Cucrema MOICIMPOBAHHKS BKIIIOYALT:

1. Mndopmanmonnyto 6a3y (moacucreMy crienMUKalMii MpoeKTa B BUIE HEPApXHU KIACCOB IS IOJUICPIKKH
onepupoanus JaHHbIME UML-1rarpamMm; Kozis! I1a0JI0HOB, SJIEMEHTOB HHTepdelica 1 mpaBmIIa, HCIIOJb3yeMble B IIpoLiecce
MOIH(HKAIIN UCXOIHBIX MA0IOHOB; KOJIBI HCXOIHBIX U MOAX(HIIMPOBAHHBIX KAPKACOB).

2. IIporpaMMHyr0 COCTaBISIOLIYIO (MOAYJIM pabOTBHI ¢ KapKacaMM M MX MOIU(MHUKAIMH; - MOJYJIM yNpaBJICHUS
nHpopMaImoHHO 6a30H, (PaliIoBOM CHCTEMOW; CEPBUCHBIE CPENICTBA, ITOICPIKKY TOJIF30BATEIILCKOTO HHTEpdeiica 1 ap.).

3. TpeOyet a1t pabOTHI yCTAHOBKH TOTOBOM CPEIbI IPOT PaMMHUPOBAHHSI.

Ha pucynke 1 npezncraBneHa cxema JeHCTBUI MOIb30BaTeNs U paboTe ¢ CUCTEMOI:

1) B cpene mporpammuposanus Visual Studio (VS) coznaetcst BeIOpaHHBIH T0JIB30BaTeNeM Kapkac mpoekra (KIT).
Hanpumep, mpy MOIeTMpOBaHNH MPIIIOXKEHNS Ha s13bIke CH, MCTIONBb3yeTcst Kapkac ¢ ()opMaMH, COXpaHIeMBIi B YKa3aHHOM
MecTe (paiiIoBOM CHCTEMBI;

2) monp30BaTeNb AKTUBHU3UPYET cucTeMy mojenupoBanus (CM), 3aaeT HCXOAHbIE TAHHBIC — CIIMCOK U MapaMeTphl
TperieIeHTOB (YCIIOBHS 3aITyCKa, OIFICAHMS IOTOKOB COOBITHIA, CIICHAPHEB UCIIONB30BAHMS U Ip.);

3) renepupyer MomubuiMpoBaHHbIA Kapkac mpoekta (MKII) — cOOTBETCTBYOIIME KOABI HCXOJ r@m
(thaiina), ncnomb3yst 3a1aHHbIE CHELM(HUKALINHY, I1a0JIOHbI, IPaBUIa MOAN(HKALIIH;

4) nosB30BaTENb MPH HeoOX0muMocTH gopabateiBacT MKII, BHOCHT H3MEHEHUSE;

5)B cpene VS Bemonmstercs c6opka, Ha 6aze MKII cosmaercst AeHCTBYIOIIHMI MPOTOTHII A1) TpoexTa
npunoxenus (I111).

MakeTrpoBaHIe CHCTEMBI TPOBEICHO C WCIHONB30BaHWMeM s3bika visual C# (cpeama 1 Studio 2022),
ucrosnp3oBad madmon Windows Forms (NET Framework). Pe3ynsrater anpoOupoBaHsL, cho%g Ch JUTSI OPTaHU3ALIN

M

" IPOBCIACHUA yqe6me 3aHATHH 10 JUCHUIIIIMHAM, CBA3aHHBIM C IIPOCKTHPOBAHUEM IIPO 3Y4CHUEM 0OBLEKTHOTO
MOJCIUPOBAHUA.
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CucreMa TIO3BOJSIET HAPAINMBATh HCXOAHBIA IIAOJOH, JT00ABISS , [P 332 TIPELEACHTOM C YYeTOM
JICKIIAPUPOBAHHBIX B MOTOKaX COOBITHI 3IeMEHTOB HHTep(deiica (HOBBIX (HOPM; %BBX@HLCKOFO MCHIO; JJICMEHTOB
yIpaBJicHUs, O0OpPaOOTYMKOB COOOIICHUIA), a TaKkXkKe 3aHOBO ‘‘coOMpA U KOHTPOJHMPOBATh PE3YJIbTATHI
MO UKAIIIH.
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OTE ON THE JACOBI STABILITY OF DYNAMICAL SYSTEMS
VIA LAGRANGE GEOMETRY AND KCC THEORY

grahge geometry and KCC theory for a given dynamical system
e a N -dimensional smooth manifold, whose coordinates are xi) . Let TM be the tangent bundle,
i=1,n
whose ‘spordinates are (Xi,yi) ~, and let us consider avector field X = (Xi(x))_ on M, which produces the
1=

i=1,n

—

dynamical system

dd—’: =X'(x(), i=1n. @)

