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A H H o T a u H g 

n OK838HO, 'ITO B SH9pt'9TH'I9CKOM cneKTpe 'I8CTHU Q. OT peaKUHH BH.z::ta 

A .. & ... a. -l- c + 42) e6nH3H nopora peaKUHH c +2:1 -E. ... r B03MO)KHO 

flOHBneHHe aHepreTH'I9CKHX H9MOHOTOHHOCTeft. 

8 K8'I9CTB9 npHMepa aHanH3HpyeTCH Cfl9KTp K -Me30HOB OT peaKUHH 

N+N-+A+-II+K 

1\+N _,I. -r IV 

:e o6nacTH aHeprHfi 11-/1/ naphi e6nH3H nopora npouecca 

• .UnH npouecca p +p...,. 1\+N-t k nonytieHhi auepreTH'IeCKHfi 

cneKTp K -Me30HOB, KOI'.ll8 HaneTSIOI!lH9 HyKnOHhi HenonHpH30B8Hhi, H nonHpH3a-

UHSI 6apHOHOB, KOI'.ll8 HaneT8IOI!lH9 UyKnOHhi nomJpH30B8Hhlo 

06cym.ll8IOTCSI SH9pt'eTH'I9CKH9 H9MOHOTOHHOCTH B cneKTpe 'I8CTHU .llnH pSI.U8 

.llPYI'HX peaKUHfio 

B npHnomeHHH aHa·nHaHpyeTcH pom.ueHHe y .. K nephi a n-p coy .ua peHHHX 

H o6cym.uaeTcH cnyqaA cKamtpHofi k' -qacTHUhie 

~· 

-~- --. ·- --------------



YfaBeCTHO, 'ITO B npoueccax pom..ueHHSI '!8CTHU B38HMOLlefiCTBRe LlBYX o6pa-

3YIDWHXCSI qacTRU anRsteT Ha aHepreTR'!eCKRft'cneKTp u yrnoaoe pacnpe.ueneHne 

COCTOSIHHH MO)K9T ObiTb OT.ueneH OT nepBR'IHOl"'O M9X8HH3MS pO>KLl9HHSI '!8CTHUo 

STo RMeeT MecTo, Kor.ua acpcpeKTRBHbrft pa.uuyc nepBR'!Horo B3aHMo.ueftcTBHst 

MHO!"'O MeHbWe pa.uuyca B38RM'O.UeftcTBHst napbi 'ISCTHU B KOH9'IHOM COCTOSIHHH 0 

Bonee Toro, ecnn aaaiiMo.ueii:cTBHe napbi 'ISCTHU c_ .upyrHMH paaneTaiDWHMHCSI 

'!8CTHUSMH OK83biB89TCSI cna6biM, B38HMO.UeficTBHe LlBYX '!8CTHU B KOH9'IHOM COCTost

HHH MO)KHO XapaKTepH30B8Tb LlBYX'Ia~TH'!HbiMH LlnRHSMH pacceSIHHSI. 

- Ill 
TeopHst B38HMOLl9HCTBHSI B KOH9'IHOM COCTOSIHHR Obin8 npHM9HeHa M Hl"'LlBnOM , 

121 131 
BproKHepoM H BaTCOHOM H n apyHueaoft K pom..ueHHIO Me30HOB B "- tl 
cTonKHOBeHustx. He.uaBHO XeHneii:

141
, c:Penh.uMaH H MSTbi03 

151 
npHMeHHnH ee K 

aHannay peaKUHH 

Ill 

0HII noKaaanii, 'ITO aHepreTnqecKRii: cneKTp k -Me30HOB CHnbHO .uecpopMHpyeTCSI 

llOLl BnHSIHIIeM -sa a HMo.ueii:cT BHH. 

161 
K apnnyc H Po.u6epr o6o6mHnH TeopHro aaaHMo.ueii:cTBHst B KOHe'!HOM co-

cTostHIIH H8 TOT cnyqaft, K01"'Ll8 CHnbHOe B38IIMOLl9fiCTBH9 B KOH9'IHOM COCTOSIHHH 

Mom.eT npHBeCTII K HeynpyroMy npoueccy. 

B HacToSimeft pa6oTe Mbi noKam.eM, qTo a6nH3H nopora po>K.ueHHst 'I: -rHne

poHa B aHepreTnqecKoM cneKTpe K -qacTHU, o6paayromHXCst BMecTe c A -rHne

poHaMH, OYLlYT HM9Tb MeCTO H9KOTOpbi9 8HOM8nliHo 0HH SIBn5110TCSl HOBbiM npnMepoM 

171 
oKononoporoBhlX aHoManHft, KOTop~e ycnneHHo HayqaroTCSl B nocne.uHHe ~OLlhl • 

cPOpMa H BULl OKOnonopOl"'OBbiX SHOMannft, llOMHMO C9'!9HHSl HOBOPO Heynpyroro 

npouecca, 38BHCSIT OT CllHHa H 'I9THOCTH '!8CTIIU. Yfayqeaue C LlOCTSTO'IHOi\: Toq

