RESEARCH PROJECT FOR JOINT IMPLEMENTATION
“Software for Determining the Statistical Characteristics of Complex Dynamic
Systems Based on Multi- Differential Transformations”

The proposed method of determining the statistical characteristics of dynamic systems based
on multi-differential transformations can be used while developing software for complex high-
dynamic systems (spacecraft, aircrafts missiles) that operate in real time.

Additionally, the aforementioned method can be used to create complex software systems
(or their components) of mathematical modeling (for example Maple, Matlab, etc.).

The project object of the proposed method while developing software for targeted use of
complex dynamic systems described by conventional nonlinear stochastic differential equations for
the solution of which is taken their mean value (mathematical expectation of phase coordinates) and
dispersion (correlative error matrix for determining phase coordinates), provided the original
differential equation allows linearization.

The well-known methods for determining the statistical characteristics (method of
interpolation polynomials, Dostupov method, Monte Carlo method) have a significant drawback:
the computational complexity of resulting algorithms (software) is too high, making it difficult (and
often impossible) to use by dynamic systems that operate in real time.

A prototype (known statistical method for determining characteristics) is represented in the
method of linearization relative to the average value characteristics of dynamic systems with further
transformation using the method of correlation.This prototype cannot be used for building the
software that works in real time, as it has either significant methodological difficulty in carrying out
analytical linearization (definition of the matrices of partial derivatives) or low accuracy in carrying
out the linearization using numerical methods (method of finite differences).

The advantage of the proposed method of determining the statistical characteristics of
dynamic systems based on multi-differential transformations is the reduction of computational
complexity of software for complex high-dynamic systems (spacecraft, aircraft, rockets), which
work in real time and have the onboard computers, where such mathematical software is
established.

The proposed method resolves itself to the creation of a formalized algorithm
(systematically implemented on a computer) for determining the statistical characteristics of
complex dynamic systems, that greatly simplifies the process of developing software and
simultaneously increases the efficiency of its operation (to reduce its computational complexity).
The implementation of the software with reduced computing costs requires reduced capacity of
onboard computers, and therefore their lower cost that has a significant economic impact for
complex dynamic systems (spacecraft, aircraft, missile).

When describing the dynamics of spacecraft flying near space (600-700 km high), and using
the sophisticated models of spacecraft motion the proposed project reduces computational
complexity of the resulting algorithm to 1-order.

So, the proposed method allows developing formal mathematical algorithm of software
building for targeted use of complex dynamic systems described by ordinary nonlinear stochastic
differential equations for the solution of which is taken their mean value (mathematical expectation
of phase coordinates) and dispersion (correlative matrix of errors definition of phase coordinates),
provided the original differential equation allows linearization.
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HAYKOBHUH NPOEKT JJIS1 CIIIJIBHOT'O BIIPOBAIXKEHHSA

«MaTemaTn4He Ta nporpamMue 3a0e3nedyeHHs BU3HAYECHHS CTATUCTHYHHX
XaPAKTEPUCTUK CKJIATHUX JUHAMIYHUX CHCTEM HA OCHOBI 0araTroBuMipHmux audepeHniajbHuX

NepeTBOPEeHb)

3anponoHOBaHUN METO/I BU3HAYEHHS CTATUCTUIHHUX XapaKTEPUCTUK JHHAMIYHUX CHCTEM Ha
OCHOBI OaraToBUMIpHHX IH(EpeHIiaIbHUX MEePETBOPCHHMOXKE OyTH BHUKOPHUCTAHO IPH PO3POOIT
MaTeMaTU4yHOro (TMPOrpaMHOro) 3ale3NeueHHs Ui CKJIAJHUX BHCOKOIIBHIKICHUX JAMHAMIYHUX
cucTeM (KOCMIUYHUX araparis, JIiTaKiB, pPaKeT) sIKi MPALOI0Th Y PeaJbHOMY Yaci.

