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Hanpaaneuo B )!(3T<t> 



ITporpecc B cosna11nn nomrpH30BSIIHblX Ily<IKOB HyKnOHOB H nomtpH30BSIIIIblX npOTOIIl!blX 

Mnwe11el! nenaeT 6onee JlOCTyn11ol! saJlaqy nssneqeHnR MaKCHManbHol! n11<J,opMaunn o 11yKno11-

11yKno11110M pacceRHHH - BOCCTSIIOBne11ne aMnnnTyJlbl pacceRHHS!. B o6nacTH a11eprna 'ISCTHU 

IIH:>K8 nopora PO:>Kll81IHSI IlHOIIOB M8TOJlOM TaK HS3bJBaeMOI'O •Moan<j,nunpoBaHHOI'o• <J,asoaoro 

a11annsa TaKoe aoccTa11oane11ne ocymeciane110, npnqeM npn pRae s11aqe11na aaeprna oanos11aq-. 

HO. 

MeToa <J,asoaoro a11annsa a<j,<j,eKTnneH B oonacTH 11e o'leHb oonbwnx aneprnl!, Koraa 

qncno <),as, KOTOpb1e neo6xonnMo onpenenHTb, neaenHKO, a neynpyrHe npoueccbl 11e nrparoT 

cymecTaenaol! ponn. C yaennqenHeM aneprnn qncno cpas, noane:>Kamnx onpeaenennro ns onb!Ta, 

pacTeT. KpoMe Toro, npn a11eprHHX CTanKHB8IOIUHXClI '18CT!!U ,saMeTHO npeBbIW8IOWHX' rropor 

po:>Kaenng IlHOIIOB, (p83bl pacceltl!Hlt H napaMeTpbl CMeWHB811HlI CT81IOBlITClI KOMIIneKCIIblMH. 

nnlt naae:>KIIOI'O <pa30BOI'O a11anH38 B STOii' oonacTH a11eprHii 11eo6xoJlHMbl noapo611b1e 

caeae11ng O MeXalIH3Me PO:>KllOIIHlI nHOIIOB. 

06mHl! MeTOJl BOCCTal!OBnelIHlt M8TplIUbl pacceltl!HlI, CBOOOJlllblff OT aononl!HTenbllblX I'H

IlOT83 cpa30BOI'O a11anusa, COCTOlIT B npltMOM onpeaenel!HH CKanHpllbIX <j,yl!KUHI1, xapaKTepH3Y -

' rownx MaTpnuy paccemurn, nenocpeacTae11110 ns aKcnepHMeHTanbllbIX aa111IbIX no ynpyroMy pac-

celtHHIO. llpH cpHK,cnpoBallllblX 31!8'10HHHX aHeprHH H yrna pacCOlIIIHlI, 3TOT MOTOJl II03BOnlieT 

BOCCTalIOBHTb MaTpHuy pacceltHHlI C TO'IIIOCTblO JlO o6mea cpa3blo .B o6nacTH IIH:>Ke nopora po:>K

Jl0HHlI M0301IOB o6mag cpaaa onpeaenReTClI COOTHowe11neM y11nTap1IOCTH. 

MeTOJl rrplIMOI'O BOCCT81IOBneHHlI, no-BHJlHMOMY, Hano onee uenecoo6pa3HO ncnonb30B8Tb 
. xi 

npH a11epI'HHX, 38M0TIIO npeBbIW8I01UHX nopor PO:>Kll011Hlt IIHOHOB 

nocKonbKY a o6meM chyqae MaTpnua HyKno11-11yKno1111oro pacceHHHlI xapaKTepnsyeTclt 

nHTblO CK8nlipllblMH 8MnnHTYJl8MH, TO nnR HX orrpeneneHHH 11eo6XOJlHMO H3MepHTb no Kpal!Hel! 

. Mepe neBlITb aenn'IHII. TaK K8K na6nronaeMbl8 BenH'IHHbl BbIP8:>K8IOTClI qepea CK8nltpHbI8 8MII

nnTyJlbl 6Hnnneffno, anlI HX onHos11aq11oro onpenene1rnR cneayeT npnane'lb nonommTenbllbie 

H3MepeHnR. 

x/npH aHepI'HlIX npoTOIIOB 640 Mae BOCCT8HOBneHHe MOJlynea CKanlipllbIX aMnnnTyJl npo
aeaeHO B pa60T8X/l,2/, 0THOCHTenbllbl8 <P83bl KOMnneKCHblX aMnnnTyJl OblnH onpeaeneHbl He
OJlH03118'JHO, T8K K8K He BbIIIOn11e110 H800XOJlHM08 'IHCnO axcnepHMOHTOB. 
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,,;:, 

'BnepBble na BO3MOlKHOCTb np11Moro.BoccTaH0Bnenu11 
, I /3/ . /4/ 
PbIHllHH, CMoponHHCKHit I CMoponHHCKHit H lliyMaxep H 

o6paTnrui BHn~anne nyanKoB, 

/5/ 
E~Te • lliyMaxep n EeTe no-

Kaaann, KBKHM.o6paaoM, naMepnB npn nannoM anaqeHHn yrna paccennnn n sneprnn nn<W>e

pennn~n&noe ceqeHne, nonBpnaannlO, KoMnOH8HTbl TeaaopoB nenonnpnaannn, nepenal!H nonn

pHaannn n- Koppenmmil nonnpnaannlt ( Bcero onnnnanna;~ Bennqnn), MOlKHo ~nnoaHa'lHO onpe.• 

nenHTb'BCe IlHTb aMilnHTYll MaTpHilbl pacceHHBH( c TO'!HOCTblO no o6melt ¢aabl). YnpomeHBS 

STOit nponenypbl ppn. H3MepeHHH noniipH38llBOHHblX T8H3OpOB TpeT&ero H 'leTBepToro nopnnKa 
/6,7/ 

nenaBHO paccMaTpHBanHCb B 

B H8CT011melt j:la6oTe IlOK83blB88TCSI, KSK MOlK8T 6b!Tb BOCCTaHoBneHa, MaTpnna HyKnoii

~yKnOHIIO~O paccesiHnn B pensiTHBHCTCKOM cnyqae. nonyqeHbl pennTHBHc~cKne cooTaomeansi, 
' . , , . ·, . - ' 

CB-H3blB810DtHe HenocpenCTB8HHO H3MepH8Mble. aenH'lHHbl C KOMnoHeHTaMil. nonHpH38llHOHHblX 

T8H3OpOB B C.U.Ho llaHbl ~pMy1lblj Heo6XOJ:IHMbl8 J:11ISl,-OllHO3H8'lHOrO BOCCT8HOB118HHSI MSTpH

Ilbl HyKnoH-HyK110HHOro pacc'enHHH npH H3MepeHHH KoMnoaeHT nonHpH3811HOHHbIX TeH3OpOB He 
' J 

Bbtme _ BTOporo. paHra. PaCCMOTp8Jlbl p83Hbte BS:pHilHTbl npo11ei:1ypbl BOCCT8HOB118HHH. PaCCMOT-

peHO pacceHHHe H8i!TpOHOB npOTOIJSMH. nony'l8Hbl ~pMynbl J:11111 BOCCT8HOB118HHH MSTPHilbl 
' ' 

p8CC8HHHH HyKnOHOB HYK11OH8MH B COCTOHHHH C IlO11Hb1M H3OTOnH'l8CKHM CHHHOM1 paBHblM Hy-

1110• npn 8TOM npei:1nonaraeTcH, 'ITO M8Tpnua pacceHHHH B COCTOHHHH C IlO11Hb!M H3OCITHHOM, 

paBHbtM ennnnne, BoccTBHoBne·Ha na i:1annb1x no paccennn10 npoToHOB nporoHaMn. B Hepensi

TnancTcKoM cnyqae Bonpoc O BOCCT8HOB118HHH MaTpHUbl HyKnon-HyKnOHHoro pacceHHHH H3 

naHHb!X no D - p H P--:, 'p pacceSIHHIO npn ¢HKCHpOB8HHblX 3H8'18HHHX yrna H 8Heprnn 

· 6~m imepBbie 

/9/ 
pHHOBblM 

• ' /8/ 
paccMoTpen ronoBHHblM, llJKenenoBbIM, Hai:1eJKAHHbIM, CaTapoBblM n Kaaa-

1. MaTpnna· paccennnn 

MaTpnua HyKnoH-HyKnOHHoro pacceminn M(p'.• p >Ip ➔, 

H p HMnynhcbl nana10-

mei! H pacceHHHOi! 'lSCTHUbl B C.U.n./,yllOB118TBOpmomaH Tpe60B8HHHM HHB8pH8HTHOCTH OTHO~' , 

CHTenbHO BpameHHi!, npocTp8HCTB8HHb!X OTpalKeHHi! H o6pameHHH Bp8M8HH, HMeeT, KSK H3:. 
- 110/ . 

B8CTHO I C118AYIOIUHi! OOinHi! BHll! 

➔➔ ............... ➔ ➔ ➔ 
M(p',p)~ (11 + v) + (11-v)(u 1 n)(u2 n) + c(ui'n +u2 •n) 

➔➔➔➔ ➔➔➔➔ '(1) 
+(g-h)(u 1m)(u 2 m) + (g+h)(u1 f)(u 2 2) 

3i:1ec& u .. C ,g, H h -KOMnneKCHble ¢yHKI1HH SHeprHH H yrna.paccen-

HHH 8 B c.u.H., a BeKTOpa 
➔ 

➔ ➔ 

onpei:1eneHbl cnei:1y10mnM oopasoJ: l m H D 

➔ ... , ➔ 

l • P + P 

1;-+ ;1 

➔, ➔ ➔ 
➔ ➔, =-~ ;.ex; p X p 

(2) -i,-;, - pj IP X ;, 1 

4 

, ,j 
•,·~ 

·j: 
i\ 

i 
iJ 

J ;\ 
,1 

•'\ 

!J 
I 

l 
i 
I 

BcnencTBHe npHHitHna naynn M8Tpnna pacceHHHSI npOTOHOB npOTOHSMH YllOB118TBOpHeT ycno

BHSIM! 

