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Ill B pa6oTe Ohin rrposeaeH KpaTKHI% aHarrHa BliHHHHH cpepMHeBcKoro aBHn<eHIHI HYKliOHOB 

MHW e HH H8 HeKOTOphre KJIH8M8TH'I8CKHe X8p8KTepHCTHKH HaepHh!X pe8KUHH. HH>Ke aTOT BOI!pOC 

p8CCMOTpeH OOliee rroapOOHO. 

00hl'IHO C'IHT810T, 'ITO H8 HyKliOHe, CBSI38HHOM B Slape, peaKUH!I !IpOT8K8eT TBK >Ke, KBK 

H8 CBOOOaHOM HYKliOHe, KOTOphri% aBH>KeTCSI C HeKOTOpOI% CKOpOCTbiO B liaOOpaTOpHOA CHCTeMe 

KOopaHHaT. T aKOH rroaxo.d, KaK rrpa s11no , OhiBaeT aocTaTO'IeH anSI paarrH'IH hiX Kaqec'I'BeHHhiX 

OUeHOK. B MeCTe C TeM oH• He SIBliH8TCSI CTpOI'HM, II H8M K8>K eTCH, 'ITO BO M HOI' I'! X cny'laSIX 

I!pHXOaSII.UHeCH H8 ero aoniO. 

8hiOepeM anSI OrrpeaeneHHOCTH K8KyiO-nHOO KOHKp e THYIO peaKUHIO, Hal!pHMep, 

TT + p ... p + p 
Ill 

II rrpearronO>KHM, 'ITO RCXO aHh!H rrpOTOH BXOaHT B COCTaB Hapa, OCTaTOK KOTOpOI'O aBR>KeTCH 

rrocne peaKUHH KaK uenoe c Maceo !% M , HMrrynbCOM 
-. 
q 

EcnH 3HeprHSI CBSI3R B IICXO aHOM H ape p8BH8 f'.. , TO 38KOH COXp8H8HHSI 3HeprHH HMeeT Blla: 

E p + m + M + TP + T 

rae E
0 

H EP- rronHhre aaeprnH rrHoHa 11 p - 'I8CTHUhi, m - Macca rrpoTOKa, 

KJIHeTH'Ie~K8SI aKeprHSI. n 0Cli8 COKpar.ueHHH I!Oliy'laeM: 

E E T - T - !':. 
p 0 p 121 . 

38KOH COXpaHeKHSI HMI!YlibC8 aaeT 8H81IOI'H'IHOe paBeHCT50: 

... 
q 

131 

rae H - JIMI!Y1IbChl I!HOHa, rrpOTOHa II p -qacTRU hi . 

B KacToHr.uee speMH peaKURSI I 1 I qacTo HccneayeTcH xa rrpe a MeT orrpeae neHKSI MaCChi 

p -Me30H8 , BeJIH'IHHa KOTOpOH OIIpeaenSieTCS! COOTHOW8HH8M: 

2 2 2 
mp = E P - q P 141 

nocKOlibKY Hapo OT aa'IH HerrocpeaCTBeHHO He KaoniO aaeTCSI, rrepBOH8'1alibH hiH 8Ha1IH3 3Kcrre­

pHMeHT81IbHhlX aaHKhlX oow'IHO rrposo a HT B rrpebrrono>KeHHH, 'ITO B38HMOael%cTBHe rrpoHcxoaRT 

Ka aerroaBII>KH<!lM cao6oaHoM rrpoToH e . B 3TH X ycnOBHSIX aaKOH hi coxpaHeHHSI 3HeprHH H IIMrrynb-

ca aaiOT HeCKOlibKO CMer.ueHHhie 3Ha'leHHS! axeprHR H RMI!YlibC8 

3Ha'!eHJie MaCChi 

£1 
p 

... 
q' p 

E + T p 
+ /). 

m' , orrpeaenHeMoe c rr OMOWbiO BeJIH'IIIH p 

3 

E' p 

p -qacTIIUh~ 8 JIMeHHO: 

12'1 

13'( 

... 
R q • S! p t TaK>K e OT1IH'I8eTC 



OT ee HCTHHHOI"O 3Ha'I9HHS, a HaLUa aaaaqa COCTOHT B aHanH39 9TOI"O OTnH'IHH. no onpeaene-

HHIO HM99M: m'' p E''-q'' = (E + T p p p -
ll ... ... ll 

+t'l)-(q+q )-= 
p 

ll ll 
Ep-qp+(T 

ll ll ... ... 
+ tl ) - q + 2 ( T + tl ) E P - 2 qp q 

B cooTBeTCTBHH c 141, nepBbie aBa qneHa aaiOT 
ll 

mp • n_pH OU9HKe ponH OCTanbHbiX 'lne-

HOB HY)KHO HMeTb B BHay, 'ITO 06bi'IHO 

... ... 
l q I » T q »tl 151 

n OSTOMy' ecnH BenH'IHHa E p 

B BRae: 

aocTaTO'IHO Mana, OKOH'IaTenbHhlft peaynbTaT MO)KHO aanHCaTb 

12 
mp 

2 
= mp - q 

2 ... ... 
- 2 qp q 161 

n_ony'leHHOe COOTHOLUeHJre cnpaBeanHBO C COOTBeTCTBYIOlllHMH O'leBHaHbiMH H3M9HeHHHMH anH 

aByx'laCTH'IHhiX peaKuHA n106oro THna. EcnH 6bi, HanpHMep, Hac HHTepecoBana peaKuHs: 

TT + p ... Ao + Ko /1 I I 

Ha CBS3aHHOM npOTOHe H Mbl XOTenH 6bi onpeaenHTb m'Ko ,nonb3yHCb H3MepeHHblMH 3Ha'leHHH-
... 

