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Ill. 

BoT y.>Ke HeCKOJJbKO neT xax cpeJlH o6wefl MacChi B3SHMOJleii:cTBHH 6biCTpb!X 

"i8CTlii! Bee C 60JJbWe:H onpeJleJJeHHOCTbiO BbiLteJI>IIOT rpynny TaK H83b!BaeMbiX •rre-

"" , ,. ,.Jl-14,87,91,88/ p . _ 
pH't'epH"ieCXHX B38HMOJlenCTBHn • S"ib HJleT 0 CBSI3BHHOH CO MHOI"H-

M H rpy6b!MH 9KCrrepHMeHT8MH HeCKOJJbKO HSHBHOH CXeMe, KOI"Jl8 OJlHS H3 'ISCTHil 

cTaJJKHeaeTcSI c 1f -Me30HOM IHnH 7i- M eaoHHbiM o6naKoM I, H3nyqaeM hiM Jlpy-

xl 
ro:H 'IaCTHueA. C paccMaTpHeaeMo:H TO'IKH apeHH>r JlJJ>I ce'IeHH>r rrepH¢eP.H"iecxoro 

eaaHMOJleHCTBHSI JlBYX 'IaCTHU A H B HMeeT MeCTO CHMBOJJH'Iecxoe paeeHCTBO 

Ill 

rJle P_. H P, -eepO>ITHOCTH HCIIYCKSHH>I 1i -MeaoHa 'IaCTHuaMH A H B 

-ce'IeHHSI eaaHMOJleii:CTBHSI 'IacTHU A H B c 1i -Me30HOM 1 

paCCMaTpHB88Mb!M B K8"i8CTBe MHWSHHo YTO'IHeHHSI /}/ B03MO>KHbi B HeCK01lbKHX 

OCHOBHbiX HanpaBJJeHH>IX 1 Y'IHTb!BSIOIUHX HMIIYJJbCHb!H cneKTp HcnycKaeMb!X 11 -Me-

115 - 20/ 
aoHoe lo6bi"iHO B Jlyxe MeTOJla Bafiuaexepa - BHJJbSIMca; eM., HanpHMep, I, 

121 22/ 
H30TOIIH'IeCKyJO HH88pHaHTHOCTb ' ) a TaK>Ke COOTHOWSHHe Me>KJly 'ISCTOTOH CJJY"" 

qaeB, <l.TBe"iaiOIUHX H31IY'I8HHIO OJlHOrO 1i -MeaoHa H HeCKOJJbKHX 71-M830HOB 

IT.e. COOTHOWeHHe Me.>KJly "nepHclJepH"ieCKHMH., H *neHTpa1lbHbiMH., CTOJJKHOB8HHSIMH; 

117,19,23/1 
CM., HarrpHMep, • 

124 251 
PewaJOIUHA war ce>raaH c pa6oTaMH ' , B KoTopb!X paccMOTpeHbi aaanH-

TH'ISCKHe CBOHCTBa OJlHOM830HHb!X aMIIJJHTy Jl H Bbi>IB1l8Hbl 06IUH8 YC1IOBHSI, cnoco6-

CT8yJOWH8 IIOBb!WSHHIO pOJJH OLl:HOMe30HHbiH peaKUHH. BB8Jl8HHbie 8 11/ BepoSITHOC-

.1? I A :C. -+ M~ ~-2 TH COJl8p.>KaT, KaK OKB381l0Cb 0 MHO.>KHT9JJH THII8 1 · 0 I"JlS 

P. -Macca 1i -MeaoHa, a 

xxl 
SIBJJSIJOIUSHCSI MHW8Hbl0 

fj,. -HaMeHeHHe 'IeTbipexMepHoro HMnyni:.ca qacTHilbl 

l!. :l 
HanH'IHe rron10ca B He¢HaH"iecxoH: o6naCTH npH 4 =--t< 

II03B01ISI8T HSJl8SITbCSI 0 'ITO B JlOCTYIIHOH JlJJSI 9KCII8pHMeHTa cPH3H"i8CKOH 06JJaCTH 

OTHOCHT81lbH85I p01lb 0JlHOM830HHbiX B3BHM0Jl8HCTBHH IIOBbiWBSTCSI rrpH A,_ - 0 

xl 
AHanorH'IHble npeJlCTaB118HHSI paccMaTpHBSJJHCb r.T. 3auenHHb!M B 1950 ro-

JlY lqacTHOe coo6rueHtel. 

xx/ 
nocTOSIHHbie t. H C IIOJJO.>KSHbi paBHbiMH 8JlHHHUe. JlJJH B9JJH'IHHbl 

A crrpaBeJlJJHBO cooTHoweHHe At = !Jl-T 121, rJle At -Macca 'laCTHil 

MHweaH, T -xHHeTH'IecxaSI sHeprHSI oTJla'IH.npH ManbiX T Mo>KHo c"iHTBTb, 'ITo 

4 c p , I"JlS f -Tp8XM8pHbii -aMn,Ynbc OT.l'tll'llf. 
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nocxonbKY .llHarpaMMbl c 6onblllHM 'IHcnoM 

KHX OC069HHOCTeit, 

1i -Me30HOB He HM 910T 3.ll ecb HHKa-

0TCIO.ll8 BblT9K89T npHHUHllH.SnbHSSJ B03MO>KHOCTb SKCnepHM9HTanbHOrO HCCne-

.llOBSHHH 7i7i -838HMO.lleAcTBHil:, l<r. -zaaHMo.aeil:cTBHil: H T • .ll. EcnH, HanpHMep, 

CiiJ' H9 388HCHT OT SHeprHH I"'T0 1 M:O>KeT 6b!Tb1 HMeeT MeCTO npH .QOCTSTO'IHO 

/26/ 
«5onbWHX SH9prHHX/, TO, KSK llOK838HO 8 1 Ce'I9HH9 fi'"r,~ , COOTB9TCTBYIOU199 

O.llHOM930HHOMy 838HMO.ll9:itCT8HIO 7f - M930!!8 C HyKnOHOM 1 TSK>Ke He 38BHCHT 

x/ 
OT SHeprHH 1 npH'IeM cnpa8e.anHB<' paBeHCTBO 

a;"' • f r'"' . 

M O>KHO nH, O.llHaxo, C'IHTATb, 'ITO npH ManblX A& OCHOBHOil: BKn8.ll B C9'19HH9 

8HOCHT HM9HHO O.llHOM930HH8H CXeMa? K CO>KaneHHI0 1 STOT BOnpoc OCTaeT.CH 9U19 

OTKpblTbiM 1 llOCKOnbKY Mbl He HM99M ceil:'ISC H8.ll9>KHbiX TeopeTH'I9CKHX OU9HOK .llnR 

AMnnHTY .ll MHOrOM930HHblX B38HMO.ll9il:CT8Hit. Paa T8K 1 TO II COOTB9TCTBYIOU1H9 SKC
XX/ 

nepHM9HTbl H9 LlOnyCK810T noxa 'ITO O.llH03H8'1HOI HHTepnpeTaUHH. 

CZ,aKTH'I9CKH &Kna.ll O.llHOM930HHOI aMnnHTY.llbl MO>KeT 6b!Tb ManbiM. !lnH on-

pe.llen&HHOCTH paCCMOTpRM O.llHOM930HHYIO peaKUHJO 

r..AJ-. 1i+1i .. JI/ 
) 

.llHArp&MMA KOTOpolt R306pa>K9H8 Ha pHCo 1. nceB.llOCKAnHpHOCTb 

/4/ 

7i' -MeaoHa npH-

llO.llHT K TOMY 1 'ITO 8 HyKnORHOM yane 1i' -M930H MO>K9T BbineTeTb TOnbKO B 

f' -coCTORHRH, To9o 80nH088SI tPYHKURSI 7i' -Me30H8 o6pamaeTCH B Hynb npH 

't "+ 0 o .llnHHA &OnHbl H3nyqaeMOrO 1f' -M930H8 ).- t o npll M&nbiX 4 1 

.llnRHA BOnHbl npeBOCXO.UIIT pa3Mepbl H3ny'I&IOW9il: CHCT9Mbl R • B CBS13H c '19M B 

aMnnHTy.ay npouecca /4/ soA.aeT MHO>KHTenb 'Y~ , a a ce'leHHe - ( l)J..- As.. 

