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KAXKETTI KACUETTEPI BAP DOKCTPYJAHTTAP/bI AJ1Y MAKCATBIHJIA
IHOJIMAMMU/ (ITA) KACUETTEPIH 3EPTTEY

Ceneoau I., bopanoaesa I.
X Hocmyxamedos amvinoasbt Amvipay ynusepcumemi
e-mail: gulnaz.senebai@mail.ru_, gulayna.boranbaeva02@mail.ru

Anjgarna

Makanaga moiauaMu] HETi31HIeTi 3KCTPYIaHTTapAblH (DU3UKA-XUMHUSIIBIK JKOHE KYPBUIBIMIIBIK
KacCHETTEepiHE IKCTPY3HUs MapaMeTpiepiHiy ocepi 3epTrenreH. JKypri3iaren Toxipuodenep HOTHKECIHIES
TeMIepaTypa, KbIChIM, OypaHaa >XbUIIAMABIFBI JKOHE KOCHIMIIA MOJIU(HUKATOPIApABbIH (TIHLEPHH,
Si02, Tanmpk) ylecl MaTepUaNJIblH MEXaHHKAIbIK OEpIKTIriHe, HUITIIITITIHE >KOHE TEPMUSIIBIK
TYPaKThUIBIFBIHA AUTApIBIKTal BIKMAI €TeTiHI aHBIKTaNIbl. ONTUMANABl TEXHOJOTHSUIBIK XKaFaanaap
petinae Temneparypa — 220-230 °C, kpickiM — 60 6ap, Oypania xplaaamMabirel — 40—50 aitn/MuH, an
TUTACTU(HUKATOP PETiHAe TIHUepHHIl 5—7% KeJeMiHIe KOJIJaHy YCBHIHBUIAIbl. AJIBIHFAH HOTHKEIEep
NOJIMAMUJ] SKCTPYAAHTTAPBIHBIH canachlH Oackapyfa FbUIBIMH HEri3 0oJjla OTBIPBIN, OJapJblH
OHEPKACIINTIK XoHE (hapMaIleBTHKAIIBIK canajiapAa KOJJaHbUTY MYMKIHIITIH KEHEUTEI].

Tyiiin ce3aep: moauamuj, SKCTPY3Hs,, MEXaHHMKAJbIK KACHUETTEp, TEPMMSUIBIK TYPaKTBUIBIK,
MOJTU(PUKATOP.

Kipicne. Ka3ipri 3aManfbl FBUIBIM MEH TEXHHUKA J1aMybIHBIH MAaHBI3[bl OaFbITTapbIHBIH Oipi —
MOJMMEPITIK MaTepHalAap OHIIPICIH KeTUIAipy. Ocipece, ®Oorapbl OEpiKTIK MEH CEHIMIUTIK Tayamn
eTinetin camanapaa nosmamuarep (ITA) keHiHeH KosjgaHbic TankaH. byn marepuanmgap e3iHiH
MOJICKYJIAJIBIK KYPBUIBIMBIHIAFBl aMHUATIK OalIaHbICTApIBIH apKAChIHAA J>KOFapbl MEXaHHKAIIBIK
OepiKTiKKe, TO3yFa JKOHE TEPMHSUIBIK ocepiiepre Te3IMIUIrIMeH, COHJai-aKk XUMHSUIBIK
WHEPTTUIITIMEH epekmieneHeai. [lommaMu Heri3iHae alblHFAaH dKCTPYJAaHTTap TOKbIMA OHIIPICIHJE,
MallliHa jkKacay caJlachlHJa, TaFaM >kKoHe (apMalleBTHKAJbIK ©HEPKACINTE KOJJaHbIC Taba OTBIPHII,
MaTepHANTaHyAbIH 3aMaHayH XETICTIKTEpiH HAaKThl OHIIPICTIK MiHAETTEpal memryre OarpiTTayaall],
[2].

JlerenMeH, MOIMaMMATEP/IH KAacHETTepl TEK OJapAblH OacTanKbl XUMHSIIBIK KYpPbUIBIMBIMEH
FaHa aHBIKTAJIMaWIbl. ODKCTPY3us MPOLECIHIH TeMIepaTypajblK peXHUMIepl, KbICHIM JIEHTell,
KOCBIMIIIa MoJU(]HUKaTopiap MeH IUIACTU(PUKATOPIAPIBIH YJI€Cl MaTepUANIbIH COHFBl KAaCHUETTEPiH
aifrapneikrail e3repreni. Connplkran ITA HeriziHAeri 3KCTpyAaHTTapAbl jkolanayna TeK HIMKi3aT
carnachblH FaHa €MEC, COHbBIMEH KaTap ©HAIPICTIK-TEXHOJOTHUSIIBIK MapaMeTpiep il FhUIBIMU TYPFbIIaH
Heri3/iey aca MaHbI3/Ibl. byl OaFbITTaFkl 3epTTeyiep Oip sKaFrbIHaH TEOPHUSUIBIK MOHTre He 0oJica, eKiHII
KaFbIHAH TPAKTUKAIBIK TYPFbIIAaH WHHOBAIMUIBIK MaTepHajiap jkKacayIblH ©3eKTi MocenelepiH
HIeHIyre MyMKIHJIIK Oepeni.

3epTTey JKYMBICBIHBIH MAaKCATbl — OJKCTPY3Msl OJICI apKbUIbI KaXeTTl Kacuerrepi Oap
AKCTPYNAHTTAP/Abl aly YLIIH MOJMAMHUATIH (U3UKA-XUMUIIBIK JKOHE KYPBUIBIMJIBIK €peKIIeTIKTepiH
KEIIeH/ Il TYpJIe 3eperey.

Ocbl MakcaTka colikec keseci MiHeTTep KOWbUIIbI:

1. HommamunaTiH KYpBUTBIMABIK-MOP(OIOTHUSIIBIK CUITaTTaMaJIapbIH TAJIIAY;

2. DKCTpy3Hsl MPOLECIHJEr TemIeparypa MEeH KbICBIMHBIH MaTepual KacHeTTepiHE BIKIAJIbIH
aHBIKTAY;

3. Kocbimia MoaudukaTopyiap MeH IIaCTH(PUKATOpPIapAblH MOJMAaMUI SKCTPYIaHTTapbIHBIH
camalblK CHUIaTTaMaiapbiH KEeTULIIPY/Ieri polliH ailKbIHIaY;

4. DKCTpy3usl mapaMmeTpiepiH OHTAMIAHIBIPY apKbUIBI KAXETTI KACHETTEepre Me SKCTPYIaHTTap
aJly OJIIapbIH YCHIHY.

[Mommamuarep anram per XX FachIpJbIH OPTAChIHIA CHUHTE3ACIIN, Ka3ipri TaHIa oIEeMJIIK
MOJIUMEp OHJIPICIHIE CTPAaTEerHsIbIK MaHbI3bl Oap MaTepuainjap KarapbiHa eHii. OnmapiblH imIiHIe
nonmuamua-6 (ITA-6) >xone mnommamuna-6,6 (I1A-6,6) KeHiHEH KOJJAHBUIATBIH Typiepl OOk
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TaObIIaAbl. Onedu nepekTepae KepceTumreHaen [2, 4], dKCTpy3us >KarmaiapblH IYpPHIC TaHIAY
MOJTMAMHUATEPIIH KPUCTAABIK KYPBUIBIMBIHA, MEXaHUKAJIBIK OCPIKTITT MEH CEpPIIMIUIIK KaCHETTEPiHE
Tikenmed ocep eremi. KazakcraHAbIK — 3epTTEyIIUIEpIiH  eHOeKTepiHme [6]  MHHEpaIbl
TOJITBIPFBILITAPABIH  KOCBUTYBl IMOJIMAMUJ] HETI31HAEri MaTepuaiapAblH MEXaHUKAIbIK KOHE
TEPMUSUIIBIK TYPAKTBUIBIFBIH apTTHIpyFa MYMKiHIAIK OeperiHi monenaenred. CoHsiMeH Katap, Abdul
Khalil >xome opintectrepiniH [3] 3epTTeysepiHlie TMOIMAMHU KOMITO3HMIMSUIBIK O KYHEIEpIHIH
(hapMaleBTHKAIBIK KarlCyia OHIipiCiHae KOIAaHy MYMKIHIIKTEpl FRUIBIMU TYPFBIIAH HeTi3aenreH [4],
[9].

Marepuanaap MeH 3epTTey d/icTepi. 3epTTey KYMBICH OipHelIe e3apa OaiIaHbICTHI Ke3eHAep/Ie
KY3€ere achIpbUIIbl, OJIapAblH opKaiichichl moauamMuaTiH (ITA) 3KCTpy3UsIIBIK ©HJIeyIer1 KacueTTepiH
KELIeHI1 Oaranayra OaFpITTANIIBI.

Heri3ri monmMep peTiHzie ©HEpKACINTIK Konaanyaa keH tapainran noimuamuna-6 (ITA-6) tanman
anbIHABL. Bysl TaHIay OHBIH MOJIEKYJIANBIK KYPBUIBIMBIHBIH TYPAKTBUIBIFBl MEH KOFaphl MEXaHUKAIIBIK
cumnarramaiapbeiHa Heriznenai. KockiMilia KOMIIOHEHTTEp peTiHAe €Ki TypJi (PYHKIIMOHAIIIBI TOIITAFbI
mwiactTuukaTopiap — TIUIEPUH JKOHE TMMOJMATWICHIVIMKONL eHTi3umi. OnapablH MakcaThl —
MaTepUasIblH UUITIIITITIH apTThIPy KOHE CHIHFBIIITHIFBIH TOMeHIeTy. COHBIMEH KaTap, MUHEpPaJIbl
TONTBHIPFRIIITAP (KPEMHUH JMOKCHI, TaNbK) MaiJalaHbUIAbBl. Byl TONTBIPFBIIITAPABIH EHTI31Iyl
MOJIMaMUJ] MAaTPUIACBIHBIH MOPQOJIOTUSACHIH ©3TepTy apKbUIbl OHBIH OEpIKTIK MKOHE TEPMUSIIBIK
KAaCHUETTEPiH XKaKcapTyFa MYMKIHJIIK Oep/i.

3epTTey JKYMBICHI 3€pPTXaHAIBIK [EHIeWe EKIIIHEKTI 3KCTPyAEpAE XYPri3uigi. ODKCTpy3us
napaMeTpiepiH TaHay Ke3iHIe XalbIKapallblK ToXKipuOenepre CyldeHe OTBIPHIN, TeMIIEPaTypalIbIK
muanazoHn 210-260 °C apaneirbiHga OenriieHnmi. byn  apanblkta monuamMuATiH - OadKbIMaIbIK
TYTKBIPIBIFBl ~ QUTAPIIBIKTall  ©3TepICKEe  YINBIPAWABI, COHIBIKTAH MaTePHAIABIH  KYPBUIBIMIBIK
KacHeTTepiH Oackapy MYMKIHAIT apTaabl. DKCTpy3us mpouecinaeri KpicbiM 40—80 Gap apanbIiFbiHAa
yCTanapl, Oy MaTepuaniblH OIpKeNKi THIFbI3IATYbIH KaMTaMachl3 eTyre OarbpITTanibl. bypanaa
KeIaMIeiFel 40—60 aifH/MUH apaibIFbIHIA ©3TEPTUIII, MOJUMEpP OaJKBIMACHIHBIH JHCIICPCHSIIBIK
Ka0l1eTi MEH TOMOTeHI1Iir1 OaKbUIaHIbL.

[Tommamug OSKCTPYJAHTTApbIHBIH CalalblK CHIaTTamajiapel Oipkatap (QHU3HKa-XUMUSIIBIK,
MEXaHUKAJIBIK KOHE MOP(OIOTHSIIBIK 9iCTep apKbUIbI KEIICH 1 OaFanaH/Ibl:

- OU3MKa-XUMHUSJIBIK Tajjay. YJITUIEpIiH XUMHUSUIBIK KYPBUIBIMBI MEH (DYHKIIMOHAJIIBIK
TONTApbIHBIH ~ TYPAaKTBUIBIFBIH ~ Oaranay MakcaTelHZa UHOpakb3bul — crnekrpockonus  (FTIR)
Koinanbuiael. CoHbIMEH KaTap, AuddepeHuuanabl ckanupieymi kanopumerpus (DSC) apxpuibt
MOJIMaMMJ] MaTPULIACBIHBIH KPUCTAJIAaHY A9PEKEC] )KOHE TEPMUSIIBIK TYPAKTBUIBIFbI aHBIKTAJIJIBI.

- MexaHuKaJBbIK CbIHAKTAP. DKCTPYAAHTTapIbIH OEpIKTIK cUIaTTaMaiapbl oM0Oeban ChIHAK
MalllMHaJlapbIiHAa enmeHai. Herisri kepceTkimrep peTiHAE CO3bUly OEpiKTiri, CepmiMIulK MOy
KOHE CBIHYFa JEHiHT1 CaJBICTBIPMANbl y3apy albIHIBL. ByJl mapaMmerpiep MarepuasiblH Naiinanany
KAacHeTTEepiH KelleH Al Oaranayra MyMKiHAIK 6epai [6],[7].

- Mopdonorusibik 3eprrey. DKCTPYAAHTTAPIBIH I1MIKI KYPBUIBIMBIH TaJIay AJIEKTPOHIIBIK
CKaHMpJIEYIlI MHMKPOCKOIHUS OMICIMEH >Ky3€re achIpbUlAbl. bysl ofic TONTHIPFBIN OeJIeKTepiHIH
MaTpulaga Tapairy OIpKeNKITITiH, COHAaN-aK MHUKPOKAPBIKTAP MEH KYPBUIBIMIBIK aKayJapablH Oap-
JKOFBIH aHBIKTayFa MYMKIHJIIK Oepi.

XKypriziiren omicTeMenik KelleH NOJUaMHUJA SKCTPYJAHTTAPBIHBIH KAaCHETTEPIH KONKbIPIbI
TYPFBIIaH KapacThIpyFa MYMKIHAIK Oepil, TEeXHOJOTHSUIBIK MapaMeTpiepAiH MaTepuai carachlHa
OCEpiH TOJBIK CUTIATTayFa xarman xacaasl [11],[12].

Hotwxenep meH Tankputaynap. JKyprisuireH 3epTTey HOTHXKeENepi IMOJUaMMJl HeTi3iHJeri
AKCTPYNAHTTAPABIH KACHETTEPl TEXHOJOTHSII BIK MapaMeTpiIepre — TeMIIePaTypaIbIK PEXKHM, KbICHIM,
OypaHaa KbULIAM/IBIFbI )KOHE KOCBIMIIIA MOJU(PHUKATOPIAPBIH TYPl MEH MeJIIepiHe — TiKeJIeH Toyen i
eKEHJINH aHbIK KepcerTi. ©OpOlip QakTop MaTepuaniblH  KYPbUIBIMABIK-MOP(OIOTHSIIBIK
epeKUIeNiKTepiHe, MEXaHUKAJIBIK OepIKTIriHE KOHE TEPMUSIIBIK TYPAKThUIBIFbIHA ©31H/IIK bIKIAJ €TTi.

DKCTpy3Hs MPOIIECIHAE TEMIIEpaTypaIblK JUANa30H MICITYII MOHTE M€ €KEHIIT1 alKbIHIaJ bl
210-230 °C apanblfblHIa alblHFaH YJATUIEP/iH KYPBUIBIMBI CalBICTBIpMANbl Type OipKenki OO0k,
OJapABIH MEXaHWKAJBIK CHUIaTTaMallapbl JKOFapbl JIeHTeiae cakTauabl. Byn >karmaiina co3bury



MexnyHapoaubiil Hayu bl xxypHa1 AKAJIEMUK

Ne 2 (243) 2024 r.

OepikTiri opra ecennen 68—72 Mlla apaneirpinga Tipkenai. byn kepcerkimrep ITA Ti30ekTepiHiH
OHTAMJIBI OAFBITTATYBIMEH JKOHE KPUCTANJIAHY JTOPEKECIHIH TEHIePIMAUTITIMEH TYCIHIIpiIe .

Kecte 1 — DkeTpy3ust napameTpiiepiHiH NOJIMAMUA SKCTPYAaHTTAPbIHBIH KACHETTEPiHE acepi

Ne | Okerpy3us | Kocbimma Cosblny | Cepnimain | Coinyr | Tepmusiabsl | Mopdgoaorusn
napamerpJje | mogudukar | OepikTir | ik moayJi, | a K bIK epeKIeiK
pi op i, MIIa | I'lla AeHiHTr | TYPaKThLI

i BbIK (AT,
y3apy, |°C)
Y%

1 | T=210 °C, | Kok 68 2,5 120 — KypbLibIMBl
P =40 6ap, n Oipkenki, Oipak
= 40 KybIcTap Oap
aitn/MuH

2 | T =230 °C, | Kok 72 2,8 135 — Mopdomnorusice
P =60 6ap, n TBIFBI3, KyBICTap
= 50 a3
aitn/MuH

3 | T =250 °C, | Kok 55-58 2,6 100 — MukpoxapbIKTa
P =80 6ap, n p naiiga 6oFaH
= 60
aitn/MuH

4 | T =225 °C, | I'muuepun 70 2,7 185 - Kypbuisim
P =60 6ap, n | (5%) O1pTeKTi,
= 40 OarpITTAITybI
alH/MHH YKOFapPBI

5 | T =225 °C, | SiO:(5%) 71 2,9 140 +15 TonTeIpFeII
P =60 6ap, n OipKeKi
= 40 JTUCIIEpCHsIIaHFa
aitn/MuH H

6 | T =225 °C, | Tambk (5%) | 70 2,8 138 +20 Kypsuisim
P =60 6ap, n HBIFalFaH,
= 40 KYBICTap
aliH/MuH azairaH

(EckepTy: KecTe aBTOPbIH 3€pTTey OapbIChIHAA KYPACTHIPHIIFaH)

Temnepatypa 250 °C-Tan >xofapbl KOTEpUIT€HJE MaTepHaJIblH OEpIKTIK cUIaTTaMasapbl
aiftapieikraii ToMenaeni (55-58 MlIla). Byn KyObuibIc TONMaMUJ MOJIEKYJANBIK Ti30€KTEpiHiH
IIiHapa TEePMUSUIBIK JIeCTPYKLHSFa YIIBIPAybIMEH, CYTEKTIK OalaHbICTapIblH QJICIPEYIMEH >KJHE
MaKpOMOJIEKYJIalap/blH Y3bIHJBIFBIHBIH KbICKapybIMeH OaitanbicThl. COHBIMEH KaTap, >KOFapbl
TeMIIepaTypaja eHAeNreH yaruiepae 0eTki KabaTTarbl TYCIHIH CapFarobl KoHE KYPbUIBIMHBIH O1pTEKTI
emecTiri Oaiikanasl [3]. byn ¢axT skcTpy3us Ke3iHIe TeMIepaTypajiblK pPexuMIl A7 OakbliayablH
MaHBI3IBITBIFBIH TOJICIICHII.
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3KCTPY3UA NapaMeTpepiHiH NofMaMug sKCTPYAaHTTapbiHbIH KacueTTepiHe acepi

Cossiny bepikTiri (MMNa)

180 CbiHyFa fediHri y3apy (%)

KepceTkiwTep
=
N
o

JKCNEepPUMEHT XKaf fAanapsl

Cyper 1.DkcTpy3us mapameTpiepiHiH HoJUaMu SKCTPYAaHTTapbIHbIH KacHeTTepiHe acepi

DKCeTpy3usl KbICBIMBI MEH OypaHJia >KbUIAAMIBIFBI 1a MaTepuall KaCHEeTTepiHe alKblH ocep €TTi.
KpiceivHBIH 40 Oap JeHreiinae aaplHFaH YITLIep CATBICTBIPMAIIBI TYp/e OOpIbUIAAK KYPBUIBIMFA He
Oosca, KpIcbIMHBIH 60—80 Oapra JeiliH apTybl 3KCTPYAAHTTapAblH MOP(OIOTUSAIBIK THIFbI3IbFBIH
KymeiTTi. Hotmkecinae omapasiH cepmiMainik moxym 2,6-2,9 I'lla neHreiiine aeiiin ecti. by
KYObUIBIC KBICBIMHBIH apTybl Ke3iHJE€ MaKpPOMOJIEKYJaJap/blH ThIFbI3 OpPHANIACYybIMEH JKOHE
KYPBUIBIMIAFbl 00C KyBICTap/IbIH a3al0bIMEH TYyciHaipineni [§].

bypanna sxpuigamasirsl 40 aitn/MuH OoJiFaH JKarnaiiia yaruiepaiH KYpblIbIMABIK TYPaKThUIbIFbI
CaKTAaJIbI, OJIAPJIbIH KaCHEeTTepl O1pKAIBIITHI 006l Anaiina 60 aliH/MUH-TE )KETKSH Ke3/Ie IKCTPYy3us
MPOIIECIHAC apTHIK KBICHIM MEH YHKenmic KymTepi OalKanblll, MaTepHalIblH OCTKI KabaThIiHIa
MUKPOXAPBIKTAp TY31UIyiHE bl Keni. By skarmail ynriHiH skanmbl OepikTIriH TOMEHAETIN KaHa
KolMaii, OHBIH y3aK Mep3imJi MaiifagaHy TYpaKTbUIBIFbIHA J1a Tepic acep eredi. OcbliaH IKCTpy3ust
nporecinae OypaHaa >KbUIAAMIBIFBIH [IAMaJaH THIC apTTBIPY TEXHOJIOTHSUIBIK TYPFBIIAH THIMCI3
ekeHiri anbikranas [10].

3eprTey OapbIChIHIA KOCBIMIIA MOJU(pUKATOpiap MEH IUIacTU(UKATOPIApIbIH Yiecl alKbIH
OaKaabl.

I'muuepuH KoCcbUIFAH — YATUIEPAIH  MUITIILTICT  adTapibslkTail  aptrel. ChlHyFa  JeMiHri
canblcThipManbl y3apy 120%-man 185%-ra neitin ecti. byn HoTwkenep TIMLIEPUHHIH MOJHMAMUT
MaTpPUIACBIH/IAFBl  MOJIEKYJANBIK ~ KO3FAJFBIIITHIKTEl  KYIIEHTIN, MAaTepHaAblH  IUIACTHKAIBIK
KAaCHUeTTepiH KeTuIipeTiHiH kepcereni. Ochbunaiima, rauuepuHal 5—7% KeneMiHIe eHTi3y
AKCTPYNAHTTAPAbIH (DYHKIIMOHAIABIK CHITaTTaMaJIapbIH €19yip jKaKcapTabl.

Si0O2 >xoHe TambK CHSKTBHI MUHEpaIbl KOMIIOHEHTTEp KocblUlFaH yiarutepain DSC Hotmxenepi
ONlapAblH  TEPMUSIIBIK  TYPAKTBUIBIFBIHBIH 1520 °C-ka  KofapbUlaFaHblH  KepceTTi.  byn
TOJITBIPFBILITAPBIH MaTpUlla 1MIHAE JUCHEPCUSIAHYbl KBUTYOTKI3TIIITIKTI pPETTEN, IMOJIUMEPAIH
BIJIBIpayFa Kapchl TYpy KaOijeTiH apTThIpAbl. MyHIail HoTHXKe, acipece, >KOFapbl TeMIIEpaTypallbIK
KarJailapia naijanaHblIaThlH MaTepuaiiap YILIiH aca MaHbI3abl. byn QaxTop ¢apmaiieBTUKaIIBIK
Karcyna KaObIKIIamapbl MEH TaFaMJIbIK KarTaMa eHJ1picl YIIH epeKIe KYHIbI.

DONEeKTPOHABIK CKaHUPJEYIIl MHKPOCKOIUS  YITUIEPAiH  KYPBUIBIMIBIK — €peKIIeTiKTepiH
allkpIHIayFa MYMKIHAIK Oepai. MwuHepanabl TONTBHIPFBINI EHTI3IIreH YiATUiepae OeekTepain
OipKkenKi AucriepcusUTaHFanbl Oaiikanael. byl MaTepuanaslH KYpBUIBIMIBIK TYTACTBIFBIH apTTHIPHII,
MeXaHUKaNbIK OepiKTIKTIH ecyiHe bIKnan eTTi. COHbIMEH KaTap, INIAaCTH(HUKATOpP €HT13UINeH Yiriiepie
MaKpOMOJIEKYJanapAblH OaFbITTaTybl ApThII, KYPbUIBIMHBIH O1pTEKTUIEHY1 aHBIKTAJIIbI.

XKyprizinren ToxxipuOenepiH KUBIHTHIFBI TOJIMAMH]T SKCTPYJaHTTAPbIHBIH KacUeTTepiH Oackapy
YIIIIH TEXHOJOTHSIIBIK TTapaMeTpIep Il 19 TaHAay KaKeT eKeHIH JJIeTACI].

OnTuman sl xKaFaaiaap Keneciiel aHbIKTaJI/Ibl:

- TeMIieparypaislk pexum — 220-230 °C,
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- KbICBIM — IIaMmameH 60 6ap,

- Oypannaa xxpuraMabIFel — 40-50 aiin/MuH,

- IacTUgUKaTOp peTinae runepuHal 5—7% keJieMiHae KOIIaHy.

byn mapamerprnep mnoinumamMua SKCTPYJAHTTAPBIHBIH KYPBUIBIMIBIK TYTACTBIFBIH KaMTaMachl3
eTil, OJIApJBIH MEXaHUKAIBIK OCpIKTIri MEH TEePMHUSJIBIK TYPAKTBUIBIFBIH apTTHIPAJbl. AJBIHFAH
HOTHDKENIEp OHEPKOCINTIK JIEHTeWe SKCTPY3MSUIBIK IPOLECTI OHTAMIaHABIpyFa JKOHE KaKeTTl
KacuerTepi 0ap GyHKIMOHAIIBI MaTepUaNIap alyFa FUIBIMU HETi3 6oa anazasl [2], [5].

KopeIThiHIBI. 3epTTey HOTIKENEpl IMOJIMaMHUJ HETI3IHAETI AKCTPYMAHTTAPABIH KAaCHETTEpi
TEXHOJIOTHSUIBIK TapaMeTpiiepaiH (TeMIepaTypajiblK PEeXUM, KbICHIM, OypaH[a >KbUIIaMIBIFbI) KOHE
KOCBIMIIIa MO (DHKATOPIAPABIH TYPl MEH MOJIIIEPIHE alKbIH TOYENIl eKeHiH ganenaeni [1].

1. TemneparypaHnbIH dcepi. 210-230 °C apanbiFbIHIa aTbIHFAH YATLIEP )KOFapbl MEXaHUKAIIBIK
oepikTikke (68—72 MIla) sxoHe KYpBUIBIMIBIK O1pTeKTiIIKKe e 60511b1. 250 °C-TaH )KOFapbl OHIEITCH
yJIrisiepie monuamMus Ti30eKTepiHiH ilriHapa TepMHUSIIBIK JECTPYKLIHUACH )KYPY HOTHKECiHAe OepiKTiK
55-58 Mlla-ra neiiin ToeMeHei. byt SKCTpy3us Ke3iHAe TeMIepaTypaHbl 1o OaKblaayIbIH MaHbI3bIH
KepceTe/i.

2. KbicbIM MeH OypaHia )KbLLIaMAbIFBIHBIH dcepi. KpicbiMHBIH 60—80 Gap apanbiFbiHAa apTyhl
yJIrinep e MOpQOIOTUSIIBIK KYPBUTBIMBIH HBIFAUTHII, ceprimMaitik Moaymtin 2,9 I'Tla-ra neitin
xeTkizi. Jlereamen, Oypanaa xpuigaMaeiFel 60 aifH/MUH JAeHreiliHe )KeTKEH e apTHIK KbICHIM
ocepiHeH MUKPOKAPBIKTAp IMaiia OOJIbIN, MaTepHall carachl TOMEH IS/,

3. MoandukartopapabiH peJii.

— I'muuepuHHIH eHTi311yl 9KCTpYAaHTTapbIH HUITIIITITIH apTTHIPHII, ChIHYFa JEHIHT1 CaIbICTHIPMAITbI
y3apyasl 185%-ra xeTkizui.

— Mumnepansr Tonteiprsirap (SiO2, Tansk) DSC HoTHKENEpi OOWBIHIIA TEPMUSITBIK TYPAKTBUIBIKTHI
15-20 °C-ka xorapbuiatThl. by TaramMIbIK Kartama skoHe (apMaleBTUKANIBIK Karcyiaiap
OHJIIPICiHJIC aca MaHbI3]IbI.

4. Mop¢oJorusiibIK Taaaay. DJIeKTPOHIBIK MUKPOCKOIIUS HOTUKENIEP] TOATBIPFBIILITAP IbIH
OlpKeNKi qucrepCcHusiIaHFaHbIH )KOHE KYPBUIBIMHBIH HBIFAIOBIH KOPCETTI. bys1 MarepuanabplH OEpiKTIriH
apTTHIPYFa )KOHE Y3aK Mep3iM/Ii Naiiianany TYpaKThUIBIFBIH KAMTAaMAachl3 eTyre MYMKIHJIIK Oepei.

XKanme! anranaa, HoaIuaMHI HET131HIET1 SKCTPYAAHTTAPAbI ATy YIIIH ONTHMAJIbI
TeXHOJIOTUSIJIBIK MapaMeTpJep petinnae remmneparypansl 220-230 °C apanbirbiaga, KeIcbiMabl 60 6ap
neHreiinae, Oypanaa *KeuaaMmabFbiH 40—-50 aitH/MuH apaiblFbIHIA YCTAM, MIaCTU(GHUKATOP pETiHAe
rmnepusil 5—7% kesieMiHIe KOJAaHy YCHIHBIIAIBI.

By HoTHXKenep monuaMul SKCTPYAAHTTAPBIHBIH CallAJIbIK CUIIaTTaMalapbliH 0aCKapy/IbIH FHUTBIMU
HET13/IepiH KAJIBINTACTBIPHIN KaHa KOWMaid, 0JIap bl OHEPKICIIITIH dPTYPJIl calajiapblH/ia — TOKbIMA
OH/IIpICiH/Ie, TaFaMJIBIK KallTaMma xacay iCiHe KoHe (apMalleBTUKAIBIK OHIMIEPAE — TUIMII
KOJIZIaHyFa MYMKIHJIIK Oepe/l.
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HEJUIIOJIO3A MUKPOTAJIIIIBIKTAPBI: AJIBIHY 9AICTEPI, K¥PbBIJIBIM/IbIK
EPEKIIEJIIKTEPI )KOHE ®PU3UKA-XUMHUAJIBIK KACUETTEPIH KEIHEHAI 3EPTTEY

bopanébaesa I'., Ceneoair I.
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Amnmarma

byn makamana nemmono3a MukpoTanmbKTapbiHblH (MCC) anpiHy omicTepi, KYPBUIBIMIIBIK
epeKIleNikKTepl MeH (U3MKa-XUMUSUIBIK KacHeTTepl KeWIeHAl TYpPAE KapacThIpbUIIbl. 3epTrey
6apsiceinna SEM, XRD sxone FTIR omicrepi konnanbuibin, MCC-HbIH MOP(OJIOTHICH, KPUCTAIABIK
WHJEKCI MeH (PYHKIIMOHAIIBI TonTaphl aHbIKTamabl. Hotmkenep MCC-HbIH MeXaHUKAJIBIK OCPIKTIri
KOFapbl, TUAPOPWIBIIITT aWKBIH KOHE TOJIBIKTA OHMOJOTHSUIBIK BIIBIPAUTBIH MaTepHual CeKEHIH
kepcerTi. byn kacuerrep MCC-Hbl (apmalieBTHKa, TaFaM ©OHEPKSCiOl, KYPBUIBIC KOHE KarTama
WHIYCTPUSCHIHAA  KOJNJIAHYJIbIH  FBUIBIMH  HETI3iH  Kypadnel.  Kazakcran — skarmaiibIHza
aybUIIIAPYaIIbUIBIK KaIbIKTapbiHa cylieHe oToipbill, MCC eHIIpIiCiH AaMBITY CTpaTEeTUsIIbIK MaHbI3Fa
ue.

Tyiiin ce3aep: 1EIUII0I03a MUKPOTAIIBIKTAPhl, MOP(OIOTHS, KPUCTATABIK KYPbUIbIM, (pH3uKa-
XUMUSIIBIK KAaCHETTEP, OMOTOINMED, YKOJIOTHSUIBIK MaTepraiiap.

Kipicne. XXI racbIpbIH FHUIBIMH-TEXHOJOTHUSIIBIK JaMy Ke3€HIHIE SKOJOTHSUIBIK TYPAKTHUIBIK
MeH OMOCOUMKECTUTIK Macelleepl FalaMIIbIK JISHIelie epeKiie MaHbl3Fa e 6oma 6acraapl. Jactypii
MOJIMMEPJTIK MaTepuaIapJblH KOpIIaFraH OpTara THUTI3ETIH Kepi ocepi — oJapiablH OHOJOTHSIIBIK
BIIBIPAMANTBIH/IBIFBI, Y3aK YaKbIT OOWBI TaOWFATTa CAKTAybl — OYTIHTT KYHHIH OacThl 3KOJOTHSIIBIK
KarepJsiepiHig Oipi 6ombin oThip. OckiHIAl KaFdaiiia TaOUFU TEKTi, SKOJOTUSUIBIK Kayilci3 opi KaiTa
YKaHAPTBUIATBIH peCypcTapFa Heri3eireH xaHa OybIH MaTepHajiapblH i3/1ey — 3aMaHayd FHUTBIMHBIH
CTPATETUsIIBIK OarbIThIHA aifHaAN B! [1], [4].

ConapaplH 1lIIHJE IEJUII0I03a MUKpoTainmbIKTapsl (microcrystalline cellulose, MCC) epexkie
OpbIH aynajpbl. byn OuomonuMmep ©3iHIH MOJEKYJIAJIbIK KYPBUIBIMBIHBIH OipereiniriMeH, TallIbIKThIK
MOP(OJIOTHACHIMEH >KOHE (PYHKIIMOHAIBIK KAaCUETTEPIHIH KeH criekTpiMeH epekieneneni. MCC — tek
TaOWFU IIMKI3aTTaH albIHATHIH, OMOJOTUSIIBIK TYPFBIIAH BIABIPANTHIH JKOHE JKOJOTHUIBIK OedTapart
Matepuain[2]. OHbIH (apmanieBTHKagaH OacTan KypbUIbIC MHIYCTPUSACHIHA AEHIHIT K€H KOJIJaHy asiChl
FBUIBIMU KayBbIMJACTBIKTHIH Ha3apblH KYHHEH-KYHT€ apThIl OTHIp [3].

3eprreyain e3ekTuriri OipHerne ¢aktopiaapMeH akbiHaanaasl. bipiamigen, MCC — Kazakcran
YIIIH CTpaTerusUIblK MOHTe He Marepual. PecmyOnuka TeppUTOPUSCHIHAA aybUIIIAPYaIIbUIBIK
KaJIBIKTaphl (MakTa cabarbl, cabaH, TEXHUKAIBIK MAKbUIAAP) JKETKITIKTI, OJap/bl OHJEY apKbLIbI
KOFapbl KOChIMINIa KYH/IBI oHIM anmyra Oonansl. Exinmigen, MCC 3K0NOTHANBIK Ta3a KOHE UMIIOPTKA
TOYENJUNKTI TOMEHAETETIH OMOMOIMMEpP PETIHIE <GKAaChUl SKOHOMHUKA» KOHIIETHUSACHIHA TOJBIK cail
Keneni. YIIIHIIJeH, aneMaik FeutbiMu onebuerrepae MCC-HbIH MOpP(hOIOTHACH MEH KaCHETTEpiH
3epTTey aMTapibIKTal TEPEH KYPri3UIreHIMeH, |OHBIH OTAHJBIK IIUKI3aTTaH aJbIHY €peKIIeTiKTepl,
TEXHOJIOTUSUIIBIK OefiMaeTyl MeH OHJIIPICTIK dJIeyeTi oI Jie TOJIBIKKaH bl 3epTTeIMereH|[6].

Ocpiran opaif, Makajiaja LEII003a MUKPOTAIIIBIKTAPBIHBIH ajlblHy SIICTEpl, KYPBUIBIMIBIK
napaMmerpiiepi MeH (U3MKa-XUMUSIIBIK KAacHeTTepi >KyHem TypAe TalJaHaabl, COHNAN-aK OJap.IbIH
OomnamakTarel KOJJaHy TepcreKkThuBaiapel MeH KazakcTaH >KargailbIHIarbl FHUTBIMH-OHIIPICTIK
MaHbI3bI alKbIHAAIA B[ 7 ].

Marepuangap MeH Herisri amicrep. 3eprrey *ymbicbiHa Ka3akcTaH jkariaiibIlH/1a KeH TapajFaH
TaOWFU IIWKi3aT Ke3[epi mainanaHpuiibl. Herisri OacTamkel MaTepuan peTiHAe MakTa cadarbl,
[eJUTIoNIo3ara 0ail aybUIIIapyalIblIblK KAIIBIKTaphl JKOHE aFall maccachl anblHbL. [ukizaT angsiH
aja KeMTIpUTiN, YHTaKTAJbIN, OPTraHUKAIBIK KOHE OCHOpraHWKAIBIK KOCHalapJaH MEXaHHUKAJBIK
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TazapTyAaH eTKI3ULAl. By Ke3eHHIH MakcaThl — TaNIIBIKTapAblH OipTEKTUTIrNH KaMTaMachl3 €Ty KoHe
JUTHUH MEH TeMHUIICIUTION03aHbIH OacTanmKbl MeJIIepidH ToMeHaety [3], [5].

XHUMUSJIBIK peareHTrep.

- Harpuit ruapoxcuai (NaOH, 10-15%) — nurHuHAl >KOHE TEeMUIEIUIIONO03aHbl KO YIIiH
KOJITAHBUI/IBL;

- Ty3 xpmukpuisl (HCL 2-5 N) sxone kykipT KbelKbuibl (H2SOs, 2-3 N) — wmemntono3aHbiH
aMop(ThI allMaKTapbIH BIIBIPATY YIIIH THIPOJIN3 MPOLECIH/E MaliJaaHbUIIbL;

- JlucTunaeHrex cy — yAruiep/al maro koHe OedTapanTanplpy YIIiH KOJIIaHbUIbL.

Heri3sri anicrep.

1. Lemntono3a MUKPOTAIIBIKTAPBIH Ty 9iCTEpi.

- Anpapia ana currinik egaey (NaOH epitinaiciane 70—80 °C temneparypana 2—3 carat OOWbI);

- Kemukpuiaeixk ruaponu3 (HCI memece HoSOas epitinmicinge 80-90 °C temmeparypanma 1-2
carar);

- VibtpansiObIcThIK aucnepeusiay (20 kI sxxuimikre, 15-30 MunyT).

2. KypbUIBIMABIK Tajaay daicTepi.

- Ckanuprneymri 3aexkTporabl MuKpockonuss (SEM): MCC TanmbIKTapbIiHBIH MOP(OIOTHUSITBIK
KYpbUIBIMBIH CUIIATTay YIIIH [2];

- X-coynenik audpakuust (XRD): MCC yarinepiniH KpUCTaJIIbIK HHIEKCIH eCenTey YILiH;

- FTIR cnexrpockonusicel: MCC KypaMbIHIarbel HETi3ri ¢yHKunoHanasl tontapasl (—OH, —C—
O—C-) anbikTay yuriu[5].

3. ®usnKa-XUMUSIIBIK TaJay dAicTepi.

- TepmorpaBumetpusuibik Tanaay (TGA): )KbUTyJIBIK TYPAKTBUIBIKTHI OaFajay YIiH;

- Iudpdepenmmanapr  ckanupneymi — kamopumerpus  (DSC):  MCC-HBIH — TEpMUSIIBIK
aybICBIMJIAPBIH 3€pTTEY YIIIiH;

- Cy ciniprimTik ceiHakTapbl: MCC-HbIH ruapodunpAiiria 6aranay yiris;

- Mexanukanbik ceiHakTap: MCC Heri3iHzeri yariiepaiH OepikTiri MeH CeprmiMIUIK MOJIyJiH
aHBIKTAy YIIiH.

Ocpl marepuangap MeH ofictep kemeHi MCC-HBIH KYpbUIBIMIBIK, MOP(OJIOTHSIIBIK KOHE
(GYHKIMOHANABIK KACHETTEpiH JKaH-KAKThl CUMATTal, OHBIH KOJJaHy MYMKIHAIKTEpiH FBUIBIMU
HeTi3/1eyre MyMKIHAIK Oep/Ii.

Hotnxenep MeH TajakbliayJjap, 3epTTey HOTHXKEIEpl LEIIH0I03a MUKPOTAIIIBIKTAPbIHBIH
KYpBUIBIMJBIK MapaMeTpIIepiHiH ajblHy SJICIHE TOyenal eKeHIH aHblK kepceTTi. SEM Ttanmaynapsl
KBILIKBUIJBIK THJIPOJIU3/IEH OTKEH YITrUIepIiH OipKesKi JUcepcHsIaHFaH, KbICKa 9pi CalbICThIPMalIbl
TYpJe Teric OeTKennl TanmbIKTap Ty3eTiHiH OalkarThi[2]. MyHnnait Mopdomnorus MCC-HbIH &oOFapbl
KPUCTAIJBIK JIOPEKECIH KaMTamachl3 eTeli, Oy ©3 Ke3eriHJe OHBIH MEXaHHWKAIbIK OepiKTIriH
aptTeipaasl. Kepicinie, MmexaHukanslK eHaeyaeH anpiaFaH MCC yharinepinae TaamblKTapablH Y3biH,
0ipak KypbUIBIMIBIK JedekTiiepre Oail ekeHiH KepeMi3; Oy ojapAbl KOMIIO3UTTIK MaTepuanjgapia
KOJiZaHy OaphIChiHa Oenriti Oip MEeKTeyIep TyAbIPaIb.

Kecre 1.
[{em1r0J1032 MUKPOTAJIIIBIKTAPBIHBIH KYPBIIBIMABIK JKOHE (PU3HKA-XUMHSIIBIK KacueTTepi
3eprrenren Kacuer | Hormaxe Fbu1bIMu MaHBI3BI
Mopdonorust (SEM) | 10-50 mxm auametp, arperar Ty3y | JHUcrepcHsUIbIK — TYPaKTBUIBIKKA JKOHE
Oerimaiiri KOMIIO3UTTIK KaCHeTTepre acep eTei
Kpucranapix lo xome If  dazanmapeabiH | KpucTtanmbik WHJIEKC MCC-nb1H
KypbUibIM (XRD) KOCIAcChl, IMHKi3aTKa Toyenai [5]. OEpIKTIriH aHBIKTANIBI
OyHKINOHAIBI I'unpokcuit TonTapblHbIH KONTIrl, — | Monudukanusra UKEeMJILTIK,
tonrap (FTIR) OH, -C-O—C- curnangapsl MOJIMMEPIIIK MaTpULIATAPMEH aAre3UsChl
KOFapBI
MexaHuKaIbIK XKorapel  cepmimainik  moaymi, | Kypbuisic XKOHE KOMITO3UTTIK
KacHueTTep OEpIKTIK KOPCETKILITEPI HKOFaPhI MaTepuaiiap  YLUIH  apThIKUIBUIBIK
Oepeni
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Cy ycray ka0Oineri I'uapodunpainik  xorapel, cy | PapmaneBTukaga TabieTka
CIHIpY KaO11eTi aliKbIH BIIBIPAFBITITHIFBIH APTTHIPAJTBI
KpuTybIK 280-350 °C apaJibIFbIHAA | OHZIeY TEXHOJIOTUSUIAPbIH]IA
TypakTbUIbIK (TGA) | TepMUSIBIK BIABIpAY OacTaiaabl TEMIEPATypablK IMIEKTEPl EecKepyadl
KaXeT eTefl
buonorusibix Mukpoopranuzmiep ocepiHEH | DKOJIOTUSAJBIK  TYPFbIIaH  IJIACTHKTI
BLIBIPAFbIIITHIK TOJIBIK, BLIBIPANIbI aJIMaCThIpPyFa MYMKIHIIK Oepei

(Eckepty: kecte aBTOp/BIH 3epTTEY OaphICHIHAA KYPACThIPbLIFaH )

XRD notmxenepi MCC yirinepinae nemtrono3ansiH lo skone I ammoTponTapblHBIH KOCHACH
OaceiM exeHiH kepcerTi. Lllukizar ke3i Makra Oonran yiuriepne lo ¢a3zacklHBIH yieci )KOFapbl OOIBIT
mIbIKca, aram MaccacbiHaH ainsiHFaH MCC ynarinepinge I dopmacer 6aceim 6omael. byt KyObuIbIC
MCC-upiIH  MOP(}ONOTUSIBIK ~ OIPTEKTUIITiHE, MEXaHUKAIBIK OEpIKTIriHE KOHE  XUMUSUIBIK
TYpPaKTbUIbIFbIHA Tikened biknan eteni. Jemexk, MCC-HbIH KoyiJaHy cajlaChlH TaHJayJa IIUKi3aT
KO31HIH TaOMFaTBIH €CKEePY CTPATETUSUIBIK MaHbI3bI 0ap (pakTopra aiHaIabl.

FTIR cnexrpockonusuiblk jepektep MCC KypbUIbIMBIHIA THAPOKCHJ TONTAPBIHBIH aWKbIH
OaceIMIBIFBIH pacTaasl. by TontapasiH kentiri MCC-HbIH O€TKi peakIusuIbIK KaOlIeTiH apTTHIPHIIL,
OHBI TYpJl XUMUSIBIK Moaudukanusiiapra ukemuai ereai. byn skarmait MCC-HbIH TOJUMEPITIK
MaTpulajlapMeH  OailIaHBICBIH ~ KYIIEHTIN, OHBIH  KOMITO3UTTEPIEri  aAre3WsUIbIK  KacHeTiH
akcaptansi[2],[3].

MexanukanslK ceiHakTap MCC ynrinepiHiH ceprmiMAUTK MOAYJi MeH OEpiKTITiHIH KOFapbhl €KeHiH
aifFakTajipl, acipece KPUCTAJABIK Jopexkeci xorapsl yiariuiepae. byn kacuer MCC-nbl 6uononumepii
KOMITO3UTTEP YUIIH apMaTypJIayIibl areHT PETiH/IE KOJAaHy IbIH THIMILTITIH ganenaeiai [6].

Cy ycray kabinmeti OoiibiHIIa >xypriziiren ceiHakTap MCC-HBIH TUAPOPUIBAI TaOUFATHIH
pactaapl. ['MAPOKCHII TOMTApBIHBIH OETKi KOHIICHTPALUSACHl HEFYPIIBIM JKOFapbl OOJIFaH CaibIH, Cy
ciHipy kaOinmeti aprtamel. byn ¢dapmaneBTHKanblK KoJgaHyJa MaHb3Abl pen atkapaabsl: MCC
TabJIeTKAIAP IbIH BIABIPAFBIIITHIFBIH KYIICHTII, AOPUTIK 3aTTapAbIH OMOKETIMILIITIH jkaKcapTaisl [7].

Ll,ennlonoz.a MUWKpOTanllbIKTapbiHbIH, K,acmeT'repi oHe onapAblH FblNbIM MaHbI3bI
Mopdonorna (SEM) 7
KpuvcTanablk Kypbiieim (XRD) 8
®yHKUMoHanabl TonTap (FTIR) 9
MexaHWKanblk KacueTTep | 9
Cy ycTay kabineTi | 8
Helnynblk TypakTbeinblk (TGA) | 7

BUONOrusanbIK biblpaFbilUThIK [ 10

0 2 4 6 8 10
FbIILIMU MaHbI3ObINbIK AeHreii (WapTTel WKana)

Cyper 1. llemtrono3a MUKPOTAIIIBIKTAPBIHBIH KACUETTEP1 KOHE OJIAP/IbIH FHIIBIMH MaHBI3bI

Tepmorpasumerpustislk Tangayinap MCC-ubiH 280-350 °C apansifblHIa TEPMUSIIBIK BIABIPA
OacTalThIHBIH KepceTTi. by TeMnepaTtypa 1uana3oHbl OHbI TEPMOIUIACTUKANIBIK MaTpHUIlajiapFa KOCyFa
MYMKIHJIK O6epce e, )Korapbl Temnepatypaiblk npouectepiae MCC-HbIH nerpafgaiusicbiH 00apIpMay
YIIiH apHaibl TEXHOJIOTUSIIBIK OeiiMaey KaxeT [4].

buonorusniblK  bLABIPAFRIUTHIK TYpFbicbiHAaH MCC yariiepi Tabufd MHUKpPOOPTaHU3MEPAIH
ocepine Te3 Oepuierini Oaiikangsl. byn kacuer MCC-HBI SKOJNOTHSUIBIK Kayilci3 MaTepuanaap
KaTapblHJa epeKIIeNeHIpiN, KanTaMa WUHIYCTPHUSCHIHIA IUIACTUKTI alMAacThIpaThlH OanaMa peTiHe
KapacTelpyfa MyMKiHaik Oepeni [1].
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Anwiaran HoTIoKeep MCC-HBIH KYPBUIBIMBI MEH KACHETTEpPl apachiHa TIKENEH KOppemsmus
Oap ekeHiH monenaeii: MophonIorus — KPUCTAIABIK KYPBUIBIM — (DU3UKA-XUMUSIIBIK CHIIATTamMaliap
apachIHIaFbl OAlJIAHBIC OHBIH KOJJIAHBUTY THIMJUIITIH aHBIKTaWIbl. MOCEIEeH, KPUCTAIIBIK WHICKC
xorapel MCC yirisiepi KypbUIBIC XOHE KOMIIO3HMTTIK MaTepHalapjia apThIKIIBUIBIKKA He 0oJca,
rugpodmnbaiiri skorappl MCC  ynrinepi ¢apManeBTHKa >KOHE TaraM ©HEpKociOiHae Kelipek
cypaHbicKa ue [7].

Kazakcran >xarqaifblHIa aybUIIIAPYyabUTBIK KaABIKTaphl HeTi3inae MCC eHIipy TeK FhUTBIMU
KaHAJIBIK KaHa €MEeC, COHBIMEH KaTap AKOHOMHKAJIBIK THIMII IIemiM Oosbin Tabbutanbl. by enmig
(OKachll OJKOHOMHKA» KOHIEHIMACHIHA COWKEC OJKOJIOTHUSIIBIK Taza Marepuayigap HapbIFbIH
KaJbIITacThIpyFa yiec Kocaasl. COHBIMEH KaTap, OTAaHIBIK IIMKI3aTThl TaijallaHy HMMIIOPTKa
TOYEJIUTIKTI a3alThIN, (hapMaleBTHKA, TaMaK ©HEpKaciOl >KoHEe KYpBUIBIC calajapblHAAFbl YITTHIK
OHJIIPICTIH 0ocekere KaOUISTTIIIrH apTThIpa ajnaasl [6].

KopbIThIHABI. XKyprizinren FBUIBIMU Tangay HOTHKECIHIE LEIUII0I03a
MukpoTtaambIKTapbiHbiH (MCC) Kazipri 3aMaHfbl FBUIBIM MEH OHIIPICTE CTPATETHSUIBIK MaHbBI3Fa Ue
OouomnonuMep eKeHIIri aWkbpiHAadabl. OJapAblH alblHy OMICTepl KONKBIPJIBI JKOHE OpKalChICHIHBIH
©31H/IIK apTHIKIIBUIBIKTApbl MEH IekTeysepi 6ap. Kypeutibimapik epekmenikrepin tangay MCC-HbIH
(YHKIMOHANBIK KAaCHETTEPiH TYCiHYTre Heri3 0oJabl: MOP(OIIOTHSCH, KPUCTAIABIK JAIPEKEC] JKOHE
THJIPOKCHIT TONITAPBIHBIH KONTITT OHBIH K€H KOJIAHBLTYbIH KAMTaMachl3 €Te/Ii.

MCC-HbIH (U3HUKa-XUMUSIIBIK KACHETTEPI — JKOFAphl OEpIKTIri, THAPOGUIBIITi, OHOIOTHUSIIBIK
BIIBIPAFBIIITHIFBl JKOHE JKBUTyFa TO3IMIUIIN — OHBI (hapMalleBTHKA, TaFaM ©HEpKoCciOi, KYpBUIbIC,
KOMITO3UT JKOHE KalTaMa HHIyCTPHUSCHI CUSKTHI OPTYPIIi cajlaiap/ia KoJIaHyFa MyMKIHIIK Oeperi.

Kazakcran ymrin MCC-HbIH ©3€KTiIr aybUIapyalbUIblK KaIbIKTAPBIH KOFAphl KOCBHIMIIIA
KYH/IBI OHIMI'€ aifHAJABIPy MYMKIHJITIMEH, SKOJOTHSUIBIK Ta3a TEXHOJIOTHSUIAPIBI JaMBITyFa KOCKaH
yJIeCIMEH JKOHE HMMIIOPTKA TOYEAUTIKTI TOMEHJIETy oJeyeTiMeH Tikened OainmaHbicTbl. COHIBIKTaH
6onamakra MCC eHIipiciH >KOJIFa KO T€K FBUIBIMH €MeC, COHBIMEH KaTap SKOHOMUKAIIBIK MaHbI3bI
30p CTPATETUSIIBIK KajiaM 0oJibin Tadbuiaabi[ 1-7].
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ABSTRACT

Document similarity analysis plays a central role in natural language processing (NLP)
applications such as plagiarism detection, information retrieval, and question answering. Classical
statistical models like TF-IDF or distributed word embeddings such as Word2Vec provide efficient
document representations, yet they fail to capture deeper semantic nuances, especially in cross-lingual
and domain-specific contexts. This study evaluates transformer-based embeddings (BERT and its
derivatives) as a document vectorization technique and compares them against traditional baselines.
The experimental findings on a multilingual academic dataset demonstrate that contextual embeddings
significantly enhance semantic similarity analysis, achieving improvements in both accuracy and
robustness. Furthermore, a hybrid pipeline that integrates TF-IDF with BERT embeddings is proposed,
striking a balance between semantic depth and computational efficiency. The results indicate the
promise of transformer-based models as the backbone of scalable, real-world document similarity
systems.

INTRODUCTION

The exponential growth of digital text across the internet, academic repositories, and enterprise
systems has intensified the demand for robust document similarity methods. Applications range from
plagiarism detection in academic institutions to recommendation engines and legal text analysis. The
main challenge lies in representing text in a way that preserves both syntactic and semantic
information while ensuring scalability for large corpora.

Classical approaches such as the Vector Space Model [1] and TF-IDF weighting have long been
used for document retrieval. However, these models primarily capture word frequency statistics and
ignore context, leading to poor generalization across languages and domains. Neural word embeddings
such as Word2Vec [2] and GloVe improved representation quality by embedding words in continuous

vector spaces, yet they still produce static embeddings, unable to capture polysemy.
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With the advent of transformer-based models, most notably BERT [3], contextualized
embeddings have become the de facto standard in NLP. They capture rich semantic dependencies by
leveraging self-attention mechanisms, producing embeddings that are context-sensitive. More recent
models such as Sentence-BERT [4] and SimCSE further optimize embeddings for semantic similarity.
Despite their effectiveness, transformers are computationally intensive, raising concerns for
deployment in real-world, large-scale applications.

This paper contributes by:

1. Providing a comparative evaluation of TF-IDF, Word2Vec, and BERT embeddings for document
similarity tasks.

2. Proposing a hybrid TF-IDF + BERT pipeline to achieve both efficiency and semantic accuracy.

3. Discussing the trade-offs of accuracy, scalability, and computational complexity in document

similarity systems..

METHODOLOGY

2.1 Dataset and Preprocessing
The experiments were conducted on a multilingual academic text dataset consisting of 5,000
document pairs manually annotated with similarity scores (0—1). Preprocessing involved tokenization,
lowercasing, stopword removal, and lemmatization. For BERT, subword tokenization (WordPiece)
was applied.
2.2 Models Evaluated
o TF-IDF (baseline): Represents documents as high-dimensional sparse vectors.
e Word2Vec: Generates dense word vectors by training on large corpora. Document vectors were
obtained by averaging word embeddings.
o BERT (base model): Contextual embeddings were derived from the [CLS] token representation
of each document.
o Hybrid TF-IDF + BERT: Combines statistical TF-IDF features with BERT embeddings to
enhance performance while reducing runtime costs.

EXPERIMENTAL RESULTS AND DISCUSSION

3.1 Quantitative Results
Table 1. Comparative performance of models

Model Accuracy (%) F1-Score Avg. Processing Time (per doc)
TF-IDF 72.4 0.71 0.12s
Word2Vec 78.9 0.76 0.20s
BERT (base) 89.6 0.87 0.85s
Hybrid (TF-IDF | 91.2 0.89 0.65s
+ BERT)
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The results show that transformer embeddings clearly outperform both TF-IDF and Word2Vec
in terms of semantic similarity accuracy. The hybrid model further improves the performance,
benefiting from BERT’s contextual richness and TF-IDF’s efficiency.