HOCTbiD STHX 8HOManRft MO)KeT llOMO'Ib onpe.uenRTb STH CBOfiCTB8 pom..uaiOWHXCSl 

'ISCTHUo 

B npe.unonom.eHHR o T.oM, 'ITO KOHe'!aoe cocTostHHe peaKUHR 11 I onncbiBaeTcH 
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CHHI'JieTHOH ll TpHnJieTHOll: · 's -BOJIHBMH Y'·N CHCTeMbi 1 BO BTOpOM paanene 

H8CTOf!lUell: p800Tbl aHaJIH3HpyeTCfl KHHeMaTHKa peaKUHH H UOJiy<IeHbl Bb!pa)!{eHHSI 

nns:r anepreTH<IecKoro cneKTpa K -Me30HOB H UOJISipH38UHH 1\ -qacTHU H 

HyKJIOHOB 1 KOI'Lla nanaiOlU Hfi ny<IOK HYKJIOHOB llOJiflpH30BaH. 

B TpeTbeM pasnene naeTcst oowas:r ¢opMynHpOBKa TeopHH neynpyi'OI'O B3aHMO

neficTBH fl B KOHe'lHOM COCTOSIHHHo M bl HCXOLlHM H3 y HHTapHOCTH s -MaTpHUbl H 

aHaJIHTH'lHOCTH aMTIJIHTYLlbl peaKUHHo 

B § 4 paccMaTpHBaiOTCSI JIOKaJibHbie OKononopOI'OBbie aHOMaJIHH B anepreTH<Ie-

CKOM cneKTpe K -Me30HOB B peaKUHH II +N _,. 1\ +II/+ K BOJIH3H nopora oopaao-

BaHHfl ~ -rHnepona. 

B 38KJIIO'leHHH yKa3aHol HeKOTOpb!e LlPYI'He llOLlOOHbie npouecCbl H oocy)!{naeT

CSI B03MO)!{HOe OOOOlUeHHe pa3BHTOI'O MeTOLla Ha 9TH npoueCCblo 

2. KHHeMaTHKa. ¢enoMenonorH'·IecKn:fi aHaJIH3 

BBeneM Koopnn:naTbi HKoon: B Kone<IHOM coc·rostnn:n: Tpex<IaCTH'lHOil: cn:cTeMbi 

-R· 
... ..... .... 

Mil "Z11 -+My 'Z.y ""M" k 
M~+My+MK 

... 
~.., 2"'-

... .. ... 
M~o~ Z11 -1- My 'l. Y' 

.fv111 ~ ~y ) 

... .. ... 
z = 2.v - 2.r , . I /2/ 

I'Ll e 1-11'1 ' 
fvfy H M" - MaCChi HyKJIOHa, I'HttepoHa H K -Me30Ha 1 COOTBeTCTBeH-

.... ... ~ ~ -+ 
HO; 2,. t "l.y ..,H 2 .... - HX KOOpLlHH8Tbi. VJMTIY~.pC8MH 1 conpst)!{eHHbiMH K 12. ' 9 H 

E .... ... wt 

z. oynyT ' Pr H ~ t COOTBeTCTBeHHO. nonnaSJ 

MeHHbiX paBHa 

E =-

rne 

2. 

lr..+ 
9. h'ly 

r + A-1~e; ~Nr -M~ 
'-tv 

W\~ 
: fv111Mv 

t~: 

Mil-+ M'< 

M~~:. (M1.1 +Mt') 

Mt.-+ Mt~ -+ Mv 

(c.4,.1-1) 

aneprn:s:r 

I 

llOJIHast Macca H COOTBeTCTBYIOlllHe npHBeneHHbie MaCChi. 

£ B HOBb!X nepe-

/3/ 

/4/ 

.. 
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¢a::IOBbili OO'b9M KOH9'IHO!'O COCTOHHHSI Bb!p8:>K89TCH trepes P H 9 B CJteLJ,yiO-

meM BHLJ,e 

151 

- TeJteCHbie Yf'Jtbi HMUYJlhCOB f) H 0 

"' l 
1 COOTBeTCTBeHHOo 

PaccMoTpHM AnSI onpeD,eneHHOCTH peaKUHlO 

16 I 

H!I>I<e nopora peaKIUfH 

171 

DocTynHaSI SHepr!IH KOHetrHOf'O COCTOHHHSI peaKUHH 181 B CHCTeMe ueHTpa 

Mace He npeBbiUiaeT 80 Maa, TaK 'ITO MO:>KHO npe.anono:>KHTh 1 'ITO o6paaoaaawne-

