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HafrHoro pyKoBoAI{TeJIfl Ha Azcceprarlr4ro BerenreBuq H.I4. "KoMrJreKc MoAeJru-
poBaHvt crrrHaJloB H JIHHefiHTTX 3BeHbeB CHCTeM paAr4OsneKTpOHUKH", trpeACTaB-
neHHyIo Ha coucKaHze yteuofi creneHla KaHAvr4ararexH[qecKnx HayK

ConpenreHHoe zHQopnraIIpIoHHoe o6ulecrBo xapaKTeppr3yerc.rr B ToM rrr{cJre
crpeMI{TeJIbHbIM p€I3BprrveM cncreM paAr.rogneKTpoHr{Kr{ (CP). OcHosHHrvr r{H-
crpyMeHToM LIX upoeKTI{poBaHvIA v pa3pa6omu rBJrflercr MareMarvqecKoe u Qu-
3urIeCKOe MOAenupOBaHI{e: CTpyKTypHOTeXHLIqeCKoe V CXeMOTeXHuqeCKOe, BbI-
rIoJIHfleMbIe Ha ypoBHe coorBercrBeHHo crpyKrypHofi (0y"*quoH€rJrbnofi) vr
rlpuHllt4nzalruofi cxeM. Baxueirwas, cocraBnflrorrlafl crpyKTypHorexHr4qecKoro
MoAenIlpoBaHHt, onpeAeJltlou€r,ifi ArdHaMHlrecKHe cnoficrea co3AaBaeruofi CP,
paspa6orKa o6ocnoBaHHhrx rpe6ora:auit K rracrorHbrM pr BpeMeHHbrM xapaKTepr{-
crLIKaM SyHrquoH€ulbHrrx 6loxoB H cldcreMbl B rIeJroM. Ee nuuoJrHrror LrcKrrorru-
TeJIbHo MoAenkIpoBaHLIeM JlzHefiurrx I4cKa)r(euuit, ucrroJrb3yfl B KaqecrBe MoAelefi
6roros (xauanoB, ycrpoficrn) rutuefinue QynKrluoH€urbHbre 3BeHbtr.

IrlssecrHble cpeAcrBa MareMarurrecKoro u SneuuecKoro MoAeJrr.rpoBaHut
manefisblx cBoficrs cLIrH€uIoB LI 3BeHben o6ra4aror o6rqurr,ru cyqecrBeHHbrMr4 He-
AocrarKaMu: orcyrcrBue aBToMarrr3r4poBaHHhrx nporleAyp QopvrnpoBaHvfl,, trpo-
o6pasoBamvfl, MoAeJIeft u pacrlera vx qacrorHbrx, BpeMeHHbrx 14 gHeprerrdqecKrdx
xapaKTepllcrrrK; HeAocrarorrHafl, Anfl MHorux IIpLrMeHeH'vI"d TorrHocTb MoAeJrrrpoBa-
lavrfl; 6oluuofi o6teM rloAroroBuTemsofi pa6oru 14 3HaqHTeJrbHoe BpeMr MoAe-
nI,IpoBaHvIfl, (rr,rareuarl{qecKoq MoAeJluponanue); HeAocrarorrH€ur rorrHocrb MoAe-
nrlpoBankrfl, Bcne4crBl4e orcyrcrBvrfl, ucrorrHuKoB rpe6yeMoro MHo)KecrBa cl{rHa-
JloB.(nos4eitcrsuir) pasru.IHofi Sopnarr B rrrupoKoM rvrartasoHe rracror (npeuen);
BecbMa 3HaqureJlbHbre MarepuarrbHbre 3arparhr (QusuuecKoe MoAeJruponaurae).
OnrHu€LIIbHbIM perrreHlreM rro ycrpaHeHlruo orMeqeHHbrx HeAocrarKoB flBlrflercfl,
I{CrroJIb3OBaHI{e OTHOCVTeJTbHO HeAOpOTI4X nporpaMMHo-anlapaTHbrx KoMrrJreKcoB
(IIAK) MareMaruqecKoro Lt QusnuecKoro MoAeJrrrpoBaHr4fl ct4rHanoB v lzuefiurrx
3BeHbeB, Koropble: LIMeror pEBBI4TbIe 6u6tuoreKu MareMarurrecKr{x uoAerefi

0/n4) cIlrH€uIoB I{ 3BeHbeB, o$$eKrLIBHhIe rporleAypbr SopvrzpoBaHufl, npeo6pa-
3oBaHrq MM v pac'rera I{x xapaKTepvcrl{K; reHepupyror MHoxecrBo cHrH€rJroB r4
peaKIIIlfi pasnux rllron u SopM B IrrupoKoM Ar{ara3oHe rracror (npenaen); peann-
3yrcT BI4pryEIJIbHbre SuszuecKr{e MoAeJILt l4ccJreAyeMbrx 3BeHbeB H ycrpoficrs. llo-
4o6urre KoMrrJreKcbr, rroMHMo o6racrv [poeKTrrpoBaHvrr u paspa6orKrt CP, MoryT
ycilelrrHo [pI4MeHrITbct TaK)Ke B KarIecTBe caMocToflTeJrbHbrx yCTpoHcTB reHepr4-
poBaHl4fl cI4rHaIIoB (peaxquir), B cocraBe zn$oprraarluoHHo-ra3MeplmenbHbrx evr-
creM I4 KoMrIJreKcoB, n (uepe)no4roroBKe cleqvraJwrcroB B o6lacru CP H cMe)K-
HIIX o6ractsx. CogAaHvre IIAK c ilpI{BeAeHHbrMH Bbrrue csoficrBaMlr rpeAcraBJrff-
er BeGbMa aKTy€IJrbHyro u cJro)KHyIo HayrrHo-TexHuqecKyro npo6lerr,ry.

