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Beene nne 

no1!Hoe uccne.ttoaaane nponeccoa cTomtnoaeJDln. uyuonoa c nem.10 npoae.tteBlln Jtomi

qecTneanoro ~3onoro ananB3a pacnanaeTCn na ABe rpynn~ axcnepnuenToB. K nepBoA 

rpynne OT)IOC51TCH 9ltCDCpHMCliT~ llO HCCilCJlOB8liH10 ynpyrorO paCCCHHHH HYIUIOliOBo nporpau

M8 TBJtHX Oll~TOB Jlru! .aa61!JOJlaBJIH DCCX BC06XOAHMh!X HOruqiH3aiOIOBBhiX aq,.jleltTOB 1( HSCTOst

IIlaMy epeuean xopomo pa.3pa60Taaa. 

BTopasi rpynna OXB8Th!B8CT nponeCChl MC30JI006pa30!JaHHH DpH CTOilltHOBCBJIHX nyxno-

BOB. CpeJ:UI 9THX peaiCIIHA Bh!JlOIISICTC.!I nponecc , npnBoAnmnA x ABYX'Iac~ 

/1-4/ 
6b!IIH llOCBS!IIlOHhl pa60Thl , OJlHBKO B nep-

Bh!X JlBYX &BTOphl orp&JIHqHBai!HCb paCCMOTpeliDOM TOIIbltO nonnpD30B8HHOrO Hy'llt8 npo-
/3/ 

TOJIOB. B pa60Te A011811CH ynop Ba HSXOlKJlCJDle CBH30A MelKAY H8611IOJl80MbiMD nennqnaa-

MH n npnMoll H o6paTnoA peaxnnnx. KpoMe Toro, AO cnx nop paccMaTpnnanaCb o6naCTb 

aaeprnl!, B ltOTOpOll 6h!IIO AOCT8TO'IHO orpaHH'IDTbCH DCHyCltSHHCM 1T -Me30Ha TOJiblW B 

.s•,p- 'II d -COCTOSIHHHX. 

B HaCTOHIIlCil pa6oTe P!iCCMaTpHnaiOTCH BOHpOChl BOCCTSHOBnCliH.!I 8MiliiHTYAhl peiUtnDH 

N + N -+rr+d npn mo6h!x .nannhlx 3Ha'leHHnx yrna n aneprnn. Bh!ncnneTCn, 'ITO All .!I npnMoro 

BOCCTaiiOBIIOIUlH 8MilnHTYAhl C TO'lliOCTbiO AO o6mero ljla30BOrO MHOlKHTOIIH Tpe6yeTCn H3Me

pHTb cneAyromne BOIIH'IDHhl: .nnljlljlepennnam.noe ce'leHHe npn nenonnpnaoBanHh!X nyqKe n 
LR 

MHIIlOH'Ilo aCDMMOTpHIO e I 

MDIIlOHII, A068BKY It CO'IOHHIO 

npn nonnpn3onaanoM ny'IKe 11 ·e~R- npn nonnpuaoBanaoil 

I •• npu paanuqlfhtx opneHTannnx nonnpnaanun ny'llta H 

Mllmeau, nonnpuaanuro Aei!Toaa npn nenonnpnaoeannoM, nopMan&ao 11 npoAon&no nonnpn-

30B.BHHOM ny'IKe 118'1SIIbllblX npOTOHOB. 

1. MaTpuna peaxnun 

MaTpuny peaxnnn npeACT8BIIM D TepMIIH8X CllHIIOBblX onepaTOPOB naynn 
-+ 

U1 H C1 :1, Ael!CTBYIOIIlHX H8 CllBHOBhle ljlyHitnllH ABYX HYKIIOHOD0 llOJl'IHBliD ee CIIOAYIOIIlBM Tpe-

60D81111SIM: 
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1) npu npam.emurx 11 arpruocemurx IlPOC'I'pAIICT:sa OIIll AOJIJK!Ill npeo5p113onunan.esr ~:rt 

nceBJ:tOCJtaJIS!Pi 

2) M8Tpiiii8 ):{OIDKJIA I!pliBOlUITb lt TpHI!neTHOMY CID!HOBOMY COCTOSU!lllO HyUtOHOB B ltOII

ne pea:Jtitllll; 

3) M8Tpl1Illl AMl«JJll liO):{'ll!llll'l'bCll IIJliii!IIHJiy Ilayu. 

HaRoonee o5m~~:ll BHJ:t JdliTpJDlhl nepexoJ:ta: . 
M = T M 0 =·T I a+/3

1 
u

11 
+ ·y

1 
ua +8

1
1< 

A 

u 
II 

u I, 
lk 

rJ:te T. = ~(3+; ;; )- Tpnnnau:hll! npoen:npylOIIlBl! on:epaTOp, a , f3 , ·Y 11: 8 - TOII30pHHe 
I 2 

BenK'!lUibl , COCT8BIIeHKLI9 !13 Kli'ID.llhll:oro II ltOllG"tttOro OTllOCH.TelibKLIX liMJcy'libCOB pelJlCO[ll 

B cncTeMe nenTp8 uaepiOIB (no mmexcaw u k IIJIOHCXOJ:tHT cyMMnpoBamle 0"1' 1 .tto S). 

B~>~oepeM opToroaam.HYID Tpolixy ewum'IHhiX nexTopoB: 

-+ -+ 

k + k' 
m 

2Cos~ 
2 

-+ -+ 

k'-k . 
--o .. 
2Sin2 

;=[fxml [k X k'] 
Sin 0 

3Aecb k n k'· e):{l!!IJI'lllhle BeliM'Opbl COOTBeTCTBellllO B):{on:& llMIIYlibCOB ll8'lam.llOro 

IIAABIOIIlero HYJUIOII8 H 11 -M030Hil H 0 - yrOJt BhlnOTil 27 -W030lltl J1 CllCTeMO ll.eHTp8 

RHOpillllle 

A 

neilCTBHe TpKnneTHOro Onep8TOpa T npxBoAKT 1t TOMY, 'ITO "'llcno Jiea8nncJno~~>~x 

8MDHHTyJ:t pealt!OIII panB:o mee-rn, n Mhl nonyq:8e.M cne.npomy::o· MATpJIIly: 

!A 
.. .. 

A (;; +;; .) l + B (;; + ;;
2 

) ; + i C [ (;; f X;; ; )+(u ; )(.;' f ) ] 
I 2 I I • - 2 I 2 

.. -+-+ .............. -+ 
+i D [(u

1 
m )(u

2
n )+lu

1
n )(u

2 
m )]+ E [(.; _;; )f +i(u ; Xu .. ;)-i(;; ,&u ;)J(l) 

I 2 I 2 t 2 

-+-+ ..... _. ............. .:...-+ ..... 
+F[(u

1
-u

2
)m +i(u

1
nXu

2
f.)-i(u

1
f·Xu

2
n)] 

AMI!nHTylthl A,B, -· , srnnsrroTCll ¢yuxnnsrMH ~neprlllt a yrna 6 n cucreMe neHTp8 

us:epi!Hll, Ilepnbte 'IOT},l]le aMDID!TyJ:thl ·A , B , C 11 D OIIRCNBiliO'l' TpnnneT-TpanneTmJ:e 

nepeXOAhl, a OCTanbHblO ):{Be OTBeTCTBeHJrhl 38 nepeXOAbl CHBrneT-'l'pHI!HeT. 

flplll!IIUII flaynu 03Ha'laeT llRTHCRMMeTpHIO IIO~'IeHHOit MaTpHI!bl IlpH nepecTaHOBKe 

rrpOCTp8HCTBOHHblX H CliHIIOBblX nepeMeHHhlX Ha'l8nbllhlX ayXUODCB: 

I 

u 
·~ 
·~ 
;,, 

. ~. 

l 

I 
{I 
,,1 
!J 

I 
I 
j; 

·l! 