3.2 Analysis

Several insights emerge from these findings:

e Semantic depth: BERT embeddings capture contextual meaning, outperforming frequency- and
co-occurrence-based methods.

o Efficiency trade-off: While BERT is accurate, it is nearly 7x slower than TF-IDF. The hybrid
model alleviates this limitation by filtering candidates with TF-IDF before applying BERT
refinement.

e Cross-lingual robustness: Preliminary tests suggest that transformer embeddings are more stable
across languages compared to TF-IDF, which is heavily language-dependent.

e Scalability concerns: Despite high accuracy, transformer-based methods may be prohibitive for
real-time systems unless optimized with distillation, pruning, or approximate nearest neighbor

search.

CONCLUSION

This study has highlighted the strengths and weaknesses of traditional and transformer-based
document vectorization models. The results confirm that transformer embeddings, particularly
BERT, provide superior performance in similarity detection tasks. At the same time, the hybrid
approach demonstrates a practical pathway for achieving both scalability and semantic precision.

The contributions of this work are twofold: first, establishing empirical evidence of BERT’s
advantage over TF-IDF and Word2Vec in multilingual settings; second, proposing a hybrid
architecture that reduces computational burden without sacrificing accuracy.

Future work will investigate cross-lingual similarity detection using advanced multilingual
transformers (e.g., XLM-R, LaBSE) and explore efficient deployment strategies such as knowledge
distillation and sparse attention mechanisms. These directions will pave the way for real-world

adoption of neural similarity systems in education, law, and enterprise information retrieval.
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POJIb KPUIITOBAJIIOTBI B COBPEMEHHBIX ITPECTYIIVIEHUAX

Mpycanupoeé bonamoex Theyoaesuu

AHHOTANUA

B naHHOMl craThe MNPOBOAUTCS MCCIEIOBAHUE METOAOB OCYIIECTBICHUS HE3aKOHHOU
NESITeIbHOCTH C MIPUMEHEHHEM IU(POBHIX (PUHAHCOBBIX HHCTPYMEHTOB. AHAIM3UPYIOTCS pa3IMyHbIe
CXEMBbI, UCIIOJIb3yEeMbIE 11 OTMBIBAHUS JIEHET, ((PUHAHCHUPOBAHUS TEPPOPU3MA U APYTUX IPECTYIHBIX
neiictBuil. PaccMaTpuBarOTCsl OCHOBHBIE MHCTPYMEHTBI M TEXHOJIOIMM, TaKM€ KaK KPUITOBAJIIOTHI,
BUpTyaibHble yacTHele cetu (VPN) u peneHTpanu3oBaHHbIE OUPXKH, KOTOPbIE MCIOJB3YIOTCS AN
peain3aluy TaKUX CXEM.

Ocoboe BHUMaHME YJENAeTcs pUCKaM U BbI30BaM, CBS3aHHBIM C AHOHMMHOCTBIO U
TPAHCTPAHUYHOCTHIO IMU(PPOBBIX (PHUHAHCOBBIX MHCTPYMEHTOB. OOCYXIArOTCS MEpbI, MPUHUMAaEMbIe
rocyJJapCcTBaMM U MEXYHAapOAHBIMU OpraHU3alUsAMU U1 O0pbObI ¢ IPECTYITHOCTBIO B JaHHOMU cdepe,
BKJIIOYAsl 3aKOHOJIaTEIbCTBO, COTPYAHMUYECTBO MEXJy CTpaHAMM U MCIIOJIb30BAaHHE TEXHOJIOTMM AJIs
MOHUTOPHUHIA U BBISIBICHUS M1003PUTEIbHBIX TPAaH3aKLHUI.

KuroueBble ci1oBa: KpUNTOBAIIOTA, IPECTYIIEHUSI, aHOHUMHOCTb, TPAHCTPAHUYHOCTb, O0ph0a ¢
IIPECTYITHOCTBIO, 3aKOHO/1aTENIbCTBO, (PMHAHCOBBIE MPECTYIICHUS

B ycnoBusx riobanmzanuu v muppoBU3aIMHA YKOHOMHUKH KPUITOBAIIOTA, KAK WMHHOBAIMOHHBIN
(UHAHCOBBIH MHCTPYMEHT, IpuoOperaeT Bce Oojblllee 3HAYCHHE B COBPEMEHHOM MHUpE. ODTOT
U(POBOI aKTHUB, UCTONB3YIOUMA KpUOTOrpadUuecKue METOAbl s oOecredeHus Oe301acHOCTH
TPaH3aKIMA UM PEryJMpoBaHUs SMHUCCHM, OOJIAZaeT PAJOM XapaKTEpUCTHUK, JENaloIUX €ero
IIPUBJICKATEIbHBIM KaK Ul 3aKOHHBIX IOJb30BaTeNIeH, TaK M Ul MpeAcTaBUTENCH KPUMHHAIBHOTO
Mupa.

KpunroBantora xapakTepusyeTcsi BBICOKOW CTENEHbI0 aHOHMMHOCTU M JCLIEHTpalIu3aluu, YTo
MO3BOJISIET €l (DYHKIIMOHMPOBATH BHE TPATUIIMOHHON (DUHAHCOBOW CHCTEMBI M TOCYJApCTBEHHOTO
peryaupoBaHus. OTH CBOHCTBa  CO3Jal0T  OJAronpusTHbIE YCJIOBUS  JUIsl  MCIOJb30BAHUS
KpUIITOBAJIIOTBI B IPECTYIHOM  JI€ATENbHOCTH, BbI3bIBasi OOECHOKOEHHOCTb CO  CTOPOHBI
rOCYJJapCTBEHHBIX OPTaHOB U MEKIYHAPOJIHOTO COOOIIECTBA.

[lenb naHHOM CTaTHU - aHAJIU3 POJIM KPUIITOBAIIOTHI B COBPEMEHHBIX MPECTYIUICHUSX, U3YUECHHE
METOZIOB €€ NpPHUMEHEHHMs B HE3aKOHHBIX CXeMaX, a TakKXe OILeHKa >(PQPEeKTUBHOCTH Mep,
MpEeNNPUHUMAEMbIX JJIs1 MPOTUBOAECUCTBUS 3TUM sBIeHUsAM. Oco0oe BHHMaHue OyJeT yHAelIeHO
BBI30BaM, C KOTOPBIMHU CTAJIKHUBAIOTCSI IPABOOXPAHUTENIBHBIE OpraHbl U CTPYKTYpPbI PETYJIMpPOBaHUs, a
TaK)K€ BO3MOKHBIM ITYTSAM UX PEIICHUS.

AKTyallbHOCTh HCCJIEIOBaHMs OOYCIIOBJIEHA HEOOXOIUMOCTBhIO pPa3pabOTKU KOMILJIEKCHBIX
CTpaTeruii Mo NPEJOTBPAILICHUIO M TPECEUCHUIO NPECTYIJICHUH, CBSI3aHHBIX C HCIOJIb30BaHUEM
KpUNTOBaIOTHL. [loHMMaHNe MeXaHU3MOB, JIEKAIIUX B OCHOBE ATOro ()eHOMEHa, MMEET KIH0YEeBOE
3HaueHue st GopmMupoBaHus dPPEKTUBHBIX MEXaHU3MOB 3alIUTHI U OOECTICYeHHs] 0€3011aCHOCTH B
UG POBOI IKOHOMHUKE.

«CornacHo ounenkam Opranuzanumn OOwveauneHHbix Hamuit (OOH), cBbime 80 mnpoiueHTOB
KHOEepIpeCTYIJICHNI COBEPIIAIOTCS B paMKax TOM MM MHOHM (hOpMBI OPraHU30BaHHOM AEATENbHOCTH,
BKItOUask (hopMUpoBaHHE YEPHOTO phIHKa» [1].

OnHOI 13 KITIOYEBBIX OCOOEHHOCTEHW KPHUIITOBAIIOT SIBJISIETCSI UX AHOHUMHOCTh. TpaH3akluu He
TpeOyIOT yKa3aHUSl JIMYHBIX JI@HHBIX, YTO JeJlaeT HMX MPUBJIEKATEIbHBIMU MJI MHPECTYIHHUKOB,
KEJAIOLUX CKPbITh CBOM JACUCTBHs. JlElEHTpaJM30BaHHBIN XapakTep KPUITOBAIIOT IO3BOJIIET
00XOJUTh TPAAUIIMOHHBIE (PMHAHCOBBIE CHUCTEMbI, UYTO 3aTPYAHSIET OTCIEKHBaHHE U KOHTPOJIb 3a
JBUKEHHEM CPEJICTB.

KpunToBanmioTel  HCIONB3YIOTCS B PAa3lIMYHBIX  (QopMax MPEeCTymHOW  AESTeIbHOCTH.
[IpecTynHUKN MCMONB3YIOT KPUNTOBAIIOTHI Ul OTMBIBAHUS JOXOJOB, IOJIYYEHHBIX HE3aKOHHBIM
myTeM. C MOMOIIBI0 aHOHUMHBIX KPUNTOOMPK M MUKCEPOB OHM MOTYT CKPBITh MCTOYHUK CPEJICTB U

18



MexnyHapoaubiil Hayu bl xxypHa1 AKAJIEMUK Ne 2 (243) 2024 r.

JIeTAJIN30BaTh UX. XaKepbl 4acTo TPeOyIOT BBIKYN B KPUITOBAIIOTE 32 BOCCTAHOBIIEHHE JOCTYIA K
3aM(pPOBAHHBIM JAHHBIM. JTO CBSI3aHO € TEM, UTO TaKUE TPAH3AKIMH CI0KHO OTCIIEIUTb.

KpunroBamoTel CTAHOBATCS Bce Oojiee MOMYJISIpHBIMH B TEHEBOW HSKOHOMHKE, BKIIOYAs
TOPIOBJII0 HAPKOTUKAMU U OpyxkueM. IIpecTynHUKN UCIONIB3YIOT UX Ui pacdy€ToB, YTOObI N30€XKaTh
OoOHapy>KEHHS.

«Macmtabbl HapKOTOpProBiu B MHTEpHETE ¢ HCIOJIb30BAaHHEM KPUIITOBATIOTHI MPOJODKAIOT
YBEIIMYUBATHCS PUMEPHO CO CKOPOCThIO 44 MITH J0J. B TOI» [2].

«KynuTh 3anpenieHHble TOBapbl B CETU CTaHOBHUTCS Bce mpoue. /i storo yepe3 Tor Opaysep
JOCTaTOYHO TOCETHTDh ONpEeNeHHbIN caift, Hanpumep, Hydra - kpynHeiias Toprosas 1miomiajaka 1mo
IIpoJake HapKOTUKOB. IIpy 3TOM Ha caiiTe ecTh HHCTPYKLMH, KaK IIPABUIIBHO CO3JaTh KPUIITOKOILEIIEK
Y COBEPIIUTH OoriaTy» [3].

Ha Ham B3risij, «rocyJapcTBO HEHM30€XHO OyAET CTaJKMBATBCA € MPOOJIEMONM TEXHUYECKOU
BO3MOKHOCTHU M 3aKOHHOCTH CBOMX JIEUCTBUH I10 3aKPBITHIO TAKUX CAUTOB, 10 TEX IIOP, MIOKA JAHHBII
BONpPOC He Oy/eT MOCTABIIECH 110/l MEXYHAapOAHbIM KOHTPOJIb, KaK, HallpuMep, 0aHKOBCKUE ONEPALIID)
[4].

Cyl1LecTBYIOT CXEMBI, TAKUE KaK «ITUPaMUAa» U «(PUHAHCOBBIE JIOBYIIKH)», KOTOPbIE UCIIOIb3YIOT
KpUIITOBAJIIOTHI JJIi OOMaHa WMHBECTOPOB. MOILIEHHUKHM OO€IIAI0T BBICOKHE JO0XOJbl, HO B UTOre
MCYE3aI0T C BJIOXKEHHBIMHU CpeICTBAMU. MOILIEHHUYECTBO BKIIIOYAET B C€0s pa3IMUHbIE CXEMBbl, TAaKUE
KaK pummar, MomeHan4YecTBO ¢ ICO (mepBUYHOE pa3MenieHne MOHET) U APYTUe BH/IBI OOMaHa.

B Hacrosmee Bpems Hu B PecnyOmuke KazaxcraH, HM B MHUPOBOM COOOIIECTBE He
OCYIIIECTBIISIETCS LIEHTPAIN30BaHHbIM YyUET JOXO0JI0B, MOJIYYEHHBIX C HCIOJb30BAaHUEM BHUPTYaJIbHBIX
BAIIOT B NPOTHBOIPABHBIX LeNsAX. TeM He MeHee, aHaIU3 OTAEIbHBIX TEHACHUUI B o0iacTtu
KPUMUHOJIOTUH B IAHHOH cpepe NpeCTaBIIEeTCS BOZMOXKHbBIM.

Ha cerogusimHuii JeHb mpouecc OOHANIMYMBAHUSA  KPUITOBAIIOTHI  XapaKTepu3yeTcs
OTHOCUTEJIBHOW MPOCTOTOM U AOCTYHmHOCThbIO. Cpean Haubolsiee pacnpoOCTPaHEHHBIX M HAAEKHBIX
METOZOB KOHBEpPTAIlMM KPHUNTOBAIOTHI B (uaTHylo Bamory Ha Teppuropun CompyxecTBa
HezaBucumpbix ['ocynapcts (CHI') MOXHO BBLACTUTH ClIEAYIOIIKE:

KpunroBamoTHeie  0OMeHHbIE MIaTGOpPMBI: BBIOOP OCYIIECTBISACTCS B TOJNB3Y HAAEKHBIX
CEpBUCOB C HEOOXOAMMBIMM HampaBieHUAMU oOMeHa. Jlyii MpoBeAEHHUs olepaluu IOoJb30BaTelb
3anoyHseT (GopMy 3aiBKM M OCyLIeCTBIAET omulary. OCHOBHbIE NpPEUMYIIECTBA JAHHOTO METOoja
BKJIFOYAIOT:

- OmnepaTUBHOCTb: TpaH3aKIMM 3aHUMAIOT OT HECKOJbKMX MHMHYT A0 5-10 MuUHYT B
3aBHCUMOCTH OT HaIlpaBieHHUs 0OMEHa U CKOPOCTH MOATBEPKACHUS ONEpalliy B CETH OJIOKYEHH.

- PaznooOpasue HampaBieHHiIl: BO3MOXKHOCTh KOHBepTaluu B OaHkoBckue cuera (COepOaHK,
Tunbkod ¢, Ansda-bank, [Ipusat24 u np.), MexayHapoHble MIATEXHbIE cucTeMbl (Visa/Mastercard),
a TaKKe AIIEKTpOHHBIE TaTéxHbie cucteMbl (Qiwi, Anaekc.[lensru, Payeer, Advcash, PerfectMoney,
Kanuranucr u ap.).

- HepocraTku: puck B3auMOJIEHCTBUS C MOIICHHUYECKMMH IIaTGopMaMu, 4YTO TpeOyer
TIIATEIBHOTO BbIOOpa HaI&KHOTO cepBHca C Xopouwed penytauueil. I[lpaBuna wncnonab3oBaHUs
OOMEHHBIX IUIaTGOPM PpErJIaMEHTUPYIOTCS T0JIb30BaTENbCKUMU cornamenusMu. Kypc oOmena
yCTaHaBJIMBAETCs Ha ONpeAeIEHHbIN BpeMeHHOW UHTepBall (00bIYHO 15 MHUHYT), B TeU€HHE KOTOPOTo
oreparys J0KHA ObITh 3aBeplleHa B COOTBETCTBUHU C YCIOBUSIMU cOTJallieHus. B nmpoTuBHOM ciyuae
3aIpoC MOXKET ObITh aHHYJIMPOBAH WJIM IIEPECUUTAH 110 HOBOMY KYypCY.

Jlns ocyliecTBieHuUs Onepaluy Mojib30BaTEN0 HEOOX0AUMO MPEAOCTaBUTh aJIpec AIEKTPOHHON
MOYTHl M PEKBU3UTHI AJIEKTPOHHOTO KOIIENbKAa WM OAHKOBCKOTO CYETA JJISl MOJIYYEHHUS JIEHEKHBIX
cpencTB. MHOTHE cepBHCHI IPEUIaraloT MIPOrpaMMbl JOSIBHOCTHU I TOCTOSTHHBIX KIIHEHTOB.

KpunroBanoTHele OUpKU: 4Yepe3 OOMEHHBbIE IYHKTBI MOXKHO BBIBECTHM TOJIBKO Haubosee
nonyJsipHble KpunroBamoThl (Bitcoin, Ethereum, Litecoin, Ripple, Monero, Dash, Dogecoin, Zcash,
Ethereum Classic). B 1o xe BpeMsi, OMp>KU NMPEeIOCTABISAIOT MIMPOKUI CHEKTP KPUNTOAKTHBOB JJIS
MpoBeIeHUS (UHAHCOBBIX OMepaluii, BKIo4as TokeHbl cranaapta ERC20.
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Bupsxu B3BICKHMBAIOT TOPTOBBIE COOPHI, KOTOPbIE MOTYT OBITh 3HAYMTEIBHBIMU TP OTIEPALIUAX
¢ ¢maTHOH BamoToil. UHopMarus o koMHuccusx BCeraa J0CTyIIHAa B COOTBETCTBYIOIIUX pa3esiax Ha
caiite Oupsxu. OgHAKO HE BCe TUIAT(GOPMBI MOAJIEPKUBAIOT ONEpaIiy ¢ (PUATHOM BaTIOTOM.

OnektpoHHble iaréxueie cuctembl (EPS): Takue cepBuchl, kak Advcash, Capitalist, Payeer,
Epayments u npyrue, npeaocTaBiIsiOT BO3MOKHOCTb CO3/aHUS JIEKTPOHHOTO KOIIeJIbKa B (hUaTHOMH
Bamore. Komenék MoxkeT ObITh IMONOJHEH C HCIHOJIb30BAaHMEM KPUIITOBAIIOTHI, IOCIIE YEro
KOHBEpTaLUsl CPEJCTB OCYLIECTBIsETCS aBToMaTuuecku. [lomydeHHble cpeacTBa MOTYT ObITh
BbIBEJICHbl M OOHAJIMYEHBbl DPA3JIUYHBIMU cHoco0amH, BKJIIOYas OAaHKOBCKHE KapTbl, MEPEBOBI,
HAJIMYHBIE U APYTUE METOBI.

OOMeH ¢ (pu3MUECKUMM JIMLAMM: YYAaCTHUKHM HAXOIAT APYr Apyra Ha clenUalu3upOBaHHbBIX
(dopyMax U 3aKIIOYAIOT CEJIKH 110 0OMEHY KPUITOBAIIOTHI HA (PUATHYIO BATIOTY.

CylecTBYIOT HeJerajlbHble CEpBUCHI, MPEAOCTABISAIONINE YCIYTH O OOMEHY KPUIITOBAIIOT.
3HauynTeNbHBIE 00BEMBI CPEACTB, MOTYUYCHHBIX IPECTYMHBIM MYTEM, IPOXOAT Yepe3 O(PIIOPHBIC 30HbI
C TPAJIUI[MOHHO MEHEE CTPOIMM KOHTPOJIEM 3a (PUHAHCOBBIMU IIOTOKAMH.

OaHMM U3 COBPEMEHHBIX M BOCTPEOOBAHHBIX METOJOB JIETANM3alMM HE3aKOHHBIX J10XO/0B
ABJISIETCS OTMBbIBaHME 4epe3 BeO-pecypchl, Mpeajararolive yciayrd aszapTHbIX urp. Yepes Ttakue
w1aThOpMbl MPOXOAUT MPUMEPHO TPHU UYETBEPTH BCEX HE3aKOHHBIX BHPTYAIbHBIX (DUHAHCOBBIX
CPEACTB.

«Ilo mamHbIM Kommanmu Trend Micro, B3JTOYMBINUICHHHKH BCE 4Yalle HCIOJIB3YIOT
BUPTYaJIbHYI0 BAJIOTY JJIi COXPAaHEHMsS CTOMMOCTH KPHUINTOBAIIOT. [ 3TOro oHm mnpuoOperaroT
UTPOBBIE TOKEHBI IMOMYJSPHBIX BUPTYaJbHBIX HUIP, KOHBEPTUPYIOT MX B KPUIITOBAIIOTY, a 3aTeM
0OMEHMBAIOT Ha (pUaTHBIE IEHBIU Yepe3 ClIeUaTN3UPOBAHHbIE CEPBUCHI [5].

«Emé oxHOM Kareropued NpPECTYIUICHUH, CBS3aHHBIX C HCIIOJIB30BAHUEM KPHUIITOBAIIOT,
SBJISIIOTCS CIIy4yaM, KOIJla BUPTYyajibHas BaJOTa BBICTyHaeT 00BEKTOM IPECTYITHOIO ocsArarenbcTsa. B
CBSI3U C OTCYTCTBHEM IIPaBOBOIO CTaTyca y KPUNTOBAIIOT, HMEHHO 3Ta KaTEropHsl NpPecTyIUIEHUI
JIEeMOHCTPHPYET HauboJiee 3HaYUTENbHbIN pocT. B mepBoM kBapTane 2019 roga Obu1o 3apUKCHPOBAHO
XMIIEHUE LIU(POBBIX BaIIOT Ha CyMMy 356 MMWUIMOHOB JO0JIJIApOB, @ YOBITKM OT HE3aKOHHOI'O
IIPUCBOEHUS CPEACTB JOCTUIIM 851 MMIUIMOHA JO0JUIApOB, COIVIACHO E€XEKBAPTAJIbHOMY OTYETY
amepukaHckoi kommanuu CipherTrace. D10 00ycinoBieHO crnenupUYecKUMU OCOOCHHOCTAMU
TEXHOJIOTUH, O KOTOPbIX YIIOMUHAJIOCh paHee» [6].

JIunia, 3aHMMAIOLIMECs XUIICHUEM KPUIITOBAIIOT, IPUMEHSIOT pa3HO0Opa3Hble METO/IbI:

1. Ucnionb3oBanve  (UIIMHTOBBIX  OJJEKTPOHHBIX  KOLIENbKOB.  BBuay — HexenaHus
II0JIB30BATEIEH BBOJAWUTH BPYUYHYHO JJIMHHBIE CTPOKHM CIIy4allHBIX CHUMBOJIOB, YyBCTBUTEJIBHBIX K
peructpy, OONBIIMHCTBO U3 HMX NHpuUOEraroT K (PyHKIMHM KONUPOBAaHUS U BCTaBKU JI yKa3aHUA
aZipecoB, Ha KOTOpbIE OCYIIECTBIISETCS OTIpPaBKa KPUIITOBAIIOTHL. BpemoHOCHBIE INPOrpaMMsl,
U3BECTHBIE KAK «KJIMIEPBD» WU «TOHIIMKH Oydepa oOMeHay», 0OHapyKUBaOT (DaKT MUCIOJIb30BAaHUS
Oydepa oOMeHa Ui BPEMEHHOI'O XpaHEHMs ajJpeca KPUITOKOIIENbKa W WHHULUUPYIOT CLEHapui,
3aMEHSIOINNA KOPPEKTHBIA aJipec Ha aJpec 3J0yMBILUIEHHUKA. B pe3ynbTare jkepTBa, 3a4acTyio He
0CO3HaBasl MPOU3OLIE/IIEr0, OCYIECTBISAET MEePEeBO HUPPOBON BATIOTH Ha CUYET, KOHTPOJIUPYEMBIH
MIPECTYITHUKOM.

2. Coznianue (pUIIMHIOBBIX caiiToB. [IpecTynmHUKM MOTYT HMUTHPOBATh MOMYJISPHBIE PECYPCHI,
9TOOBI OOMAaHOM BBIHYJIUTH TIOJIb30BaTelIed PACKPHITh KOHPUIACHIMATBHYI0 HWH(POPMALUIO WU
BBITIOJIHUTH JIEHCTBUS, BEAYIINE K HECAHKIIMOHUPOBAHHBIM OIEPALUAM C KPUIITOBAIIOTOM.

3. KpayIMHBECTUHIOBbIE  NPOEKTHl.  Pa3BUTHME  HOBBIX  MOJENEH  KOJUIEKTHBHOIO
uHBectupoBanus, Takux kak ICO (Initial Coin Offering) u IPO (Initial Public Offering), nmpuseno x
MOSIBJICHUIO MOIIEHHUYECKUX KOMITaHUM, COOMpAIOIIUNX CpPEJCTBAa B KPUIITOBAIIOTE 0€3 HamepeHus
OCYLIECTBIIATh MPEAIPUHUMATEIBCKYIO JeATeIbHOCTh. COrjlacHO MMEIOIIMMCS JJaHHBIM, OoJjiee Tpex
yeTBepTell KpayApaHAUHTOBBIX POEKTOB, SBISIMCH MOIIEHHUYECKUMHU.

4. CoztaHre MHBECTULIMOHHBIX (POHIOB, ONEPUPYIOMIUX KPUITOBATIOTON. YUUTHIBAsE BEICOKYIO
BOJIATUJIBHOCTH KPUIITOBAIIOTHOTO PhIHKA U OTCYTCTBHE MPABOBBIX TapaHTHIl 3alUThl BKIAIYMKOB Ha
MOMEHT CO3/1aHUSl TaKUX (DOHJIOB, MOXHO IPEANONOXKUTh, uTo Oonee 40% M3 HUX MOINIM MMETh
KpUMUHAaNbHbIE 1Ied. BBUAY TOro 4TO KpUNTOBAIOTAa HE MPU3HAETCS 00BEKTOM I'pa)/IaHCKHX IIpaB B
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YTOJIOBHO-TIPAaBOBOM  MpakTHKE, JCHCTBUSA TakuX (DOHJOB CIOKHO KBaIM(UIMPOBATH  Kak
MOIIIEHHUYECTBO.

Bce 3t oOcTosTenscTBa MOAUEPKUBAIOT HEOOXOAUMMOCTh BHECEHHUSI M3MEHEHUH B MEXaHU3M
YTOJIOBHO-IIPABOBOM CHUCTEMBbl. B yclnoBHAX CTpeMUTENBHOM LU(PPOBU3ALMU  OOIIECTBEHHBIX
OTHOIIEHUH OTEYECTBEHHAs IOpUJIMYECKas JOKTpPHHA OTMEYaeT JeCTPYKTHBHOE BO3JEHCTBUE
MH(POPMALMOHHO-KOMMYHHUKALIMOHHBIX TEXHOJIOTUI Ha YrOJOBHO-IIPABOBYIO CUCTEMY, YTO IOJIyYUIIO
Ha3BaHME «JM3PYINLHUS YroJOBHOIO mpaBa». OCHOBHOM 3ajaueil ajanTallMd YroJOBHO-IIPaBOBOIO
MeXaHu3Ma K MPOTUBOJEHCTBUIO IPECTYIJICHUAM, CBS3aHHBIM C HCIOJIb30BaHUEM LHU(DPOBBIX
TEXHOJIOTUH, ABISETCS MPEOI0JICHHE TPATUIIMOHHOT0, HEU(PPOBOTO MOIX0/1a K YTOJIOBHOMY IIPaBY.

BHenpenne KuOepHETHYECKMX TEXHOJOTMM UM LUGPOBBIX METOAOB B HPECTYIHYIO
JESTEIbHOCTD PUBOJUT K HEOOXOAMMOCTH MOJIEPHU3ALIMH YTOJIOBHOTO 3aKOHOIATENIbCTBA.

Ha nam B3risia, s 1OCTHXKEHUS JaHHOU 11eJTd He00X0AUMO:

1. IlpoBecTn JeTalbHBI aHAIW3 U ONPEIEIUTh ONTHUMAJIbHOE KOJUYECTBO COCTABOB
IIPECTYIJICHUH, HENOCPEICTBEHHO CBS3aHHBIX C HH(GOPMAIMOHHON O€30MaCHOCTBIO M 3allUTON
uHpopMaLuu.

2. MomuounupoBate  CyLIECTBYIOIIME  COCTaBbl  IPECTYIUICHMH,  3aTparuBarollue
MH(GOPMAIIMOHHBIE OTHOILICHHS, MyTEM HX «OIHU(DPOBKI.

3. Pazpabotare cHenuaauM3UpOBaHHbIE HOPMbI, HAalpaBJIE€HHbIE Ha IPOTUBOACHUCTBUE
COBPEMEHHBIM yrpo3aM KHOEpIpEeCTyNMHOCTH B BHUPTYaJbHOW cpelle, B ClyyasX, KOrja ajanrtanus
TPaJULMOHHBIX COCTABOB MPECTYIJICHUN OKa3bIBAETCsI HEAOCTATOUHON MIIM HelleJIeco00pa3HoOi.

Y4auThIBas TEXHHYECKHE 0COOCHHOCTH HOBBIX IU(PPOBBIX PEUICHUH, HEOOXOAUMO 00ECTIeUnTh
pa3paboTKy  €IMHOr0  MEXKIYHapOJHOIO  IPAaBOBOTO  PEryJUpOBaHMs, OCHOBAaHHOIO  Ha
YHU(PHUIMPOBAHHBIX CTAHJAPTAX MPOTHBOACHUCTBUS KHOEPIPECTYITHOCTH.

CoBpeMeHHbIE JOCTH)KEHHMsI B 00JIaCTM MH(POPMALMOHHOW 0€30IacCHOCTH MOAYEPKHUBAIOT
HEOO0XOMMOCTh PACUIMPEHUsT MEXIyHAPOJHOIO IIPAaBOBOIO COTPYJHHMYECTBA B JIAaHHOM cdepe.
OpHaKko CyIIECTBYIOLUE MIPABOBBIE JOCTHKEHHSI HE MO3BOJIAIOT TOBOPUTH O HAJIMYUU MOJHOLIEHHON
MEXIYHapOAHOH mpaBoBOil 0a3bl, KoTopas Obl obOecneunBana 3¢pQGEKTUBHOE B3auMoOJEiicTBHE
roCy/apcTB B BOIIpOcax MH(POpMANOHHON 0€30M1aCHOCTH.

Heo6xonuMo TakXke OTMETUTh, YTO B JESTEIbHOCTU MOJpPA3JENEHUIl 10 MPOTUBOAEHCTBUIO
KHOEpIpPECTYINHOCTH IPaBOOXPAHUTENbHBIX OpPraHOB MMEIOTCS MpoOJeMbl 10 MaTepHUajbHO-
TEXHUYECKOMY  OCHAIICHHIO,  YKOMIUIEKTOBAaHMIO  KBaJM(UIMPOBAHHBIMU  CHELUATUCTaMH,
OTCYTCTBHIO YETKUX MEXAaHU3MOB B3aUMOJICHCTBUS C aJMUHUCTpAaTOpaMU CaHTOB MO BOIpPOCaM
npoUIAKTUKH, PETOTBPAILEHHUS U PACKPBITUS YKa3aHHBIX YTOJIOBHBIX NpaBOHApyIIeHH [7].

Taxxe B Xo1€ 10CyJeOHOTO pacciae0BaHus CJI0KHO MOHATh BbISIBJICHHbBIE SKCIIEPTAMU JETaU
COBEpPILIEHHBIX KHOEepaTaK, OLEHUTh COJAEPKATEIbHYIO YaCTh 3aKIFOUEHHUS] KOMIBIOTEPHO-TEXHUYECKON
9KCIEPTU3bl M MPOU3BECTH JAONPOC IOAO03PEBAEMBIX, COBEPIIMBIINX HAaKa3yeMble B YIOJIOBHOM
MOPSAJIKE TPAaBOHAPYILIEHUS.

KpunroBaintoTsl, 0€3yClI0BHO, OTKPBIBAIOT HOBbIE BO3MOXHOCTHU I (PMHAHCOBBIX OIEpaluii,
HO WX AHOHUMHOCTb M JELEHTPAIM30BaHHBIA XapakTep TaKXe CO3Jal0T PUCKH, CBS3aHHBIE C
MIPECTYIHON JIeATeNbHOCTHIO. bopb0a ¢ ncnosb30BaHneM KpUIITOBAIIOT B MPECTYIHBIX LIEISAX TpedyeT
KOMIUIEKCHOTO TIOAXOJd, BKJIKOYAIOIIEr0 PpEryJupoBaHUE, MEXIyHAPOJHOE COTPYJIHUYECTBO U
TEXHOJIOTHYECKHe WHHOBAIMK [§]. BakHo HaxoauTh OanaHc MeXay 3allMTOM MpaB MOJIb30BaTENEeH U
obecrieyeHrneM 0e30MacHOCTH (PMHAHCOBOW CHCTEMBI.

«B Kazaxcrane ocyuecTBisieTcs MONbITKa CTPOUTEILCTBA 3aKOHOATEIbHON 1 HOPMAaTUBHON
0a3bl BBIITyCKa U 000pOoTa HU(POBBIX aKTUBOBY [9].

B cootBerctBuM ¢ mojoxeHusmu crateil 115 m 116 I'paxknanckoro koaekca Pecrnyonuku
Kazaxcran [10], nudpoBbie akTUBBI BKIIOUYEHBI B MEPEeYeHb OOBEKTOB IPaXKIaHCKUX IMPaB HapaBHE C
JOPYTMMH BUJIAMU UMYLIECTBA.

[lonatue, BuIB LUGPOBBIX AaKTUBOB M OCOOCHHOCTH HUX 000pOTa peryaupyroTcs
3akoHoAarenscTBOM PecnyOnuku Kazaxcran, a Takke aktamu MexayHapogHoro (UHAHCOBOIO
LIEHTpa «AcTaHay.
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Cornacno 3akony Pecny6muku Kazaxcran «O nudposbix aktuBax B PecnyOnuke Kazaxcran»
(myHKT 4 cratbu 1), TUBPOBOIN aKTHB OMNMpPEACNICTCS KaK MMYIIECTBO, CO3JaHHOE B 3JIEKTPOHHOM
dopmMe ¢ HCHOIB30BAHHMEM KPHUNTOrpaQUYECKUX CPEACTB W KOMIBIOTEPHBIX TEXHOJOTHH. ITO
UMYILIECTBO HE OTHOCUTCS K (PMHAHCOBBIM MHCTPYMEHTaM M IPEACTaBIsIeT cOOOM 3JIEKTPOHHYIO
(bopMy noATBEpIKICHHS UMYIIIECTBEHHBIX mpas [11].

Taxoxe B yka3aHHOM 3aKOHE 3aKpEIICHO, 4TO HU(POBON aKTUB HE (PYHKIIMOHUPYET B KAUECTBE
cpencrta matexa [11].

OnHuM U3 BUJIOB IM(POBBIX AKTHBOB SABISAETCA LM(PPOBOM TOKEH, KOTOPHIN IpPEICTaBIsET
cO0O0H 2NEKTPOHHOE CPENICTBO yuéTa, 0OMEHA U MOATBEPKICHNUS UMYIIIECTBEHHBIX IIPAaB.

Cormacno cratee 1 3akona PecnyOmmku Kazaxcran «O mudpoBbix akTuBax B PecryOnmke
Kazaxcran», B HacTosiiee Bpems LU(POBBIE aKTHUBBI KIACCU(PHUIMPYIOTCS Ha OOecleYeHHbIE U
HeoOecnieueHnble [11].

ObecneueHnble TU(GPOBBIE AKTUBBI (TOKEHBI) BKIIOYAIOT HU(POBOM TOKEH M MHBIE LU(POBBIC
aKTHBBI, KOTOPbIE yIOCTOBEPSIOT UMYIIECTBEHHbIE ITpaBa HAa TOBAPbI U/UJIM YCIIyTH, IPE10CTaBIsIEMbIe
JIMIIOM, BBIITYCTUBLIMM OOecriedeHHbIH HU(poBOi akTHB. Buabl o0ecrieyeHHbIX IU(POBBIX aKTUBOB U
IepeveHb MPaB, YAOCTOBEPSIEMBIX HU(PPOBBIM TOKEHOM, YCTAaHABIUBAKOTCS JINLIOM, OCYIIECTBIISIOLUM
BBIIYCK LIM(PPOBOro TOKEHA, B COOTBETCTBUHU C 3aKOHO1aTeNbcTBOM PecnyOnuku Kazaxcras.

HeobGecnieuennsie 1udpoBbie aKTHBBI (KPUIITOBATIOTHI) MPEACTABIAIOT COO0H IU(BPOBBIC
TOKEHBI, KOTOpPBIE MOJYYCHbI B KQUeCTBE BO3HATPAXKICHHS 32 Y4acTHE B 00ECIIeYeHUH KOHCEHCyca B
0JI0KUeH-CUCTEME B COOTBETCTBHHM € 3aKOHOAaTenbcTBOM PecnyOinku Kazaxcran.

3akon PecmyOmukm Kazaxcran «O 1mmdpoBsix aktuBax B PecnmyOmmke Kaszaxcrany»
yCTaHaBJIMBAeT, 4TO K oOecreueHHbIM LU(pOBbIM akTHBaM oTHocaTcs Utility TokeHsl u Security
TOKEHBI, KOTOpPBIC BBIITYCKAIOTCS B TOPSIKE, MPEAyCMOTPEHHOM 3aKOHOJATEIhCTBOM PecmyOmmku
Kazaxcran [11].

Taxxke ycTaHOBIEHO, YTO MpaBO Ha IMU(POBON aKTUB (TOKEH) MOATBEPXKJACTCS 3alUCBIO0 B
OnokueiiHe Ha pacnpenenéHHON TaThopMe TaHHBIX JHMIIOM, OCYIIECTBIISIONIUM BBITYCK HHU(POBOTO
aKTHBa, B COOTBETCTBHUHM € 3aKOHOZaTenbcTBOM Pecny6nnku Kazaxcran.

Crnenyer otmMeTuTh, uTo 3akoH Pecryonmku Kazaxcran «O mudpoBsix aktuBax B PecryOmnmke
Kazaxcran» colaepxuT orpeleséHHbIe OIrpaHUYEHHUs] B OTHOLIEHWH LU(POBBIX Security TOkeHOB. B
YaCTHOCTH, YKa3aHO, 4TO IHU(PPOBOI aKTUB HE MPEJOCTABISACT MIpaBa HA (MHAHCOBBIE HMHCTPYMEHTHI U
He JaéT ero COOCTBEHHUKY WJIM BIIAJEJbIly COOTBETCTBYIOLIMX MPaB B OTHOIIEHHM IOPUANYECKOTO
muma [11].

JlaHHOE TOJI0’KEHHE MPenoaraeT, YTo TOKEHU3aIMsl aKTUBOB, KOTOPbIe MOTJIM OBl OMA1aTh
MOJT PeryJarpoBaHre (HPMHAHCOBBIX MHCTPYMEHTOB, B HACTOSIIEE BPEMs SBISETCS 3alpemEéHHON Ha
tepputopun Pecnybnuku Kazaxcras.

B ymomsiHyTOM BBIIE 3aKOHE pPETIaMEHTHPYETCS, YTO OMHCCUS W oOpalieHue
HEOOECTeYeHHBIX HHU(POBBIX aKTHBOB, TAKMX KaK KPUIITOBAIIOTHI, JOMYCKAIOTCS HCKIIOUUTEIHHO B
npeaenax MexayHapoIHOTo (PMHAHCOBOTO IIEHTpa «AcCTaHay.

Takum obpa3zom, B Kazaxcrane B HacToslee BpeMsi OCYLIECTBISIOTCS Mephl MO pa3paboTke
HOPMAaTHBHOM 0a3bl, peryJupyroIie sMuccuio u oopamienne udpoBeix akTUBOB. C OJIHON CTOPOHHI,
3aKOHOJATEIbCTBO MpPHU3HAET LU(POBBIE AKTUBBI B KauecTBE OOBEKTOB TIPa)KIaHCKUX INpaB U HE
3arpemnaeT ux IMHUCCUI0 U oOpamenue. C Apyroil CTOPOHBI, TOKEHH3ANU» aKTHBOB M OOpaIleHne
U(POBBIX TOKEHOB BO3MOXHBI HCKJIIOUUTEIBHO HA TEPPUTOPUU MexITyHapOoJHOrO (PMHAHCOBOIO
LIEHTpa «AcCTaHay.

Tem He MeHee, B 3akoHOAarenbcTBe KazaxcraHa OCTalOTCS HEPELICHHBIMH HEKOTOpbIE
BOMpOChl. Hampumep, He JaHB ONpEACNCHHUS TOHITHH  «KPUNTOKOIIETEK»,  «TOpSYUit
KPUNTOKOIIENIEK», «XOJNOTHBIH  KPUIITOKOIIETEK», «BUPTYyaJNbHBIH  CUET», «KPUIITOOUpPXKAY,
«OpraHM3anus TOProB MU(MPOBBIX AKTHBOBY». Takke HE YCTAaHOBJCHBI IpaBHJa B3aMMOACHUCTBUS
MEXIY KpUNTOOMpX)amMu U OaHKaMH BTOPOTO YPOBHS, a TAaKKe MX KIMEHTaMH — (U3WYECKUMHU U
IOPUINIECKUMU JINTIAMH.
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Kpowme Toro, He onpenenensl TpeOoBaHUS K KHOEpOE30MacCHOCTH KPUNTOOUPK M MOPSAJIOK UX
Hasloroo6soxkeHus. He pemieHsl BONpOCHl yNpaBleHHsT PUCKAMM M BHYTPEHHETO KOHTPOJIS
JESATeIbHOCTH KPUIITOOUPK.

BaxxHbIM acnekToM SBISIETCS MPOLECC JIeralu3aluy LUQPOBBIX AKTUBOB, HAXOJIAIIMXCS B
pacTopsHKeHUN TpaxaaH. DTH TOJO0XKEHUS HMEIOT KII0YEeBOE 3HAUYEHHUE, TMOCKOJIBKY Ha MX OCHOBE
OyayT pa3pabaTbIBaThCs IPABOBbIE MEXAaHU3MBbI PEryIMPOBaHUs chepbl HUPPOBBIX AKTUBOB.

B pamkax maHHOro MccieoBaHUS ObLT MPOBENEH aHAIM3 POJIM KPUIITOBATIOT B KOHTEKCTE
COBPEMEHHBIX MPECTyNHbIX JesiHUA. HecMOTpss Ha 3HAYMTENbHBI MHHOBALMOHHBIM MOTEHIHMANT M
NEPCHEKTUBBI JIETAILHOTO MPUMEHEHUS, KPUNTOBAIIOTHI CTAIM MHCTPYMEHTOM JUIS OCYIIECTBIICHUS
pasNMYHBIX HPECTYNHBIX OMNEpalui, TaKUX Kak Jierajaus3alus JOXOOB, (UHAHCUPOBAHUE
TEPPOPUCTUUECKON IEATETLHOCTH U MOLIICHHUYECTBO.

JletanbHbI aHaJW3 BBISIBWI, YTO AHOHUMHOCTb U JCLEHTPAIM30BaHHAas IpUpoJa
KPUNTOBAIIOT 00JIETYal0T UX MCIOJIH30BAHUE B MPOTHUBONPABHBIX LEIsX. TeM He MeHee, mporpecc B
00JIaCTH TEXHOJIOTMH M YCWIEHHE MEp PperyJMpoBaHUS MOIYT CYLIECTBEHHO CHHU3UTb PHUCKH,
CBSI3aHHBIE C TPUMEHEHHEM IIU(PPOBBIX BATIOT B IPECTYITHOM JCSITEIHHOCTH.

Cnenyer nNOTYEPKHYTh, UTO KPUOTOBAIIOTHI Takke oOONAJal0T IMOTEHUUAIOM  JUIs
WCTOJB30BaHUSI B 3aKOHHBIX IENIAX, BKIIOYAs MEXIYHAapOAHbIE (HHAHCOBBIE OINEpalud |
MHBECTULMOHHBIE cTparerud. OJHaKo Uii MMHHMHU3ALMM HOTEHIMAJIbHBIX PUCKOB Tpelyercs
JanbHeHIee COBEpPIICHCTBOBAHWE HOPMATHUBHO-NIPABOBOW 0a3bl M YKpEIUICHHE MEXKIyHApOIHOTO
COTpy/AHHYECTBA B chepe MpOTUBOICHCTBUS KHOEPIIPECTYITHOCTH.

Takum 00pa3oM, KpUNTOBATIOTHI MPEACTABISIOT CO000M aMOMBaJeHTHBI (EHOMEH,
TpeOyoUMil KOMIIJIEKCHOTO M BCECTOPOHHET0 MOJX0/1a K PEryJIMpOBaHUI0. DTO MO3BOJIUT 00ECIICUUTh
rapMOHUYHOE COYETAHNE MHHOBAIIMOHHOTO Pa3BUTHUS U dPPEKTHBHOMN 3aIUTHI OT MPECTYIHBIX yTPO3.
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TY¥TBIHY HECUECI MEH XAJIBIKTBIH KAPKBIJIBIK CAYATTBIJIBIT bI
APACBIHJIAFBI O3APA BAMJIAHBIC

boorcex Tozoxncan

«Typany Yuusepcumemi, 2-kypc

Foinovimu oicemexwici: Kacoimoekoea I'.P.,
ooxmop PhD, ooyenm

Anmamul Kanacol

Kazipri 3amanayn Koramja TYTBIHYIIBUIBIK HECHETICY XaJIBIKTHIH KAPKBUIBIK KAKETTUTIKTEPiH
KaHaraTTaHJBIPYbIH KEH TapaifaH KypangapblHblH Oipi. COHFBI KbUIAApBl TYTHIHY HECHeElepiHe
CYpPaHBICTBIH TYpPaKTbl ociMi Oaiikambim oTelp. bynm ypaic, Oip KarblHaH, AKOHOMHKAJIBIK
OCJICCHIIITIKTIH apTybIH KOPCETCE, CKIHIN >JKaFbIHAH, JKEKe TYJIFaJap/AblH Kap>KbUIBIK IICIIIM
KaObUIIayJaFbl OUTIKTUTITIH, SSFHU KapKBbUIBIK CayaTTBUIBIK JISHTeiiH Oaraimayra MYMKIHJIIK Oepeti.

KapXbUIblK cayaTTBhUIBIK —JKEKe TYJIFaHBIH Kap)Kbl pecypcTapblH THIMAI Oackapy KaOileTiH,
HECHEJIK MIHIETTeMeNepai TYCIHYiH, ToyekenjepAi Oaramar, Iypeic IIeHnM KaObuimail OimyiH
KAMTUTBIH MaHb3bI (hakTop. XambIKThIH KapXKbUIBIK CayaTThUIBIK JCHreli HeCHeTiK MiHe3-KYJIbIKKa
TIKeJIeH acep eTim, Kaphl3 ally MEH OHBI OTEY YPAICIHZE MIemryni pes aTkapaiasl. TyTeIHYy HEeCHeCiHiH
KOJDKETIMIUTITT MEH OHBbI NaiifianaHy MOJCHHUETIHIH KalbINTacybl MEMJIEKETTIH Kap>Kbl HapbIFbIHBIH
TYPaKTBUIBIFBI MEH XQJIBIKTBIH OJEYMETTIK OJI-ayKaThblHA TIKENEH BIKIMAl eTEeTIH MAaHBI3IbI
MocenenepaiH Oipi Gonbinm Tabbimaabl. Ocbl TYPFBIAH ajifaHia, TYTHIHY HECHeCl MEH Kap>KbUIBIK
cayaTTBUIBIK apachlHAAFbl ©3apa OailIaHBICTHI 3€PTTEY ©3€KTi 9pi MPAKTUKAIBIK MAaHBI3BI 30p FHUIBIMH
OarpITTap/IbIH KaTapbIHA >KaTa bl

Kazipri 3amMaHfbl HApPBIKTBIK JKOHOMHKA >KarJalblHIa TYTHIHY HECHEJCY JKYHeci XaabIKThIH
QJIEYMETTIK KOHE SKOHOMMKAIBIK OEJCEHIUTITH apTThIPYAbIH MaHbI3Abl KypajiblHa aifHaJIIbl. ATamn
ailiTKaHJa, TYTBIHY HECHEC] a3aMaTTap/AblH TYPMBICTHIK KOKETTUTIKTEPIH ©Teyre, TYPJi Tayapiap MeH
KbI3METTEp/ll 06N Tesey apKbUIbl CaThIl alyblHa MYMKIHIIK Oepeni. KazakcTanma COHFBI XKbUIIAPhI
TYTBIHY MaKcaTbIHIaFbl HECHE KeJeMl eldylp YJIFailblll, OHBIH KOJDKeTIMAUIr apTTel. byn ypmaic
XaIBIKTBIH KapKbIJIBIK MYMKIHIIKTepiH KeHEHTKEHIMEH KaTap, Oenriii O6ip Toyekenaepre e 5K0 aliThl
apThIK Kapbl3 )KYKTEMECl MEH TeJIeM KaOUIEeTCI3MIr >KaFaaumapbl kuiied TycTi. MyHaail axyanabig
TybIHAybIHa ceOen OonaThlH 0acThl (akTopiapAblH Oipi — XaJbIKTBIH KapXKBUIBIK CayaTTBUIBIK
NeHreiniH ToMeHiri. KapKpUIbIK cayaTThUIBIK TEK KaparaibiM OUTIM JACHTeiH FaHa eMeC, COHBIMEH
KaTtap aJaMHBIH Kap)Kbl KYpalJapblH AYpHIC MaiifanaHa amy KaOileTiH, y3aK Mep3iMIii >Kocmapriay
JaFJbplIapblH, TOyeKenl Oaraigay MYMKIHIITIH e KamTuabl. Hecue amy kayanTsl LiemniM, anaija
KOITEreH a3aMaTTap OHbI CaHAJbI TYPJEe eMec, Kap>KbUIBIK JKOCTapiay MeH OoJaliak TeeM KadileTiH
ecKepMel KaObUITai Ibl.

Ochbl 3epTTey KYMBICBIHBIH MakcaThl Ka3zakcTaH XanKbIHBIH TYTBIHY HECHECIH Maijanany
TOXKIpUOECIH KapXKbUIBIK CayaTThUIBIK JEHrediMeH OalaHbICThIpa OTBIPBIN Tajijay, Heri3ri
npo0ieManap/pl aHBIKTAy >KOHE OJapibl IIENIy KOJAApPBIH YChIHY. byn moceneHi 3epTrey enperi
TYpPaKThl SKOHOMHUKAIBIK JaMyFa J>OHE a3aMaTTapAblH Kap)KbUIBIK ON-ayKaThIH apTTBIpPyFa Yiec
KOCATbIH ©3€KT1 MIHJETTep/liH Oipi O0JIbIN TaObLIabI.

TyTeiHy Hecueci OyIT JKeKe TYIFalapFa TYTHIHY TayapJjapblH CaThII ally HEMece KbI3METTepre
aKpl TOJey MaKcaThlHAa OAHKTEp MEH e3re e KapiKbl YHbIMAAaphl TapanblHaH OepileTiH Hecue Typi.
Byt Hecue azamatTap/pIH aFbIMIaFbl Kap>KbUTBIK KQKETTUTIKTEPIH KaHAFaTTaHIBIPY YIIiH KBICKA JKOHE
opra Mep3imre Oepineni. TyTbiHY Hecueci jKeKe TyJFajJapblH ©Mip camachlH apTThIPHII,
SKOHOMUKAJIBIK O€JICEHTUTIKTI bIHTAJIaH IbIPAIbI.

Kazakcranma TyThIHY HecHeci Keneci Typiaepre OeliHe:

- Umotekanplk eMec MakcaTTarbl HECHE — TYPMBICTBIK T€XHHWKa, *kwuha3, OKy, JEMalbIC CHSIKTHI
MakcartTapra oepineni;
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- benin Teney necmeci (Kaspi Red, Home Credit 1.6.)
OipHere aiira OeJin Tejeyre MyMKIHAIK Oepeni;

- Kpeautrik kapranap ukemi Hecueney Kypajbl peTiHAe Naiananblia/ibl;

- ABTOHecHeNep KeJIiK CaThIll alyFa OarbITTallFaH;

- MukpoHecuenep marblH coMaiap/aa, KbUIIaM PICIMICICTIH KapbI3 TYPi.

byringe OaHKTIK eHIMIEPAIH KOJDKETIMIUIIrI, COHBIH INIHAC OHJIAH HECHelney, MOOWIIbII
OaHKMHT, HECHEJIIK JIMMUTTEP XaJIbIK apachlH/Ia TYTHIHY HECHECIHE CYPAHBICTBI apTTHIPHII OTHID.

KapKbUIblK cayaTThUIBIK OYJ1 aJaMHBIH KEKe Kap KbICBIH OacKapy, Kap>KbUIbIK HICHIM KaObliaay
XKOHE y3aK Mep3iM/Ii Kocmapiiay KaOieTiH CHIMAaTTalThIH OUTIM, TYCIHIK JKOHE JaFAbUIap KUBIHTHIFBL.
OECD anbikTamachl OOibIHIIA, KAPKBUIBIK CAayaTTBUIBIK JKEKe TYJIFAHBIH Kap)KbUIBIK MOcelsesepe
IYPBIC MM KaObUIIayhl YILIiH KQKETT1 OLTiMre, JaFabFa )KoHe CeHIMIe ue 0OIybl.

KapKbLIblK cayaTThUIBIK KeJIeCl Her13r1 KOMIIOHEHTTEPIEH TYPabl:

- KapkputblKk OiiM ~ mabI3ABIK MeepiaeMenep, UHQIAIUSA, HecHeaey MapTTapbl Typaibl
aKnaparThl TYCiHY;

- KapKbUTbIK MiHE3-KYJIBIK TaObIC MEH IIBIFBIHABI €CENTey, JKUHAK jKacay, KapbI3bl yaKbITHLIbI
KanTapy;

- KapkbpuIbIK Ke3Kapac 0oJaakThl )ocnapiay, KapKbUIBIK TOyeKeln i Oaramay.

XanbIKThIH Kap>KbUIBIK CayaTThUIBIFBI KOFaphl OOJIFaH CaiiblH, OJap HECHe ally MEeH Maiianany
MOCEJIeNIepiH/Ie OWJIAHBIN OPEKET eTei, apThIK Kapbl3 KXYKTEMECIHEH, KEUIKTipUIreH TeleMaepaeH
KoHe albINMyJIIapAan aynak oonassi [1].

CaTbIll AJIbIHFAaH TayapAblH KYHbIH

1- Kecte . KapKbUTBIK cayaTTBUIBIKTBIH HECHEIIEYTE dCep €Ty MeXaHU3Mi

MexaHu3MHIH Cunarramacel Kap:KbUTBIK cayaTThUTBIKTBIH PO

Ke3eHl

Hecueni tyciny | Hecme — maprrapel,  maideinaslk | JKorapel KapKbUIBIK CayaTTBUIBIK aJlaMfa
MeJjiepiaeMe,  TeJeM  KecTeci, | Hecue  IapTTapblH  HAaKThl  TYCIHyre
KOCBIMIIIA TeJIeMIep MEH | MYMKIHZIK Oepemi, aix TeMeH JeHrewi
adpIIIyIIapap1 01Ty TYCIHOCYIITITIKKE OKeJe/Ii.

Hecwueni ay | Kapxputblk  skargaiinel  Oaramnay, | KapyKbUIBIK cayaTTBUIBIK ©3 MYMKIHIIKTEpiH

HIenrimi HecUe MeJIIepiH OHEe Mep3iMiH | 1yphic Oaranamn, apThIK Kapbl3Fa OaTbIpyaaH
AHBIKTAy CaKTauIbl.

Hecue any Hecne paciMaey, KaxerTi | CayaTThl KapKbUIBIK OUTIM  pacimaeyai
KyKarrapibl KUHAY, OaHKTEH | JKEHUIJETENl JKOHE YaKTBUIBI PICIMEyTe
HECHEeHI any CEMNTIriH TUTI3el.

Hecue teney | Kapeiznel Mep3iminzae Tosney, TeneMm | KapKbuiblK CayaTThUIBIK TeneMaepal

KOHC 6acKa KEeCTeCIH CaKrTay, 6IO,Z[)KCTT€ AKTBLUIBI )K9HC TOJIBIK OTCYTC KGMCKTCCC,Z[i
3

KapbI3Jbl OaKblIay/la YCTayFa bIKIAJ eTel.

Hecue Kapbi3asl  KaliTa KapKbUIaHaslpy, | KapKbUIbIK  cayaTThUIBIK — TOyeKenaep.l
TOyEKeIIepiH TeleM  KaOUIeTiHIH  e3repyiHe | alJplH ajia Oarajam, KaXeTTl [apanap
backapy JalbIH 601y KOJIIaHyFa MYMKIHJIK Oepefi.

TyTeiHy HecueciH THIMII maiiianaHy Tikeneld KapKbUIBIK CayaTTbUIBIKKA OaillaHBICTHI.
KapxbutblK  cayaThl JKOFapbl a3aMaTTap: HECHENIK [IapTTapAbl MYKHIT OKBIN, MaibI3aapabl
CaJIBICTBIPAJIbl, ©3 TaOBICBIHA Call HECHE aa/ibl, HECUENIK TaPUXTHIH MaHbI3IbUIBIFBIH TYCIHE/I, TOJIEM
KaOUIeTTIIITIHE COlfKeC Hecue KalTapy *KOCIapbIH jKacaiIbl.

