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© 06f.e.t\HlleBBYA HHCTBTYT ll,AepllWlC BCcnt!AOBamdi )b1Saa, 1985. 

HaCTOR~ee co06~eH~e RBnReTCR npOAon*eH~eM pa60Tbl /l i ~ cOAep
~HT np~no*eH~e non Y4eHHoro TaM 06~ero peweH~R ypaBHeH~~ nepe
Hoca K cnY4 a RM KO HKpeTHoro pacnpeAeneH~R 6nOKOB M03a~K~ B KPHC
Tanne ~ KOH KpeTHm1 ilJOPMbl caMoro Kp~CTanna. 3T~ npeAnono*eH~R 

n03BonR IOT ynpocT~Tb 06~ee peweHHe ~ nonY4~Tb ilJopMynbl, YA06Hbie 
AnR npaKTH4eCKoro Y4eTa Bn~RH~R 3KCT~HK~~H Ha ~HTeHC~BHOCT H 

A~ilJpa K~~oH H~X nH KOB. Cc~nK~ Ha ilJopMyn~ ~ PHCYHK~ ~3 pa60T~ I I I 

AalOTcR B BHAe /1 , . . . /. 

1. 	 K03<b<ll~U~EHT 3KCT~HKUlA!! L\nfl 3A)lAHHorO M03A~4HOrO 


PACn PEL\EnEH l-1 f1 


PacnpeAene HHe M03a~4H~X 6noKoB Kp~CTanna no op~eHTa~~R M 06~4HO 

npeAnonaraeTCR raYCCOB~M, T. e. B cnY4ae Tpex ~3MepeH~~ 

2 	 2W( ) = g g g exp ( - 7T ~ g fl · ) 	 /1/I 2 3 I I I ' 

rAe nepeMeHH~e ~ I on~C~Ba~T Man~e Bpa~eH~R BOKpyr rnaBH~X oce~ 
3nn~nco~Aa nocToRHHO~ BepoRTHoCT~, g l onpeAenRIOT W~P~HY pacnp e 
AeneH~R Ha nonOB~He BbICOTbl: w =2(ln2 / 7T ) 1 / 2 /g = D,939 /g . . rnaB

l I I ... 

H~e oc~ 3nn~nco~Aa opHeHT~poBaH~ BAonb eA~H~4H~X BeKTopOB mi 
~ AnR 3a nMC ~ pacnpeAeneH~R WB C~CTeMe ( ~ ) / 11 He06xoA~MO BBeCT~( 	 I ......
0pTorOHanb HY MaTp~llY E m) CBR3blBalOlI\YIO C~CTeMbl ( m i) ~ ( n i) : 

_ 	 ( 111 j' 
m . 	= L E lk n k . /2/ 

I k ... 

npMH~MaR BO BH~MaH~e, 4TO A ~ ~ 6 m 	 nony 403eM 
1 L 'knk' 

k 

W(, · ( ,l) ~I C I 
1 /2 

ex p ( - 7T ~ C , , ) /3/
t 2 3 Jk J k

J . k 

C = E (m ) ' a 2E (m ) /4a,6/G i j = gj " ii' 

rAe " Ij - C~MBon KpoHeKepa. nocne ~HTerpHpOBaH~R /3/ no ' I ~ '2 
nonY4ae TCR oAHoMepHoe M03a~4Hoe pacnpeAeneH~e, KOTopoe HenocpeA
CTBeHHO npORBnReTcR B A~ilJpaKl1~OHHOM npOllecce 

W(, ) = g exp ( _ 7T g 2,2 ), /5/3 G - G 3 

1/g 2 L E( m) 2 /g 2. 
G k k 3 k /6/ 

~ KOTopoe He06xOA~MO ~cnonb30BaTb np~ B~4~cneH~~ CBepTK~ /1 , 12/ 
C ce4eHHeM o( r l , r 2 ) CpeAHerO COBepweHHoro 6noKa. 3TO ce4eH~e 
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B~4~cneHO B np~no~eH~~ A /A12, A13/ AnA 3nn~nCO~Aa C rnaBH~M~ 


OCAM~ r
j 

, op~eHT~pOBaHHbIMM BAonb eA~H~4HblX BeKTopoB 2j ( i = 1 , 3) , 

ce4eHMe 3aB~C~T OT paA~ycoB PI M P2 BAonb HanpaBneH~~ nepB~4Ho


ro ~ A~~par~poBaHHoro nY4 KoB COOTBeTCTBeHHo~ OT MOA~~M~~pOBaH


Horo yrna bp3rra f)'/noCKonb KY 3nn~nCO~A TpaHc~opM~pyeTcA 


B c~epy/. Ben~4~Hbl P j ~ f) ' MO}l(HO BbI4~cn~ T b, BBeAA opTorOHanb
(c) -. ...HYIO MaT p~~y E ,CBA3bIBalO14YIO C~CTeMbl « : j ) ~ ( n j ). 


... (e ) -+ 


C , = I E k n • 17/

kI k I 

Ae~CT B/I1TenbHO, Mc no nb 3YA npeo6pa30BaH~e /p~c . 1,1/ 
-+ 1 p-+
io = cosOn + ( -1 ) sinen; (f = 1 , 2) /8/
[ I 2 

~ /6.1, b .2/ ~3 np~nO}l(eH~A b, nonY4a e M: 

2 (e) e , (e) 2 2 
I / py I [cos e Ek + ( -1) SlOe E k2 ) Irk; (f 1 , 2), /9/

lk 

, 2 (e)2 ,2 (e)2 2 
COS 2 e = P P I (cos eE - sm f) E ) I r . /10/

12k k 1 k 2 k 

Tenep b MO~HO B~4~cn~Tb CBepTKY /1. 1 2~ /11, np~H~MaA BO BH~MaH~e 
~aKTOp /l1 3a~~~ / 1. 13/ ~ /1.30/ , nonY4aeM: 

2 2 
Gj ( I j ) = ajO e x p( -17a ) , /11/

iO I j 

2 

a , a j 2 


Z , ( r I ) = ~ exp [ - 17 _0_ (v I r ) J; (i f, j 1 , 2), 

I I ' J ' 2 jO J /12/ 

0 iO 0 iO 
rAe 

2 2
g2c /sin 2e /'A 2 

2 00 j /13/a = (i ~ j 1) ~ ).

iO 
 2 2 ..2· 2 / 2 g o+c o(Jjsm 28 A 

= _g_COS 2 f) _'Pj!!J. ~ ~~2s~~~ (J / ,\2_~____ _ _ ____
v (i I- .i 1, 2), /14
iO g ~ +C~ p~S in 2 2 B/,\2 

8 2 2 2 2 2 
=, lIa 2 

_ v 0 - /15/a I' 

10 a 10 20 a 20 


3AeCb a a eCTb n apaMeTp, xapaKTep~3Y~~H aH/I130T pOn/l11O pa3MepoB 
6 noKOB 


a ( 2 29.
a ~ __~ - P I go~cop~in 2 
20/,\ 2)1/2o - - _________2 / 16/ 

a P2 (g2 + cZp 2sin220/'\Z) 1/ 2 
10 G 0 1 

Cn pa Be An/l1BbI cneAY~/I1e COOTHOWeH/I1A: 

v = a 2 v ; a '" a 2 a ; 1/ I ' + a a 1, /17a,6, B 
20 0 10 20 0 10 10 20 10 20 

T. e. BcerAa 0.5 v 1/20 .5 1 M COOTBeTCTBeHHO o s a10020 s 1,
lO 
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06cYA/I1M Tene pb npeAenbHble cnY4a/l1 . Ecn~ g c « (C ol .\)Rin20 . 

