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A H H 0 T a U H R 

8 J18HHOA pa6oTe HCCne.llOB8Hbl H BbiiiHCneHbl OL1H0118CTHIIHbl9 COI5CTB8HHbl8 

3H8118HHSI 1 C06CTB8HHbl8 cpyHKUHH H 6onee p8UHOH8nbHbl8 scpcpaKTBBHble SHeprHH HHL1H

BBLlY8nbHbiX 118CTHU LlnSI peLIK038M8nbHbiX sneM8HTOBe 8&111HCn9HHbi8 C nOMOWbiO HOBbiX 

C06CTB8HHbiX ¢yHKUHA 3H8118HHR sneKTpH118CKHX KB8LlpynonbHbiX MOMQHTOB H napaMeT

pOB p83BH3biB8HHSI H8XOL1SITCSI B XOpOW9M cornaCHH C SKCnepHM8HT8nbHbiMH peaynbTS-

T8MHo 
5;;--

-

~. 

I 

.... 

-,.;----~ 



l.Bse.neHne 

B nocne.nHHe ro.nbr sonpoc o.nHoqacTH'IHOro .nBH)KeHHH s cunbHO .neci:JopMupoaaH

/1/ 
HbiX H.npax 6hrn Hccne.nosaH MHOrHMH asTopaMH 11 oco6eHHo no.npo6Ho 1--IHnbCOHOM. 

Ecnu H.nepHoe none npR6nH)KeHHo onHCbiB8Tb cpe.nHHM noneM, To npu BbiqHcneHHH 

llOnHOH :;meprHH HH.UHBH.UyanbHbiXqacTHU HeOOXO.UHMO yqHTbiB8Tb CBOHCTBO C8MOCorna-
/}/ 

COB8HHOrO nOnH. 0.UH8K0 1 8BT0pbl TOnbKO cPOpManbHO o6cy.nHnH STOT cP8KT
1 

8 B KOH-

KpeTHbiX pacqeTax npelte6pern:u HM. TaK KaK 1--IHnhccoH np:u Bbrq:ucneHHH sonHOBbiX cPyHK

UHH He yqHTbiBan He.n:uaroHanbHbie qneHbl 1 TO nonyqaeMble C nOMOUlblO STHX cPYHKUHH 

3HaqeHHH sneKTp:uqeCKHX KBa.npynonbHb!X MOMeHTOB (cunbHO 38BHCHUlHe OT sen:uqHHbl 

.ne¢opM8UHH H.npa) ropa3.no MeHbllle, qeM 8KCnep:uMeHTanbHO Ha6mo.naeMbre. AsTopbr 

H8CTOHUleil: pa60Tbl c.nenanH nonbiTKy HCnp8BHTb STH He.UOCT8TKH H KOHKpeTHO BbiqHcnu

nH sonHOBbie cPYHKUHH H HeKOTOpbre cPH3HqecKHe senuquHbi .nnH H.nep 150 < A ( 190. 

CornacHo o6o6weHHOH Mo.nenu sonHosag cPYHKUHH aKc:uanbHO-CHMMeTpHqHoro 

/2/ 
H.Upa 6e3 yqeTa KOne68HHH HMeeT BH.U 

t! (-;) - BHyTpeHHHH BOnHOBBH cPYHKUHH H.Upa, .n;ll ( e,) - C06CTBeHH8SI cPYHKUHH 

CHMMeTp:uqHoro sonqKa, 

UHH nonHoro MOMeHTa I 

KpoMe l , M • It • R f 
OCH X, • 

I nonHblH MOMeHT KOnuqeCTB8 .UBH )K9HH H
1 

.n. - npoeK-

Ha OCb CHMMeTpHH HDp80 't - .npyr:ue KB8HT0Bbi9 qucna, 

0 - onepaTop spaweHHSI c:ucTeMbi Koop.nuHaT Ha 180 soxpyr 

Bo BTopoM naparpaci:Je sToA: pa6oTbi o6cy*.naeTCSI sonpoc o Haxo)K.neHHH t! ( r) 
B TpeTh9M H qeTsepTOM - BbrqHCnSieTCH nOnHaH 8HeprHSI HH.UHBif.UyanbHbiX qaCTHU, p8BHO-

BeCHBH .neci:JopM8UHH, HeKOTOpbre cPH3HqeCKHe Ben.JiqHHbi C llOMOlllbiO t! ( r) 
.UHTCSI HX Cp8BHeHHe C 8KCnepHMeHT8nbHbiMH .UBHHbiMH • ... " 

2. PeweHHe ypasHeHIIH o.nHoqacTuqHoro .UBH)KeHHH 

H nposo-

npe.nnonO)Kif!\.1 1 qTo raMifnhTOHII8Ii O.UHOH qaCTIIUbl
1 

.UBif)KYllleHCH B 8KCH8nbHO

.neci:JopMHpOB8HHOM none, HMeeT cne.nyiOllllfH BH.U; 
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H
0 

= -%~,A + ~ [ C4J: ( ~~+ ,~, + w~ ~~] (11.1) 

H' = J J 

c. tt·S 
... , 

+ , tt) ( 11.2) 

.. 
a ypaBHeHHe ,llBH:>KeHHSI aTOA 'ISCTHUbi 

>it- ~ '+, ( 11.3) 

r.ae C • D .asa napaMeTpa, M - Macca qacTHUbi. CoxpaHeHHe o6'beMa s.apa 

npHBO.llHT K Tpe60B8HHIO 

.... 
( tt >x 

w~'- w) • enwt 

W 1 • c..J 0 ( & ) ( 1 + £fJ ) 

w J. • "'•( I.) ( f - '£fJ ) 

• t ' -VJ 
w

0 
U) • w

0 
( 1- t;3 - a.t;t-'1) 

..... [ fT, « _!_ = _..,.,_, JF; (f ~) 

tlr 
M W.~e -
' 

= 

~~ 
MWJ -.... 

- fii_).!..) JT, ~'I ' 

... 
l1pH f. = 0 , T.e. Kor.aa W" • W f , nerKo BH.lleTb1 'ITO Lt ssnseTCH onepaTopoM 

-£:-_-

op611T8nbHOrO MOMeHT8 KOnH'IeCTB8 .llBH :>KeHHHo )i 
1 

- nonpaBK8 K raMHnbTOHH8HY If O • 

B .aeqJOpM11posaHHhiX s.apax Tpy.aHo cy.aHTb, KaKoe Bhipa:>KeHHe HY:>KHO 6hinO 6bi Bhi6paTh, 

qTofi&I HcnpasuTh H 0 • HaMH Bhi6paHo Bhipa:>KeHHe ( 11.2). Pew as sa.aaqy raMHnbTOHH

aHa H 
0 

a ul1n11H.llpH'IecKHX Koop.aHHaTax, nony'IHM co6cTBeHHhie <jlyHKUHH H co6CTBeH-

Hwe 3HaqeHI1H B B11.Lle/3/: 

~-. 

-. 
-~ 
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( 11.4) 

! 

l 
HbpMHpOB8HH8R ITOCTORHH8R 

·~··f v~ v~ 
A - [ "'! ,, ~~ J 

- n'1~ t"'l11.1 ! ( c ,...,,..,, >! 15 

Ll < r; 1. J "" L1
::"

1c", o~t'J li I > """J -4 P) , - rronHHOMbi vpMHTa; ... r T - rronHHOMbi arrepa, r 
crrHHOBaR BonHOBaSI tPYHKI.lHR. ¢yHKI.lHR f "'"') """" o ) HMeeT cne.ay!OWHe CBOHCTBa: 

(11.5) 

( 11.6) 

( 3,0:8Cb * 0603H8'188T KOMrrneKCHo-corrpSI:tK8HHOe) 

" ( N I ~~- ) = [ ( ~ + ~L ) + ~ ( N - 3 "'J ) J ~ w D ) (11.7) 
rnaBHoe KB8H'DOBoe 'IHcno H = t.. n. 1' 11-J .f. I tM.. I .. " 

B Ka'!eCTBe 6aaHCHbiX BeKTopoB Bhi6HpaeM peweHHSI J 'K- t\.J """- ll) . Yrno-

Bbl8 MOM8HTbl 

f.,~= -t. 



-. 
~ 

,_....,___ 

6 

"[ ~ l . J ~ ] t. = t x • ' t, = e ( J ij - r a, ) + c. t ;; 
.. 

"· = - t_ 

1 i'r m ~ rn 'j) f:+ = e. .!1 J - - ~ , -Pt ~, h I) 
+'! 1 ~ .. l .!... ) 

P.l' f 21' 

*' Lt + = - Lt-. 
Vfcnonb3ySI CBOACTB8 nonHHOMOB 3pMHT8 H Jlarrepa, ( 11.5) 1 ( 11.6) 1 nony'IHM M8TpH'i-

Hbie sneMeHTbi onepaTopoB yrnOBbiX MoMeHTOB LJ , l,+ t,_ I tti' U, tt-
B BH!le: 

( ~ "-J. M\! r 'I tJ I ""'"-J. om, 6 ) = ""'- ~ '"'"" ~"l"'i h .... ~~ • cr ' ( 11.8) 

( ,.: "-j. 1M.' ,. ' I L+ I '"-""I""' 6" ) = i "' .. 1 tM.' & cr • ' { ( J "Jf~ t - J h / h ) 

. [ ' , ' , p "'1 +I )( ft + M + I l + ~ , i , r ni' J -( ffi + r!i ) 
""' "l+l""' .t. .. 1-, .. 1 n-lft a, JiJ J1; 

r & ~ j"A("'+' ... •J & ~ f"rni!i. J l . ""' "r•"i .., + "-'"'' "'••nj .c. l, c-.~o) 

I ' , , r' )• < .,.: ") ,...' ,. ' I ,_ I " "'l Wl ,. > = < .., "I"" ,. I t + " "I ... 

( 11.9) 

(11.10) 

( "'"i""'f''l Lt+ l"'"J'" f) •- b·~· ,...,., ....,, ( i.,.,.. b"r' "iJ~n1(n+M+tJ 

+ b01-1 n' £ "t+ I nj J ( 1.11) ( "J + I ) ] 
('IM.)}O) 

(11.11) 

:::.-

(t~'"'i""'f''l tt_l "'"1""'') = < ""l""'f"llul·"'".i-·~·>* (11.12) 

< '"-' '"'~ -~· I Lt +I "' rtJ - ~ > = ( n ""s ~I (,t + I ""-' ~; 'M.' > 

-; 

,. 