M( ➔, ➔, ( ) ( ➔,➔, .. , ➔ 
p , p • - P 1,2 M -p,p --M(p ,-plP0,2), 

(3) 

ri:1e 
P(l,2) 

➔ ➔ 

¾O + u 1 •u 2 

onepaTOp· nepecTSHOBKH cnHHOBblX nepeMeHHblX. lfa (3) cnei:1yeT,. 'ITO B cnyqae p-p pac

ceHHHH CKannpHbie aMnnHTYAbl o5nai:1a10T cnei:1ytoIUHMH cBoilcTBaM11 cnMMeTpnn: 

u(rr -8) • - 11(8) 

c(rr-8)•c(8) 

h (rr-8) • h(8) , 

v(rr - 8) • -g(8) 

(_4) 

B cnny HSOTOilH'l8CKOi! HHBapHSHTHOCTH M8Tpnua pacceHHHSI Hei!TpOHOB npOTOHSMH paBHS! ' 

( ➔, .. , ., (➔' ➔, ., (➔' ➔, 
MDP p • p - ,. MI p • p + nMo p • p • (5) 

ri:1e M, (p', p) H Mo (p', p) -MaTpHilbl pacceHHHSI B COCTOHHHHX C nonHblM H3OCilllHOM, 
➔ ➔ 

~ 1.H o, COOTBeTCTB8HHO, 8 p H p' -HMnynbCbl H8'181lbHOro H KOl!8'lliOro 

Hei!TpOHS B cu.u. Ms .o6o5mennoro npHHUHila naynH Bb!TeKaeT, HTO ( I = 1,0) 

➔, ➔ l ➔, ➔ l -+, ➔ 
M 1 (p , p) • (-1) P(l,2)M,1 (-p ,p) •(-1) M

1 
(p ,-p)P(l,2). (6) 

MaTpHilbl M,(;',p) HMeIOT o6mnl! BHll (1). Ms (6) nonyqaeM cnei:1y10mne ycnOBHH CHMMeT

pHH! 

l+I I 
11 1 (rr-8)•(-1) 11

1
(8) h 1 (n--8)•(-1) h

1
(8), 

1+1 I 
c 1 (rr-8)•(-1) c 1 (8), v 1 (n--8l•(-1) g

1
(8). 

2. M3M8£H8Mbl8 B811H'lHHbl 

(7) 

3necb Mb! onpenenHM B pennTHBHCTCKOM cnyqae HSM8pH8Mbl8 Ha Oilb!Te B8IlH'lllHbl H 

Hai!i:1eM CBHSb 8THX BenH'lHH C KOMilOH8HT8MH nonnpHSSUHOHHblX T8H3opoB B c.u.u. Bee no-

nyqeHHb!e B 8TOM naparpa¢e COOTHOIU8HHH cnpaBeAnHBbl KaK AnH p - p TSK H J:11ISI D - p 

pacceHHHH. CnnHOBSH M8Tpm1a nnoTHOCTH KOH8'lHOro COCTOHHHH B c.u.n., KBK H3B8CTHO, 

paBHa: 

.... , ➔ + .. , ➔ 
p • M (p • P ) Po M (p • P) (8) 
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3necb Po -HaqanbHSSI MSTpHua nn0TH0CTH: 

... ➔ . .. ... 
p

0 
•lHl +u 1 P 1 )~(1 +u2 •P2 ) (9) 

➔ ➔ 

.PI. H P 2 -BeKTopa nonsipH38llll,II nanaromHX HyKnOHOB. H ,HYKn0H0B MHmeHH, C00TBeTCT-

BeHHo). EyneM npennonarSTb, qTQ MaTpnna nnoTH0CTH (8) H0pMHP0BSHa TSK, qTo 

Spp • u • 

rne u -nH<pipepeHunanbHoe ceqeHne pacceHHHH· B c.u.H. O6oauaqHM qepea :~ H 

(IO) 

➔ b,, 
n 

np0H3B0nbHbie e)lHHH'lHbie BeKT0pa B ·n.c. TTpoeKUHSI BeKT0pa nonsipH3SUHH pacceHHHOll qaCTHllbI 

( 
. .., ) ➔, • /11-14/ 

qacTHUa C HMnynbC0M p HS HanpaBneHHe a n , H3M8pHeMaH B. n.·c., paBHa 

. ... ➔ 1 ~ ➔ + 
<u 1 >. a' • _Spu 1 (a'n)R Mp0 M 

n n u 
(11) 

3necb· 
➔ ➔ 

(a~) R • R ; (O ') a ' 

( 12) 

rne R 8➔({)') onepaTOp noBopoTa BoKpyr HopMann ; Ha yron O' ;. 0- 2~ n ( O.n -yron pac-

. C8SIHHSI B n.c.)." AHanoI'H'lllO n·p08KllHSI llOllS!pH3SUHH qacTHUbI 0T)laqn Ha HanpaBnel!H8 ;;,, 

II3MepsreMast B. n.c., p~aaa: 

➔ 

<a'2 > JI b;; l ➔(" + 
uSpu2 bn )R Mpo M 

I'.!l8 

<& "> n R 

➔ 

R ➔ (O")bii' 
D 

8 3T0M BbipS)IC8HHH R it (O'-f) -oneparop Il0B0poTa B0Kpyr l!0pManH 
➔ 

n 

(13) 

(14) 

Ha yron O'~cp n-<P 
<? n -yron 0T)laqH B n.c., a ¢, - rr - 0 - yron 0T)laqn B c.u.H.) OTM8THM TaK)IC8, qTQ 

H3M8pS!eMaH Ha 0ilbIT8 (a' n b -~ ) -K0Mil0ll8HTa KoppenHUHH rronHpH3SUHH paBHa: 

......... ➔ .......... + 
<u 1•a' u.,b" > • ~Spu1 (a' )Ru2 (b" )RMp 0 M 

n•nnu n _n 
( 15) 

BooneM B n.c. cnenyromHe TpH 0pT0H0pMnpoBaHHb18 CHCT8Mbl B8KTopoB: 

.. ➔ ➔ .. ➔ 

nn , kn , a 11 • un x kn (16) 

➔ ➔, ... , ➔ .. , 
nn k 11 s 11 -=nnxkn (17) 
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·\ 

l 
-l 
;1 

I 
( 

( 
,' 

i 
·;1 

\ 
\. 

' -, 

➔ 

3necb kn 
➔ 

k' n 

➔ 

n 
n 

k" n 

k" n 
➔ 

• n 
➔ ➔ 

n x k" 
n n 

"(18) 

-8/lHHHqHble B8KTopa B HanpaBnellHH HMnynbC0B nanaromero 

... ~ X k' 
HyKll0Ha, paCC8SIHH0I'0 HyKnoHa H HyKn0HS 0T/lS'IH, C00TBeTCTB8HH0, a n n = ➔n .. ,n 

• ➔ ➔ · linxkn 
HopManb K nnocKoCTH pacceHHHH· In n • n I . 11aMepsieMbill Ha onb1Te BeKTop nomtpHaaUHH 

pacceHHH0l! 'iSCTHllbl ('!'.aCTHUbI OT/lS'iH) 6yneM xapaKT8pH30BSTb K0Mll0H8HTSMH B CHCT8Me 

( 17) ( B CHCTeMe ( 18). nonsipHaaUHIO' nanaromHx HyKn0H0B H no:rnpH3SUHIO HyKn0H0B MHW8HH 

6yneM xapaKT8pH30BSTb K0Mil0H8HTSMH B CHCT8M8 ( 16). IlonsipH3aUHOHHbl8 TeHaopa nepB0I'0 
/3,15/ . . 

n BToporo paHroB onpenensiroTCH cnenyromHM o6paaoM: · 

l 
p I • -- S.pull "u 0 

+ l + MM = __ Spu
21 

MM 
4 u 0 

A I • 
4 Uo 

+ l + SpMu
11 

M. = __ SpMu21 M 
4 u 0 

l + l + 
D lk • ~ Sp u 11 Mu11t M • ~ Spu21 Mun M 

+ 
!Clk = -

1
- Spu2I Mulk M 

4 u0 

l + . __ Spu
1 

Mu M 
4 Uo I 21t 

elk 
l + l + 

-- Spull Un MM = -- Spulk 1121 MM 
4u 0 4u 0 

+ l + 
A1k• _l_SpMull Un M = __ SpMulk"2I M 

4 u 0 4 u 0 

IP1 =A1 =P"'1 elk (p' ,pl =A1k (-p.-;'>1-· 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

+ 
3necb u0 = ¼ Sp MM -nH<p<pepeHUHSllbHOe ceqeHHe pacceSIHHH HenonHpH30BaHHbIX qaCTHU, 

P1 H A I -BeKTopa nonsipH38llHH H aCHMM8TpHH, D lk H !Clk -TeHaopa nenonHpH3aUHH 

H rrepenaqH rronHpnaaunH, a elk H A lk -TeHaopa KoppenHUHH rronsi pnaaUHH H aCHMM8T-

pun.· TTepel!neM Tenepb x. onpeneneHHro H3MepsieMbIX Ha onb1Te napaMeTpoB. 11crronbaysi coo6-

pa)KeHHH HHBapHaHTH0CTH, rronyqaeM cnenyromee Bbipa)KeHHe nnsi nH#epeHuHanbHoro ceqe

HHH pacceHHIISI nonsip!I30BaHH0I'0 ny'lKa nonHp1I30BaHHOH MHWeHbJO: 

u ➔ ➔ 
plp2 

➔➔ ➔... ... ... ➔ ... 
= u

0 
[l + P(P 1 n + P.n )+ A

8
D (P 1D )(P 2 n 

n • n n n 

➔ ... ... ➔ ➔ .., ..... 

