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Pa6ora BhlO0JIHCHa B O5HHHCKOM l!HCTHlyre llT0MH0ii :meprerllKII, 

O<jll![11fllJil,H1,IC onn0HCHTLI: 

,ll0KTOp <j>HJHK0•MaTeMaTH'lecKIIX HayK, npo<j>eccop B.C.EapaweHKOD 

,ll0KT0p <j>HJHK0•MaTeMaTH'!ecKHX uayK, npo<j>eccop M.B.KaJapHOBCKllii 

,ll0KTOp <j>HJIIKO-MaTeMaTH'!ecKIIX uayK, npo<j>eccop H.C.Pa5oTHOB 

Be,11yutall opr8HH3llQHll: 

HHCTHTYT Teoper11ttecK0H II 3KCnepHMCHTllJil,II0H <j>H3HKII 

'3t-o 
3autHT8 JlllCCCpTaQHH COCT0IITCll "Zi..." ~ 1997 r. B .. _!P__ .. ttaCOB 

Ha 3ace,1aHHH .nuccepraUH0HH0rO COBera ,l( 047.0J.04 npu Jla6opaTOpHH Bl,ltJHCJIIITeJil,HOU 

TeXHHKII H aBT0MaTIIJaQHH Q61,emme11Horo HHCTHTYTa ll.llCPHl,IX HCCJieJJ.OBaHHH no 11JJ.pecy: 

141980, r.,l(y611a MOCK0BCK0U o6JiaCTH. 

C ,111cceprauneil M0lKH0 03HaK0MIITl,Cll B 6u5JIH0TeKe OHJIH. 

ABTOpetl>epaT p830CJiaH " 2g ""<,f 1997 r. 

YtteH1,1li ceKpeTap& ,111ccepraQ11011Horo coeera, 

K811JlllJlaT <f>H3HK0•MaTeMaTH'lecKHX HayK 3.M.HBaH'!eHKO 
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. 061.QAJI XAPAKTEPHCTHKA P ~60Tbl ·. 

· .. AKTylJlbH~ :npoli.neMbl. B P~JJIH'IHl,JX o6~aCTllX 11ayK11 II TeXHll~II B03pacraer no
.· ~e6HOCTb 13 MCPHLIX p;aHHLIX np11 npoMelKYTO'IH~IX JHep~HllX. T~Kll~ ~aHHble (nOJim,1e J_ 

iieHHll,. JHeprerutt~~He II yr.nOBl,Je pacnpe.neneHHll o6~aJyi'oumxcll. lf8CTHQ, BblXO.!t~ pa.n110-
' . - ;· -, ' ;- . . . · .. ' •. ·_. -, - .. - , .-: ' 

. HYKJil!flOB). Heo6X0,ll11Mhl np11 pa3pa60TKH . H ppoeKTHpoBaHHH ll,llepHO-JHeprer11ttecK11X 

yCTaH?B0K 6y.nyutero - 'repMOll.!t~J)Hl,JX p~aKTopoB, TT0.!tKJ)IITH'le<:KHX pC8!-f0poe H~ ociioe_e . 

ycKOpHTeJieil;. yCTaHOBOK Mll. TpaHCMYT.aQHH '. ,r,nepHt,IX. 0TX0.!t0B B lKCCTKOM . H~HTPOHHOM 

cne~e 11 .np. ,l(a~H&Ie n~ ~ett~Hll;M ~.n~pu1,1x. p;:aK~~il n~11 ~Heprn~~ ~1,1we lo MJB -H~<>-
~ • - " ~ • ·-- • '. ' • • ·- < _. • • 

.IVIT npHMeHeHIIC B 8CTPO<j>HJ1fq~KIIX II r~<j>HJH'leCKHX HCCJie.AOB8HHllX, npH pa3pa6orxe·· 

MeT0.llOB nonyttelllfll. pa,nHOIIYKJIH~OB, HCflOJlb;yeMl,J~ B cospeMeHHOH ~pOMbl~CHH~H H . . . - - . . - . . . . - . . . . , ' . ~ . 

. Me,nHQHHe. 
. ·, 

. · HaKonne1111e 3KCnepuMeHl'8JILHoil HH<j>opMaQHH o cetteHHllX ·npoucxo.nuT MWCHHO H 

iie.e coCT0llHH~ y.no~~Bo~~T& pa~yutnx n~TPe6HoCTeii e ll.ll~J)HblX J:ianHhlX. np11 ~J>9MC--. · 
,_ ;- ,_ · ....... ,,, , .• . ' . -. - ' . ' ; ' 

. . lKYT0'lllblX JHeprHllX. Ilony'!HTb .naHHble 110 cetteHHllM B 061,eMe Heo6XO.llHM0M AIIJI .neram;- . 
• ; '. • ' - ,'. ' '. ~ • < • - • '- ... • , • ,·, ••• • '.. - ' , • •• ~--

. H0ro · 11cc.ne,110BaHHll npol(ecca · TPaHCMYTaun~,. aKTHBallHH . ".f~Tepnanoil . u · HCUTP0HH0~o 

. · TP8HCnopra M0)KH0 C noM0l.ltblO pac'leT0B Ha OCH0Be TCOpCTHlfCCKHX MO,lleJieli, 

. . . HecMOTPJI Ha. nporpecc" B paJBHTHH TaKHX ~O}l~eil _B. ieqeHH~ no~~HHX JlCCJIT~e--

THii ,10 uacroJ1mero' epe,.;eii11 He cyi.QCCT~oeano ~IIJJ.elKHbl; ~- BMe<:Te c TeM AO~~;o~Ho npo-. . . . . ,, . ..::' : - ~ 

CTblX nomt0J:108, TT0JB0JllllOLqHX onpe,1eJillTb cetteHHJI H cneKTPbl BT0pHttHblX '!aCTHQ ,IUIJI 

. peaKu11il, npoma101.1t~x noit Aeil~11eM 'la~uu· c ;3~ep;~eifoT ;., Io MJBAo ::_·· 1 rJlk 3To 
• ' - - • : • - • • ' • ' • ~, ' • • I , ,; .• J • "c • • ' 

· o'rHOCHTCJI npe)l(Jle ecero K onucaH1110 3MHCCHH KJiaCTepoii (d, t, 3He, a u ,1p.) c ucnon&JO-
, _,- '. .",.. ' . .'· . . ;;,_,. •.,_. ·, .... ,, _,.. ,, .. 

BaHHCM MeT9Jl0D, np11ro,1HblX MJl npoee,1eHHJI MaCCOBblX pac'!CTOB. Mero,nbl TeOpHH npll-'.. 

MLIX ~aKQHH (DWBA, CC) IlOJBOJllllOT' B~aHOBHT~ TOJlbK0 ~HOC~;CJibHO 11e60JI~WYIO 
1 

. . ' ·. . ' - ' . - , . ; ' ,. . ' ~ , '- . 

- o6naCTb crieKTPa BTop11'!Hblx lfaCTHQ, cBJ1':JaHHy10 c JlHCKpeTHhlMH COCT0JIHHJIMH OCTaT0'I· 

Hbl~ Jl}lep,. a npe.ano~eHHble p<au~ ~OJlXO;l,J Ha. OCH~Be-.npc;AP8Bll0B~HOH 3K~HTOHH;li MO

ACJlH npornsopettHBbl II npe,11cTaBJ1J110T HCKa)KCHHoe onucaHHe cneKTpoB COCTaBHblX ttaCTHI(. 

-llpuMe~ea~e C)'ll.lCCTBYIO~;x MeTC>AOB .paC'!CT8 npH~OJlHJIO K HCKOppe~H~MY OTTHC8HHIO,. 
. . . ''. '• -· . . ,.. '. . "• . . ~. . . . - ' . 

HYKJIOHHbIX cneKTPoB, npo11ecca A~_eHHll, pamnttHblx xapa1<1:CPHCTHK ll.llepi1&1x peaKmdi, 

.1, npoTeKalOutHX npu npOMClKYT0'lHblX JHeprllllX. IJp116JIHlKCHHblC TT0.llXOJlhl ,IUIJI 0QeHKH ce,. 

'l~~~il li,nep11&1x peaKl(Hli co,1eplKaJIH J1~H1,1e.ae,110CTaTKH, OCH0BHblM HJ K0T0pblx llBJIJIJI~ll _Hx 

JMTTHpH'lCCKHH xapaKTep, JaTPYJlHJIIOl.ltHH npe,llCKaJaHHe CClfCHHH B OOJI8CTH ll.llep, fJlC ~-· 
• . ' ·, • •, ' • = ' .. ·' ." ·. , . . < ' ., I, - _.. • 

CYTCTBYIOT 3K~nepH~eHTaJiblll,JC AaHH~e'. . . ~ .. . . 

KaK CJICJlCTBHe B Mllpe _He Cyll{eCTBOBaJIO <f>afui0B II ?H6JIHOTeK oqeHeHHblX_Jl8HHLIX, 

,",· 



fi03BOJllllOIJlllX npOBO.llllTb IICCJ1eil.oea111u1 Tp3IICM)'T3UIIII, 3KTIIB3UIIII, p3.1111au110HHblX no

-11pell(Jle1111~ MaTep11ano11 u'1ie~11~~~' cH·eii'rpoHOB a" i.ia~ejmaiih, .o6ny'!aeMblX '13CTIIU3MII 

npoi.teJK)'TO'll!bl~ Jitepriili. , : ~ 

J.{eJJbl(): pa6~n• HBJJJlmlCb pa:ipa6ornt MeTO.llOB paciierl!: anropHTMOB II KOMO~IOlep-

HblX nporpaMM .llJJll_ n~_JJy'leirnil <jiyHKUHll llOJ6yJK.11e111111, .11114>4>epeHUllaJJbfll,1x Ce'!e1111ii o6pa-

3083H!1~ BTOpH'IHLIX '13CTIIU B peaKUIIJIX, npoTeK3l0UlllX ~PH J11epi1fax Bi,{W~ ·,o MJB, pa3-
J - • ' .. " • • ··- : .. - ; • : ' . . - ,_ . • ·•_. ' . • • ·~.. . .• ' . . -~ . 

. pa6o-i-xa np116JJ1t)l(e1tHblX iio.11xo.11oii .Mll oueHKII II npe.11CK333Hllll ceite1111ii B lllllpOKOM iiiia-.. ' . . . _, . . ; .. , .. ·- .... :;_ ; - ·. . . . - . - - . . ... 

riaJolie M3CCOBblX 'IIICeJJ, coJ.11aii11e J1116n11oiex ce'!eHHII .llJlJl ll3Y'le11iii ripouecca 3KTHB3UIIII, 

Tpll~CM)'Tau~n. :p~1iaii1101111bix: miapelK.lle~nli Maiepi1ano~ 11 11c~n~ni:iai111'~11 ~epe11oca. 11~n-

Yp011011 ~- MaTepnanax; 'o6~}''13CMblX 'JaCTituaMii. npor.ie>KyioiiHblX3Heprnii. : ' - -. ' . 

--;;, ;. H~y~i HO~HlHII -~ npBKlll'leacllR ll~H~: DOJIY'fetlHbiX pe:iy.iii.nro~: B .nitccepw~ 
. . .]. - .,· .- ··-:;, ·-·.- •. _, . . . '.- . ·_ . . . ' 

1111011_11oii pa6oTe: 

• ~ npe.wiO)f(~Hll. H0B3ll JKCHTOH~~ll. MO.llellb .!lllll . pa,c•1era. _cneKTpOB. HepaeHOBecHOII · 

3MIICCIIII IX-'13CTHU B ~.11ep11b1X peaKUllllX, BKJJIO'l3IOIU3ll on11ci1111ie npoueccoa nOAXB3T3;' Bbl._ 
• • ~ • • • • • ' - • : ,• • • , • • • : f ·- • • •• ' • 

611ea111111 KJ13CTCpC>I! II' i.tHOlK~CHHOii. '3MIICCHH. 11epae11o~ecHblX' '13CTHU; : unepei,1~ •. C .. no-. 

MOIJlb~ npeWJOJK~~Hciii ~O.lleJllf .nocrnr11yTo.Koppe~~oe. ~nni:a~ne cx-cnei<Tp~B II c~rimcHe 

C 3KCnepnMeHTanbt·bl.;H .naHiiLIMH ,Wlll. peaxu11ii no.11 .ne11CTBi1eM HyKJJ~HOII C<rnepriieii _OT 

nopora pea~UHH ·.110 COJ~H,MJB; 

-_ B paMxax JKCHTOHHOii MO.llellll npe.11JJOJKe11 HOBblH IlO.llX0.11 K Bbl'IHCJieHIIIO -Cnexrpoe 

JM~CCIIH. TAX<ellblX 4>parMet1TOB Ji peaKUIIJIX. 110~ heii~~HeM 11yibici11oe ,c. 311epr11~ii IJ.? I 00 : 

M3B; enepe1,1e, .l1Jlll:cpe.111111x 11:T11iKeii1,1x;i1Aep nony9e111,1 ce'!eii1111 peaK.111111 (J>,7Bef KOJJH'le,: 

.. ,CTB_e11110 coriiacyioui11ec11 c 3Kcnep11Me11ranbHblM~_n.annbl~H; _ 

. . ,- ~•.pa3pa6oT8H HOBblii <j>eiioMeHOJJOrH'lecKHli no.axo.n K ri1111ca111110 npllMO.ro "ica11ana 
"I •'• -· ,.~• ''. ' •• '• • • -. ~' - • "'. ·_ ·"' ,_ c •- • - , ''. ·'/,;,\· ., -· ,, . ·c., •· - ._,..... . . • "'c 

o6p,aJOl!BHHJI .neii~11oe_e peaxullllx no.n .neii_CTB!feM 11yKJJ011oe n,poMeiKyYO'l!Jbl~ JJ!eprnii; l 
' '..: . '. ~-: -. npe.11JJOlKe11a HOB!lll '._ .. MO.llH<j>~UIIJ)OB3HH3ll '·.· K8CKllI(HO-HCnapHTellbH8ll .• MOLleJJb/ -

.•. i1~e~111ru{: '!!~~~- o~a~~ !J~HMettnM~~fH ." . ~£1~'1~~-~aJI. ;~~~~11tte ~3~~Mo.11eiicTB~11 . 

H)'KJIOJIOB C "np11roroBJJeHHblMH~- KJ18CTep8Mlf, npoueccbi l!bl6HBaHHJI H noAXBaTa; snepsi.ie 

~;B p~~K~X ~a-~Klci11~11~~ap11T~~11on M~)lenH .llOCTH~YT~ --~~~~KT~OC O~IIC~~He i:~ex;p~B 
-~ s -_. • _.·· ~--,·· • ··: ~--~ • • ~ .:' ·.< . ·:~· ,-··. '. .. - .. ·.' _· _- . 

31,!HCCHH H)'.19101108 B peaKUIIJIX no.it .neiic:riineM' '13CTHU C JHeprueji .110 ,I 09 l\,bB_ II on11ca1111e --
'·. . .. ,_ .. . ~ .\ -~ .,,, . ·-. ~ ·, . . . , - . , .. :. '., .. .' '~ -_ . ~ ', ', . . . -" . -~ . . '... ;·. - .. ' 

cne!CTp()e: a.;'13CTHU B peaxu1111x, npoTeK8!01UHX .npu B33HMOAeiiCTBHII -HYKJJOHOB C ll.llp3MH ~ 

,~Al,110Bi,- - , ·. •··· .. '. :.· : , '· _ ~ ·,.::/.... . ::, (;,. ,· - ,.', 

.. _ . , ; p31pa6oi:~~ 116~blli ~e11orie~onornqecx~ii _nomo,zi,~pa~11e-ry ce'le11~11:pe*xu11lt c ~ 
. MHOlKeCTB;HHblM o6pa30~8~HeM BTOpHqffbJX '18CTHU ~ AelJlliunxcii ll.llep .npn ~!fep~HJIX .110 

JC -· •• -- • • • < ,. • • ~-

JQO M:38: ., ~ .. ':, -,.~ 
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-~ npe.llJJOlKeHbl_HOBble nOJJY3Mnupi1'1e<:KHe <j>opMyJJbl ~ p~~~;~ ~~'lt:~·;ii o6paJOe·a

HHJI TpHrilll,ll·H~OTOn~B ren11118 p~aK~llllX n~~-.11eii~BII~~ Hy~~HO~: ~~~pr~eri ~T ~~~ra 
p~;~u~11 ci.2:S ·MJB);;; io f'JB; · · :· · " · · · · .. ·· · .. ' · · · • · · ' • 

· ; -• - • pa~pa6~aHbl H~BL1e-np1111u11nb1 llOC!PO<:HHJI_ cm:i-'e~~TliK Ce'!eHuii II <l>Y!IKUH~ ,;;.ci;;~ 
6y)l(Jl~H~S!. ;Mep~-.,;;:. peaxunii, , o~,;p~l(}IUII~~ 11a' ncn~~~30B;H~~ ' ~~e.11pae~OB~HO-, 

< • • • • • - • • • : ., , ~-

11~napHTellbHOii
0 

MO,lleJIH; _..,·, . 
· - anepa1,1e nony'!el!bl nonyJMnHpH'leCK!fe cliC'TeM!\THKH ceqe1111ii peaxu11ii (n,p), (n,d), 

(n,t), (n:a), (n,3He)/(n,np),'(n,2n) ~p~ ;H~pmn 14.5),f;B, ;;~'!~ .. -~P~ACK;J~HIIJI ~'ICH:ii 
' - '· ' ¥. • • ·_ ' - • : ! • , • ' ', • ·. . - . .. ,_. ,, . . • . . . . ~ 

KOTOJ}blX BblLUe, q'eM y DCCX pa11ee npe,!IJl(?lKeHHb_lX 3Mmip11'jeCK11::Ji.;CHC'feMaTHK;, 

- ' - . pa3~36~ra11bi .• anropHT;,;.,-. H. ;O~llJl~KCbl nporpaM~ JJ}I1I: et.iqnCJl~Hllll, H ,OLleHKH. 

<l>YHKUliii. ao:i6ylK.lleHHJI . pe;ixunii, 3HepreTli'l~KIIX H YfJIOBblX. pac~p~.11~1,1111ii .BTOpll'IHblt 

'!a~uu; BLl~0.1108 COCTBBH~~ '13CTH-;, pac~e'r~ Ce'!eHHii ~Me1UeHHJI UO~~B Ma~ep11~a;. 

. . , ' -lia OCHOB~ ~~B~.ll~Hll';>'X:~~~!ICJ(eitnii· CO~.ll,H~j>~6Jmo~KH Jl~~HblX: HC HMt:~IUHe 
MllpOBblX 3113JJ.Oroe; 

. 611-6mi6TeKa_ Ce'1e1111ii .llJJll HCCJIC.ll0113HHJI pa.11itauuo1111olLnoepeJK,naeMOCT!f MOTepna- . 

Jioe (liHCEPM),coJlep>Ka111a11 ~~e11HJ1_~~eme~11J1, -~'leH!fll ?5pa3oeau111111~.11~~Jl8c 11·ieii~ 

B peaxu1111x, '. npoie~a!Om!fX npn _opny'leHHH 25~ CT8611Jlb~~ ll.llep ~ t\l !JO. Bi. 11eiil])Of18MH ; -
. ~JHepmeii.llo j 9B, , , . . . . . - . ; -~ ; .- .- . , . - . . 

