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HacTosrruaH pa6oTa rrocBHllleHa pacrrpocTpaHeHHIO MeTona, H3l!O)ImHHoro 

Bl 1 I, Ha CHllhHbie B3aHMoneiicTBHH. 

1. PaccMoTpHM peaKUHH 

p +n -+rr + 
+TT + 1T (I) 

p +n _. 17 0 + 1T 0 +TT 
( 2) 

p u + TTU u +p -+TT +TT 
( 3) 

0 +TT+ +TT-. p + p -+ 1T 

(4) 

0HH HMeiOT TaKyJO )l(e H30TOIIH'IeCKYIO CTpyKTypy, 'ITO H paCII8Jlbl ( 14) - ( 17), 
Ill o o 

paCCMOTpeHHbie B pa6oTe • ecnH K 2 3aMeHHTh Ha K • nosToMy 

6e3 60l!hlliHX H3MeHeHHH MO)I(HO HCIIOllh30BaTh Bbipa)l(eHHH ( 18) - ( 30) 1131 II • 

OpH sToM BepoHTHOCTH (24) - (30) cnenyeT BllBoe yMeHhlliHTh, TaK KaK 

B pacrranax ( 16) H ( 17), T.e, rrpH CP = -1 , aMIIIIHTyna <3ujK0 >-,k--<3rrjK~>. 
KpoMe Toro, cnenyeT yqecTh norronHHTenhHYJO aMIIIIHTyny f 

0 
, rrocKOllhKY 

B 118HHOM cnyqae He 38IIpemeHbl COCTOHHHH Tpex 1T - M930HOB C T 
3

1T = 0. 
B HTore rrony'IHM: 

+ 
a~ ( 8 ) +a ~ ( TT- 8 ) + a

17

1 
( E) ) ( 5) 

=a t;_
0 

( 8) + ~TTo ( rr-8) + a 17 - (8)+2 a 170 (8), 
~ 2 2 3 

3 



" 

0 ITO 
a 2 (8) a: (77--f) )= 

IT+ 
=a 

4 
( 

IT+ 
8)- a 

4 
(77-8) + a 

77 
4 

OepexoJl K nonHhiM ceqeaHHM JlaeT: 

a .. a +2a 
1 2 3 

< "-8 >- 7T 
a 

4 

( 6) 

(8). 

( 7) 

'ITO COBil8.ll8eT C pe3ynbT8TOM 1 llOny<reHHblM MeTO.llOM lliMylliKeBH'I8 B pa6oTe/3/, 

Llnsr ClleUHanbHO Bb!6paHHbiX C06biTHli, Kor.na OTHOCHTenbHbili HMIIynbC 

.llBYX He~HKCHpOB8HHh!X 17 - Me30HOB Man, T,e, llpH llO.ll8BneHHOli p -Bonae, 

crrpaBe.onHBhi ewe .oorronHHTenbHhie paBeHCTBa: 

7T + 0 0 

a 1 (a) "' 2 [ a: ( 8 ) + a; ( 71-8 ) 1 , ( 8) 

71+ 71+ 
a

1 
(8)=4[a

4 

71+ 
(8)+ a 

4 
(71-{>i)J), ( 9) 

( 10) 
71'+ - -

a ,(8)=4[a 71 .(8) +a" (11-8)], 
.1 4 4 

( 11) 
71- 71° 71° 

a 2 (8)=a
4 

(8)+a
4 

(77-8), 

71+ - -
a (8)+2[a 71 (9)+a71 (11-8)) 

l 1 1 

( 12) 710 710 . 710 
=4a

8
• (8)t2a 4 (8)+2a 4 (11-8). 

HaTerpauHH no yrny 8 JlaeT: 

71+ 71° a 
1 

= 2a 
2 

, ( 13) 

4 

.-

I ' 

Jft' ;~;' 
.;t· 

, 

71+ a 
1 

a" 
2 

+ 

4 a 71 + 
4 

0 
7T 

= a 
4 

rr "- 11 o rr o 
a +2a =4a + 2a 

1 l 8 4 

CooTHOilleHHSI ( 5) - ( 16) cnpaBeJlnHBbi T8KJKe JlnH peaKuHl!: 

NN ... d + 3", 

KN ... A + 3 7T, 

K d ... AN+ 3", 

Nd->N+37T, 

-
Nd ... AK+37T, 

AN->K+37T, 

5 



0 "o 
a2 (®) a; (77--(") )~ 

1T+ 
~a 

4 
( 

71+ 
®)-a 

4 
(11-®) + a 

71 
4 

K llOnHb!M C8'I8HHHM Jl88T: 

a =a +2a 
1 2 3 

( 77-®) - a
71 

(8). 
4 

( 6) 

( 7) 

C pe3ynhT8TOM, rrony'IeHHb!M MeTOilOM llJMy!IIKeBH'I8 B pa5oTe/3/, 

UHanhHO Bb!6paHHb!X C06biTHfi, KOr.Lia OTHOCHTenbHbifi HMnynbC 

poaaHHbiX rr - Me3oaoa Man, T,e, rrpn rroaasneaaolt P -sonae, 

eme aononHHTenbHble paseacTsa: 

1T+ 710 710 
a 1 ( ®) = 2 [a 

2 
( ® ) + a 

2 
( 1T- ® ) ] , 

1T+ 71+ 
a

1 
(®)=4[a

4 

71+ 
(®)+a 

4 
(77-®)], 

1T+ -
a (®) ~4[a 71 (®) +a" (rr-0)], 

1 I 4 4 

TT 
a2 (®)~a"o 

4 (®) + 
TTO 

a4 ( rr- ® ), 

+ -
a

17 

(®)+2[a
17 

(®)+a" (rr-®)] 
l 1 ' 

0 . 0 0 

~ 4a !' 
3 

( 1T TT ®) .. 2a
4 

(®)+2a 4 (rr-®). 

yrny e naeT: 

1T+ 2 TTO a 1 == u
2 

4 

... 

( 8) 

( 9) 

( 10) 

( 11) 

( 12) 

( 13) 

1T+ a 
1 

a" 
2 

+ 
TT 

4 a rr+ 
4 

0 
TT 

~ a 
4 

17- 170 TTO 
+2a ~4a + 2a 

l 8 4 
a 

1 

CooTHO!IIeHHH (5) - ( 16) cnpasennHBbi TBK)I(e JJ.nSI peaKunA 

NN ... d + 3rr, 

KN ... A + 3 TT, 

K d ... AN +3rr, 

N.d ... N + 3 71, 

Nd-.AK+377, 

AN-.K+377, 

~ 

5 

( 14) 

( 15) 

( 16) 

( 17) 

( 18) 

( 19) 

( 20) 

( 21) 

( 22) 



x/ 
HM810UUiX OJlHH8KOByJO H30TOilH'I8CKyJO CTpyKTypy c peaKUHSIMH ( 1) - ( 4) • 

KpoMe Toro JlnH peaKuHft (17), (18) H (19) s6nH3H nopora MO*HO 

nepeftTH OT ( 13) - ( 16) K nonHhiM C8'18HHSIM
0 

'ITO Jl8CT: 

2, .Um1 peaKUHH 

H ami peaKUHH 

La ~2a 
2 1 2 

4 
=-a 

3 3 
~2a 

4 

K 4 0 
+He 4 -.HA+rr +rr 

- 0 4 
K +He 4 -.HA+77++77-, 

K0 
+He 

4 He
4 

+77° +77 ° A 

NN-.277, 

( 23) 

( 24) 

( 25) 

( 26) 

( 27) 

x/ 
PeaKUHH HM8IDT OllHHBKOBYID H30TOITH'I8CKYID CTpyKTypy, ecnH OHH 

COl18plKaT 'IaCTHUhl C OllHHM H TeM )1{8 Ha6opOM H30CITHHOB
0 

ITpH'I8M H8CYIU8CT

B8HHO, HBnS!IDTCS! nH paccMaTp.I!BaeMb!8 'IaCT.I!Ubl Ha'IanbHhiM.I! HnH KOH8'1Hh!MH, 

HanH'I.I!e nro6oro KOnH'I8CTBa 'IaCT.I!U c T =.0 He H3M8HS!8T H30TOITH'I8CKYID 

CTpyKTypy, npH ITepeHOCe 'IaCTHUhl H3 rrpasoii 'IaCTH peaKUH.I! B nesyro Hn.l! 

o6paTHo cneayeT H3MeHHTb 3HaK T% H 3HaK cTpaHHOCTH (aarrpHMep, 3a

M8HHTb 'IBCTHUy Ha aHT.I!'IaCT.I!Uy), C 3TOH TO'IKH 3p8H.I!S! OllHHaKoByiD H30TO-

ITH'I8CKyiD CTpyKTypy HM8IDT He TOnbKO peaKUHH THITa NN-+ d + 3 77 H 

KN -+A + 377 , Ho TaKlKe H peaKU.I!.I! T.HrraNN .. d +377 H Nd-.N+377. 

