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Kypum6aeB Axpui6ek KaxkurysioBuy,
[Ipe3uzeHT, akaZeMuKk HanmoHaibHOM aKaJleMUU HayK
Pecny6sinku Kazaxcran npu [Ipe3ugenTte Pecny6sinku Kazaxcran

OT IMPPOBU3ALINU K UHTE/VIEKTYAJ/IbHOMY CYBEPEHUTETY

YBaxkaeMble KOJIJIETH, aBTOPbI M YUTaATE N
XKypHaJa!

KazaxcTaH BcTyIaeT B HOBBIU 3Tall CBOEro pas-
BUTHUS, B KOTOPOM 3HaHUs, HayKa, JaHHble U HUC-
KYCCTBEHHbIH MUHTEJIJIEKT CTAHOBSTCS He TOJIbKO
WHCTPYMEHTaMH 3KOHOMHUY€eCKOH MOJIEpHU3aLUY,
HO U BaKHEHIIMMHU $aKTOpaMM HaLMOHAJIbHOTO
CyBepeHHUTeTa.

[IpuHsaTaa Ha Pecnny6/iMkaHCcKOM pedepeHyMe
15 mMapTa 2026 roaa v BCTynuBLias B cuy 1 Ui
2026 roga HoBas KoHctutynus Pecny6iuku Ka-
3axcTaH chopMHUpOBaJa NPUHIUIHAIBHO HOBYIO
NPaBOBYI0 OCHOBY /iJ11 HAYYHO-TEXHOJIOTMYeCKOT0
pa3BuUTHsA cTpaHbl B ee npeambysie Hapon Kasax-
CTaHa 3adBJisleT 00 OpUEeHTALUU Ha LIeHHOCTH 06-
pa3oBaHUs, HAYKU U MHHOBALMM, a pa3BUTHe Ye-
JIOBEYECKOI'0 KaluTaja, 06pa3oBaHUs, HAYKU U
VHHOBAllM{ HerocpeJCTBEHHO 3aKpellJleHO B Ka-
yecTBe CTPAaTeruyecKoro HampaBJ/eHUs JesTellb-
HOCTU rocyzapctBa. TeM caMbIM NOAJEpKKa
HayKU [epecTaeT ObITb TOJBKO OJHON U3 QYHK-
LU TOCYyAAapCTBEHHON MOJUTUKU U IPUOOpETaET
3HaueHHe KOHCTUTYLLMOHHOI0 06513aTe/1bCTBa.

Brictynas 19 mapta 2026 rojia nepe/ Hay4yHoU
ob1ecTBeHHOCTbIO, ['ylaBa rocyzapcrBa Kaceim-
KomapT TokaeB 0c060 NOAYEPKHYJ, YTO Pa3BH-
THe YHUBEPCUTETOB, UCC/IE/0BaTeNbCKON HHpa-
CTPYKTYPBl U Hay4YHBIX KaJpOB J0OJKHO paccMar-
pUBaTbhCsl KaK HCNOJIHEHHWe Tpeb6oBaHuM OCHOB-
HOr0 3akoHa. [Ipe3ueHT nocTaBuJ mepeJ Hayy-
HBIM COOOIEeCTBOM 6oJsiee IIMPOKYI 3ajady: He
OrpaHUYUBATLCA OCBOEHUEM U KOITMPOBaHUEM Uy-
»KUX 3HaHUMH, a CaMOCTOAATEJIbHO CO3/1aBaTh HOBbIE
3HAHUSA W TEXHOJIOTHH, CIOCOOHBbIE 06ECIeYUTh
Jl0JITOCPOYHOE pa3BUTHE CTPaHBI.

JTa KOHCTUTYLIMOHHAsA yCTAHOBKa IOJIy4YMJa
cUCTeMHOe NpoJo/xkeHre B ObLieHalMOHAIbHOU
CTpaTeruu MacuITabHou udpoBU3aALUUA U BHE[-
peHUsl TeXHOJIOTUN UCKYCCTBEHHOTO UHTEJLJIeKTa
«Digital Qazagstan» 10 2029 roja, yTBepKJeHHON
Yka3om IlpesupenTa 9 uwoHa 2026 ropa. Ctpare-
rus nepeBoAUT LUGPPOBYIO TpaHCOPMALUIO U3

4

COBOKYITHOCTU OTJEJIbHBIX BEJOMCTBEHHBIX MPO-
€KTOB B PaHT 06IeHallMOHAJBbHOI0 Kypca U $op-
MUpYeT eIMHbIN KOHTYpP MOJIlepHHU3ALUU rocyAap-
CTBa, 9KOHOMMKH U COLjMaTbHOU chephl.

[1aBHBIN CMBICJ 3TOTO Nepexo/a 3aKJAKYaeTcs
He B IPOCTOM yBeJIM4eHHH yucaa MHPOpMaLoH-
HBbIX CHUCTeM, LIeHTPOB 06paGOTKH JAaHHBIX WJIU
nudpoBbIX ycayr. Pedb uaeT o co3JaHUU LeJI0CT-
HOH HAlMOHAJbHOW LMQPPOBOA apXUTEKTYpPhI, B
KOTOpOU JJaHHbIe, BEIYUCANUTEIbHAsA UHYPACTPYK-
Typa, Hay4Hble MOJieJIM, OTpaceBble 3HaHUS U UC-
KYCCTBEHHBIN UHTEJ/JIEKT 00’ beAUHSIOTCS AJIs pe-
1IeHUs peaIbHbIX 33/la4 FOCyZ,apCcTBa U 061 eCTBa.

Ha BTopoM 3acesanuu CoBeTa 110 pa3BUTHIO HC-
KyCCTBEHHOTO UHTeJlsleKkTa 4 Mad 2026 rozxa ['1aBa
rocyfapcrsa 0603HAuYWJ NPUHLUIHAIBHO BaX-
HbI opueHTHp: KasaxcTaHy Heo6X0AUMO TIie-
pelTH K UUPPOBOH IKOHOMHUKE yepe3 GopMUPO-
BaHHe MacCIITaGHbIX MIATPOPMEHHBIX peLIeHUH.
[Ipy 3TOM HCKYyCCTBEHHBI HHTEJJIEKT [AOJKEH
BHE/IPATBCS He KaK COBOKYIHOCTb Pa3pO3HEHHBIX
MUJIOTHBIX NPOEKTOB, a KaK LleJIOCTHasA CUCTeMa,
CBSI3bIBAIOLIAsl JaHHble, MPOLECChl U JIOAEH U
obecneyuBarollas Mnepexoj OT 3KCIEPUMEHTOB K
IIMPOKOMY INpPHUMEHEHUI0O B peasbHOM CEKTOpe
3KOHOMHUKH.

WUMeHHO miaTPOpMeHHBIM NOAXOJ, [JOJDKEH
CTaTb OCHOBOW CJleZlylolero 3Tamna LUPpPOBOTO
pa3BuTHsa KazaxcraHa.

Tpu u3MepeHUss HALMOHAIBHOTO CyBepeHM-
TeTa

B yc/10BUSAX CTPEMUTENBHOTO PA3BUTHS UCKYC-
CTBEHHOTO HWHTEJUIEKTA TOHSTHE CyBEpEeHHUTEeTa
npuob6peTaeT HOBOe cozep:xkaHue. Hapsay ¢ nosu-
TUYEeCKHUM, 9KOHOMUYECKUM U TePPUTOPHUAIBbHBIM
CyBEpPEHUTETOM Bce 60jiee BaXKHbIMU CTAaHOBSITCS
IMPPOBOH, TEXHOJOTUIECKUN U UHTEJJIEKTYaJb-
HbI{ CyBEpEHUTET.

IludppoBoii cyBepeHUTET O3HA4YaeT CIOCO6-
HOCTb OCy/JapCTBa CAMOCTOATE/IbHO ONpeseNAaTh

HAYKA UHTENNEKTYAJIbHBIX CHCTEM



HAYKA UHTENNEKTYAJIbHBIX CHCTEM

¥NTThIK FbIbIM
AKALEMUACHI

IpaBUJia O6pallleHI/IH HallMOHAJIbHBIX [JdHHBIX,
obecneuynBaThb UX 6930H3CHOCTI), pacroJiaraTb He-
O6XO,LII/IMbIMI/I BbIYUCJIUTEJIbHBIMH MOIIIHOCTAMHA U
HaJeXHbIMHU KaHaJ/JIaMH CBA3H.

TexHo/JIOrMYeCKUil cCyBepeHUTeT IpealnoJa-
raeT CoCOGHOCTb He TOJIbKO IPUO6GpeTaTh U 3KC-
IJIyaTUPOBATh 3apybekHble TEXHOJIOTUH, HO U Ca-
MOCTOSITe/IbHO pa3pabaTbiBaThb, IPOBEPSITh, aAall-
THUPOBATh U COBEPLIEHCTBOBATb KDUTUYECKH BaXK-
Hble aJTOPUTMBbI, MOJieJH, NporpaMMHble IJIaT-
$OopMbI M TEXHUYECKHE PeLleHHUs.

HHTe //IeKTya/IbHbI CYBepEeHUTET OCHOBBI-
BaeTCcsl Ha COOCTBEHHbIX HAy4YHbIX LIKOJIaX, UCCe-
JlOBaTeJIbCKUX KOJIJIEKTHUBAX, UHXEHEPHbIX KOM-
NeTeHIMAX, HAallMOHAJIbHBIX 0a3ax 3HAaHUH M CIIO-
COOHOCTH CTpaHbl CaMOCTOATEJBHO IOHHWMAaThb
CJIO’KHBIE MPOLECCH], TPOTHO3UPOBATh UX Pa3BU-
THe U IPUHUMATb 060CHOBAaHHbIE peLIeHUs].

['1aBa rocygapctsa npsiMo CBsi3aj TEXHOJIOTH-
YeCKyl0 He3aBUCHMMOCTb C KOHTPOJIEM Ha/J| BbIUKC-
JINTEJbHbIMU MOILHOCTSIMM, JAHHBIMU W KaHa-
JlaMH CBfI3Y, Ha3BaB LU(QPOBYI0 UHPPACTPYKTYPY
OCHOBOM TeXHOJIOTHUYeCKOro cyBepeHUTeTa. [Ipe-
3UJIeHT TakKXXe OTMEeTWJ, YTO UHPPaACTPyKTypa,
BKJIIOYasl CylepKOMIbIOTEPhl U MpPoeKT «JosrMHa
LIeHTPOB O00pabOTKHU JAaHHBIX», JOJLKHA CTaThb
CTpaTeruyeckuM akTuBoM KasaxcTaHa u obecrne-
YUTb AOCTYI K BBIYMCJIUTEJIBHBIM pecypcaM JJis
HayKH U GHU3Heca.

O/ZiHaKo Ha/JIM4Me MOUIHBIX CYIEPKOMIIBIOTEPOB
Y JlaTa-IeHTPOB caMo Mo cebe ellle He obecnevyu-
BaeT CyBepeHUTeT. be3 cOOGCTBEHHBIX HAY4YHbIX
MoOJieJieH, aJiTOPUTMOB, OTPAC/IEBBIX JaHHBIX, CIle-
LAAJIMCTOB U MEXaHHW3MOB He3aBUCMMOH Baluja-
LMY CTpaHa PUCKYyeT NpPeBpPaTUThCH JIUIIb B IO-
TpebuTesisl BbIYUCAUTENbHBIX YCAYT U 3apybex-
HbIX [UPPOBBIX NPOAYKTOB.

[losToMy HauuoHajbHas uudpoBas HUHPpa-
CTPYKTYypa 0JPKHA pa3BUBATbHCH OJJHOBPEMEHHO C
HalMOHAJbHOM HAy4YHO-TEXHOJIOTUYECKOW WH-
dpacTpyKTypOi UCKYCCTBEHHOTO UHTEJIJIEKTA.

OT yHUBepca/IbHBIX MoJejlel — K oTpacJie-
BOMY UCKYCCTBEHHOMY MHTEJ/JIEKTY

Ha coBpemeHHOM 3Tame 06lIeCTBEHHOE BOC-
MPUSATHE UCKYCCTBEHHOTO UHTEJIJIEKTA BO MHOTOM
COCpPEeOTOYEHO BOKPYT GOJIBIIMX SI3bIKOBBIX MO-
JleJiel, CHOCOOHBIX BECTH AUAJIOT, aHAIM3UPOBATh
JIOKyMEHThbI U C03/1aBaTh TEKCTHI. Takue TeXHOJI0-
ruy, 6e3yc/J0BHO, UMEIOT 60Jblloe 3HaYeHue. Of-
HAaKO OHM NpPeJCTaBJASIOT COG0OW JIMIIb OAWUH M3
KJIACCOB UHTEJLJIEKTYaJbHbIX CUCTEM.
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Juia peleHuss 3aJay BOAHOH 6e30MaCHOCTH,
3HepPreTHUKH, Te0JIOTUH, IPOMBIIIJIIEHHOCTH, MeJ1-
LMHB], TPAHCIOPTA, CEJbCKOr0 XO3AKWCTBA WJIHU
npefynpex/JeHuss Yype3BblYalHbIX CATyalldil He-
JIOCTaTOYHO yHHUBepCaJbHOW MoJeJH, paboTaro-
e NperuMyleCTBEHHO ¢ TeKCTOM. Heo6x0a4uMbl
ClelMaJM3MpOBaHHbIe OTpacJjeBble MIaTGOPMBI,
KOTOpble MOHUMAKT PU3UYECKYIO0 NPUPOAY NpO-
11eCcCOB, paboTalOT C M3MepsieMbIMU IapaMeTpaMHy,
UCIOJIb3YIOT OTpacjeBble MOJEJH W CIOCOOHBI
OLIEHUBATb JJOCTOBEPHOCTb U HeolpeJe/leHHOCTh
[0JIy4aeMbIX pe3y/IbTaTOB.

Ompacnesoii uckyccmeeHHbulll UHmMeA1eKkm 90.1-
JHCeH coedUHAMb:

e JaHHble TOCYJAapCTBEHHbIX WU MPOU3BOJ-
CTBEHHBIX CUCTEM;

® CIOYTHUKOBble CHUMKH, CEHCOpHble U
reonpoCTpaHCTBEHHbIE JaHHDIE,

e (JusuKo-MaTeMaTHYeCKME U HHXKEHepHble
MoJesy;

e oTpacJieBble 6a3bl 3HAHUH U HOPMaTHUBHbIE
TpeGOBaHUS;

e uUdpoBbIE ABOMHUKU OOBEKTOB, TEPPUTO-
PHUH M TEXHOJIOTUYECKUX IPOLECCOB;

e creLMaIM3upoBaHHbIX UU-areHTOB;

® HHCTPYMEHTHI CLieHapHOrOo NMPOrHO3UpPOBa-
HUS;

® CHCTeMbl He3aBUCHUMOU
OLIeHKH PHCKOB;

e uHTepdelichl MOAAEPXKKH yIpaBJeHYEeCKHX
pelleHu.

BaJUJallMd U

Takum o6pa3om, oTpacneBoit UM — 3To He yaT-
60T, NOJK/JI0YEHHBIN K BeJJOMCTBEHHOH 0a3e JaH-
HbIX, U He OTJeJibHasi MpOTrpaMMa, pellarouias
OZIHY Y3KYyI0 3a7a4yy. ITO KOMILJIEKCHas Hay4YHO-
TexXHOJIOTHYecKas MmaaTdopMa, o6ecrnedrBamInas
NOJIHBIA LUK paboThl: OT cbopa U MOATOTOBKHU
JlaHHBIX /10 MOJEJNPOBaHUS, IPOTHO3a, IPOBEPKHU
pe3yJIbTaTOB, apobaMu U BHEJPEHHUS B peaJsib-
HYI0 IPaAKTHUKY.

Takue nmiaTpopMbl JOMKHBI CO3[4ABATHCS [Jist
HauboJiee 3HAYUMbIX HalpaBJIEHUH: BOJHBIX pe-
CYpPCOB, arpoNpPOMbBIIIJIEHHOT0 KOMILJIEKCa, Fe0JI0-
MU U KPUTHYECKUX MUHEPAJIOB, 3HEPTETUKH, IPO-
MBIIIJIEHHOCTH, TPAHCIIOPTA U JIOTUCTUKH, 3KOJIO-
MU U KJIMMAaTa, CEHCMUYECKOM 6e30MacHOCTH, YM-
HBIX TOPO/I0OB, 3JPaBOOXPAaHEHHUS U 06pa30BaHMUS.

Hx He caefyeT MpOeKTUPOBATh KaK U30JHUPO-
BaHHbIe BeJJOMCTBEHHbIE CUCTEMbI. MHOTHE PUCKH
HMEIOT MEXOTPACIEBYIO IPUPOAY. e bUIUT BOAbI
CBSI3aH C SHEPTETUKOMH, CEJIbCKUM X035IUCTBOM, CO-
CTOSIHUEM JIEJJHUKOB U TPAaHCTPAaHUUYHBIM CTOKOM.
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CeiicMUYeCcKUMN PUCK 3aBHUCUT OT Tre0JJUHAMHUKH,
FOPOJICKOM 3acTpOUMKH, UHXEHEpPHbIX ceTeH,
TPaHCIIOPTAa U CUCTEM Ku3HeobecnedeHus. OcBoe-
HUe KPUTUYECKUX MUHEPAJIOB CBSI3aHO C 3HEpre-
THUKOHM, BOJOHW, 3KOJIOTHMEH, JIOTUCTUKOU U Mpo-
MBIIIIJIEHHOHN IepepaboTKOM.

WMeHHO noaTomy KazaxcraHy Heo6xoAMMa He
COBOKYITHOCTb HECBSI3aHHbIX OTPACJEBBIX MPUJIO-
YKeHUH, a e/liHas HallMOHa/IbHAs apXUTEKTypa Uc-
KYCCTBEHHOTO UHTEJIJIEKTA: 0011jee HayYHO-TEXHO-
JIOTUYECKOE SIIPO U pa3BUBaeMble Ha €ro OCHOBE
CrieliMaJIM3upPOBaHHbIe OTPaC/IeBble KOHTYPHI.

DeepBas Kak mnpoo6pa3 KOMILIEKCHOM
Hay4YHO-TE€XHOJIOTH4YeCKO! m1aT¢gpopmbl

OAHUM W3 NPUMEPOB TAKOro MOAXOJa SIBJS-
eTcs pa3BuBaeMasi NpU y4acTuu HanuoHanbHOU
aKaJleMuU Hayk KoHUenuus DeepBas — Hay4dHo-
TEXHOJIOTUY€eCKOHN m1aT$opMbl NpPOCTpaH-
CTBEHHO-BPEMEHHOI'0 HCKYCCTBEHHOTO HHTeJI-
JIEKTA.

[IlpuHMnuanbHO BakHo, 4yTo DeepBas pac-
CMaTpHUBaeTCs He KaK ouepejiHasi BeJOMCTBEHHas
MH$OpMaLMOHHAs CUCTeMa, He KaK YHUBepcasb-
Hasl f3bIKOBasg MOJeJb U He KakK MapaJiesbHas
6a3a rocyJapcTBeHHbIX JaHHbIX. [liatdopma
Jl0JDKHA 06'beJUHATh JaHHble, 3HaHUS, BbIYHUCIU-
TeJIbHYIO0 cpeny, dU3nKo-MaTeMaTudeckue u UU-
Mojiesid, uMdpoBble ABOWHHUKH, AUCTAHIMOHHOE
30HJMpoBaHUe 3eMJid, rpadbl 3HAaHUH, cleLHaIu-
3MpPOBAHHBIX areHTOB © WHCTPYMEHTbI MOJ-
JleP>KKH pelleHuH.

DeepBas mnpejcTaB/isieT co60M KOMILJIIEKCHYIO
Hay4YHO-TEeXHOJIOTHUYEeCKYI0 IJIaT$opMy NPOCTPaH-
CTBEHHO-BpeMeHHOro MU, o6 beuHAIONIYIO €/1-
HbIH IBM2KOK MPOCTPAHCTBEHHO-BPEMEHHBIX JlaH-
HbIX U 3HAHUH, cHelUaJUu3UpOBaHHbIE OTpacje-
Bble MOJEJM U HHTeJJIEKTya/lbHble HaBBbIKH, a
TaK)Ke CLLleHapHO-KOTHUTHUBHBIA MeXaHHU3M KOOp-
JUHaIMU UX paboThl. Ha 6a3e miaTdpopmbl popMu-
pyeTcsi pacuiupsieMblii nmopTdesib OTpac/aeBbIX
HUU-areHTOB, mNepBOHA4YaJbHO OXBaTbIBAKIIAN
11eCTh IPUOPUTETHBIX HAMPABJIEHUH.

Bo/iHbIM areHT BBICTYNAET NepBbIM NMpaKTHYe-
CKMM KOHTYpOM, MOCKOJIbKy BOJHas 6Ge3omac-
HoCcTb A1 KazaxcraHa siBJisieTCsl OZJHOBPEMEHHO
MNPUPOJHOM, 3KOHOMUYECKON, 3HEepreTUYecKoH,
MPOJIOBOJILCTBEHHOW U TPAHCTPAaHUYHOM 33/jauell.
OpHako moTeHnHa  N1aTPOPMbI HE OrpaHUYMBa-
eTcsl BOJAHBIM ceKTOpoM. O61re MeXxaHU3MbI PO-
CTPAaHCTBEHHO-BPEMEHHOr0 aHaJ/u3a, UPPOBBIX
JIBOMHUKOB, CIIEHAapPHOTO MOJEeJUPOBaHUsA U
areHTHOTO MCKYCCTBEHHOT'O0 WHTEJJIEKTA MOTYT

¥ITTBIK FoINBIM

AKAOEMMUACHI
NPUMEHSTBLCA B JIPYTUX CTpPATeru4ecKd BaXKHBIX
OTpacJsiX.

DeepBas peMOHCTpUpyeT MNpPUHIMNIUAJBHOE
OTJIN4YMe MAaTGOPMbl OT 0O6BIYHONM HMHPOpPMAIHU-
OHHOU cucTteMbl. UHoOpMaIlMOHHAA CUCTEMA, KaK
paBuUJio, COGMpAET, XPAaHUT U OTOOpakaeT JaH-
Hble. HaydyHo-TexHoJsiorMyeckass  maTdopma
JIOJDKHA TaKXe COMOCTaBJAThH pas3JjiMiHble MO-
JleJId, aHaJIM3UPOBATh HEONIPEIEJIEHHOCTD, TPOBe-
pATH pe3yJbTaThl HAa HUCTOPUYECKHUX COOBITHSIX,
CTPOUTDb aJIbTEPHATUBHbBIE ClleHapuU U GOpMHUPO-
BaTb 06'bsICHUMbIE pEKOMEH/JALIUH.

[Ipu stom DeepBas He JomkeH NOAMEHATH
obHIHANBbHBIX ONEpaTOpPOB TrOCYJapCTBEHHBIX
JaHHBIX U JeUCTBYIOLHE OTpac/ieBble CUCTEMBI.
Haubosiee panuoHa/bHa [JBYXKOHTYpHasl apxu-
TeKTypa.

[lepBbIil KOHTYP — OQUIMANBHBIN 3KCIIyaTa-
LUOHHBIM. B HeM ymoJIHOMOYeHHble TOCyAap-
CTBEHHbIE OpTaHbl U OTpacJieBble ONEepPaTOpPhI CO-
XpaHAIT OTBETCTBEHHOCTD 3a YUYET, PEECTPhI, Te-
JieMeTpuio, OQUIMANBHYI0 OTYETHOCTb, perJa-
MEHTHUPOBaHHbIe MPOTHO3bl U NPHUHSATHE yHpaB-
JIeHYeCKHUX pelIeHU.

BTopoii KOHTYp — Hay4YHO-TEXHOJOTUYECKHI.
OH o6ecneyrBaeT pa3paboTKy, 06yueHHe, HE3aBU-
CUMYIO NPOBEPKY U BaJWAALMIO HOBBIX MOJeJIeH,
06paboTKYy CIIyTHUKOBBIX IAHHBIX, CO3/IaHUE U P-
POBBIX JBOMHUKOB, OLIeHKY HEONpeeJeHHOCTU U
HOATOTOBKY TEXHOJIOTUH K BHeAPEHUI0 B 0ULIU-
aJIbHBIM KOHTYp NOCJIe UX IPUEMKH.