6u6.1111oiexa ce11e11uii .llJJll 1ny'leHHll npo_uecca _Yp3HCMyrau1111 H 'a~l!BBUHH' M8Tep11a~ ·.· 
JIOB (MENDL), BKJJIO'IIIIOlll3ll 6on_ee i 10.000 <j>y11xunii B036y)l(J,leH~ HCH'fp<>HHblX H ~po-' 

io~~~x peax~11ii·: ~poTexaromnx 11a 505 ci~6HJJbHblX ~ ~~a6~i.11w; ll.llpax OT. Al Jl~ Po' 
- ~pH J11epm11~ .zto I ()Q MJB.. · · . · . - , '. - - ,.,_ · 

~. - • • • •• ·- I • • 

_ ·-. · 6116n110TeKa CC'!e1111ii .will. u:iyqeiuU1 .tpa11cMyrau1111 Jlemim11xc11 :JIJlep (WIND),' CO.: : 

.. ·. '. JleplKa~~-ll 11eiiYpOH/IL1e 'ce'leHHj( peaxii~ii-~elle~~,' CC'1e11u ~oporoebl~ peaKUIIH ·n;ii'J~eJ>:-> 

· · ru11x -~o 100 MJB .llJJll HJoTonoe ypa11a, 11c:n~HHJ1, imyro11u11, 4>aiini.r .na~111,1x .llJJll HCCJie.n~ 

- B8H~~- nepe11oca ~eii~HOBB Ma-rep11~ax, BKJll0'13IOIUHe llll<jiopM~U~IO,O. <j>yHKU~~ B03~: 

. 6)')K.lleH11J1, :JH~;fe'l"ll'l~imx .·11, yr;OBblX ~a~n~i:i{e1111ii' '13CTHU, o6p113y;;;111~xc11. npn ,BJ~- -
" IIMO~eiiCTBHH ll.lleJ C Heii~oH~MH 311epili11 Jl~ 50 MJB; - ,. . ' .· . - - ' 

, - • Bnepeble p~~'IHTa~a aKT~~Ho~:n' ~ .H)'KJJHAHblii COCT3B MHWeH~li H3CBHHU8, CBHH-

.113-BIIC~yra II ~T)'TH: o6n~<iae~i,;ic ~11p~io11aM11 -npoMe~o~HblX ~11epr11ii'. MCCJieAOB8~hl . 

. BK!J3.llbl peai<!,IHH P~Jll!3f1HOHHOro 33XB3T3,-~eJJe111111: "· rnyoo,m~o~ p11c111enneHHJI ~ JI noJI- . 

HY~ a~'.~-18.!fOCTb. M,11we11e~. O_npe~eJieH? pom,: paJJJnqHblX XOMOOH~HTOB H)'M~H~~~ cneK~" -
' tpoB B _4>opM11pOB3HHII CYMM3pHOH aiq1tBHClo/H.: 

Pa3p800T3HHble B .llH~epT3UHII pac'lei111,ie liero.11w' 11 .KOMDJieKCbl KO ... fiblOTq>~~ 
' .' ; . ·, :- ' 

3 



-, '. > • -.. ' • 

.. n~rpaMM Heo6XO.U11Mbl JlJlJI peweHHll ~ai1meih1111x Hay'IHblX. H · ~paKTH'le<:KHX ~a)la'I, ~il-

3aHHblX C onpe)leneHIICM xapiucrepHCTIIK Maiep11anos, o6Jty'laeMblX · 'laCT~U8MII npoMelKy

'T0'IH_blX JHeprnii. BKJIJO'lall '~KTIIBaUH0HHble IICCJie)l088HHll, my11eH11e pan11au110HHO,ii no

Bpell(JlaeMOCTH ~aTepHanos,. nepeHoca· Hl!HTJ)0HOB. COJJl!IHHble Ha . OCH0Be npoee,ACHHblX 

pac11eT0~6~6Jl~OTeici1 ce11e~~n ~PCJlCTaBJlJIIOT OCH<>~i '~. IICCJieiioa~H~ll-cii~ilCTB o6ny~ 

·. 'l~HHblX MaTep11ancis· ~epcn~KTHBHWX ,mep11~JHepiei1111ec~nx .yCTaHoso~ {Tep~!Oll.!tepH~X • · 

. peaKTopoa. yCTaH0B0K JlJlJI TpaHcMyTamm 'pannoaKTIIBH),IX OTXO)lOB, n0JlKPIITll'le<:KIIX pe~· 
' • : •• <• • • • •• • ' • ,-. • • • ' - '• • - - ' 

.... aicropoa 11a OCHOBe ycKop11Teneil), JlJlll palpa6oTK11 J<t>il>eKTHBHblX MeTO.zto~ nony11eH11ll pa-... 
'• -··. .· ' . ; ,- . 

)ll!0HYKJ111Jl0B;·,11cnonbJYeMblX B_ np<_>MblWJteHHOCT~ _II ,Me)lllUHHe, noCTaH0BKe HMIITaUH0H~. 

HblX JKcnep11Me11ioa no HJy'leHHJO p3Jlnaitlio1111blx· J<l><tieKT0B II HCCJie)lOBaHHJO HeilTJ)OHHblX · 
,· .. '· . ·· ... • i • 

llOTOKOB B paJJJll'IHblX Cpe)lax. :, ... ' . . . • • , ; 

· .. Anpo6a1001 pa6on.i, Oc11oaH1J~:p~y;i.TaTbl J1m:c'eprnu1111 o6cyJK.uan11ci. Ha 29-0M 

··. ~KlJH?~ ~MH~;pe ~o :Mo.ztenH~B~H~~ ·~'.1--3BM pan11au110HHb1x J<fi<fieKtoa , e 

· r.TawKeHTe ii 1988 i-~; iia MelKJlyHapo.ztH<>M coaeiuainm no npo6neMe 11)lep11oil Tpa11cMyTa-.. . . . - . ... . - . . ' - ' . . ,. ' - . , ~ ' 

u1111.nonrOJKHBym11x p3Jl1t<>riKTili11i'blx OTXOJl0B B r.O611imcKe B 199lr., Hil MelKJly11apOJ1HblX 
-- .· ' _: ,.' . ,_ "•'•.:. -·· ' ' . ·. ,-· .- . 

Ko11<fiepeuuiu1x no . nepcneic'rneHblM J1.11.CJ)HO-JHepreTn11ecK«M· . cncTeMaM (ICENES) a 
T .. Mo~'iepeii (CIUA) B 1991 r .. r. MaK;xap11 {Jln~Hllll) 13 1993 r., r.O6HHHCKe e]996 r.; Ha 

. Hay1111~TeXHll'l~KII; KOH<fiepeHU~llX .Sl.zt~11oro O6uteCTBa B r.Ca~KTil~ep6ypi-e B_ 1992 r •• 

'11 r.HlllKH;M_ l-loeropoJte B: 1993 T.; Ha Me~y11apo;iHblX icomf>ep~HUIIJIX no ll,!tep110-

;~ep~~'lec~~M c11~~MliM\;yitymero (GLOBAL) a ~.CHJTTJI (ClllA) D 1993 r., ~.Bepc~i.. · 
, ·:·,-· ·- . ' - .- .·_ .' , .· . . :: _. ,,. ' ,. - . . .. 

(cf>paHllllll) ii 1995 r., Ha_ MelKJlYHapo.ztHOM coaemau1111 no ll,!tepHblM naHHLIM npn npoMelKy-
- - ~ ~ ~ : ' ,._' ~ / . . ' . , . ' . .· ·. . . . . . . 

TO'IHblX 3HeprHllX B r.napHlK (<J>pa11u1111) B 1994 r.,Ha MellCJly1iapo11uoil KOHtpepeHUHH no 

· .. TeXHOJI0rHH !J'IIHCMyYaUHII C IICnOJI~30BaHHeM YCKOpH~eneit (ADTT) B ·r.nac-Berac (ClllA) •. 

B 1!)94. r:, ·~a. MelKJlYHa~)l~O~ ;,;M003HYMC ·. no ll,llepHO-JHepreTH'le<:KHM CHCT~MaM; II H~ ~ 
B00.zteii~BHIO. Hll ~KJ>~.~iomy10 c,PeJIY (GENES) B r.c;c~H0 (.RnOHHll). a_ I 99~. r.,. Ha MelK~ •. , ·, 

JlYHapo1111oii KOH<fiepe11un11 n,oHcnonb3oeaHnio J1.11.epu1,1x Jl8HHblX a HayKe. 11 . TeXHHKe a .. 

. r :ra;Jt~~6;r (CllIA) .· _B •.. i 994. ;,, . M~~y~apoJlHOM. ~11~rio3~YM~' ~o , llpeJI~aBHOBe<:HblM 

·· • JIJlep~blM ~~~ll~llM B ;;Qi~~eH~U~ (Cnosa~u,i) ~ j995 r., Ha Mell(Jlyua~.ztHOM cosemaun1:1 
, . . . . . ' . . .· . ,.•.. ., .. . . . •. . .. , .. 

· no MeTO)l8t.l TJ)aHCMYTaUHll.ll,!tepHblX 0TX0)l0B Br,)l;y6He B 1996r. _ _ • 

. Ily6mt~. CkH~BHble· ~yn~~ani .zt;ccepnUHH :~ny6nttK6Ba~bl ~ 44 CTaT~llX ff 
',_:., ' ... <. : ' -. ; .. ~ -. ' . . - :.. . . - -- ;. .. . .... _... ' . -~ . .- . . ·.-. - . . 

. . . .ll0ICJIB)lax [ 1-+1]. . . . . . 1' 

· . Crpynypa 11 061.eit pa6on.1; J{nccepTBUHJI C()CT0HT 113 · aiie.zteHHll, WeCTH- fJiaB · H. :ia- •· 

JCJIIOq~~llll. T~K~ ,llttccepTaUH~ CO)leplK~T 398 ;rpa~HU, B~IO'lal! 126 p11cyHK0BHa 95 ,crpa-

. HHUax, 60 T3WIHU ff 6n6JJ~OTJ>8<fiHI0,113 283. HattMettoeaHHil • 
•. - ·• ·< -~. ,- c' , • - - • - ' • • • 
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COJ];EPiKAHHE PA60Tl,I 

Bo BBe)leHHH c<fiopMyn11poea11a UeJtb pa60Tbl, 06oc11oaaiia ee BKTYaJtbHOCTb. [lo)l-

, 11epHyTa HOBIIJHaH npa~1111ecKall ue11H~CTb pa6oTbl, cqiop~yn~po~aHbl OCHO~Hble non'o:- .. 
< • • • •• '. ··- •• -· • ,: • - ,._ •• • • • ' ·.:,, -.·· 

lKeHllll, BblH0C(l!"ble e_a 3a~11ry •. 

B nepaoii rnaae )lncceprnunn npe.r:tCTaBJieH KpaTKHfi o63op coap~MeHHblX. MeT0Jl0B 
• _, • S • • • • ~ • • , •• •• •,. • ~ • • • < ;' • " ' .,: •, • • > .~ _• r 

pac'leTa ce11eu11il ir.nepttblX peaKUHH npH npoMelKyY0'IHblX JHeprnllX. PacCMOTJ)CHbl MO)lenH · 

. ". no~o~i:;. npHMeHH~OCTb ~OTOpblX ,!WI. dony'leHHll ~YHKUIIH Jio36ylKJl~H~ll, cneKTpoB 11· 

yrn0BbIX pacnpe11en~1111ii •· npoJtyKTOe·· peaKu;,il .• onpae)laHa ,~ w~poKo~ · o6nac-rn, JH~pr~ii 
• ., • • ' • • • • --, • ; • ' • 1• •, • • • ,• • ;e; "'•••• • ' 

nepen'!HblX 11aCTHU HMaccoBblX,1111c_en ll.!tep-M11we11eil, .. : .. 

8 pa311ene IXo6CYlKJlalOTCll B~JMOlKHOCTII npe11pae11oeec11blx JKCl!TOHHblX Mo)len'eu, '. 

-; o~~CbIBarb pa3Jill'1Hble xaJ>aK;epilCTHKH llJlepHblX. P~,aKUH~; BKJIIO'lal! cneKTJ)bl ~aBHblX. 

'laCTllll (d; t, 3He, a). npoaO.ztHTCll 8HaJlll3 MO,lleJJeil Bb1611eau1111, n0)lXBaTa II K0anecue11u1111, 
.,. ': •. . , l ... ' . . . • , • • • . ." ·- ' ~ '. - • . ~ ": • . • . -~ 

ncnoJibJyeM~1x JVlJI nonyqeHHll. uepaa11oaecublx cneKTJ)oB coc-i-ae11wx 11ac-r11u. · IloKaJatio,. 

'ITO 1111 0)lHa ~3 cymeCTBy~m~~< :Moii~eil .He' ~~oco611a eocn~H3BOJ111Tb JKCri~!IMe~TMb- . 
' . - . ,• ... ,, -,.. ·-' ·.'- .... · ._,. ' ·-' . , 

-Hble cneKTJ)bl T8KIIX '18CTHU, 06pa1y10m11xCll,B peaKUHllX 00)l )leHCTBHeM HYKJI0H0B C JHep- · 

meii ,!10 I 00 . MJB •. Hepa~HOBe<:Hble. cneKTpbl, npe.ztCK;3blB8t:Mbl~' M0.ztenbJO •. Bb16~B~Hllll; 

HM~JOT xapaKTe~Hblil ripoe~ a "cpe11He~" 11aCT~. Mo]{enb noJIX~~Ta He o~iicbl~a~ ~CCTKO" 
• • • "> • - • •. • ,. • .• • •" - , • •• • • - • • • • •• '; ,•• \ • ~ C • 

ro K9MnOHeHTa 11epaBH0Be<:HblX 'cneKTpoB npn JHeprwix 0K0JI0 90 MJB; .'ITO CBliJaHo·c. xa-
" • .·" ' :· • .. -- .- : ••• •·· ---- ' •• - < ·- ,, ' 

paKTepHblM noae11e11neM MOTHOCTH K0He'IHblX COCT0llHH'it, paCC'IHTaHHOH Ii pat.iICaX.'JTOro 
' ' . ,, ' . , . • '. ·. ' . ~. •. ": •: •·. . • ~ • c· ·:· '•·.•. ·., • • :· ·, • •·. . ·• . < - * 

no)lXo,zia. Ilp116nnlKe1111J1,. n:eJKam11e . 11 ocuoae Koanecue11T11~ii ~o.iie1m,, o.rpa_u«'IHBlllOT •• ~ 

np11MeHHMOCTb OOJ18CTbm JHeprnil BblW~ HecKOJlbKIIX C0TeH MJB. . . . . 

, 8 pa3.ztene 1.2 p.aCCMOTpeHbl npo6neM~, CBll38HH~e ~ IICilOnb30BallHt:M IC8CKa,llH0-

HCnapHTenbH0H M0.ztenH JlJlJI pac11eTa. ce'l~HHH llJl~H~X peaKUHii:np~. npoM;~~HblX 
' . . . ' . . . . - . . .. ' . ., . -. . --· : '.. - ~ . •- -.. 

JHeprnilx. ' IloKa38HO, 'IT0 11ecM0TJ)JI . na ycnew11oe · . HCn0Jtb308811He: . IC8CK8)lll0-
• . . . . . . .. , -- • . . . .' <: - - . ' ,., . . ' - - • . ~ --,- . . . '. . 

HCnapHTenbH0H MOJleJIH JlJlll npe.ztCK838HHll pa3JIH'IHLIX xapaKTepttCTHIC llJlepHi.lX peaKUHii, 
' .. ' ·- . . . ' . ,_, . . ·. .. . .· 

npHMeueune ee s ·o6JiaCT_n npoMelKyYO'IHLIX Jtteprnii CTammeaeTCll c pllJlOM n~~~M, CBJI-_ 

3aHHLIX, Kaic C on,11caHHeM JKCnepttMeHTaJlbHblX . .ii.aHHblX,· TaK•H· peMH3auueii p8C'ICTHOI'O. 

anropHTMa 'na, 38M. Ilo,n~epKHBa~~. 11-io M0)lenb ,Aaer. HCKB~~HHOO on-~ca~lie ~~enpos . - . ;; .·_. ,, .. ,_. . , ... •., ; .-,· . -.· ,_ '•. 

JMIICCIIH HYKJJOHOB B peaKUHllX n0)l )leHCTBHeM ,'18CTHU c JHeprneil.HHJKe· 100 MJB. H~Ji~ 
' ••. ,- , • -.,_ .·.• . '., • ·,.· . ., cc' -

6onbwee pacxolK)leH11e MelKJly JKcnep11MeHTaJ1bHblMH n pac'leTHblMH ~neKTJ)aM11 ua6mo-
. ~- / 

JlUeTCJI npn 60JtbWHX ymax BblJleTa HYKJJ0H_0~.. . 

B cymeCTByrolllHX BBpllaHT8X MO.l{eJJII ne p8CCM8TJ)H_BaeTCll npouecc ~3aHMO,ti,eilCTBl!A 

·. HYKJJO~O~ C "npnr~T~BJl~Hllbl~H" KJl8~Te~aM~· B ll.zt~e. I<~K CJI~Jl~B~e HH ~Jl~a HJ coepe~ 
. . ; ' ' ·'.. . - - .i - • • - -; . ,. ' ,,_ . ' \ . ' ' ~ . ~ •. , • • 
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MCHHblX KOMOblOTCpHblX nporpaMM, (!CH0B3HHblX Ha K3CK8.llHO~l!Cnap11TCJlbHOH MO.z:tCJIII He 

. ·: co.z:ieplKHT anropun.ia '.!uu1 paciie-ra cne~poo?M11cc1m cocTaBHblX qacrnu, 06pa3y10m11xc11 

H8: KBCl<aJlHOH CT8Jlii11' pe:1K1i1i11; B Monen11x, OCHOB3HHblX Ha npencTaBJ1e111iii '11.z:ipa''e BHne 

c4>e?,:1'1ecKii~ 3~H • noc-roll'H~Oii WJOTHOCTH; Ka~ npanu~o: ~e paCCMaTpllB~K>TC~ ;cjl<jleKTbl 

n~OMJ1Ctti111 II OTPall(e111i11 HMnynbca -iaCTllll Ha rpaHuuax -JOH; iie )''IIITbIBahc~ ~rpa;m'le

' HII~ ~a-C:,p(5~~an~llblC.M~MCHTbl,CT3nK;IB3~U111XCll- '13CTIIU,~npenenlleMoe KoJe~HbIM paJMe-
. ·,-.. -· ..... ' .,. . - . ' . . 

J>OM 30H, HrHOp11pyen:11 npoiiecc npo1rnirnooeHHll 3apillKCHHI,IX ''13CTHU non KynoHOBCKHM' 

6a'p,1,epoM: :.l(n~' O~HC3Hllll paoHO~CCHOii -,MIICCHII IIC~Onb3YIOmi rpy6bi~' np116m1lKCHllll, 

~ciiooa~,:~e-Ha npHMCHCHHli cjlopMyn C "pe3Kii~ 06pe3aH1teM"' npll B~l'IIICn~tiHII CC'ICHIIH 

o6paTHblX peUKUHH H 'paC'ICT~ nnoTHO~TII 11nepHb1X yposHeil "c. H~nom,3~B3HH,eM ynpomeH-
• • . • . • I • •.. ' • • •• • ~ • • 

HblX no.zixonoe: 
. - .. . . . 

. no.ii'lep1<i1eaeTCR . 11eo6xo.z:i11r.iOCTb C03.z:t3Hllll MOn11cjlm111posam1oil K3CKa.z:tHO-

Hcniip~TCJJb~Or~oi:iemi. pacCMaTpHBUIOLI1eii 3MHCCHIO Hepae11ooecHbl~ a~'lacrnu, KOppeKT~ ·, - . . . . ' ~ 

HO on-11cbloaioi.uyio yrnosbte 11 · 3HeprCTH'ICCKHe · pacnpeneneH1111 · oTopn'IHblX · '!ai:TilU -11 

~~e~ii{y~ ~nacr~ np11~e11H~~11; ~a~eTHO nep~~pb1Ba~LI1yt0c11 c 3K~IITOH~blMII ~on~ir~ _ 
~ , .. . . ' . 

. : ' 
MH •. 

s' pi13nen~ 1.3 j,acc'M,OTpeH~ npo6neM~I. i: KOTOpblMII CTllJIKl;BaeTcii 0Ut!IIK3 ceqeHflH' 

, ~~pHblX ~iicu~n;: np~T~K3IOUIIIX 'iia 'nCJ1J1LI11!XCll 11llpax non neiiCTBIICM '.laCTHU npoMelKy~ 

TO~Hbl;;';it~r~ilc y~~3~HO, '!TO~ OCHOB!i'blM ~~KTopa1,1, 33T~ynHll~U111Mnpoeene1i'iie ciue11: ' 

~~. oTJoc~TCll~ ~Tdtr2mue"uat5o~~ n~par.ilirp~B paC'le'TH~IX 'Mo~eneii: IIOJBOnll~iJux:.z:io..'. 

