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o$uquanrnoro orrnonelrra r{a Ar,[cceprar{Eoril{yro pa6ory Coporuna B.na.qucrasa Cepreenra.ra

<llpuuenenae I4 pa3BraTlle MeroAa [psMoro pa3,qeneunfl 4er,rxenr.fr Arf, rrccneAoBaHr{r HoBED(

KJIaccoB yrrpyrlrx Ar{rrztMr{rrecKr{x crdcreM>, rrpeAcraBJrer{Hyro Ha corrcrarrue yreuofr cre[eur,r

AoKropa $N:mo-ua:reMarnqecKux HayK rro creqrraJrbHocrr4 A1.02.04 Mexasuxa

ge(poprr,rupyeMoro rnepAoro rena.

Teiraofi J[,rccepraquonsofr pa6orrr B. C. Copon'ama ffiilfrerc . ilpriMener{r{e E pa3Br,rrr.re MeroAa

flpxuoro PasAereuu.n l{nuxenuft OdilPD a raxxe paspa6orxa HoBoro Mem,qa HsMeuJrror{Excs

Amnnnryx (MI4A) AJrfl r{ccJreAoBar{u{ HoB6D( KJraccoB ylpyrurx AsuaMrrrecKrlrx cr{creM. Meto4rr,

lpe.qnaraeMrre a pa6ote, r,rMeror 6onee mrrporyro o6nacm [prirMeur{Mocr}r r{ Aaror 6onuulfi c[eKTp

pemenuft, qeM TpaA[II]IoHEbre acr{MtrTorarrecKr{e E npn6rnx€rrnbre Mero,4u. Tarxe AaHHbre Mero,{Er

OKtt3bIBilIOTcfl IIpIIMOHI'IMbIMII AJIfl PICCJIOAOBiIIIIIIJ{ cHCTeM, napaMeTpbl KoTopbIX IlI3MeHtilOTcs rI IIO

BpeMer{r4 r{ rro [poct'paucrBerrsofi roop.qlurare.

,{nccepraqrroHnai{ pa6ora cocrorlrr r,r3 rrrrr4 p€tsgenoB rl 3aKrroqeHnt.

flepnrni pa3Aen [peAcraBJlrer co6ofi BBeAeHr,re. B s€u Aaercs KparKas xaparTepncraKa

rlpeAMera lrccneAoBarrux, o6ocuoBbrB:Iercs ero aKTyrlJrbuocrb. Ilpono.qatcx Aocrarorno uogpo6nufi

o6sop Jrrrreparypbr rro reMe Arrccepraqux. flprnnogmcf AaHHbre o rpaAr,rqrorrnoM MeroAe flprrraoro

ParAenenrla ,{nuxeruft. OrMe.reno, qro rrpn rrc[onb3oBar{fi]r rpaAr{rluonnoro MfIPr{ qacrora

Blrerrlnefo xone6arerrssoro noegeftcrBl{rr rra cucreMy cd, KaK frpaBruro? rrpesronaraetcx rrrcoKofi, ro

ecrb Mlroro 6orrrmefi co6crnensofi qacrorrr crrcreMbr. B pesyrrrare raKoro eosAeftcrBu o6u.rno

Bo3HHKaer ABI{x(eHrIe c?lcreMbr fr(t), cocrorrqee }r3 AByx cocraBJurrol{I{x - ueAnennofi X(t) w

6ncrpoft tfs(trwt), rar vro BeKrop u MoxrHo rrpeAcraBlrrb B BlrAe r(t)- X1t1+r7:$rwt).

Ocnosnat vILes rpa/rrrllTdolrHoro MIIPA cocror{T B repexoAe or trcxo,q}rbD( ypaBHelrr,rfi {suxeHrEs K

ypaBr{euwlM, ontrcr'rgaloqrlM rroBeAegge ero ueAneunoft cocTatBJUIIoUefi X(t). 3ta cocraB${Ioqar{

o6rrsuo rrpe,4craBnser ocnonnofi ]rrrrepec, coorBercrByroque eE ypaeueuux, KaK rrpaBlrJro,

oKa3brBruoTcr 3nar{r,rTeJrbtro fipoqe, rreM ucxoAnbre ypalnen]rfl Nrfl r(t)

Btopoft pa3Aen rrocBsqen pa:pa6orre, orrrrcaHlrro ]r np]rMerreHr.rro Hosoft rvro4r(fmaryna

MIIPA AJIfl l{ccireAoaarrvs..qr,rnaMr{Kr{ c}rcreM odrqero BvEa, AonycKaroq[x pa3Aenenr{e ABHixeHufi no

BpeMeEr{. Moru$rulrponannrrft MIIPA npeAnoJraraer paccMorpenue oderpasuepeHr{brx ypasneunfi,

B, qacrHocrx ocyqecrBJrrrercfl rrepexoA or r,rcxoArroro pa3Mepr{oro BI}eMeHr,r f r< 6e:pasMepHoMy

BpeMerrr{ T : ttt. Pernenrne ncxoAHbD( ypasneuuft ,{euxceHnr [peAnaraerc{ pa3brcK}rBarb n $oprrae



r - X €r)+rl) (Tr,,T), vrrrur, B 6onee noapo6nor 3arrrcn, B Br{,qer - L b,(Tr)exv1iT),
J:-oo

rAerroBbreuacmra6rrBpeMeruorpeAeneHbrKart To: T, \: e{.3aecr E < 1 -I{cryccrBelrno

sne,{€slrnbrl1 uanrd [E)aMerp, X - <naeAleHHar), a tlt - <<6rrcrpar>,2r- rreplroAnqecrax ipynrrln.a c

HyneBbrM cpeAnr,rM. Tarrau o6pa:ou, npor4cxo.ryrr orKa3 or 'rcrroJrr3oBaurroro B TpaAraqnolruoM

