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OOHUM U3 Ba)KHEMWUX 3SNEMEHTOB MPOLECcCOB CO3AaHUA U 3KCNyaTauuu peasibHbiX
ynpaBAAemblX CUCTEM pPas3/IMYHOrO Ha3Ha4YeHUA, B YACTHOCTU NeTaTe/lbHbIX annaparos,
ONUCbIBaeMbiX C TOYKU 3peHua AuHamudeckux cuctem ([AC), asnaetca ¢opmupoBaHue
MaTeMaTU4YeCKUX U KOMMbIOTEPHbIX MoAeneil 3TUX CUCTEM U UX I/IEMEHTOB Kak 06beKToB
ynpasneHusa. Mo Mepe pocTa C/NOXHOCTU CO3[aBaeMbIX CUCTEM PacTyT U TpeboBaHMA K MUX
MOAENAM, a TaKKe K CpeACTBaMm, NpuB/eKaembiM ANa pa3paboTku 3Tux mogenen. TUNUUYHbIM
ONA  CO3/aBaeMblX MNEpPCNeKTUBHbIX CUCTEM ABNAETCA BbICOKMIA YpPOBEHb C/OXHOCTU
MoAenupyembix OOBEKTOB UM  MNpOLECCOB, WX MHOTOMEPHOCTb, HEeUHEUHOCTb U
HecTaLMoHapHOCTb, MHOroobpasue U CAOXKHOCTb OYHKUUW, peanusyemsbix MoAenupyembim
obbekToM. B npouecce GyHKLUOHUPOBAHUA TAKUX CUCTEM MX CBOWMCTBA MOTYT CyLLECTBEHHO
M3MEHATbCA 3apaHee Henpeackasyembim ob6pasom. [lpu 3TOM MHOrMe anropuTmbl,
obecneuymsaolme Takoe QPYHKUMOHMPOBaAHUE, TPebYIOT HanuuuAa  BbICOKOTOYHbLIX WU
6bICTPOAENCTBYIOWMX MOAenein AsuxKeHus paccmatpusaemoit [1C. Ecam Takue mopenu He
YYUTLIBAIOT BO3MOKHbIX U3MeHeHul csoicte [IC, 3TO BeAeT K BOSHUKHOBEHUIO KPUTUYECKUX
cutyaumin. [1na npenoTBpallleHUMA TaKoro poaa CuUTyauuit co3jaBaemble MoAenu, C Lesbio
COXpaHeHUA UX afeKBaTHOCTU OOBEKTY MOZENMPOBaHUA, JO/KHbI 0bnagaTb CnNOcoBHOCTbIO
onepaTMBHO MNOACTPaMBaTLCA NOA W3MEHMBLIMACA OOBbeKT, T.e. obnagatb CBOMCTBaMM
afanTMBHOCTU. YcnewHoe peleHue AaHHOW Npobaembl ABAAETCA BaXKHbIM U aKTya/ibHbIM ANA
CO3/aHuUA U 3KCNyaTauum cucTem u cootsetcTaytowmx Um [1C pasnnyHoOro HasHayeHus.

NMouck 3¢pdeKTUBHBIX CPEACTB peLleHUa yKa3aHHOW aKTyaibHOW npobnembl U ABAAETCA LENbo
AuccepTauuoHHou pabotbl M.B. Eropuesa. [laHHblM nouck 6asupyeTtca Ha UCNO/b30BaHUU

U Pa3BUTUM KNacca MaTEMaTUUYECKUX U KOMNbIOTEPHbIX MOAeNel, OCHOBaHHbIX Ha KOHLeNLuMax
MCKYCCTBEHHOMN HelpoHHOU cetn (HC) u nonysmnupuueckoit HC-mopenun, obbeauHaiowiei
BO3MOHOCTU TEOPETUYECKOTO U HEMPOCETEBOTO MOAENUPOBAHUA.

