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B HacTo~ee speMn Mo~eJib BHYTPIUI~epHbiX KacKa~oR - srNJeKTIIBHbii1 

CllOC06 p8Cli€T8 Heynpyri1X f!,r\€pHbiX B3ai1MO~eii.CTBIIH, lliii(JOKO 11Cll0Jlb3Y€Mblti 

B T€0p€TI1l!€CK11X II np11KJia~HbiX 3~8llax, OC06€HHO B o6JiaCTH 3H€pPIIV ~0 

H€CKOJibK11X raB, r~e yCJIOBI1H np11M€HHMOCTII 3TOi1 MO~€Jll1 XOpOWO BblllOJIHH

!OTCH, l1p11 Bbll!I1CJI€HI1HX 06blliHO npe~llOJiaraeTCH, liTO ]J€30H8HCHbl€ li8CTI1L\bl, 

o6pa3J!O!I1li€CH EO BHYTPIIf!,r\€pHbiX CTOJIKHOB€H11HX, pacrw,D,aiOTCH cpa3y JKe 

llOCJie pO~€HliP., 6Jiaro~apH li€MY MOJKHO orpaHIIliiiTbCH paCCMOTp€HI1€M KaC

K~HOi1 JI88liHbi, COCTOffiii€H TOJibKO 113 .1i-M€30HOB II HyKJIOHOB. TaKaH MO

~€Jlb xopowo cornacyeTCR c sKcnepliMeHTOM (eM. paiJo·n/l-o/, r~e npl1Be~e
Ha llO~p06H8H 6116JII10f'pa:lJI1H) 11 BilOJIH€ ~OCT8TOliHU ,J,JI.fl llpliKJia~HbiX 3~all: 

paClleTa p~liaqHOHHOH 38!1111Tbl, Hapa60TKH 1130TOilOR II 1'.11. 

BMecTe c T€M HM€!0TCH 3Kcnep11M€HTaJibHble ,D,aHHbie, ,J,JIH ormcarmH KO

TOphlx H€06XO~j0 yl!HTb!BD.Tb BKJI~ ]J€30H8HCHbiX liD.CTI1]\ YJK€ llpll ::JHeprHHX 

B COTHli MaB'6 , Ha!IpHMep, np11 8H8..,1H3€ 1Jbi,1€T2. 6hiCTpb!X npOTOHOB B c6-
JI8CTb, KliH€M1lT11li€CKV'I 38ilp€1J1€HHY!0 ilpll paCC€f!HI111 HD C ~1 060J\HOM HyK.~OHC, 

C pOCTOM 3HeprHII RKJI~ p€30H8HCHbiX 48CTHL\ CT8HOBliTCfl f\C€ 60JI€€ 

C.YUI€CTB€HHbiM. B CTOJIKHOB€HIIHX TITA<€Jib!X: .f!,[\ep ]H8lll1T€,1bHble pacxo~eHIIH 

C Oilb!TCW., JKa3bi8D.!0!!111€ Ha He06XO,l,I1MOCTb ylleTil P,8:JC H1J HCO ll, DpOF.BJI H!OT

CH YJK8 npH 3Hepr11HX T*) s6,1H311 I raB/ H.YKJio/~7. 
Yli8T pe30HllilCHbiX llaCTIII~ .'3aTpyr,HeH Hcr,ocTUTI'OM liHTOpMaqiiH o ce

li8HIIHX IIX pOJK~€HIIH l1 B3811MO~Ci!CTBI1f!. 0,l\H8KO, €CJIII paCCM8T.JI1B8Tb 06-

JI8CTb T ~ I raB (HI1JK€ nopora pOJK,l\€HIIH ~B.YX J[_ -M€30l!OB)' TO MOlKHO orpa

HIIl!IITbCH Jllllllb pe30H8HCOM /1 (3/2, 3fz) r; l10JIHbiM MO!-t€HTOM II 1130TOillili€

CKIIM CiliiHOM J/2, 8KJI8)l, ,!l,(J.)'f'IIX p€30H8HCOB .'3~8Cb 8:.118 H83H8lii1T8JICH. He

OrlXO,J,IItlbl€ JJ,Jifl p8Cli€TFl X8p8K'1'8p11CTIIKV. ?:'<lii~~O,C,€f1CT!<lt,;< /1 -pe30H8HC8 