It is obvious that the solutions of class C? of the dynamical system (1) are the global minimum points for the least
squares Lagrangian L: TM — R, given by (see Balan-Neagu [1])

Leoy) =8, (y' =X 00) (¥ =X (). @

The Euler-Lagrange equations of (2) are expressed by (i = H )
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where y' = dx' / dt and
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is endowed with the geometrical meaning of semispray of L . The preceding semispray allows us to construct a whole
collection of Lagrangian geometrical objects (such as nonlinear connection and d — torsions) that characterize the initial
dynamical system (1) and that can be studied further via the Kosambi-Cartan-Chern (KCC) theory for SODEs. For more
details on these topics, see Miron-Anastasiei [4], Udri S te-Neagu works [6] and [5], Bohmer et al. [2] and Bucataru-Miron [3,
pp. 71-72].

It is important to note that the above Lagrange geometry produced by the Lagrangian (2) is exposed i

monograph [1, pp. 129-133]. If we use the notation J = (ax‘ /axj) ~ for the Jacobian matrix
i,j=1,n

Lagrange geometry is achieved via the nonzero geometrical objects:
i 1 7 . . .
*N = (N ) = __[J -J ] is the Lagrangian nonlinear connection, where %
Hij= 2

1,n

‘R = (Ri. ) = ﬁ V k= ﬁ, are the Lagrangian where
k W ij=tn oy’
P= (pji) = Rkyk + E is the deviation curv r which is given by the formula
i,j=1,n
PJ.' =-2—— F
X
where
Ei: i P:_l axl_axj j_aXJ XJ
2\ ox! ox' ox'
is the first invariant of the semispra@grangian (2). Here we have
Ei
).
OX =i
where
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ox! 2
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n the background of KCC theory from the paper [2, pp. 10-12] we note that the solutions of the Euler-Lagrange
equations (3) are Jacobi stable iff the real parts of the eigenvalues of the deviation tensor P are strictly negative everywhere,
and Jacobi unstable, otherwise. The Jacobi stability or instability has the geometrical meaning that the trajectories of the
Euler-Lagrange equations (3) are bunching together or are dispersing. As a consequence of all above we infer

Theorem 1 If the dimension N> 2 is odd and the matrix E is skew-symmetric, then the dynamical system (1) is
Jacabi unstable.

Proof. If the matrix E is skew-symmetric it follows that the deviation tensor matrix P is also skew-symmetric
because the Lagrangian d — torsion matrices are skew-symmetric (cf. above formulas). Consequently, the condition of odd
dimensionality implies that the matrix P has its determinant equal to zero. In other words, the value A = 0 is an eigenvalue
for the deviation tensor matrix P.

It is obvious now that we obtain what we were looking for.
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A.A. OMOHOB
Camapxkan/ckuii rocyapcTBetnblil yauepcuteT uM. 111, Pammnosa (Camapkan,

HNCITIOJIb3OBAHUE HEKOTOPBIX AJI'OPUTMOB MAIINMHHOT' EHUA
VIS ONIPEJAEJIEHUSA MEXAHU3MOB AJIAIIT

%@HI/IGM AJITOPUTMOB MALIMHHOI'O

npeackasbiBaTh 3P QeKTHBHOCTD

Lenp paboThl — HcClieIOBaHUE MEXaHH3MOB aIalITUBHOTO 00yJYQHHS
oOydenust, uzyueHue mnpumenennss MO npu paspaboTke Mojen
aJlaNTUBHOTO OOYYeHHsI Ha OCHOBE CTPYKTYPhI KypCOB, XapakTep YAIOMIMXCS M JUHAMHUKH M3MEHEHUS
obpasoBartenbpHON cpenpl. [Ipu aToM mcmonbdyercs SVM, KiacTepU3alisg# alrOpUTMbl 00y4eHHS ¢ MOAKPEINICHHEM
JUISl BBIJICJICHHS ONITHMAIIbHBIX CTPATEerHi aJlanTallii U TTOBBIM{EHHS KauecTBa 00yUueHusI.

