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racrrapHH A.n., K□llbin0Ba n.K., Hl!KllTIIH A.B., Tposrn IC.A. 1-6211 

PeaKUllH np ➔ pp,r,,.O B nnarraaoae aaeprnii 2 1- 10 faB 

CTpencTaBneHbI aKcrrepnMeHTanhHhie peaynbTaTbI nay'leHirn peaKunn 
np ➔ pp "- "o B nnarraaoae aaeprnii 2 1- 10 faB. nonqepKnBaeTCH rrepnqie

pnqecKnii xapaKTep rrpouecca, O5cyJKJ:laeTcst B03MOlKHhiii MexaanaM o5pa3□Ba-
HIIH HYKil0HHbIX 113□5ap. . 

Coo6meHHe 061,e,wmeHHOro HHCTHTyTa HAepHbIX HCCJieAOBaHH~ 
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I. Pa5oTa npeacTaBmieT co5010 qacTb cncTet,1_aTn'lecKoro nccnea_o~aHnSI 

aeynpyrnx neil:Tpon-np□TOHHhIX BaanMoaeil:cTBilH _B a1ianaa0He aneprnil: 21:-10 faB, 

npoBOllllMbIX B Heil:TpOHHOH rpynn~ flB3 0J1~Jl1-, Mb! Y,)1(0 ,He paa _OTM0'lann, 

'lTO B MllpOBOH m1TepaType llM010TCSI 'lp03Bb_I'l8HHO CK)'."llHbie aaHHbie no_ 9TOMy 
- 0 Bonpocy. B 'l8CTHOCTil, no peaKUllll np ➔ PP 1T 1T lfMeeTCSI Bcero Tpll pa5o-

Tbl / 1,2,3/. B KOTOpblX o~peaeneHbl ceqenn~ 9TOll peaKUilll - npn I!Mn.ynbcax 

1,85; 2, 11 _II 3' 7 faB/ C: Il _aaH H0KOTOp_blll <pe~9MeHonorI1'l0CKllll a Hanna o5pa-

30BaHilH peaoHaHCOB. 1-lncna co5hITIIH BO Bce:x. _9TilX IJa5oTax M_anbI (HeCKOnbKO 

aecHTKOB co5bITllll npn 1,85 n 2,11 faB/c n He_CKOnbKO coTeH_npn 3,7 faB/c). 

KpoMe TOI'O yKa3aHHbl0 o5ny'leHllH ncnonbay10T pd BaanMoaefiCTBllH, n, KaK 

Bceraa B 9TllX cny'laHx, BCTaeT Bonpoc O npaBllllbHOM y'leTe aefiTOHHbIX a<p

<peKTOB. 

B Hall!IIX pannnx pa5oTax /4,5/ onpeaeneHhr ceqeHIIH peaKunn np ➔ 

➔ pp "- ( m rr O ) B ananaaone aHeprnil: 2 1- 10 faB npll ncnonb30BaHnn peaynb

TaToB o5ny'leHIIH HefiTpoHaMn 24-nnTpOBOll npoiraHoB-□ fi nyabipbKOBOll KaMepbI 

Il noapo5Ho nccneaoBaHa KaK "c 9KCnep"nivtenTanbHOfi, TaK Il C TeopeTll'l0CKOll 

To'leK apennsr·· peaKriIIk n P ➔ PP rr 

AnanII3 i~ocneanefi peaKUllll noKa~an, 'lTO HefiT.poH..:.npoTOHHbie B38IlMO..;. 

aeficTBllH nMe10T psra npenMymecTB no cpaBH0HIIJO c PP - BsanMoaeficTBHH-

Mll npll Bb!HCH0Hllll BOnpoca O M0X8Hll3Me o5pa3~B~HllH pe30H8HCOB -B NN 
cTonK~~~~t~sr":.C~' H~npII~ep; o5~apy>K~Ho, -~~o ;, JJe~~~nn n p ~ · pp rr 3H8'lll-