Takoe pasrpaHuyeHde MO3BOJSIET OJHOBpe-
MeHHO H36exaTb AyO0JIMPOBaHUSA TOCYyJapCTBEH-
HbIX UHPOPMALMOHHBIX CUCTEM W He JONYCTUThb
JPYrol KpaHOCTU — 3aBUCUMOCTHU CTpaHbl OT
OZJHOIO TOTOBOTO0 MPOrpaMMHOr0 MPOAYKTA3,
BHEILIHEro MOCTaBIMKA WU 3aKPBITOU aJTrOpPUT-
MUYECKOH MOJIeJIH.

CyBepeHMTeT He O3HAa4YaeT TeXHOJIoruye-
CKYI0 U30JILUI0

TexHO/JIOTHYECKHUI CyBEpEHUTET HeE CJeAyeT
NOHMMAaTh KaK OTKa3 OT MEXAYHapoJHOTO Co-
TpyaHudectBa. Hanporus, KaszaxcraH 3auHTepe-
COBaH B IPUBJIEYEHNH BEAYIUX 3aPYOEKHBIX YHU-
BEPCHUTETOB, HAyYHBIX LEHTPOB, UHBECTOPOB U
TEXHOJIOTUYECKHUX KOMITaHUH.

Ho MexayHapo/JHOe NapTHEPCTBO JIOJDKHO
OBITh IOCTPOEHO TAKUM 06Pa3oM, UTOObI BMECTE C
060pyZI0BAaHUEM U MPOTPAMMHBIMH PEIIEHUSIMH B
CTpaHe 0CTABAJIMCh 3HAHUS, UCXO/IHble KOMIIETEH-
I[MY, TOJITOTOBJIEHHBIE KaJ[phl, HCCIeJ0BATEJb-
CKHe JIabopaTOPUU M CIHOCOOGHOCTh CaMOCTOSI-
TeJIbHO pa3BUBATh MOJIyYeHHbIE TEXHOJIOTHH.

HAYKA UHTENNEKTYAJIbHBIX CHCTEM
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Ha 38-m nmienapHoMm 3acesanuu CoBeTa MHO-
CTpaHHbIX UHBeCTOPOB 2 utoJsigd 2026 roga Ilpesu-
JIeHT 0603HAYUJ UCKYCCTBEHHBIA UHTEJJIEKT KaK
OJIMH U3 KJIIOUEBBIX JABUTATEJed TJ06aJTbHOTO
pasBuTHUs. [J1aBa rocygapcTBa OTMETUJ CO3/laHUE
B KazaxcTaHe /Byx CyllepKOMIIbIOTEPOB, pa3BUTHE
«JloJIMHBI [EHTPOB 06pabOTKU AAHHBIX», UCCJIE/10-
BaTeJIbCKUX J1ab0paTOPHUM U HALIMOHATBHOTO TeX-
HoJsiorndeckoro cteka HWU. Ocoboe BHHUMaHUe
ObLIO y/ieJIeHO TPHMEHEHHUI0 UHTEJJIEKTYaIbHbIX
pellleHUH B TOCYJapCTBEHHOM yIpaBJIeHUH,
He(dTera3zoBol OTpac/iu, Te0JIOTUH, JOTUCTUKE U
CeJIbCKOM XO3SIICTBeE.

JTa moBecTKa NOKa3blBaeT, YTO COTPYAHHUYeE-
CTBO C MHOCTPAaHHBIMHU UHBECTOPAMHU J0JIKHO Ie-
PEXOAUTH OT MOCTABKU OTAENbHbBIX IUPPOBHIX pe-
IeHUW K COBMECTHOMY CO3JJaHUI0 HAYYHO-TEXHO-
JIOTUYECKUX IATPOPM, UCCIIeI0BATETbCKUX IE€H-
TPOB, OTPACJIEBBIX MOJeJIEW U UHXEHEPHBIX KOM-
NneTeHI M.

KpuTnuecku BakHble JaHHbIE JOJKHbI 06pa-
6aThIBaTbCA B 3alMIL€HHOM HallMOHAJbHOM KOH-
Type. ApXUTEKTypa U aJITOPUTMHUYECKasl JIOTHUKA
CUCTEM, BJIUSIOIIUX Ha 6€30MacHOCTb, 3KOHOMHUKY
M TOCYyJapCTBEHHOE YIpaBJeHUE, NOKHBI ObITh
MOHSTHBI U POBepPsieMbl Ka3aXCTaHCKUMMU CIeLU-
asuctaMu. Mojenu JODKHBI IPOXOAUTH He3aBU-
CHMYI0 Hay4YHY10 U OTPac/JeByl0 BaJWalUIo, a pe-
3yJIbTaTbl — UMEThb YETKO ONpe/ie/IeHHbIN paBo-
BOH CTaTYyC.

MMeHHO TaKoW NOJX0[, COOTBETCTBYET NPOBO3-
rJjalieHHoMy ['1aBo#l rocygapcTBa NIPUHLIUITY TEX-
HOJIOTUYECKON OCMOTPUTENBHOCTU U IPUBEPIKEH-
HOCTHU HallMOHaJIbHbIM UHTEpPECAM.

Posib HanimoHaibHOM akaJileMUH HayK

B HOBOM apXUTEKType UCKYCCTBEHHOI'O UHTEJI-
JiekTa HanjmoHanbHas akazeMus HayK J0/KHA Bbl-
CTyHaThb He BJa/ieJIbIleM BeJJOMCTBEHHbIX UHOP-
MaLMOHHBIX CUCTEM, @ HAYYHO-3KCIEPTHBIM U KO-
OPAMHALMOHHBIM LIEHTPOM.

KinroyeBod 3amaveit AKafieMUH SABJSIETCS 00b-
e/liHeHUe NMPOoPUIbHBIX HAyYHO-HCC/Ie0BATE/b-
CKHMX OpraHM3alMi, YHUBEPCUTETOB, OTPACIEBbIX
rocyZilapCTBEHHbIX OPraHOB, PETMOHOB, 6U3Heca U
MEX/IyHapO/IHbIX MapTHEPOB BOKPYI KOMILJIEKC-
HBIX HAYYHO-TEXHOJOTMYECKUX IPOTPaMM.

Takue nporpaMMbl [JOJDKHBI BKJIOYaTb He
TOJIbBKO pa3paboTKy MojeJsiel, Ho U popMHUpoBa-
HHE HAayYHO O0GOCHOBAHHOW apxXUTEKTYypbl IJaT-
dopwm; onpesiesieHHe HallMOHANbHbBIX TPE60OBAHUN
K JaHHBIM U MOJieJISIM; HE3aBUCHMYI0 BaJIU/IaLUI0
aJITOPUTMOB; pa3paboTKy IU(POBBIX JBOMHUKOB
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U CLEHApHBIX MoJiesied; CO3/JaHUe HCIbITATeb-
HBIX TOJIMI'OHOB U LM(POBBIX NECOYHHULL; MOArO-
TOBKYy HCC/e/loBaTeslell, HHXXeHepoB U OTpacJe-
BbIX CIEIUAJMCTOB; OLEHKY TEXHOJOIH4YecKOn
3peJIOCTH M TOTOBHOCTHU pellleHUH K MaclTabupo-
BaHMIO; IlepeJjayy NMPOBEPEHHBIX Pe3yJIbTaTOB B
roCyZlapCTBEHHbIN U IPOU3BOJCTBEHHBINA KOHTYP.

0Oco6oe BHUMaHHE A0HKHO YAEAITbcs popMu-
POBAHMIO OTeYEeCTBEHHBIX HAYYHBIX LIKOJI B 06J1a-
CTH NPOCTPAaHCTBeHHO-BpeMeHHoro MU, mMamus-
HOTO O0y4eHHs], MaTeMaTHYEeCKOT0 MO/eJINpOBa-
HUs, POGOTOTEXHUKH, MHUKPO3JEKTPOHUKHU, [U-
CTAHLIMOHHOT'0 30HAUPOBAaHUA 3eMJIH, LUPPOBBIX
JIBOMHUKOB U BBICOKOTIPOM3BOJUTEbHBIX BbIYHC-
JICHUH.

WMeHHO Ha/JMuue TaKHUX LIKOJ OMNpeJesuT,
cMoxeT M KasaxcTaH caMOCTOSITEJbHO CO3/a-
BaTb HHTeJUIEKTya/bHble CUCTEeMbl WJIU OyJeT
OCTaBaTbCsl 3aBUCUMBbIM OT BHELIHUX TEXHOJIOTUH.

Hayka MHTeJ/I/IEKTYa/IbHBIX CUCTEM KaK Npo-
CTPAHCTBO NpodeccCuoHATBbHON AUCKYCCUU

Kypuan «Hayka MHTeNeKTya/IbHBIX CUCTEM»
HAH PK npu3BaH cTaTb 04HOH U3 MJIOWAA0K GOp-
MHUPOBAaHUS HOBOM HAy4YHO-TEXHOJOTUYECKOH I10-
BECTKH CTPaHBI.

Ero 3afjaya — He TOJIbKO Ny0GJIMKOBATh HcCCJIe-
JlOBaHUA IO OTJeJbHbIM aJropuTMaM M IpoO-
IrpaMMHBIM pelleHUsIM, HO U 00'beJUHATh QPyHAa-
MeHTa/IbHbIE W MPUKJIALHbIe paboThbl, HEOOXO4H-
Mble JJI1 CO3/laHUA KOMILJIEKCHBIX WHTEeJJIEKTY-
aJIbHBIX JIATHOPM.

Ocobyto LleHHOCTb MpeACTaBASAIT UCCIel0Ba-
HHf, B KOTOPBIX UCKYCCTBEHHBIA HWHTEJJIEKT CO-
efuHsAeTCcA C (U3UKO-MaTeMaTHUYeCKUMH Moje-
JIIMH, OTpacJeBbIMU 3HAHUSAMH, 3KCIEepUMeH-
TaJIbHBIMU JJAHHBIMHY, IUPPOBBIMU JBOMHUKAMHU U
peasbHbIMU 06'bEKTAMH YIIPaBJIEHHUSI.

KypHana dosxcen cmambs npocmpaHcmeoMm 06-
CyxcOeHUsT 80npocos, om KOMOpbIX Henocpeod-
CMBEHHO 3a8UCUM MEXHO.102U4ecKull cysepeHu-
mem KaszaxcmaHa:
e KaKHe 3JIEMEHTbI HaljMOHaJIbHOro creka MU
JIOJDKHBI CO3/]aBAThCs BHYTPU CTPAHBI;

e Kak GOpMHpPOBAThb KayeCTBEHHbIE OTpacJe-
Bble JJaHHbIE;

e KakKuMM 06pa3oM MPOBOJUTH HE3aBUCUMYIO
BaJIMJALUIO MOJIeJIEH;

e KaK 06ecne4yuTb 060'bICHUMOCTb U 6e30mac-
HOCTb pelleHul;

® KaK COe/JUHUTH QYHJAMEHTAJbHYI HayKy,
NPUKJIQIHbIE UCCJIeIOBAHUS U BHE/IPEHUE;
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® KaK BBICTPOUTb COTPYAHUYECTBO C MEXKIY-
HapoJHbIMU NapTHEPAMU 6€3 yTpaThl HAIU-
OHaJ/JIbHON KOMIIETEHIIUH;

® KaK IepelTH OT OT/AeJbHbIX [UPPOBBIX MHU-
JIOTOB K MacCHITaGHbIM Hay4YHO-TEXHOJIOTU-
YeCKHUM I1aTpopmMam.

[IpencTaBieHHbIe B OUepPEIHOM BBINYCKE XKYp-
HaJla UCCJIe/IOBAHUS SIBJISIIOTCS BKJIA/IOM B GOpPMU-
pOBaHMe TaKOM 3KOCUCTEMBL. VX 3HaueHUe ompe-
JleJisieTcs He TOJIbKO Hay4YHOH HOBU3HOM, HO U CIIO-
COOHOCTBIO CO3/1aBaTh HOBble 3HAHUSA, METO/BI,
TEXHOJIOTUU U pellieHUs], He06X0JUMble JJIs J0JI-
FOCPOYHOTO Pa3BUTHUSA CTPAHBI.

Hogast KoHcTuTtyusa cbopMmupoBaJsia IpaBoBoi
byHJlaMeHT rocyjapcTBa 3HaHMW U MHHOBALUU.
Ctparterus «Digital Qazaqstan» onpeaennna Mac-
mrtab uudpoBoin TpaHchopmanuu. [lopydeHus
['naBbl rocymapcTBa 3aja/id HallpaBJeHUe Iepe-
xoJia Kk orpacieBomy MU, MacitabHbiM miaTdop-
MEHHBIM pelleHUsIM U HallUOHAJIbHOMY TEXHOJIO-
TAYEeCKOMY CTEKY.

Tenepb mnepej, Hay4HbIM COOOIECTBOM CTOUT
3a/la4ya HaIlOJIHUTb 3TU CTpaTerndyecKue peleHus
peasibHbIM COJlep>KaHUEM.

I P e
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AKAOEMMUACHI

KazaxcTaHy He06x0JMMO MEPENTH OT IpUOGpe-
TeHUs] OTJeJIbHbIX WHPOPMAIIMOHHBIX CUCTEM K
CO3JJlaHUI0 COGCTBEHHBIX HAy4YHO-TEXHOJIOTHYe-
CKUX IJIAaTPOPM; OT UCIHOJb30BAHHUS [OTOBBIX aJl-
TOPUTMOB — K Pa3BUTHIO HAI[MOHAJbHBIX MOJe-
Jlel; OT pa3po3HEHHbIX JAHHbIX — K 3alHlleH-
HBIM OTpac/IeBbIM NPOCTPAHCTBAM JAaHHBIX; OT OT-
JleJIbHBIX TUJIOTOB — K CUCTEMHOMY BHE/JPEHUIO;
OT TEXHOJIOTMYEeCKOH 3aBUCUMOCTH — K CIOCO6-
HOCTH CaMOCTOSAITe/IbHO NIOHUMAThb, IPOBEPATb U
pa3BUBATbh KPUTHUYECKU BaKHbIE UHTEJ/JIEKTYaAJb-
Hbl€ peleHus.

MNMeHHO Tak ¢GopMuUpyeTCs HHTeJJIEKTyalb-
HbIH CyBepeHHUTEeT — CII0COGHOCTb rocyJapcTBa
co3JaBaTb COOCTBEHHblE 3HAHMS, TEXHOJIOTUH U
Mojiesid 6y Ayuiero.

Y6exaeH, 4To )KypHasl «kHayKka MUHTe/lJIEKTY-
AJIBHBIX CUCTEM» CTaHET AKTUBHbIM y4aCTHH-
KOM 3TO# pa6oThl, 06beJUHAS YIE€HbIX PA3HbIX
HanpasJjeHu#, ¢opMuUpys NPOCTPAHCTBO MPO-

deccoHa/ILHOM AUCKYCCHUM U COAEMCTBYS CO-
3JJaHUI0 OTE€YECTBEHHBIX Hay4YHO-TEXHOJIOTH-
4YeCcKHMX IIaTPOpPM HMCKYCCTBEHHOTO HWHTEJI-
JIeKTa.

HAYKA UHTENNEKTYAJIbHBIX CHCTEM
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ARTIFICIAL INTELLIGENCE AND SPACE TECHNOLOGY INTEGRATION:
THE ROLE OF THE UNESCO-NASA PARTNERSHIP IN HERITAGE PROTECTION AND
CLIMATE RESILIENCE
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Electronic Services, Ganja Branch of the Azerbaijan National Academy of Sciences (ANAS).
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Abstract. This article examines the application of artificial intelligence (AI) and satellite
remote-sensing technologies to cultural heritage protection, disaster risk reduction, and climate
resilience within the framework of the UNESCO-NASA partnership, established in 2005 and
substantially expanded after 2024 through the Prithvi family of geospatial foundation models.
Combining a structured literature review with a comparative transfer analysis, the study traces the
institutional evolution of the partnership, profiles the technical architecture and benchmarked
performance of Prithvi-EO-2.0 and Prithvi-WxC, and examines the public-private HeritageWatch.Al
initiative launched in Paris in February 2025. The discussion situates these developments within
UNESCO’s Recommendation on the Ethics of Artificial Intelligence and its Readiness Assessment
Methodology, and identifies structural barriers — uneven computing access, workforce gaps, and
language-adaptation costs — that constrain operational uptake. As an original contribution, the article
evaluates application perspectives for Azerbaijan, linking the country’s space infrastructure
(Azerkosmos), the heritage-monitoring needs of the liberated territories of Karabakh and East
Zangazur, and UNESCO’s readiness-assessment framework, and proposes the architecture of a national
Smart Cultural Heritage Monitoring Platform.

Keywords: artificial intelligence, geospatial foundation models, UNESCO-NASA partnership, Prithvi,
digital twin, cultural heritage, climate resilience.

®. P. Mup3aeB
TaHdxcunckuli puauaa HayuonanbHol akademuu Hayk Azep6aiioncana (HAHA), Azep6atidxcaH

UHTEI'PAIIMA UCKYCCTBEHHOI'O UHTEJIJIEKTA U KOCMHAYECKHUX TEXHOJIOTHUM:
POJIb TIAPTHEPCTBA IOHECKO-HACA B 3ALLIUTE HACJIEAUA U KJIMMATUYECKOM
YCTOHYUBOCTH
Mup3aeB ®apxaj Pamus orJy, 3aBeiyI0l1ii 0T/[e/10M IUPOBU3ALNH, UCKYCCTBEHHOTO UHTEJJIEKTA
W 3JIEKTPOHHBIX ycayr, [aHKUHCKUE ¢uanan HaupoHanbHOW akajleMud Hayk Asepb6aiipkaHa

(HAHA).
E-mail: grem2011@gmail.com | ORCID: 0009-0006-6303-2343

CTaTbsl paccMaTpuUBaeT IpUMeHEHHEe HUCKycCTBeHHoro HHTessekTa (MM) U cnyTHUKOBBIX
TEXHOJIOTMU JUCTaHLIMOHHOTO 30HUPOBAaHUA [IJ1d 3alMThI KyJbTYPHOTO HacJeUs, CHUI>KEHUS pUCKa
KaTacTpod U KIMMaTHUYECKON yCTOMYMBOCTH B paMKax napTHépcTBa FOHECKO - HACA, yupexjéHHOr0
B 2005 roay u cyllecTBeHHO paciivupuBluierocs mnocie 2024 ropa 6Jiarofapsi ceMeHCTBY
reonpoCTPaHCTBEHHbIX 6a30BbIX MoJesiel Prithvi. CoyeTasi CTpyKTypHpOBaHHbBIM 0630p JIMTEpPATYphl
CO CpPaBHHUTEJbHBIM TPaHCPEPHBIM aHAJIU30M, UCCJeJ0BaHHE MPOCJEKUBAET MHCTUTYLHOHAJIbHYIO
3BOJIIOLIMIO MAPTHEPCTBA, XapaKTepU3yeT TEXHUYECKYI0 apXUTEKTYpy M TeCTUpyeMble MOKa3aTeJsu
mogeneit Prithvi-EO-2.0 u Prithvi-Wx(C, a Takxe paccMaTpuBaeT TI0CY/AapCTBEHHO-YaCTHYIO
nHunuatuBy HeritageWatch.Al, 3anyuiennyto B [lapmke B deBpasie 2025 roga. Paznen obcyxaeHus
noMeiaeT 3TU npouecchl B KOHTEKCT PekoMeHnaauuu OHECKO mno sTHKe HCKYCCTBEHHOTO UHTEJJIEKTa
U eé MeTozo/0ruM OlleHKH TOTOBHOCTU (RAM), a Takke BBIABJISAET CTPYKTypHble 6apbepbl —
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HepaBHbIM JOCTYNl K BBIYMCJIWTEJNbHbIM pecypcaM, HexXBaTKy KBaJUQULUPOBAHHBIX KaJpoOB U
W3Jep>XKA A3bIKOBOM aJanTaluyd. B kadyecTBe OpUIMHAJBHOTO BKJAaZa CTaTbsl OLeHUBaeT
NepcrneKTHBbl NpPUMEHEeHUsl J[JaHHOrO OmblTa /JJs A3epb6aii/pkaHa, yBA3bIBasg KOCMHUYECKYIO
UHOPACTPYKTYpPy CTpaHbl («A3epKOCMOC»), 33Jlayd MOHUTOPHHIA HacjaeJusl Ha OCBOOOXKAEHHBIX
TeppuTopusx Kapab6axa u Boctounoro 3anresypa u metogosoruro RAM HOHECKO, u npepsaraet
apXUTEKTYPy HallMOHA/IbHOM MJIaTGOPMBbI «YMHBIA MOHUTOPUHT KyJIbTYPHOIO HACIeAusI».
Kaloueevle cno8a: WCKYyCCTBEHHBIM HHTeJIJIEKT, TeONpPOCTPAaHCTBEHHble 6a30Bble MO/JeY,
napTHépcTBo OHECKO-HACA, Prithvi, nudpoBoil 1BOMHUK, KyJbTypHOE Hac/eAue, KIMMaTU4YecKast
YCTOWYUBOCTb.

®. P. Mup3aeB
gsipbaiircan ¥ammuotk Folabim akademusicotHbiy (HAHA) Fandxca gpuauansi,
TaHica K., D3ipbatiicaH

KACAHADBI UHTEJUJIEKT INIEH FAPBIIITBIK TEXHOJIOTUAJIAPABIH UHTET'PALIUACHI:
IOHECKO-HACA CEPIKTECTIT'IHIH M¥PAHbI KOPFAY IATbI ’KOHE K/IMMATTbIK
TYPAKTBIJIBIKTAFbI PO.JII

Mup3aeB ®apxaa Pamu3 orJy, kacaHZbl WHTEJ/JIEKT >XOHE 3JIEKTPOHABIK KbI3METTEP
OesliMiHiH MeHrepyilici, 93ip6ai>kaH YJTTBIK FbUIbIM akageMuscbiHblH (HAHA) Tanmxa

dunuranel, nudpaaHabIPY.
E-mail: grem2011@gmail.com | ORCID: 0009-0006-6303-2343

AHHOMayusA. Maxanaga 2005 xblibl KypbLIFaH »koHe Prithvi reokeHicTikTik 6asasibIK
MoJiesibjiep TOObIHbIH, apKacbiHAa 2024 »xbuigaH KeWiH adTapsbikTak keHeiireH HOHECKO-HACA
CepiKTecTiri asgcblHAA M3JeHU MypaHbl KOpFay, anaTTap KayliH a3alTy )KoHe KIMMaTThIK TYPaKTBLIbIK
yuriH skaca#gpl uHTes1eKT (JKM) XK9He CNYTHUKTIK KAUIBIKTBIKTAaH 30HJATAy TeXHOJIOTHSJapbIH
KOJIZJaHy KapacThIpblIa/ibl. 9/lebueTTepre KypPbUIBIMABIK IIOJYAbl CaJbICThIpMalibl TpaHCPepTTik
TajjlayMeH YWjecTipe OTBIpPbIN, 3€pTTEYy CEPIKTECTIKTIH MWHCTUTYLHOHAI/bIK 3BOJIIOLUSACHIH
6akpLiaiabl, Prithvi-EO-2.0 xeHe Prithvi-WxC MopenbaepiHiH TexXxHUKaJbIK apxXUTEKTypacbl MeH
CbIHAJIFAH KOpCeTKIlITepiH cuUmaTTalbl JHE MeMJIeKeTTiK-)KeKe 6acTaMaHbl KapacTbIpajbl
HeritageWatch.Al, Iapwxkae 2025 XblAAblH aKnaHbIHAA icKe KocbLAbl. Taskblaay 6eJsiMi 6yn
npouectepai IOHECKO-HbIH KacaH/bl WHTEJJIEKT 3THUKAChl KOHE OHBIH, JAWBbIHABIKTBI 6GaraJay
anxicremeci (RAM) GoHbIHIIIA YCHIHBICHI asIChIH/A OPHATACTHIPA/IbI )KoHE KYPbUIBIM/IBIK KeJeprisepi-
ecenTey pecypcTapblHa TeH eMec KOJI XKeTiMAIIKTI, 61TiKTI KaApaap/AblH )KeTicreyIiIiriH xxaHe Tiagik
6elliMJlenny WIBIFBIHAAPBIH aHBIKTalAbl. TymHyYcKa y/ec peTiHJe MakKaja eJiMi3/liH FapblIlIThIK
vHOpaKypbIbIMbIH  ("O3ipkocMoc”), Kapabax mnen Ileifbic  3aHresyp/blH ~ 60caTbLIFaH
ayMaKTapblHJaFbl Mypa MOHUTOpPUHTiHIH MiHJeTTepiH xoHe HHECKO-ubiH XOKK aaicHamackiH
6alIaHBICThIPA OTHIPHI, O3ipOaiiaH Y1UiH 0Cbl TIXKipHUOeHi KoJIJaHy NepcreKTHUBaIapbliH 6aFananbl
)KoHe "MJJIeHM MYypaHbIH, aKbLIJbl MOHUTOPUHTI"YJITTBHIK NJIAaTGOPMACBIHBIH apXUTEKTYpPaChIH
YCbIHABbI.

