
0T3bIB o<lmIUiaJibHOro OTIIlOHeHTa 

Ha .n:i1ccepTa.IJ;.mo KoBaJu1 KupnJIJia AJieKceeBuqa «B3aHMO,lJ,eiicrBue ynpyrnx 

KOHCTJ>yKl.J;HH C IlOTOKOM lKH.lJ.KOCTH», 

np e,r:i:cTaBJieHHYIO K 3arn;:ine Ha COHCKaHMe yqeHOH CTeneHH KaH,IJ,H,IJ,aTa 

TeXHHqecmx HayK no cneu:uaJibHOCTH 1.2.2. MaTeMaTuqecKoe Mo,r:i:errnpoBaHHe, 

q11cJieHHbie MeTO,[{bl M KOMIIJieKCbl rrporpaMM 

,[(nccepTaU:IDI IIOCB.SIIU:eHa pa3pa60TKe MaTeMaTuqecKHX MO,IJ,eJieii H 

rrporpaMMHbIX HHCTP yMeHTOB ,r:i:m1 qucJieHHoro Mo,r:i:emiposaHmI B3aHMo,r:i:eiicTB mi 

ynpyrux KOHCTPYKD:HH - cocTaBHbIX qacTeif rro,r:i:BO.IJ:HbIX o6beKTOB c noToKaMH 

)l(M.IJ:KOCTH. AKryaJILHOCTL ,r:i:aHHoro 11ccJie,r:i:oBaHIDI cB.sI3aHa c pacrymuM 

HHTepeCOM K OCBOeHHIO MupoBoro OKeaHa, Tpe6oBaHIDIMH K rrpoeKTHpOBaHHIO 

IIO,[{BO,IJ,HbIX anrrapaTOB IlOBbIIIIeHHOll Ha,IJ,e)l(HOCTH ll aBTOHOMHOCTH, 

Heo6xo,r:i:HMOCTbIO CHH)l(eHIDI IIIYMHOCTH H yJiyqIIIeHIDI 3HepreTuqecKoii 

3cpcpeKTHBHOCTH ABH)l(HTeJibHbIX ycTaHoBoK. B ,r:i:uccepTaU:HH paccMOTPeHbI ,r:i:Ba 

KJiacca o6beKToB: BbI.IJ:Bll)l(Hbie YCTPOiiCTBa rro,r:i:BO,IJ,HbIX arrrrapaToB u cocTaBHbie 

IIJiaBHHKOBbie ,IJ,BH)l(HTeJIH. BbI,IJ,Bll)l(Hbie ycTPoiicTBa o6ecrrequBaIOT pa6ory 

CHCTeM HaBMraU:HH, Ha6JIIO,IJ,eHIDI, CB513H; HeraTHBHbie B03,IJ,eHCTBIDI BH6pau:uii 

MoryT rrpHBO,IJ,HTb K pa3pyweHHIO BbI.IJ:Bll)l(HbIX ycTPoiicTB H OTKa3y 

COOTBeTCTBYIOID;HX CHCTeM. Pa3pa60TKa IIJiaBHHKOBbIX ,IJ,Bll)l(HTeJieii 

rrepcrreKTHBHOe HarrpaBJieHHe B ycoBepIIIeHCTBOBaHHH MaJibIX IIO,IJ,BO,IJ,HbIX 

po60ToTeXHHqecmx cpe,r:i:cTB; yJiyqIIIeHHe rrporryJibCl1BHbIX xapaKTepHCTHK 

,IJ,Bll)l(I1TeJI.sI H orrp e,r:i:eJieHHe ycTOll"l!HBbIX p e)l(HMOB o6TeKaHIDI Heo6xo,IJ,HMbI rrp H 

rrpoeKTHpoBaHHH rro,r:i:BOAHbIX arrrrapaToB. TamM o6pa3oM, o6a HanpaBJieHIDI 

HCCJie,IJ,OBaHHll ,IJ,HccepTaU:HOHHOll pa60Tbl OTHOC.sITC.sI K aKryaJibHbIM 3a,IJ,aqaM 

COBpeMeHHoiiru,r:i:poyrrpyrocTH,11MeIOID;l1M60JibIIIYIOIIPaKTuqecKyI03HaquMOCTb. 

OcuoBHLie pe3y JILTaTLI. 

