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KoMapos H.B., TpycKOBa H.<l>. P4 - 11445 
Aaanaa napaMerpos, onpeJJ.ensnoli!HX nepeaapSIJlKY MHoroaapMHhiX 

HOHOB HS STOMSX BOJJ.OpOJJ.a 

C noMOll!biO KOMnneKca nporpnMM, paapaooraHHhiX B 011 Hl1, noC'IHTSHbi 

TepMbl 3SAS'IH JJ.BYX KynOHOBCKHX UeHTpOB H HeSAHSOSTH'IeCKRe MSTpH'IHhie 

aneMeHThl 0 HSHOOnee Cyll!eCTBeHHhie JJ.nH Bhi'IRCneHIISI Ce'leHHSI peaKUHH nepe-

3SpSIJlKH HOHOB C 3SpSI.QSMH Z = 3,4,5 RS STOMSX BOJJ.OpOAS npR SHepf'HSIX 

COyJJ.apeHHSI nopHJJ.KS HeCKOnbKHX KaB, npOBOJJ.HTCSI 8H8nH3 nony'leHHhiX pe-

3ynbTSTOB H Cp8BHeHHe RX C MOAenbHhiMH, npHBeAeHhl TSK>Ke napaMeTphl 

BSHoonee onH3KHX KBS3HOepeCe'leHHA JJ.nH Z = 4+ 28. 

Paoora BhinOnHeHa B naooparopHH Bbi'IHCnarenbHOA reXHBKH H asro

MSTH3SUHH OHHI1. 

Coo6me&He 06'bellHHeHHOrO HHCTHTyTS li.QepHblX HCCnellOBSHHll. lly6Ha )978 

Komarov l,V,, Truskova N,F, P4 - 11445 

Analysis of Parameters Determining the Charge Transfer 
to Fully Stripped Ions from Hydrogen Atoms 

The set of programmes developed in JINR are used to calcula 
ted the potential curves and the non-adiabatic coupling matrix 
elements of the two-centre problem in quantum mechanics, These 
are essential at calculating the cross sections of the reaction of 
ion recharge with Z• 3,4,5 at hydrogen ions for collisions in a few 
keV energy range. The analysis of the results obtained and the 
comparison with the model ones are performed, The parameters of 
the nearest quasicrossings of potential curves for the charges 
2•4 up to 28 are also given. 

The investigation has been performed at the La bora tory of 
Computing Techniques and Automation, JINR, 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© J8i8 06'be11.HHeHHbiJ1 BHCTHTyT SlllepHblJC HCCOeJZOBBHBil 0.y6HB 

B nocJie,IJ;HHe ro,IJ;bl B cB.II3H c noTpe6HOCT.IIMH ynpaBJI.He

MOro TepMO.II,IJ;epHoro CHHTe3a pe3KO B03pOC HHTepec K 

peaKD;HH nepe3ap.H,!I;KH MHOr03ap.II,!I;HbiX HOHOB Ha aTOMaX 

BO,!J;OpO,IJ;a 

Z + H __, (Ze) * + p /1/ 

npu 3HeprH.IIX coy,IJ;apeHH.II nop.H,IJ;Ka HeCKOJILKHX K:JB. B 3TOH 

06JiaCTH 3HeprHH CKOpOCTL .ll,!l;epHOrO ,!J;BIDKeHH.II MeHbWe 

CKOpOCTH 3JieKTpOHa, H ,!J;Jl.ll paCCMOTpeHH.II ,!J;BIDKeHH.II .ll,!l;ep 

MO)I(HO HCllOJIL30BaTb KJiaCCHqecKHe TpaeKTOpHH. 

