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Dpou !!CCbi MeaoHoo6paaoBaHHSI B N N -coyllapeHHsrx B o6nacTH aHeprHA, 

6nH3KHX K 660 Mas, H8y'lanHCb HeoaHoKpaTHO/ 1-19/. 8TH H llPYrHe aKcrrepHMeH

TanbHbie peaynhT8Tbl HBUinH llOCT8TO'IHO XOpOUiee OITHC8HH8 C TO'IKH 3peHHSI 

uasecTHoA MollenH MaHilenhcTaMa120 1• BMecTe ~ TeM HHTepnpeTauHsr psrlla 

OlibiTHbiX ll8HHbiX B paMK8X 9TOfi MOilenH BCTpe'189T 38TpyllH8HHSI/4,6/ • DoCK0nb

KY MHOrHe oco6eHHOCTH peaKUHfi THIT8 

NN ... 11 NN (I) 

B o6naCTH 1-t3 faB 06'bSICHSIIOTCSI nepH!j>epH'I8CKOfi MOil8nbJO OllHOITHOHHOI"O 06Me

H8 (OPE) 1211 
llnsr mupoKoro llHanaaoHa 3H8'1eHHil: nepellliHHoro HMnynhca, 

TO MO*HO npelliiOnO*HTb, 'ITO H npH 6onee HH3KHX 9HeprHSIX 9TOT liOilXOil MO

*eT ~838TbCSI rrone3Hb!M llnH ITOHHM8HHSI M8X8HH3M8 M930H006p830B8HHSio 8TO 

npellnono*eHHe IIOilKpennsreTcsr peaynhTaTaMH cpasseHHfi ~eppapH H CennepH12 ~ 1 

KOTOpbie o6Hapy*«nH, 'ITO pacc'IHT8HHbie B npH6nH*eHHH OPE nonHbie ce'leHHH 

p88KUHH p p -> 11 + D p B llH8fl830H8 0,4-t3 faB 6nH3KH K 3KC!IepHM9HT8nb

HblM 3H8'18HHSIM 0 DoaTOMY npe/lCTaBnHeTCSI HHTepeCHb!M npOBeCTH CHCTeMaTH'Ie

CKOe cpaBH9HHe Y*e HM910UlHXCSI 9KC!IepHM8HT8nbHbiX ll8HHbiX 0 npoueccax ( 1) 

B o6nacTH aHepr~!Ji: 660 Mas c npellcKaaaHHSIMH aTofi MOilenH. B H8CTosrwefi 

pa6oTe T8K08 COITOCTaBneHHe ITpOBOilHTCSI, B OCHOBHOM, llnsr pe8KUHH 

+ 
pp->11np ( 2) 

T.K. 9TOT npouecc ITpH 660 M3B SIBnsreTCSI OJlHHM H3 H8H6onee HHT8HCHBHblX 

H xopowo H3y'leHHbiX KaHanoB peaKUHH ( 1). 
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/22/ 
PacqeTbi npoBOJlHnHCb B cooTseTCTBHH c pa6oToA CennepH • EbxnH 

yqTellbl qeTbipe llOl!IOCllble JlH8T'p8MMbl $eitliM8ll8 0 OllHCbiB810lllHe npoueCC 1 H 

paal!H'I810lllHeCH MelK[.Iy co6oA nepeCT8HOBKOA H8'18l!bllblX H KOHe'lllblX HYKliOHOBo 

OpH Haxo)!(JleliHH MaTpH'IHbiX aneMeHTOB peaKUHH npHHHManacb so BliHM8liHe 

TOl!bKO HHTepcflepeHUHH Me:lKJlY JlH8T'p8MM8MH 0 OTl!H'I810lllHMHCH nepeCT8HOBKOit 

HB'18llbHblX liYKliOHOBo Yq~T OCT8llbHblX HHTepcflepeliUHOHHblX 'll!eHOB SIBnHeTCSI 

jlOBOllbliO Cl!O:lKllbiM 0 H 0 K8K llOK838HO pallee KOHKpeTllblMH p8C'I~T8MH 0 B o6nac-

