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B pa60Te/ 1/ paccvorpeau peayne re ru , AOCTl-1rHYTble B nocneaaee 
BpeMR Ha nYTI-1 It1Cn011b30B~HI-1R naaepuoã n11a3Mb! 8 Ka4eCTBe I-1CT04HI-1Ka 
MHor03aORAHblX 1-10HOB AI1R ~I-1K110TpOH08. HaMe4eHbl nYTI-1 C03,qaHIt1R Bbl
COK03<pC\JeKTI-18HOrO I-1CT04HI-1Ka C BBOAOM nna3Mbl SA011b CI-1110BbIX 11I-1H~~'1 

MarHv.THoro nO.l1R. OAHaKO npoaeaeuuux I-1CC11eAOsaHI-1i1 HHTerpa11b HblX 
xapaKTepl-1CTI-1K HeAOCTaT04HO A11R 'peal1I-13all,I-1I-1AaHHOro Bapl-1aH:ra It1C
T04HI-1Ka Ha ll,I-1K110TpOHe. B 4aCTHOCTI-1, 8 CBR31-1 CO 3Ha4I-1Te11bH~M yse
111-14eHl-1eM nnOTHOCTI-1 n11a3MW B 06naCTI-1 3KCTpaK~It1~. He06xOA~MO npo
SeCTI-1 I-1CC11eAOaaHr.1e ~KCTpaK4Io1l-1 1-10HOB B ycnoBI1RX npononsuor-o nOJ1R 
i, a TaK*e BJ1I-1H~I-1R ã Ha 3apRAoBwi1 cneKTp 1-1 KOnl-14eCTBeHHwe xapaK
Tepl-1CTI-1KI-1 MHorosapRAHWX 1t10HOB na3epHoi1 nnaSMW. 

1.1. AHanlt13 xapaKTepl-1CTI-1K 1-10HHOrO KOMnOHeHTa na3epHo~ nna3Mbl 
np0I-13BOAI-111CR Ha CTeHAe 1-10HH~X I-1CT04HI-1KOB ~RP OHRH no MeTOAIt1Ke, 
OnI-1CaHHO~ 8/ 2, 3/ . AaHHaR MeTOAI-1Ka npeAnonaraeT cneAY~~lt1e 3Tanw: 
1/ 06paSOaaHv.e nna3Mw; ,2/ Tp~HCnOpTl-1pOBKa nna3MW OT MI-1WeHI-1 AO 
3MI-1CCI-10HH0i1 ~enl-1 BA011b n011R ã; l/ 3KCTpaK41-1R 1-10HOB 1-13 nna3MW • 
1-1 It1X YCKopeHl-1e nonepeK n011H S; 4/ $OKYCl-1pOBKq lt1 perlt1~Tpa~I-1R 
1t10HHWX nY4KOB nOC11e nOBopOTa Ha 180 0 B none ã. 06pa30BaHl-1e, pa3
neT nna3MW 1-1 aHanl-13 1t10HHOrO KOMnOHeHTa na3epHoi1 CTPYKTYPW npol-1c
XOAI-1I1101 B OAHOM 1-1 TOM me OAHbpOAHOM ~arHI-1THOM none , Bw6paHHaR ' 
MeTOAI-1Ka n03BOnl-111a BblRBI-1Tb Bnl-1RHl-1e npoaons Horo MarHI-1THOrO n011R 
Ha cneKTp 3apRAHocTei1, K0l1l-14eCTBeHHwe 1-1 BpeMeHHwe xapaKTepI-1CT~
KI-1 1-10HHOrO KOMnOHeHTa 11a3epHo~ n11a3MW Ha n03AHI-1X CTaAI-1RX ee pa3
neTa. 

nOCK011bKY aHal1l-1TI-14eCKaR annaparypa CTeHAa 1-10HHblX I-1CT04HI-1KOB 
npeAHa3Ha4eHa AnR ~Cn~TaHI-1i1 I-1CT04HI-1KOB, pa60Ta~~I-1X B KBa3l-1Henpe
p~BHOM pe>KI-1Me, lt1 ~~eeT CpaBHI-1TenbHO B~COKI-1~ nopor 4YBCTBI-1Tenb
HOCTI-1, TO BC11eACTBHe 3Toro B Ka4eCTBe I-1CT04HI-1Ka Ii1311Y4eHI-1R 6b111 
B~6paH 11a3ep nT~n4-4, KOTOP~~ pa60Tan c 4aCTOTO~ 25 r~ H n08BO
11R11 n011Y4aTb AOCTaT04HO BblCOKYO cpeAH~~ I-1HTeHCI-1BHOCTb HOHH~X 

TOKoe paanH4H~X 3apRAHocTei1, npeBblwa~~ID nopor 4YBCTBHTe11bHOC}~ 
aHanI-1T~4eCKOH annapaTyP~. n11HTenbHOCTb 11a3epHoro I-1MnY11bca 
~ 12 HC, n11o~aAb nRTHa ~KYCI-1POBKH - 10-3 CM2• B Ka4eCTBe MH- , 
weHei1I-1Cf10nb30Ba11HcbLiÉ'.BN. C. Al. Si. Ti, Co, Cu, M(h,Ta,;Bi~ 
PaCCTORHl-1e OTMHweHH AO 3MIi1CCI-10HH0i1 ~el1l-1 L ~apbl-1pOBa110c~ OTI O _~ 

AO 7 CM. Pa3Mep 3MI-1CCHOHHOH ~e11H I-1CT04HI-1Ka ,3,5x22,5 MM2. H~~PR-' 
>KeHl-1e Ha 3KCTpaKTope - U , xorcooe-YCTaHaBl1I-1BanOCb H~' "paCCT~R-J 
HHI-1 3';'5 MM OT HCT04tiI-1Ka, Mor110 MeHRTbCR À~ 2Q KB. MpkCIi1Ma11b~aRJ 
aenl-141-1Ha MarHI-1THOrO n011R COCTaBnRna 0,5 111. HopMa11b K nOBep~Hol 

CTH MHWeHI-1 11aaepHoro H311Y4eHI-1R B T04Ke ~OKYCI-1POBKH 11a3epHorp J 

H3ny~eHHR Ha <. ;HJ;'.~~D.~'Cc'~!Q1.!t:tI1<"!·J·t~t.ti~- t.' .._.-,noaepXHOCTH i.~.;:.~,ge.cjhrt( ~lHiJl. ~. . 
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PHc.I. 3aBHCHMOCTb MaKCHManbHoro HHTerpanb
no'ro TOKa HOHOB C na auxoue MCTOtIHHKa IM OT 
Hanpfl~eHHfl Ha 3K~TpaK~ope U AnH pa3nHtIHDIX ~: 

O - 5.109 BT/CM2, 9 - 2.109 BT/CM2, • 
0,7.109 BT/CM2, À = 1,06 MKM, L = 3,5 CM, 
B = 0,4 TJ1 Q 

OT nnOCKOCT~ 3M~CC~OHHO~ ~en~. AnR onpeAeneH~R 3$$eKT~BHoC1~ 

orõopa iIlOHOB ~3 nna3Mbl HaA 3M~CC~OHHOH lllenblO 6bln YCTaHOBl1eH 
KonneKTOp. 

1 .'2. 3Kcnep~MeHT noxaaan , 4TO Ha~60nbwaR BenW"H1Ha ~HTerpanb

-Horo 1-10HHOrO TOKa IN Ha auxoae ~3 I-1CT04HI-1Ka AOCTlllraeTCR Ha ner> 
KIIIX 3IleMeHTax. TaK, Hanp~Mep, np~ U = 15 KB, L = 3,5 CM 11I $ = 

5 010 9 BT/CM , Benl-14~Ha IM AnR MHweH~ ~3 C COCTaBnRna ~ 0,5 A, 
a AnR Bi ~ {),05 A. An~TenbHocTb ~OHHoro TOKa MOHOTOHHO B03paCTa
na c yBen~4eH~eM aTOMHoro Beca MaTepl-1ana M~weH~, 1-1 AnR ~cnonb

30BaHH~x M~weHeH COCTaB~na 1~10 MKC. 3aB~C~MOCTb IM OT U !plllc.l/ 
AJlR scex M~weHeH õuna np~6J1~3~TenbHO nponOPL41-10Ha.AbHa UK, r Ae 
K ~ 1fl,5 AflR $=/0,7 f5/·109 BT/CM2• C YMeHbweH~eM ~ 8eIl~4~Ha 
K ~MeeT Te~Ae-HL4~1O YMeHbwaTbcR. 3TO. nO-BI-1~I-1MOMY, rOBop~T o TOM, 
4TO npa MaKC~ManbHbIX nnOTHOCTRX MOUl"HOCT~ naaepaoro 1-13nY4eH~R 

KOHL4eHTpa~~R ~OHOB B na3epHOH nna3Me AOCTaT04HO B~COK~ ~ MaKC~

ManbHaR Ben~4l11Ha ~OHHoro TOKa 1-13 ~CT04HI-1Ka npIII6n~~aeTCR K ~3
aeCTHOMY 3aKOHY "TpeX-BTopbIX" o C YMeHbWeHl-1eM <P KaK Kon~4eCTBO 

~OHOE\ B nnaaae , TaK 11I nnOTHOCTb nna3Mbl YMeHbwalOTCR .~, KaK CJ1eA
CTB~e, ~MeeT MeCTO ÕOJ1ee cna6aR 3aB~C~MOCTb IM oi u. 

