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AATYaJibHOCTb. PacqeT 3JISKTpoMarH11THblX ITOJien, B036Y7K'AaSMblX 'ABl1-

*ett11eM ITJIOTHblX crycTKOB 3JieKTpoHOB B ycKopmo~en CTpJKType,rrpeACTaB

Jl.fIST 6oJibillOH 11HTepec AJI.fI pa3B11Tl1.fI KOJIJieKT11BHblX MSTO'AOB ycKOpeH11.fI. 

BalKHO 3HaTb pacrrpe'AeJISHHe 3Tl1X ITOJien 11 JMeTb OQ9Hl1BaTb o6paTHOe BJil1-

.fIHl1e ITOJISH Ha ABJ1*eH11e_ crycTKa 3JieKTpOHOB. ,ll,n.fI KOJIJieKT11BHOro ycK0-
1 . . . . 

peHH.fI Tpe6yioTC.fI BhlCOK011HTeHCl1BHhl9 crycTKl1 3JieKTPOHOB C qJ1CJIOM qaCTl1Q 

N~1013 • Ilp11 STOM sosH11KaeT PRA TPYAHOCTen. 3ttepr11R, KOTopyio tte
oc5xoA11Mo coo6~11Tb cryc-rKy sJieKTpoHOB Ha e~H11ey'nyT11,cocTaBJIReT sa

MtlTHYJO AOJIIO sttepr1111 .rrOJI.fI, cosAliiiaeMoro Btteintt11M11 HCToqtt11KaM11. Il0Te

p11 ·sttepr1111 Ha 113Jlytr9Hl19 rrp11 rrpoxo~eHl111 rrpocTpaHCTBeHHblX HeOAHOpO'A

HOCTSH MoryT OKasaTbC.fI cpaBHl1MblMl1 C 3Hepr11en, rrp1106peTaeMOH crycT

KOM 3Jl9KTpOHOB rrp11 AB11*eHl111. il03TOMY rrpaBl1JlbHa.fI OQeHKa ITOTepb 3Hep

r1111 Ha 113JiytreH11e IT03BOJI.fieT OTB9Tl1Tb'' Ha BOrrpoc, B03MOlKHO Jll1 rrpOH3B0-

'Al1Tb yckopett11e crycTKa rrp11 rr0Mo~11 pesottaTopa. 

3Ton rrpo6JieMe rrocs~eHH pa6oTu KOJIIIaROBa O.A., KoTo-
aa B.11., Bo·JioToBcKoro B.M., BocKpecettcKoro r.B., Kyp'AIOMoaa B.H., 

MpTHHa B.11., ~OMeHKO f.Il., Keil E., Berg R., Weiland T. 11 APJrHX. 

0'AHaKO B 60Jibilll1HCTBe pa6oT CKOpOCTb ABl1*eHl1.fI 11CTOqHl1Ka rrp11Hl1MaeTC.fI 

ITOCTO.fIHHOH, B OTAeJibHblX pa6oTaX 3aKOH ABH*eH11.fI 11CTOq811Ka rrpeAITHChl

BaeTC.fI sapattee. 06paTHOe BJll1.fIHl1e co6CTB9HHOro ITOJl.fI J1CTOqH11Ka Ha ero 

ABl1*eHl19 He ytrl1ThlBaeTC.fI. PaccMaTpl1BaIOTC.fI Cl1JlbHO 11AeaJil1311pOBaHHhle 

MOAeJIH, AJl.fI KOTOpbIX YAaSTC.fI ITOJ!ytrl1Tb aHaJil1Tl1qecK11e pemeHl1.fI. 

Oco6HH 11HTepec rrpeACTaBJI.fieT ITOCTaHOBKa 3aAaq11, KOTOPYJO Ha3HBa

!OT CaMOCOrJiacoBaHHOH. Otta Ha1160Jiee ITOJIHO OTpa~eT KapT11HY ~11311qe

CKoro .fIBJI9Hl1.fI. PemaeTC.fI Cl1CTeMa ypa~HeHl1H MaKCBeJIJia. 113MeHett11e CKO

p0CTl1 AB11*eHl1.fI crycTKa 3JieKTpOHOB OITl1ChlBaeTC.fI peJIRTl1B11CTCKl1M ypaB

HeH11eM ABH*eH11.fI. Yq11THBaSTC.fI o6paTHOe BJil1.fIHl1e co6CTBeHHOro 

rroJI.fI crycTKa Ha ero ABl1*ett11e. 
B TaKOH MOAeJil1 He YAaeTC.fI ITOJ!ytrl1Tb aHaJil1TJ1qeCKOe pemett11e. Ilos

