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OEll!Afl XAPARTEPIDT~ PAEOTH 

AI<'l'yam,aooTL '1'8MH. HaOTO.ffmas ;D;l!:008PT8In!S llOOBHmeaa 8I<Cll8pHM8H
'1'8Jll,HOMY HOOJl6~0B8!IBll Oll.l!HOBHX ROMllOH8H'l' ',IUIHH pacoe.ffHHH aelTPOHOB aa 
Jl8Malmruc Hm,&X 3He, 6 Lt H 7u H O'l'P,YRTYPH odpasyDqHXO.ff llPH B'l'OM 
MSJIOHYRJIOHHHX CHC'1'8M. ,IJ,mum paooeHHHH .ffBMIOTO.ff B8lltH811mHMH xapaRT6PH
C'l'lIB8MH BS8HMO,nalcTBHS M8,11Jl6HHHX H61Tp0HOB C H,m>aMH, ORH onpe~8MJ0'1' 
aaepreTH1ieORHI xo~ oe~e!ld B ynpyrmt•H aeynp;ymx RaHaJ1ax. 

IlOOJl8~8 roJJ;H O'l'M8~8HH ps~OM yonexoB B '1'80pHH M8JIOHYRJIOHHUX 
OHO'l'8M. llrumH paooe.ffRH.ff Tp0XHYRJIOHHHX B~8p-Ml'Illl8H81 paco~KT8HH Xapqea
KO,JieBallleBmtVH TuOHO~O llOMOillJ,IO pemeIDUI mITerpam.HHX ypa:aaemrli il>M
,ll88B8-fiRydoBCROro ,11JlB H8RO'l'OPHX MO,ll8Jll,HHX HYRJIOR-HYRJIORHHX ll0'1'8Hm!8-
JIOB. 3RonepHM8R'l'8Jll,HH8 ll8JlH~HHH CIIHHOllHX ROMnOH8H'l' ,11JIHR ( 't'l, T )- H 

( 'l\,
5He)- pacoeHHHS MOrHH du oxyUTL R!)HT8PH8M npoll6PIUI '1'80pe'l'K'i8-

CR.wt pao~e'l'OB. 0.ttBSRO 8H(:1~8RH.ff ,IUIHH ( 'rl- T ) - paooesHHS ~o llOOJl8)(
H8rO Bp0M8fill H8 6WIH H81l60'1'HH. B TO lite BpeMB ll8PB8.ff 8ROnepllM8H'l'8Jll,
R8.ff OI.t6Hl<8 ,IUIHH ( 'I'\, 

5He.) -pacoeHHHS, YOT8HOBJl8HH8.ff H8,n8BHO 'l'pB,lOilij!
ORRGM M8'1'0.DPM HS HSMepeHd '1'8llJIOBOro 08~8RH.ff paooe.ffRHH H ROrepeH'l'HO
ro oe~eRH.ff 0Tpa,naJ1a dom,mol aeonpe.nexeaaooTLD. 3a,na~a noxy~eHHH ,11JlHR 

('11, 3He)- pa~oesHHH o TO~aooTLD, ~ooTaTo~aoA ,11JlB opaBaemm o Teop«el, 
.ffBHHJIBOL BRTyam,aol H duna nOO'l'8BJl8R8 RBR OOHOBH8.ff ,11JlB ,nBHHOI ;IIJ!008P-
'1'81ij!ORROI pa60TH. lx.ff 88 pemeHHS B ;IIJ!008PT8In!H pe8HHSOB8H ROBBI M8-
'l'O~ onpe,ll8J18RH.ff ,11JlHR ( 'I\, 

3He)- paooe.ffHHH HS eaepreTH1i80ROI 58BHOH
MOO'l'H aebpORRHX ce~ead B mHPOROM ;Ill!8ll880H8 aaeprHI. 

.IJ.aRHHe O OllHHOBHX ROMllOH8H'l'8X ,11JIBH ("-'LL)- H ( '1.. "l.i.). -paooe
.ffIDUJ m.1evr DPfJM08 OTROm8HH8 R OTP.YRTYP8 BOs6yz,neHRHX ypoBH81 .ff~ep 
7U, JiI B lt , cpe;IJJ! RO'l'OplllC OOrJ180RO H8R0'1'0PliM '1'80p0TH1i80RHM npe,u;oRa-
88RZ.ffM BOSMOlltHH H ypoBHH 8HOM8Jll,ROI (no 060JI0~8~ROI RJIBOOHqHRBin!H) 
~8THOO'l'H, npO'l'JiIBOllOJIOlltHOI ~8'l'HOO'l'H OOROBHHX 000'1'0.ffad 8'l'HX .ff,It8p. On
pe~8Jl8RRHX 8ROnepHM8H'l'8Jll,HllX 88RJl!J'Ci8HHI no B'l'OMy BODpooy ae 6uno. 
IlpodxeMa JiIOOJ18.D;VOTO.ff B ;Ill!008P'l'Bm!R nocpe~oTBOM nsy~eHHS.,11JIHH paooes
aru; JiI ODHHOBOtt 88BHOHMOO'l'Jil oe~eHHit ('l'l, 6Li.).. H ( 't\, "'L~) - paooeHRJiI.ff 
B mJiIPOBOM, ~ OOT8H BBB, ;Ill!8D880H8 eaeprd O DPHM8H8RH8M D011.ffPH88In!
ORROI M8'l'O;Ill!RJiI. 

lleJII, pa6oTH saKJIIO'laJiac:& B OJ18.IJ;VD118M: 

I. HsMepeHH8 08~8HH.ff 'l)8008HHHS H8:l!Tp0HOB r8HH8M-3 ~o aaeprd 
200 RBB H llOAROro oe~eRHH ,11JlB HSB~8~8RH.ff HHqop,iamm O ODJiIHOBHX 

ROMnoaeaTax ,11JlHR ( -n. 3 He).pacoe.l!'HW!. · -~------_.;;";..... -
~ ~ucl.Phya., 1980, v. A343, N2, PP• 249-294. 