• • ... ........, 
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H .n. SfBnsi!OTCSI XOpOWH-

MH KBBHTOBbiMH 'IHCnBMH. no8TOMY BeKTOp COCTOSIHHSI HyKnOHa MO)KHO 38IIHC8Tb B BH-

.oe I )f j 11.) , r.oe :J , rrpH E. = 0 , rronHbiil: yrnoaoil: MOMeHT HyKnoHa • Pa3no-

)KHM I N j ll ) rro I 11 11.J mo 6" ) 

I N j 11. ) = L a .. '< N j n. > I 11 "I"" ~ ) . 
"'J I' I 

3.oecb CyMMHpOBBHHe IIpOH3BO.llHTCSI IIO BCeM 11.) H f' 
0 

IIOnyqaeMbiM H3 

,_. = 2. n. .,. I '"-I .,. .,... J 

fb.ocTaBnSISI ( 11.13) B ( 11.3), rronyqaeM 

( 11.13) 

If L a." r (,., j n. >I "".._1-.f) = ~ C ,.j ll) r, a." ,.<Nj 1\ >I" ".t"" cr). 
".l ,. J "If' I 

1-13 (11.4) 

- f ~ C N j .I\ ) - ~ ( N nl ) } ~" .,. [) "'J ni o"" ""' a,. r;' ] = 0 • 

J..13 8THX .llBYX ypaBHeHHit rronyqeHbl C06CTBeHHbie peWeHHSI raMHnbTOHHBHa }f
0 

B .oaHHOil: pa6oTe 6hlnH rronyqeHhl ).(JfjJl) 

H "n.J ( N j fl ) ( Ta~.1) .OnSI IIpOTOHHOH CHCTeMbl N =4,5 H Heil:TpOHHOit 

CHCTeMbl }>( = 5,6, r.oe 

a..,. ,. ( 1\1 j 1\. ) = 
J 

(11.14) 

lL (Nj-Jl). 
')\.1- 0 
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B qacneHHbiX pacqeTax acnonb3osanacb cne,nyiOIUHe 3Ha'l:eHHSI napaMeTpOB C. H D 

( B e,nHHHuax f\. W 0 ) : 

jJJlSI llQOTOHHOit CHCTeMbl 
,gnSI HeitTQOHIIOH CHCTeMbl 

c.. D c... D 

~ = 4 - 0,18 -0,050 "' =5 - 0.16 -0,033 

N = 5 - 0,18 -0,046 N =6 -0,16 -0,035 .. 
VB ycnOBHSI OpToroHanbHOCTH COCTOSIHHH I IIIjA) H ( 11.5) 1 ( 11.13) 

nonyqa!OTCSI 

i [ ~ PoljJ\.} '4- ~r(J~Cj'J\.) = ~-·• 
I 

"'!'" "'J" '''1 ~J 
( 11.15) 

1., [ a., , I ( ..., j, J\ ) a.. ( N j' Jt ) = ~" n' ~ 6" 6" I • . , ~r ~f IJ 
J 

(11.16) 

3. flonHB.SI sHeprHSI HH.LlHBH.LlYB.nbHbiX qB.CTHU H 

KaK H3BeCTHo, st.nepHoe none rnaBHbiM o6pa30M o6pa30B8.HO ,nsyxqaCTHl{HbiMH 

B38.HMO,LleitCTBHSIMH Me:>K.LlY HyKnOH8.MHo flosTOMY npH OITHCB.HHH g,nepHoro nong C noMo-

LUbiO cpe,nHero nonS! nonHaSI sHeprHst HH.LlHBH.nyanbHbiX qacTHU pasHa 

En.:..= ~ [ < IH,I)- ~<I v,l) J:: ~ £~,. 
~ L 

(111.1) 

Ha3oBeM E L "s¢¢eKTHBHOH sHeprHeA HH.LlHBH.nyanbHOit qacTH_llhi", oHa paBHSieTCSI 

~ I 4 w: = {I.C.I)- -(JV.J) =-<IH.-t-T.I) 
., • .t • L "' " • 

( 111.2) 

Vh ( 11.7) nonyqaeM 

f J 4 -
( IT,I)= t;("~+l:)-lw0 + it(H-3'"-s-)-li.w 0 (111.3) 

flo.UCT8.BJ1SISI ( 111.3) B ( 111.2) t HMeeM 

"' 

• 
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f f J f N- a. E . = >.. ( AI J. .1\. ) + - ( AI + - ) "" w + - t ( - - .... ) 11. "' , z. 'I .t o., 3 • o• (111.4) 

fbny'leHHbie cxeMbl ypOBHeft ScPcPeKTHBHbiX HH.llHBH.llyanbHbiX 'laCTHU DpHBe,lleHbl 

Ha pHCyHKax ( 1.2 ) • 

Kor.lla aanonHeHbi HyxnoHaMH see ypoBHH c O.llHHaKOBhiMH H 1 TO cyMMa 

saeprH:i!: STHX HyKnOHOB E., ( t ) pasHa 

j 

y 
( 111 +f)( N +..!. )CN+t)-l.c.J + [ t<t+•J(tt+•)]) 

.l, • (, .. 

L - npH L • D 1 KBaHTOBOe 'IHCnO op6HTanbHOf'O MOM9HTa KOnH'I9CTBa .llBH::lK9HHSI. 

I.{To6bi Bbi'IHCnHTb DOnHyiO 9H9pi'HIO HH.llHBH.llyanbH&iX 'laCTHU 1 .llnSI DpOTOHHOA H 

HeftTpOHH6A CHCTeMbl B03bMeM nap~MeTphl J) • D c D a "' • o ..._, H.z. ;r, v$, 

f'.z:;t9 HH.lleKC&I )(.. 1 Tl' 0603Ha'laiOT COOTB9TCTB9HHO H9ftTpOHHyiO H DpOTOHHYIO CHCTe-

MY, a 1,2,3, ••• ·- aHa'leHHe rnasHoro KBaHTOBoro 'IRena. By .ll9M C'IHTaTb1 'ITO B 

~pa:>KeHHH ( 111.1) CO.ll9p::lKHTCSI H KynOHOBCKaSI 9H9pf'HSio 

Vb ycnOBHSI MHHHMyMa DOnHOft 

"a E "'·'· c f.) 

~ (.. 

9H9pl'HH HH.llHBH.llyBnbH&IX 'IBCTHU 

- 0 

MO::lKHO onpe.llenHTb paBHOB9CHYIO .ll9cPOpM8UHIO H COOTB9TCTBYIOlUYIO KOHcPHI'ypaUHIO 

OCHOBHOI'O COCTOSIHHSI Sl,llpa. 3aM9THM 1 'ITO DpH H3M9H9HHH 3Ha'I9HHft napBM9TpOB ~ H 

l) HH::lKHHX 06onO'I9K ( , f lf ) B9nH'IHH8 paBHOB9CHOft .ll9cPOpM8UHH H3M9HSI9TCSI 

Mano. f1o.ll'l9pKHeM, 'ITO B H9KOTop&Ix cnyqagx 1xoTH A"' ) ~ ~ eo £,.. ( f (li 
f'.ll9 k lit 

1 
k - - COOTB9TCTB9HHO O.llHO'IaCTH'IHbl9 C06CTB9HH&I9 3H8'19HHSI COCTOSIHHftf 

E" H £ p - scPct>eKTHBHble sHeprHH HH.llHBH.llyanbHoA qacTHUhl, cooTseTCTBYIOlUHe 

9THM .llBYM COCTOSIHHSIM. .HcH01 ~'ITO H3 ycnOBHSI MHHHMyMa DOn.HOft 9H9pf'HH peanbHoe 

aanonH9HH9 OCHOBHbiX COCTOSIHHft Sl.ll9p .llOn::lKHO H.llTH B COOTB9TCTBHH CO CX9MOA ypos

H9i!: HH.llHBH.llyanbHbiX 'laCTHil CHH3Y BBepx, a He CO CX9MOi!: ypOBHei!: O.llHO'IaCTH'IH&IX 

co6CTB9HHhiX aHa'leHHA A . C "' j 1\ ) • B Ta6nHne 111 .llaH&I TeopeTH'IeCKHe 3Ha'leHHSI 
' 

paBHOB9CHbiX .ll9cPOpMauHi!: H KOHcPHI'ypauHH OCHOBH&IX COCTOSIHHA Sl.ll9p0 
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1Y. npHMeHeHHe 

C nOMOlllbiO nony'ieHHbiX C06CTBeHHbiX cPYHKUHit 6brnH Bbi'IHCneHbi HeKOTOpbie 

cPH3H'IeCKHe aenH'IHHbl CHnbHO .ae<PopMHpOB8HHbiX Sl.llep. 

1. 3neKTPH'IeCKHe Kaa.apynonbHbre MoMeHThr. OnepaTop aneKTpH'IecKoro Kaa.apy-

nOnbHOrO MOMeHT8 

A 

Q • 1: 
• 

( I. J-."- , ... ) 
-' . = " ! Q •, • 

3.lleCb CyMMHpOB8HHe npOBO.llHTCSI no BCeM npOTOH8M0 

-41 

G
0
<t) = l:<,.,j~.n.,la;.l,.,j,.n.,>= "'. l:G,..I\et> 

&,. M W0 Njl\ J 

a.aecb 
• •1/J i\. W 

0 
• 3 I A Nea ( aTo cooTaeTCTByeT '"· 

-13 
"'1,25•10 CM) 

Q. (L)- J( e-jt"- _!:_E.')~ 
lfJA - &'J ( .t <••t•H<-j<l iH"+fl•<ii,- ~ >). 

Kor.aa aanonHeHbi npoToHaMH ace yposHH c O.llHHaKOBbiMH )I( • TO cyMMa HX 

KB8.llpynonbHbiX MOMeHTOB Q N ( L) 

QN(t) • "' .1. Mw0U)(f•!.f.)(~ .1 ) S £(M+I)(N-t.!.)(N+t) .s ~-Jt ~ • 

( 1Y.1) 

(1Y.2) 

( 1Y.3) 

B TaonHue ( 11 ) npHse.aeHbi aHa'leHHH Q N j A ( I. ) 1 s Ta6nHue ( 111 ) - TeopeTH-

/4/ 
'leCKH9 H 3KCnepHM9HT8nbHbie 3H8'1eHHSI KB8.llpynonbHbiX MOM9HT0Bo 

2. flapaMeTp p83BSI3biB8HHSI. 

flpH Bp81U9HHH CHCTeMbi KOOp.llHH8T 1 CBSI38HHOit C Sl.llpOM 1 BOKpyr OCH J. Ha 

0 180 BOnHOB8SI cPYHKUHSI HyKnOH8 H3MeHSieTCSI cne.ayiOIUHM o6p830M: 

R, I ., i A > == - i c- >,. 1 N j - A.). ( 1Y.4) 

B aTOM npe.acTaaneHHH cor nacHo ( 11.8) • (11.9J. (11.10) napaMeTp paaaHablaa-

HHSI 

.~ 

~ 
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I 
i ,, 

II 

"' a..=(-) 

rrpH (, =0 

J 
l l J ( -rt.1 ... • ) ( "' - n J ... 1 ) 

"'! 

+ [, J ( Jll- t'\.2. ) ( t1 ~_ + I ) Q., ( N j Y.t ) a. tt. V.c. ( "' j '/z. ) Jl J 
, , 1t~+f - 'lz. 1 

'tl.)- , 

j- '/z. 
Q.. .: C-) ( 

( 1 y .5) 

( 1 y .6) 

BbiqHcJieHHbie M 9KcrrepHMSHTanbHbie 3HaqeHHH rrapaMeTpOB pa3BH3hiBaHHH naHbi B 

Ta6nHue lY. 

3. MarHHTHb!S MOMSHTbl 

Mai'HHTHbiH MOMSHT fA.. HeqeTHOI'O Sinpa 

I+ f 
<fl"o·If) 

.. 
f'Ao = + 

~ 

R - BpamaTeJibHblH MOMSHT KOJIHqeCTB8 nBH:>KSHHSI Sinpa; 'It 1 t t. 1 'S - COOTBST-

CTBSHHO BpamaTSJlbH09 1 op6HTaJibHOe H CI1HHOB09 I'HpOM8I'HHTHb!e OTHOlllSHHH. Vf3 

(11.8), (11.9), (11.10) rronyftaeM 

"" 
lA = _t_ II c '• - ~ .t ) ( ll [ cr a.,.' ,. < N j 1\. ) 

I.+1 .. ,.,.. I 

I H i(J-'/z.)'il r, .t. 
( N j Y.&.) + - ( - ) e. ( I. + 'lz. ) s II. '1.&. a.., !;'. (IY.7) 

.t. "I- I ;& 

• c~t-,lt)r .11.1• 
I - \l.z. 