TytiiH ce30dep: )xacaH/Ibl UHTEJJIEKT, FeOKeHiCcTiKTiK Heri3ri Mmogenbaep, WHECKO-HACA cepikTecTiri,
Prithvi, canasIK eris, MasieHu Mypa, KIMMaTTbhIK TYPaKThIIbIK,.
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1. Introduction

The protection of cultural and natural heritage has, over the past decade, ceased to rely solely on
traditional conservation practice and has instead become a global priority pursued through the
integration of advanced digital technologies — most notably artificial intelligence (Al) and satellite
Earth-observation systems [1-6, 14-21]. At the close of the 47th session of the UNESCO World Heritage
Committee, held in Paris from 6 to 16 July 2025, the World Heritage List comprised 1,248 properties
across 170 countries, of which 39 sites — slightly more than three percent of the total — were inscribed
on the List of World Heritage in Danger [10, 35]. This modest global share, however, conceals a
pronounced regional imbalance: sub-Saharan Africa alone is home to 108 inscribed properties yet
accounts for 17 of the 39 endangered sites worldwide, or 44 percent of the global danger list [33]. Such
asymmetry indicates that the scale of the heritage-protection problem cannot be addressed by a single
uniform global instrument and instead requires regionally calibrated technological responses.

The same 47th session inscribed 26 new cultural and natural properties and removed three
African sites — the Rainforests of the Atsinanana (Madagascar), Abu Mena (Egypt), and the Old Town
of Ghadames (Libya) — from the danger list, demonstrating that institutional monitoring capacity
continues to expand even as the population of properties requiring active oversight grows [10]. Of direct
relevance to the present study, the same session added two Azerbaijani properties — the Ancient City
of Gabala and the Historical, Cultural and Natural Complex of Gamigaya and Goygol — to UNESCO’s
Tentative World Heritage List [40], a development examined in detail in Section 4 below and one that
underlines the timeliness of building national capacity for satellite-based heritage monitoring.

The purpose of this article is to provide a systematic analysis of: (a) the institutional foundations
of the partnership established between UNESCO and the National Aeronautics and Space Administration
(NASA); (b) the principal technological platforms deployed within this cooperation framework, with
particular attention to artificial-intelligence-based geospatial foundation models — above all the Prithvi
family; (c) initiatives implemented in a public-private partnership format, exemplified by
HeritageWatch.Al; (d) practical applications in the reduction of natural-disaster risk; (e) the ethical and
institutional regulatory framework that has emerged around these technologies; and (f) — as the
original contribution of this study — the application perspectives of this international experience for
the Republic of Azerbaijan, a country that combines an operational national space agency with an
urgent, post-conflict heritage-monitoring agenda in the liberated territories of Karabakh and East
Zangazur.

Formal cooperation between UNESCO and NASA was established through an agreement signed in
Washington, D.C,, on 1 March 2005 [28]. The agreement provided for the use of space-based Earth-
observation technologies in monitoring and protecting properties inscribed on the World Heritage List
and created the legal foundation for a cooperative framework that has continued to expand over the
subsequent two decades. The institutional scope of this cooperation was further broadened in 2025
through priorities endorsed at the 43rd Session of the UNESCO General Conference, held in Samarkand,
Uzbekistan — namely artificial intelligence, climate change, and post-pandemic recovery [7, 9].

The technological core of the UNESCO-NASA cooperation since 2024 has been formed by the
Prithvi family of geospatial foundation models [24]. The 2025 advances in this model family
substantially broadened both the scientific and the operational potential of the field [12, 24, 25, 36, 37],
a development discussed in detail in Section 3.2 below. Building on this institutional and technological
mapping, the article advances the working hypothesis that the architecture underlying the UNESCO-
NASA cooperation — comprising (i) a bilateral institutional agreement, (ii) open-source Al foundation
models trained on freely accessible satellite archives, and (iii) a public-private layer of implementation
partners — is sufficiently modular to be adapted, at national scale, by a country that already possesses
operational satellite infrastructure and an unresolved heritage-monitoring need, even in the absence of
formal UNESCO-NASA accreditation. The remainder of the article tests this hypothesis against the
empirical case of Azerbaijan. Section 2 outlines the materials and analytical method; Section 3 presents
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the literature-based discussion of the UNESCO-NASA architecture; Section 4 reports the results of
applying this architecture to the Azerbaijani context; and Section 5 concludes.

2. Materials and Methods

This study is a desk-based qualitative analysis rather than an empirical field investigation; no
primary data were collected from heritage sites, satellite operators, or government agencies beyond
what is publicly disclosed in institutional and technical sources. The corpus of materials reviewed
comprises four categories. First, primary institutional documents: the 2005 UNESCO-NASA cooperation
agreement [28], UNESCO’s 2021 Recommendation on the Ethics of Artificial Intelligence [27], the
Readiness Assessment Methodology and its country-level implementation reports [29, 30], and the
declarations and decisions of the 43rd UNESCO General Conference and the 47th session of the World
Heritage Committee [7, 10, 35, 40]. Second, technical and scientific literature on the Prithvi foundation-
model family, including the technical reports describing Prithvi-EO-2.0 and Prithvi-WxC, their training
data, architecture, and benchmarked performance against comparator geospatial models [12, 24, 25, 36,
37]. Third, reports on operational applications of these technologies in disaster risk reduction, including
the joint UNDRR-NASA Tech4DRR report and NASA Disasters Program case studies on severe-weather
and tornado detection [22, 26]. Fourth, sources specific to the Azerbaijani context, comprising the
official activity disclosures of the State Space Agency (“Azerkosmos”) and periodic export-statistics
bulletins published by the Economic Reforms Analysis and Communication Centre of the Republic of
Azerbaijan for the period January-April 2026 [38, 39].

The analytical method consists of two linked stages. The first stage is a structured narrative
synthesis in which the institutional, technological, and governance components of the UNESCO-NASA
partnership are mapped against three analytical categories: (i) institutional architecture (legal
instruments, governing bodies, periodic conferences); (ii) technological architecture (foundation
models, training data, benchmarked capability); and (iii) implementation architecture (public, private,
and public-private delivery mechanisms, exemplified by HeritageWatch.Al). This three-part framework,
rather than any single technology or agreement in isolation, is treated as the principal unit of analysis,
since it is the combination of the three layers — not any one layer alone — that is hypothesised to be
transferable.

The second stage is a comparative transfer analysis in which the three-part framework derived
from Stage 1 is mapped onto the documented capacities and needs of Azerbaijan, specifically: the
satellite fleet, export performance, and international partnerships of Azerkosmos; the heritage-
monitoring requirements of the newly UNESCO-listed and tentative-list properties together with the
liberated territories of Karabakh and East Zangazur; and Azerbaijan’s institutional engagement with
UNESCO’s Readiness Assessment Methodology. The output of this second stage — presented in Section
4 as the Results of the study — is a proposed institutional and technical architecture for a national ‘Smart
Cultural Heritage Monitoring Platform.’

Limitations of this method should be stated explicitly. The analysis does not include independent
technical validation of the cited model-performance figures, which are drawn from developer-reported
benchmarks, nor does it include interviews with Azerkosmos, ANAS, or Ministry of Culture officials. The
Azerbaijan-specific proposals in Section 4 are therefore presented as a research-based architectural
recommendation rather than an implemented or formally adopted programme.

3. Discussion: Literature Review

3.1 Institutional Foundations of the UNESCO-NASA Partnership

Formal cooperation between UNESCO and NASA rests on the agreement signed on 1 March 2005
in Washington, D.C. [28], which envisaged the application of space-based Earth-observation technology
to the monitoring and protection of World Heritage properties. Over the subsequent two decades, this
bilateral instrument has evolved from a narrowly defined data-sharing arrangement into a broader
platform encompassing artificial intelligence, climate adaptation, and disaster-risk reduction. The
institutional scope of the partnership was substantially widened by priorities adopted at the 43rd
Session of the UNESCO General Conference in Samarkand in late 2025, which formally designated
artificial intelligence, climate change, and post-pandemic recovery as cross-cutting priorities for the
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organisation [7, 9]. The annual sessions of the World Heritage Committee provide the operational link
between this institutional layer and individual properties: the 47th session in Paris inscribed 26 new
properties (21 cultural, four natural, one mixed), removed three African sites from the danger list, and
brought the List to 1,248 properties in 170 countries [10, 35]. These figures situate the UNESCO-NASA
cooperation within a heritage-governance system that is simultaneously expanding in coverage and
facing a growing population of at-risk sites requiring continuous monitoring — precisely the operational
gap that satellite-based Al tools are intended to close.

3.2 The Technological Core: the Prithvi Foundation Model Family

Since 2024, the technological core of the UNESCO-NASA cooperation has been the Prithvi family
of geospatial foundation models, developed under NASA’s open-science approach and its broader Al
Foundation Models strategy [24]. Unlike task-specific machine-learning models trained from scratch for
a single application, foundation models are pre-trained on very large, unlabelled datasets through self-
supervision and can subsequently be fine-tuned for diverse downstream tasks with comparatively little
labelled data — a property that is particularly valuable in the heritage and disaster-risk domains, where
labelled training examples, such as confirmed instances of looting, structural collapse, or flood damage
at a specific monument, are scarce [12, 36].

Prithvi-EO-2.0, the flagship model in the family, was developed jointly by IBM, NASA, and
Germany’s Jiillich Supercomputing Centre, with contributions from 42 researchers across 12 institutions
in the United States, Europe, and Brazil [12, 36, 37]. The model is built on a Vision Transformer
architecture and pre-trained using a masked-autoencoder approach, with two principal innovations
over its 2023 predecessor: three-dimensional patch and positional embeddings that allow the model to
process sequences of satellite images across time, together with explicit temporal and location
embeddings. It was trained on 4.2 million multispectral image samples drawn from seven years of
NASA’s Harmonized Landsat and Sentinel-2 (HLS) archive at 30-metre resolution, with model variants
of 300 million and 600 million parameters [12, 37]. On the GEO-Bench evaluation suite, the 600-million-
parameter version outperformed its 2023 predecessor by approximately eight percent and surpassed
six other published geospatial foundation models across remote-sensing tasks spanning resolutions
from 0.1 to 15 metres [12]. Documented downstream applications include flood-extent mapping —
notably during the 2024 Valencia floods, where the model combined Sentinel-1 radar and Sentinel-2
optical data to measure flooding through cloud cover — burn-scar delineation, multi-temporal crop and
land-cover classification, and deforestation-driver classification [9, 36].

A companion model, Prithvi-WxC, addresses weather and climate prediction rather than static
land-surface observation. Developed by NASA together with IBM and the Oak Ridge National
Laboratory, it supports applications such as hurricane-track forecasting and severe-weather risk
mapping, extending the foundation-model approach from retrospective land-cover analysis toward
short-term operational early warning [24]. Table 1 summarises the technical profile of the principal
models discussed in this section, together with the public-private initiative examined in Section 3.3.

Table 1. Prithvi Model Family and Implementation Partners: Technical Overview

Model / Platform Lead Developers Core Technical Specificationand Open-Source /
Primary Application Access Status
Prithvi-EO-2.0 IBM, NASA, Jiilich ViT architecture, masked- Hugging Face / IBM
Supercomputing Centre (42  autoencoder pre-training, TerraTorch / GitHub
contributors, 12 300M/600M parameters, 3D (open)
institutions) spatiotemporal embeddings;

trained on 4.2M HLS samples (30 m
resolution); +8% over predecessor
on GEO-Bench. Multi-temporal
Earth observation, flood and burn-
scar mapping, crop/land-cover

classification.
Prithvi-WxC NASA, IBM, Oak Ridge Weather-climate foundation GitHub (open)
National Laboratory model. Hurricane-track forecasting,

severe-weather risk mapping,
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short- and long-term climate
projection.
HeritageWatch.Al ALIPH, Iconem, Microsoft Combines a ~200-satellite daily- Independent non-
(Al for Good Lab), Planet imaging constellation, 3D heritage profit initiative
Labs PBC digital-twin modelling, and Al- (Paris
based risk forecasting headquarters)

(desertification, sea-level rise,
conflict). Independent, non-
commercial; launched Paris, 10 Feb.
2025.

The open-source release strategy adopted for both models — distribution through Hugging Face,
IBM'’s TerraTorch toolkit, and GitHub — is a deliberate design choice intended to lower the barrier to
adoption for researchers and institutions in low-resource settings, since fine-tuning a pre-trained
foundation model for a new application requires substantially less computational investment than
training a comparable model from scratch [9, 37]. This design feature is directly relevant to the transfer
analysis presented in Section 4, since it implies that a national agency such as Azerkosmos could, in
principle, fine-tune an openly released Prithvi checkpoint on locally collected satellite imagery without
needing to replicate NASA’s original training infrastructure.

3.3 The Public-Private Partnership Model: HeritageWatch.Al

While Prithvi represents the model layer of the UNESCO-NASA technological architecture, the
implementation layer is illustrated by HeritageWatch.Al, an initiative launched on 10 February 2025 at
the French Ministry of Culture in Paris, in the presence of France’s Minister of Culture, as part of the
Artificial Intelligence Action Summit [34]. HeritageWatch.Al is an independent, non-commercial body
co-founded by four organisations with complementary capabilities: ALIPH (the International Alliance
for the Protection of Heritage), a public-private fund that has, since 2017, disbursed roughly USD 100
million in grants to more than 500 heritage projects in 41 countries; Iconem, a firm specialising in high-
resolution 3D digital modelling of heritage sites; Microsoft, whose Al for Good Lab provides the
computational and analytical backbone of the initiative; and Planet Labs PBC, a commercial Earth-
observation company — founded by former NASA scientists — that operates a constellation of roughly
200 imaging satellites and supplies daily global coverage [34].

The initiative’s operating model links these four capabilities sequentially: Planet Labs’ satellites
provide high-frequency imagery of heritage sites; Iconem converts this imagery, together with its own
3D-scanning expertise, into digital-twin representations of individual monuments; Microsoft’s Al for
Good Lab applies machine-learning analysis to detect and forecast risk patterns — explicitly including
the progressive impact of desertification on earthen architecture in the Sahel and the effects of rising
sea levels on coastal heritage; and ALIPH channels the resulting risk intelligence into its existing grant-
disbursement and emergency-response mechanisms, of the kind that delivered USD 500,000 to Beirut’s
Sursock Museum within three weeks of the 2020 port explosion [34]. Initial funding for the initiative
comprised a USD 1 million pledge from Microsoft over four years, USD 750,000 in in-kind computing
services, and USD 250,000 from ALIPH [34].

HeritageWatch.Al is significant for the present analysis not primarily as a technology but as an
institutional template: it demonstrates that a public-private consortium combining a satellite-data
provider, a 3D-modelling specialist, an Al compute provider, and a heritage-financing body can be
assembled and operationalised within roughly a year of conception, and that the resulting structure
does not require any single partner to possess the full stack of capabilities in-house. As discussed in
Section 4, this template is structurally comparable — though smaller in scale — to a configuration that
Azerbaijan could assemble domestically by combining Azerkosmos, an academic Al unit, and the
national heritage authorities, without requiring direct UNESCO-NASA accreditation.

3.4 Disaster Risk Reduction Applications

Heritage protection and disaster-risk reduction are closely intertwined in the UNESCO-NASA
cooperation framework, since the same satellite-based monitoring infrastructure that detects threats to
monuments can detect threats to surrounding populations. The joint UNDRR-NASA Tech4DRR report,
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published in 2025, examined the application of remote-sensing and Al technologies to disaster-risk
reduction and concluded that the effectiveness of such technological solutions cannot be assured
without explicit attention to local needs, existing infrastructure, and cultural context — a caution
directly relevant to any attempt to transplant the UNESCO-NASA model into a new national setting
without adaptation [22].

A concrete illustration of the disaster-risk application of Al foundation models is provided by the
NASA Disasters Program’s 2025 open-source machine-learning model for tornado detection. Developed
by researchers at NASA’s Langley Research Center, the model uses geostationary satellite data from
NOAA’s GOES-16 satellite to identify overshooting cloud tops and above-anvil cirrus plumes —
atmospheric signatures that typically precede severe ground-level weather, including tornadoes, by
roughly ten minutes [26]. The model was tested against the severe-weather outbreak that struck the
south-eastern United States on 14-16 March 2025, during which the NOAA/NWS Storm Prediction
Center documented more than 100 tornado reports together with significant hail and damaging winds;
the model’s detections were consistent with the Center’s independently collected ground-truth data
[26]. While modest in absolute lead time, this window is operationally significant for life-safety
warnings, and it illustrates a broader pattern in the NASA Disasters Program’s approach: rather than
developing entirely new sensor infrastructure, the programme prioritises applying machine learning to
data already collected by existing operational satellites — a strategy that lowers the marginal cost of
deployment and is therefore readily transferable to agencies, such as Azerkosmos, that do not operate
their own meteorological satellite constellation but do have access to publicly available geostationary
and polar-orbiting data feeds.

3.5 Ethical and Institutional Governance Framework

The integration of artificial-intelligence technologies into heritage protection and disaster
management has necessarily required parallel development of an ethical and institutional governance
framework [6, 11]. The principal normative instrument in this domain remains UNESCO’s
Recommendation on the Ethics of Artificial Intelligence, adopted by all 193 Member States at the 41st
Session of the UNESCO General Conference in November 2021 [27]. The Recommendation is structured
around the full lifecycle of an Al system and sets out values, principles, and concrete policy actions
across areas including gender equality, environmental sustainability, and the integrity of information
ecosystems.

To operationalise the Recommendation, UNESCO developed the Readiness Assessment
Methodology (RAM), officially launched on 13 December 2022 at the inaugural Global Forum on the
Ethics of Al in Prague [29]. RAM evaluates a country’s institutional preparedness to govern artificial
intelligence responsibly across five dimensions — legal and regulatory, social and cultural, economic,
scientific and educational, and technological and infrastructural — using qualitative and quantitative
indicators within each dimension [29]. As of October 2025, more than 75 countries across five
continents had initiated or completed a RAM assessment [31], a figure that indicates accelerating uptake
of the methodology since its 2022 launch. Kazakhstan, a country in the same broader region as
Azerbaijan, formally launched its national RAM process in January 2026 at Astana Hub, bringing
together roughly 80 representatives from government, academia, the private sector, and civil society
[30] — a precedent of direct relevance to the recommendations advanced in Section 4 below.

The institutional architecture supporting Al ethics was further strengthened at the Third UNESCO
Global Forum on the Ethics of Artificial Intelligence, held in Bangkok in June 2025, which saw the
establishment of two complementary bodies: a Global Network of Al Ethics Supervisory Bodies,
intended to connect national regulators, and a Global Network of Civil Society and Academia on Al
Ethics, intended to broaden non-governmental participation in Al-governance debates [8, 32]. Taken
together, the Recommendation, the RAM, and these two global networks constitute a three-tier
governance stack — normative standard, country-level diagnostic tool, and cross-border coordination
network — that frames not only the ethical use of Al in heritage protection narrowly, but also the
broader question of how a country such as Azerbaijan might align a future national geospatial-Al
programme with internationally recognised governance norms rather than developing such norms in
isolation.
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3.6 Implementation Challenges and Structural Constraints

Despite the technological and institutional achievements described above, the transition of Al-
based solutions from the research stage to routine operational practice continues to encounter
structural difficulties. Three constraints recur across the literature reviewed for this study. First, access
to the computing infrastructure required to fine-tune or run inference on large foundation models
remains unevenly distributed, disadvantaging institutions outside a small number of well-resourced
research hubs. Second, the specialised workforce capable of adapting open-source geospatial Al models
to local applications is unevenly distributed across regions and is frequently concentrated in a handful
of countries. Third, openly released foundation models and their associated documentation, fine-tuning
examples, and benchmark datasets are overwhelmingly published in English, creating a non-trivial
adaptation burden for institutions operating primarily in other languages.

The Tech4DRR report’s caution regarding the necessity of local-context calibration reinforces this
picture: a technological solution validated in one geographic and institutional setting cannot be assumed
to transfer automatically to another without deliberate investment in local data, local expertise, and
local-language documentation [22]. This caution applies directly to the Azerbaijani case examined in
Section 4: although the Prithvi model family and the HeritageWatch.Al template are both, in principle,
openly accessible, neither has yet been fine-tuned on Azerbaijani satellite imagery, validated against
Azerbaijani heritage sites, or documented in Azerbaijani or Russian, and the proposals advanced below
should therefore be read as identifying a feasible starting architecture rather than a turnkey solution.

4. Results: Application Perspectives for Azerbaijan

4.1 Azerkosmos: Strategic Space Infrastructure

Although the formal mechanisms of the UNESCO-NASA partnership described in Section 3 are not
directly applied within Azerbaijan, the global initiatives reviewed above — the Prithvi model family and
platforms such as HeritageWatch.Al — create a substantial opportunity space for the country, which
already possesses much of the underlying infrastructure required to engage with this technological
trend.

The Space Agency of the Republic of Azerbaijan (“Azerkosmos”), operating under the Ministry of
Digital Development and Transport, is active both domestically and internationally, and functions as
considerably more than a satellite operator: it is a strategic agency that positions Azerbaijan within the
global space economy, exports high-technology services, and develops Al-based geoinformation
systems domestically. Azerkosmos currently operates the Azerspace-1 and Azerspace-2
telecommunication satellites, providing continuous television, radio-broadcasting, and satellite-
internet services across Europe, Africa, the Middle East, and Central Asia.

The agency’s export performance has shown sustained growth through the first four months of
2026: satellite telecommunication-service exports reached USD 1.5 million in January, rose to a
cumulative USD 4.1 million across the first quarter (January-March) — delivered to nearly 90
companies in 32 countries — and reached a cumulative USD 8.7 million across January-April [38].
Across this period, service exports have consistently represented approximately 64-65 percent of the
agency’s total revenue, with the United Kingdom, Luxembourg, Sweden, Turkey, and Pakistan
consistently ranking among the top five destination markets [38]. Beyond telecommunications,
Azerkosmos provides satellite-imagery and archival-data services supporting agriculture, ecology,
cartography, and urban planning, and maintains international cooperation agreements with NASA, the
Turkish Space Agency (TUA), the China National Space Administration (CNSA), and the South African
National Space Agency (SANSA) [39].

This combination of an operational satellite fleet, an established international cooperation
network that already includes NASA, and a growing satellite-services export base constitutes precisely
the kind of national space infrastructure on which a geospatial Al programme — of the type discussed
in Section 3 — could be built without requiring entirely new capital investment in launch or ground-
segment infrastructure. The principal gap, as elaborated below, lies not in space infrastructure but in
the Al-modelling and heritage-domain integration layer.
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4.2 Satellite Monitoring of Cultural Heritage: Karabakh and East Zangazur

Azerbaijan’s close partnership with UNESCO in heritage protection reflects the country’s broader
sensitivity to global standards in this field. The protection of inscribed properties such as the Walled
City of Baku (Igarisahar) with the Shirvanshahs’ Palace and the Maiden Tower, and the Gobustan Rock
Art Cultural Landscape, already draws on internationally recognised heritage-management
methodologies. As noted in Section 1, the 47th session of the World Heritage Committee in 2025 added
two further Azerbaijani properties — the Ancient City of Gabala and the Historical, Cultural and Natural
Complex of Gamigaya and Goygol — to UNESCO’s Tentative List [40], expanding the population of
nationally significant sites that will eventually require the same standard of international-grade
documentation and monitoring as the existing inscribed properties.