MOr.IH·J l10;1,Yli11Tb H8 OCHO h&HIIVI T80pCTVIl.l€CKit!X C006pm!I8H11i1 II 113 8H8JJH38 

V!3B€CTHblX :'lKCil8p11M€HTAJibl-lb!X JJ,aHHbl'<:, 

bJJl1f!Hl1e Ll. -pe3oHaHca ;m pe3y;1bT1i':'b! KilCKB~HbiX pacqeTOB l13jl!a

;10Cb B pa6oTa'<:/?' o/. HFl fOH8 paC~MOTpeHHbiX ~8HHbTX OHO 6b!J10 HeR€JJI1KO. 

lflbl paCCMOTpHM 6c.."ee I\E'TH.HbHble ~HrVf€pcH!~8JibHb!€ pe.cnpe,[],8Jl€HHf!, liTO 

!103 BOJ!li':' CJJ,8Jla Tb 6CJ1E'l' 0!1p€ll,€Jl€HHhl€ Bb!BOJJ,bl 0 pOJIH p€30HaHCOB B pa3-

Bl1TIIl1 BHYTPI1f!,r\€pHblX K8CK~OB. 

3~ecb 11 Be3~8 HH~e T - Kl1HeTI1l!€CKaH 3Hepr11H HaJJeTa~II1e~ llaCTHQPT 
B Jia6opaTOpHO~ Cl1CT8M€ KOCp~I1H8T, 
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B OCHOBJ paCtleTOB MN llOJIOlltHJUI "6e330HHJ10 11 BepCH!O KaCKSAHOR MO

,I\wm./9/, li.OnOJIHeHeyD HeyrrpyrHM .1- N -B3am.tO,I\eiicTBHeM. CooTBeTCT

BeHHo H3MeHeH BaclJeT Heyrrpyrl!X .r.. N K N- N -cTOJIKHOBeH.Jri:t*) • 
TaR lite, KaK B/?' I , Mhl C'illTa.Jlli, 'ITO KaJK,D;Oe Heynpyroe (c polK,JJ;emt

eM Oll.Horo Ji, -MesoHa) !£- N- .11 N- N -B3aHMO,I\eiicTBHe .11lJ.9T '!apes pe-

30HaHC Ll (3/.? , 3/z). ilpelJ.llOJiaraJIOCb, tlTO B KSlltlJ.OM ynpyrOM Jl-N-B3aHMO

,I\eRCTBHH C BepoRTHOCTb!O, nponop~HOHaJibHOR pe30HaHCHOMJ ceqeHHIO uR 
TaKllte npOHCXO,I\HT o6pa30BaHHe j (3/2, 3/z). OTO COCTORHHe tleTKO OT,I\eJie

HO OT CJielJ.YlOIIIero !fl- N pe30HaHCa H 3HatlHTeJibHO 6oJiee sepORTHO. 

ilocKOJ!bKJ o6pa30 BaHHe 4 ( 3/2, 3/z ) npOHCXO,IIHT TOJibKO qepe3 COCTO

RHHe C K30TOTIKtleCKHM CllHHOM J/2, ilpelJ.llOJiaraR HeKorepeHTHOCTb BKJI8,IIOB 

nap~HaJibHHX KaHaJIOB, MOlltHO ilOJlytlHTb nap~aJibHUe CetleHHR po~eHHR 

d -pe30HaHCOB 
JiN NN 

6'(Jf1 N-ilJLz);l<:rto.x; o(N.t.fz-11N3)=K.N~ , 

IVAI 'liN 
r,IIe oJr , £G - ceqeHHR pollt,IIeHHR :Ti -Me3oHa s N- N H 'Ji- N -cTOJIKHO-

seHHRX, I<", KN - KOHCTaHTbl, onpe,IIeJIReMble c noMO!IlbiO Ko34xf>H~eHTOB 
Kne6wa-rop,IIOHa. B cJiyqae fi-N -B3aHMo,IIeAcTBHR ,IIJ!R onpe,IIeJieHHR K~ He

o6xo,IIHMO 3HaTb OTHOWeHHe Me~ MO,IIJJIRMH MaTpHtlHHX 3JieMeHTOB pOllt,IIeHHR 

n -Me30Ha qepe3 COCTORHHR C H30TOilHtleCKHM CnHHOM 3/2 K l/2, a TaR

lite ¢a3osb!R C,IIBHr Me~ ,IIaHHbiMH MaTpHtlHbiMH 3JieMeHTaMH. 3TH seJIHtlHHH 

CtlHTaJIHCb He 3aBKCR!IlKMH OT KKHeTHtl/eCKOR 3HeprHH HaJieTaiO!IleR qaCTK~ H 

6paJIKCb TaKHMK lite, KaK K B pa60Te 7/. 

