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ApTIOX A.r •• BHnb'lHHCKH H., BonKOB B.B., fpH!IHeB r.<t>., P7 - 6815 
MHxees B.n. . 

22. 232 
npS!Mbie paKUHH npH B3aHMO!IellCTBHH Ne c Th 

232 Th oony'lancg HOHaMH 22.Ne C 9HeprHefi174 Mas. C UOMOI!lb!O Me

TO!IHKH !'J.E, E nony'leHhi yrnoBhie pacnpeLteneHHSI, aaepreTH'leCKHe cneKTPhi 
H Ce'leHHSI Oopa30BaHHSI npo!lyKTOB npSIMbiX peaKUHll C 3 ~ Z ~ 12 •. 

llpenpHHT 06'be,[IHHCHHOrO HHCTHTyTa li,I:ICpHbiX KCCJIC,[IOBaHHH. 

,lcy6Ha, 1972 

Artukh A.G.,Wilczynski J., Volkov V.V., 
Gridnev G.F., _Mikheev V.L. · 

P7 - 6815 

Direct Reactions in nNe- ~2Th Interaction 

l. 
,J 

232Th b d d . 22 N • f . was born ar e w~th e ~ons o 174 MeV energy. 
Angular distributions, energy spectra and cross sections 
of direct reaction products with 3 ~ Z ~ 12 were 
obtained using the !'J.E, E method. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1972 
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1. Beeoe11ue 

Cel.feHHe npHMhix peaKuHii coeTaBn».eT 3Ha'IHTenhH) 

ee'ICHHH H~epHOrO B3aHMO~eiieTBHH ·yeKopeHHhiX TH/KC 

JKenhiMH H~paMH /1/; KaK noKa3aHo B Haumx pa6oTax 

nepe~a'IH HYKTIOHOB npu B3aHMO~eiieTBHH T»JKenhiX no 

H~paMH HBTIHIOTeH 3lPlPCKTHBHhiM enoeo6oM nony'ICHH» 

TOI.JHhiX H30TOllOB nerKHX H~ep. 3HaHHC xapaKTCpHeTHI< 

eyi.QeeTBCHHO H npH eHHTC3C HOBhiX TpaHeypaHOBbiX 3Jl 

3Hal.JHTCTihHa» q~eTh HeeneioBaHHH np»MW~ pe~~ 
H~pax' ·BhiOOTIHCHa nyTCM pa~HOXHMHI.JCeK<lrO Bhi~CTI 
npo~yKTOB /~- 7/. O~HaKo 3TOT MeTo~ ne no3non»eT 

eel.feHHH ·npHMhiX peaKUHH; npH .ero HeOOJlh30BaHH~ 

H3MepeHHC 3HepreTHI.JCeK~X en~KTpOB.llpe~TIOiKCHHa• 
HaUHH MCTO~OB MarHHTHOrO aHaTIH3a H J\E,E no3BOJ 

H~CHTHlPHUHPOBaTh aTOMHhiH HOMep ·. Z H MaceoBOC que 

peaKUHii BnnoTh ~o aproHa. O~HaKo ee npHMeHeHHe ~JHI 

paenpe~eneHHH · TpefiyeT .3aTpaThl JHa'IHTCTihHOrO. 1 

yeKopuTen». MeHee Tpy~oeMKHMH »BTI.HIOTC» H3Mepe 

. 1\E, E .'91. Ho B :noM· enyqae B03HHKaeT cnoJKHoeT 

li30TonoB, B oeo6eHHoeTH npu Z ~8. . 
flonyqeHHC HCKOTOphiX p6IUHX .XapaKTCpHCTHK np: 

TpefiyeT pa3~CTICHHH npo~yKTOB no MaeCOBOMY l.JH6n 

pa3~eneHHH no Z. · C10~a OTHOeHTCH H3MepeHHC nonH 

MbiX peaKUHH H CC'ICHHH o6pa30BaHH» OT,IICTihHbiX 3TIC 

H3Y'ICHHC• KYTIOHOBeKHX 3lPlPCKTOB, KOTOpbiC B OeHOBH< 

3apn~aMH B3aHMO~eiieTBYIOI.QHX- n~ep H epaBHHTCTihHO e 

en npH H3MeneHHH MaceoBhiX queen. HeKoTophie H3 xap 

HanpHMep,. yrnoBbie · paenpe~enenH».~ ~pa3TIHI.faiOTCH ~n.H 
noB HC3Hal.fHTenhHO .'4,5/ ~- OcuoBnoii JKe ·BKna~-u ceqei 

·HalliH .· 3K.CnepHMCHThl /JO/ no H3Y'ICHHIO 'npHMhiX pe~ 
232. 22 . Th + . Ne • .. c pa3~eneHHeM H30T.onoB no~ yrnoM 4( 

2-3 coce~HHX H30Tona. 
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1. BaeoeHue 

Ceqeuue npHMhiX peaKunii cocTaBmteT JHa'lnl'enhnyio 'laCTh nomioro 

Ce'leHHJI JI,n;epnoro B3aHMO,n;eHCTBHJLYCKOpCHIIhiX TJiiKCJJjl~ ,HOJIOB C TJI

/KeJihiMH H,n;paMH /1/. KaK noKaJano B uaumx pa6oTax '· ··' , peaKUHfl 

nepe,n;a"'H HYKJIOHOil npu D3aHMO.IJ:CHCTBHH THiKCJihiX HOHOB C TJiiKCJihlMH 

JI,n;paMH JIDJIHIOTCJI 3lPlPCKTHBHhiM cnoco6oM nony'ICHHH HCiiTpOHOH36ht

TO'IHhiX H30Tonon nerKux JI,n;ep. 3nanue xapaKTepncTIIK npHMhlX peaKUHH 

Cyll\eCTDeHHO H npH CHHTC3C HOBhiX TpancypaUOBhiX ".WCMCJITOD., ': ' 

