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l. OH!Wl XAPAKTEPHCfiiKA PABO'ill 

B ~ccepTal.l;HH HCCHe,Jzy!OTCJt 0606111eHHble TIOHHHOMbl TIO OCHOBHblM -qeCili

meBCKHM CHCTeMaM,H Ha HX OCHOBe pa3pa6oTaH psr,u. HOBIDC tlHMeHHWC MeTO

~OB. atxPeKTHBHOCTb 3THX MeTO~OB TIOK83aHa npH HCCHeAOBaHHH MaTeMaTH

tleCKHX MOAM8A peHJtTHBHCTCKHX nytlKOB 3ap.RJKeHHliX tl8CTHU, 

AKTYMbHOCTb 

CoBpeMeHHlie AOCTIDiteHHJt B o6nacTH !pH3HKH aTOMHoro sr,u.pa H 3HeMeH

TapHIDC tlaCTHU B 3HatlHTeJibHOA CTeTieHH CBH3aHbl C ycnelll}Il,IM p83BHTHeM 

ycKopHTenen aap.RllteHHIDC t1acTHu. Pact1eT nonen HMeeT aHat1eHHe npH npo
eKTHpoBaHHH pa3HKtlHliX aneKTpO!pH3HtleCKHX yCT8HOBOK •. 

MaTeMSTKtleCKoe MOAMHpOBaHHe KPYTIHb!X !pH3HtleCKHX YCT8HOBOK npH

BO~HT K OtleHb HHTepeCHliM H opHrHHMbHliM _M8TeM8THtleCKHM 3SAatlaM. He

KOTOplie H3 HHX JtMJtlOTCJt H8CTORbKO CROlKHblMH HeJIHHeAHliMH 38A8tlaMH, 

tlTO.e~HCTBeHH8Jt B03MOJP;HOCTb HX HCCReAOB8HHH COCTOHT B pa3paCiOTKe 
tlHMeHHhlX MeTOAOB H HX peMH38UHH Ha 3BM. 

B HaCTO~ee BpeMJt npOAOBaeTCJt HHTeHCHBHOe 3KCTiepHM8HTMbHOe 

H TeopeTHtleCKOe H3Ytf8HHe npoueccoB, npOHCXOA~HX TIPH HHJP;eKUHH penH- · 
THBHCTCKoro 3ReKTpOHHoro ny-qKa B ra3, OcoCieHHOCTH TIOAXOA8 HCTIORb-

30BaHHH HHTeHCHBHblX peJIJtTHBHCTCKHX 3ReKTpOHHIDC nyt1KOB ~H YCKOpeHHH 
HOHoB'roBOPHT, tlTO OH MHOroo6e111a10111an. 

B CBJt3H C p83RHtlHliMH B03MOJP;HOCTJtMH ~Jt q>H3HtleCKHX HCCR8AOB8HHA 
H II!)aKTH~ecruoc rrpWIOJK8HHH B3aHMOA8ACTBHIO MOIIIHblX 3ReKTpOHHWC ny-q
KOB C BliCOKOtlaCTOTHblMH TIORHMH TIOCTOHHHO YAMHeTCH Cionbmoe BHHMaHHe. 

B tl8CTHOCTH, He TIOTepitno aKTYMbHOCTH HCCReAOBaHHe B38HMOAeACTBHH_ 

T8KHX none« C OTAMbHliM penHTHBHCTCKHM cryCTKOM, COAepi,;&IIIHM Cionbmoe 
tlHCRO tl8CTHU. 

HapJtAY C HCCR8AOB8HHHMH, CBH38HHliMH C CY1118CTBOB8HHeM H 8AHHCT
BeHHOCTblO pemeHHJt 3_THX 38A8t1, a TaKJP;e C KatleCTBeHHblMH H 8HMHTHtle

CKHMH TIOAXOA8MH ~H OTIHC8HHH TIOBeAeHHH pemeHHA, BaJKHeAmYIO ponb Hrpa-. 
!OT HCCReAOB8HHJt 1 TIOCB~eHHlie pa3paCiOTKe tlHCR8HHIDC MeTOAOB pemeHHH 
T8KHX 38Aatl. IlpH pemeHHH qM3KtleCKHX 38A8tl OTIP8BA8HO HCCReAOB8HHe 
pemeHHA B Tip0ATIOnoi,;eHHH, tlTO OHH CYl!leCTBYJOT, TIOCKORbKY 38tl8CTYJO 
HMeeTCH anpHOpHaH HHcpopMSUHH O CY1118CTBOB8HHH HCKOMIDC pemeHHA. B Cionb~ 

mHHCTBe CYl!leCTBYJOIIIHX tlHCReHHIDC MeTOAOB 3T8 anpHOpHaH HH!pOpMSUHH 
HCTIORb3yeTCJt RHmb ARR HA8HTH!pHK8UHH nonyqel:IHoro M8T8M8THtl8CKoro pe-
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meHHH C OXH,IV18MblM ¢H3IBl8CKHM peayRbTaTOM. rrocTpoeHHe trnMeHHblX MeTO
'AOB pemeHHH TaKHX a~aq oco6eHHO aK'l'ya.JibHO B CBH3H C TeM, qTo HMH
HeHHlie MaTeMaTIB1ecKHe s~aqH, B03HHKaIO!IlHe npH OIIBCaHHH qiHsHqecKHX 
HBReHHn,tte nOMaJOTCH KaqecTBeHHOMY HCCR8'AOBaHHD HRH HamcaHHD peme
HHH B aHMHT~eCKOM BH'Ae 6e3 cepbe3Hb!X ynpOI118HHn. 0TH MO*Hlie qli3H
qecKH8 a~aqH npe,ITT,HMHDT H noaweH~He Tpe6oBaHHH K M8TO'AaM HX qHc
ReHHoro aHMH3a - B qacTHOCTH K HX TOqttOCTH H 6HCTPO'AencTBHD, 

B nocRe'Attee Bp8MH C03'AaHHD sqxfleKTHBHblX qHcReHHblX MeTO'AOB pemeHHH 
HM.HttenHblX aa'Aaq Y'AMHeTCH 60Rbmoe BHHMaHHe BO aceM MHpe. B CCCP xo
pomo paspa6oTaHa M8TO'AHKa npOB8'A8HHH BHqHCRHTMbHOro 3KcnepHMeHTa. 
K 3Ton o6RaCTH OTHOCHTCH pa60Tli TaKHx KpynHHX MaTeMaTHKOB, KaK 
A.H.THXOHOB, A.A.CaMapcKHA, r.H.MapqyK,H HX yqeHHKOB, 

,Ili,!ccepTauHH H noCBHllleHa HCCR8'AOBBHHD nepeqHcReHHblX H8RHHenttblX 
sa,4aq, 

Pa6oTH, nono*eHHHe B ocHOBY pe~pHpyeMoA 'AHCcepTa~H, BHnoRHeHH 
B COOTBeTCTBHH C npo6ReMHO-TeMaTHqecKHM nnaHOM HayqHO-HCCR8'AOBaT8Rb

CKHX pa6oT O!Afill, 

UeRH H aa,naqH HCCRegoaaHHn 

OCHOBHM ~8Jll, .n;HCC0PTartlllI - paclllHpRTb C IlOMOJJU,ID TPKI'OHOM8Tpli'I0CKOli 

(T-CHCTeMbl) H 3KCnoHeH~a.JibHOA (3-C.IWT0M!:I) apceHaR qHcReHHblX M8TO
'AOB, nonyqeHHblX Ha OCHOB8 anre6paHqecKoA CHCT8Mli (A-CHCTeMbl), a TaK

*e nocTpOHTb anropHTMbl 'ARH HX KOM6HHHpOBaHHoro npHMeHeHHH K pemeHHD 
PM8 H8RHHeAHliX 3~aq, CBH3aHHblX C HCCRe'AOBaHHeM MO'AeReH peRHTHBHCT
CKHX TiyqKOB sap.RJK8HHblX qaCTHU. B TaKHX MO'AeRHX C HCnORb30BaHHeM,Me
TO'A8 KpyTIHblX qacTHil npHXO'AHTCH lIBCReHHO HHTerpHpOBaTb 60Rbmoe qHCRO 
H8RHHeAHblX ypaBHeHHA. rrpH HCCRe'AOBaHHH nocTpoeHHHX HaMH MO'A8ReA llpH-' 
Moe npHMeHeHHe HaXO'AHT H CHCTeMa !pyHKUHH BeccMH (B-cHCTeMa). A,T,3 
H B - CHCTeMbl qe6weBCKH8. qe6weBCKSH CHCTeMa COCTOHT H3 MHo~eCTBa 
HenpepHBHbIX ipyHKUHn { 'fi (X) r=o , onpe'AeReHHHX Ha B8Il!8CTBeHHOM ,HH-
T8pBM8 [a,t] H xapaKTepH3YRJIIIHXCH TeM CBOACTBOM, qTo RD6aH HeTpH
BHMbHaH RHHenHaH B~eCTBeHHSH KOM6HHaUHH f:. a, <fl (:X:) (0606I11eHHHA 
110RHHOM no CHCTeMe <fo (X), , •, , lfn (.X)) HMeeT 'ca.Moe 60Rbmee n: pa3-

RH11Hb!X HyReA Ha [a,g], OTO onpep,eneHHe cpasy CTaBHT Bonpoc O HaXO*

'AeHHH BC8X HyReA 0606I11eHHblX noRHHOMOB no a~aHHOA qe6HmeBCKOA,CHC
T8Me. B CRyqae anre6paHqecKHX noRHHOMOB TaKHe MeTO'Ali paspa6aTHBMHCb 
MHOrHMH aBTOpaMH (K.,[\oqeaHM, H.KDp~HeBHM,C.MapKoBHM, JI.3pnHXOM H 

'AP·'· HO TORbKO TOr'Aa, KOr'Aa KOpHH npoCTHe. 
B 'AHCCePTa~H paspa6oTaH 8'AHHliA nO'AXO'A K nocTpoeHHD HTepaUHOH

HliX MeTO'AOB MH O'AffOBpeMeHHoro ttaxo~eHHH acex HyReA (MOHBH) 'Aamtoro 
0606I11eHHOro nORHHOMa no qe6HmeBCKOA CHCTeMe. llpH 3TOM 6HRO tteo6XO'AH
MO: 

2 

I. Paspa6oTaTb MOHBH KaK aHMorH MeTO'AOB HbDTOHa, qe6h'Uleaa H 
06pemKOBa 'ARH 0606I11eHHOro nORHHOMa. 

2. lloRyqHTb KOHKpeTHlie BHqHCRHTMbHlie cxeMbl MH CRyqaeB A-, T
H 3-noRHHOMOB, a Ta!O!(e B CRyqae llpOH3BORbHOA qe6HmeBCKOA CHCTeMH. 

3. 06ocHoBaTb CXO'AHMOCTb 3THX M8TO'AOB - KBa'APSTIBleCKYRJ B CRy
qae aHMOrOB M8TO'Aa HbDTOHa H Ky6IB1eCKyio B CRyqae aHa.JioroB M8TO'AOB 
qe6blllleBa H 06pemKOBa. 

4. 0606I11HTb MOHBH c coxpaHeHHeM KB~TmecKoA CXO'AHMOCTH Ha 
CRyqaA, KOr'Aa KpaTHOCTH HyReA npOH3BORbHHe. 

5. lloKaaaTb TipeHMYII18CTBO HOBblX MeTO'AOB nepe'A KRaccmeCKHMH 
MH Hff'AHBH'AYMbHOro Haxo~eHHH HyReA. 

