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1'13ytJe1rne Mexa11113MOB.6e3Me30HllblX 4Hep-peaKUHii · 

.. 06cyimuoTCSI 11ey11pyrne Mex~11inMbl 6e3Me30llllblX peaKUHii cppar~1e11rnu1111. 

i!.Upa 4He. PacCMOTpellbl 11p~cTpa11crne111lbl~ KOppem1u11'11 BTOpll'-lllblX qacrnu II 

uai<;1m1b1 mtcpcpepe11u11ai1b11b1x ce11em1ii doldltl. CToKa3a11a cymecrne1111asi posib 
B3al1MO.Ueiicrn1rn B K01le_1IIIOM COCTOSIIIIIII (BKC) C o6pa30Ba1rneM .ueiiTpOIIOB II 

· cpparMe1rros ·si.upa 4He sc;1e.ucrnl!~ Koa.necue11um1. · Ha6mo.uahcsi c1inb11b1ii pocr _ 
ornowemrn· Bbrxo.ua_ nporn11os 11 11eiiTpOft0B np1i yrnax 0, 6Jill3KHX K 180° MS! 

peaKUIIII 4Hep ➔ dpp11,. 'ITO llO.UTBep~.uaeT npe.UllOJIO)Kelllle O BJIHSIIIIIII _ np~Me)Ky-
_TO'-IIIOH Li-1n66apb1. · · 

· Pa6o;ra Bb111~m1e11a·n Jla6~1parnp1111 Bh_1coK11x m1eprnii \0115111. · · · 

' . . 
" npcnp1111T Qfae/lllllCIIIIOl'O IIJICTll;ryra MJICpllblX IICCJIC,lOBUIIJlii_. ny61ia, 1995_ 

CTepeiio.u anrnpon -

-Sobchak T. et al. Pl-95-329. 

Study of th~ 4Hep Pion less Reactions1. 

Inelastic niechanisms present in .the 4He nucleus pionles~ fragmentation 
reactions have been discussed. Space correlations of- the secondary particles and 
the slopes of the differential cross sections 'dcr/dt have been examined. The 

I . . . - - .' - -. 
essentiaLrole of final state interaction (FSI) resulting in deuteron and other 4He 

. f~agments production due to_ coalescence has· been demonstrated: . The strong 
increase in the proton-to-neutron ratio at production angles close to 180° observed 

in 4)iep ➔ dppn reaction confirms the ass~mption about the intluence1 of' the 
_intermediate delta isobar. 

. . 

··. . The investigation has been performed at the Labor~tory" of High E~ergies, -
JINR. - . 

. I 
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51.u,po-H,o;epHble u a,o;po1-1_:H.u,epHb1e aJam10.u,eficrn1rn ripH penHTHBHCTCKHX :;mep-
. rn~x ~BJIHIOTCH i;c~OlJHHKOM HmpopMaUHH · o HOBbIX cpin11tJ

0

eCKHX HBneH~H~; nanpi/-· 
Mep, :;aKHX,. KaK K0pOTK0.o;ei1~rnylOmue Koppe.TIHUHH, KonneKTH,BHbie B3ilHMO,D,eHCT~ 

! Blrn ll)'KnOHOB,'. MynhrnKaap~OBbie . COCTOHHHH . 8 'H.np:ax, ·. HJ)'lJe~He· 3THX, . n'puH~ ., 
timfrtanbHO · H0BbIX .ic fo'IKH. ,3pemrn KJI~CCHtJecKofi H.o;epnofi q>HJHKH, ·. H~nettnfi 
B03MO)KH0 JIHllib hpH 'otJellb' xoporneM noHHMaHHH MexaHHJM0B H.o;epttbIX' peaiunfi; 
'ITO oco6~HHO ·cymecfa~mio npH ~p~Me)Kyro4ttblX 3HeprnHX (.no 5 T3B 'Ha H~OII) .. 
: . 11.ccn~.u,6aaH~Ie ~e~aHHJM()B, impoi1~H,o;epHbIX ~poueccoB y;io6tto n·poBO,!l,HTb BO 

1

BJaHMo.u,e11cTBHHX .riertJafiwHx HP:ep c npoTottaMH, CBHJaHHbIX i<aK < Mani.IM t.incnoM . 
.... l \ HyKnmIOB, ytJaCTBYKJIUHX B p_eai<QHHX; Tak ffC B03MO)l(HOCThlO ,!l,OCTaTO<JHO na,tie)K-
,) . l~O BbIHBnHTh. 11a cpoue «TPMHllHOHH~ix» ;Me,xirnHJMOB MexamIJMbi,' Tpe6yIOmHe . 

,li . ytJern HeHY!<f 0!f IjblX CTe1,1etteH ~BO??.n.~i ~n,HOIJOB, ~~pe30Hattcoa; ~.Bapirnsi,1~: 3cp-: 
· .cpei<l'oa). B 3TOtt,o6nacrn 3Heprnif .u,m1 BJaHMo.u,eficTBHH c.JierKHMIIH.D.paMtt HMe.: 
: eTC~ M'llO)KeCrno. 3KCnepHMeHTMhHblX •· ~aHiibIX .·. H. .· ony6nHKOBaH pH)i'' ~w.u,en~HblX 

r -pa~'IeTOa[l]'.'·.·:c:/i . :':··, ~:,•;\: .•·_.·/ ', , , : ·.' . : •. 
,Uo HaCT0Hmero. apeMelrn 3KCnepm,!eHTMbH0 He. 6bmH Hccne.u,oaaHbl B paMKax. 

e,o;IIHOH .·MeTO,!l;HKH TaKHe. Mt!Xa~~3Mbl pe30HaHCH~ro ~apa~Tepa, icaK" paJnHlJHbie, '· 
, 1 , >,, ,,_ , , , , . / ,,.,,, 1 , , , • ,, ,. , · , ,, ·, 

.Tllnbl B3,mMO,!l;eHCTBIIH B K0He1rno.M COCTOHHH.11, HanpHMep, KOanect1eHt1Irn H o6pa- ' , 
J0BaHHe npm.1e~yrotJHOH A~11Jo6apbl '[2~5], ~p~6yIQUJ.He npHBJielJCHHH'.u.riH ~6b51C-
11emrn 66nee CJIQ)KHbIX ,!l;HarpaM~, 4CM :a cnytJae non~c11oro MeiattllJMa. : . 
• .. . B pa6oTC [6] ~3)'.'IMCH BbIX(l):i tJacrnu'_no.u, yrnoM 30° B npOTOH-H,!l;epttblX co:.. 

'f ' . \ . . ~' _i, i' ' . ·, ' '. \ '. • '' . . ,· ' . ', '. 

y.u,ape11irnx; ,Umi o6bHCHeHHH. 3KcnepHMeHTMbHbIX .u,aHHbIX 6hlna Bbl,!J,BHIIyra rnno 0 

TeJa, . lJT6 ;ettTpOHbl ii'• ~.np~ TPHTHH B0311HKalOT B npouecce B3aHMO,D,eHCTBHH H~ 
HyKn0H0B0T,D,a4H. npoTOH BbIC0KO,H3HeprHH.B coy,o;apemrn c:~.npmXcOJ.u,aei Ka~~ 

··• KM BT,O{JHlJHblX' nyKnottda, HJ KOT0pblX npOTOHbl it HeHTp0HbL C MaJlblM~ onrn-. 
: CHTenbHl;IMH- HMnynhCaMII Moryr o6pa30BaTb 'AeHtpoH [5]: MexaHH3M o6pa30BaHHH" 
JlCrKHx· ¢parMeHTOB H3\HYKJIOHOB·.·s pe3ynbTaTe HX B3~H~tO,D,eAcTBHH ;B,KOfH!lJHOM 

' ~ . . '.. ,ii\ • . ' ,. ', . f ._ ' : 

.: C0CT0HHHH, HJBeCTHblH B,nHTepaYype ,KaK CnHnaHHe HnH K0~ecueHUHH; .ycnellIH0 
npH~eHHeTCH' K H.u,epHblM CTOnKH0BeirnH~f. B pa6ote [4) ·n'~KaJaHO, lJT0 B3UHMO

: · .u,eikTBHe · a K0Heqno~ COCTO~imH B. a,o;poH-H,!l;epHblX ~ crnnKH~aek,rnx. o~o6eimo 
. ' ... ' '· . ' \ ' . 