[ilna pOCTUKEHMA NOCTaB/IEHHOM LeNun B gUccepTaLumn peLlatoTca Takue 3afaum, Kak:
1) pacnpocTtpaHeHue nonyamnupuyeckoro HC-noaxopa K MOAENUPOBAHUIO HeNUHENHbIX
ynpaB/iAeMbIX CUCTEM Ha CNy4all HENPEPbIBHOTO BPEeMEHH;
2) pa3paboTKa aAropuTMa BbIUMCAEHUA OLLEHOK 3HaYeHWU NPOU3BOAHbLIX GYHKLMUM OLIUBKM
ana nonysmnupuuecknx HC-mopeneit B NPOCTPAHCTBE COCTOAHUMIA U HENpepbiBHOM
BpEMEHMU;
3) paspabotka anroputma obyueHus nonyamnupuueckux HC-mopeneit B npocTpaHcTse
COCTOAHUI N HEMPEPbIBHOM BPEMEHMU;
4) pa3paboTKa anroputmMa nAaHUPOBAHMA 3KCMEPUMEHTOB Ana uaeHtuédukaumm HC-
mopenen HennHenHbix ynpasnsembix 4C;
5) peanusauusa OBIWMPHON CepuUU BbLIYUCAUTENbHBLIX ISKCMEPUMEHTOB Ana oTpaboTku
co34aBaembiX aATOPUTMOB U OLLEeHKU uX 3pdeKTUBHOCTH.

OBIIMY OTHAEJ MAU
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Mpu peweHUn nepeunCNeHHbIX 33434 [AUCCEPTAHTOM MNOJMYYEH pPAL  HOBbIX Hay4HbIX
pe3yabTaToB, B TOM Yucne:
1) nonyamnupudeckuii HC-nogxoa K maTemMaTUyeckomy MmoJaenuposaHuio ynpasnsaembix OC
pacnpocTpaHeH Ha c/iyyalk HenpepbiBHOTO BPeMeHW, NpoBedeH aHaNu3 BO3MOXKHOCTEM
nony4yaembix mogenei NpUMeHUTeNbHO K [1C ¢ COCpeOTOUEHHBIMU NapaMeTpamu;
2) nonyyeHbl ABa anropuTMa OLLEHKM 3HAYeHWUM rpagueHTa W maTtpuubl lecce ¢yHKUUU
owubkn ana nonysmnupudeckoii HC-Moaenum B NPOCTPAHCTBE COCTOAHMI M HenpepbiBHOM
BpemeHu, npepcrasnsiowme coboit HenpepbiBHble Bepcuu anroputmos RTRL u BPTT;
BbINO/IHEH aHANU3 aCUMNTOTUYECKOro NOBEe,EHUA COOTBETCTBYHOLUX NOrPELIHOCTEN;
3) paspabotaH uucneHHbIi anroputm obyyeHus nonysmnupuyeckon HC-mopenu B
NPOCTPaHCTBE COCTOAHUI M HENPepbIBHOM BPEMEHU, OCHOBaHHBbIV Ha MeTOAe NPOAOKEHUA
no napameTpy ¢ QyHKuMel TOMOTONUM, B KOTOPOI B KauecTse napameTpa ucnonb3yetca
Be/IMYMHA ropu3oHTa NPOrHo3a;
4) pa3paboTaH YMCNEHHDbIN afropUTM NAaHUPOBAHUS 3KCNepUMEHTOB ANA uaeHTUdUKauum
HC-mopenein ynpasnsaowmx  AMHAMUYECKUX CUCTEM, B  KOTOPOM ucnonb3ayetca
AEKOMNO3ULUA YNPaBAAIOWMX CUTHANIOB Ha OMOPHbIA MaHEBpP, MaKCUMU3UPYIOLLUNA
KpuUTepuit AuddepeHuManbHOW 3HTPONUM, W BO3MYyLLAlOLLEe BO3AEICTBUE, KoTopoe
MUHUMU3UDPYET NUK-PaKTop.