. min (p , p ) , TO a = 1, (~ = a = g ,JI = II = 1 , 1) = 
I 2 0 10 20 0 10 20 10 

= 0 = 0, a 10 I 0 ... "" /11 ~YHKL\~/I1 Z i CT a HOBRTCA 0- ~YHKL\MRMM.20 10
npM 3TOM Kp/l1CTann npMHaAnem~T K T~ny I , Ha 3KC T~HKL\M/I1 CKa3~Ba
eTCA TonbKO M03a~4HOCTb KpMCTanna M ypaBHeH~R nepeHoca ABnAIOT
CA r3-ypaBHeHI1RMI/ II . Ecnl1 me g o~> (l:o/'\ ) Sin20 . max (P

1
, P ::) , 

TO a o = (J/~, . f 1, ,a 1(1 = coPJ sin2U! A , "JO = PJ (;0:>2U'/ (' i ' 

0IG = Pj SJn~n / PJ (. I- J) , Ben~4MHbI (li C/lliO Tenepb KOHe4HbI 
~ Zj - He O-$YHK~MM. B 3TOM cnY4ae Kpl1CTann npHHaAne~HT K THny 
II, Ben~4HHa 3KCTHHKL\MH o n peAenReTCR pa3MepaMI1 6nOKOB /11 ypaBHe 
HHR r3 y~e Henb3R npHMeHRTb B Ka4eCTBe ypaBHeHH~ nepeHoca, TaK 
me K3K 11 B npoMemyTo4Hwx c~TyaL\~RX, KorAa Kp~C Tann npHHaAne~/I1T 

I{ cMewaHHOMY Tl1ny. Ecn/l1 sill 2 0 04eHb Man , TO Kp~C Tann He Mo~eT 
6blTb TonbKO nina I , HO B 3TOM cnY4ae Pl=P2' T .e . a n =1, iJ IG = "26' 
~ 1, j, 10 := h,u :-0,101, XOTR Kpl-1CTann CMewaHlioro Tl1na, ypaBHeHMA 

e peHoca OCTa~TCR r3-ypaBHeH~AMM. TaKHM o6pa30M. BcerAa, KorAa 
npOM3BeAeH~e (ti, n!!) 0 6nv.3Ko K Hyn~, ypaBH€HHR r3 cnpaBCAnl1Bbl. 
101 Teop~1R beKKepa-KoneHca AaeT npaBV.nbHY~ eenl<1411liY K03Cl>¢~~HeHTa 

3KCTVlHK~HM. 3TOT napa MCTp HenocpeAc TBeHHO Mom HO nonY4/11Tb 1013 /1 ~ / 
101 /17e/: 

"2 22 ~ 2 
~ -sill 2IJ' I I: s in 2() ( p I p" - 2(11 (·os 20 ' )1 A 2 ., G 0 1 <. 2

(8 !) ) ~~ 
, 1 2 co /18 /

(J ~ 22.2 ~ 2 !:!2 2 i 
(~ - I ( ~ o PIs 10 2 () / )., )(~ G I' (! ul' 2 Sill 2 (/ / A ) 

"'MeA G , ~ ZI ' MOIKHO Bbl4/11CnMT b ~YHKL\~M Vnlll ( I '2> 1' . Ec nl-1 ypaa
HeMMR / 1.33/ pewaTb , Ha4HHaA C n= 0, TO nocne HccKon hKHX I1T8
paL\HI-' MO)j(liO 3al~eTHTb, 4 TO V nlill 2) RBnReTCR CYMMO~ ( ~, ) raycc~a-

HOB, Ka)t(Abl~ ",3 I<OTOPbIX /I1MeeT MHO)MI1T enb ":~ " ~G 111+ I .unR KPI1 
CTanl1a T",na 1 Bce cnar a eMble B Vnlll ((' 2) MAeHTI1 4Hbl ~ n03TOMY 

II 11 '1 n .) .J 2
V
11 111 

( I '.. 
_ 

) )W <I ) h~f>Xp l -17 (lI ~ l )~- I ' j / 19/

111 ~ m G G 2 


OAHaKO B 06~eM cnY4ae nonY4M Tb T04Hoe B~pall(eH~e AnA Vll~ He YAa
CTCA. C APyro~ CTOPOHhl, T04HbI';' BMA ()lYHK~HH V 

nlll 
(1 '2 ) 101 He Tpe6y

CTCR, a HY~HO 3HaTb nMWb HHTerpanbl OT HMX no 1'2 ' 11 no aHano
rMIo! C / 19/ MO~HO npHHRTb cneAYlOU\ee Bblpa)lfeHHe, annpOKCHM~PY~
lltee 3TI1 ~YHKL\~I1: 

2 2II 1Il n-m~ 1v (I') =: ( 'u u P (-'ltp 1-11 (n , 1)" 2 (p Iv ) r I . /20/11111 2 m 10 ~G :;''' " 2G !lin om 

nOACTaBnAR /20/ B /1.38/ 11 OCTaB nRA TonbKO: a/ 3MnnHTYAY ~ nno 
14aAb Hnl1 G/ aMnnMTYAY 11 BTOpoA MOMHHT, nonY411M ABa CBR3aHHblX 
pCKyppeHTHblx COOTHowe HH A AnA K03¢¢I1~HeHTOB Pow /11 vnm . 3T/I1 CO
OTHOW€HI1A 33BI1CRT TonbKO 01 OAHoro napaMeTpa (O j02)0 101 MorYT 
6blT b peweHbI 4~cneHHO . I1HTepeCYKlIl~I~H Hac BenH4MHaM/I1 RBnR~TCR 
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Vn m 10npeAenR~~~e nno~aA b nOA KP~S~M~ Vnm(re) /, KOTOp~e 
CBR3aHbi ycnos~HM~ Vnm = Vn , n-m ~ vnm~ . 1, np~4eM paseHCTBO Sbl
nonHReTCR TonbKO AnR m = 0 "1 m= n 11-1 sce'Aa, ecn~ 8 1 8e = 0/. 
np~ s~nOnHeHI-1I-1 ycnos~~ al K03¢cp~4~eHT~ nepe04eH~sa~TCR 1-1 , Ha060
POT, HeA004eH~sa~TCR , ecn~ s~nOllHRWTCR y cnoBI-1R 6 / . Ha p l-1 c.l 
npeACTaBneHbl HeKOTopble V , Bbl4~cneHHble np~ (8 8 ) G '" 1 . n m 1 2
 

np~ Y4eT~ np~6n"1~eH~R 120 /, K03cpcp~4~eHT 3KCT~HK4~~ / 1. 371 
3an~C~BaeTCR B B~Ae 

n n - ' 112 

y = ~ ( - 1 ) (Q a ) t (n) / [ n ! (n ·d) 1, /2 1al 


1G 
n =O 

-1 II n 2 m n-mt (n) 
[ VA (fl) ] J dV exp[-,.,(t + t )] L oem) vn mtl(aGt.2) . /2 161


