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AHANW3 METO[10B CPEAHECPOYHOIO NPOrHO3NPOBAHKA

MPOLIECCOB CO CTPYKTYPHbIMU CABUrAMU
HA ®MHAHCOBBIX U TOBAPHbIX PbIHKAX

3. K. ABgieeBa*, E. A. I'pebeHtok**, C. B. Kopura***
WHCTUTYT Npobnem ynpasneHus um. B.A. TpanesHukosa PAH, r. Mocksa

*>< avdeeva@ipu.ru, *>< Ingrebenuk12@yandex.ru, **p>< kovriga@ipu.ru

Annorauus. PaccmaTpyBatoTCs MeToabl OPMUPOBAHMS CPEAHECPOYHOrO MPOrHO3a LieH Ha (-
HaHCOBbIX U TOBapHbLIX PbIHKaX. MPOrHo3vpyeMble NPOLECCHI ABASIOTCA HECTALMOHAPHLIMM, He-
NVHEHbIMM, B HUX MPUCYTCTBYIOT CTPYKTYPHbIE CABWUIM, BO3HMKAIOLLME BCNEACTBUE CUCTEMHbIX
M3MEHEHWI B CTPYKTYPE PbiHKA M OKa3blBalOLLMX BO3AENCTBME HA HEFO 3KCTPEMa/IbHbIX COObI-
TniA. C yBeNMYEHEM FOPU30HTA NPOrHO3a BEPOSTHOCTb BOSHUKHOBEHWS CTPYKTYPHbIX CABWIOB
BO3pacTaeT, NO3TOMY BO3HMKAET 3afjaya MPOrHO3MPOBaHWS ¢ YYETOM BO3MOXHbIX U3MEHEHWI B
MpOLIECCE Ha ropM30HTE MPOrHo3a. [19 NPorHo3MpoBaHUs GyayLUMX U3MEHEHWIA paccMaTpyBae-
MOro npoLecca Heo6X0AMMO pacLUpeHne MHPOPMALLMOHHOIO MOMS, Ha KOTOPOM (hopMupyeTcs
MPOrHO3: BK/OYEHME 3KCMEPTHBIX CY)XKAEHWIA, pe3ybTaToB KauyeCTBEHHOIO aHasm3a NpoLeccos,
HarmpumMep, C MPUMEHeHWEM METOA0B (PYHAAMEHTa/IbHOrO aHann3a, KOTHUTMBHOTO aHaan3a W
ITOPMTMOB UX peann3auumn. MoCcTPoeHre CPeAHECPOUHbIX MPOrHO30B LEH HA (DMHAHCOBBLIX U
TOBapHbIX PbIHKAaX SBNSETCS HEOOXOAMMbIM 3M1EMEHTOM B PELUEHUM 3afay NAaHWPOBaHUS U
YNpaBNeHns coLManbHO-3KOHOMMYECKUMI 1 MPOU3BOACTBEHHBIMU CUCTEMaMU, a TaKXXe B peLle-
HUW 33ada4 WHBECTMLMOHHOTO YMpaBfieHns. B HacTosiem 0630pe pacCMOTPeHbl 0COGEHHOCTY
MPOrHO3MpyeMbIX MPOLECCOB, ONpeaenstolime TpeboBaHMUs K MeTodam (OpMMUpOBaHUs CpefHe-
CPOYHbIX MPOrHO30B, MX peanu3aumn 1 0T60py BK/IOYAEMON B MPOrHO3 MHA(opMaLmmn, Heobxo-
AUMOI A5t 06HaPY>KeHWS BYAYLLMX U3MEHEHUIA B MPOLIECCE Y MPUYUHHBIX (DAKTOPOB UX BO3HUK-
HOBEHWS. PacCMOTPEHbI MOAENM U METOAbI CTaTUCTUYECKOTO MPOrHO3MPOBaHUS, UCKYCCTBEHHOMO
WHTENNEKTa 1 (DPaKTa/lbHOr0 aHa/n3a, a TakKe MeTO/bl, UCMO/b3YIOLLME B a/ITOPUTME NMPOrHO3u-
pOBaHUS MH(OPMALMIO 13 Pa3NUYHbIX UCTOYHMKOB: 3KCMEPTHbLIX, HOBOCTHbIX, AaHHbIX MOMCKO-
BbIX cucTeM. [poBeaeHO 0606LLeHMEe pe3ybTaToB 0630pa B KOHTEKCTE pPeLLeHs 3a[aum cpefHe-
CPOYHOro MPOrHO3MPOBaHMA. B 3aktoueHUN 0603Ha4eHbI NEPCMEKTUBHbIE, MO MHEHWIO aBTOPOB,
HanpaBneHNs UCCNeA0BaHNIA B 3TOI 06M1aCTu.

KaroueBble ¢j10Ba: TOBAapHbIE M (DMHAHCOBbLIE PbIHKW, BPEMEHHbIE Psfbl, CTPYKTYPHbIE CABUIM, CpefHe-
CpOYHOE NPOrHO3MPOBaHME.

BBEAEHUE

CpefHecpoYHble MPOrHo3bl LieH Ha (hMHAHCOBBIX U
TOBaPHbIX PbIHKaX UrpatdT BaXXHYHO POJb He TOJbKO B
CTpaTermyeckom niaHMpoBaHUM PasBUTUA MUPOBOI 1
PervoHasibHOM 3KOHOMVKM, HO 1 B yNpaB/ieHUn pas3Bu-

"PaboTa BbINOJHEHA MPW YaCTMUYHOW (DUHAHCOBOA MOAAEPXKKE
Poccuiickoro HayuHoro toHga (rpaHT Ne 23-21-00455).

TUEM CIOXKHBIX CUCTEM MEXAVCLMMNIMHAPHOWA NpUpofbl
(coLpanbHO-3KOHOMUYECKMX, 3KOHOMUKO-TEXHUYECKMX
nap.).

3asiaya popmmpoBaHMS NPOrHO30B PbIHOYHbIX LieH
Ha OfVH-ABa rofia Brepes NpeAcTasnsieT Co60M OfHY
M3 BaXHbIX MPaKTUYECKUX 3afay CpefHeCcpPOYHOro
MPOrHo3vpoBaHms. PopMMpPOBaHME NPOrHO30B LiEH Ha
Cblpbe, KOMMJIEKTYIOLLME, NPOAOBO/IbCTBEHHbIE TOBa-
pbl Ha OfMH-ABa roja Brepes ¢ NoOMecsyHbIM pasbue-

MPOBNEMbI YITPABNIEHUA Ne 5 e 2024
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HUEM SABNAETCA HeoOXOAMMbIM 3/1EMEHTOM MNaHUPO-
BaHUA 3aKyNoK W YMpas/ieHWs 3anacamy npesnpus-
TS, a MNOBbILLEHVE TOYHOCTM MPOrHO3a MMEeET peLua-
toLlee 3HaYeHWe N8 CHWKEeHUs u3gepxkek. [pyroi
3aiayeit, HeoOX0AMMbIM 3/1EMEHTOM KOTOPOI ABNSAET-
CA CpefHeCpOYHOe MNPOrHO3MPOBAHWE LEH, ABMAETCA
3aflaya CTpaTernyeckoro njaHUpPoBaHWA pPasBUTUS CO-
LMa/IbHO-3KOHOMUYECKUX CUCTEM, B YAaCTHOCTU KOHb-
FOHKTYPHOE MPOrHO31poBaHue pbiHKa Npy NaaHnpoBsa-
HUA W YNpPaBNeHUN BHELLHEIKOHOMUYECKON [esTesb-
HOCTbHO [1] M MHBECTULMOHHOE Ynpas/eHue.

CoBpeMeHHbIn (IMHAHCOBbI W TOBapHbIN PbIHKM
npeacTaBnstoT cobol CNoXHyt0 cuctemy. C Havana
2000-X rr. npov3ownn rnyoboKne N3MeHeHus B Mexa-
HM3Max LieHo06pa3oBaHus, PUHAHCOBbIE PbIHKM CTa/ N
BNATL Ha (POPMMPOBAHME MMPOBBLIX LIEH HA CbIpbe.
Pe3y/nbTaT (PMHaHCMaNU3aLMN — Pe3Koe YC/OXHEHWe
MPUYNHHO-CNIEACTBEHHbIX  CBA3EW,  (DOPMUPYHOLLMX
MVpPOBble LieHbl Ha Cbipbe. Kpome 00blYHbIX (PyHAa-
MeHTa/IbHbIX (haKTOpoB (3anackl, Cnpoc, MPOn3BOf-
CTBO, TEXHO/IOTM, FeONOUTUYECKME PUCKM, LIMKINY-
HOCTb) OfHOBPEMEHHO AENCTBYIOT (PMHAHCOBble (haK-
TOpbl (MHMNALMA, BaFOTHbIE KYPCbl, CPOC W Mpes-
NOXEHME Ha (PMHAHCOBBIX PbIHKAX, MX Koppenauus,
MWUKPOCTPYKTYpa 1 T. n.) [2].

HeobxoaMMo OTMETUTb, YTO HECMOTPA Ha 60/b-
LLOe KO/IMYEeCTBO LM(PPOBLIX AaHHBIX, XapakTepusy-
IOLLMX BCe MepeyncrieHHble (hakTopbl, HYXXHOro WX
06beMa 1 KayecTBa HeOCTaTOUHO AN peLLeHns 3a4a4
CPeLHECPOYHOro ¥ A0/ITOCPOYHOr0 NMPOrHO3MPOBaHUA.
[ns OLeHKN J0NrOCPOYHON NepcrnekTVBbl B OCHOBHOM
MCNO/b3YKOTCA 3KCMEPTHbIE U CLEHapHble NPOrHo3bl,
XOTA HEKOTOPble AMMUPUYECKME UCCeL0BaHUA Ocna-
PUBAIOT LEHHOCTb PeKOMeHJaLuii 3KCNepToB 1 Kaye-
CTBEHHbIX MPOrHo308 [3], B 0CO6EHHOCTN Korga peyb
naet o 6onee A/IMHHBIX FOPU30HTaX.

Ha (hoHe LUMPOKOro OCBELLEHNS B NUTepaType me-
TOJOB MPOrHO3MPOBaHMS GAVKaWLero 6yaylero
HabntoaeTca BO3pacTarollee BHUMaHUE K PeLUeHUto
3afla4 MOCTPOEeHUs CPeJHECPOUHbIX MPOrHO30B. B 0T-
JeNbHbIX NyonMKaumax ANs pelleHns 3ToW 3ajayu
MPUMEHSOTCA MEeTO/bl KPaTKOCPOYHOIO NMpPOrHO3upo-
BaHWsA; NpegnaraloTcs pasHble NOAXOAbl AN CHUXKe-
HWS HeonpefesieHHOCTM B YCNOBUAX BO3MOXHOIO
BO3HUKHOBEHUSA CTPYKTYPHbIX CABUIOB Ha rOPU30HTE
NporHo3sa. OfHaKO COXPaHAETCA aKTyalbHOCTb UCCIe-
[0BaTe/IbCKOM Mpo6/eMbl: YTO AenaTb, eCcnv CpefHe-
CPOYHbIE NPOrHO3bl CTAHOBATCSH HEHALEXHbIMU Yepes
onpefeneHHOe BpeMs, KOrja Ha ropuM3oHTe NporHosa
NPONCXOAAT N3MeHeHNA?

CTOMT OTMETUTb, YTO 3af4ayn CpesHECPOYHOro
MPOrHO31POBaHNsA, MOMUMO 061aCTU (PUHAHCOBBIX

TOBapPHbIX PbIHKOB, CTaBATCS B TaKMX 06/1acTsX, Kak
MPOrHO31poBaHNe CETEBOr0 U [OPOXKHOIo Tpaduka,
3HepronoTpebieHns, norogbl (CW/bl BETpa, COJSHeu-
HO aKTMBHOCTW), PacnpocTpaHeHusi 3aboneBaHui
(cm., Hanpumep, pa6oty [4]). B aTux obnacTsx npwu
MOCTPOEHUWN CPefHECPOYHbIX MPOrHO30B B OCHOBHOM
CTOMT Npob6nemMa yyeTa CBA3aHHbIX NPOLECCOB W HECU-
CTEMHbIX MapameTpoB, OAHAKO camu MpoLecchbl 060-
3pMMbl U NOAJAIOTCA CTPYKTypu3auun. B otimume ot
HMX LeHbl Ha (MHAHCOBbIX M TOBapPHbIX PbIHKAX MOA-
BEPXKEHbI BIVSHUIO MHOMMX HEOAHOPOAHbLIX napameT-
pOB, HO CamOe r/faBHOe — COObITUIA, YTO 06s3blBaeT
YUMTbIBATb B MOZENN MPOrHO3MPOBaHUA HECUCTEMHbIE
N3MEHEHMA B MpoLeccax, HauynmHas OT U3MEHEHWI Ha
CBA3aHHbIX PbIHKAX W 3aKaH4MBasi HOBOCTHLIM (DOHOM,
T. €. paccmaTpuBaeMble NPOLECChl B B0/bLLUENA CTENEHN
He CTPYKTYpPUPOBaHbI.

Bbibop MeToZa NPOrHo3vMpoBaHusa 3aBUCUT OT paja
(hakTOPOB: CBOMCTB MPOrHO3PYEMOro paga (cny4ai-
Hoe Ony)KaaHue Mnn (pakTanbHbIA NpoLecc); pery-
NAPHOCTW pelleHnsa 3afgayun (O4HOPas3oBbIA MAK No-
BTOPAOLLMIACA NpoLecc); (hopMbl NpeLCcTaB/ieHns npo-
rHo3a (KOHKPETHOE 3HayeHWe, KOHKPETHOE 3HauyeHue
N/Mnn NHTepBaU1, HanpaB/eHNe TPeHAa — BOCXOAALMIA,
HUCXOLALMIA, HanpaBleHWe TPeH4a W OLeHKa ero
NPOAO/IKUTENBHOCTN); A/IMHBI TOPU30HTa MPOrHO3a,;
TMNa WHMopMauuy M AaHHbIX O MPOrHO3MPYyeMOM
npoLiecce, UX JOCTYMHOCTU W NOSIHOTE; TpeboBaHUIA K
TOYHOCTW NPOrHO3a.

Cpean MeTof0B MPOrHO3VMPOBaHUA BbILENAHOTCS
MeTOfbl, KOTOpPble OMUPAKTCA Ha KONNYECTBEHHbIE
BPEMEHHbIE [aHHble, XapaKTepu3ytoLLme NporHo3mpy-
eMblIiA NpoLecc, Ha KayeCTBEHHbIe BPEMEHHbIE aHHble
MOMCKOBBLIX CUCTEM, HOBOCTHbIX NIEHT, XapaKTepu3y-
tOLME WMHTEHCMBHOCTb, TOHA/IbHOCTb WH{OpMaLmu,
CBA3aHHOMN C TeMaTMKON NPOrHO3MPYyeMOro npoLecca,
1 Ha 3KCMEPTHYIO UH(OpMaLUIO.

[0 npuMeHeHMA Ha (DMHAHCOBLIX W TOBAPHbLIX
PbIHKaX r1y6oKoro 06yyeHUs LUMPOKO pacnpocTpa-
HEHHbIMW ObINW JIMHENHBIE TayCCOBCKME MOLENN, KO-
TOpble MUCMOJb3YKT OKHO TeKYLLEeN MHgopMaummn ans
MPOrHO3MPOBaHMA CliefyHOLLIEro BPEMEHHOr0 Luara:
WHTErpvpoBaHHas Moje/lb aBTOPErpeccumn — CKOMb3s-
Llero cpefHero — (aHrn. autoregressive integrated
moving average, ARIMA), BeKTOpHble MOZe/N aBTo-
perpeccun — VAR (vector autoregression) 1 VECM
(vector error correction model). [Ona onucaHusa Kna-
cTepu3aummn BONMATWUIbHOCTM, OTK/IOHEHWUI pacnpepe-
NEeHUs JOXOLHOCTelM OT HOPMa/IbHOrO pacnpefeneHns
OblN NMPEANOXEHbI He/MHEelHble YC/TOBHO raycCoB-
ckme mogenn: ARCH (autoregressive conditional het-
eroscedasticity), GARCH (generalized autoregressive
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conditional heteroskedasticity), FIGARCH (fraction-
ally integrated generalized autoregressive conditional
heteroskedasticity) n ap.

B nocnegHue rogpbl Ans aHanmsa v NpPorHo3mposa-
HWS Hapsidy CO CTAaTUCTUYECKMMMU MOAENSAMW aKTUBHO
PUMEHSIOTCH METOAbl WCKYCCTBEHHOIO0 WHTE/NNeKTa
(M) — mawnHHOrO 06YyYeHNs, rNyboKoro 0by4eHus
N rMbpuaHble Modenu, covetatowime B cebe KOMOMHa-
UMX pasnMyYHbIX NOAXOLOB K PELUeHMto 3ajayn npo-
rHO3MpoBaHNsA. MeTo/bl MaWMHHOIO 06yYeHNs, Takme
KakK MEeTOZ C/y4aliHOro neca, MeTof OMopHbIX BEKTO-
pos (aHrn. support vector machine, SVM), metog k
6nvKalimx cocefeit, NOrMCTUYECKWIA PEerpeccuUoH-
HbIA aHanM3 1 Np., NPUMEHAKOTCA ANA PeLleHns 3afa-
Yn MPOrHO3a W, B OTAMYME OT NMHENHbIX MOLENein,
MOTYT XOpOLLO CMPaBAsiTbCA C HenHeHocTamu. Oa-
HaKO OHW (PYHKLMOHUPYHOT B paMKax 06LUel mogenu
MPOrHO3MPOBaHUA, peluatoLlelri 3agady 00y4eHus:
Hanpuvep, MUHUMMU3aLUM OLUMOKM MPOrHo3a, Cokpa-
LLIEHNA BPEMEHU 00YYeHUs UM 06beMaA BbIUYMUCIEHWIA
W T.n. MeToabl rny6oKoro o6yyeHus MNO3BONAKOT
YMEHbLUUTL AOMNYCTMbIE NPEAMNONOKEHNA O MOLENN
W ynyylwaTtb pelleHns nyTeM U3BnedYeHns HeobXxoam-
MO MH(opMaumm 13 AaHHbIX. B HacTosiwee Bpems
AN NPOrHO3MPOBaHNSA MPOLECCOB Ha (PMHAHCOBbLIX Y
TOBapPHbIX PbIHKaX LUMPOKO WUCMOMb3YHTCH Hepoce-
TeBble MOZENN TNy6OKOro 06y4YeHUs, UX BbICOKas
CMOCOGHOCTb K 00YYeHMO NO3BO/ISIET PaCLLUMPUTL CO-
CTaB 1 06beM MHOPMaLK 06 N3MEHEHMSIX B NPOrHO-
31MpyeMOM MPOLIECCe N 13BNEKaTb BaXKHbIE XapaKTepu-
CTVMKM U3 AaHHbIX NPU NPOrHO3VMPOBaHMN KonebaHui
M TeHAEHUMIA pbiHKa. B nmocnegHwe rogbl ycunmeaeTcs
TeHAEHUMA K CO3[aHMNI0 TMOPUAHbLIX Moaenel rny6o-
KOro o6y4eHus, KOTOpble COYETarT CTAaTUCTUYECKME
KOMMOHEHTbl M KOMMOHEHTbI Fy6OKOro 06y4eHus,
MCNONb3YS NPENMYLLECTBA 060MX HaNpaBIeHA.

MOMUMO KOIMYECTBEHHbIX METOLOB MPW NOCTPOE-
HWX NPOrHO3a NMPUMEHSAIOT 3KCNEPTHbIE METOAbI: Ce-
TeBble MOLENWN NpefCcTaBNeHns 3HaHWA 06 06bekTe
MPOrHO3MPOBaHUA M CBA3aHHLIX C HUMK (hakTopax,
COObITMAX, 0OBACHAIOLLMX NepPeMeHHbIX; 6aiiecoBCKue
CeTn, CeTn YO6exaeHW; MeTofbl, OCHOBaHHble Ha
cyXaeHuax (judgement forecasting methods), korga
3KCNepTbl YKa3blBatOT KOHKPETHOE 3HaueHue, Nn6o
«BEPOATHOCTb» KAaKOr0-TO 3HAYeHMSi Ha rOpPU30H-
Te [5].

[ns noBbllWeHNs 3(heKTUBHOCTM CPeAHECPOUHbIX
MPOrHO30B aKTyalbHO pacLUMpeHne NHPOpMaLOHHO-
ro nons, Ha KOTOPOM (hopMMpPYeTCS MPOrHO3: BK/IHO-
yeHWe pe3ynbTaToB (PYHAAMEHTAIbHOMO U KOTHUTWB-
HOrO aHanm3a, OLUEHOK BNAHWUS CUCTEMHbIX U3MeEHe-
HWIA Ha pblHKe, 3P(EKTOB BO3AEWCTBNSA BHELUHMX CO-
ObITUIA, 3KCNEPTHbIX CY)XXAEHWI, Ka4yeCTBEHHbIX (PaK-
TOPOB B/IMSHWSA Ha MPOLECC B CPeAHECPOYHOI nep-

CrexTvBe, POpMUPYEMBIX C UCMO/b30BAHWEM TEKCTO-
BOI MHhopMaLMN.

Ana paclumpeHns MHHOPMALMOHHOIO Mons nyTem
yBe/IMYeHUs 06beMa U Y/yudlleHUst kadvecTBa ob6pa-
OOTKM BXOLHON MH(OPMALMU MPU NPOrHO3MPOBaHU
MPVYIMEeHAKOTCA aHcambnesble U rMbpuaHble mogenn. K
MepBbIM OTHOCATCA MOZENW, pesy/bTaToM MpUMeHe-
HUA KOTOPbIX SBNSETCA MPOrHO3, MOMYYeHHbIA W3
MPOrHO30B, CHOPMMPOBAHHLIX MOAENAMU aHcamMons.
bpuaHble MoAenn OObeAVHSAOT pas3/vyHble 3Tarbl
MOCTPOEHMA MPOrHO3a, KaXAbl U3 KOTOPbIX MOXET
ObITb BbIMOHEH Pa3/IMYHBIMU MeTOAaMu: Hapsady co
CTaTUCTUYECKUMN  NPUMEHSAIOT  UHTE/NNEKTyalbHble
BbIUMC/INTENbHbIE METOABI, TaKVE KakK UCKYCCTBEHHbIE
HEPOHHbIE CEeTU, HEYeTKYI0 JIOTVKY, FeHeTUYEeCKue
anropuTMbl U [pyrvie 3BOMKOLMOHHbIE METOAbl AN
MPOrHO3MPOBaHUA Ha PUHAHCOBBIX W TOBAPHbIX PbIH-
Kax [6-8] u T. 4.

B HacToslem 0630pe npeAnpuHATa MonbITKa aHa-
N3a NOAXOL0B K NMOCTPOEHWIO MPOrHO30B LieH C Mo-
MECAYHbIM pa3bueHueMm, KOTopble Obinin Obl NOME3HbI
B 3afjayax MPOrHO3MpOBaHUA Kak B Mpedenax roga,
Tak U Ha Of4uMH-ABa roja Bnepef. B KOHTeKCTe MoBbI-
LLIeHNs TOYHOCTM NPOrHO30B B 0630pe paccmarpusa-
eTCA COBPEMEHHOE COCTOsHWE MOAeNeid, MeTogoB U
a/IropuTMOB, NPUMEHUMBIX ANA (OPMUPOBaHUS Cpea-
HECPOYHbIX MPOrHO30B MPOLIECCOB CO CTPYKTYPHbIMU
cABuMramu, BKIKOYas MeTOAbl pacLuMpeHns WHgopma-
LIMOHHOTO NOJIA Kak C NMOMOLLIbIO paclumpeHns Habopa
BPEMEHHbIX PSAAO0B, TaK 1 MyTeM BK/IKOYEHWS KCNepT-
HOW MH(opMaummn 1 pe3ynbTaToB paboTbl CUCTEM 06-
paboTKM 1 CTPYKTYpU3aLMn MHHOpMaLMN.

B pasgene § 1 onucblBatOTCA 0COGEHHOCTN OOBEK-
TOB MPOrHO3MPOBaHUA Ha TOBAPHbIX W (IMHAHCOBbLIX
PbIHKaXx, KOTOpble ONpeAensatoT TpeboBaHUSA K NPOrHO-
3y 1 MeTofaMm ero peanmsaumu. B § 2 npuseseHa 06-
Was XapakTepucTmka MpUMEHAEMOro [/1f peLleHuns
3a/la4 NPOrHo3MpoBaHMA annapara MOAEeNMPOBaHUA U
PacCMOTPEHbI Pas/inyHble MOLENU U MeTOAbl aHan3a
1 NPOrHO3a LieH Ha TOBapHbIX U (DUHAHCOBbLIX PbIHKAX:
CTaTUCTUYECKME MeTOfbl, MeToAbl ry60Koro obyue-
HWA, TMOpWAHbIE MOAENM U MeToAbl (PPaKTabHOro
aHanusa. B 83 paccmarpuBaloTcs MeTofbl, Hanpas-
NeHHbIe Ha pacLUMpeHne MHHOPMALIMOHHOIO Nosis ny-
TeM MUCMOMb30BaHWUSA KOMIMYECTBEHHOW 1 Ka4eCTBEHHON
MH(opMaLyn, U3BNEYEHHON U3 BHELLHUX UCTOYHWKOB
M BK/IKOYAEMON B MaTemMaTuyeckume MNPOrHo3bl: UC-
MoNb30BaHME [aHHbIX MOWCKOBbIX CUCTEM, aHain3
B/INAHUA BHELUHUX COObITUIA, NPUMEHEHME 3KCnepT-
HOW nHopmauun. B § 4 npefcTasneHo 06006LLeHVE
pe3ynbTaToB MPOBEAEHHOro 0630pa, B 3aK/IOYEHUU
0603Ha4eHbl HEKOTOpble MepcrneKTUBHbIE Hanpas/e-
HWA pa3BUTUS METOLOB MOCTPOEHUS CPeLHECPOYHOr0
MPOrHo3a Ans peLleHns pacCMOTPEHHbIX 3a4au.
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1. 0COBEHHOCTW OB BEKTOB NPOrHO3UPOBAHUA
N OCHOBHbIX ®AKTOPOB,
BNUAIOWNX HA BOSHUKHOBEHUE CTPYKTYPHBIX
CABUIOB PA3JIMYHOIO TUNA

OO6beKT NPOrHO3VPOBaHKA OMUCLIBAETCS HECTaLu-
OHapHbIM BPEMEHHbIM PALOM WX TPYNMOW BpeMeH-
HbIX PALOB, AMHAMWKa KOTOPbIX MOXeT WU3MEHATLCA
BCNEACTBME B/MAHMA 3K30TeHHbIX (KPWU3MCOB, Mpw-
POAHbIX KaTak/M3MOB, BOVH W T.M.) WU 3HAOTEHHbIX
(hakTOpPOB (B3aMMO03aBMCMMOCTUN PbIHKOB, OTPAC/IEBbLIX
M MakpOPMHAHCOBbLIX BO3AEWCTBUIA [9], M3MeHeHWi
PbIHOYHOW LIEHbI Ha KOHKPETHBbIV MPOAYKT 13-3a y[0-
pOXaHuA TPaHCMOPTUPOBKM, PasopeHns NN nsmeHe-
HWA COCTaBa NoOCTaBLUNKOB, BOSHUKHOBEHUSA CU/IbHOTO
KOHKYpeHTa v np.).

Kaxxgas 13 KOMMOHEHT NPOrHo3upyeMoro o6bekTa
B MOMEHT BPEMeHU t 3aBUCUT OT:

CBOWX NPOLLJIbIX 3HAYEHWUI;

MPOLU/bIX 3HAYEHWI APYrMX KOMMOHEHT npoLec-
ca;

MPOLW/bIX 3HAYEHWA APYryX MPOLEeCcCOoB, UMELD-
LUMX NPUYNHHO-CNEACTBEHHbIE CBA3M C MPOrHo3unpye-
MbIM,;

9KCTpeMasibHbIX COOBbITUIA, MPOUCXOAALLMX BO
BHELLHeN cpefe (BaXHble NpPaBUTEIbCTBEHHbIE peLue-
HUS, KPWU3UCbl, 3NWUAEMWWN, BOVHbI, TEXHOrEHHble W
MPUPOAHbIE KaTak/N3Mbl);

9K30TEeHHbIX W 3HAOTreHHbIX ()aKTOpOB, B/MAO-
LLMX Ha npoLecc, KoTopble MOTYT MPOABNATLCA U3Me-
HEHMAMMW AMHAMWKMW NpoLiecca UK BbiTb BbISB/IEHHbI-
MU M0 pe3y/ibTaTtaM 06paboTKM 1 aHasm3a IKCNepTHOM
WH(opmMaLmn.

PakTopbl BAMAHUA HA NpoLecc MOryT 6biTb OMu-
CaHbl:

BPEMEHHbIMW pAAamMM Makporokasarteniei, Kyp-
COB MUPOBbLIX Ba/IKOT, MUPOBbIX LieH Ha HeTb M Ha
TOBapbl BeAyLlMX OTpacnen MpPOMbILLNEHHOCTH, Ha
TPaHCNOPTMPOBKY, 3/1eKTPNUYECTBO U Np.;

CUrHafiaMn pasfIMYyHOro BUAa, MOMYYEHHbIMU B
pesynbTaTe CTPYKTYPUPOBaHNSA 3KCMEPTHLIX 3HAHWUIA 0
COCTOSIHUW 1 Harpas/ieHNV BANSHUA (haKTOPOB Ha Te-
KyLLiee COCTOSIHWE Cpefbl N 06beKTa.

Pe3ynbTaToM BO34eNCTBUA (PaKTOPOB BAUSHWUSA Ha
PbIHOK ABNAKOTCA CTPYKTYPHbIe CABWIW, MPUYMHAMU
BO3HUKHOBEHMWS KOTOPbIX MOTYT CyXuTb [9-11]:

M3MeHeHNa OuHamuku BBIT v gpyrux makpo-
9KOHOMUYECKMX MOKasaTesnield, Taknx Kak MH(NALNS,
K/I04eBas NpoLeHTHasA cTaBka LleHTpanbHOro 6aHka,
YPOBEHb 3aHATOCTM 1 ONNaThl TPYAa,;

CNeKynAuUMmn, U3MeHeHNUs B MPeSnoYTEHNAX WH-
BECTOPOB, 3NW30A4MYeCKMe CobbITMA (KaTacTpobl,
naHAeMumn, BOMHbI 1 Np.);

N3MEHEHMA B CMPOCe Y MPEeANOKEHUN Ha K/oue-

Bble CbIPbEBbIE 1 NPOA0BO/IbLCTBEHHbIE TOBAPbI: HEPTb,

ras, LLBETHble MeTa/I/bl, MLIEHNULY, caxap;
06pa30BaHue HOBbIX CEKTOPOB PbIHKA.

PNHAHCOBbLIN N TOBAPHBIA PbIHKN CBA3aHbI MEXay
coboil npuyem, HaumHasa ¢ 2000 r. HabntogaeTca no-
BblLLEHVE KOPPEenauuy Mexzgy HWMKM, pocT MHTepeca
(PMHAHCOBbLIX WMHBECTOPOB K TOBapPHOMY PbIHKY, pac-
LUMPEHME BO3MOXHOCTEN AmBepcumnKauum noprge-
Nelt NyTeM pasMeLLeHNs B HAX NPOAYKTOB PasnyHbIX
pbiHKOB [12, 13]. B pa6oTe [14] uccnefoBaH XapakTep
BPEMEHHbIX CBA3eN MeX/y TOBapHbIM U (PMHAHCOBbLIM
PblHKaMX BO BpeMs  (PUHAHCUMaIM3aUMU  TOBAPHbIX
pbIHKOB 1 nocne Kpusnca 2008 r. OTmeyaeTcs, 4To
NHTepec (PMHAHCOBbLIX NHBECTOPOB K TOBAPHbLIM PblH-
KaM pacTeT, MX Yy4yacTue OCYLLECTBNAETCA MNOcpesn-
CTBOM MPAMbIX UM KOCBEHHbIX UHBECTULWIA B TOBap-
Hble (bIOYepChbl, a YBEIMYEHWE KOPPEensuuu mexay
PbIHKaM He CBA3aHO C (DMHAHCOBbLIM KPU3KCOM.

OCO06eHHOCTU COBPEMEHHbLIX (MHAHCOBOIO U TO-
BapHOro PbIHKOB — rN06aM3aLns, CoBepLUEHCTBOBa-
HVEe UW(POBbLIX TEXHONOIMIA, COKpaLleHue rocypap-
CTBEHHOI0 PerynnpoBaHns MHAYCTPUN (PUHAHCOBbIX
YC/yr, B&XHOCTb MPOAYKTOBbIX WHHOBaUMiA U np. —
NPUBOAAT K CYLLECTBEHHBIM U3MEHEHWUAM WX AUHAMU-
KN W BbI3blBalOT HEOOXOAMMOCTb YCOBEPLUEHCTBOBA-
HVS MOZesei NPOrHO3MPOBaHKS.

[nsa BbISBNEHMA U aHanM3a PaKTOpoB BMAHUA Ha
MPOrHO3MpPYeMblA 06BEKT, OLEHKN X Hanpas/eHus 1
CWUNbl BO3LENCTBUA MPUMEHSAIOTCA Pas/InyHble METO-
Abl:

PyHAaMeHTaNIbHBIA aHan3, MO3BONSAOLMIA Bbl-
SBUTb MPUYNHHO-CNEACTBEHHbIE CBA3M MaKPO3KOHO-
MWYECKMX MOKasaTeNield M WMHAMKATOPOB COCTOSHUSA
PblHKa C MNPOrHO3MpyeMbIM MOKa3aTesieM, a Takxke
OLeHUTb (PMHAHCOBOE COCTOSIHWE KOMMAaHWM, YbW TO-
Bapbl UM (PUHAHCOBbLIE MHCTPYMEHTBI MPUCYTCTBYHOT
Ha pblHKe. PyHOaMeHTaNbHbIA aHanu3 uccnesyer
9KOHOMUYECKMe (haKTOopbl, KOTOPble MOTYT BAMATL Ha
[BVDKEHMe pPbIHKa, MO3TOMY ero pesy/ibTaTbl ABAATCA
NoJIe3HbIMU A1 CPeJHECPOYHOIO NPOrHO3MPOBAHWS.

MocTpoeHne 1 aHan3 (CLEHapHOe MOAeNnpoBa-
HIE) HEYeTKUX KOrHUTMBHBLIX KapT (HKK) cutyaummn'
[16, 17], HanpaBneHHbIX:

' TepmuH «HeyeTKass KOTHUTUBHas KapTa» (MpeanoxeH b. Kocko
[15]) obLienpuHAT B 3apybeXHbIX Ny6aMKauusX, CBA3aHHbIX C
1ccnefloBaHNEM AVHAMUYECKUX CUCTEM B KOHTEKCTE MSAMKMX Bbl-
yncneHuii. HKK npefctaBnstoT coboit rpadoByto CTPYKTypy
OTOOPaKEHNA NPUUNHHO-CNEACTBEHHLIX PACCYXXAEHWIA, rae He-
YeTKOCTb 06YyCnoBneHa PasMbITON (HEOAHO3HAYHON) CTeneHbLo
NPUYNHHOCTY (CUNOW BAUSHWS) MEXAY Pa3MbITbIMU MPUHUHHBIMA
KoHuenTammn (thaktopamm) [15]. B 0TeYeCTBEHHbIX My6aMKaumsax
60/blUee pacnpocTpaHeHWe MonyYnn TeEPMUH «KOTHUTUBHAS Kap-
Ta», MO CMbIC/ly OH He OT/MyaeTcA. B gaHHOM 0630pe C y4eToM
CMbICNa 3TOr0 NOHATUA mcnonb3yetcs HKK HesaBucumo oT Toro,
KaKoW TePMUH MCMO/b3YeTCA B LUTUPYEMbIX MyBANKaLUsX.
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— Ha cucTematusauuio U arpermposaHune 3Kc-
MEePTHbIX 3HAHWIA O KOHTPONMPYEMOM 0ObEKTE U ero
BHELUHEN  cpede,  OTpaXawowmx  MPUYUHHO-
CNefCTBEHHbIE CBA3M 3HAUYMMbIX (DAKTOPOB BAUAHWUSA
Ha 0OBLEKT, Ha OCHOBE CTPYKTYpM3aLumn 1 opmanu-
3aLMKN 3KCMEPTHBIX 3HAHWN U MH(OpMaLuUM U3 pas-
HOPOAHBIX MCTOYHWMKOB (B YaCTHOCTM, C WCMOJb30-
BaHWEM pe3y/ibTaToB (PYHAAMEHTA/IbHOrO aHaIn3a);

— Ha OpraHM3aLmio Harpas/ieHHOro Noucka Habo-
POB [aHHbIX NPV MOHWUTOPUHIE PasHOPOAHbLIX WUC-
TOYHWKOB UHhOpPMaLUN.

CnoXHocCTb 3afja4yn MPOrHo3MpoBaHNsA 3aK/oYaeT-
CA B Ha/MyMM B MNpoLeccax, NPOTeKaloLmx Ha pac-
CMaTpUBaeMbIX  PbIHKaX, CTPYKTYPHbIX CABWUIOB
(CKaykoB YpPOBHA WU BONATUNBLHOCTW, W3MEHEHUS
TPEeHAO0B, XapakTepa B3aVMOLENCTBUS MeXAy O6bek-
TOM MPOrHO3MPOBaHMA U APYrMMY npoLeccamu, BO3-
HUKaIOLWMMN Ha (PMHAHCOBbLIX W TOBAPHbIX PbIHKAX
Moj, BO34eMCTBMEM 3K30T€HHbIX U 3HAOTEHHbIX (hak-
TOpoB). CTPYKTYpHbIe CLBUTX NMPOrHO3MPYEMOro Mo-
Kasarefid M3MeHAIOT ero AMHaMWKy W yBeNn4unBaloT
OLIMOKY MPOrHo3a, KOTOpas TakXe MOXET CIYXWTb
CUrHA/IOM 06 M3MEHeHMU W/MNn 0 HeoBXOAMMOCTK
KOPpeKuMn Mofenn nporHo3vpoBaHus BCNeaCcTBue
M3MEHEHMS CUMbl W HanpaB/ieHHOCTU BO3LeENCTBUIA
(haKTOpPOB, BNUAIOLLMX Ha PbIHOK. [o3aTomy npu top-
MVPOBaHUM NMPOrHO3a M Ha ero ropu3oHTe HeobXoau-
MO Y4YMTbIBaTb HE TO/IbKO M3MEHEHMUS 3HAYeHWiA npo-
rHO3MPYEMOro MNoKasaTess, HO Y U3MEHEeHUs BUAO-
LMX Ha Hero hakTopos. MprMepammn Taknx (PakTopos
MOTYT CNY>XUTb BHELLIHNE PErynspHble N 3KCTpeMalb-
Hble COObITUSA, W3MEHEHUA B CTPYKTYPE PbIHKa,
HaCTPOEHMSX WHBECTOPOB, XapakTepe B3auMOAel-
CTBMS MEXAY CMPOCOM U1 NPeAIoXKEHEM.

Hannuve ykasaHHbIX WU3MEHEHWIA B MPOrHo3upye-
MOM [MpoLecce CO3AaeT npobnembl B MPUMEHEHNM
TPaAULMOHHbBIX TayCCOBCKMX Mopfenieli BPeMEHHOro
paga: (ARIMA, VAR, VECM), KoTopble npegHasHa-
YeHbl /19 OMUCaHWA NIMHENHbLIX npoLeccos. MocTpoe-
HUe Takux mogeneli 6e3 yyeTa BO3HMKAIOLLMX B MPoO-
Liecce CTPYKTYPHbIX CABUIOB, KaK NoKasain pesynbTa-
Tbl aHa/IN3a, NPUBOAUT K OLLMOKAM U YXYLLUEHWIO Ka-
yecTBa nporHo3o.. [x. Ctok n M. BartcoH no pesyrnb-
Tatam WCCNefoBaHnUA 76-T MeCAYHbIX BPEMEHHbIX
psgoB B CLLUA 06Hapy»uim HeCcTabunbHOCTbL Napa-
METPOB B 3HAUMTENIbHON YacTh CBOMX Mogeneii [18].
AT wnccnefoBaHWs MOMOXUAN Hayaslo paspaboTke
METOA0B MNPOrHO3MPOBaHWSA, YUUTbIBAIOLUX W3MEHE-
HWA CBOWCTB paccMaTpuBaeMoro npotiecca.

MOMMMO CTaHZAPTHBIX LLAroB NOCTPOEHUS MOLENN
MPOrHo3a BO3HUKaeT HeobXOAMMOCTb BK/HOYEHUS B
MpoLecc NPOrH03MpoBaHns airopUTMOB MOHUTOPUHTa
06HapYXXeHWs1 CTPYKTYPHbIX W3MEHEHWIn B paccmart-
pvBaemom npotecce [19, 20] 1 — B 0TAeNbHBIX ClyYa-
AX — MPOrHO3MPOBaHNA TaKNX N3MEHEHUIA.

B cuny cneuyndukn npumeHeHWs pe3ynbTaToB
CpeHeCPOYHOro MPOrHO3MpOBaHUA B npoleccax Te-
KyLLEero naaH1MpoBaHWs 1 ynpaeneHns B 60/bLUMHCTBE
3afa4 KOHEYHOWN Uefnblo SBNseTcs (hopMMpoBaHMe
MPOrHO30B C NMOMECAYHbIM WX MOKBapTa/bHbIM pas-
OMeHneM, YTO BbI3blBaeT HE0OXOAUMOCTL NOCTPOEHMS
MHOFOLLIAroBbIX MPOrHO30B.

2. AHANW3 MOJAENEW M METOLI0B NOCTPOEHUSA
NPOrHO30B MNPUMEHUTENBHO K CPEAHECPOYHOMY
NPOrHO3UPOBAHUIO

B xope o0630pa 6blna cobpaHa BbI6opKa Ny6/nKa-
UMiA MO MeTo4am aHanmM3a NPOLECCOB HAa TOBapHbIX U
(DMHAHCOBBIX PbIHKAaX 1 MeToAam MoCTPOeHUs cpeaHe-
CPOYHbIX MPOrHO30B, B KOTOPYI nonaau okono 200
paboT, ony6/MKoBaHHbIX 3a nocnegHue 20 net, korga
Hayasnics OyMm MpYMeHeHWUs MeTOOB aHajm3a Hakor-
NIEHHbIX JaHHbIX. Cpean HUX HEeT paboT, MOMHOCTLIO
YL,0B/ETBOPSAIOLLMX BCEM TpebOBaHMAM, Mpeabss/se-
MbIM K MpoLefype cpefHecpoyHOro NpPorHo3npoBaHua
HecTaLMOHapHbIX NPOLECCOB CO CTPYKTYPHLIMU CABK-
raMmy Ha ropuM3oHTe NPOrHo3a, Mo3ToMy akUeHT Obin
clienaH Ha OCBeLLeHVe OTAeNbHbIX MOAeneln, MeToLoB
N aJropuTMOB, MOBBILIAKOWMX TOUYHOCTL MPOrHO3a
WM pellaroLmx OTAeflbHble 3afauv Ana yaydleHus
npoLeaypbl NPorHo3nposaHua. NoMumo 3Toro asTo-
pbl COYIM HEOOXOAMMBIM BK/IOUUTL pesynbTaTbl 60-
Jlee 1aBHEr0 Nepuofa, B KOTOPbIX MPEASIOKEHbI aKTy-
a/ibHble METOAbI PeLUeHNs OTAeNbHbIX 33a4ad. B KoHeu-
HOM UTOre Le/blo UCCNeaoBaHns CTan Bbl6Op Mosnes-
HbIX W MpOLWeAWnNX NPOBEPKY MOfenNel, METOA0B M
a/ITOPUTMOB  PeLleHna 33faun CpefHecpoYHOro mpo-
rHO3MPOBaHNA HeCcTaUMOHaPHbIX NPOLLECCOB CO CTPYK-
TYPHbIMW CABUramMu C yKasaHWEM YCMOBWIA UX NpUmMe-
HeHus.

2.1. 061asa xapakKTepucTKa NPUMEHSEMOrO annapaTa
MOZENNPOoBaHUA 419 pelleHns 3a4ay NporHo3uMpoBaHNA:
MCTOPNYECKMIN IKCKYpC

Kak 6b110 0TMeYeHO B pa3fenie 8 1, npouecchbl Ha
(hPMHAHCOBLIX U TOBApPHbIX PbIHKAX ABNSKOTCA HECTa-
LIMOHAPHbIMW BCNEACTBME BHYTPUCUCTEMHBIX M3MEHE-
HAUA UK NOA BAUSIHWEM BHELLHMX COObITUIA; Kak B
NCTOPUYECKUX [aHHbIX, TaK 1 Ha FOPM30HTE NMPOrHO3a
B HUX HabMOAaTCA CTPYKTYpHbIE caBUrn. Mpu dop-
MVPOBaHUN CPefHECPOYHOr0 NPOrHO3a HeobXo4MMO
YUNTbIBaTb BO3MOXHbIE M3MEHEHUS CBOICTB npoLiecca
Ha rOpW30HTE, WCMOMb30BaTb MOHWUTOPUHI U MeXa-
HM3Mbl KOPPEKLMN.

WcTopus pasBuTUS  CTaTUCTUYECKUX MOZENeN,
NPYMEHSIEMbIX [ANA PeLleHns 3ajady OfHOLLAroBOro
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MPOrHO3“poBaHns, HacuuTbiBaeT 6onee 50 neT. Ha
PUCYHKe NpeAcTaBeHa NCTOPUS PasBUTUA MOAENein n
MEeTOZO0B MPOrHo3MpoBaHUA BPeMEeHHbIX psfoB. B oc-
HOBE TakMX MOZesell NeXMUT pa3BUTUE KNaCcCUYECKMX
mofeneli MPUMEHWTENbHO K npoleccam, npeacTas-
NEHHbIM HecTalMOHapPHbIMU BPEMEHHBLIMU PAaMK.

[na HecTaumoHapHbIX npoueccos B 1970-x IT.
OblNN NpesIoXKeHbl CTAaTUCTUYECKNE O4HOMEPHbIE U
MHOrOMepHble MOAENN, Takue Kak WHTerpupoBaHHas
Mofenb aBTOpPerpeccuu CKO/b3ALLEro CpefHero
(ARIMA) 1 mofenb KOppeKLmy OWn6oK (aHrn. error
correction model, ECM). Mocne 6binn NpeaoXeHsbl
aBTOPErpeccMoHHas MOJe/fb C  YC/I0BHOW retepo-
ckegactmyHocTblo (ARCH) n 0606weHHas (GARCH),
MoAenb BEKTOpHOI aBToperpeccun (VAR) 1 BEKTOp-
Has Mogenb Koppekuuy ownb6ok (VECM).

