaM peaKUHH 

KOppeJI.HUHH CTaHOB.HTC.H 6oraTeHlIIHM HCT09HHKOM HHcpopMaUHH. 

YHHKaJibHOH TeXHH9eCKOH oco6eHHOCTb!O .HBJI.HeTC.H HaJIH9He TpH

THeBbIX nyqKoB H KpttoreHHhIX TPHTtteBbIX MttrneHefi B JI51P. B Ha

CTO.HII.I,ee BpeM.H 3Ta Jia6opaTOpH.H - e.ll,HHCTBeHHa.H B Mttpe, r.ll,e 

HaJIH9He TpHTHeBOH MHllieHH H nyqKa coqeTaeTC.H C HCCJie.ll,OBaHH.H

MH C paJJ.HOaKTHBHbIMH HOHHbIMH nyqKaMH. 

3a neptto.ll, 2003-2009 rr. B 0115111 6hIJI noJiy9eH p.H.ll. Ba)K

HbIX peayJihTaTOB. BnepBbie npOJJ.YKTbI peaKUHH 
3H(2H, p )

4H H 
3H(3H, d)4H 6bIJIH BbIJ],eJieHbl H3 cpoHa, H 6bIJIH T09HO onpe.ll,eJie

Hbl napaMeTpbl OCHOBHoro COCTO.HHH.H 4H. DbIJI ycTaHOBJieH 6oJiee 

HH3KHH npeJJ.eJI J],JI.H 3Heprntt pacnaJJ.a 7H. DbIJI JJ.OCTOBepHo ycTa

HOBJieH 3HepreTtt9eCKHH cneKTP 5H. Ha6JIIOJ1.aeMa.H KoppeJI.HUHOH

Ha.H aHH30Tpontt.H noaBOJIHJia HJJ.eHTH<pHUttpoBaTh 3TY cTpyKTYPY 

KaK CMeCb COCTO.HHHH 3/2+ tt s;2+. TaKa.H YHHKaJibHa.H cnHHOBa.H 

HJ],eHTH<pHKaUH.H TpexTeJibHOH CHCTeMbl Ha OCHOBe HH<pOpMaUHH, 

HJl.yII.I,eH ,OT KoppeJI.HUHH, .HBJI.HeTC.H HOBOH oco6eHHOCTb!O 3THX HC

CJie)J.oBaHHH. B peayJibTaTe 6bIJIH paapa6oTaHbl tt CTaJIH npttMeH.HTb

C.H 3KCnepHMeHTaJibHbie MeTOJ],bl aHaJIH3a TpexTeJibHbIX pacna.ll,OB 

cnttHBbICTpOeHHbIX COCTO.HHHH. DbIJIH noJiyqeHbl HOBbie J],aHHbie no 

ypoBH.HM 3Heprntt 7- 10He, 11 Li, 13•14Be, a TaK)Ke ttHcpopMaUH.H no 

PHJJ.Y HeHTpoHott36bIT09HbIX .H.ll,ep (BKJII09a.H 
31 F, 34

Ne, 
37

Na, 
43

Si 

H T. Jl..) B pafioHe <<OCTpOBa HHBepCHH>>. KaK cpyHKUHH 3Heprntt 

6bIJIH ttaMepeHbI ceqeHHH B3aHMO.ll,ettcTBH.H 4•
6
He, 

6
·
7Li, 9Li, 7

Be, 
8

B 

c HJl.paMH Si-MttrneHH. 
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B 2005 r. 6bIJI nymeH a pa6oTy nepBbIH 6JIOK ycKopttTeJibHOro 

KOMnJieKca .U.JIH pa.u.ttoaKTHBHhIX nytJKOB DRIBs. 3m ycTaHOBKa 

npe.u.ocTaBHJia B03MO)KHOCTb npOBO,ll.HTb Ha BbICOKOM ypoBHe HO

Bbie HCCJie,ll.OBaHHH B o6JiaCTH peaKU.HH, HH.U.YU.HpOBaHHbIX 6He Ha 

3HeprHHX B6JIH3H KYJIOHOBCKoro 6apbepa. 11HTeHCHBHOCTb nytJKa 
6He Ha q>H3H'IeCKOH MHllleHH ,ll.OCTHraJia 107 c- 1. floJiytJeHHbie 

pe3yJihTaTbI BnepBbie npo.u.eMOHCTpttpoBaJIH, 'ITO rny6oKoe no.u.6a

rbepHoe CJIHHHHe H,ll.ep C HettTpOHHbIM raJIO (KaK, HanpHMep, ,ll.JIH 

He) B03MO)KH0, H cnoco6cTBOBaJIH npoae.u.eHmO B pH.u.e HaytJHbIX 

u.eHTpOB TaKHX )Ke 3KCnepttMeHTOB H TeopeTH'IeCKHX HCCJie,ll.OBaHHH 

no.u.6apbepHbIX peaKU.HH co CJia6ocBH3aHHb!MH H,ll.paMH. 

11HTepeCHblH pe3yJibTaT 6b!JI IlOJiytJeH ,ll.JIH peaKU.HH nepe.u.atJH 

HeHTfiOHOB H .u.eiiTpOHOB C HCilOJlb30BaHHeM COOTBeTCTBeHHO nyq

KOB He H 6Li. B o6ottx cJiytJaHx MaKCHMaJihHoe cetJeHHe Ha6mo.u.a

JIOCb npH 3HeprHHX B6JIH3H KYJIOHOBCKoro 6apbepa peaKU.HH. TaK, 

cetJeHHe peaKU.HH nepe.u.atJH O,ll.HOro HettTpOHa OT 6He K H.U.py-Mttllle

HH 197 Au cocrnBJIHJio 6oJiee tJeM 1 6. 

113y'IeHHe peaKU.HH CJIHHHHH-,ll.eJieHHH nptt HH3KHX 3HeprHHX 

.u.aeT IlOJie3HYIO HHcpopMaU.HIO O BepOHTHOCTH cpopMttpoaamrn H <<BbI

)KHBaeMOCTH>> TH)KeJib!X H,ll.epHb!X CHCTeM H Il03BOJIHeT BbI6ttpaTb 

OilTHMaJibHbie H,ll.epHbie KOM6HHaU.HH ,ll.JIH CHHTe3a CBepxTH)KeJib!X 

3JieMeHTOB. B 0115111 BnepBb!e 6b!JIH noJiy'IeHbl 3KCnepHMeHTaJib

Hb!e .u.aHHhie no pacnpe.u.eJieHHIO Mace H 3Heprnii cpparMeHTOB peaK

U.HH, MHO)KeCTBeHHOCTH npe.u.- H IlOCTHettTpOHHOH 3MHCCHH, a TaK

)Ke yrJIOBb!M H 3HepreTH'IeCKHM pacnpe.u.eJieHHHM HettTpOHOB B COB

na.u.eHHHX c cpparMeHTaMH .u.eJieHHH ,ll.JIH Tpex Hatt6oJiee HHTepeCHbIX 

yqacTKOB - o6JiaCTH H,ll.ep nepe.u. aKTHHH,ll.aMH, ~e.u.Hett o6JiaCTH 

H o6JiaCTH H,ll.ep TH)KeJiee cpepMHH. B peaKU.HHX o4,208Pb(1 6o, f) 
tt 

208Pb(18O, f) MHOroMepHhie KoppeJIHU.HH (Macca-3HeprnH-yroJI) 

cpparMeHTOB .u.eJieHHH, coana.u.a10mtte c raMMa-JiytJaMH, tt3ytJaJIHCh 

npH 3HeprnHX na.u.aIOW.HX qacTHU. B6JIH3H KYJIOHOBCKOro 6apbepa 

(3HeprnH B036y)K,ll.eHHH B ,ll.Hana30He 16-40 M3B). flptt HH3KHX 

3HeprHHX B036y)K,ll.eHHH 6b!JIH H,ll.eHTHq>HU.HpOBaHbl ,ll.Be MO,ll.bl ,ll.eJie

HHH (cHMMeTpH'IHaH H aCHMMeTpH'IHaH), KOTOpb!e xopollIO COrJiacy

IOTCH C npe.u.cKa3aHHHMH MaKpOMHKpOCKOilH'IeCKOH MO,ll.eJIH. 

3KcnepHMeHTaJibHbie HCCJie,ll.OBaHHH BepOHTHOCTH .u.eJieHHH, pac-. 

npe.u.eJieHHH Mace H 3Heprnii cpparMeHTOB .u.eJieHHH, HcnyCKaHHH 

HettTpOHOB ,ll.O H IlOCJie ,ll.eJieHHH npOBO,ll.HJIHCb ,ll.JIH HettTpOHO,ll.ecpH

U.HTHb!X H30Tonoa 220•224·226Th, a TaK)Ke .U.JIH H.U.ep Ra, noJiytJeHHhIX 

B peaKU.HH CJIHHHHH 204,208Pb + C npH 6JIH3KHX K 6apbepy H no.u.-

6apbepHb!X 3HeprnHx. 

OcHOBHble ,ll.0CTH)KeHHH 0115111 3a 2003-2009 rr. 47 

CocTaBHOe H,ll.pO, B cJiyqae eCJIH OHO o6pa30BaHO B peaKU.HH 

cJIHHHHH, HatJHHaeT .u.aJiee .u.eJieHtte co caoero H3HatJaJibHOro (ao3-

6y)K.u.eHHoro) COCTOHHHH. <l>parMeHTbl .u.eJieHHH COCTaBHOrO H,ll.pa 

HMeIOT xapaKTepHb!e MaCCOBbie H 3HepreTH'IeCKHe pacnpe.u.eJieHHH, 

KOTOpb!e OTJIH'IaIOT HX OT cpparMeHTOB, o6pa30BaHHb!X B .u.py

rHX npou.eccax, TaKHX, HanpHMep, KaK KBa3ttynpyroe pacceHHHe, 

rny6oKoHeynpyrne CTOJIKHOBeHHH H T. ,ll.. TTpo6JieMa 3aKJIIOtJaeTCH 

B TOM, 'IT06bI BbI,ll.eJIHTb .u.eJieHHe HMeHHO COCTaBHOro H.U.pa. 3TOT 

npou.ecc, Ha3BaHHbIH <<KBa3H,ll.eJieHHe>> (QF), He CBH3aH C o6pa30Ba

HHeM COCTaBHOro H,ll.pa 286 112, O,ll.HaKO ero <<CJie,ll.bI>> C03,ll.aIOT cpoH 

B o6JiaCTH .u.eJieHHH CHMMeTpH'IHbIX Mace AF ~ AcN /2. Pa3,ll.eJieHHe 

.U.BYX THilOB .u.eJieHHH B03MO)KH0 TOJibKO nocpe,ll.CTBOM CHCTeMaTH'Ie

CKHX H3MepeHHH npH pa3JIH'IHb!X 3HeprnHX B036y)K,ll.eHHH, TaK KaK 

BbIXO,ll.bI 3THX .U.BYX THilOB .u.eJieHHH pa3JIH'IHbI npH pa3Hb!X 3HeprnHX 

B036y)K,ll.eHHH. fIHK TH)KeJibIX cpparMeHTOB KBa3H,ll.eJieHHH HaXO,ll.HT

CH B6JIH3H AF~ 208 (208Pb). TaKH.e )Ke H3MepeHHH npoBO,ll.HJIHCb 

,ll.JIH MHOrHX .u.pyrnx peaKU.HH C MHllleHHMH Jierqe HJIH Tfl)KeJiee 
238U. Pacnpe.u.eJieHHe Mace cpparMeHTOB .u.eJieHHH, noJiytJeHHOe B o.u.
HOH H3 3THX peaKU.HH 248Cm + 48Ca npH Ex = 33 M3B, npe.u.crna

JieHo Ha pttc. 7, a. Pa3HHU.a Me*.U.Y .U.BYMH THnaMH .u.eJieHHH xopolllo 

BH,ll.Ha: OCHOBHOH KaHaJI - 3TO KBa3H,ll.eJieHHe QF C COOTHOllleHHeM 

Mace cpparMeHTOB AF1/AF2 ~ 2,35, .u.pyroii, cHMMeTpH'IHhIH (FF) 
KaHaJI ropa3.U.O MeHbllleii HHTeHCHBHocrn: AFd AF2 ~ 1,24. Ha 

~6~ a E,= 33MeV 
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PHc. 7. a) Pacnpe,11.eJieHHH Mace cpparMeHTOB KBa3H,ll.eJieHHH (qepHbie 

Kpyxmi-i) H ,11.eJieHHH s o6JiaCTH CHMMeTpH<!HblX Mace (CBeTJihie KBa,11.paTbI) 

B peaKU.HH 248Cm + 48Ca npH Ex = 33 M9B. TTyHKTHpHaH JIHHHH -

pacnpe,11.eJieHHe Mace cpparMeHTOB ,11.eJieHHH 238U npH Ex = 33 M9B. 

6) HaH6oJiee sepOHTHaH Macca nepBOHa<IaJihHbIX cpparMeHTOB ,11.eJieHHH 

KaK cpyHKU.HH MaCCbl ,11.eJIHill.erocH H,11.pa. CseTJible KBa,11.paTbl noKa3bIBaIOT 

HH3K09HepreTH<!HOe ,11.eJieHHe aKTHHH,11.08, qepHbie KBa,11.paThl - ,11.eJieHHe 

B036y)K,ll.eHHblX H,11.ep C z = 112, 114, 116 
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pHCYHKe TaK:>Ke noKasaHo H3BeCTHoe pacnpe.n:eJieHHe Mace cppar

MeHTOB .n:eJieHHH 
238 U npH Ex ~ 33 M3B. Ero cpopMa TaKa.H :>Ke, 

KaK cpopMa FF-cneKTpa Mace H3 peaKU:HH 248Cm + ~8Ca. 

IlepeKpbITHe JJ:HanasoHa Mace TH:>KeJiblX cpparMeHTOB OT 238u 
H JierKHX cpparMeHTOB OT 296 116 MO:>KeT 6b!Tb npH3HaKOM Toro, 'ITO 

B o60HX cJiytia.Hx .n:eJieHHe o6ycJIOBJieHO 3qJqJeKTOM 3aKpbITbIX 060-

JIO'IeK z = 50, N = 82. 0.n:HaKO npH .n:eJieHHH 238U 060JIO'Ie'!Hb!H 

3qJqJeKT CB.H3aH C o6pa30BaHHeM TH:>KeJioro cpparMeHTa, B TO BpeM.H 

KaK B cJiyqae TH:>KeJioro H.n:pa (A = 296) OH npOHBJI.HeTCH B Jier

KOM cpparMeHTe. Pacnpe.n:eJieHHH Mace cpparMeHTOB H3 FF-KaHaJia 

H .n:aHHhie, noJiytieHHhie no aKTHHHJJ:aM, noKa3h!BaJOT (pHC. 7, 6), 'ITO 

pe:>KHM ,n:eJieHHH Bcex .HJJ:e p c Z = 90-116 OJJ:HH H TOT :>Ke. CneKTpbI 

3Heprnti: H Mace cpparMeHTOB .n:eJieHHH xapaKTepH3YIOTCH MaJiblM 

H3MeHeHHeM MaCCbl OJJ:HOro H3 cpparMeHTOB ( 060JIO'Ie'!Hb!H 3qJqJeKT 

z = 50, N = 82) H 60JibllIHM pa3HOo6pa3HeM MaCCbl .n:onOJIHHTeJib

HOro cpparMeHTa. 

AHaJIH3 3KCnepHMeHTaJibHbIX .n:aHHbIX no CJIHHHHIO H .n:eJie

HHIO HJJ:ep 
286 112, 292 114 H 296 116, o6pa30BaHHbIX B peaKU:HHX 

48
Ca + 238U, 48

Ca + 244
Pu H 

48
Ca + 248Cm, a TaK:>Ke .n:aHHbie O Be

pOHTHOCTHX HX Bbl:>KHBaHHH npH HcnapeHHH Tpex H 'IeTb!pex Heti:

TpOHOB n03BOJIHIOT onpe.n:eJIHTb 6apbepbl .n:eJieHHH 3THX CBepxrn:>Ke

JiblX H.n:ep. 3TH 6apbepbl OKa3aJIHCb .n:eti:CTBHTeJibHO Bb!COKHMH, 'ITO 

o6ecnetIHJIO JJ:OCTaTO'IHO Bh!COKYIO CTa6HJibHOCTb yKa3aHHbIX H.n:ep. 

HmKHHe npe.n:eJibl, noJiytieHHhie JJ:JI.H Bb!COT 6apbepoB .n:eJieHHH JJ:JI.H 
HJJ:ep 283-2136112, 288-292114 H 292-296116, COCTaBJIHIOT 5,5, 6,7 
H 6,4 M3B COOTBeTCTBeHHO. 

3JieKTpocTaTH'IecKHH cenaparnp VASSILISSA ycnellIHO HC

noJih30BaJICH B JUIP JJ:JIH 3KcnepHMeHTaJihHhIX HCCJie.n:oBaHHH sa

KOHOMepHocTeti: qJOpMHpOBaHHH H BepOHTHOCTeti: Bbl:>KHBaHHH B03-

6y:>K.n:eHHbIX COCTaBHblX H.n:ep, CHHTe3HpoBaHHblX B peaKU:HHX noJI

HOro CJIHHHHH C T.H:>KeJiblMH HOHaMH. C nOMOIIJ:b!O cenapaTopa 

VASSILISSA 6h1JI0 BhinOJIHeHo 6oJibllloe KOJIHtieCTBO TaKHX HCCJie

.n:oBaHHH BblCOKOB036y:>K.n:eHHbIX COCTaBHbIX H.n:ep C 82 ~ z ~ 94. 
IlHTHa.n:u:aTh HOBhIX H30TonoB U, Np, Pu H No 6bIJIH CHHTesHpo

BaHhI BO BpeM.H 3THX 3KCnepHMeHTOB, H 6bIJIH H3ytieHbl xapaKTepH

CTHKH HX a-pacna.n:oB H cnoHTaHHOro .n:eJieHHH. 

6b!JIO noKa3aHO, 'ITO HH3K03HepreTH'IeCKa.H peaKU:HH nepe.n:atIH 

JJ:BYX Heii:TpOHOB C HJJ:pOM 6He (cTpyKTypa KOToporo HanOMHHaeT 

KOJibU:a BoppoMeo) HBJIHeTCH 3qJqJeKTHBHbIM HHCTpyMeHTOM AJIH 

H3ytieHHH KaK CTPYKTypbl TaKHX HJJ:e p, TaK H JJ:HHaMHKH .HJJ:e p

Hb!X peaKU:HH c HX yqacTHeM. BnepBhie 6b1Jia paspa6oTaHa qe-

OcttoBHble ,nocnuKeHirn OIHU1 3a 2003-2009 rr. 49 

TbipexTeJibHa.H MOJJ:eJib JJ:JIH onHCaHHH npou:eccoB JJ:BYXHYKJIOHHOro 

nepexo.n:a B 6opHOBCKOM npH6JIH:>KeHHH HCKa:>KeHHhIX BOJIH. Bnep

Bble B paMKax caMOCOrJiaCOBaHHOH TeoperHtieCKOH MOJJ:eJIH tieTKO 

noKa3aHO, 'ITO KaHaJihl nepe.n:atIH Heti:TpOHOB C noJIO:>KHTeJibHbIMH 

3Ha'IeHHHMH Q .n:eti:CTBHTeJibHO yaeJIH'IHBaJOT cetieHHe CJIHHHHH npH 

no.n:6apbepHbIX 3HeprnHX. 6b!JI npe.n:Jio:>KeH HOBblH npou:ecc <<nOCJie

.n:oaareJihHOro .n:eJieHHH» c nepe.n:aqeti: npoMe)KyTotIHoro Heti:TpoHa 

COCTOHHHHM C Q > 0, KOTOpbIH HrpaeT pOJib <<3HepreTH'IeCKOro 

JIHqJTa>> JJ:JIH .n:Byx B3aHMo.n:eti:cTBYJOIIJ:HX H.n:ep. 6b1JI0 o6Hapy:>KeHo, 

qro 3TOT 3qJqJeKT npOHBJI.HeTCH oco6eHHO CHJibHO JJ:JIH CJIHHHHH 

cJia6ocBH3aHHhIX H.n:ep. B paMKax 3Toro MexaHH3Ma 6bIJI npe.n:Jio

)KeH HOBbIH 3KCnepHMeHT no H3MepeHHIO H ciaBHeHHIO cetieHHH 

ocTaTOtIHoro HcnapeHHH B peaKU:HHX 6He + 20 Pb H 4He + 208Pb, 

KOTOpbie npHBOJJ:.HT K reM :>Ke caMbIM cocraBHbIM H.n:paM. 6bIJIO npe.n:

CKa3aHO, 'ITO BbIXOJJ: H30TOnOB ITOJIOHHH npH 3HeprnH 5 M3B HH:>Ke 

6apbepa 6y.n:eT Ha TPH nopH.n:Ka 60Jihllle JJ:JIH nepBOH peaKU:HH, 'IeM 

JJ:JIH BTOpoti:. IloJiytieHHhie pesyJihTaThl nOJIHOCTblO no.n:rnep.n:HJIH 3TH 

npe.n:CKasaHHH. 

OrpOMHOe B03pacTaHHe Bepo.HTHOCTH rJiy6oKoro no.n:6apbepHO

ro CJIHHHHH 6bIJIO o6Hapy:>KeHO JJ:JIH JierKHX HeHTpOHOH36bITO'IHblX 

CJia6ocBH3aHHbIX H.n:ep. 3TO Ha6JIJOJJ:eHHe Kpati:He Ba)KHO JJ:JI.H no

HHMaHHH HYKJieOCHHTe3a B paHHeti: BCeJieHHOH H npH B3pbrnax 

CBepXHOBbIX 3Bes.n:. 

Ilpe.n:Jio:>KeH HOBblH MexaHH3M npou:ecca CJIHHHHH-.n:eJieHHH JJ:JIH 

TH:>KeJIOH H.n:epHOH CHCTeMbl, KOTOpbIH npoHCXOJJ:HT B MHOfOMepHOM 

KOHqJHrypaU:HOHHOM npocTpaHCTBe. MexaHH3M onHCbIBaeT 3BOJIIO

U:HIO KOJIJieKTHBH3aU:HH HYKJIOHOB JJ:BYX B3aHMo.n:eti:cTBYIOIIJ:HX H.n:ep. 

3TH H.n:pa, OKpy:>KeHHbie onpe.n:eJieHHbIM KOJIH'IeCTBOM o6o6iu:eH

Hb!X HYKJIOHOB (npHHa.n:Jie:>KaIIJ:HX KaK 6hI cpasy JJ:BYM H.n:paM), 

nocTeneHHO Tep.RIOT (HJIH npHo6peTa!OT) CBOH HHJJ:HBHJJ:yaJihHhie 

qepTbl C pOCTOM (HJIH CHH:>KeHHeM) 'IHCJia KOJIJieKTHBH3HpOBaHHbIX 

HYKJIOHOB. B paMKax cos.n:aHHOH Mo.n:eJIH 6bIJI ycnellIHO npoBe.n:eH 

reopeTH'I'ecKHH aHaJIH3 HMeJOIIJ:HXCH 3KCnepHMeHTaJibHblX .n:aHHbIX 

no peaKU:HHM <<XOJIOJJ:HOfO>> H <<rop.Htiero>> CJIHHHHH-.n:eJieHHH. 6bI

JIH npe.n:cKa3aHbl cetieHHH o6pa30BaHHH CBepxTH:>KeJiblX 3JieMeHTOB 

c Z = 112-118 B KaHaJiax HcnapeHHH OT 1 .n:o 5 HeH:TpOHOB 

B peaKU:HHX CJIHHHHH, HHJJ:YU:HpOBaHHbIX 48 Ca, H 6hIJIH npe.n:cKa3aHbl 

3Heprn0 MaKCHMYMOB <lJYHKU:HH aos6y:>K.n:eHHH JJ:JIH nocJie.n:yioiu:Hx 

3KcnepHMeHTOB. 3TH npe.n:cKa3aHHH 6bIJIH noJIHOCTblO nOJJ:TBep:>K.n:e

Hbi B 3KCnepHMeHTax no CHHTesy CBepXTH:>KeJihIX 3JieMeHTOB. 
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CoTPYAHHKaMH JHIP 0115H1 co3.n.aHa HHcpopMaU.HOHHaH 

6a3a no H.n.epHoii cpH3HKe HH3KHX 3Heprnii <<BH.n.eoMaTepHaJihI 

no H.n.epHbIM peaKU.HHM>>, KOTopaH pacnOJIO:>KeHa Ha Be6-caiiTe 

http://nrv.jinr.ru/nrv. IlepaaH 3a.n.aqa 3Toii 6a3bI - 6bICTpoe 

H Har.JIH.LJ.HOe noJiyqeHHe 3KCnepHMeHTaJibHbIX .n.aHHbIX no H.n.epHOH 

CTPYKType H ceqeHHHM H.LJ.epHbIX peaKU.HH, npe.n.ocTaBJieHHe 

B03MO:>KHOCTH o6pa6oTKH 3THX .n.aHHbIX, HX cpaBHeHHH H CH

CTeMaTH3aU.HH. BTOpaH 3a.n.aqa - HHTepaKTHBHbIH aHaJIH3 

3KcnepHMeHTaJibHbIX .n.aHHbIX H MO.LJ.eJIHpOBaHHe npou.eccoB H.LJ.epHOH 

AHHaMHKH B paMKax xopowo pa3pa6oTaHHbIX no.n.xo.n.oa. Ha 

.n.aHHbIH MOMeHT 3Ta HH<pOpMaU.HOHHaH 6a3a HBJIHeTCH YHHKaJibHbIM 

ae6-pecypcoM. 

[JiaBHbIH pe3yJihTaT, noJiyqeHHbIH cneu.HaJIHCTaMH JIH<P 0115111 

B paMKax no.n.roTOBKH H npoae.n.eHHH 3KcnepHMeHTa no npHMOMY 

H3MepeHHIO ceqeHHH HeHTpOH-HeHTpOHHOro pacceHHHH Ha peaKTO

pe JAGUAR (P<P51U- BHl1113<P), 3TO pa3pa6oTKa H co3.n.aHHe 

YHHKaJibHOro HeHTpOHHOro .n:eTeKTopa, OTBeqarow.ero BCeM Tpe6o

BaHHHM 3KCnepHMeHTa. HHKor.n.a paHee He C03.LJ.aBaJIHCb .n.eTeKTOpbI 

HeiiTpOHOB, KOTOpbie MOfJIH coqeTaTb BbICOKYIO CKOpOCTb cqeTa (106 

OTcqeTOB B ceKyH.n.y), noqrn 100%-ro 3cpcpeKTHBHOCTb perncTpau.HH 

HeiiTpOHOB, BbICOKOe 3HepreTHqecKoe pa3perneHHe (He xy:>Ke qeM 

10%) H HH3KYIO qyBCTBHTeJibHOCTb K ,-KBaHTaM (~ 10-9). ,lleTeK

TOp 6bIJI noMern.eH B 3KCnepHMeHTaJibHYIO YCTaHOBKY H ycnellIHO 

npoTeCTHpoBaH B KaJIH6poaoqHbIX H3MepeHHHX C ra3aMH B HM

nyJibCHOM pe:>KHMe peaKTopa JAGUAR. 
6bIJia npoae.n.eHa cepHH cpyH.LJ.aMeHTaJibHbIX HCCJie.D.OBaHHH B 06-

JiaCTH HeiiTpOHHOH OnTHKH. B qacTHOCTH, 6bIJia ocyw.eCTBJieHa 

npoaepKa npHHU.Hna CJia6oii 3KBHBaJieHTHOCTH AJIH HeiiTpOHa KaK 

3.JieMeHTapHOH qacTHU.bI, T. e. AJIH OTHOllieHHH HHepTHOH MaCCbI 

HeiiTpoHa K ero rpaBHTaU.HOHHOH Macce 1 6bIJia noJiyqeHa BeJIHqH

Ha 1 - 'Y = (1,8 ± 2,1) · 10-3. 

IloCTaBJieH 3KcnepHMeHT no H3yqeHHIO pOJIH npeJIOMJIHIOW.eH 

cpe.LJ.bl a HeHTpOHHOH OnTHKe. 3cpcpeKT YCKOpHIOW.eii cpe.LJ.bl COCTOHT 

B H3MeHeHHH qacTOTbI BOJIHbI npH npOXO:>K.LJ.eHHH ee qepe3 npe

JIOMJIHIOll.J.HH 06pa3eu_, ABHrarorn.HiicH c ycKopeHHeM. HecMoTpH Ha 

TO, qTo 3TOT 3<pcpeKT HMeeT AOCTaTOqHo YHHBepcaJibHYIO npHpo.n.y, 

OH Ha6JIIO.D.a.JICH TOJibKO AJIH HeiiTpOHHbIX BOJIH. B 3KcnepHMeHTe 

2007 r. 6hIJIH noJiyqeHbI HOBbie y6e.n.HTeJibHbie .n.aHHbie, KOTOpbie 

n03BOJIHJIH C no.JIHOH yaepeHHOCTbIO YTBep:>K.LJ.aTb cyw.ecTBOBaHHe 
3TOro 3cpcpeKTa. 
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Co3.LJ.aHHe 60.JibllIOfO rpaBHTaU.HOHHOro cneKTpOMeTpa no3BOJIH

JI0 H3yqaTb B llIHpOKOM TeMnepaTypHOM .LJ.Hana30He pe.D.KHe npo

u.ecCbI (c sepOHTHOCTbIO AO 10-8) C Ma.JIOH nepe.n.aqefi 3HeprnH 3a 

cqeT B3aHMO.LJ.eHCTBHH YJibTpaxoJIO.LJ.HbIX HeHTpOHOB (YXH) C no-, 

sepXHOCTbIO. Ilpose.n.eHHbie HCCJie.LJ.OBaHHH noKa3aJIH, qTo TaKHe 

npou.ecchI c MaJioii nepe.n.aqefi 3HeprnH - 3TO pe3yJihTaT B3aH

Mo.n.eiicTBHH YXH c noaepxHOCTHhIMH HaHoqacTHU.aMH H qTo OHH 

MoryT npHBO.LJ.HTh K .n.onoJIHHTeJibHhIM yTeqKaM YXH H3 JioayrneK, 

BHOCH CHCTeMaTHqecKHe KoppeKU.HH B pe3yJibTaTbI npeU.H3HOHHbIX 

3KCnepHMeHTOB c YXH. 

B JIH<P 6hIJI pa3pa60TaH H CKOHCTpyHpOBaH KoppeJIHU.HOHHbIH 

raMMa-cneKTpOMeTp BbICOKOro pa3peweHHH cocos. 3TOT cneK

TpOMeTp 6hl.JI HCnOJib30BaH B pH.n.e HCCJie.LJ.OBaHHH no nOHCKY Heii

TpOHHoro p-pe30HaHca B CBHHU.e, KOTOpbIH OTBeqaeT 3a Bparn.eHHe 

cnHHa, Ha6Jiro.n.aeMoe B KJiaccHqecKoM 3KcnepHMeHTe no H3yqeHHIO 

3cpcpeKTOB HapyrneHHH qeTHOCTH. 

B paMKax onpe.n.eJieHHH cpe.n.HeKsa.n.paTHqHoro pa.n.Hyca 3apH.n.a 

HeiiTpoHa B (n, e)-B3aHMO.LJ.eHCTBHH 6bIJI npe.n.Jio:>KeH HOBbIH no.n.xo.n., 

KOTOpbIH OCHOBbIBaeTCH Ha H3MepeHHH yr.JIOBOH aHH30TponHH Heii

TpOHHOfO pacceHHHH C noMOllI.bIO 6.JiaropO.D.HbIX ra30B, H C03.D.aHa 

ycTaHOBKa AJIH H3MepeHHH AJIHHbI pacceHHHH ( n, e). 
CoTPYAHHKaMH 0115111 6hIJIO npo.n.oJI:>KeHo H3yqeHHe P-He

qeTHOH aCHMMeTpHH npH 3MHCCHH BTOpHqHbIX qaCTHU. B peaKU.HHX 

nOJIHpH30BaHHbIX XOJIO.LJ.HbIX HeiiTpOHOB H JierKHX H.n.ep 6Li H 10B. 

3TH HCCJie.n.oaaHHH 6hIJIH BbinOJIHeHbI B ILL (fpeH06Jib, <PpaHU.HH). 

6bIJIH H3MepeHbI aCHMMeTpHH HcnycKaHHH H.n.ep 3H B peaKU.HH 
6
Li(n, a)3H H aCHMMeTpHH HcnycKaHHH ,-Jiyqefi B H.n.epHOH peaK

U.HH 10B(n, of Li* -t 1 -t 
7Li (g.s.). Ha ocHoBe 3THX H3MepeHHH 

6bIJia .n.aHa ou.eHKa 3cpcpeKTHBHOH KOHCTaHTbI CJia6oro HeHTpaJib

Horo TOKa, KOTOpaH 3aMeTHO OTJIHqaJiaCb OT <<JiyqweH>> BeJIHqHHbI, 

H3MepeHHOH B .n.pyrnx npou.eccax u;;mH = 4,6. 10-7). C u.eJibIO 

nposepKH paccor.JiaCOBaHHH s OKTH6pe-HOH6pe 2009 r. 6bIJI Ha

qaT HOBbIH 3KcnepHMeHT no H3MepeHHIO aCHMMeTpHH HcnycKaHHH 

,-Jiyqefi.'B TeqeHHe 50 .LI.Hett BILL npOBO.LJ.HJIHCb H3MepeHHH Ha 

nyqKe nOJIHpH30BaHHbIX XOJIO.LI.Hb!X HeiiTpOHOB. OcHOBHaH pa3HHU.a 

Me:>K.n.y 3THM 3KCnepHMeHTOM H npe.LJ.bl.LJ.YllI.HMH HCCJie.n.oBaHHHMH 3a

KJIIOqaeTCH B yJiyqweHHoii reoMeTpHH: paHee MHWeHh ( 10B) Haxo

AHJiacb npHMO B B03.LJ.yXe B HeHTpOHHOM nyqKe nepe.n. .n.eTeKTOpaMH, 

B HOBOM 3KcnepHMeHTe OHa 6bIJia noMern.eHa B' HeHTpOHOnpoBOA, 

HanOJIHeHHb!H. reJIHeM. 3TO .n.a.JIO B03MO:>KHOCTb yMeHbllIHTb cpoH 

11 yJiyqrnHTb TOqHOCTb H3MepeHHH. 
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Cneu.HaJIHCTbl 0115!11 COBMecrno C cppaHU.Y3CKHMH yqeHbIMH Ha 

ny4Ke xoJIOAHhIX tteiiTpottoB ILL H3Mep11JI11 KOHU.eHTpau.mo aTOMOB 

BOAOPOAa B aJIMasttoM ttattonopouIKe, ceqett11e pacceHHHH tteiiTpo

HOB Ha BOAOPOAe H ero TeMnepaTyptty10 3aBHCHMOCTb. Kottu.eH

TpaU.HH 6bIJia HaHAeHa 3a C4eT H3MepeHHH OTHOCHTeJibHOH HHTeH

CHBHOCTH nOTOKa raMMa-KBaHTOB B peaKU.HH n(p, d), OT HCCJie

AyeMbIX o6pasu.oB H nOJIH3THJieHOBoro o6pasu.a. Db!JIO Bb!HBJieHO, 

4TO KOJIH4eCTBO BOAOPOAa B HattonopOllIKe AO H nocJie Aerasau.1111 

MO)KeT 6hITh Bb1pa)Ketto c n0Momh10 cooTttollleHHH CsH 11 C 1sH 

COOTBeTCTBeHHO. TToJIHOe ceqeHHe pacceHHHH AJIH aTOMa BOAOPOAa 

B Aeras11poBaHHOM nopOllIKe COCTaBHJIO npHMepHo 120 6. l13MeHe

HHe 3TOro ceqeHHH C naAeHHeM TeMnepaTypbl OT 500 AO 80 K He 

npeBb!lllaeT 3 %. TaKHM o6pa30M, pocT BepOHTHOCTH OTpa)KeHHH OT 

nopOllIKa aJIMa3HbIX HaH04aCTHLJ., KOTOpb!H HHTepeceH KaK OTpa

)KaTeJib 04eHb XOJIOAHb!X HeHTpOHOB, B03MO)KeH JIH6o nyTeM 3aMe

HbI/nepeMemeHHH BOAOPOAa, JIH6o noAaBJieHHeM KattaJia tteynpyrnx 

noTepb H3-3a OXJia)KAeHHH nopollIKa AO TeMnepaTypbl )KHAKOro 
reJIHH. 

TTpoAOJI)KaJIOCb H3y4eHHe peaKU.HH ( n, p), ( n, a), Bbl3BaHHblX 

6bICTpb!MH HeHTpOHaMH. 3KcnepHMeHTbl npoXOAHT Ha yCKopHTeJIHX 

Batt Ae fpaacpa 3f-5 B 0115!11 11 3f-4,5 B 11HCTHTyTe qJH3H

KH TH)KeJihIX HOHOB TTeKHHCKoro ytt11Bepc11TeTa B COTPYAHH4ecrne 

C YmrnepCHTeTOM r. JIOA3b (TTOJibllla), Hau.110HaJibHbIM YHHBepCH

TeTOM MottrOJIHH (YJiatt-BaTOp) 11 Hau.11ottaJibHOH Jia6opaTOpHeii 

OK-PHA)Ka (CUIA). 

.llaHHbie no HeHTpOHHblM peaKU.HHM C 3MHCCHeH 3apH)KeHHbIX 

qacTHLJ., Bbl3BaHHOH 6bICTpb!MH HeHTpOHaMH, HHTepeCHbl KaK C T04-

KH 3peHHH C03AaHHH KOHCTPYKU.HOHHbIX MaTepHaJIOB AJIH HAepHOH 

3HepreTHKH, TaK H AJIH onpeAeJieHHH napaMeTpOB onTH4eCKOro 

H,(?KJIOH-Hr.KJIOHHOro noTeHU.HaJia. AttaJIH3 AaHHb!X AJIH H30TOnOB 

I 
7
Sm, 

14 
Nd, 

95
Mo noKa3bIBaeT, 4TO H3MepeHHH B OCHOBHOM Ae

JiaJIHCb npH TenJIOBblX H pe30HaHCHbIX 3HeprHHX, a TaK)Ke AJIH 

HeHTpottoB c 3ttepr11eii 14 M3B. B TO )Ke BpeMH no4TH tteT 3KC

nepHMeHTaJibHbIX AaHHbIX B M3B-ttoii o6JiaCTH 3Heprnii tteiiTpo

HOB. B pe3yJihTaTe cymecTBYIOT 3aMeTHb!e npOTHBOpe4HH Me)KAY 

BeJIH4HHaMH ceqeHHH, noJiy4eHHblX H3 pa3JIH4Hb!X 6a3 AaHHbIX no 

HAepHb!M pacqeTaM. B paMKax COBMeCTHb!X HCCJieAOBaHHH Ha YCKO

pHTeJie 3f-4,5 11HCTHTyTa qJH3HKH TH)KeJibIX HOHOB TTeKHHCKoro 

r.HHBepCHTeTa 6b!JIH npoBeAeHbl H3MepeHHH napaMeTpOB peaKU.HH 
43

Nd(n, a) 140
ce H 

95Mo(n, a)92Zr npH En = 4,0, 5,0 H 6,0 M3B 
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H peaKU.HH 147Sm(n, a) 144Nd npH En = 5,0 H 6,0 M3B. nhIJIH 

noJiy4eHbl 3HepreTH4eCKHe cneKTpb! 3apH)KeHHblX 4aCTHLJ.. 

<l>yn,IJ.aMeHTaJibHble HCCJie,!J.OBaHHH· s o6JiaCTH KOH,IJ.eHcHpo

BaHHOro COCTOHHHH MaTepHH npOBOAHJIHCb B 0115!11 Ha KOMnJ1eK

ce cneKTpOMeTpOB 6a30BOH ycTaHOBKH JIH<t> - peaKTOpa 11BP-2 

B paMKax Me)KAyttapOAHOrO COTPYAHH4eCTBa C ttay4Hb!MH u.ettTpaMH 

CTpatt-yqacTHHU. 0115!11. Db!JIH npoBeAeHbl HCCJieAOBaHHH Martte

TH3Ma H CHJibHO KoppeJIHpOBaHHbIX 3JieKTpOHHbIX CHCTeM, KpH

cTaJIJIH4eCKHX CTPYKTYP H HX Bos6y)KAeHHH, tteKpHcTaJIJIHqecKHX 

MaTepHaJIOB H )KHAKOCTeH, KOHCTPYKU.HOHHbIX MaTepHaJIOB, HCCJie

AOBaHHH B o6JiaCTH 6HOJIOrHH, cpapMaKOJIOrHH, XHMHH, qJH3HKH 

noJIHMepoB H reocpH3HKH. 

CHCTeMaTH4eCKHe HCCJieAOBaHHH HeHTpOHHOH AHcppaKU.HH Ha 

aTOMHblX H MarHHTHbIX CTPYKTypax CJIO)KHbIX OKCHAOB. Maprattu.a 

H Ko6aJibTa npoBOAHJIHCb B llIHpOKOM AHanasoHe TeMnepaTyp 11 AaB

JieHHH. TToJiyqeHHbie pe3yJibTaTbl HMelOT 6C>JibllIOe 3Ha4eHHe AJIH no

HHMaHHH MexaHH3MOB nOHBJieHHH YHHKaJibHblX qJH3H4eCKHX HBJie

HHH, npOHCXOAHill:HX B 3THX coeAHHeHHHX Ha ypoBHe CTPYKTYPHOH 

opraHH3aU.HH, TaKHX KaK KOJIOCC!lJlbHOe MarHHTHOe conpOTHBJieHHe, 

nepeXOAhI H30JIHTOp-MeTaJIJI, op611TaJihHhIH H 3apHAOBhIH nopH

AOK, MarHHT03JieKTpH4eCKHH 3cpcpeKT, nepeXOAbl COCTOHHHH cnHHa 

H T. A, Db!JIO o6ttapy)KeHo, 4TO npHMeHeHHeM BbICOKOrO AaBJieHHH 

K HOHaM Maprattu.a, OKpy)KeHHblM KHCJIOPOAHblM BOCbMHrpaHHHKOM, 

MO)KHO BnOJIHe KOHTpOJIHpyeMbIM o6pa30M H3MeHHTb xapaKTep Mar

HHTHOrO COCTOHHHH MaHraHHTOB. 

11ccJieAOBaHHe npH HH3KHX TeMnepaTypax 3cpcpeKTOB «6JIH30-

CTH>> B MHOfOCJIOHHOM CBepxnpOBOAHHKe - cpeppoMarHHTHb!X re

TepocTpyKTypax ABYX THnoB nx[Fe/V]Fe/V H nx[Mo/Si]Fe/Nb 

npoBOAHJIOCb C nOMOill:blO MeTOAHKH HeHTpOHHOH pecpJieKTOMeTpHH. 

,llJIH nepBOH CTpyKTYPbI B nepeXOAe CJIOH V (40 HM) s CBepxnpoBO

AHmee COCTOHHHe 6hIJIH BblHBJieHbl aHTHcpeppoMarHHTHbIH nopHAOK 

BaHaAHeBbIX nOACJIOeB, a TaK)Ke AeMarHHTH3aU.HH KJiacTepHOH )Ke

Jie30BaHaAHeBOH CTPYKTypbI. ,llJIH BTopoii cTpyKTYPhI np11 nepexoAe 

CJIOeB Nb (40 HM) 11 nx[Mo/Si] B CBepxnpOBOAHmee COCTOHHHe 

Ha6JIIOAaJIOCb CHH)KeHHe cpeAHeH HaMarHH4eHHOCTH CJIOH Fe. 

CTpyKTypa H CBOHCTBa KOJIJIOHAHbIX MarHHTHbIX noTOKOB, 6a-

3Hpy10mHeCH Ha MartteTHTOBblX HaH04aCTHU.aX H opraHH4eCKHX 

HenoJIHpHbIX MOHOKap60HOBbIX KHCJIOTax C KOpOTKOH u.en04KOH, 

H3y4aJIHCb C nOMOill:blO MaJioyrJIOBoro pacceHHHH HeHTpOHOB. Db!JIH 

BblHBJieHbl 60Jibll1He pa3JIH4HH B pacnpeAeJieHHH CTa6HJIH3HpOBaH

Horo MartteTHTa, a HMeHtto o6Hapy)Ketto yMeHbllleHHe cpeAHero pa-
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,ll,Hyca qacTHUhI H HH,ll,eKca noJIH,ll,HcnepcHH npH 3aMeHe OJieHHOBOH 

KHCJIOThI KOpOTKOUenoqeqHbIMH KHCJIOTaMH. flpOHCXO)K,ll,eHHe 3Toro 

3cpcpeKTa CB.H3aHO C pa3HOH opraHH3aUHeH KHCJIOT Ha nosepxHOCTH 

MarHeTHTa, 'ITO onpe.n.eJI.HeT ynpyrne CBOHCTBa CTa6HJIH3Hpyroruefi 

060JIO'IKH. 

flpose.n.eHa cepH.H 3KcnepHMeHTOB no onpe.n.eJieHHIO yHHBep

caJihHOH KOHCTaHThI B3aHMO,ll,eHCTBH.H HeycTOH'IHBhIX nosepXHOCTeH. 

6bIJI pa3pa60TaH HOBhIH no.n.xo.n. K HCCJie,ll,OBaHHIO CHJI BOJIHOBoro 

,ll,BH)KeHH.H H onpe.n.eJieHHIO YHHBepcaJibHOH KOHCTaHThI Ha OCHO

BaHHH H3yLieHH.H TeMnepaTypHOH 3aBHCHMOCTH BHYTPHMeM6paHHhIX 

B3aHMO,ll,eHCTBHH C noMOIUhIO KOMnJieMeHTapHoro HCnOJih30BaHH.H 

MaJioyrnosoro pacce.HHH.H HeHTpOHOB H AHq>paKUHH CHXpOTpOHHOro 

H3JiyLieHH.H. B qacTHOCTH, 6hIJia noJiyLieHa BeJIH'IHHa KOHCTaHThI 

B3aHMO,ll,eHCTBH.H, KOTopa.H cosna.n.aeT C TeopeTH'leCKHMH npe.n.cKa-

3aHH.HMH. BnepBhie 6bIJia onpe.n.eJieHa a6COJIIOTHa.H BeJIH'IHHa CHJI 

BOJIHoo6pa3HOro ABH)KeHH.H. BhI.HCHHJIOCh, 'ITO OHH .n.eHCTBHTeJihHO 

BHOC.HT 60JihllIOH BKJia,ll, B paBHOBeCHe Me)KMeM6paHHhIX B3aHMO

.n.eHCTBHH H CTaHOB.HTC.H ,ll,OMHHHIJYIOIUHMH npH Me)KMeM6paHHhIX 

paccTO.HHH.HX, npeBhIUiaroruHx 20 A. 
flpoBO,ll,HJIOCh H3yLieHHe pacnpe.n.eJieHH.H BHyTpeHHHX Hanp.H)Ke

HHH B KOHCTPYKUHOHHhIX MaTepHaJiaX H npOMhillIJieHHhIX npo.n.yK

Tax. TttnHLIHhIH npHMep npo.n.eJiaHHOH pa60ThI - H3yLieHHe pac

npe.n.eJieHH.H BHyTpeHHero Hanp.H)KeHH.H B cpyH.n.aMeHTe peaKTopa 

BB3P-1000, a HMeHHO s noKphITHH H3 Hep)KaBeroruefi CTaJIH (cpa-

3a aycTeHHTa) H cpeppHTOBOH CTaJIH. MHoro BHHMaHH.H y.n.eJieHO 

CBOHCTBaM MapTeHCHT-cpeppHTOBhIX a30THhIX CTaJieH, HOBOro nep

cneKTHBHOro MaTepHaJia AJI.H Kopnycos peaKTOpOB H KOMnoHeH

TOB cep.n.eLIHHKOB. 11ccJie,ll,OBaHH.H noKa3aJIH 3Ha'IHTeJihHhIH pocT 

MHKpOHanp.H)KeHHH B MapTeHCHT-q>eppHTOBOH CTaJIH no cpaBHeHHIO 

C aycTeHHTOBOH CTaJibIO, 'ITO MO)KeT 6hITh O,ll,HOH H3 npHLIHH CHH

)KeHH.H HX pa.n.HaUHOHHO-HHAYUHpOBaHHOro paCUIHpeHH.H H 6oJiee 

BhICOKoro conpoTHBJieHH.H Kopp03HH. 

C nOMOIUhIO .n.aHHhIX HeHTpOHHOH AHq>paKUHH 6bIJia onpe.n.eJieHa 

TeKCTypa cneuHaJihHhIX CTaJieH, rpaq>HTa, HH06aTa UHpKOHH.H. 6hIJia 

onpe.n.eJieHa cpyHKUH.H pacnpe.n.eJieHH.H opHeHTaUHH KpHCTaJIJIHTa; 

npose.n.eHo MO,ll,eJIHpOBaHHe o6beMHhIX 3JiaCTH'IHhIX CBOHCTB 3THX 

KOHCTPYKUHOHHhIX MaTepHaJIOB. 6bIJIO noKa3aHO, 'ITO aycTeHHTHOe 

noKpbITHe Kopnyca peaKTopa BB3P-1000 HMeeT LieTKyIO pa.n.HaJib

HYIO TeKcTypy, LITO npHBOAHT K CJIO)KHOMY xapaKTepy pacnpe.n.eJie

HH.H oCTaTOLIHhIX .n.ecpopMaUHH B Hefi. 
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6hIJIH npO,ll,OJI)KeHhI HCCJie,ll,OBaHH.H HeHTpOHHOH ,ll,Hq>paKUHH 

aTOMHOH H MarHHTHOH CTPYKTYP 314-Ko6aJihTHTOB. ,llJI.H 3THX 

CJIO)KHbIX coe,ll,HHeHHH 6bIJIO ycTaHOBJieHO, 'ITO aTOMhI Co, 3aHH

MaIOIUHe pa3JIH'IHbie noJIO)KeHH.H B KJieTKe, HMeIOT pa3JIH'IHbie Be

JIH'IHHhI MarHHTHOro MOMeHTa, COOTBeTCTBYIOIUHe KOJIHLieCTBY KHC

Jiopo.n.a BOKpyr aToMa, T. e. snepshre np.HMa.H KoppeJI.HUH.H Me)KAY 

3ap.HAOM H COCTO.HHH.HMH cnHHa aTOMOB Co 6hIJia o6Hapy)KeHa ,ll,JI.H 

K06aJihTHTOB THna nepoBCKHTOB. 

J13yqeHHe BJIH.HHH.H BhICOKOro .n.aBJieHH.H Ha KpHcTaJIJIHLieCKYIO 

H MarHHTHYIO cTpyKTYPhI CJIO)KHhIX aHHOH-.n.eq>HUHTHhIX OKCHAOB 

K06aJihTa npO,ll,OJI)KaJIOCh B llIHpOKOM TeMnepaTypHOM ,ll,Hana30He. 

CTpyKTYPHhie xapaKTepHCTHKH onTHLieCKH-aKTHBHhIX HaHOCTpyK

TYPHhIX MaTepHaJioB, npoKaJieHHhIX npH T = 900 °C, H3yLiaJIHCh 

C noMOIUhIO MaJioyrJiosoro pacce.HHH.H HeHTpOHOB H ,ll,HcppaKUHH 

peHTreHOBCKHX Jiyqefi. 6bIJIO o6Hapy)KeHO, 'ITO 3HaLIHTeJihHOe H3-

MeHeHHe OTHOCHTeJibHOH HHTeHCHBHOCTH noJIOC B036y)K,ll,eHH.H JIIO

MHHecueHUHH HOHOB 3+Eu npH BBe,ll,eHHH cepe6pa KoppeJIHpyeT 

C yMeHhllleHHeM xapaKTepHbIX pa3Mepos noJIH,ll,HcnepCHbIX KJiaCTe

pos, o6pa3yIOIUHXC.H BO speM.H npoKaJIHBaHH.H. 

C noMOIUhIO MaJioyrnosoro pacce.HHH.H HefiTpoaos nposo.n.H

JIOCh H3yLieHHe MHUeJIJI006pa30BaHH.H .n.o.n.euHJI6eH30JICYJihqJOHaTa 

HaTpH.H B HeHTpaJihHhIX H rueJIO'IHhIX 3JieKTpOJIHTHhIX pacTBOpax 

pa3JIH'IHOH KOHUeHTpauHH. 6bIJIO o6Hapy)KeHO, 'ITO MHUeJIJihI, o6-

pa3oBaHHbie B pacTBopax, HMeIOT UHJIHH,ll,pHLieCKyIO (3JIJIHilTHLie

CKYIO) cpopMy. 6bIJIH onpe.n.eJieHhl xapaKTepHbie pa3Mephl MHUeJIJI 

KaK cpyHKUHH nosepXHOCTHO-aKTHBHhlX seruecTB (TTAB) C .n.onoJI

HHTeJihHhIMH KOHUeHTpaUH.HMH 3JieKTPOJIHTa. floKa3aHa KOppeJI.H

UH.H .n.aHHh!X C reoMeTpHeH TpeKOBh!X Haaonop H AHHaMHKOH HX 

TpasJieHH.H B pacTBopax, co.n.ep)KaIUHX flAB, H pa3pa60TaHa MO,ll,eJih 

BJIH.HHH.H flAB aa o6pa3osaaHe nop co cneuHq>HLiecKoH reoMeT

pHefi. 
6hIJIH npOAOJI)KeHbl 3KCnepHMeHTaJihHbie HCCJie,ll,OBaHH.H npo6Jie

Mhl cocyrp.eCTBOBaHH.H cpeppoMarHeTH3Ma (F) H csepxnpoBO,ll,HMOCTH 

(S). MarttHTHOe COCTO.HHHe 6HCJIO.H Fe/V H3yLiaJIOCh C HCnOJih30-

BaHHeM HeHTpoaaoro soJiaosoro pe3oHaTOpa MgO/V /Cu. flose

.n.eaHe 6HCJIO.H s .n.eHCTBHTeJibHOCTH COOTBeTCTBOBaJIO nose.n.eHHIO 

TpexcJiofiaofi cTpyKTYPhI F /F-S/S, B KOTopofi cpe.D.HHH CJIOH F-S 

npe,ll,CTaBJI.HJI co6ofi CMeCh aTOMOB saHa,ll,H.H H )KeJie3a. Ha6JIIO,ll,a

JIHCb np.HMOH H o6paTHhIH 3cpcpeKThI 6JIH30CTH. flp.HMOH 3cpcpeKT, 

3aKJIIOLiaIOIUHHC.H B ycTaHOBJieHHH csepxnpoBO,ll,.HIUero napaMeTpa 

I10p.H,ll,Ka B cpeppoMarHeTHKe F-S, npo.HBHJIC.H npH nepexo.n.e BaHa,ll,H-
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eaoro CJIOH (S) B caepxnpOBOAHJ.I(ee COCTOHHHe B BHAe yMeHbilleHHH 

H noaopoTa BeKTopa HaMarnwieHHOCTH K HanpaBJieHHIO BHernHe

ro MarHHTHOro nOJIH. O6paTHb!H 3qJqJeKT 6JIH30CTH, T. e. nOHBJie

HHe cpeppoMarHHTHOro nopHAKa B caepxnpOBOAHHKe F-S, COCTOHJI 

B yaeJIHGeHHH BeKTOpa HaMarHHGeHHOCTH Hero OTKJIOHeHHH OT 
HanpaBJieHHH MarHHTHOro noJIH. 

HsyqaJiacb saBHCHMOCTb 3JieKTpHGeCKHX xapaKTepHCTHK SiCN

nJieHOK Ha KpeMHHeBOM cy6cTpaTe OT HX XHMHGeCKOro COCTaBa. 

fIJieHKH 6b!JIH noJiyGeHbl c nOMOII(b!O MeTOAHKH XHMHGeCKOro oca

)KAeHHH napa nOA B03AeHCTBHeM nJia3Mbl. KoHI(eHTpaI(HH KpeMHHH, 

a3oTa H yrnepOAa B nJieHKax H3MepHJiaCb C noMOII(b!O MeTOAHKH 06-

parnoro pacceHHHH PeseptjJopAa. KoHIJ.eHTpaIJ.HH BOAopoAa a nJieH

Kax 11 HX TOJIII(HHa 6b!JIH onpeAeJieHbl no npOTOHaM OTAaGH Ha 

nyGKe HOHOB reJIHH 3JieKTpOCTaTHGeCKoro reHepaTopa 3f-5. EbIJia 

peaJIH30BaHa B03MO)KHOCTb TOGHOro onpeAeJieHHH KOHI(eHTpaI(HH 

Bcex COCTaBJIHIOII(HX B Tpex3JieMeHTHOH nJieHKe nyTeM OAHOBpe

MeHHb!X H3MepeHHH o6parnoro pacceHHHH PesepcpopAa H cneKTpa 
npOTOHOB OTAaGH. 

B AaHHOM o6sope npeACTaBJieHbl TOJibKO HeKOTOpb!e H3 oc

HOBHb!X 3KCnepHMeHTaJibHblX pesyJibTaToB, noJiyGeHHb!X COTPYA

HHKaMH GeTbipex Jia6opaTOpHH OH.HM - Jlcf>B3, JIHfI, JIHP H 

JIHcf> B o6JiaCTH qJYHAaMeHTaJibHOH qJH3HKH 3JieMeHTapHb!X qa

CTHI(, aTOMHOro HApa H KOHAeHCHpoBaHHOro COCifOHHHH Be!I(eCTBa. 

B nocJieAyIOII(HX CTaTbHX HaCTOHII(ero c6opHHKa 6oJiee no

Ap06Ho 6yAyT paCCMOTpeHbl AOCTH)KeHHH I1HCTHTyTa, CBH3aH

Hble c cosAaHHeM H MOAepHH3aIJ.Heii 6asoBbIX ycTaHOBOK OHHH 

(NICA/MPD, HEP-2, DRIBs), coTPYAHHGeCTBOM c CERN, Ha

YGHbIMH I(eHTpaMH CllIA H f epMaHHH, a TaK)Ke C pa3BHTHeM 

HHqJOpMaI(HOHHb!X TeXHOJIOrHH, TeopeTHGeCKHMH H paAH06HOJIOrH

qecKHMH HCCJieA0BaHHHMH, o6pasoBaTeJibHOH, HHHOBaI(HOHHOH 11 
npHKJiaAHOH AeHTeJibHOCTb!O. 

YCKOPHTEJlhHhIH KOMTIJIEKC NICA/MPD 

Jia6opaTOpHH qJH3HKH Bb!COKHX 3HeprnH (Jicf>B3)HM. B. 11. BeK

cJiepa H A. M. EaJIAHHa 6b1Jia o6pasoaaHa 4 MaH 2008 r. Ha 

6ase ABYX Jia6opaTOpHH: OAHOH H3 CTapeiinmx Jia6opaTOpHH 

I1HCTHTYTa - Jia6opaTOpHH Bb!COKHX 3Heprnii - H J1a6opaTOpHH 

q>H3HKH qacTHI(. HoaaH Jia6opaTOpHH 06beAHHHJia B OAHOM 

KOJIJieKTHBe cneu:HaJIHCTOB, HH)KeHepoB H HayGHb!X COTPYAHHKOB, 

3aHHTb!X B npoBeAeHHH 3KCnepHMeHTaJibHb!X HCCJieAOBaHHH no 

q>H3HKe qacTHU:, q>H3HKe Bb!COKHX 3HeprnH, YCKOpHTeJibHOH q>H3HKe 

H B cosAaHHH AeTeKTHPYIOII(eH H 3JieKTpOHHOH annapaTypbI. 

HcTOpHH 3KCnepHMeHTaJibHOH q>H3HKH Bb!COKHX 3HeprnH q>aK

THGeCKH HaGaJiacb B OHHH c cosAaHHeM H sanycKOM B JIB3 

B 195 7 r. CHHXpoq>asoTpOHa - ycKOpHTeJIH npoTOHOB Ha 3Heprn!O 

10 f3B. B TO apeMH OH HBJIHJICH KpynHeHllIHM ycKopHTeJieM a MHpe. 

MHOfOJieTHHH nporpaMMa HCCJieAOBaHHH Ha CHHXpOq>a30TpoHe ocy

lI(eCTBJIHJiaCb noA PYKOBOACTBOM TaKHX BCeMHpHO H3BeCTHb!X yqe

Hb!X, KaK aKaAeMHKH B. 11. BeKcJiep, M. A. MapKoB, 11. B. l.Jya11JI0, 

A. M. EaJIAHH. 

UeJieHanpaaJieHHoe pasBHTHe yCKopHTeJibHoro KOMnJieKca JIB3 

nOCTOHHHO paCllIHpHJIO cneKTP AOCTynHb!X qJH3HKaM HayGHb!X sa

AaG. B 1971 r. 6bIJIH yCKopeHbl AeHTpOHbl, nocJie C03AaHHH HOBoro 

HH)KeKI(HOHHOro JIHHeHHOro YCKOpHTeJIH H HCTOGHHKOB Bb!COK03a

PHAHb!X HOHOB H nOJIHpH30BaHHb!X AeHTpOHOB CTaJIH AOCTynHbl Jier

KHe HApa (BnJIOTb AO cepb!) H noHBHJiaCb B03MO)KHOCTb npoBOAHTb 

HCCJieA0B?HHH no cnHHOBOH qJH3HKe. ,lI.aJibHeiirnee pa3BHTHe 6aso

Boro YCK0pHTeJibHOf0 K0MnJieKca npHBeJI0 K C03AaHHIO B 1993 r. 

caepxnpOB0AHII(ero ycK0pHTeJIH HAep - HYKJI0Tp0Ha, cer0AHH HB

JIHIOII(erocH 6a30BOH MaillHHOH Jia6opaTOpHH. 

B 1988 r. Ha 6ase OTAeJia H0Bb!X MeT0A0B yCKopeHHH 11 

HeCK0JibKHX HayGHb!X rpynn JIB3 H JIHfl 6bIJia C03AaHa Jia6o

paT0pHH q>H3HKH GaCTHU: (Jia6opaTOpHH caepXBb!C0KHX 3HeprnH AO 

1999 r.). Ee nepBbIM AHpeKTopoM cTaJI npocpeccop 11. A. CaaHH, 

co6paBllIHH K0JIJieKTHB H3 q>H3HKOB, yqaCTBOBaBillHX B HaH6oJiee 
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HHTepeCHbIX npoeKTaX no cptt3HKe BbICOKHX 3Heprnfi, npOBO,n:HMbIX 

BHe 011.H:11, a KpynHefiumx ycKopttTeJibHbIX u;eHTpax Mttpa, a 

nepayro oqepe,n:h B UEPH, B DESY tt B BNL. Jia6opaTOpm1 cptt3HKH 
qacTHU 6brJia cpaBHHTeJibHO He60JibllIOH H npocyru;ecTBOBaJia JIHillb 

20 JieT, HO ee coTpy,n:HttKtt, npollle,n:Illtte IlIKOJIY coBMeCTHOH pa60ThI 

a MeJK.n.yHapo,n:HhIX KOJIJia6opaum1x Ha nepe,n:oBoM py6e2Ke 3Kcne
pttMeHTaJibHOH cptt3HKH, cero.n:m1 COCTaBJIHIOT H,n:po Jia6opaTOptttt 

cptt3HKH BbICOKHX 3Heprnfi. 
Cero,n:HHilIHHH HayqHaH nporpaMMa JI<PB3 BKJiroqaeT ttccJie,n:o

aamrn no TpeM OCHOBHbIM HanpaBJieHHHM cptt3HKH BbICOKHX 3Hep

rttfi. ::ho HCCJie,n:oBaHttH no <ptt3HKe THJKeJibIX HOHOB BbICOKHX 3Hep

rnfi, cnttHOBOH <ptt3ttKe H no Hatt6oJiee aKTyaJibHbIM npo6JieMaM qm-
3HKH 3JieMeHTapHbIX qacTttU, CBH3aHHhIM c npoaepKofi CTaH,n:apTHOH 
Mo,n:eJitt, nottcKoM Hoaofi cptt3ttKtt 3a ee npe,n:eJiaMtt tt CP-Hapy1IIeHtt

eM. 11ccJie,n:oBaHHH npoBOJl:HTCH KaK Ha co6cTBeHHOH ycKopttTeJibHOH 

6a3e, TaK H, Tpa.n:ttUHOHHO, B KpynHeHilIHX ycKopttTeJibHblX u;eHTpax 

Mttpa B 3KCnepttMeHTax, r.n:e BKJia,n: COTpy,n:HHKOB 11HCTttTyTa HOCHT 

cyruecTBeHHhrfi ttJitt onpe,n:eJIHIOIUttfi xapaKTep. 
YJKe MHorne ro,n:hI nporpaMMa ttccJie,n:oBaHttfi no cptt3ttKe THJKe

JihIX HOHOB HBJIHeTCH Hatt60Jiee npttopttTeTHOH ,n:JIH 11HCTttTyTa KaK 

B o6JiaCTH HH3KHX 3Heprnfi (3KCnepttMeHTaJibHhie HCCJie,n:oBaHttH, 
npoao,n:ttMbie B JI.HP), TaK tt B o6Jiacrn ttHTepecoa yqeHbIX, npe.n:

CTaBJIHIOIUHX JI<PB3. CTpaTernqecKtte TTJiaHbl 011.H:11 B 3TOM Ha

npaBJieHHH CBH3aHbl C C03,n:aHtteM H 3anycKOM Ha 6a3e HYKJIOTpoHa 
6a30BOH ycTaHOBKH HOBOro noKOJieHttH .ll:JIH npoae.n:eHHH 3KCneptt

MeHTaJibHbIX HCCJie,n:oBaHHH B o6Jiacrn 3Heprnfi vs = 4-11 r 3B Ha 

HYKJIOH, HBJIHIOil{eHCH ycKopttTeJieM BCTpeqHbIX nyqKoB TH2KeJibIX 

H,n:ep (npoeKT NICA/MPD). PeaJIH3aUttH 3TOH nporpaMMhI co3,n:acT 

ycJIOBHH .ll:JIH npoae,n:eHHH nepe,n:OBbIX HCCJie,n:oBaHHH no cptt3HKe Bbl
COKHX 3Heprnfi B 011.H:11 Ha ,n:eCHTHJieTHH. 11HTepec K npoae,n:eHttIO 
HCCJie,n:oBaHttH B ,n:aHHOH o6JiaCTH qpe3BbJqafiHO Bb!COK. 06 3TOM 

roaopttT H nporpaMMa MO,n:epHtt3al{ttH ycKopttTeJibHOfO KOMnJieKca 
BNL (ClllA), tt pa60ThI no C03,ll.aHttro 6Jitt3Koro no napaMeTpaM 

ycKOpttTeJibHOrO KOMnJieKCa B GSI (fepMaHttH). ITpttJiaraH MaKCH

MYM yettJIHH ,n:JIH peaJitt3au;tttt ,n:aHHOH nporpaMMhI, coTpy,n:HttKtt 
011.H:11 napaJIJieJibHO yqacTByroT B .n:eficTByroru;ttx 3KcnepttMeHTaX 
no <ptt3ttKe THJKeJibIX ttOHOB BhICOKHX 3Heprnfi: NA62 tt ALICE B 
UEPH, STAR B BNL, TeM caMbIM coB,n:aaaH ttHTeJIJieKTyaJibHhIH 
3a,n:eJI ,n:JIH npo,n:OJIJKeHttH pa6oT Ha HOBOH 6a30BOH ycTaHOBKe nocJie 
ee C03,n:aHHH. 
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OCTaHOBHMCH 6oJiee no,n:po6HO Ha CTpyKType H B03M02KHOCTHX 
coB.n.aaaeMoro B paMKax npoeKTa NICA/MPD ycKopttTeJihHOro 

KoMnJieKca H 3KCnepHMeHTaJibHOH ycTaHOBKH. 
ITocJie 3anyCKa B 1993 r. yCKopnTeJIH HYKJIOTpoH npoae,n:eHtte 

HCCJie,ll.OBaHHH no cptt3HKe THJKeJih!X HOHOB Bb!COKHX 3Heprnfi CTaJIO 
O,ll.HOH H3 npnopttTeTHblX 3a,n:aq 11HCTHTyTa. 0,n:HaKO B03M02KHOCTH 
3T0f0 ycKopttTeJIH, C03,n:aHHOrO B ycJIOBHHX MHHHMaJibHOfO qrnHaH
cnpoBaHHH, CHJibHO orpaHttqttBaJIH cneKTP noTeHIJ;HaJibHbIX 3a,n:aq. 
B 2007 r. a 011.H:11 HaqaTbl pa6oTbl no coopy2KeHHIO Ha ero OCHOBe 
Hoaoro ycKopttTeJihHoro KOMnJieKca NICA (Nuclotron-based Ion 
Collider fAcility). OcHOBHOH u;eJihIO ,n:aHHoro npoeKTa HBJIHeTCH 
cos,n:aHHe B 6JI02KaH1IItte 5-7 JieT 6a3hI ,n:JIH, npoae,n:eHttH 3Kcne
pttMeHTOB no tt3yqeHHIO CHJibHOfO B3attMo,n:eHCTBHH B ropHqefi H 
nJIOTHOH KBapK-rJIIOOHHOH MaTepHH H nOHCK B03M02KHOf0 o6pa30-
BaHHH TaK Ha3bIBaeMOH cMelllaHHOH cpa3bl TaKOH MaTepHtt. ,IlJIH 
npoae,n:eHHH HCCJie,n:oBaHHH 6hIJI BbI6paH pe2KHM BCTpeqHb!X nyqKOB 
(KOJIJiafi.n:epa), no MHOfHM napaMeTpaM HBJIHIOIUHHCH OilTHMaJibHblM 

,n:JIH no.n:o6Horo po.n:a ttccJie,n:oaaHttH. 
YCKop0TeJihHhIH KOMnJieKc NICA BKJiroqaeT B ce6H, ao-nepBbIX, 

,n:aa cttHxporpoHa. ITepBbIH - 3TO BHOBh cos.n:aaaeMhIH 6ycTep
HhIH CHHXpOTpOH, ycKOpHIOil{HH nyqKH THJKeJibIX HOHOB .n:o 3Heprntt 
600 M3B Ha HYKJIOH, .H BTopofi - 3TO cyruecTByrorunfi caepx
npoao,n:Hru;Hfi npoTOHHblH CHHXpoTpOH - HYKJIOTpOH, no3BOJIHIOIUHH 
YCKOpHTb THJKeJibie HOHbl .n.o 3Heprntt 4,5 f 3B Ha HYKJIOH H npos 
TOHbJ .n:o 12,5 f3B. Bo-BTOpbIX, 3TOT KOMnJieKC BKJiroqaeT B ce6H 
.n:aa BHOBb C03,n:aaaeMblX caepxnpoao,n:HIUHX KOJibl{a KOJIJiafi,n:epa, 
pa6oTaroru;ttx B pe2KHMe HaKonttTeJIH (ycKopeHHe. nyqKOB B HHX 
He npe.n.noJI~raeTCH). ITo3TOMY B KOJIJiafi.n:epe M02KHO npOBO.ll:HTb 
3KCnepHMeHTbI Ha BCTpeqHbIX nyqKax HOHOB BO BCeM . .n:nana3QHe 

3Heprnfi, ,n:ocTynHOM ,n:JIH HYKJIOTpOHa. 
OcHOBHhIMH 3JieMeHTaMH yCKopnTeJibHoro KOMnJieKca NICA HB

JIHIOTCH: HHJKeKTOpbl HOHOB (KaK THJKeJibIX, TaK H JierKttX) H nOJIH
pH30BaHHh!X nyqKoB; 6ycTep - 6hICTpOUHKJIHpyroru;ttfi caepxnpoao
.ll:Hll!,HH npOTOHHblH CHHXpOTpoH; KaHaJibl TpaHcnopTttpOBKH nyqKa 

H3 6ycTepa B HYKJIOTpOH H B 3KcnepttMeHTaJibHblH 3aJI. 
Bo3M02KHOCTH KOMnJieKca n03B0JIHIOT He orpaHHqttBaTbCH JIHillb 

3TOH o6JiaCTbIO HCCJie,n:oBaHHH, Ha HeM TaKJKe nJiaHttpyeTCH peaJIH-
3al{HH CTOJIKHOBeHHH BCTpeqHblX nyqKOB JierKHX HOHOB H nyqKOB 
nOJIHpH30BaHHblX npOTOHOB H ,n:efiTpOHOB. ITocJie,n:Hee qpe3BbJqafiHO 
Ba)KHO, nocKOJihKY no3B0JIHT npoBO.ll:HTb 3KCnepHMeHTbl no cnH
HOBOH cpH3ttKe, npo,n:oJIJKaroru;tte ttccJie,n:oBaTeJihCKyro nporpaMMY 
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011.5111 B 3TOH o6JiaCTH, Ha KaqecTBeHHO HOBOM ypoBHe. KpoMe 

pa60Tbl B KOJIJiaHJJ,epHOH MOJJ,e, 6yJJ,yT npOJJ.OJI)KeHbl 3KcnepHMeHTbl 

Ha BbIBeJJ,eHHbIX nyqKaX HYKJIOTpOHa H Ha BHyTpeHHeH MHWeHH. 

Ha nyqKax HOHOB, yCKopeHHhIX a 6ycTepe NICA, KOTophIH BXOJJ.HT 

a COCTaB KOMnJieKca, npeJJ,noJiaraeTCH BbIIlOJIHeHHe o6wHpHOH npo

rpaMMbl npHKJiaJJ,HblX H cpyHJJ,aMeHTaJibHblX HCCJieJJ,oBaHHH. BycTep 

6yJJ,eT o6opyJJ,oBaH CHCTeMOH MeJJ,JieHHOro BbIBOJJ,a nyqKa Jl,JIH npoae

JJ,eHHH MeJJ,HK0-6HOJIOfHqecKHX H TeXHOJIOrHqecKHX HCCJieJJ,OBaHHH. 

O6cy)KJJ,aeTCH B03MO)KHOCTb npoaeJJ,eHHH HCCJieJJ,OBaHHH H Ha nyq

Kax HOHOB H3 JIHHeHHbIX ycKOpHTeJieH HH)KeKI..l,HOHHOH uenoqKH 

KOMnJieKca. 

Pa3MemeHHe ocHOBHhIX 3JieMeHTOB H cHcTeM KoMnJieKca NICA 

ocymecTBJIHeTCH npH MaKCHMaJibHOM HCnOJib30BaHHH cymecTBYJO

W.HX 3JJ,aHHH H HHcppacTpyKTYPbI nJiollJ,aJJ,KH Jia6opaTOpHH cpH3HKH 

BbICOKHX 3Heprnii:. 

TTocKOJihKY npoeKTOM npeJJ.ycMaTpHBaJOTCH TPH ocHOBHhIX pe

)KHMa pa6oTbI KOJIJiaii:JJ.epa NICA - 3TO CTOJIKHoaeHHH HJJ.ep rn

)KeJihIX 3JieMeHTOB, CTOJIKHOBeHHH npOTOHOB (JierKHX HOHOB) C HJJ,

paMH TH)KeJihlX 3JieMeHTOB H CTOJIKHOBeHHH nOJIHpH30BaHHbIX nyq

KOB npOTOHOB H JJ,ettTpOHOB, Jl,JIH Ka)KJJ,Oro H3 HHX HH)KeKI..l,HOHHaH 

uenoqKa HMeeT caoii: cneuHcpHqecKHH cocTaB. BycTep HcnOJih3y

eTCH Jl,JIH HaKOnJieHHH HOHOB npH HH)KeKI..l,HH H ycKopeHHH HX Jl,O 

3HeprHH, He06XOJJ,HMOH Jl,JIH HX 3cpcpeKTHBHOH 06JJ.HpKH Ha TOHKOH 

(yrJiepoJJ,HOH) MHWeHH. TTOJIHOCTblO <<060JJ,paHHbie>> HOHbl (HJJ,pa) 

YCKOpHIOTCH 3aTeM B HYKJIOTpOHe B cpopMe OJJ,HHOqHoro crycTKa 

HHTeHCHBHOCTblO Jl,0 ypOBHH 109 qaCTHU OT 3HeprHH 600 M3B Ha 

HYKJIOH Jl,0 3HeprHH 3KCnepHMeHTa (oT I Jl,O 4,5 f3B Ha HYKJIOH). 

TTpoeKTHblH ypoBeHb CBeTHMOCTH npH CTOJIKHOBeHHHX TH)KeJibIX 

HOHOB JJ,OCTHraeTCH 3a cqeT CToxacTHqecKoro H 3JieKTpOHHOro OXJia

)KJl,eHHH nyqKoB B KOJlbl..l,ax KOJIJiattJJ,epa. 

OJJ.HOH H3 rJiaBHhIX 3aJJ,aq KOMnJieKca NICA HBJIHeTcH ocy

mecTBJieHHe CTOJIKHOBeHHH nyqKOB TH)KeJihlX HJJ,ep, TaKHX KaK Au, 

Pb HJIH U, B HHTepBaJie 3Heprnii: qacTHU 1-4,5 r 3B Ha HYKJIOH co 

CBeTHMOCTblO He MeHee I . 1027 CM-2 • c-1 npH 3HeprnH 3,5 f3B Ha 

HYKJIOH H BbIWe. B JJ,aHHOM npoeKTe B KaqecTBe <<penepHOfO>,> HOHa, 

JJ,JIH KOTOporo onTHMH3HpoBaHa pa6oTa HH)KeKI..l,HOHHOH uenoqKH 

KOMnJieKCa, BhI6paH HOH 30JIOTa Au32+. 
KoMI]JieKc NICA no3BOJIHeT ocymecTBJIHTh cTOJIKHoBeHHH nyq

KOB HOHOB pa3HOro THna, BKJIJ0qa51 npOTOH-HOHHbie CTOJIKHOBeHHH. 

TaKHe 3KcnepHMeHTbl Heo6xoJJ,HMbl JJ,JIH cpaBHeHHH pe3yJibTaTOB 

CTOJIKHOBeHHH HOHOB pa3Hb!X Mace. 3KcnepHMeHT 6yJJ,eT npOBO-
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JJ.HTbCH Ha TOM )Ke caMOM JJ,eTeKTOpe, no3TOMY CBeTHMOCTb, cyme

cTBeHHO npeBbIWaJOllJ,aH BeJIHqHHY 1027 CM-
2

. c-
1

, He Tpe6yeTCH. 

TTpH CTOJIKHOBeHHHX noJIHpH30BaHHblX nyqKOB MHHHMaJibHaH CBe

THMOCTh, JJ.OCTaToqttaH JJ,JIH npoBeJJ,eHHH 3KcnepHMeHTOB, COCTaBJIH

eT 1030 CM-2. c-1. 

YcKOpHTeJih HBJIHeTCH tteo6XOJJ,HMOH, HO HeJJ,OCTaToqHOH qacTbIO 

KOMnJieKca. 5e3 3KcnepHMettTaJibHOH ycTaHOBKH, co3JJ,attttoi1 c yqe

TOM acex tteo6xoJJ,HMbIX Tpe6oBaHHH, peaJIH3al..l,HH nporpaMMbI HC

cJieJJ,oBaHHH HeB03MO)KHa. 
UeJihJO npoeKTa MPD HBJIHeTcH co3JJ,attHe KOMnJieKca pern:-

CTpHpyIOmeii: annapaTypbI JJ,JIH npoBeJJ,eHHH 3KCnepHMeHT0B no H3y

qeHHIO CHJibHOfO B3aHMOJJ,eHCTBHH B ropHqej:j: H nJIOTHOH aJJ,pOH

HOH MaTepHH, nOHCK B03M0)KH0f0 o6pa3oBaHHH TaK Ha3bIBaeMOH 

CMeWaHHOH cpa3hl TaKOH MaTepHH - cMeCH KBapK-rJIIOOHHOfO H 

aJJ,p0HHOf0 COCTOHHHH, a TaK)Ke nOHCK npouecCOB ttapyweHHH P

H CP-qeTHOCTH a CHJihHOM B3aHMOJJ,eii:cTBHH. O6JiacTb 3tteprnii: 

CTaJIKHBaIOlll.HXCH qaCTHU C0CTaBJIHeT 1-4,5 f 3B Ha ttyKJIOH. 

,lJ.JIH peweHHH 3THX 3aJJ,aq JJ,eTeKTop MPD JJ.0JI)Kett ttopMaJihHO 

pa6oTaTb npH 3arpy3Ke JJ.0 IO KfU npH MHO)KeCTBeHH0CTH Jl,0 1500 
3apH)KeHHblX qaCTHU B co6bITHH H o6ecneqHBaTh 3cpcpeKTHBHOe 

B0CCTaH0BJiettHe qacTHU B MaKCHMaJibHO B03M0)KHOM HHTepBaJie 

no nceBJJ,06biCTpoTe (BnJIOTb Jl,0 1111 ~ 3). Ott JJ,0JI)KeH o6JiaJJ,aTb 

JJ,ocTaToqttbIM pa3pewettHeM . no . HMnyJihCY H yrJiy JJ.JIH qacTHU B 

JJ.Hana3otte .3tteprnii: OT 100 M3B JJ.0 2 f3B. MPD 6yJJ.eT o6ec

neimBaTb HJJ,eHTHqJHKal..l,HIO 3apH)KeHHbIX qacTHU H B03MO)KH0CTb 

JJ,eTeKTHpoaattHH 3JieKTpOHOB, cpoTOHOB H 1r
0

-Me30HOB. 

KottuenUHH yCTattOBKH MPD npeJJ,noJiaraeT pa3MemettHe uett

TpaJibttoro KoMnJieKca perncTpHpy10meti annapaTyphI B coJiettoH

JJ.aJibH0M MarHHTHOM noJie H JJ.BYX cpopBapJJ,-cneKTpOMeTpOB 3a ero 

npeJJ,eJiaMH. Co3JJ,attHe ycTattOBKH npeJJ,noJiaraeT 3 3Tana. Cttaqa

Jia nJiaHHpyeTCH BbIIlOJIHHTb TaK Ha3bIBaeMblH nycKOBOH MHHHMYM 

(KorJJ,a 6appeJihHaH qacn; 6yJJ.eT coJJ,ep)KaTb TPC H ECAL HJIH (H) 

RPC, a .aK)Ke 6yJJ.yT BBeJJ,eHhI a 3KCnJiyaTaUHIO ZDC H BBC). 

3aTeM B 6appeJih 6yJJ.eT JJ,06aBJieH BHyTpeHHHH TpeKep IT H BBeJJ,eH 

B JJ,eHCTBHe endcup, B 3aKJIJOqettHe 6yJJ.yT BBeJJ,eHbl B 3KCnJiyaTal..l,HIO . 

cpopaapJJ,-JJ,eTeKTOpbl. KottuenUHH C03JJ,aHHH ycTaH0BKH npeJJ,nOJiara

eT, qTQ 3a 7 JieT 6yJJ.yT 3aaepwettbI I-ti H 2-ti 3Tanhl, npoBeJJ,eH 

3anycK ycTaH0BKH H ttaqaT Ha6op 3KCnepHMeHTaJibHblX JJ,aHHbIX. 
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HpKHe Hay',!Hble J[.OCTH)KeHHH s o6JJaCTl-f TpaJI.HUHOHHOH HJI.ep

HOH cpH3HKH HH3KHX 3HeprnH, noJiy',!eHHbie B Jla6opaTOpHH HJI.ep

HblX peaKUHH HM. r . H . <f>Jieposa OHHH 3a nocJieJI.HHe HecKOJibKO 

JieT, CT03BOJIHIOT C onTHMH3MOM CMOTpeTb B 6yJI.yw.ee H CTpOHTb 

aM6HUH03Hbie nJiaHbl Ha 6JIH)KaHwHe fOJ[.bl. )lJIH ocyw.ecTBJieHHH 

3THX nJiaHOB B O6beJ[.HHeHHOM HHCTHTyTe HJI.epHblX HCCJieJ[.OBaHHH 

Hat,1aTa peaJIH3aUHH np11op11Ternoro npoeKTa DRIBs-III (Dubna 

Radioactive Ion Beams). TToMHMO cyw.ecTBeHHOH MOJI.epHH3aUHH 

J[.e11cTBy10w.11x ycKop11TeJie11 Y-400 H Y-400M, B paMKax 3Toro 

npoeKTa 6yJI.yT C03J[.aHbl HOBbIH ycKOpHTeJibHblH KOMnJieKC H HOBbIH 

3KcnepHMeHTaJibHbIH 3aJI. 13yJI.yT cyw.ecTBeHHO MOJI.epHH3HposaHhI 

J[.eHCTBYIOW.He H C03J[.aHbl HOBble ycTaHOBKH J[.JIH npoBeJ[.eHHH pa3-

HOCTOpOHHHX HCCJieJ[.OBaHHH B JI.BYX OCHOBHbIX HanpaBJieHHHX: 

- TH)KeJibie H csepXTH)KeJibie HJI.pa: CHHTe3 csepXTH)KeJiblX 3Jie

MeHTOB, H3y',!eHHe XHMH',!eCKHX CBOHCTB HOBbIX 3JieMeHTOB, 113yqe

HHe peaKUHH CJIHHHHH-J[.eJieHHH H peaKUHH MHOfOHYKJIOHHbIX nepe

J[.al!, MaccoBaH cneKTpoMeTpHH H HJI.epHaH cneKTpOCKOCTHH csepxTH

)KeJibIX HJ[.ep; 

- JierKHe 3K30TH',!eCKHe HJ[.pa: CTpyKTypa HJI.ep, yJI.aJieHHbIX OT 

JIHHHH CTa6HJibHOCTH, peJ[.KHe MOJ[.bl pacna)J.a H peaKUHH C 3K30TH

l!eCKHMH HJ[.paMH. 

CHHTe3 CBepXT.HJKeJiblX aJieMeHTOB 

Xopowo H3BeCTHO, ',!TO ypaH HBJIHeTCH nocJieJ[.HHM (HaH6oJiee 

TH)KeJibIM) 3JieMeHTOM, BpeMH )KH3HH KOTOporo COH3MepHMO co 

BpeMeHeM )KH3HH 3eMJIH H KOTOpbIH BCTpel!aeTCH B npHpOJI.e B MaK· 

poCKOCTHl!eCKHX KOJIHl!eCTBax. Bee OCTaJibHbie 3JieMeHTbl C z > 92 
6bIJIH C03J[.aHbl B Jia6opaTOpHbIX ycJIOBHHX. TTporpecc B 3TOH o6Jia· 

CTH nOHCTHHe sneqaTJIHIOW.HH: 26 HOBblX 3JieMeHTOB 6bIJIH CHHTe3H· 

poBaHbl HCKYCCTBeHHbIM nyTeM. TTepBbie TpattcypaHOBbie 3JieMeHTbl 

(BnJIOTb J[.0 3HHWTeHHHH) 6bIJIH noJiy',!eHbl B aTOMHbIX peaKTOpax 

B npoueccax 3aXBaTa HeHTpOHOB C TTOCJieJI.y!OW.HM 6eTa·pacnaJ[.OM. 

IlpoeKT DRIBs·III 63 

3aMeTHM, ',!TO aHaJIOrH',IHbIH npouecc npOHCXOJ[.HT npH HJ[.epHblX 

B3pbIBaX H B3pbIBaX csepXHOBblX (TaK Ha3bIBaeMbIH r·npouecc HYK· 

neocHHTe3a). 3JieMeHTbl C z ~ 100 6bIJIH CHHTe3HposaHbl B pe· 

aKUHHX CJIHHHHH HJI.ep C HCCTOJlb30BaHHeM ycKOpHTeJieH TH)KeJiblX 

HOHOB. 
)lse Ba)KHble CTpaHHUbl B HCTOpHH CHHTe3a csepXTH)KeJibIX HJ[.e p 

6hIJIH nepesepttyThI B nocJieJI.HHe JI.BaJI.uaTb JieT. B peaKUHHX <<XO· 

JIOJ[.HOfO>> CJIHHHHH, OCHOBaHHblX Ha HCCTOJib30BaHHH HJI.ep·MHWeHeH 
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l1cTOpm1 JJa6opaTopttoro cHHTe3a TH)KeJJhIX 3JJeMeHTOB (ssepxy). Csepx

TH)KeJJbie HJJ.pa , npoH3BO)l.HMble B peaKU:HHX <<XOJIO)l.HOfO>> H (<fOPHl!efO>> 

CJIHHHH S! (BHH3y). TipeJJ.CKa3bIBaeMbIH TeopeTHKaMH «oCTpOB CTa6HJJbHO· 

CTH >) HaXOJI.HTCS! s o6JJaCTH Z = 114-120 H N = 184 
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C 3aMKHYTbIMl1 060JIOLJKaM11, a 11MeHHO CB11HU.a (Z = 82) 11 B11CMy

Ta (Z = 83), 11 ycKopeHHbIX cpaBHl1TeJibHO T5DKeJibIX fl.U.ep-cHapfl

.ll.0B (Fe, Ni, Zn), 6b1JI11 CHHTe311poaaHbI caepxrn)KeJibie 3JieMeHTbI 

BOJIOTb AO z = 113. TaKOH MeTO.LI. C11HTe3a Ha3bJBaeTCfl <<XOJIO.LI.

Hb!M >> , nocKOJlbKY 06pa3yJOI..I.J.eecfl COCTaBHOe fl.LI.PO 11MeeT He60Jib

llIYJO 3Heprn!O B036y)K.u.eHl1fl 11 11cnycKaeT Jll1lllb O.LI.11H HeHTpOH 

np11 nepexo.u.e B OCHOBHOe COCTOflHl1e. CoaceM He.u.aBHO .ll.BYM 113 

3Tl1X 3JieMeHTOB ( Cl1HTe311poaaHHbIM B r epMaH1111) 6bIJil1 np11caoe

Hbl Ha3BaH11fl Roentgenium (Rg, Z = 111) 11 Copernicium (Cn, 

Z = 112). B 11ccJie.u.oaaTeJibCKOM u.eHTpe RIKEN (51noH11fl) 6b1JI 

nocTaBJieH caoero po.u.a <<M11poao11 peKop.u.•> - 0,03 n6 .U.Jifl ceLJeH11fl 

o6pa30BaHl1fl 113-ro 3JieMeHTa np11 o6JiyLJeHl111 Ml1llleHl1 113 B11CMyTa 

nyLJKOM 110HOB 70zn B TeLJeH11e 8 MeCflU.eB (3TO 03HaLJaeT, LJTO 

Jil1lllb B O.LI.HOM 113 1014 nona.u.aH1111 fl.LI.pa U.11HKa B fl.LI.PO a11cMyTa 

06pa3yeTCfl COCTaBHOe fl.LI.PO caepXTfl)KeJioro 3JieMeHTa C z = 113). 

CJie.u.yeT 3aMeTl1Tb, LJTO B 51nOHl111 3TOT 3JieMeHT 6b!JI Cl1HTe311poBaH 

B 2004-2005 rr., Ha ro.u. no3)Ke, LJeM B ,lly6tte, r.u.e OH 6bIJI noJiyLJeH 

B KaLJecTBe npo.u.yKTa aJibq>a-r:acna.u.a 115-ro 3JieMeHTa, CHHTe311po

BaHHoro B peaKu.1111 48Ca + 2 3 Am c ceLJeH11eM 4 n6. ,llaJibHe11wee 

11CTTOJlb30BaH11e peaKU.1111 <<XOJIO.LI.HOfO>> CJll1flHl1fl ( C nyLJKaMl1 raJIJil1fl 

11Jil1 repMaH11fl) npe.u.cTaBJifleTCfl BeCbMa 3aTpy.LI.H11TeJibHbIM 113-3a 

pe3KOrO na.u.eH11fl ceLJeHl1fl. 6oJiee Toro, 113-3a <<Kp11B113Hbl>> Jll1Hl111 

6eTa-CTa611JibHOCTl1 a peaKU.11flX <<XOJIO.LI.HOfO>> CJil1flHl1fl Mb! MO)KeM 

CHHTe311poBaTb Jll1lllb HeHTpOHHO-.u.eq>11U.11THbie CBepXTfl)KeJibie fl.LI.

pa, pacnoJIO)KeHHbie 6Jil13KO K rpatt11u.e npoTOHHOH CTa611JibHOCTl1 

11 TeM caMbIM 11MeJOI..I.J.11e KOpOTKOe BpeMfl )Kl13Hl1. 11MeHHO TT03TO

MY B peaKU.11flX CJil1flHl1fl CTa611JibHbIX fl.U.ep HeB03MO)KH0 np116JI11-

311TbCfl K (<OCTpoay CTa611JibHOCTl1•>, pacnOJIO)KeHHOMY B o6JiaCTl1 

Z ~ 114-120 11 N ~ 184. 

CeLJeHl1fl o6pa30BaHl1fl CBepXTfl)KeJibIX 3JieMeHTOB B 6oJiee ac11M

MeTp114HbIX (11 6oJiee <<rOpfl411X>>, T. e. C 11cnycKaHl1eM 60Jiblllero 

LJl1CJia HeHTpOHOB) peaKU.11flX CJll1flHl1fl 48Ca C Ml1llleHflMl1 113 aK

T11H11.LI.HbIX 3JieMeHTOB OKa3aJil1Cb HaMHOro 60Jibllle. ,lla)Ke 118-H 

3JieMeHT 6bIJI o6f,a3oBaH c ceLJeH11eM nopfl.U.Ka 1 n6 B peaKu.1111 

CJil1flHl1fl 48Ca + 49Cf. CJI11f1H11e aKTl1H11.LI.OB c 48Ca np11ao.u.11T K 

6oJiee HeHTpOHHO-o6oraI..I.J.eHHblM caepXTfl)KeJibIM fl.U.paM c 6oJibllll1M 

BpeMeHeM )Kl13Hl1 . TeM He Mettee 11 OHl1 pacnOJIO)KeHbl .LI.OCTaTOLJHO 

.u.aJieKO OT u.eHTpa npe.u.cKa3bIBaeMoro <<OCTpoaa CTa611JibHOCT11>>' 

o6pa3oBaHHoro 3aMKHYTOH HeHTpOHHOH o6oJIOLJKOH N = 184. 3a

MeT11M, LJTO 11MeHHO peaKU.1111 CJll1f1Hl1fl C 48 Ca BnepBbie 3KCnep11-

MeHTaJibHO TTO.LI.TBep.u.11JI11 caMO cyI..I.J.eCTBOBaH11e <<OCTpOBa CTa611Jib-
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249Bk:+48ca 

1..J.HCJIO Hel!TpOHOB 

160 165 170 175 180 
llieCTb HOBbIX 3JieMeHTOB (113-118) H copoK nHTb HOBbIX H30TOITOB, Jie

)Kall.J,HX B6JIH3H <<OCTpoaa CTa6HJibHOCTH», CHHTe3HpoaaHbl B JI5IP 0115111 
3a nocne.n.ttHe 10 neT c 11cnoJih30BaHHeM ra3ottanoJIHeHHoro cenapaTopa, 

noKa3aHHOf0 Ha aepxHeM pHCYHKe 

3 0115111 - 55 JieT 
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HOCTH>>. B 3THX peaKUHHX 6b!JI, HaKoHeu, .ll.OCTHrHYT <<6eper>> 3Toro 

<<OCTposa,>: speMH )KH3HH H30Tona 285 112 (CHHTe3HposaHHoro B 

peaKUHH <<rOpH'-Iero>> CJIHHHHH) OKa3aJIOCb Ha nHTb nopH.II.KOB 60Jib

we no cpasHeHHIO c 6oJiee JierKHM H30TonoM Toro :>Ke 3JieMeHTa 
277

112, CHHTe3HposaHHb!M B peaKUHH <<XOJIO.II.HOrO>> CJIHHHHH. KaK 

6b! TO HH 6bIJIO, KaJIHcpopHHH (Z = 98) HBJIHeTCH HaH6oJiee TH:>Ke

Jlb!M aKTHHH.II.OM, KOTOpb!H MO:>KeT 6b!Tb HCnOJib30BaH B Ka'-IeCTBe 

MHWeHHOro MaTepHaJia. IlepHO.ll.bl noJiypacna.II.a .ll.BYX .II.OJirO:>KHBy

Ill.HX H30Tonos 3HHWTeti:HHH (Z = 99) - 252Es (470 cyT) H 254Es 

(276 cyT) - .II.OCTaTO'-IHbl .ll.JIH npoBe.II.eHHH onbITa. IlpH 3TOM H30TOn 
254

Es B npHHUHne MO:>KeT 6b!Tb Hapa6oTaH B peaKTOpe. 0.II.HaKo 

3a.II.a'-Ia HaKonJieHHH HY:>KHOro KOJIH'-IeCTBa 3TOro semecTBa (XOTH 

6bI HeCKOJibKO MHJIJIHrpaMMOB) HBJIHeTCH .ll.OCTaTO'-IHO CJIO)KHOH H 

.II.O HacToHmero speMeHH He peweHa. 

CosceM He.II.aBHO B 3TOM nO.II.XO.II.e 6b!JI CHHTe3HposaH 117-ti: 

3JieMeHT B peaKUHH CJIHHHHH 48Ca + 249Bk. HecKOJlbKO .II.eCHT

KOB MHJIJIHrpaMMOB qpe3BbI'-IaHHO pe.II.KOro semecTBa 6epKJIHH-249 

(speMH )KH3HH KOTOporo COCTaBJIHeT scero 320 cyT) 6b!JIO HaKon

JieHO s H.II.epHoM peaKTope OK-PH.II.:>Ka. 3aTeM 3TO semecTBo 6b1JI0 

nepenpasJieHo s ,.QHMHTposrpa.II., r.II.e H3 Hero 6b1Jia npttroTosJie

Ha MHllieHb, KOTopaH 3aTeM H o6JiyqaJiacb ycKopeHHb!MH HOHaMH 

KaJibUHH-48 B JI.HP OI1.HI1. ,.QaHHb!H 3KCnepHMeHT HBHJICH HpKHM 

npttMepoM ycnewHoro COTPY.II.HH'-!ecTBa OI1.HI1 c se.II.Yill.HMH HaUH

oHaJibHbIMH Jia6opaTOpHHMH CllIA s OK-PH.II.:>Ke H JlttsepMope, c 

YHttsepcttTeToM BaH.II.ep6HJihTa. TaKHM o6pa30M, 3a nocJie.II.HHe .II.e

CHTb JieT B JI.HP 0I15II1 B peaKUHHX CJIHHHHH 48Ca C aKTHHH.ll.Hb!MH 

H.II.paMH 6b!JIH CHHTe3HposaHbl 6 HOBb!X csepxTH:>KeJiblX 3JieMeHTOB 

H 6oJiee 40 HOBb!X H30TOnos. IlepHO.II.H'-IeCKaH Ta6JIHUa MeH.II.eJieesa 

6bIJia pacwttpeHa OT 112-ro .ll.0 118-ro 3JieMeHTa, T. e. noJIHOCTb!O 

3aKpb!T Ce.II.bMOH nepHO.II.. IlocJie 3TOro Hal.J:HHaeTCH HOBblH (socb

Moti:) nepHO.II. C meJIO'-IHbIMH H meJIO'-IH0-3eMeJibHblMH 3JieMeHTaMH 

npH z = 119 H z = 120. IlocJie.II.yIOill.He 3JieKTpOHHble o60JIO'-IKH 

5g, 6f H 7d O'-IeHb 6JIH3KH no 3HeprHHM H 6y.II.yT 3anoJIHHTbCH B 

KOHKypeHUHH .II.pyr C .II.pyroM. HeJib3H HCKJIIO'-IaTb, '-ITO 3JieMeHTbl 

c Z ~ 122 soo6me He 6y.II.YT nOXO.II.HTb Ha CBOH 6oJiee JierKHe 
fOMOJIOrH nepHO.II.H'-IeCKOH Ta6JIHUbl. 