Heo6XO'AHMOCTb paspa6oTKH MOHBH 0606I11eHHHX noRHHOMOB 6blJia Bbl3-
aatta Ta!O!(e HCCR8'AOBaHHeM annpOKCHMaHTOB Ila,r\3 (All) no qe6meBCKOA 
CHCTeMe. All B nocRe'AffH8 2-3 'A8CHTHReTHH HamRH xopomHe npHRO~eHHH 
B pa3RHqHblX 3~aqax ¢H3HKH. MHorHe 8BTOpH (r.BeAKp, rr.rpeABc-MopHc, 
m.~ReAxep, m.XOR'AeMaH, C.Bpe3HHCKH, m.qHCXORM) MO'AH¢HUHpOBa.JIH KnaC
CIBleCKHe All,HcnoRb3YH noRHHOMbl qe6weaa I PO'Aa, noRHHOMli JleJKaH'APa, 
opToroHMbHHe noRHHOM~ 06I11ero BH'A8, HOB KOHeqHQM cqeTe HX nO'AXO'Ali 
CBO'AHTCH K HaXO~eHHD Arr B BH'Ae OTHomeHliH 'ABYX A-nORHHOMOB. Ho eMH 
npHHHTb KaK BXO'AHYRJ HH¢Qp.iauHD HeCKORbKO nepBblX K03qxf>HUH8HTOB PH'Aa 
~ypbe MR paccMaTpHBaeMoA ¢yHKUHH, T0°B03HHKaeT 38'Aaqa O ee npH6-
RHllt8HHH OTHomeHHeM 'AByx T-noRHHOMOB. rrpH 3TOM CTMO Heo6XO'AHMHM: 

I. llocTpOHTb M8TO'A 'ARR onpe'AeReHHR TpHrOHOMeTp~eCKHX Arr. 
2. HccR8'AOBaTb norpemHOCTb TpHrOHOMeTpIBleCKOro Arr KaK 'ARH 

'AOCTaToqHo rRa'AKHX, T8K H MH paapHBHbIX ¢YHKUHA. 
3. rroRyqHTb sqxfleKTHBHHA anropHTM TIOCTpoeHHH HaH6onee qacTO 

HCnORbayeMl:lX 'AHarottaibHHX Arr. 

B cnyqae paapHBHliX !pyHKUHA COOTB8TCTBYKX11He qacTIBIHHe CYMMH 

pff'Aa ~be HMeDT 'Ae¢eKT npH6RH~eHHH, H3BeCTHliA KaK aifxpeKT rH66ca. 
TaKHM o6paaoM B03HHKRa H 38,!Vlqa: 

4. HccRe'AOBaTb sqxfleKT rH66ca npH TpHrOHOMeTpIBleCKHX All. 
PaaBHTHe H'AeH O KOM6HHHpoBaHHOM npHRO~eHHH MeTO'AOB, OCHOBaH~ 

Hb!X Ha paaR~blX qe6weacKHX CHCTeMax,npHBeRo K paapa6oTKe HOBblX 
MeTO'AOB MR pemeHHR 38'AaqH KomH 

y' =/(:x,'J) ' 'f(:Co)='jo ( I) 

,lvrH pemeHHH 3Ton aa'AaqH C03'AaHo MHOro MeTO'AOB. B 60RbillHHCTBe 
H3 HHX nOBHmeHHe TOqffOCTH npH6RHllteHHoro pemeHHH nonyqaeTCH aa cqeT 
YMeHbilleHHR mara HHTerpHpOBaHHR. BoaHHKaeT aonpoc, HeRb3R RH yaeRH
qHTb ToqHOCTb, He yMeHbill8R CRHmKOM mar HHTerpHpOBaHHR, a nO'AXO'AHlllHM 

· o6paaoM yqHTHBaTb noae'AeHHe ¢YHKUHH I (x, '! {xJ) B 0°KpecTHOCTH 
ToqKH X , B K,OTOpoA HilleTCR pemettHe a~aqH (I)• H'AeD HCnORb30B8Tb 
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cneUHaJIH3HpOBaHHble MeTOAll HHTerpHpOBaHHH, 6aaHpyx>~HeCH Ha KOM6HHa

I.1HHX A-, T- 11 ~ npe.u.n:araJill 11 'APyrlle aBTOpll(B.raytm,C .)].eHHllC, 

T.Jhrq, n.ttKcapy, A.AJIJIHC H Ap.). 0'AHaKO 3TH !pJ'HKQHH MO~HO Bll6HpaTb 

TOJlbKO B HeKOTOpllX JlHHeAHllX 38'Aaqax, KOrAa HMeeTCH anpHOpHaH HH!pOp

MauHH O noBeAeHHH pemeHHH. MeTOA AOUeH 6UTb H 6llCTPblM, TaK KaK 

Heo6XOAHMO npocJie~HBaTb pa3BHTHe HeKoToporo lpH3~ecKoro npouecca 

Ha MHTeJibHOM npOM~YTKe BpeMeHH C He60JibmHMH 3aTpaTaMH M81DHHHOro 

BpeMeHH. CJieAOBaTe..1bHO, npaBaH ~aCTb (I) AO~a Ha K~OM mare Bl,1-

qHQnHTbCH He 6oJiee OAHoro pa3a H mar AOUeH 6mb He oqeHb MaJl8Hb!G!M. 

Ho noBeAeHHe !pJ'HKl.\HH f(x, ~{X)) 3apaHee H8H3B8CTHO, TaK KaK OHO 

3aBHCHT H OT H8H3BeCTHoro pemeHHH 'J ( x) • TaKHM o6pa3OM, CTMO He

o6XOAHMllM! 
I. Paapa6oTaTb MHoromaroBlle MeTO,ll,bl THna MeTOAS AAaMca c HcnoJib-

3OBaHHeM HHTepnOJIHQHOHHllX noJIHHOM_OB A-, T- H 3-THTIOB. 

2. ITocTpOHTb 'anropHTMll MH KOM6HHHp0BaHHOro npHMeHeHHH A-,T- 11 

3-MeTOAOB (AT:3-aJiropHTMll). 

3. Pa3pa60TaTb BbNHMHT8JlbHlle cxew H MH AH!ppepeHUHaJibHllX 

ypaBH8HHA BTOporo nopfl,IJ.Ka B CBH3H C ypaBH8HHHMH ABU8HHH 3ap~eHHHX 

qacTHQ. 
,/vIH npHMeH8HHH pa3pa60TaHHllX MeTOAOB B npaKTHKe Heo6XOAHMa HX 

peanH3aQHH B BHA8 aJiropHTMOB H nporpaMM. 
IlpH npoeKTHpoBaHHH pa3JIHtlHl,lX 3JleKTpO!pH3H~ecKHX ycTaHOBOK BO3HH

KllllT opHrHHMbHl,10 38'Aa~H, Tpe6yxi~e CBOero n?AXOAa K pemeHHJO. Cqx>pMY

JIHpyeM HeCKOJlbKO TaKHX 3aASq• 
3a,na~a A. MaTeMaT~ecKaH MOAeJib cTaQHoHapHoro caMocorJiacoBaHHoro 

nyqKa peJIHTHBHCTCKHX 3JieKTpoHOB CBOAHTCH K CJie~eMY. 38'AaHll AHtp

lp0peHQHaJibHbl8 ypaBHeHHH 

t!c.f = -1/:JiJ ' 
wt wt A<c> = _ 'f{ i 

(2) 

(3) 

-(C) 
rAe lf H A - H0H3B8CTH1,18 CKaJIHpHbIA H B0KTOpHllA noTeHQHaJill, a J> H j -

H8H3BeCTHlle nJIOTHOCTH 3apMa H TOKa: 

J::J./;:e't (Ho-e<f)6(<P), (4) 

' = aec1. { Ha - g_ (A{c> + A'o')} 6 ({p) 
J /./Xe r, 't, C G 8 

(5) 

B (4) H (5) 0 - ®'lfKUHH XeBHcaAAa, a {/J- HeJIHHeAHoe cooTHomeHHe 

2 2 I( 2{-lfo i (A(c) A(O) }2 (6) 
(/)(<P,A)==(Ho-e<f)-mc-c r:--c o + (j). 
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CHCTeMa ypaBHeHHA (2) H (3) paccMaTpHBaeTCH B l.\HJlHHAP~ecKoA o6Jiac

TH (KaMepe) P8AHyca 6 H BllCOTl,I a, • B CHJIY a3HMYTaJibHOA CHMMeTpHH 

CHCTeMH, AOCTaToqHo paccMaTpHBaTb ypaBHeHHH (2) H (3) B npHMoyroJib

HlfKe G- ( 0 {: 'r, £. a. ' _ 1, ~ ;l ~ !J ) • TaK KaK KaMepa HA8aJibHO npo

BOA~M. To if H A0 YAOBJieTBopmoT rpaHHqffblM ycnoBHHM: 

Ae (1,,;k) = o 

if(t.,-;t);O 

npH "l. == ± b 

npH e."' t: 6 

'1'., ;0 

7, =a. 

1: =a. 

01/'t'i 2)1= 0 
'o t 't.:O 

(?) 

(8) 

B CHJiy CHMMeTpHH no~ ~eTCH TaKaH CHMMeTpHqHaH OTHOCHT8JlbHO OCH 

Oz, o6JiaCTb 2 BHYTPH npHMoyrOJibHHKa 6- ' qT061,1 HaAAeHHble 'f H 
(C) A(O) • 

A8 · npH 38'AaHHoA e YAOBJieTBOpHJIH cooTHomeHHIO . 

(/) (<P(P), A(P)) :O; (9) 

P - JII06aH TO~Ka, npHHSMe~a~aH rpaHHQe o6JiaCTH S? • TaKaH O6JiaCTb 

Q H TaKHe <pyHKl.\HH tf H A~) HBJIHIOTCH caMocorJiaCoBaHHblM pellfeHHeM 
38'Aaql{ (2)-(8). 

ITpH pemeHHH 38,1\aqH A 6b1Jlo Heo6XOAHMO: 

I. Paapa6oTaTb YA06Hb1A anropHTM pemeHHH ypaBHeHHA (2),(3),(?) 
H (8) npH 38'AaHHoA o6JiaCTH Q. • ' · 

2. A1mpoKCHMHpoaaTb noAXOA~HM o6paaoM rpaHHQy o6JiacTH S? • 
3. Paapa6oTaTb anropHTMll corJiacoBaHHH o6JiaCTHS""?. . 

- A10J 4. HaATH Bblpa~eHHe AJIH_BHemHero MarHHTHO['O noJIH (!pJ'HKl.\HlO' e 
B (5\ H (6) ) • 

5. PeaJIH30BaTb nporpaMMHO M8TOAHKY pemeHHH 3aASqH AH HaATH 

CaMOCOr'JlaCOBaHHble pemeHHH. IlpH 3TOM pemeHHH AOUHbI 06JI~aTb CBOACT
BaMH! 

a) ql{CJIO 3Jl8KTpOHOB B nyqKe AO~HO 6b1Tb 'AOCTaToqHo 60JibmH~; 

6) KOMnaKTHOCTblO, T.e. MaJiblM nonepe~HblM ceqeHHeM nyqKa H 6oJib
moA nJIOTHOCTblO qacTHI.1 B crycTKe; 

B) BHemHee MarHHTHOe noJie - CJia6o !pOKYCHpy!Oalee. --

6. AHaJIH3HpOBaTb ~CJI8HHO AB~eHHe 3ap~eHHbIX qacTHQ B 3Jl8KTpH

qecKOM H Mar'HHTHllX IlOJlHX, onpeAeJIHeMUX·HaAA8HHblMH noTeHl.\HMaMH Ha 
AOCTaToqHo 6oJibmOM npoMeJ!CYTKe BpeMeHH. 

. 3a,naqa B. ttccJieAOBaHHe MaTeMaT~ecKoA MOAeJIH npouecca 06pa30-

BaHHH q>pOHTa HOHH3aQHH npH H~eKUHH pemtTHB_HCTCKO['O 3Jl8KTpOHHoro 

nyqKa B KaMepy C ra3OM COCTOHT B MHoroKpaTHOM pemeHHH ypaBH8HHH 
ITyaccoHa 

l'lt.f "'-J/Ji.€. ( ni. - ne), ( IO) 
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I'):\e '½ Ii n.i. - IllIOTHOCTH 3JieKTpOHOB H HOHOB ( B HHX BpeMSt i; yt1aCTBY

eT KaK napaMeTp) npH I'paHHtmOM YCHOBHH 

lf/-r.=O, (II) 

I'Ae '2:-BeyTpeHHRR nosepXHOCTb UHHHHJU)HqecKotl KaMepN. 