TenbHYIO ponb nrpae; Mexan~~M C o5M!HOM BaKyyMHblM non10coM, 'ITO 
.... , ', ~ 
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TPYJlHO aaMeTHTb B COOTBeTCTBy10meii peaKUHH PP ➔ P n 1T na-aa CHnbHOro 

o6paaoBaHIISI B Heii n~o6apbl 1238 ( t:i.. ++ ) • TaKyIO :>Ke KapTHHY MO:>KHO O:>KH-

)laTb npn cpaBH0HHH peaKunii n P ➔ P P TT- 1T O H pp ➔ pp TT+ TT- ( peaKUHSI 

pp ➔ pp TTO TTO TpyJlHO BbI)lensi:eTCSI Ha aKcnepnMeHTe) • TeopeTII'I0CKIIii 

aaanna N N -BaaHMO)leiicTBHSI Mb! npoBOJlHM C TO'IKH apeHIISI peJl:>KH30BaHHOii 

OPE _ MOJlenn ( OPER - MOJlenb), KOTopasi: oKaaanacb Bnonae anaKBaT-

aoii JlnSI peaKunn pp ➔ p n TT+ I Bl n - c Jl06aBneaneM o6Meaa BaKyyMHbIM 

nonrocoM ,- JlnSI peaKunn np ➔ pp TT B mnpoKoM JlHanaaoae aaeprniiI51. HaM 

npeJlcTaB/ISI0TCSI HHTepeCHbIM npoBeCTH cpaBHeane aaiiJleHHOro H8MH MeXaHH3Ma 

OPER + JlmfipaKunoiiiioe pO:>KJleHne) 'nnsi: n P B38HMOA0liCTBHg C 60nbmeii 

MHO)l{~CTBeaaocTbIO po:>KJlaromnxcsi: ·" -MeaoHoB. 

TaKoe· cpaBaeane 6yJleT npoBeJleHo B nocneJlyromn:ic. aamnx ·pa6oTax. B 

llaHHOii pa60Te npeJlCTaBJieHbI H0KOTOpi,1e 8KC:nepnMeHTanbHb!0 . peaynbTaTb! JlnSI 

peaKunn np --,; pp "- 170 B JlHanaaoae aaeprnii 2i- 10 faB, 

, II • MeToJlhl BbIJleneansi: peaKunn H onpe)leneime nMnynhca aefiTpoaa, 

BbI3BaBmero JlaHaoe BaaHMOJleiicTBne, nano:>KeHhI B aam~x paaanx pa6oTaxI7I • 

Mb1 npeJlcTaBnsi:eM ailecb peaynhTBTbI nnsi: 912 cnrrneB peaKuim np ➔ pi,"-"o, 

nonyqeHHblX ll3 10,5 TbICSI'I 3-nyqeBbIX 3B03,!l. IlpHM0Cb OT Jlpyrnx peaKUHii 

cocTaBnsi:eT ae 6onee 25%. 

Ha pnc. 1 npeJlCTaBnea HMnynbCHbIH cneKTp HefiTpOHOB, BbI3BaBllillX 

co6b1THSI peaKunn n p ➔ p P TT- TT O ( T.e. cneKTp nanaroumx Ha KaMepy aeiiT-

poHoB, yMHD:>KeHHhlii Ha ceqeane JlaHHOfi peaKunn). 

Pnc. 2 noKa3b!B80T yrnoBoe pacnpeJleneane KOH0'IHbIX npOTOHOF 
. ' 

B c.u.M. peaKUHH JlnSI Bcex co6bITHii. BnnHo, 'ITO npoTOHbl cnnbHO CKOnnHMH-

poBaHbl B6nnan HanpaBneHnfi . "BnepeJl' -: "HaaaJl", 'ITO roBopnT o nepnqie

pn<IHOCTH npouecca. Y<IHThlBasi: 3Ha'IHTenbHYIO nepnqiepH'IHOCTb npouecca,Mo:>K

HO npnMeHHTb npoueJlypy CBSI3b!B8HHSI KOH0'IHbIX npOTOHOB C .oJlHHM H3 Haqanb-

HbIX HYKnOHOB no MHHHManhHOMY 3Ha'IeHHIO 'I0Tb!pexMepaoii nepeJlaJ'l(•6T aa-
. ' ~ 

