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B HacTOJIU{ee speMJI,nocTHrHyT 6om.woii nporpecc B ycKo
peHHH JI,nep .no penJITHBHCTCKHX 3HeprHii: .no 5 T3B/HYKAOH 

Ha CHHxpo!lm3oTpoae OH.HH It/ H .no 2,1 T3B/HYKAOH Ha 
63BaTpOHe 72,3/, 

HcnonL3yeMYii cnoco6 nonyqeHHJI nyqKoB penJITHBHcT
CKHX JI,nep 3aKnroqaeTCJI B YCKOpeHHH JI,nep Ha npOTOHHOM 
ycKOpHTene, BLIBo,ne HX 83 yCKOpHTenJI H 4>opMHPOBaHHH 
B nyqoK, KOTOpYii 3aTeM HanpasnJieTCJI B 3KCnepaMeHTanL
HLie ycTaHOBKH ,nnJI 4>a3aqecKHX accne,nosaaHii. TaKHM cno
co6oM MoryT 6LITL nonyqeHLI pemlTHBHCTCKHe A,npa /KaK 
npasano, ocHOBHYe H3oTonLI/, o6na,naJOU{He onpe.neneHHLIM 
OTHOWeHHeM aTOMHOrO HOMepa (A) H 3apg,na (Z) llpH 3TOM 
nonyqeaae penATHBHCTCKHX g,nep c ,npyraM OTHoweaaeM A/Z 
Tpe6yeT nepe,nenKB /nepecTpOHKH/ CHCTeM BBO,na, YCKOpeHHJI 
H 4>opMHPOBaHHJI qacTBIJ.. 

llonyqeaae H3BeCTHYM cnoco6oM BOHOB pe,nKBX /.noporo
CTOJIU{HX/ B30TODOB npHBO,nHT K 3Ha1{HTenLHO 6onLWHM 
3aTpaTaM, qeM nonyqeaae BOHOB OCHOBHOrO H30TODa. qTO 
KaCaeTCJI nonyqeHHJI nyqKOB penJITBBBCTCKBX Jl,nep pa,nao· 
aKTHBHLIX B30TODOB C nepao,noM nonypacna,na ( 1) , MeHLWHM 
,neCJITKOB qacoB, TO OHO OKa3YBaeTCJI Heocyll{eCTBHMO npa
MeHJieMYM MeTo.noM. Mo)l(HO, o.naaKo, nonyqaTL o,naospe
MeHHO nyqKH penJITHBHCTCKBX Jl,nep • B30TODOB C pa3HYM 
OTHoweaaeM A/Z /sKnroqag H pa,nuoaKTHBHYe A,npa c T > 
> 10 -s c/, ecnH acnonL30BaTL KHHeMaTaqecKBe oco6ea-:. 

uocTB peaKU.HB cTpannaara /cpwsa/ penATBBBCTCKHX A,nep. 
An• 3-r'oro HY)l(HO nyqoK ycKopeHHYx a BYBe,neHHLix H3 
yCKOpHTenJI A,nep OCHOBHOrO B30TOna nponycTBTL qepe3 
MaweaL, a o6pa3osaswaecJI a pe3ynLTaTe peaKU.HB cpYsa 
H30TODLI C Heo6xo,nBMLIM OTHOWeHHeM A/Z BY.nenBTL Mar· 
HBTHYM noneM B c4>opMBpOBa TL CBCTeMOH MarHBTHYX llBH3. 
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II pH 3TOM MOryT 6WTI. nony'leHW ny'IKB JI.Qep JII06WX B30TO • 

DOD, yacca B 3apJI.Q KOTOpWX MeHI.We OCHODHOrO jycKOpeu· 

uoro/. 
Kax npaDBno, peJIJITBDBCTCKoe JI.Qpo, ocTaDmeecJI nocne 

, cpWBa O.QHOrO BJIB BeCKOJII.KBX HYKJIOHOD Dpe3yJII.TaTe peaK· 

IUIB CTpBnnuura, npaKTB'IecKB coxpaHJieT uanpaDneuue .QDB

>KeHBJI B cxopocTI. nepDB'IHoro JI.Qpa. Tax, cpe.QHBi none

pe'luwi BMnyn~oc ocTaTo'luoro /'pa yrnepo.Qa nocne cpwDa 

COCTaDJIJieT pl = 140 M3B/c 4 , 'ITO npB Ha'laJII.HOM BM· 

nyn~oce nepDB'IHoro JI.Qpa P = 25 + 60 F3B/c npBDO.QBT K 

B3MeHeHBIO ynOMJIHYTWX xapaKTepBCTBK Ba ,QeCJITWe .QOJIB 

npo~eHTa. 