Macca 00pa3J!OllleroC.R B He.YTip.JrOM CTOJ!KHOBeHKK pe30HaHCa m 4 pa-
3blrpb1BaJiaCb no pacnpe,IIeJieHKIO/ll/: 

d W {m4 'V) ,..., 6"Ji:P (mt~)·P (rnA' V)' 
dm4 

t 
r,IIe V - ilOJIHa.R 3HeprK.R CTaJIKKB~KXCR tlaCTK~, q;,p - UOJIHOe CetleHHe 

Ttt P -s3aHMo,IIeRcTBHR, fi'(mll, V)- ,I\ByxqacTHtlHbiR ¢a30BbiR o6DeM Cl -
pe30HaHCa C HyKJIOHOM HJIH Jl -Me30HOM, 

YrJiosoe pacnpe,IIeJieHHe 6 -pe30HaHCa B CHCTeMe ~eHTpa Mace N- N 
HJ!H X-N Bbi6HpaJIOCb B BH,IIe 

W (cos 0 ) =- ~ cos
2 8 + ~ • 

r,IIe 0- yroJI BbiJ!eTa pe30HaHCHOR qacTH~ll/. 
Pe30HaHCHOe ceqeHKe Bb10paHo B BK,IIe peJIRTHBHCTCKoR ¢opMb1 BpeATa-

BHrHepa 2 2 
0. 8X m. r (p) 

R=pr (m!-m;) 2+m!r2rpJ 

M) 4aCTb pe3JJibTaTOB ony6JIHKOBaHa B/IO/, 

2 

\I 

c napaMeTpaMK, onpe,IIeJieHHbiMK H3 sKcnepHMeHTa/121. 3,IIeCb m,=l2JI M3B, 
pe30HaHCHaR Macca 

m t. = / mz + p2 I + I;./+ pz I ' 

r,IIe m H )-1- yac;f JiYKJIOHa H Me30Ha, p- HX HMUJJibC B CHCTeMe ~eHT
pa Mace. CorJiaCHO 2~ mKpHHa pe30HaHCa 

r(p) -{', P
3
lf+!R,PJ

2
+ (RePJ 11

] 

- 0 ft[1+(R1PoJ2+(RzPotl 
r,IIe r;, = II2 MaB, R1 = 4,206(raB)-I,R2. 3,142 (raB)-I. 

Cpe,I\HHA csoOo,IIHHR npo6er il - pe30HaHCa s .R,IIpe ,I\O pacnB,D,a 

J < p > = J .t~. c[ {" r p )( 1 -l /12 r {, 
r,IIe J!' - CKOpoCTb B e,IIKHK~ CKOpoCTK CBeTa, '/ic =0,!97 ra13·~. 

fipHHQHfi fiayJIH 3anpe!llaeT ~ -pe30HaHCy paCU8,11,4TbC.R B COCTORHHe, 

B KOTOpDM KHHeTHtleCKaR 3HeprH.R pac~oro HJKJIOHa HKme MaKCKMaJibHOA 

¢6pMH8BCKOR 3H8prHK HyKJIOHOB R,IIpa/l • OTO npHBOAHT K yBeJIKtleHKD npo-
6era A ( p). 