DbiJl BblllOJIHeH p.II,!J; pacqeTOB /1/, HCllOJIL3YIOIUHX pa3-

JIHqHble MO,IJ;eJibHble npe,IJ;ITOJIO)I(eHH.II 0 TepMaX H BOJIHOBbiX 

cPYHKUH.IIX O,!J;H03JieKTpOHHOH MOJieKyJibl Zpe, 0 Hea,IJ;Ha6aTH

qeCKHX MaTpHqHbJX 3JieMeHTaX /M.3./ H MeXaHH3MaX He

a,IJ;Ha6aTHqecKHX nepexo,IJ;oB, npHBO,IJ;.IIIUHX K nepe3ap.H,IJ;Ke 

J 1/. B TO *e apeM.II ceifqac HMeiOTC.II 3cPcPeKTHBHble anro

PHTMbl BblqHcJieHH.II TepMOB H M.3. 3a,IJ;aqu ,!J;BYX KYJIOHOBCKHX 

:o;eHTpoa/2-5/ , KOTOpble ll03BOJI.IIIOT npoBeCTH llO,!J;p06HbiH 

qucneHHbiH aHaJIH3 napaMeTpoB peaKUHH I 1/. TaKoH aHaJIH3 

H .IIBJI.IIeTC.II UeJibiO HaCTO.IIIUeH pa60Tbl. 

TepMbl Ja,IJ;aqu ABYX KYJIOHOBCKHX :u;eHTPOB E.= E. (R) 
1 I 

C 3ap.H,!I;aMH Z
1 

= 1, Z2 =Z = 3,4,5 H HaH60Jiee cymecTBeH-

Hble ,!J;Jl.ll BblqHcJieHH.II ceqeHH.II peaKD;HH /1/ Hea,IJ;Ha6aTH

qecKHe M.3. pa,IJ;HaJILHOH Q+. HBpamaTeJibHOH L 
1
-J· CB.IIJeH, 

" IJ 
a TaK)I(e M.3. K(:t) - KHHeTuqeCKOH 3HeprHH .ll,!l;epHoro 

,IJ;BIDKeHH.II /B o6o3:J1.qeHH.IIX I 3/ I Bblqucn.HJIHCb c noMOJUbiO 

KoMnJieKca nporpaMM, pa3pa6oTaHHbiX B OIUIHI 4,5/, 

llporpaMMbl HanucaHbl Ha .113b1Ke <I>OPTPAH /CDC-
6500/. 
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B ccllepoHAanhHOH cacTeMe KOOPAHHaT, Haqano KOTopoB: 
HaXOAHTC~ B CepeAHHe 0Tpe3Ka, COeAHH~ID~ero ~Apa, He-
06XOAHMhle M.3. HMeiOT BHA /3,5/ : 

rAe 

4 

1 vc;-2_1) (1-f J a a 
L .. ==< ijL jj> =- f dr¢. [± (TJ- -,;-) -

IJ X 2 I (~~1] 2 ) a~ aT} 

mj 97 

( 2 2 -..,/ ~ -1)(1-TJ ) 

lcb 
J 

+ a a 
G . . = - f d r¢ . - ¢ . + f d r¢. r-¢ . , 

IJ 1 aR J 1 ar J 

a 1 2 a 2 a 
r- == [~(~ -1)-+ry(1-TJ )-], 

ar <.;2-1]2) a~ d1J 

--<+) a¢i a¢i 2 a a 
K .. =fdr- -- --fdr(r-¢. )-¢. + 

11 aR aR R ar 1 aR 1 

1 dr 2 2 2 a¢. acp · 
+-f -(~ +TJ -1)[(~ -1)-1 _I + 

R 
2 <~ ~ TJ 2) a~ a~ 

+ (1 - 1J 2 ) acpj a¢ i 
aT}- aT}- l 

3Aech R - paccTo~HHe Me:>KAY ~ApaMH; 

· im. a 
1m. a .... e J 

¢. e J == 'P. (r) = N. (R) II . <.~ ;R) S. (ry ;R) --
J J J J J V 2rr 

/2/ 

/3/ 

/4/ 

- peweHH~ ypasHeHH~ illpeAHHrepa c AByx~eHTpOBhiM no
TeH~HanoM/2-4/ ; N j (R) - HOpMHpOBO'IHhiH MHO:>KHTenh, KO
TOphiH Bhi6HpaeTC~ TaK, 'IT06hl 

f <IDW *'P = o 
n i j ij 

R 3 
2 2 R3 

<ID = - (.; -TJ ) d~ dTJ d a == - d r da , 
8 8 

/5/ 

j ,. (N fm) - Ha6op ccllepH'IeCKHX KBaHTOBhiX 'IHCen, COOT

BeTCTBYIO~HH KBaHTOBhiM 'IHCnaM 06'heAHHeHHOrO aTOMa 

C 3ap~AOM (Z 1 +Z 2 ).CHCTeMa eAHHH~ 11 =me =e = 1. 
lfcnonh3Y~ KOMMyTa~HOHHhle COOTHOIIIeHH~, Bhlpa:>KeHH~ 

