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RD,epHbiX HCCJieD,OBaHHH lly6Ha, 199f 

Mop;ennpoBa.Hne MHorux cp~;;n:.q~cKnx npo~eccoB p;IDI arreKTpOHOB B nomipHbiX 
cpep;ax npOBO)J;liTC11 B TepMnHaxaBT<?JIOKamiDOB3HHhiX arreKTpOHHhiX COCTOJIHIIH [1-3] . 
( UOJIJipOHbi, COJibBaTirpoBaHHbiH aJieKTpOH, COCTOJIHIIJI B 6eJIKOBOH rrr?6yrre.u T.p;. ) • 
.Jl:rr.II onncaHIIJI aBTOJIOKaJIIIDOB3HHbiX··arreKTpOHHhiX COCTOJIHIIH B :lKli)J;KOCTH·-.. T.H. 
~OJibB3TIIpOB3HHOro·arreKTpOH3 · B pa6oTe (2)ucnorihoyeTC11 ~liCTeMa 3· · '.HCJIIIHCH-

HbiX ypaBHCHUH 

.. { i\~)- ~(i). + ~(;)~r(x),: T/2(~} = 0 :~ 
"( ) 1 2 • . . 171 x + -~ (x) = 0 · . X '". . . , . . 
, · a 2 .. · d 2 x · b · · · 

r72(x)- -d xsinh(~)+ -e(x) = 0 
X X 

... -, 

(1) 

C rpaHU'IHbiMU :ycrroBIHIMU 

~(0) = ~( oo) = flr(O) "7 fl~ ( oo) = '72(0) ~ '72( oo) ~ 0, (2) 
-·. . ·.. . . . ' ·_ . ' 

rp;e a, b, d- napaMeTpbi cpnon'!ecKoii Mop;errn. · ' . . . 
: · o• · .. · d172(x) d172(x) 
8Ta :lKe CliCTeMa C JlllHeapliOOBaHHbiM [smh --. '""' --1 UOCJIC)J;HUM ypa-

·. ' . · X X 
BHCHHCM . 

{ 

((x)-~(x)+~(x)T7t(x):~2(x) =0 : •. :· '' 

.,;(x) + !e(x).= o. · . 
X , 

, 2 ' b 2 
172(x)- a 7J2(x) + -~ (x) ~ 0 ·. 

X , , . j . 

.(3) 

U c TCMU :lKe rpaHU'IHbiMHYCJIOBllJIMU (2) y:lKe paCCMaTpUBaJI3CbU 'IUCJICHHO pema-. 
rracbnpn.b=1u.paooTabc[1,4].\ · · .··• · ·F··· ···•. c·· l . · 

B pa6oTe [5}onncaH MeTop; pemeHUJI KpaeBoiiaap;a'In(1)- (2) n (3),(2) c no­
MO~bio UTepan;HOHHOH cxeM:br :HaoCHOBe H:enpepbiBHOro aH:arrora MeTop;a HbiOTO~a n 
npMBC)l;CHbi HaHp;eHHbie OTHM cnoc66oM xapaKTepHCTHKii riepBbiX HCCKOJibKUX COCTO~ 
JIHUH. Proyrr:bTaThl, npe,!J;CTaBJIJIIOiijne UHTepec. p;mi aKcnepnMeHTaTopoB, CBep;eHbi B'' 
Ta6mi~bi )J;JIJI pOOJIII'IHhiX OHa'!eHUH cpiiDU'ICCKUX flapaMeTpOB a,d,b. TaX KBx CB060-
)l;HbiX napaMeTpOB Tpn, TO nepe6op BCCx cpnori.jeCKH liHTepeCHblX ·~y'laeB Tpe6yeT 
6orrbmoro :M:awliHIIoro BpeMeHn. •• · · · · · · · · · 

. .Il:IDI HCKOTOpblx cpuim'leCKHX MOAeJICH npep;norraraioTC11 p;onoJIHUTCJlbHbie CBJIOU 

Me:lKp;y aTn~ir riapiweTpaMU. ,J:(IDI xpaeBOH m~:~a'IU (1 )-(2) BbiU~ll~IOTcK ycrroBUJI 

dT? . 
1 

:m = 
5,2629 • 102' 

da2 

n = m b . 6,2125 • 102' 
(4) 

tn?~;:·~-:·;_·}. -~::;i · :.;·;~~:;r·;1 
t' ~-~~·~-~~~L t ~ t t' .' ""~-"'H)·"-;tU'lll;~ ~ . .,.l ......... ·. "--- "''"' ... ~ :_ ·- · ; ~ :. a."'! a.:: ~ 

.·t. ~~:.- ''!''. •> .- .... ,,. \\ ( 
-~ \.':'l!'bJ ill.:, c:.~rtn \' ._, __ ,. ~~--



a ~1lll oa~a'IH (3),(2) - yCJioBne 

b (~r = 0,84713:
2

• (5) 

r~e 

:~~ fo~ ec~)dx,= '71(oo), (6) 

m'- ~CKTHBHaJI Macca BllCKTpOHa, n '-KOHqCHTpaqHJI HOHOB.•8TH napaMeTpht m II 
n mo6Hhl TeM, 'ITO onpe~C1lliiOTCJI III3 BKCnepiiMCHTallbHhtX ~aHHhlX .. · 

'l'axnM o6pa130M) c'y'leTOM YCJIOBnH (4) II (5) IICXO~Hhte KpaeBhtC oa~a'IH, 13aBHCJI­

~IIC OT Tpex HCoaBHCHMhlX napaMeTpOB0 MO~HO CBCCTH K KpaeBhtM Oa~a'laM C O~HHM 
_napaMeTpOM II·~OllOllHHTCllbHhtM YCJIOBHCM (6), CBJII3htBaiO~IIM HHTerpanbHOe_ycno-' 

· BHC Ha O~HY IICKOMYIO «l>YHKqHIO. C aCHMllTOTH'ICCKIIM llOBC~CHHCM ~pyron «l>YHKqiiiJ. 
BBe~eM mo6Hhte o6ooHa'I~Hrux II ycno~IIJI ( 4) nepennim;~ cne~yiO~II:M o6pa:3oM: 

r~e 

dT1
2 =A1, 

·;: :·.··· d~~·c ~A2,, 

.A1 ~· m; 5,262~f. io2, :• 
bn : ·.· · i 

A2 .=.- · 6,2125 · 10 
- ''"~ ]. : .. : _'!!!; :.: . 