B rrocneaHeM cnyqae KaHany ji ji -+ d + 77- + 77 - + 77 + cooTBeT-

CTsyeT KaHan ji d -+ p + 77 - + rr + 77 + , KaHany p n -+ d + 77 + + 77- + 77 ° 
OTBe'IaeT KaHan p d -+ n + 1T + + 77- + 77 O H T,,ll, J130TOIT.I!'I8CKHe 

CTpyKTypb! aMITnHTY.ll COOTB8TCTBYIDIUHX apyr apyry KaHanoa COBITa,llaJOT 
(cM.f31), 

6 

~ 

'.~! 

'• 

~ 

L 

KN -oA +2~r, 

Kd .. AN.+21T,, 

Nd .. N + 2 IT ' 

Nd -oAK+27T, 

AN .. K +2 "• 

NN .. d + 2 ", 

H30TOilH'I8CK8SI CTpyKTypa XOTOpbiX COBD8Jl88T C ( 1) 
0 

( 5) H ( 6) p 

cnpaBeLlnHBbl COOTHOIU8HH.110 8HanorH'IHh18 ( 10) - ( 13) H3/1/, 

s. PaccMoTpHM peaKUHJO 

d+d ... He +"+ +" 
4 

0 + 7T • 

EcnH HM88T M8CTO H30TOilH'I8CK8SI HHBapHaHTHOCTb, TO nonHhlft H30T 

CDHH CHCT8Mbl Tpex 7T 

Oh!X JlBYX 7T - M830HOB 

- Me3oHoB T 877 = 0 , T.e. H30TODH'IeCKHft 

T
277 

.:1 
o 0TCJO)l8 cneayeT 8HTHCHMM81 

CTp8HCTB8HHOft BOnHOBOft ~YHKUHH, npHBOJl.IIIU8SI K paBeHCTBy ceq 

nepeCT8HOBKe HMnynbCOB JlByX TT - Me30HOB, 0TKnOHeHHe OT yK 

paBeHCTB8 03HB'Iano ON HecoxpaHeH.He H30TODH'I8CKoro CITHHa B peeK 

floCKOnbKy B CHCTeMe U8HTpa HHepUHH nJOOb!X JlBYX 7T - M830HOB 

BOll He 38BHCHT OT HanH'IH.II p83HOCTH HX Mace, B03HHK88T B03MO*H 

MeTHTb O'IeHb MBnble HapyiU8HHSI H30TODH'I8CKOft HHB8pHaHTflOCTHo 

7 



x/ 
ByiD H30TOITH~8CKYID CTpyKTypy C peaKUHHMH (1) - (4). 

AnH peaKUH~ (17), (18) H (18) B6nH3H ITOpora MO*HO 

(16) K rronHh!M ce~eHHHM 1 ~TO A8CT: 

eaKUHH 

4 1 -a ~ 2a ::;:;:-a 
3 3 

~2a 
4 2 1 2 

4 0 
+ He 

4 
... H A+ rr + rr K 

- 0 4 
K + He 

4 
... H A + rr + + rr 

-o 4 0 o 
K + He 

4 
... He A + rr + rr , 

NN -+ 2 rr, 

"( 23) 

( 24) 

( 25) 

( 26) 

( 27) 

H HM8IDT ODHH8KOBYID H30TOITHqecKyro CTpyKTypy, ecnH OHH 
HUb! C ODHHM H TeM lKe H860pOM H30CITHHOB, rrpnqeM HecywecT

CH nH p8CCM8TpHB8eMb!e qacTHUhl HaqanbHblMH HnH KOHeqHbiMH. 
ro KonnqecTsa qacTHU c T = 0 He HSMeHHeT nsoTorrnqecKyro 
H rrepeHoce qacTHUbi us rrpasoi\ qacTH peaKUHH B nesyro unu 
eT HSMeHHTb saaK Tz n sHaK cTpaHHOCTH (HarrpnMep, sa-
Y H8 8HTHqacTHUy). C 8TOH TQqKH speHHH ODHH8KOByro H30TO-
KTypy HMeroT He TonbKO peaKUHH THrra NN-+ d + 3 rr H 

, HO TBKlKe H peaKUHH THrra NN ... ii + 3rr H N d -+N +3rr. 
cnyqae KaHany p ji ... d + rr- + rr - + rr + cooTBeT-
ji d -+ p + rr - + 1T + rr + , K8Hany p n -+ d + rr + + rr - + rr 0 

n ji d -+ n + rr + + rr- + rr o H T.n. HsoTorrnqecKHe 

rrnHTyn COOTBeTCTByiDIUHX npyr npyry K8H8nOB COBnanaroT 

6 

..... 

~·~II 

.. 

KN ... A+2tr, ( 28) 

Kd ... AN.+2tr·, ( 28) 

Nd ... N + 2 " , (30) 

Nd ... A"K+2tr, ( 3]) 

AN ... K+2 "• 
( 32) 

NN .. d + 2 ", 
( 33) 

H30TOITH~eCK8SI CTpyKTypa KOTOpbiX COBIT8Jl8eT C ( 1) 1 ( 5) H ( 6) pa60Tb/ 1/ 1 

cnpaBeJinHBbl COOTHOW8HHSI1 8H8nOrH~Hbie ( 10) - ( 13) H3/ 1/ • 

3. PaccMoTpHM peaKUHID 

d +d ... He +"+ + " 
4 

0 +tr . (34) 

EcnH HMeeT MeCTO H30TOITH~8CK8SI HHB8pHaHTHOCTb 0 TO ITOnHh!H H30TOITH~eCKHA 

CITHH CHCTeMbl Tpex 1r - Me30HOB T Str = 0 , T.e. H30TOITH~eCKHf:i CITHH mo-

6b!X JlBYX " - M830HOB T 2tr =1 • 0TCIDJl8 cneJiyeT 8HTHCHMM8TpHS1 npo-

CTpaHCTBeHHOt!: BOnHOBOt!: «flyHKUHH 1 npHBOJlSIIIl8SI. K paBeHCTBY ce~eHHt!: npH 

nepecTaHOBKe HMnynbCOB JIByx " - MeaoHoB. OTKnoHeHHe oT yKaaaHHoro 

paBeHCTBa 03Ha~ano 6~ HecoxpaHeHHe H30TOITH~eCKOrO CITHH8 B peeKUHH (34). 
floCKOnbKY B CHCTeMe U8HTpa HHepUHH niD6biX JlBYX tr - Me30HOB 8TOT Bhi

BOJl He 38BHCHT OT HanH~HSI p83HOCTH HX M8CC 1 B03HHKaeT B03MO*HOCTb 3a

M8THTb o~eHb Manhle HapyweHHH H30TOITH~eCKOt!: HHBapH8HTHOCTH. CneJiyeT 

~ 

7 



K TOMy }l(e HMeTb B BRay, 'ITO OTKnOHeHHe OT CHMMeTpHH nHHeftHO ITO BenH

'IHHe ManoA aMITnHTyabi 1 aapyrnaiOIIteA H30TOITH'IeCKYIO HHBapHaHTHOCTbo 

4. OpeacTaBnHeT TaK}I(e HHTepec peaKUHH 

K-+ p ... II. +rr ++IT- +ITo, (35) 