0.II.HaKo '-IT06bi H.II.TH .II.aJibllie B 3TOM HanpasJieHHH, Mb! .ll.OJl)KHbl 

HCnOJib30BaTb 6oJiee TH:>KeJibie ycKopeHHbie HOHbl C z > 20 (Ti, 

Cr H T . .II..). Pac'-!eTbl noKa3bIBaIOT, '-ITO sepOHTHOCTb CJIHHHHH 3THX 

HOHOB C H.II.paMH aKTHHH.II.Hb!X 3JieMeHTOB ropa3.II.O HH:>Ke, l.J:eM .ll.JIH 
48

Ca. 3TO 03HaqaeT, '-ITO HaM He06XO.ll.HMO yseJIH'-IHTb HHTeHCHB-
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HOCTb ny'-IKOB ycKopeHHbIX HOHOB H 3cpcpeKTHBHOCTb cenapaTOpOB H 

.II.eTeKTOpOB .ll.JIH Toro, '-IT06b1 HMeTb waHc npO.II.BHHYTbCH B o6JiaCTb 

HOBblX 3JieMeHTOB C z > 118. ,npyroti: 803MO:>KHOCTb!O noJiy'-IeHHH 

.II.OJirO:>KHBYill.HX Heti:TpOHHO-o6orameHHb!X csepxrn:>KeJiblX 3JieMeH

TOB, pacnOJIO:>KeHHblX s6JIH3H HJIH Ha CaMOM <<OCTpose CTa6HJibHO

CTH>>, HBJIHeTCH HCnOJib30BaHHe peaKUHH MHOrOHYKJIOHHbIX nepe.II.a'-1 

npH CTOJIKHOBeHHH TH:>KeJibIX aKTHHH.II.Hb!X H.II.ep (HanpHMep ypaHa 

11 K!OpHH), a TaK:>Ke peaKUHH CJIHHHHH C ycKopeHHblMH pa.II.HOaKTHB

Hb!MH H.II.paMH, s TOM '-IHCJie c Heti:TpOHHO-o6orameHHbIMH OCKOJI

KaMH .II.eJieHHH. 3TH peaKUHH nJIOXO H3y'-IeHbl 3KCnepHMeHTaJibHO, 

11 HX Cel.J:eHHH npaKT11'-IeCKH HeH3BeCTHbl. 0.II.HOH H3 Ba:>KHeti:w11x 

3a.II.a'-I npoeKTa DRIBs KaK pa3 11 HBJIHeTCH H3y'-IeH11e H ttcnoJib30-

saH11e scex 3Tl1X B03MO:>KHOCTeti:. 

XHMH'-leCKHe CBOU:CTBa 
caepxTHlKeJibIX 9JieMeHTOB 

PeaKUHH <<rOpH'-IerO>> CJIHHHHH H.II.ep 48Ca C aKTHH11.ll.Hb!MH MH

rneHHMH npHBO.II.HT K o6pa30BaHl1!0 Heti:TpOHHO-o6orameHHb!X H TeM 

caMb!M .II.OJirO:>Kl1BYilll1X 1130Tonos csepxTH:>KeJiblX 3JieMeHTOB. Ilo

MHMO npoqero, 3TO .II.aeT HaM YHHKaJibHYIO B03MO:>KHOCTb HCCJie.II.O

saTb XHMl1'-IeCKHe CBOHCTBa 3THX 3JieMeHTOB, '-ITO HBJIHeTCH O.II.HOH 

113 cpyH.II.aMeHTaJibHblX 3a.II.a'-I cospeMeHHOH XHMl111. Ha rpaHHUe 

nep110.ll.11'-IeCKOH Ta6JIHUbl ( 6oJibllIHe 3Ha'-IeHHH Z) peJIHTHBl1CTCKHe 

3cpcpeKTbl HrpaIOT see 60JibllIYIO pOJib B 3JieKTpOHHb!X o6oJIO'-IKax 

aTOMOB. ,.QJIH 112-ro 3JieMeHTa, Hanp11Mep, peJIHTHBHCTCKOe C:>KaTHe 

np11BO.ll.11T K 6oJiee CHJlbHOH CBH3H ccpepH'-IeCKOH 7 s-op611TaJIH H B TO 

:iKe speMH K pacw11peHHIO 6d-COCTOHHHH. B pe3yJibTaTe .II.JIH 112-ro 

3JieMeHTa cymecTBOBaJia nOJIHaH Heonpe.II.eJieHHOCTb B npe.II.CKa3a

H1111 ero XHMH'-IeCKl1X CBOHCTB - OT MeTaJIJia .II.O HHepTHOro ra3a. 

XHM11'-IeCKl1e CBOHCTBa csepXTH:>KeJib!X 3JieMeHTOB npOHBJIHIOTCH 

B 11X B3aHMO.II.eHCTBl1H C OXJia:>K.II.aeMOH MeTaJIJIH'-IeCKOH nosepx

HOCTb!O 11 o6pa3osaHHH (HJIH OTCYTCTBl111 TaKHX o6pa30BaHHH, B 

CJiyqae HHepTHOrO ra3a) COOTBeTCTBYIOill.HX HHTepMeTaJIJil1'-IeCKHX 

COe.II.HHeHl1H. BbICOKaH JieTy'-IeCTb 112-ro 3JieMeHTa H ero cnoco6-

HOCTb o6pa30BbIBaTb 11HTepMeTaJIJil1'-IeCKHe coe.II.HHeHl1H snepBbie 

6b!JIH o6Hapy:>KeHbl B JI.HP OI1.HI1 MeTO.II.OM TepMoxpoMaTO.rpacp1111 

C nOMOill.b!O KpHO.II.eTeKTOpa. 06Hapy:>KeHHbie CBOHCTBa 112-ro 3Jie

MeHTa no3BOJil1JIH O.II.H03Ha'-IHO OTHeCTl1 ero K 12-ti: rpynne (aHa

Jior pTyT11). B aHaJIOrH'-IHbIX 3KcnepHMeHTax no x11MHH 114-ro 

3JieMeHTa snepsbIe onpe.II.eJieHa ero noshIrneHHaH JieTy'-IeCTb npH 

3* 
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3KcnepHMeHTaJihHaH yctaHOBKa, HCnOJib3YeMaH )I.JIH onpe)I.eJieHHH XHMH

'-leCKHX CBOHCTB CBepxrn:>KeJiblX 3JieMeHTOB 

KOMHaTHOH TeMnepaType. 9KcnepHMeHTbl npOBO,ll,HTCH a TeCHOM co

Tpy,u,Hw-1ecTBe C pa,LI,HOXHMHKaMH l1HCTHTYTa HM. nayJrn illeppe

pa (illae11u.apHH). CoaMecrnaH nporpaMMa ,u,aJihHeHlllero pa3BHTHH 

3THX pa6oT Hau.eJieHa Ha cpaBHHTeJihHOe H3y'-leHHe XHMH'-leCKHX 

CBOHCTB caepXTH:>KeJihIX 3JieMeHTOB C z > 112 H HX JierKHX fOMO

JIOfOB. 

H3MepeHHe MaCCbl H cneKTpOCKOilHSI CBepxTSIJKeJibIX 

aJieMeHTOB 

,UJIH npHMoro H3MepeHHH Maccoaoro '-IHCJia caepxrn:>KeJibIX 3Jie

MeHTOB B JUIP OH.HH co3,u,aeTCH Macc-cenapaTOp MASHA (Mass 
Analyzer of Super Heavy Atoms). Ero pa3pelllaIOlll.aH cnoco6HocTb 
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Macc-aHaJ1113atop MASHA (BBepxy) 11 Mo)I.epH11311poBaHHbIH 3JieKtpo
crarnqecKHH cenaparop VASSILISSA (ASSA-2000) B KOM611ttau1111 c 
)I.eteKrnpy10meii rncTeMOH GABRIELA (BHH3Y) 

6.A/ A ~ 1 o-3 IlO3BOJIHeT HanpHMYIO H3MepHTb MaCCOBbie '-IHCJia 

CHHTe3HpyeMb!X H3OTOilOB HOBbIX 3JieMeHTOB, a TaK:>Ke <<pa3BeCTH>> 

HX no pa3Hb!M ,u,eTeKTOpaM ,ll,JIH nocJie,u,yIOlll.ero H3y'-leHH51 HX pac

na,u,oa H XHMH'-leCKHX CBOHCTB. no 3cpcpeKTHBHOCTH cenapau.HH H 

urnpOKHM BO3MO:>KHOCTHM H3y'-leHH51 CBOHCTB pacna,LI,OB caepxrn-
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)KeJibIX 3JieMeHTOB MASHA ,LI.OJI)KHa 3Hat.JHTeJibHO npeaocxo.n.HTb 

HMeIOrn.HeCH ycTaHOBKH TaKoro THna. 

l-faaeCTHO, '-ITO 3JieMeHTbl C z > 100 cyw.ecTByIOT HCKJIIOlJH

TeJibHO 6Jiaro.n.apH KBaHTOBbIM 3cpcpeKTaM H o6oJIO'-lelJHOH CTPYKTy

pe 51,LI.ep. H pacnOJIO)KeHHe caMoro <<OCTpoaa CTa6HJibHOCTH>> Ha Kap

Te 51,LI.ep o6ycJIOBJieHO 3anOJIHeHHblMH npOTOHHbIMH H HeHTpOHHblMH 

o6oJIOt.JKaMH (Z ~ 114, N ~ 184). 3m npe.n.cKa3aHHH, O,LI.HaKO , 

6a3HpyIOTC51 HCKJIIOlJHTeJibHO Ha Haurnx 3HaHHHX 06 o60JIOt.JelJHOH 

CTPYKType y)Ke H3yt.JeHHbIX 6oJiee JierKHX 51,LI.ep. J1I06aH HHcpop

MaU.HH O B036y)K,LI.eHHbIX COCTOHHHHX caepxrn)KeJiblX 51,LI.ep H HX 

xapaKTepHCTHKax pacna.n.a HBJIHeTCH 4pe3Bbit.JaHHO u.eHHOH H CT03BO

JIHeT HaM cy,LI.HTb O .n.ecpopMaU.HHX 3THX 51,LI.ep H HX O,ll.HOt.JaCTHlJHblX 

COCTOHHHHX, T. e. 0 npoTOHHbIX H HeHTpOHHbIX o6oJI04Kax. TaKaH 

HH<pOpMaU.HH noJiyt.JaeTCH B cneKTpOCKOCTH'-leCKHX 3KCnepHMeHTaX 

C HCCTOJib30BaHHeM He TOJibKO cenapaTopa caepxrn)KeJiblX 3JieMeH

TOB, HO H caepx3cp<peKTHBHbIX aJib<pa-, 6eTa- H raMMa-.n.eTeKTOpOB. 

Mo.n.epHH3HpoaaHHbIH cenapaTOp VASSILISSA (ASSA-2000) a co

t.JeTaHHH c .n.eTeKrnpyIOrn.el1 cHcTeMoH GABRIELA, pa3aHaaeMoH a 

COTPYAHHt.JeCTBe C KOJIJieraMH H3 <PpaHU.HH, CT03BOJIHT npOBO,ll.HTb 

cneKTpOCKOCTHt.JeCKHe HCCJie,LI.OBaHHH caepXTH)KeJihlX 3JieMeHTOB Ha 

caMOM Bb!COKOM ypoBHe. 

ff3yqeHHe npou.eccoB CJIHSIHHSl-,n:eJieHHSI H peaKU.HH 
MHOrOHYKJIOHHbIX nepe,n:aq 

KaK y)Ke OTMet.JaJIOCb, 51,LI.pa C z > 118 He MoryT 6b!Tb CHHTe-

3HpoaaHbl B peaKU.HHX CJIHHHHH 48Ca C aKTHHH,ll.HbIMH MHllleHHMH, 

CTOCKOJibKY KaJIH<pOpHHH (Z = 98) HBJIHeTCH HaH60Jiee TH)KeJiblM 

aew.ecTBOM, H3 KOToporo MO)KeT 6b!Tb npHrOTOBJieHa MHllleHb ,ll.JIH 

TaKHX 3KCnepHMeHTOB. lfro6bI ,ll.BHraTbCH ,LI.aJibllle, HaM He06XO,ll.HMO 

HCCTOJib30BaTb 6oJiee TH)KeJibie, t.JeM KaJibU.HH, 51,LI.pa-cHapH,LI.bl -
50Ti, 54Cr, 58 F e, 64Ni H T . .n.. 0.n.HaKo npe)K.n.e t.JeM npoBO,LI.HTb 

4pe3Bbit.JaHHO .n.oporocTOHW.He OCTb!Tbl no nOHCKY HOBbIX 3JieMeHTOB, 

Heo6XO,ll.HMO BbI6paTb HaH60Jiee OCTTHMaJibHble KOM6HHaU.HH <<CHa

pH,LI.-MHllleHb>> H H3Y4HTb CBOHCTBa COOTBeTCTBYIOlll.HX peaKU.HH. 

HanpHMep, ,ll.JIH CHHTe3a 120-ro 3JieMeHTa MOfYT 6bITb HCCTOJib30-

BaHbl peaKU.HH CTOJIHOfO CJIHHHHH 54Cr + 248Cm, 58F e + 244
Pu HJIH 

64Ni + 238U, ae.n.yw.He K o6pa30BaHHIO O,ll.HOfO H TOfO )Ke H30Tona 
302 120. CpaBHeHHe Bb!XO,ll.OB npo.n.yKTOB ,LI.eJieHHH H KBa3H,LI.eJieHH51 

B 3THX peaKU.HHX CT03BOJIHeT ou.eHHTb OTHOCHTeJibHYIO aepOHTHOCTb 

o6pa30BaHH51 COCTaBHOfO 51,LI.pa H, TaKHM o6pa30M, Bbi6paTb HaH6o-
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Jiee CTO,ll.XO,ll.Hlll.YIO KOM6HHaU.HIO ,ll.JIH nocJie,LI.yIOrn.ero MHOfO,LI.HeBHOfO 

CHHTe3a HOBOfO 3JieMeHTa . H3yt.JeHHe peaKU.HH CJIHHHHH-,LI.eJieHHH 

6y.n.eT npoao,LI.HTbCH B J15IP OH5IH Ha Mo.n.epHH3HpoaaHHOH ycTa

HOBKe CORSET a cot.JeTaHHH c MYJibTHHeHTpoHHbIM cneKTpoMeT

poM DEMON . 

Ew.e O,ll.HO .n.o CHX nop He H3yt.JeHHOe <<6eJioe CTHTHO>> pac

nOJIO)KeHO Ha <<Ceaepo-BOCTOKe>> 51,LI.epHOH KapTbl. Cyw.ecTByIOrn.aH 

rpaHHU.a aepxHeH t.JaCTH 51,LI.epHOH KapThl HaXO,ll.HTCH Ot.JeHb 6JIH3KO 

K JIHHHH 6eTa-CTa6HJibHOCTH, a TO apeMH KaK HeHCCJie,LI.OBaHHaH 

o6JiaCTb TH)KeJibIX HeHTpOHHO-H36bIT04HbIX HYKJIH,ll.OB (K <<BOCTOKY>> 

OT JIHHHH CTa6HJibHOCTH) 4pe3Bblt.JaHHO Ba)KHa ,ll.JIH aCTpO<pH3Ht.Je

CKHX HCCJie,LI.OBaHHH H, B t.JaCTHOCTH , ,ll.JIH nOHHMaHHH r-npou.ecca 

acTpO<pH3Ht.JeCKOfO HYKJieoreHe3HCa. B COOTBeTCTBHH C He,LI.aBHHM 

OTt.JeTOM Hau.HoHaJibHoro HCCJie.n.oaaTeJibCKoro coaeTa HAH CWA, 

,LJ,syxnJiet.Iesoii speMHnpoJieTHbIH cneKTpoMeTp CORSET (ssepxy) 11 era 
pa6oTa B cot.IeTaHHH c MYJibTHHeHTpOHHbIM ,n.eTeKTopoM DEMON (BHH3Y) 
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npOHCXO:>K,ll,em1e TH:>KeJiblX 3JieMeHTOB OT :>KeJie3a ,ll,O ypaHa OCTaeTCH 

O,ll,HOH H3 11 HaH60Jiee sa:>KHbIX npo6JieM cospeMeHHOro ecTeCTBO-

3HaHHH H, no sce11 BH,ll,HMOCTH, 6y,ll,eT npe,!I,MeTOM HHTeHCHBHblX 

HCCJie,ll,OBaHHH s 6JIH:>KaHllIHe fO,ll,bl. 3aMeTHM, '-ITO r-npou.ecc npo

TeKaeT (H, B KOHU.e KOHLI.OB, npepbrnaeTCH ,ll,eJieHHeM) HMeHHO B 

o6JiaCTH eme He H3y'-leHHbIX HeHTpOHHO-H36bITO'-IHbIX 51,!I,ep. He11-

TpOHHaH o60JI0'-1Ka N = 126 (s o6JiaCTH z ~ 70) HBJIHeTCH IlOCJieJJ,

HeH <<TO'-IKOH O:>KH,ll,aHHH>> 3Toro npou.ecca. BpeMH :>KH3HH H JJ.pyrne 

xapaKTepHCTHKH 3THX HJJ,ep Ype3BbJ'-laHHO Ba:>KHbl J],JIH IlOHHMaHHH 

cu.eHapHH r-npou.ecca. l13yYeHHe CTPYKTYPhI HJJ.ep, pacnoJio:>KeHHbIX 

s6JIH3H JIHHHH N = 126, MOrJIO 6bJ TaK:>Ke npOHCHHTb HHTeHCHB

HO o6cy:>KJJ,aeMyIO npo6JieMy IlOJJ,aBJieHHH o60JIO'-le'-1HblX 3cpcpeKTOB 

B HJJ,pax C poCTOM HeHTpOHHOro H36bJTKa. 

,llJIH CHHTe3a TH:>KeJibIX HeHTpOHHO-o6orameHHbIX HJJ.ep, pac

IlOJIO:>KeHHbIX BJJ,OJib 3aMKHYTOH HeHTpOHHOH o60JIO'-IKH N = 126, 

npeJJ.IlOJiaraeTCH HCilOJib3OBaTb npou.eCCbl MHOrOHYKJIOHHbIX nepe

JJ,a'-1 s HH3KO3HepreTH'-leCKHX CTOJIKHOBeHHHX 136Xe c 208Pb. Oc

HOBHaH HJJ,eH COCTOHT B CTa6HJIH3Hpy10meM 3cpcpeKTe 3aMKHYTblX 

tte11TpOHHbIX 060JI0YeK JJ.Byx 3THX HJJ.ep, N == 82 s Kcettotte H 

N = 126 s CBHHU.e. TTepeJJ.a'-la npoToHos OT CBHHU.a KcettoHy Mo:>KeT 

OKa3aTbCH BeCbMa 6JiaronpHHTHOH, IlOCKOJlbKY o6pa3yIOmHeC51 npH 

3TOM JierKHe cpparMeHTbl HBJIHIOTCH CHJibHOCBH3aHHbIMH ( CTa6HJib

HblMH) HJJ.paMH H Q peaKU.HH OCTaeTCH 6JIH3KHM K HYJIIO. ,llJIH 

HJJ,eHTHcpHKaU.HH H H3y'-leHHH CBOHCTB HOBblX HJJ.ep, o6pa3yIOlUHX

CH B TaKHX peaKU.HHX, 6yJJ.yT HCilOJib3OBaTbCH KaK cpH3H'-leCKHe, 

TaK H XHMH'-leCKHe MeTOJJ,bl cenapaU.HH, IlOCKOJlbKY speMH :>KH3HH 

3THX HJJ,ep JJ.OCTaTO'-IHO BeJIHKO. B OTJIH'-IHe OT peaKU.HH IlOJIHoro 

CJIHHHHH, npOJJ.YKTbl peaKU.HH MHOrOHYKJIOHHbIX nepeJJ,a'-1 pacnpe

,ll,eJieHbl B JJ,OCTaTO'-IHO llIHpOKOM YrJIOBOM ,ll,Hana3OHe, H J],JIH 6oJiee 

3cpcpeKTHBHOro HX 3axsaTa H IlOCJieJJ,yIOme11 cenapau.HH Tpe6yeTCH 

llIHpOKOanepTypHbIH cenapaTOp HOBoro THna. 3TOT cenapaTOp 6y

,ll,eT HCilOJib3OBaTbCH TaK:>Ke J],JIH noJiy'-leHHH csepxTH:>KeJibIX HJJ.ep, 

o6pa3yIOlUHXCH B peaKU.HHX MHOroHyKJIOHHbIX nepe,!I,a'-1 npH CTOJIK

HOBeHHH TH:>KeJibIX aKTHHHJJ,HbIX 51,!I,ep, HanpHMep ypaHa H KIOpHH 

(CM. Bblllle). TTpoeKTHposaHHe TaKOro cenapaTOpa BeJJ,eTCH B JHIP 

0115111 H s GSI (fepMaHHH) . 

0JJ.HHM H3 aKTyaJibHbIX HanpasJieHHH B H3y'-leHHH CBOHCTB TH

:>KeJiblX (H csepxrn:>KeJibIX) HJJ.ep HBJIHeTCH IlOHCK HX KJiaCTepHOH 

CTPYKTYPhI. KJiacTepH3aU.HH HBJIHeTcH o6mHM cso11cTBOM MHoro

YaCTH'-IHblX CHCTeM. B Ka:>K,ll,OM CJiy'-lae 3TO He '-ITO HHOe, KaK o6-

pa3OBaHHe 3HepreTH'-leCKH 6oJiee BbirOJJ.HbIX KOMilaKTHblX 06beKTOB 

I 
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Bepxmrn tJaCTb KapTbI H.D.ep: cxeMan14ecK11 noKa3aHbI r-npou.ecc acT
potj)113114ecKoro HYKJie0CHHTe3a 11 nocJie,D.HHH «T04Ka 0;>KH,D.aHHH~ 3T0f0 
npou.ecca B o6Jiacrn 3aMKHYTOH tte1'.hpoHHOH o6oJI04KH N = 126 

(KJiaCTepos), B KOTOpb!X yJJ,eJibHaH 3HeprH51 CB513H '-laCTHU. 6oJibllle, 

YeM s OKpy:>Ka10me11 cpeJJ,e. 5JiaroJJ,apH 060JIO'-le'-IHhIM 3cpcpeKTaM 

BHYTPH aTOMHOro HJJ,pa (s 3aBHCHMOCTH OT ero ·pa3Mepa) HYKJIO

Hbl npeJJ,IlO'-IHTaIOT o6pa30BbIBaTb KOMilaKTHbie CHJibHOCBH3aHHbie 

JJ.Ba:>KJJ.bI MarnYeCKHe cpparMeHTbI 4He, 160, 48Ca, 132Sn H 2osPb. 

B HeKOTOpb!X CJiy'-laHX 3HeprnH CB513H Me:>K,ll,y 3THMH cpparMeH

TaMH CTaHOBHTCH IlOJIO:>KHTeJibHOH, H Mb! Ha6JIIO,ll,aeM aJibcpa-pac

naJJ,, HOHHYIO paJJ,HOaKTHBHOCTb HJIH JJ,eJieHHe. B TH:>KeJibJX HJJ,f:ax 

CHJibHOCBH3aHHbre JJ,Ba:>KJJ.bI MarHYecKHe KJiacTepbI 132Sn HJIH 20 Pb 

npHBOJ],HT K 3HepreTH'-leCKH BbirOJ],HbIM JJ.Byxu.eHTpOBbIM KOHcpHrypa

U.HHM. AcHMMeTpH'-IHOe JJ,eJieHHe, TH:>KeJIOHOHHaH pa,!I,HOaKTHBHOCTb, 

H3OMepbl cpopMbl H npou.ecCbl KBa3HJJ,eJieHHH HBJIHIOTCH npOHBJie

HHHMH • TaKOH KJiacTepH3aU.HH TH:>KeJiblX HJJ,ep. B csepxTH:>KeJiblX 

HJJ.pax, MaCCbl KOTOpb!X JJ.OCTaTO'-IHO J],JIH o6pa30BaHHH JJ.BYX JJ,Ba

:>KJJ.bl Marnl.JeCKHX HJJ.ep 
132Sn, MoryT BO3HHKaTb H Tpexu.eHTpOBbJe 

KOHcpHrypaU.HH; HanpHMep, 116-11 3JieMeHT MO:>KeT pacnaJJ,aTbCH Ha 

JJ,Ba HJJ.pa OJIOBa H HJJ.pO cepbl: 296 116 -t 132Sn + 32S + 132S n c 60Jib

llIHM 3HeprOBbI,ll,eJieHHeM. AHaJIOrH'-IHbie TpexKJiaCTepHbie pacnaJJ,bl 

MoryT npoHCXOJ],HTb H B rnraHTCKHX H,nepHb!X MOJieKyJiax, o6pa3yIO

lllHXCH npH CTOJIKHOBeHHH TH:>KeJiblX aKTHHH,ll,Hb!X H,nep, HanpHMep 
232U+232u-464184-t 208pb + 48ca + 208Pb. Ha6JIIO,ll,eHHe H H3y-

111 
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l!em1e TaKHX npoueccoB npe,llCTaBJHl:eTC.H 4pe3Bbil!aHHO Ba:>KHbIM 

,llJI.H noHHMaHH.H CBOHCTB .H,llepHOH MaTepHH. 3TH npoueCCbl 6y.llyT 

H3yl!aTbC.H Ha ycrnHOBKax CORSET ( + DEMON + HENDES) 

H FOBOS, KOTOpb1e no3BOJI.HJOT H3Mep.HTb Maccoab1e H 3HepreTH

l!eCKHe pacnpe,lleJieHH.H ,lleJIHTeJibHblX cpparMeHTOB B coana,lleHHH 

C HeHTpoHaMH H raMMa-KBaHTaMH. 

PeaKUHH C JierKHMH pa.IJ;HOaKTHBHbIMH SI.IJ;paMH 

C nO.HBJieHHeM B03MO:>KHOCTH noJiyl!eHH.H nyl!KOB pa,llHOaKTHB

HblX .H,llep OTKpb!Ta HOBa.H 3pa B .H,llepHOH q>H3HKe - HHHUHHpoaaHbl 

HHTeHCHBHbie 3KCnepHMeHTaJlbHbie HCCJie,llOBaHH.H .H,llep, y,llaJieHHbIX 

OT JIHHHH CTa6HJibHOCTH. B JIHP 0115111 TaKHe HCCJie,llOBaHH.H 

CTapTOBaJIH OKOJIO 10 JieT Ha3a,ll C OTKpbITH.H ,llHHeHTpOHHOH KOH-

"' :,: 

~ 50 
'° 0 

u 40 

30 

20 

10 

I I I I I I 
012345M 

1H(6He, 2He)5H 

-4 - 2 0 2 4 6 8 E5H' M38 

lpHTHCBU 

/ICTelCIDphl 

HCii'I'pOKOB 

DEMON 

YcTaHOBKa ACCULINNA (ssepxy) H cneKTP H,11.pa 5H, noJiy<leHHbIH s pe
aK1..1.1rn I H(6He, 2He)5H (BHH3Y) 
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cpHrypaUHH 3K30THl!eCKoro .H,llpa 6He B 3KcnepHMeHTe, npoBe,lleH

HOM Ha KHHeMaTHl!eCKOM cenapaTOpe ACCULINNA, KOTOpbIH 6bIJI 

cneuHaJibHO nocTpoeH ,llJI.H noJiyl!eHH.H BTOpHl!HblX nyl!KOB MeTO

,llOM cpparMeHTaUHH. TTo3:>Ke 6bIJI pa3pa60TaH H peaJIH30BaH HOBbIH 

no,llxo.n. K H3yl!eHHIO pe3oHaHCHOH CTPYKTypbI .H,llep, Jie:>KaII.I.HX 3a 

rpaHHueii HeHTpOHHOH cTa6HJibHOCTH. C noMOII.I.bJO 3Toro no,llXO,lla 

H c HCnOJib30BaHHeM nyl!KOB 6He H 8He, a TaK:>Ke yHHKaJibHOH MH

weHH H3 :>KH,llKOro ,lleHTepH.H H TPHTH.H 6b!JIH HCCJie,llOBaHbl CBOHCTBa 

<<caepxT.H:>KeJibIX>> H30Tonoa BO,llopo,lla H reJIH.H: 4H, 5H, 7H, 8He, 
9He H 10He. 

HoBbIH MexaHH3M <<nOCJie,llOBaTeJibHOro CJIH.HHH.H>> 6bIJI npe,llCKa-

3aH H nO,llTBep:>K,lleH 3KCnepHMeHTaJibHO ,llJI.H JierKHX HeHTpOHHO

H36bITOl!HbIX .H,llep. 3TOT MexaHH3M npHBO,llHT K yaeJIHl!eHHIO Ha 

HeCKOJlbKO nop.H,llKOB BepO.HTHOCTH rny6oKono,ll6apbepHoro CJIH.HHH.H 

TaKHX .H,llep, KaK 6He, no cpaBHeHHIO co CTa6HJibHbIMH .H,llpaMH. 

3To 6bIJI nepBbIH 3KCnepHMeHT co BTOpHl!HbIM nyl!KOM, Bb!IlOJIHeH

HbIH B JIHP 0115111 no TaK Ha3bJBaeMOH ISOL-cxeMe. ATOMbI 6He 

noJiyl!aJIHCb Ha YCKOpHTeJie Y-400M a peaKUHH cpparMeHTaUHH 

.H,llep 7Li, TOpM03HMbIX TOJICTOH yrnepO,llHOH MHWeHblO. 3aTeM 3TH 

aTOMbl HOHH3HpoBaJIHCb H TpaHcnopTHpoBaJIHCb BO BTOpOH ycKOpH

TeJib Y-400, r,lle H cpopMHpOBaJIC.H nyl!OK ycKopeHHbIX HOHOB 6He, 

HanpaBJI.HeMbIX Ha CBHHUOBYJO MHWeHb. Ha6JI10,llaBWHHC.H 3cpcpeKT 

ycHJieHH.H no,ll6apbepHoro CJIH.HHH.H MO:>KeT OKa3aTbC.H 4pe3BbJl!aHHO 

Ba:>KHbIM ,llJI.H aCTpOcpH3Hl!eCKHX npouecCOB HYKJieOCHHTe3a, npOHC

XO,ll.HII.I.HX B pe3yJibTaTe 6oJibWOrO B3pbIBa H B3pbIBa CBepXHOBbIX, 

r,lle 6oJibWHe HeHTpOHHbie nOTOKl-f npHBO,ll.HT K o6pa30BaHHIO HeH

TpOHHO-o6orarn.eHHblX .H,llep. 

6oJiblliHHCTBO 3K30THl!eCKHX .H,llep, y,llaJieHHbIX OT ,llOJIHHbl CTa-

6HJibHOCTH, no-npe:>KHeMy He H3yl!eHbl HJIH H3yl!eHbl Ol!eHb nJIOXO . 

TaKHe 3cpcpeKTbl, KaK HeHTpOHHbie raJIO, HeHTpOHHbie CJIOH, COCTO

.HHH.H EcpHMOBa H MOJieKyJI.HpHa.H cTpyKTypa, ,llO.n:>KHbI Ha6.n10,llaTbC.H 

,ll.TI.H HeHTpOHHO-H36bITOl!HblX H30TOnOB reJIH.H, .TIHTH.H, 6epH.nJIH.H 

H T. ,ll. floHCK MY.TibTHHeHTpOHHbIX pe30HaHCOB 4·6n, ,llByxnpOTOHHOH 

raJio-CTpyKTYPbI H H3yl!eHHe .llByxnpoTOHHoro pacna,lla npoTOHHO

H36bITOl!HbIX H,llep H HX pe30HaHCHbIX COCTO.HHHH TaK:>Ke npe,llCTaB

.TI.HIOT 60.nbwoii HHTepec. Oco6oe BHHMam1e 6y.lleT y,lle.neHo 03y

l!eHHJO K.nacTepHoii CTPYKTYPbI .nerKHX 3K30THl!eCKHX H,llep H .llPY

rnx CBOHCTB .H,II.epHoro aern.ecrna, HaXO,llHII.I.erocH B 3KCTpeMaJibHbIX 

ycJIOBH.HX. PeaKUHH C yl!aCTHeM 3K30THl!eCKHX .H,II.ep H oco6eHHO 

HX no.n.6apbepttoe CJIHHHHe c .nerKHMH CTa6HJibHbIMH H,II.paMH TaK:>Ke 

Tpe6y10T ,lla.TibHeiiwero H3yl!eHHH. Bee 3TH HCCJie,llOBaHH.H, noMH-

ull 
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Cel!emrn peaKU.HH CJIHHHHH H He11TpOHHhIX nepe.n,al! si.n,ep 6He H 4He 

MO npoqero, HMe!OT Ba)lrnoe 3Hal!eHHe ,ll.JIH 6ypHO pa3BHBalOI.JJ:eHCH 

B nocJie,u.Hee BpeMH H,u.epHOH acTpOq>H3HKH. 

HoBbllf ycKOpHTeJib 

H HOBbllf 3KCnepHMeHTaJibHbllf 3aJI 

)lJIH npoBe,U.eHHH on11caHHb!X BbIWe HCCJie,U.OBaHHH Heo6xo,u.11-

MO 3Hal!HTeJibH0 M0,U.epHH3HpOBaTb cyI.JJ:eCTBYIOI.JJ:He 3KCnepHMeH

TaJihHb!e ycTaH0BKH H C03,U.aTb HeCK0JibK0 H0Bb!X. B l!HCJI0 3THX 

ycTaH0B0K BXO,ll.HT HOBb!H , 6oJiee 3cpcpeKTHBHb!H YHHBepcaJibHb!H 

ra3oHanOJIHeHHb!H cenapaTop ,ll.JIH CHHTe3a H H3yl!eHHH CBOHCTB 

CBepxrn.>KeJib!X 3JieMeHTOB, npecenapaTop ,ll.JIH pa,u.H0XHMHl!eCKHX 

H Macc-cneKTpoMeTpHl!eCKHX HCCJie,U.OBaHHH , KpHoreHHb!H ,u.eTeK-

I 
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TOP ,ll.JIH H3yl!eHHH CBOHCTB CBepxrn.>KeJib!X 3JieMeHT0B, ra30BaH 

JI0BYWKa ,ll.JIH OCTaHOBKH H nocJie,u.yIOI.JJ:eH O,ll.HOKpaTHOH H0HH3al.J,HH 

npo,u.yKT0B H,U.epHb!X peaKU.HH , pa,u.HOXHMHl!eCKaH Jia6opaTOpHH 2-ro 

KJiacca, HOBb!H cenapaTop ,ll.JIH noJiyl!eHHH nyl!K0B pa,u.11oaKTHBHbIX 

H,u.ep, WHpOKOanepTypHbIH cneKTpoMeTp ,ll.JIH npo,u.yKT0B peaKU.HH 

nepe,u.aq H 0CK0JIK0B ,u.eJieHHH . )lJIH pa3MeI.JJ:eHHH 3THX ycTaH0B0K 

npe,u.noJiaraeTcH npe)K,u.e acero nocTpOHTh HOBhIH 3Kcnep11MeHTaJih

HhIH 3aJI TTJIOI.JJ:a,U.b!O He Mettee 2000 M2 . 

TToMHMO 3TOfO, Heo6XO,ll.HMO 3Hal!HTeJihH0 yaeJIHl!HTb HHTeH

CHBHOCTb nyl!KOB ycK0pHeMblX HOH0B H YJiyiIWHTb HX Kal!eCTBO . 

C 3TOH u.eJib!O B_ 2010 r. Hal!aJiacb Mo,u.epHH3aU.HH ycKop11TeJIH 

Y-400, nocJie KOTopoif cTaHeT B03MO.>KHOH nJiaBHaH nepecTpOHKa 

3HeprnH YCKOpHeMb!X HOHOB B ,u.11ana30He 0,8-25 MciB/HyKJIOH 

c O,ll.HOBpeMeHHbIM yMeHbWeHHeM noTpe6JIHeMOH MOI.JJ:HOCTH a 

3-4 pa3a . O,u.HoBpeMeHHO 6y,u.yT pa3pa6aTbIBaTbCH H H3fOTaBJIH

BaTbCH 6oJiee 3cpcpeKTHBHbie HCTOl!HHKH MHOf03apH,ll.Hb!X HOHOB, B 

TOM l!HCJie C nOBbIWeHHbIM ,ll.O 50-100 KB Hanp51.>KeHHeM HH.>KeKU.HH, 

l!TO nOMO)KeT peWHTb npo6JieMy o6beMHOfO 3apH,u.a , CTOHI.JJ:YIO 

Ha nyTH yaeJIHl!eHHH 3HeprnH H HHTeHCHBHOCTH nyl!KOB. Ha 

CJie,u.yIOI.JJ:eM 3Tane 3anJiaHHpOBaHO C03,U.aHHe HOBOfO ycKOpHTeJIH , 

npOH3B0,ll.HI.JJ:ero 6oJiee HHTeHCHBHh!e nyl!KH HOHOB, Heo6XO,ll.HMbIX 

,ll.JIH CHHTe3a caepXTH.>KeJiblX 3JieMeHTOB. 

TTocJie Mo,u.eptt113au.1111 ,u.eHCTBYIOI.JJ:HX yCKop11TeJieH Y-400 11 

Y-400M H C03,U.aHHH HOBOfO ycKOpHTeJIH TTOHBHTCH B03MO)KHOCTb 

noJiyl!eHHH HHTeHCHBHb!X nyl!KOB HOHOB npaKTHl!eCKH Bcex 3JieMeH

TOB (OT reJIHH ,ll.O ypatta) B WHpOKOM ,U.Hana30He 3HeprnH - OT 

rny6oKono,u.6apbepHb!X ,ll.O 3HeprnH, npH KOTOpb!X C 6oJibWOH aepo-

Y CKopHTeJihHhlH KOMnJieKc 11 3 KcnepH MeHTaJibHbie 3 aJibI JHIP Ol1.Hl1 
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PEAKTOP HA BbICTPbIX HEHTPOHAX 
H Jiff <I> HM. H. M. <l>PAHKA 

C .ITa6opaTopHeH HefiTpoHHOH cpH3HKH HM. I1. M. <f>paHKa 

OI1.HI1 cero.rr,HH acCOU.HHpyeTCfl nepe.rr,oBafl HayKa, CBH3aHHafl 

c 6b!CTpb!MH HeHTpOHHblMH HMnyJihCHb!MH peaKTopaMH, c 6oraTeH

ll1HM onhITOM HX C03,Ll,aHHfl H HCnOJib30BaHHfl. 

PoBHO 50 JieT Ha3a.rr,, C nycKOM 6hICTporo HMnyJibCHOfO pe

aKTopa I1.6P, 6bJJia OTKpb!Ta HCTOpHH HeHTpOHHb!X HCCJie,Ll,OBaHHH 

B .ITH cf>. Ilpou.ecc co3.rr,aHHH I1.6P- l pa3BHBaJicH 6yKBaJibHO B Teqe

HHe HeCKOJ!bKHX JieT - OT H.rr,efi, 03By9eHHb!X )l. I1. DJIOXHHU.eBb!M 

B KOHU.e 1955 r., 0 C03,Ll,aHHH peaKTOpa Ha 6b!CTpb!X HeHTpoHaX .rr,o 

cpH3H9eCKOf0 nyCKa 3TOH ycTaHOBKH npornJIO BCero qeTb!pe C noJio

BHHOH ro.rr,a. IlpHMepHO CTOJ!bKO )Ke BpeMeHH noTpe6oBaJIOCb cero

,Ll,HflillHHM HH)KeHepaM H cpH3HKaM, 9T06bI Mo.rr,epHH3HpoBaTb TpeTHH 

no C9eTy peaKTOp .ITH<f> (I1.6P-2) H npeBpaTHTb ero B COBpeMeHHYIO 

ycTaHOBKY MHpoBoro KJiacca. HaKonHBillHHCH B Jia6opaTopHH onhIT 

no C03,Ll,aHHIO H 3KCnJiyaTaU.HH peaKTOpOB I1.6P, I1.6P-30 H I1.6P-2 H 

pa3BHTHe Ha HX OCHOBe COOTBeTCTBYIOill.eH Hay9HOH npo6JieMaTHKH 

n03BOJIHJIH cnpoeKTHpoBaTb MO.rr,epHH3HpOBaHHb!H peaKTOp I1.6P-2 

H o6ecne9HTb npoBe.rr,eHHe Ha HeM YHHKaJibHb!X HCCJie.rr,oBaHHH 

B 6JIH)KattrneM 6y.rr.ymeM. 

3a C9eT H3MeHeHHfl reoMeTpHH aKTHBHOH 30Hbl H H3MeHeHHfl 

KOHCTPYKU.HH 3aMe.rr,JIHTeJieH nJiaHHpyeTcH yBeJIH9eHHe noToKa Ten

JIOBhIX HeHTpOHOB, noJiyqeHHb!X Ha I1.6P-2 npH coxpaHeHHH cpe.rr,

HeH MOill.HOCTH peaKTOpa 2 MBT. O.rr,HaKo npocTo HMeTb 6oJibrnofi 

noTOK HeHTpOHOB He.rr,ocTaT09HO ,Ll,Jlfl H3y9eHHfl CTpOeHHfl BemecTBa 

H MaTepHaJIOB. IlpeBpameHHe HeHTpoHa B noJie3Hb!H HHCTpyMeHT 

HCCJie.rr,oBaTeJIH - 3TO noaranHhIH HayKoeMKHH npou.ecc. IlpaKTH

qecKH BCe 3a.rr,a9H, CBH3aHHh!e C onTHMH3aU.HeH HCnOJib30BaHHfl 

HeHTpOHOB Ha I1.6P-2, pernaIOTCfl B Jia6opaTOpHH. 

,ll.JIH H3y9eHHfl CTpoeHHfl BemecTBa H MaTepHaJIOB npHrO,Ll,Hbl 

HeHTpOHbl, ,Ll,BH)KYill.HeCH C MaJIOH CKOpOCTbIO - COTHH H Tb!Cfl9H 

MeTpOB B ceKyH.rr,y. TaKHe HeHTpOHbl Ha3hIBaIOT Me,Ll,JieHHblMH B OT

JIH9He OT 6hICTpb!X HeHTpOHOB, H3JiyqaeMb!X peaKTOpOM, KOTOpbie 

peaKrop Ha 6blcTph1x Heihpottax H JIHct> HM. H. M. ct>pattKa 81 

HMeIOT CKOpOCTH .rr,eCHTKH Tb!Cfiq KHJIOMeTpOB B CeKyH.rr,y. Me.rr,JieH

Hhie HeHTpOHbl noJiyqaIOT nyTeM 3aMe.rr,JieHHfl 6bICTpb!X B ycTpOH

CTBaX, Ha3brnaeMb!X 3aMe,Ll,JIHTeJIHMH. B npocTefirneM CJiyqae 3TO 

KacceTa c o6hIKHOBeHHOH BO.LI.OH . .6b1cTph1e HeHTpOHhI, craJIKHBaHCh 

C H,Ll,paMH BO.rr,opo.rr,a, HaH6oJiee 3cpcpeKTHBHb!M cnoco6oM TepHIOT 

CKOpOCTb. 3aMe.rr,JIHBll1HeCH HeHTpOHbl. BbIJieTaIOT •3a npe.rr,eJibl 3a

Me,L1,JIHTeJIH H nona.rr,aIOT Ha MHilleHH HCCJie.rr,oBaTeJieH. 

O.rr,HaKO B Bo.rr,e HeHTpOHbl He MoryT 3aMe,Ll,JIHTbCfl AO 3HeprnH 

HH)Ke 3HeprnH TenJIOBOfO ,Ll,BH)KeHHfl MOJieKyJI BO.LI.bl. lfro6hI noJiy-

9HTb 6oJiee Me.rr,JieHHb!e HeHTpOHbl, Ha.rr,o noHH3HTb caMy TeMne

paTypy 3aMe.rr,JIHTeJIH. 3TOT npocTOH cnoco6 B .rr,eHCTBHTeJibHOCTH 

npHBO.ll.HT K Heo6xo.rr,HMOCTH C03,Ll,aHHfl .rr,ocTaT09HO CJIO)KHb!X KpHO

reHHb!X ycTpOHCTB H noHcKa BemecTB, no.rr,XO,Ll,f!Ill.HX ,Ll,J!fl 3aMe.rr,Jie

HHfl HeHTpOHOB. TaKHX BemecTB HeMHOro - 3TO )KH,Ll,KHH BO,Ll,O

po.rr,, TBep.rr,bIH MeTaH H HeKOTOpb!e apoMaTH9eCKHe yrJieBo.rr,opo.rr,bI. 

)lJIH C03,Ll,aHHfl HaHJiyqrnero XOJIO,Ll,HOro 3aMe,Ll,JIHTeJIH ,Ll,Jlfl peaKTopa 

I1.6P-2 B .ITH<f> 6hJJia pa3pa6oTaHa HOBaTopcKaf! KOHu.enu.HH KOM-

6HHHpOBaHHb!X 3aMe,Ll,JIHTeJieH. 3TOT KOM6HHHpoBaHHb!H 3aMe,Ll,JIH

TeJib· npe.rr,cTaBJIHeT co6ofi CJIO)KHYIO CHCTeMy KaMep (oTceKoB), B 

KOTOpb!X HaXO,Ll,HTCfl JIH60 OXJia)K,Ll,eHHOe . .rr,o HH3KHX (20-100 K) 
TeMnepaTyp Bo.rr,opo.rr,co.rr,ep)Kamee BemecTB0, JIH6o o6bI9HaH Bo.rr,a 

npH KOMHaTHOH TeMnepaType, JIH6o BaKyyM, JIH6o pacceHBa10mee 

H He norJIOI11.a10mee HeHTpOHbl BemecTBO. Oco6eHHOCTbIO TaKoro 

3aMe,Ll,JIHTeJIH flBJifleTCfl cymecTBeHHaf! 3aBHCHMOCTb cneKTpa Tep

MaJIH30BaHHb!X HeHTpOHOB OT HanpaBJiemrn Bb!JieTa H/HJIH MeCTa 

BhIJieTa HefiTpOHOB. TaKOH 3aMe.rr,JIHTeJih, ycraHOBJieHHhIH B peaKTo

pe I1.6P-2, BMeCTe C 6oJiee KOMnaKTHOH aKTHBHOH 30HOH peaKTopa 

o6ecne9HBaeT yBeJIH9eHHe ,Ll,HcpcpepeHU.HaJibHOH nJI0THOCTH nOTOKa 

XOJIO,Ll,Hb!X HeHTpOHOB He MeHee qeM B 10. pa3 no cpaBHeHHIO C 

I1.6P-2. 

B pa3JIH9HhIX 3KcnepHMeHTax Tpe6yeTCH HanpaBHTh Ha 06pa3eu. 

HeHTpOHbl onpe.rr,eJieHHOH 3HeprnH. Ha.I1.6P-2 3TH 3a.rr,aqu pernaIOT

Cfl MexaHH9eCKHMH CHCTeMaMH, pa3pa6oTaHHblMH B .ITH<f> H npo

nycKaIOill.HMH Ha o6pa3eU. HeHTpoHbI CTporo onpe.rr,eJieHHoe BpeMH, 

npHMepHO 1-10 MC. To9HOCTb cra6HJIH3aU.HH COCTaBJIHeT OT 20 AO 

250 MKC. )lJIH npoBO,Ll,KH nyqKOB TenJIOBb!X (XOJIO,Ll,Hb!X) HeHTpO

HOB OT aKTHBHOH 30Hbl peaKTopa AO cneKTpoMeTpa HCnOJib3YIOTCfl 

CJIO)KHb!e HeHTpOHHO-OnTH9eCKHe CHCTeMbl - HeHTpOHOBO,Ll,bl, OHH 

o6ecne9HBaIOT MHHHMaJibHbie noTepH nyqKa npH ,Ll,JIHHe AO COTeH 

MeTpOB H no.rr,aBJieHHe (yMeHhilleHHe) cpoHa 6b!CTpb!X HeHTpOHOB H 

raMMa-KBaHTOB. CoBMeCTHO C IlI1.H<f> (faT9HHa) H HHCTHTyTaMH 

Ill 
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¢Pr cneu.HaJIHCTbl Jla6opaTOpHH HeifrpoHHOH q>H3HKH □pOBOAHT 
pac"!eT, 0□THMH3au.mo H pa3pa60TKY HOBb!X 3epKaJibHb!X HeHTpOHO

BOAOB Ha :H6P-2. 
)].JIH C03AaHHH Ha HCCJieAyeMOM o6pa3u.e Tpe6yeMb!X AJIH npoBe

AeHHH 3KC□epHMeHTa ycJIOBHH, Ha□pHMep TeM□epaTypbl, AaBJieHHH, 

MarHHTHOrO □OJIH H T. n., B JIH<P pa3pa6aTb1BaeTCH u.eJib!H KJiacc 

caMb!X COBpeMeHHb!X ycTpOHCTB - 3TO TaK Ha3bIBaeMb!e CHCTeMbl 

OKpy)KeHHH o6pa3u.a. Ha□pHMep, Ha :H6P-2 AJIH HarpeBa o6pa3U.OB 

B AHa□a30He TeM□epaTyp OT KOMHaTHOH AO 100, 300 HJIH 3000 °C 
HC□OJ!b3YIOTCH pa3JIH4Hb!e □e"!H C MOlll.HOCTb!O OT 200 AO 3000 BT. 

IlocJie pacceHHHH Ha 06pa3u.e HeHTpOHbI perncTpHpyioTCH Ae

TeKTopaMH HeHTpOHOB. C □OMOlll.b!O AeTeKTOpOB onpeAeJIHIOT HH

TeHCHBHOCTb □OTOKa HeHTpOHOB, npocTpaHCTBeHHOe H YrJIOBOe pac

npeAeJieHHe. Ha cneKTpoMeTpax peaKTopa :H6P-2 HC□OJib3YIOTCH 
pa3JIH4Hb!e TH□bl AeTeKTOpOB. IlpOMb!WJieHHb!e HeHTpOHHb!e C"!eT

"IHKH, HeCMOTpH Ha HX pa3Hoo6pa3He, no MHOrHM napaMeTpaM He 

YAOBJieTBOpH!OT Tpe6oBaHHHM, □03TOMY B JIH<P C 2002 r. BeAyT

CH YHHKaJibHb!e pa3pa60TKH no C03AaHHIO AeTeKTOpOB Ha OCHOBe 

□03HU.HOHH0-4YBCTBHTeJibHbIX ra30Bb!X KaMep CU.HHTHJIJIHU.HOHHb!X 

3KpaHOB. BbICOKOKa"!eCTBeHHaH annapaTypa, C03AaHHaH cneu.HaJIH

CTaMH JIH<P, HaWJia □pHMeHeHHe He TOJ!bKO Ha :H6P-2, HO H B 

PHAe poCCHHCKHX HAepHb!X u.eHTpOB, TaKHX KaK q>HJIHaJI H:H:H<PX:H 

HM. JI. 51. KapnoBa (06HHHCK), PHU <<Kyp4aTOBCKHH HHCTHTYT» H 

:H<PM YpO PAH (3ape4Hb111). 

OT 3aperncTpHpoBaHHoro CHrHaJia Ha AeTeKTope AO npHBbI"!

HOro BCeM O□HCaHHH pe3yJibTaTOB H3MepeHHH B U.Hcppax Jie)KHT 

CJIO)KHb!H nyTb, KOTOpb!H ycneWHO npOAeJibIBaeTCH 6JiaroAapH co

TPYAHHKaM JIH<P, cneu.HaJIH3HPYIOlll.HMCH B pa3pa6oTKe H C03Aa

HHH cHcTeM c6opa AaHHbIX (CC)].) HOBoro □OKOJieHHH. K HX o□ bI
TY no co3AaHHIO TH□OBbIX H cneu.HaJIH3HpoBaHHbIX CC)]. o6pama

lOTCH H q>H3HKH Apyrnx HCCJieAOBaTeJibCKHX u.eHTpOB, Ha□pHMep 
Helmholtz-Zentrum (6epJIHH). 

TaKHM o6pa30M, MOAepHH3HpOBaHHb!H peaKTOp :H6P-2 o6ecne-

4HBaeT O:H.H:H HeHTpOHaMH - 3aMe"!aTeJibHb!M HHCTpyMeHTOM KaK 

AJIH cpyHAaMeHTaJibHb!X, TaK H Ba)KHb!X npHKJiaAHb!X HCCJieAOBa

HHH. 

0Ka3bIBaeTCH, "!TO MHOrHe OKpy)Ka!Olll.He Hae Belll.eCTBa o6Jia

Aa!OT Heo6b!4Hb!MH H □OJie3Hb!MH CBOHCTBaMH Ha HaHOMaCWTa-

6ax, CHJ!bHO OTJIH"!a!Olll.HMHCH OT HX o6b!4Hb!X, MaKpOCKO□H"!e
CKHX, xapaKTepHCTHK. 3TH CBOHCTBa B HaCTOHlll.ee BpeMH aKTHB

HO HC□OJ!b3YIOTCH □pH pa3pa60TKe COBpeMeHHb!X HaHOTeXHOJ!OrHH, 
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HanpaBJieHHb!X Ha C03AaHHe □pHHU.H□HaJibHO HOBb!X MaTepHaJIOB, 

MHKpoMeXaHH3MOB, 6HOKOM□b!OTepoB, HHTeJIJieKTyaJibHWX MaTepH

aJIOB, HOBb!X MeAHU.HHCKHX H 3JieKTpOHHb!X TeXHOJIOrHH. Pa3BHTHe 

HaHOHayKH H HaHOTeXHOJ!OrHH Hepa3pb!BHO CBH3aHO C Heo6XOAH

MOCTb!O HCCJieAOBaHHH HaHo06beKTOB. illHpOKHe B03MO)KHOCTH AJIH 

TaKoro poAa HCCJieAOBaHHH npeAOCTaBJIHIOT HeHTpOHorpacpH4eCKHe 

MeTOAbl - pecpJieKTOMeTpHH, MaJioyrnoBoe pacceHHHe, AH<ppaKU.HH, 

Heynpyroe pacceHHHe. HaJIH"!He y HeHTpoHa MarHHTHoro MoMeHTa 

□03BOJrneT H3y4aTh MarHHTHYIO CTPYKTYPY Bemecrn: ycTaHOBHTb 

HaJiwrne H TH□ MarHHTHOH CTPYKTYPhI - ynopHAO"!eHHYIO opHeH

TaU.HIO MarHHTHb!X MOMeHTOB aTOMOB OTHOCHTeJibHO Apyr Apyra 

H KpHCTaJIJIOrpaq>H"leCKHX oceH, BeJIH"IHHY MarHHTHOro MOMeHTa 

aTOMa, TeM□epaTypy H xapaKTep MarHHTHb!X nepeXOAOB. HeHTpOH

HaH cneKTpOCKO□HH HBJIHeTCH YHHKaJibHb!M MeTOAOM AJIH H3y4eHHH 

xapaKTepHCTHK KOJie6aHHH aTOMOB B KpHCTaJIJIH"!eCKOH peweTKe. 

IloJie3Hble CBeAeHHH MO)KHO □OJIY"IHTb O AH<pcpy3HH aTOMOB, 0 

BJIHHHHH npHMeceH Ha CBOHCTBa KpHCTaJIJIOB, HCCJieAOBaTb AHHa

MH"!eCKHe CBOHCTBa TBepAbIX aMopq>Hb!X BemecTB H Aa)Ke )KHA

KOCTeH. He11Tp0Horpaq>HH ycnewHo HC□OJih3yeTCH AJIH peweHHH 

3aAa4 COBpeMeHHOH npOMb!WJieHHOCTH - BOAOPOAHOH 3HepreTHKH, 

HaHOTeXHOJ!OrHH, npoH3BOACTBa ycTpOHCTB xpaHeHHH HHq>OpMaU.HH, 

MHKp03JieKTpOHHKH, cpapMau.eBTHKH. 

Pa3pa6oTKa cpyHKU.HOHaJibHb!X MaTepHaJIOB ( o6JiaAa!Olll.HX q>H-

3H"!eCKHMH H Xli.MH"!eCKHMH CBOHCTBaMH, KOTOpb!e H3MeHHIOTCH 

B 3aBHCHMOCTH OT BHeWHHX 

ycJIOBHH HJIH napaMeTpOB OKpy

)Ka!Olll.eH cpeAhI npeACKa3bIBae

MbIM H ynpaBJIHeMb!M o6pa30M) 

HBJIHeTCH OCHOBHOH 3aAa"!eH HC

CJieAOBaHHH XXI B. BO MHornx 

o6Jiacrnx HayKH H TeXHHKH. 

TaK, nepexoA Ha BOAOPOA

HYIO 3HepreTHKY HeB03MO)KeH 

6e3 pa3pa60TKH HaAe)KHb!X MeTO

AOB □oJiy"!eHHH' TpaHC□OpTHpOB

KH H xpaHeHHH BOAOPOAa. Ilep

cneKTHBHb!M HanpaBJieHHeM pa3-

pa60TOK no xpaHeHHIO BOAOPOAa 

HBJIHeTCH XHMH"!eCKOe <<CBH3bIBa

Kp11crann11~ecKaH crpyKrypa Ma
rep11ana AnH xpaHeHHH BOAOPOAa 
Li2BeD4 

HHe>> BOAOPOAa B KpHCTaJIJiaX. 0AHHM H3 TaKHX nepcneKTHBHb!X 

coeAHHeHHH HBJIHeTcH Li2BeD4 , cTpyKTypa KOToporo (npeACTaBJie-
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Ha Ha pHcyHKe) 6bJJia pacwmppoBaHa cneuHaJIHCTaMH Jla6opaTopHH 

HeHTpOHHOH <pH3HKH. 

OTKpbITHe 3cp<peKTa KOJIOCCaJibHOro MarHHTOConpOTHBJieHHH no

BJieKJIO 3a co6oH CTpeMHTeJibHblH noHCK H .H3yLJeHHe o6Jia,na!OW.HX 

Marm1THaH CTPYKTypa CJI0)K
Horo OKCH)l.a MapraHI..1,a, 06-
J1a)l.a10ru.ero 3q>q>eKTOM K0JIOC
caJibH0f0 MarHHT0C0npoTHB
JieHHH, noJiytJeHHaH C n0M0-
Ill.hlO )I.Hq>paKI.J,HH HefnpoHOB 

HM MaTepHaJIOB B CBH3H C B03MO)K

HOCTb!O HX npHMeHeHHH B ycTpOH

CTBax HOBOro noKOJieHHH - OT co-

3,D:aHHH MarHHTHOH onepaTHBHOH na

MHTH H npoH3B0,D:CTBa ycTpOHCTB, 

CHH)Ka!OW.HX llIYMbl B KOMMYHHKaUH

OHHbIX ceTHX, .no H3MepeHHH JIHHeH

HbIX yrnoB Me)K.ny npe.nMeTaMH no

cpe.ncTBOM MarHHTHOfO CTOJIH H cne

UHaJibHbIX ceHcopoB. I1ccJie,noBaHHe 

MarHHTHOH crpyKTYPhI H MarHHTHbIX 

cpa30BbIX nepexo.noB coe,nHHeHHH c 

3cp<peKTOM KOJIOCCaJibHOro MarHHTO

conpoTHBJieHHH HBJIHeTCH O,D:HOH H3 

3a,naq Jia6opaTopHH. 

Bo MHOfOM 6Jiaro.napH HeHTpo

HaM 6bIJIO .nocTHrHYTO noHHMaHHe 

cTpyKTYPhI H .D:HHaMHKH KOMnJieKc

HbIX )KHJl:KOCTeH. KoMnJieKCHbie )KHJl:

KOCTH, TaKHe KaK KpOBb, co.nep)Kaw.He HaHopa3MepHbJe LJaCTHUbl, 

Hrpa!OT 3HaLJHTeJibHYIO poJib B npoueccax )KH3Heo6ecneLJeHHH opra

HH3MOB. I1cnOJib3YH HeHTpOHHOe pacceHHHe, <pH3HKH Jia6opaTOpHH 

noMoralOT 6HOJIOraM .neTaJibHO pa3o6paTbCH B Ha,D:MOJieKyJIHpHOH 

CTPYKType TaKHX <<pacTBOpOB>>, 'ITO cnoco6cTByeT pa3pa60TKe Me

xaHH3MOB ueJieBOH ,D:OCTaBKH JieKapCTB B KOHKpeTHbie qacTH opra

HH3Ma. 

TpaHcnopTHpOBKa JieKapCTB qepe3 KO)KY qeJIOBeKa HBJIHeTCH 

6bICTpopa3BHBa!OW.HMCH HanpaBJieHHeM COBpeMeHHOH cpapMaKOJIO

fHH. IloHCK Bew.ecTB, ycHJIHBa!OW.HX npOHHKHOBeHHe MaJiblX MO

JieKyJI qepe3 JIHCTH.D:HYIO MaTpHUY KO)KH, HBJIHeTCH COCTaBHOH qa

CTb!O HCCJie,noBaTeJibCKHX pa60T B 3TOM HanpaBJieHHH. C nOMOllJ.blO 

.D:H<ppaKUHH HeHTpOHOB MO)KHO onpe,neJIHTb C BbJCOKOH TO'IHOCTb!O 

CTPYKTYPY MeM6paHbI Stratum Corneum H OTCJie)KHBaTh npoHHK

HOBeHHe B Hee pa3JIHLJHbIX Bew.ecTB. 

IloJIHMepbl llIHpOKO HCCTOJib3YIOTCH B Hawe BpeMH. JlerKOCTb, 

npO'IHOCTb H OTHOCHTeJibHO HH3KaH ueHa c.neJiaJIH HX He3aMeHH

MbIMH BO MHOfHX o6JiaCTHX HayKH H TeXHHKH. IlOJIHMepHbie ue-
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nOLJKH o6pa3oBaHbl e,nHHH'IHb!MH MOJieKyJiaMH, KOTOpb!e COCTOHT B 

OCHOBHOM H3 BO,lI.opo.n.a, yrnepo.n.a, KHCJiopo.n.a H <pTopa. HeHTpOHbl 

06Jia.n.a10T YHHKaJihHhIMH cBoH

CTBaMH ,lI.JIH H3yLJeHHH CTOJIHMe

poB, B LJaCTHOCTH cnoco6HOCTb!O 

<<MapKHpoBaTb>> OT,lI.eJibHbJe MOJie

KYJibl H .n.eJiaTb HX BH,lI.HMbIMH 

C noMOlll.blO H30TOCTHb!X 3aMew.e

HHH. I1ccJie.n.OBaTeJIH MoryT 6bICT- I 1, 
po onpe.n.eJIHTb, K np11Mepy, Ha

CKOJibKO xopowo CMellIHBa!OTCH 

Te HJIH HHbie noJIHMepbl, KaKO

Ba onTHMaJibHaH TeMnepaTypa HX 

CMeweHHH, KaKOB COCTaB onTH

MaJibHOH CMeCH H T. n. 

OTHOCHTeJibHO HOBOH o6Jia-

t, 

CTb!O npHMeHeHHH HeHTpOHHblX Bo)I.Hh!H pacTBop opraHHtJeCKHX 

MeTO,lI.0B HBJIHeTCH reo<pH3HKa H TT0JIHMepHblX uenotJeK 

HayKH o 3eMJie. I1cnoJih30BaHHe 

Tpa.n.HUHOHHbIX ,lI.JIH reo<pH3HKH aKyCTHLJeCKHX MeTO,lI.OB B KOMnJieK

ce C COBpeMeHHblMH HeHTpOHOrpa<pHLJeCKHMH MeTO,lI.HKaMH OTKpbI

BaeT HOBble B03MO)KHOCTH ,lI.JIH H3yLJeHH5l MeXaHHLJeCKHX H <pH3HLJe

CKHX CBOHCTB, npoueccoB no.n.roTOBKH H peaJIH3aUHH pa3pyweHH5l 

ropHbIX nopo.n. c ueJihlO noHHMaHHH 11 npe.n.cKa3aHHH 3eMJieTpHce

HHH H ropHblX y.n.apoB, o6oCHOBaHHOf0 BbJ6opa MeCT CTpOHTeJibCTBa 

rny6HHHbIX xpaHHJIHlll. pa.n.11oaKTHBHblX OTXO,lI.0B. 

BbICOKaH npOHHKa!OW.aH cnoco6HOCTb HeHTpOHOB n03BOJI5leT HC

CJie,lI.OBaTb OCTaTOLJHb!e HanpH)KeHHH B rny6HHe MaTepHaJia B pa3-

• 
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0THOCHTeJibHble e.l(HHHl..\bl 

■ < 1 □ 2- 3 ■ 10- 15 
■ 1- 1,5 I!! 3- 5 ■ 15-20 

■ 1,5-2 ■ 5- 10 ■ > 20 

OueHKa Bbma.n.eHHH TH)KeJJblX MeTaJJJJ0B B pa3JJH4Hb!X pernoHaX PoCCHH 
H .n.pyrnx CTpaHax 

JHl4Hb!X □p0Mb!IIIJieHHb!X H3)I.eJIHHX Hepa3pyIIIaJOLLI.HM cnoco6oM. 

TTOffBJieHHe 0CTaT04Hb!X HanpmKeHHH B npouecce □p0H3B0)I.CTBa 
□p0Mb!IIIJieHHb!X H3)I.eJIHH - 0)I.Ha 113 □pH4HH 6hICTporo Bb!X0)I.a 

113 CTP0ff H He)I.OJifOH 3Kc□JiyaTaUHH, □03T0MY HX o6ttapy)KeHHe 

H H3ytieHHe - Ba)KHaff 3a)I.a4a C0BepIIIeHCTB0BaHHff H pa3BHTHff 

□p0MblIIIJieHHb!X TeXHOJI0rHH. O.ll.HHM 113 □pHMepoB TaKoro po)I.a 

HCCJie)I.OBaHHH, npoBe)I.eHHb!X B JIH<l> O11JII1, ffBJiffeTCff H3y4eHHe 

pacnpe)I.eJieHHff 0CTaT04Hb!X Ha□pff)KeHHH B 6HMeTaJIJIH4eCKOM ne

peX0)I.HHKe Hep)KaBeJOLLI.aff CTaJib - C□JiaB UHpK0HHff, KOTOpb!H HC

□0Jib3YeTCff B K0HCTPYKUHffx KaHaJioB peaKTOpoB. 

HeHTpOHHhIH aKTHBaUHOHHbIH attaJIH3 np11MeHffeTcff )I.Jiff onpe

.ll.eJieHHff npHMeCeH B CBepX4HCTbIX, □oJiy□p0B0.ll.HHK0Bb!X H Hatto-
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MaTepHaJJaX, C0)I.ep)KaHHff MHKp03JieMeHT0B B 3K0J!0rH4eCKHX, 6110-

J!0fHLleCKHX H Me)I.HUHHCKHX HCCJie)I.0BaHHffX, a TaK)Ke B reoJI0fHH, 

apxeoJiorn11 H .ll.P -

AKTHBaUHOHHhIH aHaJIH3 npHMeHffeTCff TaK)Ke □pH □0HCKe no

Jie3Hb!X HCK0□aeMbIX, )I.Jiff K0HTp0Jiff TeXH0J!0rH4eCKHX npoueccoB H 

KaL1ecTBa BhmycKaeMoH np0.ll.YKUHH. YcTaHOBKa <<PeraTa>> Ha I16P-2 

ycneII.IH0 HC□0Jih3yeTCff BO MH0)KeCTBe Me)K)I.yHap0.ll.Hb!X npoeKT0B 

)I.Jiff peII.IeHHff pa3Hb!X 3a)I.a4 Hay4Hb!X K0JIJieKTHB0B 113 CTpaH

yqacTHHU OI15II1. 

QqeHb Ba)KHbIH pa3)I.eJI coBpeMeHHOH ff.ll.epttoH q>H3HKH - 3T0 

tteHTpOHHaff ff.ll.epttaff q>H3HKa, 113yqa10maff B3aHMO.ll.eHCTBHe HeH

TpoHoB C ff)I.paMH. )lJiff npoBe)I.eHHff 3THX HCCJie)I.OBaHHH B 2009 r. 

B JIH<l> OI15II1 6bIJia BBe)I.eHa B CTpoii: nepBaff 04epe)I.b HM□YJibCH0-
ro HCT0LIHHKa pe3oHaHCHbIX tteii:TpOHOB HPEH. Onpe)I.eJieHhI napa

MeTpbI 3TOH ycTaH0BKH B TeKyLLI.eH KOHq>HrypaUHH, Ha4aTbl pa60Tbl 

no □o)I.r0T0BKe H npoBe)I.eHHJO 3KC□ep11MeHT0B Ha HPEH. Be.ll.yT

Cff HCCJie)I.0BaHHff Ha YCK0pHTeJie 9[-5, KOTOpb!H TO)Ke HaX0)I.HTCff 

B JIH<l>. 

Heii:TpOHHaff c□eKTp0CK0□Hff - pa3)I.eJI ff.ll.epHOH q>H3HKH, H3y-

4a!OLLI.HH 3HeprernqecKyJO H .ll.pyrne 3aBHCHM0CTH 3cpcpeKTHBHb!X 

ceL1eHHH B3aHMO.ll.eHcTBHff Heii:TpOHOB c ff.ll.paMH H CBOHCTBa 06pa3y-

10m11xcff □pH 3T0M B036y)K)I.eHHb!X COCTOffHHH ff.ll.ep. OTCYTCTBHe y 

HeHTpOHa 3JieKTpH4eCK0ro 3apff.ll.a, npe□ffTCTBYJOLLI.ero c6JIH)KeHHIO 

c ff.ll.P0M 3apff)KeHHhIX qacTHU, )I.eJiaeT Heii:TpoH yttHKaJibHhIM HH

cTpyMeHT0M )I.Jiff H3y4eHHff ff.ll.epHoro B3aHMO)I.eHCTBHff □pH JIJ06oii: 

3Heprn11 tteii:Tpotta. 

CBoii:cTBa Heii:Tpotta H ff.ll.epHbie peaKUHH c ero yqacTHeM 11rpa-

10T onpe)I.eJiff!Olll.YIO p0Jib BO MH0rHX aCTpO<pH3H4eCKHX npoueccax, 

B TOM LIHCJie B nepH0)I.e nepBHLIH0ro ff)I.epttoro CHHTe3a □0CJie 6oJib

III0ro B3pbrna, a TaK)Ke B npoueccax HYKJieocHHTe3a □pH B3phrnax 

CBepxH0Bb!X 3Be3)I.. TeopeTH4eCKHe cuettapHH pa3BHTHff .U0JI)KHbl 

o6bffCHffTb XHMH4eCKHH H H30T0□Hb!H C0CTaB COBpeMeHHOH Bce

JieHHOH. Xorn npe.ll.CTaBJieHHff 06 0CH0BHb!X npoueccax y)Ke CJI0-

)KHJIHCb (60JibllIHHCTBO ff)I.ep 06pa3yeTCff B 3Be3)I.aX B pe3yJihTaTe 

Me)I.JieHH0ro H 6bICTporo 3axBaTa HeHTpOHOB - TaK Ha3bIBaeMhie S

H r-npoueccb1), HMeeTcff eme 6oJibIIIOH Pff.ll. BonpocoB, Tpe6y10m11x 

o6bffCHeHHH H yTo4HeHHH. 

K C0)KaJieHHIO, HMeJOLLI.affC.fl HHcpopMaUH.fl no CK0p0CTHM pe

aKUHH (p, ,) 04eHb 6e)I.Ha, □pH4eM 3Kc□epHMeHTaJibHbie )I.aHHbie 

0TJIH4aJOTCff OT pac4eTHb!X B 2-3 pa3a, a )I.JI.fl peaKUHH, BKJII04al0-

LLI.HX a-4aCTHUbl, pa3JIH4Hb!e TeopeTH4eCKHe npe)I.CKa3aHH.fl MoryT 
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OTJIHtJaTbC.H B 10 pa3. 11MeHHO no3TOMY OtJeHb Ba)KHbIMH npe.n.

CTaBJI.HIOTC.H H3MepeHH.H peaKU.HH ( n , a) C u.eJib!O TeCTHposaHH.H 

tJYBCTBHTeJibHOCTH a-KaHaJia K HCnOJib3yeMWM B pactJeTax noTeH

U.HaJiaM a-qacrnu.. TaKHe H3MepeHH.H HatJaTbI s OK-PH,n.)Ke (ClllA}, 

r eJie (6eJibrH.H) H nJiaHHPYIOTC.H Ha ycTaHOBKe HPEH s ,Uy6He. 

B Jia6opaTOpHH HeHTpOHHOH <pH3HKH s 1968 r. 6bIJIH HatJaTbl 

nepBbie B MHpe 3KCnepHMeHTbl C YJibTpaXOJIO,l1.HbIMH HeHTpOHaMH 

(YXH). Cero,n.H.H 3TH 3KcnepHMeHTbI pa3BHBa!OTC.H s O11.HH 6Jiaro

.n.ap.H coTpy,n.HHtJecrny cneu.HaJIHCTOB JIH<t> c KOJIJieraMH H3 .n.pyrnx 

HaytJHbIX u.eHTpos, TaKHX KaK 11HCTHTYT HM. Jiay3-JlaH)KeBeHa 

(ILL} s fpeHo6Jie. 

YJibTpaXOJIO,l1.Hbie HeHTpOHbl - 3TO OtJeHb Me,n.JieHHbie HeHTpOHbl 

co cKopocT.HMH MeHee 5 M/c. Oco6eHHOCTb!O YXH .HBJI.HeTc.H HeB03-

MO)KHOCTb npeo,n.oJieHH.H CJia6oro OTTaJIKHBaHH.H .H,n.paMH H, KaK 

CJie,l1.CTBHe, nOJIHOe OTpa)KeHHe 3THX HeHTpOHOB OT MHOrHX MaTepH

aJIOB . TToJIHoe oTpa)KeHHe YXH OT CTeHOK no3BOJI.HeT xpaHHTb HX 

B 3aMKHYTbIX BaKyyMHbIX KaMepax B TetJeHHe HeCKOJibKHX MHHyT. 

Ha ,n.BH)KeHHe YXH cylll.ecrneHHbIM o6pa3oM BJIH.HIOT MarHHTHoe H 

rpaBHTaU.HOHHoe noJI.H. YXH .HBJI.HIOTC.H qyscTBHTeJibHbIM HHCTpy

MeHTOM <pH3HKH qacTHU.. OHH C ycnexoM HCnOJib3YIOTC.H B 3KCne

pHMeHTax, HanpasJieHHbIX Ha peweHHe sonpocos cpyH,n.aMeHTaJib

HOH <pH3HKH, TaKHX KaK onpe,n.eJieHHe speMeHH )KH3HH cso6o,n.Horo 

HeHTpOHa, 3KcnepHMeHTbl no nOHCKY 3JieKTPHtJeCKOro ,n.HnOJibHOro 

MOMeHTa H 3JieKTpHtJeCKOro 3ap.H,n.a HeHTpoHa H T. n. 

Ha cero,n.H.HWHHH ,n.eHh onhIT cneu.HaJIHCTOB Jia6opaTOpHH no 

co3,n.aHH10 3KcnepHMeHTaJibHbIX ycTaHOBOK ,n.JI.H pa6oThI c YXH 

sceMHpHo H3BecTeH. B JIH<t> se,n.yTc.H pa6oThI no H3ytJeHHIO s3aH

Mo,n.eiicTBH.H YXH c HaHOCTPYKTypaMH. DbIJIH nocTasJieHbI 3Kcne

pHMeHTbI no nposepKe TaK Ha3bIBaeMoro cJia6oro npHHU.Hna 3KBH

saJieHTHOCTH (CTT3) ,l1.JI.H HeHTpOHa. l1HblMH CJIOBaMH, Heo6xo,n.HMO 

6bIJIO nposepHTb, na,n.aeT JIH OH s rpaBHTaU.HOHHOM noJie 3eMJIH 

C TeM )Ke ycKopeHHeM, lJTO H MaKpOCKOnHtJeCKOe TeJIO. TToJiytJeHHbIH 

pe3yJihTaT csH,n.eTeJibcTByeT o cnpase,n.JIHBOCTH CTT3 ,n.JI.H HeHTpoHa 

Ha yposHe TOtJHOCTH nop.H,n.Ka 0, 1 %. Be,n.eTC.H pa6oTa no yseJIHtJe

HHIO TOlJHOCTH 3TOro 3KCnepHMeHTa KaK MHHHMYM Ha nop.HAOK. 

Y)Ke caMbie paHHHe KOCMHtJeCKHe HCCJie,n.osaTeJibCKHe annapaTbl 

HeCJIH Ha 6opTy npH60pbl ,l1.JI.H .H,n.epHO-<pH3HtJeCKHX H3MepeHHH. 113-

BeCTHO, lJTO peHTreHOBCKa.H acTpOHOMH.H 803HHKJia B 1948 r., Kor.n.a 

6bIJIH o6Hapy)KeHbl nepBbie KOCMHtJeCKHe peHTreHOBCKHe HCTOlJ

HHKH c 6opTa op6HTaJibHOH paKeTbl npocTeHWHM peHTreHOBCKHM 

,n.eTeKTOpOM. TTepBbie COBeTCKHe aBTOMaTHtJeCKHe CTaHU.HH Ha OKO-

PeaKTop Ha 6blcTpbIX HeHTpoHax H JIH<l> HM. I1. M . <l>paHKa 89 

JIOJIYHHOH op6HTe HMeJIH Ha 6opTy raMMa-cneKTpoMeTpbl, KOTOpbie 

n03BOJIHJIH BbIIlOJI HHTb nepBbie ou.eHKH 3JieMeHTHOro COCTaBa JIYH

HOro perOJIHTa H co.n.ep)KaHH.H B JIYHHOM Belll.eCTBe ecTeCTBeHHbIX 

pa,n.HoaKTHBHbIX H30Tonos K, Th H U. Cero,n.H.H 3KcnepHMeHTaJibHa.H 

.H,n.epHa.H nJiaHeTOJIOfH.H npespaTHJiaCb s OT,n.eJibHYIO o6JiaCTb Hayq

HblX KOCMHtJeCKHX HCCJie,n.osaHHH. 

Jia6opaTOpH.H HeHTpOHHOH <pH3HKH O11.HH c 1997 r . ycnewHo 

coTpy,n.HHtJaeT c 11HCTHTYTOM KOCMHtJeCKHX HCcJie,n.osaHHH PAH 

B o6JiaCTH pa3pa60TKH H C03,l1.aHH.H .n.eTeKTOpos HeHTpOHOB, raMMa

KBaHTOB H 3ap.H)KeHHbIX qacTHU. ,l1.JI.H KOCMHtJeCKHX annapaTOB . 3a 

3TO speM.H B JIH<t> 6bIJia npe,n.JIO)KeHa KOHU.enu.H.H HeCKOJibKHX 

HaytJHbIX npH6opos, TPH H3 KOTOpbIX B HaCTO.Hll.J.ee speM.H ycnewHo 

pa60Ta!OT s KOCMOCe . ,lI.eHCTBHTeJibHO, c 2002 r. Ha op6HTe Mapca 

s cocTase HaytJHOH nporpaMMbI MHCCHH NASA <<Mars Odyssey 

2001» ycnewHo pa6oTaeT co3,n.aHHbIH npH yqacrnH JIH<t> npH6op 

HEND, npH noMOlll.H KOToporo 6hIJIO o6Hapy)KeHo 3HatJHTeJibHOe 

KOJIHtJeCTBO 80,Il..HHOro Jlb,l1.a B nosepXHOCTHOM CJIOe MapcHaHCKOro 

rpyHTa. Mo,n.HcpHKaU.H.H npH6opa HEND s HaCTO.Hlll.ee speM.H pa3-

Melll.eHa TaK)Ke Ha poccHHCKOM cerMeHTe Me)K,n.yHapo,n.HoH KOCMH

qecKoH CTaHU.HH C u.eJib!O H3ytJeHH.H pa,n.HaU.HOHHOH o6CTaHOBKH Ha 

ee 6opTy. C oceHH 2009 r. Ha JIYHHOH op6HTe pa6oTaeT npH6op 

LEND, sxo.n..Hlll.HH s cocTas annapaTypbI MHCCHH NASA. B cTa,n.HH 

pa3pa6oTKH H C03,l1.aHH.H HaXO,l1..HTC.H elll.e HeCKOJibKO npH6opos ,l1.JI.H 
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poCCHHCKHX, aMepHKaHCKHX H eaponeHCKHX KOCMH'-leCKHX annapa

TOB, 3anycK KOTOpb!X HaMe'-leH Ha 2011-2015 rr. 

,l{Jrn Bcex 3THX np116op0B B Jia6opaTOpHH, nOMHMO BbI6opa 

KOHUenUHH H COCTaBa ,naT'-IHKOB, npoBOJl:HTCH pa60Tbl no MaTeMa

TH'-leCKOMY H q>H3H'-leCKOMY MO,neJIHpoBaHHIO, a TaK:>Ke q>H3H'-leCKHM 

KaJIH6pOBKaM . ,llJIH npoae,neHHH q>H3H'-leCKHX KaJIH6poBOK HCnOJib-

3YIOTCH Bee B03MO:>KHOCTH Jia6opaTOpHH - HMnyJibCHbie HCTO'-IHH

KH HeHTpOHOB (.H6P-2, .HPEH), 3JieKTpocTaTH'-leCKHH ycKOpHTeJib 

3[-5, pa,nHOH30TOnHbie HCTO'-IHHKH HeHTpOHOB H raMMa-KBaHTOB, 

60JibllIHe noMemeHHH, B KOTOpb!X y.naeTCH cymecTBeHHO nOHH3HTb 

cpoH npH npoae,neHHH 3KCnepHMeHTOB. 

B HTOre MO:>KHO CKa3aTb, '-!TO B JIH <l> pa3BHBaeTCH KOMnJieKCHaH 

H aM6HUH03HaH Hay'-!HaH nporpaMMa no H3y'-leHHIO HeHTpOHa KaK 

3JieMeHTapHOH '-!aCTHUbl, no ero npHMeHeHHIO B o6JiaCTH q>H3HKH 

KOH,neHCHpOBaHHbIX cpe.n H B pH,ne coapeMeHHbIX npHKJia,n:HblX Ha

Y'-!Hb!X HCCJie,noaaHHH . 

"\ 

HH ct>OPMAUHOHHblE TEXHOJIOrHH 
B OHRH 

Jia6opaTop1rn Bbl'-IHCJIHTeJibHOH TeXHHKH H aBTOMaTH3aUHH 

(JIBTA, c 2000 r . - Jia6opaTOpm1 11HcpopMau110HHhIX TeXHOJiornii) 

6hIJia o6pa3oBaHa B aarycTe 1966 r . Ha 6a3e BhI'-ll1CJI11TeJibHOro 

ueHTpa O.H5I.H , OT,neJIOB 11 rpynn aBTOMaTH3aU1111 11 o6pa60TKl1 

3Kcnep11MeHTaJibHbIX ,naHHbIX Jia6opaTOp1111 H,nepHbIX npo6JieM 

11 Jia6opaTOp1111 Bb!COKl1X 3HeprnH. Jia6opaTOp11IO B03rJiaBl1JI 11 

6eccMeHHO eIO pyKOBOJl:11JI 6oJiee 20 JieT '-IJieH-KOppecnoH,neHT 

AH CCCP M11xaHJI fpHropbeB11'-I MemepHKOB (1910-1994) . 

TTepBbIMl1 3aMeCTl1TeJIHMl1 M . r . MemepHKOBa 6b!Jil1 r . .H . 3a6HHKl1H 

11 H . H. foaopyH . H11KoJiaH H11KoJiaeBH'-I foaopyH (1930-1989), 

'-!JieH-KoppecnoH,neHT AH CCCP, pa6oTaH 3aMecrnTeJieM .n11peK

Topa , a c 1988 r . .n11peKTopoM JIB TA, pyK0B0,n11JI HanpaaJieHHeM, 

CBH3aHHbIM C HCnOJib30BaHl1eM 11 pa3B11Tl1eM 3BM B Hay'-!Hb!X 

11CCJie,noBaHl1HX. 

OcHOBHbie HanpaBJieHl151 ,neHTeJibHOCTl1 Jia6opaTOp1111 HHcpop

MaU110HHbIX TeXHOJIOrHH (JI.HT) HaueJieHbl Ha 06ecne'-leH11e Teo

peT11'-1eCKl1X 11 3KCnepHMeHTaJibHbIX 11CCJie,noBaHl1H, npOBOJl:11MbIX B 

O.H5I.H H CTpaHax-y'-laCTH11UaX, coapeMeHHblMH TeJieKOMMYHl1Kau11-

0HHblMl1, ceTeBbIMl1, l1Hq>OpMau110HHO-Bbl'-IHCJIHTeJibHblMl1 cpe,nCTBa

Ml1 , a TaK:>Ke Ha no.n.nep:>KKY HCCJie,noaaHHH nporpaMMHbIM 06ec

ne'-!eH11eM 11 MaTeMaT11'-1eCKl1Ml1 MeTOtI,aMl1 . CerotI,HH 11CCJietI,OBaHl151 

11 pa60Tbl B Jia6opaTOp1111 BetI,yTCH no tI.BYM TeMaM: <<.HHcpopMa

UHOHHOe, KOMnbIOTepHoe 11 ceTeBoe 06ecne'-!eH11e ,neHTeJibHOCTl1 

O.H5I.H,> 11 << MaTeMaT11'-!ecKaH no.n.nep:>KKa TeopeT11'-leCKHX 11 3KC

nepHMeHTaJibHhIX 11CCJietI,OBaHl1H, npOBOtI,11MbIX O.H5I.H ,> B paMKax 

o6mero HanpaBJieHl1H <<CeTl1, KOMnbIOTl1Hr, Bbl'-111CJil1TeJibHaH cpH-

3HKa >>. B JI.HT pa6oTaeT BbICOKOKBaJI11cp11u11poaaHHhIH Hay'-!HO-Tex

H11'-lecK11H nepcoHaJI , BKJIIO'-laIOI.I.I.11H 25 Jl:OKTOpOB H 60 KaHtI,11tI,aTOB 

Hay K . 

B Te'-!eH11e 2003-2009 rr. Jia6opaTOp11H 06ecne'-!11BaJia Hat1,e:>K

Hoe cpyHKU110H11pOBaH11e 11 pa3BHT11e ceTeBOH l1Hq>OpMau110HHO

Bbl'-ll1CJil1TeJibHOH 11HcppaCTpyKTYPhI O.H5I.H . KJIIO'-leBbIMl1 KOMno-



92 Hay<-rnaH nporpaMMa 

HeHTaMH 3TOH HH<ppacTpyKTYPhI HBJHIIOTCH TeJieKOMMYHHKaU.HOH
Hhie KaHaJibl CB513H, JIOKaJibHa51 Bbl'-IHCJIHTeJibHa51 ceTb (JIBC), u.eH
TpaJibHbIH HHcpopMaU.HOHHO-BbI'-IHCJIHTeJihHbIH KOMnJieKC (UHBK) H 
6a3oBoe nporpaMMHOe o6ecrre'-IeHHe, o6be)].HHHIOW.ee HH<popMaU.H
OHHO-BbI'-IHCJIHTeJibHbie pecypCbl I1HCTHTyTa B e)].HHYIO cpe)].y. 

TeJieKOMMYHHKa.U:HOHHbie KaHaJibI CBSI3H OIHIH 

Pa3BHTHe H COBepweHCTBOBaHHe BHeWHHX TeJieKOMMYHHKaU.H
OHHb!X KaHaJIOB OHHH - 3TO Heo6xo)].HMhIH H ecTecTBeHHhIH 3Jie
MeHT o6w.ero pa3BHTH51 Bb!COKOCKOpOC'I'HOH ceTeBOH HH<ppacTpyKTy
pbl B PocCHH, BCeCTOpOHHero COBepweHCTBOBaHH51 CHCTeMbl MeiK
AYHapO)].HbIX KOMnbIOTepHb!X KaHaJIOB )].JI51 HayKH H o6pa30BaHH51 
B PocCHH, a TaKiKe KaHaJIOB CB513H co CTpaHaMH-y'-IaCTHHU.aMH 
OHHH. 

3anycK Bb!COKOCKOpOCTHOro MaCWTa6HpyeMoro KaHaJia CB513H 
OHHH-MocKBa Ha 6a3e TeXHOJIOrHH cneKTpaJibHoro ynJIOTHeHHH 
DWDM (Dense Wavelength Division Multiplexing) B 2009 r. 
HBHJICH HToroM CJIOiKHOH H KponoTJIHBOH pa6oTbI, BbITIOJIHeHHoA B 
TeCHOM COTPYAHH'-IeCTBe co MHOrHMH opraHH3aU.H51MH H B nepByIO 
O'-Iepe)].b C <t>rYn <<KOCMH'-IeCKaH CB513b>> H UKC <<,Il.y6Ha>>. Cy
mecTBeHHbie ycHJIH51 B peaJIH3aU.HIO npoeKTa BHeCJIH KOJIJierH H3 
KOMnaHHH <<PoccHHCKHH HHH pa3BHTHH o6mecTBeHHhIX ceTeH>> 
(PocHHHPOC) H AHO <<UeHTp B3aHMO)].eHCTBHH KOMnhIOTepHbIX 
ceTeH <<MCK-IX2,>. KJIIO'-IeByio poJib B Bb16ope ceTeBoro o6opyAoBa-

P11e. 1. BtternHHH KaHaJI CBH3H 0115111 

l1mpopMaUHOHHbie TeXH0JI0rHH B 0115111 93 

HHH Ha ocHoBe TeXHOJIOrHH DWDM H ero 3anycKe B 3KcnJiyaTaU.HIO 
CbirpaJia KOMnaHHH «JET Infosystems,>. PeaJIH30BaHHaH TeXHOJIO
rHH no)].pa3yMeBaeT cneKTpaJibHOe pa3)].eJieHHe nOJIOChl nponycKa
HH51 BOJIOKHa Ha HeCKOJibKO onTH'-IeCKHX KaHaJIOB, '-ITO n03BOJI51eT 
HCnOJib30BaTb MHOfO noTOKOB B 0)1.HOM OnTH'-IeCKOM BOJIOKHe, pa3-
)].eJI5151 HX no )].JIHHe BOJ!Hbl. O)1.HOH )].JIHHe BOJ!Hbl COOTBeTCTByeT 
HH<pOpMaU.HOHHb!H nOTOK B 10 f6HT/c. O6opy)].oBaHHe, ycTaHOBJieH
HOe Ha yqacTKe OHHH-MocKBa (pHc. 1), MOiKeT no)].)].epiKHBaTh 
nepe)].a'-Iy )].aHHb!X np1rnepHO Ha 80 )].JIHHaX BOJIH, T. e. cyMMapHa51 
nponycKHa51 cnoco6HOCTb KaHaJia MOiKeT COCTaBHTb 800 f6HT/c. 

JloKaJibHaSI ceTb OH.SIM 

B 2009 r. JIOKaJibHaH ceTh OHHH o6be)].HHHJia 6785 KOMnhIOTe
poB H Bbl'-IHCJIHTeJibHbIX Y3JIOB (B 2003 r. - 4506). C pocTOM '-IHCJia 
3JieMeHTOB ceTH CTaJIH np051BJI51TbC51 TPYAHOCTH KaK B ynpaBJieHHH, 
TaK H B o6ecne'-IeHHH Ha)].eiKHOfO ee <pyHKU.HOHHpOBaHH51. lfro6bi 
pa3peWHTb B03HHKWHe npo6JieMbl, 6bIJia npo)].eJiaHa 60JibWa51 pa-
6oTa no nocTpoeHHIO Ha)].eiKHOH H 3aW.HW.eHHOH BblCOKOCKOpOCTHOH 
ceTH OHHH; o6ecne'-IeHHe ee 6ecnepe6011Ho11 pa6oThI CTaJio O.LI.HOH 
H3 ocHOBHbIX 3a)].a'-I ceTeBOH cJiyiK6b1 JIHT. 

MarnCTpaJibHaH ceTh JIBC OHHH Ha ocHoBe TeXHOJIOrHH 
Gigabit Ethernet 6h1Jia BBe)].eHa B CTpo11 B 2004 r. B 2005 r. pa-
6oTa cneu.HaJIHCTOB JIHT no C03)].aHHIO 3TOH ceTH 6bIJia OTMe'-IeHa 
nepBOH npeMHeH OHHH. B 2007 r. 6hIJia npoBe,ll.eHa cepbe3HaH 
MO)].epHH3aU.HH annapaTHbIX cpe)].CTB MarncTpaJihHOH ceTH OHHH. 
Ha pHc. 2 npHBe)].eHa cxeMa JIOKaJibHOH ceTH OHHH (cocTOH
HHe Ha KOHeu. 2009 r.). B 2009 r. 6b!JIO 3apernCTpHpOBaHO 3645 
noJib30BaTeJieH JIBC OHHH, 6oJiee 1500 noJih30BaTeJieH cepBHca 
mail.jinr.ru H OKOJIO 1300 nOJib30BaTeJieH y.LI.aJieHHOro )].OCTyna. 
CBbIWe 120 ceTeBbIX Y3JIOB MOHHTOpHpyeTCH KpyrnocyTO'-IHO. 3TO 
WJII03bl, cepBepa, onopHb!e KOMMYTaTOpbl H T. n. BHe)].peHHe HOBbIX 
CHCTeM 3aW.HTbl OT cnaMa n03B0JI51eT <pHKCHpoBaTb ,ll.O MHJIJIHOHa 
cnaM-COo6meHHH B cyTKH Ha u.eHTpaJibHbIX nO'-ITOBb!X cepBepax. 

O)1.Ha H3 BaiKHbIX 3a,ll.a'-I ceTeBOH cJiyiK6h1 JIHT - 3TO o6ec
ne'-IeHHe 6e3onacHOCTH JIOKaJibHOH ceTH OHHH. ,II.JIH 3aW.HTbI 
Bbl'-IHCJIHTeJibHb!X H HH<pOpMaU.HOHHb!X cepBepoB, pa60'-IHX MeCT 
nOJib30BaTeJieH H aKTHBHOfO ceTeBoro o6opy)].oBaHH51 HCnOJib3yeTC51 
no)].XOA Authentication, Authorization, Accounting (AAA). B Te
'-IeHHe 2008-2009 rr. CHCTeMa AAA 6bJJia ycnewHO HHTerpHpOBaHa 
B pa3pa60TaHHbIH B JIHT nporpaMMHhIH npOAYKT IPDB - ceTe-
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BYIO 6a3y ,l],aHHbIX C MHO)KeCTBeHHbIMH cpyHKUHHMH MOHHTOpHHra H 
ynpaBJieHHH Ha OCHOBe IP-a,ll,pecoB. TTporpaMMa IPDB cTaJia ocHOB
HbIM HHCTpyMeHTOM ,l],JIH ceTeBbIX H CHCTeMHbIX a,ll,MHHHCTpaTOpOB. 
B 6JIH)Katiw11x nJiaHax - no3TanHaH MO,ll,epHH3aUHH JIOKaJihHOti 
ceTH , CBH3aHHaH C nepeXO,ll,OM Ha CKOpOCTb 10 f6HT/C. 

Hmf>opMau;uoHHO-BbPIHCJIHTeJibHbIH K0MnJieKc OH.SIU 

Pa3BHTHe UeHTpaJihHoro HHcpopMaUHOHHO-BbilJHCJIHTeJibHOro 
KOMnJieKca OI15II1 6a311pyeTCH Ha pacnpe,ll,eJieHHOH MO,ll,eJIH 
xpaHeHHH H o6pa60TKH ,ll,aHHb!X. TaKaH MO,l],eJib cornacyeTCH 
C COBpeMeHHOH KOHuenu11eti C03,ll,aHHH ueHTpOB o6pa6oTKH 
HH<pOpMaUHH ,l],JIH HaytJHb!X HCCJie,l],OBaHHH, OCHOBaHHOH Ha 
npHMeHeHHH rpH,ll,-TeXHOJIOrHH . Tpe6oBaHHH 3KCnepHMeHTOB Ha 
6oJibWOM a,ll,pOHHOM KOJIJiati,ll,epe (LHC) crnMyJI11py10T pa3BHTHe 
rno6aJibHOH rpH,ll,-HHcppaCTPYKTYPbI O,ll,HOBpeMeHHO c pecypCHbIMH 
ueHTpaMH B COTPYAHHtJaJOJJJ.HX opraHH3aUHHX. TTocKOJihKY Pocc11H 
11 OI15II1 BHeCJIH 3aMeTHbIH HHTeJIJieKTyaJibHbIH 11 MaTep11aJibHb1ti 
BKJia,ll, B C03,ll,aHHe 3Kcnep11MeHTaJibHhIX ycTaHOBOK Ha LHC, TO 
,ll,JIH o6ecnetJeHHH ycJIOBHH 3cpcpeKTHBHOH o6pa60TKH H aHaJIH3a 
,ll,aHHb!X Heo6xo.n.HMO 6b!JIO 06be,l],HHHTb ycHJIHH no pa3BHTHIO H 
conpoBO)K,ll,eHHJO coBMeCTHOti rpH,ll,-HH<ppaCTpyKTYPhI . 