' f 
I 
:~ 

'I 
ij 

...... 1 .... -+ 

ld ( k~ k ) =- M { k ~ -k ) +~I u 2 = M ( -k ~ k) 
-+ -+ 

l+u,u 2 

2 

Ilocne)Ulee ·paaenCTBO Il01!Y'IOHO C IIOMOII!hiO OI!Op8I!HII IIHBepCHH 1IpOCTp8HCTBeHHblX KOOplUl

II&T. Ilo~'I80M cneJ:tYIOIIliiO COOTHOmeiDU! MelK.Ily 8MIInHTYlt8MH peaJ:::IIHII IIOA yrnoM 0 II 

noJ:t yrnoM (27- 0) : 

A({j)=- B(27-0.); C({j)=D(27-0); E(O) =:F(27-0); 

(2) 
B({j) =-A(27-{I) ; D(O) =C(27-0); F(O) .;E{27-0) • 

IlpOB3BOJ:tll OTp8lKeHHe Bp&MeHH, MOlKllO 1101!Y'IIITb M8TpllllY OOp8TBOll perutiiHII 

27 + tt-+ N + N 0 .HBKL!Il Bill{ ee C TO'IHOCTbJO ):{0 BpeMGHBOil 'IGTIIOCTII Me30HD. II OTBo

llleJillll IUl'laJlbl!Oro II ltOHe'IHOrO OTHOCHTelibllhiX JIMJiylibCOB nO~'l8GTCH IIJIII 3aMeJie B ( 1 ) : 
... ... ... ... ... ... 
k'-+-k ; k -+-k'; 0 -+-U • 

2. B03MOlKHb19 OD:bi:Tbl 

B03MOJKHhle 0 ODhlThl OTliH'llllOTC.!I. COCTOSU!lleM DOII£PII381tlfll ny'llt8 H Mnmellll II xapaKTe-
-+ 

poM H3MepsreMhiX Bellll'IHH. Ilycn. onep8TOphl 

TO.!I.!IIIH COOTBeTCTBellliO 118 CUHBOBble ¢,-llltiiHll 

u I B U 
2 

):{ellC:TBYIOT B H8'18libHOM COC-

HyJtnOIIOB Dy'lltll. H Mnmenn, onepaTop emma J:teA

CocToRHBe nongpH38IIHH .neATOH8.6y.neM onnchl
/5/ 

TOHA IIJleACT8BIIM B BRAe S =.Y,(;;
1 

+u
2

) • 

BATh l!enpiiBOAIIMblMH Te!I3opll.MR T .iM ( J -<_2 ; -J '5_ M <_J) • 

Ecnx ny'IOK H MHWeHb ue nomrpnaoiHlllhl, To JlHcpcpepeuuuanblloe ce'lenne peaxuun pan-

HO: 
+ . 2 2 2 2 2 .2 

I
0 

= ~ T, M M =2(IA I +IB I +IC I +ID I )+.4(IE I +IF I ). 
(3) 

Ecn~~ ll8'18nbllhlll ny'lox nongpH30B8ll , TO M8Tpuna nnOTHOCTH Ba'lllnl>Horo cocTOs:tlllls:t 

.. -+ + 
p8Bll8 'pl=~(l+; p) 

I I 
n ce'lelllle peaxiiHu 

IL -I R 
I=I 0 (l+IP), r.ne 

PI • I' 

I0IP=~P 1Tr M u
1
M. 

neno-npanas:t ACHMMeTpliSl paaua: e LR= ---'--~ 
1 I L + IR 

rAe 

.. + 
I 0 <

1 
=~ Tr M (u

1 
n )M =21m !(A-D ){B +C)• +2[(A+ D)F*-(B-C)E•]J. 

(4) 

. /3/ 
Kax 61>1no YJt838Ho B paoOTe , nepahlll 'l:nen B BhlpaJKeuun .nnsr l I , OTBeTCTBGHHblil 

38 TpHDHeT-TpRIIUeTHble IIepeXOJ:thl, Mel!steT CBOl!. 31181t Hpll 38MOHe 0-+ 11- 0 ( CMo COOT-

HOWGHHSl (2)), OCT8llhHble ):{B8 'IIIOH80 , OIIHCblB8JOIIlHe I!epeXOAbi Tuna CHHrneT-Tpl!IlUOT, He 

MeHRIOT npll OTOM 3118lt8e 

' -+ ..... + 
Ecnu I10Jlgpli30B8118 MHmellb, TO Bblpal!<eHHe .nnsr I of 2 = ~Tr M (u 2 n) M OTnH'I8eT-

CSl OT nenH'IHHhl I 
0 

< 
1 

3HrutOM nocneAHHX J:tByx qnenon, T.e. < 
2
(0) = -< 

1
(11-0) • TaKHM 
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o6paaoM, ABA axcnepnueHTa ( £
1 

(0) 11 £ 2 ((/J=-£ 1 (IT-O) ) n03nonmoT naltTH OTnem.no 

nepnbllt "111011 II OCTilJlbHLie ,llBA •meHa B BLipAlKOIIHB ( 4), 

Ecnn nonnpnaonanu n nY'IOX, H MllWeH&, TO IIA"'IlJlbHASl 1148Tp11Il8 WIOTHOCTH panna: 

H B Ce"'eHHH peaxnKH I= lo ( 1+ I +I +I ) 
+ pl p2 PP 

I I =% P P Tr M M • 
Opp 11 2j CIU 

11 2j 

P =%(1+u P X1+u P > 
I I I 2 2 

B03HHKaeT .llOOABO"'HLilt "'llOB 

Tenaop lol =% Tr M u u ld+ 
I"' 1jL 2V 

JIMeOT IIS!Tlo OTilll"'llhhX OT Jry11SI KOJomOHOHT0 

KOTOpb!O B BblopaHHOM HAMH OpTOrOHAllbHOM 083HCO l. 

I I =-4I}E I
2
+}F J\ Re [(AD*)-(BC*)]I; 

0 nn 

-+ -+ m ,n 

I I =2liB }
2
+IC }

2
-2[JE I

2
+IF 1

2
-Re(AD*)] I 

0 mm 

• 2 2 2 2 
I

0 
If£= 211 A I+ }D I -2[1E I +}F I +Re (BC*)]I; 

I
0 

lmf = 2Re I (A-D X B+C)*+ 2[ (A+D)F* -(B-C)E*] I 

pansbl: 

1
0 

lfm=2Re I(A-DX BtC)*-2l(A+D)'F*-(B-C)E*]I 

(5) 

3TH BOJIK"'BHbl o6nan:aroT c.nenyiOIIlHMK cnolicTnaMB CHMMOTPKR upn 0-+ IT- 0 

I nn (0) = I nn (IT- 0) ; I l'l' (tl) =I mm (IT-0) ; 

1 (O)=ll'l' 
mm 

(IT-0) lmf(O) =lmf (IT-0); I fm (0) =I fm (IT-0) • 

.Unsr TOro, "'TOObl KSltTK llsrrl;o JI:OMUOBOIIT TOH30pa II"' ,' JrylKIIO Ka~opKTb n:o6an-

:a:y 1t co"'OHBJO I 
pp 

npe: paa.nB"'IIbiX opnei!TA.HHSIX nonnpnaannu ny"'xa n MHmomr, Kouno-

neaT a I 
nn 

H3MepsreTCB nonocpen:cTnenao, ecllll ny"'ox 11 MnmeHb nonnpnaonanbi nopuallb-

no It n.noc:a:OCTH peax.HHH. Bneneu 'IOTblpo nauep.Hel\.fblX napaueTpa: 

a• =I ( kA) (k \) ; 
I pv fL i V 

a2 =IILV (kA)I'[; x kA]v; 

a 3 =lf'V [;xkA],.(kA)v 

a =I [ n x k_.A] [; xk,.Jv; 
4 f'V . fL ' 

rn:o k A - enHHH"'H~>Iii noltTOp nn:on& na6opaTopnoro nMnyllbca nyqz:a. 

