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AHHOTaUAa

B cTaThe pacCMATpUBAIOTCSI COBpPEMEHHBIE MOAXOAbl K MPUMEHEHUWI0 IU(POBBIX MOJeei
MIPOTHO3WPOBAHUS [JIs ONTHMMUW3AIWK MPOU3BOACTBEHHBIX IPOIECCOB W IOBBINIEHUS KadecTBa
NPOAYKIMY Ha IepepabaThIBAIONINX MpemnpusTuaxX Keiprei3cTaHa. Ocoboe BHUMaHME YOeIeHO
MeTOJaM MPEeAUKTUBHON aHATUTUKHY, ITM(DPOBBIM JBOMHMKAM M CHCTEMaM MAIIMHHOTO 00yueHwMs,
o6ecreynBalOIM CBOEBPEMEHHOE BBISIBIEHME DHCKOB OTKa30B O000DYZOBAaHUSI U OTKIOHEHUM
MIPOU3BOJICTBEHHBIX TapaMeTPOB. [IpoBeiEH aHAMM3 3P PeRTUBHOCTY BHEIPEHUS MOIeTIeN Ha IIpUMepe
MPEeIIPUSTUIN MUIIEBOM, MOJIOYHOM M TEKCTUIBHOM OTpaciiei. [IpeicTaBlIeHbl TAOIUIIBI PAacUETOB,
MIpUMEpPHI MPUMEHEHUS ¥ PEKOMEHIAIUY ISl ATTbHEMIIIET0 PAa3BUTHS ITU(POBBIX PEIIEHUN.

KnroueBble cnoBa: 1UdPOBbIE MOMENN, MPEJUKTUBHAS aHAJUTHKA, IepepabdaThiBaromast
MIPOMBIINIIEHHOCTh, KaueCTBO MPOAYKI[UM, MPOTHO3UPOBaHUE, IUMPOBbIE MBOWHUKHK, MAIIMHHOE
obyueHue, KbIprbI3cTaH

Ons mutupoBaHus: CbigbikoBa H.A., Comy6exkoB H.A. (2025). IIpumeHeHHe IM(PPOBBIX MOIeIeM
MIPOTHO3UPOBAHUS [Jis MOBbIEHNUST 3G (EKTUBHOCTA U KauecTBa MPOAYKIUU TepepabaThIBalOIMIMX
npennpusiTUi KeIprbi3cTaHa. Omkpuimblil x#cypHan eepasutickux uccnedosaHuli, 3(3), cc. 41-47. doi:
10.65469/eijournal.2025.3.3.5

Beenenune

[lepepabaTpiBatomas MpoMbIIUIeHHOCTh KeIpreickoit PecnyGnuku  siBIsieTcs OAHOM U3
KIIIOYEBBIX OTpacieil >KOHOMMKH, OO0ECIEeYMBAIONINX CO3JaHHE JJI00aBICHHON CTOMMOCTH U
3aHATOCTh HaceieHus. OJAHAKO OTpacib CTAJIKUBAETCs € MpoOjJeMaMH BBICOKOW H3HOIIEHHOCTH
000pyI0BaHUs, HU3KOTO YpPOBHSI aBTOMAaTH3allMUd W HEJOCTATOYHON aHAIMTUYECKOW MOIIEPHKKU
npuHsThs pemenni [1, 11-13].

Pa3BuTHe 1IUPPOBBIX TEXHOJIOTHMM M MCKYCCTBEHHOI'O WHTEIJIEKTa OTKPHIBAET HOBBIE
BO3MOXKHOCTH JIJIsl OITUMU3ALIMY ITPOU3BOJACTBEHHBIX MporieccoB. CornacHo Konuenmuu uudposoii
tpanchopmaruu  Keipreisckoit  PecriyOmukum  wHa  2024-2028  rtomer  [2], 1mdpoBusamms
IIPOMBIIIJICHHOCTH ~ ABJIACTCA INPUOPUTETHBIM  HANPABICHUEM TIOCYJAapCTBCHHOM IIOJIMTHKH.

@ ® © The Author(s) 2025.
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Buenpenne 1u@poBbIX MoOJEN€H NPOrHO3UPOBAHMS MO3BOJIUT OOECHEUNUTh MPEAUKTUBHOE
oOcimy>)XuBaHUE OO0OpYAOBaHUS, ONTHUMHU3UPOBATH IPOU3BOJICTBEHHBIC PEKUMBI U TOBBICUTH
KauecTBO KOHEUHOU mpoaykuuu [3].