+ A •• (P I • n ) ( p 2 s n ) + A ltk (P 1 kn) (P 2 kn ) + 

7 

(25) 



l ................ r 
+ A 8 k (P1,• n )(P 2 kn)+ (P 1 kn )(P 2 s n ]. 

3Jl8Cb 

.. ➔ 

A = (all )I Alk (bn )k ab (26) 

BemPil!HbI A,,,, • A •• 11 T 0 )l0 II81IOCpe)lCTB8HHO ll3Mep51JOTC5I Ha OIIWTe. nm1 onpeJleneHmI 
➔ .. 

A•• , HanpHMep, cneJlyeT H3MepuTb ceqeHIIe pa:cem~m1 ny<JKa c nongp113an11eli P 
1 

- P I s n .. 
Ha MHWeHII, nom1p113oBaHHoli B HanpaaneHIIll s n I P 2 • I'2 -: n I HeTpyJlHO CBH3aTb 3TH 

BenH'IIIHl,l C KOMIIOHeHTaMII TeH3opa C lk B c.u.lI. Y'IIITbIBaSI, 'ITO .. ➔ 

n n= D 

(27) ➔ .. 
kn • k 
➔ ➔ .. s n i= s 

➔ p 
rile k = __ -eJlHHll'IHbili aeKTop B HanpaaneHnlI 1IMnyn1,ca na)laromero HyKnoHa B c.n.n.i 

.. ➔ 1; I. . 
a s m n X ~ t., rronyqaeM: 

A•• • C + - C I'm slnll - C _ cos II 

Au • C+ + Cl'm slnll + c_·cosll, (28) 

Aka -C cosll+C slnll • I'm 

3JleCb 

C + a ¼ ( C ff + Cmm ) ; C _ = ¼(C ff - C mm ) , (29) 

QqeBHJlHO, 'ITO K0MIIQHSHTa C ... ,, HenocpeJlCTBeHHO II3MepSieTCSI Ha OilbITe 

Ann•Cnn (30) 

OcTanbHbl8 KOMIIOHeHTbl paBHbll 

C + a ¼(A
90 

+ A kk ) , 

cl'm· a -A•k cos II +¼(Au -A•• )slnll (31) 

C a A
9
kslnll+¼(Akk-A•

9
)cosll. 

KoMUOHeHTbl TeH30pa C lk MOryT 6hITb onpe)leneHbl TaxlKe nyTeM II3MepeHHSI KoppenSlllHH . 
nonS1pn3aunli HyKnOHOB, B03HIIKaIOmeli npH pacceSIHIIII HenonSip1I30BaHHblX 'JaCTllll • Ha 0!1bITe 

ll3MepSIIOTCSI KOMUOHeHTa C 
llD 

n cneJly10m1Ie aenH'IIIHhll 

Ca'a" - (it'n )RI C Uc (:';;) Rk • 

➔ ➔ 

C s'k" - <• 'n )RI C lk (k ;;> Rk 

8 

.1 
I 

.. 

., 
1 

/ I 
', 
! 

Ck' a" Ck' > c 11, c-:;; > at n RI • 
➔ 

ct'·t" • <i"~ >RI cit Ck'~ >m, .... 
fiyCTb a -npoH3BOnbHblii aexrop. Tor)la 0'ISBHJlHO, 'ITO 

It .. c0>-: • c-::1ifU-cosOl + °!coaO + .;>xjs1nO 
ll 

C ·noM0WbIO (33) 11 (27) nerxo HaXOJlHMl 

r)le 

.. .. .. .. 
(k'n)a • R .t(O'lk'n • fcosa+mslna .. 
(:' la•R .. (O'):' •-lsincz + i:cos a n ,, n 

a • II _ II 
T n 

Ananorn'IHO nonyqaeM: 

.. .. .. 
(k" ) -= R ➔ {O")k."n•-lsina' -;cosa' 

n R n ' 

c:" ) - R .. (O")s" = lcosa'-=sina' , . 
n R n n 

rJle 

a' ¢, 
T - ¢,n 

OTMeTIIM, 'ITO B HepenSITIIBIICTCXOM npeJlene ( a - a' -o) 

➔ .. 

(k' l • l 
n R 

c:'n - ;: , (k" > - -: • 
R n R 

.. 
c-:-~>

8 
• e 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

Hcnonb3YSI (34) - (37). HaXOJllIM cneJly10m1Ie BbipalKeHIISI JlnSI II3MepSieMbIX Ha OilbITe aenn

'IIIH (32): 

C •'•" • - C +sln(a +a') +C I'm cos(a-a'l-C sln(a- a') 

c.'k" • -C+ cos(a+a') + Cl'm sin(a-a'l +C_ cos(a-a'), 

Ct's'"'' C+ cos(a+a')+Cfm sin(a-a')+ C_cos(a-a') 

Ck1,""-C+ sln(a+a'l-Cfm cos(a-a')+C_aln(a-a') • 

Qqeam11_10, 'ITO Ha6nIO)la8Mbie (32) CBH3allbl cneJlyIOWIIM COOTHOWeHHeM: 

C•'•" +Ct't" 
• tg(a+a'), 

C•'t"' -Ck'ii" 

9 

(39) 

(40) 



' Bb1pa3HM C + , c_ H C fm 

, HoweHHll, (39) HBXOllHM: 

11epe3 Ha6n10aaeMhte C •, •,, , C • 'k,, C , ,, 
It. 

C+ • 
2 ( 

· (Ck' ", - C ) 
co• a + a, ) • • 'k" 

J13 COOT-

C • ½ (C•'k" +Ck'•" lcos(a- a'l-[C
0

,
8

,, +½1g(a+a'l(C1t'■"-C•'k")]oln(a-a'l,,(41) 

Ct,. • ½( C
9

,k,,+ Ck,
8
,,) sin(a-a')+[C

8
,
0
,, +½tg(a+a')(C

1
:'

8
,,-Ca\'' )]co~(a-a'). 

ITepellneM K paccMOTpeHHIO nom1pH38UHH, B03HHK8I01l!ell B cny,rne, KOl'llS 011Ha H3 Ha'lam,Hb!X 
➔ 

,'laCTHU nom1pH30BaHa, ITycTb nonHpH38UHH nanaronrero ny'lKa HyKnOHOB pl OTnH'lHa OT 

➔ 

HynH, a P2 • 0 J13 coo6paJKeHHll HHBapnaHTHOCTH o'leBHllHO, 'ITO KoMnoHeHTbl nom1pnaa-

UHH pacceHHHOll 'lSCTHUbI, H3MepHOMbie B n.c., paBHbl: 

3nec& 

.. ➔ ➔ ➔ 

O ➔ <o,1 >n "n •Oo (P+D 00 (P1•nnll, 
pl 

... . ... ➔ ➔ ➔ .. 

O t < O I ,> n k: 'n - 0 0 ( Dk 'k ( p I • k: n ) + Dk' a ( p I ' 8 ,II ) ) 
I 

➔ ➔ ➔ ➔ .. .. 

o;
1 

<o 1 >n s'n =o0 (D
8

,k(P1 ,k:n)+D
0

,
0

(P
1

,ar.ll 

➔ 

Don• D • (nll)I Dlk (;n )k 

D , • R • ( ;:, ) ·n lk (: ) 
• l!I n Rl n k 

n.'k. A• (;'ll)RI Dlk (k:"'n )k 

Dk"• =R'=(k\>RI 0 1k<;JI)k 

➔ ➔ 

Dk'k • A,• (k:' ) DI (k: )k 
, n RI k JI 

(42) 

(43) 

H3BeCTHbie napaMeTpbl TpollHOl'O pacceHHHi! Bonb<peHWTellHa, onpeneneHHbie C y'leTOM penH-. 
, /11 14/ , , , 

THBHCTCKOl'O noBopoTa t ' a C1 p -JlH<p<pepeHUHSJibHOe ceqeHne, pacceHHIIH nonHpH30-

' I 
BSHHOl'O nyqKa HenonHpH30BaHHOll MHWeHblO, J13 ( 25) HSXOllllM, 'ITO 

"' C1 ➔ = u/ (1 + P( PI , -;)) 
pl 

Bb1pa3HM H3MepHeMbie BenH'lHHbl (43) qepe3 KOMilOHeHTbl TeH3opa Dlk 

MOll!blO (34) HSXOllllM:, 

D8 ~ = D+ cos(~+ f>- De., sln(a +: )- D 

10 

\, 

cos(a - ~) 
2 

(44) 

B c.u,H, C no-

/" 

i 

·, 

r 
J' 
l ,,, 

,'!' 

3nec& 

D • 1, • -D + aln(a + {->-Dfm coa(a+ i )-D _ ·•ln(a - _.;.> , 
Dk• • D+ aln(a + f) + D f..t coa(a+ f )-D _ ab(a•~ , 

- J>1t1, • D + coa(a + {-> - D fm •In (a+ }t + D_ coa(a-f> . 