3Ha'IHTeJihHaJI. 'laCTh HCC!JC.r(OBaHHH npHMbiX peaKUHH ua TH/KCJihiX 

JI,n;pax DhiD9JlHCHa nyTCM pa,n;HOXHMH'IeCK<lrO Dhi.IJ:CJICJIHH OT.IJ:eJihHhiX 

npo,n;yKTOD ~~- 7/ .. '0.n;HaKO JTOT MeTO.IJ: He n03BOJIHCT noJiy'IHTh nOJIIIbiC 

Ce'leHHJI ·npHMhiX peaKUHH, npn .ero. HCnOJih30BaHH~ 3aTp¥.IJ:}'HTC.JlhiiO 

H3Mepeuue JHepreTH'IeCKHX cneKTpos. llpe.n;nomenuan uaMu' 8 ' KOM6n

uauuJI MeTo.n;os MarHHTHoro ananuJa u i\E,E no3BOJIHCT OAHOJHa'luo 

H,n;eHTHlPHUHpOBaTh aTOMHhiH HOMCp Z II MaCCOBOC 'IHCJIO A npo,n;yKTOB .· 

peaKUHH .snnoTh .n;o apro11a. O.n;naKo ee npnMeneHue .n;nn CHJITHJI yrnoBhiX 

pacnpe.n;eneuuii l-pe6yeT .JaTpaThi Jna'IHTCJihnoro spCMCHH· pa6oTbt 

YCKOpHTeJIH. Menee Tpy.noeMKHMH HBJIHIOTCH H3MepeHHJI C MCTO.IJ:HKOH 
I I . 

AE, E ' 9 • Ho s :noM· cnyqae BOJHHKaeT cnomuocTh c paJ,n;eneHHCM 

JiJOTOnOD, B OC06eHHOCTH npu Z -::._8. . . 
llonyqeuue HeKOTOphiX p61UHX .XapaKTCpHCTHK npHMhiX peaKUHH HC 

Tpe6yeT paJ.neneHHJI npo,n;yKTOB no MaCCOBOMY 'IHCJIY npu Ha,n;eiKHOM 

paJ,n;eneuun no Z •. · C10,n;a 'OTHOCHTCH~~H3Mepenue noJIHhiX · ceqeunii npH

MhiX peaKUHH H Ce'ICHHH o6pa30DaHHJI OT.ITeJihllhiX JJieMeHTOD, a TaK/Ke 

HJY'IeHUe• KYJIOHOBCKHX J$$eKTOB, KOTOphte B OCHOBHOM onpe,n;CJIJIIOTCH 

JapJI.n;aMH BJaHMO.UeHCTBYIOU\HX ·· JI,n;ep H cpaBHHTeJihHO cna6o saphHPYIOT

cJI npu HJMeneHHH MaccoBhiX qncen. HeKoTOPhie HJ xapaKTepucTHK;.KaK 

HanpHMCp, yrJIODhiC pacnpe,n;eJICHHJI, ·paJJIH'IaJOTCJI.IJ:JIJI COCC.IJ:HHX H30TO-

-i nos ueJHa'lnTeJihHO /4,5/. OcuoBIIOH me BKna.n:·u ceqeuue, KaK noKaJanu 

·uaUJH ; JKcnepHMCUThl /J O/ no HJY'ICHHIO .· ·npHMhiX peaKUHH B CHCTCMC 
232 22 0 

. Th + · · Ne C pa3,n;eJieJIHeM H30TOnOB no.n yrJIOM 40 ; ,n;aiOT HMeJIHO · 

2-3 coce.n;uux HJOTona. 
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3TO ITOCJIY)KHJIO OCHOBaimeM ,!J;JIH HCCne,u;oBaHHHB HaCTOHU\eH·pa6oTe 

rrpHMhiX 1i.u;epnLIX peaKunii a cucreMe 232 Th+ 22Ne c noMOI.QLio MCTO,IJ;HKH .. · 
~E,E. 6e3 paJ,IJ;eJieHHH HJOTOITOB. " 

·. 2. Memooiuca :JKcnepuMemi~a 

OnLIThl npoilo,u;HJIHCh na 310-canniMerpoaoM .QHKnorpone TH,KenLIX 
,uon~B OH.Hll. MuwenL HJ MeTaJIJIHHecKoro 2~2 Th TOJII.QHnoii 2,5Mr/cM2 

. o6JiyHaJiaCh HOHaMH 22 Ne C 3Hep~ueii: 174 -~13B. Ilpo~yKThi . .H,IJ;epHbiX 
pea,K.QHH perHCTpHpoBaJIHCh TeJieCKOITOM H3 TOHK{);ro /T-OJII.QHHOH 27 MKM/ 

b..E .'u TOJICTOrO: E. I ':'"•.0,5 MM/Kpe:r.mneBbiJC noaepxnocirno~Gaph->· 
e~uLrx •. .u;~T~KTopo'a •. T~necK_on na:J!:O,IJ;HJI~H i 'peaK.QHi:nqwii:. K~Mepe; na' 
_paccTO.HHHii: 25 eM or MHIIICHH!I ox:BaT.LIBa·JI re.;:recnhliiyron- 3.1(r~ cre.T~ ·· 
pa.u;uana .. IlepeMe~enue ~.enecK()na .rro,yrnaM ;s ropu:;~~nTaJILnoii nnoc:. 
KOCTH.· OCY.ll\(!CTB!JHJrOCh ,!J;HCT~H.QHQHHO,: T01.{1109Tl>. , ycT~H-(lBKH ; .yrna 

, COCTa:imHJia +0,1 .. PaJMep ITYlJKa HaMHWCHH COCTaBJIHJI 6x6 M.M~ · ,~ro '• .. -' . .. . ... , . 0 .. . . . 
yrnoaa.H ·· pacxo,u;HMOCTL .ne npeaLrwana ±0,5 •. ~xo.u;n,oe oraepcrue 
renecKona .. HMeno .u;naMeTpS MM.,B-3THX ycnoau.Hx yrnoao~ pa~_pemenm! 
_6Lrnp ne;xy)Ke ±1',56. ·. . . - .. · · -~-.• ·. ·. . . · ·. ·,· ·". 