B KOTOpOA C 6onblliOA BepoHTHOCTbiO Ha6niOaanOCb pO}I(JleHHe W 0 - Me30Ha 

( CM. 1 HaiTpHMep,/4/) o B o6IIteM cnyqae TpH IT - Me3oHa B ( 35) MOryT 

HMeTb ITOnHb!A H30TOITH'IeCKHA CITHH 0 H }, ITOSTOMy 

0 -
a" ( 9 ) =.!.I- _1 f I + V..!. f o + V _1_ f I I 2 

35 2 3 0 6 1 4!).~. 2 ' 
(36) 

0 - -
IT 1 1 I 1 0 1 I 2 

a (IT-0),-1--f -y-f +y-f21 
35 2 3° 6 1 45' 

( 37) 

IT+ 1 1 0 T I 1 I 2 
a 35 (8) = 2l YlJ f 1 + V I2 f 

1 
+ V jf f 

2 
I , (38) 

( 39) 
rr+ 1 1 o 1 I T l 2 

a (17-0) =-1-v-f -y-f +v-f I. 
35 2 6 I 12 I 20 2 

aiT-(8)=..!..1v 1 fo -·' 1 f l v 1 fll2 
86 2 6 I V 12 I + 20 2 ' 

(40) 

- - -"" IT- 1 1 0 · 1 I 1 I 2 
a (IT-0)=-1-v-f +y-f +y-f I, 

36 2 6 I 12 1 20 2 
(41) 

rae sepxHHA uaaeKc aMITnHTya f COOTBeTCTByeT 3Ha'leHHIO H30TOITH'IeCKOrO 

CITHH8 Tpex IT - Me30HOB1 a HH}I(HHii HHaeKC - 3Ha'leHHIO H30TOITH'IeCKoro 

CITHH8 asyx He~HKCHpOB8HHblX 
0 

OTBe'laiOIItHX po}I(JleHHIO W 

IT - Meaoaos. B o6nacTH ~~eKTHBHbiX Mace, 

I I f I - Meaoaa, aMITnHTyabl f
0 

, f 
1 

H 
2 

, 

ITpHBOaSIIItHe K COCTOHHHIO Tpex 17 - Me30HOB C H30TOITH'IeCKHM CITHHOM 

8 

I 
:1. 
'I 

.!A 

,U' 

~·~~t~ 

~ .. .~ .. 

I 

. ' 

T3" = 1 , cun&ao IToaasneHbi ITo cpasaeHHIO c aMITnHTyaoa;~ 

aon}I(Hbl HMeTb MeCTO ITpH6nH}I(eHHb!e paBeHCTBa: 

f 0 
Ot I • 

rP ITO 
2[a85 (8) + a

35 
(rr - 8)] 

IT+ IT+ 

.,q35 (8) + 0'85 (IT- 8) 

IT+ 
0' 35 (8) - IT+ 

a35 

17 17-
+ 0' 80 ( 8 ) + 0' 35 (IT - 9 ) I 

(IT -0) = 
IT

a 35 ( 8) 
rr-

-u35 (rr - 8 ) 

IT 

+ 

HaTerp:~rpys (42) ITO yrny 0 OT 0 ao -2- , ITony'IHM: 

ITO rr+ IT 2a86 =a 35 + a 35 

PaaeacTsa ( 42), ( 43) H ( 44), cTporo rosops, ciTpaaeanHBbi 'I 

ITOCpeacTBeHHOA 6nH30CTH K ueHTpy ITHKa w 
0 

- Meaoaa, rae 

f~ aocTaTO'IHO BenHKao 

5. HaTepecaa ITpoaepKa H30TOITH'IecKoA HHBapHaHTHOCTH 

rae see KoHe'IHbte qacTHUbi cTpaHHbie. HaiTpHMep, a peaKUHH 

K-+d .. :£ 0 +I_- + K+ 

B cnyqae COXpaHeHHH H30TOITH'IeCKOrO CITHHa CHCTeMa rHITepOHOI 

XOaHTbCH TOnbKO B COCTOHHHH C T I_O I__,. 1 • 0oSTOMy ITOCn< 

ITO CITHHOBbiM COCTOHHHHM HMeeT MeCTO COOTHOilieHHe: 

a45 ( 8 ) • a 45 ( 17 - 8 ) . 

nnH peaKUHii 

K+ + p ... K + + K 0 + I_+ 

9 



HMeTb B sHay, 'ITO OTKnoHeHHe OT CHMMeTpHH nHHefiHO IIO BenH

aMIInHTyabi1 Hapyll!a!OIUefi H30TOIIH'IeCKYIO HHB8pHaHTHOCTb. 

eacTasnSieT TaK*e HHTepec peaKUHH 

K-+ p ... II. +TT + + ,- +rr 0 , 

C 6onblllOA sepOSITHOCTbiO Ha6n10aanOCb pO>K.lleHHe w 

HMep,/41). B o6meM cnyqae TPH rr - Me3oHa B 

blfi H30TOIIH'IeCKHA CIIHH 0 H 1, Il09TOMy 

0 - -
TT (8)=.1..1--1 fl+y.J..£0 v'-1 fll2 
35 2 3 0 6 I + 4l).;. 2 ' 

0 
TT 1 1 I 1 0 1 I 2 

< ,_ 0 > = -I - - r - v'- r + v'- r 2 1 
35 2 3° 6 1 45' 

,+ 1 1 0 T I 1 I 2 
< 8 > = - I v'- r + v' - r + v'- r I , 

M 2 6 I 12 I 20 2 

,+ 1 1 0 1 I T I 2 
u < ,_ 0 ) = -I - v'- r -v'- r +v'- r 1 , 

35 2 6 I 12 I 20 2 

u"-(e)=.l..lv' 1 fo -v' 1 f l+v' 1 fll2 
3~ 2 6 I 12 I 20 2 ' 

,- 1 I -1- 0 T I T I 2 
u (rr-8) =- -y'-f +v'- f +v'- f I 

35 2 6 I 12 I 20 2 ' 

(35) 

0 - Me30H8 

(35) MOI'yT 

(36) 

(37) 

(38) 

( 39) 

(40) 

( 41) 

HHaeKC aMIInHTya 

TT - Me30HOB1 a 

COOTBeTCTByeT 3H8'1eHHIO H30TOIIH'IeCKOl"'O 

HH*HHfi HHaeKC - 3H8'1eHHIO H30TOIIH'IeCKOI'O 

He$HKCHpOB8HHbiX rr - Me3oHoB. B o6nacTH a<jl<jleKTHBHbiX Mace, 

po>K.lleHHIO w 
0 I I f I 

Me30H81 aMIInHTyabl f
0 

, f I H 
2 

, 

K COCTOSIHHIO Tpex TT - Me30HOB C H30TOIIH'IeCKHM CIIHHOM 

8 

__.. 

"-::. 

T3TT ":' 1 , CHnbHO rroaasneHbl IIO Cp8BHeHHIO C 8MIInHTyaofi~ f~ • IloaTOMy 3aecb 

aon*Hbi HMeTb MeCTO IIpH6nH*eHHbie paBeHCTBa: 

,p ,o 
2[u35 (8) + u35 (rr - 8)] 

,+ ,+ 
-=0'35 (8) + 0'35 (rr- 8 ) 

,
+ 0' 311 

,-
(8) +0'

311 
(rr -8), 

,+ 
0' 35 (8) -

,+ 
0' 3~ (rr -8) = 

,-
0' 35 ( 8) 

,-
-0'35 (rr - 9 ) 

TT 

+ 

HaTei'pHpyH (42) IIO yrny 8 OT 0 ao - 2- , rrony'IHM: 

TTO rr+ TT 
2us5 = u 35 + u 35 

(42) 

(43) 

(44) 

PaaeacTsa (42), (43) H (44), cTporo rosopH, crrpaseanHBbi TonbKO B ae-

IIOcpeaCTBeHHOfi 6nH30CTH K ueHTpy IIHKa w 0 
- Me3oHa, rae 8MIInHTyaa 

f~ aoCT8TO'IHO senHKa. 