YcueruHoe peuleHl{e upo6reMbl co3 Aalavfl. paccMarpr{BaeMoro IIAK ocHo-
BbrBaercs. Ha LrccneAoBaHIrLI: MM H €urfopuTMoB pacqera rracrorHhrx H BpeMeH-
Hhrx xapaKTeprdcrr4K cHrHaJroB H 3BeHben CP; MeroAoB H ycrpoficre reHepr4poBa-



levts, cvrHaJroB pa3JrrarrHofi Sopvru B rrrnpoKoM ruana3oHe qacror. floeroMy Jro-
fl4rrHo, rrTo [epeqHcJIeHHbIe Borlpocbl vI cocTaBl.sroT npeAMeT rrccJreAoBaHr4f, B

Arrcceprarlr{oHuofi pa6 ore.
[nccepra\r4fl, coAep)KIaT BBeAeHue, o6uryro xapaKTepncrr{xy pa6orbr, nsrb

fJIaB C BbIBOAAMT4 nO Ka)KAOI,I rJIaBe, 3aKrrcqeHHe, CIII4COK UCTIOJIb3OBaHHbIX HC-

TorrHI4KoB I4 TprI rrpuno]Kertvrfl, o6ulprvr o6reuowr 164 crpaH]rrlbr.
B uolsoM coorBercrBuvr c tpe6ona:nvrflvtvr BAK: Bo BBeAenvrvr noKa3aHa aK-

Ty€trlbHocrb reMbl. Al4cceprarlr,rn; B o6rqefi xapaKTepucruKe pa6oru orpaxeHa
cBf,3b ee c HafrHbIMH rlporpaMMavtvI v reMaMV, cSopnryJrrdpoBaHbr rleJrb, 3a4a'rrv.
o6rexr H npeAMer rlpoBeAeHHoro HccJIeAoBaHLrr, c$oprrayJrr,rpoBaHbr HafrHaf, Ho-
BI43Ha IIOJIrIeHHbIX pe3yJIbTaTOB LI OCHOBHbIe nOJIO)KeIJvIfl'. BbIHOCHMbIe Ha 3aIqU-

Ty, paccMorpeHhl orry6maxosaHHocrb, alpo6,atlus, H uc[oJrb3oBaHr{e p$yJrbraroB
Alrcceprarlvt:zr, rpr{BeAeHbr crpyKryp a u o6reM Arrcceprarlr4r4.

VqHrHBat cJlolKHocrb Id MHororpaHHocrb perraeMofi upo6neurr, n nepnofi
rJIaBe Al,rcceprarrnu rrpoBeAeH uy6orufi cpaBHr,rrelrHrrfi aH€urrr3 H3BecrHbrx
cpeAcrB MareMarutlecKoro vI QusuuecKoro MoAeJrkrpoBaHafl cr4rHaJroB vt lunefi-
HrIX 3BeHbes CP: MeroAoB, MoAeleit, €uIrop[TMoB r,r [porpaMM MareMarr4qecKoro
MoAenI{poBaHHq (n pa3Aene 1.1); vreroAoB, ycrpoficrB pr cracreM Qrasn.recKoro Mo-
AeJII,IpoBaHr4fl, (" pasaere 1 .2). B pe3yJlbrare: rroK€BaHa rlenecoo6p€BHocrb orrr{ca-
ler4fl, MoAenrrpyeMblx nllHefinsx 3BeHbeB oneparopnofi nepeAaro.rHofi Synrqnefi
Kr(p) n Soprvre 4po6Ho-pallnoH€rJrbnofi Synrcqur{ KoMrrJreKcHoro rrepeMeHHoro, a
KOHTI,IHY€TJIbHbIX AETEPMI4HT4POBAHHbIX CI.T|H€IJIOB OAHO-, ABYCTOPOHHI.IM NPCO6PA.

3oBaHLIeM Jlannaca; rloKa3aHa IleJlecoo6pasnocrb trpr,rMeHe:nufl, KJraccr4rrecKofo
onepalllloHHoro MefTo Aa npv MoAeJrktpoBaHurr B qacrornofi o6lacrz (ocnoBaHHoM
Ha I4ccneAoBaHVr4 aMrtnIaryAHo-Qa:oBbIX crIeKTpoB peaKur,rfi) r.r MoAr,r$uqupoBaH-
Horo onepalll4oHHoro Mero Aa ilpu MoAennpoBaHrirr4 Bo BpeMennofi o6lacru (ocHo-
BaHHoM Ha ncc.rreAoBannrr caMVX peaKllufi); ycraHoBneHrr o6qr4e cyqecrBeHHbre
HeAOCTaTKLI H3BeCTHbIX BO3MO)KHbIX rIpOfpaMMHbrX CpeACTB MaTeMaTUlreCKOfO

MoAenupoBaHus CP (pas4en l.t ); rroKa3aHa Ilenecoo6p€BHocrb r{crroJrb3oBamvrfl. B
KarrecrBe cracreMbr reHeplapoBaHr{fl BblcoKorlacrornofi (urupor o Auanagouuofi rur{-
poKorlorocnofi aBToHouuofi AByxKaHiulbHofi) czcreMbr, o6ecneErrdBaroulefi oAuo-
BpeMeHHoe SopvrupoBaHl{e orHocHTeJIbHo Hu3KorracrorHoro MoAyJrrapFoulero Lr
BbrcoKorracrorHoro MoAyJrr4poBaHHoro cI{rH€IIroB pa3Jru.rnofi Qopnru B rrrupoKoM

Anana3oHe qacror; AoKiBaHo, rrro r43BecrHbre MeroAbr He o6eclequBaror rpe6ye-
Myro Arn MHorr{x upr4MeH elauit cra6utbHocrb Hecyrqefi .racrorbr MoAyJrrapoBaH-
Hbrx cvrH€L[oB; ycraHoBJIeHa Heo6xo4Iarvrocrb rlocrpoelatrfl, cncreMbr reHepvpoBa-
Hvrfl. Ha ocHoBe crreqv€ulbHblx MeroAoB reHepl,rpoBaHvrfl cra6unbHbrx clarH€rJroB
p€Bnlrquofi Soprr,ru, Koropble Bo BceM IxI4poKoM rracrorHoM Auana3oHe o6ecnequ-
Baror orHocrarenbHyro Hecra6utl.;strocrb Hecyqefi .racrorbr, cpaBHrdMyro c aHaJro-
ru.rHofi BhrcoKo cra6wtbHoro orropHoro reHeparopa (pas4en I .2) .