Phys.Lett., 1976, v. 63B, N4, PP• 391-394. 
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2. HSMepeRHe ceqerum pacce.fJrum HellTpOHOB MTH8M-7 H noJ1SJpHSSUH
OHHOro ceqerum pacce.fJHM )10 8Heprmt ~ IOO BaB ,IVlJI HCC]le.l\OBSHrul CDHHO
BOll 38BHCHMOCTH B98HMO,It8llCTBM HefTpOHOB C 7LL H CTpyBTYJ)H ypOBH8! 
BLi, • 

3. HsMeperui:e ceqeHM pacce.fJHM He!TpOHOB }ll!THSM-6 .no aaeprmt 
N IOO BaB .zvm no1lyqefilln HH~OifdBUHH 06 ypoBanx aHOMSJU,HO! qeTHOCTH B 
COCTBBHOM .fJ,Itpe ?Li, • . , 

Homrnaa pae!OTH. Bee nepeqzcJ1eHHH8 BHIIl8 HSMepemm (!ll]IH ocynteCTB
]leHH Bn8PBH8. YBSSSHHHe sa,ItSqH (!ll]IH pemeHH 61laro,u,apn BBO,Jzy B 8BCnny-
8TSUHID HOBoro CUHHTH]lJlSJUHOHHOro ,It8T8BTOpa ,IVlJI perncTpSUHH pacce.fJHHHX 
HettTPOHOB B reOM8TPHH, 6Jm3ROll R 41[, a T8Rllt8 6J1aro,u,apn npHM8H8HHIO 
CYill8CTBYmtHX H8 RSH81l8 I 3 peSRTOpa IffiP-30 YCTSHOBOR ,IVlJI noMpH98UHH 
H8ftTpOHOB H .fJ,It8p. 

B 'AHCCePTBUIIB nonyqeaa aBcnepzMeHTSJU,HHe saaqeazn ,u,mrn (""' 3He)_ 
paccenrum HOB!lM M8TO,ItOM 8H8Jm38 aaepreTmleCROll 98BHCHMOCTH ceqeamt H 
npOB8,IteHO cp8BHeRHe C T80pHell. BnePBH8 HSMGpeHH noJ1BpHS8UHOHH08 ceqe
HHe pacce.fJHM H6ftTpOHOB H8 7LL H 8H8pr8TR1leCR8.fJ 98BHCHMOCTJ, ceqeHM 

( 'WI, 'LO-pacce.fJIDIB B ,J.UianasoHe .no 80 RaB. IloJ1yqeHa aRcnapHMeHTBJ1J,HM 
HH~op.iaUHB oe! ypoBanx aaoMaJ1J,HOtt qeTHOCTH B n.npax 7LL · H 8 L~ • 

IJpaRTHqecRoe_ saaqeaHe pae!OTH. B Tep.!O.fJ,ItEIPHOtt aaepreTHR8 6y;n;yntero 
B8l!tH8~ TOnJIHBHNM ROMDOH8HTOM .fJBHTC.fJ TPHTHtt. IJpnpO,ItHH8 pecypcH 8TO
ro HSOTOna oqeHJ, 08,ItHH, HO ero MOlltHO nonyqHTJ, B COJ1J,mOM RO~eCTB8 B 
peaBUHBX 6u ( n.,oe) T n i'Lt ( 'l'l,,'11/oi.) T • S<MeRTRBHlltt pacqeT Tep.10-
n.nepaax peaRTOPOB-p89MHOlltHT81l82 B03M0llt8H TOJ1J,RO npH BCeCTOpOHH8M 988-
RHH Bcex nettTpOHHHX ceqeaHtt 6 Li. H 7 Li. , B TOM qacJie H ceqeam1 pac
cenrum. IJOC]l8,ltH8e OCT8B81l0CJ, HBHsyqeHHNM B 'AHBnasone aaeprd I-Ia4aB, 
r,Ite ,zvm 6LL .ItBHHHX npaRTW¾BCRH Re C!ll]lo. PesyJ1J,TBTH HSMepeIIBR ceqeHHll 
ynpyroro pacce.B'rum HettTpoHOB aa 6 LL H 3 He npz aHeprznx .no IOO I<aB 
'!MeJOT npaRTH"C:leCR08 aaaqeHHe T8R lite, BBB CT8H,It8pTH HettTpOHHHX a~~eR
THBHHX ceqeHHn. 

AnpoC!aUlffl pae!OTH • .IlllccePTBUHOHHM pae!OT8 BHDOJ1HeHa B RaC!opaTOpHH 
RBttTpOHROll ~HSHRH OC!~e'A!IH8HHOro HHCTHT1T8 .fJ,ItepHHX HCC1l8,ItOBaad.~CHOB
HH8 MaTepaa1lH onyC!MRDBaHH B paC!oTaxl - 5/. Pae!OTH no 3 He H 6 L1, C!a
J1H ,It01l0llt8HH, COOTBeTCTB8HHO, R8 5-ll Bcecoroanon ROH~BpeHUHH no Hell
'l'POHHOll: ~H3HR8 (KHeB, 1980) H H8 Mem:;n;yaapo,ItHoll: ROH~epeH!tHH no .fJ,It8PHHM 
,u,aHHHM ,IVlJI R8YRH H T8XH01lOrHH (AH'l'Bepnea, EeJU,rM, 1982). 

