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I. B s e A e a R e 

!II 
B nocneARHe roAbl as 3KcnepaMeHTe ycnernao aa5moABIOTCH seKTOpHbl9 M93 0Hbl 

w p B p930H8HCHbiX COCTOHHHHX npa p8CC9HHHH " -M930H8 88 HYKAOH9. B CBH-

/2/ 
3H C nonyqeHHBM nonHpH30B8HHOA UpoTOBHOA MHIIIeHH B03BHXSeT B03MO~HOCTb paCCMOT-

peTb soccTaaosneaHe aMnnHTYAhl peaKUHH " + N ~ N + w (p) xi. Pe"!b HAeT o nonuoM 

aa5ope 3KCnepHM9HTOB
0 

aeo5XOAHMblX AflH npHMOrO BOCCTSHOBneHHH 8MflflRTYilbl peaKUHR. 

B ABHHOA pa5oTe YKB3biBaeTCSI, "'TO AnSI 3Toro ay~ao H3MepHTb !lH¢<jlepeHtlHBnbaoe ceqe ane 

H OOJU1pH38UHIO HYKAOH8 OTll.o;"'H npH He001lSipH30BBHHOA MHIIIaHH, 8CHMMM9TpHIO ApR flOflH-

/3/ 
pH30BBHHOA MHIIIaHH, T9H30p A9D01lSipH38UHH , nonstpH38UHIO B9KTOpHoro M930H8 npH neno-

1lHpH30B8HHOA H nonHpH30B8HHOA MHIIIeHHX. 

/3/ 
J.ia coo5pa~9HHA HHBapHSHTHOCTH OTHOCHT9flbHO spameaaA H OTpa~eHHA o5mee Bbl-

pa~eaHe AflH MSTpHUbl 3 TOA peaKUHH MO~HO 38flHC8Tb B Cfl9AYIOIIIeM BHAe: 

3nech 

n.M •• 

q 
~ 

D 

A -+A.. ~A.. ....... -+A-+ ...... 
M ia(< n )+ b(< n)(an) + c(< s)(as) + 

(3 ) 

-BAHHH"'HblA SeKTOp B aanpasneHH HMflYflbC8 B9KTOpHOrO M930H8 B CHCT9Me 

- no uopManH K nnocKOCTH peaKUHH, -; = [~-;,] . ; ~), -BeKTop nonHpH38UHH 

seKTopaoro Meaoaa. a b c d e -<jlyHKUHH OT 3H9prHH H yr-

na pacceHHHH B CHCTeMe U.M. 

2. J.iaMepaeMbie senH"'HHbi 

TaK KBK see aaMepaeMbie BanH"'HHbl KBHApaTH"'Hhl no M , TO o5maa JjJaaa JjJyHK-

naA a b , • • • 89 :SOCCT8H8BflHB8aTCH, fl0 3 TOMY B (I) a C"'HT89TCH BBIUeCT-

xi ffll 
nono5ab!A 3JjJ¢eKT, HO B ApyroA peaKURH p8CCM8TpHB89TCH B 
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BeHHbtM. Toraa an~epeaunanbaoe ceqeane peaxuna pasao npn aenonnpnaosaaaoA MHwean: 

+ ~ ~ 2 2 2 2 
a 0 = ~~MM = a + lbl + lc I +ldl +lei +If! , 

npn nonapaaosaaaoA Maweua : 

-+-+ + 
a= ~~M(l+aP)M a0 (1 +P;) 

-+ -+ + 
rae a0 A = ~ ~Ma M neso-IIp8B8Sl 8CHMMeTpHH p8BH8: 

rae 

LR 
e 

L R a -a 

aL + OR 

P>., 

aO A I 
.... + 

~~ManM 21m( ab+ ce* + fd*). 

•o 
nonapH38 UHH p HyKUOH8 OTU8q8 UpH nenonRpR30B8HHOA MHWeHH p8BH8! 

-+ 
0-+ 

a0 (P n) = a 0 .\2 ~~;-;, MM+ 21m(ab -ce* -fd*). 

(2) 

(J) 

(4) 

nonapH38URH pi HYKUOH8 OTaaqH npa nonapH30B8HHOA MHWeHR onpeaenaeTCH T8K H83bt-
/3/ 

saeM btM TenaopoM nenonapaaanaa D1, 

rae 

0 
H PI 

aop D 
lk 

PI 

0 

a0 ( P 1 + o1, P, ) 

a 

+ 
a 0 Dlk - ~ ~ai Mak M 

-nonapaaanaa ayxnoaa oTaaqn npa aenonapaaosaanoA MHwena ( Bbtp. ( 4)). Ten-

1 orrpenenSilOUlHA 8Jl'HHHH9 KOMJIOH9HTbl k flOnHpH38UHH MHW9HH l-18 KOMITOH GHTY i 

nonapnaannn ayxnoaa oTaaqn, aMeeT B 3TOM cnyqae IIHTb aeaaBHCHMbtX KOMnoaenT. B op­.. 
TOrOH8UbHOM 683HCe q n s OHH p8BHbt! 