qanbaoro HyKnoHa K KOHe'IHOMy. B Ka:>KJlOM co6bITHH paCC'IHTbIBaeTCSI 4 nepe-

Jla<In: OT HaqanbHoro HefiTpOHa K 6b1CTpoMy B na6. cncTeM~- rrpoToHy, OT 

Ha'IanbHOro aefiTpoaa K M0Jl/I0HHOMY npoTOHy, OT npOTOH8-MHlli0Hll K Mennea-
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Pnc. 2. Yr no Boe pacqpenenettne rrpo'l'OHOB B c.u,M. na peaKunn n p · ➔ pp rr- rr O 

BO BCeM nnarraaoHe HMIIy/IbCOB rrana;ioumx Heii'l'pOHOB. 
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HOMY IIpOTOHY H OT rrpoTOHa MHlll8HH K 5bICTpoMy rrpoToHy B KOHe'lHOM coc

TOSIHHH, CoorBeTCTBYIOIHHe pacrrpeAeneHHSI rrpeACTaBneHhl Ha pnc. 3. Koae'lHbIH rrpo

TOH p I C'll!TaeTC5I CB5I38HHbIM C rrepBll'lHbIM HeiiTpOHOM,' ecnn tinp I < ti np2 , H KO

H0'1HblH rrpoTOH P2 C'lHTaeTC5I CBSI38HHbIM C Ha'lanbHbIM rrpoTOHOM, ecnn 

tip p 
2 

< tip p I • KaK BHAHO H3 pHC. 3, "rreperryTbIBaH_Ue" KOH0'1HbIX rrpoTOHOB 

IIpHBO!lHT K 0'10Hb CHnbHOMy yBenH'l0HHIO 11 2 
• TaKHM o5pa3oM, Bee KOH0'1HbJe 

rrpoTOHbl CBSI3blB8IOTCSI C OllHHM U3 Ha'!anbHblX HyKnOHOB. To'lHOCTb 3TOH rrpo

ll0llYPhl H3-38 OllIH50K H3MepeHHii cocTaBnSieT 3-4% rt: cna6o 3aBHCHT OT HM

rrynbca rrepBH'lHoro aeiiTpoaa. BBeAeM o5o3Ha'l0HHSI: KOH0'1HblH IIpOTOH, OT-

' HeceHHbIH 3TOH rrpoueAypDII K HaqanbHO_My H0HTpoHr, o5o3H8'11IM Pn , a 

KOH0'1HblH IIpOTOH, CBSI38HHhIH, TSKHM o5pa30M, C Ha'IanhHbIM IIpOTOHOM, 0603-

Ha'IHM Pp 

Ha pnc. 4 IIp0ACTaBneHbl, pacrrpeAeneHHSI acjicJieKTllBHbIX Mace KOM5IIHaunii 

p TT 
n 

( BepXHUe pncyHKH) n pp TT - ( Hll,KHUe pncyHKU) Ami C05bJTHH, pa3-

5n:Tb!X Ha 3 rpyIIIIbl no UHTepBanaM, HMrrynhCOB IIaAarournx, HeiiTpOHOB ( 0 ..!: 

.!::. 5 faB/c, 5 ... 8 faB/c, > 8 faB/c). CrrnOllIHbl0 KplIBbl0 - pe3ynbTaT 

arrrrpoKCllM8Ullll pacrrpeAeneHHH KOM5n:Haunii cjia30BOH KpHBOH, B3B0lll0HHOH no 

CII0KTPY aeiiTpOHOB n 5peiiT-BHrHepOBCKUX KplIBbIX U305ap ( 1236 .:!:. 135), 

( 1470 .:!:. 210), ( 1688 .:!:. 130) MaB/c2 , .um1 ;Mpn TT- n ( 1236 .:!:. 135), 

( 1520 ±.. 135), ( 1688 ±.. ~30) MaBlc2 .ang M.p ,TT-. 
. . : ' p 

lfa pncyHKOB BIIllHO, 'ITO B pacrrpe.ueneH~SIX M p TT - .aonSI U3o5ap C 
. : . . n 