JlonatkoBo BHUII€3a3HAYEHUN METOJ MOXKE€ OyTH BHUKOPHUCTAaHO IPH CTBOPEHHI CKJIAIHHUX
INPOTrpaMHUX KOMIUIEKCIB (YU iX CKJIAJJOBHX) MaTeMaTHMYHOrO MOJEIIOBaHHA (Hampukiag Maple,
Matlab, Tomro).

OO’€eKT MPOEKTY: BIPOBAHKEHHS 3alPOTIOHOBAHOTO METOAY HPH PO3pOOIl MaTeMaTUIHOTO
(mporpamHoro) 3a0e3mneyeHHs! sl LUJIbOBOIO BUKOPUCTAHHS CKJIAJHUX AMHAMIYHUX CHCTEM,IIO
OMHUCYIOThCS 3BUYAMHMMH HENMHIMHUMH CTOXaCTUYHMMH JH(PEPECHIIIHHUMU PIBHAHHIMH 32
PO3B’SA30K SIKUX TNpPUNMAEThCS iX CepeAHe 3HAa4YeHHS (MareMaTW4yHe CIOMAIBaHHS (ha30BUX
KOOpAMHAT) Ta IucHepcis (KopensiiiHa MaTpuill MOXWOOK BHU3HA4YeHHS (a30BHUX KOOPIUHAT) 3a
YMOBH, SIKILIO BUX1JHE MU epeHIliiiHe pIBHAHHS AOMyCKae JiHeapu3allito.

BimoMi MeTomuBHU3HAUEHHS CTATUCTHYHMX XapaKTEPUCTUK (METONM IHTEPIOJAIIHHUIX
nojiHomiB, Meto Jloctynosa, Metox Monre-Kapio) MatoTe CyTTEBHI HENOJIK: 3HAYHO 3aBUIIECHA
00uYMCITIOBaTIbHA CKJIAIHICTh PE3YIbTYIOUMX aJTOPUTMIB (MaTeMaTUYHOTO 3a0e3MeueHHs ), IO
yCKIIAIHIOE (a y 0araTthbOX BHIAJKAaX YHEMOXKIHMBIIOE) iX BUKOPUCTAHHS HAa JUHAMIYHHX CHCTEMax
SIK1 TIPAITIOIOTh Y PeabHOMY Yaci.

[IpoToTUnoM(BiIOMHUI METOJ BHM3HAUYEHHS CTATUCTHUYHHX XapaKTEepUCTHK) € METO[
JiHeapu3allii BiIHOCHO CEepeHhOr0 3HAYECHHS XapaKTEPUCTUK JAWHAMIYHOI CUCTEMH 13 OAAIBIINM
3aCTOCYBAaHHSIM METOAY KOpeJSIIMHUX TepeTBopeHb. JlaHui MpoTOTMN HE MOXe OyTu
BUKOPHUCTAHUM AJI1 CTBOPEHHS MAaTEMaTHYHOTO 3a0€e3MeueHHs], 1110 MPaIloe y pealbHOMY MaciuTadi
qacy, Tak SIK Ma€abo 3HAuHy METOJIMYHY CKJIQJHICTh NMPH NMPOBEIACHHI aHAITHYHOI JHeapHu3alii
(BM3HAUEHHS BIAMOBITHUX MATPHIh YaCTKOBHX IOXITHUX), a00 HEBEIUKY TOYHICTH MPOBEICHHS
3a3Ha4YeHoi JIHeapHu3alii NPy BUKOPUCTAHHI YHUCIOBUX METOIIB (METOJ KiHIIeBUX pi3HMIb) (Celmxk
3., Menc JIx. Teopust onieHUBaHUA U €€ IPUMEHEHHE B CBSI3U U ynpasieHuu. — M.: CBs3p, 1976. —
496 c.).