' 

'f' 

IIIJBCCTHhte BCllii'IIIHht. 

C Y'ICTOM (7) CIICTCMY, (1). neperi:iirmiM B ;!3l,f~C ,· 

I 
((x)-e(x)+e(x) 771 (x)-7J2(x) =0 . .,, 

X 

II< )+1e2<) -o··... . ' ... l n X - X - •' ' " t 
'tl X - • • : -

••• • 11 • A2 •·4 .,." A1712(x) · b 2 .. " 772(x).:::A2x771(oo)sinh( 2( ))+'-e (a:)=O. 
. 1 X7]1 00 X. 

(7) 

(8) 

(9) 
. i ~ . 

AHanorii'IHo,: c. y'leT?~ .ycnoBHJI (5), Mo~m~ n~pen~caTb·c~~TeMy)3). Tha~~aJI 
OC06CHHOCTb CIICTCMht (9) oa~lliO'JaeT<:Jl:B ,TOM1 .,'1TO ee.ypaBHCHHJI1 B.:'JaCTHOCTII1 

TpeTbC1 onpe~ellJIIOT<?I, C llOMO~biC) 13~a::eHHJI, «l>YHKqiiH 7]1 (X) .B aCH~llTOTII'ICCKOll 

TO'IKex=oo_. '·'-'·· , , ..... ,.·· ... . t.: ... ",·.:·· .. •:· .... · ..• ·· • ... ;,. 

B ~aHaoiipa6oTe paccMoTpeHbi peoynbTaT:bJ: 'IIICJieHHoro ncCJieAo~aanJI KpaeBoll: 
oaAa'In AllJI ~li~Te:!.u,i: ypaBHeHii:n Tuna (9) c ~onmiHnTenbHhtM ycrroBMeM (6). )l;M · 
pellieHHJI nonyqe~HOU CHHry1lllpHOll rpaHH'IHOll 13aAa.rn npiiMCHJICTCJI IITepminoHHaJI 

HbiOTOHOBCKa!I .CXCMa C npeABapHTellbHht~ nepeHOCOM aCHMllTOTII'IeCKIIX ycnOBIIll B 
KOHC'IHhte TO<IKU X =·xL ~ 0, X~ xn. ' ,'' ' . ' .. ' ' ' ' . . ' 

2 

.KpaeBM 3a;n;aqa J];JI.S: COJibBaTHpOBaHHOro 3JieKTpOHa 

H cxeMa p eweuH.s: 

BBOA.II o6ooaa'ICHII.II e = Yio '71 = Y2 II 7]2 = YJ,nepenHlliCM CIICTCMY (9) CJICAYI<>~IIM 
o6paooM: 

II Y2-Y3 
Rr = Yr - Yr + Yr--- = 0, , . X 

II 1 2 
R2 =: Y2 + -yr = 0, 

. . X , 
11 A 2 4 • ArYJ b 2 · · 

RJ = YJ- A2y2(xn)xsmh( 2 ( )) + -y1 = 0. 
1 xy2 xn · x · 

)l;nH CHCTCMbt(10) IIMCIOT.MCCTO rpaHII'IHhtC ycnOBII.II 

GLI =: Yr(O) = 0 

GL2 i= Y2(0) = 0, 

GL3 = YJ(O) = 0 

Gm = y;(xn) + yi(xn)= 0 

.. Gm = y;(xn)'- C = 0 

Gm = y;(xn) +f¥(}.y3(xn)=O' 

1£' 
u AOllOllHIITCllbHOC YCJIOBIIC 

f"'R 
Qr = Jo \¥~(x)dx..:.. C = 0. 

(10) 

(11) 

(12) 

Ha Ka:lKAOM mare c HoMepoM k ~~IO;oHoBcKoro nTepaqnoHHoronpoqecca [6] BooHn­
KaiOT CllCAYI<>~llC llliHCHHhtC 3aAa4H: 

" Y2i.- YJk · . v2'k.- VJk R 
vlk - vlk + . . Vrk + Yrk = - 1 

· X X • . 
" 2 ' 

v2k + -ylkvik·= -R2 
X . ' 

, A2 2 ArYJk 2b (13) 
v3k- ArC cosh( C2x )v3k +-;YlkVlk = 

A2 3 • ArY3k A2 ArY3k 
-R3+Jt(Ai4C xsmh( Clx )- A

1
2Cy3cosh( C 2x )), 

C rpaHU'IHhlMII ycnOBll.!IMII 

VJk(O) = -GLt 
V2k(O) = -GL2 
VJk(O) = ...:.G£3 ' 
v;k(xn)+ vlk(xn) = -Gm 
v2k(xn)- Jl = -Gn2 .. 
' .rx; ' ·(A; 

v3k(xn) + v Jt;C''Jk(xn) = -Gm- Jlv Jt;YJA:(xR) 

3 

(14) 



H ;JJ;Oll01IHHTeJIJ:>HbiM ycn:OBIICM . 

L
ZR . 

2 Ylk(x)v1k(x)dx- Jlk = -Q1. 
0 . 

PeweHHe aa;o;a'!H (13)~(15) 6y;o;eM ucKaTb B BH;o;e 

(1) . (2) • 
Vjk = V;k + JlkV;k , Z = 1, 2, 3. 

8To npHBO;JJ;HT K cn:e;o;yiO~liM ;JJ;BYM 3aAaqaM: 

I
. · . . . · · · (1) (I) 

( (I)_)" ·. (I) +. Y2k ,.-- Y3k . (.I) + V2.k -. V3k . R vlk - vlk vlk . Y1k = - I 
· · ·X .J · · X . 