Maccoli, 5onhllleii 1236, 3Haqn:TenhHO rrpeBbilllae-r n61110 rex ,Ke H3ooap B pacrr-

penenennH x Mp P TT- • 

Pe3ynhTaTbI arrrrpoKcl{~aunn rrpencTaBneHbI :B Ta5nnue 1, rne B rrocnen

Heii KononKe yKa3aHO OTH0lll0HH0 rronyqeaaoro rrpn arrrrpOKCUMaUHH X l K 'IMC-
♦ ' : ·, 

ny To'!eK B pacrrpeneneHnn'. · 
' - 0 .. 

PeaKUHIO np ➔ Pp TT TT'• ly!O)KHO. rrpencT,aBUTb nnymeii B COOTB0TCTBHU 

c TpeMSI OPE - nnarpaMMaMn. 
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Pnc, 3, t.JeTblpexMepHble nepena•rn: a) QT 11a11anbHDro Hel!TpOHa K 6bIC'fpOMY 
B na6. CHCTeMe npoToHy; B) OT JlaqanbHOro Hel!TpoJ!a K MenneHHDMY B na6, 
CHCTeMe npoToHy; c) OT npPTQHa-MHlll8HH K MenneHHOMY B µa6, CHCTeMe 
BTQPH'IHQMY npOTQHy; d) QT npOTOHa - MHllleHH K 6bICTpPMY B na6. CHCTeMe 
BTQpH'IHDMy npOTQHy, 
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Pnc, 4. PacnpeneneHHH a<pcj,eKTHBHblX Mace KQM6HHaUHH p n rr ( BepxHHe 
pncyHKH) Hp .;,- (am1rnne pncyHKH) nirn pa3HblX HHTepBanQB HMrryrihCOB 

. nanaK>ll{HX ae"l!TpQHOB. CnnQll!Hbie KpHBbie - peaynbTaT .aanny11lllel! ,arrrrpOKCH
MaUHH, ITyHKTHp - Q83Q~ag KpHBaH. 
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B o6naCTH sq)(jJeKTHBHhlX Mace p 11 - -KOM6HHaulllt 1236 t_ 100 MsB OTHOllle

HHe .Ql!arpaMM (1) II (2) paBHO rrp116nI13l!TenbHO 6, eenll cq11TaTb, qTo rrpo

l!eXO.QllT O.QHOITIIOHHhlH o6MeH 11 BepoSITHOeTb oeymecTBneHIISI rrpoueeeoB eooT

BeTCTByIDmllX .QHarpaMM (1) II (2) rrporropulloHanbHa rrpoll3B0.Q0HIIID ceqeHlllt 

peanbHhIX rrpoueccoB a Bepllll!Hax .QHarpaMM. 0THOllleHHe .QllarpaMM ( 1) 11 ( 2) 

rrpoITOPUHOHanbHO Torna 

_ill 
(2) 

a a o 
ex TT p 

a ex a Tr" p 

a110 P 

a -1T p 

1/2( a+ +a -a ) 
TT p Tr"p ex 

a -1T p 

rne a + , a _ , a O , a - ceqeHHSI yrrpyrHx rrpoueeeoB 11+ p, 11-p, 110 p 11 rrepe-
11 p 11 p 11 p ex 

aapSI.QKll 11-p ➔ 1T On • B o6naeTll ·6onblllllX Mace N 1T KOM6I1Hau11lt OTHOlll0Hll0 

.QHarpaMM ( 1) / ( 2) eTpeMHTeSI K 1. 

ITpll yaen11qeHHH sHeprHH rra.QaIDmHx HeltTpOHOB scjJcjJeKTHBHbl0 MaCCbl 

N 11- KOM6HHaUllll pacTyT, KBK Bll.QHO 113 IlpHB0.Q0HHhlX Bhlllle pI!CyHKOB1 H 1 

cne.QoBaTenbHO, BKna.Qhl .QHarpaMM (1) II ( 2) epaBHHBaIDTCSI. BKnan .QHarpaM

Mbl (3) COCTaBnSieT rro TeopeTHqeeKHM OU0HKaM OKono 20%. B Ha111elt o6nacTH' 

SHeprHlt. 