[lepeBaroro  3ampONOHOBAHOTO METOAY BHU3HAUCHHS CTATHCTUYHUX  XapaKTEPUCTHK

JUHAMIYHUX CHCTEM Ha OCHOB1 OaratoMipHUX Ju(epeHIiaJbHUX MEePEeTBOPEHb € 3MEHIICHHS
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00YHMCITIOBATIBHOT  CKJIQJHOCTI MaTeMaTU4HOro (MpPOrpaMHOro) 3abe3NedyeHHs Uil CKIIAIHHUX
BUCOKOIIBUIKICHUX AMHAMIYHUX CHCTEeM (KOCMIYHHMX amapaTiB, JIITaKiB, paker), M0 MPaLioTh Y
peanpHOMY dYaci Ta MarTh OoproBi EOM Ha sxkux Take wMaTeMaruyHe 3a0e3leyeHHs
BCTaHOBJIIOETHCS.

3anponoHOBaHUN METOJ 3BOJUTHCS JO CTBOPEHHS (HOPMali30BAaHOTO AITOPUTMY (SIKHA
METOMYHE MPOCTO peanizyerbess Ha EOM) BU3HAYEHHS! CTATUCTHYHUX XapaKTEPUCTHK CKIIATHHX
JUHAMIYHAX CHUCTEM, IO 3HAYHO CIIPONIYE IPOIEC PO3POOKH MaTeMaTHYHOTO (IIPOTPAMHOTO)
3a0€3MeUeHHs, Ta OJHOYACHO ITJIBUIIYE OIEPAaTUBHICT HOTO poOOTH (3MEHIIUTH HOTO
o0OunCIIIOBaJIbHY  CKJIQAHICTh).Peanizamist MaTeMaTHyHOro (mporpaMHoOro) 3a0e3nedeHHs 3i
3MEHIIEHUMH OOYMCITIOBAIFHUMHU BUTPAaTaMH, BUMarae 3MEHIICHUX MOTY)XHOCTel OopToBux EOM,
1 BIAMOBITHO iX MEHINOI BapTOCTI, MO IS CKIAQTHUX JUHAMIYHUX CHUCTEM (KOCMIYHHI amapar,
JTaK, pakera) Ma€e 3HaAYHUH €KOHOMIYHHH e(eKT.

[Tpu omuci AMHAMIKK MOJBOTY KOCMIYHOTO amapaTy OJmXHbOro kocmocy (Bucora 600-700
KM), TIPH BUKOPUCTaHHI CKJIAHOT MOZAENI pyXy KOCMIUHOTO armapary (BpaxoBYIOThCS 30ypeHHS Bij
He chepryHOCTI 3eMJIl Ta aHOMaTii TeONOTEHIIIaly 3 PO3KJIaZoM B psij 3a ChepuyHUMHU QYHKIIISIMHU,
Bapiallii miJsHOCTI aTMocdepH, IHIIUX 30ypeHb), 3aIIPOMIOHOBAHUUIIPOEKT JTO3BOJISIE CKOPOTUTH JI0
1-ro nopsaKy 00UMCITIOBATIBHY CKJIAHICTh PE3YJIbTYIOUOTO aJTOPUTMY.

TakuM YHMHOM, TPOIOHOBAHHWI METOJ| J03BOJISIE PO3POOHUTH (HOpMalli3oBaHUN AaJITOPUTM
CTBOPEHHSI MaTeMaTUYHOTO (MPOTPAMHOTO0) 3a0€3MeUeHHS )1 UJTbOBOTO BUKOPUCTAHHS CKJIATHUX
JUHAMIYHMX ~ CHCTEM, IO  ONWCYIOThCS  3BUYAWHUMHM  HEJTIHIMHUMH  CTOXaCTUYHHUMHU
TUQepeHIlifHIMU  pIBHSHHAMHM 332 PO3B’SA30K SKUX MNPUHMAEThCS I1X CEepefHE 3HAYCHHS
(MaTemaTHyHe CroAiBaHHS (Da30BMX KOOPAMHAT) Ta JHCIEpCis (KopensliiHa MaTpuis MOXHOOK
BHU3HA4YCHHs ()a30BUX KOOPJIMHAT) 32 YMOBH, SIKIIO BUXIJIHE Iu(epeHIliiiHe PIBHSIHHS JOIMYCKae

JiHeapu3alliio.
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