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uHcllfullfym Jlc}epHt.Jx uccJZec}oeaHuii _ay5Ha 
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I 
B nocne,IJ;HHe rO,IJ;bl ,IJ;nH lJHCneHHOro MO,IJ;enHpOBaHHH Ha 

3BM pa3nH.lJHbiX HenHHeHHblf nna3MeHHbiX npo~eCCOB Hawen 
WHpOKOe npHMeHeHHe /l-IO, MeTO,ll; yKpynHeHHbiX ttaCTH~; 
/MeTO,ll; ttaCTH~ KOHettHOrO pa3Mepa, MeTO,ll; 3apH)KeHHbiX 
o6naKoB, MeTo,IJ; 6onLwHx ttacTH~/. B 3TOM MeTo,IJ;e H3yttae.f':. 
CH noBe,IJ;eHHe BO BpeMeHH /3BOniO~HH/ CHCTeMbl, cocToH~eii 
H3 6onLworo ttHcna 3apH)KeHHLIX crycTKOB /3apH,IJ;;~rycTKa 
» e , r,IJ;e e • 3fleMeHTapHbiH 3apH,IJ;/, npHtteM nJIOTHOCTb 
3apH,IJ;a O,IJ;Horo TaKoro crycTKa 6epeTCH ,IJ;nH O,IJ;~o~epHoro. 

cnyttaH B. BH,IJ;e rayccoBCKoro pacnpe,IJ;eneHHH 

p. ( x ) ~ _ ~ exp [ - ( x- x 1 )
2 I 2 a 

2 
] , . 

1 {r";a 

r,IJ;e x·1 - nono)KeHHe ~eHTpa .i -ro crycTKa, -a - nonHLIH 
3apH,ll; crycTKa, a · - ero nonywHpHHa. 06LittHo HcnonL3yeTCH 
«lJypLe ~ o6pa3 3Toro pacnpe,IJ;eneHHH .. -

a exp [- (k 2a 2 I 2) + .i k x i 
pi (k)= ----~=------

. ...;'"?:;' 

H «lJypLe·o6pa3 C03,IJ;aHHOrO O,ll;HHM 3apH)KeHHbiM CryCTKOM _ 
3neKTPHttecKoro nonH 

2 
E (k)=- 417a exp[ -:-(k 2a /2) + ikx 1] 

i 
k y217 

r,IJ;e k - BOflHOBOe lJHCflO /HOMep MO,ll;bl/. 
- CHna, ,IJ;eiicTBYIO~aH Ha j -ro ttacTH~Y co cTopoHLI .i-ii 
ttaCTH~bl, 
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=·· f E i (x) p . (x) dx. ;;;, 
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2 
2 2 (x -:-XJ· ) · k a .. 

exp[ik(xi -x )- -2- - 2a 2 dk dx = 

~/#1<' -~" .... 

" 
'• 

... ,· 

··~·-. 

y277 a k /1/· -•. ' 

...... 

~ ... ,. 

.r·~ 

·'·' 

··~:~~ 

e;·_ik (x; _ x.i ) _ k2a 2 

:."" 2a
2 

i dk. I, k -~~" 

BM:ecTo .3aKoiia clm /1/ 6epyr 3aKoH: cHri; .3a,naHHhiii 
KoHeqHoii !)>yphe- cyMMoii · 

.. · 2 -2·· 
>' · k. Ik(xl -x. ) -k a · 

_·, .. , max '[ e .I _ 0 F 
F. = F I - n,o 

ji ... 0 ...;.k. k 
-"" max 

"' 
< .r.ne k =n kmin' n: .. -. uenoe qHCJIO, on,O .- CHMBOM KpoHe

!<epai :- k min . - mar. n·o · k, F 
0 

= 2 C! 2i k min • .. BBe,neHHe 
MaKCHMaJibHOrO BOJIHOBOrO qHcJia k ~ax OTBeqaeT paCCMOT • 

peHHIO ,!l;JIHH ~o.im A ~~:a~ . EcJIH k max a > 1 , TO MO,!l;bl 
''k> k ~~x • · He ·.namT 6onhllioro BKJia,na·.1 · ·. · 
' CHna, . ,tteiicTByiomaH Ha i· -I<? yKpynHeH.HYIO · qacTHUY 

CO CTOpOHbl BCex-_npyrHX •qacTHU', paBHa 

F 
,. i 

= mx 
kmax 

I 
.;.kmax 

. -k 2a 2_ 
F

0 
e . [ -ikx1 . . N ikx. 