TOMy CTaHOBl1TC.fI aKTYaJibHOH paspa6oTKa q11cJieHHb!X MeTOAOB pemeHl1.fI ca

MOCOrJiacoBaHHOH 3~aq11. 

ijeJib HaCTO.fI~en n11ccepTau,M11 COCTO.fIJia B q11CJISHHOM MOA9JI11pOBaHHl1 

ABH*eHl1.fI ITJIOTHblX crycTKOB 3Jl9KTpOHOB B ycKop.fIIO~en CTPJKType. 
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HayqHaR HOBH3Ha pa60Tbl. l) Pa3pa00TaH llHCReHHbrn MrOpHTM peme

HHR CaMOCOrRaCOBaHHOA 3ReKTpo,n;HHaMHlleCKOA 38,D,ai::iH. CHcTeMa ypaBHeHHA 

MaKcBeRRa H HeRHHeHHoe ypaBHeHHe )];BHJKeHHR pemaroTCR C HCnORb30BaHHeM 
MeTo.n;a KOHeqtthll{ pa3HOCTeA. 

2) Pa3pa60TaH 3ifxlieKTHBHbrn llHCReHHbIA MrOpHTM pemeHHR ypaBHeHHR 

IlyaccoHa C pa3pb1BHOA npaaon qacTbID, cocpe.n;oTOlleHHOA Ha MMOA nRO

lJ1a,D,Ke. MeTo.n; no3BORHeT onpe,IJ,eRHTb HallMbHble ,IJ,aHHble_c BhlCOKOA TOllHO

CTbJO, Heo6XOAHMOA ,Il,RR KoppeKTHoro ClleTa HHTerpMa, ynpaBRH!OlJ1ero ,ll;BH

JKeHHeM. 

3) ,/.\oKa3aHa ycTOHllHBOCTb I{ CXO,IJ,HMOCTb llHCReHHOro pemeHHR B ce-

TOllHOA HOpMe L2. . 

IlpaKTHqeCKaR geHHOCTb pa6oTbl. qHCReHHO HCCRe,IJ,OBaHbl 38,D,allH: 

l) 0 ,ll;Blf*eHHH cryCTKa 3ReKTpOHOB 1{3 HeyCTOHllHBOro noROJKeHHR 

paBHOBeCHR B O~HOpO,ll,HOH H HeO,IJ,HOpO)];HOA JCKOpRIDlJ1HX CTpyKTypax; 

2) o BJl'.eTe IlJIOTHOro cryCTKa. MeitTpOHOB B peaoHaTop '!epea Topi.a-
,' 

Byro CTeHitY IIO,IU30,It1Illjero BOJIHOBo.n;a. 

PaccMOTpeHHbIA aRropHTM pemeHHR CaMOCOrRaCoBaHHOA 38,D,allH MOJKeT 

6b1Tb HCnORb30BaH npH paci::ieTe 3ReKTpOMarHHTHhll{ noReA B pe30HaTopax 

OORe~ _CRO*HOA CTPJKTYPhl, a TaKJKe npH pemeHHH '3a,IJ,aq C .n;pyrHMH HallMb

HhlMH ,IJ,aHHhlMH I{ ,IJ,pyrHMH rpaHHllHhlMH yCROBHRMH. 

Arrpo6agvur pa6onr. Pa6oThl, noROJKeHHbre a OCHOBy ,ll,HCcepTaQHH, 

,ll,OKRa,IJ,blBMHCb Ha i-:le.iit,lly1!apo.n;HOM COBelJ1aHHH no nporpaMMHpOBaHHJO I{ MaTe

MaTHlleCKHM M6TO,IJ,aM pemeHHH !pH3HlleCKHX 38,D,aq ()Jy6Ha, 19?? r.)' _Ha ' 

HayqHhll{ ceMHHapax ]BTA H OHMY Olliill. 

