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. I. B.J----'-e:,l .e_.H H e 

Co Bp~;.iem/:pa~HJ1IX nonHTO!t. O(hSICHeJist CBOitCTB B3am,ro,tteticTmta 

uy~noHOB c n,ttpait~ ·npu 131icoic~x aueprn11x (E > IOO MaB}oc5a~Ho ~~pn- .· 
HSITO pa.ccuarp1rnaTll npor~f3CC npoxox,zteHHR HyKnOHOB ttepe3 SI)'(pO, KaK 

'· 

psr,tt nocne,n;onaxeJibCHbIX aKTOB coy,n;apemur HaJieTanr:tero HYKJiona c 

pacno'Ji'6,i~H~bI;~-~; k~ ·. e~o n;yTlf OT,It8JU,IIm.m HYKJIOHatm. Taxon nO,ItXO~ 
·•. ! ri·. r ·-, , ,A...• -. ,.~ "": ,. ... - ..... 't'· ,, ,: " ... I ' .. ·, .. 

. . • -·- -._ ... ~ : J .I , L '· \• r . i ., 1\ . .: . ·• . 
K npod,reue HYKJIOlI-R,ttepuoro B3aHMO.ttefiCTBHR ,KaxeTClt e'cT8CTBeHHbllll 

~ 

~~~~ 

. ,, . ; ·:· . .. "!..:' . ·.· ,. •., . ., . ( 
, B pai.max Mo.n;e.na He3aBHcm.twx qacTmh ec.n11 .itmnra BOJIHu HaJieTaroi:tero · 

uyx.110.~a -~: aij~KT~H!JHHtl pa~Hyc_ HYKJIOH-HYKJiomroro Bsam.ro,n;eitcTBMSI 
. - . -

MllJIJ,I no C!)O.Bll8JiiHO co· ·cpe,ttHHM pace~ 0.f!Hlieu ire:r.c,tty HYKJIOIIa1.IU _B. 

sr;.tp,. 

HueeTC~-~. 6iHaKO' ociJC)Ba1me ClUITaTJ,' llTO npe,tt~TaBJiemie 0 

cynteCTBOBO.Hlnt BHYTPH sr,n;pa KaCI\a.n;a napm:ix coy)tapemitt ,ttaeT JIHllii> 
q~,/:~~: e'" ,• • • • -~.•~. •._. ;.-, ... ,,., ;•••~ ,, : • a ' < ; •• ~ ._," • •• •• • ~ -

rpydoe · npttdJimremie '·"rf :itencTBnteJr:&HocTit. · rrpejt)te .Boero na,tto oTueTHTI>, 

tJTO B O6.rracTH 3Heprvtt1 I00-I000 MaB 3rW,eKTl1BIIblt:l pa,n;nyc IIYitJIOH-

HYKJIOHHoro • B3aHMO,n;ei1cTBMSI TOJil>KO npm,tepHO B. TIOJITOpa pasa MeH1>me 
' ~ . ' . 

cpe,nuero pacc·TOSHifrsI · i!ellt,tty HYKJIOHaMii B ·nJIOTHO · ynattOBaHHb!X sr,n;pax o 

3To· O(foTok·T~JihCTB'o caMO no · cede . cnii,tteTeJII>CTByeT o TOM, tJTO MHO

l\6CTD8lIIIOe B3am,ro.n;et1CTBH8 HYKJIOHOB B ~acKa.ituofr, npouecc~ He: RBJISI~ 

eTcir pe,iprnM. He CJie,Itye·f:TaKxte yiiycKaT!>' U3:BM,Ita.u' To,···itro·B· npo

CTellmen qiopi:re MO,Il;8JI:& Hesa1mc~n:!bIX' lla'cTiIIt He. ytritTHBaeT;·np'ocTpaII- · 

. CTB9HIJbIX KOppeJiar~ntt HYKJIOHOD. BHYTPH Sl,ttpa. r.rex.n;y TeM CY!ll8CTBYJ011tl1e 

Oitcnepni1eHTaJI1>HbI8 ,n;amrne, KaK dI:JJIO OT:Meqeuo J3pIOimepou, H,tteHOM 

u cJ?pencHcou (I), onpe.itenenuo yKasuBaDT Ha snaqnxeJI1>Hy10 · poJI:b B ... 

pnie SI,I1;81)HUX· npouecCOB npH BbICOKHX 3HeprHRX 3C!>c£J8KTO.B, . o6ycJIOB- ; 

· nemr'hlx npocTpaucTBe1rnofi. xoppen11r~1tei1 HYKJIOHOB. K TaKUM npo1~eccaM•· 

OTHO:csric'k iI,11;ep1mtr q>OToarMeKT, ycnemHO omtcLIBa~1n,zti KBa3:rt,ItefiTpOH

HOt1 Mo,neJI:&K> Jiemrnrepa (2), norJiol!{eHne MeaouoB sr,ttpm.m 11 ~6pasoBa

Hne He3OHOB 6 H~JIOH-H,ttepHNX- c~y,1.tapemrnx, paccestmte HYK~OHCB 
BHyTpli sr,1.tep (3- ) , a Tait1.te 3aXBaT HYKJIOIIOB 118 SI,ttep .. HaJieTarottm,m 
HYICJIOHa1.rn: c o6pa.sonamrnM ,ttet!TpOlIOB. • 
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,tteMTp0H0B HS nerKRX a,Itep np0'l'0Hlillll Il03B0JISier . C,lt8Jl8.1''.t: i)!.1pe,1teJ1eHHlite 

3aKJIJOqem,:sr o. xapaKTepe nocJieJtHero npoJleccao 

B OIIHCUBa0MLtX 3KCnepHMeHT8.X 6b!JIH noJiyqeHbl cBejj;eHH.fI OTHOCHT .... · 

TeJIJ.HO~ 

a)HMilyJII,eHbIX cneKTpOB BTOpHttHlilX 3apaxeHHHX ttaCTHU, Hcnymea-

HLIX B p + 'i.l , ·r +BB f p ~ C -coy,2tape!IHSIX B HanpaBJI0HHH 7,6° 
_,·,, ' . 

OTHOCHT8JI~ro nytI~~h ~~R~~~~a; \gp~TOHOB , 

,· ~) Be_JIHtIHH ·)tHCpcpepeHHliaJU,HLIX cetteHidt npOI.'(8CCa npsuroro Blit6Jrna- ,. 

HHSI . .n;et,iTpOHOB H3 ,SI,n;ep ~ , Be , C • 0 , a Ta:rtxe B8JIH'tIH-

HLl .n;mJxpepeHI.'(HaJ11.,noro cettemrn: ynpyroro ( p - d }-paccesrn:mr ; . 

~) ·13eJIHtIHHliI ,cpe,itHen 3Hepr:tn{ )tBli:lieHHSl KBa3H)t8flTpOHHHX rpynn 

B 601t6ap,n11:pyeimx SI.n;pax , · · 

r) Bepx1fen rpairnr£a 3Hattemur BB:Jia,lta SJ,2tep TpHTHSI B BLlXOJt BbICSM:.;_. 

TUX tJaCTHrto . 
. ' 2oJ,JeT0)J. MCCJI8.l(OBaHH.f! . 

. r' 

3a,naBmHCI, nein,ro o6uapyxHTl, npSIMOe 'nu6HBaHH8 · ,iteilTpOHOB 113 
. '.. ·. - . . ·cm.3 , - ... · .· - .. . . 

JierKHX SI,n;ep no,n; .tteiimpl!eM 61itcTpJ:Jx npoTOIIOB, . MN npoBeJIH 3KCnepHMeH- · 

TLI, B KOTOPJ:JX U8l'O,D;Ol! uarHHTHOro aHaJIJ{3a CSum:11oijtJeHa nmyJILCHUe 

cneKTPJ:J BTOpHttHlitX; ttacTHtio 3TOT Mer.o.n; f;r.e 1-rnnonr,soBaJicsr Ha.MH npn 
- ·, .· . - . ' . . ' + 

HSytteHHH JUJrIYJil>CHiiCX Cll8KTPOB npo,1tyKTOB peaRI{Hit p + p-h + p +TT> p + p~ ·. 

