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KmmKoB_ O.M. Ji np. _ 
M1iiKpocKom,,,ecKoe. ormcaime Kna311y11pyror~ pacceimm1 

· . JiefKIIX. 3K30Tl_l'JeCKIIX si.uep . 

• B hlllOJIHCII MIIKpOCKOllll';ecKHii iuiiu1113. KB:1311y11pyroro p~lCC;~lll;SI 88 .11 · 7 ~e ·c 

3liepnieii 40 M3B/11yKJJOII Ila 12c. 11Li c 311epr11eii 29 M::iB/rryK.JtOII Ila 28s(a·ra~)Ke 

ino6ap 11c II I I Li C 311epmeii 60 M3Bi11yKJ1011 11a 12c. OttTll'l~~Klle UOTellUllaJlbl 
CTp0H~'CH B paMtrnx cpoJJJUIIH'-MOJ.lCJIII' 11a 0CJI0Be II0JIIJOl'O M3Y 0 ::icpcpeKTIIBIIOro 
11yKJ1rn1-11y1010111iorci BJa11MoJ.1eiicrn1rn · 11 · 11yKJ101111b1X imornocTeii, Bht~i1CJ1eur1h1x 
MeTO.O.OM ·. cpy1iKu11omu1a IIJIOTl(OCTII C. e)lllllblM 11a6opoM n~tp~MeTpOB Will_. ncex. 
CTMKHBalOllUIXCSI si.uep: PaJyMiioe '011.11cai111e· ynJOBblX pac11pem:11e1111ii II ll0JlllhlX 
CC'lem1ii peaKUllii ,UJISI ~. ucex paCCMaTp11n:ie~lblX .CIICTeM IIOJIY'le1io 6e3 . 11epe-
11op~nipoBKH peaJ1h11oii •iacrn 1mTe11mi.u1a. M111.:pcic:Komi',1ecirnii allaJIIIJ 11DllTB.epi-

. · . · ·. ,,• II'.. · ' .·· · .• 8 · . 7 •. 
naeT cymecrnoua1111e 11efrrpm111oro r.ur_o B · Li 11 11porn111mii «ruyGb1» B B · 11 ··· B,e'. 
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of Light .Exotic Nuclei · . . 
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. ·•·Micro~copi~ analysis' of 8B and 7 Be _on -12c at 40 M~Y/n -~nil 11.Li. on- 28Si_ ~lt 

29 MeV/n and isobars 11 Li, 11c on· 12c at 60 MeV/;1 of quasielastic scattering .is. 
performed. Optic.ii potentials are constructed in the t\ainew.orkof the folding model 
on the basis of. the full · M3Y effective nucleon-nucleon force and the densities 
calculated for all colliding nucle'i with th~ density functional meth1;d. R~as6nahle 
descriptions of both angular distributions and total reaction cross sections.for i1ll 
cases are obtained without renonmilization factors for the re.JI part ()f tlptical . 

potential. The microscopic hnalysis suppons ·,he existence oi.n~utriJ11 halo in 1 ~Li 
·' ' - - . ·8 ·. . 7 . .. 

and.the proton'skin _in B and Be . 

• . The investigation has been performed at the Flerov Laboratory of Nudear 
Rea~tions.-JINR ... ' 
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-· ·- .B __ --nocrreg~eeBpeM~•'uo51B;51e_TC51:6oJiblliOe·-qucno··pa6oT;:rr6cB51-
. ~eiiHhrx c-rpyiTyp~ n~rK~x :pagHo~~;IIB~hl~ Rge'p ( c~~,HarrpH~.1ep; [1,2]). _ _ _ 

.· .· i>< i.Il:JijJ irnorHX H3 ::i-tux igep BO:JHHKaeT Borrpoc o_ HaJilI'IlllI
0 

y HHX iieu.: 
•ipoHHoro '1iJIH 'rrpOTOHHOr<J _- ram>, _T :e: _- a~6irnnbiio 11l)OT51)KeJIIIOro· pac~- _-_ . 
rrp~geneHH51 _Hy~'rroH.{>B. oimi"~rn:n a"¢<1>

0

~KTHBHhix.'·crroco60B· :JOHgHpOBa-· -.-
. · HH51 IIJIOTHOCni pacrrp~geneiIII~ IIYKrIOH~r mt nep~¢ep1iir ~~pa U a~po-
. • 6a~¥1II BOJiHOBoii <PYHK~mI; y;~~bil3aro~~I~ ~y~edTBOBRE~He ran~,-~BJUI- _- -' 
- ~ / •. •_•- ,, -••.•-~.-., ~ -_-. '-.., • •§-• ;<-'. •, • .•· 0 .-;-_,_ • -, '_;-' _r_• --- ~~---"• ' ' • 

eTcR HccnegoBanne yrrpyroro pacceRHHJI nerKnx 0Kn·oTn"<IecKHX ,51gep na 
.-, ,. ·-_ ·- . ·:'-, ·--- . - -,_" ,_ , : . ·_ ., __ .: ·: -•·::_·· . ,; . --~-' .. = - -,_· : . - ._ > ··,-.· . - ' 

•·-· ;iRgpaX-MHUieHJIX·-IIpU BHepr1;H-•HaJ"IeTmO~U~ .• Jigep>BHeCKOJILKO ,I(eCXTfOB 

·'. ? Mera::iJieKTpOHBOJILT Ha li)'KJIOH. ~. . . > -. . . .. -. . . ·-_. : ' . . : ' . . '' . 
~--- : . • B ,pa6oTe· [3] 1i~epl3~.Ie 6i:.mo 'imMe!)~HffCe"'IeHli~ Y,~pyf;r"a pac
• ce.!IFU~~ 51Aep 1~Li 0 np1I 0Hep"riin 29 M<lB/HYKJI()H Ha __ MUUie

0

IIU II:J •.28Si,_II 
- ,cboTBeTCTBY·IO~HII',attarr;;? [3]--pbA,{Bep~mI ty~~ctB~~aII~e~HeHTp()H-:, 

Iiororano y~:llLi~· Kimanyrrpyr()e :pacce51HIIe 8B .. H 7Be C t3Hepr~ei'i: 
·-•· 1 4() IvfoB /IiyKnmi H~ 51/We 1~.c nnyqaJIO~b B:pa66Te [4] .~e pacci{~TPH~~CSI. 

>:~~K)Ke nonpo~·o' ~y~~CTBO~ciiimtnpOTOHHO;O ran~. B o6cinx c.iiy~MX. 
_ ;::° ~- Teope.TII"'IeCKOH OC:HOBOH ;r:r;ii:~ rroc°ipoemm OIITII"'IeCKUX IIOTeH~HaITOB 51B- -· 
-· ·<.:n;rra~b MbgeJib iBOHHOH CBepT~H: OgnaKOB ~THXpa6~TaX ll~IIOJib3C)Ba-. 

-- , • -_ ; JillCh" p·anriII"'IHbie eqiq>eKTIIBHbie HYKITOII~ H)'KJIOHHbie -CHJihI:"B pa6oTe _ [3] 
. •·,(.·-" pac•1·~-ibi 6brm1" BbIIIOJIHeHbI. C: ~qicpe;TIIBHbIM HJKJIOH-HyKiOHHbIM B311H~ 

.. ''.~,MOACIICTBIIeM DDM3Y [5,6L a B pa6oTe [4] C ICOMIIITeKCHbIMM ~ima~rn: 
. _- __ Iin [7]; n'aBIIC.ll~I~Mll OT IIJIOTHOCTII paci:rpegenemrn Be~eCTBa II 0HeprIIH: 
~ ·n:~ 66011~: cny~iaiI~ np11' omicaHHH ."0KcrrepHMCH;aJ"IbHbIX ;r:r;ai!Iihix. IIJ)O: 

·' :_ .B()~JI!IaCb depeHOpMHROBKa . peaJibHOH: ~aCTH. IIOTeH~uam:i, : BonH1iKaeT ·. 
_, - - • - - • • -- - • - • - .- ·- > ·, -

BOIIpoc,'..~03MO)KH0 JIII omicaHHe 0TIIX 13KcrrepHMf!HTaJ"IbHbIX ;r:r;aHHbIX B 
paMK~X. pac"'!eTa . C e;r:r;HH~~ aq>q>eKTII~iibI~- B3aHM~geiicT~IIeii 6en era ' -
nepeHOpMHpOBKU; ,: ' . . . . .. . . . -- -__ - . ,. _· • . . ' . 