HMnyn~oc JI.Qpa (P) , ocTaDmerocJI nocne pea~BB cpwDa, 

onpe.QenJieTCJI ero Maccoi /T.e. ero aTOMJIWM HOMepoM A I 
P =A· PH ,r.Qe PH - BMnyn~oc, npuxo.QJIUUIBCJI ua uyxnou 

D nepDH'IHOM. YCKOpeHHOM JI,Qpe. 

Tpaex-:ropua TaKoro ocTaTO'IHoro JI.Qpa D nonepe'IHOM 

MarHBTHOM none H BMeeT pa.QBYC KpBDB3HW 

p A PH 
R- HZ- z· H. 

TaKBM o6pa30M, a.Qpa c pa3JIB'IHWM A/Z C nOMOIQI.IO 

MarHBTHOrO nOJIJI pa3.QeJIJIIOTCJI npoCTpaHCTDeHHO B MOryT 

6WTI. cl)opMBpOBaHW 06W'IHWMB MeTO.QaMB MarHBTHOB ODTB· 

KB D ny'IKB, npBrO.QHWe .QJIJI .QaJII.Heim.Hx BCCJie.QODaHBB. 

B cl)opyupoDauuwx ny'lxax JI.QPa c onpe.QeneuuwM Z MOlK

HO DW.QeJIBTh no BOHIJ3a~BB, . C nOMOIQhiO COOTDeTCTDYIOUUIX 

.QeTeKTOpOD "dE/ dx", HanpBMep, CIUIHTBJlJlJI~BOHHWX 
C'leT'IBKOD BJIB nponopiUioHan~ouwx KaMep. Ce'leuue peaKIUIB 

cpwDa cocTaDnJieT 3Ha'IBTeJlloHYIO 'laCTI. ueynpyroro ce'leHBJI 

B3aBMO,QeBCTDBJI peJIJITBDBCTCKBX JI.Qep~ , no3TOMY npB 

* ~OJIJI pea~BB CTpBnDHHra a ·'laCTIIlt C BMDYJII.COM 
P a = 17 F3B/c D ueynpyrux npol{eccax ~ cpe,AHeM JI.Qpe 
3MYJII.CBB(A3¢qr 70) COCTaBJIJieT60~0JIO 30~ :i/, COOTDeTcT· 
BYIOIQaa DeJIB'IBHa ua JI.Qpe Lt /no npe.QDapBTeJII.BWM 
o~euxaM/ - CDwme 70~. 
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cpaDHBTen~ouo TOBKBX MBWeHJIX /uecxon~oxo z/cM 2 I MOlKHO 

noJiy'IBTh ny'IKB BCCJie.Qye_MWX DTOpB'IHWX JI,Aep C BHTeH • 

CBDHOCTI.IO npaMepuo ua 2 nopJI.QKa Meu~omei, 'leM BHTeu

CBDHOCTI. nyqxa nepDB'IHWX /ycxopeuuwx/ JI.Qep. O'leDB.QHO, 

'ITO .QJIJI 3TOB ~eJIB He06XO.QBMO BCnOJih30BaTh JierKBe MB· 

WeBB /c MaJIWM Z /, 'IT06W MHOrOKpaTHOe KyJIOHODCKOe 

pacceauue "ue nopTuno" napaMeTpw ny'IKa DTOPB'IHWX a.Qep. 