TeopeTnueckne ocHOBbI HH(POBOro nporuosuposanus. [{upposoe npornosuposanue B
MPOMBIIIJICHHOCTH Oa3upyeTcsi Ha aHanu3e Oonbiiux naHHbiX (Big Data), mammaHOM 00y4deHUH
(Machine Learning) u tudposbeix apoitHukax (Digital Twins) [4]. OcHoBHas maTemMaTHYecKas
MO/IENb TIPOTHO3WPOBAHUS MOXKET OBITH IIPEICTABICHA BHIPAKEHUEM:

Y(t+1) = (Y (1), X(1), 0),

rae Y(t) — mporHo3upyemsblii mokaszaTenb, X(t) — BekTop (akropoB, 6 — mapameTpsl
MO/ICITH.

JIns mpakTUYeCKUX 3aa4 MCIOJb3YIOTCS METO/AbI JIMHEMHON PErpeccuu, CIIy4alHOro Jeca
(Random Forest), rpaauentHoro 6yctunra (XGBoost) u pekyppeHTHBIX HelipoHHbIX ceTeil (LSTM).
Jlnst oneHku TouHOCTH puMeHsitoTes mokazarenu MAE, RMSE u R? [5].

Mertoauka M MaTepuajibl HMccieloBaHusi. B ucciieoBaHMM HUCIONB30BaHbl JaHHBIC
TeJIEMETPUH 00OpyaOBaHHS (TeMIlepaTypa, MdaBjiCHHE, BHOpalus, Harpyska), a TaKxKe
MIPOM3BOJICTBEHHBIE TTOKa3aTesn (00bEM BBIITyCKa, KAYECTBO MPOYKIIUU, IPOIICHT Opaka). [lanHbie
OBLTM HOPMAJIM30BAaHBI M Pa3JeieHbl Ha O0ydarolmyto M TecToByro BbIOOpkH (80/20). OOydenue
MOJIeJICH IPOBOAMIIOCH C HCTONb30BaHueM Oubmorek Python — Scikit-learn u TensorFlow.

Tabmuua 1 — CpaBHeHHE METO10B IU(POBOTO MPOTHOZUPOBAHUS, TPUMEHSIEMBIX B

nepepadaThIBAOIEH MPOMBIIUICHHOCTH

Ne | Metox IIpumensie- IpenmymecrBa | Henocrarku Tun 1anHBIX
NPOrHO3MpoOBa- | Masi
HHA TEXHOJIOTHsl
1 | JIuneitnas Cratuctuueck | [Ipocrora Huskas IIpon3BoacTBEHH
perpeccus ast MOJIeJb MPUMEHEHHUS, TOYHOCTH IIPU | b€ U
MaJible HEJIMHEHHBIX HKOHOMHYECKUE
BBIUHCIUTENbHBI | MpoLeccax
€ 3aTpartbl
2 | ARIMA BpemeHnHsie Xopomio Tpebyet O06BEMBI
(aBTOpETpPECCUOH | PSIIBI paboTaeT npu CTaOMIILHBIX M | BBIMTYCKA, IICHEI,
Hasi CTAIlMOHAPHBIX | JJIMHHBIX sHEepromnoTpede
WHTETPUPOBAaHHAS JTAHHBIX psIoB HUE
MOJIETh
CKOJIB3SIIETO
CPEIHETO)
3 | Heitponnsie cetn | MckycctBeH- | Beicokas Tpedyer Hatuuku, [oT,
(ANN, LSTM) HBIN TOYHOCTD, 0O0JIBIIIOTO MIPOU3BOJICTBEHH
UHTEJUICKT CHOCOOHOCTH 00BEMa bI€ TIPOIIECCHI
BBISIBIISITH JTaHHBIX U
HEJIMHEIHbIE BBIYUCITUTENIEH
3aBHCHMOCTHU BIX PECYPCOB
4 | Random Forest/ | MammHHOe Xoporio CJ0KHOCTB KomOunupoBaHH
XGBoost oOydeHue pabotaet ¢ UHTEpIIPETalll | bI€ TaHHBIC
Pa3sHOPOAHBIMH | M Pe3yJIbTaTOB | (TEXHOJOTHYECKU
JAHHBIMU eun
SKOHOMMYECKHE)
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5 | Hudposoit Kommnekcnoe | Bo3MOXHOCTB Bricokas
JBOMHUK MOJICTTUPOBAH | UIMHUTALIUU U CTOUMOCTh
MPEANPUITHS ue ONTUMU3AINHI BHEJIPEHUS
MIPOU3BOJCTBEHH
BIX MIPOIIECCOB B
peasibHOM
BPEMEHHU