6 

'j 

\I 

li 
·I 

, I 

:I 
t 
I ., 
I 

··i 

;I 
I 

•. ,>-'l 

TorAA l1CXOMLI9 BOl!JI"'l1l1LI TAX BLipAlKliDTCSl "'epe3 STH napaMeTPLI: 

Iff = ~ I a 
1 

( 1 +·Cos 0 ) + a , ( 1 - Cos 0 ) + ( a 
2
+ a 

3
) Sin 0 I 

I,.m- ~ I a 
1 

( 1- Cos 0 ) +a , ( 1 +Cos 0 ) - (a 2+ a3) Sin 0 I 

lfm = ~ I a 
2 

( 1+ Cos 0 .) -a a ( 1 -Cos 0 ) - ( a t a , ) Sin 0 I ; 

I mf = ~ I -a 
2 

( 1 - Cos 0 ) + a a ( 1 + Cos 0 ) - ( a 1 -a,> Sin 0 I . 

PaccMQTPliW TOIIOJlb nonnp11aanli:D .llOltTonon, B03.tmxaiom:nx n peunnn, Ona onHCLIBAOT

·r /5/ 
CSI CpOAHHMll 3Ha"'eHJISIMll CnHB-TeB30pOB . JM , 

HanpABliM OCb oz no .na6opaTOpiiOM)' HMn)'llbC)' BbllleTAIOIIlHX B poaym.TaTe pOAXIUl'B'. 

,llOl!TOBOn, a OCb oy no IIOpMallll ~ It nnocxocTII peaxn1111, Ecllll nnocTH yron 

e = ..!!..- 0 A. rn:e 0 A- yron BLiliGTA ,lleltTOIIa B .naoopaTopnolt CHCTeMe, TO e,lliiHH"'llbiO BeJt-
2 .. ... ... 

TOphi i , j II q COOTBeTCTBeii:KO BA011b ocelt X , Y B Z TSK BbipalKSIOTCSI "'epe3 

oa3BCBblO neJtTOpbl: 

i = f Sin 8 + ii: ·Cos 8 .. .. 
j =n; .. 
q= f Cos9-;Sin8. 

Ecnn ny"'OJ: 11 MBmeHb IIO nonnpllaonallbl, To uonnpnaa.tmB n:oiiTona aan:aeTCSI BfilllK"'B!la- • 

MB .<T •>0·: 
JM . o + 

I 
0
.< T JM> = % 'Tr M M T .n.i 

+ 
Bnen:eu nonnpH3a.HHOl1l1Liii Teii30p 'I .N = %Tr M M u u • On IIMeeT 

-·- . .. - 0 I'V II' 2V 

nBTb OTllii"'DbiX OT JfyllSI KOMnOHOIITo Bocn011b3)'0MCSI CBM,MeTpHelt npll OTpalKeBHK B UliOCKOCTH 

'/8/ 
poaxnun (cu., nanpnuep, ), J:OTOpasr AllSI namolt poaxnRH 03naqaeT: 

Rd" <C:1 irX32 n">=M. .. 
3noe& R d - onepaTop nonopoTa lUI yron. IT noxpyr nopua.nn n nnsr ~~~na, 

•cs-'" -- 2 ~ ......... R d = e n = 1- 2(S n ) =-(u n Xu n ) • llOJIY'IAOMoo TAKHM o6pa30M 
I 2 .... X .... ) ( .... X .... ) u .TpeoonaHBO liHBapHAHTHOCTB ( U I D U D M U I D U

2 
D _., npBBOitiiT K COOTHOWO.HHIO 

:J A A A A A 

pan null 

·N =- .I • Kpouo Toro, 113-38 TOlK,IlecTBA T u u 'T"='T" u u T ( r;. TPHII-
= = II' ~ ~ 21' 

noTBblll npoeUKpyJOIIlllll onopaTop), IIOJIY'ISeM: 
+ + A A . + 

'Tr M AM u u = Tr M A M T u u T = T r M A M 
1jL 2V 0 0 lfL ~ 

u u 
IV 21' 

r,lle A - np0113B011bH4SI MATPIIIlA. qosTouy Nfm = N mf • 
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3aue'la!l, 'ITO B cxny nonBO'X'bl opToroaam.noll. TpOiiDI t f + m m + n n = 8 + +". .. . I' v I' v I' v . ILV 

B 'ITO Tr M II (d d )=TrY M .T·(;;1;;.\T='TrMM+ , HAXOliRM eme Ol!BO COOTHomeHHe: 
I 2 00 'I 

.N ff + N mm = 1 - N nn = 1 + I D1> , 

TB.ItKM o6pa30M, TOH30p N 
I'V 

AAOT nHIIlb ABO HOBbiO BOnB~BHbl: 

2 2. 2. 2 2 2 
~1 0 (Nfl-Nmm)=IAI +IDI-IBI-ICI +2Re[(AD*)+(BC*)]-4(!E 1-IFI ); (B) 

~ 1
0 

N fm -~ 10 Nmf =ReI (A+DXB-C)*-4(EF*)}. 

flpll yJta38HHOloi obllllO 

pB3811BH l!OiiTOHS: 

BM6ope ocei! OTllll~bi oT nynsr cnenyJOmBe JtoMnoneHTbi nona-

I <iT >0 = v 3 I <S y >0 =-./3 Im [(A +D X B -C)* +4(EF*)] 
0 1+ 1 2 0 

I .<T>0 =~1~ I (1+31 )+_2_1(N..,-N )Cos28-31 0 Nl'm Sin28}; 
0 20 '}:,j2 0 nn 2 0 u. mm 

(7) 

I
0

<T >0 =-V3 I {~(N00 -N•) Sin28+Nn Cos28 }; 
:Jt1 + 2 0 u. mm un 

I
0

<T >0 = -./3{~ 1
0

(1+31 )-\li0 (Nao-N )Cos28 +INn Sin281. 
:H-~ 4 nn u. mm 0 Lm 

HTax, 3aaHHe nonsrpu3anxn Aei!Tona npu nenonsrpH30B8HHbiX ny'llte K MnrueDll' IIAOT. 

HAM TpB llOBblO BeJili'IBHbl: I o<Sy>o ~I 
0 

(Nfl -N mm) J1 Y, I 0 N I'm , npll'leM A1lll H3MO-

pOHBSI nocneAI!HX ABYX Benll'!IU! HylKIIO H3MepBTb 

nnn <T :Jt 2 >0
• 

<T :Jt?o H OAHy H3 KOMnOHOHT <T >o 
20 

.Qng 113MepeHHSI nonnpB38nBH nOny'IORHNX B pealti!Hll AeliTOHOB ae06XOAIIMO npOR3BOCTH 

/5/ 
nocnenyJOIIlee pacceSIHHe BX Hli MHmeHB-aH8n1138TOpe, nB.ItHH' llOita3an, 'ITO yrncnoa pac-

npeAeneHlle npll paCCOSIHHH nonsrpH30B8HHbiX l!OHTOHOB HA Henonsrpll30B811HOil MBtneHn UMeeT 

BRA: 

I (0 ,<ll )=I· ( 0 H1+<T-> K (O)+:;,:<!T >L(O )-<1 >M (0 ))Cos<ll 
2 0 2 20 2 11 2 21 2 

+ 2 < T 
22

·> N (0 
2 

) Cos 2<ll] • 

3necb nenR'lRHN I 
0 

, K , L , M n N - nonnaoMN OT Cos 0 '3 ' 