CS! 'IOCTHUhl HOXOLJ,SITCH B s -coCTOHHFI!I• 

npeD,CT8B!IM SJieMeHT s -MaTpHUbi B BH.llO 

Ecn~ K -MeaoH HBJtSieTcn nceBLJ,OCKanHpHol traCTHuell, cnHHOBaS! cTpyKTypa 

T - MaTpHUbi HMeeT BRA 

(APK/Tipp> =A,. (?.-~-~z., k.) + B"i.Cs1-~,;_) -+L (iZ[~G~J)j 

+ c~ ~ c~-~2..~) -i (K:[S:· irz.J)j, 
191 

.... ~ 

rLJ,e S" - MaTpHua cnnHa, K - e.aHHH'lHbiii BeKTop no HanpaBneHHIO aaneTaiOmero 

npOTOHa; A" ' B... H ell - CK8JtS!pHbie tPYHKUHH nonaofi SHeprHH ·E H OTHOcn-

TeJtbHOf'O HMnynhca P,. napbi A -f/ • TaK KaK B Ha'lallhHOM cocTOS!H!IH nMeiOTcn 

LJ,Be TO>I<LJ,ecTBeHHbie tracTHUbi 1 aneMeHT T - MaTpHUhl He06XO.llHMO 8HTHCHMMeTpH-

a·OBaTb no .llBYM HatrallhHbiM npoToHaM. Mo:>KHO noKasaTh 1 'ITO aT_o npHBOLJ,HT 

K TOMy, 'ITO B" = o. 

Bbrpa:>KeHHe .llllH ce'leHRSI peaKumr /6 I c HenonstpnsoaaHHbiMH tracTnuaMu HMeeT 

BII .ll 
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o/6' = (gs,)4 E (.2 mA Jlc,"/lt- [T (T. TJ] r2. 
2, (£~- t,tvd) Yz J . ~tta..c- " 1101 

oiS2p J.Q.'I di 

<I 

"[fA,+C(~-+ (AA- CAl~+ Q,/CAI~ 
) 

'l.. 
rae T = J_ - KI:!HeT'IPiecKaSI aHeprnSI 

,_}A-A 
/(- Me30H8 OTHOCHTellbHO ueHTpa Mace 

A-N CllCTeM blo 

~ Ecnn npoTOHbi B Ha'IallhHOM cocTOSIHHH nonHpnaoBaHbi IBeKTop nonHpnaaunn ..... 
(f. I ' TO 8. - BeKTOp TI01ISlpH38UllH A -qacTHUbi B KOHe'IHOM COCTOSIHHH oy aeT 

paBeH 

~ [ t IAA\11 + '11 Cll..J = 1 [ IAA ... c ... It- J Cit] (Kj) k + 

_, 
+ [ I A A- cl\ l.t - r AA + c I~ if . /11/ 

8blp8*eHHe anSI TI01ISipll38Ullll HYKliOHOB B KOHe'IHOM GOCTOSIHHH OT1Ill'I8eTCSl 

oT /11/ 3HaKoM nepea CA 

3. Ynpyroe B38HMoae~CTBHe B KOHe'IHOM COCTOSIHHH 

PaccMOTpHM ycnoBne ynnTapHocTn ~ 

(APK! T-T"'"I pp) :. lr, L L <" p K \ T I h > <~ \ 1 "" I p p > b ( f L - E !, ) I 

h. 

/121 

rae !1'1) - B03M'O*HO€l TipQMe*YTO'IHOe COCTOSIHHe, ne*alllee H8 TOll: *e :9Hepre

TH'IeCKOit TIOBepXHOCTH 1 'ITO H H8'I81IbHOe COCTOSIHHe. npeanOliO*HM, 'ITO B. pac

CMaTpHB89MO~ oonacTH aH eprn~ MHHMaSI 'IaCTh T - MaTpHUb! CBSJ3aHa, B ocHoB

HOM, c CllllhHbiM BaanMoae~cTBHeM A- P - cncTeMbi. Toraa M.bi MO*eM npeHe

ope'Ib B npaBO~ 'I8CTH /12/ BCeMH npoMe*YTO'IHbiMH COCTOSIHHSIMH ' KpoMe 1\ PK 
cocTOSIHHSI n .npnonn*eHHO aaMeHHM (AI'\<.ITIA'P'~ Ha (Afi\T[/\'P')<KIK'). 

3To 03H8'I8eT
1 

'IT.O Mbl npeHeoperaeM B38HMOae~CTBHeM Me*aY f< -Me30HOM 

H A-P napoit. 
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MaTpiPiHbiii aneMeHT (J\PITIA'P') B o6naeTH MaJibiX aHeprnii paBeH 

1131 

rue 

1141 

114' I 

a 'Sd.. If ~3 - cPB~bi paeeeSIHHSI B eHHI'JJieTHOM If TpHIIJieTHOM eoeTOSIHHSIX
1 

eOOTBeT-

eTBeHHOo ~ 

OrrrrpaSieb ua Bee aTrr rrpenrrono*eurrSI rr yqrrThlBaSI HHBaprrauTHoeT& rrprr o6p~

meHrrrr BpeMeHn, na I 12 I rronyqaeM 

I WI A,.=- Re J.~ . ~ A,. =- I w.. d.;. Re.. A-A ..,. tq. ~~·ReA,. 
1. - .1."" cJ..h R~ rJ...3 a 

l~ C..,= -t'!~j_·R~C" 
1151 . 