5. HaTepecaa rrposepKa H30TOIIHtiecKofi HHsapHaHTHOCTH s peaKUHSIX1 

rae see KOHe'IHbie '18CTHUbl CTp8HHbie. HaiipHMep, B peaKUHH 

K-+d ... !. 0 +!.:- + K+ ( 45) 

B cnyqae COXpaHeHHSI H30TOIIH'IeCKOl"'O CIIHHa CHCTeMa I'HIIepOHOB MO*eT Ha-

XOaHTbCSl TOnbKO B COCTOSIHHH C T !,O !, _,. 1 • IloaToMy rrocne ycpeaaeHHSI 

IIO CIIHHOBb!M COCTOSIHHSIM HMeeT MeCTO COOTHOIIIeHHe: 

0' 45 ( 8 ) ,. 0' 4 ~ ( TT - 8 ) . (46) 

D.nH peaKUHH 

K+ + p ... K + + K0 + I,+ ( 4 7) 

~ 

9 



K + + p -. K+ + K + ~ I 0 

Ce'!eHHSI Bb!p8)1(8JOTCSI cneJlyJOI!lHM o6p830M! 

- -
1 1 2 

a 47 ( 9) .. 1-v'-f +v'l2fl I ' - 6 0 

-1 vi- +v'_!_ 
2 

(147( 11-8) fo f I I 12 

1 2 
a 48( e) a r I r 1 I ' 

rae f 0 

T 2k = 1 

H f I - aMnnHTYllbl nepexoaa B COCTOSIHHe C 

COOTBeTCTBeHHOo 

(48) 

( 49) 

' 
(50) 

( ~]) 

T 2K .. 0 H 

BonHaH nopora 
xl 

P - aonaa nOJl,8BneHa H H3 ( 49) -(51) BbiTeKaeT: 

a 47 (e) + 0 47 ( 11 • - e ) - a 48 ( 8) 

6. PaccMoTpHM peaKUHH 

p + p 

a 47 • a 48 

-. A + I+ + 11 
0 

+ 11 

xl 
B oTnH'IHe oT cHcTeMbi nayx T7 - Me30HOB B cnyqae CHCTeMbl 

P - aonHhi Mana aMnnHTynn f 0 
nnyx K - Me3oHoB npH nonaaneHHH 

10 

_. 

(52) 

(53) 

(54) 

' 

- .. A + Io + p + p +11 + 11 

p + p .. ~ + I o 0 0 + 11 + 11 

- A + I- + 11 
+ 0 p + p .. + 11 

- - - + 
p + n .. A + I + 11 + 11 

- X - 0 0 p + n .. + I + 11 + 11 

+ I o .. A 0 p + n + 11 + 11 

j) + n .. A + I+ + 11- + 11 

B cny'lae cnpaaennHBOCTH H30TOITH'IeCKOH HHBapHBHTHOCTH HMeeM: 

a (8)=1-..Ly..Lf 0 -J..y_Lf 1+..l.ylf 1 12 
64 

2 3 1 2 6 1 2 10 2 ' 

a 
64 

0 
66 

(11-e) "'I .l. v..Lro + .l. y'..Lr 1 +.l.y..l. r 112 
2 3 I 2 6 1 2 10 2 ' 

1 t1 1-1 otT12 
(8)=1-rv'Tfo +Tv'-3-r1 +av'rofal. 
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K + + p -+ K+ + K + + :'£ 0 

BbipalKaJOTCSI cneJlyJOUlHM o6paaoM: 

1 1 
a 47 ( 8) ,. I ~v 6 f 0 + v 12 f I 

a 47( 77-®) • I V + f o + V ~ 

a 48( 8) 
1 ll 

B 6 If,! , 

ll 

2 

f I I 

f I - aMnnHTYilbl nepeXOil8 B COCTOHHHe C T l!K = 0 

COOTBeTCTBeHHO. 

(48) 

( 49) 

(50) 

( ~]) 

H 

x/ 
H nopora P - sonHa noa,asneHa H HS ( 49) -(51) BbiTeKaeT: 

a 47 (e) + a 47 ( 77 '- e ) - a 48 ( 8) 

0 
47 -

0 
48 

PaccMoTpHM peaKUHH 

p + p -.A+ :'£++77- + 77° 

I 
B oTnH4Me oT cMcTeMH llBYX 

K - MeaoHoB npH noaasneHMM 

77 - M830HOB B cnyqae CMCT8MH 
p - BOnHI>I Mana aMnnMTYllll f 0 

10 

.--. 

(52) 

(53) 

(54) 

I
:'\ 

... 

' ' ~ 

rl 

~ ;, 

\ .. 

. ·1'·!·\·.'1'' 

i\ i~. ;,., 

/.!, 
•iJ 

I 

'
' 

. . ·. 

. ' 
. . 

I , 

,, 
I;• 

& • 
i 

p + p -+ Ji. + ~0 + + 77 + 77 

-. X + 2o + 77o 0 p + p + 77 

p+p-.A+2 

p+n-+A+2 

p+n-+A+2 

P +n-+ A + 2 0 

+ 0 
+ 77 + 77 

+ 
+ 77 + 77 

0 0 
+ 77 + 77 

0 
+ 77 + 77 

ji + n -+ li. + :'£ + + 77- + 77 

B cnyqae cnpaBeanHBOCTH H30TOfiH48CKOH HHBapHaHTHOCTH HM88M! 

a (EI)=\-..Ly...l..f 0 -..ly...Lf 1+..lylf 1 ! 2 

H 2 3 1 2 6 l 2 10 ll ' 

a ( 77-8) •I _l V .1_ f O + .l_ V ...1.... f I + .l_ y .1_ f 1!2 

~ 4 2 3 I 2 6 1 2 10 2 ' 

a 
05 

1111-1 o1T12 
(EI)=i- 3 v 2 ro + 2 v3 r, + 3 v10 r21, 

11 

(55) 

(56) 

(57) 

(58) 

(59) 

( 60) 

( 61) 

(62) 

( 63) 

(64) 



u 
u 

u 66 

u 
n 

( ""> 1 1 ./1 1 1 ./1 o 1 Y*.r 1 12 77-u = --..-y-..-f --v-f +- f ' ., ,;02313102' 

1 T I 2 T 12 
(8) -I.!..-/_ fo +-V-f21,, 

3 -. 2 3 10 

(8)aJ1..y 1 fO _ _ly 1 fl+_ly 1 fll2 
2 3 1 2 6 1 210 2 ' 

U ( I'T- 8) •I - .l.y l f O + ..l.y _L f I + .l. y ..l. f I 12 

57 2312 612 102' 

u (8) = 1-1-fl- .!.../ 1 fl .!....; 1 fl 12 
68 3 0 2 V 3 I + 6 5 2 ' 

u 58 
1 I 1 ·l I 1 1 I 2 (77-8)=1-r +-v-r +-v-r21 
30 23 1 6 5' 

1 I 1 r I 2 
u (8)=1--f + -v-r I 

at 3 o 3 5 2 ' 

u (8) =l.l.yJ...fl+..ly.Lfll2 
60 2 3 I 2 5 2 ' 

a ( 77- 8 ) =I - ..l. y .l f I + .l.. I .1. f I I it 
HJ 2 3 1 2v52' 

a (8)-1..1£112 61 5 2 , 

( 65) 

( 66) 

( 67) 

( 68) 

( 69) 

( 70) 

( 71) 

(72) 

( 73) 

(74) 

rae B8pXHH~ HHaeKC y 8MITnHTYLI 03Ha~aeT H30TOIIH~8CKH~ CIIHH CHCTeM~ 

N N , a HH:>KHH~ - naoTorrn~ecKH~ crrnH asyx " - MeaoHoB. 

12 

--

,X, 
:·~l~~r 
i~1i I 

,fl:l i' ,,; I 
4j ~t 

"'\ 

:i 

0TC10ll8 Bb!T8KSIOT COOTHOIII8HHH: 

a 64 (9) + a
64 

( 77- 8) + a
67 

(9) + a
61 

(77-8) + 2a
69

(9). 

