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I1sy,1e1me yrnoBbIX pacrrpeaenem1il rrpoJlyKTOB pacrraaa pesoaaacoB B KBasn

llBYX'laCTH'IHbIX peaKUHSIX HX COBMeCTHoro o6pa30B8HHSI II03B01ISl9T rrpoBeCTH 

aaanns CIIHHOBOM cTpyKTypbl aMIIllHTYll 3THX peaKUHM. 

B pa6oTe paccMaTpHBBIOTCSI peaKUHH 

+ 
rrp ➔ N*w, 

( 1) 

( 2) 

+ 
Bblll9ll9HHbie rrpn aHallH3e 8000 4-ny'leBbIX 77 p - B38HMO)l9MCTBHM rrpn HM-

rrynbce 2,34 faB/c/11. ilnSI OIIHC8HHSI rrpoueccoB ( l) H (2), B KOTOpbIX yqacT

BylOT pesoHaHCbl co CIIHHBMH 3/ 2 H l, Heo6XO)lHMO 12 H938BHCHMbIX crrnpanh

Hb!X aMIIllHTyll ( rrpH 3TOM HCIIOllh3YIOTCSI cne)lCTBHSI 38KOHa coxpaHeHHSI 'le.T

HOCTH rrpn pO~)leHHH pesoHaHcoB): 

" R3 = < 3/2 l \ R \ 1/2 > 

,, 
T =<3/2-1\R\ 1/2 > 

3 ,, s: = < 1 /2 1 \ R I 1/2 > 

" -R+ = <1/2 0 \ R \ 1/2 > 

s~ = < 112 -1 \RI 112 > 

" T_ = < - 1/2 1 \ R \ 1 /2 > 

-S
0 

=<-1/2 0 \ R \ 1/2 > 

,, (3) 

R =<-112 -1 \ R \1/2 > 
,, 

U = < -3/2 1 \ R \ 1/2 > 

0 
-T=<-3/2 O\R\ 1/2> 

S =<-3/2-1\R \ 1/2 >. 
-a 
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" 
llnH Toro 'IT05b! Bb151CHHTb 3aBHCHMOCTb R OT yrna pO)K)leHHH pesoHaHca 

B o5meii CHCTeMe ueHTpa Mace 0,, • BOCIIOnh3yeMCH pasno)KeHHeM f1Ko5a 

n BnKa 

" loo J J 
<A Ab IR(0,,)ll/2 >=-L (2J+l)<.>. *,\,IR ll/2>d; A(0 ), (4) 

N * 4 1T J=O "N I 2 e 

rile AN* H Ab - cnnpanhHOCTH H3o5apb! H P° ( w) - MesoHa,A =AN* -Ab. 

Mcnonh3YH paBeHCTBO 

J IA-I / 21 IA+ I /2I J-IAI II 

d / (0) = (sin 0/2) (cos0/2) '£ a J (cos0) , 
I 2A 11=0 II 

( 5) 

nerKo nony'IHTh cneb.yromee Bbipa;>KeHne: 

,, IA-1/21 IA+t/21 JM-IAI II 

<A * A IR ( 0 ) I 1/2 >= ( sin 0 /2) (cos 0 /2) l b (A A )(cos0 ), 
N b e e e 11=0 II N* b e 

( 6) 

rile J M - M8KCHManhHb!H nonHbIH MOMeHT. 
0 

TTocKOnhKY M8KCHManhHb!H cyMMapHbIH CilHH CHCTeMbl N * p (w) paBeH 

5/2, TO JM=&/2 + f M ( f M - M8KCHManhHb!H op5HT8nhHb!H MOMeHT) • llnH 

OUeHKH fM MO)KHO BOCilOnh30B8TbCH pesynbTaTaMH pa5oTbI/2/, B KOTOpOH 

l:WSI MHHHManbHO J:IOIIyCTHMoro 3H81feHHH f M rronylfeHo cneAyromee HepaBeHCTBo 

du * (t=O) 
2 N b / a 

(f M + 1) ::_ 4 P q N*t,' 
dt 

( 7) 

rile p - HMnynhC pe30H8HCOB H q - HMnynhc nepBH'IHOro rr + -Me3oHa 

B c.u.n. 3Ha'!eHHH nonHoro n llH~~epeHurranhHoro ceqeHnii llnH peaKUHH (1) 

n (2) paBHhl COOTBeTCTBeHHo/1,3/: 

