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3a.itaqa pacqeTa none~, B030Yllt,ZlaeMWC ,ZlBHllt8HHeM IlJIOTHhlX crycT

KOB 11Jll1 nyqKQB SJieKTPOHOB B HeO,nHOpO,llH!iX CTPYKTypax (peaoHaTopax, 

OTpeaKax BOJIHOBO,ZlOB 11 ,np.), npe.ztCTaBJlfl8T oom,woi1 HHTepec .llJlfl KOJI

neKTl1BHNX MeTO.zlOB ycKope,rna, TaKl1X, Kalt MeTO.ll ltoJiert HJil1 caMoycKo

pmolJlHXCll nyqKoB. Yc1topirnc1,, pen!!Tl'IBHCTCKl1i1 cry CT OK TpaTllT 'laCTI> 

cnoei1 sHepr11a Hafil!JlytJeHHe cTopoHHl1X aapa,nos, BoaoYlK.llaeuoe ero 

aJieKTp11qecKllM noJieM np11 nponeTe MllMO npOCTpaHCTlleHHNX H80,ZlHOpo.zi

HOCTeli. 

J.lalltHO 3HaTJ, pacnpe.neneH11e ilOJlfl B):IOJ!J, noTOKa aneitTPOHOB Ill 

yMeTI> 01teHHBaT1> noTepa aHepr1111 Ha 11any'leHae. 

Ha STY TeMy HMB8TCfl OOJ!J,UIOe KOJil1qecTBO paooT/I-I4/. 

l1o,llp00Hyn 6HOJil10rpa\l)1110 MOlKHO HailT11, Hanp111.1ep, ,/9/. li 6on1,m111HCT-

B8 pa:50T CKOpOCTI> ,ZlBl1llteHl1fl HCToqa111ta npl1Hl1MaeTCfl IlOCTOllHHOi1/I, 

z,4 , 5 ,?,!4/,. ;z\allte ecml HeT ;z\OCT8TOqHOro peJIHTl1.Bl13Ma: aaKOH )lBl1-

llt8Hl1fl llCTO<Im11ta 11pe.zin..ic1rnaeTCfl aapaueJ I , 3 , 5/. 

J paccMaTpl1BaBMh1X paooTaX B Ka'leCTBe OCHO.BHblX MBTO)lO.B perue

Hl1H llCllOJI1>3Y¥lTCfl M8TO.zlhl, OCHOBaHHble Ha 8H8Jil1Tl1qec1t11x pa3JIOl!t8HllflX 

nonett/15/. none,HeCOMOe crycTKOM aJieKTPOHOB, paCKJia,Zlh!BaeTCfl Ha 

cpyp1,e-1tOMllOHeHThl 110 .BpeMeHH/II/. PewaeTCfl aa.ita'la pacceflHl1fl 11Jil1 

)llll\l)paKrtHH/I/, a aaTeLl non;qe1ilih1e cpyp1,e-KOMilOH8HTh1 llOJIHOro llOJI!I 

co611paIOTCfl BHOBJ,. 
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B / 9/ np:imo~TCJI BllPaJtemi:e .ItJIJI :mepnm: :irn.nytJemm ( AW ) 
TOHKoro 38p!Illt8HHOrO KOJibua, OCTaBJieHHott B pesoHaTope IlOCJie ero 

BWieTa qepes BTOPYIO CTeHKY. STa 8HeprruI BllpallaeTCJl B BHl(e CJIOJB:

Horo ,l(BOfuioro PJI,1(8 C KoaippmmeHTaMll, 38BHCJllllHMli OT MHOI'HX napa

MeTpoB • .li1llI npe,l(eJibHllX CJiyqaeB 6eCKOH8tIHO TOHKOro KOJlbna H TO-

qeqHoro sapJil(a PHit ItJIJI .l1 W JIBJIJieTcJI JiorapB:qt,mt1ecKR pacxol(Jl-

JnBMCJI. B CJIY'lae i,.:e, KOr,l(a PJI,I( l(JIJl Ll w CXOl(HTCJI, Bllt{HCJieHRe 

ero .n;oBOJibHO saTPY.ItHHTeJlbHO H Tpe6yeT 60JibllmX saTpaT Mammrnoro 

BpeMeHR. 