D+• ½(Dl!+Dmmll D_•½(Dj! -Dmm),, 

(45) 

(46) 

HeTpyllHO UOKS38Tb, 'ITO MelKJly qeTbipbMH H3MepHeMbIMH BenH'lHHSMH (43) HMeeTCH ·cnenyro

/14/ 
mee COOTHOWeHHe : 

D a't + 

D 1t'k 

Dk'• 

D , 
•• 

• tgO h (47) ,, 

' 
Bb1paaHM D + , D _ H D lm qepea H3MepHeMbie napaMeTpbI D 

8
·,

0 
, D • '1t Dlt'• . J13 COOT-

nomeHHll (45) nonyqaeM: 

D •, - ½(D a'k + D k'a ) sin ( a - 8/2) 

D+ •-½(D •~-Dlt, )sln!a+!-l+[D, -½(D • +Dlt, )ctg(a-..!l, (48) 
■ a. • " •• 8& ~ 2 

D fm • ½(D
8
,\ -Dk'• )coa(a + f>-[D 8 ,0 -½(D8 ,k +Dk'• )ctg(a-}l]aln(a+:). 

J13 (21) O'leBHllHO, 'ITO KOMilOHeHTbl TeH3opa nenonHpHaauirn Dlk MoryT Ob!Tb onpeneneHbl 

TSKJKe nyTeM H3MOpeHHH nonHpH3SUHH BTOpoll 'lSCTHUbl ( 'lSCTHUbl OTllS'lH), B03HHKSIOIUell npH. 
➔ ➔ 

pacceHHHH HOncinHpH30BSHHOl'O nyqKS nonHpH30BSHHOil MHwe·HblO ( p I • 0 , p 2 /, 0) • 

Hcnonb3yH cooopaJKeHHH HHBapHaHTHOCTH OTHOCHTOnhHO BpameHHi! H OTpaJKeHHll HaXOllHM: 

3nec& 

➔ .... ➔ .. 

u-; <02 >n "n = c,o (P +Dnn (P2 •nn)) 
2 

➔ ➔ ➔ .. ➔ ... 
c, ➔ <o. > k:" a c,

0 
(D,, (P k: )+Dkn_(P 2 a )), 

P
2 

• n n k k 2 n ~ n 

➔ ➔ ➔ ➔ .. ➔ 

o,; <u2 > ns,'; • o
0 

(D
0
,,k (P

2 
k: n> + D

0
,,

0
(P 2 sn)). 

2 

Dk,,k (k:~'n >RI 0 1k (kn lk 

Dk"• = (t'~)RI Dllt (: n\ 
➔ ' ➔ 

Da"lt • {s'n )RI Dlk (kn )k 

D ,, 
• • (:';,_ )RI Dlk (itn \ 

Ha (36) nonyqaeM cnenyromne BblpaJKeHHH nnH 3THX BenH'lHH: 

D
8
,,

8 
•-D+sln(a'-:-l +Dt,,, cos(~'-:)+ D_ sln(a'+ -:-> 

II 

(49) 

(50) 



D,, •D+cos(a'-.!.) + D, sim(a'-.!.)+D coa(a'+ t>. 
•k .2 OD 2 - • 

Dk"• •-D+coa(a'-~)-Dlm ain(a'-}l+D_cos(a'+/>, 

D,,,. .-D+ ain(a'-!.l+Df cos(a'-!l-D sin(a'+t>. 
kk 2 m • - • 

MeJK/ly B8llH'IHHaMH· (50) HM88TGSI cneny10me'e COOTHOW8HHe: 

D •"k ·+ Dk"• 

D•"■ - Dk"k 
.. tgef>_n • 

(51) 

(52) 

0TM8THM, 'ITO B HepensiTHBHCTCKOM npenene H3M8pS18Mbl8 B8llH'IHHbl (43) H (50) CBSl3aHhl 

COOTHOW8HHSIMH: 

D , .. Dms-=-Dt"a 

n.,t·- 0 m1c•-·0 k"k, 

Dk:■ •Dta • D ■ "a 

Dk'•• Dfm - D a""t" 

(53} 

KoMITOH8HTbl T8H30pa nenonsipH3aUHH B c.u.n. cneny10WHM o6pa30M Bbipa>KaIOTCSI qepe3 H3-

M0pS18Mbl8 BenH'IHHbl ( 50): 

D 
2cos(a'+0/2) 

(D • "k + Dk"•) 

I 

o; = ¼(D•"k -Dk"• )ooa(a'-0/2)-[D
0
,\-¼(D

0
,\ + Dk"• )tg(a'+0/2)]sin(a'-0/2), (54} 

Dfm ¼(D ,, -Dk,, lain(a'-.!.) + [D ,, -¼(D "k +Dk" )tg(a'+ .!_)]cos(a'-t) • 
••• k • 2 • • • B 2 ,I,, 

KaK H3BeCTHo,_ H3Mepenne no11sipn3aUHH HyKnoHoB B HHT~psa11e. aneprnl! oT 20 no 100 Mas 

3aTp_ynneno B CBSl3H C OTCYTCTBH8M aua11n3aTopoB C JlOCTaTO'IHO _BbICOKOi! ananH3Hpy10we,l! 

cnoco611ocTblO. 8To 03Ha'!aeT, 'ITO npn nocTaHOBKe 3KCnepHM8HTOB C ITOIISIPH30BaHHhlM nyq-
, -- ' 

· \ .- KOM KOMITOH8HTbl T8H3opa D lk · MoryT 6bI:1'b onpene11eHbl He BO. BC8M yrnoBO~ HHT8pBa11~. 

QqeBH/lHO, 'ITO 3TH TpynHOC;b He B03HHKaeT, ec/JH nnsi onpene11eHHSI T8H30pa neno11sipH3a-

UHH D 
lk 

B c.u.n. HCITOllb3,YIOTCSI 3KCnepHM8HTbl KIIK C nomrpH30BIIHHbIM ny'IKOM, TIii<; H 

.. c nonsipH30BIIHHOII MHWe_HblO. KpoMe Toro, KIIK BH/lHO H3 ( 48}. nnsi onpene11eHHSI mo6ol! H3 

KOMITOH8HT T8H3opa D lk (KpOMe Dnn B 3KcnepHM8HTax C nonsipH30BIIHHbIM ny'IKOM 

HE!Of5XO/lHMbl Tpy/lHbl8 H3MepeHHSI npOJlO/lbHOi! IlOIIS!pH311UHH paCC8SIHHOII 'IaCTHUbI· (napaMeT

pa Dk, 
0 

) • TTpHMenenne ITOIIS!pH30BIIHHOl! MHW8HH IT03B0/ISl8.;. 3aMeHHTb 3TH OilbIT~ 6011ee 

12 

'\ 

,I~ 

l 
~-
9;-. 

I 

: I 
j, 
~ 
i 

l: 
. \) .:( 

~· 
-11 ' J 

·J 

l r 
,, 

. l 
l { 

r 
~ 

i •! 

L 
~·' 

t., 

npoCTbIMH, B KOTOpbIX H~Mepsinacb 6bI nonepe'IHaSI nonsipH3aUHSI qacTHUbl OT/la'IH. 1·13 (45) H 

(51) O'I8BH/lHo,· 'ITO KOMnoiieHTbI DJ! Dmm , Dfm MoryT 6bITb onpenenelihl, ec-

nH H3M8p8HbI, HanpHMep , D 8 # 8 n. '1r H ,JJ •"• • TTonyqaeM:. 

3necb 

D+ =-:-¼[D
0

,
8 

sinO + D
0

,k cosO)cos(a+a') + D
8

,
8 

s!n(a'-a)+D
0

,,
0 

cos2a] 

Da =i[<-D ,cosO+D 'ksinO)cos(a+a')+D, cos(a'-a)+D ,,sin2a], 
t.m Ll , • a / -_ s 11 .• s 

D ½-[D •'• sin(a+a''+D 8 ,k cos(a+a') +D•"•] • 

A =2cos(a+a'lsin(a-t) 

(55}. ·, 

(56) 

nepel!neM K paCCMOTp8HHIO T0H3opa nepeJW'IH nonsipH3aUHH K lk . • TTyCTb no,~qpH30BaHHbll! 
• ➔ ➔ 

ny'IOK paccenaaeTCSI Ha HenonsipH30BaHHOi! MHW8HH ~ p I ./,. 0, P 2 = 0 I · . · nnsi H3M8pS18MhlX Ha 

OilbITe KOMIT01!8HT ITOIIS!pH3aUHH qaCTHU OT/la'IH nony'laeM cneny10wne Bb!paJKeHHSI: 

3necb 

rne 
➔,, 

a II H 

➔ ➔. ➔ .. 

a P <a2 > n •n n • ao (P + Knn (PI "'n)) • 
I 

➔ ➔ ➔➔ ➔ .. 

a 11 <a2 > 11' k -; •· ao (K k"k (Pl Ir. II ) + Kk"• (P, 8 II», 

u .. <; >·n:;; 
Pl 2 

•a O (K0
,,k (P➔1 t 11 ) + K

8 
"• (;

1
; 11 )). 

