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Axmy anoHo cm b ntewu du cc epm uquo ruruo tt p a6 om w. flpe4c'rauleHl4e crlcreMbl
KaK MHoxecrBa B3auMoAeficrnyrorqux SJreMeHToB, o6oco6reHHblx or cpeAbl, Ho

B3auMoAefrcrnyroulr4x c Hefr rax eAIaHoe IIeJIoe, npI4BoALIT K ToMy, rrro B ortucaHr4t4

crcreMbr npoflBnflIorc;r 3MepxeHrHbre (cucreuuue) cnoficrBa. O6r.qcHeHVe lr.alfir,u:al

TaKr4x cBoficrB B uexoropofi crerreHrr Moxer 6urr [ony{eHo Ha ocHoBe

croxacrprqecrofi [pupoAbr noBeAeHr4, 3neMeHToB cr{creMbr. CneAcTruenr
HeonpeAerEnHocru B rroBeAeHur4 3neMeHToB clrcreMbtlBJr.serc.lt To, r{To Bce

ilony{aeMbre AJr{ Hed garoHoMepHocrrr Hocrr BepoflTHocrurrfi xapaKTep, u uanuofi
zagaueit B aHanrr3e rarofi crrcreMbr craHoBrrrc.f, oTbrcKaHlre cocro.fluuit, Koropbre
peanrr3yerc-f, c uapr6onuuefi neporrHocrblo.

B cnyrae, KorAa cr4cTeMa cocTor4T us 6olruoro qucra oAHorr{rrHblx vnh tran<e

TOXAeCTBeHHbTX 3JTeMeHTOB CO CTOXaCTHqeCKT4M Tr,rrrOM rroBeAeHr4r, BeCbMa

a$$exrraeHbrM oKa3brBaercfl rroAxoA, xoropsrfi 6sr:r nocreAoBareJrr,Ho peanu3oBaH B

crar[cr[r{ecxofr Susnxe. B palarax 3Toro [oAxoAa 6stw BBeAeHbr pa3rpaHr4rleHr,r,

nossrurt Mr4Kpo - [r MaKpococro.flHktfl, cucreuu. Paspa6oranurrfi n crarucrr.r.Iecxofr

Susuxe noAxoA 6rrn ycueruHo nepenecdn reopuefi MaKpocrrcreM Ha cr4cTeMbr

MaKpocKolr4qecKrx o6rexros.
Bepoxruocrr MaKpococroflHvrfl cr4creMr,r, onpeAenqercfl Ha ocHoBe noAcqera

qr4cJra ropoxAalourux ero Mr.{KpococroqHufi. Ynop-a4oqeHr4e AaHHhrx o 6onrurofi
coBoKynHocru o6sexroe Moxer Aarb AoiloJrHr{TeJrr,nyro raH$opMaullrc o rIoBeAeHI4H

eroft coBoKynHocrr4 KaK cucreMbr. flpuuepoM Moryr nocnyxnTb 3aKoHoMepHocrr4,

uoAo6nue 3aKoHy I-{lrn$a, na6nroAaeMbre B paHroBbrx pacrpeAerreHrrx. Mex4y reM
nro6oe paHroBoe pacnpeAeJreHkre Moxer 6r,rrr oAHo3HaqHo npeAcraBJreHo 4zarpalruofi
lonra - o6:uexroM, r{3yr{aeMbrM s roNa6r{Haropr,rKe 14 r4crroJrb3yeMbrM n pasnoo6pa3Hbrx

3aAaqax crarvc'tptqecxoft $usuxu. Iloorouy rprrMeHeHr4e Ar4arpaMM lOnra 1.rrfl

MOAenVpOBaIjIlfl MaKpOCKOrrHqeCKr4X ClrCTeM C yrropfAoqeHHbrM 3anOJrHeHlreM

c o cTofl Hlrfi qsr-f, erc, aKTyaJr r u o fi zaaa,reil. cr4cTeMHoro aHanr43a.