A,.,::. (~-'fi.t~;.) ReA" ~(~-rl.Ct3 P,.) Re.A,...; 

c" :: (\-t lt~d-t) Re CA ~ (-1 ;- L lA,s. P,.) Re c,. . 
J.1a 1151 BHLlHO, qTo IIpH 0 ~ 0 , T.e. B OTeyTeTBHH B38HMOLleiieTBHSI B KOHeqHOM 

eoeTOSiHrrrr, BeJIHqHHbi A,. rr cl\ SIBJISIIOTeSI neiieTBHTeJibHbiMH cflYHKUHSIMH. B 

paeeMaTpuBaeMoii uaMrr o6naeTrr aHeprrrii MaTprrquhlii aneMeuT MaTprruhl peaKurru 

SIBJISieTeSI cpyuKurreii nsyx senrrqHH- nonHoii SHeprrrrr E rr W - nonHoii aHeprurr 

A -p -eneTeMbi. 

Eenrr Bee oeooeHHOeTrr aMIIJIHT·YLlbl eBSI38Hbi e cprrauqeeKrrMrr npoueecaMH, TO 

A,.. H cl\ KaK aHamiTrrqeeKHe cflYHKUHH w H E MO*HO IIpe.ucTaBHTb B BH.Lle 

\<b(w) 
e . .st~<O(kl) f (w) F"(E) 

P,.o... . 
116 I 

I'Lle ~ (w) - uenan cflYHKUH-? 1 KOTopyiO .UJISI M8JlbiX SHepi'HH MO*HO 38MeHHTb Ha 

KOHCT8HTYa 
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TaKnM o6paaoM, oKoHqaTBJibHO anpoKcHMHpyeM A" II c/\ Bb!pa>l(BHIISIMII 

.~) ~ 
A _ e si"" ~ A~ " - p"·a!o 

I 16' I 

C = e ;~. ;.; ~ b, Co 
1\ p 1\ I 

,.. 0.1 

r.oe a~ ll C\1. - TpUDJIBTH8H II CIIHI"'JIBTH8H Llliii,Hbl A-P pacceSIHIISI B S -cocToSI-

" HIIH, a A,. II c: DpliOJIH.>KBHHO MO.>KHO cqHT8Tb LlBfiCTBHTBJibHblMH cPYHKUHSIMH 

TonbKO nonuofi 9HeprHH E 

Cne.ooaaTeJibHo, yqeT yuuTapuocTII s ~aTpHUbl H aua.TIIITHqHOCTH aMDJIIITYLlbl 

peaKUUH DpHBOLlHT Henocpe.ocTBBHHO K OCHOBHhlM peayJibT8T8M TBOpHH B381IMO.OBfi-

181 
CTBHSI B KOHB'lHOM COCTOSIHHH lcM,HanpHMep I, 

C yqeToM 116/ Bhlpa.>KeHHSJ LlJISI ceqeuHSJ peaKuHH H nonSipuaauuu A -qac

THU MO.>KHO npe.OCT8BHTb B BHLlB 

a6"_ 
.J..T-

c~r.)" . r: ~ " c 4l")l. (2 111" o«.,.))/2. [ T (-r -r)J Y2. 
:J.(E""-'t""")'z. 1 ~~.<4)1. ~ 

[i si~~s> lAo\~ + 4 
(P.-Qb)t 1\ 

Si.-, 1 8, 
(P ... o..)2. 

1c:1~. 

~ l- si"2.~~.,., IA:\2.-+! Si"2.~\ lc:ltl 
(P ... 0.3) ( p/\~i) _j 

=· [ Si~o-.16\ I A:\ 2. + 
( p"~~) 

111 I 

1181 

+2A0,. c: >1 .. ~.-~-~'b~-~($",-"ii,.)j (it_§)~ - .2 A: c: 
P:o.~ O..s.. 

.f,,·"~' s.i"~3 ~ cs,-a~) f§ 
~t.a3 ao1. 

\ \):: ~ M,4(T~~ -T)) EcnH B npaaoA qacTH 1181 H3MBHHTb auaK nepe.o 
co 

"' 
nonyqaeTcSJ Bbipa:rKeuue .onSJ nonHpuaauHH HYKJlOHOB oT.oaqa, Bbxpa/Keune /17 I H 1101 

MO)I<Ho paccMaTplf88'rb--KaK--o6o.6meHt!e peaynbTaToB Xeuneg,- K aropbiH ripeueoperan 