An~ M.3. Q+. a K.(+) MO:>KHO npasecTH K 6onee npocToMy 
I I !] 11 

BRAY· 51: 

Q+-
ij -- 2 f dr ¢ [(Z+Z )~+(Z-Z)TJl¢.-

22 i 12 21 J 
R

2
(E. -E.) (~ - TJ ) 

I J 

(Ei -Ej) fdr¢i r2¢j 

2R 

"(+) a¢. acp. 4E. E.' 
2 2 

3 
K.. = f d T _I __ I + ( __ I_ + _I -) f d T cp . f - --- + 

11 
(JR ()R R 2 R I 2R 2 

6 2 r 2 
+-fdr¢. ----[(Z +Z )~+(Z -Z )1J]; 

R3 ~<e-1]2) 1 2 2 1 

JE. E, == __ I_. 

aR • 

2 
R 2 2 ) r2== -(~ +ry -1 . 
4 

/6/ 

/7/ 

+ "(+) 
Bhi'IHcneHae M.3. Q ij , Kii no cllopMynaM /6-7/ no-

Json~eT 3Ha'IHTenhHO COKpaTHTh BpeM~ C'leTa 3THX M.3. 

J; epMhl E. = E .(R) Bhi'IHcn~nach c noMo~hiO nporpaM

Mhl 
4

/ • Ha p~c. i-3 npaseAeHhl Haa6onee canhHO BJaaMo-
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-QSI --

-1. 

Z=3 

R 
0 5 f) 

Puc. 1 

.IJ;eHCTBYJOmHe a H T7 TepMbl I 6onee IIOJIHble KapTHHbl HMe

JOTCJI B pa6oTax /2,3/ I. ,lJ;JIJI KpaTKOCTH rrpHHJITa ycnosHaJI 

HyMepaUHJI TepMOB, CBJI3b KOTOpOH C HH.IJ;eKCaMH Ofibe.IJ;H· 

HeHHOI'O H pa3be.IJ;HHeHHbiX aTOMOB - (Ntm) H ( nn
1 

n
2 

m J -
rrpHBe.IJ;eHa B ma6A. 1. 

Ta6nuua 1 
l1 HJJ.eKCbl 06'beJJ.HHeHHOI'O (Nfm) If pa3'beJJ.HHeHHb!X ( nn 1 n2 m] 
aTOMOB, COOTBeTCTBylOIDHe o603HaqeHIHIM pHC. 1-11 

0 
1 
2 
3 
4 
5 
6 

6 

Z=3 

(1000] 
(2010] 
(3020] 
(2001] 
(3011] 
(21 00] 
(311 0] 

(320) 
(21 0) 
(430) 
(211 ) 
(321) 
(200) 
(310) 

Z=4 

(1000] 
(3020] 
[ 4030] 
(30111 
( 4021] 
(311 O] 

(430) 
(320) 
(540) 
(321) 
(431) 
(310) 

Zz5 

[1000] =(540) 
[4030] =(430) 
[5040] =(650) 
[41211 =(431) 
[5031] =l541) 

E 
-Q5 

-10 

Z=4 

-21) 0~~--~~5~------~~.~~~R-

Puc. 2 

-as.&-_ 

-1D Z=5 

-15 -
o s 10 15 20 R 

Puc. 3 
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TepM OCHOBHOrO COCTO.HHH.H a TOMa BO,IJ.Opo,IJ.a [ 1000 J 
CHJILHO c6JIH:>KaeTc.H c TepMoM [ Z -1,0,Z-2,0luoua Ze. Ecnu 
3TO c6nu:>Keuue npoucxo.nHT B acHMnToTH'IeCKOH npu R -• "'' 
o6nacTH, To ero Ha3LIBaiOT KBaJunepeceqeuueM, H .IJ.JI.H 
O.QCHKH MHHHMaJILHOH pa3HOCTH i\E(R 

