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06lljAfl XAPAKTEP\1CT11J{A PAJ30Thl 

AKTlMbHOCTb 

Heo6xO,D,HMOCTb HCCJl8,Il,OBaHK.fl xapaKT8p11CTl1K MarHl1THb!X noneA B03Hl1-

KaeT npH npoeKTKpOBaHl111, C03,D,aHKl1 11 3KCT1JlyaTaQl111 MarHl1THblX CMCTOM 

ycKop11TeJieA 3ap.RM8HHblX qacTHQ 11 .n,pyrHx 3Jl8KTpo111311qecKHX ycTaHOBOK. 

0.n,HKM H3 OCHOBHblX M8TO,Il,OB l1CCJI8,I1,0BaH11A np11 3TOM .flBJIH8TC.fl qj1CJI8HH08 

MO,Il,OJIKpoBaHKe C noMOl!lblO 8B11!. OHO .n,aeT B03MOlltHOCTb jCKOPKTb npOQ8CC 

npoeKTKpoBaHK.fl, 38.MBHHTb )l,Op0POCTO.fll!IKA HllTYPHHA :w:cnepKM8HT Bhfql1CJIK

T8JlbHbIM, nonyqKTb K3,Il,6JI~.fl 6onee BblCOKOPO KaqeCTBa, Bb16paTb OTITKMaJ!b

HYIO KOH¢KrypaQHIO ycTpoACTBa. B TO ~e apeM.fl, a41'f)eKTKBHOe npoae.n,eHKe 

q11cJieHHOro MO)l,8JIKpOBaHK.fl Tpe6yeT C03,D,aHH.fl HOBblX MeTO,Il,0B 11 KOMTIJI8KCOB 

nporpa.MM, TT03BOJI.fll01!1KX nonyqaTb xapaKTepKCTl1KK MaPHKTHbIX noneA C 

Tpe6yeMOA TOqHOCTblO 11 MKHl1MaJibHbIMl1 3aTpaTaMK pecypcoa Sd11t. 
Bee pa3Hoo6pa311e nocTaHOBOK aan,aq 11,Jl.fl qacneHHoro Mo.n,en11poaaHKS1 • 

CTaQKOHapHb!X MarHl1THblX noneA MOM8T 6hlTb 06'b8,D,KH8HO B Tp11 60Jibilll18 j 

rpynnbl no B11,D,Y HCnOJib3Y8MhlX ypaBHBHHR: 11,wfxpepeHQHaJibHble, 11HTerpanb

Hbl8 11 KOM611HKpOBaHHbl8. B 06111eM c.11yqae 3Tl1 ypaBHe!l,IR RBJI.fl!OTC.fl H8Jil1HeA

HblMK. Ka1K,11,a.R nOCTaHOBKa 11MeeT KaK CBOl1 11,0CTOKHCTBa, TaK 11 CBOK 

H8,Il,OCTaTKK. UeJiecoo6pa3HOCTb 11CnOJib30BaHK.fl Toro KJIK KHoro no.n,xo.n,a 

npe1K,11,e acero onpe.n,eJI.ReTC.fl oco6eHHOCT.flMl1 MarHl1THOA CKCT8Mbl KOHKpeTHOA 

ycTaHCBKl1. )J,KccepTaQl1.fl noCB.fll!ISHa pa3Bl1TKIO MeTO,Il,OB q11CJISHHOro pemeHKR 

3~aq11 M&I'HKTOCTaTKKK B HHTerpanbHOA (p()pMYJIKpOBKe ,ll,Jl.fl BeKTOpHoro 

TTOT8HQKaJia 11 B KOM611H11posaHHOR ¢opMYJil1p0BKe ,Il,Jl.fl .n,ayx CKaJI.RpHblX noTeH

QHaJIOB. ITepaa.R 113 paCCMaTp11aaeMblX ~OPMYJIKPOBOK Hrut6oJiee aqxp8KTHBHa 

,Il,JIR pacqeTa nJIOCKonapaJIJI8JlbHblX 11 ocec11MMeTp11qHhD{ MarHHTHhlX CHCTeM 

C He60JibillHM 06'beMOM ¢eppoMarHeTKKa. B 3TOM cnyqae HHTerpanbHOe ypaa

H8Hl1e co.n,epMKT B,Il,808 M8Hbill88 qHCJIO H811386CTHhlX, qeM illHp0KO HCTTOJib-

3Y6Mble 11HTerpanbHble ypaaHeHH.fl OTHOCHTSJibHO B6KTOpoa noJI.fl. KoM6HHH

poBaHHYJO noCTaHOBKY npe.n,noqTKTeJibHO HCCTOJib30BaTb ,Il,Jl.fl pacqeTa OTKpb!TblX 

MarH11THbTX Cl1CT6M 11 CKCTeM C CHJibHbIM HaChlll16Hl16M ¢eppoMarHeTHKa C Q8Jlbl0 
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TOtlHOPO yqeTa ycnoBJ.tR y6MBaHJ.tR MaPHJ.tTHOPO ITOJIJI Ha6eCKOH8miOCTJ.t. 