Oqeruxa codepxcauun duccepmatpu. fluccepraqrroHHar pa6ora cocrorrr r13

BBeAeHlrr, Tpex rJraB, 3aKJlror{eHur, cIIucKa I4c[onb3oBaHHblx I4cTorrHLIKoB,

BKJrloqaroxrprx I 10 nagsaHr.rfi. Pa6ora H3JroxeHa Ha I 18 crpaHrrlax MarrurHHoro
reKcra, cotrepxur 38 pLrcyHKoB. Co4epxauLre ArrccepraquoHuofi pa6oru ro rJIaBaM

coorBercrByer Hx xparrofr xapaKTepHCTr{Ke Bo BBeAeH:akr ilvcceprarlkloHHofi pa6orrr u
n anropeSepare.

Bo BeeAeHHu Aaerc.f, o6ocuosaHue aKTyaJrbHocrrr nu6pannofi TeMbI

Ar4cceprauuouuoft pa6orur, o[peAenq]orc-s qen]r v 3ap:a,r.la, npeAMer kr MeroAbI



r{ccneAoBa:ans., Sopruynupyerc, HayqHas HoBr43Ha pa6orrt, ee reoperllqecKafl vt

npaKTurlecKa.[ 3HaqrrMocTb.

B uase 1 paccrrarpr,rBaeMofi pa6orrr rprrBoAwrcs o6zop nrrreparypbl, a raKxe
rrpeABaprreJrbHbre cBeAeHr4{ o c}Tr4 onrponnfiHoro noAxoAa B TeoppII4 MaKpocvcreM LI

o Ar4arpaMrrax lOsra e xoM6zHaroprrKe.

llpe4uerou v3yqeuLr.fl. o6cyx4aerr,rofr pa6oru rBJlflIorc.s MaKpocKorll{qecKrre

cr4creMbr c HeAerepMrrHHpoBaHHbrM noBeAeHI{eM grIeMeHToB. KmoqesrIN,I B

MaKpocr{creMHoM noAxoAe qBrflerc, noHrrr4e 3HTpoIIuI,I cocToqHII, cl{creMbl B
KAIICCTBE IIHCTPYMEHTA AIIfl MOACNNPOBAHKTfl, CIICTEMbI C YIOP.IAOIICHHbIM 3AIIONHEHUCM

cocrosHnfi n pa6ore 6rtrru us6panu AByMepHbre ra rpexMepHble AualpaMMrt loura.
I{gnoxenuro ocHoBHbrx pe3ynbraroB orerrecrBeHHblx tt :apy6exnrrx aBTopoB rlo
reopr{rz pazlueuuir u gvarpaMMaM loura uocsxudu rrocrleAHl4fr pas4et rJIaBbI.

fraea 2 coAepxuT orrncaHr4e v pe3ynbrarbr rrccneAoBaHnfl. MoAerIu

MaKpocKonuqecxofi cr4creMbl, 3JreMeHTbr xoropofi cqurarorc-s Hepa3[Hq]rMbIMI4 (aurn.
indistinguishable) Ha ypoBHe MrrKpococro.f,Hrrr, a cocroflHrrfl. - pa3ruqr{MblMrr (aurn.
distinguishable), npuveu MexaHrr3M Lrx 3anonHeHlr-fl TaKoB, rrro ux gaceldssocrrr

cneAyror B HeBo3pacrarouleM rop.rAxe (anrn. arranged - yroprAoqeHnrrff). Mogenr
Ha3BaHa IDAl-cucreuofi (e4unuqa o3Haqaer, qro paccMarpvBaeMafl. cvcreMa B

orrpeAeneHHoM cMbrcJre oAHoMepHa). MraxpococrorHrae IDAl-cucreMbl Moxer 6rtrr
rpaQuvecKn rrpeAcraBJreHo AByMepHoi.r, guarpaulrofi lOura, u rro3roMy rpu aHarrw3e

crarucTrrrrecKr,rx csoficrs crrcreMbr e pa6ore I4ccneAoBaurvcb He caMrr MrrKpococroflHkrfl,
a coorBercrBylourue r4M xov6usa:ropHbre o6rerrsr. MaxpococrorHr{e IDAI -cl4creMbl

paccMarpuBaerefl KaK oKpecTHocTb Mr4KpococToflHlIfl,, To ecTb [ol]rqaeTc.q rr3

3aAaHHoro MlrKpococrorHr{, [epecraHosxofi onpe4endHHoro .l.r4clra 3JIeMeHToB,

orrpeAen-,rrcuux pailuye oKpecrHocru. Yra3aHHa.s MoAenb oKa3brBaerct npuMeuIarrofi

trnfl. aHanlr3a paHroBbrx pacnpeAenoauit, Koropbre rrpeAcraBJr.f,ror co6ofi He r{To rrHoe