I1Hcpop_MaU,HOHHble TeXH0JI0rHH B OI15II1 95 

C 2003 r . COTPYAHHKH JII1T ytJacTByJOT B ABYX w11poK0Mac
WTa6HhIX Me)K,ll,yHapo,ll,HbIX npoeKTax - WLCG (Worldwide LHC 
ComputinG project - npoeKT no C03,ll,aHHIO, pa3BHTHIO H no,ll,
,ll,ep)KKe rno6aJibHOH BbllJHCJIHTeJibHOH HHcppacTyKTYPbl rpH,ll, ,l],JIH 
3Kcnep11MeHTOB Ha LHC) H EGEE (Enabling Grids for E-sciencE 
project - npoeKT no pa3BepThIBaHHJO rpHA ,ll,JIH e-HayKH). B paMKax 
ytJacrnH OI15II1 11 pocc11ticKHX HHCTHTYTOB B npoeKTe EGEE B 
2003 r. 6b1Jia C03,ll,aHa HaUHOHaJibHaH cpe,ll,epaUHH - pocCHHCKHH 
rp11.n. ,ll,JIH HHTeHCHBHbIX onepaUHH C ,ll,aHHblMH (Russian Data 
Intensive Grid - ROIG) . B HaCTOHJJJ.ee BpeMH HHcppacTpyKTypa 
ROIG o6be,ll,HHHeT 15 HaytJHbIX ueHTpoB, BKJIJOtJaH OI15II1, c 06-
JJJ.HM pecypcoM B 5000 npoueccopoB H 2000 T6atiT ,ll,HCKosoro 
npocTpaHCTBa. Ha KOHeu 2009 r. BbltJHCJIHTeJibHaH cpe,ll,a UI1BK 
OI15II1 co.n.ep)KaJia npHMepHo 1000 H,ll,ep, a ,ll,HCKosoe npocTpaH
CTB0 - 500 T6atiT. 

B CBH3H C np1106peTeHHeM B 2008-2009 rr. 60JibWOro K0JIH
tJeCTBa cospeMeHHbIX BbllJHCJIHTeJibHbIX Y3JI0B H ,ll,HCK0BbIX cepse
poB ,ll,JIH xpaHeHHH .n.aHHblX 6bIJia npose,ll,eHa Kap,ll,HHaJibHaH ne
pecTpotiKa cTpyKTYPbI H opraH113au1111 UI1BK OI15II1. OHa Koc
HyJiacb npaKTHtJeCKH scex 6a30BbIX 3JieMeHT0B UI1BK: c11cTeMbI 
6ecnepe6otiHoro nHTaHHH, o6opy,ll,oBaHHH 11 apXHTeKTYPbI JI0KaJib
HOH ceTH, CHCTeMbl xpaHeHHH ,ll,aHHbIX, CHCTeMbl BbllJHCJIHTeJibHblX 
Y3JIOB 11 T. ,ll,. Ha1160Jiee TPYAHOH 3a,ll,atJeti 6b1Jia HacTpotiKa scero 
nporpaMMHOro K0MTTJieKca, ero K0MTTOHeHT0B H cepBHC0B .ll.JIH Toro, 
tJT06b1 K0MnJieKc UI1BK pa6oTaJI c MaKCHMaJibH0ti 3cpcpeKTHBHO
cThJO. 3Ta CJIO)KHetiwaH 3a,ll,atJa 6bIJia C 6JieCKOM peweHa CHCTeM
HblMH a,ll,MHHHCTpaTOpaMH JII1T . . 

B npouecce peaJI113au1111 npoeKT0B WLCG 11 EGEE s OI15II1 
6bIJia nocTpoeHa rpH,ll,-cpe,ll,a, KOT0paH 0TBetJaeT Tpe6osaHHHM 3KC
nepHMeHT0B Ha LHC. B 2009 r. catiT OI15II1 HMeJI JIYtJWHe 
noKa3aTeJIH s ROIG, a cpe,ll,11 scex ueHTpos HHcppacTpyKTYPbI 
WLCG/EGEE 3aHHMaJI MecTO s nepsoti ,ll,eCHTKe. 

MaTeMaTH1:leCKcUI H aJII'0pHTMH1:leCKcUI no.a.zr.eplKKa 
uccJie~oeaHuu: OH.SIU 

Pa3BHTHe H npHMeHeHHe cospeMeHHblX MeTO,ll,OB BbllJHCJIHTeJib
HOH MaTeMaTHKH H BbllJHCJIHTeJibHOH <pH3HKH ,ll,JIH peweHHH cne
UH<pHtJeCKHX 3a,ll,alJ, B03HHKa!OJJJ.HX B 3KCnepHMeHTaJibHbIX H Te0-
peTHlJeCKHX HCCJie,ll,OBaHHHX OI15II1 B o6JiaCTH <pH3HKH tJaCTHU, 
H,ll,epHOH <pH3HKH H <pH3HKH KOH,ll,eHCHposaHHbIX cpe,ll,, HBJIHeTCH 
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o.u.Hofi H3 rnaBHhIX sa.u.aq Jil1T. 3Ta TeMaTHKa BKJIIO'laeT cneKTP 

HCCJie,!J.OBaHHH, HaU.eJieHHbIX Ha paspa60TKY MaTeMaT.H'leCKOfO onH

caHHH H anropHTMH'leCKY!O nepecpopMynHpOBKY cpH3H'leCKHX MO,!J.e

JieH, o6ecne'IHBa!OlllHX nonyqeHHe peweHHH sa peaJibHoe speMH, Ha 

C03,!J.aHHe MeTO,!I.0B H aJiropHTMOB o6pa60TKH H aHaJIH3a 3KCnepH

MeHTaJibHbIX .u.aHHbIX, Ha MO,!J.eJIHpOBaHHe cpH3H'leCKHX npou.eccos 

B 3KCnepHMeHTaJihHhIX ycTaHOBKax, Ha pa3BHTHe 3cpcpeKTHBHbIX H 

Ha,!J.e2KHbIX nporpaMMHbIX KOMnJieKCOB, a.u.eKBaTHbIX cospeMeHHO

MY annapaTHOMY 0Kpy2KeHmo. Haqano Hccne.u.osaHHHM s o6nacTH 

Bbl'IHCJIHTeJibHOH MaTeMaTHKH 6bIJIO nOJI02KeHO B pa60TaX npocp. 

E. Il )KH,!J.KOBa, a B o6JiaCTH MaTeMaTH'leCKOH o6pa60TKH 3KCnepH

MeHTaJibHbIX .u.aHHhIX ,- B pa60TaX H. H. fosopyHa. 

3a fO,!J.hl cymecTBOBaHHH Jia6opaTOpHH CJIO)KHJICH YHHKaJibHbIH 

KOJIJieKTHB q:>H3HKOB, MaTeMaTHKOB H nporpaMMHCTOB, cnoco6HbIH 

pewaTb CJIO)KHeHWHe sa.u.a'IH, B03HHKa!OmHe B 3KCnepHMeHTaJibHbIX 

H TeopeTH'leCKHX pa60TaX, se.u.ylllHXCH B 011.H11, Bbl'IHCJIHTeJibHbie 

npo6JieMbl KOTOpbIX Tpe6y!OT oco6oro BHHMaHHH H HeCTaH,!I.apTHbIX 

no,!J.XO,!J.OB. O6pa60TKa H aHaJIH3 .u.aHHhIX, nonyqaeMbIX Ha cospe

MeHHhIX 3KcnepHMeHTaJihHblX' ycTaHOBKax, HY2K.U.a!OTCH B paspa-

60TKe HOBbIX CTpaTerHH H nO,!J.XO,!J.OB, OTBe'la!OlllHX TaKHM oco6eH

HOCTHM, KaK ,!J.HCKpeTHOCTb H306pa2KeHHH, CJI02KHOCTb HsyqaeMbIX 

CTPYKTYP, 6oJihWOH o6beM aHaJIH3HpyeMhIX .u.aHHhIX, pacnosHasa

HHe B ycJIOBHHX 60JibWOH sawyMJieHHOCTH HCCJie.u.yeMbIX o6beKTOB 

H T.,!J.. . 

B 3TOM nJiaHe CTpinernqeCKH Ba)KHbIM .HBJIHeTCH Hanpasne

HHe no paspa60TKe HOBbIX MaTeMaTH'leCKHX MeTO,!J.OB ,!J.JIH peweHHH 

KpynHOMacwTa6HhlX. sa.u.aq B o6JiaCTH cpH3HKH qacTHU. H peJIH

THBHCTCKOH . H,!I.epHOH q:>H3HKH, C03,!J.aHHe nporpaMMHOro o6ecneqe

HHH ,!J.JIH o6pa6oTKH 60JibWHX 06-beMOB pacnpe.u.eJieHHblX ,!J.aHHbIX 

H, KOHe'IHO, cos.u.aHHe npoMe2KyTO'IHoro nporpaMMHoro o6ecne

'leHHH ,!J.JIH npose.u.eHHH 3cpcpeKTHBHbIX BbICOKonpOH3B0,!J.HTeJihHblX 

Bbl'IHCJieHHH. ,llJIH BbinOJIHeHHH TaKHX pa6oT He06XO,!J.HMO TeCHOe 

COTPY.U.HH'leCTBO C cpH3H'leCKHMH rpynnaMH, KOTOpbie noMora!OT 

KoppeKTHO ccpopMyJIHposaTh MaTeMaTH'leCKY!O noCTaHOBKY 3a,!J.a'IH, 

npoBeCTH ee ,!J.eTaJihHYIO npopa60TKY BMecTe co cneu.HaJIHCTaMH B 

o6JiaCTH Bhl'IHCJIHTeJibHOH q:>H3HKH H BbinOJIHHTb COBMeCTHbIH aHa

JIH3 nonyqaeMbIX pesyJihTaTOB. TipHMepoM TaKoro B3aHMO,!J.eHCTBHH 

CTaJIH pa60Tbl no C03,!J.aHH!O pacnpe.u.eJieHHOH CHCTeMbl peaJibHOro 

speMeHH .U.JIH c6opa H o6pa6oTKH .u.aHHhIX 3KcnepHMeHTa ATLAS. 

,llpyrnM nepcneKTHBHhlM npoeKTOM HBJIHeTCH .u.aJibHefiwee pas

BHTHe HHTepaKTHBHOH cHcTeMhI HEPWEB H ee HHTerpaU.HH s CH-
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cTeMy pacnpe.u.eneHHOH o6pa6oTKH. B nepcneKTHBHhIX nnaHax -

pasBHTHe H HcnoJib30BaHHe HEPWEB .U.JIH sa.u.aq 3KcnepHMeHTa 

ATLAS, B TOM 'IHCJie ,!J.JIH Hccne.u.osaHHH pacna.u.os xHrrcos, pe,!I.KHX 

pacna.u.os Tay-nemoHa, sa.u.aq SUSY H T . .u.. 
B Tpa.u.HU.HOHHOM ,!J.JIH Jil1T HanpaBJieHHH - paspa6oTKe cne

U.HaJIH3HpoBaHHOro nporpaMMHOrO o6ecneqeHHH ,!J.JIH BHOBh cos.u.a

saeMbIX 3KcnepHMeHTaJibHbIX ycTaHOBOK - npOBO,!J.HJIHCb HCCJie,!J.O

BaHHH no paspa6oTKe 3cpcpeKTHBHbIX MeTO,!J.OB aHaJIH3a 3KCnepH

MeHTaJihHbIX .u.aHHhIX C HCnOJib30BaHHeM CTaTHCTH'leCKHX MeTO,!J.OB, 

MeTo.u.os MoHTe-Kapno, HCKyccTseHHhIX HefipoHHhIX ceTefi, KJieTo'I

HhIX aBTOMaTOB H .u.p. 

B Ka'leCTBe TaKoro npHMepa MO)KHO npHBeCTH 3KcnepHMeHT 

CBM s GSI (fepMaHHH) Ha ycKopHTeJihHOM KOMnJieKce FAIR, s 

no.u.rOJOBKe KOTOporo yqacTByeT rpynna Jil1T. B 3TOM 3KcnepHMeH

Te 6oJihWaH MH02KeCTBeHHOCTb BTOpH'IHbIX qacTHU. H HeO,!J.HOpO,!I.HOe 

MarHHTHOe .none 3Ha'IHTeJibHO ycJIO)KHH!OT sa.u.aqy H3BJie'leHHH H 

aHaJIHsa pe,!I.KHX npou.eccos. Cneu.HaJIHCTaMH Jil1T paspa6oTaHhI 

3cpcpeKTHBHhie anropHTMbl pacnosHaBaHHH TpeKOB B .u.eTeKTOpe ne

peXO,!I.HOro H3JiyqeHHH (TRD), anropHTMbl HaXO)K,!J.eHHH KOJieU. B 

.u.eTeKTOpe qepeHKOBCKOro H3JiyqeHHH (RICH), pa3BHTbl MeTO,!J.bl 

H.U.eHTHq:>HKaU.HH qacrnu. c noMOlllh!O .u.eTeKTopos TRD H RICH 

H T. ,!I.. Paspa6oTaHHbie anropHTMbl BKJl!O'leHbl s nporpaMMHOe o6ec

neqeHHe 3KcnepHMeHTa CBM. 

B 1960-e rr. s JIBTA 11. H. CHJIHHhIM 6hIJI paspa6oTaH Me

TO.U. MHHHMH3aU.HH KBa.u.paTH'IHbIX cpyHKU.HOHaJIOB H C03,!J.aH COOT

BeTCTBY!OlllHH naKeT FUMILI, KOTOphIH nony'IHJI o6mecTBeHHoe 

npH3HaHHe H WHpOKOe npHMeHeHHe B sa.u.aqax o6pa60TKH 3KCne

pHMeHTaJibHbIX .u.aHHhlX. B HaCTOHlllee speMH B Jil1T peaJIH30BaHa 

<<napaJIJieJihHaH>> sepCHH 3TOro naKeTa, C nOMOlllh!O KOTOpOH MO)KHO 

npOBO,!I.HTb pac'leTbl Ha cpepMax ,!J.JIH napaJIJieJihHbIX Bbl'IHCJieHHH. 

O.u.HHM H3 OCHOBHbIX no.u.xo.u.os ,!J.JIH 'IHCJieHHOro HCCJie,!J.OBaHHH 

nepeXO,!I.HhIX H KpHTH'leCKHX npou.eccos B cpH3H'leCKHX MO,!J.eJIHX 

CJI02KHblX CHCTeM HBJIHeTCH o6o6meHHhIH HenpepbIBHbIH aHaJior 

MeTO.u.a Hb!OTOHa (HAMH). 3TOT no.u.xo.u. ycnewHo pasBHBaeT

CH B na6opaTOpHH 6onee TpH.u.u.arn JieT. 3a 3TO speMH HAMH 

npespaTHJICH B MOlllHhIH HHCTpyMeHT nocTpoeHHH 3cpcpeKTHBHbIX 

Bhl'IHCJIHTeJibHbIX cxeM ,!J.JIH peweHHH pasHoo6pa3HbIX HeJIHHeHHbIX 

sa.u.aq, B03HHKa!OlllHX B cpH3HKe. 

B Te'leHHe nocne.U.HHX JieT s coTpy.U.HH'lecTBe c JI.HP nposo.u.H

JIHCh paspa60TKa H 'IHCJieHHOe HCCJie,!J.OBaHHe MO,!J.eJieH TenJIOBbIX 

H TepMoynpyrnx npou.eccos BO B3aHMO,!J.eHCTBHHX TH)KeJiblX HOHOB 

4 0115111 - 55 JleT 
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C MaTepHaJiaMH. 9TH pa60Tbl CBH3aHbl C HOBb!M nepcneKTHBHb!M 

HanpaBJieHHeM - qiopMHpOBaHHeM HaHOCTPYKTYP B MaTepHaJiax 

npH o6JiytieHHH HX TH:>KeJib!MH HOHaMH Bh!COKHX 3Heprnfi. 

TTpoBOAHJIHCb HCCJieAOBaHHH B o6JiaCTH KOMnbIOTepHOH aJire6-

pbl, B TOM llHCJie conpOBO:>KAeHHe H pa3BHTHe naKeTOB KOMnhIOTep

HOH aJire6pbI Maple H Mathematica. DhIJIH pa3pa6oTaHhI HOBbie aJI

ropHTMbI AJIH peweHHH CHCTeM aJire6paHtieCKHX H AHcfiqiepeHI . .{HaJib

Hb!X ypaBHeHHH. ,llaJibHefiwee pa3BHTHe noJiytIHJIH MeTOAhl nocTpo

eHHH HHBOJIIOTHBHb!X 6a3HCOB AJIH npHBeAeHHH yKa3aHHb!X CHCTeM 

K KaHOHHtiecKoMy BHAY- CoBMecTHo c TexHHtiecKHM yHHBepcttTe

TOM r. Epecrn (EeJiopyccHH) H YHHBepCHTeTOM npHKJiaAHh!X HayK 

r. BafiHrapTeH (fepMaHHH) B paMKax naKeTa Mathematica pa3pa-

6ornHa nporpaMMa AJIH MOAeJIHpoBaHHH KBaHTOBb!X BblllHCJieHHH. 

Oco6oe MecTO B npo6JieMaTHKe Jia6opaTOpHH 3aHHMaIOT Bonpo

CbI, CBH3aHHhie C HCCJieAOBaHHHMH B o6JiaCTH HaHOTeXHOJIOrHH. 9Ta 

HOBaH AJIH .TIHT o6JiaCTh BKJIIOtiaeT rnttpoKHH cneKTp 3aAatI, KOT0-

pb1e Tpe6yIOT pa3BHTHH HOBb!X TeopeTHtieCKHX H BhlllHCJIHTeJibHh!X 

nOAXOAOB. B llaCTHOCTH, pa3pa60TaH aJiropHTMHlleCKHH nOAXOA, 

OCHOBaHHh!H Ha AHCKpeTHOM rpynnOBOM aHaJIH3e H peaJIH30BaHHb!H 

B BHAe nporpaMM Ha H3h!Ke C, K MOAeJIHpoBaHHIO AHCKpeTHb!X 

CHCTeM c HeTpHBHaJihHh!MH CHMMeTpHHMH. 9TOT nOAXOA npHMeHHM, 

HanpHMep, AJIH MOAeJIHpoBaHHH TaKHX HaHOCTPYKTyp, KaK rpaqieHbl 

H cfiyJIJiepeHbl, a TaK:>Ke PHAa Apyrnx Ba:>KHb!X yrne(BOAO)pOAHb!X 
MOJieKyJI. 

CJieAyeT OTMeTHTb H pa60Tbl, npOBOAHMhie COBMeCTHO C .TIH<I>, 

no MOAeJittpoBaHHIO CTPYKTYPbI H CBOHCTB opraHHtieCKHX H 6ttoJio

rnqecKHX MaTepHaJIOB B paMKax 3KCnepHMeHTOB no MaJioyrJIOBOMY 
pacceHHHIO HeHTpOHOB. 

HoBb!M HanpaBJieHHeM HCCJieAOBaHHH Jia6opaTOpHH B nocJieA

HHe fOAhl CTaJIH pa6oTbl B o6JiaCTH BhlllHCJIHTeJibHOH 6ttocfiH3H

KH, 6HOHHcfiopMaTHKH H 6HOCeHCOpHb!X (HaHO)TeXHOJIOrHH. Pa60Tbl 

BeAyTcH B COTPYAHHtiecTBe c 11HCTHTYTOM 6eJIKa PAH H 11H

CTHTYTOM TeopeTHtiecKofi H 3KcnepHMeHTaJihHOH 6ttoqitt3HKH PAH 

(TTyW.HHO). B paMKaX npOBOAHMb!X HCCJieAOBaHHH pa3pa60TaH HO

Bb!H nporpaMMHbIH npOAYKT AJIH pactieTa, nocTpoeHHH H aHaJIH3a 

KapT peJibecfla H cfiyHKU.HOHaJibHOH OKpaCKH noBepxHOCTH cnHpaJib

Hh!X MOJieKyJI ,llHK, PHK, 6eJIKOB H HX KOMnJieKCOB Ha ocHoBe 

Hx npocTpaHCTBeHHhIX cTpyKTYP BhICOKoro aTOMHoro pa3peweHHH. 

Pa3pa6oTaH MeTOA BblllHCJieHHH 3JieKTpOCTaTHlleCKHX noTeHU.HaJIOB 

6ttonoJIHMepoB H HaAMOJieKyJIHpHbIX CTPYKTYP, ocHoBaHHhIH Ha pe

weHHH HeJIHHefiHoro ypaBHeHHH TTyaccoHa-EoJihU.MaHa c nOMOlll.hIO 
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Bb!COK03cficfieKTHBHOfO MHOroceTOllHOfO KOHetIHo-pa3HOCTHOfO Me

TOAa,. npHrOAHOro AJIH pactieTOB noTeHU.HaJIOB npoTH:>KeHHb!X KBa-

3HOAHOMepHb!X (AJIHHHb!X yqaCTKOB ABycnttpaJibHOH ,llHK) H KBa-

3HAByMepHb!X {6HOJIOrHtieCKHX MeM6paH H HaHOCJIOeB) CTPYKTYP

B paMKax 3aAatIH no npoeKrnpoBaHHIO 6ttoceHcopoB C03AaH cyw.e

cTBeHHhIH 3aAeJI no MOAeJittpoBaHHIO B3aHMOJI.eikrBHH qiepMeHTOB c 

IlOJIH3JieKTpOJIHTaMH H 6eJIKOB B HaHOCJIOHX. Pa3pa6oTaHa KOHU.en

U.HH cneu.HaJIH3HpOBaHHOH 3KCnepTHOH CHCTeMbl, Heo6XOAHMOH npH 

npoeKTHpOBaHHH 6HOCeHcopoB C 3aAaHHb!MH CBOHCTBaMH. 

B HOBOM ceMHJieTHeM nJiaHe OHHH cqiopMyJittpoBaHa 3aAatia 

paAHKaJibHOro YJIYtillleHHH TeJieKOMMYHHKaU.HOHHb!X KaHaJIOB CBH-

3H co CTpaHaMH-ytiaCTHHU.aMH OHHH H qiopMHpOBaHHH eAHHOH 

rpHA-HHqipacTpyKTYPhl CTpaH-ytiaCTHHU. H acCOU.HHpoBaHHb!X qJie

HOB OHHH. 9Ta pa6orn noTpe6yeT 6oJihlllHX ycttJIHH He TOJihKO 

co CTOpOHbl .TIHT, HO H Ha (<MeCTaX>> - B CTpaHax-yqacTHHU.aX. 

,llJIH peaJIH3aU.HH yKa3aHHOH 3aAatIH pa3pa6oTaHa KOHU.enU.HH pa3-

BHTHH COBMeCTHOH ceTH HHqiopMaU.HOHHO-BblllHCJIHTeJihHOH cpeAbl, 

BKJIIOtiaIOrn.efi TPH 6a30Bb!X ypOBHH - ceTeBOH, pecypcHb!H H npH

KJiaAHOH. TaKaH cpeAa n03BOJIHT BCeM yqacTByIOW.HM CTOpOHaM 3cfi

cfieKTHBHO HCnOJib30BaTb rpHA~HHqipacTpyKTYPY B peweHHH MHOrHX 

cfiYHAaMeHTaJibHb!X H npHKJiaAHb!X 3aAatI, ycnewHaH peaJIH3aU.HH 

KOTOpbIX HeB03MO:>KHa 6e3 npHMeHeHHH BhlCOKonpoH3BOAHTeJibHbIX 

BblllHCJieHHH, HOBb!X nOAXOAOB B npoBeAeHHH pacnpeAeJieHHb!X H 

napaJIJieJibHb!X pactieTOB H HCnOJib30BaHHH pacnpeAeJieHHb!X CH

CTeM xpaHeHHH AaHHb!X. 

4* 



· JIABOPATOPM.H 

PA,LJ;MAI.(MOHHOH BMOJIOfMM 

B moHe 2005 r. peweHHeM ,ll,HpeKI.lHH, YLieHoro coBeTa H Ko

MHTeTa nOJIHOMO'-IHhIX npe,ll,cTaBHTeJieti: Ol1.Hl1 Ha 6aae OT,LJ,eJieHHH 

pa,ll,HaI.lHOHHhIX H pa,ll,H06HOJIOrHI.JeCKHX HCCJie,LJ,OBaHHH 6bIJia C03,LJ,a

Ha Jia6opaTOpHH pa,ll,HaI.lHOHHOH 6HOJIOrHH (JIP5). 3TO co6bITHe 

CTaJIO 3aKOHOMepHblM peayJihTaTOM ,ll,JIHHHoro nyTH cpopMHpoBaHHH 

O,ll,Horo H3 paa,LJ,eJIOB cpyH,ll,aMeHTaJibHOH 6HOJIOfHH H npH3HaHHeM 

6oJihrnoro BKJia,LJ,a cneI.lHaJIHCTOB-pa,LJ,H06HoJioroB Ol1.Hl1 B pewe

HHe Ba)KHhIX HayLIHhIX aa,LJ,aI.J. Ol1.Hl1 npe,LJ,ocTaBJIHeT yHHKaJihHhie 

B03MO)KHOCTH ,ll,JIH pa,ll,H06HOJIOrHI.JeCKHX HCCJie,LJ,OBaHHH, nOCKOJihKY 

o6Jia,LJ,aeT WHpoqafl:wHM cneKTpOM CaMblX pa3HOo6pa3HhIX HCTOI.J

HHKOB HOHH3HPYIOII.lHX H3JiyI.JeHHH, BhICOKOKBaJIHqJHI.lHPOBaHHhlMH 

Ka,ll,paMH <pH3HKOB H HH)KeHepoB, Heo6XO,ll,HMOH annapaTypoti:. ¢aK

TH'-IeCKH HH B O,ll,HOH CTpaHe-yI.JaCTHHI.le Ol1.Hl1 HeT 6oJiee y,LJ,o6Horo 

H <pH3HI.JeCKH OCHameHHoro ,ll,JIH npoBe,LJ,eHHH pa,ll,H06HOJIOfHI.JeCKHX 

ttccJie,LJ,oBaHHH HayLIHoro I.leHTpa. ITo3ToMy B o6JiaCTH HayI.JeHHH 

6HOJIOrHI.JeCKHX 3<p<peKTOB HOHH3HPYIOII.lHX H3JiyI.JeHHH C pa3Hb!MH 

<pH3HI.JeCKHMH xapaKTepHCTHKaMH l1HCTHTYT C nOJIHbIM npaBOM MO

)KeT npeTeH,LJ,OBaTb Ha JIH,ll,epcTBo B ,LJ,aHHOH HayI.JHOH o6JiaCTH cpe,ll,H 

,ll,pyrnx HayI.JHhIX opraHH3aI.lHH PocCHH H CTpaH-yI.JaCTHHI.l Ol1.Hl1. 
3apH)KeHHh!e I.JaCTHI.lhl Bb!COKHX 3Heprnti: HBJIHIOTCH 3<p<peKTHB

Hb!M HHCTpyMeHTOM ,ll,JIH BhlHCHeHHH cpyH,LJ,aMeHTaJibHhIX BonpocoB 

pa,ll,HallHOHHOH 6HOJIOrHH. Ha ycKopHTeJIHX Ol1.Hl1 npOBO,ll,HTCH 

<pyH,LJ,aMeHTaJibHhie HCCJie,LJ,oBaHHH 3aKOHOMepHOCTeti: H MexaHH3MOB 

6HOJIOfHI.JeCKOro ,LJ,eHCTBHH TH)KeJibIX aapH)KeHHhIX I.JaCTHI.l pa3JIHI.J

Hh!X 3Heprnti:. OHH HanpaBJieHbl Ha H3yI.JeHHe cneI.lH<pHKH noBpe

)K,ll,aIOmero ,LJ,eti:cTBHH Ha .LI.HK KJieToK, BhIHcHeHHe MexaHH3MOB 

JieTaJibHhlX H MyTareHHh!X 3<p<peKTOB o6JiyI.JeHHH. C HCnOJih30BaHH

eM ycKopeHHhlX TH)KeJiblX HOHOB 6bIJia peweHa O,ll,Ha H3 I.leHTpaJib

Hh!X 3a,LJ,aq B pa,ll,HallHOHHOH 6HOJIOrHH - npo6JieMa OTHOCHTeJib

HOH 6HOJIOrHI.JeCKOH 3<p<peKTHBHOCTH (053) H3JiyI.JeHHH, BhlHCHeHbl 

MeXaHH3Mbl MyTaI.lHOHHoro npol.lecca y KJieTOK npo- H 3YKapHOT, 
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BhlHBJieH xapaKTep noBpe)K,LJ,eHHH .LI.HK KJieTOK H aaKOHOMepHOCTH 

HX penapaI.lHH. 

TTepBbie pa,ll,H06HOJIOrHI.JeCKHe 3KCnepHMeHThl B Ol1.Hl1, HHHI.lH

HpOBaHHbie cneI.lHaJIHCTaMH l1HCTHTyTa rnrneHbl Tpy,ll,a H npocpec

CHOHaJibHhIX aa6oJieBaHHH AMH CCCP, 6hIJIH HaI.JaThI B ,LJ,aJieKoM 

1959 r. Ha CHHXpOI.lHKJIOTpOHe Jia6opaTOpHH H,ll,epHblX npo6JieM. 

C HaI.JaJIOM KOCMHI.JeCKOH 3pbl H OCBOeHHH OKOJI03eMHOro KOCMH

qecKoro npocTpaHCTBa B03HHKJia OCTpaH He06XO,ll,HMOCTh OI.leHKH 

onacHOCTH 6HOJIOfHI.JeCKoro ,LJ,eHCTBHH KOCMH'-IeCKHX H3JiyI.JeHHH H 

npe)K,LJ,e Bcero npOTOHOB BbICOKHX 3Heprnti:. PewHTb 3TY 3a,LJ,aI.Jy 

CTaJIO B03MO)KHbIM B Ha3eMHbIX ycJIOBHHX, o6JiyLiaH 6HOJIOrHI.JeCKHe 

o6beKThl Ha CHHXpOI.lHKJIOTpOHe JI51IT, reHepHpyIOII.leM nyLIKH npo

TOHOB c 3Heprneti: ,ll,O 660 M3B. UeJihIO ,LJ,aHHhIX pa6oT HBJIHJIOCh 

ycTaHOBJieHHe BeJIH'-IHHhl 053 npOTOHOB pa3JIH'-IHhIX 3Heprnti:, T. e. 

HaCKOJibKO 6oJiee (HJIH MeHee) 3q>q>eKTHBHhl BhICOK03HepreTHI.JHbie 

npoTOHbl no cpaBHeHHIO C peHTreHOBCKHM HJIH ,-H3JiyI.JeHHeM npH 

,LJ,eti:cTBHH Ha )KHBhie opraHH3MhI. Ha 3TOM ycKopHTeJie coTpy,ll,HHKH 

C03,LJ,aHHOro B 1963 r. no HHHI.lHaTHBe aKa,LJ,eMHKOB C. IT. KopoJieBa H 

H.M.CHcaKHHa l1HCTHTyTa Me,ll,HK0-6HOJIOfHI.JeCKHX npo6JieM M3 

CCCP npoBO,ll,HJIH 3KcnepHMeHThI no o6JiyI.JeHHIO MeJIKHX H Kpyn

HhIX Jia6opaTOpHbIX )KHBOTHbIX (KpbIC, MbIWeH, co6aK H ,LJ,a)Ke o6e-

3bHH), pacTHTeJihHhIX 06beKTOB, a TaK)Ke KYJihTHBHpyeMbIX KJieTOK 

MJieKOnHTaIOII.lHX H qeJIOBeKa npoTOHaMH C 3HeprnHMH OT 25 ,ll,O 

645 M3B. ITOMHMO cneI.lHaJIHCTOB B o6JiaCTH KOCMHI.JeCKOH pa,ll,H0-

6HOJIOfHH Ha 6aae O6be,ll,HHeHHOro HHCTHTyTa pa6oTaJia rpynna 

pa,ll,H06HOJIOfOB - COTpy,ll,HHKOB BcecOI03HOro OHKOJIOrHI.JeCKOro Ha

YLIHOro u,eHTpa (BOHU) AMH CCCP. B 1966 r. no HHHI.lHaTHBe 

B. IT. ,lJ,)KeJienoBa Ha CHHXPOI.lHKJIOTpOHe JI51IT 0115111 6b!JIH HaI.Ja

Thl pa60Tbl no C03,ll,aHHIO nepBoro B CCCP npoTOHHOro Me,ll,HI.lHH

CKoro nyLIKa ,ll,JIH o6JiyI.JeHHH OHKOJIOrHI.JeCKHX 60JihHbIX. 

5HOJIOrHI.JeCKHe HCCJie,ll,OBaHHH B 0115111 c KOHi.la 1978 r. HaI.JaJIH 

ycneWHO pa3BHBaTbCH cneI.lHaJIHCTaMH-6HOJIOraMH, pa6oTaIOII.lHMH 

Henocpe,ll,CTBeHHO B 0115111, B C03,ll,aHHOM ceKTOpe 6HOJIOrHI.JeCKHX 

HCCJie,ll,OBaHHH Jia6opaTOpHH H,ll,epHbIX npo6JieM. l1HHI.lHaTOpOM co-

3,ll,aHHH ceKTOpa 6HOJIOrHI.JeCKHX HCCJie,ll,OBaHHH HBJIHJICH ,ll,OKTOP 

qlH3HKO-MaTeMaTHI.JeCKHX HayK B.11. ,lJ,aHHJIOB - PYKOBO,ll,HTeJib 

OT,ll,eJia CHHXPOI.lHKJIOTpOHa JI51IT. BoarJiaBHJI ceKTOp npocpeccop 

B.11. Koporo,LJ,HH. OcHOBHOH aa,LJ,aI.Jeti: ceKTopa HBJIHJIOCh HayI.JeHHe 

BJIHHHHH nepeMeHHhIX MarHHTHbIX noJieH Ha pacTeHHH, 6aKTepHH H 

cparn, JIHMqlOI.lHTbl KpOBH I.JeJIOBeKa, HepBHbie KJieTKH (Ha MO,ll,eJIH 

Heti:pOHOB MOJIJIIOCKOB). B ceKTOpe npe,ll,nOJiaraJIOCb Ha'-IaTh npoBe-
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,n:eHHe H pa,n:H06HOJIOfHqecKHX HCCJie,n:oBaHHH C ycKopeHHbIMH rn:)Ke

JiblMH HOHaMH. ,[{JI.H opraHH3aU:HH pa6oT B 3TOM HanpaBJieHHH B Ha

qaJie 1980 r. 6bIJI npH:rJiaIIIeH CTapIIIHH HayqHbIH COTPY.ll:HHK I1HCTH

TyTa Me,n:HK0-6HoJiornqecKHX npo6JieM M3 CCCP E. A. KpacaBHH. 

OcHOBHOH 3a,n:aqefi 3THX pa6oT .HBJI.HJIOCb BbI.HCHeHHe MexaHH3MOB, 

onpe,n:eJI.H!OIII.HX pa3JIHqH.H B 6HOJiorHqeCKOH 3cpcpeKTHBHOCTH HOHH-

3HPY!OIII.HX H3JiyqeHHH C pa3HbIMH cpH3HqecKHMH xapaKTepHCTHKa

MH npH ,n:eHCTBHH Ha )KHBbie KJieTKH. B 3KCnepHMeHTax, BbinOJI

HeHHbIX Ha YCKOpHTeJI.HX T.H)KeJihIX HOHOB Jia6opaTOpHH .H,n:epHbIX 

peaKU:HH, 6bIJIO ycTaHOBJieHo, qTo 6HOJIOfHqeCKa.H 3cpcpeKTHBHOCTb 

HOHH3HpyiomHx H3JiyqeHHH pa3Horo KaqecTBa no HX JieTaJibHO

MY ,n:eficTBHIO Ha KJieTKH npo- H 3yKapHoT onpe,n:eJI.HeTc.H ,n:ByM.H 

cpaKTopaMH pa3JIHqHOH npHpO,n:hI: cpH3HqecKHMH xapaKTepHCTHKa

MH H3JiyqeHHH H 6HOJIOrHqecKHMH CBOHCTBaMH caMHX KJieTOK -

HX cnoco6HOCTb!O BOCCTaHaBJIHBaTbC.H OT JiyqeBhIX noBpe)K,QeHHH. 

fJiaBHbIH BbIBO,Q, c,n:eJiaHHbIH B pe3yJibTaTe npoBe,n:eHHbIX 3KCnepH

MeHTaJibHbIX H TeopeTHqecKHX HCCJie,n:oBaHHH, Ha OCHOBe qero 6bIJia 

peIIIeHa Ba)KHefiIIIa.H npo6JieMa pa,n:Ho6HOJIOrHH - npo6JieMa 053, 

3aKJI!OqaJIC.H B TOM, qTo cnoco6HOCTb K penapaU:HH noBpe)K,QeHHH 

,[{HK 3~BHCHT OT JIHHeHHOH nepe,n:aqH 3HeprHH (JII13), TaK KaK 

xapaKTep JieTaJihHbIX noBpe)K,n:eHHH TaK)Ke H3MeH.HeTC.H H .HBJI.HeTC.H 

3aBHCHMbIM OT Jlf13. 

PacIIIHpeHHe cneKTpa HCCJie,QOBaHHH B o6JiaCTH pa,n:H06HOJIOrHH 

Ha 6a30BbIX ycTaHOBKax OI1.HI1 Tpe6oBaJIO CTpyKTYPHOH peop

raHH3aU:HH no,n:pa3,n:eJieHHH, ocymecTBJI.H!OIII.HX 3TH HCCJie,QOBaHH.H. 

I1 B 1988 r. no HHHU:HaTHBe npocpeccopa E. A. KpacaBHHa ceKTop 

6HoJiorHqecKHX HCCJie,n:oBaHHH 6hIJI npeo6pa30BaH B OT,QeJI 6HOcpH-

3HKH JI.HTT. O,n:HHM H3 npHopHTeTHbIX HanpaBJieHHH pa60TbI OT

,n:eJia 6HO(pH3HKH B 3TOT nepHo,n: .HBHJIOCb H3yqeHHe MyTareHHOro 

,n:eHCTBH.H H3JiyqeHHH Ha KJieTKH BbICIIIHX 3yKapHOT, B TOM qHcJie 

qeJioBeKa. KaK 6b1JI0 BhI.HCHeHo, HOHH3Hpyioma.H pa,n:HaU:H.H HH,n:y

U:HpyeT HaH6oJiee IIIHpOKHH cneKTp MyTaU:HOHHOH H3MeHqHBOCTH 

no cpaBHeHHIO c .n:pyrHMH MyTareHaMH. OHa yBeJIHqHBaeT qacTOTY 

xpoMOCOMHbIX a6eppau:HH, reHHblX H reHOMHbIX MyTar..tHH. 

TTocJie ycneIIIHoro npoBe,n:eHH.H pa6oT no ycKopeHHIO T.H)KeJihIX 

.H,n:ep .n:o peJI.HTHBHCTCKHX 3HeprHH Ha CHHXpocpa30TpOHe Jia6opa

TOpHH BbICOKHX 3HeprHH H HaqaJia cpH3HqecKHX 3KCnepHMeHTOB Ha 

HYKJIOTpOHe 6bIJIH cnJiaHHpoBaHbI pa,n:H06HOJIOrHqecKHe 3KCnepH

MeHTbl Ha nyqKaX BbICOK03HepreTHqHbIX T.H)KeJibIX HOHOB. TTpoBe

,n:eHHe TaKHX pa6oT Tpe6oBaJIO cneu:HaJibHbIX cneKTpOMeTpHqecKHX 

H ,Q03HMeTpHqeCKHX HCCJie.QOBaHHH nyqKoB peJI.HTHBHCTCKHX T.H)Ke-
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JlbIX .H,n:ep. DOJibllIHM onhITOM B ,n:aHHOH o6JiaCTH o6Jia,n:aJIH co

Tpy,n:HHKH OT,n:eJia pa,n:HaU:HOHHOH 6e3onaCHOCTH H pa,n:HaU:HOHHblX 

HCCJie,n:oBaHHH (OPEHPI1) OI1.HI1. L{HpeKU:H.H OI1.HI1 no.n:.n:ep)KaJia 

HHHU:HaTHBY o6be.QHHeHH.H oT,n:eJia 6HO(pH3HKH JI.HTT H OPEHPI1 

B HOBOe CTpyKTypHoe no,n:pa3,n:eJieHHe I1HCTHTyTa - OT,n:eJieHHe 

pa.n:HaU:H0HHbIX H pa,n:H06HOJIOrHL!eCKHX HCCJie,n:oBaHHH (OPPI1), KO

TOpoe 6bIJIO C03,QaHO B 1995 r. 
OcHOBHOH 3a,n:aqefi OPPI1 .HBJI.HJIOCh npoBe,n:eHHe pa.n:HaU:HOH

HhIX H pa,n:H06HOJIOrHqecKHX HCCJie,n:oBaHHH B CJie,n:yIOIII.HX rJiaB

HbIX HanpaBJieHH.HX: H3yqeHHe B3aHMO,QeHCTBH.H H3JiyqeHHH C Be

mecTBOM H pa3pa6oTKa MeTO,QOB pa.n:HaU:HOHHOfO MOHHTOpHHra; 

H3yqeHHe reHeTHqecKoro ,n:eHCTBH.H HOHH3Hpy!OIII.HX H3JiyqeHHH C 

pa3HbIMH (pH3HqecKHMH xapaKTepHCTHKaMH; HCCJie,n:oBaHHe pa,n:Ha

U:HOHHOH o6cTaHOBKH B no,n:pa3,n:eJieHH.HX I1HCTHTyTa; pa3pa6oTKa H 

yqaCTHe B C03,QaHHH CHCTeM pa,n:HaU:HOHHOrO KOHTPOJI.H Ha BHOBb 

C03,QaBaeMhIX H peKOHCTpyHpyeMhIX (Mo,n:epHH3HpyeMhIX) .H,n:epHO- H 

pa,n:HaU:HOHHO-onacHhIX ycTaHOBKax H yqacTKaX OI1.HI1. 

B o6JiaCTH pa,n:H06HOJIOrHH 6hIJIO npo,n:OJI)KeHO H3yqeHHe MyTa

reHHOrO ,n:eficTBH.H H3JiyqeHHH IIIHpoKoro ,n:Hana3oHa JII13. B 3Kcne

pHMeHTax Ha 6aKTepHaJibHbIX KJieTKaX 6bIJIH HaqaTbI HCCJie.QOBaHH.H 

3aKOHoMepHOCTeH H MexaHH3MOB HH.ll:YKU:HH reHHhIX H cTpyKTYPHhIX 

(,n:eJieU:HOHHbIX) MyTaU:HH yCKopeHHbIMH T.H)KeJihIMH HOHaMH. B 3KC

nepHMeHTax Ha pa3JIHqHbIX BH,n:ax H IIITaMMax 6aKTepHH 6bIJIO ycTa

HOBJieHO, qTo 6HOJIOrnqecKa.H 3cpcpeKTHBHOCTb HOHH3Hpy!OIII.HX H3-

JiyqeHHH C pa3Hb!MH cpH3HqeCKHMH xapaKTepHCTHKaMH Ha KJieTKH 

C pa3JIHqHbIM reHOTHnOM, ou:eHHBaeMa.H no pa3JIHqHbIM KpHTepH.HM 

(JieTaJihHOMY ,n:eHCTBHIO, HHJl:YKU:HH reHHb!X H ,n:eJieU:HOHHbIX MyTa

U:HH, TOqHOH 3KCU:H3HH TpaHCn030HOB), ,n:eTepMHHHpOBaHa oco6eH

HOCT.HMH nepe,n:aqH 3HeprHH H3JiyqeHHH, BJIH.H!OIII.HMH Ha xapaKTep 

HHJl:YU:HpyeMbIX noBpe)K,QeHHH ,[{HK, H 3cpcpeKTHBHOCTb!O pa60TbI 

HHJl:YU:H6eJihHbIX H KOHCTHTYTHBHbIX CHCTeM penapaU:HH KJieTOK. 

B 3KCnepHMeHTaX Ha ,n:pO)K)KeBhIX KJieTKax 6hIJIH HCCJie,n:oBaHhI 

MexaHH3MbI a.n:anTHBHOfO H HHJl:YU:HpoBaHHOfO MyTareHe3a, noKa3a

Ha CB.H3b MexaHH3MOB KOHTpOJI.H KJieToqHoro U:HKJia H MeXaHH3Ma 

penapau:HH noBpe)K,n:ettHH ,[{HK, HCCJie,n:oBaHbI MexaHH3MhI reHeTH

qecKoro KOHTpOJI.H CTa6HJibHOCTH reHOMOB, xpoMOCOMHOfO H MHTO

XOH.QpHaJihHOro. ll1HpoKOMaCIIITa6Hbie U:HTOreHeTHqecKHe HCCJie,n:o

BaHH.H 6bIJIH pa3BepHyThI Ha KJieTKaX MJieKOnHTa!OIII.HX H qeJIOBeKa. 

OcHOBHhre HanpaBJieHH.H HCCJie,n:oBaHHH B 3TOH o6JiaCTH - npo,n:oJI

)KeHHe H3yqeHH.H 3aKOHOMepHocTefi HH.ll:YKU:HH MYTaU:HH B HPRT

reHe KJieTOK MJieKOnHTa!OIII.HX npH ,n:eHCTBHH ycKopeHHbIX T.H)KeJibIX 
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H0H0B, 3aKOHOMepHOCTeti HH,11,YKU:HH pa3Hb!MH THilaMH H3Jiy1IeHHH 

HecTa6HJibHb!X, H CTa6HJibHb!X xp0M0C0MHb!X a6eppau:Hti a KJieTKaX 

qeJI0BeKa, HCCJie,11,0BaHHe U:HToreHeTH1IeCKHX 3cpcpeKTOB MaJib!X ,11,03 

06Jiy1IeHHfl. 

IlocJie co3,11,aHHfl B 0115!11 Jia6oparnpHH pa,11,HaU:HOHHoti 6Ho

JI0rHH 6HOJIOfH1IeCKHe HCCJie,11,0BaHHfl Ha 6a30Bb!X YCTaH0BKaX 11H

CTHTyTa cymecTBeHH0 pacurnpHJIHCh, yKpenHJIHCb H pa3BHJIHCb 

CBfl3H C Hay1IHb!MH yqpe)K,11,eHHf!MH B CTpaHax-yqacTHHU:aX. fJiaB

Hhie HanpaBJieHHfl pa6oT B JIPB, KaK H paHee, 6hIJIH CBfl3aHhl C 

Bblf!CHeHHeM MexaHH3M0B ,11,etiCTBHfl ycKopeHHb!X MH0f03apH,11,Hb!X 

H0H0B Ha reHeTH1IeCKHe cTpyKTYPhI. HapH,11,y c 3THM, no,11, pyKoBo,11,

CTB0M aKa,11,eMHKa PAH M.A. OcTpoacKoro, 6bIJIH Ha1IaThI HCCJie

,11,oaaHHfl, KaCaIO!l.{HeCf! ycTaH0BJieHHfl 3aKOHOMepHOCTeti ,11,etiCTBHfl 

TaKoro po,11,a H3Jiy1IeHHH Ha xpycTaJIHK H ceT1IaTKY rJia3a, BJIHf!HHfl 

Tf!)KeJib!X H0H0B Bb!C0KHX 3Heprnti Ha 6HOJIOrH1IeCKHe MeM6paHbl. 

BbIJIH urnpoKo pa3BepHyThI pa6oThI no Mo,11,eJIHpoaaHHIO CTPYKTYPhI 

6HOJIOrH1IeCKH Ba)KHb!X MaKp0M0JieKyJI MeT0,11,aMH MOJieKyJIHpHOH 

,11,HHaMHKH, MaTel\1aTH1IeCK0MY M0,11,eJIHpoBaHHIO pa,11,HaU:H0HH0-HH,IJ,y

U:Hp0BaHHbIX 3cpcpeKTOB Ha 0CH0Be reHeTl-I1IeCKHX ceTeti. 

B HacT0flll.{ee apeMf! JIPB BKJIIOqaeT ,11,aa oT,11,eJia: 0T,11,eJI pa,11,Ha

U:HOHHoti 6HOJIOrHH H 0T,11,eJI pa,11,HaU:H0HHb!X HCCJie,11,oBaHHH, a TaK)Ke 

TPH ceKTopa: ceKT0p MOJieKyJIHpHoti ,11,HHaMHKH, ceKT0p cpornpa,11,H0-

6HOJIOrHH H ceKT0p KOCMH1IeCKOH pa,11,H06HOJIOrHH. 

B nporpaMMe HCCJie,11,0BaHHH Ha nepH0,11, 2010-2016 rr. pa60Tbl 

a JIPB 6y,11,yT ocyll.{eCTBJif!TbCfl, B0-nepBb!X, a HanpaBJieHHH H3Y-

1IeHHfl MexaHH3M0B reHeTH1IeCK0f0 ,11,etiCTBHfl ycKopeHHb!X MH0f03a

pH,11,Hb!X H0H0B. OHH CBfl3aHbl C YCTaH0BJieHHeM aaKOHOMepHOCTeti 

H MexaHH3M0B o6pa3oBaHHfl H penapau:HH noape)K,11,eHHH ,LI.HK B 

KJieTKaX qeJI0BeKa; HCCJie,11,0BaHHeM ,11,etiCTBHfl Tf!)KeJib!X H0H0B Ha 

xpoMOCOMHhlH annapaT KJieT0K; H3y1IeHHeM MyTareHH0ro ,11,eticTBHfl 

H3Jiy1IeHHH urnpoKoro ,11,HanaaoHa JII13 Ha KJieTKH pa3JIH1IHhIX op- · 

raHH3M0B. 

Bo-BTOpb!X, 6y,11,eT HCCJie,11,oBaTbCfl BJIHf!HHe ycKopeHHb!X Tf!)Ke

Jlb!X qacTHU: Ha CTPYKTYPhI rnaaa - xpycTaJIHK H ceT1IaTKy. Oc

HOBHOH u:eJihIO npe,11,noJiaraeMoro HCCJie,11,0BaHHfl 6y,11,eT M0,11,eJIHp0-

BaHHe B ycJI0BHf!X in vivo H in vitro M0JieKyJIHpHblX MeXaHH3M0B 

B03HHKH0BeHHfl IlOMYTHeHHH B xpyCTaJIHKe (KaTapaKTb!) qeJI0BeKa, 

no,11,aeprrnerorn 06Jiy1IeHHIO Tf!)KeJibIMH H0HaMH. 

B-TpeTbHX, npe,11,noJiaraeTCfl npoae,11,eHHe HCCJie,11,0BaHHH 3aK0H0-

MepHOCTeti 6HOJIOrH1IeCKOfO ,11,etiCTBHfl ycKopeHHb!X Tf!)KeJib!X H0H0B 

Ha u:eHTpaJihHYIO HepBHYIO CHCTeMy. OcHOBHoti aa,11,aqef:i B 3TOti 
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o6JiaCTH 6y,11,eT H3y1IeHHe MopcpoJIOrH1IeCKHX, U:HTOJIOrH1IeCKHX H MO

JieKyJIHpHo-cpH3HOJIOrH1IeCKHX HapyrneHHH B CTPYKTypax u:eHTpaJih

HOH HepBHOH CHCTeMbl, M0,11,HcpHKal.{Hfl noae,11,eH1IeCKHX cpyHKU:HH 

y 06Jiy1IeHHblX )KHBOTHb!X. 

,lI.aJiee 6y,11,eT npoB0,11,HTbCfl MaTeMaTH1IeCKOe M0,11,eJIHpOBaHHe 

6HocpH3H1IeCKHX CHCTeM. IlJiaHHpyeTCfl paapa60TKa MaTeMaTH'Ie

CKHX M0,11,eJieti HH,11,YU:HpoaaHHOrO MyTal.{HOHHOfO npou:ecca y KJieTOK 

npo- H 3yKapHOT npH ,11,etiCTBHH H3Jiy1IeHHH C pa3Hb!MH cpH3H1Ie

CKHMH xapaKTepHCTHKaMH. MeT0,11,aMH MOJieKyJIHpHOH ,11,HHaMHKH 

nJiaHHpyeTCfl Bh!Il0JIHeHHe Mo,11,eJIHpoaaHHfl xpoMocpopa po,11,oncH

Ha, 11-l{uc-peTHHaJifl, H 0Kpy)KaIO!l.{HX aMHH0KHCJI0THb!X 0CTaTK0B 

B xpoMocpopHOM yqacTKe npH cpH3HOJIOrH1IeCKOH pereHepaU:HH 3pH

TeJibHOfO nHrMeHTa. 

HaKOHeu:, pa,11,HaU:H0HHbie HCCJie,11,oBaHHfl 6y,11,yT opHeHTHp0BaHhl 

rnaBHblM o6pa30M Ha pa3BHTHe MeT0,11,0B pac1IeTa TpaHcnopTa H3-

Jiy1IeHHH B Bell.{eCTBe npHMeHHTeJihH0 K perneHHIO 6HocpH3H1IeCKHX 

aa,11,a1I. ,ll.JIH perneHHfl npaKTH1IeCKHX 3a,11,aq 6y,11,yT npoao,11,HThCfl pac-

1IeThI IlOJieti H3JiyqeHHfl BHYTPH KOCMH'IeCKHX annapaTOB H )KHJihlX 

Mo,11,yJieti, pacnpe,11,eJieHHH JII13 nepBH'IH0fO H BT0pH1IH0f0 H3Jiy1Ie

HHH a opraHaX TeJia qeJI0BeKa Ha 6opTy K0CMH1IeCKHX annapaT0B, 

ou:eHKa ,IJ,030BOH Harpy3KH KOCMOHaBTOB H pHCKa COMaTH'IeCKHX H 

reHeTH'IeCKHX nocJie,11,CTBHH 06Jiy1IeHHfl Ha OCHOBe cymecTByIO!l.{HX 

MeT0,11,HK. ,lI.pyrnM Tpa,11,HU:HOHHblM npHJIO)KeHHeM pacqeTOB TpaHC

nopTa H3JiyqeHHH B Bell.{eCTBe 6y,11,eT cpH3HKa 3all.{HTbl. IlJiaHHpyeTCfl 

npo,11,0JI)KHTb pa3pa60TKY MeT0,11,0B pac1IeTa 3all.{HTW ycKopHTeJieti 

B ycJI0BHf!X CJIO)KHOH reoMeTpHH. Ba)KHb!M HanpaBJleHHeM pa,11,H

au:H0HHb!X HCCJie,11,0BaHHH f!BJif!eTCfl cpH3H1IeCKafl no,11,,11,ep)KKa npo

rpaMMhl pa,11,H06HOJIOfH1IeCKHX 3KcnepHMeHT0B C H3JiyqeHHf!MH C 

pa3JIH1IHb!MH cpH3H1IeCKHMH xapaKTepHCTHKaMH, B nepayIO oqepe,11,h 

c nyqKaMH Tf!)KeJih!X f!,11,ep HYKJI0TpoHa JI<PB3 H U:HKJI0Tp0H0B 

JI5IP. 

BblilOJIHeHHhie pa,11,Ho6HOJIOraMH 0115!11 B npe,11,hl,11,Yll.{He f0,11,bl 

paapa60TKH 0Ka3aJIHCb HCKJII01IHTeJibH0 IlJI0,11,0TB0pHblMH He T0JibK0 

npH perneHHH cpyH,11,aMeHTaJibHblX 3a,11,a1I, OHH HMeIOT BeCbMa Ba)K

HYIO npaKTH1IecKy10 HanpaaJieHH0CTh, nocK0JihKY nocJie,11,HHe ,11,ecH

THJieTHfl Bbl)].BHHYJIH Pfl.ll. aKTyaJihHb!X npaKTH'IeCKHX 3a)],a1I, perne

HHe K0T0pb!X Tpe6yeT )],eTaJibH0f0 H3y1IeHHfl MexaHH3M0B 6HOJIOrH

qecKoro ,11,etiCTBHfl Tf!)KeJihlX H0H0B Bh!C0KHX 3Heprnti. B nepayIO 

oqepe.ll.h 0HH KaCaIOTCfl HCil0Jib30BaHHfl ny1IK0B aapH)KeHHb!X qa

CTHU: B TepanHH paKa. OnTHMaJihHOe pacnpe)].eJieHHe IlOfJIO!l.{eHHOH 

)].03bl H3JiyqeHHfl B onyxoJIH npH 06Jiy1IeHHH Tf!)KeJib!MH H0HaMH 



106 HayqHaH nporpaMMa 

,n:eJiaeT 3TOT BHA JiyqeBoro B03,n:eiicTBHH BeCbMa nepcneKTHBHblM B 

KJIHHHKe JiyqeBOH TepanHH. Ba)KHb!M OCTaeTCH perneHHe BonpocoB 

HOpMttpoBaHHH JiyqeBb!X Harpy30K Ha nepcoHaJI, pa60TalOlllHH B 

cMernaHHbIX noJIHX HOHH3ttpy10mttx H3JiyqeHHH. 

K qHcJiy aKTyaJibHb!X 3a,n:aq, CBH3aHHb!X C H3yqeHHeM Mexa

HH3MOB 6ttOJIOfHqecKoro ,n:eHCTBHH TH)KeJib!X HOHOB Bb!COKHX 3Hep

fHH, OTHOCHTCH BonpOCbl KOCMHqecKOH pa,n:tto6HOJIOrHH. YBeJIHqe

HHe ,n:aJibHOCTH H AJIHTeJibHOCTH KOCMHqecKHX noJieTOB BbIABHHYJIH 

Ha nepBbIH nJiaH npo6JieMy ou:eHKH onacHOCTH 6ttoJiornqecKoro 

,n:eHCTBHH Bb!C0K03HepreTHqHb!X TH)KeJib!X HOHOB H pa3pa60TKY Mep 

pa,n:HaU:HOHHOH 6e3onaCHOCTH 3KHna)KeH KOpa6JieH. B xo.n:e pea

JIH3aU:HH Me)KnJiaHeTHb!X nHJIOTHpyeMb!X noJieTOB 3KHna)KH 6y,n:yT 

no,n:BepraTbCH B03,n:eHCTBHIO TH)KeJiblX H,n:ep Bb!COKHX 3HeprHH, HC

XOAHlllHX H3 rJiy6ttH faJiaKTHKH. 3ttepreTHqecKHH H 3apH,n:OBb!H 

cneKTpbl raJiaKTHqecKHX H,n:ep BeCbMa llIHpOKH, H TaKHe qacTHU:bl C 

Bb!COKOH 3cpcpeKTHBHOCTblO MoryT HHAYU:HpoBaTb He6JiaronpHHTHb!e 

nocJie,n:CTBHH AJIH 3KHna)KeH KOCMHqecKHX Kopa6Jieti: pa3JIHqHoro 

po.n:a MyTaU:HH reHOB, B03HHKHOBeHHe paKOBb!X 3a6oJieBaHHH, Ha

pyrneHHH CTPYKTYP rJia3a (pa3BHTHe KaTapaKTbl H noBpe)K,n:eHHH 

ceTqaTKH), noBpe)K,n:eHHH u:eHTpaJibHOH HepBHOH CHCTeMbl H T . .n:. 

Mo,n:eJittpoBaHHe 6HOJIOrttqecKoro ,n:eHCTBHH KOCMHqeCKHX BHAOB 

pa,n:HaU:HH tt oco6eHHO TH)KeJib!X H,n:ep Ha YCKOpHTeJIHX TH)KeJib!X 

HOHOB Bb!COKHX 3HeprHH, KaK MO)KHO Ha,n:eHTbCH, n03BOJIHT pellIHTb 

npo6JieMy <<pa,n:HaU:HOHHOro 6apbepa>> npH AJIHTeJibHb!X KOCMHqe

CKHX noJieTax BHe MarHHToccpepbl 3eMJIH. 

no HHHU:HaTHBe npocpeccopa E. A. KpacaBHHa H AHpeKU:HH 

0115!11 B 1998 r. 6bJJia C03,n:aHa Kacpe.n:pa 6HOqJH3HKH B Me)K,n:yHa

po,n:HOM yHHBepCHTeTe npttpOJJ:bl, o6mecrna tt qeJIOBeKa <<,[{y6Ha>>. 

O6yqetttte Ha Kacpe.n:pe ocymecTBJIHeTcH B paMKax cneu:ttaJibHOCTH 

<<Pa,n:HaU:HOHHaH 6e3onacHOCTb qeJIOBeKa H OKpy)KaIOmeti cpe,n:bI>> co 

cneu:ttaJIH3au:tteti <<Pa.n:ttaU:HOHHaH 6ttocptt3HKa>>. CTy,n:eHTbI Kacpe,n:pbI 

npHHHMalOT aKTHBHOe yqacTHe B HayqHo-HCCJie,n:oBaTeJibCKOH pa6o

Te no BCeM HanpaBJieHHHM, npoBOAHMb!M B Jia6opaTopHH. Pe3yJib

TaTbl HCCJie,n:oBaHHH, BbinOJIHHeMb!X CTy,n:eHTaMH, AOKJia,n:bIBalOTCH 

HMH Ha ceMHHapax, KOHcpepeHU:HHX H llIKOJiax MOJIOJJ:b!X yqeHb!X 

H CTy,n:eHTOB, npoXOAHlllHX B PoccHH, CillA, r epMaHHH, l.JeXHH, 

CJioBaKHH, TToJibrne H .n:pyrttx cTpattax. 

3a BpeMH pa60Tbl Kacpe,n:pbl ycnellIHO 3aKoHqHJIH o6yqeHHe H 

noJiyqHJIH ,n:HnJIOM HH)KeHepa-cptt3HKa 50 BbinYCKHHKOB, MHOrtte H3 

KOTOpb!X HallIJIH npHMeHeHHe CBOHM 3HaHHHM B Jia6opaTopHH pa,n:H

au:HOHHOH 6ttoJiorntt. EJiaro,n:apH 3TOMY 6oJiee Tptt.n:u:aTH npou:eHTOB 

Jla6opaTOpHH panHaUHOHHOH 6HonorHH 107 

nepcoHaJia JIPE cocTaBJIHJOT coTpy,n:HHKH, B03pacT KOTOpbIX Mettee 

30 JieT. KpoMe Toro, JiyqrnHe BbinYCKHHKH Kacpe,n:pbl npo,n:OJI)Ka!OT 

o6yqeHHe B acnttpattType Kacpe,n:pbI no cneu:ttaJibHOCTH <<Pa.n:tto-

6ttoJiorHH>>, qTO n03BOJIHT HM cTaTb Bb!COKOKBaJIH<pHU:HpoBaHHb!MH 

cneu:ttaJIHCTaMH. 



~ABOPATOPHR TEOPETHqECKOH ~H3HKH 
HM. H. H. BOfO~IOBOBA - POBECHHIJ.A OHRH 

Co3,IJ,am1e Jia6opaTop1rn:, cpopM11poaam1e HayqHbIX 
HanpaaJieHHH 

26 Maprn 1956 r. Ha C0BeJ..U,aHHH, npoX0,ll.HBilleM B KOHcpepeHU,-
3aJie ITpe3H.L1.HyMa AH CCCP B MocKBe, 6hIJIO npHHHT0 perneHHe 
06 opraHH3aU,HH OI1HI1. B HeM 6b!JIO 3anHCaHo, GT0 B CTpyK
TYPY OI1HI1 ,ll.0JI)KHa BX0.LI.HTh Jia6opaTOpHH TeopernqecKoii cpH-
3HKH (JIT<I>) C pacGeTHb!M 0T,ll.eJI0M H 3JieKTp0HH0-Bb!GHCJIHTeJib
Hb!MH MaWHHaMH, H npe.rr.ycMaTpHBaJI0Cb coopy)KeHHe ,ll.JIH Hee 
0T,ll.eJibH0ro 3,ll.aHHH. 3Ty .rr.aTy M0)KH0 Ha3BaTb ,ll.HeM p0)K,ll.eHHH 
JIT<I>. O.rr.HaKo .rr.o peaJibHoro B03HHKH0BeHHH Jia6opaTOpHH H Ha
Jia)KeHHoii, xopowo opraHH30BaHHOH HayGHOH pa6oTbl np0illJI0 ew.e 
HeMaJio BpeMeHH. 25 MaH 1956 r. 3a no.rr.nHCbIO ,ll.HpeKTopa OI1HI1 
,LI,. I1. EJIOXHHI..I,eBa BbIIlleJI npHKa3 .N2 5, B K0T0p0M roB0pHJI0Cb: <<,ll,o 
yTBep)K.rr.eHHH HOBoii CTPYKTYPhI HHCTHTYTa B03JI0)KHTh Ha aKa.rr.e
MHKa H. H. EoroJII06oBa (HaGaJibHHKa ceKTopa .N2 3 TeopeTHGecKoii 
Jia6opaTOpHH) Bb!TI0JIHeHHe o6H3aHHOCTeii: ,ll.HpeKTopa TeopeTHGe
CKOH Jia6opaTOpHH O6be,ll.HHeHHOro HHCTHTYTa>> 1). ,ll,Ba ,ll.HH cny
CTH npHKa30M .N2 7 B JIT<I> 6hIJIH 3aGHCJieHbI nepBbie C0TPY.LI.HHKH 
E. B. Me.rr.Be.rr.eB, M. K. IToJIHBaHOB H ,LI,. B. lllHpKoB, cocTaBHBWHe 
ocHoBy rpynnhI H. H. EoroJII060Ba. Ern.e .rr.o 26 Maprn 1956 r. B I1H
crnTyTe H.rr.epHbIX npo6JieM AH CCCP H 3JieKTpocpH3HGeCKoii: Jia6o
paTOpHH AH CCCP, Ha 6a3e K0T0pbIX B03HHK OI1HI1, cyw.ecTBoBa
JIH TeopernqecKHe rpynnhI H. A. CMopo.rr.HHCKoro H M. A. MapKoBa. 
B C00TBeTCTBHH C npHKa3aMH no OI1HI1 OT 05.06.1956 r . .N213 
H OT 14.07.1956 r. .N2 27 0HH 6b!JIH nepeBe,ll.eHb! B Jia6opaTOpHIO 
TeopeTHLiecKoii cpH3HKH H, BMecTe c rpynnoii: H. H. EoroJII06oBa, 
C0CTaBHJIH H,ll.p0 JIJcp. 

C 24 no 26 ceHrn6pH 1956 r. npoxo.rr.HJia nepBaH cecCHH YLieHoro 
coBeTa OI1HI1. BHu,e-.rr.HpeKTOp OI1HI1 npocp. B. BoTpy6a ,ll.0KJia-

1
) 3.n.ecb H .n.aJiee TeKCTbl U:HTHPYIOTCH no apXHBHblM )].OKyMeHTaM 

011.811. 
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.Ll.hIBaJI o nJiaHax pa3BHTHH JIT<I> (aKa.rr.eMHK H. H. EoroJII06oB B .LI.HH 
3ace.rr.aHHH coBeTa Haxo.rr.HJICH B ClllA Ha HayGHoii KOHcpepeHU.HH). 
ITpe.rr.noJiaraJIOCb C03,ll.aHHe weCTH TeopeTHGeCKHX H Tpex pacLieT
HblX ceKTopoB. I1x cocTaB H TeMaTHKa He 6bIJIH OKOHLiaTeJibHhIMH 
H CTaBHJIHCb B 3aBHCHM0CTb OT HayGHbIX HHTepecoB C0TPY.LI.HHK0B, 
npH6b1BaIOII1,HX B ,LJ,y6Hy H3 CTpaH-yGaCTHHU, I1HCTHTyTa. Kaca
HCb HanpaBJieHHH TeopeTHGeCKHX HccJie.rr.oBaHHii, BoTpy6a 3aHBHJI: 
«TeMaTHKa .rr.oKJia.rr.oB TeopeTHLiecKoii ceKU.HH PoqecTepcKoii K0H
cpepeHu,HH, COCTOHBilleikH B 3T0M ro.rr.y, 3KBHBaJieHTHa TeMaTHKe 
JIT<I> (.rr.HcnepcHOHHbie C00TH0illeHHH, cpyH.rr.aMeHTaJibHble 0CH0Bbl 
TeopHH n0JIH, cpeHoMeHOJIOrHH B3aHMO,ll.eHCTBHH 3JieMeHTapHbIX qa
CTHI..I,, nocTpoeHHe MO,ll.eJieii: B3aHMO,ll.eHCTBHH, CBOHCTBa rpaBHTaI..I,H-
0HH0ro noJIH, BapHaHTbl HeJIHHeHHbIX H HeJI0KaJibHbIX TeOpHH, B0C
CTaH0BJieHHe 3JieMeHT0B MaTpHI..I,bl pacceHHHH, noJIHpH3aI..I,H0HHhie 
acpcpeKTbl npH pacceHHHH 3JieKTp0H0B H cpOTOHOB Ha npOTOHax) ... >> 
B ,ll.HCKYCCHH no ,ll.0KJia.rr.y BoTpy6b! Ha Bonpoc JI. I1HcpeJib,ll.a 0 
TOM, HaCK0JibK0 TeopeTHKH 6y.rr.yT CBH3aHb! C 3KcnepHMeHTaJib
Hb!MH Jia6opaTOpHHMH, ,LI,. I1. EJIOXHHI..I,eB 0TBeTHJI, GT0 rpynnhI 
M.A. MapKoBa H H. H. EoroJII06oBa 6y.rr.yT .CBH3aHhI c Jia6opaTOpH
eii: B. I1. BeKcJiepa, a rpynna H. A. CMopo.rr.HHCKoro 6y.rr.eT CBH3aHa 
c pa6oTaMH, npoB0,ll.HMhIMH B JI.HIT. Ha 3TOH )Ke ceccHH YLieHo
ro coBeTa OI1HI1 6bIJI yTBep)K.rr.eH cocTaB YLieHoro coBeTa JIT<I>. 
C 1 OKrn6pH 1956 r. B JIT<I> 6hIJIO 0K0HGaTeJibH0 BBe.rr.eH0 IllTarnoe 
pacnHcaHHe. ITpHKa30M OT 11 OKTH6pH 1956 r. .N2 243 yTBep)K,ll.eH0 
110 IllTaTHh!X e,ll.HHHU,, 9 ceKT0p0B. K HOH6pIO onpe.rr.eJIHJI0Cb PYK0-
B0,ll.CTB0 JIT<I>: .rr.HpeKTop - aKa.rr.eMHK H. H. EoroJII06oB, 3aM . .rr.H
peKTopa - KaH,ll.H,ll.aT cpH3HKO-MaTeMaTHGeCKHX HayK A. A. JioryHoB 
(HhIHe aKa.rr.eMHK PAH), yqeHhiii: ceKpernph - IT. C. I1caeB (HbIHe 
npocpeccop, ,ll.0KT0p cpH3HKO-MaTeMaTHGeCKHX HayK). 

Ha3HaGemie H. H. EoroJII06oBa Ha ,ll.0JI)KH0CTh nepBoro .rr.HpeK
Topa JIT<I> 6b1Jio << ... He np0CT0 y.rr.aGHbIM, a YHHKaJibH0 y.rr.aGHb!M>>. 
K HaGaJiy 1950-x rr. OH y)Ke 6b!JI aBT0p0M H0Bb!X aCHMnT0THGeCKHX 
MeT0,ll.0B HeJIHHeHHOH MexaHHKH, MHKpOCKOnHGeCKOH Te0pHH CBepx
TeKyGeCTH, H0B0ro MeTo.rr.a nocTpoeHHH ypaBHeHHH CTaTHCTHGeCKOH 
cpH3HKH. B KBaHTOBOH Te0pHH n0JIH (KTIT) B nepB,OH n0JI0BHHe 
1950-x rr. OH noJiyGHJI ,ll.Ba KpynHh!X pe3yJihTaTa: noCTp0HJI nepByIO 
aKCH0MaTHGeCKYIO Te0pHIO MaTpHU,bl pacceHHHH, 0CH0BaHHYIO Ha 
ero 3HaMeHHT0M .rr.mpcpepeHU,HaJihHOM ycJI0BHH npHGHHH0CTH, H 
MaTeMaTHGeCKH CTporo o6oCHOBaJI npou,e.rr.ypy nepeH0pMHp0B0K. 
K cepe,ll.HHe 1950-x rr. 0TH0CHTCH ew.e 6oJiee HpKHe pe3yJibTaTbl. 
Ott co3.n.aJI MeT0.LI. peHopMaJIH3aI..I,HOHHOH rpynnhI B KTIT, .rr.oKa3aJI 



110 HayqttaH nporpaMMa 

,ll,HCnepcHOHHbie COOTHOilleHHH, pa3BHJI MHKpOCKOilWieCKYIO TeOpHIO 

csepxnpOBO,ll,HMOCTH. 

Ha py6e)Ke 1950-x - 1960-x rr. H. H. 5oroJII06os c03,ll,aJI HO

BbIH MeTO,ll, KBa3HCpe,!1,HHX ,ll,JIH OilHCaHHH ,ll,HHaMHqecKHX CHCTeM co 

CilOHTaHHO HapyllleHHOH CHMMeTpHeH. 3TOT cpopMaJIH3M H ,ll,OKa3aH

HaH B ero paMKax TeopeMa O ,ll,aJibHO,ll,eHCTBHH KOJIJieKTHBHb!X MO,ll, 

HalllJIH pa3Hoo6pa3Hb!e npHMeHeHHH B CTaTHCTHqecKOH qJH3HKe, 

a TaK)Ke COCTaBHJIH OCHOBY TaK Ha3bJBaeMoro MexaHH3Ma Xttrrca 

H TeopeMbl foJI,ll,CTOyHa B <pH3HKe qacTHU:. 

Bee 3TH ,ll,OCTH)KeHHH H. H. 5oroJII06osa cpaKTHqecKH onpe,!1,e

JIHJIH HayqHb!e HanpaBJieHHH JITct> Ha IlOJITopa-,ll,Ba ,ll,eCHTHJieTHH 

snepeA, soopy)KHJIH TeopeTHKOB JITct> MeTo,ll,aMH pacqeTa cpH3Hqe

CKHX HBJieHHH B o6JiaCTH qJH3HKH 3JieMeHTapHbIX qacni:u:, TeopHH 

H,!1,pa H cpH3HKH KOH,ll,eHCHpoBaHHb!X cpe,!1, H Bb!BeJIH Jia6opaTOpHIO 

Ha seAymtte no3HU:HH B MHposoti: TeopeT0qecKoti: cpH3HKe. CJie)].yeT 

oco6eHHO no)],qepKHYTb, qTQ pa6oTbI H. H. 5oroJII06osa 3Toro ne

ptto,ll,a OKa3aJIH orpOMHOe BJIHHHHe Ha pa3BHTHe MHpOBOH TeopeTH

qecKOH cpH3HKH, npoH3BeJIH rJiy6oKHH IlOBOpOT B CTOpOHY npHOpH

TeTa CTporHX MaTeMaTHqecKHX MeT0,!1,0B paccMOTpeHHH cp030qecKHX 

HBJieHHH. Pa6oTbI H. H. 5oroJI106osa BbIBeJIH TeopernqeCKyIO cpH-

3HKY 3JieMeHTapHb!X qacTHU: H aTOMHOro H)].pa Ha HOBb!H yposeHb 

BbICOKOH MaTeMaTHqeCKoti: KYJI_bTYPbI H cTporocTH TeopeTHqeCKoro 

MbllllJieHHH. 

Ha IlHTOH ceCCHH YqeHoro COBeTa, npOXO)],HBilleH 14-16 HHBapH 

1959 r., B csoeM oTqeTHOM )].OKJia)],e H. H. 5oroJII06os cKa3aJI: <<3a 

OTqeTHbIH nepHO)]. COTPYAHHKH JITct> ony6JIHKOBaJIH B neqaTH HJIH 

B BH)].e npenpHHTOB 10.3 ·HayqHb!X pa60Tbl, T. e. B IlOJITOpa pa3a 

60Jibllle, t.J:eM B 1957 r., npH 0)].HOM H TOM )Ke KOJIHqecrne HayqHbIX 

COTpy,nHHKOB ... » ·5bIJIO OTMeqeHO B03p0Clllee KOJIHqecTBO COBMeCT

HblX pa6oT TeopeTHKOB H3 CCCP c reopernKaMH H3 Apyrnx cTpaH

yqacTHHU: OI1.HI1. CoTpy)].HHKH JITct> npHHHJIH aKTHBHOe yqacrne 

B )].BYX )KeHeBCKHX KOHcpepeHU:HHX, a TaK)Ke B KOHcpepeHU:HHX, 

npoBO)].HBillHXCH B CCCP - B MocKBe, JleHHHrpa,!1,e, T6ttJIHCH, 

Y)Kropo,!1,e H EpesaHe. Pa6oTaJia MalllHHa <<YpaJI,>, 6hIJia 3aKa3aHa 

MalllHHa <<KHeB>>, IllJia peqb O nptto6peTeHHH HOBb!X MalllHH M-20 H 

53CM, A. A. JloryHoB A06ttsaJicH 6bICTpeti:Illero oKoHqaHHH pa6oT 

no CTpOHTeJibCTBy. B anpeJie 1959 r. 6bIJIO BBe,ll,eHO B 3KCnJiyaTa

U:HIO Hosoe 3,ll,aHHe JITct>. 

Jla6opaTOpHH TeopeTHqecKOH cpH3HKH CTaJia O)].HOH H3 Be,ll,yiu:HX 

Jia6opaTOpHH I1HCTHTyTa H BOillJia B qHCJIO Be)].ym0x TeopeTHqe

CKHX u:eHTpOB MHpa. BHaqaJie HCCJie,l],OBaHHH 6bIJIH opHeHTHposaHbl 
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noqTH HCKJIIOqHTeJibHO Ha TeopHIO 3JieMeHTapHb!X qacTHU:, a TaK)Ke 

TeopHIO CBepxnpoBO,ll,HMOCTH. 0,!1,HaKo cneKTp HanpaBJieHHH IlOCTe

neHHO paclllHpHJICH. CymecrneHHbIH HMnyJibc ,ll,aJia pa6oTa 5oroJII0-

6osa <<0 csepxTeKyqecTH H,!1,epHOH MaTepHH>> ( 1958). 0Ha OTKpbIJia 

B03MO)KHOCTb npHMeHeHHH H,ll,eH napHb!X KOppeJIHU:HH, CbirpaBillHX 

pelllaIOmy10 pOJib B C03,ll,aHHH MHKpOCKOnHqecKHX TeopHH csepxTe

KyqecTH H csepxnpOBO)].HMOCTH, K 03yqeHHIO CTPYKTYPbI aTOMHoro 

H,!1,pa. TaKHe ttccJie,ll,OBaHHH HaqaJIHCb B JITct> B HaqaJie 1960-x rr. 

I1x B03rJiaBHJI Ba,ll,HM feoprnes0q CoJIOBbeB. B )],aJibHeti:IlleM TeMa

THKa HCCJie)].OBaHHH paCillHpHJiaCb COrJiaCHO MHpOBb!M TeH)],eHU:HHM 

B TeopeTHqecKOH cpH3HKe H Il0Tpe6HOCT5IM 3KCnepHMeHTaJibHb!X 

nporpaMM OI1.HI1 H APYrHX KpynHb!X HCCJie,ll,OBaTeJibCKHX u:eHTpOB 

B o6JiaCTH cpH3HKH 3JieMeHTapHb!X qacTHU:, H)].epHOH cpH3HKH, cpH-

3HKH TBep,!1,oro TeJia H KOH,ll,eHCHposaHHhlX COCTOHHHH. YqeHb!MH 

JITct> 6b!JIH noJiyqeHbl cpyH,ll,aMeHTaJibHbie pe3yJibTaTbl B caMhIX pa3-

JIHqHb!X o6JiaCT5IX TeopeT0qecKOH cpH3HKH: TeopHH CJia6bIX B3aHMO

)],eHCTBHH H cptt3HKa Heti:Tptttto; cpH3HKa CHJibHbIX B3aHMO,ll,eti:cTBHH 

tt cneKTpOCKOilHH a)].pOHOB; MHOroneTJieBbie BbJqHcJieHHH s KaJIH6-

posoqHb!X TeopHHX IlOJIH; nocTpoeHHe HenoJIHHOMHaJibHbIX, HeJIO

KaJibHb!X H HeKOMMyTaTHBHb!X MO)].eJieH KBaHTOBOH TeOpHH IlOJIH; 

HenepTyp6aTHBHbie MeTO,ll,bl 0 MeTO,ll,hl peHopMrpynnbI; TeopHH H,!1,ep

Hb!X peaKu:ttti:; CTPYKTypa TH)KeJibIX H)].ep H cptt3HKa TH)KeJibIX HOHos; 

TeopHH MaJIOTeJibHb!X CHCTeM; peJIHTHBHCTCKaH 5I)].epHa5I cpH3HKa; 

CBepxnpoBO)],HMOCTb H Bb!COKOTeMnepaTypttaH csepxnpoBO)].HMOCTb; 

HOBhie MaTepHaJibl, CTaTHCTHqecKaH cpH3HKa; KHHeTHqecKaH TeOpHH; 

)],HHaM0qeCKHe CHCTeMbI; TeopHH rpaBHTaU:HH; TeopHH CTpyH; cy

nepcHMMeTpHH; KBaHTOBbie rpynnbI H HHTerpttpyeMbie CHCTeMbl H 

MHOrHe )].pyrne o6JiaCTH TeopeTHqecKOH cpH3HKH. 

TTepeJIOMHb!H s HCTOpHH scex CTpaH-yqacTHHU: OI1.HI1 py6e)K 

HaqaJia 1990-x rr. Jia6opaTOpHH npolllJia npaKTHqecKH He CHH)KaH 

TeMna pa60Tbl H Bh!COKOro KaqecTBa HCCJie)],OBaHHH. JITct> noqTH He 

HCilb!TaJia Ka)].pOBb!X IlOTepb s TeqeHHe 1990-x rr., IlOJIHOU:eHHaH 

HayqHaH pa6oTa np0,!1,0Jl)KHJiaCb y)Ke B CHJ!bHO H3MeHHBilleMC5I B 

IlOJIHTHqecKOM OTHOilleHHH MHpe. 

JIT<I> cero,z:i;HH 

OcHOBaHHaH BbI,ll,aIOmHMHCH Te'opeTHKaMH npOillJIOro CTOJieTHH 

,LI.. 11. 5JIOXHHU:eBb!M H H. H. 5oroJII060BbIM, cerO)],HH JITct> 5IBJI5I

eTC5I u:eHTpOM TeopeTHqeCKHX HCCJie,l],OBaHHH B o6JiaCTH <pH3HKH 

qacTHU:, H,!1,epHOH cpH3HKH H CTaTHCTHqecKOH cpH3HKH, MaTeMaTH-
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qecKoii <pH3HKH. B Jia6opaTOpHH HaKonJieH yttHKaJihHbIH onhIT Hc

cJie.n.oBaHHH B 3THX KJIJ09eBblX o6Jiacrnx cpytt.n.aMeHTaJibHOH TeO

peTH9eCKOH <pH3HKH, a Be.n.ymHeC.H HCCJie,Zl.OBaHH.H HOC.HT Me)K,Zl.HC

UHnJIHHapHblH xapaKTep, OHH Henocpe.n.cTBeHHO HHTerpHpOBaHbl B 

Me:lK.Z1.yttapo.Z1.Hbie npoeKTbl C yqaCTHeM yqeHblX H3 OCHOBHbIX MH

pOBblX HCCJie,Zl.OBaTeJibCKHX ueHTpOB H TeCHO CKOOp,Zl.HHHpOBaHbl C 

3KCnepHMeHTaJibHblMH nporpaMMaMH 011Rl1. Jia6opaTOpH.H npe.n.

CTaBJI.HeT co6010 60JibllIOH HCCJie,Zl.OBaTeJibCKHH HHCTHTYT MHpOBOfO 

KJiacca, ttac9HTbIBaJOIUHH OKOJIO 180 ttay9HhIX coTpy.n.ttHKOB, B TOM 

9HCJie 6oJiee 60 MOJIO,Zl.bIX yqeHblX H acnttpaHTOB B B03pacTe .n.o 35 

JieT. Y9eHbie MHOrHX CTpaH OXOTHO npHe3)KaJOT B JIT<l> Ha cpOKH OT 

0,Zl.HOH-.Zl.BYX He,Zl.eJib .n.o HeCKOJibKHX JieT. 11x npHBJieKaJOT TBopqe

CKa.H o6CTaHOBKa H ycJIOBH.H pa60Tbl, Y.Zl.OBJieTBOp.H!OIUHe MHpOBbIM 

CTaH,Zl.apTaM. Ba:lKHYIO pOJib 3,Zl.eCb HrpaeT BbICOKOnpOH3BO,Zl.HTeJibHOe 

KOMnhJOTepttoe o6ecneqettHe Jia6opaTOpHH. 

60JibllIOe BHHMaHHe y.n.eJI.HeTC.H yKpenJieHHIO Me:lK.n.yttapo,Zl.HblX 

KOHTaKTOB. E:lKefO,Zl.HO Jia6opaTOpH.H npOBO,Zl.HT He Mettee 10 KOH

cpepeHUHH, llIKOJI H pa6o9HX COBeIUaHHH; e:lKero.n.ttoe 9HCJIO BH-

3HTepoB H3 CTpatt-y9aCTHHU H .n.pyrnx CTpaH B JIT<l> COCTaBJI.HeT 

OKOJIO COTHH yqeHblX. Y Jia6opaTOpHH HMe!OTC.H Tpa.n.HUHOHHbie 

CB.H3H C Be.n.yIUHMH TeopeTH9eCKHMH HHCTHTyTaMH H Jia6opaTOpH

.HMH CTpatt-y9aCTHHU 011Rl1 H MHOrHX .n.pyrnx CTpaH. reorpa

<pH.H Hay9HbIX CB.H3eH HCKJII09HTeJibHO llIHpoKa. YcnellIHO Bb!IlOJI

H.HIOTC.H COBMeCTHble Hay9Hble nporpaMMbl C r epMaHHeH, 11TaJIHeH, 

<l>pattuHeH, 6oJirapHeii, TioJihllleH, PyMhIHHeii, l.JexHeH, CJioBaKHeii, 

UEPHoM, IOAP, APE, Pecny6JIHKOH Kopeeii. Hayqtto-HccJie.n.oBa

TeJihCKa.H .n.e.HTeJibHOCTb TeopeTHKOB no.n..n.ep:lKHBaeTC.H HaUHOHaJib

HbIMH H Me:lK.n.yttapo.n.tthIMH cpott.n.aMH: P<t:><1>11, INTAS, IOHECKO, 

BMBF, DFG, CNRS H .n.p. 

11ccJie,Zl.OBaHH.H, npOBO,Zl.HMbie B noCJie.n.ttee BpeMH B JIT<l> 

HM. H. H. 6oroJI1060Ba, oxBaTbIBaJOT llIHpOKHH Kpyr npo6JieM KBaH

TOBOH TeopHH noJIH H TeOpHH 3JieMeHTapHblX qaCTHU, MaTeMaTH9e

CKOH <pH3HKH, TeopHH aTOMHOfO H,Zl.pa H TeOpHH KOH,Zl.eHCHpOBaHHblX 

cpe.n.. B o6JiaCTH coBpeMeHHOH MaTeMaTH9eCKOH <pH3HKH 3TO -

KBaHTOBbie rpynnhI H HHTerpttpyeMble CHCTeMbl, MO,Zl.eJIH cynepCHM

MeTpHH, KBaHTOBa.H rpaBHTaUH.H, KOCMOJIOrH.H H CTPYHbl. B o6JiaCTH 

<<nOJI.H H qaCTHUbl>> 3TO - nepTyp6aTHBHble Bb19HCJieHH.H H pa3JIH9-

Hble HenepTyp6aTHBHbie MeTO,Zl.bl B KaJIH6pOB09HbIX TeOpHHX, CTaH

.n.apTHa.H MO,Zl.eJib H ee pacllIHpeHH.H, KBaHTOBa.H xpOMO,Zl.HHaMHKa 

(KX,ll), B TOM 9HCJie cnHHOBbie 3cpcpeKTbl, npaBHJia cyMM H CTpyK

Typa BaKyyMa; cneKTpOCKOnH.H JierKHX a.n.poHOB, T.H)KeJibie KBapKH 
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H B-cpH3HKa; cpeHOMeHOJIOrH.H npouecCOB npH BbICOKHX 3HeprH.HX. 

B o6JiaCTH TeopHH aTOMHOfO H.n.pa 3TO - CTPYKTypa H,Zl.pa 

B 3KCTpeMaJihHhIX ycJIOBHHx; .Zl.HHaMHKa H CTPYKTypttbie 3cpcpeKTbI 

B H.n.epHblX H Me30CKOnH9eCKHX CHCTeMax; <pH3HKa MaJI09aCTH9HblX 

CHCTeM; peJIHTHBHCTCKa.H H.n.eptta.H ,Zl.HHaMHKa. B HanpaBJieHHH 

TeOpHH KOH,Zl.eHCHpOBaHHblX cpe.n. 3TO - CHJibHOKoppeJIHpOBaHHbie 

CHCTeMbI; .Z1.HHaMH9eCKHe CHCTeMbl - xaoc, HHTerpttpyeMOCTb, ca

MOOpraHH3aUHH; tteynopH.n.oqeHHbie CTPYKTYPhI - cTeKJia, TonoJio

rnqecKHe .n.ecpeKTbl, HaHOCTPYKTypa H ,Zl.)K03ecpcoHOBCKHe KOHTaKTbI; 

Me30CKOnH9eCKHe H KOrepeHTHbie .HBJieHH.H B KBaHTOBbIX CHCTeMax . 

3a nocJie,Zl.HHe 5 JieT COTPY.Zl.HHKaMH JIT<l> ony6JIHKOBaHo 6oJiee 

2200 pa6oT, H3 KOTOpbIX OKOJIO 1350 - MOHorpa<pHH H CTaTbH B 

Be.n.yIUHX Me:lK.n.yttapO.Zl.HbIX pecpepHpyeMbIX :lKypttaJiax. Ka:lK,Zl.bIH ro.n. 

ny6JIHKyeTC.H 4-5 CTaTeH B 0,Zl.HOM H3 caMblX npeCTH:lKHblX )Kyp

HaJIOB - <<Physical Review Letters,>. 3TO ca Mo no ce6e HBJI.HeTCH 

3Ha9HMblM pe3yJihTaTOM, noKa3bIBaJOIUHM, 9TO pa6oTa yqeHbIX JIT<l> 

COOTBeTCTByeT caMbIM CTporHM o6meMHpOBbIM CTaH.n.apTaM. 60Jib

llla.H 9aCTb pa6oT 6hIJia Bb!IlOJIHeHa B COTPY.Z1.HH9eCTBe C yqeHbIMH H3 

CTpatt-yqacTHHU 011Rl1, fepMaHHH, 11TaJIHH, <l>paHUHH, 11cnaHHH, 

KHTaHcKOH Hapo.n.ttoii Pecny6JIHKH, Pecny6JIHKH KopeH H .n.pyrnx 

CTpaH. 

B JIT<l> 6hIJIO npoBe,Zl.eHO 6oJiee 80 Me:lK.n.yttapO,Zl.HbIX ttay9Hb!X 

KOH<pepeHUHH, COBeIUaHHH H llIKOJI ,Zl.JI.H MOJIO,Zl.bIX yqeHbIX, B TOM 

9HCJie ,Zl.Be 09eHb Ba)KHbie .Zl.Jl.H 011Rl1 KOHcpepeHUHH, nocBHIUeHHbie 

100-JieTHHM J06HJie.HM H. H. 6oroJIJ060Ba (2009) H .n.11. 6JIOXHH

ueBa (2008). 

POJib JIT<l> KaK Me:lK.n.yttapo.n.Horo o6pa30BaTeJibHOfO ueHTpa 

,Zl.JI.H MOJIO,Zl.bIX yqeHblX H CTy.n.eHTOB 3Ha9HTeJibHO ycHJIHJiaCb, no

.HBHJIHCb HOBbie B03MO)KHOCTH npHBJie9eHH.H MOJIO,Zl.e)KH K pa6oTe B 

JIT<l>. C 2004 r. B Jia6opaTOpHH pa6oTaeT nocTOHHHO .n.eiicTBYJOIUa.H 

llIKOJia .Zl.JIH MOJIO.Zl.hIX yqeHhIX (DIAS-TH). 6bIJIH opraHH30BaHbI 

.Zl.Be HOBble Kacpe.n.pbl co cneuHaJIH3aUHeH B o6JiaCTH TeopeTH9eCKOH 

<pH3HKH (Kacpe.n.pa Me:lK.n.yttapo.n.ttoro YHHBepCHTeTa <<,lly6Ha>> H Ka

cpe.n.pa M<l>Tl1) H Kacpe.n.pa HaHOTeXHOJIOrHH H HOBbIX MaTepHaJIOB 

YHHBepcHTeTa <<,lly6tta>>. 

B JIT<l> ycTaHOBJieHo BOCeMb HMeHHbIX CTHneH.D.HH, ttanpaB

JieHHbIX Ha no.n..n.ep:lKKY HaH60Jiee aKTHBHO pa6oTaJOIUHX MOJIO,Zl.b!X 

COTPY.Zl.HHKOB. B nocJie.D.HHe ro.n.b1 CHCTeMaTH9ecKa.H pa6orn no npH

BJie9eHHJO B JIT<l> MOJIO,Zl.bIX yqeHbIX H acnttpaHTOB H3 CTpatt-yqacT

HHU npHBeJia K 06Ha,1I.e:lKHBaJOIUeH TeH,ll.eHUHH yBeJIH9eHH.H 9HCJia 

MOJIO,ll.bIX COTPYAHHKOB. 
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IlepcrreKTHBhI 

B 6Jitt)Katturne HeCKOJibKO JieT HCCJie.rr.osaHHH no PHAY Hanpas

JieHHH B yKa3aHHbIX Bblllle cpyH,IJ.aMeHTaJibHb!X o6JiaCTHX TeopeTHqe

CKOH cpH3HKH 6y.rr.yT aKTHBH3HpOBaHbl. IlJiaHttpyeTCH ycttJieHHe pa-

60Tbl no H.U.epHOH acTpOcpH3HKe H acTpocpH3HqecKHM acneKTaM cptt-

3HKH 3JieMeHTapHbIX qaCTHU, cpH3HKe nJIOTHOH H ropHqefi a.rr.poHHOH 

MaTepttH (s CBH3H c 3KcnepttMeHTaJibHOH nporpaMMOH NICA/MPD, 

se.rr.ylll.HMHCH H nJiaHttpyeMbIMH 3KcrrepttMeHTaMH Ha RHIC, LHC 

H FAIR). I1ccJie,IJ.OBaHHH B TeOpHH KOH,IJ.eHCHpoBaHHblX cpe.rr. 6y

AYT KOOp.U.HHHpOBaTbCH C cospeMeHHblMH noTpe6HOCT51MH HaHOTex

HOJIOfHH. CoxpaHeHHe BblCOKOfO TeopeTHqecKoro H MaTeMaTHqe

CKOro ypoBHH pa60Tbl, cpyH,IJ.aMeHTaJibHOCTH HCCJie,IJ.oBaHHH - 3TO 

6eccnopHbie ycJIOBHH ycnellIHOro pa3BHTHH Jia6opaTOpHH. Ba)KHbI

MH COCTaBJIHIOlll.HMH 6JiaronoJiyqHOH peaJitt3aUHH nJiaHOB )J.OJI)KHbl 

CTaTb KOHUeHTpaUHH Ha rJiaBHbIX HanpaBJieHHHX pa60Tbl, o6ecne

qeHHe TeopeTHqecKoro conpOBO)K,IJ.eHHH 3KCnepHMeHTaJibHb!X npo

rpaMM OI15II1, yqacTHe BMeCTe C 3KCnepttMeHTaJibHblMH Jia6opaTO

pttHMH B HHHOBaUHOHHOH ,IJ.eHTeJibHOCTH. CosepllleHCTBOBaHHe Ha

yqHo-o6pa3oBaTeJibHOH nporpaMMbl JIT<P B Koop,IJ.HHaUHH C pa6o

TOH 6a30BbIX Kacpe.rr.p H YHU, co3,IJ.aHtte KoMcpopTHbIX ycJIOBHH ,IJ.JIH 

MOJIO,IJ.e)KH, OT6op tt BOCnHTaHHe MOJIO)J.b!X JIH.U.epos 6y.rr.yT npHHUH

nttaJibHb!MH npttopttTeTaMH s Ka.rr.poBOH pa6oTe Jia6opaTOpHH. 

KBaHTOBruI TeOpHH IlOJIH H <l>H3HKa 3JieMeHTapHbIX qacTH~. 

HanpaBJieHHe TeopeTttqecKHX HCCJie,IJ.OBaHHH no cpH3HKe 3JieMeHTap

HblX qacrnu, npoBO)J.HMb!X B OI15II1, 6y.rr.eT onpe.rr.eJIHTbCH cpH3H

qecKHMH nporpaMMaMH Me)K,IJ.yHapo,IJ.Hb!X 3KCnepttMeHTaJibHb!X KOJI

Jia6opauHH (LHC, RHIC, FAIR, K2K H T . .rr..) H 6a30BbIX ycrn

HOBOK OI15II1, B nepsyIO oqepe.rr.b npoeKTa NICA/MPD. B Ta6-

JIHUe npoHJIJIIOCTpHpoBaHO COOTBeTCTBHe Me)K.rr.y nJiaHttpyeMb!MH 

)J.JIH HCCJie,IJ.oBaHHH TeMaMH TeopeTttqecKOH cpH3HKH 3JieMeHTapHb!X 

qacTHU H cymecTByIOlll.HMH HJIH 6y.rr.ylll.HMH 3KCnepttMeHTaMH. Bee 

yKa3aHHbie B Ta6JIHUe TeMbl 6y.rr.yT 3aTpOHYTbl B nJiaHttpyeMbIX 

HCCJie,IJ.OBaHHHX B TOH HJIH HHOH CTeneHH, B ueHTpe BHHMaHHH 

6y.rr.eT npeUH3HOHHaH nposepKa CTaH.rr.apTHOH MO,IJ.eJIH, HOBaH cptt-

3HKa 3a npe.rr.eJiaMH CrnH.rr.apTHOH MO,IJ.eJIH, CTPYKTypa a.rr.poHoB 

H cnHHOBaH cpH3HKa, cpa30Bb!e nepexo,IJ.bl B ropHqefi H nJIOTHOH 

a.rr.poHHOH MaTepHH H CMelllaHHaH KBapK-a,IJ.pOHHaH cpa3a, cpH3HKa 

TH)KeJib!X apoMaTOB H a.rr.poHHaH cneKTpOCKOnHH, cpH3HKa HettTpHHO, 

npo6JieMa TeMHOH MaTepttH H acTpOcpH3HqeCKtte acneKTbl cpH3HKH 

3JieMeHTapHbIX qacTHU. 
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TeMaT11Ka 3KcrrepttMeHTbl 
CyrrepcttMMeTptt'-IHbie rraprnepbI, xurr- CMS, ATLAS, AMS DO, 
Cb!, CHJibHa51 rpaBHTaU.H51 CDF 
<Ptt3HKa HeihpHHO NOMAD, NA-61, OPERA, 

K2K, SciBooNE 
KX.II.-cpeHOMeHoJiornH H rrapT0HHb!e ATLAS, CMS, DO, CDF, 
pacrrpe.LI.eJieHHH B umpoKoM .LI.ttarra3oHe JLab 
3Heprnii 
<Ptt3HKa TmKeJib!X KBapK0B CMS, ATLAS, DO, CDF, 

LHC-B 
BbICOKHe 3Heprntt, MaJibie X, KX.LI.- CMS, ATLAS, DO, CDF 
.LI.HcppaKU,H51 
CrrttHoBaH cTpyKTypa a.LI.p0H0B, H0Bbie COMPASS, NOMAD, 
rrapTOHHbie cpyHKU.HH pacrrpe.LI.eJiemrn H STAR, HERMES, CMS, 
cpparMeHTaU.HH, CIIHH0Bb!e 51BJieHH51 B NICA/SPD, JLab, 
KX.LI. BRAHMS, PANDA-PAX 
CttJibHOCB513aIIHa51 a.LI.p0HHa51 MaTeptt51, ALICE, STAR, HADES, 
CMelllaHHa51 cpa3a, CIIHH0Bbie KoppeJIH- NICA/MPD, NA-61, CBM 
u.uu B cpe.LI.e 
CrreKTpOCKOIIH51, pe.LI.Ktte rrpou.ecCbl NICA, BES-III, PANDA, 

KEK, KLOE, VASA 
MttoroKBapKOBbie cocT0HHHH tt KYMY- NICA/MPD, SPHERA, 
Jl51THBHbie rrpou.ecCbl NIS-GIBS, MARUSYA 

Pa3pa60TKa HOBb!X TeopeTHqecKHX MeTO,IJ.0B H MO,IJ.eJieH HBJIHeT

CH pelllaIOmefi npe.rr.nocbIJIKOH ycnellIHOH peaJIH3aUHH nporpaMMbI 

HCCJie,IJ.OBaHHH no cpH3HKe 3JieMeHTapHblX qaCTHU. PettopMrpynna H 

po.rr.cTBeHHbie 3TOMY MeTO.rr.y nO,IJ.XO,IJ.bl ( cpyHKUHOHaJibHaH peHopM-

, rpynna, ypasHeHHH .UaficoHa-lllattttrepa), MHoroneTJieBbie BbJqttc

JieHHH B TeopttH B03Mylll.eHHH (KX.U, CrnH.rr.aprnaH MO,IJ.eJib, MH

HHMaJibHoe cynepCHMMeTpHqHoe paCllIHpeHHe CrnH.rr.apTHOH Mo.rr.e

JIH)' pellleTOqHble BbJqHCJieHHH B KaJitt6posoqHbIX TeopHHX, npaBHJia 

cyMM KX.U, napTOHHbie cpyHKUHH pacnpe.rr.eJieHHH, KHpaJibHaH Teo

PHH B03MYlll.eHHH, MO,IJ.eJIH KOHcpattHMeHTa H a.rr.pOHH3aUHH B KX.U, 
TepMO,IJ.HHaMHKa ropHqefi H nJIOTHOH a.rr.poHHOH MaTepHH, TeOpHH B 

Bb!CllIHX pa3MepHOCT51X H MeTO,IJ.bl TeopHH CTpyH 6y.rr.yT B ueHTpe 

nporpaMMbl HCCJie,IJ.oBaHHH no TeOpHH nOJIH H cpH3HKe 3JieMeHTap

Hb!X qacTHU. 

