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1. fHnOTe38 06 H30TOfiH'IeCKOil: HHB8pH8HTHOCTH fi03BOnSie·T nonyqaTb Co

OTHOWeHHSI Me~AY Ce'leHHSIMH peaKUHil:, He 38BHCSIWHe OT AHH8MHKH npOUeCCOB. 

npH KOHKpeTH38UHH MexaHH3Ma peaKUHil: HHOI'tta MO~HO nony'IHTb HOBbie H3Q

TOfiH'IeCKHe COOTHOWe'HHSI, KOTOpble cnpaae.z:tnHBbl TOnbKO B p8MK8X C.z:tenaHHblX 

AOnOnHHTenbHblX npe.z:tnO)KeHHil:. HanpHMep, XOpOWO H3BeCTHbl COOTHOWeHHSI 

Me~A~ ceqeHHSIMH rr N -pacCeSIHHSI H nepe38pSIAKH B o6naCTH- (3/2, 3/2) -

pe30H8HCa, paBeHCTBO ceqeHHil: - - 0 , p .. , , p 

OAHOMe30HHOil: CXeMbi, COOTHOWeHHSI AnSI peaKUHH f1 N .. 7T rr N 

H T.n. /1,2/. 

B P8MK8X 

a6nH3H nopora 

06bl'IHO B :3THX cny'ISSIX nonaraiOT OAHY H3 yqacTBYIOWHX B npouecce 8MfinHTYLt 

paBRoil: HyniO. B RacToSimeil: pa6oTe BbiBOAHTCSI pSI.z:t npH6nH~eHHbiX H3oTonH'IecKHX 

COOTHOWeHHii: 1 cnpaae.z:tnHBbiX B npeHe6pe)KeHHH KBa.z:tpaTOM MO.z:tynSI OL!HOii: 

H3 aMnnHTyLt, HO c yqeTOM ee HHTep$epeHUHH c APYI'HMH aMnnHTyAaMH. EcnH 

paCCMaTpHBaeMaH 8MnnHTy.z:ta Ha nopSILtOK MeHbWe OCT81IbHblX 0 TO :3TH COOT

HOWeHHH BbinOnHHIOTCH C TO'IHOCTblO • 1%, T.e. B npe.z:tenax HapyweHHH H3Q

TOfiH'IeCKOil: HHBapH8HTHOCI'H aneKTpOM8I'HHTHblMH B38HMO.z:teil:CTBHHMH. 

npHBeAeM npHMepbl nOA06HblX npH6nH~eHHblX COOTHOWeHHil:. 

2. PaccMoTpHM peaKUHH rrN .. , N 

,+ + p .... + + p. (1) 

.. + p .. , + p. (2) 

, -+ .,o + ll , (3) p .. 

.. 0 + p .. .,o+p. 
(4) 

8 



Me>K.Qy C9'19HH51MH npoueCCOB ( 1-4) HM99TC51 O.llHO o6wee COOTHOW9HHe: 

0'1 +O':a•aa + 2 a, (5) 

EcnH .llonycTHTb, 'ITO B o6nacTH (3/2, 3/2) - peaoaaaca aMnnHTy.lla peaKUHH 

c T•1/2 MHoro MeHbWe aMnnHTy.llbi c Ta3/2, To .llJ151 ceq;eaHil: (1-3) MO>KHO 

H8ITHC8Tb npH6JtH>K9HH09 COOTHOW9HHe: 

Ha~CTHO,'ITO npH 

1 
a + o • -o :a a 3 1 

f ~ .o 

0:1 - .!!.. 
2 

1 -o 
9 1 ... 

(6) 

(7) 

ITOaTOMy MO>KHO O>KH.Il8Tb, 'ITO ITO Mepe yxo.Qa OT (3/2, 3/2) - pe30H8HC8 Co

OTHOW9HH51 (7) H8'1HYT HapywaTbCSI, B TO BpeMSI K8K COOTHOWeHHe (6) 6y.QeT 

BbiiTOJlHSITbCSI C XOpOWei! TO'IHOCTbiO B 6onee WHpOKOA o6naCTH, lleitCTBHT9JlbHO, 

aKcnepHM9HT8JlbHbie .ll8HHbie ITOK83b!B810T, 'ITO paBeHCTBO ( 7) BbiiTOJlHHeTCH B 

o6naCTH E,. •120 - 210 Mas, a (6) - B o6nacTH (100-300 Mas). 