=2a
35 

(9) +2a
35

(77-8) +a
60 

(8)+ a
60 

(77-9), 

2a56 (8) + a
59

(9) + a60 (8) + a6l(77-9)• 

= a 
58 

( 8) + a 58 ( 77-8 ) + a
6 1 

( 8), 

a 
54 

( 9 ) + u 
67 

( 9 ) + ~J 8 ) 

:a (77- 9) + U (77-9) +a (77-9), 
54 57 60 

Lln11 rronHhiX ceqeaHlt BbmonHHJOTCSI paseac·Taa: 

a +U +2u -2a +a 
54 57 59 u 8J 

2u +a + U = U +a 56 59 60 68 81 

CooTHollleHHSI ( 78) H ( 79) rrony'leHbi TaK:>Ke MeTOllOM UT MywKeBH'Ia B pa 

Dpn rroaasneHHH P - sonHhi HM8JOT MecTo aorronHHTenhHbie pal 

2[a54 (8) + a 54 (77-8)l = a
60 

(9)+ o
60 

(11-8 )= 

1 =-a (9) 22[u (9) +a (11- 9)], 2 61 57 67 

055(9) +055(77-9)=059(®), 
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u 
06 

1 _/l I 1 ./l 0 1 l I 2 
( IT.., 9) =I - Tv T f 0 - -p 3 f I + 3~ f 2 I ' 

1 Tr 1 2 Tr12 
u 66 (9) -lrvT o + 3 v10 2l ,, 

u 
H 

(9)21.l.v 1 ro_.l.v 1 fi+.J..v 1 rll2 
2 3 1 2 61210 2 ' 

u (IT- 9) - I - .l.y l f 0 + ..l.y _L f I + .1.. v ..1. f I 12 
57 2 3 I 2 6 I 2 10 2 ' 

11 1-1-11-1-12 
a (9) =1-f - -v-r + -v-r I 

58 3 0 2 3 I 6 5 2 ' 

u 58 

1 I 1 -l I 1 -1- I 2 
<IT-9) =1-r +-v-r + -v- r21 

3° 23 1 6 5' 

1 I 1 l I 2 
u (9)=1--f + -v-r 1 • 

51 3 0 3 5 2 

u (9) -l.l..v .l...r I+ ..l.v .l..r I 12 
60 2 3 I 2 5 2 ' 

u ( IT- 9 ) =I - ..1. v .l f I + .1..- I .1.. f I I 2 
ID 2 3 1 2v52' 

u61(9) .1.1£112 
5 2 ' 

( 65) 

( 66) 

( 67) 

( 68) 

( 69) 

( 70) 

( 71) 

( 72) 

( 73) 

(74) 

fi HHAeKC Y 8MITnHTYA 03Ha~aeT H30TOIIH~eCKHfi CIIHH CHCTeMhj 

t 8 HH)KHHfi - H30TOIIH'IeCKHfi CIIHH ABYX 17 - Me30HOB. 

12 
_,.:. 

··~~~~." 1<1~f J' 

\1 <: 
~ .. ,) 
.. •nl;• , ··,!:a~~: 

·' 

I 
'.~~ 

~~ 

::f ·~; \ 
'·, i .1 

J 

jl l ' 

.!' 
·:-'11' 

I'[ 

·~~~ ',1 " 
·. 

I 

0TC10ll8 BbiTeKSIOT COOTHOWeHHH: 

a 
64

(a) +a 5
4 

(IT- a)+ u
51 

(a)+ u
51 

(IT-a)+ 2a
59

(a). 
( 75) 

"' 2 u
55 

(a) + 2 u
65 

(IT- 8) + a 
60 

(a)+ a 
60 

(IT-a), 

2 a 5
6 

(a) + U 5Q ( 8) + a
60 

(a) + U 8l (IT- a ) • 
( 76) 

= u5B (8) +a 58 (IT-8) +aU I (8), 

u 54 ( ®) + a 57 (a) + ~0( 8) 

(77) 

=a (IT- a ) + U ( IT- a) + U (IT-a). 
64 57 60 

LlnSI rronHbiX C9'19HHH BbiiiOnHSIIOTCSI paBeHC.TBa: 

u +U +2u -2u +U 
54 57 59 55 81 

(78) 

2u +a + u =a +a 
56 59 60 58 61 

( 79) 

CooTHOllleHHSI ( 78) H ( 79) rrony'IeHbi TaK)Ke Mei'onoM lll MyliiKeBH'Ia B pa6oTe/3/ 

flpH IIOA8Bn9HHH p - BOnHhl HM910T MeCTO AOIIOnHHTenhHbie paBeHCTBa: 

2[a
54 

(a)+ u
54

(1T-8)l = a
60 

(8)+ a
60 

(IT-8 )= 

1 =- u (a) :2[u (a) + a (IT- 8)], 2 61 57 57 

(80) 

u55(8) +U55(1T-8)= a59 (8)' 
( 81) 

~ 
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2a66 (8) + a oq (8) ~ a08 (9~ +a 
08 

(77-9) + 

( 82) 

+.;.!_a (8). 
2 61 

nnSI IIOnHblX Ce'!eHHH 

xl 
2aft4 =2a57 =a6o = +a61 , ( 83) 

a =a , ( 84) 55 59 

2a +a =a +..!..a ft6 ft9 58 2 61 (85) 

nony'leHHbie COOTHOUI8HHSI ( 75) - ( 85) 6e3 K8KHX-nH6o H3M8H8HHit npHM8HH

Mbl K cne.QyiOli!HM peaKUHSIM1 HM8101I!HM aHanorH'IHYIO H30TOIIH'18CKyiO CTpyKTy-

py: 

x/ 0TCIOAa, B qacTHOCTH, cne.c~yeT, '!To ceqeaHe peaKUHH "+p .. P" + rr 0 

B '!eTb!pe pa3a MeHbWe Ce'!eHHSI peaKUHH IT+ p , niT+ IT+ ( CM, T8K)f(e/5/ 1 

I"Ae STOT Bb!BOA cneAyeT H3 6onee CTpOI"OI"O Tpe60B8HHSI - IIOnHOI"O OTCyT-

CTBHSI p - BOnHbi), EcnH SHepi"HSI nepBH'IHbiX IT+ ,- Me30HOB BenHKa, TO 

SKCnepHMeHT8nbHOe 3H8'!eHHe Ce'!eHHSI peaKUHH IT+ p-+ pIT+ IT 0 llpH ManOM 

OTHOCHTenbHOM HMnynbCe IT - Me3aHOB MO)f(eT 6b!Tb 38BbiWeHO, IIOCKOnbKy 

B YK838HHOH o6naCTH TpyAHO KHHeM8TH'!eCKH OTAenHTb STy peaKUHIO OT yn

pyroro pacceRHHSI, HMeiOwero 3H8'1HTenbHO 6onbwee S(jl!fleKTHBHoe ceqeane. 

OTMeTHM, 'ITO peaKUHH 77+p -+A K +" + 77° H "+P -oA K0 "+"+ 
CB060AHbl OT BbiWeyiiOMS!HyTOH TPYAHOCTH, 

14 

_. 

\ 
·> 

I 

NN-.p+27T, Kd-.ANp+27T, 

NN .. Al: + 2 IT, "N .. N +277, 

Nd-.Np+27T, "N -.AK+27T, 

N d ... A K p + 2", IT d .. NN + 2 IT, 

KN .. ~ +277, ~ N -.AN +277, 

KN -.Ap +2", AN-.~N+27T, 

Kd--~N+27T, "iN .. K +277. 