. CHnMI0 np0HBnHeTCH npH MMbIX OTII0CHTenbHblX HMnynbcax BT0PHlJHbIX ,lJaCTHll H 
66ycnaanHBaeTCH' pe301ia11CHb;M IlOB~AeHHeM ~0JIH,OBOH cpyHKUHH i(ayx H~0H0B 

C : < J • •. ' \,. ' -• ,,.' j ~ • ' ' ' ,_' > ' ' • •, ' ' • • • 

,.npH M~0H .~HHeTHlJeC:K0H 3Hepn:i.~. HX 0T_H0CHTenbH.o~o ,!l,BH)KeHHH. 

. r,:::~::'7:_.) ': . ' ~ ;::,..~;;::::.,~~.~~ 
!l 6,, V, ;,.,, •• 1.u~tf:I !,"."''.'.',•.·. )/.~ -\i' 

', ~ · r,n,1i.;1n.,..--.. n.,. .... .,,,,,,w:)'>f} . fl 
\ ..i.o; .. .. ,-,::•~ .- ~.~-. ~t.~ ... ,."1~~~~; .. ~-?;•.''l'~, ·,,, il 

"-···'5i1SfltlOTEhA: :~· , ~~ " ', -~~,,··:a;;s;,..,s~ 
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CncTeMaiwiecKHe nccne~oBaHHll peaKUHH c nerKHMH llJ:lpaMH ~ 41t-re0Metpm1 
BbrnBHJIH cymecrneHHy10- pon~ irnppeJillUHOHHbIX ::icpcpeKTOB, C~ll3~1111b1x c sJam,w-

•• • ' ' • • ' ' ' • ' ~ ,"': : " e 

J:J.e~cTBl!eM s KOHelJHOM cocTOllHIIH 's dp [7,8]-, 3Hep [8,9]-, H 4 Hep-s1au!'.lo)leiicT~ 
. BHllX [IQ__.::.12]. KpoM~•TOfO.,B pa6oTaX [2,3]ua6Jim)leHbl HeperyJillp110CnJ B IIOBC~ 

)lCHIIH- J:lHcpcpepeHUHaJlbHblX CClJCHIIH . HYKJIOHOB .D.Jlll 60JiblllllX ymOB, BblJICTa B, 
peaKun'llx ·6e3 o6pa30Bl1Hllll IUIO~OB. ITp1rneii.eHbl apryMCHTbl B ll0Jlb3Y pomi npo-

.' ' • J ~ \ . . ; .' ' . . \ ' , I 

MC)KYTOIJHbIX Heynpyrnx npoueccoB, TaKHx, KaK t'lN ➔'NN HJI11 1tNN ➔NN. 

.. ·· .· Ha116onee )leTaJibHO 113yqancl! caMblH npocTO~ cnyqaii ·dp~s1a11M~)leii~TB11ii · 
•'," '[7,8]:-~ KOTOp~lX, ec.im .orpaHl!lJ,HTbCll ;OJl,hKO 6e3MC30HllblMH;npoueccaM11, IIMCl~T~ ,, 

' Cl!' Bcero )lBe pea~umi dp ➔ dp H dp ➔ pp11. AHaJI113 Jaipyfrn11T~61i B cnyqae 
.·• C, , '·' .··• ~~·., '< I' ·. 

1 

:• ,: , ,. ·.·•.. 3 ~'. , ,' ,: · '-;_,' ~- • -..._( 
·• 60JiblllOro .lJHCJia. KOHKyp11"py10mHx-KallaJIOB.; B . Hep [8,9] HMelOTCll 3 Ka11ana:, 

3
Hep ➔ 3H~p, •

3
He; ➔ dpp •11 3Hep ➔'pppn, a •~i \)accMaTp~BaeMoro: e~y,,a'l! - . 

, . •. . .· ., .·' ., : ·•.__ .. - , ,' • } , . • . , . I 4
Hep B3aHMO)leHCTBHll•cyme~rnyeT ~e 6'KammoB:}Hep ➔ 4Hep, 4Hep ➔ 3Hpp,< ' . 

4
Hep 7 

3
He;11~ 

4
Rep ..:+ ddp,' 

4
Hep •::__;· dppr1 ~ 4H~p ;➔ pp;(X): M1an_113 npoeTpa11~ : 1, 

CTBeHHblX KOppenllUHii BTOpHIJllb)X ~~emu npOBO)lHJie~,B Te~.peaKUH~x'6e3Me3011- .. , ', ,>. ·c• '4 ,i , ' ·;.· •.,, , .· . •, .. •... ' . . . • ·. , ,·, . 
Horo pa1sana llJ:lpa- He, KoTOpble non11o_eTi,10 KIJHeMarn4eeK11 ~mpe)leJieHb1. Haern-
llll(ruI pa6orn .llBJI.ll_eTell npo)lom~eHHeM. HeeJie)lOBaH~ii. 6~3M,e30;1110ro pa1s~all)lep' :, ' 
4
Hena; npoTOHai np~ miny.ribeax 8:6rsB/e' H'13,6 faB/c [3(., :; . ' ' ' 

3KCllepUMellm. 3KenepHMe~!TaJibHble ')laHHble' llOJIY4l!Hbi C TIOMOll\blO 100 CM;> 

' '. )Kll)lKOBbJ:J.opo~HOH II)'3,lpb~OB~H 
1

KaMep~t 0115111, o6ny~e~HOH B, ny~Ke ll)lep AHe' 
!'' npli tiiyx '31-lalJ~HHllX HMriYJib(:'ciB nyIJ1<1{ si ~•· J3,6 T;B/e; . IToene. eTaH)lapm~ii' 

I • ; ' .',, ,, • • '· '. / •• ', • ' ',' - ) 

. ; . o6pa60TKH J:lll':fHblX [13] 6blJIO llOJiylJeHo, tt' 3anneauo, Ha DST38732. it 3 I 14_5 
,•·. COObl-ifoi riptt '6onee. HH3KOM II' 6onee·BbleOKOM. '3Haqe~HllX 'HMllYJibCa, c:'oorneieT-

. )', ·,. '. ', ' : ,· ,,, ·:· ' • ,.. ' ' . , 1' . 

, BeHH()'. . , 1 . . . . . •. • . . . ' • . 

·; · · ITy3b1pbKOBall KaMepa iRJllleTell .41t J:J.eT~KTopoM 1apll)Ke1mb1:x qaeTl;IU. H IJHeToii 
' ' . npoT~HtlOH .MH~eH~ib.' 11cnOJib30BaHI!e llY4Kcrn: yeK.opeHHblX ll)lep',: nana'romHx Ha ( 

'> lll)OTO~Hyio MHllleHb; .npHBO)lHT K, TOMy; lJTO Bee cppa~Mf!!Hbl iii.pa llBJllll()Te~ 6bleT- . 