floHznaar, rrro BbrrBJreHHbIe cyqecrBeHHbre HeAocrarKu nporpaMMHbrx
cpeAcrB MoAenr.rpoBaHr4fl, CP - Bo MHoroM cneAcrBue orcyrcrBufl y4o6Horo Ma-
TeMarr{rrecKoro orrucanus, curH€uroB r4 3BeHbeB, Bo ntopofi rJraBe Auccepra\uu AIIA



pacrxupel;.vlfl. Bo3MolrHocrefr MoAenIapoBaHVr rrpeAJro)KeHo orrr4cbrBarb JrrtHefiusle
3BeHbt oneparopHofi repeAaro.rHofi SyHxqz efi Kr(trt) cueqpraJrbHoro BHAa c Kpar-
HbrMr.r HynrMrr kt froJrrocaMpr (pasaer 2.I).

Ouenra4no, MoAeJII,IpoBaHr{e nunefinrrx HcKax(enuit BKrroqaer pa3nurlHbre
npolleAyphr upeo6pa3oBaHIas MM: (ae)nopMupoBaHr,re; npeo6p€BoBaHr{e MoAeJrr4
@Hll-npororllra B MoAeJrI,I OBrI, fIO, 3@ u Sunrrpa c HecKoJrbKHMH noJrocaMr4
rporycKaHl{f, ulru (n) saaepxllBannfl; rlepeMHox(eHr.re pr HopM€rJrr{3arlr{fl MoAelefi.
I4ssectHble npolpaMMHhre cpeAcrBa yKa3aHHbre rporleAypbr, 3a ucKJrroqeHueM
(ae)nopMl{poBaHvls, He pe€IJll{3yror BcJIeAcTBI{e HeAocrarKoB HcrroJrb3yeMoro orrLr-
aanufl, 3BeHbeB. BrruorHeHl4e r{x BpfrHyro [peAcraBJrfler BecbMa rpoMo3 Arcufi u
rpyAoeurufi rpoqecc (oco6enno rpu BbIcoKI{x ropflAKax repeAaro.rHofi Sy"rc-
quu). Y.rHrHBafl, vrsroxeHHoe, B pa3Aene 2.1 paspa6oraHbr MM orMeqeHHbrx Bbr-
trre rpeo6pasosauuir. ,{oxasaHo: npu Bcex npeo6pa3oBaHvrnx BHoBb o6pasyeM€rf,

Synrqu fl Krftp) ro sprAy coBrraAaer c ucxo4Hofi. B pe3ynbrare rrpeAnoxeHH€ur
MoAeJIb Kr(p) yAoBnerBopfl er BceM rIpeAbtBJIteMbIvr rpe6oBaHr4f, M : orrr{cbrBaer Bce
Trrrrbr (ne)rrauHr{M€urbno-SasoBbrx ruruefinblx 3BeHbeB; o6ecneqr,rBaer nocrpoeHlre
e$$erruBHbrx aBToMarI{3rIpoBaHHbrx npolleAyp $opMrapoBaHkrs, npeo6p€BoBaHut
MM, pacqera r{x qacrorHo-BpeMeHHblx xapaKTeprdcrr{K vr co3AaHr{e pa3Br,rrbrx
6u6nuoreK MM rvuefisblx 3BeHbeB.

ZgsecrHo, flpu MoAenupoBaHr{l4 JILIHefiHrrx rdcKa)Kelr'uit B KaqecrBe Bo3Aefi-
creufi npr4MeHflK)T Herrepr{oAt4qecKl4e 6ecroueqHo rrporfl)KeHHbre ar(t), Herrepuo-

AkrqecKue $nru{rHbre qn{t) u repuoAlrqecKpre g(/) cr.rrH€rrru (i : 0, I,2).OcHosH-
Baflcb Ha pr3Becruofi TeopeMe, p pa3Aene 2.2 ycraHoBJreHo, qro Bce oHV orrr{cbrBa-
rorcr JrarrJracoBcK4Mr{ uso6paxeHrr.rlMll, coAepx(arqr,rMkt oneparopHbre $yHrquu
S,(p). flpe4lo)KeHo orkr QyHrqzu 3a4aBarb B Qoprr,re, aH€Lrrornquofi Kr(p).

flpu SopvrupoBaHrru cutHtLrroB, KaK Id B cnyqae 3BeHbeB, rurdpoKo ucrroJrb-
3yror rporleAypbr upeo6pa3oBaHu.s MM, peaJru3yeMhle o6uqno c rroMorrlbro u3-
BecrHbrx reopeM rrpeo6pa:on aHr4fl, Jlauraca. florasaHo, rrro Bce orlr upeo6pasoBa-
:rrvrfl, rrpHBoAflT K MM cr4rH€uroB, coAep)KaITII,IM Te xe (uo BuAy) Synrcqrta ^S,(p). B
pe3ynbrare orrcaHue SynKrIt4rrMI{ S,(p) 3aAaer Bce rpuMeHreMbre rpu MareMaru-
IIECKOM MOAEJII{POBAHVH TI.ITIbI CI4|H€TJION, O6EC[CqI4BAET HEO6XOAUIT,TbIC [PEO6PA-

3oBaHHfl MM n co3AaHrde rrx pa3BIaTbIX 6u6tuoreK, [oJrHocrbro conracyerct c
orrucaHkreM Kr(p) mauefiublx 3BeHbeB.