The most urgent and distinctive heritage-monitoring need, however, concerns the historical and
cultural monuments located in the territories of Karabakh and East Zangazur liberated from nearly
three decades of occupation. Azerbaijan already makes active use of satellite imagery to monitor these
areas, both to assess the condition of historical-cultural monuments and to evaluate broader economic-
reconstruction potential. Applying Prithvi-type Al-based geospatial models in this specific context could
be expected to deliver several concrete benefits, sequentially:

— multi-temporal satellite analysis of changes in the territorial composition of monuments
(destruction, restoration, new construction), of the kind already demonstrated by Prithvi-EO-2.0 in
flood- and burn-scar mapping elsewhere [12, 36];

— forecasting of soil-erosion, landslide, and flood risk affecting both monuments and the broader
reconstruction zone, an application directly analogous to the hazard-mapping function of Prithvi-WxC
and the NASA Disasters Program’s severe-weather models described in Section 3.4 [24, 26];

— restoration of historical territorial-planning maps to support the return of internally displaced
persons, an application that combines archival cartographic material with multi-temporal satellite
analysis in a manner conceptually similar to Iconem’s digital-twin methodology within
HeritageWatch.Al [34].

Each of these three applications has a documented technological precedent in the literature
reviewed in Section 3; the principal task for Azerbaijan is therefore one of adaptation and integration
rather than basic research.

4.3 Toward a National “Smart Cultural Heritage Monitoring Platform”

Combining Azerbaijan’s regional space capability with its digital-humanities and heritage-
documentation needs could position the country among the more technologically advanced centres in
the international scientific arena. Building directly on the institutional-technological-implementation
framework derived in Section 3 — institutional agreement, open-source foundation models, and a
public-private (or, in this case, inter-institutional) implementation layer — the proposed architecture
of a national ‘Smart Cultural Heritage Monitoring Platform’ should include the following core
components:

— a unified coordination mechanism linking Azerkosmos, the Ministry of Culture, and the Azerbaijan
National Academy of Sciences (ANAS), mirroring the multi-institution governance structure that
underlies both the UNESCO-NASA partnership [28] and HeritageWatch.Al [34], but configured around
domestic rather than international partners;

— alocally fine-tuned analogue of Prithvi-EO-2.0, trained or fine-tuned on Azerbaijani satellite imagery
to provide automated assessment of monument condition, following the open fine-tuning pathway
already enabled by the model’s release on Hugging Face and GitHub [12, 37];

— Interferometric Synthetic Aperture Radar (InSAR) monitoring of historical monuments at the
millimetre level of subsidence detection — a remote-sensing technique complementary to, rather than
duplicative of, the optical and multispectral imagery used by Prithvi;

— full application of UNESCO’s RAM methodology to align Azerbaijan’s national Al-governance
framework with international standards, following the template Kazakhstan adopted in January 2026
[30] and consistent with the broader uptake trend, in which more than 75 countries had engaged with
RAM as of October 2025 [31];

— LiDAR scanning and 3D modelling — directly analogous to Iconem’s role within HeritageWatch.Al
[34] — to create digital twins of monuments such as the Shirvanshahs’ Palace and the Sheki Khans’
Palace.
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Each of these five components corresponds to a specific element already validated, in some other
national or institutional context, within the literature reviewed in Section 3; the platform proposed here
is therefore best understood as a synthesis and domestic adaptation of existing, internationally tested
components rather than as an entirely novel technical proposal. This is consistent with the
methodological framing set out in Section 2, where the contribution of this article was defined as a
comparative transfer analysis rather than original model development.

4.4 Space Ecosystem Development and Youth Engagement

Sustained engagement with this agenda also depends on building the specialised human-capital
base identified in Section 3.6 as one of the principal global constraints on Al adoption. Azerkosmos
regularly organises Space Olympiads and large-scale outreach events to popularise space science among
young people, and — together with its partners — convenes National Space Hackathons in which young
researchers combine artificial intelligence and satellite data to develop innovative machine-learning
models for applications including real-estate analytics, agricultural land valuation, and marine-
ecosystem monitoring,.

Within the framework of the Year of Memorialisation and Urban Planning, declared for 2026, the
agency is implementing dedicated scientific-practical projects and competitions applying satellite
imagery and geographic information systems (GIS) to cadastral mapping, territorial planning, and
digital-twin technologies. The integration of the national Al ecosystem with heritage protection carries
strategic importance in this framework: hackathon-trained researchers represent precisely the
workforce category whose scarcity was identified, in Section 3.6, as a recurring global constraint on
translating Al foundation models into operational heritage-protection tools. Embedding heritage-
monitoring challenges directly into these existing youth-engagement programmes — rather than
creating a separate training pipeline — would allow Azerbaijan to address the workforce constraint and
the heritage-monitoring agenda simultaneously, using infrastructure that Azerkosmos has already built.

5. Conclusion

The analysis presented in this article indicates that the UNESCO-NASA cooperation, in place since
2005, has continuously broadened its institutional foundations and now functions as a significant
platform for integrating artificial intelligence and space technologies into cultural-heritage protection,
disaster-risk reduction, and climate resilience. Three findings from the literature review in Section 3 are
particularly salient for the comparative transfer analysis undertaken in Section 4. First, the
technological core of the partnership — the Prithvi foundation-model family — is openly released and
was specifically designed to lower the computational barrier to adoption for institutions that did not
participate in its original training, a design choice directly exploitable by national agencies elsewhere.
Second, the HeritageWatch.Al initiative demonstrates that the institutional architecture required to
operationalise such models — a coordinated combination of a satellite-data provider, a 3D/AI-
modelling capability, and a heritage-financing or heritage-governance body — can be assembled
domestically and need not depend on direct UNESCO or NASA participation. Third, the governance layer
built around UNESCO’s Recommendation on the Ethics of Artificial Intelligence and its Readiness
Assessment Methodology provides an internationally recognised diagnostic pathway, already adopted
by more than 75 countries as of October 2025 and by Azerbaijan’s regional peer Kazakhstan in January
2026, through which a country can align a new national Al programme with global governance norms
rather than developing such norms in isolation.

From the perspective of Azerbaijan, the prospects opened up by this global experience present
themselves across three connected layers. First, the existing space infrastructure and international
cooperation network of Azerkosmos — including its established cooperation with NASA itself — already
provide ready ground for using satellite data for heritage-protection purposes. Second, the monitoring
and restoration of cultural monuments in the territories liberated from occupation in Karabakh and East
Zangazur make the adaptation of foundation models such as Prithvi to the Azerbaijani context an urgent
rather than a discretionary priority. Third, applying UNESCO’s RAM methodology constitutes a
necessary step — both technologically and institutionally — in aligning the country’s Al-governance
framework with international standards, a step for which a clear regional precedent now exists.
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In conclusion, within this multi-stranded process encompassing heritage protection, Al ethics, and
regional partnership, the implementation of a national initiative such as the proposed ‘Smart Cultural
Heritage Monitoring Platform’ — combining Azerbaijan’s own capabilities with global technological
trends — should be understood not merely as a technical innovation, but as one of the most reliable
means of transmitting the nation’s cultural heritage to future generations intact and under robust digital
protection. Future research building on this article’s qualitative, desk-based analysis should pursue
empirical pilot studies — for example, fine-tuning an openly released Prithvi checkpoint on a single
liberated-territory monument with field-verified ground-truth data — to test, rather than merely
propose, the architecture outlined in Section 4.
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llesib JaHHOM CTAaTbU — NPECTaBUTh CPAaBHUTE/bHbBIN aHA/IU3 U pa3BUTHE METO/0JI0TMYECKUX
NpPHUHLMUIIOB, OXBaTbIBalOWWK 37-JeTHUM TNepuoj, HaydyHOH [eATeJbHOCTH aBTopa. OcHOBHOe
BHUMaHUe yjesseTcs TpaHCPoOpMallMyM KOHUENLMHU HAyyHOro I3KCIIepUMEHTa, 3aJIO)KeHHOW B
JUCCepTallMOHHOM uccienoBaHud 1988 roga, B coBpeMeHHYW ¢uaocoduo B3aUMOLEUCTBUS C
HCKYCCTBEHHbIM UHTeJulekToM (MU). ABTOp AoKa3blBaeT, YTO B 3M0Xy TeHEpPaTHUBHBIX Mojeseil
NPOMIIT-UHXKUHUPHUHT IlepecTaeT ObITb YMCTO WH)KeHEepHOW 3aZiayed U NepexoJUT B IJOCKOCTb
TYMaHUTApHOTO NPOEKTUPOBaHUs. lleHTpasbHOe MecTo B paboTe 3aHMMaeT aBTOpPCKash KOHLENIUsA
«Zero-Iteration Workflow» (6e3uTepanuoHHblii pabouuii mnporecc). CyTb JaHHOrO MOJX0Ja
3aKJII04YaeTcsd B JOCTHXKEHUHU TOYHOTO pe3yJsbTaTa B3auMogenctsusa ¢ UM ¢ nepsoro 3amnpoca 3a cyeT
rJIy6OKOW NpeABapUTENbHON NTPOPabOTKH «OHTOJIOTHUYECKOTO Jiu3aliHa» mpoMmnTa. MeTojuka
VCKJ/IIOYaeT JIMIIHHUE UTepaluu («Ipo6bl W OLIMOKHU»), HUCIOJb3Ys HHCTPyMeHThl ¢unocoduy,
bunosoruu W 3THOrpaduu JJjisi  YCTpPaHEHHUs CeMaHTHYeCKOM HeonpezeseHHOCTH. ABTOD
060CHOBBIBAET MPO30PJIMBOCTb KJIACCHUYECKOH Ka3aXCTaHCKOM IKOJIbI AUAJEeKTHKHY, B paAMKaX KOTOPOU
IKCIEepUMEHT paccMaTpUBA/ICA KaK aKTHBHAdA [edATeJbHOCTb cyOobekTa. CerofHA 3TOT MNOJXO[,
no3BoJiseT JieMucTudUnupoBaTh U, BUs B HeM «OMepTBJIEHHBIN TPYA» YeJ0BEYECTBA, TPEOYIOUIUN
«KHWBOTO» KaTeropuajibHOro paclnpeiMeydBaHusi. B cTaTbe mNOAYEpKUBaETCs HeO6X0JUMOCTh
NpUOpUTeTa T'YMaHUTAPHBIX OCHOB HAJli TeXHWYECKHMMM CpeJiCTBAaMU JJIl YIpaBJeHHUS CJIOKHBIMU
aJITOPUTMHAYECKUMU CUCTEMAMHU.
Katouesvie c/n108a: VCKYCCTBEHHBIA HWHTEJJIEKT, METOJOJIOTHSI HAyKH, HAYYHbIM 3KCOEpUMEHT,
MPOMIT-UHXXKUHUPHUHT, Zero-Iteration Workflow, kasaxcranckas ¢wumocodckas mikosa, mudponas
dunocodusi, aKTUBHOCTb CyO'bEKTA.
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YreysuHa A.C, ¢uocodus FbUIBIMAAPBIHBIH, KaHAWUAAThI, KacaHAbl MHTEJVIEKT >XK9He KOFaMJbl
3epTTey OPTaJbIFbIHbIH AUPEKTOpPbI, AMaThl, KazakcTaH.
E-mail: Utembaika80@gmail.com, ORCID ID 0009-0006-0228-1717

AHHOmMayus. MakKasaHblH, MaKcaTbl — aBTOP/AbIH, FbLIbIMU KbI3MeTiHiH 37 KbUIJbIK Ke3eHiH
KaMTUTBIH 9/jiCHaMaJIbIK KaFU/aJapblHbIH JaMybl MEH Ca/IbICTbIpMasibl Taaaybl ycbiHY. Herisri Hasap
1988 KBIJIFbI JUCCepTaLUAJBIK  3epTTeyze KaJIbINITaCKaH FBIJIBIMU 3KCIIepUMEHT
TYKbIpbIM/IaMachIHbIH, Ka3ipri *kacanapl uHTessiektneH (JKU) esapa apekertecy ¢usocodusicbina
Jerinri TpaHcpopmanusacbiHA ayAapbliafbl. ABTOp TeHepaTHUBTI MoJesbJep AdyipiHAe NpoMIT-
WHXXUHUPUHITIH Ta3a UHXeHepJsik MiHJeT 60JIiyAaH KaJblll, TYMaHUTApPJbIK *K0obajay KeHicTirine
aybICaThIHBIH JlaJeiel1i. 3epTTey/iH e3eriHjie aBTOPJbIK «Zero-Iteration Workflow» (utepanuscei3
YKYMBIC Yepici) Ty»KbIpbIMAaMachkl OpbIH anafbl. bys TacinaiH MoHI — NPOMOTTBIH, «OHTOJIOTHUSJIBIK
JU3allHbIH» TepeH al/blH aja NbIChIKTAay apKblibl 2K -MeH e3apa apeKkeTTecyze aJFalliKpbl Cypay/AblH,
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©3iH/ie /19J1 HOTUXKETe KOJI )KeTKi3y. 9icTeMe ¢punocodus, puiosorus xkaHe sTHorpadus KypaagapbiH
naiziajana OThIpbII, CEMaHTHKAJIbIK AU KbIHCBI3AbIKThI KO0 apKbLIbI apThIK UTepalusiap/ bl («cbIHAY
’KOHE KaTeJiecy») >KOKKa IIbIFapaZibl. ABTOpP KJIaCCUKAJbIK Ka3aKCTaH/bIK AUaJeKTHKAa MeKTeOiHiH
KepereH/[iriH Heri3/ley OThIPbII, OHbIH asChIH/IA SKCIIEPUMEHT CYy6beKTiHiH 6esiceH/[i KbI3MeTi peTiHae
KapacThIpbLIFaHbIH KepceTe/i. byrinri kyHi 6yn Tocin XKHU-ai gemuctudukanusiayra MyMKIiHAIK
Oepil, OHbl KaTeropHUsiJIbIK TYPFbIJIaH «Tipi» Typ/le KahTa Urepy/li KaKeT eTeTiH aJaM3aTThIH «6JIi
eHberi» peTiHJe malbIMayFa »oJ amagpl. MakanaZa Kypaeni aJropuTMAiK xyhenepai 6ackapya
TeXHUKaJbIK KypajJapAaH repi TyMaHUTApJbIK Heri3fep/iH, 6achIMbIFbl KAXKETTiJairi artan
KepceTinen;.

TyiiiH ce3dep: *acaHJbl UHTEJJIEKT, FbIJIBIM METOZ0JIOTHSCHI, FBIJILIMH 9KCIEPUMEHT, TPOMIIT-
WHXXUHUPUHT, Zero-Iteration Workflow, kazakcTanabik dunocodust mekTebi, {udpJbiK usocodus.
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FROM THE METHODOLOGY OF EXPERIMENT TO THE PHILOSOPHY OF Al: EVOLUTION
OF THE RESEARCH PROGRAM (1988-2025)

Uteulina Aizhan Seilovna, Candidate of Philosophical Sciences, Director of the Center for Al and Society
Studies, Almaty, Kazakhstan.
E-mail: Utembaika80@gmail.com, ORCID ID 0009-0006-0228-1717

Abstract. This article presents a comparative analysis and the development of the author’s
methodological principles, covering a 37-year period of scientific activity.

The purpose of this article is to present a comparative analysis and development of the author’s
methodological principles, covering a 37-year period of scientific activity.

The main focus is placed on the transformation of the concept of the scientific experiment,
originally formulated in the 1988 dissertation research, into a contemporary philosophy of interaction
with artificial intelligence (Al). The author demonstrates that in the era of generative models, prompt
engineering ceases to be a purely engineering task and shifts into the domain of humanities-based
design. A central position in the study is occupied by the author’s concept of the “Zero-Iteration
Workflow.” The essence of this approach lies in achieving an accurate result of interaction with Al from
the very first request through deep preliminary elaboration of the prompt’s “ontological design.” The
methodology eliminates unnecessary iterations (“trial and error”) by employing tools from philosophy,
philology, and ethnography to remove semantic ambiguity. The author substantiates the foresight of the
classical Kazakhstani school of dialectics, within which the experiment was regarded as an active
activity of the subject. Today, this approach makes it possible to demystify Al by viewing it as the
“objectified labor” of humanity that requires “living” categorical re-objectification. The article
emphasizes the necessity of prioritizing humanitarian foundations over technical means in the
management of complex algorithmic systems.

Keywords: artificial intelligence, methodology of science, scientific experiment, prompt
engineering, Zero-Iteration Workflow, Kazakh philosophical school.

BeedeHnue

ApXUTEKTOHHWKA NPEEeMCTBEHHOCTH B Ka3aXCTAaHCKOW $UI0Cco0PCKON MBICIU

B 3TOM KOHTEKCTe 0COOYyH aKTyaJbHOCTb NMpUoOpeTaeT obOpallleHHe K UHTE/IEKTyaJbHOMY
HacJleJUI0 Ka3axCTaHCKON PpUI0COPCKON IKOJIb], B YACTHOCTH K TpaAuLUaM AnMa-ATUHCKON LIKOJIbI
JIMaJIeKTUYEeCKON JIOTUKH, pacuBeT KoTopod mpuiiescsa Ha 1970-1980-e rogbl. UMeHHO 37ech, B
Heapax MHcTtuTyTa dunocodpun u npaBa AH KasCCP u Ha kadegpax Kasl'yY um. C.M. KupoBa (HbIHe
KasHY um. anb-®Papabu), 6611 BBIpab0TAaH YHUKAJIbHBIA KaTerOpHUaIbHbBIN anmnapar, M03BOJISOLIUNA
ye B 2026 rony ocyuiecTBUTD IJ1yO00Ky0 pedJieKcHIo peHOMeHa UCKYCCTBEHHOTO UHTeJIJIeKTa He Kak
TEXHOJIOTUYECKOU UTPYIIKH, a KaK PyHJaMeHTalbHON OHTOJOTUYECKON TPO6IEMBI.
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Hacrosmasa craThs MpeAcCTaBasieT COG0M MOMBITKY PEKOHCTPYKIMU UM aKTyaJu3aluu
WCCJIe[J0BAaTE/NbCKON MPOrpaMMbl, 3aJ0XKEHHOW aBTOPOM B JUCCEPTAllMOHHOM HCCJeL0BaHUU
«MeToosioru4ecKas poJib 3KCIIEpUMEHTA B HAYYHOM II03HAHUMW», 3alUIleHHOM B AsiMa-ATe B 1988
rofy.

JlaHHas pa6oTa, BbINOJHEHHasi NOJ WJAEHWHBbIM BJUSHUEM akajeMuka K.M. AGAUIbJUHA,
COIEPXKUT PSAJA NPOTHOCTUYECKUX MHTYUIIMKA KacaTeJbHO MPUPOABI «TJI00AJbHOTO 3KCIEPUMEHTAy,
«MaTeMaTH3alHWH [O3HAHUS» W «AKTUBHOCTHU CYO'bEKTa», KOTOpble OOpPETAT CBOE HCTHUHHOE
3By4YaHUeE JIMIIb ceWYaC, B YCJIOBUSAX IIJIAHETAPHOTO Pa3BepThIBAHUS aJITOPUTMUYECKUX CUCTEM.

ABTOp paccMaTpUBaeT JAaHHbIN TEKCT He KaK apXUBHbIN apTedakT, a Kak TOUKYy 6UpypKal1y, B
KOTOPOM KJlacchyecKasl AWaJieKTU4YecKas TPaJULUsl CONPUKOCHYJACh C MpeaYyBCTBUEM LUPPOBOU
3M0XM, MNOPOJWB METOJ0JIOTHIO, CIMOCOOHYI OOBSCHUTH KPU3HUC COBPEMEHHONW TeXHOTeHHOU
UBUJIU3AIUH.

OCHOBHOUM Te3UC UCCAe0BaHUSA 3aK/JIO4YaeTcd B TOM, YTO KOHLENUUSA «aKTUBHOCTH
cy6bekTa», pa3paboTaHHasgs AyMa-ATHHCKOW IIKOJIOH, SIBJSIETCS KJKYOM K JeMUCTUOUKALUU
coBpeMeHHoro HMHW. B mpoTuMBOBeC TexXHO-JeTepMHMHU3MY, pacCMaTpPUBAKOILEMY HEUPOCETH KakK
aBTOHOMHBIX areHTOB, AUaJeKTHUYeCKUN 0X0/, T03BOJISIET YBUAETb B HUX «OMEPTBJIEHHbIN TPy » (B
MapKCHUCTCKOM MOHMMAaHUU) U GOPMY OTUYK/IeHHOW COLMAJIbHOM MPAaKTUKU.

AHann3 3BOJIIOLUM TMOHATHS «IJIOOAJbHBIA 3KCIEPUMEHT» - OT 3KOJOTHYECKHUX U
MEeTeOopOJIOTUUECKHUX KOHHOTanMU 1980-X roioB K couuoTexHuyeckuM peaausiMm 2020-x — mo3BoJisieT
BBISIBUTb CTPYKTYPY OTBETCTBEHHOCTHM U PUCKOB, CBSI3AHHBIX C HEKOHTPOJHUPYEMbIM BHEeAPEHUEM
GOJIBIIMX SI3BIKOBbIX MoJesiedl (LLM) B coumanbHyr TKaHb. Oco6oe BHUMaHHe YAessieTcsd Ha
IYMaHUCTHUYECKOE U3MepeHNe TEXHOJIOTUH U POJib YeJIOBeYeCKOro GpakTopa B yIPaBJAEHUH CJI0KHBIMU
CHCTEMaMHU.

Mamepuavt u memodul

MeTo/0/10TUYECKY0 OCHOBY MCC/e[0BaHHUsI COCTaBJIsIeT JWaleKTUKO-JIOTUYeCKUH MOAX0J,
pa3paboTaHHbIA B paMKax AJMa-ATUHCKON Pri0coPCKON IIKOJIbI MO/ BAUSHUEM akazeMuka .M.
A6punpavHa. IlpuMeHsieTcd  MeTOZ  MCTOPHUKO-JIOTMYECKOH  peTpPOCHeKLHH, I03BOJIAKILNN
CONOCTaBUTb CTPYKTYpPY HAy4YHOTO 3KCIIepUMeHTa KOHIa XX BeKa C COBpeMeHHbIMU KOTHUTUBHBIMU
NpPaKTUKaMU NPOMIOT-UHXXUHUPUHrA. ABTOpP HMCHOJIb3yeT pedeKCUBHBIA aHalu3 COOGCTBEHHOU
HCCJ1e/l0BaTebCKOM MpOrpaMMbl JJis1 BbISIBJEHUS] MPEEMCTBEHHOCTH KaTeropvajbHOTO anmnapara.
KiroyeBoil ycTaHOBKOH fABJISIeTCA NPHUHLMI aKTUBHOCTU CyObeKTa, B paMKax KOTOpPOro MO3HaHHWe
TPaKTYeTCs KaK MPOLECC «pacnpefMeyrBaHUSA» pPeasbHOCTU. Jljis 060CHOBaHUS METOAUKU «Zero-
I[teration Workflow» npumeHsieTcs MeXAUCHUIJIMHAPHBIA cUHTe3 ¢unocoduy, GUIOJIOTUU U
aTHorpaduu, YTO MO3BOJISIET NepPeBECTH TEXHUYECKYIO 3a4a4y B3auMogeictBus ¢ UM B miaockocThb
repMeHeBTUYECKOI'0 IPOEKTUPOBAHUS CMbICJIOB.