:u - p-+·p..-'i7°111 p+p--d+TI+ (IS) o PacnoJioxeHHe ·auaJIH3HPyDUlero 11arHHTa c 

IlOJIIOCaMH JtHaMeTpOM !00 CM H 1303.JtYIUHW 3a30pOM IO CM OTHOCHTeiU,HO 

nepBI1:tJHOro rryqKa H d8TOHHOtt . santH1'H OHHXpO~HKno,:poua IIOKa3aHO Ha _, 

pvIC oI O Harrpsna:eHHOCTl, uarHBTHoro nOJII .- H .. I aaaope uarHRTa:· H3Mepsr:.:.. 

Jiac:& no ueTO.ItY. H.itepitoft · adoopdriun o TOIIHOO!W> 0,2~ H n0.uepnBaJiac1> . ··_ · 

IIOCTOHHIIOll C ,, TOqHOCT~I> 6,2,& -C ltOMOU(Jtll DIIK'rpOHHOro CTaCSHJIH3a~opa 0 

Pa,n;Hyc•~KPHBH3HN p cpe~aen ,:paeKfOPHH dWJI paB8H 367,6 CM.YroJI 

·,1 



0TKJI0HeHHSI tJaCTHrt B ·uarHMT.Ho1i.rroJie' cocTaBJIRJI r'go o 

B 3THX :nccrrepln,reHTax UCI10Jil>30B8.JICR nytioK H8II0JIHPI130Ba1UILIX 

npo;OH_OB ·c. ':3Heprnell 675£"6M3B x)' :.BbIB~,IteJIHhlli U3 mecTm.reTponoro 

Cli!HXpo~mtJI0Tpoua O(51>9,ItUHeHIIOro liIHCTUTyTa SI,Itepm,1x ~ICCJie,It0BaHHflo 

ITJIOTH0CTI>)I0T0Ka B,1I9CTe paCIIOJIOJ:81UISI 1.mme1nt'co·cTaBJISIJia·" 3oIO9 

IIpOTBHOB/CM2 ;C9Ko· liHTeHC~BHOCTH . nytrn:a ~OI~TpOJUipOBaJIUCI, I101II13a!~H- -

0HHotl KaMepon, narroirnemrn:rt re;meMo · JiaryHmiIH KOJIJI1n.1arop: '•:::c co• 

meni,ro _ mnpmron I elf 11. Buco1on 4 CM orrpe;teJisrJI pasMepu nytJKa · npoTonoa, 

na,n;aromero: Ha,· MIIm9H:b O COO CHO CTI, nytnca npoTOH0B u K0JIJili!MaTopa ' A 

,ItOCTHCaJiac:o II0cpe,ItcTB0l~ nepeMenteHHH nytJKa D rop!130HT8.JII,II0M _ R Bep-
/ 

TRKaJII,H0M HaIIpaBJie HHJIX C II0M0II{I,PJ ,It0il0JillHTe JII,H0ro MarHHTH0ro Il0JISI' 
- • "•• ,' ,, ·:. ' , • < • 

C03,ItaBaeMoro )tBy-MH. Il0)tBHJ!CH1IMI1 CTaJII,HbIMH cSpycKaMH t ycTaH0BJieirnm.m 

B pacce.FIHH0M noJie ycitepHT6JI.fI B M9CT~. BbIX0,Ita. nyqKa np0TOH0B _ 113 

BaKyY}.rn0tl Kalii61)1Io BT0pHlJH1I9 lJaCTl1:~bI, HC!IYI:t9HH1I8 H3 l.mmeIIH II0)t 

yrJIOJ/I. 7, 6° K HanpaBJiemuo -nepB~lJIIOro nytJKa; npotl,ItSI K0JIJIHMaT0PLI B H 

C C celJeHUHMU C00TB9l'CTBeHH0 (2 X 3} _CM H _(3 X 4) CM,H ·aHaJIH3H:-

pyromee noire, 0T6upaJIHC:& K,0JIJIHMaTopoM J) co t(6JII,IO Il(I1pHH0tt I· CM li-
' ' ' 

B1IC0T0f1 3 CM, I1 3aTeM no CT8JI:E,H0MY K0JIJIMMaTopy, pacn0JI0%9HH0MY B 

4=M6Tp0B0:t1 deT0HH0H CTeHe, norra,n;aJUI B TeJiec1wn, C0CTaBJieiiHLiii !1!3 

tteTLipex C~lIHTMJI,lIRIUIOIIHbIX ClJ6TtIMK0B, BKJIIOlI9IIIIbIX B cxe:t:ry Tp0tiHUX 

0: tteTB9pH1IX COBI18.,It8IIMt1o ITepBLie TpU CtI8T'tJHKa B KatJeCTBe· cnmITMJIJIH- , 

T0P0B l1M8JII1, KPMCTaJIJI!,I. T0JiaHa ceqemreu (3 x 3), (2 ,5 x 2 ,5) 11 
\> 

( 4 X 4) Ct~ 600TB8TCTB8HIIO' tteTBepTbitt C"<l8TlJHK ltMeJI :XII,ItKHti 

~'WIil iG 

x) 

,,, .... 



CI(MHTI'!JIJ!RTOp. _(p5:~:t:BOp_),Jr.,,rmi!1ia' .B. ,p6::.~:;ri:1_11'KJWt)eKC6.!l~) ,. ,:gMaMeT~'or:f . 

IO CMo 3c1;v~~;'.M~·~o··cTb ·;JerIJrcTparr.mf° llc1,CTWU B. 'irnC;e,Ity~~mtI '~H~e~B~JI·e 
liMTIYJIJ:iC'o~ :npaK·rutieCKH :ocTaBaJrodr, 'iio·cxoJIHH~ll O Bee» : nyT:& T:fa~TI1I,r ~'.I: 

BXO,n:a B. KOJIJ!m.1.,n~op ·. H :0.' .!(0 Te.n:ec:rwna np6xo,n:v.tJI B. BaKYY1Je ~ I{onim:~ 

MaTop JJ. npml16HHJICJI' .n.~~-R: roro;. 'tlTOO~ yneH:&ll.m:T:& BJIHHHMe·::3cpcpeie=· 

TOB' 06yc.1IOBJreHHhDC pa ceemme1f I-?: 3m..i:e;n;JI6HJl!eM t!a(;'I.'Irn; 11 C1'.€HRax . 

KOJI1IttMa'T'Op·ar:a···}3\t.a\ j h 1: ,(~o -~]I3}7~y 'BECOKOro' ypOBBJl P.3Jlytt(Hrn:ri 

B6JUrnit ·ci1:'.H:x:pcmiri:JioTI)OHa He 'rrp'elCTa.BJI&Jioc:; B08MOJ!e!fhiM ocyn1,eCTBI1Tl> 
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npH nmfociii: 1iad6pa c'i:tt1:li'7°rdJIJUff(ll!OHHl{X ·,, .\~tt{lll{(iB 0 

Ifcno.n:1,30Ba1mc1, xn1.!m't1eCK:tr trncn•r;1e 1,H1lli6B:I1 LJ..2 ··~ . Be, 11 C oYI1= 

pyroe (p. ·- ·ff·)~.:paccemrne 'Ha6JIR\ll;e,J.r~{<b 110, pat1Hoeivr G1}(9e'KTOB C l,nnue'-" 

Hsn,11-f l'.!3 '.D~ o (~~·cio·Toi1 99 i 9°3~(f n r{: o · .. $ saJufr1i1x B -romeocTemrne 

aJIIOMl!HI18BL!e ROETeTTHepH O nf,n i1a,6Jr10,11.e'iii1i npnMO.f'O BH6vrnam1iI ,netiTpO"--. 
Ho':s' .. H3 .rr,I(e:p idrnnopO,I!,a;·.t1·(;IWn::&30Baira.nh 1.rn:meHI> 11'.3' i I~() 0 B Ta6Jmn;e 

I np11:Be,neuu _pa31.1epbl lffi'Hf6He!1, a TfjJtl<e. IT01'€1)!i1 2itt:=:pI'RU ~ -cpe.I(mte yrJihl 

MHOrokpa>rH6ro pa (.\Ef .HHl!R IlpOI'OHOB C BF6IrHe11 675 M3B O . 