Ily6RHKaUHH. OcHOBHiie pe3y.nbTaTh1 ,n;HccepTaQHH ony6RHKOBattbl B 6 
pa6oTax, B TOM llHCRe B Tpy,IJ,ax COBelJ1aHHR, ~BM I{ M~ I{ B coo6lJ16HHRX 

0Mffi1. 
06oeM pa60Tbl. ~ccepTaQHH COCTOHT H3 BBe,IJ,eHHH, TpeX rnaa_ I{ 

3aKRroi::ieHHR. Co,IJ,epJKHT 104 cTpattHQhl MamHHHonHcHoro TeKcTa, 30 pHcyH

KOB, 14 Ta6RHLI, cnHCOK RHTepaTyphl, HaCllHTblBa!OlJ1HH 3e HaHMeHOBaHHA. 

Co8epJKaHHe-pa60Tbl. Bo BBe,IJ,eHHH ,IJ,aeTCH o630p RHTepaTyphl no TeMa

THKe ,ll,HCCepTaQHH, a TaKJKe H3ROJKeHHe OCHOBHhll{ pe3JRbTaTOB )];HCcepTaQHH 

no rnaaaM. 

rnaaa I nOCBHlJ16Ha onHCaHHJO pa3HOCTHOro MPOpHTMa pemeHHH caMO
cornaco'BaHHOA CHCTeMhl ypaaHei-mA MaKcaenna. 

B § l ,IJ,aeTCR !pH3HlleCKaH H MaTeMaTHqecKM nocTaHOBKH 38,D,aql{. 

PaccMaTpHBaeTCH 3aMKHYTM KOaKCHMbHM CTpJKTypa LllfRHH,n;pHqecKoA cpop

Mbl, B KOTOpoA YCKOpHeTCH BhlCOKOHHTeHCHBHhlA cryCTOK C noRHhlM llHCROM 
qacTHLI N ~1013• 
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YpaBHeHHR MaKcaenna MH paccMaTpHaaeMOPO cnyqaH HMeJOT BH,n;: 

0£7. __ oH,e 
uf - ui! 

7)Ei!. i. 'i)zlfr: 11:r • 
'iJt =-r. 'a't -cdi 

'i)fftf __ 'J£7,. + ~Ee 
o} - ~i ~ ' 

S =::ct, (Z/i) C 2 

j i = C{) if1c_ 
J dJ, 

(I) 

J <= [or] 
I • 

3.n;ecb [ Ez , £~ ,H.,J- cocTaBRH!OlJ1He ::meKTpoMarHHTHoro nonH a L\HRHH,ll,pH

i::iecKoA CHCTeMe KOOp,IJ,HHaT. Pacnpe.n;eneHHe nnoTHOCTH 3apH,IJ,a f 38,D,a

eTCH COOTHomeHHeM 

{
Jo, ("l.:l)c<T(}>, 

- 2:11?. J 

J('Z,i. ,J) - 0 ' (7., l)C .Q \u(}')' 

S'o - nROTHOCTb 3apH,IJ,a crycTKa, 6"(!) - o6naCTb, 3aHHMaeMaH cei::ie

HHeM crycTKa B MOMeHT BpeMeHH j 
~eHTP ceqeHHH crycTKa <J,ff} no OCH i!'. y,IJ,OBReTBOpHeT peRHTH

BHCTCKOMY ypaaHeHHJO ,IJ,BHJKeHHH 

d c{__ll_ d ' J c 2Hcif (clT(1-(~)zf-Z-)=27i PEtid"td"l::. {2) 

0-{t) 

KacaTeRbHble COCTaBRHJOI11tte £ , jj Ha rpaHHQe 11,IJ,eaJJbHO npOBO,ll,HIJ\eA 

CTpyKTyphl paBHhl HJRJO. 
Pell!a!OTCH 3a.n;aqu O ,ll,BttJKeH1111 cryCTl{a ::meKTpOHOB BHYTPH ycKOpR!0-

11\eA cTpJKTypb!. 

3a8aqa I: (0 ,ll,BttlKeHHH cryCTKa 3ReKTpOHOB 1{3 HeycT0Aq11aoro no

ROJKeHttH paBHOBeCttH B pe30HaTope O,IJ,HOpO,ll,HOA CTpyKTypb!). 