(I) " 2 (I) .· . 
(v2k) + -ylkvlk = -R2 

X 

( (I))" ih c2 · h A1YJk (I)+ 2b (I) ·R v3k . - -A cos -C2 v3k. . -y1kvlk = - 3 
. I . X X · · : 

C rpaHU'!HbiMH ycn:OBIIHMU 

(I) . . .. 
Vlk (0) = -GLI 

<1>c·· ) · ·o· v2k 0 =- L2 
(1) ·.. ". .· 

v3k (0) = -GL3 
(1) . . I \ (1) •• \ 

(vlk (xR)) + vlk (xR) = -GRI 
(1) . . 

V 2k (xR) = -Gii2· 

(v~~>(xR))1 + {¥;cv~~>(xR) = -GR3, .. 

(2): . (2) \ 

( 
(2))" (2) + Y2k - Y3k (2) +. v2k - v3k 0 vlk - vlk vlk . . Y1k = 
(2) 1/ 2 •.; . cd(' X ;_ . • :. . X . ; ·.; . , . 

(v2k) + -ylkvlk = 0 · .. · X .. 

( (2))" A2C2. h(A1Y3k) (2) 2b.. (2) 
v3k . --A cos -C2 v3k +·-y1kvlk = 

1 X · ·.X 
A2 3 • A1YJk A2 AtY3k 
A24C.xsmh(-C2 ) --A 2Cy3cosh(-C2 ) 

1 : . X 1 ·. X. 

H 

C rpaHH'!HbiMH ycn:OBUHMU 

I 
v~~(O) = v~~(O) ~ v~!>(o) ~ 0 · 

(2) I '(2) > 

· (vu, (xR)) + vlk (xR) = 0 

vW(xR) = 1 

(v~!>(xR))1 
+ [!icv~~(xR) = -l¥?3k(xR): 

IIo;o;cTaBn:!!H (16) B (15), uaxo;o;uM Bbli>a:lKeHHe ;o;~x Jlk: 

-Q1 - 2f;Rylk(x)v~~(x)dx 
Jlk = (2) . 

· 2J;Riflk(x)vlk(x)dx~1 

.4 

. (15) 

(16) 

(17) 

(18). 

(19) 

(20) 

(21) 

J 

I 
.j·, 

IIcpexo;o; K cn:e;o;yi<>~en nTepa.QH~ ocy~ecTBn:HeTCH no <J>opMyn:aM. 

Yi(k+I) = Yik + Tf<Vjk? . i ::= 1, 2, 3 

Ck+1 = Ck -t- Tf<Jlk,. (22) 

r;o;e Tk - nTepab;uoHHbln napaMeTp>sb!6op KOToporo MO:lKeT o6ecne'!HTb onTHMa.JI:b­
Hble y~oBUH cxo;o;:IMOCTH HTep~Hii [6,7] .. fi.Tep~HH npexpa~aiO~CH npH B~non:H~ 
HUll ycn:OBIIH . 

· c" < e, 
' ' ' : ~ ' . " 

r;o;e HeBxaxa Ck MO:lKeT onpe;o;en:~TbCH KaK 

c,;'~m~· mai I R;(y;~(x),ck) 1;· 
I · zE(zL,zR) 

i = 1,2,'3, 

e > 0 aa;o;auuoe Ma.Jioe '!Hcn:o. 

qHcneHHbie 3KcnepHMe~Tbi 

Ha ocHoBe onHcaHHoii Bblwe HTepa.Qxio1mon cxeMbl 6bln: coa;o;aH naxeT nporpaMM, 
ll0:3B01IHIO~llll npoBeCTll 'illC1ICHHOC iiccn:e;o;oBaHHC MO;JJ;eJIH C01IbBRTHpOBaHHOrO ~n:eK­
TpoHa. Pa6oTa naxeTa nporpa.MM npoBepxmi.cb Ha TecToBOM npHMepe c ~BecTHbiM 
aH:a.JinTn'iecinM peweuneM, Mo;o;en:npy!O~eM aa;o;a~y (Hl)-(12). CncTeM~. · . 

1 1·, · .·· · ;· / Y2(x)~y3(x)··' .· 
Y1(a:)-:-Y1(x)+ .... . . .. YI(x)-Rt(x)=O 

. . .. ·.: 1. x.. ;.• 
· · y;(~) +·-y~(x)- R2(x) ~0 . ' 

· "( ) _ 71Jc··· 4 • h. AtY3(x)·· . byl(x) ·~ R ( ) ~ 
0
· ·: 

; Y3 X Ai X sm xC2 + 1 X . 3 X - ·' 
~ 1 

r;o;e 

Rt(x) 

R2(x) 

R3(x) 

·l: 

-. Be-~( -2 + C- Ce-"' _:_ Dx2e~2~) 
_ . d :_z +·. B2 -2z · ·. · , ~ 
-· - e.. . . xe . . 

1 

:i · . . ··A · .. · A Dxe-2": · · · ·· ; 
- 2De-:-2"'(1- 4x + 2x2

)- ~xC4 sinh 
1 + bB2xe-:-2"' · 

. . At . C2 . : ' .. 

0 < X < X R '· C rpaHII'!HbiMU ycn:OBU.!IMU . ; ~ 

I 
Yt(O·)···= y.·2(0) = Y3.(0) = 0 '(' ) ( . 1 Yt XR + 1- -)yi(XR) = 0 

• XR 
y~(xn) + Y2(xR)::::: C . . . ·: 2 .... 

· y~(xR) + (2- -)y3(XR) = 0, 
. a:R 

C ;JJ;Oll01IHUTCJibHbiM ycn:oBIICM 

iZR 

· y~(x)dx- C '= 0 
0 ; 

5 

(23) 

(24) 

(25) 

(26) 



HMCCT pCWCHHC 

Yt(x) . = -Bxe-7 
Y2(.X) . = C(1- e-x) 

YJ(xr = Dx2 e-2x. 