3. PaccMOTpHM Tenepb pacceHHHe H nepeaapH.IlKY rr -Meaoaos aa HyKno-
o 

aax aa yrn&I • 180 npH 6onbWHX aHeprHHX. B aTOM cnyq;ae o6&I'IHO npe.llno-

naraeTCH, 'ITO H.lleT o6MeH 4JepMHOHaMH N ~ H ll a/r/31, Tor.Qa MO>KHO no

ny'IHTb cne.QyiOWHe npH6Jtlf>KeHH&Ie paseacTsa: 

01 oa + 2 o, ecnH f fl << f N ' 

H 

0 + 0 
1 a 

• .!.o 
3 :a ' 

ecnH fN«f fl 

no.ll06Hbie COOTHOWeHHSI MO>KHO H8ITHC8Tb H llJlSI peaKUHil: It -N .. ::£ f1 

0 
yrnax BbineTa ,. -Meaoaos • 180 • B aTOM cnyq;ae: 

M < k-p .. ::t -.. +, • .L v 1/6, + v-1, 
2 fl 3 N 

4 

(8) 

(9) 

npH 

(10) 

l ,. . .. 

M ( It- p -+ ::£+ It'- ) • + V 3/2 f ll , 

M(k-p .. ::£o,o) • vf (fll- f .J· 

EcnH ffl»fN • TO 

0 + 0 
5 

0 
10 Ill 9 II 

llnH f • 0 
N 

HMeeM: 

U IU :q •1:9:4 
10 II Ill 

3KcnepHMeHT ll8eT: q I U • 1 I 6 , , T,e, COOTHOWeHHe ( 1 
10 II 

ITJlOXO /3/. 0.1lH8KO eCTb OCHOBBHHSI npe.QITOJlO>KHTb, 'ITO f fl>; 

113 paBeHCTB8 (13) MO>KHO onpelleJlHTb Ce'leHHe Ulll , KOTOpC 

peao. 

4. 06paTHMCH Tenepb K aeynpyrHM npoueccaM "N .. rr 

PaccMoTpHM, aanpHMep, peaKUHH: 

rr++p .. p+,++,.o, 

, +p ... p+,-+,.o, 

+ ,. + p -+ D +"++,.+ 

0 + 0 
fl+ p .. D+ft +f1, 

Ce'leHHH KOTOpbiX Bblp8>K8IOTCH CJlellyJOWHM o6pa30M: 

u 111 • I ....1,_ a/:a 
_,- f v 10 :a 

..1.... a/11 11 

vr'~ ~-

0 11- I. 1 a/:a ff 1/11 1 a/:a Ill 
-- f + -f + - f • vnr :a 3 I 3..J2" • 

5 



HSMH npoUeCCOB (1-4) HM99TCS OAHO o6mee COOTHOW9HHe: 

0 t+ 0
2 o a + 2o, (5) 

Tb, 'ITO B o6naCTH (3/2, 3/2) - pe30HBHC8 BMJinHTYAB peaKUHH 

0 M9HbW9 aMnnHTYAbl C Ta3/2, TO Ans C9'19HHA ( 1-3) MOJKHO 

6nHJK9HH09 COOTHOW9HHe: 

1 
0 +O •-o 2 a 3 t 

(6) 

npH f ~ -o 

0'2 .!.!. • .l..o 
2 9 t~ 

(7) 

0 OJKHABTb, 'ITO 110 Mepe yXOAB OT (3/2, 3/2) - pe30HBHC8 co

HB'IHyT HapyWBTbCB, B TO BpeMB KBK COOTHOW9HHe (6) 6yAeT 

xopowefi TO'IHOCTbiD B 6onee WHpOKOA o6naCTH, neACTBHTenbHO, 

nbHbJe ABHHbl9 JIOK83biBBIDT, 'ITO paeeHCTBO (7) BbiJIOnHS9TCS B 

120 - 210 M9e, a (6) - B o6naCTH (100-300 M9e). 