• · · .. ·u¥nYJ;ILCLI c -.u;ereKropoa . b..E. H E nocne . ycunenHH nona,u;~JIH 
a:. aMnmiry.u;nLrii' anaJIHJaTop; pa6oraamuii a .u;ayMepnoM pe)KHMe 

. · 128 (b..E) x 32 (E) Ka-~ana; Ilp~~YK~Lr _ c orrpe.u;enennLr~ z aLr.u;en.HnHcL 
ITO COOTBCTCTBYIOI.QHM.rHneppoJiaM B ,!J;BYMCpHbiX CITeKTpax.,MO~HTOpH-:· 
poaanne nyHK/:1.. ocyi.QeCTBJIHJIOCh no ynpyro pacce.HHHLIM uonaM Kpe_M~ 
~HeBhiM ,!J;CTCKTOpOM, paCITOJIO)KCHHhiM ITO,D: yrJIOM 30 ° K IT,YlJKy. 

·' 

3. Pe3y/lbmambl u o6cyj,coe11ue 
3.1. YrnoaLre pacnpe.n;eneHHH 

r- ~ .. 

Ha puc •. 1 . npe.u;craam~HLI yrnoaLre .pacnpe.u;enenu.H npo.u;yKTOB c.·. 
3 ~ Z ~ 12 B eucre Me, uenrpa Mace. 3_H:eprHH np0 .u;yKT.a npu nepecqe-

re HJ. Jia6opaTOpHOH CHCTCMbi. B CHCTCMy .QCHTpa MaCC npHHHMaJ1aCb 
paanoii: 3HeprHH. B MaKCHMYMe 3Hepre:ruqecKoro 'cne~Tpa. C:~TaJIOCh '· 

. lJTO B. KOHCHIJOM KaHaJie peaK.QHH :U:MCIOTC.H ,!J;BC lJaC~H.Qhl, MaCCOBOC lJ~CJIO. 
JICf'KOf'O · npo,u;yKTa ·. npHHHMaJIOCb paBHhiM •MaCCOBOMY .. lJHCJIY. HJOTOITa, · 
,u;aaamnero MaKCHMaJibHhiH BhiXO,!J; B OIThiTaX C paJ,IJ;CJICHHeM H30l'OITOB 
no.u; Yf'JIOM 40° ftof. 0TMCl'HM,. Hl'O .Ja cHeT JHalJHTeJILHoii -paJHH.Qhi. 
a Maccax nerKoro H T.H)KeJioro npo,u;yKTOB MaKCHMaJILnoe paJJIHHHe 
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·a.yrnax,..u;n.!J: na6oparo 
BLriiiaeT 7 ° .. A6coJJIOTI 
HOpMHpOBKH ITO, ynpyro 
MH 20, 25, 30, 35 0 ITOKa 
B coo-raeTCTBHH. c .u;a 
3THMH yrna~m 6Lrno rr· 
HCITOJibJOBaHO ,u;mi HOp~ 

'BLr,u;eneime KaHana 
neona MLI rrpoao,u;HJIH r 
neona•; nnKa. ynpyroro 
annaparypnhle nnKH .. rr 
pacce.HHHe peJKO npea1 
,IJ;C)KHO y,u;aaaJIOCh Bhi,!J;I 
IJeM na 7 M3B or non 
llMCHHO 3Ta lJaCTb Cn€ 
npo,u;yKTOB c Z = 10, ITI 
irpH TaKOH o6pa6oTKC } 
HHJI, ITOCKOJibKY · B COC 
HOHaMH 22Ne C 3Hepn 
ypOBHH c E* $ 6 M31 

HeKoTopoe npe-!1-cr. 
MOii: npu npHHJITOM n . 
ITOJiyHiiTh H3 A~HHbiX c 
ceqenue nepe,u;alJ neii:TJ 
npo.u;yKThl c ':meprucii: 
JIJIJoT 65o/o: . . 

Oco6eunocTLio yr~ 
HBITJICTCJI CHCTCMaTHlJe 
nepc.u;aHIIbiX rrpo-ioiios 
HYKJIOHOB ,!J;ITJI HJOTOITC 
noKaJarrn na~H-H3MCP 
nepc.u;aHHbiX npoTO~OB. 

llJ puc·. ·J BH.IIHO,-" 
lJHCITOM nepeJJ.aHHblX. I 

cHMYM npn. yrne, Gnu 
ynpyroM .KacareJibHOJY 
MHOf'OHYKITOHHhiX·' .. m!.p1 
BbiiTeTa. 3TOT·pe3yiTh1 

. nepe.u;a'lH na ·cpe.IIHHX : 
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fiHH B HaCTOHIQeii·pa6oTe 
re C IIOMOIQL'ro MCTO.IJ:HKH ·· 

. ,) 

:;;: , 

!I' U:HKnOTpOHC T H:>KCnLIX · 
I TOniQnnoii 2,5Mr/cM2 

B. Ilpo.n;yKTLI: H.IJ:CpHLIX 
>ro/TOniQHHOH 27 MKM/ 
X IJOBCpXHOCTH0~6apL· 
aKIJ;HOlHIOH. K~Mepe; ua; 
HLiii.yron- 3.1()-:4 CTC.~· 
nipn:,H).HTanLHOH rrnoc: 

:n •. :, ycT~HOBKH ·• .yrna. 
CTaBnHn 6x6 MM ~· . .. . , _ · .• ~ro 
· .. · ~XO.IJ:H,OC OTBCpCTHC 
x yrnoao~ p~qpeme.nne 

. ycnnennH . rrorra.n:~nn 
' .n:ayM~pnoM pe:>KHMe 
HHLl~ Z BLI.n;enHnicL 
cneKTpax.,Mo~m:ropn~_ 

:CHHHLIM HOHaM KPC.M • .. 
[ ,30 °K II,Y'IKy. 

te 
:!!ill!· 

:: 

.. 
!l;~nCHHH IIpO.IJ:YKTOB C ( • 
PQ.D:YKT.a rrpn rrepecqe
>a Mace rrpnn~MaJiacL 
crreKr.pa. CtiHTanocL ,_ 

;nn;LI, Maccoaoe q~cno, 
3~My ,'IHCny H30TOIIa7 -

l.3~CnCHH~M H30TOIIOB. 
~'IHTCnLHOH pa3HHU:hl 
:CHManLHOC pa3nHtiHC 
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B yrnax . .n;n.il na6opa TOpHOH CHCTCMLI H CHCTCMLI U.CIITpa Mace IIC npc- · 
BhliiiaeT 7 ° .. A6co,)JroniLie aenntiHHLI cettcnnii onpe.n:cmiJIHCb nyTcM 
nopMHPOBKH rro. yrrpyro pacceHHHLIM nonaM. Hawn HJMcpeuuJl no.n:yr.tm- ' . 
MH 20,25,30,35° IIOKaJanH, 'ITO 3.IJ:CCh daynpfJ,;pea""c:onst(l;!_ 0;03), 
B COOTBCTCTBHH C .n;aHHLIMH/ll/ CC'ICHHe ynpyror·o paCCCHHHJl n(>)l. 
3THMH yr,JiaMH 6bl.iiO n'pHHHTO paBHLIM pe3ep!)>op.p_oBCKOMY (const.-1) -H 
HCIIOnLJOBaHO .n;nH HOpMHpOBKH. 