B npe,IInonollteHHH H30Ton~o~qecKoR HHsapHaHTHOCTH sepoRTHOCTb pac

na,I~a 6 -pe30HaHCa Ha fiHOH-HyKJIOHHble napbl pa3Hb1X 3HaKOB fiOJiaraJiaCb 

paBHOR KBB,D,paTy COOTBeTCTBYD!Ilero K03¢¢K~8HTa KJie6ma-rop,IIOHa. YrJIO

BOe pacnpe,IIeJieHKe npo,IIJKTOB pacna,I~a onpe,IIeJIRJIOCb c noMO!IlbD 3KcnepK
MeHTaJibHoro yTJIOBOrO pacnpe,IIeJieHKR B ynpyroM ~-N B3aKMO,IIeACTBHK. 

llpK paCtl8Te KaCK&Aa CtlKTaJIOCb, tlTO ~-pe30HaHC H4XO,I\HTC.R B .f!,II

pe fiOA ,I\8HCTBHeM fiOTeH~HaJI4 

VA (I l) = ~ (/ t I~) Vp +fa-Il) Vn 
r,IIe Vp K Vn - MaKCKMaJibHble 3HB.tleHH11 noTe~aJIOB ,I\Jl.R npoTOHOB K 

HeRTpoHa, I~- npoeK~R H30CfiHHa Ha ocb ~. 

An11 OnHCaHHR o6MaHHoro pacca.liHWI 6. -paao!:laHca H aro pacca.IIHWI 

C nepe34p.R,IIKOA MH HCfiOJib30BaJIK Te •e CetleHK.R, tlTO H B pa6oTef7/. 

CeqeHHe peaK~H 3axBaTa N 6 -2N BbltlHcJIRJIOCb B npH6JlltaeHHH O.IVfO

Me3oHHoro 06MaHB. C ¢eHOMeHOJIOrHqecKJ\M ¢Q~TOpoM, ytlHTbiB8IXJIHM CXOA 
X -Me30Ha C MaCCOBOA fiOBepXHOCTH/B/. 

CJie,I~JeT a&MeTHTb, tlTO o6pasoBaHHe ~ -pe30HaHCa H ero noCJie,Jzy~>
lllHA 34XB4T BHyTpHR,IIepHYM HyKROHOM 4BTOM4THtleCKH yqKTYBa8T fiOI'BO~eHHe 

~ -M830HOB, KOTOpoe B 00YQHbiX KaCKSAHYX paCtleT~ OfiHCbiBaeTCII ¢6HOMe
HOROrHtleCKH KaK fiOrJIO!Il8HH9 Ha ,I\ByxHyKnOHHOR nape !/. HacKOnbKO COOT

BeTCTBJDT ,IIpyr APyTY 3TH ,I\Ba CfiOC06a OfiHCaHHR - TeMa OT,I\8JlbHOrO KC

CJI8AOBaHHR. B HaCTOR!IleR pa6oTe MH yqHTbiBaeM JIHmb pesoHaHCHbiR uexa
HH3M norno~eHKII Me30HOB. 

BoJiee AeTaJibHOe H3JIO.eHHe 

ca H ee nporPB.MMHM peaJIH3~.R 
KaCKSAHOA MO,I\8J!K C ~eTOM tJ. -pe30HaH

H8 WOPTpaH6 ,I\8HS Ef 101. 
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ilpH COflOCTa&~9HHH pacqeTOB, BNnORHeHHNX C yqeTON H 693 yqeTa 

~ -pe30HaHCa, npe~e BCero H~O OTM9THTb, qTO OCHOBHYe HHT9I'paRbHY9 

xapaKT9pHCTHKH B3a~o~ei1CTBHR ClYCTpoA qaCTH~ C aTOMHYM ~pOM - MHO

)!(eCTB9HHOCTb BTOpHqHYX qaCTH'-1, Cpe~Hee qHCRO BHyTpH~epHYX CTORKHO

B9HKA H napaM9TpN OCTaTOqHYX ~ep - OCTaDTCR noqTH H9K3M9H~ 

(CM.Ta6n. ) • 

Ta6nHLta 

CpasHeHHe senK4HH, BY4HcneHHYX c yqeToM H 6ea yqeTa 

~ -pe30HaHCOB 

(COOTB9TCTBeHHO BepXHHe K HK)!(HH9 3HaqeHHR) 

<N> - cpe~Hee qHCRO BHYTPH~epHYX CTORKHOBeHHA, 

<nN>,(n~- Cpe~HHR MH0)!(9CTB9HHOCTb po~a~HXCR HYKROHOB K M930HOB, 

<£") , <A>,<~>- cpe~Haa 3HeprHR soa6~eHHa, Maccosoe ~cno H 3ReKTpH

qecKHi1 aap~ ~pa-ocTaTKa. 

