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naaopoB P.Jl., KaC'!HeB M.C. Pll - 12307 

4ucneaaoe perneane asyMepaoro ypasHeHHH Wpe;:urarepa, 
COOTB€TCTByiDmero 38AB~e asyx UeHTpOB 

Pa6ora nocssnueaa qucneHHOMY perneHHIO nsyMepaoro ypasaeHHSI Wpe
nuarepa. TionyqeHhi asa anropHTMa llHCKperuaauuu aana'liH. TiepBbifi anro
pHTM pa3pa60T8H Ha OCHOBe MeTOJl8 KOHeqHbiX pa3HOCTeif, 8 BTOpOii -

MeTOJl8 KOHeqHbiX '3JleMeHTOB. 05a 8Jir'OpHTM8 HCnOJib30B8Hbl JlJls:I qHC.TleH

HOf'O peruefUHI llBY~~1epHOI"O yp8BH9HHH llJpeJJHHrepa, COOTB9TCTBYIOlllei"O 

aanaqe llBYX uearpos. nonyqeHbl repMbl 1 sa H 2 p a .UJISI R = 5' 

3HaqeHHH 3apSIOOB Z l =- 1 , Z 
2 

:o:o 1 H Z l =1 t z
2 

=2, a TBK»<.e BOJlHOBble tflYHK

UHH. 

Pa6ora BbmonHeHa B J1a6oparopiUI Bbi'UiCJIHTeJibHOH TeXHHKH 

u asToMaTu:aauHH OM fiH. 

Coo6meHHe 06be/lHHeHHOrO HHCTHTyTa HJleJ>HbiX HCCneJlOBBHHll. Jly6Ha 1979 

Lasorov R.D., Kaschiev M.S. Pll - 12307 
Numerical Solution of the Two-Dimensional Schroedinger 
Equation Corresponding to Two-Centre Problem 

Numerical solution. of the two-<limensional Schroedinger equati
on is described. Two algorithms for the discretization of the problem 
are obtained. The first algorithm is worked out on the basis of the 
finite difference method, the second one is based on the finite ele
ment method. Both algorithms are used for numerical solution of the 
two-<limensional Schroedinger equation, corresponding to the two
centre problem. The terms lsa and 2pa for R ~5 , z 1~t.z2d,z 1d,z 2 =2 
are calculated , as well as the corresponding wave functions. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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BB€8€HI1€ 

~enb ~aHHOM pa60T~ COCT011T B pa3pa60TK€ anrop11TMa qi1CREHHO

ro perneHI1R ypaBHeHI1R illpe~I1Hrepa Ha nnocKOCTI1 6e3 npe~nono*eHI1R 

0 waKTOp113a~l111 DOT€H~11ana 3TOPO ypaBH€HI1H. 

Pa3pa6oTaHHhle anrop11TMhl np11MeHRIDTCR ~nH perneHI1H ypaBHeHI1R 

[, u,::::- -J: -fr { 11ay (f~-1 )~"f .,. 1'? (1- 1('-/%'2 J u. + Wf/l ;R)u. =: [(R)u ,( Il 

ODI1ChlBaiOli\€PO COCTORHI1€ KBaHTOBOM€XaHI1qecKOM CI1CT€Mnl Tpex Ten C 

KYROHOBCKI1M B3ai1MO~€MCTBM€M/I/. 3~eCb (},~) - He3aBMC11Mhl8 nepe

M€HHhl€, R >0 napaMeTp, a V('J, '{; R) - 3a~aHHaH cbyHKIJMH, Ha3nrBaeMaH 

TIOTeH~MaJIOM. 