BLI.n;enenne KaHana nepe.n;aq neiiTponoa H neynpyroro pacccHIIIUl 
HCOHa · MLI IIPOBO.n;HnH IIYTCM .Bhi:<IHTaHHH H3 3HepreTH'ICCKOro CIICKTpa 
ueoua·;·rrnKa. yrrpyroro pacceHHHH, OTHOpMnpoaannoro no dJopMc na 
annapaTypnLie IIHKH rrpn yrnax I 0- 15°, r .n:c ynpyroc . KynoiJOB~I(OC 
pacceHime pe3KO npeaocxo.n;HT .n:pyrnc KananLI peaKU.HH. Ilpu :)TOM ua,
.n:e:>Kno y.n:aaanocL Bhi.n;enHTL nuwL 'laCTb cneKTpa, OTCTOHIQYIO Gonce 
'ICM · Ha 7 M3B OT nono:>KCHH}J MaKCHMyMa DHKa ynpyroro. paCCCHHHH. 
11MCHHO .3Ta ttaCTh CDCKTpa HCDOnbJOBanacb .U.iJJl Bbi'IHCnCIIHH CC'ICIIHH 
npo.n:yKTOB c 'z,Jo, npe.n;cTaB,JICHHhiX ua puc. I. Ha.n:o OTMCTHTL, 'ITO'. 
iipH TaKOH o6pa60TKC HCKnroqanHCh J!j>dJCKTbl KynonoBcKoro B036ym.n:c
HHH, UOCKOnhKY · B COOTBCTCTBHH C TCOpHCH .·!2_/ K)'JJOIIOBCKHM DYTCM 
HOHaMH 22Ne C :meprHCH 174 M 'JB B 234/'h MO>KIIO BO"J6y.n:HTh nHIJib 
ypOBHH c E* :S 6 M3B. 

HeKoTopoe npe.n:cTaaJJeime o .n:o11c npo.n:yKToa c z ~ w, y'IHThmae
MOll IIPH OpHHJlTOM HaMH CUOC06c o6pa60TKH pcJynhTClTOB, MO>KHO 
nony'IHTh, H3 ilaHHhiX C paJ.n:cneHHCM HJOTOUOB npu . (J.,. 4(}0/Joj Ilonuoe 
cetteime nepe.riaq ueiiTpoiioa J.n:ecL cocranJJHeT 80 MfiH/cTepa.n:, HJ 11nx 
npo.n;yKThl c Jneprncii MCHbWC nenH'IHJihl I · E yup - 7 M >il/ coc1 an~ 
nJllOT 65o/o; · · ... · · 

O~o6ennocTh~ yrnoahlx pacnpe~cJJcH~H~ npnnc.n:enuwx na puc; J, 
HBJJHCTCH 'cHCTCMaTH'ICCKOC H3MCIICHHC HX !flopMhl C yaenHYCIIHCM 'IHCJJa 
nepc.n:aHIIbiX llpOTOHOB 1\ Z. 0TMCTHM, 'ITO o6IQCC ''IHCJJO nepe.n:aHJJhiX ' 
HyKnOHOB ,llJJH H30TOOOB ... ,llUJOlUHX HaH66nbWIIH BKJJa.zi B CC'ICIIHC, KaK 
rtoi<a3aJJH. nauiu 'H3MepeHJIH IlJm 0- 40 o.'JU '6JJH'lKO K y.n;aoeiiHO~Y. 'IHCJIY. 
nepe.n:aHHhiX opoTOHOB~. 

' . 

113 p~c·. ·J BH.llliO,. 'ITO llpHMhiC peaKUHH C OTHOCJITCJJbHO ·HefiOJJbWH?-.1 
'IHCnOM nepe.n:aiiHhiX. HYKJJOHOB' HMCIOT H yrJJOBOM pacnpCllCJICIIHH· }.taJ<· 

CHMYM npn yrne, 6nHJKOM K yrny peJep!flop.n:oacKoro pacceHHHH npu 
ynpyroM .KaCaT.CJJhHOM ·CTOJJKHOBCHHH, a. ~u!fl!flepeHUJtaJJbllbjC .·CClJCJIJI~ 
MHOrOHyKnOHHhiX'· rrepe.n:aq: MOHOTOHHO paCTYT C YMCIIhWCHHCM·. yrna 
BLIJJCT<l. 3TOT·pC3YJJbTaT cor;JJ?CY~TC.Il C ,llaJJHblMH no H3Y'IC'IIJIJO peaKIUtH 

. nepe.n:a'IH ua·qie.n:nnX Jl.n;pax - 1
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· .. TeopeTH4_ec~oMy aHanHJY . yrnoBJ>IX _ _Rapnpe,neneHue'' · rrpo,ny~<To_s 
npHMhiX peaKUHH nocBHIUeH pH,n pa6oT 1 15 91 ~ . · ITpuMeHeuue peJynL
TaTOB 3THX pa60T K HaiiiHM ,IJ;aHHhiM JaTpy,nHeHO .TeM, 'ITO llOJiy4eHHhle 
naMH yrnoshle pacnpe.neneHHH BKJII04aiOT B ce6H npo,nyKThl, o6paJo:Bas-· 
IIIHeCH. B npoueccaX :C. pa3HhiMH .. 3HeprHHMH. a·o36)')K,IJ;eHHH KOHelJHhiX 
H,nep. '8eJIH4HHa )Ke 3HeprHH·Bo36)')K,IJ;eHHH, KaK llOI<a3aJ:IO B pa69Te / 14/, 
cymeCTBeHHO BJIHHeT Ha BH,n yrJIOBhiX pacnpe,neneHHiL . 

