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§0b658gdotg bsdMH™Iol 3330l Logsbl FoMdmaagbl LsobzgbGHoEom m3gMmszogdol JoMmzs s LobEgdmeo
30656bmBHO GHolggdol m3E00BE30S FosMZMWsGHOM LsdsBOM Qs6gdmdo.

33930l doMoMsEo  FoBsbos  3930Gswol  obsdoryMmo  gobsfoamgdol 3MmEglobm3ol sbawo oGO
3030 9d@vcol 8980853905, HMIgeog ©sgBMdbgds Mm3GH0dsw@o do@mzob Mfyzgd §0x803-3300Ms@ve (Linear-
Quadratic Regulator - LQR) 3569319063089 3m@©gel ©@s MBOHmbzgargmal LsobgglGogom 45wsfy3g@owgdgdols
000g0sL 256d9mMgdomo MHR030 BHMBLEMOAS309d0L FsdmGmoabzom, M3 360d36gwmgbs 330MYBL FSTMMNZE0m
Q©OMBS s MYLYOLYOL.

6596330 FgMEMEMY00© 3dMmYgbgdwy0s 0BT 3MMYMToMIdOLS s BYEdbOl M3EHOTSWYOHMBOL
36063030, §M5303-3350MGHMWo M99 s@m®gdol (LQR) 35009350360 9350530 s Mo3sdob (Riccati) ds@Gozweo
OBINYBE0™MO 3obEMJdJd0. FmEYol Fomgds@03MMmo IYMIEMdOL, 3mb39MyabEools s JOMIIMmMdOL
@3LsLOdMGOWOE 29TMYgbgdME0s JesbodMo woxdoaol (Lipschitz) 390303900 @ 30GHMBJO0 WMISXMOO ©d
Bobg3M9EE MO 30:905EMBOL  BIGRWDT0. BJor0BIOMos MHYzgHO FomgdsGHolzMo dmEgEo, MMIgEos
©OMOL GO M®  OHgg0ddo bl 3mOGHRIOL  LEHOWIGHMOOL  JMOYIBHOMYOL. MYMOOTs s MO(EL30MTS
bodMEs3gogdds sh396s, MHMI FgBMM35DgdMMO 5EAMMHOmT0 bolosmEIds Fowowro IEYMmOEMBOM LEMWIGIOMEO
bodSBOM MYG3900Ls s 3MESGHOMdOL (BsLOL (335¢09d5MBOLS s 3M0TYMEMBOL bsMolbo EMMOL goM3gzgwye
0653390030; B5bEHMIOLYIMOO 33000 gdgd0L Stochastic Volatility Jumps) 3o60d9dd0 [1].

603530L  300©Y3OHMdJOOL  WMIsEMMO  3MHYBIEMBIOL  ITBHI0EIVS  MBOMBIgWYMBL  M3BH0ToMO
B593BHMM00L bEBDOINOMBL.

09019953900 308600 ImEgwo  3363mmazbowos  sbsdgMmzg  3MM3MMs@ommo  3obsblm®o
0b506gM00bm30L, LsobgzglBozom Bmbogdol (Hedge Funds), Lsdgblom od@ozgdol ddsdmgzgero 3mddsbogdols s
0500bobIoGmeo bsgsFOmm bolEgdgdobogol (High-Frequency Trading), Losss 300@03Mws© 3609369 m3zs605 Golg-
fmbomo do@®mogool obsdom®mo M35 mM35¢o.

153356dm Lo@ygggdo: Ls5obzgabBHOEFOM M39ME0s, BobablHMo HOLZo, bLsobzgldoEoMm FowsFYzgEOLYds,
©065309MH0  3OMyMsd06Mgds,  ORB03-3350MGHMWo  OHgAMmsGHmOo  (LQR), 6H03530L  JsBHogmmo
©OBIMIH305 MO0 356GHMEGd, 3MOGBIOL M3EH0T0DBIE0s, WoBdoEol ImI0gs, BobsBLYMo 0bgobymos,
Mol3-fmbomo Fs@®oss.