K OCHOBHbIM pe3yJibTaTaM, rrpe)l(.ri:e Bcero, CJie,r:i:yeT OTHeCTH aHaJIHTH"lleCKHH 

MeTO,IJ, BbiqHcJieHIDI rrepeMeID;eHHll ll Hanp.si:)l(eHHii, B03HHKaIOID;HX B rrpoIJ;ecce 

B3aHMO,IJ,eiicTBIDI BbI,IJ,Bll)l(HOro YCTP oiicTBa c noTOKOM )1(11,IJ,KOCTH. Ha ocHoBe 

xapaKTepHCTHK CTep)l(H.sI rrepeMeHHOro ceqeHIDI 11 rH,I1,pO,I1,HHaM11qecKHX 



xapaKTepHCTHK o6TeKaTenei1: BbI.IJ:BIDKHoro ycrpoikTBa orrpe.n:emnoTC51 

co6CTBeHHbie qacTOTbl rrorrep eqHblX H rrp O.IJ:OJibHbIX KOJie6aHHi1. c IIOMOIIJ;blO 

rrpe,n:JIO)l(eHHOro MeTo,n:a C03.IJ:aH y.n:o6HbIH rrporpaMMHbIH HHCTpyMeHT .n:mi: 

6blcrporo orrpe,n:eJieHH51 Harrp51)1(eHHO-.n:ecpopMHpyeMoro COCT051HH51 Bbl,[(BH)l(HbIX 

ycrp OllCTB rrp Hp a3JIJiqffbJX CKOp OCT51X IIO,[(BO,[(HOro o6'beKTa. 

Pa3pa6oTaH rro.n:xo.n: K rrpoBe.n:eHHIO pacqeTa Kone6aHHi1 BbI.[(BH)l(HOro 

ycrpoi1CTBa B IIOTOKe )l(H,[(KOCTH; BbIIIOJIHeHa BepmpHKaQH51 MeTo.n:a 

r11;::i:po.n:HHaMJiqecKoro pacqeTa. IlpoBe;::i:eH pacqeT Kone6aH11i1 U:llJillH.D:pllqecKoro 

rrp51Moro 0,[(HOpo;::i:Horo CTep)l(H51 B IIOTOKe )l(Ji,[(KOCTll, orrpe;::i:eneHbl 

r11;::i:po.n:11HaMHqecKHe ll ;::i:HHaM11qecKHe xapaKTepllCTllKH. llccne.n:onaHbI 

rrepcrreKTHBbI rrp11MeHeHM5I rH.n:po.n:HHaMHqecKllX rac11Tenei1: B116pau;H11, rroKa3aHa 

B03M0)1(HOCTb 3Ha 1IHTeJibHOro CHH)l(eHmI MaKCllMaJibHbIX 3Ha 1IeHHH rrep eMern;eHHH 

H Harrp 51)1(eHllll, B03HllKaIOIIJ;HX rrp H Bll6pa.o;Hll CTep )l(H51. 

PaccMorpeHa CB513aHHa51 3a.n:aqa rH.n:poyrrpyrocTll .IJ:JI51 Mo.n:enHpoaaHH51 

COCTaBHoro ITJiaBHllKOBOro .IJ:Bll)l(HTeJI51. Ilpe.n:JIO)l(eHa MeTO.IJ:llKa pacqeTa, 

OCHOBaHHa51 Ha COBMeCTHOM 1IHCJieHHOM perneHllll ypaBHeHHll ,[(Bll)l(eHH51 

Marnyrn;HX 3JieMeHTOB H ypaBHeHHi1 ,ZJ,HHaMHKH B513Koi1 )l(ll.IJ:KOCTll. YrnoBa51 

CKOpOCTb Bparn;aTeJibHbIXKOJie6aHllll Ha Ka)l(.IJ:OM BpeMeHHOM mare BbJqllCJI51eTC51 

Ha OCHOBe MrHOBeHHbIX 3HaqeHllll r11.n:po,[(HHaMll1IeCKHX CllJI; IIOCJie rrepeMern;eHllll 

Kp bIJI 0 BbIX ITO Bep XHOCTei1 p acq eTHa51 CeTKa rrep ecrp allBaeTC51. ):(JI51 ITJiaBHllK 0 B 0 r 0 

.IJ:Bli)l(JiTeJI51, co.n;ep)l(arn;ero O.IJ:HH 3aBHCHMblll 3JieMeHT, paCC1IHTaHa co6cTBeHHa51 

qacTOTa, rrpoBe.n:eH aHaJIH3 rH.n:po.n:HHaMll1IeCKHX H rrporryJibCHBHblX 

xapaKTepllCTHK, Hai1.n:eHbI .IJ:Harra30HbI qacTOT, 06ecrreq11aa10rn;11e orrTHMaJibHbie 

p e)l(llMbI p a6oTbI. 