0
) MO:>KHO nOJIL30 • 

BaTLC.H auaJIHTH'IeCKHMH lllopMynaMH 121 . PaccTO.HHH.H R , 
,IJ.O KOTOPLIX pa3yMHO npHMCH.HTL aCHMnTOTH'ICCKHe OUCHKH 
,IJ.Jl.H TepMa [ 1000], orpaHH'ICHLI HepaBCHCTBOM 

R > 2\/ 2Z , /8/ 

CJIC.IJ.YIOIJlHM H3 YCJIOBH.H BLIXO,IJ.a YPOBH.H Ha 6apLep B yrJIO • 
BOM ypaaueHHH *. Cor nacHo /8/, .IJ.JI.H Z = 4,5 c6niDKeHHe 
yKa3aHHLIX TCpMOB npOHCXO,IJ.HT B aCHMnTOTH'ICCKOH 06JiaCTH, 
a .IJ.JI.H Z= 3 - Ja ee npe.nenaMH. 

+ 
M.3. Q.. 6LIJIH BLI'IHCJieHLI npu R == 0,5-:-20 (i={ 1000], IJ 

j=a • TepMLI HOHa C rJiaBHLIM KBaHTOBLIM 'IHCJIOM ll= Z , 
Z-1. Z-2. B JaBHCHMOCTH OT J. BeJIH'IHHLI Q+. rpynnu

IJ 
PYIOTC.H cne.nyJOIIlHM o6pa3oM: MaKCHManeH IQ+ .. 1 .IJ.JI.H j = 

IJ ~ 
= [ Z -1,0, Z- 2, OJ , c HHM cpaBHHMLI no BeJIH'IHHe IQ ij I npu 
j = [ Z, 0, Z- 1,0] H j =- [ Z- 2,0, Z-3,0]. llpH O,IJ.HOM H TOM :>Ke 
n BeJIH'IHHa IQ+ I na.naeT npHMepHo Ha nop.H.IJ.OK c yaenu-IJ 
'ICHHCM n 1 Ha C,IJ.HHHJly. 

Ha puc. 4-6 npuae.neuLI uau6onLWHe no BeJIH'IHHe M.3. 
Q :. • Hau6onee CHJILHa.H CB.H3L cocTo.HHHH l 1000 I , IJ + 
[ Z -1 ,0, Z- 2,0] • Q ij npH 3TOM HMeeT BH,IJ. KOJIOKOJia. C po • 
CTOM Z M.3. Q\ 3Ha'IHTCJILHO B03paCTa10T no a6COJI10THOH 
BeJIH'IHHe Bo ace 6onee YlKOH o6nacTH R. llocKOJILKY qacTo 
nepeXO,IJ.LI [ 1000]-> [ Z -1,0,Z-2,0] C'IHTaJOT no lilopMyJie JlaH· 
.nay-3uuepa/6/ npe.ncTaBn.HeT HHTepec cpaBHHTL nonyqaro

lllHCC.H B 3TOH ~O,IJ.CJIH Q~,B C M.3. Q~ (i= [ 1000],j =[ Z-l,O,Z-2,0}, 
KOTOpLie BLI'IHCJICHLI HaMH C nOMOIJlLIO nporpaMMLI /5/, 

B a.nua6aTH'IeCKOM 6aJuce npu V= 1 HMeeM/6/ 

+ t.E.t.F 
Q = ----------

Jl3 ' 
2 [ t.F(R -R

0
) +(ilE) 2

] 

* HepaaeucTBO /8/ oLino 
H O,IJ.HHM H3 aBTOpOB /H.B.K/. 

8 

/9/ 

nony'leHo E .A.ConoBLCBLIM 

I 
I 

I 
I 

02 

Q(+) 

005' IJ Z·3 

O I 1 1 1 =-\==- .L :::-=:::vu l. R 

-010 

-Q20 

-030 

Q(+) 
LJ 

Puc. 4 

Z=4 

I ~ " I I I I -0 I I I~ I ~- ~- R 

-04 
Puc. 5 
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Q(+) 
lj 

2.01:- II 

Z-5 

1.0~ 1 ,01 

R 
0 1 1 I I 1~1 I I ll ,.L./i "~"'i- I I I I ..1,. ... 