AN KapKbUIBIK cayaTchl3 a3amarTap keOiHece: HecueHiH HakThl KYHbIH (OKTCM — KbUIIbIK
TUIMJ1 ChIHaKbl MeJIIepiIeMeciH) TyciHOel Kapbl3 ananapl, Oeiin Teiiey HeMmece '">KeHUT" Hecue
OHIMJIEpIH apThIK TYTBIHAJbI, YaKbITBUIBI TOJEM >XYpri30ed, KOChIMINIA IIBIFbIHIAPFA YIIBIPANIBI,
OipHenie OaHKTEH KaTapblHaH HECHeE allbIl, Kapbl3 )KYKTeMeCIH aybIpaaTaabi(1- kecte) .

COHJIIBPIKTaH KAp>KbUIBIK CAyaTThUIBIKTBI apTTHIPY TYTBIHY HECHENEy HAPBIFBIHAAFbI TYPAKTHUIBIK
MeH a3aMaTTaplblH KapXKbUIBIK ON-ayKaThIH KaMTaMachl3 €TYAiH 0acThl mapThl OOJBINT TaOBLIA[IbI.
Conrbl xbutaapel Kazakcranaa TYThIHY Hecuelley HapbIFbl KapKbIHIb! famyna. KP ¥arTeik bankiHig
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nepekTepine cyieHcek, 2024 >KpUIAbIH COHBIHAA XKEKEe TYJIFalapra OepuUIreH TYTHIHY HECHeepiHiH
Kanmbl Kejaemi 7,5 TpiaH TEHrelaeH acThl, Oyl ©TKEH JKbUIMEH CalbICThIpFaHaa ImamameH 15-20%
eciM/Jli KepceTe/Ii.

Kazakcran xalKbIHBIH Kap>KbUIbIK CayaTThUIBIK JIEHI€H1 COHFBI KbULIAPbl OIpPTIHEI apThIIl Kelle
KaTKaHbIHa KapamacTaH, ol Jae TeMeH neHreiae Kaibim oTelp. OECD  (OKOHOMHKAIBIK
BIHTBIMAKTACTBIK JKOHE JaMy YiBIMBI) JKYPri3sT€H XajiblKapaiblK 3eprreyiepiae Kazakcran
TYPFBIHJIAPBIHBIH KAPKBUTBIK CAyaTTHUIBIK JCHIEi1 OpTalia KOpCeTKIIITEH TOMEH CKEH1 aHBIKTaJIFaH.

2023 xbutel KP Kapikbl HapbeIFbIH perTey JKoHe aambiTy areHtTiri (APP®P) xyprizren
cayaJlHama HOTHKeci OOMbIHIIA:

1.Pecnonnentrepain Tek 34%-b1 FaHa JKTCM (KbUIIABIK THIMAI CHIHAKBl MeOJIIIEpIIEMeci)
YFBIMBIH TOJIBIK TYCIHETIHIH KOPCETKEH;

2.47%-bI HECHEIIIK IAapTTAP.Ibl TOJBIK OKbIMAH, "TeK KOJI KOS cajlajbl" €KeH;

3.28%-b1 aii cailbIHFBI TaOBICHIHBIH 50%-71aH aCTaMbIH HECHE TOJICYTe HKYMCaMIbI;

4.60%-ra *KybIFbl 63 Kap>KbICHIH JKOCIIapiaMaiibl )KOHE JKMHAK JKacamamnIbl.

KapsKbUTBIK cayaTTBUIBIFBI TOMEH a3aMaTTap kUi Ke3/1eCeTiH Heri3ri npobiaemanap:

1.Hecue mapThIHBIH MaHBI3IbI OOJIIKTEPIH TYCIHOECY;

2.ApTBIK HecHe ary JkoHe OipHerne 0aHKKe KapbI3 00y;

3.Kemninci3 Hecuenepai oitnan6acran anys;

4.A¥i callBIHFBI TOJIEM/II TA0BIC KOJIEMIHE Call )kocmapiamay;

5.Kaiitapy Mep3imMiH KEeUIKTIpy, HOTHKECIHE albIIIYJI MEH OCIMIYJIAAP )KUHAKTAYHI.

AJ Kap)KBUTBIK cayaThl )KOFaphl a3amMaTTap:

1.Hecue mapThlH MYKHSAT 3€pTTEHII;

2.KapeI3ap! KaliTapy MYMKIHIITIH aJIJIbIH ajla eCenTen Ii;

3.Hecue TapuxpiHa MoH Oepei;

4. KoceiMina TabbIC KO3AEPIH 13/CH 11 HEMECEe JKUHAK YKacauIbl;

5. TereHtie xarnannap KOPbIH KYPYIbl MAHBI3IBI T ecenTeiimi[2].

Ocplnaifia, KapKbUIBIK CayaTThUIBIK MIEH TYTHIHY HECHUECIH IYpbIC MaiganaHy apachblH/Ia ThIFbI3
Oaiimanpic Oap. KapKbUIBIK cayaTTBUIBIK JCHIeHi apTKaH CailblH HECHENIK TOyeKeJuep as3asiibl, aj
azaMaTTap/bIH KapXKbUIBIK d-ayKAThl JKaKcapabl.

KapKbLIbIK cayaTTBUIBIK — OYJT aJaMHBIH 63 KapakaThlH THIMJII 0acKapy, )Kocnapiay, )KHHAKTAy,
MHBECTULIMANIAY >KOHE KApXKbUIBIK TOyeKeNAepAl TYCIHIN, Iypbic IIennM Kalbuijay KaOuiterTi.
Kazakctanma KapKpUIBIK CayaTTBUIBIKTBI apTTBIPYy ©TE ©3eKTI Macele, ce0edl KemTereH azamarrap
KapKbIHBI OacKapyla KUBIHABIKTApFa Tam OOJIbIN >KaTaJbl: HECHere TOYeJAUIIK, apThIK IIBIFbIH,
KUHAKTBIH 00JIMayhl, KAPXKBUIBIK aTasKThIKKA YPBIHY kKOHE T.0.

2-kecte. KapKbUIBIK CayaTThUIBIK aHBIKTAMAaTapbIHBIH CAIBICTHIPMAChI

¥ibpIM KapKbUIbIK cayaTThUIBIKTBIH aHBIKTAMAChl Heri3ri anemenTTepi

OECD KapXbUIblK cayaTThUIBIK — Oy KapXKbUIBIK | - Kapxpuiblk OoLTIM-
OUTIM MEH JaFJblIap XUBIHTHIFEI, agamaapra o3 | KapKbUIbIK JIaF IbLIap-
KapKbICBIH THIMAI Oackapyra >koHe Jaypbic | MiHe3-KYJIbIK

HIENIM KaObUIayFa KOMEKTECEIl.

Kazakcran KapXpUIblK cayaTThUIBIK — JKeKe aJaMHbIH | -  KapKbulblk — Oitim-
PecnyGnukacer KapXKbUIBIK OHIMIEP MEH KbhI3MeTTepil TyciHyi | XKocmapnay- Kopray
¥urreik  banki  (KP | 5koHEe ©3 KapiKbICHIH jKocmapiarn, 0ackapy >KoHe

¥b) KOpFay KaOiIeTi.

Jynuexysimk  O6aHk | KapKbUIbIK cayaTThUIBIK — Kap>KbUIBIK OHIMIEp | -  Kapkpuiblk — OLTiM-
(World Bank) MEH KbI3METTEp Typaslbl aKmapar meH OuriM, | AKnaparTaHiblpy-

COHJIali-aK AYPBIC KApKBUIBIK mienriM Kaosuaay | [llemim kaObuiaay
JIaF TbUTAPBIHBIH KUBIHTBIFBI.
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Kazakcranmarsl KapKbUIBIK CayaTTBUIBIKTBIH Ka3ipTi KaFJaibl:

1. XKanmer neHreiti — XanmbIKapasiblK 3epTTeyjiepre cyheHcek, KazakcTaHmarbl Kap>KbUIBIK
cayaTTBUIBIK JGHTeli QJIeMIIK opTamia KOpCeTKIITeH TOMEH, OipaKk COHFBI XKbULIApPbI OipTiHIAEH ocim
KeJe.

2. Kacrap apaceinga — Kapkeira KaTeICTBI O11IM MeH Jarabuiap xketicneini. Mekren nen KOO
OarmapiiamachiHa OyJ1 OaFBIT €HII-CH/II HT131T1I JKaThIp.

3. Epecexrep apaceinga — Hecuenik xyKTeme Ko, KOMIIiIirt HECUEeHIH HaKThI IapTTapbiH TOJBIK
TyciHOeH .

4. VHTepHeT anasKTapblHA alJaHBII Kally JKaFaaiinapsl — KMl Ke3Jeceli, Oyl Jla KapiKbUIBIK
cayaTThIH TOMEH/ITIH KepceTei(2- KecTe).

3-kecte. KapKbUIBIK CayaTTBUIBIKTBI aPTTHIPY JKOJIJapHhI:

Kamam Tycinnipme

1. Bromxker xyprizy AW cailbIHFBI KipiC TICH IIBIFBIH/IBI JKa3bIIl OTHIPY — KAP>KbIHBI OaCKapy/IbIH
OipiHIIT KaJaMBbl.

2. )Kunax xacay TabpIc TYCKEeH caiiblH Oeriii Oip MailbI3bIH JKWHAKKA CAJIBIN OTBIPY.

3. Kap:kbl Typajibl OKy KiranTap, oHsaiiH Kypcrap, MaKajiaiap OKy apKbUIbl OUTiMJII apTTHIPY.

4.Hecueni nypeic | Hecue amapia maibI3apIK MeJIIEpIEMEH], THIM/II MOJIIIepIeMEH1, ToJIeM

nangaiany [IAPTTAPBIH MYKHST 3€PTTEY.

5.AnasKTHIKTaH cakTaHy | belTaHbic ciaTemenepre oTiey, Aepoec MOTIMETTepl emKiMre Oepmey.

6.MuBectunus Herizaepi | Jlenosurt, akius, oOnuranus CHUsKTbl KypaJJapMEeH TaHBICY.

oy

Kazakcranaa KomkeTiMi 6actamanap MEH pecypcrap

- KP Kapxbl HapbelfblH peTT€y JKOHE JaMbITy areHTTIN — XaJblK apachblHAa Kap>KbLIbIK
cayaTTBUIBIKTHI apTTHIpyFa OarbITTaIFaH OaraapiaaMarap sKypriseui.

- Fingramota.kz Kap»KbUIBIK cayaTThUIBIKKA apHAJIFaH MEMJIEKETTIK aKIapaTThIK MOpTaJl.

- Kapxpl yibpIMAapbIHBIH OKBITY Oarmapiamanapbl — KeiOip OaHKTEp MEH MHKPOKAPIKBI
yibIMIapBl TEriH BeOMHApIIap MEH KypcTap YChIHA/IbI.

- Mexkrentep MeH JXOO-nmapna mnoH perinae eHrizy 2020 xbuigaH Oactarm MeKTeNTeple
Kap>KbUIBIK CayaTThUIBIK JIEMEHTTEPI €Hri31s1e 0acTabl.

KapXbLablK cayaTThUIBIK TEK Oail 00y YIIIH eMec, KapKbUIbIK KaylICi3/IiK MEH TYPaKTbUIBIKTHI
KaMTaMachl3 €Ty YUIiH MaHb3abl. KazakctaH azamaTTapsl Oyi1 OarbITTa HEFYpJIbIM Kell OULTIM aiblil,
JIaFIbUTAPBIH TaMBITCA, COHIIANIBIKTHI €JIIIH YKOHOMHUKAJIBIK dJIeYeTI Jie apTa Tyceai(3- kecre).

KapkbUTBIK cayaTTBUIBIKTHI aPTTHIPY KOJIaphI

1. Bunim Oepy xylieciHe eHrizy

- Mekren neH yHMBepcUTET OariapiiaMachlHa Kap>KbUIBIK CayaTTBUIBIK MOHIH HEMece MOAYJIH
€HT13Y.

- Kapxsl Heriznepi, O10JKeT Kypy, HECHe KoHE MHBECTHUIIMSI CallalapbliH OKY.

- Ilpaktukansik cabakTap MEH TPEHUHTTEP OTKI3Y.

2. KoraMJbIK aknaparThlK HayKaHaap

- Memnekertik opraHgap, OaHKTEp JKOHE KapXKbl WHCTUTYTTapbl apKbUIBl  KapXKBUIBIK
cayaTThUIBIKTHI apTThIPyFa apHAJIFaH KeH ayKbIM/Ibl KaMIaHUsJIAp YHBIMIACTHIPY.

- Tene-paguo 6arnapiamanapsl, QJI€yMETTIK JKeJiepe TYCIHAIpYIep XKyprizy.

3. OunaiiH pecypcTap MEH Kypcrap

- Fingramota.kz cusiKTbl MeMJIEKETTIK MOpTaiiap MEH apHaiibl MOOUJIB1 KOChIMILIATAp apKbLIbl
KapKbUIBIK O11iM Oepy.

- Terin onmaifH KypcTap MeH BeOMHapyapabl YUBIMAACTBIPY, OpTYpIl JEHTeHIeri ayquTopusFa
OarbITTaJIFaH MaTepUaiiap xacay.

4. TlpakTUKaIbIK JaFAbUIAPIbl 1AMBITY

- JKeke OroKeTTi Kocmapiay, WIBIFBIHAAPAbI OaKbulay >KOHE >KMHAKTay OOMBIHIIA HaKThI
KATTBIFyJIap KYPrizy.
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- Hecue any xoHe Teney TopTiOi Typassl TONBIK aKnapar oepy.

- Kapxbputblk anmasKThIKTaH Kajail cakTaHy KepPEKTIriH YHpPeTy.

5. baHK neH Kap>Kbl YUbIMIAPBIHBIH KaThICYBI

- bankTep KIMeHTTepre Kap>KbUIBIK KeHeC Oepy/li KYLIeHTy.

- Temen naiibi30eH HECHeNep MEH )KHHAKTAY OHIMICPIH HACUXATTay.

- XKacrapra apHanran apHaiibl OarJapiaamainap kacay.

6. XKeke MOTHBALMSHBI APTTHIPY

- KapXbuiblk MakcaTTap KOIOFa )KOHE OJIapFa )KEeTyre KOMEKTecy.

- KapKbUTbIK TOyeNCI3/IiK MeH KayinCi3iKTiH MaHbI3ABUIBIFBIH TYCIHIIPY.

- Kapxbuiblk TaObIC MbICAJIIaPBIH KOHE OKUFaJIap/bl Oeicy.

YKIMETTiH KOJI/Iaybl MEH 3aHHAMAIIBIK PETTEY

KapkbLiblK cayaTThUIBIKTBI KOTEpMENIEHTIH OaFaapiaManapra cyocuausiap 6emy.
. Kap>KbUIBIK KbI3MET KOpCETYIIiIepPAiH alIbIKTHIFBI MEH JKayanKepIIIiria apTTeipy[3].

T¥TBIHy HECHeCl MEH XaJbIKTHIH Kap)KbUIBIK CayaTTbUIBIFBI apachlHIa THIFBI3 OailiaHbic Oap.
Kazipri 3amanma TYThIHY HecHeci ajaMapra KaKeTTi Tayapiap MEH KbI3METTepi CaThll aily
MYMKIHAITIH Oepim, eMip camachlH >KakcapTyFa CENTIriH Turidenil. JlereHMeH, HeCHEHI IypbhIC KoHE
caHaJbl MalganaHday Kap KbUIBIK KUBIHABIKTApFa, KapbI3[blH ©CYyiHE jKOHE aJaMHBIH KeKe OI0KeTiH
Oackapyaa Macenenepre okeinyi MyMKiH. XaJbIKThIH Kap>KbUIBIK CayaTThUIBIFI )KOFapbl OOJIFaH CalbIH,
oJiap TYTBIHY HECHECIH THIM/II 9pi JKayarKepIIiIiKIIeH Koiaanaasl. KapKbUIbIK cayaTTBUIBIK JETCHIMI3
aJlaMHBIH aKIlIa aFbIHAAPBIH JKOCMAapJay, KapXKbUIBIK OHIMIEP MEH KbI3SMETTEPAiH epEeKIIeNIKTepiH
TYCiHY, ©3 Kap>KbICBIH AYpHIC OacKapy KaOineri. MyHiail anamaap Hecue mapTTapblH MYKHAT OKBIII, 63
TeyieM KalineTiHe colikec KapbI3 ananubl. Omap apThIK KapbI3[aH ayjak OOJbIIl, ©3AepiHIH KapKbUIBIK
YKaF1aliblH TYPAKTHI YCTall anasi[4].

AN KapKbUIBIK CayaTThUIBIFBI TOMEH ajamjap Kell >Karjaija Heche IIapTTaphlH TYCiHOEH,
KKETTUTIKTEPIHEH ThIC Kapbi3ra Oarajbl. By onmapapl SKOHOMHUKAIBIK TYPFBIJIAH QJICIPETIiN, CTpecC
neH KUbIHABIKTapra aymap ereni. Con cebenTi KapKbUIBIK OiTiM MEH JaFAbIHBI apTTBIPY ©Te
MaHbI3/bl. XallbIKTBIH KAapXKbUIBIK CayaTThUIBIFBIH KOTEPY TYTHIHY HECHECIH aypbhic Oackapyra
MYMKIHIIK Oepezi, 0J1 63 Ke3eriHje jKeKe aJlaMHBIH KOHE KOFaMHBIH YKOHOMHKAJIBIK TYPaKTBUIBIFBIH
cakrayra biKnan ereai. CoHbIMeH Oipre, TYTHIHY HECHECIHIH KeJieMi MEH KOJ KeTIMALUIIr XaJbIKThIH
KapKbUIBIK CayaTThUIBIFGI ACHIeHiHe OaimanbicThl. Erep amamaap KapKeUIBIK OLTiIMMEH KapyliaHOaca,
HECHEHIH Kem OO0Jlybl KapbI3ABIK JaFIapbiCTapra aibil Kemyi bIKTHMall. COHABIKTAaH MEMIIEKET IeH
KapKbl YWBIMIIAPbl XaJBIKTHI KAp)KbUIBIK CayaTTBUIBIKKA YiHpeTyre OarbITTaiiFaH OaraapiaManapibl
KEeHIHEH eHrizyl KaxkeT. MyHnall mapanap TYTbIHY HECHECIH JAypbic MNaijanaHy MOICHUETIH
KAJIBIITACTBIPBII, aJaMIapIblH KapKbUIBIK JKaF/1aiibIH jKaKCapTyFa CENTIrTH TUT13e1l.

KopbiTa aiiTKaHna, TYThIHY HECHeCI MEH KapXKbUIBIK CayaTTbUIBIK — Oip-OipiMeH ThIFbI3
OaiimaHbICThl yFbIMAAp. TYTBIHY HeCHECI XaJbIKTBIH SKOHOMMKAJIBIK OMIpPIHJAE MaHbI3Jbl pei
aTKapajbl, Oipak OHBIH OH HOTIIKEre KOJ JKETKi3yl XalbIKTBIH KapKbUIBIK OUTIM JEHreiliHe Tikenei
OaiimanpicThl. COHABIKTaH KAPXKBUIBIK CayaTTBUIBIKTBI apTTHIPY XaJBIKTHIH JKEKE >KOHE JKalIIlbl
HKOHOMHUKAIIBIK dI-ayKAaThIH KAMTaMachl3 €Ty/IiH MaHbI3/IbI IIAPThI OOMBIT TaOblIaaAbl. by GaFeITTarsl
AKYMBICTBl KYHENl TypAe XYpridy TYTbIHY HECHECIHIH THIMJII KOJJAHBUIYbIH KaMTaMachl3 €Till,
QJIEYMETTIK TYPAKTBHUIBIK MEH KapKbUIBIK KaYINCi3/1iKT1 HBIFAUTaIbI.

0 90 N
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COBEPHIEHCTBOBAHHUE TEXHOJIOI' MU ITPOU3BOJICTBA XJIEBOBYJIOUYHOM
NPOAYKIHUH C TOBABJJEHUEM CEMSIH HYTA JIUI51 HOBBIINEHUS EE
OYHKIIMOHAJIBHbBIX CBOUCTB

Hypanuna I'ynvoana Hypywcanosena

Mazeucmpanmxka 2 Kypca 06pazosamenbHOL NPopamMmbsl OUOMEXHOI02USA
Cesepo-Kazaxcmanckuil ynusepcumem um. M. Kozvibaesa

Hayuuwiii pyxosooumens: ookmop PhD Kanmapoaesa Inomupa Epoonosna

AHHOTAIUSA

B cratee paccMoTpeHBI BO3MOXXHOCTH mpuMmeHeHusi ceMsH Hyta (Cicer arietinum) B
TEXHOJIOTUU TMPOU3BOJACTBA XJIEOOOYJIOUYHBIX M3ACIUN C LEIbI0 MOBBIIICHUS WX (PYHKIIMOHAIBHBIX
cBoicTB. IIpoBeseH aHanM3 XUMHUYECKOTO COCTaBa CEMSIH HYTa, IMOKa3aHbl NPEUMYIIECTBA HX
MCIOJIb30BaHUs B XJIeOOMeKapHOH MpoMbIIeHHOCTH. [Ipenosxkenpl BapuaHThl BHECEHUS CEMSIH HYTa
B PELENTYPY, ONPEACTICHBI ONTHMAIbHBIE TO3UPOBKH M METOIBI TIOATOTOBKH CHIPHS.

YcranoBneHo, 4yTo no0aBieHHE CEeMsiH HyTa B KoiudectBe 5—15 % 0T Macchl MyKu
CIIOCOOCTBYET TOBBIIICHUIO COJEPKAHUSA O€NKa, MUIICBBIX BOJIOKOH, BUTAMUHOB M MHUHEPAIBHBIX
BEIIECTB, a TaKXke YyiydmaeT (yHKIUOHANbHBIE cBoWicTBa xieba. [lomydyeHHble pe3ynbTaThl
MOJITBEPKIAIOT TEPCIIEKTUBHOCTD HCIIOJNB30BAaHUS HYyTa IS CO3JaHUs XJIeOOOyJTOYHBIX H3IENUi
(GYHKIIMOHATLHOTO Ha3HAYCHUSI.

KitoueBbie cnoBa: xie0oOymounsie wm3nenus, HyT (Cicer arietinum), (yHKIMOHAIbHBIC
MIPOJYKTHI, MHILEBask IEHHOCTh, TEXHOJIOTUS TPOU3BOJICTBA

Beenenne

AKTyanbHOCTh MCCIIEZIOBaHUS 00YCIOBIEHA HEOOXOAMMOCTBIO MOBBIIIEHUSI OHMOJIOTHYECKON U
(YHKIIMOHATFHOW IEHHOCTH XJICOOOYJIOUHBIX W3Jenuii. HecMoTpss Ha IMMPOKOE paclpoCTpaHCHHE
xjieba B palloOHE HaceleHus, ero OeJIKoBas COCTABIAMOIIAS XapakTepusyercs JedUIUTOM
HE3aMEHHMBIX aMUHOKHCIIOT, OCOOCHHO JIM3MHA, METHOHNHA U Tpunitodana. OQHUM U3 HAPaBICHUI
COBEPILICHCTBOBAHMSI TEXHOJIIOTUU XJIe€OOMeUYeHUs SBISETCS UCIOIb30BAaHNE HETPAJULIMOHHOTO ChIPhS
— cemsaH Hyta (Cicer arietinum). HyT oTnmyaercs BbICOKMM cojepkaHueM Oenka (o 25 %),
MUIIEBBIX BOJIOKOH, BUTAMUHOB IPYIIBl B, MUHEpaIbHBIX BEUIECTB U aHTHOKCUIAHTOB, YTO JAEIAET
€ro LIEHHBIM UHIPEUEHTOM ISl CO3JaHus (PYHKIIMOHAIBHBIX MPOYKTOB MUTAHUSI.

Marepunajibl M1 MeTOIbI

B kauecTBe OOBEKTOB MCCIIEOBAHUS HCIONB30BANNCKH: MineHn4Has Myka | copra (I'OCT
26574-2017), cemena nyta (I'OCT 8758-76), npoxoku xnedomnekapusie npeccoBannbie (I'OCT P
54845-2011), conb moBapenHas (TOCT P 51574-2000). MccnenoBanus IpOBOJMINCH B YCIOBHSX
nabopatopun nuiieBbIx TexHonoruit CeBepo-Kazaxcranckoro yausepcutera um. M. Ko3bibaena.

Metoabl BKIIIOYAIM OLIEHKY OpPraHOJIEITHYECKUX CBOWCTB (I[BET, BKYC, 3amax, CTPYKTypa
MSIKHIIA), ONIPEIeTIeHNEe XUMUYECKOT0 COCTaBa U OMOTEXHOJOTHYECKUX XapaKTEPUCTUK TECTa.

Jlnst cpaBHEHM pa3pabaThIBAIMCh BApHAHTHI XJieba:
* Ha JIPOKIKaxX C HyTOBON MYKOI1;
* Ha APO’KKaxX ¢ MyKOW IPOPOLIEHHOIO HYTa;
* Ha 3aKBAaCKe C HyTOBOM MYKOMH;
* Ha 3aKBacKe C MyKOH IPOPOIIEHHOIO HyTa.
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TexHoJsiornyeckasi Kapra
HaunmenoBanmue u3znenusi: «<HytoBblii xj1€0»

No | HauMmeHOBaHUSI ChIPbSI Pacxon ceipbsi Ha | nopuuo, rpaMm
1 Myxka nmenuysas 1 copt 270

2 HyroBas myka 125

3 Hpoxoxu 6

4 Coup 7

5 Bopa 241

Boixoa moarydadpukara 600

Brixon 520

TexHOoJIOrn4ecKnii nmpouece
TecromecHIbHON MalllMHBI JEXKY 3aT0KUTh IPOCESIHHYIO MYKY, HyTOBYIO MYKY, APOX’KH, COJIb U
IIOCTEINIEHHO BBecTH Boy. IIpousBectu 3amec Tecra.
Jlatb BpeMs Ha OTJIEKKY TecTa B TeueHue 60 MuH.
I'oToBOE TecTo nmoaenuTh Ha 3aroToBKU Mo 600 rpaMM, OKPYIJIUTh U BBUIOKUTH B (DOPMBI,
IIOCTaBUTh HA PACCTOMKY IpH KOMHATHOH TeMmeparype 30-40 MuHyT.
Temnepatypa nocaaku B xyxoBounbii mkad 200 °C, Bpems Bbineuku 40-45 MUHYT
(pucyHoK 2).
Pe3yabTarsl 1 00CyxI€HUE
YcTaHOoBIIEHO, UTO MTpH J00aBICHIH HYTOBOW MYKH (5-15% OT Macchl NIIEHUIHON MYKH )
YBEJIMUMBACTCS COJIepKaHKue Oellka U MUIIEBbIX BOJOKOH B Xje0e, yIy4IllaeTcsl €r0 MUHEPaJIbHBIN
cocraB. OpraHojienTHYecKas OL[EHKa MoKa3aa, 4YTo U3eus IPUoOpEeTatoT 30JI0TUCTHIH LIBET U
nérkuit opexoBblil BKyc. [Ipu conepkanuu HyToBoi Myku 6osee 30% BKyc CTAHOBUTCS HHTEHCUBHBIM
1 TpeOyeT OalaHCUPOBKH PELETITYPHI.
Pe3ynbraThl McciaenoBaHUN MOKa3aJld, YTO HCHOJIb30BAHHWE HYTOBOM MYKH U IPOPOILEHHBIX
CeMsSH HyTa CIIOCOOCTBYET NOBBIIICHUIO MUIIEBOM M OHMOJOTHYECKON HEHHOCTH XJIe000yT0YHBIX
uznenuil. OpraHosientuyeckas oleHka (pucyHok 1,2) mokasana, 4To M3jenus ¢ 100aBJI€HHEM HYTa
uMenu 0oJiee BBIPAKEHHBIN BKYC M apoMaT, a CTPYKTypa MSKHILIA OTJINYaJIach 0OJIbIIEH MOPUCTOCTHIO
U DJIACTUYHOCTBIO.
CyMmMmapHas KOJIM4eCTBEHHas OlIEHKa MPOJIyKTOB Mpe/icTaBiIeHa B Tabuuue 5.
Tabnuua 5 — CymmapHasi o1ieHKa KayecTBa XJ1e000yJI0OUHBIX U3JeNUi ¢ J0OaBICHUEM CeMsIH HYTa.

No HaumeHoBaHue npoaykra KonnyecTBeHHas OIleHKa
1 X7neb Ha IPOAOKaX C HYTOBOH MYKOM 795.0
2 Xneb Ha APOROKAX C MYKOU MPOPOIICHHOTO 743.0
HyTa
3 Xneb Ha 3aKBacKe ¢ HyTOBOM MYKOH 725.0
4 X7eb Ha 3aKBacKe ¢ MYKOU IPOPOIIEHHOTO 667.0
HyTa
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Pucynok 1 — Opranosnentudeckas oleHKa xjeba Ha IpoXkiKaxX ¢ HyTOBOH MYKOM.
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Pucynok 2 — OpraHosientudeckas OleHKa xjieda Ha 3aKBacKe ¢ HyTOBOM MYKOH

3akJlouenue

B xone uccnenoBanuu ObUT COOpaH Marepuai, HEOOXOAUMBIN I HAIIMCAHUS CTAThH, & TaKKe
MIPOBEJICH 0030p JUTEPATYPHI IO TEME AUCCEPTALMH JUISl IOATOTOBKH M HAITMCAHUS JIUCCEPTALIUU.

B pesynbraTe HaydHO-HCCIIEIOBAaHUHU OBLIO TPOBEACHO HCCICIOBAHUE B pPaMKax BhIOpaHHON
TEMbl W BBEICHHMS MAaruCTepCKOW JUCCEepPTAallid, B 4YaCTHOCTH, WCCJICIOBAHUE, CBSI3aHHOE C
onpeeaeHueM J1abopaTopHOil paboTHI.

Taxoke ObUT U3YYEH MPOIECC MPOU3BOICTBA XJie0a U3 HYyTOBOW MYKH, HCCIICIOBAHbI €ro (pU3HKO-
XUMHUYCCKHE ITOKAa3aTeiivi, a TAaKXE BIIUSAHHC TEXHOJIOTUH 06pa6OTKI/I HyTa Ha Ka4C€CTBO KOHCYHOI'O
npoaykra. Oco0oe BHUMaHuE ObLIO yAETICHO M3YyYEHHUI0 MPEUMYIIECTB HYTOBOrO xjie0a, TaKUX Kak
€ro BbICOKas IIHIICBAsA LCHHOCTh U OE3IIIIOTEHOBRIN COCTaB, 4YTO JOCJacCT €r0 aKTYaJIbHBIM [JIA
Pa3IMYHBIX KATErOpUi MOTPEOUTENICH.

Ha IMPOTSIKCHUMW HallMCaHWA AJUCCEPTAIHU IMOABHUIIACH BO3MOXHOCTL YCOBCPIICHCTBOBATH CBOU
3HaHHUA B 00JacTM OMOTEXHOJIOTMH, MHUIIEBBIX TEXHOJOTHH, HCCIEAOBATEIbCKON AEITeTbHOCTH U
pa3pa6OTKI/I WHHOBAIIMOHHBIX IMTPOAYKTOB.

[TonydyeHHble naHHBIE M BBIBOABI OyAyT WCIONB30BaHBI MM JaidbHeWmield paboThl HaJ
MarucTepPCKON UccCepTanuel ¥ COBEPIICHCTBOBAHMUS METOI0B ITPOU3BOJICTBA HYTOBOTO XJie0a.

Takum oOpa3om, MpPUMEHEHHE CEMSH HyTa M MPOAYKTOB MX MepepadOTKH B TEXHOJIOTUHU
XJICOOOYJIOUHBIX H3/ICTUH TIO3BOJISET CYIMIECTBEHHO IOBBICHTh WX OWOJIOTHYECKYIO IIEHHOCTh H
¢byHKIIMOHATBHBIE CBOMcTBAa. Hanbosiee mepcrneKTHBHBIM HaIpPaBJICHUEM SIBIISETCS HCIOIb30BaHHE
IMPOPOIICHHBIX CEMSH HYTA, YTO oOecrieunBaer YIYy4II€HUEC aMUHOKHUCIIOTHOT'O COCTaBa, MOBBIIICHUE
OPraHOJIEITUYECKUX XapAKTEPUCTHK U MPOAJIEHUE CPOKOB CBEKECTH MPOAYKIIHH.

[TosrydeHHBIE Pe3yNIbTAaThl MOATBEPHKIAIOT IEIECO00Pa3HOCTh BHEAPEHUS HYTOBOM MYKU H
MPOJYKTOB €€ nmepepadOTKH B MPOMBIIIIIEHHOE XJIEOOMIEKapHOe MTPOU3BOJICTBO.
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INTRODUCTION

In recent years, the economy of Kazakhstan has faced increasing challenges related to inter-
enterprise indebtedness, inefficient trade credit mechanisms, and liquidity shortages that collectively
undermine economic stability and growth. Many non-state businesses, especially small and medium-
sized ones, have trouble moving money around because settlements take too long, and no central
authority can handle many company transactions [1, 2]. These wastes make supply chains riskier and
make companies less competitive in domestic and foreign markets. Traditional ways of clearing money
and settling debts depend greatly on organized banking systems, court cases, or government mediation
[3]. These methods work, but they often take a lot of time and money, and businesses that do not have
a lot of legal or administrative resources can not use them. So, there is an urgent need for a new and
effective system that allows businesses to work together on their finances without needing a third
party.

To fill this gap, this study suggests that non-state businesses in Kazakhstan create and use a
decentralized method for mutual offsetting. The system is meant to be a platform that makes circular
debt settlements possible by using blockchain technology to support a multi-party clearing process.
Blockchain provides an unchangeable, shared ledger that lets businesses check their responsibilities
clearly in an automated way. With smart contracts and real-time transaction auditing, it is possible to
settle many debts and receivables without using fiat currency or a government bank [4, 5]. The idea
behind this study comes from the group action theory, which is used in economics and sociology.
According to this theory, businesses will likely join group systems like mutual offsetting if the
expected benefits, like lower transaction costs, better liquidity, and less legal liability, are more
significant than the costs or risks for each business [6, 7]. Building trust among players is very
important for the success of this kind of system.

A Bayesian modeling method is used in this paper to model what the proposed offsetting system
is likely to do in different economic and business situations. Bayesian inference is excellent for
systems with uncertainty, network dynamics, and adaptive behavior because it lets you use what you
already know and update your predictions based on new data [8]. Simulated situations test how often
offsetting transactions work, how they affect liquidity distribution, and how well the system generally
works. The main goal of this study is to create and test a mutual offsetting system based on blockchain
that is especially made for non-state businesses in Kazakhstan. This study aims to determine if the
system is possible, how well it works, and how it might affect the enterprise's cash flow and financial
security. To do this, the study first creates a decentralized structure that uses blockchain technologies
to allow debt clearing between businesses. The framework aims to make settlement processes more
automated, open, and built on trust, without using fiat currency or government banks.

Bayesian modeling techniques are used to simulate enterprise behavior to test how robust and
flexible the suggested system is. This lets the model consider probabilistic uncertainty and guess as
new information comes in. The simulation checks essential performance indicators like the overall
success rate of mutual offsets, the improvement in liquidity across the network, and the level of
business engagement, all while changing structural and behavioral parameters. In addition to technical
research, the study also wants to develop policy ideas that can be implemented. Some of these are
figuring out what institutions, rules, and infrastructure investments are needed to make the system
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work and grow in Kazakhstan's complex business environment. By using new technologies, economic
models, and policy analysis, the study aims to help bring Kazakhstan's financial coordination systems
up to date in theory and practice.

The following key questions guide the research:

1. How can a blockchain-based mutual offsetting system improve liquidity among non-state
enterprises in Kazakhstan, and what enterprise-level factors (such as network connectivity, transaction
history, and liquidity balance) determine its success?

ii. How does the application of Bayesian simulation enhance the prediction and adaptability of
offsetting outcomes under uncertainty, and what institutional and technological barriers must be
addressed to implement this decentralized financial coordination system effectively?

This study is essential for both scholarly and real-world reasons. In the academic world, it adds
to the new area of decentralized finance (DeF1i). It shows how collective action theory can be used in
real-life economic systems with non-government organizations. It shows how Bayesian simulation can
be used to test systems with many complicated actors that rely on each other and operate in an
uncertain environment. The study uses cutting-edge blockchain technologies to offer a workable,
scalable answer to a persistent economic problem: the debt between businesses. If the suggested
system is implemented, it could cut down on transaction delays, legal fees, and cash flow problems,
improving the economy overall. It also fits with Kazakhstan's national goals for going digital,
decentralizing the economy, and updating the technology in banking infrastructure.

LITERATURE REVIEW

The issue of inter-enterprise indebtedness and circular debt has been a significant topic of
academic inquiry, particularly in transition and developing economies [9, 10]. In many post-Soviet
countries, like Kazakhstan, businesses often have trouble getting cash because payments are late along
the supply chain [11]. There are mutual clearing systems in Ukraine's energy sector that show that
circular debt clearing mechanisms help lower systemic risk by letting linked firms cancel out each
other's debts, which means there is less need for direct financial transfers [12]. His research showed
that these kinds of systems, when controlled properly, can make markets much more liquid and
improve the general economic health of all industrial sectors. Multi-party offsetting systems are
suitable for the economy because they can match receivables and payables across a network of
companies. This reduces the amount of cash that needs to be used for settlement [13]. These systems
came from barter trade in the early 1990s, when companies used non-monetary exchanges to deal with
hyperinflation and problems with the banking system [14, 15]. Over time, these systems changed into
organized offset networks that the government or trade groups often ran. While they were sometimes
successful, fraud and inefficiency were possible because they relied on central oversight and were not
open about what was happening in real time.

In recent years, blockchain technology has changed how business deals are managed.
Blockchain's decentralized, unchangeable ledger makes tracking and verifying financial transactions
safe and easy without trusting a single authority [16, 17]. Blockchain can be used in developing
markets, focusing on how it can help more people access financial services, ensure contracts are
followed automatically, and lower the costs of transactions [18]. They found that blockchain works
best when the legal system is poorly developed or strong [19]. It could be beneficial for Kazakhstan's
growing banking system. Smart contracts, agreements that run themselves and are written into
blockchain platforms, make decentralized systems even more helpful by letting transactions that cancel
each other out run automatically and only if certain conditions are met [20-21]. Smart contracts can
completely change how business works by eliminating the need for intermediaries and letting multiple
parties work together on their finances in a way that can be programmed [22-23]. Smart contracts
could ensure that multi-party payments only happen when all the conditions are met in a mutual
offsetting system. This would protect business interests and build trust in the system.
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Figure 1: Applying comparable sales method to the automated estimation of real estate prices
[24].

Using Bayesian methods and simulation models is another important area of literature.
Bayesian statistics is a powerful way to model uncertain economic situations where new information
can be used to update what we already know [25] regularly. Bayesian reasoning could be used in
complex systems, especially with Markov Chain Monte Carlo (MCMC) methods [26]. Bayesian
simulation works best in decentralized systems with many players whose actions and results are
uncertain and depend on each other [27]. Many researchers have used Bayesian methods to examine
networked systems and how money can spread quickly. In business networks, these kinds of methods
let you figure out how the actions of one company affect the results of the whole system [28].
Bayesian simulation can be used to determine how likely offsetting transactions will go through and to
guess how changes in firm behavior, liquidity, or network structure will affect the system's general
efficiency [29].

A related writing set is based on collective action theory, Olson [30]. According to Olson's
theory, rational agents will only join collective systems if they align with the group's goals. This is
very important to remember when making systems that depend on people choosing to participate, like
mutual balancing networks. If companies think that other companies will play pretty and that the
system will improve liquidity, then those companies are more likely to join. This creates a cycle of
trust and cooperation that works in their favor. You can also learn a lot from studying economic
sociology and network economics. Granovetter [31] made the case that economic activity is rooted in
social relationships. He talked about how trust, image, and repeated interactions play a significant role
in business decisions. Blockchain systems can strengthen these social underpinnings by making
transaction histories clear and easy to check, reducing information gaps, and discouraging selfish
behavior. That is why the suggested system combines economic sense with technological
infrastructure to help stable networks of people working together to handle money.

Scholars have also warned about problems that could happen when decentralized banking
systems are implemented. Honari et al. [32] said that blockchain may make it more expensive to
negotiate and code smart contracts, especially in complicated offsetting plans involving many firms.
This is because blockchain lowers the cost of verification. This shows how important it is for the
system to work well in Kazakhstan to have an easy-to-use interface, innovative contract models that
can be expanded, and records stored on the blockchain being recognized by the law. Lastly,
institutional economics literature stresses how important it is for regulations to be in sync. North [33]
said that for institutional innovations to work, official rules and informal norms must change at the
same time. For Kazakhstan to use blockchain-based compensation systems, the country must make
new laws that recognize digital contracts, protect data, and offer ways to settle disagreements. With
help from public-private partnerships, pilot projects in industrial clusters could be used to test the
system before it is rolled out across the country.

METHODOLOGY
This research employs a Bayesian simulation-based methodology to model and analyze the
behavior and effectiveness of a blockchain-based mutual offsetting system among enterprises in
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Kazakhstan. The objective is to simulate the likelihood of successful multi-party offsetting transactions
under varying enterprise indebtedness, liquidity, and network connectivity conditions. The simulation
mimics real-world economic conditions and captures uncertainties using probabilistic methods. The
proposed model simulates a five network of N = 500 non-state enterprises in Kazakhstan. Each firm
is randomly assigned an initial value of liabilities and receivables, which represent the outstanding
amounts they owe and are owed by other firms in the network. The liabilities are generated from a
Gamma distribution, denoted by:
L; ~ Gamma(a =2, =0.5),i =1,2,...,500

This distribution is selected to reflect the skewed nature of debt in enterprise networks, where
many firms carry disproportionately large liabilities. The probability of default for each firm is
modelled as a random draw from a beta distribution, which represents firms' relative risk of failing
to meet obligations due to liquidity constraints or operational instability,

pi ~ Beta(2,5)

This assumes most firms have relatively low default probability, but a minority may pose
higher risk. Firms are considered eligible to participate in the offsetting process if the receivables of
other firms can match at least 60% of their liabilities. This threshold condition is necessary to maintain
economic feasibility and participant confidence in the offset system. A blockchain ledger is simulated
to track all completed offset transactions. Once the offsetting condition is satisfied among three or
more firms in a closed loop, the transaction is logged as a valid "cleared" event in the ledger. The
simulation tracks these logs and calculates cumulative offset success across multiple iterations.

Bayesian Simulation Framework

Let 6 denote the probability that any transaction cycle results in a successful offsetting event
involving at least three firms. Given the observed number of successful offsetting transactions X, the
Bayesian model aims to estimate the posterior distribution of 0. The general formula is:

PO|X)xP(X1|6)-P(O)

In this framework, the prior distribution for 0 is defined as:

6 ~ Beta(2,2)

This represents a non-informative prior, assuming no strong prior beliefs about offsetting
success. It allows the data to drive posterior estimates. The likelihood function P(X | 6) It is based on
a binomial process:

X ~ Binomial(n, 9)

Where n is the total number of attempted offsetting transaction cycles (1000 in our case), X is
the number of successful offsetting cycles observed.

The simulation uses the Gibbs sampler, a Markov Chain Monte Carlo (MCMC) method type,
to generate 10,000 posterior samples of 0. These samples estimate the posterior mean, variance, and
credible intervals of offsetting success.

Table 1: Variables and Simulation Design

The table below provides a detailed description of all variables used in the simulation:

Variable Name Symbol Description

Number of firms N Total number of enterprises in the simulation (set to 500)

Liabilities L; Amount owed by firm i, drawn from a Gamma (2, 0.5)
distribution

Receivables R; Amount owed to firm i, matched from other firms’ liabilities

Default probability Di Probability firm i defaults, drawn from Beta (2, 5)

Offset success threshold — A minimum of 60% of liabilities must be matched to participate

in the offset.
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Blockchain ledger — Record of all successfully executed offsetting transactions
Offset success 0 Posterior probability of success across transaction cycles
probability

Transaction success X Number of successful offsetting transactions per 1000 iterations
count

Simulation Execution

The simulation proceeds in the following steps: 500 firms start with liabilities and receivables
that are randomly given. The system tries to make offsetting triads (or bigger loops) for each
transaction cycle so that at least 60% of liabilities are cancelled. The fake blockchain record keeps
track of each successful offset loop. Based on 10,000 MCMC samples, the total number of successful
deals, X, is used to update the posterior distribution. The posterior mean of 6 and its 95% reasonable
intervals are found to determine how efficient a system is. This method determines how likely it is to
work based on current structural assumptions and lets things change by changing firm-level factors or
network rules. The simulation results will tell those making decisions how the offsetting system will
likely work and how sensitive it is to certain factors.

RESULTS

The Bayesian simulation, conducted over 1,000 iterations and involving 500 non-state
enterprises, provides robust empirical support for the viability of a blockchain-based mutual offsetting
system. Using probabilistic reasoning, the simulation checked how often transaction cycles worked to
see if offsets were possible when firms behaved randomly. It looked at how network factors and
economic variables affected things even more by using regression diagnostics. Based on the
simulations, Table 2 shows the posterior distribution of the cancelling success rate.

Table 2: Posterior Summary Statistics

Parameter Mean Std Dev  2.5% 97.5%
0 (Success rate) 0.743 0.028 0.688 0.796

The simulation results for the posterior distribution of the offsetting success rate 0 are
summarized in Table 2. The posterior mean of 0 is 0.743, meaning mutual offsets worked in about
74.3% of simulated transaction cycles. A standard deviation of 0.028 and a narrow 95% credible
interval from 0.688 to 0.796 show that the guess is accurate. This shows that the simulation model is
stable and reliable. This reliable range gives us even more faith in the model's ability to predict and
stay the same across different versions. Based on how these results are interpreted, the suggested
blockchain-based mutual offsetting system will likely work technically and operationally. Most
businesses regularly meet the 60% liability-receivable matching threshold. This means that the system
can help a lot of companies settle their debts with each other without having to exchange money
directly. This result is constructive for economies with trouble getting cash because it provides a
scalable, autonomous way to ease financial stress and boost the efficiency of business cash flow.
Figure 2 below presents the posterior distribution of 6. The bell-shaped curve approximates a normal
distribution, centering tightly around the mean.
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Figure 1: Posterior Distribution of Offset Success Rate (8)
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Figure 2: Posterior distribution of offset success rate

The distribution has a smooth, bell-shaped curve that resembles a normal distribution. Its centre
is at 0.743, which is the posterior mean. This picture shows that the simulation results are mostly
centered around a steady average, which means that the results do not change much from one run to
the next. How this distribution is interpreted shows how strong and reliable the suggested model is.
The narrow spread of the distribution indicates that the system's performance stays stable even when
business practices change or network conditions barely shift. This consistency strengthens the case for
using the blockchain-based offsetting method in the real world by showing that it can work reliably in
various economic and structural situations. The transaction success rate was used as the dependent
variable in a multiple regression analysis to learn more about what makes mutual canceling
transactions work. The model looked at how important practical and financial factors might affect the
chances of multi-party offsetting working. Five factors help explain them: Network Connectivity,
Initial Liquidity Gap, Blockchain Latency, Firm Size, and Historical Offset Participation.

Table 3: Regression Diagnostics (Dependent variable: Transaction success rate)

Variable Coef. Std. Err. t-stat p-value
Network Connectivity 0.122 0.019 6.42  0.000
Initial Liquidity Gap - 0.022 -3.45 0.001
0.076

Blockchain Latency - 0.009 -1.44  0.153
0.013

Firm Size (log assets) 10.014 2.43  0.015
.034

Historical Offset Participation 1 0.017 5.35 0.000
.091

The Network Connectivity variable represents the number of direct financial linkages
(receivable-payable relationships) each firm has with others in the simulation. A p-value below 0.001
is significant and has a positive coefficient of 0.122. This means that companies with bigger networks
are more likely to find partners that can balance them out, which increases the chances of successful
deals. A well-connected business ecosystem makes it easier for financial responsibilities to be matched
and for circular debt chains to form. Policymakers should prioritize creating tools or apps that make
inter-firm links more visible and clearer. This will make it easier for firms to understand their
obligations to each other. The Initial Liquidity Gap, which is the difference between accounts and
payables, makes transactions much less likely to go smoothly (-0.076). The more significant the
difference between what a company owes and what it is due, the less likely it is that it can get into an
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offsetting loop. To ensure that many people can use the system, firms must keep their credit and debit
situations relatively equal. Small and medium-sized businesses (SMEs) may need financial advice or
automatic accounting tools to monitor and balance their cash flow.

The Blockchain Latency variable shows how long it takes to check and confirm a transaction
on the blockchain in seconds. Its coefficient is negative (-0.013). Still, it is not statistically significant
(p = 0.153), which means that delay does not seriously affect the success of offsetting cycles when
everything is working as it should. Latency is not a big problem, but this could change in places where
time is essential. Keeping low-latency blockchain processes will be critical for scaling the solution as
the number of transactions grows or as we move toward real-time settlement systems. Firm Size,
which is calculated as the logarithm of total assets, is a new variable that has been added. It has a
positive value of 0.034 and is statistically significant (p = 0.015). More prominent companies are better
at offsetting because they have more partners, a wider range of receivables and payables, and better
internal methods for managing their financial exposure. This means that big businesses might be able
to stabilize offsetting loops by acting as "anchors" in offset networks. To make things fair, the offset
system should offer special discounts or help with starting up for smaller businesses that might have
trouble coordinating their finances.

The last variable, Historical Offset Participation, tracks whether a company has been a part of
successful offsetting deals. This variable has a strong relationship with success and continued
involvement, with a coefficient of 0.091 and a p-value of less than 0.001. This proves there are
"learning effects" or positive feedback: companies with good offsets are likelier to trust and keep using
the system. This behavior fits with the theory of collective action, which says that early users show
that a system works well and encourage others to join. For greater enterprise adoption to happen,
getting a strong group of early participants and keeping track of early successes will be necessary.
Workshops on training, test projects, and success stories can effectively get more people to join.

85,25

Figure 3: Simulated Network of Enterprise Offsets
(This figure illustrates a directed graph showing firms as nodes and mutual obligations as edges, with
loops indicating successful offsetting cycles.)
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Figure 3 illustrates a fully connected and visually optimized network of 20 enterprises engaged
in mutual financial obligations, where each directed edge represents a payable amount from one firm
to another. The network shows what a blockchain-based mutual balancing system could do for
structures. It would make it easy for obligations to be matched across multiple firms to settle debts
without exchanging cash. The network is very dense, which means that companies can get real-time
financial information and are part of a digital environment that lets them work together with many
other companies easily. Firms like "Firm 6," "Firm 11," and "Firm 13" seem to act as central hubs,
with a lot of incoming and outgoing responsibilities. This suggests they play a key role in keeping the
network's liquidity flowing.

The groups can see multiple offsetting loops of bidirectional and triangular links. This shows
that it is possible to make the closed transaction cycles needed for mutual offsetting work. The idea
that businesses that are well-connected and have fairly balanced debts and payables are more likely to
participate in successful offsetting events is supported by the fact that the network's edge directions
and weights are balanced. Also, the graph shows how important network connectivity is for improving
systemic liquidity, which is stressed by the study's regression results. Overall, this picture shows that a
decentralized settlement system like this could work, especially in business settings that are digitally
integrated, like those in Kazakhstan's leading industrial hubs.

The results of the Bayesian simulation highlight the distinct role each variable plays in
influencing the success of mutual offsetting among enterprises. The main way to measure how well the
model works is by the offset success rate, which is considered 74.3% on average. Its high posterior
mean and narrow credible interval show that the suggested system is reliable and effective. It shows
that most businesses in the simulated network met the 60% matching requirement to participate in
offsetting. This measure gives a good starting point for determining whether the system can be used in
real life. One of the most critical factors that helped explain things was network connectivity. It shows
how many businesses are connected through receivable-payable relationships. This variable has a
positive and statistically significant effect, which suggests that companies with more financial ties are
more likely to be able to join multi-party compensating loops that work. These results show the
importance of a digitally integrated financial ecosystem where companies can quickly see each other's
debts and find potential offset partners.

On the other hand, the liquidity gap was found to have an adverse and significant effect on
offset success. The liquidity gap is the difference between a company's payables and receivables. The
results show that firms with substantial differences in their financial situations are less likely to be able
to balance successfully. So, a balanced financial picture is fundamental to get as many people as
possible to participate. Firms with too many debts and insufficient receivables might be unable to find
good matches in the network, keeping them out of the offsetting loop. The average delay in completing
transactions on the distributed ledger, or blockchain latency, showed a small and statistically
insignificant adverse effect. This variable is not a big problem, but it might become more critical in
real-time or high-frequency uses in the future. The simulation shows that the blockchain system is
responsive enough to allow offsetting transactions to go through without slowing down operations.
Two additional variables — firm size and historical offset participation — provided further insights
into the system's dynamics. Larger firms (measured by total assets) were more likely to participate
successfully, likely due to greater diversification of partners and stronger internal coordination
systems. On the other hand, companies that had successfully offset cycles in the past were much more
likely to keep doing so. This positive feedback loop supports the idea that early adoption and proof of
system success are necessary to build trust and get more people involved in the enterprise.

Table 3: Summary of model

Variable Role in the Model Effect Summary
Offset  Success Posterior output variable High average (0.743), intense credibility
Rate interval
Network Explanatory variable — degree of Positive effect: more links improve offset
Connectivity linkages success

41



MexnyHapoaubiil Hayu bl xxypHa1 AKAJIEMUK Ne 2 (243) 2024 r.

Liquidity Gap Explanatory variable — balance of Adverse effect, imbalanced firms
receivables vs. payables excluded from loops
Blockchain Technical constraint — verification Minimal effect under current conditions
Latency delay but relevant for scalability
DISCUSSION

The findings from this study provide compelling evidence that a blockchain-enabled mutual
offsetting system has the potential to significantly improve liquidity and financial coordination within
enterprise ecosystems. The model showed a high success rate for offsets (74.3%), which shows that
settling debts between multiple parties is possible without exchanging real money. This result is
significant in places like Kazakhstan, where many small and medium-sized businesses have trouble
with their cash flow because other businesses owe them money and pay them slowly. One of the best
things about the suggested model is that it can be changed using Bayesian updating. As more
transaction data comes in, the system can keep improving its guesses and adapting to how businesses
act in real time. This ensures that the offsetting process changes along with the economy, so it can still
work even when the economy is struggling or when policies change. This ability to change gives
systems a level of resilience not usually found in centralized, rule-based ones.

The results are also very similar to those of another study that has already been done. For
example, Chang et al. [34] discussed how practical Bayesian methods are for modeling environments
with incomplete information. This is precisely how we used to model the uncertainty of making
business decisions, which worked very well. Additionally, the fact that network connectivity makes
transactions more likely to go through supports Alzahrani et al.'s [35] research that blockchain systems
work best in settings where people are connected and willing to share data openly. We added to these
ideas by using a regression approach to measure how network density, liquidity balance, and firm size
affect the success of an offset. The simulation model also shows essential parts of collective action
theory. According to this theory, businesses are more likely to join cooperative systems when they
think the benefits outweigh the risks for each person. In our simulation, we saw a lot of people
participating and succeeding. This is similar to real life, where well-structured decentralized systems
work faster, trust better, and use less money than standard centralized systems. However, unlike earlier
studies that believed firms would behave statically, our model includes a dynamic Bayesian
mechanism that constantly recalibrates based on enterprise performance. This is a new feature that
makes predictions more accurate.

Kazakhstan's Almaty and Nur-Sultan industrial areas are perfect places to test this offsetting
system from a policy point of view. These areas have a lot of non-state businesses of different kinds
and types, making them an excellent place for offsetting loops. Public-private partnerships could make
implementing these areas easier, with governing bodies ensuring that ledgers are open and that the law
can enforce smart contracts. There could also be ways to settle disagreements. Pilots that work well
could then be used to help plan a national rollout. Even though the study has some good points, it also
has some problems. First, the simulation believes that businesses are innovative and will always do
what is best for them financially. It does not consider mistrust, not knowing how to use technology, or
not wanting to share financial information. Second, the Bayesian framework is flexible, but the
model's current structure does not consider external macroeconomic shocks like inflation or supply
chain breakdowns that could change how offsetting behavior works. The model is also built on fake
data, and to use it in the real world, it would need to be calibrated using real Kazakhstani enterprise-
level financial datasets. You should also think about the absolute limits. To start using blockchain
technology, much money must be spent on equipment, digital onboarding, and staff training. Before
companies can use blockchain-based payments on a large scale, they need to ensure that smart
contracts are legal and that regulators keep an eye on them. Small businesses might not have the
technology or money to join without specific help programs or easy-to-use platforms. In conclusion,
the results are positive and backed up by theoretical and empirical proof. However, putting them into
practice in the real world requires a thorough understanding of the institutions' readiness, the technical
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limitations, and how people act. Kazakhstan can use this system to update its company's financial
coordination and build a stronger, more efficient economy by carefully planning its policies and
implementing them in stages.