TeopHH H,ll.pa. OcHOBHbIM HanpasJieHtteM HCCJie.rr.osaHHH B 06-

JiacTH H,IJ.epHOH cpH3HKH HH3KHX 3Heprntt Ha 6JIH)KaHlllee .rr.ecHTHJie

THe 6y.rr.eT H3yqeHHe CBOHCTB H,IJ.ep, ,IJ.aJieKHX OT )J.OJIHHbl CTa6HJib

HOCTH, T. e. H,IJ.ep C aHOMaJibHO 6oJibllIOH pa3HHUeH qttceJI npOTOHOB 
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H HeiiTpOHOB. Bee HairnTbie H TOJlbKO o6cy)K.n.aeMbie npoeKTbl Kpyn

Hb!X 3KcnepHMeHTaJihHhIX ycTaHOBOK B EBpone, ClllA H 5InoHHH 

Hau:eJieHbl Ha peweHHe 3TOH 3a,ll.aqH_ 9TH HCCJie,ll.OBaHHH HBJIHIOTCH 

H cocTaBHOH qacTbIO npoeKTa DRIBs. 

CoOTBeTCTBeHHO, 6y.n.yT pa3BHBaThCH H TeopeTHqecKHe HCCJie

,ll.OBaHHH B 3TOH o6JiaCTH HayKH. Ey.n.eT npO,ll.OJI)KeHa pa3pa60TKa 

MHKpocKonHqecKHX MO.LI.eJieii H.n.epHoii cTpyKTYPhI c caMocornacOBa

HHeM, HCilOJlh3YIOI.I..{HX 3cpq>eKTHBHhie B3aHMO,ll.eHCTBHH, 3aBHCHI.I..{He 

OT IlJIOTHOCTH H,ll.pa, a BilOCJie,ll.CTBHH - B3aHMO,ll.eHCTBHH KOHeqHoro 

pa.n.Hyca. KpoMe Toro, 3TH MO,ll.eJIH 6y.n.yT HCilOJlb30BaTb npH6JIH

)KeHHH, Bb!XO,ll.Hll.{He 3a paMKH npH6JIH)KeHHH cpe.n.Hero IlOJIH H 

cJiyqafiHoii cpa3bl. Ha nepBoM 3Tane 6y.n.eT yqTeHo B3aHMo.n.eiicTBHe 

co CJIO)KHblMH KOHq>HrypaU:HHMH H HCCJie,ll.OBaHbl MarHHTHhie H 3a

pH,ll.OB0-06MeHHbie pe30HaHCbl B cpe,ll.HHX H TH)KeJiblX H,ll.pax. ,ll.JIH 

KOJIHqecTBeHHoro OilHCaHHH cneKTpOB TaK Ha3bIBaeMbIX MHrKHX 

H,ll.ep 6y.n.yT pa3pa6aTb!BaTbCH HeJIHHeHHb!e npH6JIH)KeHHH. 

Ba)KHOH o6JiaCThIO HCCJie.n.oBaHHH .LI.JIH yKa3aHHhIX MO.LI.eJieii 6y

.n.eT CTPYKTypa oqeHb TH)KeJibIX, B TOM qHcJie H CBepxTH)KeJiblX, 

aTOMHblX H,ll.ep. 9TH HCCJie,ll.OBaHHH TOJlbKO HalmHaIOT pa3BopaqH

BaTbCH, OHH HCKJIJOqHTeJibHO Ba)KHbl ,ll.JIH IlOJiyqemrn HHq>OpMa

U:HH O BblCOKOJie)Kall.{HX H,ll.epHblX o6oJioqKax H, TeM caMbIM, ,ll.JlH 

onpe.n.eJieHHH rpaHHU: «CBepxTH)KeJioro» «OCTpOBa CTa6HJihHOCTH». 

Ey.n.eT npO,ll.OJI)KeHO H3yqeHHe KJiacTepHb!X 3cpcpeKTOB B CTPYKType 
TH)KeJiblX H,ll.ep. 

YcoBepweHCTBOBaHHbie MO,ll.eJIH H,ll.epHOH CTPYKTYPhl 6y.n.yT HC

IlOJlb30BaHbl ,ll.JIH npe.n.cKa3aHHH CKOpOCTeH CJia6bIX npou:eccoB B 

3Be3,ll.HOM Bell.{ecrne Ha <<npe,ll.B3pb!BHOH>> CTa,ll.HH 3BOJIIOU:HH 3Be3,ll.bl, 

B pacqeTax OTHOCHTeJibHOH pacnpocTpaHeHHOCTH XHMHqecKHX 3Jie

MeHTOB H .n.pyrHX acTpocpH3HqecKHX 3a.n.aqax. MeTO,ll.aMH TeopHH 

MaJioro qHcJia qacTHU: 6y.n.eT H3yqeHo BJIHHHHe 3- H 4-qacTHqHbIX 

3cpcpeKTOB Ha CKOpOCTH peaKU:HH C yqaCTHeM JierKHX H,ll.ep H npo

u:eccbI C pO)K,ll.eHHeM HettTpHHO Ha CoJIHU:e. 

ITpO,ll.OJI)KHTCH COBepweHCTBOBaHHe noJiyq>eHOMeHOJIOrHqecKHX 

IlO,ll.XO,ll.OB B TeopHH peaKU:HH, OCHOBaHHblX Ha MO,ll.eJIH ,ll.BOHHOH 

H,ll.epHOH CHCTeMbl HJIH Bb!COK03HepreTHqecKOM npH6JIH)KeHHH B 

TeopHH H,ll.pO-H,ll.epHblX CTOJIKHOBeHHH, .n.aIOI.I..{HX HafJIH.LI.HYIO HHTep

npeTaU:HIO HOBbIX 3KCnepHMeHTaJlbHbIX .n.aHHb!X H Il03BOJIHIOI.I..{HX 

KaqecTBeHHO ou:eHHTb pe3yJihTaTbl 6y.n.yll.{HX 3KCnepHMeHTOB. 

HapH.LI.Y C 3THM 6y.n.yT C03,ll.aBaTbCH HOBhie CTporne IlO,ll.XO,ll.bl 

B TeopHH H,ll.epHbIX peaKU:HH B nepByIO oqepe.n.b ,ll.JIH npou:ecCOB, 

K KOTOpb!M npHMeHHMbl MeTO,ll.bl TeopHH MaJioqacTHqHbIX CHCTeM. 
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HanpHMep, .LI.JIH aHaJIH3a peaKU:HH c yqacTHeM JierKHX raJio-H.n.ep 

6y.n.eT pa3BHBaThCH qeTbipexTeJihHbIH no.n.xo.n.. Ey.n.y-r HCCJie,ll.OBaThCH 

CTOJIKHOBeHHH YJibTpaXOJIO,ll.HWX aTOMOB H MOJieKyJI B OilTHqecKHX 

H MarHHTHblX JIOBYWKaX, a Ha 6oJiee Il03,ll.HeM 3Tane - peaKU:HH 

CJIHHHHH B nepeceKaIOI.I..{HXCH HH3K03HepreTHqecKHX nyqKax JierKHX 

H,ll.ep, KaHaJIHpOBaHHbIX B KpHCTaJIJIHqecKHX CTPYKTypax. 

TeopeTHqecKHe HCCJie,ll.OBaHHH npou:eccoB B3aHMO,ll.eHCTBHH TH

)KeJihlX HOHOB npH npoMe)KyToqHblX H Bb!COKHX 3HeprnHX B 3HaqH

TeJihHOH Mepe 6y.n.yT opHeHTHpoBaHhI Ha npoeKT NICA/MPD. 11x 
rJiaBHOH u:eJibIO 6y.n.eT H3yqeHHe MexaHH3MOB B3aHMO,ll.eHCTBHH H 

,ll.HHaMHKH B03MO)KHblX cpa30Bb!X nepeXO,ll.OB B H,ll.pO-H,ll.epHb!X CTOJIK

HOBeHHHX, 3cpcpeKTOB, BJIHHIOI.I..{HX Ha B03HHKHOBeHHe CMewaHHOH 

KBapK-a.n.poHHOH cpa3hl, H CHrHaJIOB ee o6pa30BaHHH. ,ll.JIH OilHCaHHH 

ypaBHeHHH COCTOHHHH H,ll.epHoro Bell.{ecrna .n.aJibHeiiwee pa3BHTHe 

noJiyqHT peJIHTHBHCTCKaH MO,ll.eJib cpe.n.Hero IlOJIH C IlOCJie,ll.oBaTeJib

HWM yqeTOM H3MeHeHHH CBOHCTB a.n.poHOB B ropHqefi H IlJIOTHOH 

cpe.n.e, a TaK)Ke rn.n.po,ll.HHaMHqecKaH MO,ll.eJih H,ll.pO-H,ll.epHb!X CTOJIK

HOBeHHH npH peJIHTHBHCTCKHX 3HeprHHX. 

,ll.JIH aHaJIH3a npou:eccoB B3aHMO,ll.eHCTBHH JieilTOHOB H a.n.po

HOB C JierqafillIHMH H,ll.paMH H H3BJieqeHHH H3 3KCnepHMeHTaJihHblX 

.n.aHHhIX, noJiyqeHHhIX B 0115111, GSI, JLab, J-PARC, HHcpopMaU:HH 

0 CTPYKTYPHhIX cpyHKU:HHX HYKJIOHOB H H,ll.ep 6y.n.eT npO,ll.OJI)KeHa 

pa3pa6oTKa no.n.xo.n.a EeTe-CoJinHTepa c cenapa6eJihHhIM B3aHMO

.n.eHCTBHeM. KpoMe Toro, 6y.n.yT pa3BHBaThCH HOBhle MO,ll.eJIH H Me

TO,ll.bl, He06XO,ll.HMhle ,ll.JIH aHaJIH3a peaKU:HH cpoTOpO)K,ll.eHHH BeKTop

HbIX Me30HOB Ha npOTOHe H .n.eiiTpOHe, no.n.noporoBoro pO)K,ll.eHHH 

qacTHU:, IlOJIHpH3aU:HOHHbIX xapaKTepHCTHK H npoq_ Ey.n.yT npo.n.oJI

)KeHhl HCCJie,ll.OBaHHH peaKU:HH q>OTO- H 3JieKTpopO)K,ll.eHHH IlHOHOB 

Ha HYKJIOHax, 6a3HpyIOI.I..{HeCH Ha ,ll.HCnepcHOHHblX COOTHOilleHHHX H 

,ll.HHaMHqecKOM OilHCaHHH HYKJIOHHbIX pe30HaHCOB. B 6oJiee OT,ll.a

JieHHOH nepcneKTHBe 6y.n.eT HaqaTO HCCJie,ll.OBaHHe MaJioqacTHqHb!X 

CHCTeM, BKJIJOqaJOI.I..{HX Me30Hbl C OTKpb!TbIM H CKpb!TbIM oqapoBa

HHeM, paBHO KaK H co CKpb!TOH CTpaHHOCTbIO. 

TeopHH KOH.ll,eucuposaHHhIX cpe.ll,. B nocJie.n.Hee BpeMH 6b1JI 

,ll.OCTHrHYT He6hIBaJiblH nporpecc KaK B npHrOTOBJieHHH Bb!COKOKa

qecTBeHHbIX o6pa3U:OB, TaK H B pa3BHTHH Bb!COKOTOqHOH H3MepH

TeJibHOH TeXHHKH. 9TO Il03BOJIHJIO noJiyqHTb HOBh!e pe3yJibTaThl B 

HCCJie,ll.oBaHHH TepMO,ll.HHaMHqecKHX, TpaHcnopTHhlX H cneKTpOCKO

nHqecKHX CBOHCTB HOBbIX KOMnJieKCHblX MaTepHaJIOB, 06Hapy2KH

BaIOI.I..{HX CHJlbHble 3JieKTpOHHbie H MarHHTHhie KOppeJIHU:HH. Cpe.n.H 

HHX TaKHe MaTepHaJihl, KaK CJIOHCThie KynpaTbl B HOpMaJihHOM H 
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csepxnpoB0.lJ.HW.eM COCTOHHHHX, 0KCH)J.bl nepeX0)J.HbIX MeTaJIJI0B, B 

IJaCTH0CTH MaHraHHThl C K0JI0CCaJihHbIM MarHeToconpoTHBJieHHeM H 

reoMeTpH'IeCKH cppycTpHpOBaHHbie aHTHcpeppoMarHHTHhie coe,lJ.HHe

HHH, a TaK)Ke cpyJIJiepeHOBbie KJiaCTepbl H peweTKH. I1ccJie)J.OBaHHe 

3THX MaTepttaJI0B npe)J.CTaBJIHeT orpOMHbIH HHTepec KaK C T0'IKH 

3peHHH cpyH,lJ.aMeHTaJihHOH q>H3HKH, TaK H B CBH3H C B03M0)KH0CTb!O 

HX HCil0Jlb30BaHHH B TeXHHKe. 

OcHOBHoe BHHMaHHe B npe)J.JiaraeMoti nepcneKTHBHOH nporpaM

Me ttccJie)J.oBaHHH 6y.ll.eT y,lJ.eJieHo TeopeTHIJeCK0MY aHaJIH3Y ynoMH

HYThIX Bhrrne cttcTeM c CHJihHOH aJieKTpOHHOH KoppeJIHUtteti, 'ITO 

npe)J.Il0JiaraeT H3yIJeHHe H0BbIX KoonepaTHBHhlX HBJieHHH, H0BbIX 

BH)J.0B ynopH)J.0IJeHHH, MarneTH3Ma B HH3Kopa3MepHbIX CHCTeMax H 

KBaHT0BbIX KpHTHIJeCKHX HBJieHHH. 

I1HTeHCHBHbie 3KCnepHMeHTaJihHbie HCCJie)J.0BaHHH 3THX MaTe

pttaJI0B c Il0M0W.b!O pacceHHHH HeHTpOHOB, npoB0)J.HMhie s Jla6opa

TOpHH HettTpOHHOH q>H3HKH OI1.HI1, TaK)Ke CTHMYJIHPY!OT pa3BHTHe 

TeopeTH'leCKHX HCCJie)J.OBaHHH B 3TOH o6JiaCTH. 

OcHOBHaH ueJib nJiaHttpyeMbIX HCCJie)J.OBaHHH s Te'leHHe 6JIH

)KattllIHX 7 JieT C0CT0HT s npoBe,lJ.eHHH <<peaJIHCTHIJeCKHX>> Bbl'IHC

JieHHH B paMKaX H0BbIX 3cpcpeKTHBHbIX MeT0)J.0B pa3JIH'IHblX cpH-

3HIJeCKHX BeJIH'IHH, H3MepHeMbIX B 3KCnepttMeHTax, 'ITO CM0)KeT 

npoJIHTb CBeT Ha BeChMa CJI0)KH0e B3aHMH0e BJIHHHHe 3JieKTpOHHOH 

CTPYKTYPhI, MarHHTHhIX H TpaHcnopTHhIX csoticTB 3THX K0MnJieKc

HhIX CHCTeM. Ha 0CH0Be 3THX Bbl'IHCJieHHH M0)KH0 6y)J.eT yKa3aTh 

nyTH K C03,lJ.aHH!O H0BbIX MaTepttaJI0B H pa3pa60TKe HHH0BaUH0H

HbIX npoeKT0B. 

CospeMeHHhie Tpe6osaHHH K C03)1.aHH!O 6oJiee CJIO)KHOH H TOH

KOH 3JieKTp0HHKH H np0H3B0)1.CTB0 3JieKTp0HHbIX K0Mil0HeHT pa3Me

paMH HH)Ke )J.OnycrnMoro npH Tpa.ll.HUHOHHOH JIHTOrpacpHH npe)J.eJia 

npHBeJIH K 3aMeTH0MY nporpeccy B pa3BHTHH HOBOH npoueccop

HOH TeXHHKH Ha HaHOMacrnTa6e. TTpttMepaMH HBJIH!OTCH npoH3B0)1.

CTB0 npoB0)J.HHK0B aT0MHoro pa3Mepa, ycTpOHCTB, HCil0Jib3Y!OW.HX 

3cpcpeKT TYHHeJIHposaHHH 0)1.H0ro 3JieKTpoHa, HCCJie)J.0BaHHe CilHH

IlOJIHpH30BaHHOH 3JieKTp0HHKH H MarHHTHhIX HaH0CTPYKTyp. Bee 

3T0 HMeeT orpoMHbie nepcneKTHBbl npHMeHeHHH B 3JieKTp0HHbIX 

ycTpOHCTBax H0B0f0 Il0K0JieHHH. Ey.ll.yw.He npHJI0)KeHHH npoCTHpa

!OTCH OT KBaHT0BblX K0Milb!OTepoB H TaK Ha3bIBaeMOH 6e3onaCHOH 

KBaHTOBOH HHcpOpMaUHH )1.0 ycTpOHCTB )J.JIH ceHC0pHbIX TeXHOJIOrHH, 

cpa6aTbIBa!OW.HX npH B03)1.ettcTBHH Bcero 0)1.HOH qacTHUbl. YHH

KaJibHbie o6pa3Ubl, noJiyIJeHHbie Ha HaHOMaCWTa6HbIX pa3Mepax, 

0TKpbIBa!OT H0Bbie B03M0)KH0CTH B pa3H006pa3HbIX o6JiaCTHX -
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K0Milb!OTepHaH naMHTb, 3JleKTp0- H TenJionepeH0C, MHKponepeKJI!O-

qaTeJIH H BbIC0K0llYBCTBHTeJlhHbie ,lJ.eTeKT0pbI. . 

· · Oco6hrti' HHTepec npe.ll.cTaBJIH!OT ydrepo.ll.Hhie HaHOCTpyK-ryphr. 

HanpHMep; yr.riepd)J.ilble HaHOTpj76KH paccr,1aTpHBa!OTCff'B°KalleCTBe 

B03M0)KHhIX K0MnoHeHT MOSFET-TpaH3HCTopos H coe,lJ.HHeHHH. 

XopornHe 3MHCCH0HHbie xapaKTepHCTHKH o6ecneIJHBa!OT HX npH

MeHeHHe B HH)J.HKaT0pHbIX naHeJIHX. ToHKHe Hf0JlbllaTbie CTpyK

TYPhI Il03B0JIH!OT npHMeHHTb HaHOTpy6KH B KaqecTBe 30H)J.0B B 

pa3JIHllHhIX MHKpocKonax. .llpyroe Ba)KH0e npHJI0)KeHHe CBH3aH0 

C xop0WHMH nornow.aIOW.HMH xapaKTepHCTHKaMH yrnep0.lJ.HbIX Ha

H0llaCTHU, B qaCTH0CTH B0.ll.0P0.ll.a, 'ITO M0)KeT 6bITb HCil0Jlb30BaH0 

npH pa3pa60TKe H0BbIX T0ilJIHBHbIX ycTpOHCTB. O)1.Hc!KO npe)J.CT0HT 

npo)J.eJiaTb 60JiblliYIO pa6oTy )J.JlH Toro, llT06bI lleTKO nOHHMaTb H 

K0HTp0JIHpoBaTb HX H3f0T0BJieHHe C yqeT0M npOH3B0JlbHOH cpop

Mbl; TonoJI0rHH, xttpaJibHOCTH, pa3Mepos, cTpyKTYPhI (K npttMepy 

0)1.H0CTeHHbie B cpasHeHHH C MHOfOCTeHHbIMH), pacn0JI0)KeHHH, na

paJIJieJibH0ro M0HTa)Ka, HHTerpaUHH B HaH03JieKTp0HHbie CHCTeMbI, 

OTB0)J.a TenJia. TToMHMO 3Toro He06XO)J.HMO noHHMamie Ha M0JieKy

JIHpH0M ypoBHe opraHH3aUHH coe)J.HHeHHH Me)K.lJ.Y TaKHMH MaTepH

aJiaMH. 
no 3TOH npHllHHe 0CH0BHbie HanpaBJieHHH HCCJie)J.OBaHHH 6y

.ll.YT BKJI!OllaTb TeopeTHIJeCK0e H3ylleHHe 3JleKTp0HHbIX, TenJI0BbIX H 

TpaHcnopTHbIX xapaKTepHCTHK pa3H006pa3HbIX cospeMeHHbIX HaHo

MaTepttaJI0B H HaH0CTPYKTyp. 

CospeMeHHrul MaTeMaTH11eCKrul <l>H3HKa. TeopHH cynep

CTPYH - Hatt6oJiee cepbe3Hb!H KaH)J.H,lJ.aT Ha p0Jib e)J.HHOH Te0pHH 

cpyH,lJ.aMeHTaJibHblX B3aHMO)J.eHCTBHH, BKJIIOllaIOw.eti KBaHT0BY!O 

rpaBH'I'aUH!O. I1MeHHO no 3TOH npHllHHe Te0pHH cynepcTpyH 

HBJIHeTCH 0CH0BHbIM HCT0llHHK0M 3a)J.all, cocTaBJIH!OW.HX npe)J.MeT 

cospeMeHHOH MaieMarnqecKoti cpH3HKH. Pa3BHTHe 3TOH TeopHH 

C0CTaBJIHeT 0CH0BHYIO ueJib HCCJle,lJ.OBaHHH no TeMe H BKJl!OllaeT 

H3ylleHHe HCKJI!OllHTeJlbH0 wiipoKoro cneKTpa ee B03M0)KHblX pe

)KHM0B, T0llHbIX KJiaCCHlleCKHX H KBaHT0BbIX perneHHH. KpbMe Toro, 

3Ta Te0pHH HMeeT MH0rollHCJieHHbie npHJI0)KeHHH, B TOM llHCJie 

HenepTyp6aTHBHbIH pe)KHM cynepCHMMeTpWIHhlX KaJIH6poB0llHbIX 

TeopHH, MHKpOCKOnHlleCK0e onttcaHHe qepHblX )J.blp, K0CM0Jl0rHlle

CKHe M0)J.eJIH paHHeH BceJieHHOH. ,llJIH npHMeHeHHH H pa3BHTHH 

H0BbIX H)J.ett, nop0)K,lJ.eHHbIX Teoptteti CTPYH, pernaIOW.HM HBJIHeTCH 

HCn0Jib30BaHHe MaTeMaTHlleCKHX MeT0)J.0B Te0pHH HHTerpttpyeMblX 

CHCTeM, KBaHT0Bb!X rpynn H HeKOMMyTaTHBHOH reoMeTpHH. 

B 6JIH)Kattwee )J.eCHTHJieTHe 3T0 HanpaBJieHHe 6y)J.eT 3aHHMaTh 
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ueHTpanhHOe MeCTO B HCCReAOBaHHHX no MaTeMaTHqecKOH cpH3HKe 
B JIT<I> Ol1.Hl1. 

,ny6HeHCKaH Me1K,11.yHapo,1I.HaH WKOJia cospeMeHHOH TeO

peTHqecKOH <t>HaHKH (DIAS-TH). YHHKanbHaH qepTa npoeKTa 
DIAS-TH cocTOHT s rny6oKoH ero HHTerpauHH s HayqHy10 :>KH3Hh 
JIT<I>, qTO o6ecneqHsaeT perynHpHoe H ecTecTBeHHoe yqacTHe 
BeAyW.HX yqeHb!X B yqe6Ho-o6pa30BaTeRbHOH pa6oTe. OcHOBHbIM 
HanpasneHHeM AeHTenhHOCTH DIAS-TH 6yAeT opraHH3aUHH pery
nHpHhIX llIKOR H pa6oqHx cosemaHHH no TeMaTHKe Ol1.Hl1 ARH 
MOROAblX yqeHhIX, acnHpaHTOB, CTyAeHTOB H llIKORbHHKOB H3 CTpaH
qneHOB Ol1.Hl1 H -Apyrnx yqacrnHKOB l1HCTHTyTa. KpoMe 9Toro, 
s paMKax npoeKTa DIAS-TH 6yAeT ocyw.ecTBRHThCH KoonepaUHH 
C YHl..l, Ol1.Hl1 B sonpoce nOAfOTOBKH CTyAeHTOB H acnHpaHTOB 
H B opraHH3aUHH llIKOR. ARH CTyAeHTOB, 6yAyT npoqTeHbl o63op
Hb!e neKUHH no npo6neMaM cospeMeHHOH cpH3HKH, HanpasneHHbie 
Ha nOAAep:>KKY H cpopMHpOBaHHe 9KCnepHMeHTaRbHb!X nporpaMM 
Ol1.Hl1. DIAS-TH o6ecneqHT yqacrne MOROAe:>KH B Me:>KAyHapoA
HhIX HayqHo-o6pa30BaTeRbHb!X npoeKTax no nOAfOTOBKe MOROAbIX 
yqeHhIX, opraHH3aUHIO pa60Tbl ceMHHapoB MOROAbIX yqeHb!X H 
acnHpaHTOB no TeopeTHqecKOH H MaTeMaTHqecKOH cpH3HKe, ny6-
RHKaUHIO neKUHH, B TOM qHcne Ha OCHOBe cospeMeHHb!X KOM
nhIOTepHb!X TeXHOROrHH, KOMnhIOTepHyIO o6pa60TKY BHAeo3anHCeH 
neKUHH, nOAAep:>KKY UHcpposoro apXHBa BHAe03anHCeH, C03AaHHe 
H conpOBO:>KAeHHe 6a3bl AaHHb!X C o6yqaIOIIJ.HMH nporpaMMaMH H 
neKUHHMH no aKTyanhHb!M npo6neMaM cospeMeHHOH cpH3HKH. Yqa
CTHe COTPYAHHKOB Ol1.Hl1 B opraHH3aUHH yqe6Horo npouecca Ha 
npocpHRbHh!X KacpeApax Me:>KAyHapOAHOro YHHBepCHTeTa <<)ly6Ha>> 
H 6a3HpyIOW.HXCH B r. )ly6He KacpeApax cpaKynbTeTa o6mefi H npH
KRaAHOH cpH3HKH M<I>Tl1 H cpH3HqecKoro cpaKynhTeTa MfY TaK:>Ke 
6yAeT cpeAH npHopHTeTHbIX 3aAaq npoeKTa DIAS-TH. 

)leHTenhHOCTh DIAS-TH 6yAeT cocpeAoTOqeHa Ha ocHOBHhIX 
HanpasneHHHX HCCReAOBaHHH JIT<I> - TeopHH 9ReMeHTapHb!X qa
CTHU, TeopHH HApa, TeopHH KOHAeHCHposaHHb!X cpeA H cospeMeH
HOH MaTeMaTHqecKoH cpH3HKe. Ba:>KHhIM ycnosHeM ycnellIHOH pa6o
ThI npoeKTa 6yAeT pa3BHTHe COTPYAHHqecTBa C Me:>KAyHapOAHb!MH H 
poccHHCKHMH cpoHAaMH (IOHECKO, DAAD, DFG, P<I><I>l1, <<)lHHa
CTHH>> H Ap.) H rocyAapcTBeHHhIMH opraHH3aUHHMH (BMBF, INFN, 
CNRS). 

VIHHOBAUVIOHHA~ 
VI 06PA30BATEJlbHMI 

.QE~TEJlbHOCTb 



HHHOBAUHOHHMI ~ERTE~bHOCTb 

CTpaTerm1 ceMHJiernero nJiaHa pa3BHTHH 0115111 onpe.u.eJIHJiacb 

TpHaJI.OH «HayKa-o6pa30BaHHe-HHHOBaUHH~. 3Ta CTpaTerHH o.u.06-

peHa KoMHTeTOM Il0JIH0MO"lIHblX npeJI.CTaBHTeJieH npaBHTeJibCTB ro

cy.u.apcTB-1IJieH0B 0115111 H oTBe1IaeT HHTepecaM nepexo.u.a K HHH0-

aaUHOHHOH 3K0H0MHKe B 3THX CTpaHax. 11HHOBaUHOHHOe. pa3BHTHe 

0115111 onHpaeTcH Ha TBopqecKHH . no-reHUHaJI Me*JI.YHapo.u.Horo 

K0JIJieKTHBa yqeHbIX H cneuHaJIHCTOB H pa3HOo6pa3He HMeIOW.HXCH 

B 11HCTHTyTe 6a30BblX H 3KCnepHMeHTaJibHbIX <pH3H1IeCKHX ycTa

H0B0K, Il03B0JIHIOW.HX He T0JlbK0 BeCTH Hay1IH0-HCCJieJI.0BaTeJibCKHe 

pa60Tbl, HO H 3cpcpeKTHBHO pa3BHBaTb nepcneKTHBHbie. npHKJiaJI.HbJe, 

HHH0BaUH0HHbie pa3pa6oTKH umpoKoro npo<pHJIH. 

Ko.HuenUHH HHH0BaUH0HH0ro pa3BHTHH O1151H npe.u.onpe.u.eJIH

Jia peaJIH3aUHIO HeCK0JibKHX Ba)KHeHllIHX 3a.u.a1I. 

1. ,llaJibHeHlllee pa3BHTHe Hay1IH0-HCCJieJI.0BaTeJibCK0ro noTeH

UHaJia HHCTliTYTa 3a C1IeT C03JI.aHHH H0BblX 6a30BblX H 3KCnepH

MeHTaJibHblX <pH3H1IeCKHX ycTaH0B0K C YHHKaJibHbIMH. xapaKTepH

CTHKaMH, Il0BbillleHHH 3cpcpeKTHBHOCTH HX HCil0Jlb30BaHHH, B TOM 

1IHCJie 3a C1IeT BHe.u.peHHH H0BblX cpopM <pHHaHCHpoaaHHH Hay1IHbIX 

HCCJie.u.oaaHHH (npoeKTHOe <pHHaHCHpoBaHHe, rpaHTbl H T. JI..). 

2. Co.u.eHCTBHe peaJIH3aUHH HaytiHO-HCCJieJI.OBaTeJibCKHX H TeX

H0JI0fH1IeCKHX npoeKT0B, 06ecne1IHBaIOW.HX npopbIBHbie Il03HUHH 

B H36paHHbIX nepcneKTHBHbJX HanpaaJieHHHX pa3BHTHH npHKJiaJI.

HbIX paspa60TOK. 

3. no.u.roTOBKa cneuHaJIHCT0B JI.JIH HHHOBaUHOHHOH ccpepbl .u.eH

TeJibH0CTH. 

4. Co.u.eHCTBHe cpopMHpoaaHHIO K0MTTJieKca nepcneKTHBHbIX HH

H0BaUH0HHbIX HanpaaJieHHH HCCJieJI.OBaHHH H pa3pa60TOK, pa3BH

aaeMbJX B oco6oH 3KOHOMH1IeCKOH 30He TeXHHK0-BHe.u.peH1IecKoro 

THna a ropo.u.e ,lly6He. 

B nepH0JI. nepexo.u.a K pb1H01IHOH 3K0H0MHKe B rocy.u.ap

CTBaX-1IJieHax 0115111 umpoK0 npaKTHK0BaJI0Cb C03JI.aHHe He60Jib

llIHX npe.u.npHHTHH, HCil0Jlb3YIOW.HX pa3pa60TKH, Bbin0JIHeHHble 
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B OIHII1. .6oJibIIIHHCTBO H3 HHX He CMOrJIH BbDKHTb B CHJIY 

pH,!I.a npHqHH: Hepa3BHTOCTH pbIHOqHblX OTHOIIIeHHH, OTCYTCTBHH 

,!J.OCTaToqHoro CTapTOBoro.KanHTaJia, He3HaHHH OCHOB HHHOBaUH

OHHOrO MeHe,IJ.:>KMeHTa H .n.p. O.n.HaKO HeKOTOpb!e H3 HHX OKa3aJIHCb 

ycneIIIHbIMH, H HpKHM npHMepoM TaKOH HHHOBaUHOHHOH KOMnaHHH 

B ,[{y6He HBJIHeTcH HayqHo-npoH3BO.U.CTBeHHhIH ueHTP <<AcneKT>>, 

pa3pa6aTbIBaIOLUHH H npOH3B0,!J.HLUHH annapaTypy ,!J.JIH pa.n.HaUH

OHHOro KOHTpOJIH, pa3BHBaIOLUHHCH B TeCHOM COTPY.U.HHqecTBe C 

OI1.HI1. B nocJie.n.Hee BpeMH c yqacrneM OI1.HI1 HJIH Ha ocHoBe 

HayqHo-TeXHHqecKHX pa3pa60TOK, Bb!IlOJIHeHHbIX B I1HCTHTyTe, 

o6pa30BaHbl er.ue HeCKOJibKO npe.n.npHHTHH H HayqHo-npOH3BO,IJ.

CTBeHHb!X KOMnJieKCOB, B TOM qHcJie 000 <<,[{BHH>> (pa3pa6oTKa 

H H3fOTOBJieHHe .n.eTeKTOpOB ,!J.JIH ,!J.HCTaHUHOHHOro o6Hapy:>KeHHH 

Ber.uecTB C 3a,IJ.aHHblMH xapaKTepHCTHKaMH B CKpb!TbIX 06beMax), 

000 <<UHKJIOH>> (pa3pa6oTKa H coopy:>KeHHe ycKopHTeJibHbIX 

KOMnJieKCOB ,!J.JIH pa,!I.HOTepanHH), 3AO <<HaHOKaCKa,IJ.>> (pa3pa6oTKa 

Me,IJ.HUHHCKOH annapaTypbl ,!J.JIH rny60KOH oqHCTKH KpOBH <pHJib

TpaMH Ha OCHOBe , TpeKOBbIX MeM6paH), 000 <<I1HTepfpacpHKa>> 

(MYJibTHMe,IJ.HHHbie, cpe.n.cTBa B o6pa30BaTeJibHOM npouecce ) H .n.p. 

Ba:>KHOH Bexofi B HHHOBaUHOHHOM pa3BHTHH OI1.HI1 CTaJio co-

3,IJ.aHHe B .n.eKa6pe 2005 r. B ropo.n.e ,[{y6He oco6ofi 3KOHOMHqecKofi 

30Hbl (033) Tex~mKO-BHe.n.peHqecKOfO THna. XapaKTep H CTpaTe

rnqecKHe ueJIH .n.eHTeJibHOCTH 0I1.HI1 HaIIIJIH OTpa:>KeHHe B Te

MaTHqecKOH HanpaBJieHHOCTH HCcJie,IJ.OBaHHH H TeXHOJIOrHqecKHX 

pa3pa6oTKax pe3H,IJ.eHTOB 033 - H,!I.epHO-<pH3HqecKHX H HHcpop

MaUHOHHblX TeXHOJIOrHH. Pe3H,IJ.eHTaMH 033 <<,[{y6Ha>> CTaJIH H 

nepeqHcJieHHbie paHee npe.n.npHHTHH, HCnOJib3YIOLUHe pe3yJihTaTbl 

HayqHO-HCCJie,IJ.OBaTeJibCKHX pa3pa60TOK, Bb!IlOJIHeHHbIX B no.n.pa3-

,IJ.eJieHHHX O6be,IJ.HHeHHOro HHCTHTyTa H,!I.epHbIX HCCJie,IJ.OBaHHH. 

,[{HpeKUHeH 0I1.HI1 npe.n.npHHHMaIOTCH 3HaqHTeJibHbie ycHJIHH 

no C03,IJ.aHHIO C yqacTHeM I1HCTHTyTa COOTBeTCTBYIOI..UeH HHHOBa

UHOHHOH HH<ppacTpyKTYPbI, Heo6xo,IJ.HMOH ,!J.JIH 3<pcpeKTHBHOH pea

JIH3aUHH TBopqecKoro noTeHUHaJia COTPY.U.HHKOB Me:>K.n.yHapO,!I.HOH 

·HayqHO-HCCJie,IJ.OBaTeJibCKOH opraHH3aUHH. 

C 2004 r. OI1.HI1 .n.eficTByeT Ha OCHOBe COrJiaIIIeHHH O qacTHo

rocy.n.apcTBeHHOM napTHepcTBe C KpynHeti:IIIeH pOCCHHCKOH qacTHOH 

BbICOKOTexHoJiornqHoH KopnopauHeH Act> K <<CHcTeMa>>. CoBMeCTHO 

C HeH B 2005 r. 6b!JIO C03,IJ.aHo OTKpb!TOe aKUHOHepHoe o6r.uecTBO 

<<YnpaBJIHIOI..UaH KOMnaHHH ,[{y6Ha-CHCTeMa>>, .n.eHTeJibHOCTb KOTO

poro nOMOrJia peIIIaTb Ba:>KHeHIIIHe )].JIH HHHOBaUHH 3a,IJ.aqH - OKa-
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3aHHe ycJiyr no IOpH,!I.HqecKOMY conpoBO:>K,IJ.eHHIO, 6H3HeC-nJiaHHpo

BaHHIO H T. ,!I.. He,IJ.aBHO C03,IJ.aHHbIM KOM0aHHHM. 

B 2005 r. OI1.HI1 npHHHJI yqacrne B COBMeCTHOH nporpaMMe EB

ponefiCKoro co103a H PoccHHCKOH aKa.n.eMHH HayK Ha ocHOBe no6e

,IJ.hI B paMKax npoeKTa <<HayKa H KOMMepuHaJIH3aUHH TeXHOJIOrHH>> 

EuropeAid/115381/C/SV /RUS. CneuHaJIHCTbI OI1.HI1 B TeqeHHe 

ro.n.a aKTHBHO pa6oTaJIH COBMeCTHO c eBponeHCKHMH cneuHaJIHCTa

MH no TeMaTHKe TpaHccpepa TeXHOJIOrHH, MapKeTHHra HHHOBaUHH, 

MeHe,IJ.:>KMeHTa H T . .n.., noceTHJIH JiyqIIIHe ueHTpbl KOMMepuHaJIH3a

UHH B f epMaHHH H BeJIHK06pHTaHHH. Pe3yJibTaTOM npoeKTa CTa

JIO co3,IJ.aHHe UeHTpa KOMMepuHaJIH3aUHH HayqHhIX pa3pa6oToK B 

OI1.HI1, KOTOpbIH HBJIHeTcH qJieHoM cern Medilink-Russia coBMecT

HO C 13 poccHHCKHMH ueHTpaMH KOMMepuHaJIH3aUHH. 

OI1.HI1 aKTHBHO yqacTByeT B pa3JIHqHblX ueJieBblX nporpaM

MaX ,!J.JIH pa3BHTHH HHcppaCTpyKTYPbl B PoccHHCKOH <l>e.n.epaUHH. 

B 2006 r. I1HCTHTYT BbIHrpaJI KOHKypc B paMKax <l>e.n.epaJibHOH 

ueJieBofi nporpaMMhI (<l>UTT) PoccHH <<I1ccJie.n.oBaHHe HHHOBaUHOH

Horo noTeHuHaJia r. ,[{y6Hbl C ueJiblO C03,IJ.aHHH H pa3BHTHH ueHTpOB 

TpaHccpepa TexHoJiornfi (UTT),>, B pe3yJihTaTe qero OI1.HI1 cTaJI 

yqacTHHKOM ceTH UTT, co3,IJ.aHHbIX ITPH opraHH3aUHOHHOM yqacTHH 

rocy.n.apcTBa. no 3aKa3y <l>e.n.epaJibHoro areHTCTBa ITO yITpaBJie

HHIO oco6b!MH 3KOHOMHqecKHMH 30HaMH pep I1HCTHTYT Bb!IlOJIHHJI 

6oJiblIIYIO pa6oTy ITO HayqHo-TeXHHqecKOMY o60CHOBaHHIO CTpOH

TeJibCTBa UeHTpa KOJIJieKTHBHoro ITOJib30BaHHH o6opy.n.oBaHHeM B 

paMKax 033 <<.Uy6Ha>> (2007 r.) B paMKax <l>UTT <<Pa3BHTHe HHcppa

CTPYKTYPhI HaHOHH.n.ycTpHH B PoccHHCKOH <l>e.n.epauHH>> COBMeCTHO 

c PHU <<KypqaTOBCKHH HHCTHTYT>> H <l>fYTT <<HayqHo-HccJie.n.o

BaTeJihCKHH HHCTHTYT ITpHKJia,IJ.HOH aKyCTHKH>> 6bJJia BblIIOJIHeHa 

pa6oTa ITO C03,IJ.aHHIO CHCTeMbl MOHHTOpHHra HCCJie,IJ.OBaHHH H pa3-

pa60TOK B o6JiaCTH HaHOTeXHOJIOrHH H HaHOMaTepHaJIOB. 

DOJibIIIOe BHHMaHHe y.n.eJIHeTCH B I1HCTHTyTe ITO,!J.fOTOBKe Ka.n.

poB ,n:JIH HHHOBaUHOHHOH ,n:eHTeJibHOCTH. CITeuHaJIHCTbI OI1.HI1 Be

.n:yT CITeuHaJibHbie KypcbI ITO yITpaBJieHHIO HHHOBaUHOHHblMH ITpoeK

TaMH B Me:>K,n:yHapo,n:HoM yHHBepcHTeTe <,,[{y6tta>>. C 2009 r. OI1.HI1 

ITPH ITo,n:,n:ep:>KKe MHHHCTepcTBa o6pa3oBaHHH H HayKH PoccHHCKOH 

<l>e,n:epauHH ITpOBO,n:HT e:>Kero,n:HyIO lliKOJIY HHHOBaUHOHHOro Me

He,n::>KMeHTa, r.n:e MOJIO.Ll:ble HHHOBaTOpbl co BCeH PoccHH ITOJiyqaIOT 

Ba:>KHeHIIIYIO HH<pOpMaUHIO OT Be,n:yLUHX ITpaKTHKOB poCCHHCKoro 

HHHOBaUHOHHOro 6H3Heca. B 2008-2010 rr. OI1.HI1 COBMeCTHO 

c PHU <<KypqaTOBCKHH HHCTHTYT>> H ITPH ITo,n:,n:ep:>KKe Me:>Krocy

.n:apcTBettttoro cpott,n:a ryMaHHTapHoro coTpy,n:HHqecTBa rocy,n:apcTB-
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yqacTHHKOB CHf e:>Kero,ntto npoBo,nHT BbtClllHe Kypcbr cTpatt CHf 

JI.JUI MOJIOJJ.b!X ytieHb!X H acnHpaHTOB no HaHOTeXHOJIOrHHM. 

Ba:>KHb!M HBJIHeTCH yBeJIHtieHHe 3cpcpeKTHBHOCTH HHHOBal.I.HOH

HOro coTpy,nHHtiecTBa O115U1 co cTpaHaMH-ytiaCTHHl.I.aMH no cJie

.D.YIOI.IJ.HM HanpaBJieHHHM. 

1. TexHOJ!OrHH: pa3pa6aTbIBaeMb!e HOBb!e TeXHOJ!OrHH JI.OJI)KHbl 

HMeTb KOHKypeHTHbie npeHMymecTBa, onpe,neJIHIOI.IJ.He HX a,neKBaT

HOe npHJIO:>KeHHe H ycJIOBHH ,nocTyna K HHM JJ.JIH npOMbllllJieHHblX 

napTHepoB H3 CTpaH-ytiaCTHHl.I. . 

2. YcJiyrH: OHH JJ.OJI)KHbl 6b!Tb B OCHOBHOM CBH3aHbl C HCnOJib-

30BaHHeM KOMnJieKca YHHKaJibHOfO H Bb!COKOTeXHOJ!OfH9HOfO 060-

py,noBaHHH, pacnoJio:>KeHHoro B O11.Hl1. 

3. R&D-nporpaMMbI: B CTpaHax-yqaCTHHU.aX O11.Hl1 JJ.OJI:>KHa 

6b!Tb nOJIHaH HH<pOpMal.I.HH O nporpaMMaX HCCJie,noBaHHH B paMKax 

HHHOBal.I.HOHHOH ,neHTeJibHOCTH 11HCTHTyTa, oroBopeHbl B03MO:>KHO

CTH napTHepcKoro yqacTHH B TaKHX nporpaMMax. 

B 3THX ueJIHX O11.Hl1 CTpeMHTCH nocTOHHHO pa3BHBaTb MaTepH

aJibHYIO H npH6opHyIO 6a3y, HHcppacTpyKTYPY, JJ.JIH Gero npHBJieKaeT 

BHelllHee cpHHaHCHpoBaHHe. B MapTe 2010 r. O11.Hl1 COBMeCTHO 

c napTHepaMH CTaJI no6e,nHTeJieM KpynHoro KOHKypca rocy,nap

CTBeHHOH Kopnopau.HH «PocHaHOTex» Ha npaBO C03,naHH5I HHcppa

CTPYKTYPHOro HaHoTexHoJiornqecKoro ueHTpa B ,Il.y6He. IlpoeKT 

HaHOU.eHTpa peaJIH3yeTC5I Ha OCHOBe HHBeCTHl.I.HOHHOro COrJiallle

HHH, 3aKJIIOtieHHoro Me:>K,ny POCHAHO, O11.Hl1, KOHU.epHoM <<PTl1 

CHcTeMbI>>, 3AO <<<l>HpMa AifTH. 11HcpopMal.I.HOHHbie TeXHOJIOrHH>> H 

OAO <<Oco6b1e 3KOHOMHtieCKHe 30HbI>>. 

B COOTBeTCTBHH C KOHU.enu.HeH pa3BHTHe HaHOl.I.eHTpa onH

paeTCH Ha ,nBe OCHOBHblX COCTaBJIHIOI.IJ.HX. Bo-nepBbIX, 3a CtieT 

POCHAHO npHo6peraeTCH KOMnJieKc coBpeMeHHOro yHHKaJibHoro 

o6opy,nOBaHHH, KOTopoe 6y,neT pa3MeI.IJ.eHo B O11.Hl1 H KpynHb!X 

KOMnaHHHX-pe3H.D.eHTaX 033 H 6y,neT HCnOJib30BaTbC5I JJ.JIH KOMMep

l.I.HaJIH3al.I.HH HaytIHO-TeXHHlleCKHX pa3pa60TOK. Bo-BTOpb!X, yqacT

HHKH HaHoueHTpa yqpe,nHJIH 3AO <<Me:>K,nyHapo,nHhIH HHHOBaUH

OHHbIH HaHOTeXHOJIOrHtieCKHH ueHTp>> (Ml1Hl..I,), KOTOpb!H JJ.OJI:>KeH 

Koop,nHHHpoBaTb HCTIOJib30BaHHe Bceif HHcppacTpyKTYPbI, a TaK:>Ke 

CTHMYJIHpOBaTb c noMOI.IJ.bIO cpe,ncTB POCHAHO H .npyrnx aKUHO

HepoB cpopMHpoBaHHe npoeKTHb!X KOMaH,n H CTapTan-KOMnaHHH. 

B 6H3Hec-cpoKyce HaHOU.eHTpa HaXOJJ.HTCH OT6op H KOMMep

l.I.HaJIH3al.I.H5I HaHOTeXHOJ!OfH9eCKHX pa3pa60TOK qepe3 ,nopa60TKY 

TexHoJiornif (BHYTPH Ml1Hl..I, CHJiaMH cneu.HaJibHO cpopMHpyeMbIX 

npoeKTHb!X rpynn) H yqacTHe B KanHTaJie CTapTan-KOMnaHHH. IlJia-
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HHpyeMbie pecypcb! BKJIIOtiaIOT KaK co6cTBeHHblH 610,n:>KeT npo

eKTHOH ,neHTeJibHOCTH, TaK H MalllHHHOe BpeMH Ha o6opy,noBaHHH 

HaHOl.I.eHTpa <<.LJ.y6Ha>>. 
1.1,eJiblO npoeKTa HBJIHeTCH pa3BHTHe HHCTHTYTOB KOMMepu.H

aJIH3al.I.HH pe3yJibTaTOB HaytIHb!X HCCJie,noBaHHH nyTeM C03,naHH5I 

ycJIOBHH JJ.JIH TpaHccpepa TeXHOJ!OrHH H HHKy6HpoBaHHH MaJib!X 

HHHOBal.I.HOHHblX KOMnaHHH B npouecce ,neHTeJibHOCTH HaHOTeXHO

JIOrHtieCKOro ueHTpa B ,Il.y6He. KJIIOlleBblM OTJIH9HeM HaHOl.I.eHTpa 

<<.LJ.y6Ha>> OT ,npyrnx npoeKTOB HBJIHeTCH HaJIHtIHe B CTPYKType 

o6opy,noBaHHH TaK Ha3bIBaeMoro <<BHpTyaJibHoro 1.1,Kll,>, T. e. npo

rpaMMHo-annapaTHoro KOMnJieKCa CHCTeMbl y,naJieHHOro ,nocTyna K 

pecypcaM HaHoueHTpa <<,Il.y6Ha>>. 
HaHOl.I.eHTp <<,Il.y6Ha>> o6ecne9HT Bb!CTpaHBaHHe OTHOllleHHH 

ueHTpa TpaHccpepa TexHoJiornif 3AO <,Me:>K,nyHapo,nHbIH HHHOBa

l.I.HOHHbIH HaHOTeXHOJIOrH9eCKHH ueHTp>> co BCeMH Heo6xo,nHMb!MH 

opraHH3al.I.H5IMH, He3aBHCHMO OT HX MeCTOnOJIO)KeHHH, ocymecTBHT 

OT6op 3.JieMeHTOB HaytIHOH H npOH3BOJJ.CTBeHHOH HHcppacTpyKTYPbI, 

HaHJIYlllllHM o6pa30M COOTBeTCTBYIOI.IJ.HX ueJIHM KOHKpeTHOro npo

eKTa, T. e. co3,naHHe ceTH H3 y:>Ke cymecTByIOI.IJ.HX Hl111, YHHBep

CHTeTOB, 6H3Hec-cTpyKTYP KaK <<uenotIKH OT 3HaHHH ,no pbIHKa>>. 



OBPA30BATEJihHA.SI TIP Of PAMMA OHHH 

O6pa30BaTeJibHaH nporpaMMa 0115111 BKJI~qaeT B ce6H Hay9HO
o6pa3oBaTeJibHhie npoeKThI H llIKOJihI 0115111, Yqe6Ho-HayqHbIH 
1..1,eHTP 0115111 (YHIJ,), YHHBepcHTeT <<,ll.y6Ha>>, Ml1P3A, MOJIO,ll.e)K
HYIO noJIHTHKY 11HcTHTyTa, npo6JieMhI nepe.n.aqH HayqHoH 3CTacpe
ThI. Otta CTaBHT CBOeH 1..1,eJih!O pa3pa6oTKy H cpyHKIJ,HOHHpOBaHHe 
CHCTeMhl no.n.roTOBKH MOJIO)].b!X cne1..1,HaJIHCTOB ,ll.JIH CTpaH-yqacTHHIJ, 
H caMoro 11HCTHTyTa no cneIJ,HaJihHOCTHM, CBH3aHHb!M C HanpaB
JieHHHMH HCCJie,ll.OBaHHH B 0115111. 3Ta nporpaMMa peaJIH3yeTCH 
B OCHOBHOM Ha 6a3e YHIJ,, BOKpyr KOToporo npoHCXO)].HT KOHIJ,eH
TpaIJ,HH pa3JIH9Hb!X HayqHo-o6pa30BaTeJibHb!X nporpaMM 0115111. 

Yqe6Ho-HayqHhIH 1..1,eHTP 0115111 6bIJI o6pa3oBaH 6oJiee 20 JieT 
Ha3a,ll.. 3a 3TO BpeMH cTaJio noHHTHO, 9TO H,ll.eH no.n.roTOBKH Ha
Y9Hb!X Ka.n.poB B Jia6opaTopHHX no.n. pyKOBO,ll.CTBOM COTPYJl.HHKOB 
11HCTHTyTa HBJIHeTCH oqeHb nJIOJl.OTBOpHoH. YHIJ, Bh!IlOJIHHeT Ba)K
HYIO cpyHKIJ,HIO CBH3YIOII.I,ero 3BeHa Me)K.n.y yHHBepcHTeTaMH cTpaH
yqacTHHU 0115111 H Jia6opaTOpHHMH 11HCTHTyTa. Pa6oTa YHIJ, co-
3,ll.aeT ycJIOBHH ,ll.JIH npeBpaII.I,eHHH 0115111 B 60JibllIOH cpH3H9eCKHH 
npaKTHKYM ,ll.JIH YHHBepcHTeTOB CTpaH-yqaCTHHIJ, 11HCTHTyTa. 

Yqe6Ho-Hay9Hb!H IJ,eHTp ocymecTBJIHeT o6myIO KOOp,ll.HHaIJ,HIO H 
no.n..n.ep)KKY o6pa3oBaTeJihHOH nporpaMMbl 0115111. B peKOMeH)].aIJ,H
HX no Hay9HOH nporpaMMe Ha CJie,ll.yIOII.I,ee ceMHJieTHe, 3anHCaHHblX 
B pe30JIIOIJ,HH 106-H cecCHH Y9eHoro COBeTa 0115111, no.n.qepKHyTO, 
9TO (<CHJibHaH no.n..n.ep)KKa o6pa30BaTeJibHb!X nporpaMM, pa6oTbl 
Yqe6Ho-HayqHoro 1..1,eHTpa 0115111 HBJIHeTCH O,ll.HHM H3 HaH6oJiee 
npHOpHTeTHb!X HanpaBJieHHH ,ll.eHTeJibHOCTH 11HCTHTyTa>>. 

Cero.n.HH .n.eHTeJibHOCTh YHIJ, HBJIHeTcH BechMa MHororpaHHOH H 
BKJIJOqaeT TaKHe OCHOBHbie HanpaBJieHHH, KaK KOOp,ll.HHaIJ,HH ycHJIIiH 
6a30Bb!X Kacpe.n.p poCCHHCKHX YHHBepcHTeTOB B 0115111, C03,ll.aHHe 
cneIJ,HaJihHb!X JieKIJ,HOHHbIX KypcoB ,ll.JIH CTy,ll.eHTOB-CTapllieKypcHH
KOB, opraHH3aIJ,HH pa60Tbl acnHpaHTypbl 0115111, npoBe,ll.eHHe Kpyn
Hb!X Me)K,ll.yHapO,ll.HblX MeponpHHTHH, BKJII09aH Me)K,ll.yHapOJl.HYIO 
JieTHIOIO CTy)].eHqecKyIO npaKTHKy. Tpa,ll.HIJ,HOHHOH B .n.eHTeJihHOCTH 
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YHIJ, HBJIHeTCH pa60Ta co llIKOJibHHKaMH, B KOTopyIO BXO,ll.HT pa3-
Hble MeponpHHTHH, TaKHe KaK npoBe,ll.eHHe Hay9HO-HCCJie,ll.OBaTeJib
CKHX KOHcpepeHIJ,HH ,ll.JIH llIKOJibHHKOB, pa6oTa B llIKOJibHOM npaKTH
KyMe YHIJ,, opraHH3aIJ,HH 3KCKypcHH B Jia6opaTOpHH 11HCTHTyTa. 
B nocJie,ll.HHe rOJl.hI YHIJ, CTaJI opraHH30BhIBaTh nporpaMMhI noBhI
llieHHH KBaJIHcpHKaIJ,HH llIKOJibHblX Y9HTeJieH ,ll.JIH 6oJiee llIHpOKOH 
nponaraH,ll.bl ,ll.OCTH)KeHHH COBpeMeHHOH HayKH. 

0115111 HBJIHeTCH 6a30H no no.n.roTOBKe cpH3HKOB ,ll.JIH MHOrHX 
H3BeCTHhIX BY30B PoccHHCKOH <t>e.n.epa1..1,HH. 3Ta no.n.roTOBKa oxBa
ThrnaeT cne1..1,HaJIH3aIJ,HIO B H,ll.epHOH qJH3HKe, qJH3HKe 3JieMeHTapHb!X 
qaCTHIJ,, cpH3HKe KOH,ll.eHCHpoBaHHb!X cpe.n., TeopeTH9eCKOH qJH3HKe, 
TeXHH9eCKOH cpH3HKe H pa,ll.H06HOJIOrHH. 

B HaCTOHII.I,ee BpeMH Ha 6a3e 0115111 pa60Ta!OT )].Be Ka
cpe.n.pbl MfY - «<l>H3HKa 3JieMeHTapHb!X qaCTHIJ,>> (3aB. Kacpe.n.
poH aKa.n.eMHK PAH B. r. Ka,ll.billieBcKHH) H <<Heil:TpoHorpacpHH>> 
(3aB. Kacpe.n.poil: ,ll.OKTOP qJH3HKO-MaTeMaTH9eCKHX HayK npocpeccop 
B. JI. AKCeHOB), Kacpe.n.pa cpyH.n.aMeHTaJibHb!X H npHKJia)].Hb!X npo-
6JieM cpH3HKH MHKpOMHpa M<l>Tl1 (3aB. Kacpe.n.poil: Jl.OKTOP cpH-
3HKO-MaTeMarnqecKHX ttayK npocpeccop ,ll. B. <l>ypcaeB), Kacpe.n.pa 
<<3JieKTpOHHKa cpH3H9eCKHX ycTaHOBOK>> Ml1P3A (3aB. Kacpe.n.poil: 
,ll.OKTOP qJH3HKO-MaTeMaTH9eCKHX HayK npocpeccop A.11. MaJiaXOB). 
B 0115111 6a3HPYIOTCH nHTh Kacpe.n.p Me)K,ll.yHapo.n.Horo yHHBeprn
TeTa <<,ll.y6Ha>> - 3TO Kacpe,ll.pb! <<51.n.epHaH qJH3HKa>> (3aB. Kacpe.n.
poil: aKa,ll.eMHK PAH I0.1.1,. OraHeCHH), <<TeopernqecKaH cpH3HKa>> 
(3aB. Kacpe.n.poil: ,ll.OKTOP qJH3HKO-MaTeMaTH9eCKHX HayK npocpeccop 
,ll.. B. <l>ypcaeB), <<DHOcpH3HKa>> (3aB. Kacpe.n.poil: Jl.OKTop cpH3HKO
MaTeMaTH9eCKHX HayK npocpeccop E. A. KpacaBHH), <<Pacnpe.n.eJieH
Hhie Bbl9HCJIHTeJihHbie CHCTeMbl>> (3aB. Kacpe.n.poil: KaH,ll.H)].aT cpH-
3HKO-MaTeMaTH9eCKHX HayK B. B. KopeHbKOB) H Kacpe.n.pa <<HaHo
TeXHOJIOrHH H HOBb!e MaTepHaJibl>> (3aB. Kacpe.n.poil: ,ll.OKTOP qJH3HKO
MaTeMaTH9eCKHX ttayK B. A. OcHnoB). 

B 6JIH)KaHlliee BpeMH 6a30BOH Kacpe.n.poil: B 0115111 CTaHeT Ka
cpe.n.pa <<<l>H3HKa TJI)KeJibIX HOHOB>> Hl151Y Ml1<1>11, Ha KOTopoil: 
6y.n.eT ocymecTBJIHTbCH no.n.roTOBKa CTy,ll.eHTOB ,ll.JIH Jia6opaTOpHH 
H,ll.epHb!X peaKIJ,HH H C03)].aBaeMOH B 11HCTHTyTe 6a30BOH ycTaHOBKH 
NICA/MPD. 

E)Kero.n.Ho B YHIJ, o6yqaJOTCH 6oJiee 500 cTy.n.eHTOB 6a30BhIX 
Kacpe.n.p H .n.pyrnx BY30B Pct> H cTpaH-yqacTHHU 0115111. C 2008 r. 
no 9HCJieHHOCTH CTaJIH ,ll.OMHHHpOBaTh cTy,ll.eHTbl BY30B ,ll.y6Hhl 
(OKOJIO 80%). C OTKpbITHeM 6a30Bb!X Kacpe.n.p 0115111 B YHHBep
CHTeTe <<,ll.y6Ha>> npoH30llIJIO Ba)KHOe KaqeCTBeHHOe H3MeHeHHe B 
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o6pa3oBaTeJihH~H nporpaMMe I1HCTHTyTa: OI151I1 CTaJI rOTOBHTb 

HaytJHhie Ka,Upbl CBOHMH CHJiaMH, Ha'IHHafl C MOMeHTa nocTynJieHHfl 

MOJIO,Ub!X mo.ueif B YHHBepCHTeT. 3TO n03BOJif!eT I1HCTHTYTY B 60Jih

rneH cTeneHH BJIHf!Th Ha o6pa3oBaTeJihHhIH npouecc, no,ucTpaHBaf! 

ero no.u CBOH 3a,Ua'IH, a COTPY.UHHKaM I1HCTHTyTa - COBMern.aTb 

HaytJHYIO H npeno.uaBaTeJihCKYIO ,Uef!TeJibHOCTh (B 2009 r. cpe.uH 

npeno,uaBaTeJieH 6a30BhIX Kacpe.up 6bIJio 6oJiee 90 coTpy.UHHKOB OI1-

51I1). CKa3aHHoe Bh1rne He 03HatJaeT, 'ITO YHU CTaJI y,ueJif!Th MeHh

rne BHHMaHHfl cTy,ueHTaM .upyrnx BY30B cTpaH-ytJaCTHHU. CnpaBe,u

JIHBO o6paTHOe: yBeJIH'IHJiaCb KaK 'IHCJieHHOCTb CTy.UeHTOB 3THX 

BY30B (npHMepHO B 5 pa3), TaK H KOJIH'leCTBO BY30B, 3aKJIIO'IHBillHX 

.uoroBophI c YHU ( ceifqac TaKHX BY30B 21 B PoccHH H 16 B .upyrnx 

CTpaHax-yqacTHHUaX I1HCTHTyTa). 

YtJe6Ho-HaytJHhIH ueHTp HMeeT nocTOHHHO pa3BHBaIOrn.HHCfl co

BpeMeHHhIH HHTepHeT-caHT http://uc.jinr.ru/, Ha KOTOpOM pa3Me

rn.aeTCfl HHcpOpMaUHfl no BCeM HanpaBJieHHf!M ,Uef!TeJibHOCTH. ,lJ.Jif! 

CTy.UeHTOB, HanpHMep, .uocTynei-i cnHCOK TeM 6aKaJiaBpCKHX H Ma

rHCTepcKHX CTy,ueHtJeCKHX pa6oT, pa3pa6oTaHHb!X HaytJHhlMH co

TPY.UHHKaMH I1HCTHTyTa, a TaK)Ke 6a3a ,uaHHbIX yqe6Hh!X KypcoB 

no qJH3HKe qacTHU H KBaHTOBOH TeopHH nOJifl, MaTeMaTH'leCKOH H 

CTaTHCTH'leCKOH qJH3HKe, KOH,UeHCHpOBaHHhIM cpe.uaM, qJH3HKe Ha

HOCTPYKTYP H HeHTpOHHOH cpH3HKe, H,uepHoH cpH3HKe, cpH3HtJeCKHM 

ycTaHOBKaM, no HHcpOpMaUHOHHhIM TeXHOJIOrHf!M. 

E)Kero,uHo B acnHpaHType OI151I1 no 10 cneuHaJihHocrnM o6y

qaeTcf! OKOJIO 70 qeJioBeK. HaytJHOe pyKOBO.UCTBO acnHpaHTaMH 

ocyrn.ecTBJifllOT Be.uyrn.He COTPY.UHHKH I1HCTHTyTa. 

CneuHaJihHOCTH acnHpaHTYPhI OI151I1: BhI'IHCJIHTeJihHaf! MaTe

MaTHKa, npH6opbl H MeTO.Uhl 3KcnepHMeHTaJibHOH cpH3HKH, Teope

TH'lecKaf! cpH3HKa, cpH3HKa KOH,UeHCHpoBaHHOro COCTOf!HHfl, qJH3HKa 

aTOMHOro H,Upa H 3JieMeHTapHblX qacTHU, cpH3HKa nytJKOB 3apH)KeH

HhIX qacTHU H ycKOpHTeJibHafl TeXHHKa, cpH3HKa Bb!COKHX 3HeprnH, 

pa.UH06HOJIOrHfl, MaTeMaTH'leCKOe H nporpaMMHOe o6ecneqeHHe Bhl

'IHCJIHTeJibHhlX MalllHH, KOMnJieKCOB H KOMnhIOTepHblX CeTeH, Ma

TeMaTH'leCKOe MO,UeJIHpoBaHHe, 'IHCJieHHbie MeTO.Uhl H KOMnJieKCbl 

nporpaMM. 

CneuHcpHKa acnHpaHTYPhI OI151I1 3aKJIIOtJaeTcf! B coBMern.eHHH 

o6ytJeHHfl H HaytJHOH pa60Tbl no TeMe .UHCcepTaUHH. 113 198 ac

nHpaHTOB, 3aKOH'IHBWHX acnHpaHTYPY c 1998 r., 53 qeJioBeKa 3a

Ill.HTHJIH KaH,UH,UaTCKHe .UHCCepTaUHH. ITo.uroTOBKa acnHpaHTOB no 

HCTOpHH H qJHJIOCOqJHH HayKH Be,ueTCfl npeno,uaBaTeJif!MH Kacpe,upbl 

qJHJIOCOcpHH ecTeCTBeHHbIX cpaKyJihTeTOB qJHJIOCOqJCKOfO cpaKyJihTe-
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Ta MfY. J{Jifl acnHpaHTOB H CTy.UeHTOB opraHH30BaHbl 3aHf!THfl no 
aHrJIHHcKoMy fl3hIKy. 

B YHU pa6oTa co CTy,ueHTaMH, acnHpaHTaMH H WKOJihHHKaMH 

HMeeT He TOJihKO Tpa.uHUHOHHhie cpopMhI yqe6Horo npouecca. ITpaK

THKyeTcfl peryJIHpHoe npoBe,UeHHe JieTHHX CTy.UeHtJeCKHX npaKTHK, 
IllKOJI, cneuHaJibHhIX CeMHHapoB. 

Me)K.uyHapo,uHhie cTy,ueHtJecKHe npaKTHKH CTaJitt opraHH30BhI

BaThCfl c 2004 r. no HHHUHaTHBe YHU, MI1<PI1, M<PTI1, noJihCKHx 

BY30B H l.JernCKoro TeXHH'leCKoro yHHBepcHTeTa. ITpaKTHKH npe.u

Ha3HatJeHhI .UJifl CTy,UeHTOB CTaprnHx KypcoB H3 CTpaH-yqacTHHU 

OI151I1 H CTpaH, 3aKJIIO'IHBillHX C OI15II1 cornarneHHfl Ha npaBH

TeJihCTBeHHOM ypOBHe. B CBfl3H C 6oJiblllHM KOJIH'leCTBOM 3af!BOK 

Ha yqacTHe (B 2004 r. Ha npaKTHKY npHeXaJIH 23 tJeJioBeKa, B 

2009 r. HX 'IHCJIO COCTaBHJIO y)Ke 87 'leJioBeK) c 2007 r. npaKTHKH 
npOBO.Uf!TCfl B HeCKOJihKO 3TanoB. 

Cpe,uH yqacTHHKOB - npe.ucTaBHTeJIH Apa6cKoH Pecny6JIHKH 

EnmeT, oeJiopyccHH, ooJirapHH, IToJihlllH, PyMhIHHH, PoccHHCKOH 

<Pe.uepauHH, CJioBaKHH, l.JexHH, IO)KHo-AcppHKaHcKotl: Pecny6JIHKH. 

ITporpaMMa npaKTHKH BKJIIOtJaeT pa6oTy Ha.u He60JihlllHMH .(,UJIH

TeJibHOCTblO B TPH He,UeJIH) yqe6HO-HCCJie,UOBaTeJibCKHMH npoeKTa

MH B Jia6opaTopHHX I1HCTHTyTa, OT'leTbI-npe3eHTaUHH CTy,UeHTOB 

0 BhinOJIHeHHOH pa6oTe, JieKUHH Be.uyrn.Hx yqeHblX H cneuHaJIH

CTOB O ,Uef!TeJibHOCTH Jia6opaTOpHH OI15II1, a TaK)Ke 3KCKypcHH H 

KYJihTYPHhie MeponpHHTHfl. Ha catl:Te YHU pa3Mern.eHa e)Kero,uHo 

nonOJIHfleMaf! 6a3a yqe6HO-HCCJie,UoBaTeJibCKHX npoeKTOB, C co.uep

)KaHHeM KOTOpb!X npaKTHKaHThl 3HaK0MflTCfl 3apaHee. 

C 2001 r. YHU npH no.u.uep)KKe l.JernCKoro TeXHH'leCKoro yHH

BepcHTeTa H nporpaMMbi <<DOfOJII060B-I1HcpeJib,U>> opraHH3yeT Me)K

.UyHapo,uHhie JieTHHe IllKOJibl <<51,uepHbie MeTO,Ubl H YCKOpHTeJIH B 

6HOJI0rHH H Me,UHUHHe>>. ITepBaf! H TpeTbfl IllKOJibl npOillJIH B J{y6He, 

BTopaf! - B I103HaHH (ITOJihllla), qerneprnfl - B ITpare (l.JexHH), 

nHTaf! - B BpaTHcJiaBe (CJioBaKHH). ITporpaMMhI WKOJI BKJIIO'laJIH 

JieKUHH no CJie,uy10rn.HM HanpaBJieHHflM: fl,UepHaf! cpH3HKa, OKpy

)Ka10rn.aH cpe.ua, YCKOpHTeJIH 3apH)KeHHh!X tJaCTHU, pa,uHaUHOHHaf! 

TepanHH, .ueTeKTOpbl H3JiyqeHHH, BH3yaJIH3aUHfl 6HOMe.UHUHHCKHX 

.uaHHbIX, pa.uHaUHOHHaf! 6HOJIOfHfl, COBpeMeHHhie TeH,UeHUHH B 6Ho
Jl0rHH H qJH3HKe. 

J{JIH CTy,UeHTOB o6H3aTeJibHh!M YCJIOBHeM noe3,UKH Ha IllKOJIY 

flBJIHeTcH npe.ucTaBJieHHe ycTHoro .UOKJia,ua HJIH nocTepa. 17 cTy

.UeHTOB H3 Pocrntl:cKOH <Pe.uepaUHH, 21 H3 l.JeIIICKOH Pecny6JIHKH, 

24 H3 I10JiblllH, 10 H3 CJioBaKHH, 6 H3 IO)KHOH AcppHKH H 2 CTy-
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.n.eHTa H3 5oJirapHH npHHflJIH yqacTHe B pa6oTe nocJie,LI.HeH IllKOJibl 

6Jiaro.n.apH q>HHaHCOBOH nO,LI.,LI.ep2KKe ,LI.HpeKLI.HH 0I1.5U1. 
YHU opraHH3yeT cneu.HaJihHbie o6pa3oBaTeJihHbie KypcbI no 

TeMaTHKe l1HCTHTyTa. B 2008 H 2009 rr. Ha KypcbI <<Pa.n.HaLI.HOHHafl 

oxpaHa H f!,LI.epHafl 6e3onacHOCTb>> npHe32KaJIH nOJibCKHe CTy,LI.eHTbl 

YHHBepcHTeTa HM. M. CKJIO,LI.OBCKofi-K10pH (J1106JIHH), BbI6paBillHe 

cneu.HaJIH3aLI.HIO, CBH3aHHYIO C o6ecneqeHHeM f!,LI.epHOH 6e3onacHO

CTH. ,llJIH HHX COTPYAHHKaMH Ol15Il1 npoBO,LI.HJIHCb JieKLI.HH, npaK

TH'IeCKHe 3aHHTHfl H 3KCKypcHH. 
Eme o.n.Ho HanpaBJieHHe .n.eHTeJibHOCTH YHU - opraHH3aLI.HH 

03HaKOMHTeJibHb!X BH3HTOB ,ll.Jlfl CTy,LI.eHTOB, acnHpaHTOB H IllKOJib

HHKOB H3 CTpaH-yqaCTHHLI. Ol15Il1, KOTOpb!e ocymecTBJIHIOTCfl 6Jia

ro.n.apH q>HHaHCOBOH no.n..n.ep2KKe rpaHTOB nOJIHOMO'IHb!X npe,LI.CTaBH

TeJieH H nporpaMMe <<6oroJI1060B-l1Hq>eJib,LI.>>. B 2009 r., HanpHMep, 

rocrnMH YHU 6bIJIH IllKOJibHHKH repMaHHH H IloJiblllH, CTy,LI.eHTbl 

IlOJiblllH H lllBeLI.HH, a ,LI.Ba npeno.n.aBaTeJIH H3 5oJirapHH 3HaKOMH

JIHCb c onhITOM npeno.n.aBaHHH q>H3HKH IllKOJibHHKaM B YHU. 

B HOH6pe 2009 r. B EBponeHCKOH opraHH3aLI.HH no f!,LI.epHblM 

HCCJie,LI.oBaHHHM (UEPH) npoxo.n.HJia BcepocrnfiCKaH HayqHaH IllKO

Jia ,LI.JIH MOJIO,LI.bIX poccHHCKHX YlIHTeJieH q>H3HKH. YHU HBJIHJICH 

O,LI.HHM H3 opraHH3aTopoB IllKOJlbl. <l>HHaHCOBafl no.n..n.ep2KKa 6b1Jia 

OKa3aHa <l>e.n.epaJibHblM areHTCTBOM no HayKe H HHHOBaLI.HflM B 

paMKax <l>e.n.epaJihHOH u.eJieBoH nporpaMMbI <,Hay'IHbie H Hay'IHO

ne.n.arornqecKHe Ka,LI.pbl HHHOBaLI.HOHHOH PocCHH>> Ha 2009-2013 rr. 

B pa6oTe IllKOJibl npHH.fIJIH yqacrne 46 Y'IHTeJieH q>H3HKH H3 

pa3JIH'IHbIX o6meo6pa3oBaTeJibHhIX yqpeLK.n.eHHH PoccHHCKOH <l>e

.n.epau.HH. Be.n.ymHe yqeHbie-q>H3HKH PoccHH, pa6oTaIOILI.He B UEPH 

(BKJIIO'Iaf! H npe.n.cTaBHTeJieH Ol15Il1), npO'IHTaJIH JieKLI.HH O co

BpeMeHHblX ,LI.OCTH2KeHHflX B o6JiaCTH q>H3HKH qacTHLI., KOCMOJIOrHH, 

ycKopHTeJibHOH TeXHHKH, HHq>OpMaLI.HOHHblX H HaHOTeXHOJIOrHH. 

B nporpaMMY IllKOJibl TaK2Ke BXO,ll.HJIH nocemeHHfl 3KcnepHMeH

TaJibHblX ycTaHOBOK B UEPH, BCTpeqH c q>H3HKaMH B pa6oqeff H 

Heq>OpMaJihHOH o6cTaHOBKe. 
B yqe6Hoe BpeMH ,ll.Jlfl .n.y6HeHCKHX IllKOJlbHHKOB CTaplllHX KJiac

COB npOBO,ll.flTCfl 3aHHTHfl no q>H3HKe, KOTOpb!e BKJIIO'IaIOT JieKLI.HH, 

noMora10mHe no.n.roTOBKe K nocTynJieHHIO Ha q>H3H'IeCKHe cpaKyJih

TeThI poccHHCKHX BY30B, a TaK2Ke 3aHHTHfl B IllKOJibHOH q>H3H'IeCKOH 

Jia6opaTOpHH. B 2009 r. B ABYX rpynnax 3aHHMaJIHCb 40 IllKOJib

HHKOB. C 2003 r. B YHU .n.eficTByeT IllKOJibHbIH q>H3H'IeCKHH 

npaKTHKyM. 

O6p_a3oBaTeJibHal!_ll_l)_OrpaMMa 0I15Jl-l_ 133 

YHU H yHHBepcHTeT <,,lly6Ha>> HBJIHIOTC.H opraHH3aTOpaMH JieT

HHX KOHq>epeHLI.HH ,LI.JI.fl IllKOJibHHKOB. IlepBbie ,LI.Be KOHq>epeHLI.HH 

COCTOflJIHCb B 2005 H 2006 rr. B HHX npHH.fIJIH yqacrne 6oJiee 

50 IllKOJibHHKOB CTaplllHX KJiaCCOB IllKOJI PocCHH, 5eJiopyccHH H 

YKpaHHbI. B HIOJie 2007 H 2008 rr. YHU COBMecrno c <l>oH,LI.OM 

no.n..n.ep2KKH q>yH,LI.aMeHTaJibHOH q>H3HKH opraHH30BaJI Ha 6a3e npo

q>HJiaKTOpHH <<PaTMHHO>> JieTHHe IllKOJibI <<CoBpeMeHHaH q>H3HKa>>. 

0KOJI0 70 IllKOJibHHKOB 8-10-x KJiaCCOB q>H3HKO-MaTeMaTH'IeCKHX 

IllKOJI MocKBbI H Ilo.n.MoCKOBhH, CaHKT-IleTep6ypra, EKaTepHH6yp

ra, CrnBpOnOJifl, a TaK2Ke 15 nOJibCKHX IllKOJibHHKOB 6b!JIH yqacT

HHKaMH 3THX MeponpH.HTHH. CnoHcopaMH JieTHHX IIIKOJI Bb!CTynH

JIH 6JiaroTBopHTeJihHhIH cpoH.n. A<l>K <<CHcTeMa>> H <l>oH.n. ,llMHTpHH 

3HMHHa <<,llHHaCTHfl>>. :TiporpaMMa IllKOJI BKJIJOqaJia npoBe,LI.eHHe 

OJIHMnHa,LI., pellleHHe TeopeTH'IeCKHX H 3KcnepHMeHTaJibHb!X 3a,LI.a'I, 

nonyJIHpHbie JieKLI.HH Be.n.yILI.HX yqeHb!X no COBpeMeHHhIM Hay'IHb!M 

npo6JieMaM (OT q>H3HKH MHKpOMHpa H KOCMOJ!OrHH ,ll.O HOBb!X Hayq

Hb!X H TeXHOJIOrH'IeCKHX 3a,LI.a'I), 3KCKypCHH B Jia6opaTOpHH Ol15Il1, 
BCTpe'IH C yqeHbIMH H ,LI.ef!TeJIHMH KYJibTypbI, KYJibTypHo-cnopTHB

HyIO nporpaMMy. 

B 2006 r. B Yqe6Ho-HayqHoM u.eHTpe nOHBHJiaCb HOBafl CTpyK

Typa - yqe6Hhie Jia6opaTOpHH YHU Ol15Il1. Jla6opaTOpHbIH KOM

nJieKc B .n.aHHb!H MOMeHT BKJIJOqaeT 'IeTblpe Jia6opaTOpHH: q>H3H'Ie

CKOH onTHKH, MOJieKyJIHpHOH q>H3HKH H TepMO,ll.HHaMHKH, aTOMHOH 

q>H3HKH H fl,LI.epHOH q>H3HKH. IlJiaHHpyeTCfl, 'ITO yqe6Hh!H Jia6opa

TOpHb!H KOMnJieKC 6y.n.eT pa3BHBaTbCfl, no.n..n.ep2KHBaTbCfl H HCnOJib-

30BaTbCfl COBMeCTHO TeMH By3aMH, 'IbH CTy,LI.eHTbI npOXO,ll.f!T o6yqe

HHe Ha 6a3e Ol15Il1 H Hy2K.n.a10TcH B 3a.n.aqax o6mero HJIH cneu.H

aJibHoro npaKTHKyMa. B yqe6HhIX Jia6opaTOpHHX YHU Ol15Il1 HAYT 

3aHHTH.fI CTy,LI.eHTOB cpaKyJibTeTa ecTeCTBeHHblX H HH2KeHepHb!X Ha

YK YHHBepCHTeTa <<,lly6Ha>> H CTy,LI.eHTOB Kacpe,LI.pbl 3JieKTpOHHKH 

<pH3H'IecKHX ycTaHOBOK q>HJIHaJia Ml1P3A B ,lly6He. 

B HacTOHILI.ee BpeMH B YHU BoceMh JieKLI.HOHHbIX ay.n.HTopHH, 

TpH H3 KOTOpb!X o6opy.n.oBaHbI npoeKTOpaMH ,ll.Jlfl npoBe,LI.eHH.fI npe-

3eHTaLI.HH H BH,LI.eOKOHq>epeHLI.HH, a TaK2Ke ,LI.Ba KOMnbIOTepHb!X KJiac

ca. Eme O,LI.Ha o6opy.n.oBaHHa.fI ay,LI.HTOpHH H KOMnbIOTepHblH KJiacc 

HaXO,LI.HTC.H B noMeILI.eHH.fIX yqe6HhIX Jia6opaTOpHH YHU Ol15Il1. 

0,LI.HO .H3 HanpaBJieHHH .n.eHTeJibHOCTH Yqe6HO-HayqHoro u.eH

Tpa - JIHLI.eH3HpoBaHHaH no.n.rOTOBKa H nOBbIIlleHHe KBaJIHq>HKaLI.HH 

pa6o'IHX, l1TP H cJiyLKaILI.HX. 
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TipOJI.OJDKaeTCH no,ll.rOTOBKa MOJIOJI.b!X yqeHbIX H cneuHaJIHCTOB 

11HCTHTyTa Ha Kypcax aHrJIHHCKoro H3b!Ka. B 2009 r. Ha HHX 3aHH-

MaJIHCb 42 COTPYJI.HHKa 11HCTHTyTa.. . . 

YHU H3JI.aeT csoH MeTOJI.HlleCKHe H yqe6Hb1e noco6HH. 11x 

o6w.ee llHCJIO - 46. 
TiollTH s Ka:>KJI.OH Jia6opaTOpHH 0115111 cyw.ecTByIOT co6cTBeH

Hbie o6pa30BaTeJibHbie nporpaMMbl HJIH npoeKTbl. y Jla6opaTOpHH 

TeopeTHlleCKOH <pH3HKH HM. H. H. EorOJII06osa eCTb IlOCTOHHHO 

,ll.eHCTBYIOW.HH npoeKT <<,lly6HeHCKaSI Me:>KJI.yHapOJI.HaSI IllKO.ria Teo

peTHlleCKOH <pH3HKH>> (DIAS-TH), o6ecnellHBaIOW.HH HH<p0pMHpo

BaHHe H CHCTeMaTHllecKy10" yrny6JieHHYIO IlOJI.rOTOBKY acnHpaHTOB 

H MOJIOJI.b!X yqeHblX H3 CTpaH-yllaCTHHU 0115111 no HOBeHillHM Ha

npaBJieHHHM TeopeTHlleCKOH <pH3HKH. 

TioJI.rOTOBKa HayllHOH CMeHbl HBJISieTCH OCHOBHOH 3a,ll.alleH MOJIO

,ll.e:>KHOH IlOJIHTHKH 11HCTHTyTa. TiporpaMMa <<MOJIO,ll.e)Kb s 0115111>> 

·Ha 2003-2009 rr., pa3pa60TaHHaH O6be,ll.HHeHHeM. MOJIOJI.blX yqe

Hb!X H cneuHaJIHCTOB (OMYC) H IlOJI.JI.ep:>KHBaeMaSI JI.HpeKUHeH H 

BCeMH IlOJI.pa3,ll.eJieHHHMH 11HCTHTYTa, npeJI.yCMaTpHBaeT C03,ll.aHHe 

6JiaronpHSITHbIX ycJIOBHH JI.JIH MOJIO.li.bIX COTPYJI.HHKOB He TOJibKO JI.JIH 

npocpeCCHOHaJibHOH HayllHO-HCCJie,ll.OBaTeJibCKOH ,ll.eHTeJibHOCTH, HO 

H B COUHaJibH0-6bITOBOH ccpepe. . 

CTHileH,ll.HaTaMH KOHKypcoB Ha noJiylleHHe rpaHTOB JI.JIH MOJIO

JI.b!X yqeHblX H cneuHaJIHCTOB 0115111, a TaK:>Ke o6Jia,ll.aTeJISIMH CTH

neH,ll.HH HMeH H3BeCTHbIX yqeHbIX: H. H. EorOJII06osa, E. M. TioHTe

Kopso, <I>. JI. lllanHpo, 11. M. <l>paHKa, B.11. BeKcJiepa, H. H. foso

pyHa, M. r. Mew.epHKOBa, opraHH3yeMblX o6be,ll.HHeHHeM, e:>Kero,ll.

HO CTaHOBHTCH MOJIOJI.ble . COTPYJI.HHKH 11HCTHTYTa, cpe,ll.H KOTOpblX 

HeMaJio acnHpaHTOB YHU. 

ME>K.QYHAPO.QHOE 
COTPY.QH~4ECTBO 



9TAIIhl ME)l{,lI;YHAPO,lI;HOfO 
COTPY,lI;HHqECTBA OHRH 

MHoronJiaHoBoe Me)K,n:yHapo,n:Hoe COTPYAHH9:ecTBo - KJIJ09:eBaH 
OTJIH9:HTeJihHaH qepTa Hay9:HOH .n:eHTeJibHOCTH O11.5U1. Co BpeMe
HH o6pa30BaHHH 11HCTHTYTa era Me)K,n:yHapo,n:HhIH CTaTyc AOJifHe 
f0AhI onpe.n:eJIHJICH C0TPYAHH9:eCTBOM yqeHbIX 12 paBHOnpaBHhIX 
H HesaBHCHMhIX rocy.n:apcTB-yqpe,n:HTeJieH, KOT0phie .n:o6poBOJihHO 
o6beAHHHJIHCh c u.eJiblO YMHO)KeHHH COBMeCTHOfO HayqHoro H MaTe
pHaJibHOro noTeHU.HaJia AJIH H3y9:eHHH cpyH,n:aMeHTaJihHhIX CBOHCTB 
MaTepHH. 

B Ha9:aJie 1990-x rr. B CBH3H c pacna.n:oM CCCP H cou.HaJIH
CTH9:ecKoro JiarepH HaMeTHJICH npou.ecc BhIXOAa CTpaH-y9:aCTHHU. 
H3 COCTaBa O11.HH, a C .n:pyrofi CTOpOHbl, Il0JIY9:HBI11He rocy.n:ap
CTBeHHYIO CaMOCTOHTeJibHOCTh 6b!Bll1He COBeTCKHe pecny6JIHKH He 
noTepHJIH HHTepeca K cpyH.n:aMeHTaJihHOH HayKe. no cymecTBy npo
Hso111JI0 3aMeTHOe H3MeHeHHe COCTaBa CTpaH-y9:aCTHHU. 11HCTHTy
Ta (HX CTaJIO 18), H Il0HBHJIHCh CTpaHhl, IlOJIY9:HBI11He Ha3BaHHe 
accou.HHpoBaHHhIX 9:JieHOB, COTPYAHH9:aJOmHe c O11.HH Ha ocHOBe 
corJiallleHHH npaBHTeJihCTBeHHOfO ypoBHH. TaKHe corna111eHHH 3a
KJII09:eHbl c BeHrpHefi, r epMaHHefi, ErnmoM, 11TaJIHefi, Cep6Hefi 
H IO)KHo-AcppHKaHcKofi Pecny6JIHKOH. B nocJieAHHe ro,n:hI TaK)Ke 
6bIJIH no,n:nHCaHbl napTHepcKHe corna111eHHH C PHA0M KpynHhIX MH
pOBhIX HccJie,n:oBaTeJihCKHx u.eHTpoB, cpe,n:H KOT0phIX UEPH, 11H
CTHTYT H,n:epHOH q:>H3HKH HM. r.11. Ey,n:Kepa co PAH, GSI, FNAL, 
BNL H .n:p. 

fepMaHCKaH ,ll.eMOKpaTH9:eCKaH Pecny6JIHKa 6bIJia CTpaHOH
yqaCTHHU.efi O11.HH c 1956 r. nocJie 06beAHHeHHH fepMaHHH cpop
Ma ee yqacTHH B 011.HH H3MeHHJiaCh - no HHHU.HaTHBe HeMeu.
KOH CTOpOHhl B 1991 r. 6hIJIO 3aKJII09:eHO ABYCT0pOHHee Corna
llleHHe Me)K.n:y O11.HH H MHHHCTepCTBOM HayKH H TeXHOJIOfHH 
(BMFT, BnocJie,n:cTBHH BMBF) <l>Pf. ,ll.BycTopoHHHH K0MHTeT 
O11.HH-BMBF B 2010 r. co6paJICH y)Ke B 20-fi pas, a coTpy,n:HH
qecTBo c <I>Pr B paMKax 3Toro cornaweHHH cTaJio cBoero po.n:a 
3TaJIOHOM B3aHMOBblf0AHOf0 aCCOU.HHp0BaHH0ro 9:JieHCTBa B 011.HH 
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KaK no o6beMy·H MHOronJiaHOBOCTH, TaK H no MeTo,UaM opraHH-
3aUHH. 

BeHrpHH, o.n.1:19, H3: r<?~Y:1',c\PC,TB.-yt.J.pe.n.ljTeJit~, _np~KparnJia csoe 
t.J.JieHCTBO s 0115H1 s KOHrie l 992 r. ·c 1993 r. no HaCTOHIUee speMH 
COTPY.UHHt.J.eCTBO ocyuieCTBJISfeTCH Ha OCHOBe··.usycTOpOHHero Corna
rneHHH Me2K.n.y O 115111 H BeHrepcKOH aKa,UeMHeH HayK s HHTepe
cy!OlllHX seHrepcKyIO cTOpoHy o6Jiacrnx, npe2K.n.e scero no cpH3HKe 
KOH,UeHCHpOBaHHblX cpe.u H qJH3HKe TH2KeJibIX HOHOB. 3cpcpeKTHBHaH 
pa6oTa Ha yposHe accouHaTHBHoro t.J.JieHCTBa B 0115111 no6y2K.n.a
eT BeHrepCKHX yt.J.eHbIX K 06cy2K,UeHHIO B03M02KHOCTH BOCCTaHOB
JieHHH nOJIHOnpaBHoro t.J.JieHCTBa s 11HCTHTyTe. Koop,UHHHPYIOIUeH 
CTPYKTypoH no ,UaHHOMY Bonpocy C BeHrepcKOH CTOpOHbl HBJIHeTCH 
HauHOHaJibHOe ynpasJieHHe no HCCJie,UOBaHHHM H TeXHOJIOrHHM. 
KaTaJIH3aTopoM B npouecce peHHTerpauHH nocJiy2KHJIH c ycnexoM 
npose.n.eHHhre s Hat.J.aJie .n.eKa6pH 2008 r. B By.uanernTe ,llHH 0115111 
B BeHrpHH. 

Hayt.J.Hble KOHTaKTbl C HTaJibHHCKHMH qJH3HKaMH no.u.uep2KHBa
JIHCb co BpeMeHH o6pa30BaHHH 01151H. B KOHUe 1960-x rr. 0115111 
no.n.nHcaJI C HauHoHaJihHbIM HHCTHTYTOM .H,UepHOH cpH3HKH 11Ta
JIHH CornarneHHe o coTpy.UHHt.J.ecTBe, 3aKpenHsrnee ocpHuHaJihHO 
lllHpOKHe Hayt.J.Hble CBH3H H B3aHMHbie HHTepeCbl .uy6HeHCKHX H 
HTaJibHHCKHX cpH3HKOB. B HaCTOHIUee speMH COBMeCTHbie. pa6o
Tbl se.uyTCH npaKTHt.J.eCKH no BCeM HanpaBJieHHHM ,UeHTeJibHOCTH 
0115111, HaH6oJiee nJIO,UOTBOpHO - no cpH3HKe KOH,UeHCHpOBaHHO
ro COCTOHHHH seruecTBa H pa,UH06HOJIOrHH. Ba2KHOe HanpasJieHHe 
COTPY.UHHt.J.ecTBa 3aHHMaeT TeopeTHt.J.ecKaH cpH3HKa. Ha TeppHTo
pHH 11TaJIHH B r. TpHeCTe pacnOJI02KeH Me2K,UyHapo,UHbIH ueHTp 
TeopeTHt.J.eCKOH cpH3HKH, B pa6oTe KOToporo npHHHMa!OT yt.J.aCTHe 
TeopeTHKH 0115111. 

HaH6oJiee HpKHM cospeMeHHblM npHMepOM nJIO,UOTBOpHoro pa3-
BHTHH HOBOH cpopMbl COBMeCTHOH Hayt.J.HOH ,UeHTeJibHOCTH CTaJIO 
coTPY.UHHt.J.eCTBO 0115111 c IOAP, nepsbre pocTKH KOToporo Hat.J.aJIH 
npopacTaTb s TPY.lI.Hbie ,UJIH 11HCTHTyTa 1990-e rr. ,lleii:CTBHTeJibHO, 
Hayt.J.Hbre KOHTaKTbr cneuHaJIHCTOB 0115111 H IOAP Hat.J.aJIHCb erue 
B 1993 r. B 1994 r. nOHBHJICH nepBblH .uoroBop o COTPY.UHHt.J.ecTBe. 
B Hat.J.aJie 2000-x rr. COTPY.UHHt.J.eCTBO, o6MeH BH3HTaMH y2Ke ocy
ruecTBJIHJIHCb no t.J.eTblpeM TeMaM. f JiaBHblMH opraHH3aUHHMH B 
3THX HanpaBJieHHHX HBJIHJIHCb YHHBepcHTeTbl B flpernpHH H Keii:n
TayHe. 

5 OKTH6pH 2005 r. s MoCKBe 6brn no.n.nHCaH MeMopaH.UYM 
o B3aHMOnOHHMaHHH Me2K.UY npaBHTeJibCTBOM IOAP H 0115111, s 
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cooTBeTCTBHH c KOTOpbIM 14 cpespaJIH 2006 r. s flperopHH COCTOH
JIOCb nepsoe 3ace.uaHHe COBMeCTHOro KOOp,UHHaUHOHHOro KOMHTera 
IOAP H 0115111. Bbrno perneHo, t.J.TO OCHOBHaH t.J.acrb .n.oJieBoro 
B3Hoca IOAP s 0115111 nponopuHoHaJibHO pacnpe.n.eJIHTCH Me2K.uy 
nHTbIO npHOpHTeTHb!MH 06JiaCTHMH HCCJie,UOBaHHH: rpHn-reXHOJIO
rHH, HCCJie,UOBaHHH Ha nyt.J.Kax HefirpOHOB, cpH3HKa TH)KeJibIX HOHOB, 
a.upoHHaH repanHH, a TaK2Ke pa6orbI, CBH3aHHbie C MO,UepHH3aUHeH 
peaKropa l16P-2. Bo scex Hayt.J.HbIX npoeKrax 6brna o6pa3osareJib
HaH cocraBJIHIOIUaH ,UJIH MOJIO,UblX yt.J.eHbIX, acnHpaHTOB H cry.n.eHTOB 
H3 IOAP. 

B 2007 r. B CKyKy3e, <<CTOJIHUe>> Kprorep-napKa (IOAP), 6brn 
npoBe,UeH CHMn03HYM non Ha3BaHHeM <<Mo,UeJIH H MeTO,Ubl B MHOro
H MaJiot.J.aCTHlJ.HbIX CHCTeMaX>>, CTaBlllHH csoero po.ua HpMapKOH 
H,UeH corpy,UHHt.J.ecrsa H CMOTpOM COCTOHHHH KOJIJia6opauHH. 
B KeiinrayHe npornJia III CeccHH cosMecrHoro Koop.n.HHaUHOHHoro 
KOMHrera IOAP-Ol15Il1. l13 HOBbIX Hat.J.HHaHHH 6brna o.uo6peHa 
H,Ue.H npoBe,UeHHH 3HMHeii lllKOJibI JJ,JIH I02KHOaq>pHKaHCKHX 
cryJJ,eHTOB s ,lly6He. K HaCTOHIUeMy speMeHH npOlllJIO y2Ke 
t.J.eTbipe npaKTHKH, H OKOJIO era I02KHOaq>pHKaHCKHX cryJJ,eHTOB H 
acnHpaHTOB npHHHJIH B HHX yqacrHe. 

BeJJ,yIUHe COTPYAHHKH Ol15Il1 ycnernHo BhrcrynHJIH B 2008 r. 
Ha e2KeroJJ,HOH KOHq>epeHUHH l02KHO-Aq>pHKaHCKOro HHCTHryra cpH-
3HKH (SAIP) s YHHsepcHrere JlHMnono. SAIP - ::iro OJJ,HH H3 
B03M02KHbIX KaHaJIOB pacnpocrpaHeHHH HHq>OpMaUHH 06 Ol15Il1 H 
TTOHCKa HOBbIX naprHepos, TT03TOMy B 2010 r. aHaJIOrHt.J.HaH rpynna 
yt.J.eHbIX H3 Ol15Il1 npHHHJia yt.J.aCTHe B Ot.J.epeJJ,HOH KOHq>epeHUHH 
SAIP, nporneJJ,rneii B flperopHH. HarnHM JieKropaM 6hrna noJIHo
CThIO OTJJ,aHa OJJ,HOJJ,HeBHa.H 3HMHHH lllKOJia J],JIH MOJIOJ],bIX yt.J.eHbIX, 
Koropoii 3Ta KOHq>epeHUHH rpaJJ,HUHOHHO Hat.J.HHaeTCH. 