38DHCHMOCTbm M8TpHUhl peaKUHH OT CDHH8, 

¥1:'3 .'17/ u 1181 BHLlHO, qTo uccne.ooaaune auepreTuqecKoro cneKTpa K -Me-

30HOB li OCOOBHHO D011SlpH38UHH 1\ -qacTHU Ii HYKJIOHOB OK83b!B8BTCSI O'lBHb DOJIB3-

HbiM LlJISI onpe.oeneHHSI LlJlHH j\-p -pacceSJHHSJ, 
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4. Heynpyroe saauMoaeilcTsne. 0Kononoporoi%Je ocot5eHHOCTH 

npn YBSJlll'IeHHH 9HeprHH OTKpbiBaeTC51 ~ -KaHa!l H MO)KHO Q)KllUaTb H3Me-

HSHlHI cneKTpa K -MeaoHoB H apyrHX seJIII'-IIlH s KaHane AKP 

B 9TOM cnyqae B ycnoBHII yHHTapHocTn /8/ Mbi LlOJI)!<Hbi paccMoTpeTb e Ka

qecTse B03MO)KHoro npoMe)KyTo'-!Horo cocToHHIIH TaK>Ke n cocTostRHe I Z /II k:/. 
M hi orpaHH'-IHMCR saauMoael\cTsneM TO!IbKO B S -cocTORHHH •• 

K aK H B npeahrayr.ueM pasaene npiiMeM, '-ITO 
x/ 

< ""' K/T I I N'k') ,; <AN IT h:N'') (K\ K'> 

If Y'-ITSM' '-ITO 

(t\N I TI~N) 

l"'Ll9 IlHUeKCaMH J\ II '!. OTM9'-IaiOTC51 B91III'-IHHbi B COOTBeTCTBYIOI.UHX KaHa!IaX 

/20/ 

npeanonaraJI, '-ITO CBst3aHHbie COCTOSIHH51 p-'i -ciiCT9Mbi OTCYTCTByiOT 1 B o6-

JiaCTII Ma!Ib!X 9Hepriiit npeacTaBHM 3aBIICHMOCTb j3
3 

II foJ. OT 9Hepl"'IIII B BULlS 

/21/ 

9C1III BHyTp9HHH9 '-ISTHOCTH J: H !\ COBTiaaaiOT. 

BniiRHIIe ! KaHana cKa)KeTcH anH /\ - KaHana He T01IhKO B mrae aorronnH

TenbHoro Cll8f'89MOI"'O B yCJJOBHH yHHTapHOCTH /8/ 1 HO T8K)Ke B BULlS LlOriO!lHIITenb-

HOI"'O CJJarae~10f'O B M8Tpli4HOM 9.T19ME'I!T9 M8Tp!1llbl ;1- p 

HOf'O PI: 
paccestHHH 1 nponopunonanb-

x/ 

1221 

Y4eT cnaraeMbiX snaa (PP/T+fpp)<,ppfT/YN'I<') , ManbiX anH aanHoti peaKunu, 

HO He06XOLlliMb!X B pHae C!Iy'-!aeB, YC!IO)KH519T Bblp8)!(9HIIR, He M9HS151 OCI!OBHOI"'O 

pe3ynhTaTa, 



rae 

c-1,?> = 

10 -

P.., S.:r-+A 
4r. ~.; 

/23/ 

l:-+J\ 
a E)~j - llOJlHOe Ce'IeHJie peaKUHH k +N-+/1-U/ B COCTOSIHHH C MOMeHTOM 

J 

rae 

• C y'IeTOM /19/- /2?/ Mbi nony'IaeM H3 /8/ 1 'ITO 

I~ A,..::. (I~ A-~)P ,. 0 ... A: P:r 
% 

.l~"~ c~ 
f . 

=- (l."" c ... ) pt~" -4- c" P~ 

A' = ·ba 1 r.: ·A"· P... Q. I ""1\.(P. =o) + 
... cl ~ ,.. lf.r 3 '!-

A~ gl 
c.c~2. s~ 

C ' = ~ 2 ~ . c~ . P... ~ I. ... " C P. = 0 ) + c; B, 
" ~1 1 43i ~ " Cos 1 8s. 

/24/ 

(o1d· * ~) /25/ 

CooTHOllleHHe /24/ cnpaBeanHBo, Koraa KHHeTH'IecKaH 9Heprn:H I< -MeaoHa T 

MeHowe E' • npn: T > E' C'TaHOBHTCSI HeB03M O)KHbiM po)KaeHHe peaJibHOfi L -

'I8CTHUbi ·H. Mbl a01J)KHbi Jl01JO)KHTb 

p~ _., L 1<:2: I 

rae 

K~ ::. f~Wl:r (T- E 'f T>£
1 

T8K 'ITO CnaraeMoe, KOTOpoe 38BHCHT llHHefiHO OT ks:. llOHBJISieTCR B aeficTBH'reJib

HOH 'IaCTH aMnnnTyabr peaKunn. 

H anR'IRe cnaraeMbiX, nponopuROHaJibHbiX fz (I< E ') R k~ (T>E'} 
npRBOaRT K OOpauteHHIO B 6ecKOHe'IHOCTb npOR3BOaHOfi no 9HeprRR B 9HepreTH'Ie

CKOM cneKTpe K ~eaoHoB H B aaBRCHMOCTH oT 9Heprnn nonHpRaauRH 1\ -'Iac

THU /H HYK1IOHOB/~ 

nojHJaOK BelJH'IHHbl 9THX 8HOM8JlHfi CJieayeT H3 /24/ H /25/, a RX cpopMa 

· . o o n ~ 

aaBR.CHT oT oTHO.CRTeJibH~ro aHaKa A~~. , A~ , f,s,i H o • Bee 'IeTbrpe cny'IaSI 

8HOM811Hfi, 06Cy)Ka8BWHXCSJ B JlHTepaType a1ISJ 6RH8pHbiX peaKUHfi, MOryT RMeTb 

MeCTO It B H8CTOSIWeM C1ly'Iae. 