7, PaccMoTpHM peaxunn 

ii+ p -.K++ K- +IT++ IT-, 

p + p .. K+ +.I\" + 77° + ITO , 

p + p -+ K
0 

+ K 0 
+" + + " 

p 
_jl -0 0 

+p-+K +K +77 
0 

+ IT 

p \- p 
t -o 

•K tK + "-'"
0

, 

15 



2a
66 

(El) + aaq (El) =aa
8 

(El) + a
68

(1T-El) + 

+.i..a (El). 
2 61 

biX ceqeHHfi 

xl 
1 

2aH =2a57 =a so= 2a61 

2a 
56 

a =a 56 a9 

1 
+a =a +-a 

59 58 2 61 

( 82) 

( 83) 

( 84) 

( 85) 

COOTHOIIIeHHH ( 75) - ( 85) 6e3 K8KHX-nH60 H3MeHeHHit npHMeHH

IOIIIHM peaKUHHM1 HMeiOIIIHM aHanorH'iHYIO H30TOllH'ieCKYIO CTpyKTy-

0TCJOAa, B qaCTHOCTH, cneAyeT, 'ITO ce'leHHe peaKUHH IT +p ... piT+ IT
0 

e pa3a M6Hblll6 Ce'leHHSI peaKUHH IT+ p ... RIT+ 17+ ( CM, TaKliie/5/, 

T BbiBOA cneAyeT H3 6onee CTpororo Tpe6oBaHHSI - nonHoro oTcyT-

p - eonHbi), EcnH SHeprH!I nepBH'lHbiX IT+ .- Me3oHoB eenHKa, TO 

MeHTanbHOe 3H8'l6HH6 Ce'leHHSI peaKUHH IT+ p ... pIT+ ITO ITpH ManOM 

enbHOM HMllynbCe IT - Me3QHOB MQ)I{eT 6biTb 38Bbllii6H0 1 ITOCKOnbKY 

HHOI1 o6nacTH TpyAHO KHH6M8TH'leCKH OTAenHTb STY peaKUHIO OT yn·

pacCeSI HHSI 1 HMeiOIII6ro 3H8'lHTenbHO 6onblllee 3<jl<fleKTHBHOe Ce'l6HI!e, 

M, 'ITO peaKUHII IT+p -.AK+IT+ ITO H IT+p ... AK
0

1T+IT+ 
bl OT BbiiiieynoMSIHyToi1: TPYAHOCTH, 

14 .,.. 

1 
•!{1 

I 
J 

-

NN -+p+21T, Kd-.ANp+21T, 

NN ... Al: +21T, ITN ... N +21T, 

Nd ... Np+21T, ITN -.AK+21T, 

N d _ ... A K p + 21T , IT d ... NN + 2 IT' 

KN ... ~+21T, ~ N ... AN +21T, 

KN ... Ap +21T, AN ... iN+21T, 

Kd ... ~N+21T, "iN ... K +21T. 

7. PaccMoTpHM peaKUHH 

p+p ... K++K-+IT++IT-, 

• 

ji + p ... K+ + ~ + ITO + ITO ' 

p + p -+ K
0 

+ K 0 
+IT + + IT 

p 
·o _p -0 

+p-+K +K +IT 
0 

+ IT 

f -o 
p ~p -•K 1K f IT-fiT 0

, 
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( 86) 

( 87) 

( 88) 

(89) 

(90) 



P +P .. K
0
+K-+ IT++ ITo 

p +n ... K++K-+IT-+ITo, 

p+n-+ K0 +K-+IT++IT-, 

- 0 -p + n ... K + K +ITo ,. ITo , 

ji + n ... K0 + K0 
+ IT-+ IT 

0
, 

p +R ... K++K0 +IT- +IT-. 

!-1MeeM: 

a (8)=\.!..y1 foo _ _ly 1 f 01 J..y.!..£10 .1_( II_ .!..-/1 (II \2 
86 2 3 0 2 6 1 + 2 6 I + 6 0 6 V 5 2 ' 

- - - - 2 

u (IT-8)=\Lv.!..f 00 +.L...;l.r 0~ l....;J.r
10

4-l.r
11

-.LvLr
11 

1 
86 

2 3 ° 2 6 1 2 6 1 6 ° 6 5 ~ ' 

a (8) -1-.l...,;":i.roo_J_fll- Lilf,,\2 
87 2 3 0 6 0 3 v 5 2 ' 

1 1 00 1 T 0 I 1 1 10 1 I! 1 1 .11 2 
a (8)~\..-v-f +-v-f +-v-f __ ( +-v-f \. 

88 &. 3 0 2 6 1 2 6 I 6 0 6 5 2 

( 91) 

( 92) 

( 93) 

(94) 

(95) 

(96) 

( 97) 

(98) 

( 99) 

(100) 

a (IT-
8

)=\..!..v 1 roo_ .1../iro1_ L...;...l.r1o _ ...lr'1+.1....;.Lrl1\2 
88 2 3 0 2 6 I 2 6 I 6 O 6 5 

2 
' ( 10 1) 

.!8 
16 

a ( 8) = I - L. I _1_f oo j_ f 1t LV _1_ f t t I 2 
89 2 v 3 0 + 6 0 + 3 5 2 ' 

1 T Ot 1 1 II 1 1 11 2 
u < 9 > = 1 - -v- r t - -v- r 1 + -...;- r2 1 

90 2 3 2 6 2 10 ' 

1 T ot 1 T 1t 1 T " 2 
a (IT-9)=1-v-f +-\1-f +-v-f I. 

90 2 3 t 2 6 I 2 10 2 

- - -
a (9) = IL...;l.ro1_1.....;l.r tl+l....;l.r" \2 

9 I 2 3 t 2 6 t 2 10 2 ' 

a ( IT-9 ) = \ - j_ V .l f o ~ 1.....; 1 f .1 ~ ..1 V 1 f I 1 I 2 
9 t 2 3 l 2 6 1 2 10 2 

a ( 9) = \- .L v .L f lo - .J..v'J f 1 ~ L v' .l f tt \ z 
9 2 2 3 t 2 6 t 2 10 2 ' 

a (IT- 9) = I 1 ...; 1 f tO+ j_ I 1 f tl_ L...; .1 f tl \ 2 
92 2 3 I 2 \ 6 1 2 10 2 

a 93 ( 9) = I -t ro1t_ \...;-\- r t1t + tv' t r ~ t \ 2 , 

1 tl 1 1 tl 1 1 tt 2 
a (IT -9) = \ ...... 

3 
f + -2 \/ -~ f · + -6 V -5 f \ , 

93 0 ;~ t 2 

11 1 T It 2 

a ( 9) = I - ...1. r + -v- r \ 
94 3 0 3 5 2 ' 

1 1 10 1 r It 1 r , 1 2 

a ( 9) = \ - -v- f + -...;- f + - v'- f \ ' ~ 5 2 3 t 2 6 I 2 10 2 
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- 0 + 0 
p+p .. K+K-+" +", 

ji +n-+K++K-+"-+"
0

, 

p+n-+ K0 +K-+"++n"", 

- 0 -p + n .. K + K + 71 0 + 11 o , 

o -o 
ji+n ... K+K+ TT- +"0' 

p +n ... K..-+K0 +"- +"-· 

0
) =I 1.....; 1 foo_ J...; 1 f ot ~ 1 f1o l...r 11_ J..... 1 1 f11 I 2 

2 3 O 2 S I +2 S l + S O S V 5 
2 

' 

- - - - 2 
71-0) =I L..;.l.. foo + .1....;.1.. f o.:_ .!....;..l.r to+ .1.. f ~~- .Ly L f 11 I 

23°2S 1 2S 1 S
0

S5
2

' 

(0) ~1-.!...;_Lroo_..l.fu- L..;trl'lz 
2 30 so 352' 

1 1 00 1 T 0 I 1 1 10 1 II 1 1 11 2 
(0)=\..-v-r + -v-r +-v-r - -r + -v-r \. ,:,30 2S1 2SI so S52 

( 91) 

(92) 

(93) 

(94) 

(95) 

(96) 

(97) 

( 98) 

(99) 

(100) 

) = \ ...!.. y 1. roo- .!....; 1 fo I - L..;...l. f 10 - ...1. f , .1...; .1.. f I 1 I 2 
2 3 ° 2 S 1 2 S I S O + S 5 2 

' (101) 

~~ 
16 

u <e) = I - L. I 1 roo .1.. r 11 L. I _t_ r 11 \ 2 
89 2 v 3 0 + s 0 + 3 v 5 2 ' 

1 T o1 1 1 1.1 1 1 11 2 
u (e) = I - -v- f 1 - -v - f I + -\1 - f2 I ' 

90 2 3 2 s 2 10 

1 T 01 1 T 11 1 T 11 12 
u < "- 0 > = 1 -v- r + _,;- r + -..;- r 

90 2 3 1 2 S I 2 10 2 ' 

u (0) = ILv 1 ro1_.L..; 1 r 11+.1..v 1 r" 12 
9 1 2 3 1 2 s 1 2 10 2 ' 