B paccMaTpHBaBMOtt pa6oTe o6c~l(aeTCJI HOB!ltt,IIO,l(XO,I( K pememrn 

381(81:J YK838HHOro THIIa,HCIIOJibSYill!ldi TO o6cTOJITMbCTBO, 'ITO B 60Jlb

llfilHCTBe CJIYtJ88B BpeMJI, B TeqeHHe KOTOporo npOHCXO.~T BSlllIMO,l(ett

CTBRe crycTRa C YCKOPJlDl!Bff CTPYKTYpott,MaJIO. OTO ~aeT B03MOZHOCTb 

pemaTb COOTB8TCTBYIWzyD rpymiy ypaBHeHHff MaKOBe;IJla O pasp!IBHIIM 

rrpocTpaHCTB8HH!lM paonpel(eJI8HH8M IlJIOTHOCTH TOKa (KOMII8KTH!ltt cry

CTOK 8JI8KTp0HOB) M8TOl(OM KOH8tJHllX pa3HOCTeft, 6es KaKHX-JW6o aHa

JIHTHtJecruu: pa8JlOJB:8HHff. Ha TSKOM IIYTR YitSBTCJI 84)p8KTHBHO YtJRT!lBSTb 

KaK HS'l8JlbH!le l(SHH!le, TSK H rpaHH'IHlie YCJIOBWI. 

B .~CCBPTanHH IlP8WIOJB:8HHlltt IIO,l(XOI( peaim:SOBSH IIPH pactteTe 

MOl(eJW HeO.l(HOpol(HoA CTPYKTYPH c orpaimtteHHHM 067,eMOM, B086YJB:1tae

Mott ,l(BHJEYllll™CR crycTKOM 8JI8KTpoHOB B BH,Jte Topa KBal(paTHOro ce

tteHWI /H,.:_I8/ •' HCITOJib3Y8TCSI 381(SHBliff 38KOH l(BHJB:eHHJI HCTO'IHHKS: 

rrpel(nOJiaraeTCJI ero paBHOYCKOpeHHoe .l(Blillt8HH8 OT COCTOJIHHJI IIOKOJI. 

Ha pacCMOTpeHH!lX rrpHMepax YitMOCb rrpoCJiel(RTb H OTM8THTb OCHOBH!le 

TPY.ltHOCTI!, B03HHKaDJll1!8 IIPH Ta.KOi,( IIO,ltXO,!te, H YKaSaTL crroco- • 

61l HX npeOl(OJieHWI. CJroJB:HOCTb 'IHCJIBHHOro pactteTa ITOJieff saKJIJOtISeT

CJI B CJie,l(YI(Xl1eM,: JIHHeffHlltt pasMep crycTKa MHOro M8HbW8 .lt]illHli CTPYK

TYPll, B KOTOpofl rrpoHCXOl(HT ero ,l(mutemrn • .li1llI rrpaBHJ!bHOro yqeTa 

reoMeTpHH cryCTKa Tpe6yeTCJI COSl(SHll'.e M8JIKOff ceTKR I 'ITO 38TPY.ItHH

TMbHO HS-Sa 60JibW0ft rµrmru: CTPYKTYPH• 
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Kpoue Toro, rrpaBaH qacTb CHCT8MU ypaBH8HHn MaKCBenna, OIIHC!l

BaJOll{ell COCTOHHHe CTpyKTypll, CO,lt8plKHT Jt.BHlKyllU11tCH paspHB, rropolK,1ta

Dll{Hii HBJl8HHff HeycTofiqHBOCTH. 