OTMM onpe.n,enReTCR aKTYaJJbHOCTb BonpoCOB, paCCMOTp8HHhlX B .n,11ccepTa

QJ.tJ.t. 
Pa60Tl,I, ITOROJ!t8HHM8 B OCHOBY .n,11ccepTaQH11, B!,lll0RH8Hl,I B COOTB8TCT

BJ.tJ.t C npooneMHO-TeMaTJ.tqecKHM ITRaHOM Hayqtto-11ccne.n,0Ba·1·e11bi..:KHA pa6oT 

06oeJJ,HH8HHOPO J.tHCTJ.tTyTa M8PHhlX KCCne.n,oaamd~. 

~a6oTbl 

UenblO .n,11ccepTaQKOHHOA pa60Tl,I RBJIJleTCR pa3pa60TKa M8TO.n,OB mic

neHHOPO pemeHJ.tR aa.n,aq, B03HKKalOII\KX npM MO.n,enKpOBaHl1K MaPHl1THhlX noneR 

3R8KTpDq)K311qecKHX ycTaHOBOK, cos.n,attKe KOMnneKCOB nporpaMM AM peme

HKR 3TOPO Knacca aa.n,aq, npoBe.n,eHJ.te pacqeTOB xapaKTepKCTl1K KOHKp8THMX 

MarHJ.tTHblX CKCT8M, !1p11 3TOM B03H11Ka10T Bonpoc1,1: 

I) Bbl()Opa MaTeMaTJ.tqeCKOA MO.n,enK, HaH6onee ITOAXO.JJ)lll\8R AM sqxpeK

TKBHOPO q11cneHHOPO perneHKR 3aAamt, 

2) KCCne.n,oaaHJ.tR OAff03HaqHoR pa3pelllHMOCTl1 ypaBH8HHR B Bbl()paHHOA 

nocTaHoBKe, 

3) ITOCTpoeHJ.tR .n,HCKp€TH30BaHHhlX ypaBH8HJ.tR, 11CCJie.n,oB8.HM pa3peIUJ.t

MOCTK .n,KCKp6THOA 3aAaqJ.t K cxo.n,KMOCTK npK6RKJ!t8HHhlX pemeHKA K T01.lliOMY, 

4) ITOCTp08HKR 11T8paQHOHHhlX M8TO.O.OB peweHJ.tR 3aAamt. 

Oco6eHHOCTb10 3aAaq, paCCMOTpBHHhlX B .n,KCC8pTaQHK, RBJIJl8TCR 

Heo6xo.n,KMOCTb TQqHoro yqeTa ycnoBM Ha 6eCKOH8qHOCTK, B CBR311 C 3TKM, 

B qaCTHOCT11,peU!aJJKCb aonpOChl BKn10qeHM rpaH11qHoro KHT8PpaRbHOPO 

ypaBH8H1.\R (rl1J) B npoeKQJ.tOHHYJO ipopr,iynKpOBKY sa.n,ami B paMKax KOM6K

H11poaaHHOPO no.n,xo.n,a, a TaKJ!te nocTpoeHJ.tR KT8paQKOHHOPO M8To.n,a COBM8CT

HOPO pemeHKR rpaHHtlHOPO 11 HeRMHeAHoro o61>8MHOro KHTerpaJJbHhlX ypaBHe

HKR B KHTerpaRbHOM ITOAX0.0.8, 

HalqHM HOBM3Ha 

Paspa60TaH npoeKQHOHHhlR anrop11TM q11CJI8HHOPO pemeHM 3aAaqJ.t 

MarHJ.tTOCTaTJ.tKJ.t B nocTaHOBKe, 11CilOJlb3YJ01118R .n,MqxpepeHQHaJibHM8 ypaBH8HJ.tR 

B KOM611HaQHJ.t C r11Y, yqJ.tTblBalOl!IJ.tM ycnOBl1R Ha 6ecKOHeqHOCTK,0co6eHHOCTb10 

3TOPO aJiropHTMa RBRR8TCR 3KOHOMl11.llil,18 Tpe6oB8.HHH K Il8MJITK 3BJ npH 

ero m!CJI8HHOR peaJIJ.t3aQHK. ,11.oKaaaHa O.n,H03Ha1.lliM paspernKMOCTb 3a.n,aq11, 

a TaK11te cxo.n,J.tMOCTb np116nJ.tllt8HHhlX perneHJ.tR, IlOCTpoeHHhlX M8TO,ll,OM faJiep

KJ.tHa, K TO~. 
,II.RH H8JIJ.tHeRHoro J.tHTerpaJibHOrO ypaBH8HHR MaPHKTOCTaTJ.tKJ.t OTHOCJ.t-
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T8RbHO B8KTOpHoro IlOT8HQJ.taJia 11ccne.n,0BaHl,I CBORCTBa J.tHTerpaJibHOPO one

paTopa, .O.OKa3aHa o.n,H03Ha1.lliM paspeIUJ.tMOCTb ypaBH8HKH, CXO.n,MMOCTb M8TO

.n,a npocToR MTepaqHJ.t 11 JIOKaJ!bHM CXO.D.J.tMOCTb HblOTOHOBCKvlX npoqeccoB, 

Paapa6oTaHa, J.tCITOJlb3YJOII\M .n,aHHOe ypaBH8Hvl8, M8TO.n,J.tKa pemeHJ.tR o6paT