09535¢00 s 3OMBEYIOL 5EBHISEPMDS

0565990639 3MdsH0 Bobablvymo sOJodgBcms bolosmgds Bowowo 9bmygbrm®mo (dogs)
©5 9pBmagbmmo (a969)  dm3qd0m, LEAHOWIGHWMOWMWO PoM3IZIZLMBOMS s sMiMR030 ©0bsT0Z0m.
3930350l 35HMJOOL BHEMIBLBMODo3050 F0BOWI 930mJsd0, Losg J9HY39G0wgd0lL Jowgdol Lobdsty
3030mfs09030  0BMIGDs,  BHGMOOEOMWwo  3mOGBIMo  I9bgxd6GHOL  Fmgwgdo  (sysmomac,
0563030308 30503 IO0  LdsEM-356105300L  (LSdgoEm-EOL3gMLOWo) dmogwo - Mean-Variance
Optimization) 6553w gds0 9x39JGHMO0 obos. dzgao ImEYgErgdol dmsgsMmo bsgewo FEaMdsMgmdl dosom
UEHSGH03MM b ob3MgEH M dbgdsdo, Moz 396 Sbobsgl BobBLMEMO 5903900l BoLFoMIMJIbol fy39¢)
bEmgobiGee 3OHmEgLlgdL.

3O3mO5E0MEo  Bobsblmmo 0b70bgMool [obsdg dasMo gMm-ghmo »Imszhglbo ds9mf3935s
obgmo FomgdsBHolzm®mo dmEgegdol dgddbs, GmIwgdog 89degdgb ™m3EGH0TowMo 35sfY39EG 0Ol
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239696069056 MMOL BydoLogH dMbs339d0, 256L5391MYB0M LodsHOM W0 330MdOL 3MHOHBOLYdOLS S
35000 305EG0MdOL  30OHMBYOT0. 5dBH03900L 0D  Foabsfowrgds s MoLZYdOL 3gxoMHYds
(B9650Ldb M930L E39) PoMIMIEAIBL »TY39E0 M35¢ygM@OL ©Y369ds(Continuous Tracking) 3esbogw®
59m39bsL.

oMLYOVIEO  QoTMMIIOMNO  SWRMOHOMIGOOL  MIMeZ3wgbmds  953dbgds EMHMOL  ymgzgw dox by
3053500 x 950 236dgmMgd0mo [ R030 BHOBLBMOT>30gd0Ls ©s AoGM0EJdOL FgdMMBIBOL M3gMHo309dL. b
ofi393L 9.0. "296Bm30egd0s6mdOL ffygzesl" (HoRs@ 89wdsbol Gg@dobo - Curse of Dimensionality) o
DOEOOL A9FMM3w00 WGIBEGHMOMdL (Computational Latency) [2].

BOBOWO gobsblryHo LobEHgdgdolmzol oligmMO M3EH0ToMHO 3MbEGMMEOL dmEgeol 89d3sggds,
Mmdgmop 30mMosbagh 3s6d3gmdgdom hxgog GHMBLEMGIs30gdl ©s 065MGRMBIdL Tomser LoBMLEIL,
MOOOgLO® 9GO bsAgEboghm s 3MJBH0IMNWOo s9M(36ss. BadMmIo s3Lgdl 93 3o3v9mAL HOR03-
33900M5GME0 M3B0ToO0 o030l LolEIIoL 5I3E0MIO0M BobBLYMO 3nOEHBIWOL 356sdgEBHMgdbY.

doMomso bsffogo

0500935103760 ImEYEoMHYds s 565eMOoBO

39630b0wmm  9d@0oggdol Mm3G0ToeMo obsfomgdols s LoLEYIMOHO Golggdol Fgdomgdol
300935 06530396 LoobzglGogom sMgbBYg. 30Lsm30L 3obowwgm BObBLMEO dmmEFRIL, GMmdgwos
39003995 N 5mEgHbMBOL MOL3060 S MMOLIM 5JE03900LYb.

309350, X(t) € R™ sbsbogh 50bsblryto 3mOEagmol 8gmdsmgmdol 39d@dmel  (Labltgdols

3965fomgdsl, 5J&03900L oMdEgdl b AoEobEl JoBbMdMOZgo Foh396900EB) M™OL t dmdgb@do,
Lssg t € [0, T], boaewer T 560l Loobgqb®ogom 3m6Hobmb@o.