1.3. B 3Kcnep~MeHTe I-1CnOJ1b~O~anaCb 3aSI-1CIIIMOCTb Konlll~eCTBa 

~o~Horo 3apRAa QB~ ~3BJ1eKaeMOro ~3 IIICT04HI-1Ka /wnl-1 K0J11114eCTSa 
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PHc.2. 3aBHCHMOCTb H3BneKaeMoro M3 HCTOtI
HHKa KOnHtIeCTBa MOHRora 3apHAa QB 3a OgHH 
MMnynbc na3epa OT aTOMHoro Beca MaTepHarra 
MHmeHH A; ~=4·109 BT/CM2, À=1,06 MKM, 
L=3 CM, B=Oi5 Tn, U=15 KB, pa3Mep ~enH 

3,5x22,5 MM • 

~3BneKaeM~X ~OHOB/ 3a 0AIIIH IIIMnYJ1bC na3epa, OT aTOMHoro seca Ma
Tepl-1ana MlIIweHI-1 t OT Ben~4~Hbl MarH~THoro nOI1R 11I pR,qa APyn1x napa
MeTp..)B~ 

Ha pl-1c~2 npl-1BeAeH~ pe3ynbTaT~ 3KCnepl-1MeHTa no 3KCTpaKL4~1II 11I0
HOB 11I3 nna3MeHHoro $aKena, pa3neTalO~erOCR BAonb MarHI-1THOrO no
nR. KaK BIIIAHO, 3aBI-1CIIIMOCTb QB OT aTOMHoro seca MaTep~ana M~we

HH, B OTnl-14He OT 3aB~CHMOCTH nonHoro HOHHoro 3ap~Aa a nna3Me 
Qn OT A /cM.PHc.S!l/, ~MeeT HeMoHoToHH~H xapaKTep. TaK, ecnlll 
npH yaenH4eHHH aTOMHoro seca MaTepHana M~weHH OT A=12 /CI AO 
A=96 /Mo/ ~MeeT MeCTO YMeHbweHHe 06~ero KonH4eCTBa 1-10HHOrO 3ap~
Aa, H3BneKaeMoro ~3 IIICT04H~Ka, TO np~ AanbHe~weM YBenH4eHH~ A 
Ha6nIOAaeTc~' HeKOTopoe yaen~4eHllle QB.3TO, nO-B~AHMOMY, RBnReTCR 
cneACTBHeM YBen~4eHHR BpeMeH~ 3KCTpaKL4~H 1-10HOB H3 nna3M~ HnH 
AnHTenbHOCTH HMnynbca HOHoa, KOTopoe, KaK 6~no HaHAeHo B 3Kcne
plIIMeHTe J yeenlll4HsaeTcR c YBen~4eHHeM A. CneAyeT nOA4epKHYTb~ 

4TC AJ1R Bcex 6es HCKn~4eHI-1R MlllweHeH, BenH4~H MarHHTH~x noneH 
H paCCTORHHH OT M~weHH AO 3MHCCIIIOHHOH ~enH, KOTop~e ~cnonb30

Ban~Cb B AaHHoM 3KcnepHMeHTe, ~HTerpanbHaR AnIllTenbHocTb IIIMnynb~ 

ca HOHOB Ha B~xoAe III~ ~CT04HHKa COCTaBJ1Rna He MeHee HeCKonbKIIIX 
MI-1KpOceKYHA, 4TO snonae ~ocTaTo4tiO...,nplo1 I1CnOJlb30aaHIo11-1 HOHHoro 
KOMnoHeHTa na3epHoM nna3M~ AnR 3aAa4 YCKopeHIII~. 

npH H3Y4eHHH 3aBHC~MOCTIII QB /U,~/ np~ ~HKcHpoBaHH~x L H B 
6wno YCTaHOBneHO, 4TO, KãK H cneAOBano o~HAaTb, QB paCTeT c YBe
nH4eH~eM U 1-1 ~. ~3 cpaBHeH~R nonHOro HOHHoro 3apRAa B nna3Me 
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PHc.3. 3aBHCHMOCTb KonH~eCTBa ROHOB AI Nz 
/B OTHOCHTe.HbHhIX eAHHHIJ;ax/ na suxone HCTO'tl
HHKa OT KpaTHOCTH HOHH3aIJ;HR Z , ,r:J;nH pa3nH~-
HbIX L: @ - 0,3 CM, f::" - 1,0 CM, o -6,6 CM, 
~=5·109 BT/CM2; À=1,06,MKM; B=O,4 Tn. 

/CM.p~c.3/1i/ Qn ltI sapTlAa QB /p~co2/ cneayer , 4TO npltl MaKCIIIMaJlb
HO~ BeJ1~4~He EbITTlr~8alO~ero HanpH)KeH~R U=20 KB ~s ~CT04H~Ka [..1S-· 
BJleKaeTCR He 60Jlee HeCKOJlbK~X npo~eHTOB OT e6~ero 4~CJla ~OHOB 

B nnaaxe , 3TO 06bRcHReTcR PflAOM npIll4~H. Bo-riepaux , MaKCIII"1aJlbHbIH 
AHaMeTp' nJlaSMeHHoro cToJl6a 8 MarH~THWX n~JlRX - 0,1 Tn SHa4lt1TeJlb
HO npeBOCXOA~T pasnep 3M~CC~OHH0i:1 ~eJlIII B AaHHOM HanpaSIleHI-H1. 3TO 
nOATSep>KAeHO 3Kcnep~MeHToM, rAe GWJlO HaHAeHo, 4TO nplll ~~KcMpoBaH
HblX a.enV14I11Hax A, <1>, U ysem'14eHVle MarH~THoro nem, aene r K YBeJl~
4eH~1O QBo BO-BTOPWX, Manoe KOJl~4eCTBO IIIS8neKaeMWX ItIS HCT04H~Ka 

~OH08 RBJlfleTCR CJleACTBltIeM KaK cpaBH~TeJlbHO HeBwcoKoH Benlll~~HW 

BWTflr~BalO~ero HanpR)KeH~R /~ 20 KB/, TaK ~ Manoro epeMeH~ npoxom
AeH~R ~OHOB 06JlaCT~ 3MlllCC~OHHOH uienu , llocnenaee nOATBep>KAeHO 
3Kcnep~MeHT~JlbHO, rAe, KaK 6wJlo Ha~AeHo, np~ $~Kc~poBaHHwx A, <1>, 

U, ~ c YBeJl~4eH~M L I~Jl~ Y8eJl~4eH~eM An~TeJlbHOCT~ ~Mnynbca ~OHOB 
r , nocxonexy '("-' LI Ha6JlIO,qaeTcR pOCT QB' ' 

1.4. npltl ~SY4eH~H cneKTpa sapAAHOCTeH H KOJl~4eCTBeHHWX xapaK
Tep!llCT~K YCTaHOBJleHO Ip!llc.3/, 4TO MaKC~MaJlbHaA KpaTHOCTb ~OH~sa

~1t11t1 1t10HOB Ha BblXOAe 1t13 V1CTOllHl-1Ka SaBlt1,CIIlT He ronsxo. OT nJlOTHOCT~ 

MO~HOCTIII Jla3epHOro ~3JlY4eH~T1 $, HO H OT paccToRH~A L Me>KAY MItl
weHblO ~ 3M~CCHOHHOH ~eJlblO np~ L=O~3 eM. C YBeJl~4eH~eM paccToRH~R 

L MaKCItlMaJlbHafl KpaTHocTb HOHIII3aQH~ Ha Bwxo,qe ~3' HCTo4HIIIKa ~OHOB 

pacTeT. 3TO MO>KeT 6WTb cneACTBllleM 3KpaHlllpoBKIII BHYTpeHH~x cnoes 
nJlaSMbl /rAe HaxoARTcfl M3l-1/ HI-1SKOSaPflA.HbIM 1-10HHblM KOMnOH~HTOM. np~ 
AaJlbHeHWeM yseJll-14eHI-11-1 L OT 3 AO 7 CM, MaKCI-1Mé:lJlI:lHaR KpaTHOCTb ~O

H1-13a~1-11-1 1-10HOB Ha 8~XOAe 1-13 ~CT04HI-1Ka OCTaaaJlaCb HeI-13MeHHO~. aKC
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PHC o4. 3HepreTH~eCKHe crreKTpbI HOHOB Li: 
o - Li 1+ I::. - Li 2+ '. - Li 3+ . <I>~4'"109 BT/CM2 , ~ -' ,
MaTepHaJ1 MHmeHH LiF;, .~/ B=U, 6/ ~=O,; In. 

nepl-1MeHT nOK8SaJl, 4TO np~ ~=5'109 BT/ÇM2 ~ L~7 CM S ~3BneKaeMOM 
~S ~CT04H~Ka TOKe cOAep~aTcR ~OH~ np~BeAeHHO~ MaKc~ManbHo~ KpaT
HOCT~ lt10H~Sa"~~ Li3+ B3+ C4+ A16+ SiS+ TiS+ Mo4+ Bi 4+'"' ", , , , , . 