' 0TMeTHM, 'ITo ~ B o6weM cny'Iae Benn:'IRHbr, aaMeHnrowne A" 
I 

R CA. 
RMeiOT CllaraeMbie, KaK· CBH38HHbie Henocpe.a CTBeHHO C B38HMOaefiCTBHeM B KOHe'I

HOM COCTOHHHH, T8K H He o6ycnOBJleHHbie RM. 
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Bee Bbrpa:>KeHIIR B pasaenax 2,3 II 4 aaHbr anH po:>Kn;eHIIH qacTuu a p-p-coy-

aapeHIIRX. HeTpyano o6o61UHTb IIX Ha cnyqail: h- p coyaapeHIIll. 3To caenaHo B 

npnno:>KeHHH. TaM :>Ke o6cy:>K.aaeTcl1 cnyqail: cKanllpHoil: k 

non;qepKHeM, 'ITO llOJly'tJeHHbie B H8CTOH1UeM pasn;eJle Bbipa:>KeHUSI OTHOCllTCH 

K B3alJMOn;eil:cTBll!O B S 
pa3HOCTb Mace 1 ll ;\ 

-coCTOHHllii KO He'tJHOil: CllC'reM bl 0 0TH OC UTeJlbHO 60Jlblli all 

rnnepoHoB aenaeT 3aTpy n;HIITeJlbHbiM npnMeHeHne Teoplin 

Heynpyroro B3aHMOn;eil:CTBMH K aHaJlR3y peaKUIIII /1/, O.UHaKO OCHOBHOl"'O yTBep)I-C.ne-

Hllst 0 cyruecTBOBaHIIll B cneKTpe HeMOHOTOHHOCTII II npii'IHHaX ee llOllB.JleHIIll 9TO He 

MeHl::leT. 

/9/ 
Panee 6biJlO noK asano , '!"TO .,f)Pll Moe aHannTII'tJecKoe •npoaon:>KeHne Ps:. -t lll:'.z:. 

HeB03MO>HHO npOBOLJ;IITb1 KOl"'LJ;a B6Jlii31I nopora HMeeTCll pe30HaHc. B STOM CJlyqae 

Heo6xon;HMO npnane'tJeHHe MeToaa n;IIcnepcn:oHHbiX cooTHorueHHil:. TaK KaK aHannTn

qecKoe noaen;eHIIe-aMnJliiTyn;br peaKuii·H, KaK cpyHKUIIR w, Hellcno, Mbi He npoao

D:HJln TaKoro anaJlii3a. On;HaKo, n;a:>K e eciiii TaKoil: pe30HaHC HMeeT MecTo, MO:>KHO 

O)l<IILJ;aTb SHepreTU'tJeCKOil: HeM OHOTOHHOCTII npn: OTHOCIITeJlbHOil: 9HeprRH /a•N napbi,-

paBHOA nopory HOBOl"'O KaHana. 

Ecnn H 1\ 

HHll B /22/ Ha'!HeTCll C 

IIMe!OT npOTHBOI10JlO:>KHbie 'tJ9THOCTH 1 nepBbiil: 'tJJleH pa3JlQ)Ke

"'?l 
r-'i. H B 6eCKOHe'tJHOCTb o6paruaeTCl1 J!Hlllb BTopag npOH3-

aoaHall no sHeprHH. 

CneaoaaTeJlbHO, usy'tJeHHe noporoBbiX aHoManHii a guepreTH'!ecKoM cneKTpe 

K -MesonoB npH aocTaTO'!HOil: BbiCOKoil: TO'!HOCTH Mo:>KeT oKasaTbCll nonesnbiM 

LJ;Jlll onpen;eJleHHll OTHOCIITeJlbHOil: 'tJeTHOCTR - 2 H /\ '!aCTHUo 

5. 0 6 c y :>K a e H H e 

TaKIIM o6pa3oM, 9Hn;o·repM!I'IecKIIe Heynpyr~Ie asaiiMon;eil:cTBIIH BIIn;a -E -t != B KOHe'IHOM cocTOHHIIII peaKUIIII A-+ B J·a. + C "'"~ B CifJlY 

aHaJlHTH'IHOCTH H YHHTapHOCTU -MaTpiiUbi MOl"'yT npUBOLJ;HTb K 9HepreTU'tJeCKRM 

HeMOHOTOHHOCTHM B cneKT"pe '!aCTHU Q 

.Dnll 3KCnepn:MeHT8JlbHOl"'O liCCJle.UOBaHHll 9TUX oco6eHHOCTeil: Tpe6yJOTCH 1 KOHeq