. e -o · ] I.e J 
k . n,O · 1· .. J= 

r.ne -~~- Macca yKpynHeHHOii · q·acTHUhi, N - nonHoe qJicno 

yKpyrrHeHHhiX qacTHU. 

.. B HaCTOJIIUeH pa6oTe COCTaBJieHa rrporp~MMa ,!l;JIH HCCJie

,!l;OBaHHH MeTO,!l;OM yKpyrrHeHHbiX qacTHU IIOBe,neHHH IIJIOCKOrO 
3apH:>KeHJ.IOrO CJIOH BO BHeiiiHeM none ,!l;JIH · o.riHoMepHOrO. 6ec" 

.. -, .. CTOJIKHOBHTeJihHOrO CJiyqaJI. 

t·· <' HCXO,!l;HaJI CHCTeMa: ypaBHeHHH ,!l;BH:>KeHHH .HMeeT BH,!l; 

4 . / 
·' ·~ ~ 

·: :'"'-

·' .... 

.c 

_,. _ _..!., 

'1 

• I 

.,. 

'2 k . -k 2a 2 
d Xj. 

myo """dt2 
1 max .. F 

0 
e -ikx1 . N ikxj 

=2 I. k [e -o 0]~e -aXi' 
· Y -k n, J=1 

0 max · 

r.ne y0 - nopeHUOBCKHii !)>aKTop, -ax1 - B03BpamaromaH 

CHna, ,IJ;eHCTBYIOIUaH H~. i ·10 qacTHUY CO CTOpOHbl BHeiiiHero 

rronH, t - BpeMH, i = 1,2, ... , N . 
Hccne_nyeMaH CHCTeMa ypaBHeHHH HMeeT BH,!l; . 

-k2a 2 
d ii. 

myod;2 =-
y2 

0 

kmax e 

I k X 

kmin 

N N 
x[coskx. I- sinkx. -sinkx. I coskx.]-ax.; 
. I j=1 J 1 j=1 J I 

/2/ 

r.ne a =Nee, N e - qHcno 3JieKTPOHOB B o.nHoii yKpyrrHeHHoii 

qaCTHUe, e - 3apg_n 3JieKTpOHa. 

YpaBHeHHe /2/ y,no6Ho rrpe,ncTaB~Th B"6e3pa3~~pHo~ 
BH,ne: 

d2 X. 
-~I 

dt 2 

k . kmax 
~I 

77N kmin 

x ~ coskx .) 
, 

-a x 
i j=1 J 

-k 2a2 . 
e N . · .. 

___,,.:-.._ (cos kx. I sin kx. -sin kx. x 
k . I j=1 J I 

2 
ayo 

r.ne a ' 7 .., · - 6e 3pa3MepHaH BeJIHqHHa, n e -
. 477 N en e e 

. ., 
- ~ ;. 

JIHHeiiHaH IIJIOTHOCTb 3JieKTpOHOB. 3,neCh H _nanee 3a e,nHHHUY 
,!l;JIHHbi IlpHHHTa HaqaJibHaH IIIHpHHa ·L 3apH:>KeHHOrO CJIOH; · . . J: 2 . . . mero 
3a e,nHHHUY BpeMeHH - BeJIHqHHa 417 _ n ,2 

e 
/me 

Macca IIOKOH 3JieKTpOHa/, 3a e,nHHHUY BOJIHOBOrO qHcna -

BeJIHqHHa ·L - 1 • . 
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)];mi. KOHTPQRH C<JeTa HCnOJib30BaJIOCb ypaBHeHHe COXpa~ · 
HeHHJI 'nOJIHOH 3H~prHH CHCTeMbl~. KOTopoe B Ge3pa3Mep.HOM 
~. '· j. • :- -- - • 

Bn:ne TaKoBo:-

N dX .. 2. 2 
I [{--1

-·) + a ' X :'+ 
i=1 . dt . 1 

. -; 

= W = 'const, 

kmin 

rrN 

N 
2 

j=1 

-k2a2 
kmax e cos k(x .-x

1
.) 