PemeHHe (IO) H (II) llpOH3BOAHTCR,COBMeCTHO C ypaBHeHHRMH ABH

~eHHR KpynHNX qacT»U, HMHTHPYJOIIIHX nyt10K 

cl ' J(t) 

Mi. dt (oi. xi) = ~ F' (xj; ::ti) , 
J•l 

i~1,2, . .. , J"(t.J,( I2) 

I'Ae F'(Xj j X;_) - CHHa, C KOTOpoA i. -ii CI'YCTOK Aet!CTBY0T Ha 

j ~:a. OnpeAeHeHHe CHHN npoHCXOAHT B CHeAYID~eM nopRAKe. CHaqana 

H3 (IO) H ( II) HaXOAHTCR tf , nOTOM nOHe fr. H HaKOHel.l fi' ; HHT0I'-

pHpyeM CHCTeMY (I2), onpEJAeHReM qHCHO '.J"(t) qacTHI.1,HaXO~HXCR B 

KaMepe, B~HCHReM BHOBb llOHytlHBIIIHeCR IllIOTHOCTH fl.e H nl H H3 ( IO) 

H ( II) CHO Ba onpeAeHReM Cf H T. A• ilpH 3TOM B03HHKHH CHeAYJOI11He ITO'A-

3MaqH: 

I. lloTeHI.IHM c.p HaATH KaK aHaHHTHqeCKOe Bi,q>MeHHe OT Xj, ' t 
'Z,· H l . 

2. o:ppeKTHBHO annpOKCHMHpoBaTb ceqcHHe HOHH3al.lHH Henpepbl~HOA 

qlyttKUHetl. 
3. )J.nR qHcHeHHOI'O pemeHHR 3aAaqH B 6blJIO Heo6XOAHMO C03'AaTb 

CHOJKHlitl KOMillI0KC nporpaMM MR oBM. 

3a,qaqa B. MaTeMaT1,1qecKaR MOAeHb nepeXO'AHNX npo11eccoB llpH HHllteK-

1.IHH peHRTHBHCTCKOI'O 3HeKTpOHHOI'O nytIKa B B036YJK,I\eHHm! peaoHaTop 

3aKHnqaeTCR B MeAyio~eM. 

YpaBHeHHR MR OCUHHRTopa noHR 9-;. (A=Aem, l=1,2, ... , m=0,1, ... ). 

HMeIDT BHA 

" ' +- 2 i2 :=: if (-:-nv'IKa + -:-crop,)A- d V (I3) 
</,;:i.+2ol,1.Cj,.:i_ C /\q,.>. C J J ,l , 

V 

I'Ae clA- KOHCTaHTN,· AA - co6cTBeHHNe qiyHKUHH peaoHaTopa. )J.rrR aaw

KaHHR CHCT0W ypaBHeHHA (I3) HMO A06aBHTb ypaBHeHHR ABH~eHHR TeX 

CPyCTKOB C HOM0paMH j = 1,2, .. · 1 . :l (t) , KOTOpble K MOMeHTy speMe-· 

HH t HaXO'ARTCR B peaoHaTope •. B 3THX ypaBHeHHRX ytlHTNBaeM AetlCTBHe 

K~3HCTaTHqecKHX CHH Pi, ( ;x.J j Xi,) H jeACTBHe BHXpeBOI'O nOHR 
C 1.. . -
c. .L = - c L. q, .>. A ). • llMeeM e~e 

A 

II . 2 3/2 { J(tl [ ] } 
x.i -=- (1.. -x;_) 2 ~ Pf/(Xj; Xt) + PJ. (:Xi; xi) ., (I4) 

J=I 
j =- -I, 2 , •.• , :T (t) . 

. 6 

~, 

)J.nR pemeHHR 3~qH B Ha oBM 6blJIO Heo6XOAHMO COKpaTHTb 3HaqHTeHbHO 

M8llIHHHOe BpeMR H nOBNCHTb TQqHQCTb pacqeTOB, TaK KaK B HeKOTOpNX 

CHytlaRX qHCHO ypaBHeHHtl (I3) AOCTHI'MO 50, a 'imcno ypasHeHHA (I4) 

- 400. IlpH 3TOM CTaHO Heo6XOAHMNM yqHTNBaTb H CHHbHO KOHe6aTeHbHNA 

xapaKTep pemeHHA CHCTeMN (13). 

Bo Bcex 3Maqax A,B H BB ypaBHeHHRX ABHJteHHR Heo6XOAHMO 6blJIO 

ytlHTHBaTb peHRT~BHCTCKHe aqiqieKTH. 

ilpH pemeHHH 3Maq A,B H B cTaBHHH nepeA co6oA uenb noKaaaTh 

npHI'O'AffOCTb 3THX MaTeMaTHqecKHX MOAeiteA K HCCHeAOBaHHID COOTBeTCTBYJO

IIIHX oeh.eKTOB H npoueccoB H llpOAeMOHCTpHposaTb eqiqieKTHBHOCTb paapa-

6oTaHHNX HaMH q»CHeHHNX MeTOAOB. 

Hayt,HaR HOBH3Ha H 3Haql,{MQCTb pa6ow 

B AHCCepTauHH paapa6oTaH o6~HA nOAXOA K nocTpoeHHID HTepauHOHHNX 

npo11eccoB MR O'AffOBpeMeHHoro Haxo~eHHR acex HyneA o6o6~eHHNX noHHHo

MOB. TpHI'OHOMeTpHqecKHe ACT BBOARTCR snepsHe. OHH RM!llOTCR xopomHM 

annapaTOM np»6HHJteHHR paapNBHNX qiyHKUHA, TaK KaK no cpasHeHHID c pR
AaMH <zypbe 3qlqleKT fH66ca B Ail Ha·nopfiAOK HHJte. 

KoM6HHHPOBaHHOe npHMeHeHHe MeTOAOB, OCHOBaHHNX Ha paaH»qHNX 

qe6bl!lleBCKHX CHCTeMax, OKaaanocb BeCbMa nepcneKTHBHNM K pemeHHID ~ecT

KHX CHCTeM AHqiqJepeHUHMbHNX ypaBHeHHA. Ha ero OCHOBe MO~HO nocTpOHTb 

KOM6HHHp0BaHHHe MeTOAN AM pemeHHR H APYI'HX 3Maq MaTeMaT»qecKoA 

qlH3HKH. 

Paapa6oTaHHNe B AHCCepTauHH HOBlie MeTOA~ no3BOHHHH pemHTb TPYA

HHe HeHHHeAHHe 3MaqH A,B H B. 

ilocTpoeHHHe MOAMH H HX npoI'paMMHHe peMH3al.lHH MOI'YT 6NTb C 

He60HbmHMH H3MeHeHHRMH npHMeHeHH HK APYPHM aHMOI'HqHHM aaAaqaM 

qlH3HKH H TeXHHKH. 

QpaKTHqecKaR noneaHOCTb pa6ow 

Pa3BHTaR B AHCCepTaUHH MeTOAHKa eqiqieKTHBHO npHMeHeHa K paapa-

6oTKe PMa MOAMbHliX 3~q qlH3HKH 3HeKTpOHHNX nytIKOB. 

O~a H3 OCHOBHHX 3Maq, B03HHKaID~HX npH C03AaHHH KOHHeKTHBHOI'O 

YCKOpHTeHR - 3TO nonyqeHHe aapgeHHOI'O 3HeKTpOHHOI'O KOHbUa. B pa6o

Te HCCHeAOBMaCb MOAMb TaKOI'O KOHbUa a·aaBHCHMOCTH OT BapHaUHH 

60HbIDOI'O KOHHqecTBa napaMeTpOB. B MaTeMaTHqecKoA nOCTaHOBKe ytlHTH

BMOCb TO, qTo IlytlOK HaXOAHTCR BttyTpH MeTaHHHqeCKOA KaMepH,H noeTo

MY 3Ta llOCTaHOBKa 6nHJte K peMbHOMY cnyqaJJ. ilOKa3aHO, ~o paapa6oTaH

HblM MeTO'AOM pemeHHR 3MQqff A, C BITOHHe AOnyCTHMOA aaTpaToA M8111HHHOI'O 

!lp0M0HH MOI'YT 6HTb paCC'IUITaHli pa3Hlie TeXHHqeCKH HHTepecHHe BapHaHTN 

3H0KTp0HHNX ITytlKOB TaKoro PO'Aa. OTOT llOAXO'A M0~8T 6HTb pacnpocTpaHeH 

H Ha 'AByxKOMITOH0HTHHe llytlKH. 
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IlpHHRTHlt IlO'AXO'A pemeHHH 38,Il;atJH 6 Il03BOJIH6T onpe'A8JIHTb CTeneHb 
MHHHHH pa3JIH~blJC !paKTOpOB Ha o6paaoaaHH6 BHpTyMbHOro KaTO,IJ,ll, CKO

pOCTb 'ABIDK6HHH ¢poHT8 HOHH3~H H ycKopeHHe HOHOB raaa. 
PemeHHe 38,Il;atJH B OTHOCHTCH K HCCJl6'AOBaHHHM B38HMO'A6fiCTBHfl,MOltl

HblJC 3JI6KTpOHHblJC nytlKOB C BHCOKOtJSCTOTHblMH nOJIHMH, 
MOHBrl 0606111eHHIDC IlOJIHHOMOB H MHOromaroaue A-,T- H 3-M8TO,IUI ,n;JIJl 

pemeHHH aa,n;atrH (I) BKJllltJ6HH B nporpaMMY npaKTHKyMa no M6TO'AaM 

auqHcJieHHfi H SBM 'AJIH CTY'A6HTOB M8T6MaffltJ6CKoro ipaKyJibTSTa I!JIOB~B
CKoro YHHBepcHTeTa. 

Anpo6auHH pa6oTH 

PeayJibTaTH, aome~He B 'AHCcepTaUHll, 'AOK~B,Il;HBMHCb Ha M8l!t,JzyHa
po'AHOfi KOHipepeHUHH no ~CJI6HHUM M9TO'AaM (Co~H, !982), Ha HayqttblJC 
ceMHHapax'ipaKyJibTeTa BHqHCJIHT8JlbHOfi M8T9M8THKH H KH6epHeTHKH MrY, 
l1HCTHTyTa M6PHblX HCM6'AOB8HHfi H M6PHOfi 3HepreTHKH EAH (Co~. 
HPB),, l1HcTHTyTa MaT.eMaTHKH H HH~pMaTHKH EAH (CoqiHa, HPB), Ha 

HayqHblJC C9MHHapax Ollill1 H I!JIOB'AHBCKoro YHHBepcHTeTa. 
OcHOBHOe CO'A6plltaHH6 AHCC9pT8UHH OTpallteHO B 26 ny6JIHK~HX B 

BH'A6 CTaTen B lltypHaJiax ,lioKJI. EAH, JK1JA H M~. IMA J. of Numer. 
Anal , B Tpy'Aax M6llt,lzyHapo~oro C0B61ll8HHH "Ilpo6JieMH M8T8MaTHtJe-

CKoro MO'A8JIHPOB8HHH, nporpaMMHpOBaHHH H MaTeMaTHtJeCKHX M9TO'AOB peme
HHH ~3HtJ8CKHX 38,Il;atJ" ()J,y6Ha, !984) H I!JIOB'AHBCKoro YHHB9pCHT8Ta, 
Ha coo6~eHWJX owrn:. 

J!HtlHHlt BKJIM 8BTOpa. 

Ilo T9M8 'AHCC8PT~H 8BTOp HM88T 9 CB.MOCTOHT8JlbHblJC ny6JIHK~fi. 
KpoMe Toro, aBTOp ~CC8PT~H, pa60TM B KOJIJI8KTHB8 COSBTOpOB, 
061,e~H~SM COTpy~KOB Jia6opaTOpHH 5uqHMHT8JlbHOfi T8XHHKH H aBTO

M8THS$.UHH H 0T'A8JI8 HOBIDC M8TO'AOB ycKopeHHH, 6blJI HHHUHSTOPOM 'AaHHHX 
HCCJI8'AOBaHHn. l1M CaMOCTOHT8JlbHO paapa60T8HH BC8 npHHJ:tHnHMbHHe BOn

pocH, OTHOC~H8CH K H3JIOllt8HHOfi B nepaon qaCTH 'AHCCepTaUHH npo6JI8Ma
THK8. ABTOp Henocpe,J\CTB8HHO npOBO~ p8MH38UHD, Ha 3BM paapa6oTaH
HUX aJiropHTMOB, yqacTBOBaJI B M8T8M8THtJ9CKOR noCTaHOBKe, B MaT8MaTH
qecKOM MO'A8JIHPOBSHHH HCCJieeyeMIDC 061,eKTOB H npoueccoB, B qHM8HHOM' 
pemeHHH KOH~8THIDC ~3HtJ9CKHX 38'Aaq, a T8Kllt8 B·8HaJIH38 noJiyqeHHIDC 
pesyJibTBTOB, 

CTpVKTypa ,JlHCCepTaUHH 

.[iHccePT&QHH COCTOHT H3 BB8,l\8HHH, 'AByx qacTen, 38KJil)q_eHHH H 

npHJIOllt8HHH. llepBaH qacTb COCTOHT H3 qeTUpeX rJiaB H CO'A8pllHT OnHCa
HHe H o60CHOBSHHe qHCJleHHblJC M8TO'AOB, OCHOBaHHHX Ha qe61,IIJI8BCKHX CHC
T8MaX. &!opaR tJ8CTb o61,e~HR8T 5,6 H 7-D rJiaBH H IlOCB~8Ha pememm 
aa,n;atr A,B x B. 
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IloJIHUn 0608M 'AHCC8pTSUHH 338 CTpaHHU, H3 KOTOpIDC OCHOBHOfi TSKCT 
3aHHM89T 278 CTpaHHU, ,liHccepTaUHH COA8PlltHT 44 Ta6JIHUH, 40 pHCYHKOB 
H CnHCOK JIHTepaTypli H3 !66 H8HM8HOB8HHfi. 