CttcTeMa (I), (2) pemaeTCH B O,ll,HOpO,IJ,HOA o6naCTl1 .n.,= f "r.,i •, 
R,::i ~ R2, Os z~A J. HaqarrhHO!: p1;_cnpe.n;eneH11e cocTaBRRJOI11HX £ -z. / i ,,0 ,El/) =O 
3neKTpoMarHttTHoro nonH E , H Haxo,IJ,HTCH 113 pemeHHH ypaaHeHHH Ilyacco

Ha B o6nacTH Sl1 : 
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'a2¢ + 1)2¢ + .i. d¢ 
'oz 2 ai~ 1: c>z =-1/rt.f, 

¢ Ian = o ..,._, , (J) . 

£7,/~=0 =-!! I ?Jct>. E ct l =o= - -at. 
HaaeAeHHa..a cTopoHHHH BOJJHa H~/4,0 3~aeTCH cooTHomeH11eM 

Htf f i::: 
0

-== B { Yo ( 6""R,)J1 (6'"'?.)- Jo(vR,) ¥1 (li"'Z.) J, <4) 

6"- MIIHHMMbHbll1 noJJO~HTeJJbHhli1 KOpeHb ypaBHeHHH 
!Jo(~R,)Yo CxRz)-Jo (.:i:Rz.)Yo r.:rR,) =O. 

:Jo, J, - q>yttK41111 BecceJJH, Yo, y1 - qiyHK41111 Hei1MaHa. 
IlpeAnOJJaraeTCH, qTo q,ro) - 3aAattO, ~(O)= o. 

3a,naqa 2. (0 ABH~eHHII cryCTKa SJJeKTpOHOB 113 HeycToi1qHaoro no
JIO~eHHH paBHOBeCHH B pe30HaTope HeOAHOPOAHOi1 CTPYKTyph!). 

C11cTeMa (I),(2) pewaeTCH a HeOAHOPOAHOi1 o6JJaCTH Slz={t,~; 
(R,ei~R2 , o:;~s l)U(R2~t~R3 1 'l: 1a.,zz>},R1 ,Rz,R.,,z.,,,:z

2
, 

l - napaMeTphl cTpyKTyphl. HaqMbHoe pacnpeAeJJeH11e cocTaBRRIOlJlHX 
Er./J,,,o ,E'l. '1:o SJieKTpoMarHHTHoro noJJH MR 3~aq11 2 HaXOAH·rcH H3 

pemeHHH ypaaHeHHH IlyaccoHa (3) a o6JJacTH fl.2,• . 
11MnyJJbCHOe CTOpOHHee noJJe Hrtf r-o 3~aeTCH COOTHOWeHHeM 

H / = [ B fYo CvR,.)!11 (o"l)-:lo((f"R1)Y1 W't)j ~~Ri.(5) 
'(' 1= 0 0 ~ < RH 

1 • 

3AeCb u onpeAeJrneTcH 113 pemeHHH ypaaHeHHH ( 4) npH Rz = /l3, R,., - Ko
peHb ypaBHeHHH 

Yo (~ R,) !11 ( oR,., )- .1o (6"/lr) Yd~RH) =O. 

IlpeAnOJJaraeTcH, qTo ito) - 3~atto, 4 to) ::::..O , 

3a,naqa 3. (0 BJieTe cryCTKa SJJeKTpOHOB B pe30HaTop qepe3 TOp~o
BYJO CTeHKy nOABOARlJlero BOJJHOBOAa). 

CHCTeMa ypaaHeHHi1 (I), (2) pewaeTCH B HeOAHOPOAHOi1 06JJaCTH .Q_~. 

HaqaJJbHOe pacnpeAeJJeHHe SJJeKTpOMarHHTHOro noJJH HaXOAHTCH H3 pemeHHH 
AByx acnoMoraTeJJbHhIX 3aAaq, 

IlpeABapHTeJJbHO q,'JCJJeHHO pewaeTCH CIICTeMa (I) C 3aAattHOi1 nocTOHH-
HOi1 CKOpOCTblO ABH~eHHH cryCTKa ~=Po 'F O • IlpeAnOJJaraeTCH, qTO 