MH TAo H q A 0 , To, noaTopss no'ITH 6yKBanbHO npoBeaeHHhie BhiLUe Bhi'IHCneHHB, Mhi nony'IH -

nH 6 bl paBeHCTBO: 

m'2 
JrO 

2 m Ito_ q 2 
... ... 

2q Ito q 
16'1 

PaccMaTpHBaeMbie HaMH peaKUHH npoHcxoasT o6bi'IHO a Te'leHHe BpeMeHH, o'leHb Manoro no 

x) 
cpaBH9HHIO C xapaKTepHbiM saepHbiM BpeMeHeM • 3a CTOnb Manoe BpeMH TOn'IOK, HCnbiTbiBaeMbll 

HyxnoHoM,He MO)KeT nepeaaTbCH ocTaTO'IHOMY sapy. HenocpeacTaeHHo nocne aKTa peaKUHH 

OCTaTO'IHOe sapo HMeeT TaKOft )Ke HMnynbC 1 KaK H ao Hero, T. e. HMnyJibC, paBHhiA no Be-

nH'IHHe <J>epMHeBCKOMY HMnynbCy HyKnOHa H 06paTHblft no 3HaKy. T.o. Mbl npHXOaHM K BbiBOay, 

qro cnyqaftHbie aenH'IHHhi q... , BxoaswHe a cooTHoweHHe THna 161 H 16' I, _pacnpeaeneHbi 

xx) ' 
El nepBOM npH6nH)KeHHH KaK cpepMHeBCKHe HMnynbCbi HyKnoHoa • 0TciOaa Ha OCHOBaHHH /61 H {I 
16' / 1 a,jJeayeT, 'ITO KBaapaT H3MepHeMO!_ ~aCCbl OMeWeH no OTHOWeH_HIO K CBOeMy HCT:;~O-My .. 

- - - --- - w 2 2 -
aHa'leHHIO BneBo B cpeaHeM Ha BenH'IHHY nopHaKa I 250 MsBic I : xpoMe Toro, HMeeT MecTo 

... -
'y.l.llH.peHRe. aena'Uili8 xoxop.oro. . .aaBHCHT OT r q p I I HnH I q: 0 I I. 

npH BbiBOae 161 H 16' I Mbl npeanonaranH I 'ITO HMeeM aeno c aByX'IaCTH'IHOA peaKUHeA. 

3TO, KOH9'1H0 1 He o6s3aTenbHO. EcnH peaKUHH MHOI"O'IaCTH'IHaH, TO, H3Mepgg HMnynbC H 9Hep­

I"HIO BC9X '18CTHU 1 KpOMe KaKOft-TO oaHOA 1 Mbl M0)1{9M C nOMOillbiO 3aKOHOB coxpaHeHHH abi'IHC-

nHTb 9H9pi"HIO 9TOft 'laCTHUbl 

HMeeT MeCTO COOTHOUJeHHe: 

E" 

m'2 
" 

, ee HMnynbC 

2 
m" 

2 q 

... 
q" 

... ... 
2 q" q 

H Macey m" • n_pH 9TOM CHOBa 

x) 
HanpHMep, a peaxuHH 111 aTo ycnoaHe BhmonHseTcH, ecnH HMnynbc BTOpH'IHoro npoToHa BenHK 

no cpaBH9HHIO C cp~pMH9BCKHM HMnynbCOM, 

xx)ri 
pH 9TOM 1 KOHe'IHO, npeanonaraeTCB 1 'ITO Ce'I9HH9 paCCM8TpHaaeMOft peaKUHH Mano H3MeHseT'"' 

csr npH He6onb1UHX H3MeHeHHHX E 
0 

I HaT yaK oro peaoHaHcal. 

4 
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\ . 

CywecTBeHHO, 'ITO Bbi6op qacTHUhi X T8K.)Ke COBepweHHO npOH3BOJleH, B '18CTHOCTH, no .a 

X MO.)KHO nOHHM8Tb HeKOTOpyiO COBOKYOHOCTb '18CTHU, H TOI'.ll8 

3HeprHIO 3THX '18CTHU B CHCTeMe HX ueHTpa TSI.)KeCTH. 

