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I. IlOCTa.HOBKa aa,ztal!H 

B KOJIJI8KTHBHOU M8TO)t8 YCKOP8HHfl B KaqecTBe YCKOPfllOJ!U1X 
HCilOJlb3YIOTCfl C06CTB8HHH8 IlOJlfl aapa~eHHHX cryCTKOB qacTHU /I/. 
Co6CTBeHHlie CHJili, )t8liCTBYJOIIU1e Ha qacTH~ B CHCTeue, cpaBHHUH no 
BeJIHqHHe C BHemHHHH. MaTeuaTHqeCKllUH MO)teJiflUH TaKHX o6paaoBa.HHii 
HBJIHIOTCH qacTHHe peweHHH cru.iocornacoBaHHOii CHCTeUH ypaBHeHHtt 
A.A.BJiaCOBa. 

3.iteCb paccuaTpHBaeTCH UO)t8Jlb CTaUHOHapHoro KOJibUeBoro 
crycTKa - UO)t8Jlb O.H.HpKOBoro 12, 3 , 4/_ ~YHKUHfl pacnpe,1teJieHHfl 
qacTHU B waaOBOM IlpOCTpa.HCTBe Bli6HpaeTCH B BH)te WYHKI.{HH .OT )tByx 
HHTerpaJIOB ABHEeHHfl. IlepBHli - IlOJIHaH aHeprHH - CJI8)tCTBHe CTaUHOHap
HOCTH Cl1CT8Lm; BTOpoii - 06061!lelIHliii MOUeHT KOJrnqecTBa )tBHJ:emrn -
CJI8)tCTBHe aaHMyTaJibHOR CHMU8TpHH. IlOJIHafl aHeprHfl, a TaKze o6061I{eH
Hlie UOM8HTH, Bli6HpalOTCH OAHHaKOBHUll )tJIH Bcex qacTHU al. O)tHOro . 
COpTa H paBHHMH COOTB8TCTB8HHO l-l0cx 11 NOc(,. HcnOJib80Bam1e TaKott 
WYHKUHl1 pacnpe,1teJieHHfl npHBO)tHT K CHCTeUe HeJIHHeiiHHX ABYUepHHX 
HHTerpaJibHHX ypaBHeHHtt )tJIH KHHeTHqecKHX aHeprHii Eol H aaHUYTaJibHHX 
HMilYJibCOB qaCTHJ.t pl./b(, 1 3aBHCHlllHX OT KOOp)tHHaT y' , ,1; B UHJIHH)tpH
qecKOii CHCTeYe KOOP'AHHaT. HaiiTH pemeHHe nonyqeHHOtt CHCT8Uli B o6meu 
BH'A8 He Y.1taeTCH. Bo MHOrHX HHTepeCHHX WH3HqecKHX cJiyqaffX TPY.itHO 
nonyl!Hu .itaJCe aHaJIHTHqecKoe npH6JIHX8HHoe pemem1e. Hae irnTepecyeir 
CTaUHOHapHoe COCTOHHHe KOJibUa aJieKTPOHOB DO BHemHeU uarHHTHOM none 
cna6ow0Kyc11py101I{ero Tnqa c noKaaaTeJieM cnaAa n . By.iteu Cl!HTS.Tb aa-

.itaHHHMH napaueTpli Ho= mcJ.J'o ' Mo ' n ' a Taia:e r; H P({'o= mcqD -
C,OOTB8TCTBeHHO Pa.itHYC paBHOB8CHOii op6HTli H aam,yTaJib~tt uunzn1ic 
O)tlfHOqHoro 8Jl8KTPOHa (B OTCYTCTBHH codCTB8HHHX mm) ,R ""1'~ # 

rite N - IIOJIHOe l!HCJIO qaCTHU B KOJibU8, e H m - aapH)t H yacca 
8Jl8KTPOHa, f - KHH8THqecKall aHeprHH 8Jl8KTPOHa, ycpe,1tHeHHafI no 
ceqeHHIO KOJibUa, IIJIOlllaAb KOTOporo paBHa S • Bu6HpaH TaKHM o6paaou 
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OCHOBHH8 napaueTpH, MH CTpeMHYCH ynpOCTHT» CHCTeYy YPaBH8HHl uo~e
JIH • l!Oll:HO BY8CTO Y"o 1 Pt10 3~aT» COOTB8TCTBYJ:)11Ut8 B8.JIHqHHH C 