Lob3gdol obsdogs s Fstrmzgs

239005094393 0wgdol JoMgdol 3HmEglol BmMIoMmGdL Fsbgbo MPy3930 §HSB03-3350MEVIEO
®3E0doer®o dsOmzgol (Linear-Quadratic Regulator - LQR) boli@gdol dgdggmdoo [3]:

dx
= = AOx® + BOU®,  x(0) =x
Los(3:
A(t) € R™™ 5600 bob®gdm®o ds@6ogs, Gmdgmog sLsbagl 350l Gos ©obs303sl, sddog9d0l
MOHM0YH35330ML (3M35M053050) S Bsm 8BIdMO3 GHMYbEIOL MHMTo.

B(t) € R™™ 560b 8560300 98399¢«1Omd0L Bs@®ogs, Gmdgmog a30B39690L, v Gmam sbgbl
393965 900930 LsobzglBoEom gowsfy3930wnd9d0 3mMmERIEol dERMIsMHYMISBY.

U(t) € R™560b 59¢0160 bsobgglidogom ds0m3zol g50sfy39¢0wgdsms 39d@m60 (Bsgsmoms,
593H03900L 4035/459030L IM(3LIXMdYO0 5b 353030l 653500900l MHgoblzglBoMmgds).

30D6mdM0z0 BrbJsombsgo s dgwdsbol m3@Godobsgos

©13993900L (59mbogqdols) dsgdlodobozools s LadsHOM MOLIYPOL ((3395¢9dsMdOL) FobodMTsdy
5935608 JoBbom, 3505(939G0wgdol domgdol 3OmEglo sbgbl dgwdsbol 3wbdiombawol (oMmgdmagdols
3v964300L) B0bodobaiosls:

jOu) = [T (OQ®x(®) + uT (OR®uU®)]dt + x(T)S, (T)x(T).
og 85@M0390L 5930 89990 93bmdoz M@0 Gobssmlo:

Q(t) E R™™ - ©5gPOoMs©  bsbzcasBlsbOgcr@o  Golz-fmbomo ds@cmogs, GmIgeos
3x5600g0L  3mOHGHRIrol IEAMIMIMIOL A5 M3E0TowmMo 50361oEsb (sbsbsgl dmEmEBgOL
365BE9B0EHMBOL HoLZL).
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R(t) € R™™ - ©50g00m5@ 358Lsbegtummo bodg@Bommo ds@®mogs, Gmdgmog  sLsbagl
B6DI30M bsbrxqdl, LsdsbBOM 0835JBLS s 03300MdOL FgHBMMZJdL FoMHMZ0L Fobbrm309wgdOLL.

S, (T) € R™™ - 96806507160 G0l 3ol B5@H03s, Gmdgmog 535590l 306 EHSIol dgmAsMgmdals
L50639bGH0GEOM 3mH0BMEEL dmwwnl (= T).

3@005M™B0L 36063030L 36T, sOLBIOMBL M3EH0TSWMHO 993493953900 0m0 JsGm3s (Optimal
Feedback Control), ®m3dgmog 8mo3gds 999gao bsboo:

w'(t) = —R ()BT (t)P(t)x(¢).

Lssg P(t) 56:0b bodg@®ormo Bo@®oEs, GmAgmwog 53059m80wgdl H03s¢ol EORIMHIBE0SEHG
F5BHO0EM 3obBmergdsl (Riccati Differential Equation).

603530 oxgMHgbzoswGo 080g3Mmds s 3MHIB5EMBOL 365¢obo
36ROl m3G0d0Bagool INsgs00 LoOEMHWY Fss@sBowos P () ds@cogol asdmmgwsty,
MH0Igos §9390L 500503 FoGHOOEGME 396GHMEgdl M3m®™mdo £t =T — @b t = 0 — 396:

B _dl;it) = AT(®P(1) + PA(®) — POBOR™ (BT (DP(1) + Q(1), P(T) = S (T)

6590m™ddo  gGHIMMm©  sMoL  Tgbfegeroo  M03sGOL  OoRIMI6E0swMMo 00 3MMdOL
@MPO@OHO0 @ BobgzMeEmserm®mo  3MgdEMdOL  35MsdgEHMHgdo  Jwaliogm® wogdogol (Lipschitz)
306Mmd70I0. M350, 5OFOFG0Z0 M3GMOGHMMO 53859mBOMgdL Wog5doEol 30HMdL L 8vdogoo:

IF(P1) = F(P2)|l < |IP1 — P,

@MISYOH0  3MHJO5MBOL  5B5¢r0Bo  5@ILEHMMIOL, MH@T 0y bsfigobo Tosbermgds IEJdMHYMIL
3300oe0  53mbsblbol & - d0sdm3o, 85306 053m3m ©> 30BBIBEM B03oBIPOL  FBGHMWgdIDY
©5533bgdo  bogsdmmzgmm 80dE3O™Mds  3MGOIEOs 3Z9MSGMOo LokdsMom. babgzMoemzsw Mo
3M9050Mds  (3BGHMOMZ0BOL  BHodolb mYMEYIgdol  sdmygbgdom) 0dwrg3s FoMsb@GHosl, MmI  smbsbLBO
30OLYIMBL O SMOL JOHMOIMMO F56 3390w LRIOHMAo, 53063 30, HMLG BYLEO 59MbsBLBO [obolifjse

M3bMdos, M3 MHOHWD3gWYnxL 3053MMEO sEAMOHOMTOL SBLBMEMEME B509d5E 0396 LOTEI0EIL.

51336

§obsdgdstg Bsd®Mddo [otmdmpgbowos Lsobggb@ogom ®3gMHsgogdol gobsblwmo Gobgdol
050030l 8509353039965 2905M0E0 (308300 IMEYEo. JoMgdEo 990ga900 bdwoEgdsls 435093l
Bo0M3595¢r0dmo 99990 ©abi33bgdo:

1. 9fy39d0 §6803-33950MGHM@o  m3Godowmo  dsemzol  (LQR)  LEH®MIGHMOOL  459mygbgds
L50639LGHOE0M  3MOEHRIWOL  E06530306M30L  QodMOOEbIgL  gmgzgu doxbg  FMSZIKR GO
305053030 s iM53030 BHEBLBMEOTo30900L 25639MMHJIOMO F5BMMZOL LOFOMHMYPISL.

2. 603530l BoGHMm0EMo  ©oRIMIBE0sMHO  ABEHMEWgddOL  0bGgatomadoo  domfigmwos
M3GH005)G0  BGz30l  39dBmGoL U (E)sbswobryGo  Lobabg, sz HBOHEOL  FogGHM@o
Lol gdgd0L Mgs206Mmg30L LoRJsMgl EMMOL Mgoww® Mgg0ddo.

3. @0x3do3ol 3060HMdOT0 CMmIsOHO S Bbg3MmOEEM IS MMO 30905 MIOL MYMMOEds sbsE 0B
Q5BEHVIMS 5¢yMmOH0mMToL J5079d53H032IM0 FOAMIOMDS.

4. Goabzomo bodMwozogdo 5B39690L, GM3 dmEgeo 0bs®RM6IRL  dsmee  9BIJGHWIOMBdIL s
9003M5@MBL  3MoGH0H GobBLYO goMgdmdo (3sgse0Mo, BBMOL 83390060 35HEBOL b
930L900L 5M3OHMYBMBOMYdSEO FgMYgmdOL EMHML), Mo AL 3MB3MMIBE MW 0bbEHMWIgEEI® od3g3L
0565990639 30656LMHo 0bgobgMoolimzol.
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A Digital Model for Managing Financial Risks of Investment Operations
Guram Chachanidze
Guram Kevlishvili
Abstract

This paper presents a novel continuous linear-quadratic optimal control framework designed to enhance asset
allocation and mitigate systemic financial risks within highly volatile capital markets. By utilizing a dynamic decision-making
architecture, the proposed digital model effectively streamlines portfolio management cycles without relying on
computationally expensive iterative linear transformations. The underlying mathematical structure incorporates positive
definite risk-weighted matrices focused on both transaction cost reduction and terminal risk minimization based on Bellman
optimality principles. Furthermore, the local and semi-local convergence parameters of the associated Riccati differential
sequences are rigorously established under classical Lipschitz conditions to guarantee stability. Extensive numerical simulations
demonstrate that the model exhibits exceptional robustness and mathematical resilience during periods of intense market

fluctuations, making it a highly reliable tool for modern corporate financial engineering and algorithmic trading systems.

Keywords: investment operation, financial risk, investment decision, dynamic programming, linear-

quadratic regulator (LQR), Riccati matrix differential equation, portfolio optimization, Lipschitz constant, financial
engineering, risk-weighting matrix.
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