YKasaHHUe TPYAHOCTH 61lnH 1Ip80,lt0Jl8HU B peay111,TaTe pH,1ta ql{CJleH

HllX 8KCII8PHM8HTOB H TeopeTHqecKHX liCCJl8,ltOBaHHli Ha MO,lt8JlbH!lX aa,1ta

qax/16117•18119/. Euno saueqeHo, qTo Bee HBJl8HHH H8YCTOH'l'.HBOCTH 

.IJOlB:l(aKJIDIH JlOKanH3YDTCH B Pa.llOHe HaxOlK,lt8HHH cryCTKa. 8TO II03BOJlH

JlO COS)ta!l'b 1lOK8JlLHYD M8JlKYKl CeTKy B paiioHe cryCTKa. MenKaH ceTKa 

ABHX8TCH BM8CTe co cryCTKOM. Cos,1taHHe M8JlKOli C8TKH cyll{eCTBeHHO 

YCJlOJB:HHJlO nporpaMMY pewenHH 3a)taqu H yBenHqHJlO BpeMH cqeTa, KOTO

poe OCTSBMOCb,,0.l(HaKO, BITOJIHe 1IpHeWI8MUM l(JIJl MamHlq!Oit p88JIH3a -

nmr. 
B npol(ecce cqeTa no11yqeHa",1tHHaMHKa"1IOJlHOl1 KapTU nOJlH (rrpH6JlH-

3HTeJII,HO 12000 roqeK no 'l:. H 600 maro.a no f:. ) • IlpH ·:iroM 

aaTpaTH MamHHHoro BpeMeHH (2 qac.401.IHH. Ha SBM C,l{C-6200)' COH3Me

PHMH C aaTpaTaMH Ha cqeT 5-6 ToqeK npH HCII0Jlb30B8HHH M8TO,ltOB, oc

HOB8HH!IX Ha aHaJlHTHqecKHX pa3Jl0lK8HHHX. 

Ilpe,ltJl0lK8HHllll M8TO,lt peweHHH rHrrep60JlHqecKoll CHCT8MH C paspu-

BOM Ha Manon OTHOCHT8Jll,HO OCHOBHOli 06JlaCTH nnoll{a,l!Ke MOJB:eT 

6HTb RCnOJib30B8H R rrpH pemeHHH ,1tpyrHx sa.itaq, aarrpHMep, 

38,ltaq C H8CKOJJI,KHMH pesoaaropaim 1-!JIH 3a)taq C OoJiee CJ!OlKHUMH 

rpaHHqH!lMH YCJlOBHHMH. 0CHOBH!le TPY.ltHOCTH B TaKHX 88,ltaqax CBH38Hll 

co cqeTOM B OKpecTHOCTH paspwia. 8TH TPYAHOCTH npeO,ltOJleHu. 

,l{HccepTal.\Hfr" COCTOHT HS Tpex rJiaB 1 .BB8,lt8HHH I sa1m10qeHHH H 

np,1JlOlK8HHH. 

IlepBaH rnaBa nbCBH~eaa ~HsHqecKO~ H uaTeMaTHqecKOll nocTaHOB

Ke sa.itaq. 

B § I.I Oill-!CUBaeTCH ~H3H118CKaH IIOCTaHOBKa 3a)taqH: paCCMaTp11-

BaeTCH 38MKHyTaH KOaKCH8HLHaH CTpyKTypa, B KOTOpott YCKOpHeTCH 

crycTOK 8Jl8KTPOHOB C nOJlH!lM q;icJJOl>I qacTHI.\ )f =3 0!013 • 3a.itaeTCH sa-
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KOH ,ItBlllieHHfl HCTOtlHHKa. Bbllll!CaHl,I ypaBH6HHfl MaKCB6J11Ia ,ltllfl pac

cuaTpHBaeuoro cnyt1aH. IlOCTaB1IeHa llOT6H~HallbHaH 8Jl6KTpOCT8THtl6CKafl 

aa.ztat1a, pemeHHe KOTopoli onpe.ztenHeT Hat1aJibHble aHaqeHHH noJiea Boa-

6yz.zteHHfl. 