3HeprHR nepsHqHyx npoTOHOB T=640 l.1al3. CTaTHCTH4eCKaa norpemHOCTb 

MeHee I%. 

<N> <nH> < rzx> <E"> <A> <l> 
11laB 

-. 12,... 3,6 2 8 0 27 I 50,5 10,5 5,1 
t" v J,b ' 2,7 0,32 ' 52,4 10,5 5,1 

p+64C 
6 6 3 7 0 23 I 95 4 61 7 27,8 

6,4 3,7 0,29 i 98,7 61,6 27,9 

i 

i 

-- - --

~TO KaCaeTCR ~H~peHI..IHaRbHYX pacnpe~eReHHA, TO MO)!(HO O)!(H~aTb, 

qTo HX 3aBHC~OCTb OT .1 -pe30HaHCa MH M930HOB H HyKROHOB 6y~eT paa

RK4HOi1. B o6naCTH T ~ I raB 4HCRO pe30HaHCHHX B3a~o~ei1CTBKA 9!11e He

BeRHKO, a 3Ha4HTeRbHaR qaCTb OClpa30BaHHYX L'l-pe30HaHCOB ycnesaeT 

pacnaCTbCR, He HCUYTaB B3~0,JJ,eACTBKH C HyKROHOM ~pa. ll03TONy Ha 

XapaKTepKCTHKH BYReT9BWHX H3 ~pa HyKROHOB yqeT ~ BRHR9T cna6o. 

CY!IIeCTB9HHYe pa3RH4KR MOI'yT npORBKTbCR RHWb B KOppeRRI..IHRX. C ~pyroV. 

CTOpDHH, cneKTpN .1l-Me30HOB ( B p6CCMaTpHBaeMOi1 M0~9RH OHH BCe po~a
DTCR flyT9N pa.cn~a A -pe30HaHCOB) ~OR)!(HY ClYTb B9CbMa qyBCTBHTeRbHY 

K pe30HaHCHYM saaHMO~ei1CTBKRM. 

Ha pHc.1 npHBe~eHN 3HepreTHqecKHe pa.cnpe,D,eneHHH npoToHoB, BYRe

T~ il08 pa3~ YI'RaMH 8 M). fHCTOI'paMMH 1 paccqHTaHHYe C yqeTOM 

*:BYdep yrROB onpe~enaeTCR TeM, qTO ~RR JI'ROB, MeHbmHX 18°, CTaHOBHT
CR CY!IIeCTB9HHNM ~H~paK'-IHOHHOe paCC9RHHe~ g6Y4HO He yqHTNBa9M09 B 
KaCKa,Il,HWC pa.cqeTax; MR JI'ROB, ClORbWHX .jQ , CY!IIeCTBeHHH npe~pa.BHO
BeCHYe H p6BHOBeCHY9 npoL\eCCY B B,D,pe-OCTaTKe, KOTOpNe TO)!(e He yqH
TNBaRHCb B pacqeTe Cll9KTpDB pHc.l. 

4 

H 6e3 yqeTa A(J/2,3/z), npaKTHqecKH cos~aDT K xopomo·nepe~aDT aaBH

CKMOCTb 3KCnepKMeHTaRbHYX Cll9KTpoB OT yrna 8 K aTQMHOI'O HOMepa ~pa
MKW9HH. BnK3KH K a6CORDTHHe 3HaqeHHR ceqeHHA. 
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I • ! 

H I 
I 'In:... 

It:" T(MaB) L--~~:-~~-ar-~b--~~~-il--,&5-~·~L,-~ J • ..ko .. ., do. ' 

PJic. I. Buxo~ npoTOHOB B HeynpyrHX CTOJJXHOBeHHftX npoTOHOB C AAp&

MH yrnepo~a H Me~ npH T~ MeB. rHc~or~ - pacqe~ 
C yqeTOM L} (¥1, 3/2) 1 TOllKK - 3KCD8pMMeHT 14/. 