OC!MM H CTpywrypa m,:ccepraIU!H • .IlllccePTBUHB COCTOHT HS BBe.nemm, 
D.fJTH r1l8B H 88R}IDq8HH.fJ. B Hett CO,It8PlltH'l'C.fJ 109 CTpaHHn M8mHHOnHCROro 
TeRCTa, BR]lDq8.fJ IO T861lHn, 24 pzcyHR8 H CilHCOB J1HT8p8TYPH HS 87 RBH
MeHOBBrui:ll:. 
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KPATKOE COJlEF](AirnE .Ill1CCEPl'AUIDi 

Bo BBeneamI onpe,1ts1leRe ne}IJ, H BRTYBJll,HOCTI> pa_C!OTH, RP8'l'RO npe.n
cTaBneHa CTPYRTypa 'AHCCel)TBUIIB. 

Ilep:aan r1l8B8 nOCBRI1!8H8 o6sopy TeOpHH ,It1IHHH pacce.fJRH.fJ H8ll:TPOHOB 
H8 1l6M8timl!x n.n;pax. ll8HTP8J1J,H08 BHHM8HH8 Y.It8JlSJ8TC.fJ HOBSlilllliM T801)8TK'le
CRHM pacqeTaM ,It1IHH ( -n,, 3He) - paccegmm, BHDOM8HHHM XapqeHRo H ReBa
ID8BHM nocpe,ItCTBOM pememm HHT8rp8}1J,HHX ypaBH8RHll ~8,IUt88B8-HRy6oBCROro. 

. 06cyE,IteH8 npoe!JI8M8 cnHHOBOil 38BHCHMOC_TH ceqeH.Htt ( 'I'\; 6 L~)- H 

( ~ "'Ln - ~8CC8.fJHM B CBRSH .C BOilpOCOM o· CTpyRType YPOBH8il: B COCTBB
HHX .fl,JJJ)8X Li, H 8 1..i. • YR838H8 BOSMOJKHOCTJ, DPHM8H8RH.fJ R, -M8TpR11-
HOrO 8H8}lll38 ,IVlJI no1lyqerum 8RCnepHM8HT8]lJ,HOtt HH~Op.!8UIIB 06 YPOBHBX 
8HOM8J1J,HOft qeTHOCTH. 

BTopa.R r1l8B8 noc}l.fJ'nt8H8 onHC8HHID 8RCil8PHM8H'l'8}1J,HHX YCT8RO~OR, 
Ilpill.[8HlIBIIIIDCC.H B .JJ,8HHOM HCC]l8,ItOB8HHH. IlpHB8,It8HH 061JlH8 CBe.nerum O Hell
TPORHOM cneRTpOM8Tpe RaC!opaTOPHH H8RTPOHHOll: ~H3HRH Ol1HH C HMily}IJ,CRl:lM 
peaRTOPOM HEP-30 H YCROPHT81l8M 8Jl8RTPOHOB RYS-40 B RaqecTB6 HCTOqHH
R8 H8llTPOHOB. Rp8TRO H31l0llt8H M8TO,It H6llTPOHHOit cneRTpOCROrum no BpeMe
HH np01l6T8, npHM6H.f!BlllHllC.fJ BO BC8X H3Mepemmx H8CTO.fJnt6! 'AHCC6PT8UHOH
H01l: pae!OTH. 

.llaHH RP8TRH6 CB6,It8HH.fJ oe! HCnOJ1J,30B8HHOtt nOJlSJPH38UHOHHOft ycTSHOB
R8 H ,It8T8RTOpax, npHM6H.f!BIDHXC.fJ B HSMepellUIX. EOJIS8 no.n;poe!ao ODHC8H 
CUHHTH}l}lBnJIOHHlltt ,It6T6RTOp pacce.fJHHHX H81l:Tp0HOB C C!O}IJ,lllHM T61l6CHHM yr
J10M, ROTOplitt 6WI BB8,It8H B SRCnJ1y8T8UHID B XO,It8 OnHCHB88MHX H9M8peffd. 
~OTOrpa~zn 8TOro ,It8'1'8RTOpa ,u,aaa aa PRC. I. 

Pzc. I. MHoroceRUHOHHlltt H8ftTPOHHHll ,It8T8RTOP C OTRpaTl:& 
ROlltyXOM 

B RaqecTB6 CnHHTH}l}lBTOpa HCnOJ1J,90B8H CB6TOCOCT8B T-2, co~ep~a-
~ Z: 'r\, S ( A'}) C oC!orall!eHHHM C!OpOM • BpeMSJ lltHSHH H8i1TpOHOB EHYTPR 
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~8T8RT0pa COCT8BHJ10 6 MRC, qTo o6ecneq.lL7J.o ~OCT8TOqH08 paspemeHHe no 
BpeM8HH npOJI8T8 .n,I.ff 8H8pr.e:tt ~o 100 R8B. 

TpeTM rnaBa nocBJJ~8H8 8RCnepHM8HT8JU,HOMY HCCJ18~B8HHID B98HM0-
~8HCTBHR H8ttTpOHOB C R,IIJ)OM renWJ-3. 

I 

H~M8peHH8 ceqeHWJ pacceRHWJ aettTpOHOB Ha renaa~3 npOBO.n;HJIOCD 
nyTBM Cpa°BH8HHR-c paCC8RHH8M aa o6pasnax-cT8H.Il,8PT8X, B RaqecTB8-RO
TOpm: 6wm BH6pam,1 Hl. 1 CO2, • CIUIHTHJinRIUIOHHml: ~BTBRTOp pacceR
HHR pacnonarancR Ha nponeTawc 6asax II8 Ma 500 M. rasoBae o6paarw c 
renaeM, COa, .e: Ha, co~epllt8J1HCD B MeTan~ecRHX- RORTettfiepax npa 
,w!BJ18HHH (T=20°C): 1,2oa±o,OP3, 0,3068±0,000'1 H O,I06?±0,000'l Rfc/cM2, 
COOTB8TCTB8HHO. B H8M8peRHH ~OROBBM o6pasuoM CJIYlltl'IJI ROHTettHep, OTR8-
qaHHm! Ha B8RyyM. KOHT8ttfi8pH C reJIHeM, o6pasuoM-CT8H~8J)TOM H 6es 06-
pasua qepe~B8JIHCD B HSMepeRHH. 3RcnepHMEiHT8JlDHH6 cneRTPH~ "nonyqeH
Hli8 Ha Tpex o6pasuax, n0Rasaa1,1 aa pHc. 2. 