. I '· · 1 1=. 
kmiri' : 'k2 . 

... ,. __ 

a TaK)I(e ycnoBlie paBeHCTBa Hymo nonHoro HMnynbca qac.Tn:u;: 

--;% 

. fipH pac<JeTe HCnOJib30BaJIHCb . CJie.D;yiOIIJ;He. 'IHCJieHHbie · • .c . . . 
3Ha<JeHHJI napaMeTpOB: 'IHCJIO 3JieKTPOHOB -B O.D;HOM yKpyn- . 
He.HHOM'·cryCTKe··.Ne =i·Io' 9 , mar no BOJiiiOBOMY :~HCJIY 
k min= I ' N=50 H 250, 'IHCn<{y,D;ep)KHBaeMbiX MO.D;•k max= 
=.IQ .H· 50, nonymHpHHa cryCTKa a =IO -3, yO =30, a ' = 
=O,I. ' . " 

Bbi'IHCJIHTeJibHbie MamHHbi B 3a.D;~<Je HCCJie.D;OBaHHJI noBe
.D;eHHJI 3JieKTpOHHOro cryCTKa· MeTo,tio:M yKpynHeHHbiX <JaCTH~ 
HCnonL30B~JIHCb Ha .D;BYX 3Tanax: .D;:IxH pac<JeTOB no MaTeMaTH
qecKOH MO.D;eJIH H .D;JIJI aHaJIH3a noJiyqaeMbiX, pe3yJibTaTOB -
B pe)I(HMe .D;Hanora "qenoBeK- 3 B M" c npnMe.HeHHeM rpaclJII -:: 

, qecKoro .D;HcnneH./puc. I/. . 
~~t ! ... Pac~eTbl rrpOBO.D;HJIHCb· Ha3BM CDC -6200, -.D;~H KOTo

~ poii 6hxna Han:HcaHanporpaMMa·, ·B ocHoBy KoTopoii noJio)l(eHo 
HHTerpHp.OBaHHe . 3a,IJ;aHHOH CHCTeMbl .D;HclJciJepeH:u;HaJibHbiX 
ypaBHeHnii Me'I'o.D;oM PyHre- KyTTa c· aBT?Ma TH<JecKHM Bbi6o

jJoM:'mara. Y<JeT CHMMeTpuu)m<JaJibHbiX ycnoBnii u, B HeKoTo-

.,.,. ·~,... 

-;..,., 

·~ .poii CTeneHH~ cne:u;HciJHKH pemaeMOH 3a.D;a<JH n03BOJIHJI yCKO-:.·,':. 
pit:r'b Ha<JaJibHhiii ·BapnaHT nporpaMMhi, riocTpoeHHoii Ha 6a3e ·· 
ciaH.D;apTHhix 6u6nuoTe<JHhiX no.D;np.or.paMM, 6onee <JeM 
a 7 pa3·. ~- · 

· . B Ha<JaJie .paC<JeTa B Ka<JeCTBe HCXO.D;HbiX .D;aHHbiX Ha 
,rie.pclJoKapTax Ja.D;aroTcH. cne.D;yroiiJ;He napaMeTphr: qucno ypaa- . ' · 
Heiiuii, q~cno. y.D;ep)I(HBaeMI.xx. M:o.D;, o"rHocnTeJibHaH _norpem- _ 
HOCT.b HHTl~rpupoBaHHJI Ha Ka)I(.IJ;OM mare[> Ha<JaJibHbiH mar 

· HHTerpHpOBaHHJI , a· TaK)I(e HHTepBaJI HHTerpHpOBaHHJI, qepe 3 .. 
KOTOpbiH CJie.D;yeT .3anoMHHaTb rrpoMe)l(yTO'IHbie pe3yJibTa-i-bi. 

- " ' . - ~~ .. 
.D;JIJI nOCJie.D;yiOIIJ;ero aHaJIH3a noBe.D;eHHJI <JaCTHIJ; B .D;HHaMHKe. 