· B HaiiiHX 3KcnepuMeHTax nonyqeHLI cucTeMaTH4eCI<He .naHHLie .nnH 
3lH1.4HTeJILHO · ·6one e uiupoKoro Kpyra • npHMhiX peaKUHH, :'I eM . B paHee · 
BhlllOJIHeHHbiX pa6oTaX, HanpHMep ~13/, C .. pe3)'JlbTaTaMH• KOTOpOH • 
y,noaneTBOpHTeJihHO co'rnacyiOTCH see 'TeopeTH4ecime ·no,nxo.zihi:; · 

Mhl· c.ne_ na_nH .nonhiTKY :npoaHan~J,HP-OI}aTL Hati.In ·,naHHLie B .paMKax: 
0 . !1718/ .· .... 

Mo.nen~, paJBHTOH B.CTpyTHHCKHM '. , noci<onLKY oua ,fap6onee 
y,no6Ha ,nnH ananHJa. I1ony.4eHHoe B.CTpyTHHCKHM'B~pa6oTe 1 _?,. aHa- --cc 

nniii4ecKoe Bhipa:>KeHIIe : .nmt yrnosoro pacnpe.ne.iieHHH oiinpaeTcH ua ; . 
npe,tinOJIO)K.eHHH 0 I<BaJHynpyrocTH H Kpa~BOM xapai<Tepe ·peaKUHH ne:. ., 
pe,na4. 0Ho HMe·eT aii.n: 

.. . . e . 
da/dO,A·-- I 

sinO 

G(0,00 ,LH) 

E(O, 0~, M) 
; ' 

.r,ne .. A ;. BeJIH4IIHa, He 3aBHCHIUaH OT e, ,,a' G H . E - aHaJIHTH4eCI<He 
QJYHKUIIH, nonyqe.HHLie a. npe,D.noJIO)KeHnn' cooTBeTCTBeHHO rayccosoii.n : 
3KCnOHeliUHaJihHOH JaBHCHMOCTH napuuaJibHOH aMn,JIHT)',IJ;hl peaKUJIH OT 
op6HTaJihHOrO MOMeHTa f. I1apaMeTpai.m .B MO,nenn B:CTp)'THHCI<Oro 
HBJIHIOTCH /). f', ·IIIIIpHHa nai<eTa no op6HTaJibHOMY MOMeHTY H 0 0 . -

yr~n OTK:noHeHHjf ,IJ;JIH J<aca TeJibHOH. TPa,eKTOpHH. B nocne.Jiy:Kimeii pa6o-
' Te I 181 'B. CTpyTIIHCKHH pacnpocTpaHHJI CBOH no.nxo.n ,Ha cny~aii iieynpy
rHX npo~eccos .. pocKonLKY w~.Te'fffl"'~eci<aH QlopMa. Bhipa)KeHuii_ .D.nH 
yrn~BhiX pacnpe.nenennii B pa6oTe 1 ' oi<aJanach QlopMan~no cosna.na-. 
romeii c Bhipa)KeHit:H~H B pa6oTe /!7/, Mhi nposo.nimu a:H7nHJ yrnoJJLIX 
pacnpe.neneHHH c napaMeTpaMH e 0 H M . Cor naCHO 181, npH 
neynpyrux npoueccax .0 0 6y,neT cooTBeTcTBoBaTh yrny . pacceHHHH 
,IJ;JIH HeKOTOporo cpe,nHero.'JHa,eHHH· e .. B BhiXO,IJ;HOM KaHane, IIIHpHHa 
)Ke yrnosoro pacrrpe,neneHHH 6y,neT onpe~emiT.hCH He ronLKO.I<BftHToso
Mexanii4eci<oii yrno~oii .nucnepcueii, o6yc.rlosneHHoii sonuosoii npupo,noii 
4aCTHU, HO H ,IJ;HHaMH4eCKOH yrJIOBOH ,IJ;HCllepcueif·; Bhi3BaHHOH H,nepHhiM 
B3aHMO,neiiCTBHeM. B pe3yJILTaie napaMeTp /). e, ~OpMaJibHO nonyqae-' . . . . . ' 

MhiH. H3 aHanuJa yrnosoro pacnpe,neneHHH, MO)KeT 6LITh MeHLIIIe peanL-. 
HOH IIIHPHHhl BhiXO,IJ;HOro nai<eTa no e. 

6 

ITpii pac4eTe ·Teop( 
TaJihHhiM ce~eHHHM np 
KPHBhiX Ha· piic~· 1 npiiE 

. C QJYHKUHeii · E · 61 
yrn~x ,nnH scex KPHBhi 
KPIIBhie. ,nnH. MarHIIH;, 
c QJYHKUIIeii 'G. npe,nc1 
yrnoBhiX . pacnpe.nenei 
IIMeeTCH :60JihiiiOe pa: 
Kucnopo.na~MarHIIH. B 
HHH > 3KCnepiiMeHTaJihll 
~epe .nsyx KPHBhiX, o,n1 

·a ,npyra~·rayccosoi~: 
CJI)'iKHT yKa3aHIICM· Ha 
BbiBa ThCH KaK B. KBa3H 
H3 KOTOpbiX, KaK -OTMe 
JHa4eHIIH Oo II. i\Y. 