PesyabTaTsl MopesupoBanus. AnroputMbl XGBoost u LSTM obecneunny Haumydiyro
TOYHOCTb IpPOrHO3UpoBaHusA. CpelnHss TOYHOCTH IIpeAcKa3aHus OTKa30B cocTaBuia 89%, a
MIPOrHO3UPOBAHKE KAUueCTBA MPOAYKIHH (BJIAYKHOCTb, KUCJIOTHOCTh, Cojiepkanue oenka) — 87% [6].

Tabmuua 2 — OxoHOMUYecKuid 3P PeKT BHEAPEHHU HU(POBBIX MOEINEH MPOrHO3UPOBAHMS Ha
MpeanpusATHIX epepadarbiBaroieil mpomblnuieHHOCTH KbIpreizcTana

Ne Iloka3zarennb Ho IHocae H3menenmne, | lIpumeyanue
BHe/IpeHHus1 | BHeaApeHuss | B%
(cpeanee (mporxHo3)
3HAUYEHNE)
1 [IpousBogutenbHOCTH | 82 % 93 % +13,4 Onrumusanus
obopyoBaHus rpaduka
3arpy3Ku
JIMHUI
2 Ouepronorpedbnenue | 1,0 kBr-u/kr | 0,84 —-16,0 [Iporuos
Ha eIMHULLY KBT-9/krT SHEPrONUKOB U
MPOIYKIHH yIpaBlieHUE
Harpy3Kou
3 YpoBeHb Opaka 42 % 2,8 % -33,3 Kontpouib
TPOTYKITHH OTKJIOHEHU I
napaMeTpoB B
pearbHOM
BpEMEHHU
4 3aTpathl Ha 100 % 77 % -23,0 Hcnonp3oBanue
o0cyKuBaHUE MPEIUKTUBHOTO
000opyI0BaHuUs 00CITy )KBaHUS
5 OKOHOMHUYECKUI — +14,5 mH — 3a cuér
a3 dexT (rogoBoit) coM CHUDKCHHUS
MIPOCTOEB U
9HEpro3arpar

OxoHoMuuYecKkuii 3pPexT. DxoHOMIUECKHIT P DeKT onpenensercs mo Gpopmyre:
3 = (At x Cmp) — CBH,

rzie At — cokparienue npoctoes, Crip — CTOMMOCTb IPOCTOs 000pynoBaHus B yac, CBH — 3aTpaThl
Ha BHEAPEHUE CUCTEMBI.

JUid TUIOBOTO MpeAnpusATHs SKOHOMHs cocraBuia okoso 240 000 com B rox, 4To
noaTBepxaaeT 3h(HEeKTUBHOCTH BHEIPSHUS IPEAUKTUBHON aHAIUTHKY [7].

IIpakTnyeckoe nmpumeHeHue. [IpuMeneHne nudPOBBIX MOJENEH NPOTHO3UPOBAHUS HA
MOJIOYHBIX U TEKCTHJIBHBIX MpeaAnpusaTHsaX Kolpreizctana no3Boiamio:



Eepasus uzuideenepy aubiK #ypHabl, 2025, N23(3) 44

— CHU3UTH TpocTon obopyaoBanus Ha 60—70%);
— THOBBICUTb BBIITYCK Ka4ECTBEHHOM MpoAyKuuu Ha 12-15%;
— YAYYIIUTh KOHTPOJIb TEXHOJOTUYECKHX TapaMETPOB.

Mopnenn wunTerpupyiorcss ¢ loT-tutarhpopmamu u  SCADA-cucremamu, obecrieduBast
ABTOMATHUYECKHUM cOOp U aHANIN3 TaHHBIX [§].