;· 

(27) 

Ha pnc.1 no~aoaH x~pa~i;p c~op;n:irocTH .. u~epa~u'~ B T~cToBon mi.J:I~'I~ K T~~HoMy 
peWCHHIO OT Ha'IaJibHbiX npH6JIIDKCHHH, B KOTOpbiX MOp;CJIHpyeTCJl paopbiB' <J>y~Krinn . 
B acuMnTOTH'ICCKHX o6rracTHX. Ha6JIIOp;aeTCH Bbii'Jia:lKHBaHHe aTnx paopbiBOB B npo­
~ecce HTep~nil. HeBH3Ka Ha'IaJibHoro npn6mi:aieHIIJl cocTaBi:uina ·'""' 0.1, Bblxo~ 1m 
nTep~Hn nponcxop;uT qpn p;ocTH:lKCHHH HCBH3KII 10-9 • ,I(rrH aToro Tpe6oBan:ocb 5 
nTep~nil npn Bb16ope nTep~nomioro\iapaMeTpa MeTop;oM [8]. · 

. ' 

·, ~: 
y1 

' ,, ::~ ' ·- ~ ... ,· •< .:-. •• 

y2 
•. : • . •.. 1 .. - • ~· ,' 

Q,J1 T ~--"":•-"""-" 

0.28 I , 
_,· 

·~· .. 
: ~.. • . ~ : ~ .- f . 

';.·';:·.,y_3. 

0 I·.· I. I·.··,,, I j It. I I .t •• ··' ,;;--·;-! [, ••• • •••• • •••• ' •••• r •• · •• ,:: •• I . 0 - r .... , .... , .... j, .-·,.. .• ,:;:;-,-........ 1 

0 1 2 3 4 5· 6 3. 4 5 6 01.23456 

" '.I 

PncyHoK l.IloBep;eHne peweHnn· TecToBon 3ap;a'In.illTpnx­
nyHKTIIPHM KpiiBaJl. - Ha'IaJibHOC npn6JIIDKCHIIC, 
WTpliXOBaH -, proyJibTaT,bl:. 1~. ll liTCp~iiii, CllJIO­
lliHaJl - pCWCHIIC, COBnap;aiO~ee C aHaJIIITI~CCKliM. 

6 

; 

t 
{ 
1 

t 
1 

. . B Ta6mn~e 1 npuBep;eHI>i proyrrbTaTbl, norry'IeHHble c noMo~biO paopa6oTaHHOn 
np~rpaMMbl; l~cnorrb~YIOmei't p;rrH Bbi'IucrreHuil'. cxeMy HyMepoBa (nopHp;oK 'o(h4)) Ha 
llOCJICp;OBaTCJibHOCTH Bp;Boe cry~aiO~UXCJl CCTOK /];JIJl TCCTOBOro npHMCpa (24)-(27) . 
npu h.= 0.132. Ilpu :lTOM OTHOWCHUC . 

. _ y;(h)- y;(~) ·~ 
16 q,- (h) (h) - , 

y 2 .~ y 4 

npUBCp;CHHOe B Ta6mi~e, nop;TBCp:lKp;aeT 'ICTBCpTl>Ill nopHp;OK CXO/];HMOCTII CXCMbl. 
,I(rrH pac'!CTOB-6bmu Bbi6paHbl 3Ha'IeHnH KOHCTaHT: B = 1.0, · C = 0.25, ''D = 
1.0, n =' 1.0~ b =::: 0.5; m '= 1.0: . · . 

Ta6rrn~a 1 

X y;(aHarr.) y;(H,a<t:np.) :y;(h) . y~( ~) Yi(~) 
y;(h)-y;{f) 
y(~)-y(b.) 

0.53 0.311406 0.342546 0.311414 0.311406 0.311406 15.89 
·' 0.102554 0.123065' 0.102561 0.102555 0.102554 ' 15.88 

. 0.096973 0.106671 0.096933 0.096971 0.096974 . 15.90 ·, 
1.06~ 0.367324 . 0;404056· 0.367334 0.367324 0.367324 ' 15~89 

()j_63039 . 0:195647; 0.163050· 0.'163039 0.163039 15.88 
~ '; : . ., ? 

0.134927 · o.i48419 0.134885' 0~134924 0.134927 15.88 
2.11 0.255543 0.281097. 0.255550 0:255543 0.255543 . 15~87. 

0.219751 0.263701 0.219765 0.219752 0.219751 15.88 
0.965302 'o.071832 0.065269, 0.065301 o:o653o3 . 15.83 

3.04 0.145809 0.160390 .. 0.145813 0.145809 0.145809 ··.15.86 
0.237993 :0.285592 . 0.238008 0.237994 0.237993 .15.87 

·, .: 

0.021260' . 0.023386. 0.021232 '0.021259 0.021261 15.80 
4.09 0.068360· ' 0.000000 '0.068362 0.068360' 0.068360 .. 15.86 

0.245824' ; 0.294988' 0.245838 o:245824 0.245823 ; 15.87 i 

0.004673 .. 0.000000 0.004650 0.004672' 0.004674 15.76. 
·o.oooboo 

' . 
'! 15.85 4:49 0.050459. 0.050460 0.050459 0.050459 

li·c 

·0.247189 ' 0.296627. o:247204 0.247190 0.247189 15.87 

' ' ~ ' 
0.002546 · · o.oooooo'. 0.002524' 0.002545 0.002547 15.75 

5.02 0.033261 0.000000 0.033262 0.033261. 0.033261 i5.85 '1 
.. 0.248342 0.29~011 ' 0.248357 0.248343 0.248342 15.87 

0.001106 0.000000 0.001087· 0.001106 0.001107: 15.73 
5.54 0.021682 . o.oooooo. 0.021682 0.021682 0.021682 15.85 

0.249022 0.298827 0.249037 0.249023 0.249022 15.87 
0.000470 0.000000 0.000452 0.000469 0.000471 15.71 

6.07 0.014005 0.000000 0.014006 0.014005 0.014005 15.84 
0.249423 0.299308 0.249439 o:249424 0.249423 15:87 
0.000196 0.000000 0.000180 0.000196 0.000197 15.69 

B .TaGrrn~e 2, nptmep;eaaoii: HU:lKe, p;eM~HCTPIIPY<;!TCH 3aBucnMoCTb peweHHn OT 
Bbl6opa npaBoii rp:tHII~bl XR npu ware h = 0.03(B Ta6Jin~ax npiiBCp;CHO 3Ha'IeHHe 
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/ . . . ' . 