B cOOTBETCTBUM C rMNOTE30M 3PPEKTUBHOIO PbIH-
Ka (aHrn. Efficient Market Hypothesis, EMH), npea-
nonaratoLler, 4To LeHbl OMUCLIBAIOTCA Kak Cryyai-
Hble MPOLECChI C rayCCOBCKUM pacrpejeseHnem, Bes
NH(opMaLms COLePXUTCA B AaHHbIX U JOCTYNHA UH-
BECTOpaM, HUKaKMX BHE3aMHbIX COObITUIN 1 NPOUCXO-
OWTb He [O0/HKHO, PbIHOK YCTOMYMB. Peskue nsmeHe-
HWA CBOWCTB npouecca noj, BO3L4eNCTBMEM KPYMHbIX

COObITWIA, BO3HUKHOBEHME KPU3NCOB M CTPYKTYPHbIX
CABUIoB He cornacytoTca ¢ EMH. AHanns npoueccos
Ha (PMHAHCOBbIX PbIHKaX, NPOBeAeHHbIN 3. MeTepcom
n b. MaHaens0poToM B KOHLE MpOLLioro Beka [21,
22], nokaszan Haiuyve CyLeCTBEHHbIX OTKNOHEHWi
3HAYMTE/bHOM YacTW peasbHbIX PAAoB LeH oT EMH.
3. MeTepcom Oblina NpegioxeHa runotesa pakrasib-
Horo pbiHKa (aHrn. Fractal Market Hypothesis, FMH),
B COOTBETCTBMM C KOTOPOW 6OMBLUMHCTBO NPOLLECCOB
Ha (PMHAHCOBbIX 1 TOBAPHbIX PbIHKaX 061aaaeT Henu-
HeMHON AMHaMUKOM M camonofobuem. BpemeHHOM
psag o6nagaeT (pakTa/lbHbIMW CBOWCTBaMU, €CN B
LIe/IOM OH MMEEeT Ty Xe CTPYKTYPY, YTO U OTAE/bHbIe
ero vactu. B 1980-x rr. gig MogenmpoBaHus npoLec-
COB C (ppaKTaNbHbIMW CBOWCTBaMU Oblfa NpenoXeHa
mogens ARFIMA (autoregressive fractionally inte-
grated moving average).

Mogenu nporHo3npoBaHns HecTaLuMoHapHbIX Mpo-
Leccos, npegnoXeHHble B 1970-1990-x rr., coctaBu-
NN OCHOBY [NA pelleHns 3afayu CpPefHecpoYvHOro
MPOrHO3POBaHMA  HECTALMOHAPHbLIX MPOLECCOB B
YCNOBUAX CTPYKTYPHbIX CABUrOB. TeM He MeHee Mpo-
6nema yxyfLUeHUs KayecTsa NPorHo3a obina akTyasib-
Ha.

1980-1990 rr.
Pa3BuTIe Mogeneit Ans NporHo3MpoBaHms

1969-1970 rr. HecTaLMOHapHbIX NPOLIECCOB

MpesnoXeHbl OCHOBHbIE MOAEM
N5t NPOrHO3MPOBaHWS HECTALIOHAPHBIX
NPOLECCOB, BK/OUas MPUHLMbI
KOMBWHUPOBaHWs NPOrHO30B

VAR (Vector autoregression)
BEKTOPHas aBTOPerpeccMoHHas MOfenb

ARIMA

(Autoregressive integrated moving average)
MHTerpuposaHHas MofjeNb aBTOperpeccumn —
CKO/ib3ALLIero cpeHero

3HaYeHusaIM, And pAA0B CO CTOXacT MYECKUM

Paciumperue mogemm ARMA Ha BpeMeHHble pafbl
CO CTOXaCTUYECKUM TPEHAOM

VECM (Vector error correction codel )
BeKTopHas Mogie/b KOpPEKLyn oLUMBOK

ECM (Error correction model)

Mogenb ¢ KoppeKLyei ownbKamu

Mogenb, B KOTOpOt 0TKNOHEHWE OT JOATOCPOUHOrO
paBHOBECUS MeXKY AByMS psiiaMu KOMMeHcupye T
KPaTKOCPOYHOE O TKNOHEeHWe

ARCH
(Autoregressive conditional
heteroscedasticity model)
ABTOpErpeccUoHHas MOferb
C YC/I0BHOM
reTepocKeJacTMYHOCTbI0
Mpegno>kexa
[N NPOrHO3MpOBaHUS
BONATULHOCT U

ARFIMA
(Autoregressive fractionally
integrated moving average)
ABTOperpeccMoHHas
[POBHO-MHTErpupoBaHHasa Moe b
CKOJIb3ALLIET0 CPeaHero

Mpeano>kexa

19 (hpaKTanbHbIX NPOLECCoB

NOPSAOK PasHOCT €l ONpefensieTCA CTEMNEHb0 MHTErPUPOBAHHOCT U PAZOB

BekTopHas Mofenb, B KOTOPOIi 0T KNOHeHNe 0T [ONrOCPOYHOrO
PaBHOBECHS MEXKAY BXOAALL UM B HEE PSAAMU KOPPEK TUPYeT
OTK/IOHEHUS OT KPaTKOCPOUHOTO PaBHOBECHS

GARCH
(Generalized autoregressive conditional
heteroscedasticity model)
0606LLEHHas aBTOPEr pPecCoHHas
MOf€Nb C YCNOBHOI reTepocKeJacTUYHOCTbIO

C 2010 r. mo HacT. Bpemsi.
YBenuyeHrie 06beMoB AaHHbIX,
MH(opMaLK, NPUMEeHeHe
meTo0B MW 1 rubpuaHbix
Mogenei —

C 2000 r. mo HacT. BpeMms1.
3Mﬂ|/lp|/|l-|eCKI/1€ unccneosaHma
Ha MaccuBax AaHHbIX
C MPUMEHEHMEM PasHbIX MOAENel

Pa3B1TNE ruGpHaHBIX MoIelIeid,
B T.4. Ha OCHOBE MOZENEN 1 MeToA0B
NCKYCCTBEHHOTO MHTEN/IEKTa

Mogenb, B KOTOPOI TEKyLLMe 3HAUEHWS BDEMEHHBIX PSI0B 3aBUCAT
OT MPOLUAbIX 3HAYEHWIA; ANS CT aLMOHAPHBIX PSBOB CTPOUTCA MO UCXOAHBIM

TPEHAOM — N0 UX PAsHOCT M, AKTVMBHOE MPUMEHEHME PasHbIX
MOZeNeli N METO0B A1st PeLLeHms

3a4a4u NporHosmpoBaHns

[puMeHeHVe MeTo/10B Ii1y6oKoro
o0y4enust [/19 NPOrHO3MPOBaHNA
(hOH/0BOr0 1 TOBAPHOTO PbIHKOB

Mpeano>keHa 415 NPOrHo3a NPOLIECCOB Ha (PUHAHCOBBIX PbIHKAX
B YCNOBUSIX BOMATUNLHOCTU. MOJENb ONpeJenseT 3aBUCUMOCTb
M3MEHEHUS! AMCMEPCUM OT MPOLUAbIX 3HAYEHWIA NoKasaTenei

¥ NPOLLNbIE 3HAYEHNS AUCTIEPCUN

I'IpVIMeHeHVIe METOA0B MAIIHHHOI 0
00y4enust /151 NPOrHO3VpoBaHust
(hOH/,0BOT O 11 TOBAPHOTO PbIHKOB

“cTOpMﬂ pa3BuTHus Mojeseld u METO/10B MPOrHO3HPOBAHUSN BPEMEHHBIX PA10B
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Hanmume CTPYKTYpHbIX CABWIOB B Mpouecce Ha
NCTOPUYECKUX Nepuojax HabnoLeHUs He TOJbKO 3a-
TPYAHANO peLleHne 3afad MPOrHo3vpoBaHUs, HO W
npeAcTaBnsano cobori npobnemy npu onpeseneHun
TUMa HeCcTaLMOHAPHOCTK npouecca 1 AEHTUDUKaLMK
KOMHTErpaunoHHbIX CBA3EN.

B 1990-x rr. . MNeppoH [23] nokasan, 4To n3-3a
CTPYKTYPHbIX CABUIOB CTaHAapTHble TeCTbl onpefe-
NeHna Tuna HecTaumoHapHOro npouecca (Co cToxa-
CTUYECKUM TPEeHZOM WU C [LeTepMUHUPOBAHHBIM
TpeHaom) [24] npuBOAAT K owmMOKam W, Kak cnej-
CTBME, K OLUMOOYHLIM MOLENAM, U NPeLNoKUI NpoLe-
Aypy, NO3BOJIAIOLLYHO OMPeAenuTb TUM HecTaumoHap-
HOCTW npouecca NpW W3BECTHON [aTe W3MeHeHus
TpeHfa u/mnmn ckayka. MocKonbKy Aata BO3HWKHOBE-
HWSI CTPYKTYPHOIO CABUra M3BeCTHa JaneKko He Bce-
rga, To 4ns ero UAaeHTUUKaumMmnm HeobXxoaMMbl anro-
PUTMbI, BK/IKOYalOLLMe OrMpejeneHne MOMEHTa ero
BO3HMKHOBEHMA. 3afjavyam OO6HapyXXeHusi CTPYKTYp-
HbIX CABWIOB, OMpPeAENeHns X XxapakTepa W «mpes-
BECTHVKOB» COBPEMEHHble WUCCeAoBaTeNin yaenawoT
6onblloe BHUMaHWE. HeobX04MMOCTb MOCTPOEHWS
npoueayp onpegeneHns Tuna HectaumoHapHOCTU ps-
Aa B YCNOBUAX BOSHUKHOBEHUS CTPYKTYPHbIX CABUIOB
YCNOXHSAET NpoLecc NPorHo3npoBaHna [25]. B HacTo-
AWNMA MOMEHT pa3paboTaHO 60/bLUOE YMCNO anro-
PUTMOB, OMPeAenstoWmNX Haanume  CTPYKTYPHbIX
COBWIOB C WM3BECTHOW WM HEW3BECTHON AaTon MX
BO3HUKHOBEHUA, W TECTOB [A/19 OnpefeneHns Tuna
npouecca [26-28].

Mpy nocTpoeHnn VAR-Moaeneli HecTaumMoHapHbIX
MPOLLeCCOB N0 pasHOCTAM (Npeobpa3oBaHne, KOTOPOe
BbINOSIHAETCA ANS NPUBEAEHUA Mnpouecca K Craumo-
HapHOMY) TepsieTCcs 3HauMTe/IbHas 4acTb WH(opMa-
umn. Ecnu mexay psgaMmu CyLLecTBYeT KOMHTerpauus,
TO ANd 3TUX pPAdoB CTPOAT 60nee  3PQeKTUBHbIE
VECM-Mogenu, yunTbiBatoLLme A0NrocpoYHbIe CO0T-
HOLLEHMA MeXay (aKTUYeCKUMU 3HAYeHUsMU psaa,
MO3TOMY MPOBEPKA HA/IMUMA KOUHTErpauumn sBseTcs
BaKHbIM 3TanoM Bblbopa ¥ MOCTPOeHMs mogenn. B
1980—-1990-x Ir. BefylmMe ydeHble B 06nactu npu-
KnagHon ctatuctuku, K. MpeHmpkep u C. I7oncheH, B
CBOMX WCCNefoBaHWAX MoKasaan, YTO NpU Haanmymm
CTPYKTYPHbIX CABWIOB CTaHAAPTHble TECTbl HA KOWH-
Terpaumio [29, 30] He gatoT NpaBW/IbHLIX pesysbTa-
TOB. COBpeMeHHbIe MOAXOA4bl K PELUEHNO 3TOW Mpo-
6nembl onucaHbl B pabote [31].

[nsa hopMupoBaHus cpefHECPOYHOro NPorHo3a Ha
0AMH-ABa roja Breped C NOMECAYHbIM pa3bueHnem
MCNOJb3YETCA MHOrOLAaroBblid NPorHo3. LLnpoko us-
BECTHbI TPW NOAXO0LA K PELLEHWIO 3TOWN CNOXHOM Npo-
61eMbl: PEKYPCUBHbIA, OCHOBaHHbIA Ha MOBTOPHOM
NPYMEHEHNN O[HOLLIAroBO MOAENMN; NPSIMONA, OCHO-

BaHHbIi Ha NOCTPOeHWM Habopa Mogeneli B pasHbIX
MacwTabax; ¢ OAHMM BXOLOM W C HECKOSIbKUMMW Bbl-
xopamu. ocnefHWiA ABNseTca MoauduKaumnerd nog-
X0[a C HECKOMIbKMMW BXOAaMU U HECKO/IbKUMM BbIXO-
Jamu, npeactaBfieHHoro B paboTe [32], rae aBTop
NpesioXKnn 1Cnonb3oBatb A1 NPOrHO3MPOBaHMS Ha
HECKO/bKO LIaroB Brepes, BEKTOPHYK MOfeNb, B KO-
TOPOV MPOrHO3UPYyeMOe 3HayeHVe ABNAETCH He CKa-
NAPHOA BEIMUYMHOWM, a BEKTOPOM OYAYyLLMX 3HAYEHWI
BPEMEHHOr0 psga. ATOT NOAXOA 3aMeHseT Habop Mo-
Aeneii NpAMoro Noaxofa O4HON MOAENbIO C HECKO/b-
KMMU BbIXOAHbIMWA [aHHbIMWA C LefbI0 COXPaHeHus
cpeay MPOrHO3MPYEMbIX 3HAYEHUA CTOXacTUYeCKOM
3aBMCMMOCTM, XapaKTepu3ytoLlein BpEMEHHON psf.
Bonee noapo6bHO 0COGEHHOCTW CTpaTernii MHOroLa-
roBOro NPOrHo3MpoBaHWA NPeACTaB/eHbI B M. 2.2.

B nocnegHue rofbl MOXHO HaikTK pe3ynbTaTbl UC-
CNnefoBaHUA, MOCBSAILLEHHBIX PELLEHUIO 3afayn npo-
FHO3MPOBaHMA LieH Ha TOBapPHbIX U MHAHCOBBIX PbIH-
Kax, KOTOpble OnupatoTCs Ha OOLLUMPHYH aMAMpUYe-
CKYIO0 MPOBepPKY, TaK Kak cobpaHbl 60/bLIne 06bEMbI
[aHHbIX 3a ANWUTENbHbIA nepuog HabnwopeHus. Co-
BpPEMeHHble WCCNeaoBaTeny WCMoNb3yT Kak nepe-
YncneHHble 6a30Bble CTAaTUCTUYECKME MOAENN, Npu-
MeHsAs pasHble CTpaTernn agantauuy K U3MEHEHUsM,
TaKk M [JEMOHCTPUPYHOT WCMONb30BaHWE TMOPUAHbLIX
a/IrOpMTMOB, B TOM 4uMCNEe C MPUMEHEHVEM METOAOB
NCKYCCTBEHHOIO MHTEN/EKTA.

[anee 6onee noapo6HO NpvBEeAeM pe3y/bTaTbl
aHanM3a COBPEMEHHbIX UCCNEA0BaHNIA NPUMEHUTENBLHO
K 3afia4e (hopMMPOBaHNS CPeAHECPOYHOrO MPOrHo3a Ha
TOBapHbIX M (IMHAHCOBbLIX PbIHKAaX B YCNOBUSX CTPYK-
TYPHbIX CABUIOB.

2.2. Ctatuctnyeckune MeToipl

B cooTBeTCTBUM C rnnoTe3on aththeKTUBHOIO PbIH-
Ka npupaweHus LUeH SABNAKOTCA He3aBUCUMbIMU 1
MOAYMHAIOTCS rayCCOBCKOMY pacnpefeneHuto. OaHa-
KO 60/bLLOE YMC/O NPOBEAEHHbIX UCCNef0BaHUA He
NOATBEPXAAET 3TW NpeAnonoXxeHus. [onroe Bpems
NPUMEHeHNe CTaTUCTUYECKMX Mogenel Tuna ARIMA,
ECM, VAR, VECM, ARCH, GARCH u nx mogudu-
Kalunin ans nNporHO3MpoBaHMA LIEH WM BONATM/IbHOCTU
ObINI0 LUMPOKO pacnpocTpaHeHHbIM noaxoaom. OfHa-
KO Ha COBPEMEHHOM PbIHKE B CW/Y HecTauuMOHapHO-
CTW, HanMuMa CTPYKTYPHbIX CABWUIOB W HENMHENHO-
CTeil B npoueccax MNPUMEHEHWE 3TUX MOAeneli He
NPUBOAMT K MOJTYYEHUIO MPOrHO30B HEO6XOAMMOro
KayecTBa.

aes KomMGUHMPOBaHHbIX MOAXO0A0B, BNEPBbIE pe-
ann3oBaHHas B paboTte [33], sBnseTcA APHeKTUBHOM,
MOCKO/IbKY MO3BOJISET paccMaTpuBaTb MPOrHo3vpye-
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MbIli NPOLLECC CO BCeX CTOPOH, pacLUmpsas ero uHgop-
MauuoHHoe none. B ctatbe [33] 6b110 NokasaHo, YTO
KOMOMHaLMA NPOrHO30B MOXET AaTb MEHbLUYIO Cpef-
HeKBaJpaTUYHYHO OLIMOKY, YeM NH060M M3 OTAENbHbIX
MPOrHO30B, COCTaB/ALLMX KOMOMHALMIO.

Mpwn hopMmnpoBaHNM aHCaMb1s eCTb BO3MOXHOCTb
yyecTb 60nbluee 4YMCNO (haKTOPOB, BAMSIOWMX Ha
npouecc (hopMMpoBaHUA NPOrHO3a, Y YMeHbLUNTb He-
OrnpeAeneHHOCTb B OTHOLUEHWUW AaHHbIX U (DOPMbl MO-
Aenv 6narogaps TOMy, YTO BK/IHOYEHHbIe B HEro npo-
FHO3bl MOTYT COLEPXaTb YaCTUYHO Ly6NMpPYHOLLYHOCS,
HO He MOMHOCTBLIO COBMafaroLLyto MHdopmaumio [34].
KombuHaumm nporHo3os CTann rnaBHbIMK nobegute-
NAMU B KOHKypce M4 [35], KOTOpbIA MPOBOAUTCA B
LeNnsxX CpaBHEHMA Pa3MYHbIX METOZOB MPOrHO3Mpo-
BaHWS.

B pa6ote [36] no pesynbTaTam KOHKYPCHbIX 3KC-
MEePUMEHTOB OblN MPOBEAEH aHaIN3 MPUYMH ycnexa
Hanbonee 3(PEKTUBHLIX KOMOUHAUMIA, cpean KoTo-
PbIX Ha3BaHbl pa3HOO6pa3ne NPOrHO30B KOMOUHALMM
W BbIUIPbILIHAA CTpaTernsa popMupoBaHns KombuHa-
umn. PasHooG6pasve B NPOrHo3ax MOXeT ObITb [Jo-
CTUIHYTO MyTeM MCMO/Ib30BaHWA NePeMEHHbIX U3 pas-
HbIX WCTOYHUKOB, (Hanmpvmep, BPEMEHHOW psf, KO-
HOMMWYECKMe MoKasaTe/in U [aHHble (PMHAHCOBOMN OT-
UETHOCTW KOMMaHuu), O00beAuHeHWs MPOrHo3oB B
pasHbIX BPEMEHHbIX MacluTabax, UCro/b30BaHWA pas-
HbIX MOAE/NeN Ha OfHWUX U TeX >XXe AaHHbIX. Bbiur-
pbllHas cTpaterMs  (HOPMMPOBaHMS  KOMOUHALMK
[O/MKHa BK/IKOYaTh pasHOO6pasHble Y COMOCTaBUMbIE
Nno 3PMeKTUBHOCTU MPOrHo3bl. B 0630pe coBpemMeH-
HbIX My6aMKauuini No KoMGuHauusaM NporHosoB [37]
OblI0 OTMEYEHO, YTO M3 BCEX ONYO/IMKOBaHHbIX MPo-
FHO3HbIX CTaTel, BK/KOYEHHbIX B 6asy Web of
Science, [pons crTaTei, KacaloMXCH KOMOMHaLWi
MPOrHO308, 3a nocnegHue 50 feT BO3poc/ia U JOCTUr-
na 13,8 % B 2021 r. CnegyeT OTMeTUTb, YTO Hapsay C
BO3pacTaroLLeil CNOXHOCTbI0 O06LEKTOB MPOrHO3MPO-
BaHUA M3MEHSAOTCA CXeMbl KOMOWHMPOBaHWUSA W3-3a
BK/THOYEHMA aITOPUTMOB, BbIMOMHAKOLMX pa3InyHble
(hYHKUMM, YUUTbIBAIOLLME HETMHENHOCTU B 0OBbEKTAX,
KOppenaumm Mexzay KOMMOHEHTaMu U nepekpecTHoe
06yueHne. ANroputmbl, BXOAALLME B COCTaB KOMOU-
HMPOBAHHOIO MPOrHO3a, MOryT pas/MyaTbCcs MO COo-
CTaBy MH(opMmaLun, KoTopas UCMob3yeTcsa A1 ero
MoCTPOeHUs, crocobam ee 06pabOTKM M pe3y/ibTaTam.

B KOHLe NpoLuioro Beka npu (opmMmpoBaHui Npo-
FHO30B B YC/IOBUAX M3MEHEHWS CBOWCTB MPOrHO3UpY-
emMbIX pPAA0B BCe 60/bLUYHO NONYNAPHOCTL CTann Npu-
obpeTatb 6alieCOBCKME MOLENN YCPeaHEHUs (aHr.
Bayesian model averaging, BMA) [38]. A1 noctpoe-
HMA nporHo3a No BMA cTposTcs N BO3MOXHbIX MO-
[eneld, KOTopble pa3/inyatoTcs Mexxay cob60i coCTaBOM

BK/IFOYEHHbIX B HUX NPeAuKTopoB. MporHo3 Ha ware t
pacCUMTbIBAETCA KaK CpefHeB3BELUEHHOe 3HayeHue
MPOrHO30B KaXXAoV MOAeN! C Becamu, MpornopLmo-
Ha/IbHbIMW BEPOATHOCTM MPaBW/IbHOTO MNPefcKasaHus
AN Hee Ha MOMEHT MpPOrHO3MpOBaHWsA; COCTaB U
CTPYKTYypa MOJenei He N3MEHSAOTCS.

BailecoBckuii noaxof Obln YCMEeWwHo MPUMEHeEH
AN5 NMPOrHO3MPOBaHUA MaKPOIKOHOMUYECKMX MOKa3a-
Tenei Npu HannyYmMmM CTPYKTYPHbIX caBuros. B pa6ote
[39] GailecoBCKME METOAbl OOY4YeHWUS M CpaBHEHUA
Mofeneli NMPUMEHSATCA AN BbIYUCIEHWS NPOrHOCTY-
YEeCKOI MMIOTHOCTU BEPOSTHOCTW TOrO, YTO pa3pbiB
MPOW30AAeT [0 CrefytoLlero HabnaeHus; B pabote
[40] 6bina npeanoXeHa GailecoBckas npoLeaypa, Ko-
TOpas OLueHMBAaeT BO3MOXHOCTb MOSBNEHUS HOBbIX
paspbIBOB HA NPOrHO3MPYEMOM TOPU30HTE C YYETOM
MPOLO/HKMTENBHOCTU MPOLLIBbIX PaspbliBOB U UCMOSb-
30BaHMEM MOZENN CKPbITOV MapKOBCKOiA Lienu.

B 3aBuCMMOCTM OT CBOWCTB paccMaTpyvBaeMoro
rnpoLiecca npy UCnosb30BaHWUK CTaTUCTUYECKMX MOfe-
Nel Ana yny4lleHws KayecTsa NpPOrHo3a NpPUMeEHST
pa3/IMyHbIe CNOCOObI afanTauumn K U3MeHeHUsM B pac-
CMaTprvBaeMOM TpoLecce: WHTErpaumio  NNHeNHbIX
MoAenein n aKkcnepTHoW nHgopmaumm [41], ncnonb3o-
BaHMe CKOMb3ALMX OKOH, CKOMb3fLLE perpeccumn u
9KCMOHEHLMaNbHO B3BELLEHHOIO CKO/b3ALLEro cpej-
Hero [42,43], dopmupoBaHue KOMOUHUPOBaHHbIX
MPOrHO30B B CKO/Mb3ALEM OKHe [44], nocTpoeHuwe
afanTUBHbLIX MOAENEN, N3MEHSIOLLMX CBOW NapameTpbl
npy U3MEHEHUW CBOWCTB MPOrHO3UPYEMOro psja LeH
[42, 45]. OpHako Takve MOZenn HecnocobHbI obecne-
YUTb HEOOXOAUMYHO TOYHOCTb MPOrHO3a NPY H YUK
HENIMHENHOCTEN B AVHAMWKE 00bEKTa U CTPYKTYPHbIX
CLBMIOB Ha ropy130HTe NMPOrHo3a.

Mogenb LMHAMWUYECKOr0 ycpefHeHus (aHrn. dy-
namic model averaging, DMA) 1cxoguT 13 Toro, 4to
CBOIACTBA MPOrHO3MPYeMOro npoLecca TOYHO Hews-
BECTHbI N U3MEHSAIOTCA BO BPEMEHW. B Hell kaxaas u3
NCXOAHbIX Mofenei 06beMHAETCA C MOZENbIO Lienw
MapkoBa 4719 MONyYeHUs KOPPEKTHOM mogenn. 310
N03BO/SIET «KOPPEKTHOW» MOAENN U3MEHSATLCS C Te-
yeHMeM BpeMeHW. B KayecTBe YaCTHOrO Cyyas, Korja
MOZeNb 1 napameTpbl He MeHsaoTcd, DMA npeacTas-
nsieT cobol pekypcuBHYHO peanusaumio BMA (cTan-
[AapTHOrO ycpefHeHUs 6allecCOBCKO Mogenu). Mo-
fgens DMA, Briepsble NMpeaioxeHHas B paboTe [46],
aKTMBHO WCNO/b3YeTCA A1 NPOrHo3vpoBaHua [47,
48], ee nepBoe MpPVYIMEHeHWE [/ PELLIEHNS 3KOHOMET-
pu4yeckmnx 3afgady 6b110 npueefeHo B cTatbe [49]. B
ny6nukauum [48] npyv NPOrHO3VMPOBaHWN LIEH Ha 30-
NoTo 6bIN0 OTMEYeHo, YTO mMofenn DMA npeBocxo-
AAT N0 KayecTBY MPOrHO3MPOBaHWS NNHelHbIe CTaTu-
CTUYecKne moaenn n batecosckune BMA.
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[anee paccmoTpyM MoLpO6GHee anropuTMbl MHO-
roLaroBbIX NPOrHO30B, WCMOMb3YHOLLMe CTaTUCTMYe-
CKue Mmogenu. YnomaHytaa B N. 2.1 peKypcuBHas
cTpaterms MMeeT HU3KYH TOYHOCTb, MOCKO/bKY
OLIMOKM NpefcKasaHWUiA HakanMBatoTCA M3-3a YBeNu-
YeHWs [J0MM NPOrHO30B BO BXOAHbLIX AaHHbIX, a nps-
Masi cTpaTervs MMeeT BbICOKYH AMCMEPCUIO OLIMOOK
MPOrHo3a Mpv YBENMYEHUWM MacLUTaboB [AaHHbIX.
MpeanoxeHHblA B paboTe [50] anroputm, 06beANHS-
tOLLMIA 06e cTpaTerunm, ynydaeT Ka4eCcTBO NPOrHo3a:
YMEHbLUAET BENNUMHY CMELLEHNS PEKYPCUBHON CTpa-
Ternn v SUCnepcuo NPSMon.

MoTuBauua cTpaTtermy MHOXeCTBEHHbIX BbIXOA0B
3aK/1l0YaEeTCA B COXPaHEHMN CTOXaCTUYECKOW 3aBUCK-
MOCTKW, KOTOpasi XapaKTepu3yeT BpeMeHHble psafbl
MeX/Ay NPOrHo3vpyeMbIMU 3HaYeHnsMKU. Kpome Toro,
aTa cTparterus nNporHo3MpoBaHus NO3BONAET N3b6exaTb
npeanosioXXeHns 06 YC/IOBHOM HE3aBUCUMOCTM, Mpu-
HATOro B NPSMOiA CTpaTernun, N HaKomnIeHNs own6oK B
PeKyPCVBHON MHOrOLIAroBoW CTpaTerny nporHo3mpo-
BaHWA. [NpoBefeHHble B paboTe [51] akcnepumeH-
Ta/ibHble WCCMEefoBaHWSA MOKa3av, UTO MOAXOAbl C
HECKO/IbKMW BbIXO4aMKN MpPeACTaBAt0T COO0M KOH-
KYPEHTHbIN BbIOOP 415 peLleHns 3ajay LONroCpoYHO-
ro NPOrHO31pPOBaHMS.

Tem He MeHee, OCHOBHbIM HeJOCTaTKOM 3TOW CTpa-
Ternn ABNSeTCA TOT (haKT, YTO OfHA MOAENb LO/MKHA
COXPaHATb CTOXaCTUYECKMe 3aBUCMMOCTU U MPOrHO-
3MpoBaTh BCe 3HAYeHWsi TOPWU30HTa MPOrHo3a OfAHO-
BPEMEHHO, UYTO 0ObIMHO MPUBOAUT K HU3KOM adhek-
TMBHOCTU [52].

BbiBoAbl. CubHblE CTOPOHbI TPAAULMOHHBIX CTa-
TUCTUYECKMX METOLOB 3aK/0HalTCA B UX UHTEpnpe-
TUPYEMOCTM U NPOYHOIA TeOpeTUYecKoin ocHoBe. OHK
MO3BONIAKT MNOMYYNTL NPEeACTaB/eHne O 3aKOHOMep-
HOCTAX, /IeXaWyX B OCHOBE 3KOHOMMWYECKMX Mepe-
MEHHbIX, YTO YNpPOLLAaeT NPOLECC NPUHATUA PELLEHWIA.
OfHaKo 3TU MeToAbl MOryT OKa3aTbCA Hed(deKTnB-
HbIMU MPU HAIMYUN HENMHEAHOCTEN, U3MEHEHWIA NN
OTK/IOHEHWUI OT MCXOAHbLIX MOAENEN, YacTo BCTpeya-
IOLLIMXCA B paccMaTprBaeMbIX MpoLeccax.

2.3. MeTogbl rny6oKoro obyyeHus

MeTo/bl NPOrHO3MPOBaHUA (PUHAHCOBBLIX BPEMEH-
HbIX PAAoB yxxe 6onee 40 neT NoMb3ytTCs GOMbLUION
MoNynApHOCTbIO Cpeau wuccnefosatenelr B 06nactu
MalLUMHHOro 06y4yeHns. Ha cerofHAWHWIA fAeHb Haps-
Ay C KacCMYeCKUMM MEeTO4aMu MalUMHHOrO 06yue-
Hus (aHrn. machine learning, ML) B Mogensx nporHo-
3MpOBaHMA  LUMPOKO  WUCMOMb3YHOTCA  FNyOOoKuMe
HEepOHHble ceTu. MpumeHeHKe rny6oKoro obyyeHns
(aHrn. deep learning, DL) B anropytmax nporHo3vpo-

BaHMA MO3BO/ISET YBENUUTL OOBEMbI BXOLHOW WH-
(hopmaLyn, HeO6XOAMMOI ANs pacLUMPEeHUs ropU30H-
TOB MPOrHO3a, N36exatb nepeodyyeHns 1 yBennyeHNs
OLWNOKN 0B6YyYeHWs CeTU C pPoCTOM umcna cnoes. Mo
pesynbTaTam ny6avKaumin, NpuBeLeHHbIM B 0630PHbIX
cratbax [53, 54], nofgasnstoLee 60bLIMHCTBO UCCHe-
[0BaHWIA Nokasano, 4To npumeHeHne DL B mogensx
MPOrHO3MPOBaHMA YNyyLLAeT KauyecTBO KpPaTKOCPOY-
HbIX MPOrHO30B.

3a mocnegHue HeCcKONbKO NeT pa3paboTaHbl pas-
NNYHble TUNbl Mogeneid DL: rny60oKuiAi MHOroc/on-
HbIi NepcenTpoH (aHrn. deep multi-layer perceptron,
DMLP), CBepTOYHble HENPOHHbIE CETW (aHrN1. convo-
lutional neural networks, CNN), peKyppeHTHble
HelpoHHble ceTn (aHrn. recurrent neural network,
RNN), X pasHOBMAHOCTb — PEKYPPEHTHbIE CETU C
[NONFOBPEMEHHOM KPaTKOCPOYHON MamsTbio  (aHr.
long short-term memory, LSTM), n ap. CTpykTypa
LSTM opraHn3oBaHa TakMM 06pa3oMm, YTO CeTb MO-
XeT [06aBnATb UMK YAANATb UHOPMaLMIO, rapaHTu-
POBaHHO COXPaHsAsA TONbKO aKTyaslbHYHO U yaansas He-
HYXXHY0. [N gocTuxeHust aTol uenm B LSTM uc-
MOJb3YHTCA TPU BaXKHbIE CTPYKTYPbI! «BOPOT>»: BOPOTA
3a6BeHVs, BOpOTa BBOAA W BOPOTA BbIBOAA. ITU ane-
MEHTbI YNpaB/ieHWs ONpPeAenstoT, OT Kakou MH(opMma-
LMK cnefyeT 0TKa3aTbCs, Kakas MH(opMaLms JomkHa
XPaHUTLCA B COCTOSHUN AYEKM U Kakas MH(opmaLms
[0/KHA 0TOOPaXaTbCA B BbIXOAHbLIX AaHHbIX. [Mpu
NPOrHO3MPOBaHNM (PMHAHCOBOMO pPbiHKa LSTM MoxeT
aBTOMaTUYeCKM 00y4aTbCs M afjanTUPOBATLCA K Hen-
HEMHbIM YC/TOBUAM W CIOXXHOMY NOBEAEHUIO PbIHKA B
OyayLuem, TeM caMbIM MOBbILWAA TOYHOCTb U [OCTO-
BEPHOCTb NMporHo3a [55]. 3y4yas BpemMeHHble 3aBUCK-
MOCTW W napameTpbl BONATUIBHOCTU AaHHbIX, LSTM
MOXET (PUKCUPOBATb LO/ITOCPOYHbIE TEHAEHUMU Pbl-
HOYHbIX MHAEKCOB M LieH Ha akLMW 1 TOBapbl, a TaKxe
BbISIB/IATb  KPATKOCPOYHble KONebaHus U HeoXuiaH-
Hble COObITUA 1 pearnpoBaTb Ha HNUX. HelpoHHbIe ce-
TW rNy60KOro 06yyeHust U rmopuaHsle Mogenu, npea-
CTaBnistoLLMe cO60/ KOMOUHaumn anroputmos DL c
ApyrMu MeTofamu, AOMUHUPYIOT B 061aCTV NPOrHoO-
3MpOBaHNSA (PMHAHCOBbIX BPEMEHHBIX PALOB.

Bbicokas CnocoO6HOCTb HEMPOHHBIX CeTell K 00y-
YEHWIO MO3BOJIAET PaCLUMPUTL COCTaB U OOBEM WH-
(hopmauym 06 U3MeHeHMsAX B MPOrHO3MPYeMOM Mpo-
Llecce M U3B/EKaTb BaXHble XapaKTEPUCTUKN N3 [aH-
HbIX MPWY NPOrHO3MPOBaHUN KOMebaHWii N TeHAEHUMI
(huHaHcoBOro pbiHKa. K npobremam mx MnprvMeHeHus
OTHOCATCA: HEO6XOAMMOCTb HaIMumMA 60/bLION0 06b-
ema [aHHbIX 419 06ydeHus, AINTeIbHOCTL npolecca
06y4eHus npu paboTe ¢ 60/bLIMMM MacCcUBaMmn [aH-
HbIX, NOTPEOHOCTb B BbICOKOMPOU3BOAUTE/bHBIX Bbl-
YMCNUTENIbHBIX pecypcax.

MPOBNEMbI YITPABNIEHUA Ne 5 e 2024
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3afiaya MOCTPOEHNA MPOrHO3a BPEMEHHbIX PSLO0B
TPaAVUMOHHO paccMaTpuBaeTcs Kak npobnema pe-
rpeccun. OfHaKo BHUMaHVE 3HAYUTENIbHOro Yucna
nccnegosatenein (YMHAHCOBLIX U TOBAPHbLIX PbIHKOB
COCPefioTOMEHO Ha MPOrHO3MPOBaHUW HarpaBieHus
M3MEHEHUA TPEHZOB, NMPU KOTOPOM 3ajaya CTaBuTCH
Kak 3afiaya Knaccugukaumu. bonee nonoBmHbI Cylie-
CTBYIOLMX peanu3auuii anroputMo DL cocpegoTto-
YeHbl B 3TON 061acTu.

PaccMoTpuM npumeHeHne DL pgna noctpoeHus
CpefHecpOYHbIX MpPOrHo3oB. lKccnefoBaHus, NOCBs-
LLleHHble NpYMeHeHn0 MeTofoB DL K 3afadye cpefHe-
CPOYHOro NPOrHO3MPOBaHWSA, B HACTOSALLEE BPEMS CO-
CTaB/IAtOT OYeHb HeBGO/bLUON MNPOLEHT OT npegnarae-
MbIX KpPaTKOCPOYHbIX NPOrHo30B. OAHa U3 MPUYUH —
3TO CMOXHOCTb 3aa4un, apyras — OTCYTCTBUE CTPYK-
TYpPUpOBaHHOM MHDOPMaLMK O (hakTopax BANSAHWS Ha
PbIHOK ¥ Ha MPOrHo3vpyeMmblii npoLecc. B pabote [56]
0TMeYaeTcs, YTO B [JO/ITOCPOYHONM MNepCreKkTnBe WH-
(hOpMaTMBHOCTb KPATKOCPOYHbIX MPOrHO30B aHa/u-
TUKOB Y/y4lUniacb, B TO BPeMsi Kak MH(oOpMaTuBs-
HOCTb MX LONrOCPOYHbIX NPOrHO30B CHU3WMACL. JTOT
(haKT OOBACHAETCH [LOCTYMHOCTHIO a/lbTEPHATUBHbIX
[aHHbIX O PbIHKaX B OTHOLUEHUW KPaTKOCPOUHbIX pe-
3yNnbTaToB B 6yAyLleM, YTO No6YXaeT NPOrHO3UCTOB
nepeknioYaTb CBOe BHUMaHWE C [0/ITOCPOYHBIX MPOo-
FHO30B Ha KPaTKOCPOUHbIeE.

B paccmaTpvBaembIX HWKe paboTax ropu3oHT
MPOrHo3a CocTaBNAeT OAuH Mecsl. B pabote [57] B
pamMKax pa3paboTku anropuTMa (hopMUpoBaHNs MHBe-
CTMLMOHHOTO nopTens 6biI0 MPOBELEHO CpaBHU-
Te/lbHOe WCCefjoBaHVe Pe3ynbTaToB NPUMEHEHUS MO-
Nenein pPeKyppeHTHbIX HEMpoHHbIX ceTeil (RNN),
BK/IHOYAOLLMX MOAENb C AIUTENbHON KPaTKOBPEMEH-
Hoin namsATblo (LSTM) u ynpaBnsieMblii PEKYPPEHT-
HbIi MOLy/Nb ANA BbI6Opa Hawyyllero npegukropa
MpyM MNOCTPOEHUU nopTdens. Pesy/nbTaTbl 3KCNEpu-
MEHTOB, MPOBEAEHHbIX Ha Habope U3 AecATU aKuwmi
CLUA, nokasanu, 4To mofens NporHo3mMpoBaHus, oc-
HoBaHHas Ha LSTM, npeBOCXOAUT OCTa/lbHble MO KO-
3(phULMEHTY COBMNajeHUs NPOrHO30B Ha OAWH MecsL,
Brepes.

B cratbe [58] npef/iokeHa MOfLeNb CBEPTOYHOM
HeipoHHon cetn (CNN) A4ns NporHo3vMpoBaHus Mme-
CAYHbIX W HefleNIbHbIX LieHOBbLIX TPEHAOB. MNonyyeHHas
TOYHOCTb MPOrHO3MPOBaHMA cocTasuna 65 % AN Me-
CAYHBbIX LIEHOBbIX TpeHAoB M 60 % 419 HefeNbHbIX
LIEHOBbIX TPEH/OB.

BbiBoabl. [puMMeHeHMe aropuTMoB T/1ly60KOro
06yyeHns M03BOMSET BbIABNATL 3aKOHOMEPHOCTU B
AMHaMVKe MPOrHO3MpyeMOoro npotecca no uctopuye-
CKUM AaHHbIM BPEMEHHbIX PSA0B U aflbTepHATUBHbIM
[aHHbIM O (hakTOpax BUAHWSA Ha PbIHOK U Ha MPOrHO-
3upyeMblin npouecc. OgHako NpobnemMbl HopmMm1poBa-
HWUS CPefHECPOYHbIX MPOrHO30B CBA3aHblI C HU3KOM

MH(OPMATUBHOCTBIO  CPEAHECPOYUHBIX  a/lbTepHaTVB-
HbIX [JaHHbIX, YTO MOATBEPXKAAETCS pe3ynbTaTamMut
[56]. O6paboTKa AaHHbIX, COAePXKaLLMX MH(OPMaLMIO
0 pe3ynbTaTax pasBWTWs MpoLecca Ha CPOKM, COMo-
CTaBMMble C FOPU3OHTOM NMPOrHO3VPOBaHUs, U BBeAE-
HWe MX B NPOrHO3 AO/MKHO CAenaTb CPeaHEecCPOUYHble
MPOrHo3bl 60s1ee MHPOPMATUBHLIMU.

2.4. TnbpuaHsle Mogenm

mMbpuaHble Mofenn 06beAMHAOT MOLENN Pasny-
HbIX BWJOB: CTATUCTUYECKME, MALLUMHHOIO 00YyYeHus,
rny6okoro obyyeHus u np. Kaxablii BKAKOYEHHBIA
/ITOPUTM  BbIMOSHAET  ONPefesieHHY  (DYHKLMIO,
YNpasnAoLLMIA anroputM OpraHu3yeT UX B3aMMOLeil-
CTBUE 1 (hopMMPOBaHWME pPeLLeHNs — NPOrHo3. B cTaTbe
[59] npepnaraeTcs arOpUTM MPOrHO3MPOBaHUA LieH
3aKpbITUA  YeTbipex O6upPXeBbIX WHAEeKcoB: SP500,
NIKKEI 225, AORD, CSI300 Ha 30, 60, 100 n 200
OupXeBbIX AHei. PaspaboTaHa rmbpuaHas MoOAenb,
KOTopasi couyeTaeT MeTof aHcambsieBoin amnupuye-
CKOW MOAENbHON aekomnosmumm (aHrn. ensemble em-
pirical mode decomposition, EEMD) — pa3noxeHvie
MCXOAHOT0 paja no aMNMpUYecKnM Mogam, UHTerpu-
pOBaHHYt0 MO[e/lb aBTOPErpeccu — CKOMb3ALLErO
cpegHero (ARIMA) 1 mofenb pasnoXeHus HenmHei-
HO (hyHKuMM B psg Telinopa € MCNOMb30BaHUEM
anddepeHumaTopa oTcneXxusanus (aHrn. Taylor ex-
pansion forecasting, TEF) (BnepBble NPUMEHEH B pa-
6oTe [60]) 4na NpPOrHo3MpoBaHMs (UHAHCOBLIX Bpe-
MEHHbIX psgoB. MCXoaHbI BpeMeHHON paf, pa3busa-
eTca ¢ nomolbio EEMD Ha aHcam6/1b MOAMHOXECTB,
KaXK[10e M3 KOTOPbIX COAEPXXMUT COBOKYMHOCTb (DYHK-
UMIA (pSLOB), COOTBETCTBYHOLLMX OMNpeaesieHHOMY pe-
XUMY OCUMNNAUMIA. Ha NOoAMHOXeCTBax JIMHEenHbIe
PSAbI NPOTHO3UPYHOTCA C MOMOLLbKO SIMHENHON Moje-
mm ARIMA, HeNHeHble — C NOMOLLIbIO HETMHEHOM
mogenn TEF. Pe3ynbTaTbl NPOrHO3a JIMHEHON 1 He-
NNHENHOW Mopenein o6beanHATCSA B pesynbTaTr npo-
rHO3a Ha KaX4OM nogmMHoxecTBe. OKOHYaTe/lbHbIN
pe3y/ibTaT NPOrHO3MPOBaHMA MoNy4YaeTcs NyTem 06b-
eJUHeHNA MPOrHO30B BCEX NOAMHOXECTB. AMnupuye-
CKve pesynbTaTbl C UCNOMb30BaHUEM peasibHbIX (u-
HaHCOBbLIX BPEMEHHbIX PSLOB AEMOHCTPUPYIOT, YTO
3TOT HOBbIA rMOPUAHLIA NOAXOL, MO3BONSAET YYULLNTD
pe3ynbTaTbl CTaHAAPTHBIX TMOPUAHLIX MOZenei, pac-
CMOTPEHHbIX B paboTax [60, 61].

B cratbe [62] 4nA NPOrHO3MPOBAHUSA C/OXHbIX
BPEMEHHbIX PAJ0B C BbICOKO BOMATUMLHOCTLIO U He-
PaBHOMEPHOCTbLIO MPeA/IoXeHa napagnrMa «aekomrno-
3MUMM 1 aHCcamb6/is», 00beauHSAIoWas aHcamb/eByLo
3MMNUPUYECKYIO MOJaNbHYIO fekomnosuumio (EEMD)
M MalVHY 3KCTpeMasibHOro 06yyeHus (aHrn. extreme
learning machine, ELM). OCHOBHasl Lie/lb KOHLENLMn
«AEKOMMO3NLMM N aHCaMOAS» COCTOMT B TOM, UTOObI
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pasfennTb UCXOAHYIO CIOXKHYHO 3afady NporHo3vpo-
BaHWA Ha HecKO/IbKO OTHOCWUTE/IbHO NPOCTbIX MofA3a-
[a4, YMeHbLUVB CMI0XKHOCTb MOLENNPOBaHNS.