1 1 01 1 T 11 1 - 1- 11 2 
u (11-0> =I- -· 1-f +-v-r + -v-r 1 

9 1 2 V 3 I 2 S 1 2 10 2 ' 

u <0> = 1- .l...;J..r 10 - ..tv~..:J r 1,_ L..; ...1. r 111 2 
9 2 2 3 I 2 S I 2 10 2 ' 

u < "- 0 > = I 1 ..; 1 r 10 + .1.. ; 1 r 11_ L..; .l r "12 
92 2 3 I 2 \ S .1 2 10 2 

a
93

(0) =l-!fo11 -~v-\f111 +tvtr~ 1 1
2

, 

...1. 11 1 1 11 1 1 11 2 
a (11-®)=\· f +-,1-.t-f +-v-f I, 

93 3 0 2 ;~ 1 s 5 2 

11 1 T 11 2 

u < e > = 1 - -L r + -v- r 1 , 
94 3 0 3 5 2 

1 1 10 1 r 1 ' 1 r , 1 2 
u < 0 > = 1 - -v- r + -..;- r + -..;- r 1 , ~ 5 2 3 1 2 s 1 2 10 2 

~ 
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( 102) 

( 103) 

( 104) 

( 105) 

( 106) 

( 107) 

( 108) 

( 109) 

( 110) 

(Ill) 

( 112) 



o (rr-8)=1.!..v T riO_..!v 1 r u+ 2..v 1 ru l.ll 
96 2 3 I 2 6 I 2 10 ll ' ( 113) 

0 96 (8) =..1.1 f II 12 

5 2 ' ( 114) 

rne nepBbiA sepxHHA HHnexc aMnnHTYllbi COOTBeTCTByeT 3H8"ieHH~ H30TO-

fiH"ieCKOrO CfiHH8 CHCTeMbi HyKnOHOBt BTOpOit - K80HOB, a HH)I{HHA HH.!leKC 

OTBe"'aeT H30TOfiH"ieCKOMY CfiHHy fiHOHOBo Yfa ( 97) -( 114) cnenyeT OllHO CO-

OTHOWeHHe: 

2[o
86

(8)+o
86

(rr-8) + o 88 (8)+o 88(rr-8)+ 

+ 0 9 3 ( 8 ) + 0 9 3 ( 1T- 8 ) + 09 6 ( 8 ) ] = 

-4(o (EJ) + 0 (8) +0 (8)) +O (EJ) + 
87 89 • 9 4 90 

+0
90 

(rr-8)+o91 (8)+~ 1 (1r-8)+ o92 (8) + 

+0
92

(rr-8) +0 96(8)+ o95 (rr-8). 

flepexonH K nonHbiM ce"'eHHHM, nony"'HM: 

2( 0 86 + 0
88 

+ 0 
93 

+0 ) .. 
96 

= 4( 0 s7 +a .89 +0 94 ) + 0 90 + 0
91 + 0

92 + 0
95 • 

MeTOllOM lliMymxeBH"i8 ( 116) nonyqeHo Tax:>Ke B pa6oTe/3/. 

( 115) 

( 116) 

flpH fiO.!l8BneHHH p - BOnHbl HMe~T MeCTO .[lOfiOnHHTenbHbie COOTHOWe-

HHH: 

18 

.,. 

u 90 ( ®) + a 9 o ( rr-® ) ~ a 9 1 ( ®) + ag 1 ( rr- ® ) ~ 

~a (®) ta (rr-®) ~a (®)+U (11-® )~.La (®), 
92 92 95 95 4 96 

a86 (®) + a86 (rr-®) ta88(®) + a88(rr-®)+ 

+a (®)+a (rr-®)t.!..a (®)~ 
9 3 9 3 2 96 

= 2 [a87 ( ®) + a89(®)+ aH( El)l. 

,UnSI rronHhiX ce•JeHHli: 

ago sa 
9 I 

~a 
92 

=a 
95 

1 
~-a 

4 96 ' 

a 86 +a 8 8 + a9 3 +fa 9 6 ~ 2( a 8 7 +a 89 +a 9 4 ) • 

CooTaoweHHH ( 115) - ( 120) cnpasennHBbi TaK:>Ke nnH cneny~u 

axuHA, HBnH~IUHXCH HSOTOnH"ieCKHMH aHanoraMH peaxuHi!: NN .... K 
- -N N ... NN t2 rr , Nd ... KKN t2rr, 

KN ... KN +2 7T ' Kd ... KKN t21T, 

KN-> KN t2rr, KN ... :S:K t2rr, 

NN ... NNt2rr, Kd ... 2KNt2rr, 

KN ... A K K t21T' NN ... AKN t2rr, 

NN ... AKN +217, AN ... NNKt2rr. 
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1 T 10 1 1 II 1 . IT II 12 
(rr-8)=12v3fl -2v6fl +2v10f2 ·, 

(8)=..llflll2 
5 2 ' 

( 113} 

( 114} 

it HHJl9KC aMIIl!HTYJlbl f COOTBeTCTByeT 3HaqeHH~ H30TO-

CHCT9Mbl HyKl!OHOBo BTOpOA - K80HOB1 8 HHlKHHA HHJleKC 

nHqecKOMY CIIHHY IIHOHOBo Ha ( 97) -( 114) cneJlyeT OJlHO CO-

) + u
86 

(17-8) + u 88 (8)+ u 88(rr-8) + 

8) + U 
9 

S ( IT- 8 ) + U96 (e) ) = 

) + U (®) +U (EJ)) +U (8) + 
89 • 9 4 90 

-8)+u
91

(8)+u
91 

(rr-8)+ u92 (8) + 

rr-8) +U 
911

(8) + u
911 

(rr -8 ). 

M ceqeHHRM1 IIOnyqHM! 

+ u 88 + u 
93 

+ q 96 ) .. 

87 +U 89 +U94 ) + uso +U9l + u92 + u95 • 

sHqa (116) nonyqeHo TaK>Ke B pa6oTe/31. 

( 115} 

( 116} 

Bli9HHH p - BOl!Hbl HMe~T MeCTO JlOIIOl!HHT9l!bHbl9 COOTHOIIIe-

18 

.,.. 

u 90 (®) tu90 (11-®) =u91 (®)tu91 (77-®)= 

( 117) 

%u (®) +U (rr-®) =a (®)tu (rr-® )=.!..a (®), 
92 q2 95 95 4 96 

uB6 (®) + aB6 ( 77-®) +aaa(®) + aaa(rr-®)+ 

( 118) 

ta93(®) + u93 (rr-®) +-}a96 (®) = 

= 2 [a 8 7 ( ® ) + a89 ( ®) + ug 4 ( e) ]. 

Llnll IIOl!HbiX Ce'IeHHH! 

1 
a =a ~u =a ~-a 90 9 I 9 2 9 5 4 9 6 

( 119) 

1 
uB6 +aaa ta93 t2a96 =2( aa7 ta89 +U94 ). ( 120) 

CooTHOIIIeHHR ( 115) - ( 120) crrpaBeJlnHBbi TaK>Ke Jll!R cneJly~IIIHX pe-

8KUHil:1 RBl!RIOIUHXCR H30TOIJHqecKHMH aHanoraMH peaKUHtl: NN ... KK + 2rr. 
-
N N ... NN + 2 rr , Nd ... KKN t277, 

K N ... KN t2rr , Kd ... KKN t277, 

KN ... KN t277, KN ... SK t2rr, 

NN ... NN +277, Kd ... SKN+21T, 

KN ... AKKt277, NN ... AKN t2rr, 

NN ... AKN t277, AN ... NNK+277. 

,, 
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8. D.nR peaK!lHA 

p+d .. p+d+IT++IT- 7 
(121) 

0 
p+d .. p+d+IT +ITO, (122) 

KOTOphle no caoeA H30TOfiHqeCKOA CTpyKType He OTnHqa~TCSI OT peaKUHA 

( 49) H (50) pa6oTbi/1/, cnpaaennHBbi coo::raoweHHR, aaanorHqHbte (54) H 

(55) H3/1/ • 
9. D.nR peaKUHA 

IT++d .. d+IT++IT -+IT+ ( 123) 

IT++ d .. d +IT ++ITO +ITO, 
( 124) 

HMe~lllHX TBKY~ >Ke H30TOfiHqecKy~ CTpyKTypy 0 KBK ( 1) H ( 2) t cnpaBeJlnHBbl 

COOTHOWeHHSI 0 aaanorHqHble ( 8) 0 ( 13),. 