➔ . ➔ 

K ,, =(a" ) K (b ) 
a b II RI lk II k 

(57) 

(58) 

➔ 

b II -BeKTOpa H3 TpoeK ( 18} H ( 16). COOTB8TCTB8HHO. Qqesnnno, 'ITO COOT-

HoweHHSI, CBSl3b!BIIIOIUH8 3TH B0/JH'IHHbl C KOMITOH8HTIIMH T8H30pa Klk , a TaKJKe_ o6paT-

Hbi8 COOTHOW8HHSI MoryT 6h!Tb no11y,reHbl H3 ( 51 ) H ( 54) C IlOMOIUb!O 3aM8Hbl D a "b ➔ i::. "b 

H D lk ➔ K. lk KoMnoneHTbl T8H3opa nepena'IH nonsipH3aUHH MoryT 6b!Tb onpe11e11eHbl 

TaKJKe nyTe"::f H3M8p8HHSI ITOllS!pH3aUHH pacceSIHHOi! 'IIICTHUb11 B03HHKaJOIU8i! npH pl!CC8SIHHH 

neno11sipn3osannoro nyqKa nonHpH30BaHnol! MHWeHbIO I P 1 =0,P2 ./,.o J. TTpn ncnonb30BaHHH 

coo6pa>KeHHII HHBapnaHTHOCTH nonyqaeM: 

a ➔ <il
1 

> ri • a (P + K (P
2

; )), 
P

2 
n n o nn n 

a ➔ <;; >nk'11=ao(Kk'k (P2 tnl+Kk., (P2:n», 
p 2 l a 

(59) 

➔ ➔ ➔ ➔ ➔ ➔ 

a p~ < a I > n s; = a O (K O 'k (P 2 k II ) + K 8 8 (P 2 s n )). 
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3ilec&· 

3aMeHoA Dlk ➔ IClk 

nenH'IHHbI C I: + 

I(••~·• (:!I- )RI IC lk (b➔ll' .)k (60) 

H Da'b ➔ I( a 1' 

i H -ICt.,,, 

B ( 45) nony'laeM COOTHOW8HHSI, CBll3blBalO!IlH8 8TH 

3roA JKe aaMeHOA nony'laeM H3 (48) o6paTHbie COOT-

HOW8Hll'.ll .. B 3aKnl0'18HHe npHB8A8M BbipaJKeHHll Allll AHcJ><jiepeHnuanbHOro C8'18HHll '7o 

nonapll'.3111111'.H p II'. KOMnOH8HT T8H30pOB Olk IC!k II'. elk 

MOIIlblO MBTpll'.Ilbl pacceSIHHll ( 1 ) : 

ao .. 2(1ul 2 + !Tl 2 + lcl 2 +tsl 2 +11l>. 

a•P • 4Recu*. 

1.12 
1

.
1
2 

1
.
1
2 

1
.
1

2 I 
1
2 

a O D1111 • 2( "r + -. . + c . - g - h . ) , 

a0 D+ 4Reuv* . 

a0 D _ ,. 4 {le gh * , 

a 0_ D fm • 4lmcv* , 

aOICllll -2<111 12 -1-.1
2 

+1°1
2 

+l1/-11l> 

a
0 

IC+ • 4Re~g• 1, 

a 0 IC_ • 4 Revh* 

a0 IC_fm • 41mcg* , 

UoC..11 - 2<1,l -lvl 2 + lcl 2 -lgl 2 + !JilJ.) 

a0 e+ 4Revg* , 

a
0 

e_ • 4Renh*, 

a o efm • -41mch* • 

• Bbl'IHCneHHbie C no-

(61) 

(62) 

(63) 

(64) 

(65) 

(66) 

(67) 

(68) 

(69) 

(70) 

(71) 

(72) 

. (73) 

(74) 

s. ITpsrMoe ooccTaaonneaue MaTpHUbI HYKnoH-HYKnoaaoro paccesrausr 

C noMOil!blO lj>opMyn, nony'leHHb!X B npeAbIAYIIl8M naparpa<jie, MOJKHO onpeAenHTb B pe

nllTHBHCTCKOM cnyqae no R3M8pS18MblM Ha onblTe BenR'IHH8M KOMnoHeHTbl nonstpR38IlHOHHblX 

'T8H30p0B B c.u.11. 3aTeM, HCnonb3ySI COOTHOW8HHSI (61)-(74), MOJKHO Bblp83RTb aMnnHTYAbl 

14 

,: 

u .. c O g R h 'lepea C8'18HRe Uo nonstpH38IlHIO P. II'. KOMnOH8HTbl no-

nllpH38IlHOHHbIX T8H30p0B ·o 1k ICu, . H elk • KaK yJKe OTMe'lanoc& B&Ime, aaAa'la 

npstMoro BOCCT8HOBneHHSI MaTpRilb1 HyKnoa-HyKnOHHoro pacceSIHHSI H3 3KcnepHM8HT8nbHb1X 
. • /5/ 

AB~HbIX npH i!>HKCHp0B8HHOM yrne H aaeprRH paccMaTpHBanacb illyMaxepoM H EeTe • 3A8Cb 

Mbl 06061IlHM npeAnOJK8HHb;H HMH M8TOA, KaK BHAHO H3 COOTHOIIl8HHi! (61),(63),(67) H (71), 

AH<p<p~peanHanbHOe Ce'leHHe . "'o . H HOpMan&Hbie KOMnoHeHTbl DDD 

JK8IOTCSI qepe3 KBaA7Tbl MOAynei! aMnnHTyA, 11 

·coOTHOW8HHil H8XOAHM: 

v· 

lgl
2 

.. 1-a 0 0 + IC= -D"" -C"" l 8 . 
2 ; ,[ \I .. .!_a0 0-1C

1111
--D= + C

1111 
) , 

0 

Iv 1
2 

.. ..!: ao 0-IC + DDll -eDD ) 8 , n1;1 
. 2 2 . • 
111 1 +lei •{a0 <,1 +1C.;,.+o""+C"" ). 

C 

IC Dll H e"" Bb1pa-

g H h • Ha aTHX 

(75) 

0'18B11'.AHO, 'ITO M8Tpuna paccesrausr MOJKeT 6b!Tb. BOCCTaHOBneaa H3 ( 61) H. ( 74) I nHWb C 

TO'IHOCTblO AO o6mero q,aaoBoro MHOJKHT8Illl, 3TO 03H8'188T, 'ITO OAHY H3 aMnnHTyA BcerAa 

MOJKHO C'IHT8Tb npH BOCCTaHOBil8HHH M8Tpll'.Ilb1 paccesrHHll AeilCTBHTenbHoA·H nonOJKHT8IlbHOA. 

EyAeM C'IHTaTb, 'ITO aMnnHTyAa C iieACTBHTen&Ha II'. nonoJKHTCnbH8 ( 3TO 3Ha'IHT, 'ITO 

BOCCT8H0BilHB88TCll MaTpHil8 .-!<po . M ( ;, , ; ) , rAe cp 
O 

q,aaa aMnnHTYAbl C ) • 

TorAa H3 (62), (74), (66) u (70) HaXOAHM: 

Ren .. _l_a
0 

P 
4c 

lmv•-..!...a0 Dt,, 
4c 

1m h = _l_a
0 

efm 
4c 

1mg = - -2_ a O IC fm 
4c 

OnpeAenHM Tenep& aMnnHTYAY c • nnsr 3TOrO Hcnon&ayeM COOTHOW8HH8 

. 2 2 2 _2 2 2 2 
l:il Ir 1 · -(Rexy") .. lxl (lmy) + ~yf (lmx) 2Rexy* lmxlmy 

(76) 

(77) 

cnpaBeAmrnoe Anll n106&1x ABYX KOMnneKCHbIX 'IHcen x u y . • Bb16Hpasr B Ka'leCTBe x 

H y 

c2 

aMnnHTYAbl g H h • nony'l88M ·c nOMO!IlblO {76) cneAy10mee Bblp8lK8HHe An~ 

3A8Cb 
/ 

a Isl 2 
, fh I 2 

2 
C 

l1/M 2 -llil~N 2 -2Regl,*MN 
2 2 2 I g I I h I - <,Regh*) 

{78) 

M= ¾ao cfm N =-¾u o ICfm (79) 

H Regh* Aa!OTCSI Bblp8JK8HHllMH {75) 'H { 65), COOTB8TCTB8HHO, nnsr non-
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Horo B0CCTBH0BneHHSI MaTpHUbl pacceSIHHSI HeofiXOllHMO onpenelll!Tb numb 3H81tH Jm11 1 Reh , 

,Rey H Reg OTHOCHTen&Hblli 3HBK Reg H Reh M0JKeT 0bITb aal!nen H3 C0OTBome-

HHS! 

Reg!,.* •¼o-0 D_ • Reg Reh + Imglmh • 
(80) 

C Il0M0lllblO C00TH0WeHHSI (64) M0)KH0 onpenenuTb 3B81tH lmn H ReT n10ooe u3 oc-

TSBWHXCSI Heucnonb30B8HHbIMH ypaBHeHHli noaoonsreT ycTpaHHTb 0CTSIOlllYIOCSI· He0,[lH03Haq-

H0CTb, ilpyrue BapuaHTbl: c Il0M0lllblO (68) (riufio (73)) M0)KH0 onpe~elll!Tb 3HSKH !mu u 

·neg ( C00TB8TCTBeBH0 lmn H R<!b ) 1 3HSK Rev 38TeM M0JKeT 0bITb Halinea C no-

M0lllbl0 ;_( 64), nu6o (69), nufio (7~). TaKHM ofipaaoM; nm, 0llH03Haqaoro BOCCTSH0BneHUH 

MSTpHUbl Hygnoa-nyKnom10ro paccesrHHSI TpefiyeTCSI 31I8Tb C ll0CTaTOqaol! TO'III0CTblO 0llHH

_HBllUBTb BenHqHH B C,U,H, QqeBHllMO, qTo TQqH0CTb, C KO~0pol! B0CCTBIISBnHBBeTCSI MBTpuua 

p~cesrgusr paccM0TpeHH1,1M HBMH cnocofioM, 3BBHCHT OT ToqaocTu onpeneneausr aMnnuTyllbl 