B p*lerc 2.3, )rql4rblBan oAvrHaKoBbIe cnoficrna $yurcqufi K,(p) u Si(trt), ua
ocHoBe KJraccnqecKoro r{ MoAuSuqnpoBaHHoro oreparlr4oHHbrx MeroAoB pa:pa6o-
TaHa coBMecrnafl, MM R(p) Ha KoMrIJIeKcHofi urocKocru KoHTr{HyEurbHbIx Aerep-
Mr.rHr,rpoBaHHbrx cr4rHarroB, JrHHefiHrx 3BeHbeB H peaKllvfi CP. MoAerb 3aAaer Bce
TIIIIII HctIoJIb3yeMbIX ilpu MoAeJII{poBaHLIu cIarH€LIIoB, 3BeHbeB I,I pearqnfi (C3P),

rroJrHo ollrcbrBaer r{x qacrorHbre, BpeMeHHbIe ceoficrBa vI xapaKTepl{crl{ru. flepe-
xoAoM B rracrorHyro o6lacm (no4craHoBKoit p: jat) I{3 Hee o6paaoBana Synrqvt
R(ir), Koropar rpu pa3nuqHbrx coqeranuflx rapaMerpoB 14 AorIoJIHHTeJIbHbtx
BpeMeHHbrx [epexoAax olrrcbrBaer: KoMrIJIeKcHyIo rrepeAarorlHylo Qynrqzlo Mo-

AenrlpyeMoro 3BeHa; crreKTp€rrrbHbre xapaKTepucrkrKl4 He[epl{oAr{ErecKl4x (Qunur-



HrIX, 6ecronerrHo rlporflIreuuux) u [epIaoAHqecKHX nos4eficrnufi; cneKTp€rJrbHbre
xapaKrepl{crl,rKrr Bcex peaKur{fi. O.reBI4AHo, rro cBoeir cyru SyHrrlun R(ia) npel-
craBJlfler o6o6qeHHylo MoAenb C3P B qacroruofi o6lacru. Ee Aer€rrrbnafl, peaJil4-
gar\krA o6ecueqllBaer rlocrpoeHl4e MareMarllqecKoro €urfopraTMa vr Ha ero ocHoBe
eQSerrusHofi rpolleAypbl pacrrera tlacrorHblx xapaKTepucrr4K Jrr.rHefiHux 3BeHb-
eB, aMrrnr{TyAHbrx 14 Sasonux crreKrpoB crdrHaJroB H pearcqnfi.

[ttt MoAeJII{poBaHrrfl Bo BpeMeuuofi o6racu4 peKoMeHAoBaH MoAraSnqHpo-
saHHrrfi o[epauuognufi MeroA. flpurvreHflfl. ero, c freroM ceoficrs coBMecruofi
MM R@) B piBAerc 2.3 BrITIoJIHeH rlepexoA R@)-Yo(t) Bo BpeMeHHyrc o6lacrr.
(Dynrqux Yo(t) upld pa3rltrrHblx coqeraHvlflx flapaMerpoB vr AorroJrHureJrbHbrx
BpeMeHHbIX [epexoAax olrlcblBaeT BpeMeHHbIe xapaKTeprrcTl.IKr4 JII{Her,rHoro 3Be-
H&, Bce nos4eficrBnfl LI peaKgkr Ha nocJIeAHVe, flBilflercfl, rro cBoefi cyuE o6o6-
uleuuofi MoAeJIbro C3P Bo BpeMesuofi o6lacru. Ee Aer€rJrbnafl, pe€rJrr43ar\ufl. rro3Bo-
JIf,er rlocrpot4Tb MareMarvrlecKllfr zurropLITM vr Ha ero ocHoBe e$SerrlrBHyro npo-
rleAypy pacrrera BpeMeHHbrx xapaKT epucrurc C3P.

B rperrefi rJIaBe Azcceprallkrr4 (" pasaere 3.1) na ocHoBe coBMecruofi MM
R(p), rnarrzQrdrlrrpoBaHHo npr,rMeHflt arnapar u Bo3MolKHocrLr reopr{Lr Synxqnfi
KoMrrJreKcHoro [epeMeHHoro, nocrpoeHbl MM qacrorHbrx xapaKTepr.{crkrK C3P:
ArD( (OqX) ruuefiublx 3BeHbeB; MoAynI{ (apryrnrenru) crreKrp€rJrbHbrx rrJrorHo-
crefi (neupepbrBHbre ro csoficrBaM aMrnlaryAHbre ($asonue) creKTpu) Henepuo-
Al{rrecKr.rx ($unnrHblx, 6ecroserrHo rrport}Keuuux) cr{rH€IJroB H coorBercrByro-
IqHX HM pearqufi; ALIcKperHbIe aMrnLIryAHbIe u Qasonue cneKTpbr neprdoAvrqe-
cKr.rx crrfHarroB rr peaKIII{fi. Mo4 eIIu HMeroT [IpocTyro pe€rJrlt3arlr{ro, o6ecuerrvBaroT
rrocrpoeHple s$$errzsHofi rpolleAypbl MareMarkrrrecKoro MoAeJrHpoBaHr{r qa-

crorHbrx r4 oHeprervrrecKlrx xapaKTepklcrzr C3P. Ha reopernqecrofi 6age nocrpo-
eHHbrx MM B pa3Aere 3 .2 paspa6orau aJlroplrrM pacqera Bcex qacrorHbrx 14 oHep-
ferr4qecKr,rx xapaKTepvcrfrx C3P s rlo6oM I,IccJreAyeMoM qacrorHoM AnanasoHe.