B pa6ote [63] paccmaTpuBanacb 3afgava MocTpoe-
HUA  €XeMeCAYHOro MporHosa BOMATM/ILHOCTU Ha
pblHKe Megu. [ns ee peleHus B paboTe paccMaTpu-
Ba/IMCb Pa3/MyHble CTPYKTYpbl M3 Habopa Mogenei
BPEMEHHbBIX PALO0B, BKIHOYAKOLLErO: MapaMeTpuyeckue
mogenn — ARIMA, GARCH; Henapametpuyeckue
MOLenn 13 061acTM MATKUX BbIYUCNEHUA — UCKYC-
CTBEHHble HelpoHHble ceTn (aHrn. artificial neural
networks, ANN, CUCTeMbl HEYETKOro BbiBOJA (aHI.
fuzzy inference systems, FIS) M reHeTU4YecKue anro-
puTMbl. 0 pe3ynbTaTam 60/1bLWOro 06bema aKcnepu-
MEHTOB, MNPOBEAEHHbIX MO JAaHHbIM 3a nepuog C
1990 r. no 2016 r., 66111 cAenaHbl CnefytoLme BblBO-
[bl: COCTaB/ieHWe MPOrHO30B C MPUMEHEHWeM afan-
TMBHOrO MeTOAa UMeET peLlatoLlee 3Ha4YeHne ana no-
NYYEeHUs HafeXHOW W YNyyLeHHOW NpPOn3BOAMUTENb-
HOCTW, MOLeNb afanTUBHON CUCTEMbI HEYETKOrO Bbl-
Boga Adaptive—GARCH-FIS ob6ecneunBaeT Haunyu-
LUMe BO3MOXHOCTM NPOrHO3MPOBaHNS.

BbiBogbl. [MpuvMeHeHWe  TMOPUAHLIX  Mogenei
npefocTaBNAeT WNPOKME BO3MOXHOCTU 1A NOBbILLE-
HUA HAOEXHOCTWM KPaTKOCPOUHbIX MPOrHO30B U pas-
paboTKM Mofeneli CpeaHecPOYHOro MPOrHO3VpoBa-
HUSA, TaK KaK OHW CMOCOOHbI Y4MTbiBaTb 00/bLLIOE
4yncno (hakTopoB, BAMAIOLWMX Ha NPOrHo3, 6narogaps
NMPUMEHEHNIO COBEPLLUEHHbIX MEXaHU3MOB 06paboTKu
N aHanM3a KOMMYECTBEHHbIX U aNlbTePHATMBHbIX [aH-
HbIX O PbIHKAX B OTHOLUEHMWN KaK KPaTKOCPOUHbIX, TaK
N CPeAHEeCPOYHbIX NepCneKTyB.

2.5. ®pakTaibHbIN aHamM3

Kak 6b1710 0OTMeYeHo B M. 2.1, MeTo/bl (PpaKTab-
HOr0 aHa/sM3a M COOTBETCTBYIOLME MOZENN MpoLec-
COB MPUMEHAIOTCA B 3afayax MPOrHO3MPOBaHWA Ha
(hPMHAHCOBOM M TOBApHOM PbIHKaX.

OfHMM M3 OCHOBHbIX WHCTPYMEHTOB aHain3a W
NAEHTU(PUKALMN MYNbTUDPAKT/IbHOCTU BO BPEMEH-
HbIX psffax B HacTosllee BpemMs SABNAETCA My/ib-
TUPaKTa/IbHbIA  LeTPEeHANPOBaHHBIA  (DYKTYyaLMoH-
HbIA aHanu3 (aHrn. Multifractal Detrended Fluctua-
tion Analysis, MFDFA), nepsoHaya/bHO MpeacTas-
NEHHBbIN B paboTe [64].

C ucnonb3oBaHnem MFDFA v ero mogugukaunii
onpefenseTca HanMuve AanbHOAENCTBYHOWMX Koppe-
NAUMIA, BbIYMCNAKOTCA MYNbTU(DpPaKTa/bHble XapakTe-
PUCTMKKN psfa: 0006LLeHHbIA MoKa3aTeslb XepcTa,
CKelNIMHroBast 3KCMOHeHTa, CNEKTP CUHIY/SPHOCTK, a
TaKXXe NPOBOAATCA WCCNeLOBaHWSA CTeMeHHbIX Kpocc-
KOppenaunin Mmexay pasnyHbIMU O4HOBPEMEHHO pe-
rMCTPUPYEMbIMUA  (CUHXPOHWU3MPOBaHHLIMW) BPEMEH-
HbIMY psgamu [65, 66].

BaXXHbIM BOMPOCOM MpW MPOrHO3MPOBaHNN Bpe-
MEHHbIX PSLOB ABNAETCS BbIOGOP MOAENN A/ NPOrHo-
3upyemoro o6bekta. OAHUM M3 napameTpoB 3TOr0
Bbl6Opa ABNsiETCA (PpaKTanbHas CTPYKTypa 00bekTa
NPOrHo3upoBaHus. MNpy NPOrHo3nMpoBaHUK ppakTasib-
HbIX MPOLLECCOB Hambosiee 4acTo MCMOMb3yeTcs MO-
pens ARFIMA(p, d, q), npeaioxeHHas B paboTe [67]:

A(L)( L)dYt B(L) .,

rge d - (-0,5; 0,5) — APO6HbIA KO3(ULMEHT, CBS-
3aHHbIN € nokasaTenieM Xepcta H COOTHOLIEHMEM
D =2—H; D — hpakTanbHas pasmepHocTb psga, Y,;
A(L), B(L) — nonvHOMbI CTeneHein p MU ( COOTBET-
CTBEHHO Orneparopa 3anasgbiBaHus L;  — nocnefosa-
Te/IbHOCTb He3aBWCUMbIX OAMHAKOBO pacrpepeneH-
HbIX CNy4YaiHbIX BENYMH C HYNEBbLIM CPEAHMM U KO-
HEYHOI ancnepcre.

B 0630pHoii cTatbe [68] NoApo6HO pacCMOTPEHbI
MEeTOAbl M MOLEeNN MyNbTU(PaKTa/IbHOr0 aHan3a:
AoKasaTeNbCTBa HanMuna MynbTU(PaKTabHOCTU B
(PMHAHCOBbLIX BPEMEHHbIX Ppsfax, BbIYUCIEHUE KOJM-
YECTBEHHOW OLUEHKN PbIHOYHOW He3PdeKTUBHOCTH,
NOAAEPKKN YNPaBIeHNS PUCKaMMK.

VccnepoBaHnio aeKTUBHOCTU NPUMEHEHNS MO-
penn ARFIMA Ha (MHaHCOBbIX pbIHKaX YAenseTcs
00/bLLIOE BHWUMaHWE, CYLLEeCTBYIOT pasHble MHeHUs
OTHOCUTENIbHO 3((EKTUBHOCTL 3TON Mofenn. B cTa-
Tbe [69] 6biN NpoBeAEH CPaBHUTENbHbIA aHan3 Npo-
FHO30B aKLMn POCCUIACKMX KOMMaHWA C MOMOLLIbO
mogeneii ARIMA n GARCH v nx ¢pakTanbHbIX MO-
andukaumin ARFIMA n ARFIMA-GARCH. Pe3ynb-
TaTbl MPOBELEHHbLIX 3KCMEPUMEHTOB MOKa3a/M, 4TO
yyeT (hpakTabHOCTN (DMHAHCOBbLIX PSAOB MO3BONSET
nony4yatb 605ee KauyeCTBEHHbIE MPOrHO3bl, TaK Kak B
O0NbLUNHCTBE C/lyYaeB TOYHOCTb NPOrHo308 ARFIMA
n ARFIMA—-GARCH oka3anacb BblILLE, YeM MPOrHo-
308 ARIMA n GARCH.

B pa6ote [70] npoBoaunca aHanu3 3hheKTUBHO-
CTU npumeHeHns mogdenn ARFIMA gna nporHosunpo-
BaHWsA Ha ropu3oHTe AamnHoi fo 100 waros, paccmar-
PUBANCL CyYan anpuopy U3BECTHOro 6a3oBOro 3Ha-
yeHWs napameTpa d U HeM3BeCTHOro. bbl10 NoKasaHo,
4TO B Lie/IOM JIMHENHbIE MOZENN, Kak Mpasuno, npe-
BocXoaAaT mofenb ARFIMA Kak AN NoNoXUTeNbHBIX,
TaK 1 Ana oTpuuaTe/bHbIX 3Ha4YeHud d gnsa mogenu-
PYeMOro psja, a Takke A/ NOMOXMTE/bHbIX 3Haye-
HWIn d M3 JaHHbIX peanbHOr0 BPEMEHHOro psga. B
cTatbe [71] npwBefaeHbl pe3ynbTaTbl MPOrHO3MPOBa-
Hus ¢ nomolbto mogenn ARFIMA roHKOHICKOro UH-
Aekca Hang Seng (psig KoToporo o6nafaet A/IMHHOM
NamsTbio) U OTMEYEHO, YTO MOfENb B JaHHOM Cllyyae
OKasanacb Hea(h(heKTUBHOIA.

B pa6oTe [72] 6bl70 NPOBEAEHO CpaBHEHWE NPo-
FHO3HbIX XapakTepucTuk mogenein ARIMA(p, d, q) u

MPOBNEMbI YITPABNIEHUA Ne 5 e 2024

13



S

OB30PHI

ARFIMA(p, d, q) Ans cTaumoHapHoro psga 06MeHHo-
ro Kypca 6puTaHCKOro oyHTa CTEpP/IMHIOB K A0Nnapy
CLUA, obnagatoLero g/IMHHON NamsTbio. CpaBHeHMe,
npoeegeHHoe Mo gAsym napametpam (RMSE (root
mean square error) — KopeHb W3 CpefHeKBajpaTuye-
cKoli owmnbkn, MAPE (mean absolute percentage er-
ror) — cpefHas abconoTHas owmnbka B MPOLEHTax)
MoKasano, YTo pacyeTHble NPOrHO3HbIe 3HAYEHUA, Mo-
NydeHHble ¢ nomolubo mogenn ARFIMA, 6onee pea-
NACTUYHBI Y TOYHEE OTPAXKAIOT TEKYLLYH 3KOHOMUYe-
CKYI0 pea/lbHOCTb B ABYX CTpaHax. lMonyuyeHHble pe-
3ynbTaTbl COrNacytoTcd C MHEHWEeM aBTOpPOB paboT
[73, 74].

B cratee [75] mnA MpOrHO3MpoBaHWA PAfoOB C
ONIMHHON NaMATbI0  BblN MPUMEHEH ABYX3TarHbll
noaxof. Ha nepsoM Liare BbIMOSHANOCH OLEHVBaHWe
napameTpa A/IMHHOW NamATV U NPUMEHEHWe OnepaTo-
pa ANVHHOM NaMsATV K UCXOAHOMY pagy, Ans KOTopo-
ro BbIYUCNANNCH NMPOrHO3bl HA HECKO/bKO LLIAroB Bne-
pes. Ha BTOpOM Liare K CNporHO3vpoBaHHbLIM 3Haye-
HUAM MNPUMEHSANCA onepaTtop [APO6HON KyMynAauum
415 Npeobpa3oBaHns NX K 3HAYEHUAM UCXOAHOI0 ps-
Aa. MpoBeaeHHbI aHann3 NPUMEHEHUS NPeLI0XKEH-
HOrO MOAXO0fa Ha peasibHbIX AaHHBIX U C KCMO0/b30Ba-
HVEM WUMWUTALMOHHOINO  MOZENMPOBAHUA  MOKa3as
YCTOMYMBOCTb HOBOIFO METOAA K U3MEHEHUSIM CpeaHe-
ro 3Ha4yeHus npowecca 1 napaMmeTpa L IMHHON NaMAaTK,
4TO MO3BOJIFET WCMOML30BaTb €ro B MPUKIALHbLIX 3a-
Jayax nNpv OTKNOHEHUAX UCTUHHBIX MapameTpoB AaH-
HbIX OT MOJE/IbHbIX.

[ns NporHo3npoBaHus LieH Ha TOBAPHBIX M (DUHAH-
COBbIX pPbIHKax B paboTe [76] npeanoxkeHa rnopuaHas
pekyppeHTHaa Mogens ARFIMA-LSTM. Ha nepsom
Lare ¢ ucnonb3oBaHveMm Mogenu ARFIMA BbINonHA-
eTca (MNbTPaLUMA AaHHbIX (C SyHLIMM Ka4yecTBOM, YeM
B Mogenu ARIMA), Ha BTopom — 06paboTKa pe3ynbTa-
TOB (pU/IbTPaLMM C UCMO/b30BAHUEM HEVPOHHON CeTu
LSTM. [ina nccnefoBaHys KayecTsa NPOrHO3MPOBaHNS
MPOBOAMNOCHL TeCTUPOBAHWE MOLENN HAa [aHHbIX TO-
BApHOr0 pblHKA. Pe3ynbTaTbl 3KCNepUMEHTa nokasaim
3(h(heKTVBHOCTb NpeaaraeMoii  rmépuaHor mogenm
AFRIMA-LSTM, nO03BONSIOWENA CHU3NTL BENIMYUHY
owmnbkmn MAE (mean absolute error) B cpefHeM Ha
80 % B CpaBHeHMM C OOOOLLEHHON perpeccroHHONM
HENPOHHON ceTblo (aHr/. generalized regression neu-
ral network, GRNN), ARFIMA, ARIMA-mozensmu.

MeTogbl paKkTasbHOro aHasM3a MoryT 6bITb npu-
MeHeHbl /19 npefcKasaHua Kpusuncos. B pabote [77]
OL|eHMBAeTCs KayecTBO MpeAckasaHus rnob6anbHOro
(PMHaHCOBOro Kpu3nca koHua 2000-x rr. npu ycnosmu
BbINO/IHEHMA rnunoTe3sl FMH. Ha npumepe Tpex ame-
pykaHcknx nHaekcos — DJI, NASDAQ n S&P500 —
rnokasaHo, 4to FMH goctatoyHo XOpOLLO OnucbiBaeT
MoBefieHNe VHAEKCOB Ha Pas3/NYHbIX WHBECTULOH-

HbIX FOPM30HTaX 0 M BO BPEMs MUPOBOro (PrHAHCO-
BOro Kpusuca.

BbiBoabl. MpoBoguMbie 1ccnefoBaHUS MPOLLECCOB
(PMHAHCOBOr0 pbIHKa MOATBEPXKAAKOT  BbIMOHEHNE
rMnoTesbl PPaKTaNbHOrO PbiHKA U ee NOMe3HOCTb AN
aHanu3a CTPYKTYpbl (IMHaHCOBbIX PAAOB, TeHAEHLWA
ABVXXEHUA (PMHAHCOBBIX NOTOKOB, MPeACKa3aHnsa Kpu-
3MCHBIX CUTYaLMiA 1 NporHo3vposaxus [78], xota oa-
HO3HAYHOr0 MHEHUA O NPeUMyLLECTBaX TOW UK NHOA
rmnoTesbl He ChopMMpPOBaHO, a annapar HopMMpoBa-
HVS MPOrHO30B (hpaKTa/lbHbIX MPOLECCOB Ha (PUHaH-
COBbIX W TOBAPHbIX PbIHKaX NOKa eLle cnabo paspabo-
TaH.

3. PACLUWPEHUE UHOOPMALIMOHHOr O nonsA NYTEM
MCNoNb30BAHUA WHOOPMALIMK U3 BHELLHKX
NCTOYHMKOB

3agaya hopMupoBaHns CpesHeCPOUHbIX MPOrHO30B
LIeH Ha (PMHAHCOBbIX N TOBaPHbIX PbIHKAX B YCNOBUAX
HecTaLuMoHapHOCTK, BO3HUKHOBEHMSI  CTPYKTYPHbIX
CLBMIOB, BbI3BAHHbIX N3MEHEHUAMM, MPOUCXOLALLUMM
BHYTPV cucCTeMbl (Hanpumep, NPeanoyYTEHWUI WHBe-
CTOPOB, pacnpejeneHns WHBECTOPOB MO Pa3/INYHbIM
ropusoHTam) WM BCNEACTBME BHELUHWUX COObITWIA
(TEXHOrEHHbIX M NPUPOAHbLIX KaTacTpod), BOWMH, anu-
AEMWIA, 3aCyXM W Np.) Bbi3blBaeT HEOOXOAMMOCTb
BK/IKOUYEHUSA B CPeHECPOYHbIE W [0/ITOCPOYHbIE MPO-
FHO3bl CLiEHapVeB BO3MOXHOIO pasBUTUA CUTYyauuid n
OLEHOK pe3ynbTaToB 3TOr0 BO3feicTBuA. [ no-
CTPOEHWS TakuxX CLeHapvieB HeobxoauMa WHGopMa-
UMS O COCTOSHUM BHELUHeW cpefbl, W3MEHEHUAX B
CTPYKType (PMHAHCOBOrO ¥ TOBApHOrO PbIHKOB, Mpa-
BUTENIbCTBEHHbIX PELLEHUSX, 3KCTPEMasbHbIX COObI-
™MAX 1 np. No3TOMY OAHUM W3 BaXXHEMLIMX Hanpas-
NEHWIA COBEPLLEHCTBOBAHMA CPeLHECPOUHbIX MPOrHo-
30B LieH (PMHAHCOBOrO ¥ TOBApHOMO PbIHKOB ABMSIETCA
nosly4eHne MHMopMaLMn, MO3BOMAIOLLEN OLEHMBATb
BO3MOXHOCTMN OYAYLLMX U3MEHEHWIA BO BHELLIHEN cpe-
i€ U B CTPYKTYpPEe NPOrHO3MpyeMoro 06bekTa.

PaclunpeHne MHHOPMALMOHHOIO NoNs MpPOrHo3a
NCKNOUNTE/IbHO NyTeM pacLUMpeHns cocTaBa Bpe-
MEHHbIX PAAOB LEH He Mo3BONsSeT CHOPMMPOBATb
CpefHEeCcpPOYHble MPOrHO3bl C HEOOXOAUMON TOYHO-
CTbt0. Hanpumep, B pabote [79] npegnoxeHa Mogesb
CpPefHECPOYHOro MPOrHO3MPOBaHUA LEeH Ha He(Tb C
ropusoHTOM 6-8 KBapTanoB (18-24 mecaua), npea-
cTaBnsowwas cobort KOMOMHaUM0 MNPOrHO30B, MO-
CTPOEHHbIX MO CeAyHLWMUM noKasaTesaM: LeHam Mu-
POBOMO PbIHKA HE(TU, LieHaM Ha MPOMbILL/IEHHOE Cbl-
pbe, He CBA3aHHOE C He()Tbio, LieHaM (hbroYepcoB Ha
He(Tb, BEIMUMHE Cripefa MeXAy CroTOBbIMU LieHamm
Ha GeH3MH 1 CbIPYHO He(Tb, BPEMEHHbLIM NapaMeTpam
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CrnpefoB 6GeH3MHa W TOMOYHOrO MasyTa, HaMBHOIO
nporHo3a. [lMpoBefeHHbIE 3KCMEPUMEHTBI MOKas3au,
4TO, XOTA NPeoKeHHas MOAeNb KOMOMHaUMK Npo-
FHO30B CUCTEMAaTUYeCKM MoKasbiBaeT OOMbLUYHO TOY-
HOCTb, YeM HauBHble MPOrHO3bl HA BCEX FOPU30HTAaX
ot 1 go 18 mecsueB, ee TOYHOCTb HEBLICOKA: CHUXKE-
HWe cpeAHeKBaapaTUYHOM OWMOKM NPOrHo3a OTHOCK-
Te/lbHO HaMBHOrO cocTasnseT Bcero 13 %, a TOYHOCTb
MPOrHO3MpOBaHUA TPEeH4OB pocturaet 65 %, a9
KBapTa/IbHbIX MPOrHO30B Ha rOPM30HTax OT OJHOro [0
LLEeCTN KBapTa/lOB CHMKEHME OLWMOKN N TOYHOCTb CO-
cTaBnaoT 12 % 1 72 % COOTBETCTBEHHO.

CyLLECTBYIOT [IBe CTpaTerny pacLuMpeHus UHhop-
MaLMOHHOTO MOMA U BKIOYEHUS B PeLUeHne 3afaum
MPOrHO3MPOBaHUA He TOMbKO CTPYKTYPUPOBAHHbIX
[aHHbIX O pasHbIX MpoLeccax, HO U 3KCNepPTHbIX 3Ha-
HWA W MH(OpMaLMK, COAepPXalmMxcs B HOBOCTHbIX,
aHa/IMTUYECKMX M OPYTMX UCTOYHWMKAX, CBA3AHHBIX C
00BEKTOM MPOrHO3MpoBaHuA. Ob6e COCTOAT B pacluu-
PEHMM CXeMbl MPOrHO3MPOBaHNSA, KOTOpas BKIHOYAeT:
MOCTPOEHNE MOZE/IN MPOrHo3a Ha (YUMKCMPOBaHHOM
Habope [aHHbIX, MOHUTOPUHT M3MEHEHWUIA U KOppek-
UM WCXOAHON MOAENW, BbIYMUCNEHWE MPOTrHO3HbIX
3HaYeHMWIA.

MepBas cTpaTerus cOCTOUT B 06GecnevyeHWW BO3-
MOYXHOCTWM CMCTEMHOrO aHa/im3a MyTemM BK/HOUEHUA
aTana novcKa W CTPYKTypu3auuu AOCTYMHON MHGOp-
Mauuy 0 pblHKe, NOCTPOEHUS MOLENN 3HAHWUIA O Npo-
FHO3MPYEMOM MPOLIECCE U BHELLHWX (hakTopax, KOTo-
pble Ha HEero BAWSANW, BANAKOT U MOTYT MOBAUATL. [Mpw
3TOM Ha NPaKTUKe MOAENb 3HAHWI YacTO UCMONb3yeT-
CA TONbKO AN CTPYKTypM3auUMn aHaIMTUYECKON WH-
(hopmaummn 419 3KCrepToB, pexxke ee NpUMeHeHWe CBS-
3aHO C (POPMUPOBAHMEM BPEMEHHBIX PSA0B aKTUBHO-
CTW, 4acTOTbl 3anpocoB, TOHa/ILHOCTW COOGLLEHWA,
KOTOpble J06aBNATCA K faHHbIM 415 (POPMUPOBAHMS
Mojenei.

BTopas cTpaTerus 3ak/itoyaeTcs BO BKIHOYEHWUU
aNnropuTMoB 06paboTKM MH(OPMALMK, 3HAHWIA W Bbl-
BOAOB B BU/E OLIEHOYHbIX CYXXAEHWIA 06 M3MEHEHWM
WU NPAMbIX OLEHOYHbIX CYXXAEHWIA 3KCNepToB B MO-
[eNb NPOorHo3a nam B NpoLeaypbl KOPpeKuum NporHo-
3a.

3.1. icnonb3oBaHue AaHHbIX MONCKOBbIX CUCTEM

C pasBuTMEM TEXHOOMMIA 60/bLIMX AaHHbLIX NOMy-
ymsa LUMPOKOe pacrnpocTpaHeHne MAes BKIOYEHUS B
(hopMMpoBaHMe NPOrHo3a [AaHHbIX MOWUCKOBbIX CW-
cTem. [laHHble NOUCKOBbLIX cucTem (aHrn. Search En-
gine Data, SED) aBnai0TCA MOLUHBIM (HaKTOPOM
OLLeHKM BaXXHOCTM N MHTEpeca Nosb3oBatesieil K faH-
HOW npo6nieme. MporHosmpytowlas cnocobHocTb SED
[0CTaTO4HO NOAPOGHO 1CcefoBaHa B nTepaType.

B ctatbe [80] 06beM NOMCKOBOI Bbigaun Google
(Google search volume index, GSVI) ucnosnb3yetcs
AN U3MEPEHNS BHUMAHWUA HEKOMMEPYECKMX W He
NPeACcTaBNAWMX OTHETHOCTM WMHBECTOPOB (Tpelige-
poB) M MCCnefoBaHUA B3aumoceasu mexay GSVI u
LleHaM¥ Ha cblpyto HepTb. [poBeaeHHbIN aHannu3 au-
HaMukn GSVI ¥ UeH Ha Cblpyld HedpTb C AHBapS
2004 r. no utoHb 2014 r. noATBEPXKAAET HanMumne 06-
PaTHOM CBS3X MeXAy HWMK, ucnonb3oBaHne GSVI
MoBbILLIAET TOYHOCTb MPOrHO3UPOBaHWSA MPU PeKyp-
CMBHbIX NPOrHO3ax Ha OfHY HeAeNto Bnepes.

B pa6orte [81] npes/ioxeH MeTOg MHOroMacLUTabHo-
ro MPOrHO3MPOBaHWA LieH Ha CbIpyt0 He(hTb, BK/IHOYatO-
LLAIA:

MHOr0haKTOPHbIA npouecc 06paboTKM AaHHbIX
MOMCKOBOM CUCTEMbI, YMEHbLUEHWE pPa3MEPHOCTUN C
OLEHKON MX npefcKas3aTe/lbHOW Cu/ibl C UCMO/b30Ba-
HVEM CTaTUCTUYECKOrO aHaIn3a;

MHOromaclTabHbli aHann3 Ans M3BeveHUs co-
rNacoBaHHbIX O6LMX MOL Ha CXOXWUX BPEMEHHbIX
MacLiTabax M3 AaHHbIX O LeHax Ha HedTb U MHOro-
(haKTOPHbIX MOMCKOBBLIX CUCTEM C MOMOLLH0 MHOrO-
MEPHOT0 Pa3/IoXKeHns Mo AMNUPUYECKMM MOJaM;

MPOrHO3 LieHbl Ha HeTb, BK/KOYALOLMIA NPOrHO-
3MpOBaHMe B K&XXJOM BPeMEHHOM MacLuTabe 1 aHcam-
6n1eBoe NPOrHo3upoBaHUe Mo BCEM BPEMEHHbIM Mac-
WwTabam ¢ NOMOLLLH0 BbIGPaHHOIO MeTofa.

Pe3ynbTaTbl NPOBEAEHHOIO 3MMUPUYECKOTO WC-
ClefloBaHNA MOKa3av, YTO MPeAJIOKEHHBIA MHOro-
MacLUTabHbIA MeTO/, ¢ MHOTroakTopHbIM SED 3Hauu-
Te/IlbHO MPEBOCXOAUT BCE PacCMOTPEHHble aBTopamui
MeTOAbl NPOrHO3MPOBaHMS LEeHbl Ha HegTb. MpoBe-
[€EHHble M1CCNefoBaHNA MOKa3av, YTO MHGopMaums,
cofepxauiaacs B MHorodaktopHom SED, moxet
NMeTb 60/bLIYI0 MPOrHOCTUYECKYHD CUY A1 LiEHbI
Ha CbIpYto He(Tb.

BbiBoabl. OfHaKo, Kak 0TMeYeHO B paboTe [56], B
OCHOBHOM [jaHHble MOWCKOBbIX CUCTEM OPUEHTUPOBA-
Hbl Ha KPaTKOCPOYHYHO NEepPCreKTUBY, MX AOCTYNHOCTb
NPUBOAUT K TOMY, YTO «aHaIMTUKN YAENAIOT 60/bLue
BHMMaHMS CcOOpPY KpaTKOCPOYHON MWH(opMauun B
yllep6 [0NrocpoyHoli». B pesynbTate, Kak nokasam
npoBefeHHble B paboTe 1CCnefoBaHus, B A0OTOCPOY-
HOW nepcrnekTnBe UHHOPMATUBHOCTb KPaTKOCPOUHbIX
NMPOrHO30B aHa/IMTVKOB Y/yudLlaeTcs, B TO BpeMs Kak
MHOPMATUBHOCTb WX  AOATOCPOYHbLIX  MPOrHO30B
CHMKaeTcs.

3.2. AHa/I13 BO3LEICTBUSA IKCTPEMAJIbHBIX COObITHIA

BaXXHbIM 31eMEeHTOM BO3LEACTBMA Ha LeHbl (u-
HaHCOBbIX W TOBapHbLIX PbIHKOB ABAAKOTCA 3KCTpe-
MaJ/lbHble COObITUSA, NPOUCXOAALLME BO BHELLHEN cpe-
fe. Mpn 3TOM BO MHOrMx paboTax Mof 3KCTpeMasb-
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HbIMW COOBLITUAMW NMOHWMMAKOTCS HEKOTOpPble rNobasib-
Hble COObITUA, TakMe Kak MNaHLemMus WIn BBefeHue
CaHKUWI, OfHaKO OCTaeTcs BOMPOC, Kakue CobbITUSA
MOTYT 6bITb 3HAYMMbIMU /15 pacCMaTpPMBaEMOoro npo-
rHO3MpPYyeMOoro npotecca.

B pgpyrux pabotax B 06/1aCTM KpaTKOCPOYHOr0O
MPOrHO3MPOBaHUA Ha (PUHAHCOBbIX PbIHKAX Ha OCHOBE
06paboTKM MOTOKA HOBOCTHbIX 3aro/loBKOB (hopmu-
PYHOTCS MPOrHO3bl ABMXXEHUA LieH. Bonpockl knaccu-
(hmKaumMn noToka Co6bITUI ANt ONpefeneHns 3Haum-
MbIX MOYTU He paccMaTpuBaloTCsi, B OCHOBHOM W3y-
4aKTCA XapaKTEPUCTUKN WHTEHCUBHOCTW, BCMJ/IECKOB
B OMNpefeneHHoM TemaTuyeckon obnactn. B aTom
K/lacce MeToA0B YacTo UccefyeTca psf TOHaIbHOCTM
HOBOCTEI UMK MOCTOB, CMEHa XapakTepuUCTUK KOTOPO-
ro TaKke ABNAETCH MPU3HAKOM 3HAYMMbIX COObITUIA.
Cpean paboT HeoOXOAMMO BbIAENUTL METObl, KOTO-
pble MO3BOMIAIOT 06HAPYXXWTb CBA3b MEXJY 3TON Tak
Ha3blBAEMOW anbTePHATUBHOW MH(OpMaLMein U n3Me-
HeHMeM NporHo3npyemoro psga [82].

B cratbe [83] npoBeAeHO MccnefoBaHVE BAUSHUSA
9KCTpeMasibHbIX COObITU Ha LieHbl Ha CbIPY He(Tb.
[ns OLEeHKN BAMAHUA COObITUIN Ha BONATWUIbHOCTb LieH
MPOrHO3MpPYeMbIiA BPEMEHHOW psj CHavana pasnara-
eTCA Ha HEeCKO/IbKO BHYTPEHHUX MO[ B Pa3/INyHbIX
BPEMEHHbIX MacLuTabax v CpefHUn TpeHA. Pas3noxeH-
Hble MOJbl OTpaXatoT KoNebaHWsi, Bbl3BaHHble 3KC-
Tpema/ibHbIM COObITVEM WX APYTUMMK  (PakTopamu,
[eNCTBYHOLMMN Ha HEro B TeYeHWe paccMaTpuBaemo-
ro nepvofa. YCTaHOB/IEHO, YTO 06Llee BO34elCTBUE
9KCTPEMasIbHOr0 COObITUS BXOAUT TONIbKO B OAHY MK
HECKO/IbKO JOMUHUPYHOLLMX MOZ, a BTOPUYHbIE MOZbI
M3MEHSAOTCA MOJ BAUSHWEM Apyrux aktopos. IMpo-
BefleHHble WCCNef0BaHWs MOKasblBalT, YTO METO[
pasnoXKeHWs Mo AMNUPUYECKMM MoJaM obecreynBaeT
npremMIeMoe peLleHre A1s OLEHKWU BIUSIHUSA 3KCTpe-
Ma/lbHbIX COObITUIA Ha W3MEHEeHMe LEeH Ha CbIpyto
He(Tb.

B paboTe [84] nokasaHo, YTO BHe3amnHble 3KCTpe-
MaJ/lbHble COObITUS OKa3blBAtOT CYLLECTBEHHOE B/USA-
HMe Ha CBA3M MeXAy WU3MEHEHUSIMU BOMATWU/IbHOCTEN
(PMHAHCOBOro, TOBApPHOrO W YrNepoAHOr0 PbIHKOB B
KuTae.

BbiBogbl. ViccnenoBaHua B 310l 06/1aCT COCpeso-
TOYEHbI Ha pa3paboTke MeTOA0B OOHapY>KeHUs CBA3M
MeXay MHgopmaLyein o cobbITUM U U3MEHEHWEM pPSi-
[a, B YaCTHOCTM Ha pPasBUTUM METOa PasoXeHus no
AMMUPUYECKM MOLaM.

3.3. 3kcnepTHas MHGopmaLms

[N NOBbILLEHNS TOYHOCTU MPOrHO3a MyTeM pac-
LUMPEHMS1 UH(POPMALIMOHHOTO NOAS, NMOMUMO NpUMe-
HEHWS METOJ0B UHTENNEKTYaNbHOTO aHann3a TeKCcTo-

BOM MH(opMaLMn U3 PasnNyHbIX HOBOCTHbLIX UCTOY-
HMKOB, UCMO/b3YeTCA IKCNepTHas NHGopMaLus.

B pa6orte [85] npefcTaBneH NoAXO4 K MOBbILLIEHUIO
TOYHOCTWU NPOrHO3a NyTeM CTPYKTYPUPOBaHWUA U 3g-
(heKTMBHOIO MCMONb30BaHNS 3KCMEPTHbIX 3HaHWA. B
OCHOBE [aHHOro MoAxofa NIeXMT CyObeKTUBHAA KOp-
PEKTMPOBKA NPOrHo3a, MpW KOTOPOW MaTemMaTU4ecKume
MPOrHO3bl pacCMaTpMBalOTCS KaK OCHOBA, a CTPYKTY-
PUPOBaHHbIE 3HAHMA 3KCMEepTOB MpPeAoCTaB/IsHOTCS
AN KOPPEKTUPOBKM MepBOHAaYa/ibHbIX CTaTUCTUYe-
CKMX MPOrHo30B. pu 3TOM CTPYKTYpMpOBaHWe 3KC-
NePTHbIX 3HaHWA [OCTWUraeTcs C MOMOLLbIO YeTbIpex
(hopmMasin3oBaHHbIX (HaKTopoB (MO TUMaM [AMHAMUKW)
ANs naeHTUMKauumM 1 Knaccudmkauum coobbITUI,
KOTOpble NPUBOAAT K pas/INYHbIM U3MEHEHUSM AUHa-
MUKM (B pas/iniHble MOMEHTbI BPEMEHM) MPOrHO3MpY-
emMOoro npouecca 1 KOTopble He MO/ ObITb YUYTEHbI B
nepBOHaYa/IbHbIX MaTeMaTUYeCKMX MPOrHo3ax. JKC-
nepT oueHmBaeT cuy (Beca) BO3LEWCTBUS BblSIB/IEH-
HbIX (DaKTOPOB, aCCOLMMPOBAHHBIX C COOLITUAMU, 415
nocnefytoLLein Koppekuum cTaTUCTAYECKOr0 NPOorHo3a
B COOTBETCTBYHOLLME MOMEHTbI BPEMEHN.

MoaTtsepXaeHNe paboTOCNOCOBHOCTU 3TOr0 MOA-
Xofa obecrneymBaeTca ABYMSI TEMATUYECKUMU UCChe-
[0BaHMSIMW, NMPOBEAEHHbIMM COBMECTHO C MPOrHO3M-
cTaMyn NPOW3BOAUTENS MNIACTUKOBBLIX MaKeTOB B HOX-
HOI YacTu McnaHum 1 ancTpuobsoTopa, AENCTBYIOLLE-
ro Ha NpPoJOBONLCTBEHHOM pPblHKe Ha ceBepe dPpaH-
UMK, PesynbTaTbl NOKa3blBalOT, YTO CTPYKTYpMpOBa-
HVe 3KCMEPTHbIX 3HaHWIA MOCPeACTBOM MAEHTU(UKA-
LMK  COObITWIA, COMOCTaB/IEHHbIX C BblAENEHHBIMM
KnaccuguKaumoHHbIMU (hakTopamu, NpUBOAUT K MO-
BbILLEHNIO TOYHOCTM MporHo3a Ha 2 %. To4yHOCTbL
MPOrHO3MPOBaHMA C MPUMEHEHVEM NPELI0KEHHOrO
MoAxofa OLEHWMBAETCA C UCMO/b30BaHWEM Mep OLUK-
6ok MAE n MAPE (pesynbTartbl, NOMy4YeHHble C Mo-
MOLLbIHO MaTeMaTUYECKMX MOJeneld, CpaBHMBAKOTCA C
pesy/nibTatamu, Noy4YeHHbIMM C MOMOLLbIO NPOrHO3U-
pOBaHWMs, C NOMNPaBKOI Ha CyOLEKTVBHbIE OLEHKN).

BbIBOAbI.  OKCMEepTHble  OUEHKW, MOy4YeHHble
ornpefeneHHbIM CrocoboM, MPUMEHAKOTCA Ha JTarne
KOPPeKLMN CPOPMUPOBAHHBIX MaTeMaTUYeCcKUX npo-
rHo30B. OAHaKo ocTaeTcs cnabo npopaboTaHHbIM BO-
MpPOC O CKBO3HOM MPUMEHEHWUN anrOpUTMOB 3KCNEPT-
HOro OLUEeHMBaHMS B MPOLEAYPEe MPOrHO3MPOBaHMS, a
TaKXXe 0 BepuU(mMKaL M 3KCNepTHbIX NPOrHO30B.

3.4. KOrHUTUBHbIA aHaIn3 1 MOJeNnpoBaHue CuTyaLnii

CerofHs  aKTMBHO  pasBMBAeTCs  Hay4HO-
NPUKNAAHOE HanpaBfieHVe KOTHUTWMBHOMO aHain3a u
MOAENMPOBaHNS  CUTyaUWiA NS pelleHus  3afad
CTPYKTypu3auuu, aHanu3a, Knaccugukaumm, nporHo-
3MPOBaHMA N NOAAEPXKKM MPUHATUS YNPaBeHYeCKNX
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peLleHnid, B TOM Y1cie Ans aHanmsa U NporHo3npoBa-
HWS BPEMEHHbIX PAAoB (CM. HanpumMep, HeJaBHME 006-
30pbl [86, 87]). Ero ocHoBy cocTaBnseT npuMeHeHWe
HEYETKNX KOTHUTUBHBIX KapT.

HeueTKass KOTHUTMBHAA KapTa cuTyauum — 3TO
(hopmanu3oBaHHas MOAe/b 3TOM CUTyaumu, oTpaxa-
owas npeacTaBNeHUss O  B3aMMHbIX  MPUYUHHO-
CeICTBEHHBIX BIUAHUAX 3HAUYMMbIX (DAKTOPOB CUTYa-
LMK; OHa ABNSAETCA, KaK Mpasuno, pe3ybTaToM CTPyK-
Typusauum n hopManunsaumm pasHopoaHON MHpopMa-
uMm 06 uccnegyeMoM 06beKTe AnA NOC/EeAYHOLLEro
MOZE/NMPOBaHNA CLEHapueB BO3MOXHOIO pas3BUTUSA
cuTyauuid. B 3aBMCMMOCTM OT MUCMOMb3YEMbIX UCTOY-
HMUKOB pa3/iNyatoT NPSMONA, KOCBEHHbIM 1 CMeLLaHHbIV
cnoco6bl noctpoeHns HKK. Mpsamoii cnocob npeay-
CMaTpuBaeT HEeMoCpeACTBEHHOE B3aMMOJENCTBUE C
aKcnepTaMn Ans M3BMEYEHUS HEOOXOAMMBIX 3HaHWI
06 06beKTe, KOCBEHHbI CNOCO6 — NOUCK 1 cOop 3Ha-
YMMbIX CBEAEHWI 13 PasHOPOAHbIX MH(OPMALMOHHbIX
NCTOYHMKOB (CMeLUaHHbIN Ccrocob ABNSETCH coyeTa-
HWEM NPSMOro U KOCBEHHOT0).

MOXHO BbIAEMUTb PSS UCCNEA0BaHUNA, TAe B Liensx
MOBbILLIEHWNS TOYHOCTWM MpPOrHo3a (POpMUpOBaHMe
WM KOpPeKLMa NPOrHO3HON MOAENN ONMpaeTcs Ha
NaHHble 0 COObITUAX (MH(ONOBOAAX) BHELLIHEN Cpefbl,
M3BNEYEHHbIX M3 PasHOPOAHbLIX UCTOYHMKOB MHOP-
MaumMm 1 06paboTaHHbIX C ucnonb3oBaHneM HKK
(cm., Hanpumep, paboThbl [88—90]).

B cTtatbe [88] npeacTasneH NOAXOA K MPOrHO3Mpo-
BaHWIO (PVMHAHCOBbIX PAA0B [AaHHbIX C COBMECTHbIM
“cnosb3oBaHneM 3HakoBbIX HKK u HelpoHHbIX ce-
Teit. 3HakoBasi HKK — 310 HKK, B KOTOpOI NpnynH-
HO-C/eICTBEHHbIE CBA3N MeXAy KOoHuenTamu (dakTo-
pamMmu)  OTpaXaltT  TOMbKO  3HaK  MPUYMHHO-
C/IEICTBEHHOrO B/IMAIHWS — MOMIOXXUTENIbHOIO (YCU/In-
BAKOLLEro) wmnu otpuuatenibHoro (ocnabnaroLero) —
Mexxay Nto60i Napoil KOHLENTOB B KapTe 6e3 ycTa-
HOB/IEHWS1 BECOB (CTENeHn) BAUAHUA MEXAY HUMMW.
ABTOpbI NPeS/IOKUIN aBTOMATU3UPOBAHHY CUCTEMY
KBNMiner, BK/OYatoLLyt0 B Ceb1:

— 6a3y npeaBapuTenbHbIX 3HaHWIA, kKoTopas ¢op-
MUPYeTCA Ha OCHOBE 3KCMEPTHbIX 3HaHWI, NpeAcTaB-
NeHHbIX B Buge HKK no pasnuyHbIM npesMeTHbIM
obnactam;

— WH(OPMAaLMOHHO-NOUCKOBYHO MOACUCTEMY [A/15
aBTOMaTNYeCKOro cbopa HOBOCTHON MH(opMauun o
COObITMSX U3 CeTU HTEPHET, rae HanpaB/eHHbIV no-
MCK OpraHv3oBaH C Ucnonb3oBaHneM KoHuentos HKK
npeamMeTHbIX 06nacTe;

— MNOACUCTEMY MPUIOXKEHWS 3HAHWIA, NpefHa3Ha-
YEHHYI0 A1 00paboTKM BblAeNEHHbIX MONOXMUTENb-
HbIX N OTPULATE/IbHbIX COObLITWIA Ha OCHOBE aHasm3a
CTPYKTYpPbl MPUYNHHO-CNEACTBEHHbIX BAUAHUIA HKK,
pesynbTaTbl KOTOPOro BBOAATCS B MPOrHO3HYK MO-
[eNb HeiPOHHOI CeTW B BUAe NapaMeTpa, Xapakrepu-

3YIOLLEro OTHOCUTENbHYIO CUy BO3AencTaus (nono-
XWUTENbHOTO WM OTPULIATENBHOMO) Ha MPOrHo3upye-
Mblli MoKa3aTeslb, BMeCTe C ApYrMMM CBS3aHHbIMU C
HVM (PMHaHCOBbLIMU NOKa3aTeNAMU.

MpeanoXeHHbI NOAX0A Obl1 NPUMEHEH K MPOrHO-
3MPOBaHUIO MPOLIEHTHbLIX CTaBOK; 3MMUPUYECKUNE pe-
3ynbTaTbl NOATBEPAWN, YTO KayeCTBEHHas MH(opMa-
LS OKa3blBaeT 3HAYMTE/IbHOE BIMSAHME Ha 3(PEKTUB-
HOCTb HeMpPOHHOW CeTU NpPU NPOrHO3MPOBAHUK NPO-
LUeHTHbIX CTaBOK. "Opu30HT nporHosa coctasun 30
AHEN.

B pa6oTe [89] npeanoxeHa Moaenb MoOAyNspHOM
CUCTEMbl  MPOrHO3MPOBAHMA  BPEMEHHbLIX  PALOB,
BK/IOYAlOLLAA TPWM OCHOBHbIX MoAyns. [mbpuaHas
HeMpo-HeyeTKas CeTb (hOPMUPYET KONNYECTBEHHBIIA
MPOrHO3 BPEMEHHOr0 psAja, pesynibTarbl KOTOPOro Be-
PUDULMPYIOTCA MO KPUTEPUIO 3afaHHOW TOYHOCTM.
HKK, YUnTbIBaOLLIaA (hakTopbl NPUYMHHO-
CNeSCTBEHHOMO B/IMSIHUA Ha MPOrHO3MPYeMbl MoKa-
3aTeNb Ha OCHOBE CO6PaHHbIX JaHHbIX O COOLITUINHOM
BNSHMN Ha BPEMEHHON psag, (GopMupyeT NPOrHo3
OLEHKON BANAHWS COOLITWS HA MPOrHO3MPYEMbIA No-
KasaTe/lb. VITOroBblil NporHo3 popmMmpyeTcs MOLENbIO
HEMPOHHON CeTW, arpernpytoLLein pesynbTaTbl paboTbl
nepBbIX ABYX MOZENeN.

XO0Ta aBTOpbl AeKNapupyroT 3P§eKTUBHOCTL K-
opugHoro nogxoga (¢ wucnonb3oBaHnem HKK w
HEMPOHHbIX CeTeil) K NPOrHO3MPOBaHWIO BPEMEHHbIX
PSA0B, HO HUKAKMX MOATBEPXKAAIOLLMX MPaKTUUYECKUX
NN 3KCMEPYMEHTA/IbHBIX Pe3y/bTaToB ero npumMeHe-
HWA He NpUBOAAT.

B cratbe [90] paccmatpvBaetcs npobnema npo-
THO3MPOBAHNA LieH Ha CbipbeBble TOBapbl Ha OLWH rof,
Brepes C pa3buBkoi no mecsuam. CnoXHOCTb YKa-
3aHHOW npobnemMbl 06YC/IOB/IEHA YPOBHEM Heonpese-
NEHHOCTW MPOrHo3a, KOTOPbIA BO3pacTaeT ¢ yBe/nmye-
HVEM rOpWM30HTa MPOrHO3VpOBaHMA. YTo6bl YMeHb-
WNTb 3Ty HeonpeneneHHOCTb, aBTOPbl MPELNOXUIN
rMOpUAHY0 MOZeNb (HOPMUPOBAHMS 1 KOPPEKTUPOBKU
€XXeMEeCAYHOro NporHo3a LeH Ha rog snepes. Mogesnb
NPOrHO3MPOBaHNA OCHOBaHa Ha WCMO/b30BaHWUM aH-
cambsieli MHOTOMEPHbIX CTaTUCTUYECKUX MOogenel
BPEMEHHbBIX PAL0B B Pa3/IMYHbIX BPEMEHHbIX MacLUTa-
6ax. Mogenu, Bxogsuive B aHcamb/1b, BK/IHOHAKOT pas-
NINYHbIE KOMBUHALMW PAA0B, KOTOPble ABNAKOTCA Mpu-
YMHHbIMKU N0 [peliHmpKepy ANS MNPOrHO3MpPyemMoro.
lMoMMMO MPOrHO3MPYeMOro rokasartefis 1 OKasblBaro-
WMX BANAHME HA MPOrHO3 BPEMEHHbLIX PALOB LeH U
MaKpornokasatesieil MoAenb WUCMo/b3yeT 3KCMNepTHO-
aHa/IMTUYECKY0 MH(OopMaLMIo, 06paboTaHHYHO C Mo-
mowybto HKK. [aHHbIli NOAX04 pa3BMBaeTcs B pycre
MEeTOA0B KOMOUHMPOBAHHOIO NPOrHO3UPOBaHNS.