IlpoBe.n:eHo cpaBHeH11e rro.n:xo.n:oa IlarpaH)l(a 11 BHrreH6ypra K Bbrno.n:y 

ypaBHeHHll .IJ:Bll)l(eHH51 B CHCTeMe MHOrllX TeJI. IloKa3aHa 3cpcpeKTllBHOCTb 

rro.n:xo.n:a, ocHoBaHHoro Ha op11eHTllpoBaHHb1Xrpacpax, rrpe.n:no)l(eH cpop MaJibHhiii 

MeTO.IJ: BblBO.IJ:a ypaBHeHllii ,[(Bll)l(eHH51, II03BOJI5IIOIQHH yqHTbIBaTb rrp Oll3BOJibHOe 

KOJIHqecTBO 3JieMeHTOB B CllCTeMe; c TQqKJi 3peHH51 OIIIIOHeHTa, 3TO 0,[(HH H3 

Ha116onee CllJibHbIX pe3yJihTaTOB pa6oTbI. ):(m1 KOHCTPYK.o:llll rrnaBHllKOBoro 

.IJ:Bll)l(HTeJI51, co.n:ep)l(arn;eii O.IJ:HH Be.n:yrn;11H: ll Tpll 3aBHCllMbIX 3JieMeHTa, rronyqeHa 



CMCTeMa ypaBHeHMH M MCCJie,ZJ;OBaHbl pe)l(HMbl ycToifcIMBOCTM B 3aBMCMMOCTH OT 

pa3JIHqHbIX rrapaMerpOB: CKOpOCTM IIOTOKa, K03QlQlH1(MeHTOB )l(eCTKOCTH H 

.n. eMrrqrn:p o naHIDI. 

IIepeqwcneHHhie BbIIIIe pe3yJihTaThI 51BJI51IOTC51 HOBMMH. BbIBO.ZJ:bI H 

peKOMeH,ZJ;al(HM, CQlOPMYJIHpoBaHHbie B ,ZJ;MccepTal(MM, IIO,ZJ;TBep:>K,LleHbl 

rro.n.po6HbIM aHaJIH30M pe3yJihTaTOB H 51BJI5IIOTC51 o6ocuoBaHHLIMH. 

)l,ocTOBepuoCTb rronyqeHHbIX pe3yJibTaTOB o6ecrreqHBaeTC51 HCIIOJib30BaHMeM 

COBpeMeHHbIX MeTO.ZJ;OB TeopeTHqecKoro H qwcJieHHOfO HCCJie,ZJ;OBaHIDI, 

rrpe.n.BapHTeJibHOH BaJIM,ZJ;al(MeH MaTeMaTwqecKMx MO,ZJ;eJieH c MCIIOJib30BaHMeM 

3KCrrepHMeHTaJibHbIX .n.aHHbIX, cpaBHeHMeM c pe3yJibTaTaMM, rronyqeHHbIMM c 

IIOMOI1(bl0 aJihTepHaTMBHbIX MeTO.ZJ;OB. 

TeopeTHqecKaH 3uaqHMOCTL .ZJ:MCCepTa:u;MM COCTOHT B pa3pa6oTKe 

MaTeMaTMqecKMX MO,ZJ;eJieH BH6pa1(MM Bbl,Zl;BM)l(HblX ycrpoHCTB M KOJie6aHMH 

IIJiaBHMKOBbIX ,Zl;BM)l(MTeJieH, C03,ZJ;aHHM aHaJIMTMqecKHX MeTO.ZJ;OB pacqeTa 

co6CTBeHHbIX qacTOT M HaIIp51)l(eHHO-.n.ecpopMHpOBaHHOro COCT051HIDI rrpH 

B3aMMO,ZJ;eHCTBMM BbI.ZJ;BH)l(HOro ycrp OHCTBa c IIOTOKOM )l(M,Zl;KOCTM. Teop eTHqecKOH 

1(eHHOCTblO TaK)l(e o6na.n.aeT MCIIOJib30BaHHe rro.n.xo.n.a optteHTHpOBaHHbIX rpacpoB 

.ZJ;JI51 BbIBO,ZJ;a ypaBHeHHH ,Zl;BM)l(eHIDI B 3a.n.aqe MHOfMX Ten; peIIIeHMe CB513aHHOH 

3a.n.aqH .ZJ:MHaMMKM B513KOH )l(M,Zl;KOCTH M KOJie6aHMH MaIIIyll(MX 3JieMeHTOB; aHaJIM3 

ycToifcIMBOCTM pe)l(MMOB pa60Tbl COCTaBHOfO IIJiaBHMKOBOfO ,Zl;BM)l(MTeJI51. 