·- _ . : :r .I(pyru~ Ba~~bIM BOIIl)OCOM:HBJllleTCH c~oco6 OIIHC~{Hjl IIJIOTHO~. 
, ·. c;eii<:TaJIKHB"aIO~IIXCH ~~~p; B-p'a6~T~X·[3;4] UCII01Ib~()BaJiliCb pari~H'1-•·· 

-, - . ' ' -- ' - ~. ,,;: ' ' . " . . - - . . . - -
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~~HbU~ IIJIOTH~c;eu i(aK B pa:3llll"IHbIX '!aCTIIiia::C-cnapi;r:r;ax; TaK H B R;r:r;pax
.MlIIU(!_~J,!X: ,B . paMKax :o6~CEO rroµ;xo;r:r;a K11HaJ"IH3Y 0KCIIepHMeHTaJ"IbHbIX·, .. 

rrpe;r:r;cTaairneTC51 ~ rrpegno"'ITIITeJibHbIM _ IICilOJib30BaHUe • 
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__ cxeMhI ;a;rr.H nocTpoeH1ur nJioTuocTeii pacnpe;a;erremrn: HYKJIOHOB Bo Bcex 
paCCMaTpirnaeMhIX .lip;pax . 

. . IJ;errh HaCTO.lIIIJ;ei'1 pa60Thl ·-, om1cam1e B paMKax e;a;1rnoro. Mll-
. 'ipocK~mr-qecKoro no;a;xo;a;a [8,9,lOf KBam1ynpyrciro paccenHn.lI 8B 11 7Be 
. C 0H~prII~ll 40 1vfoB/:ayKJIOH Ha 12C, 11 11 C aueprneii ,29 M0B/nyKJIO~ 

. Ha 28Si, a TaK)Ke imo6ap 11 C II 1.1 Li 'c 0Hepr1iefr 60 1faB/tiyKJIOH Ha ~!C. 
IIpII GTOM, gJI.lI,BCex paccMaTpimaeMhIX CIICTe1-:r ucnOJih:JyeTC.H o;a;i'.ro IL 
T02Ke norrnoe 0q,cp~KT~~Hoe HYKiroH~H,YKJIOHHoe B:J'aIIMOAeiicT~11e M3Y, 

· c Y'IeTOM o6MeHHhIX .0q,cpeKT.OB B q,opMammMe MaTpIIIJ;bI rrrroTHOCTII. 
IIrroTIIOCTII pacr:tpe;a;eJieHII.lI. IIelITP OHO~' H rrpoTOiiOB . )J;JI.lI .. ~ce,x ·. '9:aCTIUJ;- . 
cuap.np;oB II .ligep~1'.1II1IIeHefI pacc~IHTI,!BaIO,TC.lI B pa1-rnax MeToga q>yH
KI.l;lIOHa~a n~oTHocT:ir [11] · ~ q>IIKctt:pOBaHHhiM Ha6opm.i rrapaMeTpoB. B 

· pa:J;a;e~e 2 KpaTKO 06cy)K;a;a10Tc.lI :rvr'eTo)J;II'!eCKIIe ocq6emiocTII 0Kcire-
•. 't I • • ;' , , •• f ' , • ' .'·, , • , ; . ~ 

, pIIMeHTOB no KBa:JIIyrrpyroMy pacce.lIHIIIO rrerKHX 0K;JOTII'leCKHX .ligep 
. n rrorry,-reHHhie B HlIX ;a;aHH~Ie. B pa3p;eJie 3 orri-i'chI~aeTrn CXCMa aHa

JIII:JaaTIIX p;aHHhrx, rrpm.1:em1eMM B nacTonweii pa6oTc. Pa:J;a;err 4 rro-. ' , .... , ... ' ... . , : - ,. . 

CB.lIIIJ;eH pac~eTy HJKJIOHHhIX. IIlI0'.1'HOCTeH )J;JIJI.ligep, rrncvTBYIOIIJ;IIX B 
· ~epe:<III~JieHHhIX Bhiille peaKIJ;II.lIX, Y:C:JI_9Bh!X pacrrpep;erreHIIlI U nOJIHhIX 
• ce-qeHIIll. B :JaKJIIO'I'emui cq,opMynnpoBaHhl OCHOBHhIC

0

BhIBO)];hl pa60ThI 
. . ff o6cy)K;a;eHhI 'neKOTOphre go~IOJIHMTeJihHhie. 130:JMo~rno CTII lI~hoJib:JOBa.:. 

HII.lI\(KBa3II)y~pyroro paccefIHII.lI )J;lI.lI aHaJIII3l1 ~BOHCTB 0K:Jo'Tir'I~CKIIX 
.lip;ep. 
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. .. B pa6oTe IICilOJihtlYIOTC.lI 
0

9KCnepIIMeH;aJibHhie penyrrhTaThI, no- , ·' 
ny'!eHilhle B [3,4]. ·BTopII'IHhie ny'!KII 11 Li c 0neprn~ii 29 M0B/nyKJIOH, 

'a~TaK)Ke 'l'Be II ·sB C 0HeprH.lIMII 40 M0B/HYKJIOH 6h!JIII rrorry'<ieHhI .. 
· B T AHIIJI c · ncrrorrhnoBaHIIe~ cneKTpoMeTpa LISE-::-3.'. IIy-iioK n Li 

[3] lIH_TeHCIIBHOCThIO ;:...,200 1 / ceK, O'!II~TKOII ;;._,98% li: panp~1IICHIICM ·no;;. · 
0H~prnII ;..:,9,4% n6miga,JJ Ha KpeMHIIeByro MIIllleHI; (:6.:S-:ge~eKTOp) T?JI~ 
.IIJ;IIHOM '104 Mr/cM2. PacC~.llHHhie .ngpa 11Li perncTpIIpo:sarrn:cI> p;Byivi:.n 
~1J)HDOBiIMII . · · )J;eTe~TopaMM. II pOXO)Kp;eHIIe pacce.lI~HhiX '!aCT~~ . 11 Li 
'9:epen CllCTeMy :;a;eTe1\TOJ)OB . npIIBOp;IInd K ;a;oIIOJIHIITeJibHOMY' yxy;a;we~ '_ 
.HIIIO 0HepreTii"Iecimro II yrrroBorci pa3perneHii.lI(.6.E ~20%,li.0<-::::il, 5°). 
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i I t 
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';, 

B CITC;!l;YIOIIJ;HX pange::rax CTUThU 6ygeT rrpoBeJ;CH am1:nm 0TIIX ;)KCIICpll~ 
MeHTaJih_H~ix_ ;a;aHHhIX [3]. no KBam1ynpyro~1y pac~CHHIUO. ~;:i:ep .1 I Li Ha 

,_2_ssi. . . . . . . .. · . 

. B c~y'!ac ·1>a60Th~ C IIY'IK~l\III 7Bc n 8 B. [4] ~ICTOJ;lIK~ fihr:Ia ::JHa
~mTeJihHO yrry<~rncna iro cpaBHeH~I~ C ;:}KCIIepmICHTa!<.m no. i>aCCCJI~mo. 

.. · 11.Li [3t Bb~Jia gogurnyTa ~orrc.;~ )KfCTKa; cpoKJCil~OBKa ~Y'IKOB' 7:Se I:_ 
8B, IlOBhlillCHbI IIX m~TCHCI_IBHOCTII no, 700-1000 1/.c, Y:IY'IillCHO p,mpc-. · 
1IICHIIC no 0HeprIIl~ go 2%, O•rncrKa Il)"IKOB 6hI:Ia TaK)K~ ;:i:'ac'-rIIrttyTa: 
98.::.99%, a yrrro~rur pacxo;a;u1IO;;Th ~ 0~ 15? . • }, . 