TaKHM oelpaaoM ce'I&HHe o.aHoMeaoHHoro aaaHMO.lleitcTBHR 

c- ... 
,4 ... 

(&~•r'-lt ) 
/5/ 

T.e. npH yM9HbW9HHH A M bi cTanKHaaeMcH c "6opb6oft" .ll ayx TeH.a eHnHA: 

a/ yaenH'I9HK9 C9'19HHSI B CBS13H C npH6nH>KeHHeM K nontocy /yM9HbW9HH9 3Ha

M9H8TenS1/ H 

x/ /27/ 
no gToMy llOBO.llY CMo T8K>K9 

xx/ /28/ 
CM., HanpHMep, pa6oTy , nocsHmeHHYIO Hccne.ao&aHHIO 1110' -B38HMQ-

.aeltcT&Kil C nOMOlUbiO H3Y'I9HHR 7i,. -&38HMO.aeil:CTBHil, 
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61 yMeHhWeHMC Ce'!eHHSI B CBSI3H C yMeHbLLeHHeM 'IHC.TIHTenSI. 

He cneLlyeT LlYMaTh, 'ITO B cnO)!(HBLi_.eiicH HeSicHoil CHTyauriH Ll8.TihHeilwee paa

BHTHe B03MO)!(HO TO.TihKO Ha IIYTH TeopeTH'IeCKOrO H3y'IeHHSI CBOHCTB MHOf'OMe30HHblX 

LlHarpaMM. HaM K8)!(eTcSI, 'ITO pewa!OWHM MO)!(eT OK838ThCSI TaK)!(e LlOCT8TO'IHO 

WHpOKOe SKCIIepHMeHTa.TihHOe HCC.TieLlOB8HHe BOIIpoca.· HH)!(e L18H Ha6pOCOK rrporpaM~ 

Mbl TaKHX SKCIIepHMeHTOB 1 HaueneHHOit IIpe)!(LlG BCero Ha BblSICHeHHe LlBYX B3aBMO

CBSI38HHbiX MOMeHTOB! 

a I IIpH K8KHX ycnOBHSIX MO)!(HO O)!(HQ8Th B03paCT8HHSI pOnH OLlHOM e30HHbiX 

B3aHM OLl eftcT BHft? 

61 K8K y6eLlHThCSI, 'ITO IlpH BhliiO.TIHeHHH STHX YC.TIOBHft pO.Tih 0LlHOMe30HHhlX 

B3BHMOLleACTBHit LleitcTBHTenhHO LlOCTaTO'IHO BenHKa? 

K oe-l.JTO B STOM HarrpaBneHHH y)!(e CLlenaHo, H Mbl ITOCTapaeMCSI Ll8Th B Ka)!(

LlOM Cnyqae KpaTKHft KpHTHl.JeCKHit o6aop COOTBeTCTBYIOLUHX .TIHTepaTypHbiX LlaHHbiX. 

12. 

PeweaHe c¢opMynHpoBaHHblX Bhrwe aaLlal.J MO)!(eT 6biTh, KaK HaM Ka)!(eTcr:H, . 
rronyqeao rrpe)!(Lle scero Ha rryTH IIOLlpo6aoro Hayl.JeHHH IIIN -saaHMOLleilcTBHit. 

PacCMOTpHM, HaiipHMep, peaKUHIO, KOTOpoii: COOTBeTCTByeT LlHarpaMMa, H306pa:lKeH

H4SI Ha pHC. 2. Bb!Lle.TIHM orrpeLleneHHYIO rpyrrrry B38HMOLleiiCTBHil, KOTOpy!O Mbl 

CKnOHHb! Cl.JHTBTh IlpOHCXOLlHIUeil B OCHOBHOM IIO 0LlHOMe30HHOtl: CXeMe IHarrpHMep, 

B38HMOLleftcTBHH C Ma.TibiMH A I o VfCIIO.Tih3YSI SKCTpaiiO.TISIUHOHHYIO MeTOLlHKy, OIIH-
1241 

CBHHYIO B 1 M bl CMO:lKeM 3aTeM IIO.Tiyl.JHTh IIOCne o6pa60TKH 8KCIIepHMeHTB.TihHblX 

LlBHHbiX BenHl.JHHY vr," • C Llpyroil cTopoHbi, sTa )!(e caMaS! senHl.JHHa ceitqac 

xopowo H3BeCTHa H3 6onhworo '~Hcna IIpS!MbiX SKcrrepRMeHToB. Paa TaK, To cTaHo

BHTCSI B03MO:lKHOit IIpOBepKa HCXOLlHOf'O rrpeLliiO.TIO)!(eHHSI 0 TOM
1 

'ITO BbiLleneHHBSI 

• x/ rpyrrrra B34HMOLleHCTBHit IIpOHCXOLlHT B COOTBeTCTBHH C 0LlHOMe30HHOit CXeMOH 
0 

n paKTH'IeCKH Ka:lKeTCSI HeCKO.TihKO 6onee y Ll06Hoit 06paTH8SI IIOCTBHOBKa BO-

rrpoca; HCXOLlSI H3 cpaBHHTe.TihHO XOpowo H3BeCTHbiX CBOftCTB 7i N -B38HM OLleifCTBHit 

xl 1291 
CXOLlHBSI IIOCTaHOBKa BOIIpoca COLlep)!(HTCH TaK:lKe B pa6oTe H B IIOSI-

BHBllJ eifcg HeLlBBHO SKCIIepHMeHTB.TihHOit pa6oTe 1831
0 
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npeJJ.CK838Tb O:>KHJJ.SeM ble C BOftCTBa ttlt+l -s3aHMoneiicTBHii. B cnyttae cosnaneHHst 

c 3KcnepnMeHTOM Mbi nonyttHM oonee onpeneneHHoe npencTasneane o cpaKTHttecxoA 

pOJIH OJJ.HOMe30HHbiX JJ.Haq: .. aMM H HS 9TOH oaae CMO:>KeM 38TeM nepefiTH K HCCne-

JJ.OBaHUIO iili-saaHMoneficTsai!, K1: - saaHMo.aei\cTsHH: H T.1J..x/. 

Ha'lHeM c caM~>IX o5wHx KattecTseHHbiX cne.acTBHfi, BbiTeKaiOWHX H3 Taxoro 

nonxona. B C!H13H c HaJIH'lHeM Ha JJ.HarpaMMe /pHc. 2/ a'tpxaero yana, Mo:>KHo 

O:X<lf!lSTb, 'ITO CBOliCTBa nepHcpepHtteCKHX ~~~~ -B36HMO.lleiiCTBHH 6y.llyT rpy6o "'nos-