n 
11031 

8 

6 

4 

2 

10 

I 
I 
I ·J •• i 

ggg,{l,o.mi~"'f.. '. ti 

; I 

++¥+++ +..+t-r+ ..,,.. • .;. ...... + +' 

20 

: i-lr'iy; , j+{.l ~ 
v+,..-T[ : 

30 40 50 60 70 E,K3B 

P.e:c. 2. YqacTRH 8RcnepHM8HT8JIDHm: cneRTPOB, nonyqeRHWC B H8M8pe
HHRX pacceRHWJ H8HTPOHOB raSOBblMH MHID8HRMH renWJ-3. liHE
HRR RpHBM - qoa; nyHRTHP - nocTORHH8R ROMnOH8HT8 qoaa; 
TOqRH: 0TI<PliTli8 - co~ ; ciinomai:le - 3 He. ; RpeCTHRH -

- B8RYYM 

CeqeHHe pacceRRHR Bhl'IHCJieHo no ~OJNyne: 

6 (3He)=- tt- ()() • N (31-le). 6 -(X) 
'l'v n ( 3He) N ( '/..) · l\, · 

(1) 

4 

i' ,' 

'I 

3~ecD 'I. o6osaaqaeT aTanoaalitt o6pasen C O;i HJIH H;i., , n. - TOJ1IltHH8 
o6pasna B R'JJ/cM2, N - cyMMa OTcqeTOB no ROHeqHoMy qncny RaHaJIOB 
BpeMeaaoro aaaJIHsaTopa nocne Bhl'IHTBHHR qoaa. IlpH o6pa60TR8 6HJia c~e
naHa nonpaBR8 H8 norno~8HH8 HettTpOHOB B reJIHH-3, COCT8BnRBID8R ?% npa 
E = l RaB .e: M8RDme 2% npa E ) 16 RaB. Pas~.e:e ~oaoB B RSMepe
HHH C reJIHSM-3 H OT8H.Il,8J)THW o6pa3UOM, o6yCJIOBJ18HH08 OCJI86JI8HH8M no
TOR8 Ha sa~ett CT8HR8 ROHT8ttfiepa, .Il,8B8J10 nonpaBRY ~ 3%. CHCT6M8THqe
OR8R OIDH6R8 38 cqeT ~tt~a annapaTyp1,1 COCT8BnRJ18 B cpe~eM 3%. 3TH 
nonpaBRH BM80T8 co OT8THOTHqeoROtt norpemHOOTbID (M8HbID8 3%) yqT8Hl,I B 
ROHeqawc pesyJIDTBTBX H npe~CT8BJ18HH B T86JIHU8 I. 

Ta6JIHU8 l 
CeqeRHe pacceRHHR 6-n, ( '5He.) 

E ,KaB 0,..,6apa A011,
1
6apH E, KaB 6'"' 16apa A6',,_,6apH 

1,2 3,23 0,12 24 2,95 o,n 
2 3,0'l o,n 30 2,58 o,n 
3 2,95 O,II 40 2,48 0,10 
4 2,95 0,14 50 2,48 0,10 
5 2,9? 0,20 60 2,46 0,09 
6 2,?5 0,13 ?O 2,50 O,II 
? 2,?8 0,14 80 2,38 o,ro 
8 2,89 0,13 100 2,25 0,08 

IO 2,?? o,n 130 2,33 0,08 
15 2,?9 o,n 155 2,24 0,10 
20 2,80 0,10 205 2,20 0,09 

IloJIHoe ceqemrn 6\ ( 3He) usMep.RnocD MeTo~oM nponycRaHHR. ra
soBaR MHID8Hb HM8J18 ~8BJ18HH8 8,42±0,05 Krc/orl- np.e: T8MnepaType 20°c. 
iKH~OCTHml: OIUIHTHJlJIRIUIOHHlltt )J.8T8RTOP pacnonarancR RB npOJI8THOtt 6ase 
115,5 M. ~OR onpe~6nRJICR M8TO~OM P830H8HCHhllC qHJIDTPOB, npa~eM qHJIDT
PH M 'rl, .I! Al H8XO.n;HJIHCD nocTORHHO Ra nyqRe. BeJIH'IJHHB nponycRBHHR 
o6paaua B HOCJ18)JJ8MOM HHT8pB8J18 aaepr.e:tt M8HRJ18CD B ~anaSOH6 0,5-0,9. 
3RcnepHM8HT8JU,HBR norpemHOCTD HSMepeHHOro nponycRBHWJ 6HJI8 
(013-0,5)%. 3HaqeHHR nonyqeaaoro noJIHoro ce'IJeHHR 6'-1; B saB.e:OHMOOTH 
OT aaepra.e: aeihpOHOB B 06J18CTH 1-150 R8B npe~CT8BJ18Hli B COOTB6TCTBY
ro~ett T86JIHU8 B T8ROT8 ~CC8PTBIUIH. 