. Pacccmmc n;a;ep 713c, 8 B II 12C ( rrorr:rrcHiioI'o TliK)Ke B Ka~H;CTiie, 
BT~Pll'IHOI'O ny~rKa c ancprncii:' ,.:_,20 1'foB/nyKrion) Il3)"JalIOCh Ha yr:rc
J>Op;HoiiM;IillCHU TOJI~IIHOi'x)S,5 !<.II'/ c1.1? [4]. ' Pacce'nHHhIJ Ha 12c' ~a-

.• CTIIIJ;hi; npc>xoin 'Icpe:J c'ncTc::-.iy TJ>eX ·_cTpnnoBLix · ;:t;cTcKTopoB; m1e:m · ... 
'anepreTII~JecKoe .pa3pCUICHIIe. ~4·%-·; KOT()IJOC; KaK II B_ 'crr;;,1~/ 11 Li. :tte'' 

· · notrnorrkrro ncmnocThIO pa~1>~1UIITh -ynpyrue II Hcynp);~;te Kaiia:i@.,ir~ 
.. JIOBOC pa3pcwem1e II IIO!IHc~ ri¢cpc~TIIBHOCTh pcrucTpau;IIII i>aCC'IIIThI:: . 
mirrixch rr6 MC;o,a;y' MoHT~:°Ki1pno: IIo:rv•re~H~C-;!l;~HHhIC ~() paci·c.nnmo 

, -;,. _ ·. 7I3c/ 8 B II· 12c Ha . .ngpax 12C. T<}i)Ke aH~tnimupfioTC1I i HaC'.T().fIIIJ;<'li: pa~ 
i . ' . 6oic:' Cpaimdme ;a;aHHhIX ITO KBctnnyhpyro'My J>;H:Cl'iIHUIO .lI3<:p_12C+-1,~C . 
J· , · , : . c paHce orry6m1KoBitHHhIMH g,iimhrl\m no )'npyr<>Mf 1:iacceJIHiIIO' 12 C Ha·:~ 
I 2 .. • ·' .. '.· . · · . . ' ' • . . . • . . : · · 1·. C [12] yKa□brnae-r Ha ux xoporn<)e cornacuc. ; · _ _ _. . .- . t 

. J.-: •·.' . ·.,.. . .[(JI.fl IIOJIHOThI impTHHbI BhIUOJIHCH Titim:e,1>'ac•'rcT yrnoBi.rx p,ic- . 
. n'pegeJieHixii: )J;lI.lI _ KBa;nyiipyroro:pacccJniirn -11 Li II:_ 11 q··~ aHcpri1eii _ ·•· · .• 
l 

/ 

. 1-·· 

I, 

60 M::iB/HJKJIOH H~: J2c JI IIOJllli,'ix cc~remiii: :vcaKu;nii: CooTB(~TCT~Y~ll\IIC' ' 
0!(~ne1jnMeHT~irr~Hhre';a;aHHh!Cc~3.flThi ll;J [!3]. . / . 

.\. 
3. Me~oµ; aHaJIHOa ... 

_AH~II3 :irna□nyrrpyro~o paccc~1rnun i-rpoBo;a;urrc.ir,B·paui-:ax OIITU~ .. 
· 'ICCKoii Mo;a;emi H MCTo;a;a CBJI:JaHHbIX Kami_JioB1 · B K<>TopbIX · Bcm;ecTB<'H:, · 

H~_ H
0 

J\,IHIIt:ran·•1aCTU O~TH~ICCKorq rro;cm.~~rnml_ ( OII) B~l'IJICJI.lI;Iln, , 
... Ha . MHKpocimmPie~KOM OCHOBe. C Pacc:"MoTpUM_ ' B~anito;a;cii:_C'rBm~ ;a:Byx .. 

\ ·• .. · . . . . . .· . . . . . '·. " ·. 

. COCTa:BHhIX 'IaCTIII.l;:. B rrep:soM. rrop.lip;Kc nq acpq>CKTUBHhliI HyKrioH-HY~: 
' ~rrokHhIM CII.imM TIOTe~u;1rnri B:JaHMo;a;e11CTBll.fl MO)K~T f>bI;·bnJ;(~JJ;CTa~:rc~ 
. ~- ~i1;a;/ CJMMbI: : •. . . . . . .· .. . . . . . . 

.•'· . ;.., . .· . JJ . - : . E. -· 
.-cU(R) ~ U. (~) +p (ll), 
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> -..· 

r;J,ec·D(fl) ~ "npm,mii" ~OTCHIJ;~rnn-110;::i:erru JJ;BC>Ifam'i.c:a,e~~Kn [14].'Bo 
. BTOpOe c:'larae1me B (1) BK:Iap; ;:iaK>T acpcpeKThI OIJ;HOHYKJIOH~oro 06!,ICHa,· 
.. KOTOphie · MOryT' 6hITh OilIICaHhI B 1JopMaJIII3MC ?-.Ia TpiIIJ;hI IlJIOTHOCTII 

[15]: . . . . . . ,• .. 

,ui(R)·= J jp< 1>(rj ,.r.i +
1

s)Vd:~;(2l(r~Jr ~ ~<i')exp(ik(R)."i/;()dr~dr~: \ 
> ' ... . . ' - ' ·(2) 

> 3iech VE( s) -;-- oforeHHaJI KOMIIOHCHTa ~cpcpeKTilBHOrO B3am,10;::i:e1rcTBirn, 
p(il(r,'1') (i = 1; 2) - 1I~TpHUhI nnqTHOCTH CTaJIKHBRK>~IIXCJI Rp;ep, 

Jcfl) ~' :IOKaJihHhIII 'IIMITY:IhC, ~~peg~:I5ICMhIM C(H)THOllICHIICM' 

k;(R) ·== (2m~/t?)[E·~ U(R) .-:•½(R)], 
; " ~ • ' ' • : ,. ' , ' .' • < 

( 3)' 

r;:i;e 

A1A2 ' ·•:- . .. · .. -· -· .. • - ' 
T/ =, Ai+ A

2 
'. s.= r2. """.' r1 +,R:; 

',, n ½{R) ~ Kyn:oioii~~;~H IlOTC~IJ;HaJI. TaKIIM o6panoM, ~ ~TJIH'<I_II~ ·o~;pa~ 
6oT [3,4],'hi~.paccM,npn~arrac~ 'J'.OJihKO npHMM iiacTh·•M3Y~acp<f>eKTII~~; 
HOro . HJKJI~'ir-HyKJIOHHO~O .. B~anMog~fICTBII5Il--B Hc1C,Tp1I1¥CH pac5oTe uc\ 
IlOITh;JCJBaJIOCh nomroe'1v13Y~BnaIIMO):ICHC,TBHe C rrp.Ht10M II ofo.reHHOM q~~ 
cTiiMn [16]. cI>op~~JIHnM, IIcnorri,iJoBaHHhIIIB [8] p;iiir ai'ia~nn~·acpcpcK~ 
TOB,JI;:J,CpHOII p'ag"yrn'~•ynpyroM·H,~cynpyroM

0

pacc~mI~~·a-qacTHIJ;,Ha·· 
;Rp;pax; fairi o6o6~eH n'[9,10] ~~·crryqa11J'1eTa ~mo~eI(TOpHor~ K~m;na II : 

,, noc'i'p~;einui: BK'rragoB acpcpe~TO~ ~p;HOHJKJIOHHOr'O 96MeHa B II30BCI(T0p- ' • 
,. , ' , • 4 • . • \. : • • ,, • /. . • -·,,,. • ~ 

. HYIO qacTh imH-IIOHHoro ITO'l'CHIJ;Irnna: .IT.nR Jip;ep c 6onhUiiIM Hei'rTpoH- ·· 
HhIM, nn6~ITKOM ·· BK nap;· II30BCKTOpHoro B3aIIMop;e11cT~IIJI' 11o~eT 6hITh · 

.. cy~eCTBCHHI:.IM_'-a g.rr51. 3a,p51p;o~o~o6MeHHhIX rrpou;ecco.B~ OITIICaHIW KO-. 
TOpbIX BhIXO)];lIT ::Ja pai::1KH H.aCTOJI~eH pa60Thi,'orrpep;en5IIO~IIM. ,, ' '.' 

· .. \ .:: ,Il.n51' nocTpoe1i:Irn Be~ecTBeirnoH qacTi1 onTII'IecKoro· noTenu;n~ 
'a.na w:r {rcnon~nycM: MCTOJJ;, OITIIC8:HHhlll B pa6oTc1X [9;101> KaK CJIC: 
p;yeT nn-cpopMy:r (1)-(3), p;nH nocTpOem;JI "o6MeHirnro", /noTeHIJ;Hana 

. :; UJ(R) Heo6xqp;nMo npm .. ;~HJITh HTepaIJ;IIOHHJIO npou;~~YPY, nocKO~hKY , 
1rc:icoi1:rur Benwurna t.TE(R) Bxop;HT TaK)Ke n B:np;;,BYIO q~cTb c~OTBeT-. 

.' CTByromcro BhipajI{e'H~IJI ( CM. qiop~yny (2)) qCpen °n:01iaJihHhill :HMIIJJihC . 

. k( fl).' Ilpn. ITOCTpoeHIIII O 6MCHHhIX no~eHu;il:a.'.!OB 'p;n:5! '~cex pac~~a Tpn-
.· BaCMhIX CIIC~CM HclMH HCITOJih30BaH MeTOJJ; 'nTepau;HIIi KoJIII'<ICCTBO IITC~ .. 
pall;IIH \aBHCHT, o; 0Heprnn', MaCCOBhIX qifcen CTam~.nBaIO~lIXC5! 5Ip;ep II 

··:---, 
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paCCT05IHHJI •R . .Il.nJI·Bcex' paccMaTpirnaeMhIX CIICTeM B p;aHHOM 0H~p-_ 
rCTWICCKOM lIHTCpBane ITJ>II panyMHOll TO'IHOCTII BhPIIICJICHlffi ceqeHmf,. 