1 2
V 00 = 

3Ta cpopMyna OTll~4aeTCR OT Ha~ AeHHO~ 5e KKepOM 1-1 KoneHCOM Icpo p

Myna (BC51/21 

/ K03cpcp~4~eHTaMI-1 v 1-1 a G B ttnT: 1(03QlQll-141-1eHTbi
nm 
a nO RsnHIOTCR B 12 1/ npl-1 n ~ 1, T . e . OT HI-1X 3aBI-1CI-1T "napaMeTp

G
3KCT "1HK41-1 i:1", KOTOPblH TaK ~e KaK B 1 2 (ony~eH TonbKO K03CPCP~ 
41-1eHT 2/3 ) onpeAen~M Ka K 


x = Qa ;-or. 1221

1 


npl-14eM tm 3AeCb npeACTaBnReT C060H cpeAHI-1~ nYTb B Kpl-1CTanne 

l~nl-1 B M03al-14HOM 6nOKe, ecn~ VB 12161 3aMeHeHO Ha v/,.Ho Tonb

KO B TOM cnY4ae, ecnl-1 = 1. K03cpcp"14l-1eHTbl v nm nOHBnRIOTCR B 1211
a G 
TOllbKO AnR n? 2 ~, cooTBeTcTBeHHo, MO)l(HO O)l(~AaTb, 4TO OH~ AalOT 

MeHbWY~ nonpaBKY K cpopMynaM 5eKKepa 1-1 KoneHca no cpaBHeHl-11O 

C aGo AnR 04eHKM nonpaBKM K03cpQll-141-1eHT 3KCT~HK4MM y 6b1n Bb14"1CneH 

npRMblM CYMMl-1pOBaH~eM 121 1 AnR KPI-1C Tanna . ~MelO~e,o QlOPMY na panne

nenMneAa C ,paHHMI-1, Op~eHTl-1pOBaHHbIMM BAOIl b x l' x ' x3 C fl = 0
e 
M a G = 1. B 3TOM cnY4ae I-1HTe,pan no 06beMY B /2161 6epeTcH, a 


6blnl-1 paCC4~TaHbl 41-1CIle HHO AnR (o 1oe) G = 0 ; 0,4; 0 , 7 ; I,D
vnnl 

1-1 n ~ . 60. AnR TaKI-1X n CYMM~pOBaH~e B 12 1al MO~HO npOAenaTb C 

T04HOCTb~ AO Tpex Ae CRT I-1 4HbiX 3HaKOB B 06n a CT I-1 0 ,;: x <:..5 , 7 


v om l1l! / y ? . 0,21. Pe 3yn bT a Tbi CYMMl-1pOBa

1.0 n: 2 6 10 HI-1 R, nonY4eHHble C HeA004eHKOH "1 

nepe04eH Ko i:l vnm' OT n~4anl4C b APy,OT 
APy,a He 60Ilee 4eM Ha 1,1 %, Vi MO~ 

HO I-1CnOllb30saTb cpeAHlO1O SeIl I4 4"1 Hy . 
B~4"1CneHH~e TaKMM cnoc060M BenM 
4"1Hbl y/x MeHRe TCH C wa,OM 0,11 
6b1nM I-1CnOnb30BaH~ AnR onpeAeneHI-1R 

D.' K03¢Ql"14~eHTOB s 3Mn~ p~4ecKo~ cpop-

Myne 


0.2 

PI1C. I. H a6 0p K03cP¢11U;l1eHToB v nm • 

BbI'IJ1CneHHbIX npl1 (8 1 8 2 ) G = I . / + / 
L-J-~~__L-~-L~~~-L~___o 

6 810m Vnm nepeOu;eH!~ Hc.i, /0/- Vnm He,u;OOu;eHeHO. 
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Co 

AOx 


y(X . I\ \~ ) [ J, 
1 - 0 ° Co /23/YO (x ) I 2 1 + B OX 


r Ae y o(X ) y(x, O) . bblIlO nOIlY4eHo: Ao= 0 , 02, Bo= 0 ,26, C = 1 ,5,o 
np~ 4eM R- $aKT0p (~ vc - y (x , 01D 2) I/LYe ) 6blJ1 pase H 0 , 0 08. 
l\nR x S; 30 MaKCI-1Man bHOe OTKn OHeHl-1e vex, 1 ) OT Yo (x ) COCT aBnReT 
TOIl bKO 7'/". 3'- 0 06bRCHReT , n0 4e MY 5K-<llOpMyn a AaeT xopOWMe pe3ynb
T aT~ so MHo r ~x c nY4aHX. 

AnR KpMCTanllOB C fl ~ 0, a t Ic APyroH ¢OPMOH Vi nl-1 APyrMM 
M03aM4 H~M pa cn peAen eH l-1 eM cIleAyeT O)l(MAaTb He60n bWMX M3Me He H~~ 

Ao , Bo M Co ' Ho npM HI-1M aR BO BH MMaHM e TO, 4TO caMa nonpa BKa 
231 Mana , 3TMMM M3 Me HeHI-1R MM MO)l( HO npeHe6pe4b. MO)l(HO C4MT aTb, 

4TO 1231 cnpa BeAnM BO 1-1 B o6~eM c nY 4ae, M, 4T06bl nonY4~Tb OKO H
4aTenb Hoe peWe Hl-1e, cneAyeT Hai:l Tl-1 y o(x ) , nOIlO~~B v = I B 1126/.nm 
AnH 3'-0 ,0 MO~liO I-1CnOnb30BaTb pa Be HCTBO 

n 2 n n-'ffi
~HL en L 
n 

m) U v expl - c (u + v» ) Io(2c v' uv), /2 4 

n= O nl m= O 


'Ae 10 - MOAM$M~ MpoBaHHaR $YHK4MH beCCeJ1 R. CneAoBaTenbHo, 

-1 

Y (x) = l Q VA (fl ) ] JdV exp[ -fi-(t + t )J . 
o V 1 2 


00 - . _ . _ . 1/2
J d y o (y) exp [ -o(y)(t + at )]1 [ 20 (y ) ( a t t) ] /2 51


1 1 1 2 0 1 12 

- 00 

3TO B~pa.eHMe cnpaBeAnMBo AnR J1~6~x M03aM4H~X pacnpeAeneHMH, 
npI-1BOAR~MX K cpYHK4MR M Vnm cr2) ' B KOTopble Ben H4H Ha a ~a ~-'ffi + 1 