4 

l 

i_ 

UN*p 

UN*w 

2,0:!;__Q, 1 M61 

= 1,5:!:_D, 1 M6, 

duN*p I 
-- t=O 

dt 

~ 
dt I t=O 

JO M5 /(faB) 2 H 

= 4 M5/( fsB) 
2

• 

TTO/lCTaBnHH 3TH 3H81feHJrn B HepaBeHCTBO (7), rrony'IHM f ~lp ~2,3 Hf~*~ },3 

'ITO )laeT MHHHManhHOe llOilYCTHMoe 3Ha'!eHHe J M • paBHOe 11/ 2 llnH ( 1: 

H 9/2 llnH ( 2). AHanorH'IHOe 3H8'18HHe J M MO)KHO nony'IHTb Ha OCHOBE 

KBa3HKnaccrrqecKHX coo5pa)KeHHH. -¼-IA! 

TaKHM o5pa30M, B Bb!pa;>K8HHH (6) cyMMa v!o bv(AN*Ab )( cos 0,,) i 

conep;>KHT qneHbl c HeBb!COKHMH CTeneHHMH ( cos 0" )11 
( 11 ::: 5 llml'. JM=-¥ 

n nprr ManhIX yrnax 0" HBnHeTCH MenneHHO MeHHJOilleHCSI ~yHKUHeH 0,, • 

TToaTOMY yrnoBaH 38BHCHMOCTh aMrrnnTyll llpll ManbIX yrnax 0" orrpenenH 

eTcH MHO;>KHTeneM (sin 0,. I 2) n , rne n = I A-1/2 I. 8To II03BOnHeT pa36HTh aMrrnH• 

TYllbl ( 3) Ha rpyllttbl C 0/lHHaKOBb!M n llml'. aMrrnHTYll R-n = 0, llnH aM

rrnnTyll S-n = 1, llnH aMrrnnTyll T- n = 2 n llnH aMIInHTYllbl U -n = 3. 

EcTeCTBeHHO rrpe)llIOnO)!{llTh, 'ITO llpll ManblX yrnax 0" OCHOBHOH BKna, 

B paccMaTpHBaeMb!8 peaKUHH 6ynyT BHOCHTb aMrrnHTY/lbl THIIa R . TToaToM: 

B pa5oTe/4/ 5hmH paccMoTpeHbI TonhKO Tprr aMrrnHTYllhI R+ , R 3 n R 

aHanH3 KOTOpb!X noKasan, 'ITO npeo6na)laJOIUeil: HBnHeTCH aMnnHTYllB R . 
0 ' 

npH 0~ .:s; 11 • OllHBKO ycnoBHe HOpMHpOBKH, npHHSITOe B STOil: pa6oTe, 

IR +1 2+ IR 
3 

I 2+ IR_ I 2=6 ae BhmonHHnoch, 'ITO Morno CBHlleTenhCTBoBaTh o BKna• 

)le aMnnnTyll S , T H U • llnH Toro • 'IT06b1 nccnenoBaTh aToT Bonpoc 

BBeneM cne)lyJOIUlle BenH'IHHbl! 

2 2 2 2 
A=IR3 l +IT3 l +IS_al +IUI 

B=I R+ 1
2

+1s
0
1

2 

C = I R _ 1
2 

+ I s :1 \ I S :_ I 2+ I T _ I 2 

(8 

;J O 2 
D =I Sa I + IT I 

c ycnoBneM HOpMnpoBKH A + B + C + D = 6 • 3TH BenH'IHHbl CBSl38Hb! 

c Koa#nuneaTaMH a1 , a 2 , a 3 , orrpenenHeMbIMH na aKcrrepnMeHTanh 

Hb!X yrnOBbIX pacnpe)leneanil: MeTOJlOM MOMeHTOB ( CM. f1pHnO)K9HHe 1): 

5 
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A = 2 + 2a +4 a + 2a 
I 2 3 

B = 1 - 2 a 
1 

- 2 a
2 

+ 2 a 3 

C =2 + 2a 1 -4a 2 -2a3 

!) = 1 - 2 a 
1 

+ 2 a 
2 

- 2 a
3 

/4/ 
B o5oaHa<Iemrnx ( 8) rrpe)lrrono:1Kemu1 pa5oTbI 

aoM: A = !Ra 1
2 

, B= IR+ I 
2 

, C =IR_ I 
2 

H 

( 8') 

Bbip8:1K8IOTCSI cne)lyIOmHM o5pa-

D =O H ycnoBHe HOpMHpOBKH, 

IIpHHSITOe B Heii:, 38IIHCaHH09 qiopManbHO, HMeeT BH)l! 