B cf>espaJie 2011 r. B flperopHH nporneJI HroroBbIH cf>opyM 
<<IOAP-OI15Il1 5 Jier BMecre,>, Ha HeM JJ,aHhI BhICOKHe oueHKH B3a
HMOBhirOJJ,HoMy corpyJJ,HHt.J.ecTBy, CKoppeKTHpOBaH Kypc, HaMet.J.eHbI 
HOBbie py6e2KH, ycraHOBJieHbI HaJJ,e2KHhie CBH3H, eCTb B3aHMHblH 
HHrepec, ecrb TT03HTHBHbIH OTTbIT pa60TbI B peaJIHHX cerOJJ,HHlllHero 
AH.SI. 6e3ycJIOBHO, 3TOT OTTbIT 6y.uer B0CTpe6osaH B JJ,aJibHeiirneii 
pa6ore He TOJibKO c IOAP, HO H c APYrHMH crpaHaMH, raKHMH KaK 
Erttner H Cep6HH. 

B Hat.J.aJie 2009 r. 6brJio noJJ,nHcaHo CornarneHHe c MHHHcrep
CTBOM BbIClllero o6pa30BaHHH H Hayt.J.HbIX HCCJieJJ,OBaHHH Apa6cKOH 
Pecny6JIHKH Ernner, Koropoe 3aKpenHJIO accouHaTHBHoe yqacrHe 
3

Tof:i: crpaHbI s JJ,eHreJibHOCTH Ol15Il1. B paMKax ::iroro cornarneHHH 
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ocymecTBmieTCH coTpy.LI.HH4eCTB0 c AreHTCTBOM no aTOMHOH 3Hep
rHH Ernnrn, KaHpCKHM yttHBepcHTeT0M, c YHHBepcHTeTOM B MH
ttycpHH H 11HCTHTYTOM MeTaJIJiyprnqecKHX HCCJie.LI.OBaHHH. B qacT
H0CTH, npoT0K0Jibl ycrnHaBJIHBaIOT ycJI0BHH o6MeHa yqeHb!MH H Ha
Y4HO-TeXHH4eCKOH HHq>OpMauHeH. B C00TBeTCTBHH C HHMH 0115111 
npe.n.ocTaBJIHeT CTHneH.LI.HH erHneTCKHM cneuHaJIHCTaM. OKOJIO 15 
cneuHaJIHCT0B y2Ke 6bIJIH CTHneH.n.HaTaMH 0115111. B HaCTOHIUee 
BpeMH erHneTCKHe yqeHb!e HaH60Jiee aKTHBH0 no.n..n.ep2KHBaIOT CBH-
3H C Jia6opaTOpHeH H.LI.epHb!X peaKUHH H Jia6opaTOpHeH Teopernqes 

CKOH q>H3HKH. 
Cera.LI.RH Me2K.n.yttapo.LI.HbIH cpytt.n.aMeHT ttayqttoro coTpy.LI.HH4e-

cTBa 0115111 onHpaeTCH He T0JibK0 Ha CTpaHbI-y4aCTHHUbl 0115111, 
HO H Ha era aCC0UHHp0BaHHb!X 4JieH0B, a TaK2Ke Ha npoBepeHHOe 
BpeMeHeM C0TPY.LI.HH4eCTB0 C Be.n.yIUHMH MHp0Bb!MH cpH3H4eCKHMH 
ueHTpaMH. 11HCTHTYT no.n..n.ep2KHBaeT CBH3H C 6oJiee qeM 700 Hayq
Hb!MH ueHTpaMH H YHHBepCHTeTaMH B 62 CTpaHaX MHpa. ToJibKO 
B PoccHH, KpyntteifrneM naprnepe 0115111, C0TPY.LI.HH4eCTBO ocy
mecTBJIHeTCH 6oJiee qeM co 150 HCCJie.LI.0BaTeJibCKHMH ueHTpaMH, 

YHHBepcHTeTaMH, npHMbllllJieHHb!MH npe.n.npHHTHHMH H cpHpMaMH. 
E2Kero.LI.H0 B ,lly6Hy npHe32KaIOT 6oJiee noJiyTopa Tb!CH'-1 yqeHb!X 
H3 pa3Hb!X CTpaH MHpa. 0115111 no.n..n.ep2KHBaeT K0HTaKTbl C TaKH
MH MeLK.n.yttapo.LI.HbIMH opraHH3aUHHMH, KaK MAfAT3, IOHECKO, 
EBponeifcKoe cpH3H4eCKoe o6mecTBo. 11MeHHO TaK0e rnHpoKoMac
wrn6Hoe H B3aHM0npoHHKaIOIUee Hay4H0e C0TPY.LI.HH4eCTBO npe.n.
CTaBJIHeT co6oH onpe.n.eJIHIOIUHH nyTb pa3BHTHH cpytt.n.aMeHTaJibHOH 

HayKH B 6bICTpO MeHHIOIUeMCH C0BpeMeHH0M MHpe. 

I.J,EPH: HAqAJIO H CTAHOBJIEHHE 
COTPY,l(HlfqECTBA 

H.A. CaBUH 

UEPH 0TMeTHJI csoif 55-JieTHHH 106HJieH s 2009 r. 3a TaKoH 2Ke 
cpoK pa60Tbl B O6ne.LI.HHeHHOM HHCTHTyTe MHe nocqacTJIHBHJI0Cb 
yqacTB0BaTb BO MH0rHX Me2K.n.yttap0.LI.Hb!X 3KCnepHMeHTax B 0115111, 
UEPH H .n.pyrnx Jia6opaTOpHHX. C yqeT0M HMe10merocH onhITa Mo
ry yTBepLK.n.aTh, '-ITO UEPH - JiyqrnaH s MHpe HccJie.n.oBaTeJibCKaH 

opraHH3aUHH. 
Ha sonpoc pe.n.aKTopa e2Kette.n.eJibHHKa <<,lly6tta: ttayKa, co.n.py-

2KecTB0, nporpecc,> E. M. MoJiqattosa, KaKOH H3 3nH30.LI.0B coTpy.n.
HH4ecTBa c UEPH npe.n.crnsJIHeTcH HaH6oJiee 3Ha4HTeJibHbIM, H 6b1 
0TMeTHJI He 0.LI.HH, a HeCK0JibK0. KaK scer.n.a, HaH6oJiee HpKoe 
sneqaTJieHHe np0H3B0.LI.HT TO, C 4eM CTaJIKHBaelllbCH BnepBb!e. 

BnepBbie B UEPH H 6bIJI B 1965-1967 rr. MeHH HanpaBHJI 

B .LI.JIHTeJibHYIO K0MaH.LI.Hp0BKY B.11. BeKCJiep, 6b!BlllHH s TO BpeMH 
.LI.HpeKT0p0M J1B3. BcKope nocJie 0TKpb!THH aMepHKaHCKHMH q>H3H
KaMH HapyrneHHH CP-4eTHOCTH ( 0.LI.H0 H3 KpyntteHlllHX OTKpb!THH 
npornJioro BeKa) s pacna.n.ax .n.oJir02KHBYIUHX K 0-Me30H0B Ha .LI.Ba 
nH0Ha, o K0T0p0M· 0HH coo6IUHJIH B 1964 r. Ha Me2K.LI.yHapO.LI.HOH 
KOHcpepeHUHH no q>H3HKe Bb!C0KHX 3HeprnH B .Lly6He, q>H3HKH J1B3 
3. 0. OKOHOB H M.11. TTo.n.ropeUKHH npe.LI.JI0)KHJIH cnoco6 .LI.0Ka3a
TeJibCTBa, '-ITO 3T0T 3cpcpeKT .n.eHCTBHTeJibHO cymecTByeT; a He HBJIH
eTCH CJie.LI.CTBHeM .n.pyrnx H3BeCTHb!X cpaKTOB HJIH HX KOM6HHaUHH. 
)lo 3Toro 6b!JIO H3BeCTH0, '-ITO no TaKOH cxeMe pacna.n.aIOTCH T0JibK0 
KopoTK02KHBYIUHe K-Me30HbI. 11.n.eH 6hIJia oqeHb npocrn. EcJIH .LI.Ba 
THna K-Me30HOB pacna.n.aIOTCH Ha 0.LI.HH H Te 2Ke BT0pH4Hb!e qacTH
llbl, TO B 3THX pacna.n.ax npH cpaBHHMOH HHTeHCHBH0CTH .LI.0JI2KHa 
Ha6JIIO.LI.aTbCH HHTepcpepeHUHH. Ha octtoBaHHH 3TOH H.LI.eH s UEPH 
6b!JIO npe.n.JI02KeH0 .LI.Ba 3KCnepHMeHTa. TTocJie HX yTBep2K.LI.eHHH 
B.11. BeKCJiep n0JIY4HJI nHCbM0, B K0T0p0M cpH3HKH J1B3 npHrJia
lliaJIHCb .LI.JIH yqacTHH B 0.LI.H0M H3 HHX. Bb16op naJI Ha MeHH. TaK 
H 0Ka3aJicH B rpynne, K0Topy10 B03rJiaBJIHJI TPHYMBHpaT - KJiayc 
BHHTep H3 r epMaHHH, MapceJib BHsap2KaH H3 <l>paHUHH H Pott 
MepMo H3 lllBeifuapHH. A rpynna, KaK cpyT60JibHaH KoMatt.n.a, co-
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eT051Jia H3 11 q>H3HKOB, npe,lJ.eTaBJI51BllIHX 9 eTpaH, BKJI!Ol-Jafl 0,lJ.H0ro 
H3 CCCP H 0JI.H0ro H3 ClllA. 11HTepttau.HottaJIH3M BO BeeM: OT 
opraHH3aU.HH ynpaBJieHH51 ,lJ.0 eoeTaBa yqaeTHHK0B HeeJie,lJ.OBaHHH -
BOT 'IT0 np0H3B0,lJ.HT orp0MH0e Bne'laTJieHHe H 51BJI51eTe51 0,lJ.HHM 
H3 JI.OeTH)KeHHH UEPH. TTpeJI.eTaBbTe ee6e HHTpHry: aMepHKaHU.hI 
'IT0-T0 o6ttapy)KHJIH, pyeeKHe npe)J.JI0)KHJIH HX npoBepHTb, ,lJ.eB51Tb 
eBponetiu.eB nJIIOe 0,lJ.HH aMepHKatteu., nJIIOe 0,lJ.HH pyeeKHH 3TY 
npoBepKy oeymeeTBHJIH. J,l)J.eH OKottoBa H TToJI.ropeu.Koro 6Jieernme 
n0,lJ.TBep)J.HJIHeb, 3q>q>eKT HHTepq>epeHU.HH, 51BJI51!0I..I.J.HHe51 eJie,lJ.eTBH
eM ttapyllleHHH CP-HttBapHaHTHOeTH B paena,lJ.ax K-Me30HOB, 6hrJI 
HeonpoBep)KHM0 yeTaH0BJieH B o6oHX 3KenepHMeHTaX. KeTaTH, BT0-
PYIO rpynny B03rJiaBJI51JI KapJio Py66Ha, ehirpaBllIHH Ba)KttyIO poJib 
B eTaH0BJieHHH noJittonpaBttoro eoTPYJI.HH'leeTBa O115111-UEPH. 
A npHM0e HapyllleHHe CP-lleTHOeTH B paena,lJ.aX K-Me30HOB 6bIJIO 
JI.0Ka3atto B UEPH no3JI.Hee B 3KenepHMeHTe NA48, T0)Ke e yqa
erneM 0115111. 

Bo BpeMH Moero nepBoro BH3HTa B UEPH 51 no3ttaKoMHJie51 
e TeM, 'IT0 Tenepb Ha3bIBa!OT HHq>OpMaU.HOHHOH TeXHOJiorneti. TaM 
0Ha 6ypHO pa3BHBaJiaeh B 1960-x . rr. Ha 0eH0Be K0MnbIOTepoB 
H 513bIKa nporpaMMHp0BaHH51 q>OpTpaH )J.JI51 pa3JIH'IH0ro po)J.a npH
MeHeHHH - aBT0MaTH3aU.HH npoeM0Tpa eHHMK0B e nysbipbK0BbIX 
H HeKp0BbIX KaMep, 3KenepHMeHT0B on-line, e03,lJ.aHH51 eTaH,lJ.apT
Hb!X nporpaMM o6pa6oTKH ,lJ.aHHbIX, M0,lJ.eJIHpoBaHH51 3KenepHMeH
T0B H T. n. Pa60TaBllIHH B 1966 r. B 0T,lJ.eJie ny3blpbK0BbIX Ka
Mep UEPH eoTpyJI.HHK 0115111 H. H. foBopyH HarJIHJI.H0 y6eJI.HJIC51 
B npeHMymeeTBax qiopTpaHa H, B03BpaTHBllIHeb )J.OMOH, BHe,lJ.pHJI 
e noM0I..I.J.bIO UEPH 3T0T aJiropHTMH'leeKHH H3hIK B 0115111 H B HH
ernTyTax CCCP. 6JiaroJI.ap51 3T0MY Mb! noJiy'IHJIH JI.0eTyn K MHpo
BhIM 6asaM JI.aHHhIX H nporpaMMHoro o6eene'leHHH, a TaK)Ke peaJib
Hbie B03M0)KH0eTH ,lJ.JI51 n0JIH0npaBH0ro Me)K,lJ.yHap0JI.H0ro eoTpyJI.
HH'leeTBa. C noM0I..I.J.bIO H. H. foBopyHa H ero eoTpyJI.HHK0B 6hIJIO 
n0,lJ.f0T0BJieH0 TaK)Ke nporpaMMH0e o6eene'leHHe nepBbIX B 0115111 
on-line 3KenepHMeHT0B. 

BTopoti pas, HO onHTh BnepBbre, 51 npHexaJI B UEPH B 197 4 r. 
)J.JI51 Bbin0JIHeHH51 eneu.HaJibH0ro 3a,lJ.aHH51. ,UeJIO B TOM, t!T0 ,lJ.0 
3T0ro e0TPYJI.HH'leeTBo O115111-UEPH, yeTaH0BJieHHoe B 1956 r. 
B pesyJibTaTe BH3HTa BHU.e-JI.HpeKT0pa 0115111 MapHaHa ,UaHbillla, 
oeymeeTBJI51JI0eb TOJibKO B q>OpMe B3aHMHbIX o6MeHOB e0TPYJI.HH
KaMH, yqaeTHH 0TJI.eJihHbIX q>H3HKOB B 3KenepttMeHTax UEPH, BH-
3HT0B TeopeTHK0B, yqaeTH51 B KOHq>epeHU.H51X, eeMHHapax, llIK0-
Jiax. A B 06111,enpHHHTOH B UEPH qiopMe npoBeJI.eHHH HeeJie,lJ.o-

UEPH: HatJaJio H CTaHOBJieHHe coTpy,a:HHtJecTBa 143 

BaHHH KOJIJia6opau.H51MH HHeTHTYT0B ( eme OJI.Ha 3aMe'laTeJibHa51 
xapaKTepHeTHKa UEPH!) HH 0115111, HH CCCP yqaernH He npH
HHMaJIH. ,UHpeKTOp 0115111 H. H. 6oroJII060B pellIHJI, 'IT0, eeJIH 
UEPH eornaeHTeH, MhI M0rJIH 6hr 3TY qiopMy eoTpyJI.HH'leeTBa 
oeymeeTBHTb. TToeJie ,lJ.0n0JIHHTeJibHbIX neperoBopoB, K0r,lJ.a BbI-
51eHHJI0eb, 'IT0 0115111 He Tpe6yeT q>opMaJibHOro eorJiallleHH51 0 
eoTpyJI.HH'leeTBe, UEPH B JIHU.e rettepaJihHoro JI.HpeKTopa npo
qieeeopa B. EH'IKe HJI.eIO n0JI.JI.ep)KaJI, H Hallla rpynna B eoeTaBe 
11. A. foJiyTBHHa, B. B. KyxrnHa H 11. A. CaBHHa 6brJia HanpaBJie
Ha B UEPH e 3aJI.attHeM noJI.roT0BHTb npeJI.JI0)KeHHe (Proposal) 
eoBMeeTHoro 3KenepHMeHTa no H3y'leHHIO eTpyKTYPhI HYKJI0H0B, 
0TKpbIBaBlllero H0BOe Hay'IHOe HanpaBJieHHe B 0115111. · O)].HaKo 
BeKope Ha nyTH peaJIH3aU.HH 3TOH H,lJ.eH n051BHJIHeb nO,lJ.BO,lJ.Hbie 
KaMHH. HH OJI.Ha H3 KOJIJia6opau.Hti, . Kp0Me TOH, KOTopof:i PYKO
B0,lJ.HJI Py66Ha H HanpaBJieHHe HeeJie,lJ.oBaHHH KOTOpoti eoBna,lJ.aJio 
e HallIHM 3a,lJ.aHHeM, He eorJialllaJiaeb npHH51Tb Be!O Hallly rpynny. 
OKa3hIBaeTe51, B npaBHJiax UEPH 6hrJio 3anHeatto, 'ITO B eoernBe 
KOJIJia6opau.Hti MoryT yqaeTBoBaTb TOJibK0 rpynnbI H3 eTpaH-yqaeT
HHU. UEPH. 11s JI.pyrnx eTpaH B HHX MoryT 6hITb TOJibK.o OTJI.eJibHhre 
yqeHbie. 4epe3 HeKoTopoe BpeM51 Py66Ha BbI3BaJI Hae H eKa3aJI 
6yKBaJibHO eJie,lJ.yIOmee: <<MeH51 npHrJiaeHJIH B JI.HpeKU.H!O H yeTp0H
JIH npOMbIBaHHe M03I'OB, 06b51eHHB, 'ITO O,lJ.HH-,lJ.Ba pyeeKHX B MOeti 
rpynne - 3To MOH npo6JieMa, a TPH pyeeKHX B Moeti rpynne -
3To y)Ke HX npo6JieMa>>. TToeJie 3Toro ,lJ.aJI HaM no 6yThIJIKe B0JI.KH 
H peKOMeH,lJ.OBaJI npo)J.eJiaTb (<,lJ.OMallIHIOIO pa6oTy>>, B pesyJihTaTe 
KOTOpoti foJiyTBHH H KyxTHH OeTaJIHeb B rpynne Py66Ha, a 51 
nepellleJI B rpynny K. BHHTepa e yeJIOBHeM, 'ITO, pa6ora51 B ero 
3KenepHMeHTe Ha ISR, q>aKyJihTaTHBHO eoBMeeTHo e JI.PYrHMH 6yJI.y 
3aHHMaTbe51 no,lJ.rOTOBKoti Proposal JI.JIH SPS - eynepnpoTOHHoro 
eHHxpoTpoHa, eoopy)KaBweroeH B UEPH. 

TaK B 197 4 r. noHBHJI0eb npeJI.JIO)KeHHe KOJIJia6opau.HH BCD MR 
(HaqaJibHbie 6yKBbl Ha3BaHHH ropo)J.0B HJIH Jia6opaTOpHH, yqaeT
BOBaBWHX B KOJIJia6opau.HH, - Bologna, CERN, Dubna, Munich, 
Rim, o6H3aHHOeTH noeJieJI.ttero no3,lJ.Hee nepellIJIH K Sacley, H KOJI
Jia6opau.HH eTaJia Ha3bIBaTbeH BCDMS) no H3y'leHHIO eTpyKTYPhI 
HYKJIOH0B H 51)].ep BilJIOTb )].0 MaKeHMaJibH0 B03MO)KHbIX 3Ha'leHHH 
KHHeMaTH'leeKHX nepeMeHHbIX, ,lJ.OeTynHbIX Ha SPS. 11JI.e51 3KenepH
MeHTa H eooTBeTeTBYIOI..I.J.eti yeTaH0BKH npHHa,lJ.Jie)KaJia npoqieeeopy 
K. Py66Ha (BnoeJie,lJ.eTBHH reHepaJibH0My JI.HpeKTopy UEPH H H0-
6eJieBeKoMy, JiaypeaTy 3a OTKpbITHe Z- H W-6030HOB. TTepBOHa
'laJibHO .3TOT npoeKT pOJI.HJieH BHYTPH BCDMS, H Hae npttrnawaJIH 
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197 4 r. H. H. 6oromo60B 11 B. Jl . KaprroBCKl1H B T0HHeJie coopy:>1rneMoro B 
l.J,EPH cyrreprrpoT0HHoro yCKop11TeJIH SPS. O6b51CHeHl151 .n.aeT reHepaJib
HhIH .n.11peKTOp 1.J,EPH-2 11 pyK0B0)1,11TeJih rrpoeKTa SPS op ,ll)K. A.n.aMc 
(crrpasa). Ha aa.n.HeM rrJiaHe c0Tpy.n.H11K11 011}!11 11. A . foJiyrn11H 11 
11. A. Cas11H (<Porn l.J,EPH) 

B HeM y<IaCTBOBaTb. Ho TYT npOHBHJIOCb ew,e O,ll.HO orpaH11qe

HHe ,ll.JIH cTpaH-HeyqacTHHU. UEPH - e,ll.HHOBpeMeHHO yqacrno

BaTb TOJibKO B O,!I.HOM 3KcnepHMeHTe). I--l,!I.eH npe,!I.JIO)KeHHH BCDMS 

6hIJia ,ll.OCTaToqHo npocTa: c nOMOllJ,blO CBeTOCHJibHOH ycTaHOBKH 

H3MepHTb CTPYKTYPHbie cpyHKU.HH HYKJIOHOB B rny6oKOHeynpyrnx 

MlOOH-HYKJIOHHbIX H MlOOH-H,!I.epHbIX B3aHMO,ll.eHCTBHHX H cpaBHHTb 

HX noBe,ll.eHHe C npe,!I.CKa3aHHHMH TeopHH. CBeTOCHJibHOCTb 06ec

neq11aaJiaCb TeM, qTo ycTaHOBKa, nocTpOeHHaH Ha OCHOBe TOpOH

,ll.aJibHOro MarHHTa ,ll.HaMeTpOM OKOJIO 3 M c ,ll.JIHHHOH MHilleHblO 

Ha ero OCH, HMeJia npaKTHqeCKH 100%-IO 3cpcpeKTHBHOCTb ,ll.JIH 

perncTpau.1111 pacceHHHbIX MIOOHOB BO BCeH o6JiaCTH HX KHHeMaTH

qecKHX nepeMeHHbIX, Haq11HaH C MHHHMaJibHbIX. Koop,!I.HHaTbl pac

ceHHHbIX MIOOHOB, no KOTOpb!M 3TH nepeMeHHbie BbJqHCJIHJIHCb, pe

rHCTpHpoBaJIHCb MHOronpoBOJIOqHblMH nponopu.HoHaJibHblMH KaMe

paMH (MTTK), pacnoJIO)KeHHhIMH B w,eJIHX pa3pe3aHHoro Ha ,ll.HCKH 

cep,!I.eqHHKa MarHHTa. lfa npaKTHqecKHX coo6pa)KeHHH ycTaHOBKa 

COCTOHJia H3 10 H,ll.eHTHqHbIX MO,ll.yJieH ,ll.JIHHOH no 5 M Ka)K,ll.b!H . 
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npe,!I.JIO)KeHHe BCDMS 6h1JI0 yrnep)K,!I.eHo a UEPH a 1975 r . , 

nocJie qero 3Kcnep11MeHT noJiyq11JI HOMep NA4, T. e. qernepTbIH 

nop.H,!I.KOBhIH 3KcnepHMeHT Ha SPS. 

Pa6oTa B KOJIJia6opau.11Hx UEPH opraHH30BaHa B HeCKOJihKO 

3Tanoa : rpynnhI cpH3HKOB H3 pa3Hb!X CTpaH COBMeCTHO fOTOBHT 

Proposal , co,!1.ep)Kaw,11i1 cp1131-1qecKoe 060CH0BaH11e 3KcnepHMeHTa, 

npoeKT ycTaHOBKH , pacnpe,!I.eJieHHe o6.H3aHHOCTeH, rpacpHK pa6oT 

11 ou.eHKY pecypcoa . nocJie ero yrnep)K,!I.eHHH cTopoHbI cornacoBbI

BaIOT MeMopaH,!I.YM noHHMaHH.H, rapaHrnpy10w,11i1 cpoKH BhinOJIHe

HHH o6.H3aTeJihCTB. Ha MeCTaX C03,!I.aIOTC51 Y3Jibl ycTaHOBKH, ycTa

HOBKa MOHTHpyeTCH Ha nyqKe B UEPH, npoBO,ll.HTCH 3KcnepHMeHT, 

,ll.aHHble 3anHCh1BaIOTCH Ha MarHHTHhie JieHTbl H 3aTeM o6pa6a

TbIBaIOTCH , onHTb Ha MecTax. ,llJI.H ycTaHOBKH NA4, CTOHMOCTblO 

6oJiee 12 MJIH urnei1u.apcKHX cppaHKOB (B TO BpeMH KpynHeHweH 

B UEPH), B OI1HI1 Heo6xo,ll.HMO 6b1JI0 H3rOTOBHTh 10 Mo,ll.yJieH 

cep,!I.eqHHKa TOpOH,ll.aJibHOro MarHHTa MaCCOH OKOJIO 2000 T 11 80 

MnK pa3MepoM 3 x 1,5 M Ka)K,ll.a.H. MaTep11aJihHhIH BKJia,ll. OI1HI1 

COCTaBJI.HJI 6oJiee 30 % CTOHMOCTH ycTaHOBKH. 

Bee np11xO,ll.HJIOCh ,ll.eJiaTb anepabIe - cornacoaaHHe qepTe)KeH, 

MaTepHaJIOB, fOCToa, TexHoJiornH, TpaHcnopTHpOBKH, o6xo,ll. 3M-

6apro 11 ,!I.p . 3,!I.eCb 6hIJIH CBOH Tpy,!I.HOCTH , KOTOpbie qyTh He copBaJIH 

nJiaHbI. BoT HeK0TophIe H3 HHX. CTaJih ,ll.JIH cep,!1.eqH11Ka Morna 

6b!Tb H3fOTOBJieHa Br. :>K,!I.aHOBe (Tenepb Map11ynoJib) . 0,!I.HaKo ,ll.JI.H 

noJiyqeHHH JIHMHTOB Ha ee npoKaT Tpe6oBaJIOCb peweHHe CoBeTa 

MHHHCTpoa CCCP. Mo,!I.yJIH cep,!I.eqHHKa no Mepe H3fOTOBJieHHH 

B OnhITHOM npoH3BO,ll.CTBe OI1HI1 ,!I.OCTaBJIHJIHCh B :>KeHeay Ha 

)KeJie3HO,!I.opo)KHbIX nJiaTcpopMax, nepeceKaBWHX rpaHHU.hI CCCP, 

BeHrp1111 , AacTpHH 11 lllaei1u.ap1111 . Ha aBcTpo-BeHrepcKoH rpaH11u.e 

20-TOHHh!e MO,!I.YJIH neperpy)KaJIHCb c 60-TOHHbIX COBeTCKHX nJiaT

cpopM Ha 40-TOHHbie 3ana,ll.Hble nJiaTcpopMbl. Bo H36e)KaHHe 3a,!I.ep

)KeK H noTepb KOHTpOJib 3a 3THMH onepaU.HHMH 6b!JI HaJia)KeH C no

MOllJ,blO BeHrepcKHX coTpy,!I.HHKOB OI1HI1 . Kopnyca MnK Heo6xo

,ll.HMO 6bIJIO H3fOTOBHTb H3 aMepHKaHCKOfO MaTepHaJia THna nqeJIH

HblX COT (honey comb), HMeIOw,ero BhICOKYIO npoqHoCTh npH npaK

THqecKoM OTCYTCTBHH aew,eCTBa Ha nyTH qacTHU.. TTpHMaH noCTaB

Ka 3Toro MaTepHaJia 3anpew,aJiach. TTp11 ero pa3rpy3Ke B UEPH 

BHaqaJie 6b!JIH Heo6bHCHHMbie 3a,!I.ep)KKH. ,llpyrnM Ba)KHbIM MaTe

pHaJIOM ,ll.JIH KaMep 6hIJIH BbICOKOTOqHhie neqaTHbie nJiaTbl ,ll.JIHHOH 

1,5 M. I1x H3fOTaBJIHBaJIH B I1TaJIHH. Ho nepe,!I. ornpaBKOH B ,lly6Hy 

HX Kaqecrno KOHTpOJIHpoBaJI COTpy,!I.HHK OI1HI1 B. r. KpHBOXH)KHH, 

3a6paKOBaBWHH u.eJiyIO napTHIO. KaMepbl npHJieTeJIH B :>KeHeBy 
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JJ.BYMH peiicaMH 11JI-76 - COBeTCKOro BOeHHO-rpattcnoprttoro ca
MOJiera, BnepBbie ocyIU.eCTBHBWero C HHMH KOMMep4eCKHH peiic Ha 
3ana,ll,. TTpH3eMJieHHe HX B )KeHeBCKOM a3ponopry 6b1JI0 cettcau.HeH, 
npHBJieKweii BHHMaHHe sceii wseiiu.apcKOH npecchI. 

3KcnepHMeHTOM 6bIJia H opraHH3aU.HH pa6or B O11.Hl1, B KO
ropb!X npHHHMaJIH y4acrHe cneu.HaJIHCTbI H3 JIB3, OHMY, JI.HTT, 
JIT<t> H JIBTA B paMKax snepBbie BBe,ll,eHHOH o6IU.eHHCTHryrcKOH 
reMbl. JIB3 OTBe4aJia 3a H3rOTOBJieHHe cep,ll,e4HHKa H o6IU.y!O 
KoopJJ.HHaU.HIO pa6or, OHMY (11. A. foJiyrBHH) - 3a H3roroB
JieHHe MTTK, JIT<t> (,LJ.. B. illHpKoB) - 3a KOOp,ll,HHaU.HIO pa6or 
no q>H3H4eCKOMY o60CHOBaHHIO H3MepeHHH H attaJIH3a ,ll,aHHbIX, 
JIBTA (H. H. fosopytt, 11. M. 11BaH4eHKO) - 3a no,ll,roroBKY npo
rpaMM o6pa60TKH, COBMeCTHMbIX C u.epHOBCKHMH. O6be,ll,HHeHHaH 
KOMaH,ll,a y4acrnosaJia B Ha6ope H attaJIH3e ,ll,aHHbIX. B ee cocra
se, KpOMe COBeTCKHX, 6b!JIH q>H3HKH H3 6oJirapHH - B. f eH4eB, 
r. CyJirattoB, n. ToJJ.opos, H3 BettrpHH - r. BecreproM6H, 11. Matt
Ho, A. KoHJJ.op, H3 f,LJ.P - M. Km1HH, B. JloMaH, B.-,LJ.. HosaK, H3 
lleXOCJIOBaKHH - .H. fJia,ll,KH, .H. )Ka4eK, n. 3aBa,ll,a, P. Jle,ll,HHU.KH, 
C. HeMe4eK, n. Paii:Mep, 11. Crpaxora, · .H. Usax. 3a XO.ll.OM pa6or, 
noroMy 4TO 3TO TO)Ke 6bIJIO CBOeo6pa3HbIM 3KcnepHMeHTOM, CJie,ll,HJI 
Beeb UEPH, BKJII04aH rettepaJibHbIX ,ll,HpeKropoB. YcraHOBKa 6b1Jia 
co6patta H ycnewtto 3anyIU.etta B 1978 r. Ha6op ,ll,aHHbIX npo,ll,OJI
)KaJicH AO 1985 r., a HX o6pa6orKa - JJ.O 1991 r . 

KpoMe MarepHaJibHOro, O11.Hl1 Bttec 6oJiblllOH HHreJIJieKryaJib
HbIH BKJia,ll, B no,ll,rOTOBKY, npoBe,ll,eHHe H HHrepnperaU.H!O ,ll,aHHbIX 
NA4. B 4acrttocrH, no HaweMy npe,ll,JIO)KeHHIO 6bIJI ocyIU.ecrB
JieH nepBb!H ceaHC tta6opa ,ll.aHHbIX C yrnepO,ll.HOH MHllleHb!O, 4T0-
6bI BnepBbie o6ttapy)KHTb ,-Z-HHrepcpepeHU.H!O B 3JieKrpocJia6bIX 
B3aHMO,ll,eHcTBHHX H H3MepHrb Ba)KHbIH napaMerp Cratt,ll,aprttoii 
MO,ll,eJIH - CHHyc yrna Baiitt6epra. Ott CBH3aH c orttoweHHeM 
Mace z- H W-6030HOB ( o6Hapy)KeHHe KOTOpbIX nJiaHHpoBaJIOCb 
B UEPH). 11,ll,eoJiornH 3THX H3MepeHHH 6hIJia octtosatta Ha pa-
6orax C. M. 6HJieHhKoro. ,lJ.JIH rJiaBHOH 3a,ll,a4H NA4 - T04Horo 
H3MepeHHH crpyKrypHb!X cpyHKU.HH - 6bIJia C03,ll,aHa nporpaMMa 
(,LJ.. IO. 6ap,ll,HH) y4era pa,ll.HaU.HOHHbIX nonpaBOK, o6IU.enpHHHTaH 
HbIHe H nOJIY4HBlllaH ,ll.aJibHeHwee pa3BHTHe B 3KCnepHMeHrax Ha 
LEP. Co3,ll,aHa aJibrepttarHBHaH nporpaMMa attaJIH3a crpyKrypttbIX 
cpyHKU.HH B paMKax KX,LJ. nyreM HX pa3JIO)KeHHH B PH.ll. no noJIHHO
MaM .HK06H (H. 6. CKa4KOB H ,ll,p .). BbmOJIHeH attaJIH3, H no,ll.rOTOB
JieHa nocJie,ll,HHH ny6JIHKaU.HH NA4 no H3y4eHHIO H,ll,epHbIX 3cpcpeK
roB B crpyKrypHbIX cpyHKU.HHX HYKJIOHOB npH 60JiblllHX 3Ha4eHHHX 
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nepeMeHHOH 6bepKeHa X, BKJII04a51 3Ha4eHHH X > l, 3anpeIU.eHHbie 
.ll.BYX4aCTH4HOH KHHeMaTHKOH. 

B O,ll,HOM H3 HOMepos e)KeHe,ll.eJibHoro <<610JIJiereHH UEPH,> 
(2004. M• 40), BbinYIU.eHHb!X B CB513H C no,ll,rOTOBKOH K npa3,ll,HO
BaHHIO 50-JieTHH UEPH, noJJ. py6pHKOH <<<Poro 30Jiororo 106HJieH>> 
ony6JIHKOBaHa cpororpacpHH, Ha KOTOpOH 3ane4arJieH MOMeHT c6op
KH ycraHOBKH NA4, H ,ll,aH npHBe,ll,eHHbIH HH)Ke reKcr . 

O6W.HH BH.ll ycTaHOBKH NA4. AsrycT 1978 r. 

<<TTotta4aJiy MHorne coMHeBaJIHCb B pe3yJihrarax BCDMS 
3KcnepHMeHra, KOTOpbIH npOBO,ll,HJICH c 1978 no 1985 r. H HrpaJI 
pewa!OIU.Y!O pOJib B nepBbIX nposepKax KBaHTOBOH xpoMO,ll,HHaMHKH, 
HJIH KparKo KX,LJ.. 3ra reopHH, HaXOJJ.HBwaHCH ror,ll,a Ha cra,ll,HH 
pa3BHTHH, OnHCbIBaer CHJibHbie B3aHMO,ll,eHCTBHH, KOTOpbie OTBe4a
lOT 3a cra6HJibHOCTb nporottoB H HeiirpoHoB. BCDMS HcnoJib30Ba
Jia MIOOHbl ,ll,JIH H3y4eHHH crpyKrypbl 51,ll,ep npocreHWHX aTOMOB -
BOJJ.OpO,ll,a, HMe!OIU.ero B 51,ll.pe O,ll,HH npOTOH, H ,ll,eHrepHH - C npo
TOHOM H ttei1rpottoM B H,ll,pe, a raK)Ke yrnepo,ll,a, a3ora H )KeJie3a. 
Kor,ll,a MIOOHbl HCnbITbIBaJIH raK Ha3bIBaeMbie rny6oKOHeynpyrne 
CTOJIKHOBeHHH, OHH MOrJIH ,ll,06parbCH ,ll,O "sttyrpeHHOCTei1" nporo
HOB H Hei1rpoHOB, COCTOHIU.HX, KaK npe,ll,nOJiaraJIOCb, H3 KBapKOB 
H rJIIOOHOB. l13MepeHHH BCDMS He cosna,ll,aJIH c noJiy4eHHbIMH 
B Apyrnx 3KcnepHMettrax UEPH, B 4acrHOCTH, B 3KcnepHMettre 
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EBponeficKofi MIOOHHOH KOJIJia6opaU,HH (EMC) H HefiTpHHHOM 9Kc
nepHMeHTe CDHS. OHH noJib30BaJIHCb HenpepeKaeMhIM aBTOpHTe
TOM, a BCDMS 6hIJia HOBHI-IKOM. Ho nocTeneHHO, BKJIIO'la.SI 6oJiee 
n03JJ.HHe JJ.aHHbie 9KcnepHMeHTa NMC, HaKanJIHBaJiocb Bee 60Jibllle 
JJ.OKa3aTeJibCTB npaBOTbI BCDMS,>. 

3Ta KOJIJia6opau,H.SI ony6JIHKOBaJia HaH60Jiee TO'IHbie pe3yJib
TaTbl H3MepeHHH CTPYKTYPHb!X cpyHKU,HH HYKJIOHOB H JJ.OKa3aJia, 
'ITO HX 3aBHCHMOCTb OT KHHeMaTHlleCKHX nepeMeHHbIX COrJiacyeTC.SI 
c npeJJ.CKa3aHH.SIMH KX,[{. BCDMS TaK:>Ke nOJJ.TBepJJ.HJia H yTO'IHHJia 
9<p<peKT EMC, COrJiaCHO KOTopoMy CTpyKTypa CB060JJ,Hb!X HYKJIOHOB 
(B .SIJJ.pax BOJJ.opoJJ.a H JJ.efiTepH.SI) OTJIHllaeTc.SI OT CTPYKTYPhI HYKJIO
HOB, CB.SI3aHHbIX B .SIJJ.pe. Bee pe3yJihTaTbI BCDMS 6bIJIH nOJJ.TBep-
2KJJ.eHb1 H paClllHpeHbl 6oJiee n03JJ.HHMH 9KCnepHMeHTaMH, BKJI!Olla.SI 
HaH6oJiee TO'IHhie Ha KOJIJiafiJJ.epe HERA-B (DESY, fepMaHH.SI). 
Ho OHH no-npe:>KHeMy OCTaIOTC.SI caMbIMH TOllHblMH H3MepeHH.SIMH 
rJiy6oKoHeynpyrHx pacce.SIHHH B onpeJJ.eJieHHofi o6JiaCTH KHHeMa
THlleCKHx nepeMeHHb!X H HrpaIOT KJIIOlleByIO pOJib B CTaHOBJieHHH 
H npoBepKe KX,[{. 

CJieJJ.yIOl.l.J,HM COBMeCTHbIM O11.Hl1"-UEPH 9KcnepHMeHTOM 
6bIJI DELPHI Ha LEP. Bo BpeMeHa 9Toro 9KcnepHMeHTa y:>Ke 
6b1JI0 noJJ,nHcaHo CorJiallleHHe o coTpyJJ.HHllecTBe no npoBeJJ,eHHIO 
HCcJieJJ,oBaHHH B UEPH, onpeJJ.eJIHBlllee ero o6mHe paMKH H He 
COJJ.ep:>Kamee Tex orpaHHlleHHH, c KOTOpbIMH CTOJIKHYJIHCb B NA4. 
HaJIH'IHe COrJiallleHH.SI n03BOJIHJIO cymecTBeHHO paClllHpHTb cnHCOK 
COBMeCTHblX 9KCnepHMeHTOB. ,[{HpeKU,H.SI O11.H11 B JIHU,e JJ.HpeKTopa 
B. r. KaJJ.billleBcKoro H BHu,e-JJ.HpeKTopa A.H. CHcaK.SIHa 6b1Jia 
aKTHBHhIM cTopoHHHKOM TaKoro paclllHpeHH.SI. 3a NA4 H DELPHI 
nocJieJJ,oBaJIH DIRAC, NA48, NA49, SMC, NA62, OPERA, 
COMPASS, yqacrne B nporpaMMe LHC: DAMPER, CMS, ATLAS, 
ALICE. 11HcpopMaU,H.SI o HHX coJJ,ep:>KHTC.SI HH:>Ke. 

.H 6b1 xoTe!J ocTaHOBHThC.SI Ha JJ.Byx - SMC H COMPASS. 
OHH npOJJ.OJI:>KHJIH H3ylleHHe CTPYKTYPhI HYKJIOHOB, HallaToe B NA4, 
pacnpocTpaHHB ero Ha H3YlleHHe CnHHa npOTOHOB. B 1985 r. 
BnepBbie 6bIJI ony6JIHKOBaH ceHcau,HOHHbIH pe3yJihTaT EMC, H3 
KOToporo CJieJJ,oBaJio, 'ITO MaKpOCKOnHlleCKOe 3HalleHHe cnHHa npo
TOHa, paBHOe 0,5, He MO:>KeT 6b!Tb 06b.SICHeHO B paMKax HaHBHOH 
KBapKOBOH MOJJ,eJIH. CqrJiaCHO 9TOH MOJJ,eJIH npOTOH COCTOHT H3 
Tpex BaJieHTHblX KBapKOB, Ka:>KJJ,b!H H3 KOTOpb!X HMeeT cnHH 0,5. 
OKa3aJIOCb, 'ITO KBapKaMH MO)KHO o6b.SICHHTb He 60Jibllle 30 % 9TOH 
BeJIH'IHHbl. Bo3HHK <<CnHHOBbIH KpH3HC>>. TTonbITKa ero pa3pelllHTb 
6hIJia npeJJ.npHH.SITa SMC - CnHHOBOH MIOOHHOH KOJIJia6opau,Hefi. 
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,LI.JI.SI npoToHa oHa nOJJ.TBepJJ.HJia pe3yJihTaT EMC, noJiyllHJia TaKofi 
)Ke pe3yJihTaT JI.JI.SI HeHTpOHa H BnepBbie npoBepHJia Bb!IlOJIHeHHe 
cpyHJJ.aMeHTaJibHOro npaBHJia cyMM 6bepKeHa JI.JI.SI CTpyKTYPHbIX 
cpyHKU,HH npoTOHOB H HeHTpOHOB. KpH3HC He pa3pelllHJIC.SI. TTo.SIBH
JIHCb TeopeTHlleCKHe pa60Tbl, B TOM llHCJie H B ,lI.y6He, npeJJ,nOJia
raBlllHe, 'ITO B cnHH HYKJIOHOB MoryT JJ,aTb 60JiblllOH BKJia.U, cnHHbl 
rJIIOOHOB. 3Ta HJJ.e.SI 6bIJia npoBepeHa B COMPASS H, K co:>Ka
JieHHIO, He nOJJ.TBepJJ.HJiaCb. lleTblpbM.SI He3aBHCHMbIMH cnoco6aMH 
6bIJIO noKa3aHO, 'ITO BKJiaJJ. rJIIOOHOB MaJI. B COOTBeTCTBHH C 3aKo
HOM coxpaHeHH.SI MOMeHTa B cnHH HYKJIOHOB MoryT BHeCTH BKJia.U, 
cnHHbl KBapKOB H rJIIOOHOB, a TaK:>Ke HX op6HTaJibHbie MOMeHTbl. 
TTocJieJJ,HHe MoryT 6h!Tb ou,eHeHbl TOJibKO B pe3yJibTaTe H3MepeHHH 
TaK Ha3bIBaeMbIX 06061.l.J,eHHblX CTPYKTypHbIX cpyHKU,HH HYKJIOHOB. 
OcHOBbl TeOpHH 9THX cpyHKU,HH 3aJIO:>KeHbl COTpy.u,HHKOM O11.H11 
A. B. PaJJ.IOlllKHHhIM, HhIHe pa6oTaIOl.l.J,HM B CillA, a nepBbie H3Me
peHH.SI 6yJJ.yT Bh!IlOJIHeHhI B UEPH B paMKax HeJJ.aBHO OJJ.o6peHHoro 
9KCnepHMeHTa COMPASS-II. 

TTapaJIJieJibHO c O11.H11-UEPH pa3BHBaJIOCb H coTpyJJ.HHllecTBo 
CCCP-UEPH. ,[{JI.SI nocJieJJ,Hero c caMoro HallaJia Tpe6oBaJIOCb Ha
JIH'IHe cpopMaJibHOro COrJiallleHH.SI. OHO 6bIJIO 3aKJIIOlleHo B 1967 r. 
Me:>KJJ.Y UEPH H fKA3 (focyJJ.apcTBeHHhIM KOMHTeToM no MHpHoMy 
HcnoJib30BaHHIO aTOMHOH 9HeprnH) no HCcJie.u,oBaHH.SIM B UEPH 
H paclllHpeHo B 1975 r. Ha HCCJie.u,oBaHH.SI B CCCP B CB.SI3H c coopy
:>KeHHeM B TTpOTBHHO KpynHeHlllero B TO BpeM.SI B MHpe ycKopHTeJI.SI 
Y-70. 11cTOpH.SI 9Toro coTpy.u,HHllecTBa, nepenJieTaBllla.SIC.SI c HalllHM, 
onHcaHa H. KyJih6eproM B KHHre <<B rJiy6h MaTepHH>>, H3JJ.aHHOH 
11HCTHTYTOM HCTOpHH ecTeCTB03HaHH.SI H TeXHHKH HM.C.11.BaBH
JIOBa PAH B 2009 r. H. KyJih6epr H ero npe.u,lllecTBeHHHKH 0. JloK, 
11. foJibJJ.lllMHJJ.T-KJiepMOH, .n. <l>HJJ,eKapo, JI. MoHTaHe 6hIJIH KOOp
JJ.HHaTOpaMH coTpy.u,HHllecTB co cTpaHaMH-HeyqacTHHU.aMH UEPH 
npH reHepaJibHOM JJ.HpeKTope UEPH H BO MHoroM cnoco6cTBOBaJIH 
HX ycnexy. CorJiallleHHe O11.H11-UEPH paClllHpeHo Tenepb H Ha 
HCCJie.u,oBaHH.SI, npoBOJJ.HMbie B O11.H11. UEPH H ero cTpaHbJ-yqacT
HHUbI Ha OCHOBe napTHepCKHX corJiallleHHH MoryT yqaCTBOBaTb 
B HCCJie.U,oBaHH.SIX no <pH3HKe qacTHU, Ha HYKJIOTpoHe, npoeKTHpy
eMOM KOJIJiafi.u,epe NICA H JJ.pyrnx ycTaHOBKax O11.H11. B 2010 r. 
BhIClllHH PYKOBOJJ..Sil.l.J,HH opraH UEPH - CERN council, YllHThIBa.SI 
60JiblllOH Me:>KJJ,yHapoJJ,HbIH BKJia.U, B npoBe.U,eHHe 9KCnepHMeHTOB Ha 
ero ycKopHTeJI.SIX, npHH.SIJI pellleHHe, 'ITO qJieHOM UEPH MO:>KeT 
Tenepb CTaTb JII06oe rocy.u,apcTBo MHpa. TaKHM o6pa30M, UEPH H3 
perHoHaJibHOH opraHH3aU,HH, 0 lleM CBHJJ,eTeJibCTByeT 6yKBa E -



150 Me)K!lyHapo.QHoe C0TPYAHH4ecTBo 

<<eBponeikKaH>> B· ero Ha3BaHHH, npeapaTHJICH B MHpoayIO. B 3TOM 
eCTb H Halli BKJiaJI.. 

6Jiaro.n.apH IIIHpoKoMy coTpyJI.HHtiecrny c UEPH H JI.PYrHMH 
Jia6opaTOpHHMH MHpa Me:>KJI.yHapoJI.HaH o6w.ecTBeHHOCTb y6eJI.HJiaCb 
a Bb!COKOH KBaJIH(pHKaU.HH cneu.HaJIHCTOB 0115111, cnoco6Hh!X co-
3JI.aBaTb caMoe COBpeMeHHOe o6opyJI.OBaHHe H npOBOJI.HTb HCCJieJI.O
BaHHH Ha nepeJI.OBOM cppOHTe HayKH. C JI.pyrofi CTOpOHbl, Ta :>Ke 
Me:>KJI.yHapOJI.HaH o6w.ecTBeHHOCTb, nOHHMaH 3TO, nOMOrJia HaIIIeMy 
11HCTHTYTY BhI:>KHTh B TPYJI.Hhie roJI.hI nocJie pa3BaJia CCCP H noMo
raeT cefiqac, KOrJI.a MeCTO H pOJib cpyHJI.aMeHTaJibHb!X HCCJieJI.OBaHHH 

a CYJI.b6ax PocCHH H JI.pyrnx CTpaH-ytiaCTHHU. 0115111 He ou.eHeHhl 
no JI.OCTOHHCTBy. 

COTPY~HHqECTBO OHHH-nEPH 

IlpoeKT ATLAS 

B 2009 r. 6bIJI 3aaeprneH Ba:>KHeHIIIHH 3Tan nJIOJI.OTBOpHoro co
TPYJI.HHtiecTBa O115111-UEPH B JI.eJie C03JI.aHHH H 3anycKa ycTaHOB
KH ATLAS Ha 6oJihIIIOM aJI.pOHHOM KOJIJiaiiJI.epe (LHC), HatiaThIH 

B 1994 r. 
KaK H3BeCTHO, IIIHpoKaH Me:>KJI.yHapoJI.HaH KOJIJia6opau.HH 

ATLAS 6hrJia co3JI.aHa JI.JIH npoaeJI.eHHH MHorou.eJieaoro 3KC
nepHMeHTa HOBoro noKoJieHHH, 3aJI.atia KOTOporo - H3ytieHHe 
cpyHJI.aMeHTaJibHhlX CBOHCTB MaTepHH B CTOJIKHOBeHHHX npoTOHOB 
c MaKCHMaJihHOH 3Heprneii 14 T3B Ha LHC. IlapaMeTphI JI.eTeKTopa 
ATLAS 6b1JIH 3anJiaHHpoaaHhI TaKHM o6pa3oM, tIT06h1 HCCJieJI.oBaTh 
IIIHpOKHH cneKTP, B TOM l!HCJie H HOBhIX, HeO:>KHJI.aHHhlX cpH3Hl!eC
KHX HBJieHHH. 

B nOJIHOM COOTBeTCTBHH C o6H3aTeJibCTBaMH 0115111 nepeJI. KOJI

Jia6opau.HeH ATLAS H UEPH JI.Y6HeHCKHe ytieHbie H HH:>KeHepbr 
npHHHMaJIH yqacTHe B C03JI.aHHH (npOH3BOJI.CTBe, MOHTa:>Ke H Ha
Jia]I.Ke) 3JieMeHTOB MIOOHHOH JI.eTeKTHpy10w.eii CHCTeMbI, 3JieMeHTOB 
:>KHJI.KoaproHHoro H TaHJI-KaJiopHMeTpa ycTaHOBKH ATLAS. 6hIJIH 
BhlnOJIHeHbI Ba)KHbie pa60Tbl no C03JI.aHHIO H HaJia]I.Ke BHyTpeHHero 
(TRT) TpeKoBoro JI.eTeKTopa. C yqacrneM COTPYJI.HHKOB 0115111 
6b!JIH npoBe]I.eHbl Ba:>KHhie KaJIH6poBOl!Hhie HCCJieJI.OBaHHH KaJIOpH
MeTpOB ATLAS H BhrnOJIHeHa noJI.rOTOBKa 3THX cHcTeM K Ha6opy 
3KCnepHMeHTaJibHhIX JI.aHHhIX. KpoMe Toro, 0115111 3aHHMaJICH pa3-
p~60TKOH CHCTeMbl c6opa H npoBepKH KatieCTBa JI.aHHblX (TpHrrepa 
TDAQ) H cpopMHpoBaHHeM He06XOJI.HMhIX ycJIOBHH JI.JIH CTa6HJibHOH 
pa6oTbI CHCTeMhI pacnpeJI.eJieHHhIX BhitIHCJieHHH ATLAS-fpHJI. KaK 
8 0115111, TaK H B UEPH. Ba:>KHhie pactieThI MarHHTHOH cHcTeMhI 
YCTaHOBKH ATLAS TaK:>Ke 6bIJIH BhinOJIHeHhI COTPYJI.HHKaMH 0115111. 
C 2004 r. Harn 11HCTHTYT HHTeHCHBHO BKJIIOtIHJICH B pa3pa6oTKY 
(pH3H9ecKoii nporpaMMhI HCCJieJI.OBaHHH Ha ycTaHOBKe ATLAS. 

Pa6oTbI MIOOHHoii rpynnhI KOJIJia6opau.HH ATLAS npoBOJI.H
JIHCh COTPYJI.HHKaMH 0115111 (pyK. r. A. illeJIKOB) B TpH KJIIOl!eBhIX 
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3Tana. TTepBbIH 3Tan (.ll.O 2000 r.) - 3TO yqacrne B pa3pa6oTKe 
npoeKra MIOOHHOH CHcreMbI ycraHOBKH ATLAS H co3,ZI.aHHe B JHITT 
O115U1 yqacrKa ,ZI.JHI npott3BO,ll,CTBa MIOOHHbIX KaMep. Bropoii 3ran 
(2000-2004 rr.) BKJIIOtJaJI B ce651 MaCCOBOe npoH3B0,ll,CTBO H npo
BepKy COOTBeTCTBHH reXHHtJeCKHM rpe6oBaHHHM 84 MIOOHHbIX Ka
Mep. TpernH 3Tan (2004-2006 rr.) - 3TO ,ll,OCTaBKa (npoBepeHHbIX 
B 0115111) MIOOHHbIX KaMep B UEPH H MOHTa)K MIOOHHOH cttcreMhI 
ycraHOBKH ATLAS. 

11,ZI.eH HCCTOJib30BaHHH ,!1,peH<pOBbIX rpy6oK C nOBbIWeHHbIM ,ZI.aB
JieHHeM pa6oqero ra3a B KaqecrBe ocHOBHoro npeUH3HOHHoro ,ZI.e
reKrttpy10mero 3JieMeHTa MIOOHHOH CHcreMhI ATLAS 6hIJia npe,ZI.
JIO)KeHa H ycneWHO onpo6oBaHa B 0115111 . 11MeHHO 3TOT BapttaHT 
(O,ZI.HH H3 rpex npe,ZI.JIO)KeHHbIX) 6b!JI BbI6paH B KatJecrne OCHOBHOrO 
,ZI.JIH ,ZI.ereKropoB MIOOHHOH cttcreMhI ATLAS. B corpy,ZI.HHtJecrne 
c 11HcrnryroM HM. MaKca TTJiaHKa (M10HxeH), UEPH H cneutt
aJittcraMH H3 PyMhIHHH B JI51TT 6bIJI co3,ZI.aH yqacroK ,ZI.JIH npo
H3BO,ll,CTBa MIOOHHbIX ,ZI.eTeKropos. YtJaCTOK 6hIJI OCHameH COBpe
MeHHbIM (B pH,ZI.e cJiyqaeB YHHKaJibHbIM) o6opy,ZI.oBaHHeM, Koropoe 
no3BOJIHJIO npoH3SO,ll,HTh s coorsercrsHH co craH,ZI.apraMH ATLAS 
,ZI.peH<pOBbie rpy6qarbie KOOp,!I,HHaTHbie ,ZI.ereKTOpbl H co6ttparh H3 
HHX MIOOHHbie KaMepb!. C 2000 no 2004 r . Ha 3TOM yqacrKe, 
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s nOJIHOM coorseTCTSHH c rexHHtJeCKOH cneutt<pHKautteH, 6WJIO 
H3rOTOSJieHO H nposepeHO CSbIWe 70 TbICHlJ ,!1,peH<pOSb!X rpy6oK, 
qro cocrasHJIO 20 % or o6mero tJHCJia scex ,ZI.ereKropos MIOOHHOH 
CHCTeMbl. 113 3THX ,ZI.ereKropos 6b!JIH co6paHbl MIOOHHbie KaMepb!. 
B 2004-2005 rr. npoHCXO,ll,HJia rpaHcnoprnposKa roTOSb!X MIOOH
Hb!X KaMep H3 ,lly6Hbl s )KeHesy. TTepe,ZI. ycraHOSKOH s waxry 
ATLAS see KaMepbI npowJIH rmareJibHYIO nposepKy H c6opKy s ,ZI.e
TeKrnpy10mtte 6JIOKH . 21 HHsapH 2005 r. nepsaH KaMepa MIOOHHOH 
CHcreMbI ATLAS, H3rorosJieHHaH s 0115111 , 6b1Jia ycraHosJieHa Ha 
csoe pa6oqee Mecro. K KO HUY 2006 r. (s COOTBeTCTSHH c nJiaHOM 
c6opKH ,ZI.ereKropa ATLAS) see KaMepbI 0115111 6bIJIH ycraHos
JieHbI, H HatJaJIOCb HX KOMnJieKCHOe recrttposaHHe H no,ZI.rOTOSKa 
K pa6ore Ha nytJKax LHC. 

fpynna 0115111 (pyK. B. B . KyxrnH) yqacrsosaJia s C03,ZI.aHHH 
ropuesoro a,ZI.pOHHoro JKH,11.KoaproHHoro (LiAr) KaJiopHMerpa 
ATLAS, s H3ytJeHHH pa,ZI.ttaUHOHHbIX csoiicrn 3JieKrpoHHKH H Ma
TepttaJios, a TaK)Ke s pH,ZI.e .ll.pyrnx pa6or. 0115111 sHec 3aMeTHbIH 
SKJia,ZI. s pa3pa6orKy KOHQenuttH LiAr-KaJiopttMerpa, ero MexaHH
tJeCKHX xapaKrepHCTHK H 3JieKTpOHHKH ClJHTbIBaHHH HH<pOpMaUHH. 
C 1994 no 1997 r. s 0115111 6b!JIH H3rOTOSJieHbl nOJIHOMacwra6-
Hb!H npororttn MO.ll.YJIH a,ZI.pOHHoro KaJiopttMerpa H HyJiesoii MO
.ll.YJib, KOTOpb!e 3aTeM 6b!JIH HCCJie,ll,OSaHbl Ha nytJKax sropHtJHbIX 
tJacrnu ycKopttreJIH SPS UEPH. CneuttaJIHCTbI 0115111 npttHHMaJIH 
aKTHSHOe yqacrtte S npoBe,ZI.eHHH ceaHCOS H aHaJIH3e pe3yJihTaros 
ceaHcos. 

B 1998 r . Ha reppttropHH 0115111 6hIJia C03,ll,aHa <<tJHCTaH KOM
Hara,> ,ll,JIH c6opKH MO,ll,yJieH a,ll,pOHHOro KaJIOpHMerpa. TTorJIOTHTe-
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JIH, BbinOJIHeHHb!e H3 "IHCTOH MeJI.H, npOH3BOJI.HJIHCb B OnbITHOM 

npoH3BOJI.CTBe Ol15U1 H Ha 3aao.n.e B MHHCKe. Tpe6oaaHHH K Me
xaHH"IeCKOH TO"IHOCTH H3JI.eJIHH (50 MKM Ha pacCTOHHHH B 2 M) 

6b!JIH BbIJI.ep)KaHbl o60HMH npOH3BOJI.HTeJIHMH. B nepHOJI. C 2000 

no 2003 r. 6b!JIO co6paHO 25 cepHHHb!X MOJI.yJieH KaJIOpHMeTpOB, 

"ITO COCTaBJIHeT 38 % OT o6rn.ero "IHCJia acex cepHHHbIX MOJI.yJieH 
a.n.poHHoro KaJiopHMeTpa ATLAS. Ha peaKTope l1.6P-2 Jia6opaTO

pHH HeHTpOHHOH <pH3HKH npoae.n.eHbl HCCJieJI.OBaHHH pa.n.HaU,HOHHOH 

ycTOH"IHBOCTH 3JieMeHTOB 3JieKTpOHHKH C"IHTb!BaHHH HH<popMaU,HH 

c KaJiopHMeTpoa, a TaK)Ke pa.n.HaU.HOHHOH CTOHKOCTH KOHCTPYKU.H
OHHbIX MaTepHaJIOB, KOTOpb!e MOfJIH 6b!Tb HCnOJib30BaHbl B )KHJI.KO

aprOHOBOH KaJiopHMeTpHH JI.eTeKTopa ATLAS. 

CoaMeCTHO c l1HCTHTYTOM HM. M. TTJiaHKa B MI:OHXeHe 6bIJIH 

pa3pa6oTaHbl cneu.HaJibHb!e npe.n.ycHJIHTeJIH CHrHaJIOB JI.JI.fl pa60Tbl 

npH TeMnepaType )KHJI.KOfO aproHa. Oco6eHHO )KeCTKHe Tpe6oaaHHH 

K Ha.n.e)KHOCTH 3TOH 3JieKTpOHHKH o6ycJIOBJieHbl Bb!COKHM pa.n.HaU,H

OHHb!M <pOHOM H OTCYTCTBHeM CB060JI.H0f0 JI.OCTyna K HeH. 

l1ccJieJI.OBaHHH B .n.aHHOM HanpaBJieHHH npOJI.OJI)KaJIHCb TaK)Ke 

Ha BbICOKOHHTeHCHBHOM nytJKe HeHTpOHOB, 3HepreTH4eCKHH cneKTP 

KOToporo xoporno cooTBeTcTByeT O)KHJI.aeMoMy cneKTPY HeHTpoHoB 
OT pp-B3aHMOJI.eHCTBHH Ha LHC. 

Cpe.n.H .n.pyrnx pa60T 3TOH rpynnbl CJie.n.yeT OTMeTHTb pa3pa-

60TKY H H3fOTOBJieHHe CHCTeMbl H3MepeHHH TeMnepaTypbl )KHJI.KO

ro aproHa B 30He pacnoJIO)KeHHH a.n.poHHoro KaJiopHMeTpa. ,llJIH 
o6ecnetJeHHH Bb!COKOTO"!Hb!X (.n.o 7 MK) H3MepeHHH TeMnepaTypbl 

)KHJI.K0f0 aproHa Ha cneu.HaJibH0M CTeH.n.e 6b!JIH npoKaJIH6poBaHbl 

6oJiee 700 nJiaTHH0Bb!X .n.aT"!HKOB. 

Pa6oTbI Ha.n. C03JI.aHHeM a,n:poHHoro TaHJI-KaJiopuMeTpa 
ATLAS HatJaJIHCb B Ol15Il1 (pyK. IO. A . .6y.n.aroa H ,U. 11. Xy6ya) 
B cpeapaJie 1994 r . Ta11JI-KaJiopHMeTp ATLAS HMeeT coTOno.n.o6HyI:O 

CTPYKTYPY, np11 KOTopo11 .n.eTeKTHPYI:OW.He CU.HHTHJIJIHU.HOHHbie 
TaHJI-3JieMeHTbl BCTpoeHbl B CTaJibHbie n0rJI0THTeJIH, H C"IHTb!BaHHe 

HH<pOpMaU.HH C HHX ocyrn.eCTBJIHeTCH C noM0W.b!:O cneu.HaJibHb!X 

rn6KHX OnTH"!eCKHX <pH6poB. KaJiopHMeTp C0CTOHT H3 Tpex 
ceKU.HH - OCHOBHOH 604KH (6appeJIH) B u.eHTpe ycTaH0BKH 

H JI.BYX .n.on0JIHHTeJibHb!X 6otJeK (pacrnHpeHHb!X 6appeJieH) no 
KpaHM ycTaHOBKH. CeKU.HH u.eHTpaJibH0f0 6appeJIH co6paHbl H3 
64 KJIHHOno.n.o6Hb!X MOJI.yJieH JI.JIHHOH 5 ,6 M H MaCCOH 20 T. CeKU,HH 

pacrnHpeHHoro 6appeJIH B JI.Ba pa3a Kopoqe H a.n.aoe JiertJe (2,8 M 
H 10 T) . Ka)KJI.b!H M0JI.YJib COCT0HT H3 cy6MOJI.yJieH , K0T0pbie 
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H. ,n:. TomrnHH y co6paHHoro TaHJI-KaJiop11MeTpa ATLAS 

co6paHbI Ha cneu.HaJibHOH 06rn.e11 6a3e (rpe11.n.epe) c co6JII:OJI.eHHeM 
Heo6xo.n.HMOH JIHHeHHOH H yrnoao11 TO"IH0CTH. 

Heo6xo.n.HMaH, cornacHo <pH3HtJeCKHM 3aJI.atJaM ATLAS, CTpyK
Typa KaJI0pHMeTpa Tpe6oBaJia HOBOH a.n.eKBaTHOH TeXHOJI0rHH Mac
COB0f0 npOH3B0JI.CTBa KOMn0HeHTOB KaJI0pHMeTpa H HX c6opKH. )lJIH 

3TOH u.eJIH B Ol15Il1 6bIJia pa3pa60TaHa H HCnOJib30BaHa MeTOJI.HKa 
Jia3epHoro MeTpOJIOrH"IeCK0ro KOHTPOJIH c6opKH, B oco6eHHOCTH 
MaCCHBHb!X 3JieMeHTOB .n.eTeKT0pa. 

C03JI.aHHe 3JieMeHT0B a.n.poHH0f0 TaHJI-KaJIOpHMeTpa npoB0JI.H
JIOCb B TPH 3Tana. CHatJaJia 6b!JIO opraHH30BaHo Bb!COKOTO"IHOe 
npOH3BOJI.CTB0 npHMepHO 300 Tb!CH"I pa3JIH4Hb!X KOMnOHeHTOB cy6-
MOJI.yJieH ( OCHOBHbie H .n.onoJIHHTeJibHb!e nJiaCTHHb!). 3aTeM 6bIJia 
ocyw.ecTBJieHa c6opKa KaK caMHX cy6MOJI.yJieH, TaK H npeU.H3HOH
HaH c6opKa y)Ke co6cTBeHHO MOJI.yJieH TaHJI-KaJIOpHMeTpa H3 3THX 
cy6Mo.n.yJieH. 11, HaKoHeu., 6b1Jia pa3pa6oTaHa H npHMeHeHa cneu.H
aJibHaH MeTOJI.HKa KOHTp0JIH T0"IHOCTH c6opKH. 

Pa6oTbI no C03JI.aHHI:O a.n.poHHoro TaHJI-KaJiopHMeTpa B Ol15Il1 
ycnernHo 3aBeprnHJIHCb 3 Hl:OJIH 2002 r. B nOJIHOM COOTBeTCTBHH 
C Tpe6oBaHHHMH KOJIJia6opau,HH, Kor.n.a nocJieJI.HHH H3 65 co6paH
Hb!X B Ol15Il1 MOJI.yJieH 6bIJI .n.ocTaBJieH B UEPH 6e3 KaKHX-JIH6o 
noape)l(.n.eHHH. 

B .n.aJibHe11rneM «.n.y6HeHCKHe» MOJI.YJIH u.eHTpaJibHoro 6appeJIH 
a.n.pOHHOro TaHJI-KaJIOpHMeTpa 6bIJIH HCnOJib30BaHbl npH TeCTOBOH 
CTOJIHOH c6opKe .n.eTeKTopa Ha noaepxHOCTH, a CTOTOM H npH OKOH-
4aTeJibHOH c6opKe .n.eTeKTopa no.n. 3eMJieH Ha rny6HHe 100 M, r.n.e 
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ycTaHOBKa ATLAS Ha'-!aJia pa6oTaTb c 2009 r. B o6eHx c6opKax 

]J:eTeKTOpa aKTHBHOe, ecJIH He pewa10rn.ee, y'-!aCTHe npHHHMaJIH 

HH:>KeHepbl H TeXHHKH 0115111 (pyK. H . .It TonHJIHH). B ]J:eKa6pe 

2004 r. AY6HeHCKHH 6appeJib TaHJI-KaJIOpHMeTpa 6bIJI nOJIHOCTb!O 

ycTaHOBJieH Ha CBOe pa6o'-!ee MeCTO. B cepeJJ:HHe 2006 r. BCe pa6oTbl 

no noJIHOMacrnTa6HoH c6opKe KaJiopHMeTpa ATLAS 6hIJIH 3aBep

rneHbI. 
B KOJIJia6opaUHH c PHAOM poCCHHCKHX H Me:>K]J:yHapOJJ:HblX Hay'-1-

HblX opraHH3aUHH rpynna 0115111 (pyK. B. ,ll. TTerneXOHOB) y'-!aCTBO

BaJia B pa3pa60TKe H C03]J:aHHH AeTeKTOpa nepeXOAHOfO H3JIY11e

HHH - TpeKepa (TRT) AJIH BHyTpeHHero AeTeKTOpa ycTaHOBKH 

ATLAS. B ,Uy6He 6bIJIH Bb!IlOJIHeHbI HCCJieAOBaHHH H pa3pa60T

KH TOHKOCTeHHbIX Ji:peHq>OBblX Tpy6oK (TaK Ha3bIBaeMblX CTpoy), 

MeTO]J:OB C'-IHTbIBaHHH HHq>OpMaUHH c HHX. 0115111 y'-!aCTBOBaJI 

B C03]J:aHHH H TeCTHpOBaHHH npOTOTHnOB ]J:eTeKTOpa nepeXO]J:HOfO 

H3JIY'-leHHH - TpeKepa Ha OCHOBe CTpoy. 

113 MHOfO'-IHCJieHHblX COBMeCTHbIX pa6oT MO:>KHO BbI]J:eJIHTb, 

npe:>K]J:e Bcero, HCCJie]J:OBaHHH KOHCTPYKUHOHHblX MaTepHaJIOB, 3Jie

MeHTOB ]J:eTeKTOpOB H npoTOTHnOB Ha peaKTOpax 0115111; pa3pa6oT

KY TeXHOJIOfHH c6opKH ]J:eTeKTOpOB H cneuHaJIH3HpOBaHHOf0 c6o

po'-!HOf0 o6opyJJ:oBaHHH. OpHrnHaJibHOCTb!O H CJIO:>KHOCTb!O OTJIH'-!a

JIOCb HCCJie]J:OBaHHe H Bbipa6oTKa cneuHq>HKaUHH Ha MeTOA OXJia

:>K]J:eHHH ]J:eTeKTOpa. Ha CTeH]J:e B 0115111 B Te'-!eHHe 1996-1997 rr. 

npoBOAHJIHCb coBMeCTHbie c COTPYAHHKaMH UEPH HCCJieJJ:OBaHHH, 

pe3yJibTaTbl KOTOpblX JierJIH B OCHOBY C03]J:aHHOH B ]J:aJibHeHI?eM 

CHCTeMbl OXJia:>K]J:eHHH ]J:eTeKTOpa. 

B O1151116bIJIO C03]J:aHO 17 KOJibUeBblX CTpoy-Mo]J:yJieH (104448 
KaHaJIOB 3JieKTpOHHKH C'-IHTbIBaHHH). ,llJIH Bb!IlOJIHeHHH 3THX pa6oT 

B .lly6He 6bIJIH nO]J:fOTOBJieHbl H o6opyJJ:OBaHbl YHHKaJibHble noMe

rn.eHHH ]J:JIH apMHpoBaHHH CTpoy. 

KoJibUeBOH CTpoy-Mo.u.yJib TRT-.u.eTeKTopa ATLAS 
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B ocHoBe opraHH3aUHH pa6oT no C03Ji:aHHJO TRT-]J:eTeKrnpa 

Jie:>KaJia, BO-nepBbIX, n03TanHaH pa3pa60TKa BCex c6op0'-1HbIX npo

ueAYP ]J:eTeKTopa c TecTHpoBaHHeM Ka:>KAOH H BBe]J:eHHeM one

paTHBHOH HHq>OpMaUHH B 6a3y ,ll.aHHbIX, BO-BTOpbIX, pa3pa60TKa 

H C03]J:aHHe aBTOMaTH3HpoBaHHOfO H BCnOMOraTeJibHOfO c6op0'-1HOfO 

o6opyJJ:OBaHHH npaKTH'-leCKH ]J:JIH Ka:>K]J:OH c6op0'-1HOH npoueJJ:ypbl 

H, B-TpeTbHX, TW.aTeJibHOe TeCTHpOBaHHe MOJJ:yJieH KaK nocJie c6op

KH , TaK H nocJie HX AOCTaBKH B UEPH. HaJIH'-!He pa3HOTHnHbIX 

y'-!aCTKOB C 60JibllIHMH 06beMaMH pa6oT: apMHpoBaHHH CTpoy, nO]J:

roTOBKH CTpoy, c6opKH cy6MoJJ:yJieH H MOJJ:yJieH - npeJJ:nOJiaraJio He 

TOJibKO cneuHaJIH3aUH!O MHOfO'-IHCJieHHOfO nepcoHaJia, HO H HaJIH

'-!He pa3JIH'-IHblX 6JIOKOB OCHOBHOfO H BCnoMoraTeJibHOfO o6opyJJ:OBa

HHH Ha 3THX y'-laCTKax. Pe3yJibTaTbl MHOfO'-IHCJieHHbIX onepaTHBHbIX 

TeCTOB o6ecne'-IHJIH BblCOKOe Ka'-!eCTBO H3fOTOBJieHHblX B 0115111 
KOJibUeBhIX MOJJ:yJieH TRT ATLAS, '-ITO nomBepAHJio npoBeJJ:eHHoe 

B UEPH HToroBoe TeCTHpoBaHHe. 

TTpH HCCJieAOBaHHH CBOHCTB KaJiopHMeTpH11eCKOf0 KOM

nJieKca ATLAS H DOAfOTOBKe aKcnepHMeHTaJI&HbIX AaHHbIX 

c 1994 no 2008 r. rpynnoH 0115111 (pyK. IO. A. KyJib'-IHUKHH) 

npoBe]J:eH BCeCTopoHHHH aHaJIH3 6a30BblX xapaKTepHCTHK a]J:

poHHOfO TaHJI-KaJiopHMeTpa H KOM6HHHpoBaHHOfO KaJIOpHMeTpa 

ycTaHOBKH ATLAS. 3TH pa6oTbI npoBOJJ:HJIHCb c HCnOJib30BaHHeM 

3KcnepHMeHTaJibHOH HHq>OpMaUHH, HaKOnJieHHOH npH o6Jiy'-leHHH 

npOTOTHna H peaJibHbIX MOAyJieH TaHJI-KaJIOpHMeTpa, npOTOTHna 

H peaJibHbIX MOJJ:yJieH KOM6HHHpOBaHHOfO KaJiopHMeTpa (:>KH]J:KO

aprOHHOro 3JieKTpoMarHHTHOfO H a]J:pOHHOfO TaHJI-KaJIOpHMeTpOB) 

B ny'-!Kax nHOHOB, npoTOHOB, 3JieKTpOHOB H MIOOHOB C 3HeprneH 

10-350 f3B Ha ycKopHTeJie SPS (UEPH). B '-!acrnocrn, 6b1Jia 

npoBe]J:eHa ]J:eTaJibHaH 3JieKTpoMarHHTHaH KaJIH6poBKa 12 % 
MOJJ:yJieH a]J:pOHHOfO TaHJI-KaJIOpHMeTpa, '-ITO no3BOJIHJIO BBeCTH ero 

3HepreTH'-!ecKyJO rnKaJiy. Pa3pa6oTaH H npHMeHeH MeTOA JIOKaJibHOH 

aJJ:pOHHOH KaJIH6poBKH KaJiopHMeTpH'-IecKoro KOMnJieKca ATLAS, 

KOTOpblH ]J:aeT B03MO:>KHOCTb onpe]J:eJIHTb 3Heprn!O O]J:HHO'-!Hb!X 

a]J:pOHOB C npoeKTHOH TO'-IHOCTb!O. C HCnOJib30BaHHeM pe3yJibTaTOB 

06Jiy'-leHHH a]J:pOHHOfO TaHJI-KaJiopHMeTpa 3JieKTpOHaMH perneHa 

npo6JieMa noTepH 3HeprnH B KaJiopHMeTpe ]J:JIH a]J:pOHOB C 3HeprneH 

6oJiee 80 r 3B, '-ITO no3BOJIHJIO cyw.ecTBeHHbIM o6pa30M YJIY'-lllIHTb 

BHyTpeHHIOIO ue3HeByJO KaJIH6poBKY TaHJI-KaJIOpHMeTpa. 

B nocJie]J:HHe fO]J:bl HHTeHCHBHO BeJiaCb nO]J:fOTOBKa Bbl'-IHCJIH

TeJibHOro ueHTpa 0115111 K npHeMy H o6pa60TKe ]J:aHHbIX, Ha'-!aTa 

pa6oTa no IlO]J:fOTOBKe K aHaJIH3Y ]J:aHHbIX C HCnOJib30BaHHeM rpHA-
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TeXHOJIOrHH, a TaK:>Ke npaKTH'-leCKH 3aBepweHO C03,ll.aHHe nyHKTa 
MOHHTOpHHra ycTaHOBKH ATLAS B 011Hl1. 011Hl1 BbinOJIHSieT 
B 3KcnepHMeHte ATLAS poJib o,n.Horo H3 u.eHTpos Mo,n.eJIHposa
HHSI H aHaJIH3a ,n.aHHbIX (Tier-2). C KOHLI.a 2005 r. Ha KOMnbJOTe
pax cpepMbl o6mero noJib30BaHHSI u.eHTpaJibHOro Bbl'-IHCJIHTeJibHO
ro KOMnJieKca 011Hl1 ycTaHOBJieHO, noCTOSIHHO no,n.,n.ep:>KHBaeTCSI 
H o6HOBJISieTcSI nporpaMMHoe o6ecne'-!eHHe 3KcnepHMeHta ATLAS. 
B Ha'-!aJie 2007 r. 3JieMeHT xpaHeHHSI ,n.aHHbIX u.eHtpaJibHOro Bbl'-IHC
JIHTeJibHOro KOMnJieKca 6b!JI HHTerpHpOBaH B CHCTeMy ynpaBJieHHSI 
,n.aHHhIMH ATLAS (ATLAS DOM). B asrycTe 2007 r. 011Hl1 
npHHSIJI y'-laCTHe B npose,n.eHHH KOMnJieKCHbIX HCnbITaHHH ,n.aHHOH 
CHCTeMbl. TTpose,n.eHHhie HCnbITaHHSI noKa3aJIH Ha,n.e:>KHYIO pa6oTy 
Bbl'-IHCJIHTeJibHOrO u.eHTpa H, B nepsyJO 04epe,n.b, 3JieMeHTa xpa
HeHHSI 011Hl1 B cocTaBe cHcteMbI ynpasJieHHSI ,n.aHHhIMH ATLAS. 
6bJJia npo,n.eMOHCtpHpOBaHa roTOBHOCTb 011Hl1 K npHeMy nepBbIX 
,n.aHHbIX C yctaHOBKH. 

6oJibllIOH o6beM ,n.aHHhIX ATLAS ,n.eJiaer HeB03MO:>KHbIM npHMe
HeHHe tpa,n.HU.HOHHbIX cnoco6oB aHaJIH3a H Tpe6yeT HCnOJib30BaHHSI 
cneu.HaJIH3HpoBaHHoro nporpaMMHoro o6ecne'-!eHHSI ,n.JISI o6pa6oT
KH reorpaq)H'-leCKH pacnpe,n.eJieHHbIX ,n.aHHblX. 9Ta oco6eHHOCTb 
ycJIO:>KHSieT no,n.rotOBKY K qlH3H'-!ecKoMy aHaJIH3Y H rpe6yer cooT
BeTCTBYJOIUeH nepeno,n.roTOBKH cneu.HaJIHCTOB. Ha'-IHHaSI c 2006 r. 
B 011Hl1 Be,n.yTCSI pa60Tbl no OCBOeHHIO nporpaMM pacnpe,n.eJieHHO
ro aHaJIH3a ,n.aHHhIX 3KcnepHMeHta ATLAS (GANGA H PANDA). 
TTOJib30BaTeJibCKHe nporpaMMbl qlH3H4eCKoro aHaJIH3a a,n.amHpy
lOTCSI )].JISI pa60Tbl C IlIHpOKHM HCnOJib30BaHHeM rpH,n.. TTpoBO,ll.HTCSI 
o6y4eHHe cneu.HaJIHCTOB oco6eHHOCTSIM aHaJIH3a ,n.aHHblX C npHMe
HeHHeM rpH,n.. 

CospeMeHHbie HHq)OpMaU.HOHHbie TeXHOJIOrHH ynpomaJOT KOH
TpOJib H MOHHTOpHHr ycraHOBKH ATLAS H ,n.eJiaJOT ,n.ocTynHhIM 
noJiy'-leHHe Heo6XO)].HMblX ,n.aHHbIX O COCTOSIHHH ,n.eTeKtopa npaKTH
'-leCKH H3 JII060H TO'-IKH MHpa. ,llJISI peaJIH3aU.HH 3TOH B03MO:>KHOCTH 
6bIJIO peweHO C03,ll.aTb nyHKT ,11.HCTanu.uouuoro MOHHTOpuura 
ycTaHOBKH ATLAS B OHSIH. Ero HaJIH'-!He no3BOJISieT JI1060My 
:>KeJiaJOIUeMy, BKJIIO'-laSI 3KCnepTOB no,n.CHCTeM, B JIJ06oe BpeMSI no
JIY'-IHTb cse,n.eHHSI o cocToSIHHH ycTaHOBKH ATLAS H KOHTpoJIHpo
BaTh Ka'-lecTBo ,n.aHHhIX Henocpe,n.cTBeHHO H3 011Hl1. C noMOlllhlO 
nyHKTa MOHHtopHHra ATLAS se,n.etcSI 03HaKOMJieHHe corpy,n.HHKOB 
C opraHH3aU.HeH MOHHTOpHHra H KOHTPOJISI Ka'-!eCTBa ,n.aHHblX ycTa
HOBKH ATLAS H o6y4eHHe noJib30BaHHJO cneu.HaJIH3HposaHHblM 
nporpaMMHblM o6ecne'-!eHHeM nepe,n. y4actHeM B ceaHcax Ha6opa 
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B u,eHrpe y.u.aJieHHoro MOH11rop1-rnra ATLAS. Ha CHHMKe BHH3Y pyKoso
.U.HTeJib KOJIJia6opau,1111 ATLAS TI. l1eH11 B Kpyry .u.y6HeHCKHX KOJIJier 

crarnctHKH B IJ,EPH. 3anycK nyHKTa y,n.aJieHHoro MOHHtopHHra 
ycraHOBKH ATLAS B 011Hl1 cocTOSIJICSI B oKrn6pe 2008 r. 

B 2004 r. Ha'-!aTbl CHCTeMaTH'-leCKHe pa6otbl no nporpaMMe 
y11aCTm1 OHSIH B 4>u3u11ecKux uccJie,11.osanu.Hx ua ycTanoBKe 
ATLAS. C 3TOH u.eJibJO B 011Hl1 6bIJIO yTBep:>K,n.eHo peryJIHpHo 
.n.eiicTBy10mee pa604ee cosemaHHe ,n.y6HeHcKoii '-!aCTH KOJIJia6opa
U.H11 ATLAS, 3a,n.a4eii Kotoporo SIBJISieTcSI pa3pa6otKa H KOHtpOJib 
YllactHH 011Hl1 B qlH3H'-!ecKoii nporpaMMe 3Toro 3KcnepHMeH
ra. B pe3yJihTaTe COTpy,n.HHKaMH . 011Hl1 BbinOJIHeH pSI,n. Ba:>KHbIX 
HCcJie,n.osaHHH s paMKax KOJIJia6opau.H11 ATLAS. B '-!aCTHOCTH, 
6b1Jia noKa3aHa nepcneKTHBHOCTb o6Hapy:>KeHHSI 6o3oHa XHrrca 
no ero pacna,n.y Ha napy b-KBapKOB npH COBMeCTHOM pO:>K)].eHHH 
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H- H W-6030HOB B cJiyqae, KOf)J.a OT6Hpa!OTC51 co6hITH51 C 60JibWH

MH nonepeqHbIMH HMnyJibCaMH 3THX 6030HOB . CoBMeCTHO C KOJIJie

raMH H3 xHrrcoBCKOH rpynnhI ATLAS HSG5 COTPYAHHKH OI15H1 
pa3pa6oTaJIH HOBbIH nO)J.XOA, OCHOBaHHbIH Ha npHMeHeHHH HeHpOH

HblX ceTeH, KOTOpb!H BKJIIOqaeT )J.OnOJIHHTeJihHhie YrJIOBhie nepe

MeHHbie, onpe)J.eJIReMhie cnHHOM pacna)J.a!Olll.HXCR qaCTHU. . TToHCK 

3apmKeHttoro 6o30Ha XHrrca SUSY 6yAeT aecTHCh COTPYAHHKaMH 

OI1.HI1 no ero pacna)J.aM Ha qap)J.)KHHO-HeHTpaJIHHO B paMKaX MH

HHMaJihHOH cynepcHMMeTpHqHoH CTaHAaprno11 MOAeJIH (MSSM). 

,Ll.aHHbIH KaHaJI pacna)J.a npe)J.OCTaBJIReT B03MO)KHOCTb o6ttapy)KHTb 

3apR)KeHHhIH 6o30H XHrrca B TOH o6JiaCTH npocTpattcrna napa

MeTpoa MO)J.eJIH, KOTopaR He)J.oCTynHa pacna)J.aM Ha qacTHU.bl CTaH

AapTHOH MOAeJIH. PaccMaTpHBaeMbIH pacnaA npeAnoJiaraeT, qTo 

3apR)KeHHhIH 6o30H XHrrca HMeeT AOCTaToqtto 6oJibWYIO Macey 

(He Mettee 250 f3B), r)J.e )J.OMHHHpyeT KaHaJI pO)K)J.eHHR T51)KeJioro 

3apR)KeHHOfO 6030Ha XHrrca - COBMeCTHOe pO)K)J.eHHe C TOn

KBapKOM. TTpe)J.BapHTeJibHbie HCCJie)J.OBaHHR noKa3aJIH nepcneKTHB

HOCTb )J.aHHOro KaHaJia )J.JIR o6ttapy)KeHH51 3apR)KeHHOf0 6030Ha 

XHrrca a )J.OCTaToqHo WHpOKOH o6JiaCTH npoCTpaHcTBa napaMeTpOB 

(tan,B - mH± )- 3KcnepHMeHTaJihHhie AaHHbie, noJiyqeHHhie ycn

HOBKOH ATLAS B nepBbie ro)J.hI pa6oThI Ha HH3KOH caeTHMOCTH 

LHC, 6yAyT HCITOJih30BaHbI AJIR onpeAeJieHHR peaJibHhIX q)OHOB . 

C yqacrneM COTPYAHHKOB OI1.HI1 6bIJI npeAJIO)KeH HOBhIH Me

TOA H3MepeHH51 MaCCbl TOn-KBapKa, OCHOBaHHbIH Ha HCnOJib30Ba

HHH HHq)OpMaU.HH TOJibKO JienTOHHOfO xapaKTepa. TTpHMeHHMOCTb 

3TOro MeTO)J.a 6bIJia H3yqeHa Ha OCHOBe aHaJIH3a pacna)J.a B )J.e

TeKTOpe ATLAS naphI Ton-KBapKoB B JiemoH-cTpyHHOM KaHaJie 

(tt-+ lepton+ jets) npH 3HeprnH LHC 10 T3B. HaKJIOH JIHHeHHOH 

3aBHCHMOCTH cpe)J.Hero nonepeqHoro HMnyJibCa JienTOHa KaK q)YHK

U.HH Macchi TOn-KBapKa H OTHOWeHHe CHrHaJia K q)OHY RBJIRIOTCR 

KJI!OqeBblMH cpaKTOpaMH )J.aHHOfO MeTO)J.a: qeM 6oJibWe o6a 3TH 

3HaqeHH51, TeM ToqHee MO)KeT 6hITb onpe)J.eJieHa Macca TOn-KBapKa 

)J.aHHbIM MeTO)J.OM. ,Ll.aJiee npeAnOJiaraeTCR npoBeCTH KaJIH6pOBKH 

3aBHCHMOCTH cpe)J.Hero nonepeqHoro HMnyJihCa JienTOHa OT MaCCbl 

TOn-KBapKa Ha OCHOBe 6oJiee WHpOKOfO Ha6opa MO)J.eJIHpOBaHHbIX 

)J.aHHbIX )J.JIR pa3Hb!X Mace TOn-KBapKa , a TaK)Ke 6oJiee Tlll.aTeJibHO 

HCCJie)J.OBaTb q)OHOBbie npou.ecCbl. 

B OI1.HI1 npOAOJI)KeHbI HCCJie)J.oBaHHR B03MO)KHOCTH o6Hapy)Ke

HHR cynepCHMMeTpHH no HeCKOJibKHM Ha6JIIO)J.aeMhIM B TaK Ha3bI

BaeMOH EGRET-o6JiaCTH. TToMHMO AOMHHHPY!Olll.HX KaHaJIOB o6-

pa3oBaHHR fJIIOHHO )J.OnOJIHHTeJihHO paCCMOTpeHbl TaK Ha3bIBaeMble 
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cJia6hie KaHaJihl o6pa3oBaHH51 B 3TOH TOqKe HeHTpaJIHHO H qap

)J_)KHHO, KOTOpbie, pacna)J.aRCb, )J.aBaJIH 6b! B KOHeqHOM COCTORHHH 

HeCKOJlbKO 3HeprnqHblX JienTOHOB H a)J.pOHHbIX CTPYH COBMeCTHO 

c 6oJihWOH noTepRHHOH nonepeqHoH 3Heprne11. 

C yqacrneM COTPYAHHKOB OI1.HI1 Ha 6a3e creHepHpoBaHHo

ro Ha6opa )J.aHHblX npoBe)J.eH aHaJIH3 B03MO)KHOCTH perHCTpau.HH 

HOBoro B036y)K)J.eHHoro HeHTpaJihHoro 6o3oHa Z* Ha ycnHOBKe 

ATLAS. 3ToT 6o3oH MO)KeT 6bITh o6pa3oBaH B aApOHHhIX CTOJIK

HOBeHHRX B kaHaJie KBapK-aHTHKBapKOBOH aHHHrHJIRU.HH H 3apern

CTpHpOBaH 3a cqeT nocJie)J.yIOlll.ero pacna)J.a Ha JienTOHHYIO napy. 

3TO )J.eJiaeT TaKHe 6030Hbl BeCbMa npHBJieKaTeJibHbIMH 06beKTaMH 

C ToqKH 3peHH51 . paHHero HX nOHCKa Ha nepBblX HeCKOJibKHX )J.eCRT

Kax o6paTHblX cpeMT06apH nOJIHOH CTaTHCTHKH LHC npH 3HeprnH 

7 T3B. ooJiee Toro, B OTJIHqHe OT Apyrnx TR)KeJibIX HeHTpaJibHhIX 

pe30HaHCHblX COCTORHHH, 3TH 6030Hbl HMe!OT YHHKaJibHYIO CHr-
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HaTypy (JI.HJieTITOHHb!X nap) OTHOCHTeJibHO nonepe<rnoro HMTIYJib

ca, nceBJI.06bICTpoTbI- H yrnosoro pacnpeJI.eJieHHH , 'ITO no3BOJIHeT 

JierKO OTJIH'IHTb HX OT JI.pyrnx o6beKTOB, TaK}Ke pacnaJI.aIOlll.HXC.fI 

Ha JienTOHHbie napbl (CM . pHCYHOK) . ITocTpoeH npoCTOH reHepaTop 

C06bITHH JI.JI.fl HHKJII03HBHOro o6pa30BaHH.fI Z* -6030HOB C pacnaJI.OM 

TIOCJieJI.Hero Ha 3JieKTpOH-TI03HTpOHHYIO napy (pp ---t Z ---t e+e- ), 

H noJiy'IeHbl npeJI.BapHTeJibHbie pe3yJibTaTbl JI.JI.fl oueHKH 'IYBCTBH

TeJibHOCTH JI.eTeKTopa ATLAS K 3TOMY npoueccy Ha 6a3e noJIHoro 

MOJI.eJIHpOBaHH.fI JI.eTeKTOpa. 

3KcnepHMeHT ALICE 

3KcnepHMeHT ALICE Ha 6oJibllIOM aJI.pOHHOM KOJIJiaHJI.epe 

(LHC) npeJI.Ha3Ha'IeH JI.JI.fl TIOHCKa H HCCJieJI.OBaHH.fI KBapK-rJIIOOH

HOH nJia3Mbl B CTOJIKHOBeHH.fIX T.fI}KeJiblX HO HOB (Pb-Pb) C 3Hep

rneH B CHCTeMe ueHTpa Mace 5,5 T3B/HyKJIOH: KsapK-rJIIOOHHa.H 

nJia3Ma - HOBOe COCTO.fIHHe MaTepHH, KOTOpoe JI.OJI}KHO B03HHKaTb 

npH 3KCTpeMaJibHO BbICOKHX TIJIOTHOCT.fIX 3HeprnH. ,lloKa3aTeJib

CTBO ee cyrn.ecTBOBaHH.fI H H3y'IeHHe ee CBOHCTB HMeeT KJIIO'IeBoe 

3HalJeHHe JI.JI.fl KBaHTOBOH xpOMOJI.HHaMHKH H JI.JI.fl TIOHHMaHH.fI Me

xaHH3Ma KOH<paHHMeHTa. C 3TOH ueJibIO B 3KcnepHMeHTe 6yJI.eT 

npoBeJI.eHO BCe06beMJIIOlll.ee H3y'IeHHe xapaKTepHCTHK BTOpH'IHbIX 

qacrnu (aJI.pOHOB, 3JieKTpOHOB, MIOOHOB H q>OTOHOB), pO:>KJI.aIOlll.HXC.fI 

B CTOJIKHOBeHH.fIX T.fI}KeJib!X HOHOB. KpoMe Toro, B 3KCnepHMeHTax 

6yJI.yT HCCJieJI.OBaTbC.fI 'IHCTO npoTOH-npoTOHHbie H npoTOH-HJI.epHbie 

B3aHMOJI.eHCTBHH. Cl>H3HKH OHHH Ha'IaJIH aKTHBHO yqacTBoBaTh 

B noJI.roTOBKe npoeKra 3KcnepHMeHTa ALICE c HalJaJia 1990-x rr. 

B HacToHrn.ee speMH KOJIJia6opauHH ALICE cocTOHT H3 1000 q>H3H

KOB H3 90 HHCTHTYTOB 30 CTpaH. 

B 3TOM npoeKTe cneuHaJIHCTbI 011Hl1 3aHHMaJIHCb npoeKTH

posaHHeM 60JibllIOro JI.HTIOJibHOro MarHHTa, C03JI.aHHeM npOTOTH

TIOB o6MOTKH H H3fOTOBJieHHeM HpMa MarHHTa. 6bIJIH BblTIOJIHeHbl 

TIOCTaBKa H H3MepeHHe xapaKTepHCTHK KpHCTaJIJIOB BOJibq>paMaTa 

CBHHUa JI.JI.fl q>OTOHHOro cneKTpOMeTpa, H3rOTOBJieHbl H npoTeCTH

poBaHbl JI.peHq>OBbie KaMepbl JI.eTeKTOpa nepeXOJI.HOro H3JiyqeHHH; 

pa3pa6oTaHbI nporpaMMbI JI.JIH MOJI.eJIHposaHHH , pacno3HaBaHHH o6-

pa30B, peKOHCTPYKUHH TpeKOB H rpaq>H'IeCKoro npeJI.CTaBJieHHH. 

CoTpyJI.HHKH OHHH ocyrn.ecTBHJIH TecrnposaHHe nporpaMMHbIX 

naKeTOB MOJI.eJIHpOBaHH.fI H aHaJIH3a JI.aHHb!X 3KCnepHMeHTa Ha 6a-

3e rpHJI. - TeXHOJIOrnH, 3aHHMaIOTCH pa3pa6oTKOH q>H3H'IeCKOH npo-
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rpaMMbl HCCJieJI.OBaHHH H MOJI.eJI HpoBaHHeM pa3JIHlJHbIX npoueccoB , 

a TaK}Ke y:>Ke npHCTYTIHJIH K q>H3H'IeCKOMy aHaJI H3Y JI.aHHbIX. 

KpynHeiiurnl'i JI.HTIOJibHbIH MarHHT, cnpoeKTHposaHHbIH B 

OHH H, HBJIHeTC.H Ba:>KHOH qacTbIO nepeJI.Hero MIOOHHoro cneKTpo

MeTpa. BeJIH'IHHa MarHHTHOro TIOJI.H COCTaBJI.HeT 0 , 7 T JI, HHTerpaJI 

TIOJI.fl 3,0 T JI· M H anepTypa 9 °. ,llJIHHa MarHHTa COCTaBJI.HeT 5 M , 

Bb!COTa 9 M, urnpHHa 7 M H BHyTpeHHHH JI.HaMeTp 4, l M. 06MOTKa 

CJI.eJiaHa H3 TIOJIOro aJIIOMHHHeBoro npoBOJI.HHKa 50 X 50 MM2. 

Macca HpMa MarHHTa OKOJIO 850 T, Macca 06MOTKH OKOJIO 30 T. 

ITpoTornn ceJI.Jioo6pa3HOH o6MOTKH 6bIJI H3roTOBJieH B OHHH. 

HpMo MarHHTa mroTaBJIHBaJIOCb Ha 3aBOJI.e CM3 (KHMpbI , Pocrn.H) 

noJI. KOHTpoJieM rpynnbI OHHH-ALICE. 

,llHTIOJibHblH MarHHT TIOCJie H3fOTOBJieHH.fI 6b!JI TpaHcnopTHpo

BaH B )KeHesy no :>KeJie3HOH JI.Opore. B UEPH OH 6bIJI CHa'IaJia 

co6patt H HCTibITaH BO BpeMeHHOH TI03HUHH . 3aTeM 6bIJI pa3o6paH 

H co6paH y :>Ke B pa6oqel'i TI03HUHH, ycneUIHO HCTibITaH npH TIOJIHOM 
TOKe B o 6MOTKe . 