TOpSITh" CQOTBeTCTBYIOlllHe CBOfiCTBa TiN -aaaHMO.lleRCTBHfi, eCJIH OTHOCHTeJlbHSSI 

cxopocTb .osyx Hyxnoaos .a peaKuHH N +AI coenanaeT c OTHocnTeJibHOA cxopocTbiO 

7i -M eaoHa n ayxnoHa .a peaxuHH ii +II . Ce'leHHe 

JlS.llaeT OtteHb qeTKHM pe30H8HCHblM MSKCHMYMOM npH 

J N - B38HMO.OeHCTBHSI 00• 

Er. - 180 Mas, a aaTeM 

aaaHCHT oT aHeprHH 3HattHTe·nbHO cna6ee. B patl:oHe peaoHaHca Mhi HMeeM .lleno c 

ynpyrHM pacceSJHHeM /npH'IeM H3oTonnqecxHA cnHH all -c.acTeMbi I =-3/2/, 

a npH 6on&wnx aaeprugx "'aKJIIO'ISIOTCSI"' Heynpyrue npoueccbi. Mo:>KHO noaToMy 

o:>KH.ll8Tb, qTo celfeHHe nepncpepH<teCKHX f!/1'1 -saaRMO.lleAcTBHif o5na.llaeT w apo-

x.x/ 
KHM MSKCHMYMOM B palioHe /},.5 + 2/ Bas H CTSHOBHTCSI npHMapHO IIOCTOSIHHblM 

npH OOJlblll HX iHeprHstx.IlpH :.;)TOM B paltoHe M8KCHMYM8 OCHOBHYIO pOJib 6y.lleT 

nrpaTb peaKuHH 

Ji..-/1-. J(..-fl-.r. 
. J 

161 

8 llpH IlOBbiWeHHH aHeprHH CTSHYT CyllleCTBeHHblMH npoueCCbl reaepaUHH HeCKOJibKHX 

1i - Me30H0Bo 

PaccMOTpHM 6onee no.llpo6ao peaKuHIO 

p-t-P- r .. ,.. ... x•, 16'1 

x/ B npHHuime He HCK.JJIO'Ieao, ttTO O.llHOMeaoHaoe npn6nn:>KeHae Mon<eT oonee 

H.riH MeHee Y.llOBneTBOpHTe.llbHO OilHCbiB8Tb .llS:>Ke BCIO peaKUHIO B ueJIOM, oea KaKOti-

11 noo .ll HcKpHM HHauHH rro aenli'IHHe A 

xx/ 
EcnH .aa>Ke C'IHTaTb, 'ITO nanyqaeMbili a HH:>KHeM yane/pHc. 2/'li'-MeaoH 

OOJla.llaeT HyJieBbiM HMliYJlbCOM, TO WHpHHa paCCMaTpHBaeMOI'O M8KCHMyMa .ll01l:>KI:I8 

llpeBOCXOJJ.HTb UJHpHHY COOTBeTCTBYIOUlero MaKCHMyMa B fiN- B36HMO.OelicTBHH B 

Jl...fr- pa3, P.lle ~ Macca HyKnoaa. Y'ieT ".llBH:>KeHHSI"' 1i'- Meaoaa rrpHBO.llHT x 

Ll8JlhHeiiu,eMy ywHpeHHIO K CMellleHH!O M8KCHMyMa. 

~ 

CXeMbl 

rne 

·-
~ 

~. 
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KOTOpOA eoOTBeTeTBYIOT 'feTbipe OD:HOMe30HHbie nHarpaMMbi /pHe.3/. B OOIUeM e~y

qae enenyeT Y'fHTbiB8Th BMITJIHTYD:bi, eOOTBeTeTBYIOIUHe BeeM 'feTbipeM D:HarpaMMaM~ 

EenH, OtlH8KO, OTOHp8Th TOJihKO Te B3BHMoneifeTBHSl1 B KOTOpbiX HYKnOH OTD:B'fH SlB-

nHeTeSl HeATpOHOM 1 TO npH M8JI.biX A MO}KHO) no-BHD:HMOMY 1 paeeMaTpHBBTh Tom:,-

KO exeM.&I 1 H 4. C npyroA eTopoH.&I, eenH yqeeTh, 'ITO s yane 7iN o6paayeTeH 

H3BeeTH8Sl 'Hao6apa', TO H3 npoeTbiX H3TOITH'feeKHX eoo5pa}KeHHii BbiTeKaeT 1 'ITO 

OTHOeHTeJihH.bie see a D:B~ oeTBBlli HXeSl nHarpaMM OTHOeSITeSl KBK 1 : . 9. nosTOMy 

D:JISl nepBO.il OpHeHTHpOBKH Mbi MO}KeM orpaHH'fHTheSl paeeMOTpeHHeM OD:HO:i\ TOJihKO 

/29/ 
eXeMbi ). Torna, B COOTBeTeTBHH e 1 MO}KHO aanHeaTh 

171 

rae nonHaSl SHeprHSl 7i tl- yana s eHeTeMe ero ueHTpa TH}KecTH, ..... -
HMnynhe 11: - Me30HB B STOH JKe eHeTeMe, '\L- HMnynhe nepBH'fHOT'O npOTOHa 

B na6opaTOpHO:it eHeTeMe KOOp.nHHaT, G"'1.'Jd - ee'feHHe Ta""r -B38HMOneiieTBHSl npH 

9HeprHH 
X x/ 

Ha pHe.4 npHseneH.&I peaynhTaT.&I pae'feTa nnH paanH'fH.biX d..._ , npH'feM 
,-~ 

D:JISI epaBHeHHSl naHa TaKJKe II KpHBBSl 0 eOOTBeTeTBYIOIUBSl OTeyTeTBIIlO o5peaaHIISl ITO 

A xx/. Ha p11e. 5 Hao5pa)KeH.&I aHanorll'fHbie KpHBble, Bbi'fHeneHH.&Ie s npennono

:lKeHHH, 'ITO a;.,.= eotiAit I nnH onpeneneHHoeTH nono*eHo Gi+fD "" 30 Ms/. vb eo

noeTasneHHSl nsyx npHseneHHbiX eeMe:iieTs KpHBbiX BHnHo, 'ITO s paMKax paeeMaT-

pHsaeMoA exeMbi esoAeTBa /11/1 -saaHMOnel!:eTBHA neifeTBHTeJihHO B 3HB'fiiT•eJibHOit 

Mepe onpeneJISllOTeSl esoAeTBBMH ;;tl-saaHMoneiieTsHii:. 

§3. 

B HaeToHruee speMSl HMeiOTeH nosonbHO nonpo5H.&Ie naHHble no SHepreTH'fee-

x/ CTporo rosopsr, s ;, I sxonHT 
qeHHeM G"{X) TOI.ibKO npH A a. =- Jt" 
raeM paanH'fHeM Me:lKny tr (,e, A") H 
peeyiOrueA: uae o5naeTH aHa'feHHA: At. 

nnaBHOA: /eM. Tax:lKe 1261 H /30+33/ 1. 
HHH O"{at.) B3SlTbi H3 o6aopa/S4/ 

senH'fHHa u<ae, A'-) , eosnana10ruaH e ee-

• M bi .o nepBoM npiiOjJH:lKeHHH npeHe5pe-
cr {X) : G"t~.- rl.) e 'fHTaSl, 'ITO B HHTe-

tPYHKUHSI q-(3(, 6 L) SlBJISieTeSl noeTaTO'fHO 

Heo6xonBM.&Ie nnH pae'feTa naHHble o eeqe-

xx/noene.AHSISI KpHB8Sl T8K:lKe none'fHTaHa D:JISI OD:HOA: TOJibKO eXeM.&I. 
Pae'feT.bi.JOTHOeSIIUHeeSl K pHe. 4, 'faeTH'fHO nposeneH.bi eoTpynHHKOM 4>l1AH n.B.na
pHAexoA:. ABTOpbi Bblpa :lKalOT eA eBOIO 5naronapHOeTb0 
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KOA 38BHCHMOCTH nonHOT'O Heynpyroro Ce~eHHH 
lA 

Gf.p oT aaeprHH. CM., HanpaMepJ 

/35,'36 /. M O>KHO KOHCT8THpOB8Tb, ~TO OHH H9 npOTHBope~aT BepxHeA KpHBOA pHc,4. 