.Ilnrum ( '11, 3He) -paooeRHHR onpe,nenRJIHCD HS 8H8pr6TH'IJ80ROtt 88BH
CHMOOT.I! nonyqeaam: oe'lleHatt 6''"' .e: Ot no ~OJNynru.1, one.nylll!lHM e:s 
MHOrOR8H8Jll,HOi T80PHH 8~~8RTHBHOro pa,n;Hyoa: 
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e' _ 1{ p+ O ' ,3. L H 

[
, A 2. . B.2, A.z. ] 

o"' - · :t, 2, L + :, .t.. ( 1 -t IC-. 13., ) + I(. A., ! + K • A4. 10
5 

6 = 1L. Bo (2) • 
p K (l+l<--~0 )~+K7A; 

3,nec1, A0 , Al - .neitcTBRT8J1J,Hble '<IaCTll .n;ma paccesrnn.a B cnHr}leT-
HOM ll TPllil}l8THOM RaHa}laX. ~Op.lY}lb! Y'<IllTb!BaDT Ha}lll'qll8 CHHr}l8THOro RaHa
}la (n.,p)-peaRnRli (napaMeTp 1,0 ). IIo.nroaRa napaMeTpOB 4opMy}l (2) 
no M8TO.llY HallM8HI,ffillX RBa.npaTOB ,na}la ciie,nyJOOtHit aa6op .nruia ( 'h, ~ He) -
pacce.RHll.8: a,_ = A0 -i-B0 = (6,53±0,32)-i.(4,45o±0,003) c:!iM, 

a.+ = Al = (3,62±0,15) ™· (3) 

3Tll 3H8'<I8Rli.R 06}18,IJ,8IOT TO'<IHOCTl>D, .nocTaTO'<IHOit ;D,lJJI CP8BH8Hll.8 C TeOplie:ii. 
TaR08 CpaBR8Rll8'YRa3a}lO Ra npaBH}lI,ROCTI, npe,ncRa3aHM 60}1!,ffiOit B8}lll'<Ili
Hbl Cl1Hr}l8THO:ii ,Il,JillRbl B p8C'<I8T8X XapqeHRO ll ]eBameBa. 3TO 06CTO.RT8]11,CT
BO CBnsaao C Ha}lll'<Ill8M B Cl1Hr}l8THOM CilllHOBOM RaHa}le mliPOROrO B036yz
,ll.8HHOro ypoBR.R 4He, pacno}lOllteHHoro RHB aafiTpoHHoro nopora. 

B tJ:eTBepToil r~aBe nMararoTCH pesyJU,~aTu nsMepeIDUI ce'<IeIDUI paccea
llli.R H0HTpOHOB JlliTll01~-6 B llHT0pBa}le 3Heprllii 0,6-80 K3B.Ce'<Ielllie ll3M0p.R
~OCI, OTHOCllTMI,HO ce'<IeHll.R paCC0HllliR Ha JlliTllll-7,ll3M0p0Hll0 KOToporo Oilll
CaHO B r~aBe 5. 06pas:u;u JlliTHH-6 II JlliTM-7 npe.ncTa.BJI.R.IDl co6oil MeTaJIJill
ti:ecrure .n;ircRII .14llaMeTpoM mo MM. Hx nsoTonHoe o6or811leHHe 11 TOJIIlllIHll npn-
Be,neHbl B Ta6Jlli:u;e 2. · 

Ta6}lll:u;a 2 

06pase:u; 06ora,l{eRRe Bee, rp. n..6, ,ra22 
'l'l.,7, -ra22 

.A.n/cM2 .A,n/cM2 

Li.-6 90,9 51,05 I,627. 0,165 
L~-? 96,3 45,95 0,04? I,353 

MeTa}l]lll'q8CRli8 ,nliCRli 61,!}lll ynaROBaHbl B O,D,l1HaROBbl6 ROHTe:iiaepb!C JiaB

CaHOBO:ii CT0HKOH TOJIIlllIHOli 15 Ml\M,IlyCTOli KOHTeilHep npllMeHMCH WUl li3-

MepeHM 4oaa. 3TH TPll 06pa3:u;a '<Iepe~OBa}lliCI, B xo.ne ll3M6peHHil. Ha 
PRC. 3 IlORasaHbl 9RCil6PliM6HTa]ll,Hbl6 Oil6RTPbl H6:iiTpOHOB, pacoe.AHHl:lX pa3-
Hb!MH o6pa3IJ;8Mli. Aaanli3 p83}lli'<IHl:lX ROMilOH6HT ~oaa co.naplltllTC.fl B COOT
B6TCTBYXJUt6M pa3,n6}16 ,nliCCSPTanRR. 

06pa60TRa npOBO,nll}laCI, no 4op.1yne, aHa}lOrli'<IHOfi (I) ll co.neplltaB
me:ii p.A.n .nonOMliT6J1J,Hb!X 4aRTOPOB H3-3a npHMeCH B o6pas:u;e ll30TOna'tt~. 
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3RcnepllM6HT8]11,Hbl6 cneRTpll H6fiTpOHOE, li,3M6 P6HHbl6 no EpeM6Hll 
np0}16T8 C o6pas:u;aMR }lllTll.8 E reOM6TPllll pacce.AHli.fl: OTRPb!TH6 
TO'<IRH - o6pase:u; 7L~ ; cn}lomable TO'<IRR - 6L~; HlilltR.R.A RPREa.A -
'40a IlYCTOro ROHT6fiHepa. Ilo OCH a6c1n1cc - HOMep RaHana aHa}ll1-
3aTopa; no OCR DP,nliH8T - '<IliC}lO OTC'<I8TOE H8 RaHa}l, '1J.l14p8Mli 
yRasaaa eaeprn.A aefiTPOHOE B xeB. 

Pesy]ll,T8Tbl 06pa60TRli npa,ncTaB}l8Hbl E T86}lllll;6 3. CTaTHCTli'<I8CR8.fl 
oarn:6Ra 6HJia M8HI,1Il6 I%. B Ra'I8CTE6 01Dll61m C6'<I8Hll.fl yRa38Ha CliCT8MaTli
'q8CRa.A Heonpe,ne}l8HHOCTI,, CE.A8aHH8.fl, B OCHOBHOM, C norpe!DHOCTI,D 9Ta
}10HHOrO C8'18Hli.R }lliTll.8-?