KaK Ar{arpaMMbr lOura, coorBercrBy}ouhe paz6veruweM rrucra 3JreMeHToB B c}ICTeMe.

llp, orcyrcrBrrrr AaHHbrx o6 aflpuopHbrx Bepo{THocr-sx MrrKpococroxlauir
ecrecrBeHHo rrpr4Hrrb Mr4Kpococrofl:artfl, paBHoBeporrHbIMI4. B 3ToM cnf{ae
Bepof,THocrb MaKpococroflHLrfl nponopuzoHaJlbHa duxocru coorBercmyroqefr
oxpecrHocrrr. MoAenr IDAl-crrcreMbr rpoaHanr3r{poBaHa Aru aily+afl, eAuHHrrHbIx

oKpecrHocreil.

B paMKax cAeJraHHr,rx npeAnonoxeuufr 6rua peureHa 3ara.ua HaxoxAeHlrfl
ellrxocru oKpecrHocrtr 3aAaHHoro MHr(pococroqHr4fl 6ee uepeSopa ocraJlbHblx
MnKpococrosunfi. flprane4eno a*arrrtrrrqecKoe BbrpaxeHure Anfl.dlrxoc:ru oKpecrHocrr4
paBHoBecHoro cocro{Hvfl cr,rcreMbr rrpr4 3aAaHHoM rrucJre SrreMeHTon. Ilpra yBelurreHr{H
KoJrrrqecrBa 3JreMeHToB drur<ocrr oKpecrHocrr{ paBHoBecHoro cocrof,Hu;r reprrr.rr
cKalroK, KorAa qkrcro 3JreMeHToB craHoBHTCfl paBHbrM TpeyfonbHoMy tlucny.

!.ix zagaHHoro -ur4cna 3neMeHToB r.{3noxeH arrropr4TM noacKa BCex paBHoBecHbIx

cocro.rlHl4fr, upuudu, B 3aBLrer4Mocrlr or rrI{cJIa 3JIeMeHToB, y cucreMbl Moxer 6urs xax
oAHo, TaK 14 AectrTKr4 paBHoBecHbrx cocrostwti,r. flocne repeqr4cnetrfl pe3ynbraToB 14

BbrBoAoB cneAyror AoKa3areJrbcrBa reopeM nropofr rJIaBbI.



MoAenr lDA2-cucreMbr, xoropofi nocB.f,rqeHa rJraBa 3, crpourc, aHiuIorI4rIHo

MoAeJrrr IDAl-cucreMbr H orrr4r{aerc.fl or ned TeM, qro gacerduuocrld cocro.flHufr

o6pa:yror He o4uouepHrrfi pr1, a AByMepHyro ralr'ugy v cneAylor B nop{AKe
Hecrpororo y6:.;rvavun no cro:r6qarvr u crpoKaM. MIaxpococro.sHlle IDA2-cucreMbI
Mo)Ker 6urr a:o6paxeuo rpexuepuofi gnarpauuofi lOura, a MaKpococro-aHl4e

paccMarpvBaercfl KaK oKpecrHocrb MrrKpococrofl:avIfl, npravdrrr Bce pe3yrlbrarbl

rIoJIy-IeHbI An-f, eAI4HI4rrHbrx oKpecrHocrefi. Kax u B oAHoMepHoM crl1^rae, Bblpax(eHue

Alr €vmocrrr oKpecrHocrrr 3aAaHHoro Mr4KpococrorHrr.f, 3anr4caHo s o6urela BHAe Ir He

r-pe6yer ran$oprraaqrau o6 ocraJrbHbrx Mr{KpococroqHnr,x. llx dlaxocru oKpecrHocrl4
paBHoBecHoro cocro.f,Hrrfl rronf{eHa ABycropoHH-rr{ oueHKa s o6rlela cnf{ae H TotrHble

BbrpaxeH[fl B qacTHbrx cnr{a.rrx.