KonH~ecTBeHHoro cornacaH o>KHJJBTb 1 · xoae~Ho1 He cne.ayeT, nocxonbKY .aa>Ke a 

paMxax OLlHOMe30HHoro paccMoTpeHHH o.aaoA TOnbKO peaxuHH /6' I cne.ayeT y~HTbl

B&Tb HHTepQ:lepeHUHIO M9>Klly BC9MH llHBrp8MM8MH, H30opa>KeHHbiMH 88 pHc. 3x/ • 

.... 
.LlnH HBWHX ueneA oonee HHTepeCHO npocne.aHTb 9HepreTH'I9CKHA XO.ll ~~ 

'lpH HanR'IHH "oopeaaHHH" no aenH~RHe 4 • K co>KaneHRI01 no.aooH&re .aaHH&re 

. /33 38 39/ 
npaKTH'IecxH no~TH oTcyTCTBYIOT /eM, ' ' I. 

Ia 
nepeA.aeM T9ll9pb K 38BHCHMOCTH t~,., OT A npB cPHKCBpOBBHHOA KHH9TH-

/32/ 
~ecxoA aHeprHH nep&H~Horo npoToHa. B OTMe~aeTcH1 ~To npa T = 970Maa 

HM99TCH rpyooe cornacHe HMllynbCHOT'O cneKTpa HyKnOHOB OT.ll8~H C p8CC'IHT8HHbJM 

no OLlHOMeaoHHoA ::xeMe. B nosaHaweAcH a caMoe nocne.aaee apeMs pa6oTe
1331 

9TO yTBep>KL19HH9 pacnpOCTp8HH9TCSI H HB 6bJCTpble HyKnOHbl1 ecnH y~eCTb B pac-

/33/ --~eTBX HHTepQ:lepeHUHOHHbl9 HBneHBH, PeaynbTBT!'I I1pHB9ll9Hbl HB pHCe 6. no OCR 

a6CUHCC OTnO>KeHa KpHH9TH'19CK8H 8HeprilA H9ATpOH8 1 o6paayiOW9T'OCH B peBKUHH .,...-· 

If!! npH T = 970 Maa1 no ocR op.aRHaT - cooTBeTCTByiOwee .aRQ:l<PepesuBanbHOe 

ce~eaHe. 

HaM xa>KeTCH O'I9Hb cywecTaeHHbiM npoaecTR npH HecxonbKHX 3Ha~eHBSJX 

t5onee TW8TenbH09 COnOCTBBneHBe 9KcnepHM8HTBnbHbiX llBHHbJX C TeopeTH~9CKBMH1 

BKniO~BR B p8CCMOTp9HRe He TOnbKO 9H9prRIO HeATpOHOB, HO R .apyrHe XapaKTepac

THKH BTOpH'lHbJX ~aCTRU •. COOTB9TCTBYIOLURA pac~eTHblA M&Tepaan y.ao6HO 6blnO 6bl 

I1p9.llCT8BHTb B BH.ll9 TBK H83b;;;e4~~X TaonHU .,cny~aAHbJX 3Bea.a"1 M9TO.llRK8 nony-

~8HHR KOTOpbiX pa3pat5oT&H8 B ' • 

CyweCTB9HH8H OC009HHOCTb O.llHOM930HHOA CX9Mbl COCTOHT B TOM 1 'ITO B pac-

C M8TpHB89MOA o6naCTH 8HeprBA 11" -Me30H R OllHH 83 BTOpH'IHbJX HyKnOHOB .aon>K-

Hbl YLlOBn9TBOpRTb KHH9M8TK~9CKHM COOTROW9HKRM 1 C<Ul3BHHbiM C pacna.llOM. .,Rao-

x/ 
np. T .. 970 Msa ee~eHH9 peaKUHR /6' I. Bbl~HcneHHOe c y~eTOM llH&-

rpaMM l H 3 pRe, 3, HO 683 yqeTa HHTep<i>epeHURR I cocTaanHeT - 19 MB, Y~eT 
HHTepcilepeHUHH YM9HbW88T STY aenH~RHY llO 12 MB npH 9KcllePHM9HT8nbHOM 3H8-

'!9HHK 16,4 ,! 0,7 MB, 

oapbl 

6apa 

HOC 

/eM, 

• 



' 

:, HanpHM ep J 

i 
1 JtpHaoA pHc.4. 

\y aa>Ke a 

!llYeT y'IHTbi-
' x/ 
~ pRe. 3 

I 
\ ~Oll ~;e. r· ,. ... ~ .. 

HOI KHH9TH-

• 970Msa 

CC'IBT8HHbiM 

133/ 
pa!SoTe 

ecT& a pac

e. 6. no OCB 

epeRUB81lbH09 

TR'I8CKRMR, 

xapaxTepac-

oaaxa nony-

-

1 'ITO B paC"' 

.aon}K-

yqeTOM .QH&-

9 M&. Y'leT 

&JJbHOM 3H&-

9 

6apbr"'. Tax, aanpHMep, n.nsr Men.neHHbiX BTopH'IH&rx HyKnOHOB B peaxuHH 16' I "'aao-

6apHaJI KHHeMaTHKa"' D.OJJ}f{Ha BbifiOJJHSITbCSI mr6o D.JJSI lcxeMa 4 I, na-

6o n.nsr lcXeMa 31 1 npH'IeM BTopasr eHTyauHSI D.OJJ}f{Ha BeTpe'18Tbesr B 

9 pas 'larue nepaoA. 06a nono}f{eHHSI He npoTnsopeqaT peaynbTaTaM MHoro'IHeneH-

138 39 84 41+491 
HhiX SKcnepHMeHTOB 

1 
' 

1 
J MO}f{HO D.a}f{e roaopHTb 0 Ka'leeTBeHHOM non.-

TBep}f{D,eHHH. K eo}f{aJJeHHIO, B JJHTepaType STOT BOnpoe paeeMaTpHBaeTeSI TOJJbKO 

eyMMapao, 6ea BbUleneHHSI saaHMon.eAeTBHA e ManbiMH A 

8TO o6eTOSITeJJbeTBO MO}f{eT 6biTb O'leHb eyrueeTBeHHhiM • .[leiteTBHTeJJbHO, "'H3Q-

6apH8SI KHH9M8THKa"' D,OBOJJbHO OT'IeTJJHBO npOSIMSieTeSI H B eyMMapHhiX D.8HHbiX 0 OT-

HOeSIIUHXeSI It peaKUHH 

1i -..N ... 1i+1i+.N 
181 

I 191 ,16 II 
eM. ) XOTSI yKa38HH8SI pe&XUHSI He MO}f{eT npoTeK&Tb B eoOTBeTeTBHH e OD.-

HOM930HHOit D.HarpaMMOit 1 H306pa:tKeHHOil Ha pRe, 7, H3-38 HeeoxpaHeHHSI qeTHOeTH 

a · .. 1i -Me30HHoM"' yane. ED.HHeTseHHa.ll aoaMO}f{HaSI s n.aHHOM enyqae onmMe-

30HHaH eXeMa, H306pa}f{eHHaSI Ha pRe. 1, He D.OJJ}f{Ha npHBOD.HTb K "'H306apHOii KH-

xl 
HeMaTHxe"' • Ka}f{eTeSI, TaKHM o6paaoM, Ba}f{H&IM nposepHTb BhmonHsreTcsr nH "'aao ... 

6apHaSI KHHeMaTHKa"' B peaKUHSIX 161 H 181 He eyMMapH0 0 a TOJJbKO D.JJSI TeX B3aH

MO.QeleTBHI, B KOTOp&IX o6pa3yiOTeSI Men.neHHbie HyKJJOHbi OTD.a'IH. 