3a~aqa COCTOI1T B HaX0*~8HI111 ~11CKp8THOPO CD€KTpa 11 BORHOBWX 

¢JHK~I1M ypaBH€HI1H (1). 
Tip11 cneqManbHOM Bl1~e rroTeH~11ana V (f,?.; ~) ypaBH8H11e (I) MO)!(

HO peiiJMTb M8TO~OM pa3~eneHI1R nepeMeHHb!X /C.-:J/ • 

l:l 3TI1X pa6oTax B Jqli!CR€Hbl T8pMb! 11 BORHOBble ¢YHKL\11lll np11 pa3-

JI11qHbl){ 3apHI\aX 11 ~RH pa3HiJX R_ • 

lJonyqeHHbl€ B HaCTORII1€M pa6oTe pe3yRbTaTbl TI03BORHIOT npoBe

p11Tb npe~hi,IJ,YYIIMe pacqeT~>I, a pa3pa6oTaHHIJe anrop11TM:,r ~aiOT B03MO*

HOCTb pernaTb ~pyr11e ~BYM8pHhle KBaHTOBOM€Xill:l1qecKI1e 3aAaq11. 

ITocTaHOBKa rpa~m4Hh!X ycnoDBH 

YpaBH8HI1e· li) 6y~eM paccMaTp11BaTb B KoHeqHotl o6nacTI1 

G-; { 1!, ~ !0 c. -H ? ,; 1 J ' e » ::! • Heo6XOJ],I1MO y~enMTb oco6oe 

BH11MaHI18 f10CTaHOBKe rpaHI14Hb!X yCJ!OBl!i1 Hll II pmtLIX J = 1 
1 

'( ; 1 11 

'? = -1 , TaK KaK TaM ypaBHeHI1e (I) Bb!po~aeTCH. 4To6r,r Bni~€RI1Tb 

orpaHI1qeHHhle perneHI1H, cne~yH/6/, nocTaBI1M rpaHI1qHure ycnoBI1H B 
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l!im(f~-1)~u=o, 
j-+1+0 } 

&m ( 1-12.J ~~ =0 
"~ -1+0 
( 1-0 

flpH ~ = f. ccpopMJJIHpyeM JCJIOBHe 

u re, '? j RJ =o . 

( 2) 

(3) 

(4) 

qHCJieHHOe pemeHHe 3~aqH (l)-(4) OC~eCTBJIReTCH ~BJMR 3Ta
naMH, Ha nepsoM 3Tane nocTpOHM pa3HOCTH~e cxe~, annpoKCHMHPYD
~He s~aqy (l)-(4). B pa6oTe paccMOTpeH~ cxe~. nonyqeHH~e no 
MeTO~ KOHeqH~ pa3HOCTe~ H no MeTO~ KOHeqH~ 3JieMeHTOB. BTopo~ 

3Tan - 3TO pemeHHe nonyqeHHOH o6o6~eHHO~ anre6paHqecKo~ npo6ne
Mhl Ha C06CTBeHHWe 3HaqeHHR. 

0TMeTHM, qTO HaC 6y~T HHTepecoBaTb TOJibKO HHMHHe C06CTBeH
H~e 3HaqeHHR, qTo o6ycJiaBJIHBaeT B~60p aJIPOpHTMa ~R pemeHHR aJI
re6paHqecKOH npo6ne~. 

MeT08 KoHeqH~ pasHOCTe~ 

flpH nOCTpOeHHH KOHeqHo-pa3HOCTHO~ CXe~ 3~aqH (!)-(4) OC0-
6oe BHHMaHHe H~HO y~eJIHTb annpoKCHMaQHH KpaeB~ JCJIOBK~ (2)-(3), 
Xopowee npH6JIH*eHHe 3THX ycJIOBH~ MO~Ho noJiyqHTb nyTeM cne~KaJib
Horo sw6opa pasHOCTHO~ ceTKH. Bneps~e TaKHe ceTKK 6~H npe~o~e
HW ~pi13HHOBWM/7/ ~JIR pa3HOCTHO~ annpoKCHM~H onepaTOpa llanJiaCa 
B ~JIHH~pHqecKOH H C~pHqecKO~ CHCTeMax KOOp~HHaT. 