B cny'lae, eCJIH .QJIBHa KaHaJIOD, l)opMBPYIOUUIX nyqKJI DTO·. 

pB'IHWX a.Qep, 3Ha'IBTeJlloua, B 3TBX xauanax MoryT 6WTI. 

npBMeHeHW MarHHTHWe 3JieMeHTW, 'laCTB'IHO KOMneHCBpYIO· 

UUie ue6oJII.WYIO yrJIODYIO paCXO.QBMOCTh 'laCTB~ D ny'IKe, 

KOTOpaJI D03HBKaeT D pe3yJILTaTe peaKIUIB cpwaa B cen~

paiUIB D pa3.QaTO'IHOM uarHBTe. 

Ilonyq:euue ny'IKOB penaTBDBCTCKBX pa.QBoaKTBDHWX 

JI.Qep • ~pO.QYKTOD pea~BB CpWBa • OTKpWBaeTHODWe 3KCDe· 

pBMeHTaJII.HWe D03MOlKBOC:I'B .QJIJI BCC.Ile.QODaHBJI KOpOTKO· 

>KBDYIQBX B30TODOD C BCnOJih30BaHBeM TpeKODWX ,QeTeKTO· 

pOD /MarHBTHWX CDeKTpOMeTpoD/, pacnonaraeMWX D 3TBX 

· ny'IKax. fio.Q06HWM MeTO.QOM MOlKHO BCCJie.QODa.Th pa.cna.QW 

JI,Qep C nOCTOJIHHOB pacna.Qa npBMepHO OT 10 
6 c-1 ,QO 

10 g C - 1 , a eCJIB peaK~BJI CpWDa OCYIQeCTDJIJieTCJI DHyT· 

pH ,QeTeKTOpa • ~nJIOTh .QO 10 
10 + 10 

11 
C -

1 
, DpB 60JII.WBX 

3Ha'leHBJIX nOCTOJIHHOB pacna,Qa /10
12 + 10

19 
C -

1 
/, 

TO'IKY D03HBKHOD~HBJI pa.QBOaKTBBHOrO JI,Qpa B TO'IKY ero 

pacna.Qa pa.3.QeJIBTI. npaKTB'IeCKB uenh3JI. B 3TOM cny'lae, 

xax OTMe'lanoci. B.rnaroneDijM/10 I , .QJIJI ua6JIIO.Qeuaa ueiT· 

poHOB36WTO'IHWX JI.Qep TBna He MOlKHO C ycneXOM BCnOJih • 

30DilTh pea.K~BIO ;Li + p ->
6 He +p+p B MeTo.Q He.QOCTaiOUUIX 

Mace npB a.uaJIB3e .QDYX npOTOHOD. C .Qpyroi CTOPOHW, pa.QBO • 

aKTBDHWB pacna.Q ueiTpoHO.Qei)B~BTJIWX JI,Qep MOlKeT 6WTI. 

yCTaHODJieH no CBJII.HWM KOppeJIJI~BJIM Me)I(.Qy .QO'IepHBM 

JI.QpOM B 3apJI>KeHHWMB npo.QyKTaNB pacna.Qa. 0TMe'leHHWe 

D03MO>KHOCTB paccMaTpBDaeMOrO MeTO.Qa nepeKpWBaiOT cy· 

aQeCTDeHHYIO 'laCTI. BHTepBana DepOJITJIQCTei, npe.QCKa3WBa • 

eM oro .QJIJI npOTOHHOB B ,QDyxnpOTOHHOB pa.QBoaKTBBHOCTB/6-8/. 

Oco6euuocT JIMB Taxoro 3KcnepaMeiiTan~ouoro no,Axo.Qa JIBJia· 

IOTCJI D03MO>KHOC'I:h B.QeHTBI)B~BpOBaTh BCCJie.QyeMWe JI,Qpa 

no BOHB3a~BB ( Z) B no KpBDB3He TpaeKTOpBB D MarHBTHOM 

none ( A/Z) , a D TO >Ke DpeMJI D03MOlKHOCTh ua6JIIO.QaTI. 
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scro xapTHHY pacna.D.a B " 4 rr - reoMeTpHH" * . llocne,ZJ,Hee 