8 HeKOTOpblX cnyqaSIX B03M0.)KH8 'IYTb-qyTb .apyraSI n .OCT8HOBK8 BOnpoca, KOTOpyiO Mbl 

I 
noSICHHM Ha npHMepe peaKUHH I 1 I. EcnH B .aaHHOM aKTe Ha6niO.aaiOTCSI o6e BTOPH'IH bie 'IBCTHUhi, 

TO, npe.anonaraSI, 'ITO peaKUHSI npOHCXO.llHT Ha CB060.UHOM npOTOHe, Mbl MO.)KeM nerKO KOHCT8TH­

pOB8Tb i!apyweHHe O.)KH.U8eMOft KHHeM8THKH 1 HanpHMep, no OTCYTCTBHIO KOMnnaHapHOCTH. Tor.aa 

ecTeCTBeHHO npe.anOJlO)I{HTb, 'ITO peaKUHSI H.UeT no CXeMe: 

TT 

H nOCT8BHTb BOnpOC 0 BeJlH'IHHe m' 
1t 

• nocKOJlbKy M8CC8 

HHK8KOI'O HMnynbCa ( q" "' 0 ) , TO OTBeT I'Jl8CHT: 

q2 

m = 0 
" 

H "qacTHUa" 

/8/ 

X He Hece T 

/9/ 

Ill 
TaKoA .)Ke p e aynbTaT nony'IHJlCSI 6bi H npH cxo.aHoM aHanHae KBaaHynpyroro pacceSIHHSI /eM. I. 

J.1HOI'.ll8 UpHXO.llHTCSI C'IHT8TbCSI C TeM, 'ITO HMnynbC nepBH'IHb!X '18CTHU onpe.aeneH He.UOCTa­

TO'IHO TO'IHO, H ero npe.anonaraeMOe 3H8'1eHHe OTJlH'I8eTCSI OT HCTHHHOI'O Ha cnyqaftHhlft BeKTOp 

8--+ , HanpaBneHHblft B.llOJlb 
.. 
q

0 
• EcnH nepBH'IHbie qacTHUhi C'IHTBTb .llJlSI npocTOTbi penSITHBHCTCKH -

MH, TO OlllH6Ka B 3HeprHH T8K.)Ke p8BH8 8 • npH 3TOM paBeHCTB8 /2'/ H /3 1
/ 38MeHSIIOTCSI H8 

E' p .. 
q' 

p 

.. .. .. 
q + q + 8 

p 

/10/ 

/11/ 

npeHe6peraSI K8K H paHee BeJlH'IHH8MH f'l H T , nerKO nonyqaeM BMeCTO /6/ HeCKOJlbKO 6o-

nee CJlO)KHOe COOTHOllleHHe: 

r.ae 

..... 
2 8 q + 2 8 ( E p q cos(}), 

p p 
/12/ 

(} - yron, OTC'IHTb!B89Mblll OT Hanp8BJleHHSI nepBH'IHOI'O ny'IK8. 06a .ao6aBO'IHbiX 'IJleHa p 

npHBO.llSIT K CHMMeTpH'IHOMy yWHpeHHIO, 9CJlH B9JlH'IHH8 8 

OTHOlll9HHIO K 8 "' 0 

pacnpe.aeneHa CHMMeTpH'IHO no 

8b!lll9 HeH3M9HHO npe.anon8I'8Jl0Cb1 'ITO nocne peaKUHH OCT8TO'IH Oe S!.llpO OK83b!B8eTCSI ue-

Jlb!M, 8 npOTHBHOM cnyqae B03HHK8eT TOJlbKO O.UHO H3MeHeHHe - no.a BeJlH'IHH8MH f'l. T .. 
H q Hy.)KHO nOHHM8Tb COOTBeTCTByiOWHe CYMM bl, OTHOCSIWHeCSI KO BCeM o6pa30B8BlllHMCSI 

Sl.lle.p.HbiM o.cxon.x.aM.,. xpoM~ 1:_0r.o HyxnoHa, KOl'OPhill C'IHTaeTCSI MHWeHbiO. HeT .aa.)Ke Heo6xo.aH~ 

MOCTH, 'IT06hi nocne.aHee npe.anOJlO)I{eHHe 6b!Jl0 .aeftCTBHTeJlbHO npaBHJlbHblM, BnOnHe .aonycTHMO, 

• qTo6w peaKUHSI nepBOHaqanbHO npoHcxo.aHna c yqacTHeM .apyroro HyKnoHa , nH6o aaTparHBana 

nocne.aOB8TeJlbHO HJlH O.llHOBpeMeHHO, HeCKOJlbKO HYKJlOHOB.KHHeM8TH'IeCKH9 COOTHOllleHHSI nma 

/6/ OCT8IOTCSI cnpaBe.UJlHBb!MH BO BCeX 3THX CJly'i8SIX , 8a>K HO T8K.)Ke no.aqepKHyTb, 'ITO OTMeqeH-

HOe Bhllll9 yMeHbllleHHe BeJlH'IHHbl m I 2
, K8K np8BHJ10, CT8HOBHTCSI TeM 6pnee Cy W eCTBeHH biM, 

5 



LISnbwe aawen npouecc paasana ocTaTO'IHoro H.llpa. 

AsTOpbi 6naroLiapsrT B.r.rpHWHHa aa cywecTseHHbie aaMe'laHHR. 
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