(0)
2

- yron anann3IIpyJOmero paccesmuSI, 

<lJ - 83IIMyTiinbHbli! yron, OTC'IRTbiBaeMblil OT nnOCitOCTR nepBOH pe8lti!BB, 

.Qng pa3Ae1lOHRSI ltOMBOHe!IT .< .T
2

j>B .<T 1l > aeo6XOABMO H3MepHTb yrnoaoe pacnpeAe

neBHe npn pacceliiHiln AeiiTonon, npomeAwnx npet~napaTenbHO '!epe3 MarnnTaoo no.'le, Ecmr 

8 

' ~ 
'I ,J 

I 
'I 
l 
' ' :i 
i 

J 

i 

. ! 
1: 

I 

MarHBTnoo none nanpaMeno nopnezmn~tynsquro 1t nnocJtOCTR nepaoi! peaJti!BB (no ocx oy ), 

TO BOmi'IJIHA .<i T > He H3MOHBTC51, 8 OCB TOH30p8 BTOporo p8HrA nonep!I)'TC!I B .nnoc-
1~ ffll 

ltOCTR p081tl!llll, 3To npiiBOliOT I 38UO!IO .<T 2M> JI8.<T 2M;'·, IOTOpble paBHbl ; 

3 2 3 3 2 .<T >'-=( 1-- Sin cu ).< T >-v- Sin 2cu .<T 1 >+'1/- Sin cu <T ·> 
20 2 20 2 2 2 22 

.< T >'= V3Sin 2cu <T >+Cos 2cu .< T >-~Sin 2 cu < T > 
21 'N2 20 21 22 

-./3 2 2 ) <T >'·=--Sin cu<T >+~Sin2cu.<T >+~(l+Cos cu <T22 >. 
22 'N2 20 21 . 

3AeCb Cil - yron BOBOpOT8 TOH30pa non_srp11381Uill AOiiTOHA B MArHIITBOM none OTHO-

CIITenbiiO H8np8BnOHII!I liBBlKOHIISI. 

H3Mep~ yrnonoe pacnpeAeneBHe AO~TOHOB npx 8H8nH3npy1011lOM pacce!IHBB 6e3 Mar

HIITDOro nonR II C MarDJITHbiM BO.IIOM0 MOlKHO OnpOAeJD[Tb OTAOnhHO BCO ltOMBOHOHTbi non!l

/6/ 
pU381!Hlf IIOiiTOH8 AHSI AAHIIOi! SHOprHll II yrna JICC.IIOAYOMOil pe8IIIIIII ( CM, ) , 

.Qafibnei!mne CBOliOHII!I 0 pOB.ItBIIB MOlKOT A8Tb B3MepeHHe non:srpB3811liii t~eitTOH8 npH 

HCnOnb30B8HBB nonsrpH30B8HHOrO ny'II8, .. .. 
nyCTb HMOeTCSI ny'IOI HOpM8nbBO nonsrpB30B8HHbiX np01'0HOB: P

1 
= p 

1 
n o TorAa 

nonsrpB381!lt51 l!OiiTOHOB: 

1.< TJM>=Io<TJM >o+ P11 .<T JM>n 

rt~e 
.. .. + 

I < T JM >, = % Tr M ( u 1 n ) M T JM 

' _ _(1) ... ..... + 
Ecllll nneCTli nonsrpa3ai!KOHHblll • TOU3op I 0 K npy % Tr M (u 

1 
n ) M u 

1
{3 u 

2)' 
, TO An!l 

aero TeM lKO CHOC060M1 'ITO II AnSI N I'V , H!lXOAIIM COOTHOWOHBII: 

( 1) ( 1) (2) (1) ( 1) 
K nnn =-£ 2 ; K.J'l + K nmm =£1+£ 2 ; Knl'm = K,mf 

npn HOpManhHO no1l!lpB30D8HHOM H8'lanb!IOM ny'IIC9 npOTOHOB HOBbiO ltOMnOHOHTbl B01lS!pH38-

IIBH H9 B03!IH1t810T1 8 CT8pble nony'llilOT li008BIJI, Onsrn. B31lOlKeHllbiM MOTOAOM MOlK!IO OTile-: 

nHTb KOMnOH911Tbl nOJisrpH381!HR C nOMOIIlbiO M8rl111THOrO non.11. 

H3Mepenne nonnpn3anna neil:Tona npa acpManbHO nonnpn30BAHI!OM ny'llte ASeT 3 no

BbiO Bellll'lRHbi: 

-%1<Sy > =Re[(A+D)E*+(B-C)F*J; 
. n 

(8) 

.1.1 0 (KC~ -KC
1
l ) =1m [(A+D}F* +( B-C)E*J; 

8 nt.L nmm 

(1) 
-%1 0 Knfm =lm[(A+D)E*-(B-C)F*] 

9 
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B cnenyromeM pa3Aene 6yneT no:s:a::umo, 'ITO npnnenenrrwx nwruc_ sJtcnepnMCIITOB neno

CTllTO~IIo AJIS! npSIMoro aoccTanonneHBS! MaTpnnw peaJtnnn. Mo>Kno naMepRTb nonSipR3aJIH10 

ACATOIIOB npH npO/lOJibiiO JIDJIS!pll30BllBHOM Bll'laJihBOM ny'IKC JipOTOHOB. fiyCTh 

rne k A- na6opaTopnw'! nMrrym.c IIY'IJtll. Torna 

P =P k 
. I A 

0 

lo<TJM>=Io<TJM> +PI lo<.TJM>k 

rne ... _,. + 0 ..... ..... + () 
1

0
<TJM>k =~ TrM (o

1
f )M TJMCos2-~TrM(o1 m)M TJMSin 2 . 

Boann:s:eyT nonwe JtoMJionenTu nonSipR3annn neAToJia: <Tto > k ' <T > 
I+ I k 

.<i T2+ 1 ->k , <iT2+ 2 >~. 

HaMepem1e Sin ¢ l1 Sin 2¢ acnMMeTpRB npn auannanpyromeM paccemmn naeT 

COOTBCTCTBCBHO 3Hll'ICHBS! ( G(O ) <T > +H(8) <iT > ] B .<iT > , rne G(O ) H 
. 2 l·t:_.t k 2 . ~ k 2+! k Ill/ 

H(O 
2
) - nonunoMhl OT Cos 0 2 ( 0 2 - yron ananu3npyromero pacce rumu) { CM. ) • H o-

nue JCOMJIOIICBTbl JIOJIS!pB3llJUIII Bhlpll>KlliOTCS! 'ICpC3 B.MJIJIBTYAhl peaJCilHB CJICAYlODlHM o6pa30M: 

. 2 2 0 
.I <T > =-y3l[IA I -ID I -2Re(B+C ):F*] Sin® Cos...,.-o 1+1 k + ~ 

-[I B 1
2 
-I C 1

2 
-2Re(A-D )E*] Cos® Sin ~ + Re [(A-D) ( B -C)* + 2(BtC)E*] Cos® Cos{ 

-Re [(A+D)(B+C)* +2(A-D )F*] Sin® Sin.!!_ I 
2 

10 <iT 2+_2 >k =+Y.J. 1-21m [(A-D XB-C)* +2(BtC)E*] Sin 8 Cos-} 

+Aim [(AD*) -{B+C)F*] CosEl Cos..ft. -41m [(BC*) +(A-D)E*] Sin® Sin .Jl. 
2 2 

+21m [ (A+DX B+C)*- 2(A-D)F*] Cos8 Sin .JL l 
2 

1
0 

<iT > = V3 l-2Im·[(A-DXB-C)*+2(BtC)E*] Cos8 Cos~ 
2-t_l k 2 2 

-4 lm [(AD*) -{B+C)F*] Sin 8 Cos 4 -4lc [(BC*)+ (A-D)E*] Cos 0 Sin 1 

-21m [(A+D XB+C)*- 2(A-D)F*] Sin El Si~-{- l • 

10 

(9) 

j,, 

t 
._,,· 

~
;,l 

' 
! 