/21/ 
TH aHeprHi! "' 1 faB BHOCHT npeHe6pe:lKHMO M8l!blil BKl18Jl, 

B cooTBeTCTBHH c/21/ y'IHTbiBanocb peaoHallcHoe (3,3)-cocTOHHHe 11N -

rroncHcTeMbi, Bbxpa:lKeliHe llnH $opM-cP8KTopa G ( /!,
2 

) 6panocb B BHne 
123/ 

G 
9 p.2 

10 p.2 + /)2 

r.ue p. - Macca 11 -Meaolla, 
/)2 - nepeJl8HHbi:i!: liYKl!OliY 4-HMllynbC 

oT.uaqH, B pacq~Tax Hcrronbaosanocb cneJlyiOmee Bbxpa:lKeHHe .un~ aneMeHTa 

«Paaosoro o6~eMa: 

<ll I 
m=1,2 

r.ue q ql 

q q I f31 
10 20 

q q2 
I 

- {3
2 

Cos (q 2~ q-
1 ) I q 10m 

dq 
0 

dO dO , 
11 p 

q
2 

- MOilYliH 3-HMllyllbCOB COOTBeTCTBeHHO 1T -Me30H8 0 

rrpoTOH8 H H9itTpOH8 B KOHe'IHOM COCTOHHHH: q 0 
q

10 
, q

20 
- rronHbie aaep-

+ T'HH 11 -Me30H8 0 llp0TOH8 H Heii:TpOH8i {3 I , {3
2 

- CKOpOCTH KOHe'IHblX rrpo-

TOH8 H He:i!:TpOH8i q
10

m( m = 1,2 ) - KOpHH KHlleM8TH'IeCKOT'O ypaBlleHHSI 0 CO

CT8BneliHOT'O H8 OCHOI:>t! 38KOliOB COXpalleHHSI 3HeprHH H HMllyl!bCOB; d 0 17 = 

d Cos 0 d cp 
1T 1T 

3.ueCb 1l 0 0 H 

BecTBellliO, HH:lKliHA 

d 0 = d Cos 8 d cp 
p p p 

cp - TeneCHbiA, llOl!Hpllbl:i!: H 83HMyT8llbllbi:i!: YT'llbl COOT-

HliJleKC OTMeqaeT '18CTHUY ( 1T -Me30ll Hl!H llpOTOll), 

OpH c.uenaHHbiX rrpe.unono:lKeliHSIX c noMOlllbiO 'IHCneHHoro HHTerpHposaHHSI 

Ha 8BM 6bm npoHaBenell pac'leT cne.uyiO!liHX senH'IHH: 

1) d 2 a L I d T; d 0; - OllHliO'IHbiX aHepreTH'IeCKHX cneKTpoB 11 + -

Me30HOB B l!,C, i 

4 

J 
<' ,,, 

'I 

' 
i 
\l 

)I 

I 

l 
I 
~ 

' I 

:~ _.,__ 

2) d 2 a* I d p * d 0 * - OllHliO'IHbiX HMrrynbCHbiX crreKTpos npoTolloB 
p p 

B c.,u .. M.; 

3) d a * I d 0 * p - yrnosoro pacnpeJleneliHSI rrpoTOliOB, 

PeaynbTaTbi pacqeTa rrpHBenellbi lla pHc~ 1-5 BMecTe c cooTBeTcTsy10-

lliHMH 3KCll9pHM9HT8l!bHblMH B9l!H'IHH8MH0 B3SITblMH H8MH H3 p860T/2,5, 7,}(1,17,18/. 

KaK MO:lKliO BHJleTb H3 3THX pHCyliKOB ( CM, pHC. 1-4) 0 cflopMa H3MepeHllblX 

rrpH aHeprHSIX 600 H 660 Mas crreKTpoB 11 -MeaolloB KaqecTBeliHO cornacy

eTCSI c rrpellcKasaHHHMH OPE B yrnosoM llHarrasolle 0,8 - 160° n,c, 8ToT 

cP8KT He SIBl!HeTCH YllHBHTel!bllbiM, llOCKOllbKy 4JopM8 OJlHHO'IllblX CIIeKTpoB, B 

ocHOBHoM, orrpenenSieTCH pesoaaacHbiM ( 3,3) xapaKTepoM "N -BsaHMoneAcTBHH, 

B pSine cnyqaeB pac'IE\T rrpellCK83btBaeT H a6coniOTllbte 3Ha'leHHH senH'IIIH ceqe