. .,; ; 

; 

·, 

~~ 

.•· .. .. 
' 

'-

Kax noKaJana.npe.D;BapnTeJibHaH oueHKa pa6oqux xapaKTe
.. pucTHK nporpaMMhi, npoBe.D;eHne pac<JeToB .D;a)l(e .D;JIH He-. . 
6onhmoro <mcna ·qacTHII Tpe6yeT 6o.ribluux 3aTpaT MamnHHOro 
BpeMeHH, TO eCTb B03HHKaeT Heo6xo.ziHMOCTb "c<JeTa C npo
.D;OJI)I(t!HHeM". B cOJ.D;aHHoii' nporpaMMe npe.D;yCMOTpeiia Ta
KaH B03MO)I(HOCTb; npH 3TOM npoMeJKyTO'IHbie pe3yJibTaTbl 
~qxpaHHIOTCH Ha .D;HCK~ 3BM CDC -6200 B BH.D;e nepMa
HeHTHoro clJaiina u MoryT 6hiTb ucnoJib30BaHbl a Ka<JeCTBe 
HCXO.D;HbiX ,IJ;aHHbiX npH npO.D;OJIJKeHHH C<JeTa. ' 

Pe3yJibTaTbi pac<JeTa, no,IJ;Jie)l(aiiJ;He aHanu3y,. Jan,n:ci;nia
IOTCJI Ha MarHHTHYIO · JieHTY, KOTOpaH 3a TeM nepeHOCH.TCH 
Ha 3BM CDC -I604A/11/, nMeroiiJ;yro B qucne BHemHn~ yci~ 
pOHCTB rpaciJH<JeCKHH .D;HCnJieH H ·pa3BHTOe MaTeMaTH<JeCKOe. 
o6ecne<JeHHe K HeMy/12-14/. lfcnOJib3YH B Ka<JeCTBe cpe.D;CTB . 
Be.D;eHHJI .D;HaJiora CBeTOBOH KapaH,IJ;am H KJiaBHaTypy_nyJibTO:
BOH. nHmYIIJ;eH MamHHKH, MaTeMaTHK HJIH ciJH3HK 3a.D;HCnll~~~ 
HbiM ny.ribTOM MOJKeT HCCJie.D;OBaTb B .D;HHaMHKe nOBe.D;eHHe 

u • • - .- .... 

KaK BCeH CHCTeMbl yKpynHeHHbiX <JaCTHIJ;, TaK H OT.D;eJibHOH 
<JaCTHIJ;bl, B <JaCTHOCTH, noMeTHTb OT.D;eJibHYIO <JaCTHIJ;Y H Iipo
CJie.D;HTh TpaeKTOpHffi ee .D;BH~eHHH Ha c1Ja30BOH nJIOCKOCTH. 

• 0TJia.D;K-a. IJ:porpaMM H . MeTO.D;HKH. ~ac<JeTOB npoB~.D;~JiaCb 
.D;JIH 50 yKpynHeHHbiX qacTHII. B Ka<JecTBe Ha<JaJibHbiX .D;aHIIbiX 
paccMaTpnBancH cnyqaii paBHoMepHoro pacnpe.D;eneHHH qac
TH:u; IIO KOOp.D;HHaTe B .D;Hana30He ±0,5 npH HyJieBbiX Ha<JaJib• 
HhiX cKopocTHX. Hccne.D;oBaHo noBe.D;eHne TaKoii cncTeMbi ·.D;o 
t =250 c HHTepBaJIOM BhiBO.D;a ,IJ;aHHbiX ~ t =I H .'OTHOCH~ 

TeJibHoii norpemHoCTbiO HHTerpupoBaHHH lo/o. C<JeT'no oKoH- · 
.<JaTeJibHOH ·BepCHH nporpaMMbl noTpe6oBaJI 13,5 <JaCOB pa60Tbl. 
:u;eHTpanhHoro npoll;eccopa 3BM CDC -6200. · llpu 3TOM, · 
ecnu .D;JIH nony<JeHHH npoMe)l(yTot.illoro pe3yJibTaTa qepe3 
~·t =1 B · Ha<Jane cqe'ta Tpe6oBanoch HeMHornM 6onee 
30 CeK, TO B KOHIJ;e C'IeTa .D;JIH COXpaHeHHH 3a.D;aHlioil TOq
HOCTH Tpe60BaJIOCb y)l(e OKOJIO 3,5 MHHYT, TaK KaK Bhl6Hpae
Mblii aBToMaTu<JeCKHH mar uiJ:TerpH:poBaHHH yMeHhmHJICH 
C 0,5 .D;O 0,0625. 