HOA aa.n,at:rn !pOpt,!J.tpOBaHJ.tR O.n,HOpo.n,Horo MarHJ.tTHOPO nonH Ha J.tHJ!t8KTOpHOM 

yqaCTKe RJ.tHeRHOPO J.tH,IJYKQHOHHOro YCKOPJ.tT8Rff (JIID'). )].oKa3aHa paspemJ.t

MOCTb CJ.tCT8Mbl H8JIJ.tHeRHb!X ypaBH8HJ.tA, B0-3Hv!KaIOil\8A npJ.t .n,11cKpenrnaQHJ.t 
3aAaq11, 

IlpaKT11qecKM gel:!HOCT~ 

Ha OCHOBe npe,IJ,JIOllt8HHhlX B IJ;J.tCcepTaQHvl anropMTMOB C03,Il,aHbl KOMIT

Jl8KCM nporpaMM, npe,a,Ha3HaqeHHbI8 ,JVIR npoae.n,eHll!R pacqeTOB IlOJIR nJIOCKO

napanJieRbHhlX K oceCKMMeTpH1.llihlX MarHJ.tTHhlX CJ.tCTeM. IloJiyqeHhl xapaKTep11c

TJ.tKJ.t MaPHl1THhlX noJieR B CJiyqae C11JlbHOro HaCblll\8HKH cfleppoMarHKTHOPO 

3KpaH8 H8KOTOpblX MaPHl1TOB CJ.tHXpOTpOHa Cill1H JIBS 011fill.. PerueHa 3aAaqa 

abl6opa OITTJ.tMaJlbHOA KOH!pJ.tPYPaQHJ.t ipeppoMarHJ.tTHhlX llIJ.tMM C qenbIO C03,Il,8.HJ.tff 

O,Il,HOpO.n,HOPO MaPHKTHoro nonR Ha J.tHJ!t8KTOpHOM yqaCTKe JillJ. ,lJ.JIJl pa3JIJ.t1.llihlX 

paCCTORHl1R M8llf.lJ.Y YCKOPHlOl!IJ.tMJ.t C8KQHRMJ.t noJiyqeH1,1 KOH!pl1rypaQ11K Ul11MM, 

Il03BOJIR1011\J.t8 CYll\8CTB8HHO ynyl.llIDITb O,Il,HOpO.n,HOCTb ITOJIH, 

Paapa60T8.HHM8 anropKTMl,I 11M810T CaMOCTORT8JlbHM8 HHTepec J.t MOPYT 

6b1Tb 11CilOJlb30BaHl,I npH qJ.tCJI8HHOM perneHKl13a.n,aq 3Jl8KTpO!pl1311Kl1 11 ycKop11-

T8JlbHOA T8XHl1KJ.t, aHaJIOrJ.tmib!X paCCMaTpKBaeMMM B ,Il,J.tCCepTaQJ.tK, 

Anpo6awtR pa6oTY 

UCHOBH!,18 peayJibTaTl,I .n,MCCepTaQHOHHOR pa60Tl,I .O.OKJlaAl,IBaJIKCb Ha 

X,XI BceC0103HhlX C0B811\aHMX no yCKOpKTeJIJtM 3apRJ!t8HHhlX qacTKQ (,D.y6Ha, 

I986r.,I988r.),Ha BceC0103HOR KOH!p8peHQHK no BJ,ltOICJIKT8JlbHOA !pK3KK8 J.t 

MaTeMaTKqeCKOMY MO.n,eJIKpOBaHJ.tlO (BoJirorpa.n,, I988r.,I989r.), Ha Mellf.lJ,Y

Hapo.n,ttoA KOH!pepeHQ1rn EQU,.DIFF" -? (Ilpara, I989r.), Ha pa6ot1eM coae-

11\aHKJ.t "MeT0.11,hi J.t nporpaMMbl pacqeTa MaPHJ.tTHb!X noJieR" (IlpoTBKHO' I989r.)' 

a Taue Ha JqeHhlX COB8Tax OIDM 11 ceMKHapax no B1,JqJ,!CJIKT8JlbHOR M npKK

Jla.n,HOR MS.TeMaTKKe JIBTA Ol1ffi1. 

Ily6Jil1KawtK 

no T8Me .n,HccepTaQHK ony6JIJ.tKOBaHO? pa6oT, B TOM qJ.tCJie B llt,YI)HaJle 
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"\lhrn1ma 39:Afl", B Tpy,IJ,ax coseuiatt11tl 11 KOHtpepemi;11tl, B coo6111ett11.11x 011fil!. 