TeopeTuyeckas U NpaKTMHYecKas 3HAYMMOCTb AUCCEPTaLMOHHOM paboTbl 3aKAOYAETCA B TOM,
4TO UCnonb30BaHWe Knacca nonysmnupudeckux HC-mopenelt Kak UMHCTPYMEHTa aHanu3a u
MAEHTUPUKAUUN HenuHeliHbIX ynpasasembix [C obecneunBaeT BO3MOXKHOCTb CYLLECTBEHHO
CHU3UTb KONMYECTBO HacTpauBaeMbIx NapameTpoB B pOpMUPYEMOIt MOAENU U, KaK CneacTeue,
3HauuTeNbHO CHU3UTL Tpebyemblii obbem obyuarouiero Habopa AaHHbIX. 33 CYeT 3TOro
nonysmnupudeckut HC-nogxos k mopenuposanuio AC ynyuwaer obobujaiowme CBOICTBA
nonyyaembix moaenei. [JucceptaHTOM OCYLIECTB/IEHO pa3BUTME AAHHOIO MOAXOAa 33 CyeTr
PaccMOTpPeHUA Mofenieil B HenpepbiBHOM BPEMEHM, YTO 3HAYUTENIbHO MOBBIWAET UX MMBKOCTb
338 CYeT NOABNAIOLLEINCA BO3MOXHOCTU MPUMEHEHUA K MOJENAM Pa3/IMYHbIX YUC/EHHbIX
METOA0B  WHTErpUupoBaHUA  BMECTO  eAMHCTBEHHOTO  GUKCUPOBAHHOIO  MeToAa B
nonysmnupudeckux HC-moaensx ¢ AUCKpeTHbIM BpemeHeM. MonyyeHHbI anroputm obyyeHus
HC-mopeneit, ocHOBaHHbIN Ha MeTole NMPOAO/IKEHUA pelleHUs NO MapameTpy, NoBbiwaeT
3¢pdpeKTMBHOCTL npouecca ObyyeHWUs Takux Mogeneii, a pa3paboTaHHbIil AUCCepTaHTOM
anroput™M  NNaHMPOBAHWUA  IKCMEPUMEHTOB no3sBonser obecneuntb 3TOT  anroOPUTM
uHbopmaTUBHbIM 0byyaloWwmMm Habopom. MonyyeHHbIN Knacc moaeneit u cpepcTts pabotbl ¢
HUMU MOXKET ObiTb NPUMEHEH [NA peleHWAa 3aa4  MOAENUPOBAHUA ABWKEHUA W
UAEHTUGUKAUMN XaPaKTEPUCTUK HEAUHENHBIX MHOTOMEpPHBIX CUCTEM C MHOFOKaHaibHbIM
ynpaBneHuem, 4TO MNOATBEPXKAEHO pe3ynAbTaTaMu OBLWMUPHON CepUU  BbIYUCAUTENbHDBIX
3KCNEepPUMEHTOB.

AOCTOBepHOCTb nosy4eHHbIX B JguUccepTalunM pe3yabTaTos obecneuusaeTca KOPpPEeKTHbIM
npumeHeHUem COOTBETCTBYHOLLEro MaTemMmaTuyecKoro annapara, pe3ynbTaTamu
MHOTFOYUCNEHHbIX BbIYNCAUTENbHbIX SKCNEepuMEHTOB, a TaK)Xe conocraBleHnem 3STUX
Pe3ynbTaToB C UMEKLMMUCA SIKCNEePUMEHTaNbHbIMU AaHHbIMMU.

Obwan xapaKTtepucTUKa Aucceptauuu. [uccepraumus COCTOMT U3 BBeAEeHUA, YeTbipex rnas,
3aKNo4eHUA U NPUNOXKeHUs, obwmm obbemom B 151 cTpaHuuy Tekcta ¢ 35 pucyHKamu u 5
Tabnuuamu. B cnucke nutepatypbl guccepTauun npuseseHo 124 HauMeHOBaHMA.



Bo BBepeHuMM aaeTca 0630p NuTepaTypbl, OTHOCAWENCA K Kpyry uccneayembix npobnem,
obocHoBbIBaeTCA UX aKTyanbHOCTb. 3gech e dopmyaupyetca uenb paboTbl, BbIABAAIOTCA
3afiaun, Tpebyrowue pelleHUsa AN SOCTUXKEHUA NOCTaBAEHHOMN uenn. oKasaHo TaKKe, Kakue
U3 NiaHUMPyeMbIX pe3ynbTaToB 06NafalOT Hay4yHOW HOBU3HOM, a TaKXKe B YeM COCTOUT MUX
NpaKTU4YeCcKan 3HaYMMOCTb.