'·- .. '' ·. ' ,. /' . 

. KOJIII'<IeCTBO IITepaIJ;JIH He npCBhiillaeT p;CCJITII. • .. / 
· · Pacnp~p;enemre iryKITOHIIbIX nn6THoc-reii inJI Bc~ qacTIID;~CHapir

p;oB II Jip;~p-MIIllieHeII OT 7,Be go 28Si BhI.::iucJIJICTCJI Ha OCHOBe MCTOp;a 
"cpyH~u;iioHana ~ITOTH~CTH (11] c ep;UHhIM Ha6opoM ;;apaMeTpoB, OTBe- · .~ 

qaIQ~I1M C)KII;;IaeMOCTH .ir;a;epHOII ·uaTeprrn K::::200'.MaB. AHa.JllITH'<Ie_: . 
. ~Knc Bhlpa)KeHI:rn p;nH ¢YHKIJ;ironana MoryT 6hITh. Hattgetth!; IianpnMep; > 

r . . :n pa6oTe: [17], a cooTBeTcTByro~rur-riapaMe1:plmau;mi -~·B [18] (r;a;e . 
npe;a;cTaB.neH6a30BhIII Ha6opn:apaMeTpoB <flyHKD;IIOHa.'m) . .Il.JIJI yrrpo~e~· 

•' HIJJI. ir YHIIq>IIK<iIJ;HH 'pacqeTOB 0<fl<fl~KTIIBHOe' B3aHMOJJ;CHCTBHe B. KaHaJie 
qac'I\cru;a ~ '<f[LCTIIIJ;a, npIIBOp;Jiuiee' K' irapHhIM imppeJIJir:tIIJIM cnepx;,eiyqero 

• nma B" HeMarnqecrrnx 1Ip;pa~, 6parroch B BIIp;e KOHTaK'rHirx 8-cIIJI C op;Hoii. 
K~~fcTaHTou·_'120 MaB•cpM3 ;a;mr Hei'iTpo~oB ~1 npoToHoB n ~KJIIO'IaJI6ch 
B, pacqe; caMocor.nacOBaHHO Ha 6atince BCCX. CBJit3aHHhlX op;HO'<I~CTII'<I~ 
HhIX ypOBHeM. , . . . . . . . , -.. . . 

· Ilomihrii: rroTeiir:iaan· IIMeeT cne;a;yro~aH Bnp;: 
' . ,,. ·, ' ' -- ' ·- . . ~. , 

. . · . ·. . . ·' . . . dU(R) 
. f!t(R\=-U(R);+ z[NwU(:1l)- aR dR ], (4) 
"! ·: , • • • ., • • • I '\ .· . , . ~ --

. r;a;e U( R) .. BKJIIO'<IaeT B ce6JI npRMYI<} a. o6MeHHYIO qacTir II· BhI'<IIICJIJI:-
: eTCJI no cxeivi:e, OIIIIC<1:HHO~ Bhiriie, a M~UIMM ''<IaCTh B ( 4) co;a;ep)KIIT ,D;Ba . 

'napaMeTpa,: N',; H a.: Taioe npegcTaBJICHHe_ noTeHIJ;IIarra rrorJio~emrn' 
Il03BO~JICT rm6e2Im Tb BBC;IJ;CHIIJI .. cpeHOMCHOJIOrH'<ICCKO.Ii MHHMpii:. qacTa; 

,, . ._ \ ''· . '> " . • ' ., '._, . -

. minpHMep, B cpopMe ITOTCHIJ;Hana CaKCOHRjByp;ca. C_;a;pyroii: CTOpOHhI, 
IlOTeHIJ;Han: norJIO~CHIIJI,H:MeeT MIIKpOCKOITII'<ICCKYIO OCHOBY, a BBep;eHIIe 
rrapa~i:eTpa O'. ;a;aeT B03M0)KHOCTh peaJIII30BaTh BhIBOp; MHoroKaHaJihHOM 

';eopnn. pacceJIHMJI·.[19] 0 'TOM, :'<ITO ,pa;a;nyc, no~CHIJ;H;aJia norrio~eHIIJI . 
. 6bJihIUe; '<ICM pa;a;nyc Be~eCTBe~HOll ~acTII Il~TeHii;il:arra. . . .·.• . 

' Ce'<!eHnii: ynpyroro. pac~eJIH'ii.ii: BO BCCX ci;ryqrurx BhI'<I~CJIHJIIICh:_, 
. · B pa~riax nporpai.J:MhI ECIS-88 [20], cneu;n,aJihHO :1.1o;a;nqmu;npoBaHHoii: ... 

HaMJ;I_ ;a;n.ii: npoBep;CHillI ;a;aHHoro aHaJIII3a. Ilpn 0TOM ceqemrn, BhI'IIICJieH-· 
. HhienpI: (?T;IJ;CJihHhIX mrn'<ICHIIJIX napaMe7po:s JY,;1:1 a,,cpaBHHBaJIHCh ,c : 
•. · 0KcrrepI1M,eHTaJihHbIMII II3 pa6o-r:J3,4',12,13). ' . . 

' 

·j ' -~ '' . :·· 
: I , \ 

i 
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4. PeoyJihTaTbI aiia.rrHoa 
. ~ ,• . . ~ ' ',,,. ·: ;"/ 

4.1. HyKJIOHHbie IlJIOTiWCTH. He:frrpoin'.rbre; .rrpoTOHH:bie u 
1130,CKaJI.HpH'hre ITJIOTHOCTII,. BhI'·IHCJieH·Hhie.wi OCHOBe M.CT~ifa <pyHKUIIO
Haiia n:rr_g~~OCTH, rrpe;a;cTaBneHhI Ha "p11c. 1. ,· CpegHeKBagpaTH'-IHhie:pac: 

: ;a;uyc1,1 p~<:rrpe;a;erreHH.H rrpoTOH()B .<: r; '> 112, '.HC:UTpOHOB <.- r; > 112 II. 

Be~eCTBa < r;. > 112 gaHbI B Taf?nHUC 1~ . 3;a;ech rrpep;CTaBJieH~ TaK)KC 
3Ha"<IeHiIJI Sr~; =< r; ?:~/2 :--< r;>1

/
2

. - , . 

. Ta6!Iin:£a 1. Cpep;HeKBa;a;paTII~Hhie pap;1wci;r pacrrpcgerreHirn 
·· · rrnoT~-oci'II Hei'1Tp0Hcrn, _rrpoToHoB rr Beuler~TB-~ ( ~ · q>M) -· 

-:.-·' ·. : '. -.:_ ·. -' . ', ' -- .. -· 1 ·.-· --- •, •- ,- . ' • -~-; ••• 

<r2 >1;2 n .,"-

2·237 
' 2 190 

'· ,' --, 

3,255 
2,326 

:2;38_'(:, 
.. 2 953 

:·1 ' 

._., 2,549 

_ 2,680' 
·2,235: 
2,456---

:2,406 
2,982 · 

2,420 
2,507 
3,011 
2,398_ 
2 396" 
' ' . 

2,967 

~0,312. 
-0,490 
1,020: 
~0-130 
. ) ' 

~0,019 :a ow 
' 

- ' - • • • ' • • • - .:.: :. • - ·-·", ~,'_ - ' • ... ' • - ' : • < ·.;: ' • • ._.. , 

.,._ lfa rron:y"<IeHHhI:J\ ;a;aI-IHhIX crre;a;yeT; "<ITO ;a;mrJ1 Li·- Or ~p \~ 1, 02¢M: 2'..~ 

8To ,rro;a;TBep.:ll(p;.1.eT _BhIBO;LJ; 0 cy~eCTB~BaHim y 3Tor6 .H;a;pa' neii-rpoH~ ·, 
. · nor~ raJio, _ KOTOJ)b!II _61,in ... paHee · ~;a;enaH K~K ' B- 0l{CI1CpH~CHTarr1,nhIX 
. [21 ~23]'. T~K H B Te ope rII"<ICCKiix 'rrccir~;a;o~aHH.HX [24~26]. 13 pa6oTe [~4] 
•B:_paMKaX MeTo;a;a:-xap,Tp1i~¢0Ka ·6wr6 'rrorry"<I~H()- □~a-qem1e 2,846.,<j)M 
;a;n.H' < r;. >,112 'n 2,249.q>M,;a;Jrn nap.n;a;o~oro'pa;a;uyc~-<,r~h' >112 (B 
naIIICM ·pac"<I~Te < ~~h \ 1/ 2 - ~ ;a;rr.n l1 Li, . rrony"<IeHnhIIi c_ :y~eTOM ', aa~ 
p.n;a;OB,hIX cp~pMq>aKTOpOB HJK1IOHOB, pa13eH 2,344 ¢~)- Tp~x-qa~TIItj:HhIC 
pac"<IeThI ·[26] ~ B KO.Tophl:ic .n~po 1 !Li• pac~MaTpIIBaeTc;· :irn1<·:rrn'ep;n1,1:n: · 