6HTb~ll· ~~;iicJii.lx npe;1c~a1aiiJ~ ·ce'!eHHH B ~x CJl}''l~llx,''K'5r.z:t~-3KCn~p;i'i.ienT~bHblC nait-; 
" '. • + ., l • . ~ ,' • .,· •'. • ·.' < •• - ... • ' .'. '.: • • • '• • • • • 

Hble He cymecTByJOT, naiice npH HCOOJlb30B8HHII H8116onee TO'IHblX MCTO.z:tOB paC'!CTa; Heon- i, 

_pe.z:iirie'u·11~~~ac'l~blX,:1~~~eHnli ce~~11111i nj,11\Hepr~~ obiwe20.M3B, n~n~eHn~rx c. 
", _,. ::'. ··:.-- '·,i',"<.. ~: _ . ...: .-., . : ',) ·, .· -· . "~- . .; ,i'. ·. ,, ...... ·· :· . ~ 
HCnonb30B8HHCM paJnH'IHblX MeTO.z:tOB pac'!CT3 . CC'ICHHH, Tecrnpoinca · KOTOpblX npOBO.z:tll- ! 

- ~8Cb Ha ~HOBe 31CCnepii~e~TMb~blX naHHblX B o6n~CTH HHJKHX 3Hep~nii; itenocraTKII noii- ' 

ito~~B. 'oi:11~;~;HblX JIil, ripu~~~eiiuu'• TJ)a.ll,H~IIOH~~x 'sapuaiiios' lCll~KaJlHO-l!CnapitTenbHciii .. 
,:, ,; ·"' · .. ' ·.· ' ,, ' ' ' ' -·:: - _,, _,. '. ' ':, ' ' ,. ,: '" ' ' ' , ' ', '·, ', ' 

MO.z:tenH hpH ilpoBCllCHHH p8C'ICTOB B o6nacrn 3Hepmii HHlKC )00 M38; OTCyTCTBHC HaJlCJK~ ' 

~bl;; '~~~.z:tO; 'pac~~a te'l~~Hii; ~~K~ui' (il',pxll) ~, "cd.~): '.ila~k~x J'aM~H~·ii 'ei6ia.z:t ~ -' 
'cy~MY CC'l;~ua·'~ ~~m~~Cll ~e~· ~ ~6;~,ci~: 3H~f~ii: ~~uii; 50 i,hB: :·Bb:·'l;;~~~CJJbH~I~ 

~\,'C, -;,.,: :' ,'. ,",«t~ : .• >:'.' __ .•.'~:·.•,'.'.~ .. ·-,," I .~ '--•-~.-,,',.-;;,; • .:>-.-:a·',..<',:_•:-.,,_;: .. ~_·•, -~ , , ~:···:·•,'•._ , 
CJJOlKHOCTH, CBll33HHble c 11cnon&Josa11iteM Mo.z:teim XaY3epa-<l>ew6axa .z:tnll. pac'!era ce'!eHHil 

np~-3H.~ooi~,~~~~i·2~M:in>_ .' :,,-.-.:'.~:;.),>>··,;·,i,. ·.:_· < .,_, .: 
B p83,z:tCJJe _1.4 BblnonHeH 8H3nll3 COBpeMCHHbl:(MCTO,z:tOB pac'!CTa Ce'!eHHH, 11cnonb-

' 3yeMwX1t1111' HJ~~Hiill twa~;()~~oii no;~~a~~6ci'11' ;~'a;M·~~: .;aTep11anosi ~e'leHnii. 

CMeuieH~ a~i>Moo; ceq~lfHli o6pa;o~i~~11 '.s~h~pi>h~ --~·-:~~/'t1~~~;~~l:'ITO n~n~:~H· 
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:onpeiieneui111 HCHTpO~HbIX C~'leHIIH CMeme~llll II 06.riacr~ .JHeprnil OalOOO r.,faB, npe,nnp11il11: 

' Tble pll,z:tOM HCCJieit0B3TCJJeii, CTOnKHynJICb C npo6.111!M()H cornacooaHHOro OOHC3HHII ce-ieimii -
• . > .• . • . . • ... • , -· • <, . : " . ' . ·.. . . . ' . . 

'cMemeHHH Ha OCHOBe pa:inl!'IHblX li.nepHblX Mo.zieneii. TaK, paCC'IHT3HHbie CC'ICHHII cMeme-

Hllll ~aocH~iie Kac:a;iii~-11c~ap11T~bHOil-Mo.z:ten11 np,; ,~eprn.S1/o~w~ 20 M,B ~KaJan~c~ 

3H3'111TeJibHO_ HHlKC _3H3'1CHHH CC'ICHIIH, nciny'leHHblX C HCnOnb3083HHCM. 3KCOCpHMCHT3Jli.-' 

Hhi~ 11 pac'ICTHblX miHHblX B o6nacrn 6onee. HH3KH·x 3He~~Hii; Ce'leHHll ~6pa3os~nit11 r~m11, 

· paCC'IIIT3H~bl~ p~11ee np11 3Heprn11x ,z:tO I f38, .H~xo:wi~cli B pe3KOM. ~pornoope'IHH ~ ~KC~~ 
. :· . . ·' ·., ,· . . ~ ; - '. . ..• ' . ~ ' .. ., -~ . : ,· . , ' . -- :_ '· ,-; - -~ . 

pHMCHTaJlbHblMH ,z:t3HHblMH. 

. . YKaJaHa ~eo5xonuA;OcTb pinpa60TKII HMCJKHo'ro n 3cjlcjleniis~o~o MeT<>.zia pac•ma 
~ - '. ;- , ' " , • -- • ,. ' - , .. ' - • , , ., ', ' ' ' • •• '. - , • ! , - '. : , ' ~ • • ·' 

CC'ICHH_ii CMt:U1CIIHll, cetJeHHH Bblxona COCT_3BHblX '13,CTl!f.t npH npOMClKYTO,'IHblX 3Heprn11x~ . , 

.. _ . B paJnene 1.5 paccMo'TPeHbl np116nnlKeHHb1e ~o~onbt ~-- Bbl'IHCJJCHH.IO ~~'leHHii ~q;.:: 
Jbix' pea~uuil. Cy~~~~y~mHe' np~6n~lKCHHblC Mii-O.z:tbl p~C'ICT3, ~CH~;a~HldC; ~a ncnonb~ ' 

. . ' , .. #i,. !>. • . ' • '" ·•. • ·- .• ' -." •• 

30B3HHH 3Mm1p11tiecK1tX BbipalKeHHii, He npifro.z:tHbl .MIi on11ca11mi BblXO.z:ta nericiix q>parMeH: ' 

TOD (t, 3He, a) B pe3KltllllX~ o6p330B3HIIC KOTOpblX Hrp3CT B3lKIICHWY!Oponb B npo~eccax' 

3KTIIB3ltllll H panuauHOHH~ro noepe~e~1i11' MOTepmlJIOB, 06J1;'13CMblX '13CTHU3MH npoMe

lKYTO'IHblX II BblCOKII~ 3Heprnil • .l(nll np~KTH'ICCKHX ~punoJKeHHii 3Hamie o~o.z:t6B T8KHX 

'laCTni.itteo6xoiiu,io a 6fuiac-rn·3H'epriiii ~T ~opora'p~aK~im (5-25 M;B) .z:io .11e~liT~o~' f38,· 
~ - .. . . . . . . . . . . . • . . , . r . .' ,· - . -- :._ .· - ~ . . "' . 

'06cyJK,z:taCTCll sonpoc o6 ucnorib30B8HIIH CIICTCMaTHK CC'ICHHii HCHTPOHHblX noporo-:' 

~blX pea Kun it JJ)lll npe.z:tCK333Hllll' ce<ieuuii npu 3Heprnu' 14.5 M3B: Bee npe.MOlKCHHble p~Hee . . . . 

c11CTeMaT11Kii ocHooaHbI Ha 11cnonb~ooaHttH · 3Mimpn'l~Knx ei.1paJK~Hnii '.z:tnll, napa.;:CTpH3a~ 

ltHH ce-i;HHii, Cne.z:tCTBHCM npHMCHCHHll HQ ~pari111Ce T.aKHX CHCTCM8THK iiwe:i-c11 npOTHBO:: . 

pe'IHBOCTb, npe.z:tcKaJaHnii B. 061!,~CTII 11.z:tep; B KOTOJJ?ii _ OTCYTCTBYIOT 3~cnep11MeHTMbHble. 

,!l,3HHbJe, npHMeHiow11ec11 np11 no.z:trOHKH napaMCTpoB CIICTCM3TH1C. : 
- • . . ' ·, I . , , 

IIOK83aHa. HC06XO,z:tl!MOCTb pa3pa60TICH , HOBO TO MCTO.z:ta 'IlOCTPOCHHll _ CHCTeM8TH1C' 

ce'!eHHii HeiiTpoHHblx peaKllHii, OCH~sau~oro Ha 11cnon&30BaHHH TCOpCTH~CCKHX ~o,11en~il 
; . ' ··. ; - ~ ._ . . :· . .. ; -• . ,; . '. ' '" - . ·. ·. . ' . . . ' 

,Allll on11ca111111 Hepao110BecHblX H _CT8THCTH_'ICCKHX npo1.teccos, C03,z:taHHll nony3MI1HpH'ICCKHX 

CHCTCM3THK ceqeiiuli BaJKH~~~~~ HCHTP~HH~X noporoB~lll p~aKLtHii, 003BOJUIIOU1HX npoBO

JlHTb OUCHKY CC'ICHllli s o6~aCTH KUK CTa6un~HblX
0

, TO;: 11 H~a6un~HblX ~~- , . ·:· · . 

- Bropa~· ;~.aa 'n'6cs~m~iia ~:i~au~io MCTO,z:tO~ paC'ICTll cne~s'. ~as~blX ~~~Hll B 
,' ·., . . . ( . ' ·.;: . . , . , . .,• .-_ / 

paMK8X npe;npaBHOBCCHO-HcnapHTCJlbHOH MO,z:teJIII. . - • . 

'. B pa3iene; 2J pa311ir' HOBbtfi 'm':i~~A K; OOHC8H;IIO HepaBHOBeCHWX cneKTJ)OB a

'l~CT~ll s 11;~pH~ii Ji~aKuH11x( HeAo6aTKriM n~~lKCHH~X p~nee M~on~o p~c'I~~ ~: 

cneKTP~B-~BnllCTCll T~, '!TO IIX 3B;O;bl ~cX:o.z:t~H- 113 ~Yll1CC1110B3Hlui 0,z:tHOro' M6X8Hll3~1( 

~cnyCK8Hllll a~'lllCTIIU (no,nxBaTa; l'IL1(5Hsaiuia) 11 ~blT~HC~ npu'riHcaTb: e~o .z:t~HCTBH~ sec'i. 
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• · uepaauooecublii a-cneKTp. BMec-re c T~M. ua6molla~Moe OTKJIC>Heutte pac'leTHblX .naHHbl~ o; 
t. ,. ; • "~ t I • • • r , · 

,lKCn~puMeHTMbHblX, a T3KlKC auanu3 a-cneirrpoo u.a OCHose m:inyMilKpoCK,OnH'leCKHX Me-

;rollOB, )'K33bJB3JOT ua saJKHOCTb Y'leTa. pa3JIH'!Hbl!( npoueccoQ'. npHBO.llllLUHX · K uepasuosec

uoii lMHCCHH a~imCTHU. ; 

MOllCJ!H noiusaTa H Bbl6HB3HHll o6i.ellHHem,i llJill ·nOJI)''lt!HHli eituiioro nOllXOll3 K 

oriucau11~ a-3MHC~im npu npoMeiKyTO'IHbli JHepi-;.~~. nojBOJIIIIOLQero yc~aHHTb Ha6mo

,llilCMOC paCXOlKJteHHe paC'leTllblX 11.J:KCn~pHMe~TanbHblX ,ll3HHblX • .n,ru; pac~eTa cneKTp~B a

qaCTHU npellJIOll(C!HO HCnOJil,30B3Tb rit6pllllHYIO lKCIITOHHYIO MOl{!:JI~. llillOLUYIO, B orn111tHe 
<-.· -· . _, 7 • ' ·. - .:1. _,,_ . . •· •·. ,.· ·-, - _, . : ' ..... 

OT .npyi-Hx MOllHcl>liKiiUHH JKCHTOHHOH MOllenH, 6onee TO'IHOe onucau11e KOHK)'peHUHII HC· 

. n)'CKBHHJUI ririrnrime~Jll B036;lK.lteHHOii a:~ac;uui:. B 11.ll~- '. · · · 

Corn~CHO pa3BHB3~~oi.ty noitxOllY cneKTp a;:'13CTIIU np~llCT3BJllleTCll B sime cyMMbl 
; . -,- . . . . ' ... , .. . ,... . '.- . .' 

TJ)eX KOMnoueHTOB, OTBe'l310LUH~ npoueccy nriJIXB3Ta, Bbl6HBaHHll II 11cnap1tTeJibHOii JMIIC· 
-~- ·. ~ . ' \ - -", . '. , . , ' ' . . \ . . - .. ; . 

.do dap;.:l:up doln;.:t'.old' .d<Jevap 
--=---+----+-. -.-
d&~ d&,. . d&,. · · · de ... , 

~ • Bbl'IHCJ1euu11 . d<JPkk-ur/d&,, .· ucno.rib3yeTc11 · JKCH!ouua11 Koan~cu.e11yua11 : MOllenb; 

)''IHTb1B8~LU~ no~BaT 'l~CTHh', coe;HHeHH3ll C rn6pH,llHOH.3KCHTOHHOii MOlleJJblO: ){n~ 

nwcy'l~HHll KOMnoueu-i-a c~e~Tpa d~..;;../d~·. OTBe'la~~ero npoueccy Bbl6H~3HHJI ~-
. . ' . . .-·;• ,, ... · .. •.;, - . '• 

'IBCTHU, pacci.unpH113eTCJI .YpeXKOMnoueHTHaJI 11.llepuiu, CHCTeMa, B COCT3B KOTOpou BXOllJIT. 
• _. • . ' •. - . ·.' "J • • '·.. • .. - . .\ ' • ' . • . . , ~ 

HCHTJ>OHbl, npoTOHl,I 1t · a-iiaCTHUbl. OripelleJIJleTCJI nJIOTHOCTb · BOJ6ylK.lteHHblX. ,COCTOIIHIIH 

. TBKOli CHCTeMbl. B paMK8X i-u6pHllHoli lK~H;OH~OH MOlleJIII ;anHCblB3~TCll 3Ha,;HTH'lecKoe 
. .. . , . . . . ' '" . . . 
BbipaJ1Cet1He IVlll pac'leTa cneKTpoB a-1JaCT11u, BKJIIO'laIOLUee OTt1owe1111e nnOTHOCTeii Kotte'!~ 

~oro H H~'laJibHo;o coci'o11~uii~ cK<>pocr~ JMHCCHHH nomomeuu11 a-''laCTHUbl •.•• , . 

•; ci>opMynilpyeri:11 no,llXO.ll w onucaHHJI. MH<>roKpaTHOii npeix'paeuosecuoii JM11ccun 

· a-'13CTHU ·~ iicnycxa~~ HepaBHOBecHblX a-'l~CTilllH~ lKCHTOHHblX COCTOJIHIIH, o6pa30B8ff· 
; ,_ • ,• • ,• ,• • • • V • - - • • : 

, , ffl,IX nOCJie BWieTa Hep8BHOBecHWX HCHTJ)OHOB; npoTOH?B H a-'laCTHu. 

IlpoBOllHTCll q,asueuite paCC'IHT3HHblX H 3KCnepnMeHTaJlbHblX' crieKTpOB a0 iiaCTuu: 

HCnymeHHi,iX ~ peaKQHJIX no.ii' .ztelic-rsueJ. ~)'KJIOH<>; 'c' lH~p~eii '15 +. 90 Ml~.' IlriK8311HO, . . - ~ . . . . - . - . . ; ' 

qyo npH OTHOCHTeJibHO HH3KHX lHepfHllX H)'KIIOHOB; Bb13b1B3IO'illHX peaKQHIO, Hepaaitosec-' .~ 

H~ JMH~CHJI ~-11acr'~u oripe.neJIJ1~~ '~~xa~HJ~o~ no,llXBaTa; · BKJia.zt ~poueccos sb1611B~HHR 
> ·.,. ••• • - • ••••• ., • - • 

a-11aCTHU 11 cneKTJ). HepaBHOBecHoii lMHCCHH ysenH'IHB3eTCll npu nOBblWeHHH lHeprnH 'nep-
• • •, • • • • •• ' ••a :- .~ • • • •; < •• • •' ' 

BH'IHbllt. qaCTHU, npH'leM ·· uexaHH3M B~5HB3Hllll onpeii'eJIJl<rr Hatt6onee. )l(ecT~YIO qaCTb (X~ . 
. · ' . . . . - . . ' ~ . . , . . •, .. .. . 
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cneKTpa,(pHc.l). YKa38HO TaK)l(e, ,jyo KOppeKTH0e onH<:aHHe 3KCnepHMeH111JibHblX ll8HHLIX 

MOlKeT 6b1Tb llO~THr!tYTO T~JltK~ c · y11eTOM MH~rnKpa;u~R riP:ilp~sitosecuo~ JM11i:~~~ a.~ 
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. Puc.I Paccii11Tal1Hble cneKTJ)bl a-'laCTHU llJlll peaKUHH, npoTeKa!OutHX npH o6Jiy'leHHH p83~ 

. nir'IHblX llllep npoTOHaMH c :rneprneii '25 - 90 MJB: nonHblii cneKTp (cnJIOWHaJI nHHHll), 
sKJiallbl npoQeccos noitXBaTa (KopoTKall WTJ)Hxosall n11it11ll), eL16HB8HHJ1 (JviHHHllll WYpH~ 
XOBall JIHHHll) H H~napHTeJibHOii JMHCCHH (WTpHX~n)'HKTHpHllll JIHHHll). . . ' 
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_B p~3.neiie 2:2 H3nOlKeJ~ pa3p~6o~aHHMii ~er~.n pacqera ;eiiTp<>HllblX cneKTpOB B 

.:peaKQHRX no.n .neiiCTBHCM nylQIOHOB npoMelK}'TO'IH!dX 3Heprnii. McnOJib30B8HHe ,IIJlll pacqe~ 

TIS cneKTpOB _ .neii~OHOB 3KCHTO~Hoii. MO,lleJIH, 
0

paccMaTpHB8IOLQeii 3MIICCitto_ '18CTIIU. kJ CO
CTORHHii c qncnoM JKCH~onos ri 2: 3, npnso.nn-i- K JannJKeiinblM JnaiiennRM pac11eTH.blX cnex-

. TpOB OTHOCHTenbnoro 3iccnep11MeHTMb~blX B )l(eCTKOii .'IBCTH. Ilpe,nnollCe~ cpeno~~nonorn• 

. 11ec1e11ii nO,IIXO.l( ~ OUHC8H~ npRMOfO xanana o6pa30B8Hlill ,neiiTpOH~B. CneKTpbl 3MHC· 

CHH .n~iiTpOHOB, paCC'IHT811Hble C nOMOI.QblO npe,nnOlKCIIHOro no.nxoia, cornacy~TCR_C 31CC· _·. 

·nepHMCHTMbHblMH .ll8HHblMH II wnpoxoii 06naCT11 :mepruii nepBH'lllblX 'JaCTnU, np11 JTOM . ' - . ,_ . . - . _; .. 

-nan6onbw11ii sKJia,n s xeCTxyio 11aCT& cneKTpa ,naeT npliitoii xamm o6paJoean11.R ,neiiTpo~ 

._ HOB; npH MMblX . JHepTH.RX. CneKTpa onpe.!len.RIOWIIM . .RBJIJleTCR .. BKJla.zl _ npe,npaBHOBCCHOro 

ICOM~OHe~Ta F1,1 If ncn~pHTenb~Oii .lMHCCHH, IloKaJano: 'IT~ ormcanue 3KCneJnMCHTIIJILHblX 

cne~s ',neiiTpono~ MOlKeT 6~Tb .noCTnrnyro n11w& c y11eToM ecex Tpex KOMnone~roe 
,., •• ' - •• • .... < • • • - '• • ' 

cneKTpa: rip.RMOro 1eanana, npe.npasnosecnoii H ncnap11TenbHOii 3MHCCHH (pnc.2) •.. 