,, pblMH B na6opaTOpttoii eHcieM~ ~oopm1ttaT II 1103TOMY xopoiilo \~)le'11T~¢i-iuifpy~ ' : 
! IOTell. B~enyqae; KO_r)la B: ~3Y4~eMblX peaKUllllX po)K)laeTell> H~ 60JJbllle: O)lHOH ~~ii- > 

ipahhl!OH 'lJllCTHU~l; '. MeTO~HKa riyJ~lpbK~~~IX Ka~ep I103BO~fie; np~B~)ll!Tb '3Ke~· 

··KJII03,11Bllb1H• a':fa.JJH3 Ii 1hyqaTb OT)leJibHble KaHa.J1M peaKUHH'.,. . , . . . I . 

. . > Bee' 3Ha4el-l~ll . ~e;wiHH 'llpllBO)ll!Tell B. ctteT~M6 llOK6ll 4He, lJTO. COOTBeTCTBYeT . 
. 3Haq~~·H~M· ?, 15 H 3,4 !)Bic IIMllY~bca llYIJKa J!POTOHOB; i;ianern~~ero Ha ll)lep-

' 1 Hy10 MHII!eHb. , · · 1 
· • · · · ' ·• · · • · · · • ·' ; • •• 

3RcnepUMellmaJlbllbte pe1yJ1bmamb1; • ITonepe4HhJe ee4e11mi peaKuwii · 6e1Me1011~ ·,.·". .,· >\. . ; ;. / .(· ,, ._l._} :_. '_,.· , . , ;,.'. .. ,.:, ··,,, ,: ~:4-~·, . :· __ .·\ 
11oro pa3Bllfla ll)lep np!'f J:lByx 3HaIJeHHllX IIMnynLea HaJieTa10mero l!J:lpa · He np_11se~. 

. i(e11i1.B Ta6nHue}.. · · · · , 1,.· · 

I. :.2 . / . 

., 

; ·:1· ·-.i 
•, . 
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1 
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: •. ,' • \ < ,\ '. ' ' \ • 'I• :, .~' •' 4 ·' 

'Ta6mnta 1. IloncpC'IHblC CC'ICHIIH 6eJMClOHllblX K3H3JIOB pcaKLtllH Hep 
np11 ;ioyx ~Ha'ICHIIHX IIMILYJI~ca 

8,6 f:iB/c 13,6 f3B/c 

>'4 ·. > '3''' •. • ~· 

Hep.➔· Hepn , . ( 1_2,60 ± 0,22) M6 (7,62 ± 0,19) M6, .. (I), 
4, ... · . 3' ' I (12,28 ± 0,22) ~16 · (7,46 ± 0,18)'M6, '. · (2) Hep.,~,:Hpp 

> 4 ., > • ', ·,(1;53 ± 0'.08)-1.16 , · (0,86 :!; 0,06) M~. (3) ·Hep ➔ ddp · 
• . ' J .. 
4·· , .. , > (9;91 ±' 0,19)M6 , .(4,37 ± 0,14) M6 

' 

·Hep ➔ dpjm . 
,, (4) 

: 

(I 1,39, ± 0,21) MG ' . (8,76 ± 0,'.20) M6 (5); 

. ~· 011y6miKOHa1111b1~ pa11ee pa6orax 
1

[ 14, I 5 l 6b1JIO 110Karn10; 'ITO. 1ny4aem1e 
.,:peaKu111l( 1,2) uuyr, -~ oci1l1H110M, 'Jepe3 ciu110Kpa'rnoe 'pacce}l1111e 11a ll)'KJ1011e }lllp~ _ 
• , . .. \ l . , . , • _, , , . . , I . . ; . " ,• , ; ~ , 

·, J4He, a'~.· CJiy,iae peaKU11ii' (4,5)' i1peo6mi.uaeT LlHYXKparnoe paece;11lle. [ 11, 12, 16]· . 
'; ,.1 ,• : ' ,, '< ,, 'r .', ; ,'.,' ' , ' ' •, , , •, : 

C upyroii eTOpOllbl, ll~lp}ILlY e '.:lTIIMII uoi1111111py10IUIIMII Mexa11111~taMII 11a6JIIO,'.laIOT-
' , .' •• 1 • \ ', < ,- / ., 1 I I , ' ( - -·, ' :- 1 _' ·, •' • " ; ' '. ) , '• -~ , • • '/ • ! < •., ~' \ 

. e}I MCXallll3Mbl_ pe1011a11e11oro xapaKTepa; TaK11e, KaK B3allMO)lel!eTBl!e B ,KOHClJIIOM. 
' ~Oe

1

TOlllll1H;e koai1eeuemu1eii [7, It; 12, 14, 15] H o6pinosadneM npo~1e)K;.r~,,1ioii A- . 
·,11Jo6a'pbL[2;3]. 4m, Kae .. aeTe~ ,pcaKUl;H (3): B pa66T~x 6bwo · r10Ka1a;10, -<i~o B · 

6omw1111eTBe '.e~yqae~. ~ew1e1i11b1ii ~eihpoll .llBmleTell eneKT;iopmt,,a 6hi~Tpb1ii .· 
'··, ,:;,· ., .• ·. ·,• . ' ,,'· ·.,.. • • ··. \ . ,_,. ' ' ' .. ! 

. ·:,B03ll11KaeT BO, BpeMll · pe;iKUIIII '.4epe3 Koru1eeue11u1110 paeeel!llllblX npoTOHa II 
' • ,: ,-,: ' ' ·.... '.; '; ,·.' \: --~ ·- •• :· ·., ,.' ' • ' ',, • ·.•, ·1 

11eii_Tpo11a: • ... , · . ·' ·< . . . . . . . '. .. ·.. ·. . . 
' '.' 'J13~3a' i1eB03~!?)1(ll(K~ii'110111ioro Km1eMaT11:1eeKoro B~cern1m~Jie1111~ peaKUitll, 
4 . .'•. ;· .· . .. . . '' . > ' • ' 

. ' He p ➔ pppX B p.ru1b11eijflleM Mbl paee~taTplls~e~.t' TOJJh~\'l npoueceh1 (1)-(4 ). '. 
. , , .P~aKUH~ (I) 11 ( 4 )/ B · es~m,. O'IepeLlb, · 6blJ111 pa1w!:,Jieubl 11a. np}IMOii ,Kamm ·.11 
Kaiian ,e 1iepepa3pHJ:lKOii (CE)'. 'nou: nepepa3p~LlKOii IIO)l.pa1y~ieBaJIIICb, CJIY'la1i, 
B 'i<'oTOpblX noejie B3ai1Moitei1~;illrn 'ca~IOii 6bieTpoii qaernu'eii, B .'c1;eTe~1e IIOKO}I . 