Et./1=0=£~/-s=o=H,rf}•o= o, f/(0)=-4-/2.( e~- JIHHei1Hh!i1 pa3Mep crycTKa C{i) 
KB~paTHoro ceqeHHH). CrycTOK SJJeKTPOHOB npOHHKaeT a o6JJaCTb CTpyK
Typhl qepe3 ee TOp~OByto CTeHKy. 3aAaqa pemaeTCH AO MOMeHra }o OTphl
aa cryCTKa OT JJeaoi1 CTeHKII CTpyKTyphl. 
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3aTeM Ha 0Tpe3Ke BpeMSHH [ o, s O ] He3aBHCIIMO pewaeTCH 3~aqa 0 
pacnpocrpaHeHHH IIMnyJJbCHoro noJJH H., / f=-O a nycTOM pe3oHaTope. 
B o6JJaCTII Q.z pewaeTCH CIICTeMa (I) c .fo :0 ,£"&¼:o=Ei!.f}=o=O,H,p/r=o 
3~aeTCH tpOpMyJJoi1 (5). 

Cynepn0311411H noJJyqeHHhIX B MOMeHT apeMeHII f o pemeHHi1 AByx 
acnoMoraTeJJbHhIX 3~aq npllHHMaeTCH B KaqecTBe HaqaJJbHhIX AaHHhIX A11Ha
MHqecKoi1 cru.iocorJJacoaaHHoi1 3~aqH 3. Ilp11 STOM fl,(,ro)= llf'/.f,tj,(foJ=fo. 

CJJeACTBIIRMH (I),(2) HBJIH!OTCH 3aKOHhl coxpatteHIIH 3Hepr1111 II IIMilYJJb
ca: 

T 

ff(£~-1-£i+H:J-edltk./;=-2f j f ictElzdtd,:clf, 
.11. 1 o f'(sl ( 6a) 

T T 

( 
.~ 2 - '/2 f Z]; ff . ,j c2H 1-(ar) ) fro= c di Ez?.d't di f . (66) 

Fon,, 

YAOBJJeTBOpeHHe 3aKOHOB coxpatteHHH" (6a), (66) np11H11MaeTCH OCHOB
Hh!M Kp11Tep11eM npaBIIJJbHOCTII q11cJJeHHOro pemeHHH. 

B § 2 onllCh!BaeTCH 3(p(peKTIIBHhlH q11cJJeHHbll1 MeTOA pemeHHH·ypaaHeHIIH 
IlyaccoHa (3) B .Q,f 11 ..SZ.2 (OAHOPOAHOi1 11 HSOAHOpOAHOi1 o6JJaCTHX 
COOTBeTCTBeHHO}, CTpOHTCH pa3HOCTHaH annpOKCHMa411H (3), Bbl611paeTCH 
HaqaJJbHOe np116JJ11*eH11e ¢>{0

~ ~Mee 3~aqa pewaeTCH no OTITIIMMbHOMY 
MeTOAJ peJJaKC~Hn*> Ha cerKax C waraMII Ii. II 1,,/L. IlpoBOAIITCH JJIIHei1-
HaH 3KCTpanoJJHqllH noJJyqeHHhIX 3HaqeHHi1 Ha h. =o , B cJJyqae OAHOPOAHOi1 
o6JJaCTII 3TOT aJJropHTM peweHIIH (J) Aaer xopowee corJJacoaaH11e q,'JCJJeH
HhIX 3HaqeHlli1 HOpMhl HaqaJJbHhIX AaHHhIX B L.2 11 HHTerpaJJa, ynpaBJJHIOlJlero 
ABH~eHHeM ~ { o} "'fl!, J f' E;,. [f ~o t,cl/t, d ~ , c 11x attaJJHT11qe-
CKHMII 3HaqeHIIRMII, ~toJ 

§ 3 nOCBRlJleH onHcaHH~ pa3HOCTHOro aJJropllTMa pemeHIIH CIICTeMh! ypa&
HeHlli1 MaKCBSJJJJa (I) B OAHOPOAHOi1 H HeOAH0pOAHOi1 o6JJaCTRX, a TaK~e 
pemeHHIO HeJJ11Hei1Horo ypaaHeHIIH ABm:wmm (2). . _ _ 