0; = y; - Yia.a~) ': Bii~HO, ~TO ouin6Ky: annpoKCHMa~HU acll::Mriioiii;~CKII)C 'ycJIOBUll , 
MOJKHO cp;erraTb MHOro MCHbule own6K'ii panHOCTHOll annpoKCIIM~IIII nap;a~Ii. ; 

': '_,_'· 

;_j ., ( 

Ta6mn.~a 2 

x 1 S1(xn ~ 3) I S1(xn = 9) I S1(xn;, 15) jb'i(xn = 30) I S1(xn =45)1 S1(xn,;, 60) 
0.0 .OOOOE+OO .OOOOE+OO .OOOOE+OO <OOOOE+OO .OOOOE+OO .OOOOE+OO 
0.3 .2540E-02 .7764E-07 '-.9610E-08 -.9391E-08' ~.9315E-08 .. -.9276S:08 
0.6 .4455E-02 · .1366E-06 -.1613E-07 -.1574E-07 .-.1560E-07 -.1553E-07 
0.9 .5435E-02 .1661E-06 ~.1914E-07 ,.,·~.1864E-07 -.1846E-07 ~.1838E-07 
1.2 .5611E-02 .1703E-06 -.1937E-07 -.1882E-07 -.1862E-07 -.1853E-07 
1.5 '.5274E-02 .1584E-06 -.1790E-07 -.1734E-07 -;1714E-07 -.1705E-07 
1.8 .4682E-02 .1388E-06 -.1563E-07 -.1509E-07 -.1491E-07 ' -.1481E-07 
2.4 .335SE-o2 .9637E.oi .-.tosoE.oi .. -:w3.sE-'o7. ·.~:io2oE-o7 ~.wi2E-OT 
2. 7 .2773E-02 . 7798E-07. -.s72oE-08 -.8323E-o8 ~.818SE-08 -.8115E-08 
3.0 .2274E-02 · ~6239E-07 ·~.6957E-OS ~.6612E-08. ~-.6492E-08 ::6431E-08 
X I c52(xn = 3}T6;(x:R = 9) I c52(xn~-f5)l 62(xn = 30) rs;(x'R::: 45)1 c52{xn = 60) 

0.0 .OOOOE+OO .OOOOE+OO ... OOOOE+Oo :-:ooODE+OO--: -:OOOoE+oo~ ; ·.OOOOE+OO 
o.3 .3140E-02 .8031E-07 -.8341E-.o8 -.7656E-08 , · -;7417E-os. -.7297E-08 
o:6 .5963E-02 .1509E-o6, . -.1542E~o7., -.1408E-07 ~.1361E-o7. ~:t338E-07 

~:; :~~~~~~i' ·:~!~~~~ ~:;~~!~~~ ::~~~~~~~· :.~:~~;~~~~·· ::·~Ii~~~~ 
1.5 .1207E-Ol .29o3:E-o6 . · ~.2798E-oi' ~.24S8E-07 '~:2380E-07 . ~:2326E-07 
1.8 .1357E-O( '.3203E-06' ,:-'.3023E-07 ~.2660E-07 : ~:2534E-Oi ~;2470E-07 
2.4 .1618E-Ol '.3691E-06 ~.3347E-07 .. >~~2882E-07 <.2720E-07 · . ~.2638E-07 
2.1· .1739E-OI · '.39o'7E-o6 I ·-:3474E-oi · · -~:2960E-07 · ::278IE-07 ~;2690E-o7 
3.0 .1857E-01 .4112E-06 , ~:3591E-07 . '-.3027E-07 ·-.2831E-07 :~:2732E-07 

X I c53(xn :=; 3) I c53(xn = 9) 'I c53(xn;, 15) I o3(xn = 30) jc53{xn = 45) rs;(xn = 60) 
0.0 .OOOOE+OO .tJOOOE+OO .OOOOE+OO ·.OOOOE+OO ' .OOOOE+OO .. OOOOE+OO 
0.3 -.1021E-01 -.3.373E-06 .3245E-07. .3214E-07 •. 3.202E-07 ·.3197E-07 
0.6 -.2225E-01 -.7380E-.o6 .6886E-07 .. 6816E-07 .6791E-07; · .6779E-07 

n ':lm~~: ;::~mE :~m~~F ::m:~~~ ~;m~~;. ':~EE~ 
1.8 -;lss2E-ot ".6o71E~o6 .5624E-o7- :s.s67E-o7· I ';'ss47E-o7 ·. · :5s37E-o7· J. 
2:4 .:.9828E-.02 -.3255E~06 :3016E-07 'L.29s5E-07 · ''.2974E-07 .29B9E·07 
.2:7 -.683iE-o2. ~:2262~0.6 :2o96E-07 .· :,2iJ'i'4E-07' .2ris7.i.o1 ' -.2063E-07 
·3:0 -.A:S3oE-oz· <I.53.3E-06 :t423E-(n• .l4o8E.o7: .:.14oaE-o1 i.14.0lE-07 

-.- , ... ·.~ ' ; . ':· '' .. ' . ; : 
.:··· .i 

.:.;;:A:~~6;;~:~~~e'.~ucneHHble 'iicCJiep;9~~Iiirn' .6hinn npoBep;eHbi ii p;mi ~~p;a~u (10)i(l2) .. 
:·:::p·e:Jy~bTaTbi/ noiry.f~~~bie )~l1li m.~~):O; .. ;.:n.;;:::;..~Lo;.·: :b·"=;:·_:f . .o;··opu~ep;eHbi.B Ta6Jin~ax 

. 3:4. ,•' .. ,· ' ·.:o. •'; .. ;;· ·'· .· .,,_,;,:.·, .. .,:·: .. ::: .. ;·:.··:.:· ' . .:.::. •."·"" 

.L 

.J". ~ l ' 
" 

8 

1 
1 

l} 

-· 

'. 't 

. . . Ta6n11n;a 3 
·· · Cxop;n~iJ'cTb panHOCTHoro p~weHHH oap;a...J:H (10)-(12) Ha noCJiep;oBaTeJibHOCTH 

X 
0.0 
1.0 
~:'0 
·a.o 
4:o· 
5.0 ' 
6.0: 

:=:·7.o.·· 
8.0 
9.0 ·. 
10.0 

" 