CTpYKTYpa 11 o6wM pa6oTw 

~ccepTal..'(11.11 COCTOl1T 113 BBe,IJ,eHH.11, Tpex PJiaB 11 3aKJiroqeH11.II, CO,IJ,ep

~11T 3 Ta6JI11Qb!,l3 p11cyHKOB, Cill1COK Jil1TepaTypw 113 155 HaHM8H0B8.Hl1'1 

11 113JIO~eHa Ha YB CTpaH11qax Malfil!HOil11CHOPO TeKCTa. 

CO)\EPJKA!filE ,nvtCCEPI'Af.llli1 

Bo BBe,IJ,8Hl111 np11B0,ll,HTC.II KpaTKl1A o6aop Jil1T8paTyphl no qKCJieHHblM 

MeTO,ll,aM 11 nporpaMMaM ,IJ,n.11 pacqeTa MaPHl1TOCTaTHqecKHX noneA. PaccMaT

p11aaroTC.II OCHOBHhle MaTeMaT11qecK11e IlOCT8.HOBKH STOA 3a,IJ,aql,1. AHaJil1311pyroT

C.II ,IJ,OCTOl1HCTBa 11 H8,IJ,OCTaTKl1 IlOCTaHOBOK C TO~H apeHH.11 ajxpeKTl1BHOCTH 

HX 11CilOJib30BaHl1.II np11 q11cneHHOM MO,ll,8Jil1pOBaH1111. OTMeqaeTC.11, qTo pewe

Hl1e 3a,IJ,aq, OTJI11qaro11111xc.11 MHOP006pa3118M KOH~HPypaQHA qieppoMaPHHTHblX 

o6JiaCTeA, pa3Jil1qttblMl1 MaPHHTHblMl1 xapaKTepHCTl1KaMH MaTep11anoa, npHBO,ll,11T 

K H806XO,IJ,HMOCTl1 11CilOJib30BaHH.II 11 pa3B11TH.II pa3Jil1qffl,IX IlOCTaHOBOK. OTHM, 

a qaCTHOCTH, o6ycJiaBJil1BaeTC.II paCCMOTpeHHe a ,ll,HCC8pTaQHOHHOA pa6oTe 

KOM6HH11poBaHHOA IlOCTaHOBKl1 H HHTePpanbHOA IlOCT8.HOBKl1 )VlJI B8KTOpHOPO 

IlOT8H[.'(HaJia. Ilp11BO,D,f(TC.II Taue Oill1CaHH8 CTPYKT,YPl,I A11..:cep-1•aQHH 11 nepe

Q8Hb OCHOBHbIX peayJib'!'a01•0B • 

,.Ilepaa.11 PJiaaa rroca.11111etta pemeHH!J aorrpocoa O,IJ,H03HaqttoA paspem11MOCTH 

3a,IJ,aql,1 B Bb!!UeJKa3aHHb~ ITOCTaHOBKax, 11CCJie,IJ,OB8.Hl1ID CXO,ll,HMOCTl1 ranep

KHHCK11X rrpH6JI~8HHA K TQqttOMY peweH11ro, a TaKJte HCCJI8,ll,0B8.HH!J CXO,ll,H

MOCTl1 MeTO,ll,a npoc·,·OH 11-1·epari;11.r1 H H b!JTOHOBCKHX HTepal..'(HOHHblX rrpoqeccoa • 

B §I.I rrpHBO,ll,HTC.11 BNBO,ll, HHTePpMbHblX npe,ll,CTaBJieHHA ,ll,J!.11 B8KT0p

HOI"O IlOTeHq11aJia 11 MaI"Hl1THOA HH,IJ,YKQl,111. Ha rrpe,IJ,CTaBJI8Hl1.II B8KTOpHOI"O 

IlOTeHI.'(HaJia IlOJiyqaeM HHT8I"pMbH08 ypaBH8HHe 

- M(Q) ;:r I 
R.(~'i = 4~ A(P) - r-ot ~ R d2Q = ~ ll 'IQQ ,P1:Q., (I) 

Sl 2s 
orrpe,IJ,eJieHHOe B o6JiaCTl1 Q ,3aH.IITOA ~eppoMaPHeTHKOM. B ypaBH8HH11 (I) 
tte11aaecTHblM RBJIReTC.11 aeKTopHblA rroTeHI.'(HanA, M - aeKTOp HSMaPH11qeH-

1fOCTH qieppoMB.PHeTHKa, ca.11sattttNA c A cornactto 

- i -,,-: M =- (i- r) t-ot A, 
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J - H3B8CTHbiA aeKTOp, OTJIHqffbiA OT HYJI.11 B o6JiaCTl1 ~s, 3a.H.IITOA 

TOKOBblMH o6MOTKaMl1, , .... }'(\~t A\) - aa,IJ,aHHM 4iYHKQ11.II MarHvrTttoA rrpo

HHqaeMoCTH ~eppoMarHeT11Ka, R, - pacCTO.IIHl18 Me~ TO~aMH p 11 Q. 