Il. KPATKOE CO,liEPlKAfillE ,nl1CCEPI'AUllli 

BaeneHH8 K p~epHpyeMon 'AHCcepTaUHH CO'A8plltHT onp8'A8Jl6HHH HCnOJib
syeMIDC IlOHHTHfi. 

IIepaaH tJSCTb H83HB88TCH "lmcJieHHHe M8TO,JJ,bl, OCHOBaHHHe Ha 

tJ96bllll8BCKHX CHCTeMax". B Hen paCCMOTpeHH TeopeTHtJ8CKH8 BonpocH, Kacruo

~8CH HHTepnOJIHUHOHHblJC noJIHHOMOB no tJ86blllleBCKHM CHCTeMaM, HTepaUHOH
HblJC MOHBH 0606111eHHIDC noJIHHOMOB, TpHroHoMeTpmecKHx All H MHoromarosux 
M6TO'AOB 'AJIH pemeHHH 38,Il;StJH ( I) , 

B nepson rnaae "l1HTepnOJISIUHOHHH8 noJIHHOMH no tre6blllleBcKHM CHC

T8MaM11 paccMaTpHB8JOTCH HHTepnoJIHUHOHHHe noJIHHOMH no A-, T- H S-CliCT8-
MaM, a TaKllte no npoH3B0JlbHOfi~tJ86blllleBCKOA CHCTeMe. 3A8Cb YCT8HOM8HH 
HOBH8 YTB8Jt!l,D;9HHH, OTHOC~H8CH K HHM, 

06uqHH8 pa3'A6Jl8HHH8 p&3HOCTH H830B8M p83'A8Jl8HHHMH pa3HOCTHMH 
aJire6pamecxoro THna (PPA). BBO'AflTCH H pa~A8JI8HHHe pa3HOCTH TpHrOHO
M6TplitJ6CKOro (PPT), 3KCilOH8HUHMbHOro (PPS) BHAa H 0606111eHHHe pa3'A8-
Jl8HHHe paaHOCTH (OPP) no ASHHOMY Ha6opy·6aaHCHHX ~KUHR, o6paayio

~x CHCT8MY qe6Hmesa,H no 'A8HHOMY Ha6opy JIHHeAHHX ¢YHKUHOHMOB,H 
'AJIH HX 3¢ipeKTHBHoro suqucJieHHH noJiyqeHH peKyppeHTHHe COOTHOmeHHH. 
C noMOltlbll PPI', PPS HOPP, T, SH cawn o6~un HHTepnoJIHUHOHHHe noJIH
HoMH aanHCHB81lTCH B 6onee Y'A06HoA 'AJIH npHJIOllteHHA HbllTOHOBCKOA ¢opMe. 
IlonyqeHH TaKllte Oll8HKH norpemHOCTH HHTepnoJIHUHOHHHX noJIHHOMOB. 

B 'AHCcepT8llHH o60CHOB8H 8CT8CTB8HHHfi nO'AXO'A ,IJ,IIH noJiyqeHHH pa3-
'A8Jl8HHHX pa3HOCTeA C KpaTHHMH yaJiaMH. 0CHOBH8H H'A6H 3Toro nOAXOA8 
COCTOHT B COB6JXll6HHH npeA8JlbHOro nepeXOAS B pa3A8JI8HHblX pa3HOCTHX 
C p83JIHtJHHMH (npOCTHMH) Y3JI8MH, B nepaon rJiaBe rronyqeHH H KOHKpeT
HHe ~PMYJIH AJIH PPA, PPI', PPS HOPP c xpaTHHMH yaJiaMH, Oco6oe MecTo 
B nepaon rJiaBe 38HHM88T § I.6, KOTOpHA COA8plltHT YHH~UHPOB8HH08 
npe~CT8M8HH8 PMS KJiaC,CHtJ8CKHX HHTepnOJIHUHOHHHX ITOJIHHOMOB (JiarpaH
~a, Teniopa, opMHTa, A68JIH-roHtJapoaa, opMHTa-BupKroipa, 06pemxoaa 
HAP,) C noMO~bl) OPP. 

Bo BTOPOA rJiaBe "l1TepauuoHHble MeTO,JJ,bl ,IJ,IIH O~OBpeMeHHoro HaXollt
'A8HHH acex HyJieA 0606111eHHHX noJIHHOMOB no tJ66blllleBCKHM CHCTeMaM" ITOCT
poeH H o6ocHoaaH PM MOHBH A-,T-,3-H 0-rrommoMOB.ST:a M8TO.Im HMeIOT 

6onee mHpOKYJO 06JiaCTb CXO'AHMOCTH, tJ8M KJiaCCHtJ6CKHe MeTO'AH HbllTOHa, 
qe6blllleaa H 06pemKoBa 'AJIH HH'AHBH,IzyMbHOro noHCKa (O'AHOro 38 'APYPHM) 
HyJieA nOJIHHOMOB, 
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B § 2. l no~eHbl MOHBH HeKoToporo o6o61JleHHoro noJmHOMa f (a:) , 

HMSIOIJlSI'O nlilllb npoCTble HynH: 

[f<f1] [K] p CKJ /Q' CK] 
X, = X, - t (Xt) C•J(X;_ ) ' 

~ 
(I5) 

[K+/] Kl [; 1 CK] [K] I [Kl H [~ /. 
1 CK]) '

2 
[KJ 

x. -x'. -fcxl!'1) 2Q{ (X;, J-/(x; )+~f(X;, )q,J:t,J;'(}(J:.J1//}CX,)(l6) 
L-L L K] [I() [l!J, 

~ = 1, 2., , . . , n j K = O, i, 2 , , , • , 

r,qe O[lo(X) - o6o61JleHHblil nonHHOM no 3ToA m:e qe6blllleBcKoA cHcTeMe, 
[I<] [l<J 

HMSIOIJlliil B KatleCTBe Hynen i<-e np116nm1teHHlI .x 1 , • " , X n. K eyn.RM 
.X1, .. , , x,,_ nonHHOMa I ( xJ • MeTO,qbl (I5) H ( I6) JIMJIIOTCJI attanoraMH 

xopomo H3BSCTHblX MSTO'AOB Hb!OTOHa H 4e6blWeBa. 
.nwtee, BO BTOpon rnaBe MeTO,qbl (15) Ii (16) o6oCHOB8Hbl ,qnJI·cny

qaeB, Kor,qa I {;;c) - A-,T-:0: 3-no.mmoMU.B STRX CJlY'UllIX BOSMomo BOC
CTaHOMeHHe nonHHOMOB QCKJ <xJ no 11x HynJIM, noTOMY tlTO Gcl{/:r.) MOl!l:

HO lp8.KTOpH30B8Tb. ~3 BCSX 16 MeTo,qoB, OnHC8HHblX BO BTOpon rnaBe, 
pattee 6b!JIH H3BSCTHblMH TOnbKO M8TO'A ~OtleBa, lIM.RlllJlHAClI qacTHblM cny

qaeM (15) MlI A-nonHHOMOB,H MSTO,q 3p.lIHxa. 3,qecb nonyqeHa CBJI3b MeJ!t
'AY M8TO,qOM ~OtleBa H PPA. ~eHHO, 3Ta CBJI3b yKasana Ha ,qMbHelbnee 

o6061JleHHe MSTO'AOB THna (15) Ha c~aH, Kor,qa HynH MHOI'OKpaTHb18. 
IlpHBe,qeM B KatleCTB8 HnJIRlCTpaI.1HH M8TO'A THna (15), OTHOClJDlHAClI 

K c~aro T-nMHHOMa TN(X) noplI,qKa ,,, • Bee HynH nonHHOMa 'T'N{:X:) • 

H8XO'AlJDlHSClI B npOM8l!l:YTK8 [-.:it',~] , MO~O HaXO,qHTb cne,qylOOIHM MeTo,qoM: 

(K+t1 [Kl [Kl , X, - :f.J 

( 

2// [Kl [KJ )-i 
;x:l = x;. -:i.Bu<1TN<x, > 9.sin :i , CI?) 

i=1,Z, ... ,2N; K=O,i,2,, .. , 

{ ~ y - ·::,/."J 
r,qe B = [T11 ry>r I. /si.n ~ 

[K] J =I 

a ~ - 1IpOH3BOnbHOe tlHCno HS IIpOMel!l:YTKa [ - :X, :TL] , OTnHtlHOe OT eynen 
TN (X) • MeTo'A (l?) o6ocHoeaH TeopeMon 2.3.l. 

TeopeMa 2.3. I. IlycTb O < q, < 1 , d = ,:zt': I ::x:i - xJ I , 
L~J 

d
1 

=_mi.n ly-::x, I , "l=min{2/sin(i-cJJ, z /sin~1 
/) , 

L =1, .. , ,ZN 

H C > 0 TaKoe, tlTO BblllOnHlIHlTClI H8paB8HCTBa d-zc >0 H 
C 2, 'IN < t • IlyCTb HatlMbHble npH6mD1t8HHlI Bb16paHb1 TaK' tlT06bl 

I 
[o] 

.'.t ~ - x d £: cq, , i, ;f,2, ... , :ZN, (IS) 
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TOI''Aa MlI K : o, j_ 1 , , • BblnonHJIHlTClI HepaBeHCTBa 

I Ct<J 21< • x, - XL / ~ C q, , l = J., 2, .. , , 2 N. 

Ha,qo OTMeTHTb, tlTO M8TO'A (l?) HO lIMJIOTClI Henocpe,qCTBSHHblM cne,qCTBH
eM ( 15). BBS'A8HHe HOpMlipOBOtlHblX MHOl!l:HTenen BcKJ B ( 17) Heo6XO,qHMO 
H H~paeT CYIJlSCTBSHHYHJ ponb MlI CXO'AliMOCTH MSTO~a. B cnyqae 8-nonH
HOMa EN(X) TaKl!l:e nocTpoeH MSTO'A THna (l?) H o6ocHOBaHa ero KBa,q
paTHtlSCKaJI CXO,qHMOCTb T80peMoil 2.3.5. 

Bo BTOpon rnaBe pacCMOTpeHbl 3 BbltlHCnHTMbHble CX8Mbl, BblTSKaIOIJlHe 

H3 (16) C BKJIRltleHHeM Heo6xo,qHMblX HOpMlipOBOtlHblX lp8.KTOPOB MlI A-,T- li 

3-nonHHOMOB. 3'A8Cb npHBe~eM TOnbKO 3-MeTO'A. )].,IJI H8XOJ!l:'ASHHJI ecex Hy
JieA 3-nonHHOMa EN (XJ nonytleH MeTO'A 

[Kt,1 tK] [Kl r [Kl E' [l(J . ._[K] ,.1cK171.r,,w 2 
;xi. :X;, -4C[KJE11(Xi )[Vi -c[KJ N(X; )rC[l(]EN(a:-;_ )•yvi J/!l'i),(19) 

i=1,2, ... ,21'1 j K = 0, 1 ,. 2 , , .. , 

r,qe 

V~K] -
C -

2N [l(J c,o n h a.'· -;x. S C J 

j=4 2, 
jtl 

[I(] 1 21'1 • [<J (~J 

\A{ ·=z·Lcoih ,;rl -xJ· 
j=1 :i. 
J ♦ i. 

a KOHCTBHTbl [CK] Bbi6HpaHlTClI Cn8'AYIOIJlHM 06pa30M: 

-1 2/{ . . .. c,o 

C =[EN<v] nsh z-? ' 
[K] j: 1 

2: - np011:sBonbHoe tlHMo, f N ( Z) i O 

Ky6Htl8CKaJI CXO,qHMOCTb MeTO,qa (19) o6ocHOBaHa cne,qYHJ~en Teope
Mott: 

TeopeMa 2.5.3. IlyCTb q, - (JlHKCHp0B8HHOe tlHCno, 0 < 9- < i 

d = min /.x, -.Xj I 
i tj 

P =max (:XL- X· / 
i.ti J 

d. 1 = nzin / l. - :xi, I 
i.=1, ... ,2/t' 

Pi ~ max /'l.. - :x .. / , 
Ld, ... ,2N 

I''A8 X 1 , .. , , X ZN - KO PHH 3-nommoMa EN ( x) 
} 

R=ma.:x.·{2/ch(2P,+c)/'I/, 2/ch(2p+3c)/41}, l=max(R/t ,i). 
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IlyCTb lUfCJIO c ,qocTaTOlIHO MaJXoe, lIT06bl O<C<1.. , d-2c :;,O H 

f!. l{Nc 2 (2 l(N,
2 r, 2 1, 2 + N) ~ 'Z,.2. • IlyCTb HallaJlbHbl8 npH6Jl1rat8HH.fl Bbl6paHbl 

TaK, lIT06bl BblllOJIH.flJIHCb HepaBeHCTBa ( 18). Tor,qa 'AJl.fl KaJK,qOI'O K=-0,i,2, ... 