C B CBS13H C 3THM nonyqHM npyrue BbIPBJKeIIHSI nmi C 
2 

• Bb16Hpall B 1caqecTBe X 

H y e· (77) aMllnHTYllbI g 

rne 

AHanorHqHo nonyqaeM: 

2 
C 

2 
C 

B cnyqae, Korna B KaqecTBe x 

H . V I HBX0llHM 

2 2 2 2 
Isl L + lvl N -2Regv* LN 

liit
2 

lvl a - (Regv* )
2 (81) 

Le -¼~o Dl'm (82) 

2 2 2 2 
jh~.L +ivtM -2Rehv"LM 

2 2 2 
jhj. lv-J - (Rehv*) (83) 

H y B (77) Bb!DpBBbl h H v • HaKoaeu, Mbl 

M0JKeM BbI0paTb neliCTBHTen&Holi H nonoJKHTenhH0li aMnnuTyny U H B0CCTSH0BHTb H3 

-l<pu , ➔, ➔ ( • ) 
3KcnepHM8HTan&HbIX llBHHbIX .MaTpuuy e M(p , p ) <p u -4>aaa BMnnHTYllbI U , 

lfa (62), (64), (68), (78) npH 3T0M nonyqaeM: 

Rec .!_ O' 0 p 
4u 

Reg• _l_o-0 K + 
4u 

1 
Rev• 4u o-0 D+ 

Reh• _l_o- 0 C 
4u 

ilnsr Toro, qTO0bl onpenenHTb u • Hcnon&ayeM COOTH0WeHHe: 

2 2 , 2 2 2 2 ·2 
l:i:I ~:rl - (Rexy*) = l:i: I (Rey) + Ir! (Rex)- 2RexReyRexy* 

16 

(84) 

(85) 

rne x H y -npoH3BOnhHble K0MnneKCBble 'IIICna. C IlOM0lllblO (84) H (85) nonyqaeM 

cneny10mee BblpaJKeaue nnu u 
2 

, 

2 
u -

I
.,~., .D ,.,2 D * 
g . 11'1 + h .N 1 - 2Regb. M 1 N 1 (86) 

lsl
1

1hl
2 

-(Reg!,.*)
2 

3nec& 

M 1 •¼o- 0 C_, N 1 •¼o-o K+ • 

( BIZ) 

ilnH 0llH03BBqHoro BOCCTSH0BneHHll Ma~pHUbl pacceHBHSI 0CTaeTCSI onpenenHTb 3HBKH Imc, 

lmT 

Imc 

Img 

H. lm'f 

H lmh OTHOCHTen&Hblli 3HBK Img H lmh HSX0llHM H3 ( 65), 3HaKH 

MoryT 0b!Tb onpeneneHbl ·ua (68). OCT810lll8l!CH ,He0AH03HaqH0C'fb M0JKeT 

0b!Th, ycTpaHeHa C noMplllblO n106oro H3 He HCII0nb30.BBBWHXCSI AO CHX nap COOTIIOW8HHli 

(npyrHe BapHBHTbl: HCHOnb30BSHH8 (76) nnsr onpeneneHHSI 3HSK0B Imc H Img , nHfio 

(74) nnH onpeneneHHH 3HSK0B lmc H lmh ' a 38T_8M HCII0nh30BBHHe (68), nH0O (89), 

nHfio ( 72) nnH onpeneneHHll aHaKa lmv ) • B 3a1tn10qemrn npHeeneM npyrHe Bb1paJKeHHll 

,[lnH u2 

3nec& 

, nonyqeHHbie c Il0MOlllblO (85) u (84): 

I ., 2 2 1 ·1'll· 2 -
11 2 • v M1 + h "'! - 2Rm*M1L1 

2 
u 

lvl21fil2 - (Revh*)2 

1
.
1 
a 2 

1
.
1
a 2 

Y N
1 

+ g L 1 -2Revg*N 1L 1 

lvl »Isl» - <Revg* >2 

L 1 - ¼o-0 D+ • 

(88) 

(89) 

.Hcao, qTo B pa3HbIX ofinaCTllX 9Heprnl! H yrnoB non)Kllbl HCIIOnb30B8TbCll pa3Hble BapHaHTbl 

BOCCTSH0BneHHH MaTpHUbl pacceHHHll, 

5. PacceHHHe npoTOHOB npoTOHSMH 

B cnyqae paccesrHHH np0T0H0B llp0TOHSMH aMnnHTYllbI u y C g H h 

yJ:foeneTBOpHIOT ycnOBHHM CHMMeTpHH ( 4). MaTpuua 

Ten&ao, aMnnuTynaMH u T H T.n. B HHTepaane 

p -p paccel!HHH aanaeTCH, cnenoea-

0 $ 8 $ T . QqeB_HAHo, qTo 

TOJKll8CTB8HHOCTb qacTHII npHB0llHT TSKJKe K CHMMeTpHH aafin10naeMbIX Bennqng, Herron&-
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aysr ycnoBIUI (3), HBXOllHM,· 'ITO nonapH381!110HHble TeHaopa B c.11.H. YllOBneTBOpSIIOT B cnyqae 

p - p .. pacceSIHHSI cnellyIOiltllM COOTHOIIIeHHSIM: 

( 
... , ➔ ... , ... 

pl p , .. p•) • pl (-p,p) • 

( ..... ) ( ..... ) 
D,t P • P • x:,t -p •P • (90) 

... , .. ..., ... 
c,t (p ,pl. elk (-p ,p >. 

Jlng ll3MepS1eMblX Ha onb1Te BenH'IITH, BBelleHHblX B naparpalj)e 2, nonyqaeM: 

P(8)--P(1T-8), 

Ann (8) •Ann (rr-8) , 

A .. (0) •A
08 

( 1T-8) , 

A
8
k(8) -A 8 k(1T-8), 

c ••• ~ei - c ..... (1T-8) 

C.-1,,,.(8)•-G,••n(tr-8) , 

ct .... <8> - -c.v, (IT,-8) , 

D
1111 

(0) • x:;_, (1T-8). 

D •• C8l - x: .... <tr-8 >, 

D• ·t (0 l - -x:0 1,Ctr-8) • 

Dk'• (8) •- X:t"• (rr-8) ' 

D0 ,
0 

(0) - x: • •• (1T-8) , 

D. ''It (8) - -x:.t (1T-8) , 

Dk,;• ( 8) • - X: Ii'• (rr-8) • 

(91) 

8 CBSl31! C STIIMH COOTHOIIleHHSIMH CllenaeM cne1ly10mee 38Me'IBHlle. Ecn11 nallBIOiltllA nyqoK .. 
npoTOHOB nonapH,aOBaH, TO nonapll38UIISI 'IBCTIII! C l!MnynbCOM p B c.u.H. OTnH'l88TCH B 

o6meM cny'lae OT nonS1p11381!HII 'IBCTIII! C IIMnynbCOM - p . 0'1eBllllHO, 'ITO ll3MepeHl!e nom1-

p11381!HII npoTOHoB, BhmeTaromnx B c.u,11. iioll yrnoM 8 IO $,8 S -f- I , noaaonaeT oupene-

nHTb D a'b (8) , a H3MepeH11e nonap1138UHH npoTOHOB, BblneTBIOI!tHX B c.u.n. IlOll yr-

noM IT - 8 ) noaaonaeT onpenen11Tb X:a"b • B cny'lae Henonap11aoBaHHoro ny'IKa II nonap11-

aonaHHOA MIIIIIeHII 113MepeH11e nonap11aau1111 npoTOHOB, BuneTalOIItllX noll yrnoM 8 B C,U.H. 

IO <_0 < f I , noaBonHeT onpellenn Tb X: a 'b ( 8) , a 113MepeHHe nonap11aau1111 npoToHoB, 

BbmeTSIOil!IIX ITOll yrnoM IT - 8 ,(J ll8eT B03MOJKHOCTb onpe1len11Tb Da"b qaCTIIUhl, Bbl -

neTarom11e B c.u.11. noll yrnoM 0 ll IT - 0 , 11Me10T B n.c. paaHyro aHepr1110. AHanH-

3Hpyromaa cnoco6HOCTb MHil!eHeA-aHan11aaTopoB 38BIICHT OT 8Hepr1111 '18CTHU, Il81l8IOI!tllX HS 

MHl!IeHb. 3To oaHa'laeT, 'ITO onpelleneHHe KoMnoneHT Tenaopa 1lenonap11aau11H H nepelJB'III 

nonHp1138UHH MOlK0T cymeCTBeHHO ynpoCTHTbCH, ecnH BbIIlOnHHIOTCSI Ollb!Tbl He TOnbKO C no

napH30B8HHhfM ny'IKOM, HO II C nomlp1130B8HHOA MIIIl!eHblO. 

6. PacceSIHHe H08TpOHOB npoTOH8MH 

B c11ny H30TOil11'10CKOA IIHBap11aHTHOCTII MaTpllua pacceSIHHSI HeATpOHOB npoTOH8MH paB

Ha nonycyMMe MaTpHU pacceHHHH B COCTOSIHHHX C nonHblM ll30TOilH'leCKHM CITHHOM 

paBHblM ellHHHI!e II aynro (cM. (5)). Ecnn 11a onhtTOB no pacceaanro npOTOHOB npoToHaMH 

18 

BOCCT8HOBil0H8 .M8TPlll!S· H/lepaoro pacceSIHHSI B COCTOSIHHII C I -1 MI (p', p) , TO aKcne-

p11MeHThl no D - p pacceSIHIIIO cnellyeT IICil0llb30B8Tb llnSI BOCCT8HOBil0HHH MBTPHl!hl Mo (p',p), 
3Ta M8Tplll!8 acne}lCTBHII ycnon118 CHMMeTpHH. ( 7) 381l80TCSI aMnn11Ty1lSMH a O • • y 0 

Co ' go II ho B IIHTepaane O ~ 0 ~ + . PaccMOTpHM Ha6nrollaeMbl0 aenH'IIIHhl. 