( l • 'lz. J tt.. $1\.Y.t. J + 1R1(1+1) l 
L 

c- ) J 
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Y. 06cy:>K,lleHHe 

B aToil: pa6oTe, Hcnonb3yH 6onee pauHoHanhHbril: CTporHil: MeTO.ll H y'IHTbiBaH 

csoil:cTBO caMocornacosaHHOro nonHJ aBTOpbr nony'IHnH cneayromHe pesynhTaTbi, 

1, AHanHS CIIHHOB H '19THOCTeil: OCHOBHbiX COCTOHHHil: H9'19THbiX H.llep no nony-

'leHHbiM cxeMaM noKasbrsaeT, 'ITO nocne.llHHe xopowo cornacyroTCSI c aKcnepHMeHTanh-,.., 
HbiMH ,llaHHbiMH, XOTH B H9KOTOpbiX cny'I8SIX HM99TCH paCXO:>K,ll9HHe, 

2, XoTH rronyqeHHbre cxeMbi HMeroT HeKOTOpbre CXO.llCTBa co cxeMaMH HHnbCCOHa 

('ITO o6ycnoBnHB89TCH 6onee CB060.llHbiM Bbi60pOM rrapaMeTpOB C. H J) ) , paCC'IH-

TaHHbie BOnHOBbie cpyHKUHH CHnhHO OTnH'I8IOTCH OT cpyHKUHil: HHnbCCOHa, nOTOMy 'ITO 

B STOil: pa6oTe SHa'leHHH napaMeTpOB 6onbill9 1 '19M y 1-ifn"bCCOHa, 

3, nony'I9HHbi9 6onee CTpOrHM paCC'19THbiM MOTO,llOM SH8'19HHSI KB8.llpyrronbHbiX 

MOM9HTOB B OCHOBHOM COBna,ll8IOT C SKCII9pHM9HT8nhHbiMH ,llaHHbiMH, 

4, napaMeTpbi paSBHSbiB8HHSI, Bbi'IHCneHHbi9 no SHa'leHHSIM paBHOBeCHbiX ,llecpop

MaUHil:1 TO:>Ke HaXO.llHTCH B XOpOWeM COrnaCHH C 3KCnepHM9HTanbHbiMH .ll8HHbiMH
0 

3a-

llt .•• M9THM 1 qTo nony'leHHbie SH8'19HHSI rrapaMeTpOB paSBSI:SbiB8HHH B cnyqae W H W 

HM9IOT rrpaBHnhHbiil: SHaK, B IIpOTHBOnOnO:>KHOCTb p8C'19T8M l-i!:nbCCOH8
0 

B saKnro'leHHe asTopbr Bbrpa:>KaroT rny6oKyro 6naroaapHOCTh B.r. Conosbesy, 

B.B. Ea6HKOBy. 4:>Ky XyH-roaHIO H Y::>Koy ryaH-q:>Kao sa B9CbM8 HHTepeCHbie o6cy:>Kae

HHH H illaHb 4yH-xya sa cocTasneHHe rrporpaMMbi H rrposeaeHne 'IHCneHHbiX pacqeTos. 

r,,\ 

~· 

l. 

" 

• 
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Tadmma I a 

O.n;HO'IaCTH'IHI:le codcrseHHI:le 3Ha'leHHII >. (" J A.l , cpe.n;nHe 3Ha'leHHII 

'1'1.~ ( ll,j A) , 3qxpeKTHBHI:le 3Hepnm HH,l\HBH.n;yaJiblll:lX 'laCTHU E ( Jol j A} 

H O,l\HO'laCTH'IHI:le COdCTBeHHI:le BOJIHOBI:le cpyHKUHH B BH)l,e p11.n,a K03¢1lHllHeHTOB 

a..,. r ( JC j II.) npH pa3JIH'IHbiX .l\efPOpMaiUIIIIX t: )1,!111 JC .. '< S • 

npo/oHHOll CHCTeMI:l. ( ,UJ!H npocTOTbl y Kallt,li;Oll H3 BeJIH'IHH A {NiJt), nJ(tVjJ!},E ( NJJI.), 
fl.n;~{lllj.!l) HH,IIeKCH (NjJl) COKpameHH H nepeMemeHI:l B IIOCJie,I\HHtl CTO!!deU ). 

& 0 o,r o,! o,3 o,4 ( H j Jl. J 

A. 4,1400 4,2733 4,4067 4,5400 4,6733 
~ 0 0 0 0 0 

[4 E 3,4450 3,5450 3,6450 3,7450 3,8450 9/2 9/2] 
<Lo 1/f. I I I I I 

.• 

• 
.1.. 4,I400 4,I833 4,2249 4,2649 4,3038 
;c, 0,8889 0,9IOI 0,9262 0,9386 0,9483 

[4 7/2] E 3,4450 3,4772 3,5078 3,537! 3,5654 9/2 
0.,0 •VJ. o,3328 0,2993 0,27!7 0,2474 0,2270 
a,, 1/1., -0,9428 -0,9540 -0,9624 -0,9688 -0,9738 

l. 4,9500 5,0733 5,I985 5,325I 5,4528 
itJ O,II08 0,0896 0,0738 o,o6I2 0,0515 

(4 . 7/2 7/2} E 3,8500 3,9427 4,0372 4,!330 4,2296 
a,, •"/, 0,9428 0,9540 0,9624 0,9688 0,9738 
Q.,' .,,_ 0,3328 o,2993 0,27!7 0,2474 0,2270 

)., 5,0200 5,!343 5,2559 5,3805 5,507! 
~ 0,2858 o,I400 0,0997 o,0763 0,0604 

(4 5/2 5/2) I 3,8850 3,9720 4,0646 4,I595 4,2558 

4re •t• 0,9258 0,9595 0,9692 0,9757 0,9804 
0.,, •V&. -o,ooo3 o,IJ68 o,I472 O,I404 o,I305 
Q,a, .,,_ -0,3780 -0,2463 -0,1976 -O,I682 -O,I473 

>.. 4,9500 4,9627 4,9766 4,9936 5,0I34 
~. I,I584 I,2099 I,I789 I,I483 I,I229 

[4 5/2] I 3,8500 3,8594 3,87IO 3,8857 3,9027 7/2 

Q,. 1/J. o,I785 o,oo9I 0,0503 0,0648 o,o7o2 
4,, •VII -0,88I9 -0,8888 -o,9033 -0,9I83 -o,9JI3 
a,. "" 

-0,4363 -0,4582 -0,4260 -0,3905 -0,3575 

.1.. 4,I400 4,!!29 4,0775 4,0359 3,9895 
itt I,5556 I,650I I,72IJ I,7754 I,8I67 

[4 5/2) E 3,4450 3,4235 3,3944 3,3598 3,32:t4 9/2 

<Le va.. o,3333 o,28I6 o,24I2 0,2093 o,I838 
<L' •vz. -0,47!4 -0,4374 -0,4029 -0,3701 -0,3402 
Q..a,. .,~., 0,8I65 0,8540 0,8829 0,905! 0,9222 

.1.. 5,4700 5,5587 5,6658 5,78I8 5,9026 
itt Oj599* 0,3295 o,208I o,I454 o,I086 

[4 3/2] E 4,IIO 4,I794 4,2642 4,3550 4,4488 3/2 

Q,fJ •l/1, o,828I 0,8985 0,93!8 0,9502 0,96!6 
a.,, 1/J.. 0,3380 0,2990 0,2653 0,2380 o,2I55 
a., •Ill. -0,3380 -0,264I -0,2I47 -O,I809 -O,I560 
a, .,, -0,2927 -0, I83I -0,!232 -0,0883 -0,0663 



.).. 5,0200 5,009! 
;t. 1,5428 1,3556 

' 3,8850 3,8790 

(1,0 ·V.I. 0,4140 0,2741 
a_, I 1/'V -0,6762 -0,8180 
a, .... -·h~ -0,1691 -0,283o 
Q. J VI. 0,5855 0,4185 

>.. 4,9500 4,8815 ., 1,9398 2,1JIO 
E 3,8500 3,7958 

Q.,. •1/ .. o,3o86 0,2961 
.a,, .,, o,3778 0,1270 
a.,,~. ·v.c. 0,7560 0,7574 
a.. J vz, 0,4365 0,5680 

>.. 4,1400 4,0640 
ii., 2,0000 2,1836 
E 3,4450 3,3857 

a;." ·v.c. 0,2182 0,1729 
a., r, •II, -0,5345 -0,4746 
a. .... ,. .. 0,5345 0,5254 
Q.,J 1/l, -0,6172 -0,6847 

).. '5,5000 5,5781 .. 1,332! o,3478 
I 4,!250 4,1887 

a, ... ,. ... 0,7306 0,9026 
(1, I ·•ltv o,o004 0,2490 
Q..1. •• , ..... -0,5163 -o,3035 
a,l ·•n -o,ooo3 -0,1527 
a.,, •;a, 0,4469 0,0890 

A 5,4700 5,3675 
~ 2,0679 2,1202 
I 4,IIOO 4,0391 

a,. '1.1. o,3899 0,0699 
a.,, -•lt. 0,5856 -0,6730 
Q...&,. If)., 0,1384 -0,4121 
a.,._J -r/,l, -0,5071 0,4022 
a..'l I(Z., -0,4784 0,4589 

). 5,0200 4,9224 
it. 2,1713 2,3858 
E 3,8850 3,8099 

Q....o 1/L 0,4782 o,3854 
a.,, ·'IL -0,4780 -0,)669 
a..~, 1/J., 0,1692 0,4628 
()..,l •!/.(, 0,4142 o,43J4 
O.,c, 'Jl, -0,5854 -0,56II 

~-----

~ 

14 

5,0125 5,0238 
1,2544 1,1909 
3,8852 3,8976 

o,2223 O,I972 
-0,8689 -0,8983 
-0,2971 -0,2799 

0,3277 0,2752 

4,7974 4,7IIO 
2,1969 2,1928 
3,7310 3,6660 

0,2522 0,2156._ 
o,OII9 -0,0423 
0,7822 0,8149 
0,5696 o,5363 

3,9709 3,8634 
2,3409 2,4705 
3,JI01 3,2214 

o,IJ67 0,1084 
-0,4178 -0,3668 

0,5038 0,4741 
-0,7436 -0,7930 

5,6841 5,7996 
0,2148 0,1486 
4,2730 4,3636 

o,9353 0,9533 
0,2282 0,2055 

-0,2433 -0,2051 
-0,1061 -0,0765 

o,o5IJ o,oJ44 

5,JI37 
1,6628 

5,2944 
1,4174 

4,0154 4,0159 

o,1094 1,1200 
-0,7849 -0,149, 
-0,4017 -0,3689 

o,3442 0,2929 
o,3oJ5 o,2oJ5 

4,8190 4,7226 
2,3336 2,2639 
3,7345 3,6665 

O,JIOO 0,2563 
-0,2529 -0,2123 

0,6587 0,7506 ~. 
0,4715 0,4595 

-0,4286 -0,3386 

5,040) 
1,1473 
3,9138 

o,I808 
-0,9189 
-0,2564 

o, 2J9I 

4,6261 
2,1688 
3,6045 

0,1876 
-0,0705 

0,8459 
o,4943 

3,7442 
2,5750 
3 1 1229 

0,0865 
-01 3227 

0,4407 
-o,83JI 

5,9202 
O,II02 
4,4574 

0,9643 
0,1859 

-0,1778 
-0,0573 

0,0249 

5,2932 
1,2863 
4,0263 

0,1209 
-0,8884 
-0,3.344 

0,2528 
o,14.30 

4,6324 
2,2078 
3,6038 

0,2197 
-0,1987 

0,8063 
0,4249 

-0,2857 
- -~ 

{4 5/2 3/2] 

[4 7/2 3/2) 

(4 9/2 3/2) 

[4 I/2 I/2) 

[4 3/2 I/2) 

(4 5/2 1/2} 

- -----

r---

I .. 