B o6nacTH ~ nocTpoHM pa3HOCTHJD paBHOMepHJD ceTKY 

U) = wT X iiJ7 , r~e 

c.J "f = [ .f.: = 1 + ( 1- - o. s J"lz.., , i =1, 2, .. • , IVy , J r = r e -~ J 1 r ;v..,. - o..n J , 
w 'Z :: f Q j = -1 + (j- ().f) lr. 'l • j = 1, 2 • ... I "'" ' A. 2 = 2 I .N':- J . 

flycTb v - ceToqHaR ~YHK~HR, 3~HHaR Ha ~. PaccMoTpHM pasHo-
CTHwe onepaTopw /l f H ;\~ 1 annpOKCHMHpYJO~He onepaTOpW 

L -~c~z ~>~ j = '<') ) -.., 'Z'}" ' 
0 '() 

L 7 = -o '? r t-? 2-J l(j 'l , 

H Kpaeswe ycnoBHR (2)-(3)/B/, r~e 

4 

4 

i L (H) h a v3 ' ) = l1 J\ v = f 

r ca.vf)} 
' J" 1 < r < ~ fV'r 

" ~ (td 
~ = ~ 1 - v'l 

h'l ' 

J\? V = { ( 6 Vif) 7 ' r1 <. 1 <. ? !V'z 1 

-Ll,v- ?==~tV "-tz '2 
, 

? 

3~ecb sse~eH~ cneAJID~He o6osHaqeHHR 

a(':fL)=(J.:-O.Sh}/-i 1 

~(7j)==i-(?J-{)·5h~/' 
R3 z z . 

.f CL d 1 j J = T ( .t i - rc j J , /.. = 1, 2 , ... , NF , j = 1, 2, .•. , N 'Z , 

a.. (+-"1) = (1 ( ~ .d 1 ~(+f) =b ('l.z) , a 

Vx =: ( V (X+ h)- V(x) )/h , Vj .= (Vf.X)- V(X-h))/h 

- npaBail M nesan pa:JHIJCIHhle nponsB•lJ\Hhle. 
3~aqe (l)-(4) COnOCTaBHM pa3HOCTHJD 3~aqy 

1\lJ=-{Cili'~ +i\1lf)+JVr=E"-jtf, (5) 

~(3N~, 2i)=O, j -=1,2., ... , IY? (6) 
\ 

florpeWHOCTb annpOKCHMa~HH 3~a4H (l)-(4) CXeMO~ (5)-(6) RBJIReTCR 
seJIHqHHOH nopR,n,Ka 0 (A.~ + A;) . Bse~eM B paccMOTpeHHe seKTop y 
c KOMnoHeHTaMH YK ==-IJ (f.:., ?i), K"'- (i-1)N'l -tj ,~=f,2, ... 1 Af., -i, 
J=t,i, ... ,!V'?. CHcTeMa (5)-(6) sanHCbiBaeTCR B BH~e 

KV=Eh.-MY. (7) 

CHcTeMa (7) ecTb MaTpHqHaR s~aqa Ha co6cTBeHHble 3HaqeHHR. 
MaTpH~a K RBJIReTCR CHMMeTpHqHOH H HMeeT JieHT04HyD CTPJKTYPY· 
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llpH c~enaHHOM ynop~o~eHHH aeKTopa Y rronyneHTa MaTpH~ K eCTb 

N~ +1 • MaTpH~a M RBnReTcR ~HaroHanbHOH H rrono~HTenbHo-orrpe

~eneHHOH. 

MeTOA KOHe~HhlX sneMeHTOB 

PaccMOTpHM aap:~~a~HOHHYID rrocTaHOBKY 3~a~H (I)-(4). 06o3Ha-

~HM ~epe3 L2 (~) rHnb6epTOBO rrpocTpaHCTBO ~JHK~HH VV(J, ~), 

TaKHX, ~TO 

J 
R3 

j_p(:f,/l) W
2 {5,tz)dJdfl<- 00 

1 
j(J,'()~g(SZ,-JZ2.). 