Hs rrpe,IJ,CTaBJieHH.11 aeKTOpa MaPHHTHOA 11H,IJ,YKQHH Ba 06nacT11, sHew-

tteA K 2. 'rronyqaeM KOM611H11POBaHHJro IlOCTaHOBKy: 

tot\-\ = 0 

Ji-v 1 - O 

1 = r "8 - (2) 

[ 
- - \] r ~ 1. {nxH 1rt1•B 1 

2.11 n ( l1:> ·n) + K >-. (" ic.n J = tot J it o.Q. H-ot JR J.r- ~rClcA J Reif, 
9s V f 

orrpe,IJ,8JI.118MYJO ,IJ,H4iqiepeHI.'(HaJibHblMl1 ypaBHeH11.IIMl1 BHYTPl1 Q. 11 rl1J Ha rpa

H11qe. 3,ll,eCb H - aeKTOp ttanp.llllteHHOCTl1 MaI"HHTHOI"O noJI.11,qepes r o6oatta

qetta I"paHHQa o6JiaCTl1 .2. ' n - B8KT0p BHe!IltteA K 9 H0pMaJil1. J].n.11 

ynpo111eHHJI 00 BBe,IJ,eH ,IJ,OilOJIHHTeJibHbiA H8113BeCTHhlR B8KTOP-¢YHKQl1.II, B 

pesyJibTaTe qero rw 6y,IJ,eT CO,IJ,e~aTb TOJ!bKO O,ll,HH HHTePpanbHbiA onepaTOp. 

~OilOJ!Hl1T8JibHWi B8KTOP .IIBJI.118TC.II peweHHeM H8KOTOpoA Jil1HeAttoA ,IJ,HippepeH

QHaJibHOA 3a,IJ,aql,1 BHYTPH o6JiaCTH .2 . 
B §1.2 HCCJie,IJ,YeTC.11 11ttTerpanbHOe ypasHettHe (I). llycTb R.(A) -

one pa Top a JiesoA qacT11 (I) , R.' (A) - ero rrpo11sso,IJ,Ha.11 \l/pewe. llepea 

H(rc~ ,2) o6oaHaql,1M PHJib6epTOBO npocTpattCTBO aeKTOp-¢yttKQl1A 

\-\(rot,2')-= F~: u E. L2(QY, tt>tU E: l 2 (Q.'Y ~ 
CO CKaJI.llpHblM np0113B8,IJ,8Hl18M 

(u, u).i. = ~lu, il) + (ttitu, rotzy) . 
3,IJ,ecb J..-= Col'lst-,.o , ( , ) - CKaJI.llpttoe npo11aBe,IJ,ettHe a L1.(.9.'):'!>. 

1' 

IlpH o6&Iqtt0 BNITOJIH.ll!OIIIHXC.11 Ha npaKTHK8 npe,IJ,ITOJ!O~eHH.IIX O 4lyttKQIHI 

MaI"HHTHOf! npOH
1

11f!aeMOCTH f' , ycTaHOBJieHbl CJie,IJ,YIDIIIH8 CBOACTBa onepaTO

pOB R.(A). R (A) : 
I) R : H ( ~t .2.') - \-\(1tit, Q') , .11sJI.11eTc.11 c11JibHO MottoToHHblM 11 

JIHilWl1~--He~pepbIBHblM npH ,I.. 6. (!?' cl..*) ' d..* - HeKOTOpa.11 ITOCTO.IIHHa.11. 
. 2) R(A):1-\(tot,2)- ~rot,2') , ttenpepbIBHO o6paTHM H Y,I\OBJieTBO-

p.11eT ycJIOBHID A11nm11qa no A. 
Ha OCH0BaHHl1 3Tl1X csoRCTB ,ll,OKaswsaIOTC.11 TeopeM~: 

TeopeMa I. 
YpaatteHHe (I) o,IJ,H03Haqtto paapeWHMO a H(rol ,2 ). Pewett11e Mo~eT 

6NTb rroHyqeHO M8TO,ll,OM IlOCJI8,ll,OBaTeHbHblX npH6JIHM8HHR 
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An+1. = An- "t: (R(An')-As J. 1: e. (o, 2J). 
- J :r P,[\e As= "i, clSt. , ~ - KOHCTattTa CHJJbHOA MOHOTOHHOCTH, t- KOHC-

$ n -
TaHTa ll11nrn11Qa onepaTopa "'(A). 

TeopeMa 2 
II R.(~ )- ~s \\.r. = '1 , Ao • A~ e. \-{(\"Ot, 2') , IlyCTb 

I) HTep~HOHttml npoQeCC HbtoTOHa 

A11+• = Ah-lR'(A.,)f\R(A.,)-As.\, nco,.t, ... IC 

- 'l ~..., 2-1 
CXO,[\HTCH K pemeHHIO B 3aMKHYTOM mape Vr-• ( Ao) • t"' = - I. '\' , 

~ ~\(.-rO 

eCJIH ei,-=- 21 , ! , P,[\e l1 - KOHCTaHTa llHnrnHQa ,[\JJH R' (A.) , ¥ -nocTOHHHa.H. 