.l 

.. \ 

;~\ 
lj 

l 

d\ 
I 

li 

.. ll 1.·' 
'· I{ 
I; 

l:l 
':)(, 
1( 

3. BocCTanonnenne MaTpnnu peaKnn:H 

HcJtoMaSI MllTpllna coneplKRT mecTb JtOMnneKCBhiX aMJillllTYA· Talt K&K ace H3Mepsre

Mble BCnR'IHIIbl KBllApllTB'lllbl no U , TO o6mast <J!a3a 110 MOJICCT 6hlTb BOCCTllHOBJICRao 

Ta:s:nM oopaaoM, JIY>KBO naATH 11 JiellCTBIITeJiblthiX. BCJIH'ln"n ( uonynll Jl <j;a3bl 8MBJIBTYA). 

Onna:s:o na-aa 6KnnneAnoro xapa:s:Tepa aaa:e:cnuocrn na6nJOAaeusrx BenJI'IHB oT sneMCHTOB_ 

MllTpHJibl peaJCJIHH AJIR OAB03Hll'IH01'0 BOCCTllHOBJICHBH Tpe6yCTCR BbiJIOnnBTb 60JihWC OllblTOB 

. n1 
npn nannoM yrne n aneprnn 

Yno6nee onpenensrrb cnenyJOm:e:e ltOM6nnannn llMBJiliTyA: 

u = A - D = I u I e Ia 

v ·A+D=Ivle
1,8 

ty 
w = B -C=Iwl e 

t=B+C=Itl etw 

E= lEI e
10 

F=!Fietr 

Ta:s: xa:s: o6m1u1 <J!aaa He BOCCTanannnnaeTCSI, 6yACM C'lllTllTb a= 0 

Om•caHlrbie a npeAhlnymeM paanene sJtcnepuMeHThl (:s:poue nocnennero) noanoJISIIOT 

HllM OnpCACJil!Tb BOJili'IBIIhl: 

A =l =lul\lwl 2+lvl~lti1.4(1EI~tFI~; 
I 0 . 

lo I A =-(• +< -)= -u ~Sin w ; 
·2 4 I 2 

A = ~ (<-< )=lviiFI Sin (.8-r)-lw!IEI Sin{y-<7) 
3 8 I 2 

A 4= 10 1,. .. = lul
2
-lvl 2+lt l

2
-'-lwl

2 
-4(IEI

2 
+IFI ~; 

I 2 2 2 11 
A =_j! (.I +1 00 )=lw I +lvl ~(IE I +IFI ); 

5 2 mm u 

Io I 12 12 A =-(I.,-I )=u -It; 
6 2 u. mm 

A 7= ~O(lml+lfm)=u ltl Cosw 

I 
A 

8 
= T(lml- lfm H v I IFI Cos(f:l-•HwllEICos<i)'-0); 

~I o 
A =-2.<sy > = lvllwl Sin (/:l-r>+41EIIFI Sin (a-.-) 

9 2 

A = •Io ( N.,.-N )= lv 1
2
-lw 1!4(1EI~FI 2 ); 

to 2 u mm 

I 
A =2 No =lvllwl Cos(.B-y)-4IEIIFI Cos(a-.-); 

II 2 un 

A = "
1
D.< Sy ·> =I vi lEI Cos (,B -o) + lwiiFI Cos (y-r); 

12 4 .. 

·.1 en . . 
A =....!!. K 0 = lv!IEI Sin (,8-o·Hw!IFI Sin (y-r); 

18 4 DUD 

A = ~ ( K( ll_ K(ll )=I vi lEI Sin (.8-r) +I w!IEI Sin ()'-0) • 
14 8 nl'f nmm 

11 



Hail,tteM. eBil"'llllll MOJlYnH llMnnRTYil• Jlna H3 HRX BllXOJl9TCH epaay: 

lu 1
2 

= u 2= I' ( A +A + 2A ) ; 
I 4 G 

It l
2
=l'(A +.A -2A ). 

1 4 6 

'iTo6ht nal!TH OCTllnhBbie Mocynu, BbipaanM, neno/Ihayn A 
1
, A 

4
, A

6
, A 

10 

HRX 'lape3 'lOTBapTbiil: 

2 1 . 2 
IE I =- (A,- A - 2A ) -IF I ; 

16 4 6 

lv 1
2

= I'( A -·A + 2A J -4I:F 1
2

; 
. I 4 I 

I w 1
2
= ~ ( A -A ) +..4I:F 1

2
• 

6 10 

'iTo6htll aal!Tn IFI
2 

, nenom.ayeM A 
3 

, A 
14 

n ·A 
8
: 

A =v'lvl 2 lFI 2-\.I(A +A ) 2 -v'lwii~·E!'!...l.I('A -A )
2

• 
8 · 3 It 14 3 

I Tpllo H3 

2 

lloJleTasnSIB s sTo BblpaJKeBBe 3111l'lOBBH MOAynei!, nOJI:Y'IIIeM KnaApaTHoe ypasnenne AllB IF I 
1 

pemenne KOToporo noasonsreT onpeAennTL see MOAynn. 

¢1aaa w : Sin w =-~; Cos w = .-!....:!; 
u It! ultl 

r~te 

Sin(fl -r)= ~(A +.A ) _ 1_; 
3 14 

lvllFI 

C DOMOlllbJO 

Sin (y-u·)=~ (•A -A ) _1_. 
. 

14 3 
lwiiEI 

A
8 

naXOJllfM O)lHonpeMenno 3HilKH Cos(/3-4") H Cos (·y-<7) • 

Hcno/Ihayg ~tanee BhlpaJKeBnB JlliSI A 9 x A 11 , naxoADM: 

Cos(f3-y) = A 9 L +.A 11 M 
L2+ M 2 

Sin(f3-y)=- At/--A 9M 
L2+.M2. 

L=.4I.E!IFI (ad -be); a= Sin (,8-f') b = Cos (f:l-r ) ; 

M = lvllwl-4lEIIFI ( ac+.bd); c= Sin (y-a); d= Cos ()'-a). 

HTilK, BhlnncaH!lble ypasnermB noasonmoT onpe~tennTb see meeTb Monynell u ljlaabi 

w, ({3-r), (y-a) R (f3-y) • Bb!palKeHBB ~tnsr A 
12 

n A 
13 

ne JlllJOT llOBhiX cse~teBRl! o ljlaaax. 

JlnB.TO'lllOrO llllXOlKI{OBRB BCOX ~3 HyJKBO uenOllb30BilTb H3MepeHHe nongpuaannn AOJ!TOHOD 

npn npOI{OllbBO IIOJIBpR30BilBHOM ny'lKe UpOTOBOB (eM, (9)}. 

B aaKniO"'enae Bb!paJKaiO 6naro~tapnocTb C.M. EnneBhKOM)' u P.M. PhiHAKHy aa pyKosoA

CTBO pa60Toit K R.H. RanHA)'C)' 38 o6ey)K,IleHBH. 

12 

i 
I 

) 
f 

'·· 
I 
f 

\ 

llPHRO:lKEHHE 1 

llonSIPnaannomTe TeR3op~ 

Besr nn¢opMallllsr o peaKnnn N+.N-+>r+ d MOJKaT 6biTb e¢opMynnponana e noMOI!lbJO 

nonBpR3llllliOBBbiX TOB30pOB. B STOM npHllOliCOBBil Mbl BS0Jl9M STU T9B3opbl ll npnseAOM, BX 

SblpalKOHRSI 'lape3 SllOMOJIThl MllTpBDbl pellKlllllt. 