G-
CKanRpHoe rrpoH3Be~eHHe Me~~y ~ByMR ~JHK~HRMH v, w c £2 (G-) orr-

pe~enReTCR KaK 

( v,w>=.ff.PO,;z>v(J '()W0,1.>ol}dtJ. 
S2. ' ( 

PaccMOTpHM a rrpocTpaHcTae ~(G) rro~rrpocTpaHCTBO 

A = ! v c C
2 c G- J , v (f. , ~ J == o J . 

~ 06o3Ha~HM ~epe3 HE rrorronHeHHe rro~rrpocTpaHCTBa A OTHOCH-

TenbHO 3HepreTH~8CKOH HOPMhl: 

11 v !r! = JJ ~ [ c~'J--o (~~ / + {1-'l_).) c~~l)dy d? . 
G-

<l1yHK~HH H3 H ~ TOJKe y~oaneTaopmoT rnaBHOMY KpaeaoMy ycnoaHIO 

(4)/9/. llycTb RCv) - ~JHK~HoHan Psnen-PHT~a 3a~a~H (l)-(4): 

-tJ { f {{f 1
- 1 J(~/-t (1-I;?'"J{~/]+f Vv~.] drdf 

R(v} = • 
ff.P v~drd? 
G-

aAe; ieTo~a KOHe~HhlX sneMeHTOB ~R 3~a~ Ha C06CTB8HHhl8 

3Ha~eHHR g 3aKniO~aeTCR a MHHHMH3a~HH ~JHK~HoHana R{V) Ha He

KOTopoM rro~rrpocTpaHCTBe sk rrpocTpaHCTBa Hi . sk Ha3biBaeTCR 

ITJlOCTpaHCTBOM !A8TO.l{a KUHeqHhlX 3neMeHTOB, l!OCTJlOHM S Jr_ • 

. Pa3o6'beM o6nacTb G Ha n p.HMoyronLH:IlKH G t co cTopoHaMH 

h.~ H 4~ . B K~OM rrpRMoyronhHHKe G ~ Bbl6epeM a Ka~ecTBe 
y3noa aeprnHHbl H cepe~HHhl cTopoH. Y3ny 2j corrocTaBHM ~JHK~HIO 

'-f J ( ~ , 'l) cne~IqHM o6pa30M: 

Ll j j i j jz.iz J J 
] j n, ~ > = a..o + a.-, 'i ... a.t ~ + a 3 H +a~ r +a,? + ad2? + a.1 1 p~ • 

l!OTpedyeM, qTOdbl 

tfj c z ,c) = oj .c 

OHa y~oaneTBOp.Rna ycnOBHRM: 

C~,I(')EG-L 

6 

1 

'} 
. I 

tfjC'f,'2) -HerrpepblaHarrpH (},'{J€G-', 'fJ(f!..e)=O· 
llpRMoyronbHHK G-~ , y3nbl 2 j rt o~H03Ha~Ho orrpe~en.Re-

Mble ~~K~HH lfi Ha3b1BB.IOTCR 6HK~paT~HbiM ITpRMOyronbHbiM sneMeH

TOM/ 'IO • o~eBH~HO' c.f'i ( 'f ,'/) 6 H; . llpocTpaHCTBO sA. MeTo~a 
KOHe~HbiX sneMeHTOB B 3TOM cny~ae OITpe~enR8TCR KaK MHO~eCTBO 
BC8X ~aCT~H0-6HKB~paTH~HbiX ~JHK~HH, y~oaneTBOpR!OiqHX rnaBHOMY 

KpaeBOMY ycnOBHJO (4). HcHO, ~TO s"-c Hi. CoBOKyTIHOCTb ~yHK~H 
Lf i ( "f rz.) acex KOHe~HbiX sneMeHTOB od pa3yeT N -MepHbiH 6a3HC B $ . 
0603H~~M ~epe3 S N ITO~ITpOCTpaHCTBO S J.. HaTRHYTOe Ha 3TOT ,_ ' 
6a3HC. llycTb v 6 SN,T.e. 