CONCLUSION

This study presents a comprehensive framework for implementing a blockchain-based mutual
offsetting system tailored to Kazakhstan's economic structure and enterprise behavior. The study uses
Bayesian simulation modeling to show how a decentralized financial system can help improve
liquidity, lower the need for direct cash payments, and make it easier for businesses to settle their
debts. The high success rate of offsetting transactions (74.3%) in the past suggests that this kind of
system is both technically possible and financially beneficial in the modeled conditions. Adding
blockchain technologies to systems that balance each other has several fundamental benefits. Because
blockchain is permanent and open, transactions that balance each other out are safely recorded and can
be checked without needing a third party. When smart contracts are added to the system, it provides a
programmable and computerized way to coordinate finances, lowering transaction costs and legal
issues. The simulation also shows that network connectivity, liquidity balance, and firm size
significantly impact offsetting success. These results are beneficial for planning how to apply these
ideas in the real world.

From a policy and infrastructure perspective, the research advocates for pilot programs in
industrial zones such as Almaty and Nur-Sultan. With many non-government businesses and new
digital infrastructure, these areas are great places for gradual rollouts. However, for implementation to
go smoothly, it will need help from regulators, digital onboarding programs for small businesses, and
legal frameworks that accept blockchain-based financial contracts. If these institutional structures are
implemented, the offsetting system could grow into a national platform that helps companies to
stabilize their cash flows and helps Kazakhstan's economy become more digital. Even though the
results look good, the study does admit that it has some problems. Instead of real financial records
from local businesses, the simulation is based on factors that were made up and data that was not
collected. Behaviors like not wanting to take risks, not trusting digital systems, or not having fair
access to technology were not modeled. Practical problems, like regulators who do not want to change
things or small businesses that do not know how to use technology, also make application hard. These
holes should be filled by adding behavioral economic parameters, regional business data, and
simulations of shock situations like economic downturns or sector-specific collapses to future models.

Looking ahead, studies in the future should focus on a few main areas. First, real enterprise-
level data from Kazakhstan must empirically validate the model and improve its accuracy in
calibration and forecasting. Second, studies that combine economic models, legal analysis, and
information systems design would help make a digital platform that can be used by many people and is
legal. Third, studying how people use decentralized financial systems and what stops them from
adopting them can help make training programs and user interfaces. Lastly, looking into how to
connect the offsetting model to national tax systems or government procurement tools could make it
more useful and help it fit in with larger digital government projects.
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THE IMPACT OF DIGITAL AND BLOCKCHAIN TECHNOLOGIES ON
ACHIEVING SUSTAINABLE DEVELOPMENT GOALS IN KAZAKHSTAN USING THE
EXAMPLE OF THE MUTUAL SETTLEMENT SYSTEM BETWEEN

ENTERPRISES IN KAZAKHSTAN

Sapa Andrey
AlmaU, Almaty
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system, Kazakhstan, digital transformation.

Abstract. Kazakhstan’s inter-enterprise mutual settlement systems face inefficiencies, including
delayed payments, high transaction costs, and fragmented data, hindering progress toward Sustainable
Development Goals (SDGs). This study evaluates how blockchain technologies address these
challenges, focusing on their impact on SDG achievement. Using a mixed-methods approach, data
were collected from 200 non-state enterprises via surveys, interviews, and blockchain transactional
records. Sectors analyzed included energy, agriculture, manufacturing, and finance, stratified by
enterprise size and geographic region. Quantitative tools assessed adoption rates and efficiency
metrics, while qualitative analysis (NVivo) identified implementation barriers. Results revealed 58%
blockchain adoption, reducing settlement times by 79% (7 to 1.5 days) and costs by 30%.
Transparency improved by 41%, and cross-sector partnerships (SDG 17) grew by 50%. However,
adoption disparities emerged, with urban enterprises (65%) and large firms (75%) outpacing rural
areas (28%) and SMEs (50%). Regulatory uncertainty (55%) and low rural digital readiness (45%
internet access) impeded scalability. Policy recommendations include streamlining blockchain
regulations, expanding rural digital infrastructure, and fostering public-private partnerships to align
innovation with SDGs. Enterprises should adopt interoperable tools, while international actors must
support regional blockchain networks. This study underscores blockchain’s potential to advance
sustainable development in transitional economies, contingent on equitable infrastructure and adaptive
governance.

JEL Codes: 033, G28, Q01, L86, P25.

INTRODUCTION

Digital and blockchain technologies are transforming global economic systems by enhancing
transparency, security, and efficiency in transactions (Martinez et al., 2024). Blockchain, a
decentralized digital ledger, enables peer-to-peer interactions without intermediaries, reducing costs
and fostering trust (Tan & Saraniemi, 2023). The technology implementations support SDGs since
they advance both inclusive economic development (SDG 8) and industrial innovation (SDG 9) and
work to minimize social inequalities (SDG 10) (Cojocaru et al., 2022; Monaco, 2024; Van Niekerk,
2020). The Digital Kazakhstan program has become more important because it supports national
digitalization efforts in Kazakhstan, which aims to transform infrastructure and governance
(Sheryazdanova, 2024). Inter-enterprise financial processing remains slow because their transaction
systems lack efficiency, while payments occur slowly, and enterprise-level data management remains
separated. The existing financial issues act as barriers that impede the achievement of SDGs especially
among sectors that require immediate payment processing. Blockchain adoption worldwide has gained
strength for sustainability by implementing applications across supply chains and carbon market
transactions. Because of the new digital economy enabling policies and technological base investments
in locations such as Astana Hub, Kazakhstan has become a market leader within its region. Research
about blockchain-enabled SDG advancement remains scarce in Central Asia, including its application
to mutual settlement systems (Tazhiyev, 2021).

Current methods of mutual payment handling between Kazakh businesses experience technical
problems at work. Smooth operations suffer from human handling methods that make data exchange
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slow and require middlemen to handle transactions. Small and medium businesses have financial
challenges because companies pay them late, which makes it hard for these organizations to support
Goal 8 on economic growth (Edobor & Sambo-Magaji, 2025). With its old systems, the organization
struggles to display essential transaction information, causing problems for both parties. Though
Kazakhstan uses digital payment platforms, it does not connect them to fix the overall problems in the
system. Research demonstrates how blockchain functions help transaction operations, but minimal
evidence exists about using blockchain technology in Kazakhstan's specific economic environment.
Research about blockchain today studies only its advantages but rarely examines its real-life influence
on sustainable development goals. Kazakhstan needs specialized solutions because its business
environment contains many different regulations and holds a large number of small
businesses(Fehlings et al., 2025).

This paper assesses the role that can be played by blockchain mutual settlement systems to
promote SDGs in Kazakhstan. It addresses three research questions. First, it discusses the current
system and its work’s weaknesses and opportunities with regard to transactions and their implications
for business. Second, it examines how it improves the results of the Sustainable Development Goals.
Firstly, it relates to sustainable industrial innovation, which is in line with SDG9 by promoting
technological improvement, and secondly, SDG 8 focuses on decent work, ensuring stable cash flows
for SMEs. Third, it examines the moderating factors of organizational variables, including the size of
the enterprise, sector type, and digital readiness of the blockchain. Therefore, the research design of
the study is cross-sectional to obtain accurate data regarding the blockchain, adoption, and SDG status,
which might help policymakers and businessmen.

The research objectives are threefold. First, to evaluate the operative and structural
characteristics of the existing mutual settlement system in Kazakhstan. Second, determine how the
technologies of blockchain can enhance the transactional value by efficiency, transparency and trust
with reference to the SDG. Third, examine how different factors, including technological environment,
staff capabilities, and leader backing, can influence outcomes of blockchain implementation. To
achieve these objectives, the study will offer specified recommendations on how to develop scalable
blockchain solutions for the country based on its sustainability goals.

There are few studies of this nature, especially focusing on the region, and as a result, it features
policy relevance. Central Asia is still poorly researched in terms of the digital agenda and its
connection with SDGs (Sabyrbekov et al., 2024). The findings of this study extend the ongoing
discussions on the potential benefits of the blockchain in emerging economies based on the experience
of Kazakhstan. The findings of the study will be relevant to policymakers so as to guide how
blockchain can be incorporated into a nation’s vision to digitize the country in line with the SDGs. It
provides enterprises with information on how to avoid these barriers to adoption, including the
upgrade of IT systems or the adoption of cross-sector relations. On the academic level, the study
contributes to existing knowledge by discussing the socio-economic effects of blockchain, deviating
from purely technical features, and focusing on such factors as legal requirements and organizational
environment.

Kazakhstan provides a special context to test blockchain applications for its transformation into a
digital economy(Maussymbayeva et al., 2025). The government supports blockchain adoption through
supportive financial policies, which build fintech testing areas and give tax breaks to new technology
businesses. The adoption rate is uneven because resource constraints prevent SMEs from participating
on the same level as larger enterprises and multinationals. The existence of unequal adoption threatens
to increase social inequalities, which opposes the goals set by SDG 10. A blockchain-based mutual
settlement system enables SMEs to obtain affordable and safe transaction tools that provide equal
opportunities throughout all business sectors(Hamledari & Fischer, 2021). Smart contracts using
automated processes enable invoice settlement by receiving delivery verification, which shortens
payment times and enhances the stability of cash flows. Such systems boost auditability, which proves
essential for agricultural and manufacturing supply chains since they work toward SDG 12
responsibility in consumption(Agnola et al., 2025).
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Success factors of blockchain applications stem primarily from organizational elements. Large
enterprises typically have the resources needed to test new technologies, but small and medium
enterprises struggle with restricted IT funds along with technical skill deficits. Financial institutions
need to match their blockchain implementation with their established ERP systems, and service
providers emphasize easy-to-use user interfaces since their core operations differ from manufacturing
companies. The adoption rate depends on how well organizations are prepared for digital aspects,
which include internet accessibility alongside digital competence and protection from cyber threats
(Dodel & Mesch, 2018). Digital maturity levels of Kazakh enterprises determine their ability to
integrate blockchain at a rate 30% faster, which emphasizes the necessity of specialized capacity-
building initiatives (Gomboin et al., 2025).

Numerous previous studies show that blockchain technology demonstrates promise. The
Kazakhstan Association of Blockchain Technologies conducted a 2022 project that implemented
decentralized settlements for 50 businesses in Almaty. Users involved in the trial experienced faster
transaction processing with reduced times by 40% while administrative expenses declined by 25%.
The implemented efficiencies help achieve SDG 9 by promoting industrial innovation that results from
technological adoption (Karagussov, 2025). SMEs who received faster transactions through blockchain
networks gained better liquidity, which enabled them to invest in workforce development that supports
SDG 8 (Zarubina et al., 2024). The integration process must address ongoing interoperability problems
with existing systems while addressing regulatory uncertainties to develop effective implementation
solutions.

LITERATURE REVIEW

Various theories explain how digital and blockchain technologies integrate into the economy,
including rapid innovation diffusion (Rogers, 2003) and institutional theory(North, 1990). Innovation
diffusion theory addresses the spread of new technologies within societies, accounting for factors such
as relative advantage, compatibility, and observability (Mbatha, 2024). Blockchain’s architecture is
decentralized, which reflects the framework with broader adoption being based upon perceived
benefits like reduction in costs and improvement in trust. This is complemented by institutional theory,
which provides a means of explaining how regulatory environments and organizational norms
influence technology uptake. Kazakhstan has supportive institutional reforms (Digital Kazakhstan
2025 program) for blockchain experimentation, with a probability that legacy systems in the
enterprises may resist change (Baldakhov & Heim, 2020). The theories that relate technology to
sustainable development stress the fact that transparency and efficiency in the advancement of the
SDGs. For example, decentralized systems are less dependent on intermediaries and therefore lower
transaction costs and promote inclusive growth (SDG 8). Its immutability makes it auditable, which is
imperative in responsible consumption (SDG 12), while smart contracts take the process automation to
industry innovation, both for which (SDG 9). Financial transaction theories are once again grounded
on trust as a central theme, but through cryptographic security, enterprises can have mutual settlements
equivocally without fear of fraud. Based on blockchain, the sustainable economic models aim at the
optimization of the resources, which matches with the objectives of Kazakhstan to fight against
economic discrimination (SDG 10) and to establish partnerships (SDG 17) (Bekmetova et al., 2024;
Georgieva et al., 2020; Kapyshev, 2024).

Blockchain technologies have experienced significant global market adoption mainly for
sustainability needs in supply chain tracking and renewable energy production. (Prawitasari et al.,
2024). Blockchain technologies enable financial inclusion platforms that establish digital wallets for
people without banking access, thus advancing SDG 1 (no poverty) across Africa and Southeast Asia.
In Central Asia, however, such applications remain nascent. Kazakhstan’s Digital
Kazakhstan initiative, launched in 2018 and extended to 2025, prioritizes blockchain for public
services and enterprise solutions (Gao, 2025). The Astana International Financial Centre (AIFC) has
emerged as a regulatory sandbox, testing blockchain-based fintech tools. National projects like the
blockchain-powered land registry demonstrate the government’s commitment to transparency, though
enterprise-level adoption lags (Zhanibek et al., 2022). Internationally, mutual settlement systems using
blockchain have shown promise. Zhanibek et al. (2022) analyzed a blockchain-based offsetting
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platform in Taiwan’s manufacturing sector, noting a 35% reduction in payment delays and improved
liquidity for SMEs (Lin, 2025). Similarly, South Korea’s pilot for inter-enterprise settlements using
smart contracts reduced administrative overhead by 28%, as reported by Choi et al. (2024). These
examples highlight blockchain’s potential to streamline transactions, yet their applicability to
Kazakhstan’s context—marked by a mix of state-linked enterprises and SMEs—requires further
exploration.

Kazakhstan’s digital economy has grown rapidly, with internet penetration reaching 85% in
2023 and mobile banking usage exceeding 70%. The government’s focus on blockchain is evident in
partnerships with tech firms to develop national digital infrastructure. However, academic research on
blockchain’s role in SDGs remains sparse (Kapyshev, 2024). Yener et al. (2024) highlighted
Kazakhstan’s progress in digitizing public services but noted limited integration of blockchain in
private-sector transactions. AIFC’s blockchain experiments reveal improved cross-border settlement
times but overlook domestic inter-enterprise systems. SDG-specific analyses, such as linking
digitalization to industrial growth (SDG 9), but fail to isolate blockchain’s contributions (Shukeyev et
al., 2025). Challenges in mutual settlements, such as delayed payments and high intermediation costs,
are well-documented in local industry surveys. Kazakhstan SME Association found that 62% of SMEs
experience cash flow disruptions due to late settlements, directly undermining SDG 8 (Zarubina et al.,
2024). While blockchain is often proposed as a solution, empirical studies on its implementation are
lacking. Research by Salykov et al. (2024) offered preliminary insights, showing that Kazakh
enterprises with higher digital maturity adopt blockchain faster, but sector-specific barriers such as
manufacturing’s reliance on legacy software remain unaddressed.

Critical gaps persist in understanding blockchain’s scalability and contextual challenges in
Central Asia. Most global studies focus on mature economies or sectors like finance and logistics,
neglecting transitional economies like Kazakhstan. Regional research often emphasizes public-sector
blockchain applications, leaving private-sector mutual settlements underexplored. Organizational
factors, such as enterprise size and digital readiness, are rarely analyzed as determinants of blockchain
success. SMEs’ limited IT budgets contrast with larger firms’ ability to invest in pilot projects,
creating adoption disparities. Sectoral variations also matter: agricultural enterprises may prioritize
blockchain for supply chain traceability, while service firms focus on payment efficiency. A 2024
meta-analysis by Hsu et al. (2024)identified a global lack of studies on blockchain’s mid-term SDG
impacts, particularly in emerging markets. In Kazakhstan, this gap is exacerbated by a shortage of
longitudinal data and reliance on theoretical models rather than empirical evaluations. Additionally,
the interplay between regulatory frameworks and technological innovation remains unclear. While
(NICOLAE, 2025).

Building on these insights, this study posits that blockchain-based mutual settlement systems
will enhance transactional transparency, reduce costs, and accelerate progress toward SDGs 8 and 9 in
Kazakhstan. However, the effectiveness of such systems will hinge on organizational readiness,
particularly in SMEs, and sector-specific adaptation. For instance, digitally mature industries, such as
the information technology industry, might absorb the developments faster than industries that may
include manufacturing industries. These challenges are anticipated to be eased by regulatory certainties
and government incentives, but skills relating to using the technology might remain a problem due to
the slow digital infrastructure development in rural areas. The proposition is in congruence with the
innovation diffusion theory since tech-savvy adopting enterprises showcase blockchain advantages that
enhance further adoption. On the other hand, institutional theory postulates that sometimes these
factors, such as financial legacy, bureaucratic structure, may slow down integration, especially where
state-influenced sectors prevail.

METHODOLOGY

This study analyzes how blockchain in mutual settlement systems relates to SDG progress
through a single-point survey in Kazakhstan. The research project combines both quantitative surveys
and qualitative interviews because this study design allows us to identify overall patterns while
exploring the detailed situations behind them. This study design enables researchers to study
blockchain implementation during current times, which matches Kazakhstan's accelerating digital
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progress. The research combines data from different sources to produce reliable results on how
blockchain works for non-state organizations.

The target group consists of private-sector organizations from multiple industries such as
energy, agriculture, manufacturing, and finance that perform transactions through Kazakhstan’s mutual
settlement system. This research considers blockchain professionals and technologists who made
system design decisions alongside policymakers who establish digitalization plans, as well as
representatives from organizations dedicated to supporting the SDGs. The research selects companies
that currently use blockchain for payment solutions and intend to start using this technology next year.
The nation selects specific sectors that support its SDG focus areas, particularly energy solutions under
SDG 7 and sustainable industrialization under SDG 9. The study looks at blockchain adoption by both
small and medium enterprises with less than 250 staff and big firms with strong digital systems.

The sampling method used in this study distributes enterprises across all size classes while also
representing different business sectors and worldwide offices. The 10 regions of Kazakhstan have been
sorted into three geographic categories (urban, semi-urban, and rural) since each region possesses
different digital network capabilities. Within each cluster, enterprises are categorized by sector and
size, with proportional representation maintained. The sample size of 100 enterprises is determined
pragmatically, reflecting accessibility to blockchain-enabled firms and resource constraints. Purposive
sampling is applied for qualitative interviews, targeting 10 blockchain developers and 10 policymakers
with direct involvement in the mutual settlement system. By taking this dual approach, there is breadth
in related quantitative analyses and depth in qualitative exploration.

Structured surveys are administered to the enterprise managers engaged in blockchain adoption
to provide primary data regarding blockchain adoption levels, transaction efficiency, and perceived
SDG impacts. Semi-structured interviews with developers and policymakers explore technical barriers,
regulatory challenges, and collaborative opportunities. Surveys use Likert scales to measure variables
such as transaction speed (1-5, from “highly inefficient” to “highly efficient”) and trust in blockchain
systems (1-5, from “very low” to “very high”). Secondary data includes anonymized blockchain
transaction records from participating enterprises, capturing metrics like settlement time, cost per
transaction, and dispute rates. National SDG progress reports from 2021-2023 and case studies of pilot
mutual settlement systems provide contextual benchmarks.

Independent variables include blockchain adoption intensity (measured by the percentage of
transactions processed via blockchain) and technical attributes of the mutual settlement system, such as
encryption standards and smart contract functionality. Dependent variables focus on SDG indicators:
economic growth (SDG 8) is proxied by enterprise revenue stability and workforce expansion, while
industry innovation (SDG 9) is assessed through R&D investment and technology adoption rates.
Partnership efficacy (SDG 17) is evaluated by the number of cross-sector collaborations enabled by
blockchain. Control variables encompass enterprise size (annual revenue, employee count), sector
(categorized by NAICS-like codes), and digital readiness (internet bandwidth, cybersecurity
protocols).

Quantitative data is analyzed using descriptive statistics to outline adoption trends and
transaction efficiency gains. Correlation analysis examines relationships between blockchain features
(e.g., transparency, decentralization) and SDG indicators. Regression models identify predictors of
SDG progress, controlling for enterprise size and sector. Tools like SPSS and R are employed for
statistical computations. Qualitative data from interviews undergoes thematic analysis using NVivo,
with codes generated around themes like “regulatory barriers,” “technical literacy gaps,” and
“interoperability challenges.” Findings from both methods are triangulated to validate conclusions,
ensuring a holistic understanding of blockchain’s role in advancing sustainability.

RESULTS

The study surveyed 200 non-state enterprises and institutions across Kazakhstan, stratified by
industry, size, and geography. Table 1 summarizes the sample demographics. The energy sector
represented 25% of participants, followed by agriculture (20%), manufacturing (18%), finance (15%),
and services (22%). Micro-enterprises (1-10 employees) constituted 30% of the sample, SMEs (11—
250 employees) 50%, and large corporations (250+ employees) 20%. Geographically, 55% operated in
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urban centers like Almaty and Nur-Sultan, 30% in semi-urban areas, and 15% in rural regions. Digital
readiness varied significantly: 78% of urban enterprises reported high-speed internet access, compared
to 45% in rural areas. Blockchain experience was limited, with only 35% of SMEs having prior
exposure to decentralized systems, versus 65% of large corporations. SDG priorities aligned with
national agendas: 40% emphasized SDG 9 (industry innovation), 35% prioritized SDG 8 (decent
work), and 25% focused on SDG 17 (partnerships).

Table 1: Demographic Characteristics of the Sample

Category Subgroup Percentage
Industry Sector Energy 25%
Agriculture 20%
Manufacturing 18%
Finance 15%
Services 22%
Enterprise Size Micro 30%
SME 50%
Large Corporation 20%
Geographic Region Urban 55%
Semi-urban 30%
Rural 15%

Blockchain adoption rates for mutual settlements varied by sector and size (Table 2). Overall,
58% of enterprises had integrated blockchain into their transactional processes. The energy sector
showed the highest adoption (68%), driven by government incentives for digital transformation.
Agriculture lagged at 42%, citing limited technical infrastructure. Large corporations reported 75%
adoption, compared to 50% for SMEs and 35% for micro-enterprises. Urban enterprises achieved 65%
adoption, while rural areas struggled at 28%.

Table 2: Blockchain Adoption Rates by Sector, Size, and Region

Category Subgroup Adoption Rate
Industry Sector Energy 68%
Agriculture 42%
Manufacturing 55%
Finance 60%
Services 50%
Enterprise Size Micro 35%
SME 50%
Large Corporation 75%
Geographic Region Urban 65%
Semi-urban 45%
Rural 28%

Transaction efficiency improved markedly post-blockchain implementation. Average
settlement time dropped from 7 days to 1.5 days, with costs reduced by 30% (Table 3). Energy and
finance sectors saw the steepest declines in processing time (80% reduction), while agriculture
reported a 50% improvement. Transparency metrics, measured via stakeholder surveys, rose from 3.2
to 4.5 on a 5-point Likert scale. Dispute rates fell by 40%, with smart contracts automating 70% of
invoice reconciliations.

Table 3: Transaction Efficiency Metrics Pre and Post-Blockchain

Metric Pre- Post- Improve
Blockchain Blockchain ment
Average Settlement 7 days 1.5 days 79%

Time
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Metric Pre- Post- Improve
Blockchain Blockchain ment
Cost per Transaction $12.50 $8.75 30%
Transparency Rating 3.2/5 4.5/5 41%
Dispute Rate 15% 9% 40%

SDG-related outcomes correlated strongly with blockchain adoption. Enterprises using
blockchain reported a 22% increase in revenue stability (SDG 8) and a 35% rise in R&D investment
(SDG 9). Partnerships (SDG 17) expanded by 50%, particularly in cross-sector collaborations.
Qualitative interviews revealed that 65% of managers linked blockchain to improved cash flow,
enabling workforce expansion. A developer noted, “Smart contracts reduced payment delays, letting
SMEs reinvest savings into training programs.” However, 40% of rural enterprises saw no SDG
progress, citing poor internet connectivity.

Challenges were multifaceted. Regulatory uncertainty was cited by 55% of participants, with
one policymaker stating, “Compliance frameworks for blockchain are still evolving.” Technical
barriers affected 45% of SMEs, including interoperability with legacy systems. Low digital literacy in
rural areas hindered 30% of enterprises, while 25% reported skepticism from partners unfamiliar with
blockchain.

Sectoral comparisons highlighted disparities. Energy and finance sectors achieved 80% cost
savings, versus 50% in agriculture. Large corporations leveraged blockchain for supply chain
traceability, while SMEs focused on payment efficiency. Urban enterprises reported 4.2/5 satisfaction
with blockchain, compared to 2.8/5 in rural areas. Table 4 illustrates correlations between blockchain
features and SDG progress. Transparency showed the strongest link to SDG 17 (r = 0.72), while
security enhancements drove SDG 9 outcomes (r = 0.65).

Table 4: Correlation Between Blockchain Features and SDG Progress

Blockchain Feature SDG 8 SDG 9 SDG 17
(9] (r) (r)

Transparency 0.58 0.61 0.72

Security 0.49 0.65 0.55

Decentralization 0.53 0.58 0.60

Smart Contract Automation 0.67 0.63 0.59

Qualitative themes underscored contextual hurdles. A rural agriculture manager remarked,
“Without reliable internet, blockchain is just a buzzword.” Conversely, an urban finance executive
stated, “Blockchain cut our administrative workload by half.” Thematic analysis identified three
barriers: regulatory gaps (cited in 60% of interviews), technical complexity (45%), and uneven digital
literacy (35%).

LARGE CORPORATION

SME

MICRO

SERVICES

FINANCE H Adoption Rate (%)

MANUFACTURING
AGRICULTURE

ENERGY

i
0% 10% 20% 30% 40% 50% 60% 70% 80%

Source: https://aifc.kz/
Figure 1: Blockchain Adoption Rates by Sector and Enterprise Size
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The bar chart shows the adoption rate of a certain technology or practice across different
business sectors and sizes. Large corporations have the highest adoption rate at 75%, followed by
SMEs at 50%, and micro businesses at 35%. In terms of sectors, energy leads with 68%, while
agriculture has the lowest adoption rate at 42%. Services, finance, and manufacturing show moderate
adoption rates of 50%, 60%, and 55%, respectively. Overall, larger businesses and the energy sector
exhibit higher adoption rates compared to smaller businesses and other industries.

DISCUSSION

The findings of this study align with global research demonstrating blockchain’s potential to
enhance transactional efficiency and advance sustainable development. For instance, the 79%
reduction in settlement time mirrors outcomes observed in Taiwan’s manufacturing sector, where
blockchain lowered payment delays by 35% (Shih & Chiang, 2024). Similarly, the 30% cost reduction
aligns with South Korean pilots reporting 28% overhead savings (Wu et al., 2024). However,
Kazakhstan’s context introduces unique drivers and barriers. The national Digital Kazakhstan
2025 initiative, which prioritizes blockchain for public and private sectors, has accelerated adoption in
tech-savvy industries like energy and finance. Yet, institutional gaps, such as evolving compliance
frameworks, have slowed progress in agriculture and rural SMEs. These deviations from global trends
reflect the tension between innovation diffusion theory, where relative advantage and compatibility
drive uptake, and institutional theory, which emphasizes regulatory and cultural inertia. For example,
large corporations with robust digital infrastructure (high compatibility) adopted blockchain rapidly,
while SMEs in agriculture, constrained by legacy systems and low digital literacy, lagged. This duality
underscores the need for context-sensitive models when applying global blockchain frameworks to
transitional economies.

Kazakhstan’s sector-specific challenges further differentiate its experience. In energy,
government incentives and alignment with SDG 7 (clean energy) catalyzed blockchain use for
transparent supply chains, echoing findings from Bekmetova et al. (2024) on sectoral prioritization.
Conversely, agricultural enterprises faced hurdles like intermittent internet connectivity, a barrier less
prevalent in global studies focused on urbanized regions. The rural-urban divide in digital readiness,
with 78% of urban firms reporting high-speed internet versus 45% in rural areas, highlights
infrastructural inequities that exacerbate SDG 10 (reduced inequalities). These disparities suggest that
blockchain’s scalability in emerging economies depends on parallel investments in foundational digital
infrastructure, a factor often overlooked in global literature.

The study’s support for innovation diffusion theory is evident in the correlation between digital
maturity and blockchain adoption. Enterprises with prior exposure to decentralized systems,
particularly in urban centers, achieved 65% adoption rates, compared to 28% in rural areas. This aligns
with AbdulKareem and Oladimeji's (2024) finding that digital literacy accelerates blockchain
integration. The adoption of blockchain technology faces obstacles according to institutional theory
because 55% of interviewees mentioned unclear regulations resulting from Karnataka's digital-forward
policies competing against local execution support systems. Small and medium enterprises face
ambiguities regarding data-localization regulations because of the differences between what the Astana
International Financial Centre (AIFC) provides through its sandbox environments and existing legal
frameworks. The combination of regulatory delays together with political stability challenges in the
region makes blockchain implementation as an SDG solution much more challenging.

Kazakhstan will achieve greater results towards the SDG goals when it puts blockchain
solutions into practice. The technology has boosted SDG 9 targets by making 35% more businesses
pour resources into research and development as they receive settlement automation cost savings. The
increased product tracking of SDG 12 is made possible by implementing blockchain systems, which
earned a transparency score of 4.5 out of 5. The number of digital companies linking with
manufacturing businesses through blockchain partnerships increased by 50 percent (SDG 17).
Blockchain technology supports the country's target to move away from the main resource extraction
sectors. The benefits go mainly to technology-ready businesses that operate in cities, yet this unequal
distribution fails to meet SDG 10's goals. To mitigate this, policymakers must prioritize rural digital
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infrastructure, such as expanding broadband access under the Digital Kazakhstan framework, and
revise financial regulations to clarify blockchain’s legal status.

For Central Asia, the findings suggest opportunities for regional SDG collaboration.
Harmonizing blockchain standards across countries could streamline cross-border trade, addressing
shared challenges like payment delays in agricultural exports. Kazakhstan’s experience offers a model
for leveraging blockchain to enhance economic resilience, particularly in reducing transaction fraud,
which dropped by 40% in the study. However, regional instability and varying crypto regulations pose
risks. A 2024 study ILCUS (2025). notes that inconsistent policies across Central Asian states hinder
blockchain scalability, underscoring the need for multilateral frameworks.

Policymakers should streamline regulations, such as creating a unified blockchain certification
body, and offer tax incentives for SMEs adopting SDG-aligned technologies. Enterprises, particularly
in lagging sectors like agriculture, should partner with fintech firms to develop interoperable tools
compatible with legacy systems. For example, blockchain platforms with offline functionality could
bridge rural connectivity gaps. International organizations can facilitate knowledge transfer, funding
pilot projects in regions like Kostanay, where digital readiness is low. Training programs focused on
blockchain literacy, tailored to sector-specific needs, would address skill gaps highlighted by 45% of
SMEs.

The cross-sectional design captures blockchain’s impact at a single point, limiting causal
inferences. Longitudinal data tracking SDG outcomes over 5-10 years could reveal sustained effects.
The combined use of enterprise reports and transaction documents helped control errors in efficiency
measurements from self-reported data. Our results may underestimate the challenges that rural startup
companies face because their participation rate was only 15%. Factors like Kazakhstan’s changing
cryptocurrency restrictions were not included because the research team focused solely on blockchain
technology’s potential development.

CONCLUSION

Assessing the contribution of blockchain technology to reach the Sustainable Development
Goals of Kazakhstan, in the regional context, the assessment of a prospective development of a mutual
settlement system in the system of non-governmental companies was conducted. It examined how the
adoption of blockchain influences SDG progress through a cross-sectional, mixed-method design that
includes enterprise surveys, transactional data analysis, and stakeholder interviews. The results show
that blockchain brings enormous surplus in transactional efficiency, cost improvements, and enhances
sectoral collaboration, creating a high correlation with the framework of the Digital Kazakhstan 2025
initiative. However, adoption disparities persist across sectors, enterprise sizes, and regions, reflecting
systemic challenges in digital infrastructure and regulatory frameworks.

Key findings demonstrate that 58% of enterprises adopted blockchain for mutual settlements,
with urban, energy, and finance sectors leading at 65-75% adoption rates. Post-implementation,
settlement times dropped by 79% (from 7 days to 1.5 days), and transaction costs fell by 30%, freeing
capital for reinvestment in workforce development (SDG 8) and R&D (SDG 9). Transparency
improvements, scoring 4.5/5 post-blockchain, strengthened auditability in supply chains, supporting
responsible consumption (SDG 12). Partnerships (SDG 17) expanded by 50%, particularly between
fintech firms and manufacturers. Yet, rural areas and SMEs lagged, with only 28% adoption due to
limited internet access and technical literacy. Regulatory uncertainty, cited by 55% of participants,
further hindered scalability.

The study underscores the need for continuous innovation to sustain SDG progress.
Blockchain’s potential is contingent on adaptive frameworks that address Kazakhstan’s unique
economic and infrastructural landscape. For instance, smart contracts automated 70% of invoice
reconciliations in tech-ready sectors, but agriculture required hybrid solutions for offline functionality.
Collaboration between enterprises, policymakers, and international actors is critical to bridge these
gaps. Kazakhstan’s experience highlights how emerging economies can leverage blockchain not as a
standalone tool but as part of a broader digital ecosystem aligned with sustainability goals.

For policymakers, prioritizing regulatory clarity is paramount. Conflicting data-localization
laws and evolving crypto policies create ambiguity, particularly for SMEs. Establishing a centralized
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blockchain certification body could standardize compliance, while tax incentives for SDG-aligned tech
adoption would spur participation. Expanding rural broadband access, targeting regions like Kostanay
where internet penetration remains below 45%, is essential to reduce inequalities (SDG 10).
Enterprises, especially SMEs, should adopt interoperable blockchain platforms compatible with legacy
systems. Integration with the existing institutions could reduce technical constraints; for instance,
blockchain can harmonize with mobile applications for banking in the countryside. They can further
support pilot projects within respective initiatives in scenarios where international organizations lack
sufficient funding for specific sectors in Central Asia, as well as strengthen cross-border blockchain
connections to improve trade.

This research should be extended in the future with some amendments. The lack of short-term
results about blockchain’s SDGs performance also means that longitudinal studies that could track the
technology’s contribution over the years could show whether efficiency is tomorrow’s economy and
environment. Researching Kazakhstan within a comparative context with the surrounding countries,
such as Uzbekistan or Kyrgyzstan, would determine the elements of scalability in the region. To
optimize the application of blockchain in tracking SDGs in real-time, other innovative uses, for
example, harnessing Al to forecast supply chain disruptions, or leveraging Al for monitoring and
authentication of carbon credits in mutual settlement, could prove viable. Moreover, the investigations
in the sphere of such segments as healthcare or education will expand knowledge about the
possibilities of the application of blockchain beyond the sphere of finance.

REFERENCES

1. AbdulKareem, A. K., & Oladimeji, K. A. (2024). Cultivating the digital citizen: trust, digital
literacy and e-government adoption. Transforming Government: People, Process and Policy, 18(2),
270-286. https://doi.org/10.1108/TG-11-2023-0196

2. Agnola, T., Ambrosini, L., Beretta, E., & Gremlich, G. (2025). Empowering Global Supply
Chains Through Blockchain-Based Platforms: New Evidence from the Coffee Industry. FinTech, 4(1),
3. https://doi.org/10.3390/fintech4010003

3. Baldakhov, U., & Heim, I. (2020). Institutional reform in Kazakhstan. Kazakhstan's

Diversification from the Natural Resources Sector: Strategic and Economic Opportunities, 3-29.
https://doi.org/10.1007/978-3-030-37389-4 1
4. Bekmetova, A., Rakhimova, S., Akhmetzhanova, N., Shilmanova, A., & Abdullayeva, B. (2024).

The Impact of Blockchain Technology on Logistics and Foreign Trade Turnover in Kazakhstan.
Eurasian Journal of Economic and Business Studies, 68(3), 82-94.
https://doi.org/10.47703/ejebs.v6813.416

5. Choi, S. W, Lee, J., & Lee, S.-H. (2024). Cryptocurrency Ponzi schemes and their modus
operandi in South Korea. Security Journal, 1-16. https://doi.org/10.1057/s41284-024-00417-5

6. Cojocaru, T. M., Ionescu, G. H., Firoiu, D., Cismas, L. M., Otil, M. D., & Toma, O. (2022).

Reducing inequalities within and among EU Countries—assessing the achievement of the 2030 agenda
for  sustainable  development targets (SDG  10).  Sustainability, 14(13),  7706.
https://doi.org/10.3390/su14137706

56


https://doi.org/10.1108/TG-11-2023-0196
https://doi.org/10.3390/fintech4010003
https://doi.org/10.1007/978-3-030-37389-4_1
https://doi.org/10.47703/ejebs.v68i3.416
https://doi.org/10.1057/s41284-024-00417-5
https://doi.org/10.3390/su14137706

MexnyHapoaubiil Hayu bl xxypHa1 AKAJIEMUK Ne 2 (243) 2024 r.

7. Dodel, M., & Mesch, G. (2018). Inequality in digital skills and the adoption of online safety
behaviors. Information, Communication & Society, 21(5), 712-728.
https://doi.org/10.1080/1369118X.2018.1428652

8. Edobor, F., & Sambo-Magaji, A. (2025). Small and Medium Enterprises (SMEs) and Sustainable

Economic Development. In Digital Transformation for Business Sustainability and Growth in
Emerging Markets (pp. 197-222). Emerald Publishing Limited. https://doi.org/10.1108/978-1-83549-
109-620251008

9. Fehlings, S., Karrar, H. H., & Rudaz, P. (2025). Small businesses and new adaptation capacities in
Georgia and Kazakhstan. World Development, 191, 106993.
https://doi.org/10.1016/j.worlddev.2025.106993

10. Gao, S. N. (2025). Digital tools for increasing investment attractiveness and competitiveness: The
experience of China and Kazakhstan. KA34AXCTAHCKOE BOCTOKOBEJEHHUE, 13(1).
https://doi.org/10.63051/k0s.2025.1.185

11. Georgieva, E., Tovma, N., Nurmagambetova, A., Akimbaeva, K., Doszhan, R., & Nurkasheva, H.
(2020). Prospects for the development of the digital economy in Kazakhstan. Farabi Journal of Social
Sciences, 6(1), 54-62. https://doi.org/10.26577/CAJSH.2020.v6.11.07

12. Gomboin, Z., Sultangazin, A., Burabaev, K., & Makhkamov, T. (2025). Digital Public Services

for Small and Medium-Sized Enterprises in Kazakhstan, Kyrgyzstan and Uzbekistan.
https://hdl.handle.net/20.500.12870/7776
13. Hamledari, H., & Fischer, M. (2021). Role of blockchain-enabled smart contracts in automating

construction progress payments. Journal of Legal Affairs and Dispute Resolution in Engineering and
Construction, 13(1), 04520038. https://doi.org/10.1061/(ASCE)LA.1943-4170.0000442

14. Hsu, C.-H., Liu, J.-C., Cai, X.-Q., Zhang, T.-Y., & Lv, W.-Y. (2024). Enabling Sustainable
Diffusion in Supply Chains Through Industry 5.0: An Impact Analysis of Key Enablers for SMEs in
Emerging Economies. Mathematics, 12(24), 3938. https://doi.org/10.3390/math12243938

15. ILCUS, C. (2025). Central Asian regionalism—geopolitical dynamics and global stakeholder
involvement. https://ijssmr.org/uploads2024/ijssmr07_95.pdf

16. Kapyshev, Y. (2024). Comparative analysis of EU and Kazakhstan banking laws, and another
country in the east (UAE) with an increasing financial economy.
https://hdl.handle.net/20.500.14247/23856

17. Karagussov, F. (2025). Kazakhstan. In Cryptocurrencies in National Laws (pp. 467-489). Brill
Nijhoff. https://doi.org/10.1163/9789004722507 018

18. Lin, C.-T. (2025). Blockchain-Based Shop Floor Control System for Small and Medium-Sized
Enterprise Evolution to Industry 4.0. Available at SSRN 5096774.
https://doi.org/10.2139/ssrn.5096774

57


https://doi.org/10.1080/1369118X.2018.1428652
https://doi.org/10.1108/978-1-83549-109-620251008
https://doi.org/10.1108/978-1-83549-109-620251008
https://doi.org/10.1016/j.worlddev.2025.106993
https://doi.org/10.63051/kos.2025.1.185
https://doi.org/10.26577/CAJSH.2020.v6.i1.07
https://hdl.handle.net/20.500.12870/7776
https://doi.org/10.3390/math12243938
https://ijssmr.org/uploads2024/ijssmr07_95.pdf
https://hdl.handle.net/20.500.14247/23856
https://doi.org/10.1163/9789004722507_018
https://doi.org/10.2139/ssrn.5096774

MexnyHapoaubiil Hayu bl xxypHa1 AKAJIEMUK Ne 2 (243) 2024 r.

19. Martinez, D., Magdalena, L., & Savitri, A. N. (2024). Al and blockchain integration: Enhancing
security and transparency in financial transactions. [International Transactions on Artificial
Intelligence, 3(1), 11-20. https://doi.org/10.33050/italic.v3il.651

20. Maussymbayeva, A., Ghareb, S. A., Issatayeva, F., Aubakirova, G., Madisheva, R., Kim, V., &

Tileuberdi, N. (2025). Innovation and Digitalization in Kazakhstan's Mining Sector: Challenges and
Prospects. ES Energy & Environment. https://doi.org/10.30919/ee1407

21. Mbatha, B. (2024). Diffusion of innovations: How adoption of new technology spreads in society.
In Information, Knowledge, and Technology for Teaching and Research in Africa: Human Machine
Interaction and User Interfaces (pp. 1-18). Springer. https://doi.org/10.1007/978-3-031-60267-2 1

22. Monaco, S. (2024). SDG 8. Promote Sustained, Inclusive and Sustainable Economic Growth, Full

and Productive Employment, and Decent Work for All. In Identity, Territories, and Sustainability:
Challenges and Opportunities for Achieving the UN Sustainable Development Goals (pp. 81-86).
Emerald Publishing Limited. https://www.emerald.com/insight/content/doi/10.1108/978-1-83797-549-
520241009/full/html

23. NICOLAE, M. V. (2025). Navigating Blockchain Challenges: A Comprehensive Exploration of

Cybersecurity and Data Privacy in the Digital Era.
https://rocys.ici.ro/documents/122/Art._ 9 _ROCYS 1 2024.pdf

24. North, D. C. (1990). Institutions, institutional change and economic performance. Cambridge
University Press.

25. Prawitasari, P. P., Nurmalasari, M. R., & Kumalasari, P. D. (2024). Blockchain technology in the
carbon market: Enhancing transparency and trust in emissions trading. Jurnal Revenue: Jurnal llmiah
Akuntansi, 5(2), 1495-1521. https://doi.org/10.46306/rev.v5i2.638

26. Rogers, E. (2003). Diffusion of innovations, Sth edn. Tampa, FL: Free Press.

27. Sabyrbekov, R., Sulaimanova, B., & Sharshenova, A. (2024). Digitalization of infrastructure and
decarbonization in Central Asia: Opportunities and challenges.

https://science.rsu.lv/ws/portalfiles/portal/91200599/CAREC _report_2024.pdf

28. Salykov, A., Shalbolova, U., & Junusova, A. (2024). Transformation in Kazakhstan’s construction
industry amid digitalisation of the economy. Infrastructure Asset Management, 1-10.

https://doi.org/10.1680/jinam.24.00037

29. Sheryazdanova, G. (2024). Impact of digitalization and e-government on good governance:
achievements and challenges in Kazakhstan. Bulletin of the LN Gumilyov Eurasian National
University. Political Science. Regional Studies. Oriental Studies. Turkology Series., 146(1), 70-81.
https://bulpolit.enu.kz/index.php/main/article/view/650

58


https://doi.org/10.33050/italic.v3i1.651
https://doi.org/10.30919/ee1407
https://doi.org/10.1007/978-3-031-60267-2_1
https://www.emerald.com/insight/content/doi/10.1108/978-1-83797-549-520241009/full/html
https://www.emerald.com/insight/content/doi/10.1108/978-1-83797-549-520241009/full/html
https://rocys.ici.ro/documents/122/Art._9_ROCYS_1_2024.pdf
https://doi.org/10.46306/rev.v5i2.638
https://science.rsu.lv/ws/portalfiles/portal/91200599/CAREC_report_2024.pdf
https://doi.org/10.1680/jinam.24.00037
https://bulpolit.enu.kz/index.php/main/article/view/650

MexnyHapoaubiil Hayu bl xxypHa1 AKAJIEMUK Ne 2 (243) 2024 r.

30. Shih, M., & Chiang, Y.-H. (2024). A politically less contested and financially more calculable
urban future: Density techniques and heightened land commodification in Taiwan. Environment and

Planning A: Economy and Space, 56(6), 1753-1770. https://doi.org/10.1177/0308518X22112858

31. Shukeyev, U., Mendaliyeva, S., & Maulina, N. (2025). Structural Economic Transformations in
Kazakhstan: Historical Context, Contemporary Challenges, and Strategic Approaches. SHS Web of
Conferences. https://doi.org/10.1051/shsconf/202521203004

32. Tan, T. M., & Saraniemi, S. (2023). Trust in blockchain-enabled exchanges: Future directions in
blockchain marketing. Journal of the Academy of Marketing Science, 51(4), 914-939.
https://doi.org/10.1007/s11747-022-00889-0

33. Tazhiyev, A. (2021). Towards a Central Asia-as-a platform strategy and a digital solutions centre
for sustainable development. https://hdl.handle.net/20.500.12870/5101

34. Van Niekerk, A. J. (2020). Inclusive economic sustainability: SDGs and global inequality.
Sustainability, 12(13), 5427. https://doi.org/10.3390/sul2135427
35. Wu, B., Cong, L. M., Williams, M. P., & Lee, S. (2024). Institutional entrepreneurship and carbon

reduction practices— Evidence from South Korea aviation industry. Transportation Research Part D:
Transport and Environment, 136, 104394, https://doi.org/10.1016/j.trd.2024.104394
36. Yener, A. L., Christian, J. D., Chicheportiche, S. J., Rajasekaran, S., Ahmadov, P., & Castro, L. S.

(2024). Digitalization of Human Development Services in FEurope and Central Asia.

https://ideas.repec.org/p/wbk/wboper/42438.html

37. Zarubina, V., Zarubin, M., Yessenkulova, Z., Gumarova, T., Daulbayeva, A., Meimankulova, Z.,
& Kurmangalieva, A. (2024). Sustainable Development of Small Business in Kazakhstan. Economies,
12(9), 247. https://doi.org/10.3390/economies12090247

38. Zhanibek, A., Abazov, R., & Khazbulatov, A. (2022). Digital Transformation of a Country’s

Image: The Case of the Astana International Finance Centre in Kazakhstan. Virtual Economics, 5(2),

71-94. https://www.ceeol.com/search/article-detail?id=1162083

59


https://doi.org/10.1177/0308518X22112858
https://doi.org/10.1051/shsconf/202521203004
https://doi.org/10.1007/s11747-022-00889-0
https://hdl.handle.net/20.500.12870/5101
https://doi.org/10.3390/su12135427
https://doi.org/10.1016/j.trd.2024.104394
https://ideas.repec.org/p/wbk/wboper/42438.html
https://doi.org/10.3390/economies12090247
https://www.ceeol.com/search/article-detail?id=1162083

MexnyHapoaubiil Hayu bl xxypHa1 AKAJIEMUK Ne 2 (243) 2024 r.

PA3PABOTKA MEPOIIPUATHUI IO OBECIIEYEHUIO MMOKAPHOM BE3OINACHOCTH
JEITAPTAMEHTA CAHUTAPHO-2ITMAEMHOJIOI' TYECKOI'O KOHTPOJIA
BOCTOYHO-KA3AXCTAHCKOM OBJACTH

Hlaxkanmaesa Hazepke FO3amkbi3ul

Mazeucmpanum 2 kypca,

Bocmouno-Kaszaxcmanckuii cocyoapecmeennviil yuugepcumem um.C.Amarsiconosa
Hayunuwiit pykosooumens: Cedenee Banepuit Anexcanoposuu

Jloxmop mexnuueckux Hayk, npogheccop kagheopvi «Ixonozus u I eoepaghusny,
Bocmouno-Kazaxcmanckuu eocyoapcmeennuiil ynugepcumem um.C.Amandiconosa

OneHka TEKyIIETO COCTOSIHMS OOBEKTOB moxkapHoW Oe3omacHoctn PITI wa IIXB
Hammonaneubii  nentp skcneptusbl Komurera CanuTapHo-OnuaeMmuonorudyeckoro KoHtpons
MunucrepcrBa 3npaBooxpanenust Pecryonuku Kazaxcran nmo Bocrtouno-Kazaxcranckoi obmactu
(COC BKO), nokazan, uro JlemapTamMeHT SIBISIETCS ONACHBIM IPOU3BOJICTBEHHBIM OOBEKTOM, B
cootBeTcTBUM co Crareéii 70 3akoHa PecmyOmmkm Kazaxcram ot 11.04.2014 Ne 188-V «O
TPKIAHCKOW 3aIHUTEY, (C UMEeHeHUAMU U OOnoaHeHusmMu no cocmosnuto wa 01.07.2023 2.) [1], Tak
Kak, B JlemapramMeHTEe CaHUTApHO-IIHUJIEMUOJIOrHYECKOro KOHTposiss Bocrouno-Kazaxcranckon
00JacTy OCYIIECTBISIETCS MCIONb30BaHUE, MTepepadboTKa, XpaHeHHEe, TPAHCTIOPTUPOBKA, YHUUTOKEHUE
OIIACHBIX BELIECTB, B TOM UHUCIIE:

- ICTOYHUKH HOHU3UPYIOLIETO U3ITYUYCHHUS;

- TOPIOYNE BEUIECTBA; KUAKOCTHU, Ia3bl, CIIOCOOHBIX CAMOBO3IOPAThCs, @ TAKKE BO3rOpaThCs OT
MCTOYHUKA 32)KUTAHUS U CAMOCTOSTEILHO TOPETH MOCIIE €ro yIajIeHHUs,

- OKHUCJISIIOIIME  BEUIECTBA;  BEILECTBA, IOJJEPKUBAIOIIME TOPEHHME, BBI3BIBAIOIINE
BOCIUIaMEHEHHE U (WIKM) CHOCOOCTBYIOIIME BOCIUIAMEHEHHUIO JIPYTHMX BEIIECTB B pe3yibTare
OKHCJIUTEIbHO-BOCCTAHOBUTEJILHOM 3K30TEPMUYECKON PEAKIUY;

- TOKCHUYHbBIE BEIIECTBA - BEIIECTBA, CIOCOOHBIE NMPU BO3ACHCTBMM HA >KUBBIE OPTaHU3MBI
MIPUBOJUTH K UX THOENH;

- BBICOKOTOKCHYHBIE BEIIECTBA; BEILIECTBA, CIOCOOHBIE IpPU BO3ACUCTBUM Ha >KHUBbIE
OpraHU3MBbI IPUBOJUTH K UX TMOEIH;

- BEILIECTBA, NIPEACTABIIAIOLINE ONACHOCTD JUIsl OKPYIKAIOLIEH Cpebl,

JlemapTaMeHT CaHUTAPHO-IMUIEMHUOJIOTHYECKOT0 KOHTpoJisi Bocrouno-Kazaxcranckoir obnacrtu,
CJIelyeT CUYMTATh ONACHBIM MTPOU3BOICTBEHHBIM OOBEKTOM.

Pabotbl ¢ mepedncIeHHBIMHU BELIECTBAMH HPOBOJAATCA B AHAJUTHUECKUX J1abOpaTOpHUAX
JlemaprameHTa, B TOM YHUCJIE:

- bakTepuonornueckas naboparopus;

- [Tapazuronoruyeckas 1aboparopus;

- Pangunonornueckas nabopatopusi;

- Bupyconoruueckas naboparopus;

- CaHMTapHO-TUTHEHNYECKas JJabopaTopHs;

- JIaGopatopusi BBICOKOTOUHBIX MCCIIEJOBaHUM, ITyM BHOpalys, aTTeCTalus;

- JJaboparopust 0c060 onacHbIX HH(EKIIHA.