M|IPA rpe6onarurx o roM, qro6rr qacrora BrrerrrHero eo:Aeficreu.f, a 6rrra Msoro 6ormure

co6crseHuofi qacrorbr r.rcxo.qnoft ctrcreMbr. Bsex€HHbrfi uarrrfi [apaMerp € fll.ilsercfl.

xaparTepr{crurofi pa3brcKr{BaeMoro pemenxi{, a He paccMarprrBaeMbD( yparnenufi. Tax qro

rvro.ryrrpllrg,rponannrfr MfiPA Mo)Ker 6rrrr rcnoJrb3oBarr AJUI perueHlrt XlaBnentrft, B KoropbD(

Bbrgerurrb naanrnt [apaMerp He flpeAcraBrsergs Bo3Mo]KHrnr. B KaqecrBe nptrMepoB ]rcrloJrb3oBuutlfi

rrro,ryr(buqtrpoBarruoro MIIPA paccMorpeHo rrecKoJrbKo 3a4aq.

B ra.recree rrepBoro flpr{Mepa [poBeAeHo r{ccJreAoBarr[e ypaBnenns Marbe 6eg snnoro MaJIoro

rrapaMerpa. flpo4enarr raKxe AorroJrHr,rrenrnrfr anocreptropnrui auams. Onpegeteurr o6.nacru

rrapaMerpoB, B Koroprm nafiAennoe peurenr,re olucbrBaer rone6anzs c &eftcrBllTeJrblro MeAneHI{o

r,rsMerrflrolryrMncfl urMrrJrrry.qaMn. Eruo [poBeAerro cpaBueHue HaftAenHoro arraJrl{TplqecKoro pemeHLIJI

c p$ylbraraMr{, rroJr)AraeMbrMrr c rroMorqbro Kraccrrrecroft reopua Onore lr Sprrlnft Marre. ,{nx

rrpoBepKr4 rronyrrenr{bD( p$ynbraros 6rura npoBeAena rax}r(e ceparfl"tucJlerrnbD( 3KcrIepI{MeHToB.

B Ka.{ecrne BToporo [pr{Mepa paccMorpega 3aAaqa }rccJreAoBarrun orIuIIrKa nenusefi-soro

rrapaMeTpr{qecKoro ycr{ifi.rreJx{ B cJqrrrae, KorAa coorHorrreHfie Mex(Ay qacToTilMr4 rlapaMeTpHrlecKofo

r4 Brre[rnero sosAeficrnufi cocraBJrrer ABa K ols{oMy. B Kaqecrse npocrefrrnefi uoAenN 6rura

rrcfroJrb3oBarra HeJruHeftnocn ruua,{y$Surrra. Onrernu, qro rrpr I{ccneAoBaHr{}I He rraxJraAbrBz}nacb

rpe6oeanux Ha aMrrJrrrryAy Buerrrnero nogAeftcrsnx ra roeif$nquerra nernlrrefuioctr,r 6rrrr MaJIbrMI4.

flora:ano, trro ilMrrJrI{TyAa orKJrrrKa yctrJwTenfl Moxer 6rrrr cyuecrsegnoft B cJryrlae cKoJrb yroAHo

uaroft aMrrJrr{TyAbr Bnerrrnero eosAeftcrBnr, TaK rrro roe(f$Hrl[eHT ycl{Jreuaf, Mo)I(er nprrHl{Marb

cKorrb yrozuro 6ommlae 3Harrenr{{. Kax cneAyer H3 npoBeA€rnroro aIraJM34 rraoausxquponanrllrfi

MIIPA rrpHMeHr{M ans r4ccneAoBaur{fl serucrefinru< cricreM c cr{JrblrbrM rrapaMerpuqecKl4M

sos.{effcrsueM.

B ra.recrBe rperbero [p]rMepa paccMorperro ypaBgerrue Ban gep flonx 6eg segoro Manoro

flapaMerpa. (Dopua pemeH]rr 3Aecb orJrr,rqaerc{ or rictroJrb3yeMbrx pauee: s Hefi [pucyrcrByer

HermBecrna-f, qacrora ,\ u orcyrcrByer sBsarr MeArreHrra.f, KoMnoHeHTa :t : X €).3ro cssgauo c

paccMorpeHr;reM cauoro:6yxgzilorquxcr xore6ansfi B Aar*rofi sailaqe Lr neo6xo4rauocrbro

orrpeAenenxrr qacrorbr srux rore6anufi. B pesynmare pacqeroB 6ruln uaftAenu KaK ycralroBrlBlrruecfi

pexlrMbr xole6asnft paccMarpunaeuoft cr4creMbr, TaK rn HecrarluouapHbre pexs4M6r xone6allufi.



Cornacue [oJrfreunbrx p*ynbraroB c pffiyJrrTarauu rrr{cJrerrnbrx 3Kc[epr.rMeHToB oKa3aJrocb

xopomr.{M.

Kar nnAso r,r3 pzrccMorpenr{hD( rpr{MepoB, rrao4uSnqnposaxHuft MilPI .sBrserc.fi y4o6nrru

[nolgogoM K orbrcKaHraro [epr4olur{ecrr'rx vt 6nxgxNx K rreprloAuqecKrlM penrenr.rfi, a raKxe

o[peAeneHr{Io rlx ycroft.rranocru. Baxuoe trper&ryqecrBo Aarrnofo Mero.4a rrepeA KJraccrlFrecKr{Mr.r

acr4Mfrrorr4qecKnMn MeroAilMrr 3aKJlroqaeTc_fl B ero npI{MeH}rMocTn K 3a,4aqaM, He coAeplKaql,rM

uansfi trapaMerp B -sBHoM Br,rAe. IIoAo6so ApyflrM npn6rurxeHr{brM Mero,qaM, Nfi raxlofi

paccMarpllnaeuofi 3a,Uartr{ nrom$rnqrapoBatrrEd MIIPA rpeAocraBJrrer fBHoe ycJroBr're, [prr

BbmoJIIreHI,Iu KOTOpOTO [O[yrreHHbre pe3yJrbTaTbr ffiJUrroTcr c[paBe,urr{BbrMrr.