MaTeUaTHtleCKafl llOCTaHOBKa omlcaHa B § I .2 • .B 06JiaCTH 52 
(p11c.I) pemaeTCH cne.zty11~aH KpaeBafl aa.ztat1a: 
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(3) 

Bo BTOpot\ rJiaBe ormcaHbl 'llICJieHHble MSTOD;li pactieTa Ha"laJibHblX 

.ttaHHblX, a.nropRTM pemeHH/l OCHOBHOA t(RHaMH"ISCKOff aan;atra. B 3T08 xe 

rJiaBe o6c~a;amcR RMeHWI HeycTO~tlHBOCTH, B03HRK8mtlle npH CtleTe, 

H peayJibT8Tbl C"IeTa. 

MeTott pacqeTa Ha"IMbHblX .ttamwx (pemem,:e aaa;aqu (3)) ormcaH 

B § 2,2, 3aa;aqa. (3) pemanacb MSTOD;OM "nporHoaa" /!7/, ll03BOJIHB

IDHM COKpaTRTL BpeMR CtleTa c HSCKOJILrutX a;eCRTKOB qaCOB .ttO 3-4 MR

HYT. 

§ 2.3 IlOCMuteH ormcaHRll Ha6JI11a;aeMblX npH C"IeTe RBJISHRRX He

ycTOR"IHBOCTH' 3KCnepHMeHTaM, B peayJILT8Te KOTopwc 6Wia Bb16paHa 

pa3HOCTHM cxeMa cqeTa. ,llamcm IlORCHeHWI K rpaiplmaM RCKOMWC WHIC
uwn,nonyqeHHblX B pa3nH"IHliX qwcneHHblX 3KCnepIDleHTB.X,a TaKZe BlillH

caHH 3HaqeHHR lfi!TerpanoB,BXO~R~HX B 3HepreTHll0CKOe COOTHOfileHHe, 

~na pasnHt1HliX BpeMeHHblX maroB H pa3a1,1x cxeM cqe!a.3aepreTHqecKoe 

COOTHOmem,:e .HBJUieTCR TO"IHblM CJie~C'fmleM pemaeMoft CHCT6Ml,I ypaBHe

HRa H rpam!'IHl,IX ycnOBHR.Blmo~HeHHe pa3HOCTHOro ruiaJIOra 8TOro 
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COOTHOWeIDUI HCilOJII,80BaJIOCI, B Ka'IeCTBe OCHOBHOro KPHTeprui: npaBMI,

HOCTH perueIDUI 8al(a'11'1. 

B § 2.4 orrn:caH aJiroPHTM peruemm OCHOBHOll .~H~eCKOll 8al(a

tm. BBO~TCJI ceTKa, B yMax KOTopon onpel(e.mii'.l'l'CJI 8Ha'IeHIDI HCKO

Mill( qi~n Ha K8.lltl(OM BpeMeHHOM ware /20. 211. Bmmcruru pa8HOCT

lfile qxlpMYJIH, annpoKCHMHpYJ0111He rpaHH'IHlle YCJIOBIDI, H IlOJI~eH l(HCK

peTHHtt aHaJIOr aHepreTH'IeCKOro COOTHOWeHIDI. 

I! § 2.5 CTpOir!CR JIOK8Jl!,HaR MeJIKaR ,ll;BHll:YIJlaS!CS! ceTKa. 