l:{aK B~HO H3 pHC.2, KaCKBAHS.H MOAeJib C yqeTOM A -pe30H8HC8 XOpo

WO o6oHCHH9T HHKRD3HBHNe ceqeHHR HCDyCK8HHR DpOTOHOB B ~ nony

C~py 8 >1l!z •>. O~uo KacK~aa MOAUb c lfleHoueHO.IIOI'IItlecKHM yqeTou 

norno~eHHa X-MeaoHoB Ha na~ JK.YTPHAAepHYX HYK.IIOHOB Taxae xopomo 
cor.11acyeTCH c aKcnepKNeHTouf 15 • 

iJ ~R yrROB yqHTNBaRCR BKJI~ H9CTaqHOH&pMYX H pa~Q~CHHX npoqeCCOB 
DpH pe.llaKCaqHM B036Y3A9HHOrO OCTaT04HOI'O ~pa /!3/. 
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20 
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50 70 90 110 

T (iAaB) 

P~c.2. BHXOA npoTOHOB B 3aAH~~ nonyc~py B Heynpyr~x 
CTORKHOB8H~RX npOTOHOB C RApaM~ yrnepOAa ~ M8A~ 
npH T=640MaB. r~cTorpaMMH- pact~eT c yqeTOM 
tl (3/2 I 3/z) , Tot~K~ - aKcnep~MeHT 115 · 

n---··----- --------- ----·--· ··- --• ...,.._,.,.,, ... .,n ... ''''-'IIY-V v 1 FU¥U'I IYIV,U.'Ci•.IJ,J1J¥1Y! J.l~VIlDJ.lnt; J. Vll U t:JVI ~c1."-'!.,;MV'J.' tJt:::tU'IVJ. J'\U p-

peRRI..U1~ HCO.Y1118HHbiX npoTOHOB, HanpHMep, M8JI(,II,y npOTOHB.MH, BbiReTaiOIJIHMH 
B nepeAHIO~ K 3aAHIOIO nonyc~pbl. B HaCTORIJiee BpeMR HeT TeOpKK, KOTOpaR 
6bl 06bRCHRna Ha6RIOAaeMbl~ 3~~T. nacK~aR MOA8Rb 6e3 ~ -pe30HaH
COB TaKJKe He 06bRCHR8T ero{lo/.B TO lite BpeMR yqeT /j (3/z, 3/2) np~BO
AKT K 049Hb XOpoWeMy cornacH~ C OOHTOM. 3TO BKAHO K3 pHC.J ~ 4, rAe 
npHBeAeHa yrnoBaR aaBKCKMOCTb 

3AeCb r1 K TJ - KKHeTKtleCKaR 3HeprKR ABYX pDJKAaiOIJIHXCR npoTOHOB, 
B 1 K 83 - ~x yrnhl BbiReTa. 

6 

N..-.. 0,4 
'o. 
~ 03 

N ' 
-~ 

~ Q2 
~ 
~0.1 

0 lo--_J_.L.J.___L___J 

90 150 21 0 270 
e; 

PHc .J. ~JHKI..\HH I {-1z: 83 ), xapB.KTep~3.YJOIJiaR KoppeRRl\HK npoToHos, 
p~CR npK CTORKHOB9HHRX llpOTOHOB C aHaprKSH 640 MaB 
c R.JWaMI'l yrnapoM. 3HaprM rrpoToHoB 255 !JaB~ Tr .E330 .:laB; 

50 MaB~T3~145 MaB. 0603Ha'ISHH.fl, KaK Ha pRc.2. 

30 
~= 230~ . .2~ 

20 
f r lr. 

~!~,~I . ~·~.I 1& I 50 75 100 125 50 75 100 125 150 
D 1; (iAaB) 

PHc.4. ~~epeHl\Ha.JibHO€ Cet~eH~e BbiReTa npOTOHOB B CTORKHOB€HKHX 
npoTOHOB C aHaprKaii 640 i1laB C R.ll;P&W yrnapoM IlO~ yrJlaMld 
G., =-12°, II0°~8JI30° K61=-I2°,230°~ ~5o0.3aaprM 
IlpoTOHa 255 ;~IaB~TI~330 ,i!aB.06oaHa'lSHWI,KaK Ha pKC.2. 

BbiXOA npoTOHOB Ha3aA B KKHeMaTKtleCKK 38npei11€HHJ10 ,II,JIR N-N B3aKMO
A8~CTBKR o6naCTb H KOP~ soaHKKaiOT scneACTBKe pacceHHHR H no
cneAYIOIIIero pacnaAa o6pa3osasweRcR B RApe d -t~aCTH~ (cu.pHc.5). 