B rperbeM pa3,qene l.r3Jrox(eu MeroA I4sh{enftorryxcs Al,rnrurryg UI,IA). Pemenr.re

oo

npeAnaxaerc.s pa3brcKrBarr r $oprrae cxotsrofi c r{crrorrb3ona.mofi piuree, r - 
L b, (t)exp (i,jt).

j : -cn 
'

O4naro, B orJrr{ril{e or uo4r$Eq.rpoBzrunoro M[PA, aMrrJrr{Tyrbr b^(t} He rrpegrronararorct
J

lrcMerufforyIMr,rcr Me.qneuHo rro cpaBrreH]rro c rapMonr[KaMrr exp (i,jt). Tax qro B orJrlrrr]re or

rlpeA;roxeunoFo panee MeroAa B Msro4e IrlgMeHsrouflxcn Arr,rnnury4 r,rcrroJrb3yercfl eAr,rsrfr

(6espa:uepurrft) rraacmra6 npervrenu t, rWIA oKil3brBaercr rrpnMerrrrM Nrs,lrccJreAoBarrafl wrmaurkrKtl

cI,IcreM r4 crpyKTyp, ABr.IlKeHr{t KoropbD( He,uorrycxaror pa3Aenenr,nr na 6rrcrprre rd MeAJrerrr{bre.

B raqecrne repBoro [pr{Mepa rrpoBeAeno r{ccJreAoBantre ypaBmemnfl. Marne s 6oree uNporofi

o6nactu a3Melrenzf, [apaMerpoB. Ocsoesofi ]rnTepec [peAcraBJrrer onpeAeJreur.re o6racrefi

ycroftwmocrw H neycrofrwlBocru paccMarpr.{BaeMoro ypaBueuwr. B qacrnocru, rroJr5 reHa rpaHr4qa

ycrofivxeocrfi ,qrs rperbero [apaMerprrqecKoro pe3ogagca. floq.qsgr{bre p*yirETarbr HtxoAgTcr B

xopomeM corJracrilr c Kracc[qecKr{Mrr, B qacTHocTrlr c ,quarpamnrofi Afinca-Crpema. MI4A

rlpe1ocraBJrrer raKxe sBuoe ycJroBr.re, rrpn BbmoJmenrlr{ Koroporo upa6.rurxerrr4e Mero,ua flBJurerc{

Ao[ycrr,rMbrM, u nafigeuuoe pemenr,re cnpaBe.4lrBo.

B KaqecrBe BToporo trplrMepa npoBeAeno lrccneAoBarrr,rg orKJrEKa HemnefiHoro

rlapaMeTpmecKoro ycr4Jrr.rTen-f, rrpu EaJrr{rrHr,r paccrpoftrN Me}KAy qacToT€tM}r BHerrlHefo vt

rlapaMerpaqecKoro no:4eficreHft. Bua.rane paccMarpr{Baerc{ nnnefirrrrfi auarror }rcxoAuoro

nenranefinoro ypasneur,rr c rleJrbro BbrsBreHufl nuuefinrx eStfexroa, Koropbre Bo3nr,rKalor B

paccMarpl,reaeMofi cr{creMe, a raK)r(e AonoirHr4Tenrnoft urrnocrpaqrur nporleAypbr npr,rMeuerr}nr MI4A.

C troMolqbrro MI4A 6ruro perueno 3To rnmeftnoe ypaBrreHne, Nrs vrcclre4or,anr4s Koroporo

TpaAr.rqlronnbre Mero,&r, B qacrlrocrr,r no.ryo,&r reoplrr4 Olor<e, TBJUTK)TcI HerrprrMenlrMbrMx. Bnuo

HaftAeno e.erncrBeuuoe crar[,Ionapnoe pemeur{e, rBJuffoqeec.fl KBa3r,rleprolptrecK[M, a raKxce

orlpeAenena ero ycrofrrulrocrr, Koropa;{, rcax 6ruro [oKa3auo, He 3aB]rcHT or napaMerpoB BHemuero

sogAeftcrBla{. OrMeseno raKxe, rrro B paccMa:rpr{Baeuofi 3a,uaqe MI4A flpeAocraBJrfier rBHoe



ycJloBue, rrpll BbmoJrneHr.r]r Koroporo rronfrerlHbre pffiynbrarbr fBJlrrorcf c[paBe,4rlr4BbrMrr. Aanee

paccMorpeHo I{cxoAgoe nerunnefinoe X)anHernae. OrueqeHo, rrro flporleA]?a pemeulllr A:lrrHofo

ypaBrreHll{ c roMoqbro M?IA EecKoJrbKo orJrr.Fraercf, or r{crroJrb3yeuofi pauee. B rnrore nofiyqeHo

craqr.ronapnoe pemenl{e ypaBnenr;{t, Koropoe orfircbrBaer KBa3r{trepxo,u4rrecKr4e roneOanrm, uo4o6llo

nnnefinovy cJryqalo. flouy.reHHrre pe3ynbrarbr 6nuua [poBeper{br c [oMorqbro qracrennbD(

sKcrrepl{MenToB, Koropbre 6rsm [poBeAer{br c troMorqEro [porpaMMbr Wolfram Mathematica 7.

florasano, trro LrMesr Mecro xopomee cornacne MexAy arraJrr.rraqecKaM H rmcJreHrrbrM peruenlreM

HcxolF[roro ypaBlreulrrr. E$s ra-nrnefrmeft upoaepxu rroJrfrenrrbD( p$ynbraros 6rura [poBe.ueHa

TaKxe cepruI HarXlHbD( SKclrepuMerrroB. Vcranosneno, rrro gKcrreprrMenTurrrbHo [oATBepx(Aaerc.f,

ocnosHoft pe3ynbrar, uorryveurlrnl arrairrrruqecKn, a raMeHHo ror $arcr, qro MaKcr,rMaJr6Ha.{

aMrlnliryAa orKJrIaKa yc[n]rreJur oKa3brBaercs 6omme nprr HaJrr{rl}r{ paccrpoftxH Mexly qacroraM}r,

qeM npr,r e€ orcyrcraur,r.