H01 xopoUin:e TO'tJHOCTII H BbiCOKHe sneprenP-recKIIe pa3perueHIISI. Ho B pe3yJlbTaTe 

o6HapymeHHH H II3Y'I9HIIH IIX MOl"'yT 6biTb llOJly'!eHbl CBeueHHll 0 B3aiiMOn;eil:cTBIIII 

HecTa61IJlbHb!X 'laCTIIU 1 0 IIX CITIIHe. II qeTHOCTII. 
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Bbtwe Mbt paccMoTpemr pomneHne rnnepoHOB u K -MeaouoB B ti-N -coyna

peHusrx. 0TM8TUM psrn llPYI"RX npoueccoB, B KOTOpbiX MOI"YT HM8Tb M8CTO llOllOOHbJe 

8HOMamru, R3Y'!8HUe KO TOpb!X MO)K8T ll8Tb CB8ll8HRSI 0 B38UM0ll8HCTBHH H8CT80HJlb-

HblX "'8CTRUo 

B cneKTpe Ji+ -Me30HOB oT peaKUnn 

K-+p-. A+JT--+Ji~ /26/ 

B6JIH3R nopora 

:x - ... A _., 2.-+ li" 
/27/ 

6yneT HM9Tb M8CTO 8HOM8JIHSI 0 B9JlH"'UHa U XapaKTep KOTOpOH qepea 8Ml1li!1TYllY 

peaKUHH /27 I CBSI38Hbi c K-- p paCC8HHH9M 11pH MaJibiX 8H9pi"HHX. 

B cneKTpe npoTouon oT npouecca pomneuns:~ Ji" -Me3ouoB I< -Me30H8MH 

I<- .,. p - p + Jio + I< - /28/ 

B03MO)KH8 8HOM8JIHH 11pH 9H9pi"HH 1 COOTBeTCTByiOIT(eil: nopory peaKUHH 

r,o -1-k.- _, ;<o -+-Ji-
/29/ 

9CJIH cymecTByiOT CRJibJ 1 npHBO.IlH WH9 K 110ll00HOH peaKUHH. 

Ecnu nonbiTaThCH nocTponTh narpaHmnaH Ji- k B38HM0ll8HCTBHH H nc-

KJl!O"'HTb H3 paCCMOTpeHHSI B38HMOll9fiCTBHH C 11pOR3BOllHbiMR 1 TO 110Jiy"'a!OIT(89CSl 

BbipameuHe 

L j kt : ~ (~~ · ~~) ( ~: ~;) ill!

' 
RHBapnaHTHO npH Bpa IT(8HHU R30T011R"'9CKOI"O Cl1HH8 KB)KllOH '!8CTHUbl R BCe npo-

ueccbi K-Ji paccestHHSI C H3M9H9HR9M aapnna OK83blB8!0TCSl 3anpemeHHbiMH 0 

B 6onee o6mux npennono:>KeHnnx aanpeTa peaKunn - /29/ nonytiHTh He 

ynaeTcn, noaToMy o6HapymeHne aHepreTnt.iecKofi HeMoHoTouuocTH B cneKTpe npo

TOHOB OT peaKUHH /28/ npencTaBJ!Sl.T!O Obi HHTepec C TO"'KH 3peHHSl ll3ytieHRSl CUM-

MeTpHH Ji·k -BaaRMOll8HCTBHSI •. 

VIa peaKunfi c ytiaCTHeM nByx Ji -MeaoHoB UHTepecHo oTMeTHTh, 'ITO B 

pacnpeneneHRH HYKJIOHOB OT peaKUHfi 
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'i~p ...,p+JiO+.Jio 

;n-+ p _.. " + Jio + Ji"' 

/ 

1301 

MOT'yT HMeTb MeCTO UOL{05Hb!e 8HOM8JII:Ill IIpH OTHOCHTeJibHOfi 9Hepri:IH J7° -Me30HOB, 

npeBbiWaiOruefi 9 Ma~, Koraa cTaHOBHTCH B03MO:>KHofi peaKUHH nepe3apH.LlKII 

YqeT noporoBhlX HBJieHHfi B peaKUHH /31/ MomeT npHBecTH K 3aMeTHhlM 

acpcpeKT8M B TeOpHII .Ji"-.fi"" -B381:1Mo_qefiCTBHH npll M8Jlb!X aHeprHHX, 
i/{7 

1311 

CyruecTBOBaHHe nopora B peaKUHH /31 I MO)KeT npHBecTH K HeMOHOTOHHOCTH 

B CIIeKTpe 38pH:>KeHHb!X Ji -Me30HOB OT '1: I -paCII8L{8 

"1:.± ~ .J\±-\- ~-f"'JIO, 

AHanorHqHo /30/ B cneKTpe HYKJIOHOB oT peaKuHfi 

/32/ 

B5JIH3H nopora peaKUHH 

/33/ 

MOT'YT HMeTb MeCTO 9HepreTnqecKHe 8HOM8JIHH, CBSI38HHbie C k-K -B3aHMOL{eit

CTBHeM0 Bonee .TOT'O, B KOHeqHoM COCTOHHIIH peaKUHH /33/ OTCyTCTByeT KYJIOHOBCKOe 

B3anMoaeficTBne, KOTopoe Mo:m:eT cMa3aTb HeMoHOTOHHOCTb /eM, /IO/ I. 