B nepBoi rnase [JaeTcA MOCTaHOBKA 3a4ayM  MaTeMaTUHYECKOrO  MOJenupoBaHuA
NPUMEHUTENbHO K [eTepMUHUPOBAHHbIM ynpaBasembim [OC C cocpeaoTOYEeHHbIMU
napameTpamu. AHanusMpyetca TPaAULMOHHLIA BapuaHT MaTeMaTUyeckKux mogenein ana
paccmaTpuBaemoro knacca [IC, a UMeHHO, 0bbiKHOBeHHble AuddepeHunanbHble ypaBHEHMUS
(O4Y), BbiIABAAIOTCA UX AOCTOMHCTBA M HEAOCTAaTKM NPM pelleHMM 3ajJay MOAEAUPOBaHUA U
uaeHtudukauumn [C. 3aTem paccmaTpuBaeTcA aNbTEPHATUBHBLIA NOAXOA, K PELUEHMI0 3TUX
3aflay, OCHOBaHHbIA Ha TexHonoruum HC-mopenupoBaHuA. AHANU3UPYIOTCA BO3MOMHOCTU
AaHHOTO noAxoAa, CONOCTaBAAIOTCA C BO3MOMKHOCTAMM MoaxoAa Ha ocHose OJ1Y. [aetcs
onucaHMe M aHanu3 npobnem, BO3HUKAWOWMX Npu ucnonb3oBaHuu HC-noaxopma Ana
MoJ.enpoBaHUA HeNMHERHbIX ynpasasembix [C.

Bo BTOpOW rnaBe paccmaTpuBaioTca cnocobbl NPeoAcNeHua 3aTpyAHEHUIi, NOPOKAAEMbiIX
TpaguuuoHHbimu HC-mogenamu [IC. B KayecTBe OCHOBHOrO BapuaHTa npepJsiaraerca
UCnonb3oBaTb noayamnupuyeckuit noaxop Kk HC-mopenuposaHuio [AC, KoTopblit nossonset
dopmuposaTte Tpebyemyio MoAenb He TONBKO Ha OCHOBE 3KCMEPUMEHTaNbHbIX AAHHbIX O
noseaeHun moaenupyemoit [1C, Ho U C NpuUBNEYEHUEM TEOPETUYECKUX 3HAHWUI, UMEIOLLUXCA
ANA paccmaTpuBaemol cuctembl. TakoW MOAXoA NO3BOMAET 3HAYMTENbHO YMEHbLIUTb YUCAO
HacTpanBaeMbix napameTtpoB B HC-mogenu u yayywuntb ee obobiiatowme csoncrTsa. B aaHHoOM
rnase paetca npoueaypa GpopmupoBaHuUA nonysmnupuyeckoi HC-mopenu, pacwuvpaowias
AaHHbIN KNacc moaeneil Ha Cnyvail HeNnpepbIBHOTO BPEMEHM, MOJy4YeHbl COOTBETCTBYOLME
TeopeTuyeCckue pe3ynbTaThl, KOTOpbie WIIOCTPUPYIOTCA AaHHbBIMU  BbIYUCAUTE/IBHOTO
MOEe/NPOBAHUA.

B TpeTtbeii rnase BBOAATCA anropuTMbl 06yueHua ana HC-moaeneld, Nosy4eHHbIX B rnase 2. 31
a/JropuTMbl OCHOBbIBAIOTCA Ha MeTo/e NPOAO/KEHUA pelleHUA No napameTpy, ANA KOToporo
npepnaraerca romotonusa GyHKUUM ownbKKU, NO3BONAIOLLAA BapbUPOBATh BE/IMUUHY FOPU30OHTA
nporHosa. [lna cnyyaa HenpepbiBHOTO BpeMeHU (GpOpPMUPYIOTCA BapuaHTbl ABYX WM3BECTHbIX
anroputMoB obyyeHua pauHamuueckux HC-mogeneli, a UMeHHO, anroputma o6paTHOro
pacnpocTpaHeHua Bo BpemeHu (BPTT) u anroputma pekyppeHTHOro obyyeHus B peanbHOM
BpemeHu (RTRL). B 370l e rnaBe paccmaTpuBaeTcs pelleHue elle OAHOIM BaXKHOU 3ajauu, a
UMEHHO, 3agaun ¢POpMMPOBaHUA penpe3eHTaTUBHOrO Habopa obyyvaloWwmMx AaHHbIX. ITO
peweHne OCHOBAHO Ha AEKOMMNO3ULUM YNpPaBAAKOLWMX CUTHANOB Ha /[ABe COCTaBiAlolMe
(onopHbIi MaHeBp M BO3MyLLAKOLWEE BO3AENCTBME), UTO MO3BONAET MOAYYUTb SGEKTUBHBIN
NAaH 3KCNEePUMEHTOB.