PezurzgoBaHHafl B pa3Aene 2.3 o6o6rqeHH€If, MoAenb Yo(t) Bo BpeMennofi o6-
rracrz' flBJrflercx SopMarlbHofi, uaro rlpktroAHa Anf, MoAenr4poBaHurr. finn nepexoAa
r pa6o.refi MM BpeMeHHhrx xapaKrepvcrl4rc C3P neo6xoAr{Mo peanv3oBarb rrpo-
rleAypbr BbrrrrrcJr envrfl. BblqeroB (c freroM KparHocrrr nomocon) B yrroMrHyrofi

Sopnranrnofi MoAenH. KnarzSuqupoBaHHo BblrloJrHrrf, err{ rporleAypbr, B pa3Aene
3.3 ilocrpoeHa rpe6yeMafl. MM BpeMeHHbIX xapaKrepncrLtK C3P, Koropafl: rrplr
seo6xoAr{Mbrx BpeMeHHbrx nepexoAax orrl{cblBaer peaKrlrau Ha Herr epno4nqecKr4e
(SnuurHbre, 6ecrouerrHo rrporflxeuuue) v [epnoAuqecKr,re cvrH€rJrbr; B cnfrae
nos4efi crriuir B Br.rAe Synrcqufi, [upaKa vI Xesucaitla [peAcraBJrfler coorBercrBeH-
Ho HMrryJrbcHyro r4 [epexoAHyro xapaKTepl,Icrt4Kl4 3BeHa. IlorfreHHar MM, B or-
Jrr{qne or u3BecrHbrx, flBJrflercf, pe3yJlbraroM pa3Jro)KeHnfl rro KoHeqHofi Heopro-
roH€rirbnofi crrcreMe co6crBeHHbrx SyHrqnfi (snena r{ Bo3Aeficrnvfl), rrpeAcraBJrfler
nro6yro r43 BpeMeHHbrx xapaKTeprlcrlaK ToqHbIM aHallvrruLrecKr{M BbrpaxeHrreM pI3

KoHerrHoro rrracna cJraraeMux. B MoAenv, clpaBeAJrr{Bofi rarxe [pr{ KparHbrx no-
Jrrocax repeAaro.rHofi Syurqnlr 3BeHa u ugo1pa)KeHurr nos4eficrBvrfl., KoJrurrecrBo
oneparluit, cttolreHus r4 yMHoxreHr4fl orlpeAeJlqercr roJrbKo rrucroM grr{x rroJrrocoB,



trro o6ecnequBaer rlpeAenbHyro rorlHocrb (nesanuclrMyrc or KoJrprqecrBa rorreK
.{I{CKpeTV3AIIW IIO BpeMeH}I, OlpeAenteMylo ToJrbKo TorIHocTbK) BbrrIHcJIeHVIfl,
sJIeMeHTapHhIX Synrqufi s I{crloJlbsyeuofi cprcreMe rporpaMMuponaHur), ycrpa-
Hfler upo6leurr OII€HKI{ TotrHocrkt u cxoAkIMocrLt pelreHr4fl, yMeHbrrraer o6rena
BbIrrI{cJI elf.uir vt BpeMtr MoAenI4poBaHHfl, rro3BoJrrer peaJru3oBarb eQSercu4BHyro
rpolleAypy MoAenvpoBaHl{x C3P Bo BpeMeuuofi o6lacru. Ha reoperr4rrecKofi 6aze
nocrpoeuuofi MM B pa3Aele 3 .4 paspa6oraH €urropurM pacrrera Bcex BpeMeHHbrx
xapaKTepl4crl,Ir C3P s rro6oM I4ccJreAyeMoM BpeMeHHoM raHTepB€ure.

Ha upaKTIaKe rrpr4 MoAenr,rpoBaHurd rxr4poKo npuMeHrercf, Meroa [I@, eo-
cro pe€IJlt43yeMblfi n Sopvre EII@. ZseecrHo, B orr{x MeroAax: rpLt HeAocraroqHoM
KoJIt4rIecrBe rorreK Al4cKperkl:,arlukr rro BpeMeHv Bo3HVKaer e$$exr H€rlroxenvrr
cleKTpoB B ocHoBHofi uoloce qacror rr B qacrorHbrx [onocax BoKpyr rapMoHrrK
qacrorbl Al4cKperrr3arl vwt, Blreryrunfi TaK Ha3brBaeMyro ouz6ry H€uro)Ke Hvrs. crreK-
TpoB; rIpH HeAOCTaTOqHOM KOJII4TTeCTBe roqeK AUCKpeTH3aUHT{ rro qacrore Bo3HH-
Kaer sSSerr H€LIIo)KeHr4fl. peaKllufi paccrr,rarpuBaeMoro kr rpeAbrAyrrlux r4MnyJrbcoB
nepl4oAIa.recrofi [ocneAoBareJrbHocrr4, npraBo 4rrrr\uir K TaK H€r3hrBaeuofi oun6re
HarlolKeuvrfl, peaKunfi. B I,ITore, npu pacrrere yKa3aHHbrMkr MeroAaMra peaKuuu Ha
HerlepHoAurrecKoe SzHI,truoe Bo3Aeficrsue Bo3HlrKaror ouru6rr4 H€IJroxeHHfl crreK-
TpoB u pearqufi, a npkl pacrrere peaKrlrrr4 Ha llepHoAkrqecKoe nos4eficrBr{e
ouu6ra HarlolreHvrfl, cleKTpos. BerrrqvHbr yKasaHHbrx rrorpeunocrefi MoryT 6urr
BeCbMa 3HaqI4TeJIbHbIMI4, cyuIeCTBeHHO 3aBLICf,T OT Bz^plA nOa4efiCTBus, (nz4eO-, pd-
AI4OIAMTIyITC), OnpeAenf,roTCr KOppeKTHOCTbT eH6Opa KoJrr,rqecrBa roqeK ALrcKpe-
TvlsaLrlar4. C )nreroM I{3JIox{eHHoro B pinAene 3.5 Anfl Konvqecrneuuofi orIeHKr4
Bo3Moxnofi rlorpelxHocrl{ (uo cneIII4aJIbHo pa:}pa6orausoMy crleHapraro) BhrrroJr-
HeH BbIrIucrI4TeJIbHufi erclepr{MeHT, rro3BoJruBrrrufi uol}nrraTb Ba)KHhI e Anfl. [paK-
rIaKI,I npllMeHenvlfl, ruO (BIIO) pe3ynbrarbl. YcranoBJreHo: B orJrktrrrde or pinpa-
6orauuofi MM, ilpv HeAocrarorlHoM KoJIrIqecrBe rorreK AucKperr43arlkru (uo Bpe-
MeHIa vr uacrore) orHocl4TeJlbHa.f, cpeAHeKBaAparlrrrecKafl [orpeuHocrb MeroAa
A|IO Mox{er Aocrl{rarb AecflTKoB n 6oree npoqeHToB. lorasaHo: Anr MktHr{MvBa-
\krr4 orupr6ru H€t[o)KeHI4fl crIeKTpoB rracrora AzcKperrd3 awrr rro BpeMeHr{ Aon}KHa
Ha rlopqAoK rIpeBbIIIIaTb IIIHpI4Hy OCHOBHO|O ne[eCTKa CrreKTpa BprAeor4Mrrynbca 14
eue 6olee B cnyqae pa4nol4Mnynbca; rnfl, rlocneAForlefi Mr{HrrMn3ar\vu pe3ynb-
rupyroqefi oun6rv v AocrlDmeHlafl, BblcoKofi ro.rHocru MoAenupoBaHrar [eptroA
rloBTopeHrtfl, AOnlKeH npeBhIIIrATb [nnTeJIbHOCTb Mo.qenupyeMoro BzAeor4MrryJrbca
(pa4raoraMrynbca) n 10 u 6oree pa3.