2) MO,[\H¢HQHp0BaHHb!A HTepaQHOHHDlff npoQecc HbtoTOHa 

A-.+\= A .. - \Jf(Ao)f
1

(R(A11)-As), "'"o,i,-•· 
CXO,[\HTCH K pemeHHIO B 3aMKHYTOM mape 'Ot, (A~, r-1 

,.. ~ (1- ,, ... i-_--..i'""'~-'l-,,) 
ie <-1 Y ~, , 

eCJJH ~ L. i , X - onpe,[\eJJetta B TeopeMe I. 
IloKa3aHO, qTo ,[\Jiff noJJyqeHHff Haqa.JibHOPO rrpH6JJH~eHHff MeTo,[\a Hbto

TOHa MO~eT HCITOJJb30BaTbCH HTepaQHOHHb!A rrpoQecc, OCHOBaHHb!A Ha MeTO,[\e 

rrpO,[\OJJ~eHl1H no Henpcpb!BHOMY napaMeTpy.. 

B §I.3 HCCJJe,[\yeTCff CJJa68.fl ¢opMyJJHpOBKa 3a,[\aqH B rrpe,[\Jlo~eHHOA 

KOM6HHHpoBaHHOA nOCTaHOBKe. nocTaHOBKa rronyqaeTCff 113 (2) BB8,[\8HHeM 

rroTeHQHB.Jia H-= 'iJ 't' 11 noTeHQHB.Jia 'f , HBJJHIOU1erocn perne1-111eM 3a,[\aqH: 

A'f =O 

~\ -= h•~ 'Ill'\ {" • 

IlpoeKT11pyff,noJJyqeHHble TaKl1M o6pa30M ypaBH8Hl1ff, Ha rrpocTpaHCTBO\.\!(Q.), 

6y,[\eM HM8Tb: 

if V"f•Vwt!Q - 5v'f-Vwc:l9. = o 
St. St 

ff V'f • 'fw Jg_ - i. !(h°,. V,t}. ! n" (V'f-v-t•) ~~ et rj, - ~ K;;-V~ .!2_ , 
~ 41 r r R ~ 

(3) 

- - \ 
r,[\e 6.s-= 5 :r "- 'ii R c\Q • -..r € H1(Q.) , HeH3BeCTHblMH HBJJffIOTCff noTeHQHB.Jibl Y, 'f • 

g,,, 
IloKa3aHO, qTo K CHCTeMe (3) CBO,[\HTCH 3a,[\aqa peweHHff npoeKQHOH

HblM M8TO,[\OM 11HT8I'PB.JibHOPO ypaBHeHHff: 

T(~ .., 4T S(\\) - Mf'!>t j Mi\\) d..2 = eis , 
5l. 
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(4) 

;,,, 

. 

•/ 

I~ 

1 

t\ 
I' 

~ 

OTHOCHTeJJbHO aeKTopa H a no,[\ITpoCTpaHCTBe G = l u: Li-= V"1", WE. Ht (2.)} 
rrpoCTpaHCTBa l~(St)~. Mccne,[\oBaHbl csoAcTBa onepaTopa T(H) B JieaoA 

qacTH (4) H ,[\OKa3aHbl TeopeMbl: 

TeopeMa3. 

OrrepaTop T ~ ~ - ~ ffBJIHeTCH c11.11bHO MOHOTOHHl,IM 11 n11nm11Q-

1-1enpepbIBHblM, 

TeopeMa 4. 
Ypaattemie (4) B npoeKQl10HHOA ¢opt,1yn11pOBKe: 

'( - ~ -iii'"~ - n>tt<Sl JR ~Q.q - ~ )-vw-J2r = o, V,J"t & ,5, 

HMeeT e,[\HHCTBeHttoe perne1-111e H ~ ~ . ra.nepKHHCK11e np116n11~eHH.R i1n K H 
CXO,[\HTCH 11 HMeeT MeCTO OQ8HKa: 

\\ H" - H \\ ~ c: _ ~! I\ v -H 11 
VE~I\ ' 

r,11,e Gn - Kotteqtt0Mep1-1oe no,[1npocTpa.1-1cTso a 4 c 1-1opt,10A, HH,l\YQ11posaHHoA 

>'13 Ci , C - H8KOTOP8.fl ITOCTOffHHa.fl. 

IloKa3atta TaK~e 3KBHBaJI8HTHOCTb 3a,[\aq (5) H (3) H,TeM Ca.MlilM,YC

TaHOBJJeHa 0,[\H03HatlH8.fl pa3peWHMOCTb 3a,[\aq11 (3). 
BTopM rJJaaa rrocan~eHa aonpoca.M rrpaKT11qecKoA pea.JIH3aQHH KOM6YI-

1-111posa1-11-10A nocTaHOBKl1 ,[\Jiff pacqeTa ITJJOCKonapa.JIJieJJbHblX MarHYITHblX 