Co3l(aHHe TaKoii CeTKH /IS/ JIBHJIOCI, OCHOBHHM aTanoM B pememm aa

_l(a'11'!. Pac'IeTH IlOKa3aJIH, 'ITO BCe HBJieHH!I "paa6aJITHBaHIDI" 8Ha'IeHHii 

<pYHKLU!ii npH YMeHI>memm: mara no BpeMeHH, poJK.l(aIOTcJI H JIOKaJIH8YJDT

CJI B OKpeCTHOCTH llBIDKYmeroCJI pa8pllBa. B 8TOii OKpeCTHOCTH H 6HJia 

003,l(aHa MeJIKaJI CeTKa, CO,l(epxamaJI 4632 yMa, IOO H8' XOTOp!lX JielltB.T 

Ha nJIOuta.l(Ke, JlBJIJIJOOtellCJI. reoMeT~ecKHM o6paaoM .J:UlllYll!erocJI paa

puBa. ropH30HTaJiblfile rpaHHnbJ MeJIKOit CeTKH pacnOJiaraJOTCJI IlO ropH-

80HTaJil>HllM rpa~ OCHOBHOii o6Jiacrn. OllHClffiaeTCJI npon;ecc l(Blllte

HHJI MeJIKOii ceTKll: npH ~eHHH paapllBa, TeXHHKa C'IeTa Ha,11; MeJIKOtt 

CeTKOii npH H8MeHeHHH BpeMeHH. 

B § 2.6 o6CYJlll(aJOTCJI peayJII>TaTH c'Iefa. PaccMaTpHBaIOTCJI H cpaB

HHBamcJI 3Ha'IeHIDI IIOJieii -~ ,ItByx BHl(OB CTPYKTYP: C nepexo,l(HHM 

y'IaCTKOM n 6ea Hero ( a.s. = t , PHC. I). 

rJiaBa Ill IIOCBJill(eHa HCCJiel(OBaHHD BOIIpoCOB YCTOfflOBCTH pac

cw.aTpHBaeMOll aaita'11'! /IB,I9/_ 

0,l(HOit 113 OCHOBHHX l{eJiell npII pememm 3al(atm 6HJIO IIOJIY'Ielme 

YitOBJieTBOPHTeJII>HHX 3Ha'IeHHii HHTerpaJioB, BXOl(JllJtllX B paBeHcToo, Bll

Pa.JKaIOOtee 38ROH COXpaHeHIDI 3HeprmI, II03TOMy·, ecTeCTBeHHO, HCCJie

,n;onamre ycTOil:tmBOCTH B l,~ pa3HOCTHOll 31Ua'11'! , arrnpoKCHMHPYJOOte:ii 

HCXOl(HYKl HerrpepwlHYD 3al(a~. 113 YCTOH'IHBOCTH pa3HOCTHOii 3an;atm 

B L~ CJiel(YeT ycTomooii C'IeT HHTerpaJioB B 3aKOHe co~pa~~mm 

3HeprHH. ,U,m YC
0

TOmBOCTH KpaeBOii aa,l(a'11'! He06XOl(IIMO, 'IT06ll 6llJia 
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ycToii'11'1Ba sa,n;aqa KomH. B § 3.I l(OKaaaHa ycToii'11'1BocTI> 3al(a'11'! KomH 

B L.t npH eL ~ ! ( cl - OTHomemrn mara ceTKH K BpeMeHHOMY mary). 

IlpH l(OKa3aTeJIBCTBe HCIIOJII>3YeTCJI TeOpeMa O B03MYmeHRf.lX / 251_ 
B § 3.2 paCCMOTpeHll .'!(Be MOL(eJII>Hlle Ol(HOpol(Hlle 38l(a'11'1. B 0,11;

HOii H3 Hll:X. HCCJie,l(OBaJiaCI, ycToltqlUIOCT!, 88l(a'11'! C l(BYM!I rpammaMH. 

IloKa8aHO. 'ITO IIPH cL ' 1 YCTOtt'11'1Bll JieBaJI IlOJiy6eCKOHe'lHaJI H rrpa

Ball noJIYCSecKOHff'IHaJI 3al(a'IH. Torl(a, corJiacHo pe3yJI1>TaTaM pa6oor'22-~4' 
YCTOmBa 38l(a'Ia C .ItBYM!I rpaHHD;aMH. 