+ 
llpOCTellmue na Tenaoposi

0
<

1
1'=l'TrM aiJL M H I 0 E ~L = \.ITr M a~ 

+ 
M s erury 

RJISllpllaJITliOCTB npn spamemiH H OTplllKOBBSIX KOOpllHllllT HMOIOT DO 0/lliOil ltOMDOJieJITe (s 

llllillOM 6a3Hee BJlOnh BOKTOpll n } t f =£ ; 
In I 

(eM. (4)). l =l 
2n 2 

+ + 
I I = I' Tr ~I a a M 11 I N = lei Tr M M a a , 

0 pv IJL 2' 0 pv lfL 2V BbipaJKeBnB ARB Tenaopos 

RMeiOillBX no 5 KOM!:OliOJIT1 ll eBS13H MGlKJlY liX KOMIIOJIOJITilMll TllKlKO 6blnn npRBOitOBhl 

s paa~tene 2. 

BexTop, 3a)li!JOmul! sexTopnyro 'lllCTh n011gpnaannn t;ei!Tona np:: nenonBpH3osanHbiX 

UY'IKO n MHmeBB 
+ "· 

I 
0
L IL = \.1 Tr 1\!111 S I' 1 HMOOT OJlHy ltOMDOHOJITy L n=<Sy >0 

(eM. (7)). 

(2) +. (I) + 
Jlsa TOH3opa I 

0 
D a/3 = \.ITr ld a Ia M S f3 R I 

0 
D af3 = lei Tr M a 2a M S f3 , 

UMeromne KaJKAbiil no nBTJ> Kot.moneJIT, A&IOT BaKTopeyro 'lllCTb nongpnaanRn )lal!To!la npB 

nongpuaosannoM Hy'IKe HJUI MHII2HB. B cuny enMMOTpBB npB oTpaJKeHBB B nnOCKOCTII 

pealtllBH (I) (2) 
I D =-I D =-4 Re[(A+.D)E~+(B-C):F*] 

0 nn 0 nn 

0CTil/Ihllbl9 KOMHOHOBTbl: 

I 
0 
o'~ = 2[ I A I 

2
-l D 1

2
- 2 Re ( B+. C ) F* ] ; I

0
Da2J=2[1A 1

2
-ID I

2
+2Re(B+.C)F*] .; 

(I) 2 2 
I 0 D = 2[ I B I -IC I -2 Re (A-D) E* ] mm 

(2) 2 2 
I

0
Dmm =2[!BJ-IC I +.2Re(A-D)E*]; 

(I) 

1
0 

Dfm =2Re [('A-DXB-C)* +.2(B+.qE*] 
(2) 

I
0

Dfm =2Re [(A-DXB-C)*-2(B+.C)E*] 

1
0 
D~ = 2 Re [ {A+ DXB+C )*+2(A-D )'F*] 

(2) 
I 

0 
G mf = 2 Re [ ( A+.D X B+.C)* -2.(A-D)'F*] • 

+ 
Cne~tyiOmull, TOB3op I 

0 
D -tL. = I' Tr M a a M S 

. '"'t'T Ia 2p ·y 
HMeeT 13 ueeyne-

Bb!X XOMnOBOHT1 npR'lOM cyillOCTBYJOT COOTHOillOBJISI: 

13 



D = -L nnn Dr£, D mmn Dfmn =-Dml'n 

I
0

Dfin =-2 Im [(A+ D X B- C)* -4(E'F*)] I 
0
D mnl = 4Im [ (AD*)- ( B+C ):F*] 

I 
0 

D fmn = -4 Im [ ( A+ D ) E* + ( B -C) F* ] 1
0

Dnmf=41m [(AD*) +(B+C):F*] 

1
0 

Dr.,(' 2 Im [ (A+ D) ( B+ C)* -2(A-D)F*] ; 1
0

De,.m=4Im [(BC*)+(A-D).E*] 

1
0

Dn£l =21m[(A+DXB+C)*+2(A-D)F*] 1
0

Dnfm =4Im [(BC*)-{A-D)E*] 

I D =21m[(A-DXB-C)*+2(B+C).E*]; 
0 mnm 

I D =21m [ (A-D X B- C)* - 2 ( B+C )E* ] • 
0 nmm 

nsa Tenaopa 
(1) + 

.I K = I' Tr Mu M u f3 u· 
0 af3y ta · 1 2J' H 

(2) 

I K f3 . = I' Tr M u o a y :n 
+ 

M u
1
f3 u 

2Y 

AlliOT T&H30pHyiO 'lllCTb UOJI.!!pB311:QHH AellTOllll B CJIY'lllO nomlpB30BllHliOrO U}"llta BIIH MXme

liB, OliH BMOIOT no 13 nenyneBLIX ~OMIIOHOHT1 'lllCTb ~OTOpLIX CBOABTCB B: npeAbi.IQ'IIUIM TOH30oo 

paM: 

t•> =-l 
2 

K0 > - K0
' fl'n-fnf =-D 

K<t> = Ko> =-D fnf 

K<t> = K<t> = D 
fmn fnm · mnf 

(1) 

K< 1> =K = Dfnm mfn mnf 

HoBMMB liBJimoTCn lllllllh TpH BeJIH'IHIIhl: 

K<2l 
nnn =-f 1 

K<2l - K<2l -- D fnf - fin -

K(i) = 'K<2l =- D 
mnm mmn ~ 

(2) (2) 

Kfnm = Kfmn =Dnmf 

(2) (2) 

K mnf = K mfn = D nl'm 

K<t> - K<2l 
n£l - K<t> - K<l) K<2l 

nfm - nml = - nfm 
(2) 

=-Knmf 
H Jtl) 

nmm 
= K<2l 

nff 1 CBSI38liiibiO COOTIIOWOliBOM K< 1> + K<t> =• +< • BbipalKeHHn Ann aTHx 
nfl· nmm 1 2 

senn'IIIH ObiiiH npuseneHM s TeB:CTe ( 8). 

Tenaop, naromull orenaopnyJO '!aCTb non.!!plmanHH nel!Tona npu nOJI.!!pHaosanHoM n}"llte 
+ 

H MHllleliB I 0 K af3yru =% Tr M u 1a u 2f3 M u ty u liOJ ,HMeeT ncero 41 nenynenyro JtOMnoHeHTy. 

0AJia~o H3-38 COOTHOmeHBll 

14 
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K =- 1; 
nnnn 

Knnff = N mm 

(2) 

K nfn£ =. K nfl'n =-D mm ; 

. (2) 

K nmnm = K nmmn =-D ft 

(2) 

Knfnm = Knfmn= Dmf 

Knnfm = Knnmf=-N fm 

(2) 

K nmnl' = K nmfn = D fm 

(1) 

Kfnfn =Kfnnf •-Dmm '· 

(1) 
=K =-D 

mnnm a K 

(1) 

K fnmn = K fnnm = D mf 

(1) 
K mnfn = K mnnf = Dfm 

K =I ; finn mm 

Kfmnn =-I mf 

K mfnn =-lfm 

K = '££ 

K nnmm = N ff 

HOBaSl u·JI<jJOpMSIIllSI Hpll B3MepeHRB STOrO TeH30pa - 6 BOIDI'IBJI: 

1o Km =-I K 
0 

=2(IA I\IDI
2 

-IB 1 2-IC I 2 )+4(IE I
2
...:IF 1

2
) 

1o K fmfm =-1 0 K mfmf =1
0 

Kfmnl =-1 0 Km!l'm =4Re[(A+D)E*-{B-C)F*]; 

lo K Cffm =!OK mmmf = IoK H'mf= IoK mmfm = 2 Re [ (A+ D XB-c)*+ 4(EF*)] 

IoKfmff =I oK mfmm = 2 Re ! ( A-DXB+C)* -2 [(A+D)F* + (B-c)E*]l; 

1
0 

Kmfff =1
0

Kfmmm =2Re!(A-DXBtC)* +2[(A+D)F* +(B-C)E*]l; 

. 2 2 
1

0 
Kffmm =-1

0
Kmmff "=4[-IEI +IF I-Re (AD*)-Re(BC*)] 1 

CBSI38HIIbiX ABYMB COOTHOWOliBBMll: 

Kffff +Kffmm =Ia -I 

K fm£f + Kfmmm = 1£m + 1 mf 

llPHno:>KEHHE 2 

Oopai-nan peaKUHn # 

llpnMennn onepannro o6pamennn speMenn, MOJKKO cssaaTb ua6nronaeMble senn'!HHbl 

n npHMoll 11 o6paTnofi pea~~:nnBX. qaCTb TSJtHX cooTaomeaull ylKe 6blna paaec nony'lena 

/3/ . -
B pa60Te • 3neCb YAOOHee HpHBOCTH BX B TepMBHllX HOll.!!pH3llilHOBHhiX TeH30pOB B. UpBMOH 

n o6paTnoll peaJtUHmC. 