Jln¢¢ep~HuianbH00 ce'1eH11e pacceHHHSI HenonHpll30B8HHblX H0fiTpO~OB HenonHpH30B8HHblMII npo

TOHBMH paBHO: 

a (8l.•lla
1 1 

(8)+lla (0l+.;.,ReSp,M1(;',p)M;(r,p). 
n-P .. I •O o 

(92) 

3necb 

a (0) • l,ISpM 1(p',j,)M+
1 
(p,p), 

l•I 

a (8) -llSpMo(p',plM/ct·. ;i 
l•O 

(93) 

n11¢¢epeHUH8nbHble ce'leHHSI pacceHHIISI HenonHp1130B8HHblX HyKnOHOB B COCTOHHHHX C I = 1 H ' 

I = 0, COOTB0TCTB0HHO { 0 - yron MelK/ly H8'18nbHbIMll ll KOH0'1HhlM IIMnynbCBMII nell-

TpoHa B c.u.11. ) • 113 COOTHOl!IeHllll { 6) HSXOllllM, 'ITO 

a (0) • a (IT-0), 
I a:1 I• 1 (94) 

a (8) • a ( IT -0) , 
I -=O I=O 

..... >+< ..... , < ..... *< .. , .. > SpM
1 

(p ,p M
O 

p ,p = -SpM 1 -p ,p )M 0 -p ,p • 

PacCMOTpllM Ce'l0Hlle D - p 

nony'laeM: 

pacceHllllH Ha yrnhl 0 ll IT - 0 . C IIOMOiltblO $92) ll (94) 

2 [aq• (8) + anp (1T-0)]-a1• 1(0) = a 1=0 (0) , 

" 0 ( ➔• ➔ + ( ➔' ➔, anp(<1)-anp(1T-8)=a
11
HT( l=¾ReSpM 1 p,p)M 0 p,p, 

(95) 

TaKllM o6pa30M, HaMepe1111e llH¢¢epeHunanbHOro ce'l0HllH pacceHHHH Henong pll30B8HHhlX Hell-

TpOHOB HenonHpll30B8HHb1Mll npoTOH8Mll IlOll yrnaMH 0 ll IT- 0 Il03B0IlH0T onpell0IlllTb 

{ ecnn ll3B0CTHO a ( 0 ) 
PP 

HblM Hynro, a (0) 
I=O 

ce'leHne pacceHHHSI B COCTOHllllll C ll30TOITll'10CKllM cnnHoM, paB

ll llHTep¢epe11UllOHllblll 'Inell ReSpM I (p', p ) M:(p', p) 

B KOTOpbtll llHTepecyromaSI Hae aMnnHTYllB pacceSIHHH COCTOHHllll c I = 0 BXO)lllT nHH08Ho. 

QqeBllll_HO, 'ITO B 06:1acTn, rile t.:~JKHo npeHe6pe'!b K.ynOHQBCKllM B38llMOllellCTBlleM, 

a
1
=

1
(0) = aPP(0). 

(96) 

Hcnonbaya (5) n (6), nonyqaeM a cocTOHHllll c 1=0 cnenyromne BhtpalKeHHH nna nonapn

x/ 
38Ullll II nonHp1138UllOHHblX TeH30pOB BTOporo paHra : 

xi CooTHomeana (97)-(99) {a llpyroM anne) 6bm11 nnepBb1e nonyqeaht B pal5oTe
181

• 
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2[uDP (8) PDP (8) - "np (rr-8)PDP (rr-8)]-uI=I (8 )~al (U) = "1=0( 8 ) pl =0( 8 ) ' 

np np lel 
2[uDP(8)Dlk (p',p) +unp(tr-8)Klk(-p',p)] -(71=1 {8)D lk (p'p) = 

C7 (8)DI=O ➔, ➔ 
I=O lk (p ,pl. 

DP ➔ -+ np ➔ ➔ 1=1 -+ ➔ 
2[unp (8)Klk (p',p) +uDP(rr-8)Dlk (-p~.p)]-uI=l(8)K1k (p',p) = (97) 

I=O 
= "1=0{8)Klk (p', p) 

AHanorIPIHO HaxonHM, qTo HHTep<jlepeHUHOHHbie •-meHbl paBHbI: 

C7 (8)P (8) + u (rr-8) P (rr- 8) a (uP) = ¾ ReSp;;1 ;M 1 (;',p)M +
O
(p' ,p ) • 

np np np np HHT " 

np ➔, ➔ np -+, ➔ ➔, ➔ + -+, -+ 
C7 0 P(8)D1k (p ,p )-u

0
P(rr-8)K 1k (-p ,p) =(uD 1k) IfHT=¾ReSpo-

11 
M1(p ,p)u

1
kM

O
(p ,p) 

np ➔ ➔ np ➔ ➔ ➔ ➔ + 
"Dp (0)Klk (p',p)-uDP(rr-0)Dlk (-p',p)=(uKlk) IIHT= ¾ReSpC721Ml(p',p)C71kMO(p',p), 

np ➔ ~ np -+ ➔ 
"np (0)e lk(p',p -C7 0 P(rr-8)e 1k (-p' ,p) = (ue 1k 

IIHT 

➔, ➔ + ( ➔, ➔) = l(ReSpu 11 "n M1 (p ,p)M
0 

P ,p • 

QqeBHllHO, qTo ceqeHHe, nom,pH381lHSI H KOMITOHeHTbl T8H30POB Dlk 

(98) 

K lk H elk B 

COCTOSIHHH 

MeHHTb Ha 

I =0 ll.8JOTCSI Bblp8)1{8HHSIMH (61)-(74) (B 3THX BbtpS)K8HHSIX u cnenyeT aa

H T.n.). C IlOMOmblO (98) nnsi HHTep<jlepeH!lHOHHbIX qne-Do ' V ➔ Vo 

HOB nonyqaeM cneny10mee Bbtpa)KeHHsi: 
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'-

+ 
l(ReSpM

1
M

0 
2(Reu 1 u*0 +Rev 1 •t +Rec1ct +Reg 1 g*0 +Reh1h't, 

l(Re_Sp(;
1 

;)M1 M: 2 (Reul ct + Rec l u t ) , 

+ [ * * • ¾Re5pu11 M 1 u 1k"!o •2 (Reu 1u6 +Rev 1 v 0 +Rec 1c 0 -Reg 1 g 0 

-Reh1h6)n 1nk+(Ren 1 vt +Rev1 ut +Reg 1ht +Reh 1 stlf 1 f.+ 

+ (Reu 1 vt +Rev 1 ut-Re8fh*0 -Reh1 g3' )m 1 mt + 
. I 

+ (imc 1 v6 -1!n•i ct Hf1 mk -m I f.)] , 

+ 
¾ReSpuH M

1
·ulkMO a2[(Reu 1 u*

0 
-Rev 1 ~ +Rec 1 c*0 _+ 

+ Re 8f st -Reh1 h6)n 1 nk +( Reu 1 st + Reh ut + Rev 1 h6 + 

+Reh
1

v*
0

)f
1

fk+(Reu 1 g; +Reg 1 u;-Rev 1 h~ 

Reh,vtlmimx+(lmc 1 gt -Img1 ctHfimx-m 1 fxll 

+ 
¾ ReSpu

11 
"n M1 M0 a 2[(Reu 1 u~-Rev 1 vri + Rec 1 ct 

(99) 

- Reg 1 Sri +Reh
1
h;)n1 nk +(Reu1hri +Reh 1 uri +Rev1 g6 +Reg 1 vtJf1 fk+(-Re"ih*-Reh 1 u; + 

+Rn1 gt +Reg1Y6)m 1 mk-(lmc 1ht-Imh1 cri )(f1 mk + m1fk)]. 

8 3aKnlQqeHH8 nonyqHM q>opMynhl nnsi BOCCT8HOB~8HHSI MSTpHUhl HyKnOH-HyKnOHHOro pacceSI

HHSI B COCTOSIHHH C nonHblM H30TOITHqeCKHM CITHHOM, paBHblM Hyn!O. MaTpuny Ml ( p ', ; ) 
cquTaeM H3B8CTHOli. EcnH non yrnaMH 0 H rr - 0 H3M8p8Hhl nuq>q>epeHUH8nbH08 ceqe-

HHe pacceSIHHSI aenonS!pH30BSHHb!X Hel!TpOHOB HenonsipH30B8HHblMH npoToHaMH, nonsipH38UHSI, 

B03HHKB!Omag npH CTOnKHOB8HHH HenonsipH30BaHHblX qaCTHU, 8 TSK)Ke HOpManbHble KoMno,:lleH-
2 2 

• TO H3 ( 75) HBXOllHM I y O I • I g O I H elk Thi T8H30pOB D !Jc , K lk 

lii
0

j2 B lu
0

·12 +~c
0

l2 
,(cooTBeTCTBY!OmHe_BenuqHHbI nnsi p-p paccesiHHH Ha yron 

' 2 2 
cquTaeM uaBeCTHbtMH; oqeBunao, qTo B (75) cnenyeT aaMeHHTb ~ v I ➔ I vo I , ,. 

lg 12 
.:. 