B cneKTpe npoTOHOB OT peaKUHH 

/34/ 

B5JIH3H nopora 

n B cneKTpe .J\ + -Me30HOB OT peaKUI:Ill 

/35/ 
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B6mraH nopora 

n-+ p-.. d -+Jio 

x/ 
T8K:>K9 6y.llyT HM9Tb M9CTO 9HepreTifti9CKH9 H9MOHOTOHHOCTH 

~npHJIO:>K9HH9 

A. Po:>K.lleHHe nceB.llocKanHpHoro K-MeaoHa B 1'\-p coy.lla·peHHH 

B n-p COy,llapeHHHX HM910TCH .llB9 B03MO:>KHOCTH .llJlH o6pa30B8HHH 

(\ -qacTHUbi 

i'\-+-p_...A-+p""'K
0 

h..,p...., 1\...,n~K-+. 
/All 

/A2/ 

06o3H8'iHM aMllJIHTY.ll hi peaKUHii B H30TOllH'i9CKH CHHrJ19THOM H TpHllJ19THOM 

cocTOHHHHX qepea T0 H T1. , cooTBeTcTBeHHO. PeaKUHH I AlI onHchmaeTcH 

TOI'.ll8 aMnJIHTY.llOii i (T, .. To) ' a peaKUHH I A2/ r (T~- "lo) • CnHHOB8H 

aaBHCliMOCTh HaoTonH'i9CKH TpHnneTHoii aMnJIHTY.llhi .ll89TCH /9/ npH B" =0, B TO 

BpeMH K8K 

(A tJ K I To \ tJ tJ )' ... B,. t ( ~1-~ , ~) -+ i. ( ~ [ ~ • ;,_j) j . I A3/ 

npH· C.ll9J18HHbiX paHee npe.llllOJ10:>K9HHHX Mbl MO:>KeM y'ieCTb B38HMO.ll9itCTBH9 B 

KOH9'iHOM COCTOHHHH1 llOJIO:>KHB 
\b.), ~"" 

B" :: s: e >-'\,<t>3" 
P ... a.?. /A4/ 

r.lle B~ - cpyHKUHB nonHoii aHeprHH E • 

Bhrpa:>KeHHH .llJIB ceqeHHH po:>K.ll9HHH H nonHpHaauHH A -qacTIIU HM910T 

Blf.ll 

x/ -o 
.[lJIIIHbi paCC9HHIIH npH M8JIOii 9Hepr11H Jl - P CHCT9Mbl OTJ1H'i810TCH OT nonyqaJO-

lllliXCfl B p8MK8X H30TOlllf'i9CKOit lfHBapii8HTHOCTH BBif.llY CYlll9CTBOB8HHH Hapyrua

IOllllfX lf30TOllH'i9CKyiO lfHB8pH8HTHOCTb H9MOHOTOHHOCTeii, CBB38HHblX C peaKUHeii 

.1i0 -t P _, h T Ji -+ • 
OueHKa c noMOlllhiO .llHCnepciiOHHhiX cooTHoweHHii npHBO.llHT K N 5% nonpaB-

KaM. 
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/A5/ 

/A6/ 

3HaK nnroc nepe.o. BAHMeeT MecTo .o.nSI peaKuHH /All, a MHHyc- .o.nSI /A.2/. 

Vfa /A5/ H /A6/ H9TPYD.HO n~">nY'IHTb •.fipaBima HHT9HCHBHOCTH .. 

/A7/ 

... .., 
'jlu k:. /AS/ 

3TH COOTHOlU9HHH nony'I9Hbl B npe.o.nono>KeHim 0 TOM, 'ITO B KOH9'1HOM COCTOHHHH 

aeooxo.o.HMO y'IHTbiB8Tb TonbKO S -aonay. CooTHoUieHHH MoryT ObiTb Hcnonbaona

Hbi .o.nst SKcnepHMeHTanbHOft nponepKH sToro npe.o.nonomeaHst. 

B. Po>KD.eHHe CKanHpHoro K-Meaoaa. a tl-rl -cTonKHOBaHHSIX 

B sToM cnyqae 

/Bl I 

a 

/B2/ 

EcnH aaecTH 

• .• >. ,. 
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TO anH ceqeHna n oonHpnsaunn A -qacTnu Bo acex Tpex peaKunHX nonyqaeM 

~ (rp ... APK.+) = /A~I2. sih~s; 
7.P"a,yz. 

...., ... 
~(rp ... Apk) = p 

~(~'"'J\NII:) = t (pp ... l\pk.-i-) +3JBol 2 si~?.~J. 
( 1',.. Q3)2. 

.... _., 
I A-.-.\2-- I Bl\\-z... ~ 
I A-"\2. -+ I f>.l\1 '-

P ... (hp 4;\N K) = 
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