IlpaKTHqecKaH u;eHHOCTL 3aKJIIOqaeTC51 B C03,n:amrn. p acqeTHhIX MeTO.ZJ:liK H 

rrporpaMMHbIX HHcrpyMeHTOB .ZJ;JI51 pacqeTa BH6pa1(MH BbI.ZJ;Bli)l(Hbl X ycrpoHCTB, 

o6ocHOBaHHM rrep crreKTHB MCIIOJib30BaHM51 rtt.n.p O.ZJ:HHaMwqecKHX racMTeJieH 

BHxpeBhIXBH6pauwH:, peKoMeH.ZJ:a1(M5IXIIo rroBhIIIIeHMIO T51rM M KIT)], cocTaBHoro 

IIJiaBHHKOBOro .ZJ:BH:>IillTeJI51. Ilp aKTMqecKa51 3HaqHMOCTh IIO.ZJ;TBep)l(.uaeTC51 

BHe.n.peHHeM rronyqeHHbIX pe3yJibTaTOB B rrpoeKTHO-KOHCTPYKTOpCKYIO 

.n.e51TeJihHOCTb AO «U:KE MT «Py6ttH». 

Ilo co.n.ep)l(aHHIO .[{MCcepTa:u;MM MO)l(HO c.n.enaTb CJie.[{yIOI1(Me 3aMeqaHHH: 

1. ECTb BOIIpOCbl IIO TeCTOBOH 3a.n.aqe B rraparpacpe 2.3 . fioqeMy .ZJ;JI51 

pacqeTa BhI6paHhI qwc110 PeilHOJib,Uca Re=5.5·10 6 M HHTeHCMBHOCTb 

ryp6y11eHTHOCTM 0.5%? TaKa51 MHTeHCMBHOCTb COOTBeTCTByeT 



3Kcnep11MeHzy? Ha P11c. 2 K03{1_)qmu,11eHT HecTau,110HapHoii 6oKoBoii 

CilllhI np11Bo.ri;11TC.H .ri;n.H q11cen PeiiHOJib.ri;ca.z:i;o 1.6·106, a B pacqeTe Re 

- 6oJihIIIe. Hy>KeH KOMMeHTap11H:, noqeMy Cy vibr He 113MeHHeTC.H c 

p OCTOM Re BbIIIIe 1. 6 · 106. f JiaBHbIB BOnp oc: .ll:Jl.H BbI6paHHOro q HCJI a 

PeiiHOJib.z:t:Ca COBna.zi:eHMe no Cy vibr nonyqMJIOCb He CJil1IIIKOM 

xopoIIIee, noqeMy 6hrno He c.zi:enaTb .zi:onorrH11TeJihHhIH pacqeT c 

.zi:pyr11M11 Re? 

2. B o63ope yKa3aHo, qTo Teop eT11qecKlfe COOTHOIIIeHMH, onMCbIBaIOII.J,Me 

KOJie6aHMH ynpyroii KOHCTPYKI.J.11M B noTOKe )l(Jf.ll:KOCTH, 3aqacTyIO He 

yq11TbIBaIOT B.H3KOCTh )l(Ji.l:t:KOCTl1. B .zi:ttccepTaI.J,MM B.H3KOCTh yqTeHa, 

HO HeT aHaJil13a ee BJIMHHMH' eCTb TOJibKO 3aMeqaHMH 0 BJIH.HHl111 

norpaHwrnoro cno.H B 06rracT113a.zi:enKlf. KaKOB, no MHeH11IO aBTop a , 

BKJia.z:t: B.H3KOCTl1 B peIIIeH11e paccMorpeHHhIX 3a.zi:aq? Mo)l(HO JIM 

c.zi:enaTb npM6JIJf)l(eHHbie KOJIJiqecTBeHHbie OI.J,eHKH? 

3. B 3a.zi:aqe o BhI.l:t:Bl1)l(HhIX ycTpoiicTBax He yqMThrnaeTc.H o6paTHoe 

BJIMHH11e .zi:e<j)opMau,im Ha noTOK. B o6Iu,eM cnyqae 3TO onp aB.z:t:aHo 11 

He BhI3hIBaeT B03pa)l(eHMii. Ho np11 11cnoJib30BaHMM rac11Terreii, KaK 

MHe Ka)l(eTC.H, rpe6yeTC.H .zi:onoJIHl1TeJibHOe 06ocHOBam1e TaKOH 

nocTaHOBKH, noCKOJibKY none TeqeHMH 3aMeTHO MeHHeTC.H, 11 

B03MO)l(HO, qTo .zi:a)l(e MaJibie nepeMeII.J,eHMH MoryT BJIMHTb Ha 

3<1_){1_)eKTl1BHOCTb pa60Tbl rac1ne1rn. 