CpaBHeH~e nOJlY4eHHblx peayns raroa no cneKTPY sapRAHoeTe~ ~o-

HOB naaepaoã nJla,3MbI c peayne reraxa , nOJlY4eHHblM~ npa o6pasoBaH~~ 

~ paSJleTe JlaSepHO~ nJla3MbI B oTeYTeTB~e nOJlR/4/ nOKaSaJlO, 4TO 
npOAOJlbHOe MarH~THqe none YBeJl~4~BaeT MaKe~MaJlbHY~ KpaTHoCTb 
~OH~Sa~j;f~ ~OHOB e'A~ 27 ~ cnaõo BJl~ReT Ha sapRAoB~~ cnexrp Go
Jlee TR*eJl~X ~OHOB. Ha p~e.4,np~BeAeHbI 3HepreT~4eeK~e eneKTpbl 
~OHOB Li B eJlY4ae eBoGoAHoro pa3neTa nJlaSMbI, nOJlY4eHHble Ha 
3Jle~TpOeraT~4eeKoM Maee-eneKTpOMeTpe /oT60p ~OHOB ~3 nJla3M~ npa
~3BOAHJleR Ha paeeToRH~~ L=30 eM/ ~ B enY4ae pa3JleTà nJla3M~ 

B np'oAOJlb,",OM MarH~THoM-·none. 3HepreT~4eeK~'~ cnexrp IIIOHOB na- .. 
3epHo~ nJlá3,M~ B npOAonbHOM MarH~THOM none 
~3 BPe.MRnpOJleTHblX ~3MepeH~~ no ~pMYJle 

b.N/till z = [Ai z(t)/Ze]/[miL2/(t-tn ) 3 ] , 

rA~ b.N/b.E - ~YHK4j;fR paenpeAeJleH~R ~OHOB e 
Z no 3Hepr~RM; A _. 4~eJleHHbI~ K03~~4~eHT, 
~OHOB np~ ~X yeKopeHHH ~ oGopoTe B MarH~THOM nOJle Hà 1800 ; .! J 
iz(t) - 3Kenep~MeHTaJlbHO 1113MepReMaR '3aB~e~MoeTb TOKa ~OHOB I .J 
e xparuocrue \fIo'H~3a4~~ Z Ha «onnexrcpe OT BPeMeHli1'3a.Qep)f(K~L~e~;t , _ 

--~-.J 5
i 

pacc-orraeancs ~CXOAR_; 

/~/ ; 

KpaTHoeTb~ ~oH~sa~~~j 
xapaKTep~sY~~III~ n~Ted~ 
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AY reHepa~lIIeH na3epHOrO IIIMnynbca 11I MOMeHTOM perIllCTpa~~H IIIOHOB 
Ha KOnneKTOpe nocne 180 0 nOBopOTa IIIOHOB B MarHIIITHOM none; 

'ITmO 
tn = Ze~ - BpeMR, paBHoe nonynepIIIOAY Bpa~eHIIIR 1II0Ha B MarHIIITHOM 

none o 

KaK BIIIAHO 11I3 p~c.4, nplll AaHHOH nnOTHOCTIII MO~HOCTIII na3epHoro 
1113nY4eH~R nplll CB060AHOM pa3neTe MaKCHM~nbHaR KpaTHOCTb IIIOHIII3a
~IIIIII 1-10HOB nlllTIIIR Z=2. OAHaKO Hanlll4111e -a 3Hepren14eCKOM pacnpeae
neHIIIIII 3TIIIX HOHOB ABYX MaKCIIIMYMOB CBIII~eTenbcT~yeT O Cy~ecTB~Ba
H~III Ha paHHIIIX cTaAIIIRX pa3neTa nna3MeHHoro crYCTKa IIIOHOB Li +, 
xoropae B npouecce aAllla6aTl-14eCKOro paanera nna3Mbl peKOM6Y1H"'PYIOT 
11I nepexona r B 1II0HbI Li2+/ 4-<J 5 / . npli1 pasnere nna3Mbl B npoAoflbHOM 
MarHIIITHOM none 6~nlll 3aperlllcTp",poBaHbI MOHbI Li Bcex 3apRAHocTeH, 
BKnlO4aR Li3+, npH4eM MBKCIIIMYM B 3HepreTIII4ecKoM,pacnpeAeneH"'Y1 
RAep nlllTIIIR coananan c IIpeKoM6111Ha~lIIoHHblMII MaKCIIIMYMOM 3HepreTlII4e
CKoro pacnpeAeneHIIIR IIIOHOB Li2+ . TaKIIIM 06pa30M, MO~HO nonaraTb, 
4TO BKnlO4eHHe npo~onbHoro MarH1-1THOrO nOflR, TaK ~e KaK H nonepe4~ 

Horo, n03S0nReT CHIII3~Tb 3$$eKTIIIBHOCTb peKOM6I11Ha~HOHHblX npo~ec

COB, 4TO BeAeT K 4aCn"l4HOH "aaxarnce" M3J.1. 3TO 'Mo~eT 6blTb cneacr
BllleM A~oyneBa fOMIII4eCKorof nOAorpeBa nna3Mbl HHAYK~IIIOHHblMIII TOKa
MIII B npouecce ee paanera , AHaI10rIll4HbIH peayne ra r õun nOJ1Y4eH 8 pa
60Te/6/, rAe nOKa3aHO, 4TO HanomeHllle npOAonbHoro MarHIIITHoro no
nR nplllBOAIIIT 1< YBenlll4eHlllIO MaKCIIIManbHOH KpaTHOCTIII HOHIII3a~1II1II HOHOB 
anIOMIIIHHR. OTMeTIIIM, 4TO KaK Benlll4111Ha IIIHAYK~IIIOHHblX TOKOB, TaK 
11I MO~HOCTb ~oyneBa HarpeBa cy~ecTBeHHO 3aSIIICRT OT CKOpOCTIII 
pasnera nnasxu. BIIIAYlMO, no 3TOH nplll4HHe B 3KcneplilMeHTe He 06Ha
py~eHo BnHRHllle npOAOJlbHOrO MarHIIITHoro nona Ha cnexrp 3apRAHOCTeH 
TR~enblX IIIOHOB, CKOpOCTb paaner a KOTOpblX cyuiecraeaao MeHbwe, 4eM 

IlerKMX. 

1<5. 3KcneplllMeHT nOKa3an, 4TO Hano~eHllle npOAonbHoro MarHIIlTHO
ro nona np~ISoAIIIT He TOnb-KO K nOBblWeH1Il1O Mat<clIlManbHoH KpaTHOCTIt1 
1-10HIII3a~1II1II MOHOB, HO 11I K YBenlll4eHlllIO OTHOCIIITenbHoro cOAep~aHIIIR 

M3J.1. Ha pac , 5 B Ka4eCTBe nplllMepa nplllBeAeHbl peayns re ru auanaaa 
cOAepmaHIIIR IIIOHOB AI B nna3MeHHOM crycTKe. Ka1< BIIlAHO 11I3 npYlBeAeH
Horo plllCYHKa, Hano~eHllle MarHIIITHoro nonR - 0,5 Tn nplllBOAIIIT KaK 
K ~Benlll4eHllllO MaKCIIIM~JlbHOH KpaTHOCTIII IIIOHIII3a~1II1Il IIIOHOB f OT"AI5+ AO 
AI +f, TaK 11I K poeTY OTHOCIIITenbHoro cOAep~aHIIIR MSH. ~1II3H4ecKllle 
ycnoBIIlR, nplll KOTOpblX npOBOAlllnCR aHanYl3 1Il0HHOrO COCTaBa, npYl CBO
60AHOM pa3neTe 11I B MarHIIITHOM none HeCKonbKO OT~1II4anIllCb. AHanlll3 
1II0HHoro COCTaBa npli1 C~060~HOM pa3I1eTe ocy~ecTBnancR Ha Macc-cneK
TpOMeTpe BAonb HopManlll K nOBepxHocTIII MlIlweHIII /B npeAenax Y3Korq 
TeneCHoro yrna - 10-4 cpf, rAe, KaK 1Il3BecTHo/4/, ~OCTlIlraeTCR Halll
60n~wee YAenbHoe cOAep~aH~e M3J.1. B TO ~e BpeMR nplll aHanH3e B npo
AonbHOM MarHIIITHOM none 1113-3a paAlllanbHo.ro c~·aTlllfl nnasweuuoro crYCT
Ka TeneCHblH yron per~CTpa~1II1II 6bln cyutecr aeuao õonsuie f ..... 1 cp , f . 
n03TOMY peanbHoe OTn1ll4Y1e B YAenbHOM co~ep~aHIIIIII M3J.1 npH Haho~eHIIIIII 
MarHIIITHoro nona Aon~HO 6blTb e~e CHnb Hee. 3KcnepIIIMeHT noxaaan , 
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PHC.S. 3aBHcHMoCTb
 
TeJIbHbIX egHHl-U~ax/ OT KpaTHOCTH HoHH3aU;HH Z;
 
~=5'109 BTfcM2; À=i,06 MKM; • - B=O, o - B=O,4 Tn.
 