MO:lKeT OXa3aTLCJI BeCLMa Ba:lKHI:.IM, HaDpHMep, DpH H3y'leHHH 

xoppenJI~HB no 3HeprHJIM npoTOHOB - npo,D,yXTOB ABYXnpo

TOHHoro pa,D,HOaXTHBHOrO pacna,ZJ,a. C ,ZJ,pyrOB CTOpOHI:.l, ,ZJ,JIJI 

nocne,ZJ,yromero 6onee ,ZJ,eTaJILHoro Hccne,ZJ,oBaHHJI ,ZJ,syxnpo

TOHHOB pa,D,HOaXTHBHOCTH MOryT 6WTL 3~eXTHBHO HCnOJIL-

30BaHI:.l ynpaBJIJieMI:.le TpeXOBI:.le ,ZJ,eTeXTOpi:.l, TpHrrep XOTO

pi:.IX HCnOJIL3yeT XHHeMaTH'IeCXHe OC06eHHOCTH ,ZJ,ByXnpo

TOHHOrO pa,D,HOaXTHBHOrO pacna,ZJ,a MOH03HepreTH'IeCXOrO 

peJIJITHBHCTCXOrO JI,ZJ,pa. 
llpH ,ZJ,OCTaTO'IHO 60JILWOB HHTeHCHBHOCTH nepBH'IHOrO 

ny'IXa penJITHBHCTCXHX JI,ZJ,ep 3cl>4lexTHBHeB 6WJIO 61:.1 /y'IHTLI

BaJI B03MO:lKHOCTH yny'IWeHHJI c}lOHOBI:.IX yCJIOBHH/ HCnOJIL-

30BaTL peaX~HIO Cpi:.IBa, OCY.IUeCTBJIJieMyiO B HeCXOJILXO no

cne,ZJ,OBaTeJILHI:.IX 3TanoB, Ha Xa:lK,ZJ,OM H3 XOTOpi:.IX noJiy'laiOT

CJI H BI:.l,ZJ,eJIJIIOTCJI H30TOnLI HCCJie,ZJ,yeMoro JI,D,pa, HanpHMep, 

co see MeHLWHMH 3Ha'leHH.HMH A. 

Tax, JI,ZJ,pa H30Tona 
9 

C6 , nony'leHHLie B pe3ynLTaTe peax

~HH 16 0 8 + Be -. 9 C6 + •• .141 , MO:lKHO HcnonL3oBa TL ,ZJ,JI.H no He

Xa .H,D,pa 
8 C 6 ** C nOMOIULIO peaX~HH Cpi:.IBa, B XOTOpOB 

O,ZJ,HH H3 HeBTpOHOB .H,D,pa 
9 C 6 B3aHMO,ZJ,eHCTByeT C npoTOHOM 

MHWeHH: 

9 £' 8 c 
~6+p __. ~6+n +p. 

H3y'leHHe XOpOTXO)I(HByuuiX pa,D,HOaXTHBHWX JI,ZJ,ep C HCnOJIL-

30BaHHeM ycxopeHHI:.IX ,ZJ,O penJITHBHCTCXHX CXOpOCTeii HOHOB 

H TpeXOBLIX ,ZJ,eTeXTOpOB MO:lKeT OXa3aTLC.H noJie3HLIM npH 

nOHCXe /HCCJie,ZJ,OBaHHH/ HCnycxaHH.H O'leHL M.Hrxoro H3Jiy

'leHHJI, TPY.D.HO ,ZJ,OCTynHoro .IJ.JI.H Ha6JIIO.D.eHHJI o6w'IHO npH

MeHJieMLIMH MeTo,ZJ,aMH. B 3TOM cnyqae 3HeprH.H /HMnyJILC/ 

npO,D,YXTOB pa,D,HOaXTHBHOrO pacna,ZJ,a 6y,ZJ,yT B Jia6opaTOpHOB 

* QqeBH,ZJ,HO, npH TaXOH nocTaHOBXe HCCJie,ZJ,oBaHHB pa,D,HO
aXTHBHI:.IX .a,ZJ,ep E- 3axsaT 6y,ZJ,eT "3aMopolKeH", 'ITO, B03-
MO:lKHO, no3BOJIHT H3y'laTL xoHxypHpyroiUHe npo~eccw. 