Hcnons3oBanue anroputMoB MO ans onpeapengfins aHP3MOB aJanTtalnud MOXeT ObITh 3()(PEKTHBHBIM
CIoco0OM aHalM3a U MOHMMAaHUs, KaK CHCTeMbI (B TOM YHCHE 00paB0oBaTeIIbHBIC CHCTEMBI, MPOLECCHl M OpraHu3Mbl
HPUCHOCAOIHBAIOTCS K H3MEHSIOIIMCS YCIOBUSAM

OnuH U3 TakMX AITOPUTMOB — 3TO METO,

nagrepuzanuu, Hanpumep, k-cpemnux (k-means), koTopble
MPUMEHSIOTCS TIPU KJlacTepu3alusl JaHHBIX, U YT TIOMOYb BBIJACIHUTH TPYNIBl OOBEKTOB C MOXO0XXHMH
XapaKTepUCTUKaMM, YTO TIOJIE3HO MJISl BBIABIICH XO0KUX CTpaTernii ajanTtaiuu, HanpuMep, KIacTepH3alus
MATTEPHOB MMOBEJCHUS JUIs BBIICIECHHS Pa3If4YHbIX CTpaTerui agantauuu [2].

ANTopuTMBI 00y4YEeHHS C MOJKPEIL em (Reinforcement Learning, RL) MoeT MCTIONb30BaThCS A MOJEITH -
POBaHMS CTpaTErWil NPHUHSATHS peIeH CWOBHSX M3MEHSIOIIEICS Cpe/ibl, aJallTHBHOTO KOHTEHTA, YTO SBJISETCS
KIIFOUEBBIM aCTEKTOM ajantainuu [3):

Hcnonb30BaHue MEFOMOE, OPUTMOB OOyUYeHHS C y4HuTeleM M 0e3 yduTens, TaKUX KakK JIepeBbs perieHUH
WIN aJTOPUTMBI KJIACTepu3ayun Oe3 JY4uTelisi, MOKET MOMOYb BBISIBUTh BaXKHBIE NPU3HAKH M 3aKOHOMEPHOCTH B
JIAaHHBIX, CBS3aHHBIC C ueid. Hampumep, mocTpoeHue MoJeny, MpeacKa3bIBalONel YCHEeIHOCTh aIanTaluu
yJamuxcsi Ha OCHOBE@PA3TMYHBIX BXOHBIX (GakTopoB [4].

cetu (CNN), MOTYT OBITh UCTIOJIB30BaHBI JIJIs aHAIN3a BPEMEHHBIX PSIOB U M300pakeHUH,
JUIsl U3y4YeHMs ajanTaliy, B aHAJIW3€ W3MEHEHUU BO BPEMEHU C Hcnosb3oBaHueM RNN

ajlanTamyy.
JIs TIOJITOTOBKA JAHHBIX CHAa4ajla MPON3BOIUTCS HIACHTH(UKAIMS JaHHBIX, T. €. OIpeJielieHne U cOop JTaHHBIX,
CBSI3aHHBIE C AJAaNTHBHBIM OOy4YEHHEM, BKII0Yas XapaKTEPHCTUKH OOYUYaIOMMXCS, CTPYKTYpy KYpPCOB, pe3yJIbTaThI
TECTHPOBAaHUS U AMHAMHKY MU3MEHEHHS cpelbl 00y4eHus. J{is IpuMeHEeHUs 3THX JaHHBIX 11 00paboTKH HEOOXOIMMO
OUMCTKA JIaHHBIX: U30aBJIEHUsI OT BHIOPOCOB, IPOITYIIEHHBIX 3HAUCHWH M HeMH(OpPMAaTHBHBIX Mpu3HaKoB. J{1s 3Toro
MOXXHO IPUMEHUTH METOABI 06p8.60TKI/I JAHHBIX, TAKMEC KaK HOpMaJIM3allud WK CTaHAapTU3aluA. OHpe}IeHI/IM LICJIEBYIO
MIEPEMEHHYIO0, KOTOPYIO CIeAyeT MpeacKa3aTh, Hanpumep, 3pHEeKTUBHOCTh aAaTUBHOTO 00yUeHUSI.

Paznenenne naHHBIX Ha OOyYaroOUIyl0 M TECTOBYIO BBIOOPKM — BaKHBIM 3Tall B IIOCTPOCHUHM MOJEIH
MAIIMHHOTO 06y11eH1/m. DTO0 O3BOJISIET OIICHUTH MPOU3BOAUTEILHOCTh MOJICIIN HA HOBBIX, paHEC HE BUJCHHBIX JTaHHBIX.
[Iponenypa pasgeneHUs JaHHBIX OOBIYHO BKJIIOYACT B ce0s HMCIOJIB30BaHHME OOydaromero Habopa Uit oOydeHUs
MOJIEM M TECTOBOTO Habopa AJisi OLEHKH €€ IPOM3BOAMTEIBHOCTH. Takoe pasjelnieHHe JaHHBIX Ha 00y4arouryio
1 TECTOBYIO BBIOODKHM IS TOCIIEAYIOIIEH OIEHKH MPOM3BOANTEIBHOCTH MOJIENIM MOXKHO IPOM3BOAUTH C IOMOIIBIO
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