OTpi!M Tenepb paccesHHe H rrepeaapsnKy rr -Meaoaoe Ha HyKno

• 180° np11 6onbwHx 9HeprHsx. B 9TOM cny'lae o6hl'IHO npenno-

HAeT o6MeH !JlepMHOHBMH N ~ 11 IJt. 1; 1 13/, Torna M~JKHO no-

Wile 1IpH6nHJK9HHbJe paeeHCTBa: 

ot o + 2o 
8 ' 

ecn11 f /Jt. << f N , 

0 + 0 
t 8 

• .l.o 
3 2 ' 

ecnH fN«f /Jt. 

THOWeHHB MOJKHO HBJIIICBTb H ans peaKUHA k -N .. l: ft 

rr -Meaoaoe • 180°. B .9TOM cnyqae: 

M ( k- p .. l; -,+) • ..1_ .,j 1/6 f + .,j..l f 
2 tJ. a N 

4 

"""" 

(8) 

(8) 

II pH 

( 10) 

" '·{· 
·······ki·. 
:·~~~.~: 
f··.,f,.~f,l 
. ''~I 

., ·.~·,~\; 

l:f 

II 
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•){ 
1rl( 

'11!!<\ 

t, I 
. I 

II I 
I 

j 
I'll \~ 
~I· 
~J· ;.v \ 
~ li 

11·. 
I'' 

I~! . 'f. 

l t • , 
•.. li, 

M( k- p -+ l:+ ,- ) • + .,j 3/2 f IJt. , 

M(k-p .. l: 0, 0) - ..; + ( f IJt.- f J. 

EcnH f/Jt.»fN t TO 

nns f -0 
N 

HMeeM: 

0 + 0 
to tl 

5 
0 

9 It 

0 :o :o -1:9:4 
10 1l 12 

( 11) 

(12) 

( 13) 

(14) 

3KC119piiM9HT ABeT: o I 0 • 1 I 6 , , T,e, COOTHOW9HII9 ( 14) BbiJIOnHS9TCS 
tO l1 

nnoxo /3/, 0AHBKO 9CTI:> OCHOBBHIIB npennonOJKHTb, 'ITO f /Jt.>> f N , Toraa 

113 p8B9HCTB8 (13) MOJKHO OJipenenHTb C9'19HIIe o
12 

, KOTOpOe ew~ He H3Me

peHO, 

4. 06paTHMcs Terrepb K HeynpyrHM npoueccaM rr N .. rr rr N 

PaccMoTpHM, aarrpHMep, peaKUHH: 

rr++p .. p+rr++,o, 

, + p .. p - 0 +rr +rr , 

+ , + p .. D +tr++,+ 

0 ,++, 0 , + p .. D + , 

C9'19HIIS KOTOpbiX Bblp8JKBIDTCS cneAyiDWIIM 06pa30M: 

~ 

ou - I __l_ 1/2 
.1- f v 10 2 

~ 8/2 2 

..;-r'1 1· 

ou• I 
..l.. 112 F t/2 1 1/2 

1 
2 

f 2 + -f 1 + - 't ' ..;nr 3 3..;2 

5 

( 15) 

(16) 

(17) 

(18) 



3aecb 
Tk 

f 
Tt 

HOM asyx rr 

4 
1., :12 I .2 

at, ·s 

a ts 
1 _, rs a/2 

f2 
t/2 1 a/2 I ~ 

3 1t + 3 f 1 

-aMnnHTyAa C nonHblM H30TOllH'IeCKHM CilHHOM 

-MeaoHOB - T 1 

Tk H H30CllH-

86nH3H nopora peaKUHH, Koraa OTHOCHTenbHbli\ li:MnynbC tr - Me30HOB 

T T 
6nH30K K Hymo, f k << f k H MO»CHO nony'IHTb npH6nH»eeHHOe COOTHOWeHHe 

I !I 

anSI aH«tJ«tJepeHUHanbHblX Ce'leHHil:: 

a + a 
111 18 

+ a te - 2 
a 

IT 

H anSI nonHbiX ce'leHHii: 

C"'iHTaSI, 'ITO 

H 

t 
D 

Ill 

t 
+a 

u 
+ a 

t t 
a 

18 1'1 

f T • 0' 
1 

, nony"'lHM: 

0 111 • 0 ul 

t 
D 

Ill 

t 
•D 

18 

1 1 
• T a 18 • 8" 0 1'1 

1 ' 1 -·a ----o 2 18 4 

(19) 

(19') 

(20) 

IT. 
(20') 