4T~ KaK 11I cneAOBano o~IIIAaTb, AnIllTenbHOCTb IIIMnynbca IIIOHOB MOHO
TOHHO B03paCTaeT c yMeHbweHllleM Z. T~K, HanpIIIMep, AnIllTenbHOCTb 
HMnYJlbCa IIIOHOB anlOMIIIHIIIR pa3111114Hb1X 3apRAHocTeH AnR paCCTORHIo1R 
L=8 eM COCTBBnRna 0,2~0,1 MKC 11I YMeHbwanacb c YBenlll4eHHeM Z. 

1.6. HapRAY c n08b1WeHllleM MaKCIIIManbHOH KpaTHocTIII IIIOHIII3a~1II1II 
IIIOHOB nerKlllX 3neMeHTOB HanO~eHIo1€ npOAonbHoro MarHIIITHoro nonR 
YMeHbwaeT Benlll4111HY nnOTHOCTIII MO~HOCTIII na3epHoro "'3nY4eHIIIR, He06
XOAIIIMYIO AnR nonY4eHIIIR M3J.1 nerKlllX 3neMeHTOB Ha n03~HIIIX CTaAIIIRX 
pa3neTa nna3MbI 'no cpaBHeHllllO co cBoGoAHblM- pa3JleToM/ 4,7/.TaK, 

B MarHIIITHblX nonax ..... 0,5 Tn nopor n0f1Y4eHV1R Li3+ cocraaan npIII
6nlll3111TenbHO 4'108 BTfcM2 f4YBcTBIIITenbHocTb aHanIll3I11py~~eH anna
paTYP~ - 108 4acT.fIllMn.f. B AanbHeHwlllx 3KcneplllMeHTax Ha ~HKnOTpo
He Y-2~0 B MarHIIITH~X nonRX - 2 Tn 6~n onpeAeneH nopor 
n0J1Y4eHIIIR 12C3+ 1II. 27Li 2+, KOTOP~H COCTaBllln COOTBeTCTBeHHO 
S. 1 ,5~108 BTfcM2 11I S 215'108 8TfcM 2 f4YBcTBHTenbHocTb aHanlll3111
pYIO~eH annapaTYP~ - 10H 4acT.fIllMn.f. 

1.7. AnlllTenbHocTb IIIMnynbca "'OHOB npIII $IIIKclllpoBaHHOM L nplll Ha
no~eHIIIH npoAonbHoro MarHIIITHoro nonR B03pacT~na, HO He 60nee, 4eM 
B 2 pa3a. 3TO RBnReTCR cneACTBweM 3aXBaTa MarHIIITHblM noneM IIIOHOB, 
pa3neTa~~IIIXCR nOA 60nbwIIIM~ yrnaMw K HopMan~ K nOBepxHocTIII MlllweHH. 
ABIII~eHllle 3TIIIX IIIOHOB OT MlllweHIII AO 3MIIICCIIIOHHOH ~enlll ocy~eCTEJ1ReT

CR B eOOTBeTCTBIIIIII c IIIX cocTaBnRIO~eH no CKOpOCTIII BAonb nonR. no 
3TOH ~e nplll4111He 3HepreTIil4eCKIIIH cneKTp OAHó3apRAHblX HOHOB, KOTO
p~e IIIMeoT WlllpOKoe yrnoBoe pacnpeAeneHllle, B npOAonbHOM MarHHTHOM 
none CABlllraeTCR B CTOPOHY MeHbwHX 3HeprlllH Iplllc.4f. 

KOnHQeCTBa HOHOB AI Nz IB OTHOCH~ 
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PHc.6. 3aBHCHMOCTb KOnHqeCTSa HOHOB N lia Bwxo~e HCz 
TOqHHKa OT KpaTHOCTH HOHH3a~HH Z gnR pa3nHqHWX 3neM€H
TOB: -0- C, 'iJ - Si, • - Mo, (J - Bi; <1>=5.l09 BT/C~2; 
À - 1,06 MKM; L=4 eM; B=O,5 Tn; qaCTOTa p aõo'rsi rraaepa 
25 r~. 

1 .8. npH auanase KOIlH4eCTBa !IIOH08 N~, nony-raeaux Ha auxoae 
H3 HCT04HHKa, õsmo YCTaHoa.neHO /PHc.6/: 1/ Nz MOHOTOHHO YMeHb
waeTCR c YBenlo14eHHeM Z; 2/ KonH4eCTBO HOH08 c MaKcIo1ManbHo~ KpaT
HOCTb~ HOHH3a~HH COCTaBnflno 1011~1013 4acT./c npH 4aCTOTe pa6oT~ 
na3epa 25 r~ H $=4.109 BT/CM2• npH ocna6neHHH nnOTHOCT!II MO~HOCTH 
na3epHoro H3nY4eHHR, KaK H cneAOBano omH,qaTb, HHTeHCHBHOCTb HOH
Horo ~Y4Ka KaK 8~CWHX, TaK !li HH3WHX 3apRAHOCTe~ Ha Bwxoge H3 
~CT04HIo1Ka YMeHbwaeTC~ /pHc.7/. 

3Kcnep~MeHT nOKaaan, 4TO 6e3 CMeHW T04eK ~OKYCHP08KH na3epHO
ro H3nY4eHHR Ha nOBepXHOCT~ M~weHH, KonH4eCTBO HOHOB B nna3Me. 
OCTaeTCfi npaKTH4ecKH HeH3MeHHblM c T04HOCTblO ,qo 50% B Te4eHI.1e 
nepB~X 102~103 ~MnynbcoB ~a3epa. Ecn~ Y4eCTb, 4TO AMaMeTp "Kpare
pa" Ha noaepxaocr« t-1~1WeHH COCTaBIl~n ,... 300 MKM, TO AJ1R HenpepbIB-' 
HO~ pa6oT~ HCT04H!IIKa Ha ~~KnQTpOHe - 10 4 /xapijKTepHoe apeMR 
Henpep~BHO~ pa6oT~ ~HKnoTpoHH~X HCT04HHKOS/ Heo6xo,qHMO HMeTb M~
weHb c nno~aAblO n08epXrlOCT~ ,... 1~10 cM2, 4TO SnOI1He npv.eMIleMo. 

npOBe,qeHw TaKme HccneAoBaH~fi pacxo,qa MaTepHana MHweHv. B HC
T04HHKe npH ~=4'109 BT/CM2~ npH ~cnonb30BaHHM MHweHe~ H3 C, AI, 
Cu, Ta BblHOC MaCCbl Be14eCTF.~a sa O,qIMi HMnYIlbC naaepa COCTaB!IIn 260,. 
100, 50, 50 Hr COOTBeTCT~eHHO. Cne,qyeT OTMeT!IITb, 4TO B ~pe,qenax 

3KcnepHMeHTanbHo~ oWH6K~I, KOTopaR COCTaBnRna 10%, Hano~eHIo1e Mar
HHTHoro nOJ1R ;;e BJ'lHfleT Ha BblHOC MaCCbl BeU4eCTsa. Pacxoa ae14eCTSa 
B naaepHOM HCT04HHKe npH 4aCTOTe reHepa~HH 25 r~ COCTaSHn 5 ~ 

~ 
'1013 

1012 

IOII~ \ . 