Ha piic. 2 u 3 np€ 
npHMhiX peaKUIIfi c.A~ 
KY. II3r3a Manoro Bhl) 
cneKTPOB, XOTH H no~ 
'ITO QlopMa II nonomem 
OT 4HCJia nepe,naHHhiX 
3Ha4HTeJihHYlOIIIHpHHY 
113 narnux H3MCpeuni r 
eT, 'ITO yiiiupeuue en• 
ll30TOnOB HeBeJIIIKO~~ 
lJaCTH B' o6naCTH 3H• 
paCC4HTaHHOrO .zinH c¢ 
'ITO BOJMOiKHhiMH ·HI 
MHIIIeHII aecL.3QJQJeKT 
Y4IIThiBaH ueHCHOCTh 
cneKTPOB, Mhl ,IJ;JIH .ITO 
noJibJOBaJIH JIHIIIh KO 
nyHKTIIPOM., , . ~< 

Ha puc·. 4 no~a,J 
npo,nyKTOB peaKIUiii_; I 
H HX K)'JIOHOBCKHX 6~p 



(CJICHHC • llpO,I(YKTOB 

IIpn:MeHeHHe pe3ynL·

reM7 'ITO nonyqeliHhie 

po.I(yKThi, o6pa3o:Ban-

16y:iK,I(eHHH K(me4HhiX 

Ka3a~o n pa69Te /14/, 
fiHH:. ,. '• 

"H4CCKHe ,I(aHHhiC ,I(JIH 

aKu:nif,:.qeM.B paHee 

:yJihTaTaMH• KOTOpoii 

ime ·no,I(xo.r(LL; · . 

IH ·,I(aHHhiC B paMKaX 

JihKY oHa 1Hap6onee 

: B pa6oTe 1 1_7, aHa

JieHHH OriHpaeTCH · Ha' . 

>aKTepe ·peaKI.(HH ne:. 
. ,.,, 

.·, t 

.,. ·]. 

E.:~ aH~JIHTH4eci<u'~ 
:Tneimo raycconoii.n: .s' 
rrnury,I(hl peaKu:~:H-oJ. · 

~'ni{ B:CrpyTHHCKoro 

IY, :MOMCHTY H .. 0 o . -
nocne,i(yroll.(eii pa6o-

A jra cny9;aii ireynpy~ 
)Ma. Bbipa:iKCHHH ,i(nH 

~OpMaiTbHO_COBITa,I(a- . 
, .. '·. ,. . .. . '· 

HJIH amJ.pH3 yrJIOPhi~ 
IaCHO f.SJ, npH 

Tb yrny ;pacceHHHH 

IOM Kanane,·}IInpHHa, 

~CTOJibKO~SaHTOBO· 

ii BOJIHOBOH npHpO,I(OH . 

Bbi3BaHHOH H,I(epHbiM 

JOpMaJihHO .. nonyqae ~ 

5biTb-MCHhiiiC peaJib-. 

I 

IIpn pacqeTe ·TeopeTn4eCKHeKpHBhie uopMn-ponamich K :JKcnepHMcn-

TaJihHhiM ceqeHHHM npn 0=0o. Benu4unhr 0 0 11 AP .I(JIH pac4cl:ut;rx 

KPHBhiX Ira puc. 1 npnne.tienhi B Ta6Jiuu:e 1. · 
·. C llJynKu:ueii E.· 6Lmo nony4eHo 3aBhrrneuue · :l¢4leKTa na 6oni.rnux 

yrnax ,I(JIH ncex KPHBhiX /eM., uanpnMep, na puc. I IIITpHx -nyHKTilpHI.Jc 

KpUBble ,I(JIH,MarHHHi KHcnopo,I(a H 6epunnun/. Pc1yJII.TaTw pac~eTti 
c ¢ynKu:ueii ·a. npe,I(cTannenhi ·ua puc. I nynKTHp.oM. P H,I( oco6em1ocTcii 

yrJIOBbiX . pacnpe,I(CJICHUH y,I(aCTCH y,I(OBJICTOOpHTCJihiiO . onHCaTb, 110' 

HMCCTCH :60JibiiiOC pa3JIH4UC C :JKCnepHMCIITOM ·Ha 'MaJihiX YI"JiaX ,I(JIH 

KHCJIOpO,I(a- MarHHH .. · B :JTOH· 06JiaCTU. ,I(JIH y ,I(OBJICTDOpUTCJihiiOI"O on IICa • 

HUH • :JKCITCpUMCHTaJibllbiX ,I(aHHbiX Tpc6yeTCH HaJIO:iKCHHC no MCIIhiiiCH 

Mepe ,I(BYX KpUBhiX, O,I(Ha U 3 KOTOpbi X COOT OCTCTDYCT 'JKCnOIICII UllaJII.IIOH, 

a .I(pyraH . raycconoii 3aBHCUMOCTU BCpOHTJH)CTH peaKUHH OT I' . 3To 

cnymuT yKa3anue·M ua To, 'ITO npo,I(yKThl c s:: Z :: 12 MoryT o6paJo· 

BhiBa ThCH KaK B KBa3uynpyroM,, T~K u ucynpyi"OM npoueccax, c Kam,I(h!M 

U3 KOTOpbiX, KaK OTMC4CJIO B ! IB:, MO)I(HO CBH3aTb HCKHC :J4l4lCKTHDIIbiC 

3Ha4enun Oo u. t\P. 

3.2. 3neprCTH4CCKHC CllCKlphl 

Ha puc. 2 u 3 npe,I(cTanneHhi JncpreTH4CcKne cneKTpbr npo.I(yKTOD 

npHMhiX pcaKu:uii c 4-;;.. Z ~12.~ CneKTphl JIHTHH ue npnne,I(eHhl, nocKOJih· 

KY UJ.· Ja MaJIOI"O BbiXO,I(a CTaTUCTHKa IIC,I(OCTaT0411a ,I(JIH llOCTpOCIIHH 

cneKTpon, xoT H H. no 3 BOJIHeT ou:euHTh ccqeuun ~ 113 puc. 3 H 4 BH,I(Ho, 

'ITO QJOpMa H llOJIO)I(CHHC. MaKCHMyMa 'JHCprCTH4CCKUX CnCKTpOB JaDHCHT 

oT qucna nepe,I(aHHhiX nyKnonon H yrna pcrncTpaunH. CneKTphr HMCIOT 

JHa4HTeJihHYIO rnupuny, ,I(OCTHraiOII.(YIO ria nononHue DhiCOThl 30-4()M JB. · 

113 JHliiiUX HJMepeHHH npH 0-::40° C pa3,J.CJICIIHCM H30TOllOD/ro/ CJIC,I(Y·. 

CT, 'ITO YIIIHpeHHC cneKTpOB 3a C4CT HaJIO)I(CHHH 3qlQJCKTOB OT pa3UbiX 

HJOTOnOB HCBCJIUKO. B pH,I(C CllCKTpOB na6JIJo)laJOTCH HH3K03UeprU411,biC 

qacTH n· o6nacTn Jneprnii rmme. Bhixo.unor.o · Kyno.HoBcKoro. 6apbepa, 

pacc4HTaunoro .u·nH c¢epH4CCKHX H,I(cp. KoHTponi.HhiC onhiThl noKaJanu, 

'ITO B03MO)I(HbiMH ·· llpUMCCJIMH yrnepo.aa II KHCJIOpO,lla · B TOpUCBOH 

~UIIICHH BCCh 3QJQJCKT B 06JiaCTH HU3KUX 311Cpl"HH, 06bHCHUTb HCJih3H. 