liHA ( CM, pHC, 2), 

Ha pHc, 5a rrpencTasnellbi pacc'lHTaHHbte H8MH HMrrynbCHbte pacrrpeneneHHH 

+ 0 
llpOTOHOB cyMM8pliO .Ul!H peaKUHA p p -+ 1T D p H 11 p p BMeCTe 

c cooTBeTCTBYIOlllHMH aKcrrepH,MeHTanbHbiMH pesynhTaTaMH/17/, OpencKaabiBae

Mbie ClleKTpb! HOpMHpOB8llbl llO lll!Olll8JlH lla 3KCIIepHMeliT8llbllbie Bel!H'IHllbl, 

Caosa MOlKHO BHileTb, 'ITO OPE Ka'lecTaeaao o6'bSICHSieT «PopMy aKcrrepHMeHTanb

llbiX crreKTpos. CnenyeT saMeTHTb 0 'ITO lll!SI yrnoBbiX H HMrrynhCHbiX pacnpenene

HHii asTopb/ 17/ He yKa3biB810T rrorpemlloCTeA, EcnH yqecTb rrpHse.ueliHbie B 

pa6oTe/17/ OlllH6KH H3MepeHHA 3HepreTH'I9CKHX CIIeKTpOB B n,c,, HCXO.USI H3 

KOTOpb!X 6bll!H BOCCT8HOBl!9Hbl YT'liOBble H HMIIyl!hCllbie pacrrpene.iJeliHH B C,U,M,, 

MOlKHO ITOK838Tb0 'ITO HliTepecyiOlllH:i!: H8C KOpHllOP CT8THCTH'19CKHX OlllH60K He 

rrpeBOCXOilHT 3-7%, ,llpyrHM YK838HH9M H8 B03MOlKHYIO nepH4JepH'19CKYIO llpHpOilY 

HeyrrpyrHx p p -saaHMOJleAcTBHA rrpH 660 Mas HBnHeTCSI BbtJleneHHOCTb 

yrnosoro pacnpeJleneHHSI rrpoTOHOB oT peaKuHA p p -+ 11+ n p H 11° p p 

B H8llp8Bl19HHHX BIIepeJl-H838Jl/
171

, 0JlH8KO H8lll p8C'I~T rrepeJlaeT TOl!bKO 

06lllHA xapaKTep yrnoBoit 38BHCHMOCTH 0 IIpH'IE\M 3KCnepHMeHT8l!bHOe pacrrpelle

neHHe 6onee aHHaoTponHo, qeM rrpellCK83blB8eMoe OPE ( CM, pHc, 5B). 

06o6lll8SI pe3yl!bT8Tbl Cp8BH9HHA, MOlKHO OTM9THTb 0 'ITO HM99TCSI K8'19CT-
+ 

seaaoe cornacHe OPE c 6ol!blllHHCTBOM H3MepeHHA OllHHO'IHbiX cneKT;lOB 11 -Me-

30HOB H llpOTOHOB B peaKUHH (2), 8TO o6CTOSIT9l!bCTBO H8XO.UHTCH B COT'l!8CHH 

C BbiBOil8MH pa60Tb/ 191 , rne 6bll!O 06HapylK9HO YllOBl!CTBOpHT91lbH09 COBll8Jl8HH9 

+ 
rrpeJlcKasaHHA OPE Jll!H rronHpHsauHH rrpoToHOB B peaKUHSIX p p -+ 11 n P 

H 11 0 p p npH 669 Mas, O.uaaKo B ps!Ae cnyqaeB npencKasaHHSI OPE cymecT-
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+ 0 PHc, 5, a) 11MnynhCHbie pacnpelleneHJHI npoToHoB tWS'I cnJ'IBS'I pp -+rr n p + rr pp 
npH saeprHH 660 MsB lilTS'! paanH"l:HoiX yrnoa B c.u.M.fl7 • KpHBhie l - sxcne
PHMeHT; 2 - ,PaaoBbilt o6'heM; 3 - OPE, HopMHpoBKa 2 H 3 npoH3BelleHa Ha 
sxcnepHMeHTanhHbie pacnpelleneHHS'I, 6) YrnoBoe pacnpelleneaHe npoToHoB B 
CUM lilTS'! Toro JKe cnyqag. l - sxcnepHM31ITBnhnag KpHBag; 2 - OPE. 3aMe
"l:BHHg 0 norpeWHOCTS'IX CM, B TeKCTe, 