·- oc;_;~B 9Lirrmoc ;a;Ba -HeIITpOHa,· c:·rrpHMCHCHHe~ y_paBHCHH:n:' 'Pa;a;;a;eeBa 
_mm MCTo;a;a'hmep~q>epII"<ICCKHX.<PYHK~Hll: p;aI-OT t3II~'ICHll.H_pa;a;rryc_a i-rn- . 
TC!)l-_IU \1 Li B, ;a;~arra3~HC. OT 2 ,9(;a;o 3 ;39 _9)M. B ~aI3HCHMOCTH OT H.CI1~1Ih- . 
nye'MhIX:· ITOTCH~irano:f Ifo: lI3Mep_eHHhIX irrorrHhIX CC"<!CHUH -p~aK~HII -na . 

! '\ 

'I . ; 1 

.ll . 
:(Ii 
if 

-,_-

i 

'., r ,. 
• I 

papHbIX MIIIIICH.lIX rrpn panmPIHhIX aueprirnx c' I101IO~h!O pac•ICTOB rna
. 'y6ep0Bc15oro ~Ima MoryT 6b!Th U3BJIC'ICHbI,KaK "aKcrrepif11CHTa."IhH:bie" 

· nua~rcmrn <'r;';, > 112 , TaK II cairn pacrrpe;:i;e:remur.rr·::roTnocTn 1taTcp1n1. 
I3 ~IaCTHOC'fiI,1p;JI.H:11 L~ 6b!no{raf1p;eHO < r; >;,{~~- 3,10 ±(),17· cp;·I, / 
[22):.Pa~ripc;a;erreHII~I11IOTHOCTH )];JI.fl 3TOro '.ii;:i;~a 61,1:10:rrony'ICHO B [23]. 

'Hallin "paC'lCThI ,xopOIIIC?. cornacyIOT~.H C ~TIIMII p;aHHbIMII..' 
. I3 crry•rac.n;a;pa 8I3' KaK 3T0° BU;:J;HO II3 Ta6::rug1,i 1, ;lbI rrorr~·•rae11 

' §r~p -~ :-01 49 q>11: -~ITO "6~ngKo K 3H1i'ICHUI-O. ~0;52 4)11, BbPIIIC:I~I-Inm.1y' 
B paiIKaX MJJihTUKOHqJIIrY6ar..umHH0-1IY::rbTUK:iacTCpnoro rro:i:x6;:i:a Ha ' 
-~CHOB~. MCTo;a;a _penonnp}:IDU.UIX ~pyrr~- B 1ja60Te [27] U/' ;na•r~t,1IIID _ , 
-0,42' q>M, non:y"<IeHHOMY Ha ()CHO~e "z.,1CTO)J;a. r,tncpaTOpHOII. Koop;:u1irnThI \ 
B:[28]: ~- p;pyrmrcTopolihI, 3TO 3Ha'ICHUC Or~p 1!0 a6COJIIOT:EWii: BC:III~. 

· ,·· ~IUI-I(! cy~(!CTBCHHO_ 6on:hIIIC (B rro·nTopa pana), 'I~~;l ·HaI°qCHO B_-pa6oTe 
.. \ [4],:B KOTOJ)oi'r p;cmaeTC.lI B~rno;a; 06 OTCJTCTBIIU:npoTOHI;or~ ra:10 f 8 B.' 
'' '9:TdKacaeTC.lI'3KCI1epnMCHTaIThHbIX',;a;am11,1x ;a;rr.H ~Toro '.Hp;pa, TO B rrep

BhIX_I,mM6pcI-IIrn~ ~~ JCK<?PII~{_ini.~ B~pK~II [21] 6~i::r~ rro::ry'I<'HO ci~a'ICHU~ 
. · i '< r;. >. 1/~= 2, 39± 0, 04 q>:M, TiirIIPIHO<' grr.H .lI)J;Cp p-o6oJIO'IKII, O;::\HllKO II3 

' -, . . ,r , ,'. , ,1 \ , , ..,·, \ ' •1 " •• ,. • ~- • ',. - •- ' • ."> 

6oJICC IT03)J;n!IX U3MCpC_Him KBap;pyrrorrbHoro _ MOMCHT!\ 61,1:10 U3B:IC~ICHO -

3Ha'ICIIHe2:!L<PM [29]{ Halli: pac~Iei ~a~~:r•I1go11c:a-:yTo'IHOC 9Ha'ICI-IIIe 
< r;. >~l?=:2_,50TcpM. _ I ·· _ 1 , _ _ ___ _ 

. Haico~en; ;a;n.H .n;a;pa .7Bc UMCCM Ornp'. = -0, 31 4)?-.I; 'ITO ITO a6_co
,·JII-OTHOII BenH"<II

11HC cy~eCTBCHHO MCHhIIIC, 'ICM gli.n 8 B: H(; ,i;CM ~c,?-.ie.: 
' ; , .' "_, _'.1 \'· ' , ,' , . '· -·-. , I , .. · : .. .--, ., ' ·,: ·,. /· : ., 

nee 1'_03B01I.lICT roBopIITh O CJU(eCTBOBaHIIIl Il!>OTOHHOII IIIJOhI II B_~T01I 
)i;a;p~. o1¥eTII~,- 'ITO ;a;riir 7Bc pacc•1JITctHHOe3p;cc~ ~Ha'ICIUIP /j;,"I' i:-rc) a6~ ' . 
-,· C01II~)Tno:n:' Be1III'IIUie ;aK)J(C oKimhIBclCTC.lI 6om~UIC C<;OTBCTCTBVIDIU<'ro 

n~a~iemrn, no~y~1'.e1moroB [4L '':' ; , _ .- ___ .--- ' ✓ > ; ·. . - .' • .,• . : , , : 
, _ CKa,:JaHnoc :xop?IIIO nrrrrI-Oc_:Tp,npycTc.H i-ra · p1_1e: -1, · rp;c )1p1rnepiHhI · 

p'acrrpcj£eri~~~rn rrrroTnocTn HJK1IOHOB p;n.H Bccx pa~:ci..1a~pi'1:aae!\.ihrx .Hg~~P
H~_n6oJiee .HpimBi.rpa:a-:c1I hocT Hcii;1>0H~or"o patrip~~p;e11cmrn B_ ~~30TII~ 

., ,· • ' • • ; 1 :' ' ., i' ., \ ·, ' ':. ·-1 ·: .· ·, . 

\'ICCKOM .n;a;pe ll Li; a ,TaK2KC OT~IeTmIBo BU;a;Ho, 'ITO rrpOTOHHHhIC rrrror::. . 
HO_CTII . Bi 8B. II 

7Bc cy~cCTBCHH~ rrpCBhIIIIaroi : IICii:TpoHHhIC Ilf>II ' 
'~; - ,, , • • • ' ' , '. • '\. • ' • ' < ' • ' • - • \ ' • ~ ·_. • s r:>- 3 q>M .. _ - - . '. . . , . - , . - ' 

_ _ _ '. 4~2~' _ Y~JIOBbie. pacrrpeAeJieIIH.H. P'.C3Y,JihTaThI pac~H'Ta' ~nq>
cp'ep'cnn1ni~hHbix CC"ICHIIII rrpe;a;cTanrreirhi Ha.· pnc. 2. ' 0T1ff'TII1I, .'ITO 

- BO \3d~x. cny,;a.nx _BKna:;a;h; B,ce~ICH~m Yi:ri>yroro u iieyn1>yr;IX {;lHclJI(~Bi 
B aKcrreprrMenT~ He· pan;a;err.H~TC.lI, TUK 'ITO <j)a.KTII'ICCKII II;1Ief)HIOTC.lI 

! . ' '.,' • .· •' '\ ' ' ; . ' ,,, ' I < . .. ..: '.\ .. ,- , 

: CC"<!CHH.lI KBam-iyrrpyroro· pacce.iimrn. Kpmic .Toro', II31lCJ)CHm'· yr.rroBhIX 
. · -- ·'• \ , '• • • u • ·•. • ·' : •· ' •·. l ' , • :. • •• '. ' • , - . ' , . . · • 
pacrrpc;a;eJICHIIII ocy~eCTB1I.lI1IOCh C ·orrpc;a;crrenHHhIM yrnc>BhIM. paapt'Ill('-

\, ' ,', ,'; <" ~• • :', ' .:,:, ' ' ., • {, l • " 's ,:1 ;, • \' 'j .-.;,"'. ' ' ,. • 

. -' 
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HUe::VI. JJ;rrH pacce.HHH~ I1Li, ir'a -2~Si OHO C~CTanrr_si:rro 1,5° [3], ~ µ;rr.11 7Be .• 
II 8B "u.a 12C naBHCCJIO OT yrrr~BOI'O µ;narranoua [4]. B' CB.HGII C. 0THM' 

, ieopenr'lecK~ie ce-t'reH1ui,. pac~'luTanuire 
I 
n 'paMKill\ · Moµ;mpn:ri;uponau-' 

;,, HOH HaMU neptin~ '.ECIS-ss; 6hmu rrorry"IeHbI B ~uµ;~ HeKorepeH~HOli, 
cyMMbI y ( crrrioIIIHhIC ITIIHIIII) ce,"IeHHli, yrrpyroro ( Tri"IC'JH~Ie JIJIHIUI) n: He-:- '. 