1010 

1 2 3 4 5 ,Z 

PHe.7. 3aBHCHMOCTb K0nHqeCTDa HOHOB AI Nz Ha Bwxo~e
 

HCTOQHHKa ~T KpaTHOCTH HoHH3a~HH Z, AnH pa3nHQHbIX <1>:
 
V - 1,2'10 BT/CM2, ~ - 11.108 BT/CM2, o - 44.108BT/ cM2,
 
À - 1,06 MKM; L -6,6 CM; B=0,4 Tn; QaCTOTa paGoTw na

3epa 25 ru,
 

1.9. TaKHM o6pa30M, npOBe,qeHH~e Hccne,qOBaHHR nOKa3anH, 4TO 
nponons aoe MarHIo1THoe none yny-uueer onpeneneauue xapaKTepHCTHKH 
I1a3epHO~ nna3M~, BamH~e c T04KH 3peHHR Hcnonb30BaHHR ee B Ka
4eCTBe HéTo4HHKa M3H AnR YCKop~Tene~: YBenH4eHHe MaKCHManbHO~ 
KpaTHOCTH HOHH3a~HH H KonH4eCTBa M3H nerKHX 3neMeHTOB c A 6 27; 
YSJinH4eHHe ,qnHTenbHOCTH HMnYl1bca. HOHOB';' CHH>KeHHe nopora OT nnor 
HOCTH MO~HOCTH na3epHoro H3nY4eHHR, Heo6xo,q~MO~ ,qnR nonY4eHHR 
Ha B~xoAe M3H nerKHX 3neM~HToB. KonH4ecTBo Io10HOB nerKHX 3heMeH
TOB, nonY4aeMblx B na3epHOM HCT04HHKe HOHOB, ,qocTaTo4Ho Benlo1KO 
AJlR oõecneveuaa rpeõyeaux "'HTeHcHBHocTe~ Ha ~HKnoTpoHax. nOI1Y
4eHHble peayns ra ru fiBl-1I1HCb OCHoeaHHeM ,qnf! npaKTH4ecKo~ peanaaa
~HH naaepacro HCT04HI-1Ka M3H c paaneroa nnaaau B,qonb MarHHTHoro 
nonR Ha ~HKnoTpoHe Y-200. 

2. HccneAoBaHHR BnHRHHR npo~onbHoro MarHHTHoro nonR Ha xa
paKTepHCTHKH nna3MeHHoro ~aKena H HOHHO~ 3MHCCHH haaepHoR nna3
Mbl n03BonHnH pe anaõo'ra rs ~ anepaue peanaaos a r s na3epHbl~ HCT04
HHK M31-1 c paaneron nnaaau BAOJlb MarHHTHoro nona Ha ~HKnOTpOHe 

Y-200 nRP O~RH H npoBécTH H3Y4eHHe ero xapaKTepHCTHK.~/ .
2.1. B Ka4eCTBe HCTOYHHKa l-13IlY4eHHR Hcnonb30Banlo1Cb cepH~H~A 

na3ep nTHn4-4, 4aCTOTa pa67T~ KOToporo 'f AOCTHrana 25 r~, Hil
. 

C02-'na3ep IIKceHoH", f=1 Fu 8/. Y'í3nY4eHHe naaepa BBo,qHnOCb B xa
20 Mr/4 Ir 4"rO B,!OIlHé npHeMneMo AI1R npaKTH4eCKo~ paõo ru ~1CT-04H!-'1Ka Mepy ~HKnOTpOHa -repes aep raxans Hbl~ xauan B noruoce 1.1 c nOMOU4blO 
Ha ~HKnoTpoHeo nnocxoro aeoxana H J1HH3bl epOKYCHpoaanOCb Ha nOBep~HOCTb MHW~!Il, 
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KOTopaR 6bma CMe~eHa OTHOC~TenbHO 3M~CC~OHHO~ ~en~ /MeAHaHHO~
 

nnOCKOCT~/ B CTOPOHY OAHorO ~a nOn~COB MarH~Ta. MaKC~ManbHaR
 

nnOTHOCTb MO~HOCT~ naaepHOrO ~anY4eH~R Ha nOBepXHOCT~ M~weHH
 

COCTaBnRna 4>:::; 2"09 BT/ CM 2 ~ ~ 109 BT/ CM2 COOTBeTCTBeHHO,
 
H aaps apoaanace C nOMO~blO Kan~6pOBaHHbIX 4>~nb TpOB o Yron naAeH~R
 

naaepHOrO HanY4eH~R Ha M~weHb 45 0 PaaMep 3M~CC~OHHO~ ~en~ ~CT04
0 

H~Ka COCTaBnRn 4x8 MM2 • AnR KOHTponR VlHTerpanbHblX xapaKTep~CT~K . 
nnaaMbl, paaneTalO~e~cR BAonb MarH~THoro nona HaA 3M~CC~OHHO~ , 
~eJ1blO, 6blSl YCTaHOBneH «onnexroo , c noaoute o xorocoro TaK>Ke o~e-. J I 
H~BanaCb 34>4>eKT~BHOCTb oT60pa ~OHOB ~a nnaaM~ np~ ee AB~}f(eH~VI t~ 

M~MO 3M~CC~OH~i~ uiena , ,llnR nOBblweH~R oecvoca pa60TbI ~CT04H~K 

6~n cHa6>KeH cne~VlanbH~M MexaH~3MOM, noaBonRIO~~M npOBOA~Tb CKa
H~pOBaH~e, naaepHoro ~any4eH~R no nOBepXHOCTH M~~eHHo B Ka4eCTBe 
MaTep~ana M~WeHIi'1 Vlcnonb-aOBanVlCb LiF, C, Ti, Cr, A11R KOTOpblX npa 
BblW~YKaaaHH~X 4> BOaMO>KHO nony4eHVle VlOHOB c A/Z=3,5 ~ 4 0 3TO 
nosaonano YCKOP'RTb VlOHbt Ha Y-200 AO 3Hepr~~, npeBblwalO~e~ Kyno
HOBCK~~ 6aPbep79/. Ben~4~Ha MarH~THoro nonR ~VlKnOTpOHa B~pb~pO
BanaCb OT 1,8 AO 2 Tn. HaMepeHVle xapaKTep~CT~K YCKopReMoro ~OH-
Horo nY4Ka Ha BHYTpeHHVlX paA~ycax ~VlKnOTpOHa npOBOAVlnOCb c no-
MOlUblO np06H~KÓB. a VlAeHT~cI>~Kai.4HR YCKopReMblX 4aCTH~ ocyuiecrana
naCb c nOM0l1tblO TpeKOBblX AeTeKTopOB. 

2 ..2. Ha~60nee nepcneKTHBHblM c T04KH apeHVlR nonY4~HHR M3H RB
nReTCR. HcnonbaOBaH~e AflHHHOBonHOBblX naaepOB Ha COZo 3KcnepHMeHT 
noxasen , \.fTO Ta~ ie, KaK H B cny-iae HHlt(eK~HVI nnaaMbl nonepe« 
MêlrH~THoro nonR/1 , I1p1'l cpae-nrrene ao HeBblcOKO~ aem14V1He 4> 
et> ..., 109ST/ CM2 AaHHbl~ VlCT04HHK noaeonae r nony-ra r s H YCKOPRTb 
~OHbl 12 c3+, 48Ti 12+, 52Cr 13+.. CpeAHflR ~HTeHCHBHOCTb YCKopReMblx 

~OHH~X ny4KoBHa BHYTpeHH~X paAHycax ~VlKnOTpOHa npa BblweYKaaaH
HblX ~ npH6n~3~TenbHo COCTaBHna: 4,5'109 , i .108 H 6.107 4aCT aa 
~Mnynbc naaepa COOTBeTCTBeHHO. An~TenbHocTb HMnynbca YCKopReMblX 
~OHOB no OCHOBaH~1O COCTasnRna 1~3 MKC H YMeHbwanaCb c YBenH4e
H~eM aapRAa ~OHOB. 3TO anonHe eCTeCTBeHHO, nOCKonbKY c YBenH4e
H~eM aapRAa ~OHOB/H~ 3HepreTV14eCK~~ cneKTp cABVlraeTCR B CTOpO
HY 6oflbW~X 3Hepr~~ 41 H, KaK cneACTBVle, YMeHbwaeTCR AnHTenbHOCTb 
~Mnynbca HOHOB B 06naCTH 3M~CC~OHHO~ ~enH, KOTopaR YCTaHaBn~Ba
naCb Ha paCCTORHHVI 2 CM OT noaepXHOCTH MHweHH /sAonb nonR/. np~ 

M~KcHManbHo~ ,enH4~He 4> 06~ee K?g~4gCTBO HOHOB, 06paayeMblx B na
aepHOM ~CT04HHKe, COCTaenRno 10 .1 4aCT /VlMn, B TO BpeMR KaK 
~a ~CT04H~Ka B COOT8eTCTB~H c aaKOHOM iITpeX-BTopblX" VlaBneKaeTCR 
10 12 ~OH08. TaKaR HHaKaR 34>cI>eKTHBHoCTb oT60pa ~OHOB VIa nJ1aaM~ \ 
06bRcHReTcR npe>KAe Bcero KOPOTKO~ An~TenbHOCTb~ HMnynbca VlOHOB .i 
naaepHo~ nnaaMbI B 06nacTH 3M~CC~OHHO~ ~enVl /~ 1 MKC/. I 

KaK ~ cneAOBano om~AaTb, ~HTeHC~BROCTb YCKopReMoro ~OHHoro 1 

nY4Ka 3aB~cena OT 4>. np~4eM 6b1no B~RBneHO HeKOTo~oe OTn~4~e xa- lt 
paKTepa 3TO~ aaB~C~MOCT~ AflR VlOHOB 12 c3+ ~ 48 f i 1 +, Ha KOTOp~X f 

npOBOA~n~Cb ~ccneAOBaH~R. EcnVl AfiR HOHOB 48Ti12+ VlHTeHC~BHOCTb 
YSKopeHHoro nY4Ka, KaK VI CJleAOaano O>K~AaTb, MOtiOTOHHO PQClla 
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PHc.8. 3aBHcHMoCTb KOnHQeCTBa YCKopHeMbIX 3a OAHH HM

nynbc na3epa HOHOB N OT nnOTHOCTH nOTOKa H3nyQeHHH ~:
 

h.=lO,6 MKM; o - 12C3+, ,f=O: .4) - 12c3+, f=O,5 CM.
 