BX0.QMT Ka K MHO.~Tenb. 131 


Cy~ecT ByeT MHeHMe /CM. ,Ha npMMe p , /, 4TO n pM Y4eTe BTO
PM 4HOH 3KCTI-1 HK4M~ 60J1ee aAe KBaTHO on~ C~BaTb M03al-14HOe pacnpe 
Aen e HMe $Y H K~MeH nOpeH4a, a He ,aYCCM aHO M. OAHaKO He06xOAI-1MO 
3aMeTMTb , 4TO TpeXMep Hoe pacnpeAeneHMe nOpe H ~a HeHopMM pyeMo 
H n03T OMY I-I e Mo~eT 6b1Tb $M3 M4e CKMM pacnpe AelleHMe M. B Ka4eCTBe 
Mosa M4Horo pa c n peAeneHMR, MMe~e ro Kp~nbH , 6 0nee n0J10,O cnaAa~
~Me , 4eM y r aYCCMaHa, MO)l(HO B3RTb cpY HK~H~ 

... 22 m 
W( t:J.)= 217g gg/[ 1 + {3 0 (.lg· 6. ) ]; m ;:: 2.

1 2 3 j 1 1 / 26 / 


rAe f3 oem) o npeAenRe TCR Y<::..J;lOBMeM HOPMM pOBKM. non a,aR m = 2, 

nonY4ae M f3 0 = 417 4 M Wi =.j2:1( 17 g 

j
) = a, 45 ·/g j _ AnR OAHOMe pHo ro 


Mosa~4Horo pacnpeAene HMR B 3TOM cnY4 ae nonY4aeM 


W( t ) = 17 ( g '/2 ) [1- (2 / 17)arc tg 217 2g,2( 2] / 2 7/3 L L 3 ' 

-2rAe g~ Bbipama e TcR T04HO Ta K ~e. KaK gcrAc HMnToTM 4ecKM W(£ ~ -(3 • 
T. e . $YHK~HR nOpeH4a,xopowo a n npOKcMMMpye T /2 7/ : 
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2W(c ) = . g 1(1 + 17 g 2(2); g L = 17g ~tG . /28/
3 L L 3 

3TO eAl-1HCT BeHHbI~ aprYMe HT AnFt COXpaHeHI1Ft I1MeHI1 "nOpeHl.\eBO" 
y pacnpeAeneHI1Ft / 26/. 4T06bl nony411Tb Gi (rj) Tenepb AOCTaT04HO 

T .K. /2 3/ npeAnonaraeTCR cnpaBeAnl1BblM/ Bbl 411Cn l1 Tb CBepTKY 
~YHK41111 / 28 / 11 Ce4eHl-1e COBepweHHoro 6nOKa 0 1(P j ) (cM.np l1 nOmeH~e A, 
<popMyna / A. 14/ ). ,t:\nFt y npoU\eHl-1Ft BblKnaAOK Ce4e HI1e T a KIKe MomHO 
annpOKCl-1 t~l1pOBaTb <PYHKl.\ l1e\:1 nOpeHl.\a V1 3TO n pI1BOAl-1T K cneAYIOIl\eMY 
BblpameHl-11O AnR G i . 

2 2 2 
G i (ri )= a iL (1 + rr (.Ii L r'i ); ( i 1 , 2 ) /29/ 

1,5 gLPj sin 2 01 A 

a ; (i ;<' j 1, 2). /30/

iL 

t; + 1, 5p siu2 8/A
L J 

na paMe Tp a H V1 ~OTponV1V1 pa3Me pOB 6nOKa Tenepb eCTb 

,., g l, l ,5 P2sin 2 0 / A _:.J. ~ __ 
a ~ /3 1/ 

L a P !!;L ~ l,5P s in 20 ! ,\ 
lL 2 1 

a BMeCTO /18 / nonY4aeM 

g sill:!O'; 1. 5 s in2&(p 2 p 2 _ 2p P cos 21;l') 
112 

/AT 

L 1 :2 1 2 
g(° 1°2\ L 32/ 

( !!; L' 1 ,5 P JS in 2 () I A )(!!; L + 1 ,5 P 2'"" in 2 U I A ) 

MO)!(HO npeABV1AeTb . 4TO ecnV1 KpV1CTann 6nV130K K Tl-1n y I I , TO Baplo1 aHT 
raYCCOBa pacnpeAeneHV1R AnFt M03aV14HOCTV1 MeHee YAO Bne TBOp I1 Tene H, 
T. K. ;;;([',). npaKT l-1 4eCK l-'1 paBHoe Cl i ( f',). Jl I1W b rpy60 annpO KCl-1 -
MH pyeTCR r aY CCV1aHOM. 

2. np~nO~EH~E K KP~CTAnnAM C<PEP~4ECKO~ 
~ 3nn~nCOHDAnbHOA <POPM~ 

,t:\nfl n pe l.\ 101 3 io10HHo ro onpe Ae n eHIo1R C T pyKT ypbl AI1 <p paK4Io1 o HHbJe AaHHbl€ 
Ha6 11palOTCFt Ha Kpl1 CTann ax c<pepI14e CKO~ $OpMbl, n OCKon b KY l-1M8 HHO 
AJlfl c <pepbl Y48, no r n o U\e HI1Ft 11 3KCTI1HKl.\V1V1 OTHOCl-1 TenbHO ner OK . Ecnl1 
Kp lo1 CTann I1 Mee T ilJ OPMY nOnl-1 3Apa, TO np l1 pa C4 eTe 3KCTI1 HKl.\V111 ero 
MOmHO an npOKCIo1M l-1 p C;> BaTb .3n nV1n C0V1AOM . 0603HCl 411M fJ 10' I) 20 - p a Al1y c bl 
3nJllo1 nC 0 l1 Aa BAonb i I 11 i 2 H n p e06pa 3yeM ero B coepy eAI1HH4 HOro 
paAlo1y c a /0 n pl1 :HOM ne pe XOAI1T B () ~ /, TO f Aa /3 3/ V1 /3 5/ npeo6 
pa3YIOTC Ft B 

x = Q val (.( 2 1' 10 P20 l ' la O' lie)' 