. , cryin;aiOIIJ;liXCJl C(!T()K (h =. 0.12) 
', 

'y;(h);i ~} •. 2;3 t .. Y;(~),i ~ 1;2;3 I' y;(~),i ~1.·2,3 .I ~((}~:~/!/ 
0.979442072E+OO . 0.979266475E+OO 0.979256069E+OO . 16.8753 
0.207855332E+OL 0.207S59992E+Ol 0.207859050E+Ol . 14.9470 
0.381611506E:Ol , · 0.383802155E:01: 0.383795019E:Ol' . 306.9956 
o:n55S9769E+Ol o.n5594728E+01 o.ll5594904E+Ol. · 28.0858 
0.290779205E+(J1· 0.290819738E+oi o:290820261E+01 .: .77.4421 
0.381367176E-'01 :.0.385435890E-Ol:, '0.385433063E:Ol l439.0029 
O.l01750525E+01 O.Hll776313E+01 O.l01777346E+01 . 24:9747 

, 0.331776959E+Ol. 0.331848114E+01 o·.331849863E+Ol .': 40.6687 
0.239604516E-01 . : 0.242738739E-01 0.242740445E-Ol lS37.2125 
0.757340599E+00; 0.757656269E+OO ·0.757667:826E+OO · ,27.3l47, 
0.348577539E+Ol 0.34~664274E+01 0.348666566E-t01. _37.8437 
O.ll0747722E:01 O.ll2288284E:01 · O.ll2289738E-01: 1059.2342 
0.626186Bl6E+00 ().626488781E+OO ·0.626499404E+00 :28.4439 
o.352379852E+m. o:35247o4mi:E+or o.352472805E+m '37:5439 
I '.,. J ' '• . .. :' ',' '• . -I . c.. ' . ' '.• ·• ', • • 

. o.697497739E-02 · .o:707280245E:02 o.707290917E:02 · 916.6328 
0.187030998E+oo: ·o.l~rh65o56E+oo 0.187169207E+OO. 32.2950 
:o.35il20252E+01· 0.3572i5764E+o{ 0.3572182S6E+01: 37.8683 
l0.445551273E-03. . ·o.451826.H39E-03: . 0.45183S605E:03 504.5906 
0.437405111E-01 · . 0.437789430E:Ol 0.437800863E:OL :33.6158 
0.357342731E+Ol- 0.357438498E+oi . 0.357441023:8+01. '37.9~23 
O.l89835441E-04 . 0.192517724E-04 0.192525410E:04 348.9728 

. 0.306940493E:03 . 0.307323121E:03 0.307335006E-03 32.1924 
0.35735lll3E+01 0.357446906E+01 0.357449431E+01. :· :37.9315 : 
0.561499104Ec09. ; 0.569607812E-09: 0.569650158Ec09. 191.4869 

(.I 

.r 
T~nm.l,a 4 

'. ~ . ~ ' 

YI(x·R = 10) . ·._.· YI(XR = 20) YI(XR == 30) ·· ' YI(x.R = 40) · 
.OOOOOOOOOE+OO. .OOOOOOOOOE+OO .OOOOOOOOOE+OO .OOOOOOOOOE+OO 
.8690551'34E+OO .869029078Ef00: .869029078E+OO .869029078E+OO 

. . ' . ' . ~ '. 'i - . ' ' . . ' 

.. ll5.596768E+01 .ll5595019E+01 ~n5595019E+Ol .ll5595019E+01 

.. tl'574607.04E+00. .957467~23E+OO .957467223E+OO .957467223E+OO I 

:62.64 7&345E-too :i326504071E+00 .626504071E+OO. .626504071E+OO 
;357486104E+00 . 357527233E+OO ... 35752723~E+OO . .357527233E+OO 
.187107543E+00 .1871.71216E+OO · .·;l8.7171216E+OO .187171216E=t:oo 

\923256640E:-O~. :-.924359863~01- ·, .924359863~01 ... . .924359863E:Ol 
.435682242E-Ol .437806505E:01 ·· .437806505E:01 .. .437806505E:01 
.196567643E:Ol . .200948546E:01 .200948546E:01 .200948546E:01 
.805732079E:02 .900059294E:02 .900059295E:02 .900059295E:02 

' 9. 



X Y2(XR- 10) Y2(XR- 20) 
0.000. O.OOOOOOOOOE+OO O.OOOOOOOOOE+OO 
1.000. 0:179237227E+01 0.179234568E+01 
2.000 0.290822182E+01 0.290820717E+01 
3.000 0.337672154E+Ol 0.337673955E+Ol 
4.000. 0.352469160E+Ol 0.3524 73993E+01 
5.000 0.356326769E+01 0.356333873E+01 
6.000 0:357210777E+01 0.357219559E+01 
7.000 0.357395564~+01· 0~35740562Q..E+01 
8.000 0.357431266E+01 0.357 442300E+01 
9.000' 0.357437415E+01 0~357449195E+01' 
10.000 0.357 438113E+Ol' 0.357450444E+01 

X YJ(XR = 10)' : YJ(XR = 20) .. 
0.000 O.OOOOOOOOOE+OO O.OOOOOOOOOE+OO 

. 1.000 0.346939529~01· 0.346920173~01 

2.000 0.3854 71335~01. 0.385444675~01'. 

3.000 0.204949150~01 .0.204937589~01 
. 4.000 0. 707302807~02 0. 707300445~02 . 

5.000 0.192148214~02 .. 0.192172142~02. 

6.000 0.451616832~03 .• 0.451847007~03 

7.000. 0.963150745~04 0.965021201~04 

8.000 0.190998687~04 • 0.192529861~04 
9.000 0.352062064~05. 0.365166948~05 
10.000 0.424017494~06 . 0.666127412~06 

"l.) 

'· 

\. 

Y2(xn- 30) 
. O.OOOOOOOOOE+OO 
0.179234568E+Ol 
0.290820717E+Ol 
0.337673955E+Ol 
0.3524 73993E+01 
0.356333873E+01 
0.357219559E+01 
0.357405620E+01 
0.357442300E+Ol 
0.357449195E+01 
0.357450444E+Ol. 