, B rrerBeprofi rJraBe Auccepra\Hu (" p*aerre 4.1) norasaHbr aKTy€rJrbHocrb r{
cJro)KHocrb perxeHtrfl, sa4aqv reHepl{poBaHz,f, cr{rH€rJroB p€Bnur*rofi Qopuu B rrru-
poKoM AvIarra3oHe qacror. .{oxasaHo, rITo I{3BecrHbre MeroAbr o6ecnerrr{BaK)T He-

AocrarotlHylo AIrfl MHorI{x rrpl{MeHe:auit orHocuTeJrbHyro necra6vJrbHocrb Hecy-
qefi qacrorlrr,f, MoAynI{poBaHHbIX cI{THELIIoB, Koropafl TeM Bhrrrre, qeM Hrlxre 3Ha-
rreHr4e fr. YuurbrBafl H3JrolKeHHoe, paspa6oraH 14 3arrareHToBaH HoBbrfi ueroA re-
Hepr4poBaHnfl, cra6utbHblx MoAynI{poBaHHbIX cl4fHanoB rrpor43Bolrsofi Soprr,mr n
rukrpoKoM 4l.dana3oHe rIacToT, cI,IHTe3LIpoBaHa cTpyKTypa pe€urlr3yroqefo efo



ycrpoficrBa. MeroA AorlycKaer KaK aHaJloroBoe, TaK H rlu$poBoe SopnanpoBaHue
MoAyJIHpyIouIt4x cLIrHaJIoB. .{oxaraHo: Ha mo6ofi Hecyqefi .racrore -f, o6ecueqv-
Baercfl oAHHaKoBafl orHocl{TeJrbHarr necra6vJrbHocrb, paBnafl. orHocvrenbHofi He-
cra6u:-libHocrlrt rore6aunit 3aAaroqero reHeparopa u cyqecrBeHHo MeHbrrras, rreM
B u3BecrHbrx MeroAax (pas4en 4.I).

Passurue qnSpoBbIX TexHoJlorufi cyqecrBeHHo noBJrr{f,Jro Ha peirJrpr3arlr{K)
u3BecrHbIX MeTOAOB rcHepI{pOBaHI{,f, MOAyJILIpOBaHHbTX CtrrH€IrroB, KoTopbre Te-
rlepb AonoJIHHTeJIbHo HcrIoJIb3yrcT qIaQponofi crHre3 MoAyJrprpyroqnx rcole6a-
lawit. V.rzrsIBafl, v3lrolxeHHoe, B pa3AeJIe 4.2 paspa6oraH H 3anareHToBaH HosHfi
MeroA reHepl{poBaHl{fl cta6ulr.bHblx MoAyJII{poBaHHbrx cr{rH€rJroB pa3rr{rruofi $op-
MhI B IIIupoKoM AI{a[a3oHe Hecyqux qacToT, cLIHTe3HpoBaHa cTpyKTypa peaJlu3y-
rculero ero ycrpoficrsa. MeroA vcroJlrcyer-qn$ponofi cLrHTe3 MoAyJrr,rpyrorrlux
role6attuit, o6ecuequBaer Bo BceM Akrana3oHe oAVHaKoByro secra6r.rJrbHocrb He-
cyqefi qacrorhl, paBHyrc rarosofi 3aAaloqero reHeparopa (rE cyrqecrBeHHo
MeHburylo, qeM B H3BecrHbIX MeroAax), se HaKJraAhrBaer orpaHr{qenufr ua nu6op
rrpoMelryrorrHofi qacrorrr.

Ha ocuoBe BToporo [peAJlox(eHHoro MeroAa r.,r r43BecrHoro MeroAa Sopun-
poBaHHfl orropHbrx xore6aHr4fl, B pa3Aerc 4.3 pazpa1oraHa H 3a[areHToBaHa rpex-
KaHarrbHafl. BbrcoKorracToTHafl, rrrupoKoAHallfl3oHHaf, rrrr{poKorroJrocHu aBToHoMH€ur
cl{creMa rcHeplapoBaHur (Cf). flpeaJlaraeMas Cf o6ecnerrrdBaer oAHoBpeMeHHoe

QopvrupoBaHr{e AB)A (n o6qeM cnfrae p€BHbrx rro Qopue u qacrore noBropennx)
orHocureJlbHo Hl43KorlacrorHux (n Anana3oHe rc 70 Mfq) MoAyJrr{pyroqr4x H oA-
Horo BblcoKoqacrorHoro MoAynupoBaHHoro (n Ar4ana3oHe Ao 1000 Mfq) cr{rHa-
JroB pa:|nuquofi Qopvru. OrueqeHHble csoficrBa AeJraror Cf rranoroSyHKrlr.roHaJrb-
nofi, rro3BoJrflror acrroJrb3oBarb ee B cocraBe IIAK MoAeJrr{poBaHr{s CP H B cocra-
Be ranQoprr,rarIHoHHo-rI3MepLITenbHbIX clacreM. BrrnoJrHeHa cpaBHlrreJrbHafl KoJrrl-
qecrBeHHafl, orIeHKa cra1nttbHocru Hecyqeft .racrorbl MoAyJrI,IpoBaHHhtx cr{rHarloB
lrpu ux reHeprapoBaHuvr I43BecTHbIMI{ MeToAaMH u rrpeAno)KeHHbrMr4 MeToAaMH H
cf.