Ba}f{Hasr HHQ:lopMauHsr MO}f{eT 6biTb nony'leHa nyTeM aHanaaa H30Tonaqeexax 

eoOTHOW9HHI, J.1aseeTH0 1 HanpHMep, 'ITO B paMK8X OD.HOMe30HHbiX B38HMOD.eiteTBHI 

D.H!}:!Q:lepeHuHan&Hble H HHTerpanhHbre ee'leHHH peaxuHA 7r+ + p ..., 7r• •li 
0 

+ p 

I 15211 c J,- + p _. y,- + y,o -+ p paBHbl n.pyr apyry eM. , OOTBeTeTBYIOUIHe SKene-

pHM9HTbi noxa 'ITO He npoaen.eHbi. Oeo6eHHo HHTepeeH&IMH 6&rnH 6br n.aHHbie OTHO

xxl 
eHIUH9eSI K npOTOHaM ManoA SHeprHII • 

------------------------!501 
xiHaaeeTHO lc~ I, 'ITO B peaKUIIH /8/ eyMMapHhie KHHeMaTH'Ieexae xapax-

TepHCTHKH BTOpH'IHbiX ripOTOHOB H Heii:TpOHOB pe3KO pa3JJH'I8IOTeH. 0TeiOD.8 TSK}f{e 

BbiTexaeT, 'ITO, B U9JJOM, peaKUHSI 18/ He MO}f{eT 6biTb eBeD,eHa K OD.HOII: TOJJ&KO 

O.QHOM930HHOA: D.HarpaMMe pHCel. 

XXI .[lJJH MHOrOM930HHbiX B3811MOD,eA:eTBHA: ee'IeHHSI YK838HHbiX peaKUHit TSK}f{e 

OD.HHaKOBbi, ecnH pean&HhiA 1i - MeaoH HanyqaeTesr He s HYKJJOHHOM yane. AaTo-

pbi 6naron.apsrT A.n. Jlro6HMOBa H B.H. OrHeaeuxoro aa o6ey}f{n.eHHe sToro so

npoca. 



i •,. 

.. _,.,, ·I 

........... 

10 

E cnH peaKUHSI /6 I npoHcxonHT no onHoMe30HHOH cxeMe, To B npeHe6pe*eHHH 

HHTep¢epeHuHei!:, pa311H'IHbie ee K8H81lbl TaK)Ke CB5138Hbl Me)Kny co6oi!: BnOJIHe onpe

/53 <"4/ 
neJieHHbiMH H30TOnHt~eCl:<HMH COOTilOWeHHSIMH 

1 
• nerKO, HanpHMep, nOK838Tb 

1 

'ITO 

c-PP .. pJlr.+ : C"pp~ pp•• = S': 1 • x/ 
/9/ 

.... 
3neCb CHOB8 npHXOnHTCSI KOHCT8THpOB8Tb OTCYTCTBHe 9KCnepHYieHT8JibHb!X naHHbiX

1 

OTHOC51WHXC51 cneUH81lbHO K ~epH¢epH'IeCI<:HM B38HMonei!:CTBH51M. LITO KacaeTCSI cyM

MapHblX naHHbiX, TO KOJIH'IeCTBeHHO OHH HeCKOJibKO npoTHBopeqaT npyr npyry. On-

HSKO, npH scex HCCJienOB8HHb!X 9HeprH51X HMeeT MeCTO COOTHOWeHHe 

<ipp ... pn.n .. ,.~ cri'P_, ppTo•) 

T .e • pa aeacTBo /9/ • a•ecTaeuu 0 rr OAT aep ~ AB eTCH /3 8, 39.41.4 2, 4 3, 4 9, 55-57 t" 
1 

B HaCTOSIWee speMSI HaKonrreH noBOJibHO o6 ruHpHbii!: 9KcnepHMeHTaJibHbiH Ma-

1i -Me30HOB B CT011KHOBeHH51X HyKJIOHOB C gnpaMH npH 
TepHaJI no o6pa3oBaHHID 

9HepriiH oT nopora H no /1 + 1,5 I B9B. OcHOBHbiM npoueccoM so sc_eJ.i 9TOi!: o6-

1i -Me3oHa. EcrrH oHa npoM:cxonHT no onHo~-
JISCTH 51BJI51eTC51 reHepaUHSI onHOI'O 

B peaKUHH p -t gnpo O)KHnaeTCSI npeHMyWeCTBeHH851 reHepa
Me30HH0i!: cxeMe 1 TO 

UHSI 1i+ -Me30HOB 
Jiay_ f\.+51npo 1f+ H "-

I 

MeHSJ!OTCSJ 
I ~~~5~10 I, a B peaKUHH 

7i-- Me30HOB H8 gnpaX nepBOH8'181lbHOe 

.... 

MecTaMH. VI3BeCTH0 1 'ITO npH reHapauHH 
H 1i- MO)KeT cywecTBeHHO H3MeHHTbC51 38 cqeT BTOpH'I

/59/ COOTHOWeHHe Me)Kny 

Hb!X B38HMonei!:CTBHi!: 

7T4 
Me3oHOB B "'ponHTeJibCKOM" gnpe • TeM He MeHee, 

7i 
npenCK838HHSJ onHoMe30HHOi!: cxeMbl Ka'leCTBeHHO BblllOJIHSJ!OTCSJ npH o6nyqeHHH gnep 

/60+62 I • /85 I 
K8K npoTOHSMH t T8K H HeHTpOH8MH 

Ba)KHbie crrencTBHSI BbiTeKaiOT H3 conocTasrreHHSJ gHepreTR'IecKoro xona pa3-

JIH'IHb!X K8H8JIOB pe8KUHi!: 

p•p .... Ji+JI""1i ~ --.-.p-Ji•/1+.,;, 

x/ C rrenyeT HMeTb £ BHnY, 'ITO nrrst cnpasenrrHBOCTH /9 I npennorro*eHHe o6 on-

HOMe30HHOM B38HMOnei!:CTBHH He SJBJIHeTCSI o6H3aTeJibHbiM • .[locTaTO'IHO 6orree CJI860I'O 

npennoJIO)KeHHSJ 0 TOM, 'ITO B npoMe)KyTO'IHOM 

TOnH'IeCKHM CnHHOM 1 • 3/2, 

COCTOSJHHH o6pa3yeTCH H306apa C H30-

XX I c: :"' AHarrorH'IHOe paBeHCTBO ""_, "!";• "P .... ppli-

9KCnepHMeHT811bHbiM naHHbiM /58/, 

} TaK)Ke He rrpOTHBOpeqHT 4 

• • 

B n 

Hb!X 

HOI' 

nHqe 

HHSI 

UHR 

Ky. 

6b!Tb 



• 

ISpe»<eHHH 

nHe orrpe-

)K838Tb t 

/9/ 

,n&HHbiX, 

aeTCSI cyM

ipyry. On-· 

bHblil Ma-

paMH rrpH 

STOll oo-

no onHo-

Ha'IBJibHOe 

BTOpHq-

ae Meaee, 

xo.na paa-

eaHe oo on

ee cnaooro 

o5apa c H30-

rrpOTHBOp9'1HT 

• 

ll 

B nepBoM eny'lae HOOTorrH'IeexHil errHH I = l, Bo BTopoM - B03MO>KHO Tax>Ke 

/58 63-68 86 
3Ha'leHHe 1 = 0. CyMMapHbiA BbiBon, oeHoBaHHbiH Ha MaTepHanax paooT ' ' ' 

89 90/ . 
' ~MO>KHO ecpopMynHpoBaTb Tax: aenoepeneTBeHHO Han noporoM reHepauHH ]i 

Me3oHa OTHOeHTeJibHbie BKnanbi eoeTOHHHH e I = 0 H I = l rrpHMepHo onHHaKOBbii e 

poeToM sHeprHH ponb eoeTOHHHH e I = 1 pe3KO B03paeTaeT, Ha'IHHaH 3aTeM rranaTb 

TonbKO npH T- 1,5 BsB, xorna eTaHOBHTeH eyrueeTBeHHoil reHepauHH nByx 11-

Me30HOB. 