B uetBepToit rnase gatotca pesynbraTbl OGLWMPHON CEPUM BbIYUCAUTENbHBIX SKCNEPUMEHTOB,
NnpoBOAMBIUEICA B MpoLecce AUCCEPTALMOHHOIO MUCCneaoBaHUA. B KauyectBe o0b6beKkTa
MOAENUPOBAHUA U UAEHTUDUKALMN XapaKTEePUCTUK UCNONb30BaNCA MaHEBPEHHbI caMoneT,
ANA KOTOPOro MMEOTCA COOTBETCTBYIOLME SKCMEepPUMEHTaNbHbIE AaHHble, XapaKTepusylowme
ero CBOWMCTBAa C BbICOKOW CTeMeHbld AOCTOBEPHOCTU. Hanuume 3TUX AaHHbBIX MNO3BOAUNO
COMOCTaBUTb UX C MOJSyYaeMbiMU pesynbTaTamu HC-mMoAenupoBaHUA U TEM CaMbiM OLEHUTb
3$}eKTUBHOCTb CO3JaHHbIX aNropuTMOB (GOPMMPOBAHMA Takux Mogeneil. PesynbraThbl



BbIYMC/IUTENBHBIX 3KCMEPUMEHTOB ybeauTenbHO CBUAETENbCTBYIOT O XOpolimnx obobuiarowmx
CBOWMCTBAX NOJNYYEHHbIX MOAEeNe.

B 3akntouyeHuu ,D,I/ICCEpTaU,MOHHOH paGOTbI OTMeyaeTcd, 4YTOo, KaK caegyetr U3 NONAYyYEHHbIX
pe3ynbTtatoB, MeETOAbI HC-MOﬂ,EﬂMpOBaHMﬂ B COYeTaHuun CO 3HaHuUAMU U oONbiITOM U3
COOTBETCTBleLlJ,en I'Ipe,D,METHOﬁ 06113CTM, ABNAIOTCA MOLHbIM 7] nepcnekTuBHbIM
UHCTPYMEHTOM, NOTeHUUaNbHO NPUTroAHbIM ANA pelleHUA CN0XKHbIX NPURAAAHbIX I'IpOGIIEM ana
peanbHbIX ynpasnaembiX CUCTEM Pa3/INYHbIX KNacCCoB.

OcHOBHble pe3ynbTaTbl, BbIHOCUMblE Ha 3awmTy, onybaukoBaHbl B 20 neuvaTHbix paboTax,
cpeau KoTopbix 7 CTaTei B KypHanax U3 nepeyHs BeayLiux peleHsupyembix usganuin BAK PO,
6 cTaTel B U3[aHUAX, UHAEKCUPYEMbIX B MexayHapogHou 6ase gaHHbix Scopus, 1 cratha B
)KYypHane, HOEKCUpPYEMOM B MexayHapopaHol 6a3e aaHHbix Web of Science, nonyyeHo Takxke
CBUAETEeNbCTBO O FOCYAapCTBEHHOM perucTpauuyM NporpamMHOro KOMIIEKCa, peanusylouiero
pa3paboTaHHble B AuccepTauuu anroputmbl. OCHOBHbIE pe3ynbTaTbl paboTbl 4OKNAAbIBANUCH U
obcykpganucb Ha 12 mexayHapOAHbIX U BCEPOCCUMCKUX KOHbepeHUUsAX.

AsTopedepar B LLe/IOM OTPaKaeT cofepiKaHue auccepTauumn.

3ameyaHuA NoO coaepKaHUo AUccepTaLUMoHHOMK paboTbl:

1. NpeameTom u3yyeHUs B guccepTauum asaAtoTca ynpasnsembie [IC ¢ cocpeaoTo4eHHbIMU
napameTpamu, TPagULUOHHBIMU MOAENAMU ANA KOTOpbIX ABAAOTCA cuctembl OQY. OpgHako
cpeau NPUKAALHbIX CUCTEM BaXKHOE MeCTO 3aHMMAIOT TaKXKe CUCTeMbl C pacnpeaeneHHbiMuU
napameTpamMu, OMUCbIBaemMble YPaBHEHUAMM B YaCTHbIX MNPOU3BOAHbLIX. XoTenocb 6bl B
nepcnekTuee BUAETb Pa3BUTUE NpeasiaraemMoro AUCCEPTaHTOM annapaTta U Ha Ccay4yail cucrtem ¢
pacnpeneneHHbIMU NapameTpamu.