,L\ononHHTeRbHbiR Kat~ecTseHHbiR aHaJIH3 npol\ecca p + [ NN]- pp N, 

rAe LNN]- napa HJKROHOB BHYTPH Mpa. onHcblsaeMOro AHarpaNII8MH TH
na pHc. 5, noKaaa.n, t~TO ac.r4MMeTpM B pacnpeAeneHHRX I ( 8 ~ , 8 ~ ) , 
d"r;fd7'.,d~dS23dQ.1 (pHc.3,4) no yrny 83 o6yCJioBJieHa <flaaoBhiM 
o6beMOM peaKI..U1H H AHarpaMMBMH. 
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P(~.ej) 

~~~~] 
N(i>1,Q1) 

N 

p (1"!) 

PHc.5. ,!l,HarpaMMa peB.Kl.\HH fH[NN]-ppN c o6paaosaHHew 

pe30HaHCa ~ • 

Ha pHc.6 H 7 npHsep,eHH pacnpep,eJieHH.R po!!,D,81l111HXC.R Me30HOB. Ka
qecTBeHHO OCHOBHOA peayJibTaT BBe,D,eHH.fl ~ -pe30HBHCOB - 6oJiee aHH30-
TponHYe H 6oJiee ~eCTKHe pacnpe,D,eJieHH.R (pHc.7), qTQ .RBJI.RSTC.R np.RNYM 
cJie,D,CTBHeN KoHeqHoro apeMeHH ZH3HH ~ -peaoHaHCOB. PacqeTHHe p,aHHYe 
xopomo corJiaCYJOTC.R c onbiToN KB.K npH N8.ll1iX, TB.K H npH 6oJibliiHX yrJiax 
(pHc.?). Be3 ~ -peaoHaHCOB TaKoro cornacH.R nonyqHTb He yp,aeTC.R. llpH 

nepeXO,D,S K T.RZSJIYM NHWSHHN 6JI&rO,D,ap.R yBeJIHqeHHD qHCJia BHyTpH.fiASpHHX 
CTOJIKHOBeHHA cneKTp MS30HOB CM.RrqaeTC.R. OTO OC06eHHO 3aNeTHO ,D,JI.R 
60JibmHX yrJIOB, rp,e BSJIHK BKJI~ MHOPOKpaTHYX nepepacce.RHHA. 

,. 3D 144 - 3IZ ,.~ 
TIHeVI COl1t 

PHc.6. OtiepreTmecKHe H yrJIOBHe pacnpep,eJieHH.R .1i -Me30HOB B 
npoToH-.fiAepHHX B3aHNop,eAcTBH.RX npH T=640 MaB. 
CnnomHHe H nyHKTHpHHe rHCTOrpaNNH - pacqeT c yqeToN H 
6e3 yqeTa ll (J/2 , 3f2). PacqeT c yqeTON .1 ( 3/z, 3fz) BHilQJI
HSH B npep,nOJIO&eHKH K30TponHOrO poap,eHH.R !J. (.3/z, 3fz) {!0/. 
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PHc.?. OtiepreTHqecKHe cneKTP~ Me30HOB, po~a~~xcn no,D, pa3H~H 
yrJiaMH B CTOJIKHOB9HH.IIX npOTOHOB C .fiApaMH yrJiepop,a, MS,D,H 

H CBHHL\a npH T=740 ;'1\aB. 
BepXHH~ pHC. -7/--MSSOHH, llHlltHKit - .,r.:+ -MSSOHH. 

fHCTOPpa.MMbl - pacqeT C reTOM .:1 -pe30HaHCOB. 

ToqKH - aKcnepHMeHT/
16 • 

TaiG!M o6pasOM, paCCMOTpSHHa.!l BHWS ItaCKa,IUia.!l MO,D,eJil> xopomo OID1CH

Ba9T 3KCll9pRMSHTaJil>Hli9 ~a UO Haynpyr:ID4 a,IlJ>OH-~epHHM B3a:ID40,D,SR

CTBH.RM B o6JlaCTH T ~I raB. 

M~ 6Jiarop,apH~ B.~.KoMaposy 3a noJie3HY9 o6c~eHH.R. 
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