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ITpn ,11:cno]I:&SOBamm: 1.m:meHeti yKasamr:&Ix pasuepon M yr11e pacxo,n;n

uocru nytma BTopMtrHbJX qacxmt --- O,J0 pa3peIII~ro1i1asr cnoco6rrocT:& 

CTieitTpOMeTpa App COCTaBJI.ffJia OKOJIO J%o · 

Op,n;HHaTlil Hlmy11:&cm,1x crreKTpOB BUtrMCJISI1II10,:& nyTeM ;,n;e11emuL~Ia 

B~JII1tillHY. Hf · 'llHCJia COBna,n;em1n, OTBeqaXH!(ero 0,I(HOMY ,H TOMY l\0 

KOJUP,I8CTBY rrporoao~' npome,n;WIIX qe_pe3 ]1IlII!I8HI, 0 il?OH J3 OTCYTCTBMH 

Ml!ll!~HH He npeBNWS;JI 2%o ITpH pactreTe cne~'l'P.9:13 -BBO,I(RJU!CI, nonpaBKH, 

YlIHTb!Baromirn: 

I., Ilor11onteHue BTQpHtrHHX npoTOHOB ·n .',ItetlTpOH,OB .B 1mmemt,. CI.~HHTUJI-= 

JisrT6pax ~ cpoJI:&rax, :sa:a:p1rnanmt1:x :nxo,n; ·H :Buxo.n ·B :Baxyyi.iirun rpaxro Sra 

nonpaBKa COCTaBlISIJia'MO.KCHMYJ.I 4%ci 

2 o ITpoctreTLt perHcTpHpyrot{ero ycr.poncrna., Sxa nonpan~a -,n;ocruraJia 

3aMeTHOt1 B8JilttII1Hlil TOJII,KO D Y3KOi1 o6JiaCTH, r,n;e 6b!JIM _pacnOJI01.Cem,1 

mnrn: .nmpr!Jpam~HOHHO paccesnnmx .J .npoTOHOB o ITpu :mn1epemm · cneKrpoB 

B 3TOt.1 06mcx·u mITeHCHBlIOCTl, nytJKa ·IIOHHl!CaJiaCI, TaK, qro61r acprpeKT 

rrpocqeroB He npen1i1ma11 IO%o 

llcxa1.eeHMe ~opMhl cneKrpon, o6ycn~ 1neHHoe H3MeHeHHeMJ3,non:& pac

cuorpe1rnoro HHrepnaJia. m.myJI:&coB yrJia MHoroxparnoro ;pa_cce.rrmrn M 

rrorep:& ::.Hreprvm '.J:!TOpMtUlfil?,{11 qacTmlaMM B MMmeIU! 'dUJIO ·HaCTOJI:E,ItO MaJIO' 

tJTO 'He ,nuxo,n;nJio · sa npe,n;eJI1r. 31wnep1-rMeHram;1mx ,omn6oKo 

JT.JISI HaXOl!C,D;8HHH adcOJIIOTHLIX '3HaleHM!t ;n;mpcpepemtHciJII,lIIiIX ·cetrnHMli 

d! X P 6b!JIM npone,ne1m or,neJI:&Ho ,no.n .. ,n;amm?J :YrJIOM npm.me ,M3Mepemrn 

ce'tlemllt .. -~~ Mcrrycxamm BTOpvt'l!HiiIX sapmitemmx ttacrm:~ ·c 

Hp> IIBQ.I03_ raycc-cM or p + Be, M p +c -coy,1tapemtt1 c ilIJionta.nu· 

rro,n; KPMBl:IMH, - npe,ncTaBJUIIOU{MMM cneKTPlil ·sapSil!:8HHI,IX 'tJaCTM~ C 

Hr > IIOO <i>I03 
raycc-cu, H0p1.mpoBaJiMCI, jt COOTBeTCTBYJOIItMM 3KCnepm.reH-

TaJI:&HLIM '3Ha'l!6HMSIM . ~: 0 "TottHOCTI, 3TOi1 nporte,ItY,pbI COC~TaB'JISieT 
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cnexxpa Brop1it-mux :•tzacTHtt~oT 1 ( p - d , )icoyJtapeHHtt o •. 06Hapyxemmi1 rrp11 

5405oI03 raycc-cM ortJeTJIHBI:Itl nHK orBeqaeT ,1tei1rp0Hau OT).tatm B ynpy

rux ( p - d )-coy.D;apeum1x. 1:i?op1.re. oxoro muca rrpe,1tcraB1mex co6on 

:rn:crrep:m,reHTaJI1,HyJ) Kp1-rny10 pa3pememrsr crrertrpoMerpa o lliupmra ·rrmca Ha 

I10JIYB1ICOTe COCTaDJif18T OKOJIO I50oI03 raycc"'."CUo 3Hall8HHe .1tmprIJepeu1ui

aJI1>Horo cette1mn ynpyroro ( p: -d )-paccesmusr·, c uciiycKamieu .1tenrpoHOB 

B HarrpaBJieHHM 7' 6° no OTIIOW81UUJ It nepBUtJHOMY rrytJKY uan,neHO paBH1IM 

(0, 55+0,I2) oI0-27 m,12/cT,epa.)J;x),o - . 

Iu..resr· B BH.ltY pe3y111,raTR omua no ynpyro1,ry ( p - d )-paccesrnmo, 
• bfe 

1111 rrpinrnBemr T!lla1'e111,l{.0' H3Mepemrn 1nmyn1,cm,1x cneKrpoB B mrrepBa11e OT 

5000oI03 ,ll;O 62000!03 raycC-CMo·, 3KCI18pH1!0llT 61:IJI BHnOJIH8H C JIHTv.teu, 

6eplIJIJIHeM, yrnepO,ltOM u KlfCJIOPO,ItOU n YCJIOBHSIX, KOr,n;a · nepe,n qerneprm,r 

C'CI8T'l!I1KOU HaXO,ltlfJICJI M8,D;HUt1 rpHJU,Tp TQJimmIOti I8 CM, ,n;ocTaTOtUIHtt ,D;JISI 

Toro' 'lIT06bJ I10JIHOCTI,10 3aTOPM03lITI, Bht6UThte ,net1rpOHbI O lIMCJIO lJaCTIU~' 

OCTaHODHBlliHXCJI B rpUJI:&Tpe, HaXO,I(vIJilICl, no pa3HOC1'H J,re,:c.n:y 'l!v!CJIOM rpoH~ 
-

HHX M treTnepHLIX COBna.n:e~Hti.o IlpM STOM BBO,ltUJIHCI, Hatf,n;emrue SKCrrepm,rnH-

TaJI.oHO nonpaBKv.t, ytrnTiiIBanmHe nor 11011temre n paccesnme npoToHon B cp1IJI1>

rpe u 8 CI~IUITUJIJIHTOpax.,, Cnpana OT .1tmixppaKr\UOJUIOro mrna tJeTBepHLie 

conna,nem111 C rI)HJI:&TpOM B!it3hIBaJIHC1, ,nmpcppa.KqHOHHo-paccesrnHHI1Il1 npOTOHa~ 

Mv.t, vrcniiITBBmmm no nyTH B cneKTpouerpe ,ItorroJIIIv.tTe JIJ,Hoe paccermHe o 

IloJiytleHH&e pe3yJI:&1'aTH .nOKe.3aIIH Ha PHC .2 - Lt H 6 0 B paccMaTpH

Baeuou UHTepDaJie m.my Jll,COD op,ItMliaThl CTI8KTPOB npH88)l0HI-l yneJIMtJ8HJibllut 

B I00( pas no cpaBH61IH10 C Op,ItlUiaTaMlt OCTaJI1>IIOtt tiaCTU CI18KTpOBo Ha 

cneRTpax BTOPMtJHUX tJaCTHTI HS JIUTUJI M CSepIIJIJIHSI oduapyxeHLI xopomo 

paspenremrne mtKM B6JIII3H 5400.I03 raycc-CMo D ::not1 1.te 06JiaCTH 

cneitTpon yrnepo,11;a u KUcJiopo.n:a sauetzeHH xapm-::xepmw n1rcrynu na npa

Bou KJ)HJie .nmf>!Iiparn\HOIIHoro mrnae> HuKarmx oco6emrocret1 He 6uJio saue~ 

-rr;uo B cneKrpax qacruH, nporue.n:umx qepes Me,zumn cimJil>TPo x Pe3y)ft'raTI:J ofinTofio nsytJeHvrro ( p - d )-coy;tapenun no~:z yrno1,r 7, 6° 
6y)J.yT 06cy,i,n;e1m B ,n;pyroM coo6rtemm o 

\ 

- \.\,~; 
.. 