I 
i 

L 

• •· 
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.\ 4,9500 4,8.398 4,68.32 4,499I 4,.3074 
;t~ 2,2065 2,6774 .3,0802 .3,2.34I .3,2526 

(4 7/2 I/2) & .3,8500 J,76I.3 .3,6292 J,4820 .3,.3.368 

lt-c w. o,I950 0,0586 o,o2II 0,0407 o,042I 
(l, I •1/.Z., 0,4880 0,4584 -0,4II7 -o,J524 -O,J06.3 
(t, to 'II, 0,5520 o,4I49 -O,I960 -0,05I.3 0,0.324 
Q., J •1/1, 0,56.34 o,578I -0,5769 -0,6I76 -0,6758 
a.. Yl, o,JI89 o,529I -0,6774 -0,700I -0,668.3 

' .. 
J.. 4,I400 4,0.388 J,9IJ2 .3,7642 .3,5934 
itJ 2,2222 2,4688 2,7087 2,9.359 J,I4.3I 

[4 9/2 I/2) E .3,4450 .3,.3660 J,2628 J,IJ69 2,9907 -
a. 0 '1'- o,2I82 O,I686 O,I289 0,0978 -0,07.39 
Q., I •1/J, -0,4.364 -0,.3746 -O,JI.37 ~0,2572 0,2072 
O.,a, 'IJ, o,6I72 o,59JI 0,5542 0,5057 -0,45.32 
Q, I ·'II, -0,50.:9 -0,54I2 -0,56!4 -0,5620 0,54.37 
Gl..• y,_ 0,.356.3 o,4J20 o,5I25 0,59.39 -0,67!.3 

A 4,6700 4,8.367 5, 00.3.3 5,I700 5,.3.366 
~ 0 0 0 0 0 
E .3,9600 4,0850 4,2IOO 4,.3.350 4,4600 (4 II/2 II/2 

Q., 0 .,, I I I I I 

.... 5,6600 5,8I8.3 5,9780 6,I.387 6,J00.3 
itt 0,0909 0,076.3 0,0644 0,0550 0,0475 
I 4,4550 4,57.39 4,694I 4,8I52 4,9.37! (5 9/2 9/2) 

Q,• ·vz. 0,95.34 o,96II 0,9670 0,972.3 0,976.3 
a,, v ... o,JOI5 0,2762 0,25.38 0,2.346 0,2I8I 

l. 4,6700 4;7449 4,8I86 4,89!.3 4,96.31 
~ 0,9090 0,92.37 0,9J5I 0,9448 0,9525 

(5 II/2 9/2) & .3,9600 4,0I60 4,0709 4,I248 4,I780 
ILo ·vo~- O,JOI5 0,2762 0,25.38 0,2.346 0,2I8I 
a,. •iz., -0,95.34 -0,96II -0,9670 -0,972.3 -0,976.3 

.\ 5,6780 5,8.306 5,9874 6,I46J 6,.3067 
ilt 0,2240 o,IIJ5 0,0874 0,069.3 0,0562 
I 4,4640 4,579I 4,6997 4,8I79 4,9.394 (5 7/2 7/2) 

ILo y,_ 0,942.3 0,96.36 0,97!2 0,4770 0,98IJ 
Q,, •1/.C, -o,003o O,I7I9 O,I620 O,I475 o,IJ40 
Q,._ '/J., -o,JJ46 -0,2048 -O,I748 -O,I542 -o, !.382 

.\ 5,6600 5,7080 5,7582 5,8IIO 5,8660 
'it I,IJ96 I,I787 I,I508 I,I275 I,I084 

{5 9/2 7/2) E 4,4550 4,49I2 4,5299 4,5709 4,6!.38 

a..,o 1/.t. O,I45.3 0,0697 o,o8I2 0,082I o,oso.J 
(t, I ·Vz. 0,9045 -0,9009 -o, 914.3 -0,9268 -0,9.374 
a..(, 'l.t.. 0,4008 -o,4284 -O,J967 -0,.3664 -o,JJ89 

• 



... 4,6700 4,669.3 
~ 1,6.364 1,7078 
£. J,9600 J,9586 

a,o '"' O,J015 0,2582 
a,, ai/J., -0,4264 -O,J986 
~1. .,~ 0,8528 o,88oo 

... 6,J080 6,4407 
'iJ 0,6546 0,2678 
E 4,7790 4,880) 

0... 0 •Va. 0,8729 0,9!55 
CL I 1/!, o,3086 0,2800 
a.."" .. /., -O,J086 -0,2470 
Q. I '/I, -0,2182 -0,1499 

).. 5,6780 5,7!14 
;:t. 1,2084 1,2757 
E 4,4640 4,4905 

~o-va. o,3562 0,2266 
~. v .. -0,7560 -0,8548 
~a.·vr. -0,1262 -0,3299 
Q, • .,, 0,5344 o,J30J 

).. 5,6600 5,6195 
"t 1,.3890 2,1261 
E 4,4550 4,42JJ 

eve ·vr. 0,2844 o,J015 
Q, I VI. o,3oiJ -0,0049 
~ ....... 0,8040 0,7753 
0., I VI. 0,4265 0,5549 

" 4,6700 4,6109 
n:. 1,477! 2,3.303 
E 3,9600 3,9IJ9 

0... • ·va. 0,1740 0,1401 
Q, I 1/J., -0,4924 -0,4.368 
Q, .. _,,, 0,4924 0,4786 
Q. I ,, .. -0,696.3 -0,7486 

1,. 6,JI80 6,4461 -.. 0,7980 0,2886 
E 4,7840 4,8825 

Q,o •ta.. 0,8285 0,9164 
o.,, •VI. O,OOII 0,24.34 
Q., J. '/J, -0,4777 -0,2806 
o... • -v .. -0,0007 -0,1303 
Q,, '"' 

0,2922 0,0725 
--------------

...... 
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4,662) 4,6507 4,6.354 
1,7618 1,80.32 1,8.354 
J,9514 J,9401 J,9258 

0,2241 0,1969 0,1750 
-O,J7I1 -O,J452 -O,J215 

0,90II 0,9!76 0,9J06 

6,5852 6,7.360 6,8907 
0,184J 0,1J60 0,1053 
4,9917 5,1078 5,2265 ,. 
0,9388 0,9530 0,9625 
0,2546 o,2J28 0,2142 

-0,2051 -0,1754 -0,1533 
-0,1086 -0,0822 -0,0644 

5,75.38 5,8016 5,853.3 
1,21JI 1,1672 1,1.328 
4,5246 4,56.33 4,6050 

0,2050 
-0,8846 
-0,3095 

0,1917 
-0,9067 
-0,2796 

0,1805 
-0,9236 
-0,2516 

0,2822 0,2507 0,2259 

5,5720 5,52.38 5,4766 
2,1500 2,1457 2,IJ21 
4,3868 4,.3510 4,JI68 

0,2527 0,2156 0,1877 
-0,0,1 -0,076.3 -0,0867 

0,8078 0,8386 0,8644 
0,5298 0,4944 0,458.3 

4,5.382 4,4545 4,.3620 
2,4526 2,5512 2,6298 
.3,8548 .3,7859 3,7097 

O,IIJJ 0,0922 0,0756 
-0,.3868 -0,.3432 -0,3058 

0,4579 0,4JJ4 0,4074 
-0,7924 -0,8282 -0,8572 

6,5890 6,7391 6,893.3 
o,1948 0,1416 0,1084 
4,9926 5,1089 5,2275 

0,9409 0,9557 0,9654 
0,2197 0,1977 0,1791 

-0,2352 -0,20.35 -0,1797 
-0,0937 -0,0698 -Cl,0538 

0,0490 o,o358 0,0274 

(5 II/2 7/2 ) 

[5 5/2 5/2 ) 

[5 7/2 5/2 ] 

[5 9/2 5/2 ] 

[5 II/2 5/2) 

(5 .312 J/2 J 

~ 

I 
l 

i 
l 

!'lJ. 

·I 
1. 

~: 

• 



t 

t 
1 

l 
l 

·1 
I 
t. 

A 
lit 
E 

Q..,o •/.&. 

a., ·v~ 

""" .,4 a., ·v~ 
Q., '/~ 

A 
~ 
E 

Q.o ''" a... ·v.. 
Cl.t. Y!l. 

Q,3 ·v~ 

Q.~ Y.t. 

.), 

~ 
E 

a. 0 Ill. 

o.., -v.c. 
Q,z, 'I~ 

a... ·v~ 
a,lt 1/1, 

l. 
;tJ 
E 

a., 0 '/1.. 

Q., ·V.t. 

a..~. v-. 
Q, J ·•.(&. 

Q,.t, '/L 

"' it 
E 

a.o -v~. 
a.., 'Ill. 

ct. a. "Yo. 

Cl.J 'II, 
a.., -v-. 
a,, '"' 

l. 
lit 
E 

C1..e ·Vo. 
a,, 'II, 

a. .. ·'II. 
a. J .,~ 
a., .. , .. 
a.,,. '/1, 

6,3080 6,2736 
1,9164 1,834! 
4,7790 4,7576 
0,2748 0,0989 

0,6900 -0,7392 
0,2397 -0,4091 

-0,4880 0,3910 
-0,3908 o,3515 

5,6780 5,6186 
2,2860 2,2578 
4,4640 4,4195 

0,4363 o,3603 
-0,4370 ~,2378 

o,3775 0,6369 
o,3079 0,4919 

-0,6176 -0,4075 

5,6600 5,5583 
2,4540 2,8522 
4,4550 4,3745 

0,1321 0,0486 
0,4601 -0,5003 
0,4563 -0,1692 
0,6517 -0,5747 
o,3715 -0,6233 

4,6700 4,5710 
2,5455 2,7673 
3,9600 3,8830 

O,I741 o,IJ5o 
-0,3481 -0,2959 

o,6o3o 0,5654 
-0,4924 -0,5078 

0,4924 0,5627 

6,5880 6,6633 
1,6666 0,5028 
4,9190 4,9857 

0,6762 0,8737 
0,2760 0,2736 

-0,3904 -0,31IJ 
-01 3380 -0,1981 

o,2391 0,1087 
o,3779 o,II76 

6,3180 6,273! 
2,5343 1,8728 
4,7840 4,7564 

0,4786 ~1534 
-0,3897 -0,7218 
-0,2755 -0,3992 

0,4780 0,4108 
0,1681 o,JJI7 

-0,5352 -O,IJ17 
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6,2715 6,2912 6,3240 
1,56II 1,3936 1,2897 

[ 5 3/2 ] 4,7660 4,79II 4,8247 5/2 
O,II22 o,II47 o,IIJI 

-0,8IIO -0,8580 -0,8893 
-0,3891 -0,3612 -0,3331 

o,3357 0,2901 0,2541 
0,2562 0,1897 0,1442 

5,5599 5,5040 5,4516 
2,2424 
4,3762 

2,2088 
4,3363 

2,1724 
[5 4,3002 7/2 3/2] 

0,2962 0,2532 0,2217 
-0,2171 -0,2142 -0,2II7 

0,7208 0,7768 0,8188 
0,4756 0,4363 o,3944 

-0,3455 -0,.3!03 -0,2828 

5,4295 5,2886 5,1430 
31 0323 3,1085 3,1304 

[5 3/2] 4,27!5 41 1612 4,0501 9/2 

o,0593 0,0533 0,0458 
-0,4307 -0,3696 -0,3217 
-0,0502 O,OI61 0,0565 
-0,6261 -0,6855 -0,7379 
-0,6453 -0,6248 -0,5889 

4,4506 4,3II2 4,1554 
2,9694 3,1474 3,2992 

[5 11/2 3/2] 3,7852 3,6695 3,5395 

-0,1044 0,0809 o,o6JI 
0,2478 -0,2055 -0,1696 

-0,5208 o,4738 0,4279 
0,5102 -0,5007 -0,4822 

-0,6294 0,6899 0,7428 

6,7935 6,9383 7,0895 
0,2695 0,1798 o,IJ21 

[5 1/2) 5,09!6 5,2057 5,3232 1/2 

0,9227 0,9448 0,9578 
0,2466 0,2228 0,2030 

-0,2528 -0,2144 -0,!869 
-0,1315 -0,0953 -0,0727 

o,o6J3 0,0427 o,03II 
0,0508 0,0270 0,0163 

6,2683 6,<:!865 6,3!86 
1,5803 1,4037 1,2949 

[5 I/2) 4,7635 4,7880 4,8215 3/2 

o,r5o8 0,1486 o,1443 
-0,8015 -0,8519 -0,8852 
-0,3750 -0,343! -0,3!24 

o,358I o,JI46 0,2792 
0,2417 0,1769 o,IJ3o 

-0,0878 -0,0634 -0,0478 
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A 6,J080 6,1447 5,9842 5,8628 5,77II 
~ 2,6562 J,4J89 J,0726 2,7101 2,4772 