- '. ' ·4'•' ' ', ' i' ' ,, ' ', I I • • - ' .• '• I' , ' ': \ ~ ' f . /1· .• : •: ."- ', 
}lupa, He; 6b1JI 11ei1Tpo11. ,nou eneKTaTopoM 6yJ:le~(uomiMaTh •iaen1uy e ~11i1111MaJib-
· .. , --. , ~. ·:/·: .•: _:.. :,~~···~, -.,. ,' '', .:•4 :·.,·. '.·,· .,'·' · .. ~- ,·: ' 
HblM l!MllYJibeOM B eueTeMe, llOKO}lll{eroel! ll)lpa He; furn noe11euymmero a11ru1113a 
6

1

blJIII Bbl)leJ1eitbl ~T)leJ;bHble llO)J,Kami.11b1 II ouenellbl !IX ce•1e111rn (rn6Ji.2), l;plt4~M 
' ·' 11eno~bJOBa11M:eo6b1T11ll, B KOToph~X JillJ:lHpyiomeii qaernuei1 l!BJl}l~T~ll '11y~10u. 11 u

', )leKc «S>> onioeHTe5i K en~KTaTopy, a <<1;,{» - K 11ee11eKTaiop11oii ~1acrnue. · 
. Ha p~1e; 1,2;3 npe)leTaBJ1e11 P}!Ll )lllatpaMit .ll)l}I BO'J~10)KJ(Oft)OIII!Cat!llll 'pac

~~1aTp11BaeMblX npOUeCCOB. )l11a1paMMbl a) i1 6) pile; 1 · 1no6pa)Kail.;'I'. KBa311y11py,roe 
· . .• 3 . 3 . . : •. · , , . , , · · .. ·· ' ' .. : , : , . . ' . . : . 
NN~ Hf( H(p' tie)-paceemme;TaM, )KC (6,2) IIOKa3allbl npOCTble TReyroJibllble m1a- I 

rpaMMbl,,BCLlymi1e Kt ynpy1·0My Kammy;', Ha· p11e.2 IIOK,l3allll, o6p,nosairne iieiiTpOa ' 
·i10~ B 'i1j:Joueeeax J:lBYXKpaTIIQr()•(6) '.i1 o;i110Kpa1·.11oi'O (<),2) 'paecellllll}I. )l11,frpaM~1a . 

, J.lB)'XK{)aTIIOfO I paeee~HIHI. 6eJ o6pa30B,ll(ll}I ,'.lefrrpcrna 113. p;cce~llllblX; IIYKJIOIIOB, 

inoica~a11a Ila pi1c".2:6.'P~1e.2,a ;no6p~)K~eT ll~;ll;blii p~~BaJI llJ:lp~,4He. 06pa30Ra11\;e. 
\ , 1 " , - • • , • '~ ') ' • , ,'' , ' • , \ ' ' 1 ' ,, ' C ; 



,,, 

1. -

• ,. • '. : • ~ ' '. ,.~ J ••• : • \, \ • ._·, 4. 
TaWJH1{3 2: Ilonepe•mL1e._cc'leHHJI 6ClMClOHHLIX U0.'.1."-~~3JIOB.PC3Kl{HU liq, 

np11 .'.I~}?' :3H3'l~HIIJIX H~nyJILCa 

Peairnm1 

4 · · 3 · . . · 
Hep ➔ He_ jm (DC), (la) 

• . .I ; .. , . 

4H~p-➔ n/Hep (DC): _'(16) 

4 · ·. 3 ·; · · · 
Hep ➔- He 'pn (CE) . :- . . _s . (I B) 

4 .. 3 
Hep ➔ H pp 

, '' •. , • .; .• \'. I 

4Hep ~· 3Hp_: p 
·: 4. :- . ·.. ' 
· .. Hep ➔ d_dp 

, .. I 

(2i) 

(26) 
, ,, 

(3) 

4 .- .. ' ·•· . 
. H_ep.~.·drppn (DC) (4a) · 

·,,4 . ,:- . \ . . . .. -· 
• Hep ➔ d: ppn (DC) (46) 

t ',, • .: /ZS, 1 . :. , 

, -
4 . . .- •·'. •.· . ' 
Hep ➔1 d_i' ppn (CE) ' (4B) . · 

4 ; . - . ' . : ·., ; 
·· _Hep ➔ dlll.ppn (<;:E) _ (4r) 

1; 

p ·~ l' .. ·, .. · .. ·• ·· ... ··-.·--=•·.·•··.•·'-··•pf~.·).·· ... · 4
He > ' · ·• . . . . -

- :.•' 3 j ')' 

~' ~Hsp ( H~sp ·, ~ 
.··) 

p 

4He 

._... 

B -·:P;p~nsp>, 

. - -s,6 f)B/~ 

8,17,± 0,18 · 

.1,42 ± 0!07. 

· 2,63 ± 0,10 

10,65 ± 0,20 
\ 

-1,63± 0,08 

1 ,I ,50 _± 0,08 

4,35 ±0,13 

·3,25 +.0,11 
t ,- , 

·. 1,21 ± 0,07 . - ) . 

.\. 

<J, M6 

/. 

13 ,6 f313/c : 

5,51 ± 0,16. 

- ··o,99 ± 0,07 I> 1 

,, ·o,97 ± o,'01 

- .6,28 ± 0,17 

1,18 ± 0,07 

'. .0,86 ± 0,06 

2;, 1.8 ± 0; i'o'. 

1;50 ± 0,08 
. ·-,' 

0,48 ± 0,05 
·/ ,, . 

-- ! • · • ' ·. · 4 -• 4 , 4 . : l '' 4 . ' 3 
Ptt_c,-1. JhrnrpaMMLI ~po.ucc~ou:, ~ep ~ - 1-lep, - Hep.~ . H~pn,· Hep,➔ Hpp .. 

1-
.. -4 

! 

. \ 

I l 
;'t 

-1 
1 

'/, )1 

1-
~ . 
l ·• :, _, 

l. 

-

I j'.<. 

'J'> 
~t 

N 
p 

Nf 

1/ 

. p ,, 

N 

Nf 

4He ··<4-He ~•- d - ~-·N 
-~N· a ... ·. N 

p 

[%~ 
~

· ... ····.···.···N 

-:-:--'. __ __.:.:.~~, . '; ~·-·: 

·0:f~· 
,B ds 

p 

.. ,. 4He !f
.· '·ii,f 

-

. 

,-~ ·. . , 
: d.f 

. N 
S-

Ns. 
if 

_,-~ 

p 

.4-He 

P' 

4He 

~ ", '. 

6, . . -:-Ns 

__:_:_...----~~ Nf 

;e====d 
9F========~~-d s 
r·· .. 

Nf 

3 3 -. \ . 
.... H( Hel 

;;:,r;====:=-=~ 

e - ,Ns - i-

i ' .. -. 

, ·. ,· . . • --- 4 • - .. _. ·'4. · ... -··... • 4- . .. .· .· 
Puc.2, ,U:11arpaMMhl npo1tecco.o Hep ➔'.1dp~ Hep~ dppn,- Hep ➔ pppnnn. 

./ 

3 ~ 3 . . ' ,· · . · .· · 
H ( He) scne,o,cTBHe BKC yqttTbIBaeT-

cSJ ,D,HarpaMMOH .2 e: Ha pttC
1
.3 npttBe,D,e-

. Ha. ,!l,'narpaMMa C po)K,!l,eHtteM. H ~O;JIO~ p 
· meH;-IeM · npoMe)KyroqHott ~~HJ06ap1,i' .. -,, __ -------9~1. · · 

. . 4 . _.: •· . . . 
- (peaKQHSJ . Hep -:7 dppn): : ··. _. . . . 1

· 4 · .· 
C uenhlO 6one': ,!l,eTaJibHOro . pac- He 

C,MOTpeHHSJ nenOJJIOCHbIX MeXaH_HJMOB 
6bmtt .. H3y<IeHbl npocTpaHCTBCHHbJe . . . . .. . .. . .. 