. Pa:i;en 2.3 n~B.RIUCH onHC8HHI~ 3MHCCIIII TRlKenblX KJiac-repoe B .R,nepn~x peaKUHRX 

na oc~ose nt6p!WIOH 3ICCHTOHHOH MO,nenn. C. nOMOIUblO npe.imolKennoro MeT0,118 p8C'leT8 

no~enw cn~KTPl>I ~cnyc~~HHll.7Be H ~'leHHll pea~uuit (p,7Be); ~poTCIC8I01Ueii na 11.11pa; OT 
21 Al .no 2llU; - . - - . - . . . . , . 

.- J13711en~:peaKuitn (p, 7Be). npoee,neH? B o~naCTII 3Hepntii 'nillKe .1.00 MJB; B ICOTO;-

· poli peaicUH.R npo-rexaeT B ocnoeHOM Ja c11i:T 3~ncciin KJiaCTepos 7Be, B omn11.11e OT_ o6pa3o• 

BaHH.R 7Be B pe3yn&T8Te· BblJleTa MCHee TllllCeJI~X q~CTHU ~3 ~036JlK.IICHHOro' Jl.llpa, npoHCXO· 
, - . ·_ . . ~ , ' . \ ... : · .. - - . . - . \ 

.1111mero npn 6onee BblCOKHX Jnepr~x. 

·~ onnca.HH.R. cneKrpOB T.RlKe1lblX KJI8CTepOB _ ncnonbJYeTCll MO,llenb nomeaTa qac-

. THU, ¢1opM~~KTOpb1 Fi~. xapa1CTepHJYJ01UHe sqx>.RTHOCTb. ~pii111poeann11 • ~~CTCpa, ew~ 

_ 'IHCIIJIJOTCR. npii6nHJKCHHO Ha ocno~e Bblp;iiceirnii .zin:R MOTH()CTH CO~OllHHli s ,i~e KOHC'I~ 
. ·•. . . - ·- , . ; • ·. . •. I 

HOil rny6HHbl CI '18CTHQ8MH BblWe H m. HlllKC :meprnn,cJ>epMII. Ce'ICHHll o(ipaTliblX peai; .\ 

- uuii pa~'IHTbl~JOT;,. c no~Oll.lbjo onT1111ec1eoii MO,nenn c napa~nu11ec~ni:. 6api.epoM. 

, ,l(ann_iile Bbl'IHCJICHHH, npoee,nCHHblX .c C.lll{HblM na6opoM napai.ieTpOB MO.neneii,. co-

rnacyJOTCll C 3Kcnepu~eHT8JlbHbiM~ ~8HHb1Mll ~ paJJIH'IHblX Jl.llCP (pHc.3). 
. -, ' . ' ·' . 

' ~, .~ ·.·i '' _,··, 

:, 

10 

r 
f 
I 

.i 

l
l .. 
.. 

1 
) 

10•-j "cu(n,d)x· E.=1-1.8 M,B 

ID I 

" "" '"' . ,. 

:z· t · 6 8 10 
:J:ttepnut ,.J,efnponou, .\bB 

. 12 

10•. 

u:osn(p,d)x -~·· E,;,6_2 MaB 

10 

i l :c-.•h!,O~ 
!' i~-\~----
" 10 ., 1 . ·\ 

\l ,i- \ 
... -
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3HcpruR ,IlCl'\TpoHOB~ -J.laB 

Puc.2 PaCC'IIIT8HHblli. cneKTp 3MIICCIIII .neiiTpOHOB .nn.R peaKUHii, npOTCIC8I01UliX npn o6ny~ 
•1enn11 JU1ep 63Cu 11eliTpouaM11.c ::iu.:prneii 14.8 M:iB it !20Sn npOTonaAtn c Jneprneii 62 MJB •. · 

. Ilo1ea1a11 flOJIHblli cneKTp (. . . . . ), ICO~moHeHTbl cneicTpa, COOTBCTCTBYIOIUIIC npllMOMY .
K8IIMY · (· • •' •), npe.npae11oeecnoii 3Muccn11, onpe,neruieMoii eepoRTHOCTblO _ Koanecuenunn· 
F1,1, OTBC'l8IO!lleii ·001,e,n11ne111110 HY.KIIOHOD. C :meprneii ebiwe 11 HHllCe 3HCprH11 ll>epMH 
(+-+-+): Fz.o, COOTBeTCTey10meii 

0

061>e,1.1nne11n10 .nsyx nyxno11oa·c 3Heprneil' Bblllle 3Jiepr1111 
cJ>epMH (x.:..:.x-'-x) II paenoaecnoii JMIICCHII , __ ...:..::.._...:.....). np11ee.neiia TaKJKe cyMMa cne1CTpa, 

-_coo-reeTCTey10mero npllMOMY npoueccy H ncnapnTenbuoii JMitcc_nH (.::_ ":- -:->· , · · 