IlepcnexTuBBI pa3BuTHsI. B mepcnekTrBe BO3MOXKHO CO37/aHUE HAITMOHAIBHOMN TUTaT(GOPMBI
1M(pOBOro MPOrHO3UPOBaHUS, KOTOPasi MO3BOJIUT COOMPATh JAHHBIE C MPEANPUATHIA, (HOPMUPOBATDH
uuppoBble TBOMHUKM TEXHOJOTWYECKUX JIMHUA M MPOTHO3MPOBATh IOKa3aTeId B pPEaJTbHOM
BpeMeHH. BaxHbIM HampaBieHHEM SIBISETCS pa3BUTHE KaJIpOBbIX KOMIETEHUUH U CTaHIapTU3ALIUS
JAHHBIX.

3ak/ouenne. B Xxome mNpoBenEHHOTO WCCIEAOBAHUS YCTAaHOBIEHO, YTO BHEIPEHUE
M(POBBIX MOJENEH MPOTHO3ZUPOBAHUS B IepepadaThIBAIONIYI0 MPOMBIIUIEHHOCTh KbIprei3cTana
SIBIIIETCS KJIIOUEBBIM (DaKTOPOM TMOBBIIIECHUSI MPOU3BOJUTENBHOCTH, KauecTBa M YCTOMYHUBOCTH
npennpusaTuii. Vcrnonb30BaHne TaKWX TEXHOJOTWH, KaK MalIMHHOE OoOydeHue, HEMpOHHBIE CETH,
uuppoBble IBOMHUKM M WHTEIJICKTYalbHblEe CHUCTEMBl MOHUTOPUHTA, MO3BOJISIET HE TOJIBKO
ONTHMHU3HUPOBATh NPOU3BOACTBEHHBIE NPOLECCHl, HO W 3HAYUTEIBHO CHU3UTh U3JEPKKH Ha
oOcyKuBaHuE 000pYyIOBAaHUS M SHEPTONOTpeOICHHE.

Pesynbratel aHanm3a (cM. Tabi. 2) AEMOHCTPHPYIOT, YTO MPUMEHEHHE IU(PPOBBIX MOJENeH
IIPOrHO3UPOBAHUS MPUBOAUT K POCTY HPOM3BOAUTEIBLHOCTU B cpeaHeM Ha 10-15 %, cHukeHuto
sHeprozatpaT 10 16 % u yMmeHblIeHUIO KonuuyecTBa aedexktHol mpoxaykimu Ha 30 %. DOtn
MoKa3aTeay  MOATBEPXKIAIOT A(PQPEKTUBHOCTh BHEAPEHHUA TNPEAUKTUBHOW  aHAIMTUKUA U
HEOOXOIUMOCTH NajibHenen udpoBoit TpanchopMaluu OTPaCIIu.

HecMmoTps Ha nocTurnyTsie ycnexu, B KbIprel3cTane coOXpaHsioTcs onpeaenéHHble 0apbepbl —
OTpaHMYEHHbIE WHBECTULUMU B LU(POBYIO HHPPACTPYKTYpY, HEXBaTKa KBaJU(UIMPOBAHHBIX
CHEIMAIMCTOB B 00JIACTU aHalW3a JaHHBIX, a TaKXKe HEJIOCTaTOYHbIM ypoBeHb mHTerpanuu MT-
cucTeM Mexay npennpusitusmu. [losTomy nporecce mudpoBuzanuu TpedyeT CHCTEMHOTO ITOAX0/a U
MOJJIEP’KKH CO CTOPOHBI FOCYAAPCTBA, HAYYHBIX LIEHTPOB U OM3HEcA.

Pexomenpanun:

1. Co3nanme oTpacaeBOro IeHTpPa MNPeIMKTHBHONW AaHAJMTHKH Ha 0aze BeayIIHX
YHUBEPCHUTETOB U MPOU3BOJICTBEHHBIX MPEANPUATHH, 00€CIIeUnBAIOIIET0 METOJUUECKYIO U
TEXHUYECKYIO TOAJIEPKKY 110 BHEIPEHUIO IIU(PPOBBIX MOJIEIIEH.

2. Buenpenue uugpoBbIX IBOIfHUKOB MPOU3BOJACTBEHHBIX JUHMII B KIFOUYEBBIX OTPACIAX
nepepaboTku (IUILEBasi, TEKCTWIbHAs, TOPHOPYJHAs) I aHalu3a U ONTUMU3ALUU
TEXHOJIOTMUYECKHUX MPOIIECCOB.