Humeaaekmyanawvhblii aaHdwagpm 1980-x: duaiekmuka npomue doemamu3md

Jis moHUMaHusA ray6uHbI UJIeH, 3aJ0’KeHHbIX B MCCJE/I0BaTe/bCKON mporpamMmMme 1988 roja,
Heo6X0JUMO PEKOHCTPYHpOBaTh puiocopckuil KOHTEKCT anoxu. B 1960-1980-e rogbl Anma-Ata
CTasIa OHUM U3 BeAyLUX IeHTPOB Pa3BUTHs JUaleKTU4YecKol JIorTuku B CoBeTckoM Coro3e, HapsAy C
MockBoii (mkosa 3.B. UnbeHkoBa) u KueBom (wkodia I1.B. KonHuHa). JIniepoM Ka3axCTaHCKOM LIKOJIbI
BbICTYNaJ akaZeMuk K. M. A6aunbpjvH, ybu TpyAbl no Jjoruke «Kanutana» K. Mapkca u Teopuu
Mo3HaHUs CHOPMHUPOBAIM liejioe TMOKOJIEHUE MBICAUTENEH, OPUEHTUPOBAHHBIX Ha NpeoJioJieHUe
JIOrMaTU4YeCKOro MapKcu3Ma 4depe3 obpalieHHe K rereJieBCKOW TPafguLUU U TJIYOMHHOMY aHaIu3y
NPUPO/bl MBILIJIEHUS.

KitoueBoit 0co6eHHOCThI0 AJIMa-ATHHCKOM LIKOJIbI ObLJ1 0TKA3 OT IOHUMaHUS OTPaXKeHHUs KaK
MAaCCUBHOT'0 3epPKa/JIbHOTO aKTa. B MpoTUBOBEC 3TOMY BbIJIBUTAJICS NPUHLUMUI aKTUBHOCTU CYyO'bEKTa
(subject activity). [lo3HaHHe TPaKTOBAJIOCh KaK CJOXKHbBIH, UICTOPUYECKH Pa3BUBAKIIMKCS MPOIECC
pacnpenmedyrBaHus (disobjectification) peasnbHOCTH, TZe CyO'BEKT He MPOCTO CO3EpLAET MHP, a
aKTUBHO (popMUpyeT ero obpas uepe3 KaTeropuajbHble CeTKHU, UHCTPYMEHTbl U MPAKTHUKY. Kak
O0TMevaeTcs B pelleH3UsAX Ha pa6oThl 2K.M. A6 IU/IbAMHA, IEHUHCKHU Te3UC 0 COBNaJIeHUU JUA/IEKTHKH,
JIOTHKA W TEeOpUHM I[03HAHUSA ObLI [ Ka3axCTaHCKUX ¢uiocodoB He JIO3YHTOM, a paboyum
MHCTPYMEHTOM aHaJIN3a COBPEMEHHOU HAYKH.
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B pauccepranuu 3Ta MeTOJ[0JIOTMYECKAasd YCTAaHOBKA peasiM3yeTcsl 4Yepe3 aHaJU3 HaydHOro
3KCIEpPUMEHTA, HA «METO/0JIOTHYECKYI0 pOJib MapKCUCTCKOTO MPUHIMIA aKTUBHOCTH CyO'beKTa B
HAay4YHO-TEOPeTUYECKOM TMO3HAHUU» KAK Ha OCHOBY CBOETO HCCJIeJ0BaHUS. BaXKHO OTMETHUTB, YTO B
KayecTBe 0QUI[MATBHOTO ONMMOHEHTA Ha 3alUTe BbicTynasa caM JK.M. AGIUIbAUH, UTO NOATBEPXKAAET
BKJ/IIOYEHHOCTb JJAaHHOUW paGoThl B S/IPO HUCCJIe0BATEJNbCKON MPOrpPaMMbl IKOJIbL. ITOT GAKT UMeET
NpUHIMINAIbHOE 3HAa4YeHHe: aHa/lIu3 3KcnepuMeHTa B 1988 rogy O6bL1 He HPOCTO YacTHBIM
ucciaeZoBaHueM 10 o¢uwiocodur GU3UKHM, a MOMbITKOW NPUMEHUTh MOIIHbIA amnmapar
AUAIeKTUYEeCKOH JIOTUKM K NMOHHMAHHUI0 TOro, KaK 4YeJI0OBeK KOHCTPYHMPYeT peajbHOCTh B
yCJ10BUAX HAYYHO-TeXHUYecKoil peponionuu (HTP).

Auasekmuka «3#cu8020» U «0Mepme/1eHH020» mpyadad 8 N0O3HAHUU

Anma-ATUHCKas 1IKOJa, cJlefys JIOTUKe Mapkca, paccMaTpuBasia KaTerOpUM MbILIJIEHUS KaK
«onpeaMedyeHHble» GOpPMBI Yesl0Be4eCKOH AeATeJbHOCTH. JII60M UHCTPYMEHT — Oy/Jib TO MOJIOTOK,
LUMKJIOTPOH WJM MaTeMaTudeckass ¢$opMmy/a — eCTb CBepHyTas, 3acThIBLIAs NPAKTHKA MNPOILJbIX
MOKOJIEHUH («OMepTBJIEHHBIN TPY1»), KOTOpas 0XKMUBAEeT JIULIb B PyKax aKTUBHOTO CyObeKTa («KUBOU
TPYA»).

B pa6oTe 1988 rozna sTa fuaseKTUKa IPOCAEXKUBAETCSA B aHa/IM3€e B3aHMOOTHOILIEHUH Tpubopa
Y uccaepoBaress. «Hu camu npubopsl, HU 00 bEKT He MOTYT OBbITh YCJIOBUSAMH KaK TAKOBBIMH, €CJIU OHU
He BOBJIeYEHbl B YeJIOBEYECKYI [JefATeJbHOCTb. YCJOBHUA, B CHUJY CBOEHW MpPeIMETHOCTH..
npejnoJiaraloT  ux  pacnpenmeuuBaHue»  (A.C.YTeysivmHa). JTO  MoJIOXKEHUEe  SIBJsSETCHA
byHaamMeHTalbHBIM JJ11 coBpeMeHHOU ¢unocoduu MU. CeroiHs Mbl CTaJIKUBAaeMCsl C CUTyalMeH,
KOT/la TUTAaHTCKHEe MacCUBbl «OMEPTBJIEHHOTO TpyAa» (TEKCThbI, U300paKeHU s, KOJ, HAKOIJIeHHbIe
4yeJIoOBEYECTBOM) «OIlpe/iMeyeHbl» B IapaMeTpax HellpoceTel.

OmunbKa COBpEMEHHOI0 TEXHO-ONTUMHU3Ma 3aKJ/II0YAETCS B MPUNUCBIBAHUU 3TOMY «MEPTBOMY
TPyAy» CYyObEKTHBIX KadecTB (CO3HAHHSA, BOJIM, areHTHOCTH). JluajeKThyeckas MeTOJ0JI0TUs
A6 uibrHA U YTeyJUHON NO03BOJISIET BCKPBITh 3Ty PeTulin3sanuio: MM akTUBEH JIMLIb NOCTOJBKY,
MOCKOJIbKY OH BKJIIDOUEH B KOHTYp [JesTeJbHOCTH >HUBOro cybbekTa. be3 «KUBOro orus»
4yeJIOBEYECKOIro liesielloJlaraHusl  aJFOPUTM  OCTaeTcs JIMIIb CJ0XKHOW QopMoil  MaTepuy,
1o/ Bep>KeHHOW 3HTponuU. Kak oTMedaeTcss B COBpPEMEHHBIX MCCJeJ0BaHUAX, ONYyOJMKOBAaHHBIX B
)ypHase Al & Society, korja «OMepTBJIEHHBIA TpyZ» HAYUHAET AOMHUHUPOBATb HAJ «KHBBIMY,
BO3HHKaeT OTYYXK/eHHe, BeAyllee K Jilerpaallii TBOPYECKOro MOTeHIMala.

Mamemamu3ayus kak hopma cy6sekmugHocmu

Oco6blif MHTepec MpeAcCTaBJseT aHa/JU3 MaTeMaTU3alUU 3KCIIePUMEHTa, MpPOBEeJeHHBbIA B
pa6oTe 1988 roza. B To BpeMs Kak NO3UTUBU3M pacCMaTpPpUBa/ MaTeMAaTUKY KaK HEUTPaJIbHBIN S3bIK
ONMCaHUs NPUPOJBI, JUaleKTUYecKasd LIKoJa BHJesa B Hel BbICUIYI0O GOPMY aKTUBHOCTH CyO'bEeKTa.
«HccnepoBaTh MaTeMaTH3aLMI0 HAyyHOrO 3KCIIepMMeHTa KaK (OpMy aKTHUBHOCTH CyO'beKTa
TeOpeTUYECKOTO O3HaHUA» — TAKOBA OJiHA M3 3a/ia4, TIOCTaBJIEHHbIX aBTOPOM M CCepTaLMH.

MaTeMaTH4YeCKMHA 3KCHEPUMEHT (KOMIbIOTEPHOE MO/JIeJIMPOBaHME) pacCMaTpUBaAJICH Kak
«MOCT» MeX/Jly MBICJEHHBIM W peaJbHbIM 3KcllepuMeHTOM. B 1988 rogy 3T0 OTHOCHJIOCH K
MO/JeJIMPOBAaHUI0 GU3UUECKUX POLIECCOB MU KIMMAaTHUeCKUX chucTeM. OZJHAKO JIOTHKA PacCy JeHUs
NpUMeHUMaA U K coBpeMeHHbIM LLM. I'enepaTtuBHblit UU - 3TO npesenbHas dopma MaTeMaTHU3aALUHY,
rZie He TOJIbKO NPUPOJHBIE MPOLEeCChl, HO U CEMAHTHKA, KyJbTyYpHble KOJbl U COLMa/bHble HOPMBbI
nepeBe/ieHbl Ha I3bIK BEKTOPOB U MaTpHIL,

B coBpeMeHHBbIX GOJIbIINX S3BIKOBBIX MOJEJSIX 3HAYEHHUs CJIO0B, MOHATHHA M JaXKe CJIO0XKHBIX
CMBICJIOBBIX KOHCTPYKLIUM Npe/iCTaB/eHbl He B BUJie CJIOBApPHBIX ONpe/e/ieHnH, a KaK MHOTOMepHbIe
BEKTOpHble TmpeAcTaBaeHus (embeddings). KaxJoMy NOHATHIO COOTBETCTBYeT TOYKa B
BbICOKOpPa3MepHOM IPOCTPAHCTBE, a CeMaHTUYecKasd O6JIM30CTb OINpefessieTCsl PAcCTOSHUSMHU U
HanpaBJEHUSIMU MEXAY TAKUMH BeKTopaMu. CiefjoBaTesibHO, Puiocodpckue KaTeropuu, KyJbTypHbIe
KO/IbI ¥ JIOTUYECKHE OTHOLIEHUS IPUOOPETAIT MaTeMaTUYeCKY10 GOpMY, JOMYCKAOLIYIO BbIYHUCIEHUE
BEPOSATHOCTHBIX II€PEX0Jl0B MeXJy CMbIcJaMd. MMeHHO N03TOMy IpoliecC UHTepHpeTaluu He
vcyesaeT, a IepeHOCUTCSl Ha 6oJiee BBICOKUU yPOBEHbB: CYO'bEKT yKe paboTaeT He HENOCpeJCTBEHHO C
TEKCTOM, a C pe3y/JIbTaTOM MaTeMaTUYeCcKOro Npeobpa3oBaHusl CMBICJOBOr0 NpocTpaHcTBa. C TOYKH
3peHus1 AlMa-ATHHCKOW LIKOJIbl, 3TO O3HAa4yaeT He «yXoJ CyObeKTa», a, HA060pOT, KOJIOCCaIbHOE
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BO3pacTaHUe ero poJid, TaK KaK MaTeMaTHuyecKass MoJieJib TpeOyeT elle 6o0Jiee CA0XKHOU
MHTEepIpeTalyy U BaIUJALNH, YeM HENTOCPeCTBEHHOE HABII0AEHHE.

CyobekT 1988 roga «pacnpeaMmedrnBa» mokasaHus ocuusiorpada. Cyowrekt 2025 roga gomkeH
«pacnpeaMeTUTb» BbIBOJ, HEMpPOCETH, MOHSAB, KaKHe ColjhaJibHble NMpeayOexeHus, TeopeTuyecKue
YCTAaHOBKH U KYJIbTYpHble NATTEPHBI ObLJIU «3alIUThI» B €6 MaTeMaTHUYECKYI0 CTPYKTypy Ha 3Tarme
06y4eHus1. be3 aTol pedsiekcMBHOU paboThl, HA KOTOPOUM HacTanBaJa Kosa AGUIbMHA, TO3HAHUE
BBIPOXK/IA€TCSI B HEKPUTHUECKOE OTpebieHre MAallMHHBIX Ta/UTIOUHALMH.

Pe3yibTaThl U 06CyKAECHHUE

Konumekcm 1988 2oda: Memeopos102us u 3kos102us

[lousiTue «ryio6anbHbIM 3KcrnepuMeHT» (global experiment) He sBjseTcsa ciay4alHOU
MeTadopoit. Koner; 1970-x u 1980-e roapl 6bLIM BpeMeHEM NEPBbIX MACIITAGHBIX MJIAaHETAPHBIX
rcciaegoBaHui. B 1978-1979 rogax npoutes [lepBbiii riio6anbHbii akcniepuMeHT [TUT'AIT (FGGE - First
GARP Global Experiment), craBmui GecrpeleleHTHOW MONBITKOW CO6paTh JaHHbIE O COCTOSIHUU
atMmocdepbl Bcel 3eMJIU. Y4eHble 0CO3HA/H, YTO aHTPOIIOTEHHOE BO3/IENCTBYE HA TPUPOAY IOCTHUTJIO
TaKHX MaclITaboB, UYTO YesIoBeuecTBO PpaKTUYECKH NPOBOJUT HellpeJHAaMepPeHHbIN 9KCIIEPUMEHT Haj
COOGCTBEHHOMU cpeJloi 06UTaHUS.

ABTOopoM  ¢uKcupyeTcss  3TOT  CABUT B METO/OJIOTHU: «Ilox, ~ rao6anbHBIM
IKCIEepUMEHTHUPOBAaHUEM Mbl IOHUMAaeM [esITeJbHOCTh CyObeKTa, HalpaBJeHHYH Ha H3yyeHHe
NpPOLECCOB... MPOTEKAUUX B OYeHb OOJIbIIMX CHCTEMaX.. JTH IMPOLLECChl XapaKTepU3YITC
HeoO6paTHMOCTbIO». BaKHeHIIMM OT/JAWYMEM TJ100aJbHOr0 3KCIEPUMEHTA OT KJIACCUYECKOro
JIabopaTOPHOTO ABJISETCI HEBO3MO>KHOCTb M30JIAALUM 00beKTa. B s1abopaTopuu yyeHbIN CTPOUT
TOJICTbIE CTEeHbl, YTOObl HCKJIOYUTHL BHELIHHE I[OMeXd. B ri06ajbHOM 3KCIIEPUMEHTE «CTEHbI»
OTCYTCTBYIOT — 06'bEKTOM SIBJISIETCS BECh MUD.

BTOpbIM KpUTHYECKUM apaMeTpoM, BblJleJieHHbIM B 1988 rojy, sB/aseTcss HEOOPAaTUMOCTb U
O HOKpAaTHOCTb. Kilaccuueckuil skcnepuMeHT BepuUdULUPYeM uvepe3 MHOIOKpAaTHOe MOBTOpeHHe
(penuivkanuto). [1o6anbHbIN 9kciepuMeHT (HanpuMep, Bbiopoc CO2 B aTMocdepy WU UHTPOAYKLUS
HOBOTO BH/Ja) MPOBOJAMUTCSA OJWH pa3, U ero pe3yabTaThl MEHSIOT HayajbHble yCJOBHS HaBCerja.
«PeasbHBINA TJI00A/NIBHBIA 3KCIIEPUMEHT HEBO3MOXXHO IMPOBOJUTH MHOTOKpPATHO.. OH CBfI3aH C
HelpepbIBHBIM, HE06PATUMBIM NPOLLECCOM, C IOCTOSIHHO MEHSIIOLUMHUCS BO BpeMEHHU YCJI0BUSIMU». ITa
MeTO/|0JIOTUYecKasi YCTaHOBKA, BbIpaboTaHHasi /ISl aHa/M3a 3KOJIOTMYECKUX NMpo6JieM, OKasaaach
MPOpPOYECKOH JJ1s1 IOHUMaHUs 1MUY POBOI PEBOJIOLUH.

Tpancghopmayus KoHyenyuu 6 anoxy yugposusayuu

[lepeHocsicb B 2025 rojj, Mbl BUAUM, YTO TEPMUH «IJ106a/bHbBIN 3KCIIEPUMEHT» NPOYHO BOLIEJ B
CJIOBaphb COLMOJIOTHUU TEXHUKU U pusocodpuu U, HanmoTHUBIIKMCh HOBBIM cofiep:kaHueM. Eciiu B 1988
rofy pedb 1ma o ¢u3WYecKOHd O0OOJIOUKe IJIaHeThbl, TO CEerojHd apeHOW 3KCIepHMeHTa CTaJja
colMaJibHasi TKaHb U KOTHUTUBHAs cdepa yesoBeyeCTBa.

BHespeHne ajqropUTMHUYECKHX JIEHT COLMAJbHBIX CeTel, CUCTEM pacno3HaBaHUA JIUL, W,
HaKOHel, OOJbIIMX fA3BIKOBbIX Mogesned (LLM) onuceiBaeTcss HccilefoBaTeNlsIMH  Kak
«HeperyJupyeMbli rjao6aabHbid skcniepuMeHT» (unregulated global experiment). Kak u B onucanuu
JIUCCepTAaLlMOHHOM paboThl, IZje IKCIIEPUMEHT XapaKTepu3yeTCsl HEBO3MOXKHOCTBIO U301 UK. Hesb3s
CO3/1aTh «CTEPUJIbHYIO» COLMAJIBbHYIO FPYIIY, He NOABEPKEHHYIO BJIUAHUIO IMQPOBBIX TEXHOJIOTHH,
4yTOObI UCNO0JIb30BaTh ee KaK KOHTPOJIbHYI0. Bce yesoBeyecTBO BOBJIEYEHO B MPOLiECC 0OYYeHUs U
vcrnoJsib3oBanusi UMY, ctaHOBsICH OJHOBPEMEHHO U CyO'bEKTAMH, M 00'bEKTAMH 3TOTO BO3€MCTBUSI.

BakHBIM acmekToOM, OTMe4YeHHbIM B Jucceptauuu 1988 roja u mojiydyMBIIMM pa3BUTHE B
COBpEMEHHBIX HCC/Ae[JOBaHUAX, fABJAETCAd pOJb CAYYallHOCTM M MaJblX BO3JelCTBUH.
«HecymiecTBeHHble Ha NepBbIM B3IJ/IAJ CBA3M U OTHOLIEHUSI MOTYT ChIrpaTh pelIapllyl poJib B
HEOXHUJJaHHOM MOBOpOTE Ipoliecca 3KCNEPUMEHTUPOBAHUSA B HeEXeJaTeJbHYI0 CTOPOHY, YpeBaToOM
KaTacTpopUUeCcKUMHU MocaeAcTBUsAMU». B koHTekcte UM 3TO sBNIeHHe M3BECTHO Kak mHpobJsema
«alignment» (BblpaBHMBaHMA) U HeNpeJCKa3yeMOro MNOBeJeHUs CJOXKHBIX chcTeM. Maseiiliue
cMeleHus (biases) B 00yyamwIUX JAaHHbBIX, KOTOPble Ka3a/MCb pa3paboTYMKaM HecyllleCTBEHHbIMH,
Opyd TJ106aJbHOM MacIITaOUPOBAaHUM MPUBOJAAT K CHCTEMHOM [JUCKPUMHHALMH, TOJSIpU3aLUU
00611[eCTBa U 3PO3UH AEMOKPATUIECKUX UHCTUTYTOB.
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Ta6smmpa 1. CpaBHUTE/IbHBIA aHAIU3 CTPYKTYPHI IVI06a/IbHOTO IKCIIEPUMEHTa

(1988 vs 2025)
I'1o6a/1bHbII .
IlapameTp I'106aabHBIN 3KcnepuMeHT U
CpaBHEHMS I C (G S (Mogensb 2025T.)
P 1988r.) '
06 BbeKT Buocdepa, kumar, Hoocdepa, conuaibHble KOMMYHHUKAIWH,
HUCCIe0BaHUA 3KO0JIOTUYECKHEe CUCTEMBI KOTHUTHUBHBIE MPOLIECCHI
[IpuposHO-TEXHUYECKas Couuo-texnudeckad, pekypcusHas (MU
XapakTep cucTeMbl PHPOA ’ . » PEKYP (
OTKpbITas 06y4aeTcs Ha JJaHHBIX, co3/JaHHbIX NH)
HeBo3moxxHa nHpopmanronHo (Ubiquitous
H3onanua HeBo3MmoxHa Ppusnyecku ) popman (Ubiq
Computing)
. Heob6paTtumocTthb Heo6paTHMOCTb KYyJbTYPHBIX U
BpemeHHOM paKkTOp p P yABTYP
dU3NIECKUX TPOIECCOB KOTHUTHUBHBIX CIBUTOB
CVEBEKT Hay4yHoe coob611ecTBo, Texnokopnopauuu (Big Tech),
y rocyZapcTBo ITOPUTMHUYECKHE areHThl, I0Jb30BaTETU
Pricku JKOJIOTUYECKUU KOJIJIAIIC, JnucTeMUYECKUH KPU3UC, KOJJIAINIC MOJleIer
s/lepHasi 3uMa (Model Collapse), yTpaTa cy6'beKTHOCTH

IlranemapHbIii KOMNbLIOMUHZ KAK peaau3ayus duaieKkmu4ecko20 npo2Ho3a

B coBpeMeHHO!H ¢umocodruu TEXHUKH, B YACTHOCTU B paboTax, MyOJIMKYyeMbIX B KypHase Al &
Society, pa3BUBaeTCsl KOHIIENIUSA «IJaHETapHOTO KoMnbloTUHra» (Planetary Computing). CorJyiacHo
el, 3eMJis MOKpbIBAaeTCA CJOeM BbIYHUCJAUTEJbHOW HHQPPACTPYyKTYphbl, NpeBpalasch B eAUHBbIN
KHGepHEeTUYEeCKUH OpraHu3M. ITO epeKJIUKaAeTCsl C MHTYULHUSAMU A/Ma-ATUHCKOM LIKOJIbI O TOM, YTO
MpaKTHKa CyO'beKTa NpUobpeTaeT MIaHeTapPHbIK MacIITab, 0XBaThIBasA CO60U BCHO e ICTBUTETBHOCTb.

ABTOp nucasa 0 He06X0JUMOCTH KUHTErpPaLU OO eCTBEHHbIX, eCTECTBEHHBIX U TEXHUYECKHUX
HayK» JIJIs OCMbICJIEHHs] KOMIIJIEKCHBIX Tp0o6JieM. [l1aHeTapHbIH KOMIBIOTUHT M €CTh MaTepHUaInu3anus
3TOM MHTerpalMH, TZe reoJiorniecKkue AAaTYMKH, COLMANbHblE CETU U 3KOHOMHUYECKHE aJrOPUTMBI
CJIUTHI B €JUHYIO CUCTEMY JaHHbIX. OfHAaKO, B OT/IMYMe OT onTuMH3Ma 1980-x, coBpeMeHHbIHA aHaJIU3
okpaiueH TpeBoroi. Eciv B 1988 rony npeanosiaranoce, 4To «Teopys A0JDKHA ONlepeXXaTb IPAKTUKY,
TO B peaJbHOCTU pa3BuTua WU MBIl HabaofaeM o06paTHOe: NpakTUKa (pesiuM3 MNpPOLYyKTOB)
KaTacTpodHUIECKH oTlepelkaeT TeopUIo (OCMbIC/IeHHE NTOCAeCTBUM U 3TUKY ).