0 o Dun 
2 2 2 2 ~ 2 

a + lbl -lei -ldj -lei -1£1 

4 

I 
u 0 nQ, -

a 0 n •• 

uo n ... 

UO Deq 

nonStpH38UHR BeKTOpaoro Me30E 
141 

38IIHCH M8TPHU8 UUOTHOCTH I 

PM,= -}r ( 

3aecb ~ 1 -BexTop nonstpaaaua 

38UHH, X8p8KTepa3yJOWH H T8K H8::' 

SIBnstlOTCH H9CTB6:UnbHLIMH qaCTH: 

cTaeaao, a onpeaenst~Tcst yrnoa 

30B8HHOA H UOnHpH30B8HHO A (ne: 

qeTbrpe c ne.nyJOm.ne aa6nJOaaeM bi• 

_ ~a 0 i 

0 

~ 
2P 

0 D D 

a ( d 3 - d 2 + d 1 ) -a·
0 

( 2 

2P 

3aecb d 1 , d2 , • d G 

npoayKTOB pacrraaa w - a p 

pHqHbiMII aneMeHT8MH MaTpBUbi n 

eTcH nBrub sepoaTHOCTb pacnana 

nallbeM sepoaTHOCTb pacnaaa non 

x13aecb acnonbayeM o6oan1 



npH HenonR p H30 BBHHOA MHlleHH: 

(2) 

l8BH8: 

(J) 

~ MIIW8HII p8BH8 : 

-ce• -fd* ). (4) 

\iHWeHH onpe.nenHeTCSJ TBK H83bl-

!HHoA MHweHn ( Bblp . ( 4)). Ten-

>H38UHH MHllleHH 118 KOMnOII 8 11TY i 

HeaasncHMbiX KOMTIOHeHT. B op-

J -1£1 2 
• 

I u 0 o •• = 2Re(ab" + ce• + df*), 

u
0 

D
00 

= 2Re( -ab" + ce• + df*) • 

nonRpH38UHQ BeKTOpHOro Me30H8 OnpeaengeTCQ M8TpHUe~ nnOTHOCTH p 
/4/ 

3811HCH M8TpKn8 nnoTHOCTH HMeeT BRA: 

(5) 

• B T pexMepHoA 

3aecb (I -BeKTOp nonHpH38UHH '18CTHUbl B CHCTeMe 110KOQ, elk - TeHaop KBaapynonQpH-

aauHH, xapaKTepHayiOWH H TaK H83hiBaeMyJO BbiCTpoeHHOCTh. TaK KaK w - H p -Meao Hhi 

SIBnSIIOTCSI HeC T86 HnbHLIMJ1 'li8CTHJl8MH1 TO HX nonsrpH38UHH He MOryT H3M9pS1TbCSI aenocpen -

CTBeH HO, 8 onpeaen!IIOTC!I yrnOBbiM!I pacnpeaeneHHQMH npoayKTOB p8CI18.(l8, npn HenonQpH-

3 0B8HHOH H 110n!lpH30B8HHOll ( nep118H.(lHKyngpHOil K 11fl0CKOCT!I pe8KUHH ) MHili8HH Mbl HMeeM 

x/ 
'leTbipe c neayJOmHe Ha6n JOaaeMbie senH'IHHbi 

0 
- ~o 0 d

8 
= lm(cf* + ed*). 

u(d: -l2 +d~ )-u-0 ( 2d~ + D,.,) 

2P 

Re(ef*- cd*), 

- $_(>.
1

+A ) = lm(fd* -ce*). 
4 2 

(6) 

3aec& d 
1 

d
2 

, • d 
8 

- napaMeTpbi, onpeaengeMbie yrnoBbiMH pacTIJ' 3aenemutMH 

npoayKTOB pacnaaa w - " p -Meaonos
151

• CsSiah MelKnY 3 THMH napaMeTpa MH " M BT-

PH'<H btMH a n e MeHTaMH MaTpnnht nnoTHOCTH aaeTc!l <jlopMynoll (6) a
151

• TaK K8K a
151 

aa -

eTcH nHmh sepo!!THOCTb pacnaaa non!!pH30B8HHoro w -Me3oHa , To a c neny10meM pa3.nen~ 

H8l\)leM BepoQTHOCTb p 8 CI18ll8 110fl!!p!13 0B8HIIOPO p -M830H8, B blpa lKeHHYIO '!epe3 3 TH 

x/3aec& Hcnon&ayeM o6oaHa'leHH!I s pa6oTe
151 
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L. 

napaMeTpbl. 11aneKCbl 0 R n y d 
1 

, d
2 

, ••• YK83blB8lOT, 'ITO MRWBHb COOTBBTCTBBH-

HO HBnOnRpH30B8H8 H nonRpH30B8H8 nepnBHliHKynRpHO K nnOCKOCTH p98KURH. 