Kax z s IDAI-cucreMe, slDA2-cr4creMe Mor),T 6rrrr BbIAeJIeHbt o6oro.rKu. Tax,
KorAa rrrzcno 3neMeHToB paBHo nr4paMlrAanbHoMy tIIrcJIy, AI4arpaMMa lOura,
coorBercrByroqafl eAHHCTBeHHoMy paBHoBecHoMy cocTo.f,Hrrro, cocTorlT 113

3a[onHeHHbrx o6oro.reK Lr HMeer cxMMerpr{qHrtfi Br{A. B o6rueu clr) {ae

c$opuynrapoBaHbr HeKoropbre csoficrBa AVarpaMM, coorBercrByroqux paBHoBecHbrM

cocrofl Hnsrrr IDA2 -crrcreME r.

B 3axnro.reHwrt pa6oru KparKo cSopruyrupoBaHbr ed ocHosubre pe3ynbrarbl.

Hoeusrua u docmorepHocmb ocHoBHbtx 6bt6odo6 u puyJtbmamor, HosHsHa
pe3ynbTaToB ArrcceprarluoHHofo rrccneAoBaHrrf, 3aKnroqaeTcq B cneAylouleM:

B palrxax MaKpocucreMHoro noAxoAa npeAnoxeHa MoAenb MaKpocxouu.Iecxofi
crrcreMbr, xapaKTepzsyroulefre, TeM, qro gacentiusocrrr cocroflHlrfr gneMeHroe

)mop-rlAorleHbl no HeBo3pacraHIIIo B oAHoM I4IIr B AByx LI3MepeHH.,Ix (IDA-
cucrerua). Or pa6or, orHoc.f,rrIuxc.q K erofi TeMarr4Ke, npeAcraBreHHaq

Arrccepraqh-rr orrr,rqaerc.fl TeM, qro MaKpococroflHvrfl cr4cTeMbl cTpo.flTc{ KaK

oKpecrHocrr4 Mr{Kpococtor.Huir.. 3ro fio3Borr-f,er paccMarpvBarb cr4creMbl c
nenorurofr aH$opllauuefi o saceldnHocrf,x cocrosuufr.
Iloragauo, r{To [peAnoxeHHa, MoAenb np]rMeHrrMa K aHanv3y paHroBbrx
p ac rp eAe terunir,, Koropbre u: o 6paNalorc{ Ar.rarp aMMauu }Onra.
llprane4euo orrr4caHrre MoAenr4 TeneKoMMyHuKarl[onnofi ceru, 3a

Mr4KpococroflHue xoropofr [pr4H-sro paHroBoe pacnpeAeJreHue KaHaJroB cBr3rr no
rrr4cny 3aHflTr,rx B Hrrx MapurpyroB. llpe4crauneHue MaKpococroflHrrfl, KaK

oKpecrHocrr4 MuKpococroflHlrfl rro3Bonfler )rqzrbrBarb cnyrafinrrfi xapaKTep

3arpyxeHHocrr4 KaHaJroB eBfl3y1 rrro flBflf,ercfl HeorbeMJreruofi xapaKTepucruxofi
peanbHbrx cerefi.
IIpe4noNeHHar MoAenb HCcJreAoBal,:.a AJrfl. cn.u-.la,fl. eAr4HnrrHbrx oKpecrHocrefi. fnx
oguouepuofi IDA-cucrelru yKa3aH cnoco6 HaxoxAeHr4-s Bcex paBHoBecHbrx

cocro-f,uufi Anfl [pou3BonbHoro qucrra 3JreMeHToB, Anfl qeyrr,repnofi cucreMsr
uafi4euu paBHoBecHbre cocroflHufl B p.f,Ae qacrHbrx cnf{aeB.
florasauo, r{To r4ccneAoBanHafl. cr.rcreMa B paBHoBecHoM cocroflHr{v r4Meer

o6oroqeqHrre csoficrBa. Oco6yro ponb Arr-fl KonuqecrB 3JreMeHroB oAHoMepuofr

1.