BTOpaJI MO,l(eJII,llaJI 88l(atta IIOCTpOeHa C IJ;eJII,I) HMllTan;IIH OCHOBHOH 

38l(a'!H B Ol(HOMepHOM CJI~9:e H CJIYD!T -~ HaxOJK.l(eHIDI OIITHMaJII,HllX 

maroB MeJIKoii ceTKH. 

B 3WUIDtteHlll'I rrepe'11'!CJieHH BllBO,l(ll, IlOJiytteHHHe B pa6oTe. OcHOB
:--~~ ,:' 

Hll8 H3 HllX COCTOJIT B CJie,l(Yl)DleM. 

I• PaCCMOTpeH H peaJIH30BaH HOBllii IIO,l(XO,l( K pemeHHIO sa,l(a'11'! 

pactteTa IIOJien B036j7Jlll(eHH!I HeO,l(HOpol(lIOil H,l(eaJII>HO IlpoBO,l(Jlm8i1 CTPYK

Typll C orpaHH'leHHllM o6~eMOM ,l(BID!Yllli™CJl crycTKOM 8JI8KTpoHoB, ROTO

pult saKJIDqaeTCS! B pemeHHH MeTO,ll;OM KOHeqHUX paaHOCTell /IB{ 

rpynnu ypaBH8HHH MaKCBeJIJia C ,ll;BHEYlllHMCR pa3pllBOM B rrpaBOH qacrn. 

2. TaKOt!: IIO,l(XO,l( II03BC>JIR1.l 8Ha'IJHTeJibHO COKpaTHTI, BpeMJI, Tpe-

6yeMoe wm pemeHIDI KJiacca HIDKeHepHo-<pnaHttecKHX 3al(att, 'I.TO IIO.ItTBepl!t

l(aeT rrpoBel(eHHllft KOHKpeTHllt!: pac'l.eT MOl(eJII,HOii 3al(8'1.H /I6/. 
3. PeaJIU30BaH M8TO,II; "nporHoaa" pemeHUR IlOTeH11naJil>HOii 3Jl€KTpO

CTaTH'l.eCKOft aal(a'IJH c 60JII,mon 8KOHOMHell MamHHHOro BpeMeHH /I?/_ 

4. OpraHH80BaHa ,l(mmymaJ!CJI JIOKaJII,HaJI MeJIKaJI ceTRa B OKpecT

HOCTK pa8pllBa, II03BOJil'IBmaJI YBeJIH'IJHTb Ha Tpa nopa,n;Ka :roqHOCTl> 

ctie:ra UHTerpaJIOB I BXO,IJ;S!IJIUX B 3Hepre:raqecKoe C OOTHOlll€Hll8 • 

5. .I{OKa3aHa YCTOiitmBOCTI> pa3H~CTHOii 3al(a'l.H Koum: B l...t IIpH 

Gld . 

6. Paapa6oTaHa CHCTeMa nporpaMM, OCYm8CTBJIJIIOOtll:X C'l.eT Ha'l.aJII,-
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HllX .namrux H cqeT nHHa?vlHqecKO~ 3anatm n,1UI .nBYX BH.nOB CTPYKTyp: 

c nepexonHllM ytJacTKOM H 6e3 Hero. 

B npHJioxemrn: .naHl,I pa3J.!HtIHHe rpaqiuKH, IlJIJIJOCTPHPYll!lirn nOJiytJeH

Hl,le B pa6oTe pe3yRLT3TH. 

OCHOBHl,le pe3YJILT3TH pa6oTH noManHBMHCL Ha Mex.n;YJlap0,11;HOM 

coBemaIDlH no nporpaMMHpoBaHIIJO H MaTeMaT:IPleCKHM MeTo.naM pememm 

i{lH3HqecKHx 3a.naq (,1Jy6Ha, 1973 r.), ceMJIBapax OHMY, JIBTA arum n 

ony6JIHKOBaHH B pa6oTax /I6-I9/. -
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