** Ha Ba)I(HiCTL 3XCnepHMeHTOB no nOHCXY H HCCJie,ZJ,OBa-
HHIO .H,ZJ,pa C

6 
o6paTHJI MOe BHHMaHHe B.M.CH,ZJ,OpOB. 
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CHCTeMe XOOp,D,HHaT 3Ha'IHTeJILHO 60JILWHMH 3a C'leT peJI.H

THBHCTCXHX CXOpoCTeB pacna,ZJ,aiOIIUIXC.H JI,ZJ,ep *. 
B 3aXJIIO'IeHHe cne,ZJ,yeT OTMeTBTL, 'ITO npo,D,yXTLI peax

~HH CTpHnnHHra peJI.HTHBHCTCXHX .H,ZJ,ep MOryT ,ZJ,aTL BalKHYJO 

HHc}lOpMa~HIO 0 xapaxTepe conyTCTBYJOIUero B3aBMO,ZJ,eHCTBH.H. 

Tax, HanpHMep, npH B3aHMO,ZJ,eHCTBHH peJI.HTHBHCTCXHX a -
'laCTH~ C .H,ZJ,pOM npHCYTCTBHe "cTpHnnHHrOBI:.IX" /Hepa3sa

JIHBWHXCJI/ 3 He (3 H) 03Ha'laeT, 'ITO npOH30WJIO B3aHMo

,ZJ,eii:cTBHe Heii:TpOHa /npOTOHa/ C MaJIOH nepe,ZJ,a'leii: HMnyJILCa. 

0T60p TaXHX nepHc}lepH'IeCXHX B3aHMO,ZJ,eHCTBHH H cpaBHeHHe 

OTHOCHTeJILHOrO 'IHCJia o6pa30BaHHLIX npH 3TOM TT-, TT + , TT 0 
-

Me30HOB C TeM, 'ITO HMeeT MeCTO npH B3aHMO,ZJ,eHCTBHH 

"CB060,ZJ,HLIX" HYXJIOHOB, n03BOJI.HIOT nOJIY'IHTL CBe,ZJ,eHH.H 0 

nosepxHocTHOM "cnoe" JI,ZJ,ep /"Heii:TpoHHa.H wy6a"/. 

C ,D,pyroii: CTOpOHLl, eCJIH cpe,ZJ,H npo,D,yKTOB peaK~HH CTpHn

nHHra npH B3aHMO,ZJ,eHCTBHH a-'laCTH~ C npOTOHOM OTCYTCT

ByiOT 3ap.H:lKeHHLle 'laCT~Ll, 3TO yKa3LIBaeT Ha TO, 'ITO DO 

B3aHMO,ZJ,eHCTBHH y'laCTBOBaJIO no XpaiHeii: Mepe 2 HYXJIOHa 

HaneTaroiQero .a,D,pa. 

llpH HCCJie,ZJ,OBaHH.HX C HCnOJIL30BaHHeM ynpaBJIJieMLIX 

TpeXOBLIX ,ZJ,eTeXTOpOB KHHeMaTH'IeCXHe OC06eHHOCTH peaK~HH 

CTpHnnHHra pen.HTBBHCTCXHX .H,D,ep n03BOJI.HIDT BeCTH OT6op 

C06LITHH no xapaKTepy B3aHMO,ZJ,eHCTBH.H C nOMOIULID COOTBeT

CTBYIDIQero TpHrrepa. 

BLJpa:lKaro 6naro,ZJ,apHoCTL A.M.IiaJI,ZJ,HHY, IO.JJ;.:Se3HOrHx, 

A.H.ronoxsacTosy, K.JI.rpoMosy, IO.P.JiyxcTLIHLWy, 

A .JI .Jiro6HMOBY, M .H.llo,ZJ,ropenxoMy, B. M. CH,ZJ,oposy, 

C.A.Xopo3osy, B.M.Qynxo-CHTHHKOBY 3a o6cy)K,!J,eHHe 

3aTpOHYTLIX 3,ZJ,eCL BOnpOCOB. 