YO = 3[4 rr A(" ao) ]- l_LdY¢ (j) jdV'exP I-t; (t ;\ a O ~ I~ '\ aO) J /3 3/ 

6 

t' va + tNa Vt ' t ' 1 e 2 u 
. exp[ X ¢ (y) ---- - - 1 [ol2 X ¢ ( y) I 2 1, /34/ 

t'( a o' ae) t' (a o' a e) 

rAe S, - 0 3Ha4aeT c ~epy eAI1HI14HO r O paAlo1y ca, 

~ -1 - -',= 11 VP P ; A «(, a ) = 3('117 ) JdV ' exp l- ( Ct ' va -I t ' Iva 1. /35a ,6/
10 20 0 S 1 0 2 0 " 

1 
-1 

t ' (U o' a e) 3 l hA( " ao)] d V ' (t ' y lie + t' IVa e)exp [-(t' Val t' / va ) ) . 
1 2 1 0 2 0

S 
1 /36/ 

B 3n-IX !lJopMYJlaX Lle pe3 ¢(y ) 0603Ha4eHa ilJYHKl.\I1Ft exp(- 17Y 2) I1nlo1 
(1 + rr 2 y2 ) - 1 11 4epe3 aD, lip ABa napaMeTpa aHV130TponV111 

a = P II . a = a la /3 7 5/o 10 r 20 ' e o' a, 
nep Boe M3 COOTHOWe HI1~ / 37/ AaeT aHIo1 30TponM IO ilJOPM~ Kpl1CTann a , 
BTopoe CBR3 a HO C paCCeFtHlo1eM V1 BKn~4aeT Bce BI1A~ aHV130TpOnl1l1 
B KpMCT a nne - aHH30TpOnl1~ M03aI1 4HOCT H, ilJOPMbI 6 n OKOB 11 ~OPMW 
Kpl1 CTanna. n03T OMY a e Mom HO Ha3BaTb 3<PilJeKTI1B HO~ aHV130TpO
nl1e llJ . 

.QnFt Bbl411CneH I1 Ft K03ilJilJl1l.\ l1e HTa 3KCTI1HK l.\ I1 M npw YT04HeH HM CTPYK
TYPbl B n porpa MMe AnR 3BM 05~4HO I1cnonb 3y e TCFt 3Mnl1pl1 L1 eC KaFt <Po p 
Myna, 411cneH HO Bocnp0I13 BOAFtU\3Ft T04Hoe BWpa)!(eHMe. H3 /3 4/ BMA
HO, LITO Yo COAe plKl1T nFtT b napa Me TPOB : x, 0, ( ,ao 11 a e' n pl14eM 
Yo 3 aBI1C MT OT (, aO 11 a e KaK FtBHO, TaK 11 HeFtBHO 4e pe3 na pa-

MeTp X. RBHaR 3a BV1 CHMOCTb Yo OT C 11 aD, Joe 60nee cna6a R , 4et~ 

HeFt BHaR, 101 e~ r~O)!(HO npe He 6pe 4 b n p l1 ManblX C 11 a 0' a e ' 6 nl1 3 KHX 
K 1 . EcnM 3TI1 ycnoBI1R He Bwno nHeHW, TO a nnp OKC MMal.\I1 R 6YAeT 04eHb 
npIo16n l1lKe HHO~. KpOMe Toro , npl1 BW411CneH Io1 FtX Ha Manwx 3 BM nOI1CK 
3MnMpM4eCKO~ ilJopMynbl C nR T blO nepe MeHHblMM n peACTaBnFteTCFt BeCbMa 
3aT PYAH I1Tenb HWM , T. K. Tpe6y eT cR 60nbWaFt n8MRTb l-1 6 0 nbwoe BpeMH 
cueTa. n0 3TOMY Hl1l1Ce paCCMaT pMB a eT CFt 60nee npocTo i:; CJlY4 a!;; 3a
BI1C I1MOCT I1 Tonb KO OT 4 nepeM eHHblX . 

IlnR c ilJep l14e CKO r o Kp l1CTanna /a 0 = 1/ OCT aeTCR 4eTbipe na paMeT
pa, K03!lJ¢ 11 l.\l1e HT 3Kc n 1H K4101J,1 y 6b1n Bbl4Hcn eH no qJo pMYJle / 34/ 
B 3864 T04 Kax B 06"beMe: 0 _ ~ ~ 30 ; 0, 05 ::: T/ c. Q, 95; ° s , ~ 3 
Vi 1 :. a ;, 5; 3Ae C b ' / = »In f) . Anl'l I1HTe rplo1pOSa HI1 R I1 cnon b30BanCR 
anroplo1T M f aycca . 06e c ne4""BWI1~ T0 4HOC Tb paC4eTa Yo B TPI1 AeCR 
TI14HbiX 3HaK8 . nOAroHKa Bbl4101cne HHbiX 3Ha4eHMIIJ no MeTOAY Ha lilMeHbWHXI 
KBaApaTOB npl1Bena K c neAy~U\ellJ <po pMYJle; 

fI A I,;' 
A 3x 4 C i" v (X, 1/. ( . x l Y ( x . 1/ )(1 _ , t< _ ) (1 _ X 2 ---'''--- + X - --- -),

() 00 1 u 1. 5 
t- 0ZX 1 -l B aX ,. Dax 

/38/ 

7 



rAe X = In a, K03ctx1>"1411eHT bl A2 , .. . D
3 

RBJ1A JOTC fl nOJ1 "1HOMaM"1 1 "1 
C;. Anfl Yoo el(, 'I ) 6blIla CA eJ1aHa nonbl TKa "1CnOIlb30BaTb CIlY HK4"1IO , 

/)?JnpeAJ10lKeHHYJO 6eKKepOM "1 Kone HcOM , HO HeKOTopble 3Ha~eH"1A y 00 

nOJ1y~aJ1 I1 C b n p"1 3 TOM C OWI16KO~ AO 10%, XOTA R-CilaK Top / np"1 nOA
r OHKe TOJ1bKO Yool 6 blJ1 XO POWI-1 11 . n03TOMY 6K-CIlop'~YJ1a 6blJ1 a MOA"1C1lI-1 
41-1pOB aHa cJ1eAylO~I1M 06pa30M /AJ1A pacnpeAeJ1eH~~ raycca 1-1 nOpe H
4a cooTBeTCT BeHHo/: 

C 1 
A l l( -1.2 


Y
(GJ 

~ x , 1) ~ [1 I x (lJ + - .---- ) I 

00 t C 1 

D 
I 

\' 2 /39/ 
1 + Blx 

(L ) A l( C 2 
Y00 (x. 17 ) ~ [1 + x (D + ___I _ IX . - 1 /2

I + -.- ----. - ) I 1, /4 0/Dl 
1 + B 1x (1 + B 1 x ) 