, . •' ', , ' , ' , ', . , ; , . .> t , • . '> . • . ; , I_. , " ,, I' 
, ynpyroro' ( IIITpHXOBbie, JIHHIIH) ' pacceJIHHli. , JJ:irn pac':IeTa ce"Ienn:ii: 'He-
yrrpyroro, pacce5i:HH.H cpopMq>hK'Top Heyrrpyroro rrepe~~µ;a 61,rri'nn.HT B ·,,. 

• nnµ;e ··. aL( dU / dR} 3m1'lemur: µ;1iHa1'i1P1ecK11:ic . µ;ecpopMau;imHHhIX ~rr~ur 
, 0:L p;_;rn 12c H 28Si B3.l'ITf~, C~OTBercTBCHHO,: II~ [30f u [31]; Y'IHTbIBa? 
JIIICh no56y)Kµ;e1rnJI nepBbIX Cf)CTOJIHIIU 2+ B 11:C .{Ex = _;;4, 44 MllB}n 

' 28Si (E_x ~ ,1, 78,1\10B)_> JJ;rrJI.,c_paBHeHI~ ~ 0icrr_'epirneHTaJI,· bHhIMH ·µ; __ au,.,' 
. ,.-. ,· ., ', - ' . , ' . ,, •/ .... . '! ' - : ' t 

'HhIMH BbiqHCJICHHhie:ce':I~Hmi -ycpep;H.lIJIHCh. ITO yrmtM C r~yccon~ii:.neco-
BO_n:' <PYHK~weii, rrapaMeTphI KOT'op'ou OTBe':IaJIII yri:ioB~MY panperneHHIO 

' . ' ',' ,, \. ' ' ' ' - ' \ -', ·, ' . ',., . i' • . 

GKCIICpH!vfeHTa. '·.·' ' I • ' ' , : , • / /. ' •• \ 
,, ' : :. · .. , ,, ., ' ' .· ,·, ,,, ' ' " ' ' " , ' 

· C u;errhro arrpo6au;rrn ;n;attttoro,rroµ;xoga.rrepnoHa'IaJihHO 6im rrpo-
. , • 1• ':•' ',:·. , •.' ' ,,' •.s ';-0 ,. I ' ,' ,~ •' •• '• ,. ' ;-_ ! ; .' • , ·', 

· 'Beµ;eH. aHaJUI3 ,yrrrOBhlX .pacrrpeµ;erreHHH p;mr HeGK30TH':Ie_CKIIX ·cTaJIKIIBa~ 
.• R)~HXCJI ,JIAep,, If Ka~e~'I'Be rrpHMepiua pnc.: 2 n BepXHCfyI JICBOM yrrry 
, n:oKa3aHhI GKcrrepI1MCHTaJibHhie ~ BhI'IHCn:CHHbie cei:rem-rn pacceJIHHJI 12c 
c_, aHcprH~}I 20 :M0B / HyiiroH Ila 5Ip;pe-;_rnrnenii: 12 C' . IIn~na., ?rpamI~CH- .. 
.. •' I' ·, :•• !• ... , ',. !, , ; '¥ j ,' ,J ,, / .· ; ,·,,, • , 

1 Hors., yrrronoro µ;uarranona, B KOTOpOM BbIIIOITHeHbI H::JMCpCHHJI,' II 3Ha'IH~ 
, - '. _j ·'; , I'.:'•,·,•,., . ,,f ,> ,- , i :, ; , : •., -• I' .• •): • '., .; '. u 

, TeJibHbIX. B pJIµ;e crry':Iaen aKcrrepnMeHTaJibHbIX rrorpeIIIHOCTCII _B µ;aHHOH 
'..pa6oTe ·~e-·rrpoBoµ;ifoac~-MlIHIIMH3,au;rr~ rr6-Me'ioµ;y. x21

, a .paC,C"IHT~Ba-; 
,JIHCh c~~eirn'~ µ;rrJI He:imToporoua6opa riapaMe'I'pOB Nw II a; JJ:arree HO. ' 

'. • < • ·, ' • ', • ," • : ', < .~ 'l. ' ' ' '' ' \ ' . . . • ' ' ' \ ~ ' ' ) ' .! 

.pac"ICTHhIX KpIIBbIX nunyarrbHO OT6Hpairnci' Te; KOTophle ua:n:ny':IIIIHM , ' ,·, 
. ~'6pa□o'M BocnpOH3BO;IJ;1iT 

1

G~CIIepn:MeHTaIThHbie Jacnpeµ;erreHIIJI, ,I(mi :en:- · I 
'CTCMbI. 12C+12C ~~crrepIIMeHTaITb~bie, µ;1;11~Hhle, IlOITJ'IeHhl,B [121. OrrTn:~' 
~am,ur:'.re'•::ma':IeHHJI rrapaMeTpOB,MHIIMOII ':IaCTII on Nw,H O:'. IIOJIY'III:' 

: ' ' '•.,:. ' ' , ' ' ' ' ' , ' ', , ' \ ·' ,., ' . ' ' 

JIHCb,, COOTBeTCTBeHiIO, paBHhIMH 0,3 II, 0,03. MmKHO BIIµ;eTh, 'ITO Teo-:, 
',' •.·, ·,··-'u ' ' i:. \ . \ \ ·, , ··, . '. ' ' . , · .. 

peTII':IeCKHH pac':IeT xopOIIIO· BOCIIpOH3BOµ;HT 0KcrrepHMeHTaJihHbie µ;an-
,': Hhie_ B~ B~eM naMepeHHOM ymoBOM µ;1rnp~no1IC; ,Ce'Je~HJI ~eyIIpyroro', 

pacce.HHHJI,µ;aIOT cy~ecTBeHHbili BKJiaµ; JIIIIIIhC yrira',0 = 12°, ':IaCTH'IHO' 
,, narrbJIHJIJI rrpu l'ITOM MIIHIIMYMbI B ce"JeHHII' yrrpyroro pacceJIHHJI. 
· ·· ,\ '· Ha 'pu~. 2 rrpnneµ;eir~ Tak~e 0KcrrepiIMeuTarr1,~e p;aHHbie 1-~ pe~ 
~yJII:~TUThi: J)a~~~Ta, p;JIJI cm:TeM: 11Li-t-28Si ,'(N,; i==' 0, 25, 0\ '= 0;03), 
7Be-t,1.2G(N,;, ::!:: 0, 5, CY~ 0) n~B+12C (N,,/~ o, 5ra == o, 06). Mmimo, 
BHµ;eTh, ,B rierroM, yµ;oBJieTBOpIITeJihHOe 'omrcatme eiccrrepIIMeIITaJibHhIX 
ce<reirnn:; J3 cnyi:rae ~1Li+28Si Bcicnpon:nnoµ;uTCJI norrorm'i x~paKTep na~ ' 

. BIICHMOCTii, -•~ / ;R . o; :, ~~ria p~c·cemr~u(~ . B~JI~'Il!H~ 0T_O~~ OTHOIIIeHHJI, 
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10 

; ' _ _,' ,_ -

6:I;I3Killl°K ~~UHIIU:~~KBa3nynpn-~e paccc~m,c 7Be H~ 1'2C xopoiuo 6ni1-
' ChIBUCTC~ -~O BCCM. yrJIOBO~ ~;m~a~OHC,C