. yqeTOU co6cTB6HHHX CHJI, a BJileCTO X. - llOJIHOe qmcno aneKTPOHOB N ' 
8TO He BH80B8T aeo6xo~HYOCTH M8HHT» ueTo~ tmcneHHOro pemeHHH, 
KOTOpHlt YH HCllOJ1»3yeu. CHcTeua HHTerpaJI»HHX YPaBHeHr.i YOA8JIH 
HpKOBOro B Hamey cnyqae HU86T BH~: 

¥ ( i, :i J:: - i f G., r i /t, i: 'J.' Jr r z ~ i 'J o1 z, a 1.' + r 0 

S2 
(I) 

~ (1,,:t)=-t jGA(z,1,'l;1?f(Z~i')d.z'd1:'+7li1-J(f-n/r;7J\!jfi:-) (2) 

i - rpaamna HCKOYOlt 06JiaCTH .Q a~aeTCH ~YHKUHOHaJI»HHY 
H8JIHHeiaHY ypaBH8HH8M . 

t" (i,%) - f~(z, :t,)c..f == p (K ,J?) = 0. (3) 

B ~opyynax (I-3) t {"t/)= ~?2. ' p(zJ/c):2 pih"'c - H6H8B8CTHHe 
~YHKnHH; (m - uacca llOKOH 8JI8KTPOHa; C - CKOpOCT:E, CBeTa) • 

G<f = 1t ~7.'.(v~+"::;r'J~ .. =.,. <:;=,_=_=i,=J.t K ( K), (4) 

a 

G,.,;:; .. .t .. ~E-. 4 fr 
A lrr+r·r-~ri-1 1/' • ( K'" -f)K(K)-y (KJ} , (5) 

rAe Kan u E (K) - IlOJIHHe 8JIJIHllTHqecKHe HHTerpanH, 
== 1, 1/ rr' 
. K .. (f•f')L'-(1.-1')1. 

Tpe6yeTCfI HalT14 B llJIOCKOCTH ( Z , l) TB.RYil OC>JiaCT» S2 c rpamt
nelt J, , qTOC>H pemeHl!e ypaBH8HHI (I) H (2) Ha KPHBOlt £ Y~OBJ18TBO
pHJIO COOTHOmeHHD (3) • 
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2. MeTO~ peweHHR 3a]talUI 

IlpH pemeHHH ITOCTaBJieHHO~ Bblme SMa'IIH HCITOJIIi3OBaJICH MBTO.zt 

BBB,llBHllR .ztOITOJIHHTBJII,HOro rrapaMeTpa 151. BBB,llBY HerrpepUBHblil rrapaMeTp 
11BpeMH t " B aa.zta'lle ( I-3). 

Ilycu ( i , :t ) -TO'lllta rpaHHIU,I o6JiaCTH .Q , saBHCHil(aH OT 11Bpe

ueHH t 11
: 

Z = z. (i J , l - 'l- (t) . 

3aueHHM q>yHKIU10HaJII,HOe ypaBHBHHe (3) COOTHOmeHHeu 

d<P =-<P 
d:t: • 

(6) 

KOTopoe .ztOJI~HO BblITOJIHflTbCH B KaE.ztOtt TO'IIKe rpaHHIU,I o6JiaCTH 9.{t) 
rrpH JID60M q>HKCHPOBaHHOM t (0 :::: t ,,( + 00 

) • 

Ileperrnmeu (6) B BH.zte 

(2rg -~~~) i~ +(zrij-!lf ~)1; = -p. 
Ey.zteM .zteq>opMHpOBaTb KOHTYP O611aCTH .Q ( -t ) no HOPYam1 • B 8TOM 

CJiyqae K YP8.l3HeHHID (7) .ztO68J3JIHeTCH eme O,llHO ypaBHeHHe 

(7) 

K,'l{-K.tl; cO , r.zte K,,K,_, - KOOp.ztHHaTbl BeKTOpa RaCaTe11IiHOH 

B .ztaHHOtt TO'IIKe rpaHHJ..{bl KOHTypa .Q (t). :ztJIH orrpe.zteJIBHHH z~ H cl~· 
B .ztaHHon TO'IIKe rpaHH~bl O6JiaCTH .Q (t) Mbl HMeeM CHCTeMy .ztBYX JIHHen

HblX ypaBHelUiii. 