OO6LLUMIA aIrOPUTM peLLeHUs 334341 CpeaHECPOYHO-
r0 MHOrOLIaroBoro MporHO3MpPoBaHMs MPOLECCOB CO
CTPYKTYPHbIMW CABUramu, MPUYUHON BO3HUKHOBEHUS
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KOTOpPbIX ABNAOTCA COObITUSA BHELLHEN Cpefbl, BK/IHOYa-
er

— CUCTeMaTM3auuio, CTPYKTYpupoBaHue 1 gopma-
NN3aLUMI0 3KCMEPTHBIX CYXXAEHWIA 1 MH(OopMaLMn 13
Pa3HOPOLHbIX MCTOYHNKOB NOCPELCTBOM MCNO/b30Ba-
Hus HKK, oTpaxatoLei CTpyKTypy cBsizeil (MpuymH-
HO-CNeACTBEHHbIX B/IMSIHWIA) MeXay cucTemMoobpasy-
IOLLMI (PaKTOpaMI®, XapaKTepU3yHLLMMM OCHOBHbIE
MpoLecChl B 13y4YaemMol CUTYaLMn Ha TOBapPHbIX PbIH-
Kax;

— KOMOWHMPOBaHHbIA MOHUTOPUHT LieH Ha ToBap-
HbIX pbIHKax [91], BKNtOYatoLLWiA:

1) LMPOBOA  MOHUTOPUHT  [N1F  BbISB/IEHMSA
CTPYKTYPHbIX CABUIOB BO BPEMEHHOM psifly MPOrHo-
3MpyemMoro npouecca (M psgax CBA3aHHbIX C HUM
NpoLEeccoB);

2) CUTYaUMOHHbIA MOHUTOPWHI BHELLHEN cpeabl
(no pa3HOPOAHbLIM MH(OPMALMOHHBLIM UCTOYHMKAM)
n (HOpMMPOBaHME CUTHaIOB MO pe3y/ibTaTtam Cue-
HapHoro mMogenuposaHna Ha HKK BO3MOXHbIX MO-
CNeACTBMIA BANSHUS 3HAUMMbIX COObITUIA BHELLHEN
cpedbl (MH(ONOBOAOB) Ha W3MEHEHWME MPOrHO3UPY-
eMOoro npovecca n CBA3aHHbIX C HAM MPOLIECCOB;

3) ynpasneHne 06MEHOM MH(opMaLmner Mexay
n.1un 2 un @opMnpoBaHMe BbIXOLHbLIX arpermpo-
BaHHbIX CUIHa/0B;

— (hOPMVPOBaHME EXXEMECAYHOr0 MPOrHo3a LeH Ha
OAMH TOf Brepes Ha OCHOBE WMH(OpMaLuK, MoayyeH-
HON B pe3ynbTaTe 00paboTKM SKCMEPTHbIX 3HAHWIA U
[aHHbIX BPEMEHHbIX PALOB C NMPUMEHeHUeM aHcaMbns
cratuctnuyeckmx mogenein VECM, ARIMA, VAR, n
ero KOppekLumio B peXknMe KOMOMHUPOBAHHOIO MOHM-
TOpPVHra Ha OCHOBe (HOPMUPYEMbIX BbIXOLHbLIX arpe-
rMPOBaHHbIX CUTHA/IOB.

PaboToCMOCO6HOCTL  MPeAJIOKEHHOro  Noaxoja
npoBepeHa Ha NpuUMepe MPOrHO3VMPOBaHUA LEH Ha
yepHbIii nom Ha 2019 r. TOYHOCTb NOMYYEHHOrO NPo-
rHO3a CpaBHMBAIACh C HAMBHBLIMU MPOrHO3aMu U Mpo-
rHO3amu, MOMIYYEHHbIMU C  TOMOLLBID  MOZE/N
ARIMA. bnarogaps npuMMeHeHWO0 aHcambneil moge-
Neil TOYHOCTb MPOrHO3a YBENNYMBAETCSA MPaKTUYECKM
B [iBa pa3a N0 CPaBHEHUIO C «HANUBHbIM» MPOrHO30M
ARIMA, a cpegHss NpoLeHTHas owmnbKa NporHosa —
B 10,5 1 Tpu pa3a COOTBETCTBEHHO. [pUMeHeHne Kop-
PEKLMM HA FOPU30HTE MPOrHO3a CHWDKAET abCcontoT-
HYI MPOLEHTHYK owwnbkKy Ha 20 %, a CpesHHo
OWNOBKY B NATb pa3 Mo CPaBHEHUKO C NMPOrHO30M 6e3
Koppekumn Ha ocHoBe HKK 1 MoHuUTOpMHra [41].

BbiBoAb!. M0 pe3ynbtataM 06paboTKM 3KCMEPTHbIX
3HaHWI (cueHapHoro mogenuposaHusa Ha HKK) moryt
(hopMmMpOoBaTLCH Pa3INyHbIE CUMHAMbI, OTpaXkaroLue

2 daKTOpb! HasBaHbl CUCTEMOOBPA3YIOLLWMM, MOCKONbKY B CBOEM
€MHCTBE OHW 06pa3ylOT CUCTEMY, OTPAKAOLLYI LENOCTHbIN
B3/, HA CUTYaLMIO B KOHTEKCTE paccMaTprBaeMoii Mpo6embl.

NH(OPMaLMIO O CMEHe HarnpasfeHWs U CUbl TpeHAa
NMPOrHO3MPYeMOro nokasaTtens, BeCOBbIX KO3(h(uuu-
€HTOB ANS MPOrHO30B, BXOAAWMX B KOMOWMHaUMIO, a
TaKXe MH(OPMaLMIO O HOBbIX NapaMeTpax, AN KOTo-
PbIX HEO6XOAMMO OCYLLECTBUTL MOUCK AaHHbIX U [0-
6aBUTb UX B UCXO/HbIE BbIGOPKMN.

4. OBOBLIEHUE PE3YJIbTATOB OB30PA
B KOHTEKCTE PELUEHUA 3A0AYU
CPEAHECPOYHOI0 NPOrHO3UPOBAHUA

[ns o6bekTa cpefHECPOYHOr0 NPOrHO3MPOBaHWSA
Ha TOBapHOM WM (PUHAHCOBOM PbIHKE MHOroOLLaro-
Bblii NPOrHO3 HEOOXOAMM NPW PeLLeHNN 3ajay MiaHu-
poBaHus. Bo MHOrMX cny4asx MHOroLlaroBblid Npo-
FHO3 MO3BONSAET MOBbLICUTL TOYHOCTb pe3y/bTara ny-
TEM WUCNO/b30BaHUA [aHHbIX B pas3HblX MacluTabax
(cm. n. 2.1 1 2.2).

Kom61HVpoBaH/e MNpPOrHo30B MO3BOMSET CHU-
XaTb Be/IMYMHbI OLUMOOK, BO3HUKAIOLLMX U3-3a HECTa-
OUNBHOCTU PbIHKA, Y U3MEHEHWIA, BbI3BaHHbIX BHELL-
HUMM COObITUAMM (CM. § 2).

MpumeHeHWe rMBPUAHBIX MOAENER OpUEHTUPO-
BaHO Ha 00beAMHEHVE Pa3/INYHbIX 3TaroB NMOCTPOEHMUA
MPOrHO3a, KaXAblA U3 KOTOPbIX MOXET ObITb BbINO-
HEH pas3/IyHbIMK MeTogamu (cMm. n. 2.4).

[ns CBOEBPEMEHHOr0 O6HAPY)XXEHUS W MPOrHO-
3MPOBaHMA N3MEHEHWIA, NpeXze BCero Ans obHapyxe-
HUS MPU3HAKOB OYAYLUMX CTPYKTYPHbIX W3MEHEHWM
(CMeHbl TpeHAa WM CMeHbl Habopa napamMeTpoB),
Heo6X04AMMO pacLUMpeHne WH(OPMaLMOHHOro Mnons
Kak NnyTem BK/IOUYEHWS BPEMEHHBIX PAJO0B, XapakTepu-
3YIOLLMX CBA3aHHbIEe MPOLECChl, TaK WU MyTem npuMe-
HEHWS1 METOA0B 06PabOTKM KauyeCTBEHHOW WHHOpMa-
UMK (JaHHBIX NOUCKOBbIX CUCTEM, HOBOCTHbIX U (hak-
TorpaMueckmx AaHHbIX, 3KCMEPTHOW MHGopMaLmn)
Npy peLLeHns 3a4a4 MOHUTOPUHTA B PEXMME TEKYLLNX
HabnoAeHWI 1 NPorHo3vnposaHus (cMm. § 3).

Mogenv NporHo3npoBaHWs LieH Ha CpefHEecpoY-
HbIli Nepurof, MOCTPOEHHble MO UCTOPUYECKUM [aH-
HbIM, 4aCcTO OKa3blBalOTCA HeCOCTOSATEIbHbIMU BCEA-
CTBME WM3MEHEHWUIA Ha TOPU30HTE MPOrHo3a 3HAOreH-
HbIX M 3K30TeHHbIX (DaKTOPOB, MEHSIOLLMX ANHAMUKY
NMPOrHO3MPyeMoro 06bekTa ¥ BbI3bIBAKOLLMX HEO6XO-
AMMOCTb Koppekuun. OcobeHHOCTU 06beKTa NPOrHo-
3MpoBaHMA U creundurka 3agaydv  (HopMUpoBaHUS
CpefHECPOUHbIX MHOrOLIaroBbIX MPOrHO30B LeH Ha
TOBapPHOM N (PMHAHCOBOM PbIHKe TPeOYHOT U3MEHEHUs
CTaHAaPTHON CXeMbl peLleHns 3aja4un NporHo3npoBa-
HWA, KOTOpas B 00LLEM BUAE COCTOUT U3:

— (hopMMpPOBaHMS BbIGOPKY [aHHbIX,

—aHaM3a CBOWCTB MPOrHO3MpPyeMoro psga u

NAEHTU(MKALMN OOBACHAIOLLMX NEPEMEHHbIX,
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— BblbOpa TMNa 1 NapameTpoB MOLENN,
— NOCTPOEHMS NPOrHO3a 1 ero KOPpPeKLumn Ha ro-
PU30HTE MO pe3y/ibTataMm MOHUTOPUHTA.

AT M3MeHeHWUs [/19 pas3HbIX 3TanoB COCTOAT B
ClesytoLiem.

3Tan NoAroToBKN AaHHbIX. [pu pelleHny 3agad
CpefHecpOYHOro NPOrHo3MpoBaHUA HabnrogaeTcs ne-
pexof OT WCMOMb30BaHUA WMEIOLMXCA [aHHbIX K
(hOPMMPOBaHNIO MOZENN LaHHbIX U UHOPMaLNK, KO-
TOpble HYXHbl [4N1F PeLUeHns 3afayv NporHo3npoBa-
HMA. Ha OCHOBe CTPYKTypu3aLmm 3HaHWi 0 npoLeccax
Ha TOBAPHOM W/IN (DMHAHCOBOM PbIHKaX LO/MKHa op-
MMPOBAaTLCA MOLeNb NPeACTaBeHNs 3HaHUIA, KOoTopas
CYXXUT TeMaTUYeCKUM (PUILTPOM cHopa BPEMEHHbIX
PALOB W CTPYKTYpU3aLuy NOCTYMAKOLWENR HeCTPYKTY-
PUPOBAHHOW MHMOPMAUMN O PbiHKe. DTO MO3BONSET
He TONbKO paclmpsATb Habop Moaenel ans KOMOUHU-
poBaHNA /N NepPeKNOYEHNs, KOTOPbIE MO-PasHOMY
paboTaroT Ha pasHbIX Mepuogax, Ho Mpy MCNosb30Ba-
HUM MeTOA0B 00paboTKM M aHa/n3a KauecTBEHHOIA
WH(OpMaLMn MOXET MO3BOMUTL 06HAPYXXMUTbL NPU3Ha-
K U3MEHEHWI MU Pa3NNYnTb BaXKHbIE COOLITUS, NO-
CMeiCTBMSA KOTOPbIX 3aTparvsatOT pas/iMyHble napa-
METpbI.

dTan onpefeneHns Habopa napameTpoB M MX
CTPYKTYPbI And Mogenu nporHosa. [na obecneyeHns
BO3MOXXHOCTW BbIOMPaTh pasHble MOAEbHbIE aHcaMb/n
WM opmmpoBaTb rMOPUAHbIE MOLENN ANA CpefHe-
CPOYHOr0 MPOrHO3MPOBAHWS HECTALMOHAPHbLIX MpPo-
LIeCCOB Ha 3Tane UAeHTUMMKALMX NPOV30LLEN Nepexos,
OT Bbl6Opa OrpaHW4eHHOro Habopa napameTpoB ANs
3aflaHHOro nepuoga K (hopMMPOBaHWIO CTPYKTYpPUpPO-
BaHHbIX pPa3HOO6pa3HbIX HabOPOB NapamMeTpoB W Kac-
CU(UKaLMM NMepUOL0B AVHAMWUKM TOTO WV UHOTO TUMa
[/19 NPOrHO3MpyeMoro npouecca. PaclumpeHve WH-
(hopMaLMoOHHOro nosis A4ns (hopM1poBaHns MpPOrHO30B,
CBSA3aHHOE He TO/IbKO CO C/IOXHOCTbHO MPOLLECCOB Ha
TOBAPHbIX Y (PUHAHCOBbIX PbIHKaX, HO WU C HaKOM/eH-
HbIMW [aHHbIMW 3a 60MbLLIOA MCTOPUYECKWIA Nepuof,
006yCnoBW/MO BKIHOYEHUE B MPOLECC MPOrHO3MPOBaHNs
METOZO0B MALUMHHOIO 06Y4YeHUs U HeMpOCeTEBbIX Me-
TOZ0B AN15 aHa/InM3a CBOMCTB MPUYMHHOCTM Ha 60/1bLLOM
Habope faHHbIX, KOTOPbIE PACCMOTPEHbI B M. 2.3.

dTan dopmuposaHns Mogerv. Ha atom ware
NPUMEHAIT cTaTUcTuyeckne metogbl, ML, DL,
ARFIMA 1 ruépugHbole mogenu (cm. 8 2). Wccnepo-
BaHMA [MOKas3blBalOT, YTO pe3ynbTaTbl OMNpefesieHus
YPOBHS (hpaKTasibHOCTU MPOLECCOB (3HaYeHWs pak-
Ta/IbHOW pasmepHocTn D (cm. n. 2.5)) aABnstoTcs 0f-
HUM U3 BaXHbIX KpUTepueB Bblbopa Moaenein. Ecnu
(bpakTanbHas pasmepHocTb D nexuT B MHTepBae
[1,4; 1,6] v pacnipefeneHne BpeMeHHbIX PAA0B ABNSA-
eTCA HOPMa/IbHbIM, TO /11 HUX BbINOJHAETCS TUMOTe-
3a EMN v nosefieH1e CUCTEMbI XOPOLLO OMUCHLIBAETCH
K/1laCCMYECKMMUN CTATUCTUYECKMMMN METOAAMU, TaKMMU

kak ARIMA, VAR n VECM, n gpyrumm ctatuctumye-
CKUMK MoZensamu. Tlpu 3TOM NPUMEHSAKOTCA Creuu-
a/lbHble METOAbI OnpefesieHns Tina npouecca (ctaum-
OHapHbI, TPeHA-CTaUMOHapHbIA, C eANHNYHBIM KOp-
HeM) Ha paccmaTpuBaeMOM Y4yacTKe MpPOrHo3vpoBa-
HVS 1 a/ITOPUTMbI aHa/IN3a KOVHTErpaumm Mexay ps-
gamun (cM. n. 2.1). MNMpy “cnonb3oBaHUM CTaTUCTUYE-
CKUX Mofeneil, pacCMOTPeHHbIX B N. 2.1 un 2.2,
Haufydllee KayeCTBO NpOrHosa 06ecneynBaeTcs
(hopMmpoBaHMEM aHcaMbns Mogenei, NpUMeHeHneM
npouesyp aHannsa AUHAMUKM W3MEHEHUS KauyecTBa
MPOrHO30B Ha pa3HbIX Mepuojax 1 BbIbOPOM CTpaTe-
rMmM KOMBUHNPOBaHWSA a/IrOPUTMOB.

Ecnu pacnpegeneHne BpeMeHHbIX PALOB OT/MYa-
eTCs OT HOPM&/IbHOTO W (ppakTasibHas pasMepHoOCcTb D
Nexxut B nHTepsasie [1; 1,4) unn B uHtepsane (1,6; 2],
TO B MepBOM C/lyyae rnpouecc 06nafaet A/IMHHbIMK
Koppensaumammn (LONrOBPEMEHHON NaMATbIO) U SBAS-
eTca YCTOWYMBLIM; BO BTOPOM Cllyyae aHaimsupye-
MblIli NPOLLECC HAXOAUTCH B aHTUMEPCUCTEHTHOM, He-
YCTOAYMBOM COCTOSIHMW. [MpUMEHeHUe CcTaTuCTUYe-
CKMX MofAenein B 060MX Ciyyasx MOXET He AaTb XO-
pownX pe3ynbTaTos, LEMecoobpasHo MpUMeHeHVe
(hpakTanbHOro aHasm3a U Mogeneii NPorHo3a, y4nTbl-
BalOLWMX WX (hpaKTalbHble CBOWCTBa, Hanpumep,
ARFIMA (cm. n. 2.5) n metogos .

B oTanume OT CTaTMCTUYECKUX MOfeneli MeToAbl,
ncnonbaytowme anroputmsl A (cm. n. 2.3, 2.4) n nx
KOMOMHauuu, He TpebyHOT 3HaHWSA Tuna npolecca u
ero pacnpefenieHus n COXpaHAaT CBOK paboTocmno-
COGHOCTb NPU M3MEHEHWUM 3TUX CBOMCTB. [ns yyeTta
He/IMHeHOCTeN B AMHaMMKe O00beKTa B HacTosLlee
BPEMSA aKTMBHO MCMosnb3yroTcs mogenm W, obnapa-
tOLLIME CMOCOBHOCTLIO K caMoobyyeHuto. INprumeHeHne
mMeTo40B MW noBbILaeT TOYHOCTb NPOrHO30B B YC/I0-
BUAX W3MEHAIOLWMXCA (PMHAHCOBOTO M TOBAPHOrO
PbIHKOB MyTEM W3YYeHWUS HEeIMHEWHbIX XapakTepu-
CTUK WX [OWHAMUKW MO UCTOPUYECKUM [aHHbIM. K
npobnemMam ux MPUMEHEHWUS OTHOCATCA: HeobXoau-
MOCTb HaMuus 60/bLIOr0 06bemMa AaHHbIX Ans 0by-
YeHWs, 4JIMTENbHOCTb Nnpovlecca 0byyeHns npu pabore
¢ 60/1bLLIMMM MacCMBaMmn AaHHbIX, NOTPe6HOCTL B Bbl-
COKOMPOW3BOANTESbHbBIX BbIYMC/IUTENbHBIX PECYpCaXx.

dTan MOHMTOPUHra ¥ Koppekuun. Ha 3tane mo-
HUTOPWHIa B PeXMMe MoSyYeHns TeKyLMX Habnoge-
HWIA peKOMeHLYeTCs NPUMeHeHWe anropuTMoB ObHa-
PY)XXEHMA U NMAEHTU(MKaUMMA Tna U3MEHEHWUI, HO B
macce CBOei B 0630pHOI BbIGOPKE PaboT OHU He npu-
MeHstoTCSA. ECM nameHeHne 06Hapy»XXeHo, NpUHMMa-
eTCH peLLeHre 0 LLe1ecoobpasHOCTN KOPPEKLMN MOfe-
nn. CoOTBETCTBEHHO, HEO6XOAMMO BK/OYATh B apce-
Ha/l MEeTOA0B U arOpUTMOB Habop anropuTMOB Kop-
pekuMn Mofenei Ha cnydaii 0BHapyXXeHus onpeje-
NEHHOrO TuMa M3meHeHui. B 83 npeacTasneH psg
paboT, B KOTOPbLIX NPUMEHEHbI MeTOAbl 06paboTKu K
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aHanM3a pasHOPOAHON MH(opMaLMK U peluanach 3a-
fiaya MporHo3npoBaHMA Ha (PMHAHCOBbIX U TOBapHbIX
pbIHKax. BO3HVWKHOBEHWE CTPYKTYPHbIX CABWUIOB Ha
FOpPW30HTE MPOrHO3a BblI3blBAET HEOOXOAUMOCTb WX
06HapyXXeHVs N KOPPEeKTMPOBKM Mogeneli. [ns obHa-
PY>XEHUS CTPYKTYPHbIX CABUIOB B PEXUME OH/MaliH
HapsaLy C anroputMamyv MOHWUTOPUHIa BPEMEHHbIX
PALOB LieNecoobpasHo MCnob3oBaTb KOMOUHMPOBaH-
HblA  MOHWUTOPWHI,  BK/IIOYAIOWWIA  0BHapY>KeHne
CTPYKTYPHbIX CABWUIOB W 3KCMEPTHbIA aHann3 cuTya-
LMK, OKa3blBalOLLEA B/IMSHME HA MPOrHO3UPYeMblit
06BEKT: Pe3y/bTaToB BO3AENCTBUSA COObITUIA BHELLHE
cpefpbl M CTpaTeruin pas/iMyHbIX rpynn y4aCcTHUKOB
PbIHKa.

3AKNIOYEHUE

B HacTosleM 0630pe npeanpuHATa MOMbITKa MC-
CnefoBaHNA METOA0B (POPMUPOBAHUS CPEAHECPOUHbIX
MPOrHO30B LieH Ha (PMHAHCOBBIX M TOBAPHbIX PbIHKAX.
Takve NPorHo3bl UrpatoT BaXKHYIO POJb B CTpaTernye-
CKOM MNaHMPOBaHWM pasBUTUS MUPOBOM WU pervo-
Ha/IbHON 3KOHOMWKM, B YNpaBneHnn pasBuTeM COLM-
a/IbHO-9KOHOMUYECKMX OOBLEKTOB Pa3/IMYHON CTeneHu
CNOXHOCTMW.

O6beKkTamy NPOrHO3MPOBaHWS ABNAKOTCS MpOLEec-
Cbl Ha TOBapPHbIX W/WAN (MHAHCOBbIX PbIHKaX. Takue
npoueccbl BbICTPO pearnpyroT Ha WM3MEHeHWe 3K30-
FEeHHbIX W 3HAOTEHHbIX (PAKTOPOB; B 6OMbLUMHCTBE
CBOEM OHW He/IMHElHble, N3MEHAIOTCS OT CTalMoHap-
HbIX K HeCTauuoHapHbIM M 06paTHO. [og cpegHe-
CPOYHBbIM MPOrHO30M MOHUMAETCA MPOrHO3 C MoMe-
CAYHbIM pa3bMeHMeM 1 FOPU3OHTOM MPOrHO3a OT TPeX
MecsiLieB 0 ABYX JIeT.

Ha paccmaTtpuBaeMblX TFOPU30HTax CyLLECTBYeT
pactyLias ¢ X yBelmyeHNeM BEPOATHOCTb BO3HUKHO-
BEHMSI CTPYKTYPHbIX CABUIOB, MPUBOAALLUMX K M3Me-
HEHWAM MepBOHaYabHO MOCTPOEHHOr0 MPOrHo3a.
MMo3ToMy Ha ropu3oHTe MPOrHo3a Heo6XxoAMMO Ocy-
LLEeCTBNATb MOHWUTOPUHT BO3HWKHOBEHWS CTPYKTYp-
HbIX CABMIOB 1N KOPPEKLMIO MPOrHo3a no pesysbtatam
MOHUTOPWHTa.

Mo npoBefieHHOMY 0630py MOXHO CfenaTb crefy-
toLLMe BbIBOABI.

Mpo6neme NOCTPOEHUS CPEeAHECPOYHbIX NMPOrHO-
30B Ha TOBapHbIX U (JUHAHCOBBIX PbIHKaxX YAenseTcs
Ma/10 BHUMaHUSA KaK B OTEYECTBEHHbIX, TaK U B 3apy-
GeXHbIX WUCCMeoBaHNAX, B OCHOBHOM MNpeACTaB/EHbI
pe3y/nbTaTbl M0 KPaTKOCPOYHOMY U — pexe — nome-
CAYHOMY MPOrHO3MPOBaHMUIO.

3agaya cpefjHeCPOYHOro MPOrHO3a  C/IOXKHee
K/laCCMYEeCKON 3aja4yn OfHOLLAroBoro nporHo3vpoBa-
HUS 1 TpebyeT Gonee TPyLOeMKUX npouenyp cbopa
[aHHbIX 0 (haKTopaXx B/IMAHMS HA PbIHOK N METOAOB MX

aHa/In3a, paclUMpeHnst CXeMbl peLeHnst paccMaTpumBa-
emoii 3afaun.

MocTaHOBKe 3afayv MPOrHO3MPOBAHWS CTPYK-
TYPHbIX CABWMIOB W NOCNeAYHOLLEN KOPPEKLUMM Ha ro-
PU30HTE MPOrHO3a B /MTepaType YAenseTcsd Maso
BHMMaHuA. [N pelleHns 3TOW 3ajayunm TpebyeTcs
MPOrHO3 BO3HMKHOBEHMS Pa3/IMYHbIX BapUaHTOB W3-
MEHEHWIA 3HAOTEHHbIX W/WAKN 3K30reHHbIX (DaKTOPOB,
BANAOLLMX Ha NpoLecc. s NOCTPOeHUs Takoro npo-
rHO3a Heo6XO0AMMO BKNOYaTb B HEr0 He TOMbKO WH-
(hopmauuio 0 LeHax pblHKa, HO U Ka4YeCTBEHHYH WH-
(hopmauuto.

B pabotax, BK/OYEHHbIX B 0630p, pacCMOTPEHbI
MOZLENu, MeTOAbl U anropuTMbl, KOTOPbIE peasin3ytoT
OTAeNbHble 3Tanbl PacCLUMPEHHON CXEMbI CPegHECPOY-
HOro NPOrHo3npoBaHus. MNepcnekTUBHLIM NyTeM pea-
NN3aLUM 3TON CXEMbI, MO MHEHWIO aBTOPOB, ABNSETCA
rMOpUAHLIA NOAXOA.

B pamkax pa3BuTus METOAOB AN peLleHns 3aja-
4n CpefHEeCPOYHOro MPOrHO3MPOBaHMS MPOLLECCOB Ha
TOBapHbIX N (PUHAHCOBbIX PbIHKaX B YC/OBUAX CTPYK-
TYPHbIX CABUFOB MPeACTaBNATCA NEPCNEKTUBHLIMM
CNefytoLLye HanpaseHus:

— pasBuTME METOAOB, HamnpaBfieHHbIX Ha pacLuu-
peHne BO3MOXHOCTEM  UCMOMb30BaHMA  KOMMYe-
CTBEHHOW M KauyeCTBEHHOW MH(opmalmK, U3BneKae-
MOWA U3 Pa3HOPOAHbLIX MCTOYHMKOB (AaHHBIX MOWUCKO-
BbIX CMCTEM, HOBOCTHOW WMH(OpMaLMK, aHaNUTUYe-
CKMX MCCNeAOBaHWA NPUUYNHHO-CNEACTBEHHBIX CBS-
36 Mexay OTAeNbHbIMWA CEKTOpaMW pPbiHKa, 3KC-
MEPTHbIX CY)XXAEHWiA, pe3ynbTaToB CLEHapHOro aHa-
N13a BAVSIHWSA 3HAYNMbIX COObLITWIA);

— MpUMeHeHne 6ainecoBCKOro Noaxoda Ans npo-
FHO3MPOBaHWUSA CTPYKTYPHbIX CABUIOB Ha rOPU30HTE
MPOrHo3a;

— WCCNeAoBaHMe BO3MOXHOCTEN MPUMEHEHUS
(hpaKTanbHOro aHan3a Ana NpeackasaHns Kpusncos
M 3HAYMMBbIX A1 NPOrHO3MPYEMOro 06beKTa COObI-
TUIA B PEXXMME peasibHOro BPEMEHN.
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ANALYSIS OF MEDIUM-TERM FORECASTING METHODS
FOR PROCESSES WITH STRUCTURAL SHIFTS IN FINANCIAL AND COMMODITY MARKETS

Z.K. Avdeeva*, E.A. Grebenyuk* and S.V. Kovriga***

Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia

*>{ avdeeva@ipu.ru, **2< Ingrebenuk12@yandex.ru, **b< kovriga@ipu.ru

Abstract. Medium-term price forecasting methods for financial and commodity markets are con-
sidered. The forecasted processes are nonstationary and nonlinear; they contain structural shifts
arising due to systemic changes in the market structure and extreme events affecting the market.
The probability of structural shifts grows with increasing the forecasting horizon, so the forecast-
ing problem should be solved considering possible changes in the process of interest on the fore-
casting horizon. To forecast future changes in the process, it is necessary to expand the infor-
mation field of the forecast, i.e., include expert judgments and the results of qualitative analysis of
the processes, e.g., using the methods of fundamental analysis, cognitive analysis, and their im-
plementation algorithms. Medium-term price forecasting in financial and commodity markets is a
necessary element in the planning and management of socio-economic and production systems
and investment management. This survey addresses the peculiarities of the forecasted processes
determining the requirements for medium-term forecasting methods, their implementation, and
the selection of necessary information included in the forecast to detect future changes in the pro-
cess and their causal factors. Models and methods of statistical forecasting, artificial intelligence,
and fractal analysis are considered, in addition to those using information from various sources in
the forecasting algorithm: expert judgments, news about extreme events, and search engine data.
The results of this survey are summarized in the context of medium-term forecasting. Finally,
some promising lines of research in this area are outlined.

Keywords: commodity and financial markets, time series, structural shifts, medium-term forecasting.

Acknowledgments. This work was supported in part by the Russian Science Foundation, project no. 23-21-00455;
https://rscf.ru/project/23-21-00455/.

24 CONTROL SCIENCES No.5 e 2024


mailto:avdeeva@ipu.ru
mailto:lngrebenuk12@yandex.ru
mailto:kovriga@ipu.ru

npaBneHme B COLMa/IbHO-3KOHOMUYECKNX CUCTEMAX

YK 658.1+004.94

CLIEHAPHOE MOOENUPOBAHUE PA3BUTUA CTPAHbI
HA OCHOBE UHAWKATUBHOIO NNMAHUPOBAHUA

O. L. ApaHko*, A. ®. Pe3uukos*, U. A. CtenaHosckaa™**, A. C. boromonos**** B. A. KyLUHUKOB*****
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ik QUL «CapaToBCKUii Hay4HbI LeHTp PAH», 1. Capatos
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AHHOTaumA. B pabote paccMOTpeHa MHOTOYPOBHEBask MOJCIb WHAWKATUBHOTO MJIAHUPOBAHHS
LIEJIEBBIX MHIUKATOPOB B CHCTEME «MHpP (MHOTO CTpaH) — CTpaHa — OTPaciu — PECypChl — MEPO-
npusATys». B npennaraeMoi UMUTAITMOHHOW MOJIEIHN PEaIM3y€eTCsl MOAX0]l Ha OCHOBE CLIEHAPHOTO
mwianupoBaHus. [locTaBieHa 3aaua aHanM3a U MPOTHO3a [EJEBBIX WHANKATOPOB CTPAHBI HA MPH-
Mepe mokazatenss BBII mo TITIC. TIpoBeneHbI OIICHKH HEOOXOUMOTO IS Pealn3aliil eJIeBOro
cuenapust pocta BBII u BanoBoit no6asnennoit cronmoct (BJIC) otnensHbIX oTpacieir. Ompe-
JIeNICHBI yIeNbHBIC MOKa3aTeln dPPEKTHBHOCTH IO (PMHAHCOBBIM U KaIpPOBBIM pecypcam: IpOm3-
BOJUTEIFHOCTh TPyZAa M KamUTaJoeMKocTh. CrernaHa OIeHKAa HEOOXOAWMBIX U pealln3alliu
[IEJIEBOTO CIICHAPHS WHBECTHIHI B OCHOBHOW KalWTaJ W YHCICHHOCTh 3aHATHIX. [loka3aHO, 4TO
JUTSL peanu3anin IeneBoro cueHapus pocta B/IC He00X0AUMBI MEpHI IO YCKOPEHUIO pOCTa MPo-
WU3BOJUTENILHOCTH TPYJa, BBIJEICHB HauOoJiee aKTyalbHbIE OTpaciu. B KauecTBe HCXOIHBIX
JTAHHBIX MCITOJIb30BAIUCH JaHHbIe MupoBoro Oanka u Poccrara.

Kno4eBble CioBa: MoxennpoBaHne, IPOTHO3UPOBAHHUE, 1IeJIe00pa3oBaHre, HHANKATHBHOE TUIAHWPOBAHNE,
yIpaBieHHe, KpYITHOMACIITaOHbIE CUCTEMBI, CHCTEMHAs IMHAMUKA.

BBEAEHUE

B ycnoBmsx kamuTanusma mepel 3KOHOMMKOMN
CTOMT 3aJla4a POCTa U Pa3BUTHUS, CTUMYJIHUpYeMas Kpe-
JTUTHBIM NpOLIeHTOM. Kon4ecTBeHHBIM H3MEpHUTENeEM
HKOHOMHMKH B LIEJIOM O CHCTEME HAallMOHAIBHBIX CUe-
TOB NPUHUMAETCS BAJIOBONH BHYTPEHHUH IPOAYKT
(BBID).

Paccmotpum 3anauy 1, ycranosnennyrwo B Ilocna-
Huu Ilpesunenra Poccun denepanbHOMY COOpaHUIO:
«IIPUHATH MEpHI, O0ECIeYNBAIOIINE BXOXKIEHHE K
2030 r. Poccuiickoit ®enepanun B 4YETBEPKY KpyII-
HEHIIMX 3KOHOMHUK MHUpPa M0 00beMy BaJOBOI'O BHYT-
PEHHETO MPOIYKTa, PACCYUTAHHOMY IO MApPUTETy TIO-
KynareinbHol criocoOHocTm» [1, 2].

Undopmanus o texyuiem nonoxenun Poccuiickoit
®enepanyu o nokazarento BBII no TITIC npuBenena
nanee B § 4.

Panee Poccus yxe pemana 3amady yCKOpPEHHOIO
pocta. B 2003 r. B. B. [lytur noctaBwi 3a1a4y yaBo-

enus BBII crpanst 3a 10 met. Iy aToro Heobxoaum
cpeaHeromoBoi Temn pocra (aaria. Compound Annual
Growth Rate, CAGR) 7,2 %, 1 0H pealu30BbIBAJICS C
2000 mo 2008 rr. [3]. C oaHOM CTOPOHBI, 3TO OBLI
«pOCT OT HYJIsD», IIOCJE NMAJEHUS POCCUICKON 3KOHO-
Muku B 1990-x rogax [4]. C npyroii cTOpoHBI, HEOO-
XOJIUMO OBLJIO 00€CIIEYHTh YCIOBHUS JIJISl TAKOTO POCTa.
B 2000-e rr. kmoueBoit Bkiax B npupoct BBII kak
cymmapaoit BJIC orTpacneit BHeCIH ClenyroLIue OT-
paciu (tabmn. 1): toprosus (ITAO «["azmpom» sBIsET-
Csl OpraHu3aIlfel 0 TOProBJie Ta30M COTIIACHO KOJam
OKB3/[l), ctpoutenbcTBO, PUHAHCOBAS ACATEIHHOCTD,
orepaluy ¢ HeJBMKMMBIM MMYIIECTBOM. Bblau u oT-
paciu, KOTOpbIe MPAaKTUYECKH HE POCIIH B TOT MEPHO:
CEJIbCKOE XO3SIMCTBO M PBHIOOJIOBCTBO, MPOU3BOACTBO
3NEKTPOIHEPT UM, 00pa30BaHKE U 3PaBOOXPAHEHUE.
OpHako MacmTaOHBIA SKOHOMUYECKHH KPHU3UC
2008-2009 rr. u xoBuanble orpanmyeHus 2020-2021
IT. 3aMETHO 3aMEIJIMIM POCT MUPOBOM U POCCUMCKON
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Tabnuya 1
BAC otpacneu no OKB3[] B nocToaHHbIX BeHax 2008 r.
Otpacie BJIC otpacnet, BJIC otpacneti, Ipupoct CAGR,
2002 r., 2008 r., a0COJIIOTHBIH, 20022008 rr.,
MIIpH pyoO. MIIpI pyo. 20022008 rr., %
MIIpA PYO.
BanoBoii BHyTpeHHUI NIPOAYKT B PBIHOY- 27 312 41 277 11972 7,13 %
HBIX I[€HaX, B TOM YHCIIE:
CTpouTensCcTBO 1152 2225 927 11,60 %
OmnroBas ¥ pPO3HUIHAS TOPTOBIISA 3740 7138 2900 11,37 %
duHaHcoBas AeATEIBHOCTD 438 1538 973 23,30 %
Omnepanuy ¢ HeABIKAMBIM IMYIIIe- 2423 3959 1469 8,53 %
CTBOM, apeH/Ia U MPEJAOCTaBICHHUE YCIYT

Oprako MacmTaOHBIA JKOHOMHYECKHH KPHU3UC
2008-2009 rr. u koBuaHble orpannuenus 2020-2021
IT. 3aMETHO 3aMEIJIMIN POCT MHUPOBOM U POCCHICKOM
KOHOMUKH.

Bripenstor nokazarenu BBII u BBII no naputery
nokynarensHoi crocobHoctu (II1C). BBIT mo TITIC
YUUTHIBACT PEAIbHYIO0 IOKYNATEeIbHYIO CIIOCOOHOCTh
HAI[MOHAIBHBIX BAJIIOT HA MECTHBIX PBIHKAX, a TaKxkKe
0OMEeHHBIE KypChl BaIIOT. Y HUBEPCAIBHOTO OTBETa Ha
BOIIPOC, KaKOW IOKa3aTellb NPEAIIOYTHTENbHEE, HET —
KpUTEpHUI 3aBUCUT OT pacCMaTpPUBAEMOU CUTyalUH.

B cTpanax ¢ HU3KHM JOXOJIOM TOBapbl U YCIYTH,
KaK MPaBHJIO, CTOST JELIEBNIE, YeM B IOCYJapCTBax C
BBICOKHM JI0X0/10M. Eciii HE yuuTHIBaTh 3Ty pasHUILY
B IIEHaX Ha MEXIyHapOJHOM YpPOBHE, TO MOXHO
HEJIOOIEHNUTh IMOKYNATeNbHYI0 CIIOCOOHOCTH Hacelle-
HUs B Pa3BUBAIOIIMXCS CTPaHax M CTpaHax ¢ Gpopmu-
PYIOIIMMCSI PBIHKOM M, COOTBETCTBEHHO, WX oOriee
6marococrosiaue. [losTomy mist orneHku oOrero Oa-
TOCOCTOSIHUSI OOBIYHO HCIONB3YIOT TokazaTens BBII
o TIIIC.

OcHoBHast mpobieMa 3aKJII0YaeTcsi B CIIOKHOCTH
u3meperns BBII mo IITIIC mo cpaBrenuto ¢ BBII B
Tekymmx nenax. [ns pacuera BBII no IIIC tpebyet-
Csl IPOBECTH MacIITabHYIO0 CTATUCTHYECKYIO padoTy, a
HOBBIE€ COIIOCTABJICHUSI IIEH CTAHOBATCSA JOCTYITHBI
TOJBKO CO 3HAYMTEIILHON BPEMEHHOW 3aiepxkoi. B
Nepuoabl MEXIY JaTaMHu HCCIeIOBaHUS HEOOXOIMMO
onenuBath ko3 duinent I1I1C, 4To MOKET NMPUBECTH
K ITOTPELIHOCTSAM B U3MEPEHUSX.

OKCHOPT U UMIOPT B MEXAYHAPOAHBIX pacueTax
KOCBEHHO BIIMAIOT Ha TIOKYNaTEeIbHYI0 CIOCOOHOCTh 1
yurensl B BBII no TIIIC. [omns uMmopTa u 3KCIopTa B
POCCHICKOM 3KOHOMHUKE B IIEJIOM MOKET OBITh OLICHE-
Ha TI0 OTHOIICHUIO BETMYHHBI 3KCIIOPTA K BBIPYUKE TIO
MOJTHOMY KPYTY OpTaHM3allld, WIX IO 0JIe UMIIopTa
K 3aTpataM. O0bem skcnopra Poccun cocrasmi 425,1
mipa poutapos CIHIA (USD) B 2023 r. [5], 592,5
wipa USD B 2022 . ipu Beipyuke 324 321 mupp pyoO.
M0 BCEM THWIIAaM KBaJM(UKAIMOHHBIX TPYHITMPOBOK

[6]. Orcroma mons skcmopra (592,5 mupn USD npu
CpeJHeIHEBHOM Kypce nomiapa 68,35 py6./USD) B
2022 r. B BBIpYUYKE BCEX OpraHU3aLMi CTPaHbl COCTa-
BUJIA

40,5 TpinH pyo. 12.5%

> 324, 3 tpiH py6.

[Ipu Takoi mone 3KcHoOpTa B OOIIEH BEIPYYKE Op-
raHu3alii CTpaHbl IOKYINAaTeNIbHAsS CIIOCOOHOCTS,
onenennas o IIC, BeirasauT 601ee 000CHOBAHHOM.
Bo mHOTHX pab®oTax, CBSA3aHHBIX C peaJbHBIM pa3BH-
THEM CTpaH, paccMaTpUBAETCSI WMEHHO IOKa3aTellb
BBII no IIIIC [7, &].

Jonst sKcropTa B MOCTYIUICHUSX B OFO/KET 3HAYH-
TETBHO BBINIE B CBSI3U C IKCHOPTOM HEPTETa30BBIX
IIPOJyKTOB W IOBBIIIEHHON JOJIEH HAJIOr0B, BKIIIOYAs
HATIN (ranor Ha 70OBIYY MOJIE3HBIX UCKOMAEMBIX).

B nmanHOW paboTe paccMaTpuBaeTCs pa3BHTHE
CTpaHbI KaK KPYITHOMACIITA0OHOH CHCTEMBI I10 TIOKa3a-
temto BBII o TIIIC Ha ocHOBE TpaeKTOPHOTO IMOAXO-
Jla MOJIENIA CUCTeMHOU onrummu3anuu. PaccmarpuBae-
Masi MOJIeJIb CITY)KUT MHCTPYMEHTOM WHIAWKATHBHOTO
TJIAHUPOBAHUS IS OIICHKU TIEPCIIEKTHUB POCTa dKOHO-
MUKHA W TOTPEOHOCTH B 3HAYMTEIBHBIX 00BEMax pe-
CYpCOB.

3anauy 1 B naHHo# pabote (nim cepun pador) Oy-
JIEM peraTh B HECKOJIBKO 3TAIOB:

[Momzanava 1.1. Onpenenenre HEOOXOIUMBIX TEM-
OB POCTa YKOHOMHUKH B IIEJIOM.

ITogzamaua 1.2. OnpenencHue HEOOXOIUMBIX TEM-
OB POCTa SKOHOMUKH TI0 OTPACIISIM.

[Momzanaya 1.3. OnpenencHue HEOOXOIUMBIX pPe-
CypCOB ISl 00ECTICUCHHUST TEMIIOB POCTa SKOHOMHKH
10 OTPaCIISIM.

IMongzanaua 1.4. OnpeneneHue JOCTATOYHOCTU pe-
CypCOB ISl 00ECTICUeHHUST TEMIIOB POCTa SKOHOMHUKH
10 OTPaCIISIM.

IMoxzanaua 1.5. Yopasnenue: onpeaencHue 3Haue-
HUH TapaMeTpoB i 3((EKTUBHOTO YIIPaBIECHUS pe-
CypCaMm.
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1. 0630P JIUTEPATYPbI

Ha texymwuii MOMEHT HET OJHO3HAYHOIO OIpEAe-
JICHUS. WHJIUKATUBHOIO IUIaHUpOBaHMs. B pamkax
JMAHHOW pPabOTHI MpPUMEM CIeAYIOIIee OmpeelieHue:
«HAMKATUBHOE TOCYNApCTBEHHOE ILIAHUPOBAHUE
MIPEJICTABIISIETCSl KaK IMporecc GOpMHUPOBAHHS CHCTe-
MbI HHJIUKATOPOB (TIOKa3aTeeil) u pa3paboTka Ha UX
OCHOBE 3KOHOMHYECKUX MEpP TOCYJapCTBEHHOT'O BO3-
JIEUCTBHAS Ha SKOHOMHUYECKHE IMPOLECCHl NSl TOCTH-
JKCHHS YCTAHOBJICHHBIX TIOKa3aTenei» [9].

B pa6orax O. O. CmupnoBoii [10, 11] paccmoTtpe-
HbI MOJEIY MHIUKATUBHOIO IJIAHUPOBAHUS C ajamnTa-
el K HalMOHANBHBIM YycioBusM. [lokaszansl mpo-
0JIeMbl MHIWKATUBHOTO TUIAHUPOBAHUS U HEJTOCTATKH
CHCTEMHOTO HAyYHO-METOJUYCCKOTO TMOIX0/a B ATOU
obnactu. /I WHIMKATUBHOTO TUTAHUPOBAHUS PEKO-
MEHIYETCsl IPUMEHSTh NOAX0J, KOTOPBIM 3aKI0YacT-
cs1 B (OpPMHUpPOBAaHMM CHUCTEMBI IMOKaszareneil. Ha wmx
OCHOBE pa3padaThIBAETCSI KOMIDIEKC MEpPOIPHUSTHIA
JUI TOCTHXKEHUSI YCTAHOBJICHHBIX liesield. B xauectBe
WHCTPYMEHTOB IPEAjaracTcs NpUMEHATh METOAbI Ma-
TEMaTHYECKOTO MOJEITUPOBaHMS W OalaHCOBBIE pac-
4eThl JUIS aHaliu3a PECYpPCHOro O00eCHedeHUs. ITO
MO3BOJIUT BEIPa0OTaTh CHCTEMY MEp W yIIpaBICHYE-
CKHX PEILLICHUN.