. , ' . . . . - 4 . . . . , 
_ KoppeJJSJQHH BTOpH'IHbIX qacTHQ II Ha- ~c,3. ,L{11arpaMMa peaKUlllf Hep ➔ dppn C po)[(Jle-

\ .. KJIOHbl ,!1,ttcpcpepenuHaf!bHblX . Ce"leHHH . HlfeM,Hnornoll{eHH~M .~_POMe~oq~oii il-11106apL1 ' 

\. dcr/ dltl. _ .. . _ . . .. . . _ .. 
B · CBSJJH c na6moµet-itteM If36hITKa coJ5bITHH -Bbicm:ott'MnynicHblX qacTeH cneK-_ 

' "Tpa .· m.inyni.cnora. pacnpe,D,eJleHHSJ cne~~aTopoB,· ttcnycKaeimx 110,!l, "6oimIIHMH:. 
yniaMH, -6bIJJa~ C,!l,eJJaHa -nomITKa::;,ii<:cnepttMeHTaJibHOH,npoBepKH HJOTOm-l"leCKOrO 

·, 

:iicpcpei<Ta [3,17l .. ' · · - · · 
.... , ·.. Orn'.H'{H;eJJbHOH o~o6enHOCTblO peaKQHH c BJattMO,!l,ettcTBHeM 

0

B KOHe"IHOM co
CTO»HHH SJBJJSJIOTCSJ c11.iI1,1iiie npocTpaHCTBettiii.1e:Koppe.riSJUHH. KaK 61,mo OTMe"letto" .. , 

' ,,"' ,, - • ', • • ·, '\ ~· _, •• •• • • - ~, f - ( • •' • ' 

,' -· : , ... 



.. 

. .·· ·,. . , . 4 • : . ' 
B pa6oTaX [10,14], B peaiOlii5IX 6eJMe30IIHOro pa3BaJla ~51.D.ep He 11a6mo,uanach 

.· CHJlhHall HMnynhCHM JaBHCHMOCTh. napaMeTpa. aCHMMeTplm no y~ily Tpei-iMaHa -
5Inra. Eonee eCT~CTBeHHOH riepeMeHHOH, qeM yron Tpei-i~ana ~ 5Inra, -~ TeOpHH 
OKaJanci yron. .e' . ' Me)KJJ.Y '. nepe.D.aiiei-i ,TpeXHMilY~hCa OT na.ri.momero· npoTOIIa K 
_ . . .·_cw. . : . -· .· • · · . ,,· . , .. . .·.·c . , •. 

~1HJJ.HpymmeMy nyKnciHy WHMnynhCOM cnei<TaTOp11oi-i qacTHUbl. Yron 0. · 6blJI BBe,ue11 
, __ . ~-~ ,_· .. , · .:· .. , ~· · CH-' _, .. -. 

npn TeOQeTHqecKitx · pacqeTax BKC M51: 6eJMeJonuoro paJ.Bana JJ.ei-iTpmia cne.D.y-
·_ IOIU;M o6pa3m,i' [7]: _ . ,· . ; ; . _ . . . . . . 

.. •· co.s. ec:=:_<Po-:·Pf )_p_J [I p0 - pf 1·1 P)], 

C ·r)].e Po -:-=:- HMnynhC IJa)].aJm1~ero ~poTO~a, pf - HMnymc mt.D.Hpyiomei_:o ~YKJIOIIa, 
- - ' ' -· - <, - • -- ' 

p --: HMnyJJhC cneKTai'opa •. 
s , •· . . ' . 

B KaqecTBe · Meph1 · Koppen5IUHH B JJ.MhnernneM ucno.rihJyeM , Befmq1-111y 

aCHMMeTpHH B pacnpe)].enennn no cos 0 : 
'· ' • ' • ' ',> .~ ' cw .. 

j 

. A'~ Nl(0cw <.900) -N2(0cw > 900) 

- . NI+ N2 ..,. 
• ,., _r-'. 

r.D.e N. -. qikno. co6b1THfi s yKaJaHHhIX :;HTepmuiax no yrny 0 . · 
-- .. l ... ~·' . . - . -,.. . ,.·, ,,_ l ,_., ➔• ... : ••• C_W_-.- . '. . 

.. B rn6n.3a n 3£! npnBeJJ.eHhl J11aqeun51 acnMMei'pnn A )l)IRHJyq<!,eMhixpeaKun_i-i 
(l)-'--(4) (P < 200 M:;iB/c); TaM )Ke' noKaJaHhl peJyJJhTaThl onncaHI151 JJ.HcpcpepeH-

' ''• ' s '' '. : . . ·.. . '. , ' ' . ., / •' , , • ' • ' ." ·: ', ' . ' . ,'• . ' 

· IlHaJlhHhix ceqe11ni-i · ~JJ.HOH .. 3Kcn01w11unanh11oi-i .cpym<un~i-i. - 'e -
8111

, r.D.e ltl :- BeJJH

qnna ~qeTh1pe~nMny~hca, nep.eJJ.~HHOfO. OT-~~amiueio 'n.poTOHa K JIHJJ.HpymmeMf 

11yKJiony' ,[lJl51 :. JJ.BYX 3Haqenni-i HMilYJJhCa H~;TaIOlllero ,· 51)].ffa: fl pn 3TOM B' rn6nnue : 

3a cocpe.U:oioiieHhl p~3YJJ~;aThI no pe~KUH5IM (1)...'..:.(2), r)].e ocrnniaMH 51BJl5Imc51. 

· '51.D.pa 3He n 3H, ~ Ta6;mie 36 peaKUHH' (3).-(4)/coAep)Kamn.e )].ei-iipOHM.' . 

' 113 rn6n.3a 'BH)J.HO, _qrn B'KaHane.c .o6MeHOM Jap}IJJ.ll 1ie Ha6mo,uaeTC51 3Ha-

qnMoii ricn~MeTpHH B yrnax 0 .. '.3;0 MO)KH~ o6i5icHHTh .Te~: qTQ Koanecu;HUHk 
• ,C• • , • ; • •:,· ., • , .,. CW •:; , ; ' , ;,, , , ' ' . a'.. •·.' · 

c yqacrneM nHJJ.ilpymmero nei-iTpona no)].aene11a .. CxoJJ.Hhle peJyJJ.hTaThI 6blJJttmony-

qetth{ paiie~· B . [6].· ~ ~nyqae nepepa3pHJJ.K~ 4Hep .~ 3He. pn npn s;6 f:;iB/c-pac~ . 
·', : .- ' . ,. . . .· . ,.. . ... ; . .\ . '. '· 

npe.D.ene11ne dcr/dltl nyqrne cpnTHpyeTC51 CYMMOH JJ.BYX 3KcnoneHunanhHhIX cpynK- · 
'u~i-i; npHqe~ 'BT0p;51 3~CflOHeH~a COO;BeTCTByeT npoueccy 11,mepa3p5IJJ.KH [18] .. 

. . .. . 'c 3. . 3'. · ' -: · · : . •·; ·. - · · . . ..,, . . · ' 
-B ·Kl!,Hanax H ·pp n .He pn (np»Moi-i Kattan) HMeeTc» acnMMeTp1151 pacnpe.D.e-. . s . , s ,. . " ; ' .· . 

ne~nii no cos 0 \0,1-6,2): a B irnmuiax, ~JJ.e »JJ.po-odraTO~ {3He}H)He5iRJrneT- .. 
·.·. .\ CW ·. : . . .,_ ·, · .- ,,.'· · - •' _, . -.~ ." - ·. · :· · · · 

C51; ~neKTaTOp~ ·(16,• • 26),. ~CH~MeTpH51 · ,uoBOJJhHO · 6onbrnrui . (0.4~-:--0.70) .. 3TO~ •~. 

,, 

j' 
t-
1 . . 
t'"' •."' 1 , ,, 

l 
·"'. 

Ta6111n1a 3a. 311a•1e111111 acuMMCTplllt A, 11airno11a 3KCIIOHCIIIIUaJlblioii rt,yttKQIIII B, 
·: rt,umpoBaimoii K pacnpc;icncmuo no ncpc~a11110My 1JCTb1pex11Mnyni.cy ltl /lJIH peaKuuii: 

4 · \ . • • 3 .• -· .. · • · · 
a) Hep ➔ •Ifpp, "Hep ➔ Hcpn; npu ]113'1CIIHJIX IIMHyJibCa 8,6 f3B/c . 