K03$(jJ1-1 4"1eHTbl AI' 8 1, -nOIl I-1HOMbl no 1). Bbl palKeH"1F1 AIlA K0 3¢(jJ"1 l.p-1e HC I 
TOB A I"" D 3 noIlY4aJ1I1Cb TaK"1M"1: 

al paC np~eJ1e Hl1e r ay cca 

A l 0 ,721 + 0 , 12 1 - 0 ,736 17 2 

10 8 I 0 ,1 1 + 0, 603 1) - 0,709172 


C 1 1 - 0,505 7/2 

10 A2 0 , 08 + 0,8771 - 0, 5 771)2 - O,06 (1)~


8 2 0,502 - 0,912 1), - 0 , 15~ + 0,7341/ 2 +0,13 87/( + 0,021~ 2 

10 A3 ( 0 ,298 - 0,038' ) 1) 2 
 /41/


8 3 - 0 , 048 + 0,411 - 0 , 3461)2 

100 C3 = (0,4 32 - 0,078 (;) 17 2 


°3 = 0,203 - 0,211), 


6/ pacnpe~eJ1eHl1e nOpeH4a 

Al = 0, 22 7 + 0 ,2481- 0 ,5 41) 2 

B 1 = 0, 784 - 0 ,351 1 

C1 = 0 , 132 - 0 ,57717 + 0,379 17 2 


10 A2 = 0 , 046 + 0 ,5271) - 0,336 17 2 - O, 042 1) ~ 

8 2 = 0,6 16 - 0,928 1) - 0 ,166( + 0,713 112+ 0,1 4 71)( + 0,023( 2 


10 A3 = (0, 178 - 0,02017 2 

/4218 3 =-0,012 + 0,57717 - 0 ,539 17 

2 

100C 3 = (0,257 - O,037s)1)2 
D3 = 0,489 - 0, 4937]. 

R - CIlaK TOp COC Ta B"1J1 0,0 05 3 B ne pBOM 1-1 0, 0028 BO BTOPOM cny
4a FlX CCOTBe TCT Be HHO. A6conJOT Ha Fl TO~HOC T b B~4I1CJ1e H I1~ TaKOBa, ~TO

3 •Ifly 0 I < 4 · 10 - , 3a I1C KJ1IO~eHl1eM HeKOTopblX T0 4eK npl1 60J1bWI1X 1) 1-1 
a . Ho KaK AJ1fl 6onbwl1x, TaK ~ AJ1A Man~x yrnoB pa CCeflHI1F1 BenH411
Hbl a 11 a e 6nl13KH K eAI1 HI1 4e. 

ECJ1 11 (= 0 , TO HaAAeH Hafl CIlopMYJ1a cnpaaeAJ1I1Ba ~ AIlfl 3 J1J1 l1nC0"1
AaJ1bHO rO KP~CTa J1na, npl1 ycnoBI>1~ 3aMeHbl 7] Ha 7] 0= sin () 0 11 X 
Ha Xe = In a e· AnA (;, 0 TO~HOCTb Onl1CaHI-1A YXYAwaeTcFI , HO CIlo P

8 

Myna /38/ Bce lKe AaeT npaBI-1J1bH~e ABa AeCATI-1~H~X 3HaKa 
AnA YO ' eCJ1"1 a 0 < 5. 

B 1-13J10meHHO~ TeOp1-11-1 /TaK me KaK B TeOpl-1R X 3aXapl-1a3eHa 1-1 6eK
Kepa -KoneHca/ y~I-1T~BaJOTcA 1-1 3$$eKT~ nepBI-1~HOA 3KCTI-1HK41-11-1, HO 
K 3TOMY CJ1eAyeT OTHOCI-1TbCA OCTOpOlKHO. AJ1A onpeAeJ1eHI-1A 3C1l$eKTa 
nepBI-1~HO~ 3KCTI-1HK41-11-1 HYlKHO B $OpMyJ1aX 13 3/- /36/ n0J10lKl-1Tb ~ = 0, 
PjQ = PI 1-1 ¢(y) = Cl> 1(4 7TyI3 ) , rAe Cl> 1 AaeTCR $opMyn oC1 /A.156/. 
TaK KaK = 1, TO Yo npOCTO paBeH Y 1-1 3aBI-1CI-1T OT 1 '= sine'a e oo 
1-1 xP ' npl-14eM 

x " (9 / 4)Qp IP2Sin2en . / 43/p 

B 3TOM CJ1Y4ae xopowee Onl-1CaHl-1e n0J1Y4aeTCA C nOMO~bJO /40/, B KO
TOPO~ HaAO nOnOlKl-1Tb ° = 1 , 2 5714 /Ka K 1-1 B~we, 01 B~6I-1paeTCA

1 
1-13 YCJ10BI-1A paBeHCTBa nepB~X np0I-13BOAH~X T04Horo 1-1 annpOKCI-1MI-1
pYJO~ero BWpalKeHI-1~ AJ1A Yo B TO~Ke x = 0/. AJ1A OCTaJ1bH~X K03$$I-1
41-1eHTOB 6~J10 n0J1Y4eHO: 

Al = 0,50 9 + 0,2551' - 0,7 18 1 ,2 , 
8 1 = 0,1 39 + 0 , 4361 ' - 0,1661 '2, /44/ 

=-0, 5 12 - 0,53 1 '?C I 
nonpaBKY K Yo B $opMYJ1e /23/ HYlKHO paCC4"1TaTb, n0J10lK"1B 

2
(° ° 2 ) p= sin 2e ' .1 

3. CPABHEH~E C TEOP~ER 6EKKEPA - KonEHCA 

KaK 6~J10 nOKaaaHO Bwwe, OTJ1I-1~"1A "13naraeMn~ TeOn"1l-1 OT Teo
PI-1"1 6e KKe pa - KoneHca npOFlBJ1AJOTCA TOJ1bKO B TOM CJ1Y4ae, KorAa 
KpI-1CTaJ1J1 He npl-1HaAJ1elKl-1T K T"1ny I. CJ1eAyeT pa3n"14aTb cI-1Tya41-1"1, 
KorAa $OPMY cpeAHero MOaa"14HOrO 6J10Ka MOlKHO annpOKCI-1Ml-1pOBaTb 
c$epo~, 1-1 KorAa 3Toro CAeJ1aTb HeJ1b3A. B nepBOM GIlY4ae OTJ11-141-1F1 
B K03C1l$114I-1eHTe 3KCTI-1HK41-11-1 B03H"1KaIOT TonbKO BO BTOPOM AeCRTI-14HOM 
aHaKe, B TO BpeMFI KaK aHI-130TpOn"1f1 B $opMe 6 J10KOB /2 -~ CJ1Y4a~/ 
np"1BOA"1T K KaK Ka4eCTBeHHwM, TaK "1 K0J1 11 4eCTBeHH~M3Ha4I-1TeJ1bH~M 

pa3J11-141-1F1M. B 4aCTHOCT"1, BO BTOPOM CJ1y~ae OTJ11-14"1e OT 6K-Teopl-1l-1 
npOflBJ1AeTCA B TOM, 4TO K03C!l$1-14I-1eHT 3KCT I-1 HK 4"1 1-1 CTaHOBI-1TCfI I1H
Bapl-1aHTHblM no OTHOWeHl-11O K nepeCTa HO BKe HanpaBneHI-1~ nepBI-14HOrO 
11 AI-1$parl-1 pO BaHHoro nY4KOB. 3TO MOlKHO HenocpeAcTBeHHO BI1AeTb 
"13 C!lOPMYJ1 /2 1/. Ae~cTBI1TenbHo, 06~I-1A 4J1eH CYMMW B /21/ npo-

nOp41-10HaneH a Itt (n ) 1-1 nocne I-1HBepCl-11-1 nYTe~ OH CTaHOBI-1TCfI paB_. 1 _ 