B coorBercTBUM ¢ TpeOOBaHUSAMH JEHCTBYIOLIETO HOPMATHBHOTO JOKyMeHTa PecryOmuku
Kazaxcran, CoBmectHriii npuka3 MBJI PK or 30 okts0ps 2018 roma Ne 758 u MHD PK ot 30
oktsa0pst 2018 roma Ne 31. «OO0 yTBep)KIEHUH KPUTEPHEB OLIEHKU CTENEHH pUCKa U MPOBEPOUYHBIX
JIUCTOB, NPUMEHSEMBIX IJI MPOBEACHHUS MPOPUIAKTUYECKOTO KOHTPOJS C IMOCELIEHUEM CYyObeKTa
(oObekTa) KOHTPOJSA M HaA30pa B OOJNACTH IMOKAapHOI 0€30MacHOCTH U MPOBEPOK HAa COOTBETCTBHUE
paspelmTeNbHbBIM TPeOOBAHUSAM IO BBIIAHHBIM pa3pelieHusIM, TPOQHIAKTUYECKOTO KOHTPOJIS C
MOCENIeHNEM CyObeKkTa (00BEKTa) KOHTPOJISI B OOJACTH TPaKIAHCKOW OOOpOHBI» [2], ompemeneHbl
OCHOBHBIE 3aJ1a41 110 OXKApHOU OE30MaCHOCTH:
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- Hanmuune MHCTPYKIMM, YCTaHABIMBAIOIIEH Ui 00BEKTa COOTBETCTBYIOLIMM €ro MOKapHOM
OMACHOCTH MPOTUBOMOKAPHBIA PEKUM;

- Hannume nutanoB 3Bakyanuu JII0AEH B CiIy4ae I10Kapa;

- Hanmuue oTBeTCTBEHHBIX JHUI[ 32 OOeClEYeHHE IMOKAPHOM O0€30MacHOCTH Ha OTAEIbHBIX
y4acTKax pador;

- Hanuume  MOMKHOCTHOTO  JIMIIA, OTBETCTBEHHOIO 33  JKCIUIyaTallUl0  CUCTEM
MIPOTUBOMNOXKAPHON 3aIUTHI, MPHOOPETEHUE, PEMOHT, COXPAaHHOCTb W TOTOBHOCTh K JICHCTBHUIO
MIEPBUYHBIX CPEACTB IOKAPOTYILIEHUsI, CBOEBPEMEHHOE U Kaue€CTBEHHOE IMPOBEJCHUE TEXHUYECKOTO
o0cry>)kuBaHus (Mepe3apsiiIKe PyYHbIX OTHETYIIUTENEH) U IIIaHOBO-TIPEyIPEIUTEILHOTO PEMOHTA;

- Hanuume crienuanbHOTO KypHajia WM aBTOMATHU3UPOBAHHOM CHUCTEMBI 1O y4eTy paboT 1o
TEXHUYECKOMY OOCITYXHBAHHUIO M IUIAHOBO-TIPEAYNPEAUTEIEHOMY PEMOHTY TEXHUYECKUX CPEICTB
CUCTEM NPOTHUBOIOXAPHOW 3aIUTHI, MPOBEPOK HAIMYMUS M COCTOSIHUS NEPBUYHBIX CPENICTB
MOYXKapOTYLICHUS;

- Hanuuue WHCTpYKIMH, MaMSATKU O Mepax MOXapHOil Oe3omacHOCTH, pa3paOOTaHHOW s
3aHUN C KPYIJIIOCYTOYHBIM IMPEOBbIBAHUEM JFOJIeH (IITKOJIBI-MHTEPHATHI, JOMA JJIs TPeCTapelbix |
WHBAJIUAOB, JETCKHE JioMa, OOJIbHUIIBI, TOCTUHHUIBI, MOTEIHU, KEMIIMHTH), C BapHaAHTOM
CaMOCTOATENILHON 3BaKyallly JIIOJIEH, a TaK)Ke dBAKYyaIlMH JIFOJEH HECIOCOOHBIX K CaMOCTOSITEIHHOM
3BAKyalllH, IEPCOHATIOM OpTraHU3alH JJIsl CBETIIOr0 U TEMHOIO BPEMEHH CYTOK;

- Hanmnume y nexxypHoro mepcoHana mpu cebe KOMIUIEKTa KIFOYel OT BCEX 3aMKOB JIBEpei
3/1aHus, COTJIACHO BO3JIOKEHHBIX Ha Hero (QyHKIuil. XpaHEHHe 3alacHOro KOMIUIEKTa KIIoYed B
IIOMEILEHUH JIEKYPHOTO IepcoHaja (0OXpaHbl) Ha IEPBOM ITaXKE 3/1aHUS;

- Jlomyck K paboTe paOOTHUKOB IOCIE MPOXOXKIEHHUS MPOTHBOIIOKAPHOTO WHCTPYKTaXa U
MIPOXOXKACHUS ITOCIIEAYIONIEro 00y4YeHHUs 10 POrpaMMe MOKapHO-TEXHUYECKOTO0 MUHUMYMa;

- Hannuue goroBopa ¢ mpoTHBONOKAPHOH CITy>k001;

- Hannuume mnoabe3goB s TMOXKapHBIX aBTOMOOWJIEM K  3/aHUSM, COOPYKEHHUSM,
TEXHOJIOTMYECKUM YCTaHOBKAaM, HCTOUHUKAM [TPOTUBOIOKAPHOIO BOJIOCHAOKEHMUS;

- Henonymenue 3arpoMOXAE€HHMS NIPOTUBOIIOXKAPHBIX PACCTOSSHUNA MEXAY 3AaHUSMU U
COOpPYKEHMSIMH, MaTeprajlaMu U 000py/10BaHUEM, CTOSSHKUA TPAHCIIOPTA U CTPOUTENILCTBA (YCTAaHOBKH)
3J1aHUN U COOPYIKEHUM;

- Hannuue B 31aHUSAX U COOPYKEHUSIX, HE OTHOCSIIMXCS K KATETOPUM B3PBIBOIIOKAPOOIIACHBIX
O00BEKTOB, CIIEIUATBHO OTBEICHHBIX U 00OPYIOBAHHBIX MECT JJIsl KYPEHUS;

- O4yucTKa TEPPUTOPUU OT TFOPIOYMX OTXOAOB, MycOpa, Tapbl, ONMABIIUX JINCTHEB, CTOPAEMOTO
Mycopa U APYruX rOpPrOYUX MaTEpHaIOB;

- Hanuuue Hapy’KHOrO OCBEIICHHUS HAa TEPPUTOPUH OPraHU3ALMU B TEMHOE BPEMS CYTOK IS
OBICTPOTO HAXOXACHUS TOXKAPHBIX THAPAHTOB, HAPYKHBIX MOXKAPHBIX JIECTHHUI] U MECT pa3MelleHUs
IT0’KapHOI'0 MHBEHTApPsI, a TAKKE MOABE310B K BXO/IaM B 3[jaHUS U COOPYIKECHHS;

- Pa3memnienne Ha IBepsX SBaKyallMOHHBIX BBIXOJOB W3 MOMEIIEHUH, 3MaHUN (COOpPYKEHMUIA)
IIPOU3BOJCTBEHHOIO M CKJIAQJCKOTO HA3HAYEHHUs, HA HAPYXXHBIX TEXHOJOTMYECKHX YCTAHOBKAX
uHpopmanui 00 UX KATerOPUHU MO B3PHIBOMOXKAPHOM M TMOKAPHOW OMACHOCTH, a TaKXke O Kjaccax
pacIo0KEHHBIX B HUX B3PBIBOOMACHBIX WIIH MOKAPOONACHBIX 30H;

- Hannuue, cooTBeTcTBHE MPOEKTHOHN MOKYMEHTAllMU M COAEpKaHHE B UCIPABHOM pabouem
COCTOSSHMM YCTAHOBOK ITOKapOTYWICHHWs] W II0KAapHOW CHTHAJIM3allMH, CUCTEM ONOBEIICHUS U
YOpPaBJICHUS SBaKyallMell JoJed Mpu MOoXKape, MPOTUBOABIMHOM 3allUThl M MPOTHUBOIOKAPHOTO
BOJIOCHA0KEHUsI, MPOTUBOMOXKAPHBIX JIBEPEH, KJIalaHOB, JIIOKOB W JPYTUX 3allOJIHEHUH MPOEMOB B
MIPOTUBOIIOKAPHBIX NPErpasax, MOMEIICHUH, 31aHUH U COOPYKEHUM, CPEICTB 3allUTHl U CHACEHHUS
JTIOJIEH;

- Hanuume B 31aHusIX, COOPYKEHUSAX U CTPOCHUSIX, IPEYCMOTPEHHBIX MMPOEKTOM, UCIIPABHBIX
YCTPONCTB MOJIHUE3AIIUTHI;

- Hannume orne3anuTHONW 00paOOTKH M MOKPBITUI CTPOUTENBHBIX KOHCTPYKIIHH, OTAEIOYHBIX
TETUION30JISIIUOHHBIX MAaTEepUaIOB, BO31YyXOBOJOB, METAUIMYECKHUX ONOP M 3CTaKaJl, JIEPEBSIHHBIX
KOHCTPYKIIUA ¥ OCYIIECTBIEHHUE IPOBEPKH COCTOSHHUS OTHE3AIIUTHOW O0O0pabOTKH (MPOIMHUTKH), C
COCTABJICHHEM NMPOTOKOJIA UCTIBITAHNN;

61



MexnyHapoaubiil Hayu bl xxypHa1 AKAJIEMUK Ne 2 (243) 2024 r.

- O0ecrieueHne 3aKpHITUST HA 3aMOK JBEpeil YepAauyHbIX MOMEIICHUN, a TaKKe TeXHUYECKHX
STaked M IMOJBAJIOB, B KOTOPBIX IO YCJIOBUSM TEXHOJIOTUU HE TpeOyeTcs MOCTOSHHOE MpeObIBaHUE
moaen. Hanuuue Ha ABepsX yKa3zaHHBIX OMEIIEHUH HH(OpMAIIMK O MECTE XPaHEHUs KITI0YeH;

- Henonyuienue cHATUSA, MPEAyCMOTPEHHBIX MMPOEKTOM JIBEpEil IBaKyallMOHHBIX BBIXOJOB M3
MOSTAXHBIX KOPUAOPOB, XOJUIOB, (oiie, TaMOypOB U JIECTHHYHBIX KIJIETOK, JIPYI'MX JBEpEi,
MPEMSTCTBYIOLIUX PACIPOCTPAHEHHIO OMACHBIX (PaKTOPOB MOKapa Ha MyTAX dBaKyalllH;

- Hannume TpeOyeMoro KoJMuYecTBa MCIPABHBIX M MPOILISANINX TEXHUYECKOE OOCITy>KHBAaHHE
MEPBUYHBIX CPEJICTB MOKAPOTYIICHUS;

- Hannume, conepkaHue B HMCIPABHOM COCTOSIHUM U IIOJABEPKEHHOCTH 3KCILTyaTallMOHHBIM
UCIBITAHUSAM Hapy>KHBIX MOKapHBIX JIECTHUIl M OTPaKIECHUN Ha KpBIIAX 3[JaHUM, COOPY>KEHUMl U
CTPOCHUU.

YcTaHoBIeHa aKkTyalbHas HEOOXOIUMOCTh B pa3pabOTKe MEPBOOUEPEAHBIX MEPOIPHUITHH IO
o0ecTeYeHnIo MoKapHoi Oe3omacHocTH JlenapraMeHTa CaHUTapHO-3IHIEMHOIOIHYECKOT0 KOHTPOJIS
Bocrouno-Ka3zaxcranckoit o6nactu, B cootBerctBum ¢ [Ipukazom MUC PK ot 21 depans 2022 rona
Ne 55. «O6 yrBepxnenun [IpaBun noxxapaoit 6ezomacuoctu» [3].

HUcxons w3 crneuduku JeATENbHOCTH, pa3paboTaHbl HMHCTPYKIUH IE€PBOOYEPEIHON
HeoOXomuMocTH Uit obOecmeueHHs ToOXapHOW — Oe3omacHocTH — JlemapramMeHTa  CaHUTapHO-
AMUAEMHUOIOTMYECKOT0 KOHTpoIisa BocTouno-Kazaxcranckoit o6mactu, B TOM 4ucie:

- O0s3aHHOCTH, OTBETCTBEHHOT'O 32 TIOKapHYI0 0e30macHOCTh, B Jlenapramente COC BKO;

- Mepsl moxapHOW 0€30MacHOCTH Ha NpPUJIETAIONIEH TEPPUTOPUU U B TOMEHICHHSIX
Henapramenta COC BKO;

- IlepBuunsblil npoTHBONOXKapHBIA HHCTpYKTaXx Jenapramenta COC BKO;

- Mepbl noxkapHO# 6€30MacHOCTH TP paboTe ¢ 000PYIOBAHHEM;

- Mepbl oxkapHo# 6€30MacHOCTH MPH MOJIb30BAHUHU MUKPOBOJIHOBOM TEUH;

- Mepbl nokapHo# 6€30MacHOCTH MPH MOJIb30BAHUU JNEKTPUIECKUM YaHHUKOM;

- Mepsl noxapHoil 0€30MacHOCTH TPH paboTe ¢ KOMIBIOTEPHOM TEXHUKOW JJIsI BCEX TPYIIII
M0JIb30BaTeNeiH;

- MepsI okapHOii 6€30MTaCHOCTH B TOMEIICHUH CKIIA/A;

- HetictBus nepconana COC BKO no 3Bakyauuu iaroaei Ipu mnoxape;

- Nucrpykiua COC BKO mo oka3zaHuio MmepBOM MOMOIIM IOCTPaJaBIIeMy MpHU TOXKape.
[ToMompb npu 0k0rax v OTPABICHUHN NPOTYKTAMU TOPEHUSI.

CHnucox HCIoJIb30BAHHBIX HCTOYHHKOB

1. 3akon Pecrry6nuku Kazaxcran ot 11.04.2014 Ne 188-V «O rpakaaHcKoii 3amurey, (¢
UsMeHeHUAMU U OonoaHeHuamu no cocmosinuio na 01.07.2023 2.).

2. ComectHsiit ipukaz MBJI PK ot 30 okta6ps 2018 rona Ne 758 u MHD PK ot 30 okTs16ps
2018 roga Ne 31. «O06 yTBep > IeHUU KPUTEPUEB OIICHKU CTETIEHU PUCKA U TTPOBEPOUYHBIX JICTOB,
MPUMEHSEMBIX 111 IPOBeIeHUs MPO(UIAKTUYECKOTO KOHTPOJIS € ToceleHneM cyObekTa (00beKTa)
KOHTPOJISI U HaJ30pa B 00J1acTH MOKapHOU O€301MacHOCTH U POBEPOK HA COOTBETCTBUE
pa3pemuTeTbHbIM TPEOOBAHUSM IO BBIJAHHBIM Pa3pelIeHUsIM, MPOPIIAKTHUECKOTO KOHTPOIIS C
MocenieHneM cyobekTa (00beKTa) KOHTPOJIS B 00JIaCTH TPaXKAaHCKONH 00OPOHBD.

3. Ilpukaz MYC PK ot 21 ¢epains 2022 roga Ne 55. «O06 ytBepxaenuu [Ipasun noxapHoi
0€301acHOCTIY.
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OIIEHKA YCTOMYHUBOCTHU OTKOCOB U PABPABOTKA METO/IOB YKPEILVIEHUSA
YCTYIIOB B YCJIOBUSAX KAPBEPA «JIAJIBHE3AIIA THBIU-2»

Taxanoe /[laynem Kyamoeuu

I nasnwlil nayunslii compyoHux

TOO «Hayuno-mexnuueckuil yenmp
NPOMBIULIEHHOU 6€30NACHOCMUY
Kaszaxcman, 2. Kapazanowi

Paxmemoe bexzao Pozbaesuu
Hudxcenep ceomexmux,

TOO «HayuHo-mexHuueckuti yeHmp
NPOMBIULIEHHOU 6€30NaACHOCMUY
Kaszaxcman, 2. Kapazanowi

Poimkynosa Apaitnoim bonaméekkuizol
IIpenooasamensv kagheopwr « Mul »,
Kapaecanounckuii mexnuueckuti ynusepcumem
umenu Abviikaca Cazunosa,
Kaszaxcman, 2. Kapaeanowi

AHHOTAIIUA

B craTtbe mpencraBieHbl pe3ysbTaThl HAyYHO-UCCIIEI0BATENbCKONM pabOThl, BBIIOJIHEHHOHN 110
noroopy Ne 3110/2025-1583 ot 18.06.2025 r. OOecneueHue ycTOHYMBOCTH OOPTOB M YCTYIIOB
OTKPBITBIX TOPHBIX pa3pabOTOK SBISETCS OAHOM M3 BAXKHEHIIMX 3aJad IEOMEXaHUYeCKON
6e3omacunoctu. s kapeepa «lanpuezananusiii-2» AO «XKaitpemckuit 'OK» akTyanbHo# npobiaemoit
BBICTYIIA€T PA3BUTHE KAMHEINAJ0B, OOYCIIOBIEHHBIX TPEIIMHOBATOCTHIO MAacCHBA, I'€0JIOTMYECKUMU
0COOEHHOCTSIMH U BIIMSIHUEM FOPHOTEXHUYECKUX (DAKTOPOB.

B pabote mpoBeneHbl aHaIU3 paHee BBINOJIHEHHBIX WCCIIEIOBAaHUI U MOJEBbIE 00CIEI0BAHUS
COCTOSIHUS YCTYIIOB, ONpeAeIeHbl KOAPPHUIMEHT PECTUTYLIMH U OCOOEHHOCTH KMHEMATUKH JABHKEHHS
00;10MKOB. C HCIOJIb30BaHUEM METOJOB FeOMEXaHHuecKoro moaenuponanus B 2D u 3D nocraHoBke
MOCTPOEHBI MOJIENIN (PAKTUYECKOTO MOJIOKEHUS Kapbepa U BBINOJIHEH aHaJIu3 YCTOMYMBOCTH OOpPTOB B
30HaxX ocyiabieHHbIX nopoj. IlomyuyeHHbIe pe3ysbTaThl MO3BOJWIM BBIIBUTH PACXOXKIACHUS MEXKTY
NPOEKTHBIMU M (aKTMUECKUMM [apaMeTpaMu yCTYNOB, OINpPENeJUTh 30HbI  IOBBIIIEHHON
HEYCTOMYMBOCTH U MPEIJIOKUTh PEKOMEHJAIUU MO ONTUMAIbHBIM METOJaM YKPEIUIEHUS OTKOCOB.
Peanuzanus npeyioKeHHBIX Mep MO3BOJIUT CHU3UTh PUCKM KAaMHEMNAaJ0B M MOBBICUTH 0€30MacCHOCTh
BEJICHUS TOPHBIX padoT.

KiroueBble cjioBa: Kapbep, YCTOMYMBOCTB OTKOCOB, KaMHENaJ, TIE€OMEXaHUYECKOE
MOJIETMPOBaHUE, YKPEIUIEHNE YCTYIOB, PUCK-OLIEHKA, O€301MaCHOCTh TOPHBIX padoT.

BBenenue

ObecnieueHne ycTOMYMBOCTH OOPTOB M YCTYNOB OTKPBITBIX TOPHBIX Pa3pabOTOK SBIsSIETCA
OJIHOM M3 KJIIOYEBBIX 33/1a4 T€OMEXaHNYECKOro obecreueHus: 0€301acHOCTH BEIEHUS TOPHBIX padoT. B
ycioBusix Kapbepa «JlanpHezanaausiii-2» AO «Kaiipemckuit 'OK» aktyanbHON mpo6iieMoil sBisieTcs
PUCK pa3BUTHUS KaMHENano0B, OOYCIIOBJIEHHBIX TPEIIMHOBATOCTbIO MAacCHBa, TI'€0JIOTMYECKUMU
0COOEHHOCTSIMH M BO3ZCHCTBUEM T'OPHOTEXHMUYECKUX (PakTOpoB. Llenbio HAcTOSIEro MccieaoBaHus
ABIISICTCS W3YyYEHHE COCTOSIHMS MacchBa TOPHBIX MOPOA W pa3paboTKa ONTUMAIIBHBIX CIIOCOOOB
YKpPEIUIEHUS YCTYNOB B 30HAaX BO3MOXHBIX KAMHENA/10B.

O0BbeKT U MeTOAbI HCCICAOBAHUSA
OO6bexToM HccnenoBaHus sBisgercs kapbep «JlanpHeszamagubiii-2» AO «OKaiipemckuit 'OK».

JIJ'IS[ AOCTHXKCHUSA LCIJIN INPOBCACH aHAIN3 PAaHEC BBIITOJIHCHHBIX I/ICCHC}IOB&HI/Iﬁ KaMHEMIaa0B, a TaK»XKeE
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ITIOJICBBIC O6CJIC,Z[OBaHI/IH COCTOAHUA 60pTOB nu yCTYHOB ceBepHoro, BOCTOYHOI'O U KOXKXHOI'O y‘-IaCTKOB.
JIONIOJTHUTENBHO BBHIMOJIHEHBI HATYPHBIE MCCIEIOBaHNUS KaMHENAa 0B C ONpeeieHneM KodpduimenTa
peCTI/ITYI_II/II/I U KHMHEMATHUKU IOBHUXCHUSA 06HOMKOB. I[HSI OILICHKHA yCTOfI‘-IPIBOCTH nu HpOFHO?;I/IpOBaHI/ISI
IIOBCACHHUA MacCruBa MHMCIIOJIB30BAHBI MCTOIAbI T'€COMCXAHUYCCKOI'O MOI[CJII/IpOBaHI/ISI B 2D 158 3D
IMOCTAHOBKE.

MarepuaJibl 1 METO/bI.

[IpoBeneHne HATYpHBIX HCCICIOBAHUNM KaMHEIAIO0B IPEAYyCMAaTPUBACT  BBIMOJHEHUE
KOMIIJICKCA ITOJICBBIX HaGJIIOI[GHI/Iﬁ nu HCHBITaHHfI, HaHpaBHeHHBIX Ha I/ISYHGHI/IG HpOLIeCCOB ImaacCHUuA
00JIOMOYHOTO MaTepHayia ¢ OTKOCOB Kapbepa. B paMkax mcciaenoBaHuii ObLIM BBIMOJHEHBI (PUKCAIIHS
HCXOJIHBIX YCIOBUM U XapaKTEPUCTUK TOPHBIX TMOPOJ, MapaMeTpbl OTKOCOB, a TaKXe
JOKYMEHTUPOBAHUE TPACKTOPUN JIBJKCHHMsI M KOHEYHOTO TOJIOKeHHS 00J0MKOB. IlomyueHHbIe
JaHHBIC I/ICHOJIL3yIOTC$I IJIA BaJIJallU BXOJHBIX HapaMeTPOB TCOMECXaHNUYCCKUX MOI[GJICﬁ.

OCHOBHBIMU 33J1a4aMHU HATYpPHBIX UCTIBITAHUHN SBIISTFOTCS:

— BBIOOp XapaKTEPHBIX YYaCTKOB OOpTa C TIOBBIIMICHHOHW BEPOSTHOCTHIO KaMHEIAJI0B IIO
pe3yabTaTaM BU3YalIbHOT'O OCMOTPA;

— IIOArOTOBKa OIIBITHBIX IIIOIIAaJIO0K, MapKI/IpOBKa 158 HYMepaIII/DI 06p3.3HOB FOpHI)IX HOpOI[ JJIA
KOHTPOJIMPYEMbIX COpachIBaHUII;

— MpoBeJeHUEe cOpachiBaHUN OO0JIOMKOB ¢ (PMKCHPOBAHHOW HAYaJIbHON TOYKHU C HUCIOJIb30BAaHUEM
BCIIOMOTaTeNbHBIX HHCTPYMEHTOB;

— perucTpanms TPAaeKTOPUK JBIKCHHUS M KOHEUHOI'O IIOJIOKEHHUS OOpa3IoB IIPH TMOMOIIH
BUJICOCHEMKH U MApPKIICHICPCKUX TPUOOPOB;

— KapTUPOBaHWE 30H HAKOILICHHS 0OJIOMKOB ¥ OIIPE/ICIICHUE TapaMeTPOB pa3ieTa;

— OHpeIleJIeHI/Ie 3aBUCUMOCTH HUHTCHCHUBHOCTHU KaMHCIIa10B oT HHTOHOFH‘IGCKOﬁ
HEOJIHOPOJAHOCTH U YTJIOB OTKOCA Kapbepa,

— OO0paboTka pe3ynbTaToB AJIsl MOCIEAYIOUIEr0 FTeOMEXaHUIECKOT0 MOIETTUPOBAHUS.

HatypHble ucnblTaHUsI TPaeKTOPUM KaMHENaJ0B MPOBOJWIMCH C IEJIbI0 KaIHMOpPOBKU paHee
BBIITOJIHCHHBIX YU CJIOBBIX MOIIGJIGI;'I JJIS ITIOBBIIICHU A IIOCTOBepHOCTI/I BXOOHBIX JAHHBIX.

Onpeodenenue ko3¢huyuenma pecmumyyuu 20pHuIX NOPOO

— Koapduuuent pecrutyuuu ropueix mnopoxa (Coefficient of Restitution, COR) — 5310
Oe3pa3mepHasl BeJIMUMHA, XapaKTepHU3ylolllas YIpyrue cBOHCTBa OOJOMKOB IMPH UX CTOJIKHOBEHUH C
MOBEPXHOCTBIO MU ApyrumMu Tenamu. OH omnpezenseTcs Kak OTHOIIEHHE CKOPOCTH O00JOMKa Iocie
yAapa K €ro CKOpOCTH MepeJl yIapoM.

— Jlig OLIEHKM OTCKOKa OT TOBEPXHOCTH omperensercss Kod()PUIMEHT pecTUTYLUH, KOTOPHIH
IpeJCTaBisieT co00M OTHOIIEHHE KOHEUHOM K HayalbHOM 3HEPrUH MEXly IByMs 00BEKTaMU MOCie UX
ctoiakHOoBeHUs. COR 00BIUHO SIBIISIETCS MOJIOKUTENBHBIM BEIIECTBEHHBIM uncioM ot 0 o 1:

— COR = 0: 310 HMAcanbHO IUIACTUYHOE CTOJIKHOBEHHE. OTO O3HAYaeT, YTO KHHETHYECKas
SHeprus BoJb o01eil Hopmanu paBHa 0. Kunetnueckas sHeprus npeodpasyercsi B TEIUIO UIIU padoTy,
BBITIOJIHAEMYIO NPU A€POPMUPOBAHUU OOBEKTOB. DHEPT U MOJHOCTHIO MOTJIOIIAETCS.

— 0 <COR<I: 3TO yaCTMYHO yHNpyroe CTOJKHOBEHHE, MPU KOTOPOM PAaCCEUBAETCS HEKOTOpas
4aCThb KUHETUYECKOW dHepruu. PeallbHbIN ci1y4yai 11 TOPHBIX IOPOJ.

— COR = 1: 3TO nMaeanbHO yNpyroe CTOJIKHOBEHHE, NIPU KOTOPOM KHUHETHUYECKas JHEprus He
paccenBaeTcs, U OOBEKThl OTCKaKMBAIOT JPYr OT Jpyra ¢ TOW € OTHOCHUTEIBHOW CKOPOCTHIO, C
KOTOPOI OHHU CTOJIKHYJIUCH.

— Koadpdunument pectutyuuu (COR) s oObekTa, OTCKaKUBAIOMIETO OT HEMOJBUKHOTO
00BEKTa, OIpeessaeTcs Mo ciexyomei popmyue:

h
COR =~ (1)

— r17e h - BeIcoTa OTCKOKa OT TOPU30HTAIBLHON MOBEPXHOCTHU, MM;

- H - BricoTa mageHust o6pasima mopoi, MM.
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— Ilpu onpenenenun kodhduieHTa pECTUTYUU SKCIIEPUMEHTBI TOJKHBI OBITH MOBTOPSEMBIMU
U TIPOBOJIUTHCS Ha PA3IUYHBIX MMOBEPXHOCTAX, OOBIYHO BCTPEUAIOIIMXCS B Kapbepe, HalpUMep: JHO
Kapbepa, TPAHCIIOPTHBIN Che3/, MpeAOXpaHuTeNIbHas OepMa U T.1.

— Ormpenenenue BeIWYUHBI KO3 UIIMEHTAa PECTUTYLHMH, MPOU3BOAUIOCH SKCIEPUMEHTAIBHO,
ObUIO BBIOPAHO TPU MOBEPXHOCTH MOJOUIBBI: MPEIOXPAHUTENIbHAS OepMa B 30HE KOPBI BHIBETPUBAHUS
U B 30HE CKaJIbHBIX MTOPOJI — IHO Kapbepa U TPaHCIIOPTHBIN Che3/l, IPEICTaBICHHbIX B TabmuIe 6

— Ormpenenenue BeIWYMHBI KO3 UIIMEHTAa PECTUTYLHMH, MPOU3BOAUIOCH SKCIEPUMEHTAIBHO,
ObUIO BBIOPAHO TPU MOBEPXHOCTH MOJOUIBBI: MPEIOXPAHUTENbHAS OepMa B 30HE KOPBI BHIBETPUBAHUS
U B 30HE CKAJIbHBIX MTOPOJI — THO Kapbepa U TPaHCIIOPTHBIN Che3/l, IPeJCTaBICHHbIX B TabmuIe 1.

Tabmuna 1 - OCHOBHBIC YKCIIEPUMEHTATIBLHBIC TOBEPXHOCTH B Kaphepe

IIpenoxpanurensHas 6epma | [TpegoxpaHuTeNbHAsS 6epMa B 30HE

N TpaHCOpTHBIN ChE3 ]
B BBIBETPEHHOI1 30HE CKaJIbHBIX MOPOJ]

Jis SKCTIeprMeHTa MCHOIb30BATIMCH 00pa3lbl TOPHOM Mopoasl, B KonmmdectBe 10 eamHum,
pa3zHooOpa3Hoi GopMbl (OBaJILHOM, MPU3MAOOPA3HOH, TPAEeUEeBUIHON, KIMHOBUIHOM), Maccoii ot 1
1o 6 kr (puc.1).

PI/ICYHOK 1- O6p33]_IBI TOPHBIX MOPOJ, UCITOJIB30BAHHBIX B SKCIICPUMCHTC

JlanHbIe 00pa3Ibl COpPACHIBAINCH BEPTHKAIBHO C BBICOTHI 1,5 METpa B OCHOBHBIX MTOBEPXHOCTSIX
kapbepa. Kaxapiii oOpaser; cOpachiBalics 5 pa3 Ha KaXII0W IKCIEPUMEHTATBLHON MOBEPXHOCTH TSI
ompejeNieHUs]  OTCKOoKa. BenmwumHa  OTCKOKa  00pa3ioB, (QHUKCHpoBaIach €  MOMOIIBIO
MacIITaOupOBaHHON OEJION JOCKH METOJIOM BUACO(PHUKCAIINN B 3aMEIJICHHOM PEKUME.
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IIo pesynpraram NpPOBENEHHOIO JSKCIEPUMEHTA BBINOJIHEH CTAaTUCTUYECKUN aHAIU3 W
IIOCTPOEHBI TMCTOTPAaMMBbl € KyMYJISITUBHBIE KpUBBbIE. Pe3ynprarbl CTaTUCTMYECKOIO AaHAIU3a
HKCTIEPUMEHTA T10 OMPECTICHUIO BETHUUHBI KOAQPHUIMEHTa PECTUTYLIUU PUBEIEHBI B Ta0IUIIE 2.

Tabnuna 2 — Pe3ynpTaThl CTATUCTUYECKOTO aHANH3a KOOPPUIINEHTA PECTUTYITUH

Ne Pasmepet | Macea Benu4vHa oTckoka, cm CpegHWA OTCKOK, CM CrangaprHoe
obpasua oM KT OTKNOoHeHWe
past ( ] ( ] BbiBeTpeHHbIe NOPOakL! BI:I::I":)GH
1 16x17=10 6.26]3.0(2.5/2.0] 2.0/3.0] 4.0/3.0/4.0] 3.0] 3.5 2,50 0,51
2 14x11x5 1.77]6.0/7.0/6.5| 5,0/5.0112.0/8.5/9.0| 9.0/10.0] 5,80 1.80
3 15%10=8 2.765,016.0|15.0] 40(5.5] 8.0/7.08.0] 8.0| 9.0 5,10 1,50
4 15%13x7 3.14{3.0]14.0|15.0| 6,0{4.0] 7.0{8.0/7.0| 9.0| 8.0} 4.40 1.78
5 16x12x8 3.53[4.013.0/14.0] 50(5.0] 7.0/8.07.0] 8.0| 7.0} 4,20 1.70
6 14x16x9 4.64/4.012.0|13.0| 40{4.0] 6.0/7.0/7.0] 6.0| 7.0} 3.40 1.76
7 10=10x5 1.15]5.0/6.0/6.5| 5.5/6.0]12.0|/9.0/8.5| 10.0/12.0] 5.80 2,34
8 15%12%10 4.14/4.5|5.0|13.0| 40{4.0] 6.0/75 8.0/ 6.0| 6.0 4,10 1,32
9 13%10%12 3.59(4.016.5|6.0] 5.0{4.0] 7.0/8.06.5] 8.0| 7.0} 510 1.10
10 16%13x9 4.31|3,014.0(45) 3.0/35] 6.0/55/7.0] 60 80 3,60 1,49

Ha ocHoBanum pe3ynbTaroB HATypHBIX MCHOBITAaHUS Ha Kapeepe JlampHeszamagHblid —ams
obecriedeHus 60jIee PEAUTMCTUIHOTO MOJICITUPOBAHUS TPACKTOPUH KaMHETAI0B TOJTY4YeHBI HadaIbHbBIC
1 KOHEUHBIE KOOPIMHATHI 00pa3IoB B TadIuUIIe 3.

Ta6nuua 3 — OCHOBHEBIE apaMeTphbl O6p33].IOB 1 KOOPAWHATEI UX MCCTOIIOJIOKCHU S

Bec, HauanpHas koopauHaTa Koneunast koopauHaTa
Nel T | Pasmep, cu X1 V1 Z1 X2 V2 72
1 32 48%25%22 | 122960.344 | 58608.677 | 355.987 | 122959.615 | 58639.898 | 336.551
2 20,6 42*%18*18 | 122960.344 | 58608.677 | 355.987 | 122960.852 | 58624.772 | 347.072
3| 14,84 26*25*15 | 122960.344 | 58608.677 | 355.987 | 122963.311 | 58642.793 | 335.456
4 | 10,35 14*25*8 123544362 | 59210.871 | 364.788 | 123517.898 | 59188.372 | 346.036
5 8,64 18*12*8 123544.362 | 59210.871 | 364.788 | 123517.283 | 59188.664 | 346.027
6 | 15,84 32*%15*%16 | 123544.362 | 59210.871 | 364.788 | 123515.086 | 59191.504 | 345.941
7 5,24 17*14*9 123494.829 | 58887.603 | 337.586 | 123473.332 | 58892.999 | 321.841
8 9,68 26*¥11*10 | 123494.829 | 58887.603 | 337.586 | 123469.084 | 58895.720 | 321.812
9| 11,16 28*17*11 | 123494.829 | 58887.603 | 337.586 | 123474.113 | 58897.235 | 321.851
. #
47 |
V4 /
.
B 2
s e\ -

Pucynok 2 — O6muii BUJ ceBepo-3amnaiHoro yyacTka Kapbepa JlanbHe3anaaHbli (3€1eHbIH IBeT —
HayalbHbIE MOJIOKEHHE 00Pa310B, CHHUH 1IBET — KOHEUYHOE TOJI0KEHNE 00pa3LoB)

YuurteiBas MOJIYUCHHBIC PC3YJIbTATHI 10 HATYPHBIM HCIILITAHUSM, BLI6paHLI PaCUYCTHBIC Pa3pE3bl
AJIE MOICIUPOBAHUA KAMHCIIAAHBIX ITPOLICCCOB (pHCZ) B kadecTBe HMCXOJHBIX JaHHBIX TIPUHSATBI

66



MexnyHapoaubiil Hayu bl xxypHa1 AKAJIEMUK Ne 2 (243) 2024 r.

CIIEAYIOIINE MapaMeTphl: HauainbHas ropusoHTanbHast 0,4 M/c co cranaapTHbIi oTkiaoHeHneM 0,12 m/c,
BepTUKaJIbHas ckopocTh 0,9 mM/c co crannmaptHelii oTkiaoHeHueM 0,12 m/c, cuerenne 300 mis Bcex
CKJIOHOB.

MonenpoBanue KaMHENAAHBIX IPOLECCOB BBIIOJHAIOCH C IIOMOIIBIO JIMIEH3UOHHOIO
nporpammuoro obecrieuenust RocFall2 (Rocscience).

Ilo pesynpTaTaM MOJAEIMPOBAHUSA CpEIHSAS BBICOTA OTCKOKA IO TPAHCHOPTHOMY CBE3IY
u3mensierca ot 0,1 go 1,2mM, MakcuMaibHas BEJIMYMHA B 3aBUCUMOCTU OT (PaKTHUECKOTO COCTOSHUS
6opra coctaBuia 2,5M. OnpezesneHa cpeaHsisi KHHETUYeCKash SHEpIUs Py KaMHEMaIHbIX Mpoleccax,
KOTOpbIE B CBOIO ouepenb m3MmeHstorcs ot 3,8 mo 32,8 kJlxk. CornacHo KiaccH(PHUKAIMU THIIOB
3alATHBIX COOPYKEHHI o CHEP>KUBAEMOM JHEPTUU BO3JICHCTBHUS COOTBECTBYET
POTHBOKAMHENAIHBINA Oapbep U3 CETYaTOE OTPaXKICHUE.

Pe3ynbTaTsl MCCI€OBAHUN U BBIBOJIBI

AHanmu3 COCTOSIHMS MaccHBa I10Ka3al HalM4yhe 30H C IOBBIIIEHHOH TPEIMHOBATOCTBIO M
oc1a0JIeHHBIMU yYacTKaMu, HanboJiee oIBEPKEHHBIMU PUCKY KaMHena oB. CpaBHEHUE POEKTHBIX U
(akTHUECKUX MapaMeTpPOB YCTYIOB BBIBUJIO PACXOXAEHUS, CBS3aHHbIE C reOMOP(OIOrHUECKUMHI U
TEXHOJIOTHYECKUMHU ocoOeHHOocTsIMU. [loyieBble 3aMepbl KaMHENaJoB IO3BOJIWIN  ONpPENEIUTh
KOX(QQUIHMEHT PECTUTYLIMU TOPHBIX MOPOA, KOTOPBIA XapaKTepu3yeT YIpyrue CBOMCTBA M BIHSET Ha
TpaeKkTopuio IBUKeHUsT 00710MKOB. [loctpoennsie 2D n 3D mMojenu oTpaswiy TEKylee MOJOKEHHE
Kapbepa, a Takke BO3MOXHBIC CLIIEHAPUU PA3BUTHS HEYCTOMYMBOCTH OOpPTOB. AHAIM3 MOJTYYEHHBIX
JaHHBIX TOJATBEPAMJI, YTO KaMHENaabl (GOPMHUPYIOTCS NPEUMYIIECTBEHHO B pailoHaxX ocialbJIeHHBIX
TPELIMHOBATBHIX 30H, @ MX MAacHITad 3aBUCUT OT COYETaHMs IE€O0JIOTMYECKUX U TOPHOTEXHMYECKHX
(hakTOpOB.

O>xunaeMble pe3ysnbTaThl

B pesynbTare ucciae1oBaHus Opeanoiaraercs:

- IOJIyYUTh OOBEKTUBHYIO OLIEHKY COCTOSIHMSI MACCUBA TOPHBIX MOPOJ;

- BBISIBUTDH PACXOKJICHUS MEKY TPOEKTHBIMU U (PAKTUUECKUMHU [TapaMeTpaMH YCTYIIOB;

- OTnpeAeUTh KOIPHUIIUEHT PECTUTYLIMH U OCOOCHHOCTH KHHEMATHUKU JIBUYKEHUS 00JIOMKOB;

- nocTpouTs 2D u 3D Monenu ycTOWYMBOCTH OTKOCOB;

- pa3paboTarh peKOMEHJAIK MO0 ONTUMAJIbHBIM METOAAM YKpPEIUIEHUS YCTYIOB M CHM)KEHHUIO
PUCKOB KaMHENAI0B.

BriBoabl

IIpoBeneHHOE nccneI0BaHUE MO3BOJSET KOMIUIEKCHO OLIEHUTh YCTOMYMBOCTh OTKOCOB Kapbepa
«/lanpHe3anaaHbIi-2» U ONpeNeIuTh KIoueBble (DakTOphl, BAMSIONIME HAa pa3BUTHE KaMHenaoB. Ha
OCHOBE IIOJIEBBIX HCCIEOBAaHUN, MOJEIMPOBAHUS U aHalIM3a JaHHBIX OyayT NpeIIokKeHbI
ONTHMAaJIbHbIE NH)KEHEPHBIE PEIICHUS N0 YKPEIJIEHUIO YCTYNOB. Peanu3anus JaHHBIX PEKOMEHIalui
MIO3BOJINT CHU3UThH PUCKH 0OpYILIEHUHN 1 00ecrieuuTh 0€3011acHOE BEIEHUE TOPHBIX PaloT.

biaronaproctu

ABTopsI BelpaxkatoT OmaronapHocts AO «XKaitpemckuit 'OK» 3a mpenocraBieHHbIe HCXOTHBIE
MaTepHalbl U MOAJIEPKKY padoT rmo goroopy Ne3110/2025-1583 ot 18.06.2025 .

Criucok nureparypsl

1.0tyer o HUP «M3yuyeHue mnepemoBbIX METOJOB U pa3paboTka ONTHUMAaJIbHOTO crocoda
YKpEIUIEHUsl YCTYyIOB Ha OCHOBE OIIEHKM MAacCHBa TOPHBIX MOpPOJA KapbepoB JlanbHe3amaaHblii.
Kaparanga: TOO «HayuHo-TexHMUeCKUN HEHTP IPOMBILUIEHHON Oe30macHocTy, 2025.
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KACOCHIPIMAEPAIH KbIJIMBICTBIK IC-OPEKETKE KATBIHACHI:
I'EHAEPJIIK ACIIEKT

Tanzam Aana Tanzamkpizol

Qunocous dcane ncuxonoeus gaxyromeminiy 4 Kypc cmyoeumi

E.Boxemos amvinoazgvl Kapazanowr ynmmuix yuueepcumemi, Kapasanowl, Kazaxcmarn
Founoimu orcemexwi Hypeanueea Cayne Myxanoena

E.Boxemos amvinoazgvl Kapazanowr ynmmuix yuusepcumemi, Kapasanowl, Kazaxcmarn

Angatna. Kazipri ke3eHIe Ka3aKCTaHIBIK KOFaMia J>KacecHmipiMICp/iH JCBHAHTTHIK MiHE3-
KYIKBl MEH KbUIMBICTBIK 1C-OpEKETKe OCHIMIUIIrT KypIeil oJIeyMETTIK-TICUXOJIOTHSIIBIK JKOHE
KYKBIKTBIK MOCEJIE PeTiH/e KapacThIpbuTyAa. Ocipece, TeHISPIIiK ailbIpMAIIbUIBIKTAP IBIH POJTi epeKIie
Hazap aynapyabl KakeT erefi, ce0ebi yimap MeH KbI3AapIblH KbUIMBICKA TapThUy cebernrepi,
MOTHBAIMACHI MEH QJIEYMETTIK KOHTEKCTiI 9pTYpii cumartTanaabl. byn Makamanga skacecmipiMaepaiH
KBUIMBICTBIK 1C-OpEKEeTKEe KaThIHACHI TeHIEPIIK KbIPbIHAH KapacThIpbUIAbI. HoTHxkenep KepceTKkeH e,
COHFBI OHXKBUIJBIKTA KACOCIIPIMACP KbUIMBICTBUIBIFBIHBIH ACHIEH1 a3aliFaHbIMCH, YIap MEH KbI31ap
apachIHJIarbl alBIPMAIIBUIBIK CaKTalyAa. ¥JJap[blH KbUIMBICTBIK MiHE3-KYJIKbI KeOiHece arpeccus
MEH Toyekenre OeHiMIuTiKIeH OaimaHbIcThl OoJica, KbI3AAPAbIH KYKBIK Oy3yFa Oapybl OJIeyMETTiK
KBICBIM MEH SMOIMOHAIABIK (haKTOpIapIblH BIKINAIBIHAA KAJbIl OTHIP. XaJlbIKApalbIK CallbICTHIPY
Kazakcranmarel KarmaiaplH OipkaTap TIOCTKEHECTIK eNjepre KaparaHja OH CKEHIiH, ajaiiia
QJIEYMETTIK KOJJay JKyHecl JaMbIFaH MEeMJIEKETTepJeH apTTa eKeHiH KepceTTi. MaKkaaaHblH FhUIBIMU
yJieci Ka3aKCTaHIBIK KOHTEKCTErl KacecHipiMIepaiH KbUIMBICKA KAaThIHACBIHA TCHJCPNIK TayIay
KYPri3y apKbUIbl QJIEYyMETTIK cascaT MeH KYKBIKTBHIK-TEIaroruKaiblK alblH ally HapajapblHa KaHa
YCBIHBICTAp d3ipieyiHje.

Kinar ce3agep: >xacecmipiMaep, KbUIMBICTHIK 1C-OpPEKET, TEHIEp, [E€BUAHTTHIK MiHE3-KYJIBIK,
QJIEyMETTIK OaKbuIay, aJIIbIH ATy

Kipicne

XKacecmipiMaepaiiH  KbIIMBICTBIK ~ 1C-OpEKETKE KaThIHACKI — OJIEYMETTIK FhUIBIMAAP/A,
KPUMUHOJIOTHSAIA JKOHE TIEIaroTUKaaa Y3aK YaKbIT OONBI 3epTTEINIl Kele jKaTKaH TaKbIPHIN. OIEeMIIK
CTaTUCTUKara colikec, 15—17 xac apanbIFbIHIAFHI JKACOCHIPIMIEP apachlH/la KYKBIKOY3YIIBUIBIK YIIeci
epeceKTepre KaparaHja TYpaKThl Typae >korapsl 6osbin keneni [1]. Kazakcran Pecriyonukaceinbiy bac
mpokyparypacbl MeH Imiki icTep MUHUCTPJITIHIH pPECMHU JEPEKTEPIH/IE COHFBl OH KbLIJIa
kKacecmipiMep XKacaraH KYKBIKOY3YIIBUIBIKTBIH KYPBUIBIMBIHIA YPJIBIK, TOHAY JKOHE TOITHIK
KBIIMBICTap OachIM €KEHJIr ailKbiH KepceTuireH [2]. I'eHmepiik acmekT Oyl Mocemnese epekiie pes
aTkapanbl. KenrereH xanblKapaiblK 3epTTeyiepae YIAapblH arpecCUsiblK, ToyeKenre OeiiM MiHe3-
KYJIKbI KbUIMBICTBHIK 1C-OpPEKETKe TiKeTel BIKMall eTeTiHi, all KbI3apAblH KbUIMBICKA KAThICYbI KoOiHece
OJIEYMETTIK KBICBIM, SMOIMUIBIK KYH3eNiC oHe KypJacTap bIKNAIbIMEH OailaHBICTBI eKeHi
alTHIIIaabL.

Byn 3eprreyain mMakcaThl — KacecHipiMAEp/iH KbUIMBICKA KaTbIHACBIHA TEHAEPIIK TYPFBIIaH
KEIIeH Il Tajljay jkacay, KYKbIK KOpFay TOXIpHOECiHIEe >XKoHe OuriM Oepy JKyHeciHae KoJaaHyra
00JaThIH KaHA OJIICTEMENIIK YCHIHBICTAP KabITacThpy. OCBI apKbUIBI Ka3aKCTAHIBIK KOFaMJIarbl
KacectipiMIep KbIJIMBICTBUIBIFBIH a3aliTyFa yJIec KOCy Ko3aemne/i.

Oe0H moJxy

XKacecmipiMaepiiH KBUIMBICTBIK 1C-OpPEKETKE KAThIHACHI TEHAEPIIK acHeKT TYPFBIChIHAH
XalbIKApaIblK JKOHE YITTHIK FBUIBIMIA KEHIHEH 3epTTenin Kenedi. bipkatap aBTopiap YimaapAbiH
KYKBIKOY3YIIBUTBIKKA OCHIMIILTIT] dKOFaphl €KeHIH KopceTce, KbI3Aap apachlHAarbl KbUIMBICTBIK MiHE3-
KYJIBIKTBIH apTybl COHFBI OHXBUIABIKTAFBl J)KaHA QJIEYMETTIK KYOBUIBIC pEeTiHAE KapacThIpbLIaabl. A.
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Campbell enOektepinae KbI3IapAblH arpeccusicbl KeoOiHece jXaHama curarTa OoJaThIHBI, Oipak
QNIEYMETTIK JKarJaiapJbplH e3repyi OJapAblH AallblK KBUIMBICTBIK OPEKETKEe KaThICy JEHIeHiH
keTepreni aramn etinexi [3]. An R. Jessor 1eBUaHTTHIK MiHE3-KYJIBIK TEOPHUSCBHIHIA KaceCHipiMaepaiH
KYKBIK Oy3yFa OapyblH QJI€YMETTIK OaKbUIayIbIH dJICIpeyiMeH, KypacTap bIKIATbIMEH KOHE TYJIFAIIBIK
(dhakTopiapMeH OanaHbICTRIpaabI [4].

Kazakcranaplk 3eprreyuriiepain imiHae E. AnayxaHoB »KacecmipiMaep KbUIMBICTBUIBIFBIHBIH
KYKBIKTBIK CHITATTAMAChlHA TOKTAJIBII, OHBIH QJIEYMETTIK Heri3aepiH capanaiasl [5]. CoHbIMEH KaTap,
Ceiitxoxus b. V., CapcembaeB b. I1I., [llaiimyxanoB A. Jl. eHOeKTepiHAEe Ka3aKCTaHIBIK KOFaMIaFbl
QJIEYMETTIK TEHCI3/iK, 0TOAchl MHCTUTYTHIHIAFbl JAFJapbiC XXKOHE >XKacTap CyOMOICHMETIHIH ocepi
)KacecmipimMep apachbIHIaFbl IEBUAHTTHIK MiHE3-KYJIBIKKA BIKIAJ] €TETiHI KopceTUIreH [6].

I'engepnik acnektke kencek, E. Steffensmeier sxone L. Allan «Gender and Crime» enberinne
oifeniep KbUIMBICTBUIBIFBIHBIH ~EPEKIICTIKTepiH alKbIHIAI, KAacecHipiM KbI3JapAblH KbBUIMBICKA
TapThUTYbIH/Ia SMOLMSUIBIK (haKTOpJiap, KypJaacTap KbIChIMbI KOHE IeHAEPIIiK POJAiK KyTyJep ey
pen arkapatbiHbIH monenaeiai [7]. byn TykbeipeiMasl J. Chesney-Lind Te Kommaimbl, o7 KbI3aap
apachIHAAFbl KbUIMBICTBIK MIHE3-KYJIBIKTBI TYCIHAIpYJ€ HaTpUapXajblK MOJIECHHUET IEH QJIeyMETTIK
ONINETCI3NIKTIH bIKHaNbIH aTan eTell [8]. COHFBI XKbUIIaphl XaJbIKApaIbIK FBUIBIMH KaybIMIACTBIKTa
KacecmipiMaep apachblHIaFbl WHTEPHET apKbUIBI KACANAaThIH KYKBIKOY3YIIBUIBIK (KHOEpOYJUIMHT,
MHTEPHET-ANAsAKTBIK) MJcelieCiHe Hazap apteinm oTblp. byn Oarpirra S. Hinduja men J. Patchin
eHOeKTepiHJe KacecmipiMaep KbUIMBICHIHBIH J>KaHa (opMalapblHa TEHICPIIK TYPFBIAAH Tajjaay
xacanmrad [9]. ¥nmap keOiHe arpeccwBTI opekerrepre OeiiMm Oojica, KpI3Jaap KHOEPKBUIMBICTAp/IA
’KaHama peJl aTKapaTbIHbl AU ThIIa/IbI.

Ocpinaiima, onebuerTepnal Tangay >KacecHmipiMIACpPIiH KbUIMBICTBIK 1C-OPEKETKE KaThIHACHI
TeHACPIIK albIpMaIIbLIBIKTAPMEH THIFBI3 OalJIaHBICTBI €KEHIH KepceTeli. ¥YJimapaa KbUIMBIC KeOiHe
allIBIK arpecCUsIMEH, MaTepUasiblK Maija TabyMeH OailiaHbICThI 00JIca, KbI3ZapAa QJI€yMETTIK KbIChIM,
SMOLMOHANJIBIK KYH3elic IMeH KypJAacTap bIKHalbl MaHbI3AbIPAK peil aTkapaabl. KazakcTaHablK
KOHTEKCTE OyJI MocesieHi KeIIeH I 3epTTey — KbUIMBICTBIH JIJBIH ally CascaThIH/a KaHa YCHIHBICTAp
€Hri3yre MyMKIH/IK Oepei.

Martepuasanap MeH daicrep

3epTTey )KYMBICBIH/IA KeJIeCl Talaay 9/IicTepl KOIAaHbLIIbI:

 CanplcTBIpMaNbI-KYKBIKTBIK Tangay — Kasakcran MmeH Oacka enjepieri skacecripimiep
KbUIMBICTBIIBIFBI IMHAMHMKACHIH CAJIBICTBIPY YILIH;

* I'ennmepnik Tannay — yjijap MEH KbI3/ap apachblHAarbl KYKbIKOY3YIIBUIBIKTBIH TYPJEpiH,
ce0enTepiH KoHe AIeyMETTIK (DaKTOpIapbIH aHbIKTAY YIIiH;

* OJEyMEeTTIK CTaTHCTUKAJBIK OMICTEp — PECMHM MAIIMETTEp HETI3IHIE YJeC calMaKTapblH,
JUHAMMKAJBIK ©3repICTEPIH Taliay YIIIiH;

3eprTey OapbiChlHAa (EMUHHUCTIK KPUMHUHOJOTUS TEOPHUSACHIHBIH TYKbIppIMaamanapsl (J.
Chesney-Lind), neBuaHTTBIK MiHE3-KYJIBIK Teopusichl (R. Jessor) xoHe aieyMeTTiK 6aKbliay TEOPHSCHI
(T. Hirschi) KoyJaHbUIBIM, KacecnipiMaep IiH KbIJIMBICKA KaThIHACBIHA KELIEH I TYCIHIIPY YChIHBULABI.

Hotnxenep MeH TaJIKbLIAY

Kazakcranaarsl xkacecmipiMaep KbUIMBICTBUTBIFBI OolbIHIIA 2015 xbimmaan 2025 xplnra qeiinTi
pecMH JepeKTepAl Tanday JKacecHipiMAepIiH KYKbIKKa KaWIbl i1C-OpeKeTKe KaThICy JCHTeHiHIH
TYpaKThl TYpl€ TeMeHJey YpHiciH Kkepcereni. byn omeymerTik Oakpuiay MHCTUTYTTApbIHBIH
KYIIEI0IMEH, KYKBIKTBIK MOJIEHUETT1 apTThIpyFa OarbITTajJfaH MEMIIEKETTIK OariapiiaManapiblH iCKe
acybIMEH, COHJal-aK XaJIblKapaiblK YHbIMIAp YCHIHBIN OTHIPFAH aj/IbIH ally TOKIpUOeIepiH eHri3yMeH
TBIFBI3 OalaHbBICTB. PecMu cTaTucTHKara cyieHcek, 2015 KbUThl TIpKENITeH jKacocHipiMaep KacaraH
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KYKBIKOY3ymIblIbIKTap canbl 4231 6omca, 2025 xbutbl on 2405-ke neifin KpIcKkapasl. by — mamamen
43 % rtemenney. MyHpmaii OH e3repiCTepAiH Heri3ri cedenrepi — KYKBIKTBIK CasiCaTThIH KaTalobl,
MEKTEIl TEH OTOAChIHBIH AQIJbIH ally IIapajapbl, COHBIMEH KaTap MEMIJIEKETTIK OJIEyMETTIK
Oarmapiamanapabig Kymeroi [10].

I-kecte — 2015-2025 oxpuimap  apanblfbiHAaFbl  KazakcTaHmarbl — Kacecmipimzaep
KbUIMBICTBUIBIFBIHBIH THHAMUKACHI

Kot | bapneirel | ¥npap | Keiznap
2015 | 4231 3650 581
2020 | 2890 2485 405
2023 | 2515 2140 375
2025 | 2405 2050 355

nepekkes: KP bac npokypatypa, KP IIM, KP CraTuctuka 6ropocsr

byn monmiMerTepl Tanaay yiaapAsiH yieci 6apiblk kesennae 80—85 % apaibiFblHIa TYPaKThI
caktanraHblH kepcerTi. Kei3napabiy yneci 15-20 % mamacbinaa OOJFaHBIMEH, OJIAPJIbIH SJI€YMETTIK-
MICUXOJIOTHSUIBIK (haKkTopiapra OeliMaiIiri xanbikapanblKk enoekrepae (mbicanbl, Chesney-Lind, 2017)
KOPCETUITCH 3aHIbUTBIKTap 16 pacTanasl [11].

2025 *bUTFBI KYPBUIBIMBIK Ty YPIBIKTBIH JIi JIe €H KEH TapajFaH KYKbIKOY3YIIBUIBIK TYpi
exeHiH aHbIKTansl. On  OapiblKk KbUIMBICTapAblH 47,5 %-bIH Kypaiapl. ¥Yimapaa arpeccusra
OaiJTaHBICTBI TONTHIK KYKBIKOY3YIIBUIBIKTAp KU1 Ke3Jecce, KbhI3Iapaa oICyMETTIK KBICBIM MeEH
SMOLMSIIBIK TYPAKCHI3ABbIKKA OalIaHBICThI YCAK KbLIMBICTAP OAChIM.

2025 XKbINFbl KblIMbIC TYPAEPI (reHaepiK

beniHic)
% 1500 1005 —
1000 14- 29
< 0 28529%5 1500 1405
3 %0 e
w
B o oo s e taiap
& &K F B KbizAap
>
&

KYKbIKBY3YLLbIbIK TYPI

I-cyper — XKacecnipiMaep KbUIMBICTapbIHBIH KYPBUIBIMIBIK yiieci (2025 x.)
nepekkes: KP [IM

XanbIKapanblK caJblcThIpy Ka3aKkCcTaHHBIH KepCeTKIITepi i Jie opTalla JeHrele eKeHiH
kepceteni. 2025 xbutbl 100 MbIH jxacecmipimre makkanaa Kasakcranga — 120 ic tipkence, Peceiine —
178, Keiprezctanga — 140. CxkanauHaBus enjepinae Oys1 KepceTkim anaekaiaa tomen: [IBenmsaga —
62, Hopserusina — 54 [12].

2-kecte — 2025 KbUTbI XKacecIipiMAep KbUIMBICBIHBIH XaJIbIKapaJIbIK CaIbICTHIPMAChI

En Kepcetkimi (100 MbIH jkacecmipimre)
Kazakcran 120
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Peceit 178
Kpipreizcran | 140
IBenus 62
Hopgerus 54

nepekke3: UNODC, UNICEF, yiTThIK cTaTHCTUKAIIBIK areHTTIKTEP

Bbyn aiipipManibuIBIKTap/ bl JeSSOr-IbIH JICBHAHTTHIK MiHE3-KYJIBIK TEOPUSCBIMEH TYCIHAIpyTe
0oJaIbl: oNIEyMETTIK OaKblIay IbIH carachl )KOFaphl eIIEPe KacoCIipiMAEP IiH KYKbIKKA KapChl MIHE3-
KYJIKbI TOMEH OOJIaJIbI.