: i 
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3Kcnepm.1eHT8.JU,HO noJiytJemrne cneI\Tphl OCTaHOBliBWUXCSI_ B <Imm,Tpe . 
tJaCTlil\ BO ncex CJiytJaSIX npe,n;cTaDJI.fIIOT coc5on nUKU C M8.KCltl!YlltaMli 

, ,. Lt,,, . 

np1,(' 535o·~ro'3'., ::s2ifo.ro3:;::'52:5o~Io3 H 5230aI03 raycc..:c1X''cooTBeT-

CTD01lUIO ~mt JiniritSI,· ·t1~'p~ifi1rn;·''yrJiepo,n;a; it r\uc11opo,n;a. ·: · · ·, 

IIs noJiyqeJIHht:t Heitir~1 tfrieKTpOB c.ne,n;yeT ,.. '-ITO 110,1\ ~etlCTBUeM nporo

HOD C 31Iep'ruetf 675 Mcin' C 3~1.teTHotf nepo'SiiHCfoTbtf npOHCXO,D;UT. ·ncny.::.·· 
CKO.HUe M3 JierKltx-' SJ;il;ep qac±11n,' Hl.myJibC: KOTOpliIX· 60.711,me,' tteM nu

nyJII>C npoTOIIon ,·\1t11qxppa.K!~116HHO:· paccesrnnux ua· n,n;paxo; Coodn(~HHble 

TaKm.t· tJaCTHtiai,t"m.myni,cu rpynnupyroTCSl OKOJI() ·suaqemtll, TOJI:&KO 

Heuuorm.t 1v1eH1>mux s11atJemu1 m.myJu,ca ,n;ettrpoH6B'", · 1rnnyt:(elll1Nx B _ 

ynpyroM (p .: .. :d )- paccesmnn. ITo,n;oc5HC' .net1Tp0Ha?.(OTjatJ11 OT ynpyroro 

( p - d )-paccennmi" o·dirapyJtettnair rpynna ·qacTHU rIOJIHOCT:&IO 'TOpl1103UT

CSI B ue~'IIOll tDHJil>T'pe TOJII:lltlIOn I8 ·cM. B ycitOBl!SIX 3THX OTTblTOB B 06-

JiaC'!:b MUilYJll)C.OU I-/ f. > 5000.,I03raycc..icu ,li3' tlaCTIUl, .TSill\8JI8~ npOTOHa; 

J.tOrJiiI' nonri.cirb t'oJII>ItO. ,nettTJ)Ollbl it SI,n;pa' TPHTltst." ITocJie,u;Hii'e. uorJII1' 
' . 

dLITI> ncny~eilliI BCJte,n;CTBlle ~:aasuynpyroro. coy,n;apemtSI HaJieTa}:>l~ero 

np0Toi1a C rpynno'n·· mf Tpe~ttJII,IIO 'Bsain.10.itetlcTBYIOIUl!X ·11y1tJIOHOB 11 o6-

Jia;iaJil1 <1hI ·minyn1,co·u 'oKOJIO: 6000.I03raycc-cu, 'lJTO '·3HatJUT0Jll>lIO 

np811:IlIIaeT 1U,myn1,c ttacT°in~ J3 ·, o'6HapyX9I!HEX mntaXo 

ITepet1MbJie·mme· BEme , 01wnepiti1eura.JI:&ime' ~amme · cBu.itereJI1>crBy10T · 

0 TOM, lJ'.J:O np0To1i1.i' C· 3uepr11eti 67~ {faB nu6r:n;a npOH3BO~SIT Bh16Irna

m1e ·,n;et1Tpcnion, us·· 1ixe"rK11X )t,u;e'p. BTOT inpoii;ecc KHiieuaTH.'tteCKII O'l16H!, 

cxoxc C yripyrHM (p- d )~pac·cenirneM •. · :Jfa 1iaJUI'l1J,m Ta.Kora· COOTD8TCTBvISI 

1,tem.tiy\~riYJ,ist npoiie·cc:lum:ub,rmo ciena±B: n'1ino,n;, · ttio' riachu1alli1e :itei1Tpo

noB ripOliCXO,Il;lIT. B pes'y JI:&Ta re' UOttTlt. yr(pyrit:x· coy;iapeHl!li ·itaJieTaIOll(l1X 

npoTOHOB c· Knasii,u;e·11Tponm,1un rp.ynna1m: nuyTpu .rr;iep·a ·: 

CJie,n;yeT no,n;tJeprmyT:&, tJTO, od1Iapy.e1ma.rr rp~na ,1(8i1TpOIIOD ··ue 

uorJia' D03HUI\tIYTl> DCJie,n;c'xnue 3axnaTa· na,n;aIOutlIMt·t ripoTOHaMH: neHTpOHOB 

--~-----
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M R,IJ;ep, TO ecT:& B peaKn1m Tttna p +( l i A) -- d + ( z) A -1) ·. 

Jl HCTBHTeJI:E,HO, HCTIYnt8ItHii18 B 3TOM npouecce .n:ettTpOHiil ,n;OJIXHiil UM8T:E,. 
a, ' C S • : ' • • T • : ' 

, ' . . . ' 

MnyJI:&C, 6,0JI1>me HMTIY~Lca ,n;~nTpOHOB OT,n;atrn: B ynpyrou ( p - d ).;. I . ·. . . . . . . . . . . .· . . ·. . . . 
!pacc.esmnrr, . ttpH'tl8M ~ia pa~nma. Me~y m,~veaMH-)liOJI~Ha BospacTm · 

'. ' " . ' . ' ..... " ; . . . ' ' . ~' . . . '. : ', 

,0- y~&JIHltOIIMOM MB.CCU H.ltl)a MHllW-lHh TaK,. Hanprauep, B CJiyqae saxBaTa 

· TIJ.)OTOHatrn:. HOttTp~~OB, H3 n,n;ep C 
12 

t1e3 B036y,ic,1temu1 . OCTaTOttHLIX 
• 0 • • ' ' • ,· 

sr,n;ep c 11 
.n:el!TpQHLI u·cnycKamrn:r, 6a c m.myn:r,cott Ha 255.oI03raycc-cM 

c50JII,lli8 H~myJI:E>Ca .1{811Tp0HOB B yrtpyroM { p;.. d·,)-1,a:ccesIHHil,. '. Tor,n;a KaK 

B ,n;encTBHTOJ[bHOCTH, ria6~10,n;aeMo1lt mut . pacnOJIO!:OH 1mi:e IIHKa ynpyro

paccOSIHHiilX .n:enTpOHO.B Ha. ;.._ 150 oI03raycc-~Mo 06HapyxenuyIO rpynny 

,n;etfTpOHOB HOJI:&3SI Tahtxe OTOilt,D;OCTBI,!TI, .11 C .n;eliTJ.)OHatm, B03HMKaIOl!U1:MH 
I 

BCJIO,n;CTBHe saxBaTa HYKJIOHOB H3 SI,ltep BTOpHttHID,m, OTHOCHT_OJII,HO 

MO.l{JI8HHI,!MH · HYKJIOIIaMH, . KOTOplile 6@JII,! BOBJI01.J8Hbl B sr.1tepm~1n KaCKa,It 

rIOJ.)BllttHl,!ll,TIPOTOHOMo )leHTpOHiiI, ncnymeHHHe B TaKOM nponecce He-
' 

npsruoro saxBaTa HYKJIOHOB, .n;oJIJ:tHhI 11MeT1> pasi,uuurr I1MnyJI1>cnut1 cne1e1:p 

des BCSIIt.Oit. ItOppeJisr"qnn C ,n;eiiTpOHHI:IM mtitOM B ynpyrolv! ( p - . d )-pac-
. ,: . . 