(ncpBall CTpoKa K3JK.110H Ill no.~oc)· 11 13,6 f38/c (BTOpall CTpOK!)). 
j. 

: 4Hcp ~· .1Hpp . 4Hep ➔ .1Hep11 ,' 
\' . 

noi1Ka11a~LI · ··111,. /1/1 'Hpp,•·. 
· He., I"' 

\ '. 

·H_cpn,, · 

A 0.69 ± 0,07 
< \ 

'0,58 ± 0,08 

B 14,38 ± 0,85 

. DC .. I , CE 

o. 17 ± 0.0_2 : 

1 

_ .. o.m ± 0.04 I . 0.48 ± 0,07 

0,09 ± 0,03 - 0,19 ± 0,09 0,45 ± 0,09. • 

4,00 ± 0,10 • I J:51 ± 5,94 
2,31 ± 0,19 

·• 13;90(0.96, 

·• (f::iB/cf2• . 4,86 ± 0.16 13.82 ± 0,95 4.20 ± 0,20 3,90 ± 0,50 '15;20 f 1.50 

.. 

I.SO 
X2IND: ' . '. 2,06 '• 

ltl 0,15+ 0,70 

(f3B/d . 0,10 :_ I ;50 ' 

.• 

. l',90·•, . 1,08 , 

·1.20 6,45. 

0,05 + 1,10 .-~ 0. I0.±..1.30 

0.05 +. 1,50 · 0.I0;·/1,55 

1.25 

1.02 

0,00 + 3.00 l. , . 
0,00 + 0,95 

_1;13 .• 

1.24. 

0,05 + 0A5 

'Ta6J111Qa,36. 3HalJCHIIJI aCUMMCTpmt~, HaKJIOHa 3KCIIOHCHQllllJibHOii rt,yt1KQ11ii B;. : 
. : ili"11r11pmia1111011 K pacnp~/lCJICHHIO no ncpcaa11110My tiCTblpCXIIMIIYilbCY ltiJVIll 'pea~Qlllt: 

' · 4 ,"._._ . ·-·' 4' :· .. , ' .. ·., ' .. • • . · '., 
, 6) Hep ➔ dppn, Hep_➔ ddp; np11111a1Je111111x HMHyJibCa 8,6 f3B/c , -
' (n'epBall CTpOKa K3lK,!IOII HJ 110/lOC) II 13,6 f:.iB/c (BTOpall cip'oKa): 

•· I ' , ".. ,' , • ' : , • '• : ,- •.. , ' 

/PeaKUIISI .. ' c4 . , 
. Hep ➔ dpp11 

.. 4 ' • 
-'· Hep ,➔. ddp 

00llKUIIMhl 
. d_, /J/Jll ,I. l'l';z' 

.,_, n.r ~ .. ;1 ;,,, 
DC I CE 

'A . 0;08 ±0.03 .·j 1 
0.12 ± om 

0.01 ± 0,05 0,08 ± 0,12 · 

B 2,71 ±0.31 

DC I CE', 
.'i. 

0:18 ± 0,04 

0;19 ± 0,06 

0.25 ± '6.10 , I 0.06 ±. 0:06 . 

,_ 0.37 ± 0,24 · · 0,12 ± 0:08 

5.37 ± 0,58 .. 

t 1,90 ±' 1,80 

. 5,38 .. ± _1.20 

15,00 ± 31,4. · 
2.1_2, ± o,24 · ·•·· 1 '. J.55 ± o_.n. 
3,90 ± 2,10 ,. il3 ± 1,26, . (faB/c)"2 . 

J ~ ·/1N6 0.60 . L70 0,88 0,90 _' 2.3_1 

'· ,,. I~•·• '·' 0,42 0,40 , 0,58. - 2,14 • r '111~ 0 _0,08tQ•60 0,04+0.50 · '-0,12+I,OO. 0,02+-1,00 o,o::':0.8°, 

X_·· (f3B/d 0,06 + 0,24 0,06+,0,16_, 0,10 + 0.34 - 0,02 + 0,28 

J . ·-- \ t~ . ,c~_H,UeT~:CTl!Ye; \ nOJlhJY npe)lII~JIO)K,ellH51 () B03.M~)KllfM_nepexo)].e ~?flhlrnii ';'3 
'· . KaJiaJlOB Hepn II ·-Hpp,B y11pynrn KallaJI BCJ1e.ucrnne B_KC (11epexo,u.Me,K,Uy m1a~; 

, ;: rp;~i.Mf~ll p11c.1a:,~)6u 1(1 ➔ 1'2).' _., 

7 . '. 
': ·-



4 · 3· 4 . i•·· -
. B peaKUIUIX Hep ➔ .. H .. pp it· Hep ➔ . He. pn '!JaKJIOII. B 6mt30K K 311a•1e-. 

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

111110, ·xapaKTepumty Wlll cso6oir11oro ynpyroro. NN-paccel!llllll. To .eCTb ::ni-1. peaK~. 
.uim, B OCIIOBIIO~I, IIJlYT '!epe3. O.UIIO-KpaTHOC pacce~1me 11aneramu.iern· llpOTOlla· Ba 

. . 4-- . . . : . . . .. . . .-- . . . .. . .• 
_11yKno11~ 5mpa.: He: B c;1ytJae, Kor.ua llJJpo 11e llBJlllCTCll cneKTarnp_oM ( 16,-·26), •. 
.1-ia6JJ10.UaeTCll 60JJblllllli IJaKJIOll ,i11cpcpepe11u11aJ1bllblX CC'ICIIHH, 'ITO COOTBCTCTByeT 

.. npeo6muuimuo OTIIOCHieJJbllO.MaJlblX ·nepe.uau111,1x HMllYJJb~OB, ripu KOTOpblX 60-
, ·. . . 4 · \ . I . •~• . ·· . ' . ' '. 2· · ··:• 

nee sepol!THO o6pa3osa1111e .. He. 8eJlll4Hllbl 11aKJIOHOB (-,- 14. [r3B/ er ) rosopl!T B 
· noJJhJY rnro;. '!TO s 3THX peaKUHllX, 110-s11.u11M0My, .MO:K110 O:KII.UaTh cMec11 Mex a~ 

im3MOB . KB·a~11ynpyroro' paccel!IIHll 3 Hp ➔ 3Hp-<3J;1ep ➔ 3Hep) (mrnrpaMMU 

p11'c.Ji); 1:ue._~Jal(JJ~llbl ~ 3():[19] H MexaiiHJMOB' BKC'c o6pa30Bamm,I 3H <3He), 
KOTO()blM COOTBeTCTBYIOT TpeyroJJbllblC .uuarpaMMbi', Hanp.;: e; puc,2." . _ 

. Ha· p11c.4a,6,B,2 n~Ka3all xo.u aCHMr-.ie-rp1m B 3as1icHMOCTIIOT 1ir,.myJ1bCa crieK-
Tinopa UJJiJ peaKUHij (1,2} (3a HCKJJIO'lell'HC~-1 llepepa3pll,UK11) !~pH .UBYX 3Wl'ICllill!X 

-11r,.inyJJbca m1JJeTa10lite'ro ll.Upa, noJJy'lellllblH xo.u. 3aBllCHMOC1'1i . ac11MMeTpH11 a11a-. 