2 

I so I 

u T.n,),· YnooHO BM0CTO aMnnHTYll 

H T • .a., K 

Ilg B Cg BB0CTB 

ao - uo +co , 
{3 0 a Ilg - CO 

Torna H3 (75) H (62) H8XO/lHM, qTO 

21 

IUl 

I=O 
-+ :K. nn 

I=O 
D ➔ D 

nn nn 

(100) 



2 l•O l11:10 l•O I a O I • 4-, u (1 + K + n,.. + c + 4 p 
8 1- O nn ... nn I== O 

) . 
( 101) 

2 

IPo+ 
1 1-=0 JIIS O l•O 
_u (1 +K +D +C •• -4P ) ·• 
8 I =O DD nn LU.& I - o 

ITepel!neM K pacCMOTpemno HHTepq,epeHUHOHHb!X •meHoB. Ha (99) u ( 100) nerKo HaxonHM: 

1 / 
Rev O Vi • lf(q HHT +(uD,.,. ) HHT -(ul( "") HHT -(uC,.,. ) HHT ) • 

Reh 0 h*1 = 
8
1 (u - (uD ). -(uK ) + (uC ) ) , 

HHT nn HHT nn HRT nn HHT 

Rego g~ _:_(u -(uD,.,.) + (uK 
8 HHT HHT "" 

-(uC ) ) , 
HHT nn HIIT 

Rea 
O 

a';_ J._ ( u + ( u D ) + (uK ) + 
tJ HHT nn HHT nn HHT 

( 102) 

( uC DJl ) HHT + 4(uP) HHT) 

Ret3oM -..!...cu + (uD,.,.) 
8 HHT HHT 

+ (uK DD 

HHT 
+ 

+ (uc nn ) HHT - 4 (uP) HHT) • 

_3necb 

a1=n1+c1 

( 103) 
,B,=u1-c1 

TaKHM o6paaoM, HaMepeHHe n11q,q,epeau11an&Horo C8'18HHH, non>1puaauuu II HOpManbHbIX KOM

ITOHSHT TeHaopoB nenon>1puaau11n, nepenaqu non>1puaaunu u KoppenmtBB nonHpHaauul! non 

yrnaMH 0 H fT- ~ naeT B03MOJKHOCTb onpenenHTb non yrnoM 0 MOnynH BCSX ITH-

TH aMnnHTyn B COCTOHHHII C 0 H KO_CHHYCbl p83HOCTel! q,aa aMnnHTyn 

VO H v, ho H h I So H g I ao H a I Po H ,Bl • 

llnH Toro, qTQObl onpenenHTb 3H8KH COOTBSTCTBYIOillHX pa3HOCTel! q,aa,nocTBTO'IHO Hal!TH 

3H8KH MHHMblX qacTel!: lmv o Vj , Imh O ht 1mg O s; Im a O a\ Im ,BO .B! 
PaccMoTpHM nnH aToro npyrue aa6nronaeMbie. ITpennonoJKHM, 'ITO B c.u.u. onpeneneHbI 

KOMITOHSHTbl T8H3opa KoppenHUHH nonHpH38UHl! B COCTOHHHH C I = 0 H COOTB8TCTBYIOillH8 

HHTepq,epeHUHOHHbl8 'ln8Hbl (HanpuMep, nyTeM H3M8p8HH>I C8'18HHH pacceHHHH nonHpH30B8HHO

ro nyqKa nonHpH30B8HHOl! MHIIJSHbIO). C noMOI!lbIO (98) H (99) HaxonnM: 

uDp (O)C+ (0)- U {tr-8)Cnp(fT - 8) = 
Dp + 
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' • 2(ReSovi +Rev0 g';_ 

2 (Re • 
-;-:-;-:ii. I go g l Reg l v'; 

gl . 

-Img. 0 g\·1mSt"'i i· 

+ ~ ( Re VO vi Rev I Si + Im VO vt Im g l v ~ ) 
Iv I~ 

QqeannHo, 'ITO a6conroTHbl8 aenH'IHHbl Ini g I) g';_" H Im VO v•, 

. 2 . 2 2 
llmg 0 g~ I• v'ls 0 I ls1 I - ( Reg0 s!> 

limv 0 v:I v'lvo I~ (Revo vt )2 

paBHbl: 

D, cnenoaaTenbHO, H3B8CTHbl. TaKHM o6pa30M, COOTHOIIJ8HH8 ( 104) DM88T ann: 

.. At g + Bf V -c , 

rne 

'• 
lmgo sj 

IImgos11 
f .. 

Imv0 v~ 

1Imv 0 vt I 

(104) 

( 105) 

( 106) 

a A 's D C -BenH'IHHblt onpenemt8Mbl8 COOTHOIIJSHDHMD· ( 104), ( 102), (75) n 

aMnnnTynaMH p-p 
f 

g pacceHHHH. Ha 3TDX COOTHOIIJSHDI! MoryT onH03H8'1HO Hal!nel!bl 

A B C 
f .. ( H_CKnIO'l8HH8 COCTaBnHIOT cnyqan, Karna onHa D3 aenH'IHH 06-

D 

~amaeTCH B Hyn&). 3H8KD MHHMblX qacTel! Img o s*1 D lmv
0 

v: MoryT OblTb . aal!ne-

Hbl T8KJK8 H3 COOTHOlll8HHH: 

I=O 
u 

1 
= 

0 
C + • 4 Rev O g~ ( 107) · 

llel!CTBDTSnbHO, HSTpynHo ITOK838Tb, '{TO 3TO COOTHOW8HH8 MOJKST OblTb aanncaHO B BHne: 

A't +B't +C't l •F' 
g V g T 

( 108) 

rne A' B' C' D· F' -H3B8CTHbie BenD'IHHbl. C ITOMOI!lb!O ( 108) MOJKHO onH03H8'1-

HO onpenennTb l S H fT ( DCKnIO'ISHHe COCT8BnHIOT cnyqan, Korna F, • C, H A'•-B', 

nH6o F'--C' H ,.._·,. B' ) • llanee, na cooTHomeunH 
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DP Jlp 

(7np(8)Cfm (8) - 17np {,r-8)Ct,. (,r-8) 

• 2Imh 0 c*1 -Ima 0 h'j +Im/Jo h*1 

MoryT_ 6b1Th ananorH'IIIblM cnoco6oM onpeneneHJ,1 

f h • 
Imh 0_Ji'i<1 

f Imh 0 h ~ I 
'1.i•lma 0 a'i 

11ma0 a•~ 

Im/Jo f11 
l fJ • ]lm{J o /J'; f' 

.ne'llcTBHTenhlIO, nerKo BH/leTb, 'ITO COOTIIOWe1me ( 109) HMeeT BH/l: 

A"th +B"ta +C"t{J •F", 

rr:te A" ' B,, C,, H F,, -H3BE!CT!Ible aenH'IH!IbI.._ OTCIO/l8 IISXO/lHM f h 

MeTHM, 'ITO f h 'a H f fJ MoryT 6bITb 1Ial!1te1Ibl H3 COOTIIOwe_lIHI!:. 

np np 

Unp (8)C _ (0) + Unp(,r-O)C _ (,r-8) • 

_ • ~ Reh 0 u~ + Rea 0 h\ + RefJ 0 b*1 

I •O 
a I=O • c... • 4Reu 0 h*0 

I=O 
uI•O Cfm = 41mcriho 

'a 

(109) 

(110) 

xi 
'{J • OT-

(111) 

QqeBH/llI0 1 'ITO f f 
V 

H T./l. MOPYT 6h1Tb TaK>Ke orrpenene!Ibl, ecnH H3BeCTIIbl KOM-
g 

lIO!Ie!ITbI npyrHX rrom1pH38UHOIIIIbIX TenaopoB. HaKoneu, f g f 
V '·h • ta H f{J 

MoryT 6b!Tb nal!ne!Ibl H C lIOMOlllblO BenH'IHII, 1IerrocpencTBe1I1IO H3Mep,ieMblX IIB OlibITe. Ha

rrpuMep, ua 
np 

u (O)A (8) 
np a• 

np 
unp (,r-O)A .. (,r-8) = 

( 112) 
• 2[(Rev 1 g~ +Reg 1 v~) + (Imc 1 h*0 -lmh

1
ctihln0 -

-(Ren1 h/, + Reh I ut )coaO] 

rronyqaeM COOTIIOrnenue, B KOTOpOe nunel!no BXO/l>!T Bee lIHTb BenH'IHII, 31ISKH KOTOpblX Mb! 

non)K!Ihl orrpenenHTh. B aaKn10'lenue nonqepK!IeM, 'ITO 6naronap,i HnTepq,epeHUHH aMrrnHTYll 

c I = I H I = 0 B Bb1pa>Ke1IH>1X nn,i na6n10naeMb1x n- p -pacce>11IH>1 Bee nec>1Th aMrr

nnTy/l BOCCTB!IaBnHBB,IOTCH C TO'IHOCTblO no 0/lHOI! o6mel! q,aahI. 

ABTopbl 6naronapHb1 E.M. ronoBHHY, !O.M. KaaapunoBy H R.A. CMopo/lHHCKOMY aa 

rroneanble 06cy)KlleHH>1 H aaMe'laHHH. 

x/EcnH F" COBnanaeT no a6conIOTIIOI! BenH'IHIIe C 0/llIHM na K03tptpHlIH81ITOB B neBol! 
'!SC.TH ypaBII81IH.9'. ( 110)' npn'leM llBS OCTSm.l!blX Koaq,q,nnuenTa TSK>Ke coananaIOT no a6con10T
Bol! BenH'IHBf', TO f h , fa n t fJ Be MoryT 6bITb O/l!I031Ia'IIIO onpeneneBbI 113 ( 1 IO). 
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