YJ(XR = 30) 
O.OOOOOOOOOE+OO 
0.346920173~01· 

·0.385444675~01 

0.204937589~01 
. 0. 707300445~02 
. 0.192172142~02 
0.451847007~03 

0.965021201~04 
• 0.192529861~04 
0.365166949~05 

0.666127413~06 

· Ta6mu~a 4 
(IlpoAOIDKCHHe) 

Y2(xn- 40) 
O.OOOOOOOOOE+OO 
o:t79234568E+Ol 
0.290820717E+Ol 
0.337673955E+Ol 
0.352473993E+01 
0.356333873E+01 
0.357219559E+01 
0.357405620E+Ol 
0.357442300E+Ol 
0.357449195E+Ol 
0.357450444E+01 

YJ(XR = 40) 
O.OOOOOOOOOE+OO ! 

0.346920173~01 ! 

0.385444675~01 

. 0.204937589~01 

. 0.707300445~02 
0.192172142~02 

0.45184 7007~03 
o:96so212oi~o4 
0.192529861~04 

. 0.365166949~05 
0.666127413~06 

Ha'IaJihHhle npn6rrn)l(eHmr cTponrrucb'no onncaHHoMy B pa6oTe [4] cnoco6y. 0Hn Aa­

BMn ypoBeHb HeBHOKH"-' 0.01; 3a 11-14 nTepa~nii:np~ncxoAnrro·yMeHhWeHne He­

BHOKn Ao 10-9 _: 10-11 . "CynepcxoAnMocTh" paoHocTHoro pemeHnH oTHocnTerrbHo 

mara h' ceTKil o6'b.IICHHCTCH AOCTaTO'IHO 6orrhWHM OHa'IeHneM h. YcTaHaBrrnBaiOTCH 

~5 oHa'Iall\nx ~n<flp; 

PeoyJihTaT:bi H. o6cy:>KAeHHe 

Ha pnc.2 n 3 npn:BeAeHhl proynhTaThl HeKoTophiX pac'IeToB AJIH oaAa'In o conhBaTn­

poBaHHoM OJICKTpOHe. 3aBIICHMOCTb. pemeHil.II. OT napa.MeTpa n npn b = 1,. H m = 2 

AJIH HyneBoii MOAhi ( 6eoyorro:Boe pemeHRe) np:nBeAeHaHa pnc.2, Pnc.3 nrrrr~cTpnpy~T 
aHaJIOrir<myro naBIICHMOCTb AJIH nep:Boii MOAhl· ,II;nir o~eHKll TO'IHOCTH paC'ICTOB norry­

'ICHHhie pemeHIUr AJIH peaJibHOHOaAa'IU TCCTllpOBaJIUCb Ha CXOAUMOCTb no h ll no XR, 

onucaHHhiM B npeAhiAYll\eM paoAerre cnoco6oM •. KpoMe Toro, AJIH pewaeMoii oap;a'III 

MO)I(HO norry'IIi:Ti. cne~RaJibHoe cooTHomeHRe AJIH npoBepKn TO'IHOcTn peme,HnH 

. ··· : · .. 1 .. a2 . . 
4T2- 2Teq- (1- b)Tp + t?q + 3 cPb TN= 0, (28) 

10 

f.. 

,. 

·n 

0 
t') .....-...· 
1.{) 
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N 

~ .o 
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<' c,; ~ 

• 1', 

.o 
.. - I") 

I") 0 . ' _,-.,;· 
''. . 1.() . 

··~. ·C"J · .. N 
o II 0 
~· ·E 
1>-. . . • 
c.> . • 
:s; ..--

0... . II . 
..0 

'-.......;/ 

1.() 

0 
II 
c 

r;o;e 

a2 = A2T{ 
A1 

d- A1 
- T[ 

T1 = {';o e(x)dx 
. Jo 

T2 ~ .L';o ({' (x ));dx 

.rJO ··~ ~ 
TN= Jo x2 (e "' +e- "' . ....: 2)dx 

L
ooe . . ·' 

Teq = -(b1]1(x)- T]2(x))dx 
0 X 

'T. =roo x2(8.,(TJ1(x).))~dx 
· P lo · · x · 

100 1 
Tq = 'x2(8.,[-(b171(x) -TJ2(x))])2dx. 

0 X . 

(29) 

8TO COOTHOWCHHe BhlllOJIHHJIOCh C TO'IHOCThlO rv 10_;5 ;D;JIH Bb16paHHbiX napaMeTpOB 

n, bnm .. 
,[(nH peann:J~nn·paopa6oTaHHoro anropnTMa co:J;D;aH naxeT nporpaMM, pa6oTa­

IO~nii B cpe;o;e NDP-<t>opTpaHa Ha PC/AT..:.. 386.06~nii o6'beM naxeTa"' 2.5Mb .. 
,[(n.II rpa<f>n'IeCKOrO npC;D;CT<l:BJICHHH proynhTaTOB C'ICTa, onepaTHBHOrO KOHTpOJIH 

:Ja C'ICTOM (rpa<f>H'ICCKOC npe;D;CTaBJICHHe proy'JihTaTOB no HTepa~HHM), :Ja;D;aHHH na­
pa.MeTpOB :Ja;o;a'In n pmKIIMOB pa6oThl ucnonh:JYIOTCH BO:JMO)KHOCTunaxeTa HIGZ 
[9], a;o;anTnpoBaHHoro Ha PC/AT- 386. 

TaxnM o6paooM,. :Ja;o;a'Ia o conhBaTnpoBaHHOM ariexTpoHe c noMO~hiO :JaMeHhl 
nepeMCHHhiX CBC;D;eHa K MHOronapaMeTpH'ICCKOH rpaHII'IHOH :Ja;D;a'!e C ;o;onOJIHHTeJih­

. HhiMH ycnm3uHMII. Paopa6oTaHa IITep~normaJI cxeMa ;D;JIH peweHHH Taxoro Tuna :Ja­

;o;a'I.Ha 6aoe HenpephiBHoro aHanora MeTop;a HhiOTOHa. C noMO~hiO paopa6oTaHHoro 

naKeTa npoBC;li;CHO HCCJie;D;OBaHHe MO;D;CJIII COJihBaTHpOBaHHOrO GJICKTpOHa, KOTOpoe 

. no:JBOJIHCT O~CHI!Th TO'IHOCTh pac'!eTOB B :JaBIICUMOCTll OT napaMeTpOB Bhi'IHCJIH-· . 