3. Pacnan nonR£H30BaHaoro p M930H8 

p -M930H B OCHOBHOM pacn8ll89TC.!I H8 llBH 

171 " -Meaoaa
161

• MaTpii'IHblli 3 neMeaT 

nna 3Toro pacnana ecT& 

M = ,8(k 1 -kala• a¢I¢o · 

3nec& k 1 k. 4-aMnynhCbl llBYX " -M930HOB0 <a - BBKTOp non.!lpH38UIIII p 
MeaoHa, ,8 -<ie3p83MepH8.!1 B9nH'IHH8 0 ¢ I , ¢

0 
-BOnHOBblB ¢YHKUIIR fT -M930HOB. 

0603H8'188M k (J" ¢" -HMnyn&c, nonHpHblli a 8 3HMyTan&Hblli yrnbl fT -MB30H8 

COOTBBTCTB9HHO B CHCTBMB llOXOH p -Meaoaa, ee ocb z Hanpasneaa no HMnyn&cy 

p -Me30H8 1 8 OCb X 
~ 

aanpasneHa no n 

Torua sepoRTHOCTh pacnaua nonRpH30B8HHoro 

B cncTeMe n.M. peaKnaa " + N ~ N + p 

p -M930H8 p8BH8 : 

w ,B\3 

~ 
p 

cr .. ''····,:_,..,' I!> •!d, m:··. '• ··•,)•·'~ld!l. (7) 

Jl+ (d 1 -d 0 )Sin 0,; Cos2¢"+d 4 Sin O"·lin2¢" 

/ 5/ 
Ecna aanacaTb MeTpHny nnoTHOCTH B saue ( pa6oTa , Bblp. ( 2)), To HMeeM 

d3 I co I" d 0 - d 1 = 2 Re R 
3 

, d • = - 21m R 
3 

, 

d• =-y2 Re(R
1

-R
0
), d

8
=->/21m(R

1
-R

2 
). 

3TH napaMeTpbl onpeuenRJOTCR TBKJKe yrnOBblMII pacnpeueneHIIRMH 
" -M930H8 (eM/

51 ), 

0TM9TMM, 'ITO Ha6nl01l89Mbl9 BBnii'IHHbl ( 6) Bhlp8JKHIOTCH TOnhKO "19p93 napaMeTpbl OCHOBHblX 

pacnauos w- (w ~"+ +"- + " 0
) H p - Meaoaoa ( p ~ "+" ) •• KaK OTMe'la-

nocb a
151

, 3 TII napaMeTpbl MoryT 6b!Tb onpeueneHbl no Kpaliaeli Mepe npa paccMoTpeann 

ocHoBHoro pacnaaa se~Topaoro nonRpHaoaaauoro MeaoHa. 

4. BocCTHHOBn9HH9 M8TpHUbl p98KUHH 

K a K OTM9"18nOCb paHee, T8K KHK o6maH <jJaaa He MOJKBT 6b!Tb BOCCT8HOBn9H8
0 

HBM 

HYJKHO HaliTK II llB lfcTBH1enbHbtX tPYHKUHA. Yuo6Hee nonoJKHTb: 

a a b =lbl e
1
a 

6 

c + e · 

c-=e 

Torna npanblnymne aa6niOnaeMbie ' 

N 
12 

Nl= 

N2 = o0 (1-D. 

N3 = 

N4 = ~o0 (~1 - ; 

N = • 

N8 = ~o0 (D 00 

N
1
=o

0
(D .. +I 

N8 - l'o 0 (D
0
.-

No = 2oo d~ = 

N = o d
0 

10 0 • 

1 n 
Nll • V(oda 

n n 0 
0( .r. -II; + d I ) - Og (2d a + 

2P 

11cnonb3yR N1 11 N • , nMeeM 

113 N • NT N 
0 

2 
a 

cnenyeT 

N 



>IBalOT, liTO MliW9Hh COOTB9TCTB8H-

OCKOCTH peaKUHH. 

- Me30H8 

/6/ 
-Mesoaa MaTpH'IHbiii sneMeaT 

•a -BeKTop nonapnsanaa p 

10Bbl8 ¢YHKHHH " -M830HOB. 