c YBen~4eH~eM ~, TO AnR ~OHOB 12 C3+ ~MeeTCR MaKC~MYM no ~HTeH
C~BHOCT~ B ~ccneAOBaHHOM A~ana~OHe 4> /PHc.8/. TaKaR aaB~C~MOCTb 
MO>KeT 6~Tb cneacraaex KaK YBeI1~4eH~R 3Hepr~~ pa anera ~OHOB ~ no-" 
3TüMY YMeHbweH~R An~TenbHOCT~ ~Mnynbca ~OHOB B 06naCT~ 3M~CC~OH

HO~ ,~en~, TaK VI nepepacnpeAeI1eH~R npo~eHTHoro COCTaBa M3W B CTO
POHY õonee BbICOK~X 3apRAHOCTe~ /Z>3/. Han~4~e BbICOKO~ KOH~eHT

pa~~~ ~OHOB B nnaaMe nOATBepmAaeTCR peaynbTaTaM~, np~BeAeH~M~ 

Ha puc , 8, Kor Aa OCb nnasaeuaor-o c ronõa /nRTHo 11l0KYC~POBK~/ 6bmo 
CAB~HYTO OTHOC~TenbHO nnOCKOCT~ 3M~CC~OHHO~ ~en~ Ha paCCTORH~e 

e- 5 MM. KaK BVlAHO Ha cpa'BHeH~R Kp~BbIX AJ1R c3+/p~c. 8/ npVl MaKCVI-
Manb HblX Ben~4111Hax <t>, ~HTeHCIfIBHOCTb ycxopeuuor-o nY4Ka ~aMeHReTCR 

AOCTaT04HO cna60, XOTR nnOTHOCTb I1aaepHO~ nnaaM~ B 06naCT~ 3MVlC
C~OHHO~ ~en~ B 3TOM cnY4ae naAaeT 60nee 4eM Ha nopRAOK. . 

Becsaa nepcneKTIo1BHblM AIlR n0I1Y4eH~R ~OHOB nerxax 3neMeHTOB B 
naaepaox ~CT04H~Ke M3V1 RBnReTCR np~lMeHeH~e npoasnuneuaoro naaepa 
nTHn4-4, 4aCTOTa pa6oT~ KOToporo COOTBeTcTByeT xapaKTepHo~ 4aCTO
Te pa60T~ ~~KnÓTpOHOB. HeCMOTpR Ha TO, 4T~ ~a-aa 60nee KOpOTKO~ 

AJl~Hbl sonau naaepaoro ~anY4eHIo1R, no cpaBHeH~1O c naaepox Ha CO Z' 
MaKC~ManbHaR TeMnepaTypa nnaaMeHHoro Q>aKeI1a B 3TOM cnY4ae COCTas
nReT Bcero n~Wb ~ 10 3B, TeM He 'MeHee, KaK nOKaaaI1~ HawVl ~ccne
AOBaH~R, B _3TOM cnyvae B I1aaepHOM ~cTolm~Ke ~OHOB MO)l(HO n0I1Y4aTb 
~OHbl nerxnx 3neMeHTOB /Li~ B, C/ c Tpe6yeM~M OTHOWeHHeM A/Z AJlR 
Q~KnOTpOHa Y-200 101 B AOCTaT04HOM KOIWI4eCTS€. Ha p~.c.9 np~BeAeHbll 

'peaynbTaTbl HcnbITaH~~- 'VlCT04H~tCa nerxax 3I1eMeHTOB Ha ~~KI10TpOHe 
y-'200 .MaKCI;tMaI1bHaR auepr aa naaepaor'o ~anY4eH~R ,Q>oKyc~pyeMoro Ha _ 
nOBepXHOCTb MMweH~, COCTaenRJ1a 40 MAa<. KaK B~AHO 101a np~BeAeHHblX 
aaBVlcIfIMocTe~, c YBen~4eH~eM 4\ Kon~4eCTBO YCKopReMblX ~OHOB aoapa
CTaeT. ~n~TeI1bHOCTb ~Mnynbca YCKopeHH~X ~O~OB 3aB~C~T OT 4> ~ no 

7Li 2+OCHOBaH~1O COCTaB~na 1~6 MKC AIlP. ~ 2~5 MKC AflR 12C3+. He
CMOTpR Ha TO, 4TO 3Hepr~R na3epHoro ~3nY4eH~R e AaHHOM cnY4ae 
COCTaBnRna Bcero n~Wb 40 MA>K /nonHaR 3Hepr~R ~anY4eHHR naaepa 
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PHc.9. 3aBHCHMÓCTb 
rryrnsc rraaepa HOHOB 
7\=1 06 MKM O o O • , , t""' • 

IIKceHOHIt Z A>K/, teM He 

15 "IOg - ~-(-BT/C~J10 

KOnHQeCTBa YCKopReMbIX 3a OAHH HM
N OT i

' IIJIOTHo"CTH nOTOKa H3nyq:eHHH cI>: 
- 1ZC3+ 0',- 7L i 2+ 

, 

MeHee, nnDTHOCTb nIla3Mbl ~ oGJ1aCn1 3MIf1C

HOB. 
np~ ~acToTe paGoT~ I-1CT04HI-1Ka 25 r~ Be111-141-1Ha 

Horo 1-10HHOrO TOKa COCTaBI-1Ila - 100 HA AllR 7Li2+ 
1Zc3+ . 

2.3. TaKIf1M 06paaoM, npOBeAeHH~e $l-1al-14eCKl-1e 

cpeAHero YCKopeH
lf1 ~ 50 HA AIlR 

I-1CCIleAOBaHIf1R no
K?aalll-1 npI-1H~l-1nl-1aIlbHY~ 80aMomHoCTb COaAaHI-1R BbICOK03$~eKTI-1BHOrO 

IlaaepHoro I-1CT04HI-1Ka H3H c paaIleTOM nIlaaMbI BAOIlb MarHIf1THOrO nOIlR. 
nOKa-aaHo, 4TO HaIll-141f1e aHa4l-1TellbHO~ cocTaBIlR~~e~ no CKOpOCTI-1 1-10
HOB nIlaaMbI BAOIlb MarHI-1THOrO nOllR ~ 107 cM/c He RBIlReTCR npenRT

•	 CTSl-1eM AllR peaIlI-1~a~l-1~ TaKoro I-1CT04HI-1Ka. 3axBaT 1-10HOB B pemlf1M 
YCKopeHI-1R 1-1 caMO YCKopeHl-1e npOI-1CXOAHIlH AOCTST04HO cTaGI-1IlbHO. 
Paa6poc napaMeTpOB yCKopRe~oro 1-10HHOrO crYCT~a He npeBblwall 30% 
oi HMnYllbca K If1MnYIlbcy .naaepa , Bnepaae GblIlI-1 YCKopeHbI 1-10Hbl 7L i 2+, 
nOIlY4eHHble l-1a llaaepHoro I-1CT04HHKa, 4TO nOaBOnl-1IlO npOBeCTI-1 ~~
al-1~eCKI-1~ 3KcnepHMeHT. C nOMO~b~ nY4Ka 1-10HOB Li 6b111a npoBeAeHa 

KaIlI-16poBKa nllaCTI-1KOBblX AeTeKTopOB. 

3. TaKI-1M 06paaoM, npOBeAeHHble ~Ha1-14eCKl-1e I-1CClleAOBaHI-1R nOKa-' 
aSlll-1 nepCneKTI-1BHOCTb I-1Cnorib30BaHI-1n IlaaepHo~ nllaaM~ B Ka4ecTae 
I-1,C1;'p~HIo1Ka M3H AJlR 'Í,4I-1Kll0T'pOHOB. KaK KpaTHOCTb "'OHH3a~HH M3H, Tat<· 
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lf1	 HX KOIllf14eCTBO B Ila3epHo~ nna3Me 3Ha41f1TeIlbHO npeBocxOAAT aHa
nor a-u-ue xapexrepacrax« TpaAIf1~1-10HHbIX l.\If1KIlOTPOH'HbIX I-1-cT04HIo1KOB. 
OAHaKo nOIlY4eHH~e a HaCTOR~ee BpeMR AaHH~e nOKa He noaBonR~T 

s~6paTb HaH60Ilee onTHMaIlbH~~ Baplf1aHT Da3epHoro \IICTO~H~Ka M3H 
AJ1R ~If1KI10TpOHOB o ,amneIlb HOCTb If1MnYIlbca YCKopReMblX 1-10HOB, KaK 
1f13 If1CT04HIf1Ka c B~OAOM nIla3M~ BAOIlb C\IIIlOB~X Il~HIf1~ ã, TaK 1-1 \lia 
If1CT04HIf1Ka c nonepe4HblM BBOAOM nIla3Mbl I CM. / 1 I, npl-1GIll-1alitTeIlbHO 
0AIf1HaKOBa lf1 COCTaBIlReT 11~101 MKC. B Baplf1aHte c I-1HmeK~l-1eH nIlaa