cesrH~'Ao 06uapyxemt~e :mntH He MoryT_ 61IT1> npnnncaH_a H .n:en1:p0Hau·, 

oc5pa3oBa~IHb!M B peaKn11srx p + p -- d + 11 + H · p + n --d + TT
0 

1 

B03M0XH0, npoTeKaIOIItHXI BHYTPll n.n:epo OTBetJaromnn 3Tl1M pearn~I1SIM TIHK 

.n:ei1TpOHOB ,ItOJIJ!CeH ·.Hac5JIIO,ItaTl>CJI npn l}560oI03raycc-cM, ttTO np:il6JII13l1-

T0Jil>HO Ha. ·800oI03raycc-cM. HMJJt~ paccMaTpnnae:uoro yt1acTrea HMnyJil>

cnoro cneKTpao liaKOHert, B CHJIY npHH[{IIRa ,It_e:TaJI1>Horo paBH0B8.Cl1SI 

CJieioBa.n'o o:m:~~a·T·:& o6pa~oBaH_H2 ,n;ei1TpOHOB, B peaK[{HH p + n--d -t- r , 
06paT11on · rpoTopacmenneHnIO ItBasn.n;enrpomiux rpynn. B sr.n;pax o• IIpH yrJie 

Ha6JII0,1teHMR 7,6° 11: aHeprn1'! npoToHOB 675MaB ,n;eiiTpOHb! B 3TOt1 

peaitniut ,ItOJJlC_HoI. I,!CTIYCKaTl>CSI c H1.my1Il>COM . 4690 oI03raycc-cM., tfIO 

doJiee tte:u. it~ 400oI03raycc-cM m-nie paccitaTpnBaeuoro ·ytracTKa .· 

cneKTpao · 



•'- ~ 

, ' 

fITatt,, MOiitHO yfBep:ac,:n;aT:&; tITO 'IIHKM;! 66iiapy:ateHH1Ie y Bepxmtx· 
;••• ~•.•} .. ; "·'• •·'' •-~ ~ ,:·, ·. \·•,-J'.':• ,.•·•:·f•i••~·• l 

rpamiu; l1MIIYJIJ,CHiiIX cneKi'pOB' ,itellcTBUTe\JI:bIIO OTBetiaJOT 'TOJIIhco< ;nen:...·,' ... \' 
-~···; ' .. "". -~ ~~:·:c-,·~:· :··.~_~'\ '· ~ . •, " ·, :,: ' < •• :·. ;- ' ,.,;, •• -:-:_··•i; ~ '. ·: _-:;· '; ,. l- :'i- . : . j. 

TpOHaM, BbI6vITliIM li3 si,:n;ep BCJie,:n;cTBIJJ:e coy,:n;apemin np~TOHOB c KBas11:,:n;ei1= \. 

rpo1ilI'iin,ril 't'pynriair~,;o ;: IlpMC>JiiiX~HIIaR otiem~a,. a6COJIJOTHiibc BeJIHlntH . .nktixpe~ 
peHu;11aJI~uux ceqemtn 'a Toro rrpou;ecca· 6ana np.oBe~eHa rrJreM _cpaBHeHMst 

, . - "' 

TIJIOnta.nen, '~ ··o;iHori CTOpom'.i, no,:n; CIIeKTpaMl1 .nmpq>pa1nnroHHO li RB8,3li-

yrrpyro paccesrIIHhIX npOTOIIOB n, C ,:n;pyro11 CTOpom,I, rIO,Il; nI1KaM:n, OT-
3- .• _; •• , .- . ·, ' ,. . .' ., ., ; ~ ·_ ·: : 1 ,,. 4 • ' • "·' • ' : ... ' 

BetiaIOJ~l1Mlf -qacrnu;aM C n'poderoM, MeH'.&WllfM IS CM Me,:n;n~ IIoJiytieHHLie 

TaR·111( chci'co doM qi,Jd ire HHLT9; 3Ha l!8Hl1.fl> ,:n;mpcpepe HU:HaJI:&HbIX ce qe11ttrl (dd'O ) d 
. . ... ..: ' .. . .. . .· .. ' . ' (J.). 

Ba61rnaHliR ,:n;enrpo110B · ,tiairn B. ·Ta6muie II· t>•,recTe c · cooTBeTCTBYIOll(HMH · ·. 

3Ha "tJeHJtis:iit11 .1tm!Jcpepem.im:1JII>HbIX cetieHi1n · ( ~ i) ,t · 11cnycKaHna· nxop1rtiuo1x · 

sapmtteHHhlX · tracTuii c .. Hf '> IIOOoio3rayc·c-cM. OT p+Be - ~ P+C-coy,:n;ap~-

HI'1i1o 

(.d. (Y) 
\dW . 

3JieMeHT 
t~~)t27 · .. ·2 ·. I "' ro- c11 /· ro-~701?; 

D 

lJ.1, 

CTepa,JJ;.o 

.;... 

·-

, CTepa,:n;,0 

o·;55+0,I2 -
2·,9+0,6 · . -

. B e · · · . 590.:t,30 .·. ..· 2 ,2.±,0, s 

c\', .· ; 900.:t,50:,, ·3,?:.0,8 
0 · 1: - 4, 6;t,I , 0 

,.': ~·'!~.;'.~;: 

.. 
Ta6Jmu;a II 

70<1 ) /t E: 3ueprusr 
,dc.u !27 2. •-.··· 11 .> m,1p1rnamrn 

IO cu/ MaB .1teRrpona, 
CTepa).l; 0 • Ffa:s . 

0,55 -
0,97 ro·I ·9,5 

0;55 . I ·23 'I6,7 

,Q,6}· · .30 :· . ·25,2 

.. · 0 58 '· •. ~ '. ' J.' .,.• . 33 -'20;7 

·B CJiy.trae ';J..i· ,, -BB>.11::. c·::.)cneit:TpLI Ch,rJi11::vrntrnpeHhl'''.BITJIOTI> ,:n;o. 

H_p =6200.,I03raycc~cM, tITO >BltJIIOttM)IO 'B :c·e6s1 OdJia:cr1,, B ItOTOpot1 

. CJI8,Il;OBaJio· Qjjtl1,JJ;aTI;''06napyJ1mTJ, -rpyrmy .. :.B1I6:0'.TbIX: st,:n;ep TpHTH.fI.e • · HsyqeHHe 

BhICOKOHMI!YJIJ,CHblX yqacTROB.:'C_neKTPOD' I!ORa3aJIO' tITO ec'iur·Boo6nte Blil-

6nBaifne: n,:n;ep TpuTnsr 11 npo11cxo,:n;nJio B yc.rioB11srx aroro· aKcnepnMeHra, 

TO MX BhIXO,Il; COCTaBJISIJI He 6oJiee 2 + 3% OT BliIXO,:n;a BhICJI1ThIX ,iei1TpOHOB. 
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Ol'JIMtIIITeir:&uo'n oco6eHHOCT:bIO _ noJJytieHHLIX cneKTpOB HBJJSieTCSI 
. . . 

TO,. tITO IIMKM, . OTBetiaIOnt~e BbI6llTliIM ,n;enTpOHaM, 3Ha"<IijTeJJ'.?iIO mllpe, tieM 
. -

mm, Ha6JIIO,n;ae~mn B · cJiytiae ynpyroro ( p - d )-paccesrnn•·o 3To pas-
' 

JUrttne, OtieBH,D;HO, B1I3BaHO rJiaBHLIM odpa30M pa36pOCOM !IO HMI1YJII>CaM. 
•• • • > : ". • • • 

KBasH,netiTpouaux rpynn B _n,n;paf o Bemt"<IHHY cpe,n;nen: 3Hepnnt ,n;Bmxe-
. . 

mm ItBa3H,n;enTp0HHbIX rpyrrrr B n,n;pax MO~IIO 0Il8HI1T:b, HC"O,ItR M3 ,rcan-

II!JX ,ICJISI rui,,:pmt 3Kcnepm.reuTaJI1>uux mtKOB M, KpnBoll. paspemennn . cneKTpo

uerpa n ctmTaSI MaJibIM 0rpq:ieK'.t paccenmtSI ,rcenrpoHon rrpll naxo.ne ns 
,:I ' , .. 

n,nepo_IlpoCTLie BIJqncJJellHH IlOKasaJJn, '<ITO. cpe,ItHRR 3Hep~HR _,ItBllX8HHSI. 