Cl1CTeM. PaCCMaTp11BaeM8.fl npeKQHOHHa.fl ¢opMYJJHp0BKa, TIOJiyqaeTCff H3 (2) 
sse,11,e1-111eM B= r-ot A, A=(0,0, 4 ) YI ,11,onon1-111TeJJbHOro 1-1e113aecTHoro ,r , ., 
ffBJJffIO~erocff peme1-111eM 3a,[\aqH: 

1:,.-S =-0 

~-.!.~ 
'on - r 'oh 

B KaqecTBe o6JJaCTH 2 al,1(511paeTCff o6JJaCTb' oxaaTblBaIO!l18.fl ace >'ICTQqHYIKH 

rroJJH. Tor,11,a, rrpoeKTHPYff Ha Hl~)noJJyqaeMble ypas1-1e1-111ff, np11,11,eM K 3a,[\a

qe HaXOlK,Il,8H11.R H8113BeCTHblX ¢YHKQHA U 11 ,r 113 Cl1CTeM1,1: 

~ 1 vu •vw ~.9. - 5v-r-vwJSl = 5:r'IN"e:lQ 
9-t 9- .2 

W~\-\l(.Q.) 

~r!VU•VW"dQ.4-i pw- j~!()~- !r)Jr, Jr,=- t-rw-Jsl 
2. 21t r'o"t-r ll\~'t- 'o't ca r d ' 

(6) 

- (DI,( 'dll 1 
r,[\e °C - BeKTOp KaCaTeJJb~A K r, vu-=- t ~ , .-:r~ J , :! - H8HYJI8B8JI 

'i -a.fl KOMTIOH8HTa BeKTOpa J" , 
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B §2.l rrpoBOAHTCH ~CKpeTH3aQHH (6) MeTOAOM KOH8tiHbIX 3JI8M8HTOB. 

3a,IJ,aqa CBOAHTCH K Haxo~eHHID ITOT8HQHaJiaU H AOITOJIHHT8JlbHOPO H8H3B8CT

HOPO H3 CHCT8Mhl HeJIHHeAHh!X ypaBH8HHA, rro.11yqeHHOA ,13 (6). IlpH qHCJI8H

HOM peweHHH CHCT8Mhl B ITaMIITH 3BM Heo6XOAHMO xpaHHTb OAHY paspelKeHHyro 

MaTpHey MH H8H3B8CTHbIX BHYTPH o6JiaCTH H OAHY 3aITOJIH8HHyro MaTpHey, 

COOTBeTCTByrolll,YJO CBHSHM H8H3B8CTHbIX Ha PpaHHqe. 

B §2.2 rrpHBOAffTCH pesyJibTaThl qHCJI8HHblX 3KCrrepHM8HTOB, HJIJIIOCTpH

pyro~HX pa6oTy npeMOlK8HHbIX anropHTMOB, 3A8Cb JKe rrpHBOAffTCH pesyJib

TaThl BbJtIHCJieHHA xapaKTepHCTHK MarHHTHblX ITOJieA HeKOTOphlX MarHHTOB 

c.iHxpoTpoHa Clli1H JlB3 OIDlli. 
B TpeTbeA rJiaBe npeMaraeTCH M8TO~Ka qHCJieHHOPO pemeHIUI o6paT

HOA 3a,IJ,aqH ¢opMHpOBaHIUI OAHOPOAHOPO MaPHHTHOPO ITOJIH MHOPOCeK~OHHOA 

CHCT8Mhl JIBY~ rrpHBOAffTCH pesyJibTaTU pacqeTOB, 

B §3.l CTpOHTCH MaTeMaTKqeCKaH MOA8Jlb MHOPOC8K~OHHOA MarHHTHOA 

CHCT8Mhl, tieKTOpHbM nOT8HQHaJI MaPHHTHOPO nOJIH HaXOAHTCH H3 KHTerpanb

HOPO ypaBH8HHH (l). B Bbi6pa.HHOA MOA8JIH HM88TCH ABa THTia ¢eppoMar

H8THKOB - C H8JIHHeAHblMH MarHHTHblMH xapaKTepHCTKKS.MH H C 6eCKOH8qttOA 

MaPHHTHOA rrpOHHqaeMOCTbID. B COOTB8TCTBHH C 3THM, HCllOJib3Y8MOe ypaB

H8HHe COAepuT H8JIHHeAHb~ o6oeMHbIA HHTerpaJibHblA onepaTOp H PpaHHq

Hb!A HHTerpaJibHbiA onepaTop. 
B §3.2 CTpOHTCH AHCKpeTH3aWfH HeJIHHeAHoro KHTerpaJibHOPO ypaaHe

HIUI H npKBO).l.HTCH anropHTM 4HCJI8HHOPO pemeHIUI 3a,IJ,a~. ~OKa3aHa pas

pemHMOCTb ).l.KCKpeTH30BaHHOA H8JIHHeAHoA CHCT8Mhl ypaBH8HHA. 