I... ,.; -
v "' ~ Yi. 'f,_ (f.~>. 

<>1 

Tor~a yr K y 
R. ( v"- ) = yr M '? y (Y 1, , Y"') 

3~ecb K - MaTpH~a "JKeCTKOCTH" 3~a~H (I )-(4), a M - MaTpH~bl 
"Maccu". SneMeHTbl kij H m•i MaTpH~ K H M a~:~~cnHIOTCR no 

~pMynaM 

JJ{ R { .z ?J<f;. 'd'f· ( .,.t':d'fi ~] V j k,:j~ l.j (?-1)'U-y 'CI'ji+1-'()'0'( '0'( ~J t.f'i~· dfdf ~ 
(;. 

rr?ij =Sf J lf<. lfi cJr d'l. . 
G-

BH,n;Ho, ~To MaTpH~bl K H M c:~~MMeTpH~Hhl H, 6naro~apR crre~HanbHO-
MY Bb160py 6a3HCHbiX ~JHK~HH, HM8IOT O~HHaKOByJO neHTO~HyJO CTpJKTYP~ 
i:!aTPHI.la M acer,na .HBn.HeTC.H nonolitHTenLHo-onpyeneHHOi:t, 

CTa~HoHapHhle TO~KH Y ~yHKQHOHana R ( v ) ~aiOT rrp:~~6nHJKeH-
Hble co6cT aeHHble ~JHK~HH 3~a~H ( l)- ( 4) , a 3Ha~eHHe R ( v t.) a 
3THX TO~Kax - rrp:~~6nHJKeHHble co6cTBeHHble ~Hcna. CornacHo/

9
,10/, 

CTa~HOHapHbie TO~KH '( RBnRJOTCR pemeHH8M 0606IqeHHOH anre6paH-

~eCKOH rrpo6neMbl. Ha C06CTB8HHbl8 3Ha~eHHR; 

K'(=E.J..MY,. (8) 

CXOAHMOCTb H TO~HOCTb 

llpe~rrono~HMJ ~To Et. H ue - l -a co6cTBeHHa.R napa 3~a-
h.. 4. -.ft. --e... ~H (l)-(4), a E.c. ,Ue H £.e. H Ut. - COOTB8TCTBJID!liH8 rrpH6nHJKe-

HHR no cxeMaM ( '7) H (8). 

7 



flo TeopeMe 6. 2 CTp. 27ljgj BepHol OL\8HKJ.1 

II - /... I J J/:t 
11 U.e - u L. II o = 0 ( t1.- IE e I ) 

I -~ 1¥ 3 Ee-Etf = 0 (n IE.e/). 
,lJ..nH cxeMbl l 7) , 11cnoJih3YH pe3yJihTaTbi pa6oT/ d • I II, noJIY'!ReM, 

liTO cooTBeTcTB.YJOII111e OL\8HKH - BeiHllli1Hhl IT'J p.H,n:Ka 0 ( /,_ .t IE e /.~-) . . 
M3 3THX OL\eHoK BI1~Ho, liTO cxeMhl (7) H (d) ropa3~o Jiyqrne 

!1pH6JIHJKaiOT HJ.1lKHI18 C06CTB8HHi>I8 3Hal!8HHH J.1 C06CTB8HHbl8 ilJYHKI..\¥111 