CxaaaHHOe eornaeyeTeH e npennono>KeHHeM o eyrueeTBeaaoA ponH onaoMe3oH

HbiX B38HMone1l:eTBH1l:, rroeKOJlbKY B 9TOM enyqae eyMMapHblH H30TOIIH'IeeKHit enHH on-

HOrO H3 BTOpH'IHhlX HYKJlOHOB H :Ji" -Me30Ha paBeH 3/2, H, enenoBaTeJibHO, H30TO-

IIH'IeeKHA enHH HexonHoil JIN -e·HeTeMbl l = 1. YBenH'IeHHe BKnana sToro eoeTOH

' 
HH.SI e poeTOM sHeprHH MO>KeT ObiTb eBH3aHO e TeM ooeTOHTeJlbCTBOM 1 'ITO B peaK

UHH /6/ MHHHMaJibHO-B03MO>KHblif HMnynbe HyKnOHa OTnaqH nOBOJlbHO BenHK BOJIH3H 

nopora H nanaeT npH yBeJIH'IeHHH sHeprHH /eM. pRe. 81. 

B STOll eBH3H enenyeT eHOBa OTMeTHTb, 'ITO H3JIO>KeHHble BbiBOnbi OTHOeHTeH 

K rrOJIHhlM ee'leHHHM ·· H 'ITO ObinO Obi oqeHb >KenaTenbHhlM rrony'IHTb eooTBeTeTBYIO

JURe 9KerrepHMeHTaJibHble naHHble IIO onHHM TOJlbKO nepHcpepHqeeKHM B3aHMone1l:eTBH

SIMo npH 9TOM B xaqeeTBe KpHTepH5! "nepHcpepH'IHOeTH .. HHTepeeHO ~biJIO Obi Herronb-

30BaTb He TOJlbKO MaJible 3H8'1eHHSI A , HO TaK>Ke H HanH'IHe "H3008pHOil KHHe"Ma-

THKH~ J;IOeKOJlbKY npH onHOMe30HHOM B3aHMOne1l:eTBHH T8KOrO pona KHHeMaTHKa 

non>Kaa HMeTb MeeTo. 

C TO'IKH 3peHHSI BblneneHHSI onHOMe30HHbiX B38HMOneifeTBHH H OUeHKH HX OT

HOCHTeJibHOII: ponH o'leHb none3HbiM ObiJIO Obi eorrocTaeneHHe peaxuHil 

fl/ + II"'- N + J1 + 1i H fi +N ...,. JV + N + 1i" , KOTopoe Mo>K eT ObiTb BeKope y naeTesr 

ocymeCTBHTb, J.1nesr CO~eTaBJieHHSI OeHOBa H8 H8 TOM, 'ITO aapsrnoeoe H H30TOIIH

'IeCKOe eorrp51>KeHH.SI exonHbiM oopa30M rrpeoopaayiOT aMIIJlHTy .Db!, COOTBeTCTBYIOIUHe 

onaoMeaoHHbiM nHarpaMMaM. M O>KHO, HarrpHMep, yTBep>KnaTb, 'ITO aMnnHTynhi pe

axuHA, H300pa>KeHHbiX H8 pRe. 9, onHHaKOBbl no BenH'IHHe H npOTHBOnOnO>KHbl no 3Ha

KYe nosTOMy, eeJIH Bbl.lleJieHHbiM K8KH~JlHOO 00p830M nepHcpepHqeeKHM B38HMOneft..., 

CTBHHM COOTBeTeTBYIOT TOJlbKO on HOM e30HHbie nHarpaMM bl, TO HX ee'leHHH non >KHbi 