Kazakcrangarsl sxacecnipiMaep KbUIMBICTBUIBIFBIHBIH CallANIbIK TAJIJaybIH KYPri3y OapbIChIHIA
XaIIBIKAPAIbIK FHUIBIMU eHOeKTepaiH HoTwkenepi eckepunmi. Chesney-Lind eHOekTepinne Kei3map
KBbUIMBICTBUIBIFBIHBIH,  TYI-TAaMBIPBIH/AA OJIEYMETTIK DPONIIK KbICHIM, TEHAEPNIK TEHCI3MIK IeH
HMOIMOHANJIBIK KBICHIM JKaTKaHBI JOJICNJICHTeH, all Oi3/iH JAepeKTep Je OChl TeHACHUUSHBI KOPCETin
OTBIP: KbI3JAApJbIH KYKBIKOY3YIIBUIBIKKA Oapy cebemnrepi koOiHece QJICyMETTIK OpTaJlaH TYbIHIAMIbI.
Jessor-AbIH JEeBUAHTTHIK MIHE3-KYJIBIK TeOpHUsCHl OOMBIHIIA jKacecHipiMIep MiHE3-KYJIKbI 9JIEyMETTIK
OakplIay Jopekecine Toyenmi, an Kazakcranaa *Kypri3ijireH CTaTUCTUKAIBIK Talnaay Oy TY>KbIPBIMIBI
KyaTTaipl: 0TOaChl MCH MEKTEIl TaparblHaH OaKblUlay KYNICWI'eH CalblH KYKBIKOY3YIIBUIBIK JICHICHi
temenzered. Hirschi-niH onmeymeTTik Oakpiiay TEOpPHSCHl Jla ©3EKTLIriH cakram OThIp, cebeOi
0TOACBUTBIK YKOHE MEKTENTIK OaiylaHbICTap SJICIpereH jKarjaaiia KplIMbICKa OeHIMALIIK apTa TyceTiHi
Oi3miH  MarepuanmapbiMbizga ga  gonenaeHnal.  Ocwel  HoTWKenep  Heridinae — «['enmepuik
MPOQHUIAKTUKAIBIK HHTETPAIMSIIBIK MOJCNb» YChIHAMBI3. Byl Moaens yigap MeH KbI3AapibiH
KBUIMBICTBIK MiHE3-KYJIKBIHBIH EPEKIICIIKTEPiH €CKepil jKacajaFaH. YJgapra apHaJFaH CIOPTTHIK
Oarmapiamanap MeH KeIIOacIIbUIBIK KIIyOTap arpecCUsiHbl KOHCTPYKTHBTI OaFbITKa OypyFa MYMKIHIIK
Oepeli, al KbI3IapFa MCUXOJIOTHSUIBIK KOJI/Iay KOPCETY MKOHE AMOIUSUIBIK TYPAKTBUIBIK TPEHHUHTTEPiH
YHBIMIACTBIPY OJIApIBIH dJICYMETTEHYIHJIET1 JIci3 TycTapabl KymienTeai. COHbIMEH KaTap, MEKTeIl IeH
OTOACBHIHBIH BIHTBIMAKTACTBIFBI KYIICHTUIIN, KYKBIK KOpPFay OpTraHJapBIHBIH MPOQIIAKTUKAIBIK
KBI3METTEP1 HHTETPalHsIIaHA b,

»Kacecnipimnep
KbINMBICTBINbIFbI

— ~

¥npap: arpeccus, ToNnTbIK Kblznap: aMoUWANBbIK KbICbIM,
biKNan aneymeTTiK penaep

! !

Mecuxonoruaneik Konaay,
IMOUMANLIK TYPAKTLINBLIK
TPEeHWHITepi

CnopTTbik BaFagapnamanap,
kewbBaclbinbiK kKNybTap

MekTen neH otbachkl

!

KyKblK KOpFay opraHaapbl:
Gerimaey, npocunakTuka

I-cyper — 'enaep:ik mpoduIaKTHKAIBIK MHTET PALUsIIBIK MOJIEIN]
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2 cyperte MOJENBIIH KYpBUIBIMBI KOpCeTiNreH: opbip TeHAEpiK Tomka OeiimMuenrex
PO UIAKTUKAIIBIK IIapajiap JKaIIbl QJICYMETTIK KOJIJIay KYHeCciHe HHTerpanusuiana sl. MyHIan Toci
XaIIBIKAPATBIK TOKIPHOCHI eckepe OThIphIN, KaszakcTanmarbl KacecHipiMaep KbUIMBICTBUIBIFBIHBIH
aJJIbIH allyFa OaFbITTaJIFAaH HAKThl YCBIHBIC OoubIn TaObutanbl. Ockburaiima, 2015-2023 xbpuigapaarbt
CTaTUCTUKAJIBIK JEPEKTep KacocCHipiMaep KbUIMBICTBUIBIFBIHBIH a3aiiFfaHbIH JdJenjece Ae, TeHAepiiK
allbIpMAIlIbUIBIKTAp CAKTaJbIl OTBHIP. YJAApAbIH KbUIMBICTHIK OpeKeTTepl keOiHe arpeccus MeH
Toyekenre OeriMaLTIKKe OaiIaHbICTBI 00JIca, KbI3AAp/IiKi QJI€YMETTIK-TICHXOJOTUSIIBIK KhICBIMIAp1aH
TyBIHIANABL.  XanblKapaiblK canblcThipy Kazakcranmarel kepcerkimrepain Eypoma ennepine
KaparaHjaa >KOFapbl €KeHIH KOepPCeTTi, Oy QJeyMeTTIK KOlJIay KYHECIH XKeTUaipy KaXeTTLIiriH
nonenaenai. YceHbUFaH «[eHmepiik mpo(UIaKTUKAIBIK WHTETPAIUSUIBIK MOJIENb» OTOACBUIBIK,
MEKTENTIK JKOHE KYKbIK KOpFay OpraHJapblHbIH KYIIIH OIpiKTIpy apKbUIbl JKacecmipiMiep
KbUIMBICBIHBIH aJIZIbIH aJIyia KeIIEeH 1 TICLI peTiHAe KOJAAHbUIYBI THIC JET CaHANMBbI3.

KopbITbIHABI

byn 3eprrey kacecmipiMaep KbUIMBICTBUIBIFBIHBIH Olp FaHa CaHIBIK JUHAMHKAJAH
TYPMaWTHIHBIH, OHBIH QJICYMETTIK XOHE TCHJEpPIiK TaOWFaThl oJjieKaiia Kypaeli €KeHIH KOpCEeTTi.
Kazakcranmarsl pecMU KOPCETKIMTEPIH TOMEHIEY1 — KyaHTapJIbIK KYObUTBIC, OipaK OHBIH acTapbIHAa
CaKTaJIBIN OTBIPFaH IpobyemManap Oap. ¥imap MeH KbI3AapblH KYKBIK Oy3yFa Oapy cebenrepi Oipaeit
emec: yiapaa Oy kebOiHece aliblIK arpeccus, TONTHIK BIKIAI MEH Toyekenre Oapyra OeHiMIiuTiKIIeH
TYCIHAIpiICe, KbI3AapAa QNEyMETTIK KbICBIM, SMOIIMOHAJABIK TYPAKCBI3JBIK OHE OTOAChl iMIIHJETI
KEJIEHCI3 KaFailiap epeKiie pe OHalIbI.

XasblKapanblK CaNbICThIpYJIap Aa MaHbI3AbI Ol canansl. KasakcTan e3 aiimarbiHaa Oenriii Oip
KETICTIKKE KETKEHIMEH, 9JIeyMEeTTIK KOJay JKyiecl KyaTThl eJIepMEH CalbICThIpFaHaa d1i JIe apTTa
Kanelll OThIp. By 6i37iH anabiH any mapajiapblH ol A€ JKeTULAIPYAl KaXKeT eTETiHIH aHFapTajbl.
Ocipece MEKTeN TMeH OTOACBIHBIH PONiH KYIICWTy, Oajlaliapra IICHXOJOTHSJIBIK KOMEK KOpceTy,
CHIOPTTHIK JKOHE MIBIFApMAIIbUIBIK OaFaapiiaMa apKbUIBI arpecCHUsHbI OelTapar apHara OaFbITTay
MIHJIETT1 OOJIBITT OTHIP.

3eprrey OapbichiHaa KonmanbutFan teopusiiap — Chesney-Lind-TiH ¢eMUHHCTIK KO3Kapachl,
Jessor-IpIH  I€BUAHTTBHIK MIHE3-KYJIBIK Typaibl TyciHiri >xoHe Hirschi-giH oneymerTik Oakpuiay
TYKBIPBIMAAMAachl — Ka3aKCTaHABIK JEepPeKTepMEeH JKakchl Yyinecti. Omnap Oi3miH KOFaMAaFrsl
&KacecmnipimMep KbIIIMBICBIHBIH Kyp/eli (hakTopJIapblH TePEeH TYCIHAIpYyre MyYMKIH/IK 6epai. ABTOPIIBIK
yJiec peTiHae YChIHbUIFaH «I eHaepiik nmpouiakTUKaIbIK UHTETPALMSIIBIK MOJIETBY OCHI 3€pTTEY/IiH
€H MaHbI3JIbl HOTHKeNEepiHiH Oipl Oosbin TaObIaAbl. byn Monens ynjnapra apHajafaH CHOPTTHIK JKOHE
KemOacIbUIBIK OarmapiiaMaiap/sl, KbI3apFa MCUXOIOTHUTBIK KOJIIay MEH 3MOIUSUTBIK TYPAKTHUIBIK
TPCHUHTTEPiH, COHJAN-aK MEKTENH IEeH OTOAChl BIHTBIMAKTACTBIFBIH KYKBIK KOpPFay OpTaHIapbIHBIH
Npo(dUIaKTUKATIBIK KbI3METIMEH OIpIKTIpYIl Ke3aeial. MyHall HHTerpalMsuIbIK TOCUT Ka3aKCTaH/IbIK
XKarJaiira OeifiMIeIreH KoHe XallbIKapallblK TOKIpUOeIe ChIHAIFAH HesIapFa CYHEHTeH.

KopbIThIHIBIIAN Kele, dKacocipiMaep KbIIMBICHIHBIH a3al0bl — KOFaMJIaFbl OH ©3TepicTep/iH
aifFarpl, anmaifia OHBIH QNIEyMETTIK-TeHIEPIIK epeKIeTikTepi Oi3/leH jkaHa Ke3Kapac IMEH KeIIeHII
HIeniMaep/Ii Tajam etefi. ¥ChIHBUIFAaH MOJeNbh Oyl OarbITTa HakThl Oarmap Oepe amaapl. Erep on
MEMJIEKETTIK cascaT TMeH OuriM Oepy JKyHeciHae KOJAaHbUICA, KACOCHIPIMICPAIH KYKBIKTBIK
MOJICHMETIH apTTHIPHII, OJIAPABIH dJIeyMETKE TaObICThI OeHIMIeNTyiHE BIKIAJ eTEeIl.
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Introduction

Natural disasters pose a perennial threat to human societies, with earthquakes among the most
devastating due to their sudden onset and capacity to inflict widespread destruction. Earthquakes can
result in catastrophic loss of life, severe infrastructure damage, and far-reaching economic
repercussions. Because they occur without substantial immediate warning, earthquakes remain a top
priority in both scientific research and disaster preparedness policy. For decades, seismologists and
geophysicists have pursued an elusive goal: the precise prediction of earthquake time, location, and
magnitude. Although perfect prediction may remain out of reach, enhanced forecasting capacities—
providing probabilistic assessments or estimates of likely earthquake parameters—can aid early-
warning systems, inform urban planning, improve building codes, and guide policy decisions on
resource deployment. From a theoretical perspective, understanding earthquake genesis involves
complex, multi-scale processes spanning from microscopic fracturing of rock to large-scale plate
tectonics. The Earth’s crust experiences continuous stress accumulation caused by plate motion along
fault lines. When this stress exceeds the mechanical strength of the fault, abrupt rupture occurs,
producing the seismic waves we observe as earthquakes. Key theoretical models in seismology have
addressed different facets of earthquake occurrence. For example, the Gutenberg—Richter law
(Gutenberg & Richter, 1944) describes a power-law relationship between the magnitude of
earthquakes and their frequency of occurrence, stating that smaller earthquakes happen exponentially
more often than large ones. Similarly, Omori’s Law (Omori, 1894) specifies how aftershocks decay in
frequency following a main shock, highlighting the temporal clustering frequently observed in seismic
data. While these empirical relationships offer essential insights and remain cornerstones of modern
seismic hazard assessment, they do not fully capture the intricate physics of fault rupture or the multi-
scale interactions of Earth’s lithosphere. Crustal heterogeneities, frictional properties, fluid flow within
fault zones, and slow-slip phenomena can all modulate the seismic cycle, complicating the quest for
precise forecasts. Moreover, the phenomenon of foreshocks—smaller seismic events that sometimes
precede a larger shock—remains only partially understood. In some regions, foreshock sequences can
serve as statistical indicators that the likelihood of a larger event is rising, yet many large earthquakes
strike without any meaningful foreshock activity at all. In recent decades, the growth of seismic
monitoring networks and the consolidation of publicly available databases have enabled unprecedented
collection of high-quality seismic data. Many networks now record not only the basic parameters of an
earthquake (latitude, longitude, depth, magnitude) but also waveforms at different stations, station gap
coverage, and other metadata such as wave polarization or local site effects. These expanded datasets
present extraordinary opportunities to mine for patterns that might aid in forecasting. Nevertheless,
traditional statistical methods—while proven for broad hazard quantification—can struggle with large,
high-dimensional datasets or with complex, non-linear dependencies in the data. This shortcoming has
led researchers to explore more sophisticated, data-centric approaches, including machine learning
(ML) and artificial intelligence (AI) methods. Machine Learning in Seismology. Machine learning
provides a powerful framework for identifying patterns in complex datasets without requiring a fully
specified physical model of the process under investigation. This makes it especially well-suited to
seismic forecasting, where the underlying processes are extremely complex and multi-scale. ML-based
techniques have gained traction in a variety of seismological tasks:
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1. Event Detection and Phase Picking: Convolutional Neural Networks (CNNs) and Recurrent
Neural Networks (RNNs) have been shown to detect seismic events with greater sensitivity than
standard threshold-based methods, such as STA/LTA, and to pick arrival times (e.g., P- and S-waves)
more accurately (Zhu & Beroza, 2019).

2. Classification: Some frameworks focus on classifying seismic waveforms to distinguish natural
tectonic earthquakes from anthropogenic seismic activities such as quarry blasts or hydraulic fracturing
events, often leveraging frequency-domain features (Park et al., 2007).

3. Magnitude Estimation and Forecasting: Supervised regression-based methods, including
ensemble learning and deep learning models, have been applied to infer an earthquake’s magnitude
from pre-existing or concurrent signals, or to approximate the expected magnitude in a region given
historical patterns and geophysical data.

4. Clustering and Anomaly Detection: Unsupervised methods (e.g., K-Means, DBSCAN) have
served to cluster events by their depth, frequency content, or aftershock sequences, revealing
underlying structures in the earthquake catalogue that may help identify high-risk zones.

Despite these advances, forecasting remains fundamentally challenging. Even if machine learning
can model previously unseen data well, the non-stationary nature of seismic processes—where stress
states can fluctuate under evolving tectonic conditions—introduces considerable uncertainty. Models
built on historical data risk encountering new phenomena not captured by earlier records.
Consequently, while machine learning offers an exciting avenue for improving accuracy, it cannot
obviate the need for continuous calibration and integration of domain knowledge (e.g., local fault
geometry, geodesy data, fluid injection logs). California is one of the most seismically active regions
in North America, situated along the boundary of the Pacific and North American tectonic plates. The
San Andreas Fault system, extending approximately 1,300 kilometers, is the primary driver of the
state’s significant seismic risk. This system includes multiple segments—some creeping at shallow
depths and others locked, storing elastic strain until a large rupture occurs. Historical major
earthquakes (e.g., the 1906 San Francisco earthquake, the 1989 Loma Prieta earthquake, and the 1994
Northridge earthquake) illustrate the potential for catastrophic impacts in highly populated regions.
Consequently, California maintains dense seismic networks and has amassed a particularly robust
catalog of earthquakes with magnitude >3.0. This database includes comprehensive information about
each event’s time, epicenter, focal depth, magnitude, and various metadata such as the number of
stations that recorded the event. Given the richness of these records and the urgent need for more
precise earthquake forecasting, California’s seismic catalog represents an ideal testbed for machine
learning experiments. It provides sufficient data for training and validation, covering a wide range of
magnitudes and spatiotemporal distributions. Additionally, it captures the variability of tectonic
regimes—coastal faults, inland faults, sub-basin structures—and anthropogenic influences (e.g.,
geothermal or hydraulic fracturing activities in certain areas).Building upon these foundations, the aim
of this study is to evaluate four machine learning algorithms for their capacity to predict or classify
earthquakes by magnitude and to determine their potential utility in seismic risk assessment.
Specifically:

1. Compare predictive performance of Linear Regression, Support Vector Machines (SVM),
Naive Bayes, and Random Forest models in estimating magnitude from features such as depth,
latitude, longitude, and station count.

2. Assess classification accuracy using Naive Bayes, by discretizing magnitudes into distinct bins
to represent different hazard levels or intensity ranges.

3. Elucidate model interpretability and feature relevance: Identify which input variables most
significantly drive magnitude predictions in each model and whether domain-relevant features (e.g.,
depth) are weighted accordingly.

4. Discuss computational feasibility for real-time or near-real-time applications, particularly for
potential integration into early-warning systems.

We deliberately selected four commonly used algorithms that represent diverse methodological
and theoretical foundations:

 Linear Regression: A baseline approach that assumes a linear relationship among features and
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earthquake magnitude. Although simplistic, it provides a reference for more sophisticated models.

e Support Vector Machines: Allows for non-linear decision boundaries via kernel methods.
Popular for high-dimensional data, though tuning hyperparameters (C, kernel parameters, etc.) can be
labor-intensive.

» Naive Bayes: A probabilistic model using Bayes’ theorem with the assumption of conditional
independence among predictors. Especially suitable for classification tasks, it is computationally
efficient and robust to high-dimensional data.

e Random Forest: An ensemble method that builds multiple decision trees and combines their
outputs, typically excelling in capturing non-linear relationships without requiring extensive feature
engineering. It also provides feature-importance metrics, aiding interpretability.

Assessing the performance of these methods in a challenging, real-world dataset is integral to
advancing data-driven seismic forecasting. Even partial improvements in predicting or characterizing
an earthquake’s magnitude can have substantial societal implications. More timely and accurate hazard
information helps city planners improve infrastructure resilience, guides insurers in modeling and
underwriting seismic risk, and shapes public policy regarding land use in earthquake-prone zones. In
an immediate sense, robust magnitude predictions can feed into early-warning systems, offering
seconds to tens of seconds of lead time that can help mitigate casualties by slowing trains, halting
sensitive industrial processes, or triggering emergency communication protocols. Nonetheless,
limitations persist. Machine learning models trained on historical data cannot directly predict precisely
when or where the next major rupture will occur. Instead, they provide an evidence-based probability
or an estimate based on patterns present in the data. Because earthquake physics remain incompletely
understood and strongly non-linear, no method—data-driven or otherwise—can guarantee definitive
predictions. However, integrating machine learning models with established geophysical
understanding and real-time observations (e.g., GPS-based crustal strain measurements, microseismic
activities) can sharpen forecasting horizons. By thoroughly examining these machine learning models
within an established seismic dataset, this study contributes to ongoing efforts to bolster predictive
capabilities and risk assessments in geophysics. Our results may help inform not only the operational
strategies of seismic monitoring organizations but also encourage interdisciplinary collaborations that
integrate domain-driven insights with powerful computational tools.

Literature Review

Earthquake prediction has long been recognized as one of the most challenging tasks in
geophysics, owing to the complex and often chaotic nature of fault rupture processes. Traditional
scientific inquiry into seismic activity has revolved around empirical observations of earthquake
frequency, size, and temporal clustering, which formed the foundation for canonical laws such as
Gutenberg—Richter’s frequency—magnitude relationship. These early statistical models have paved the
way for more nuanced approaches, including the use of advanced time-series analysis, probabilistic
modeling, and more recently, data-driven algorithms employing machine learning. Although
incremental progress has been made, no single predictive framework has succeeded in furnishing
entirely reliable and precise forecasts, largely because seismicity arises from multi-scale interactions in
the Earth’s crust, where heterogeneities in material properties, fluid pressures, and fault geometries
significantly complicate matters. Efforts to quantify and forecast earthquake phenomena often begin
by referencing the Gutenberg—Richter law, which establishes that earthquake frequency decays
exponentially with increasing magnitude. While this statistical relationship holds considerable utility in
hazard assessments—illustrating how smaller, more frequent earthquakes dominate a region’s
seismicity—it does not directly explain why certain faults nucleate large ruptures or precisely when
those major events may be expected. As a result, numerous attempts to refine forecasting capabilities
have sought to incorporate additional constraints, such as temporal clustering (exemplified by Omori’s
Law of aftershock decay) or geophysical signatures that might herald a future rupture. Even so, these
efforts historically relied on relatively limited data and largely linear or semi-linear models of
correlation, which constrained their capacity to capture the underlying complexity of tectonic
processes. Over the last two decades, the proliferation of seismic stations and improved digital
recording technologies have yielded high-volume datasets, providing researchers with more
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comprehensive records of seismic events. This shift has coincided with the rise of data-driven methods
that eschew the need for fully specified physical models in favor of algorithms that learn directly from
empirical patterns. Machine learning approaches leverage a broad spectrum of mathematical
foundations, from linear regression to neural networks, each aiming to detect subtle features in
earthquake catalogs. In the most basic cases, regression-based methods use easily extracted
parameters—such as depth, epicentral coordinates, and the number of stations—to generate predictions
of magnitude. Although linear regression provides an accessible baseline, it implicitly assumes that the
effect of each predictor is additive and that these relationships remain constant over the entire range of
data. Given the strong possibility of non-linear dependencies in seismic processes, more sophisticated
methods have been developed.One class of approaches has been classification-based, dividing seismic
events into categories (for instance, low, moderate, or high magnitude) or distinguishing earthquake
signals from other sources of seismic noise. Such classification tasks often employ probabilistic
models such as Naive Bayes, which uses Bayes’ theorem while assuming conditional independence
among input variables. Despite its seemingly simplistic assumptions, Naive Bayes has proven valuable
in seismology: it is computationally efficient, comparatively robust to missing data, and capable of
yielding high accuracy when events cluster into well-defined classes. Still, the independence
assumption can lead to errors in scenarios where features—such as hypocentral depth and local crustal
velocity structure—are strongly correlated, thereby limiting the model’s interpretive power. Another
method widely studied in seismology is the Support Vector Machine (SVM). It was originally
developed within the framework of statistical learning theory and excels in separating data in high-
dimensional feature spaces, especially when paired with kernel functions tailored to non-linear
patterns. For earthquake magnitude prediction or classification, SVMs offer a clear advantage over
purely linear methods by adapting to more complex decision boundaries. Nonetheless, there are
practical issues related to parameter tuning, large-scale computation, and the sensitivity of SVM
performance to the kernel selection. When the seismic dataset is extremely large, with thousands or
tens of thousands of earthquake records, SVMs can become computationally intensive. This burden
can be mitigated but not entirely eliminated by modern high-performance computing infrastructures or
by employing algorithms specifically designed for large-scale optimization.Random Forest, an
ensemble method, has gained prominence in a variety of scientific fields, including seismology,
primarily for its strong predictive performance and relative ease of use. By building multiple decision
trees on randomized subsets of the data and features, Random Forest captures a variety of localized
patterns in the dataset and effectively reduces overfitting through the averaging or voting process. In
the context of seismic forecasting, Random Forest models can accommodate non-linearities,
interactions between variables, and a wide array of predictor types. When applied to earthquake
catalogs, they can also provide an intuitive measure of feature importance, illuminating which
factors—such as depth, latitude, or station coverage—are most influential for seismic prediction tasks.
This aspect can be particularly valuable when designing or refining seismic networks, as it helps
highlight the parameters that deserve more precise measurement. However, its ensemble nature makes
it less straightforward to interpret than simpler models, and extensive hyperparameter tuning (for
example, number of trees or maximum tree depth) may be required to find an optimal balance between
performance and computational demand. These machine learning methods all rely fundamentally on
the quality of the underlying seismic data. Unlike perfectly curated laboratory experiments, real-world
earthquake catalogs can contain missing entries for critical fields, such as event depth or station
residuals. They may also exhibit systematic biases or inconsistencies in detection thresholds over time,
especially if additional stations are deployed or instrument sensitivities evolve. Such issues complicate
the training process and necessitate careful data cleaning procedures, including the imputation of
missing values, outlier detection, and normalization or scaling of features. Regardless of how advanced
the algorithms are, flawed or incomplete data can seriously degrade predictive performance. Moreover,
due to the intrinsic complexity of fault systems, even a well-trained model may prove unreliable when
extrapolating to regimes that are poorly represented in the historical catalog. This underscores a key
limitation of any data-driven approach: extrapolation beyond the range of available data can be
perilous if underlying geophysical conditions shift in ways not observed previously. In addition to data
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quality, many machine learning algorithms assume stationarity or at least rely on the premise that the
patterns found in past data will remain valid going forward. Earthquake processes, however, can be
highly non-stationary. Changes in local stress fields, fluid injection patterns, or aseismic slip on deeper
fault segments can all alter the system’s behavior. If these changes are not captured in the training set,
the model may systematically underestimate or misjudge the probability of major events. A related
issue concerns the substantial class imbalance that arises when attempting to predict large, infrequent
earthquakes: the vast majority of events in a catalog are small, which can cause models to skew
predictions toward lower magnitudes unless rebalanced through algorithmic techniques like
oversampling, undersampling, or synthetic event generation. Despite these limitations, the integration
of machine learning in earthquake studies has facilitated new avenues of research, including near-real-
time magnitude estimation. Modern stations routinely transmit waveforms to central repositories, and
machine learning models can rapidly compute a preliminary magnitude, informing early-warning
alerts. This capacity can prove life-saving if it grants local authorities even a small time window—on
the order of seconds to a minute—to carry out automated protective measures. Researchers have
further explored the possibility of combining data-driven models with physical constraints. For
instance, machine learning outputs might be used to initialize or constrain physics-based simulations of
wave propagation, bridging purely empirical methodologies with mechanistic understanding of rupture
processes. In light of these developments, the need to compare different algorithms on a single,
coherent dataset arises naturally. Many studies have concentrated on specific methods, focusing on
neural networks, SVM, or random forests in isolation, which complicates direct comparisons among
techniques. Additionally, the choice of performance metrics—whether evaluating mean squared error
or classification accuracy—has a direct influence on the perceived effectiveness of each model. For
tasks centered on magnitude regression, traditional metrics like R-squared measure how much variance
is explained, while mean absolute error addresses the magnitude of typical model deviations. For
classification approaches, confusion matrices, precision, recall, and the F1-score offer a more detailed
picture of misclassification costs, potentially highlighting if a model’s mistakes cluster
disproportionately among large earthquakes. The comparative analysis of Linear Regression, SVM,
Naive Bayes, and Random Forest addresses these gaps in the literature by examining how each fares in
a uniform experimental setup. By imposing identical preprocessing, feature selection, and evaluation
protocols on all four models, the study reveals not only which algorithm scores best overall but also
which is most sensitive to hyperparameter choices or data deficiencies. Although machine learning
alone cannot fully solve the formidable problem of earthquake prediction—given the many unknowns
in the underlying geophysical processes—it clearly represents a powerful tool for extracting patterns
from the growing volumes of seismic data. Through rigorous empirical comparisons, researchers can
refine their understanding of when and why certain methods succeed and draw closer to a future in
which predictive accuracy is sufficiently high to materially benefit hazard mitigation efforts.

Dataset Description

The SOCR Earthquake Dataset analyzed in this study comprises detailed records of earthquakes
with magnitudes of 3.0 or higher, all occurring between January 2, 2017, and December 31, 2019, in
California, United States. Altogether, this selection encompasses 37,706 seismic events, making it a
robust dataset that captures a range of magnitudes and focal depths within an active tectonic region.
Each seismic event is accompanied by a precise date and time in Coordinated Universal Time (UTC),
ensuring that temporal analyses—such as the examination of aftershock sequences or potential
foreshocks—can be performed accurately. Spatial information is presented through latitude and
longitude coordinates that pinpoint the epicenter, along with a focal depth measured in kilometers
beneath the Earth’s surface. Magnitudes are reported on the Richter or closely related scales, which
use logarithmic measures of wave amplitude to approximate the energy released by an earthquake.
Beyond these core attributes, the dataset includes additional fields crucial for understanding the quality
and context of each seismic measurement. The Source (SRC) designation indicates the specific
monitoring network or station group responsible for detecting and cataloging the event. Data on the
number of stations (nst) involved provides insight into the reliability of the reported event parameters,
given that a larger station count often reduces location uncertainties. Variables such as the distance to
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the closest station (close) and the azimuthal gap (gap) likewise reflect the geometry and coverage of
the monitoring array, shedding light on the spatial resolution of the recorded earthquakes. Finally, the
root-mean-squared residual (rms) quantifies the level of discrepancy between observed seismic data
and the best-fit solution, serving as an indicator of the solution’s overall accuracy. Publicly available
and widely employed as a benchmark, this dataset has facilitated numerous explorations of seismic
behavior and machine learning innovation. Its extensive range of attributes makes it particularly
conducive to predictive modeling tasks, offering the opportunity to study how various geophysical
factors—alone or in combination—might correlate with earthquake magnitude and other outcome
variables of interest.

Research Objectives

The primary aim of this study is to investigate how various machine learning algorithms can
improve the reliability and accuracy of earthquake forecasting in a real-world setting, particularly
focusing on data collected from the seismically active region of California. Central to this effort is the
task of magnitude prediction, whereby regression-based models such as Linear Regression, Support
Vector Machines (SVM), and Random Forest are trained to estimate the size of an impending seismic
event from basic attributes like its location, focal depth, and associated station metrics. By examining
these attributes and comparing the predicted outcomes with actual magnitudes, the study seeks to
determine which algorithms are best suited to capture the often non-linear and multi-dimensional
relationships that characterize seismic processes. A second, closely related objective lies in the
classification of earthquake events. Rather than predicting a precise numerical magnitude,
classification models aim to separate earthquakes into discrete bins—ranging, for example, from low
to moderate to high magnitude—based on features such as latitude, longitude, depth, or station density.
Here, Naive Bayes and other classification algorithms are tested to evaluate whether probabilistic
assumptions and relatively simple mathematical structures can effectively distinguish the different
intensity classes of seismic events. Such classification capabilities could offer a more tractable
framework for rapid risk assessments, potentially alerting authorities and local communities to the
likelihood of higher-magnitude events in real-time scenarios. The third objective addresses model
comparison, bringing the individual strengths and weaknesses of different algorithms into sharp relief.
By measuring predictive performance through metrics such as mean squared error (MSE), R-squared
(R?), accuracy scores, and confusion matrices, the study systematically characterizes each model’s
behavior across diverse seismic contexts. These metrics not only quantify how well each approach
approximates or classifies earthquake magnitudes but also shed light on issues like overfitting,
underfitting, and sensitivity to noisy data. In doing so, the comparison offers a nuanced understanding
of where one model may excel—such as in capturing non-linear complexities or handling unbalanced
datasets—and where another might prove more interpretable or computationally efficient. Lastly, the
study aims to investigate the implementation feasibility of these machine learning models within an
operational seismic monitoring framework. In many real-world applications, seismic networks
generate large streams of data in near-real-time, requiring predictive models to be both rapid in
producing results and transparent enough to be trusted by emergency managers. By discussing
computational overhead, interpretability, and potential integration points with existing early-warning
systems, the research underscores the practical implications of choosing one algorithm over another.
Such considerations are critical for maximizing the societal benefits of any advances in seismic
forecasting, ensuring that model outputs can be swiftly converted into actionable alerts, infrastructural
safeguards, and disaster-response initiatives.

Methodology

This section constitutes the core of our investigation, detailing the processes involved in data
preparation, exploratory analysis, model development, performance evaluation, and the overarching
rationale behind these steps. By integrating theoretical concepts with practical techniques, we build a
comprehensive framework for predicting earthquake magnitudes and classifying events in seismically
active regions such as California. Although the individual procedures are introduced discretely, they
collectively form a unified pipeline that transforms raw data into interpretable predictions, allowing us
to benchmark the performance of multiple machine learning algorithms. This discussion is
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intentionally extensive and academic, aiming to highlight the nuances of each step while identifying
ways in which the research can be augmented or adapted for different contexts. Throughout this
section, we will reference figures and screenshots, which can be inserted at appropriate junctures to
illustrate various stages of the methodology. The initial phase of our work involved data preprocessing,
a critical step that ensures the reliability and consistency of the input data. Because the SOCR
Earthquake Dataset comprises 37,706 events recorded in California from January 2, 2017, through
December 31, 2019, we had to account for missing values and outlier records. Specifically, we
identified events with null or incomplete fields for time, magnitude, or depth. Records lacking these
essential attributes were removed, as imputation would run the risk of distorting critical
relationships—particularly in a domain where an incorrect magnitude or depth might significantly
affect subsequent modeling. However, for certain non-critical fields, such as the number of stations
(nst), we carried out mean or median imputation if a coherent relationship existed between that
attribute and more robust parameters (e.g., latitude, magnitude). This step was performed carefully to
preserve the natural variance of the dataset without artificially inflating or reducing the distribution of
recorded values. Once the dataset was cleansed of spurious or incomplete points, we focused on
feature selection. The underlying premise was that although the dataset includes numerous columns—
ranging from azimuthal gap (gap) to root-mean-squared residual (rms)—not all of these variables
contribute meaningfully to magnitude prediction under conventional modeling assumptions.
Exploratory correlation analyses guided us in narrowing the predictive features to latitude, longitude,
depth, and number of stations, as these demonstrated at least some linear or mild non-linear
associations with magnitude. For instance, we observed that deeper earthquakes showed moderate
correlations with magnitude, whereas large azimuthal gaps or high rms values did not systematically
correlate with higher or lower magnitudes in our preliminary tests. In principle, additional variables
could be beneficial if introduced into more advanced or domain-specific models. However, we elected
to keep the feature set relatively lean to highlight how well each machine learning model could exploit
the most directly interpretable predictors. Following feature selection, we introduced scaling to
normalize or standardize the selected attributes. Specifically, we employed z-score normalization
(subtracting the mean and dividing by the standard deviation) for depth, latitude, longitude, and station
count. This transformation ensures that each feature contributes comparably to the training process,
preventing models such as Support Vector Machines or Random Forest from being disproportionately
influenced by features whose raw numeric scales might inherently be larger. Figure placeholders,
which can be inserted here, could include a histogram or box plot that shows the distribution of these
attributes both before and after scaling. Such visuals help underscore how normalization re-centers and
rescales the variables, making them more amenable to certain gradient-based or distance-based
learning algorithms. With data preprocessing complete, the next major component was exploratory
data analysis (EDA). The purpose of EDA is twofold: first, to uncover any underlying trends or
patterns in the dataset that might inform subsequent modeling decisions, and second, to validate our
assumptions about data quality, completeness, and representativeness. One crucial step involved
creating geospatial maps that plot earthquake epicenters across California. By color-coding or sizing
points according to magnitude, we could visually inspect clusters of higher seismic activity—often
aligned with major fault lines such as the San Andreas Fault—and consider how these localized
features might influence model performance. Additional EDA tasks included plotting the distribution
of magnitudes, revealing a skew towards lower events in the 3.0 to 4.0 range. This skew is common in
seismic catalogs, given the relative rarity of large earthquakes. We also examined scatter plots of depth
versus magnitude, identifying mild correlations indicating that deeper events tended to display
moderate magnitudes, while the most frequent events were shallow. Screenshots or figures illustrating
these maps and scatter plots can be placed at this juncture. For instance, a screenshot of a geospatial
distribution in a tool such as Tableau or a Python-based GIS library would vividly communicate how
events are spatially clustered, while a separate figure capturing histograms of magnitude would
confirm that the dataset is dominated by small to moderate earthquakes. Having established a better
understanding of the data’s overall structure, we proceeded to machine learning model training. Four
primary algorithms—Linear Regression, Support Vector Machines (SVM), Naive Bayes, and Random
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Forest—were implemented to illustrate how different theoretical constructs can be leveraged for
earthquake magnitude estimation (or classification, in the case of Naive Bayes). Each model entails
distinct strengths, limitations, and computational requirements, making it an instructive exercise to run
them on the same dataset under consistent preprocessing and feature-engineering protocols. A single,
uniform train-test split (commonly around 70-80% for training and 20-30% for testing) or cross-
validation strategy was employed, ensuring that each model faced an identical predictive challenge.
Linear Regression served as the conceptual baseline in our pipeline. The assumption behind linear
regression is that there exists a linear combination of features—Ilatitude, longitude, depth, and station
count—that best explains the variance in earthquake magnitude. With the ordinary least squares
estimator, we sought to minimize the sum of squared residuals, deriving coefficients that reflect how
each unit shift in a predictor correlates with a shift in magnitude. Because linear regression is both
transparent and computationally inexpensive, it functions as a solid reference point. One can easily
interpret the resulting coefficients to see which features matter most. For example, a negative
coefficient for latitude might suggest that moving north correlates with a slight decrease in magnitude,
while a positive coefficient for depth might indicate that deeper quakes exhibit somewhat higher
magnitudes. The results from linear regression, however, often yield moderate explanatory power in
seismological applications, given the non-linear processes at play beneath the Earth’s surface.
Nonetheless, the approach remains beneficial for interpretability. A suitable screenshot here could
show a partial regression plot (similar to Figure 5 in earlier sections) generated by Python libraries
such as Seaborn, highlighting how the regression line tries to fit data points relating to magnitude
versus depth. In parallel, we experimented with Support Vector Machines (SVM) for magnitude
estimation. Unlike linear regression, SVM can accommodate more complicated relationships by
employing kernel transformations. For regression tasks, the e-SVR variant attempts to find a function
f(x) that stays within an &-tube of the observed data points while keeping the model as flat as possible.
The radial basis function (RBF) kernel, for instance, helps the model capture interactions among
latitude, longitude, depth, and station counts that are not strictly linear. Such flexibility can be
advantageous when seismic processes follow complicated fault geometries or stress distributions.
However, SVM requires careful hyperparameter tuning—particularly for C (the regularization
parameter), € (the width of the e-insensitive zone), and kernel-specific parameters (e.g., gamma in the
RBF kernel). Suboptimal choices can degrade performance or lead to overfitting, especially with a
large dataset of over 37,000 events. Early experiments indicated that SVM performance was sensitive
to outliers, as a few extremely large or small events might skew the decision boundary. Including a
screenshot illustrating how data points are mapped in a high-dimensional feature space (akin to Figure
6) or how the SVM regression line compares to actual magnitude observations can offer a clearer
understanding of these complexities.

While Linear Regression and SVM focus on direct magnitude prediction, Naive Bayes was
enlisted in a classification role. We discretized the magnitude range into bins, grouping events into
categories—for example, low magnitude (3.0-3.5), moderate magnitude (3.6-4.5), and higher
magnitude (4.6+). Naive Bayes applies a probabilistic approach grounded in Bayes’ theorem, under
which each feature (latitude, longitude, station count) is assumed to be conditionally independent
given a particular class. Although this assumption is rarely completely true in real-world seismic data,
it often proves robust enough to yield surprisingly strong classification accuracy. This method is
especially beneficial for large-scale datasets, as it computes posterior probabilities analytically,
circumventing the iterative optimization that might be required by more complex algorithms. In
practice, we split the dataset into training and test subsets, trained the Naive Bayes model on the
training partition, and then evaluated classification outcomes (precision, recall, F1-score) on the held-
out portion. Since the magnitude distribution is skewed, many of the events fell into the low-to-
moderate bins, a fact that can inflate overall accuracy unless carefully controlled by metrics that
emphasize minority classes. Visualization placeholders here might include a confusion matrix (see
possible references in earlier sections) that can be inserted to reveal how well the model distinguishes
different magnitude bins or how frequently it confuses medium-magnitude events with slightly higher
or lower classes. Lastly, we integrated Random Forest for regression, exploring its potential to handle
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interactions and non-linearities by aggregating the predictions of multiple decision trees. Each tree is
trained on a bootstrap sample of the original dataset, while only a random subset of features is
considered at each split. This design ensures that the ensemble captures diverse perspectives,
mitigating overfitting relative to a single, large decision tree. In seismic forecasting, the variety of
patterns captured by individual trees often proves advantageous, as the Earth’s crust can exhibit varied
local dynamics from one region to another. Our cross-validation procedure identified an optimal
number of trees and a maximum tree depth that balanced accurate predictions against computational
overhead. Random Forest also facilitated a measure of feature importance, revealing which inputs
were more predictive of magnitude. Typically, depth emerged as an influential predictor, whereas
station count also featured prominently. These insights are valuable for sensor network optimization
and hazard modeling. Placing a screenshot of the resulting feature importance bar chart (like Figure 8)
or a partial dependence plot showing how predicted magnitude shifts with variations in depth or station
count would add clarity to these points. We then assessed all models comprehensively via a range of
performance metrics. For regression tasks—Linear Regression, SVM, and Random Forest—metrics
included mean squared error (MSE) and R-squared (R?), which measure how closely model
predictions match actual magnitudes and how much variance in the data is explained. Despite being
standard, these metrics only partially capture the domain-specific consequences of predictive errors. In
an operational context, misestimating a high-magnitude event has much more severe implications than
misestimating a low-magnitude one by the same margin. As such, follow-up studies might incorporate
domain-weighted error measures or cost functions that penalize large underestimations more heavily.
In our comparative analyses, Random Forest tended to exhibit the lowest MSE and highest R?
suggesting that its ensemble approach is well suited to the complexity of the data. Linear Regression,
while straightforward and interpretable, usually explained a smaller fraction of the variance in
magnitudes. SVM’s performance varied with kernel choice, and in certain parameter settings, it
underperformed compared to Random Forest due to outlier sensitivity and high computational cost.
Meanwhile, Naive Bayes was judged by its classification accuracy, confusion matrix, and standard
metrics like precision, recall, and F1-score. It achieved commendably high accuracy in categorizing
magnitudes into bins, often exceeding 98% in some experiments. However, it occasionally confused
moderate and high-magnitude classes, reflecting the slight overlap in the training data around
boundary thresholds. An essential component of this main part was to ensure model comparison under
consistent conditions and to document how each algorithm might integrate into real-time early-
warning systems. Magnitude prediction in near-real-time demands computational efficiency and the
capacity to update continuously as new seismic data streams in. Linear Regression is well suited for
such updates because its training is relatively fast; however, the model’s predictive power may be
constrained by its linear assumption. Random Forest, though typically more accurate, can be slower to
retrain, especially with a large dataset. Nevertheless, one can partially circumvent this by employing
incremental learning techniques or by limiting the frequency of model retraining to intervals that align
with the rate of data accumulation and the stability of the underlying seismic regime. SVM can present
higher computational requirements, especially when the dataset is large, while Naive Bayes is
extremely efficient to train and run, which makes it tempting for classification-based hazard warnings
that do not require precise magnitude estimates but do require a broad categorization of risk levels.
Because interpretability is often paramount for scientific acceptance and for public communication
during crises, we also considered the extent to which each model’s predictions could be explained to
stakeholders. Linear Regression is easy to interpret through its coefficients, although it may overlook
complex relationships. Random Forest offers feature importance metrics, clarifying which variables
drive magnitude predictions, but the underlying decision trees may remain too numerous for direct
inspection. SVM typically lacks an intuitive explanation for how input features are transformed by a
chosen kernel. Naive Bayes provides explicit posterior probabilities but can obscure the influences of
correlated features. One can include screenshots of user-friendly interfaces that showcase these
interpretability measures—a figure of a feature importance chart from Random Forest, for example, or
a table summarizing the posterior probability distributions from Naive Bayes. Throughout this multi-
model investigation, we encountered certain limitations. First, the fundamental assumption that only a
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few features—depth, latitude, longitude, station count—can capture earthquake magnitude might be
too constrained. Realistically, tectonic and geologic factors, such as local crustal composition, tectonic
loading rates, or known fault segments, may play a crucial role. More robust models might incorporate
geophysical datasets like topographic elevation, slip rates, or historical stress accumulation data.
Second, the dataset’s focus on events of magnitude 3.0 or higher excludes smaller earthquakes, which
might still contain relevant precursory signals or patterns. Consequently, our models could miss
important transitions from microseismicity to moderate or large earthquakes. Third, the non-stationary
nature of seismic systems may invalidate the assumption that training data is representative of future
conditions. We partially addressed this concern by adopting cross-validation and retaining robust
training sets, but a more exhaustive approach might involve time-based splits or physics-informed
incremental learning to adapt as new events occur. Finally, although the bulk of our experiments
addressed magnitude prediction and classification, further expansions could target spatiotemporal
forecasting, i.e., predicting not just how large an earthquake may be but also where and when it is
likely to strike. Such multi-dimensional forecasting would require more elaborate models, possibly
combining machine learning with physics-based rupture simulations. In summary, this main part
underscores how we combined data cleaning, feature engineering, exploratory analyses, and multiple
learning algorithms to assess earthquake prediction capabilities within a well-known dataset. The
approach was intentionally structured to reveal the relative advantages and drawbacks of each
method—Ilinear regression’s simplicity and transparency, SVM’s powerful yet computationally
intensive non-linear boundary fitting, Naive Bayes’s efficiency for classification tasks, and Random
Forest’s ensemble-based capacity to handle complex interactions among features. Intermediate and
final outputs—ranging from partial regression plots, confusion matrices, to feature importance
charts—can be illustrated using screenshots at logical milestones in the pipeline, thus affording a
clearer perspective on how each step contributes to improved predictive performance.Overall, these
efforts highlight that no single model conclusively dominates in every aspect of seismic forecasting.
Practical considerations—real-time computational constraints, interpretability requirements, the
presence of outliers—can all guide which algorithm is most appropriate. Nevertheless, the results
strongly indicate that ensemble methods like Random Forest often perform well on data containing
moderate non-linearities and multiple relevant predictive features, and that even comparatively simple
methods such as Naive Bayes can excel at classification if the data is sufficiently large and well-
structured. This knowledge can inform both immediate applications, such as basic early-warning
systems for moderate earthquakes, and future research directions, including deep-learning-based
modeling of seismic waveforms, the addition of physically meaningful geospatial attributes, and the
adaptation of machine learning frameworks to incorporate physics-based constraints, thereby bridging
empirical algorithms and theoretical geoscience.

Model results

The results presented in this section span a range of analytical perspectives on the performance
of four machine learning models—Linear Regression, Support Vector Machine, Naive Bayes, and
Random Forest—applied to the task of earthquake magnitude estimation or classification using the
SOCR Earthquake Dataset. These results incorporate observations about accuracy, interpretability,
computational feasibility, and methodological limitations. By systematically exploring the successes
and deficiencies of each model, it is possible to situate their respective contributions within the broader
context of data-driven seismological forecasting. The following discussion is framed around the
quantitative metrics and regression or classification outputs obtained after training and validation on a
curated subset of the data. Particular emphasis is placed on the inherent complexities of fault
mechanics and the geophysical variability across California. In multiple instances, the relative
strengths of ensemble approaches become apparent, even as simpler techniques like linear regression
or Naive Bayes display certain advantages of interpretability or computational speed. All numerical
experiments were conducted under controlled conditions, ensuring that each model had access to the
same training and testing splits, the same feature transformations, and the same hyperparameter search
space where relevant. After data preprocessing, the main features used in modeling included latitude,
longitude, depth, and station count, though models such as Random Forest also derived benefit from
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the natural interactions among these attributes. In evaluating our results, we employed common
performance measures (mean squared error, R-squared, classification accuracy) alongside more
domain-specific considerations, including the distribution of residuals across the range of magnitudes
and the extent to which minor or moderate events overshadow large but infrequent earthquakes.
Observing how each model handles these challenges in the same data environment underscores the
significance of ensemble variance reduction, kernel-based flexibility, probabilistic assumptions, or
basic linear correlations, depending on the algorithm in question. When we begin with the linear
regression experiments, the model attempts to align a hyperplane in feature space that best fits the
observed magnitudes, minimizing the sum of squared errors. Despite its accessibility and mathematical
clarity, linear regression struggles to capture the non-linearity that underpins many seismological
processes. The moderate or low R-squared value observed in these experiments suggests that merely
combining latitude, longitude, depth, and station count in a simple linear manner explains only a
fraction of the variance in observed magnitudes. There is little doubt that additional domain-based
variables—such as local fault mechanics, geologic structures, or real-time wave amplitudes—would be
necessary for a linear approach to approach robust predictive power. Nonetheless, linear regression
remains an important baseline, particularly in real-time contexts where interpretability might take
precedence over peak accuracy. The uniform distribution of residuals around certain magnitude bins
further highlights that the model systematically misestimates certain events, often those that deviate
from the typical or average patterns prevalent in the training set. Shifting to the support vector machine
framework, one immediately notices theoretical advantages in how SVM can incorporate kernel
methods to identify more complex relationships. In principle, a properly tuned radial basis function
kernel might capture the interplay of depth and location in a richer way than a linear function would.
However, the results illustrate that this promise does not always translate into immediate gains if the
available features are insufficient or if outliers heavily influence the support vectors. Indeed, attempts
to adjust regularization parameters or the epsilon margin in e-SVR frequently failed to substantially
improve performance in magnitude estimation. The negative R-squared values recorded in some runs
testify to a mismatch between the chosen kernel transformations and the underlying data, as well as a
certain sensitivity to hyperparameter settings that might not generalize well across the wide variety of
seismic occurrences in California. Further expansions in feature engineering, or the addition of time-
series wave attributes, might help SVM capture more subtle facets of seismic onset and fault geometry.
As it stands, results confirm that even advanced kernel methods can flounder if the input domain is
insufficiently expressive or if local data anomalies dominate the regression boundaries. Naive Bayes,
meanwhile, is not employed for magnitude regression but instead for class-based categorization of
earthquakes into low, moderate, and high. Here, the emphasis is on whether a new event, given its
latitude, longitude, depth, and station count, can be binned effectively. The results confirm that Naive
Bayes can achieve impressive overall accuracy, thanks in large part to the dominance of lower-
magnitude events in the dataset. Nearly all small quakes are classified correctly, producing a
superficially high accuracy figure. A deeper analysis clarifies that misclassifications do occur in the
moderate and high bins, reflecting that, while the naive independence assumption can handle broad
distribution differences among features, it does not always discriminate well at boundary conditions,
particularly in real-time or operational use where boundary misclassifications might produce
undesirable outcomes. Nevertheless, the simplicity and speed of Naive Bayes, coupled with its ability
to yield robust results in highly skewed class distributions, make it a powerful tool for initial hazard
categorization or triage. In a large-scale production environment, a classification approach of this sort
could form the basis of an immediate, coarse-level earthquake alert system that directs more detailed
analysis toward those events flagged as moderate or high. Among the four tested algorithms, Random
Forest emerges as the most potent in the continuous regression setting. By assembling multiple
decision trees that each vote or average their predictions, the Random Forest manages to reduce
variance while capturing non-linear relationships. This advantage is particularly evident when
examining improvements in mean squared error over linear regression and SVM. Even if one of the
trees fits a subset of the data that includes unusual focal depths or unusual station counts, the ensemble
ensures that extreme misestimations are tempered by the rest of the forest, maintaining an overall
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robust prediction mechanism. The modest but meaningful R-squared improvement points to the
synergy between ensemble variance reduction and a data environment that includes partial non-
linearities in how depth and latitude combine with station coverage. Random Forest also yields
interpretable metrics such as feature importance, which highlight how depth, latitude, and station
metrics combine to drive magnitude predictions. While it cannot supply as straightforward an equation
as linear regression, these relative importance scores can guide future data-collection decisions. For
example, if the ensemble consistently relies on depth as the strongest predictive factor, investing in
higher-precision depth measurements or advanced wave inversion methods might yield even better
outcomes. These results collectively suggest that no single algorithm can solve the entire challenge of
earthquake magnitude forecasting given the complexities of tectonic processes and the limited set of
direct features. Nonetheless, each method reveals a different angle of approach: linear regression
provides transparency and baseline performance, SVM hints at the possibility of kernel-based
expansions if the feature space is enriched, Naive Bayes effectively classifies events into broad
magnitude tiers, and Random Forest leverages an ensemble synergy to outperform the simpler
regression models. The interplay between these methods also underscores that, in real operational
scenarios, multiple models might be deployed in tandem. One approach could be to run a rapid
classification model that flags potentially dangerous events for immediate response, then refine
estimates using a heavier, ensemble-based regression approach that integrates additional domain-
specific data. This multi-level pipeline is conceptually analogous to how many early-warning systems
first detect an event using threshold triggers, then pass along waveforms to more computationally
intensive  procedures that refine the magnitude and potential shaking intensities.
An important dimension of these results is the domain mismatch between the geophysical complexity
of faults and the variables used in the regression or classification tasks. Tectonic strain rates, local rock
composition, fluid injection activities, and historical slip deficits are just a handful of the domain-
specific features that could theoretically yield substantial gains in accuracy. Their omission means that
even advanced learners such as Random Forest cannot glean deeper causal mechanisms. This
limitation is evident in the modest absolute values of R-squared or classification confusion at certain
magnitude boundaries, reminding us that real breakthroughs in earthquake forecasting may hinge on
bridging the gap between purely data-driven methods and physically grounded knowledge of seismic
processes.

Another important observation emerges from analyzing how the residuals and classification
errors vary across subregions of California or across different time segments in the dataset. The ability
of ensemble methods to average out some location-specific anomalies is beneficial, but it does not
wholly remove biases if certain areas (like the eastern side of the state or offshore faults) lack the same
station coverage or the same frequency of moderate events. Hence, these results could be read as a
prompt for a more regionally adaptive modeling approach that tailors predictions to smaller zones of
the fault system, or that updates dynamically as new seismic data streams arrive. This concept of
building specialized submodels or using incremental learning is widely recognized in advanced
seismological research, and the results here lend additional weight to the idea that a one-size-fits-all
model might be suboptimal.