B KaqecrBe rperbero rrpuMepa [poBeAeHo r,rccJreAoBarrr{e orxJrr,rKa nenmeftnoro

napaMe:rplrqecKoro yclrrr.rrers rrpu oAr{oBpeMer{HoM Hurrrn4*r rnagparraunoft v xy6uuecxoft

nernmefinocrefi. KaK rroKir3brBaer npone4€ruoe ficcneAoBarrr{e, rrpncyrcrBr{e rna4paru.ffiofi

nensnefinocrll HaptAy c rcy6auecrofi cyrqecrneHrro BJrr,nrer rra orKJrr{K rrapiMerpr{qecKoro ycr,rrurens:

u3Men{ercs qrlcJro crarlr{ouapnbD( perueuuft (ycrofiqr,rBbD( r,r neycrofi.rnrrx), v trpfi onpe4en€nnrm

coorHomenlrn( rraparvferpoB y4atrcs lony{r{Tb 6nngxufi K .rumefinonry orrJrraK c 6onsmofi

auunuryloft. Taxr'nra o6pasou, KBaAparrrqHa:{ EeJrnnefilrocrr Moxer 6rrrr saxffirurr $arcroporra,

o[npe,{ersrotrIlIM ocHoB}IbIe xapaKTep}rcTr{Kr{ ycansTelrfl, Hanpr{Mep, ero xoe$$aquenr ycuJrenktfl;

6onee roro, TzlKar[ nennuefinocrb Mo]Ker 6rrrr ssereHa B c]rcreMy cn€rlr{aJrEno c qenbro yJryrrrxeur.rfl

xapaKTepI{cTI{K ycl{nl{Tens.

B rouqe rperbero pa3Aena npr{BeAeno o6cyxgenrae pe3ynbraroB, rroqrqeHrrbD( c rroMorqbro

MI4A.

B uerneproM pa3Aene npoBe.qeuo lrccneAoBanrre AlrrrilMr,rrrr crpyKTyp, ABHXeHrrr Koropbrx

Aorlycrulror pa3AeneHr{e rro [pocrpaHcreeunofi Koopgr,rnare, a He no BpeMenrr c rroMorqblo

nao4n(fuqapoBaHnoro MIIPA. B repByro oqepeAb paccMarpnBarorc.fi . npocrpancrBeuno

[epr{oAr.{qecKl4e crpyrTyprr. Pemenrae rncxoAHED( ypanneunft Arr,Drerrrrfl oruoc]rreJnuo 6erpaeuepuofi

KoopAr{Harbr r0 rpeAnaraercr pa3brcKrrBarn n Qoprvre A: 4(Xr) *4; (Xp{ ). :a..u uacurra6rr

noopazuar { , Xo BBeAeHhr noAo6no onucauHoMy Bbrure B maBe 2: Xo: ro, X, : €X0,

€ <.L; 4 
- ((MeAnerrHo rrcMerutrorqascfl>>, a rl.t - <6rrcrpo rcMeru{rorqancfl>>) 2r - rrepuoAnqecra-fl

no 6epa-:uepuoft KoopruHare Xo nepeiueun€ur, cpeffree 3a rrepuo,u no Xo 3HaqeHr4e noropoft paBrro

Hyffo. Taxuu o6parorvr, B 3aAaqy BBoAlrrcfl uanrrft napaMerp t.



B r<asecrae npnMepa lrcnoJrb3oBaxt4r Mg4rlSurprponausoro M[IP,{ paccrraorpenrr rone6anr,rs

cTpyHbr c [epeMeHHbrM [oleperrHhrM cerreHrreM, c KocHHycor{AanbrrbrMr{ MoAyJrrqnfiMvr [apaMeTpoB.

,{nx pemeH}It ypaBrreHr{tt KoJre6aJ{r{ft crpysbr r,rcrroJr*yercr KJraccr4qecrurfi ueroA pa3Aeneurlfl

rlepeMelrnbrx. TorAa 3aAaqa cBoAlrrcfl K peruenrrro ypanuenr{fl Marre npu yrere qpanaqHbD( ycnonufi.

B pe3yJrbrare rroJryrleubr anartrTuqecrae BbrpiDKeHr.rr, orrncbrBarorqne co6creennbre $oprr,ru

xole6asraft crpylrbr, Aorrycr&orq,re pa3Aenenae no [pocrparrcrBennofi KoopArrnare; TutK]Ke

orrpeAenegbr coorBercrByrorryIe r.ilr cobctsegHbre rracrol:br. flora3ano, .rro xone6anr.lr crpygbr Ha

BbrcoKliIx coocrseEgbD( t{ttcrorax coAepxar AJrI,rIrHoBonIroByro KoMnoHeHTy, trfo Mo}KeT r{MgTb

onpe4en€nnrrE r'rHTepec Arrfl. npunoxenufi, TaK KaK )rKa3hrRaer Ha ceoftcreo HeoArropo.&rbD(

lrrepflo,qrlqecKfix crpyKTyp noAAep]KnBaTb AJrr.fHHoBoJrrroBbre rcone6a.uvt9. H& BbrcoK[x uacrorax. {nx

rIpoBepKI{ noJry{IeHHbD( pe3yJlbraron 6srra [poBeAerra ceplrr r{rrcJrer{rrbD( DKcrreprlMenToB. Onraeueuo,

qTo Bo Bcex cJryarzurx I,IMeeT MecTo xopomee colJracEe Mexly TIIICJIeHHSIM*I x aJJ.uItrrurlecKnMH

pByJrbTaTaMr{.