0

• Ilo}ly'<I8HH06 C8'<I8Hli8 pacce.AHli.fl nOCTO.flHHO npH 
eaeprll.ffx (CV-IO) KeB. Ycpa,naeane no eTOMY HHTepBa}ly ,ll.8}10 sHa'<IeHHe: 

6'n,(6U)= 0,72±0,02 6a, (4) 

ROTOpoe peROM8H,JlY8TC.fl ,ll.}l.fl npH}l0llt8HHfi B R8'<I6CTE8 C8'<I8Hll.fl pacce.AHll.fl 
M6,n}l8HHl:lX H T8IlROEl:lX H8itTpOHOB Ha }lllTHH-6. C6'<I8Rll6 (4) B ROM6l1Hall;l!:H 
C .npy rmm li3B8CTHb!Mll ,ll.8HHb!Mli IlpliE6}10 R 0}18,JlYXJUt8MY Ha6opy ,Il,JillH 

( 'I\. 'L,) -pacce.AHM: 

a._ ('Li)= (4,oo±0,06)-i.(0,53±0,02) ™• 
a.+('U)= (0,65!0,03)-i.(O,m±O,OI) c:!iM. 

(5) 

nonO}lHHT6}1!,Hblfi 'R. -M8Tpll'<IHblfi 8Ha}lll3 ,ll.8HHl:lX IlORa88}1 coxpaHeHHe Cll]ll,
HOI CilHHOBOfi 3aBHCllMOCTH pacce.AHli.fl H61TpOHOB }lllTli8M-6 B arn:pOROM li&-
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6''1\, ('Li) 
Ta6.IDIU8 3 

C8'1J8Hll8 

E,I<aB f1E,KaB 6"'16apa At6apa E , I<aB AE, I<sB 6'"'16apa A6',.,6apa 

o,69 0,06 0,73 0,03 I3,I I,4 O,?I 0,02 
o,79 0,05 0,74 0,03 I6,0 I,5 0,70 0,02 
0,93 o,oo 0,73 0,03 I9,0 I,5 0,73 0,02 
I,O O,I 0,72 0,03 22,3 I,5 0,72 0,02 
I,3 0,2 0,70 0,02 26,5 2,0 0,74 0,02 
I,8 0,3 o,n 0,02 32,0 3,0 0,73 0,02 
2,5 o,4 0,69 0,02 38,5 3,5 0,73 0,02 
3,4 0,4 O,?I 0,02 45,0 3,0 o,74 0,02 
4,6 o,7 O,?I 0,02 52,0 4,0 0,75 0,02 
6,2 0,9 0,70 0,02 59,5 3,5 0,75 0,02 
8,2 1,0 0,73 0,02 66,5 3,5 0,78 0,03 

I0,5 1,2 0,70 0,02 80,0 10,0 0,84 0,04 

T8p138X8 saeprm! H yRasan H8 OTOYTCTBH8 ypOBHR 8HOM8XDH0ll (OTPHU8T8XD
HOll) 'IJ8THOOTH, BBO,IU!MOll B IJR,Il.8 pa60T ;JJ)ISJ 06'l>SJOH81llffi 6oXDmoro 08'1J81m.ff 
Gu ('\'\,Jo() -peaRuim. TaROii pesy XDT8T MOJK8T 6htU 06'l>SJOH8H B p8MR8X 
nl)RMOll peaRUHH o 06M8ROM .n.ettTOHa. 

B IU!TOll rnaBe HSXOE8Rht pesyXDT8Tht HSM8peHHtt noJU:1pHS8UHOHHOro 
C8'1J8HWJ H 08'1J8HWJ pacoenrum H8ftTpOHOB JIRTH8M-7 B o6naoTH SHeprHtt .n.o 
IOO KSB. Ce'IJ8Hll8 paoceRHHR aeftTpOHOB H8 .IDITHH-7 HSM8l)RX00D nocpemT
BOM cpaBH8HWJ O HSBSCTHl:lM 08'1J8Hll8M paooenrum H8 r~a~HR8. TonutHR8 06-
pasua HS M8T8JlJlH'IJ80ROTO .IDITHR paBHRX8CD 7 181 • lif2 R]VOM2• TOnutHH8 
rpacfHTOBOro .II,liCR8 OOOTB8TOTBOB8X8 yonOBHD 9RBHB8n8HTROCTH no paooen
rurn. Ilpll onTllMBJll,HOM Bht6ope IIpOJI8THOH 68Sht cfoH He npeBhtlll8n 7%. Ilony-
'IJ8HH08 oe'IJeHlle paooenHHR 6'"' ( 'tl~) npHBe.n.eHo B Ta6JIRne 4. r-

CTaa.n.aPTHBR CT8THOTH'IJ80R88 OmH6R8 He npeBht!Il8H8 I,5%. B T86.IDIIl8 1 
npHB8,Il.8H8 OHOT8M8TH'IJ80R88 OmH6Ra. H!Ige 20 KSB 08'1J8Hll8 npaRTH'IJ80RH ,i 
llOCTORHHO H DpHHHM88T SH8'1J8Hll8: 

6'. (TL•) + .. ,,, ~ = I/06-0703 6H. (6) 