B usrofi rJraBe Al{ccepra\krvl (n pasgere 5.1) rpoBeAeH coAep)Karelrurrfi
alnaJ:r,zrg orarroB MareMarl{qecKoro v SusuvecKoro MoAeJrr{poBaHHr cr{rHaJroB kr
ruuefiubrx 3BeHbeB. Ha ero ocHoBe rpeAJIolKeHa crpyKTypa IIAK, orpeAeJreHbr
Ha3HaqeHr4e u csoficrBa o6pasyroqux IIAK cr{creM, rroKa3 alaa rleJrecoo6pasnocrb
pealrv3a\HH cHcTeMbI MaTeMaTr{qecKoro MoAenI4poBaHI,It KoMrrJIeKca B BI4Ae MHo-
roSynrrlr4oH€rJrruofi ilporpaMMbr (MII), ne rpe6yrorqefi or rroJrb3oBarelr ruy6o-
Kr{x, 3IJAIJVLL4 fro COBOKyITHOCTH AI4CIII,IIIJIId}I VI rrpeAH€BHaqeHHOr,r Anfl rUr{pOKOrO

Kpyra creqpraJrucroB s o6racrvr CP. CuHresLIpoBaHa crpyKrypa MfI, orpeAeJreHbr
rporleAYPbr, Bbr[oJrHrreMble ee MoAy nflMr4.

B pa3AeJre 5.2 rpoaHaJrr.r3r4poBaHbl Bo3MoxHbre o6nacru eQ$erruBHoro
rrpr{MeHelnnfl, rrpeAJraraeMoro IIAK. PaccuorpeHbl cocraB, csoficrBa, xapaKTepl4-
crr{Krr u SyurrlzoHrdpoBaHrre paspa6oraHHoro Ia BHeApeHHofo n yre6Hrrfi upoqecc
(n KaqecrBe o6yraroulero KoMrrJrexca) yrpoqeHHoro BapHaHTa rrpeAJraraeMoro
|IAK. C qenbro orrrt4Mz3ar\vrr4 yre6noro rpoqecca v oKoHoMrru MareprdtilrlbHbrx



pecypcoB pa3pa6otan rexHzqecrufi npoeKr yHuQzqupoBauHofi yre6nofi ta6opa-
TopI{H, rlocrpoesuofi Ha ocHoBe [IAK, o6ecnerrr.{Barorlefi noAroroBKy H npoBeAe-
HIae SpontanbHblx IIHKJIoB la6oparopHblx pa6or u [paKTrlqecKrfrx 3aHrtuit rro co-
BoKyrIHocrI4 AI{cIIulJruH crrerlu ErrrbHocrefi CP H cMexHbrx o6lacrefi .

B 3aKrroqelnnr Allccepra\r4rl cSoprvrynupoBaHbr ocHoBHbre HafrHbre v
Irp aKTr4qecKr,re p e3ynbTaTbr.

Anrope{epar B rIoJIHofi naepe orpax(aer coAepx(aHue Ar,rcceprarruonnofi pa-
6orrr.

[ucceprarrufl, npeAcraBJlfler co6ofi qenbHyro H 3aKoHrreHrryrc HafrHo-
HccneAoBarenbcKyro pa6ory, BbrrroJrHeHa Ha BbrcoKoM HafrHo-TexHurrecKoM
ypoBHe c rlpl4BreqeHueM coBpeMeHHbIX MeToAOB U CpeACTB HCCJreAOBaHr4r, BKJTTO-
,r'afl, MeroAhI TeopI{Ia $ynrqzfi xotvtuJleKcHoro uepeMeHHoro, MeroAbr rrucJreHHoro
aH€IJIt43a vI MareMarvrrecKoe MoAeJrupoBaHlae. HayrHbre 14 rrpaKTl,IqecKr,re pe3yJrb-
TaTbI flBJIflK)TCfl HOBbIMI{ U TIOJIe3HbIMI{, [OJDrqeHbI COIACKaTeJTeM CaMocrof,TeJlbHo
urrvl npu ero He[ocpeAcrBeHHoM )rqacrvlvr. OcHoeHbre HafrHbre pe3yJrbrarbr Ao-
crarorrHo orpareHhr B ony6nuKoBaHHbrx pa6o
TexHurrecrofi o6qecrBeHHocrrr, AoKnaAbrB€uu4cb u o6
poAHbIX v pecry6nurcaHcKlax HTK. flo uarepuaJraM Aucceprar\Lrvr ony6rnKoBaHo
36 pa6or, B roM TILIcJIe BoceMb crarefi n (peroMeHAoBaHHbrx BAK) peueH3upye-
MIIX orerrecrBeHHblx t4 HHocrpaHHbrx HafrHbrx )KypH€rJrax, 18 crarefi s c6opHuKax
HafrHbIX rpyloB, Marepv€IJrax rcon$epeuqufi ri ceMr{HapoB. IIo pesyJrbraraM Lrc-
cJIeAoBaHvIfl. ronfreHbl Tpr{ rrareHTa Pecrry6rurcu Benapycb Ha zso6pereHrirfl (a"a
rlareHTaHa cnoco6bru oAI4H Ha cllcreMy reHepr{poBaHr{fl. evrr:naJroB rrpor43BoJrbnofi

Sopvmr). +
,{uccepraHTKa flBJIflercfl cocro.aBlrrllMcfl KB€L[uSnqnpoBaHHbrM Ha)qHbrM r{

neAaroruqecKuv' pa6orHuKotu. Oua cso6oAHo BnaAeer MareMarrarrecKkrM arrrrapa-
ToM u MeToAaMIvr Teopl4lir $ynrcqIEfi rounJleKcHoro [epeMeHHoro, Teopvtefi crdrHa-
JIoB LI Ilerrefi , ueto p:aMtr MareMaruqecKoro MoAeJrvpoB anvIfl, vr -ttvrclreHHofo aHanrv-
3d, TexHonorzefi [plrKJraAHoro nporpaMMrdpoBaHvrfle cuoco6ua caMocroflTeJrbHo
cTaBVTb H perxaTb cJrolKHbre HarrHo-TexHrarrecKr4e 3a4al{pl.