4. B rnaBe 8 B ypaBHemrnx .l:t:BJf)l(eHMH no.HBJI.HIOTC.H qneHhl, CB.H3aHHbie c 

K03<j)<j)11u,11eHTaM11 .zi:eMn<j)11poBaHMH. IJoqeMy .z:t:aHHbie qJieHbl He 

BKJIIOqeHhl B o6II.J,11H BhlBO)], ypaBHeHl1H B fJiaBe 7? 

IIepeq11cneHHh1e He.zi:ocTaTKH He CHJf)l(aIOT HayqHoii u,eHHOCTM pa6oThI B 

u,erroM. ,n11ccepTaI.J,MH .HBJI.HeTC.H 3aKOHqeHHOM HayqHo-KBam1{1_)11KaI.J,HOHHOH 

pa60TOH, BHOC.HII.J,eH 3aMeTHbIH BKJia)], B pa3B11T11e aHaJIMT11qecK11X 11 q11cneHHbIX 

MeTO.I:t:OB peIIIeHMH 3a.zi:aq r11.zi:poyrrpyroCTl1 no.z:t:BO.I:t:HbIX o6neKTOB, co.zi:ep)l(11T 

HOBbie p e3yJib TaThl, rrp e.zi:cTaBJI.HIOII.J,11e HayqHblH 11 rrp aKTJilieCKHH 11HTep ec. Pa6oTa 

xopoIIIo o<l_)opMrreHa, MMeeT npo.zi:yMaHHYIO crpyKrypy, rrpe.zi:cTaBrreH rro.zi:p o6HhIH 



o63op JIHTepaTypbI ITO COBpeMeHHOMY COCTOSIHHIO Borrpoca. Hccrre,n:oBaHHSI 

o6rra,n:aIOT BHyTpeHHHM e,n:HHCTBOM H BbIIIOJIHeHbl Ha BbICOKOM ypoBHe. 

OcHOBHbie pe3yrrbTaTb1, B·bIHOCHMbie Ha 3aIUHTy, rrpoIIIJIH cepbe3HYJO 

arrpo6aQHIO Ha Me)l(,n:yHapo,n:HbIX H BCepoCCHHCKHX KOHcpepeHQHSIX H IIOJIHOCTblO 

orry6rrHKOBaHbI. Bcero rro pe3yrrhTaTaM Hccrre,n:oBaHH51 orry6mrnoBaHo 12 pa6oT, 

H3 HHX 5 - B peu:eH3HpyeMbIX 1n,n:aHHSIX, peKoMeH,n:oBaHHbIX BAK. HMeIOTCSI 

CBH,n:eTeJibCTBa 0 perHCTpaU:HH rrporpaMM .IJ:JISI 3BM H rraTeHT Ha H306peTeHHe. 

ABTopecpepaT rrpaBHJibHO OTPa)l(aeT co,n:ep)l(aHHe ,n:HccepTaU:HH. 

Ha OCHOBaHl·IH CKa3aHHOro cqHTalO, qTo .IJ:HCcepTaQHSI «B3aHMO,n:eiICTBHe 

yrrpyrHX KOHCTPYKU:Hll c IIOTOKOM )l(H.IJ:KOCTH» IIOJIHOCTblO COOTBeTCTByeT 

Tpe6oBaHHSIM rr. 9 ITorro)l(eHHSI o rropSI,n:Ke rrpHcy)l(,n:eHHSI yqeHbIX cTerreHeiI, 

yTBep)l(,n:eHHoro rrocTaHOBJieHHeM ITpaBHTeJibCTBa P<I> OT 24 ceHTSI6pSI 2013 r. 

N2 842. ABTop ,n:HccepTaU:HH, KoBarrb KHpHJIJI ArreKceeBHq, 3acrry)l(HBaeT 

rrpHCY)l(.IJ:eHHSI yqeHOll CTerreHH KaH,n:H,n:aTa TeXHHqecKHX HayK ITO crreQHaJihHOCTH 

1.2.2. MaTeMan1qecKoe MO,n:errHpOBaHHe, q11:crreHHbie MeTO.IJ:bl H KOMIIJieKCbl 

rrporpaMM. 
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