HblM a~ t (l1) I an -; a~t (D ) /npl-1HI-1MaA BO BHI-1MaHl-1e CI-1MMeTpl-1JO 
K03(jJ(jJ"1 4I1 eHTOB Vnm 11 4J1eHa(~/' B 6K- TeOpl1l1 nOCJ1eAHee paBeHCTBO 
Hec npaBeAJ1I-1BO, 1-1 AJ1A Kpl-1CTaJ1na c MewaHHoro Tl-1na C aHI-130TpOnl1eA 
C!lOPMbl 6J10KOB K03C!lC!l1-14I1eHT 3KCTI-1HK41-11-1 ABJ1f1eTCA $1-131-14eCKI-1 HeKOp
peKTHbIM. 3TO 06CTOATenbCTBO 6blno 6bl HeBalKHwM, ecnl-1 6bl KOnl-1
4eCTBeH H ~e pa3nl-14"1A 6~nl-1 Man~. CI-1Tya41-1A nORCHReTCA Ha pl-1c .2 , 
rAe npeAcTaBneHa Benl-141-1Ha l~ o AnR c$epl14eCKOro Kpl1CTanna 
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1/~ -1 ~ P H c . 2 . 3aDHCliMOCTb Yo OT X Am! 
6K 

!.D pa Sn H'1IIhIX a > KpllcTann c¢epl11.J:ecKoii 

15 cjJOPMbI > e = 45 ~ , 11 = 0 , pac n p eAe

f1eHl1e MOSaH'IIIOCTl1 no J1opellllY. 

' 0 

~---------==, 1./l .. 
~02 

'0 15 
 ..lO lO 
x,. 

C V = 0 n p II! 0 = 45' 1-1 An R p a cnpeAeneHIIIR M03alll4HblX 6110KOB no 110 
peH~Y B 3 ClBI-1CI-1MOCTI-1 OT napaMeT p a x 1-1 3 6K-TeopII!l-1. B 3TOM KOIIKpeT


HOM C11Y4 ae Ha we 3 Ha4el-il-1e x 1-1 CBR3aHbi COOTHOWeHl-1el~ x = X6K(lI<I)t~
X6K 
A 11f1 a = 1 K pIII BaR c ooT BeTcTByeT 6K - TeOpl-1l11. BIIIAHO, o,QHa l(O, 4TO 

,QalKe ,QnR YMepeHHblX oTKn OHeHI1i1 a OT 1 OT IlOCIIITe11bl~ble Pi33HOCTI-1 

,QOCTl-1raIOT 40 - 5 0 ~~ . AnR pacn p eAeJleHI-1R 1~03a1-14HhlX 6110KOB no rayc
cy OT KIlOHeHI-1A CTaHOBRTC fI e~e 60Ilbwe. 

TaKIIIM o6pa30M, pe3YIlb T a T bI, n011Y4CHHbI€ B HacToR~e~ paGoTe, 

RBIlRIOTCR n p aKTIII4e CKI-1 BalKHblMIII 1-1 Mo r YT 06bRCHI-1Tb HeKOTopble CJlY4ClH 

HeY,Qa4Horo Y4eT a 3KCT III H K ~ 1II1-1 B KpIIICTaJlIlaX TMna I I MIlI-1 CMewaHHoro 
Tlllna. 

ABTop 6 IlarOAaPBH A.M.6aIla r y p o ay 3 a n OAA e plK KY, none3H~C 06cYlK,Qe 

HIIIR III nOMO~b B n OA r OToBKe T eKCT a CT a T b lll. 

n p l1 n O)l(EHI1E A. Klllf icMaTIo1 4 eCKoe Ce 4 e HI-1e p aC C12RHIIIR 

AnR c o aepweHH o ro 6 n oKa 3Il11lln Colo1,Qanbli O';; cllOPMbl 

Pa CCMOT p MM 3 JlJ1 lo1 n COMA C n onyoc RMIII f . , KOTop~e oplo1eHTlo1po e aHbI 
• I 


BA OIlb eAIII HIII 4HblX BeKTopOB (: J It =0 1,2 , 31 . ECfl lll 3J1fllo1nC011A npeo6pa

3 0aa Tb B c $ epy eAIIIHI-1 4 HOrO p aAlllyca I CM. n p MIlolKeHMc 6/, TO IIIHTcr

p a n B 11 ,31 ne r KO Bbl4I11cIlRe T cR, M AJlR HalllGonee aep UR1Horo 6noKa 
nOIlY4ae M 

" 2 
a (r l • r", I '3) ~ ( " 7T / 3) r r . 1 Q n - F' I Ill, (f1). I A. 1 a I 

~ . 1 2 ., .1 


" (;~3( (3 ) = 9 ( Sill {J - {l cos f1 ) -/ fJ . IA. 16 


rAe f1 = ~ r hi c . npMHI'lMaR BO BliMMaH"1e 11 . 7/. 171 101 npeoGpa301 1 1 


BaHMe /cM . plllc. 1. I I: 

... 1 - 1" --. _.. 
r J = (1- 0 i 3)1 (-1) s in()u 1 + ,"osn ":!l + <\all;1: (i " l.J) /1\.21 

AnR MOA ynR f3 nOIlY4I11M: 

l3 = ko (I'*'Ar,)1.'2 IA . 31 
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r ill' IA.4a,61 
I " ( 1\ . r~. 1':) , A = BPB', 

IA.5a,61I' )o' (C)' R"E lC) R = r 0 ·· 
# ' 1J 1 1J ' 

5
1J 

- CI-1 MBOn KpOHeKepa, B - MaTpl-1~a npe06pa30BaHI-1R I A. 21. AnR 
n o nY 4eHI-1R a(r1• r2 ) T e nePb He05 x oAI-1MO npOIIIHT e rplll pOBaTb IA .l 1 
no 1 3, B npIIIH~lIIne 3TOT III HTerpan 6epeTcR T04HO l $oPMyna/ A.1311 , 
HO cBep T Ky pe3ynbTaTa 1-1 W« (~ aHanIll TII! 4eCKIII nonY 4 11!Tb Henb3R. n03