(u ft -.t1 M:) ~; + (2; g; -2(H-) 1: = -¢( r,r 1} _ (8) 

K, Zt - K:i lt = O 
Ilony'lleHHaH CHCTeMa paapemHMa OTHOCHTeJIIiHO i: H 1;, ecnH ee orrpe

,llBJIHTe1lb He paBeH Hymo. Ilpe.ztITOJIOi&m,, 'IITO 38,l(aHO Ha'llaJibHOe rrpMJIH

EeHHe HCROMOtt o6nacTH Sto. By.zteY ClU!TaTb, 'IITO OHO COOTBeTCTByeT 

t= 0, S2=9{t) ft=o· 
Tor.zta ypaBHeHHH (I) H (2), paapemeHHbl8 KaKHM-11HdO cnoco6OM ,l(JIH 

O6JiaCTH Q 0 , I1O3BOJIHKlT HanTE Bee KO8q>q)H~H8HTbl ITpH HeHSBeCTHblX t~ , 
1; H CBO6O,llHbl8 tDieHbl CHCT8Mbl (8) B JIID6Ott q>HKCHpOBaHHOH TO'IIK8 

rpam1IU,1 O6.naCTH Q O • TaR!tfM o6pasoM' B Ka.Jlt,l(Ott TO'IIKe rpaHHIU,I O6.naCTH 
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I d. I 
..Q MS uoaeu BwlTH ir s il--t H, cne;zi;oBatem,Ho, co»epmian o;n;HH mar 
HHerpnpo11au:mI r: no nepe11eHBott -t no cpopuy11a11 

r.---1 ( ) l. Zi(t,J-tJo) =½(icoJ,,Uo)) 

z--1 (1,, Ct;) -J:i (oJ) = Wi (Uo),R:{o)) 

C Haqa1IDHIDIH ycnollKRUH 

Zi (o) - Zoi 

li {o} = loi t,. = i, ... , m 

r;zi;e { "loi , 'lol } - uaozec-:11O rpaHHtlHWC ToqeK aa;zi;aHHOii o6nacu Q o • 

TaEBK oeipasou onpe;n;enHeTCR HOBaR OCi11aCTD Q, H Ha Hel 
lldCD IOIKll lll,l.'UCJieHHit llOBTOpH8'fCH. Ecmt npH t - +o0 OCiJlaCTD .Q (-t) 

CXO;ll;HTCH K H8KOTOpott npe;n;enHott oCinacTll Q , TO aTa npe;n;en»H8Jl 
oCinacT» H Ciy;n;e'f pemeHH8Y llOCTaBJ18HHOit B Haqane HaCTOH~ei C'faT»H 
aa;zi;au. 