J](ffll'ICH TOMY, 'ITO 61,;JIO ,ia6mo!lello· B )1d [7]- II p3He [8;9l:e1'am.io.ueiitTBH~X.: , 
.. · _. KapTHHa UJJll·peaKUHH (3)_:__(4) B CBll3H c ·6oiiee CJIO)KHblMH npoueccaMH KO~ 

.. ane~ue1-1u1111 ll)'KJIOIIOB B .ueiirpo11' [ I 2]. 11e' ~aKllil rip03pa'IH~, 0,1,llJaKd i1e1<0TOpb1e · .. 
'Te11,ue11u1111 ~lOBC)lCHlfl!. acHMMeTpHH MO)Kll() 'ilpocneµ.HTb. Ha 'npHM~pe rn6JmUbl. 36, .·' 
B KOTClpoii np11se.ue11ht 3Kcnep11MeHTaJJbllble pe3yJJhTaThl_ no 3THM peaKUHl!M. 

. ·. i · , · · ·. •.. 4 , . , . · · . . ·.· . . . - . , ,: .. 
. B CJJY4ae peaKUHH. Hep ~ dppn (npl!MOH KaHan}(Ta6n.36) BeJJ1t'lm1a 11aKJJ0-

11a ~O~TaBJJl!eT np116m1~11TeJJb
0

11() 'nOJJOBHH/11aKno11a ,nHcpcpepeiiu11an~11oro ce'ICIIHll' 
HYKJIOH-~yKJJomior~ pacce»im8, 'l~O COOT~eTcTByeT YTBCp)K.ue1i1110' a' npeo6JJa.ua~. 
111111 JisyxKpaTHOl'O. pacCelll~Hll (pwc.2e) [ 12]. 311a'IHMllil ac11MMCTpm1 nposrnm1eTCll 

·, TOJJbKO ·s cnytJae npl!Moro · KaHaJJa, r.ue .ueiiTp_Olf He .s1s.rilleTcll cneKT~TOpoM ·(4,6). · 
3TO CBll)lCTCJJbCTByei I} 110Jlb3Y Toro~ 'ITO 11a1160.riee BepOl!TeH nepeXO,U · 113 ( 4t5) . 
B K~HaJJ dclp scne.u2Tstte BKC c c~11l!1111eM hp~napbi B .ueiiTpoll (nepexo.u MC)KJJY . 
,UHarpaMM'ar,.m piic.2d ➔ 22). • . . . . . . . .. '. ·. . . . . 

t 

-To, '!TO Wlll o6pa30Balll151 .ueifrpoHa 'pa6oTalOT pa:iilH'lH~le Me_xaHH3Mbl, ,UOCTa~- .•.. 
TO'l;IO ll()~O .ueMOH~Tp;.;pye-r <::pa~1ie1me. HIIKJJI0311BHblX; cneKTJ)O~j1,eihpo110B. Wlll . t 
BblJI~a11a1a.u ~ ~nepeJJ,. B 1ianpasneini11 ,iina.u BblXO,UllT .ueiiTpOHbl-OCTaTKl1, a T~K:.: t .. ' .. . ' . . . . . " " ' .. •. . . : . .. . } ' 

)KC ,UCHTpOllbl, o6pa3yl01UHCC51 s:pe3yJJbTaTe; KOaJiecue_HUHlf .cneKTaTO()HblX Hyirno- ' :i '' 
_ , • , ~ _ , ► _ ' 1 , • I , / f 

llbB. lleiiTpoilbl! 06p11~ymm11ec5_1 ii npouecce KOaJJecueHUHH C y'laCT~eM IIYKJJOIIOB l 
«()T)la•mi~, ~-odmeHOM H.UY! B nepe~HIOIO [IOJJyccpepy, 'JCM, [10-Bll,UH".10:-1Y, H o6f . :! 
CJJOBJJCHO-YMCHbllICHHe nepsoro HaKJJOHa 11 HOllBJICHl!e BTOpom H_aKJJmrn B .umpcpe- ·1 , 
pe11uttiin~1mi1 ce,1e11irn Bh1xo.ua-:;ieiirpo1!0B snepell.(puc.5a,6). Pa~npeJ1ene1111e 1111- .: · ·· 
•. • .· : . . . . ·... . . ·: , , • ' ., :. . . . ,f 

Bap11aHTIIQl'O )lHcjJcpepeHUllaJJbJIOl'O ce'!elll151 .ueiirpoHOB, BblJJCTalO!UIIX B. 3a,UHIOIO ·j' 
. ~~.'JJY~'.P.·e. PY (·.p11c.5a), np·o.· ~wrnpoB~lm. OJJH_O.H ·3 .. K~.11 .. ~'.~eHTOH. c_ 11~. par,.:erpo~.-1._Ha~. Olla ... ·: .•. : 1 

B-= (16,4 ± 0,2) (r3B/c), <x21 ND= l,4). lln.s1 .ue1-1Tpo11os, Bhme-rammux _snepe.a. · __ .. 1 . 
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PHc.4. 3aBHCHMOCTh'
0
acHMMe-i-pHH A or,HMnyn~c~. cneKTaropa Mll peaKUHji: ~ 4Hep ➔ 3Hep11 npn . 

i1MnynbCe 8,6 f3B/c (a) H 13,6.ThB/c (6);- 4Hep➔ 3H.pp npH HMnynhce 8,6 ThB/~ (B) H.13,6 ThB/c (r) . 

\. ' 
. · llpymM si1.a.oM BKC .s1smieTC5L s036y)K)1e1111e · 11 _s1a_11Mo.a.ei1CTBHe B .s1.a.pe_J1_3.06ap-. 

JlblX COCTOl!H11HNN ➔ rcNN ➔ AN ➔ NN'. B,pa6oTti [3] noKa3aHO, ·;·ITO B pa~npe~ 
- . . "' . . - . - - . . ' . 

)leJJeHHH HHBap11aHTHblX,/:lH¢¢epem.(llaJ!bHbl~ cetJeHHH ,l!YKJJOHOB H3 6e3MC30HHblX . 
peaKUHH np11:8,6 r3B/c, no.u 6oJJblllHMH yrnaM11, 11a6nm.a.aeTc.s1 nnaTo B_ 1111Tepsane 
HMfl)"JlbCOB (0,35-4>,6) f3B/c. _3-roT 3cpcpeKT 6hlJJ. o6iHCHeH o6pa30BaHlleM li [l()l'JJO
IUCHHeM ·npoMe)l(YTOii1-1oii L\~ino6apbl (AN ~ NN) ilm:1 nornome_HHeM supryanh-

. .'Hora 1t-MeJ011a napoii ·~yKJJOHOB (rcNN,➔'NN). Yii~M51HYTbie 3cpcpeKTbl CB513attbl . 
., • ' , , .. •. ·•- - • ... ' - . :. • :•·•, C • 4 .. ·, -.: ... • .. ,:. • •. . . ,. ' .· 

B OCHOBHOM, C KaHaJJOM. nepepa3p51,UKH peaKUHH Hep ➔ dppn, r.a.e. o6pa30Bairne 
/ - .• I • • • • ~ • - • • • • 

.usyx MeUJJeHHhlX •. nporn11os . 5IBJJl!eTC51 pe1yJJhTaTOM B3<_tHMOJ.lCHCTBH51_ · 11yKJJmia 
· c n'p0Me)Kyro411oi1 A~11:io6apoii: pnc;3; B ' noMep:lKKY · · 
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. P11c.5; H11sap11a11ruoe JIH!pgJCpCHUllaJlhHOe. CC'le1111e· BhlXO/.ta 11eiiTpo11a. s·. 
4
i-Ie/roam.iow:iiCTBHll ·· npn 8,6 r3B/c, iiltnetmmuero a) B . 3ar(HIOJO. n~11y~ 

'.'ccj>epy; 6) B nepe)IHKlfO no.i1yccpepy, B 3aBIICIIMOCTII. OT ero IIMllYllhCa . ' 
- ,'' , ,< • • / • • C ,- < ,' ,.--"- • -~ 
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•,,:-- 0; X < 0.5 