By weaving together these observations, the results section underscores that the final choice of
algorithm depends strongly on the operational or research goals. If interpretability is key, linear
regression is the simplest path, albeit with limited accuracy. If classification is desired for hazard
triage, Naive Bayes can be remarkably efficient and capable of handling large volumes of events. If a
stable, flexible predictor of continuous magnitude is needed, the Random Forest stands out among the
four tested models. More specialized kernel engineering could eventually redeem SVM’s theoretical
potential, but in our direct experiments, it did not prove beneficial within the tested parameter space. In
short, the results illustrate a microcosm of the trade-offs that define machine learning in seismology,
bridging from simplistic baselines to ensemble sophistication, while leaving room for future synergy
with physics-based constraints. Ultimately, these findings confirm that machine learning can indeed
add value by patterning historical data to anticipate or classify event magnitude. However, the portion
of variance explained remains moderate, and consistent improvement likely requires multi-disciplinary
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input. If seismic experts combine these methods with state-of-the-art wave-picking, real-time geodesy,
or robust geophysical modeling, further accuracy gains are plausible. In the interim, the outcomes
confirm that even a relatively small set of features can yield classification insights or partial magnitude
predictions that significantly exceed naive guesses, especially when aggregated in an ensemble
approach. End users—whether they be researchers, policy makers, or early-warning implementers—
must therefore weigh computational overhead, interpretability demands, and tolerance for
misclassification or error in choosing which approach to adopt. These results aim to provide a balanced
perspective on how each method behaves within the constraints of the SOCR Earthquake Dataset,
thereby guiding next steps in either research expansions or immediate practical deployments. The
subsequent discussion focuses on five pages of in-depth screenshot analysis, referencing how each
visual artifact (in the order it was shared) reinforces or refines the quantitative interpretations
summarized above. This integration of numeric and visual data underscores how subtle patterns within
the data—manifesting in residual plots, confusion matrices, or partial dependence plots—can shape the
narrative of a model’s suitability and limitations in real-world seismic forecasting scenarios. Below is
a five-page academic analysis of these screenshots, with each paragraph focusing on one screenshot in
the precise sequence in which they were presented
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Figure 1

Firgure 1 shows the distribution of residuals for the linear regression model plotted against
predicted magnitudes, illustrating how well or poorly the linear fit captures the complexities of the
seismic data. The horizontal axis typically represents the model’s predicted magnitude, while the
vertical axis shows the difference between the predicted and actual values. This screenshot underscores
a phenomenon frequently encountered when applying a linear model to a non-linear real-world
process: the residuals appear neither randomly nor uniformly scattered around zero. Instead, the plot
contains large clusters of points that deviate consistently, suggesting that the linear assumption fails to
accommodate higher-order interactions or abrupt transitions in the underlying geophysical processes.
Academically, this signals that certain magnitude ranges are systematically misestimated, which often
manifests as vertical lines of points above or below the zero-residual line. Moreover, the cluster of
residuals near certain predicted magnitudes is indicative of how the model essentially lumps many
events together, lacking the nuance to differentiate between them based on the features provided. This
screenshot thus forms the foundation for concluding that linear regression alone is insufficient for
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accurate magnitude forecasting, even though it remains valuable for interpretability and computational
simplicity.
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Depicts the scatter plot of actual magnitudes on the y-axis against predicted magnitudes on the x-
axis for the same linear regression model. An ideal scenario would see the bulk of data points close to
the diagonal line, signifying near-perfect prediction. Instead, one can observe that many points fan out
widely around that diagonal, creating a band or cluster that reveals poor alignment. A majority of low
to moderate magnitudes may cluster loosely, while outliers representing potentially deeper or more
complex earthquakes appear distant from the diagonal. Academically, it is instructive to note that
certain magnitude ranges reveal a consistent offset: the model might systematically underpredict
events above a certain threshold or overpredict smaller events. By examining the slope of the best-fit
line in this scatter plot, one might also glean additional evidence that linear regression attempts to
compromise between two extremes, leaving large subsets of events incorrectly estimated. Screenshot 2
is typically read in tandem with Screenshot 1 to form a complete picture of model performance, both
from the vantage of residual distribution and from direct actual-predicted alignment.
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Moves away from the linear regression domain to highlight the SVM approach with a chosen
kernel. Here, the screenshot typically superimposes two or more kernel fits (for instance, linear vs.
radial basis function) on a portion of the data. The result is a visual comparison that illustrates how the
SVM attempts to shape a function through the latitude, longitude, and depth space to approximate
observed magnitudes. In principle, one might see a more curved boundary or regression surface when
using the radial basis function kernel, as it attempts to capture the non-linear structure. However, if the
screenshot reveals that these curves do not significantly improve alignment with the observed data
points, it suggests that the kernel transformation does not match the actual geophysical patterns.
Academically, this is a salient demonstration of how choosing a kernel is both an art and a science, and
that no kernel can rectify fundamental deficits in the feature set. If outliers dominate certain zones, the
SVM regression line or curve may attempt to stretch to accommodate them, thus misfitting the main
cluster of points
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Presents a histogram or density plot of residuals for the SVM regression, analogous to the linear
regression residual plot but specifically attuned to the SVM’s predictions. A well-performing model
might show a bell-shaped distribution of residuals centered near zero, whereas a poorly fitted model
might exhibit multiple peaks or heavy tails. In the screenshot, it is evident that the distribution deviates
from a unimodal structure with minimal variance. Multiple lumps or broad tails might be present,
indicating that SVM systematically misestimates entire subsets of quakes. Academically, the presence
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of multiple modes in the residual distribution can imply that the model is conflating events from
different tectonic contexts, or that the kernel parameters lead to an over-correction in certain subranges
of the data. This screenshot can be linked to domain knowledge about local faults or fluid injection
zones that produce anomalies. If those features are not included, the SVM lacks a handle to isolate
such anomalies.
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Figure 5

Moves to classification territory, specifically the confusion matrix for Naive Bayes, wherein
rows represent the true classes (low, moderate, high) and columns represent predicted classes. Each
cell shows how many events from a particular true class were assigned to a particular predicted class.
The diagonal cells represent correct classifications, while off-diagonal cells indicate mistakes. This
screenshot reveals that the bulk of events, being in the low magnitude category, are predicted correctly,
resulting in an impressive overall accuracy. However, the matrix also helps uncover whether moderate
events often get classified as low or if high events occasionally get lumped in with moderate ones.
Academically, this is crucial for hazard analysis, since underestimating a genuinely high event carries
serious operational implications. The screenshot might show that only a small fraction of events
actually belonged to the high class, thus diminishing the classifier’s training signal for that category.
Hence, even if overall accuracy is high, the confusion matrix can highlight vulnerabilities in less
common but more impactful classes.
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Usually complements the confusion matrix with a bar chart or tabular display of precision, recall,
and Fl-scores for each bin. The significance of this screenshot lies in how it reveals class-by-class
performance beyond the single, aggregated accuracy figure. The bars associated with the high
magnitude class may be shorter, illustrating that the model seldom sees such events and therefore
occasionally misclassifies them. Academically, one concludes that although Naive Bayes excels in the
large majority class, care must be taken in interpreting the reliability of predictions for rarer categories.
This screenshot helps unify numeric results with intuitive visuals, painting a clear story of how the
model handles class imbalance. The fact that the independence assumption is naive does not impede
success at large scale classification tasks, but might limit nuance near class boundaries.
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Introduces the Random Forest perspective through a feature importance chart. Bars or lines
indicate how much each feature—latitude, longitude, depth, station count—contributes to the final
predictions. This chart is academically significant in bridging the black-box nature of an ensemble
method with interpretability demands. If the screenshot shows that depth is clearly the most important,
it suggests that deeper events tend to follow distinct seismic patterns that are reliably captured by the
ensemble. Conversely, if station count emerges as highly relevant, that might indicate that better-
instrumented areas yield higher data quality, which the random forest can exploit. The presence of
modest or minimal importance for certain features prompts the question of whether those features are
superfluous or if additional transformations are needed to unlock their predictive power. This
screenshot stands as a prime example of how advanced models can still offer partial clarity on which
inputs drive their performance.
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Typically shifts attention to the distribution of residuals for the Random Forest. Whereas linear
regression often exhibits a fan-like spread, the ensemble approach can cluster more predictions around
zero residual. The screenshot might show a narrower, more centered histogram of error, reflecting how
the variance reduction principle in ensembles yields steadier predictions. One might also see smaller
secondary peaks corresponding to specific subsets of events, presumably those that deviate from
mainstream trends. Academically, the question arises whether these outlier peaks correspond to special
geologic contexts or simply random noise in the data. If partial domain knowledge were appended,
such as labeling events from certain fault segments, one could ascertain whether the random forest
systematically struggles only with a particular subset. The improved distribution over linear regression
or SVM is generally read as validation of the ensemble’s capacity to incorporate non-linear
interactions among features.
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Often delves deeper with partial dependence plots for specific features in Random Forest. In
these plots, one sees how predicted magnitude evolves as a single feature shifts from its lower to
higher observed range, holding other features at mean or median values. The academic merit lies in
dissecting which relationships the forest has actually learned. If the plot for depth shows a gradual
upward slope for deeper quakes, then one infers that the model associates deeper hypocenters with
slightly higher magnitudes. If station count partially correlates with more precise or systematically
different magnitude records, the partial dependence might reveal a subtle upward or downward trend.
These plots are a partial means of extracting interpretability from the black-box nature of ensemble
methods. However, they must be read with caution, as real geophysical phenomena are rarely linear or
monotonic, and interactions between features can be intricate.
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Completes the story by providing a geospatial view of predicted magnitudes superimposed on
the Californian map. Each point in the screenshot indicates an earthquake location, and color or size
corresponds to how close the predicted magnitude was to the actual. A cluster of large discrepancies in
one region might signal a persistent gap in the model’s ability to handle distinctive local fault
properties or station geometry. Another region might show near-perfect predictions if the training set
included many events there, with consistent depth-latitude-longitude patterns. Academically, this
screenshot illuminates the potential for region-specific modeling or station enhancements. If
southwestern California is well-predicted, while the eastern desert shows frequent errors, that might tie
to the station coverage or the complexity of unmodeled local faults. Thus, such geospatial overlays
offer a final, integrative vantage, merging the linear or ensemble-based computations with real
physical space. In conclusion, collectively illustrate the entire arc of model evaluation, from raw
regression fits to confusion matrices and residual plots, culminating in advanced ensemble
interpretability and geospatial overlays. They form a cohesive visual narrative that underscores the
points detailed numerically: linear regression underperforms due to a simplistic functional assumption,
SVM struggles to exploit kernel transformations with limited features, Naive Bayes efficiently sorts
events into broad categories, and Random Forest emerges as the strongest regressor by aggregating
multiple trees. The screenshots also illustrate the variety of academic tools needed to interpret machine
learning outputs in seismology, where complex geological processes cannot always be pinned down to
a few shallow features. Each screenshot, in its own way, highlights the synergy or friction between
data-driven algorithms and the domain intricacies that define earthquake dynamics. By pairing them
with the textual results discussion, readers glean not only the numeric metrics of success or failure, but
also the deeper story about why certain misclassifications or mispredictions arise, and what avenues
remain open for refining these models in future research.

Discussion

The comparative performance of the four models assessed in this study—Linear Regression,
Support Vector Machine (SVM), Naive Bayes, and Random Forest—offers instructive insights into
how machine learning algorithms adapt to seismic data marked by complexity and potential non-
linearities. Linear Regression, though transparent and computationally efficient, struggled to capture
the variety of geological processes that drive magnitude variability. Despite the ability to furnish
interpretable coefficients for latitude, longitude, depth, and station metrics, the linear approach
accounted for only a modest fraction of variance in the dataset, underscoring that tectonic factors and
crustal properties cannot be reduced to simple linear relationships. From an application standpoint,
Linear Regression thus remains most valuable when interpretability is paramount or when the data
environment is constrained such that more advanced algorithms prove infeasible. Support Vector
Machine, by contrast, rests on powerful theoretical foundations and excels in many contexts that
require robust classification or regression, particularly where kernel transformations uncover hidden
structures in feature space. Here, however, SVM underperformed, as evidenced by high mean squared
error and a negative R-squared in several trials. While this outcome may partly reflect the limited four-
feature input space, it also speaks to the sensitivity of SVM to hyperparameter tuning and outlier
distributions. More elaborate feature engineering, such as incorporating geophysical knowledge (e.g.,
local stress loading, detailed station geometry, wave-derived attributes), might improve kernel-based
modeling. The present findings suggest that, in its current form, SVM did not easily adapt to the partial
non-linearity and class imbalance typical of seismic data. In contrast, Naive Bayes produced
unexpectedly robust performance within a discrete classification framework. This model relies on a
simplified probabilistic structure that assumes independence among predictors, yet it classified low-
magnitude, moderate-magnitude, and high-magnitude events with a high overall accuracy. A probable
reason lies in the dominance of the lower-magnitude category, allowing statistical inferences to
succeed despite minimal refinement of conditional distributions. These results speak to the advantages
of lightweight probabilistic methods for rapid triaging in seismological tasks, particularly when the
event distribution is highly skewed or when rapid but coarse categorization—rather than precise
magnitude estimation—is the main objective. Among the regression-based approaches, Random Forest
stood out for its combination of relatively low predictive error and feature importance metrics, which
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together support interpretability and practical utility. Ensemble learning is frequently noted for its
resilience against overfitting and its capacity to model non-linear interactions across variables, and the
earthquake application aligns with that general view. Nonetheless, the modest overall R-squared
observed in this study reiterates that seismic phenomena are inherently multifaceted, with fault
mechanics, lithological heterogeneities, and broader geophysical settings interacting to shape both
magnitude and frequency distributions. Incorporating additional data streams (e.g., dynamic
waveforms, deep geodetic monitoring, spatiotemporal clustering) could amplify the Random Forest’s
explanatory scope and refine magnitude predictions further, particularly under more thorough
hyperparameter exploration. It remains important to emphasize that these machine learning models
cannot yet provide definitive predictions of earthquake timing, location, or magnitude—tasks that lie at
the cutting edge of geophysical science. Instead, these models contribute meaningfully to hazard
analysis and early-warning contexts by highlighting regions predisposed to moderate or large
earthquakes and offering rapid magnitude estimates in the immediate aftermath of a recorded event.
Their utility, therefore, extends beyond purely academic exercises: they augment the capability of
seismic networks to respond swiftly, allocate resources effectively, and inform the public and policy-
makers about potential risks. As ongoing seismological research evolves to integrate more granular
and physically grounded parameters, the modeling approaches discussed here may likewise become
more nuanced, bridging empirical data analytics and the intricate realities of tectonic physics.

Practical Implications and Future Work

The collective insights gained from applying Linear Regression, Support Vector Machine, Naive
Bayes, and Random Forest to earthquake data underscore several promising pathways for both
practical application and ongoing research. One of the most immediately tangible uses emerges in the
realm of early warning integration, where rapid, near-real-time estimates of earthquake magnitude can
be critical for guiding response strategies. Although state-of-the-art systems may rely on more
specialized algorithms or direct waveform analysis, conventional machine learning models can
complement these methods by quickly converting partial or low-latency data into an approximate
magnitude range. Random Forest and Naive Bayes show particular promise in this regard: the former
due to its relatively high predictive accuracy across non-linear relationships, and the latter for its
computational speed and tolerance to data imbalance. The findings also emphasize the importance of
expanded feature sets. While the dataset at hand included latitude, longitude, depth, and station
metrics, more nuanced attributes—such as geological layering, fault slip rates, strain-rate
measurements, or stress field data—could materially improve predictions, particularly for sophisticated
algorithms like SVM and Random Forest. In parallel, deep learning approaches offer yet another
avenue for refinement. Techniques that employ convolutional or recurrent architectures trained directly
on seismic waveforms, for instance, can potentially capture subtle precursor signals that traditional
tabular features may overlook, giving a more granular perspective on the onset of significant events. A
further consideration is the need to incorporate uncertainty estimation. Earthquake forecasting is
inherently probabilistic, and models that provide not only a point estimate of magnitude but also
confidence intervals or probability distributions can inform risk-based decision-making under
incomplete data conditions. Given that seismic networks frequently update as events progress,
adopting approaches such as Bayesian inference or Monte Carlo dropout in neural networks could
yield dynamic confidence measures that evolve in tandem with incoming observations. Finally, there is
the question of transferability. While the data in this project stem from California, a known seismic
hotspot, extending these methods to other regions or global catalogs necessitates careful adaptation.
Divergent tectonic regimes, variations in sensor placement, and incomplete historical records all
demand that models be retrained or domain-adapted. Yet the underlying principles of feature
engineering, ensemble learning, and probabilistic classification remain widely applicable, reinforcing
that these frameworks may be generalized with careful calibration and ongoing validation in multiple
seismic environments.

Conclusion

This research undertook a broad comparison of four machine learning models—Linear
Regression, Support Vector Machine, Naive Bayes, and Random Forest—for the tasks of magnitude

93



MexnyHapoaubiil Hayu bl xxypHa1 AKAJIEMUK Ne 2 (243) 2024 r.

estimation and event classification in California’s active seismic setting. Random Forest demonstrated
the strongest predictive capacity for continuous magnitude prediction, illustrating the efficacy of
ensemble-based strategies that capture non-linear correlations among features. Naive Bayes,
conversely, emerged as a highly effective classifier within a discretized magnitude framework,
showing that simpler probabilistic assumptions can yield robust performance, especially when the
dataset is dominated by lower-magnitude events. By dissecting these methods through both
quantitative metrics and interpretive diagnostics, the study sheds light on practical trade-offs in
seismological modeling: linear methods remain transparent but often insufficient, kernel-based
algorithms can be powerful but require extensive tuning and richer features, ensemble techniques offer
stability under data complexity, and even naive classifiers can exceed expectations when domain
characteristics align. While the precise timing, location, and extent of seismic events continues to lie
beyond the full grasp of data-driven prediction, these models collectively underscore the advances that
machine learning can bring to risk estimation, early-warning contexts, and real-time assessment of
earthquake impacts. Ongoing work in expanding feature sets, integrating deep learning, and refining
uncertainty measures has the potential to further bridge the gap between empirical analytics and the
geophysical realities underpinning seismic hazards.
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BBIINIOJTHEHUE CAMOCTOSTEJBHOM XYJIOXKECTBEHHOM PABOTHI HA TEMY
«GKUBOIINCH B HAIIMOHAJIBHOM KA3AXCKOM CTHJIE»

Hlapunoea /Kanvin Hopazumosna
npenoodasamenb CneyualbHulX OUCYUNTUH
Konneoowe Ynpaenenus, e.Acmana

AHHOTAIUA:

ABTOpCKasi METOJMKAa IO BBIOJHEHUIO XYJO0KECTBEHHBIX paboT Ha Temy <«OKuBOmuch B
HallMOHAJIBFHOM Ka3axCKOM CTHJIe», Ui cTyaeHToB crenuaibHocTH: 02110300 - I'padmueckuii u
MYJIbTUMEIUNHBIN TU3alH.

KumroueBble ci1oBa: aBTOpcKasi METOIMKA, AU3AUH-TTPOCKT, )KUBOMKUCH, HALIMOHAJBHBINA CTUJTb.

BBenenne

XynoKecTBeHHast pabora Ha Temy "J)KuMBOmMCh B HAIlMOHATBHOM Ka3aXxCKoOM crTuie"
MPEIOCTAaBIAECT CTYACHTaM  BO3MOXHOCTh HM3yYUTh M TIEPEOCMBICIHTH KYJIbTYPHOE Haceaue
Kazaxcrana, MHTETpUpys €ro B COBpEMEHHOE UCKYCCTBO. B mporiecce BHIMOTHEHHS pa0OTHI CTYICHTHI
Pa3BUBAIOT HaBBIKU XYI0KECTBEHHOTO aHAIN3a, SKCIIEPUMEHTHPOBAHUS M TEXHUYECKOT'O UCTIOTHEHUS,
9TO CIIOCOOCTBYET MX MPO(HECCUOHATLHOMY U JINYHOCTHOMY POCTY.

Most  aBTOpckas MeToAMKa, pa3paboTaHa CHEIUAIbHO [UIS CTYACHTOB CHELHMaTbHOCTU
02110300 «I"paduuecknii u MyTbTUMEAUINHBIN AU3aiH», TOMOTAIOIIYI0 B HAMTMCAHUU XYI0KECTBEHHBI
pabot. Meronuueckoe mocodue mnpeaycMaTpUBaeT BCECTOPOHHIOI MOIACPKKY, OT BbIOOpa TEMBbI U
cObopa MaTepuasoB 10 CTPYKTYPUPOBAHUS 1 O(GOPMIICHHS paOOTHI.

B mporiecce BBITIONHEHUS THU3aH- IPOSKTOB HEOOXOJMMO YYHTHIBATH, YTO KAaXJBIH CTYICHT
YHUKQJICH, MOATOMY IMpeUIaraeTcs WHAUBUAYaIbHBIN Toaxoa. B Hagae pabGoTel MBI 00CyXkaaem
UHTEPEChl, Ied W YpOBEHb TMOATOTOBKH, uTOOBI pa3paboTaTh WHAUBUAYAJIbHBIA IUJIaH,
COOTBETCTBYIOIIUN Ka)XJIOMY CTYJICHTY.

1. Bei6op TeMmsl. 2. Pa3zpaboTka CTpyKTypbl U KOHTEHTA

Bmecte MBI noz[61/1paeM HHTCPCCHYIO U

AKTYAJIbHYIO TEMY IJIA CaMOCTOSITEILHOMI M1 BMecTe pasp abarblBaeM HCTKYIO

pa6OTLI, YUuThbiBasA 3HAHHWA U HABLIKH, d CTPYKTYPY pa60TBI’ OMPEACTISEM KIIFOUCBLIC

TAKKE TTOCTETHIE TEH/ICHITHH B TpadHaeckom 9Tankl, YTOOBI MOKHO OBLIO IOCIEIOBATSILHO

I[I/I?;al\/JIHe U JIOTMYCCKHU BOIIVIOTUTH CBOU HUICH.

3. IToxbop maTepuanos 4. Co3nanre BU3yalIbHOTO 0(OPMIICHUS

MH(OpMALMH, PePEPEHCEI, CTATHH, BU3YyaJIbHOTO 0(OpMIIEHHS pabOoThl, HAOPOCKH,

M300paXEHNs, BUICO U APYTHE PECYPCHI JUIS ITIOJIbI, CKETYH, ICKHU3BI, YTOOBI paboTa Oblia

CaMOCTOSATENBHOM PabOThI, YTOOBI CTYIEHTHI HE TOJbKO COAEPIKATENBHOI, HO 1

CMOTJIM CO3/]aTh JEHCTBUTENBHO TI1yOOKUH U 3CTETHYECKH IPUBJICKATEIBHOI.

Ka4yeCTBEHHBIN IIDOEKT.

HCJ'II/I 1 3aJa4l CaMOCTOSTeIIbHOM pa6OTBIZ
1. I/I3y‘{CHI/IC HUCTOPUHU U PA3BUTHUS Ka3aXCKOM *KUBOITHCH.
2. Anamms TPAAULIUOHHBIX Ka3aXCKUX OPHAMCHTOB, CHO’KCTOB U CUMBOJIUKH.
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3. Pa3paboTka KOHIENTyaJTbHONH OCHOBBI JUISI TPOEKTA.

4. TlpumeHeHHE 3HAHUM O HALMOHAJIHHOM KAa3axXCKOM CTWJIE€ B COOCTBEHHOH XyH0KECTBEHHOMH
IIPaKTHKE.

5. Co3gaHue OpUTMHAIBHOIO XY10°)KECTBEHHOT'O IIPOU3BEACHUS C UCII0JIb30BAHUEM 3JIEMEHTOB
HAIlMOHAJILHOT'O Ka3aXCKOI'O CTUJIS.

Kazaxckas »uBonuch MpecTaBisieT coO00 yHUKAIbHBIN IJIACT MUPOBON KYJIBTYpBI, B KOTOPOM
TpaguLMU KOYEeBOW LMBWIN3ALUU MEPEIIETalTCs ¢ BIussHUAMU Boctoka u 3anana. E€ sBomrouus ot
MPUKJIAHOTO UCKYCCTBA K MPO(eCCHOHAIBbHONW CTAHKOBOW KUBOIUCH WILTIOCTPUPYET CIOXKHBIA MYyTh
CTaHOBJICHUS HALIMOHAJIIBHOIO XYI0KECTBEHHOI'O HACIEAMS.

CamocrosaTenbHass paboTa, HampaBleHHAas Ha pa3BUTHE MPO(ECCHOHATBHBIX HABBIKOB U
OCO3HaHUE KYJIbTYpPHOT'O HAacjelus B JKUBOIIMCH Ka3axOB, UIPAaeT KIIOYEBYIO pPOJIb B COXPAHEHUM U
TpaHcpopMaIMi HAMOHAIBHOM KyJIbTyphl. OHAa MOMOraeT CTyJIEHTaM JIydlle MOHSATh CBOM KOPHH,
OCBOMTH HOBBIE TE€XHUKH M Marepuaibl, a TaKXE€ CO3/1aBaTb IIPOU3BEIICHHUS, KOTOPBIE OTPAKAIOT
00raTcTBO M1 MHOTOI'PAaHHOCTh Ka3aXCKOU KyJIbTYpBHI.

KoHuenryaneHas OCHOBA SIBJIIETCS Ba)KHEUILIUM 3JIEMEHTOM MPU CO3JaHUU JTU3alH-IIPOEKTa, TaK
KaK OHa OIpeleNisieT HampaBieHHE paboThl, e€ comepKaHWe M XyJOXKeCTBEHHOoe pemieHue. s
CTYJEHTOB TBOPYECKHMX CIIEHUAIbHOCTEH, Takux Kak "['papuueckuil U MyJabTUMEIUWHBIN nu3aiiH",
pa3paboTka KOHIENIHUU TpeOyeT aHanmu3a KyJbTYPHOTO KOHTEKCTa, BHIOOpa TEMBbI M MPOPAOOTKH €&
BHU3YaJbHOTO BOIUIOIIEHHA. B MeToanueckoM MOCOOMU pAcCCMOTPEHBl OCHOBHBIE JTallbl U
PEKOMEHIalMU AJIs YCIEeUTHONW pa3paboTKU KOHIIETITYaIbHOM OCHOBBI OYIYIIIETO MPOEKTA.

[lepBpIM U Ba)KHEHIIMM [IArOM B CO3/JaHUU KOHIEMIUH >KUBOIUCH SIBJISIETCS BHIOOD TeMbl. J[is
Ka3aXxCKOW KMBOIMCH 3TO MOXKET OBITh Kak OOpalieHne K TPaauMOHHBIM MH(aM U 3mocam, Tak U K
COBPEMEHHBIM BOIIPOCAM, BaXXHBIM JUIst oOmiectBa. [Ipu sToM Tema JomKHa OBITh TITyOOKO CBSI3aHA C
ucropuel, ¢pmiocodueii ¥ MHPOBO33PEHUEM Ka3aXxCKOTO Hapojaa. DMOCH Ka3aXxOB — A3TO OOTaThIi
WMCTOYHUK BJIOXHOBEHHS MJs >KMBOINHUCH. OMUYECKHE MMOAMBbI, Takue Kak «KoOmaHmbl OaTwipy,
«Anmnamsicy, «Ep Tapreiny, «Kanrap» u apyrue, craiu BaKHON 4acThIO XyJI0)KECTBEHHOTO HACJeUs,
Haxo/i1 OTPaKEHHE B )KUBOIIKCH.

Jliia co3gaHusi KOHLETIUU pabOThl, OCHOBAHHON Ha MU(paX U 3M0CaX, BAXKHO M3YyYUTh U MOHAITH
KyJbTYPHYIO CUMBOJNMKY. Hampumep, cuMBon jouiaad B Ka3axCKOM KyJbType — 3TO HE TOJBKO
KUBOTHOE, HO M BOIUIOLIEHHE CBOOOABI, MOIIU, NpeojoseHus. M3yunB Takue CHUMBOJIBI, MOXHO
co3iarth paboTy, KOTOpas MepeAacT He TOJbKO BHEIIHWW BHJ TpeAMETa, HO U €ro IyooKoe
BHYTPEHHEE 3HaUCHHUE.

HccnenoBanue u aHanus

- Coop nndpopmanuu: M3ydyeHue TeopeTHUECKUX MCTOYHMKOB, aHAJIM3a MPOU3BEICHUN MCKYCCTBA,
CBSI3aHHBIX C BBIOPAHHON TEMOI.

- Ananu3 aHanoroB: PaccmoTpenue paboT Apyrux XyA0KHUKOB WM AU3aWHEPOB JUIS BIOXHOBEHMS
U OTIpe/ieNIEeHUs] YHUKAJIbHOTO MOJAXO0/a.

- Ilpumep: AHanM3 Ka3aXCKMX OpPHAMEHTOB, CIOKE€TOB 3M0CAa W CHMBOJHUKU JUISI CO3JAHUS
ayTEHTUYHON KOMIIO3UIINH.

Kazaxckuii cTUiib B )KUBOMMMCHOW pabOTe SBJISIETCSI OCHOBOM TBOPUYECTBA, B HEM COJIEPIKUTCS
HCTOPUKO-KYJIbTYpHas 0a3, MOATOMY HM3y4YeHHME HALMOHAIBHOIO CTWJIS HAYMHAETCS C aHaju3a ero
UCTOpUYECKNX KOpHeH. Ka3axckue opHaMEHTHI U CUMBOJIMKA, TAKUE KaK "KOLIKap MyHWH3", oTpakaroT
CBSI3b Y€JIOBEKa C MPHUPOJIOH, GHIIOCO(DUI0 KOUEBOW )KU3HU U TAPMOHMIO OKPYKAIOIIETO MUPA.
KittoueBbie 31€MEeHThI CTUJIS:

1. 'eomeTprueckue y30phl.
2. 3ooMoOpGHBIE U PACTUTEITLHBIE MOTHBHI.
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3. CumBonuKa KocMoca (COJHIIE, 3Be3/Ibl, KPYTH).

300MopHbIe pacTuTebHbIE KOCMOIOHHYECKHE  reoMeTpHYecKue
“pora” “aepeso” “comapuelii Kpyr”  “KunHooGpazypii”
“napHeie pora” “mer” “cnupanp” “sur3ar”

B £ L @
“aedropMUPOBAHHBIIA “TpHAKCTHHK" “KpecroBuHa” “YCTHIPEXIHCTHHK "
p ‘9
“rycuHas mieika” *nponyckHoit” “paccper” “KOCTBUIB"
“crynusa” “npyxuHa” “3pesna” “Kprovok”

“ropb sepbinona”™ “userTok” “noaymecsu” “amyner”
% ? g

000\ SV

“nayk” “rionbnan” “BeckoHe Hbit” *BOPAIOPHBII
opHaMeHT”

Pucynox 1. Tunwvt oppamenmos

HanuonanbHeli CTUIIb MO3BOJISIET MOAYEPKHYTh KYJIBTYPHYIO MJIEHTUYHOCTh B IJI00AJIBHOM
KOHTEKCTe. BriroueHne Ka3axCKMX MOTHBOB B TpadUUecKHil IH3aifH, MIUTIOCTPALUIO, apXUTEKTYPY,
YKUBOIIMCH SABJIETCS BaXKHON COCTaBJIAIOLIEH COBPEMEHHOTI 0O UCKYCCTBA.

Pexomennanuu aiis CTyA€HTOB:

e M3ywarp Tpaguuuu M MHHOBALMM. Ba)kHO HE TOJNBKO NMOHUMATh TPAAULIIMOHHBIE TEXHUKH U
MaTrepuasbl, HO U UCKaTh HOBBIE ITyTH Ul UX aJalTalliy B COBPEMEHHBIX KOHTEKCTAX.

e OcBauBath HOBble TexHOoNoruu. CoBMEUIEHHE CTAPUHHBIX TEXHUK C LUPPOBBIMU
MHCTPYMEHTAMU WM HOBBIMM MaTepHalaMM MOXKET TNPHUBECTH K CO3JAHUI0 YHUKAJIBHBIX
IIPOU3BEICHNN HCKYCCTBA.

o Pa3BuBath uccnenoBarensckyro padory. IloHnMaHue HCTOPUYECKOTO KOHTEKCTa U MU(OJIOTUI
HapOJHOIO0 HMCKYyCcCTBa IIOMOraeT JIu3aiiHepaM co3JaBaTh Oosiee TIyOOKHE M 3HAauMMble pPabOTHI,
KOTOPBIE OTPAXKAIOT KYJIBTYPHOE HACIEAUE.
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MEXIYHAPOIHBIN OMBIT MO JU®OEPEHIIUALIMIO YTOJJOBHOI'O HAKA3ZAHUS
IMPOTHUB JIMYHOCTHU U OLNEHKE TSAXKECTHU ITPECTYIIVIEHUSA
B NTPOIECCE PACCJUIEJOBAHMUSA

Daiizonnaesa 7K. H.
Mazucmpanm Axademu npagooxpaHumenbHulx OpeaHo8
npu I'enepanvuoui npoxypamype Pecnyonuxu Kazaxcman

AHHoTanus. B cratbe aHanmusupyercs MEXIyHApOIHBIM OnbIT JuddepeHranud yroJoBHOTO
Haka3aHUs 1O TMPECTYIUICHUSM MPOTUB JHUYHOCTH. OIEHUBAIOTCS  3aKOHOJATEIbHBIE U
nporeccyanbHble moaxonasl PecrnyOmmku Kaszaxcran, Poccuiickoin ®enepanun u denepaTuBHOM
Pecriyonmuku ['epmanus. IlpencraBieH cpaBHUTENBHBIN aHAIW3 C LEIbI0 BBISBICHUS 3()PEKTUBHBIX
MPAKTUK, CIOCOOCTBYIOMIMX CHpaBeIMBOMY U TudEepeHIIMPOBAHHOMY MPUMEHEHHUIO YTOJIOBHOIO
HaKa3aHWs B 3aBUCUMOCTU OT XapaKTepa MPECTYIUICHUS, JTUYHOCTH OOBUHSEMOTO U OOCTOSTEIHLCTB
nena. Pabora opueHTHMpOBaHAa Ha COBEPIICHCTBOBAHWE HAI[MOHAIHHOTO 3aKOHOJATENbCTBA dYepes
BHEJIPEHHUE JTYUIINX MEKyHAPOIHBIX CTAHIAPTOB.

KiaroueBble cioBa: auddepeHunanus yrojioBHOTO HaKa3aHHUS; MPECTYIUIGHUS MPOTHB
JUYHOCTH; YroJoBHOE mpaBo PecryOnuku KazaxcraH; 3aKOHHOCTB; 3apyOeKHBIN OITBIT, 3aIllUTa TPaB
JIMYHOCTH; CPABHUTEIIbHBIN aHAIN3;

JuddepeHnmanys yroJoBHOTO HaKa3aHUs — 3TO OJHMH U3 KPaeyroJIbHbIX KaMHEH yroJIOBHOTO
npaBa, 00ecreynBaIONINi HHIUBUIYATU3AUI0 MEP BO3JIEHCTBUS, UTO CIIOCOOCTBYET CIPABEIIMBOMY
BO3JIASHUIO W CHIDKCHHIO penuauBoB. OcoOeHHO BakHa AuQQEepeHIHanus MpH MPECTYIUICHUIX
MIPOTHUB JIMYHOCTH, [J€ HE TOJBKO JESHUE, HO U JMYHOCTHBIE XAPAKTEPUCTUKHU KaK JKEPTBbI, TAK U
OOBHHSIEMOTO HWIPAIOT KIIOYEBYIO POJb. AKTYaIBHOCTh JAHHOTO WCCIEAOBAaHUS Oa3upyeTcs Ha
HE0OXOIUMOCTH CpaBHEHHS TOJIX00B TPEX MpaBoBhIX cucteM — Kazaxcrana, ['epmanuu u Poccuu — ¢
LETBI0 aHAJIM3a KaK 3aKOHOJATENbHBIX HOPM, TaK U IMPOILIECCYaTbHBIX MEXaHU3MOB OIEHKH TSIKECTH
MPECTYIICHUH.

B Kazaxcrane nuddepennumanys Haka3aHUi peain3yeTcs 4epe3 rpalalyio BUIOB HaKa3aHUN B
YTOoM0OBHOM KOJI€KCE, YUYUTHIBAs TSXKECTh MPECTYIUICHUS W JMYHOCTU MPABOHAPYUIUTENA. 3AECh
CYIIECTBYIOT KBaTU(DUKAIMOHHBIE U OTATYAIOIINE MPU3HAKU, BIUSAIONIME HA HaKazaHue (Harpumep,
COBEpIICHHE TIPECTYIUICHUS B OTHOIICHMHM MaJlOIETHUX, HCIOib30BaHue Hacuiusa). [Iporecc
CJICJICTBHS HAIICJICH HAa BCECTOPOHHEE PACCMOTPEHHE OOCTOATENBCTB Jiea C IEJIbI0 TOYHOW OIEHKH
TSOKECTH COJAESHHOTO W JIMYHOCTH OOBHUHSEMOTO, YTO IMOMOTaeT OMNpPEENIUTh COOTBETCTBYIOIIMIA
YPOBEHb YTOJIOBHOW OTBETCTBEHHOCTH U HaKa3aHUS.

BaxHoi1 0COOEHHOCTHIO SIBISIETCSA aKTUBHOE UCTIONIB30BaHNE aJIMUHUCTPATUBHBIX U YTOJIOBHBIX
MEp C y4e€TOM COIIMaJIbHO — MPABOBBIX (DAKTOPOB, YTO CMOCOOCTBYET TMOKOW CHCTeME HaKa3aHUH.
CornacHo uccieI0oBaHUIO, MPEICTAaBICHHOMY B OQHIMATbHBIX MCTOYHUKAX, B Ka3axcTaHe Bce uaiie
MIPUMEHSIOTCSI MEPHI, COUETAIOIINE KapaTelbHbIE U TPEBEHTUBHBIE QYHKIINH, YIUTHIBAIOIINE MPU STOM
WHIUBUAYATbHbIE OCOOCHHOCTH MPABOHAPYIIUTENS U OCOOCHHOCTH MPECTYIIIICHHS.

['epmanus u3BecTHa cBOEH pa3BUTOM cucTeMoll AuQdepeHlranuy Haka3aHui, BCTPOCHHOH B
paMK{ TPHUHIIMIA MPOMOPUUOHAILHOCTH U HIMPOKON cyAeOHOH OCMOTpUTENbHOCTH. B Hemenkom
YTOJIOBHOM TIpaB€ YETKO PAa3JCNICHBl MPECTYIUICHHUS IO KATETOPHSM M TSKECTH C KOHKPETHBIMHU
CaHKIUSIMH, TJI€ OJTHO U3 KITFOYEBBIX TPEOOBAHMI — COOTBETCTBUE HAaKa3aHUS CTENEHU OOIIECTBEHHON
OTMACHOCTH JESTHUS W JUYHOCTH BUHOBHOTO. CyneOHas cuctema ['epmMaHuM JOMyCKaeT THOKOCTH B
HAa3HAYEHUHM Mepbl HaKa3aHWs, BKIOYas MEPECMOTP CPOKOB M YCIOBUN OTOBIBAHUS, YTO OTpaKkaeT
TYMaHUCTHYECKYI0 HAIPaBJICHHOCTh YTOJOBHOTO TpOIlecca. YTOJOBHBIM TMPOIECC PETyIUPYyeTCs
KECTKO JUII TOYHOTO OMNPENENICHHUS BCEX KBATHM(PHUIMPYIOMIMX MPU3HAKOB. MaKCUMaNbHBIH CpPOK
JUIIEHUsT CBOOOABI B YCKOPEHHOM TIPOM3BOJACTBE — 1| TOA, YTO OTpa)xaeT CTPEMIICHHE
MUHHMMHU3UPOBATh YPE3MEPHBIEC HAKA3aHUS [IPU MEHEE TSHKKUX MPECTYIIICHUSX.
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[Tporecc paccnenoBaHHMs pPErJIAMEHTUPOBAH C OCOOBIM BHHMAaHHEM K JIOKAa3aTEeIbCTBAM H
OOCTOSITENTLCTBAM JI€JIa, YTO OOECHEeYHMBAaET TOYHOE OMNpEJeNIeHHE BCEX KBAIHU(PUIMPYIOMIUX U
cMsryalommx — (akTopoB.  YCKOpPEHHBIE MPOLEAYPbl  NPUMEHSIOTCS  HMCKIIOYUTENIBHO  IIpU
MaJIO3HAYUTENBHBIX MPECTYIUICHUSX C OrPaHUYEHHEM MAaKCHUMAaJIbHOTO CpPOKa JIMIIEHHUs CBOOOIBI J0
OJTHOTO T'0JIa, 4TO MOoJ4YepKuBaeT auddepeHInpoBanHbIi moaxon [1].

B Poccun nuddepennmanyisi yrojaoBHOro HaKa3aHHUsS OCYLIECTBIIETCS HCXOAs W3 cTarei
VYTOJIOBHOTO KOJIEKCa, KOTOPHIE BBIICIAIOT KBATU(PHUIMUPYIOUIME M CMATYAIOMIME O0CTOSATENhCTBA. A
TaKke Kateropuu npecrtymieHuil. [Ipoiecc paccienoBanusi JeTalbHO CTPYKTYPUPOBAaH, C OCOOBIM
BHUMaHHEM K BBISIBIICHUIO BCEX OOCTOSTENBCTB, YTO BIMACT HA TSKECTh MPECTYIUICHUS U BBIOOP MEpHI
HakazaHus. OTmeuaercs, 4ro B oriauuue oT ['epmanum, B Poccum Oonee mHpPOKO MpUMEHSETCS
peanbHOE JIMIICHWE CBOOOJBI, Ja)Xe IMPH YHPOIIECHHBIX IMPOIEAypax, YTO OTpa)xkaeT 0COOEHHOCTh
HAI[MOHAJILHOW YTOJIOBHO — IPABOBOM MOJUTHKH.

CymiecTByoIME 3aKOHOIATENbHBIE HOPMBI IIPEyCMaTPUBAIOT KOMIUIEKCHYIO CUCTEMY OLIEHKH
TSKECTH TPECTYIUICHUS, YYUTBIBAasg XapakTep, MOCIHEACTBHS, MOTUBbI M JIMYHOCTH BHUHOBHOTO.
[IpakTrKa MOKa3bIBaeT aKTMBHOE HMCIIOJIb30BaHHE MHCTUTYTa AU(QepeHnrnaniuy Haka3aHUi C eIbIo
MpeIynpexACHUs PEUINBA U COLUAIbHON PeaduINTalUN OCYKICHHBIX.

[TpUHIMT UCKITIOYUTENBHOCTH, AONMYCKAIOMIMHA TU(GEpEeHIIANNI0 YTOJIOBHOTO IPOIIecca JIUIIb
B OTHOIIEHUU JeJ, IPEICTABISIOMNX HAUMEHBIIYI0 OOIIECTBEHHYIO OMACHOCTb, MO3BOJSET JAOCTHYD
OanaHca MyOJUYHBIX W YaCTHBIX MHTEPECOB. YTPOIIEHHE MPOU3BOJICTBA KOMIICHCUPYETCS POCTOTOM
paccMaTpuBaeMbIX JIed, a TakKe JIOMYCTUMOCTBbIO TaKUX TMPABOBBIX IMOCIEICTBUI, KOTOpHIE
HE3HAYUTEJIbHO OIPaHUYMBAIOT IPaBa JMIla, COBEPIIMBIIET0 OOIIECTBEHHO ONacHOE JesiHue. [ 1aBHbIM
KE KpUTEPHEM, TMO3BOJSIOIIUM TOBOPUTH O BO3MOXKHOCTU YIPOIIEHUS, SIBISETCS OOIeCTBEHHAs
OIIACHOCTb COBEPLICHHOIO AesiHUs. Tak, MpuKa3 0 HaKa3aHUM MOKET ObITh BHIHECEH JIMILb B CIydasx
COBEpIICHUS] YTOJIOBHBIX npocmynkos (das Vergehen), 1oia KOTOpPBIX OT OOIIEro 4Yucia
MIPOTUBOMNPABHBIX YrOJOBHO HakKa3yeMbIX AesHHi B ['epmaHuu (B pacueTre HE yUUTHIBAIOTCS YacTU
cTarel ¢ KBAIMQUUUPYIOUIMMH NpU3HAKaMH) COCTaBisieT mpuMepHo 6,5%. VYckopeHHoe
MIPOU3BOJICTBO, B CBOIO OYepeib, BOBMOKHO B OTHOILIECHUU JIOOBIX J€Nl, €CIM B KOHKPETHOM Cllydae
IpeJiIoiaraeTcs Ha3HauYeHUE HaKa3aHUs He CTpoXke 1 roja peaibHOTO JIMLIEHHS] CBOOOIbl. XapaKkTep
CaHKIUU  SBISETCS  BaXHBIM  KpUTEpUEM, HEOOXOJUMBIM  JUIsl  pealu3alud  IpUHLHUIA
UCKJIIOYUTENbHOCTU. ECiii B OTHOLIEHMM YCKOPEHHOTO MPOM3BOJACTBA 3aKOHOJATENEM YCTaHOBJIEHA
BEPXHSS T'paHMIIAa JOIyCTUMOW CaHKLUH, TO B NMPOM3BOJCTBE MO BBIHECEHUIO NMpPHKa3a O HAaKa3aHUHU,
KOTOpPO€ CBSA3aHO C OOJIBIIMMHU OIPaHUYEHHMSIMH W YIPOILIEHUSIMHU, B 3aKOHE MPHUBEAEH 3aKPbITHIN
NepevyeHb JOMyCTUMbIX K HA3HAUEHUIO HaKa3aHWU (camoe CTpOoroe cocraBiseT 1 roj JUILIEHUsS
cB000/1bI yCiI0BHO). OOLINM SBIISETCS TO, YTO B 000MX CIIydasx JOIYCTHUMBIN Mpeesl CAaHKIUH OYeHb
HU30K — BCero 1 roji JIuIIeHus: cBOOOIbI (YCIOBHO).

B yronosaom nporecce Poccuu neno odcrout muasiM odpazom. Cornacto 4.1 c¢t1.314 VIIK PO,
0COOBIN MOPAIOK NPUMEHSETCS, €ClId MPEeIyCMOTPEHHOE B COOTBETCTBYIOIIEH CTaTbe YTOJIOBHOTO
kojiekca P® HakazaHue 3a COBEpIIEHHOE MPECTyIUICHHE He TpeBbimaeT 10 jeT JuiIeHuss CBOOOIBI.
Peub uzer 060 Bcex KaTeropusx MpecTyIUIEHUH, KpoMe 0c000 TSXKKUX, 4TO cocTaBisieT 89% oT Beex
npeaycMoTpeHHbIX YK P® nesnwmii. Kak BHIHO W3 NPUBENEHHBIX JaHHBIX, KPYT AEN, IO KOTOPBIM
BO3MO>XHO YIPOIIEHHOE IPOM3BOACTBO B Poccum, 3HaunMTensHO mupe, yeM B ['epmannn. Hemenkoe
3aKOHOAATEIBCTBO C ONACKOM I0IycKaeT NpUMEHEHHE TaKoro HaKa3aHus, KaK JIMIIEHUE CBOOO/Ibl, BHE
ob1ero nopsiaka. Eciu npu ycKOpeHHOM NMPOU3BOACTBE MaKCUMAaJIbHOE HaKa3aHUe MOXKET ObITh 1 rof
peaIbHOTO JIMIIEHUS] CBOOOJIBI, TO MPH NMPHKa3e O HaKa3aHUH JIOMYCTUMO JIMIIb YCIIOBUE JIMIICHUE
cBOOOTBI [2].

CpaBHUTEIBHBIN aHATN3

B Kazaxcrane u Poccun quddepennmanus HakazaHUM TECHO CBs3aHa C KOHTUHEHTAJIbHBIMU
MPaBOBBIMU  TPAAMIMIMM, BKIIOYash CTPOTyH KiIacCU(PUKAIMIO TPECTYIJIEHUH U  CUCTeMY
KBAJTM(HUIUPYIOUIMX NpPU3HAKOB. ['epmanus Bbaessercs Oosnee TMOKUM CyZeOHBIM YCMOTpPEHHEM U
TYMaHUCTHYECKUM IMOJXOJOM K YTOJIOBHOM OTBETCTBEHHOCTH, OCOOCHHO B 4YacTH IPUMEHEHUs
HaKa3aHUM, HalpaBIEHHBIX Ha pecolualu3anuio. B mporeccyalbHOM IUIaHE BCEe TPU CTpaHbI
CTpeMsATCS K OOBEKTUBHOM M IIOJIHOM OIEHKE TSDKECTH TpecTymieHus, oaHako [‘epmanus
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OrpaHUYMBACT MPUMEHEHUE PEATHHOTO JIMIICHUS CBOOOBI B YIIPOLICHHBIX MPOLEAYpaX, YTO CHIKACT
Harpy3kKy Ha cyaeOHyro cucremy. OOmee st Bcex CTpaH — COOJIOJCHHWE TPUHIIUTIA
IIPONOPLIMOHAIBHOCTY HAaKa3aHUsl, KOTOPOE COOTBETCTBYET TSKECTH IPECTYIUIEHUS M JIMYHOCTU
BUHOBHOTO [3].

Tem He MeHee, uMmeercs euié OfHA CTpaHa IIe CyAeOHBIA MPOLECC OTIMYAETCS OT APYTUX
crpad. Jlns cpaBHeHMs, B AHINIMM CyJeOHBIH Ipolecc OTIMYAeTCs TEeM, YTO IPU Ha3HAYEHUHU
HaKa3aHMs CyJl YYUTHIBAET HE TOJIBKO HOBOE MPECTYIJIEHUE, HO U HAIMYKME MPEIBbIIYIIUX CYyJUMOCTEN
y noxacynumoro. Ecnu nuuno panee ObUIO NPU3HAHO BHHOBHBIM, TO HOBOE HAaKa3aHUE YacTo
IIPUCOEANHSIETCS K YK€ Ha3HAYEHHOMY, CO3[aBas TaK Ha3blBAEMYI0 CHCTEMY KyMYJIATHBHOIO
HakazaHus uiu cumulation.

Cyn B AHNIMM 1©pU Ha3HAYEHMM HAKa3aHMsS 3a HOBOE IIPECTYIUIEHHE YUYUTHIBAET
HEMOrallleHHble HaKa3aHUs 3a MPOLUIble MPECTYIUIEHUS, €CAM OHM eIl€ OTOBIBAIOTCS WIIU
UCTIBITATEIIbHBIN CPOK HE OKOHYEH. B 3TOM ciyyae HOBOE Haka3aHHWE MOXXET OBITh J100aBICHO K
OpeablayieMy, JIMOO MCIOJHEHHE HaKa3aHWH coBMelaeTcs, 00 Haka3aHUs HCIOJIHSAIOTCS
IIOCJIEZ0BATENBHO. JTO MO3BOJIIET YCUJIUTh OTBETCTBEHHOCTh JIMIA C IIOBTOPHOM YTIOJOBHOM
ucropuelt, ycwinas >pdekt npeBeHuMu M HakazaHusa. CyJps B paMmMKax CyJIeOHOro mporiecca
OLICHMBAET BCE OOCTOSTENIbCTBA JI€Ja, BKIIOYAs XapakTep M TSKECTb HOBBIX M IPOIUIBIX
IPECTYIUUICHUH, IOBeleHUe OOBHMHsAEMOro W pucku Juig oOuiectBa. CyneOHoe ycMOTpeHHE HAéT
BO3MO)XHOCTh Ha3HayaTh HaKa3aHWE, MPOINOPLUOHAIBHOE COBOKYIHOCTH IPECTYIUIEHUH, BKIIIOUas
BO3MOKHOCTb YBEJIMYEHUS CPOKA HAKa3aHUS 110 CPABHEHUIO C OTJCIIbHBIM IPECTYIIEHUEM.

B Anrmuu cymecTByIOT crienuanbHbie pykoBojicTBa Crown Prosecution Service u Sentencing
Council, xoTopble HAINpPAaBIAIOT CyIbl MO JelaM C YYacTHEM JIMIl C CyAMMOCTbIO. PykoBoncTBa
IIpelyCMaTpUBaIOT, KaK YUYUTHIBATh HAJIMUKUE PELUINBA, a TAKKE€ OCOOCHHOCTH Ha3HAUEHUs HaKa3aHUs
IIPU COBOKYIHOCTHU IPECTYIUICHUH.

s mpumepa, nena xon Bopouca. Ixon Bopouc, nzBectHblil kKak «YepHbiii TakcucT, ObLT
IIPU3HAH BUHOBHBIM B COBEPUIEHUM Psiia CEKCYaJbHBIX NPECTYIJIEHUH, B TOM YKCJIE€ W3HACUIOBAHUM,
B Jlonnone. Ero mpecryruieHusi 0XBaThIBaJM JUIMTENbHBIA MEPUOJ BPEMEHH, C MHOI'O YHCIEHHBIMU
SMHU30J]aMH HamajeHuil. BopOuc ObLI MPUTOBOpPEH K UIMTENBHOMY HAaKa3aHHIO — IMOKU3HEHHOMY
3aKJIIOYEHHUI0 ¢ MUHUMAJIBHBIM CPOKOM coJepxaHus 1noja crpaxeil okono 20-30 ner. Ilpu stom cyn
YUUTHIBAJ HE TOJIBKO OJJHO MIPECTYIUIEHUE, a KOMIJIEKCHYIO COBOKYITHOCTb ACSIHUM [4].

Kymynsuus HakazaHMid M pPEeKOpJIHBIE CPOKH: B OOJBIIMHCTBE CIy4YaeB CYJIbU MPUMEHSIOT
COBOKYITHOE€ HaKa3aHHWE, HalpuMep, CYMMHUDPYS CpPOKM 3@ KaXI0€ TNPEeCTyIUIEHUue, dYTOObI
copmupoBate o6uMil cpok. B mpaktuke BemnkoOputaHun (QUKCHpYIOTCS Ciaydad, Korjaa OOLIHii
CyMMapHbIi CpOK HakazaHMs cocTaBisi Oonee 200 neT (Hampumep, ¢ y4eTOM paHee Ha3Hau€HHBIX
IIPUTOBOPOB U HOBBIX 00BMHEHUIT). Takue CpokH, KaK MPaBUIIO, 03HAYAIOT MOKU3HEHHOE 3aKIII0YEHUE
C JIOITUM MHUHUMAJIbHBIM CpPOKOM COJEepKaHusi moJ cTpaxed. HecMoTpss Ha HOMUHAJIBHYIO
JUTUTENIHOCTh, CUCTEMA TIPElyCMaTPUBaET BO3MOKHOCTh YCIIOBHO — JIOCPOYHOTO OCBOOOKICHUS MPU
YCIIOBUU YCIIEUTHOTO COOIOICHUS BCEX TPeOOBaHMIA.

AHaJIoruu ¢ ApyruMHM Jenamu, B BenukoOpUTaHUM M MPUMEPHI IPUTOBOPOB C JIUTEIbHBIMU
cpokamu: JIxozep MaxkKann oOBHHsUIICS M MPUTOBAPUBANICS K JUIUTEIBHBIM CPOKAMU MPECTYIUICHUH,
r7ie B cymMmMe HakazaHus npesbimani 200 net. YOuidubl 1 cepuilHble HACUIBHUKH HEPEAKO MOJTyyaroT
MO’KU3HEHHBIE IPUTOBOPHI C MUHUMAJIBHBIMU CpoKaMu cojepxkanus oT 25 no 30 ser, ogHako cymma
Ha3HAYEHHBIX CPOKOB B COBOKYITHOCTH MOXKET OBITh TOpa3/io OoJbIle.

Heno wmencectpol Jlrocu Jletbu. bputla mnpu3zHana BUHOBHOM B yOuiicTBe cemMH
HOBOPOXKJICHHBIX, a TAKXKE B MOKYIIEHUH Ha KU3Hb elIé MIecTephlx MiajeHIeB. JIetOu ncnomnap3oBaia
pa3iauyHble METOJbl NPUYMHEHHUS CMEpTH, BKJIIOYas BBEJIEHHE BO3JyXa B BEHY M OTpaBJICHUE
uHcynuHOM. Cyn Manuectepa npuroBopui e€ K IOKH3HEHHOMY 3aK/IIOUueHHI0 0e3 MpaBa Ha
MMOMUJIOBAaHUE WM JIOCPOYHOE OCBOOOXKIEHHE — OTO CaMbld KECTKUM MPUTOBOP B OpPUTAHCKOH
opuandeckoil npaktuke. Cyzibsi OTMETHI, 4TO €€ MPecTyIJICHUs] HEOOBIYaliHO KECTOKH U BBI3BAIU
OTPOMHBIN 00IIeCTBeHHBIN pe3oHaHc. JIrocu JlerOu cranma ogHON W3 HEMHOTHX KEHIIWH B AHTIINH,
MIOJIyYMBIIMX Takod mnpurosop. IlpuroBop orpakaeT cucTeMy KyMyJSLUM Haka3aHUi, Kornaa
COBOKYITHOCTh MPECTYIUICHUH MPUBOJUT K MAKCUMaJIbHO CTPOTOMY HAaKa3aHHUIO — MOKU3HEHHOMY
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3aKIIIOYECHHUIO C 3ampeToM Ha ocBobokaenue (Life sentence — moXM3HEHHBINH CPOK C BO3MOKHOCTBIO
YCIIOBHO — JIOCPOYHOTO OCBOOOKIEHHUS Uepe3 OINpeAcHHbIH MHHHUMaIbHBIM Ccpok, Life order —
MOKU3HEHHBIN CPOK 0€3 BO3MOKHOCTH JOCPOYHOTO OCBOOOXKICHUS, HA3HAYAEMBIH 3a 0C000 TSKKHE
npecTymienus) [5].

B PecnyOnukn Kazaxcran KOHLENIHMS CyMMapHOTO (KyMyJIATUBHOTO) Haka3aHHs 3a
COBOKYITHOCTb IPECTYIUIEHUH CYIIECTBYET U PETyJIUPYETCs YIOJIOBHBIM 3aKOHOJATEIbCTBOM, OJIHAKO
NPUMEHEHHE TaKOW Mephl MMeeT OCOOCHHOCTH B OTIMuYME OT npakTuku Anrimu. CormacHo cr.52
VYromnoBHoro koxaekca PecnyOmukum Kazaxcran, npu Ha3HAYeHUM HAaKa3aHMUS  yYUTBIBAIOTCS
COBOKYITHOCTh YTOJIOBHBIX IPaBOHAPYIIEHUH WJIM COBOKYIIHOCTH ITPUTroBOpoB (cT.58, 60 YronoBHOrO
Kozxekca). Ecim Jymno mnpu3HAaHO BHHOBHBIM B HECKOJIBKMX MPECTYIUICHHSIX, Cy/Abs Ha3HadaeT
HaKa3aHUE HMCXOIs W3 OOIIeH OmMmacHOCTH Ui OOILIeCTBa, JUYHOCTH W XapakTepa COBEPIICHHBIX
nessHui. B 3ToM ciywae nmpumeHsieTcst Oojiee CTpOroe Haka3aHHE C Y4YeTOM LieJed HMCIpaBIeHUs U
MPEIYIPEKACHUST HOBBIX MPECTYIJICHUN. J[OMOMHUTENBHO K JIMIIEHUIO CBOOOJBI MOTYT Ha3HAYATHCS
JONOJHUTEIbHBIE BMJbl HAaKa3aHUM (JMILIEHME I[IpaBa 3aHUMaTh JOJDKHOCTH, 3aHMMAThCS
OIIpEICIIEHHON JESATEIILHOCTH).

Ecin B Ka3zaxcrane mnpuMeEHSATh CyMMapHOE CJIOXEHHE HaKa3aHuil, KaKk B HEKOTOPbIX
OpuTaHCKHX ciay4asx (Hampumep, 250 jet u OoJbIe), 3TO MPHUBEAET K PATUKAIBHOMY YKECTOUYCHHIO
Haka3zaHUl U 0ojee YeTKOMY BBIPQKEHUIO OOIIECTBEHHOIO MOPHIIAHUS MHOTO KPATHBIX U TSKEIbIX
IIPECTYIUICHUH.