.llJIH JI.OCTH}KeHHH rnasHol'i ueJIH 3KcnepHMeHTa ALICE - Hc

cJieJI.OBaHHH KBapK-rJIIOOHHOH TIJia3Mbl B x o.n.e attaJIH3a .n.aHHb!X 6y

JI.YT H3y'IaTbC.fI onpe.n.eJieHHbie Ha6opbl Ha6JIIO,ll.aeMbIX napaMeTpOB 

co6bITHH B3a11Mo.n.el'icTBHH TH:>KeJibIX HOHOB. Cpe.n.H HHX: rno6aJib-

TTpOTOTHn O~Horo CJIOH ce~Jioo6p a3HOH o6MOTKH ~ HCT OJ! bHOro MarHHTa, 
H3fOTOBJieHHbJH B 0 11.Hl-1 

6• 
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)l11nOJibHb!H MarHHT co6paH B pa6otJeH TT03HUHH 11 HCTTbITaH np11 TT0JIH0M 

T0Ke 

Hble xapaKTep11CTl1Kl1 co6bITl1H (pacnpe,neJieH11e nOTOKOB tJaCTHI.]., 

cpopMa 11 CTPYKTypa pacnpe,neJieHl1H no 6bICTpOTaM); cneKTpbl none

petJHbIX 11MnyJibCOB (60JiblJ111e (pJIYKTyau1111 OT co6hITl1H K co6bITl1!0, 

oco6eHHOCTl1 cneKTpOB); KOMn03111].11H apoMaTOB ( CTpaHHOCTb 11 yae

Jil1tJeH11e Bb!XO,na OtJapoBaHHbIX '-!aCT111.J.); xapaKTep11CTl1Kl1 BeKTOp

HbIX Me30HOB (113MeHeH11e Mace, U111p11H JierKl1X Me30HOB (p, w, </>), 
no,naaJieH11e Bb!XO)l,0B TH)KeJiblX KBapKOHl1eB (J/'lj;,'lj/, Y, Y', Y")); 
cpeMTOCKOn11H; npHMbie (pOTOHbl (TepMaJibHOe 113JIY'-!eH11e 113 KBapK-

rJI!OOHHOH nJia3MbI 11 CMeillaHHOH cpa3bI). . 

OcHOBHbie yc11Jil1H rpynnhl OI15II1 B pa6oTaX no (p11311'-!eCKOMY 

MO)l,eJI11poaaHl1!0 11 no,nrOTOBKe K aHaJil13Y ,naHHbIX 6hIJll1 HanpaB

JieHbl Ha 11CCJie,noBaHl1e pO)K)l,emrn BeKTOpHb!X Me30HOB, KOppeJIH

l].11H '-!aCTl11]. 11 p0)K)l,eHl1.H TH)KeJib!X KBapKOHl1eB. O)1{11)1,aeTCH, '-!TO 

113y'-leH11e pO)K)l,emrn JierKl1X BeKTOpHb!X Me30HOB ,naCT ,neTaJibHYIO 

11H(pOpMal].11!0 0 )l,l1HaM11Ke YJibTpapeJIHTl1B11CTCKl1X H,npo-H,nepHbIX 

CTOJIKHOBeH11H. I13MeHeHl1H cpopMbl pe30HaHCOB 0)1{11)1,a!OTCH KaK 

3cpcpeKT B3al1MO,neHCTBl1H C nJIOTHOH MaTep11eH (npe,nCKa3bIBa!OTCH 

U111p11Hhl ,no 450, 100 11 80 M3B )l,JIH p-, w- 11 </>-Me30HOB COOT

BeTCTBeHHO) 11 KaK pe3yJibTaT '-!aCTl1'-IHOro BOCCTaHOBJieHl1H K11paJib

HOH Cl1MMeTp1111. I1ccJie,noBaH11e p0)K)l,eHl1H TH)KeJiblX KBapKOHl1eB B 

H,npo-H,nepHbIX CTOJIKHOBeHl1HX O'-leHb Ba)KHO ,QJIH 113y'-leHl1H KBapK-
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rJI!OOHHOH nJia3Mbi°. O,n:Hl1M 113 HpK11X npe,ncKa3aHl1H o6pa30BaHl1H 

KBapK-rJI!OOHHOH nJia3Mbl HBJIHeTCH no,naBJieH11e p0)K)l,eH11.H KBap

KOHl1eB BCJie,QCTBl1e l].BeTHOro 3KpaH11poaaHl1H QQ-B3al1MO)l,eHCTBl1H 

11Jll1 pa3pyU1eHl1H BCJie,ncTBl1e coy,napeHl1H TepMaJibHbIX rJI!OOHOB. 

C11Jia 3cpcpeKTa 3aBl1CHT OT 3Heprn11 CBH311 KBapKOHl1H 11 OT TeMne

paTypbl KBapK-rJI!OOHHOH nJia3Mbl. OTMeTl1M, '-!TO TaK11e 3cpcpeKTbl 

XOJIO)l,HOH H,nepHOH MaTep1111, KaK H,nepHoe norJIOlll,eH11e 11 3KpaHH

poaaHl1e, TaK)Ke no,naBJIH!OT BhIXOJJ:bI KBapKott11ea KaK B AA-, TaK 

11 B pA-cTOJIKHOBemrnx. I1HTeHCHBHOe MO)l,eJI11poaaH11e npOBO)l,H

JIOCb )l,JIH H3y'-!eHl1H KoppeJIHl].HH '-!aCTl11]. (cpeMTOCKOnHH). 3KcnepH

MeHTaJibHhle ,naHHbie 6y,nyT 11cnOJib30BaTbCH )l,JIH noJiy'-!eHHH cae,ne

HHH O npoCTpaHCTBeHHbIX pa3Mepax HCTO'-IHHKa BbIJieTa '-!aCTHI].. 

fJiaBHaH 3a,na4a B CHCTeMe KOMnh!OTl1Hra 3KCnep11MeHTa 

ALICE - 06ecne'-!eH11e KOJIJia6opau1111 tteo6xo,n11MOH CTPYKTypofr, 

pecypcaM11 11 nporpaMMHbIM 06ecne'-!eH11eM ,nJIH H3BJie'-!eHHH 

(pH3H'-leCKOH HH(pOpMal].HH 113 ,naHHbIX, HaKonJieHHb!X B xo,ne 

3KCnepHMeHTa H, TaKHM o6pa30M, peaJIH3al].HH ueJieH H 3a,na'-I, 

nocTaBJieHHblX B 3KCnepHMeHTe. OcHOBHblM 3a,naHHeM )l,JIH 

KOMilb!OTHHra 3KCnepHMeHTa HBJIHeTCH no,n,nep)KKa CTa6HJibHOro 

cpyHKl].HOHHpOBaHHH npHKJia,nHoro nporpaMMHOro o6ecne'-!eHHH 

11 npoMe)KyTO'-!Horo CJIOH nporpaMM, 06ecne'-!11Ba10w.11x npouecc 

tta6opa ,naHHbIX 11 nepe,na'-ly ,naHHhIX. fpynna OI15II1-ALICE 

OTBeTCTBeHHa 3a opraHH3al].H!O KOMnh!OTHHra BO Bcex pOCCHHCKHX 

HHCTHTyTax 11 ytt11aepc11TeTax, BOBJie'-!eHHhIX a npoeKT ALICE. 

B Te'-!eHHe pH,na JieT npoBO)l,HJIOCh TeCTHpoBaHHe Ha 6a3e fp11,n 

KOMnbIOTepttofr ceTH 3Kcnep11MeHTa ALICE ,nJIH Mo,neJI11poaatt11H 

H aHaJIH3a ,naHHb!X Ha KOMnblOTepHOH cpepMe OI15II1 H B ,npyrnx 

pOCCHHCKHX HHCTHTyTax. 

Ba)Kttefi1JJeH '-!aCTh!O ycTaHOBK11 ALICE HBJIHeTcH ,neTeKTop 

nepexo,nttoro H3Jiy'-leHHH TRD. Ott pa3pa6oTaH )l,JIH 11,neHT11cp11-

Kau1111 3JieKTpOHOB H perncTpau1111 TpeKOB (coBMeCTHO C TPC) 

np11 60Jib1JJOH MHO)KeCTBeHHOCTH '-!aCTHI]., o6pa3y!OW.HXCH B pe-

3YJihTaTe CTOJIKHOBeHHH TH)KeJihIX 11ott0B. ,lleTeKTop TRD ALICE 

HMeeT nOJIHY!O aKTHBHY!O nJiow.a,nb 736 M2 H BKJl!O'-laeT B ce6H 

540 TRD-KaMep c '-IYBCTBHTeJibHOH nJiow.a,nb!O OT 0,9 ,no 1,8 M2 . 

TRD-KaMepa ocHoBaHa Ha MHoronpoaoJIO'-IHOH nponopu110HaJibHOH 

KaMepe C 7-MM npoMe)KyTKOM ra30BOro yc11JieH11H H BKJI!O'-!aeT B ce-

651 TaK)Ke ,npefrcpoBblH npoMe)KyTOK rny6HHOH 30 MM H pa,nHaTop 
TOJilll,HHOH 48 MM. 

.llJIH co3,naHHH 11 TecT11poaatt11H TRD-KaMep B Jia6oparnp1111 

(pH3HKH Bh!COKHX 3Heprnfr OI15II1 6bIJia C03,QaHa coapeMeHHaH HH-
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IlepBbIH KaH,D.H,D.aT B J / W'-co6bITHe, o6Hapy)KeHHbll1 npH aHaJIH3e CTOJIK
HOBeHHH npOTOHOB C 3Heprne11 B3aHMO,D.eHCTBHH 7 T3B. Ha TOTTorpaq>HH 
co6b!THH '-IeTKO BH,D.Hbl .LI.Ba npHMbIX TpeKa s MIOOHHOM cneKTpOMeTpe 

q>pacTpyKTypa - CT0,!1,fOTOBJieHbl H OCHaW,eHbl HOBeHWHM TeXHO

JIOrHL!eCKHM o6opy.n.oBaHHeM CTOMew,eHHR o6w,eti CTJIOW,a,!1,b!O OKOJIO 

600 M2' BKJIIOL!aH (<'-IHCTbie>> KOMHaTbl CTJIOW,a,!l,b!O 120 M
2

' o6opy

,!l,OBaHHble KJIHMaTHL!eCKOH CHCTeMOH, CT03BOJIHIOW,eti no.n..n.ep)KHBaTb 

CTOCTOHHHYIO TeMnepaTypy OKOJIO + 24 ° C 11 BJia)KHOCTb He 6oJiee 

35 %. <l>HJibTpbl TOHKOH 04HCTKH B03,!l,yxa o6ecne4HBa!OT B pa6oqeti 

30He KJiacc 4HCT0Tbl JIYL!We 10 000. Co3,!l,aHHaH HHq>pacTpyKTypa 

H TeXHOJIOrHH H3fOTOBJieHHH .n.eTeKTOpOB CTOJIY4HJIH BbICOKYIO ou.eH

KY pocc11ticK11x 11 3apy6e)KHbIX cneu.11aJIHCTOB. Pa60TbI no npoeKTY 

TRD ALICE B OI15H1 Koop.n.11H11poBaJI npoq>. IO. B. 3aHeBCKHH. 

TRD-KaMepbI cK0HcTpy11poBaHbI KaK □OJIHOCTbIO CKJieeHHbie 

(Hepa360pHbie) M0.!1.YJIH. DbIJia pa3pa6oTaHa COOTBeTCTBYIOW.aH Tex

HOJIOrHH C03,!1,aHHH KaMep H MeTO,!l,HKa HX MHOfOKpaTHOfO TeCTH

poBaHHH B npou.ecce H3fOTOBJieHHH. Oco6oe BHHMaHHe y.n.eJIHJIOCb 

repMeTH'-IHOCTH KaMep, TaK KaK pa604HM ra30M HBJIHeTCH .n.opo

fOCTOHlll,HH KceHOH. Bcero B OI15II1 3a 4 ro.n.a 6bIJIO co3.n.aHo 

125 TRD-KaMep pa3MepoM OKOJIO 1 X 1 M. TTpH 3TOM TOL!HOCTb 

H3fOTOBJieHHH ,!1,eTeKTOpOB COCTaBJIHJia rv 50 MK. I1ccJie,!1,0BaHHe 0,!1,

HOp0,!1,HOCTH K03q>q>11u.11eHTa yCHJieHHH co3.n.aBaeMbIX MO.D.yJieti TRD, 

K03q>qJHU.HeHTa CTOfJIOW,eHHH peHTreHOBCKHX KBaHTOB B pa.n.HaTopax 

.n.eTeKTOpa BbmOJIHHJIOCb Ha aBTOMaTH3HpOBaHHOM CTeH.n.e .!I.BYXMep

HOfO CKaHHpOBaHHH C KOM□aKTHblM HCTOL!HHKOM HanpaBJieHHOfO 

MHrKOfO peHTreHOBCKOfO H3JIY4eHHH H MaKCHMaJibHOH 3Heprneti 

8 K3B. feHepaTOpbl peHTreHOBCKOro H3JIY4eHHH 6b!JIH pa3pa60Ta-
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Ilpe3H.D.eHT 06mecTBa HM. r. feJibMrOJibU.a (fepMaHHH) npoqi. IO. MJI10-
HeK 3HaKOMHTCH C TeXHOJIOrHeH H3fOTOBJieHHH TRD-KaMep B Jia6opaTOpHH 
KOOp,D.HHaTHbIX ,D.eTeKTOpOB Jl<l>B3 0115U1 

Hbl, HCCJie,!1,0BaHbl H H3fOTOBJieHbl B OI15II1 H ycneWHO HCCTOJib-

3YIOTCH B HHCTHTyTax, y4acTBy10w,11x B npoeKTe: OI15II1, GSI 

(,UapMwTa.n.T), NIPNE (ByxapecT), yH11Bepc11Tenx r. feti.n.eJib-

6epra, <PpaHKcpypn, MIOHCTepa. Co3.n.aHHbie B OI15II1 H .n.pyrnx 

HHCTHTyTaX KOJIJia6opau.HH TRD-KaMepbl co611pa!OTCH B YHHBep

CHTeTe r. MIOHCTepa B cynepMo.n.ym-1 (no 30 KaMep B Ka)K,!1,0M). 

Bee cynepM0.!1.YJIH TRD npoxo.n.HT noJIHYIO npoBepKy Ha KOCMH-

4eCKHX JiyL!ax Ha ycTaHOBKe, cnpoeKTHpoBaHHoti COTPY.!1.HHKaMH 

OI15II1, r.n.e B KaL!eCTBe HOHH3HpyIOw,ero H3Jiy4eHHH HCCTOJlb3YIOTCH 

KOCMH4eCKHe JIY4H. OcHOBHbIMH 3JieMeHTaMH 3TOH ycTaHOBKH, 113-

fOTOBJieHHOH B OI15II1, HBJIHIOTCH CU.HHTHJIJIHU.HOHHbie CTJIOCKOCTH 

60JibWOro pa3Mepa, npocMaTpHBaeMbie CHCTeMOH <P3Y, H COOTBeT

CTBYIOW.aH 3JieKTpOHHKa. B 2010 r. 3Ta pa6oTa 6bIJia Y.!I.OCTOeHa 

BTopoti npeMHH Ha KOHKypce Hay4HO-MeTO,!l,H4eCKHX pa6oT OI15II1 . 

B HaL!aJie .n.eKa6pH 2009 r. .n.eTeKTOpb1 TRD H TPC ycTaHoBKH 

ALICE B□epBbie 3aperncTp11poBaJIH co6hITHH □pH CTOJIKHOBeHHH 

.!I.Byx □y4KOB npoToHoB c 3Heprneti 0,45 T3B Ka)K,!l,bIH Ha LHC. no 

MHeHHIO pyKOB0.!1.HTeJieti KOJIJia6opau.11ti TRD H TPC ALICE, o6a 

.n.eTeKTopa xopowo pa6oTaJIH B Te4eHHe ceaHca, L!TO □O.!I.TBep.n.HJioch 
npe.n.BapHTeJibHb!MH pe3yJibTaTaMH off-line aHaJIH3a. 3TO Ba)KHOe 

.D.OCTH)KeHHe KOJIJia6opau.1111, r.n.e BKJia.n. COTPY.!1.HHKOB OI15II1 HBJIH

eTcH BeCbMa cyw,ecTBeHHbIM. 
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IlpoeKT CMS 

KoMnaKTHhIH MJOOHHhIH coJieHOHJI. (CMS) - 3TO KpynHOMac
rnTa6HhIH no CBOHM pa3MepaM H CJIO)KHOCTH MHOrou,eJieBOH HC
CJieJI.OBaTeJibCKHH KOMnJieKC, CTOHMOCTb KOToporo npH6JIH)KaeTC.H 
K MHJIJIHapJI.y rnse11u,apcKHX cppaHKOB. KoJIJia6opau,H.H CMS o6b
eJI.HH.HeT OKOJIO 2300 yqeHbIX H3 175 Hay',!Hb!X u,eHTpOB 38 ro

cyJI.apcTB. PyKOBOJI.HTeJI.HMH rpynnhI CMS B 0115111 .HBJI.HJOTC.H 
11. A. foJiyTBHH H A. B. 3apy6HH. 

Hay',!Hble rpynnhI H3 PocCHH H CTpaH-y',!aCTHHU, 0115111 C03JI.a
JIH o6beJI.HHeHHbIH KOJIJieKTHB, noJiy',IHBlliHH COKparn.eHHOe Ha3Ba
HHe ROMS (Russia-Oubna Member States), JI.OCTaTO',!HO CHJih

HhIH, ',!T06b! B3.HTb Ha ce6.H o6.H3aTeJihCTBa no C03JI.aHHIO cy6JI.eTeK
TOpOB CMS. Ha sepxHeM yposHe ynpasJieHHe ocyrn.ecTBJI.HeTC.H co
BeToM KOJIJia6opau,HH H HCnOJIHHTeJihHbIM KOMHTeTOM. Ha HH)KHeM 
yposHe pa6oTy no npoeKTaM OTJI.eJibHblX nOJI.CHCTeM, B C03JI.aHHH 
KOTOpb!X npHHHMaeT yqacrne MHOrO opraHH3aU,HH, KOOpJI.HHHpyeT 
coseT HHCTHTYTOB. CoseT KOJIJia6opau,HH - pyKoBOJI..Hlll.HH opraH 
ROMS H HeceT oTBeTcTBeHHOCTh 3a npHH.HTHe cTpaTernqecKHX 

perneHHH BHYTPH KOJIJia6opau,HH. B Hero BXOJI..HT npeJI.CTaBHTeJIH 
HHCTHTYTOB H CTpaH. PyKOBOJI.HTeJih npoeKTa ocyrn.ecTBJI.HeT ynpas-

Hadron 
Calorimeter 

Electromagnetic ~ t\ 
Calorimeter ]{'{ ~ 

Silicon Tracker 
Pixel Detector 

,lleTeKTop CMS (Compact Muon Solenoid) 
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JieHHe HCnOJIHHTeJibHbIM KOMHTeTOM, B COCTaB KOTOporo BXOJI..HT 
TeXHH',!eCKHe KOOpJI.HHaTOpbl nOJI.CHCTeM, PYKOBOJI.HTeJIH noJI.npoeK
TOB, a TaK)Ke npeJI.CeJI.aTeJib COBeTa KOJIJia6opau,HH. Ba)KHa.H qacTb 
nporpaMMhI ROMS - e)KefOJI.Hoe nposeJI.eHHe Hayt,1HhIX KOHcpepeH
u,HH C JI.eTaJibHbIM aHaJIH30M pe3yJihTaTOB pa60Tbl no C03JI.aHHIO 
ycTaHOBKH H nOJI.fOTOBKe nporpaMMbl <pH3H',!eCKHX HCCJieJI.OBaHHH, 
KOTOpbie npHBJieKaJOT yqeHhIX H3 MHOrHX CTpaH. nocJie nycKa 
KOJIJiaHJI.epa 3Ta cepH.H KOHcpepeHU,HH npOJI.OJI)KaeTC.H o6cy)KJI.eHH
eM nepBbIX Hay',!Hb!X pe3yJibTaTOB. 9TO csoeo6pa3Hb!H <<M03fOBOH 
u,eHTp>> coTpyJI.HHt,1ecTBa, Bb1pa6aTb1Ba10rn.H11 onepaTHBHhie perneHH.H 
no KOOpJI.HHaU,HH pa60Tbl scex yqacTHHKOB KOJIJia6opau,HH. Hap.HJI.Y 
c 3THM coTpyJI.HHt,1eCTBOM HHCTHTYTOB PoccHH H cTpaH-yqacTHHU. 
B 0115111 opraHH30BaH nocTO.HHHO JI.eHCTBYJOlll.HH o6beJI.HHeHHhIH 
ceMHHap <<<PH3HKa Ha LHC>>, Ha KOTOpOM BeJI.yrn.He yqeHhie H cne
u,HaJIHCTbl 0115111, UEPH, JI.pyrnx u,eHTpos o6cy)KJI.aJOT caMbie 
cse)KHe Hosocrn H3 UEPH. 

11MeHHO opraHH3aU,H.H ROMS no3BOJIHJia <pH3HKaM PoccHH 
H CTpaH-y',!aCTHHU, . 0115111 HeCTH nOJIHYIO OTBeTCTBeHHOCTb 3a 
TOpu,esbIe o6JiaCTH JI.eTeKTopa CMS, KaK 3TO 6bIJIO onpeJI.eJieHo 
B HaqaJihHOM npoeKTe ROMS, T. e. 3a TOpu,esbIe aJI.pOHHhie Ka
JIOpHMeTpbI H nepeJI.HHe MIOOHHhie CTaHU,HH. OcHOBHbie YCHJIH.H 
0115111 B npoeKTe CMS CKOHU,eHTpHposaHbl Ha C03JI.aHHH H 3a
nycKe BHyTpeHHHX Topu,eBhIX 3JieKTpOMarHHTHbIX KaJiopHMeTpOB. 
BMecTe c ROMS 0115111 oTBet,1aJI 3a H3rOTOBJieHHe aJI.pOHHhIX TOp
u,esbIX KaJIOpHMeTpOB endcap (HE) H nepeJI.HHX MIOOHHbIX CTaHU,HH 
(MEl/1), a TaK)Ke KOMnJieKca sparn.a10rn.e11c.H nepeJI.He11 paJI.Hau,H
OHHOH 3alll.HThI. KpoMe Toro, <pH3HKH ROMS yqacTByJOT s pa3BH
THH <pH3H',!eCKOH nporpaMMbl, peKOHCTpyKU,HH H OT6ope co6bITHH 
H C03JI.aHHH 6a30BOro MaTeMaTH',!eCKoro o6ecneqeHH.H H KOMnbJO
THHra. 

Oco6b111 HHTepec JI.JI.H rpynnhI H3 0115111 npeJI.CTaBJI.HeT npo
rpaMMa HCCJieJI.OBaHHH npou,eccoB C JI.HMIOOHaMH 60JiblliHX Mace, 
KOTopa.H .HBJI.HeTC.H COCTaBHOH qacTb!O <pH3H',!eCKOH nporpaMMbl Ha 
CMS. Ccpepa oTBeTCTBeHHocrn 0115111 B cpH3Ht,1eCKOM aHaJIH3e 
Ha CMS - 3TO HccJieJI.oBaHHe o6pa3osaHH.H nap )lpeJIJia-51Ha 
H nOHCK JI.OnOJIHHTeJibHbIX pa3MepHOCTeH B JI.HMIOOHHbIX KOHe',!HbIX 
COCTO.HHH.HX, H3MepeHH.H 6eryrn.e11 KOHCTaHTbl CB.H3H KX}l, a TaK)Ke 
HCCJieJI.oBaHH.H no <pH3HKe np.HMblX <pOTOHOB. 

TTpoeKT CMS noTpe6osaJI C03JI.aHH.H 6ecnpeu.eJI.eHTHO CJIO)KHoro 
o6opyJI.OBaHH.H, OCHOBaHHOro Ha HCnOJib30BaHHH nocJieJI.HHX JI.OCTH
)l(eHHH BhICOKHX TexHoJiorn11 B paMKax Me)KJI.yHapOJI.Horo COTPYJI.HH-
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YecTBa. OrpoMHYIO poJib B co3,u.aHHH CMS cbrrpaJia npoMbIWJieH

HOCTb - KaK poccHHCKaH, TaK H .u.pyrnx CTpaH-yYaCTHHU. O115U1. 

PH.U. npOMb!WJieHHb!X npe.u.npHHTHH, pa6oTaIOW.HX no 3aKa3aM KOJI

Jia6opaU.HH, OTMeYeH 30JIOTbIMH Harpa,u.aMH CMS 3a BKJia,u. B co-

3.U.aHHe KOMnaKTHOro MlOOHHOro COJieHOH,U.a. B YaCTHOCTH, MHH

CKHH 3aso.u. HM. OKrn6pbCKOH PesoJIIOU.HH (M3OP), 5oropo.u.HU.KHH 

3aBO.U. TeXHOXHMHYeCKHX H3,U.eJIHH (TyJibCKaH o6JI.), CaHKT-TTeTep-

6yprcKHH UH1111 <<3JieKTpOH>>, 11*opcKHe MexaHHYecKHe 3aBO.U.bI, 

HayYHO-HCCJie,u.osaTeJibCKHH H KOHCTPYKTopcKHH HHCTHTYT 3Hepro

TeXHHKH HM. H. A. ,lloJIJie)l{aJIH - Hl1Kl13T, BHl111 TeXHHYeCKOH 

<pH3HKH (CHe)l{HHCK), OK5 HM. B. M. MHcHmesa ()KyKOBCKHii). 

C yyacrneM H11Kl13T - KpynHeiiweii KOHCTPYKTopcKoii opra

HH3aU.HH PocCHH, KOTOpaH pa3pa6aTb!BaJia peaKTOpbl .U.JIH ATOMHOro 

npoeKTa, peaKTOpbl .U.JIH no,U.BO,li.Hb!X JIO,li.OK, KOCMHYeCKHX anna

paTOB, HCCJie,lI.OBaTeJibCKHe peaKTOpbl, pa3pa60TaHbl Ba)l{Hble Y3Jibl 

CMS. TTpHBJieKaH K 3TOH pa6oTe csoii 6oJibWOH onbIT H CBH-

3H C OTeYeCTBeHHOH npOMbIWJieHHOCTblO, cneu.HaJIHCTbl 3TOro HH

CTHTyTa HaWJIH HeTpHBHaJibHb!H nyTb peweHHH OYeHb CJIO)l{HOH 

npo6JieMbl npH C03,lI.aHHH norJIOTHTeJIH KaJiopHMeTpa - HCnOJib-

30BaJIH B KaYeCTBe OCHOBHOro MaTepHaJia JiaTyHb OT rHJib3 ap

THJIJiepHHCKHX CHapH.U.OB, KOTOpb!e no,rr_Jie)i{aJIH YHHYTO)l{eHHIO. 3To 

o60WJIOCb .u.eweBJie, YeM .u.pyrne sapHaHTbl, HO caMoe rJiaBHOe, "!TO 

(<KOHBepCHOHHb!H>> MaTepHaJI OTBeYaJI He06XO,lI.HMbIM Tpe6osaHHHM 

no npoYHOCTH. Pa3pa6oTKH Hl1Kl13T peaJIH30BbIBaJIHCb Ha Ta

KHX KpynHeiiwHx npe.u.npHHTHHX, KaK 3aso.u. <,KpacHbIH Bb16op*eU.•> 

B CaHKT-TTeTep6ypre, KOTOpbIH 3aHHMaJicH npoKaTOM MeTaJIJia, 

H Y*e ynoMHHYTbIH M3OP B 5eJiopyccHH, H3rOTOBHBWHH Heo6-

XO.U.HMbie Y3JibI c Ype3BbIYaiiHo BbICOKHM KaYeCTBOM. BHl111T<t> 

B CHe)l{HHCKe ( 6b!BillHH 4eJIH6HHCK-70, .u.o He,rr_aBHHX nop O,li.HO H3 

caMbIX 3aKpb!TblX npe.u.npHHTHH) pa3pa60TaJI H H3roTOBHJI norJIOTH

TeJib nepe.u.Hero KaJIOpHMeTpa Ha OCHOBe HOBeHWHX TeXHOJIOrHH -

TaK Ha3bIBaeMOH .U.H<p<py3HOHHOH csapKH. 

50JibillYIO pOJib B CJIO)l{HBWeMCH Me)l{,rr_yHapo,rr_HOM pa3,rr_eJieHHH 

Tpy.u.a CbrrpaJIO npOH3B0,lI.CTBO OYeHb CJIO)l{Hb!X KpHCTaJIJIHYeCKHX 

.u.eTeKTOpOB .U.JIH 3JieKTpOMarHHTHOro KaJIOpHMeTpa H3 BOJib<ppaMaTa 

CBHHU.a. 11 e,u.HHCTBeHHOe npe.u.npHHTHe s MHpe, Ha KOTOpOM y.u.a

JIOCb opraHH30BaTb KpynHOMacwTa6Hoe npOH3B0,lI.CTBO 3TOH YHH

KaJI~HOH npo.u.yKU.HH, - 3TO 5oropO.U.HU.KHH 3aBO.U. TeXHOXHMHYe

CKHX H3.U.eJIHH B TyJibCKOH o6JI. 

Ba)l{Hb!H BKJia.u. B C03,lI.aHHe .u.eTeKTOpa BHec 3eJieHorpa.u. C ero 

COBpeMeHHb!MH TeXHOJIOrHHMH pa3pa60TKH H H3rOTOBJieHHH noJiy-
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npoBO,lI.HHKOBb!X KpeMHHeBblX ,rr_eTeKTOpOB. Ha npe.u.npHHTHH <<3JieK

TpOH>> pa3pa60TaHbl H H3rOTOBJieHbl 20 Tb!CHY csepxYyBCTBHTeJib

Hb!X <pOTO,U.eTeKTOpOB, paccYHTaHHb!X Ha pa6oTy s CHJibHOM Mar

HHTHOM noJie. B OK5 HM. B. M. MHCHmesa B TBOpYecKOM co.u.py

)l{ecTBe C 115111 PAH opraHH30BaHbl pa3pa60TKH H H3rOTOBJieHHe 

Ha OCHOBe yrnenJiaCTHKa csepxnpoYHb!X H csepXTOHKHX CTpyK

TYP KpenJieHHH KpHCTaJIJIOB, KOTOpb!e Bb!paW.HBaIOTCH s 5oropo-

.U.HU.Ke. 
JlH.u.epaMH poccHHCKOH npoMbIWJieHHOCTH H3rOTOBJieH pH.IT. 

CJIO)l{HbIX 3JieMeHTOB ycTaHOBKH CMS, HanpHMep, MexaHHYeCKHe 

CTpyKTYPbl 3JieKTpOMarHHTHOrO KaJIOpHMeTpa - Ha npe.u.npHHTHH 

<<3HeprnH ►> B r. KopoJieBe MocKOBCKOH o6JI., a no coce,rr_cTBy 

c ,lly6HOH, B r. CaseJioBo TsepcKoH o6JI., - MacwTa6Hbie 

ycTpOHCTBa nosopOTHOH 3aW.HTbl. l.JaCTb 3aKa30B BbIIIOJIHHJiaCb 

B paMKax poccHHCKOH nporpaMMbI, a YaCTb - no 3aKa3aM UEPH, 

"!TO CTHMYJIHpoBaJIO H pa3BHTHe npe.u.npHHTHH-H3rOTOBHTeJieH. 

OrpoMHbIH noTeHU.HaJI <pyH.U.aMeHTaJibHOH HayKH B coYeTaHHH 

C HayYHO-TeXHHYeCKHM noTeHU.HaJIOM npHKJia,lI.HOH HayKH H npo

Mb!WJieHHOCTH H 60JibillaH MaTepHaJibHaH no.u..u.ep)l{Ka npaBHTeJibCTB 

yYacTByIOW.HX cTpaH no3BOJIHJIH yYeHbIM ROMS 3aHHTb .u.ocToii

HOe MecTo B O.U.HOM H3 KpynHeiiurnx npoeKTOB XXI B. YcnewHoe 

BbIIIOJIHeHHe o6H3aTeJibCTB no co3,u.aHHIO ycTaHoBKH CMS OTKpbIJIO 

yYeHbIM ROMS B03MO)l{HOCTb yyacTHH B <pH3HYeCKHX HCCJie,u.o

saHHHX Ha LHC. 3To oco6eHHO npHBJieKaTeJibHO .U.JIH MOJIO.U.bIX 

yYeHb!X . 
TaKHM o6pa3oM, yyacTHe HHCTHTYTOB PoccHH H cTpaH-yYacT-

HHU. ,lly6HbI s <pH3HYecKoH nporpaMMe LHC .u.eiicTBHTeJibHO cTa

JIO Ba)l{HeHWHM HanpasJieHHeM HaU.HOHaJibHb!X nporpaMM PoccHH 

H HeKOTOpb!X .u.pyrnx CTpaH-yYaCTHHU. no <pH3HKe YaCTHU.. KaK cKa-

3aJI pyKoBO.U.HTeJib KOJIJia6opaU.HH CMS fBH.U.O ToHeJIJIH, «PoccHH 

cbrrpaJia Ba*HYIO poJib B cTpoHTeJibCTBe ,rr_eTeKTopa CMS H BbI

.u.a10my10cH pOJib B C03,U.aHHH HeCKOJibKHX ero rnaBHb!X KOMnoHeH

TOB, a HMeHHO MIOOHHOH H KaJIOpHMeTpHYeCKOH CHCTeM, KOTOpb!e 

OTHOCHTCH K OCHOBHb!M no,rr_cHCTeMaM, HrpaIOW.HM KJIIOYeByIO pOJib 

B <pH3HYeCKOH nporpaMMe. TTo3TOMY npe*.u.e scero H xoYy cKa3aTb, 

YTO MbI 6Jiaro.u.apHbI 3a no.u..u.ep*KY, oKa3aHHYIO npoeKTY CMS 

PoccHeH H CTpaHaMH-yYaCTHHU.aMH 0115111 s ,lly6He. 11 Tenepb 

Mb! Ha.u.eeMCH, "!TO HOBOe nOKOJieHHe MOJIO,lI.b!X pocCHHCKHX <pH-

3HKOB, cTy,u.eHTbl H acnHpaHTbl, BHecyT CBOH BKJia.U. B H3yYeHHe 

TOH <pH3HKH, KOTOpaH CTaHeT CJie,u.yIOW.HM Bb!30BOM B 6JIH)l{aHWeM 

6y.u.ymeM>>. 
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3anycK LHC damper 

ITo HHHUHaTHBe pyKoBOAHTeJieA Jla6opaTopHH ~H3HKH qacTHU 

11. A. CaBHHa H B. IT. CapaHueBa B 1991 r. 6hino HaYaTO COTPYAHH

qecrno c UEPH no yCKopHTeJihHOH TeMaTHKe B paMKax npoeKTa 

LHC. B TOM )Ke roAy 11. H.11BaHoB (011.Hl1) H ,LI.. 6yccap (UEPH) 

AOrOBOpHJIHCb O npoBeAeHHH HayYHO-HCCJieAOBaTeJibCKHX pa6oT no 

CHCTeMe noAaBJieHHH nonepeYHhIX KOrepeHTHhIX KOJie6aHHH nyYKa 

B LHC. YcnellIHhIH XOA COBMeCTHbIX pa6oT cneuHaJIHCTOB 011.5!11 

H ceKTOpa BhICOKOYaCTOTHbIX CHCTeM OTAeJia nyYKOB Ha YCKOpH

TeJIHX UEPH cTaJI ocHoBaHHeM AJIH yqacTHH 011.5!11 B C03AaHHH 

CHCTeMbl noAaBJieHHH nonepeYHhIX KOrepeHTHbIX KOJie6aHHH nyYKa 

B LHC B paMKax cornallleHHH UEPH-PoccHH-011.Hl1 no LHC. 

CHcTeMa noAaBJieHHH (CIT) nonepeYHhIX KorepeHTHhIX KOJie6aHHH 

nyYKa npeAHa3HaYeHa AJIH AeMn~HpOBaHHH OCTaTOYHbIX KOJie6aHHH 

crycTKOB nocJie HH)KeKUHH B LHC H AJIH o6ecneYeHHH ycTOHYHBO

CTH BhICOKOHHTeHCHBHbIX nyYKOB ycKopHeMbIX qacTHU. B KOpOTKHe 

cpoKH B 011.5!11 H UEPH 6b1JI0 npoBe,.l\eHo npoeKTHpoBaHHe Bcero 

o6opyAOBaHHH. 113rOTOBJieHHe Heo6XOAHMblX 20 3JieKTpOCTaTHYe

CKHX Ae~JieKTOpOB H 20 MOll.l,HbIX llIHpOKOnOJIOCHbIX ycHJIHTeJieH 

6b!n0 ocy11.1,eCTBJieHO Ha poCCHHCKHX npeAnpHHTHHX H B 011.5!11 

B nOJIHOM o6beMe B yCTaHOBJieHHbie cpOKH - B 2006 r. 0KOHYa

TeJibHaH c6opKa H HaJiaAKa YCHJIHTeJieH, nOACOeAHHeHHblX K Ae

~JieKTopaM, 6bina BhinOJIHeHa B UEPH B 2007 r. 

,UeqlJleKTopbI H MOIUHbie ycHJIHTeJIH CTI B TOHHeJie LHC 
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Pa60Tbl no 3anyCKy BCeX nOACHCTeM CfI 6hIJIH HciYaTbl B KOHUe 

2007 r.; no HX 3aBepllleHHH B HaMeYeHHbie cpOKH (.llO HaYaJia pa6oT 

c nyYKOM) 6hIJIH AOCTHrHYThI napaMeTpbl, COOTBeTCTBY!Oll.l,He cne

UH~HKaUHHM LHC. 11H)KeKTHpoBaHHhie B LHC npoTOHhI npollIJIH 

CKB03b 3JieKTpOCTaTHYeCKHe Ae~JieKTOpbl 7 ceHrn6pH 2008 r. Ha 

nepBOM KOJibUe H 10 ceHrn6pH 2008 r. Ha BTOpOM KOJibUe. ITocJie 

AOCTH)KeHHH pe)KHMa AJIHTeJibHOH UHPKYJIHUHH crpynnHpOBaHHOro 

nyYKa BO BTOpOM KOJihUe (11 ceHrn6pH 2008 r.) MOll.l,Hbie BbIXOA

Hble KaCKaAbl H Ae~JieKTOpbl CHCTeMbl noAaBJieHHH 6bIJIH ycnellIHO 

HCnOJib30BaHbl B pe)KHMe B036Y)KAeHHH nonepeYHhIX KOJie6aHHH 

B nyYKe AJIH H3MepeHHH 6eTaTpOHHhIX qacTOT. 3TH )Ke CHCTeMhl 

6hIJIH npoTeCTHpOBaHbl B AeKa6pe 2009 r. B pe)KHMe y,llaJieHHH H3 

KaMepbl ycKOpHTeJIH YaCTHU, nonaBllIHX B cenapaTpHCbl, KOTOpbie 

npHXOAHTCH Ha ~pOHT yAapHoro MarHHTa, ocy11.1,eCTBJIH!OI1.1,ero Bbl

BOA nyYKa H3 BaKyyMHOH KaMepbl ycKOpHTeJIH. 

6JIH)KaHllIHe nJiaHbl CBH3aHbl C yqacTHeM cneuHaJIHCTOB 011.5!11 
B pa6oTax no OKOHYaTeJibHOH HaJiaAKe CHCTeMhl no,llaBJieHHH none

peYHbIX KorepeHTHhIX KOJie6aHHH nyYKa LHC H B HCCJieAOBaHHHX 

AHHaMHKH qaCTHU C ueJib!O noJiyYeHHH npeAeJibHbIX napaMeTpOB 

nyYKa B KOJIJiaHAepe. 

HccJie,n:oeaHHB cnHHOBoii cTpyKTYPhI HYKJIOHa 

011.5!11 HMeeT 6oJiee YeM 30-JieTH!O!O HCTOpH!O npoBeAeHHH 3KC

nepHMeHTaJibHhIX HCCJieAoBaHHH CTPYKTYPhI HYKJIOHa, BOCXOAHll.l,YIO 

K 3KcnepHMeHTY NA4 (coTPYAHHYecrno BCDMS) no H3MepeHH!O 

cTpyKTYPHhIX ~YHKUHH HYKJIOHOB H HAep Ha SPS B UEPH. 3TH 

pe3yJibTaTbl AO CHX nop HBJIH!OTCH HaH6oJiee TOYHhIMH cpeAH 3Kcne

pHMeHTOB Ha ~HKCHpOBaHHOH MHilleHH. KorAa B KOHUe 1980-x rr. 

6h1JI ony6JIHKOBaH llIOKHpy1011.1,HH pe3yJihTaT KOJIJia6opauHH EMC 

no H3MepeHH!O BKJiaAa BaJieHTHbIX KBapKOB B cnHH HYKJIOHa, H3-

BeCTHhIH KaK <<CnHHOBhIH KpH3HC>>, rpynna COTPYAHHKOB 011.5!11, 

PYKOBOAHMaH npo~. 11. A. CaBHHbIM, 6bIJia npHrnallleHa AJIH yqa

CTHH B npoBeAeHHH npoBepOYHOrO 3KCnepHMeHTa COTPYAHHYeCTBOM 

<<CnHHOBaH M!OOHHaH KOJIJia6opauHH>> (SMC). ITocJie Toro KaK H3-

MepeHHH SMC noArnepAHJIH npeAhIAYll.l,HH pe3yJihTaT, 3aKJIIOYaB

llIHHcH B TOM, YTO BKJiaA BaJieHTHblX KBapKOB He onHCbJBaeT cnHH 

HYKJIOHa, 6bIJia HaYaTa noArOTOBKa CJieAy1011.1,ero 3Tana AaHHhIX 

HCCJieAOBaHHH - H3MepeHHH BKJiaAa rJI!OOHOB H BhIAeJieHHH HH,llH

BHAyaJibHbIX pacnpeAeJieHHH JierKHX KBapKOB H CTpaHHOrO MOpH. 
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,il.Jrn: peaJIH3aU.HH 3THX 3a,IJ,a9 Tpe6oBaJIOCb C03,lJ,aTb ycTaHOBKY 

HOBOro noKOJieHHH, OCHarn.eHHYIO npoTmKeHHOH ceKU.HOHHOH no

J15IpH30BaHHOH MHllleHbIO, pa3BHTOH TpeKoBott CHCTeMott, cnoco6-

HOH perncTpHpOBaTb H H,lJ,eHTHqJHU.HpoBaTb He TOJibKO pacceHHHblH 

MIOOH, HO H OCTaJibHbie qacTHU.bl, B03HHKaIOrn.He B npou.ecce rny-

6oKOHeynpyroro pacceHHHH, H pa3BHTOH KaJiopHMeTpHett. TaKaH 

ycTaHOBKa 6h1J1a co3,lJ,aHa KOJIJia6opau.Hett COMPASS. B . UEPH 

npH aKTHBHOM yqacTHH O115UL. KJII09eBbie no3HU.HH B co3,lJ,aHHH 

ycTaHOBKH COMPASS - noJIHpH30BaHHOH MHllleHH, a,lI,pOHHoro 

KaJiopHMeTpa H CTpoy ,lJ,eTeKTOpa-:- 3aHHMaJIH COTPYAHHKH 0115111. 

Ha6op 3KCnepHMeHTaJibHbIX ,lJ,aHHbIX Ha9aJICH B 2002 r., B HaCTO

HW.ee BpeMH C yqacrneM qJH3HKOB 0115111 noJiyqeHbl YHHKaJib

Hbie pe3yJihTaTbI no H3MepeHHIO. cnHHOBOH CTPYKTYPhI HYKJIOHa. 

Cpe,lI,H HHX MO)KHO OTMeTHTb npHMOe H3MepeHHe noJIHp1rnaU.HH 

rJIIOOHOB B HYKJIOHe. BnepBbie 6b!JIH H3BJie9eHbl napTOHHbie pac

npe,lI,eJieHHH flu, fld, flu, fld H !ls. TToJiyqeHHbie Ha npoTOH

Hott H ,lJ,ettTpOHHOH noJIHpH30BaHHbIX MHllleHHX ,lJ,aHHbie no3BOJIHJIH 

H3BJie9b. HeCHHrneTHYIO cnHH03aBHCHMYIO CTPYKTYPHYIO cpyHKU.HIO 

gf 8 (x, Q2) H npoBecrn npoBepKy npaBHJia cyMM 6bepKeHa c T09-

HOCThIO, npeBbilllaIOrn.ett la. 
TTporpaMMa HCCJie,lJ,oBaHHH coTPYAHH9ecTBa COMPASS BKJIIO

qaeT YHHKaJibHbie H3MepeHHH C nonepe9HO-nOJIHpH30BaHHOH MHllJe

HbIO, HCCJie,lJ,OBaHHH Bb!XO,IJ,a CTpaHHbIX KBapKOB, H3y9eHHe 3cpcpeKTa 

TTpHMaKOBa H a,lI,pOHHYIO cneKTpOCKOnHIO. 

Pa3BHTHe 3TOH o6JiacTH HCCJie,lJ,OBaHHH TaK)Ke CBH3aHo c co-

3,lJ,aBaeMbIM yc1mpHTeJibHhIM KOMnJieKCOM NICA H ycTaHOBKH, opH

eHTHpoBaHHOH Ha 3KCnepHMeHTaJihHbie HCCJie)I.OBaHHH C nOJIHpH30-

BaHHbIMH nyqKaMH; OcHOBHOH aKU.eHT npe,lI,nOJiaraetcH C,lJ,eJiaTb Ha 

npou.eccbI c nonepe9HOH noJIHpH3aU.Hett. 

3Kcnep1:1MeHThI NA48 1:1 NA.62 

Tpa,lI,HU.HOHHbIM ,IJ,JIH 0115111 HanpaBJieHHeM HCCJie,lJ,OBaHHH no 

qJH3HKe 3JieMeHTapHbIX qacTHU. HBJIHeTCH qJH3HKa KaOHOB. BocXO,lJ,H 

K npoeKTY 611C Ha ycKopHTeJie Y-70 B TTpoTBHHO, 3Ta nporpaMMa 

nOCTOHHHO pa3BHBaJiaCb H nO,lJ,,lI,ep)KHBaJiaCb ,lI,HpeKU.HeH 11HCTHTy

Ta, 9TO no3BOJIHJIO cpH3HKaM H3 ,Uy6Hbl npoHBHTb ce6H B 0,/J,HOM H3 

HaH6oJiee ycnellIHbIX npoeKTOB B 3TOH o6JiaCTH - 3KcnepHMeHTe 

NA48. 

EBponettcKHH 3KcnepHMeHT NA48, B KOTopoM O115U1 npHHH

MaJI caMoe aKTHBHOe yqacTHe C 3Tana pa3pa60TKH ,lJ,eTeKTOpOB, KaK 
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H ero aMepHKaHCKHH napTHep H KOHKypeHT KTeV, MO)KHO OTHeCTH 

K 3KCnepHMeHTaM, H3y9aIOW.HM KaOHHhie pacna)J,bl MeTO,lJ,aMH qJH3H

KH Bb!COKHX 3HeprHH. B 3THX 3KCnepHMeHTax KaOHbl nopO)K)J,aIOTCH 

Ha qJHKCHpoBaHHOH MHllleHH npoTOHaMH C 3Heprnett B HeCKOJibKO 

COTeH r 3B. 3THM OHH OTJIH9aIOTCH OT HCCJie,lJ,OBaHHH pacna,IJ,OB 

KaOHOB, pO)K)J,eHHbIX B npoTOH-aHTHnpOTOHHOH aHHHfHJIHU.HH npH 

HH3KOH 3HeprHH HJIH B pacna,lJ,aX n09TH nOKOHW.HXCH ¢-Me30HOB. 

11TOfOM Bb!IlOJIHeHHH cepHH 3KcnepHMeHTOB NA48 CTaJia COBOKyn

HOCTb pe3yJihTaTOB, BHeCllIHX KpynHblH BKJia,lJ, B KaOHHYIO qJH3HKy. 

TToA o6W.HM Ha3BaHHeM NA48 Ha ycKopHTeJie SPS B UEPH 

6hIJia npoBe,lJ,eHa cepHH ycnellIHhIX 3KcnepHMeHTOS NA48, NA48/1 

H NA48/2, HaU.eJieHHaH Ha BhICOKOT09Hhie HCCJie,1J,0BaHHH pacna

,IJ,OB KaOHOB Ha npe,lI,eJie ,IJ,OCTH)KHMOH HHTeHCHBHOCTH co6bITHH. 

B paMKax CJIO)KHBlllerocH COTPYAHH9eCTBa no,1J,rOTOBJieHa TaK)Ke 

nporpaMMa HoBoro 3KcnepHMeHTa NA62, HaU.eJieHHoro Ha H3y9eHHe 

CBepxpe,lI,KOro pacna,IJ,a nOJIO)KHTeJibHO 3apH)KeHHOro KaOHa Ha nHOH 

H ,IJ,Ba HettTpHHO, npHHHTaH K peaJIH3aU.HH B UEPH. 

B 3KcnepHMeHTe NA48 6b1J10 ,lJ,OKa3aHo cyw.ecTBoBaHHe B TTpH

po,lI,e 3cpcpeKTa npHMoro CP-HapyllleHHH - MexaHH3Ma, cnoco6Horo 

noBJIHHTh Ha npou.eccb1 6apHoreHe3Hca B paHHett BceJieHHott. 113-

MepeHHe c HaHBhIClllett T09HOCThIO BeJIH9HHhI napaMeTpa CP-Hapy

llleHHH Re(c'/c) = (14,7 ± 2,2) · 10-4 B ,lJ,ByxnHOHHbIX pacna,1J,ax 

HettTpaJibHbIX KaOHOB ,IJ,0 perncTpau.HH nepBbIX CP-HapylllaIOW.HX 

pacna,IJ,OB B-Me30HOB CTaJio 0)1,HHM H3 HaH6oJiee Ba)KHbIX 3Kcne

pHMeHTaJibHblX pe3yJihTaTOB, Kor,1J,a-JIH60 noJiyqeHHhIX B UEPH. 

0Ho HaXO,lJ,HTCH B COrJiaCHH C noKa ew.e He,lJ,OCTaT09HO T09Hb!MH 

pacqeTaMH, Bb!IlOJIHeHHblMH B paMKax CTaH,lI,apTHOH MO,lJ,eJIH, 9TO 

HHHU.HHpyeT pa3BHTHe TeopeTH9eCKHX pacqeTHb!X MeTO,lJ,OB. 

B yKa3aHHOM 3KcnepHMeHTe 6b!JIH o6Hapy)KeHbl TaK)Ke HO

Bbie pe,lI,KHe KaHaJibI pacna,IJ,OB HettTpaJibHblX KaOHOB H rnnepoHOB, 

C HaHJIY9lllett T09HOCTbIO H3MepeHbI BpeMH )KH3HH H Macca KOpOT

KO)KHByw.ero HettTpaJibHOro KaOHa, cyw.ecTBeHHO YJIY9llleHbl T09HO

CTH H3MepeHHH napaMeTpOB H onpe,lI,eJieHbl HOBbie xapaKTepHCTHKH 

.ir.JIH pH,lI,a H3BeCTHbIX pacna,IJ,OB 3apH)KeHHbIX H HeHTpaJibHbIX Kao

HOB, C HaHJIY9lllett T09HOCTbIO H3MepeHa H cyw.ecTBeHHO <<nonpaB

JieHa>> Macca 7J-Me30Ha. no COBOKynHOCTH noJiy9eHHbIX pe3yJihTaTOB 

3KcnepHMeHT NA48 BOllleJI B nHTepKy HaH6oJiee HpKHX 3KcnepH

MeHTOB UEPH, ocyw.ecTBJieHHhIX 3a ero 6oJiee qeM 50-JieTHIOIO 
HCTOpHIO. 

B 3KcnepHMeHTe NA48/ 1, npoBe,lJ,eHHOM 6e3 cneKTpoMeTpa 3a

PH)KeHHbIX 9aCTHl.J., BnepBbie Ha6JIIO)J,aJIHCb pe,lI,KHe pacna,IJ,bl Hett-
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TpaJibHblX KaOHOB Ha TTHOH .H JienTOH-aHTHJienTOHHYIO napy, 6b!JIH 

BbinOJIHeHbl npeu:H3HOHHble H3MepeHHH pe.n.KHX pacna.n.oB HeHTpaJib

HbIX 6apHOHOB. 

3KcnepHMeHT NA48/2, HaU:eJieHHbIH Ha 06Hapy2KeHHe npHMOfO 

CP-HapyrneHHH B TpexnHOHHblX pacna.n.ax 3apH2KeHHbIX KaOHOB ny

TeM cpaBHeHHH HX CBOHCTB y KaOHOB npoTHBOTTOJIO)KHblX 3HaKOB, 

YJIYGWHJI Ha nopHLI.OK cyruecTBOBaBWHH npe.n.eJI TOGHOCTH H3Mepe

HHH napaMeTpa npHMOro CP-HapyrneHHH - sapHLI.OBOH aCHMMeTpHH 

HaKJIOHOB .n.aJIHTU:-TTJIOTa Ag, = (g+ - g~)/(g+ + g-). 
B 3TOM 2Ke 3KcnepHMeHTe BnepBhie 6b1Jia 06Hapy2KeHa oco6eH

HOcTh ( cusp-3cpcpeKT, HJIH 3cpcpeKT «OCTpHH>>) Ha .n.HarpaMMe ,llaJIHT

u:a pacna.n.a sapH2KeHHoro KaoHa Ha sapH2KeHHhIH H .n.Ba HettTpaJih

HhIX nHoHa. 3To OTKpb!THe COBMeCTHO c KJiaCCHGeCKHM MeTOLI.OM, 

OCHOBaHHblM Ha aHaJIH3e pacna.n.oB KaOHOB Ha LI.Ba TTHOHa, 3JieKTpOH 

H HeHTpHHO, TT03BOJIHJIO 6ecnpeu:e.n.eHTHO TOGHO H3MepHTb 6a30Bble 

napaMeTpbI HH3K03HepreTHGecKOH KX,U, CBH3aHHbie c BeJIHGHHOH 

KBapKOBOfO KOH.n.eHCaTa· - LI.JIHHOH TTHOH-nHOHHOfO pacceHHHH. Pe-

3YJibTaTbl, noJiytieHHbie B 3KcnepHMeHTe o60HMH MeTo.n.aMH, HMeIOT 

TOGHOCTb, npeBb!illaIOIUYIO TOlIHOCTb TeopeTHtieCKHX 'BbllIHCJieHHH 

Ha cero.n.HHilIHHH .n.eHh, H Tpe6yIOT npOBe.n.eHHH TeopeTHGeCKHX Bbl

lIHCJieHHH B BhICilIHX nopH.n.Kax KHpaJibHOH nepTyp6aTHBHOH TeopHH 

LI.JIH COTTOCTaBJieHHH. 

011.HI1 BHec cyruecTBeHHblH BKJia.n. B cepHIO 3KcnepHMeHTOB 

NA48 Ha Bcex 3Tanax Hx ocyruecTBJieHHH. Ha cTa.ll.HH paspa6oT

KH .n.eTeKTOpOB COTPYLI.HHKH 11HCTHTyTa yqacTBOBaJIH B cos.n.aHHH 

KpHOCTaTa 2KHL1.KOKpHnTOHHOfO KaJIOpHMeTpa, opraHH3aU:HH Ha Tep

pHTOpHH - P0CCHH npOH3BOLI.CTBa H B nocTaBKe 60JibllIOf0 o6beMa 

CBepXtIHCTOfO 2KHLI.KOro KpHTTTOHa LI.JIH 3T0f0 YHHKaJibHOfO npH-

6opa. Paspa60TKa CHCTeMhl MOHHTOpHHra cpH3HtieCKHX .n.aHHbIX, 

TT03BOJIHBillaH Ha OCHOBe aBTOMaTHGeCKOfO 3KCnpecc-aHaJIH3a 6b!CT

po BblHBJIHTb HeotieBHLI.Hbie npo6JieMbl B pa6oTe ycTaHOBKH, 6bIJia 

C caMoro HatiaJia B ccpepe OTBeTcTBeHHOCTH rpynnbI COTPYLI.HHKOB 

O11.HI1. Mo.n.epHH3aU:HH nporpaMM Mo.n.eJIHpOBaHHH, yqeT 3cpcpeK

TOB HaJI02KeHHH·C06bITHH, OKOHGaTeJibHblH aHaJIH3 .n.aHHblX, ou:eHKa 

MH02KeCTBa BKJia.n.oB B CHCTeMaTHGeCKYIO OllIH6Ky, no.n.roTOBKa ny6-

JIHKaU:HH - Ha Bcex 3THX 3Tanax BKJia.n. coTpy.n.HHKOB 11HCTHTYTa 

6hIJI onpe.n.eJIHIOIUHM npH noJiytieHHH HaH6oJiee Ba2KHblX pesyJib

TaTOB. 

CJI02KHOH H KOMnJieKcHofi sa.n.aqefi, peweHHOH COTPYLI.HHKaMH 

O11.HI1, HBHJIOCb yqaCTHe B paspa6oTKe qJH3HlleCKOH nporpaM

Mbl 3KcnepHMeHTa NA48/2 Ha cTa.ll.HH ero no.n.roTOBKH, a TaK2Ke 
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paspa6oTKa H cos.n.aHHe COBpeMeHHOH 3JieKTpOHHKH CtIHTb!BaHHH 

.n.aHHblX C .n.eTeKTOpa KaOHHOfO nytIKa 3TOf0 3KCnepHMeHTa. Ilo.n.

TBep2KL1.eHHeM 3HatIHMOCTH BKJia.n.a O11.HI1 B cepHIO 3KCnepHMeHTOB 

NA48 cJie.n.yeT CtIHTaTh H36paHHe pyKoBOLI.HTeJIH .n.y6HeHCKOH rpyn

nhI B. ,U. KeKeJIHL1.3e Ha TTOCT JIH.n.epa ( <<CTTOKCMeHa>>) 3KcnepHMeHTa 

NA48/2 y2Ke Ha 3Tane ero nJiaHHpoBaHHH. 

3a BpeMH yqacTHH B NA48 Ha MaTepHaJie 3KcnepHMeHTOB 3TOH 

cepHH COTPYLI.HHKaMH O11.HI1 6b!JIH saruHIUeHbl nHTb KaH.n.H.n.aTCKHX 

H o.n.Ha LI.OKTopcKaH LI.HCcepTaU:HH, no.n.roTOBJieHO 6oJiee .n.ecHTH LI.H

TTJIOMHbIX pa6oT BhmycKHHKaMH Be.n.yIUHX BY30B PocCHH. 

HacJie.ll.HHKOM HaytIHOH KYJihTYPhI NA48 6y.n.eT HOBhIH 3Kc

nepttMeHT NA62. CBepxpe.n.KHH pacna.n. sapH2KeHHoro KaoHa, Ha 

HCCJie.ll.OBaHHe KOTOporo OH Hau:eJieH, C npe.n.cKa3aHHOH B paMKaX 

CTaH.n.apTHOH Mo.n.eJIH BepOHTHOCTblO nopH.n.Ka 10-11 HeCeT u:eH

HYIO HHcpOpMaU:HIO O CP-HapyrnaIOIUHX napaMeTpax MaTpHU:bl Ka-

6H66o-Ko6aHilIH-MacKaBbl, c TPYLI.OM H3MepHMblX B .n.pyrnx pac

na.n.ax (B TOM lIHCJie B B-Me30HHOM ceKTOpe). Ilpe.n.noJiaraeTCH 

saperHCTpHpOBaTb nopH.n.Ka 100 co6bITHH TaKHX pacna.n.oB npH cpoHe 

B 10 %, GTO CTaHeT KaqecTBeHHO HOBblM waroM B KaOHHOH qJH3HKe, 

CHOBa LI.OCTHraeMbIM nyTeM npeo.n.oJieHHH KOJIHlleCTBeHHOro npe.n.eJia 

perHcTpHpyeMOH ycTaHOBKOH HHTeHCHBHOCTH pacna.n.oB. B 3KCne

pHMeHTe NA62 Ha O11.HI1 B03JI02KeHa OTBeTcTBeHHOCTh sa OLI.HH 

H3 KJIIOGeBbIX .n.eTeKTOpOB - cneKTpOMeTp sapH2KeHHbIX qacTHU: Ha 

6ase .n.eTeKTOpOB Ha TOHKOCTeHHblX .n.pettcpOBblX Tpy6Kax, KOTOpb!H 

L1.0JI2KeH pa6oTaTb C Bb!COKHM npocTpaHCTBeHHblM pasperneHHeM 

B BaKyyMe. AKTHBHOe yqacTHe rpynna COTPYLI.HHKOB O11.HI1 npHMeT 

H B pa3BHTHH o6ruero nporpaMMHOfO o6ecnetieHHH 3KCnepHMeH

Ta; B TOM lIHCJie B paspa60TKe HHCTpyMeHTOB MOLl.eJIHpOBaHHH, 

B cos.n.aHHH 6a3bl .n.aHHbIX LI.JIH KOHTPOJIH npou:ecca H3fOTOBJieHHH 

H HCTTOJib30BaHHH .n.eTeKTOpOB 3KCnepHMeHTaJihHOH YCTaHOBKH. 

3KcnepHMeHT DIRAC 

11ccJie.n.oBaHHH TTHOH-TTHOHHbIX aTOMOB 6bIJIH HatiaTbl B 1985 r. 

Ha YCKOpHTeJie Y-70 B IlpoTBHHO Ha 0CHOBaHHH pa60Tbl JI. JI. He

MeHoBa, B KOTOpOH 6b!JIH noJiytieHbl ou:eHKH cetieHHH o6pa30BaHHH 

a.n.pOHHb!X aTOMOB B HHKJII03HBHbIX npou:eccax H npe.n.JI02KeH MeTOLI. 

HX Ha6JIIO.n.eHHH H H3MepeHHH BpeMeHH 2KH3HH. 3aTeM 3KcnepH

MeHTbi 6bIJIH npo.n.oJI2KeHhI Ha yCKopHTeJie PS B UEPH Ha BhI

Be.n.eHHOM npoTOHHOM nytIKe C 3Heprne11 24 r 3B Me2K.n.yHapo.n.HOH 

KOJIJia6opau:tteti DIRAC, r.n.e JIHL1.Hpy10ruy10 poJib HrpaIOT cpH3HKH 
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011.Hl1. 3KcnepHMeHTaJihHafl ycTaHOBKa 6bJJia C03,ll.aHa B 1998 r. 

113MepeHHH, BhITTOJIHHeMhie Ha ycTaHOBKe DIRAC, no3BOJIHT ocyrue

CTBHTh YHHKaJihHYIO npOBepKy TOlJHhlX npe.n.cKa3aHHH KBaHTOBOH 

xpoMO,ll.HHaMHKH npH HH3KHX 3HeprnHx. ITepBb!e pe3yJihTaTbl o6-

pa60TKH CTaTHCTHtJeCKOro MaTepHaJia ony6JIHKOBaHbl, H3 aHaJIH3a 

CTaTHCTHtJeCKoro MaTepttaJia, co.n.ep)Karuero 6500 aTOMHhIX nap, 

noJiytJeHa nepBaf! ou:eHKa BpeMeHH )KH3HH nHOH-nHOHHhIX aTOMOB 

H pa3HOCTh s-BOJIHOBhIX .LI.JIHH nttoH-nHOHHoro pacceHHHfl lao-a2I
K HaCTOHIUeMy BpeMeHH 3aperncTpHpOBaHO 6oJiee 16 000 aTOMHhIX 

nap OT pa3BaJia nHOHHh!X aTOMOB B MHllleHH. 

B 2004 r. 6bIJI no.n.roTOBJieH npoeKT no Mo.n.epHH3aU:HH ycTa

HOBKH. UeJih Mo.n.epHH3aU:HH - ocyruecrnJieHtte Ha6JIIO.LI.eHHfl nttoH

KaOHHhIX aTOMOB H H3MepeHHe HX BpeMeHH )KH3HH, YJIYtJllleHHe 

TOlJHOCTH H3MepeHHfl BpeMeHH )KH3HH nHOH-nHOHhIX aTOMOB .n.o 
6 %, 'ITO no3BOJIHT onpe.n.eJIHTh lao-a2I c TOtJHOCThIO JiytJrne 3 %, 
a TaK)Ke Ha6JIIO,ll.eHHe ,ll.OJifO)KHBYIUHX (MeTacTa6HJihHhIX) COCTOfl

HHH nHOH-nHOHHhIX aTOMOB. B 2006 r. 3KCnepHMeHTaJihHafl ycTa

HOBKa DIRAC 6bIJia Mo.n.epHH3HpOBaHa: yBeJIHtJeHa anepTypa .n.e

TeKTopoB 3a MarHHTOM, .n.o6aBJieHhl HOBbie .n.eTeKTOpbl ,ll.Jifl H,ll.eH

THq>HKaU:HH KaOHOB H nHOHOB H ycTaHOBJieHa 3aIUHTa .n.eTeKTOpOB. 

B 2007 r. nocJie Mo.n.epHH3aU:HH ycTaHOBKH Ha Heti: Ha6JIIO,ll.aJIOCb 

173 nHOH-KaOHHhIX aToMa. Ha6op CTaTHCTHtJeCKHX .n.aHHbIX npo

,ll.OJI)KaJICfl B 2008-2010 rr. 

IIpoeKT NA49 

C 1994 r. 011.Hl1 npHHHMaeT aKTHBHOe yqacrne B 3KCnepHMeH

Te NA49 no HCCJie.n.OBaHHIO o6pa3oBaHHH a.n.poHoB BO B3aHMo.n.eti:

CTBHHX H.LI.ep Pb+Pb Ha yCKopHTeJie SPS B UEPH c u:eJihIO o6Hapy

)KeHHH B03MO)KHOro COCTOflHHfl .n.eKOHq>ati:HMeHTa B CHJihHOB3aHMO

.n.eti:crny10rueti: f!,ll.epHOH MaTepHH Ha paHHeti: CTa,ll.HH H,ll.pO-f!,ll.epHblX 

CTOJIKHOBeHHH. 

CyrueCTBeHHhlM BKJia,ll.OM B 3KcnepHMeHT cTaJio C03,ll.aHHe 

B 011.Hl1 900-KaHaJihHOfO BpeMHnpoJieTHoro .n.eTeKTOpa (TOF) 

Bh!COKOro pa3perneHHfl (60-70 nHKOCeKyH.LI.), KOTOpblH o6ecnetJH

BaeT Ha,ll.e)KHYIO H,ll.eHTHq>HKaU:HIO 3apH)KeHHblX tJaCTHU: H JierKHX 

fl,ll.ep B llIHpOKOM HHTepBaJie HMnyJihCOB OT 3 ,ll.O 14 f3B/c. 3TO 

CTaJio OCHOBHOH MOTHBaU:Heti: K TOMy, lJT06bI .n.y6HeHcKaf! rpynna 

6bJJia aKTHBHO BOBJietJeHa TaK)Ke B o6pa60TKY H aHaJIH3 3KCnepH

MeHTaJibHhIX .n.aHHh!X. 3Ta pa6oTa noCBHIUeHa, rJiaBHhIM o6pa30M, 

H3ytJeHHIO o6pa30BaHHfl H,ll.eHTHq>HU:HpoBaHHh!X 3apH)KeHHhlX 
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qacTHU:, KOTOpb!e ttrpaIOT Ba)KHYIO pOJib B nOHHMaHHH ,ll.HHaMHKH 

peJIHTHBHCTCKHX CTOJIKHOBeHHH Tf!)KeJihIX HOHOB H 3BOJIIOU:HH 

cttc-reM, 06pa3y10ruttxcH B 3THX CTOJIKHOBeHHHX. Pe3yJihTaThI 

nocJie,ll.HHX 5-7 JieT OCHOBaHhl Ha YHHKaJihHhIX 3KcnepttMeHTaJibHh!X 

.n.aHHhIX NA49, noJiytJeHHhIX B CTOJIKHOBeHHHX Pb+Pb nptt 

3HeprnHX nytJKa (sNN) 112 = 6,3, 7,6, 8,7, 12,3 H 17,3 f3B. 

BnepBble B O,ll.HOM 3KCnepHMeHTe ,ll.Jlfl 3THX 3Heprnti: 6hIJIH 

noJiytJeHhl cneKTpbl no nonepetJHOMY HMnyJihCY nHOHOB, KaOHOB, 

npOTOHOB H aHTHnpoTOHOB, a TaK)Ke JierKHX fl,ll.ep .n.eti:TepHH, 

aHTH.n.eti:TepHH, TpHTHfl H 3He B llIHpOKOH o6JiaCTH u:eHTpaJihHOCTH 

CTOJIKHOBeHHH f!,ll.ep. 

K lJHCJIY rnaBHblX pe3yJihTaTOB CJie.n.yeT OTHeCTH HCCJie,ll.OBaHHe 

CTOnnHHra (TOpMO)KeHHfl) 6apHOHOB - npou:ecca q>OpMHpoBaHHfl 

pa3orpeTOH H nJIOTHOH MaTepHH, Heo6XO,ll.HMOfO HHrpe.n.HeHTa ,ll.Jlfl 

q>OpMHpOBaHHfl KBapK-rJIIOOHHOH nJia3Mbl. 11HTepeCHbIMH ,ll.Jlfl Teo

pHH npe.n.cTaBJif!IOTCfl noJiytJeHHble .n.aHHbie 06 3HepreTHtJeCKOH 3a

BHCHMOCTH Bh!XO,ll.a OTHOllleHHfl aHTHrnnepOHOB K aHTHnpOTOHaM, 

KOTOpoe He BocnpOH3B0,ll.HTCfl B cyruecTByIOIUHX MO,ll.eJiflX. .. 

TaK)Ke CJie.n.yeT OTMeTHTh npoBe,ll.eHHe 3HepreTHtJeCKOfO .cKaHH

poBaHHfl no pO)K,ll.eHHIO tJacrnu: B HHTepBaJie 3Heprnti: SPS c u:e

JihIO nOHCKa nopora B03MO)KH0f0 o6pa30BaHHfl .n.eKOHq>ati:HMeHTa 

(cMernaHHoti: q>a3hI) B u:eHTpaJihHhIX CTOJIKHOBeHHHX H.n.ep Pb+ Pb. 

6bIJIO noKa3aHo, 'ITO OTHOllleHHe Bh!XO,ll.OB CTpaHHOCTH K 3HTponHH 

.LI.~MOHCTpttpyeT pe3KHH porono.n.o6Hb!H nHK npH HH3KHX 3HatJeHHflX 

c nOCJie.LI.yIOIUHM Bb!XO,ll.OM Ha ITJiaTO. TaKoe noBe,ll.eHHe He Ha6JIIO,ll.a

eTCfl B pp-peaKU:HH H He BocnpOH3B0,ll.HTCfl B a.n.poHHhlX MO,ll.eJif!X, HO 

HaXO,ll.HT o6bf!CHeHHe B TaK Ha3WBaeMOH CTaTHCTHtJeCKOH MO,ll.eJIH 

paHHero cocTOHHHH (SMES), B KOTopofi o6Hapy)KeHHhiti: 3q>q>eKT 

06bf!CHfleTcfl yBeJIHtJeHHeM 3q>q>eKTHBHhIX CTeneHeH CB060,ll.hl npH

MepHo B 3 pa3a, O)Ktt.n.aeMWM B cJiytJae q>a3oBoro nepexo.n.a OT 

a.n.pOHHhIX K KBapK-rJIIOOHHhIM CTeneHHM CB060,ll.bl. 

CJie.n.yeT OTMeTHTh, 'ITO noJiytJeHHhie pe3yJihTaThl CTHMYJIHpoBa

JIH ,MHOfOlJHCJieHHhie TeopeTHtJeCKHe HCCJie,ll.OBaHHfl, B oco6eHHOCTH 

Te, KOTOpbie OTHOCf!TCfl K o6Hapy)KeHHhIM oco6eHHOCTf!M B pO)K,ll.e

HHH a.n.poHoB nptt HH3KHX 3HeprnHx SPS H CBH3aHHoMy c HHMH 

B03MO)KHOMY Ha6JIIO,ll.eHHIO HatJaJia .n.eKOHq>aHHMeHTa. ,llaJibHeti:rntte 

HCCJie.n.oBaHHfl B 3Toti: o6JiacTH noJIO)KeHhI B ocHoBy npoeKTa NA61 

B UEPH, B KOTopoM 011.Hl1 TaK)Ke npHHHMaeT aKTHBHoe yqacrne 

H, TeM CaMbIM, BHOCHT BKJia,ll. B pa3BHTHe HaytJHOH nporpaMMbl 

no q>H3HKe peJif!THBHCTCKHX Tfl)KeJibIX HOHOB, npe.n.ycMOTpeHHOH no 

npoeKTy NICA/MPD B ,lly6He. 
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HeiiTpu:HHhIH aKcrrepu:MeHT OPERA 

.HBJieHHe OCUHJIJIHUHH HeHTpHHO, CBH3aHHOe C HaJIWIHeM y 9THX 
qacTHU OTJIHqHOH OT HYJIH MaCCbl H npe,!l,CKa3aHHOe 6oJiee 50 JieT 
Ha3a,!J, 6. M. ITOHTeKOpBO, cerO,!J,HH ,!J,OKa3aHO HeCKOJibKHMH 9KCne~ 

pHMeHTaMH, HCCJie,!J,yIOIUHMH HeHTpHHO OT CoJIHUa, pmK,!],aeMbie 
B aTMOccpepHblX JIHBHHX, OT peaKTOpOB H Ha YCKOpHTeJIHX. YcKO-. 
pHTeJibHble 9KCnepHMeHTbl o6Jia,!J,aIOT npeHMymecTBaMH, nOCKOJibKY 
B HHX KOHTpoJIHpy10TcH 9HeprnH H noToK HeflTpHHo: , 

B 2006 r: B U,EPH 6_bIJI 3anymeH HeflTpHHHhIH nyqoK CNGS 
(CERN-Neutrino-Gran Sasso) B HanpaBJieHHH no,!J,3eMHOH Jia6o
paTOpHH fpaH-Cacco B 11:TaJIHH. B Jia6opaTOpHH fpaH-Cacco 6b1JI' 
coopy)KeH 1,5-KHJIOTOHHbIH HeHTpHHHbIH ,!J,eTeKTop OPERA. B no
cJie,!J,HHe rO,!],bl CTaJIO npHHHTO cqHT<lTb, qTo npeBpameHHe MIOOHHb!X 
Heti:TpHHO B Tay-Heti:TpHHO HB.JrneTcH Mex·aHH3MOM, OTBeTCTBeHHbIM 
3a OCUHJIJIHUHH; npoHCXO,!J,HIUHe B aTMOCcpepe H Ha ycKopHTeJIHx: 
0,!J,HaKo BnpHMYIO 9TOT npouecc HHKTO noKa He Ha6JI10,!J,aJI. ITpH
MaH perncTpaUHH Tay-Heti:TpHHO, B nyqKe MIOOHltbIX Heti:TpHHO Ha 

paccTOHHHH 700 KM OT U,EPH HBJIHeTcH ueJibID 9KcnepHMeHTa 
OPERA. fH6pH,!l,HbIH ,!J,eTeKTop o6meti: Maccoti: oKoJio 1,5 ThicHq 
TOHH coqeTaeT B ce6e 9JieKTp0HHbie ,!J,eTeKTOpbl C peKop,!l,Hb!M KO
JIHqeCTBOM H,!l,epHoti: cpoT09MYJibCHH. <l>oT09MYJibCHH cJiy)KHT ,!J,JIH 
perncTpaUHH KOpOTKO)KHBYIUHX Tay-JienTOHOB, pO)K,!J,aIOIUHXCH npH 
B3aHMO,!J,eHCTBHHX Tay-HeihpHHO C BemecTBOM ,!J,eTeKTopa. BBH,!J,Y 
orpoMHOrO o6beMa <pOT09MYJibCHH B 9KcnepHMeHTe 6b!JIH pa3pa6o
TaHbl nOJIHOCTb!O aBTOMaTHqecKHe MHKpOCKOnbI, o6Jia,!J,aIOmHe Bbl
COKOH npoH3BO,!J,HTeJibHOCTb!O. O11.Hl1 npHHHMaJI aKTHBHOe yqacTHe 
BO BCex 9Tanax 9KCnepHMeHTa C MOMeHTa C03,!J,aHHH ycTaHOBKH. 
B HaCTOHIUee BpeMH rpynna Ol1.Hl1 3aHHMaeT JIH,!l,Hpy10my10 pOJib, 
B aHaJIH3e HHcpopMaUHH OT 9JieKTpOHHbIX ,!J,eTeKTOpOB ,!J,JIH npe,!l,
CKa3aHHH nOJIO)KeHHH BepIIIHHbl co6bITHH B 9MYJibCHOHHbIX 6JIOKa:X, 
a TaK)Ke Be,!J,eT noHCK Tay-Heti:TpHHO B 9MYJibCHH C nOMOIUb!O co-
3,!J,aHHOH B 011.HH crieuHaJibHOH aBTOMarnqecKOH CKaHHpy10meti: 
CTaHUHH ,!J,JIH npOCMOTpa <pOT09MYJibCHH. 

HmpopMa~U:OHHbie TeXHOJIOru:u: 

Tpa,!l,HUHOHHO COTpy,!l,HHqecTBO 011.Hl1 c U,EPH B o6JiaCTH HH
cpopMaUHOHHb!X TeXHOJIOrHH pa3BHBaJIOCb B paMKaX, nO,!J,,!l,ep)KKH, 
pa3pa60TKH H a,!J,anTaUHH naKeTOB uepHOBCKHX nporpaMM (THna 
cernlib H GEANT), a TaK)Ke cneuHaJIH3HpoBaHHoro nporpaMMHoro 
o6ecneqeHHH ,!],JIH OT,!J,eJibHb!X <pH3HqeCKHX 9KCnepHMeHTOB. 
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B xo,!J,e C03,!J,aHHH KOJIJiati:,!l,epa LHC HaqaJiacb aKTHBHaH coB
MeCTHaH pa6oTa no C03,!J,aHHIO rJI06aJibHOH nporpaMMHO-annapaT
HOH rpH,!l,-HHcppacTpyKTYPbl H no BHe,!l,peHHIO COBpeMeHHb!X TeXHO
JIOfHH nporpaMMHpOBaHHH ,!J,JIH pa3BHTHH npHKJia,!J,HOro nporpaMM
Horo o6ecneqeHHH ,!J,JIH LHC-npoeKTOB. HaqHHaH c 2003 r. coTpy,!l,
HHKH Ol1.Hl1 npHHHMaIOT aKTHBHOe yqaCTHe B pa6oTe ,!J,Byx IIIH
poKOMaCIIITa6Hb!X Me)K,!J,yHapO,!l,Hb!X npoeKTOB, r,!J,e U,EPH HBJIHeT
CH roJIOBHOti: opraHH3auHeti:: WLCG (Worldwide LHC ComputinG 
project - npoeKT no C03,!J,aHHIO, pa3BHTHIO H nO,!J,,!l,ep)KKe rJI06aJib
HOH BbJqHCJIHTeJihHOti: HHcppacTyKTYPhI rpH,!l, ,!J,JIH 9KcnepHMeHTOB Ha 
LHC) H EGEE (Enabling Grids for E-sciencE project - npoeKT 
no pa3BepTbIBaHHIO rpH,!l, ,!J,JIH e-HayKH). ITpoeKTbI WLCG H EGEE 
pa3BHBaJIHCb B TeCHOM B3aHMO,!J,eHCTBHH, H C03,!J,aHHaH B pe3yJibTa
Te rJI06aJibHaH rpH,!l,-HHcppaCTPYKTypa qame Bcero HMeHyeTCH KaK 
HHcppacTpyKTypa WLCG/EGEE. 

YqacTHe B WLCG/EGEE BKJIJOqaeT no,!J,,!l,ep)KKY H pa3BHTHe 
rpH,!l,-HHcppaCTPYKTYPbl B 011.Hl1 B COOTBeTCTBHH c Tpe6oBaHHHMH 
9KcnepHMeHTOB Ha LHC, yqacTHe B TeCTHpoBaHHH H 9KcnepTHOH 
oueHKe npoMe)KyToqHoro nporpaMMHoro o6ecneqeHHH WLCG, pa3-
pa6oTKy HHCTpyMeHTapHH ,!J,JIH MOHHTOpHHra rpH,!l,-cpe,!l,bl, pa3BH
THe 6a3bI ,!J,aHHbIX MO,!J,eJIHpoBaHHbIX cpH3HqecKHx co6bITHti: (WLCG 
MCDB), o6yqeHHe noJih30BaTeJieti: rpH,!l,-HH<ppacTpyKTYPhI, no,!J,
,!l,ep)KKY CTpaH-yqacTHHU 011.Hl1 B HX ,!J,eHTeJibHOCTH no npoeKTY 
WLCG H ,!l,p. B pe3yJihTaTe coTpy,!l,HHqecTBa c U,EPH B npo
eKTax WLCG H EGEE B 011.Hl1 C03,!J,aHa rpH,!l,-HHcppacTpyKTy
pa, nOJIHOCTb!O HHTerpHpoBaHHaH B rJI06aJibHYIO HHcppacTpyKTYPY 
WLCG/EGEE H 06ecneqHBa10maH Bee Heo6xo,!J,HMhie annapaTyp
Hbie, opraHH3aUHOHHb!e H nporpaMMHb!e pecypcb! ,!J,JIH yqaCTHH 
cneuHaJIHCTOB 011.Hl1 B 9KcnepHMeHTax ALICE, ATLAS, CMS. 
fpH,!],-cati:T 011.Hl1 ycneIIIHO npoIIIeJI TeCTOBble HCnbITaHHH HaKa
HyHe 3anycKa LHC, a no noKa3aTeJIHM 9cpcpeKTHBHOCTH HcnoJib-
30BaHHH H Ha,!J,e)KHOCTH rpH,!l,-Cati:T O11.Hl1 HaXO,!],HTCH B nepBOH 
,!J,eCHTKe JiyqIIIHX caHTOB Bceti: rJI06aJibHOH rpH,!l,-HHcppacTpyKTYPbI 
WLCG/EGEE. 

EOJibIIIOH BKJia,!], COTpy,!l,HHKH 011.Hl1 BHOCHT B pa3BHTHe CH
CTeMbl MOHHTopHHra ,!J,JIH BHpTyaJibHbIX opraHH3aUHH LHC, pa3-
pa6aTbIBaeMofl H nO,!J,,!l,ep)KHBaeMOH B OT,!J,eJieHHH HH<pOpMaUHOHHb!X 
TexHoJiornti: B U,EPH. ,llaHHhie pa6oTbI BKJI10qa10T B ce6H KaK 
pa3BHTHe Ta6JIHU 6a3bl ,!J,aHHb!X H nOJib30BaTeJibCKHX HHTepcpeHCOB, 
TaK H COBepIIIeHCTBOBaHHe nO,!J,XO,!J,OB K c6opy H npe,!l,CTaBJieHHIO MO
HHTOpHpyeMb!X ,!J,aHHblX. 60JibIIIOe BHHMaHHe y,!J,eJIHJIOCb C03,!J,aHHIO 
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H pa3BHTHIO cpe.n.cTB MOHHTOpHHra rpH.n.-cepBHCa FTS - cepBHCa 
nepe.n.atrn .n.aHHbIX B rno6aJibHOH HHcppacTpyKType WLCG/EGEE. 

B HatiaJie 2000-x rr. B UEPH Jl.Jifl o6ecnetieHHfl npo3patIHOCTH 
pa6oT no nocTpoeHHIO KOJIJial1.n.epa LHC B cocTaBe HHTerpttposaH
Horo KOMOJieKca a.n.MHHHCTpaTHBHO-ynpasJieHtieCKHX HHcpopMaUH
OHHbIX cttcTeM (AIS-KoMnJieKca - OT Administrative Information 
Services) HatiaJiaCb pa3pa60TKa cneuHaJibHOH CHCTeMbl aHaJIHTHtie
CKoro conpoB02K)].eHHfl TaKHX 60JibI.lIHX npoeKTOB. CHCTeMa, noJiy
tIHBI.llaf! Ha3BaHtte Earned Value Manager (EVM), 6b1Jia co3.n.aHa 
s UEPH B KpaTtiaHume cpoKH B coTpy.n.HtttiecTBe co cneuttaJIH
CTaMH H3 OI15II1 H pH.n.a YHHBepCHTeTOB - MoCKOBCKOro HH2Ke
HepHO-cpH3HtieCKOro HHCTHTyTa H .n.p. l1pH 5TOM oco6hIM BKJia)].OM 
co CTOpOHbl pocCHHCKHX cneuHaJIHCTOB CTaJI MeTOJl. noHCKa HeCTaH
.n.apTHblX peweHHH, KOTOpb!H no3BOJifleT COKpamaTb Ha nopHJl.OK 
3aTpaTbl speMeHH npH Bb!IlOJIHeHHH CJIO)KHbIX HaytIHblX pa3pa60TOK. 
MeTOJl. OCHOBaH Ha pa3)].eJieHHH pewaeMOH 3a)].atIH Ha )].Ba 3Tana -
C03)].aHHfl B KpaTtiaHrnHe cpOKH <<fl)].pa>> CHCTeMbl H BBO)].a ero B 3KC
nJiyaTaUHIO, a 3aTeM HapamHsaHHfl ero war 3a waroM c yqeTOM 
noJiyqaeMoro onhITa 3KCnJiyaTaUHH. CJIO)KHbIM 3)].eCb f!BJifleTCfl Bbl
.n.eJieHHe <<fl)].pa,>, B OCHOBe HaX02K)].eHHfl KOTOporo 6b!JI 3aJI02KeH 
npHHUHn: He 8eJtamb HUIJ,ecO, qmo MOJICHO He 8eJtamb. 

B 2008 r. 3TH pe3yJihTaThI CTaJIH ocHOBOH npoeKTa <,AIS-TexHo
JIOrHH H Me2K)].yHapo.n.Hoe COTPYJl.HHtieCTBO>>, sowe.n.wero OT HMeHH 
OI15II1 B l1porpaMMY cpyHJ].aMeHTaJibHbIX HCCJie)].OBaHHH 11pe3H
Jl.HyMa PocCHHCKOH aKa)].eMHH HayK «3KOHOMHKa tt COUHOJIOfHfl 
3HaHHfl>>. UeJihIO npoeKTa flBJif!eTcf! opraHH3aUHfl B poccHHCKHX 
H 3apy6e2KHbIX YHHBepCHTeTax HaytIHO-o6pa30BaTeJibHOro npouec
ca no TeMaTHKe AIS-TeXHOJIOrHH nptt se.n.ymeM yqacTHH cneutta
JIHCTOB UEPH, c .n.aJibHeHrnHM pa3BHTHeM onbITa Me2K.n.yHapo.n.Horo 
cOTPYJl.HHtieCTBa, B TOM tIHCJie nptt yqacTHH npe.n.cTaBHTeJieH ryMa
HHTapHbIX HayK. B 2010 r. 3TOT npoeKT BOI.lleJI B .n.orosop Me2K.n.y 
OI15II1 H UEPH no HaytIHO-TeXHHtiecKoMy cOTPYJl.HHtiecTBy no 
cpH3HKe Bb!COKHX 3Heprnl1. l1pH 3TOM rJiaBHafl 3a.n.aqa - nepe.n.aqa 
onbITa no o6ecnetieHHIO npo3patIHOCTH pa6oT no nocTpOeHHIO bOJib
woro a.n.poHHoro KOJIJial1.n.epa )].Jifl no.n..n.ep2KKH npoeKTOB OI15II1 -
cTpottTeJihCTBa ycKopttTeJihHoro KOMnJieKca NICA H .n.p. 

COTPY,llHHqECTBO OHRH-fEPMAHHR 

f epMaHCKaf! ,lleMOKpaTHtiecKaf! Pecny6JIHKa c MOMeHTa OCHO
saHHfl I1HCTHTyTa 6bIJia CTpaHOH-ytiaCTHHUeH OI15II1. Pewa10my10 
no.n..n.ep)KKY tt.n.ee C03)].aHHfl I1HCTHTyTa OKa3aJIH )].Ba H3BeCTHbIX cpH-
3HKa H3 f,llP - r. l103e Hr. fepu. l1ocJie o6beJl.HHeHHfl f,llP H <l>Pf 
CTaTyc fepMaHHH 6b!JI H3MeHeH. <l>Pf H OI15II1 3aKJIIOtIHJIH .n.o
rosop O Me2K)].yHapOJl.HOM COTPYJl.HHtieCTBe Ha npaBHTeJibCTBeHHOM 
ypoBHe, no KOTOpoMy <l>e.n.epaJibHOe MHHHCTepCTBO o6pa3oBaHHfl 
H ttccJie.n.osaHHH fepMaHHH (BMBF) no.n..n.ep2KttsaeT onpe.n.eJieH
Hbie HanpaBJieHHfl HCCJie)].OBaHHH B OI15II1. ,llorosop 3aKJIIOtiaJICfl 
Ha 3 ro.n.a, HO noTOM npo.n.JieBaJICfl, H Ka)K)].b!H pa3 Kpyr 3a)].atI, 
KoropbIe OH oxsarhIBaJI, see pacwttpHJICfl. Cel1qac cornaweHHe o 
COBMeCTHbIX pa6oTax OXBaTbIBaer 45 ropo.n.os tt 62 HaytIHbIX ueHrpa 
fepMaHHH. 3TO 03Hatiaer yqacTHe pocCHHCKHX H HeMeUKHX yqeHb!X 
B o6I.I.J,HX HaytIHbIX npoeKTax, KOHcpepeHUHflX, 3TO COTHH COBMecr
HbIX ny6JIHKaUHH B npecrH2KHbIX )KypHaJiax. Ka)K)].bIH ro.n. BMBF 
npoBO)].HT 3ace.n.aHHe KOMHTeTa B OI15II1, Ha KOTOpOM BcecropOHHe 
aHaJIH3Hpyercf! corpyJl.HHtieCTBO fepMaHHH H OI15II1. 

B HacroHmee speMfl B paMKax CornaweHHfl Me2K.n.y <l>e.n.epaJib
HhIM MHHHCTepCTBOM o6pa3oBaHHfl H HCCJie)].OBaHHH fepMaHHH H 
06be)].HHeHHb!M HHCTHTYTOM no.n..n.ep)KHBa!OTCfl HeCKOJibKO HanpaB
JieHHH HCCJie)].OBaHHH. 3ro HCCJie)].OBaHHfl s o6JiaCTH TeopeTHtieCKOH 
H HeHrpOHHOH cpH3HKH, cpH3HKH Bb!COKHX 3HeprnH H Tf!)KeJiblX 
HOHOB, no.n.rorosKa npoeKTOB s GSI H DESY, a TaK2Ke pa6oThI no 
cosepweHCTBOBaHHIO KOMnbIOTepHOH HHcppacTpyKrypbl. 

B 06Jiacrn TeopeTHtieCKOH cpH3HKH C 1993 r. no HaCTOf!I.I.J,ee Bpe
Mfl .n.el1crsyer cneuttaJibHaf! nporpaMMa, Ha3BaHHafl B qecrb .n.syx 
BbI)].alOI.I.J,HXCfl yqeHbIX fepMaHHH H PocCHH, - nporpaMMa <<f eH3eH-
6epr-JlaH.n.ay,>. 3ra nporpaMMa HaueJieHa Ha yKpenJieHHe CBf!3eH 
Me2K.n.y cpH3HKaMH-TeopernKaMH fepMaHHH H OI15II1. Co CTOpOHbl 
fepMaHHH B nporpaMMe npHHHMa!OT yqacTHe yqeHbie H3 YHHBepcH
reros r. 5oHHa, PocToKa, I1ccJie.n.osaTeJihCKoro ueHrpa r. ,llpe3.n.eHa, 
DESY (faM6ypr), fttcceHCKoro yHHBepcHTeTa HM. IO. Jltt6JIHxa 
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11 l1HCTHTYTa rpaBHTaU,H0HHOH Q}H3HKH O6lll.ecrna HM. M. TTJiaHKa 

(TTOTC)l.aM). OcHOBHb!MH C0CTaBJIHIOlll.HMH nporpaMMbl HBJIHIOTCH 

npoae.n.eH11e ll!KOJI, pa601-rnx coBelll.aH1111, no.n..n.ep)KKa y'IeHbIX KaK 

C O)l.HOH, TaK 11 C .n.pyro11 CT0p0Hbl, BbI)l.eJieHHe rpaHT0B Ha )l.0JI

rocpo'IHbie noe3)l.KH B Hay'IHbie u.eHTpbl f epMaHHH, a TaK)Ke )I.Jiff 

npe6bIBaHHH HeMeU,KHX y'IeHb!X B Ol15Il1. Oco6oe BHHMaHHe y.n.e 

JIHeTCH BOCITHTaHHJO M0JI0)l.b!X Ka.n.poB. B paMKax 3TOH nporpaMMbl 

y)Ke 6b1JI0 no.n..n.ep)KaHo 6oJiee 300 y'IeHbIX KaK 113 r epMaH1111, TaK 
11 113 Pocc1111. 

TTepab111 a M11pe 11MnyJibCHbi11 peaKTop l15P (JIH<f> OJ15IJ1) 

CTaJI u.eHTpOM np11rn)KeH11H Q)113HKOB 113 CTpaH-y'IaCTHHU. cpa3y )Ke 

flOCJie 3anycKa B 1960 r. illKOJIY Hay'IHb!X 11CCJie)l.0BaHHH Ha yCTa

HOBKax peaKTopa npoll!JI0 He 0)l.H0 fl0K0JieHHe Q)H3HKOB }13 MH0rHX 

CTpaH, IJKJIJO'IaH 11 f epMaHHIO. <PH3HK11 113 pa3Hb!X . CTP~H BMecTe 

C03)l.aBaJI11 HOBbie cneKTp0MeTpbl, BMeCTe np0B0)l.11Jil1 HCCJie)l.0BaH11H 
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7b~ 

NERA 

8 

10 11 
CxeMa 
I16P-2 

pacnOJIO)Kemrn 3KCnepHMeHraJibHbIX ycraH0B0K Ha peaKrope 
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He11rpoHHbIH HMnyJihCHbIH peaKrop I16P-2 

Ha H11X. TToJiy'IHJia pa3B11THe H0BaH ¢opMa C0TPY.ll.HH'Iecrna 

ITOJI11T11Ka IT0Jib30BaTeJieH Ha l15P-2. Y'IeHbIH 113 yH11aepc11TeTa 

11Jll1 Hay'IH0ro 11HCTl1TyTa JIJ06011 CTpaHbl Mor no.n.aTb npe.n.JI0)KeH11e 

o npoae.n.eH1111 3Kcnep11MeHTa Ha JIJ06011 .n.e11cTBYJOlll.e11 ycTaH0BKe 

peaKTopa. TTocJie pacCM0TpeHl1H 3T0ro npe.n.JI0)KeHl1H K0Ml1TeT0M 

3KcnepTOB 11 11X peK0MeH.n.au.1111 aBT0p 3Kcnep11MeHTa C0BMeCTH0 

C COTPY.ll.H11KaMH JIH<t> np0B0)l.11JI 3Kcnep11MeHT. ,ll.aJibHeHWaH pa-

6oTa no o6pa60TKe .n.aHHb!X np0)l.0JI)KaJiaCb C fl0M0lll.b!O cpe.n.crn 
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CBH3H. MHorne y4eHhie H3 repMaHHH H .LI.pyrnx CTpaH npOWJIH 

no.LI.06Hy10 wKoJiy HCCJie.LI.OBaHHH . 

B 2007 r . 116P-2 6hIJI 3aKpbIT Ha peKOHCTPYKU.HIO H MO.LJ.epHH-

3aIJ.HIO C u.eJihIO nOBhIWeHHH 3cpcpeKTHBHOCTH 3KCnepHMeHTaJibHhIX 

HCCJie.LI.OBaHHH B o6JiaCTH q>H3HKH H.LI.pa H KOH.LI.eHCHposaHHhIX cpe.LI., 

YJIY4WeHHH OCHOBHhIX napaMeTpOB H nOBhIWeHHH 3KCnJiyaTaU.H

OHHOH Ha.LJ.e)KHOCTH H 6e3onaCHOCTH peaKTopa . Ho COTPY.LI.HH4e

CTBO c repMaHHeH He npeKpaTHJIOCh. TToKa peaKTOp He pa6oTa

eT, H.LI.eT pa6oTa no peKoHCTPYKU.HH HeHTpOHOBO.LI.OB Ha KaHaJie 7 

116P-2 H MO.LI.epHH3aU.HH .LI.HcppaKTOMeTpos 3TTCl1JIOH H CKAT. 

OcHOBHOe HanpasJieHHe pa60T Ha 3THX .LI.HcppaKTOMeTpax - H3y-

4eHHe .LI.ecpopMaU.HOHHhIX npou.eccos, npoHCXO.LJ.HI..IJ.HX BHYTPH KOpbl 

3eMJIH. B peKOHCTPYKIJ.HH npHHHMaIOT yqacrne coTpy.LI.HHKH H3 

TToTC.LJ.aMCKoro u.eHTpa reocpH3H4eCKHX HCCJie.LJ.OBaHHH O61..IJ.eCTBa 

HM. f. feJibMfOJihIJ.a H 11HCTHTyTa MOpCKHX HayK r. KHJIH . 

.:J,.-:1r,_,, 

)l11qipaKTOMeTp CKAT 

C noMOI..IJ.hIO pacceHHHH HeHTpOHOB H C npHMeHeHHeM .LJ.OnOJIHH

TeJibHhIX MeTO.LI.OB 803MO)KH0 HCCJie.LJ.OBaHHe HaHOCHCTeM H HOBhIX 

MaTepHaJIOB, L!TO HMeeT Ba)KHOe 3Ha4eHHe .LI.JIH pa3BHTHH HaHOTex

HOJIOrHH B ccpepe 3JieKTpOHHKH, cpapMaKOJIOrHH , Me.LJ.HIJ.HHhl, XHMHH, 

cospeMeHHOH q>H3HKH KOH.LI.eHCHposaHHhlX cpe.LI. H CMe)KHbIX o6Jia

CTeH. Ha 116P-2 .LI.JIH 3Toro npoxo.LI.HT He TOJihKO MO.LJ.epHH3aU.HH 

CTapbIX, HO H C03.LJ.aHHe HOBhIX cneKTpOMeTpOB. O.LI.HH H3 TaKHX npo

eKTOB - HeHTpOHHhIH pecpJieKTOMeTp C sepTHKaJibHOH nJIOCKOCThIO 

pacceHHHH GRAINS - C03.LJ.aeTcH s COTPY.LI.HH4ecrne c y4eHhIMH 

H3 MIOHXeHCKOro TeXHH4eCKOro YHHBepCHTeTa. KpoMe Toro, COB-
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)l11qipaKTOMeTp ,n:JIH H3MepeHHH .n:eqiopMau1111 H ttanpsr.>KeHHH 3TICl1JIOH
M)lC BMeCTe C ycTpOHCTBOM O.D:HOOCHOro C.>KaTHH 

MeCTHO C y4eHbIMH H3 YHHBepCHTeTa r. Mar.LI.e6ypra, 6epJIHHCKOfO 

U.eHTpa HM. [. feJibMfOJibIJ.a npOBO.LJ.HTCH paC4eTbl H OnTHMH3aIJ.HH 

nyL!KOB HeHTpOHOB Ha KaHaJiax peaKTopa .LI.JIH cneKTpOMeTpOB, pa3-

pa60TKH nepcneKTHBHWX .LI.eTeKTOpOB HeHTpOHOB, CHCTeMW c6opa 

.LI.aHHhIX, HHq>OpMaIJ.HOHHO-Bhl4HCJIHTeJihHOH HHcppacTpyKTYPhI. 