['o6anbHbIM akcriepuMeHT MU mpoBoauTca «in the wild» - B auko# cpene, 6e3 3apaHee
NPONKCAaHHBIX TPOTOKOJIOB 6€30MaCHOCTH. JTO BO3BpalllaeT HAc K NMpeAyIpexJeHHI0 0 TOM, YTO B
TaKHUX YCJOBUAX «CAYYaWHOCTh NPUHLUNHAJbHa». Mbl He KOHTPOJUPYEM HavajbHble YCJIOBUSA
skcnepumeHTa ¢ GPT-5 wiam Claude 4, Tak kak oHU GOPMHUPYIOTCS AWHAMHUYECKH B Ipolecce
B3aMMO/IeMICTBUSI MUJIJIMOHOB T0Jib30BaTesiell. TakuM 06pa3oM, MeTOJ0JI0TUsl, pa3paboTaHHas AJsd
aHa/M3a sKoJsiornyeckux cucreM 1980-x, okasbiBaeTcs HauboJiee aleKBaTHbIM MHCTPYMEHTOM J[JI
omnuMcaHus 3Ko0ruu uudposoit cpegpl 2020-x.

AKTHUBHOCTB CyG'beKTa B 310Xy Generative Al: oT cozepuaHus K NPOMOT-UHXKUHUPUHTY

deHomeHo102us1 npomnmuH2a: HHCmpymeHmMaasHbulll 2eHe3uUc

OAHOI‘/JI N3 LNEHTPAJbHbIX KaTeI‘opI/Iﬁ AUCCcepTalnu, ABJIAETCA «MBICJIEHHBIN JKCIIEpUMEHT»,
KOTOprﬁ OIIKUChIBAETCA KAaK ABHXE€HHEe MBbICJIHU «OT CJIeACTBUA K OCHOBAHHIO», ITIOUCK yCIIOBPIfI, Inpun
KOTOPBbIX BO3MOXKEH >XeslaeMbld pe3ysabTaT. B 2025 rozy sTa abcTpakTHasi THOCeoJIOTMYecKas
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npoueaypa obpesia KOHKPETHYIO TEXHOJIOTHYECKY0 GOpPMY B BUJEe MPOMIT-UHKUHUPHUHTA (prompt
engineering).

B3anMo/ielicTBYe YesloBeKa € 60J1bIIOM A3bIKOBOM MoJe b0 (LLM) — 3To He mporpaMMUpoOBaHUe
B KJIACCHYECKOM CMBbIC/IE W He MPOCTO obuieHHe. ITO PopMa repMeHEBTUYECKOW MPAKTHKH, rJe
CyO'bEKT NBbITAETCS «HACTPOUTH» (tune) COCTOSHUE TUTAHTCKOW CEMHUOTHUYECKOW CHUCTEMbl TaKUM
06pas3oM, UTOOBI OHA aKTyaIM3UpOBaJia Hy»KHbIM CMbICJI0OBON ¢pparMeHT. Kak oTMeuyaeTcs B HeJJaBHUX
YCC/leIOBaHUAX, IPOMIITUHT BKJIIOYAET B Ce0s1 3/1eMEHThI MbICJIEHHOTO 3KCIIepPUMEHTa: [10/1b30BaTe/Ib
JIOJDKEH TPeCTaBUTh KeJlaeMbli OTBeT (C/eACTBHE) U CKOHCTPYUPOBATh TEKCTOBYI) MHCTPYKLHUIO
(ocHOBaHME), KOTOpasi IPUBEJET K 3TOMY OTBETY.

B coBpemMeHHbIX LLM KauecTBO NpoMIITa onpe/ie/isieTcsl He TOJbKO NOJHOTOM HHPOpMaILUy, HO
M TeM, HAaCKOJIbKO TOYHO OH 3aJlaeT HayaJIbHYI0 06/1aCTh MPOCTPAHCTBA 3M6eAAUHIOB. [10CKOIBKY
MO/IeJIb OTIEPUPYET He CJIOBAMU KaK TAKOBBIMHU, 2 UX MHOTOMEPHBIMU BEKTOPHBIMU IIPE/ICTABIEHUSAMH,
pas/imuHble GOpPMYJIUPOBKU OJHOTO U TOTO Ke HaMepeHUsl MOTyT aKTUBUPOBAThb pa3/IMYHbIe 06/1aCTH
CeMaHTH4ecKOoro npocTtpaHcTBa. CiiejoBaTe/IbHO, 33/ia4a CyO'beKTa COCTOUT He B YBeJIMYeHUU 06'beMa
3ampoca, a B MaKCUMaJIbHO TOYHOM MO3MLIMOHUPOBAaHUU MOJIe/IU B IPOCTPAHCTBE CMbICJ/IOB.

JuanekTuka 3TOro Impolecca 3aK/JK4YaeTcs B TOM, 4YTO MNPOMIOT - 3TO HHCTPYMEHT
onocpefioBaHus. CorjacHo TeOpUM HHCTPYMEeHTaJbHOro reHe3uca (instrumental genesis),
pa3BMBaeMOH B paMKax [JiesTeJIbHOCTHOTO NMOJX0/Aa, J060i apTedakT CTaHOBUTCSA MHCTPYMEHTOM
TOJIBKO B IPOLIECCE aKTUBHOTO UCII0JIb30BaHUs cyo'bekToM. LLM cama no cebe - 3T0 naccMBHbIM Habop
BECOB («OMepTBJIEHHbIH TpyA»). OHa CTaHOBUTCS «UHTEJJIEKTOM» TOJIbKO KOTZa CyO'beKT yepes
IPOMIIT UHTErpUPYeT ee B CBOIO AeATeJbHOCTb. ABTOpP OTMeuasa B cBoel paboTe Tex JieT: «O6beKT,
nonaBuui B cdepy [eATeJbHOCTH YesOBeKa.. Ipeobpa3oBbIBAaeTCs B Hel». [IpOMNIT-UHXKUHUPUHT
eCTb NPOoLEeCcC 3TOro Npeobpa3oBaHus, e Cyo'beKT He NPOCTO Mojy4aeT UHGOPMaLHIO, 2 aKTUBHO
dopMUPYeT KOHTEKCT ee Cy1eCTBOBaHUS.

«HepacnpedmeueHHble 3aKOHOMepHOCMU» U npo6.ema «YepHo20 sujuka»

B Tekcre paucceprauuu 1988 roja HOpUCYTCTByeT Ba)KHOE  pa3MbILLJIEHHE O
«HepaclpeJMeyeHHbIX 3aKOHax», NPUCYLUX OOBEKTY, KOTOpble BBIABJAAITCSI TOJBKO B XOJe
peasbHOro oskcneprMeHTa. «EcauM pe3ysbTaThl, MOJyYeHHble B peaJbHOM 3KCIIEPUMEHTE,
NPOTUBOpPEYAT TEOPETHYECKH OXKHUJAEMbIM.. 3HAYUT B XOJ€ 3KCIEpMMEHTa BCTYNAKT B CHJY..
Hepacnpe/MeuyeHHble 3aKOHbI».

JTO TMOJIOKEHHe JaeT MOIIHYI0 JuIocoPpcKylo 6asy [Jd IMOHMMaHHA Ipob6JieMbl
uHTepnpetupyemoctu UM (Explainable Al - XAI) u peHoMmeHna amepkeHTHOCTU. HelipoceTu yacTo
JleMOHCTPUPYIOT MOBeJIeHHE, KOTOpPOoe He GbLIO0 IBHO 3aIpOrPaMMUPOBAHO CO3/aTe/sIMU (HanpuMep,
CHOCOGHOCTh K apudMeTHKe WU NepeBOAYy PeAKUX SI3bIKOB y Mojesed, He 0O6y4YeHHbIX 3TOMY
cnenraabHo). C TOUKM 3peHus1 AMa-ATHUHCKOH IIKOJIbI, 3TO He MUCTHKA, a IPOsiBJIeHHe 00'beKTHBHOU
JIOTUKH TOT'0 «OMEPTBJIEHHOTO TPY/1a», KOTOPbIA CIPECCOBAH B MO/IEJIU.

Mogenb cofepXUT B cebGe CKpbIThble («HepacnpeJMedeHHble») CTPYKTYypbl 4esIOBeYeCKOu
KYJIbTYPBI U sI3bIKa. DTU CTPYKTYPbI HE XPAHSTCS B MOJIeJIM KaK roTOBble 3HaHHUs1. OHU paciipeie/ieHbl
0 MWJUIMapJaM NapaMeTpOB U NPOABJAITCA Yyepe3 reOMeTpUI0 NMPOCTPAHCTBA 3MbeAAUHIOB. Bo
BpeMsi TeHepalUu OTBeTa MoJesb (GaKTUYeCKH BbIYHC/SET Haubosiee BEPOSTHYIO TPAEKTOPHIO
JIBMPKEHUS B 3TOM CMBICJIOBOM MIPOCTPAHCTBE, a He U3BJIEKAeT 3apaHee 3anucaHHble GaKThI.

AKTUBHOCTb cybbekTa (UccienoBaTessa MU, sTrKa, no/ib30BaTe ) 3aK/II0YAETCS B TOM, YTOOBI
yepe3 cepuro 3kcrneprMeHTOB (benchmarking, red teaming) «pacnpeaMeTUTb» 3TH CKpbITble
3aKOHOMEPHOCTH, lepeBecTH ux u3 ¢opMbl HesiBHOro 3HaHUA (implicit knowledge) BecoB mozenu B
¢dopmMy sIBHOTO TeopeTHueckoro 3HaHus. bes 3toit pabotrel UM octaetcs «Bewpio B cebe». Takum
obpasoM, ¢unocodpus IKCIepUMeHTa IMpeJBOCXUILAET COBpeMeHHble MeTOJOJIOTMH ayJuTa
aJITOPUTMOB.

Kpu3uc cy6sekmHocmu u duajieKkKmuka omuyxcdeHus

O/1HaKO aKTUBHOCTb CyO'beKTa B 31oxy MU cTaskuBaeTcs ¢ HOBbIMM yrpo3aMu. MapKCUCTCKUN
aHaJIM3 OTYYXK/IeHUsl, Ha KOTOPbIH onmupasach AMa-ATHHCKas 111K0J1a, CErOIHS aKTyaJsleH KaK HUKOT/[a.
ABTOp ynmoMuHaJjJa O TOM, YTO HIPH KaNUTAJU3MeE MPOUCXOAUT «IOJHOE OTUYYXKJAEHUE CyObeKTa OT
npeaMmeTa TpyZa». B akoHoMuKe reHepaTUBHOro M 3TO oTUyK/AeHHe JOCTUTaeT abCcoJI0Ta.
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WCKYCCTBEHHIA HHTENIEKT N°2 (anpenb-uionb) 2026 ro

[IpoAyKT TBOpYeCcTBa MHJIJIMOHOB JiOJIed (TEKCThbl, KAPTHUHBI, KOJ) OTUYYKAAeTCsd OT HHUX,
06e3/IMYMBaEeTCs ¥ IpeBpaliaeTcs B 06y4aroly0 BbIOOPKY [/t HelpoceTH. 3aTeM 3Ta HelpoceTH (Kak
KOHIEHTPUPOBAHHBIA «MEPTBBIM TpyA») HAUYMHAEeT KOHKYPUPOBATb C JKUBBIMH TBOpPLAMH,
obGeclieHUBasl UX AesTeJbHOCTb. BO3HMKAeT MapaJloKc: aKTUBHOCTD Cy6beKTa (Co3/laHhe KOHTEHTA)
060paynBaeTCs MPOTUB HETO CAMOTO, YCUJINBAs BJIACTb aJITOPUTMUYECKOU CUCTEMBI.

JuaneKTU4ecKUd TOAXOJ I03BOJISIET YBUAETb 34eChb He MPOCTO 3KOHOMUUYECKYIO
HeClpaBeAJMBOCTb, 3 OHTOJIOTUYECKYIO yrpo3y. Ecin cy6beKT nepecTaHeT ObITh aKTUBHBIM HA4YaJoM,
JleJIeTupys IieJienoJiaraHue aJrOPUTMY, TPOU30UET KOJIJIANC CAMOU CTPYKTYphl MO3HAHUA. MaimrHa
MOXXET TeHEepPUPOBATb TEKCThI, HO OHA He MOXKET MeHEePUPOBATh CMBIC/IbI, TaK KaK CMBICJ POXKAAETCS
TOJIbKO B JXKUBOH JeATeJbHOCTH, B CTOJKHOBEHHWHM C CONPOTHUBJEHHEM Marepuasna. Kak BepHO
3aMeyaloT COBpPeMeHHble HCC/AeZ0BaTeNM, ONUpalolidecs Ha MapPKCUCTCKYH  TPaJUIMIo,
«OMEepPTBJIEHHBIH TPY/[» HE MOXKET CO3/]JaBaThb HOBYIK CTOUMOCTh 6€3 MPUTOKA «KHUBOTO Tpyaa». Eciu
Mbl 3aMKHeM ILHUKJ o6ydyeHuss MU Ha kKoHTeHTe, co3gaHHoM MU (Model Collapse), cucrema
Jerpaaupyet. CriaceHHe — TOJBKO B COXpAaHEHUHW YHUKAJIbHOM, HEAJITOPUTMHU3UPYEMON aKTHBHOCTU
4yeJIOBEYECKOT0 CyObeKTa.

Om duasekmuueckoli 102uKu K yughpoeoii amuke

HUccnenoBaTenbckas nporpaMmma, Hayatas B 1988 roay, He 3aBepiieHa. OHa TpaHchopMupyeTcs
B HOBble [AUCLHUIUIMHApHble noJjsA. To, 4YTO aBTOp HasblBaja «METOJ0JIOTUYECKOH pOJIbIO
JKCIepUMeHTa», CerojHsi pa3BuBaeTcsi B paMkax ¢uiaocopun TexHoHayku (philosophy of
technoscience) u n1u$poBoOM 3THKH.

CoBpeMeHHbIe Ka3axCTaHCKUe ¢uiocodbl, paboTawIie B pycie 3TOH TPAJUIUU, IPUMEHSIOT
JUa/leKTUYeCKUN MeTo/ JJ1s1 aHa/iM3a Npo6JeM BUPTyaJlbHON peajlbHOCTH, U EHTUYHOCTH B CETU U
3TUKHU aJrOPUTMOB. Mies1 0 TOM, YTO TEXHOJIOTUM He HeUTpasbHbl, YTO OHU HECYT B cebe «IevyaTb»
COLMA/IbHBIX OTHOLIEHHWH M JIOTUKU NPOU3BOJACTBA, CTAHOBUTCA aKCUOMOW [/ KPUTUYECKHUX
rcciaegoBaHui TexHosorui (Critical Technology Studies).

B aTOl cTaThe aKLeHTUPOBAaHO BHUMaHUE Ha NPSIMYI0 JUHUIO IPeeMCTBEHHOCTH:

1. Tesuc 1988: JdxcnepUMeHT eCTb aKTHBHas JeATeJbHOCTb CyO'beKTa MO Npeobpa3oBaHUI0
00'bEKTA, BKJIIOYAIOI[Aasl TEOPETUYECKUE U UHCTPYMEHTa/IbHble CPe/ICTBA.

2. Aututesuc 2025: UM (kak r/i106ajbHbIM 3KCIEPUMEHT) CTPEMHUTCS CKPBITh aKTUBHOCTH
Cy6beKTA, IPeCTaBJIsAsA pe3yabTaT Kak 00'bEKTUBHYIO JAHHOCTD («MallMHA TaK pelinsaa»), YTO BeJeT
K OTUYX/JEHUIO U 6€30TBETCTBEHHOCTH.

3. CuHTe3 (3afaya 6yayuiero): He06X0JUMO BEPHYTb CyO'bEKTY KOHTPOJIb HaJ, «IJ106aJbHBIM
3KCIEePUMEHTOM» Yepe3 MeXaHU3Mbl ITUUECKOT0 peryJiMpoBaHus, pa3BUTHeE LUPPOBOM rpaMOTHOCTH
(kak GOpMBI «pacnpeAMeYUBAHUA») U JEMOKPATU3ALNIO TEXHOJOTHH.

3ak/mo4yeHue

[TogBOs1 UTOTM IPOBEAEHHOI0 aHA/IN3a, MOXKHO YTBEPXKAATh, YTO 3BOJIIOLUS UCCIe[0BaATENbCKOM
nporpaMMbl OT METOJOJIOTHU 3KClepuMeHTa K Qujiocopuu HCKYCCTBEHHOTO HHTeJJIeKTa
JleMOHCTpPUPYeT UCKJIIOYHTENbHYI0 XKU3HECTIOCOOHOCTD JUaeKTUYEeCKOr0 MeToAa.

CpaBHeHue pab6or 1988 u 2025 roj0B NOATBEPKAAET MNPO30PJUBOCTb KJIACCUYECKOM
Ka3axCTaHCKOM ¢ua0copCKOM MIKOJIBI, CyMeBIIeH NpeJjcKa3aTb BO3pacTaHUE POJIM CyO'beKTa B
yOpaBJeHUU CJOXKHBIMYM, HeOOpaTUMBbIMU CcUCTeMaMU. BHeznpeHue MeToguku «Zero-Iteration
Workflow» cTaHOBHTCA HEOO6XOAUMBIM OTBETOM Ha KPHU3UC TEeXHOLLEHTPH3Ma, M03BOJIsSIS BEPHYTh
YeJIOBEKY CTaTyC apXUTEKTOpa CMBICJIOB B IUPPOBOM cpejie. [VIaBHBIM BBIBOJ, HCC/I€OBaHUS
3aKJ/II04YaeTCA B TOM, YTO T'YMaHUTApPHbI€ HAYKH CeroaHA BbIIIOJHAKT POJIb (<01'IepaI_U/IOHHOI‘/JI CUCTEMBbBI»
nias WU, obecneyrBass TOYHOCTb IepeBOJa YesJOBeYeCKUX HHTEHUUH B LUPPOBOH KOJ.
[IpeeMcTBEHHOCTb HJel O TIJ100aJbHOM 3KCIepUMEHTe U aKTHBHOCTU CyObeKTa I03BOJISAET
Ka3axCTAaHCKOW HAyYHOU MbICJIU COXPAHSATh OPUTHHAJIBbHBIN I'0JI0C B IJ1I06aJbHOM AHAJIOTe 0 OyAyLieM
TeXHOJIOFHﬁ, npeasyiarad ryMmMmaHUCTUYE€CKYHO aJIbTEPHATHBY MEXaHHCTHUYE€CKOMY IOoAXO0oAy. Takum
06pa3oM, uCTUHHaA ¢pusocodus BcerJa paboTaeT Ha OllepekeHHe BpeMeHHU, IpeBpallas apXvBHbIe
VHTYMUL WU B JlelICTBEHHbIE UHCTPYMEHTHI YIIpaBJeHUs Oy AyIIUM.
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AHHOmMayus. B coBpeMeHHBIX YyC/l0BUSIX obOecrneyeHue (GUTOCAHUTAPHOM 6e30MacCHOCTH
CTAaHOBUTCS OJHHUM H3 KJHOUYEeBbIX (AKTOPOB YCTOWYMBOIO PpPa3BUTHS arpolnpoMbIIJIEHHOT0
KOMIlJIeKca ¥ obecriedyeHUs IMPOJOBOJILCTBEHHON 0€30MacHOCTH rocyaapcrsa. U3MeHeHHe KIMMarTa,
paciiupeHue MeX/JyHapoJHOW TOProBJIM, NOsIBJeHHWe HOBBIX KapaHTHHHBIX 06'bEKTOB U pacTyllue
MaciTabbl pacnIpoCcTpaHeHUs BpeJHbIX OPraHW3MOB TPeOYIOT BHeJJpEHUS] COBPeMEHHBIX IIMPPOBbIX
TEXHOJIOTUH /11 MOHUTOPHUHIA, IPOrHO3MPOBAHUSA U ynpaBjeHUs1 GUTOCAaHUTAPHBIMHU PUCKaMU. B
CTaTbe pacCMaTPUBAIOTCS COBpeMeHHble TeHJAeHUUU 1udpoBoil TpaHcPopManuu GUTOCAHUTAPHOU
cnyx6bl Pecniybsinkyn KasaxcrtaH. [lpefcTaBsieHbl pe3yJsbTaTbl BHeApeHUs] reoMHGOpPMalMOHHbIX
CUCTEM, TEXHOJIOTUH AUCTAaHLMOHHOI'0 30HAMPOBaHUsA 3eMJIH, 6eCIUIO0THbBIX JIeTaTe/IbHbIX allapaTos,
HCKYCCTBEHHOT'O UHTEJLJIEKTA, LUPPOBLIX [J1aTGOPM, MOOUJIbHBIX JIAOOPATOPUN M CUCTEM MOALEPKKU
npuHATAS  peuleHud. Ocoboe BHUMaHWe yjessieTcss pa3BUTHIO  Kasaxckoro  Hay4Ho-
Y CC/Iel0BaTebCKOT0 MHCTUTYTA 3alUThl ¥ KapaHTHHa pacTeHul M. K. )Kuemb6aeBa, HanpaBJIeHHbIX
Ha noBbllleHHe 3QPeKTUBHOCTH PUTOCAHUTAPHOIO MOHHUTOPHUHIA U BHEJpEHHS] MHHOBALMOHHBIX
TEXHOJIOTHUH B CeJIbCKOX03IMCTBEHHOE NpPOU3BOACTBO. [lokasaHo, 4YTO WHTerpayudsi Hay4yHbIX
vcceloBaHUH, LUPPOBBIX TEXHOJOTHH KM NPOU3BOACTBEHHOW MPAKTHUKU SIBJSETCH OCHOBOW JJIs
dbopMuUpoBaHUA COBpEMEHHOM CUCTEMBI YIIpaBJeHUs] PUTOCAHUTAPHBIMU PUCKAMH.

Kalwouesvie caoea: durocaHuTapHasi 6e30MacHOCTb, LUPPOBU3ALMS, HCKYCCTBEHHBIN
VMHTEJ/JIEKT, O0eCNUJIOTHBIE JieTaTebHble annapaThl, reOMHPOPMaLUOHHbIE CUCTEMbI, MOHUTOPHHT,
NPOTrHO3MPOBAHUE, KAPAHTUH PacTEHHUH.
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AnHomayusa. Kasipri >karmaijga (PUTOCAaHUTAPUSAJBIK KayilcCi3JiKTi KamMTaMachbl3 €Ty
arpOeHEPKICINTIK KelleHHIH OpPHBIKTbI JAaMybIHbIH K9HE MEeMJIEKETTIH, a3bIK-TYJIK Kayinci3zirin
KaMTaMachI3 eTy/iH Heri3ri ¢akTop/iapbiHbIH 6ipiHe aliHanyaa. KnuMaTThIH e3repyi, XaablKapasblk
cay/ZilaHblH KeHeli, )kaHa KapaHTUH/IK 00'beKTiiepAiH naitfia 60ybl 2K9He 3USH/Ibl OPraHU3M/epAiH
Tapajy ayKbIMbIHBIH, YJIFal0bl GUTOCAHUTAPHUSAIBIK TOyeKeJAepAi MOHUTOPUHTIEYAiH, 60/DKAYAbIH,
JKOHe 0acKapy/blH 3aMaHayu LHMQPJIBbIK TEXHOJOTHSJAPBIH eHri3yAi Tanan etenai. Maxcamol -
KasakcTtan Pecnyb6sinkacbl GUTOCAaHUTAPHUSIBIK KbI3METiHIH IUPPJBbIK TpaHCOpPMAIUAChIHBIH
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3aMaHayu OaFbITTapblH KapacTblpy. MakanaZa reoaknapaTThIK >Kylesepfi, kepJi KallbIKTbIKTaH
30HATAY TEeXHOJIOTHAJAPBIH, VIIKBILICHI3 YLy anmnapaTTapblH, »acaH/Jbl WUHTEJJIEKTTI, LUQPPJBIK
niaTdopManapAbl, MOOWJBJAI 3epTXaHajJapJbl >KoHe LIelliMAepAi KoJJay >KyHesepiH eHrisy
HoTHXKeJepi KeaTipiireH. PUTOCAHUTAPUSIBIK MOHUTOPHUHITIH, TUIMAIIITIH apTThIPYyFa KoHE aybLl
HIapyalblIbIFbl 6HAipiciHe NHHOBAIUSAJIBIK TEXHOJOTUSIAP/Ibl €HTi3yTe GaFbITTa/NFaH k. KuembaeB
atblHAarbl  Kasak eciMAaikTepAi Kopray »KoHe KapaHTUH FbLUIBIMU-3€pTTeY WHCTUTYTHIHDIH,
a3ip/ieMesiepiHe epeklle Hasap ayJapbuLifbl. KopbimbiHObLAAD: FBLIBIMUA 3epTTeyJepAiH, UUPPJIBIK,
TEXHOJIOTUSJIAD MEH OH/IpIiCTiK MpaKTUKAHbIH WHTErpauusicbl GUTOCAHUTAPHUSJIBIK ToyeKeJaaAepAi
6acKapy/iblH 3aMaHayH KYHeciH KaJbINTaCThIPY/AbIH HETi3i 60JIbIN TabbLIa/bI.