10 

seHHO pacxollSITCSI c aKcnepHMeHT&nhHhiMH !flaKTaMH, TaK, HanpHMep, acHMMe 
+ 

pHSI HCnyCK8HHSI 11 -Me30HOB H3 peaKUIIH ( 2) H8 nonapH30B8HHOM ny'IKe, pa 

C'IHT8HH8SI Ha ocHoBe OPE 1241
, H ee cooTBCTCTBYJOIUee 3Ha'leHHe, H3MepeHH 

a pa6oTe/8/, He cornacyJOTCSI Me)l{ny co6oa. He cosnanaJOT no !flopMe c OP 
+ 

H pe3ynbT8Tb! npeUH3HOHHbiX H3MepeHHit OllHHO'IHb!X cneKTpOB 17 -Me30H 
/6/ 

npH aHeprHH 660 Mas B pa6oTe • 06pamaeT Ha Ce6SI BHHM8HHe H TOT !flaK 

'ITO KOa~HUHeHTbl nornomeHHSI r J f B COCTOSIHHSIX 3 P
0 1 2 1

1 0
2 

H 3 F 
' f 2,8 

aaltlleHHbie H3 !flaGoBoro ananHGa ynpyroro N N -pacceHHHSI/25-27/ H Bbi'IHC 

neHHbie AManbllH/23/, HCXOllSI H3 npellcTasneHHit OPE, TaK)I{e He cosnallaJO 

Me)l{llY co6olt (eM. Ta6n. 1). Hanm pe3ynhT8Tbi H pe3ynhTSTbi llpyrHx pa 

6oT
16

•
241 

MoryT CBH!leTenhCTBOBaTb o TOM, 'ITO npHBneqeaHe MexaHH3Ma OPE 

npH6nH)I{eHHH 3-3-pe30H8HC8 lllTSI HHTepnpeTaUHH ll8HHblX no pO)I{!leHHIO Me30HO 

B N N -coyllapeHIISIX B o6nacTH 660 Mas He anonae o6ocnosaao c aKcnepH 

MeHT8nbHOit TO'IKH 3peHHSI, He HCKnJOqeH0 0 'ITO HCnOnb30B8HHblit HSMH B8pH8H 

OPE pa6oTb/
221 

Tpe6yeT .YTO'IHeHHlt: Y'I~Ta B38HMOlleitcTBHSI llBYX HyKnouo 

B KOHe'IHOM COCTOSIHHH 0 llOCTSTO'IHO lleTanbHoro Y'I~Ta BCex Hepe30H8HCHbl 

COCTOSIHHit 11 N -nOllCHCTeMb! H HHTep!flepeHUHOHHblX qneHOB B M8TpH'IHOM :me 

MeHTe peaKUHH. KpoMe aToro MO)I{HO nonbiTSTbCSI paccMoTpeTb llOnonHHTenbH 

K OPE neKoTopbie BHllbi llpyrHx MexaHH3MOB B38HMolleltcTBifH. 

ABTOpbi 6naronapHbi B.K. CycnenKo Ga o6cy)I{,QeHHe sonpocos, GaTpoayTt.t 

B pa6oTe. 
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0,2 Q't Q6 
cos 2 8p 
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) + 0 • 5. a MMnynbCHbie pacnpe.neneHHH npoToHoB nnH cnJ'IBH pp ... " n p +" p p 
sneprHH 660 M sB A/Ill paanH'IH oiX yrnoB B c,u,M.' 17 • KpHBbie 1 - aKcne

enT; 2 - !f>aaoBhiA o6'heM; 3 - OPE. HopMHpoBKa 2 H 3 npoHase.neaa Ha 
nepHMeHTanhHhie pacnpe.neneHHH. 6) Yrnosoe pacnpe.neneaHe npoToHoB B 

llllH Toro 11<e cny'IaH, 1 - aKcrrepii!IEHTanhHBH KpHBaH; 2 - OPE. 3aMe-
HH 0 norpeWHOCTHX CM, B T9KCTe. 