B o6JiaCTH q>H3HKH BhICOKHX 3HeprnH H Tf!)KeJibIX HOHOB oco6oe 

MecTo 3aHHMaeT coTpy.LI.HHL!ecTBO c UeHTpoM no H3y4eHHIO Tf!)Ke

JihIX HOHOB (GSI). B GSI s CTa.LJ.HH cTpOHTeJihCTBa HaXO.LJ.HTCH Kpyn

HeHWHH Me)K.LJ.yHapo.LJ.HhIH npoeKT FAIR, yqacTHHKaMH KOToporo 

HBJIHIOTCH PocCHH H 0115111. PeaJIH3aU.HH 3TOfO npoeKTa no3BOJIHT 

peWHTb 04eHb WHpOKHH Kpyr 3a.LJ.a4 OT pa.LJ.H06HOJIOrHH H H.LI.e pH OH 

acTp0q>H3HKH .ll.0 HCCJie.LJ.OBaHHH B o6JiaCTH KBapK-rJIIOOHHOH nJia3-

Mhl. B 2008 r. 6bIJI no.LJ.nHcaH HOBhIH ,i.1,0rosop o COTPY.LI.HH4eCTBe s 

HCCJie.LI.OBaHHHX CBOHCTB ropHL!eH H nJIOTHOH 6apHOHHOH MaTepHH H 

pa3pa6oTKe YCKOpHTeJibHhIX KOMnJieKCOB 0115111 H GSI. O6a HHCTH

TyTa HMeIOT 6oraTbIH onhIT npoBe.LI.eHHH COBMeCTHhIX HCCJie.LJ.OBaHHH 
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no Cl1HTe3y HOBb!X 3JieMeHTOB, pa,n,1106110JIOfJ1lleCKl1X 3KCnep11MeH

TOB 11 113yqeHl1IO KOHJJ.eHC11pOBaHHOfO COCTOHH1151 aemecTBa . 

lfayqeH11e rop51qe11 11 nJIOTHOH 6ap110HHOH MaTep1111 11rpaeT 

Ba:>1rny10 pOJib B COBpeMeHHb!X 3KCnep11MeHTaJibHb!X 11 TeopeTl19e

CKl1X nporpaMMax. ,llJIH npoJJ.OJI)KeH11H 3Tl1X 11ccJieJJ.OBaH1111 B GSI 

B paMKax npoeKTa FAIR C03JJ.aeTCH ycKop11TeJibHhIH KoMnJieKc 

SISl00/300. AHaJIOrH9HhIH c T09Kl1 3peH11H qi11311qecK11x 3aJJ.a9 

KOMnJieKc NICA nJiaH11pyeTCH C03JJ.aTb B 0115111. ,llaa pa3Jil19HhIX 

nOJJ.XO,!l,a K npoBe)J.eHl1IO 3KCnep11MeHTOB: 11CCJie)J.OBaHl151 C <pl1KC11pO

BaHHOH MHilleHblO Ha SISl00/300 11 KOJIJiaHJJ.epHb!e 3KCnep11MeHTbl 

Ha KOMnJieKce NICA/ MPD - HBJIHJOTCH B3al1MOJJ.onoJIHHJOlll.11Ml1. 

<l>l1311Kl1 0115111 COBMeCTHO co CBOl1Ml1 KOJIJieraMl1 113 YHl1BepCH

TeTOB r. r e11JJ.eJib6epra, <l>paHK<pypn, M10HxeHa 11 11ccJieJJ.OBaTeJih

cKoro u.eHTpa r . .llpe3)J.eHa np11Hl1Ma!OT aKTl1BHOe yqacT11e B C03JJ.a

Hl111 ycKop11TeJibHoro KOMnJieKca FAIR B ,llapMllITaJJ.Te. Ha OCHOBe 

CBepxnpOBOJJ.51lll.11X 3JieMeHTOB, KOTOpbie 11cnOJib3YIOTC51 B HYKJIO

TpOHe, pa3pa6aTbIBalOTC51 npOTOTl1nhI MarHl1TOB, KOTOpb!e nJiaH11py

eTCH np11MeHHTb B 3TOM HOBOM Me)K,!l,yHapOJJ.HOM u.eHTpe. HecKOJib

KO <pl13119eCKl1X rpynn 3aHHTW npopa60TKOH 3KCnep11MeHTaJihHOH 

nporpaMMbl 11CCJie)J.OBaHl1H, KOTOpb!e nJiaH11pyeTCH npOBOJJ.11Tb Ha 
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3ToM KOMnJieKce, B qacTHOCTl1 no 3Kcnep11MeHTY CBM (c)KaTaH 

6ap110HHaH MaTep11H). ,llJIH 3TOfO 3KCnep11MeHTa B 0115111 BeJJ.yTCH 

pa3pa60TKl1 )J.11nOJibHOfO CBepxnpoBOJJ.Hlll.ero Marn11Ta. 

Pa6oThI no npoeKTY PANDA BKJIJ09aJOT B ce6H pacll111peH11e 

<pl13119eCKOH nporpaMMbl, pa3pa60TKY MeTOJJ.OB 11 cpeJJ.CTB MOJJ.e

JI11pOBaHl151 11 aHaJil13a )J.aHHb!X 11 KOHCTpy11poBaH11e ,n,eTeKTOpHb!X 

Cl1CTeM. B qacTHOCTl1, <pl1311K11 0115111 np11Hl1Ma10T yqacT11e B co-

3)J.aHl111 caepxnpoBOJJ.Hlll.ero COJieHOl1JJ.a, qepeHKOBCKOro )J.eTeKTOpa 

11 MJOOHHOH CHCTeMbI. B npoeKTe 3aJJ.eHCTBOBaHbI <p11311K11 113 yH11-

aepc11TeT0B r. f11cceHa, 6oxyMa, T10611ttreHa. 

B GSI coaMecTHo c <p11311KaM11 113 yH11Bepc11TeT0B r. <l>paHK

qiypn, f11cceHa, TexH11qec1mro yH11aepCHTeTa r. M10HxeHa 11 11c

cJie,n,oaaTeJihcKoro u.eHTpa r. ,llpe3JJ.eHa yqeHhie 0115111 np11H11Ma10T 

aKTl1BHOe yqacT11e B 3Kcnep11MeHTe HADES. 3n ycTaHOBKa, npeJJ.

cTaBJIHJOlll.aH co6011 lll11pOKOanepTypHb!H cneKTpOMeTp JJ.JIH 113yqe

Hl1H p0)K)J.eHl151 JienTOHHb!X nap B CTOJIKHOBeHl151X TH)KeJib!X 51,D,ep, 

cnoco6Ha pa6oTaTh Ha oqeHb 11HTeHCl1BHhIX nyqKax. CoTpyJJ.Hl1Kl1 

0115111 np11H11Ma10T yqacT11e B noJiy9eHl111 11 o6pa6oTKe 3KCnep11-

MeHTaJibHb!X )J.aHHb!X, C03JJ.aHl111 nporpaMM BOCCTaHOBJieHl151 <pl1311-

qecKl1X xapaKTep11CTl1K qaCT11U. no ,n,aHHb!M, noJiy9eHHb!M C )J.eTeK

TOpOB ycTaHOBK11. TaK)Ke 11)1.eT npopa60TKa <pl13119eCKOH nporpaMMbl 

JJ.JIH 3KCnep11MeHTOB Ha SISlOO, pa3pa60TKa 11 C03,!l,aH11e n0311U.11-

YCTaHOBKa HADES 
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OHHO-llYBCTBHTeJibHb!X .n.eTeKTOpOB C Bb!COKHM npocTpaHCTBeHHb!M 

pa3perneHHeM H Bb!COKHM 6b!CTpo.n.eHCTBHeM. 

Oco6bIH HHTepec <pH3HKOB H3 GSI, KaK, snpoqeM, H <pH3H

KOB-HJI.eplll,HKOB scero . MHpa, BbI3bIBaeT HCCJie.n.osaHHe CTPYKTYPbI 

JierKHX H.n.ep s6JIH3H H 3a rpaHHU,eH cTa6HJibHOCTH. CospeMeHHbie 

TeopeTH'leCKHe pacqeTbl onHCb!BaJOT CBOHCTBa Jierqaif urnx H.n.ep C 

Bb!COKOH TO'IHOCTb!O, no3TOMY O'leHb Ba)lrna 3KCnepHMeHTaJibHaH 

nposepKa npe.n.cKa3aHHOH TeopHH. l13yqeHHe peaKu,HH nepe.n.a'IH 

HYKJIOHOB H H.n.epHb!X KJiaCTepos npe.n.oCTaBJIHeT HCKJIIO'IHTeJibHb!e 

B03MO)KHOCTH JI.JIH noJiy'leHHH cse.n.eHHH o cTpyKType H.n.pa . ,ll.JIH 

H3y'leHHH cTpyKTYPbI JierKHx HeHTpOHOH36bITO'IHbIX H,ll.ep oco6eHHO 

3<p<peKTHBHbl ny'IKH pa.n.HoaKTHBHb!X HJI.ep. B 1997 r. B JI.HP OI1.HI1 

6brJI coopy)KeH ny'IKOBbIH KaHaJI BbICOKoro pa3perneHHH - cena

paTOp AKYJIHHA. Ha HeM npoBOJI.HTCH HCCJie.n.osaHHH cTpyKTYPbI 

JierKHX H.n.ep 10He, 6Be, 17Ne c HcnoJib30BaHHeM pa.nHoaKTHBHbIX 

ny'IKOB H TPHTHeBOH MHllleHH, a TaK)Ke H3y'leHHe oco6eHHOCTeH 

B3aHMOJI.eHCTBHH KJiaCTepHb!X HJI.ep 6He, 6·9Li npH 3HeprnHX B6JIH3H 

KYJIOHOBCKoro 6apbepa Ha MarHHTHbIX cneKTp.oMeTpax. IlpoBOJI.HTCH 

YCTaHOBKa AKYJU1HA 
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TaK)Ke 3KcnepHMeHTbI no H3y'leHHJO cTpyKTYPbI JierKHX H.n.ep Ha 

rpaHHU,e HYKJIOHHOH CTa6HJibHOCTH. 

Elll,e OJI.HH acneKT COTPYJI.HH'lecTBa JI.HP-GSI - 3TO a-, {3-, 
, -cneKTpocKonHH TH)KeJibIX H.n.ep Ha ycTaHOBKe BACI1JII1CA, KOTO

paH HCnOJib3yeTCH JI.JIH H3y'leHHH ce'leHHH o6pa30BaHHH H CBOHCTB 

paJI.HOaKTHBHOro pacna.n.a HJI.ep OTJI.a'IH, o6pa3y!Olll,HXCH B peaKU,HHX 

nOJIHOrO CJIHHHHH C TH)KeJib!MH HOHaMH. C noMOlll,b!O ycTaHOBKH 

6bIJI BbinOJIHeH 60JiblllOH o6beM HCCJie.n.osaHHH 3aKOHOMepHOCTeH 

o6pa30BaHHH H sepOHTHOCTeH Bb!)KHBaHHH Bb!COKOB036y)KJI.eHHb!X 

KOMnayHJI.-HJI.ep C aTOMHbIMH HOMepaMH 82 ~ z ~ 100, H3yqa

JIHCb CBOHCTBa HOBb!X HeHTpOHOJI.e<pHU,HTHb!X H30TOnOB 3JieMeHTOB 

U-No, HCCJie.n.osaJIHCb Ce'leHHH o6pa30BaHHH H .n.eJIHMOCTb KOM

nayHJI.-HJI.ep TpaHC<pepMHeBb!X HYKJIHJI.OB B peaKU,HHX <<rOpHllero,> 

CJIHHHHH, a TaK)Ke npoBOJI.HJIHCb 3KCnepHMeHTbl no CHHTe3y H H3Y

qeHHIO CBOHCTB csepXTH)KeJib!X 3JieMeHTOB B peaKU,HHX <<TenJiorO>> 

CJIHHHHH, B KOTOpb!X HCnOJib30BaJIHCb HOHbl 48Ca. 

YcTaHoBKa BACI1Jll1CA 

Elll,e OJI.Ha qacTb COTPYJI.HH'lecTBa fepMaHHH-O11.HH - 3TO 3KC

nepHMeHTbI B HccJie.n.osaTeJibCKOM u,eHTpe r. lOJIHxa (ANKE-COSY 

H PAX) H coTpyJI.HH'lecTBo no 3KcnepHMeHTY ALICE s UEPH. 
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YcTaHOBKa ANKE-COSY 

O,nJIHO'IHOe pmK,n_em-1e nHOHOB B pp-coy,n_apeHH5IX 5IBJrneTC5I nep

BOOtiepe,n_HbIM npoueccoM AJIH nposepKH Hawero noHHMaHHH Me-

30H-6apHoHHOH AHHaMHKH N N-s3aHMo,n_eHcTBHH. HaH6oJiee no,n_

XOAHW.eH AJIH 3Toro 5IBJI5IeTC5I peaKUHH pp -+ dn+, KOTopaH 6b1J1a 

o6beKTOM HHTeHCHBHbIX HCCJie,ll,OBaHHH s TetieHHe ,ll_JIHTeJibHOro 

BpeMeHH. 0,n_HaKO OtieHb MaJio H3BeCTHO 06 H30CnHHOBOM napT

Hepe 3TOH peaKUHH - npouecce pp-+ (pp) 8 n°, r,n_e (pp)s eCTb 

npoTOHHa5I napa B 1 S 0-cocTOHHHH. HecMoTpH Ha KHHeMaTHtiecKyIO 

6JIH30CTb, 3TOT npouecc BKJIIOtiaeT nepeXO,ll_bl B N N-CHCTeMe, OTJIH

qaJOW.HeC5I OT nepeXOAOB B peaKUHH pp -+ dn+' B qacTHOCTH, pOJib 

Li-H306apbl, AOMHHHpyIOrn.eH TaM, m1rn,n_aeTC5I CHJlbHO no,n_aBJieHHOH 

H3-3a 3anpeTa S-BOJIHOBOro LiN-B3aHMo,n_eHCTBH5I B npoMe)KyTotI

HOM COCT05IHHH. AKTHBHOe H3ytieHHe npouecca HatiaJIOCb J!Hlllb 

s nocJie,ll,HeM ,n_eC5ITHJieTHH H orpaHH'IHBaJIOCb o6JiaCTb!O OKOJiono

porOBbIX 3Heprn11. C ueJibIO pacwHpeHH5I 3HepreTHtieCKOH o6Jia

CTH HCCJie,n_osaHHH KOJIJia6opauHeH ANKE Ha ycKopHTeJie COSY 

(IOJIHX) npHH5ITa COOTBeTCTBYIOW.a5I nporpaMMa 3KCnepHMeHTOB, 

nepBbIM H3 KOTOpb!X 5IBJI5IeTC5I H3MepeHHe AHCpcpepeHUHaJibHbIX ce

tieHHH npouecca pp-+ (pp)sn° npH 3HeprnH 0,8 f3B. HecMoTp5I 
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Ha TO, tITO AH<pcpepeHUHaJibHOe cetieHHe 6oJiee tieM Ha ,n_sa no

p5I,n_Ka seJIHtIHHbI MeHbllle, tieM AJI5I pp -+ dn+, npouecc xopowo 

H,ll_eHTHqJHUHpyeTC5I. CosceM He,ll,aBHO 6b!Jl 3aBepweH aHaJIH3 ,n_aH

HblX, noJiytieHHbIX Ha ycTaHOBKe ANKE, no peaKUHH pa3BaJia ,n_e11-

Tp0Ha pd -+ {pp} sn C HCnycKaHHeM Bnepe,n_ 6bICTpOH npOTOHHOH 

napbl {pp} S B I So-COCT05IHHH npH 3HeprH5IX npOTOHHOro nytIKa 

0,5-2,0 f3B. B HCnOJib30BaHHOH KOJIJIHHeapHOH reoMeTpHH npo

uecc npoHCXO,ll_HT C 60JiblllOH nepe,n_aqe11 HMnyJihCa H, CJie,ll_OBaTeJib

HO, qyscTBHTeJieH K CTPYKType HYKJIOHOB Ha KOpOTKHX paCCT05I

HH5IX. 

6b!JIH H3MepeHbl AH<pcpepeHUHaJibHbie cetieHH5I H yrJIOBbie pac

npe,n_eJieHH5I B ,ll_Hana30He yrJIOB BbIJieTa npOTOHHOH napbl 0pp = 
= 0-12°, 3aBHCHMOCTb cetieHH5I OT 3HeprnH nytIKa npH 0pp = 0°. 
IToJiytieHhI pacnpe,n_eJieHH5I no OTHOCHTeJibHOH 3HeprnH Epp npH 

Epp < 3 M3B H no HanpasJieHHIO npoTOHa B CHCTeMe noK05I 

pp-napbl, AOKa3bIBaIOrn.He I So-COCT05IHHe npOTOHHOH napb!. 

B KatiecTBe npe,n_sapHTeJibHOro 3Tana npoeKTa PAX, ueJibIO KO

Toporo 5IBJl5IIOTC5I HCCJie,ll_OBaHH5I B o6JiaCTH cnHHOBOH <pH3HKH, 6bI

JIH Bb!IlOJIHeHbl H3MepeHH5I cetieHH5I nepe,n_aqH cnHHa OT nOJI5IpH30-

BaHHbIX npOTOHOB K 3JieKTpOHaM. l13MepeHHOe cetieHHe OKa3aJIOCb 

Ha HeCKOJlbKO nop5I,LI_KOB BeJIH'IHHbl MeHbllle, tieM npe,n_cKa3b!BaJIH 

HeKOTOpbie TeopeTHtieCKHe pa6oTbl, npe,n_JiaraBWHe HCnOJib30BaTb 

npouecc o6MeHa cnHHOM Me)K,n_y 3JieKTpoHaMH H (aHTH)npOTOHaMH 

,ll_Jl5I nOJI5IpH3aUHH nytIKa ycKOpHTeJI5I. l13MepeHH5I noKa3aJIH, 'ITO 

Mern,n_, npe,n_Jio)KeHHbIH B npoeKTe PAX, 5IBJI5IeTC5I eAHHCTBeHHO 

B03MO)KHbIM AJI5I nOJI5IpH3aUHH aHTHnpOTOHHOfO nytIKa B HaKonH

TeJie. 6JIH)Ka11we11 3a,n_aqe11 KOJIJia6opauHH PAX 5IBJI5IeTC5I npose,n_e

HHe 3KcnepHMeHTOB C ueJib!O nO,ll,TBep)K,LI_eHH5I 3Toro MeTO,ll,a. 

B COTPYAHHtiecTBe c GSI, YHHBepcHTeTaMH r. fe11,n_eJib6epra, 

MIOHXeHa H <l>paHKcpypTa COTPYAHHKH OHHH ycnewHo pa6oTa

IOT Ha,n_ npoeKTOM ALICE Ha LHC. 3TOT npoeKT npe,n_Ha3HatieH 

AJIH H3ytieHH5I Pb+ Pb B3aHMo,n_e11cTBHH Ha LHC npH 3HeprnH B 

CHCTeMe ueHTpa Mace OKOJIO 5,5 T3B Ha HYKJIOH. UeJibIO 3Kcne

PHMeHTa 5IBJIHeTC5I H3ytieHHe csoHCTB cHJibHO B3aHMo,n_e11cTBYIOW.e11 

MaTepHH npH 3KCTpeMaJibHO Bb!COKHX nJIOTHOCT5IX. OcHOBHOH BKJiaA 

OHHH B co3,n_aHHe ycTaHOBKH - pa3pa6oTKa H H3rOTOBJieHHe 

5IpMa AHnOJibHOro MarHHTa MIOOHHoro nJieqa ycTaHOBKH H yqacTHe 

B pa3pa6oTKe H H3fOTOBJieHHH 3JieMeHTOB CHCTeMbl H,ll,eHTH(pHKaUHH 

tiaCTHU Ha ocHOBe ,n_eTeKrnpos nepexo,n_Horo H3JiyqeHH5I (TRD). 

KaMepb1 TRD H3roTaBJIHBaJIHCb B OHHH, a 3aTeM oTnpaBJI5IJIHCb 

B GSI, r,n_e npOBO,ll,HJIHCb HX HCnbITaHH5I. 

7 0115111 - 55 JieT 



194 Me>t<AyttapoJJ.HOe corpyAHH'lecrs~ 

B 2009 r. s OKpecTHOCTHX faM6ypra CTapTOBaJI HOBblH Me.>K

.u,yHapo.u,HbIH npoeKT: B 3HaMeHHTOM HeMeUKOM HCCJie.U,OBa'FeJibCKOM 

ueHTpe DESY HatJaJiocb coopy.>KeHHe esponeticKoro peHTreHOBCKO

ro Jia3epa Ha cso6o.u,HbI.X 3JieKTpoHax, HJIH coKpaiueHHO XFEL. 
TTpoTH.>KeHHOCTb TYHHeJIH, s KOTOpOM 6y.u,eT pacnoJiaraTbCH ycKo

pHTeJib ' 3JieKTpOHOB, ,ll.OCTHrHeT 2, 1 KM, a o6iuaH ,ll.JIHHa coopy.>Ke

HHH - TTOtJTH 3,4 KM. B HeM 6y.u,eT HeCKOJlbKO no.u,3eMHbIX 3Ta.>KeH 

Ha rJiy611He OT 6 AO 38 M. 
CTpOHTeJibCTBO Jia3epa npe.n.noJiaraIOT 3asepllIHTb B 2014 r . , 

H y.>Ke Ha 2016 r. 3anJiaHHposaHbl nepBbie 3KCnepHMeHTbl C nytJKa

MH q>OTOHOB. 6y.n.y1UHH Jia3ep npH3BaH pelllaTb B nepsyIO oqepe.u,b 

3a.U,atJH MaTepHaJIOBe.U,eHHH H 6HOTeXHOJIOrHH. Bo3MO)KHOCTH peHT

reHOBCKOro Jia3epa npHrO.U,HTCH H cpyH.u,aMeHTaJibHOH HayKe: HCCJie

AYH HBJieHHH npH 3KCTpeMaJibHbIX 3HatJeHHHX BHellIHHX napaMeT

poB, MO.>KHO JIYtJllle TTOHHMaTb q>H3HKY npoueccoB, npoTeKaIOlUHX 

B He.n.pax nJiaH.eT CoJIHetJHOH cHcTeMbI. 

.llocTaTOtJHO .u,aBHO q>H3HKaM CTaJIO HCHO, tJTO 11.n.eaJibHbIM HH

CTpyMeHTOM HCCJie.U,OBaHHH csepxMaJiblX o6beKTOB Mor 6bI CTaTb 

Jia3ep, pa60TaI01UHH s peHTreHOBCKOM .n.11ana3oHe. OH .u,eJiaeT B03-

MO.>KHbIM noJiytJeHHe .u,HcppaKUHOHHOH KapTHHKH BblCOKoro pa3pe-

O,n,HH 113 KaHaJI0B, no K0T0p0MY 11,Ll,eT Jia3epHblH nyLJ0K, pacnOJIO>KeHHblH 

B 3aJie 3Kcnep11MeHTa FLASH 
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llleHHH npH HCCJie.U,OBaHHH 06beKTOB pa3MepoM B HaHo- H MHK

poMeTpbl, npHtJeM Tex, KOTOpbie He o6Jia.U,aIOT nepHO,ll.HtJHOCTblO 

KpHCTaJIJIHtJeCKOH pellleTKH . .lleTaJibHaH AH<ppaKUHOHHaH KapTHHKa 

TT03BOJIHT BOCCTaHOBHTb HHq>OpMaUHIO O CTpoeHHH TaKHX 06beKTOB. 

PacnoJiaraTb no.n.o6HbIMH .u,aHHbIMH KpaHHe He06XO,ll.HMO BpatJaM, 

6HOJIOraM 11 MaTepHaJIOBe.U,aM. 

TToKa HAeT CTpOHTeJibCTBO XFEL, H PoccHH BKJia.u,brnaeT B 

Hero 3HatJHTeJibHbie cpe.U,CTBa. PyKOBO,ll.HTeJIH npoeKTa BbICKa3aJIH 

3aHHTepeCOBaHHOCTb B H3roTOBJieHHH Ha TeppHTOpHH P<l> cppar

MeHTOB JIHHeHHOro ycKOpHTeJIH 3JieKTpOHOB, CHCTeMbl OXJia.>K.U,eHHH, 

CHCTeM .U,HarHOCTHKH nytJKa H T. ,ll.. <PH3HKH H3 0115111 yqacrnyIOT 

He TOJibKO B pa3pa60TKe OCHOBHb!X ycKOpHTeJibHbIX Y3JIOB Jia3epa, 

HO H B pa3pa60TKe q>H3HtJeCKOH nporpaMMbl HCCJie.U,OBaHHH. 

Bee MHoroJieTHee coTpy.u,HHtJecrno Me.>K.u,y 0115111 11 HaytJHbIMH 

ueHTpaMH H YHHBepCHTeTaMH repMaHHH roBOpHT O cepbe3HOM B3a

HMHOM HaytJHOM HHTepece H nepcneKTHBax .u,aJibHeHlllero pa3BHTHH 

3Toro COTPYAHHtJecrna. B .u,aHHOH CTaTbe 6bIJIH 3aTpOHYTbI TOJibKO 

HeKOTOpbie acneKTbl COTPYAHHtJeCTBa O6be,ll,HHeHHOro HHCTHTYTa 

H,!1,epHblX HCCJie,ll,OBaHHH c HeMeUKHMH HaytJHbIMH ueHTpaMH. 0115111 

OtJeHb .n.opo.>KHT HaytJHbIMH H .n.py.>KeCKHMH CBH3HMH C HeMeUKHMH 

KOJIJieraMH H, 6e3yCJIOBHO, 6y,!1,eT yKpenJIHTb HX Bnpe,!1,b. 

7• 



COTPY)lHHqECTBO OHSIH-CIIIA 

Ha npOTH)KeHl1H MHOrnx ,LJ,eCHTHJieTHH O6be,Ll,HHeHHbll1 HHCTH

TYT H.II.epHbIX 11ccJie,L1,0BaH1111 aKTHBHO cOTPY.II.HHlJaeT c KpynHe11w11-

MH Hayl!HbIMH Jia6opaTOpHHMH CWA B 11ccJie,L1,0BaH1111 KJJJOlleBbIX 

npo6JieM COBpeMeHHOH cpH3HKH 3JJeMeHTapHb!X qacTHU. H aTOMHOro 

51,Ll,pa, COBMeCTHO C03,Ll,aBa51 HOBbie YHHKaJibHble 3KcnepHMeHTaJibHbie 

MeTO,Ll,HKH H KpynHbie cneKTpOMeTpHl!eCKHe KOMnJieKCbl. 

Hal!HHaH C KOHU.a 1950-x rr. Ha OCHOBe OT,Ll,eJibHbIX Hay4Hb!X 

KOHTaKTOB cpH3HKOB O115H1 C aMepHKaHCKHMH KOJJJieraMH HallaJIH 

pa3BHBaTbC51 TeCHbie CB513H O6be,Ll,HHeHHOro HHCTHTyTa C Hau.110-

HaJibHbIMH u.eHTpaMH CWA. HoBbIH 3Tan B pa3BHTHH COTPY.II.HHlJe

crna 6bIJI OTKpb!T BH311TOM B 0115111 B 1969 r. r . C116opra, 6bIBWero 

B TO BpeMH npe.n.ce.n.aTeJieM KoMHCCHH no aTOMHOH 3Heprn11 CWA. 

TTepBbIH coBMeCTHbIH 3Kcnep11MeHT no ynpyroMy 1r-e -pacceH

HHJO , B KOTOpOM 6b!JI H3MepeH 3apH,L1,0Bbll1 pa,L1,11yc nHOHa, 6bIJI 

BbinOJIHeH Ha YCKOpHTeJie Y-70 B TTpoTBHHO B 1970-1971 rr. 3Kc

nepHMeHT 6bIJI He3aBHCHMO npe,Ll,JIO)KeH cpH3HKaMH Jla6opaTOpHH 

Bb!COKHX 3Heprn11 0115111 11 KaJIHcj)OpHHHCKOro YHHBeprnTeTa (Jloc

AH,Ll,)KeJiec) . OnbIT npoBe.n.eHHH 3KcnepHMeHTa B TTpornHHO 6bIJI 11c

noJib30BaH B flOCJie,Ll,yJOlll.HX COBMeCTHbIX pa6oTaX B Hau.110HaJibHOI1 

yCKop11TeJibH011 Jia6opaTOpHH HM . 3. ¢epMH (FNAL, BaTaBHH) . 

TaK, eme ,Ll,O 3anyCKa npoTOH-aHTHnpoTOHHOro KOJIJia11.n.epa T3-

BaTpOH FNAL B 3TOH Jia6opaTopHH 6bIJIH npoBe.n.eHbI onbITbI co 

CTpy11Ho11 MHllleHbJO, KaHaJ111poBaH11eM B KpHcTaJIJiax, perncTpa

u.11e11 npOTOHOB nO,LI, yrnaMH "-' 90° K nyllKY H ,LI,pyrne Onb!Tbl 

C KJIJOlJeBbIM yqacTHeM yqeHbIX H cneu.HaJIHCTOB 0115111, np11Be,L1,

w11e K noJiylJeHHJO HpKHX HOBbIX cpH3H4eCKHX pe3yJibTaTOB. C 1972 

no 1980 r. BO FNAL 6bIJI npoae.n.eH U.HKJI pa6oT no 11ccJie.n.0BaHHJO 

npou.eccoB ,Ll,HcppaKU.HOHHOro pacceHHHH npoTOHOB Ha npOTOHax 

H JierKHX 51,Ll,pax B WHpOKOM ,Ll,Hana30He 3Heprn11, n03BOJIHBWHH 

T04HO H noJIHO npoBepHTb OCHOBHbie noJIO)KeHHH KBaHTOBOH TeOpHH 

noJIH . l.JacTb YHHKaJibHOH annapaTypbI, co3.n.aHHOH B 0115111 .II.JIH 

3THX pa6oT, Tenepb xpaHHTCH B My3ee AMepHKaHCKoro cpH3HlJeCKO

ro o6mecTBa B BawHHrTOHe. 
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O6be,Ll,HHeHHbll1 HHCTHTYT 6b!JI aKTHBHb!M Hay4Hb!M napTHepoM 

SSC-Lab B ,lI.aJIJiace np11 C03,Ll,aHHH KpynHbIX 3Kcnep11MeHTaJibHbIX 

ycTaHOBOK SDC 11 GEM ,LJ,JIH CBepxnpoBO,Ll,Hlll.ero KOJIJia11.n.epa Ha 

40 T::iB, COTPY.II.HHKaMH 11HCTHTyTa npe,Ll,JIO)KeHbl B pH,LI,e CJiyqa

eB opHrnHaJibHb!e peweHHH CJIO)KHeHllIHX HH)KeHepHO-TeXHHlJeCKHX 

npo6JJeM. TaK, Hanp11Mep, 6bIJIO c <,pyccK011 11,LJ,ee11,> (IO. A. 13y,LJ,aroB, 

B . M. PoMaHOB, H. ,ll. TonHJIHH, A. KayJIHH, n)K. TpHJIJIHHr) H3rO

TOBHTb HpMO 20000-TOHHOro MarHHTonpOBO,Ll,a ,Ll,JIH ycTaHOBKH SDC 

He 113 npoKaTHOH CTaJIH, a 113 noJiy4eHHbIX Ha HoBOJIHneu.KoM Me

TaJIJiyprnqecKOM KOM6HHaTe HenpepbIBHbIM JIHTbeM JIHCTOB CTaJIH 

c nocJie,LJ,yJOme11 MexaH11qecK011 06pa60TK011 Ha ATOMMallle. 

,lI,aJIJiac, 1992 r. ( cJiesa Hanpaso ): ,lI,)K. TpHJIJIHHr, A. CHcaKHH, IO. 6y
,L1,aros 

B 1993 r. nocJie OCTaHOBKH npoeKTa cBepxnpoBO,Ll,Hlll.ero KOJI
J1a11.n.epa B ,lI.aJIJiace xopolllo ccpopMHpoBaHHbie 11 no,LJ,roTOBJieHHbie 

rpynnbI yqeHbIX H cneu.11aJIHCTOB 0115111 pa3,Ll,eJIHJIHCb Ha ,LJ,Ba no

TOKa: ,Ll,JIH yqacTHH B 3KCnep11MeHTax no cpH3HKe Bb!COKHX 3Heprn11 

BO FNAL H B UEPH. 

TTapaJIJieJibHO HaMeTHJiaCb Ba)KHaH pOJib y4eHbIX 0115111 B pa3-

pa6oTKe HaylJHOH nporpaMMbl, B C03,LJ,aHHH annapaTypbl H MeTO,Ll,HK 

no o6Hapy)KeHHJO HOBb!X cpH3HlJeCKHX HBJieHHH B 51,LI,pO-H,Ll,epHb!X co

y.n.apeHHHX Ha peJIHTHBHCTCKOM KOJIJia11,L1,epe TH)KeJibIX HOHOB RHIC 

B BpyKxe11aeHcK011 Hau.110HaJibHOH Jia6opaTOpHH (BNL). 



198 Me)K,o_yHapo,o_Hoe c0TPYAHH'l_eCTB0 

«l>H3HKa 3JieMeHTapHbIX qacTHU, 

Ha nponnKeHHH MHornx JieT FNAL HBJIHeTrn o.n,HHM H3 ocHOB

HbIX aMepHKaHCKHX napTHepoB Ol15Il1 . l1 B HaCTOHIJ.].ee BpeMH Ha 

ero ycKOpHTeJie - T3BaTpOHe - 60JibWHe Me)l(.n,yHapo.n,Hbie KOJIJieK

THBbl Bb!TTOJIHHIOT PHA KpynHb!X Hay'-!Hb!X npoeKTOB. 3KcnepHMeHTbl 

no <pH3HKe BbICOKHX 3Heprni1 co6cTBeHHO Ha TeppHTOpHH ClllA 

BO FNAL c peKop.n,Hoi1 3Heprnei1 CTOJIKHOBeHHH npoTOHOB H aHTH

npoTOHOB 1, 96 T3B 6bIJIH oco6eHHO npHBJieKaTeJibHbI, nocKOJibKY 

,ll,OJ!fOe BpeMH .n,o 3anyCKa 60JibWOfO a.n,pOHHOfO KOJIJiaii.n,epa (LHC) 

B UEPH T9BarpoH 6b1JI e.n,HHCTBeHHbIM HCTO'-IHHKOM .n.aHHb!X B T3B

HOM .D,Hana30He 3Heprni1, 0TKpb!B H0B0e Hay'-IH0e HanpaBJieHHe -

«<pH3HKY T0TT-KBapKOB» KaK 0.D,HH H3 HaH60Jiee HpKHX H YBJieKa

TeJibHb!X pa3,ll.eJIOB COBpeMeHHOH <pH3HKH MHKp0MHpa .n,o C03.D,aHHH 

LHC. 

Yqacrne Ol15Il1 B <pH3H'-!ecKoi1 nporpaMMe Mo.n,epHH3Hpo

BaHHoro T3BaTpoHa ocymecTBJIHeTCH .D.BYMH rpynnaMH BO fJ!aBe 

c B. B. fJiaroJieBb!M B npoeKTe CDF H c IO. A . 6y.n,aroBb!M H 

r . ,LI.. AJieKceeBblM B npoeKTe DO. O6a npoeKTa HaueJieHbl Ha 

HaH6oJiee Ba)l(Hble npo6JieMbl <pH3HKH Bb!C0KHX 3Heprni1, HanpHMep, 

Ha Bb!HCHeHHe CBOHCTB KBapK0B TpeTbero fl0K0JieHHH, flOHCKH 

6030Ha XHrrca, o6Hapy)l(eHHe cynepCHMMeTpH'-!Hb!X '-laCTHU H .n,p . 

Y'-!eHbie H cneu.HaJIHCTbl Ol15Il1 He TOJibK0 cymecTBeHH0 o6oraTHJIH 

3KcnepHMeHTaJibHb!e ycTaH0BKH CDF H DO HOBOH annapaTypoi1, 

a.n,eKBaTHOH CBeTHMOCTH (.n,o 3,5 . 1032 CM - 2 . CI) T3BaTpoHa, 

HO H BHeCJIH 3Ha'-!HTeJibHbIH BKJia.n, B noJiy'-!eHHe MH0rHX (B TOM 

'-IHCJie BnepBbie) .n,aHHblX npHHUHnHaJibH0fO Hay'-IH0fO 3Ha'-leHHH no 

<pH3HKe TH)l(eJibIX KBapK0B . 

O.n,HHM H3 .n,oMHHaHTHbIX BKJia.n,oB Ol15Il1 B KOJIJia6opauHH CDF 

HBJIHeTCH H3MepeHHe B .D,HJienTOHHWX co6wTHHX C BWCOKOH T0'-1-

HOCTb!O MaCCbl TOfl-KBapKa (mt)- TTocJie.D,HHH HBJ!HeTCH <pyH,ll.aMeH

TaJibHb!M napaMeTp0M CTaH.n.apTHOH Mo.n,eJIH B3aHMo.n,ei1cTBHH 3Jie

MeHTapHbIX qacTHU, H 3Ha'-!HMOCTb 3TOH MaCCbl 3aKJIIO'-!aeTCH B ee 

60JibWOH BeJIH'-IHHe : ffit = 165,5~ ~·1(cTaT.) ± 3,l(CHCT.) f3B/c2 

(CDP Collab. I I Phys. Rev. D . 2009. V. 79. P . 072005) , K0TopaH 

cymecTBeHHblM o6pa30M BJIHHeT Ha onpe.n,eJieHHe MaCCbl 6o30Ha 

Xmrca . 

¢H3HKH Ol15Il1 BHeCJIH 6oJibWOH BKJia.n, B CDF B CBH3H 

C HOBeHWHMH pe3yJibTaTaMH B cneKTpOCKOflHH qacTHU, HanpHMep: 

BnepBbie 6hIJIH 3aperncTpHpoBaHbl TH)l(eJibie 6apHOHbI :Eb H :Eb, 

(I) 
i:, 

:E 
ii 
~2 

CoTPYAHHYeCTBO OYl5U1-CWA 

~ data :1: 1 a .t. 95% CL limit 16.7 ps·' L = 1.0 fb-1 

1.645 a O sensitivity 25.3 ps·' 

data :I: 1.645 a 
data :I: 1.645 a (stat. only) 
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a TaK)l(e 6apHOHbl Sb, COCTaBJieHHb!e H3 d-, s- , b-KBapKOB; np0H3-

Be.n,eHbl nepBbie Ha6JIIOAeHHH OCUHJIJIHUHH B 8 -B8 • 

fpynna Ol15Il1 BHecJia B <pH3H'-!ecKyIO nporpaMMY CDF H0Bbie 

HanpaBJieHHH HCCJie.D,OBaHHH, CBH3aHHb!e C HBJieHHHMH TepMaJIH-

3aUHH npH 6oJibWHX MHO)l(eCTBeHH0CTHX qacTHU (A.H. CHcaKHH 

H H. ,LI.. MaH.n,)l(aBH,ll.3e) H H3y4eHHeM KBaHT0BbIX KoppeJIHUHH 

6o3e-3i1HWTei1Ha JierKHX a.n,poHOB npH K0He'-!Hb!X TeMnepaTypax 

(LA. Ko3JIOB). 

Y'-lacrne <pH3HKOB Ol15Il1 B KOJIJia6opauHH DO CKOHUeHTpHpo

BaHo Ha .n,Byx OCH0BHbIX HanpaBJieHHHX: flOHCKH HOBbIX TH)l(eJiblX 

6apHOHOB H HCCJie.n,oBaHHe npoueccoB npH CHJ!bHbIX B3aHMO.D,eH

CTBHHX Me)l(.n,y '-laCTHUaMH. 

B 3KCnepHMeHTax nepBoro HanpaBJieHHH aKTHBHO HCflOJ!b30-

BaJiaCb MIOOHHaH CHCTeMa, CK0HCTpyHp0BaHHaH cneu.HaJIHCTaMH 

B Ol15Il1. C HCflOJ!b30BaHHeM .n,aHHb!X, HaKonJieHHb!X .n,eTeKTOpOM 

DO B 2002-2006 rr., H aHaJIH30M 35 MJIH co6b!THH B npOT0H

aHTHnpOTOHHb!X CTOJIKHOBeHHHX npH 3HeprnH T3BaTp0Ha VS = 
= 1,96 T3B B 2007 r. 6bIJIO o6bHBJieHO o nepBOM o6Hapy)l(eHHH 

3apH)l(eHHOfO 6apHOHa Sb, co.n,ep)l(amero KBapKH Bcex Tpex flOKO

JieHHH: b, s H d. 
l13MepeHHaH Macca Sb-6apHOHa 0Ka3aJiaCb B COfJ!aCHH C Teope

TH'-leCKHMH oueHKaMH H 6bIJia He3aBHCHM0 TT0,ll.TBep)l(.D,eHa B 3KCne

PHMeHTax Ha .n,eTeKTope CDF. 

Pe3yJibTaT BTOporo HanpaBJieHHH - BnepBble H3MepeHHOe npH 

npoTOH-aHTHnpOTOHHb!X CTOJIKHOBeHHHX Ce'-leHHe p0)l(.D,eHHH H30-

JIHp0BaHHOro <pOTOHa C HcnycKaHHeM a.n,pOHHOH CTPYH, '-!TO HBH-
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DO 
PRut, 052001 (2007) 

CDF 
PRut, 052002 (2007) 

5.74 5.76 

s~ Mass 

Theory 
prediction 

OIDJenklns 
l'ttDSC.'515 

~Kartineretal 
....,,...,oc.11as 

5.78 5.8 5.82 5.84 
m(s;,) [GeV/c2

] 

l13MepeHHaH KOJJJJa6opau11HM11 DO 11 CDF Macca 3b-6ap110Ha 

JIOCb u.eHHbIM MaTepl-!aJIOM .LI.JI51 yTo•rneHH51 MO.LI.eJihHbIX rrapaMeTpOB 

B Teop1111 CHJibHbIX B3aHMO.LI.eikTBHH - KBaHTOBOH xpOMO.LI.HHaMHKe. 

PeJUITIIBIICTCKaSI SI,U:epuaSI <pll311Ka 

B 1970-x rr. 6hIJIH Ha'-!aTbl 3KcrrepHMeHTbl C T51:>KeJiblMH HOHa

MH BhICOKHX 3Heprnii B OH5U1, B Hau.110HaJibHOH Jia6opaTOp1111 

HM. 3. JioypeHca B 6epKJIH (LBNL) 11 B 6pyKxei1BeHCKOH Hau.110-

HaJihHOH Jia6opaTOp1111. Ka:>K.LI.a51 113 Jia6opaTOp11i1 HMeJia CBOIO op11-

rnHaJibHYIO Hay'-IHYIO rrporpaMMY, HO B TO :>Ke BpeM51 6bIJI 6oJib

ll!OH B3aHMHbIH HHTepec K pe3yJibTaTaM HCCJie.LI.OBaHHH KOJIJier, HX 

TeopeTH'-leCKOMY aHaJIH3Y, pa3pa6oTKe HOBbIX ITO.LI.XO.LI.OB K aHaJIH3Y 

3KCrrepHMeHTaJibHbIX .LI.aHHblX B 3TOH HOBOH o6JiaCTH q>H3HKH. TaK, 

HarrpHMep, rpyrrrra q>H3HKOB 113 LBNL ITO.LI. PYKOBO.LI.CTBOM JIH lllpe

.LI.epa IlOBTOpHJia 3KcrrepHMeHTbl no H3Y'-leHHIO rrpe.LI.eJibHOH q>par

MeHTau:1111 51.LI.ep 11 rro.LI.TBep.LI.HJia rrpe.LI.CKa3aHHhIH A. M. 6aJI.LI.HHhIM 

H OTKpb!TbIH B ,Uy6He 3q>q>eKT KYMYJI51THBHOro pO:>K.LI.eHH51 Me30HOB. 

Ha HOBhIH ypoBeHb COTPY.LI.HH'-leCTBO c ClllA B o6JiaCTH peJIH

THBHCTCKOH 51.LI.epHOH q>H3HKH Bblll!JIO IlOCJie Il0.ll.IlHCaHH51 B 1993 r. 

.LI.OroBopa o COTPY.LI.HH'-!ecrne Me:>K.LI.Y OHRH 11 BNL. O6e Jia6opaTO

p1111 CTpOHJIH CBOH rrporpaMMbl no H3y'-!eHHIO 3q>q>eKTOB rrp051BJieHH51 

KBapKOBb!X H rJIIOOHHbIX CTerreHeH CB060.LI.bl B 51.LI.epHOH MaTepHH KaK 

B OilbITax co CTOJIKHOBeHH51MH peJI51THBHCTCKHX T51:>KeJih!X HOHOB, 

TaK H rrpH 11CCJie.LI.OBaHHH rrpHpO.LI.bl CHJibHbIX B3aHMO.LI.eHCTBHI1 B 3KC

rrep11MeHTaX C IlOJI51pH30BaHHblMH '-!aCTHU:aMH H 51.LI.paMH - rrpoTO

HaMH Ha ycTaHOBKe AGS B BNL 11 rroJIHpH30BaHHhIMH .LI.ei1TpoHaMH 
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Ha c11Hxpoq>a3oTpoHe OHRH. no 3Toi1 rrp11'-!11He coBMeCTHbie 3KC

rrep11MeHThI Ha coopy:>KaeMoM B TO BpeMH B BNL peJIHTHBHCTCKOM 

KOJIJiaH.LI.epe T51)KeJibIX HOHOB H IlOJI51pH30BaHHb!X rrpOTOHOB, IlOJiy

'-IHBll!eM Ha3BaHHe RHIC, Ka3aJIHCh Ha1160Jiee rrpHBJieKaTeJihHhIMH. 

cl>H3HKH OHRH rroJiy'-IHJIH rrp11rnall!eH11e y'-laCTBOBaTb B 11ccJie

.LI.OBaHH51X B paMKax COBMeCTHbIX 3KCrrepHMeHTOB Ha .LI.eTeKTOpax 

STAR 11 PHENIX Ha RHIC. B .LI.aJihHei1llleM B Ka'-lecrne ocHOBHoro 

3KCI1ep11MeHTa .LI.JI51 rrpoBe.LI.eHH51 COBMeCTHb!X HCCJie.LI.OBaHHH 6b!JI 

Bb16paH rrpoeKT STAR. 

fpyrrrrhI crreu:11aJIHCTOB OHRH (pyKOBO.LI.HTeJIH IO. A. TTaHe6paT

u.eB H H. A. CaBHH) aKTHBHO BKJIIO'-IHJIHCb B pa6oTy no C03.LI.aHHIO 

Ba:>KHhIX 3JieMeHTOB ycTaHOBKH STAR - 3JieKTpoMarHHTHhIX KaJio

pHMeTpoB End Cap 11 Barrel. TeopeTHKH OHRH rrpHH51JIH aKTHBHOe 

y'-!aCTHe B pa6oTe SpiI1-KOJIJia6opau:1111 no pa3pa6oTKe COBMeCTHO 

C aMepHKaHCKHMH KOJIJieraMH rrporpaMMbl IlOJI51pH3aU.HOHHbIX HC

CJie.LI.OBaHHH Ha KOJIJiai1.LI.epe RHIC. 

B 2000 r. cocT051JIC51 3arrycK KOJIJiai1.LI.epa RHIC 11 Ha'-!aTbI 3Kcrre

p11MeHThI Ha ycTaHOBKe STAR. Y)Ke rrepBhie pe3yJihTaTbI rroKa3aJIH, 

'-!TO rrp11 3Heprn51X RHIC 06pa3yeTc51 HOBoe cocTOHHHe CHJihHO

B3aHMO.LI.ei1crny10mei1 51.LI.epHOH MaTep1111, KOTOpoe B .LI.aJihHeHllleM 

rroJiy'-!11Jio Ha3BaHHe <<COBepll!eHHa51 )KH.ll.KOCTb>> (<<Perfect Liquid,>). 

B 2003 r. Ha RHIC Ha'-laJIHCh 3Kcrrep11MeHThI c rroJI51pH30BaHHbI

MH rrpoToHaMH. OrrbITbl co CTOJIKHOBeHH51MH rrpO.LI.OJibHO- H rrorre

pe'-1HO-IlOJI51pH30BaHHblX rrpOTOHOB Il03B0JI51IOT H3Y'-IHTb BKJia.LI. rJIIO

OHHOH KOMilOHeHThI B crr11H0By10 CTPYKTYPY rrpoToHa, 11ccJie.LI.OBaTb 

B. r. Ka.n.h1weBCK11H 11 A. H. C11caKHH 06cy:>K.n.a10T Bonpoch1 coTpy.n.H11l!e
CTBa c c0Bern11KOM npe311.n.eHTa CWA no HayKe 11 TeXHOJJOrHHM )].. Map-
6yprepoM 
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nOJI51pI-i3au.mo KBapK-aHTHKBapKOBOfO <<MOpH>> B npoTOHe, H3Y4HTb 

MexaHH3M op6HTaJibHOfO ,ll_BH)KeHHH KBapKa B npOTOHe. 

CoBpeMeHHoe H JI.aJibHefanee pa3BHTHe COTPYAHHL!eCTBa Haxo

AHTCH B nJIOCKOCTH COBMeCTHOH peaJIH3aU.HH nporpaMMbl 3HepreTH-

4eCKOf0 CKaHHpOBaHHH cpa30BbIX nepeXOJI_OB CHJibHOB3aHMO,ll_eikTBy

lOilleH MaTepHH H noHCKa KpHTHL!eCKOH TOL!KH CHJibHbIX B3aHMO

JI_eHCTBHH. B HacTOHlll.ee BpeMH o6cy)KJI.aIOTCH BapHaHTbI cu.eHapHH, 

no KOTOpOMY u.eHTp T51)KeCTH COTPYAHHL!eCTBa no HCCJie,ll_OBaHHIO 

cpa30Bb!X nepeXO,ll_OB B 51,ll_epHOH MaTepHH npH HeBbICOKHX 3Heprn-

51X H JI_OCTaTOL!HO 60JibllIOH 6apHOHHOH nJIOTHOCTH MO)KeT nepeMe

CTHTbCH B ,LI.y6Hy. OcHOBOH AJIH 3Toro HBJIHeTCH coopy)KaeMbIH 

B OH5U1 yCKopHTeJibHbIH KOMnJieKc NICA, Ha KornpoM nJiaHHpy

eTCH nOJIY4HTb HHTeHCHBHbie ny4KH ycKOpHeMbIX T51)KeJibIX 51,ll_ep co 

CBeTHMOCTblO AO 1027 CM-2 . c- 1 (AJIH 51,ll_ep 30JIOTa) H TeM caMbIM 

o6ecne4HTb HOBOe KaL!eCTBO JI_JIH H3y4eHH51 CTOJIKHOBeHHH T51)KeJibIX 

HOHOB B o6JiaCTH MaKCHMaJibHbIX 6apHOHHbIX nJIOTHOCTeH. 

YcKOpHTeJibHa.H <l>H3HKa H _ TeXHHKa 

CoTpyJI.HH4ecrno Me)KJI.Y OH5IH H FNAL no yCKopHTeJibHOH 

TeMaTHKe npHHHJIO aKTHBHYIO cpopMy, KOf,ll_a B 1998 r. B aMepHKaH

CKOH Jia6opaTopHH CTapTOBaJI npoeKT no BWCOK03HepreTH4eCKOMY 

3JieKTpOHHOMY OXJia)K,ll_eHHIO. 3TOT npoeKT 6b!JI HHHU.HHpoBaH rpyn

noH cpH3HKOB-yCKopHTeJiblll.HKOB, KOTOpbie pa3BHBaJIH 3TO HanpaB

JieHHe B HHcrnTyTe HJI.epHoH cpH3HKH HM. r. H. 5yJI.Kepa CO PAH 

H BnocJieACTBHH nepeHeCJIH 3TOT npoeKT BO FNAL. Co BpeMe

HeM rpynna cneu.HaJIHCTOB H3 HoBOCH6HpCKa 4HCJieHHO BblpOCJia, 

H B HaCTOHlll.ee BpeMH MHOrne H3 HHX 3aHHMalOT BeJI.ylll.He n03HU.HH 

BO FNAL, HBJIHIOTCH KpynHbIMH 3KcnepTaMH no cpH3HKe H TeXHHKe 

yCKopHTeJieH. 

fpynna OH5IH, B03rJiaBJIHeMaH H. H. MellIKOBbIM, aKTHBHO 

BKJIIOL!HJiaCb B pa3BHTHe npoeKTa 3JieKTpOHHOf0 OXJia)KJI_eHHH COB

MeCTHO co cneu.HaJIHCTaMH FNAL (pyKoBOJI.HTeJib C. Hara11u.eB). 

3To COTPYAHHL!eCTBO HBJIHeTCH B3aHM006oralll.alOlll.HM, 4TO no3BO

JI51eT noJiyL!aTb HOBbie pellleHHH npHMeHHTeJibHO K KOJIJiaH,ll_epy T3-

BaTpOH, H 6yJI.eT 4pe3BbI4aHHO noJie3HbIM B HOBOM npoeKTe OH5IH 

NICA. 

CoBMeCTHbie pa6oTbI cneu.HaJIHCTOB OH5IH H FNAL no ycKopH

TeJibHOH TeMaTHKe npOBOJI_HTCH B COOTBeTCTBHH C MeMopaHJI.YMOM 

0 B3aHMOnOHHMaHHH ( 1995 r.) H ,LI.oroBopoM O COTPYAHHL!eCTBe, 

no,ll_nHCaHHbIM B MapTe 2009 r. 
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C caMoro HaL!aJia pa3BHTHH B OH5IH npoeKTa NICA cneu.Ha

JIHCTbI H3 FNAL Bb1pa3HJIH rny60Ky10 3aHHTepecoBaHHOCTb B ero 

ITOAJI.ep)KKe H peaJIH3aU.HH B ,LI.y6He. 

OJI.HOH H3 Ba)KHeHllIHX 3aJI.a4 ycKopHTeJIH NICA HBJIHeTcH cpop

MHpoBaHHe ny4Ka HOHOB C Bb!COKOH HHTeHCHBHOCTblO H nJIOTHO

CTblO, 4TO 6yJI.eT o6ecne4HBaTb Bb!COKYIO CBeTHMOCTb H 3cpcpeK

THBHOCTb pa60Tbl KOJIJiaH,ll_epa. 3Ta 3a,ll_a4a MO)KeT 6b!Tb pellleHa 

c ITOMOlll.blO 3cpcpeKTHBHbIX MeTOJI_OB OXJia)KJI_eHHH ny4Ka - 3JieK

TpOHHOfO H crnxacrnqecKoro. HaL!HHaH c KOHLI.a 1990-x rr. FNAL 

3aHHMaeT JIHAHPYIOlll.He MHpOBbie no3HU.HH B pa3BHTHH 3THx ABYX 

MeTO,ll_OB OXJia)K,ll_eHHH, n03TOMY yqaCTHe 3KCnepTOB H3 5aTaBHH 

B npoeKTe NICA HBJIHeTcH o-Y:eHb Ba)KHbIM. 

CoBMeCTHbie pa6oTbI no pa3BHTHIO npoeKTa NICA BKJIIOL!aIOT 

B ce6H pellleHHe TaKHX Ba)KHbIX 3a,ll_a4, KaK o6ecne4eHHe CTOXaCTH

L!eCKOfO H 3JieKTpOHHOfO OXJia)KJI_eHHH ny4KOB, C03,ll_aHHe COBpeMeH

HOH CHCTeMbl cpoKycHpOBKH ny4Ka C COOTBeTCTBYIOlll.HM CTOXaCTH-

4eCKHM OXJia)K,ll_eHHeM, pa3pa60TKa CBepxITpOBO,ll_Hlll.HX MarHHTOB 

C u.eJiblO C03,ll_aHH51 KOMnaKTHbIX 3JieMeHTOB MarHHTHOH CHCTeMbl 

KOJIJiaHJI.epa. C 2009 r. 3KcnepTbI FNAL BOllIJIH B cocTaB Me)KJI.y

HapOJI.HOro nporpaMMHOfO KOMHTeTa no coopy)KeHHIO KOJIJiaHJI.epa 

NICA, rJI.e HX cylll.ecrneHHaH poJib cIToco6crnyeT AHHaMH4HOMY 

pa3BHTHIO npoeKTa B u.eJIOM . 

MeJK,II.yHapo,II.HbIH JIHHeHHhIH KOJIJiaH,II.ep 

YHHKaJibHbIH npoeKT XXI B. <<Me)KJI.yHapoJI.HbIH JIHHeHHbIH KOJI

JiaHJI.ep ►> (International Linear Collider, ILC) o6ecne4HT CTOJIKHOBe

HHe 3JieKTpOHOB C no3HTpoHaMH npH 3HeprnHX 500-1000 r 3B. KoJI

JiaH,ll_ep ILC 6yJI.eT cJieJI.yIOlll.HM lllaroM nocJie 5oJibllloro aJI.pOHHOro 

KOJIJiaH,ll_epa, KpynHeHlllero B MHpe ycKOpHTeJIH L!aCTHU. - npoTO

HOB, BcTynHBlllero B cTpoH B EBponeHCKOH opraHH3aU.HH HJI.epHbIX 

HccJieJI.OBaHHH (UEPH, )KeHeBa) B 2009 r. 

C03,ll_aHHe ycKOpHTeJIH HOBOfO nOKOJieHHH He TOJlbKO no3BO

JIHT npO,ll_BHHYTbCH B HCCJie,ll_OBaHHH cpyHJI.aMeHTaJibHbIX CBOHCTB 

MaTepHH, HO H 6yJI.eT cnoco6CTBOBaTb pa3BHTHIO nepcneKTHBHbIX 

HanpaBJieHHH B o6JiaCTH 51,ll_epHOH 3HepreTHKH H, KaK CJie,ll_CTBHe, 

HCCJie,ll_OBaHHH no HOBbIM HCTOL!HHKaM 3HeprnH, HOBbIM MaTepHa

JiaM, HOBbIM TeXHOJIOfHHM H AP-

PocCHH 51BJI51eTC51 OJI_HHM H3 B03MO)KHbIX MeCT pacnOJIO)KeHHH 

3Toro rnraHTCKOro no CBOHM MaCllITa6aM H Hay4HOH 3Ha4HMOCTH 

Me)KJI_yHapOJI.HOfO npoeKTa. 
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Tipe,nnoJiaraeMoe MecTOpacnoJI0)KeHHe CTpmneJihCTBa KOJIJia11.nepa ILC Ha 
Tepp1nopHH MocKOBCKOH o6JI. 

Ha nepaoA cTa.D.HH KOJIJiailn:ep ILC c o6m.eH .D.JIHHOH ycKopmo

m.eA qacTH OKOJIO 35 KM 6y.n,eT cnoco6eH ycKOpHTb 3JieKTpOH-n03H

TpOHHbie nyqKH .n.o 3HeprnH 500 r 3B. 

O.n,HHM H3 OCHOBHbIX 3JieMeHTOB ycKOpHTeJIH HBJIHeTCH reJIHO

nHTaIOllI,aH Tpy6a H3 THTaHa (Ti), npornHyTaH no BCeH ,D,JIHHe 

KOJIJiaH.n,epa. Cneu:HaJIHCTbI O11Hl1, FNAL H INFN (TIH3a, 11Ta

JIHH) COBMeCTHO HCCJie.n,yIOT aapHaHT H3fOTOBJieHH51 reJIHOnHTaIO

m.eH Tpy6bI H3 Hep)KaBeIOllI,eH CTaJIH (SS), qTo MO)KeT nOBJIHHTb Ha 

cyw.ecTBeHHoe y.n,erneaJieHHe npoeKTa. KJI10qeaaH npo6JieMa TaKOH 

KOHCTPYKU:HH - nepexo.n. OT Tpy6bI H3 ss K THTaHOBOMY cocy.n,y, 

B KOTOpOM pacnoJiaraIOTCH caepxnpOBO,D,HllI,He pe30HaTOpbl, OTBeT

CTBeHHbie 3a ycKopeHHe 3JieKTpOHOB H n03HTpOHOB. B HaCTOHllI,ee 

BpeMH npOH3BeCTH caapKy 3JieMeHTOB H3 ss H Ti C noMOllI,blO 

o6m.enpHH51TbIX MeTO,D,OB 3JieKTpOHHO-JiyqeBOH HJIH 3JieKTpo.n.yro

BOH CBapKH He npe.n,CTaBJIHeTCH B03MO)KHbIM. 113BeCTHbie nonbITKH 

npOBO,D,HTb CBapKy Tpy6oK H3 ss H Ti .D.BYMH HeTpa.n,Hl.{HOHHbIMH 

MeTO.n,aMH - cppHKJ..{HOHHOH CBapKOH H caapKOH MeTO,D,OM rop51qero 

H30CTaTHqecKoro .n,aaJieHHH - He npHBeJIH K ycnexy. 

,llpyroA, 6oJiee Ha.n,e)KHbIH MeTO.n, caapKH 6b1JI HaA.n,eH B <l>fYTI 

P<l>HU BHl1113<1> (Capos). 3ToT yHHKaJibHbIH MeTO.D. caapKH HC

nOJib3yeT 3Heprn10 B3pbrna . O6pa3U:bI 6HMeTaJIJIHqecKOH SS-Ti 
Tpy6KH 6bIJIH H3fOTOBJieHbl B Capoae H3 pa6oqero MaTepHaJia no 

cneu:H<pHKal.{HH KpHOMO.D.YJIH ILC. 3TH Tpy6KH npornJIH ycnern

Hble HCnbITaHHH B 3KCTpeMaJibHbIX YCJIOBHHX (TepMOJ..{HKJIHpOBaHHe 
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O6pa3eu, 6HMeTaJIJIJIH'!ecKoH Tpy6KH Ti-SS, H3rDT0BJieHHOH CBapKoH 
B3pbIB0M 

Stainless Steel + Titanium Bimetallic 
Tube installed into Cryomodule 

O6ll.l,HH BHA KpH0M0AYJifl c Ti-SS-nepexo,nHHKOM B pa6o'!eM noJI0)KeHHH 

B )KH,D,KOM a30Te H )KH,D,KOM reJIHH npH TeMnepaType 1,8 K) Ha Teqb 

B BaKyyMe a INFN H FNAL. 

TiocJie ,D,OCTH)KeHHH npHBe,D,eHHblX Bblllle pe3yJibTaTOB O11Hl1, 

FNAL H INFN nepernJIH K 6oJiee CJIO)KHOH 3a.n,aqe npHHU:HnHaJib

HOH Ba)KHOCTH: H3MeHeHHIO ,D,H3aHHa KpHOMO.D.YJIH ILC, 3aMeHHB 

THTaHOBYIO o6oJioqKy ,D,bIOapa, B KOTOpOM nJiaaaeT HH06HeBbIH pe-

30HaTop B )KH,D,KOM reJIHH, Ha o6oJioqKy H3 Hep)KaBeIOllI,eH CTaJIH. 
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KottcTpyKUHH <<HHo6m1-ttep:>KaseJOW.aH cTaJih>> (Nb-SS) 6h1Jia onH
catta s cpespaJie 2009 r. s INFN npe.n.cTaBHTeJIHMH OIHH1, FNAL 
H INFN H 6bIJIH npHHHThI .n.se cxeMhI OIHU1: a) c ttapy:>KHOH nJia
KHpOBKOH H 6) c sttyTpettHeH nJiaKHposKOH. B BHHH9<1> (r. Capos) 
C noMOW.b!O YHHKaJibHbIX MeTOJ].OB, KOTOpbie OCHOBaHbl Ha HJ].ee 
csapKH B3pbIBOM, npoH3BeJ].eHO qeTbipe nepBblX OnbITHbIX o6pa3ua 
6HMeTaJIJIHqecKHX nepexo.n.HHKOB Nb-SS no 3THM .n.syM cxeMaM. 
CJie.n.yJOW.HM sa:>KHhIM 3TanoM COTPYJI.HHqecTBa s 3TOM HanpasJie
HHH f!BJifleTCfl BCeCTopoHHee TeCTHposaHHe onbITHbIX o6pa3UOB npH 
pa3JIH'{HhIX 3KCTpeMaJihHhIX ycJIOBHHX s FNAL H INFN. 

Y4aCTHHKH rrpoeKTa <<Me:>K.U.yHapo.U.HbIH JJHHeHHbIH KOJJJJai:%.u.ep,> ( cJJesa 
Harrpaso): IO. 6y.u.aros, r . IIlHpKoB, r . Tpy6HHKOB, 6. Ca6Hpos 

CosMeCTHhie HCCJie.n.osaTeJihCKHe nporpaMMbI O H.HH-FN AL
B NL OTMeqeHbl J].OCTH:>KeHHeM HpKHX HOBbIX pe3yJibTaTOB npHHUH
nHaJibHOro Hayqttoro 3HaqeHHfl B o6JiaCTH q>H3HKH Tf!:>KeJiblX KBap
KOB, o6Hapy:>KeHHH HOBbIX COCTOHHHH f!J].epHOH MaTepHH, C03J].aHHH 
yHHKaJibHhIX MeTOJI.HK H TexHoJiornt'l s pa3pa6oTKe KOHCTPYKUHH 
Mo.n.yJiet'l ILC. TTepcneKTHBa HOBhIX .n.ocrn:>KeHHH s oTMeqeHHhIX 
Bblllle HanpasJieHHf!X o6beJ].HHf!eT Jia6opaTOpHH s ,lly6He H s ClllA, 
npHBJieKaeT HOBbie noKOJieHHfl MOJIOJ].b!X COTPY.U.HHKOB. 

CunTe3 HOBbIX 3JieMeHTOB 

B TeqeHHe MHOrHX JieT yKpenJIHIOTCfl npO'{Hbie H 3cpcpeKTHBHbie 
CBfl3H Jia6opaTOpHH f!J].epHbIX peaKUHH HM. r . H . <l>Jieposa (JI.HP) 
OH.HH c JIHsepMopcKoH HaUHOHaJihHOH Jia6opaTOpHeH HM. 9. Jioy
peHca (LLNL) H .n.pyrnMH ttayqHhIMH ueHTpaMH ClllA s o6Jiacrn 
CHHTe3a H H3ylleHHfl CBOHCTB H.U.ep Ha rpaHHUaX CTa6HJibHOCTH. 
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Corpy.u.HH4ecreo O 115!11-CWA 207 

B 2009 r. s O H.HH cHHTe3HposaH HOBhIH 117-11 3JieMeHT ne
pHOJI.HqecKoH Ta6JIHUhI 3JieMeHTOB ,ll. H. MeH.n.eJieesa (Phys . Rev. 
Lett. 2010. V. 104. P . 142502) . 9KcnepHMeHTbl (pyKOBOJ].HTeJib aKa
.n.eMHK IO . U. OraHeCHH) nposo.n.HJIHCb Ha ycKop1:neJie TH:>KeJihIX 
HOHOB Y-400 JI.HP s COTPYJI.HH'{eCTBe c HaUHOHaJibHbIMH Jia6o
paTOpHHMH ClllA s OK-PH.n.:>Ke H JIHsepMope, c YHHBepcHTeToM 
BaH.n.ep6HJibTa (ClllA), a TaK:>Ke c HayqHo-HccJie.n.osaTeJibCKHM 
HHCTHTYTOM aTOMHbIX peaKTOpOB B ,llHMHTposrpa.n.e (PocCHH) . 

CHHTe3 HOBOro 3JieMeHTa ocyw.ecTBJieH B peaKUHH ycKopeHHb!X 
HOHOB 48 Ca c yHHKaJibHOH MHllleHbJO H3 H30Tona HCKyccTBeHHoro 
97-ro 3JieMeHTa - 249Bk, nepHo.n. noJiypacrra.n.a KOToporo cocTaBJIH
eT scero 320 cyT. Ero Hapa6oTKa 6b1Jia ocyw.ecTBJietta Ha aTOMHOM 
peaKTope HIFR HauHoHaJibHOH Jia6opaTOpHH ClllA s OK-PH.n.:>Ke. 
B xo.n.e JI.JIHTeJibHoro (6oJiee noJiyro.n.a) 3KcnepHMeHTa 6bIJIH 3a
perncTpHposaHbI weCTb co6hITHH <<pO:>KJ].eHHfl>> HOBOrO 3JieMeHTa . 
Csot'lcTsa pacna.n.a H30Tonos 3JieMeHTa 117 Hero .n.oqepHHX npo
JI.YKTOB - H30TOnOB 3JieMeHTOB 115, 113, 111, 109, 109, 107 
H 105 BMeCTe C pa Hee CHHTe3HpOBaHHb!MH B ,lly6tte H30TOnaMH 
3JieMeHTOB 112-116 H 118, f!BJlfl!OTCfl npHMb!M 3KCnepHMeHTaJib
HWM J].OKa3aTeJibCTBOM cyw.ecTBOBaHHfl «OCTpOBOB CTa6HJibHOCTH~ 
csepxTH:>KeJihIX H.n.ep. ______ 

Cero.n.HH OH.HH HMeeT o6wHpHbie CBH3H c aMepHKaHCKHMH 
Jia6opaTopHHMH 11 YHHBepCHTeTaMH no BCeM HanpasJieHHf!M CBOeH 
.n.eHTeJibHOCTH, BKJIJO'{afl o6pa30BaTeJibHYIO nporpaMMy. ,llJIH CTy
.n.eHTOB H lliKOJibHHKOB Bb!IlOJIHeHa HHTepecHafl COBMeCTHafl pa6oTa: 
COTPYJI.HHKH OH.HH no.n. pyKoso.n.cTBOM IO. A . TTaHe6paTuesa c KOJI
JieraMH H3 6pyKxet'lseHCKOH HaUHOHaJibHOH Jia6opaTopHH C03JI.aJIH 
se6-caHT, nOCBHW.eHHb!H HOBbIM pe3yJibTaTaM COBMeCTHb!X 3KCne
pHMeHTOB yqeHhIX OH.HH H BNL. 

YqeHbie ClllA c KOJIJieraMH H3 OH.HH COTPYJI.HHqaJOT s o6Jiacrn 
HJI.epHOH 6e3onaCHOCTH. TTpH <pHHaHCOBOH noMOW.H H opraHH3a
UHOHHOH nOJI.JI.ep:>KKe ,llenapTaMeHTa 3HepreTHKH ClllA cosepllleH
cTByeTCH <pH3HqecKaH 3aW.HTa OH.HH , ero xpaHHJIHW.a paJI.HOaK
THBHhIX MaTepHaJIOB. 

AMepHKaHCKHe yqeHhie aKTHBHO yqacTBYJOT s cocTasax Yqe
Horo coseTa H nporpaMMHO-KOHCYJihTaTHBHhIX KOMHTeToB OH.HH. 
l.JJieHOM YlleHoro coseTa 6bIJI npocpeccop ,ll:>K. TpHJIJIHHr, ITpo
r paMMHO-KOHCYJibTaTHBHbIH KOMHTeT no <pH3HKe qacTHU B03rJiaB
Jlf! JI npocpeccop T . XoJIJIMaH. 

OH.HH coTpyJI.HHqaeT c 75 HayqHbIMH ueHTpaMH H ymrnepcH
TeTaMH ClllA. ,llet'lcTByJOrn.He H nocTOHHHO o6HoBJIHeMbie corna-
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Jla6oparnpm:1 H,11.epHblX peaKU.HH. :3KcnepHMeHT no CHHTe3y 3JJeMeHTa 117 
(CJJeBa HanpaBo: B. K. YTeHKOB H JO. U. OratteCHH) 

wemrn O ttayt.IHOM COTPYAHHt.IeCTBe noKa3bJBa!OT, l.!TO <<npHT5DKe
mle>> HBJHieTCH B3aHMHb!M 11 )KeJiaHHe pa6oTaTh BMecre npHHOCHT 
tteocnopHMYIO BhirOAY ttayKe... <<HayKa c6JIH)Kaer ttapo,!1,hI!>> -
<<Science brings nations together!>> 

r1. 1 ----~ ..,____ 

THE <,FROM A TO Y►> COLLABORATION 

R. Sosnowski 

To our JINR colleagues and friends from 
the Laboratory of Nuclear Spectroscopy and 
Radiochemistry, the Bubble Chamber groups 
of the Laboratory of High Energies and 
the Magnetic Spark Spectrometer group of 
the Laboratory of Nuclear Problems, who in 
the first decades of the Joint Institute for 
Nuclear Research enabled physicists working 
in remote Universities and Institutes to parti
cipate actively in research based on the JINR 
facilities 

The middle of the 1950s was a very important period for 
the nuclear science. The Geneva conference <,On the Peaceful 
Uses of Atomic Energy,> opened the way for a wider international 
collaboration in this field. Two international organizations for 
nuclear research - CERN and JINR - have been organized. Their 
aim was to open for scientists from the member states the access 
to big nuclear facilities, at that time - to big accelerators. The 
most direct way to reach this aim was to invite scientists to come 
to do research at the organization's site. This has been done from 
very beginning. 

The people from the JINR member state research centres 
coming to work in Dubna have been met with great sympathy 
and hospitality. I know it from my own experience being the 
third Polish physicist who came to work there. Nevertheless, the 
Dubna physicists were slightly disappointed. I was told that it was 
expected that people coming from abroad will speak English. In 
reality most of them could communicate in Russian well enough. 

But the number of scientists who could be invited by JINR 
was rather limited for two reasons: the financial possibility of the 
organization and its infrastructure. Moreover, the scientists had 
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obligations in their universities and national research institutes 
and they could not be on leave too long or too frequently. 

Therefore, already in early years of JINR, nuclear physicists 
from the : member · states were .looking for possibilities of 
participating in the JINR research activities without leaving home 
institutions for a longer time. The first suggestion in this direction 
came from Jan Zylicz from the Institute of Nuclear Research 
in Swierk. He proposed to study in Polish nuclear spectroscopy 
laboratories the decay of radioactive isotopes produced in Dubna 
by the 660 MeV protons accelerated in the Phasotron of the 
Laboratory of Nuclear Problems. The proposal has been accepted. 
The irradiation- of a target, and the first-step chemical extraction 
of radioactive reaction products were performed in Dubna. Then, 
the container with radioactive material was transported by a plane 
to Warsaw and immediately taken to laboratories in Swierk by a 
person waiting for it in the Warsaw airport. After the chemical 
separation of radioactive elements, their · decay was studied with 
magnetic beta spectrometers and gamma-ray spectrometers. Some 
samples have been analyzed in Cracow. This collaboration lasted 
more than a decade. One has to recognize the key role in this work 
played by Yu. V. Norseev and I. A. Yutlandov - the members of 
the JINR Nuclear Spectroscopy and Radiochemistry Laboratory. 
They took care of the irradiation of targets and the extraction 
of radioactive chemical fractions before sending them to Poland .. 
Without their devoted contribution the programme could not 
work. 

Another important field of remote engagement of member state 
physicists in JINR scientific programmes was high-energy physics 
studied with accelerators. Three times in the history of science 
the Soviet Union was the world leader in high-energy accelerators 
with the Phasotron of the Laboratory of Nuclear Problems 
launched in 1949, the Synchrophasotron of the Laboratory of High 
Energies in 1957, and later, in 1967, with the Proton Synchrotron 
of the Institute of High-Energy Physics in Serpukhov. The leading 
position of the Soviet Union in accelerators was due to V. I. Veksler 
who discovered in 1944 the effect of the <,self-focusing of phases>> 
of accelerated particles. 

· It was natural that after the start in March 1957 of the 
Synchrophasotron - the world largest accelerator - the main 
scientific activity at JINR was the search for new, yet unobserved 
particles produced with its -beams. The bubble chamber was an 
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ideal detector to observe such objects. The 24-liter propane bubble 
chamber has been built for this purpose and irradiated with the 
7 GeV /c n-- beam of the Synchrophasoton. The group of physicists 
and technicians led by the Chinese physicist Wang Ganghang 
was created to scan and analyze the bubble chamber photographs. 
There was a general feeling that something new should be 
discovered. Not only in offices or laboratories but even at lunch 
people were talking what they saw in the scanning, discussed the 
apparently strange configurations of tracks which they found and 
what object they might represent. However, nothing new have 
been found until the March 9th, 1959, when after scanning of 
40 thousands of photographs the decay of until now unobserved 
antisigma-minus hyperon was found. This was the first important 
discovery done with a bubble chamber. 

The discovery was done at Dubna, but in the group of Wang 
Ganghang were already working physicists from the JINR member 
states. One can imagine how impressed was someone coming 
from a country where the energy of the largest accelerator 
hardly exceeded 1 MeV, when he joined the group to work 
with the largest accelerator in the world. Such people have 
gained experience to work with bubble chamber pictures and they 
wished to continue this work also after they return home. They 
realized that bubble chamber films can be sent for the analysis 
to the laboratories in the member states as it has been done 
with isotopes. With films it was even easier because contrary to 
isotopes they do not decay. 

The first bubble chamber pictures sent from JINR abroad were 
those obtained with the 24-liter propane chamber exposed to the 
7 Ge V / c n-- beam from the JINR Synchrophasotron, and they 
were a small part of those which have been already scanned in 
the search for new particles. The films were sent to Budapest and 
Warsaw as the training material. However, physicists from both 
laboratories were tempted to do a real research. This idea was 
supported by M. I. Soloviev, who visited Warsaw. He was a very 
experienced person. He has built the 24-liter bubble chamber and 
knew how to work with bubble chamber pictures. His visit and 
his advices have speeded up the construction of the scanning and 
measuring devices in Warsaw. The results on the elastic scattering 
of 7 GeV /c n-- on protons have been published by Budapest and 
Warsaw in 1962. 
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At this time it was already known that the next high-energy 
accelerator is under construction in the Soviet Union. Its energy 
will be by one order of magnitude higher than that of the 
Synchrophasotron in Dubna and its location will be in Serpukhov. 
The JINR decided to build two bubble chambers to work with 
the new accelerator beams. One of them was the 2-meter 
propane bubble chamber built in the Laboratory of High Energies. 
It has been constructed under the leadership of M. I. Soloviev. 
Many high-energy physicists from the JINR member states have 
worked with him already previously with a smaller propane 
bubble chamber. Certainly, they had a very high opinion of his 
competence in physics and his work with bubble chambers. The 
new perspective to work with him with a much bigger bubble 
chamber and with particle beams from the much larger accelerator 
attracted many people from numerous laboratories. M. I. Soloviev 
paid visits to the member state research centres and presented the 
possibility of working with the Dubna bubble chamber exposed 
to the beams of the highest possible energy. He explained 
directly that the probability of the success of a bubble chamber 
experiment is statistically proportional to the square root of the 
number of processed pictures. Therefore the experiment needs 
a big collaboration which is able to process a large number of 
photographs. As a result, there were 30 universities and institutes 
from 24 cities which joined the common scientific programme -
the study of high-energy collisions with the 2-meter propane 
bubble chamber. They formed a collaboration the name of which 
originated from all participating cities. The first in the list of cities 
in the alphabetic order was Alma Ata and the last was Yerevan. 
Therefore sometimes the collaboration was called <<From A to Y,>. 

The number of people who later were signing the collaboration 
papers exceeded 250. According to the present standards this 
collaboration cannot be considered to be a big one. However, in 
the 1970s it was one of the largest collaborations. It was the most 
extended geographically, since the remoteness between two the 
most distant collaborating cities, Cracow and Hanoi, is about 8 
thousand kilometers. 

The Collaboration made use of two different beams of high
energy particles: the beam of negative pions with momentum 
of 40 Ge V / c from Serpukhov accelerator and after moving the 
chamber to Dubna the beam of light nuclei with energy of 
4.2 GeV /nucleon from the Synchrophasotron. The momentum 
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4.2 GeV /c looks to be small when compared with that of 7r mesons 
but for years the beams of light nuclei from the Synchrophasotron 
were of the highest energy. 

The working liquid of the 2-meter bubble chamber was 
propane. Thus, the incoming accelerated particles collided with the 
protons, the neutrons bound in carbon nuclei, and with the carbon 
nuclei. For each of the beams there was a rich variety of subjects 
to be studied. 

One can imagine how difficult it must have been to organize 
the work on various physics subjects of 30 teams from 30 
universities and institutes. Moreover, the teams were spread over 
ten countries and seven Soviet Union Republics. There was no 
internet, no e-mail, no possibility for video-conferences, and no 
mobile phones. The most advanced communication techniques 
were telexes and telephones with usually overloaded lines. In 
addition, each of the two hundred members of collaborating teams 
could have personal ambitions and priorities. Not all of them 
knew Russian or English. Valentin Grishin has agreed to be 
the Collaboration spokesman and the organizer of its research 
programme. His deep understanding of physics, organization talent 
and personal culture played a major role for smooth and efficient 
work of the Collaboration. Of course, he was not alone. There were 
more members of the JINR team who played a key role in the 
Collaboration work. One of them was E. N. Kladnitskaya whose 
active contacts with member states were widely appreciated. She 
visited many member state research centres, Warsaw included. 
Her remarks and advices were often very relevant and valuable. 

The <<from A to Y >> Collaboration was a common effort of many 
people and institutions. The first steps for the bubble chamber 
experiment were done by people from the staff of the Serpukhov 
Institute of High-Energy Physics. They run the accelerator and 
were responsible for the beams of energetic 7r- mesons. 

The physicists, engineers and technicians from the JINR 
Laboratory of High Energies run the bubble chamber and took care 
for the quality (and quantity) of recorded pictures. They prepared 
necessary information on the bubble chamber photographic system 
necessary for the reconstruction in space of recorded tracks. They 
also measured the magnetic field inside the bubble chamber and 
prepared its map. Finally, after the bubble chamber run there were 
kilometers of film to be developed in Dubna. The JINR staff was 
also responsible for the distribution of films and had to be aware 
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where they are. One might ask whether it paid for JINR to do 
all this for outside laboratories. Certainly it was a huge amount 
of work but the JINR has been created for that. Moreover, it was 
true that outside laboratories profited from services but they also 
contributed to the work of the Collaboration with its human power. 
It was especially important for the research with bubble chambers. 

Bubble chambers are very universal detectors. However, they 
have one important limitation. Contrary to many other detectors, 
they could not be triggered by a signal that something interesting 
happened and it is worth to be recorded. When working in 
synchronization with an accelerator, a picture is taken at every 
pulse of accelerated particles independently whether there was 
a collision in the chamber's liquid or all beam particles passed 
the chamber without any collision. The automatic selection of 
interesting pictures and the rejection of others never fully worked. 
This had to be done by looking at every picture, which was a time 
consuming process and needed many qualified people. This was 
why there was a mutual interest of JINR and of outside institutions 
to work together. The contribution to the · common effort of the 
universities and outside institutes was very valuable gain for all 
parts. 

In the 1970s, the Collaboration meetings were more important 
than they are today, when they can be replaced by video
conf erences. The most of them were organized in Dubna but not 
only there. The Collaboration met few times in Warsaw, Tbilisi, 
Prague, Budapest or at the Bulgarian sea cost. The atmosphere 
of meetings was usually very friendly. Nevertheless, there was 
some flavor of a competition. Every collaborating laboratory was 
supposed to measure collisions of beam particles, which were 
registered on the bubble chamber films, and with computers 
reconstruct them in the space. The results were sent to Dubna 
where the database was created for the further physical analysis. 
There was no fixed quota for laboratories. It was taken as granted 
that every of them worked as much as it was possible. This 
attitude was more encouraging than would be critical remarks or 
quotas. Laboratories always watched whether they work according 
to the Collaboration's expectations. Other information interesting 
for every laboratory was the quality of their work. This was 
discussed openly, but not as a criticism but rather in terms how 
to improve the work if there is a problem. 
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The Collaboration started to publish its results in 1972 and 
continued regular publications until 1989. This was its active 
period. Towards the end of this period, bubble chambers have 
been gradually replaced by new more efficient detectors. A step in 
this direction was the Magnetic Spark Spectrometer built under 
the supervision of A. A. Tyapkin from the Laboratory of Nuclear 
Problems. The new detectors are faster, can be triggered, have 
direct link to computers which can display recorded data in many 
sophisticated ways. But these displays are not so close to reality 
as were tracks in the bubble chambers. 

The bubble chambers now have gone but they are worth to be 
remembered, as are the people who worked with them. 



BOCIIOMHHAHHH OB· JITCI> 
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HaqHy c qHCT0 JIHqHbIX BneqaTJieHHH, K0T0pb1e xapaKTepH3YIOT 

Moe YJI.HBHTeJihH0 paHHee 3HaK0MCTB0 c 0IHil1. TioMHIO ToqHo: 

JieT0 1958 r.; 51 6b!JI 16-JieTHHM yqeHHK0M .n.ec51T0f0 KJiacca rHM

Ha3HH 513b!K0B: JiaTHHCK0f0, cppaHUY3CKoro, aHrJIHHCKOro H pyccK0-

ro. XoTeJI H3yqaTb B YHHBepcHTeTe poMaHHCTHKY, cppaHUY3CKYIO 

JIHTepaTypy. HecKOJlbKO pa3 cJiylliaJI B TO BpeM51 paJI.H0HHTepBblO 

HeMeUKHX <pH3HKOB, T0JlbK0 qTo npHexaBllIHX H3 0115111 H paccKa-

3b!BaBllIHX 0 CBOeH pa6oTe B o6JiaCTH aTOMHOH H 51.11.epHOH <pH3HKH, 

0 HayqHb!X ceMHHapax H nepBblX BneqaTJieHH51X. Tio.n. BJIH51HHeM 

3THX paccKa30B 06 0115111 Bb!6paJI B llIK0Jie TeMy coqHHeHH51 

<<ATOMHa51 3HeprH51 - 6Jiaro HJIH npoKJI51THe JI.JI51 qeJI0BeqecTBa>>, 

K0T0pa51 H ceroJI.H51 oqeHh aKTyaJibHa. HaqaJI qHTaTb cneuHaJibHYIO 

JIHTepaTypy no <pH3HKe. CKopo MHe CTaJI0 51CH0, qT0 xoqy H3yqaTb 

aT0MHYID H KBaHT0BYIO <pH3HKY B YHHBepcHTeTe H CTaTh <pH3HKOM. 

TipH 3T0M <pH3HKa KaK HayKa MeH51 cneuHaJibH0 He npHBJieKaJia 

C TQqKH 3peHH51 3KCnepHMeHTa HJIH MaTeMaTHKH - 6oJiee Ba:>KHOH 

Ka3aJiaCb B03M0:>KH0CTb 0C03HaTb e.n.HHYIO CB513b MHKp0MHpa C MaK

poMHp0M, n0H51Tb, C OJI.HOH CT0p0Hbl, 3ara.11.KH 3Be3JI. H K0CM0Ca 

Ha 0CH0Be <pH3HKH aT0M0B H 51.11.ep, a C .n.pyroH CT0p0Hbl, CHHTe3 

T51:>KeJihlX aT0M0B .n.aJibllie :>KeJie3a BO B3pbrnax CBepxH0Bb!X HJIH Ha 

3eMJie - B coy.n.apeHH51X 51JI.ep Ha ycK0pHTeJI51X. Bo3HHKJIO CHJlbH0e 

:>KeJiaHHe Kor.n.a-HH6YJI.b n03:>Ke pa6oTaTb B 0115111, npHH51Tb yqa

CTHe B ero HayqHoH pa6oTe. 

B yHHBepcHTeTe nepBOH no 3TOH TeMaTHKe MHe B pyKH nonaJia 

KHHra ,n.11. 5JIOXHHUeBa <<OCHOBbl KBaHTOBOH MeXaHHKH>>. TI03)Ke 

MHe npHllIJI0Cb qHTaTb yqe6HHKH JlaH.n.ay H JlH<pllIHUa 6e3 ne

peB0JI.a H .n.eHCTBHTeJibH0 y.n.aJI0Cb noJiyqHTb eJI.HHCTBeHH0e MeCT0 

JI.HnJI0MHHKa Ha Kacpe.n.pe «KBaHTOBa51 Te0pH51 noJI51 H qaCTHU» 

y npocpeccopa <l>paHKa KallIJiyHa B YHHBepcHTeTe HM. B. cpoH fyM-

60J1hJI.Ta B 5epJIHHe. KaK Bbl 3HaeTe, <l>. KallIJIYH 6hIJI 0JI.HHM H3 

nepBb!X HeMeUKHX <pH3HKOB-TeopeTHK0B, pa60TaBllIHX B ,lly6He B 

rpynne H. H. 5oroJ11060Ba. B TO BpeM51 cBoe ocH0BH0e HayqHoe 
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o6pa30BaHHe B o6JiaCTH KBaHTOB0H Te0pHH n0JI51 51 noJiyqHJI Ha 

ocHoBe npeBocxo.n.HoH KHHrH H. H. 5oroJ11060Ba H ,n. B. lllHpKoBa, 

K0Topa51 o6orttaJia CB0e BpeM51 Ha MH0f0 JieT. 

3Ha51 pycCKHH 513b!K, 51 CKOpo no3HaK0MHJIC51 co BCeMH .n.y6-

HeHCKHMH K0JIJieraMH <l>. KallIJiyHa, K0T0pbie nocema;m 5epJIHH: 

c H. H. 5orOJII060Bb!M, ,ll.11. 5JIOXHHUeBbIM, 5. M. TioHTeKOpBO, 

,n. B. lllHpKoBbIM, 51. A. CMopoJI.HHCKHM, B. A. Memep51KOBhIM. ,llBa 

pa3a 51 conp0B0:>KJI.aJI H. H. 5orOJII060Ba H ,n. 11. 5JIOXHHUeBa 

B HX noe3.n.KaX no HHCTHTyTaM H YHHBepCHTeTaM r,nP. CTaJI 

noqTH. npocpeCCHOHaJibHb!M 3KCKypc0B0JI.0M - 3HaT0K0M npyccKOH 

HCT0pHH npH noe3JI.Kax C .n.y6HeHCKHMH K0JIJieraMH B TioTCJI.aM. 

EcTeCTBeHHO, MHe X0TeJI0Ch cpa3y nocJie 3allJ,HTbl KaHJI.HJI.aT

CKOH JI.HCcepTaUHH B 1968 r. ocymecTBHTb CB0e CTapoe )KeJiaHHe -

pa6oTaTb B 0115111. Ho B 1969 r. 51 He Bb!Il0JIHHJI Tpe6yeMb!e B TO 

BpeM51 <<06lll,eCTBeHHbie nopyqeHH51>>, qT06bI noJiyqHTb pa3peilleHHe 

pa6oTaTh B ,lly6He. B 1971 r. M051 aHKeTa on51Tb 6hIJia 0TBeprttyTa. 

TI03TOMY 51 yllieJI B 1974 r. H3 YHHBepcHTeTa HM. B. <pOH fyM60JibJI.

Ta B 11<1>B3 B UoiiTeHe (ceroJI.H51 DESY), r.n.e npocpeccop KapJI 

JlaHHyc MHe cpa3y noo6emaJI, qTo qepe3 ro.n. 51 6y.n.y pa6oTaTh 

B 0115111: TaKHM o6pa30M, B 1975 r. ocymecTBHJiaCb BCe-TaKH 

M051 MeqTa pa60TaTb B JIT<I> 0115111. 51 BCn0MHHalO CBOH nepBblH 

JI.0KJiaJI. Ha YqeHOM C0BeTe O 6HJIOKaJibHOH 6030HH3aUHH KX,ll 

B 1976 r., Kor.n.a ,n.11. 5JIOXHHUeB, YBHJI.eB MeH51, o6b51BHJI: <<36epT 

B K0HUe K0HU0B npHexaJI>>. Tio3:>Ke OH noMor MHe np0JI.JIHTb pa6oTy 

B ,lly6He Ha n51Tb JieT - .11.0 1980 r. 

CB010 nepBooqepe.11.Hy10 3a.11.aqy 51 BHJI.eJI, K0HeqHo, B HayKe, 

B HHTepeCHbIX C0BMeCTHb!X pa60TaX C .n.y6HeHCKHMH K0JIJieraMH. 

C .n.pyroii CTOp0Hbl, KaK MOJIOJI.OH HeMeu, BHJI.eBllIHH PYHHbl BOHHbl 

B r epMaHHH H CoBeTcKoM Co103e H 3HaBllIHH HCT0pHqecKH 3a

J10:>KeHHh1e KYJihTYPHbie, HayqHbie H noJIHTHqecKHe CB513H Me:>KJI.Y 

HallIHMH CTpaHaMH, 51 C03HaTeJibH0 X0TeJI BMeCTe co CBOeH ce

MbeH CJI.eJiaTb K0HKpeTHb!e JIHqHble lliarH K H0B0MY c6JIH:>KeHHIO 

HeMeUKHX H pyccKHX JIIOJI.eH; OrJI51JI.bIBa51Cb Ha 30 JieT Ha3aJI., Mory 

CKa3aTb, qTo JI.eHCTBHTeJibHO JI.0CTHr CB0HX UeJieH. Te nepBble n51Tb 

JieT B JIT<l> ( 1975-1980) 6b!JIH He06b!KHOBeHHO nJI0JI.0TB0pHblMH H 

cqacTJIHBb!MH, H HallIH .n.py:>KeCKHe CB.H3H co MH0rHMH .n.y6HeHCKHMH 

CeMb51MH )KHBbl H ceroJI.H51. 

Tenepb HeCK0JlhK0 CJI0B 0 HayKe. 

11cKJIIOqHTeJibHO Ba:>KH0e BJIH51HHe Ha MOH HayqHb!e HHTepecbl 

B 0115111 HMeJIH pa6oTbl H. H. 5orOJII060Ba O CBepxnp0B0JI.HM0CTH H 

cn0HTaHH0M HapyilleHHH CHMMeTpHH H HX B03M0)KH0M npHMeHeHHH 
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B peJIHTHBHCTCKOH cpH3HKe t.JaCTHU. B paMKax KBapKOBbIX MO)l.eJieH.

Ot.JeHb Ba:>KHblM TaK:>Ke OKa3aJICH HHTepec .u. 11. 6JIOXllHU.eBa H ero 

KOJIJier r. B. EqrnMoBa, M. K. BoJIKOBa H B. H. TTepByrrrnHa K Hene

peHopMHpyeMhIM, HeJIOKaJibHblM TeopHHM nOJIH. Xoqy OTMeTHTb )I.Ba 

rnaBHhIX pe3yJihTaTa Hawero COTPY.ll.HHtieCTBa. Bo-nepBbIX, BMecTe 

C B. H. TTepByllIHHblM 6hIJI pa3pa60TaH H npHMeHeH MeTO)i. KOHTHHy

aJibHOfO. HHTerpaJia B 6H.TI0KaJibHbIX nOJIHX, '-ITO n03BOJIHJIO nocTpo~ 

HTb 3cpcpeKTHBHYID TeopHID CBH3aHHblX C HeJIOKaJibHblM B3aHMO)l.eH~ 

CTBHeM qacrnu. H3 KaJIH6poBOllHOH TeopHH. TaK, B 1976 r. noJiy

lJHJIH. )i.JIH KX.Zl 3cpq>eKTHBHOe )i.eHCTBHe Me30HHbIX noJieH, KOTopoe 

B npH6JIH:>KeHHH · CTaU.HOHapHOH TOllKH COBna)l.aeT c cyMMHpOBaHH

eM nJiaHapHb!X. )I.HarpaMM <PeHHMaHa npH 60JibllIHX N' KaK 6b!JIO 

npe.ll.JIO:>KeHo T'Xoq>TOM. Bo-BTOpbIX, B 1970-e rr. M. K. BoJIKOB H 

B. H. TTepByllIHH BeJIH B JIT<P HCCJie)I.OBaHHH KHpaJibHbIX Henepe

HOpMHpyeMbIX MO)i.eJieH Me30HOB H 6apHOHOB, pe3yJibTaTOM KOTO

pb!X HBHJiaCb HX HHTepecHaH KHHra <<CyiuecrneiIHO HeJIHHeHHbie 

KBaHTOBbie TeOpHH, )I.HilaMHtJeCKHe CHMMeTpHH H q>H3HKa Me30HOB>>. 

M. K. BomfoB. BCKOpe npHrJiaCHJI MeHH BKJlf?tIHTbCH B <<KHpaJibHYID 

HayKy>>, B pe3yJihTaTe qero HaM y)l.aJIOCb npHMeHHTb MeTO.ll. K0HTH

HyaJibHOro HHTerpa.ita )I.JIH KBapKOBbIX MO)l.eJieH rnna HaM6y-HoHa

Jla3HHHO H BbIBeCTH '.KHpaJibHbie JiarpaH:>KHaHbl CBH3aHHbIX Me30-

HOB c HeJioKa:11hHbIMH B3aHMO.ll.eifcTBHHMH rnna CKHpMa. CT032ke 

s 3TH HccJie)l.osaHHH BKJIIDtJHJICH X. PaifHxap.ll.T. 5I .ll.YMaID, 3TO 

6hIJIH )l.eHCTBHTeJibHO Ba:>KHbie pa60Tbl, KOTOpbie CTHMYJIHposaJIH 

)l.aJibHeHwee pa3BHTHe Q030HH3a~HH KBapKOBblX MO)l.eJieH H KX.U, 

a TaK:>Ke H3ytJeHHe cpa30Bb!X nepeXO)I.OB, BKJIIOllaH _ M0iiHYID U.BeTHyID ··.- - . '. 

csepxnpoBO)i.HMOCTb Ha OCHOBe )i.HKBapKOBbIX KOH)i.eHCaTOB. 

3asepwaH .3'JY 11aCTb, H XOTeJI 6bi . )I.06aBHTb 'eme HeCKOJibKO 

JIHllHbIX socnoMirnaHHH O .u. 11. 6JIOXHHU.eBe, KOTOpblH. MOJIO)l.b!M 

yqeHbIM, BKJiio'laH H MeHH, y)l.eJIHJI oco6oe BflHMaHHe. MHe· HpasH

JIOCb ero ·.ll.eMoKpaTH'-IHoe oTHorneHHe K COTPY.ll.HHKaM H oco6eHHO 

ero pa3HOCT0PQHHHe HHTepeCbl, .K0T0pbie 3aTparnBaJIH H nKHe 

sonpoCbI, KaK <<q>H3HKa H HCKYCCTB0>>, <<MaTeMaTHKa H q>HJIOCOq>HH>>. 