,O• " .. 
\ 

--~~~~ i! .1 . . . ' . 
~~~--· . 

· 10 :"r---:---:--:---'::C..C-'---'-'--~ 

o 10 ◄ 

" __ g 
" ~ 

" -~ 10 ◄ 

10 ◄ 

•• 

··'"Au· (p;Be) 

•• 
3uep~fl: ~porolfoe; Mt>B 

Puc.3 Pa~cq~;a1111~1~ ~0~11oe ce11e~~e peaKUIIU (p,7Be) ~ll l'Si H 197.Au pe~1eu11i1 (c~~wuaa: 
nHHllll) 11 npe.npaenoseCHblii KOMnOHCHT CC'ICHH.R (wTpHXOB8ll nnuH.R). · . 
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..,.. 

a·. -rpen,eii · rniae npe.aCTaBJieH -~peivioJKeH;lblii sapiuiHT _ xacxa.aHo-ttcnapHTenbHOil 
- • , •• - •• ·-. , •• : ·-': • - - • ' , • • • ' • • • ~ ' • : .' < • • • • 

. _ MO.ll~H, BKJIJ0'1810ll1Hll onncaHHe HepaBHOBCCHOH 3MH-CCHII a~'laCTHQ. 

Pa3ACJI 3.1 noc_BlllllCH onHC8H_HIO _3MIICCHH Hy~OHOB Ha OCIIOBe Mo.aenn BHYTPllllitep-

-HblX ·_ 1eacxaiioe B o6nacrn npoMe)l(yrO-iHblX. 3Hepr11ii: . PaccM~tpeHbl OCHOBHble (j>aKTOpbl; 

Y'leT ~oiopblX B 11JJropHTMe ~0.11,ciJin • n<>JsoiuieT 3Ha'IHT~bHO no~blCHT~ 'ro~~~CTb Bbl'IHC~ _ 

JlllCMblX ~CJIH~HH H npH 3Hep~llllX HlllKe 100 l\hB nony111m paC'leTHble .D,8Hllble 6Jil!3KHe K 

pe3YJibTaTaM Bbl'IHCJICHHii Ha OCHOB~ npe.npa~HOBCCHblX 3KCHTOH11i.ix MO.D,eneii • 

H~e.D,ye-rc11 BliHllHHe, · oKaJwaae~oe icoHe~HblM~ pa31,1epaMH ll,npa 11a op6HT8JlbHble 

MOMCHTbl B3a~t.i'o:ZXeii~BYIOlllHX iiy~oH~~- ,llnii MO.ll~H- ll.D,pa· C_MH~r~;yneH'la;oii _MOT~ 

HOCTbJO c(j>opMynitposaHo orpaHH'lenne ._ Ha op611TaiibHhle · ·MoMeHTbl _ · HYKJIOHOB, CTaJIK1i-
sa10nili:i~~ B i~ii 30He: · · ~ . - - · -

,_Is Pt•1R1, 

rite h yrnosoii -MOMeHT HYKJIOH~ C HMnyn~COM Pt B i-oii 30He, p;+ j. ~ HM~yn~c. KOTOpblii .11,811~ -_,_. 

JU.iii Hy~o~ HMen 6~'~ i+l~oii 3~He, Ri -~ p~uyc 30Hbl, B K~Topoii CT8JIKHBaJO~Cll .D,Ba ~yK-
, ~-- ,, / ~ .: , 

JIOHa. 

YK838HH~e BblWe ycnosue npoeeplleTCll BMeCTe c'npHHUllnOM Tiaynn npH MO.D,enttpo-

B8HHH BHYTJ>HktepHMX B38HMO.D,eiicrsniL : · - · 

. ,' -P~CCMOT~~bl J$(j>e~.;;, CB.1138HHble C npenOMJ1e11uei.i. H OTpa~eHHeM HMnyni.ca ,iyK.::

JIOHOB Ha rpaHii~ax BHyTpliiuiepHLIX 30H. lfa npiiMepe peaKUHH Nb(n,n;), npoTeKa10111~fi -

. npH 3Heprnn En;,,: 26 M3B, no~a3a110; 11io ylfeT nnx 3(j>(j>eKTOB BMCCTe C orpa~H'leHHllMH H8 - . 

-'op6HT8JlbHble· i:.o.-.;HTbl CT~KH~~IOlllH~C~ HyKJIOHOB npH~0.11,HT ic '.3aMeTHOMY nOBblWe~mo . 

-,. TC)'IH~ npe'ACK83~HH~ .ns'~lK.11,bl ·.11.ucJi4,epe~~H~bHblX ~llCICTpOB HYKJJOHOB'. ' -. 

-06cy)K,ii~10Tci npo6~~~bl:· CB~38HH~e C ;;e.11,eu~eM ~Heprn11. "o6p~8HHll"' ripe;xCTaB~. 
- : • - • • .~ : ~ .- - • • • ·... • • • •• : • .-1 

JlllJOLQeii co6oii MIIHHM8JlbHYJO 3Heprlil0; C KOTOpo~ 6blCTp811 ~acr11ua MOlKer BblJleTeTl/ Hj 

R,!lpa; I10~33ano; 'ITO 'npn MO.lleJIHp~Ba~HII K8CK8.D,HOro npouecc~ .11,IDl npoioHOB ·c 3~epmeii .. 
,, . - . ' - . :~ · .... :.._. . ' . - '.: •. - .. ~ . ' '. ' . , ' .. . ." ' ·, :_·. . . : ,. ~- . . 

& < VP Heo6XO.D.HMO y'lecTb 3«p(j>eKT ripoxolK.11,eHHJI qepeJ xynoHOBCKHii 6apbep. Y'-leTno.11,--

6apbep~oro :$J,eKTa ~03B~lleT .onncaTb -11JJ813HyJO 38BHCHMO;~ uepaimoBecHoro KOMnO-. 

HC~Ta 'npoTOHHOro cneKtpa OT JHeprif~ Bbl~eTa!Ouiero npoio~;. 8 np~paBHOBeCHOii 3KCH· 
' ·."_ .. ',,. -~- '.- .. ' .• .. '< . .. ,,,:. -'.·: .. ·,··:-> :: -· \,~ ·,-~·. . . .' .•. ' 
~OHHOil M0.11,eJIH 8H8JIOrH'I.H~II 38BHCHMOCTb pac'lei:ttoro cneKTpa ·oT_ 3Heprmi nony'laeTCll. :· 

npH Bbl'IHCJ1eii1in · ce'leHHll. o6paTHoii peaKUHH .D,Jlll npoTOHOB no onrn'-lecKoii. Mo.11,eim, · onn- · 

CblBaJOllleii. norno1116me ~ paccellHHC _npOTOHOB ~- piaJIHCTH'l;~KOii noTeH~HWlbHOii llM~:. , . 

. Pacct.ton,em.i oco6eH~ocril MO;xciJi~pciB~HHll p~BHO~CCHO~ CTa.D,11~ pea~UHII. Tip'i111e

,ACHbl peK~MeH.D,8Ul;fH no HCnOJlb30B8HHIO npHMHlKeHH~~ no,nxo.D,OB .D,Jlll paC'leT8 CC'leHHii. 

o6paTHblX pe8KUHii H IlJIO~HOCTH .R.D,epHblX yp6sHe~.: nol'lepK~Ba~Cll ~eo6~0.D,HMO~Tb y'le'-
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Ta 3aTyxaun11 o6ono'le'IHblX 3<M>eKTOB B nnoTHOCTU ll.D.Cpttblx ypoiiHeli npu npo!3e.xeH1111 . 

Bbl'IHCJICHHii · B 06naci11 np~MeiKYT~'IHblX :meprnii nepeniiHbl~ '18CT11u: OrMe'-lae~u ~03-

. MO)KHOCTb'nocrpoeHllll aHaJIHTll'ICCKIIX BblpalKCHHH .D,Jlll' p~C'leTa Bep0l1T~ocrn··HcnapeHHll -
. , ~ - . -

'18CTHQ Ha ocHoae (j>opMyn, annpoKCHMttpy1011111x ceqe11Hll <>6paT_lihlx peaxuii·ii (a...,), nony• 
" . . .· . . . - . ~ . , - -. . . 

'leHHblX c· nOMOlllblO onrnqeCKOii MO.lleJIH·, ·11.~epena10mnx 3KCfl0HCHUHaJibHhlii pocT a..., B 

o6~1cni M8.llb1X.3Heprnii, 11 ·B~lpalK~~Hll ~~ ~n6Ttt~T~ ~BH~~ ~O.ll,Clll;l:#p~~~ra3ii/ •.•. 

; Tip~ee.11,eHbl npn~epb;- p;C'l~Ta .11,1i<fl(j>epe~uttaiibH~X Ce'leH~ii. _ cneKtj,oa''~ IP;~~~,;n· 
13036ylKJle~itll,' nonyqe~Hux c· no~o1111,io \1~timJ1uuit~6~~HHOii ~a~~~H~Hcnap»;~i:11oii 

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

M0.11,eJIII np1i' 3Heprn11x lllllKC I 00 ~hB: Pe3YJlbT3Tbl paC'leT8 conOCTaBJlllJOTCll c· Bbl'IHCJle'.- .· 
I • - ' • • • • --~- • • • • 

HHllMII Ha OCHClBe ri16ptt,IIHOii 3KCHTOIIHOii II 11criapHTCJlbHO~ MO.D,Cllit: .. . . -

Cp~BHCH;1eJKCm::p11Me11TMbH~IX ,IHIIH~X ~ ~y~~Ta~oli pat:'l~;B no~~JL~~eT, 'ITO 
·; . .. . ,__ "': - . ,•. 

K8CK8.ll,IIO~HCnap11TeJtbHWl M0.11,eJib MOlKeT 11cnOJ1blOBaTbCll .llJlll pacqeTa no1111i.ix II JU!cpcpe
pe~uitani,H~IX 'c~~eHHii ll){~~H~I~ peaKUHH B~ _eceii o6miCT~ ·;Heprnil: s KOTOpo~ .nirll3T~X. 

ii~eii npu'i.ieHIIIO~ll .ripe;xpaBHOBeCHbl~ ~KCHTOHH~e :' ~O,IeJIHi T,e;:' np~ ;;Hq,rnix. Bbl~e I 
-~ecKOJl,bKIIX. M3B'. HecMOTpll . Ha . P~JJIH'IIIC • <fltt3H'-l~KHX •. npn6Jiiii.:e~~ii. 'n~~o'iKeHH~'x B. 

OCHOBY y~aJa~~~x MO.aeneii; rpy6oCTb C,1~8HHbl~ .11,~ny~enitii )ip~·11i\ti~pMyn~poBKe OKB-
lblBBeTCll snonHe conoCTaBttMoii. - · , _ ~ . .-. ,- ,-'- • --< ; ' · __ :; .-; .• , •. ,,:c ,.-

:o · ' -~- ' ' ··- - ·,·~ •• - .-- ·=:-=:·, __ .·· ... ; , .. -.':/ ¾,°';',"'-> .• ,.':.;,··,·.:-.·. 

. <l>opMaJil,HblM . OCHOBBHHCM .D,Jlll HCIIOJlblOBatiHJI MO.llenH -BHYTPHll.11,epHOro :xaCICa.D,a 

npn ornocttTeJihHO HH3KHX :iHepqtllX nepBH'IHblX '18CTHi:\ llBJllleTCll M8Jl9ctb '.imn-iii.i' BOJIHbl 

na.D,HIOlllCfO HYKJIOH8 ~O cpasHeHm<> C ero Jiminoii npo6er~ BH)'Tpli ll.D.pa: . 

8 pa3.11,ene 3.2 KpaTKO OTIHCBH npe,wioli<eHHblU MeTOJl pac'l~T8 cneKTpoB HCnyCK8H~ . 
< • • •' ••' • • _O ' • • • '• ~ • • ,. • C ,", ~ •• C • • ,• :,_·• • ~ • ~' • ; < • • • • • 

·a-'lacmu Ha OCHoee Mo.11,enn BHYTPHll.D.epuoro KaCKa.D,a. 
-- :. ' ; . . / ., ' .. ; . _"- -~- . . > ' ... ,_ ' ·>· ':;._ '. . :· ;. . '· -

PaccMOTpella M0.11,eJib 11.11,pa, COCTOlllllCfO 113 10 cqieptt'ICCKHX 3~H nOCTOllH_HOH IlJIOT-

· 110CTH. Upe.nnonara~Cll, 'ITO B COCTaB ll.D.!)8 BXO.D,IIT _ "npnroTo~eHHble" • KJI~~~: TpHTC>

Hbl::ll.ll,pa \He H a:: ... mit~::i. MaKCH.i,UlllbH8ll KHHeTH'lec~~ 3HeprHll a-~aqttifa i-<>ii JO~e 

onpe.aeJlll~CJI K~~ TF"' ,; 4-TF~, rie TF~ ~ ~~~:"~' <l>ep~H ~ ~~~OHOB.; C'l:~a~Cll:.~~o 
. . ,., • ' ' , '·,_ . :·,• ••.•. ·.,,. ', '.J .• . ' ' • ... ' - - '-~ • ,• .• 

. p~c~pe.11,~~Hne'as'IH~TH~ B ll.11,pe n'~ 'nMnynbcai.c HMeeT sim: N:(pa)dPa ~ p•~dpd(t: . . 

Onpe.xene~iie ;~'I~~ -·~38HM~~end~wi _· ~- xapaKie'i;~CT~K. napT~epa .BO BH)'Tl)~ep

HblX 113311~0.D,C~~BH~X ocy~~~~Cll ·~· ~O~~lllblO Il~OlK~~~~ro ~eTO~~;' OC~~Ba~~Oro 

'Ha 11cnOJ1b30B8ii'iiii ~~eitn~H'leCKIIX CBO~CTB 3q>q!CKTIIBHblX ce~eHHii ~a.;i.io.zieil~BHll '18C• 

: THU c HYK1IOHa~n' 11 "n~~~oToane~~-~~~• ~~ciep~~,;, ~i<>~lllH~H a ~~ ~~~/ H 3~BH-, 
• ,'' ·• ··•.·· ·-.~ . •,;-" •;. ,: ;,• -.·. -,., .' :"t ·~ -· ·)'•',;: ~••• ;-'.,''.'.·:.'.··•~ :. c,·_.';·•~•,a.,·,_ .c,_, . ..__•_,.,. 

c11Mocr11 i-ai11x·ce'lett11ii OT HMnynbca·c-ranic11sa1011111xc11 '-18CTHU. · · •· · · - · ·· ·' 
Ilpll Bbl'IH~eHHH n~o6era '18CTH~~ BHYTPH ll.zipa paCC,.;8TpHB8eTCll B38HMO.D,eiiCTBHC. 

' . . 0 .•... . . •' 

13 



C 

c Hyxnou·aMH H0

clj>opMHposaitu1,1,.jit KJiac-i-epaMH. ~npoTona, .D.BHJK~eroc,i B riOJie ll.!J.Pa_ 

C ~HH~'l~KO_li 3Hep~Heii T, Bep0llTHOCTb B38HM~.D.eiicisitll Q 330HCb1B3eTCll B eiu'te: . 

}Q. = P1.{<P~O,;,_(f):+ cp:aff(1) + cp,.a"'(f) + a:.. rn}, .· 
: ~ • •• - •• • ' - '. :_' •• • • s '; • • .;· 

. r.11.e pi •.IDIOTHOCTb HYKJIOHOB·B· i-oii 30HC, O'pn H O'PP_ • ceqeHHC B33HMO.D.eiiCTBHll_C BHYTPHll-

• .u.ep~hlM, tieii~~CI~ H , npowH~M,, . ~·,.. -. CC'ICHHC B~8HMO.D.~HCTBH~ ._c a-KJiaCTepoM, O' :.. • 

ce'lenue "no.D.XBBTa" .. - npouecca, -npiiso.D.llu.iero K 06ie.1fo11euu10 npoToHa H YpHToua, exo

. .D.lllUCfO ~ coci~~ ~pa, H o6pa3~~11HHJO a-timu~bl, cp., ipp: ~~ • OTH~CHT~bHOC 'l~CJIO Heii-
- .. - ' - . . . -· . . ·. . . -- ... - - - . - . - . .. '• 

. YpOHOB, fipoTOHOB H a-KJiaCTepoB B ll.tJ.pe. 

. . • ·•· ... ~ ~;6yll(.tJ.e~HOii . a•'l8CT~~bl ;3CCM8YpH~aeTCJI npouecc ynpyroro paccellHHll H 
.. - • " - ' • ~ - • , ' • • • • 0 • • •.' 

p83eana_npH B3BHMo.u.eiirnifu-.c· BHJTPHll.ilepHblMH HYKJIOHai,m; Ce'ICHHll _ B38HMO.D.eiiCTBHll 

· ~yxno~~-c a,'laCTH~eii pa~'IHTblBaIOT~ll c no~OIUblO npu6n.uJKeHHbl~ ij>opM~n, nony'leHHblx · 
;- . . . ,. ·- ' . . . . . . .. . .. 

HI OCHOBC 3KCnepHMCHT8JlbHblX H oueueHHblX .tJ.8HHblX npn 3Hepru,ix Bblllle 14.M3B 11.u.aH: 

I ~bl~ 6ii6nu0Tei11 JiPOH~-2 B_ OOJl8CTH 6onee Hll3KHX 3Heprnii: . . ' . . . . 

Ilpu onuca~uli BHyYpnii.iiepH~x BJaHMo.u.eiicrsnii y'lnTbi~a~" npifHtinn Ilaynu u . . _.. - : ~ . . . . - . . ' ,. - . . 

oi;paHH'ICHH~ ,Ha op(5uta.nbHMC MOMeHTbl '18CTHU, K8K B H}'KJIOH:HyKJIOHHblX, T8K H HYKJIOH- · 

a ':J'OIDCH~BCHHR~. ?(apaKTepHCTHKH 11a~~u. ~pa3ywiuuxc,i n~ti p83Bane a-'la~Hllb; · npu 

C'fOJJJ(HOBeHHH'C HYKJIOHO~, onpe.D.ellJIIOTCJI npu6J1HJKe~H
0

0; s npe.u.nonoJKeHHII,. 'ITO HYKJJOH . . ·-. . ., ,. . .. . . -. . 

B38HMO.D.CHCTBYCT c'oilHHM H3 HYKJJ<>HOB, BXO.D.lllUHX B COCT8B a-'laCTH!lbl •. 

; .. OTHOCH~bHOC 'IHCJO (l-KJiaCT~poB (J)u it a6con~THoe 3H8'1CHHC ce~el!Hll no.nxuarn 

· .. a::~ sbi6upa!O~JI Ta~H~ :o6~a3~M, 'IT~bl o6ecn~~Hi~ cornacue pac'ICTHblX crieKYp<>~ a~< 
. .. .. ·,,__ :, . . ., , .-

'18CTHQ, CllCKTPQ.B HCnycKaHHll HJKJIOHOB no.u. 6onbWHMH )TJl8MH It 3KcnepitMeliT8JlbHblX 

;~~HblX: 3~ep~H'l~K~ll-~a~~~~~~~ ce~e~M a:.: O~pe)lciul~Cll. B ~iB~CTBHH c. pac-
.. ; . ·,,·:··: .. ,,· ,. ·-. .. . . . , . . . . ' . ·,;' ' . ' i 
'ICT8M.H ct,opM-cl>aKTopa F1,3 if 3KCHTOHHOfi KOaitecueHTHOH MO.D.eJIH no.u.xearn. .· . . . . 1 
. _' ·. t Ilp~~Jlll~~ -~;~b;~T~ Bbl'IH~~H~ ~HepreW'l~~~X (:neKtpOB .H .D.B8lK.D.hl; .D.~(j>~ 

.. :;;~m~~~:7~~:~~-:t~)·~ -
' ~ a6comonl1,1e BCJIH'IHHbl pBCC'IHT8HHhlX

0

Hep8BHOBCCHblX a-cneKT))OB cim6o 38BHCllT 
"·., .. -< ""'•.f."•'_'\·'•., : •• '"',·,. T •-:-_.,'-i"'(.:,·-:,•1-• ,:_., __ ,:,.- .'-.,;.· ... ,.. .. ,. --.. 1 

·•-,.;:·•.~_._;,..•: 

, OT ij>opMbl pacnpe.QCJJCHHJI KJl8CTepoB, BXO.D.lllUHX B .COCTaB ll.D.P8,.no HMnynbcaM; . . , , .·· .. _::·~-_.,··:::,'•.··'.:-·', ·;· ·•.:~ ' .. ·:·-". ~,---~. •.~<"- .-~~_\_-~;·-;_ .:••··t'.,._.:: .. -·-. ·-··i'c:. 
,. 
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eii 25. - 90 M3B, paCC'IHT3HHble Ha OCHOBC K8CK8.tJ.HO-HCD8pHTCllbHOH MOAClllt. CrinowH8JI . 
rHCTOrpaMMa • nOJIHblfi cneKTp, nyHKTHpHWl rHCTOrp8MM8 • ucnapHTCJlbHLIH cneKTp. . .. 

15 

i,.-, •. ,_.,,. .. 



: .~ Bbl6HB3HHe a.-iiacriu.t B pelyni.TaTe' ynpyror~ HyKJioH:U B33itMO.lleiiCTBllll urpae-r ' 

B;~pOCTerieHH)'lO pO~b B cflopM11p0B31111H HepaBHOBeC~OfO a.:cneK;pa ~pH 3Hepn111 nepeuq-.... ·. . ' . , 

· HblX qaCTHU HHlKe 100 M3B. CneKTpbl, Bblqm:neHHLte B paMKax·Mo.t1en11 Bb161teaii1111, HMeJOT 

"npoean" B cpe.11Heii qacrn, xa.paKT~pHblH TaJOKe AJlll no.nxo.noe, OCIIOB3HHblX Ha HCDOJ!bla:. 

B3HIIII npe.a~aB!fOBec~o~3KCIITOHHOH MO.neiin: Hau~~ ;aM~Hblii eicna.n MeXaHIOM Bbl6H• 
' ' 

. B3HIIJI .nae-r B lKeCTK)'lO '13CTb cneKrpa a.-qaCTHU; ,: 
. ·- . '. ;. .· ; , . .. . ·. . . 

• ynpyrue B33IIMO.lleiiCTBIIJI' HYKJIOHOB C "npnroTOBJleHHblMII" a.-qaCTnuaMH OK33bl• 
• • •· • " • I " , C • ~ 

B3IOT 33M~Hoe :BJllllllllle H3' J.;HCCIIIO IIYKJIOIIOB . np~ Gon~WIIX 'yrnax, BblJleTa. Cornacue 

pacqeTHblX' H 3KCnepuMeHTaJibHblX cneKTpos HYKJIOHOB 33MeTHO ynyqwaercii npu pacCMOT• · 
··- , __ . ,· - ' .. _.:. - •. ' ' 

peHIIII T3KIIX n~ueccoe; 

• KOppeKTHoe 0DHC3Htie 3KCnepHMeHT3JlbllblX cneKYpOB a.•'13CTIIU B peaKllHJIX no,n . 
-~, .. , . ·_. ·-... ·i ; -- :_. ' . ' 

.zieiiCTBHeM H)10IOljOB c 311.eprueii .110 coreu MlB MOlKeT 6bl_Tb .z:tOCTHrHYTO TOJJbKO npit. pac-

CMOTp~HHH iulyx'ocuoBHblX M~X3~~3~oao6pa30B3HHll a.·'13CTHl1 B nponecce ,Bbl6HB3HHJI II,, 

. no.nxeaya;-. 

'PaccMorpelia ponb o6~~i;;~ii ll.z:tp~ c MaJJbIMH nnoTHOCT~MH e cf>OpMupoeaumr ue-· 
, .. ,. . ' ' . . ~ .. . . 

' paeuoiiecuoi-o a.-cneKTpa. Mci.neii11poea11.11e BHYTPHllJJ,epHblX npoueccoe im pamuiiHblX. pac- . 

CTORHHJIX OT ueHTp8. ll.z:tpa flOK83b!Baei, '!TO: o6pa30B3HH; a.-qacrm.i, HC~ycxaeMblX B peaK• 

UHJI_X rio.n .neiiCTBneM HYKJIOHOB C 3Heprueii .no. coieii M31J, npOHCXO.z:tllT B OCHOBHOM B pC:. 

,, 3YJJbT8Te B33H~oilefiCTBitii B o6naci:u C TIJJOTHOCTblO 'p < 0.1 ~: (po ". ~OTHOCTb HYKJIOHOB B 

ueiirpe 11.z:tpa).: 

. ,llnJI npa!c'r'ffqecKHX BbiquCJJeHHH Hep3B110Be<:HOrO KOMDOHeHT8 ceqe11HJ1 BblXO.z:ta a.• 

qaCTHU nJ>imnoll(CH npoCToil npu6n11iKeHHblii:~o.nxo.n, OCH0B8HHbliiHa ll~~OJJb30B3Hllll aua..: 

JIHT11qecK1ii ~OOTIIOWe~uii MO.zieilll •iiapywe~Hllll.z:tepH~IX CBJIJefi". 0 
: ·. ' - ' ' " ,' .' . ' ': ·, .· . , ' ' ," . ' .. ' ,' ' :--
' B. 'lelllepTOH rnue npe.nCTaBJ1eHbl pa3pa60Tau11&1e np116nulKeHHb1e MeTO.Ubl pacqera • 

ceqemiii uepublx peaicuuii np~· np0Me)K}'roq11bl~ 3Heprullx. · 

'p33.nen 4.1 noc~lllll~H C03.ll3J!HI0°11pu6JJHlKCHH~1x' M~W.ziOB BbJql!c~eH.~ll cetiemtii 'ii1,1~ 
.. ·, -- ' . .,' . ' ,;. ., :· . . . ' - ... · .·.- ', . ~ . ,_.. - .:.. .. ". -· . . . - ·,-. ) ; - ~ 

XO.z:ta nenrnx cflparMeHTOB B peaKQllllX no.z:t .z:tC:HCTBHCM HeiiTpoHOB H npOTOIIOB npll :mepnlllX 

· o-r noporipeiuctiuii .n'o 10 flB. Oc~~~uoe BHHMa~ue y.neneHo o6paJosaH11i/rpuT1111 B peaK• 
• j - ,,~, • • • • ' , • ' ' , • ' 

UHJIX. OnopHblMH '.nauHblMH Mll' nocrpoeHIIJI 3H3JllfTHqecKHX BLIJ>8lKCHHii: OTil!Cb1B8!01UHX 
' ·. , ' '·_ ·'· '; . . .- -. ' . . ~ .. - , . ' ... - ~- . •. - { •, ,,, .. ·. ' ·- ' 

ceqeuue s1,1xo.na TPHTHJI, nocn~imu 3KcnepuMeHTanbttble JHaqeHHJI ce11e11.uii II peJynbTaTbl ;,. 

'. • pacqe-roe, Bb!non~euii1,1x Ml! (?on~ tteM 7.00 ~a611J1bffblX uep ';,y C ·.no Bt Pac~erbl 6hmH 