:Snaro,ZJ,apro TaKlKe B.B.rnaronesa, 03HaxoMHBwero MeHJI 

c pyxonHcLro csoeii: CTaTLH 110 I .D.O ee ony6nHxosaHH.H. 

* 3TO 3aMe'laHBe OTHOCHTC.H H K CJiy'laJIM pa,ZJ,BOaXTHBHOrO 
pacna,ZJ,a /H30MepHoro nepexo.D.a/ c HcnycxaHHeM y -xsaHTOB, 
eCJIH HCCJie,ZJ,OBaHHJI Be,ZJ,yTCJI C nOMOIULID, HanpHMep, CTpH
MepHOH xayepLI C y- XOHBepTopoM BHYTPH ee pa6o'lero o61oe
Ma /9,11/. 
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Y CJIOBHll 06MeHa 
ITpenpHHTLI H coo6~~teHHJI OliJIIi paccLinaJOTCJI 6ecnnaTHo, Ha ocHoBe 

B3aHMHOrO 06MeHa, YHHBepCHTeTeM, HHCTHTyTaM, na6opaTOpH.IIM, 
6H6nHOTeKaM, Hay'IHLIM rpynnaM H OT,llenbHLIM y'leHLIM 6onee 50 CTpaH. 

MLI O)I(H,llaeM, 'ITO nony'laTenH HJ,llaHHH OliJIIi 6Y..llYT caMH npo.IIB
n.IITb HHHUHaTHBY B 6ecnna THOR nOCbinKe ny6nHKaUHH B )J;y6Hy. B nopJI,llKe 
06MeHa npHHHMaiOTCJI Hay'IHLie KHHrH, )l(ypHanLI, npenpHHTbl H HHOrO 
BH..lla ny6nHKaUHH no TeMaTHKe OliJIIi. 

E,llHHCTBeHHLIH BH.ll ny6nHKaUHH,KOTOpLIH HaM npHCLinaTb He cne..lly
eT ,- 3TO penpHHTLI /OTTHCKH CTaTeH, y)l(e ony6nHKOBaHHbiX B Hay'IHLIX 
)l(ypHanax/. 

B P.ll.lle cnyqaeB MLI caMH o6pa~~taeMc.ll K nony'laTen.IIM HaiiiHX H3,lla
HHH c npocb6oii 6ecnnaTHo npHcnaTb HaM KaKHe-nH6o KHHrH HnH 

BLinHCaTb ..llnJI HaiiieH 6H6nHOTeKH Hay'IHbie )l(ypHanLI, H3,llaiOIItHeCJI B HX 
cTpaHax. 

OT~eJibmhle 3anpochl 
Ji3..llaTenbCKHH OT,llen e)l(erO,llHO BbiDOnHJieT OKono 3 000 OT..llenbHLIX 

JanpocoB Ha BLICbmKy npenpHHTOB H coo6IIteHHH OliJIIi. B TaKHX 3a
npocax cne..llyeT o6.113aTenbHO yKa3LIBaTb HH,llei<c 3anpaiiiHBaeMoro 
H3,llaHHJI. 
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ITHCbMa no BceM BonpocaM o6MeHa ny6nHI<aUH.IIMH, a Tal()l(e Janpo-
CLI Ha OT,llenbHLie HJ,llaHHJI cne.nyeT HanpaBn.IITb no a.npecy: 

101000 MocKea, 
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067>eOUHeHHOZO UHC111U111y1/la 
JlOepHbiX UCCAeOoeaHuil. 

A..llpec ,lln.ll nocMni<H Bcex ny6nHI<aUHH B nop.ll,lli<e o6MeHa, a Tal()l(e 
,lln.ll 6ecnnaTHOH no,llnHCKH Ha Hay'IHLie )l(ypHanLI: 

101000 Moc~eea, 
FAaeHbtil nO'i111aM111, n/11 79. 
llay'iHo-mexHU'iecKaJl 6u6AuomeKa 
067>eOUHeHHOZO UHC111U111Y111a 
JlOepHbiX UCCAeOoeaHUil. 