10. ITpHMeHeHHe MeTona IIJMywKeaHqa 

/2 3/ . 
B MeTone lliMyWKeBHqa ' HCDOn&syeTCSI OTCYTCTBHe H30TODHqeC:Koft 

nonRpHsauHH· nponyKTOB peaKUHA B cnyqae, Korna HSOTonHqecKH aenon~
pHsoaaHHbtA nyqoK nanaeT H8 H30TOfiHqeCKH HenonSlpH30B8HHy~ MHWeHbo D.o
nonHHTenbHbte H30TOfiHqeCKHe COOTHOWeHHSI nonyqa~TCSI 0 ecnH DOTpe6oBi:iTb, 

paBHOMepHOI'O Bb!6biB8HHSl paanHqHblX KOMDOHeHT H30TOfiHqeCKH HenonSipH30,_ 

aaaaoA cMecH HCXOJlHbiX qacTHu/5/. EcnH cpenH nponyKTOB peaK!lHH HMe~T

CSl qaCTHUbl OJlHOI'O H TOI'O >Ke H30TOnHqeCKOI'O. MynbTHnneTa, TO B03HHK8-

eT B03MO>KHOCTb conOCT8BHTb ceqeHHSl reHep81lHH 9THX qaCTHil non yrnaMH 

8 H IT -8 

20 

.-
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PaccMoTpHM nnR npHMepa peaKUHH NN .. d IT IT t AnSI KOTO] 

MO>KHbt cneny~mHe KaHanbt: 

p+p-od+IT++IT 0 , n +n .. d +IT +ITO 

P+P .. d+ ITO+IT+ n +n .. d+ITO+IT 

n+p .. d+IT++IT p+n .. d+ IT-+IT+, 

n+p .. d+IT-+IT+, p+n .. d+IT++IT 

n + p .. d + 11 ° + 11 o , 
0 0 

p+n .. d +IT +TI. 

Kaaanblo OTHOCSllllHeCSl K OJlHOA CTpOKe 0 H30TOnHqeCKH CODpSl>KeHhl 0 

nbl ( 125) H ( 125') 0 ( 126) H ( 126') pa3nHqa~TCSl nepeCT8HOBKOft IT 

HOB, T.e. reHepauHeil: nOJl yrnaMH 8 H Tl- 8 

CneJlySI MeTony IliMywKeBHqa, noTpe6yeM paaeHCTBa 

CSI IT + a T1 - H Tl O - Me30HOB nOJl yrnOM 8 

a (8)+ a (8) +a (11-8) 
125 126 U6 

2 a ( Tl -8) + 2a ( 8). 
125 127 

qHcna pc 

fl onyqH!II 

AHanorHqHO AnSI IT - Me30HOB 0 pOJlHBWHXCSl non yrnOM IT-8 

a
125 

(TT-8)+a
126

(1T-8)+a
136 

(8)=2a
12

J8) +2a 127 (8). 
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.UnH peaKqHA 

p+d-+ p+d+IT++ IT 

0 
p+d-+p+d+IT +ITO, 

( 121) 

( 12'2) 

no csoeA H30TOnH'IeCKOA CTpyKType He OTnH'IS~TCSI OT pe8KUHA 

(50) pa60Tb/ 1/ t cnpaBellnHBbi COO',('HOWeHHSI, 8H8nOrH'IHbie (54) H 

Ill 

.UnH peaKUHA 

IT++ d-+ d+IT+ +IT + +IT 

IT++ d-+ d +IT ++ITO +ITO, 

( 123) 

( 124) 

TaKy~ >Ke HSOTOflH'IeCKY~ CTpyKTypy, K8K ( 1) H ( 2) t cnpaBellnHBbi 

HHSI, aHanorH'IHbie (8), (13) .• 

10. TipHMeHeHHe MeTOil8 llJMyWKeBH'I8 

/2 3/ ~ . 
liJMyWKeBH'I8 t HCnon&syeTCSI OTCYTCTBHe HSOTOnH'IeCKoft 

npOilYKTOB pe8KUHA B cnyqae, KOrll8 HSOTOnH'IeCKH Henon~
ny'IOK nallaeT H8 H30TOnH'IeCKH HenonS!pH30B8HHY~ MHWeHbo llo

H30TOnH'IeCKHe COOTHOWeHHSI nonyqa~TCSI, ecnH noTpe60BdTb. 

Bbi6biB8HHSI pasnH'IHbiX KOMnOHeHT HSOTOnH'IeCKH HenonS!pH30;.. 

HCXOilHbiX qacTHu/5/. EcnH cpellH npollyKTOB peaKUHH HMeiOT

OilHoro H TOrO >Ke H30TOnH'I9CKOrO MynbTHnneTa, TO B03HHK8-

conOCT8BHTb ceqeHHSI reHepaUHH 9THX '18CTHU noll yrnaMH 

H IT -8 

20 

.,.: 

PaccMoTpHM llnSI npHMepa peaKUHH NN-+ d IT IT t llnSI KOTOpbiX B03-

MO>KHbi cnellyiOWHe K8H8nbi: 

p,+p ... d+IT++ITO, 

P+P ... d+ ITO+IT+ 

D+p ... d+IT++IT 

D+p ... d+IT-+IT+, 

D + p -+d + IT O +IT O , 

n + n ... d +IT 
0 

+IT 

D +D-+d+IT
0

+1T 

p+n-+d+ IT-+IT+ 

p+D ... d+IT++IT 

0 0 
p +D ... d +IT +IT • 

(125) 

( 125') 

( 126) 

( 126') 

( 127) 

KaHanhi, OTHOCSIWHeCSI K OllHOA CTpOKe, HSOTOnH'IeCKH conpH>KeHbi, 8 K8Ha

nbi ( 125) H ( 125'), ( 126) H ( 126') pa3nH'I8~TCSI nepeCT8HOBKOA IT -Meso-

HOB, T.e. reHepauHeA noll yrnaMH El H "-8 
CnellyH MeTOilY lliMywKeBH'Ia, noTpe6yeM paBeHCTBa 'IHcna pollHBWHX-

CSI IT + IT H ITO - MeSOHOB nOll yrnOM 8 o TI ony'IHM: 

a (8)+a (8)+a (IT-8)=2a (IT-8)+2a (8). 
125 126 126 125 127 

( 128) 

AHanorH'IHO llnH IT - MesoHoB, pOilHBWHXCSI noll yrnoM IT-8 

a
125 

(IT-8)+a
126

(1T-8)+a
126 

(8)=2a 12J8) +2a 127(8). 
( 129) 

~ 
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Tpe6oBaHHe paBeHCTBa nonaoro 'IHCna pollHBIIIHXCSI TT + 

30HOB .oaeT: 

2[a (S)+a (TT-8)] =a (8) +a (1r-8 )+4a (8). 
126 126 125 126 127 

I 1T 
0 

H 1T -Me-

( 130) 

PaBeHcTBa (128), (129) H (130) aaanorH'IHhi paBeHCTBaM (10), (11) H (12) 

pa60Tbl/ 1/, nonyqeHHbiM C HCIIOnb30B8HH9M KOHKpeTHbiX 3H8'19HH~ Koa<iJ<iJHUH

eHTOB Kne6rna-rop.ooaa .anSI pacna.ooB (1), (5) H (6) Ha/1/, H30TonHqecKaSI 

CTpyKTypa KOTOpb!X COBII8.ll89T C ( 125) -( 127) • 

no.oo6HbiM )1(9 o6pa30M MQ)I(HQ nony'IBTb H llPYI'He H30TOIIH'I9CKHe COOT-

HOlli9HHSI0 IIpH 3TOM B cnyqae cna6b!X B38HMO.ll9~CTBH~ H8ll0 BBeCTH B 

paCCMOTpeHH9 lliiiypHOHbl ( CM., HaiipHMep/ 6/) • 
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