T OMY nY4we Ha~TII! nOAxoAR~Y~ annpOKCIIIMa~lII~ AnR ~ 3(~) III 3aTeM 

Bbl4111cnRTb IIIHTerpan n o r 3 . Ecnlll W(f3) - r aYC COBO pacnpeAeneHllle, 

TO YA06HO B ~6paTb 

cI>3 ( ~ ):: exp [- cg ~ 2/(417 )1 , I A.61 

r Ae Co = 1 ,612 :=: 5/3 onpeAenReTcR 1-13 ycnoBIIIR HOPMI-1POBKH AJlR 

aU' l ' '2' f3 ) .B 3TOM cnY4ae IIIHT e rplllpo BaHlll e n o r 3 A aeT raycclllaH, 

aprYMeHT KOToporo nponop~IIIOHaneH 

2 

w = [ ~ (A A - A A ) r * r* IA 1 112 IA . 71 


i. j=l i J 33 i 3 j3 i j 33 


n pl-1H IIIMaR BO BHIIIMaHllle IA.46/ , 

IA . 81 


2 -1 1+0·
A .. A A· A ·3= IP I [cos OP +(-1) l J s in % p-I+ (_l )io s in 20 p-1). 

lJ 33 -
13 J 11 22 lJ 12 


06paTHbie B e nlll4111H bi p 
-1 

Ile rKO nonY4a~TCR 1-13 IA. Sal; 3aMeHRR II!X 


B IA.81 III CpaBHI-1BaR C 191 III 1101, 3anl-1WeM 


Ai j A33 - Ai 3Aj 3 = IP I cos (1 - 0 ij )20' I (P IP2)' IA.91 

c APyro~ C TOpOH~, 

-1 -1 -1 2 

A 33 = P 33 I P I [ P 11 P22 - (P 12 ) 1 I A.l01 


I P I sin 22 &'!(//sin
2
20).

1 2 


B p e 3 YJlbTaT e 


w = (sin2 0 /s in 2e')( p 2r 2 +p2r 2 - 2p p cos20 T r ) 112 , IA. I I I 

21 12 12 1 2 


aWl ' L ) = 41T sin 2 0/(3CoSin2e')n2I FI2>. p p exp (_ 17 c2())!?I>'~ )' IA.I 2/

2 1 2 0 


T 04Hoe Bbi p a lKeH",e AIlR a (f~ , r ) ec T b I BbIKJlaAKII! o nYll\eHbl /:
2
 

ae r }, '2)= 477Sin201(5Sin20 ' ) n2IF I2 
A/I 1).,<", (2""I/A), IA.1 3al 


.., k 2k I ~ 2 

~ {X} ~ 1!'l ~ (-l) xii (2 k + 3) (2k + 5) k 1 (k I I)! I . IA.1361 


2 k ~ II 


I1 HTerpl-1POBBHIo1C IA.121 no r~ ABeT 

1! " ~ '') f) 
a \ l' (~(l' I A) I' :~I II :!fll'Xp l - l1«' IA- Jp I' lu i!() 1' '' I . IA . 141 


I I n" II " I 


B TO SPCMII I<dl( 1 nqll\)~ ObIP,lIfU.'IiIll(' llCT b ' ll.41 

a (f' I : IO /\ ~'A)/' '1 111 " (/ '1' I (!!17 / AJ pl:lln:.!(}l' I . IA .15al 
II ! I !' t 
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2 4
<I> (x) = (x -xsin2x + sin 2x):! x • IA.15611 . 

AnnpOKC~Ma~~R IA. 1561 C nOMO~b~ ¢YHK~~~ nOpeH~a 14TO Tpe6yeTcR 
B n. 1I AaeT 

<I> 1(x) '" (1 + 9 x 2/ 16 )- 1 . I A. 16I 

AnA ° 2 (['2) nOnY4aeTCR TaKOe )!(e Bblpa)!(eH~e, HO BMeCTO P CTOIH P 
2 f 

np~nomEH~ E 5. npeo6pa30BaH~e 3nn~nco~Aa B c$epy eA~H~4Horo 
paA~yca 

3AeCb np~BeAeH~ HeKOTop~e MaTeMaT~4eCK~e CooTHoweH~R, ~Cnonb
/413yeMbie B TeKCTe ICM. TaK)!( e I. YpaBHeH~e nOBepXHOCT~ 3nn~nco~

Aa B C~CTeMe KOOPA~HaT (cj ). cOBnaAalO~e~ C HanpaBne H~RM~ ero 

nonyocei1 eCTb ~ z 2/r 2 = 1 , Ecnv. npo~3BeAeHo npeo6pa30Ba H~e 
I I 

Z. = r z '. TO ypaBHeH~e nepexoA~T B 2. Z,: 2= 1, T. e. npeACTaBnReT, " ' 

c¢epy eAItI H~4HOro paA~yca. Ho 3TO n~eo6pa30BaH~e nepeBoA~T npo~3
... ---. --} -t -. 

BonbHblH eA~H~4Hbl~ BeKTop 1I = ~ U. C. B BeKTOp U ' ", 2. U.' c . = ~ u e fr .. 
IIi IIi 1 , I 

Ecn~ P - paA~YC 3nn~ nco~Aa BAonb U, TO BeKTOp P rr npeo6pau 4 . ~ u 
3yeTcA B u ' = PuU' C An~Ho~, paBHoH eA~H~~e. TaK~M 06pa30M, MO)!(HO 
Han~caTb 

l!p2=~u2/r ~ In.11 
u . 1 1 

1 .+ -+ 

nYCTb Tenepb u ~ v - ABa eA~H~4HbI~ BeKTopa, a ¢ - yron Me)!(AY 
H~M~. nocne npeo6pa30BaH~R ¢ nepexOA~T Byron ¢ ' , KOTOPbH1 onpe
AenReTCR ~3 paBeHCTBa 

~ 2 
cos ¢' = u' . v ' = P P L u . v i r.. 15.21u v · 1 1 ,

1 

HaKOHe~, ecn ltl t eCTb OTpe30 K npAMoi1 , ne)!(a~ei1 B HanpaBneH~~ U, 
TO BeKTOp tu nepeXOAItIT B tlJ = r i T.hu'~ t'u ' , T. e.AnR t ' no
nY4aeM 

l'= t /p u ' 15.31 
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\/111 Vlle'l ll lI'lI)PII~UIOll 3KCTHIIK~1H. nonY'lellHble 
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l1Iosn i,t: ui!:llTibutions. 
!lxistillg in litpr.:lture 
;1 ,;oll l:rihuliun not grea
di !'t"! l'l'llt:US up to 50% , 

f1l'colld ~l ry l!xlinction [actor ob 
Ilf LIl(! transport 

./111 l!mpiric.1I1 formula is 
T:-.:f'inUml!l1[ computer 
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