Ob!Tb onHH8K,PBbiMH. 
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JaMBTHM 1 ~TO HCCHenOB8HHB peaKUHH 

~~~~ .. R+.N+ii 

HHTepBCHO ~ C TO~KH 3pBHH~ H3y~eHH~ pe30H8H~Horo 11ii -pace e~HH.si, T .e. Bbt.r:te-

~ /69/ 
neHH~ ."aHTHH3ooap" /eM. TaK:tKe 1. 

114. .,.. 
VfHTepeCHbiB B03MQ)KHOCTH CBH38Hbl C HCCJIBLlOB8HHBM nepHcpepH'IBCKHX B38HM0-

/25/ 
LlBHCTBHi! Ob!CTpb!X '18CTHU C ~.apaMH • 0CHOBH8~ MbiCJib COCTOHT B TOM 1 'ITO B 

8KT8X 1 HB COITpOBO»<.!t&BMblX p83B&JIOM H.r:tpa 1 nepe.r:t&HHbiA HMITYJihC HBBBJIHK1 H BCTb 

OCHOB&HHH H&llBHTbC51 Ha ITOBbiWeHHe OTHOCHTeJibHOA ponH O.GHOMe30HHblX B38HMO

.aelicTBHJl. C npaKTH'IeCKOA TO'IKH apeHHH O'leHb BblrO.r:tHblM HBJIHeTCH TO OOCTOH-

TeJibCTB0 1 'ITO B peaynbT&Te T&KOrO pO.!t& nepHcpepH'IeCKHX B38HMO.r:teACTBHA 'I&CTO 

oopaayiOTCH 
~ /70/ 
I -aKTHBHb!e H.r:tpa • 0TCIO.r:ta BbiTeKaeT O'leBH.GH8H B03MO»<HOCTb 

HCITOJ1b30B8HHH 9J1eKTpOHHKH H pa.r:tHOXHMH'IeCKHX MeTO.!tOB HCCJ1B/1QB8HHH 0 8 Ka-

'IBCTBe rrpHMepa MO)KHO paCCMOTpeTb pe&KUHH 1 .!tH8rp8MMbl KOTOpb!X H300p8JKBHbl 

ua pac. 10. Bo acex yKaaaHHhiX TaM cny'laHX KOHe'IHhte Hapa HBJIHIOTCH 

x/ 
THBiibiM H 

.... 
,. -aK-

$-•c 

no HaWeMy MHeHHI01 paooTa C H.r:tp&MH ObiTb MO»<eT aaeT eme O.!tHO cywec-

TseaHoe npeHMyw:ecTso. BbtJ.lle obrno noKaaaHo, 'ITO MHO»<HTBJih As a 'IHCJIHTene 

/5/ 0 6 H 38 H C B 0 H M npOHCXO»<.r:teHHeM M8110CTH pa3MepoB H3JIY'18IOWeii CHCTBMbl 0 

PaaMepbl Hapa 38MBTHO npeBbiWSIOT paaMepbi HYKJIOHa. no9TOMY I rpy6o roaopH; 

MHO:tKHTBHh A'~- ac•teaaeT, ~To MO»<eT npHaecTH K cywecTaeHHOMY ycaneHHIO 

xx/ 
OTHOCHTBJlbHOA p011H O.!tHOMB30HHbiX B38HMoaeil:CTBHH • 

x/ 
~ -aKTHBHOCTb He HBJIHBTCH1 KOHB'IHO, BllHHCTBBHHb!M MeTOUOM Bblllene

HHH nepHcpepH'IeCKHX B38HMO.r:teifCTBHA C H.r:tpaMH. _B cny'lae nerKHX H.r:tep, B npHH-

uHne, B03MO*HO npRMoe accneaoaaHHe H.aep oTaa'IH B paanH'IHOro poaa KaMepax. 

)]nH oonee TH>KeJih!X H.r:tep uenecoo6pa3HO BblllBJIHTb B38HMO.r:teHCTBH~, B KOTOpbiX 

aeT HHKaKHX c~eaos paasana ~npa. B Ka'leCTse npHMepa npe.Llnono*HM, 'ITO ny'IOK 

Ob!CTpb!X 1t' -Me30HOB npoxo.a HT CKB03b nponaHOByiO ny3bipbKOBYIO KaMepy • 3necb 

MO»<Ho 6btno Obi BbtaenHTb saaHMoaeAcTBHH 6ea npHaHaKos paasana Hnpa yrnepoaa 

npH .!tOITOJIHHTBJibHOM YC110BHH 1 'ITO cyMMapHbiA 38pHa BTOpH'IHhl~ '18CTHU paBeH 

MHHfC LlB&. nocnenHee TpeoOB8HH!'l HCKJ110'18J10 Obi B38HMOJlBHCTBHH C BOllOpO.GOM. 

AaTopbt 6naroaap HT E.n. BaHHHKa, B.!. lpHwHHa, B.B. JliOOHMosa H Jl.B.CHnh-

sepcToaa 38 OOCY:.KlleHHB 9TOH B03MO:.KHOCTH. 

xx/ 
B npHHUHne He oo~aaTenbHO na:.Ke HanyqeuHe 1i -MeaoHa s ~ -cocToH-

HHH, TaK K&K nocne B38HMOJleli.CTBHH 'IBTHOCTb Hllp8 MO:tKeT H3MeHHTbCH. 

~------------------- -------·--------------

• 

pa 

Pe'lb 

Ha'l 

HblX 

OKOJ1 

.!t 

'IBM· 

I" 
'ITO 

T.e. 

npK 

np 



• 

,e. ·a&Ille-

~BX B38HMO

I 
rt'OM 1 'ITO B 
I 

~llBK 1 B ec'f·b 

fx B38HMO

o6cTOR-

TBHA '18CT0 

03MO>KHOCTb 

11. B xa-

o6pa:IKeH&I 

ollHO cywec- ,.._ 

B 'IHCilHTelle 

eA CHCTeMbl, 

y6o roaopR; 

ycHneHHIO 

oM Bbillene

ep, B npHH

.iia KaMepax. 

B KOTOpb!X 

·aM 1 'ITO ny'IOK 

K.aMepy. 3nec& 

Rnpa yrnepona 

THU paseH 

c sonoponoM. 

a H n.B.CHnb-

B f -cocToR

bCR. 

13 

.llnR Hnep, K8K H nnH HYKilOHOB, npemne Bcero Kax<eTcH RaH6onee uenecoo6-

pa3HbiM HCCnenoB8Tb nepH!lJepH'IeCKHe B38HMoneikTBHSI C 6biCTpb!MH HYKilOH8MH, 

Pel!& anec& MO:>KeT, HanpHME!p, HllTH o6 sHepreTH'IeCKoM xone peaKuHA 

o1 a 12.. 
p+C: --.1{-.To+g /10/ 

2.. ·' 12. p -. c' .... "'"'.,. ... ,., 
/111 

/121 

/13/ 

H8'1HH8H OT nopora reHepaUHH 

x/ 
1i -Me30H8 H BllllOTb CO M8KCHM81lbHO B03MO:>K-

Hb!X 9HeprHA • 

npH 60ilbWHX 9HeprHSIX Ce'leHHR 9THX peaKuHA COC'll:IBilHIOT, no-BHllHMOMY, 

oxono 10-3 
oT nonHoro ce'leHHH P - Hnpo • .lleiicTBHTe-ll&Ho B pp -aaaHMo-

neAcTBHHX HyKnoH OTlla'IH HMeeT sHeprHIO nopHnKa HeCKOilbKHX MsB He MeH&we, 

/12 38 39/ 
'!eM B I% acex cny'laea ' ' • C npyroit CTopoHbi, aaxsaT ocTaHOBHBWHXcH 

r- -Me30HOB COllpOBO:>Kll8eTCSI BbllleTOM HYKilOH8 T8KOit :>Ke 9HeprHH, VfaBeCTH0 1 

171+74/ 
'ITO npH 9TOM B /10 + 20/% cnyqaeB H3 Hnpa BbllleTaeT TOilbKO HeitTpHHO t 

lo '9(A 
T,e, 38XB8T npOHCXOllHT no CXeMe f4- 4 _s:t z - V 't' &-t • 

CorrocTasneHHe o6oHx ¢aKTOB noKaabiBaeT, 'ITO npHaeneHHaH BbiWe oueHKa Mo>KeT 

xx/ 
C'IHT8TbCSI BIIOilHe o6ecnel!eHHOH , PeaKUHH /12/ H /13/ HCCilellOB81lHCb npH cpaB-

. 175 76 78/ 
HHTen&HO MallbiX 9HeprHRX annoTb no T- 600 Msa/cM. ' ' /.VfaMepeHHbie 

Ce'leHHH COCT8BilSIIlH 0,1-+ 0,4 MB, 3To He npOTHBopel!HT YK838HHOA oueHKe, T8K K8K 

npH paCCM8TpHB8eMbiX 9HeprHHX Cel!eHHe pe8KUHH /6/ T8K:>Ke M81l0, 

B HeKoTopbiX cny'L{aHX OllHOMeaoHHbie peaKUHH Ha Hnpax aoo6we aanpeweHbi. 

npHMepOM MO>KeT CllY:>KHTb peaKUHH 

1i + He" ..... Ji + 1i + He' • /14/ 

... 
Jlae OllHOMe30HHble llH8!'p8MMbl, COOTBeTCTByiOWHe 9TOA pe8KUHH, H306pa)KeH&I H8 

pHC. 11. JleB8H llH8rp8MM8 He MO:>KeT OCyUleCTBHTbCSI H3-38 38KOH8 COXp8H9HHSI 

H3oTorrH'IecKoro crrHHa, npaBRR - ~eTHOCTH. AHanorH'IHa CHTyauHH H c peaxuHeA 

x/npH ll0CT8TO'IHO Bb!COKHX 9HeprHHX MO:>KH'01 KOHe'IH01 p8CCM8TpHB8Tb H pe-

8KUHH C 60ilbWHM 'IHCilOM 1i -Me30HOBt llllSI H8WHX ueneA cywecTBeHH01 B KOHUe 

KOHUOB, TOilbKO COCTOSIHHe o6paayiOWe!'OCSI Hnpa. 

xx/ 
He HCKiliO'IeHo, 'ITO oHa HeCKOilbKO 38HH>KeHa. 