TCJihHOH cxeMhl. Ca.Mn proynhTaTl>I ll nx llHTepnpeT~ HBJIHIOTCH npe;o;MeTOM OT-. 

. ;D;CJihHOH pa6oThl. 
ABTOphl npn:JHaTeJihHhl O.B.BacnnheBy n B..[(.JlaxHo :Ja nno;o;oTBOpHoe coTpy­

;D;HII'!ecTBo, B.8.<t>aiiHy :Ja npe;o;ocTaBneHne a;o;anTnpoBaHHoii Ha PC/AT- 386 Bep-

cnn naxeTa HIGZ. . 

JlHTepaTypa 

1. Bo:J6y)K;o;eHHhle nonHpoHHhle cocTOHHHH B KOH;D;eHcnpoBaHHhiX cpe;o;ax. C6op­

HIIK Hay'IHhiX Tpy;o;oB, HIJ;BM AH CCCP ,IIy~nHo,1990. 

2. Lakhno V.D., Vasil'evO.V, Chem.Phys.153(n.1,2)p.147-159(1991), Phys.Lett.A 

152( ~.5, 6)p.300 - 302(1991 ). 
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3. ~yeB r.H., JlaxHO B.,I(. IIepeHOC aneKTpOHa B rno6ymipHbiX 6enKax. Mo­
Aellb UOliHpOHHOro COCTOJIHlUl arreKTpOHa. IIpenpHHT HIJ;BII AH CCCP, IIy­
~HHo,1990. 

4. AMHpXaHOB II.B. HAP· Coo6~eHHe OII.HII, Pll-85-445, ,I(y6Ha, 1985. ~ 

5. AMHpXaHOB II.B. HAP: ~HCJieHHoe HCCJieAOBaHHe HeJIHHeHHOH caMocornacoBaH­
HOH oaAa'IH Ha co6cTBeHHble OHa'leHlUl B o6o6~eHHOH MOAeliH conbBaTnpoBaH­
Horo aneKTpOHa.IIpenpHHT HIJ;BII AH CCCP, IIy~nHo,1990. 

6. )KHAKOB E.II., IIyohiHHH II.B. )KBM H ¥<t>, 7(1086)1967. 
• ..J 

7. EpMaKOB B.B., KanHTKHH H.H. }KBM H M<t>;21(491)1981. 

8. IlyobiHIIH II.B., IIyobiHHHa T.II. B c6.: AnropHTMbi H nporpaMMbi AliJI pewe­
HlUl HeKoTopbix oaAa'l <J>nonKH. KFKI-74~34,BmanewT(93-111)1974. 

9. Bock R., Brun R. et al.H IGZ - High Level. Interface to Graphics and Zebra , 
CERN program library Q120. · 

I; 

PyKOIIHCb nocryrrnna B H3,11;RTellbCKliH OT,Il;ell 

18 OKTH(pH 1991 rO,Il;a. 
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HET nH nPOEEflOB B BAIDEA EHEnHOTEKE? 

B~ Mo~eTe nony~HTb ·no no~Te nepe~HcneHH~e HH~e KHHrH, 'ecnH 
OHH He· 6binH 3RKa3aH~· paHee.. . . 

Jl11-85-791 Tpy,nbiMel!C,I:IYHapo,I:IHOrO COBeCiaHHH no 
aHannTH~ecKHM s~~HcneHHHM Ha 3BM 
II HX IIPHMeHeHHID B TeopeTH~eCKOft 
i:?M3HK~.· .JlY6Ha,, 1985~~ . . 

)l1, 2-86-668 TPY.rlbl 8 MeJ!i,~:~yHapo,~:~Horo ce'MHHapa 
IIO npo6neMaM tPH3HKH B~COKHX 3Heprnfl; 
Jly6Ha, 1986; /2 TOMa/ 

)l3,4,17-86-747 Tpy,nbl Me~flyHapo,riuofi lllKOllbl rro HeHTPOHHOH 
i:?H3UKe. AnymTa, 1986. · · · · · 

Jl2-87-798 Tpy,n~ 8 Me~,nyHapo,nHoro cosemaHHH rro 
np06lleMaM KBaHTOBOH TeopHH IIOliH. 
AnymTa, 1987. 

Jl14-87-799' TPYJ:lbt n'MeiK,nyHaPO,I:IHOro CHMII03HYMa no. 
.. -·IIP06lleMaM B3aHMO,lleHCTBHH MIDOHOB H·IIHOHOB 

C .Bell(eCTBOM. )ly6Ha, 19a7 
~-- . ' -"' ,. ' '~ 

Jl17-88-95 TPY.rlbi IV 1-le~,nyHapo,~:~Horo CHMII03HYMa no 
H36paHHbiM np06lleMaM CTaTHCT·H~eCKOH 

Jl17-88-681 

Jl13-'88-938 

P2-"89-138 

)l4-89-221 

Jl9:-89-52 

MeXaHHKH. )ly6Ha, 1987. . i .\.' 

Tpy.Qbl Me~,nyHapO,I:IHOro COBet'laHHH "MexaHH3M~. 
B~COKOTeMrrepaTYPHOH 'caepxnpOBO,I:IHMOCTH 11

• 

)ly6Ha, 1988. 
~ -

TPY.rlbi XI I I Me~,nyHapo,~:~Horo cHi.mo3HYMa 
no H,nepHofi :meKTPOHHKe. BapHa, 198 8 • 

Tpy,llbl CeMHHapa II rpaBHTaUHOHHaH 3HeprHH 
H. rpaBHTaUHOHHble BOliHbl 11

• _)ly6Ha·, 198 8 • 

Tpy,nbi pa6o~ero COBell(aHHH rro' pa3pa6iJTKe 
H C03,llaHHID H3lly~aTeliH H ,neTeKTOpa rpaBH­
TRUHOHH~X BOliH, )ly6Ha, 1988. 

Tpy,I:Ibl XI BcecOID3Horo COBell(aHHH rro YCKOPH-

4 p.OO K. 
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