{5 I/2] E 4,7790 4,.65JO 4,5468 4,4781 4,4295 5/2 

Q..o ·v4 o,J896 o,J588 0,2891 o,25T8 o,22Jo 
Q, I '/1; 0,4787 0,0096 -0,0685 -0,1077 -0,1276 
(1,4 ·V4 o,JJ84 O,J849 0,5541 0,6769 0,7579 
Q,l .,, -0,0984 o,J881 0,45J5 0,4591 o,4J74 
Gt... "''4 -0,552J -0,41J8 -O,J977 -O,J610 -«',J21J 
Q..r ""' -0,4J56 -o,6JJ4 -0,4907 -O,J545 -0,2549 

), 5,6780 5,5591 5,4!90 5,2697 5,II81 
i, 2,6987 2,9870 J,1290 J,1798 J,1796 

[5 1/2) E 4,4640 4,J715 4,2614 4,1464 4,0J28 7/2 

Q, o "V4 o,JJ82 0,1956 o,II8J o,o867 0,0696 
Q, I 'lt. -0,5517 -0,5572 -0,4766 -0,4070 -O,J560 
Cl.t. ·VII. 0,29J4- 0,1804 o, 1262 o,1J88 0,1604 
Q, I Y4 O,IIJ2 -0,2520 -0,4740 -0,589) -0,6688 
a,• -v .. -0,4776 -0,5961 -0,6289 -0,6062 -0,56J7 
Q..s '''- 0,5042 0,4471 o,J504 o,J044 0,2788 

A 5,6599 5,5JI2 5,J521 5,1J20 4,8888 
i, 2,7169 J,2044 J,69IJ 4,0IJ2 4,1589 

[5 1/2] E 4,4550 4,J522 4,1998 4,0150 J,8202 9/2 

Q, • •• , .. o,16o8 0,18J5 o,1462 0,102J 0,0725 
Q., I 1/1, o,J296 0,0584 -0,0689 -0,0915 -0,0882 
a,._ -v .. o,5580 0,5870 o,546J 0,4765 0,4!50 
Q,J ., .. 0,5J71 0,4719 0,2825 o,1JI6 0,0285 
Q,• ·Vt. 0,456J o,J67o o,J575 o,4J02 0,5152 
Cl.r ,,, 0,2J96 0,5109 0,68J9 0,7428 0,7406 

~ 4,6701 4,5507 4,4047 4,2J28 4,0J59 
it 2,727) 2,9941 J,2572 J,5IJ5 J,7572 

[5 II/2 1/2] E J,9600 J,8672 J,7478 J,6029 J,4JJ9 

Q,o -1/& o,1471 O,II15 -0,08)4 o,o616 -0,0451 
a,., .,, -o,J6o4 -O,J004 0,2455 -0,1972 0,1561 
a, .. •!ft. b;5o96 0,4674 -0,4172 o,J629 -O,J085 
U..s v .. -0,5885 -0,5960 0,5868 -0,5626 0,5266 
a.. -v .. 0,4161 0,4656 -0,5060 o,5J28 -0,54JO 
ILr "" 

-0,26)2 -o,J268 o,J979 -0,4746 o,55JJ 

·~ 

~ • 

!II 
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Tn6111ll\fl. I 6 

O.n;noqacrwiH!le codcraenHhle snaqenHll ,\.(.If j A) , cpe.JmHe 3JTa4CHHH 

~;<H;AJ , 3r!JrTlcKTHBHble 3Hepnm Hll.l\llBH)\.YilJihl!IJX qactlf!\ E c If; A.) H O,'\HO-

'-IaCn!4Hlie C06CTB8HI!I>e B0,11!0B!-!e ~yH::<!!;m ll Bn,n:e pi!,llil KO:Jijvill!IUICHTOB Q.,.,.r(MjJI.) 

npH _;>a3JI.I14JihiX ,1\Cfj10pMaU11l1X €, ,li:JIH H ~ (, 6 H8!1Tj)OHHO:! C~ICTC~.W. 

( )i,JIH npoCTOThl y Kalit)IOi1 lf3 BCJilf'HlH ..\ {A'j~), 1i1 (lljllLE(,..JA), a,,~(~i.lt) HH,TI,eKCH ( Nj./1.) 

COKpa1J18Hli I~ rrepel!e E(C!!H B IIOCJI8)\HI1;l CTO'il6e!l) • 

--- -------------------------------------- ---------------
~ 5,0500 5,2167 5,3833 5,5500 5, 7!66 
~. 0 0 0 0 0 
E 4,1500 4,2750 4,4000 4,5250 4,6500 [5 II/2 II/2) 

Q. 0 V& I I I I I 

- ------------------------------ -----------
~ 5,9300 6,0885 6,2483 6,4093 6,57II 
iit 0,0909 0,0746 o,06I9 o,o52I 0,044.3 

[5 9/2 1 E 4,5900 4,7091 4,829.3 4,9507 5,0728 9/2 

a..o -v. +0,95.36 +0,962.3 +0,9686 +0,97.38 +0,9776 
Q.l V.r. O,JOI5 o,27JI 0,2488 0,2282 0,2106 

~ 5,0500 5,1249 5,198.3 5,2707 5,.3421 
iit 0,9094 0,9260 0,9382 0,948.3 0,9557 

(5 9/2) E 4,1500 4,2060 4,2606 4,.3142 4,.3672_ II/2 

a.. o -v. -O,J015 -0,27JI -0,2488 -0,2282 -0,2106 
a... !I& 0,95J.6 0,962.3 0,9686 0,9738 0,9776 

A. 5,9.300 6,0107 6,1592 6,JI7J 6,4778 
~ 1,1416 0;.3656 0,1074 0,0702 o,o52J 

[5 7/21 E 4,5900 4,6629 4,7826 4,90J4 5,025.3 9/2 

a..o 'Y& 0,1418 0,7978 0,9499 0,970J 0,9790 
Q.l •!I& 0,9045 o,601J 0,2968 0,2165 0,1760 
Q.a, V.r. 0,4021 0,0451 -0,0984 -0,1080 -0,103.3 

~ 5,8400 5,9608 6,0209 6,0766 6,IJJ4 
7i., 0,2220 0,9128 1,1II2 1,1052 1,09!0 

[ 5 7/2] E 4,5450 4,6242 4,6632 4,7054 4,749.3 7/2 

a.. 0 1/1, 0,9429 0,5498 o,2337 0,1641 o,IJ32 
a.. • -v. O,OOOJ -0,6947 -0,883(,) -0,9!70 -0,9.346 
ll. a. V& -o,JJJ2 -0,4638 -0,407! -0,.3635 -O,J293 

)., 5,0500 5,0485 5,03S'8 5,0261 5,0087 
iit 1,6J64 1,7216 1,7814 1,8246 1,8566 

[5 7/2) E 4,1500 4,1479 4,IJ92 4,1262 4,II04 II/2 

Q.o V& O,J015 0,2475 0,2077 0,1777 o,1546 
a... -v,. -0,4264 -O,J948 -0,36J7 -o,3J50 -0,.3091 
a., v .. 0,8528 o,8~ 0,9080 0,9253 0,9J84 

t 
~ 6,4000 6,5347 6,6819 6,8.354 6,9922 
~J 0,4286 0,2400 0,1566 O,II24 0,0857 

(5 5/2) E 4,8250 4,9280 5,0414 5,1593 5,2792 5/2 

a..o -Y& 0,8729 0,9219 0,9454 0,9589 0,9676 
a.., V.& o,Jo86 0,28II 0,2541 0,2J06 0,2107 
Q..& -va -O,J086 -0,2281 -0,1806 -0,1500 -0,1286 
Q..) IJI. -0,2182 -O,IJ78 -0,0944 -0,0688 -0,0524 

)., 5,9.300 5,9IJ5 5,9406 5,9868 6,0396 
it 1,929.3 1,6105 1,2608 1,1640 1,II67 

[5 5/2 J E 4,5900 4,58.32 4,6156 4,6561 4,6998 9/2 
Q. o -v. 0,2842 O,OIJ1 o, 1412 0,1674 0,1684 
Cl.l V& 0,3015 o,6365 -0,8437 -0,8966 -0,9227 
a.. a. -v. 0,8040 0,7607 -0,5058 -0,3793 -0,3086 
Q. J V& 0,4264 0,1265 O,II16 0,1551 0,1578 
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)., 5,8400 5,8495 . 5,8188 5,775J 5,7J08 

"'• 1,4604 1,7850 2,0779 2,IIJ2 !,1081 
{5 5/2) E 4,5450 4,5468 4,51J8 4,4792 4,446J 7/2 

a.. ·V& o,J564 o,J6J6 0,2751 0,2145 0,1770 
tLo V& -0,7559 -0,5816 -O,J060 -0,2!57 -0,1775 
Q.;a. ·V& -0,1260 o,J767 0,7!26 0,8097 0,8572 
G.s V& o,5J46 0,6226 o,568J o,5018 0,4498 

.\ 5,0500 4,9890 4,9II9 4,8225 4,7240 
;.:, 2,1818 2,J644 2,5048 2,6104 2,~894 

(5 5/2 J E 4,1500 4,1011 4,0J90 J,9655 J,8847 II/2 

ILo ·V& 0,1741 o,IJ29 0,102J 0,079~ o,o6J2 
G.o V:a. -0,4924 -0,4215 -O,J606 -O,J10J -0,2695 
a. a. "V& 0,4924 0,4767 0,4514 0,4219 o,J916 
Q.J V& -0,696J -0,7599 -0,8098 -0,8482 -0,8775 

l. 6,4000 6,4929 6,6J7I 6,789J 6,9456 
;.:, 1,9142 0,2942 0,174J 0,1205 0,0895 

(5 J/2] E 4,8250 4,9058 5,0182 5,IJ56 5,25" 5/2 

(l., 0 'I.a. 0,2761 0,8970 o,9J86 0,9571 0,9678 
(1, I ·V& 0,6900 o,J566 o,27J7 0,2JOJ o,2ooJ 
tL& V.c, 0,2J90 -0,1945 -0,1824 -0,16II -0,14JO 
O..s ·vz. -0,4880 -0,17J9 -0,1012 -0,0684 -0,049!7 
11,~ V& -O,J90J O,OII8 o,o2Jo 0,0196 0,0159 

),. 6,J500 6,J586 6,J691 6,J995 6,4410 
~ o,8001 1,7010 1,4426 1,2970 1,21J4 

(5 J/2] E 4,8000 4,80J4 4,8208 4,852;; 4,8908 J/2 

(l. 0 V& 0,8281 o,247J o,I850 0,1616 0,1462 
Q. I .. , .. 0 -0,7IJ9 -0,8180 -0,8700 -0,9014 
a.a. ""' -0,4781 -0,4525 -0,4068 -o,J672 -o,JJ2o 
a,, ·v .. 0,0001 O,J405 0,2869 0,2410 0,207! 
a.~ ""' 0,2928 o,J294 o,2212 0,1550 o,IIJ7 

}., 5,9299 5,8409 5,76II 5,6994 5,6470 
~ 2,4546 2,5727 2,J548 2,2278 2,1597 

(5 J/2] E 4,5900 4,5228 4,47II 4,4J26 4,J992 9/2 

a. 0 v.c. o,IJ14 0,1901 0,2289 0,2127 o,1889 
Q.. I "f& 0,4607 o,1858 -0,0682 -0,16J9 -0,19J2 
Q..a.t.\. 0,4558 0,5425 o,69J5 0,7781 0,8)., 
Q, s '1'& 0,6512 0,7685 0,6780 0,5477 0,4540 
a.. va. o,J72J o,21o7 -0,0476 -0,1502 -0,1765 

)., 5,8400 5,76JO 5,6495 5,5124 5,J688 
~ 2,2857 2,6082 2,9612 J,0867 J,II04 

(5 J/2) E 4,5450 4,48JO 4,J850 4,2747 4,1650 1/2 
a, 0 1/J, o,4J64 0,2869 o,1555 o,o919 0,0625 
a., ·va. -0,4J6J -0,4986 -0,4478 -O,J627. -O,J007 
a.a. V& o,J781 o,J972 0,2771 o,2144 o,19o2 
a.s ··Y.r. o,J088 -o,oJ5o -0,4JI8 -0,6268 -0,7282 
a.. '/t. -0,6I7I -o, 7!42 -0,7!54 -0,6489 -0,5824 

. 