BblllOJIH.fllOTC.fl H HepaBSHCTBa 
[K] :3,K 

/:XL -xd~cq, ' i,=1,2, ... ,2/v', 

Bo BTopon I'JlaBe MSTOAbl C KB8,ll;paTHll8CKOn CKOPOCTbD CXOWfldOCTH 

o6o6IItaDTC.fl H Ha MHOI'OKpaTHble KOpHH, IlpH 3TOM CYI118CTB8HHO HCilOJlb3YDT

C.fl BBeAeHHble B nepnon rJXaBe PPA, PPT H PPS c KpaTHNMH yaJXaMH, IlpHBe

ASM TOJlbKO o6o6IIteHH8 M8TOA8 ,!VI.fl A-nOJIHHOMS AN ( X) CTeneHH N ' 

llM6l!lll8rO ROpIDI C RpaTUOCT.fIMH ol1 , o/2 1 • • • 7 oln COOTBSTCTBSHHO 

(d.1+o(z+ .. ,+ol.n=N): 

d·-1 OJ UJ) 
[K+tl [K] ,{ ~ AN {Xi. 

Xi. ==XL -iF L... jl(o(•-1-j)! 
L j=O , L [ 

[K] o(· ]{ol,-1-j) 
-(x - xi. ) " . . 

[l<J 

5?n,A (x) X:xf111 

(20) 

i=-1,2, ... ,n; K=0,:1,2, "', 

I'Ae 
[Id n [KJ o{ 

Q (X)=n(X-X~)e. 
rt,A f:i 

KBSJWaTHlISCKa.fl CXOAHMOCTb MeTOAa (20) AOK8.38Ha TeopeMott 2.6.I. 

B § 2.8 Ha OCHOBe MeTOAa 06pemKoBa Il0JIY'!I8Hbl H o6oCH0B8Hbl HTe

paQHOHHble MSTOAbl ,!VI.fl OAffOBpeMeHHOI'O H8XOJl!.A8HH.fl BCSX ttyJlen A-,T-R 3-

IlOJIHHOMOB, A-MeTOA 3TOI'O THna H3B8CT8H KSK MeTOA q>JIHXa. 060CHOB8HH8 

· T-H 3-MeTOAOB npoBOAHTC.fl TeopeMSMH 2.8.I H 2.8,3 cooTBeTCTBeHHo. 

B § 2.9 paspa6oTaHo 06061It8HH8 MeTOAOB,HM8!0fi!HX KBB,JJ;paTH'IISCKyx> 

CKOpOCTb CXOWfldOCTH, Ol'OT M0TOA npeAH83H8lI8H AJl.fl OAffOBpeMeHHOI'O Ha

XOJl!.ASHH.fl BCSX HyJXett npOH3B0JlbHblX KpaTHOCTStt ol 1 , o( :i., , , , .' ot m 0606-

IItSHHOI'O IlOJIHHOMa BHAB N·I 

PN (x> = '-f,..,(:;tJ t-~ Qj 'fi ( :x) , 
J~O 

I'AS { tfj (X) JJ~o - npOH3BOJlbHa.fl lI86blmeBCKa.R CHCTeMa. HTepa~OHHa.R 

1pOPMYJ1a mieeT BHA . 

[Kt1J_ f!<l - ),.,, n{o(,-1>(xc~1 / Q(ot.J (x.~'o) (20') 
,Xi - ::tL -( 1 '"' < ) [Kl L ' 

n1. 

i =1,2, , .. , m ; K= O,-i,:l., , .. , L.,.o(J = N, 
J=-1 

3~eCb qJ:;r> ..: BCilOMOI'aT0JlbHbltt 0606IIt0HHbltt MHOI'O'IIJISH no 3Ton llt0 

lle6blllleBCKOtt CHCTeMe { Lf J { X) J; 0 ' KOTOpbltt npeACTaBJleH B BHAS onpe-
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l 
J 
IJ 

l 
i 

,j 

') 
I 
·' 

ASJIHTSJl.fl, KBaAP8THlI8CK8.fl CXOAHMOCTb 3TOI'O M0TOAa AOKaaaHa TeopeMott 

2.9.I. 

B § 2.10 Ha OCHOBS MeTOAS 06pemKOBa Il0JIY'!I0H H o6oCHOB8H HTe

paUHOHHbtl! MSTOA 

[Kt1J (/(] f.',- 11 lK] p_ 1")x~J.'J) _l p ,·(x~"'1, & • {:.C· "} (:ti ) (20 ) 

Ji 
~;t) (o/·~r) [K-1./Q{:liJ [K]]-,( 11 

XL =-X;_ -Pt( (Xi ) N L J. "' < Ct<J ' [Kl ' 

i., =' 1, 2 , , , , , m ; K = 01 1 /2, . , , , 

I'Ae Kp8THOCTH o/1, ~2., • • ·, ot,.,, HyJlett PN fa;) - npOH3B0JlbHble, 

"f:: olj = !-I • BcnoMoraTeJibHhln noJXHHOM QcKlxJ HMeeT TOT lite caMbltt 

j:1 I II 

BHA,KaK H B MSTOAe (20 ). MeTOA (20) IlpHJIOl!UIM K IlOJIHHOM!lM THna 

II 

P. (X) = L G,j lfj (X) 
N • 

(20111 
) 

J~i 

H no CBoeA BbllIHCJIHTSJlbHOtt TPYAOSMKOCTH COH3M0pHM C MSTOAOM (20'), 

HO 38TO HM08T 60J1ee_BHCOKyx> (Ky6HlI0CKyn)_CKopocTb CXOAJ.{MOCTH. Ky6H

ll8CK8.fl cxoAJ.{MoCTb MeToAa (20") ycTru10BJ1eHa TeopeMow 2,I0.2. C~OPMY

JIHpyeM ee B llaCTHOM CJ1yllae, KOI'A8 o1, =<o(2, = · .. -= CXN = -1.. 

TeopeMa 2. I0.2. IlycTb TTOJIHHOM (20111 
) HMeeT npocTble KOpHH 

X1, X;i. , , , , , .:t N , ilyCTb lIHCJla C H i € / O, :I.) H 

<f~ l~d tf: (~i.) 
I 

"• <fN (~i) 

Llc):= min. Lnf ' I :o.(~·'. lf1 (tj,J '' • tf N C1f1) l 1 , 
.. " ......... 

i. 7 i,N I 'i i - :,:: i I ~ci 
'-fo (~N) lf1 (If N) • • •<frv(~N) 

. IlpeAilOJlaraeM, '!ITO CHCT8M8 { <fs ( :>;:) J s~ 0 - lI06Ll!lleBcKa.R H COCTOHT 

H3 AOCTSTO'IIHO I'JIB,JJ;KHX <PYHK~HA: I Ifie, c:.x:JJ ~ Msf. , -f. = 0,I,2,3, 

S = 0, /'I , ECJIH C BH6paHO 'AOCTRTO'IIHO MSJlblM, lIT06bl BblTTOJIH.flJIHCb 

HepaBeHCTBa 
N N 

N(c/i/ /}(c) -c ( L /ll·d Ms1) n ( Ms~ + NM}o) 
t:o S=O 

>O 
7 

deJ-.2. .2. 2 2 { "' K(c) ~ c Cl (Ms?.+ Ms1 +NNso) x 
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i1• 
I 
I 

' 

I' 

[ 
N 2 fl 2 N ]}

1
/z 

x (~ fa.z/ Ms3)+ (~fa,'/,/ Ms~)+ N{"f-;
0 

fa.ti Ms1) </V(c), 

Ct<J 3K , -
H ec;m HepaBeHCTBa / .x. i. - x ~ I ~ c q; , 1, = 1, N, BhlIIOJIHRIOT-
cn rrpH I<= 0 , TO OHH BlinOJIHRIOTCfi H npH K~OM UeJIOM K > 0 • 

B § 2.II Ha OCHOBe HenpepliBHWC aHaJioroB HCCJie,cyeMblX MeTO,D;OB 
nonytreHli peKOM8H,D;aUHH O Bli6ope HaqaJibHWC npH6JIHllteHHn npH HCnOJib30-
BaHHH COOTB8TCTBYJOmHx ,D;HCKpeTHWC M8TO,D;OB. 

B § 2.12 paCCMaTpHBaeTCfi oonpoc 06 onpe,n;eJieHHH KpaTHOCTen HY
Jien noJIHHOMOB, B qacTHOCTH, rrpHBO~TCfi opHrHH8JibHl:,In, TQqHl:,In, 3qxp8K
THBHH« ueTo,n; AJifi onpe,n;eJieHHR KpaTHOCTen HyJien aJire6pa1tq8CKHX noJIH
HOMOB C ,n;encTBHT8JibHl:,IMH K03qxpHUH8HTaMH, npH KOTopoM HCnOJib3Y8TCfi 
TOJibKO HHqx>pMaQHfi O K03qxpHliH8HTax noJIHHOMa. Borrpoc CBO,IJ;HTCfi K peme
HJ,tKJ ueJioqHcJieHHOH TpeyroJibHon CHCTeMbl JIHH8HHWC aJireCipal{q8CKHX ypaB
HeHHA. 

B TpeTb8« rJiaBe " AnnpoKCHMaHTli Ila,n;a no CHCT8MaM lfoeiblllleaa" 
pacCMaTpHBalJTCfi HeJIHHe«Hlie rrpH6JIHllt8HHfi K ,n;aHHon tpyHKUHH B BH,D;e 
OTHOmeHHfi ,n;Byx o6oCimeHHWC noJIHHOMOB no qe6meBCKHM CHCTeMaM. 3,n;ecb 
BBO,Il;fiTCfi TpHI'OHOMeTpl{qeCKHe Arr H noKaaaHo, qTO OHH npe,n;cTaBJifilJT 
6oJiee xopom1tn annapaT npH6JIHJ1teHHfi tpyHKUHH no cpaBHeHHKJ c qacTHqHl:,1-

. MH CYMMaMH ee pn,n;a ~pbe, T8K KaK aqxpeKT rH66ca y HHX KaK ,n;eq>eKT 
\;npHCiJIHllteHHfi Ha ITOPMOK HHJ!te, qeM y PMS «!ypbe, 

E.cJIH nepHo,n;Hqecxan IPYHKUHfi f (x) aSAaHa T-PMOM (aoro MollteT 
6HTb Hee PM ~pbe) 

ex, 

I (X} = 1° t L (o<n sin. n:x + fin co~ n.x) J 
(2I) 

n=• 
TO CTpOHTCfi Arr BH,D;a . 

M 

go + L,. (amsinmX + l,m co6172 X) 
1 ,. n1=1 P.,. ( M, N, X ; r) = -

VM =- · (22) d N ~ 
;, + L (Cn,::.i.nrt.X + dnco5nx) 

n=1 

KoaiW)HuHeHTH T-nOJIHHOMOB VM H UN onpe,n;eJIHDTCfi Ha ycnoBHfi 

[
~ ~H = 
T + L blnsi.nnx + fin co,!nXJ}UIY-VM = I:: t,/~sinK:t+p'K~K~).(23) 

n=1 k::.H4-N+1 

YcJIOBHe (23) ,n;aeT JIHHeAHyio CHCT8MY aJire6paHqecKHX ypaBHeHHn 
AJifi K03qxpHUH8HTOB noJIHHOMOB Ut1 H vf,f • Oco6lin HHTepec npe,n;cTaB-

14 , 

JIRIOT cawe ynoTpe6Jinewe Arr, xor,n;a M= N • OTH Arr Ha3BaHH ~aroHa
JihHliMH. B 3TOM CJiytrae BlifiBJieHa 6JioqHafi CTpyKTypa MaTpHUli CHCTeMbl, 
nopolK,D.eHHon paBeHCTBOM (23). CocTaBJieH 3KOHOMJNHH« aJII'OpHTM BbNHC
JieHHfi xoaqxf)HuHeHTOB Ut1 H VM B (22) qepea K03qxpltliH8HTli pn,n;a (2I). 