B nx:rou pa3Aene rrpoBeAeuo ]rccJreAoBar{rae Ar{H{tM}rKpr npocrpaHcrBenuo nepnolurrecKux

cTPYKTYP, ABLDKeHI4x KOTOprIX Ee AonycraloT pa3AeJIeHI{fl IIO KOOp.&lHaTe? C rrOMOrr{r'IO MerO,4a

I,Isueunorgmrcx Aun.nury4 @I4A). IIpu ucnoJrb3oBannr{ MI4A B paccMarp}rBaeMbD( crfraqx

rpeAnaraercfl pa3brcKr4Barb pemer{ue B Bu.{e u(r) - j u, (z)exp (i,jr).3.qecr aMrrnaryAbr
J:-co

br(r) He rroJlaralorc.rl {3Merrffrorqr{M}rcr MeAnenrro rto cpaBneur4ro c npocrpar{crBeHubrMr,r

rapMoHtrKaMr,r exp (i,jr ).

B Kaqecrne rrepBoro rrprMepa r'rcrroJrb3oBaHrrrr MI,IA paccMarpr,rBurrorc.f, rro[eperrHbre

Kone6anas 6amcu c nepeMer*rbrM rroleper{HbrM ceqerrrneM B p:lMKax Mo,qeJrr{ Eepny.irnu-3firepa. [nx

petrIeHl{s ypaBrreEwr B qacTrrsrx [por{3BoArrbD( rrcnoJrb3yeTcs KJraccuqecKafl rrpoqeAypa pa3AeJreHr,ur

rIepeMeHHbD(. B pesynrrare noJryqaror )?aBHeHHe ars (pyHKrInN iD(r) npu coorBercrByrorrlux

fpaELTtIHbD( ycJroBrdrx. Peurenrae yp:rBHerrlnr Nrfl. SynrqnlE iD (r ) pa3brcKnBaercfl B Br{Ae

rapMonl{rlecKoro pflxa c r{3Mer{nrorqrrMr[cr aMrrJrr,rryAaMra. Eonrruofi urrrepec [peAcraBmer

HaxoxAelrue Ar.rcnepcr{ouuoro cooruorueur{J{, Aiuorqero 3aBrrcr4Mocrb qacrorbr xone6anaft or

BoJIHoBoro qIrcJIa. Otlraeueno, rrro qacrora tBJrrerct nepr,toA[secroft $yurqrn€ft sonHoeoro rrr{cJra.

Vcranonneno, qro rlpu ofipeAeresnruc 3naqensiD( aMrrJrr{TyA rvro4ym1r.rfi Bo3nrlKaror rroJrocbl qacror

3afillpanrrfi Aaarra3oHbr qacror, B KoropbD( rre Moxsr 6rrrr paclpocrpanrrorq]rxcr BoJrH.

?IccneAonano BJrlLf,sHe rvro4ymqnft na co6crBenHbre qacrorbr n $oprran rone6anuft 6a:ru.. [1tx

npoBepKr,r rrorryqenHbD( pe3yJrbraron 6rma npoBeAeua cepr.rr rucJreHuhrx srcrrepr{MeuToB. Ornaeqeno

xopomee coilracr{e Mex,qy arraJrrrrr+recKr,rMr{ a rmcJreurrbrM}r peyJrbraraMr{. llpone4eHHoe

rlccneAoBturl4e noKa3brBaer, ETo MI4A Moxer 6rn:s rrcnoJr63oBau Aff onpeAeJrenrrr Arrcuepcrlouubrx



cooruorueHrafi npocrpar{crBerHo rrepnoAnqecrgfi- crpyrTyp B rrrr4poroM A]rafia3oHe qacror. Eoree

Toro, c ero noMolqbro Moryr 6rrrr nafiaeusr Bce co6creenurre qacrorLr crpyKTyp, v.

coorBercrByroq[e lnvr co6crnenHbre $oprrrr, B SToM rmcrorHoM Ar.rana3one.

B raqecrne BToporo [ptrMepa 6uma o[peAenenbr Arrenepcr4orrrrbre coorHorrrenr.rr rr noJrocbr

qacror sannpanua 6amn c [epr{oAr,rqecrrrM rro npocrparrcrseHuofi KoopAr{Hare norrepequbrM

ceqenneM rlpu lrcrroJrb3oBarruu reopuu Trauomesxo. 3ra reopfis frr,rrbrBaer BJrr{r{rrue 4elfopuaqnfi

c4Blara u nHspr$&{ Ha rroBopor rroflepequoro ceqeulrfl, nro AeJraer e€ upruenmvroft e 6oree ru]rpoKoM

Al4ana3oue rlacror, rreM Teopruo Bepuymru-3ftrepa. Kone6anlrs 6anrur Truvromesxo orrrircr-rRarorct

AByN{s auSrfepenqilanrrrbrMr{ ypanuerrvfi trla B qacrHbrx [po]r3BoAnrx. Heraesecrr{brMrr rBJu[orcs

noilepesHoe repeMerqeHlgLe a (fr) f ) u yron rroBopora ceareHrrr{ a (frrf ). Bnaua.ne paccMarpHBarorc{

AncrrepcuoHubre cooruomeuus ognopognofi 6a.ur<n Trarraouresxo. florasauo, rrro ypaBuenrle,

orrlrcblBaroqee Ar4cnepcr{onr{oe cooruorrreurre 6anrcr Tmvrourenxo r4Meer qerbrpe pemenrry