2.

3.

4.

5.



cr{creMbr urparor rpeyfonbHbre qtrcra, nnfl AByMepHoI{ cHcreMbl

lj]dpa}l4l.jilaJrbHbre r4 TpeyronbHble q?rc[a.

Taxuu o6pa:ovr, Ar{ccepraun, rrpeAcraBJrrer co6ofi 3aKoHtIeHHoe Ha}'IHoe
r4ccneAoBaHHe v coAepxHT HoBbre pe3ynbTaTbl, npeAcTaBJltrroull4e IIHTepec ilnfl
paHfoBofo aHaJrH3a v Anfl pa3BkrTufl MaKpoc[cTeMHofo noAxoAa.

Cmeneruo ofiocnoeaHHocmu HayuHbrx noJtoJrceHuil, euoodoe u peKoMeHdaqutt,

cfiopnynuponaHHbtx 6 duccepmaquu. locrorepHocrb v o6ocnosaHHocrb
lonyreHHbrx pe3ynbraroB o6ecuequBaerc.q KoppeKTHbIM lrclonb3oBaHlreM npIrHIIHnoB

Teopr4r4 MaKpocrrcreM v crarvcTrqecxofi $u:nxa, KoppeKTHbIM rIpI4MeHeHI4eM

MareMarr4rre cKoro aflflapara reopurr p az6ueuuit u t eopul4 Bep oqrHo crefi ,

Pa:pa6oraHHbre corrcKareJreM [oAxoAbr u MeroAbr Hoc.f,T o6ocHosauHstfi,

AoKa3arentnufi xapaKTep, cnpaBeAnprBocrb 3anoxeHHbrx B rrx ocHoBy rorur{ecKl4x
rrocrpoeHzfi lroxer 6rrrr rpocnexeHa B npeAcraBJreHHofi pa6ore.

Anpodaqun p%ynbmamos duccepmuquoHuozo uccnedoeaHufl. IIo reMe

Ar.rccepraquounofi pa6omr ony6luxoBaHLl 9 pa6or, kr3 Koropblx 3 s HayqHLIx

perleH3rpyeMbrx vl:Eanuflx, peKoMeHAoBaHHbrx BAK. I4r,.r,eercr, aBTopcKoe

cBr4AerenbcrBo Ha nporpaMMy pacqera eAuntl.rHoff oKpecrHocrI,I gnyl,Iepnofi

Ar4alpaMMbr lonra. Pesylrrarrr Ar{cceprarlrroHHoro r4ccneAoBalalzfl xoporuo
rrp eAcraBneHbr Ha MexAyHapoAHbrx 14 Bc ep o c cuircxux xo n S epenqurx.

3a.ueraaHun no duccepmaquu. Orrueqaq B uenoM errcorzfi nay.rrmtfi ypoBeHb

upopa6orxu peuaeMbrx 3aAarr Arrcceprarlubnsofr pa6oru, crruTalo neo6xoAuMblM

cAenaTb cneAyrouue 3aMer{aHH.f, .

1. B paccMarpuBaerraofr uoAenw alicrevmr IDA1 rpeAronataercfl.) rrro gleMeHrbl

cr4cTeMEr Hepa3[r4rrr.{Mbr, T.e. Ha MHoxecTBe 3Tr4x SneMeHToB 3aAaHo oTHorueHl4e

3KBrrBaJreHTHocrH. OAuaro AzarpaMMrr loura, [onf{aeMbre npl4 llepecraHoBKe oAnofr
KJrerKrr, 6yay. r4Merb pa3nuqHbre drr,rxocru eAr4HuqHbrx oKpearHocrefr (crr,t., HanpI,IMep,

c.52). fpyrunara cJroBaMrr, nepecraHoBKe pa3luqHblx 3JIeMeHroa 6yAer npuBo,qlrrb K

pa3nuqHbrM pe3yrrbraraM, KoTopbre rro3Borrrror BBecrr4 HeKoTopoe pa3nl4qlre MexAy
3JreMeHTaMr,r. B rreJroM, Ha Harrr B3rJrf,A, MoxHo cKa3arb, rrro Ha MHoxecrBe
3JreMeHToB 3aAaerc.[ orHoueHr{e ronepaHTHocrrr. Her ltv 3Aecb HeKoroporo
rrpoTlrBop e,aut?