~ ... .....~ .., .. 
-0.5 

Puc. 6 

r.IJ;e R 
0 

- TOl.JKa nepecel.JeHH.Il ,IJ;Ha6aTH1.JeCKHX nuueiiHblX 

TepMOB, ~F - pa3HOCT.b HX HaKnOHOB,~E - MHHHManbHa.ll 

pa3HOCTb a,IJ;Ha6aTH1.JeCKHX TepMOB. ~OpMyna /9/ rronyqa

eTCJl H3 /9.10/ pa60Tbl/6/ rrpH llO,IJ;CTaHOBKe B Hee napa

MeTpOB MO,IJ;enH JlaH,IJ;ay- 3HHepa. 

B ma6A. 2 npoBe,IJ;eHo cpaBHeHHe napaMeTpOB <llopMbl 

peanbHOrO H MO,IJ;enbHOrO Q-1:". rrpH ycnOBHH, l.JTO MaKCHMYMbl 
1} 

ITO nono:>KeHHIO H BenHl.JHHe B JTHX M.J. Bb16paHbl O,IJ;HHaKo-

BbiMH. PaJHOCTH i~R 1 =R ~-R i H L\R 2 =R:-R~ 6panHcb ua 

nonOBHHe H l.JeTBepTH BbiCOTbl, COOTBeTCTBeHHO, T.e. 

+ 1 12 1 + + 1, 2 (1 + Q .. (R 
1 

) ~t-- Q .. ) . , Q .. (R 
2 

) = -Q .. ) . KaK BH.IJ;HO 
lJ 2 IJ max 1J 4 1J max 

+ 
H3 puc. 4, ,IJ;n.ll Z=3 WHpHHa Ha l/4(Q .. ) 

lJ max 
HMeeT. Ta6A. 2 noKa3b1BaeT, l.JTO c poe TOM 

M. 3. 6biCTpO npH6niDKaiOTCJl K MO,IJ;enbHbiM. 

10 

CMbiCna He 

Z peanbHble 

3TO CBJl3aHO 

I 
Ta6mma 2 

+ CpaBHeHae rrapaMeTpoB 4JopMbi peanbHoro Q ij II Monenb-

HOI'O Qjj3 M,8, panaanbHOH Heanaa6aT!I"leCKOII CBH31I 

}:lnH KB83!IITepeceKaiDlli!IXCH COCTOHHIIH 

z ~Rl ~R 1 JJ3 ~R2 ~R 2 JJ3 

3 3,0 3,3 - 5,6 

4 2,1 2,5 3,3 3,6 

5 0,45 0,45 0,75 0,76 

C TeM, l.JTO TOl.JKa KBa3Hrrepece1.JeHHJl C pOCTOM Z y.IJ;a

n.lleTCJl OT rpaHHI.{bl aCHMllTOTHl.JeCKOH o6naCTH /8/. C 
yMeHbWeHHeM Z llpOHCXO,IJ;HT KaK OTKnOHeHHe B llOBe,IJ;eHHH 

peanhHoro H MO.IJ;enbHoro M.J., TaK H Bee 6onee JaMeTHOii 

CTaHOBHTCJl pa,IJ;HanbHa.ll CB.Il3b Me)l(,IJ;y COCTOJIHHJIMH i=[l()()()J H 

j= [Z,O~Z-liO],[Z-2 1 0, Z-3,0]. 
IlepecTpOHKY BOnHOBOH <iiYHKI.{HH COCTOJIHHH l1000 J H 

[ Z-1,0, Z-2,0] B o6naCTH MaKCHMyMa COOTBeTCTBYIOll.{ero 

Q+.. xopowo unniOCTPHPYJOT ,IJ;HaroHanbHble M.J. KHHe-
~ A~ 

TH"lecKoii JHeprHH .ll,IJ;epuoro ,IJ;BIDKeHH.Il K.. • IlpH R ... "" A+ ll 
acHMrrTOTHl.JecKoe 3Ha1.JeHHe (K .. ) = 1/2E, r,IJ;e E - JHeprH.Il u as 
CBJI3H COOTBeTCTByiOmero BO,IJ;OpO,IJ;OllO,IJ;06HOrO COCTOJIHHJI. 