3HaqeHI{l{ qacrorbr e, B To BpeMJr KaK ).paBrrenne 6a-nxra Eepnymm-3ft.nepa rperuonaraer ABa

pemelrnrl. Pemenue ypaenenrnfi 6amor Trauomerr�o c neplroAuqecxrrM rro npocrparrcrBennoft

Koop,qr.ruare [onepertr{brM cer{eHrreM nafi,qeso c noMorqrro MI4A. flpone4euo nogpo6noe

uccneAoBaHl,re Brtyntmur;- [apaMerpa P, xapaKrepr,r3yroqero rx6rocu 6arraa Tr.naomenxo, na

Arrclepcuol{rrbre coorrromenafi 6anrur. Ycranosreuo, qro qervr 6onrme B, r.ev' cprJrrrree eQ$erru

Teopr{ra Tuuoruerrxo. Bropofi xnroqesofi [aparvrerp, l-t , flBxflgrcs. ornomer{ueM MoAyJr{ yflpyrocr}r K

MoAyJIro cABr,rra Mareplriura 6arrcn. Ornaeueno, trro yBenraqenne napaMe,Tpa i-1, [pr{BoAI{T K ycilJleHaro

e(fQerroe, 3aBlrcrqnx or napaMerpa P C qermro rpoBepKrr [oryrrenHbD( pe3ynbraron 6rma

npoBeAerra cepug rrl,rcJlerrnbD( orc[epr{MerrroB. OnraeueRo, qro [Meer Mecro xopomee conraclle

Me)KAy aflar{TlqecKr.rMlr r{ lIl{cJrerrHbrMtr p$yJr6TaftM}r.

B xa.recrBe rperBero [pr.rMepa paccMorpeua 3a4avra o rroAaBnenru rudpaq]rn crpynbr?

HaxoAsrqeftcr rroA 4eficrnuem pac[pe.qendnnofi nnemnefi Harpy3Kr[, c rroMorr['ro [pocrparrcrBeHHbrx

rrto4ynxqrft e€ rapaMerpoB. B KarrecrBe npr{Mepa paccMarpr{B€lrorctr xo.neoanns crpyl{br noA

,{eficr:eaelr pacnpeAenenHofi nepr{o,4rrrecr<oft uo BpeMequ Harpy3Kr,r. Bna.rare paccMarpflBasrc.f,

cryrafi [pocrpaHcrBenuo rapuorul.recnofi Harpy3Krr. {enrro rBJ[rercr oflpeAeneul,re raroft

MOAylrJ{qLrr4 rrJroqa,qg nonepeqHoro ceqeHrirs cTpyrrbr, KoTopuu o6ecne.{ur troAaBneH}Ie nu6paqur n

sa4asHofi ToqKe crpyrrbr. ,,{rrx ,4ocrr{xeHul{ sroft qeJrr.r rpeAraraercs r{ctroJrb3oBarb e$$err

[apaMerpsqecKoro ocJra6nenus rcone6asd. As6$epenqr{albr{oe ypaBHeHI{e, oupeAeJrlrorqee

aMrrnl{TyAy ro.ne6auufi, pemaercr c roMorrllro MI4A. B peynrrare orrpeAeJurrorcr orrr]rMaJrbnbre

IrapaMerpbr Mo4ynfl$m nongpeqnoro ceqeHr{r crp)&rbr, obecne.Msarorqr4e c)[qecrBeHHoe cg]Dl(enr{e

an6paqnu B 3aAaHHoM Mecre crpysbr. B AanrueftmeM purccMarpllBaerc.s cryvafi uocronrsofi no

Koop4rruare nnermreft Harpy3KH, a raKxe cnyrat npou3BoJrrno pacrpeAenenuoft sHemnefi Harpy3Kr{.



?I sAecr onpeAeJreubr ycJroBlrfi, npn KorophD( rJpq4JraraeMtu{ TexH}rKa noAaBJreHHrr nu6parywfi,.fiBrrerc.fl

sas6oxee s(p$exrunuoft .

B KaqecrBe uerneproro [pr,rMepa paccMorpeno BJrHr{Htre nernnrefinrn< ifarropon Ha

Alrc[nepcrorrubre coorHomeunfi w troJrocbr 3arr4parrr4r rreprroAr{qecroft 6arrur Bepnynnr,r-3finepa.

flocronmy B petulbrrbD( crpyKTypax rpar{p{qrrbre ycnoBr4x onpeleJu{ror xapaKTep nenranefinocrr.r, B

raHHoM rryr{KTe paborrr paccMarpr{Barorcr orpaulrqeunbre crpyKTypbr. Yparnenlu wv]rreutrfl

nprlBeAerrbl ,{ns AByx cJIyIIaeB: Nrs crwafl, KorAa orpaHHqeH'ds. Ha rrpo,qoJrbrlbre AnuxeHrur KorrrloB

6amn orcyrcrByror E Bo3Moxunr 6o-immse nporx6rr fr Nrs. cJrJ raJr, Korra [poAoJrbubre ABr{}KeHwr

o6oror KoI{qoB 6anxra orpanrdqenbr E EMeer Mecro cBs3b usrn6a c pacrfllreur{eM 6a-mn. B o6orar

cJryrriuD( pemeHr{e ypanneunfr pa3brcKr{Baercr B ipopnae

w(x;,t)- g (r)exp(i,wt)*<p(r)exp(-i,wt), rAe Bepxnrn qepra o6osna.raer KoMrrreKcrroe

colpsxenl,Ie. B peeymrare [olyq:uorc.r{ ypaBaenr{fl Anfl rrepeMeunoft gQ). Pernenras srl4x

ypannenufi pa3brcKrdBarorcr c troMorqlro MI,IA B BnAe rapMorrr4rrecKoro psla c r{3Merrflaqr{Mrrct

aMrrrlr{ryAaMlr g@) - j A, (r)exp (iir).B r,rrore ronyqeHbr AucrepcuoHHbre coorHorreHln{
J:-co 