3a~al!l1 (l)-(4). O'le cxeMw npHBO~HT K peUieHHIO MaTpH4H.oiX 3~al! Ha 

co6CTBeHH ,Je 3Hal!eHHH. HyJKHO OTMeTHTh, l!TO MaTpHL\hl cnei..\HaJihHOro 

BH~a K H H 11MeiOT 6oJibiii.YJO pa3MepHOC'!'h npH ~ocTaT04HO MeJIKoi1 

C8TKe. ,lJ..nH peUieHHH TaKMX 3a~al! pa3BHT>I 6b!CTpble J.1 3KOI!OM:Il'!Hbl8 

Bbll!I1CJifT8JlbHbl8 M8TO~bl. 0630p TaKHX M8TO~OB MOlltHO Hai1TH B MOHO

rpailJHH Iu/. B HacTOHII1ei1 pa6oTe HcnoJih30BaH MeTa~ o6paTHDi1 HTe

paL\HH B no~npocTpaHCTBe /Subspace inverse iteration method-SliM/ 
11 no~nporpaMMa SSPACE/lO/ 

Pe3yJibTaTbl Cl!eTa 

PaccMoTpeHw,Ie a;rropHTMbl npHMeHHJIHCh ~JIH srul!HCJieHHH yposHei1 

3HeprHi1 J.1 BOJIHOBbiX tPYHKI..\HM 3~al! ~Byx I..\8HTpOB KBaHTOBOi1 M8XaHHKJ.1 

( 3a~aqa ~ 1 e i:~ ) npH paaJIHl!HbiX BeJIHl!HHax 3apMDB ~. H ~ .t. • 

B 3TOM cJiyqae noTeHL\11aJI V ( J, ~ ; R) B ypasHeHHH (I) HMeeT BH~ 

V 1 4 m-t 2. (Z., .. l21}.,.(?..t-~1)'2 
(T,'(; R) :::-"I: R:i: [J'L-1)(1-1(~1 -7i... • . 

Pacl!eTbl BblnDJIHeHbl ~JIH m = o , R = s, ~ • = -l ~ = 1. H ~ 1 = I, i!!.r= 2 .Bbi-

l!HCJieHbl TepMbl -1 Sf) J.1 :J.ptr 7 COOTB8TCTB.YJOI11H8 BOJIH0Bbl8 ilJyHKL\HH, a 

TaKJKe MaTpHl!Hble sJieMeHTbl < UL If l, "ll U-.j > 7 ~, j = 1, .t. 

Pesy;JihTaThi npHBe~eHbl B Ta6JI. I. lloJIY'IeHHble seJIHl!HHbl cpaBHH

BaJIHCh C/J,
4/. Bhll!J.1CJI8H11H nOATBep~HJIH TeopeTJ.1l!8CKyiO CKOpOCTb CXO

~HMOCTH M8TO~OB. Pe3yJibTaT~ nOJIY'!8Hbl flO CXeMe (8), KOTOpaH HBJIH

eTCH CX8MOi1 fl0B",IIII8HHOPO nDpMKa TOl!HOCTI1. IJpOBO~HJIHCb TaKJite Bbi-

411CJI8HJ.1H no CXeMe (7), 11 nOJIY'!8HHbl8 npH6JIJ.1lK8HI1H J.1CnOJib30BaJII1Cb 

B Kal!eCTBe Ha4aJibHOPO npH6JIHlK8HI1H ~JIH Cl!8Ta no CXeMe (8). 3JI8M8H

Tbl MaTpm~ K 11 M B MeTo~e KOHel!Hh!X 3JieMeHTOB Bbll!I1CJIHJII1Cb c np11-

MeHeHI1eM KB~paTypHOi1 ifJopMyJibl faycca C Tp8MH Y3JlaMJ.1. 