B o6JJaCTHX .Q,, J2z CTpOHTCH KB~paTHble CSTKII n.,1.. 1 Q.,_1,_ C ma-
, I ,t' -lf-

rOM n , ~onoJJHHTeJJbHO CTpOHTCH ceTKII .n.-,.r, Jl 2./t , Y3Jlhl KOTOphIX pac-- - .. . 
noJJo~eHh! B qeHrpax HqeeK ceTOK 51.,h , ilzh, , B Y3JJax CeTOK .rt,,1,.,.Q.z/, 
CTpOHTCH annpOKCHMa411H rpaH11qHhIX ycJJOBHi1 AJJH (I) H 3~aIOTCH HaqaJJb
Hh!e AaHttwe. CqeT aeAeTCH no cxeMe JlaKca c ne~cqeroM no "Kpecry". 
B Teqemie wara no apeMeHH 't: 3HaqeH11e Pn :: ~ J 'i=n'l: cq11TaercH 4111K
c11poaaHHb!M II np11 cqeTe ( n. -t- 'lz )-ro 11 ( n-t-1 ) -ro cJJoea 6epeTCH 
uanm,r;,1 3HaqeHHIO Ha rt-M CJIOe. 
*J Carre B.A., Computer J., v.4, N1, April, 1966 • 
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IloJIOllteHHe 'l, (j) 1.1eHTpa ceqeHHa crycTKa IY'(j) HaXO)J,HM' HC

nOJlb3Yrl pa~HOCTHhrn aHaJIOr ypaBHeHHa )J,BID!teHHa Hb!OTOHa (2). YpaaHeHHe 

pemaeTCfl HTep~aMH. 4HcJieHHble 3KcnepHMeHTbl noKa3aJIH, qTo )J,Jla KOp

peKTHoro cqeTa )J,BHllteHHa crycTKa Heo6XO)J,HMO npaB~ qaCTb (2) auqHC

JlflTb C BbICOKOll TQqHQCTb!O. ).l,na 3Toro yqTeHO "HenpepbIBHOe" )J,BID!teHHe 

crycTKa rio pa3HOCTHOH CeTKe. 
B 3TOM naparpaqie npHBO)J,aTca pa3HOCTHbl8 aHaJIOrH saKOHOB coxpatte

HHa 3HeprHH H HMITYJibca. 

rJiaBa 2 nocamqeHa HCCJl8)J,OBaHHIO ycTOlltlHBOCTH H CXO)J,HMOCTH qJicJieH

HOPO pemeHHa C8.MOCOPJiaCOBaHHOll CRCTeMbl ypaBHeHHll MaKCBeJIJia (I),(2). 
B §§ I,2 )J,OKasatta ycTollqHBOCTb pa3HOCTHOro anropHTMa B l-ti(Sl.1) 

(lz(ll.2)). IlpH )J,OKa3aTeJibCTBe HCnOJib3J8TCfl MeTO)J, 3HepreTHqecKHX Hepa

BeHCTB*>. 

TeopeMa. IlpH ol. ='C /la, !:c 1. H n..'r 6 T pasHOCTHaa sa)J,aqa, an

npoKcHMHP~lllaa (I), (2), ycTollq11aa no HaqaJihHblM )J,aHHblM B Lz. (.Q, )(/J2ffl2)). 

).l,na HeJIHHellHbIX 3aAaq HeT aHaJiora TeopeMbl JlaKca 06 3KBHBaJI8HT

HOCTH~H3 ycJIOBHll annpOKCHMal.lHH H ycTollqHBOCTH, B006flle roaopa, He 

CJieAYeT CXO)J,HMOCTh. 
B § J )J,OKasaHa CXO)J,HMOCTb 'tlHCJieHHOro pemeHHfl K TOqHoMy pemeHHIO 

HeJIHHellHOll 3aAaqH (1),(2). 
IIycTh "V { E' 'Z. ,E= ~, H l.f 3 - ToqHoe pemeHHe (I), (2). 

0THOCHTeJibHO pemeHHa )J,eJia!OTCa ecTeCTBeHHble npe,1J,nOJI01KeH11a**) 

I) B o6JiaCTH ..n.~ CYIJleCTByeT KOHeqHoe qHcJio K JIHHHl\ ~. (i "'f.2., ... , K) 
paspbIBa nepBbIX npOH3B0AfibIX pemeHHa. ]HHHH pa3pNBa KycoqHQ-PJiaAKHe· 

H HMSIOT KOHeqH~ )J,JIHHY • K _ 

2) BHe JIHHHll pa3pbIBa Jl.2\ 11./;(•, '( - rJia)J,Kaa BSKTOp-,:PJHKI.IHH 

C orpaHHqeHHblMH nepBblMH npOH3BO)J,HbIMH. 