B pabotax ®. ®. [Tamenko u komrer [12—14] pac-
CMaTpUBAETC KOMIUIEKC MOJEIe HHIUKATUBHOTO
IJIAHUPOBAHUS, B TOM YHCJIE MPUMEHUTEIHLHO K Peru-
OHAJIILHOMY pa3BUTHIO. B KauecTBe mpumMepa paccmar-
puBaetcsi XabapoBCKHUil Kpaid.

TpaguiioHHasT MaKpO3KOHOMHUECKas JBYX(hak-
TopHas mozenh Kob6a — Jlyrimaca paccmarpuBaer pasz-
BUTHE TPOU3BOICTBEHHOr0 (hakTopa Q B 3aBUCUMOCTH
OT JIBYX OCHOBHBIX PECYPCOB: TPYIOBBIX U (hMHAHCO-
BbIX [15]:

Q FLK,

rae F — oOmiast nmpou3BOAUTEILHOCTE (pakTopoB; L —
TPYAOBEIE pecypchl; K — kamuTani; o — 371acTUIHOCTh
10 TPYY; P — 2MaCTHYHOCTD MO KaruTaly.

OmHUM U3 TPOCTHIX, HO 3(P(PEKTHUBHBIX METOJIOB,
KOTOPBIM MPEIECTBYET INIAHUPOBAHUIO COOCTBEHHO
WHANKATOPOB, SIBJISIETCS CIIEHAPHBII aHaJN3 C UCTIOJb-
30BaHUEM KOTHUTHBHBIX KapT. KOrHUTUBHBIN MOAXON
MO3BOJISIET BBIACIUTH MOJAMHOYKECTBO MHAMKATOPOB C
CYIIIECTBEHHBIMH CBS3AMHU (OTHOWmIEHUsMH). B paboTte
U. B. YeproBa u komner [16] paccMarpuBaroTcsi Ko-
THUTHBHBIE KapThl Pa3BUTHSl PErHOHA C BBISBICHHUEM
BO3MOXHOCTeH pocrta. B cratbe [17] paccmarpuBaercs
MOCTPOECHUE KOTHUTHBHBIX CXEM C BBIJICJICHHEM YA3-
BUMOCTEH.

B patdorax 3. K. ApnmeeBoii u komter [18] pac-
CMaTpPUBAETCs NMPUMEHEHHE KOTHUTHBHBIX KapT IS
pelIeHns 3a/1a4 IPOTHO3UPOBAHUSI BPEMEHHEIX PSAIOB.
B cratee [19] npennaraercsa moaxoj K MOUCKY BO3-

MOXXHOCTH JOCTH)KCHHUS IeNIel pa3BUTHS CO MHOTUMHU
AKTUBHBIMH CYOBEKTaMH C HCIIOJIb30BAHWEM KOTHU-
TUBHBIX KapT. BeineneHsl HEKOTOpbIe EpCIeKTUBHBIE
MIPUKJIaHBIE 00JIaCTH, T/I€ MOTYT OBITh BOCTPEOOBAHBI
yKa3aHHbIE 3aJaud: aHaju3 OOOCHOBAaHHOCTH pelIe-
HUH, pa3pemnieHrne npodIeMHoON cuTyaluu, hopMupo-
BaHUE KOAIWIMHA 3aUHTEPECOBAHHBIX CTOPOH.

B pa6orax A. A. 3axaposoii, A. I'. [logsecoBckoro
n korer [20, 21] paccMaTpuBaroTCS MPUMEPHI I10-
CTPOCHUS CLIEHAPUEB CTPATETMYECKOrO YIPaBICHUS
CIT1a00CTPYKTYPUPOBAaHHBIMHA COIMATHHO-3KOHOMHYE-
CKUMH CHCTEMaMH C TPUMEHEHHEM HEYETKUX KOTHU-
TUBHBIX KapT. Tak:ke MOKHO YIIOMSIHYTH O BO3MOKHO-
CTH COBMECTHOTO HCITOJIb30BaHUS BH3yaJbHOU aHAIH-
TUKH W KOTHUTUBHOTO Tonxona [22, 23]. BusyansHas
AHAINTUKA CIy’)KAT N7 TPEABApUTENBHOTO (pa3Be-
JOYHOTO) aHan3a JAHHBIX, CBS3aHHBIX C MOKa3aTels-
MU, U Ui (QOpMUpPOBaHUS TEPBUYHOU CTPYKTYPHI
CIIEHapHeB Ha OCHOBE C(HOPMYITUPOBAHHBIX THIIOTE3.
KoruutnBHOE MOmenupoBaHHE — Ui YTOYHEHUS W
BepUUKAINU CIIEHAPUEB U X TUHAMHYECKOTO MOJIe-
JTUPOBAHWSL.

CueHapHble TOAXOIBl B pean3allil MHIAWKATHB-
HOTO IUIaHUpOBaHUA Ha mnpumepe pazsutus EADC
omcanbl B padore @. U. Epemiko u xoyer [24]. s
peanu3anuy CIICHapHeB HCIIONB3YIOTCS HMHTAI[UOH-
HBIE MOJICIIHL.

B nokmane A.Jl. [lBupkyna u xomrer [25] pac-
CMaTpPUBAIOTCS WHCTPYMEHTHI OTPACIEBOTO Pa3BUTHS
BBICOKOTEXHOJIOTHYHOM OTpaciiv: CKOJB3SIIIee MIaHu-
poBaHHMe W OIOJKETHPOBAHWE, MPOTPAMMHO-IIEIEBON
ITO/IXO0JI, MOJIEIH BBIYUCIMMOTO OOIIETO PaBHOBECHS
(amrm. Computable General Equilibrium models, CGE
models), marpuipl (QUHAHCOBBIX MOTOKOB (@HIIL
Social Accounting Matrix, SAM), mnoKka3BIBaIOIINE
0anaHChl TIOXOJIOB H PacX0JI0B OCHOBHBIX 3KOHOMUYE-
CKHAX areHTOB B 0a3WCHOM TOJy. YKa3bIBaeTCs, YTO
MHOTHE MOJIENIN He o0ecIievYeHbl UCXOMIHBIMU JIaHHbBI-
MH, YTO CYIIECTBEHHO OTPAaHHYMBACT HX MPHUMEHU-
MOCTb.

B pabore H. K. O6pocoBoii u A. A. lllaHanuHa
[26] paccmarpuBarOTCs OTpAcIEBbE HHAUKATOPHL pas3-
BUTHs (Ha TpuMepe 00padaThIBAIOIICH IPOMBIIIICH-
HocTH). B KauecTBe MoJienu UCTIONB3yeTCsl (DYHKLUS C
MIOCTOSIHHOM ~ 3jacTuyHOCThiO  (aHrin.  Constant
Elasticity of Substitution, CES). Bo Muorux paborax
paccmatpuBaercs CES-QyHKuus ¢ AByMs pecypcamu:
B, =K — kamuran u B, =L — Tpyna. B obmem Bume
CES-¢dynkuus ¢ N Bxogamu (pecypcamul) 3alichIBaeT-
sl B BUJC

rae Q — Beimyck nponaykuuu; F — oOmias npousBoau-
TEJILHOCTh (aKTOPOB; Wi — J0us i-ro Bxoaa (Xw; = 1);
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B; — xommuectBO i-ro (haktopa (pecypca); I — mapa-
METp 3aMELICHUSL.

B.T. BapnaBckuit [27] paccmaTpuBaeT cpeaHe-
CPOUYHBIE TPEHIBl PA3BUTHSI MUPOBOH 3KOHOMHUKU H
BBIJICIISICT CIEAYIOIIUE ApaiBepbl pocrta: riiodannza-
U0, WHPOPMAIMOHHO-KOMMYHHKAIIMOHHBIE TEXHO-
Joruu («KOMITBIOTEP»), OTKphITHE MHUpY Kwutas, Tpyn
U TPOU3BOAUTEIHHOCTh, COOTBETCTBUE HHCTUTYTOB
MUPOBBIM cTaHfapTaMm. [lepBbie Tpu apaiiBepa aHaIu-
3UPYIOTCS B MyOImKanuu 6onee moapoOHO.

B paborax B. M. I'nymikosa [28, 29],
B. C. Muxanesnya [30] paccMaTtpuBaeTcss MOJEThb CH-
creMHOl onTuMuzanuu. OCHOBHas uAesd TaKOBa!
yIy4llleHHE BCEX MapaMeTPOB CUCTEMBI IS JOCTHKE-
HUS LIETeil.

B pab6orax B. A. Hpukosa, B. H. Bbypkosa [31],
B. H. TpeneBa paccMaTpuBacTCsi TPAaCKTOPHBIN IOJ-
X0l MOJENM CHCTeMHOW onruMmusanuu. JlanHoe
HaIpaBjeHHE He MOJYYUIIO HIMPOKOro paclpocTpaHe-
HUS C IIEPEXOJOM POCCHUMCKONW 3KOHOMMKHU K PBIHOY-
HBIM OTHOIIEHMsIM. B 1990-e rT. 0CHOBHBIM medununT-
HBIM PEecypcoM ObUIO (pMHAHCHPOBaHHWE, APyTHE pe-
CYpChl cTald M30BITOUYHBIMH WM KaK MHUHAMYM HE
JeQUIUTHEIMA. Mojeldb CUCTEeMHOW ONTUMH3ALUU B
YCIIOBUSIX 3aMEHMMOCTH PECYPCOB C (PMHAHCOBBIM 3K-
BHBAJICHTOM CBOJWJIACH K 3ajlau€ OJHOPECYPCHO OI-
TUMH3alWU. B HacTosIIee BpeMsi pa3BUTHE SKOHOMHU-
KH TpeOyeT y4yeTa OrpaHHYMBAaIOLIMX PECYpPCOB B SIB-
HOM BHI€, OCOOCHHO NPH CYIIECTBYIOIMX OTpaHHye-
HUSIX B MEXIYHApPOJHON TOProBie.

B pa6ote [32] paccmaTpuBaeTcs MpUMEHEHHE MO-
JeJId CUCTEMHOM ONTUMH3ALUH IJIsl Pa3BUTHS SHEpre-
TUKU cTpaHbl. OCHOBHBIE pacCMaTpUBaeMbI€ PECYPCHI:
WHBECTHIIMHU, KaJIpbl, MeTaJLJI, 000opynoBaHue. B pabdo-
tax B. A. Upukosa [33, 34] paccmaTpuBaercs nmpume-
HEHHE MOJENM CHCTEMHOW ONTHMHU3AIMU K OTpacie-
BOMY M pErHOHaJIbHOMY pa3BUTHIO. B Moxenu cu-
CTEeMHOW ONTHUMM3ALUH Ul YBEIMYECHUSI CTEIICHH J0-
CTIKCHHMS LIENEBOM TOUKU A* paccMaTpHBalOTCs Clie-
JyIOIIe BO3MOYKHOCTH:

— Hcnonbs3oBaHue JOMOJIHUTENBHOIO pecypca;
NpyUYeM JIOTOJIHUTEIbHbIE HEOrPaHWYMBAIOLINE pe-
CYPCHI HE MOBJIHUAIOT Ha A* (OyyT H3IUIIIHUMH), €CITH
HE BBIJICTICH JIOTIOJHUTENBHBIA OTPaHUYMBAIOIINI pe-
cypc.

— OOMeH pecypcamu: yBeIWYCHHE JEHUIMTHOIO
pecypca 3a cueT HeAepHUIHUTHOrO (HEOTPaHHMYUBAIO-
IIETO0).

— IloBbimenne 3h¢HeKTUBHOCTH IMyTEM U3MEHEHUS
TEXHOJIOTHIA; YYHUTHIBAETCS B WU3MEHEHUH (YMCHBIIIC-
HUH) YACTHHBIX HOPM Pacxojia.

— V3mMeHeHue 1ieneBoi TOUKM (TOUKH UIeana).

Jlormka TpaeKTOPHOTO MOAXO0J]Ia MOJAETH CHUCTEM-
HOM ONTUMH3AIIMN COOTBETCTBYET M 6. DenepabHOro
3akoHa otT 28.06.2014 N 172-®3 «O cTpareruueckom

mnanupoBanun B Poccuiickoit ®enepamuu» [35]:
«IIpuHIHAIT pe3ynpTaTHBHOCTH ¥ 3()PEKTHBHOCTH
CTPaTErMYeCKOro IJIAHUPOBAHUS 03HAYALT, YTO BHIOOD
CIoCcO0OB U METOJIOB JOCTHXKCHUS IIeJIel COLUaIbHO-
SKOHOMHYECKOTO Pa3BUTHS M OOECIedeHHUs HaIlo-
HanpHOM Oe3omacHocTH Poccuiickoit  ®enepannu
JIOJDKCH OCHOBBIBATHCS HA HEOOXOJMMOCTH JOCTHIKE-
HUS 3alaHHBIX PE3YJIhTaTOB C HANMEHBIINMHE 3aTpa-
TaMHU PECYPCOB B COOTBETCTBUU C JOKYMEHTaMH CTpa-
TErMYECKOr0 TUTAHUPOBaHUsS, pa3paldaThiBaEMbIMHU B
pamMKax IJIaHUPOBAHHS U TIPOTPAMMHPOBAHHUSL.

B pabore [36] paccmaTrpuBaeTcsl cuctemMa yIpaB-
JICHWsI WHHOBAIMOHHBIM PAa3BUTHEM KaK CPEJICTBO
YBEIIMUEHUSI TEMIIOB BbIxoAa Poccuu M3 KpU3UCHOU
CUTYaITUH.

2. MATEMATUMECKAS NOCTAHOBKA 3A1AYH

3anaua pocta BBII onuceiBaercsa kputepuem
GDP  max, (1)

rae GDP — BBII (anri. Gross Domestic Product).

ITapameTpamu ynpaBlieHHs SIBISIOTCS TEMIIBL PO-
cTa mokasarenedl HwkHero yposHsA. s BBII ato
temribl pocta BJIC o orpacisam. st BJIC 310 Temmb
pocTta 100aBIEHHBIX CTOMMOCTEH IO MPENTPHUSTHSM.

[Nokazarens BBII gopmupyercs cymmoit BJIC mo
orpaciisiM. B dopmyiie onenku BBII ms ynpomenus
€€ BHUJIa OIyCTHM WHJIEKC MeproAoB (To10B) L

GDP .VAJ. VA, 1 7,

]

rae VA — BanoBas no0aBiieHHas CTOMMOCTD; | — HH-
neke orpaciiv; VAp — 4MCThIC HAJIOTH Ha MPOIYKTHI,
g Poccun onu cocrasisor okoiio 10 % BBII.
CBsi3p BeNMYMHBI I00aBIEHHONH CTOMMOCTH OTpac-
J¥ U PE3yNbTaTOB pabOThI OTICIBHBIX MPEANPUITHI
MOJKHO YCTaHOBUThH COOTHOIIICHUEM
VA VA, 2
1
rae VA — no6aBieHHasi CTOUMOCTb OT/AEJIBHOIO Mpef-
MIPUATHS; | — HHAEKC TPETPUATHSL.
BenuunHy 100aBIIEHHOW CTOMMOCTH — OTpaciu
MO>KHO OIMCATh JUHAMUYECKON 3aBUCHUMOCTBLIO

VA (1) VAt DA 1, (1),

riae fyaj — TEMIT IPUPOCTa JOOABIEHHOW CTOMMOCTH
OTpAacCIJIN.

Temn npupocTa 0Tpaciu MOXKHO Pa3AeIUTh Ha JIBE
COCTaBJISIOIINE!

— TEMN MPHUPOCTa WHEPLUUOHHBIM, 1O CTATHCTUKE
MIPOLIBIX JIET;

— W3MEHEHHE TeMIla pocTa Omaromapsi ympasie-
HHUIO.
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B KadecTBe MHEPIMOHHOTO BapuaHTa OyaeM pac-
cMmarpuBath cpemneromosoii Temmn pocra § (CAGR),
OIpeIessIEMbIi U3 YpaBHEHUSI

VA() VAt )L g;®) .

3nech
W)
g;(t) VA®/VAL ) 1,
rae gj(t) — temn mpupocta 100aBIEHHON CTOUMOCTH
OTpaciiv; T — MHTEPBaJl aHAJIN3a JIAHHBIX.

B o6mem cirygae Temn g(t) 3aBHCHT OT meproaa T
¥ MOXKHO 3ammcarthb gj(t, T), Ho B 1aHHON paboTe mpex-
MOJIAaraeTCsl TPOBOJUTH PACYEThl TMPHU TOCTOSHHOM
3HAYCHUH T M HE Teperpyxath GopMyIbl apamerpa-
MH.

I[OHOHHI/ITCHI)HO BBCJICM YIIPABJICHHUC — USMCHCHHUC
TemnoB pocrta Uj(t). Torna

Rajt) @ g;O)Q u;@®) 1

rae fyaj — TEMI MPUPOCTa J00ABIEHHONW CTOMMOCTH
OTPACIH C YUETOM YIPABICHHUSL.

3ammmem BBII uepe3 nepuon T kak cymmy Bajio-
BBIX J/I00aBJICHHBIX CTOMMOCTEH OTpaciieid, cuuTas
t=0 nmepuomoMm c mocieaHUMH (GaKTUYECKHUMHU IaH-
HBIMU!

GDP(T)  VA(T) VA(T)

J

T
VA(0) (@ g;M)A uj) VA().
j t1

3amaua (1) cBOAMTCS K 3a/aue YBEIHUYCHUS TEMITOB
pocra otaenbHbix orpacieit ([Tomzamava 1.2 Bo BBe-
JIEHHH)

@ g;®MQ@ u;®) max,j 1.7,
IIpyu OrpaHUYCHUAX
A(t)VA(t) B"(t),

rme A — Marpuma yIeTbHBIX PacXoJ0B PECYPCOB;

GDP(T)

VA(t) — Bextop BJIC orpacneii; B" — Bekrop Hanu-
YHsI PECYPCOB.

CrnoxHOCTh npuMeHeHusT GopMybl (2) 3akitoya-
eTcs B OTCYTCTBUM UH(OPMAIMK O T0OaBIEHHOHN CTO-
UMOCTH OTHeNbHOro mnpeanpustus. lloatomy pac-
CMOTPUM BapHaHT CBSI3U 100ABIEHHOH CTOMMOCTH C
BBIPYYKOH IPEIITPUATHIL:

VA] kVAvJ' Ri j?
rae R — Beipyuka; kya — K0d(hdurmenT 1006aBaeHHON
CTOUMOCTH B BBIPYYKE; € — TOTPEIIHOCTb.

Bemnunna Kyaj MoxeT ObITH omlpezesieHa perpec-
CHOHHBIMH 3aBUCHMOCTSIMH 110 (DaKTHUECKUM JaHHBIM
OpPOIUTBIX TEepHoA0oB. TakuMm 00pa3oM, CIIOKHOCTb
(HEBO3MOXHOCTD) IMOJy4YeHUs] nHPopMauun o 100aB-

JIEHHOH CTOMMOCTH OTAENBHBIX MPEINPHUATANA MOKHO
3aMEHHTH Ha 3aJlady OMpeiesieHus] cpeqHux Kodpdu-
LIUEHTOB JTOOABICHHON CTOMMOCTU B BBIPYYKE IO OT-
paciu B MPEINOJIOKEHHUH, YTO B PaMKaxX OTPacid KO-
3 PUIMEHTE J00aBIEHHOW CTOMMOCTH OTICIBHBIX
MPEANPUITHIA HAXOAATCS B HEKOTOPOW OKPECTHOCTH
cpenHuX Ko3(p(UIUEHTOB J00aBICHHOW CTOMMOCTH
otpaciu. To ecTb
VA, 'VAJ.i ' ks Ri ki Ry
I I

CymmapHasi BBIpyYKa OTpaciid TPEACTaBISACT CO-
00l CyMMy BBIpYYEK OTICILHBIX MPEIIPHUITHN OTpac-
hii7H

R, RivJ L .3,
I
rae | — HHIeKC MPeANpPUSITHS B OTpaciH j; J — Konde-
CTBO OTpaciei.
[IpencraBum BBII uepes cBsi3b BalloBBIX 100aB-
JICHHBIX CTOMMOCTEH OTpaciieid U BhIPYYEK MpearpHs-
ThH, cunrag t = (0 mepuoaoM ¢ MoCIeTHUMHU (aKTHIe-

CKUMHU JaHHBIMU.

GDP(T)

T
Rj@kya; @ g;O)A uj(®)  VAT).
j t1
Takum o6pa3oM, HaOIOMaeM MHOTOYPOBHEBYIO
cuctemy (puc. 1). Ha BepxHem ypoBHE — CBOJHBIH T10-
kazarens BBII cTpaHsl B 11€J10M, Ha CIIEIYIOLIEM CIIO€
— BUJBI ACATEIBHOCTH C JEKOMIIO3UIMEH MO OTpac-
J5IM, 1ajiee — IPEANIPUATHS U IPOEKTHI Pa3BUTHSL.

3. MOAENDb PECYPCOB

BbinenuM HECKOJIBKO PECYpCHBIX OrpaHHMUYCHHH,
CYIIECTBEHHBIX JUISI PELLICHUS JaHHOM 3a1auu:

B1. MuBecTuimu.

B2. Kanapsr.

B3. Duepropecypchi.

B4. KitoueBsie BUABI ChIPbI U MaTepHAIIOB.

B5. 3emms.

[lepeuenr pecypcoB MoxkeT OBITH paciimpeH. B
JaHHOW paboTe paccMaTpuBaroTcs pecypcsl By (MHBe-
CTUIIMU B OCHOBHOW KamuTai) u B, (kaapser), mpuBo-
JSITCSL COOTBETCTBYIOIINE PAcUeThI.

BenuunHa 4MCTBHIX MHBECTULIMH B OCHOBHOM KaIu-
Tai (CIOBO «YHCTHIE» MOIPA3yMEBAET YUET HCIIONIB30-
BaHUSl aMOPTH3AllMM TEKYIIETO IepuoJia B IMOKYIKE
BHEOOOPOTHBIX aKTHBOB) OmpeiesisieTcs (opMyoi

FA. . FA

Ir“/FA,j j.t .t 10

rae INVea — yrcThie MHBECTUIIMK B OCHOBHOM KarmuTal;
FA — BHEOOOpPOTHBIE AKTUBBI.
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OO0BeKT

CtpaHbl, HX 00BEIUHEHUS ‘

[Toxazatemn

BanoBoii BHyTpEHHHUI MPOIYKT,
BBII no ITIIC

BanoBoit BHyTpeHHUI MPOIYKT,

>
Cipaca BBII no MIIC
> B Banosas no6asneHHas
Wbl ACATCIIBHOCTH oo
Banosas no6aBieHHas
> Otpaciu A
CTOMMOCTB
> I Beipyuxka,
S 00aBICHHASI CTOMMOCTD
> ITpoexTbr Bripyuka, NPV
Puic. 1. MHOroypoBHeBasi CUCTeMa «CTpaHa — 0TPac/lb — MPEeArNpPUSTHE — MPOeKT>»
OmHako IMOMHMO WHBECTHIMI B OCHOBHOM KaIlH- a, i ]Cj / RJ_

TaJ HeOOXOAMMbI HHBECTHIIMU B OOOPOTHBIN KamuTall,
OCOOCHHO Ha ATarnax poCTa BBIPYYKH KOMIIAHUM IS
OTIepPEXKAOIIET0 00eCIIeYeHNs 3aacaMy HeTIPePhIBHO-
ro mpou3BojAcTBa. Tornma MoJjHbIE MHBECTUIIUH OIpe-
JIENISIIOTCS KaK

IC jit 10

rae |IC — unBecTHpoBaHHBIM KanuTall. BennuuHa vH-
BECTUPOBAHHOTO KaluTalla OIpPENEeNIeTCs aKTHBaAMHU
3a BBIY€TOM KPEIUTOPCKON 330PKEHHOCTH:

IC, A, CL, FA CA CL,
Eq, FA, CA CL, D, IC, D,

i
rae A — aktuBbl, EQ — coOctBenHbIit kanutan; CA —
Tekymue (o0opoTtHble) akTuBbl; CL — Tekymue maccu-
Bbl; D — monrocpoyHble MaccuBHI.

ITokasarenem 3(PPEKTUBHOCTH, YBI3bIBAOIIUM
NpUPOCT J00aBICHHOW CTOMMOCTH W WHBECTHUIIHH,
ABJSIFOTCSA YACNbHBIE KallUTaJIOBIOXKEHHUS] B MPUPOCT
J00aBIIEHHOM CTOMMOCTH

a, IC,/GVA,

rie GVA; — BJIC orpaciu j.

Ha ypoBHe npennpusaTuii MOXHO HCIOJIB30BATh
JOTOJTHUTENBHBIA KOA(QQUIUEHT YIENbHBIX KalluTa-
JIOBJIOKEHUH B IPUPOCT BBIPYUKH

(IC,/GVA) (GVA /R) &, K,

[MoTpeGHOCTD B KaJipax OINpeaenseTcs Mpon3BOIU-
TEJIBHOCTBIO TPYAa IO 100aBIEHHONH CTOMMOCTH!

a,; B,;/GVA.

Ha ypoBHe mnpennpuaruii MOXHO HCIOJIb30BATh
JIOTIOJTHUTENBHBIN KO3 (UITUEHT TMPOU3BOAUTEIHHO-
CTH TPYJa MO BBIPYUKE

a,; B, /R,
(B,,/GVA) (GVA IR) a,; ki,

4. UCXOAHBIE AAHHLIE

B pa3HbBIX HCTOYHUKAX B MEPHO]] MOITOTOBKH JaH-
HOM CTaThU COAEPIKAINCHh HECKOJBKO Pa3TUIaIONIUECs
JJaHHBIE OTHOCUTEJIFHO HAYaJbHOI'O PEWUTHHIa CTpaH
nio BBII no I1IIC 1 ero KoaM4ecTBEHHOTO U3MEPEHUSI.

CornacHo CTaThe [37] caiita
www.worldeconomics.com, mo oIleHKe HHIUKATOpa
BBII no IIIIC 3a 2023 r. Kuraii, CIIIA u Wugus 3a-
HUMAIOT IIE€pPBBIE TPH MECTa C OOJIBIIUM OTPHIBOM OT
Ipyrux crpaH; Anonus, Poccus, Munonesus, I'epma-
HUS TIOCJIENOBAaTENbHO 3aHMMAIOT C YETBEPTOTO IO
ceapMoe MecTo. B craree ykazaHO, YTO aBTOpHI IpO-
BOJAT JIOOIICHKY ITOKa3aTellel B CBA3HM C HEPETUCTPH-
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pyeMoii 3KOHOMHYECKOW jaesTenpHocThiO (informal
economic activity), a Taxke ¢ HEIOCTATOYHOCTHIO MM
BO3MOXXHBIM UCKaKCHHEM O(UIUATBHBIX CTaTUCTHYC-
CKUX JIaHHBIX 10 cTpaHaM. [IpHUBOSITCS MPOTHO3HBIE
ormenku pocta BBII ma 2025-2030 rr. Ha OCHOBE
CPEIIHETOIOBBIX TEMIIOB POCTa 3a MPEeABLAyIIee Jecs-
TUJICTHE.

JlaHHBIC, KOTOpPBIE MPUBOAUT MHUpPOBOI OaHK I10
unaukaropy «GDP, PPP (current international $)»
[38] ¢ 1990 mo 2022 rr., OTAMYAIOTCS B Pa3IHMYHBIX
Bepcusx. B Bepcun ganuex ot 28.03.2024 1. B 2022 1.
Poccust 3ammmana mrectoe mecto ¢ BBII mo TITIC
5082 mupx USD (tabn. 2). B Bepcum HaHHBIX OT
30.05.2024 r. Poccust HaXOAWTCS HA Y€TBEPTOM MECTE
no BBII no IIIC, ¢ nanueiMu 3a 2022 1. 5 988 mipn
USD. H3meHenue B BepCcHsIX JaHHBIX COCTaBUJIO
17,8 % wu3-3a wusmeHenus koddduimenra IIIIC ¢
Kppp'()a = 0,4409 pi (o) Kppp’()b = 0,3742 IToxa3zaTens
CAGR B Ta011. 2 BKIItOYaeT UHQIISIIHIO.

B nanHoli paboTe OCHOBHBIE pacueThl MO OLECHKE
pocTa OoTpaciedl W JOMOJHHUTENBHBIX PECYPCOB IS
BBIX0JIa HA CPEHEMUPOBBIC TEMITBI POCTAa SKOHOMHUKHU
CYIISCTBCHHO HE HM3MCHSIIOTCS H3-3a KOPPEKTUPOBKH
nmauHbX kodddunuenta [IC Kppp.

B otnomennu Poccum ncxomursie ganasie mo BJAC
Mo BUAAM ACATCIBHOCTH M OTpACIAM HNPCACTABIIACT
Poccrat [39].

5. MOAENDb U PACHETbHI

5.1. Ha ypoBHe cTpaH

PaccmoTtpuMm 3agady: Kakoe JOJKHO OBITH OMOJI-
HHUTEJIbHOE yCKOpeHue pocrta crpanbl 1 (Poccun) mmst
OTIepEeXKEHUsT IPyrol cTpanbl (¢ nHAEKCOM 2). [lytem
HECIIOXKHBIX Tpeobpa3oBanuii Gopmyn pocra BBII

IUTSL CTpaH ¢ uHAeKcaMu | u 2 modydaem, 9To IJis TO-
ro, uto0b1 GDP; 1 > GDP, 1, Heobxonumo

GDP, GDR, (L ¢) (L u), 9
GDPZ,T GDPZ,O (1 gZ)T (1 UZ)T L]
UT
GDP
L @ ou) e LGy
GDPZV0 1 g,

rae g — 1o CAGR; U; 1 U, — yripaBieHHE TEMIIOM PO-
cTa g cTpaH 1 U 2 COOTBETCTBEHHO; T — IIEPUOJT aHAIIU-
3a.

Pacuerst mo pmaHHeIM MupoBoro 0aHKa OT
28.03.2024 r. mo ¢opmynam (3) u (4) MOKa3BIBAIOT,
YTO JIOTIOJHHUTEIHHOE YCKOPEHHE CPEeIHErof0BOTO
pocra ctpanbl 1 (Poccum) cocrasimsier U™ =2,12 %
npu U, =0 % ¢ 2023 mo 2030 r. OtMeTum, 4TO IS
pelIeHns ATON 3aa4d CYIIECTBEHHYIO POJIb UTPAeT He
caMoO YCKOpEHHE POCTa OTIENbHOU CTpaHbl, a pa3HUIlA
Mexay 3HaueHusMu nokazatenss CAGR cpaBuuBae-
MBIX CTpaH.

HaunonansueiMu nensimu Poccun no pocty BBII
Poccun 1o 2030 r. ycTaHOBIIEH LENEBOW MHOUKATOP:
«obecrieueHre TeMIla POCTa BajOBOTO BHYTPEHHETO
MIPOJYKTa CTPAHBI BHIIIE CPEAHEMUPOBOTO MIPH COXpa-
HEHUU MAaKpOIKOHOMHUYECKOH crabmmpHoCcTI» [40].
Pacuetsl aBTOpOB 10 JMaHHBIM Muposoro Oanka [41]
MOKAa3bIBAIOT, YTO POCT MHUPOBOM DKOHOMHKHU COCTa-
Bun 2,76 % 3a mepuon 2011-2022 rr.

CpenneronoBoii poct nokazarenss CAGR 3a 2011—
2022 rr. BaJIOBOTO BHYTPEHHETO NPOAYKTa B MOCTOSH-
HbIX HeHax coctaBui 1,01 %, poct BJAC B mocrosis-
HBIX 1eHax coctaBui 1,24 % (maHHBIE UIS UHEPIIUOH-
Horo cueHapusi). Otnnune B pocre BBII u BJIC 3a-
KIIFOYAeTCsI B YMEHBIIIEHUU YHCTHIX HAJIOTOB Ha IMpPO-
IYKTBl. AHAJIM3UPOBATh HAJOTH HA MPOIYKTHI B 3TOM

Tabauya 2
BBIM no MNINC HekoTopbix cTpaH no gaaHHbIM Muposoro 6aHka
Mecro, Crpana BBII no IITIC, BBII no IIIIC, BBII no IIIIC, CAGR,
2022 r. 2000 r., mipa 2012 r., mipa 2022 r., mipa 2012-2022 r., %
usD uUsD uUsD
Mup 49 258 100 816 171531 5,46 %
1 Kuraii 3683 15 213 31773 7,64 %
2 CIIA 10 251 16 254 25 440 4,58 %
3 Wnaus 2212 6 163 12 998 7,75 %
4 Poccuiickas @enepanus 1001 3480 5988 5,58 %
5 Snonust 3461 4 800 5862 2,02 %
6 T'epmanus 2236 3487 5582 4,82 %
7 Bpaszumus 1582 2992 4120 3,25%
8 Hunonesus 1002 2 408 3980 515 %
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pabote HEe OyJeM, HO OTMETHUM, YTO «3TO HAJIOTH, Be-
JMYUHA KOTOPBIX MPOMOPIHOHATIFHA KOJIWYECTBY WIN
CTOUMOCTH TOBapoOB M yCIYT, MPOU3BOAUMBIX, MTPO/Ia-
BAaeMbIX WM UMIOPTHPYEMBIX pe3ueHTamu. K HuM
OTHOCSITCSI: HAJIOT Ha TOOABIICHHYIO CTOUMOCTb, aKIIU-
3bl, DKCIIOPTHBIC MONUTMHBI W HAJIOTH HA WMIOPTHBIE
TOBaphl U ycayru» [42].

Jomnonuautensubiii poct BBIT U, = 2,12 % Gyner
paccMaTpUBAThCS BXOJHBIM MapaMeTpoOM JUIS JIEKOM-
MO3MIIMK TEMIIOB POCTa 1O BHAAM JEATEIBHOCTH H
oTpacisiM Kak i 00eCIeueH s [[eJIEBOTO HHINKATO-
pa JOCTHXKCHHUS CPETHEMHUPOBOTO TEMIIA POCTa KO-
HOMUKH, TaK U st penienns 3aqadu 1 pocra mo moka-
3aremto BBII mo IITIC.

5.2. Ha ypoBHe BMAOB feATeNbHOCTH M OTpacnei

Poccrar mpenoctaBiser mHbopMaruio mo S54-tu
oTpacisiM B COOTBETCTBHHM C KJIACCH(QUKATOPOM
OKBO/I-2 [43]. Hymeparusi oTpacieil IpoOU3BOAUTCS
B coueTaHnu OykBbI pazzena (or A mo T) m HOMepa
orpaciit (ot 1 mo 99). B psanme ciydaeB otpaciu
ykpynHstores: J (62—63) «Pa3paboTka KOMIBIOTEPHO-
ro MpOrpaMMHOro oOecrieueHHs, KOHCYIbTallMOHHBIE
YCIYTH B IaHHOM 00JIaCTH U APYTHE COIMYTCTBYIOILNE
YCIYTH; JESTEeNbHOCTh B 00JacTH MH()OPMAIIMOHHBIX
TEXHOJIOTHIT» — 3T0 cyMMa otpacieit J 62 «Pa3pabot-
Ka KOMIIBIOTEPHOI'O NPOIPaMMHOTO OOeceyeHus,
KOHCYJIbTAIMOHHBIE YCIYTH B JaHHOW 00NacTH U ApY-
THE COMYTCTBYIOIIHE yeIayru» u J 63 «/lesrensHOCTh B
o0nacTi HHPOPMALMOHHBIX TEXHOIOTUI.

Ha puc. 2 BbIfieNIEeHBI HEKOTOPBIE OTPACIIU C KPYTI-
HeIM TipupocToM (6ostee 100 mipa py0.) B MOCTOSH-
HbeIX neHax 2021 r. (mamee — OCHOBHBIC) M CPEIHHUM
TemmnoM pocta 6oinee 1,5 % B roz.

Brimeanm HEKOTOPBIC OTpaciiv ¢ HauOOJIBITNM a0-
coNOTHBIM TIpupocToM BJIC u BBICOKHM TEMIIOM poO-
cTa:

Pazgen K «JlesTenpHOCTD HMHAHCOBAS U CTPAXO-
Bas (TIpeXkIE BCETO, NEATETHHOCTD XOJAMHTOB);

Paznen L «/lesTenbHOCTh MO omepaiusiM ¢ He-
JIBUKFMBIM IMYIIECTBOM,

J (62-63) «Pa3paboTka KOMIBIOTEPHOTO TMIPO-
rPaMMHOTO 00eCIeUeHUs!, KOHCYJIBTAllMOHHBIE YCITYTH
B JJAHHOW 00JIACTH U APYTHE COMYTCTBYIOLINE YCIYTH;
JeSITeNIbHOCTh B 007acTH MH()OPMAIIMOHHBIX TEXHOJIO-
THI,

C 25 «IIpou3BoACTBO TOTOBBIX METAJUIMYCCKUX
U3JICNIUN, KPOME MAIlTMH U 000PY/I0OBaHHS;

C 20 «IIpom3BOACTBO XWMHYECKHUX BEIIECTB W
XUMHYECKUX TTPOITYKTOBY;

C 21 «IIpou3BOACTBO JEKAPCTBEHHBIX CPEACTB U
MaTepHasoB, IPUMEHSIEMBIX B MEIUIIMHCKHX IETISX),

R 93 «/lesaTenbHOCTH B 00JaCTH CIIOPTA, OTIbIXA
Y pa3BJICUCHUIY;

M 71 «JlesTenpHOCTH B OOJACTH apXUTEKTYPHI H
WHXEHEPHO-TEXHUIECKOTO MPOEKTUPOBAHUS; TEXHH-
YECKHUX UCIBITAHUN, UCCIECIOBAHUN U aHAIIA3a.

OTMeTHM, 4TO BCE OCHOBHBIE PACTYIUE OTPACIH
MOYKHO OTHECTH K «YMHBIMY» OTpPAaCJISIM: 3TO CIIOXKHOE
MIPOM3BOICTBO WX yIIPaBJICHHUE.

13,5%
® C25

11,5%
® J(62-63)

9,5%

7,5% ® R93
® H53
® M (74-75)
N (80-82)
5,5% ®e (20

® S9
M (69-70) .I’achIN

®C(13-150 e ® Pazpenl
3.5% M7l

Wﬂen R
545

® Pafhekr10-12) © A0l
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® Pazgen M

1,5%
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® 084
® Pasznen L

® Paznen C

Puc. 2. Temn pocta v npupocT BAC B NOCTOSIHHBIX LigHaX HEKOTOPbIX 0Tpacnei
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6. CLLEHAPHM NMPOrHO3A POCTA

PaccMmaTpuBaroTCsi HECKOIBKO CIICHAPUEB POCTA:

MHeprmoHHBIN ClieHapuil pocTa MO OTpacisiM C
TEMIIOM POCTa, COOTBETCTBYIOIIUM TMPEKHUM IEPUO-
Jam.

Y CcKOpeHHBIH POCT Ha OAMHAKOBYIO BETHMYHHY 110
KaXIOW OTpaciu (BCE OTPACiH YCKOPSTCS OIMHAKO-
BO).

Y CKOpEHHBIN POCT, MPUPOCT POCTA ONPEETACTCS
OPEABIAYIIUM POCTOM (IIPOMIOPIHOHATICH EMY).

Jns ganHOW pabOTHl 3TO WIUTIOCTPALMST BO3MOXK-
HBIX CTPYKTYPHBIX CIBHIOB IO OTpaciisiM. MHorue
(hakTOpHI B KAKAOH OTPACIN MOTYT MOBIHUATH HA Pa3-
BUTHUEC, OTKJIOHAA €T0 OT HMHCPHHUOHHOI'O CICHapus:
BHEIIIHUE BO3JICHCTBUS, KOJIeOaHUs BAIOTHOTO Kypca,
SKCMOPTHO-UMITOPTHBIE BO3MOKHOCTH, TEXHOJOTHYE-
CKHWEC MHHOBAIUU U 1IP.

Ha puc. 3 u B Ta0i. 3 moKa3aHbl pe3yJIbTAThI CIie-
Hapusl YCKOPEHHOr0 pocTa OTpacied SKOHOMUKU. st
HaTIITHOCTH TPOBENEHa TPYIIHPOBKA OTpacieil Imo
pasmepy (ocHoBHBIe — ¢ mpupocTtoM BJIC 6omee 100
wipa py6. 3a 2011-2022 r.) u mo temiy pocta (BbICO-
KU TeMn — 6oiee 2 %, Hu3kui temn — oT 1 g0 2 %,
HeT pocta — MeHee 1 %). M3 rpaduka BHIHO, Y4TO OC-
HOBHOW mpupocT cymmapHoro BJIC obecreunBaioT
OCHOBHBIE (KPYITHBIE) OTPACII C BBICOKMMH TEMIIaMH
pocra. B pacderax AaHHOTO ClieHApWs MPHUHSATO, YTO
YIpaBJICHUE (JIOTIOJHUTENBHBIA TMPUPOCT OTPACIH)
MPOTMOPIIMOHAIBPHO WHEPIMOHHOMY POCTy Ha (aKTH-
yeckoM HHTepBasie. OTpaciau 6e3 pocTa M C MaJbIM

A.d

pOCTOM He O00EeCHeuMBaIOT 3HAYUTEIHFHOTO MPHUPOCTa
cymmaproro BJIC (a 3maumt, u BBII). OcHoBHOMI
(YCKOpEHHBIH) TPUPOCT O0OECIEYMBAIOT OTPACIU C
OBICTPBIM pOCTOM. B TabmuIiax BUABI AESITEILHOCTH C
KojaMu OoT M 110 S He ToKa3aHbI B LIEISIX COKPANICHUS
o0beMa CTaThbH, Ha3BaHMS BUIOB JIESTEIBLHOCTEH CO-
KpalleHbI.

Otpacau MammmHocTpoenus (C 27 «IIpou3Boactso
anekTpudeckoro obopynoBanus», C 28 «lIpousBon-
CTBO MallMH W OOOPYAOBaHHS, HE BKIIOYCHHBIX B
npyrue rpynmupoBkm», C 29 «[Ipou3BojncTBO aBTO-
TPAHCIIOPTHBIX CPEICTB, NPHUIENOB H IONyIpHUIle-
moBy»), a takke Pazgen D «OGecneyenue asnextpude-
CKOM 3Hepruei, ra3omMm U napom; KOHIUIMOHUPOBAHUE
Bo3nyxa», Pasmen H «TpancmoptupoBka u XpaHe-
Hue», Paznen | «JledarenbHOCTh TOCTHHUI] U TIPEATIPH-
SITUH OOIIECTBEHHOr0 MHUTaHUs», J 61 «JlearenbHOCTh
B cdepe TenekoMMyHHKanwmii», M 72 «Hayunble wuc-
cnenoBanus U paspabotkm», P 85 «OO6pazoBaHue»
OTHOCSITCSI K TPYIINIE «HEOCHOBHAs, HET POCTa». JTO
Ba)KHBIC OTpacid, 4acto — uH(pacTpykrypHbie. Ho
9TH OTPACIN Pa3BUBAINCH HEAOCTATOYHO OBICTPO B
noponuioM JACCATUICTHU, U HUX POJIb 3HAYUTCIHLHO
YMEHBIIWIACH TI0 CPABHEHHIO C ITOYTH CaMOJIOCTaTO4-
Ho# skoHOMEKOH CoBerckoro Coro3a mim (Kak Teje-
KOMMYHHKAIIMA / COTOBasi CBs3b) IMEPECTAIH PACTH
nocye ckauka. OOpa3oBaHue co3gaeT GyHAaMEHT st
PaCIIMBKH y3KOTO MecTa M0 00eCMedeHHI0 KaJpOBBI-
MU pecypcamMH U IPOU3BOIUTENBHOCTH Tpyaa. He Oy-
JeM B JaHHOW paboTe mepecMaTpuBaTh CICHAPUIN
YCKOPEHHOT'0 POCTa C MPOIOPIIMOHAIBHBIM pacipesie-
JIEHUEM TEMIIOB pOCTa, HO JUIS MCCIeIoBaHUS Ooee
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Puc. 3. CueHapuii yckopeHHoro pocta BAC no rpynnam pocTta (B LeHax 2021 r., mapg py6.)
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Tabnuya 3

OueHka pocrta BBI no MMNC, cooTBeTCcTBYIOWANA CLEHAPUIO YCKOPEHHOr0 PoCcTa, B NOCTOAHHBIX UeHax 2021 r.

[Toka3zarens
Kon Ortpacib 2022 r., 2030,
MIIpJ pyo. MIpA pyo. I'pymnna
BaioBoii BHyTpeHHHUI TPOYKT B MOCTOSIHHBIX IIEHAX 134 081 173 604 Csont
Banosast 1o0aBiaeHHast CTOUMOCTD B IIOCTOSIHHBIX 121 436 161 391 Cson
IEHaX
A | Cenbckoe X035ICTBO 5720 7001 Cymma
B J1oObIua moJIe3HbIX HCKOMAEMBIX 16 201 17 213 OcHoBHas,
HET POcTa
C | OGpabaTsIBaroIye NPOU3BOJICTBA 16 783 27 043 Cymma
D | OGecrnieueHue MEKTPUUYCSCKON IHEPTUCH 2984 3003 HeocHoBHas,
HET pocTta
E Bonocuabxenne 591 586 Cymma
F CTpouTensCcTBO 6 240 7 424 OcHoBHas,
HUZKHH TeMII
G | Toprosusa 14121 14 264 Cymma
H | TpancnoptupoBka 7617 8 664 Cymma
| TocTHHUIIBI ¥ IpeIIPUATHS 00IIECTBEHHO- 1078 1412 OcHoBHas,
rO MUTAHUS HU3KHUIA TeMI
J Wudpopmanus u cBs3b 3518 8179 Cymma
K | HesrensHOCTh QUHAHCOBAS M CTPaXxOBas 6 687 14 747 OcHoOBHa#,
BBICOKHI TeMIT
L Omneparnyu ¢ HeBIKAMBIM HMYIIECTBOM 12 719 15 597 OcHoBHas,
HUZKHIA TeMIT

PEANUCTUYHBIX CLEHAPUEB POCTA POCCUICKON 3KOHO-
MHKH C CYIIECTBEHHOH CTETEHbI0 aBTOHOMHOCTH 3Ha-
YUMOCTb 3THX OTpacied AOJKHA OBbITh 00O3HAUeHa B
CTpaTETHsIX pa3BUTHS CTPAHBI.