EcnH HMeeTCSI He6onbWOe OTKnOHeHHe OT paBeHCTB (20) H (20'), TO 3Ha"'lHT, 

'ITO ecTb ManaS! npHMeCb aMnnHTya f i , H Toraa H3 COOTHOWeHH5l ( 19) 

HnH (19') MO»CHO nony'IHTb Ce'leHHe D 18 , KOTOpOe npaKTH"'ieCKH H3MepHTb 

HeB03MO»CHO. 06paTHMC5l K npouecCaM, HayWHM C o6pa30B8HHeM H306ap: 

+ ++. 0 + 0 
rr +p .. N +17 .. p+B' +B' (21) 

6 

+ , +* + 
+p .. N +17 

0 

.. p + " 
+ + , 

+ , +* + 
+p .. N +tr + + 

.. II +II' +17 

C'IHT8SI, 'ITO 17 -Me30Hbl, B03HHK810ll1H8 npH pacnaae H3068J 

nHTb KHHeMaTH"'leCKH. Tor,qa, ecnH npeanonO*HTb, 'ITO B o6na' 

pe30HSHCa SMllnHTYllbl C H30TOllH'IeCKHM CllHHOM 3/2 CHCT8M 

HyKnOH MHOro 6onbW8 aMnnHTyll C H30TOllH"'leCKHM CilHHOM 

cneay10mee npB6nB*eHHOe cooraowe.HBe: 

022 + a21 -
2 

3 021 

5. Pacc;;MoTpBM Tenepb peaKUHH «PoTOPO*lleHHSI 

aax. Hx 'leTbipe: 

, + p .. 11+17+ 

y +D .. p+rr-, 

)'i-p .. p+trO 

, +11 .. 11 + ,o . 

CooTBeTCTBYIOillHe aMnnBTYllbi HMeiOT BBll: 

- T 
M21 • y' + A - y' -t B + v'- c 

9 

-
M28 • -y t- A - y' + B + y' t- C 

- - . 
1 1 

+ y'..i. c M T • -y'- A + y'- B 2 3 9 9 

- - -
M28 •v+ A + v'j- B + v'~ c. 

, 

tr -Me.: 

,_. I . . . 



k 

4 .2 
0'11 -- I r 8/2 

2 

0' 18 
1 -1-ys 

5 

a/2 
(2 

t/2 1 aj2 I ~ 
3 r, +3ft 

-aMIInHTy,na C nonHbiM H30TOilH'19CKHM CllHHOM Tk H H30CilH

rr -Me30HOB - T 1 

rropora peaKUHH, KOrAa OTHOCHTenbHbiA HMnynbC ft - M930HOB 

T T 
( k << ( k H MO)KHO rrony'IHTb IlpH6nH)K9HHOe COOTHOW9HH9 

I Ill 

eHUHBnbHhlX C9'19HHA: 

0' 
1D 

+ 0' 
18 

+ 0' 
18 2 

0' 
n 

biX C9'19HHH: 

0 

t 
0' 

lll 

t 
+0' 

18 
+ 0' 

t 

18 
0' 

n 

f T • 0' 
1 , rrony'IHM: 

0' 1G - 0' 18 

t 
0' 

lll 

t 
0' 

18 

1 1 
-T 0' 18 - 8'0' IT 

1 ' 1 -·a --a 2 18 4 IT • 

(19) 

(19') 

(20) 

(20') 

CH He6onbWOe OTKnOH9HHe OT paBeHCTB (20) H (20'), TO 3H8'1HT, 

anag npHMeCb aMnnHTYLl f T 
I , H TOrLla H3 COOTHOW9HKH (19) 

O)KHO IlOny'IHTb C9'19HHe O'IB 1 KOTOpOe 11p8KTH'I9CKH H3M9pHTb 

06paTHMCH K npouecCaM, HLlYWHM C o6pa30B8HH9M H306ap: 

+ ++. 0 + 0 rr +p~N +rr .. p+rt +fl (21) 

6 

.., 

+ , 

+ , 

+* + +p .. N +rr 

+* + +p .. N +rr 

0 
.. p + , + + , 

.. D 
+ + 

+fl +rt 

(22) 

(23) 