IlonnpHS8UHOHH08 08'1J8HH8 HSM8IJRX00D H8 ,n.ellcTBYIO!Jt8ll B JIH~ YOT8-
HOBR8 ;JJ)ISJ nonnpHsauim peSOH8HOHhtX H8ttTpOHOB H B,n.ep. CTenBHD nonnpH
S8UHH H8llTpOHHOro ny'IJR8, nporue,nmero DOMpHSOB8HHyD npoTOHHYD MHWBHD, 
,II.OCTHrana 60%. Mccne.n.,veMhtli o6pasen 6htn HSrOTOBH8H HS M8T8H.IDI'IJ80ROrO 
.IDITHB, oo,n.epllt8Blli8rD 96,7% .IDITM-7 (,t, =2,7·1023 nJJ/oM2) H HM8X none
P8'1JH08 08'1J8HH8 4, 75•6, 0 cM2• H,n.pa nHTHR-7 nonnpm!OB8JIRCD ( -fu z 3%) 
MeTo,n.or.i "rpy6oft oruw:" B 3He-4He pecfpuepaTope, noMelJleHHoM BO 
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' -r.L~ 

1 

6',,, (lL~) 
Ta6HHUB 4 , 

Ce'IJ8Hll8 

E, I<aB AE, I<aB 6'"' 16apa A6"' 16ap.a E, I<sB AE, I<aB S:. 16apa ~6'"' 
1
6apa 

2 o,9 I,CTl o,03 20 3 1,04 0,03 
3 1,0 1,07 0,03 23,5 4 I,04 0,03 
4,2 I,8 1,06 0,03 • 26,6 4 1,05 0,04 
6, 1,8 1,07 0,04 30,0 3 1,04 0,045 
7,8 1,9 1,00 0,04 41 5 1,07 0,045 
9,9 0,5 1,06 0,03 49,5 6 1,00 0,03 

12 3 1,06 0,03 58 7 1,01 0,03 
14 3 1,05 0,03 66 5 1,04 0,03 
I6,5 4 1,05 0,03 74,5 6 1,06 0,045 

BH8mH8M M8rHHTHOM none 15 R3. HenoopemTB8HHO HSM8l)R8MOll B8HH'IJID!Ott 
BBMnos nonnpzsaUHoaahtli acf(f.eRT nponycRarum E ( E) = ( N+-N- )/(N+ +NJ, 
r.n.e N+ .1:t N_ - OTO'IJBTll ,n.eTeRTOJl:I npH napanneXDaon H 8HTRnapan-
neXDaon OpH8HT8URRX OnRHOB s,n.ep MHW8Hll R H8llTpOH8. MsMepeRRe RHT8H-
0RBHOOTR H8ttTpOHHOro ny'IJR8, npome,nmero nonnpHSOB8HHYD MHlli8HD, OCY!ll8-
0TBJU:IH00D C llOMO:JU,D lltH;o;KOCTHOro OUHHTHHMUHOHHOI'O ,Il.8T8RTOpa R ren.110-
BhtlC O'IJ8T'IJHROB. IlonnpHS8UHORH08 08'1J6HH8 HHTHB-7, onpe,n.enneMoe R8R 
6':°11 = ¾ ( 6 + - 5-) I P80C'IJHThtB88TCR RS HSM8peRHoro acfcfeRT8 £ (E) • 

PesyXDT8T llOR8S8H aa pno. 4. 

6"01\ ' s I I 6 I I ilili 

1,0 

0,8 

0,61-____ _ 

0,4 

0,2 

10 
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E, 38 , 

1 PHO. 4. IlonnpHS8UHOHH08 C8'1J8Hll8'P8CC88HHR H8llTpOHOB .IDITH8M-7 B 
S8BROHMOCTH OT saeprHH 

Yope,I1.H8Hll8 SToro C8'1J8HruJ no BC8M TO'IJR8M .n.ano B8.IDI'IJHHy 
. fftoft ("fa)= ·0,55±0,0? 6H. OTO C8'1J6HR8, 08'1J8Hll8 pacceRHllil (6) H 
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,n;pyrze H3B8CTHHe ~filili8 np.0:BeJIH R cJ1e.Izyllll!6MY aaoopy ,nJIHH ( ,,_ '1-U )-
paccesrnruJ: 

a._ CJ L~) = co,a±o,3) w, 
a.-t ( 1-U) = -(3,6r±O,C1l) !IM, 

ROTOplill: xopomo corJ1acyeTCSl C .0'.3B8CTHlilM B Jl.0'.T8paType. 
Cmu,aaSJ CllliHOB8Sl 38BHCHMOCTI, IlOJ1Y'l8HHHX ,It1IlIH ( 'n.. 1-L ~) -pacceSJ-

HruJ 06cyJK,n6H8 B ,Il,RCC6pT8Ul{H C TO'IRH 3peHM CYl.1!6CTBOB8HM B 8 U BOS-
6yJK;n8HHHX ypOBHSil: CO Cll.0'.HOM ll '18THOCTI>IO :J"' = r, 2-• .Il1m 3TO:ll neJlH 
nptlB8.I(6H 'R., -M8TPH'IHHil: 8H8Jl.0'.3 IlOJ1Y'l8HHHX .I(8HHHX. Pe3y}l!,T8TH H8CTOSl
l.1!6il: pa60TH xopomo Oll.0'.CHB8JOTCSJ, 6CJ1H ,nonyCTHTI, CYl.1!6CTBOB8Hli6 YPDBH6il: 
c xapaRT8PHCTlIB8MH, npHBe,neaalilMH B Ta6une 5. 

Ta6J1Hna 5 

':l'J'C E" I 
MaB 'It, MaB 

r r,2o±o,oo 2,2±0,r 
r 1,sto,s 2,4±1,0 

8TOT pesyJ1I>T8T R8'16CTB6HHO cornacyeTCSl C H6ROTOPlilMH T60P5TH'l6CRHMH 
paC'l6T8MH.CBOil:CTB YPOBH6il: 8HOM8}1!,H0il: '16THOCTH, BHilOJ1H6HHHMH B paMRBX 

, 060J10'16'1HOil MO,n6Jl.0'.. 

B 38RJ110'l6HHH nepe'!HCJ16HH OCHOBHH6 pesynI>T8TH H8CT0Sll.1!6il: ,Il,RCC6PT8-
rmoaaoil: pa60TH. 