B kadecTBe mpumepa TpHUBElEM IeNEBOH CIeHA-
puil o msmeHennto BJ/IC mo cenbckoMy XO34HCTBY
(Pazmen A mo knaccudpukaropy OKB3/I-2; Ha puc. 4
och Y) U 1O JeSATeNbHOCTh B 00JacTh MHQOpMaIuU 1
cBs3u (Pasnmen J mo kmaccugpukatopy OKBO/I-2; Ha
puc. 4 oce X). OTH oTpacinu ObUIM BBIOpaHBI I Tpa-
(uKa, MOTOMYy YTO B MPOILIOM OHU Pa3BUBAINCH C
pasHoOi CKOpPOCTBIO, U B IEJIEBOM CIIEHAPUH UX POCT
Takxe Oyner pasnuuarbesa. Kpyxoukamu 0003HaueHbI
(haktrueckue gannbie 3a 2011-2023 rr., KpeCTHKH —
MIPOTHO3HBIE JaHHBIE IeJeBOro cueHapus 3a 2024—
2030 rr.

Ha puc. 4 nokaszansl pecypcHbl€ OrpaHUYEHUs TS
IBYX paccMmorpeHHbix orpaciedt B 2030 r. mo cieny-
IOLIMM pecypcam:

10 MHBECTULHMSAM B OCHOBHOM KamuTan B; (3ene-
HBII KBaJIpar);

M0 YHCIEHHOCTH 3aHATHIX B, (kpacHbIi Tpe-
YTOJIBHUK).

PecypcHble orpanuyeHusi Ha puc. 4 paccUUTAHBI
Kak npowusBeneHue oueHkn BJIC nns MHEpIMOHHOTO
CIICHApHS U YIENBHBIX PecypcoB (TI0 YHCIEHHOCTH M
WHBECTUIIMAM) JUIS KOHEYHOTO paccMaTpUBacMOTO
nepuofa (2030 r.). YaenbHbie pecypchl IO YHCIEHHO-

CTH (TIPOM3BOIMTENBHOCTh TpyJa IO JOOaBIEHHOM
CTOMMOCTH dzj) OLEHEHBI 110 MHEPLMOHHOMY CIIEHa-
pUI0 C YYETOM TIOBBHIIICHUS TPOU3BOJUTEIHLHOCTH
Tpyna.

ITo puc. 4 BumHO, YTO IIENIEBBIE 3HAYCHUS 110 POCTY
oTpaciieil He OyIyT JOCTIKUMBI C TEKYIIUM 00bEMOM
pecypcoB B MHEPIIMOHHOM CIIEHAPUH YICIBHBIX pac-
XOIOB  (TEXHOJIOTMM  HCIIOJIB30BAHUS  PECypCOB).
Heo0xomumo OTIONTHUTENEHOE BBIJIEIIEHHE PECYpPCOB
W/WIW  3HAYMTENBHOE TIOBBIMIEHHE 3(PPEKTUBHOCTH
HCITOJIb30BAHUSI PECypCOB (M3MEHEHWE MaTpuilbl A,
BIJTIOYAIONICH y/IeIbHBIE WHBECTHUIIUHU, IPOU3BOIU-
TENBHOCTH TPYIQ).

HesiBHOE mpenmonokeHne MO pecypcaM MOXKHO
chopMyJIUpPOBaTh TaK: PECypC B3aUMO3aMEHSIEMBbIit
JUISL pa3MYHBIX oOTpaciei. s HMHBECTHLMH 3TO
MIPEATIOJIOKEHUE BBITJISIIUT PasyMHBIM. JJIs 4uCIIeH-
HOCTH 3aHATBIX C Pa3IMYHON KBaiM(UKaLKEH 1Mo pa3-
HBIM CIEUUATBHOCTSM 3TO MPEAMNOJIOKEHUE MOXKET
OBITh BBIMIOJIHEHO TPU 3HAYUTEIHHBIX YCHWIHAX IO
MTOATOTOBKE U TIEPETIOATOTOBKE KaIPOB.

7. PACYETbI NOTPEEHOCTU B PECYPCAX

Poccrar OmnpeaAcadeT MHBCCTULIMU B OCHOBHOH Ka-
nuTall KaKk «COBOKYITHOCTH 3aTpaT, HallpaBJICHHBIX Ha
CTPOUTCIILCTBO, PCKOHCTPYKIIUIO (BKJ'IIOLIaSI pacmupe-
HUC U MO,I[GpHI/I3a]_[I/IIO) O6’BeKTOB, KOTOPBIC IPUBOAAT
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Puc. 4. ®akT 1 LeneBoi cueHapwii nsmeHeHus BAC, mapg py6.

K YBEJIMYSHUIO WX MEPBOHAYAIBHONW CTOMMOCTH, MPH-
oOpeTeHHE MaIllWH, O0OPYAOBaHUs, TPAHCIIOPTHBIX
CPEJICTB, MPOU3BOJCTBEHHOTO W XO3SHCTBEHHOTO WH-
BEHTaps, OYXTaJITepCKUH y4eT KOTOPBhIX OCYIIIECTBIIs-
€TCs B MIOPSKE, YCTAHOBICHHOM JIJISl y4eTa BIOYKCHHIMA
BO BHEOOOPOTHBIE AKTWBBHI, WHBECTHIIMH B OOBEKTHI
UHTEIUICKTYalbHON coO0cTBeHHOCTH (¢ 2013 T.); KyJb-
TUBUpPYEMbIE OHOIIOTHUYECKUE pecypchDy [44].

Taxxe PoccraT BeIeIsIeT HHBECTUIIUH B HEMIPOU3-
BOJICTBEHHbIC HE()UHAHCOBBIC aKTHBBI. JIaHHBIN TOKa-
3atenb coctaBua oT 1,0 no 2,3 % B mepuon 2013—
2023 rr. OT 3HaYeHUs [OKA3aTeNs «MHBECTULIMU B HE-
(hHAHCOBBIE aKTHBBI — BCETOY», B IaHHOW paboTe ero
paccMaTpuBaTh He TPEAIoIaraeTcs.

MHBeCcTUIMY B OCHOBHOM KalUTAJl BKJIIOYAIOT ClIe-
IyIOUIMe TPYNOUPOBKU [45]: MHBECTUUUU B 3AAHUS
(KpoMe KWIIBIX) U COOpPY)KEHHUS, B JKUIJIbIE 3JaHUS U
MOMEIIEHYS, Ha YITy4dIlIeHHEe 3eMelb, B MAIIMHBI, 000-
pyIlOBaHHE, TPAHCIIOPTHBIE CPEACTBA, B OOBEKTHI HH-
TEJUIEKTYyaJIbHOW COOCTBEHHOCTH, MPOYNE HHBECTULIUU
B OCHOBHOM KamluTall.

OO6parnM BHUMaHWE, YTO B COCTaBE IOKa3aTessd
«uHBecTuIM» Poccrar oTnenbHO mpUBOAMT WMH(OP-
MalMI0 O BIOXKEHHAX (MHBECTULMAX) B OOOPOTHBIN
KanuTal. B manHo# paboTe WHBECTUIINHA B 00OPOTHBIM
KanuTall HEe pacCCMaTPUBAIOTCA.

Anamu3 BJIC 1 MHBECTUILIUN TI0 BUJAM JIESITCIBHO-
cte (0TpacisiM) JOJDKeH 00ecrednTh HH()OPMAIIHIO O
CpeHUX YAENBHBIX MHBecTHIMX B mpupocT BJC, a
3aTeM JIaTh WH(POPMAIMIO O BO3MOXHBIX OTPACIEBBIX
MPUOPUTETAX.

CopnepxareiabHO HAaKOIUICHHBIE WHBECTULMH (Op-
MHUPYIOT T€pBOHAYaJIbHYI0 CTOMMOCTH OCHOBHBIX
CPEeICTB (3IaHUI U COOpYyKEeHUH, 000pyaOBaHus), KO-
TOpas CIYXHUT JAJs TPOU3BOACTBA MpoayKuuu. U
UMEHHO 3aBEpPIIEHHOE CTPOUTEIHCTBO C BBOJAOM OC-
HOBHBIX CPEJCTB ITO3BOJISIET BBITYCKAaTh HMPOIYKIIHIO.
ABTOpaMu OBUTM TIPOBEJICHBI JOTIOJHHUTENIBHBIE HC-
ciieoBaHUsA (KOTOpBIE PELICHO HE BKIOYATh B JaH-
Hy!0 paboty) o cBsizu C BIIC mo orpacisiM HE TOJIBKO
WHBECTHULIMN B OCHOBHOH KaIllMTaJl, HO U HAKOIUICHHBIX
WHBECTHLIMH B OCHOBHOH KamuTan. IIpoBeneHHBbI
aHaJIM3 TIOKa3all, YTO €CTh CHJIbHAs 3aBUCHUMOCTH WH-
BECTHLIMH B OCHOBHOM KalUTal M CPEeIHEroJOBBIX
HakoIUIeHHbIX uHBecTHLMi oT BJIC; nns ynpoieHnus
B TeKyllel paboTe HCIONBb3YIOTCSl €XKEero{Hble HHBE-
CTHLIMY B OCHOBHOM KaruTal.

MOXHO BBIIENUTh KaMHUTaJOEMKHE OTPaciad IO
nanHeIM Poccrarta (Tabn. 4) — obecrieueHue 3IEeKTpH-
YECKOM SHEpruei, BOAOCHAOKEHHE, TPaHCHOPT — a
TaK)K€ HEKalMTAJIOEMKHE — TOPTOBIS, AEATEIHHOCTH
TOCTHHUI] M TPEANPHUITUI OOLIECTBEHHOTO MUTAHUS,
JesITeNbHOCTh (PUHAHCOBAass M CTpaxoBas, rocynap-
CTBEHHOE YIIpaBJICHHUE.

JlaHHBIE O CpPEHEroA0BOM YHMCIECHHOCTH 3aHATBIX
0 BHJaM DKOHOMHYECKOW nesarenpHOCTH ¢ 2017 1.
npuBoguT Poccrar [46]. Ouenka KaapoBBIX pecypcoB
Ha obecredeHne pocTa MOXKET OBITh BBIMIOJHEHA II0
CpeaHel MPON3BOIUTEIHFHOCTH TPY/IA IO OTPACIISM.

Ha ocnoBanmm npukasa [47] paccantaeM mokasza-
TeIH dpj YAEIbHBIX pacxonoB pecypca B, (Tpyza).
3HayeHHs MapaMeTpoB ayj OyLyT OOpaTHBIMH K IIpO-
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Tabnuya 4
YpenbHble Ko3chcuumneHTbl no pecypcam B 2023 r. B ueHax 2021 r.
IloxazaTens
BJAC, | CAGR, Bcero aj— [TponzBonu- aj—
2023 r., % WHBECTHUIIHIHA MHBECTHIINH, TEIBHOCTD TPYAOEMKOCTh
Kon Otpacitb MIIPIT B OCHOBHOI py6./ BAC, | tpymamno JIC, | (uucnernocTs/
pyo. KaruTal, pyo. 2023 r., BJC), 2023 r.,
2023 1., OIIEHKa, THIC. OIICHKa,
MIIPJ PYO. py0./gem. 9eI1./MITH pyo.
Bcero 126 088 | 1,65 % 27 432,3 0,218 1737 0,576
A | Cenbckoe X034icTBO 57236 | 1,85% 1238,7 0,216 1347 0,742
B | MoObiua mone3HsIx UCKo- 15869,0 | 0,82 % 4161,8 0,262 13 467 0,074
MMaeMBIX
C Oo6pabaTsIBaromye Ipo- 17937,2 | 2,24 % 4 051,7 0,226 1719 0,582
HM3BOJICTBA
D ObecnieueHne AIIEKTpHYE- 29852 | 0,06 % 1493,9 0,500 1946 0,514
CKOi1 sHeprueit
E Bonocuabxenune 573,3 0,05 % 343,1 0,598 861 1,161
F CTpouTenbCcTBO 66494 | 1,11 % 12141 0,183 962 1,040
G | Toprosnsa 15 047,2 |-0,55 % 877,6 0,058 1056 0,947
H | Tpaucnopruposka 78578 | 0,75% 4 4847 0,571 1302 0,768
I TocTrHUIE! 1 IpeInpus- 11850 | 1,76 % 174,7 0,147 577 1,733
THA OOIECTB. MUTAHUSA
J Wudopmanus u cBI3b 3861,3 | 3,61% 1019,4 0,264 2244 0,446
K | JlestensHOCTH (hpriHAHCO- 72665 | 7,29% 882,7 0,121 5749 0,174
Bas M CTpaxoBast
L | Onepauuu c HenBukH- 12814,7 | 1,98 % 3319,0 0,259 7039 0,142
MBIM HMYIIIECTBOM

U3BOAMTEIBHOCTH Tpyna. Hampumep, apg = 1/13 467
TBIC. py0./uei. mo otpaciu j = «By» («/loObrua moses-
HBIX HCKOTMAEMBIX») U 8 = 1/577 Thic. py0./uen. mo
orpaciu j = «l» («/leaTenbHOCTh TOCTHHHII U TIPE[-
NPUATHHA OOIIECTBEHHOTO IUTAHUS).

OOpatuM BHHMMaHHE Ha 3HAYUTEIBHOE OTIMYHUE
3HA4YCHUI MapaMeTpoB MO Pa3IHYHBIM BHIAM JCsi-
TeJIBHOCTH. Bunel nesreiapHOCTH € OONBLION TpPyIO-
€MKOCThIO (Majloil MPOU3BOIUTEIBHOCTBIO TPYAA):
BOJIOCHAOXKEHHUE, ICATENILHOCTh TOCTUHHIL U TIPEIIpPHU-
ATAH OOIISCTBEHHOIO MUTaHMs, OOpa3oBaHue. Buipl
JESITEIbHOCTH C MaJOd TPYZOEMKOCTBHIO (OOIbLION
MIPOU3BOJAUTEIHLHOCTRIO TPyZa): MOOBIYa TIOJIE3HBIX
WCKOTIAEMBIX, JICATENIbHOCTh (PHMHAHCOBAasE W CTPaxo-
Basi, JESATENBbHOCTh IO ONEpalusiM C HEIBHKUMBIM
MUMYIIECTBOM.

B Tab:1. 4 noka3aHbl HEKOTOPBIE HCXO/IHBIC JIAHHBIE
JUId pacueTa: HadajbHbIE JaHHBIE, POCT, YyIEJIbHBIE
k03¢ pumenTsl mo pecypcy B; (MHBECTHUIMM) U pe-
cypey B (kampsr).

B Tabun. 5 mpuBeseHsl pacueThl OIIEHKH MOTPEOHO-
CTH B MHBECTHIIMSAX B OCHOBHOM KamuTai AjIsl LeJIeBO-
ro ¥ WHEpHHOHHOTO cieHapus pocta (Ilogzamaua 1.3
BO BBejeHWH). OOpaTM BHHMaHWE, YTO pa3HHIA B
OLICHKE MOTPEOHOCTH B CYMMAapHBIX MHBECTHULUSX B

OCHOBHOU KamWTall B WHEPIIMOHHOM M IIEJIEBOM CIIe-
Hapuu HeOOobIIasl.

B Tabn. 6 mokazaHa oreHKa MOTpeOHOCTH B KaJipax
1o BUAAM JiesaTenbHocTd. OHa clenaHa Ha OCHOBaHHH
oneHku nenesoro cueHapusi BAC u npousBoauTenb-
HOCTH TPy/a MO OTPaCIIsIM

B,,() GVA(Da,, (),
a,,® a,t DL g, )

rae B;j — uncneHHOCTh 3aHATHIX 10 oTpaciam; GVA; —
BJIC orpaciu j; &y — yienbHast TpyJOEMKOCTb OTpac-
m J; g, ,— TeMII pOCTa MPOU3BOAUTENILHOCTH TPY/Ia;

] — mHIeKc orpaciy; t — HHAEKC BPEMEHH.

MHepunoHHBIA POrHO3 3aHSTHIX ITOKA3BIBAET HE-
3HaYMTEbHBIH pocT B,"(t) k 2030 r. Ouenka noTped-
HOCTH B KaJipax JUIsl LeIeBOro cueHapus B,;'(t) noka-
3bIBAaET, YTO HexBaTka KagpoB K 2030 T. cocTaBUT
okosio 4,8 mun uen. (ITom3amada 1.4 Bo BBeneHHH).
MOXHO BBIIECTUTH OTpacid € OCOOEHHO OOJBIINM
OKUIAEMBIM JeQHUIMTOM KaJIpoB: oOpalaThIBaroIue
MIPOU3BOJICTBA, TOPIOBJIS, JAEATEILHOCTH B 00JAcTH
nHPOPMALMK M CBSA3U, HESATEIBHOCTH AAMUHHUCTPA-
THUBHAS.
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Tabauya 5
OU,EI'IKa HOTPQSHOCTH B MHBECTULUMAX B OCHOBHOM Kanutan AnA uenesoro cueHapua pocrta
B ueHax 2021 r., mnppa py6.
[Tokazarens
2024 r., 2030r., Bcero, Bcero,
Kon Orpacip LeneBoit LeneBoit LIeJIEBOI HHEPIUOHHBIH
cLeHapuu cLeHapuu CLIEHapuH, CLIEHapuH,
2024-2030 rr. | 2024-2030 rr.
[ToTpeOHOCTH B MHBECTHUIINSAX B OCHOBHOM KaInTall, 28 289,4 33391,0 215090 208 692
BCETO
A | Cenbckoe X035HCTBO 12715 1500,1 9682 9394
B JloOBIua moJIe3HBIX HCKOMAeMbBIX 4226,8 4638,8 31011 30 099
C | ObpabaTbiBarorye MPOU3BOACTBA 43219 5489,8 34077 33051
D ObecnieueHme NEKTPUICCKOIN SHEpTHEH 1505,8 1579,7 10 797 10 482
E Bopocuabxenne 346,4 365,9 2492 2419
F CrpoutenspcTBO 1236,7 1 380,9 9154 8 884
G | Toprorus 878,9 890,0 6 189 6 010
H | TpancmoptupoBka 45477 4 955,0 33 240 32 264
| TocTHHUTBI U IpeAIPUATHS OOIIECTB. THTAHHS 179,1 207,9 1 353 1312
J Hudopmanus u cBs3b 1 090,0 1550,4 9093 8 815
K | HestenmpHOCTh (pHHAHCOBAS U CTPaxoBas 954,1 1521,2 8 535 8 269
L Omnepanuu ¢ HeABIKUMBIM UMYIIECTBOM 3409,9 4 009,5 25921 25 150
Tabauya 6
OueHka notpebHoCTH B Kagpax, TbiC. 4en.
2022 r. 2023 ., 2024 r., 2030 ., [pupocr,
Kox Orpacib OLICHKA EIEBON LETIEBON 2023-2030 rr.
CLIeHapui CLieHapui
HexBatka xaipoB — — 400 4 829 —
Bcero, MHEpIMOHHBIN CLieHaApHi 71217 71 066 70985 70738 0,995
Bcero, 1ieneBoii cueHapuit 71156 71 066 71 386 75 549 1,097
A | Cenbckoe X035HCTBO 4 466 4 353 4274 3 846 0,884
B JIoObI4a moJIe3HbIX HCKOTIAeMBIX 1195 1209 1237 1419 1,174
C O0pabaTsIBaIOIINE TPOU3BOICTBA 10 003 9970 10 120 12 015 1,205
D | ObecneueHue 3neKTpUIECKOM SHEprHeH 1560 1546 1523 1390 0,899
E Bonocnabxenue 706 698 686 617 0,883
F CrpourenabcTBo 6 552 6 600 6 586 6 506 0,986
G | Toprosis 13 251 13165 13 006 12 159 0,924
H | TpancropTupoBka 5751 5 859 6 008 7028 1,200
| TocTUHUIIB U IPEeINPUATHS OOIIECTBEH- 1862 1905 1933 2115 1,111
HOTO TMUTaHUS
J Wudopmanus u cBs3b 1619 1656 1745 2 680 1,619
K | HestensHOCTh (hMHAHCOBAS U CTpaxoBas 1303 1280 1267 1191 0,930
L Onepauuu ¢ HeABH>KUMBIM UMYIIECTBOM 1 856 1841 1847 1880 1,021
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3AKNIOYEHUE

B pabote paccmaTpuBaeTcs 3a1a4a aHaIN3a U MPo-
THO3a LIENEBBIX MHAMKATOPOB CTpaHbl. (s pemeHus
mpeJIaraeTcs MHOTOYPOBHEBAs MOJIENb HWHIUKATHB-
HOTO MJIaHUPOBAHMSL.

PaccmatpuBaeTcst peHTHHT CTpaHbl IO HHAUKATOPY
BBII mo IITIC. /I oTAeNbHBIX OTpacieil IPOBeICHBI
orieHKH Heobxoaumoro pocta BBII u BanoBoii mo6as-
JICHHOW CTOMMOCTH, a TaKKe HEOOXOIUMBIX PECYpCOB
0 MHBECTHUIINSIM B OCHOBHOM KaITMTall U YHCICHHOCTH
3aHATHIX HA OCHOBE MaHHBIX MwupoBoro Oanka u Poc-
cTaTa.

OCHOBHO#1 BEIBOJ: IIEJICBOM CIIEHApH pOCTa BaJo-
BOl J00aBIEHHOW CTOMMOCTH HE pEaHM3yeTcsl IPH
WHEPIMOHHOM CIICHAPUH HW3MEHEHHS TPYIOEMKOCTH
(mpou3BoAMTENBHOCTH Tpyda). M3 paccMOTpeHHBIX
pPECYpPCOB HWMEHHO KaJpPOBBIE OTpaHWUYEHUS OyayT
MIPETIATCTBUEM IS IOCTHKCHHS EIEBBIX YCTAHOBOK.

HeoOxomuMel Mephl 0 YCKOPEHHOMY POCTY Ipo-
U3BOAMTEIBLHOCTU TPyAa, OCOOCHHO B OO0JIACTH WH-
(hopMarmu ¥ CBA3HW, B 00padaTHIBAIONINX ITPOHU3BO/I-
CTBax, TOProBJic, B aI[MI/IHI/ICTpaTI/IBHOI‘/'I JACATCIIbHOCTU
(ITonzamaya 1.5 Bo BBeZCHHM).

AHanm3upyemas MOJENb TO3BOJISIET PAaCCMOTPETh
CIIEHapWUW W3MEHEHMs IIeNIeBbIX YCTaHOBOK, pecypc-
HbIE OTpaHUYEHUs, M3MEHEeHUs >((EKTHBHOCTU HC-
MOJIE30BaHUS PECYPCOB.

[IpencraBiennble  pe3ynbTaThl  HWHINKATHBHOTO
TUTAaHUPOBAHUS LIEJEBOI0 pocTa 3KOHOMUKHM Poccum
OTHOCATCS TOJBKO K JIBYXYpPOBHEBON SKOHOMHYECKOU
CHUCTEME: CTpaHe B IIeIOM W OoTpaciisiM. AHamu3 Ha
YpOBHE OpraHM3allM{ U MPOEKTOB — 3aj]ladya MOCHeny-
FOIINX TTyOIHKAITAH.
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SCENARIO MODELING OF ECONOMIC GROWTH BASED ON INDICATIVE PLANNING
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Abstract. This paper considers a multilevel indicative planning model for target indicators in the
“World—Country—Industries—Resources—Projects” system. The proposed simulation model im-
plements scenario planning. The problem of analyzing and forecasting the country’s target indica-
tors, using the example of Gross Domestic Product at Purchasing Power Parity (GDP at PPP), is
formulated for individual industries. The growth rates of individual industries’ GDP and Gross
Value Added (GVA) necessary for implementing the target scenario are estimated. Specific effi-
ciency indicators for financial and human resources are determined: labor productivity and capital
intensity. The investment in fixed assets and human resources necessary for implementing the
target scenario are estimated. As demonstrated, implementing the target scenario of GVA growth
requires measures to accelerate labor productivity growth, and the most important industries in
this context are identified. The study is based on initial data provided by the World Bank and the
Federal State Statistics Service of the Russian Federation.

Keywords: modeling, forecasting, targeting, indicative planning, management, large-scale systems, system

dynamics.
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3AIAUA CTUMYNMPOBAHIS B PEDIEKCUBHO WMPE
C TOYEYHOW CTPYKTYPOW MHOOPMUPOBAHHOCTM

N. B. MNeTpos*, A. I'. UxapTuwusuan**

WucTutyT Nnpobniem ynpasneuus um. B.A. TpanesHukosa PAH, r. Mocksa

*  ivpetrov@ipu.ru, **  sandro_ch@mail.ru

AHHOTauus. PaccMoTpeHa MoJEb KOJUIGKTHBHOTO IMOBEICHHUS arcHTOB B CHUTYallMd MIPOBOMN
HEOIPEICIICHHOCTH U HENOJIHON MH(POPMUPOBAaHHOCTH. B KadecTBe MOAENN NPUHATHS PEIICHUH
areHTaMH HMCHOJb3yeTcsl pepiekcuBHAs Urpa, B KOTOPOH YYaCTHUKU NMPUHHMAIOT PEIleHHE Ha
OCHOBE MEPapXHH MPEJCTABICHH O IIapaMeTpax UTPbI, IPEACTABICHUI O NPEICTABICHUSX H T. [I.
B nieHTpe BHUMaHMS JaHHOM PabOThI — peIeKCUBHBIE UTPHI C TOYEYHOI CTPYKTYpOH MHMOPMH-
POBaHHOCTH M JIMHEHHBIM HaWJIyYILIMM OTBETOM MIpoKOB. [loka3aHo, 4To HHpOpMaIMOHHOE paB-
HOBECHE B TAKHUX UTPax aHAJIOTMYHO paBHOBECHUIO Haia B Mrpe Ha CeTH; B IBHOM BHUJIE 3alMCAHBI
BBIP)XCHHUS JUII PAaBHOBECHBIX OTBETOB HIPOKOB, YKA3aHBI YCIOBHS CYIICCTBOBAHHSA W CIMH-
CTBEHHOCTH paBHOBecus. [IpuBoanTcs HOpMyIHpOBKA 3aladd CTUMYJIMPOBAHHS, aHAIOTHYHOMN
3aj1aue CTHMYJIMPOBAHUS B UIPE HA CETH: MOKa3aHa B3aHMMOCBS3b MEXIY PaBHOBECHEM B HIPE C
00IIMM 3HAHHEM M PAaBHOBECHEM B WIPE C HEIOJIHOW MH(POPMHPOBAHHOCTHIO, B KOTOPOW LEHTP
€OO0IIAaeT HOBBIC CTUMYJIBI UTPOKAM MHIUBUIYAIIbHO.

KntoyeBble crioBa: pe(bJ'[eKCI/IBHI:Ie WI'PEL, I/IH(l)OpMaI_[I/IOHHOG PaBHOBECHUE, UTPBI Ha CETAX, CETEBOC YIIpaB-

JICHUC.

BBEAEHUE

Undopmanmonnas peduekcusi — mpouecc U pe-
3yJIbTaT Pa3MBIIIJICHUH areHTa O TOM, KaKOBbI 3Hade-
HUsI HEOTIPeIeJIEHHBIX apaMeTpoB, YTO 00 3THX 3Ha-
YEHUSAX 3HAIOT U IAYMAroT €ro OMNIOHEHTH (Ipyrue
arentol) [1]. Madopmanmonnas pediiekcus 0OBIYHO
CBsI3aHA C HEJOCTATOYHON B3aMMHOW MH()OPMHUPOBaH-
HOCTbBIO, M €€ Pe3yNbTaT UCTIONB3YeTCs IIPH MPUHSATHH
pewiernii. OJHUM U3 CIIOCOOOB MOAEIMPOBAHUS IIPH-
HSTHS PEIICHUsS B CUTYallHU C HETOJIHOW WHPOPMHUPO-
BAaHHOCTBIO SIBISIFOTCS Pe(IIeKCHBHBIC UTPHI, B KOTO-
PBIX IpEeACTaBJICHHUs areHTOB IPYT O JIpyre GpopManu-
30BaHbI B B (JaHTOMHBIX areHTOB. BBeeHue moHs-
TUSL (PAaHTOMHOTO arcHTa TO03BOJISIET ONPEACTHUTh pe-
(hIIeKCHBHYIO UTPY KaK TPy peajbHbIX U (PaHTOMHBIX
areHTOB, a TAKXKe ONpPeeTUTh MHHOPMALMOHHOE PaB-
HOBecHe Kak o0oOmmienue paBHOBecwsi Homa Ha ciy-
Yaii pe(IeKCHBHOW HIPBI, B PAMKax KOTOPOTO Tpej-
10JIaraeTcsl, 4YTo KaKIbIH areHT (Kak peanbHBIH, TaK U
(haHTOMHBII) NIPU BHIYUCIICHUU CBOETO CYOhEKTUBHO-
ro paBHOBecHsl (paBHOBECHS B TOH UTpe, B KOTOPYIO

OH CO CBOEH TOYKH 3PEHHS UTPAeT) MCIOJIb3YeT HMe-
IOLIYIOCS] Y HETO HEPApXUI0 MPeICTaBIeHUH 00 00beK-
TUBHOH U pe(hIeKCUBHOW pealbHOCTH.

Y100HBIM MHCTPYMEHTOM HCCIIEIOBAHUSI KOHIICTI-
UM peleHust pedueKCUBHON UIpbl — HH)OPMALMOH-
HOTO paBHOBecHsl — siBisieTcsl rpad pedexcHBHOM
UTPBI, B KOTOPOM BEPIIUHBI COOTBETCTBYIOT PEAIbHBIM
1 (DaHTOMHBIM areHTaM, a B KaXJyl0 BepIINHY-areHTa
BXOIAT AYTd (MX YHMCIO HAa €AMHUIYy MEHbILIE 4Yuclia
peanbHBIX areHTOB), HIYIIUE U3 BEPIIMH-ar€HTOB, OT
NENCTBHUI KOTOPHIX B CyOBEKTUBHOM PaBHOBECHH 3a-
BHCHUT BBIMIPBIII JJaHHOTO areHta. Huwke Ha mpumepe
pedIIeKCUBHOMN UTPHI ¢ TOYEUHOH CTPYKTYpOH MoKa3a-
HO, YTO B OTAENBHBIX CIIydasx, a MMEHHO B CITydasX,
KOI'/Ia HAaWIy4dlIle OTBETHl UTPOKOB JMHEWHO 3aBUCT
OT OTBETOB JPYTHX CBA3AHHBIX C HUMH areHTOB, WH-
(hopManmoHHOE PaBHOBECHE MOXET OBITH OIHCAHO B
SIBHOM BHJE B TEPMUHAX CTPYKTYpbl HH(POPMUPOBaH-
HOCTH.

Jnns knmacca urp ¢ TMHEHHBIM HAWTYYIIAM OTBETOM
panee [2] Oblaa chopMyUpOBaHa 3ajia4a yIpaBJIeHUS
cTuMysiamu areHToB (aHri. incentive targeting prob-
lem) — cnyuaii 3amaun HEHTpa, W3MEHSIOIIETO 3HAYE-
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HHE NapameTpa (yHKLHUH [OJE3HOCTH areHTOB, SIBJISI-
FOLIMNACS. UX MPEIETIbHBIM BBIUIPHILIEM M HE 3aBUCH-
M OT NEWCTBUN JIPYrHX areHToB. B ciydae peduiek-
CHUBHOW WTIPBHl C TOYEYHOU CTPYKTYypoill WHGPOPMUpO-
BAaHHOCTH HM3MEHEHHE NAHHOTO MapaMeTpa BO3MOXKHO
JOBYMS CIIOCOOaMU, KaXIIbId U3 KOTOPBIX MOXET OBITh
peanu30BaH Pa3IMYHBIMH METOJaMH: CIMHOBPEMEH-
HOe COOOIIeHHEe HOBOTO IIapaMeTpa BCEM areHram
(4TO SKBMBAJIIEHTHO PEIICHHIO WCXOAHOW 3aJayl CTHU-
MYJIMPOBaHUs) TUOO CUTYaIusl, B KOTOPOH 0 3HAYECHUH
HOBOTO IapaMeTpa Y3HaeT JMIIb 4YacTb areHToB. B
JTAHHOHM paboTe MPHUBEICH MpHUMEpP MEXaHH3Ma CO00-
nieHus: “HQOPMAaLUU EHTPOM, Koraa o0e 3TH CHUTya-
WU — CIIy4aid OOIIero 3HaHWS M CIy4ail HeTOJHOMN
MHQOPMUPOBAaHHOCTU areHTOB — JAlOT 3KBUBAJICHT-
HBIN OTBET.

B § 1 omnucana peduiekcuBHasg Urpa ¢ TOYEYHOH
CTPYKTypoii HH(DOPMHPOBAHHOCTH U3 pabotel [3].
B § 2 noka3zano, 4ro MH(OPMAITMOHHOE PaBHOBECHE B
TaKOW UIpe aHaJIOrM4YHO paBHOBecHIO Hnaia B urpe Ha
CEeTH C JIMHEHHBIM HAMJIY4YIIINM OTBETOM U3 CTaThu [4]
U MOXET OBITh C(HOPMYIMPOBAHO B TEPMUHAX CTPYK-
Typbl HHPOPMUPOBAHHOCTH; B SIBHOM BHJE 3alKCaHbI
BBIPKEHUS AJIs1 PABHOBECHBIX OTBETOB HUI'POKOB, YKa-
3aHbl YCJIOBHUSI CYLICCTBOBAHUSI W €JUHCTBEHHOCTH
paBHOoBecuii. Takas (opMynIMpOBKa IMO3BOJSET pac-
CMaTpHUBAaTh MPOU3BOJBHYIO CTPYKTYPY CBS3EH MEXKIY
UTPOKaMHU M MOJIYYUTh PaBHOBECHE B SBHOM BHze. B
§ 3 mpuBoauTCA POpPMYNIHPOBKA 3a/laud MHQOPMAIIH-
OHHOTO YIIPABJICHHs, aHAJIOTUYHOW 3ajiade CTUMYJIU-
POBaHMSI B UT'PE HAa CETU: NIOKAa3aHa B3aUMOCBSI3b MEXK-
Iy PaBHOBECHEM B WUIPE Ha CETH C OOIIMM 3HAHUEM U
paBHOBECHEM B HWIpe C HENOIHOW MH()OPMUPOBAHHO-
CTbIO, B KOTOPOW LEHTP COOOIIAET HOBBIE CTUMYJIBI
UTPOKaM MHIAUBUIYAJIBHO.

1. PEONIEKCUBHbBIE UI'Pbl U CTPYKTYPA
WHOOPMUPOBAHHOCTU ArEHTOB

PedrnexcuBnas urpa I', ¢ KoHeuHO# CTpyKTypoii
UHQOPMUPOBAHHOCTH I
I NoOXins

CTBO PCAJIBHBIX arc¢HTOB, Xi — MHO>XECTBO OOITYCTH-

3a1acCTCs KOPTEXKEM

N 2 O s THe N — mHOXe-

MBIX JIEHCTBHUH i-TO pealbHOro areHra; — MHOXe-
CTBO BO3MOXKHBIX 3HAYEHUI HEOINpPEAEICHHOIo Mapa-

X 1

— nenesas GpyHKuus i-ro peanbHoro areHra, i N; G,

MeTpa («cocTostHHN mpupoms»); |

— rpad pedaeKcuBHOW UTPHI.
Hedopmanbao pediiekcuBHas urpa MpeacTaBiiseT
co00if B3aMMOJEHCTBUE areHTOB, PeIIEKCHUPYIOMINX

OTHOCHUTCJIbHO IIapaMeTpa ®. AreHTel HMEIOT
APYT O APYTE€ HCKOTOPLIC MPCACTABJICHNUA — UCTUHHBIC

(TOTrZa COOTBETCTBYIOIINI areHT SBJSETCS PEaTbHBIM)
WK JIO)KHBIE (TOTIA areHT SBJISCTCS (aHTOMHBIM).
Hampumep, B CO3HaHWU BTOPOTO areHTa MPUCYTCTBYET
IK3eMITIAp («00pas») mepBoro areHTa, KOTOPHIH JIHOO
COBIIQJIACT C PEATbHBIM TEPBLIM arcHTOM, JHOO He
COBIAJIACT; B CIy4yac HECOBIAJICHUS 3K3EMIUIAp Tep-
BOT'O arcHTa SIBJISICTCS (PAaHTOMHBIM.

I'pad pedraexcuBHONH HTrpHI, BEPIIMHBI KOTOPOTO
COOTBETCTBYIOT arceHTaMm, a CBS3H — WX B3aWMHBIM
MIPEICTaBICHUSAM JIPYT O APYre, COCTOUT U3 CIIEAYIO-
[IUX 3JIEMEHTOB:

A — MHOXECTBO BEpIIMH, COOTBETCTBYIOIIMX
BO3MOXHBIM 3K3eMIUIspaM i-ro aredta, | N=
={1, ..., n}; POBHO OAMH U3 HHX SBJSICTCS PEATbHBIM,

npoude (eci OHU €CTh) SIBIAIOTCS (PAaHTOMHBIMHU
areHTaMu,
A A A, — MHOXECTBO BCEX BEPIIMH I'pa-

(ha, pencrapistoIee BCeX areHTOB (He OyaeM mamee
pa3nuuarh areHTOB M BEPIIUHBI rpada);

a — COCTOSIHHME MPHUPOIBI C TOUKH 3PECHHS arcH-
Taa,a A 0O;

d — MHOXXECTBO HE COBMNAJAIOLINX C & arcH-
TOB, KOTOPBIX arcHT a A cuwutaer pCajJIbHBIMHU, YTO
oTpakaeTcst Ha rpade B BHIIE CTPEIOK (HAIpaBIeHHBIX
CBsI3¢il) OT DTUX areHTOB K a; MHOXecTBO a A

UL JAHHOr'0O ar¢Hra a A COCTOMUT M3 3JICMCHTOB B
koimmyectBe N 1 , KOTOPBIC NPUHAAJICIKAT COOTBLCT-

CTBEHHO MHOX€ECTBaM A A: A, A .

Bynaem cuutath, 4ro 1eieBble (YHKIIMH BCEX K-
3eMIUISIPOB OJTHOTO M TOTO € PeajbHOr0 areHTa COB-
NaJaT, T. €. alreHT a A CTPEMUTCS MaKCUMM3HPO-
Bath Qyskuuio fi( ). B atom ciyuae mMoxHO ompene-
TUTh WH(OOPMAIMOHHOE paBHOBECHE — HA0Op HAei-
CTBUH areHToB X,,& A, Takux, uro Just Bcex i N,

a A

X

a

Argmax f.( a, X,X ,),
X X
rje yepes X , 0003HaueH HaOOp JEHCTBUIA areHTOB U3

MHOXKECTBa a

B pabote [3] B kauecTBe puMepa ObLIa PaccMOT-
peHa peduieKCHBHAs UIpa C LEJIeBON (YHKIMEH areH-
TOB

fi X %, Xg X, X X3 X X?' (1)
rmeX 0,i N={1,2, 3} ={1,2}. Hanee, B

3aBUCUMOCTH OT Da3JIM4HOW HH(POPMUPOBAHHOCTH
WUTPOKOB, JUIS HaXOXKAEHUS HH(OPMAIMOHHOTO pPaB-
HOBECHs] HEOOXOJIMMO W3 YCIIOBHI TEpPBOTO MOpPsAKa
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f,/ % O HaliTu HamIydlmMe OTBETHI UIPOKOB H
pEelIUTh CUCTEMY JIMHEHWHBIX ypaBHeHUH. Ilepexons k
MPOU3BOIBHOMY YHCIY areHTOB, MOXXHO O00OOITUTH
neneByro ¢ynkiuio (1) arenra i B Buae
2
a

X
f. X, X4 G a OapX X

a o (2
b =

a

rae G, rpad peueKCMBHOH MIPBl, B KOTOPOM

Op lmopum b a,wumawe g, 0, g, O.Ila-

pametp 0 orpaxkaer xapakTep 3aBHCHMOCTH OT

nedctBuil coceaeit. CucrtemMa HAWIYyYIIUX OTBETOB
UTPOKOB ¢ (yHKUHEH (2) 3anuceiBaeTCst Kak

Xa a gabxb'
b
a B MaTpUYHOM BHUJE
X G X,
158051

I G x

rie | — equanyHas MaTpuna’. Bocmons30BaBmuck pe-
3ynpTataMu padoTel [4], MOXHO c(hHOPMYIHPOBATH
cleyroliee yTBepkaAeHHe, 03BOJISIOIIee HaliTu pas-
HOBecHe B pe()IeKCUBHOW UTPE C TOYCUHOW CTPYKTY-
poii MHGOOPMHUPOBAHHOCTH U (PYHKIHMEH BBIUTPHIIIA
UTPOKOB (2) B IBHOM BHJIE.

GI GIT
YT1BepxgeHne 1. Ecim i, — 1, 10
MH(OPMALMOHHOe paBHOBECKE B PeChIEKCUBHON Urpe C
TOYEYHOM CTPYKTYpOil MHOPMUPOBAHHOC T

M N (X)i o Vi G M dhyHKUMeid BbINr-

pbiwa areHTa (2) CyWwecTBYyeT U e4UHCTBEHHO:

* 1

x |1 G

JoxazaTesbCTB O IKBUBAICHTHO JOKA3aTEIbCTRBY
yTBepokaeHus 2 B craThe [4] U OCHOBBIBaeTCS Ha CBOWCTBE
Urpbl OBITh MOTEHIMAIBHON: Urpa ¢ (yHKIHEH BBIUTPHILIA

(2) obnamaer mnoTeHuMaANbHON (QyHKIMEH x x1
1
=x'
2

cueM Hpma. [locTaTouHBIM YCIOBHEM CYLIECTBOBaHHUS

G, X, MakcuMyM KOTOPOIf SIBIAETCS paBHOBE-

! HerpynHao npoBeputs, 4TO B TAKOM BHJIE MOJETh U3 OPUTHHAH-
HOM cTaThu [3] MOXHO NPEACTaBUTh KaK

2
2 X3
fi 1 Xar X avGI a OabXp Xa Xa 7'
b
a cucrema HaMJTY4IIuX OTBETOB IIPUHAMAET 33701
a YabXp

o

Xa yum 3l G x

CAMHCTBCHHOI'O PCHICHUA SABJIACTCSA BOTHYTOCTb MOTCHLIU-

anpHOW (yHKIMU. MaTpuiia BTOPBIX MPOM3BOTHBIX HMEET
BUJ 2 |

G, , a ¢ynkuums CTPOro BOTHYyTa

TOTAa W TOJBKO TOrja, Korga marpuia | G| IIOJIOXKHU -

TEJIBHO oTpeieNeHa: IS JIF000T0 y 0,

y' o G,y 0, 410  DIKBHBAJICHTHO  YCIOBHIO

mn G l,rme i, G — HauMmeHbIIee COGCTBEHHOE

3HaueHue marpuupl G . Tak kak marpuina G, HecuMmmerT-

pudHa, pedb UACT O HAMMCHBIIEM COOCTBCHHOM 3HAYCHUH

G G'
2

B Takoil mocraHOBKE WUIpa MOJIHOCTBIO COOTBET-
CTBYET IOBOJBHHO TMOMYJSIPHOW Cpean 3apyOexmHBIX
UCCJICJIOBATENICH WIPEe JIOKAJIbHOrO OOIIECTBEHHOTO
Osara [4-6]. A umeHHo, paBHOBecue Haia B urpe Jio-
KaJbHOIrO  OOIIECTBEHHOro OJjlara HMMEET  BHUI

3PMHTOBON KOMIIOHEHTHI MAaTpHIBL Gy,  min .

*

x | E

, TIe B KauyecTBE CETH B3aMMOICH-
nn
0,1 — rpad

B3aMMHOI'O BJIMAHHA arcHTOB (HaHpI/IMCp, CE€Th 3Ha-
KOMCTB, KOHKYPEHIIMH H Ap.), a HHPOPMAIHOHHOE
paBHOBecHE B pe()IIEKCUBHOM MIpe 3alUChIBACTCS Kak

*

X 1 G

cTtBusa Hcnonb3yercs rpad G, pedraekcMBHOM UIrphI.

CTBHsI BBICTYIIAeT MaTpuna E g

, TIIE B Ka4eCTBE CETH B3aMMOJEH-

PaBHOBecME B Takoi Hrpe CYLIECTBYET U IIpH
G, GIT

min 2
clly4aeM yTBepkeHus 1.

[loxoxue Momenu paccMaTpuBaJINCh B paborax
[7-9], rne oHM MOMONHANUCH ITAPAMETPOM [, XapakK-

1, HO HWXe OorpaHUYUMCS TOJIBKO

TEPHU3YIOIIUM THII i-T0 areHTa — 3PEKTUBHOCTD HJIH
KBaJM(UKAIUIO €ro JesTelnbHOCTH. PaBHOBecwe s
x?
25,

Ha NMPOU3BOJILHOM rpade G MOXKHO MPEICTaBUTH KaK

urpsl [7] ¢ ynkument f; ,X;

j N

1

x Irt G b

a paBHOBecue A1 UIpbl [8], B KOTOpPOH areHThl ¢
2

. X
¢yskumel Bemurpema  f, X X; hx —
. 2r,

iN i
NPUKJIAABIBAIOT YCHIHA X; K HEKOTOPOMY COBMECT-
HOMY JICHCTBHIO, KOTOpPO€ JaeT MOJIOKUTEIbHBIN
BKJIaJ B IeNieBble (PYHKIUH areHTOB B Ciydae, ecid
CyMMa yCWJIMI TIpeBBINIAET HEKOTOPHIHA mopor h, Ha

MIPpOU3BOJIbHOM rpa(pe G MOXHO NpeaACTaBUTh KaK
1

X Irt G "h

“
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2. 3AIAYA CTUMYNMPOBAHUA ANSA PEGNIEKCUBHOM
UrPbl

Jlns urphl JTOKAJIBHOTO OOIIEeCTBEHHOTO Ojara B
pabote [2] Oblia mpeasioKeHa 3afada CTUMYJIMPOBa-
HUS® — YIPABICHHS BEKTOPOM  — JUISl MAKCHMU3AIIHH
(hyHKIIH 0OIIECTBEHHOTO OJIarOCOCTOSTHHS

W ,G f;

max.

[
PaccmoTpuM aHanormuHyroo 3agady Ui pediaeKcHB-
HOW WT'PBI C TOYEUHOHW CTPYKTYpOil HHPOPMHUPOBAHHO-
CTH:

W |G f. max.

1
Bynem cuurtath, 4TO B JAHHOW CUTyallUd U3MEHEHHE
CTUMYJIOB BO3MOXXHO TOJIBKO IJId PC€aJIbHBIX Aar¢HTOB
(3amMeTuM, YTO «CTUMYJUPOBaHHE (DAHTOMHBIX arcH-
TOB» SABJIACTCA, IO CYTH, I/IHq)OpMaHI/IOHHI)IM yiipaBJjie-
HUEM), OJTHAKO YHPABISIONIMI OpraH (IEHTP) MOXKET
Mo-pa3HOMy MH()OPMHPOBATH PEANIbHBIX areHTOB, TEM
CaMbIM H3MEHSSI CTPYKTYpYy HHGOPMHPOBAHHOCTH H
IMopoXxKJaasi HOBBIX q)aHTOMHLIX areHToB. A HUMCHHO,
paccMOTpUM cilydaif, KOrja B Hadajle MMEJO MECTO
oO1iee A areHTOB 3HAHME, a Jajee MPOUCXOAMT Clie-
OYIOUIMKA MHOTOMIATOBBIH  MH(QOPMAIMOHHBIN Mpo-

HOeCC: Ha KAXJAOM Mare HCHTPp MHAUBUAYAJIIBHO €000-
macTt 00 U3MEHEHUU COCTOSHUS i i BCEM i-M pe-

aJIbHBIM arc¢HTaM.