C'IHT8H1 'ITO rr -M930Hbl, B03HHK810WH9 llpH pacnaae H306ap, MO)KHO BbiLle-

nHTb KHHeMaTH'IeCKH. Tor,qa, ecnH npeanonO)KHTb, 'ITO a o6naCTH (3/2, 3/2)-

pe30H8HCa 8MilnHTYLlhl C H30TOilH'19CKHM CllHHOM 3/2 CHCT9Mbl 
rr - Me30H-

HyKnOH MHOI"O 6onbwe 8MilnHTyll C H30T011H'I9CKHM CllHHOM (/2 , nony'IHM 

cneayiOmee npH6nH.)I(eaaoe cooraowe.HHe: 

a,. + 0' II • 
2 

T "u 

5. Pacc;;MoTpHM Tenepb peaKuHH cfloTopO)KLleHHH 

aax. 11x 'leTbipe: 

)' + p .. a+rr+ 

)' +a .. p+rr-, 

)' + p .. p + , o, 

.. 
)' + a .. a + rr 0 • 

CooTBeTCTBYIOUIHe aMnnHTYAhi HMeiOT BHLl: 

- -M 111 • V ..L A - V -4. B 2 
+ v- c 3 9 9 

- - -
M 111 • -v f- A - V + B + Vi- C 

- -· -· 1 1 
+ ,;.}.. c MIT - -v 3 A +..; 9 s 

9 -1 1 
+ vf- c • M 28 -..;3 A +vr s 

• , 

7 

(24 ) 

IT -M930HOB Ha HyKno-

(25) 

(26) 

(27) 

(28) 



3aecb 
A- M8TpH'IHbiA sneMeHT H30CK8nHpHOI'O qneHa M8TpHUbl peaKUHHo 

B- MaTpH'IHbiA sneMeHT H30B9KTOpHOI'O 'lneHa, He MeHHIOlllei'O H30T~ 

naqeCKHA CnHH, 

C- M8TpH'IHbiA sneMeHT H30B9KTOpHOI'O qneHa, MeHHIOlll9I'O H30TOnH--

qeCKHA CflHH H8 eAHHHUy. 

Ecnu cqaTaTb, 'ITO B o6nacTH (3/2, 3/2) - pe3oaaaca, T.e. npH saeprHHX 

Ey• 320 Mss, A•B •-0, C /a 0 

au • "u 

, TO nony'IHM COOTHOWeHHe: 

1 
T"llT 

1 
T"2a (29) 

"llT /4/ 
Ha onbiTe sTo ae BbmonaHeTCH (sKcnepaMeHT ,11aeT -;- • 1,2 ). 0AH8-

ll6 

KO ecT.eCTBeHHO AYM8Tb, 'ITO s6nH3H pe30H8HC8 see JKe AOMHHHpyeT aMnnHTYA8 

C , cooTBeTCTByiOmaH cocTOHHHIO (" N) c T•S/2. B sTOM cnyqae aMe-

eM npa6naJKeHHOe paeeHCTso: 

x) (30) 

au + u llT • u 28 + au . 

nesaH '18CTb ~TOI'O paBeliCTB8 B H8CT051lll9e speMH H3BeCTH8 H3 OflbiT8 1 fl09TO-. 

MY OTCIOA8 MOlKHO nony'IHTb ,!18HHble 0 cyMMe Ce'leHHA 4JoTOpOlKAeHH51 fl -Me-

30HOB_ Ha aeATpOHaX. noA06Hbl9 C,OOTHOW9HHH,' MOI'YT 6b1Tb nony'leHbl H AnSI 

.11pyrux peaKUHA, ecna caenaTb aeKOTOpble aononHHTenbHbie npeanonoJKeHHSC 

06 IIX MeXaHH3Me. 

AaanorH'IHbiA nOAXOA B03MOlKeH H B .paMKaX SU (3) - CHMMeTpHH /5/. 

AsTOpbi 6naroAapHbl A.n.ni06aMosy, B.»:.n106omauy, B.l1.0rueseuKoMy 

3a none3Hbie o6cyJKAeHHH. 

X) 0TM81'HM, '11'0 p8B8HC1'BO (30) HM881' MBC'I'O 1'8K)K8 H B cnyqae, KOrJlB 

see BMnnHTYilbl A , B H C - OJlHOTO nopBilKB, ecnH TonbKO BblnonHBHO 

ycnosHe f ·c 1• >> Re A B • 
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