Ha puc. 7-8 ,IJ;n.ll Z=5 BH,IJ;HO, KaK npH nepexo,IJ;e qepeJ 

TOl.JKY KBa3HrrepeCe1.JeHHJl pe3KO MeHJleTCJl npe,IJ;en, K KOTO

pOMY cTpeMHTC.Il K~i npH R .... "". ,D;n.11 Z = 4 TaKa .II nepecTpoiiKa 

npoucxo,IJ;HT nnaBHO, a ,IJ;n.ll Z=3 npaKTHl.JeCKH HeJaMeTHO. 

M.J. Bpall.{aTenbHoii CB.Il3H Lij Bbll.JHCn.llnHc.b Me)l(,IJ;y 

a H rr cocTO.IlHHJIMH npH N = Z , Z- 1 . ,D;n.11 <iiHKCHpoBaHHoro 

N MaKCHManbHa Bpall.{aTen.bHa.ll CBJI3.b COCTOJIHHH C O,IJ;HHa

KOBbiMH e, Ha puc. 9·11 npe,D;CTaBneHbl OCHOBHble M.J. 

Lii • B OKpecTHOCTH TOl.JeK c6niDKeHH.Il TepMoB io =[ 1000] = 
=(Z,Z- 1,0), i 1 =[Z-1,0,Z-210J=(Z-1,Z-2,0) M.J.Lij npH 

O,IJ;HHaKoBoM j H npu i, i
0 

I i 
1 

MeHJIIOT xapaKTep no Be

,IJ;eHH.Il, l.JTO Jipqe Bcero npoJIBnJieTCJI npu 2 = 5 /puc. 11/. 
lie:iiTC /7/ OTMeTHn, l.JTO ecnH npH KBa3HrrepeCe1.JeHHH 

,IJ;BYX TepMOB HMeiOTCJl TT- TepMbl, napannen.bHble O,IJ;HOMY 
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..... (f) 

10J<tl i= [ 1000] 

as 

Z•S x02 

M , 
1 s ro ~ 

Puc. 7 
"' 1.0t- K:;> 

i'"'[ Z-l,O,Z-2,0] 

05 Z=4 

0 5 
12 Puc. 8 

L 
15L " 

1.0 

as 

Z=3 

Puc. 9 

H3 ,ZJ;Ha6aTH'IeCKHX TepMOB, TO B03MO)I(HO BnHJIHHe Bpa~a
Tem.HOB CBJI3H Ha nepeXO,!J; Me)I(,ZJ;y KBa3HnepeCeKaiO~HMHCJI 
TepMaMH. B ypaaueuue ,ZJ;nJI aMnnHTY,ZJ; aepoJITHOcTe:B: M.3. 

G :. H L . . BXO,ZJ;JIT B KOM6uuan;HH vQ +_ + wL 
1
.. , r,ZJ;e v -

l.J IJ IJ J 
pa,ZJ;HanLHaJI CKOpOCTL, a W - yrnoBaJI CKOPOCTL Bpa~eHHJI 

Me)I('LJI,ZJ;epuo:B: ocu. 01.feBH,ZJ;Ho, 'ITO w- v/R. CpaBHHBaJI Q~j H 

Lij /R, nonyqaeM, 'ITO Bpa~aTenLHaJI CBJI3L MO)I(eT OKa-

3~BaTL BnHJIHHe Ha BenH'IHHy Ce'leHHJI nepe3apJI,ZJ;KH nHWL 

MJI Z'"'3, T.e. Ja npe,ZJ;enaMH uepaBeHCTBa /8/. 
llpoBe,ZJ;eHH~B aHanH3 DO,!J;TBep)I(,ZJ;aeT npe,ZJ;DORO)I(eHHe 0 