Oto BimsieT Ha rpad pedIeKCHBHONW WUTPHI CIEAY-
romuM obpasom. [Ipenmonokum, 4To B HavaabHBIN

MoMeHT Bpemenu areHtel N 1, 2,3  cBsi3aHbl rpa-

oM B3ammuoro BIMHUL E €

(puc. 1, a, crpen-
KaMd | | OTpakeHa 3aBHCHMOCTH BBIMIpHIIIA i-I0
areHTa OT JEHCTBHH j-TO areHTa) M BCE TPH areHra
OJIMHAKOBO HWH(OPMHUPOBAHBI: COCTOSIHUE TPHPOJIBI C

TOYKHU 3pCHUA KAKAOT'O U3 arcHTOB JJIs1 BCEX i

i
ITocne IepBOro COO6HICHI/I$I OEHTpa O HOBOM 3Ha4e-

HUU IIapaMeTpa Ka)XIOMYy M3 UT'POKOB MHAUBUIAY-

1
anpHO rpad B3aMMHOTO BIIHSIHUSI OCTaeTcs 0e3 m3Me-
HeHul, B Tpade pedIeKCHBHON UTPHI peallbHbIe areH-
TBI CTAHOBSTCSI ()AHTOMHBIMH, & HOBBIMH PEalbHBIMU
areHTaMH CTaHOBSITCS BEPIIMHBI, BO3HUKAIOIINE B
rpade pediIekCUBHOI UTPBI IyTeM JA00aBICHHS y3Ia |
U CBsI3eH C TEMH K€ BEPIIMHAMHM, C KOTOPHIM CBS3aH
(baHTOMHBIH areHT I’ B rpade B3auMHOT0 BiusHUS E .

~

IIpn sTOM 1UIA peanbHBIX arcHTOB , a ns dan-

TOMHBIX . [Ipouenypy co3naHust HOBBIX CBS3EH,

BO3HHUKAIOIUX B IPOLECCE WU3MEHEHHUS CTPYKTYpBI

MH(OOPMUPOBAHHOCTU TPH | i» MOXKHO IIpejcTa-
BUTH B BHJIC JIBYI0JIHOTO rpada: eclid BEpPLUIMHBI | H |
CBsI3aHBI B UCXOMHOM Tpade E , Torma B HOBOM ABY-
JOJBHOM Tpade oJHa J0Js — 3TO UCXOoAHBIN rpad E
a Bropas — E', u umeercs cBS3p MeXIy BEpLIMHAMH

i J'(puc. 1, 6).

i | —peanbHbliiarenT | i’ ) — GaHTOMHBIA areHT

a

0 0 0
Pesynbrar Broporo
COOGLLleHI/I}[ uempa 3

0 0 0
PC3yJ'IbTaT TIIEPpBOIo 1 X 3’
COO6H16HI/I$[ uempa

0 0 0

Hcxomusrit rpad 1 ;\—» 2" le—»{ 3"

Puc. 1. Mpoueaypa nepesaqn coO6LLEHNIA LIEHTPOM 1 M3MeHeHMe rpada pedhIeKCMBHOW UMPbl: a — uexoaubii rpad E B3anmonelcTsus areHToB; 6 — rpad
G, pedieKCHBHOM UIPBI, SIBISIIOIIHICS PE3YJIbTATOM COOOIIEHHMH [IEHTPA areHTaM 0 HOBOM 3HA4eHHH mapamerpa 6;

*
2 ®dopmanbHO B paboTe [2] n3IokeHa 3aa4a CTUMYJIUPOBAHUS I TPl C PABHOBECHEM X I G

XapakTep 3aBUCUMOCTH OT JEMCTBUI coceneil: mpu

! [10], roe mapamerp B orpakaer

0 meiicTBus MTPOKOB KOMIUTeMeHTapHBI (aHriL. Strategic complements), npu 0

JeHCTBUSI coce/ieil 3aMeHsIFOT ApyT apyra (aHri. strategic substitutes). Takum o6pasom, paccMaTprBaeMoii 3a1a4ue COOTBETCTBYET CIIydail HIPbI

B crarbe [2] mpu 0.
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S

Torma B HauaNbHBIA MOMEHT MHOXKECTBA A, A,

SBIISIOTCS OJHORIIEMEHTHBIMH, a CTPYKTypa HH(MOp-
MHUpPOBaHHOCTH G, coOBHNanaer ¢ rpadoM B3aUMHOIO

BiussHUs E. Jlamee Ha KakaoOM Iare B KaXKaoe H3
MHOecTB A, I N, mobGaBnsercs OAUH 3K3eMIULIP

a,, KOTOPBIIl CTAHOBHTCS PEANbHBIM areHTOM; IIPH

3ToM & i, & MHOXECTBO 4,  COCTaBIAIOT

1
9K3EMIUTAPHI areHTOB, pEATbHBIX Ha MPEABIYIIEM Ma-
re. ®opMaibHO paBHOBECHBIE OTBETHI HIPOKOB MOXKHO
NpEACTaBUTh cieaylomuM o0pa3oM: paBHOBECHE pe-
aJBHBIX areHTOB B Ha4YabHBIA MOMEHT (0e3 cooOre-
HUI [IEHTPa) 3aIMChIBACTCS B BUJIC
* 1
x | E
PaBHOBECHBIE OTBETHI PCaIbHBIX ar€HTOB IMOCJC Mep-
BOT'O COOOIICHHUS IIEHTPa UMEIOT BUJI
X EX",
a 1mocJie BTOpOro
X ? Ex ',
PaBHOBECHBIE OTBETHI pCaIbHBIX arcHTOB I1OCJIC k'FO
COOOIICHUS IIEHTPA TAKOBHI:
XK Ex *1.

IIpu sTOM "uncio BepmuH B rpade pedIeKCUBHON HUT-
pbI mociie K-ro cooOrenust nenrpa paao KN . Cie-
JIYIOIee YTBEPIKACHUE MO3BOJISIET OMUCATh PE3yJIbTAT
BO3JICHCTBHS IICHTPAa B TEPMHHAX HCXOJHOTO rpada
B3aMMHOTO BIUSHHS E .

YTBepxaeHve 2. Ecim MHopMaLMoHHOe paBHo-
Becue B pethIeKCBHOW MUIPe C TOUYEUYHON CTPYKTYpPOil
WHOPMUPOBAHHOCTY I CyLleCTBYeT U efUHCTBEH-

HO, TO MHOrowiarosasi npoueaypa U3MeHeHus CTPYK-
TYpbI I/IHCbOpMI/IpOBaHHOCTI/I GI CX0ANTCA K paBHO-
BECUIO B UrPe C NOMHOW MH(OPMUPOBAHHOCThIO areH-
TOB I', aumMeHHO npu Kk
* 1~
X1 E
JoxaszarenscTBso.llyrem noncraHoBKU HETPY-
HO ybenuthes, uto npu k0 pesynbratom K-ro coo6re-
HUS IICHTpaA sIBISIETCs CTPYKTypa G, mopoxiaromast ciie-

AYIOIINE paBHOBECHBIC HeﬁCTBHH arcHTOB.
k1

k *
Ipu k BTOpOE ciaraemoe 1 KEkxX CTpEMUTCS

K HyIIO B CHIIy OTPaHUYICHUS E 1. Bripaxkernue

min
k 1 .
i
1° 'E's IIEPBOM CJIATAEMOM SIBIISIETCS Pa3I0KEHHU-
jo

em marpuipl | E ! B psix Hetimana [11].

3. NPUMEP

B menmsx mumocTpanuy MOMYYEHHBIX PE3yIbTaTOB pac-
CMOTPHM TIpHMEpP, aHAJOTUYHBIN NPUBEIEHHOMY B paboTe
[3]: Bemrpei f; urpoka i xapakrepusyercs QyHKIUeH
2
i

2

U1 ciiydas TpEeX arcHTOB. HaI/IJ'Iy‘IH.[I/Ie OTBCTbBI UI'POKOB
TAaKOBBI:

fi i X X X3 X

X i X X
M 1
3
X i XX
2 1
3
X i XX
3
3

I/IccnenyeM 3Hauenus W U, Xi B 3aBUCHUMOCTH

i 123
OT uHcia coobuieHuit 1eHtpa (tabn. u puc. 2). Ilpm
0,2,
a 3HaueHWe (GYHKUMH OOIIECTBEHHOrO OJaroCOCTOSHUS
W

*
i 1,23 1 PABHOBECHBIC OTBETHI UTPOKOB Xl 1,23

0,6. IlycTp LEHTp MEHSET HCXOJAHbIC 3HAYCHUS

1 Ha HOBBIE 2 . B cinydae obuiero 3Ha-

i 123 i 123

HHS 00 M3MEHEHUH i i PAaBHOBCCHBIC OTBCTbHI MI'POKOB

*

X

i 123 0,4, a 3nauenue QPyHKIUH OOIIECTBEHHOTO OJa-

rococtrossaus W 1,2. OnHako B CUTyallud WHANBHUIY-

aJIbHOT0 MH()OPMHUPOBAHUS areHTOB 00 U3MEHEHUH | i
Ha KaXIOH WTEpalddl LEHTP COOOIIAeT WHIAMBHIYATBHO
K@XJIOMY areHTy CHUTyallhl0, KOTopas HMeJa MEeCTO Ha
mpeasIayIIeM mare. B pesynprate 3THX COOOIMICHUH CTPYK-
Typa HH)OPMHUPOBAHHOCTH MEHsETCs. PaBHOBeCHBIE OTBe-

Thl UTPOKOB U 3HAYCHUC q)yHKIII/II/I OGIHCCTBCHHOFO Oaro-

* K i et k *
X 1! Ig! 19 Keky . COCTOSTHUSI TaK)K€ MEHSIOTCS, B Mpeaelie JOCTUTasl 3Hade-
io HUH JJIs CiTydast 00IIero 3HaHusI.
PaBHOBECHbIE OTBEThI MIPOKOB B 3aBMCMUMOCTK OT YMCna COO6LLLBHVII7I LUeHTpa
No 0 1 2 3 4 5 6 7 8 9 10 11
1 2 2 2 2 2 2 2 2 2 2 2
xi* 0,2 053 | 031|045 | 036 | 042 | 038 | 041 | 0,39 | 0,40 | 0,39 | 0,40
W 0,6 1,6 093|137 |108 | 1,27 | 114 | 1,23 | 1,17 | 1,21 | 1,18 | 1,20
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1,8 1
®
1,5 4
°
°
X 1,2 -—————————————————————.———.———‘———‘——.—
.
0,9 - *
0,6 —e
1 2 3 4 5 6 7 8 9 10 11
k

Pwuc. 2. PaBHOBEeCHbIe 0TBETbI UTPOKOB B 3aBUCMMOCTM OT Yuncna
*
Co06LLEeHN LeHTpa K. ToukaMi OTMEYCHbI OTBETHI HTPOKA Xj B

3aBUCHUMOCTH OT cO00IeHUi LeHTpa. CIIOMHOM JIMHUEH OTMEYEHbI
PaBHOBECHBIEC OTBETHI ar€HTOB B UTPE C OOLIMM 3HAaHHEM NPU

i 123 Lunymkupommpu i g3 2

3AKNIOYEHUE

B pabore paccMoTpeHa MOAeNb KOJJIEKTUBHOI'O
MOBEZICHUSI areHTOB B CUTyalldd MIPOBOH Heompene-
JICHHOCTH W HEMOJHOH uHQOpMupoBaHHOCTH. Jls
pedIIeKCHBHON UTPHI ¢ TOYEYHON CTPYKTYpOil nH(pOp-
MHUPOBAHHOCTH IIOKa3aHO, 4TO B Clydae, Korja
HAWIy4dlINe OTBEThl WIPOKOB JIMHEHHO 3aBHUCAT OT
JPYTUX CBSI3aHHBIX C HUMH areHTOB, MH()OpMAalHOH-
HOE PaBHOBECHE MOXKET OBITh OMHMCAHO B SIBHOM BHJIC
B TEPMHHAX CTPYKTYpbl HHG)OPMHUPOBaHHOCTH. Takoit
MOJIX0J] TO3BOJSET HMHTEPIPETHPOBATH HpPUMEP pe-
(hnekcuBHOW UTPHI U3 paboTHI [3] Kak Urpy JIOKAITBHO-
ro oOIIecTBeHHOro Oyara ¢ HEMmoJHON HH(OPMHPO-
BAaHHOCTBIO areHTOB M ONHKCATh B MATPHYHOM BHJIE
paBHOBecHE B PepIICKCUBHOM UIpe ¢ TOYEYHOH CTPYK-
Typoil MH(OPMHPOBAHHOCTH W JMHEWHBIM HaWIyd-
[IUM OTBETOM.

Kpome Toro, Ha ocHOBE MOIyYEHHBIX B JTAaHHOM
paboTe pe3ysIbTaTOB IMOSABISAETCS BO3MOXKHOCTH IIPO-
BECTH CpaBHUTEIBHOE OIMCAHWE PEUICHUH 3aaady
yIpaBieHHs I CIy4aeB OOIIEro 3HaHWUs U HEeTIOJHON
WHQOPMUPOBAHHOCTH areHToB. B kauecTBe mpumepa
npuBOIUTCA (OPMYJIMPOBKA 3aJaud HH(POPMALUOH-
HOTO YIpPaBJiEHUs, aHAJIOTHYHOW 3a/1ade CTUMYIUpPO-
BaHMs B UIPE JIOKAIBHOIO OOIIEeCTBEHHOro Onara Ha
ceTu: B paboTe MOKa3aH MpUMEp MeXaHU3Ma cooOIIe-
HUsI WHOOpMAIMK TEHTPOM, KOrjaa ciydail o0mero
3HaHUSI W CIOy4ail HENOJHON WH(POPMHUPOBAHHOCTU
areHToB B MpeJiesie JAI0T OAMHAKOBEII OTBET.
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THE INCENTIVE-TARGETING PROBLEM IN A REFLEXIVE GAME
WITH A POINT-TYPE AWARENESS STRUCTURE

. V. Petrov* and A. G. Chkhartishvili**
Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia

*  ivpetrov@ipu.ru, **  sandro_ch@mail.ru

Abstract. This paper considers a collective behavior model of agents under strategic uncertainty
and incomplete awareness. Decision-making is modeled by a reflexive game in which participants
choose their actions based on a hierarchy of beliefs about the game parameters, beliefs about be-
liefs, and so on. The study is focused on reflexive games with a point-type awareness structure
and the linear best response of players. As shown below, the informational equilibrium in such
games is analogous to the Nash equilibrium in a game on a network. Explicit expressions for the
equilibrium responses of players are derived and conditions for the existence and uniqueness of
equilibria are established. An incentive-targeting problem similar to that in a corresponding game
on a network is formulated: a relationship is obtained between the equilibria in the game with
common knowledge and the game with incomplete awareness in which the Principal individually
reports new incentives to the players.

Keywords: reflexive game, informational equilibrium, games on networks, networked control.
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OYHKLIWOHANbHO-BOKCENIbHOE MOJENMPOBAHUE
ANrOPUTMA ABVXEHWA K LIENW HA OCHOBE ~OYHKLIMK

A. B. Tonok*, H. b. Tonok**

* *[AHCTUTYT Npobnem ynpasneHus um. B. A. TpanesHukoBa PAH

tolok_61@mail.ru, **  nat_tolok@mail.ru

AHHoOTauus. PaccMaTpuBatoTCsi aHaUTUYECKME NOAXOAb! K PELLEHMIO 3aa4y NPOKAaaKM NyTu ¢
YUYETOM NpensTCTBMiA. CpaBHMBAIOTCS [Ba MPUHLMNA aH/IMTUYECKOrO0 MOAENMPOBaHNS NpensT-
CTBWIA Ha CLEHE: C NPUMEHEHVEM METOAA MOTEHLMANOB 1 NYTEM R-(YHKLMOHA/IbLHOrO MOAENN-
poBaHus. puBOAMTCA MPUHUMM (PYHKLMOHATbHO-BOKCE/IBHOTO KOHCTPYMPOBAHMS CMOXHbIX
BbIYMCINTENbHBIX MPOLECCOB Ha MPUMEPEe MOAEMPOBaHMA R-PYyHKLMM 0O6beANHEHNS UX Nepe-
CeYyeHust 06nacTn AByX YHKUMIA. PazbupatoTcad OCHOBbI apuUMETUYECKMX OMepaumii Hag no-
Ka/lbHbIMW FEOMETPUYECKUMU XapaKTePMUCTMKaMK, OMUCHIBAIOLLMMI KOMMOHEHTbI OAHOPOAHOIO
€[AMHNYHOrO BEKTOPA NIOKabHOM yHKLMKN. [LleMOHCTPMPYETCA MPUHLMI AEHOPMIPOBaHNSA Taknx
KOMMOHEHT AN MPUMEHEHUs B apuihMeTUHECKMX LEeACTBUAX, COCTaBMAOWMX R-yHKLMIO. Pac-
CMaTPUBAETCH MOLENMPOBAHME CLEHbI B BUAE KOMMOHOBKU KOHLEHTPUYECKMX OGBLEKTOB U 0O-
Ka/IbHOV (PYHKLMW OMMCaHWA Lienn MOBEPXHOCTLI0 BOPOHKM B YKa3aHHOW ToUKe. PaccmaTpumBaeT-
CA IrOPUTM AMHAMUYECKOTO (hOPMMPOBAHMS MTOrOBOW SIOKAIbHOM (hYHKLMN 00BbEANHEHMS MO-
BEPXHOCTY BOPOHKM C MOBEPXHOCTbIO CLIEHbI B TEKYLLEN TOUKe. Ha OCHOBE MTOr0BOI /TOKa/IbHO
(hYHKLMMW OMNpeaenstoTCs KOMMOHEHTbI BEKTOPA HampaBeHns rPafUeHTHOro ABVKEHMSA K 3aaaH-
HOW Lenu.

KntoueBble croBa: R-yHKUWS, (hYHKLMOHa/IbHO-BOKCENIbHOE MOAENMPOBaHMWE, NOKa/lbHas reoMeTpuye-
CKasi XapaKTepucTuKa, NoKaibHas (yHKLWS, TpaaveHT, OAHOPOAHbIA BEKTOP, 3afaya NMOCTPOEHUs MyTu C

npenaATCcTBUAMA.

BBEAEHUE

lMocTaHOBKa 3afayM NOuUCKa NYTU YXKe WMeeT
MHOXECTBO PeLUeHWA NPOCTPaHCTBEHHOIO onpesene-
HUA NPenATCTBMIA M MOCTPOEHUA OOXOAALLEro KX
MapLupyTa [1-3]. BONbLUMHCTBO U3 arOPUTMOB MOUC-
Ka MyTW OCHOBbLIBAOTCA Ha MPUHLMMNE «BUXKEHUE [0
ynopa» 13-3a OTCYTCTBUS HeOOXOAMMON AN aHann3a
MH(opMaLmmn B Kaxxaol Touke. K Takum anroputmam
MOXHO OTHECTW 3BPUCTUYECKUE ITOPUTMbI, B YacT-
HOCTV MypaBbVHbIA aIrOpUTM, METO[, Pos YacTuu, a
TakXKe 3BOJIOLMOHHbLIA TeHeTUYeCKNiA anroputm [4],
KOTOpble 3a4acTyt0 CTPOAT MyTb, He 0becrneyumBato-
WA rNafKoCTb, U He MOryT MPUMEHATbCA B pafe
NpUKNagHbIX 3afay, TPeOYHoLWMX CriaXXeHHON Tpaek-
TOpUK ABWKeHUA. K TakuM airopuTmMam TakKe MOXK-
HO OTHECTW BOJIHON anroput™m n anroputm A*. Mo-
3TOMY He CNy4aliHO TO, 4YTO 0C060€e BHUMaHWe nony-

YMIN aHANUTUYECKME MOAXO0Abl K OMUCaHWMo cpefpl
NS pelleHns 3adadn 06xoda NpensaTcTBuiA. Takoi
Cnocob No3Bo/ISieT ONUCLIBAaTL FrEOMETPUYECKME MOfe-
NN C MaKCUMa/bHOM TOYHOCTHLIO M OTOGpaXaTb reo-
MEeTPUYECKME CBONCTBA 0OBEKTOB Cpefbl A5 KaXKoM
TOYKM 3a/1aHHON 06N1AaCTU CLEHbI.

AHaIMTUYECKMIA MOAX0A K pelleHni0 3afady no-
CTPOEHMSI MapLupyTa C YY4ETOM CIOXKHOW KOHMrypa-
UMKX NPensTCTBUMA TPAAMLMOHHO CBOAMTCA K 3ajadyam
MOCTPOEHUA N aHaNM3a pesibetha NOBEPXHOCTU (DYHK-
umn fix, y) = z, Tie MHOXeCTBO ToueK f(x, y) = 0 onpe-
[enseT rpaHvuy orméaemoro npensaTcTaus. 3yyeHune
MOAXOLO0B K MOCTPOEHUIO TaKoro pesbedha no3sounio
BbIAENNTb ABa MNPUHLUMNNAIbHLIX HanpaBNeHUs Pas3Bu-
™A: R-()yHKUMOHaNbHOE MOCTPOeHue penbeda no-
BEPXHOCTM KakK OCHOBbl ABVXKEHWUA MO TPajneHTy K
MOCTPOEHME MOTEHUMA/ILHOrO MOMS Kak CyMMbl TO-
YEYHbIX UCTOYHUKOB pacrnpeaensieMoro noTeHynana —
MEeTO/, NOTeHLNa0B.
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MeToj, NOTeHLMaI0B pacCMaTpyuBaeT CyMMy «rU-
nep6ononaHbIX» QYHKLUWA NPUTSXKEHUA K LeIn 1 oT-
Ta/IKNBaHWA OT OTAE/IbHO B3SITbIX TOYEK — OOBLEKTOB
npenatcTeuid. pumeHeHve MeTofda R-functional
modeling (REM) [5=7] cny>uT ons eAMHOro QyHKLm-
OHaNIbHOTO OMMCaHWS CMOXHON TeOMETPUMN CLEHbI C
NPensTCTBUAMMU Ha OCHOBE R-(YHKLMOHa/IbHOTO 06b-
eMHEHNA «NapabonongHbIX» (yHKUWA. Mpyu 3TOM
AN NOCTPOEHMst 061acTV 3afaHnsi NOTEHLMaN0B He
TpebyeTcs OCYLLeCTBNATb C/OXHbIe BbIYUC/EHMUS, a
[0CTaTO4YHO 06OMTUCL NocnefoBaTeNlbHbIM CyMMUPO-
BaHMEM WX 3HayeHWA. B R-(hyHKUMOHa/IbHOM MOje-
NINPOBaHWUN [NA BK/IOYEHUS O4YepeHOro 06bekTa
CLIEHbI NPUMEHAOTCA R-DYHKLUMN 06beANHEHNS. DTOT
(haKT 3HAUMTENbHO YBENMYMBAET BPems pacyéTta Mo
CpPaBHEHMIO C METOAOM MOTEHLMaNoB, HO MO3BONSET
OnucbiBaTb 06BLEKTbI CNIOXKHOW FeoMeTpUYecKoii thop-
Mbl, YTO He NoMyYaeTcs CAenatb C NOMOLLBI MeTofa
noTeHuuanoB. Mo3ToMy peKoMeHAYeTCS NpUMeHeHne
cpasy oboux MeTOfoB, rae R-PyHKUMOHaNbHas MO-
[e/b ONUCbIBAET CTaTUYECKYID AeTepMUHUPOBAHHYHO
cpefly CNOXXHON reoMeTpumn, a «MnoTeHLManbl» MOXHO
AVHaMUYecKn [06aBNATb B NHOGOM MeCTe CLEHbI,
CYMMMPYS UX C R-(YHKLMOHAIbHO MOBEPXHOCTbLIO.

Puc. 1. [IBM>XeHVe M0 rPagueHTy K Lieain ¢ 06x040M NPensTcTBMS
(KpacHbIin KpecT — LieNb, Genblii KpecT — areHT)

1. MOCTAHOBKA 3AAYU

MpeacTaBieHHOE MCCef0BaHWE Hampas/ieHo Ha
U3yyeHue BO3MOXHOCTU MPUMEHeHUs (YHKLMOHa/b-
HO-BOKCE/IbHON MOJENN [N1s KOMMbIOTEPHOro npes-
CTaB/IeHNA 06M1acTy R-PYHKUMM B peLLeHnn 3agadm
MPOKNagKM nyTn ¢ 06X040M NPensTCTBUIA C NpuUMe-
HEHWEM TpafMeHTHbIX CBOWCTB 3TOW mogenu. [Mpu
3TOM CfefyeT OTMETUTb, YTO TPebOoBaHVE K OMTu-
Ma/IbHOMY, T. e. KpaTyaillemy nyTu, 34ecb HamepeH-
HO He NpeabsABMAETCA, MOCKOMbKY NPUHLMN 06TeKa-
HUA NPegMeTOB 3a4acTyro obecneynBaeT MPOAOIKM-
TEe/IbHOCTb 3aC/IOHEHWS areHTa Mo OTHOLLUEHUI0 K KO-
HEYHOW TOYKE W NWLLb BbIXOZ Ha OTKPbITOE NPOCTpaH-
CTBO NOTPebyeT BblpaBHUBAHWUSA [ABWKEHUA K LEnw.
VIMeHHO Takune cBOICTBa NPUOOPETAET /IOKabHas on-
TUMU3aLWS ABUKEHNS MO rpagueHTy (pumc. 1).

PaccMOTpUM YTBEPXKAEHME O TOM, YTO (hYHKLMO-
Ha/IbHO-BOKCe/IbHas MOfeNb [ANA [BYX PasNnyHbIX
(DYHKUMIA, 3afiaHHbIX efuHON 061acTbio, MO3BONAET
MPOBOAUTL apUMeTUYECKME AENCTBUSA Haf NX 3Haue-
HusMKU [8—10], T. e. (BYHKLMOHA/IbHO-BOKCE/IbHOE MO-
AenvposaHve [10] Mo3BONsAET peann3oBbIBATL CIOXK-
Hble a/irebpanyeckme BbIPXKEHUA HA OCHOBE apudme-
TUYECKUX [eACTBUIA HA YPOBHE BbIYWC/IEHUS NOKa/b-
HbIX TEOMETPUYECKUX XapakTepucTuk. B kauecTtse
nprmMepa pPaccMOTPUM  (PYHKLMOHa/IbHO-BOKCE/TbHOE
MOZenMpoBaHne R-PyHKUMKN nepeceyeHns/obbeanHe-
HUS w(x,y) KaK (YHKUWW, aprymeHTamu KOTOPOM

TaKkKe SABMAIOTCA 3HAYEHUA (QYHKUMA  w(x,y) W
Wa(x, y) [5=T7]:

o(x, y) @ (x,y) 0,(x, y)F

@i (x, y) @3 (x, ).

BolpaxxeHve (1) BK/IOYaeT B cebs cnegyroLume
apuMETUYECKNE  KOHCTPYKUMMK: CyMMY  (DYHKLWNA,
pa3HOCTb, BO3BEAEHNE B CTeMeHb W WU3BNEYEHUE KOp-
Hs. PacCMOTpVM OTAEMbHO KaXXayt M3 3TWX MnpoLe-
Ayp.

MpyHUMN (YHKUMOHAIbHO-BOKCE/IbHOTO MOAENN-
POBaHWA OCHOBaH Ha KOMMbIOTEPHOM MpeACTaB/IeHNN
NOKaNbHbIMU QYHKUMAMU L(A,,1, X,,) = 0 3afaHHON
061aCTN UCXOAHOW CNOXHOW (DYHKUUK F(X,.+;) = O,
rae A; — noKalbHas reoMeTpuyeckas XapakTepucTmka,
MoKa3blBaloLas OTK/IOHEHWE eAVHUYHOTO OfHOPOA-
HOro BEKTOpa HOpPMa/M B paccMaTpuBaeMOi TOUKe W
3aKOAMPOBaHHasA LBETOM m-MepHOro obpasa. [Mpw
3TOM NOKasIbHaA (DYHKLMA NIMHENHA U packafblBaeTCs
B MHOTOY/IEH:

LA, . X,) ax ax, .. a,x, a,,; O.

m - m m

(1

PaccMOTpUM  HEOOXOAMMble  aputmMeTMUeCKue
[eNCTBUSA, BKNIOYEHHbIE B COCTaB R-(DYHKUMW AN Bbl-
yncneHunst eé NOKasbHbIX FeOMETPUYECKMX XapaKTepu-
CTMK B TOYKax 3afjaHHoON obnactu. Ona npumepa 3a-
fagumcs AByMepHOW 061acTbio C ABYMS NTOKa/IbHbIMM
(YHKLMAMUN B KaXKAO0M Touke (x, y):

L(x,y,2) al(l)x ag)y agl)z af‘l) 0,

L(x.y.2) a’x a?y a’z a? 0.

2

YCNoBUMCS, 4TO BEPXHWUI WMHAEKC 0003HaYeHUs
NOKa/IbHON reoMeTpPUYECKOM XapakTepucTuku, 3a-
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KMHOYEHHBI B CKOOKW, OMUCHIBAET HOMeP (YHKLWMN.
Torga Ans ynpoLeHns pacyéToB NojenMM Bce Koag-
(hMLMEHTBI ypaBHEHUSA, BKItOYas CBOOOLHBIN, Ha KO-
3P PUUMEHT NpK aprymeHTe z:

ORI ORI N
4, L, B, 4
Lixy. D —§x -Gy —57 -5
3 3 3 3
1x 1Py z 1 o0,
) (2) (2) (2)
a, a, a,

L(x,y,2) —3X &Y —5Z% o
a§2) a§2> agz) agz)

Px 1Py z 1Y 0.

Mpy 3TOM 3HAuYeHWe KOMMOHEHT OfJHOPOAHOrO
BEKTOPA, KaK MpaBuW/io, BO3PACTaeT, YTO MPUBOAMT K
ero [eHOPMMUPOBaHNIO (YBE/IMUEHUIO [/IMHBLI BEKTOpa
HopMann).

[iN9 NOMyUeHNA 3HAUYEHUIA NIOKATIbHBIX XapaKTepu-
CTUK [; 1N CyMMbI aprymeHTos z = z'" + 7 pgocTa-
TOYHO MOMapHO CNOXWUTb BCE XapaKTepUCTMKI ypas-
HeHus. [loKaxXem 3TO CReaytoLM 06pasom:

z 20 @

CH 1y 1) (0% 2y 1)
G P @ Py @),
AHaNOrM4HO 4115 NpoLieaypbl BbIYUTAHNS:

z Z(1) Z(2)

1 1 1 2 2 2

(x B 1) (1Px Py 1)

1 2 1 2 1 2

@ x G By @ L),

@ (2)
Mpuatom ;57 L7 1.

OTCPO,IJ,a MOXHO cpaenatb BbIBO4 O TOM, 4TO J10-
KaJlbHble TEOMETPUYECKMNE XapPaKTEPUCTUKK, NPUBO-

[SLMe K IMKBMZALMN KO3thduLUMeHTa [; npu Bblunc-

NSEMOM aprymeHTe z B CyMMe WM pas3HoCTH, (hopMu-
PYIOT /IOK&/IbHYI0 (PYHKLMIO CNIOXKEHUA WK BblUunTa-
HWA COOTBETCTBEHHO. [lpyrvMu Cnosamu, 1S nony-
YeHMA cnaraeMblX Onepaumnii Hag NOKa/IbHbIMW (PYHK-
LMAMMW [OCTATOYHO COXMUTb UX KOIPDULMEHTBI.

YT06bl COXPaHUTb IMHENHOE CBOMCTBO JIOK&/IbHOM
(yHKLMM NpU  Onepauyun YMHOXEHWS, [OCTaTOYHO
OAHY U3 3TUX (PYHKUMIA 3aMEHUTb Ha 3HaYeHue apry-
MeHTa z, Hanpvmep:

z W0

Mx Oy 10 P Py 1

Ox 1Oy [P O

07 5 @y 0@

MonyunTb 3HaueHVe MOAKOPEHHOTO BbIPAXKEHMS
MOXHO, 3a/1aBLLVCh CNEeyHOLLVIM CBOACTBOM:

1 1 1 1
\/Z(_l) 7z ll()x lé)y lz(t)
[;0 \Ii Ox 1Oy 1

ll(l)x lél)y lil) ll(l) lél) 14(11)

2. MOQENNPOBAHME R-OYHKLIMK AnA ®B-MOAENN

[Ns HarnsgHOCT 0TOBPaXKEHMs MpoLecca Moge-
NIMPOBaHNS R-(hYHKLMM NEpeceyeHmns BO3bMEM 3a UC-

xoamble pyHkumn 2V (x, y) n 22(x, y).
2V 1 y* — anreGpanyeckasi yHKLMS reoMeT-

PUYECKOTr0 00BEKTA «CUMMETPUYHAs Monoca NonoXu-
TeNbHbIX 3HAYeHWI x BAOMb OCU Ox » (puc. 2).

“y

Puc. 2. BokcenbHOe 0TOGpaXKeHWe NOSIOXMTE/TbHOM 0611acTh PyHKLUM
7® (cuHwii uBeT — oTpULATeNEHAsA 06M1aCTL 3HAYEHNIA)

Ha puc. 3 nsobpaxeHa ®B-Mofenb 419 PyHKUMK

EUS

Puc. 3. BokcenbHOe 0TOGpakeHe KOMMOHEHTOB HOPMav (hyHKL MK
@
z
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7% 1 x* — anrebpanyeckas QyHKLNS reomeT-
PUYECKOr0 06BEKTA «CUMMETPUYHAA MO0Ca MOMOXM-
Te/NbHbIX 3HAYEHWIA y BLOMb OCU Oy » (puc. 4).

v

Puc. 4. BokcenbHoe 0TOGpaXKeHWe MOOXUTENbHOM 06/1acTy (hyHKLUN
7® (cuHWii UBeT — OTpULaTENbHASA 06N1ACTL 3HAYEHNIA)

Ha puc. 5 usobpaxeHa ®B-mogens ans yHKLMK
2
Z .

Monyunm 3HaueHns z Ana 06enx (yHKLUMIA Ha oc-
HOBE PacCUMTaHHbIX KO3(PULIMEHTOB:

Z(1) ll(l)x lél)y lil), Z(2) 11(2)x l§2)y lf)'

MpuBeaeM OKOHYaTeNbHYHO (DOPMY/IMPOBKY 3aKO-
Ha [NA OnpefeneHns NIOKa/IbHbIX TeOMeTPUYECKUX
XapakTepuCcTUK R-PYHKLMM nNepeceyeHns/obbenHe-
HWA:

o, M 72 ,(2)
1 l

1

) 2 2

z 7P

MyTEM HOPMMPOBAHUS MOMYUYEHHbIX KOIDPULMEH-

I¥ YEeTbIPEXKOMMOHEHTHOIA HOPMOA

TOB i
2 2 2 2
N, \/IIR o I¥ T v npueegenns K

COOTBETCTBMIO rpajauuy MOHOXPOMHOWM NasuTpbl No-
nyunm Tpebyemble yeTbipe M-06pasa PyHKUMK nepe-
ceyveHus (puc. 6).

Puic. 6. BOKcenbHOe 0TOGPaKEHVIE NTOKA/IbHBIX FEOMETPUYECKIX
XapaKTepucTUK Ha o6pazax M

Puic. 5. BoKceNbHOe 0TOGPakKeHVE KOMIMOHEHTOB HOPMaM (hyHKLMM
@
7

MpeacTaBneHHas Ha puc. 3 1 5 rpaguyeckas uH-
(hopmaLus NO3BOMAET MOMYUYUTb MO YeTbIpe JIOKa/1b-
HbIX TEOMETPUYECKMX XapaKTEPUCTUKM B KaXA0N OT-
AENbHO B3STON TOYKe 06MacTv 1 chopmMmpoBaTh ABe
nokanbHbIX hyHkumn LY n LP (2).

MpeaBapuTenbHO YNPOCTUM BbluMcieHus. Toge-
NNM BCE KO3PMULMEHTbI NOKa/IbHOTO YpaBHEHWUSA Ha
KOath(ULUMEHT a;. pyn 3TOM TpeTuidi KOIPHULMEHT
npruobpeTaeT eUHNYHOE 3HaYEeHMe:

) (2)

a a
) 12,4 7(2) 12,4 4(1) (2)
11,2,4 a ll,2,4 2) ° l3 13 1
a; a;

Ha puc. 7 nsobpaxeH pesynbtaT MOAENNPOBaHUA
NOMOXNTENbHOMN z-06M1acTN KBagpaTta co CTOPOHOM 2.

¥

Pyic. 7. BoKceribHoe 0TOBPaYKeHE MOJIOKUTENBHOM 06MacTy (hyHKLM
@ 1@ (CUHWIA UBET — OTpULaTe bHas 06/1aCTb 3HAYEHWIA)
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3. ANFOPUTM NOCTPOEHMA NYTU K 3AAAHHOM LIENK
B IETEPMUHUPOBAHHOW CPEQE

[ng npuMeHeHWs NPUHLMNOB  PYHKLUOHAIbHO-
BOKCE/IbHOr0 MOZE/IMpOBaHNsA HEO6X0AMMO hopMann-
30BaTb OMMCaHVe CLeHbl, B KOTOPOW 6yfeT AelicTBO-
BaTb areHT, ¥ OMu1caTb 3aKOH NPUTSXKEHMSA K 3aaHHOM
TOuke — Uenb. Ecnu uenb AMHaMUYecKy 3ajaBaemMa B
paboTe 6yayLlero aropuTMa, To CLEeHa MOXeT MMeTb
PasNYHYIO CIOXKHYHO KOH(MIypaumio 1 noaroTasu-
BaeTCH 3apaHee B CMeuyann3npoBaHHON CUCTEME MO
aiIropuTMy, NpeacrasneHHoMy B paboTax [11, 12].

[na npvmepa onuweM CueHy (yHKUMeld Ha 3a-
AaHHoi obnactn 20 x 20, rge Havano KoopamHaTt pas-
MELLIEHO B LiEHTPe CUeHbl. PYHKUMA CLEeHbI ByaeT co-
JepXxaTb TP KOHLEHTPUYECKMX 06beKTa eanHNUYHOIO
pagmnyca, pacrosfioXeHHbIX, KaK MokKasaHo Ha pwc. 8.
dopmanuauma PYHKUMK CueHbl OyaeT coaepykaTb
B/IOXKEHHYHO CTPYKTYPY CNeaytoLmX QyHKLMIA:

2 2
5 & 2 \/2(3) 712 ,

2

2

Z(12) M (2) () 2)

Z Z Z Z 5
V1 x 4° y 22,
@ 1 x 27 y 42,
@1 x4y 47

UT06bl He MEHSITb paHee MPUHATbIE 0603HAYEHUS
HoMepa 06beKTa BEPXHWUM MHAEKCOM, Ans yao6eTea
[EMOHCTPALIMM BO3BEIEHNS] B KBafpaT 3MEMEHT C
BEPXHUM UHAEKCOM 6Yy/eM NOMELLaTb B CKOBKM.

ns 3afaHns Lenm Heo6XoAMMO yKasaTb Ha 06na-
CTV CLEHbl TOUKY C KOOPAUHATaMU X., Y. , KOTO-

past Ha puc. 8 n3obpaxkeHa KpecTnKom. Tenepb Ntobast
Apyrasi TOYKa CLEeHbI J0/KHA N1EXKaTb Ha MOBEPXHOCTM
(YHKLWMM NepeBEPHYTONO KOHYCa C BEPLLHON B TOUKe

Xp, Yy . MyTéM 00befMHEHNS (DYHKLMW Takoro Ko-
Hyca C (yHKLMel cleHbl z° dhopmupyeTcs hyHKLms
MOBEPXHOCTU peLUeHNs NOCTaBfeHHoN 3agaun  z°©

(puc. 9). Jlrobas Touka, ABMKYLLAACA MO TPagueHTy
Takol MOBEPXHOCTM, OyfeT CTPeMUTLC K TOuke

Xp, Yy, 00X04A KOHLEHTPUYECKME OO BEKTDI.

Mpy  MOCTPOEHUM  (DYHKLMOHANbHO-BOKCENBHOM
MOZEN BMECTO CTPYKTYPHO B/IOXKEHHOW (YHKLIMM

z° X,y Mbl NOyYaeM B KaX4ol TOuKe 06/1acTu /o-

Ka/lbHYI0 (DYHKUMIO [° C NIOKa/IbHbIMU FeOMETpuYe-

CKUMU XapaKTepucTukamn a., a;, as, a; . MoaTomy

(QYHKUMIO LENM WMMEET CMbICN cpasy (hopMMpoBaTh
NOKaNIbHbIMI  TEOMETPUYECKUMU  XapaKTepPUCTMKaMM

T T T T
a ,a,,a;,d, .

Puc. 9. CueHa, onucaHHas yHKLMe © X, Yy

Puc. 8. CueHa, onvcaHHas yHKLpel S X, Y

[ns aTOro 3agaanmMca HeKOTOPOW TeKyLLel TOUKOIA
MONOXKEHMS areHTa Ha 06/1acTu cueHbl x,, ¥, . Oda-

nee ONpeaenuM A4S 3TON TOUKW JIOKalbHble FeoMeT-
PUYECKME XapaKTEPUCTUKN NOKaTbHOM (hyHKLMM Lenn

L' x,,y, . 3afagMMcs ypoBHEM TOYKM Lien, T. €.
BbICOTO MepeBépHYTOro KoHyca z,  0,001. 370
FOBOPMT O TOM, YTO MOBEPXHOCTb KOHyca OyaeT Mak-
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CMMaNbHO Pa3BEPHYTON OTHOCUTENLHO M/IOCKOCTU
xQOy. Torfa paccTosiHMEe MeXAy TeKYLLEe TOouKoi

areHTa 1 TOYKOW Lenn onpeaendaeTca Kak

2 2 2
d \,,/xT Xa Yr Ya 2zp

a /IOKa/lbHble TFEeOMETPUYECKME XapaKTepPUCTUKK B
TOYKE areHTa BbIpaXKatoTCcs CreayHoLIMM 06pa3oM:

T Xy Xy
a ——-,

2
a; il
d
a, a'x, ay, a 10°.
MpoBeaém HOPMUPOBKY XapaKTepUCTUK

b

T T T T.
a, ,a,,a,d,:

T 4
2 NZ >
nony4yeHHbIe

i1, .4

MogroTosum
n,ny,n,n,, a Taioke B3ATbe 13 (YHKLMOHAMLHO-
BOKCENLHOV ~ MOAENM  CleHbl  XapaKTepucTiKu
a’,a,,ad;,a, nokanbHoit dyHkumn L' x,,y, Ana
MOLENNPOBaHNsA Pe3yNbTUPYIOLLEN NIOKaSIbHON (PYHK-

um [° X,, ¥, KOHCTPYKLVEN 0ObeANHEHNS:

XapaKTepUCTUKN

T s
i o4 /5 A1 54 75
12,4 7 sh24 RIS

n, a,

Haxofum noKanbHble FEOMETPUYECKME XapaKTe-
-~ G
PUCTUKM NOKa/IbHOM (YHKUMM L7 x,, y,

7 'x Ly 1,20 Lx By 1.

liG l,T l,'S i
2

o1,i 1,24
MonyynB nokanbHble reOMeTPUYECKME XapaKTepu-
CTUKM B TOYKE MOBEPXHOCTM peleHns z¢ x,, y, ,

onpesensieM CMeAytoLLy0 TOUKY HarnpaBieHHOro oT-
pe3ka [BWKEHWSI MO TPafUEHTY C LaroMm S. YTobbl
MONYYNTb KOCUHYCbI OTKNIOHEHMS BEKTOpPA HOpManu B
MNocKoCTU xOy, HEOOXOAMMO MPUBECTU K ABYXMEp-

2 2
G G
ll 12

METPUYECKNX XapaKTEPUCTUKNA:

HOW HopMe Ny fiBe NOKa/bHbIX reo-

G
¢
n.

L
1 NZG

3aTeM Heo6X0AMMO BbIYMCINTL KOOPAUHATbI HO-
BOI TeKYLLEN TOUKM NOMOXKEHUSA areHTa B CLEHe:

i1 2.

' G ' G
x'yox, Sm’,y'y oy, Sny.

Ha puc. 10 gemoHcTpupyeTcs paboTta anroputMa
[BVDKEHMA M0 rpafieHTy OT TOYKM NOSIOXKEHNS areHTa
K TOYKe Lenn ¢ y4étom 06xoda TPEX KOHLEHTpUYe-
CKMX NpenaTcTBuiA. Llenb oTobGpaKaeTcs KpacHbIM
KPECTMKOM, a areHT — 6e/bIM.

3pecb crnefyeT OTMETUTb, YTO (PYHKLMOHaIbHO-
BOKCe/IbHad MOJe/b CLeHbl OMWCLIBAETCA U MOAeNu-
pyeTcs OTAeNbHO, Y CKOPOCTb paboTbl MpesCcTaB/ieH-
HOro afiropuTMa He 3aBUCUT OT KOJIMYecTBa M pasme-
poB 06beKTa, NOMELLLAEMOr0 B Hel.

B paboTy anropuTMa nocTynarT YeTblpe 06pasa,
onucbiBatoLLme 061acTb PYHKLUN CLEHbl B O4MHAKO-
BOM (hopmaTte — HabopoM NOKanbHbIX (YHKLWA, YTO
[enaet anropuTM He3aB1CUMbIM OT C/IOXHOCTM COCTa-
Ba CLeHbl. CKOpOoCTb paboThl TaKOro airoputma 3asu-
CUT OT TOYHOCTWU NpPeLCTaBleHNs (PYHKLMOHAIbHO-
BOKCeNIbHOW Mogenu (paspelleHnsi 06pas3oB), a Takke
OT napameTpa S — AAMHbI LWara CMeLeHns no rpagu-
eHTYy.

Puc. 10. MpuMep NPoKNagKu NyT ANs ABXEHWSI areHTOB B CLiEHe C
Tpemsi NpensiTCTBUSIMM

Ha puc. 11 geMOoHCTpUpYyeTCs ABWpKEHME K Lienn Mo
rPafveHTy NS CLeHbl C 25-10 perynspHo pacnpeenéH-
HbIMW KOHLIEHTPUYECKMMI 06 BEKTAMM.