15 

... 



06pame101e Bpeue!OI IlpKBO):OIT It COOTHOmeiOIJD M8JK.I1Y MATplliUI.:MJI Ilp11UOA D: ofip&T

KOA pellltlDlA! 

pM(k',k)=p'u"
1

M..., ( .. {,4•)u'· 71 ; 
T ""'p T T 

rAe 3HIIX = 03H&qaeT. Tp&HCDOHD:pOB&HKe, 

7/ T- MHOlKIITem., DO MOJtYntO paBHbiA 8AJU[lllt80 

p H p'- B8llll'lllBhl OTIIOCBT8/DoHhiX HMJcy'/DoCOB COOTBeTCTB8llBO 11B.'I8/DoliOrO D: ltOBe'I

IIOro COCTOSIIIIIA, 

u T' u',r- YIIKT&pllhle M8Tpllllhl0 YAOB118TBOpSDOmH8 JCIIOBHIO 

.. 
D llpx · o6pameax BpeMellll 

= .. 
u u 

T 1,:1 

u'· s 
T I .. 

-+-n; 

·1 .. 
u =-u 

T 1,2 

, -1 
UT =-Ss 

t -+-
.. .. .. 
f ; m .... m; 

HaM nOTpe6yeTCH npxMeBSITb eme Bpameae ox<mo sexTOpa 0: 11a yron " • llpn 

9TOM BpameiiHH 
-+ .... , 1 ... .... 

M (k~·k) =uR· M ( -k, -k')u R 

r.a.e u R...,.,!l u'n - YIIKT&pllhle M8TpHithl1 IlpH'I8M IIX HBHhiA BII.Q .QJIH '18CTllll CO CmtliOM 1/2: 

J~tr ........ 
u R = e 2 = i (u 

1 
m ) ; 11 AIIH CliHHil 8ABBllit8! I(SU:)fr .. "'"" .. 

u = e =- (u mJ\u m ) • BeJtTOphl 
R 1 2 

6&3BC8 IlpH T8KOM Bpall!811HH MeiiDroTC>I Cli8AYIOmHM o6p830M! 

1) Henongp1130BSBHoe ceqen11e o6paTnofi pealtitll11 pABno: 

fi011b3YHCb OTMe<I8BHbiM11 Bhlme onepaitBHMH, nonyqaeM: 
p'2 , 

41 =- 31 • 
0 p 2 0 

; ... -;, l .. _f, ; .... m. 
1 .... .... + ....... 

I' =-TrM (k~k)M (k~k ). 
0 3 oop o6p 

2) fiongp1138It111( &yltliOBOB B Z:OBeqHOM COCTODBHH o6paTBOH pe&KliHII H8 HenongpB3D-

B811HOJ1 AeATeplleBoA MHmelfll I~<~= ~Tr Mol5p M:l5p(u~n) 11 1~<'2=-1Tdb6p M~6pW2 n>) 
CBD38Ha C 8CHMM8Tpiell: B IlpSlMOH perumHH! t

1
=< l ; £

2
=< 

2
• 

3)3Halllle Tenaopa KoppenDit1111 nongp113art11H syxnonos xoaeqnoro COCTOHB11H ofipaTBOH 
, . 1 + 

peaxitHB I e =-.-Tr M o6p M o6p u u o j.IV .l liL 2v 
AaeT Ty 11<8 HB<j>OpM&IOIIO, qTo ·11 H3Mepelllle 

KoMnoaeBT T&B3opa 1
0

1 I.IV B npsMoA peaxrtB11 

e =I • nn nn' ell'=lll' ; 

e =I 
mm 

efm =-Ifm 

eme=-Imf 

4) BKn&A B 8CHMM8Tp1110 o6paTBO!I pe&KitHB OT B8KTOpHOH'I8CTH D01Igp1138Itll11 )18HTe-
l ....... + 

pneBo!l MKmeHII I~· L ', =-.:..;r M ol5p (Sn )u M o6p CBD38H C B8KTOplloA nongp113artBefi )le!!To-

IIOB B npSIMoA peaKitHB L ~ ~ L, • 
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,~/ 

5) Teu3op I~ N'· ....l Tr ll " u u M +o" OliHCbiBaeT BltllaA Teaaopuo!l nons-
I.IV ~ oup IlL 2v up 

paas101n Ae!!Tepneso!! Mnmellll B ce'leBHe o6paTnon pea1t101n. 

CooTaomeBHH MelKAY ltOMDOBeBT&MK Tel'l3opos ol5paTaoA pellltlDln, B03BIIK810mHe 113-38 

CHMM8TpHH1 S.IIAJIOrK'Illhl paCCMOTp8l'lllblM COOTBOm81IHHM B IlpiiMOA peaKitJI!Io Jlng TeX KOMDD

B:eBT1 KOTOpble Be CBOASITCll TllXHMil COOTHOmeHHHMII K IIp8AhiJtYm11M T8ll30p8M1 nonyquM 

CBD3ll C T81130pAMH IlpiiMOA peaz:mt11! 

Nff = Nff 

N' =N N'i.m =N:f =- Nfm • 

(Q + 
6) KoMDoBeHThl Tenaopon I; Raf3 =-4- Td! ot)p S M 6 u {3 + ., a 0 p 1 (l) 

= ~ Tr M ot)p Sa l.( ol5p u 
2
{3 CBOASITC11 J: KOMDOH8BT8M TenaopoB 0 af3 

peaxrt1111, 

Ret>=- RC2l =·OCt) 
nn nn nn 

RCl> Cl> 
a= oil' 

Ifl> = o<l) 
mm mm 

(1) (1) 

Rfm =-Ofm 

(I) 

Rme 
(1) 

=- 0 mf 

(2) 

Rll' 

R~: 

(2) 

Oil' 

0(2) 
mm 

(2) (2) 

Rfm =- Ofm 

R
(2) 0(2) 
mf =- mf 

11 

11 

I'· RC2) -
o ap 

OC2) npnMoll 
af3 

, + 
7) l13Mepelllle XOMDOH8H'l' T81'130pa .I 0 e af3. = .J... Tr M o6p Sa M l5 U {3 U }' 3 opt 2}' 

.11aeT TY liCe HR<j>opMal!lliO, qTo 11 3BaBHe Tenaopa 0 a{Jy npSIMofi peaKitHB, 

e nlf = e nmm = Off., ; e =0 mmn mnm 

enfm =-enmf =-Ofm, e =D 

eft, =OM e fm., =- Om..f emf, =- 0 f..m 

eM =O.rt ef,m =- D,mf em..f =-O,fm 

3) naa T8H30pa, ASIOHUte BltJia)l B nongpH38DHIO KOB8'1HbiX &yKnOHOB o6paTBQH peaxl!llll 

oT -rmtaopnoro TKna nongpnaartnn neliTepnenoii MBmen, csB38Hbt c Ten3opi:IMR K<
1
> 11 