3. PesXllTaTH lllitmCJ18HHit H BHBOAY 

B peayn»TaTe npoBe~eHHWC Bli'UCJ16HHit CiWia nonyqeaa HCKOM8Jl 
OCi1IaCU Q ii Ha.ttueHQ B8J1H'lll'IHH Y ( 'Z 1 :t ) H f ( 'l 1 $ ) • l{Jlfl OTpa-
6OTltil aJll'OpHMa ll BHijCHeHHH TOtUIOCTH pacqe'fO13 BHaqane pemanac» 
Cl4CT6Ma ypa»HeHHi (I), (2) Ciea yqeTa BJU'ISIHHSl BPBBH8Hbl ll H;n;pax 
(4) H (5). 9TO COOTB8TCTBY8T HaxOJt;n;eHHD CTaUllOHapHott cpopuli aneKT
pOHiiOI'O maypa. flcHo, qTo TaKaH aa;zi;aqa ;n;omma CiHT» aam.iyTaJIHO 
CE~W8TpH'llBOI no ceqeHHD, a llO8TOYY SaBHCHHOCT» cpmauqeCKHX 138Jlll'UH 
OT aaHY'T' CBn3aHa C omHCiK8llH 13 cqeTe. Kpoue Toro, KaK cne;zi;yeT HS 
paCiOTli 3 _ , cy~eCT13yeT 8aBHCHMOCT» 8H8pl'HH H nunyn»ca OT Koop;n;m
Ha'fH qacTHUH no ceqeaH~ mHypa. Ha p11c.I ;n;aHo ceqeHme maypa (Kpyr 
PB'AHYCOLI ~ = 0. 76; ·., ~ = 0.83) l1 npl1Be;n;eH!:1 anaqemrn r 13 pas1mqamc 
TOlUtax ceqeHBff. Ha H8I'O BZ;ll;HO, qTO MaKCHMaJI»HOe paaJIBtme f B 

1'Olll£ax Ha BHemaen OKPYllHOC'tH paBHO 0. 0005, a paaHOCT:b 1.:e":nY Bem1-
lWHOl r B 1teHTJ}0 maypa M Ha BHemaeit OKpyXHOCTl1 0.0I. 0TCIO]:t8 1 :B 

COOTD0TCTBZH C 131 ' uouo c;n;enan Bl:lBO,7.t O TOqffOCTH orrpe;n;enemrn 
pa.;1tI4yca ceqeaun maypa,.... I%. 
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. MOllHO npOCJ16,llBT1, 3aJ3HCiU.fOCT1, H6BH3KH P ( r,:c ) OT CB060.ztHWC 
qJieHoB 60 H fo ypa»Hemdt (I) H (2). Bli6op onpe.zteJieHHWC aHaqeHHit 

r O J4 t'/_ 0 CBH3aH C YCJIOBHHMH Ha BHemHee MarHHTHOe Il0Jl6 1 B KOT Op OM 

. C03,1taeTCH ,3JieKTpOHH!iH cryCTOK • TaK, ,ltlHl a, = 0. 76 1 a•= 5 H 

~o = 4.80 noJiyqaew r/> = -0.I, a .ztJIH 1o = 4.82 HMeeu q> = 0.02. 
8TO 3Hatn!T, qTo npH 4.80 < ?· < 4.82 pa.ztHYC a..= o. 76 HBJIHeTCll 
HCTHHHHM pemeHHeu. 

HaKOHeu, 6liJIB npo.zteJiaH!i pacqeT!i ,llJlll KOJ11'Ua C 60J11,WHM pa.ztHYCOM 
fo =· 30 ( ;l = 0.83). IlpH 8TOM B ( 4) H (5) ytmTHB8.JmC1, 'UleHH 1 

.ztarol!lHe nonpaBKH Ha KPHBHsHy. ~opua ceqeHKH npHBe.zteHa Ha pHc.2. 
AHanHa peayn1,TaToB 1 nonyqaeuwc B aToit pa6oTe .ztJIH aneKTPOHHoro 
mHypa H ,llJlH KOJI1'Ua C 11.uanoit Kpi!BH3H0£1" ( ~ -<< I) 1 ,11;aeT OCHOBaHHe 
Cll:HTaT1', qTo H3JlO~eHH!ii1 anropHTM pemeHHH Il03BOJIHT H8X0,1tHT1, cawo
cornacoBaHHYD WOPMY .ztJIH SJleKTPOHHOrO KOJI1'Ua C 6on1,moi IlJIOTHOCTI,D 
qacTHU H C cyl!leCTBeHHO.lt KPHBH3HOit ( ~ < I). Kpoue aToro, BllltHOit 
npo6neuoit .ztJIH coBpeueHHOit teopHH ycKopHTeneit HBJIH8TCH cauocornaco
BaHHaH wopua .ztBYXKOMllOHeHTHOrO cryCTRa, ~nn KaJCO]Q8HSR ROTOpoit H3RO
X8HH!iit lieTO.zt, llO~BH,llHHOllY, TaKae npHro.zteH. 
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