B §3.3 .n.aHo KpaTKOe OllHCaHHe KOMnJieKCa nporpa.MM, paspa6oTaHHOPO 

AHH peweHKH sa,qa~ nonyqeHIUI OllTHMaJibHOA KoH¢.irypaqHH ¢eppOMaPHHTHbIX 

IIIHMM C qeJibID ¢opMHpoBaHKH OAHOPOAHOPO MaPHKTHOPO llOJIH BHYTPK KB 

rrpoMellcy'TKax MeJK,JJ,Y YCKOpHID~HMK ceKqHHMH JIBY. IlpoBO).l.KTCH cpaaHeHHe 

pesyJibTaTOB pacqeTOB C ).l.aHHblMH H3MepeHKA AHH xapaKTepHblX yqaCTKOB 

¢oKycKpyro~eA CHCTeMu. IlonyqeHU KOH¢HrypaQKH mHMM AHH npoMellcy'TKOB 

pasJIHqttOA AHHHu, c~ecTaeHHO ynytl!Daro~e OAHOPOAHOCTb noM. 

B saKJiroqeHHH rrpKBOAffTCH OCHOBHhl8 pesyJibTaTU ~ccepTaqHK: 

l. B ).l.MCCepTaqHH KCCJie).l.OBaHO HHTerpaHbHOe ypaaHeHHe MarHHTO

CTaTKKH AJIH BeKTOpHoro noTeHqHaJia. ~OKa3aHa OAH03HatiHaH paspemHMOCTb 

K CXO).l.HMOCTb MeTOAa npOCTOA KTepaQHH npH6JIHlK8HHOPO perueHIUI ).l.aHHOPO 

ypaBH8HHH. ~OKasatta JIOKaJibHaH CXO~MOCTb HhETOHOBCKHX npoqeccoa H 

nOCTpoeH, CXOAff~KACH OT nro6oro HaqanbHOPO npK6JIHlK8HM, HTepaqHOHHbM 

npoqecc, OCHOBaHHbiA Ha MeTO).l.e npoAOJ!llt8HIUI no HenpephlBHOMY rrapaMeTpy. 

2. HcCMAOBaHa KOM6KHHpoBaHHM noCTaHOBKa 3a,IJ,aqH MaPHHTOCTaTHKH 

oTHOCHTeJihHO ABYX He.isaeCTHhlX CKMHpHhlX noTeHQHMOB. IlocTaHOBKa OT~ 
JIKqaeTCH 3KOHOMKtiHblMH Tpe60BaHHHMH K ITaMHTH 3BM npH ee qHCJI8HHOA 
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pean.isaqHH, ~OKa3aHa OAH03HaqttaJI paspemHMOCTb sa_qaqH B npoeKQHOHHOA 

¢opMyn.ipOBKe, a TaKJKe CXOroiMOCTb npH6JIHlK8HHbIX pemeHHA, nocTp08HHhlX 
MeTOAOM ranepKHHa, K TOqttQMy. 

3. Ha OCHOBe rrpeAHOlK8HHOPO M8T0Aa C03AaH KOMnJI8KC rrpOPpaMM MH 

pacqeTa ITJIOCKonapanJieJibHbIX MaPHHTHbIX CHCTeM. ~H ~CKpeTH3aQHH 
3a,IJ,aqH HCTIOJib30BaH M8TOA KOH8tiHbIX 3Jl8M8HTOB 

4. C nOMO~bID KOMnJieKca rrpoB8A8Hhl pacqeThl xapaKTepHCTHK noJieA 

H8KOTOpb!X MarHHTOB CKHXpOTpOHa CI1l1H JIBS 011.ffi1 B cnyqae CHJ!bHOPO 
HaC~eHHH ¢eppoMarHeTHKa. 

5. Paspa6oTaHa, HCllOJ!b3yro~M HHTerpaJibHOe ypaBH8HHe OTHOCHTeJibHO 

B8KTOpHoro noTeHqHaJia, M8TO~Ka pacqeTa ITOJIH MHOPOCeKQHOHHOA MarHHT

HOA CHCTeMhl AHH pemeHHH o6paTHOA SaAaqH ¢opMHpOBaHHH OAHOPOAHOPO Mar
HHTHOPO ITOJIH Ha H8*8KTOpHOM yqaCTKe JIB✓• 

6. CosAatt cneqHaJIH3HpOBaHHhlA KOMnJieKc rrporpa.MM H rrpoBeAeHo 

qHcJieHHOe MOA8JIHp0B8.HHe ¢opMHpOBaHHH OAHOPOAHOPO MarHHTHOPO ITOJIH 

C ITOMO~bID ¢eppOMaPHHTHhlX WKMM B JIBY - 30 nm 0l1ffi1. ~H pa3JIHqHb!X 

rrpOM8llcy'TKOB M8JK,JJ,Y YCKOpHID~HMH C8KQHHMH nonyqeHhl KOH¢HrypaqHH WHMM, 
c~eCTB8HHO ynyqmruo~He OAHOPOAHOCTb ITOJIH. 
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lllc;iaes H.A., DAHH H.Il., D.11,qarnea O.H. Ilpeq.is.ioHHhle pacqeThI ABY

MepHhTX rro.11eA MarHHTOB CHHxpoTpoHa Clli1H. Tp. X BcecorosHoro coae- r 
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