I Ra! 2 +IR+ I 2 + IR_ I 2 = 6-6D. 

OTC:io)la BHJlHO, 'ITO )la:>Ke ae6onbIIIOH BKnan aMnnHTyJl s a unu T 
0 

MO:>KeT npHBeCTH K cyrueCTBeHHOMY HapyIIIeHHIO ycnoBHg HOpMHPOBKH. 

3aBHCHMOCTb Benll'IHH ( 8) JlnSI peaKUHH ( 1) OT 0,. IIpHBe)leHa Ha pnc. 1. 
0 

ITpn ManbIX yrnax 0 ,. .::s 11 aau6onbIIIee aaa-qeaue HMeeT aenH'IHHa 

B = .3,8:!:_0, 7. EcnH rrpe)lIIOn0:1KHTb, 'ITO aMIInHTYJlOH u IIpH ManbIX yrnax 

0" M0:1KHO rrpeae6pe'lb, TO H3 pacCMOTp9HHSI aenH'IHH a 12 = 0, 11:t.0,05, 

ala = 0, 1 l:!:_0,05 H a 19= 0,08:!:_0,04 .H orpaHH'l9HHii:, HaKna)lbIBaeMblX 3H8'1e-

HHSIMH BenH'IHH A , C H D , cne)lyeT, <ITO BKnaJl aMrrnHTYJlhI S0 Man. 

ITosToMy OCHOBHOH BKna)l B peaKUHIO ( 1) II pH ManbIX yrnax BHOCHT aMIInH

TyJla R + , 'ITO coarraJlaeT c BbIBOJlOM pa60Tb1/ 4/. CneJlyeT OTMeTHTb, 'ITO 

HapSIJlY C rrpoueccoM ( 1)' COCTaBnSIIOmlIM 52°,{, OT ceqeHHSI peaKUHH 17+p ➔ 17+p17+17-; 

16% OT STOH peaKUHH COCTaBnSieT rrpouecc OJlHHO'IHOI'O pO:>K)leHHSI H3o6apbl 

17+ p ➔N *17+17-. ITpoBeJl9HHbie oueHKH IIOK83blB8IOT, 'ITO STOT qJOHOBbIH IIO OT

HOilleHHIO K KaHany ( 1) rrpouecc He BHOCHT cyruecTBeHHbIX HCKa:1KeHHH B Be

nH'IHHY B • 3aBHCHMOCTb BenH'IIIH ( 8) OT 0,. JlnSI peaKUHH ( 2) rrpHBe)leHa 

Ha pnc. 2. ITony<IeHHbie )laHHbie He II03BOnSIIOT BbI)lenHTb KaKy:io-nn6o OJlHY 

aMIInHTYJlY )la:1Ke rrpn Manb!X 0,. • I1HTepeCHO OTMeTHTb peaKoe yaennqeHHe 

qnam C B HHTepBane 60 ° :S 0 ,. :5 90 ~ B sToM >Ke HHTepBane yaenn'IH

BaIOTCSI IIO a5conIOTHOii: BenH'IHHe 3Ha'leHHSI a 5 H a9 ( CM. pnc. 3)' B KO-
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4t N"'w 
6-A 

3~1 •-B 

211 +. } , } . 
} 

1~ 
01 I j I 

J 

o-C 
•-D 

4 -t . 
3 

+~ 
+++. f 1 

2 

0 A ~..____.___.,____;_ ___ ~ 
1,0 qs o cos85 

P11c. 2. 3aBIICIIMOCTb B81Ill'IIIH A 
i::msi peaKUIIII ir+p ... N *w. 

B 

8 

C II D OT yrna pO)KA8HIISl 0e 

0,4 

Q3 

N*w 

f 

•-05 
o-ag 

0,1 ± I 05 ~ 
olw~ ; case. 

-0,1 

-Q2 

-Q3 

-0,4 

Pnc. 3. 3aBIICIIMOCTb sen11q11H a 
peaKu1111 11+p ➔ N *w. 