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7i+ el- ... li+ 1i ... J., /15/ 

B TO apeMH1 K8K B peaKUUHX 

') + H !t - r. + 7i -+ H! ( Heos) /16/ 

1i + H~3 -;> 1i + To + He
1 

( H
1

) 
/17/ 

O.UHOM 930HHbi9 B38UMO.U9il:CTBHH paapew 9Hbl. ... 

3TO 06CTOHT91IbCTBO MO*HO UCTI01Ib30B8Tb Ll1IH npoaepKU UCTUHHOA p01IU O.UHO

M930HHbiX .auarpaMM npu aaauMo.aeil:cTBUHX 6biCTpbiX qacTHU c H.apaMH. Ecnu oHa 

aenuxa, To peaxuuu /14/ u /15/ .aon*Hbi 6b1Tb cHnbHO no.aaaneHbi no cpaaHeHHIO c 

peaKUHHMH /16/ u /17/. Mo*HO 
6bmo 6bi npuaecTH H .upyrHe aHanorHqHbie npH-

Mepblo 

nepu¢epuqeCKH9 B38HMO.aeil:CTBHH Ha H.apaX o6na.aaiOT eme O.UHOil: HHTepeCHOA 

oco6eHHOCTbiO. PaccMoTpHM .anH npHMepa peaxuuro 

p + c IZ. ..... r.+ + p ... BIll.. 
/10'/ 

:I"---

CoOTB9TCTBYIOIU8H ea neaaH .auarpaMMa puc. 12 onucbiBaeT uanyqeHHe aupTyanbHO-

ro 1i -MeaoHa H.apoM c nocne.ayiOIUHM ynpyruM paccestHueM Ha npoToHe. Tax xax 

paCC9HHH9 HM99T pe30HSHCHbiA XapaKTep1 TO MO*HO TSK*9 rOBOpiiTb 06 o6pa30B8-

HHH a HyxnoHHOM yane uao6apbl H o6 ee nocne.ayromeM pacna.ae. Cym~cTBeHHO, qTo 

peaKUHH /10' / COOTB9TCTByeT H npaBaH .UHSrpaMM8 puc. 12, HM9IOIU8H COB9piU9HHO 

.apyroA ¢uauqeCKHA CMblC1I• 3.aecb BHpTyanbHblA 
"Ji -M930H U31IyqaeTCH HYK1IOHOM 

H pacceuaaeTcH Ha H.ape. XoTH ynpyroe pacceHHHe ~ -MeaoHOB Ha H.apax no.a-

x/ po6Ho He uccne.aoaaHo , ecTeCTBeHHO O*H.U8Tb, qTo npu e,. -200 Msa a.aecb 

T8K*8 UM89T M9CTO CH1IbHblH pe30HSHC 0 no3TOMy, pacceHHH8 
'"ii" -Me30HS HS H.U-

pe TaK>K9 MO>KHO ycnOBHO pa36HTb HS .OBS gTana - B03HU·KHOB9HH9 •g.uepHOA H30-

6apbl• H ee nocne.uyromuA pacna.a. 

BoaMO*Hoe o6pa:.oaaHue "'H.aepHbiX uao6ap" ycno*HHeT xapTHHY o.aHoMeaoH

HbiX B38HMO.U9ACTBHA HS H.apax. 0.aHaK01 C .apyroA CTOpOHbl, C8MO 9'rO HB118HHe 

Ka*eTcH .uoaonbHO UHTepeCHbiM u aacny*HBaiOIUHM cneuuanhHoro uayqeHuH. B 3TOA 

CBH3II cne.ayeT HM9Tb B BHLlYt qTO B pHLl9 cnyqaeB n5pa30B8HU8 "'HLl9pHbiX H306ap" 

x/ 179 + 82/ 
no 9TOMY Bonpocy CM. , HanpHMep, pa60Tbl • 

---· 
------------------------ -----· --

aoo6l.Ue 

CTBYIO!.U 

BHpTyan 

B03MO 

M8CTO 

B 

uayqaT 

4acTHbl 

HO y LlO 

npemH 

xaqecT 

B 

nepBO 

Ll1IH Bb: 

cqeT K 

Hb!MH 

X 

c 

(" 

• 



/15/ 

/16/ 

/17/ 

>it ponu onHo

H. EcnH oRa 

) cpaBHeHHIO C 

IOrH'IHbie rrpH-

101 HHTepeCHOit 
! 

/10' I ·~· 

BHpTyanbH0-

089, TaK KaK 

o6 .o6paaosa-

~CTB9HH0 0 'ITO 

s coaepweHHO 

TCH HyKnOHOM 

SILlpax non'

Mas anec~:> 

eaoHa Ha Hn-

Llepaolt uao-

OLlHOM930H-

TO SIBneHHe 

qeaHH, B aToA 

epHbiX Hao6ap"' 

15 

soo6we HeB03MO*HO. TaK, HarrpHMep, B OLlHOMeaoHHOM B38HMOLleHCTBHH, cooTBeT-

CTBYIOWeM peaKUHH 

:r. + c''- ...... To•1i ... 8
1
'.1. 118/ 

BHpTyanhH blil 7i - Me30H MO)KeT H3JlY'IHTbCSI TOJlbKO B "yrnepOLlHOM ya.ae" 0 T,e, 

"SILlepHaH Hao5apa" He aoaHHKaeT, B LlpyrHX cnyqagx OLlHOMeaoHHOe B38HMoneitcTBHe 

B03MO)KH0 TOJlbKO qepe3 npoMe)KyTO'IHYIO "~tnepHy!O H306apy", K8K 9TO HMeeT 

M8CT0 B peaKUHH 

JJ ... t{~ .. -> Ill + 1i + He." /19/ 

B 38KJ110'19HHe OTM8THM
0 

'ITO CBOHCTB8 "SILl9pHblX H306ap" MO)KHO 6binO 6bi 

H3Y'I8Tb H H9ITOCpe.[lCTB8HHO B peaKUHSIX THIT8 

,. + c J19pol • ....., r. + l Jtspo>". 

4aCTHbiM CJ1Y'I89M T8KHX peaKUH~ SIBJ1SI9TCH yrrpyroe pacceHHHe, HO 9KCrrepHM8HT8Jlb

HO y Ll06HeH H3y'I8Tb peaKUHH, COITpOBO)K.[l8eM b!8 H3M8H8HH9M 38pllLl8 Hnpa /rrpH 
x/ 

rrpe*HeM aTOM HOM aece/, TaK K8K rrpH 9TOM B03HHK89T ~ -aKTHBHOCTb . 
xx/ 

K8'l9CTBe rrpHMepaJ y.Llo6Horo .O:Jlll H3Y'I9HHHJ MO*HO YK838Tb Ha peaKUHH 

1i- + c 12. ... Tt- + .. c''" a-, 

r.+ c''.l. - h .. ... c''.l. IF"'z. 
+ 

1i- ... c''" - lio ... e''- '3 /20/ 

;.- c'1. - r.·o .. .NI1. 
·~ ... 

B LlBHHOM cnyqae O*HLlaiOTCH H30TOIIH'lecKHe cooTHoweHHH 

cr1 • G",_ = G"3 = G""" • /21 f 

n epBOe H3 9TH X COOTHOW 8HHH y .[l06HO HCIT0Jlb30B8 Tb B K8'19C TBe KOHTpOJlbHOT'O 

LlJlSI Bb!SIBJ19HHSI B03MO)KHblX OTKJ10H9HHH OT H30TOITH'i8CKOH HHB8pH8HTHOCTH 38 ... 

B 

C'I9T KYJlOHOBCKHX B38HMOneitCTBHH, nony'leHHbl8 CB8.0:8HI1ll MOT'JlH 6b! 6bJTb IT01e3-

Hb!MH I!pH HCCJ19UOB8HHH H30TOITH'I9CKHX COOTHOW9HHH B peaKUHllX /10/ H /11 I, 

x/ CneLlyeT TBK*e HMeTb B BHLlY, 'iTO yrrpyroe pacce~tHHe Mo)KeT ocyiW'CTB-

nHTbCSI T8K)Ke 38 ctteT LlHcjlpaKUHOHHOf'O M8X8HH3M8 0 ne HM910LU9f'O HH'lero o61uero 

c o6pa30B8HHeM "~tLlepnofi Hao6aphl". 

xx/ •c 11. 
CHMBOJlOM o6o3H8'19HO B036y)KLl8HHOe COCTOHHHe 

12 "'2. aMecTe c B H · H30TOIIH'IeCKHA TpHrrneT, 

C 
12, o6pa3yiOmee 
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PHc. 4. 

3aBHCHMOCTb C9'19HRH OT SHeprHH ~nH B38HM0~9HCTBHH 
HyKnOH-HyKnOH, B.bi'IHCneHH8H no O~HOM930HHOH CXeMe npH 

paanH'IH&IX aHa'leHHHX ~2.MCIJC • B CK06Kax y:KaaaHa MaK-

CHM&nbH&H KHH9TH'I9CK8SI SHeprHSI HyKnOH8 OT ~8'1R. B epXHSISI 

KpRB&H pac'IHT&Ha 6ea o6peaaHHH no 6.2. . To'IKH coo-r-

BeTcTsyJOT SKCnepHM9HT&nbHbiM 3H8'19HHHM fS fOp 
Heynp. 
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CneKTp HeATpOHOB oTaaqH B peaKUHH 
P'*'P-+t:J+n~r,+ npH 7' = 970 Mas. 
CnnowHaSI KpHBaSI - pacqeT no oaHo
Me30HHOA: CXeMe, nyHKTHpHaSI - no 
CTSTHCTHqecKOA TeopHH. 

JC. 

N 

PHc. 7. 
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Pac. 8. 3aBHCHMOCTb MHHHM8nbHO B03MO>KHOI'0 

RMnynbC8 OT.D.8'lB HyJtnOH8 B 38BBCHMOC-
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