-:. ' ; 

:rrna311,n;enrpo11iroIX rpyrrn COCTaBJIIIeT OKOJIO 8,II,I4 H I4 M3B COOTBer,t 

crnenHo .ztJisr "i~. Be. C u O - ' ) ) 

06napyxeHHae mtKll c JI8BO!t CTOpona qeTKO He BbI,I1;8JI8HLio 3TO 
, 

Mor JIO 611T~ DiiI3BaHo qacT:&JO norepm.m aueprnn rrporonaun ll ,n;eJ1r.po-

HaMH B H,n;pax, tiaCT:&IO TOpMOJICeHHeM ,n;efiTpOHOB B CTeHKax KOJIJIMMaTO

poB., HeJI:E,3R TaKr.<:e ~CKJIIO'<IMT:& B03MOJlCHOCT_:b Toro, tJTO B Ha6JIIO,n;ae?.Ui!M 

IlHKa~r CJieBa. npll1,fbIKa8T . pa3MLITae· Ill'1:KH .n;efiTpOIIOB OT B031JOJitH!JX 
: -: ; ' ,· _·_,: . ' .. ; . + . . . 0. 

peam:~nn p + p - d + Ti n p + n --d + fi ., 

OrrnT. ,Il;OKasaJI cymecTBOBaHMe B CIIeRTpax JierKllX ?JieMeHTOB 

He60JI:&moro C,ItBHra BJI8BO .n;etlTpOHHliIX nI1KOB OTlIQCllTSJI_:&IIO rtOJIOitemur ...... ' : . ~ ' .. 

nHRa, ?TBetta10mer9 .nenr_poHau B ynpyro:u ( p - d .. )-paccesrnm,,: o 
. : ~ ,-~ 

CooTBeTCTByroman H?,~JIIo,n;aeuoMy c,n;nHry pasmu~a uex.n;y 0Hepr11Ien ynpy

ro paccesrHHbIX ,nettTpO_HOB ll cpe.n;He_tl :3HeprHeti .rcenTpOIIOB' BbidUTLIX . 
~'. ;, . ' - . . - _. -- . ' .. ~ ' . . ~ . . ' . 

M3 H,1tep~- nptrne,n;ena n npe,n;nocne,n;HeM, a sHeprusr nup~BaHMn: .n;enrpoHa 
·-· ·,- . ' _, . ·, - . ' . 

us n,n;ep - B_ nocne,n;HeM cron6rxe r~diurgiiI IIo 3Ta pa3muia npe,n;cra1prn:er 
.: ; •$ ' ,"' •,. "-,~' . • ' 

codon, B o~IIOBHOM,_ 0neprmo BblpbIBaHHR ,n;elirpona, 11:s, noreH~HaJI:&Hoi1 

m.m' odpa30BaHHOIT OCTaJII,HbIMU HYitJIOIIa~m O ECJIH npoTOH IlOCJie coy,n;a-. 
. '\ ·.· ·' . ~ 

. pemrn c RBa3n,1.tei1Tpo1moti rpyrmoti TaK:l!Ce noKn.n;aer H,n;po, des .n;aJI:&-, , . ·~ : . 
l . ~- S . 

i 

I 
I 
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HettlIIMX coy,n;ape1rnti, TO Ha6Jiio,n;aeMbIH ~rrpouecc· MOXHO -.npe,n;cTaBMT!> 

KaK peaKI\I!IO· TMna p + ( z, A)·- d + p +(~-1, A -2) o. Cor.nacno nonyqeHHJSIY

).(amrnu, ·: .3Ueprmi: oT,n;a'-m' rr' BO~~YJ!CAeinrn ocTaTO~Horo R~pa (~_:_\·A --2·) 

,n;oJiJ!CHa ,()I,IT:E,.,, HeBl!JIHKa O . 

. Heo 6xo,n;m,rn·' OT:MeTl'IT:b, tITO paccesr1rne npOTOHOB. Ha . KBa3I1).(6M= 

Tp~mrnx rpynnax c ·. nepe).(atret1· ,itei1;poHaI1! cfon:r,mnx- 1umy:ir1,coB, ·· ~o- cy-

mecTBY, npe,n;cTaBJIHeT co6oR npouecc; o6J6noB~eHHHR rpexqacrMtrHHM 

Bsamrn).(encTBtrnMo · )lJISI ,n;aHHoro yrna cetremrn aToro nporlecca, KEl.K 

BH).(HO Il3 Ta6JIMULI TI, B03paCTa8T C yBeJII1tieHiieM pasuepoB .FI).(pa=MFIIIle= 

HM e 0TH8 ceiIHoe- na·. 0,1J;I1H. npOTOH B SI,n;pe. ,n;mprI)epem:..r0:aJII,·Hoe Cet1em1e 

npouecca ,BLI61rnamrn: ,n;ei1TpOHOB ,11e _Cl1L11o0HO OTJIIItraeTC.fI .OT Ha11,n;eHHOro 

B Te_x J!Ce ,ycJIOBHSIX cetJem,rn .yrrpyroro ( p ~ d )-paccesrmrn o 3TOT · cpaKT ,_ 

Bll,D;MMO, 03HatJaeT, tITO xapaKTep TpextmCTHtrnoro 'B3aHMo,n;ei1CTBM.fI 
. •. 

0,D;HH l1 TOT jlte KaK B coy,n;apeHHHX npbTOHOB C 1rnasI1I,n;eliTpORHh!1Uf 

rpynrraM:0: B' nerKHX s,n;pax; ra·K H B coy,n;apemrnx npoTofroB · co cBo6o,n;= 

llbIMM .,n;enTpOHaMl1o Ilb,n;06Hasl CI1Tyaqv1ir KaJKeTCSI B03MOJ!CHOti TOJI:&KO B 

CJiyqae OTCYTCTBMR 3aMeTHOro BJIHSIHMSI ,n;pyr11x. lIYitJIOHOB R,n;pa. Ha npo

uecc B3aMMO,n;etiCTBMH HaJieTaromero ~pOTOHa c' Tecuoj KBa~M,n;eRTpOHHOff 

rpynnono 

OqeHKa noJIHoro cetieHI1Ji rrp·ouecca BbIC>liIBaH:lit~, iei1TpouoB z;zs 

n,n;ep .ObIJia IlpOM3Be,n;eHa' B npe,n;nciJIC>lee°Iurn:·, tiT'o yrJIOBUe pacnpe,n;eJieHM..fI 

,n;etlTpOHOB .OT,D;atIM B , yripyrnx ( p ~ d )~coy,n;apeHIISIX n· _B ··coy,n;apemrnx 

npoTOHpB: C KBaan,n;ettTpOHHID.hI ··rpyrrnain,i' 
00,ItHHa~oB'hlo Yrnonasi 3aBMC~~' 

. Mo cT:& cetreHnR ynpyroro (p ~·. d· )·-pacceRHr1Ii· rip:0:' -~HeprH11 · 660 !1taB 

B HIITepBaJie 40° -I50? B CHCT'ei;i:e u;eHTpa Mac'c' rrpOTOHa 11: . .netirpoua . 

6una n.s1repeHa • B Hameti .Jia6opaTopm1 r .. JieKcIIHbIM (I6).,. lis~i:in11x 

6bIJIO d~IH8.HO, 'l!TO .l10JIH08 'cetiemrn ynpyroro ( p ~ 'd)-paccesrtUI.fI. 

COCTa~JI.HeT OitOJIO I,5.,Io-27 
Cl;{

2 ., .0TCIO.na, CtIIITaSI, tITO BblXO~. ,n;eif--

. TpOHOB nponopUHOHaJieH Z , 61IJIH Hati,n;emi ITOJIHLie uetieH.H.fI (f d 

npouecca Bh!6:t1BaHM.fI ,n;eriTpOHOBo 3:HatteHH.fI liX ripl1B8,D;8HliI B Ta6JIMIW Illo 
-
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]mI cpaBH6HlHI TaM 1.te np1rne,n;eHbI 3Hatiemrn IlOJIHbIX cetieHI1:l1 ot 
e y • 

B3afIMO,n;eHCTBU~ npOTOHOB C SI,n;paMli yicasammx 3JieMeHTOB npn 3Heprmir 

650 MaB (I?) 0 BKJia,n; TpexHyKJIOHHbIX coy,n;apemirt1 B IlOJIIIOe cet1e1111:e 

B3a:t1MO,n;eficTBl1:SI 
Ta6Jim~a llI. 

.H,n;po 
! l 

I ) 

'ii. Be 
l 

C 0 -
l I 

I t 
6" d, I· I ro-27 cil - 4.5 ,_ 6 l -9 --- I2 I 

ot, 
7 - I ro-2 cu2 - 272+7 340+!0 . ! 4!6+30 - - i -

npoTonon c sr,n;paMH, oqen11:,n;110, ,n;omieH dbITl> er.rte 6011:&me sa ctteT 

coy,n;apem1tt--np0Toi1on c :rrnasn-pp n -- nn~~rpynna1,m, a Tamite c 

pn -rpynna1.m, HaXO,lJ;SII!{J,JMHCSI B COCTOSIH~stx, OTJilfllHbIX OT 
3 91 . 