Ha puc. 12 pemoHCTpupyeTcs ABWXKEHVE K Lenn
MO rpagveHTy A/151 CLEHbI CIOXHOM FeOMeTpUM.
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CNOXHbIX aHa/IMTUYECKMX KOHCTPYKLMIA Ha KOMMbHO-
Tepe ANa fanbHelLero NPUMeHeHNs B AUHAMUYECKNX
a/iIropuTMax aHaIMTUYECKOr0 KOHCTPYWMpPOBaHWS On-
TUMU3ALMOHHBIX 334a4y. [MpeanoXeHHbIR anropuTMm
rPafUeHTHOro ABMXKEHUS MO3BOMSET NOAO0POM Napa-
METPOB MOZE/IMPOBaHNSA KOHYCHOM NOBEPXHOCTU AJ1s
rPaAVEHTHOrO ABWKEHUS U3MEHATL TPAEKTOPUIO MYTK
BHeApeHMEM OOBEKTOB CMIOXHON (hopMbl, obecneyun-
Bas KOHeYHbIV pe3ynbTaT NpubbITMS areHTa K uenn. C
NMOMOLLUBI0  (PYHKUMOHA/IbHO-BOKCE/IbHOM  MOZeNn
MOXXHO MyTEM NpUMeHeHWeM pacyéta R-06beuHeHNA
NOKaNbHbIX (PYHKUMIA OMepaTMBHO pellaTb 3afgavy
BHeApeHMsi HOBOIO 00beKTa CLEHbl, TaKyr Kak Ko-
HyCHas MOBEPXHOCTb Lenn, fANA  AMHaMUYecKoro
ynpaBneHns ABWKEHWEM areHTa B CI0KHOW reomeT-
PUYECKOI1 cpeae.
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FUNCTIONAL VOXEL MODELING OF A PATH PLANNING ALGORITHM TO A TARGET

56

BASED ON AFUNCTIONS

A. V. Tolok* and N. B. Tolok**
***Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia

*  tolok_61l@mail.ru, **  nat_tolok@mail.ru

Abstract. This paper is devoted to analytical approaches to path planning with obstacles. Two
analytical modeling principles are compared for obstacles in a scene: the methods of potentials
and R-functional modeling. The functional voxel design principle of complex computational pro-
cesses is presented on an illustrative example of modeling of the R-function for the un-
ion/intersection of the domains of two functions. The fundamentals of arithmetic operations over
local geometrical characteristics describing the components of a homogeneous unit vector of a
local function are discussed. The denormalization principle of such components is demonstrated
for application in arithmetic operations constituting an R-function. The scene is modeled by the
layout of concentric objects and a local function describing the target by a funnel surface at a giv-
en point. A dynamic formation algorithm is considered for the final local function of the union of
the funnel and scene surfaces at a current point. The final local function is used to determine the
components of the direction vector of gradient-based motion to the target.

Keywords: R-function, functional voxel modeling, local geometrical characteristic, local function, gradient,
homogeneous vector, path planning with obstacles.
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npaBneHme MNOABVXHbIMI 00beKTaMu 1 HaBUlaLNA

YK 517.977.8

[TPOrPAMMHASR 3D-TPAEKTOPUA 3ALLUTHKA B ADT-UIPE
MPY HEMOHOW AMPVYOPHOW MHOOPMALIAK Y LIENIA®

A. 1. Motanos*, E. A. Py6uHoBuy**

VHcTUTYT Npo6niem ynpasnexns um. B. A. TpanesHukosa PAH, r. Mocksa

*  potapov@ipu.ru, **

rubinvch@gmail.com

AHHOTaumMsA. B TpexmepHOM MpOCTpaHCTBE paccmatpuBaeTcs ADT-urpa (aHrn. Attacker—
Defender—Target), B koTopoit Llenb (Target) coBepluaeT MAOCKOe ABVDKEHME MO OKPYXXHOCTW C
MOCTOSIHHOM CKOPOCTbO. ATaKytoLmin urpok (Attacker) gBukeTcs paBHOMEPHO M MPSMOIMHENHO
3 NPOM3BOLHOM TOUKW BepXHei nonycgepbl. Cneundmrka NOCTaHOBKM COCTOWUT B TOM, YTO Ha
6opTy Llenn nmeetca mobunbHbili 3awmTtHUK (Defender), B 3agavy KOTOPOro BXOoAUT nepexsat
BCEX BO3MOXHbIX OMacHbIX s Llenn (B CMbIC/ie TOUEYHOIN BCTPeYM) TPAEKTOPWIA ABVXKEHUS
ATakyoLero. 3afaya 0CNoXHseTcs Tem, 4To Llenib 1 3alMTHMK B NpoLecce ABMKEHUSA He BUAAT
aTaKyHLLero Urpoka. Im n3BecTeH NLb HaYabHbIA NEEeHT, B TO BPEMS KaK TeKYLUUIA NENeHr,
HayasibHas 1 TeKyLlas AUCTaHUMM 40 ATaKyHoLLero UM He M3BECTHbI. 10 3TOl NpuynHe ABMXKe-
Hve Llenn v 3almMTHMKa NpeanonaraeTca NporpaMmmHbIM.

KntoueBble cnoBa: ADT-urpa, NporpaMmMHble BUXKEHUSI, OTPaHNYEHUS HA KPUBM3HY TPAeKTOPUMU.

BBEAEHUE

WHTepec K maTemaTnyeckoin (opmanmsauuy npo-
LIeCCOB B3aMMOAENCTBMA MOOW/IbHBIX 0OBLEKTOB TUMa
6ecnuNoTHbIX neTaTenbHbIX annapatos (BMJIA) nnn
aBTOHOMHbIX HEeobuTaeMblX MOABOAHBIX arnapaTos
(AHTITA) B nocneaHee BpeMs NMOCTOAHHO PacTeT. ITOT
TpeHL 06YC/IOBNEH PAAOM BCEM W3BECTHbIX OObLEK-
TUBHBIX MPUYUH.

OfHOl 13 Takux Qopmanmsaumii SBASKOTCA Tak
HasblBaemble MDT- unin ADT-urpbl (aHrn. Missile—
Defender—Target win Attacker—Defender—Target). B
HUX KPOME TPaaMLMOHHBIX NS Urp NpecrefoBaHns —
YK/TIOHEHWSI YYaCTHUKOB (KaK COGCTBEHHO Mpecnefo-
BaTens, Tak W MpecnefyeMoro UM YK/IOHALEerocs
Urpoka-Lenn) NpUHUMaeT yyacTve TPeTUiA UIPoK —
3aWMUTHYK. 3aLLUTHUK U YKIOHAIOLLMIACS UTPOK-LieNb,
[eNCTBYs COrnacoBaHHO, 06pasytoT KOanunumio, KOTo-
pas urpaeT NPOTMB aTakyloLlero urpoka. B 3apauy
3aluMTHMKA BXOAUT MepexBaT ATaKyHLLEro Ha Tpaek-
TOPUN €ro ABVDKEHWUS WM OTBMIEYEHVE ATaKyHOLLEro

“PaboTa BbINONHEHA NPW YaCTUUHON noggepkke PH®, rpauT
Ne 23-29-00448.

OT HaMeyeHHON WM TpaeKTopuW MpecnefoBaHNs B
CNnyyasx, Korfa 3almMTHUK UrpaeT posb NIOXHOW Lienw.
B aTmx 3amayax ocoboe MecTo 3aHMMaeT BOMpPOC
06 anpuopHOI 1 TekyLlein NHpopMauum, LOCTYMHON
MrpoKam B NpoLecce NpecniefoBaHNA U YKNOHEHNS.

B cTatbe [1] pelsaetcs nnockas avddepeHumas-
Has urpa O4HOro npecnefoBatenii NPOTUB KO MLMK
ABYX Leneit — UICTUHHOW 1 NOXHO. B 3Toi urpe npe-
cnefosatenb, UMEIOLMIA KPYroBYK 30HY O6Hapyxe-
HWA paguyca R, MUHUMU3UPYeT BPeMs [0 MOMeHTa
nepeceyeHns Kpyra 0OHapyXXeHUs C NOXHOWN Liefbto;
NCTVUHHAA LieNb, UMetoLLad HauaibHOe NOJIOXKEHVE BHE
30Hbl 06HAPYXXeHWS, MaKCUMa/lbHO YBEIMYMBAET MU-
HVYMa/IbHOe pPacCcTOsHWUE [0 NpecnefoBaTens.

B pabote [2] 3afaya nepexsaTa peLleHa Asis cny-
yas, Korfa npecnefosatesib 060pya0BaH 30HON 06Ha-
PY>XeHWS, rhe onacHbiMK Ans Llenn asnsoTcs Bee Te
TPAeKTOPUW ABWKEHUSA NpecniefoBaTesisi, No KOTOpbIM
Llenb BXoauT B 3Ty 30HY. B gaHHOI paboTe peluaeTtcs
3afaya MOCTPOEHMS W ONTUMMU3ALUM  TpaeKTopum
NOXHOW Lenu npyu He NOMHOCTBIO M3BECTHbLIX (ha30-
BbIX KOOpAuHaTax npecnegosarens. Mybnvkaums [2]
ABNISETCA NPOLO/DKEHNEM PabOThbl, HAYATOW B CTATbsX
[3-5].
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OcHoBHas wmpesi, NpeanoxeHHas B pabote [2] wu
MCnonb3yeMas B HacTosLel paboTe, 3aKNOYaeTcs B
TOM, YTO TPaEKTOPMS NIOKHON LEeNn CTPOUTCA Takum
06pa3omM, 4ToObI NepexsaTbiBaTb NpecnefoBaTens Ha
TeX TPaeKTopusAX, HA KOTOPbIX CO34AeTCA OMacHOCTb
AN UCTUHHOW Lienu, ABWDKYLLEACS No BblGpaHHOMY
nyT¥ YKNOHeHWa. B pgaHHOM cnydae B cTaTbe [2]
ONacHOW A1 UCTUHHON LeNn ABNSETCS Ta e4UHCTBEH-
Has TPaekTopumA npec/iefoBaTeNs, Ha KOTOPOW peasn-
3yeTcs ero 3ajaya: BCTpeYa C MUCTUHHOW LEeNbio Ha
BblOPaHHOM NPAMOIMHEHOW TPaeKTOPUM YKITIOHEHUS.

Pe3y/bTaTbl NOCNEAHWX WCCNEf0BaHWI NpeacTas-
neHbl B pabotax [6—22]. B aTux cTaTbsX BCe YTBep-
XAEHVS KacatoTcst Po6aeM ¢ TOYHON MHGopMaLmeid o
TeKyLLMX No3numsax urpokos. Mpobnema, paccmarpu-
BaeMas B 3TOM CTaTbe, CBA3aHa C HEMOHOTON NHGOP-
maupeid. Llenb 3HaeT 0 HanmafatoLlem TO/bKO ABa Na-
pameTpa: ero CKOpoCTb U Haya/IbHbIN NeneHr. BaxHas
NH(opMaLms 0 pacCTOAHWUN L0 NpecnefoBaTens HeLo-
CTYyMHa.

ATa (hopmynMpoBKa ABNSETCA MPOCTENLLel maTe-
MaTWUYECKON (hopmanmnzaumein nocneayowmx Aaen-
CTBWI B CEAYIOLMX pPeasibHbIX XXMU3HEHHbIX CUTYyaL -
fAX.

TsdKenblil 60M6apPANPOBLUNK YKIOHAETCS OT aTa-
KV pakeToR Knacca «B03Ayx — Bo3gyx». Mpeanonara-
emMasd cxema nepefaynm WHGPOpPMaLMM COOTBETCTBYeT
TOMY, YTO Camo/ieT OCHALLEH (NacCMBHbLIM) 3/1EKTPOH-
HO-ONTUYECKNM AAaTUYMKOM.

MofBoaHas NofKa YKIOHAETCA OT TOpMeaHOW
ataku.

MoaBoaHas nofka YKNOHSETC OT MOOW/bHONA
MOVCKOBOW CUCTEMBI.

CrepyeT OTMeTUTb, YTO HacTosulad paboTa ABns-
eTca Npoao/mkeHneM pabotbl P. bolienna [4, 5]. Oa-
HaKO 3TO He TEOPeTUKO-WIPOBOM aHaIn3 CLeHapus
3awmTbl Lienmn, n 0CHOBHOE BHVMMaHWe YAENseTcs Ku-
HeMaTuKe 6051 B YCNOBUAX HEMOSHOW anpuUopHONA WH-
(hopmaumm. Ewe pas noguepkHeMm, npecnesosatesb He
MaHeBpUPYET — OH COXPaHseT KypC — HO Kypc npecre-
[oBaTens M paccTosiHWe [0 MpecnefoBaTens Heus-
BECTHbI KoanMLmn, 3awuiatoLLein Lienb.

Kytowiero ans Lienn He n3BeCTHa, O4HAKO W3BECTHO,
uTo ATaKyIOLWMNIA OBKETCA U3 BepxXHel nonycgepsbl
Mo 3apaHee BbIOPaHHOM MPAMOIA C NOCTOAHHON CKOPO-
CTblO V, V. B OTBET Ha 3TO B TOT K& MOMEHT Bpe-
MeHn Llenb BbinyckaeT 3alyTHUKa, OBUXEHWE KOTO-
pOro NpPorpamMHO, a CKOPOCTb Vp MOCTOAHHA, NpW-
Yem V; Vo V.

TpebyeTca NOCTPOUTb Takyk TPAeKTOPUIO [BUKe-
HUA 3allMTHUKA, KOTopas nepexBaTtbiBaia 6bl ATaky-
IOLLIEr0 Ha BCeX BO3MOXHbIX onacHbiX ans Llenu (B
CMbIC/Ie TOYeYHOM BCTpeun Llenm u atakyrowero wmr-
pOKa) TPAEeKTOPUAX Ero ABVKEHUS.

2. TEOMETPUMECKOE OMUCAHUE 3A0AYU

OG03HauMM MapaMeTpPUYecKoe BPeMs 3afjauu ue-
pe3 T U MPeAnonoXuM, YTo 3alMTHUK MAaHupyeT

nepexBaTTb ATaKyHLLEro B HEKOTOPbINA ynpexaato-
WA MOMEHT BpemeHn t t T . 3adukcupyem T ©

paccMOTpUM puc. 1, UNMHOCTPUPYHOLLUIA FeoMeTpurye-
CKOE OMm1caHmne 3aauun.

Puc. 1. 'eomeTpuyeckoe onmncaHune sagaym

1. MOCTAHOBKA 3AAYU

PaccmaTpuBaeTca urpa Tpex UrpoKoB B TPeXMep-
HOM MpOCTpaHCcTBe — ATakyloLlero A, 3awuntHuka D n
Lienn T. MN3BecTHO, YTO Lienb OBMXETCA MO OKPYXXHO-
CTW (PMKCMPOBAHHOIO pagMyca R C MOCTOAHHOW nui-
HEeNHON CKOPOCTLIO Vi .

B HavanbHbIi MOMEHT BpemeHW Llenb nonyvaet
MH(OPMaLMIo 0 TOM, YTO C BblAeNeHHON NPAMOIA (n-
HWS HayasbHOro neneHra) no Lleny 6bin BbinyLueH
aTakywowmii 06bekT A. IMpu 3TOM TouKa cTapTa ATa-

Toukoit O 0603HaUMM LIEHTP OKPY>KHOCTMK, MO KO-
Topoi gswketcs Llenb. Toukamn A 1 T 0603HaYeHbI
nonoXeHna ATakyrowlero un Llenn cooTBeTCTBEHHO,
npuyem BepXHUM WHAEKCOM OTMeYeH MOMEHT Bpeme-
HW, B KOTOPbI COOTBETCTBYHOLLMIA UTPOK HAXOAWCS B
[laHHON Touke mpocTpaHcTea. Hanpumep, T° n A® —
TOYKW, B KOTOPbIX Haxogunuch Llenb v ATakytowwuii
COOTBETCTBEHHO B Haya/lbHbIA MOMEHT BpeMeHU

(t 0). Toukn 1’ u 1Yy, B CBOKO OYepesb, CyTb NPo-
exkumm Touek A’ n A' Ha mnockocTb OTT" coot-
BETCTBEHHO.

BblgeneHHas Ha puc. 1 cuHum gyra  TOT'TT —
TpaekTopua aswxeHusa Llenn 3a Bpemsa 1. ycTh B
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MOMeHT BpeMeHn T O Llenb nonyyuna uHgopma-
M0, YTO U3 HEKOTOPOI HEVN3BECTHOW HaYasIbHOW TOY-

kn A’ B BepxHeil nosmycdepe, PacrioNoOXeHHOR Ha

W3BECTHOM Jlyde, BbIXOAALIEM M3 Toukm T°, npamo-
JINHEHO C MOCTOSIHHON CKOPOCTbI0 ABMIKETCS aTaKy-

oLl 06beKT. HaknoH npamoit AT npm aTom 3a-
faetca agymsi yrnamu:  OT'n, y, AT'm), A.

Torpa gnsa nepexsata Llenv B Touke T B MOMEHT
BpeMeHW  ATakyloLWWiA, Ha4yaB ABMKEHME U3 TOUKU
A, pomkeH furatses no otpesky AT, Mpu aTom
AMHA NPONAEHHOro ATaKyLWMM MyTU C MOMeHTa
cTapra 6ygaeT cocTaBnsate ATY v, T.

[na npotuBoaencTBns Atakytollemy (4YTobbl OH
He nepexBaTun Llenb B Touke T') Llenb BbiNycKaeT B

Haya/bHbI MOMEHT BpeMeHn T O 3alMTHUKA, 3a-
fla4a KOToporo — rnepexsaruTb ATaKyHOLLEro B ynpe-

X[aroLeii Touke A' B HEKOTOPbIA MOMEHT BpPEMEHY
ttT T.

[na aHaIMTUYecKoro OnucaHus 3Toro 3nu3oja
BBEAEM LWIMHAPUYECKYIO CUCTEMY KOOPAMUHAT C LieH-
Tpom B Touke O, ocbto Oz, HanpaBneHHoW BBepX

nepreHauKynapHo nnockoct OT’TY, u yrnom 8,

oTCUMTbIBAEMbIM OT npsmoii OT® B HanpasneHuu
ABVKeHuA Llenw.

3. PELWUEHME 3AAYH

Haiigem koopauHaTbl TOUkM Al B BbIGPAHHOI Lu-
NIMHAPUYECKON CUCTeMe KoopauHat. [nsa atoro pac-
CMOTPUM TpeyronbHnk A OTYT™. [ns Hero BepHbl
COOTHOLLIEHNS

TOT VETT,TOTT L 2Rsing. 1)
Torga yron

TTnS € _ﬂzrl V.

O603HaunM oTpesok T°TT v. Torga no Teopeme
KOCUHYCOB [18 TpeyrobHuka A OTOT T

2
*cos’A > 2LvcosAcosl T'mQ
C [pyroli CTOPOHbI,
2 2
1.0 0,0
T'm, AT,
4TO NPUBOAWT K CNeAyHoLLEeMy KBafpaTHOMY ypaBHe-
HUIO OTHOCUTE/IbHO V:

VaT%, rae A’ vsinA

v’ 2LvcosAcosl L viT® 0.

Ero peLueHve nmeeT Buf
v LcosAcosl \/Lz cos’Acos’l 1 Vit .

YTBepxgeHue. Mpu v, v, T O cnpasegnvso
HepaBeHCTBO

v, LcosAcos \iL2 cos’Acos’l 1 vit® O.

JokasaTenbcTBO.

B cnyyae, ecnim nepBoe cnaraemoe MeHblLe Hyns, Hepa-
BEHCTBO aBTOMaTMYecKy BepHO. [103TOMY paccMOTpUM
CNyyali, Korga nepeoe cnaraemoe HeoTpuLaTenbHo.

MepeHeceM KOpeHb B MpaByt YaCTb HepaBeHCTBa M
BO3BefeM B KBafpaT Mo/syvyeHHOe BblpakeHue. Torga nony-
YMM HepaBeHCTBO

?cos’Acos® L? cos®Acos’ 1 VAT

OuyeBMAHO, YTO 3TO HEPABEHCTBO PaBHOCW/ILHO cnepy-
oLemy:
2 22
L* vy~
C y4yeToM paBeHCTB (1) nocnegHee HepaBeHCTBO IKBU-
Ba/IEHTHO
.V
2Rsin ——T V,T.
2R

C y4yeToM Buaa (OyHKLMIA B NEBOI 1 NPaBOil YacTu He-
paBeHCTBO Oy/eT BepHbIM, EC/IN BEPHbIM SB/ISIETCA COOTBET-
CTBYHOLLIEE HEPABEHCTBO A4/19 NPOU3BOAHbIX JIEBOI W MpaBoi
yacte npu T O:

VT VA’
YTO [efCTBUTENLHO BEPHO MO YCNIOBUAM TEOPEMbI. ¢
B TakoMm Cyyae M3 M0fo6MA TpeyrofbHUKOB
AT'IQRAY n AT'MLA'  (BblaeNeHbl XenTbiM Ha
puic. 1) KoOpaMHaTa Z TOUKM A’ BbIP@KAETCA Kak
. T t
z mMHA' vsinA —.
T
CneaylowyM  LWIaroM  HaidileM  KOCUHYC  yrnia
OTTH% . [na aToro 3anviiem Teopemy KOCUHY-

COB ANA TpeyronbHukos AOT “n n AOT ™n% :

2
ony = R? v’cos’A 2RvcosAcosy,

2 .
on% = R? vit? visin’)

2RYVAT®  vZsin? Acosw.

MprpaBHMBaHWA NpaBble YacTW PaBEHCTB, NOyYa-
eM BbIpaXXeHUe Ans cosw :

VAT 2RvcosAcosy V?

2R\VZ 2 VZsin?
[Janee, 3anucbiBas TeopeMy KOCWHYCOB A/ Tpe-
yrofibHuka AOT '\, BbIBOAVUM ClieflytoLLEe BbIpaXKe-

HWe Anda oTpeskKa:

2
oY r R v t

22 2RJvi t’ 2% cos

cosw

2
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AHa/OrMYHO, 3aNuCbIBas 19 3TOr0 K TPeYrofib-

HUKa TEOpeMY CUHYCOB, HAXOAMM
2
. v, ot 77
sin sin , rge
r

TakM 06pasom, Monydyaem Crefytolime Bbipaxe-

HUA 19 NOKaU3aLMM TOUKM A' B LMAUHAPUYECKON

CnCTEME KoopAnHaT:

TO Y.

zZ sin —, 2)
rr RVt 22
: 3)
2Ra,v,2\ t~ 2% cos ,
BN o )
arcsin sin

r

3ameyaHue. VIMeeT MeCTO TaKxe ApYroi ciyvai
PAacrofoeHns mpsMoii OT)y, OT/IMYHBIA OT npef-
CTaBNEHHOrO Ha puc. 1 — Korja ata npsamMas nepeceka-

eT oTpe3ok T'T'. Takas KOH(Urypaums reometpuye-
CKMX 06BLEKTOB MPMBOAMT K TOMY, YTO B MOC/ELHEN
(hopmynie UTOroBbIi KOOPAMHATHbIA yron 6 Oyaer
BbIpaXKaTbCs pasHOCTbO yrnoB (5), a He cymmoli (4),
YTO HYXKHO YYMUTbIBATb NPU MOAENIMPOBAHUN:

8 n o (5

HenocpeACTBEHHOM MNPOBEPKOM  TakKe MOXHO
y6eanTbCs, UTO M3MEHEHUs APYTUX BE/IMYUH, Hanpu-
Mep, yrna {, Ha KOHeYHbI pe3y/bTaT BUAHUA He
OKasblBaloT. ¢

Takum 06pa3om, B MOMEHT BpeMeHM t 3aWUTHUK
[O/KEH HaxXOAWTbCA B Touke A' ¢ KoopauHatamu,
YL,0BNETBOPSAIOLLMMN ypaBHeHUAM (2)—(4). MNpn aTom
M3BECTHO, YTO B LWIMHAPUYECKON CUCTEME KOOPAM-
HaT KBaZipaT MOZAy/ii CKOPOCTM Y/0BNETBOPSET paBeH-
cTBy [23]

v ettt (6)
. d
Fle TOuKa 03Ha4aeT onepaTop NPOM3BOHOVA T

C yvetom TOrO, 4TO I rt , t .,

z zt , , NoACcTaHOBKa BblpaxeHuii (2)—4) B
opmyny (6) NPUBOAUT K ChefytolemMy YpaBHEHUIO
AVHAMWUKWY 19 BPEMeHU nepexsata t T :

At , £ Bt , tcCt , 0 (7
KoappumeHTbl ypaBHeHUs (7) nonydaroTcs ny-

TeM augdepeHumpoBaHns paseHCTB (2)—(4). Cob-
CTBEHHO aHa/IMTUYECKME BbIPXKEHNA ANA 3TUX KO3()-

(MUMEHTOB 6bINM NOMAYYEHbI NPY MOMOLM MaKeTa
CMMBOJIbHBIX BbIYMCNIEHWI Maple; B 4aCTHOCTU, OKa-

sanock, uto At ,  vi. [lpyrve xe KoadhuLy-
eHTbl, BBUAY WX TPOMO3AKOCTH, 3LeCb He NPUBOLATCA.
YpasHeHue (7), kak KBagpaTtHoe no f T, MOXHO

3anucatb B BWAE, PaspeLleHHOM OTHOCUTENbHO Mpo-
N3BOLHOM

ft Btrt,T

\/th'l','[ 4JAtT,TCtT1,T

2At T ,T

B KauyecTBe Haya/lbHOro YC/foBUA  Bblbepem
t 0 0. 310 AenaeTcs U3 TeX COOBPAXKEHMI, UTO Ans

nepexsata Lienin B MOMEHT BpeMeH 0 ArTakyto-
Wuii n Llenb AOMKHbI HaxoAWMTbCA B OAHOM TOUKe
MPOCTPaHCTBa. TO 03HAYAET, YTO MO3ULUUSA 3aLUTHY-
Ka [Oo/mKHa coBnafaTb C NonoXeHnem Llenn n Ataky-
tOLLIEr0 B OAWH U TOT XX€ MOMEHT BPEMEHW, T. €. BpeMs
nepexsarta paBHO HY/IH0.

4. YACNEHHOE MOJAENUPOBAHUE

Bbibepem criefiytollme 3Ha4YeHUs napameTpoB MO-
fenw:
3 1
R Lvy, Lvyg — v —,
4 2
y — A 005 ,1 03,5.
6
Mpn TakMx 3HAYeHMsIX MapameTpPoB YUCNEHHOE
MOAENMpoBaHMe AaeT pesy/bTaT, NPeACcTaBNeHHbIA Ha
puc. 2. Ha HeM cepbIM LBETOM BbIfefIeH LWNHAP pa-

anyca R, MOCTPOEHHbI Ha OKpY>XHOCTM O, Mo KoTo-
poi yknoHseTca Llenb. TONCTON CUHEN NUHKEN (ayra

T°T'T ) BblgeneHa TpaekTopus aBKeHus Llenu,

TONCTOM KpacHol nuHueli (oTpesok A’A‘) BbigeneHa
TPAeKTOpUA [BWXKEHWS ATaKytoLlero, TONCTON 3ene-

HOI nnHmelt (TCA") BblaeneHa TPaeKTOPUS ABMKEHNS
3awmnTHUKA. MpK 3TOM MYHKTUPOM Bblfe/eHa 4acTb
TPaeKTopUW, fexxalliasd BHyTpu LUAnHAPa.

Mpamas T°A° — nuHKA HavanbHoro nenera, A°
— TOYKa, U3 KOTOPON [O/KEH HauaTb fBMXKeHne ATa-

KYHOLWIA, 4TOGbI NepexBaTuTb Llenb B Touke T , a

Touka  ecTb mpoekums Toukn A’Ha MAOCKOCTb

OKpy>xHocTn O.

MpoBefem MoAenupoBaHue Mpu Tex Xe 3HaYeHUAX
napameTpoB, HO YBENNYMM BpeEMA MOAENNPOBAHUA
[0 5. PesynbTaThl NpusefeHbl Ha puc. 3 1 4.
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0,7
0,6

)

0,5

s
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Puc. 2. PesynbTaTbl YACNEHHOr0 MogenvpoBaHusa npn 05 3,5

Puic. 4. PesynbTaTbl YNCNIEHHOTO MofenMpoBaHusinp T 0;5 B
NPOEKLMM Ha NIOCKOCTb XY

Puc. 3. PesynbTaTbl YACNEHHOTO MoAenvpoBaHusa npn © 055

Ha puvc. 3 1 4 BBefeHbI Te ke 0603HaYeHNs, YTO 1
Ha puc. 2, HO 3€ecb A’— Touka, 13 KOTOPOI [0/MKeH
HayaTb [BWKeHVe ATaKyoLuiA, 4To6bl MepexeaTuTb
Llens B MOMEHT BpemeHM 3,5 (7. e. coBnagarouias
c Toukoii A’ Ha puc. 2), a A’ ecTb TOuKa, U3 KOTO-
PO [OMKEH HayaTb ABWKEHWe ATaKyLmiA, YTOObI
nepexeatuTb Llenb B Touke T npu T 5.

Mpn 3ToM, ecnn npoBeCTU MOLENMPOBaHVE A0
T 7, 70 nocne Toukn A" 3alUTHUK MPOJO/IKUT
[IBVOKEHME MO KpMBOK A'D [0 HEKOTOPOIA Toukn D 1
fanee.

VIHTepecHbIM MpeAcTaBnseTCcA Takxke Cnyyain mc-
nonb3oBaHNA ABYX W 6onee 3alWMTHUMKOB. B pac-
CMOTPEHHOI NOCTAaHOBKE 3TO HE MMEET CMbICNa, Tak
KakK TOYKY BO3MOXHOIO nepexeaTa MOXHO BOCCTaHO-
BUTb OAHO3HAYHO, UCMO/b3YS VMEOLLYHCS MHGOp-
MaLUuio 0 ABMXKEHUM aTakytoulero. OAHako, Hanpw-
Mep, €CIM CKOPOCTb aTaKytoLero HemsBecTHa, HO Mo-
XKET MPUHMMATb NUWb OrpaHUYeHHOE YMUCN0 3Haue-
HWIA, TO MOXHO MOCTPOUTb MHOXECTBO TOYEK BO3-
MOXHOrO repexBaTa, KOTOpble, B CBOK O4Yepe[b,
MOXHO pacnpefeninTb Mo 3alWUTHUKAM W K KaXoM
NPYMEHUTL ONWCaHHBIN Bblle anropuT™. bonee Toro,
B TaKOil MOCTaHOBKE MMEET CMbICN pacnpefeneHve
aTaKyloLWmx 00BLEKTOB MO CTEMeHW OMacHOCTW, YTO
OyeT pacCMOTPEHO B AabHENLLIEM.

3BECTHBLIM MOXET ObITb B TOM YMC/E U AManasoH
3HaYeHW CKOPOCTU aTakylolero. B Takom cnyvae
MMEET CMbIC/T MOCTAHOBKA OMTVMM3ALMOHHON 3adaun,
peLLeHEM KOTOpOI Bblna bl TPAEKTOPMS 3aLUTHIKA,
obecneumBaroLLas MUHMMaNbHY BEPOSTHOCTbL Nepe-
XBaTa Lenn. ECTeCTBEHHO NpefAnonoXuTb, YTO MUC-
nonb3oBaHne 60/1ee Yem OLHOr0 3alUTHUKA B TaKOM
3afja4e MOXET CYLUECTBEHHO MOBbLICUTb BbDKMBaE-
MOCTb 3aLlMLLAEMOr0 06bEKTA.

3AKIIOYEHUE

PacCMOTpPeH MaHeBp YK/IOHEHUS PaBHOMEPHO
ABWXYLLECS N0 OKPY>KHOCTU Ha naocKocTu Llenn ot
aTaku 13 BepxHeli nonycgepbl paBHOMEPHO M NPSIMO-
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NIMHEHO [BWKYLLErocs artakyroLlero urpoka. Ans
cpbiBa ataku Llenib mucnonb3yer mMobunsHOro 3awmut-
HUKa, KOTOpLINA, ABUrascCb NPOrpaMMmHO, MO Yri0BOW
MH(opMaumm 06 ATakylollem B MOMEHT Havana npe-
CNnefioBaHUs, CTPOWUT CBOM MaHeBp Tak, 4ToObl nepe-
XBaTblBaTb BCE OnacHble A5 Llenm (B cMbic/ie ToYeu-
HOW BCTpeun c lMpecnefosaTenemM) TpaekTopuu ABW-
XeHus Mpecnegosartens.
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YMNPABJTEHVE NOABKXHLIMA OB BEKTAMM A HABUTALINA

BUILDING A DEFENDER’S 3D PROGRAM PATH IN AN ADT GAME
WITH INCOMPLETE A PRIORI TARGET INFORMATION

A. P. Potapov* and E. Ya. Rubinovich**
Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia

*  potapov@ipu.ru, **  rubinvch@gmail.com

Abstract. This paper is devoted to an Attacker—Defender—Target (ADT) game in the 3D space.
The Target makes flat circumferential movements with a constant velocity. The Attacker moves
uniformly and rectilinearly from an arbitrary point in the upper hemisphere. The distinctive fea-
ture of the problem statement is that the Target has an onboard mobile Defender. The Defender is
intended to intercept the Attacker’s possible paths dangerous to the Target (in the pointwise meet-
ing sense). This task is complicated since the Target and Defender do not see the Attacker during
the movements. They know only the initial bearing; the current bearing and the initial and current
distances to the Attacker remain uncertain. For this reason, the Target and Defender are assumed
to move along a program path.

Keywords: ADT game, program movements, path curvature constraints.
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aMeTKK

XXV ACMHCKASA (ANPE/IbCKAS)

MEXZYHAPOAHAA HAYUHAA KOHOEPEHL|AA
[10 NMPOBNEMAM PA3BUTIUA

OKOHOMW/KW W OB LLIECTBA

HauwuoHanbHbI nccnefoBaTeNnbCKUin YHUBEPCUTET
«BblICLUas LLIKONA 3KOHOMUKM» OTKPbIBAET NPUEM 3a-
SBOK C [OKNagoM Ha y4actme B XXV HACUHCKON
(AnNpenbCKon) MeXayHapo4HOW HayuyHoi KoHge-
peHUUn no npobriemam pasBUTUSA IKOHOMUKU Y
obectea (XXV AMHK).

Meponpuatna XXV AMHK cocTtoaTtcsa B Mockse
¢ 15 no 18 anpensa 2025r.

Mporpamma KoHgepeHUmMn byaet copmmupoBaHa
B paMKax MATW Hay4HbIX TEM:

— 3KOHOMMUKA;

— Ye/I0BeYEeCKMIA KanunTa 1 06LLECTBO;

— WHCTPYMEHTa/IbHble MeTOAbl U MOLeN! B Me-
He[PKMeHTE 1 06LLEeCTBEHHbIX HayKax;

— thopcaliT nccnegoBaHus;

— MeX/yHapOLHble OTHOLLEHWS.

3asBKM Ha y4yacTuve C Hay4HbIM [OKNagom OyayTt
MPUHUMATLCSA MO CNeAYHOLWUM TeMaTUUYECKUM CeKLU-
AM:

B paMmkax Hay4HOW TeMbl «9KOHOMUKa»:

— MaKpO3KOHOMMKa W  MaKpO3IKOHOMMYECKMi
pocT;

— METOZ0/10r i 3KOHOMUYECKOIN HayKMW;

— TeopeTnyeckas IKOHOMUKa;

— (MpPMbI U PbIHKMK;

— (PMHaHCbI 1 BaHKW.

B pamkax Hay4HoI TeMbl «YesioBeyYecKuin Ka-
nuTan 1 06LLECTBOY:

— coupanbHas NonmMTMKa 1 34paBoOXPaHeHNE;

— fiemorpadmsa 1 poiHKK Tpyaa;

— NONMTUYECKIME NPOLECChI;

— coumonorus;

— NCUXONOrUs.

B pamkax Hay4HOn TeMbl «MHCTpyMeHTasb-
Hble MeTof4bl U MOAEN B MeHeMKMeHTe 1 06LLe-
CTBEHHbIX HayKax»:

— WHCTPYMEHTa/IbHble MeTOAbl B 3KOHOMMWYECKMNX
1 COLManbHbIX UCCNEA0BaHNAX;

— MEHePKMEHT.

B pamkax Hay4yHoi Tembl «PopcaiT mccnemo-
BaHNS»:

— CLeHapuy pa3sBuTUA Poccum B YCNOBUAX AUHA-
MWUYHO MEHSIOLLEICA BHELLUHEN KOHBIOHKTYPbI;

—HOBble  MeToAbl WM MOAenM  HayyHo-
TEXHO/IOTUYECKOTO U COLMaNIbHO-3KOHOMMUYECKOTO
MPOrHO31pPoBaHUs;

— MEeXJyHapoAHbll cuMno3uym «dopcant B
ObICTPO MEHAOLLEMCSH MUPE.

B pamkax Hay4Hoi TeMbl «MexayHapoaHble
OTHOLLIEHUS»:

— WIeun 1 UMBUIN3ALMN B MHOTOMONSAPHOM MUPE;

— MMPOBasi 3KOHOMMKA,

— BOCTOKOBe[eHMe.

Cpok npvema 3asBOK Ha y4acTvie B KOH(epeHLUum
C Hay4yHbIM goknagoM — 20 aHBapsa 2025 r. MNogatb
3aABKY Ha y4yacTWe B KAauyecTBe C/yLiartefii MOXHO:
ans rpakaaH P® — no 10 anpena 2025 r., ana rpax-
[aH MHOCTPaHHLIX rocygapcts — o 10 mapta 2025 .
Bonee nogpobHas uHpopmaumsa pasMeLleHa B pasge-
Nax «Y'YaCTHWKaM C A0KNAA0M» U «CnyliaTenam.

MeponpuaTus KOH(epeHUMM MpougyT Ha pyc-
CKOM WM aHTNIMNCKOM A13bIKe, B OTAE/NbHbIX ClyYasx
Ha [IBYX A3bIKax C CHXPOHHbLIM MEePEBOAOM.

KoHpepeHums 6yneT npoBOAUTLCA MpenMyLLe-
CTBEHHO B O4HOM (hopmaTte. MporpaMMHbIA KOMUTET
OCTaB/AEeT 3a CO60I MPaBO B UCK/OUUTESNbHBIX Cy-
yasx BKNKOYaTb B MPoOrpamMmmy AOKNag4ynKkoB U cryLia-
Teneii B OHNaviH-thoopmare.

B pamkax XXV AMHK, kak v B npegblgyLine ro-
Abl, 6y[eT NpoBefeH KOHKYPC 3adBOK Ha MOALEPKKY
yyacTus B KOH(hepeHLMN MOMOofAbIX uccrefosatenei
3 POCCUICKMX PErvoHOB.

Kak nogartb VMHAMBUAY&/IbHYIO 335BKY Ha y4ya-
CTWe c foknagom?

[oKNag Ha CEKLMOHHOM 3acefaHUn [O/KEH CO-
[epXKaTb Pe3ynbTaTbl OPUTMHANILHOIO Hay4HOro
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3AMETKM

&

nccrefoBaHNs, BbIMOIHEHHONO C WCMO/b30BAHVEM
COBPEMEHHON  1CCnefoBaTeNbCKOM  METOLOMOM MM,
Mpofo/mKnTeNbHOCTb AoKnasga — 15-20 MUHYT.

3afBKa NoOAaeTcs OHMaliH B CUCTEME KOH(epeH-
unm HAY BLUS po 20 aHBapa 2025,

K 3asBKe He06X0AMMO MPUIOXKUTL Pa3BepHYTYHO
aHHOTauUMI0 [oK/aga, C YYeTOM HUKenepeuncreH-
HbIX TPe60BaHWA K 0O(hOPMIEHUIO:

— B aHHOTaUuMW [O/MKHa ObITb AaHa YeTKas Xapak-
TepUCTMKa paccMaTpuBaemoli Npo6nemMbl U Mepbl ee
M3yYeHHOCTW, METOLONOrMN W1CCefoBaHnsA, ero oc-
HOBHbIX Pe3ynbTaToB, UX 060CHOBaHHOCTW W HOBW3-
Hbl;

— hopmat Word unu RTF;

—06bem oT 3 000 go 7 000 3HaKOB;

— [N PYCCKOA3bIYHOTO A0KNaja aHHOTaLmMs roTo-
BUTCA Ha PYCCKOM W aHTIMIACKOM $A3blKax, 415 aHr10-
A3bIY4HON0 — aHHOTaUMSA TOIbKO Ha aHrINACKOM 3bl-
Ke.

OfMH aBTOp MOXeT MpeAcTaBUTb Ha KOHMepeH-
UMM OAWH NNYHbIV AoKnag n He 6onee OfHOro fo-
Kfazia B COaBTOPCTBE.

Kak nogaTb KO/NeKTUBHYIO 3as9BKY?

[pynna aBTOpOB MHAMBMAYA/bHbIX 3a8BOK, 3ape-
TMCTPMPOBaHHbIX B CUCTEME KOHMepeHumn HNY
BLU3, go 20 aHBaps 2025 r. MOXeT coobWUTL B
MporpaMmHbIA KOMUTET KOH(EPEHLMM O CBOEM >Xe-
NaHUW NpeacTaBUTb A0KNaAbl B paMKax OfHOW cec-
cun. na aToro Heo6XxoAMMO MoAaTb KOJIEKTUBHYIO
3a5BKY B JIMYHOM KabWHETe CUCTeMbl KOH(epeHuun
HWY BLIS3.

KonnektvBHasa 3asBKa [0/DKHA COOTBETCTBOBATb
cnegyroLmm TpeboBaHmAM:

— He MeHee 2-xX 1 He 6onee 5-T JOKM1a[0B B pam-
Kax OfHO ceccuu;

— He 60nee 2-X [OKafoB, MpPeACTaB/ieHHbIX OT
O[HO opraHu3auuu,;

— BCE UHAMBUAYa/IbHbIE 3aABKN LO/KHBI ObITh 3a-
PErncTprpoBaHbl B CUCTEME KOH(epeHLuN.

MpvmeyaHve. 3asiBKa Ha MpeAcTaBneHWe OAHOro
AoKnaga ¢ coaBTopamu SBNSETCA MHAMBUAYANLHON, a
He KONMeKTUBHOM.

B pamkax Kaxgon TemaTU4eckol CeKuuM Ha oc-
HOBE OTOOPaHHbIX 3afBOK (OPMMPYHOTCA Ceccuu.
MpoJoMmKMTENbHOCTL OfHON ceccum cocTasnsieT 1,5
yaca. MNpeanoxxeHns No (HOPMUPOBAHUIO CECCUIA MO-
ryT 6bITb y4TeHbl MpPOrpaMMHbLIM KOMUTETOM Ha 3Ta-
rne 3KCMepTu3bl 3aBOK U (HOPMMUPOBAHUA NPOrpaMMbl
KOH(pepeHuuK.

JKCnepTn3a 3a8B0K

OT60p 3a5BOK NPOBOAMUTCA B TPW 3Tana:

— WCK/IIOYEeHMe Tex 3asfBOK, KOTOpble He COOTBET-
CTBYIOT yKa3aHHbIM BbllLe Tpe60oBaHWAM K othopMie-
HUWIO 3a51BKW;

— NPOBefeHNe 3KCMEePTHOM OLEHKN aHHOTaumii Ha
npeaMeT HOBM3HbI M OBOCHOBAHHOCTW Pe3y/bTaToB
(npwn 3TOM BO3MOXXHa Mnepesava 3asBKW B pyryto Te-
MaTUYeCKYH CEKLIMIO MO PEeLLEHNIO PYKOBOAWTENSA);

— NpUHATKE pelueHuns MporpaMMHbIM KOMUTETOM
0 BKJ/IOYEHUW [0KNaf0B B NpOrpaMmy KOH(epeHLMu
Ha OCHOBE MOJTYYEHHbIX IKCMEPTHbLIX OLLEHOK.

Pe3ynbTaTbl 3KCMEPTM3bl M NOATBEP>KAEHNE
yyacTus

PelleHna o BKIHOYEHUW [OKNALOB B Mporpammy
XXV AMHK unv oTKase 0T YA0B/ETBOPEHUS 3a9BKN
OyayT COOOLLEHbI 3adBUTENAM MO Mepe NOCTYMIeHus
pe3ynbTaTtoB 3KCMepTu3bl, HO He Mno3gHee 19 mapTa
2025r.

ABTOpam [0KMaf0B, 0TOOPaHHbLIX 4/ MpefcTas-
NeHNs Ha KOH(epeHUMW, MpeacTtouT o 26 mapTa
2025 r. BK/IHOUUTE/IBHO MOATBEPAUTL CBOE ydyacTue
B /IMYHOM KabuHeTe CUCTeMbl KOHGepeHuun HUY
BLU3 n 3atem go 4 anpens 2025 r. BKAHOYNTENBHO
pa3sMecTuUTb B JIMYHOM KabuHeTe cnaiigbl npeseHTa-
UMW [OKMNafa Ha aHrIMACKOM A3blKe, UYTO ABMSETCA
YCNOBUAMU BK/IKOYEHUSA [JOKNALO0B B (PUHaNbHYIO Bep-
CUI0 Mporpammbl.

OnnaTa perncTpalmMoHHOro B3Hoca

Ana poknaguukos n cnywlaTeneit KOHgepeH-
UMM CyMMa PerucTpauyOHHOro B3HOCa COCTaB/seT
3 000 pyoneii.

OT ynnatbl perucTpaumyioHHOro B3HOCa 0CBOGOX-
AakoTcs:

— CTY/€eHTbl/acnupaHTbl BcexX By30B (MpuW YCOBUA
MpesbsBNeHUN CTYLEHUYECKOro bueta n npoxoxae-
HWW perucTpaumn);

— coTpyfHukn HAY BLU3 (npu ycnosun npego-
CTaB/lEHUM KapTOYKM COTPYAHMKA W MPOXOXAEHWM
perucrpauum);

— YYaCTHMKK, CreuuanbHO MpuriawleHHsle po-
rpaMMHbIM 1 OpraHn3auyioHHbIM KOMUTETAMW KOH-
(hepeHLMM (B TOM YmnC/ie NOYETHbIE HAyYHble [OKAA-
YUKW, 3KCMEepPTbl, MOZEPATOopbl, CMUKePbl Hay4HbIX
KPYr/bIX CTOMOB, AWCKYCCaHTbl W Apyrue npurna-
LUEHHbIE TOCTU KOH(epeHLun).

MogpobHas MHgopmMaums 06 ycnoBusx onnatbl
perncTpauyoHHOro B3HOCa MpeAcTas/ieHa B pasfene
«Onfara y4actug».
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