10 

seaao pacxonSITCSI c 9KcnepHMeHT&nhHbiMH <PaKTaMH. TaK, aarrpHMep, aCHMMeT-
+ 

pHS! HcrrycKaHHSI " -Me30HOB H3 peaKUIIH ( 2) aa rron>~pH30BaHHOM rry'IKe, pac- • 

C'IHTaHHaSI Ha ocaose OPE 1241
, H ee cooTBeTCTBYJOIUee 3Ha'leHHe, H3.Mepeaaoe 

s pa6oTe/8/, ae cornacyJOTCSI Me*nY co6ol!:. He cosnana10T no !flopMe c OPE 
+ 

H pe3yJihT8Tbl rrpeUH3HOHHbiX H3MepeHHl!: OAHHO'IHbiX CrreKTpOB TT -Me30HOB 
/6/ 

rrpH 9HeprHH 660 Mas B pa6oTe • 06pamaeT Ha ce6SI BHHM8HHe H TOT !flaKT, 

'ITO KoatPtPHuHeHTbi nornomeHHSI r J f B cocTOSIHHSIX 3 P0•
1

•
2 

, 1 D
2 

H 3 F
2

,
8 1 

aal!:neHHbie H3 !fla3osoro aaanH3a ynpyroro N N -pacceSIHHSI/25-27 I H Bhi'IHC

neHHhie AManhnH/23/, HCXOASI H3 npencTasneHHl!: OPE, TBK*e He cosnanaJOT 

Me)K,Ily co6ol!: (eM. Ta6n. 1). HamH peGynhTBThi H peaynhTaTbi npyrHx pa-

6oT16•241 MoryT csHneTenhCTBoBaTb o ToM, 'ITO npHsneqeaHe MexaHH3Ma OPE B 

IIpHO/lH)KeHHH 3-3-pe30H8HC8 AJISI HHTepnpeTaUHH ,ll8HHblX IIO pO)K,IleHHIO Me30HOB 

B N N -coynapeHHSIX B o6nacTH 660 M 9B He snonae o6ocaosaHo c 9KcrrepH

MeHTanhHol!: TO'IKH 3peHHSI, He HCKJIJO'IeH01 'ITO HCIIOJlh30B8HHb!l!: H8MH B8pH8HT 

OPE pa6oTb/ 22/ Tpe6yeT yTO'IHe~Hl!:: y'I~Ta saaHMonel!:cTBHSI nsyx HyKnoHoB 

B KOHe'IHOM COCTOSIHHH1 AOCTBTO'IHO neTanbHOrO Y'I~Ta Bcex aepe30H8HCHhlX 

COCT:>SIHHl!: TT N -IIOACHCTeMbl H HHTep$epeHUHOHHblX 'lneHOB B MaTpH'IHOM 3ne

MeHTe peaKUHH. KpoMe 9Toro MO)KHO norrbiTaThCSI paccMoTpeTb nononHHTenhHO 

K OPE HeKOTOpbie BHAhi npyrHx MexaHH3MOB B3aHMo.nelicTBIISI, 
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Ta6n. 1. 3aaqeHHll Kos4!4JHuHeHTOB nornomeHHH rJ f ,mliJleHHbie H3 4Jaaosoro 
aHanHaa NN -pacceliHHH H Bbi'iHCneHHbie B npH6nHJKeHHH OPE. 

HaqanhHoe 
3Ha'leHHll KO~HUHeHTOB rrornouteHHll r Je , H8liJleHHble 

COCTOliHHe 
H3 4Jaaosoro aaanHaa NN -pacceliHHll npH 640 M sa 

PeweHHe- A PeweaHe - B H3 pa6oT pac'laT 

/27/ /27/ /25,26/ AMan&JlH 
/23/ 

3Po o , 7 a3:to , 122 0,8II:tO,I44 - 0,987 

3p~ 0,789:tO,II5 o,aoa:to,na - 0,904 
..1. 

3p2 0,9Ia!0,060 o, 74r:to ,084 o,a4o:to,o42 0,962 

~2 0,776±0,018 0,775:!:o,OI6 0,68I:!:o,046 0,721 

3f 
2 o, ??a:to ,054 0,9o4to,046 0,919±0,046 0,972 

3f 
3 0,822±0,047 o,ao6:to,044 o,a7o±o,o22 0,903 
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