2. B KauyectBe HC-apxuTeKTypbl TPagMUMOHHOTO Tuna (T.e. TUNA «4YepHbld AWMKY») B
aucceptaunu paccmatpusaetca cetu NARX, T.e. HeauMHeWHasA aBTOperpeccus C BHELHUMM
BXOO4aMMU. IOTa CeTb He YYUTbIBAeT BHELWHUX BO34EWCTBUIA CAYYAMHOrO XapaKTepa Ha
Moaenupyemblii 06beKT, TOraa Kak Takue BO3AEUCTBUA MOTYT UrPaTb CyLLECTBEHHYHO posb. Mo
3TOW nNpuYuHe npeacTaBnAeTca, 4Yto 6b1o0  6bl  uenecoobpasHo AnA  cpaBHeHUs
nonyamnupudeckux HC-mopenei npusnekatb He Tonbko cetu Tuna NARX, Ho u cetTu apyroro
TMna, Hanpumep, NARMAX, yunTbiBatoLiue yKasaHHble BO3AENCTBUA.

3. B 0630pe Hay4yHOI nuTepaTypbl N0 TeEMe AUCCEPTALUU U CNIUCKE NUTepaTypbl OTCYTCTBYIOT
CCbINKU Ha paboTtbl (B yacTHOCTM, Ha nybaukauum nocnepgHux net) A.H. Bacunvesa u [.A.
TapxoBa, NocBALEHHblIe BOMpocam, obcyXaaembim B AuccepTaunoHHoOW paboTe, Hanpumep:
HelipoceTeBOe MOJAENUPOBaHUE peasibHbiX OOBEKTOB NO pasHOpoAHOi obHoBAsAEMOW
MHPOPMALUK, NONYIMNUPUYECKUE HEWPOCETEBbIE MOAENU, MHOTOC/OMHbIE QYHKLMUOHANbHbIE
CUCTEMbI U Ap.

YKa3aHHble 3aMe4yaHus CKopee ABNAIOTCA peKoMeHaauuen ana byayuwimx uccnesoBaHuii, OHU
He CHUKaIOT Hay4yHOWM U MPAKTUYECKON LLeHHOCTU guccepTauuu, KoTopas npeacrasnseT coboit
3aBepLlUEeHHYI0 Hay4YHO-KBaIMPUKALMOHHYIO paboTy, BbINOJIHEHHYIO HA BbICOKOM Hay4HOM
yposHe. CoaeprkaHue guccepTauumn B NoaHOM Mepe U3/NOKEHO B CTaTbAX, ONybJMKOBAHHbIX B
XypHanax u3 nepedyHa BAK P®, a TakKe B XXypHanax, UHAEKCUPYEMbIX B MeXAYHapOAOHbIX
6a3ax aaHHbIX Scopus u Web of Science. AuccepTtauus Eropuesa M.B. B nonHoit mepe oTsevaer
TpeboBaHuam n.9 «lonoxeHUs o NopaaKe NPUCYKAEHUA yYeHbix cTeneHei» (MocTaHoBNeHUe



MpasuTtenbctsa Poccuitckoit deaepauum Ne 842 ot 24 ceHTabpa 2013 r.), npeabaBnaeMbIM K
AuccepTauMAM Ha COUCKaHMEe Yy4yeHOW CcTeneHW KaHauAata HayK. CuuTalo, 4TO aBTOp
aucceptauuu, Eropues Muxaun BauecnaBoBuY, 3aCNYKUBAET NPUCYXKAEHUA YY4EHOMN CTeneHu
KaHauAaaTa (GU3MKO-MaTeMaTUYECKUX HayK no cneuuanbHoctu 05.13.18 — «Martemartuueckoe
MOoAeNUpoBaHUE, YACNEHHbIE METOAbl U KOMMJIEKCbl NpOrpammy.
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