§ 3.4 I10CBfi1118H HCCJie,n;oBaHHD aqxpeKTa rH6Cica AJifi TpHI'OHOMeTpl{qe
CKHX Arr. 3,n;ecb AJIH tfiYHKUHH - cxaqxa y,n;aJiocb nOJiytrHTb ~aroHaJibHlie 
Arr B aHaJIHTl{q8CKOM BH,n;e • .nwibHe«raee HCCJI8AOBaHHe 6WJO B03MO.'!HO ql{C
JI8HHO c HCITOJib30BaHHeM HTepauHoHHliX MOHBH T-rroJIHHOMOB, rroxaaaHo, 
qTo noJIIJCli anrrpOKCHMaHTli f? ( N, N, :r, ; 'j~1p1-) - KOMI1JI8KCHlie qHcJia H 
qTo'aqxpeKT rH66ca y ~al'OHMbHWC Arr M8Hbme 2%. Xopomo H3B8CTHO, qTO 
y qacTl{qHliX CYMM PMa ~pbe AJifi paapliBHliX tpYHKUH« aqxpeKT r1t66ca 18%. 

B qeTBep:roA I'JiaBe "MHoromaroBH8 M8TOAH AJifi HHTerpHpOBaHHfi 
06liKHOB8HHWC ,n;HqxpepeHUHMbHliX ypaBH8HH«, OCHOBaHHlie Ha HHTepnOJifiliHH 
noJIHHOMaMH no qe6meBCKHM CHCT8MaM

1
; C HCnOJib30BaHH8M oCioCimeHHliX liHTep

llOJISIUHOHHliX IIo.imHOMOB TIO A-,T-, li 8-CliCTeMBM IIOJIY'l8Hli HOBli8 a<M)eR
THBHl:,18 ~e~oAH H aJiropHTMbl ·AJifi :pemeHHn aSAaqH (I),H cJieAoBaTeJihHO H 
AJifi CHCTeM AHqxp8peHQHaJibHl:,IX ypaBHeHH« nepBoro nopMKa B KaHOHHqe
CKOR qiopMe, Oco6Hn HHTepec AJifi npaKTHKH rrpe,n;cTaBJiffiOT aJiropHTMbl KOM
CiHHHpOBaHHOro npHMeH8HHfi MHOromaroBliX MeTQ,D;OB, nonyqeHHWC npH noMo-
mH HHTepnoJifiUHH npaBon qacTH ypaaHeHHfi (I) A-,T-li 8-nOJlliHoMBM:0:.B. 
qeTBepTon rnaae nocTpoeHli TpexmaroBHe attanorH MeTo,n;oB A,n;aMca H 
lliTepMepa H IlfiTHmal'OBHe M8TOAH A,n;aMca. BliHCHHM Ha rrpHMepe IlfiTHmal'OBblX 
M8TO,D;OB A,n;aMca H,D;81J nocTpo8HHfi aJII'OpHTMOB KOMCiHHHPOBaHHOI'O npHM8He~ 
Hli.FI A-,T-:0: 8-MeTo,n;oB.HTaR, liM88M 3 <pOPMYJIH Tlina A, T li 8: 

\h+1 -"Y;:, + ft <f'A + 0 Ch') (24) , 

~i+1 = Yi. + h cf 7 + O(-h.'), 
(25) 

ylH = !JL + h lf;) + O(h'J, (26) 

,r,n;e t.fA , 4'r H lf3- JIHH8nffli8 ipyHKUHH no OTHomeHHIJ K apryueHTaM 
y~, ... , Y'L-3 H Y!-'{ •· KoaqxlJHQHeHTli tpYHKUHH tf A - KOHCTaHTli, 
a·K03qxpHUH8HTli B BlipalK8HHfiX fT H tf, fiBJIRIOTCfi TpHI'OHOMeTp!NeCKHMH 
H I'HnepCiOJIHqeCKHMH tpYHKUHfiMH mara h COOTB8TCTBeHHO, 

AnropHTM AT:3--I COCTOHT B. TOM, qTO no ToqxaM :Xl-s 1 "' xl-.:1. 

H :r.i.-1 CTPOfiTCfi HHTepnOJifiQHOHHli8 noJIHHOMl,I THna A, T H 3 AJifi tpYHKUHH 
Y 1 

( x) , H HX 3HaqeHHfi B Toqxe Xi. cpaBHHB9.DTCfi no a6COJIIJTHO« B8JIHqH-
H8 C \:I 'i_ • Tor,n;a Ha K~OM mare HHTel'pHpoBaHwt ( I) npHM8Hfi8TCfi -o,n;-
Ha H3 IJJopMYn (24),(25) HJIH (26) a aaBHCHMOCTH OT Toro, KaKoR THI1 
HHTepnOJifiUHOHHOI'O noJIHHOMa 'AaeT CaMYJO MaJIYJ) norpemHOCTb B Toqxe Xi,. 

H,n;ea aJiropHTMa AT:3--2 cocTOHT a cne'AYIJllleM. ECJIH YMffOlltHM o6e 
qacTH (24)-(26) COOTBeTCTBeHHO Ha i!~ >, o , ~-r ~ 0 H re:>, o , 
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to< + t',z: + :i\,_ = 1. , TO TTOJiytlHM 11 BlmYJCJibIJ:1" KJISCC tp<>pMYJI 

YL+1 = YL + h. ( }o1. '-f A + 'l-1: '-fr + l.~ 'f3 ) + 0 (h'). (27) 

EcJIH '1lepe3 o{ , 'r: H £ o603H8'1lHM YKJIOH8HHH HHTepnoJI~HOHHbIX noJIHHO
MOB A,,{a:.;y') , T2 {:x.;y') H E;{x;':J') , nocTpoeHJ-DiX no Y3JiaM 
~ l-S , •" , 'X i.-1. , B TO'llK8 Xi, OT 3Hatl8HHH !:/ 1t COOTB8TCTB8HHO, 
TO paC'll8THbl8 K03qXpHI.IH8HTbl i; , l_: H J1 B ( 27) Bbl6HpaIOTCH H3 
YCJIOBHH 

r,11;e 

* * *) I., ( lo< I l.,c , X.e. i.n.f ' 
-:toi~o, 21: >;-o, :I:,;: ,;o, 

:i!. 0( + .!:r .+ i!c i: = i ' 

Uk,J::1:,-i:~J, (28) 

L (l:o(, 1-c, ;1:.EJ=/o(io1. -t-'Ci:-r; + E.;t. 6 /. (29) 

38,Il;aqa (28)-(29) HBJIH8TCH 38,Il;aqeJ:1 JIHHet:lttoro nporpaMMHpOBSHHH H pema-
8TCH TO'llHO. 3ppeKTHBHOCTb anropHTMOB AT3--I H AT3--2 npo,11;eMOHCTpHpo
BaHa Ha pfl,l\e T8CTOBbIX 38,Il;aq. 

B-ropaH tlSCTb "MaTeMaTHqecKoe MO,IJ;83IHpOBaHH8 H qffcJieHHOe HCCJie
,Il;OBaHHe peJIHTHBHCTCKHX nytlKOB 3ap.Rllt8HHbIX 'llSCTHU" nOCB.fllll8Ha nocTaHOB
Ke H pemeHHD 38,Il;aq A,B HBC HCnOJib30BaHH8M qHcJieHHbIX M8TO,Il;OB, paa
pa6oTaHHbIX B nepBO\:I qacTH ,Il;HCCepTSUHH. 

B nHTO\:I rJiaBe "MaTeMaTHqecKaH M0,11;8Jlb CTSUHOHapHoro caMOCOrJia
COBaHHoro TTytlKa peJIHTHBHCTCKHX 3JI8KTpOHOB Hee qffCJI8HH08 HCCJI8,IJ;OBa~ 
HHe " paccMaTpHBaeTCH 38,Il;aqa A• 

BHemttHMH napaMeTpaMH 3TOA M0,11;8JIH, H3B8CTHO\:I KaK MO,Il;eJib C8MO
corJiacoBaHHOro nyt1Ka HpKosoro, HBJIHDTcH: BeJIH'llHHbl,onpe,11;eJI.R10111He 
reoMeTpHD K8Mepbl, pacnoJIOllt8HH8 BHTKOB B HeA, BMH'llHHa TOKa B BHTKax, 
a TaKllte KOHCTaHTbl HO H Ho HHTerpaJIOB ,IJ;BHllteHHH. 

BHyTpeHHHe napaMeTpbI, T.e. napaMeTpbI, noJiytlaeMble nocJie HaXollt,Il;e
HHH CaMOCOrJiacoBaHHoro pemeHHH,- 3TO B8JIH'llHHbl, onpe,IJ;eJiflll~He tp<>pMy, 
pa3Mepbl H pacnoJIOllt8HHe o6JISCTH Q BHYTPH G- , a TaKllte pacnpe,11;eJieHHe 
IlJIOTHOCTH 3JI8KTpOHOB H TOKa. 

B § 5.I npttae,11;eHa nocTaHOBKa 38,Il;aqH A. BBe,11;eHbl see ypasHeHHH 
MO,IJ;MH H Bb!HBJI8Hbl ee napaMeTpbl. 

B § 5.2 paCCMOTpeH aonpoc O aa,IJ;8HHH BHemHero MBrHHTHoro TTOJIH, 
y,11;eplltHB8lO~ero 3JI8KTpOHHbIA TTytlOK. Pa,IJ;H npocTOTbl npHHHTO, 'llTO BHemHee 
MarHHTHoe noJie cos,11;aeTCH ,Il;BYMH CHMM8TpH'llHO pacnoJIOllt8HHbIMH OTHOCH
T8JibHO IlJIOCKOCTH i: = 0 BHTKSMH pa,11;Hyca R ' Ha paCCTOHHHH 2 :l: 
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,11;pyr OT ,11;pyra. McTO'llHHKaMH BHemHero MarHHTHoro TTOJIH HBJIHDTCH TOKH jt = RI 5 (i-R)o ("ic t. l)/7., , r,11;e I - nOJIHbIR TOK a BHTKe, o - AeJibTa-~z ~, ipyHKUHH ~paKa. HaXOllt,Il;8HHe BHemHero MarHHTHoro noJIH Ae { 'r.,, ;l:) 
CBO,Il;HTCH K pemeHHD ypaBH8HHH 

t t A-(o) J/Ji c•{O} J(o)) 'lO W :: - - J + C 81 {h 

C rpaHHqHbIMH ycJIOBHHMH (7). IToCJI8,Il;HHH.38,Il;aqa pemaeTCH TO'llHO,H peme
HH8 npe,IJ;CT8BJI8HO KaK ,Il;BORHo\:I Pfl,I\ no T- H B-cHCT8MaM. 

B § 5.3 ypaBH8HHH ,Il;BHllt8HHH 3apHllteHHbIX qaCTHU B 3JI8KTpH'll8CKOM 
H MarHHTHbIX noJIHX, onpe,IJ;eJIHeMblX CKaJIHpHbIM (3JI8KTpOCTaTHqecKHM) noTeH
UHaJIOM tf H aeKTopHbIM noTeHUHaJIOM A caMocorJiacoaaHHoro nyt1Ka peJIH
THBHCTCKHX 3JieKTpOHOB, npeo6pa3JDTCH K BH,Ily, y,11;06HOMY ,Il;JIH tlHCJieHHoro 
HHTerpHpOBaHHH. C TIOMO~bD HHTerpaJIOB ,Il;BHllt8HHH 38TTHCbIBa8TCH COOTHome-
HH8 

t~ (Ho-e<ff{(~:/.;. (~!/] = </)N,A) 
(30) 

Otto npe,IJ;CT8BJIH8T CBH3b M8llt,Il;y ypaBH8HHHMH H~DTOHa-Hopettua H pacCMaT
pHBaeMoA HaMH MO,IJ;eJibD nyt1Ka. CooTHomeHHe (30) HCTTOJibayeTCH H B Ka
'll8CTBe KOHTpOJIH TO'llHOCTH HHTerpttpOBaHHH CHCT8Mbl. 