J) '( "S - HenpephIBHa npYI s € I o, '1' J . 
TeopeMa. HyCTb pemeHHe y 3aAaqH (I)' (2) y)J,OBJISTBOpaeT ycJio

BHffii. I )-3) • Tor)J,a npH o< ='C" /h. '- i. H n.'t ~ T pemeHHe pasHOCTHOl\ sa)J,a

qH tJ CXO)J,HTCa K pemeHHIO (I) , ( 2) co CKOpOCTb!O 

/{ '{- U UL/ 0 (UTrt,/i,) + ,n;, ), 
r)J,e t4' (7:, /t,) - MOAYJih HenpepbIBHOCTH nepBbIX npOY13BO)J,HbIX pemeHYlfl B 

'i>T =(.sti.\nillt]"(o,'l'] ()J,Jla TQqeK, J18lltaflll'IX no OAfiY CTOpoHy OT JIHHHH 

paspblsa). 
Cne,p,CTBHe. EcJIH B ~T pemeHHe '( HMeeT orpatt11qeHHble BTOpble 

IlpOH3B0Afibl8' TO II y -u II Lz.,::,. 0 ('l: -t Vii,) . 

JE} CaMapCKHi-l A.A., ryJIHH A.B7YcTollqHBOCTb pasHOCTHbIX cxeM". 

lElE)pOJIC)J,8CTB8HCKHll B.Jl., ffHeHKO H.H."CHCT8Mhl KBa3HJIHHe»HbIX ypaBHSHHll". 
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B rJiase 3 o6Cyllt)J,a!OTCa pesyJihTaTbl q11cJieHHbIX pacqeTOB. 

B,§ I npHBO)J,,ITCa pesyJibTaTbl pacqeTa )J,BY11KeHHa ITJIOTHOro crycTKa 

3Jl8KTpOHQB H3 HeycTofiq11Boro noJ101KeHHa paBHOBeCHa B O)J,HOPOAfiOH CTpyK

Type. IlpOBe)J,eHbl pacqeTbl )J,JIH pa3JIHt.HbIX HaqaJibHbIX pacnoJI01KeHHll 1.18HTpa 

q,(l') crycTKa no ocH r , pacqeTh! )J,BH1KeHY1a "o6JierqeHHoro" crycTKa 

( J'o /II. 2 S ) H )J,BH1K8HHa B OTCJT~TBHe HaBe)J,eHHotl CTOPOHHetl BOJ!Hbl 
(H<1fy::o =O),. . , . . . 

B § 2 npHBO)J,aTca pesyJibTaTbl pacqelTa )J,BHxt6HHa ITJIOTHOPO cryc-rKa 

3JieKTpOHOB H3 HeycT01-lq11soro nOJI01K8HHa paBHOBSCHa B HeO)J,HOpO)J,HOtl . 

CTpyKType. ~OITOJIHHT8JlbHO paccMaTpHBaeTCa )J,BH1K8HHe 6es yqeTa o6paT

Horo BJIHaHHa co6CTB8HHOro noJIA crycTKa H )J,BH1K8Hl'le "yT.FiJKeJieHHOro"' 

crycTKa (2Jo ). 
B §3 npvIBOMTCH pesy~bTaTbl pac~eTa ~eH.l:Lff crycTKa s~eKTpOHOB, 

MeTaKJ11ero C pa3Jillll?,1:IMH' "CKOpOCTHMll B pe30HaTOP ~epea TOPI..\OBYJO 
CTeHKy ITO)J,BO)J,ffil\Sro BOJIHOBO)J,a, TaK1Ke paccMaTpHBaeTca 11 BJl8T 11 crycTKa 
B CTPYKTYPY 6es ~eTa BJIHJIHIIR co6c'rBeHHoro nMR crycTKa Ha ero .n;sn.,w
mrn 11 "BJieT" crycTKa B cTpJK'l'YPY npu ·oTcyTcTBJm UMIIy~bCHoro cTopomrnro 