-

14 rroJrocbr qacror 3anprpanrrs B paccMarpuBaeMbD( 3aAaqax. flponepra rronfre]rubD( pe3ynbraroB

flpoBeAerra c rroMorqbro cep]r]r qr4cJrerrubrx gKcneplrMenToB. OrNreqeuo xopornee conlacne MexAy

anaJrr,rrr{rrecKl{Ma H lr}rcJrerrnbrMr{ p*yJrbraraMrr. llpoae4eno raK}Ke cpaBrrentre c p*ynbraral\{r{

Haryplrbrx gKcnepr4MeuToB. B garruowlrenrrroft qacru orMeqeno, qro cpeArr paccMorpeHHbD(

r4croril{r{KoB gemEgeftnocrra caMoe cyrqecrBeril{oe BJrr{rH}Ie Ha A}Ictrepcrronr{oe coorlromenl4e

oKa3brBaer uennnefiHas r,rHepqa .

B raqecrne ru{Toro trpr,rMepa paccMorpeHo paclpocrpaneurie rrpoAonbubD( yrrpyrrrx BoJrH B

uepllo,{uqecKoM cTepx(Ile B cJryrrae upor{3BoJrbuoft rvro4ynrq'Ill ero nollepelmoro ceqeHr,Is. PemeHre

acxoff{oro x)aBHeHr[t B qacTHbD( rrpor.r3Bo.urbD( pa3brcKEBaeTcfl B Br4Ae fapMoHEqecKl{x Kone6at/.ri.it,n

pe3yJrbrare roryqeno o6rrrnoeernoe gr$$epeurlr{:rnbrroe ypaBrrenr{e BToporo rroptgKa Na

zrr\4rrJrr4TyA6r. @oprraa Koppuraqax paccMarpr,rBaeMoro [epsoAr.rqecKofo crep]Knfl rrpe,qrronaraercfr

cl,rMMerpurrnofi Qynxuueft o6rqero Br{Aa. fiff oupegeJrenr{r m}rp}rnbr a uonoxenrn-fl rloJroc qacror

3alrupaunfl lrcnoJrb3yercs MHA. Cnexyx MeroAy, pemeHr4e ypalrrenurr pa3brcKaBaercf, B Br,rAe psAa

ilo flpocrparrcrBeHubrM rapMour{KaM c rrepeMenubrMra aMrrJr}rryAaMa. OrAemno paccMarp}IBarorct

Borrpocbr o rtrr4plrHe Ir noJrolrerrur,r ne.rdrnrm H.r€THrD( noJloc 3arlupalruf,. Ycrauoereuo, qro IlupI,IHa

xaN,{ofi ueqgruofi noJrocbr 3arrllparrrrr{ 3aBr{cr{T ToJrbKo or oAnofi rapMorrr{Kr{ B pa3Jloxennn AaHnofi

Qopurr Koppr.rrarllil{. Illnpuna qetrrrx rronoc 3zrm{parrnr, o,qnaKo, 3aB}rclrr or Bcex raprraouur. .{nx

o6qefi HecHMMerpnuroft (poprvrrr KoppI4raqI,II,I troJryqeHo, rrro $oprvra I,I rroJro)Kerrne xaxAofi rroJrocbr

3arrvrpanvrfl.KoHTpoJrrrpyercr roJrbKo oAuoft rapMoHrlKoft n pasnoxeHrrr,r.qarrHoft lfoprvrrr Koppnraqllr.



B Kar{ecrBe rlrecroro npr{Mepa paccyo'rpeuo pacupocrparreHr,re noneper{HbD( BoJrH B

npoAoJrbHo 4auxyqeftcx nepnolpuecroft crpyHe. flpo4onruax cKopocrb ABr.rxeHr{rr crpyuhr

Ilpe,uroJrafaeTc.f, aivremrqefi r<one6arelbHyro cocTaBJrfirorqyro. I,lgnrenenprs urorqa,4r,r llorlepeqHoro

ceqeuurl crpylrbr rronararorc{ rapMorrnrrecKuMa rro [pocrpiurcrBeurrofi noop,uuuare. flpunoArlTct

ara$QepenquaJrbnoe yp€tBHerrrde ABr,rlKerrurr Ars crryqar, KorAa cperuu{ rro BpeMerrn cxopocrb

,qBr{}KeHru crpyubr paBua lryJrro. [.irx rEsyrenrur Ar{H[rMrrKlr crpysbr c napaMerpilMr{, }r:Mer#rrorqnMncs

LI rlo BpeMeulr rr rro Koop,ryruare r{cnoirmyercs MI{A n 6onee o6rqefi $opuympoBre, qeM Bo Bcex

rlpeAbr4ynu{x crfriuD(. Bua.rare HaxoAsrcr o6tacrll traparuerpmecxoft ueycrofiwmocra Ant

ogHopo4noft crpynrr, .qnuxyrqeftcr c rrepeMensofi rrpoAoirbuofi cropocrrro. 3areu HaxoA{rcq

rloJlocbr qacror 3arrlrpanrrr AilA neo4nopognofi He F[xyrqefics crpynbr. B ,qanrnefimeu

paccMarpllBasrcfl ctrylain HeoAnopoAr{ofi crpynrr, ABr,rxyrqefics e npoAo.rrbnoM HarrpnBJrer{}r[ c

rrepeueuuofi cropocrbro. Oco6oe BHr.rMaHHe yAeJurercr p€1',renlrrc Bo3Moxuocrlr [oAaBreur{s

[apzuerpr,rqecxofi ueycrofr.tr,rBocrr{ rone6asuft crpyr{br nyr€u BBeAerr}ur npocr]paHcrBeHubD(

rrao4yrrqufi e6 napauerpon.