·RMyTaHbHblll yrnbl Tr -M930H8 

aanpaaneaa no HMnyn&cy 

e n.M. peaKnaa " + N .. N + p 

1a paBHa ; 

>s¢ + d8 Sin¢)Sin211J ( ) 
" " " 7 

2 dfl. 
1 II· Sin 2¢ 

" " 

lp. ( 2)), TO HM88M 

- R2 ). 

P.HHHMR 

>nbKO q epe3 JJ8p8Me Tpbl OCHO BB bJX 

: p -+ " +" ) • • KaK OTMeqa ­

a ~aeA Mepe npa paccMoTpeaan 

peaKUHH 

3T 6biTb BOCCT8HOBne Ha, H 8 M 

ITb: 

c+e-iule'/3, d+f •l •le16 

c- e =I vI e1
Y d -f ~It I .!P 

Tor11a npeAbiAYIHHe aa6moAaeMbie aenH'lHHbl MoryT 6b!Tb npeAcTaaneabi B cneAylOIH8M BHAe: 

2 2 2 2 
N2 - o0 (1-DDD) =lui +lvl +·lwl +It I 

N = o (D +D ) = lul
2 

- .lvl
2 

+lwl
2

-ltl
2

, 
T 0 Q8 BQ 

N 8 ~ loi o 0 ( D •• - D • • ) = a I b I oos a , 

1 D 0 
N 11 - V(o11 0 -uo d0 )=1ulltloos( fJ-p)+ lvllwlcos(y-1>). 

O(l. -<1; + d~ )- o;, (2d: + D••) 
2P 

11cnqnb3ya N1 a N e , aMeeM 

2 
a = 

N
0 

cneAyeT 

N
8 

= lwlltiSU.(Il-·p)+ lulfviSin(/3- ·y). 

N -N 
I bl2 - I G -2-

7 



I t 11 ~ N, -1•1
2 

• 

I u 1
2 

- ~ ( N + N - 21 wl 2
) • 

2 T 

(8 ) 
2 2 lvl • ~(N 2 -N,-2N8 + 2\wl ). 

lilcnonb3y&M N, , N 
8 

, N 12 ; 

N cylwl 2 ltlr::!4(N-+ N )2 -Y:Iui 2 1~2 -~(N -N )2 

• 12 ' 12 • 

nollCT8BnHSI (8) B 3TO yp8BH8HH8 1 p&lll88M ero H nony'l88M lwl 2 

lila N
8 

, Ns , N, , N 12 HM&&M: 

, Tenepb aal!AeM <jlaabl. 

Sna = Na 
~ 

ms a • ~ 
alb I 

NI2+N, 
Sn(8-p) = ~ • Sin(fJ- ·y)= ~ 

2lullvl 

lila N1 H8XOilHM OllHOBp&M&BHO aH8J<H ros( 8-p) H ros({J-y) • C IIOMOUU.IO 

nony'laew: 

Sn(y-p) = 
I u II wl ( pn - cp) N" + (I u II il q + I vii w I n ) N 10 

n I •II tl(l vl2 -lul 2) + qlull vl(lil2 -1•1 2) 

·Cos(•y-p) • 
<lvlltl-lullwlqn -lullw!PiltN

11 
+(lulltlp-l~lwlm)N 10 

nlwlltl(lvl2 -lul 2
) +qlullvl(ltl 2-lwl 2

) 

3nech m Sn(8- ·p). n c ros ( 8 -p) , 

p c Sn ({J - •y) , q=ms(/3-y). 

NIO B Nil 

liiTai<, Mbl onpenenHnH see lll&CTb Mo.uynel! B <jlaabr a , 8-p , fl- •y a y-p • .fin" 

TO'IHOrO BOCCT8HOBn&HHSI M8TpHIIbl p88l<IIBSI Hy>KBO HaMepHTb IlOnS!pHa8IIHB <U(p) -Me-

aoHoB npa .upyrHx aanpasneHHIIX nonRpHaSIIHH MHWeHH. HarrpBMep,npa nonsrpaaaUHH MHllle-

HH, HBnpasneHHOA IIO Q' t HM9eM 

8 

• 
uo d• = I bllw Nu· -p-

lila N 
13 
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(8 ) 

I wl~ , Tenep~o aal!neM <!>a3bl, 

N ~. 

vi 

+(!ulltlp -lvllw!m)N
10 

~-I wl ~ ) 

·p ' f:l- ·y H y-p • finll 

ll011llpH38UHB c.>(-p) -Me-

•BMep 0 npH ll011llpH38UHH MHme-

• 
UiJ d1 N 13- --p = I bl r .,,, ros(a-8) + 9n(a- 8) I -l bl r~ lros(a-p) + Sin(a-p) I -

-a I w! ( ros 8 + Sin 8) -a!~ (rosp + Siop). 

H3 N
13 
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