B xo,ne ,Il,RCC6PT8ImOHHOil pa60TH ll3M6peaH: 
I. 8cJjg:eRTHBaoe ce'lettHe pacceSJHHR aeil:TpoaoB aa 3He .no aaeprd 

200 RsB,; 
2. IloJ1Hoe ce'!eHHe ( 'WI, 

3H e,)_ B38HMo,neil:cTBIIB ,no 200 RsB; 
3. 8cJjg:eRTHBaoe ce-qeaHe ( 'I'\, 'Li.) - pacceSJHHR ,no 80 RaB; 
4. 8g:(f6RTHBaOe C6'!6aHe ( '11, "+Li,) -p8CC8SlHHR ,no IOO RaB; 
5. IloJ1Rpusarmoaaoe ce'!eHMe pacceSJaM aeil:TpoaoB JlHTHeM-7 ,no 

aaeprHil:"' lOOEiaB. 
B ll3M6peHllSJX mHpORO .0'.CllOJ1I,30B8JlCSl aOB!ill: CimaTH}l}lRUl{Oaalill: ,n6T8R

T0p pacceSJHHHX aeil:TpOHOB C y.ny-qmeaaoil: pa3pem~JOat61 cnoco6aocTI>IO. 
OcaoBaHe g:H3ll'l6CRll6 pe3y}l!,T8TH ll BHBO,l]l,I pa60TH CJ16.Izyllll!H6: 
- BnepBHe no.ny-qeaH aRcnepHMeaTa}lI,HHe saa'!eHHR ,nJlRH ( 'I'\, ?>He.) -

pacceSJaHSJ C TO'!aOCTI>IO, .I(0CT8TO'IHOil: ,nnR cpaBaeHHR C npe;n;cR838Hli8MTeo
p,m M8JlOHYRJ10HHHX CHCT8M. 8TO c,neJ18HO HOBNM MBTO.I(OM onpe,neneHHJJ 
.n,rna ( ')'I., 'He.)- pacceSJHHR .0'.3 aaepreTH'l6CROil: 38BllCHMOCTll H6ITPOHHHX 
ce-qead 3 He,. IlpoBe,neaaoe cpaBaeHlle c pesyJ1I,T8TOM pac'leTa CBoilcTB 
'16THP6XHYRJ10HHOil: CllCT6MH IlOR838JlO, '!TO M6T0.I( pemeHHR ypaBaead ~a.n-

10 

.neeBa-HRy6oBCROro, npe,nnOlKBHH!ill: Xap'16HRO ll A6B8fil6BblM, B6.I(6T R npa
Bll}l!,HHM 3H8'18HllSJM ,n)IRH _ ('YI, ~He).:.. pacceSJHM. B '18CTHOCTH, IlO.I(TB6plK
,neao T60P5Tli'l6CR06 npe;n;cR838HH6 0 CYU16CTB6HHOM npeo6J1a.I(8HHH CllllrJIST_
aoii ,nJlHHH ( 'J = 0) aa.n TpllllJ16TaO:tl: , ( 'J = ! ) . 

-ll3y'1eHa cnHaOBaSJ saBHCHMOCTI, MHH H C6'16Hllfl pacceSJHHR H6llTpOHOB 
Ha 6 LL H 7Li B mHPOROM, .no mo RaB, llaTepBaJ1e aaepr.0:ll. IlpSlMblM 
.I(OR83aT6J1I,CTBOM CllllHOBOii 3aBHCHMOCJ'll pacceSJaM ae:iiTpOaOB aa 7u 
npH 3THX aaeprllSlX SJBJlR6TCSl IlOCTOSJaCTBO H3M6peaaoro noJlRpu3armoaaoro 
ce-..eHHR pacceSJHllSl .no aaeprn:tl: ~ IOO RsB. 

- AaaJl.0'.3 aaepreTH'16CROil: 38BHCHMOCTll H3Mepeaaoro ce-..eaHR pacceSJ-
HIDI H8liTPOHOB JlliTlleM-6 COBMSCTHO C ~yrllMll .I(aHHHMll YRa.3!:lB8.8T Ha TO, 
'ITO ypomm c ':1"= 1/2+ HIDK.e HeiiTpoHHoro nopora B JUP8 7LL He CYJ!leCT
ByeT, '!TO cor~acyeTcR c MSX8.Hll3MOM npm.1oro npo~ecca wra pe~ 

'Li ( '\t,oC) T , BHTe_Ra!OO{ero H3 RnacTepaott cTpyRTYPH SJ,nep 6 Li, 
H 

7L~ • 
- Ilony-..eam,e )(8HHII6 y1<asHBaIOT aa CYl.1!6CTEOBaHH6 B SJ,npe 8 L~ mH..; 

po1<0ro -ypoBHSJ npH anepr.0:u ,.,, I,2 MaB Bbl!Il6 aeilTpoaaoro nopora c 
':1"" = r, nap8M6TPH ROTOporo 06MCHSJ!OT OTPlinBT6)1I,allfi saaR ,nJ1Ha1I pac
ceSJaIDJ B 3TOM RaaaJ1e ll y,nOBJ16TBOpSJIOT R8'16CTBeaaw npe,ncRasaHllSJM o6o
J10'16'1HOli MO.I(6Jlll. 

- llsMepeaaIIe B ,Il,RCC6pT8nHOaaofi r.60T6 3(f(f6RTHBaII6 C6'16aHSJ B_38ll
MO,neiicTBIDI ae:ltTpoaoB c 3 He. , 6 Li. H Li. HMeIOT 60J1I,moe npaRTH'16CROe 
3a8'16HH6 R8R CTaa,napTII aeiiTpoaaHX C6'16Hllil: H SJ,nepaHe ,naaaHe ,nnR npH
RJ18,nHHX sa,na-q. 
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