\ 

~. 

I 
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~ 5,0500 4,9480 4,8197 4,6693 4,5009 
if 2,5454 2,8240 3,067! 3,2680 3,4269 

(5 3/2) E 4,1500 4,0701 3,9648 3,8396 3,6994 II/2 

a,o '/II 0,1741 0,1255 0,0903 0,0654 -0,0481 
"- 1 -v• -0,3482 -0,28JI -0,2255 -0,1777 o,1400 
Q,a. .,~ 0,6030 0,5526 0,4932 0,4334 -0,3787 
Q,l -v.r. -0,4924 -0,5II8 -0,5II2 -0,4943 0,467! 
a... .,, 0,4924 0,5804 0,6607 0,7293 -0,7852 

>.. 6,5899 6,6761 6,8IJ6 6,7630 7,II75 
'itt 1,6664 0,4048 0,2141 o, 1419 O, 1036 

[5 1/2) E 4,9200 4,9946 5,1044 5,2209 5,3401 I/2 
~ 

a, e ·v• 0,6762 0,8890 0,9325 0,9523 0,9638 
a.. •• , .. 0,2759 0,29JI o,26o3 0,2JI6 0,2081 
Q,, •• , .. -0,3904 -0,2742 -0,2141 -0,1781 -0,1534 
Q,l .,,. -0,3380 -0,1854 -0, II73 -0,0820 -0,0609 
Q,. •1/, o,2391 0,0781 o, 0420 0,0275 0,0197 
a., ., .. o,3779 0,0905 0,0356 o,0180 0,0104 

>.. 6,4000 6,3376 6,3414 6,3673 6,4096 
~ 2,6570 1,8292 1,4795 1,JI34 1,2208 

[5 1/2} E 4,8250 4,7897 4,8050 4,8361 4,8744 5/2 

Q,. ·•1.4. 0,3903 O,II20 0,1547 o,1580 0,1533 
Q., I 1/L 0,4782 -0,7204 -0,8!)6 -0,8656 -o, 8983 
a, 1, •1/4 o,338o -0,4900 -0,4263 -0,3732 -0,3292 
a., V'- -0,0978 0,2889 0,2770 0,2462 o,2188 
a.. •Vl. -0,5521 o,3804 0,2339 0,1572 O,II20 
Cl.r ., .. -0,4363 O,OII2 -0,0321 -0,0306 -0,0252 

~ 6,3500 6,2087 6,0691 5,9718 5,8990 
itt 2,5J37 J,2900 2,8224 2,4910 2,JI84 

(5 1/2) E 4,8000 4,6888 4,6018 4,549! 4,5093 3/2 

Q, ••• , .. o,4781 o,3563 0,2764 0,2322 o,1996 
Q.. I 1/J, -O,J904 -0,1647 -0,1610 -0,17!5 -0,1744 
Q, .z. ·II· -0,2759 0,3489 0,5930 0,7214 0,7956 
Q, I 1/1, 0,4781 0,4972 o, 5144 0,4896 0,4471 
Q, If •'/1, o,1688 -0,3272 -0,)283 -0,2853 -0,2483 
a.., ., .. -0,5)46 -0,6082 -0,4167 -0,2743 -o, 1874 

>.. 5,9300 5,7986 5,6327 5,4688 5,3IJ2 .,. 2,7!70 3,2178 3,3529 3,2594 3,1896 
(5 1/2) E 4,5900 4,4855 4,3570 4,2399 4,1293 9/2 

Q.. 8 •VII. 0,1612 0,0548 0,0325 0,0593 0,0564 
(L I t/1, o,329I 0,2875 -0,328) -0,3293 -0,2995 
Q, .. •I{ I# 0,5582 0,3992 -0,1215 0,0769 0,1589 
a., ., .. 0,5372 0,5279 -0,5505 0,6272 -0,7045 
a. • ... , ... 0,4559 0,6335 -0,7485 0,6963 -0,6060 
Cl.t ., .. o,2401 0,2740 -O,II43 0,0632 o,IJ53 

).. 5,8400 5,n2t 5,5328 5,3059 5,0584 
it. 2,6986 3,19!4 J,7328 4,0825 4,17)8 

(5 1/2) E 4,5450 4,4429 4,2881 4,0968 3,9035 7/2 

Q., 0 .,,~ 0,3380 0,2379 0,1547 0,0921 0,0589 
Q, I 1/Z. -0,5520 -0,4521 -0,2990 -0,1808 -0,1242 
~ z. •1/.l. 0,2928 0,4437 0,5050 0,4479 o,3805 
Q, • ,,, o,II27 -0,0519 -o, no6 -0,1286 -0,1564 
a..,.. ·•II. -0,4781 -0,3345 0,0170 0,3308 o,5IJ7 
Q., r '' z, 0,5040 0,6538 0,7868 0,7951 0,7402 
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J 
i 

~ 
."" 

>.. 
;;;J 
E 

Q,. _,,,. 

Q, I '/I. 
Q, ~ •lfJ, 

a,, 1/'JJ 

a, ~t ~•tao 

Q,S' 1/L 

}.. 

~ 
E 

a,., 0 1/.t. 

~ 
it. 
E 

Q, 0 ... ,~ 

('),I 1/1, 

}.. 

~ 
E 

0., 0 •• ,, 

Q. I 1/ll 

~ 

~ 
E 

CLo •/t.. 

(1., I ·1/J, 

tl,z, ''" 

).. 

~ 
E 

0, 0 1/Z, 

Q, I •1/&. 

Q, :a. .,,. 

A. 
;;:. 
E 

a, 0 .,,. 

Q, I •1/J, 

a. t. 'II. 

5,0~00 4,9270 
2,7273 3,0668 
4,I500 4,0535 

o,I47I o,Io31 
-0,3604 -0,2844 

0,5096 0,4547 
-0,5885 -0,5946 

0,4I6I 0,4784 
-0,2632 -0,3452 

5,6340 5,8340 
0 0 

4,6920 4,8420 
I I 

6,6740 6,8669 
0,0769 0,0647 
5,2I20 5,3568 

+0,9608 +0,9672 
0,2774 0,2544 

5,6340 5,74II 
0,9231 0,9355 
4,6920 4,7722 

-0,2774 -0,2544 
0,9608 0,9672 

6,6740 6,7691 
I,1260 0,8999 
5,2I20 5,2871 

o,II80 0,4050 
0,9199 0,8787 
o,3741 0,2529 

6,5200 6,6977 
O,I817 0,3409 
5,IJ50 5,2653 

0,9535 0,8846 
0,0002 -0,3066 

-0,30I4 . -0,35I3 

5,6340 5,66I2 
1,6923 1,7592 
4,6920 4,7II6 

0,2773 0,2312 
-0,3922 -0,3660 

0,8771 0,90I4 
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4,7702 4,58I2 4,3623 
3,3983 3,7II8 3,9938 

{5 I/2] 3,9235 3,7622 3,5734 II/2 

0,0708 -0,0477 o,o318 
-0,2I75 o,I622 -O,II89 

0,3886 -0,3196 0,2549 
-0,574I o,5321 -0,4772 

0,5245 -0,5466 0,5424 
-0,4381 0,5360 -0,6308 

1'11 

"' 6,0340 6,2340 6,4340 
0 o· 0 

4,9920 5,1420 5,2920 {6 IJ/2 IJ/2] 
I I I 

7,06IO 7,2558 7,4514 
0,0552 0,0474 o,o4II 

(6 II/2] 5,5027 5,6493 5,7967 II/2 

+0,9719 +0,9760 +0,9792 
0,2350 o,2I77 0,2028 

5,8470 5,9522 6,0566 
0,9446 0,9526 0,9588 

(6 II/2] 4,8513 4,9296 5,0074 IJ/2 

-0,2350 -0,2177 -0,2028 
0,9719 0,9760 0,9792 

~.u 

6,9172 7,1041 7,2970 
0,2II8 0,0876 0,0577 

[6 9/2) 5,4230 5,5705 5,7177 II/2 

0,8880 0,9588 0,9750 
0,4594 0,2719 0,2028 

-0,0198 -0,0826 -0,0911 

6,8280 6,9236 7,0162 
0,9815 I,07IO 1,0745 

(6 9/2) 5,3399 5,4065 5,4757 9/2 

0,4156 0,2275 o,1644 
-0,8203 -0,9086 -0,9335 
-0,3928 -0,3503 -0,3186 

5,6828 5,7003 5,7!48 
1,8066 1,8414 1,8678 

{6 9/2] 4,7261 4,7370 ~ 4,7456 IJ/2 

0,1967 0,1703 O,I496 
-0,3406 -0,3170 -0,2956 

0,9194 0,9330 0,9435 

~ 

t 
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). 7,2400 7,4139 7,5968 7,7846 7,9752 
~ o,3333 0,2054 o,142o o,1o5s o,o828 

(6 7/2J E 5,4950 5,6268 5,7663 5,9094 ~,0543 7/2 

Q, e ·•II• 0,8989 o,9326 o,95o6 o,9615 0,9689 
(L' IJL 0,2843 0,2624 o,24II o,2221 0,2054 
Q., a. -v ... -0,2842 -0,2176 -0,1761 -0,1482 -0,1282 
a., '/4 -0,1740 -0,1179 -0,0852 -0,0645 -0,0506 

>.. 6,6740 6,6795 6,7130 6, 78JI 6,8667 -. 1,9650 1,8698 1,4386 1,2073 1,IJo5 
[6 7/2] E 5,2120 5,2180 5,2596 5,3260 5,3953 II/2 

0., 0 •. ,,. o,2644 o,II45 0,0635 o,IJ92 0,1557 
Q, I 1/.1. 0,2,09 o-,4258 -0,7442 -0,8745 -0,9161 
a. 4 ...... 0,8362 0,8534 -0,6645 -0,4527 -0,3440 
~J .,,.. 0,4096 0,2781 -0,0236 -0,1042 o,135I 

>... 6,5200 6,5790 6,6141 6,6176 6,6II9 
it 1,3940 1,4687 1,8509 2,0340 2,0697 

{6 7/2] £ 5,1350 5,1178 5,1895 5,1813 5,1740 9/2 

a. 0 •0/4 o,JI78 0,3229 0,2906 0,2259 o,1833 
Q, t ,, .. -0,8040 -0,7710 -0,5216 -o,JI3o -0,2253 
Q, a. •If&. -0,1004 o,17I5 o,5928 o,7855 0,8532 
Q. I 'IL o,4924 o,52I3 0,5403 0,4837 0,4332 

>.. 5,6340 5,5955 5,5440 5,4828 5,4141 
it 2,3077 2,4561 2,5684 2,6530 2,7170 

(6 7/2) E 4,6920 4,6613 4,6186 4,5674 4,5104 IJ/2 

a... •0/4 o,1448 o,II30 0,0896 o,on2 0,0578 
a.. •• ,,_ -0,4580 -0,3941 -0,3404 -o,2964 -0,2605 
Q, .... ,,,. 0,4580 o,44I6 0,4195 o,3951 0,3706 
a.., .,, -0,7480 -0,7981 -0,8368 -0,8666 -0,8897 