TIMH(Hcfh= o= O ).,UoIIOJIHHTMbHo paccl/laTpirnaeTcH "BJieT" cryCTKa s~eKTpo

HOB B pe3oHaT,op npRMOJrM:E,HOrO ce~emrn: MR pa3JIH~ pa,IJ;[IJCOB BHJT-

peHHero u BHe111Hero ~IH)JJJOB. • . . . d 
B §§ I-J npHBO)J,flTCH rpa.rpHKH CKOpOCTH )J,BH1K6HHa crycTKa ~ H 

CHJihl, )J,SHCTB~rqetl Ha crycTOK 'FCj}•cstbJ J'E'l.7-ovt-4, Ta6JIHl.lhl 3Hepre
e-{J) 

THq0CKHX COOTHOmeHHl-l. 

OcHOBHble pesyJibTaTbl ,P,HCcepTaIJl:IH. I) Paspa6oTaH aJIPOpHTM peme

HHa C8.MOCOrJiaCOBaHHOll 3JI8KTpO)J,HH8.MHqecKOH 3aAaq11, CoOTB8TCTBJ!Olllaa 

rpynna ypaBHeHHtl MaKCBeJIJia H HeJIHHetiHoe ypaBHSHHe )J,BH1K8HHa cryCTKa 
pema!OTCH MeTO)J,OM KOHet.Hb!X pasHOCTell. 

2) Paspa60TaH 3ifxpeKTHBHbli-l q11cJieHHb!H aJirOpHTM pemeHHa ypasHeHHH 

IlyacCOHa C pa3pb!BHOH npason qaCTh!O, cocpe)J,OToqeHHOH Ha MaJIOH ITJIOfllaA

Ke. MeTO)J, Il03BOJiaeT onpe)J,eJiaTh HaqaJibHble )J,aHHble C BbICOKOi-l TOqHQCTb!O, 

HeOOXO)J,HMOll )J,Jlfl KoppeKTHOro cqeTa HHTerpaJia, ynpaBJiarorqero )J,BH1K8HH6M, 

J) ~OKasaHa ycTotlqHBOCTb B Uz qHcJieHHOPO MeTO)J,a pemeHHa Ca.MO

corJiacosaHHOH 3Jl6KTpO)J,HHaMHqecKoi-l 3aAaqH npH eCT8CTB6HHOM orpaH11qe

HHH Ha mar11 ceTKH 'l: I I,, "- 1 H n!l: .6 r. 
PaccMOTpeHHaH 3aAaqa HBJIH6TCa H6JIHH6HHOH. IlpH HeKOTOpb!X, )J,OCTa

TOqHQ oorqHX npe)J,ITOJl01K8HHrlX OTHOCHTSJlbHO CBOl:\CTB pemeHHa )J,H(j'xpepeHI.IH

aJibHOti 3aAaq11 )J,OKasaHa CXO)J,HMOCTb q11cJieHHoro pemeHHa K TOqHoMy B 4z, 
4) 4HCJieHHO HCCJl6)J,OBaHbl MO)J,6JIH )J,BH1K8HHa nJIOTHOro cryCTKa 3JISKT

p0HOB H3 HeyCTOtitlHBOPO nOJI01K8HHa paBHOBeCHa B HeOAfiOpO)J,HOtl ycKopa!OIJlsl 

CTpyKType, a TaK1Ke BJieT ITJIOTHOPO cryCTKa 3Jl8KTPOHOB B pesoHaTOp qe

pe3 TOp~OBYJO CTeHKy ITO)J,BO)J,mqero BOJIHQBO)J,a. 
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5) PaccMOTpeHH~ MSTO,ll, peweHHR CaMOcorJiaCOBaHHon 3JI6KTPO,ll,HHa
MH'lISCKOn 38,ll,a'lIH, B npHH~Hne, MOJKeT"6h!Tb HCITOJib30BaHnpH peweHHH ,n,py
rHX. 3a,n,aq, Harrp11Mep, npn pememrn: sa,n,aq B o6JiacTRX 6oJLee cJioJKHon cpop
MH HRH 8a,I(a-q C .rwyrm,m na-qaJJ:I,H1!M11 AaHH1lMU 11 )WJrHMll rpaID11Illlll'/lli YCJIO

Bl!ID/lli. 
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