B § 5.4 ,Il;JIH pemeHHH ypaBH8HH\:I (2) H (3) IlpHM8Hfl8TCH M8TO,IJ; 
By6HoBa-ranepKHHa. BbI6paHbl CJI8,IJ;YD~8 T-CHCTeMbl KOOp,IJ;HHaTHbIX ipyHKUHR 

'f =cos x.m. coslnr: -Ke :la 2h 

l<,f,j=1,3,5, .. , 

'f. =-Si.n. i.lit C03jn 
tJ CL ~f, ' 

(3I) 

t.,=-i,2,.3, ... 

Ol'H ,11;B8 CHCT8Mlil nOJIHbl C ytleTOM CHMMeTpHH 3a,11;aqH no 2 H C ytleTOM 
rpaHH'llHbIX yCJIOBH\:I (7) H (8) COOTB8TCTB8HHO. IToJiytleHbl T8Kllte JIHHe\:!Hble 
CHCTeMbl aJire6paH'll8CKHX ypaBHeHHA ,Il;JIH K03qq>HUH8HTOB pa3JIOJ!8HHH tf' H 
A ~c> no CHCTeMaM ( 3I) • 

B § 5.5 npe,IJ;JiollteHo pemaTb 38,Il;aqy 06 onpe,11;eJieHHH o6JiacTH Q 
M8TOAOM noCJie,IJ;OBaTeJibHbIX npH6~Hll8HH\:I, a B § 5.6 - nyTeM BB8,11;8HHH 
ttenpepbIBHoro napaMeTpa. 

B § 5.7 OITHCaH cnoco6 anrrpOKCHMSUHH rpaHHUbl r o6JiaCTH ~ • 
ll3 ypaBH8HHA (2) H (3) H rpattHtlHbIX ycJIOBHfl (7) H (8) CJie,IJ;yeT, llTO 
C8'1l8HH8 nyt1Ka HBJIH8TCH CHMMeTpH'llHOA OTHOCHTeJibHO OCH Di o6JiaCTbD 
B IlJIOCKOCTH ( 'i, 'x:: ) • M3 lfittsH'lleCKHX C006pallt8HHA CJI8,IJ;y8T, qTo ceqe-
HHe nyt1Ka - BblJiyKJI8H H orpaHH'lleHHaH o6JiaCTb. fipH pemeHHH COOTB8T
CTB~X KpaeBbIX 38,11;8tl ,Il;JIH HaXOllt,Il;8HHH CKaJIHpHoro H B8KTOpttoro noTeH
UHaJIOB,npID:48Hflfl M8TOA faJiepKHHa, Heo6XOAHMO Bl,lq}{CJIHTb 60JibM08 KOJIH
qecTBO ,Il;BOAHbIX HHTerpaJIOB no 06JiaCTH Q. • Ha OCHOBe YK838HHbIX BYIII8 
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coo6p8l!teffiilA O CHMMeTpIBIBOCTH, BHnyKJIOCTH H orpaH!NeHHOCTH HCKOMOA 
o6naCTH Q' ee rpaHHUa npH6nHllteHHO npeACTaBJineTClI B B~e 3aMKHYTOA 
H CHMMeTpIBmoA no :e noMaHOA ~HHH, B 3TOM cnytiae ABOAHHe HHTerp~ 
no 3TOA o6naCTH BHtracnmoTClI aHMHT!NeCKH. IlpeMOJP.eHHHA HaMH cnoco6 
annpoKCHMat.\HH lIBJilieTClI HeKOTopoA MO~qJl{KaQHeA MeTO,JJ,a HaHMeHblllHX' 
KB~paTOB H npHBO~T K pemeHHD CHCTeMbl nHHeAHHX anre6pa!NeCKHX ypaB
HeHHA C Tpe~HaroHMbHOA CHMMeTpmrnoA MaTpHUeA. 

B § 5.8 HCCReAYDTClI xapaKTepHCTHKH BHelllHero MarHHTHOro nonn. 
"HMoA" MarHHTHoro nonn. Ha3l>1BaeM CHMMeTpHmIYD OTHOCHTMbHO OCH 0i 
o6naCTb Qo BHYTPH npnMoyrORbHHKa G- , ARR KOTopon 

I. (/) ( 'l- 1 '1:) ~ 0 npH ( "l , x) E Q o ; 

2, Ha OTpeaKe OCH 0"(,. , aaKmoqeHHOM BJiYTpH o6naCTH .Q0 , BbITTOR-
H.f!eTClI O < n. n., o) < 1. , rAe rz. ( "l, ;l-) - noKaaaTeRb cnaAa Mar-
HHTHoro nonn. IlonoJP.eHHe 11.RMH" MSH.RSTC.R B 3aBHCHMOCTH OT BHemHHX 
napaMeTpoB MOAMH, Bb171o npOBSASHO tJHCRSHHOe HccneAOBaHHe 3TOA aaBH
CHMOCTH. HatJaJibHhle npH6nHJP.eHH.R B HTepaUHOHHHX npoueccax M.R corna
COBaHH.R nonepetJHoro cetJeHH.fl IlytlKa 3~aB8JIHCb B pai'loHe ".RMH" BHSWHero 

Mar.HHTHoro non.fl. 
B § 5,9 npHBSASH PAA caMocornacoBaHHhlX pemeHHA 3~atJH A. B He

KOTOPHX CRytla.RX cornaCOBaHHe o6naCTH npoBOAHROCb MSTOAOM nocneAOBa
TSRbHHX npH6nW1teHH8 H MeTOAOM'BBSASHH.R HenpepHBHoro napaMeTpa c 
UMbD CpaBHeffiillI pe3yRbTaTOB. Offiil OKa38JIHCb OAHHaKOBHMH, 

B § 5.IO npHBeASH!,1 peaynbTaTH !JHCRSHHoro HCCRSAOBaHH.R 6eTaTpOH
HHX Kone6aHHA qacTHU B nyt1Ke, HHTerpHpOBaHHe COOTBSTCTBYD~HX AHifxI,e
peHllHMbHHX ypaBHeHHA TPYAOSMKO. B HHX ytlaCTBYDT non.fl, nopOlK,IJ,SHHHe 
noTeHUHMaMH lf(C) H A (Cl , KOTOpHe Hai'lAeHH KaK. AB08HH0 T-nonHHOMH, 
a qiyHKUH.R Aro> Bblp8llteHa qepe3 'PYHKUHH Beccen.R. IlosToMy HccneAOBaHHe 
6eTaTpOHHHX Kone6aHH8 npH 6onblllHX BpeMeHax HSB03MOlltHO CAenaTb MeTO
AOM PyHre-KyTTa 3a PMYMHoe BpeM.R H Ha caMoi'l 6ucTpoAei'lcTB~en 3BM 
Bo~. 3ASCb 6un npHMeHeH c ycnexoM paapa6oTaHHHA B § 4.4 anropHTM 
AT3-I, KOTopun coxpaH.ReT BHCOKYD TOtJHOCTb pactJeTa, YMeHbmaeT 3Ha
tJHTMbHO BpeM.R pactJeTa H' KpoMe Toro' aBTOMaTHtJeCKH yqHTHBaeT Kone-
6aTenbHHA xapaKTep ABHlltSHHlI tJaCTHU, 

B § 5.II 3~aqa A npeACTaBJieHa B onepaTopHon ipopMe H noKaaaHo, 
!JTO KpHBYD r (rpaHHuY ceqeHH.R IlytlKa) Heo6xo~MO HaXOAHTb H3 qiyHKUHO
HMbHOro ypaBHeHH.R 

c/)(F[1J)=O, (32) 

. rAe (i' - HSKOTOpun qiyHKUHOHM. H3BeCTHO, tJTO 3Ta 3~aqa OTHOCHTC.R 
K Knaccy o6paTHHX H .RBJI.RSTClI HeKoppeKTHOA. B o6~eM cnyqae'3TY 3aAa
qy H~O pemaTb MeTOAOM peryn.RpH3a!.1HH, pa3BHTblM A.H.THXOHOBblM Hero 
ytleffiilKaMH. B § 5.8 6uno npOBSASHO AeTMbHOe HCCRSAOBaHHe MaTeMaTH-
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qeCKOA MOAMH,H TaKHM 06pa30M pe3KO orpaHHqHROCb ceMei'lCTBO B03MOJP.HHX 
pemeHHA AR.fl rpaHHUH r . IlonytieHHhle orpaHINSHH.R 6bl71H ytlTeHH B anro
pHTMe .' tmcneHHHe pe3yRbTaTH OKa3MHCb ycT08tJHBb!MH. 3To OAHa H3 npH
tJHH ASTMbHOro HccneAOBaHH.R ".F!Mli" BHemHero MarHHTHOrO non.fl. 

B § 5.12 AaHO KPaTKOe OnHCaffiile KOMMeKca nporpaMM Ha ~opTpaHe 
MODEL1 AR.fl BH!JHMeHH.R napaMeTpOB cTaUHOHapHoro COCTO.RHH.R aneKTpoH
HOro nyt1Ka. 

B mecToA rnaae "MOAMHPOB8HHe H•tlHCReHHoe HCMSAOBaHHe npouecca 
o6paaoBaHH.fl ippOHTa HOHH3aUHH npH HHllteKUHH pen.RTHBHCTCKoro aneKTPOH
HOro nyt1Ka a HaMepy c raaoM" pemaeTC.fl a~aqa B. 3AeCb npOBOAHTC.R 
nonyaHMHTHtlSCKOe (c HCITORb30B8HHSM ipyHKUHH I'pHHa M.R aneKTpHqecKoro 
non.fl) H noRytlHCRSHHOe (C03AaHa nporpaMMa M.R pemeHHlI Ha 3BM ypaaHe
HHA ABHJP.SHH.fl KpynHHX qaCTHU) paCCMOTpeHHS.B3fil!MOAeAcTBH.R IlytlKa 3RSKT
pOHOB C ocTaToqHbIM raaOM B orpaH!NeHHOA UHRHH'APJ.lqecKOA KaMepe. 

B .§ 6.I nocTpoeHa MaTeMaTHqecKa.R MOASRb npoueccoB BHYTPH APeA
ipoaoA KaMepH Ha ocHoBe "caMocornacoBaHHoro" irnaaHcTaT!NecKoro npH6-
nHJP.eHHR. B TaKOM npH6nHJP.eHHH o6HtJHO npHHHMaDT, tJTO ABHJP.0HHe qaCTHU 
3R0KTpOHHOro IlytlKa onpeAen.ReTC.R RHmb 3R0K:PIN0CKHM no~eM, aaBHC~HM, 
B CBOD oqepeAb, OT pacnonoESHH.fl CaMHX tl8CTHU B AaHHWA MOM0HT apeMe
HH. TaKHM o6pa30M, ypaBH0HHlI ABHlltSHH.fl qacTHU pemaDTClI COBM0CTHO C 
ypaBH0HH0M IJyaccoHa AR.fl ITOTSHUHSJia. IlpaBa.R qaCTb ypaBHeHH.R ftyaccoHa 
B KSl!tAHA MOMeHT BpeMeHH HaXOAHTC.R KaK MOTHOCTb 3apnAa B nonytiHB
meMC.R pacnpeAeneHHH tl8CTHU, 

HHJKeKTHpyewA B KaMepy pen.RTHBHCTCKHA IlytlOK MOAMHpyeTC.R B BH
A0 nocneAOBaTeRbHOCTH crycTKOB (KpynHHX qacTHU, HM0D~HX !pOPMY 6eCKO
HeqHo TOHKHX AHCKOB onpeAeneHHoro p~Hyca C noCTO.RHHOA MOTHOCTbD. 
aap.R~a. 3anycKaeMHX B KaMepy CKB03b TOpUSBYD CTeHKY qepea paBHlie 
npOMeJP.YTKH BpeMSHH C ITOCTO.RHHOA CKOpoCTbID). YpaBHeHHe AR.fl ITOT0HUHMa 

lf B cnyqae, KOrAa BHYTPH KaMepH BaKYJM, HM09T BHA 

. ti'f =-4:Jl ~ S'j , ·(33) 
J 

rAe · Jj - 3apAA crycTKa c HOMepoM j , j = I,2, •••• CYMMffpOBaffiile 
B (33) pacnpocTpaHeHo no T0M j 'M.R KOTOpHX COOTBeTCTB~He qacTH

.UH B paccMaTpHBaewn MOMSHT BpeMeHH HaXOA.f!TCff BHYTPH KaMepH. EcnH 
AO HHJK0KUHH B KaMepe HaXOAHnC.R HeATpanbHHA ra3, TO Heo6xo~MO yqH
THBaTb ero HOHH3al.lHD nytiKOM,H B (33) AOJilltSH 6HTb A06aMeH BKnaA OT 
MOTHOCTH 3apAAa, o6ycnOMSHHHA B03HHK~MH HOHaMH. ,fvl.R pacqeTa 
MOTHOCTH o6pa3~HXC.R npH HOHH3auHH HOHOB o6HtJHo HCITMb3YDT ypaB
HeHHe 

'ani. /JJt = n~ <>(VJ I VI ni , (34) 
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,I 

r,!\e n.9 - WIO.THOCTb HenTpaJibHOro raaa' 0 ( V) - ceqem1e HOHH3aIUUI' 
n~ - llJIOTHOCTb 3JieKTpOHOB B ny-qKe, V - OTHOCHTeJibHM CKOpOCTb 

3JieKTpOHOB H MOJieKyJI raaa. )vrR ynpollleHHR yqeTa peaoHaHCHOro BKJI~ 
B ceqeHHe HOHH3allJ,!H G"(V) C'qHTaeTCR KycoqHo- noCTORHHOn <pyHKUJ,!en v: 

{

6"1 
G"(V) = 6',2. 