í . Mbl nonepex nOIlR If1HTeHCitlBHOCTb B OTAeIlb HblX If1MnYIl'bcax G~Ila asuue, 
4eM 8 8aplf1aHTe c If1H)I(eK~lf1e~ BAOIlb nOIl~. OAHaKO pa3Gpoc no I-1HTeH
CHBHOCTIf1 YCKopReMblX VlOHOB OT If1MnYIlbca K If1MnYIlbCY B nocneaue» 

, ; aapaaur e õsm aHa41f1TeIlbHO MeHbwe 101, KaK CIleACTBlf1e, cpeAHRR ItlHTeH
CIf1BHOCTb y aroro aapaa-rra õuna auure np1f16Il1f131tlTe.1JbHO B 1 ,5 paaa o 

,lJ.aIlbHeHwee HanpaBIleHlf1e paõo'r no OnnlMlf13a~1f11f1 xapexrepac'nec 

Ila3epHoro If1CTOYHIf1Ka ~OHOB AIlR ~If1KIlOTpOHOB npemAe Bcero AOIlmHO 
6blTb CBR3aHO c nOSblWeHlf1eM l-1HTeHCIf1BHOCTIf1 YCKopReMblX ~OHOB, KOTO~ 

paa B Ha CTORU\ee BpeMR cyurec r aeaao MeHbwe, 4eM AIlR AyroBblx lf\CT04
HIf1KOB o TaK, nplf1 3KCTpanOIlA~ItlH nonY4eHH~X AaHH~X Ha 4aCTOTY paGo
Tbl itlCT04H~Ka ---100 Fu Ixap-aKTepHaR 4aCTOTa .paõo ru ~If1KIlOTpOHHblX 
If1CT04HIf1KOBI HHTeHCItlBHOCTb YCKopReMoro 1f10HHOrO nY4K3 Ha BHYTpeH
HIf1X paA~ycaX'~If1KIlOTpOHa COCTaBHT -0,5+0,01 MKA B saBHCI-1MOCTIf1 OT 

3apRAq ~OHOB.3TO npM6Il~3HTenbHo Ha 0AIf1H-Asa nopRAKa MeHbwe,4eM 
If1HTeHCIf1BHOCTb,nolly4aeMaR B HaCTORl1lee BpeMR OT AyroBblx I-1CT04HIf1
KOB/ 9/ . B03MO}tCHOCTb TaKO~ 3KCTpanOIl.R~~1f1 OCHOBblBaeTCR npexne ace
ro Ha cy~ecT80BaHt11f1 B HaCTOfH!4ee BpeMR MO~HbIX ,06IlaAalOl1\14x BbICOKIf1Ml-1 
3KcnIlyaTa~lf1oHH~MIf1 xapêKTepl-1CTHKaMIf1, IlaaepOB Ha COZ' 4aCTOTa cne
AOBaHIf1R MMnYI1bCOB KOTOp~X COCTaBIlReT 100 rl.\ ICMo HanpIo1Mep/10/lo 

BMecTe c TeM, nepexoA Ha GOIlbWYIO 4acToTY clleAOBaHIf1R ItlMnYllbcos 
na3epa, KOTOPbl~ lf1 onpeAeIlReT 4acToTY pa6oT~ If1CT04H~Ka, ItlMeeT 
itl onpeAeIleHHble TeXHIf14eCKIf1e TPYAHOCTIf1, CBR3aHH~e c pecYPcoM MH
WeHIf1 If1CT04HHKa, 3anWneHIf1eM $OKYCIf1PYIO~eH OnTIf1K~ lf1 T.n. OAHaKo, 
no HaweMY MHeHIf1IO, Ha coapeMeHHoM ypoBHe pa3BIf1TIf1.R TeXH~KItl 3TH 
npoõnexu , B npHH~lf1ne, paapeumxu , 

YCTpaHeHlf1e BblweYKaaaHHblX HeAOCTaTKOB RBJiReTCR 6Ill-1mat:1weC1 aaAa
4e~ Ha nYT!'1 C03AaHIf1f1 BbICOK03ep<l>eKTIf1BHOrO nasepaoro ItlCT04HIf1Ka M31tl. 
O~eHKIf1 nOKaSb!BaIOT, -rro AJlR npaKT1f14.eCKIf1 nonuor o lf1aBIle4eHItlR M3V1 
lf1a nnaaau Tpe6YlOTCR AIlIf1TeIlbHOCTH 0:'-'100 MKC. ECIlIf1 y-recrt.. , 4TO 
Alllf1TeIlbHOCTb If1MnYIlbca $OpMl-1pyeT.CR B np0l.\eCce HX paaneTa 3a C4eJ 
pa36poca 1f10HOa no 3Hepr1f1RM, TO YBeIllf141f1Tb T B BapHaHTe c HHmeK
l.\~1e~ nna3Mbl BAOIlb nona 'MomHO nYTeM YBeIllf14eHHR apexanponersoro 

• ! 

1
 

paCCTORHl-1R, nOCKOllbKY T ~ L/4/ o 3TO GWIlO nOATBepmAeHO 3KCneplf1

MeHTOM Ha ~HKllOTpOHe Y-200, KorAa YMeHbweHlf1e paCCTOHHHR OT MH

WeHIf1 AO 3MVoCC140HHO~ U\eIlIf1 B 2 pa3a nplf1BOAIf1IlO K YMeHbllleHJ.1IO liIHTeH

CHBHOCTH ycxopaeaux VlOHOB TaK}I(e nplf16Illf1SIf1Tellb HO B 2 paaa , Heoõxo

AHMO OTMeTIf1~b, 4TO AIlR CQepeMeHHWX ~If1KIlOTpOHOB, HanpHMep, Y-400,It 
Me>KnoIllOcHoH 3a30p n03BOIlReT npl-16Jl1f131f1T,ellbHo Ha nopano« YBeIlH41f1Tb 
L. E~e õonee cyute c rueauo L MO>lO-IO YBeIllf141f1Tb nYTeM YCTaHOBKIf1 Mv.UJe

Hl'1 B aepnocane HOM xauane nomoca ~If1KIlOTpoHa. OAHaKD. B 3TOM C.FIY4a,e 
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HET R" npOBEnOB B BAIDEH B"Sn"OTEKE?
B03H~Ka~T onpeAeneHH~e TPYAHOCT~, CSnaaHHble c $~KCa4~e~ nnaa

MeHHOrO cTon6a B o6nacT~ 3M~CCI-iOHHOItí w,enl-i, a TaKme c npoaoAKoi.1 B~ Mo~eTe nOAyqHTb no nOqTe nepeq"CAeHH~e HH~e KHHrH,
 
M3H 8 npeAenax KBaa~HeHTpanbHoro nnaaMeHHoro crycTKa 4epea Mar ecAH OHH H~ ~AH 3aKa3aH~ paHee.
 
H~THYIO "npo6Ky'l, xoropaa cyutecraye'r npa nepexoae ~a xauana B no


JU7-81-7S8- TpYAW II-HeMAYHapOAHoro CMMn03MYMa no M36paHHWMnoce 4111KnoTpoHa B MemnonlOcHoi:1 aaaop , n03TOMY AaHHbl1ll cnoco6 YBe
npo6neMaM CTaTMCTM~eCKOM MeX8HMKM. aY6H8. 1~~1. 5 p. 40 K. 

n~4eH~R L Tpe6yeT AononH~TenbH~X \I1CCneAoBaH~i:1.YBeIl~4~Tb T TaKme 
MomHO nYTeM YMeHbweH~R CKOpOCTH paaneTa HOHOB, Hanp~Mep, c no P18-82-117	 TpYAW IV COSe~aHM" no Hcnonb30BaHMO HOBYX RAepHO~ 

~H3M~eCKHX MeTOROS AnA peWeHM" HaY~HO-TeXHH~eCKHXMOLLlblO noxane aor-o nOH~)I(eH~1R MarH~THoro nona B oõnacra oõoaaoaa
M HapoAHox03RHCTseHHWX 3aAa~. ~6Ha, 1981. 3 p. 80 K. 

H~R nnaaMbl AJ'lA Bap~aHTa ~CTo4HHKa c paaneroa nnaaMbl BAOIlb nona 
AZ-82-s68 TpYAW COB~aHH" .no MccneAoBaHMA~ 8 06naCTH~ 3aKopoTKO~ n01RD~aa4~OHH~X cnoee/ 11/ Kn~ AenonRp~aa4~ei:1 nnaa

penRTM8HCTCKOM~AepHOM ~M3MKH. ~6Ma. 1982. p.75'K.
MeHHoro crycTKa 12/ B nonepe4HoM Bap~aHTe. 