NP(Nn 
- 4:00 - ii X >·.o.5 

·2.00 
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cp 
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0.00 · ~ ·-, 
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cos:e ""--.'., 

P11c.6: ,3am1ciiMOCTb-'<imciu1c111u1 BhlX~)la ~le)Vle1111i.1x npOTOIIOB II m:iiTpOIIOB OT yma ·,, 
a1,~iern Ill pcais:u1i11 4Hcp -1'dpp11 -· • · · · __ · : ·. ~ 

np1rnecrn peJyJib'f3Tbl pa60Tbl ·[20), rae 6bm1i 1ia6mo:Ue11M MaKCIIMYMbl B pacnpe
.uenem.m 3cpcpeKTIIBHOii Macchi ;Byx ~1e.une111lblX npOTOIIOB ll3 pe~KUIIII 6eJkte30H
·uoii cppan,1e1miu1m H.Upa .ueiitpo11a dp ➔ /JfJ.11.- Pac•IC'fbl '1ioKa3aJil1, 1.JTO'MaKCJl~IYM 

· npi1 M ~ 2 I 60 f-tfaB/c MO)KIIO o6b51Cllinb; s •iaci-,iocrn, po.)l(Jlem1eM 11 11omo-
· · ::: .· .. pp '. ·.-.. · .... -·. ' ' ·. ·., ' -.. ·,. 

me1rneM ,npoMe)KYT01.JHoii d-mo6apb1. -- . . _ .. . . . .. 
l130Cl1Jlll0Bblii a11an1i3 B ·. peaKUl_tll dp ➔ ppn; IIKJJIO'laJOLUl!ii TQJlbKO '06pa3~~ 

. Balllle 1i rior.iiomi'1me npo~1e)KYJWIIIOii d:.11:i66ap~,: .ua~T ~~- OTIIOWeJIJ151 BbIXO,Ua 
caMblX Me)J)lCIIH-blX :npOTOHOB K 11eitTpOllaM 3HU1.Je1111e 5 [ 17). 3To xo'powo coma: 

· cyerc.il . C ::lKcnep11MeI1TaJlbHblMi/ pe:iyJihTaTaMH • dp-B3aHMOAeiicTB11ii. ii.rm ' yrnoB 
- 180° 11 x > 0,5 (x = 'Tl T ) [21 ]. . . . . . . r . . .. 

: . .. _ .. . • . max , . ; 

flo a11aJm~1111 c [2.01 Bb1•mc11eua nen1141111a TN· .:(0), KaK l\utKc11Miu1b11aH K1111e:· 
.. _ · ._, · , · · .. - ... .. • .• - ·• max_ . . ·. . . ·· . . · 

' - ,· ... ' ' .-., .-'. :__,....~ -,. . ; ,' 4' , . ~ : .. J, I . • ,• ( . ·,.__ -

T111.JecKaH .3uepnrn npoTmia B ynpyroM.p He~pacce51m111-110.u yrnoM.e.· Ha p11c.6 
• - • ' • .- ' .- , _. •• -~- ,- • <... j - • • ·. •• ' ; • 

.. HOKaJaIIa JaBHCIIMOCTb OTIIOWemrn BblXO.Ua Me,U.JlellllblX. npOTOIIOB H 11e1rrpotIOB OT .. 
.. - . . ·: .•.. 4 . . .. ~- • . ... ,· ; .. . ,- .. . .. . . .• .. ..c. . 

cos 0 113 Kamum .. Hep ➔ dppn wrn x < 0,5 11"x >'.05.:_3Kc11eplll\1em 1m1rrHep)K.uaeT 
- •• - ,. • < - ~- • • ·, -- -~ "" ... _. - • , ' ~- • 



j 

' ' .. 

yKa3aHHble-npemmno)KeirnH. 8 H,U!Ia, !l,Jlll X > 0,5,. Te.11,Ul!IIUH~ - CYIUCCTBe1111oro 
yst::JlH'leHH51' ::rroro ornowe11m1, a11a.riorH'lllllil' flOBe,ue11mo .llnH pd-B3am,io,ueikrnuii 

• .. ' I ' - - ,· 4 , " -· , , ' , ' : , ' . ' 
[21). TTp11 60,ree BhICoKoii :rnep~m1 H,upa He TaKOro ::;cpcpeKTa 11e 11a6Jim,L1,aeTcH, 
4TO HaXO.llllTCH B COrJiacml C pe3ynbTaTaMH pa6oTj2,3], fJOKa3hlBaKJIUll~ill, 'IT0 

_,uairnbrfi Mexa11113~1 np11 6onee BhlCOKoii ::;11epri111 11e npo51BJI51CTC51, .. ·· - _ . 
. 3aKJIIO'lCHUe'. bhl}JII HCCnC,Ll,Olclallbl 11ey11pyrne MeXaHll3Mhl 6e3Me3011110f0 pa3na~ :r .· . , . , . - . . . ,, --- . - . .. . -

--na· He 3a HCKJJIO'leHHeM Ka11ana fIOJIHOro pa3BaJJa, H3-3a ireB03M0)!(110CTII ero fJOJI-
HOro KlllleMaTH'leCKOro · BOCCTi!IIO~~llllli. Ht ~CIIOBe amu~1na ilpocTpa11crne1rnhlX ' 

:. KoppenHUHH H HaKJJOIIOB ,u,;cpcpepeHUHan'bHhlX ce•1~1mii 6bino noKa3aHO, ,,TO 11ap51-
,uy C . OCHOBllhl1'fH MexaHH3MaMII,, KaK, Hanp., K~a'mynpyroe H ,usyxKparnoe pac~ 
_, ' - ' , ' 4 ·, - ,' ' ''· ' ' '' ' . - ' 
'ceH1111e Ha HYKJJOHax 51,upa He, npHC)'fCTBYIOT· H ~6onee cnO)Klfble Mexamm,lhl, 
KOTOpbre ~10)!(~0. on~caTb". CI fJOMOlllblO fpeyromiJhIX. )'{Harpm,1M: . 8 KC. C Koar,ec-: - -
ue1iuileii u soJi'mKHose11tteM BHp'ryanh11hix so36:)')K,ue1iuhix cocT051HHii. :~. · 
. 8Hm10;· '!TO pe3011a11c1ii,1e ::;cpcpeKTbl (pmk,ue1111e H nornomem1e H3o6apbl A) , 

,3aBHC.IIT OT 3Heprnu H npo.11Bn.1110;c.11 npH 3i1ep~;;H uaneTaIOIUero .11,upa, KOTOpa.11 
- 6nH)KC .K ,MaKCHMY~;y, o6pa3o~aHH.II '1-H306apb1, a C pOCTOM :imepnrn HC'le3aIOT. 

8KC c Ko~iecue11ui1e~.,.no:s~m1~10My, c.n~6o JaBHCHT oT ::;11eprirn na,ua10ruem 
- 4 '' ' - ' ': ' ', . -- ,, ' ' ' ,, ' ·,' ' -

.11.upa, He H onpe.ue.ri.11eTC}I TOJlhKO 311eprneii' OTIIOCHTenhllOl'O ,UBH,Kemili B3aHMO-
- .u~iic-r11y1oru11x 'laCTHU. Mo~Ho O,KHJiaTh, ·•1To ,ui11111h1ii Mexa11~nM 6yJJ.eT-Hrpaih , 

ponb H ~!pH 6;11ee BbICOKHX ::;11epm.11x B "a.llpOH-.11,UepllblX B;am1oi.i.eiicTBH51X. . ' :, 

..--
, • _., \. > ~ - • • - ' , 
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