TyiiiH ce3dep: GUTOCAHUTAPHUANBIK Kayincisgik, LupJaHAbIPy, KacaHJbl HHTEJIEKT,
YIIKBIIICHI3 YUIY anmapaTTapbl, eoakKNapaTThlK, >KyWesep, MOHHUTOPHUHI, O6oJ/pKay, eciMAiKTep
KapaHTHHI.
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Abstract. In modern conditions, ensuring phytosanitary safety is becoming one of the key
factors for the sustainable development of the agro-industrial complex and ensuring the state’s food
security. Climate change, the expansion of international trade, the emergence of new quarantine objects,
and the growing scale of the spread of harmful organisms require the introduction of modern digital
technologies for monitoring, forecasting, and managing phytosanitary risks. The article examines the
current trends in the digital transformation of the phytosanitary service of the Republic of Kazakhstan.
The results of implementing geoinformation systems, Earth remote sensing technologies, unmanned
aerial vehicles, artificial intelligence, digital platforms, mobile laboratories, and decision support
systems are presented. Special attention is paid to the developments of the Kazakh Research Institute
of Plant Protection and Quarantine named after Zh. Zhiembaev, aimed at improving the efficiency of
phytosanitary monitoring and introducing innovative technologies into agricultural production. It is
shown that the integration of scientific research, digital technologies, and production practice is the
basis for forming a modern system for managing phytosanitary risks.

Keywords: phytosanitary safety, digitalization, artificial intelligence, unmanned aerial vehicles,
geographic information systems, monitoring, forecasting, plant quarantine.

BBeaeHue

durtocaHuTapHass  6e30MacHOCTb  SIBJASETCS  OJAHMM W3  KJ/IOYEBBIX  3JIEMEHTOB
NPO/I0BOJIbCTBEHHOM, 3KOJIOTMYECKOH U 9KOHOMHUYECKOW 6e30MacHOCTH rocyAapcTBa, obecrneyuBas
YCTOMYMBOCTb  CEJbCKOXO03IMCTBEHHOTO IPOM3BOJCTBA, COXpaHeHHe OGHoOpa3HoOOpasus U
CTaOUJIBHOCTD MEX/IyHapOJHOW TOPTOBJIM pacTUTeAbHOU npoaykuuei. [lo oneHkam Cekpetapuarta
Mex/iyHapoAHOW KOHBEHIIMU MO KapaHTUHY U 3amuTte pacteHuil (IPPC) u [IpomoBosibcTBEHHOU U
cesibCkox03siicTBeHHON opraHuszauuu OOH (FAO), exerogHo a0 40% MupoBoro ypoxkas
CeJIbCKOX03SIUCTBEHHBIX KYJbTYpP TepsieTCs BCJIEJCTBHE BO3JEWCTBUS BpeAuTesied, 6oJjie3Hed U
COpPHBIX PAaCTeHHUH, YTO 3KBUBAJIEHTHO 3KOHOMHYECKUM noTepsM Gosiee 220 mapa gostapos CIIA B
roz [1].

CoBpeMeHHble HW3MEHEHHUsl KJMMaTa, WHTeHCUPUKALUA MeXAYHapoAHON TOProBJIH,
yBeJMYeHre 06'beEMOB TPAHCIPAHUYHOTO MEepPeMelleHUs] PacTUTEeNbHON MPOAYKIMHA U pacliUpeHUe
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apeaJioB pacnpoCTpaHeHHUs UHBA3WMBHbIX BHU/IOB CIIOCOOCTBYIOT POCTY PUTOCAHUTAPHBIX PUCKOB BO
MHOTHX cTpaHax mupa [1, 2]. [lo ganHeiM FAO, ans ctpaH lleHTpasbHOH A3WH NPOTHO3UPYETCs
Jla/ibHelIlee yCUJIeHue HeraTUBHOTO BJMSHUS KJIMMaTHYeCKUX U3MEHEeHHWUH Ha pacnpoCTpaHeHHe
BpeJIHbIX OpPTraHU3MOB, YTO MPHUBEJAET K YBEJUYEHUIO MOTEPh ypoKas U YCJI0KHEHUIO CHUCTEMBI
GUTOCAaHUTAPHOTO KOHTPOJISI, UTO TaKXe TOATBEPXKAAETCS MHOTOJIETHUMH MCC/IeJ0BAaHUSIMU
0Te4YeCTBEHHBIX yYeHbIX [1, 7].

Jns Pecny6sivku Kazaxcran npo6JieMa o6ecnieueHns GUTOCAHUTAPHOU 6€30MacCHOCTH UMeeT
0COOYI0 aKTyaJIbHOCTb BCJE/CTBUE 3HAUYUTENbHOW IJIOIIAJAU CEJTbCKOXO3SWCTBEHHBIX YTOAUY,
pasHo0Opa3usi NPUPOAHO-KJIMMATUYECKUX 30H W BbICOKOW 3KCIMOPTHOW OpPUEHTHUPOBAHHOCTHU
arponpoMbIIIJIEHHOTO KoMIIekca. 3akoH Pecny6bsnku KazaxcraH «0O KapaHTHHe pacTeHHN»
omnpefiesisieT HE0O0XOJUMOCTb CHUCTEMAaTUYECKOTO MOHUTOPUHIA, CBOEBPEMEHHOTO BbISIBJIEHUS
KapaHTUHHBIX OOBEKTOB M TMPOBeJeHUs KOMILIeKCa NPOPUIAKTUYECKUX MEpPONPUATHNH Mo
npeaynpexJeHHI0 UX pacnpocTpaHeHus [4].

[lo manHpIM KoMuTeTa rocysapCTBEHHOW HHCHEKIMU B arpoNpOMBIIIJIEHHOM KOMILJIEKCe
MuHucTepcTBa cesibcKOro xo3silictBa Pecny6svku KasaxcTtaH, Ha TeppUTOpPUM  CTpPaHbI
3aperucTpyupoBaHo 13 0co60 onacHbIX BpeHbIX OPraHW3MOB U 14 orpaHUYeHHO pPacnpoCTPaHEHHBIX
KapaHTHHHbIX OOBEKTOB, NPEACTABJSIIIUX CYILeCTBEHHYI0 YTPO3y CeJIbCKOX03WCTBEHHOMY
MpPOU3BO/JICTBY, COrJIACHO HOPMAaTUBHO-NPABOBbIM aKTaM W TpeOOBaHUSM, 3aKpeIJIEeHHbIM
yHNOJHOMOYEHHBIMHU OpraHamu [5, 6].

Haub6oJsiee HanpspkeHHass GUTOCAHUTAPHAS CUTYAIMs HAOGJ/IOJAeTCSd B I0XKHBIX PerMOHaX, Te
pacrpocTpaHeHbl I0)KHOAMepUKaHcKas ToMaTHast MoJb (Tuta absoluta), npiHHas myxa (Myiopardalis
pardalina), BUpycHble 60JIe3HH OBOILIHBIX KYJbTYp U MHBAa3WBHbIe COpPHbIe pacTeHUs1. i ceBepHBIX
o6Js1acTell XapaKTepHbl MacCcoBble OYarv CapaH4OBbIX BpejuTesiel, ceMeHHass MHQEKI s 3epHOBBIX
KyJbTyp M KapaHTHUHHBIA COpPHSIK ropuyak nossydyui (Acroptilon repens). B BOCTOYHBIX permoHax
BO3pacTaeT 3HAaYeHHWE MOHUTOPHUHIA JIECHBIX BpeAUTesJed W MpeaynpexjeHus QpUTOCaHUTAPHBIX
NoC/aeCTBUNA NPHUPOJHBIX 0KAPOB.

CrenyeT OTMETUTb, UTO COBpeMeHHass (QUTOCAHUTApHAs CUTyalus NpejcTaBJisieT CO60MU
CHUCTEMHYI0 NPo6JieMy, TPEOYIOLIYI0 KOMIIJIEKCHOTO MOJX0/la K MOHUTOPUHTY U yIpaBJieHu. B aTux
yCA0BUSIX 0cOO0O€e 3HaYeHUe NMpuobpeTaroT UUPPOBbIEe TEXHOJIOTHH, 0b6ecneyrnBaloliie onepaTUBHOE
noJiydeHue, 06paboTKy U aHAINU3 GOJIBIINX MACCUBOB JIaHHBIX.

CoBpemeHHass 1udpoBass TpaHchOpMaLUs CeNbCKOTO XO03SIMCTBA OTKPbIBA€T HOBBbIE
BO3MOXHOCTH /[IJis1 NMOBbILIEHNUS] 3PPEKTUBHOCTU MOHUTOPHUHTIA, NPOTHO3UPOBAHUSA U YIpaBJeHUs
duTocaHUTApHBIMU pHUCKaMU. [IpuMeHeHue reouHdopManuonHbix cucreMm ([HC), TexHosOTHI
JUCTAaHIIMOHHOrO 30HAMpoBaHus 3emau ([33), O6GecnUJOTHBIX JieTaTeJbHbIX aMNapaToB,
HMCKYCCTBEHHOTO HHTEJJIEKTA, GOJIBIIMUX JaHHbIX U LUQPPOBBIX MIAATPOPM MOALEPNKKU NPUHSTUA
pellleHUH NO03BOJIIET OCYLECTBJASATh HENPEPbIBHBIA KOHTPOJb (QUTOCAHUTApPHOU OOCTAaHOBKH,
MpPOTHO3UPOBATh Pa3BUTHE BpPEAHbIX OPraHW3MOB UM CBOEBPEMEHHO NPUHUMAaThb yHpaBJieHYeCKHe
pelieHus], MUHUMHU3UPYS SIKOHOMHUYECKHEe NOTEPU U IKOJIOTHYeCKHEe PHUCKHU.

L]esbio HacTOSALLETO UCCIEOBAHUS SIBJISETCS KOMILJIEKCHBIA aHAJIN3 COBPEMEHHbBIX IU(PPOBBIX
pelleHUH B 06JIaCTU yNpaBJjieHUS (PUTOCAHUTAPHBIMH PUCKAMU U oOlLeHKAa 3P(PEKTUBHOCTH HX
BHeJIpeHHsi B cucTeMy obecneyeHusi ¢UTOCAHUTApPHOU GezonacHocTu Pecny6smku KasaxcTtaH Ha
OCHOBe Hay4YHO-UHHOBaLUOHHBIX pa3paboTok TOO «KasHUU3uKP um. K. XKuembaeBax.

MeTo0/10rHYeCKHEe OCHOBBI UPPOBOH PUTOCAHUTAPUHA

CoBpemeHHass cucteMa (GUTOCAHUTAPHOTO MOHUTOPHUHIA OCHOBBIBAETCS HA HHTETrPaLUU
pa3J/IMYHBIX UCTOYHUKOB HHPOPMALMH U IPUMEHEHUH UHTEJJIEKTYaIbHbIX METO/I0B aHA/IN3a JJaHHBIX.
Ba3oBblli MeTO/0JIOTUUYECKUH NPUHUUN (YHKIMOHUPOBAHUS COBPEMEHHOW cuCTeMbl HU(pPOBOH
duTOCAHUTApUM, peasu3yeMbld B HAYYHO-NPOW3BOJCTBEHHONW NpPAKTHKE WHCTUTYTA, MOXHO
NpeACTaBUTh B BU/IE NTOC/TIE[0BATENIbHOMN [IeI0YKH CKBO3HBIX MTPOLECCOB:

JanHble — AHasus — [IporHos — Pemenue — Pe3ysibTat

AJ'IH MaTeMaTH4YeCKOIro MoJeJIMpOBaHUA U IIPOTHO3HPOBaHHA (1)I/ITOCaHI/ITaprIX PHUCKOB B
pa60Te HCIIOJIb30BAHLI CjIeAyOIIKUe METOA40JIOTUYEeCKHEe ITOAX0Abl:
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1. Coop MHOTOCNEKTPAIbHBIX AaHHBIX U [[33: Co0p nepBUUHON UHPOPMAIIUU OCYIIECTBIISAETCS
¢ nomoibio cbeMok € BIIJIA u cnyTHHUKOB. [l OLleHKU JilelIpeCCHU NOCEBOB Y BBISIBJIEHUA 04aroB
NOpPa)KeHUs pacCUUThIBAETCS HOPMaJIM30BaHHBIM OTHOCUTE/IbHBIN BereTallMoHHbIN HHAeKC (NDVI) no

dopmyne:

NDVI = NIR - RED ,
NIR + RED
rze: NIR - oTpaxeHue B 6kHel HHPpaKpacHOM 06/1aCTH CIIEKTPA;
RED - oTparkeHHe B KpacCHOU o6JiacTu crieKkTpa [8].
2. IlporHo3vpoBaHve Ha OCHOBe TEIUIOBbIX eJUHML: KpaTKOCPOYHBIA W CpeAHeCpOYHbIH

MporHo3 GpeHoJAMHAMUKH BpeAuTesiell 6a3upyeTcs Ha pacuyeTe CyMMbl 3QQPeKTUBHBIX TeMIepaTyp
(SET):

SET =2 (Tmean - Tlower),

rfe: Tmean — CPEIHECYTOYHAS TEMIIEPATYPA BO3/YXa;
Tiower — HUXKHUH MOPOT pa3BUTHUSI KOHKPETHOI'0 6M0JI0rHYecKoro o6bekTa [9].

HWcnosib3oBaHWe LUQPPOBBIX TEXHOJOTHH IO3BOJISIET He TOJIBKO MO0Jy4aTb OINepaTHBHYIO
MHpOpMaLMI0 O TeKylleM COCTOSSHUM arpo3KOCUCTeM, HO W MOJeJIMPOBaTb JAWHAMHUKY Pa3BUTHUS
duTOCAHUTAPHON CUTyalMUM HA OCHOBe MHOrodakTOpHOTo aHaju3a. [lo oleHKaM clenuanaucToB
WHCTUTYTa, BHeJpeHHe COBpPeMeHHbIX CKBO3HbIXx WT-pelieHUH Mo3Bo/isseT 06ecneYUTb TOYHOCTH
IPOTHO3MPOBAHUSA PACIPOCTPaHEHUs] BpeJHbIX OPraHUM3MOB Ha ypoBHe 85-95%, 4TO cyliecTBEHHO
NOBbIIAET OUOJIOTUYECKYI0 U IKOHOMUYECKYI0 3G PEeKTUBHOCTD 3alIUTHBIX MEPOIPUSTUH.

Pe3yabTaTsl BHeApeHMs: M PpoBbIX pa3pa6oTok TOO «KasHUU3uKP»

B pamkax peasusanuy CTpaTerMyecKWX HalpaB/JeHUH pa3BUTHUSA Hay4YHO-WHHOBAIlMOHHOU
nHopactpyktypbl TOO «KasHUU3uKP um. K. ’KuembaeBa» 6bl1 pa3paboTaH U BHeJpeH KOMILJIEKC
NpOrpaMMHO-aNmnapaTHbIX pelieHuH, MOOUIbHBIX CUCTEM U MHHOBALMOHHBIX arpOTEXHOJIOTHH.

1. HHumesasekmya/ibHas cucmema npo2pamMHO20 Nnpo2Ho3uposaHus «Forecast Assistant»

OpHUM W3 TepcneKTUBHBIX HalpaB/eHUMH LUpOBU3ALUM  ABJAETCA pa3paboTKa
CHeLHaJM3UPOBAHHbIX NPOTrPaMMHBIX CpeACTB NporHosupoBaHus. Cucrema paspaboTaHa AJs
aBTOMAaTU3UPOBAHHOIO [JIOJI'OCPOYHOIO U KPATKOCPOUYHOTO MPOTHO3UPOBAHHUS MPOCTPAHCTBEHHO-
BPEMEHHOI'0 paclpocTpaHeHUsd 16 BUJOB 0CO60 ONACHBIX U KapaHTHHHBIX BpeJHbIX OPraHU3MOB.
AJNTOpUTM  NOporpaMMbl arperupyeT KOMIJIEKC (QaKTOpPOB, BKJOYAWIUN  exeJHeBHble
MeTeOopOoJIOTUYECKHE YCJA0BUs (TeMmepaTypa, BJIKHOCTb, cyMMa 3(PQPeKTHUBHBIX TeMIeparTyp),
6uoJIorMuYecKrie 0COOEHHOCTU pPasBUTHA KOHKPETHOIO BpeAUTess WM NAaTOreHa, perMoHalibHble
reorpapuyecKre XapaKTepPUCTUKU M MUCTOpHUYECKHe NPOCTPaHCTBEHHble JaHHble MOHUTOPHUHTrA
NpouIbIX JieT. HcnoJsib30BaHME CHUCTEMBI CIOCOGCTBYET pPE3KOMY MOBBIIMIEHUIO ONEPAaTHBHOCTU
NPUHATHS pelleHu rocyZapCTBEHHBIMU OpraHaMH U pepMepCcKHMM XO3sHCTBaMM, CHMXKAsi PUCKHU
BO3HUKHOBEHHS GUTOCAaHUTAPHBIX Ype3BbIYalHbIX CUTYALUH.

2. [lnamgpopma «lJugpposoti nosesoli scypHar»

J/1s1 TEXHOJIOTUYECKOM MOJIepHU3AlMU NPOLECCOB MOJIEBOTO 06C/AeL0BaHUS ClIEHaTUCTaMHU
WHCTUTYTa co3/iaHa nHopManmoHHas cucreMa «LludpoBoii mosieBoit KypHai». JlaHHOE MOOHUIIBHOE
npujoXKeHue obecrieuMBaeT aBTOMaTHU3alvi0 cb6opa, BepUPHKALUM U Iepefadyd [JAHHBIX
GUTOCAHUTAPHOTO MOHUTOPUHIA B pexuMe peanbHoro BpeMeHHU (PucyHok 1). K kiroueBbIM
NpeuMyLiecTBaM MJIaTGOPMbl OTHOCSTCS:

- BO3MOXXHOCTb TMOJIHOLLEHHOW aBTOHOMHOM paboThl B MOJIEBBIX YCJAOBUSAX MPHU OTCYTCTBUU
JocTyna K cetd UHTepHeT;

- OKeCTKasd CTaHJapTu3auuss ¢opM M NpPOTOKOJOB c6Hopa [JaHHBbIX, MCKJOYalolas
CyO'bEKTUBHYIO OLIEHKY;

- aBTOMaTHyecKas CIYTHUKOBAas perucTpauus TOYHbIX TreorpapryecKux KOOpJHUHAT
(reosiokanus) To4eK y4eTa;
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- OeclIOBHas WHTerpanusi reonpuBA3aHHBIX GOTO- U BHUJIEOMATEpPHANOB PUTOCAHUTAPHBIX
00'bEKTOB;

- aBTOMATU3UPOBaHHAas Nepe/jaya HaKOMJIEHHBIX JaHHBIX B €JUHYI0 LleHTPaJM30BaHHY0 6a3y
JIAaHHBIX UHCTUTYTA MPU BOCCTAaHOBJIEHUH CBS3H;

- MUHUMHU3AIUA YeJIoBeuyecKoro ¢akTtopa M UCKIYeHHe albCUPUKALMK JJAHHBIX
MOHMTOpPHUHTA.

HWcnosib3oBaHWe LHMPPOBOTO IOJIEBOTO JKYypHasa TMO3BOJISET CYIIECTBEHHO MOBBICUTH
JIOCTOBEPHOCTh MOHUTOPHUHTOBBIX JIJAHHBIX U COKPATUTb CPOKU UX 06PABOTKH.

PucyHok 1 - ilnppoBoit puTOCAaHUTAPHBII MOHUTOPUHT

3. Mo6uavHas aabopamopusi

MobGusibHass JiabopaTopusl NpPeACTaBJsieT COO0M BbICOKOTEXHOJIOTUYHBIM aBTOHOMHBIN
Hay4YHO-UCC/Ie0BaTeNbCKUM KOMIJIEKC Ha 6as3e clelydaJu3MpOBaHHOIO aBTOTPAHCIOPT3,
BBIOJHSOIIMNA QYHKIIUU «CKOPOU MOMOIIU» JAJId arponeHo30B (PucyHok 2).

PucyHok 2 - Mo6ujibHas JilaGopaTopus

JlabopaTopHsi yKOMILJIEKTOBAaHA aHAJUTUYECKUM 060pYy/A0BaHUEM 1151 HPOBEAEHHUS:

- onepatuBHOM [IlIP-IMarHOCTUKM HENOCPeACTBEHHO Yy Kpas MoJisg 6e3 Heo6X04UMOCTH
TPaHCIOPTUPOBKU 06pa3L0B B CTallMOHAPHBIE [IEHTPHI;

- IKCIPeCc-BhIsIBJIEHUSI IATEHTHBIX POPM KapaHTUHHBIX U 0CO60 OMACHbIX 06'bEKTOB;

- TOYHOM 3THOJIOTUYECKON AUArHOCTUKHU I'PUOHBIX, 6aKTEPHUATBbHBIX U BUPYCHBIX 3a00/1€BaHUU
pacTeHuUl;

- 3JKCcOpecc-aHaau3a QU3UKO-XMMHUYECKUX II0Ka3aTesJed IOo4YB M KOMILJIEKCHOM OILleHKH
06ecre4yeHHOCTH PacTeHUH 3JileMeHTaMHU MUHEPabHOTO MU TAaHUS.

Pa3BepTbhiBaHHME MOOGHJIbBHOM J1IaGOpPAaTOPUM MO3BOJIMJIO COKPAaTUTb BpeMsl NpPOBeJEeHUs
KOMIIJIEKCHOM PUTOCAaHUTAPHOM JUArHOCTUKH C TPaJULUOHHBIX 6-7 AHEH [0 2 4acoB, YTO UMEET
KPUTHYECKU BaXKHOE 3HauyeHUe NPH BCNbILIKAX Pa3MHOXEHMS BpeAuTes]ed WIM TPaHCIPaHUYHBIX
3aHOCaX HUHOEKIUH.
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LIUDPOBU3ALIUA N°2 (anpenb-uioxb) 2026 rog

4. AneopummuvecKkue u UHMeA1eKMya/abHble Memodvl AHAIU3A GUMOCAHUMAPHBIX AHHBIX

JJisT TOBBILIEHUSI TOYHOCTH MNPOTHO3UPOBAHUS (GUTOCAHUTAPHBIX PHUCKOB IPUMEHSETCS
KOMIIJIEKCHBIM aJTOPUTMUYECKHMU MOJAXO0J, OCHOBAaHHBIA Ha HHTErpanyl pasHOPOJHBIX JaHHBIX,
XapaKTePHU3YILUX COCTOSHUE arpo3KOCUCTEMbl U AWHAMHUKY Pa3BUTUS BpPeJHBIX OpraHusMoB. B
KayecTBe BXOJHbIX IAapaMeTpPOB HCIOJIb3YIOTCS METeOpOoJIOTUYeCKHe IoKa3aTesu (TeMIiepaTypa
BO3/lyXa, BJIAXKHOCTb, KOJHUYECTBO OCAJKOB), cyMMa 3PQPEeKTUBHBIX TeMIepaTyp, [aHHbIe
MHOTOJIETHET0 (QUTOCAHUTAPHOI0O MOHMUTOPHHIA, MPOCTPAHCTBEHHbIE KOOP/JUHATHI BBISIBJIEHHBIX
ouyaroB, ¢peHOJIOTUYECKHE XapaKTEPUCTUKU BPeHbIX OPTaHU3MOB, a TAKXKe JJaHHbIe JUCTAHI[MOHHOTO
30HAUPOBaHUA 3eMJIU U GECTUJIOTHBIX JIeTaTeJbHbIX allllapaToB.