3 . 
n D • -cocTosnrn:tL, 

6. 3 a K JI ro q en 11: e. 

3Tl1 3ItcnepHM8HTbI TIOKa3am1, tITO npH 60M6ap,n;11:poBKe '-;/J.. , BB , C 

n O npoToHaMn c 3Heprnet1 675 1faB nponcxo,n;nT c saMeTHo:t1 Be-. 
pOJITHOCT:&ro lilcnycicamte ,n;ettTpOHOB TIOtITM C T9UM j:te MMTiyJI:&Catm, KaK 

n n ynpyrou ( p '."" d ) - paccemnrn., Ta1toe Tecnoe cooTBeTCTBMe 

uer.c,n;y y1tasa1mLIMH npoueccawir sacTaBJrneT ,n;onycTMT1>, ttTo Bbl61rnamrn 

,nei1TpOIIOB 113 JierKRX SI,Itep npoHCXO,Il;MT BCJie,n;CTBMe coy,n;ape1rnn HaJie

TarontMX npOTOHOB C KBasn,n;ei1TpOIIHbIMH. rpynnaMH O PacCM0'-7P8HMe yum

pem,rn ,n;et1TpOHHbIX TIMKOB ,n;aeT ,n;JISI cpe,n;Heti 3Heprm-t ,n;n11r.cem1Sr KBa-

3H,Itet1TpOHHbIX rpynn B TIOT8H!l;HaJI:&Hon .flM8 OCTaJI:&HbIX HYKJIOIIOB .a,n;pa 

OU8HOtIHOe 3llatienne OKOJIO 8,II,I4 H I4 MaB COOTBeTCTBeHHO ,n;JIS 

11 ' Be.. ' C H O • YKasamrn Ha TO' tITO cpe,n;H.fIR 3Hepr1rn ,ItBHT:CelUUI 

KBa3H,n;enrpoHHhlX rpynn B R,n;pax JIHTMS MeH:&rne, qeu B R,n;pax OCTaJI:&HhlX 

MCCJie,n;oBaHHlIX 3JieMeHTOB, npe,n;cTaBJIBeTCS peaJI:&Hbll~I. Cxo,n;m,ttt pesyJI:&-
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l'aT 'c5HJI no11yqen. B MaccaqyseTTCe' cfs) npH Hadmo.n;e'riin cpoTopacme,n~ 
. . . . . ' ·. ' . ·.. . :;~ . . ' 

.11emrn 1tBasu.n;eiiTpoHH1IX rpynn o Hs conocTaBnemrn .n:Irrpcpepem~nain,HliIX 

C8\J8HHt1 ynpyroro pacceSIHHSI .. npOTOIIOB CBOdO,ItHb!MI1 ,ItSHTpOHaMI1 H 

KBa3M,It8i1TpOHHI:,IM11 rpynrtaMJ.! CJie.n:yeT, llTO xapaKTep TpexHyKJIOHHbIX 

B3amrn.n;ei1cTBPit1 B CBOc50,ItHI,IX . ( p - d )-coy,n;apeHH.f!X M B coy.napemr.RX 

npoTOHOB C KBa3M,Itei1TpOHIIIiIMM rpynna1.m He pa311HtiaeTC.fI CKOJII>~~Irndy,n:1, 

3aMeTHO O EcJrn: B ycJIOBM.fIX 3THX 3KCTiepHM8HTOB I1 npoucxo,n;HJIO B1Id1rna= 

mm sr,n;ep TpHTHH B pe3yJr:E,TaTe coy.n:ape1rni1 npOIOHOB C TSCHbIMH 

TpexuyKJIOHIUiIMH rpynrra11m, T.O BlilXO,It n,n;ep TpliTH.!l COCTaBJUIJI He 

d6nee 2-3% OT BbIXO,n;a BY6HTYX ~eHTpOHOBo 

Pe3yJI:&Ta TbI HaCTO.filltHX 3KcnepMMeHTOB MOJKIIO paccMaTptrnaTI, 

KaK Bec1rnn ,ItOBo,n; B noJt:&sy M<r.n;eirn: R.rtpa, pa3padora1mon Ep101mepoM 

C COTPYlHHI{atrn (I9-2I) H He,ItaBHO npoaHaJIM3MpOBaHHOi1 EeTe c22 ) 0 

B OCHOBaHIIH 3TOt1 MO,n;em1 Jier.c:nT npe).(TIOJI07.C8HHe, 'l!TO B n,n;epHOM 

BemecTBe m,1eeT M8CTO CI1JU,HOe !WpOTKO,n;encTByIOn~ee B3aI1MO,I(eticTBI·!e 

M81K.D:Y rrapaMM HYKJIOHOB, BCJie,n;CTB~e qero BOJIHOBa.fI cpyHK~v!.fI OCHOBHOro 

COCTOf!HvIR sr.n:pa co;a;ep1rnT. 3HatillT9JII,HYIO rip11M9CI> KOMilOHe_HT, COOTBST= 

CTByromvrx C>OJII,II[I1M m.my11:r,caM OT)te JII,HbIX HYKJIOHOB O 3TH 3KBirnaneHTHO 

,n;onymemrro O HaJill'(Jllll BHYTPH R,n;pa 3HattI1TeJII,llI,IX KOppeJIRJ~t1ll B IlO= 

JIOXSHHH HYKJIOHOB HJIH, mu.,n.m CJIOBa?,m:, ItpaTKOBpe1.IeHHblX O dpa30BaHHi1 

H3 ,n;Byx H doJiee CHJII,HO B3avIMo.n;et1CTBYKHl~I1X HYKJIOHOB 0 

B paMKaX Bb!COKOI1MriyJI:&CHOM MO,n;eJm H,n;pa Bbic5HBaH:vre ).(8MTPOHOB 

H3 sr.n;ep no.n: ,n;eUCTBHSM ripoTOHOB BYCOKOil 3HeprHM MOlKHO paccMaTpH

BaTI, JII160 KaK pe3yJI:bTaT nepe.n;attli! don1,ruoro HMnyJI:r,ca Tecuon ,n;By

HYKJIOHIIorr rpynne KaK ueJioMy, m1:60 Ka·K saxnaT vrs TaKon rpyrrn1i1 

HSHTpOHa C o6pa30BaHneM ,n;euTpOHa, BbIJieTaIOmero Bnepe).(o TOT <IJaKT, 

'lJTO cpe).(H Bb16IltTbIX 'lJaCTHU OTCYTCTBY}OT B 3aMeTHOM KOJill'lJSCTBe 

R,n;pa TPI1THH, TIOBH).(HMOMY, CBH~eTeJibCTByeT 06 OTHOCI1T8JII,HO pe~KOM 

B03HHKHOB8HllH BHYTPH .R.n;ep TpexHyKJIOlIHiiIX rpyrrn, crroco6Hb1X KaK 

.. 
., 



- I7 -

r~eJioe lICilbITblBaT:& OT,ttaqy o' ARaJIOrlP-IHNti pe3yJI:&Ta T npe,n;cKa3NBaeTCR 

B BLICOKOHMnyJI1>~1Ion irn,n;e;iro sr,n;pa ( 2I·, 22 ) o . ... . . 

II po 6Jieua ne pe,tta tJR 60Jihm11x 3He pnin ; Ha.rie-Ta.10nt11M1i' Hy~ko'uairn 

n,ttepHbIM rpparMeHrai~ paccMarp11Baiiac:& BJI~~HHq~B~11C2·3) :·B :~p~~noJio-: ·. 
:t,\ - . 

JtCemrn, q:ro BHYTPM SI,ttep B03Hl1'.KaIDT KpaTKOBpeMEHIHbie, Te CHble . crwi:i~ 

... 