. npoBC,!leH~ ~a ~~oee K8CK3.z:t)f0-H~~a~~~b~Oii MO~eJIH ~ ytt~,:; Hep~BHOBecH~li 3MH~~H 
':;p~~~~·9~. i.• ,"·' '''';•-•;~~~',\:r:,,,;~,Y-c'.:;1t:·('::·· .. · :, ·.·u.i·' ~, ;_; 
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B ocuoey napaMerpmauuu ·uepasHoeecuoro KOMrimieuTa c~~emtll ~hl~o.na ·rpHTliii 
- . -. -: -- ., -•.; ·--· -,, -.-. - . .:, 

(cr,J>t'C) . no~olKeHbl . 3llaJJHTffqecKue . Bb!palKeHHll Mll, pac~era .. ,.a,~_ !'a OCIIOBe . ~o.nenu 

"uapyweHIIJI J1.z:tepH1,JX CBJIJeii". ,IJ;onOJJHHTCJlbHbJe MHOlKHTCJlll ese:iteHbl B «t>opMyny Ml! a.in, 
qyo6b; .nocr;,% cornac1U1 C 3KCnepHMeHT3~bllblMH' .z:t8HHblM~ ~o B~~o.uy Tp~l~~ HaT~)K; 

' Jlb!X upax II ne~.z:taTb noporOBblii xapa~ei>' ceqeHHJI CJi"':'.:<I>bp~yna wpac~era ~~napu

TeJibHOro' KOMflOll~HTa' ceqeHHJI BblXO.z:ta\pHTH~ nonyqeffa ~- DOMOlllblO CT8THCTffq~KOH MO.:. 
,ACJIH BaiitKon¢a; . ' ' ' ' . . ' • 

- -: ~ -
ITpHBO.z:tllTCJI ncinyqeHHble cf>opMyJJbl 11, peycoMeu.naunu, no HX; HCfl0Jlb30ll3HHIO MJ1 

oueHKH·ceqeuuii BblXO.z:ta TPHTHJI npH 06nyqe11i111 J1.z:tep-oi C.no Bi Heiiipouat.iu H npoTOHa

'Mli npoMelKyYO'IHblX 3Hepritii. 

Ai1anont'IHblH npHHUHD nocrpoeHHli,np~6JJHlKeHHblX <WPMYJJ.H~Il0Jlb30B8H .z:t)Ill nas 

paMerpuJa1111~ ce'leuitii ~6paJosa~11J1 ll.z:t~P 3He .11 a.~qa~uu ~ Mepublx pea~uffllx. . ... 

>a pa~~en~ 4.2' cinucaH np;JtnOJKeHili.1ii np116~uJKeHHi,1il no.nxo.n JmJI P\!Cttera ~qeHHH 

c1,1eme~J11 3T~MOB B ynpyTIIX B38;Mo,neiiCTBHliX C japllJKeHHblMH ,qacrum,1t.i11; Mccne.ny~II' 

BJIIIJIHHe, KOTopoe OK33hlB8eT c~~col5 pacqcrra cf>yHKUliH pacceRHHll}(t1n), onpe.neJIJ1.I01lleii 

. .nmjxpepeuuuanbHOe ceqe11.11e B33IIMO.z:teilCTBHJI l~plllKCHHOH '18CTHUb; C 8TOM8~11 B~mecr~a. 

Ha BCJIH'IHHY ceqeHHJI CMemeHHJI 011<,1: IToKa~an~: '!TO l{Cfl~Jll,30B811He cf>y~KU~H Jluim.xa~.n~~ ,• 

, ' Hlin~cem1-Wapcf>cf>a _ 11 3~nup1111ecK11x' 38BHCIIMOCTeii .z:tJIJI pacttera f'(t•i> .na~ 6JIH3KHC 3118· 

. tteHHJI BCJll!qffffbl Ode(: KaCK3.llH3JI 'cf>yHKUHJI B DH.Ile TRJj-cyau.napra II no.nxo.n Jluil.nxap.na- . . , - . . ., ·. ,,.• . . . . - .:;, . 

• HHJJbCeHa-Wapcf>cf>a npnMeneHbI, Ml! ~OJiyqeHHll npu5!1HlKeHHblX · 'cf>opt.iyn, ·. on11.Cblea'10111ux 

ynpyrnii KOMnoHeHT ceqeuuii CMe111eH11~ 8TOMO~ n~~ :iieiiCTBI!eM ~apll~~H,Hblx' qacruu i'~vs . · · ,. ,,, , ' . '• .-, •> • ',·"' - ,,·, , • l•, \. '. , •. '1 '. " ~ : '' . '!., • · • 

4. 

Pa1.zien 4.3 n~ce~meH co~.na~HJO ciici-~a~HK ceq~HHii ;eiiipo~H,blX noporOBblX ~ 
8KUHH: , ' ,, ". > _, ' . •..... :·,.; .;,': ' ' :· ' : : <~ 

,;; PaJpapoTaHbI HOBble npu11.u11n1.1 coJ.naHHll cucici.rarnK ce11e11uii,'onupa10muecJ1 ua ·.· 

ucnon~;9ea11ir~ ~~e;~;suoe~H~-~~na~11Tenbuoii ~o4eii~:' ~-, ~ci~~fu~~ ~H~HT~iJecKHX . · 

Bblp~iHHii ~: pacq~a. ~neKYpO~, ~a~HU ;a ~~oici 3~C~TO~~~R-~oieiIH' II "JaM~~~~H 
~_,--._, __ ·:· ;~·_-.·.._ ;· •· . . :_,·,:_ ... ' .. '··•:· .;_ .. \· ;ii':_ ...... ~·-,~'CT._: y - •• ~_;,·, •• ,·_ ···_..-,•~~-·-~--

A>()PM,e~ ·.nonyqeHbl npit6moK~HHbJe cpopMym,,,·.om1ci.1ea10m11e npenpaBHOBecHblii K0!,1110-' 

. ;e~T :cette~~ii, il;ltrpo11~~;~. n~roii~;; peaKQHii. )J.nii ~aKQHfi ~'o6p~ioea~HeM ~"ai~i.ix · 

'~a~~~ (d, ~. 3He, a.) .np.u ~~~o;~ ¢oiMyri '~;~:mb1rieanacb -~K~HT<>~~~ll 'Mo;~"' ri~~a~~. 
.;:{·,, ... ~.:-·£,~ _·:...: /~·-;, .. .''· •,,. ·., .,.: "-~~•.-:>.-,,_>--1.··:.;.,'..\_>_ .. - '~:-.,.--.~~:i-.~·-•.:,,_·_-:~:·.·:./,c, . -.~':'--,-~;~ ';•-,'.-~·-·>-

paCCM8YpHBanCII _npH_M9ii KaHaiI 9~paJ0BaHHJ1 BTopuqni.ix ttaci'itu;. ITpJit.ieHeuue .IUlll Bb1B0:: 

,'; ll~ ';ripn6nu1~im~x cpcipMjri ~16p~~~ij '\:~~e'n~ 'H ;K~~to~H;ii '~Jiieri~ .· B' -~a~KHyroii" ;• • 

'~~i.i~' ~pHBO.ll~T. ~ ,o;~H8KO~H 3~~HC~M~~' Hep'asH~BecHoro . XOM1I,OH~~1i. ~<i~1i11ii' ~ .. ' 
_·J,.-~·~ .f;:~,.~;.·_~.;. ~,, .,_'.';:, •·-1·_;, -· 
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;;. 

xapak:epHCTHK ~poreKa10,mHx npoueccoe • 

• •. C noMOll(blO MOJlCIIH BaiicKonq>a nony'leHbl ll.HllJIHTH'lt:CKHe e1.1pa)l(CHHJI ,l1JUI !3bl'lllc,; 
. ' ' 

IICHHJI paBHOBCCHblX cneKTpOB ucnycKaeMbllt B peaKUHJIX 'IHCTH!l- ' 

, •· . 'npe,11CTa~eHbl q>OpMyiu,1,Hcnoni.3yeMbl~ .tirni COJiiaHHll cuc'reMHTIIK 'ce•1e1111il ileii

TJ)OHHbllt noporoeblX pea~Hii npH 3Heprmr OKOJIO 14.5 M3B. ' 

PeaKUJ;II (n,p); Ha ocuoee n~y'leHHblX a~aiJHTH'ICCKHX BbtpalKeHHii, onHcbrna10m11x . 

WICHHC peaKU~H (n-,p) H cpop~y;hl Mace ,WlJI no~oemui cuCTeMaT~KH npe.11noJKe~a 7-MH 

napaMeTpH~CCK8JI nOny3MnHpH~CCK3JI q>OpMyna, KOMnOHeHTbl KQTOpOii OnHCblBaipT BKJI~ 
- ·. . .· ., : - ·- . ·r _:' . . --: - ,. , ,, 

. npe.npilBHOBCCHOH H paBHOBeCHOH 3MHCCHH B CC'ICHHe peaKUHH (n,p ). 

,lvlJl oripe.11~eHHJ1. 3H8'1CHHii napa~erpoe . npe,nCTa~eHHOii. q>OPMYJibl. HCnOJibJOBa

Jiacb 6H6JIHoTeKa ce'lenuii peaKUHH (n,p) npu 14.SM;B ,WlJI 159 ll,llep c A ~ 40 -209, ~ony

·'leH~blX HJ 8HllJIH38 paJJIH'IHi;;X 3KCnepHMCHTOB.' :la ocuoey 6H6JIHOTCKH ,Ta~iix CC'ICHHii 

6blJIH -BJUbl cymecTB)'lOlll~e KOl,tnHJIJIU~H, ~ 24 ll.llep .11auuble _ 6b1JJH '. nepecM~TpeHbl HnH 

,. ,ll06a~CHbl_ B 6116JIHOTt:KY, HCXOJlll. HJ pe:3yni:raroe 3KcnepHMCHTOB, ei:monH~H_HblX B ,Te'le- . 

·anH nocne,11uHx ner. 

8 pe3yni:~aTe 110,llfOHKH napaMerpOB npeMOlKCHHOii q>OPMYJibl K 3KCn~HMt:~T~b

HblM Q:'ICHHJIM. 6bl!la nonyqeifa. nony3MUIIPH'ICCK3JI 'CHCTCMaTHKa. ce-ieHHH. peaKUHH (n,p) 
npu 14:5M3B:. . · ·• · · . · · · . · 

a(n,p) == ,u-J(A1I3+ 1)2{A Lll2l(l.1242 s~ -. 0.73212s .+o.11101)3+ 
+o.4936 e~1f 1~4.69 s2 

.; 5;311ss)};-- · 
. ·- t, . ,'·.· -· ' . . 

·. fJle ro =1.3 ctiM'; S ='(N~Z+l)/A, N, Z,A-, cooreer~iieu110, 'IHCJIO ueiirpouoii; npoTonoe H 

HylCJIOHOB B ilJlpt,-_MHWCHH. '' ' ', . ' . . 

. . ; Ilepeoe cnarae~i:ie B yica3aHHOit ·;po~Myne oirncbleaer B~a]l ripe.11paBHO~HOH, a 
' •" ' , . ' ' . , ' ,, , ' ·. ' 

eropoe- paenoaecHoli 3MHCCHH npo-roHoe lfce'leHHe peaKUHH (n,p). ' · · " · ! 
,,. ')• ,- . ., .- . .. ,, -· - . ' - . " -

IlpoBC)leHHOC 'cpa11ueiiue paJJIH'IHblX CHCTCM8~H~ IlOK~3LlBaeT, '!TO IIC>JI}''ICHH8JI nO.: 

ny3~nHpii~~a.11 4>opMyna TO'IHee ~ej,e]l~e'.r 3KcnepHMeuianbubie 3Hll'ICH!m me~itii (Ji~eer 
••• ' • • •• • - • ·- - ~. ' .• ,_ " - + • '·, ••• • .- -· -

MCHbwee 3Ha'leuue_ x2); 'ICM. npe,ivioJKeHnble pam:~ ;tpyrn~m aDTopaMH 3MnHpH-ie<:Klte en-
,~ 0 • , • ': • > •• ,• ~ > • • 'f , •, • '. • C• .- "• • • ; • • + • 

. CTeM8THKH. OrMe'laeTCJI; 'ITO HCIIOJlb30BaHHe nonyJMmlpH'lecKOli CHC!CM8THKH 1103BOJIJICT 

' '6mtCblBl1Tb ~;; T~bK() 3ua'leH~ ce~euuii pea~uH~ (n,p), 'no raae H 3KCnepuMCHTllJ!bHblC 
.- ·- .. ,· - -, 

11KJia,11bl nepaeuoeecu&1x npouecco~ e _ce'leHHe peaKUHH. ~ 

. Pe11KUHJI (n.g); Ilp~ nOCTpoeH.HH CHCTeMaTHKH CC'ICHHli peaKUHH (n,a) npu-'14~5 M3B 
• , • • .• ••. ~ . ~ ,-. •. l - • • :. • • -

, paccMaTpHeanac& npe,11pasuoeecu8JI H_ HcnapHTeJibH8JI 3MHCCHJI ci-'laCTHU HJ J1,11.ep, a TaKlKe 
. ., - .- .:.t" , • • . -•• .,. . + 

o6pa30B3HHe -~-'IIICTHU B ~YJI~TaTe u'p.111.ioro npouecca. }fa o~uciee n~~3M11HpH'ICCKOH 
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q>0pMy~b1 Mace ycrauoeneua 3as11c~MOCT~ 3<p<pC~rHenoro nopora pea1euuu(n,a) OT qu~a · 

iteihpoHOB II npoTOHOB B ll,llpax: C ucnonb30D8HHCM nony'leHHbliBb;palKCHllli ,WlJI Bbl'IHC~ 
••. r. •'.'" •-• • •• • • + ,, • ,,•• • •• • • ,•• • - • ••• • ..;._•• 

JICHHJI ce'lelfHJI peaKUHII (~.a) 11a O<:HOBe npe,11paeiiosectto-11cn~pHTCllbHOiiMO,llCIIH 3anuca0 

• Ha 12-TH napaMCTJ)H'le~':<all cpopMyna, onucblea10maJ1·ceqe1me 11anttoii peaKuuu, pa:inu'luwe' 

KOMIIOHC~Tbl KOTOpoii OTBe'lalOT BKJia.QaM H~pae~oeecuoii H paenoeectt~ii ~MHCCHH B fC'IC-

HHe peaKUHH. ..: 

;inR nocrpoem1.11 CHCTCMaTHKHnpe,nnolKeHa T~KlKe6onee npocraii 7-Mli napaMCTpHs 

'!~Kall ~~aeHaJI cpopM;na: cornacu~ KOTOpoli o6;am ~CCJlCJlYCMbllt Jl,ll~ P~J~HBaeTCll ~a ., 
,t~a nHTip~ana c ar~~IHbIM HOMe~~M ~eHbWHM II t5onbw~M so: ~ ll,llep c Z s 50 li~non~-

3YCTCll J!LlpalKeHHe, onucblsa10uiee paenc>eecnb1li KOMnoueui ce'ICHHll,, a ,lVIJI. JIJlep c Z >_ 50 

Hepaeuoeecublii KOMnoueur: IlpH no.ifronKe:K JJCcnepHMCHTanbifblM ,11aiiHblM __ oKaJan~b,. · 
' . . . . .. 

~;o 7-MH napa~ieTpH'lecKaJI cocr~ima.11 <j>opMynaHMeeT MCHbWee '3Ha'ICHHC x2; ~CM 12-TH 
' • • < •• 

napaMerpH'lecicall. : · 

' Ilpn '110,llfOHKH napaMCTpoe CHCTeMaTHK 1icnonb30Bl1Jlacb. 6u6m10TeKa CC'ICHHH 'pe-

8KUH~ (n.~) ,WlJI 120 ll,llep c A =;= 40 - 209, nonyiienuhlx 113 aHanHJri· 3KcnepHMCHTIIJlbH&ix · 

· ,11aHHb1~; 55 jua'l~HHH ce'leHHii, BKJIIO'le~HblX e 6n6nuimKy, 6.;vm 3aHMCTBo~aH~ H3 cy

mecrey10mux KOMllllJJJIUHii iaKHX CC'ICHHH, o~eHKa c~~e~HH ,WlJI 65 ~ep 6~~ si.monueua 

Ha_ OCHOBC 3Kcnepiii.ieuTWibHbllt J{8HHblX, nony'leHHblX B. TC~CHHH. nocne,llHHX JICT it' co.11e~ 
·.. )lc'amu.xcll ~- EXFOR . .:~·; - ' ' -

. Ilony'leHH3JI 7-~u napaMerpH~ecKall cpopMy~a TO'IHe~ onHCbleaer 3~cnepHMCHT~~- ,. 

Hble 3Hll'ICHHJI C~'ICHHii; 'ICM npe,llnOlKCHHblC paHee 3MUHpHiit:cKJe CHCT~MHTH~H. HMe~m~e 
; 6on&wee 'IHcnO CBOOO)tHblX n~paMerpcie. . . . . . , . • . . . ' 

" ' " . . '\- . 
• ,; ,, PeaKUHJI (n,t). ,lln11 noCTpoeHHJI CHCTCM8THKH CC'ICHWI peaKUHH (n,t),·nporeKa!Oll(eli ,, 

lfil ~pax c A. :,:'40 npH, 14.5 MlB, ,llOCTa;~'IHO pa~t.iorp~b TOJibK~ Hepae~OB~Hi,di K~M

UOHCHT. CC'ICHHllp~~KU~II. Jb-Ja cymeCTBoea1111J1' 3H8'1HTCJibHblX pmH'IHii B BCIIH'IH~e ~ 
>'qeHHH O y 'JUiep pillHOii 'ICTH~H ,WlJI nony~eHHii npn6ii11JiceHHblX ebipa~eHHff, '~nHCbl: 

~aiomHx • ceq~HHe peaKUHH,', ueo6xo,llHMO · y'lecr& 3$cpeKTi.i cnapH~aHM .. npH 11w~Hcneiin1t 
C . ·' • -. . , "· ·' · . •• • . · · . . · •· . , C, ., ·' '' , , . , ·' • , , . 

' nnornOCTH 3KCHTOHHblX COCTOJIHHii. PaccMOTpeHHe _Ta1e11x 3qlq>eKTOB, a TaKlKe pa3JJH'IHli e. 

. ,.Be/lH'IHne 34>¢eKTHBHoro nopor; peaKUHH y ll.!lep pa~noii _ 'ICTHOCTH no3eonHJio ycraHOB~T~ 

o61U)'K> ~op~1yny kii nocipoe_~IIJI C~CTeMaT11~ceqeiuti1pe\lKQltll (n,i>,,: '·:' • .. ' • , '~ • , 

:: _·. Cpaene~ue: npeJim~eHHOU-~o:ny;M~H~H'l~~~H,CH~~MiiTitK~ C npeMOlK~lfHb!_M~ • 
•'•~•, :;~_,•,:,'c'c••,-. -~- .. ;.'"'>••:.::.,, •,- ::;'(i<~ .... -:;.~••,•;•,•.•~>':.•: ;-~:.-- •,."_••- •' _,- •,,-~•:.-

•, paH~ 3MH!IPH'ICCKHMH Bb1p8lKCHHJIMH, ,YKa3blBa~, Ha !_1J:)CHMYlllC:CfB8 nony'ICHHOli C!ICTCMa- · . 

~TliKn: n~p~~Hputiec~aii CIICTC~~~HKa ~iie'l~~a~-~y;w~ O~H~~ite 3!(~~ep~~~HTllJ!b- '.. 
--.. -· - . _. ,.\"-; - . ·-;_,:':::•- "? '.,.''l-:_;· -,;c,-~ '. -~:<.i~_,_.,.--;,:. !',--.,_--,:.,: ,-- ~ ' - -

~.,_-{:'{- .: :_\ <_ ,.. <-~~ -.; 
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H_UX .zuiHHLIX ~ 003110JllleT OOJIY'l3Tb 6onee peam1CTH11ecime· 3ua11e1111ii ce11euuii ,Wijl 11ecra- ' 

6wi~ubix ~ep, 'leM :npe.nc~a3bl8aeMbl~ 3~nup11~CCKH~H ~11CTeMa~~KaM11 (puc.5).. . . 

. P~aK~Hll (n:d). IlocrpoeHHe CHCTeMantK~. Ha OCHO~e 3KCnepHMeHT~bllblX ce11e1111li 

npllBO.!lllT K fip<>THBOpe~iut~'. ~ npe,!lCKaJaHHll ceiieimii peaKQ;llf (n,d) B o6m!CTH _cpewmx 

H ~llCenblx ll.!lCP Heo6XO,!l~MO B .no~OJIHeHHe K 3KCnep~MeHTaJl~Hl,IM .!l3HHblM 11cn~blOBaTb 
, pe3yn~;~Tbl Teo~H'lecKHX pac11ero~ . ' , , , , 

. C ucnoriL1oaaHHeM npeAJiolKenHoro· ilero.!la pac'lera cneKYpoB 3MHccu·u ,!leiiTpoHOB 

B ll.AepHblX peaKQ~X nonyqe~bl; ce~~HIIJI peaKQHII (n,d) ,Wijl 245 CTa6HnbllblX Mep np11 3Hep

'rn~ IS M3B: J(oicaJblBaerc11, 'ITO ·,Wiji npaKTH'l~KHX B~~11cnem1ii Heci'6xO.!lllMO 11cnon1,30-
' . ' . . ,. . . ; 

~an. JJe caMH pe3yn1,TaTbl Teoperu'!ecKux . pac'leroa, a 'npe,iicKa1:iu1111 cuCTei.tai11'1ecKoli 

1epHBOii; nonyiteauoli u:i no,!lrOHKH K :iua'leHHJIM ce'!eH11il, pacc'111Ta1111blM c_n0Mom1,10_Teo: 

pent'ICCKIIX MO,!lCJieli. 'B K3'1eCTBe HnnIOCTpaQHII npHBO,!lllTCll pe1ynbT3Tbl T3KHX paC'leTOB II, 
,,., ,• •• ••• • • a,, ,,•• ' • • •• 

npe.a:cica1aHHJI nonyiieHHblX Ha OCHOae° paC'leTHblX .!l3HllblX CHCTeMaTIIK Ce'le1111il peaKQIIII 

, (n,p) ~ (n,a). IlpllBO~HTCll «popMyna,: peKo~e~;eMaii AJIJJ O[leHKII Ce'leHllll peaKQIIII (n,d) 

npH 3Heprii_11 15 MJB. 

.;;_ 
''O 10 • 
';,: 

::z" 10' 
ai = -
:t: JO' 

"' ::r 
~ 10 

1· 

10·--

Ni 

10·••+~~.-~~.,...,~,,-,,,-L,~~.,::,-..:..:,..~-rl 
40 60 .. _· 1 : 

. ...,-, 

\ 

, PHc.5 C~'ICHHll pe~KQHH (n,t) npu 3Hepruu l~.6M3B ,!lnll H30TOncia HH~enii. ~~etom~~-~er
uoe 'lucno HeliTpOnoa, pacc11HTaHu1,1e c · n0Mom1,10 · nony'le1111oli nonyir,m11pH11ecKoi1 <j>op-; 
wynbl ( cruioiuHas nuHHll) u ua116onee T(!'IHOli 3Mn11p11-iecicoil. <j>opMynbl ( c11creMai11Ka <l>op~ · 

. pec-ra) (nymcrupuas · n11HHJ1) •. P11cy110K-HnnlOCTpHpyer npeHMynieCTBa nonyJMm1pH'lecKoil 
CHCTeMaTHKH: ce'lettHii, npe,!lcKaJ1,1aaeMble 3Mn_upn'lecKoii <j>opMynoli: .ll)Ili .'on1oci1Ten&im -
nerKHX H30TOnos, DpCBblWalOT nonuoe·ce'!eHHC peaicQHli, "Ml! TlllKCJlblX 11301'0110B ceiieHHll, 
paCC'l~aHHble no, ~Mn11p1t'lecKOli «popMyne, omH'IHbl · oT IIYJ,lll, a TO apeMll KaK JHeprnll 
nepBH'IHblX HeilYpOHOB 14.6_~b1WC nopora peaKQHH. _ . . . , ' . 

20 

. : . ' . : ·' ' -ti.--. ,. < -- • ,, , ' i '• . 

PeaKUHil ~n.3He}. ,lvill paccMaTpHaaeMoli peaKilttH_ cymec~yer OTHOC~TCJibHO _He-_ 

6onbWOC _'IHcnO H3Mepemili 'ce'ICHHil npif 3Heprn11 oicono 14.5 MjB, n03TOMY J1JIJI nocrpoe
HHJI C~CT~MaTIIKH fipeJlllOJKeHa np~CTall .!lByx~napa~eTp11'1ec~as nOJIY3MnHpH'ICCKal! <j>op

M;na: IlpeitCKaJaHllll nony11e~11;ii <j>opMyn1,1 oia3blB3~~ll TO'IHee, 'leM 3MnHpH'lecKHX cii-
•• • •• - ••• : ••• ,- L • 

•CTeMaTUK. 

. Peaxu,ill ,~.2n) •. Ilp~,!l~aaneHJ,I ~ony'leHHble npH6nmiceHHblC <J>opt.iynbl .ZVIll oQeHKH 

·· .. ·. ce'!eH~ pea~UHH (n,2n). npoTeKaioiueli · ~a Mpa~ paJn~'l~Oli 'l~HOCT~ npu i4.S MJB: ~ · 
,·· n~CTJ)OeHHJI •· CHCTCMaTIIKII • 11cnonbl.Y~T~ll- '3KCnep~r.ieH;MbHble ,!l3HHble M~ ' 122 , 'leT~O:-- . __ ,. - . - . . - . ~- ~ -. . .. 

'leTHblX II He'leTHO-'leTHblX ll.!lep. a TaKlK~ pe3ynLTaTbl npoBe,!leHHblX Bbl'_IHcneunli C no- ' 

MOIUblO TCOpeTlf•ieci<'11x MO,!leneil Jl,Jlll 'l~TliO~He'leTblX ii iie•leTHO-~e'leTHl,iX ~,!lep. 
' . . .. ' : - . ... . . . . - ,. , ·. ' 

, ~- ITpe,!lnOJKCHll~II CHCTe,.;aTHKa IIMCeT MeHbWee ]H8'1CHHe x2 npH onit~aitiia' 3KC~epu-. 
~ . . . . - . 

-- MeHTaJibHLix ce'lem111 no cpaauemuo c .!lPYrHMH ciiCTeMainKaM11 u .a oin11que OT HHX npa

. BHilbHO ;ocnpoH3BO.!lH; H30TOnH'letK~ 3aeuci1MOCTI, Ce'leHnli If pa:iiin'IHR B ~H~HHIIX 