0 

C>):{~m.I CB060;lHhD,~ µiipa11e
Tp0:VI Nw, · a B·c:iy•ntc-pacceriuiiH sB · HCCKO:JhKO nam1)1{eHo cc•1cH:i1c· npn -
~IU,irhIX 5'r,rnx_~I B paIIOHC yr:ia pacceirmur 0 = 12°._ .Ka'-1ci.:TBO onn-. 
c'am~u ;m:rrc11ii11ettTarthliLIX na~HhIX B Ha~TOfllllCii pa6oTC~ He YCT,Yilil()_T 
~OCTIIrHyTOMY pa~ec [3,4],, HO npn 3T~:;I_ UCilO:Jh3YCTCJI O)lH~ n -TP )K~ -

~')<pcpcKTUBHOC ~B~,rn~m;::ce{rcTBUC 6cn J]eiwHop:-.mpoii'KII pca:r{:Hoii: ~IaCTU .-
/Oil~ a. napaii:eTi>hl .1Y;,~ n. o He npcTcpneB,~IOT ·cn:ihHhIX. 1~n1rcHctt1~i"i, ·,. -; 

. _B HJ;)KH{'I<i ~IaCTII pu~·-. 2 IlOK!.}3aHhI :JKCIIcpm.1cuTa:r1>Hh~C ;::um- /, 
HhIC II pc:-Jy~~TaThI 1:iac•icf~1: mm paccc.Hmi,r. 1~Li (-ii 11 C ·c .-3HCpn1di 
60 l\faB/HYKJIOH, Ha, 12c_: I(nll ·06m1xOcrry~acB. pac•i~T BhIIlO:IHCH°'t1q;Il 
Nw -== -0: 3 II 0: = -0, 05 .• 8Kc:nqm:-.icnTaJibHhIC ;ianHhIC B;JllThI U3 'pa6oThI 
[13], r·w~ ottu m~iim1m1p0Bam1ch B pa11r-:c1x :cpo:i;:i,Imr;-Mo;ic:m c 3<p<peF 

, TirnHhI11 HYKJIOH~H}'.~'noHHhiiI B3aII1IO;:I;dicTBUC1; DDl\f3Y. np1~ aTmI uc
IlOJih3~JBarrrn KOMTI]lCI{CHhiI<i: q>a~;op'N =· ·1, 175+0. 725i. K~•w·cTBO onn-.· 
c-aHirn 3KcnepUMCHTaJihH~~x yrn:oBhIX pacnpc'ncncm1ii: ~£·1na:i~Ch npaK::_ -- ; . 
TJI_'ICCKU ogIIHUKOBhI~ B i-rncTORlll<ii°I J>a60TC II B"[13j_' B -pa<;CC'JIHIIII-H3()C , 

· 6ap 11 Li 11 llC Ha'1 2 C_npno)lHOII II :-roii: ::iKc 3Heprim 60l\faB/HyK.;1oii 06-. 
HctpV::iKIIB~CTCll JaMei11oe panmPme: ecrm nirn 11 Li OTHOllIC'HUC a I a,i c~--.., • ,, ,. ·.,.,.,I .,· - '. ... . ,· -. .. -...,__ . - ,., 

me_cTBeHiiorrpcBhIWac;T_ennHIIU:Y B ;::cmtmt;ioHeyrmrn' paccc~HmI Bn:ioTh - --·-
;:i;o 0c.m. ,-:v 15°, ;o ;~ll _11 c~;OOTHOllICHIIC.6JIII:Ji..:o K eriirnnu:c, Te~>pc<. 
TWl~~c~uc .paC'ICThlj' ~- U:CJIOM, Bb~npini:3BO):\llT' ;)T(l. 1>n~:IIPIIIC, .:I;O }'Ka~ 
;JhIBaC_T Ha Bcl)KH(}CTh ;)<p<pCKTa ram> B 11 Li; npnBo;::c~mero K'ycnm:mno 

, •' :"' • ' \ , - .- ~ -'. • '•. e 

'pt;cppaiu:mmHorc> paCCCllHIIll [32]. . ·. . •• _ . - i · 
4~3 Ce'-!eHHH · peaKQHH; Ba)l(Heii:'wdi xapaK.Tt'pIIc;ii:KOii:, K KO" 

. ,- . ·--. ' ... - - --- . . .,, 

Top_oii:" 'IYBCTBIITCJihHa MO)lCJih orrncamrn.pcaKu;m1; .HBJI.HeTCJI Ct"IfHII<' 
. peaJ<U:IIH (o-~ ). B Ta6rrnu:e 2 npirnc;::ceHhI c·c~f~m1.ri ~aKu;uii, _BhI'IIIcnrn-- •. 
Hhic? B -paM~ax ;::cairnoro rrogxoia: 6m1 ·cpaBHum{IoT('.Jl C :;)KCIIcpnireH~ ._. 
TaJihHhll\ilI 31Ia'ICHIIJI~II H pmyrrhTaTa~1i, ncirryi1cnH,hIMlI B IIIW)lhIAYlllIIX · _ 
aHammax.· ,i:l;n..H_ 11 Li+28Si-;r' OKanarroth 6~)Jlblli(; 31-Ia.'ICHirn, miiip;eHHm~,..: 
TcopcTI~~ICCKII.B [3], HO B.1,5-pana Z.:i:eHhnic 3KcnciJmMeHTaJihHOr_o'., gmi: _ -

. : 11 Li+~2C·.Iiawe,cc'ICHHe 60JihWe'pacc'rnTaHHOro B- [13]·.--_ll 6nmKe:ic_aKc-,_ 
; IlGp~i:~rn-ry: B. clirmc/Bc·_nHa'ICHIIC ar·,, rrOriy'ICHHOC' HaMII, Bcero -H~l ,· 
s% OTm~'Icl.CTC11 OT.IIC>JIY'WH!!Oro _B [4]. H~I(OHCU: ;:i;m1 CUCT;~rhl, 8Bf I 2 C' 
.a~ ·pamio 1200 M6'. _3Ha'ICI-IIIC pa3HOCTii ('.C'ICHIIii ·peaKu;mt )],:Ill -'.Bc~_u 
SB COCTaBJI.HCT -100 'M6; ·'ITO 6JIII3KO, K lI3BJI[~•ieHHOMY II;J 3Kcncpm.H'HTcl 

- . ·-. -, -_ I. , . - - .· . - . - : , ·_ - , . ., 

( ~ 80M6fn IlOJIJ'ICHHOMY B .npc;::chi:gyrticM airnnnnc;: [4]. TaKm.1 o6p~l':, 
no~,-B micTO;llll'M:IlO)J;XOA~_Bpar-;KaX C)J;IIH<>ii CX(;l\1hIJAH<~TCll, ~m1~'s1;:i;yc' 

\ ,- - - , , . - - ' 
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~OB:I~TBOpHTC.:IhHhIM onucaHHCM yrJI_OBbIX pac~pe;:i:e.:reiiui'r, norry'IIITh 
BO Bcex crry-qrurx _panyMHbICnHa•remrn CC'ICHHiI peaKum'.i: ~r~ \ 8T~ 06-
CT.OJITC:IhCTBO no3~()Jl.lICT yTBep;,iq~aTh, "'ITO rrpoBegeHI~hr:ti: irn~poCKonu- .. 1\ 
'ICCKIIII ,mrn;"I1m n,o;:i:;:i:ep)KIJBaeT BbIBog .o cyru;ecTBo:samm Hei'ITpommro 

_ra."Io B II Li ii rrpoT0Hu011 llly61,r n 8 B u 7 Be.· · · 
~ . . . . 

Ta6nuua 2: HoJIHhIC.ce•i'emi.a,peaKUIIII (M6)' 

,-----,----,,-------,---------,------.--,--------".,-·~- .:1~~'! 
: ,,PeaKUHJI 

' . 

·· Tcopnn. 

\ (E/ A) J 

. .TcopnJI· · 
(HacT. pa6oTa) · 

(hcnepHMCHT 
r;·, 

11·1i+28s( j 1402' [3j 
(29 MaB/u) 

' . . . 1970 - .... - ·1 2947±386,(34] 
(Nw =:= o; 25, O'. == o,03) 

l~Li+t29. 
(60 MaB/ir) 

' .·,. .. ' 

12c+12c 
(?O MaB/H). 

. 7Be+1~C 
1

(40MaB/H), 

sB+12c 
( 40·Ma1YH) 

. . ·. - -

1350 [13} 
..• · ·, ' 

f488 . 
(N.:i = 0, ~O, fr-,=· 0, 05) 

/.• 
·, 
.1280 

(Nw =<0;30;~ do,05) 
.. , .. 