JI8HlfJI HYKJIOHOB, KOTOpue MOryT BI:I6paCb!BaT:&CR l13 n:,n;pa B Bvr.n;e OT,n;eJII,

HOi1 qacTHUbl npvt 'coy,1.tape1um C llYKJIOHOMo PactzeTbl, OCHOBaHHI:Ie Ha 

TaKoM rtpe,ttcTaBJiemni, ,ttaror' saB11c11:11ocT:r:, -cetzemrn B116HBamtn :JHep

rutIHEX ,n;eijTpOIIOB H3 sr,ttep, C0,1.tep~italltHX HeMHoro HYKJIOHOB, OT aTOM-

'72 A-'/3 Hora HOMepa H aTOMHOI'O Beca SI,ttpa B Bl1,Ite z:.. lf )J;JIJJ Tex 

.H,n;ep, B KOTOpLIX y"ll.e CytteCTB8HH1I 3(1)(1)6KTbl HaCbll!teIIMSI n:,n;epHhlX CHJI, 

- B BH,Ite ZA- 113 
0 BepoRTHOCTh .BblXO,n;a TpHTH.fI COCTaBJI.HeT mn111, 

necKOJIJ,KO npOI\8HTOB OT BbIXO,Ita ,n;ettTpOHOB, llTO He npOTHBOpellUT 

OribtTYo A6cOJIIOTHble 3HatJeIII1SI ceqe1rni1 TaKl'\e KatieCTBeHHO corJiacy

IOTCSI C pesyJihTaTaMU H3Mepemdt ~ 

B IIaCTOSII!~ee BpeMSI HHtJero II8Jll>3.fI CKa3aTl> onpe,tteJieHHOI'O 0 

npirpo,n;e CHJI, ,It8t1CTBYIDI!tl1X MeJ!t,u;y HaJieTaIOiqHM npoTOHOM I1 KBas:n,n;en

TPOHHOti rpynnoft O IIpM ,ItaIIHOti 3Heprmt .n;mma BOJUihl npOTOHa B CI1CTe,~ 

Me U8IITpa Mace ,ItBYX HYKJIOHOB )\. =0, 35 oIO-I3 CM, tITO TOJI:&KO B 

TIOJITOpa pasa 6oJn,me KOMTITOHOBCKOll ,IJ;JIMHbI DOJIIIH IIYKJIOHa tc 0 

He HCKJIIO'qeHa B03M03:HOCTJ, Toro, llTO Cl:OJII, T8CH1Ie coy,u;apemrn: npo

TOJIOB C RBasn,n;ettTpOlUibIJ.m rpynnaMH conpoBOil\,IJ;aIDTC.fI CHJI:&Hon .n;ecpop-
Hta,w.Jlol-lo6 · 

Mal~Hetl MeSOHHbIX odO)JOtteK y Tpex CTOJIKHYBIDMXCW t1 B03IUIKHOB8Hli8M 

Me:m:,n;y IUIMH B3a1'1MO,n;etlcTBl1R, KOTOpoe ocymecTBJISieTCSI nocpe,n;CTBOM . 

o,n;HonpeMemrnro o6uena napaMH fi -MeSOHOBo C 3TOil TO~KH speHliR 

BbICOK03HeprMtIHLie coy.n;apemrn HYKJIOHOB C I{Basn.n;et1TpOHHE!MI1 rpynnamt, 
•: . . 

I{aK Tpoi1m,Ie coy.n;apeHHSI,. npe,ItCTaBJISIIOTC.FI 6JiaronpI-UITIIolM 061:,eKTOM 

)];JUI not1cKa. 3cpcpeKTOB, o6ycJIOBJI0HHbIX TpexttaCTHtIHbU.:ut CvIJ1al1IH, l1 

sacnyx1rna10T no3:rouy ,n;aJI:&HeHmero Ii3ytzemrn o 
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B 3aKJiroqeHiie a·B·Top11 B!,Ip~x~~~\i~~i~.nap~OCT!> Jt'o}I~.i~oxini~ 
. .,, ~ '' • 'J : • •. • .. ,., ''" .._ :·~· • " ~ ,, : 

IWBY ,' T oAoJleKCHHY H B oHo OrneBer~IW?(V sa ·y~IaCTl1e B o·6cyJ!C,I(0Hlrn, a 

TaK,rce' 1DiWoJieH11Co.B/':~i ·1101,~oIIt:b npH npoBe~~~Hn · ~;1.1epeHit1 l,rarI~l1T---

HOrO 1101!.fI ClleKTpOM6Tl)ao 

.,. ••. 'T ~ 
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PIIC .,2 lfi-myJI:bCHoitl cneKTp, BTOPIItIHIJX .sapni:1:eHH~IX :tr,acTmt OT.,•:;.·,_·.'~ .. 

( p_+)4. )-:-coy.n;ape1mn noi._yr Jiou 7, 9° 
;·-~ ,-·· .~· • ~ i ;-~ -_,_,.-... . , ···.'.~ ,, l ~. L:.z!..:-!, ,_' ~; ·-: ., 

· I •·:..CYJt_nrapau_tt cme~TP B~qpuqHbIX .. ?apmteH_H~rx. qacrnr~ , 
:,. '; r•·•~: J • .:. · •

4

·~• , ••."'.:.·~_;..;_ ,.'. ..•• :..•~ : •-_, ·::.1,J· .. : ' -; i,_;, C • : • ;., ,, • 

TI.- cneKTP npOTOHOB; 
" -. ,,,-, 

m - CTI~KTp qacTm.~' OCTaHOB.llBllIJ1XC..fI B (!)J1JI1>Tpe O 
f :-:-, -' " . . } '._"•, ', ~ ~- '-. ~,,.- : (.J _":/~L~t:; . -~- -, ·: ··:.. , ·, 

Pl-IC o3 fumyJiliCHI:Ii1 cneKTP ~BTOPl1lIH,!lX .. sap}n:teHHl>lX .qacr1m; 1-OT .. , , ... ·. 
( P _i-_B~)_"7cqy.n;ape,HUi1 fIO.D; _yriq1:r -~, 60 __ :· __ . . 

~ .. _::.;-:.·:~:j._,I ::,.(_,\ :\ __ ·,:;. ·t::.: -: __ ·: i J ;'"";·:,· .. ~_,:,_ ),·· .. ·.··;_: .. 

I - (9~,ap~~!tl_ c~:eKTP ,;BT_pp,~1p:1; }apnxe,IIHbIX ~cl,C~m~, 

II- crreKTP JIP.O.T._OIJO_J:1 ; 
:,,. :_ ; ' "::_· ; ! ;' ; \, -::;;, ,, .. , ;:· ,;-

Ill - crreKTp tJaCTlUl, oc:i;,a~OBUBllIUXCSI B Ci)~1JH,Tpe ~-
'." ! ; ,:: '.·: ; }- : .. \ ,. . .,-,. 

P11c .4 l'IMnyJI:&CHhltl c~e~;p :._BTOpl1tJHbIX 3~p.RxceHHbIX:; -qaq_TI1g OT, 
( P + C )- 9oyiapeinii1, .. h_9,1r,y.rno1(7,·60 : , ____ . . .' -

-~: :. :,r\•'° t,, ;:_ ::~:~_,\ . •~,. ~ 

I - CyMMapHbitl cneKTp BTOplltrHhIX sapRTttelIHblX: imc·nm; , 

II - cneKTP npOTOHOD ; 

lU - cneKTP qacTHih ·o'cra"i!bmrnfrri1:xcJvn rpr-rJI'.EiTpe"~. 

PMCe5 YqacTOK HMrIYJI:bCHoro crreKTpa BTOPlltJHhlX sapSI~eHHI:IX 
1tI8.CTMI];: 'OT {' p .-·: d: .·.-,)~coy~apeHMll "c ni1K'o"ir ynpyro paccerIHHbIX' 

.n;enrpOHOB. ~ 

y - :pe:iy)t1'T0:T irsuepe1mn: 6es·: :,Jrn:&Tpa, · rop1,ws1rnru·ero 

.n;enrpoHu OT).'(atIM o. , ) 

f - TO r.ce C (pUJI:&TpOI!o, , 

Pz;rc .6 IDmyJI:&CHI,Iii cneKTP BTOpM'CJHLIX. sapSI~lCeHH:UX __ 'CJaCTlUl, OT. 
( p + o )-coy,n;apeH11t! --. ·- · - ·· · 

! - CYMMap1mM cneKTP BTOPI1tIHbIX sapmICeIIHl:IX tJacrm:i; , 

II - cneKTP npOTOHOB ; 

m - Cp'eitTp qac:r111:i;, OCTaHODHBlliUXC.fI B q111JI:&Tpe 0 
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