Ha· pHc •. 5 rrpe.QCTaBneHhl yrnOBbI0 paerrpeneneHHSI TT - - H TT O -M030HOB 

B e.u.M. peaKUIIH .QnSI pa3HhIX .Ql!arra30HOB HMrrynbeOB HaneTaIDmHx HeltTpOHOB, 

J,fa pHeyHKa BH.QHO, qTo TT - -MeaOHhl l!MeIDT T0H.Q0HUIIID K BbineTy Brrepen, B 

c.u.M,, a 170- Hasan rrpll Bc·ex sHeprllsiX. Ecnll 6b! pa6oTan O.QHH O.QHOITHOH

Hhlll o6MeH, TO e yaennqeHlleM 8HeprnH MO)KHO 6bmO ,' 6bJ O:WH.QaTb T0H.Q0HUHH 

K eHMMeTpllll B paerrpeneneHIISIX ll3-3a Toro, qTo BKna.Qbl .QHarpaMM ( 1) ll ( 2) 

cpaBHHBaIDTCSI, ll 6onee Ba)KHbIM nenaeTeSI BKnan OT .QllarpaMMbl (3)' KOTOpaSI 

naeT cHMMeTpHqHoe yrnoaoe pacrrpeneneHHe 11- - H 11 ° - MeaoHoB B c.u.M. 

KaK Bll.QHO H3 pnc. 5, HHqero rrono6Horo He· rrponcxo.QHT'. Ec'J,'eCTB.eHHoe 

o6~SICH0Hll0 MO)KHO .Q8Tb, ecnH rrpenrronO)Kl!Tb, qTo ·c yBennqeHI!0M SHeprllH 

HaqnHaeT nrpaTb ponh MexaHH3M, oTnlfqHhIH o; OPE , a HMeHHo rincjJpaK

Ul!OHHh1lt M0XaHll3M. IlnarpaMMhl, COOTBeTCTBYIDllllle eMy, MO)KHO rrpeneTaBHTb 
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Pnc. 5. YrnOBbJe pacrrpeaeneHIISI 11- II 11° -Me30HOB B c. U.M. peaKUllll turn 
pa3Hb!X /:ll!alia30HOB l!MrryrihCOB HaneTaromnx' HellTpOHOB. · . .. 
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,B ')lHcj:>paKUHOHHbIX npoueeeax o6paay:ionmeeg :imo6apbl HMeKJT KBaHTOBbie 

'!Hena aaneTa:iomero HyKnoaa, T.K. ae npo11:exon11:T nepeaoea aapg na 11:a BepllIH

_HhI B Bepmtmy. TaKHM o6pa30M, MO~<HO O:lKH)laTb 3Ha'IHTenbHOI'O VBenH'leHHSI 

BKnana 11:ao6ap N* ( 01470) H N* (1688) B pacnpeneneHHSI Mace p 11- no 
n 

cpaBU8HHKl e pp 1T ' ecnH JlH$paKUHOHHbie npoueeCbl HMeKJT MeeTo. ITpH 

aTOM nonmeH aa6monaTbeSI npeHMymeeTBeHHhlfi BblJleT 1T - Me30HOB Bnepen, 

a 11° -Me30HOB Haaan.- Bee 8TH qepTbl npoSIBnHKJTeSI B npHBeneHHbIX paenpe

nenemrnx. 

P,. 1r
0 

THK 

Mb! He npHBOJlHM snecb pacnpeneneHHfi Mace KOM6HH8UHfi p 11° H p 

, T.K. H3-3a TpynaoeTH BoeeTaHOBneHHSI KHHeMaTH'leeKHX xapaKTepHe-

110 - Me30H8 OHH M,eaee noKa3aTenbHbl ( XOTSI OIIIH6KH B napaMeTpax 
0 , • 

1T -Meaoaa MeHbllle eKa3b!BaKJTCg Ha ero yrnDBblX xapaKTepHCTHK8X B c.n.M.), 
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