II a 
9 

OT yrna pOlK/leHIISI 0 ll1ISI 

TOpbie BHOCSIT BKnan Bblp8)K0HlISI .LRe(R T* +S+ s-*) 11 _l..Re(R T*+S+S-*). 
6 - - + + 6 -- ++ 

1-bno, 0)lH8KO, HM0Tb B BHAY, 'ITO B 9TOM IIHTepBane yrnoB BnHSIHlle Hepe-

30H8HCHOI'O cpoHa ·MO)K0T 6bITb y)Ke 3H8'IHTenbHbIM. 

B psrne pa6oT (CM.. HaIIpn:Mep,/ 5-8/) nnsr OIIHC8HHSI KB8311JlBYX'l8CTH'l

Hb!X IIpoUECCOB 11p11MeHsrnacb 8)lJlHTIIBH8SI KBapKOB8SI M>Aenb/9, 10/. I1c11onb3YSI 

9TY Monenb H 11pen11onarasr BbIIIOnHeHlle 38KOHa coxpaH0HHSI qeTHOCTII nnsr KBap

KOBbIX aMIInHTYA, nerKO IIony'IHTb cneAy10mn:e COOTHOIII0HHSI Me>KAY 8MIInH

TYA8MH ( 3) : 

R = ,/3 R , T = y3T 
3 - 3 -

S =-/3S 0 , s-=-S+ n: S =To =U=0-
3 + + -3 

T aK~M 06 pa3oM, 11poueccb1 ( 1) H ( 2) OIIHCblB8IOTCSI IISITblO H038BHCHMbl

MH aMi:mn:TyAaMH, CBSI38HHbIMH C 9KCIIepn:MeHT8nbHO 011penensreMbIMH BenH'IH

H8MH cneny10!llHM o6pasoM: 

9 ' 



I 2 2 
I !l.) = 3 (1 - 2 a 

1 
- 4 a

2 
+ 4 a 

3 
) 

IS I 
2
= D 

3 

2 -IR 3 I =12y3 a 12 

2 2 
IR I +IT 3 l=A 

3 

+ 2 2 
IS I = 3-0+a -4a -2a + I I 2 3 

Is+I 2 = 2(2a 
+ 2 9 

-a 
5 

I T3 I 
2 

= 12 y3 a • 
19 

(9) 

nm1 rrp0Bep1m rrpnMeHHMOCTH KBapKOBOH MO.ctenn 6bmH HCIIOnb30B8Hbl paBeH

CTBa: 

+ 2 + 2 
a =Is I ·-Is I = o 

I + I + 2 

( 10) 

a
2
=A-12y3(a

12
+a

19 
)=0 

a 3 = 4 ( a_ 7 - a 1 1 ) = Re R+ T O * = 0. 

3HaqeHHH BennqHH a1 IIpHBe.cteHbl B Ta6nnue 1. 

paBeHCTBa ( 10) BbIIIOnHmoTCH .ctnH peaKUHH ( 1) rrpn 
0 

I1 3 Ta6nHUbl BHllHO, qTo 
0 

0,, :S 11 , a .ctnH peaK-

unn ( 2) rrpn 0 <.:. 30 • EcnH rrpe.ctrrono)lrnTb, qTo 
" 

8llllHTHBH8H KB8pKOB8H 

MO.ctenb crrpaBe.ctnHBa B YK838HHOM HHTepBane yrnoB, TO IIOHBnHeTCH B03MO)K

HOCTb orrpe.ctenHTb KB8llp8Tbl MOJlyneii 8MIInHTYll, Heo6xo.ctHMblX .ctnH OIIHC8HHH 

TA6Al1LJ.A I 

PEAKLJ,MR Bs J.1 J.2 J.3 /R/2 /S3/2 /s:/f /s:IJ /R3/2 /Tj/2 

11· -QB!0,6 -(J,3:!:1,2 0,1:!:(J,5 3,6:!:0,9 0,6:t0,6 -lWQS Q3:!:Q4 0,2::t0,6 1,7::t0,8 Npo 11° 1,7±0,7 0,4±-1,0 Q2±Q5 - - - - - -
30° 1,5:t(J,5 0,1::tQl 1-Q2.!Q3 - - - - - -