2. B pa6ore HeAocrarorrHo rroJrHo orpaxeHbr Bbrrrr4clrrreJrbHble oco6eunocrz
IlpeArroxeHHbrx aBTopoM arrropnTMoB, He [pr{BeAeHo cpaBHeHrre aBTopcKoro rroAxoAa
c rp aAI4III4oHHbrMr4 Mero AaMr4 rrocrpo eH ufl luarp alau lOsra.

x{elaremnrru 6ruro 6sr raKxe B Ar4ccepraqrroHHofi pa6ore yAenr4rb 6onule
BHr4MaHHf, rrporpaMMHofi peanv3a:1:r^il pa:pa6oraHHbrx MeroAoB H rprrBecrv o6rqyro
cxeMy [pofpaMMHoro KoMrrJreKCa.

3. B xa.recrBe 3aMer{aHr4.s MoxHo orMerr{Tb orAeJrbHbre onerrarru (c. 32 <<se

6onee, rreM n (M??) uacrefi>>, ), urrerorcfl HeroqHocrl4 sa c. 54.



B uenoM pa6ora BbrrroJrHeHa oqeHb aKKyparHo, H oSopurneHue npo[3BoAI4T

OraronpurrHoe BrrerrarJreHr{e.

BrrcKasaHHue 3aMeqaHr4.f, rro pa6ore Hocf,T .racrHrrfr u peKoMeHAarenrurrfi
xapaKTep r{ He cHfix<arcT ee nay+rofi ueHHocrn ]r rrpaKTr,rqecxofi 3Harr[Mocrl4.

flucceprar1rlfl, Hafivcana rpaMorHbrM HayqHbrM fl3brKoM, qro cB]IrereJlbcrByer o

Aocraror{Ho BbrcoKofi npoSeccr{oHart,uofi u o6rqefi Kynbrype col4cKaren-fl. B pa6ore

AocraroqHo rronHo paccMorpeHbr [r perueHbl npo6relmr uccneAoBaHkrfl., IIocraBJIeHHa.fl

r.Ienb AocrrrrHyra. fuccepraqz.fl A. E.llouosofi npe4craBJl.,Ier co6ofi 3aKoHrIeHHyro

HafrHo-Kna.uu$nxaunoHHylo pa6ory, BbrrroJrHeHHylo caMocroqrerbHo aBTopoM.

Odu4ee iuKttoqeHue no duccepmatquu. fiuccepraryw,r, Ilonosofi A. E.

<luarpauurr losra B Teopukr MaKpocucreM) y.qoBnerBopfler KpI4TepI,IflM,

cSopruynnpoBaHHbrM B <<lloroxeuuz o rtpucyxAeHkrkt yrelurtx creueuefi>>, ee

coAepxaHr.re coorBercrByer crreurraJrr,Hocrlr 05.13.01 <Cucreuuufr a:g"aJrv3,

)mpaBneHrae ta o6pa6orxa unSopuauuu (pa4uorexHrrKa, aBToMarlrKa, caxsr,)>>, a aBTop

Ilonosa Anercau4pa EsreHreeHa 3acnylKuBaer npr4cyxAenurfl. yteuofi crerleHrr
KaHAr4Aara $rasuxo-MareMarr4qecKr4x HayK.

O$rqraamurrfi orrrroHeHr,

AOKTOp TeXHHrreCKr4X HayK, AOUeHT,

upo $ eccop xaS eapbr rrpr4Knaluofi Mare MarrrKlr
14 MaTeMaTUqeCKUX MeTOAOB B 3KOHOMT{Ke

$axynrrera 6yxranrepcKoro yre:ra u SuHaHcon
B opoHexcKoro rocyrapcrBeHHoro
ar"papHofo yHHBepcr4Tera
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