Y4HThiBaH HC HCHOCTh MCXaH_H 3M a o6pa30BaHH H · JIU3 KO 3HeprH4HOH 4aCTH 

CllCKTPOB, Mhl )lJIJI llOJIY4CHHH yrJIOBhiX pacnpc,lleJieHHH II CC4CIIHH UC· . 

ITOJih30BaJIH JIUIIIb KOJIOKOJI006pa3HYIO 4aCTh CllCKTpOB, llOKaJaiiHYIO : 

ITYHKTUPOM •. 

Ha puc~ 4 no~a.Jaua paJHQCTh K.uneTU4CCKHX 1nepruii Kolle4HhiX 

ITPO.LlYKTOB -peaKI.(UH, B- MaKCHMyMaX 3UCpreT~4CCKUX pacnpe;J.eJICHUH 

U UX KYJIOHOBCKUX 6apbepoB B CUCTCMC I.(CUTpa Mace B JaDUCUMOCTll OT 

1' 



. ' 

yr na DhiJieTa nenwro npo,IJ;yKTa. Kuu{nuqecKue 3Hepruu KOHC'IHLIX ·· 
'npo,D;yKTOB 6LIJIH nony'ICHhl CY~MHpOBaHHCM HCXO,IJ;HOH KHHCTH'ICCKOi . '22 . . . . . . 
'lHCpf'HH'_ · Ne B CHCTCMC :QCHTpa Mace C nonpaBKOi. Ha nO:r:'JIOI:Q€mHe. 
D nOJIOIJHHC .. TOJII:QHHbl MHWCHH H BCJIH'IHHbl 3HepreTH'ICCKOf'O 6ananca 
peaK:u;u'ii: Q; paccquTannoro no KHHeMa THKe .D:BYXTenhnoro npo:u;ecca 

. HJ :,IJ;aHHhiX no 3HeprHHM nerKux KOHC'IHLIX npo,IJ;yKTOB. KynoHOBCKHe 
6aphepbi paccqu~hiDanucb .D:JIH crbepuqecKux H,D;ep c_ r 0 ·:·= 1,46 rb. 
113, pHC; ,4 BU,IJ;HO, .'ITO MaKCHMaJibHbiC KHHCTH'ICCKHC 3HCpf'HH npo,IJ;yKTOB· · 
/u, · cooTBCTCTDenno, MlJIIHMaJihHhie. BOJ6y)f(,IJ;enuH B cucTeMe H,D;ep/ . 
ua6mo,IJ;aiOTCH ,IJ;JIH yrJIOB B6JIH3H peJepriJop,IJ;OBCKOf'O npH KaCaTCJibHOM 
cT<inKnosenuu. Ha yrnax, OTJIH'IHLIX oT .. peJepriJop,D;oscKoro, ,IJ;a)f(e 
ManonyKJIOHHhie nepe,IJ;aqu npoTeKaroT KaK rny6oKo neynpyrue npo:u;eccbi 
C ,CHJibHhiM B036y)f(,IJ;CHHCM ,BJaHMO,IJ;CHCTBYIOI:QHX H,D;ep. ,nnH . B<:_;~X :_ 
uccne,IJ;oBaHHhiX npo,IJ;yKTOB peaK:u;ui . npu 6onhiuux u. · M:anhiX yrnax .· 
penicTpa:Q_HH xapaKTepHo npu6n~)f(eHue. KunentqecKux 3Heprui K .:Benu
lJHHe_, pamwii: .. cooTDCTCTBYIOI:QeMy KynoiioncKoMy 6apbepy. 

. 3.3. IJOJIHbie CC'ICHHH nOHMhiX peaK:QHi 
CeqenuH peaK:u;ni, nonyqenHhie HHTerpuposaJiue:M 3KcnepuMenTaJih

.HhiX yrnoBhiX pacnpe,IJ;enenui B ,IJ;uanaJoHe yrnos 10-80 ° :/ .D:JIH neoHa 
30-80 ° /, npe,IJ;cTanneHhi B Ta6nu:u;e 1. TaM )Ke ,IJ;aHhi JJiaqenuH ceqenui 
B ,IJ;HaUaJOHe 0~80°; UOJiyqeJIHhiC nyTeM 3KCTpanOJIH:QHH yrJIOBhiX pac-

. npc,IJ;eJieHuii: B o6nacTh MaJihiX yrnoB. CyMMa ceqeJiui o6paJoBaHHH 
npo,IJ;yKTOB npHMhiX peaK:QHH c 3~ Z.$.. 12 B ,IJ;HanaJone yrJIOB 0 ~0<800 

.. cocT'aBnH'eT 800 M6H. C Y;'~eJoM. YMCHhWCHHH celienuH npHMhiX pe~Kiiui 
C YMCHhillCHHeM · 3HeprHH ' 20 BCJIH'IHHa 800 M6H HaXO,IJ;HTCH B Y.D:OBJieT
BOpHTCJibHOM corJiaCHH CO 3Ha'ICHHCM 983±120 M6H, 'noJiy'ICHHhiM ,IJ;JIH 
CC'ICHHH npHMhiX peaK:QHH B CHCTCMe 238 U + 20 Ne npH

1
3Hepr:Hu HOHOB 

208. M3B H3 yrnoBhix· KoppenH:u;uii: oc:KonKoB ,IJ;enenuH 1217.. B onhiTax 
· no yrnOBhiM KoppenH:QHHM ocKOJIKOB ,IJ;enenHH cnyqau, Kor~a c H.D:POM~ 