lloBe.D;eHne cucreMbi qacTn:u; npe.D;cTaBJIHJIOcb· B rpaclJuqe
CKOM BH.D;e Ha 3KpaHe .D;HcnneH· B cHcTeMe Koop.D;HHaT ~'no
no:>KeHHe-cKopocTb" /puc •. 2/. QKa3a.'noch, ·'ITO noBe.D;eHHe 
cucTeMbl HOCHT Kone6an:!JibHblii xapa:KTep c MaKCHManL':Hoii 
KOOp.D;HHaToii oT:icnoHeHHH, npeBblmaroiiJ;eii ucxo.D;HYro /0,5/, 
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rrpnMepHo B 9 p~3. IIepHO,L{KOJie6aHu:H: 6Lm.paaeH, npnMep
Ho, 13. Jf3yqeHHe !}Ja30BLIX TpaeKTOpHH OT,L{eJILHbiX yKpynHeH
HbiX lJ:aCTHU TIOKa3aJIO, .'ITO qacrl, H3 HHX COBepmaeT KOJie6a
TeJILHOe ,L{BH~eHHe C COXpaH~HHeM 3HaKa nepBOHaqaJILHOH 
KOOp,L{HHaTLI, a .L{pyrHe - C nepeXO.D;OM H3 O.D;HOH !}Ja30BOH 
TIOJIYTIJIOCKOCTH B .n;pyryro /pHC. 3/. . 

. liLIJIO Haqaro H3yqeHHe TIOBe.D;eHHH 250 YKPYTIHeHHLIX qac
THU:, Kor.n;a B Kai:Jecrae Iia'IaJibHLIX .n;aHHLIX 6epercH paBHo
MepHoe cJiyqaii:Hoe pacnpe.n;eJieHue B .n;uana3oHe Koop.n;HHaT 
±0,5 H .D;Hana30He CKOpOCTeH ±0,5, TIOJiyqeHHOe MeTO.D;OM 
MoHre-KapJio. IIpoae.n;eHLI pacqerLI ,tio t =21· c BLi.n;aqe:H: 
TIPOMe)f(yTO'IHbiX pe3yJILTaTOB qepe3 .HHTepBaJILI ~ t =0,5. 
B CBH3H c yaeJIHqeHHeM qHcJia YKPYTIHeHHLIX qacTHU: 'c 50 
.n;o 250:HMeJio ·Mecro 3aMe:o;JieHHe cqera;npuMepHo, a 50 pa3. 
IIpe.n;aapHTeJILHLrji aHaJIH3 i'aK~e noKa3LIBaer KoJie6areJILHLIH 
xapaKTep UOBe.D;eHHH CHCTeMLI H .D;JIH CJiyqaH 2'50 qacTHU: 
/pHc. 4/. -

Pa3pa6oTaHHaH H onpo6oBaHHaH Mero.n;HKa qHcJieHHor.o 
MO.D;eJIHPOBaHHH. ·c npHMeHeHHeM .D;HCTIJieH MO)f(e~ :6blTb HC
noJIL30BaHa :H .D;JIH .n;pyrHx !}JH3HqecKHX 3a.n;aq no.n;o6Horo 
THna. . 

B 3aKJIJOqeHife aa':ropLI cqHraror CBOHM npHHTHLIM .n;oJir~M 
· BLipa3HTL rJiy6oKyro 6Jiaro.n;apHocrL npo!}leccopy M.r.Me
ID;epHKoay 3a TIO.D;.D;ep~Ky pa60Tbl H TIOCTOHHHOe BHHMaHHe, 
3.A.IIepeJILiliTeHHy 3a .. npe.n;JI~)f(eHHYIO TIOCTaHOBKY 3a.n;aqH 
H HHTepec K pa6ore; .B.B.raJia:KrHo:H:oay, B.r .MaxaHLKoay 
H K.B.Xo.n;araeay 3a noJie3HLre o6cy~.n;eHHH. 
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PHc .. 4a. HaqanhHOe pacnpe.n;eneHHe 250 qacniu Ha $a3oBoii 
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