1453 f35J L . 1486 - .. -
(N~ ~0,-30,a= 0,03)" 

1Q26 [4] 1102 
. . ' I . ~ 

(Nw = 0, 50, fr~ 0, 0) 

· no4 [4J -I . : <:1201 . . .· 
(Nw _: 0,50,·0'. = 0;06) 

.1600 [l~f 

I 

\, 

,738±9 ,[21 p. I. 

784±14 ,[21Jt · 

t OueiIKa, ocHoBa~urur Ha ~ucre~mTIIKe gaHHhrxJ33];' 
t (h:-u·nHa"9:eHn~ rrony"<JeHhI ripu 3Heprnn 790 MaB/HYKJIOH. 

'\ • < C • - ·• • L • -

. : .' 

5> ·3aKJIK>'-.ieHHe 
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I. 

:--

- _ ·. · L' BbrrioJrneH :r.rnicp~cKon~'ICCKHH aHan:H3_ KBaanyrrpyroro pac..:_ 
CCJIHlUI JICI'KIIX 3K30TlI"9:CCKIIX .ll~e~Ha MHllICH.lIX 12C.n 28Si gm~ 3Hep:rnii: 

· HarrcTa~ru;nx 'IaC'rnq. OT 30 · ~o 60 MaB / HJKJio~. · - · · 
• CS L 

O 
• , ~ '\ • • • V • •• •-" \. '• 

·.~ 

2. . OrrTII'Ie_CKHC ,IIOTCHUHaJihI. nocTpoeHhI :B paMiax' q>orr;a;1rnr~ 
. MOgeim Ha OCHOBe IIOJII:IOro ,M3Y-a<J>q>eK~HBH~r_o · HJKJIOH-HJKJIOHHOro 
B3aHMO;IJ;CHCTBH.lI H HJKJIOHHhIX IIJIOTHOCfe11, BhI"<JIICJICHHhIX Me;op;OM 
q>yHKunoriarra IIJIOTHOCTH c CAIIHbIM. Ha6opm.f; rrapaMeTpoB p;n.H Bcex 

;,.._. - .. , .· . ' 

CTaJIKirnaIOIIJ;IIXC.ll .lI;a;ep. , . , 
3. J>anyMHoe onucaHUe yrrron~x p~cnpe;a;errem1ii: II ~oJIHbIX ce"<Je

Hnii: peaKUIIH ~orry-,'re:a:o 6en rrepeHOpMHpO~Im pea.1:h:EIOH "9:acfu IIOT~H-:-
u;uarra. . i . . . . •. I 

· 4, MuipocKorru-qecKnii: aHamm no;a;-rnep2K~aeT .· cyrn;ecTBOBaHHe 
Heii:1:poHH~ro raJIO B 11LiunpOTOHHOli niy6hl B 8B n7J3e: ; ' 
· · · .5. B HeKOTOphrx crry-qa.HxocTaeTc.lI n·aMeTiioe pa~Xo)Kp;eHne MC)K-:- .. 

;a;y TCopeTII'-ICCKI~:r.m n BKcnepnMe'irr~~~hIM;-yrrroBhIMH pa:crrpe;a;erreHH-', 
.HMn, oco6eHHo B o6rracTn MaJibIX yrrroB. Hpu-qfrira;TaKQr~ pacxoMge
HII.H M02K~T 6brTh ~B.H3~Ha C TeM, "'ITO q>opMa IIO.TCH~Iian:a rrorrromeHMJI 

, MO)KC; OTJiiI'IaTbC.ll OT q>opMhI,. nagaHHOli nairn ... Pac'feT 11HHMOH ;a,,# 
. ""/ - - . ' ,. . . - \ . 

-cTn_._onTH"<JecKoro noTeHuIIarra B iimoroKauarrhHOM~ rrop;x:o;a;e: c y1eTOM 
. : :aon6y)lq:(eHHbli. codo.H'um1 .lI;rJ;P8:-MHllieim :n · "<JaCTIIUhi:-CHapJi;a;a. ~i~2KeT 

yrry"<JllIHTh. CHT_yauuro. K poMe ',Toro; peaJihH'asr "<JaCTh on j pacc~iI'.r:aHa . 
'B' rrepBoi-/ rrop.H;a;Ke. no a<fiq>eKTHBH6My: B3a:~I:r.m;a;eii:cTBHIO. · . .Jiernre 3K30-
TH"9:eCKHe .Hp;pa JIBJI.lIIOTC.H cn:a69~B.IT3a~HhIMH CHC;eMaMII; 'TaK "9:Tri rrp"a~ 

, : ueccb( pa3Bami JoryT ;a;aBa~h CJIU,CCTBeHHbIH BKJiag'-B.· "9:JieHi'.-r BT~poro . 
\. ' . . ' / ' -- . . -·-

rrop1Ip;Ka no aq>q>eKT~BHhIM CIIJiaM B on, oc96eirno B-IIOBepXHOCTHOII 
o6rracTn, ,"9:TOM02KCT rrp:rrno;a;:wr:6 ~ cyru;ecTBCHHbiM·rrorrpaBKa1.1 B ce-qe
·mrnx pa~ce.HHIIH., MmKHri Q)KUp;aTb. yrry"<JIIICHH.ll orr1icaHII~ a~2~epIIMCH
TaJib~hIX gaHHbIX ri:p1-r ncriorrhnoBamur 6orree p;amI~Tn;recKoro;aq>q>eK-: 

·: THBHoro HJKJIOH-HJKJIOHHoro ~naiMogeii:,cTBH.lI: y"<JeTa'ero ~aBIICHMOCTH 
OT, IIJIOTHOCTIIpacrrpep;err~im.ll Bern;ec;Bi, ·a.TaK)KC c1;1u'ii0 op61ITaJibHbIX ~ 

. , T~HnopHhIX KOMIIOHCH'J:'. Iie6-0JihllIHC rrorrpaBKH MOryT BO:)HHKHYTh npn . ' 
_ Y'I~·T·e·;a;n<f)q>ynHOCTH B pacrrpe;a;erreinm nap.Hp;a II o6MeHa B ~YJIOHOBCKOM_ r 

. l3t)8,Ill\~OgeiicTBIIH [36]. ' . < ; \ . . , ._ , - . •• , '' - .. · ·. · ' 
, 3;: Bo;M02KHOcTi(~mmn)yrrpyroro pacce.HHH.H ';ierKIIX 0K30TII- .· 

'feCKUX .Hp;ep; KaK.HHp;HimTopa'. ux CBOliCTB,.rrpegcTaBmi:IOTC.ll,HCH~"Iep- _· .. 
~amh;rMn; 'oTMCTHM ~Ba iia:u6orree I~ep~ri:eKTH~HhIX HaIIp~B~eHH.ll. Bo- '. 
nepBhIX, H3~epeirne yrrro~hIX pacrrpeACJICHllli B 6orree llIHpo:rrnx yrrroBOM 
II 0HepreTH'ICCKOM ;a;nana30Hax II. B03M02KHOe 06Hapy2KeHne q>eHoMeHa 

· . .n:;a;epHoii: pa;a;yrn ,( ~M. TaK2Ke:'[37]) II03Borru;, rroil:y,"IHTh HOBJIO n~q>op:r.ia::--:,_ 
unro ~ CBOHCTBaX IIOTCHl'..J;HaJia irn'M~hIX paccT.O.lIHmix nporrn o6Meii- 1 

HhIX ~oppeJI.HUHII. BO-BTOphlx, !fep;~m~/ fo,mo ycTaHOl3.JICHO c:yrii;eCTBeHc, 

·13· 

.r 
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• u ' -• ·.r ' , 
Hoe ycmreHIIe II:JOCIUIH0B0II :JaBIICIIM0CTH II0TeHn;narroB ;u;mi: .JierKIIX 31\-
:JOTII'IeCKHX JIµ;ep [10). B. CB1l:JII .c 0T;IM rrpep;cTaBrr~eT IIHTepec. II;Me
peH;e ce'IeHf!ll paccemiirn ;CT;JI1l µ;ByX II3o6ap;· BKITID'IaJI :3K:JOTII'ICCKIIe . 
S!p;pa, ~a 11µ;pax~irntiieIUIX C N ¥z. ( CM. TaK)Ke .[38]); CpaBHHTCIThHhIII . 
aHamm TaKIIX 0KCIIepHM~IITaiihHbIX µ;aiiHhIX MO~eT p;aTh HOBYIO :irncf>op~ · 

·., Man;mo 0 CBOHCTBax HeIITpOHHoro ( npoi-oHHOr~) rarro II JI30CIIHHOBhIX. 
· .' acf>cf>eKTax B e:inoin-.IecKux 11;u;pax: · · · · · 
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