~~~eHHil y;~ep pa3Holi.~~HOCTH: ·• 

-- . 'Peaku~lll (n.~p). BbIBO.!l np116n11iKe~11i:ix 4>cipMyJ1,' nonOJKCHHblX 's OCHOBY CHCTeMarn~: . ' 

,_ KIi, npoBe,!leH .!lnii .!lB)'X rpyrin ll.!lep, COOTBCTCTBYIOUlHX p~3nH'IHl,IM COOTHOWeHltllM ~CJIC.!lY . ·. . . , : :_ >· ·,. ·_ ' ,· . - ·. -'_· _:- .'. -_. .. ~. . . ' ·:.::_ -. ' .. · '-··~· . . :·.' : . · .. 
3HeprllllMH OT.!leJICHIIJI ueilTpOHOB 11-npoTOHOB B 11,!lpax, BwnonHeHHblil 8HMH3 YK83b1B8eT. 

. ·.\•(. .··, .: __ :'. "'.•:·,-: ~ ''. .· ·.. -• . :::·· . . . \. ·_ . ': ' '-·:~ - . :j. , -- - ·.. : '.' . 
. Ha TO, '!TO .ZVIll o,!luoli rpynn1,1 ll.!lep'npe,!lpaaHOBecHblli xo_Mnoueut CC'leuu11 peaKQHH (n,np) · 

npu 14.5 M3B 38MCTHO npea1,1waeT paBHOBecHblli; a y BTopoli ..- ~~6n8.!laCT BKJlll.ll paaHO-: 

aecuoli 3MHCCIIH B ceqeuue peaicu1111.' c Y'ICTOM 3TH~ 06crollTCJI~B H C ~cnoni.l~aaimeM 

-~~JJY3~nHp11'1CCKOH ¢opMynbl Mace 'iiony'leHa ~TH ~apaMe+i>ll'let~illl 4>6pMy~a ~ ~llCHK~, 

CC'leHmi iaKLtHlf (n,np). ;, 

Cpaeu~m~e· c .!lPY~HMI; c1iCTCM8THKaM11 Ji. pe3yn1,TaTaMH pac11eros Ha OCHOse npe.zt

paeuoaecHoli ;KCilTOHHOli MO,!leJIH H'MO.!l~H Xa0epa--<I>ew6axa no~a3~Ba~ •. '!TO n~~ 
lKe~uaJI <j>opMyna HaH60JJee TOqH() ·~~'u~blB;~ 3KcnepitMeHTaJlbH~e .!lll~-Hl,le •...• ' , , ·. . , 

,i :, J(aJiee B 'leTBepio; rna~e 06CYJK.!l8eTCll Mb TCpttatiuiHblli Hln~lKeHl{O~ BblWC MeTO.!l 
- . .• - . . . ' ' •. . . - . , ~ 

noCTpOeHHll 'cnc-rer.iaiHK; OCH0B8HHblil Ha 'm:~Mb30B8HHH 3KCnepur.teHTanbHblX Mace HYK~ · .. 

n~o~ H Y,'leTe o6on~~e'IH~I~ .3<p<j>e~TOB '11 ;<J>~eKTO~ <:nap~B~HHJI' s·: ~OTHOCTH ri>oaueli 
-"~,- "" ' :;_;,.: • - ., ,_.: : __ '. u '•,: ·~ •• > .. ,._. . . . .·. :· - .. _,· · . ., .. -\:··:.·: >-,·._ ': -
B036ylK.!leHIJOli Jl,!:lepuoil CHCTCMbl. om,caua npeJlllOlKe_HHal! CHCTCMaTHKa <PYHKQHU B036yllC-

;:ieuu~ pe~K~HH (n,p) npH 3~eprnix ,!lo 50 M3B.' . ,C :'> ·._ -- , : .- .. -
llma r.iiaBa nOCBJ11Ue11a '~3.!l8HHIO 6u6nuorelC CC~CHHli J!JtepHb!X peaKQH~ ,Wijl HC-' ; . · .. ·_:: .. :'·.· ; , . . ·. , > :, . J ,· '. ·, ' ·~ , , : . ",. ' - • 

cne,!lOB811Hll npoueccoa, O~OTeKatoll{IIX B MUep11anax IIO.!l .!lCHCTBHeM '18CTH1t_ npoMClKyYO,'I~ . _ 

llblX 3Hepnili. 

- , B J'a3,!leJIC 5.1 npoeo.niiTcll, 11ccne,!lO!JaH11e BO]MOlK~OCTell HCnC>Jibl0B8HHJI pa3nH'IH~' 
. ,. -·., -.. -·. ' . . . . ... 
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'reo~H~ecKHX MO,Zleneii ,ZlJlll n~ny'iel!~II ce•1e1mii 11,Zlep~blX p~aKJ.Uflt' np1i· npoMelK}'TO'IHblX 
'· .. ,, . ' . '· /'. : .- .~ . . ' 

3HeprH11x.-

.. ·. ··.n:JIJI -IOO-,CTa611JibHblX 11,Zlep npoBe,ZleHbl cpaBHIITeJJbH.ble pac'ietbl ce'ieHHII peaKUHii · 
, • . '. , '. . • - , -. ,. . I - . ,._ , , 

(n,2n), (n,p) H (n;a)_ c nOMOLQblO,MO,ZleJJH, Y'illlblBaJOmeit (MO,ZleJJb XaY3epa~<l>ew6axa) _H He 

-Y'Jl!TblBaJOuieii (~O,ZleJJb BailcKon<Iia) coxpaHeHne yrJIOBO~O_ M'OMCHTa II 'ietHOCT~ npH p~c~ ·. 

ri11Jte B036YJK,IteHHblX 11,Zlep._ Il0Ki1Ja110, '!TO _npn yCJioB1111. Heonpe.ll.ene1111ocr11 napaMerpoa 

MO,ZleJJeu H Bb16ope IIX 3~aqe11uil mi OCHOBe annpoKCHMaUIIOllllblX 33Bll~IIMOCTeil, CHCTCMa• 

;HK H-r.n:;·To'iHOCTb npe,ZlCKaJaHHii ceqeHHil C ucn9JibJOBa,1~11eM ~amn•J~blX IlO.lJ.XO.!l?~ Mil 

onHC3HHJI CTaTHCTH'ie<:KHX npouecCOB, a'Ka3bJB3etCJI conocralinMOH, 

HcCJie.noeano_ ~1111tt11~. ~oTopoe ~KaJWB~er cnoco6 ;bl'IHC1JeH11J1 nnprnocrn _11.Zlep-
. ' .' ·.. - ... 

HblX ypoaHeii ,Ha_ paCC'IHTb1B3eMble BeJJH'ilfHLI Ce'ieHllll ll,ZlepHblX_ peaKUIIH, npoTeKaJOLQHX 

npH npoMelK;O'illbIX 3Hep;~x. Pac~er nnorHocm ypoBneii ·npoBe.ll.eH _ 11~ ~CHOBe M~.ZleJJII · 

<li~p~11~;a3a 6eJ yqera 06oJIO'ie~HblX 3$~eKTOB C napai.teipoM nn'~~IIOCill a=A/9 H C no-. ' - ... , . . - . ' , ' ' . ·- .. ·, •' . - ., ... 
MOLQbIO o6o6meHHoil CBepxreKy'leii MOJleJIH, HepaeHoBecHall 3MHccn11-'lacrnu on11cbleanacb . 

c noMOLQb~ ru6pH.nHOil 3KCHTOHHOH .~IO.ll.e.JIII, Bb1'i11C11e11m1 ce'leHllii ni,oBe.ZleHbl ,ZlJlll 60 -

n~HHblX ·peaKUHii, ~poTeKa10mux npu 3Heprm1 .no' 200 M:iB, c qJi~oM eT~p~'IHbJX 'lac-
. · ... -. ~ .. , . ' . . . . ~ - ; '' . . " · .. · ' ' . ' ~. . - >.. ~- ... - ._ . :- . -
,THU n ~ 3. YCTaHOBJieHO, '!TO itcnoJibJOBaHHC CBepxTeKylJeH M0.!1.eJIH .ZlJlJI pac•1era DJI?~HOCTH. 

ypo~Heii npHBOAHT K JIY'IWeMy onuca111110 ceqe1111ii,' 'ICM DP.HMe11e1111e M~.!1.e.JIH ciiepMH-rliJa, 

0,ZlHaKO pam~'!He B pe3;~bTataX pa~'lera te'leHHii Ha OCHOBe MO.ZleJJ~ <f>e~~H-f~Ja C ~apa~ 

. MetpOM a=A/9 H CBepxTe~qe~ Mo.zieJiu II~ Ji.OJib 3H~'IHTeJJbH~. 'ITOObl npe11e6~'1b ucnim-
·, - . •-.. - ·. . . ' -- •. - ' - ' - , '-

. ' 

30BaHHeM MO.ZleJJH 4iepM11~raJa ii K3'ieCTBe npocroro H y,11061mro 1111crpyMeHTa ,ZlJlll nonyqe> , 

. II_HR MOTHOCTH 11,ZlepHblX-ypoBHeii ~pH npoBe,Zl~HHH .Bbl'IHCJICH~ii ceqeH~il- 11,!lCpHblX peaK~ , : . ·. 

·. uuU; npoTeKa10mHx no,Zl ,neil~neM 'laCTHU npoMeiKyro'IHbl~ 3Hepmii. _ ' · · · 

. _ . i fipoBei'(eHO cpaBHeHHe pa~H'IHLIX KOMD~!OtepHblX DJ)OrpaM~ -~ MeTO,ZlOB pacqera 

te'i~HHii B o6JiaCTH 3He~ruii OT I M38 ,110 is "r3B: PaC'if:Tbl BblnOJIHCH~ ,ZlJlll HJOT~noB i11p

KOHHII, ~ep .ll.OJir~~aymitx npOJlY~B .Zl~eHHll ~- CTpoH~1111, ueJ1111, ~xHe11u11, iio.Zl~ it .ll.p:; 

a 'raKJK~-,ZlJlll HJot'onos CBHnua H_BIICMyra. HCCJie,ZlosaHbl. paJmi~nble· MeTO.ll.bl on11ca11u,i_ He

paBHOBecHoii 3~~CCH~; re~eH~ii o6paTHIJX peaKuuii; MOTHOCTH ktepHblX )l)OIIHCH. . . . . ·_ . 
• :, ·-' < ' ~' • •• • •• ' - ;- • •; :-.:.::· • -,,. - • > - •• \. ·- -, ;_:-

B j>aJ,Zlene 5.2 onHcana pa3pa60TaHH811 6H6JIHOTeKa H MeTO,Z1b1.nony'ieHHJ1 ceqenuii, 

: . HCilOJib3yeMbl)t .ZlJlJI HCClle.ll.OB~HHJI. PIIJtHllUHOH~on no~~~~~~OCTH ~aTepnanoB: H8XO.Zlll-
·- ·~Hx~ no,Zl 06nyqe11ueMHy1CJI011a~u npoMeJKytO'iHblX~Hepruu. · · · · , · · . 

. . - Pac'i~bl Heilrponnux c~~~HHli CMeme;;HJI ,ZlJlll ynp~ro:o paccel!HHII (Odd) npoBe,neHbl . ,- . ' - - . ' ,-· 

c noMoLQ1>10 ODTH'lecicou MO.ZleJin. BbmonHeHo cpaBnenHe pa3l111'1HbIX onTn'ieCKHX noTeH

uuanoo npu Bbl'iHC1JeH1111 Odd,· npe,Z1CTaB11ettbl pe~oi.te!IJlYeMue THnbr noTeHUH~oB; ,ltJIJi Bbl~ 

2i 

,, -· 

'IIICJICHHJI ~eqe1111ii CMeLQeHHJI B neynPyrux' B33HMO,AeiiCTBIIJIX. HeiirpOHOB ~ 11,ZlpaMH. (aoooo) 
HCilOJibJC>Bana · MO.nH<Iiuu'upoe~HHllJI · KUCKa.QHo-11cnap11T6IbH~- MO,ZleJJb; pean11JOBaHH811 ·a 

pa3pa6oTanHOH KOMDbJOTepHOH ;porpaMMe mscA. 
Ilpoeoitnrc~ cpaenemie noiiyqei1ilb1X ceqe1111ii CMeLQeHIIJI C Pel)'JJbTa~aMH Bbl'IHciie

HIIH;. npoBC.ll.CHHblX pattee ,npyrHMif aeiopaMH. 0rMe'laeTCII; 'ITO_ BblDOJIHCH!ible p!iC'ieTI,1 

ce'!eHnii CMeLQCHHII npeitcrarimiJOT co6oii iiau6onee peaJIHCTH'ICCIC)'IO oueHKY TliKHX CC'ICHHH 

. _. e'o6miCT11 npoMeJKyrO'IHbli:rnepruii~ 

. Pacqer ceqennii BblXO,Zla ilo16po,Zla· 11 ren1111 ~pH 3H~prilllX HH~e 50 M38 npoBe,nen Ha 

OCHOBe r116pll.!IHOH 3~CIITOIIHOII i1 11cnap1tTe.JibHOii MO,ZleJIH C Y'ietOM Hep8BHOBeCHOii 3MHC~ 

·cHH a-qacrnu._Ilp11 6onee BhlCOKIIX 3H~prHl!x .ZlJIR mmyqeHml c~qeuttii 11cnoJib30Banacb Kac-_ 

Ka,IIHO-:ncnapUTenbH·a11 MO,ZleJJb. 

-Hc~e.ll.OBilmi : pom, o60JIO'ie'i~'biX 3<li~enoB, •· nepaenosecHoii .· ;~11cc~i1. a-'i8CTIIU, 
' .. . . ' ., 

pllJJIH'iHblX cnocoooa on11caHn~ ceqeHHH o6paTHblX pea~11Hil H ri.itOTHOc;I'H si:nepHblX ypos- -

. Heii npUB~l'illCJI~i~HII ce~e;Hii B_brXoii.a a~'i~C~HU B 11,ZleJ)HblX pe~~u,ilrx:· 

,, '. IloJiy'l~llltbJe ,ZlllHHble no C~'ieHHllM o6p~30BaHHJI reJi1111,' eo,nopona " ~e'ICHHJIM c~e

LQC:HHJI_ npeitc~~BJieHbl B BII.Zle 6u6~1fOTeK1i JiHCEPM; BKJI~'i~~meii;HHcliOpMauuro O 259 

CTa6HJibHblX nykJlu,nax OT Al ,no Bi ripH· 311eprlf11X' OT riopora peaKQHfi .ZlO I r3B • .z:t:aHHblC 

: JiHCEPM :ianHCaHbl a ciiopMaT~ ENDF/B:v1. , . • . ', :, , 

.B 'pi13itene\5;3 npeit~aimeHO OilHCIIH~e pa3pa6i>raHHOii 6H6JIHOT~K~ ce''leHHil ,nnJi . -
, •• .. •. • - •, - • • . • • , . , • •-_ • '.•,. __ • • • .•. , , ;_ ~ , • • • ~. • • • • •,. • ,c. • . '• /, ~ ; a • .• • •. 's, • 

- IICCJie,ZlOBaHHJI npci11ecca aiCTmiauuH ". rpa!ICM)'T3UHH i.iarepllaJIOB no,n'',z1eliCTBHeM' HYJCllO-. 

• 'HOB.npoMeJKyr~'illblX 3Hepr:uii.? _ .. , __ 

. ·• - HeiiTpoHHble · u. ri~id~ttble · .ninim,,·e, · co,Z1epJKamuecJ1 'u ~J.ZlaHHoil· 6H6.ii~o;e~~ 

. (MENDL); 6wni IlO./I}''ieHbl c DOMOJllblO '-roopetll'i~KIIX pac;e'TOB Ha OCH~Be i"aBHCJ!llleil ~ 
reoMerp~it ·ru6pH,Z1HOH, ;KCHTOHIIOH- M~.!1.e.JIH H; ·ucnapHTe.JibHOH M<>.ZleJIII 'BailcKOn4ii • 

.. _· CneKTpbl -HYJCllOHOB Bbl'IHC1JJIJIHCb. C y'ietOM MlioroxpaTHOH npe,npaBHOBecHOH. ~MHCCH~.· 

._ OnucaHl!e HepaBHOBecHWX cneKTpOB •ne~tj,011011 ,~- a-~aCTiiu· ocy~e6-~~~ c:n~~OUlbK> ;- . 

_. pa3pa6oTaHnbli hOMOA()S; -Ha' pas;oi;~HOH CT!IAHlf pellKi(HH paccMaTpHBaJIOCt -• ~c~ycKa- . 

HH~ H~~1p~)lf()B;\1poT~H~B,' Aeil~~oa; 'ci-'la~~u" H. y:KBaHTOB.- c~~e'iJ~· Heyi;pynix 838~ 

. . HMO)leHCTB~H- u ~6p;;~i:rx
1
pe~K~~ii·~acc-i1fi~~Ban~~i·rio·~n;~ii~ic~u ~~ilen~'., B p~e ~~ 

. '1ae1f Jinll· 'cia6~bHbli.~ep-·n~i~~~ac~ 1c'~ppe~iipos~~~~CC!IHT3~H~X ce~eHHH C HC

nOJib30B8~HeM J~~;;~HXCJI ·;KcnepH~eH;~bHblit AllHHLIX H npe,Z1c~113aiJ11ii cu~i:MaTHK. ··_ 

Ji~6JIHOT~~ MEl-lDL·~~C~)K~T ~oiiy~f~Hbl~ ceqe~u:;JUIR 6o~~ 'i~;.. 1io:ooo no~ 

roBblX '.ptiaiuuii,',~pciie~;iouikx' npH' ~;;~i.ib~~ii~B,H. ~en~iio~ i. np<rroJ~~ C ll,Zl~8MH _ 
;,/~-<:"-·•-'~ .. :•' ,>-:,:·-:·,,,:;·,;:-."'">'-,':-.. ,': . -:~· -~·~:·~:.:_-·; '-._:.,._::' '~ • -·-· . ; --· • ..... ·~ 
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3JleMCHTOB OT Al .ll~ Po B o6JiaCTH JHepniu 0-1001faB. 6H6nHoteKa BKJII0113et' 11mj>opMas 
', ,. , • , • ,,, ; •• ' ·. ' ,c • ·.• . ' .• 

UIIIO o'.ce'ICIIHJIX ,MJI 505 cra611JI1,HblX ,mep II HeCTa6Hnblih!X ll,llep C nepllO.llOM nonypaCna,lla 

. Tm~ I c~. ,!laHHbl~ MENDL ~peilCTaBJJCHbl B'<f>opMa;e ENi>F/B-Vl.
0

• 

Ilp11BO.llJITCJ1 np11M~pb1·4>yuKu11u aoJ6}')K,lleimii~ io.lleplKam11xc11 a MENDL-~ pe--· 

aKUIIH, npo-reKalOIUIIX 00.ll.lli:ttCTBlieM HCHTJ>OHOB II OpoTOHOB. , 

• B ~83,llene 5.4 o6C}')K.Zl~etCJI npeMOlKCHHhlH MeT0.11 n.ony~e1111J1-·ce'leHIIH noporoin,ix 

peaKUHli-.Mll TPaHCaKTHHll.llOB ff ~3.lliffilall 6116nff0Te1Ca ·ce'1ett11u, BKJJ10'1aroma11 ,llattu&ie 
DpffJ~~fffllX.llO 1oo~hn. · · · · · · · · · · · · · · · ·- ··- · 

PaJpa60T11t1HaJ1 6tt6nffOTeJCa (WIND)co,lleplKHT ouelfettm.ie ffeHTpoHHble ce'leffllll 

,MJI 576 peaXUHH, BICJIIO'lrul peaJCU~II ,lleneHHll II CC'lt:H~ll nopOfOBblX peaJCUIIH (n,xn), (n,pxn) 

ff (~.axn); n~TeJCalOIUHX Hll ff30TOn~ ;pa~a: ~~nTyHIIJI ff nn;OHHJI: mu, ·mu, 234U, mu, 
, ~u. mu, mu:mNp,;l;Np, 236Pu, 2l7Pu; 2llPu, 239Pu, 2:IOPu, wp~,WPu, wpu, l«Pu., 

. Ilp~OlKeHHblii MeTO,ll nony'l~ll~ll ceqeHffil OCHOBaH 118. ff~fi()nb30~8Hffll' r~6plt.nHOii. 

3KCffTO~Hoii MO.U.CJIH ·,MJI a&1•1ncn~ff",ll • npe.llpaaHOB~HblX HYICJIOHHblX. cne~oa,. np~Mette-· 

HHff :MO,lleJIH Bh16ffB8HHJI ff no,AXBaTB B pac'!eTBX 3MHCC_Hll a-'18CTHU. OnHCBHHe KOHKypeH

Uffff, ffCnapeHHll -.iaCTffU ff .ll~CHHJI ocyIUeCTBnlleTCJI c, m>MO~blO He3}iBffCJllllHX OT JHeprnff . 

. OTIIOWe11Hii HeHTJ)OHHOii ff J.{enffTen~HOii WffpHH'.. 

. , ' 06ocHOB8HffC MeTO,ll8 ~On)''leHHll Ce'ICHHH 0cyll(eCTBnlletCJI C OOMOU(b!O npe.llp8BH0-

BeCH0.:ffCnap11Teii&ffOii MO,llenH c ffCnom,3oflattffeM cii;pXTeJCY'le~ MO.llenff AJlll onpe,llenettull 

nnOTHOCTff .JIJJ;epffbllt ypOBHeii. Ha npffMepe 2)8U. OOK&limo, 'ITO ·cornacue paCC'IIITaHHblX. 