A 7,2400 7,3350 7,5087 7,6936 7,8829 
~ 1,7619 o,4o82 0,1853 0,1243 0,0920 

(6 5/2) E 5,4950 5,5823 5,7201 5,8625 6,0073 7/2 

a. • .,, o,2148 0,8377 0,9295 0,9537 0,9660 
Q, I •'/• o,7521 0,4888 o,JI49 0,2496 o,2II2 
Q, .. • ,, 0,2687 -o,1003 -0,1565 -0,1506 -o,1387 
ca.., ·v• -0,4065 -0,2184 -O,II05 -o,o121 -o,o518 
a.., .,,. -o,3223 -0,0387 0,0120 o,o162 o,ol48 

>.. 7,1420 7,2412 7,2995 7,3677 7,4441 
ftt o,5713 1,4240 1,3696 1,2112 1,2051 

{6 5/2] I! 5,4460 5,5100 5,5563 5,6135 5,6765 5/2 

Q,. ""' 
0,8729 0,4260 0,2413 o,1875 0,1601 

a. 1 ·V4 o,ooo1 -o,i698 -0,8181 -0,8712 o,9014 
Q,. VII, -0,4364 -0,4562 -0,3948 -o,3559 -0,32451-
Q, J ·I/ .. o,oooo 0,2962 0,2790 o,24II 0,2101 
a. • • ,, o,2182 O,.l720 0,1969 o,1455 o,IIIJ 
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----------------------- I -·---------· 
), 6,6740 6,6061 6,5416 6,5012 6,4777 
a, 2,5945 2,7148 2,5.)13 2,2988 2,1843 

5/2) E 5,2120 5,1602 5,II92 5,10)2 5,09541[6 11/2 

a.., If& 0,0965 0,1282 0,1797 0,1954 0,18)5 
a.., -v.c. 0,4346 0,2509 0,0386 -0,1096 -0,1685 

Cl.a. "' 
0,3862 0,4454 0,6144 0,7542 0,8241 

a., ~ 0,7096 0,7961 0,7616 0,6123 0,4873 
a... va.· 0,3863 0,297) 0,0932 -0,0781 -0,1459 ---- ---------------------------------------------r--------------
~ """" 6,5200 6,4829 6,4263 6,3425 6,2432 

"• 2,30)0 2,4456 2,7079 2,9409 J,0292 
5/2) E 5,1350 5,105) 5,0528 4,9757 4,89371 [6 9/2 

Cl.o va.· 0,4020 0,2985 0,1986 o, II72 0,0743 
Q, I •lfa. -0,4020 -0,4399 -0,4399 -0,)782 -0,)144 
Q..z, V&. . 0,5026 0,5555 0,47J2 O,)))) 0,2504 
Q,. -va. 0,2463 0,0185 -O,J255 -0,5942 -0,7258 
a,, •ta. -0,60)0 -0,6391 -0,6612 -0,6158 -0,5534 ------ ------------------------------------------------t----------------
~ 5,6J41 5,5449 5,4JJ9 5,3050 5,1621 
~. 2,7692 J,0074 J,2059 J,J649 J,489J 
E 4,6920 4,622) 4,5JI6 4,4251 4,J07II [6 IJ/2 5/2] 

Cl.o va. 0,1448 0,1058 -0,0779 0,0580 -0,0440 
Q. • ·va. -0,2897 -0,2J65 0,19II -0,1541 0,1248 
a,., va. 0,5794 0,5242 -0,4670 0,41JJ -O,J656 
ca., -11£ -0,47)0 -0,4800 0,47JJ -0,4569 0,4J47 
Q..~ .,. 0,5794 0,6540 -0,7!78 0,770) -0,812) ... 

----------------------------- -------------
). 7,5420 7,6815 7,85)2 8,0354 8,2227 £- -· 

'ltJ 0,9998 0,3757 0,2160 0,1475 0,1097 
[6 J/2] E 5,6460 5,7564 5,8908 6,0.)16 6,1754 J/! 

a,, -411. 0,7807 0,897J 0,9JJ6 0,9516 0,9625 
ca., ''" 0,2760 0,27J2 0,2497 0,2272 0,2078 
G. .. •1/a. -0,390) -0,2806 -0,2217 -0,1852 -0,1600 Q,' ., .. -0,2760 -0,1689 -O,II48 -0,0839 -0,064) 
a,, -v.. 0,1951 o,o8J2 0,0474 O,OJ14 0,0227 
Q,,. "" 

0,2182 0,0779 0,0369 0,0206 0,0128 -- ---------------------------------------------r-------------
~ 7,2400 7,2016 7,2362 7,2969 7,J698 
iif 2,7144 1,9085 1,4847 1 1 )202 1,2294 

J/2) E 5,4950 5,4781 5,5189 5,5744 5,6J701 (6 7/2 

Q, ••• , .. O,J721 0 10160 0,1246 0,1462 o,149J 
Q.., , .. 0,3948 -0,6886 -0,8105 -0,86J5 -0,8956 
,.,., -v .. 0,465) -0,5703 -0,4616 -0,3895 -0,3377 
Q,l VI. 0,0657 0,1626 0,2)77 0,23J7 0,2176 
a,, -v .. -0,558) 0,4058 0,2406 0,16II o,II571 

"' a.,. VI. -0,4161 0,0957 -0,0115 -0,0~66 -0,0264 -------- ----------------------------~------------r-------------
~ 7,1420 7,09)1 7,0228 6,9698 6,9)22 
itt 2,2859 2,7210 2,625) 2,4426 2 1 )184 
E 5,4460 5,40)5 5.,3551 5,J267 5,Jo9JI ' 5/2 J/2 

Q.. o -w. 0 1 3904 0,)842 0,2991 0,2459 0,2096 
Q, I "'- -0,5520 -0 1 )602 -0,2J76 -0,20)6 -0,1869 
a, .. -v .. -O, 1951 0,)270 0,5976 0,7197 0,7907 
Q,. ,,, 0,5521 0,5584 0,5105 0,4715 0 1 4JJO 
Q,., -1/, 0,0975 -0,278) -O,JJ04 -O,JOII -0,267) 
a,,. .,, -0,4)65 -0,4758 -O,J567 -0,2590 -0,1921 

t ' 

" 4-.J-
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------------ --------------------------------------------------- -----------------
},. 6,6740 6,5528 6,4079 6,2668 6,D9J 

"' J,OiJ9 J,J766 J,4682 J,J408 J,2196 
[6 J/2 ] E 5,2120 5,II70 5,0055 4,9078 4,8227 II/2 

a, o -v~ o,1J66 0,0540 0,0075 0,0414 0,0492 
Q,' .,"" 0,2414 0,2J04 -0,2678 -0,298) -0,2924 
a,:&. • .., .. 0,5462 O,J974 -0,1920 0,0052 o, 1206 
Q, • . , .. 0,4828 0,4750 -0,52)4 -0,6207 -0,7053 
Q.., •• , .. 0,5462 0,6866 -0,7656 -0, 72J9 -0,6227 
Q..s ,,., O,J05J 0,298) -0,1767 o,ooo1 0,1IIO 

---------- --------------------------------------------------- -----------------
A. 6,5200 6,4126 6,2754 6,1080 5,9177 
~~ 2,9091 J,2257 J,52J2 J,8II5 ),97!9 

[6' J/2] E 5,1)50 5 ,O!Kl7 4,9J65 4,79)1 4,6J67 ·9/2 

I a,• -v~ 0,26)2 0,1959 O,I4JO 0,0975 0,0654 ' 

r 
Q.., ..,, -0,558) -0,4599 -O,J45J -0,2)04 -0,1521~ 
Q, .. • ..,,. O,J290 0,1>)49 0,4921 0,4757 0,417J ~ Q,. .,,. -0,09)0 -0,2)58 -0,2916 -0,2646 -0,2278 
Q,~ • .., .. -0,)948 -0,240) 0,0297 O,JJ10 o,5J6J 
Q..s ..,., 0,5885 0,6690 0,7295 0,7290 0,6774 --------- --------------------------------------------------- ----------------· 

},. 5,6)40 5,5104 5,)564 5, 17~;o 4,9702 £ 
it, ),0769 J,J924 J,6825 J,9J74 4,15II 

(6 J/2) I E 4,6920 4,5954 4,4691 4,3172 4,1450 Dj2 

Q, • ·v~ o, !080 -0,0760 -a,u529 -0,0)67 0,0255 
Q.., ,,, -O,J054 0,2J8J o,1826 o, IJ85 -0,1049 

Q, " """ 
o,4J18 -O,J768 -0,)189 -0,26)8 0,2154 f Q, I ,,,_ -0,6107 0,59)2 0,5574 0,5106 -0,4600 

Q,- ...,,. 0,4JI8 -0,4710 -0,49)6 -0,4988 -0,4892 ~ 
-O,J862 0,4710 0,5548 0,6J27 -0,7008 '· a.,,. .,~ --------- ------------------------------------------ -----------------

-~ A. 7,5419 7,65JJ 7,82)5 8,0050 8,1919 .. J,0009 0,4012 0,2257 0,1526 0, II2J 
(6 1/2) E 5,6460 5,7416 5,8755 6,0161 6,1597 J/2 

..... 0/ .. o,J901 0,8857 0,9290 0,9495 0,9616 
Q,, ·ttl. 0,4781 O,J15J 0,2682 0,2J5J 0,1200 
...... ,,,. o,ooo2 -0,2579 -0,215) -0,1845 -0,1619 
Q,J -v .. -0,4781 -0,1940 -0,1229 -0,0867 -0,0649 f.= 

a.- If~ -0,2)92 0,0642 o,0445 O,OJ21 0,0244 

I a.r •1/Z, o,J780 o,o888 o,oJ92 0,0212 0,0129 
Gl.o .,,. 0,4J66 0,0015 -0,00)4 -0,0027 -0,0019 

------------ ------------------------------------""'i"------ -------------
/.,. 7,5000 7,4276 7,44)7 7,4960 7,5641 

r ~ 1,9990 2,189) I ,60II 1,J805 1,2682 
[6 1/2] E 5,6250 5,5841 5,6168 5,6695 5,7J02 1/2 

a.. '"• 0,6762 0,1867 0,1709 o,16IJ o, 1521 
Q.. I •I/ A. o,ooo1 -0,6640 -0,79)5 -0,85)0 -0,8881 
a..~, ,,~ -0,4781 -0,1.;150 -O,J975 -O,J628 -O,J291 
a.. -1/£ -0,0002 o,J748 O,J227 0,278) 0,2444 
0..(f .,, 0,4140 O,J6J4 0,2496 0,1782 O,DJO 
Gl.r ~ .. 0,0002 -0,1~ -0,08)) -0,0551 -0,0400 ~ 
a.. .., .. -O,J778 -0,2) 9 -0,0994 -0,0500 -0,0287 

----------- --------------------------------------------------- --------- ---·--



I 
26 I 

I 
~ 7,2400 7,0946 6,9920 6,9293 6,8874 
iii 3,!906 3,3460 2,7780 2,5038 2,3484 

{6 I/2) E 5,4950 5,3886 5,332! 5,30!9 5,2839 7/2 

a., 0 1/J. 0,2498 0,2789 o,27II o,237I 0,2081 
Q,. ·•JJ. 0,5096 o,I265 -0,0862 -0,!447 -0,!653 
a.," '11. o,4II9 o,4943 o,627I 0,7225 0,787! 
a,, ~1/1. 0,0849 o,48II o,5307 0,4925 0,4455 
a../,f lf}., -0,27!8 -0,2204 -0,2861 -0,2841 -o,2663 
t\.r el/l, -0,5373 -0,5816 -0,4027 -0,2773 -0,!987 
a_, •IZ.. -0,3722 -0,2086 -O,OII9 0,0252 0,0298 ,.., 

I 
~ 

~ 7,1420 6,9856 6,7739 6,5865 6,4309 
~ 3,1428 3,9982 4,0583 3,6942 3,4406 

[6 I/2) E 5,4460 5,JI78 5,1590 5,0412 4,9464 5/2 

a,. • • ,,_ 0,4781 0,2423 0,12II o,o838 0,0649 
a.. • ... ,, -0,3904 -0,4795 -0,4209 -0,4209 -0,3271 
Q..&. VI. 0 O,II14 0,!068 o,IJ51 o,1583 
Q.l ·V• o,3903 o,o762 -0,3o34 -0,5174 -0,6462 
a.. VI. 