Murnem:ro cnuaacTcH 6onee nonoBHHhi uo11a, Tpytino oTJIH'IHTh oT cny
·qaea .c ·. noJIHhiM CJIHHHHCM .. I103TOMY COBna,z:ienue . CYMMhl CCt{CHHi 
UPHMbiX peaK:QHH, · nony'ICHHOH. HaMH. 6e3 yqeTa llpHMbiX .a -qacTH:Q, 
npOTOHOB H HCHTpOHOB, · C ,IJ;aHHhiMH H3 yrJIOBhiX KOppeJIH:QHi OCKOJIKOB 
,IJ;eneu~n npe,D;cTaBJIHCTCH ecTeCTBeHHLIM. Y'leT.BKna,IJ;a npo,riyKTbB c 
Z < 3 B ceqeime npHMhiX peaK:u;ui Tpe6y.eT cne:u;uanhHhrXHcc.ile,IJ;osa-

HHi,. nocKonhKY Ka)f(,IJ;hii nJ nux npo,IJ;yKTOB'Mo)f(eT o6paJ(mi.maThCH 
D HCCKOJihKUX pa3HhiX npo:u;eccax. 

8' 

.: ~ ' 

~,1, 

!~. 

\J 

·~ .. 
rJ:'. 

B uacTOHI:QCH p 
qaCTU:Q B BbiXO,D;HO 
.D:YKTOB na,IJ;aiOT OT 
sanoM neona, uanp1 

. mero BKJia,IJ;a B uJ 
,IJ;aTh numh:ripo:u;ec.c 
HOB. lfcnycKaHHC I 
3Hepr~u ao36y)f(,IJ;e 

·. ·nerKoro npo,D;yKTa 
pa3MbiTHIO 3Hepre· 
JIY'ICHHbiX HaMH ',IJ;a 
pacqeThi no ~nHeM 

· 'ICTKO. BhiHBUTh HCI 
. H3MCHCHH~ KUHCT 

pa3HhiX yrnax /p_Hc 

B JaKnrot.ienuc 
aKa,IJ;eMHKY r .H;$J 
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e :meprHH 'KOHelJHhiX · 
(O~HOH KHHeTH'IeCKOH 
lBKOH Ha·nornoll{eHHe 
r~T~'IecKo~o6anaHca - . . . ' 

fXTenLHoro npoQecca 
~YKToa. KynoHoacKne 
p c r 0·-=· 1,46 clJ. 
lie 3HeprHH npo~yKTOB· · 
ax B CHCTeMe H~ep/ . 
:>ro npn KacaTenLHOM 
pop~oacKoro, . ~ame 
~HeynpyrnenpoQeccw 

: x~ep. · ,l(nx . acex · 
mx · H · :ManhiX yr nax . 
KHX 3HeprHH K.Benn-
)apbepy. , 

J;HH 
eM 3KcnepnMeHTanh
o- 80 ° I ~nH :He~Ha 
Ihl 3Ha'lt:lHHH CelJeHHH 
,nHQHH' yr noBhiX pac
e'leHHH o6paJOBaHHH 
!lJOHe yrnoa · 0 fl::.0<80o 
:HHH npHMhiX pe~KiiHH · 
axo~HTcxay~oaneT-

6u; 'nony'leHHhiM. ~nx 
· llpH1 3~prHH HOHOB 
mnx' 21 

· •. B onLITax 
mH:, Kor~a c x~poM-· 

• _. •• ' ¥ 

10 OTnH'IHTh OT cny-
Rtf cy:MMhi ceqeHHH · 
HMYX . _·a •qaCTHQ,'''. 
:>ppenxQHH ocKon~o~ .. 
IKna~a npo~yKTOB C 
mnLHLd nccrie~oaa
~T ~~p~J~~~~aThbH 

J. 

i~ 
~v. 

B HaCTOH~QeH pa6oTe KHHeMaTH'IeCKHe pacqeThl npoae,tieHhl ~nH ~BYX 
qacTHQ a BhiXO~HOM KaHane. KaK BH~Ho HJ·. Ta6nHQhi 2, ceqeimx npo
~YKTOB na~aiOT OT Ne,c K- Li, no3TOMy TpexT~nh~Ye npoQecchl c_ paJ
aanoM neona, HanpnMep, Ha ·N + Li, C +~Be He :MoryT .ri:aih onpe~emriO-

. ll{ero aKna~a a n3Me.pxeMhle npo~yKThl: Cyll{eCTBeHHhiH aKna~ MoryT 
~aTh nHIIIh:npoQe_CChLC o6pa30BaHHeM a -qaCTHQ,_ npOTOHOB II HeHTpO·. 
HOB. llcnycKaHHe nx HJ Txmenoro x~pa an11xeT niiiiih na oQeHKY ero 
3HeprHII BOJ6ym~eHHH. II :npaKTII'IeCKH He CKa3biBaeTCH Ha I<IIHeMaTIIKe 

·nerKoro npo~yKTa. ··llcnycKaHife HJ nerKoro x~pa ae~eT K HeKoTopoMY 
pa3MhiTHIO 3HepreTII'IeCKHX CDeKTpOB II yrnOBhiX pacnpe~eneHIIH. Ilo-

. ny'leHHhiX HaMH ~ai:I:HhiX He~OCTaTO'IHO ~nH anan113a 3TOrO 3cPcPeKTa. ·Ho 
pac'leThi no KHHeMaTHKe ~ayx qacTIIQ 11 a 3TOM cnyqae noJaonxH)T 6onee 
lJeTKO BhiHBHTh HeKOTOphle oco6eHHOCTII npHMhiX peaKQHH, B 'IBCTHOCTII, 

·. H3MeHeHHe KHHeTH'IeCKOH 3Hepnm perHCTpllpyeMoro npo~yKTa Ha 
paJHhiX y;nax /puc. 4/. 

B JaKniO'Ienne aaTOphi BhipamaiOT rny6oKyiO npH3HaTenhHOCTh 
aKa~eMHKY r .H.tl>nepoay Ja CTIIMynllpyipll{IIH HHTepec K pa6oTe· II npo~ 
clJeccopy B.M .CrpjrTHHCK.OMY Ja QeHHhie' o6cym~eHnx. · 
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