CC'ICH~ii ff 3KCnep1tMe11Tan~H1,IX .llBHHblX MOlKet 6b1Tb .llOCTHrnyro np~ • HCOMb30~affffH B · , 

p8C'ICT8Jt. TOJil,KO. T8KffX· 3Ha'leffHH napaMeTpOB caepXTCJCY'li:ii M~.zi~u;. KOTOpble \iec~eqH~, 
"' •, .• ,• •:. l .• .• ', • : • • • ,•, •, \ , •" • • 

_B8IOT ffBnff'lffe lllffp0KOfO "ruiaTO" B.33BHCffMOCTH OTHOWeHriJI HeiiTpoHffOH ff ,llenHTCJibHOii 

Wffp~~~ r .JrrOT :ittepr!fff aoJ6y,ic,ileH~--- · · · . . t 
IlpOBO,llHTCll cpaBHeffffC paCC'IHT8HHblX te'leHffH, tteHTpOHHblX ,llBHHbllt 6ff6JJffOTelC · ~ 

SPOH,!l-2, JENDL-3, ·. ENDF/B-VI: 3xcnep11MeHtRJibHblX. te'ICH~H .Mll · peaKuuii, npore-

I<atoJ.UffX oo.1rneDCTa11eM 3ap~lKeffH~x 'la;uu a wupoKoif o6naC'!ff;Heprnit. · ·. · · ·• 

a: pa3J.tene S.5 Kp8TI<O OOHC8H~ 4>aiiJJ1,1 OUCHCHHblX .ll8HHblX ,MJI ffCCllC,llOBaHHJI nepe-

HOC8 ffelirpoiioB BMlliepffaJI8X·, o6ny~~CML1lt ffeilTp~~aM~ C JHepr~en~l, $0 ~bB.. . _· , 

. · •.· cJ>aiuii.i BICJI10'1810T ~Hil>op~~u~Ji:> 0 ~~n~blX ceqe~HJJX, te'l~HH~_x ~pyroro H ueynpy-

roro p~cce11iiwi, ceqemuix noporoBblX peaKu~ii. yrnoa&1x ff 3Hepret~'lecKHX pacnpe,lleneHH- '· 

.IX ~TO{>H'IHbllt ffCHTJ)OHO~ ~ ~8KUHH; ~po~K~IOlllHX H; ,mp~; 56Fe, ~lNa, l 9K, ~lsu. . 
.· . . ~~= M~OJ:l. oueHKff' ~'ICH~li'. cnoro6 ~bl'lffCJI~1ia11 YfJIOBblX ff 3~q>reJff'IC

: CKHX. pacnpei~eH~ii H~nycxaeM~X B peaKU~X 'l~CTHU, ~pM8T npe,llCT8B1J~llllii .ll3~HblX. 
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-. Ilp1111e,lle1to KpaTKoe onucam1e CO,lleplKuMoro 4>aiinoa; npe.!lCTaMeHo cpaa11eH11e nonyqeff-. . . . 

ffblX ceqeuffif c JKcnepffM:HTM&HblMff ixaHH&IMff, · npeJ.tCKaJaHffllMff CffCTCMaTffK, c;eqe11HJ1Mff ··- · 

ff3 6ff6m10Te1C 6POH,!l-2, JEND~3. ENDF/B-VI. . . . ' . . . 

,!laii~ble,4>aiinoa 3anffCaffbl B 4>opiiaTe ENDF/B-VI. _ 

Weciu rnaiia rioCBJILU_CHa HCCJie.ztOB3HfflO aKTffBHOCTH )Kll,llKOMetaJJJiff'ICCKfflt MffWC-

Heu; o6nyqaeMbllt npotOH3Mff npoMelKyrO'IHblX it BblCOKHX 3H
0

eprHii. . . 

. Ilp11Be.lleilo KpaTKoe_ ODffCBffH~ pa3pa6oni1111oii nporpaMMl,I SNT .Mll• onpe.neiieffHJI 

ICOffUCffTpaQHff ~YKJJH.llOB B o6nyqaeMm MffWeHJllt~ Ilpe,llCT8BnCHbl pe3yn&TaTl,I TecTOB~X 

pilC'leTOB ·aKTffBHOCTff CBffHUa, H8X~,llJIU(eroc11 00,ll o6ny'leHHeM HCHTpOffaMff cneJCTPa Tep- . 

MOJl.llepttoro pea~opa. • _. 

. C HCl10Jlb30B3ffllCM npe.llJIOlKeHHbllt · MeTO,llOB, pacqe-ra. te'lelfffii . H C03,llaHHbllt • 6ff

. 6JJffOTeK npoBe,lleHbl Bbl'IHtneH_ffll_ ·ff)'IQill,llHOro coCTaaa ff aKTHBffOCTlf MHW~Heii ff3 CBffHUa, .. 

caiinua-BHcMyra II pTyrff, 06nyqaeM&1x npoToHaMff c 3Heprneu 0.4, oji ff t.6_f38. 

· IlpoaHanff3ffpOBaHa ponb nepBH'IHblX ff BTOpff'IHbllt peaKu~ii B <f>opMilpoBaffffH non

itoii a~HBffOCTff MHIJleHeH. 1-fccrie.!l~Bali~ BKJia,llbl pa3JJff'IHbllt J.{HanaJ~HOB HCiiTpoffHOfO ff 
• . '. • .. . . . ,. • , • . . • . ✓ 

• npoTOHHOfO cneKl'pa B aKTHBffOCTb MHwe11eii; . " . .. . ' ~ ' . 
> • Haff6Mbll1Hii BKJJa,ll B_ DOJIHYIO BICTffBHOCTb BHOCHT o6JiaCTb 3Hep!:ffii HCiiTpoffO~ 

Bbl We 20 MJB H, np<>TOHOB a&1we I 00 MJB,: ffecMOTpll Ha TO, 'IT<> .ll~ ll)'KJJOffOB Taicoii 

3Hepra,; a OOJIHOM OOTOKe qaCTffU B~yrpff MHWC~eii OTHOCHTenbHO M~a (4-5%): 
, .:.~-- . . . ' . . . . . .. ,,. . " . ,. . 

Onpe.lleiieHa pOJJb. npO.llYKTOB .iieneHHJI B 4>opMffPOB8Hffff 8KTffBHOCTff CBffffUOBbllt ff· 

CBffHUOBO'-~ffCM)'TOBblX M~Weffeli. OT~~'laetcJI,. 'ITO, 8KTffBH~. n~~6a ~CJICffffli. (Z < ' 
50) OOCTaBnlleT oT SJ.to 25% nonnoii aKTff~HOCTff .llJIJI Mffweffeii npff pa3a'blX speMeiiax n1,1: 
,nepll(Kff·;·,-,. ·. . . . .. ,. . ·. /. • .. : . •·. .,• .. _,t ' • ' ·,., . 

. Haff6on&WffH BKJJa,ll_. B aJCTHBffOCTb o&ly'leffffoii· M11weiin H3 CBffHUB ff CBffHUa~ 
; .· .. · ,•· ... ·•· ' . , '• . •. '·,•.·. ·,. ,·.,.,. . ·.· 

BHCMYTa ,llaioT pa,llffOHJOTOIJb[ BHCMYTa, cailitna, J>TYfH1 3,0JIOTa H .MaTHffbi, .MR JJIYi11oii 

MffWCHff - ff30TOnbl pTyrff, 30JIOTI!, nnaTffHbl,. TCXffeUHll, ffffOOffll H UffPXOHHll. AM acex TH

nos Mttwetteil ~~Met~1,1ii B~a,ll B aKTHBH~CT& npff ape~;~ax 
0

Bhl.ll~P~ff ~T nonyroJ.ta .llO 20 · • 

net J.taeT,TPffTHif. , 

. P~CCMOTpeHa 38BffC_ffMOCTb aicr'ffBHOCTff o6ny'leHHblX MHUl~Heii OT 3ffeprHH nepBfftf'."' 

Hbllt ~aCTHU. Il p0Be,llCHO CpaBH~~~e aKTffBHO~ff M;WeHeii p~ff~ffOro: ~aaa,' AKT~B~ 

ff~~ o6ny~e~m,ix · CBff~uoi'.oli H · CB~HUOBO~B~CM;ro~ii • MHWeaeU 6Jrio~ np~ 'iipeMeHIU .• 

BbUieJlKicff ~o IO 1eT. Airr~BHO;b PTyrHOii Mff~CHH OKaJblBaCTCll Bbl~e. ~CM y MffWeJleit H3 

CBffHUa ~ ~BffHUa~~HCMYT8 ripe Bbl.llepX<IC~ B Te'ICHffff I ro.iia H fyiu~ea116. HHllCe:~.11~ 
Me1111,np;Bbliii~'IOU(eM..:3oooneT •. · · .. ·· .. ,_., · .. '. ·-~ , .' . ,. '.. 
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Ocao1m,~ pe3ym.T11Thl, BtdH~le ua lRllUITY, MOlKHO etl>oPMYJJHpOHTL a BHJJ.e CJJe,cyto-
·.•_,. . •. f' _. . .-. ' . :,~' . . ·. . .. _· . ,. " .<,_ •• ·' • - , 

IQIIX OOJIOlftHHH! 

1; Pa3pa6oTaHL1 HOB.Lie MeTO.llbi paC'leTa uepaBHOBCCHblX cneripoB COCTaBHblX qac

TUlt 13 ll.llepm,ix peaKQHllX; npoTCK~~UlUX O~~ -npoMelK~O~~blX :mep~m1x'. B'.pa~KaX m6-.. ' .· . . ' .. . - .... ' , - . 

pn.nttoli 3KCUTOHHOH MO.Ile.JIU npew1ciliceH no.nxo.n K on~caHIUO Hepaatto5-ecHblX cn~KTpOB a-. 

qaCTHQ, 001,C.llfffflllOUlUH MO.Ile.JIU nciivrnaTa ". Bb16uBaHHJ1 . KJJaCTepoB •• Pa3pa6oTaH . MeTO.ll 
• • ·~-. • • - , •• ·,. ·, • • • • •• i 'c_ • ' ..• - • •. . ;, ••. • 

pac11eTa .neiiTPOHH&,IX cneKTpOB Ha OC_H?Be npe.np~IIHOBeCHOii . MO.l(e.JIH _c Y'leTOM. npllMOro; -

KaHana. 'JlpennollCeHa 3KCHTOHHWI -MO.lleJlb -Jlllll _oimcattHJI' 3MHCCHH TlllKe.JlblX q>parMeHTOB 
- ', -.- . ,, - , .. . 

(7Be) a peaKQHJIX no.n .neiic-ialieM HYKJJOHou. ' 

2, IIpe.MolKeHa MO.lle.Jlb BHYTPHll.llepiioro Kiicxa.na, onuc_b1ua10111all .3MHCCHIO ttepau-
-. i .-: •.• - ·• ' . 

HOBCCHblX · a-11ac:TUQ, BKJIIO'l810Ulall pll.ll. npHHQHOOB, _ 003B0Jllll0lllllX. JaMeTHO . pacwHj)IITb" · 
'• .- . ·"· ·•' ' . . . ' . 

o6naCT& npHMCHHMOCTU MO.lle.JIH. 

-3, PaJpa~TaH npH6JIHlKCHHblij MeTO.ll paC'leTa ce11eHHH o6pa30B8Hllll TPHTHll,-3He, H 
; ,· ·,. . - . ' .. 

a~11aCTHlt B peaKQHJIX no.n .neiiCTBHCM ~YKJJOHOB c :iuepmeii OT nopo~a peaKQHH ii.o IO r:iB. 

4. PaJpa6oTaHLI IIOBblC npHHQHObl · DOCTPOCHII~ CHCTCM8TH~ Ce'leHilH 'ueii-rpOHHblX 

n9porouL1x·,peax1.1uii, octtouattif&1e ua ucnon&J~uaifuH npe.npauttouecuoii :iiccHTOHHO\f H.Hc-. 

napHTeJibHOii 'Mo.neJIH. C~J,naHi:i nOJiy3MnHpuqecKH~ curnMa~HKH ce11ett.uii peax1.1u'n' (n,P.), 

(n,d), (n,t), (n,a), (n,3He), (n,np),'(ri,2n) np;I 3Hep;HH 14.5 M3B, 003B~JllllOI.QHC npOBO.llHT~ 

6oJiee .TO'IHyro 01.1enK)'_ i::e11eniiii,. 11eM ·qpe.nnolKCHHble pattee ~MnupU'l~Kue CHCTeMaT~Kit. 

IlOCTpOena cuCTeMaT~~J q>ynx~ii B036YJK.ll~Hllli peax1.1nu (~,p) .. • · · 

,· s. Ilpe.MOlKC~ MCTO.ll pac11eTa ce11eH~H c~emeHUll aTO~O~ MaTepuana B ynpymx ii . 
neynpymx B38UMO~eliCTBUllX C 11aCTHL1aMH npoMCJKYTO'IHblX 3Hepr~ii. IJony11eH~I attanu;u-; 
. . . - -'. :', . , ' , . • . 'l . .· ., > \ 

·qecxue BblpalKCHHJI ·.Ml!· Bbl'IHCJICHHJI ynpymx ce11eHHH CMCII.ICHUll no.n .neiiCTBHeM 3ap117· i 

llCCHHblX _'laCTHLI,_ 

., 6. Pa3pa6oTaH HOBblli q>eHOMCHOJIOrH'ICC!(Hli no.iixo.ri K onucaHHIO ce11eHHH ll.llepHblX. 

peaK1tHll: ~p<>TeKaiomnx ua AeJllllllHXCsi ll.ll~llX, OCH0B8HHbl.H ff~ UCil~b30B8HH~ ru6pff.llHOH ' 

3KCHTOHHoll M0.11~~ .MJ1 pac11eTa uepauuoueci:i&1x: cneKTPOB 11aCTHU u HC?aBHClllllHX cir 
311eprHH -B036)'l!C.lleHHJI OTHOWCHHli ueii~HHOjt H .lleJIHTeJibHOli wupn~. 06ocuoaanue · Me-

, . . . ·. ' ' ~ . ' 
ro.na npoBC.lleiio c ncnOJJ&Joaauuew o6o6meuuoit caepxTeK)'11eil wo.nenii .Ml! pac11eTa IDIOT- ;, 

HOCTH JIJlCPHLIX ypoBHeli. Ha OCHOBe 'npoae,a;eu'ni.ix Bbl'IHCJieHUH C HCOOJib30~aHHeM npe,a;J 

noll:C:HHOI'O MeTO.ll8 C03.ll8H~ 6HWIHOTeKa WIND JVIJl ·Tpa~c~~HHH.ll;B, BKJII0'1810rixiiil ce11e- ' 

Hila peaKllKA (n:xn), (n,p~). (n,axn), npo'reKalOlllHX ila H30Tonax ypaua; Heiny~~: ruiyr~ 
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HHllilpH :iiieprHllX ,no I 00 M:iB. . . . ' ' 

. . _7. PaJpa6oTattbl pac11eTH&1e anrop~TM_bl, KOMnneKCbl KOMDbJOTepHblX nporpaMM, B 
KOTOpblX pean~30B8H.,; npeJVIOJKeHllble'i.ieTO)tbl pac-ieTa. q>yH~Q~H ~036y,Klle~Hll,3HepreT~-

9ecxux ff yrnoBblX pacnpeileneuuii 'sTOpH'lllbl-X' 'IRCTHLI, BblXO.llOB C~3BHbl~- '18CTHL1,' ce~e~ 

irnii ci.teutt?Hilll aToMoa: 

8 .. ' B~monHeH aiian11J p33JIH'IHblX pac11eTHblX npu6;uiiceuuii, HX BJIHBH~ll Ha Be.JIH'IH-
. . . ' ... . . . 

Hbl paCC'IIITblBaeMblX Ce'!eHHii •. y CTaHOMCHa po.rib OJIOTHOCTH ll.llepHblX ypoaiieii npH onu-

can~H ceiie1111ii C MHOlKl!CTBe~Hbl~ 06pajo~an11eM inopit11'nblX-iaci-uu: II~ae.neHbi cpaBHH-

. Te.Jlbffble pac'!CTbl Ce'l~HIIH C ~COOJib30Bl!HlleM MO,nem1 XaY3epa-<I>ew6axa, B~HCKOn<j>a, 

·pa3JIH'lHblX cnoco6oa onucaHHll uepaBHOBecHoii 3MHCCHH 'qaCTHLI, <j>OpM ~llTH'll:CKHX no-' 

:Ten1.111anos;-Mo.neneii .Mll pac11ern OJIOTHOCTH ypoatteii. 

: 9: BblOOJIHena oueHKa He~TPOHHblX ce11emiii CMCUl~HH~. ce11eH11ii:~pa30BaHHJI B0-

.nopo.na ,i i-en1i11 JVUI 259 c-ia6HJibHbix ii,nep OT 'At .no Bi ripu 3HeprM_X .no 1 r:iB. PeJyJibT8Tl,I 

oq>opMnenb1 ii auhe 6u6nno-i-e~H liHCE~M. · · . -. 

I 0. C HCOOJib30BaHHeM pa3pa6~TaHH..;X • MeToiios pac11eTa BblOOJIIICHa o~eHKa 6onee 

'!eM ·-110.000_ <jiyHKQIIH B036,YlK.llCHHll HeiiTpOHHhix II npoTOHHblX pe~K~HH, 'npoTeKalOlltHX Ha. 

c-ra6HJibHblX ff HecTa6HJibffblX ll.llpax C nepuo,nOM nonypa~ria.zia T 1/2 ~ 1 c,jr npu 3HCJ)I'HllX .no 

--100 ·M;B. riony11in:1b1e .llliHH~1e ,lUIJI 'sos ll.lll!p·~ aTOMHLI~ ii'oM:poM z = 13 + .84 ~~hCTaB~ 

nettbl B au.i(e 606n;10TeKH MENDL. . . . · 

' .11. C03.l.{llff bl '<j>aiiJtbl .MIi · 11CCJie.noaaHHll. npou~a TP8HCMYT81tHH' H ,. nq,euoca -Heii'." 

TpciHOB B i.taTep~aJiax, o6iiy-iaeMblX -~eii;~HaMH C ~H~pr;;:eil ~o 50 M:iB. ci>~fulbl ~~'lalOT 

'HH<j>~pM~l.11110 .o OOJIH~IX ce11enW1x/c~qe11W1X ynpyr~;o H-He~npyroro pacce~Hu~; ~<ieHHJIX 

noporOBblX peaKQHH,. YrJIOBblX H 3H~n;iJ~ecic'uX pacnpe;~eHHll~ BTOpuq~~x HCHTP9HO~ 

.Miqie~KQHH, npoTeKalO~HX Hall~p~x S6Fe; 23Na; 391(, mu; · ·, , , .. 
. fi. C. ~cno'JJbJO~aHHCM np~iuJOJKCHHblX MeTO;OB pa~q~a ,ceqeuuii -~. ~03~aHHblX 6u~ .--_ 

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

6JIHOTCK npoue.neffbl Bbl'IHCJICHHJI HYKJJH.l(HOl'O COCT3B8 H a'imtiiaoCTU MHWeHeii HJ CBHHU8, 

ceuu1.1a-sucMyTa ~ p'r~u, o6~y~ae~i,,x 'rii,oroJ~MH n~~i.te~~~HblX :i~~mii·. · Onpe.neneua . 

po~b pa3~H'lH~;x' Kd~no11e11To1 H)1CJIOHHLIX: cne~B ~~yip~-M~W~H;~ ·~· pa3~U~Hb1Xrpynri 

- ll.llep, BKJIIO'lal! npo.nyK;bl ileneH~~;'~ cpc>pMupo'aaHitH. ~',.;;.'.~pnoii ~~~BH~~IH ,.;UW~Heii •. 

h poaHaii~31tp0B8~b; ~KJI~ii ~o'nrOJKH~Y~~i J)~;ci~~ii.n~B 'a ~~~~H,OCTb ·~Hwe~eri.; ·,. 
. . . '. ' ., ... , .,~-· .. ~ .": .: . >. ~. _,. . . . . ·,' -,· . .. . . -· 

: ~ . 
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