-0,2928 -0,4603 -0,5284 -0,55JI -o,5336 
Q,l' '"VI. 

-0,3086 0,0975 0,2962 0,3023 0,2772 
a., VI. o,5345 0,6869 0,5812 0,4157 0,2910 

i 
l 

l. 6,6740 6,5239 6,3226 6,0928 5,8648 .. 3,2236 3,7729 4,2152 4,3210 4,2343 
(6 II/2 1/2) E 5,2120 5,0926. 4,9255 4,7473 4,5840 

Q,o ''" 
o,rooo o,o663 0,0582 o,o593 o,o526 

Q,' ... ,,. 0,2856 o,1673 0,0524 -0,0422 -0,0809 
Q, a. .,, 0,4241 o,3487 o,3236 o,3537 o,3639 l 
o..., ·•ta. o,57I3 0,5142 o,3695 0,1498 -0,0301 
Q..., 1/loo 0,4896 o,5127 0,4927 0,5047 0,5716 
a,r ·•t.&. o,36IJ 0,5054 0,6609 0,7562 0,7283 
a.., 1/Z, 0,1788 0,2516 0,2704 0,1435 -O,OIJ3 

~-:::-

)., 6, 5200 6,3742 6,1805 5,9388 5,6551 
>it 3,2122 3,7008 4,1742 4,6549 4,9778 

{6 I/2) e 5,1350 5,0196 4,8565 4,6453 4,4048 9/2 
I 

Q,.o '"" o,2791 o,1853 o,II7I 0,0673 0,0369 
a.., •1/1, -0,4558 -0,3805 -0,2975 -0,2138 -0,1429 
Q. a. ''" 

0,4606 0,4800 0,4281 o,3223 0,2226 
Q J -If~ -0;0760 -0,2564 -0,3980 -0,4685 -0,4~06 
Q ~ ., .... -0,3039 -0,1490 o,ooo6 0,0876 o,IJo4 
Q,, ·1/J. 0,4805 0,4538 o,3o42 0,0156 -0,2654 
a, .,~ -0,4161 -0,5446 -0,6808 -0,7865 -0,7988 

;:_ 

~ 

t 
l.. 5,6340 5,4928 5,3!59 5,1037 4,8580 
~ 3,2308 3,5915 3,9476 4,2932 4,6184 

{6 1/2) E 4,6920 4,5816 4,4356 4,2549 4,0422 13/2 
~ 

• ' 
a... 1/4 0,1079 0,0742 -0,0500 o,o3JI -0,0216 
Q,. I •1/1, -0,2644 -0,2024 -0,!503 -0,1086 0,0766 
Q.. .... • ,, 0,4580 o,3906 -0,3209 0,2550 -0,197! 
Q,. J •I/£ -0,5289 -0,5044 0,4606 -0,4036 o,3407 
Q"' 1/l, 0,5289 0,5641 -0,5762 o,5641 -0,53!4 
Q r •Vk -0,3345 -0,4008 0,4607 -0,5061 0,5301 
Q.. ., J., o,19JI o,26o1 -0,3400 0,4300 -0,5247 

.~ 

, ,. .. ' 
;-e, -
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Ta6mrua IT. 

BI>I'IIICJ!eHHble 3Ha'leHIIR Q>ljA. < & ) B 3aBIICIIJ.IOCTH OT ,ne¢opMaUIIII 

f. 

·< o,I 0,2 o,J o,4 " j Jl 

4 9/2 I/2 J,9067 5,2JI9 6,6408 8,IJJ7 
4 9/2 J/2 J,0208 4,04J9 5,07IJ 6,I2J5 
4 9/2 5/2 I,J6J6 2,0426 2,727J J,440J 
4 9/2 7/2 -0,9J50 -0,5255 -0,0946 o,J675 
4 9/2 9/2 -J,7620 -J,5I70 -J,2600 -!,9880 
4 7/2 I/2 4,5546 6,4JI8 7,6464 8,52!2 
4 7/2 J/2 2,8574 J,5788 4,IJI9 4,6862 
4 7/2 5/2 -o,ooJ8 0,2907 o,6I25 0,985J 
4 7/2 7/2 -J,48J7 -J,2787 -J,05J5 -!,8058 
4 5/2 I/2 J,6489 4,020J 4,J746 4,8242 
4 5/2 J/2 0,4488 o,5J46 0,7562 I,07I5 
4 5/2 5/2 -J,J27I -J,I950 -J,0026 -!,774J 
4 J/~ I/! 2,82J8 I,85J7 1,5200 I,56J5 
4 J/ J/2 -2,7J85 -2,8449 -2,7695 -2,60J8 
4 I/2 I/2 -2,68!6 -2,82J2 -2,7587 -2,598! 

t 
j 

5 II/2 I/2 4,5720 6,0704 7,689J 9,44!7 
5 II/2 J/2 J,8675 5,!408 6,4548 7,82II 
5 II/2 5/2 2,5IOI J,47I6 4,4442 5,4525 

' II/2 7/2 0,5764 1,2404 I,92I7 2,64!5 

' II/2 9/2 -1,8592 -1,4298 -0,97JO -0,4826 
5 II/2 II/2 -4,7284 -4,450! -4,I59I -J,85JO 
5 9/2 I/2 5,2252 7,4725 9,J745 I0,86JI 



---

H,n:-

po 

b2Sm. 
6J E1A.. 
64Gct. 

65 Tb 
66 Dy 

67 Ho 
68 Er 

69 Tm. 
10 Yt~ 
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Tadmma ill 

PaBHOBeCHJ>Ie ,JletpOpMat\HM M 3JieKTpK4eCKMe KBa,n:pyrrOJihHNe MOMeRTN CKJlhHO 

,n:e~OpMMpOBaHHHX H,n:ep 

!{OHqJMrypaUKH Q 0 tl<t.. A-v'Q••~ 
•VI A • ., a., u. 

A (. 
A Q.T ... 

ne4ernoro H.n:pa ( ~~!(.) ( 6A~t!C..\II c So..jt>(, > ( '~"') 

!52 0,298 5,86 I,IO I,J6 I,JI 
I5J 0,294 1 7/2 5/2 6,94 I,29 I,J5 I,JI 
!54 0,290 5,88 I,IO I,J5 I,JI 
!55 o,290 5 9/2 J/2 6,50 I,2I I,J5 I,J2 
!56 o,J04 6,79 I,26 I,40 I,J7 
!57 o,Jo4 5 9/2 J/2 6,60 !,22 !,40 I,J7 
!58 o,Jo5 7,4! I,J7 !,40 I,40 
!59 o,JOO 4 5/2 J/2 7,4! I,J7 I,J4 I,40 
!60 0,297 6,72 I,24 I,J9 I,42 
I6I 0,290 6 IJ/2 5/2 7,3 I,J4 !,36 I,J7 
!62 0,297 7,!9 I,J2 I,39 I,4I 
!63 o,211 5 7/2 5/2 7,3 I,34 I,29 I,27 
!64 o,211 7,55 !,38 I.29 !,28 
!65 0,270 5 II/2 7/2 7,56 I,38 I~JI I,29 
!64 0,286 7,!4 r,Jo !,39 I,40 
!66 0,269 7,56 I,37 I,J3 I,3I 
I67 o,27I 6 IJ/2 7/2 7,8 !,42 I,J3 I,J2 
!68 0,272 7,60 I,3s I,J4 I,J3 
!70 0,290 7,42 I,J4 !,40 I,44 
!69 0,270 4 J/2 I/2 7,52 I,J6 !,35 I,J5 
172 0,272 7,48 I,34 I,J7 !,39 
!73 0,266 5 9/2 5/2 7,8 I,40 I,35 I,J5 

B nepBOM CTOJidl\e )laHN H,llpa, BO 2-0M, 3-eM, 4-0M, 5-0M H 6-0M - COOTBeCTBeHHO 

MaccoBNe 4HCJia A , reoperH4eCKHe 3Ha4eHMH &. paBHOBeCHNX .n:e¢opMaUMH, KOH¢Mry

paUHK He4eTHNX H)lep M 3KCITepHMeHTaJibHNe 3Ha4eHKH GoJKt.. 3JieKTpH4eCKMX KBa,llpynOJih-

HNX MOMeHTOB H BeJIH4HHN A""1QoiiCC.. B 7-0M CTOJidUe npHBe,lleHH reopeTM4eCKHe pe3yJibTa-

TN A""' Q
0 

n.o ( Go T&o - reoperH4eCKMe 3Ha4eHHll 3JieKTpH4eCKMX KBa.n:pynonh-

HNX MOMeHTOB). B llOCJie)lHeM CTOJidUe ,n:aHN BeJIM4HH!l A-'/J 0 o '"'- ( Go 1.C.. 3Ha4eHMe 3JieK-

TpK4eCKoro KBa.npyrronhnoro MoMeHTa no mopMY ne Gou. .a f R: i ~( 1 + ~) ) • 

( 

-· 

... 

:1'<-

I 
~· 

l 
• 
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t 
! 
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T ,., 69 tl\.,,. 
69T .... :.~ 

E •u 68 "n 
y n1 

70 "·:· 74 w,·,; 
74 w:o, 
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Ta<lJIIH!a IY 

3HaqeHHH napaMeTpa pa3BH3HBaHHH 

3Hep 
KonrflHrypaUHH rHH 

(Jet&) t.. a..~. 

·< 

4 J/2 I/2 0 o,Jo -0,77 
4 )/2 I/2 0 o,Jo -0,86 

5 J/2 I/2 24) o,Jo I 

5 J/2 I/2 0 0,27 0,85 
5 5/2 I/2 5I5 0,20 o,I7 
5 5/2 I/2 0 0,20 O,I9 

tV 

a.,.,.... I. • o,.a, l.:oo.J 

-I,OO -I,0960 -0,9956 
-I,OO -I,0960 -0,9956 

0,9) o,807I 0,9288 

0,89 o,8o7I 0,9288 
O,II O,IIII -0,09)) 
O,II o,IIII -0,09)) 

llo 2-0M CTOJI<lUe ,ltaHbl KOHcjJHrypal\1111 H,ltep, B 3-eU CTOJI<lUe- 3HeprHM COOTBeT
CTBYiJli\11X COCTOHHHil, B 4-0M CTOJ!<ll!e - 3Ha'leHHH paBHOBeCHI:iX .lte¢OpMai\Mft. B 5-oM, 

6-0M CTOJI<lue, COOTB8TCTB8HHO,.ltaHbl· 3KCnepHMeHTaJ!bHble H Bl:i'IHCJI8HHH~ 3Ha'leHHR napa
MeTpa pa3BH3b1BaHHH. H nOCJ!e,ltHHX .ltBYX CTOJ!<li!aX npHBe,lteHbl Bbi'IHCJieHHble 3HaqeHHH 
napaMeTpa pa3BH3biBaHHH npH pa3JIH'IHbiX ~~OpMaUIJIHX. 
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Puc. 1. CxeMa s<P<:PeKTHBHhiX HH.llHBH.nyanbHhiX yposHel '18CTHU npoTOHHol CHCTeMbi 

( so < & < a z. ) . YpoBHH xapaKTepH3YIOTCSI H86opOM KB8HTOBbiX 

'IHCe.TJ ( N j A) • 

.... 

"!>-,.-'"-

I 

I 
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D fi.Z 

PRe. 2. CxeMa s¢¢eKTHBHbiX HH.llHBH.llY8JibHbiX yposHeil "18CTHU HeATpOHHOA CHCTeMbi 

( 82 ' N < 126). YposHH xapaKTepHayroTCSI Ha6opoM KB8HTOBbiX queen 

(NjA.). 

l. 
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