HayrHue I4 rpaKTI{qecKI4e pe3ynbrarbr ArdcceprarlltoHnofi pa6oru ucrroJrb-
3oBaHbI e HI4P u OKP ro p€Bpa6ome rporpaMMHo-arraparHbrx cpeAcrB MareMa-
Tr4qecKofo u SusurrecKoro MoAenupoBaHvrfl, CP, [crroJrb3oBaHbr Ha npaKTr{Ke n YII
"3ano4 CBT" u OAO "A|AT-CI4CTEM", BHeApeHbr B yre6nufi npoqecc E|VI4P
B Karrecrne o6yrarculero [IAK, rITo orpalreHo B coorBercrByrorrlktx orqerax v aK-
Tax BHeApeHvrfl. H rlcfrorrb3oBalIufl.

Ha ocHoBaHnvr I43JIo)KeHHoro cqIaTaK), rrro Ar.{cceprarlurl coorBercrByer
BceM rpe6onamvrflM BAK, rpeAbtBJlfleMbrM K uoAo6Hrrna pa6oraM, a ee anrop, Ee-
JreHKeBu.r H.VL, 3acnyxl4Baer rrpncyx4unnfl, efi yreuofi crerreHn KaHAl.z^plara rex-
Hl4rrecKkrx HayK rlo crrelll{€ubHocrl{ 05.12.04 "Pa4I,torexHI{Kd, B ToM rrncre cl{cre-
MbI I4 ycrpoficrBa reJIeBLr4eHr,I.fl" 3a:

paspa6orKy coBMecruofi MareMaru.recrofi MoAeJrr{ C3P Ha KoMrrJrercuofi

)Tax, I{3BeCTHbI HaTIHO-

cyx(AnJrucb na 15 rr,rexAyHa-

nJIOCKOCTkI, OIIktChIBaIoUeH BCe TI{rIbI HCTIOJIb3yeMbIX IIpt4 MOAenIIpOBaHI4I4 KOHTLI-



Hy€uIbHbIX AeTepMHHlIpoBaHHhIX cktIH€LIIoB, JII{HefiHbIX 3BeHbeB rr peaKrl4fi, o6ec-
leql4Balouefi Heo6xoAt4Mhle [peo6p a3oBaHufl, MareMarr4qecKr4x Mo,4enefi cr{rHa-
JIOB 14 3BEHbEB;

pa3pa6orKy MareMarvqecKllx MoAenefi (ae)uopMt4poBaHvrfl) peaKTaHcHhrx
upeo6pa3oBaHuir, nepeMHoxt eHufl. rr HopM€rJrr.r3arlr{H o[eparopHbrx repeAaroqHbrx
$ynrqufi (ne)nal4HuM€urnno-QaroBhlx rvuefinbrx 3BeHbeB, o6ecueqprBaroqux Sop-MlIpoBaHHe MoAenefi sneHreB c p€BnHrrHhIMI{ Bn$aMr4rracrorHbrx xapaKTepr4crprK;

pazpa6orKy MareMaru'recrofi MoAenIa BpeMeHHbrx xapaKTepr4crgK C3p,
npeAcraBnflrolrlefi mo6ylo 143 BpeMeHHbIX xapaKT epr4cruK ToqHhrM aH€urr,rrr,rqecKgM
BhIpa)KeHI{eM VI3 KoHerrHofo Lrvcra cnafaeMbrx, o6ecneuznarolqefi [peAeJrbHyro
(ne sau4c,tlqyrc or KoJllarrecrBa roqeK AI,IcKpe rvaa\ur4 rro BpeMeHra) rovnocrb Mo-
AenvpoBa}Jkrfl,, no3BoJlqroqefi peaJll43oBarb sQ$exrvBHyro nporleAypy MoAenr{po-
Balrkrfl C3P Bo BpeMesnofi o6tacrw;

pazpa6orKy MareMarI4rIecKHX trto4elefi qacrorHhrx xapaKTepr4crgK C3p,
orll4cblBalo[Ilt4x At{X u @gX Bcex rLIrroB luuefiublx 3BeHbeB, aMrrnr{TyAHhre u 0a-
3OBhIe CleKTpbI HefIepLIoAUrrecKI4x n nepuoAr,rqecKr.rx crrfH€uroB rr peaKrlr{fi, o6ec-
ilerrHBaroull4x rlocrpoeHlle eS$exrneHofi rporleAyphr MoAenr.rpoBaHr{s C3P B rra-
crorHoit o6tacrtr;

pazpa6orKy AByx MeroAoB H cplcreMbl reHeprapoBaHr.rq cra6utbHbrx oJreK-
TpI4rrecKHX ct4rHaJroB pa3nH'ruofi Sopvrr B Ixt4poKoM Anana3oHe qacror, o6ecue-
rrI'IBarouIHX Bo BceM 4vIaila3oHe oAHHaKoByro Hecra6r.rJrbHocTb Hecyqefi qacrorbr,
paBHyro orHocvreJlbHofi Hecra6ulluocrr.r orropHoro reHeparopa.

Hayvunfi pyroBoA,renb Ar4cceprarln 
" *6ffifuh-o? B.A. I4*uHroe

KaHAH.4aT TexHVqecKI.IX HayK, ''/- 
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