3. Pa3paGoTrka mporpaMM NOATOTOBKH M NOBBINIEHUS] KBAJIU(PUKANMHU CHENHAIUCTOB,
OpUEHTHPOBAHHBIX HA aHAIHN3 OONBIINX JAHHBIX, MAITUHHOE O0y4eHHE U MPOMBIIIICHHYIO
AQHAIIUTHUKY .

4. WuTerpauus HANMOHAJIBHBLIX MIATPOPM JAAHHBIX MEXKIY MNPESANPUATHIMU U
rOCYJapCTBEHHBIMH CTPYKTypaMH C IIeJIbl0 0OMeHa MpPOM3BOJCTBEHHON HH(OpManuei u
MOHUTOPHHTA 3()(HEKTUBHOCTH OTPACIIH.

5. MopmMupoBaHMe TOCYAapCTBEHHOW CcTpaTerMM LHM(POBOro NPOrHO3UPOBAHMSA,
BKJIIOYAIOIIEH CUCTEMY IPAHTOB M HAJOTOBBIX CTHUMYJIOB JUISl IPEANPUSITUNA, BHEIPSIOMIMX
u(poBbIE TEXHOJIOTHH.

Takum o6pa3zoM, nepexoa K HU(PPOBBIM MOJEISIM MPOrHO3UPOBAHUS SBISETCS HE MPOCTO
TEXHOJIOTHYECKON MoOJIepHHU3aIUEH, a CTpaTeruuecKuM HapaBICHUEM pa3BUTUA
nepepabatbiBatoliieil npompiieHHocTH Keipreizcrana. KoMiiekcHas peanusaliisl yKa3aHHBIX Mep
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00ECIEeYNT YCTOWYMBEI POCT MPOW3BOJAUTEIHLHOCTH, IOBBINICHUE KOHKYPCHTOCIIOCOOHOCTH U
YCTOWYMBOE PA3BUTUE HAIIMOHAIBHON 3KOHOMUKH B yCIOBUSAX IUppoBoit Tpanchopmanmu [7], [8].
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AHHOTaUA

Makanaa KbIprbI3CTaHABIH Kalpa MINTETYY4Yy WIIKAaHAJMApPhIHAA OHAYPYII IIPOLeCCTEPUH
ONTUMAIAIITEIPYY >KaHa MPOAYKIMSHBIH CANAThIH >KOTOPYIATyy YUYYH CAHAPUITUK O0>KOMOJIZIOO
MOJeNepyH KOJIGOHYYOarel 3aMaHOaIn bIKMajap KapalaT. ©3reue KeHYI >KabnyynapAblH uIiTebei
KaJlyy TOOOKeNITUKTEepHH >KaHa OHAYPYII ITapaMeTpIepUHUH YeTTOOTI6PYH 03 YOarblHAa aHBIKTOOHY
KaMChI3 KbUITaH IIPeSUKTUBIYY aHAIMTHKA bIKMaJIapbIHa, CAHAPUNITUK 3TU3[epre skaHa MallHAIbIK
OKYTYY CHCTeMasapbiHa 6ypyarad. Tamak-alll, CyT >KaHa TeKCTU/Ih TApMaKTapbIHAArbl IITKaHATAPABIH
MMCAbIHA MOJEeNAepAy KUPTrU3YYHYH HATBIMKAIYYIYIYHA TANZ0O0 >KYPLY3Y/IT6H. JCEnTeeIopayH
TabMUITAIaphl, KOIMOHYY MUCAIIaphl JKaHa CAaHAPUIITHUK YeUUMIIEpAY MbIHIAH apbl 6HYKTYPYY O0r0HUYA
CyHyIITap 6epureH.

AYKBIYU CO3Op: CAaHAPUIITUK MOJENIep, NMPeIUKTUBAYY aHATUTHUKA, Kakpa MIITETYY4y 6Hep >KaM,
IPOAYKLIMSIHBIH canaThl, 60’KOMOII00, CAHAPUIITUK 3TX3Jep, MalllMHAIBIK OKYTYY, KbIprbI3cTaH
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Abstract

The article discusses modern approaches to the use of digital forecasting models to optimize production
processes and improve product quality at processing plants in Kyrgyzstan. Special attention is paid to
predictive analytics methods, digital twins and machine learning systems that ensure timely identification
of risks of equipment failures and deviations in production parameters. The analysis of the effectiveness of
the implementation of models is carried out using the example of enterprises in the food, dairy and textile
industries. Calculation tables, application examples and recommendations for further development of
digital solutions are presented.
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