SliM fl03BOJIH8T Bi,Jl!J.1CJIHTb O~OBpeMeHHO HeCKO.n'bKO rrepBbiX 

co6CTBeHHbiX 3Hal!eHHi1. YcJIOBI1eM OKOHl!aHI1H 11Tepal..\11i1 no SIIM 

8 

HBJIHJIOCb ~OCTI1llt8HJ.18 OTHOCHTeJibHO~ OUI116KH Me~ ~BYMH nOCJie~OBa

TeJibHbiMH npH6JIIfJI(eHHHMJ.1 BeJIHl!HHbl MeHbUie Io-
7

• BpeMH Ha 3BM 
CDC-8500 MeHHJIOCb OT ! MHH. ~0 !5 MHH. npH yBeJIHl!eHHH l!HCJia 

y3JIOB. llpH 3TOM yseJIHl!eHHe speMeHH rrpoHcxo~HJio, rJiaBHbiM o6pa3oM, 

3a Cl!eT J.1CITOJib30BaHJ.1H ITepHilJepH~HbiX ycTpO~CTB. 
!1o~rrporpaMMa SSPACE Tpe6yeT, l!T06bl MaTpHL\a K 6hiJia rro;ro

lltHTeJibHO~. llosTOMY cxew (?) H (8) rrplffio~HJIHCh K BH~ KY=:)..MY 
- - 7 

r~e K =- K +o( H, H=H. '1HcJio o( > o Bbi6HpaJIOCh H3 Tpe6osaHHH rro-

JIOlltHTeJihHOCTH MaTpHI..\bi K • 3HeprHH £ ITOJIY'!aJIHCh no !l>opMyJie 

f -=. .,\ - d , a BOJIHOBble ilJJHKI..\HH B 3TOM CJIY'!ae He MeHHIOTCH. 11o

JIOlltHTeJihHOCTh MaTpHI..\bl K o6ecrrel!HsaeT ycTOi1l!HBOCTh BbNHcJieHH~. 
~0 CHX rrop 06C~aJIJ.1Cb BOITpOCbl, CBH3aHHble C peUieHHeM 3~al!J.1 

r
1 

J! ;b.t. Ha KOHel!HO~ o6JiaCTJ.1 £i- • Me~ TeM, peaJibHaH ilJH3Hl!8CKaH 

3~al!a onpe~eJieHa Ha 6ecKoHel!HO~ o6;racTH { 1 ~ f < oo , -1 ~ 'l ~ i J . 
Heo6XO,li,HMO BbiHCHHTb sorrpoc, CKOJib BeJIHKO ~OHmHO 6b!Tb l!HCJIO e . 
l!T06hl 6b1Jla o6ecrrel!eHa xopowaH arrrrpoKCHMai..\HH ycJIOBHH (4). 4HcJieH

Hble 3KCITepHMeHTbl, rrpoBe,ll,eHHble ~H pa3HbiX e, ITOKa3aJIH, l!TO,KOP~a 
f. -.:Lo H R <..10 pe3yJihTaTbl cl!eTa pa3JIHl!aiOTCH Ha seJIHl!HHY nopM

Ka !0-6-!0-7. IJo~TOMY B Ta6JIHI..\8 rrpHB8,ll,eHbl TOJibKO pe3yJibTaTbl, no

JIY'!8HHble npH R =2.0. !1pH R "? 10 o6HapyJteHa cJie~I11aH 3aBHCHMOCTh 

pewemtH OT BeJIHl!HHbl E : f. > 3 R • 

3aKJIIOl!eHH8 

PaccMOTpeHHble a;rropHTMbl rro3BOJIHIOT B KopoTKOe speMH (I0-15 

MHH. Ha CDC-8500 ) C 60JibillO~ TOl!HOCTbiD peillaTb ,li,BYMepHble 3~al!H 

Ha C06CTB8HH~e 3Hal!eHHH, B03HHKaD~He KaK B KBaHTOBO~ MeXaHHKe, 

TaK If B ,ll,pyrHX pa3~eJiax ilJH3HKH H TeXHHKH. 0HH OTJIHl!aiOTCH B~COKO~ 
CKOpOCTbiO CXO~HMOCTH If o6ecrrel!HBaiOT yCTO~l!HBOCTb Bbll!HCJieHH~. 

ABTOpbl 6Jiaro~apHT H.B.l1y3biHHHa H n~.lloHoMapesa 3a I..\8HHble 

COBeTbl If BHHMaTeJibHOe OTHOUieHHe K pa6oTe. • 
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