OH npHrnarnaJI MeHH HeCKOJibK0 pa3 K ce6e )i.OMOH, noKa3bIBaJI CB0H 

KapTHHbl, )i.HCKYTHp0BaJI no pa3Hb!M sonpocaM q>H3HKH, q>HJIOCOq>HH 

H peKOMeH)I.OBaJI MHe HHTepeCHbie KHHfH, HanpHMep, <<MacTep H 

MaprapHTa>> 6yJiraKOBa, (< 1984>> Opy3JIJia H cneu.Hq>HtieCKYID KHH

ry <<KpacHbIH aT0M>> nepBoro HeMeu.Koro BHU.e-.ll.HpeKTopa 0115!11 

r. 6apBHXa, npH 3T0M CKa3aJI C XHTpOH YJibi6KOH: (<6apBHX HHr)i.e 

B 3TOH KHHre He ttanHcaJI nJIOX0 060 MHe H 0115!11>>'. 

_1-j~ 
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Bo BTopoH 'laCTH M0HX BOCilOMHHaHHH H xoqy KOe-'IT0 CKa-

3aTb 0 pa6oTe B Te'leHHe Tpex JieT B )i.0Jl)KH0CTH BHU.e-)1.HpeKTOpa 

0115111, c 1989 no 1992 r. B TO BpeMH s f.UP HCKaJIH KaH)I.H)i.aTa 

Ha 3T0T nocT H npe)I.JI0)KHJIH MeHH. Ka:>KeTCH, JIID6HT TeopeTHK0B 

B u.eHTpaJibHOH .ll.HpeKU.HH. 

TTepe.ll. 0Tbe3.ll.0M H3 6epJIHHa H ryJIHJI c :>KeHoif f H3eJioi% He)l.aJie

K0 OT 6epJIHHCKOH CTeHbl H cnpoCHJI: <<KOr)l.a :>Ke 3Ta CTeHa HCtJe3-

HeT? Mo:>KeT 6bITh, 3T0 ysH)I.HT TOJibK0 HarnH BHYKH?>> HecKOJibKO 

MeCHU.eB cnycrn, 10 HOH6pH 1989 r., H CH)i.eJI YTP0M Ha 3aCe)l.aHHH 

.ll.HpeKT0p0B, H .ll.HpeKTOp .u. KHw MHe THX0 coo6ILI.HJI: <<B 3TY 

H0'lb s 6epJIHHe 0TKpbIJiacb CTeHa>>. BHa'laJie H .ll.YMaJI, tJT0 3T0 

lJT0-T0 spo)l.e anpeJibCKOH llIYTKH, HO 6b!JI HOH6pb, a He anpeJib. 

3To co6hITHe H ero nocJie)I.CTBHH HMeJIH pewa10mee 3Ha'leHHe .ll.JIH 

pa60Tbl .ll.HpeKU.HH. HHKTO H3 Hae He npe)I.BH)i.eJI, KaKoe KpHTH

qecKoe H qpe3BblllaHHO CJIO)KHOe BpeMH 0:>KH)i.aJio Hae. B llHCJie 

nepBbIX 3TO noqyscrnosaJIH yqeHbie H3 f ,ZlP. B K0HU.e 1989 H 

HatJaJie 1990 r. y H0BOro npaBHTeJibCTBa H MHOrHX HeMeU.KHX yqe

Hb!X B03HHKJIH cepbe3Hble HaMepeHHH Bb!HTH H3 C0CTasa 0115111. 

5I CH)i.eJI nocJie Po:>K)i.eCTBa .ll.0Ma H nHCaJI MeMopaH.ll.YM Ha ceMb 

CTpaHHU. 0 He06XO)I.HMOCTH )i.JIH f.UP 0CTaTbCH B 0115111. O6pa

THJICH c npoch6oii K HosoMy MHHHCTPY HayKH H TeXHHKH cpotIH0 

npHHHTb MeHH YTP0M 3 HHBapH 1990 r. nepe)I. BbIJieT0M s MoCKsy. 

BpytIHJI eMy 3T0T )I.0KyMeHT H npH 3T0M BblCKa3aJICH KaTeropH'IeCKH 

np0THB 3anJiaHHpoBaHH0ro Bb!XO)l.a H3 0115111. B pe3yJihTaTe MeHH 

HCKJIID'IHJIH H3 )i.eJierau.HH, BbIJieTaBrneH Ha neper0B0pbl B MoCKBy. 

Ho Ha neperoBopax B MocKBe, CJiasa Bory, Hawa )l.eJierau.HH He 

o6bHBHJia 0 Bb!X0)l.e. He HCKJIID'leH0, 'ITO Bb!X0)i. B TOT M0MeHT 

npHBeJI 6bi K u.enHOH peaKU.HH co CTOp0Hbl .ll.pyrnx CTpaH-y'laCTHHU., 

KaK MeHH npe)l.ynpe)I.HJIH npe)I.CTaBHTeJIH TTOJibllIH H l.JexocJIOBaKHH. 

TaK f .ZlP .ll.0 KOHLI.a ee cymecrnoBaHHH ocTaJiacb s 'IHcJie rocy.ll.ap

crn-qJieHos 0115111, H cppf c M0MeHTa o6be)i.HHeHHH 3 OKTH6pH 

1990 r. B3HJia Ha ce6H Me:>K)l.yHap0)I.Hbie o65I3aTeJibCTBa f ,ZlP. 3TO 

B TO speMH 6hIJia MOH rJiaBHaH u.eJib: )i.eHCTBOBaTb TaK, 'IT06bi B 

TOT KpHTH'leCKHH M0MeHT MH0f0JieTHHe Hay'IHbie H qeJI0Be'leCKHe 

CBH3H Me:>K.ll.Y 0115111, PoccHeH H fepMaHHeH He npepbIBaJIHCb, 

'IT06bI coxpaHHJI0Cb )I.0BepHe Me:>K.ll.Y HallIHMH CTpaHaMH. B HIOJie 

1991 r. 6b!JI no)l.nHcaH .ll.BYCT0p0HHHH )I.0rosop Me:>K.ll.Y 0115!11 H 

MHHHCTepcTBOM HayKH H TeXH0JIOrHH ¢Pf, )l.aBaBWHH HeMeU.KHM 

ytJeHblM B03M0:>KH0CTb )l.aJibHeHllieH pa6oTbl B 0115111. 

5J C'laCTJIHB, 'ITO, HeCM0TpH Ha Bee 3Hf3arH H He0:>KH)l.aHHbie no

B0p0Tbl, C K0T0pblMH H CT0JIKHYJICH B nepH0)i. MOeH K0MaH)I.Hp0BKH 
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B O11.5U1, 5I oKa3aJIC5I B sepHbIH, pewaIOill.I1H MOMeHT Ha Ba)KHOM 
noCTy BHUe-.n.HpeKTopa Ol15U1 H cMor BHeCTH onpe.n.eJieHHbIH BKJia.n. 
B coxpaHeHHe Hawero coTpy.D.HH9eCTBa. 

KoHe9HO, MHe TaK)Ke Ka3aJIOCb Heo6XO)].HMbIM npe.n.npHHHMaTb 
KOHKpeTHbie warn )],Jl5I paclllHpeHH5I Hay9Hb!X KOHTaKTOB Me)K.D.Y 
JIT<t> H TeopeTHKaMH f epMaHHH. TaK B03HHKJia H)],e5I opraHH30BaTb 
B ,lly6He pa6o9He cosew.aHH5I (KOHTaKT-MHTHHrH) C yqaCTHeM se
.D.Yill.HX HeMeUKHX TeopeTHKOB s o6JiaCTH KBaHTOBOH TeopHH nOJI5I, 
<pH3HKH qaCTHU, <pH3HKH 51)].pa H KOH)],eHCHpOBaHHb!X cpe.n.. ,llJI5I 
3TOH ueJIH 5I BeJI neperosopbl B pa3JIH9Hb!X HayqHbIX ueHTpax 
fepMaHHH, B HHCTHTyTaX HM. MaKca TTJiaHKa H YHHBepCHTeTaX. 
B KOHUe KOHUOB s MHHHCTepcrne s 5oHHe 6b!JIO BbI)],eJieHO 50 000 
MapoK, 9T06bi cpHHaHCHpoBaTb npHe3)]. H npe6bIBaHHe 50 HeMeUKHX 
TeopeTHKOB )].JI5I yqacTH5I B KOHTaKT-MHTI-IHrax B JIT<t>. TaKHM 
o6pa3oM 6bIJI .n.aH <<3eJieHhIH cseT>> 3TOMY npoeKTY, H BMecTe c ,D.H
peKTopoM B. r. Ka)].blllleBCKHM H TeopernKaMH JIT<t> 6bIJIH no.n.ro
TOBJieHbl HayqHbie nporpaMMbl 3THX coseru.aHHH. KaK Bbl 3HaeTe, 
OHH npOillJIH C 60JiblllHM ycnexoM, H B pe3yJihTaTe B03HHK o6ru.ett3-
BeCTHblH ceti:qac npoeKT <<feti:3eH6epr-JlaH.n.ay,>. 

--- (j. I-:;-

WHEN I THINK ABOUT DUBNA: 
MEMORIES OVER 40 YEARS 

W Greiner 

I came first to Dubna in 1966. In Germany we had already 
founded the <<Arbeitsgemeinschaft Hessischer Kernphysiker,> 
in which Rudolf Bock, Peter Brix, Erwin Schopper, Wilhelm 
Walcher and I were proposing the construction of a Joint 
University Laboratory for Heavy Ion Physics. I dreamed of 
superheavy elements, of nuclear molecules, of spontaneous 
positron emission in supercritical electric fields, and all the 
novel and very fundamental QED-processes, of Coulomb fission, 
Coulomb excitation to very high angular momentum states and 
even of heavy ion tumour therapy. Christoph Schmelzer had 
proposed the UNILAC accelerator. This laboratory was approved 
by the German Government in 1969 and it became GSI! 

I was extremely eager to come to Dubna to see and talk 
to Georgii Nikolaevich Flerov and his collaborators. It was 
fascinating to see the dedication of this great scientist, sitting at 
the long table in his office; Yuri Oganessian sitting beside him. 
Somehow I knew then - a deep feeling inside of me indicated 
this - that I might have many visits to Dubna and collaborations 
with Russian physicists in future. Indeed Yuri Oganessian, Mikhail 
Itkis, Valery Zagrebaev, ... , Gurgen Ter-Akopian, Sergey Dmitriev 
and others became colleagues with whom I worked intensively in 
later years. 

During the very early 70-ties, I had the idea to create nuclear 
shock waves in high energy nucleus-nucleus collisions. My 
colleague Erwin Schopper wanted to proof this special collective 
motion of nuclear matter (later this was called nuclear flow) in 
such encounters. The only <<heavy ions,> at high energy available 
at this time were a particles at the Synchrophasotron at Dubna 
with a energies up to 2 GeV /nucleon. Erwin Schopper brought his 
AgCl-detectors to Dubna - Dr. Tolstov helped him - and indeed, 
they found the indication of flow, but in a crude way. Several years 
later, Hans Gutbrod and Reinhard Stock had developed under the 
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foresight of Rudolf Bock the Plastic Ball, which at the Berkeley 
Bevalac brought out clearly the flow and - thus - the predicted 
shock waves. 

Nowadays, this field has developed into a great enterprise, 
because through such high compression and heating through and 
within the created in shock waves, one strives for the quark-gluon 
plasma. 

My binding to Dubna became stronger and stronger. We had 
developed the Two-Centre-Shell-Model (TCSM) in Frankfurt. This 
was in the early seventieth and we calculated with the TCSM the 
potential energy surfaces, found the <<Cold valleys,> due to shell 
effects which led us to the prediction of cold fusion and to a good 
understanding of fusion-fission processes. Symmetric, asymmetric 
and in particular superasymmetric fission was predicted. It was 
Mikhail Itkis who discovered this first - at that time he was still 
in Alma-Ata, but I met him at a meeting in Bad Aussig near 
Dresden. 

Very recently Friedrich Gu.nnenwein (Tilbingen) found the 
superasymmetric fission for many Actinide nuclei. 

Valery Zagrebaev and his colleagues have brought the Two
Centre-Shell-Model into a most wonderful form. He became a very 
good friend and we are working nowadays very closely together. 
We are exchanging young collaborators and students and are 
seeing each other regularly. 

Upon reflection, A. Sandulescu and D. Poenaru (both from 
Bucharest, but working at Dubna) enter my mind. I met them 
also in Dubna, where Sandulescu has been a Vice-Director for 
some time. By looking at cold valleys in the potential surfaces we 
found very narrow valleys for very large asymmetric break-ups 
of heavy nuclei. This led us to predict cluster radioactivity. In 
fact, even o: decay we could describe as a fission process. Cluster 
radioactivity was explored in Oxford (H. Rose and G. Jones) and 
in particular also in Dubna and at Kurchatov Institute (A. Oglobin 
and S. Tretyakova}, and in many laboratories world-wide. But the 
principal excitement came always with the superheavy elements, 
which are now discovered up to Z = 118 by the Dubna physicists 
under the leadership of Yuri Oganessian. He supplemented and 
checked with the 48Ca-beam properties of the superheavies which 
Sigurd Hofmann discovered at GSI ( elements Z = 106-112) and 
went far beyond ( elements 113-118). This is great physics of world 
class! Also the chemistry of the new elements discovered here 
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and the ordering of the new elements within the Periodic System 
agree quite well with what my former student Burkhard Fricke 
and I predicted with Dirac-Hartree-Fock calculations in the early 
seventies. It is just fantastic to see what Sergey Dmitriev, Robert 
Eichler and their fellows have achieved! · 

We are not yet at an end: More neutrons have to be brought 
into the fused new elements. According to theory, such more 
neutron-rich nuclei should live much longer, some even thousands 
of years. The challenge will be to achieve this. V. Zagrebaev 
and I proposed various possibilities: The collision of very heavy 
nuclei like U + Cm of high energy may lead to <<nuclear rain>> 
into very neutron-rich superheavy and, of course, also to other 
<<ordinary,> nuclei far outside the neutron dripline. Perhaps one 
of my most fascinating dreams is the extension of the Periodic 
System into the strangeness sector (hypernuclei with multiple 
strangeness) and the production of antinuclei. The production of 
antihelium, or anticarbon or even antioxygen, etc., will be a very 
great spectacle. I see this on the horizon. This will request that 
the Synchrophasotron will have to be modernized and brought into 
action for just such physics. Dubna should not repeat what RHIC 
at Brookhaven and the LHC accelerator at CERN are doing, but 
follow own, original ways! 



KAK Mbl HCKAJIH MOHOTIOJih JlHPAKA 

H. PyJ1CuttKa 

IlocBRU{aemcR naMRmu coaBmopoB aKcnepu

MeHma <,floucK MOHonoAR /l.upaKa», Komo

pbtX yJ/Ce Hem C HaMU 

B nepBb!H pas H npHeXaJI B O6be,AHHeHHblH HHCTHTYT .H,n:ep

Hb!X HCCJie,n:oBaHHH B ,lly6He 3 OKT.H6pH 1969 r. cpasy )Ke no

CJie OKOHLJ3HH.fl Bb!CIIIero yqe6Horo 3aBe,n:eHH.fl - YHHBepcHTeTa 

HM • .H. KoMeHCKOro B EpaTHCJiaBe, Katj)e,n:pbl .H,n:epHOH q)H3HKH cpa

KYJibTeTa ecTecTBeHHblX HayK. HaqaJI CBOIO pa6oTy, cpOKOM Ha ,n:Ba 

ro,n:a, B rpynne BaJieHTHHa TTeTpOBHLJa 3peJIOBa, c KOTOpb!M B TO 

BpeM.fl y2Ke pa6oTaJIH HeCKOJibKO KOJIJier c Katj)e,n:pbl EparncJiaB

CKoro YHHBepcHTeTa (TTeTep TTaBJIOBHLJ, TTaBeJI lllyJieK, Py,n:oJibql 

.HHHK, ,llyrnaH KoJIJiap). TTpoIIIJIO 6oJiee 40 JieT, o,n:HaKo u.eJibIH 

nepHOA MOeH aKTHBHOH )KH3HH C Toro BpeMeHH 6hIJI TeCHO CB.fl33H 

c pa60TOH B O11.Hl1: Te nepBbie ,n:Ba ro,n:a BblJIHJIHCb B 20 JieT, 

KOTOpbie H npo2KHJI B ,lly6He. 

9KcnepHMeHT <<TTOHCK MOHOilOJI.fl ,llHpaKa>> 6hIJI nepBb!M 3KC

nepHMeHTOM, B KOTOpOM .fl yqaCTBOBaJI K3K cneu.HaJIHCT, KOTOpb!H 

TOJibKO LJTO 33KOHLJHJI yqe6Hoe 3aBe,n:eHHe. 11 3TO 6hIJI caMb!H Kpa

CHBb!H 3KCnepHMeHT H3 BCex 3KCnepHMeHTOB, B KOTOpb!X .fl HMeJI 

B03M02KHOCTb npHH.f!Tb yqacTHe KaK q)H3HK 33 Bee BpeMH MOeH 

pa60Tbl He TOJibKO B ,lly6He, HO H B ,n:pyrnx HCCJie,AoBaTeJibCKHX 

HHCTHTyTaX Bcero MHpa. 
Bo BpeMH Moero nepBoro npHes,n:a B O6be,n:HHeHHhIH HHCTHTYT 

.H,n:epHb!X HCCJie,AOB3HHH B ,lly6He B ,n:pyroM HHCTHTyTe - 11HCTHTY

Te q)H3HKH Bb!COKHX 3HeprHH B TTpoTBHHO - HaLJaJI pa60T3Tb caMh!H 

60JibillOH ycKopHTeJib B MHpe - npOTOHHblH CHHXpoTpOH C 3Heprn

eft 72 r 3B. PeaJIH3aU.HH 3KcnepHMeHTa <,TToHcK MoHonoJIH ,llHpaKa>> 

B TO BpeM.fl 6bIJia B03MO)KH3 TOJibKO IlOTOMY, LJTO 3KCnepHMeHT3Jib

Ha.fl annapaTypa 6b1Jia paspa6oTaHa TaKHM o6pasoM, LJTO nosBOJIHJia 

npoBeCTH 3TOT 3KcnepHMeHT Henocpe,n:cTBeHHO B ycKOpHTeJibHOM 

KaHaJie CHHxpoTpoHa, ew,e B npou.ecce ycKopeHHH, cpasy 2Ke nocJie 

,[{OCTH2KeHH.fl M3KCHM3JlbHOH 3HeprHH 6e3 Heo6xo,n:HMOCTH Bb!BO-

rj. ;-;:;-
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,[{HTb ycKopeHHb!H nyLJOK npOTOHOB H3 YCKOpHTeJI.fl B 3KcnepHMeH

T3JlbHb!H saJI. TTo3TOMY 3KcnepHMeHT <<TToHCK MOHonoJIH ,llHpaKa>> 

6b!JI O,AHHM H3 nepBb!X 3KcnepHMeHTOB, KOTOpbie npoBO,[{HJIHCb Ha 

3TOM HOBOM ycKopHTeJie. 

Pa6oTa Ha BHyTpeHHeM nyLJKe npe,n:bHBJI.HJia OLJeHb BbICOKHe 

Tpe6oBaHH.fl K 3KCnepHMeHT3JlbHOH annapaType. TTpHBe,n:y TOJibKO 

HeKOTOpbie H3 HHX. Db!JIO Heo6xo,n:HMO B np.HMOM CMbICJie <<paso-

6paTb>> ycKOpHTeJib - BhI6paTb LJ3CTb BaKyyMHOH Tpy6KH (npH6JIH-

3HTeJibHO 4 M) H B KOJibU.O ycKopHTeJI.fl BBeCTH Harny annapaTypy. 

Bo BpeM.fl 3KCnepHMeHTa B HaIIIeH LJaCTH annapaTypbl He AOJI)KHO 

6b!JIO npOH30HTH HapyrneHH.fl BaKyyMa, HHaqe nocJie,n:CTBH.fl ,[{JI.fl 

ycKOpHTeJI.fl MOrJIH 6hITb KaTaCTpOqlHLJeCKHMH. TTpH caMOM ycKope

HHH npOTOHbl MHOfO pas npoxo,n:HJIH H qepes Harny annapaTypy, H, 

noKa OHH He ,[{OCTHrJIH IlOJIHOH 3HeprHH, Harna BHyTpeHH.fl.fl MHIIIeHb 

He MOrJia H3XO,AHTbC.fl B BaKyyMe YCKOpHTeJibHOH Tpy6KH, HHaLJe 

npou.ecc ycKopeHH.fl 6hIJI 6hI HapyrneH H 6b!JIO 6bl HeB03MO)KH0 

AOCTHLJb IlOJIHOH 3HeprnH. ,llJI.fl Hae 3TO 03HaLJaJIO 3H3LJHTeJibHb!e 

TeXHHLJeCKHe TPYAHOCTH: cneu.HaJibHYIO MHilleHh H3 KpeMHHeBoro 

CTeKJia M3CCOH npH6JIH3HTeJihHO 250 r 6b!JJO Heo6xo,n:HMO BBO,AHTb 

npHMO B BaKyyM ycKOpHTeJibHOH Tpy6KH, npHLJeM CHHXpOHHO c U.HK

JiaMH ycKopeHH.fl H TOJibKO Ha KQpOTKHH nepHOA, BO BpeM.fl KOTOporo 

npoTOHhI, nocJie ,n:ocTH2KeHHH cBoeft MaKcHMaJibHOH 3Heprnif, npo

JieTaJIH B KOJibU.e ycKopHTeJI.H. 113-33 Bb!COKOro tj)oHa B6JIH3H KOJibl.1.3 

ycKOpHTeJI.fl npe,n:b.HBJI.flJIHCb orpOMHble Tpe6oBaHH.fl K 3JieKTpOHHKe. 

TTpH 3TOM H,n:eH 3KcnepttMeHTa, aBTopoM KOTopoft 6b!JI BaJieHTHH 

TTeTpoBHLJ 3peJIOB, 6b1Jia oLJeHb npocTaH. MarttHTHhIH MoHonoJih, 

TaK H33bIBaeMb!H MOHOilOJib ,llHpaKa, o6pasyIOW.HHC.fl npH CTOJIKHO

BeHHH npoTOHOB C MHilleHb!O, BO BpeM.fl CBOero npoJieTa B MHilleHH 

,[{OJI)KeH HcnycKaTb H3JiyLJeHHe BaBHJIOBa-lJepeHKOBa (11BlJ). Co

rnacHO TeopHH 3TO H3JiyLJeHHe pa;i:HK3JlbHO OTJIHLJaeTC.fl OT 11BlJ 

o6hILJHb!X 3JieKTPHLJeCKH sapH2KeHHb!X LJ3CTHU. npe2K,n:e Bcero CBOeH 

HHTeHCHBHOCTb!O (oHa 6oJiee qeM B 4000 pas 6oJiee Bb!COKaH), 

noJIHpHsau.HeH (opHeHTaU.HH 3JieKTPHLJecKoro BeKTopa pasBepHyTa 

Ha 90°) H BpeMeHeM 3MHCCHH H3JiyLJeHH.fl (npe,n:noJiaraJiaCb B03-

MO)KHOCTb B03HHKHOBeHH.fl H HecTa6HJibHb!X MafHHTHb!X MOHOno

JieH). PerncTpaU.H.fl H3JiyLJeHH.fl BaBHJIOBa-lJepeHKOBa npOH3BO,AH

JI3Cb B cneu.HaJibHb!X qepeHKOBCKHX ,n:eTeKTopax (Hx 6bIJIO 8), rJiaB

HOH sa,n:aqeft KOTOpb!X 6b!JIO OTJIHLJHTb 11BlJ, HcnycKaeMoe Mar

HHTHb!M MOHOilOJieM, OT H3JiyLJeHH.fl, HCnycKaeMoro 3JieKTpHLJeCKH 

sapH2KeHHb!MH npoTOHaMH OCHOBHOro nyLJKa HJIH ,n:pyrnMH 3JieKTpH

LJeCKH sap.H2KeHHb!MH qac1HU.3MH, KOTOpb!e B03HHK3JIH B pesyJihTaTe 

8 OHHH - 55 neT 
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CTOJIKHOBemrn: npoTOHOB C 3HeprneH 70 r 3B C aTOMaMH MHl.lleHH. 

B CJIO)KHb!X ycJIOBHHX 3KCnepHMeHTa, OTIHCaHHb!X Bbil.lle, 3TO 6bIJIO 

HenpocToH 3aAaGeH. HecMoTpH Ha see TeXHHGeCKHe TPYAHOCTH, 

3KCnepHMeHT yAaJIOCb nposeCTH. BbICOKaH 3HeprnH BHyTpeHHero 
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OCHOBHoro ny4Ka H MHOroKpaTHOe npoXO)KAeHHe ny4Ka qepe3 MH-

1.lleHb no3BOJIHJIH noJiy4HTb KOHe4HbIH pe3yJibTaT - rpaHHUY AeH

cTsy10mero pa3pe3a, B KOTOpOM npH AaHHOH 3HeprnH MarHHTHbie 

MOHOTIOJIH He 6bIJIH o6Hapy)KeHbl Ha yposHe 10-41 CM2 . B TO speMH 

3TO 6b!JIO MHpOBb!M peKOPAOM (AJIH HecTa6HJibHb!X MOHOTIOJieH 3TOT 

peKOPA He npeB30HAeH AO HaCTOHlll.erO speMeHH). 

Ha cpoTOrpacpHH, KOTopaH y)Ke CTaJia KJiaCCH4eCKOH, MO)KHO 

BHAeTb rJiaBHYIO 4aCTb annapaTypbl 3KCnepHMeHTa <<TIOHCK MOHO

TIOJIH ,lI.11paKa>> H yqacTHHKOB 3Toro 3KcnepHMeHTa. CHH3Y ssepx: 

JI10611ua KoJIJiaposa, BaJieHTHH TieTpOBH4 3peJios, TieTep TiasJio

BH4, PyAOJib<p HHHK, ,lI.yl.llaH KoJIJiap, M11xaHJI illa6al.llos, BHKTop 

TieTpOBH4 JiynHJibUeB, BJiaAHMHp Col.lIHHKOB (asTOp 3TOH CTaTbH 

s TO speMH, KOrAa 6bIJia CAeJiaHa cpoTOrpacpHH, 6b!JI OTnpasJieH 

H3 TipOTBHHO B KOMaHAHPOBKY B .LI.y6Hy, nporns qero COBCeM He 

BO3pa)KaJI, TIOCKOJibKY TOJibKO OH 3HaJI, 4TO TOrAa B .lI.y6Hy AOJI)KHa 

6b1Jia np11exaTb ero 6yAymaH cynpyra BaJieHrnHa) . 

BMeCTe C BO3MO)KHOCTb!O pa6oTaTb Ha caMOM 60Jibl.lIOM ycKO

pHTeJie s MHpe, nposecTH yHHKaJihHbIH 3KcnepHMeHT <,TioHcK MO

HOTIOJIH .lI.HpaKa>> pa6oTa B 0115111, CBH3aHHaH C AOJirocpO4Hb!M 

npe6bIBaHHeM B .lI.y6He, AaJia asTOpy HaMHOro 60Jibl.lle, 4eM TOJibKO 

BOCTIOMHHaHHH . .lI.oKa3aTeJibCTBOM MO)KeT CJIY)KHTb BTOpaH cpoTO

rpacpHH, CAeJiaHHaH s 1973 r . , BO speMH CBaAb6bI s .lI.y6He. Ha 

cpoTOrpacpHH, KpOMe MOJIOAO)KeHOB, 3aneqarneH H CBHAeTeJib Ha 

CBaAh6e TieTep TiaBJIOBH4. 

s• 
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OnbIT, npHo6peTeHHbIH BO BpeMH pa6oTbI aBTopa 3TOH CTaTbH, 
a TaKMe ,npyrnx CJIOBalI,KHX COTPYAHHKOB B 0115111, B HaCTOHIUee 
BpeMH B 60JibllIOH CTeneHH nepeHOCHTCH B CJioBaKHIO, npeM,ne 
BCero npH peaJIH3alI,HH caMoro 60JibllIOfO npoeKTa, KOTOpbIH 6bIJI sa 
BCIO HCTopHIO cTpaHhI, - npoeKTa UHKJIOTpOHHoro u,eHTpa CJioBau,
KOH Pecny6JIHKH. fJiaBHbIM H,neoJioroM pa6oT H TeXHOJIOrHH 3TO
ro KOMOJieKca, npe,nHa3HaqeHHOro ,!I.JIH npHMeHeHHH ycKOpHTeJieH 
B 3KOH0MHKe CJioBaU,KOH Pecny6JIHKH, HBJIHeTCH O6be,!I.HHeHHbIH 

HHCTHTYT si,nepHbIX HCCJie,noBaHHH B ,ll,y6He. 
CocTaBHOH qacThIO UHKJIOTpOHHoro u,eHTpa CJioBaU.KOH Pec

ny6JIHKH HBJIHeTCH TipoTOHHbIH TepaneBTHqecKHH KOMnJieKc B UeH
TpaJihHOM BoeHHOM rocnHTaJie B r. PyMoM6epoK B Cpe,nHefi CJio
BaKHH. KoMnJieKC npe,nHa3HaqeH ,!I.JIH JieqeHHH npoTOHaMH OHKO
JIOrHqecKHX sa6oJieBaHHH. YcKopHTeJih - npoTOHHbIH CHHxpoTpoH 
c 3Heprneti 330 M3B - C!(Opo 6y,neT BBe,neH B 3KcnJiyarnu,HIO 
(AJIH HCCJie,!I.0BaTeJibCKHX u,eJieH). Ha 3T0M ycKopHTeJie, BepoHTHee 
Bcero, He 6y,neT B03MOMHOCTH npOBO,!I.HTb 3KCnepHMeHTbl, CBH3aH
Hbie c IlOHCKOM MOHOilOJIH ,ll,HpaKa, HO aBTOp rny6oKO BepHT, qTO 
3KcnepHMeHTbl C H3JiyqeHHeM BaBHJIOBa-4epeHKOBa, KOTOpb!M OH 
riocBHTHJI BCIO CBOIO )KH3Hb H, B qacTHOCTH, fO,!I.bl pa60Tbl B ,ll,y6He, 

6y,neT B03M0MHO npoB0,!I.HTb yMe ,!I.OMa, B CJIOBaKHH. 
,ll,aJIO JIH COTPYAHHqecTBO c 0115111 B ,ll,y6He ,!I.JIH CJioBaKHH 

MHOfO HJIH MaJIO, nycTb cy,nHT caM qHTaTeJib. 
14 cpeBpaJI.H 2010 r. 

MHOfHE fO,Ll;hl - C OHHH 

H. M. lllyMeuKo 

fo)l; 1964-u:. 3HaKOMCTBO 

0 MeM,nyHapo,nHOM si,nepHOM HHCTHTyTe B ,ll,y6He si ysHaJI 
B 1962 r., 6y,nyqH CTy,neHTOM 2-ro Kypca q>H3HqeCKoro cpaKyJib
TeTa 5eJiopyccKoro rocy,napcTBeHHoro yHHBepCHTeTa B MHHCKe 
H saHHMaHcb B KPYMKe si,nepHofi q>H3HKH npH o,nH0HMeHHOH · Ka
cpe,npe, cos,naHHoti B 1961 r. 3aBe,noBaJI Kacpe,npoti ee ocHoBaTeJih 
A. H. TIHcapeBCKHH, npHexaBUIHH H3 JleHHHrpaJJ.a, a BeJI KpyMoK 
11. 3. ¢HUiep, TaJiaHTJIHBb!H MOJIO)].OH npocpeccop, CTaBllIHH MOHM 
HayqHbIM pyKOBOJJ.HTeJieM nocJie Moero pacnpeJJ.eJieHHH Ha Ka
cpeJJ.py B KOHU,e 2-ro Kypca. ,ll,eJia y MeHH c HHM llIJIH BeCbMa 
ycneUIHO, HO B HaqaJie 4cro Kypca 11. 3. ¢HUiep C006IUHJI, qTQ 
BCKope OH nepee)].eT H3 MHHCKa H noo6emaJI nosa6oTHTbCH o 
Moeti JJ.aJibHeti:Uieti cy,nh6e. BcKope H 6b1JI npHrnaUieH Ha 6ece
JJ.Y K A.H. TIHcapeBcKoMy, H AJieKcaHJJ.P HHKOJiaeBHq npeJJ.JIOMHJI 
MHe npo,noJIMHTb yqe6y (nocJie C)].aqH 3HMHeti ceCCHH) B q>H
JIHaJie Hl11151<P MfY HM. M. B. JloMOHocoBa B ,ll,y6He, c JJ.H
peKTopoM KOTOporo, IO. H. Jio6aHOBbIM, OH 6bIJI xopOllIO 3HaKOM. 
,ll,yMaJI H He)].OJiro, XOTH B 3TO Me BpeMH KaK OJJ.HH H3 Jiyq
llIHX CTy)].eHTOB noJiyqHJI npe)].JIO)KeHHe OT )].eKaHa cpaKyJibTeTa no
exaTb JJ.JIH saBepUieHHH yqe6bI B f,ll,P, B 5epJIHHCKHH YHHBepcHTeT 
HM. B. q>OH fyM60Jib)].Ta. To, qTo MOMHO 6yJJ.eT yqHTbCH B 3HaMeHH
TOM MfY, )].a eme Ha 6ase 6bICTpo CTaBUiero 3HaMeHHTbIM 0115111, 
nepeBeCHJIO )].JIH MeHH Bee B03MOMHbie npeHMyIUeCTBa o6yqeHHH sa 
rpaHHu,eti. 

11 ·BoT 7 cpeBpaJIH 1964 r., COHJJ.H YTPOM c noes)].a B He3HaKOMOH 
MocKBe H npeo)].0JieB 3a 5 py6JieH C <<yqacTJIHBbIM>> TaKCHCTOM 
,Li.JIHHHbIH, noJiyTopaqacoBOH nyTb OT 5eJiopyccKoro BOK3aJia JJ.O 
CaBeJIOBCKoro, Ha nocJieJJ.Hefi 3JieKTpHqKe K HOqH H npHexaJI B 
,ll,y6Hy. Mopos, nypra. K cqacTbIO, JJ.o6pbIH nonyTqHK, BbIUieJJ.UIHH 
Ha 5oJibllIOH BoJire, nopeKOMeH)].OBaJI MHe. He IlbITaTbCH HOqbIO 
HCKaTb cqacTbH y BaxTepa Ha He3HaKOMOH yJI. JleHHHrpaJJ.CKOH, 
)].. 14, a HaHTH (no HaqepqeHHOH HM cxeMe) npHIOT JJ.O yTpa B HOBOH 



230 Me)KJJ:y_HapO.D:HOe corpy.D:Hl1'IeCTBO 

rocTHHHU.e OIUII1 Ha yJ1.. BeKcJiepa. BbICJiyIIIaB MOH o6b5ICHeHHfl, 

a CKOpee, H3 coqyBCTBHfl K ,D,po2KameMy OT XOJIO,D,a IOHOMY HOqHOMY 

rOCTIO, ,D,e2KypHafl B rocTHHHU.e ,D,aJia ,D,06po, B BH,D,e HCKJIIOqeHHfl 

6e3 3aflBKH, Ha MOe noceJieHHe, npe,D,OCTaBHB MHe e,D,HHCTBeHHO 

CB060,D,Hb!H, no ee CJIOBaM, HOMep JIIOKC 3a 3 py6Jifl. KcTaTH, Ky

pbe3, HO 3TO 6b!JI MOH nepBblH H ,D,O CHX nop e,D,HHCTBeHHblH CJiyqaH 

npo2KHBaHHfl B JIIOKCe rocTHHHU.bl <<.LJ.y6Ha>>. 60JibIIIe, no pa3Hb!M 

npHqHHaM, He ,D,OBeJIOCb: BnOJIHe ycTpaHBaIOT npe,D,OCTaBJifleMbie 

OI151I1 yIOTHbie O,D,HOMeCTHbie HOMepa. 
HayTpO 8 cpeBpaJifl fl y2Ke nHcaJI 3aflBJieHHfl H aanOJIHflJI aHKeTbl 

B q)HJIHaJie MfY, a K Beqepy o6peJI MeCTO B 06me2KHTHH H 3a-

2KHJI CTy,D,eHqeCKOH 2KH3Hbl0 B noHpaBHBIIIeMCfl C nepBoro B3rJifl,D,a 

po.Li.HOM ropo.D.e OI151I1 Ha 6epery BoJirn. · He .D.YMaJI fl Tor,D,a, qTo 

npaKTHqeCKH BCfl MOH ,D,aJibHeHIIIafl 2KH3Hb B TOH HJIH HHOH Mepe 

6y,D,eT CBfl3aHa C OI151I1, qeMy fl, KOHeqHO, 6eaMepHO pa,D,. 

MHoroe M02KHO BCnOMHHTb O TOM BpeMeHH, HO oco6eHHO He3a-

6brnaeMbl ,D,HH, KOr,D,a Mb!, npHeXaBIIIHe CTy,D,eHTbJ-qeTBepoKypcHHKH, 

noJiyqHB qepe3 ,Li.Ba MeCHU.a He06XO,D,HMble ,D,OKyMeHTbl, BnepBbie 

cTynHJIH Ha nJioma.D.KH OI151I1 H HaqaJIH pa6oTaTb TaM co CBOHMH 

HayqHbIMH pyKoBO.D.HTeJIHMH - coTpy.D.HHKaMH I1HcTHTyTa. A JieTOM 

Toro 2Ke 1964 r. HeKOTOpbie H3 Hae 6hlJIH npHBJieqeHbl K pa6oTaM 

no o6cJiy2KHBaHHIO Me2K,D,yHapo,D,HOH (PoqecTepCKOH) KOHcpepeHU.HH 

no cpH3HKe Bb!COKHX 3Heprni%, npoBO,D,HBIIIeHCfl Ha 6aae OI151I1. 

ro)J. 1992-ii. Bb16opbl )J.HpeKTOpa 

Ha naMHTHOH BHeoqepe,D,HOH ceccHH KTTTT 10-13 ,D,eKa6pH 

1991 r., Ha KOTOpOH 6eJiopyccHfl, PocCHfl H YKpaHHa 6b!JIH npH

HflTbl B COCTaB rocy,D,apcTB-qJieHOB 0I151I1, 6bIJia o6pa30BaHa KO

MHCCHfl no Bb16opaM ,D,HpeKU.HH I1HCTHTyTa. Heo2KH,D,aHHOe, HO

BOe BpeMfl cpoqHo Tpe6oBaJIO, ecTeCTBeHHO, HOBOfO pyKOBO,D,CTBa. 

Bo rJiaBe KOMHCCHH 6blJI nocTaBJieH npe,D,CTaBHTeJib PocCHH -

I1. M. 6opTHHK, 3aM. MHHHCTpa HayKH H TeXHHqeCKOH noJIHTHKH. 

KoMHCCHH 6bIJIO nopyqeHO no,D,roTOBHTb npe,D,JI02KeHHfl no Bbi60-

paM ,D,HpeKU.HH K oqepe,D,HOH ceccHH KTTTT. BcKope cTaJIO H3-

BecTHO, qTO noJIHOMOqHb!H npe,D,CTaBHTeJib TTpaBHTeJibCTBa Poc

CHH 6. f. CaJITblKOB npe,D,JI02KHJI Ha nOCT ,D,HpeKTOpa KaH,D,H,D,aTypy 

A. IO. PyMHHU.eBa, o,D,Horo H3 pyKoBO.D.HTeJieH <,KypqaToBcKoro HH

CTHTyTa>>, H ero nO,D,,D,ep2KaJIH npe,D,cTaBHTeJIH CTOJibllIH, 4exocJioBa

KHH H BettrpHH. 51 He 6bIJI aHaKOM c A. IO. PyMHHU.eBbIM H, ocBe

.D.OMHBIIIHCb y CBOHX KOJIJier H3 PocCHH H 0I151I1, yaHaJI, qTO OH 
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HHKOr,D,a He pa6oTaJI B OI151I1, r,D,e ero noqTH He 3HaIOT, a o6JiaCTb 

ero HayqHblX HHTepecoB 3aMeTHO HHafl, He2KeJIH y OTU.OB-OCHOBa

TeJieH I1HCTHTYTa H ero nepBblX ,D,HpeKTOpOB .rr.. I1. 6JIOXHHU.eBa H 

H. H. 6oroJII06oBa. I1 fl noHHJI, qTo HY2KHO npe,D,JI02KHTb .D.pyroro 

KaH,D,H,D,aTa, xopOIIIO 3HaIOmero 0I151I1 H xopOIIIO H3BeCTHOro B 

I1HCTHTyTe H CTpaHax-yqacTHHU.aX, KOTOpb!H CM02KeT no,D,,D,ep2KaTb 

Tpa,D,HU.HH I1HCTHTyTa, coxpaHHTb H pa3BHTb OI151I1 KaK YHHKaJib

HblH MHOrOnJiaHOBblH Me2K,D,yHapo,D,HbIH HayqHblH u.eHTp. Motl BbI6op 

OCTaHOBHJICfl Ha B. r. Ka,D,bIIIIeBCKOM, 6JiecrnmeM yqeHOM H HpKOH 

JIHqHOCTH, pa60TaBIIIeM B TO BpeMfl ,D,HpeKTopoM JITct> OI151I1. 

06cy2K,D,eHHfl co MHOrHMH KOJIJieraMH B 6eJiopyccHH, PoccHH H 

OI151I1 yKpenHJIH Moe peIIIeHHe KaK nOJIHOMOqHoro npe,D,CTaBHTeJifl 

6eJiopyccHH. K TOMY 2Ke fl xopoIIIO 3HaJI 60JibllIHHCTBO noJIHOMoq

HbIX npe,D,cTaBHTeJieH npaBHTeJibCTB CTpaH-yqacTHHU. (a B TO BpeMfl 

o BcTynJieHHH B 0115111 aaHBHJIH TaK2Ke Aaep6a0,D,2KaH, ApMeHHH, 

fpy3Hfl, KaaaXCTaH H MoJI,D,OBa) H eme ,D,a2Ke ,D,O 06cy2K,D,eHHfl C 

HHMH MOr cnporH03HpOBaTb peayJibTaT HX TaHHOfO fOJIOCOBaHHfl 

npH BbJ6ope .D.HpeKTOpa. 

Tenepb Heo6xo,D,HMO 6b1JI0 noJiyqHTb cornacHe caMoro B. r. Ka

.D.bIIIIeBcKoro, qTo, KaK noKaaaJIH ,Li.Be MOH ,D,JIHTeJibHbie 6ece,D,bl 

C HHM, OKa3aJIOCb ,D,eJIOM COBCeM He npOCTblM. Mb! paaroBapHBaJIH 

B YIOTHOM Ka6HHeTe .D.HpeKTOpa JITct>, r,D,e MHoroe HanoMHHaJIO 0 

BeJIHKHX npe,D,IIIeCTBeHHHKax: H. H. 6orOJII060Be H .rr.. 11. 6JIOXHH

u.eBe, B pa3Hbie ro,D,bI pa6oTaBIIIHX B HeM. TTepBaH peaKU.Hfl BJia

.D.HMHpa feoprneBHqa 6b1Jia: <<HeT! MeHH BnoJIHe ycTpaHBaIOT MOH 

pa6oTa H ,D,OJI2KHOCTb. JI.a H npe,D,CTaBHTeJib PoccHH y2Ke Bbl,D,BHHYJI 

KaH,D,H,D,aTa>>. TeM He MeHee nocJie 06cy2K,D,eHHfl B03M02KHblX no

CJie,D,CTBHH ,D,Jlfl HanpaBJieHHH pa3BHTHfl 0115111 B cJiyqae H36paHHfl 

KaH,D,H,D,aTa, He 3HaIOmero cneu.HcpHKY l1HCTHTYTa, OH COrJiaCHJICfl 

C TeM, qTo, HeCMOTpH Ha no3HU.HIO PoccHH, Ha BbI6opax Henpe

MeHHO ,D,OJl2KHa 6bITb aJibTepHaTHBa B JIHU.e KaH,D,H,D,aTa H3 0115111. 

.lI.aJiee fl H3JI02KHJI BJia,D,HMHPY r eoprneBHqy cBoH coo6pa2KeHHH no 

npornoay peayJibTaTOB rOJIOCOBaHHfl 60JibllIHHCTBa nOJIHOMOqHbIX 

npe,D,cTaBHTeJieH, KOTOpbIX, KCTaTH, OH 3HaJI (a OHH - ero) ,D,a

JieKO He xy2Ke MeHH. B KOHU.e HaIIIeH BTopotf 6ece,D,bI BJia.D.HMHp 

f eoprHeBHq CKa3aJI, qTO OH COrJiaCHTCH Ha Bbl,D,BH2KeHHe CBOeH KaH

,D,H,D,aTypbl, HO c ycJIOBHeM, qTQ ero nporpaMMa 6y,D,eT no,D,,D,ep2KaHa 

H npHHHTa K peaJIH3aU.HH B cJiyqae H36paHHfl ero .D.HpeKTopoM. 

Bo-nepBbIX, 0115111 ,D,OJI)KeH CTaTb no-HaCTOHmeMy Me2K,D,yHapo,D,

HOH Me2KnpaBHTeJibCTBeHHOH opraHHaau.Heii, OTKpbITOH H npHBJieKa

TeJibHOH ,D,Jlfl COTPY.D.HHqecTBa co BCeMH 3aHHTepecoBaHHblMH napT-
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HepaMH (Me.>K.n.yHapo,ll.Hb!MH opraHH3aumIMH, CTpaHaMH, HHCTHTy

TaMH, YHHBepcHTeTaMH}, B KaKOH 6hl T09Ke IlJJaHeThl OHH He pac

noJiaraJIHCb. C 3TOH ueJihIO B KaqecTBe nepBoro wara Heo6xo.n.HMO 

ccpopMHpOBaTh TaKOH Y9eHhlH COBeT OI15U1, B KOTOpb!H BXO,ll.HJIH 

6hI BH,ll.Hb!e yqeHbie He TOJ!bKO CTpaH-y9aCTHHU, HO H BCeX Be.n.yw.Hx 

H,ll.epHblX ueHTpOB MHpa. Bo-BTOpb!X, I1HCTHTYT, OCTaBaHCb YHH

KaJihHOH MHoronJiaHoBoH HayqHoH opraHH3auHeH c 6oJihWOH HH.>Ke

HepHo-MeTo,ll.H9eCKOH H TeXHOJ!OrH9eCKOH coCTaBJIHIOW.eH, ,ll.OJI.>KeH 

nOJIHOMaCrnTa6HO peaJIH30BaTb, 9TO Ha3bJBaeTCH, nycTHTb B o6opoT 

CBOH o6pa3oBaTeJihHblH noTeHUHaJI, HaKOnJieHHbie 3HaHHH, onhIT, 

HaBhlKH, Hapa6oTaHHble Me.>K,ll.yHapo,ll.Hhie CB513H. 3Ta HOBaH nOJIHO

ueHHaH KOMnOHeHTa, HOBOe H3MepeHHe OI1.HI1 - o6pa30BaHHe -

6y.n.eT cnoco6cTBOBaTh Bbl.>KHBaeMOCTH I1HCTHTYTa, npH,n:acT eMy 

ycTOH9HBOCTh, npHHeceT HOBYIO nJiaByqecTh. B-TpeThHX, Heo6xo~ 

,n:HMO, pyKOBO.ll:CTBYHCb HOpMaMH Me.>K,n:yHapo,n:Horo npaBa, !OpH,n:H

qecKH ocpopMHTh OTHorneHHH OI1.HI1 c HOBOH cTpaHoH MeCTonpe-

6hrnaHHH - PocctteH, no.n.roTOBHB H 3aKJII09HB cooTBeTCTBYIOW.ee 

cornaweHHe. 
MHe 6b!JIO oqeBH.ll:HO, 9TO nporpaMMa C TaKHMH OCHOBHb!MH 

noJIO.>KeHHHMH He MO.>KeT 6b!Tb He no.n..n.ep.>KaHa KaK noJIHOM09Hb!MH 

npe,n:cTaBHTeJIHMH, TaK H COTpy,n:HHKaMH I1HCTHTyTa, H H HeMe.n.

JieHHO HanpaBHJI B KOMHCCHIO no Bb16opaM ,n:HpeKUHH OI1.HI1 nHCb

MO o BhI,n:BH.>KeHHH Pecny6JIHKOH EeJiopycctteH B. r. Ka,n:h1rneBcKoro 

KaH,n:H,n:aTOM Ha ,n:oJI.>KHOCTb ,n:HpeKTOpa. KaK H y.>Ke OTMe9aJI, nep

BOHa9aJihHO (B ,n:eKa6pe 1991 r.) BhI60pbl ,n:HpeKTOpa 6hIJIO 3anJiaHH

poBaHO npoBeCTH mi oqepe,n:HOH cecCHH KI1I1. O,n:HaKO, xorn 3TOT 

BOnpoc H 6hlJI BHeCeH B noBeCTKY ,n:HH 3TOH ceccHH (17-18 Map

Ta 1992 r.), KI1I1 nepeHeC Bb!60pbl Ha HIOHb 1992 r., nopyqHB 

KOMHCCHH no BbJ6opaM 3aBeprnHTb no.n.roTOBHTeJihHYIO pa6oTy H 

He no3.>Ke qeM 3a ,n:Be He,n:eJIH .n.o HIOHbCKOH ceCCHH pa30CJiaTh 

no.n.po6HyIO HHq>OpMaUHIO O KaH,n:H.n.aTaX H HX nporpaMMaX. 3anoM

HHJiaCb MapTOBCKaH cecCHH KI1I1 1992 r. TeM, 9TO qeTb!pe 6hIB

ll1He pecny6JIHKH CoBeTcKoro Co103a - A3ep6ai1,n:.>KaH, ApMeHHH, 

fpy3HH H Ka3aXCTaH - 6hIJIH npHHHTbl B 9HCJIO rocy,n:apcTB-9Jie

HOB OI1.HI1. A MHe - eme H ,ll.JIHTeJihHOH ,n:HcKyccHeH TeT-a

TeT c 11. M. EopTHHKOM, B KoTopoii I1BaH MttxaHJIOBH9 y6e.>K,n:aJI 

B Heo6xo,n:HMOCTH H36paHHH A.IO.PyMHHUeBa .n.ttpeKTopoM, 9TO 

,n:JIH MeHH 6bIJIO paBHOCHJihHO npe.n.JIO.>KeHHIO CHHTb KaH,n:H,n:aTypy 

B. r. Ka,n:hIWeBcKoro, nocKOJihKY ero He no.n..n.ep.>KHT PoccHH. Pa3b

exaJIHCh Mb!, ocTaBillHCb npH CBOHX MHeHHHX. I1pH 3TOM, nepero-
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BOpHB BO BpeMH ceccHH c 6oJibll1HHCTBOM KOJIJier no KI1I1, H npaK

TH9eCKH He COMHeBaJICH B HCXO,n:e npe,n:CTOHW.erO fOJIOCOBaHHH. 

A B OI1.HI1 TeM BpeMeHeM 6ypJIHJIH npe,n:Bb16opHbie CTpa

CTH. Hay9HO-TeXHH9eCKHe COBeThl I1HCTHTyTa H ero Jia6opaTO

pHH HapH.n.y C KaH,n:H,n:aTypoH B. r. Ka,n:bIIlleBCKOro npe,ll.JIO)KHJIH 

TaK.>Ke KaH,n:H.n.aTyphI A. M. EaJI,n:HHa (.n.ttpeKTopa JIB3 OI1.HI1) H 

A.H. CttcaKHHa (BHUe-,n:HpeKTopa OI1.HI1). 1-ho H roBopHTh: Bee 

Tpoe - ,ll.OCTOHHbJe KaH,n:H,n:aThl. Ho pacnhIJieHHe CHJI 6hIJIO He Ha 

noJih3Y JI1060My H3 KaH,n:H,n:aTOB OT OI1.HI1 . .H He 3HaIO T09Ho, Ka

KHMH eme MOTHBaMH pyKoBo,n:cTBOBaJIHCh AJieKcaH.n.p MttxaHJIOBH9 

H AJieKceH Hopai1poBH9, HO OHH npHHHJIH e,n:HHCTBeHHO BepHoe B 

TO BpeMH peweHHe - OTKa3aTbCH OT CBOro Bhl.ll:BH.>KeHHH B nOJib3Y 

BJia,n:HMHpa f eoprneBH9a - e,n:HHOro KaH,n:H,n:aTa OT OI1.HI1. 
HacTynHJI HIOHb 1992 r.' H B OKOH9aTeJibHOM CnHCKe KaH,n:H,n:a

T0B 6b1JI0 TPH cpaMHJIHH: A. IO. PyMHHUeB (BhI.ll:BHHYT npe,n:cTaBH

TeJieM Poccmr, Bh1,n:BH2KeHHe no.n..n.ep.>KaHo npe,n:cTaBHTeJIHMH BeH

rpHH, I10Jibll1H H lJexocJIOBaKHH), B. r. Ka,n:bIIlleBCKHH (Bbl.ll:BHHYT 

npe,n:cTaBHTeJieM EeJiopyccHH, no.n..n.ep.>KaH HTC OI1.HI1), A. MttxyJI 

(Bbl.ll:BHHYT npe,n:CTaBHTeJieM PyMhlHHH). Ho nepe.n. 3THM MHe no-

3B0HHJI H3 MocKBhI I1. M. EopTHHK H cnpocHJI, He nepe,n:yMaJI 

JIH H C Bhl.ll:BH.>KeHHeM. KaH,n:H,n:aTypbl B. f. Ka,n:bIIlleBCKOfO. O3By-

9eHHhIH apryMeHT y Hero, B cyLUHOCTH, 6h!JI o,n:HH: B03MO.>KHOe 

H36paHHe KaH,n:n,n:aTa, KOToporo He no.n..n.ep.>KHBaeT PocCHH, MO.>KeT 

C03,n:aTb 6oJihll1He Tpy,n:HOCTH I1HCTHTyTy. KoHe9HO, pe30H B 3TOM 

yrnep.>K,n:eHHH 6hIJI. O,n:HaKO H TBep.n.o 3HaJI .n.pyroe: MHeHHe py

KOBO.ll:CTBa MHHHCTepCTBa HayKH H TeXHH9eCKOH nOJIHTHKH eme 

He 03Ha9aeT MHeHHH 60Jibll1HHCTBa H,n:epHoro Hay9HOro coo6me

CTBa PocCHH, BKJII09aH JIIO,n:eH, 6JIH3KHX K Bh!CilleMy pyKOBO,n:CTBY 

CTpaHhI. B nepByIO oqepe,n:h H HMeIO BBH,n:y AHaTOJIHH AJieKcee

BH9a JioryHoBa, peWHTeJihHaH no.n..n.ep.>KKa KOTOpb!M KaH,n:H,ll.aTypbl 

B. r. Ka,n:h1rneBcKoro ch1rpaJia BecbMa Ba.>KHYIO poJih. I1o3TOMY MOH 

orneT I1BaHy Mttxai1JIOBH9Y 6bIJI npocT: BbI6opb1 cBo6o.n.Hhie, H 

nycn, pewaeT rOJIOCOBaHHe nOJIHOM09HblX npe,n:cTaBHTeJieH, pe-

3YJibTaTbl KOTOporo, H yBepeH, 6y,n:yT npHHHTbl B PocCHH BnOJIHe 

HOpMaJibHO npH JII060M ero Hcxo,n:e. 

CeccHH KI1I1 6hIJia Ha3Ha9eHa Ha 23-24 HIOHH. Ho y MeHH Ha 

3TOT neptto.n. 6hIJia y.>Ke 3anJiaHHpoBaHa KoMaH,n:HpoBKa Ha pa6oqee 

coBemaHHe B I1TaJIHIO coBMeCTHO c KOJIJieraMH H3 OI1.HI1 no.n. pyKo

BO,ll.CTBOM I1. A. foJiyTBHHa. I1o3TOMY CBOH nOJIHOM09HH H nepe,n:aJI 

Ha 3TO BpeMH OTBeTCTBeHHoMy pa6oTHHKY annapaTa CoBeTa MH-
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HHCTpOB Pecny6JIHKH 13eJiopyccHH JI. n. OpJIOBY, c KOTOphIM Mhl B 

.n.eTaJIHX <<OTpeneTHpoBaJIH>> JIHHHIO ero noBe.n.eHHH Ha ceccHH KTTTT. 

13y.n.y4H BO <l>JiopeHU:HH, Mhl C l1. A. foJIYTBHHhIM C HeTepneHH

eM :>K,D.aJIH HTOfOB BbJ6opoB, XOTH H 6hIJIH yBepeHhl B H36paHHH 

B. f. Ka,D.hIIIIeBCKOfO. 11 BOT 3BOHOK B ,Uy6Hy BO BTOpOH nOJIOBHHe 

,D.HH 23 HIOHH, H Mb! C orpoMHOH pa.n.ocTh!O Y3HaeM pe3yJihTaThl 

rOJIOCOBaHHH no BhI6opaM ,D.HpeKTOpa O 115111: H3 16 rOJIOCOBaBIIIHX 

11 3a B. r. Ka.n.h1IIIeBcKoro, 4 3a A. IO. PyMHHU:eBa, 1 3a A. MHxyJia. 

KaK fOBOpHTCH, KOMMeHTapHH H3JIHIIIHH. B COOTBeTCTBHH C 3apaHee 

pa3pa60TaHHOH H npHHHTOH Ha 3TOH :>Ke ceccHH KTTTT <,Dpou:e.n.ypoii 

BCTynJieHHH B ,lI.OJI)KHOCTh BHOBh H36paHHOH ,D.HpeKU:HH>> BJia,D.HMHp 

feoprneBH4 Ka.D.hIIIIeBCKHH BcTynHJI B .D.OJI:>KHOCTh cpa3y :>Ke nocJie 

H36paHHH. 11 04eHh CKOpo BCeM, BKJII04aH npe.n.cTaBHTeJieH PoccHH, 

CTaJIO HCHO, 4TO 3TO 6hIJI e.n.HHCTBeHHO npaBHJihHhIH BhI6op B TO 

Henpe.n.cKa3yeMO CJIO)KHOe H TPY.D.HOe BpeMH. 

fo,II. 1997-ii. B0306HOBJieHlle foMeJibCKHX IIIKOJI 

0 nepBblX foMeJihCKHX IIIKOJiaX <<AKTyaJihHhie npo6JieMhl qrn-
3HKH 4aCTHU:» HpKO H T04HO HanHCaJI JI.M.ToMHJih4HK B c6op

HHKe <<O6be.D.HHeHHOMY HHCTHTYTY H.n.epHhIX HCCJie.n.oBaHHH -

40 JieT. XpoHHKa. BocnoMHHaHHH. Pa3MhIIIIJieHHH>> (,Uy6Ha: 0115111, 

1996). 3.n.ech H XOTeJI 6bI KpaTKO BCnOMHHTh O TOM, KaK 6b1-

Jia B0306HOBJieHa 3Ta 04eHh Ba:>KHaH ,D.JIH HayKH B 13eJiopyccHH 

Tpa.n.HU:HH, 3aJio:>KeHHaH H. H.13oroJII060BhIM, <l>.11. <l>e.n.opOBhIM H 

B. f. Ka,D.hIIIIeBCKHM. 
y MeHH B pa6o4eM Ka6HHeTe Ha KHH)KHOH nOJIKe Bcer.n.a CTOHJI 

(H CTOHT) KOJIJieKTHBHhlH CHHMOK yqacTHHKOB nepBOH foMeJihCKOH 

IIIKOJlhl 1971 r. TTpHHTHO-BOJIHHTeJihHO BCe-TaKH BpeMH OT BpeMeHH 

nocMOTpeTh Ha MOJIO,lI.bie o.n.yxoTBOpeHHhie JIHU:a .n.py3eH, KOJIJier, 

3HaKOMhIX. BepHyBIIIHCh B KOHU:e Maprn 1996 r. c I06HJieHHOH cec

CHH KTTTT 0115111 H npocMaTpHBaH npHBe3eHHhIH c co6oi% ynoMH

HYThIH BhIIIIe c6opHHK, B TOM 4HCJie CTaThIO JI. M. ToMHJih4HKa, H 

B3rJIHHYJI Ha naMHTHhIH CHHMOK H BnepBbie no.n.yMaJI O B03MO)K

HOCTH B0306HOBJieHHH f OMeJihCKHX IIIKOJI B HOBhlX YCJIOBHHX. TT pH 

cJiyt.Iae H Bh!HCHHJI y KOJIJier H3 11HCTHTyTa q>H3HKH HAH 13eJiopyc

CHH HeKOTOpbie .n.eTaJIH opraHH3aU:HH, npoBe,D.eHHH H, rnaBHOe, cpH

HaHCHpoBaHHH nepBhlX IIIKOJI. MHe CTaJIO HCHO, 4TO e,D.HHCTBeHHhIH 

peaJihHhIH HCT04HHK noJiyt.IeHHH cpe,D.CTB Ha npoBe,D.eHHe IIIKOJihl -

3TO ,lI.OJieBOH B3HOC 13eJiopycCHH B 0115111. no TeJiecpoHy, a 3aTeM 

H B O.D.HY H3 noe3,D.OK B ,Uy6Hy H o6cy,D.HJI B03HHKIIIHe H,D.eIO H 
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BonpOChl C B. r. Ka,D.hIIIIeBCKHM H A.H. CHCaKHHOM H nOJIY4HJI OT 

HHX nOJIHOe nOHHMaHHe H no.n..n.ep:>KKy. 

PeaJibHaH pa6oTa no no.n.roTOBKe lllKOJihl Ha4aJiaCb oceHh!O 

1996 r. co BCTpe4H B MHHCKe C H. B. MaKCHMeHKO, Ha KOTOpOH 

Mhl HaMeTHJIH npe.n.BapHTeJihHhIH nJiaH .n.eHCTBHH Ha MeCTe, B r o

MeJie H naHCHOHaTe <<30JIOThie neCKH>> (MecTe npoBe,D.eHHH Tpex 

nepBhIX IIIKOJI). B foMeJie B 3TY pa6oTy C 3HTY3Ha3MOM cpa3y 

:>Ke BKJII04HJIHCh <<BeTepaHhI>> nepBhIX IIIKOJI IO. M. CTJiecKa4eBcKHH 

H C. B. lll.ep6aKOB. B MHHCKe <<60eByIO fOTOBHOCTh>> Bblpa3HJIH 

A. A.13oryIII, JI. M. ToMHJih4HK, B.11. KyBIIIHHOB H .n.pyrne KOJI

Jiern H3 11HCTHTYTa q>H3HKH. TTpOHHcpopMHpOBaB B.11. He,D.HJihKO 

H B.11. TTpoKoIIIHHa B fKHT, B. A. TTJieTIOxoBa B Hau:HoHaJihHOM 

co6paHHH H A.B.KyxapeBa B CoBeTe MHHHCTpoB H noJiy4HB HX 

<<,D.06po,>, H HanHCaJI Ha HMH .D.HpeKTOpa 0115111 Oq>HU:HaJibHOe nHCh

MO C npe,D.JIO:>KeHHeM O COBMeCTHOM npoBe,D.eHHH IIIKOJihl JieTOM 

1997 r. K 3TOMY BpeMeHH C noMOI.I.J.h!O roMeJihCKHX KOJIJier 6b!JIH 

npe.n.BapHTeJibHO cornacoBaHhl B TpecTe <<fOMeJihnpoMCTpOH>>, KOTO

poMy npHHa,D.Jie:>KaJI naHCHOHaT <<30JIOTbie neCKH>>, MeCTO H .n.aTbl 

npoBe,D.eHHH lllKOJihl. 

TTpHBe.n.y nOJIHOCTh!O OTBeT, BCKOpe npHIIIe,D.IIIHH H3 0115111. 

IIoAHOMOttHOMY npeacmaBumeA10 IIpaBumeAbcmBa Pecny6AUKU 
EeAopyccuu 8 O6oeauHeHHOM UHCmumyme .flaepHblX UCCAeao8aHUU 
npo¢eccopy H. M. lllyMeiiKo. 

I'Ay6o,coyBaJFCaeMbtt1 HuKoAaii Ma,ccuMoButt! PaccMompeB Bawe 
npeaAOJ/CeHUe O 80306H08AeHUU I'oMeAbCKUX UlKOA, aupeKt{U.fl O6'b
eauHeHHOZO UHCmumyma .flaepHblX UCCAeao8aHUU peUlUAa noaaep
JFCamb amy UHUt{UamuBy. Mbt COcAaCHbl C BaUlUMU npeaAoJFCeHU.flMU 
no npoBeaeHu10 ottepeaHoii UlKOAbt 8-17 aBcycma c. c., B moM ttucAe 
no ¢uHaHcupoBaHu10 yttacmuR OH5!H, npucAaweHHbtX AeKmopoB u 
aapy6eJFCHbtX yttacmHUKOB B cttem aoAeBozo B3Hoca Baweii cmpaHbt 
B OH5/H. Coo6wp10 BaM maKJFCe o noaaepJFCKe c Haweii cmopoHbt 
yttacmU.fl 8 opcKOMUmeme UlKOAbl Ha38aHHblX BaMU cnet{UaAucmoB 
OH5/H. 

C cAy6oKUM yBaJFCeHueM, 
,npo¢eccop A. H. CucaKRH, 
BUt{e-aupeKmop O6'beauHeHHoco uHcmumyma 
.flaepHblX UCCAeaoBaHUU. 

31 .flH8apR 1997 c. 

,UaJihHeHIIIee, KaK fOBOpHTCH, 6b!JIO .n.eJIOM TeXHHKH. Dhl

JIH ccpopMHpoBaHhl oprKOMHTeThI: OT 0115111 - npeJJ,ce.n.aTeJih 

A.H. CHcaKHH, 3aM. npe.n.ce.n.aTeJIH H peKTOp H.13. CKa4KOB; OT 

13eJiopyccHH - npe.n.ce.n.aTeJih H. M. IllyMeifKo, 3aM. npe.n.ce.n.a-
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TeJI.H A. A. 6oryrn. Co3,n:aH nporpaMMHO-KOHCYJibTaTHBHbIH KOMH
TeT - npe,n:ce,n:aTeJib B. r. Ka,n:bIIlleBCKHH. ITpHrnarneHbI JieKTOpbI H3 
DESY, Ol15Il1, FNAL, 1.1,EPH, a TaK)Ke ae.n:yIU.HX Hay'IHbIX u.eH
Tpoa AacTpHH, 6eJiopyccHH, BeJIHK06pHTaHHH, l1TaJIHH, PocCHH, 
YKpaHHbl, ct>paHU,HH. ITo,n:nHCaH KOHTpaKT c Ol1.Hl1 Ha cpHHaHCH
poaaHHe IllKOJibl H3 cpe,n:CTB ,n:oJieaoro B3HOCa Pecny6JIHKH 6eJIO
pycCHH. ITpH 3TOM, HCXO,n:.H H3 COCTaBa yqacTHHKOB, COOTHOilleHH.H 
Me)K,n:y JieKU,H.HMH H ,AOKJia,n:aMH, IllKOJia 6bJJia nepeHMeHOBaHa a 
IllKOJiy-ceMHHap C npe)KHHM Ha3BaHHeM <<AKTyaJibHb!e npo6JieMbl 
cpH3HKH qacTHU.>>. 

ITpHMepHO 3a MeC.HU. ,n:o Ha'laJia IllKOJlbI-CeMHHapa .SI BbiexaJI 
B foMeJib, 'IT06bl Ha MeCTe yaH,n:eTb xo,n: no,n:roTOBKH K HeH. BMecTe 
c H.B. MaKcHMeHKO Mb! acTpeTHJIHCb c IO. M. ITJieCKa'leBcKHM, pa-
6oTaBWHM ,n:HpeKTOpOM l1HCTHTyTa MexaHHKH MeTaJIJIOnOJIHMepHblX 
CHCTeM, C peKTOpOM foMeJibCKOro rocy,n:apcTBeHHoro yHHBepCHTe
Ta HM. ct>. CKOpHHbl JI. A. IlleMeTKOBb!M H peKTOpOM foMeJibCKOrO 
rocy,n:apcTBeHHoro TeXHH'lecKoro YHHBepcHTeTa HM. IT.O.Cyxoro 
A. C. IllarHH.HHOM. Mb! TaK)Ke noceTHJIH <<30JIOTbie necKH>> H yaH
,n:eJIH pa3HTeJibHbie H3MeHeHH.H, npoH3orneilrnHe 3a 20 JieT nocJie 
IllKOJlbl 1977 r. ITaHCHOHaT CTaJI caHaTOpHeM, Bb!CTpoeHHblM cpaKTH
'leCKH 3aHOBO. JlHillb KOpnyc, 6bIBillHH HailleH e,n:HHCTBeHHOH <<6a-
30H>> Ha IllKOJiax 1970-x rr.' ,n:a )KHBOnHCHbie, no'ITH KHJIOMeTpOBb!e 
no,n:BeCHbie MOCTHKH qepe3 60JIOTU.e, ae.n:yIU.He K 'tponHHKe K Co)Ky, 
HanOMHHaJIH HaM O npe:t1rneif HHcppaCTpyKType. 

Pe3yJibTaT noe3,n:KH ,n:a)Ke npea3orneJI MOH m1m,n:aHH.H. foMeJib
CKHe KOJIJiern ,n:eJiaJIH ace OT HHX 3aBHC.HIU.ee, 'IT06bl o6ecne'IHTb 
ycnex ,n:eJia. C ,n:pyroif CTOpOHbl, Mb! a MHHCKe pa6oTaJIH a MaKCH
MaJibHO TeCHOM B3aHMo,n:eti:CTBHH C KOJIJieraMH H3 Ol1.Hl1, oco6eHHO 
no yqe6HO-Hay'IHOH nporpaMMe, KOJIH'leCTBeHHOMY H Ka'leCTBeHHO
MY cc:icTaBy yqacTHHKOB. B TaKHX ycJIOBH.HX, ,n:a e~e npH BHHMaHHH 
H no,n:,n:ep)KKe rocy,n:apcTBeHHbIX CTPYKTYP Harneif cTpaHbI IllKOJia
ceMHHap 6b1Jia o6pelleHa Ha ycnex. 

l1TaK, Tpa,n:HU.H.H B03pO,n:HJiaCb. C TeX nop qepe3 Ka)K,Able ,n:aa 
ro,n:a npoae,n:eHbI eIU.e rnecTb IllKOJI-ceMHHapoa. 6eccMeHHbIM npe,n:
ce,n:aTeJieM oprKOMHTeTa acex 3THX Hay'IHO-o6pa30BaTeJibHb!X cpo
PYMOB OT 011.5!11 .HBJI.HJIC.H A. H. CHcaK.HH, Heo,n:HoKpaTHo npHe3-
)KaBWHH B ·<,30JIOTbie necKH>> H Henocpe,n:cTaeHHO pyKoao,n:HBillHH 
pa6oTOH. Co IllKOJibl-ceMHHapa 2001 r. 3aM. npe,n:ce,n:aTeJI.H oprno
MHTeTa, a c 2005 r. peKTopoM, cMeHHBillHM H. 6. CKa'IKoBa, cTaHo
BHTC.H H. A. PycaKOBH'I. Ero BKJia,n: B no,n:roTOBKY, opraHH3au,mo H 
npoae,n:eHHe acex nocJie,n:HHX ceMH IllKOJI-CeMHHapoB npOCTO orpo-
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MeH. K 3TOMY ,n:o6aBJIIO eIU.e, 'ITO Ha Ka)K,n:oif rnKoJie OH 6brnaeT, 
KaK roaop.HT, OT paccaeTa ,n:o 3aKaTa, peryJI.HpHo 'IHTaeT JieKU.HH 
H ,n:eJiaeT ,n:oKJia,n:bI. KcTaTH, Hap.H,n:y c A.H. CHcaK.HHOM, TOJibKO 
H. A. PycaKOBH'I H 11. A. foJiyTBHH HeH3MeHHO BXO,AHJIH B oprKOMH
TeT IllKOJI-CeMHHapoB OT 011.5!11. 

Co cTOpOHbI 6eJiopycrnH oprKOMHTeT B03rJiaBJI.HJIH B. A. faif
ceHoK (1999 r.) H A. 11. JleCHHKOBH'I (2001 r.), 6bIBillHe a Te ro,n:bl 
npe,n:ce,n:aTeJI.HMH r ocy,n:apCTBeHHOro KOMHTeTa no HayKe H TeXHOJIO
rH.HM (r KHT) H noJIHOMO'IHb!MH npe,n:cTaBHTeJI.HMH npaBHTeJibCTBa 
a 011.5!11. 3aMeCTHTeJI.HMH npe,n:ce,n:aTeJI.H a oprKOMHTeTe CTaJIH 
(H ocTaJIHCb HMH Ha nocJie,n:yIOIU.HX rnKoJiax) IO. M. ITJiecKa'leB
CKHH H Balli nOKOpHb!H CJiyra, a 6eccMeHHb!M npopeKTOpOM ~ 
H.B. MaKCHMeHKO. C 2003 r. TeMaTHKa IllKOJI-ceMHHapoa 6bIJia 
pacrnHpeHa 3a C'leT JieKU,HH H ,n:OKJia,n:OB no .H,n:epHOH cpH3HKe, .H,n:ep
Hb!M TeXHOJIOrH.HM, pa,n:HaU,HOHHOMY MaTepHaJIOBe,n:eHHIO, a TaK)Ke 
3a C'leT o630pHb!X JieKU,HH no CMe)KHblM Hay'IHO-TeXHOJIOrH'le
CKHM HanpaBJieHH.HM. CooTBeTCTBeHHO 6oJiee <<IllHpOKHM>.> CTaJIO 
HaHMeHOBaHHe IllKOJibI-ceMHHapa: <<AKTyaJibHb!e npo6JieMbl cpH3HKH 
MHKpOMHpa>>. ITpe,n:ce,n:aTeJieM oprKOMHTeTa OT 6eJiopycCHH CTaJI 
nepab!ti: 3aMecrnTeJib npe,n:ce,n:aTeJI.H fKHT B. 11. He,n:HJibKO, Ha3Ha
'leHHbiti: B TOM ro,n:y nOJIHOMO'IHblM npe,n:CTaBHTeJieM npaBHTeJibCTBa 
B 011.5!11 H pa6oTaIOill.HH B 3THX Ka'leCTBax ace nocJie,n:yIOIU.He 
ro,n:bI. 

B 3aKJIIO'leHHe OTMeqy HH'leM He 3aMeHHMbIH BKJia,n:, KOTOpbIH 
BHOC.HT foMeJibCKHe IllKOJlbI-CeMHHapb! B o6pa3oBaHHe Hay'IHOH MO
JIO,Ae)KH 6eJiopyccHH, PocCHH H ,n:pyrnx CTpaH-y'laCTHHU. 011.5!11, 
B no,n:,n:ep)KaHHe H nOBbIIlleHHe ypOBH.H cpyH,n:aMeHTaJibHOH H npH
KJia,n:HOH HayKH B HaillHX CTpaHax, B O)KHBJieHHe nJIO,AOTBOpHoro 
Me)K,n:yHapo,n:Horo Hay'IHoro 06IU.eHH.H, B BOCnHTaHHe HOBblX noKO
JieHHH yqeHbIX. 

f O~bl 2000-e. 
CoaMeCTHrui pa6oTa no npoeKTaM Ha LHC 

.HpKHM npHMepoM cynepycneillHOro COTpy,n:HH'leCTBa Harneti: 
CTpaHbl C 011.5!11 .HBJI.HeTC.H COBMeCTHOe Bb!IlOJIHeHHe B3.HTb!X o6.H-
3aTeJibCTB no pa3pa60TKe H C03,n:aHHIO p.H,n:a no,n:CHCTeM ,n:eTeKTOpOB 
CMS H ATLAS. CoBMecTHa.H pa6oTa no npoeKTY CMS B cocTaBe 
KOJIJia6opau,HH RDMS, co3,n:aHHoti: no HHHU.Harnae 11. A. foJiyT
BHHa, ,n:oBOJibHO no,n:po6Ho onHCaHa MHOIO B cTaTbe <<B CMS -
c caMoro Ha'laJia>> B c6opHHKe <<B rny6b MaTepHH>> (M.: PAH, l1H-
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CTHTYT HcTopHH ecTeCTB03HaHHH H TeXHHKH HM. C.H.BaBHnoaa, 
2009). 3.n:ecb xoTen 6b1 .n:o6aBHTh, qTo, no MoeMy MHeHHIO, OHHH 
6bIJI H OCTaeTCH CTep)KHeM, ueMeHTHpyiow.efi H Jl:BH)Kyw.efi CHROH 
3Toro 6ecnpeue.n:ettTHoro coTpy,n:ttHqecTBa HHCTHTYTOB PoccHH, 5e
nopyccHH H .n:pyrnx cTpatt-yqacTHHU B npoeKTe CMS. Bo MttoroM 
6naro.n:apH 3TOMY C 6necKOM 6bIRH BbllIORHeHhl Bee Macuna6Hble 
o6H3aTenhCTBa Konna6opaUHH ROMS, BKn10qaH Henocpe.n:cTBeH
Hbie o6H3aTenhCTBa 6enopyccHH, npe.n:ycMoTpeHHhie <<CornaweHHeM 
Me)K.n:y fKHT Pecny6nHKH 6enopyccHH, U.EPH H OHHH o Koop
Jl:HHaUHH ycHRHH no yqacTHIO B npoeKTe C03,n:aHHH KOMnaKTHOrO 
MIOOHHOrO coneHOH,n:a>> OT 24 HIOHH 1998 r. HeManhIM OKa3aRCH Halli 
(6enopyccHH) coaMecTHhIH c OHHH (rpynnofi H. A. PycaKOBHqa) 
BKna.n: B npoeKT ATLAS. B 1990-e rr. Ha MHHCKOM TpaKTOpHoM 
3aao.n:e 6bIJia npoH3Be,n:eHa caepxToqHaH llITaMnOBKa 12 THnOHOMH
HanoB cneficepHbIX nnacTHH H3 cneuHanhHOH cTanH .n:nH norno
THTenH a.n:poHHoro KanopHMeTpa, a B 2003-2005 rr. Ha 3aao.n:e 
M3OP B MHHCKe 6hIJIH npeUH3HOHHO H3roToBneHhI H3 anIOMHHHH 
6onhrnHe cepHH KpynHora6apHTHblX 3ReMeHTOB TennOH CTpyKTYPbl 
MarHHTHOH cHcTeMbI ,n:eTeKTopa ATLAS. 

3aaeprny MOH 3aMeTKH cnoBaMH HCKpeHHeH 6naro.n:apHOCTH 
cy,n:b6e 3a TO, qTo OHa n03BOnHeT MHe H MHOrHM-MHOrHM MOHM 
KonneraM H3 6enopyccHH y)Ke Ha nporn)KeHHH noqTH nonyaeKa 
nno.n:oTBoptto pa6oTaTh 6oK o 6oK H Tenno o6w.aTbCH B OHHH (HnH 
npH ero co,n:eHCTBHH) C .n:y6HeHCKHMH H 3apy6e)KHbIMH KonneraMH, 
nonh30BaThCH yHHKanhHhIM .n:ocTOHHHeM OHHH, BHOCH nocHnhHhIH 
BKna.n: B pa3BHTHe nepe,n:OBOH HayKH B CBOeH CTpaHe H B HallieM 
o6w.eM HHCTHTyTe Ha 6epery Bonrn. 

A STRONG INTERACTION WITH JINR 

G. Stratan 

Three short - and real - stories about three personalities, 
men of quite different professions and intellectual formation met by 
the author at JINR-Dubna are presented in order to give a picture 
of the local scientific, political and human atmosphere in the first 
half of the seventies, dominated by the outstanding personality of 
N. N. Bogoliubov. 

Introduction. The Dubna Institute enjoys a great prestige 
among Romanian scientists. It must be mentioned that the father
founder of the Institute of Atomic Physics in Bucharest, Horia 
Hulubei (1896-1972), who was a man of Western education (he 
received his PhD at Sorbonne, under Jean Perrin and Marie 
Curie, and was elected in 1939 a corresponding member of Paris 
Academy of Sciences), was a devoted partisan of the cooperation 
between Romania and Dubna. Hulubei considered his membership 
of the JINR Scientific Council as one of his most important 
acknowledgements of his activity and also a very important duty, 
Other Romanian scientists who worked at JINR were respected 
and openly envied by the younger ones. 

So, when, in early 1970, the author of this paper had the 
chance to go to work in Dubna, he did n'ot miss it. Five years with 
the Laboratory of Theoretical Physics, led then by Academician 
D. I. Blokhintsev, in the sector of Professor V. G. Soloviev, were 
an occasion to learn from, and to work with, eminent scientists, 
to know many people and a new country, which altogether 
constituted a professional and !if e experience without equal. 

Quite short after my arrival in Dubna, I was nominated head 
of Romanian National Group, numbering then only four members 
(including me). All other members of the group, starting with 
Professor Alexandru Mihul, the JINR Vice-Director, were older 
than their <<head,>. A. Mihul proposed and firmly sustained my 
appointment to this duty which, in spite of my reluctance, I had 
to accept. Being somehow afraid, and not knowing exactly what 
I have to do, I assumed three tasks which nobody assigned to 
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me: to contribute to the enhancement of Romanian cooperation 
with JINR, to fight for the best possible conditions for Romanian 
scientists in Dubna and to keep them as far as possible from the 
political intrusion and pressure which, at least in Romania, were 
almost insupportable. It would be difficult - and immodest - for 
me to appreciate if my mission was successfully accomplished. 
Only one detail: when I left Dubna in 1975, the number of 
Romanian community in JINR was bigger than thirty. This cannot 
be the merit of one person only; the position of Professor Mihul 
in the JINR Directorate and the support from Professor loan 
Ursu home were decisive in this sense. It must be mentioned 
also that the JINR authorities welcomed such a trend. Back in 
Romania after my five years of work in Dubna, I was confronted 
with a hostile atmosphere coming from the tough Party members 
who were adversaries of international cooperation and partisans 
of an autarchic development of Romania. They accused me to be 
a pro-Soviet political fan (which, certainly, I was not) and an 
admirer of Russian science and culture (which, certainly, I was). 
The fact that I denied their first accusation and recognized the 
second one did not ease my situation. Soon, they took over in the 
Party and the international collaboration in the field of science 
went down, including our participation to JINR activities. When, 
in December 1989, the papers from the local Party bureau of my 
institute were thrown out through the windows, one colleague of 
mine found an official report in which my opinion that the politics 
of the scientists must be the science itself was correctly quoted 
and furiously criticized as undermining the Party politics. But, 
enough with all that. I hope this period is closed totally, and 
for ever. The greatest (maybe the only!) advantage of being the 
head of Romanian Group in JINR was to know many people from 
the multinational host country and from abroad, many of them 
otherwise difficult to meet, or quite impossible. 

N. N. Bogoliubov. When entering the first floor of Bogoliubov 
Laboratory of Theoretical Physics, you can see a wall full of 
pictures taken and arranged by Yu. Tumanov. When looking at the 
lower row, the third picture at left reveals a prophetic image. It is 
one of the best portraits of N. N. Bogoliubov, photographed most 
probably in the early 70s. But this is not exactly why all people 
knowing Dubna from that period remark immediately. Indeed, in 
the picture, behind Bogoliubov, there are two other persons, two 
young theoreticians, disciples and followers of their great master. 
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Both of them, dark haired and with - then, modern - hair cut a 
la Elvis Priestley 1), looked confidently to the future. I bet that you 
recognized V. G. Kadyshevsky and A. N. Sissakian, who followed 
Bogoliubov also in the difficult and prestigious duty of Director of 
JINR 2). 

Like in the picture, Bogoliubov was in the first row of 
Dubna scientists, but he was primus inter pares, as the beautiful 
Latin words define the first one between equal ones. He was 
a man of outstanding intellectual gifts and a special sense of 
humor. Assisting the Romanian delegation at the sessions of the 
Scientific Council, I was marveled by his capacity to synthesize the 
discussed problems, giving to the texts a lapidary formulation, so 
to be acceptable for all, without loosing their substantiality. Once, 
late in the evening, when the contradictory discussion seemed 
without end, he suddenly said: <<La nuit porte conseil». Not many 
knew French to catch the meaning of the phrase (<<The night 
brings advice>>) and a rumor grew up when people started to ask 
each other what Bogoliubov said. Then, Bogoliubov stood up and 
closed the meeting, <,because all of us are tired and it is the 
time to eat something and to have a good sleep,>. And so it was. 
Next morning, the decision was taken quickly, by adopting a short 
formulation proposed by Bogoliubov. All people could verify so 
that the French saying is correct. 

There is another amazing fact about his knowledge of 
languages. When N. N. Bogoliubov went in Romania to receive 
the Doctor Honoris Causa title from the Bucharest University, he 
asked to see some Romanian newspapers, a requirement which 
was very easy to fulfill: like in many Member States, we had only 
three, the Party's one, the Government's and the Trade Union's. 
Bogoliubov took one newspaper and, to the astonishment of all 
accompanying persons, started to read it aloud in English. After 
a couple of phrases, he suddenly stopped. <<I don't understand 
this word,> he said. One official went closer and offered his 
help:. <<Nikolai Nikolaevich, but this word is like in Russian, you 

1) If someone will think that it is outrageous for a scientist to be compared 
with a rock star, I have to mention that not being a fan of rock, I consider 
Elvis Priestley a real genius, maybe the only one to make this kind of music an 
authentic one. We must take into account also that in the years when the picture 
was taken, and in that place, to admire Elvis was a nonconformist attitude. The 
conformists admired only the patriotic songs. 

2
) We have to ask Tumanov to make more such pictures ... 
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know ... >> Then, Bogoliubov interrupted him. <<Yes, yes! Sorry, I 
completely forgot that you have also some Slavic roots in your 
vocabulary. I used only that part of my brain, where I stored my 
knowledge of the Latin family of languages, to which Romanian 
belongs.,> And Bogoliubov went on, reading fluently in English a 
Romanian newspaper. 

When thinking about N. N. Bogoliubov, I feel also a bitterness. 
This comes from a well-known fact. In spite of his great 
achievements, he did not receive the Nobel Prize, which went to 
other physicists who did less than he did in science. I comfort 
myself by the idea that Bogoliubov is in a good company: 
L. N. Tolstoy, the great Russian and universal writer whose 
candidature to the Nobel Prize for Literature was rejected in the 
favor of an obscure poet of French expression 1). Who doesn't 
know Tolstoy? But who knows his counter-candidate? 

Gheorghe Marin (or Marin Gheorghe, I don't know 
exactly 2)). He came from the workshop of one of laboratories of 
the Institute of Atomic Physics, in Bucharest-Magurele as the 
head of a group of three specialized electromechanical workers. 
They were received in the Laboratory of High-Energy Physics 
for three months (extended later at six months, at the request 
of LHEP) and started to work. Usually, needing something, the 
physicist asks an engineer how to do a device, the engineer makes 
the plan of it and each worker effectuates a specific operation, 
like cutting, drilling, welding, polishing, etc. When the engineer 
contacted GM (or MG) for a first operation to be done, he asked 
the engineer what exactly that device was necessary for. After 
hearing the answer, GM proposed to modify the device, so to 
function better. Looking at the new proposed scheme, the engineer 
realized that it was better than the previous one and accepted it. 
More than that, GM performed quickly all the operations and, 
in a short time, the device was ready . . . Gheorghe Marin did 
not know a word in Russian and I was asked to help with the 
translation, witnessing all the things happening. People started to 
suspect that, from reasons of prestige, the Romanian authorities 
were sending as workers three disguised engineers. V. S. Shvanev, 

1
) The bias of Nobel Committee against the Russian candidates to the Nobel 

Prize is well known. 
2) There are cases when the distinction between the given and family names 

of Romanians is difficult. 
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the head of the JINR International Department (see below), asked 
me why we do such a propaganda, and I did not succeed to 
convince him that all three newcomers were real workers. 

Then, in the LHEP, an experiment was performed in 
concurrence with an American laboratory and, to the great 
disappointment of the people involved in it, a Hewlett-Parker 
online device went broken. The experiment stopped, and the 
HP representative for Eastern Europe was called. The contract 
specified that he had to come from abroad in 24 hours from 
the announcement to fix the apparatus, but shortly after, a fax 
came with a bad news. The HP man was an Israel citizen and 
his entrance in Soviet Union was denied by USSR Ministry 
of Foreign Affairs: a few days before, the Israeli-Egyptian war 
started and then, the high politics impeded the continuation of 
the experiment. All the efforts to solve the problem were in vain. 
Then, GM contacted me by phone from LHEP asking again to 
help him with the translation. He wanted to convince the people 
from the experiment to let him fix the device. He was not sure to 
succeed, but the situation was so that even a desperate attempt to 
solve the problem was better than doing nothing. He dismounted 
the device and went in his house, where he started to study the 
object. He returned in the lab after two days, unshaved and tired. 
Back in its place, the device started to work and the experiment 
could continue. The reaction to this exploit was extraordinary. 
GM was congratulated 1), received a sum of money and the 
Dubna newspaper (nicknamed The Gossip) wrote an article about 
him. Even the renowned Pravda gave an account of the facts. 
Only Gheorghe Marin was reluctant to all the manifestation of 
acknowledgement: he was afraid what will happen home when the 
news will reach the people in command home. Between Bucharest 
and Moscow the relations were not at their best ... 

Ten years after this story, I met GM in Bucharest. He was 
already retired and we discussed, of course, about Dubna. To my 
astonishment, Gheorghe Marin started by telling me that he owes 
me an apology. From what he said, I understood that V. S. Shvanev 
was right, but not exactly in the sense that GM was a disguised 
engineer. He was sent in Dubna as a worker, and he was a worker 
home, too. Besides that, he received the mission to keep an eye 

1
) It seems that by N. N. Bogoliubov himself, but I couldn't verify the 

information. · 
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on me, and back home, to report «them,> how I was behaving in 
a foreign country. <<Don't be afraid, Stratan,> he added <,you are a 
good man, and I told them that>>. 

V. S. Shvanev. The spring of 1974 was a cold one. The usual 
parade of May 1st found me at the tribune, together with other 
heads of JINR National Groups. It was snowing. Not far from 
me, I saw Venyamin Semionovich Shvanev, the chief of the JINR 
International Department, wearing a red ribbon at his lapel. He 
did not answer to my greetings. He was furious on me, and I 
knew why. Several days before May 1st, he called me to discuss 
about the coming holyday. I thought that all other heads of 
National Groups were invited but, when I entered his office, we 
were alone, which seemed strange to me. Soon, I understood the 
reason, but first, I have to explain, like in the previous paragraph, 
some details of the international situation. At the Western end of 
the European continent, the Portuguese military dictatorship was 
overthrown and, in Pravda's words, <<for the first time after a lot 
of time, the First of May holyday will be freely observed by the 
Portuguese people,>. It was true; even the Portuguese soldiers, 
retired from Angola, manifested with a carnation in the barrel 
of their guns. This news was displayed in the <<good corner>> of 
Pravda page consecrated to the international affairs. At the other 
side of the continent, something <<negative,> was happening, and 
this kind of news was published in the opposite corner of Pravda. 
Apparently without connection with Portuguese events, Pravda 
reproduced Ceausescu's decree about establishing the First of May 
as a working day, in order to accomplish the goals of the current 
five-year plan in four years and a half. .. 

When invited by Shvanev at the International Department, I 
didn't know all these developments. Shvanev wanted from me to 
agree with a special participation of Romanians from JINR at 
the May 1st demonstration. His proposal was to form a separate 
row in the manifestation, marked by a Romanian flag. I rejected 
the· proposal, asking why we have to change the established 
custom ... Then, Shvanev suggested me to call the other heads of 
National Groups and to propose them to change the order of the 
demonstration, grouping the people by the nationality criterion. 
I refused, because he didn't furnish me a convincing argument. 
I could not see the reason. He, nevertheless, insisted and the 
discussion finished only when I asked him to go together to 
N. N. Bogoliubov, to settle the dispute. It was Shvanev's turn to 
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refuse and I left the International Department totally puzzled. Why 
he insisted so much? Why he surrendered when I proposed him 
to go to Bogoliubov? Back in laboratory, I found the articles in 
Pravda, and I started to shiver. I could imagine there an article 
under the title <<While in Bucharest the Romanians went to work, 
in Dubna they can have a rest after the demonstration of the 
First of May,>. Useless to mention what could happen to us, if 
accepting Shvanev's proposal: we could be called back in Romania 
in a matter of days. 

• I understood also why Shvanev did not accept the discussion 
with Bogoliubov. The great Russian scientist was not the man to 
accept a political provocation in JINR. I called Shvanev by phone 
and I asked him to allow to the Romanian Group to work in the 
labs on First of May, in sign of solidarity with what happens 
home. He said that this was impossible because it will be regarded 
as a political provocation. My answer was that his proposal was 
a provocation, too, and that the most reasonable solution was to 
let us in peace. I have to mention that, except me (obliged by 
the protocol), no Romanian participated ever: we disliked both 
demonstrations (compulsory then in Romania) and the obligation 
to work during the holydays. 

Closing remarks. Certainly, as it was shown also here, the 
scientific and social !if e in that period in Dubna was dominated by 
the personality of N. N. Bogoliubov. Science needed always such 
people to establish a high standard and to indicate the way to be 
followed. Changing a little what Isaac Newton wrote, we may say 
that JINR climbed on the shoulders of giants. One of them was 
Bogoliubov. 



IlOCJIECJIOBHE 

<,O6ne,n:ttHeHHOMY HHCTHTYTY H,n:epHbIX ttccJie,n:oBaHHH 
55 JieT>> - H3,n:aHHe, B KOTopoM no,n:BO,IJ:HTCH HTOfH ceMH JieT 
pa3BHTHH 11HCTHTYTa (2003-2009 rr.) tt OCBellJ,aIOTCH nJiaHbl 
Ha 6JIHMafirnee 6y,n:yw,ee, CBH3aHHb!e C cf>yH,n:aMeHTaJibHb!MH 
HayLJ:Hb!MH HCCJie,n:oBaHHHMH, peaJIH3au:ttefi HHHOBaU:HOHHOH H 
o6pa30BaTeJibHOH nporpaMM. 3Ha9:HTeJibHbie ycHJIHH H pecypcb! 
0115111, HanpaBJieHHhie B nocJie,n:Htte ro,n:hI Ha ocyw,ecTBJieHtte 
KpynHoMaCllITa6HOH nporpaMMbl MO,n:epHH3aU:HH 6a30Bb!X ycTaHOBOK 
H C03,IJ:aHHH HOBbIX, n03BOJIHT 11HCTHTYTY coxpaHHTb JIH,n:ttpyIOw,He 
n03HU:HH B aKTyaJibHbIX HanpaBJieHHHX q>yH,n:aMeHTaJibHOH HayKH. 

3aBeprnaeTCH MO,n:epHH3aU:HH HYKJIOTpOHa, npoBO,IJ:HTCH HCnhITa
HHH MarHHTOB ,n:JIH 6ycTepa H 6y,n:yw,ero KOJIJiafi,n:epa NICA, ,n:ocTttr
HYT onpe,n:eJieHHb!H nporpecc B Bb!TTOJIHeHHH nporpaMMbl npoeKTa 
NICA/MPD. 

ITpoBe,n:eHa peKOHCTPYKU:HH peaKTOpa 116P-2 - OCHOBHOH 6a-
30BOH ycTaHOBKH 0115111 ,IJ:JIH HettTpOHHbIX HCCJie,n:oBaHHH B o6Jia
CTH q>H3HKH KOH,n:eHCHpoBaHHb!X cpe,n:, o6Jia,n:aIOw,eii napaMeTpaMH 
MHpOBOfO ypoBHH H OCHaw,eHHOH KOMnJieKCOM YHHKaJibHb!X cneK
TpoMeTpOB. 

ITporpaMMa 0115111 no HCCJie,n:oBaHHHM B o6JiaCTH CBepxrn
)KeJib!X 3JieMeHTOB BbIBeJia 11HCTHTYT Ha no3HU:HH npH3HaHHOfO 
JIH,n:epa B MHpOBOM HayLJ:HOM coo6w,ecrne, 9:TO ew,e pa3 npo,n:eMOH
CTpHpOBaJI 3KCnepttMeHT no CHHTe3y 117-ro. 3JieMeHTa ITeptto,n:H
LJ:eCKOH Ta6JIHU:bl 3JieMeHTOB Jl..11. MeH,n:eJieeBa. ITpoeKT 6y,n:yw,ero 
yCKopttTeJibHoro KOMnJieKca DRIBs npe,n:ycMaTpttBaeT pacrnttpeHtte 
Ha6opa ycKOpHeMb!X HOHOB KaK CTa6HJibHbIX, TaK tt pa,n:ttoaKTHBHb!X 
H30TOnOB, cyw,eCTBeHHOe nOBbIIIIeHHe HHTeHCHBHOCTH H KaLJ:eCTBa 
nyLJ:KOB. 

ITpo,n:OJI)KaeTCH pa6oTa no ycoBeprneHCTBOBaHHIO HHq>OpMaU:H
OHHO-BblLJ:HCJIHTeJibHOH HHq>pacTpyKTYPbl 0115111, nOBbIIIIeHHIO npo
H3B0,IJ:HTeJibHOCTH rptt,n:-cepBHCOB. fptt,n:-cerMeHT 11HCTHTyTa 6Jia
ro,n:apH CBoeii 3q>q>eKTHBHOH pa6oTe BXO,IJ:HT B ,n:eCHTKY JIYLJ:IIIHX 
B MHpe. 
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BoJibllIOH U:HKJI pa6oT Bb!TTOJIHeH yLJ:eHbIMH 0115111 B paMKax 
coTpy,n:HHLJ:ecrna c UEPH H no co3,n:aHHIO 3JieMeHTOB LHC, H no 
yqacTHIO B C03,IJ:aHHH q>H3HLJ:eCKHX ycTaHOBOK. B 2010 r. no,n:nttcaHO 
feHepaJibHoe cornarneHtte no coTpy,n:HHLJ:ecrny MeM,n:y UEPH H 
0115111. 

C Kopnopau:tteii <<PocHaHoTeX>> 3aKJIIOLJ:eHo cornarneHtte o co-
3,n:aHHH B 0115111 HaHOTeXHOJ!OrHLJ:ecKoro u:eHTpa, B KOTOpOM 6y,n:eT 
pa3MellJ,aTbCH npeU:H3HOHHoe o6opy,n:oBaHHe ,IJ:JIH pa60T B o6JiaCTH 
HaHOTeXHOJ!OfHH. 

IToJiyLJ:eHHbie yLJ:eHb!MH tt cneu:HaJIHCTaMH 11HCTHTyTa q>yH,n:a
MeHTaJibHbie HayLJ:Hble pe3yJihTaTbl B COLJ:eTaHHH C pa3BHTHeM o6-
pa30BaTeJibHOH nporpaMMbl, poCTOM HHHOBaU:HOHHOH COCTaBJIHIO
w,efi, pacrnttpeHHeM MeM,n:yHapo,n:Horo HayLJ:HOro COTpy,n:HHLJ:eCTBa 
BCeJIHIOT onTHMH3M H HBJIHIOTCH np09:HOH OCHOBOH ,IJ:JIH ycneIIIHOH 
peaJIH3aU:HH ceMHJieTHero nJiaHa 2010-2016 rr. 
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