B saKJfioqer{rae rrf,Toro pa3Aena orMeqeno, qro 3Aecb MeroA }lsNdeHtroqrlxcr Arvrunuryl

a,{atrTr{poBar{ H rrpnMeneu Ars llccneAoBarrus JtrrHefiHofi ra neruueftnofi Is{HaMr4K}r nepuolryrqecKr.il(

crpyKTyp, ABr4xeHHrr Koropbrx He AonycKruor pa3Aenenr{r rro [pocrpaJrcrnennofi Koop.qunare.

Orueqeno raK)Ke, qro paccMorperrHbre B AilHHoM piuAeire 3aAarrlr u [oJrfreurrbre peynbrarlr

cocraBJUtror uau6onee cyqecrBerrnyro qacrb Arrcceprarluu.

IrlMerorcs rr gavreqantrs. no pa6ore.

1. B nogpa:gexe 5.2.3 orMerreHo, rrro ecJru A- -flBJrf,ercr KopHeM xapaKTepr,rcrr4qecxoro

ypaBneur4s, To I{ \o**: i,m *,\- rarxe 6yger KopHeM gToro ypaBgegrft,3p1ecb rm '

rno6oe qenoe qlrcJro. Oxnano AoKa3areJrbcrBo sroro yrBepxAerrni{ He rrpr,rBeAeuo. Her

TaKxe cc brrlox Ha KaKIr e-JrI4 6o n ep noncrorrHl,r Kr4.

2. B reKcre pa6oru MnoroKparno Bcrpeqarorcs 3asBreHr4r o roM, tmo lreKoropbre

BbIpax(eIIIlt I {BJIflIOTC' AOBOIEHO rpoMO3AKrIMI,I n nO3TOMy He [pLIBO,{tTCt. 3ro

3arpyAnrer pa6ory otr[onerrra.

Hecnnorpx Ha cAeJril{Hbre 3aMegaurrf,, sqrlrraro, .mo pa6ora y4oBnerBopter ncerra rpe6oBarr}I-flM,

[peAbrBJrreMbrM K A]rccepraqu{M, rIpeAcraBJUreMbrM rra corrcKanr{e yrduoft crerreHr4 AoKTopa

Su:mo-uareMaruqecKrx HayK. Llzdpaauas reMa sr.rrrrercfl BecbMa arryanrnofi. Haynrrre

rroJrox(eur{r{, BbrBoAbr r.r peroMer4qarlvwq c(poprwynupoffrrrubre B Ar4cceprarlu}r, {BJutrorc.f, trorHocrblo

odocnonannbrMlr, AocroBepnbrMr4 r[ ]roBbrMr4. ,{uccepraqui{ rroJrnocrsa coorBercrByer KptrTeprrrM,

ycrar{oBneuubrM pa3AenoM II rroJro)Keurrr (O flopfirKe rrprlcyxAenr,rx y.r€uroi creueneft>.

.{nccepmqux flBrsercs Ha)rqg6-KBarn$uraqraor*rofi pa6or:ofi, B roropofi Ha ocHoBaH}Iu



BbmoJrHeHHbD( aBTotr)oM r{ccneAosaullfi paspaSoraubr reoper]rqecK]re fioJloxeHr{fl, coBorgmHocrr

KoropbD( Mo)ICHo xeamr(pnqupoBarb rcan rrayquoe .qocruxeuue. ,{nccepraqar Harrucaua aBTopoM

cutMocro{TeJlblro, o6na,4agr Brryrpeuur,rM e.ryrrrcrBoM, coAepxrrr r{oBbre HayrrHbre peynbrarbr r.r

fIoJIo)KeEI{rI, Br-r RIIraeMbIe AJIx rry6nrunOfi 3aIIETEI, I{ CBEqeTeJI'cTByeT o JIEIII{.M BKJIaI. aBTopa

Al4cceprarllrlr B HayKy. flpegroxeuHhre aBTopoM Ar{cceprarlr4n troJro}rcHr{r aprryenTapoBaubr r.r

oqerreHbr rro cpaBnelruro c Apyrrrrffi rrcBecrubrMa pemenr{fiM}r. OcnoeHrre HaylrHbre peyJrbrarbr

orry6rnuconarrbr B ABaArIarr trtrrE peqeH3trpyeMbD( HafmD( u3,{aur{D(. B ,ryaccepmq}rn aBTop

ccbrrraerc.fl Ha aBTopa n (nm) rrcrortrrrrr 3iltrMcrBoBarrnfl MarepuzlrroB lrJrr{ orAeJrbnbx peyJrbraroB.

flpr ncnoJlb3oBantrr{ B Arlccepraq[rl p*yJrbraroB HafrrrbD( pa6or, BbmoJmeHrrbD( concKarereM

yveuofi cretreHlt Jrltttr{o n (mu) B coaBTopcrBe, cor{cKareJrb yu€noft crerreurr orMeqasr aro

o6cro.f,Temgreo.

Cuutato, qro Bragracnan CepreeBnq Coporrn 3acJ$DKHBaer npr,rcBoelrrrrr crerrenr{ .qoxTopa

susrro-rvrareMarr{qecKr{x HayK no ctreqtraJrbrrocrn 01.02.04 - Mexanura Aesoprvmpyeuoro rr€p4oro

TCJIA.

Otpuquarbnrfr ounoueur :

.qolcrop (fra:rro-rvrareMarrfrrrecKrlx HayK

I,Icnonoe IOpnfi fpruoprenu.r,

npo$eccop ra$e4prr

((Mexarnma rd rrpoqeccbr yrrpaBJreuur)),

r.6813256. E-mail i

Carm:r-flerep6yprcrufi uonarexur.r.recKr.rfi

yulrBepcnrer flerpa Belrlroro,

195251, CaRxr - flerep6ypr,

Ilonnrexnaqecxas,29.
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