TpYAW COB~aHMR no KonneKTMBHYM MeTOA8MA9-82-66lt YCKopeHH". ~6Ha, 1~82.	 3 p. 30 K.B aaKnlO4eH~e ae ropa C4V1TalO.T CaDl-1M np~1~THbIM AonroM Bblpaa~Tb 

5naroAapHocTb aKaAeM~KY r.H.~nepoBY 3a npeAocTaBneH~e B03MomHO A3.4-82-70lt TpYAW IV ItelKAYHapoAHoM ILlKOnW no HeMTpoHHOM
 
CTio1 aaHHMaTbCR AaHHoi:1 aSAa4e.i:1, IO.U .OraHecRHY sa nOCTORHHoe BH~ ~M3MKe. AY6Ha. 1982. 5 p. 00 te.
 

MaHHe K pa60Te no coaAaH~1O naaepHoro II1CT04H~Ka ~OHOS, H.H.,Be~io1

A1'-83-511 TpYAW COllelll8HMft no CMC'TeMaM M Me'TOAaM
Koey aa noneaH~e A~CKYCCH~, r.~.KOBanlO· H n.A.Becenoey aa Tex

aHanHTH~eCKM» 8W~MCneHM" Ha 38M H HX npMMeHeHHO
HH4eCKoe coneãcraae , M. C. ó\Ilpyneay aa nOMOl!\b B vtar'OTOBJ1eHII1H, Me • TeopeTH~eCKOM 1I)M3HKe. llY6Ha. 1982.	 2 P. 50 K. 

TO~HKH per~cTpa4~~. A7-83-6U	 TpYAW HelKAYHapoAHoH W,COS1W-CeMMHapa no IIlM3HKe
 
TJ!l1IteJ1ltlX -.40H08.. AnYWTa.. 1983. 6 p. 55 K.
 

112,13-83-689 TpYAW pa60~ero cOBe~aHMA no np06neMBM Msny~eHM~
llHTEPATYPA M AeTeKTHpo~aHH" rpaBHTaqHoHHwx aonH. ~6Ha. ts83. ae, 00 K. 
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li 3arc&SH Na ynoMHHyme' KHHrH MorYT 6b1Tb.Hanp&SneHH no a,apecy: 
101000 MocKsa. rnaBnOq~JMT. n/R 79 

PYKon~Cb nocTynHna B ~aAaTel1bcKH~ oiAeIl H3A&TeJ1bCICHH OTllen 06'bellHHeHI·mro HHCTHTYT& Si,UepHblX HccnenDBaHHp. 

2 RHsapR 1986 rOAa. 
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npHHMMaeTCA noAnMCKa Ha npenpMHTW H Coo6~eHMA 06~eAHHeHHOrO MHCTHTyTa 
RAepHWX HCcneAOBaHHH. 

YcTaHoaneHa cneA~aA CTOMMOCTb noAnMCKH Ha 12 MecR~ea Ha H3AaHMR OH~H, 
8Kne~a~ nepecwnKY, no OTAenbHWM TeMaTH~eCKHM KaTeropHAM: 

HH.QEKC TEHATHKA 

1. 3KcnepHMeHTanbHaA $H3HKa BWCOKMX 3HeprMH 

2. TeopeTH~ecKaA $M3MKa BWCOKMX 3HeprMM 

3. 3KcnepMMeHTanbHaA HeHTpoHHaA .M3MKa 

4. TeopeTM~ecKaR $M3MKa HM3KMX 3HeprMH 

5. 11aTeMaTMKa 

6. RAePKaA cneKTpocKonMA M pa~MOXMMMR 

7. tM2MKa TA*enwx MOHOB 

8. KpMoreHMKa 

9. YcKOpo<TenM 

UeHa noAnHCKM 
Ha roA 

10 p. 80 Kon. 

17 p. 80 Kon. 

4 p. 80 KOn. 

8 p. 80 Kon. 

It p. 80 Kon. 

It p. 80 Kon. 

2 p. 85 KOn. 

~ P• 85 KOn. 

7 p. 80 KOn. 

10. ABTOMaTM3a~MA o6pa6oTKM 3xcnepMMeHT&nbHWX 
AaHHWX 7 p. 80 KOn. 

11. 8w~CnMTenbHaR MaTeMaTMKa H TeXHMKa 

"""' .... " 
13. TexHMKa $H3M~cKoro 3KcnePHHeHTa 

14. MCcneAOBBHMA TBePAWX Ten H *MAKOCTeH 
~ePHWMM MeTOAaHM 

15. 3KcnepMMeHTBnbHBR $MaMKB RAepHwx peaK~MH 
npM HH3KMX 3HeprMRX 

16. 

17. 

18. 

19. 

Ao3MMeTPMR M .MIHKa aa.MTW 

TeopMR KOHAeHcMpoeaHHoro cOCTORHMR 

McnonbaOBBHMe peaynbT&roe M MeTOAO• 
• YHAB .. HTBnbHWX .... M~CKHX MCCIIIIAOIIBHMM 
B CM*"'IX o(i.IIBCTRX HBYKM M TPHMKM 

~BMKB 

6 p. 80 Kon. 

I p. /U KOn. 

8 p. 80 Kon. 

1 p. 70 Kon. 

p. 50 Kon. 

p. go ICOn. 

6 p. 80 KOn. 

2 p. 35 Kon • 

1 p. 20 ocon. 

0oAnMCKB MO*eT 6wTb O$QPMneHa C na6oro MeCR~B TeK~ero rOAB. 

no BCeH BOf1pQCBM 0$0pMneHMA noAnMCKH CneAYeT o6~BTbCR B HBABTenbCKKM 
OTAen OM~M no BAPecy: 101000 MOCKBB, rnaano~TBHnT, n/R 79. 

5WKOBCKM~ Q.A. M AP· P9-86-J 
MccneAQ&aHMe 3MMCCMM MHOr03aPAAHWX MOHOB M3 naaepH~ nna3MW 
B MarHMTHOM none B M YCKOpeHMe MX Ha QMKnOTPQHe Y-200. 
(3apRAOSwe XapaKTepMCTMKM M OCo6eKHOCTM M3ane~eHMR MOHOB M8 nnaSMeHHOrO 
.. Kena, HanpaaneHHoro 8AOl1b MarHMTHoro nona) 

f>BCCMOTpeHW peayllbTaTW, non~eHHwe nPM paapa6oTKe naaepHOrO MCT~HMKa 
MOHOB AnA &p4Kn0TPQHOB C pacnpocTpaHeHMeM nnaaMW BAOJllo CMJIOBWX nMH~ MarHMT 
HOrO nonA QMKnOTpoHa. 0po&eAeHW MCCneAOBaHMA oco6eHHOCTe~ 3KCTpaKQMM MOHOB 
M3 naae~ MaSMW 8 YCIIOBMAX B, BnMRHMe nPQAonbHOrO B Ha aapRAOBWA cneKTP 
naaepHOA Ana3MW M KOnM~eCTBeHHWe xapaJ<TepMCTMKM MOHHOro KOMAOHeHTa nnaaMW. 
0pM nPMMeH8HMM 8 Ka~eCTae MCT~HMKa M3ny~eHM~ C02-naaepa APQBeAeHO ycKOpe
HHe 48rtl2+, 52crl3+ a a en~~•• McnonbaoaaHMA naaepa .ftTM-It non~HW n~KM 
ycKOpeHHWX MOHOB 12t~+ M 7ll + CO CPeAHMM TOKOM 50 M 100 HA COOTaeTCTBeHHO 
05C~.OTCR·nyTM AallbHeAWB~ onTMMM3aqMM naaepHorO MCT~HMKa AJIR QMKIIOTpo
HOa. 

PaeGTa 8WnOAHeHa • na6opaTOPMM RAePHWX PBBKQM~ OMRM. 

Cao'n 1 

.OepeBOA O.C.IMHOrPIIAOBOA 

Bykovsklj Yu.A. et al P9-86-3 
lnvestl~tlon of Multfeharged lon Emission from laser Plasma 
In I Magnetic Field and their Acceleration at the u-~00 Cyclotron. 
(Charge Characteristics and Special Features of lon Extraction 
from .Plasma Jet Directed Along Magnetic Field 

Some results obtained at the development of ion laser source for 
cyclotrons wltn plasma extension along field lines of the magnetic field 
are prssented. Special properties of Jon extr~tlon from laser plasma 
under 8 conditions, the effect of longtudlnal Bon charqe spectr1111 
of laser plasma and quantitative characteristics of plasma lon component
are Investigated. 48TII2+,· S2cr13+ were accelerated using C02 laser 
'as a radiation source, and 12c3+ and 7ll2+ accelerated 1on beams with 50 
and 100 nA average current were obtained In the case of using lTt-lt laser. 
The ways of futher optimization of laser source for cyclotrons are 
discussed. 

The Investigation has been performed at the laboratory of Nuclear 
Reactions, JtNR. 
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