TOM, 'ITO npH E < 10 K3B B o6naCTH /8/ npH6nH)I(eHHe 

Jlau,ZJ;ay-3uuepa Mo*eT ,ZJ;aTL xopowyro on;eHKY aenH'IHH~ 
ce'leHHJI peaKn;HH /1/. K auanorH'IHOMY B~Bo,ZJ;y npuwnu 

aBTOp~ pa6oT/8,9/. fiOCKOnLKy DpHMeHeHHe 3TOrO DpH6nu

)l(eHHJI Tpe6yeT 3HaHHJI KOOp,ZJ;HHaT TO'IeK KBa3HDepece'leHHJI 
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Z·4 

24 
13 

as 

Puc. 10 

1.5·-
Z=5 

1.0 13 

05 

1 I """""'J ----0! Y · ' R 

14 

Ta6mma 3 
nono~BHHH KB83HDepece'IBHHA Ri H MHHHM8nbHhlB pa3HOCTH 

~Ei nns H8H6onee 6nH3KHX KB83HDBpBCB'IBHHA TBpMOB 

(N.f,m) H (N',f',m'). Z =1, Z = Z = 4+28. 
1 2 

l 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

< N, e, m > - < N; e; m' > 

(3,2,0) - (4,3,0) 
(4,3,0) - (5,4,0) 
(4,3,0) - (5,4,0) 
(5,4,0) - (6,5,0) 
(5,4,0) - (6,5,0) 
(6,5,0) - (?,6,0) 
(6,5,0) - (?,G,O) 
(?,6,0) - (8,?,0) 
(?,6,0) - (8,7,0) 
(8,?,0) - (9,8,0) 
(8,?,0) - (9,8,0) 
(8,?,0) - (9,8,0) 
(9,8,0) - (10,9,0) 
(9,8,0) - (10,9,0) 
(10,9,0) - (II,IO,O) 
(10,9,0) - (II,IO,O) 
(10,9,0) - (II,IO,O) 
(1I,IO,O) - (12,11,0) 
(II,IU,O) - (I2,II,O) 
(I2,II,O) - (13,12,0) 
(I2,I1,0) - (13,12,0) 
(12,11,0) - (13,12,0) 
(13,12,0) - (14,13,0) 
(13,12,0) - (I4,I3,0) 
(13,12,0) - (14,13,0) 

Rt 
?,?61 

12,9?2 
8,081 

II,619 
8,929 

12,045 
9,94? 

12,8?3 
II,049 
13,869 
12,199 
10,992 
13,383 
12,199 
14,592 
13,422 
14,4'70 
I4,G57 
13,697 
15,904 
14,934 
14,103 
I6,ISI 
15,334 
14,590 

~ E£ 

-0,0694553 
-0 '0042579· 
-0,0988217 
-0,0233951 
-0,1006389 
-0,0332029. 
-0,0926557 
-0,0356082 
-0,0818910 
-0,03.:13158~ 

-0,070S2II 
-O,II350I4 
-0,0606848 
-0,0948536 
-0,0515247 
-0,0793322 
-0,1098706 
-0,0663382· 
-0,0916128· 
-0,0554168. 
-0,0765335. 
-0,0992668, 
-0 I CJ&'lS576' 
-0,0832042 
-0, 1CJ302'7I. 

Ri B pa3HOCTB TepMOB B 3TBX TO'IKaX ~Ei , B AaHHOH pa-

6oTe Bbi'IBCJieHbl u npuBeAeHbl B ma6A. 3 napaMeTpbi uau6o

Jiee 6JIB3KBX KBa3Bnepece'leHBH AJI.II Z ~ 4 + 28. 
ABTOpbl 6JiaroAapubl T .ll.lly3biHBHoii u JI . .H.llouoMapeBy 

3a COTPYAHB'IeCTBO B npeAOCTaBJieHHYIO B03MO)KHOCTb 

03HaKOMBTbCJI C pe3yJibTaTaMB BX Bbi'IBCJieHBH AJI.II CJiy

'la.ll Z = 5. 
0AHH H3 aBTopoB /.H.B.K/ 6JiaroAapuT E.A.CoJIOBbeBa 

3a noJie3Hble o6cy)K.neuu.11. 
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