N*w 17° 0,~0,8 QB±.1,2 ~Q9:!:Q6 2,1:!:0,8 0,9:t0p 1,2::t0,6 0,7:!:0,5 -QY-0.8 1,0:t0,8 
30° 1,0:!Q6 -1,1±1,0 ar-a4 1,9:!:0,6 0,8:!:(J,5 1,4±0,5 0,4:t0,4 1,0:!:0,6 1,5:tD,6 
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rrpoueccoB ( 1) n ( 2) B paMKax 3TOii MO.ctenn. Hx 3gaqegm1 TaK

)l{e IIpHBe.cteHbl B Ta6nnue 1. ilorronHHTenbHOe ycnoBHe 5+ = s-:- = S =SO = 0 
+ + 3 

rronyqaeTCH rrpn rrpenrrono)l{eHHH, qTo KB,8PKOBbie 8MIInHTYllbl HHBapnaHTHbl 

OTH0CHTenbHO BHBepcnn BpeMeHn. OTMeTHM, 'ITO 8T0 ycnoBne IIpHB0llHT K 

pa-BeHCTBy Hymo 'IneHa D , T.e. rrpe.ctIIOnO)l{eHHe O T -HHB8pH8HTHOCTH KB8p

KOBbIX 8MIInHTYll rrpoTHBope'IHT H3nO)l{eHH0My Bb!ll!e o6'bHCHeHHIO HapyllleHHH 

ycnoBHH
0 

HOpMHpOBKH B pa6oTe/4/. 

ITpnno)KeHJrn 1 

B .Ta6nnue II IIpHBOllHTCH CBH3b BenH'IHH a ..• a co crrnpanbHb!MH 
· 1 19 

·aMIInHTYll8MH If HX Bb!p./cDKeHHH qepes yrnbl pacrra.cta pe30H8HC0B B CIIHpanbHbIX 

cHcTeMax Koop.ctHHaT H3o6apbI H r° (w) - Me3oaa. YrnhI 0 

CHTCH K H3o6ape, 0 <p -KP° (w)-K Me30HY • 

TA6AHUA ff 

a1 =½[A-ze,c-zo]•-f <1-3cos2,. 

a2 =~[A-8-c♦D]af <1-3cos28> 

a3 =rz[A•2B-C-2Dr-'f <t1-Jcos2,u1..Jcos28P• 

~ -=-~R•fS;i,;♦ l1s.,..:ur-R3S;;•f3[RJS:-s:t-s·1R.-Z:l)=-j <sln20•cosY > 

0, •tR•[R3r;•s.,lfltR.T..~S:S'.~=--z <Slrl2Nos21' > 

a6 =ll"R•[R3S:0•S:T3-R.S.j-z:u:R.s;-sn--~ <sl"l28•cost> 

a, =½R.CR3T.."•R;Tj•2;s"•R.i'1=-~ <s1n28 cos2t > 

a9 =-1ib R• (S3T3• 1'1S.,-Uf-R3Sj-.G[R.tS:-s:,~s1R.-Z:i1f=-~t-3cos281•sin2D•cos Y > 

a9 =f R•[R3r;•S-3U°-1R. 'i.•s:s;•~=-2j<t1-3cos28J•sin2Nos2Y > 

a,o =,}R.[R3s:--s:r;•R.S.j-z:u·-2,f.Sj-Si·~=-111;<11-3cos2DJ·Slll28·cost > 

a11 =~ Rr(R3'i.•JiT3•2S;iS'"-2R. ,]=-~ <t1-3cos2,1-s,n28_-cos2t > -

a12 a~R.[Rj!-S;iS'.~S~-rTl= ~ <Sin2D•sin28•costY•tJ> 

a13 = 4i, R•[S:Sj-R. r;_;R.r._S-U']= ~ <sin2D•sin28•costlf-ti > 

a14 =~R•[R~~T.1=~ <s1n2,•sln28•cost2V•t, > 

~ =i Re[S:1j-R.u·]= ftn <sln2D•sin28•cost2Y-ti > 

a16 ,m R•[R3~S3R:•S:r'-R.s.,;1=~ <Sln2D• sln28•cost11•2♦ J > 

011 ="½z R•(S37:-S.1j0•R.Ll]=MJ <sln2D• sln28 •costlf-2t I~ 

aia =11R•[R3'1:'.'.•~~=~ <Sln2D•stn28•cos21Y•fl> 

~ -kR•[T3Z::S:lfl= ffiJ<sln2D,sln28•cos2Ctl-tl> 

11 
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