('~ af3y 
K > npsn.<oA peaxUHR, 3TH TeH30J"'.St pasnhi: 

"tJY 
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+ 
I' Q -..!Tr M _.,. a a a M. "' a 

0 afJy 3 uup Ia 2,._. Oup ty 
I'4ZJ .....!:Trll a a M + a 
o a{Jy 3 o6p Ia 2{3 o6p 2y 

Q(l) Q(l) (Z) (2) (I) 

mL. • (..a =-Qt.... =-Q mL. =-Knmf 

Q(l) = Q(Z) (I) 
Q(l) =Q(Z) (I) 

=KJ! ; =K ff... mmD mmn ff.a nmm 

9) nocnenHllli Te1I3op I'C =..l.Tr!.l u a 'M+u a 
0 apyr, 3 o!Sp Ia . 2{J oop ly 20J 

naoT 

Bxnan B xoppensua~ uongpX3anBR syxnoROB OT TeB3opnoAuongpuaanBR neATepRenon MRme-

Hll. E;ro ~OMUORBBThi, RO CBOIIRmRBCX )t upe/1~1.1 TeH30p8M, Bhipll.>KAIOTCSI '19p03 XOMUo-

ROHThi TeB30pll. Kafjyr,J upXMoA pe111tmm: 

clmfm =- c ml'm£ =C .. a... =-C fmmf =Ktml.. 

cfml'f = c ml'ff = C mfmm = clmmm =- K fff.. 

elm' =-C =Ktm ; cffmt = c mmfm =- K ml'ff mmmm 

cfff.. =C 
mmmf =-K fml'!. ; c mml'f =-C ft..m =Krt.... 

nPHJIQ>KEHHE 8 

PaanolKeHlle aMIIllli!YII peaxuRH no uapuuam.HhiM nonHau 

PaanolKHM BBeneHHhie HaMil ll.MIIllllTynu peaXllliR A,B, M• lfO UilpUHil.llbHhiid BOliHil.M. 

3neMBRThi S -Mil.TpHUhi uepeX0/111 C /lll.HHUM UOliHhiU MOMBBTOM J H3 COCTOSIHHSI (s,f) 
/9/ /10/ 

B cocTOSIHHe (s',f~ BBOIISITCSI Tax xe, xax B pa60Te 
1 

c uoupanxon • 

3axoHhi coxpaneHllH MOMenTa n 'IBTHOCTR nouycxa10T cneuyJOmne uepexonhl: 

cuarneTHhie (pp) -cOCTOSIHHSI, l - 'leTnoe, J = f -+ f'·= f !. 1 

TPHUneTHhie (pp) -COCTOSIHllSI, f - He'IBTHoe c = f -+ f' ·= f + 1 
I -

=l+ 1-+f'=f + 1 

nony'laeM cneeyromae paanolKeBJISI: 

8A =I y2J+llv'J+1 [Cos..L P (0.) -1 Sin 0 
J=l 2 J·l J 

(He'leT) ' 

+v'J [ Cos!,. P lB) +-1 Sin 0 Sin .i_p•. 
,{. J+l J+1 2 J+l 

Sin .!!.. P'. {0)] S J 
2 J•l IJ ·I, IJ 

J 

(O)] S 
tJ+t, t.T 
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I 

~ 

..-; 

y2J+llvJ+1 [Cos4. P.r. (6) +..!.Sin 0 Sin~ P; (8)] s" 
.t. J 2 IJ, lJ·I 

+v'J [ Cos~P.J (9) -
1 

1
1 
~ 0 Sin!, P' {6)) S" 

. 2 ·!". .t. .J I.J, IJ+I 

+I 
.1=2 

('10TH) 

I ; 
' .J 

8B =I v'2J+1 lv'J+1 [-Sin_! P (6}-..!. SinO Cos~ P' (6)) S 
.J=l 2 .J·I J 2 .1·1 I.J•I, I.J 

(ne'leT) 
+v'J[_1_ Sin 0 Cos .!... p•. (0) -Sin J!..p 

J+1 2 J+l 2 J+l 
(B)] s" 

IJ+I, I.J 

v' 2]+1 lv'J+ l [_!_;Sin 0 Cos~P'.,· (6) -Sin ~p (0)\] S" 
J 2 2 .J . I.J, I.J·I 

- 1 0 0 .J -.JJ [ -· SinO Cos- P' (6) +Sin-P (0)] S 
]+1 2 J 2 . .J IJ, JJ+I 

+I 
.1=2 

('19TH) 
I; 

... 
8C =-SinO I y2]+1 1.:_[_1_ SinO Sin_! P". (O)-v'J+1 Cos J!_ 

. .J=I 1 ..;r+r 2 .1·1 2 
P' (O)] s" 

J'·l lJ•l, lJ 

(Im'IBT) 

+-L [ _1_ Sin 0 Sin _!p". (0) +v'J Cos.!!..P'. 
J+1 v'J 2 J+l 2 J+l 

.J 
(6)] SIJ+ I,I.J 

+Sin 0 i v'21+11--1 _ [Sin 0 Sin b" (6) +(J-1) Cos~P' (6)] s" 
.1=2 . JyJ+1 2 .J 2 .J I.J, IJ·I 

('10TH) 

+-1- [SinO Sin.i.P" {6)-(J+2)Cos~ p• (8)] s" I; 
v'W+1) 2 J " .J IJ, IJ+I 

8D=-Sin 0 I v'2J+1{..l.[~O Cos.i.P"· (6)+v'J+1Sin..LP'· (6)) s" 
Jxl J yJ+1 2 .1·1 2 J·l IJ•I, IJ 

(He'leT) . 

+-1- [ 1 Sin 0 Cos.!P·~ (6) -v'J Sin ..i_p• (6)] s" 
J+1 yJ 2 J+ I 2 J+l IJ+-1. I.J 

+ Sin 0. £ v'2J+1 {_1_ [Sin 0 Cos .!.P" {6) -(J -1) Sin J!_p• · (8)] S 
3 

.1=2 Jv'J+l 2 .J 2 J IJ, IJ·I 
('leTH) 

+ _._1 _ [ Sin 0 Cos.!!..P·~-(B) + (J~2) Sin.!!.. P;-<o)] s" I ; 
Q+l>./J 2 J 2 IJ, IJ+I 

8E =I 
J=O 

- - J 
v'21+1 {[Sino Sin~v-+ P' (6) -v'J Cos 0

2
p (6)]s 

2 J .1·1 .J·I I.J·I,OJ 

+ [ Sin 0 Sin Jly t p•. (6) +v'J+1 Cos..fP (0)] SJ 
2 J+ 1 .J+I 2 J+ I I.J+I,O.J 

('19TH) 

-- J 

SF = I v'2J + 1 I[ Sin 0 CosJI.r_ v' _;. P' .{6) + v'J Sin ~P (11)] s 
J=O · .t. J .J.I 2 J•l IJ·I, OJ 

('19TH) 

-!{Sino eos~v 1 p•. {O).;..IJ+tSinb (O)]s" J; 
2 J+1 J+l 2 J+l IJ+l, OJ 

3AeCb 0 - yron BhiliBTil. Me30Hil. B CUCTeMe ItBHTPil. UHOpitiUI, 

pf {8) - DOllliHOMhl JlelKSHAPa, 

pf {0) R P't.(&)- COOT~eTCTBBHHO uepBil.SI U BTOpll.S! UpOB3BOAHhiB OT UOliUHOMOB nelKil.HApll. 

no apryMBHTy z = Cos 0 • 
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