0 < I VI < Vs, 

I VI>,- Vs 

:'.''' 

(35) 

6""1 • 0 :i. H Ys - KOHCTaHTH. TaKHM o6paaoM, y,!\aeTCR llpOHHTerpHpOBaTb 
( 34) TQ'qHO H noJiy-qHTb B!lp8.lKeHHe MR nJIOTHOCTH HOHOB 11;. ( t , "l- , :e ) • 

HTaK, npH yqeTe HOHH3aUHH, llpOH3BOAHMOA IJYllKOM, CJie,!\YeT BMeCTO 
(33) pemaTb (IO) npH rpaHHtIHOM yCJIOBHH (II). PemeHHe aa,!\aq;i (10)
(II) HaXOAHM KaK paaJIOllteHHe no co6CTBeHHhIM ~YHKUHRM o6JiaCTH, COOT
BeTCTBYKlllleA BHyTpeHHOCTH KaMepbl. ai,;i ~KUHH no "l, H 7- RBJIRKlTCR 
qe6blmeBCKHMH CHCTeMaMH COOTBeTCTBeHHO THna B HT. 

K ypaBHeHHRM (12) A06aBJIRKlTCR ypaBHeIDIR ,!\BHllteHHR HeKOTOporo 
KOJIH'qeCTBa "npo6Hb1X HOHOB" '· KOTOpble TOllte npe,!\CTaBJIRKlTCR B BH,!\e 
qacTHU-AHCKOB. 

B § 6.2 o6cy,K,!\aKlTCR BonpOCbl nporpaMMHOA peBJIH38UHH MO,!\eJIH H 
npHBOAHTCR Kp8.TKOe onH~aHHe KOMWieKca nporpaMM MODEL2 • llpH npo
rpaMMHon peaJIHaaIIHH MOAeJIH ifJy}IKUHR / ( V) = sign ( V). 6' ( v) 
annpoKCHMHpyeTCR qacT;iqHoA CYMMOA ee pR,!\a ~ypbe 

00 [ ~ fcv) =¾ L. -k- (6:i_-o,)eos Knc s + ll1-0~ (-d7slnK~V ' 
K:i 

H J.13 Hee CTpOHTCR TpHrOHOMeTp;iqecKaR All. B CJiy-qae, KOr,!\a 01 = 6",_ = 6' ' 

~KUJ,!R f ( V) 06P8111aeTCR B ~KUllll . c,,si9n ( V)' H ,!\JIR Hee HCnOJib3ye1:
CH TO'qHOe B!lpallt8HHe AHaroHBJibHOA All nRTOro nOPfiAKa. 

.na.nee, B § 6.3 o6c~aKlTCH peayJibTaTbl cqeTa Ha 8BM C ~H3HqecKoA 
ToqKH 3p8HHR. PaCC'qJ.!TblBBJIHCb pa3~H'qHble napHaHTbl: H~eKUHR nyqKa B 
BaKYYMffYKl KaMepy, H~eKQHR nyqKa .B KaMepy C raaoM. ~OnOJIHHTeJibHO 
npocJI~HBBJIOCb ,!\B~eHHe HeKOTOporo q;icna npo6HbIX HOHOB. 

B ce.nbMOA rnaae "MOAeJIHpOBaHHe nepeXO,!\HhIX npoueccoB B B036YJK
A8HHblA peaoHaTop" paccMaTpHBaeTCR 38,1\aqa B. 3,1\eCb npoBOAHTCR MaTeMa
THqecKoe HayqeHJ.18 TpaHc~pMaIIHH BblCOKoqacTOT.Horo nOJIR, B036~8HHoro 
B pe30H8Tope CTOPOHHHM reHepaTopoM npH BJieTe B peaoHaTop peJIHTHBHCT-
CKoro aneKTpoHHoro nyqKa. . 

B § 7.I paccMaTpHaaeTCR B3aHMOAencTBH8 3JI8KTpOHHoro nyqKa c 
noa6~eHHhlM a pe.aoHaTope noneM. !JyqoK, KaK H B mecTon rnaae, HMHTH
pyeTCH CHCTeMoU cryCTKOB - ,!\HCKOB onpeAeJieHHoro PS,!\Hyca. PaAHBJibHYKl 
CTen·eHb CB060Abl cqJ.IT88M "aaMopollteHHon''. CrycTKH B38HMOAeACTBYKlT Mellt
,1\Y co6oA I{ C H306pallteHHRMH B cTeHKaX peaoHaTopa KBa3HCTaTHqeCKH, a 
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Ta!Olte qepe3 BHXpeBble nOJIR. KpoMe Toro, Ha HX ,!\BHJKeHHe OKa3blBaeT 
AeAcTaHe none, aapattee noa6~eHHoe a peaoHaTope. 

lloJIHaR CHCTeMa ,!\H~epeHUJ,!BJibHIDC ypaBHeHHA COCTOHT J.13 (13) I{ 

(14). 
B § 7.2 paCCMOTpeHbl BOIIpOCbl peaJIH3ailHH KOMMeKca nporpaMM 

MODELJ • TaK KaK 'qJ.ICJIO ypaBHeHHA B CHCTeMe (14) nepeMeHHOe, TO (14) 
HHTerpHpOBBJIOCb OAffomarOBblM MeTO,!\OM. l.h!CJIO ypaBH8HHA B (13) noCTORH
HOe,H npaBble qacTH (13) xopomo annpo~CHMHPYKlTCR T-nOJIHHOMaMH. IloaTo
MY HHTerpHpOBaHHe (13) npOBOAHJIOCb CJie,Il.j'IOlllHM o6paaoM. )vrR npoae,!\e
HHH nepBblX Tpex maroB 6blJI HCnonb30BaH M8TOA PyHre-KyTTa, a ABJibHeA
mee HHTerpHpOBaHHe npoBOAHJIOCb aJiropHTMOM ATS-I. 3~ecb YKaJKeM TOJib
KO Ha TO, 'qTO THilHtIHOe COOTHOill8HHe q;icen HCnOJib30BaHHR A-,T- H 3-
M8TO,!\OB B aJiropHTM8 ATS-I BO BC8X npo,!\eJiaHHblX HSMH pacqeTaX ,!\Jlff CHC
TeMbl (13) CJI8AYK>lllee: A: T: 8 = I:30:8. aro COOTHOilleHHe H npo,!\e
JISHHble HaMH TeCTbl, B KOTOpblX H3BeCTHO TOqHoe p6118HHe, nOK83blB8KlT, 
'qTO B HamHX pacqeTax HHTerpHpOBSHHe (13) npOBOAHJIOCb C norp611HOCTbKl, 
He npeBblm8KlllleA 10-6. 

B § 7.3 npoBOAHTCH 66c~eHHe peayJibTaTOB pemeHHR 38,1\S'ql{ BC 
~H3J.l'q8CKOA TQ'qKH apeHHH. 

B 3SKJil()qeHHH ~PMYJIHPYKlTCR OCHOBHble peayJibTSTbl npe,!\CTaBJieHHblX 
B ,!\HCCePTallJ,!H HCCJie,!\OBaIDIA. 

ill. OCHOBHHE PF3YJihTATI1 H BllBO,lJJ:l 

.I. Ha OCHOB8 060611leHHblX IlOJIHHOMOB no qe6bllleBCKHM CHCTeMaM H 
BBe,!\eHHblX HaMH pa3,!\eJieHHblX paaHOCTeA TpHrOHOMeTp~ecKoro H 3KCTTOHeH
UHaJibHOro THna noJiy-qeHbl HOBble peayJibTSTbl B TeopHH HHTepnOJIHpOBSHHR. 
TpHrOHOMeTp;iqecKHA H 3KCilOHeHUHBJibflbrtt HHTepnOJIRUHOHHble noJIHHOMbl aaIIH
CaHbl B HbDTOHOBCKOR ~opMe,H noJiyqeHbl oueHKH HX norp€111HOCTeR. Ilonyqe
HO YHH~W!POBSHHOe npe,!\CTaBJieHHe PMa KJiaccwqecKHX HHTepnOJI.RUHOHHblX 
IlOJIHHOMOB C IlOMOlllbKl 060611leHHblX pa3AeJieHHblX pa3HOCTen. 

2. Paapa6oTaH H o60CHOBaH PM HOBblX M8TOAOB ,!\Jlff OAffOBpeMeHHoro 
HaXOJ!tAeHHR BC8X Hynen 060611leHHblX IlOJIHHOMOB, KOTOpble HMeKlT 6oJiee 111HpO
KYKl o6JiaCTb CXOAHMOCTH, qeM M8TOAbl ,!\JIR HffAHBH,!\YBJlbHOro nOHCKa eyJieR. 

3. llpe,!\JIOllteHbl Bnepable TpHrOHOM8Tp;iqecKHe annpOKCHMaHTbl flaAa,H 
noKaaaHo, 'qTQ y HHX a~eKT rH66ca Ha nopR,!\OK HID!te, qeM y COOTBeTCT
BYKllllHX qacTHtIHblX CYMM PHAa ~be. 

4. C IlOMOlllbKl TpHroHoMeTp;iqecKHX H 3KCilOH8HQHaJibHhIX HHTepnOJIR
UHOHHblX noJIHHOMOB pac111HpeH apceHaJI MHOromarOBblX MeTOAOB ,!\JIR HHTer
pHpOBaHHH 06blKHOB8HHhIX AH~epeHQHaJibHblX ypaBH8HHR,H nocTpoeHbl anro
pHTMbl MR_Hx KOM6HHHPOBaHHOro llpHMeHeHHR. 
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5, Coa~aHH TPH KOMIIJieKca a.nropHTMOB H nporpaMM win SBM, noaaonHD
lllH8 pemaTh aa,D;aqH A,B H B. ITonyqeHHble Ha SBM peaynhTaTH npeAcTaBJI~T 
qll13HqecKHA HHTepec. 

6. Pa3BHTHMH B 'AHCCepTaUHH M8TOAaMH YAa.JIOCb qHcneHHO HCC~8AOBaTb 
yKaaaHHue Bhlllle MOA8RH CT~oHapHoro caMocornacoaaHHoro nyqKa penHTH
BHCTCKHX 3R8KTpOHOB, npouecca o6paaoBaHHH QJPOHTa HOHHaaUHH npH HID!t8K
UHH peRHTHBHCTCKoro nyqKa B KaMepy C raaoM,B3aHMOA8ACTBHH MOA peaoHa
Topa qepea HHllt8KTHpyeMHA B Hero peRHTHBHCTCKHA 3R8KTpOHHblA nyqoK C 
AOCTaToqHo xopomeA TQqffQCTbD aa npH8MR8M08 MamHHHOe BpeMR, H8CMOTPH 
Ha HX 60RbmyD CRO~HOCTb, 

7. Bee paapa60TaHHbl8 qHCR8HHbl8 MeTOAbl B nepaoA qacTH 'AHCCepTaUHH 
HM8DT H caMOCTOHT8RbHblA TeopeTHqecKHA H npHKRa,D;HOA HHTepec. 

8. ITpewroJKeHHaH MeTOAHKa HBJIH8TCH OCHOBOA MH paapa60TKH HOBb!X 
qHCR8HHblX M8TOAOB pemeHHH H8RHH8AHb!X 3aAaq MaTeMaTHqecKoA qll13HKH. 
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