Anroputm 06paboTKH MHGOPMAIMU BKJIOUYAET HECKOJIBKO MOCJI€e/10BaTE/IbHBIX 3TANOB: C60p U
BepUPUKALMIO HCXOAHBIX JAHHBIX, WX INpeABapUTENbHYI0 06pabOoTKy UM HOpMaJU3aluio,
MpPOCTPAHCTBEHHO-BPEMEHHYI0  MPUBA3KY, pacyeT OUOKJIMMATUYECKUX U  BereTal[MOHHbIX
MoKa3areJiel, BbIsiBJIeHHe CTaTUCTUYECKUX 3aKOHOMEPHOCTEN U pOpMHUPOBAHKE IPOTrHO3HOM OLIEHKHU
duTocaHUTapHOTO pHUCcKa. TakuM o6pa3oM, o6masg aIropuTMHYECKas CcXeMa MOXeT ObIThb
npejcTaBJeHa B CJIEAYIOIEM BU/IE:

Coop panHbix — [lpeaBapuTenbHasgs o6paboTka — Hopmanuzaunus — [IpocTpaHCTBEHHO-
BpeMEHHOM aHa/lu3 — PacyeT GUOK/JIMMAaTUYECKHX MOKasaTeseil — WHTe/IeKTyalbHbI aHaIU3 —
[IporHo3upoBaHue — OueHka ¢uUTOCAaHUTApPHOTO pucka — @PopMupoBaHHe yHpaBJIEHYECKOTO
pelleHusl.

[ KOMILIEKCHOW  KOJIMYEeCTBEHHOM OIeHKU (QUTOCAaHUTAPHOW CHUTyalldd  MOXeT
HCIIOJIb30BaThCSl UHTErPaJIbHBIN MTOKa3aTe b PUCKA, YYUTHIBAIOIIUNA COBOKYITHOE BJAUSHUE OCHOBHBIX
$aKTOopOB:

R=w;M + wyB + w3V + w,H + wsS,

rae R - uHTerpasibHbll nokasaTesb GUTOCAaHUTAPHOrO pucka; M - HOpPMasJM30BaHHbIN
MOoKa3aTe/ib BJAWSHUS METeOpOJIOTHYECKUX YCJ0BUM; B - mokasaTesb ©6M0JI0TMYECKOr0 pa3BUTHSA
BpPEJIHOTO OpPraHM3Ma, YYUTHIBAIOUIUN ero (GpeHOJIOTUYECKYH CTaJUI0 W TeMIlepaTypHble MOPOTH
pa3BuUTHS; V - NMOKa3aTe/b COCTOSHUS PAaCTUTEJIbHOCTH, ONpe/iesIsEMbI HA OCHOBE BereTal[MOHHbBIX
nHjekcoB, Bkjawodad NDVI; H - mnokasaTenb, XapaKTepU3YWOIIUW UCTOPUYECKYH) YaCTOTy H
WHTEHCUBHOCTb BbISIBJIEHUS BpEJHOTO OpraHu3Ma Ha ob6cjiefyeMod TeppuTopud; S -
MPOCTPAHCTBEHHBINM  MOKa3aTesJib, OTPAKAKIIMK  reorpadudeckyrd  OJM30CTb K  paHee
3apervCTPUPOBAHHBIM O4YaraM M NOTeHLHMa/IbHbIE HAlPABJIEeHHUs PAaCIPOCTPAHEHUST; W1—-Ws — BECOBbIE
K03QPULIMEHTh], ONpeAessolle OTHOCUTEJNbHbIM BKJIaJ Kaxzaoro ¢aktopa B ¢$opMHpOBaHHUE
HWTOTOBOTO PUCKA.

3HaueHHsI BXOJHbBIX NMOKa3aTeJed NpeBApUTENbHO IPUBOAATCA K CONOCTaBUMOMY AMANA30HY
MyTeM HOpMaJsin3anuu. BecoBble K03QPUIIMEHTHI MOTYT ONPEJIeNIAThCA HA OCHOBE CTaTHUCTHYECKOr O
aHaJiu3a MHOTOJIETHUX JJaHHbIX PUTOCAHUTAPHOTO MOHUTOPHUHTA U YTOYHATHCS 10 MEPE HAKOILJIEHUS
HOBBIX HaOJsojeHUN. [loslydyeHHBI HHTerpajbHbId [OKa3aTesb [O3BOJISET MNPOBOJUTH
paHXXUpOBaHUe 00C/eZyeMbIX TEPPUTOPUN MO YPOBHIO GUTOCAHUTAPHOrO0 puUcKa U GOPMUPOBATH
MPOCTPAHCTBEHHbIE KAPThI MOTEHIIMATBHOTO PACIPOCTPAHEHHUS BPEHBIX OPraHHU3MOB.

[ moBbllIeHWs aJANTUBHOCTU NPOTHO3WPOBAHHUS B  AJTOPUTMHUYECKYI0  MOJEJb
WHTETPUPYIOTCS METO/Ibl MAIIMHHOTO 00ydyeHUSA. BeKTop BXOAHBIX NPU3HAKOB X = {Xi, X2, .., Xn},
BKJ/IIOYAIOIIUM METeOopoJIOTUYEeCKHe, OHOJIOTUYECKHEe, CIHEKTpaJibHble, NPOCTPAHCTBEHHbIE W
HCTOpUYECKHE MapaMeTphl, UCMOJIb3yeTCs [Jisl ONpeJie/ieHUs] BEPOSTHOCTU BO3HUKHOBEHUS WJIU
pa3BUTUSA PUTOCAHUTAPHO OMACHOTO COOBITHUSA:

Py =1]X) =f(X),

rae P(y =1 | X) - nporHo3upyemasi BepoITHOCTb GOPMHUPOBAHHS UM Pa3BUTHSA 04ara BpeJHOro
opraHusMa npu 3aZlaHHON COBOKYNHOCTH $aKTopoB, a f(X) - nporHo3Has oyHkiusa, popMupyemas Ha
OCHOBE aJIFTOPUTMOB MAlIMHHOTO 06y4YeHUsl. B 3aBUCHUMOCTU OT CTPYKTYpPhl U 06'b€Ma HAKOILJIEHHbBIX
JaHHBIX U1 pelleHUs 3a7ay KJjacCMOHKALMKA M MPOTHO3WPOBAHHUS MOTYT NMPHUMEHATBCA METOZbl
Jloructudeckou perpeccuy, Random Forest u rpaguenTHOr0 6ycTrHra. Mcnosib3oBaHre aHCAMOJIEBBIX
QJITOPUTMOB [O3BOJIIET YYUTHIBATh HeEJIMHEWHble B3aUMOCBSA3HW MEXAY KJIMMaTHYEeCKUMH,
OMOJIOTUYECKUMU U TPOCTPAHCTBEHHBIMU GaKTOpaMH, a TaKXKe OlLeHUBAaThb OTHOCUTEJbHYIO
3HAaYMMOCTb OT/IeJIbHBIX IPU3HAKOB MPU GOPMUPOBAHUHN GUTOCAHUTAPHOTO PUCKA.
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OTZenbHBIM  HampaB/eHUWEM  IPUMeHeHUsI HCKYCCTBEHHOTO  MHTe/IJIeKTa  sIBJseTCH
aBTOMATU3UPOBaHHbIM aHaiuM3 LUQPPOBBIX U306paKEHHUH, IoJyyaeMblX B XOJe [0JIEBOTO
MOHUTOpPHUHTA U CbEMKHU C MCIOJIb30BAaHUEM OECNU/IOTHBIX JieTaTeJbHbIX amnmnapaTtoB. MeTojbl
KOMIBIOTEPHOTO 3pEHUS U CBEPTOYHbIX HEHPOHHBIX CeTel MOTYT UCNOJIb30BaThCs [J1s1 06HAPYKEHUS
M KjaccupUKalMU BU3YyaJbHbIX I[PU3HAKOB [OPa)KeHUsl pacTeHUH, paclno3HaBaHUs BpeJHbIX
OpPraHW3MOB M OIpe/ie/IeHUsl NPOCTPAHCTBEHHBIX TPAaHUL] NOTEHLWAJbHBIX 04aroB. Pe3ysbTaThbl
aBTOMAaTU3UPOBAaHHOI'O aHaJM3a M300paKeHUH HMHTErpupyloTcs C KOOpJHWHATaMHM 06cCJie/JoOBaHUH,
MeTeOpOJIOTUYECKUMH U  HCTOPUYECKHMMH JaHHbIMM, 4YTO obecrneyuBaeT (opMUpOBaHUeE
reorH(poOpPMaIMOHHBIX CJIOEB U KapT GUTOCAHUTAPHOTO PUCKA.

Banupauusa nNporHO3HBIX MoJeseld OCYyIeCTBAAETCA IyTeM COINOCTaBJeHHUs pacyeTHBIX
pe3y/abTaToOB ¢ GpaKTUUECKUMH JaHHBbIMHU 10JIeBOro GUTOCAHUTAPHOTO MOHUTOpPUHTA. /[l OLleHKH
KayecTBa Mo/iesiel KiaccuduKalnuu MOTYT UCII0JIb30BaThCsA MOKa3aTeau Accuracy, Precision, Recall u
F1-score, a A/191 KOIM4eCTBEHHOTO NPOTHO3UPOBAHUS JUHAMUKHN YU CJIEHHOCTH BpeJHbIX OPTaHU3MOB
- cpenHssa ab6cosoTHasg omubka (MAE), cpegHekBaapaTtuyHas omubka (RMSE) u kosdduiveHT
nerepMuHanuu  (R?). Takodl noaxoj MNO3BOJSAET OGBEKTUBHO OIlEHUBaThb HPOTHOCTHYECKYHO
CIOCOGHOCTb MCHOJIb3YEMBIX aJITOPUTMOB U NMPOBOAUTH UX IMOC/e/0BaTe/bHOEe yTOUHEHHE 10 Mepe
HaKOIlJIeHWS HOBBIX JJAHHBIX.

WHTerpanusa MaTeMaTH4eCKUX MeTOZ0B, aJTOPUTMOB MAaLIWHHOTO 00y4YeHHs, TeXHOJIOIHMU
uckycctBeHHoro unHtesuiekta, 'MC, /133 ¥ AaHHBIX MOJEBOT0 MOHHUTOPUHra GOPMHUPYET OCHOBY
WHTEJJIEKTYyaJbHOU CUCTEMBbl MOAJEP:KKU INPUHATUA pelleHUMHA. B paMkax JaHHOM KOHLENUH
nudposas naTdopMa BbINOJIHSAET He TObKO QYHKIMIO HAKOIJIEHUS U BU3yalu3aluy uHGopMauuu,
HO U obecleyuBaeT 0C/Ae0BaTe/bHbIN NIepexo/; OT NepBUYHbIX JJAHHBIX K IPOTHO3HOW OLleHKe pUCKa
M BbIpabOTKe peKOMeHJaLUWi: JaHHble — aHajlu3 — MoJesJb — MPOrHO3 — KapTa pucKa —
yIpaBJieH4ecKoe pelieHHe. Takol nmoaxon co3faeT NpeANOChUIKH JJId epexosa OT TPaAULMOHHOTO
pearupoBaHusi Ha Yyxe CcPOpPMHUpOBaBLIMECS OYard BpeJHbIX OPraHU3MOB K HPEBEHTUBHOMY
ynpaB/jieHul0  (UTOCAaHUTAPHBIMKM  pPUCKAaMU Ha  OCHOBe  NPOTHO3HBIX  aJIrOPUTMOB U
WHTEJJIEKTYaJIbHOT0 aHa/IM3a JJaHHbIX.

5. Hcnosav3osaHnue BIIJ/IA u mexHo02uli UCKycCMBEeHHO20 UHmMe11eKkma

[IpuMeHeHHe 6eCNUJIOTHBIX aBUALMOHHBIX CUCTEM B WUHCTUTYTE OCYILECTBJAETCSA MO JBYM
KJIIOYEBBIM HaIpaBJIEHUSIM: MHOTOMEPHbIA MOHHUTOPUHT U yJbTPaMajo00beMHOE ONPbICKUBaHUE
(YMO). HUcnosib30BaHUE ClieKTpoMeTpUuecKuX Kamep Ha BIIJIA B coyeTaHUM CO CIYTHUKOBBIMH
JaHHbIMU /I33 mo3BoOJISET paccYMThIBAThb BeretauoHHble WHAekcbl (NDVI u ap.) ansa paHHero
BbISIBJIEHUSI 04aroB Jle[IpeCcCUH OCEBOB, BbI3BAHHbBIX CKPBITHIMU IATOr€HaMU UJIM BpeJAUTe/IMHU.

CoBMeCTHO € 3apy0eXHbIMHU MapTHEpPAMHU BHEAPSAITCS TEXHOJOTHU MHoromepHoro HU-
MOHUTOPHHTIA, I'/le HelpoceTeBble aJrOPUTMbl MALIMHHOI'O 0Oy4YeHHUsI OCYLeCTBJSIOT paclio3HaBaHUe
06pa30B BpeJHbIX OPraHU3MOB 110 $OTOCHUMKAM U IPOTHO3UPYIOT TeMIIbl pocTa nonyasAnui. B cpepe
NpPAaKTUYECKOU 3allUThl paCTEHUI NpHUMeHeHUe IPYIN U3 YyeThlpex 6eCHUIOTHBIX ONpbICKMBaTes el
obGecredruBaeT NMPOU3BOAUTEJNBHOCTb HA ypoBHEe 400-600 rekTapoB B CyTKH C BBICOKOW TOYHOCTBHIO
BHeCEHUS NpenapaToB Ha COoe, pUce, KYKypy3e, XJ0M4aTHUKE, TOMaTax, a TaKKe B TPYJAHOLOCTYIHBIX
JIECHBIX MacCUBaxX U peKpeallMOHHbIX 30Hax (PucyHok 3).

PucyHok 3 - 06pa6oTKa noceBoB c npuMmeHennem BIIJIA
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5. HHHoBayuoHHas mexHo102us1 «BioDrop»

[IpoekT «BioDrop» npejcraB/sieT co60il epejoBoe po60TU3UPOBAaHHOE pellleHHe B 06J1aCTH
6uosiorusanuu AllK, HanpaB/JeHHOe Ha aBTOMaTU3MPOBAHHOE paccesieHHe IMO0JIe3HbIX HAaCeKOMbIX-
3HTOMOJaroB (Hanmpumep, TPUXOrpaMMbl, TabpobpakoHa U MakpoJsiodpyca) c¢ nmomouibio BIIJIA. B
paMKax poeKTa pazpaboTaHbl OpUTrHHAJIbHbIE OUOAerpaJupyeMble 3allUTHbIE KAICYJIbl, TEXHOJIOTUH
KallCyJIMPOBaHUS OMOareHTOB W  CleluaJyM3MpOBaHHble  HaBeCHble  aBTOMaTHU4YeCKHUe
pacnpezeuTe/bHble YCTPOWCTBA, U3TOTOBJIEHHbIE C IPUMEHEHUEM aJJUTUBHBIX TexHoJsorui (3D-
neyaTtu). Hcnosnb3oBaHue «BioDrop» rapaHTUpyeT NpeLlU3MOHHOE paBHOMEpPHOe BHeCeHHe
610areHTOB M0 33/JaHHOUN GPS-ceTke, CHIKaeT TPyA03aTPaThI U MOJTHOCThIO UCK/II0YAEeT IPUMEHEeHHUe
XUMHYECKHUX NMeCTUIUA0B Ha 00pabaThiBaeMbIX IIOMAAAX (PUCYHOK 4).

PucyHok 4 - UHHOBaljMOHHaA TexHoJ10rusA «BioDrop»

6. KoMbuHUpoB8aHHbIE MEXAHUKO-XUMUYECKUE MEXHOA02UU KOHMPOAS1 KAPAHMUHHbIX COPHIKO8

Jlnst 60pbOBI C TOPYAKOM IOJI3YYHUM B CUCTEME 3€PHONAPOBOT0 CEBOOOOPOTA CHEUaTUCTAMU
WHcTHTyTa pa3paboTaH U 3amaTeHTOBaH 3-X SIPYCHbIA KyJbTUBATOP-IJIOCKOpE3 C MOJMN04YBEHHbIM
AvddepeHINPOBaHHBIM BHECEHUEM repOULIUI0B U yA06peHu (PucyHok 5). Arperat 3a 0ZjJuH IPOXOJ,
peann3yeT CUHepreTUYeCKUH MeTOJ, KOHTPOJA: arpoTeXHUYeCKUM (MexaHHWYecKoe H3MeJsibueHue
MOIIIHOM KOpPHEBOM CHUCTEMBbI ropyaka Ha MeJIKHe OTPe3KH [0 5 cM, Tepsiioliude CHOCOGHOCTb K
pereHepanuu) U XUMUYeCKUH (co3ZjaHUe MOANOYBEHHOTO PUTOTOKCUYHOrO repOHULIUAHOr0 3IKPaHa,
YHUYTOXKAIOLIEro NPOPOCTKM KOPHEHW M ceMeHa COpHsKa B IJIyOOKMX €/10sX). /laHHash TeXHOJIOTUsA
obecrnieyuBaeT 61M0JIOTMYECKYI0 3 PEKTUBHOCTD 10 96%, CHUKaeT IPOU3BOCTBEHHbIe 3aTpaThl B 3-4
pasa ¥ MOBBIMIAET MOCAEAYIONYI0 YPOKAUHOCTD KyJAbTyp Ha 25-30%.

BaK 4N KMAKMX
reponuMAcE

Nogaya XuAKNX
rep6uyuaos Kophu copHska

Paspesaniie
KOpHM COpHAKa

TepBuUMANEIT 3KpaH

PUCYHOK 5 - 3-X ApYCHBI! KYyJIbTUBATOP-IJIOCKOPE3 AJIA 60PbObl C TOPYAKOM MOJI3YYUM

3akIo4eHue

[Tonyyennble pesyabTaThl [T-pemenuit TOO «KasHUU3uKP» y6eauTenbHO A0Ka3bIBAIOT, YTO
nepeBoJ, PUTOCAHUTAPHOM CaYyxKObl Ha LUPPOBbIe peJibChbl [103BOJISIET paJiMKaJbHO M3MEHUTb CaM
XapakTep VyIpaBJeHUs pUcKaMU. [IpoucxofUT KOHLENTyaJbHbIA Iepexos OT peaKTUBHOrO
MOJABJEHUS] YK€ Pa3BUBLIMXCS, MACIITAOHBIX O4YAaroB BPEJHBIX OPraHU3MOB K MPEBEHTHBHOMY
VHTeJ/JIEKTya/IbHOMY yIpaBJIeHUI0 Ha PaHHUX CTaAUsAX OMOJIOTMYECKOT0 Pa3sBUTHUS M HadaJlbHbIX
LJMKJIaX Pa3MHOXXeHUs BpeJHbIX OpraHU3MOB. ITO NTOJIHOCTBIO COTJIAaCyeTcs C [JI06a/IbHBIMU TPEeHAaMHU
KOHLIEMLIUM TOYHOTO 3eMJIeZleJIUAd U MeXJyHapOoAHbIMU NMPUHIUNAMU WUHTErPUPOBAHHOMN 3allUTHI
pacTeHui.
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[IpakTHyeckass LIEHHOCTb pa3pabOTaHHBIX CHUCTEM, TAKHUX KaK MPOTPaMMHBIA KOMILJIEKC
«Forecast Assistant» u miatdopma «LlndpoBoil moseBoi KypHas», 3aKj04aeTcss B MMHHMU3ALUU
yesioBeyecKkoro ¢pakTopa U obecreyeHUH CKBO3HOM BepUPHKaALMU JaHHBIX. B TpaAULIMOHHBIX cXeMax
MOHUTOpPUHTA 3aJilepKKa Mexay ¢ukcanueid o6beKTa B MoJie U NPUHSATHEM YIPaBJIEHYECKOTO
pellleHHs] COCTaBJslJla OT HECKOJIbKUX JHEeH [0 HeJead, 4YTO B KpUTHYecKHe ¢a3bl pasBUTHUSA
BpeAuTesed (HampuMep, NpU Iepexo/ie HeCTaJAHbIX CapaHYOBbIX BO BPEJOHOCHYIO CTAaAUI0 WJIU
BCIIbIIIKAaX OaKTepUaJbHOTO 0K0ra) MPUBOJMUJIO K NOTepe ypoxkad. LludpoBusanusa npoueccoB u
WHTerpanus 3KCIpPecc-JUAarHOCTUKM Ha 6asze MOOW/IbHBIX JAabopaTOpUN COKpaTUIXU 3TO
TEXHOJIOTUYECKOE OKHO /0 2 4aCOB.

Paspa6oTaHHble UPPOBbIE U HAY4YHbIE pelleHrs 06eCeYuBal0T BbICOKYI0 GHM0JIOTUYECKYI0 U
3KOHOMUYEeCKy10 3(PEeKTUBHOCTb, BhICTyNasd PpyHAAMEHTANTbHBIM TEXHOJOTUYECKUM 6a3ucoM JJis
IIOCTPOEHUS] COBPEMEHHOW CHUCTEMBI 3aLIUTbl CEJbCKOXO3SWCTBEHHBIX YrOAWM, MHUHHUMHU3UPYS
duTOoCaHUTapHble pPUCKM U GOpMHpPYs THUOKYH0, YCTOMYMBYH K KJMMAaTHYeCKUM BbI30BaM
arpoaKoCHUCTeMY, CIHOCOOHYX CTAaGU/JIBHO BOCIPOM3BOJUTH BbICOKMH NOTEHLMaJ OTe4eCTBEHHOIO
pacTeHUeBO/CTBA.

TakuMm o6pasoM, uudpoBusayuss GUTOCAHUTAPUM CTAHOBUTCS MarucTpajbHbIM BEKTOPOM
Hay4yHO-TEeXHOJIOTUYECKOr0 CyBepeHUTeTa arpoNnpoMbIILIJIEHHOr0 KoMILIekca Pecniy61nku Kasaxcran
Y pyHlaMeHTa/bHbIM UHCTPYMEHTOM ob6ecreyeHus: 61M0J10rM4eckoil 6e30MacHOCTH rocyjapcTBa.

BbIBOBI:

1. lluppoBuzanuss GUTOCAHUTAPHON OTPAC/IU SABJISETCH CTPATErMYECKUM BEKTOPOM pa3BUTHS
U 3ajJ0roM obecrneyeHUs1 MPOAOBOJbCTBEHHON, OHOJOTMYECKOW W 3KOJIOTUYeCKOM 6e30MacHOCTH
Pecny6iviku KazaxcTaH B yC/I0BUSX IV106a/IbHBIX KJIMMAaTUYECKHUX BBI30BOB.

2. UuTterpanus 'MC-texHosorui, /133, 6eCIUJIOTHBIX aBUAIMOHHbBIX CUCTEM U HelpoceTeBbIX
QJITOPUTMOB UCKYCCTBEHHOr0 WHTeJ/JIEKTa I03BOJISIET JOCTUYb TOYHOCTH MPOTHO3UPOBAHUS
JUHAMUKH NONyJsLUN BpeAHbIX 0OBEeKTOB Ha ypoBHe 85-95%, a TakKe COKpaTUTb BpeMs
MPOBEJleHUS 0JIEBOU AUArHOCTUKU [0 2 4YaCOB.

3. Hayuno-texHuueckue paspabotrku TOO «KasHUU3uKP» peMOHCTpUPYIOT BBICOKYIO
3pdeKTUBHOCTb U NEPCIEKTUBHOCTDb IPAKTUYECKOTO NPUMEHEHHS.

4. CoBpeMeHHas arpapHasi HayKa J0/DKHa OBbIThb MOJHOCTHbK) OPHEHTHPOBAHA HA IOJIEBbIE
YCJIOBUS — HEMIOCPEACTBEHHO TY/a, IJle MPUHUMAIOTCS OllepaTUBHbIE IPOU3BOACTBEHHbBIE PELIeHHUS U
3aKJIaJbIBA€TCS 9KOHOMUUYECKAs yCTOUUUBOCTD CEJIbCKOX0351CTBEHHOTO MPOXU3BO/ICTBA CTPAHBI.
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