OpHako, Takas IpaKTHKa MOXeET BbI3BaTb BOINPOCHl TYMAaHHOCTH, 3(PQHEKTUBHOCTH
WCIPABJICHUSl M pealli3allud HaKa3aHWUU, TaK KaK peajbHble CPOKU OTObIBaHUS OYyAYT CYIIECTBEHHO
IIPEBbIILIATh yesnoBedeckuil Bo3pacT. B PecniyOnuku Kazaxcran npeaycMoTpeHa MHCTUTYLMOHAIbHAS
BO3MO)XHOCTh CYMMAapHOI'O yd€Ta BC€X IPECTYIUIEHMH B OJHOM IIPUIOBOPE WM COBOKYIHOCTHU
IIPUTOBOPOB, HO C YYETOM IPUHIMIIOB CIPABEJIMBOCTU U MHAWBUIAYyalIU3aluu Haka3zaHus. OMbIT TpEX
CTpaH YKa3blBaeT HAa 3HAUMMOCTb KOMIIJIEKCHON ¥ THOKOW Tu(depeHIMaluy yroJOBHbIX HaKa3aHUH U
TUIATEJILHOTO IpOLECCyalbHOrO aHanu3a. [Ipsmas MexaHuueckas aKKyMyJSIUsL CPOKOB, Kak B
aHIIMHCKOM NpaKkTUKe, HE HCHOJb3yercs. BHeapeHue Takod MpakTHKM HOTpeOyeT IpaBOBOM
J0pabOTKU U YUYETa COLIMAIbHO — IIPABOBBIX MTOCIIEACTBHIA.

CnucoK HCIoJb30BAHHBIX HCTOYHHKOB

1. 3apyOexkHass MoOJEIb HCIOJHEHHS YIrOJOBHOTO HAaKa3aHHs B BHjE mTpada Ha MpUMEpPE CTpaH
KOHTHHEHTAILHOW CHCTEMEI IIpaBa — TeMa HAYYHOH CTaThLH IO MPABY YHUTANTE OECIIATHO TEKCT
HAyYHO-UCCIISIOBATEIECKON paOOThI B DJICKTpOoHHOM 0ubanoreke KnbepJlennnka;

2. beikoBckas bpecrep.pdf;

3. Junddepennunanus OTBETCTBEHHOCTH B YIOJOBHOM IIpaBe CTpaH KOHTHMHEHTAJLHOW EBponbl u
Poccun - guccepralivs M aBTopedepar IIo mpaBy M ropucnpyaeHimd + ". CkayaliTe OecmiaTHO
aBTopedepar JHMCCEpPTAIMM HA TeMY YTOJOBHOC TIpaBO U KPHMUHOJIOTUS; YIOJIOBHO-
HCIOTHUTENLHOE PABO;

4. Serial rapists receive longer minimum jail terms after appeal;

BBC, crates «bpuranckas Meacectpa, yOWBaBIIas MIIAJICHIEB, MOJIY4YWIa TOKW3HEHHBIH

MpUToBOp 6€3 IMpaBa Ha TOMHJIOBAHUEY;

6. BBC, craths no neny /Ixxo3epa MakKanHa ¢ JuTenbHBIMUA IPUTOBOPaMH;

Bukunenus u cyneOHbie 0030pbI MO MTOXKHU3HEHHBIM 3aKJIIOYCHUSM B AHTJINH;

8. PyKoBOACTBO IO yrOJIOBHBIM HaKa3aHUSAM M COBOKYITHOCTH IPUTOBOPOB B AHTIINY;

W

~
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Abstract. The article explores the impact of artificial intelligence (AI) on meaningful work and
outlines ethical frameworks for its responsible deployment. It engages with philosophical and business
ethics perspectives, drawing on Hackman and Oldham’s Job Characteristics Model and Lips Wiersma
& Morris’s holistic framework of meaning at work. Empirical surveys are synthesised to demonstrate
the accelerating pace of Al adoption across industries and its mixed effects on job satisfaction,
productivity and work-life balance. The analysis contrasts leading governance models, including the
FATE framework, the OECD AI Principles, and industry-driven initiatives such as Transcend,
highlighting their complementary strengths. Three trajectories of Al integration—task replacement,
tending the machine and amplifying human skills—are evaluated for their implications on task
integrity, self-development and social contribution. The paper advances novel proposals: introducing a
Meaningful Work Impact Assessment (MWIA), embedding participatory co-design in workplace Al
systems, developing transparent human-Al dashboards and expanding ethics training in professional
development. These mechanisms aim to ensure that Al enhances human flourishing rather than
undermines dignity in the digital workplace.

Keywords: artificial intelligence, Al ethics, meaningful work, worker autonomy, digital
transformation, fairness and transparency, FATE, OECD Al Principles.

Introduction. Artificial intelligence (AI) has moved from the domain of science fiction into the
quotidian reality of modern work. Machine-learning algorithms manage supply chains, optimise
manufacturing plants and even conduct preliminary interviews for white-collar jobs. This ubiquity
introduces deep ethical questions. What does it mean for work to remain meaningful when algorithms
perform tasks once reserved for humans? How do we ensure that decision-making processes remain
fair, transparent and accountable in an age of opaque models? And what frameworks can guide the
development of Al so that it enhances rather than erodes human dignity? These questions drive an
emergent field that sits at the intersection of ethics, labour studies and technology policy. The
discussion synthesises contemporary scholarship, surveys empirical evidence on Al adoption, critically
analyses the implications of Al for human flourishing, and proposes novel contributions and
recommendations.

Al refers to a set of computational techniques that allow machines to perform tasks that would
ordinarily require human intelligence — such as reasoning, planning, problem solving and learning
from experience. Importantly, Al is not monolithic; it ranges from rule-based expert systems to large
language models capable of generating coherent prose. Work becomes meaningful when individuals
perceive their labour as having worth, significance or a higher purpose. Philosophers and business
ethicists argue that meaningful work supports human well-being and flourishing; it enables the
exercise of rational capacities and the pursuit of self-realisation. Yet the increasing deployment of Al
raises the prospect that tasks central to workers’ identities might be automated. The challenge is
therefore not just technical but existential: how to preserve meaning in a world where machines
perform a growing share of cognitive labour.

The literature on meaningful work identifies both task-specific and holistic factors. Hackman
and Oldham’s Job Characteristics Model (JCM) emphasises task identity, task significance and
autonomy. These characteristics support meaning by allowing workers to complete a whole piece of
work, understand its impact and exercise discretion. Lips-Wiersma and Morris provide a holistic
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model that balances being (developing and becoming oneself) and doing (making a difference), and
between self and others. Integrating these frameworks yields five dimensions: task integrity (the ability
to execute complete tasks), self-development (opportunities for growth), serving others (contributing
to society), unity with others (feeling connected to colleagues) and work significance (perceiving one’s
labour as valuable). These dimensions serve as a lens through which to assess AI’s impact on
meaningful work. Scholars and policymakers have proposed several ethical frameworks to guide Al
development. The FATE framework — fairness, accountability, transparency and ethics — emphasises
human oversight and algorithmic explainability. A scoping review of Al in social media and health
care shows that human review of algorithmic recommendations is essential for ensuring fairness and
for preventing discriminatory outcomes. The American Medical Informatics Association expands
FATE with additional principles such as dependability and auditability. The OECD Al Principles, an
intergovernmental standard adopted in 2019 and updated in 2024, articulate values-based principles
including inclusive growth and well-being, human rights and democratic values, transparency and
explainability, robustness, security and safety and accountability. These principles call on Al actors to
respect human rights, provide meaningful information about Al systems and ensure that Al is robust
and secure throughout its lifecycle. Industry initiatives such as Transcend’s policy brief highlight
fairness and non-discrimination, privacy and data protection and responsible data sourcing.
Collectively, these frameworks form the normative bedrock for ethical Al governance. Understanding
the scale of Al adoption is critical for assessing its impact on work. Surveys compiled by the U.S.
Federal Reserve Board reveal that estimates of firm-level Al adoption vary widely: the U.S. Census
Bureau’s Business Trends and Outlook Survey (BTOS) reports that fewer than 5 % of firms used Al in
the preceding two weeks, whereas when the same data are employment-weighted and cover a
six-month horizon the adoption rate rises to about 20 %. Other firm-level surveys conducted in
late 2023 and mid-2024 cluster between 20 % and 40 %. Worker-level surveys show similar ranges but
focus more on generative Al; adoption rates vary between 20 % and 40 %, with computer
programmers reporting especially high uptake. These data suggest that Al use is growing rapidly
across sectors. Indeed, the Chamber of Commerce recorded a 73 % annualised growth rate
between 2023 and 2024, the Census BTOS shows a 78.4 % growth rate and the American Bar
Association reported a 38 % rate.

The relationship between Al adoption and job satisfaction is complex. A longitudinal study of
part-time students and graduates in Switzerland indicates that digitalisation — including Al — can make
work more interesting and increase productivity, thereby raising job satisfaction. However, the same
study observes that digitalisation increases time pressure and worsens work-life balance. These mixed
effects underscore the need to design Al systems that enhance, rather than erode, workers’ well-being.
Bankins and Formosa distinguish three paths of Al deployment: replacing tasks, tending the machine
and amplifying human skills. Replacing tasks involves automation of both simple and complex
activities, potentially freeing workers from drudgery but also risking deskilling and the erosion of task
integrity. Tending the machine refers to new roles centred on maintaining, training and supervising Al
systems; while these roles require technical skills, they can fragment work into narrow monitoring
tasks and raise ethical questions about the human role. Amplifying human skills emphasises Al as a
complement that expands human capabilities; by automating routine tasks, Al can create space for
creative, analytical and relational work, thereby enhancing self-development and work significance.

Table 1 compares key ethical frameworks. FATE stresses fairness and accountability; the OECD
principles broaden the scope to include inclusive growth, human rights and robustness; and the
Transcend/Messenger framework highlights non-discrimination, privacy and responsible data
sourcing. Together, these frameworks illustrate the multifaceted nature of Al ethics, encompassing
both values and operational guidelines.

Table 1. Comparison of key ethical frameworks

Framework Key principles

FATE  (Fairness,  Accountability, | Fairness; accountability; transparency; ethics;
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Transparency, Ethics) explainability; dependability; auditability

OECD Al Principles Inclusive growth & well-being; human rights &
democratic values; transparency & explainability;

robustness & safety; accountability

Transcend / MDPI Ethical Principles | Transparency &  explainability; fairness &

non-discrimination; privacy & data protection;

responsible data sourcing

The frameworks provide complementary rather than competing guidance. FATE focuses on
process (ensuring fairness and accountability in algorithmic decision-making), the OECD emphasises
both values and technical safeguards, while Transcend foregrounds data stewardship and privacy. A
pluralistic approach that synthesises these principles is therefore necessary to protect human dignity
and ensure Al supports meaningful work.

Results and discussion. To translate these frameworks into practice, organisations need
empirical data about Al adoption and its effects. Table 2 summarises the major surveys on Al use in
the workplace. The BTOS survey distinguishes between a two-week lookback period (less than 5 %
adoption) and a six-month period weighted by employment (about 20 %). Other firm-level surveys
report adoption rates ranging from 20 % to 40 %, though their samples may skew towards larger firms.
These figures highlight the rapid diffusion of Al even in contexts where adoption was previously low.

Table 2. Al adoption in the workplace: key surveys

Survey Adoption rate | Sample (approx)
(approx)
Census BTOS (2-week lookback) <5 % 164 500 firms
Census BTOS (6-month lookback, | =20 % 164 500 firms
employment-weighted) (employment-weighted)
Other firm-level surveys 2040 % Varies (approximately
1 000-5 000 firms)

For visual clarity, Figure 1 plots these adoption rates, while Figure 2 shows the annualised
growth rates reported by different organisations.

Approximate Al Adoption Rates Across

Surveys
30
< 20
528 Anp 7
z
o BTOS BTOS Other
g (2wk) (6mo) Surveys
= SURVEY

Figure 1 — Approximate Al adoption rates across major surveys
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Both charts indicate that Al adoption is accelerating and that worker-level surveys often show
higher generative Al uptake than firm-level surveys.

Annual Growth Rates in Al Adoption
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Figure 2 — Annualised growth rates in Al adoption reported by different sources

Table 3 synthesises the theoretical discussion of AI deployment paths and their ethical

implications for meaningful work. It indicates how replacement may diminish task integrity and sense
of purpose, whereas amplifying human skills supports self-development and social contribution.

Table 3. Al adoption trajectories and ethical implications for meaningful work

Al Task integrity | Self-development | Serving others | Unity with | Work

deployment others significance

path

Replacement | Reduces Potential May distance | Less teamwork | Can diminish

of tasks autonomy and | deskilling and | workers from | due to | sense of
wholeness of | alienation social automation purpose
tasks contribution

Tending the | New Requires new | Shifts focus to | New Raises ethical

machine maintenance | technical skills system upkeep | collaboration questions
tasks; may with Al | about the
fragment specialists human role
work

Amplifying | Enhances Encourages Frees time to | Supports Amplifies

human skills | ability to | learning and | serve clients | collaboration meaning
complete growth and through through
whole tasks communities | augmentation | creative tasks

Ethical challenges: fairness, autonomy and surveillance
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Although Al offers opportunities to enrich work, it also raises serious ethical concerns. Fairness
and discrimination constitute perhaps the most pressing challenges. Al systems trained on biased data
can perpetuate or amplify existing inequalities. Recent scandals involving automated hiring tools that
favour male candidates or penalise applicants with gaps in their CVs illustrate the dangers. The FATE
framework mandates fairness audits and bias mitigation, while the OECD principles call for
non-discrimination and respect for human rights. However, bias mitigation techniques remain an open
research problem, particularly when dealing with intersectional identities (e.g., the combined effects of
gender and ethnicity). Ongoing algorithmic audits and independent oversight are therefore essential.

Autonomy and control are also at stake. When Al replaces decision-making with automated
recommendations, workers may feel reduced to cogs in a machine. A human-in-the-loop design, where
humans retain ultimate control and can override or contest Al recommendations, is vital. Moreover,
workers should have the right to abstain from using certain Al tools if they conflict with personal
values or professional judgment.

Surveillance and privacy present another set of ethical concerns. Al enables pervasive
monitoring of employee behaviour, performance and even emotional states. Without stringent privacy
safeguards, such surveillance can cause anxiety, distraction and feelings of manipulation. A University
of Michigan analysis reports that workers exposed to emotion-recognition Al experience psychological
harm and privacy violations. While emotion-recognition technologies fall under the scope of the EU
Al Act’s prohibition, other forms of AI monitoring remain largely unregulated. Employers should
therefore adopt transparent data-collection policies, limit monitoring to what is strictly necessary and
obtain informed consent.

Figure 3 presents a qualitative radar chart that compares the perceived impact of different Al
deployment paths on the five dimensions of meaningful work. Notably, ‘amplifying human skills’
yields positive scores across all dimensions, whereas ‘replacing tasks’ scores lowest on task integrity
and work significance.

Qualitative Impact of Al Deployment Paths on Meaningful Work

=@==Replacement e=@==Tending Amplifying

Task Integrity

w \n

Work Significance Self Development

Unity with Others Serving Others

Figure 3 — Qualitative assessment of how different Al deployment paths affect dimensions of

meaningful work

The foregoing analysis highlights the need for innovative approaches to ensure that Al enhances
meaningful work. Building on existing literature, I propose several original contributions:

1. Meaningful-Work Impact Assessment (MWIA) — Before deploying AI systems in the

workplace, organisations should conduct a Meaningful-Work Impact Assessment that evaluates the
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potential effects on the five dimensions of meaningful work. MWIA would complement existing
impact assessments focused on bias and privacy. It should involve workers, ethicists and technologists
to ensure diverse perspectives.

2. Participatory co-design — Involve workers directly in the design and implementation of Al tools
that affect their tasks. Participatory co-design can reveal context-specific insights that developers
might overlook and empower workers to shape technologies that support their values.

3. Human-centric Al dashboards — Develop dashboards that provide transparent information about
Al decision-making (e.g., the data sources, model confidence and reasons for recommendations). Such
dashboards would enhance user trust and allow workers to challenge decisions that negatively impact
their meaning at work.

4. Ethics training and continuous education — Integrate ethics and digital literacy into professional
development programmes. Workers and managers must understand AI’s capabilities and limitations to
use it responsibly. Ongoing education can also prepare employees for new roles created by Al,
supporting self-development.

5. Interdisciplinary research on Al and meaning — Encourage collaboration between philosophers,
psychologists, technologists and labour scholars to study how Al influences workers’ sense of purpose.
Mixed-methods research combining qualitative interviews with quantitative surveys could uncover
nuanced dynamics between Al adoption and meaning.

Conclusion. Artificial intelligence has the potential to profoundly reshape the experience of
work. Empirical evidence suggests that Al adoption is accelerating and that its effects on job
satisfaction are mixed. Ethical frameworks such as FATE, the OECD principles and privacy-oriented
guidelines provide valuable guidance, but they must be applied in concert and adapted to specific
contexts. By examining the dimensions of meaningful work and the paths of Al deployment, has
highlighted both risks and opportunities. It proposes novel mechanisms — such as Meaningful-Work
Impact Assessments and participatory co-design — to ensure that Al serves human flourishing. The
future of meaningful work depends on our ability to harness Al ethically and imaginatively.
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Annomayusn. TlomukynerypHas cpena Kaszaxcrana TpeOyer ocoboro moaxona K OOyYeHUIO
pycckoMy si3bIKy. B Takux ycnoBHsX OCOOGHHO BakHa THOKOCTh W aJaNTHBHOCTH METOJOB
npernoaBanus. B ctaTbe paccMaTpuBaeTCs UCTIONB30BAHUE IICKTPOHHBIX 00pa30BaTEeIbHBIX PECYPCOB
(D0P) kak cpencrBa MOBbIMIEHUS Y3PHEKTUBHOCTH MPENOIaBAHUS PYCCKOTO S3bIKA B MOJIUKYIBTYPHBIX
Kiaccax. PaccMOTpeHbl KOHKpEeTHbIE MmpuMepbl BHeApeHUs DOP W ux BiWsHHE Ha MOTHBAIMIO U
yCIIEBaEMOCTh YYCHHUKOB.

Knrwouesvte cnoea:dnekTpoHHbIE 00pa30BaTEIbHBIE PECYPCHI, PYCCKUN S3bIK, MOJIMKYJIBTYpHAS
cpena, Kazaxcran, nuppossie TexHonoruu, LearningApps,0iInHIBU3M.

KazaxcraH — MHOTOHAIIMOHAILHOE TOCYJIapCTBO, B KOTOPOM PYCCKHM SI3BIK COXPAaHSIET CTaTyC
SI3pIKa MEKHAIMOHAILHOTO o0meHus. OOpa3zoBaTellbHas CHUCTEMa pPecnyOIMKd OpUEHTHpPOBaHA Ha
pa3BUTHE OMIIMHIBAIBHON W MOJMSA3BIYHON JTHYHOCTH. B CBSI3U ¢ 3TUM, 00y4YEeHHE PYCCKOMY SI3BIKY B
YCIIOBUSAX TIOMUKYJIBTYPHOTO Kilacca TpeOyeT UCIOIb30BaHUsI COBPEMEHHBIX W 3(()EKTHBHBIX
moaxoaoB, B ToM uucie — D0P.(1,¢.5)

UcnonszoBanre DOP B monuKyIbTYpHOU Cpe/ie TO3BOJISET:

-AanTUpOBaTh YYEOHBIN MPOIIECC MO/ YPOBEHD 3HAHUH yUaIIUXCSI

-Mcionb30BaTh BU3YyaIbHbBIC, ayIUaIbHBIC H MHTCPAKTUBHBIC CPEIICTBA JIJIS PA3BUTHS SI3BIKOBBIX
KOMIIETCHITH;

-IloBbIIIaTh UHTEPEC K IPEIMETY YePe3 UTPOBBIC H MYJIBTUMETUIHBIC (DOPMBI.

[ToxpGupare DOP nemaroram HEOOXOAMMO B COOTBETCTBMHU C BO3PACTOM M BJIAJICHUS PYCCKUM
SI3BIKOM,a TAKXKE CHCTEMAaTUICCKU OIICHUBATH d()(PEKTUBHOCTH MPUMEHEHHS IIU(PPOBBIX HHCTPYMEHTOB.

B ycnoBusx momukyneTypHoro oobmectBa OOP cTaHOBITCS HEOOXOAMMBIM 3JIEMEHTOM
oOydeHus: pycckomy si3bIKy. OHHM TMO3BOJISIOT (OPMUPOBATH WHTEPEC, MOTHBHUPOBATH YYCHUKOB,
obOecnieunBaTh THOKOCTh MpPEMOAaBaHMs U Pa3BUBATh BCE BUIBI pEUEBON JeATeNbHOCTH. [IpakThka
nokaszana, 4ro mHTerpamus DOP crmocoOCTByeT HE TONBKO Jy4llIeMy YCBOCHHIO Marepuana, HO U
(hOpMHPOBAHHIO TOJIEPAHTHOCTU M MEXKKYJIHTYPHOTO TOHUMaHUA.(2,¢.8)

OfHUM W3 CePBUCOB, IOCTATOYHO MPOJTYKTUBHBIM U JIETKUM B UCIIOJIb30BAHUH, SIBISICTCS CEPBUC
LearningApps.org. OH NpeaocTaBisieT BO3MOXKHOCTH YUYUTENI0O M CaMHM YYalllUMCS  CO3/1aBaTh
WHTEpPaKTUBHBIE YU4eOHO-MeToAn4YecKue mocobus. LearningApps.org siBisieTcst npunoxxkenuem Web 2.0
Ui TOJACPKKHA OOy4deHHMs] M Tpollecca MpPEernoAaBaHHsl C TMOMOIIbI0 HWHTEPAKTUBHBIX MOJYJIEH.
WHTepakTHBHBIC 3a/IaHUST 3TOTO CEPBHCA MOXKHO HCIIOJIB30BaTh MPHU MPOBEPKE 3HAHWM YYaIIUXCS B
KauecTBE TEKYIEro KOHTPOJsS, MpU O0OOOIIEHUH M TOBTOPEHMU TEMBI, BO BHEKIJIACCHOW paboTe 1o
IpeIMeTy, BKIIOYaTh Kak TpeHaxépel nmpu noaroroBke k  OI'D. Urposas ¢opma crocoOCTByeT
MO3HABATEIPHON aKTUBHOCTU YyYalIMXCs, TOBBIIIAET MOTHUBAIMIO YYalluxcs K mpeamery. Ha caiite
UMEIOTCS TOTOBBIC MHTEPAKTHBHBIC YIIPAKHEHUS, CUCTEMATH3UPOBAHHBIC KaK TI0 MOMYJISAPHOCTH, TaK U
M0 MPEAMETHBIM o0NacTsaM. 37ech  MpelacTaBieHo 34 MakeTa JUIsl CO3JaHUS HHTEPAKTUBHBIX
IUIAKTHYECKAX MaTepuajoB. MakeTsl paclpeleNeHbl 1Mo OJIokaM B 3aBHCHMOCTH OT BHIA
JeSTeNbHOCTH:  BBIOOp, pacmpenelieHue, TOCIeI0BaTeNbHOCTh, 3allOMHEHHE, OHJIAWH-UTPHI,
WHCTPYMEHTBL. ECITM HET BpeMEeHH, MOXKHO HCIIOJIb30BaTh T'OTOBBIC 33JaHUS 1O TeMe. DTOT CalT
TMIOJIE3€H TEM, UTO HE TOJIBKO YUUTEIb, HO U YUEHUK MOXKET CO3/1aTh MHTEPAKTUBHOE YIIpaKHEHUE.

Bce mabnonsr ot cepBuca LearningApps.org MOKHO HAIOJHUTH CBOMM cojepxkaHueM. s
CO3/1aHUA 3aJaHU HEe TpeOyeTcss HUKAKUX MHCTPYKIUi. C MOMOIIBI0 TOTOBBIX MIA0IIOHOB, KOTOPHIE
paccmatpuBaroTcs Ha http://learningapps.org/, MOXKHO TMOIIATOBO OCBOUTH KOHCTPYUPOBAHUE 32/ IaHUM.
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s ucnonp3oBaHusi cepBuca LearningApps.org HYKHO 3aperuCcTpUpPOBATBHCS, BHIOpaTh S3BIK U
O3HAKOMHTHCSI C BOBMOKHOCTSIMU CEepBHCa. 371eCh MOXKHO CO3[aTh CBOU 3aJaHUSl Pa3IMYHOrO TUIA
(Urpel Ha pa3BUTHE MAMSATU, KPOCCBOPAbI, BAKTOPUHBI C BLIOOPOM MPABMILHOTO OTBETA, TECThI, HAUTH
nmapy ¥ yCTaHOBUTh COOTBETCTBUE, urpy «Bucemmma», «Kak crare mumumonepom».(3,c.12) Ha
IJIABHOW CTpPaHMIIE MOXKHO BBIOpaTh HEOOXOauMyIO (opMy 3aZaHusl M3 MPEII0KEHHOTO KaTayora.
Jlisg co3maHusl CBOEro 3a/laHusi HEoOXOJUMO HaxaThb Ha KHOIKY «HoBoe yrpakHeHue», chenarb
BBIOOp M CKOHCTPYUpOBaTh 3amaHue. [ljis TOro 4rtoObl BOCHOJIB30BATHCS TOTOBBIMHU 3aJlaHHSIMH,
HEeoOX0UMO HaXkaTh KHONKY «Bce ymnpaxkHeHus», TZie MpeAcTaBlieHa KOJUICKIHS YHPaXXHEHHH IO
npenMeraMm. Takoe 3aaHue MOKHO JaTh Ha ypOKE Ui BCEro KJIacca, MCIOJb3ys MHTEPAKTUBHYIO
JIOCKY WJIM CBOM KOMIIBIOTEpP U 3KpaH MpoekTtopa. Ho camoe BaxxHOE: MOXHO 3aperUCTpUPOBATH Ha
3TOM CaliTe CBOMX YYEHHKOB M JlaBaThb MM 3aJlaHH€ Ha JIOM (PEIIUTh WM COCTaBUTh KPOCCBOPI,
BUKTOPHUHY, COCTAaBUTh WJIH 3aIOJHUTH TAOIHILY U T.N.) YUEHUKY 00s13aTEJIbHO TTOHPABUTCS JIOMAIIHEE
3aJIaHUE C UCII0JIb30BAHUEM KOMIIBIOTEpA.

Wrak, mopsaok paboTsl ¢ caliToM:

1. 3apeructpupoBaThbcsl Ha CaliTe.

2. BeiOpaTh THT ynipa)KHEHUS.

3. Coznath n0J00HOE MPHIIOKEHHUE.

4. CoxpaHUTb MIPUIIOKEHUE.

[Ipexxne yem co3gaTh HOBOE YIpaKHEHUE HA cailTe, Hy)KHO Iojao0paTh Marepual Uil 3alaHus 10
TeMe (1o kiacey).(4)

Takum o0Opa3om, 3alaHus WHTEPAKTHBHOIO 00pa3oBaTelIbHOTO pecypca LearningApps.org
CHOCOOCTBYIOT Pa3BUTHUIO MBICTUTENIbHBIX HABBIKOB. 3a/1aHUS y4aT KIACCU(PUIIMPOBATH, COMIOCTABIIATH,
aHAIM3UPOBATh, IPUHUMATH PEIICHUS, JeTaTh BRIBOILL. VcrpaBisath cBou ommOku. [Ipu BeITOTHEHUN
WHTEPAKTUBHBIX JIOMAIIHUX 3a/laHui, TOCTPOEHHBIX C IOMOIIBI0 JAHHOTO CEpBHCA, Yydalluecs
MOJIy4al0T HAaBBIKM CaMOCTOSITENbHON paboThl, (GOPMUPYIOT y OO0y4arouMxcs yHHBEpPCATbHBIC
y4eOHbIe NeMCTBUS U MO3BOIISIOT Oosee 3(p(peKTUBHO TOCTUTATH IIIAHUPYEMBIX PE3yIbTATOB.

CchuIKY Ha 3a/1aHUs HA CalTe:

1.Ccpuika Ha MHTEPaKTUBHBIN pecypc «3arnoiaHu IIPOILYCKU»:
http://LearningApps.org/display?v=posbfgtgal 6

2. CcpllKa Ha MHTEPAKTUBHBIN pecypc «KTo X0ueT cTaTh MUILITMOHEPOM) :
http://LearningApps.org/display?v=p8h14i30j16

3. Ccpbuika Ha UHTEPAKTUBHBIN pecypc «Haiinu mapy»:
http://LearningApps.org/display?v=pbwayahen16

[Inarpopma LearningApps npenocTaBisieT MIHPOKWE BO3MOXKHOCTH JUIS  CO3JaHUs
WHTEPAKTHBHBIX YIPAXKHEHUH IO PYCCKOMY S3BIKY, CIIOCOOCTBYS TOBBIIIICHHIO MOTHBAIlUU U
BOBJICUEHHOCTHU yYaIHXCs.

[ToueMy WMEHHO UTPOBBIC CEPBUCHI MPHBIICKIM MOe BHHUMaHue? J[elo B TOM, 4TO, KaK IHCAJ
A.C. Makapenko «U rpa uMmeer Ba)KHOE 3HaUCHHUE B JKU3HHU peOCHKa, UMEET TO )K€ 3HAUCHHE, KaKOe Y
B3pPOCJIOTO UMEET AESTEeNbHOCTb, padoTa, ciyxk0a. KakoB peOeHOK B Urpe, TAKOB BO MHOTOM OH OyJieT
B pa0boTe, KOora BhIPacTeT».

Urpa tpeOyeT HampspKEHUS dMOIMOHAIBHBIX U YMCTBEHHBIX CHII. OHA MOMOTAIOT JETSIM CTaTh
TBOPUECKUMHU JHYHOCTSIMH, Ja€T BO3MOXKHOCTh TOKa3aTh ce0s. B urpe ydeHHWK peanu3yeT Takue
Ba)KHBIE COCTABJISIFOIINE €T0 KU3HU KaK CaMOBBIpaXEHUE, CaMOIIPOBEPKA, CAMOOTIPE/ICTICHHUE.

B pamkax 0OHOBIIEHHOTO COJIep>KaHUsl 00pa30BaHUS MOTHBAIIUSA K OOYUYCHHIO 3aHIMMAET BaXKHOE
MecTo. [lenb MoTHBauu - GOpMHUpPOBAHUE Y JETeH YCTOWYMBOTO MHTEpPECa K IMPEAMETY, Pa3BUTHE
JIOTUYECKOTO MBIIIJICHHS H YMEHUS MPUMEHSTh MOJTyYeHHbIE TEOPETUUECKUE 3HAHUS Ha TIPAKTUKE.

Crnenyromasi 1aTgopmMa,KOTOPYIO TPHMEHEHSII0 Ha ypOoKaX B KauecTBe 00pa3oBaTEIbHOTO
urpoBoro cepucasapiusercs Wordwall.Ota mnnatrgopma mMO3BONSIET B 3HAYUTEIBHOW CTENEHU
aKTUBH3MPOBATh YYCHUKOB M MHTCHCH(DHIIMPOBATH YUEOHBIH MPOIECC HA YPOKAX PYCCKOTO SI3bIKa U
TuTepaTyphl. B KOHTEKCTe MHTEPAKTUBHBIX UTP 3HAHUS MPUOOpeTaroT uHble Gopmbl. OCOOEHHOCTHIO
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TaKWX 3HAHUH SBJISETCS TO, YTO YHALIHICA MOTyYaeT ee He B BUJIE YK€ TOTOBOW CHCTEMBI OT Ie/Iarora,
a B IIporiecce COOCTBEHHOW aKTHBHOCTH.

Wordwall — 3T0 MHOro(yHKIHOHAJIBHBIA WHCTPYMEHT JJISl CO3JaHHMS  HWHTCPAKTUBHBIX H
neyaTHeIX MarepuanoB. Camoe TJaBHOE, YTO CEPBUC OYCHb IPOCT B HMCIOJIb30BAaHHH, YTO BBHITOIHO
OTJIIMYAeT €ro OT JPYIHX, CJIOXHBIX CEPBUCOB, MNPEJCTABISAIOIIMX HEKOTOPYIO TPYIHOCTh s
nenaroroB. Pabora Ha 3TOM cepBHCEe JOCTYIHa Ha JIIOOOM YCTPOMCTBE: KOMIIbIOTEpE, TenedoHe,
IUTAHIIETE, - JIMIIb OBl ObLT 1ocTyn B UHTEpHET.

Ho ecnm Takoro noctyna HeT, MOJKHO HMCITOJIB30BaTh ME€UaTHBIE BEPCHHU, U MCIIOIb30BAaTh UX HA
OOBIYHBIX YPOKaX Kak CaMOCTOSATENIbHOE yueOHoe 3ananue. Kak BUIUM, UCTIOIb30BaHUE 3TOTO CepBUCA
HE OrPaHUYMBACTCS TOJIBKO AUCTAHIIMOHHOM (hOpMOil 00yueHus, UMeeT OoIIbIIoe OyayIee U BO BpeMs
OOBIYHBIX YPOKOB.

Wrpossle 3aganus cO3Mar0TCs ¢ MOMOIIbI0 mad10HOB. Hamo BeIOpaTh 1M1a0JIOH M 3allOJHHUTH €ro
CBOMM Y4YeOHBIM MaTepUaloOM. 3aTeM OTIPABUTh CCHUIKY YYCHHKaM, Ha)kKMMasi Ha KOTOPYIO OHH
HAYMHAIOT UTPaTh, BBIOMpAs MpaBWIbHBIE OTBETHl. OTBETHB Ha BCE BOIPOCHI, YUCHUKH OTIPABIISIOT
UX, HAIMCaB CBOE MMsI, M YUUTEIb B PEKUME PEATbHOTO BPEMEHHU Y3HACT YPOBEHb 3HAHUN YYAILIHXCS
1o Tol wiu MHOM Teme. EcTh Tabmuia muaepoB, KOTopas MOTHBHPYET JETel, pa3BHBAaeT B HHUX yX
3JI0POBOTO CONIEPHUYECTBA.

Cama urpa mpoxoIUT OYeHb OBICTPO, 3aHMMAET MajlO0 BPEMEHH, HO NpPU 3TOM aKTHBH3HPYET
MBICITUTEIBHYIO ACATEIBHOCTD, PA3BUBACT JIOTHKY, OBICTPOTY MBIIIJICHUS U KOHIIEHTPAIIMIO BHUMAHUS
YYEHUKOB.(8)
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1.BaiitrypceiHoBa A. Ponb pycckoro s3plka B MOJHKYJIBTYPHOM oOpa3oBarenbHOM cpene Kazaxcrana.
— Anmartsl: Kazak yausepcuteti, 2020.

2.CeneBko I'.K. CoBpeMenHnbie 006pa3zoBaTenbHble TexHONIoruu. — M.: HapogHoe oOpa3oBanue, 2021.
3.dapunoBa A.M. DnekTpoHHOEe OOy4YeHHE M €ro BO3MOXXHOCTH B OWIMHTBaJBbHOW mIKOJNE. //
Oo6pazoBanue u uHHOBaUU. — 2022, — Ne3,
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OIEHKA POJIM COBAK B ITPAKTUKE OBHAPY>KEHHUHN
B3PbIBUATBHIX BEHIECTB

Pycmem /laykees
PYKOBOOUMENb KUHONOSUHECKOU CYHCObl — HAUATbHUK Omoed,

Cayacoa eocyoapcmeennoti oxpanvt Pecnyonuxu Kazaxcman,
Pecnybnuxa Kazaxcman, 2. Anmamoi
rusdau87@gmail.com

Annomayus. B paboTe poBOIUTCS KOMIUIEKCHAs OIIEHKA POJIM COOAK B IMIPAKTUKE OOHAPYKEHHS
B3PBIBUATHIX BELIECTB. PaccMaTpuBalOTCs KIIOYEBBIE MPEUMYIIECTBA MCIOJIB30BAHUS CIIEIHATBHO
00y4YeHHBIX c00aK, TaKMe KaK BHICOKOUYBCTBHTEIIBHOEC OOOHSHHE, MOOMJIBHOCTDh U OBICTpasi peaKiiusl.
AHaIM3UPYIOTCS METOJUKH TIOJTOTOBKH U TPEHUPOBKH >KHBOTHBIX, OCOOCHHOCTH B3aWMOJICUCTBHUS C
KHHOJIOTaMH 1 () PEKTUBHOCTH COOAK B Pa3IMYHBIX YCIOBHIX PAOOTHI — OT adPOIOPTOB U BOK3AJIOB JI0
MOJIEBBIX omnepanuid. Takxke 0OCYKITArOTCS OTPAaHWYCHHUS W BBI3OBBI, BKIIIOYAs BIIMSHHUE YCTAIOCTH,
CTpeccoBBIX (haKTOPOB U HEOOXOAMMOCTh perylsipHoi mnepearrectanuu. CTaThsi MNOAYEPKUBACT
3HAYUMOCTh CO0aK KaKk He3aMEHHMBIX IIOMOIIHHUKOB B oOecreyeHHMd O€30MacHOCTH H
MpeIynpexACHUN TEPPOPUCTUUECKIX YTPO3, a TAKXKE MpeAaraeT peKOMEH AU 0 ONTHUMH3AINH X
MIPUMEHEHHUS B COBPEMEHHBIX aHTUTEPPOPUCTUUECKUX U MPABOOXPAHUTEIBHBIX MTPAKTUKAX.

Knouesvie cnosa: cobaku-wineidkn, OOHAPYKCHHWE B3PBIBUATBHIX BEIIECTB, KHHOJIOTHYCCKAS
ciyx0a, TpeHupoBKa cobak, 0€30MacHOCTh, AHTUTEPPOPUCTUUECKAS MPAKTHUKA, OOOHSHUE )KUBOTHBIX.

ASSESSMENT OF THE ROLE OF DOGS IN EXPLOSIVES DETECTION PRACTICE

Rustem Daukeyev

Head of the cynological service - Head of the Department,
State Security Service of the Republic of Kazakhstan,
Republic of Kazakhstan, Almaty

rusdau87@gmail.com

Abstract. The article provides a comprehensive assessment of the role of dogs in the practice of
detecting explosives. The key advantages of using specially trained dogs, such as highly sensitive
sense of smell, mobility and quick reaction, are considered. The methods of animal training and
training, the specifics of interaction with dog handlers and the effectiveness of dogs in various working
conditions, from airports and train stations to field operations, are analyzed. Limitations and challenges
are also discussed, including the effects of fatigue, stress factors, and the need for regular
recertification. The article highlights the importance of dogs as indispensable assistants in ensuring
security and preventing terrorist threats, and also offers recommendations for optimizing their use in
modern anti-terrorism and law enforcement practices.

Keywords. sniffer dogs, explosives detection, dog training, security, anti-terrorist practice,
animal sense of smell.

B coBpemMeHHOM Mupe BONPOCH 0€30MacCHOCTH M TPEIOTBPAIICHUS TEPPOPUCTHUYECKUX YTpo3
3aHUMAIOT NMpHOpUTETHOEe 3HaueHHe. OaHMM U3 Haubonee 3(h(HEKTUBHBIX M HAAEKHBIX CIIOCOOOB
oOecnieyeHnss 0€30MacHOCTH OOIIECTBEHHBIX OOBEKTOB, TPAHCHOPTHBIX Y3JI0B M MAacCOBBIX
MEPONPUATHH SABISIETCSA UCIOIB30BaHUE CIY>KEOHBIX cobak-uiieek. biaarogaps octpoMy OOOHSHHIO U
BBICOKON 00y4aeMOCTH, COOaKkW CIIOCOOHBI C BBICOKOM TOYHOCTHIO OOHAPY>KHMBATh B3PBHIBUATHIC
BEIIECTBA, Jla)k€ B MUHUMAJBHBIX KOHIEHTpauusx. Mx poibp B cucreMe O€30MaCHOCTH HENb3s
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NEPEOLIEHUTh — UMEHHO OHHM YacTO CTAHOBSTCS IMEPBBIM M CaMbIM OBICTPHIM 3BEHOM B BBISIBJICHUU U
MPEIOTBPALICHUH MOTEHIIMATIBHBIX YTPO3.

TpaguioHHblE METOBI MOUCKA U BBISIBICHUS B3pPBIBUATBHIX BEILIECTB, TAKUE KAaK TEXHUYECKHE
CpeICTBA W XUMHYECKHH aHalu3, HMEIOT OMNpEJEeJICHHbIE HEJIOCTAaTKU — BBICOKAs CTOUMOCTb,
OrpaHHYeHHasT MOOWJIBHOCTh, HEOOXOJMMOCTH CIICIHATU3UPOBaHHOTO mepconana. Cobaku ke,
o0nanas eCTECTBEHHBIMU CIIOCOOHOCTSMU M MPABHJIBHO MOJTOTOBIIEHHBIE, CIIOCOOHBI JOMOJHUTH U
CYIIECTBEHHO MOBBICUTH 3(PPEKTUBHOCTh KOMIUIEKCHBIX MEp 0€30MacHOCTH.

[Tonck B3pbIBYATHIX BEIIECTB C MOMOMIbIO COOAK — 3TO ogHAa U3 Haubosiee d(HPEKTUBHBIX U
IIMPOKO HCHOJIB3YEMBIX MPAKTUK B 00JIACTH OOecriedeHus: 0e30MacHOCTH. DT KUBOTHBIC SBIISIOTCS
HE3aMEHHUMBIMH MTOMOIIHUKAMU B CIACATEIbHBIX ONEPALUIX, IPABOOXPAHUTEIBHBIX MEPONPUITUAX U
Ha KPYIHBIX MEpPONPUATHIX. YCIyrd coO0aKk OXBaThIBAIOT IIUPOKUH CHEKTp 3a1ad, BKIIOYAs
oOHapy»eHHe B3PBIBUATHIX BEIIECTB, MOBBIIICHHE YBEPEHHOCTH B 0OE30MACHOCTH M IPOBEICHUE
y4eOHBIX Oomnepanuid. YTIIyOuMcsl B Kax/Ibli U3 aCIEKTOB ATOW Ba)KHOW TEMBI, PACCMOTPHUM METOIBI
oOy4YeHHUs] W TPUMEHEHHs CIIYKEOHBIX CO0aK, a TakKe MX BKJIaJ B oOecrieueHrne OOIIeCTBEHHOM
6e3onmacHocTu. OTMETUM 3HAYEHHE COOAK B MPAKTUKE OOHAPY)KEHHUS B3PBHIBYATHIX BEIIECTB, METObI
UX TOATOTOBKM U OUEHKU A(PGPEKTUBHOCTH, a TaKKE€ COBPEMEHHbIC TEHJECHUUU W MEPCIEeKTHBBI
pa3BuTusl gaHHOUM oOnactu. Oco0oe BHUMAHHE YICISIETCS B3aMMOJCUCTBUIO MEXKIY KHWHOJIOTAaMHU U
co0aKkaMu, KpUTEPHUSM OLIEHKH UX pa0OThl U aHAINU3Y YCIEIIHBIX IPUMEPOB U3 PEAIbHON MPAKTUKH.

Takum oOpa3zom, MaTepuan MO3BOJUT CO3JaThb KOMIUIEKCHOE NOHMMAHHUE POJIM COOAK-HUILEEK B
obOecrieueHnr OOLIECTBEHHONW OE30MAaCHOCTM U COBEPUICHCTBOBAHMM  AHTUTEPPOPUCTHUECKOMN
NESITEIbHOCTH.

Hcnonb3oBanue cobak i 0OHApY>KEHUS PA3IMYHBIX BEIIECTB, BKIIOYAs B3pPBIBUATKY, UMEET
MHOTOBEKOBYIO HCTOPHIO, KOTOpasi HAYMHAETCS C UX €CTECTBEHHON CIIOCOOHOCTH OPUEHTHPOBATHCS 110
3amaxy. OJHAKO CHUCTEeMaTHYeCKOe NMPUMEHEHHE COOAaK MMEHHO JJsl MOKCKAa B3pPhIBYATHIX BEIECTB
MOJIy4YHJIO pa3BUTHE B XX BEKE.

BriepBrie cobaku Havaiay akKTHBHO HCIOJB30BATHCS JJIsi OOHAPYKEHHS B3PHIBUATHIX BEIIECTB U
JIPYyTUX OMacHBIX MaTepuaioB Bo Bpems [lepBoil MUpOBOIl BOMHBI, KOTJa BO3HUKIIA HEOOXOIMMOCTh B
OBICTPOM BBISIBIICHMHM MUH U CHapsa0B. OJHAKO MacCOBOE M LIEICHANPABICHHOE MTPUMEHEHHE COOaK-
UIIEEeK B AHTUTEPPOPUCTUYECKON MPAKTUKE CBA3AHO C MOCIEBOCHHBIM MTEPHOIOM.

Bropast MupoBas BoiiHa 1aja MOLIHBIN TOJYOK pa3BUTHIO KMHOJIOTUH B BO€HHOH cdepe. Codbaku
UCMOJb30BATMCh Ui OOHApYXKEHHMs MHUH, B3pBIBUATBIX BEIIECTB M Jpyrux OoempumacoB. B
MIOCJIEBOCHHOE BpEeMsI METOJUKU MOJTOTOBKM CO0AaK K OOHapy»KEHHIO B3pBIBUATBHIX BEILIECTB ObLIN
YCOBEPUICHCTBOBAHbI U IepepadoTaHbl, BHEJIPSSI HOBbIE TEXHUKH TPEHUPOBKH U PACHIUPSSA CIHCOK
BELIECTB, KOTOPbIE COOAKHU CIIOCOOHBI 0OHAPYKUBATb.

C pa3BuTHEM TEppPOPUCTHUECKON aKTUBHOCTH B KOHIle XX — Hayane XXI Beka ponb cobak B
oOecnieueHnn Oe3omacHOCTH pe3ko Bo3pocina. ColOaku cTalid HE3aMEHMMbIM HMHCTPYMEHTOM Ha
BOK3aJ1aX, a’pornopTax, MUTUHIAX U APYTHUX MAacCOBBIX MEpONpUATHIX. VX crOCOOHOCTH OBICTPO U
TOYHO HaXOJUTh Ja’K€ Majble CJe/Ibl TAKUX BEIIECTB, KaK TPOTUJI, IUIACTUAbI UM B3PbIBYATHIE CMECH,
CHIDKAIOT PUCK TEPAKTOB U CIIOCOOCTBYIOT CIIACEHHUIO KHU3HEH.

CerogHss mnOAroTOBKAa co0ak i OOHapyXeHHs B3pBIBYATKH MPOXOAUT IO CTPOTUM
MEXYHapOAHBIM CTaHIAapTaM, a UX UCIOJIb30BAHUE B CIy»k0e 0€30MacHOCTH MPOJOKAETCS aKTUBHO
pa3BUBATHCS C BHEAPEHNUEM HOBBIX METOJIMK U TEXHOJIOTHI B3aUMOIEHCTBUS C KHHOJIOTaMHU.

Poinb cobak B mpakTHKe 0OHapYKEHUs B3PhIBUATHIX BELIECTB HCTOPUUYECKH CIIOKMIACH KaK OJHA
U3 KIIOYEBBIX B CHCTeMe obOecrieueHus 0e30MacHOCTH, 0azupysiCh Ha YHUKAJIbHBIX HPHUPOJIHBIX
KauecTBaX KUBOTHBIX U IOCTOSTHHO COBEPIIEHCTBYIOINXCS METOAAX IOJATOTOBKH.

OTmeTHM, YTO COBpPEMEHHasl MpakTHKa MpPUBJIEYEHUS CO00aK B OOHApY>KEHUU B3PBHIBUATHIX
BEIIECTB OCHOBaHA HAa YHHKAJIbHOW CIIOCOOHOCTH HBOTHBIX K OOOHSHHUIO, IO3BOJISIOIIEH BBISBIIATH
Ja)ke MUHUMaJbHbIE CIeJbl OnmacHbIX MmarepuanoB. Cobaku HCHONB3YIOTCS B pa3iMyYHbIX cdepax
0€30IacCHOCTH — Ha TpaHCHOpTe (a’pOMOPTHI, BOK3aJbl, METPO), TAMOXEHHBIX IyHKTaX, MpHU
o0OecrieueHnH OOLIECTBEHHOI'O IMOPSJIKA HAa MAacCCOBBIX MEPOINPHUATUSAX, a TaKkKe B BOCHHOHW U
MOJINLENCKOM 1€ATENBHOCTH JIUIS MAaTPYyJIMPOBAaHUS U MIONUCKA TaHHUKOB (puc. 1).
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Puc. 1 - JlocmoTp TpancnoptHoro cpeacrsa [1]

OOyuenune cobak BKJIHOYAET PACHO3HABAHUE 3allaXOB PA3JIMYHBIX B3PHIBUATBIX BEIECTB, TAKUX
KaK TpPOTHJ, IUIACTHJ, IUHAMUT M JPYTHX, C HCIOJIb30BaHHEM METOJOB MOJOXHUTEIHLHOTO
MOJKPEIICHUS U PEryJIspHOM MepernoAroTOBKY JUIsl MOAJEPKAHUS BBICOKON 3P PEKTUBHOCTH.

Cpenu mopoy yaie Bcero mpuMeHSI0TCst 1adpaopsl, HEMEIKHAE OBYaPKH U CIIPHHTEP-CIIAaHUEIH,
OTJIMYAIOIIMECs] XOpolled CHOCOOHOCTBIO K KOHLEHTpaluu U oOydaeMocThio. [IpenmyriecTBamu
MPUMEHEHHs cO0aK SIBIISIOTCS BBICOKAs YyBCTBUTEIHHOCTH OOOHSHUS, MOOMIIBHOCTD, ONEPATUBHOCTH
U OTHOCUTENbHAas SKOHOMHUYHOCTb IIO CPaBHEHHIO C TEXHHYECKUMHU cpencTBamu. CoBpeMeHHbIe
MOJXOABl TPEAYCMATPUBAIOT HWHTETPALMIO PAabOTHI cO0AaK € TEXHUYECKUMH HHCTPYMEHTAMHU
oOHapy’>KeHHs, YTO TMOBBIIIAET ypoBeHb Oe3zomacHOCTU. (OCHOBHBIE BBI30BBI CBS3aHBI C
HEOO0XOIMMOCTBIO MTPABHIILHOTO 0TOOPa M TPEHUPOBKH KUBOTHBIX, a TAKXKE IMMOATOTOBKOM UX K paboTe
B CTPECCOBBIX U Pa3HOOOPA3HBIX YCIOBHUSX.

OOyuenue cobak Ui TIOMCKA B3PBIBYATHIX BEIIECTB OCHOBBIBACTCS HAa (HOPMUPOBAHUH Y
KHMBOTHOT'O YCTOMYMBOTO YCIOBHOTO pediiekca, NpU KOTOPOM 3alax B3pBIBYATOTO BEIIECTBA
aCCOLMUPYETCS C MOJOKHUTENbHBIM MOAKPETIIEHUEM — JIJAKOMCTBOM, ITOXBaJION WM Urpoi (Tada. 1).

Tabmuma 1 - O6yueHnue co0ak /Jisi MOMCKA B3PHIBUATHIX BEIIECTB

Oran XapakTepUCTUKa

Br16op noposs Jis paboTel B 3TOH cdepe yacTo BBIOMPAIOT MOPOJBI C XOPOILIO
Pa3BUTBIMU  OOOHSITENIBHBIMH ~ CHOCOOHOCTSIMH.  OOBIYHO  3TO:
Hemenkue oBuapku.

Jlabpanopst.

benpruiickue oB4apkH.

OcHoBbl apeccupoBkH | Cobaku MpOXOAST HadyajdbHYIO JPECCHPOBKY, KOTOpas BKJIIOYAECT B
ceost:

OcHoBHbBIE KOMaH bl (CUIETh, JIEXKATh, KO MHE).

Commanuzaimioo  (IpUBBIKAHWE K  pa3jIMYHBIM  YCIOBUSIM U
OKPYKEHHIO).

OO0yuenne HIOXY Cobak yuaT pa3nmdyaTh 3alaxd B3PBIBUATBHIX BEIIECTB. OTO
BBITIOJTHSCTCS Yepe3: MO3UTUBHOE IMOAKPEIUICHHE: co0aka IMmoyJaet
Harpaay (JJakoMCTBO, ITOXBAaJy) 3a MPABHIIbLHOE TMTOBEJICHHE.
Acconmanuu:  co0aka  CBS3bIBaCT  CHCNH(PUYCSCKHA  3amax ¢
MOJIy4eHHUEM Harpapl.

[TpakTrka Cobak 00yJaroT B peaJIbHBIX yCIOBUSIX VICKYCCTBEHHBIE TPEHUPOBKHU
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C HCIOJIb30BAaHHEM O€30MAaCHBIX aHAJIOTOB B3PBIBUATHIX BEIECTB.
[Touck B pa3nuyHbIX MecTaxX (OTKPBIThIE IPOCTPAHCTBA, 3AAHMUS).

[Tonnep>kka HaBBIKOB | PerynspHble TPEeHUPOBKH HEOOXOJUMBI Ui TOJAEPKAHHUS ypPOBHA
HOJArOTOBKU. DTO MOTYT OBITh: MOBTOPEHHE KOMaHJ, YCJIOKHEHHE
3a/1a4, CUMYJIALIMY PEaJIbHbIX CUTYalLUH.

Jnst oOyueHHs] TOMCKY B3pPbIBUATBHIX BEIIECTB IPOMU3BOJAUTCA OTOOp COOAaK CIIy>KEOHBIX U
OXOTHMYBMX MOpoJ. OTOuparoT ocobell ¢ XOpOoILIO Pa3BUTHIM OOOHSHHEM, C IMOJABIKHBIM THIIOM
BBICIIEHl HEPBHOW JESATEIIbHOCTH (CAaHIBUHHMKHM, XOJIEPUKH) M OPUEHTUPOBAHHBIX Ha paboTy ¢
YeJI0BEKOM. JTO Takue MOpojbl, KaKk HEMEIKas oBuapka, jadpaznop, nodepmaH, ClaHHeNlb, TePbephl,
mHaynepsl. Co0aku 3TUX HOPOJ] TAKKE OTIMYAIOTCS AKTUBHOCTHIO B pab0Te M BEHIHOCIHUBOCTHIO.

JlpeccupoBKy coOaku cieayeT HauuHaTh B Bo3pacte 8-16 mecsmeB. K aTomy Bo3pacTy meHOK
JOJDKEH OBITh 00yYeH OCHOBHBIM KOMaHAaM OOIIEro Kypca APECCHPOBKH. DTO MOJIXOA IO KOMaHJE
«Ko MHe!», yMeHHE XOIUTh PAJOM C MPOBOJHUKOM, KoMaHAbl «Cuaetb!», «Jlexars!», «CTosTh!».
Taxke HEOOXOAMMBI YMEHHs TOAHOCHTH TIPEAMETHl IO KOMaHae «AmopT!», NpeonoyeBaTh
MPEMSITCTBUS U Oe3pa3IMYHO OTHOCUTHCS K TOCTOPOHHUM JIFOISIM U 3BYKOBBIM Pa3ApaKUTeIIsIM.

[TonroroBka crnenuanbHO OOYYEHHBIX cOOaK TpeOyeT cepbhE3HOM OpraHu3almuyd W OOJIBIINX
3arpaT. HyxHa xopomas maTepuanbHas 0aza, JOCTaTOYHOE KOJIMYECTBO MOMOIIHUKOB. Y CIOBUS AJIs
3aHATHH 10 APECCHPOBKE JIOJKHBI OBITh MaKCHMAlIbHO TNPHOIIKEHBI K peanbHbIM. llpu 3TOM
CYIIECTBYET HEOOXOJUMOCTh CTPOTrOro yuéra B3phIBUATHIX BEIIECTB.

ChHauana cobake MaroT MOHIOXATh BEIIECTBO WM €r0 0€30MacHYI0 HMHUTALIMIO, TIOCIIE YeTo cpa3y
HarpakJ1aroT, 3aKperuisis MOTHUBALMIO I TMOUCKA KOHKPETHOTO 3amaxa. TpEeHHpPOBKM HAYMHAIOT B
IIPOCTBIX YCIIOBUSX, MOCTENEHHO YCJIOXHSS 3aJaud — MOUCK B KOHTEHHepax, cpeAau MOCTOPOHHHUX
3araxoB, B pa3HOM OKpy>keHuu. IrpoBoil MeTo MpuUMeHsieTcs A7 MOAIepKaHusl UHTepeca: UrpyIIKa
WIM JIAKOMCTBO CTAHOBSITCS Harpaaoil 3a ycHemHoe OOHapy)KeHHE, 4TO IMO3BOJIAET IOAJIEPKUBAThH
BBICOKYIO MOTHBAIIHIO.

[TonoxxurenbHOE NOJKPEIUIEHNE — KIIIOYEBOM AJIEMEHT, HEraTUBHbIE METObl HE UCIOJIBb3YIOTCA,
9TO0OBl HE CHIXKATh 3¢ ¢dekTuBHOCTh. Co0aK ydyaT KOHIEHTPALMKM B IIYMHBIX U OTBJICKAIOIIMX
CUTYalUsAX, a TAKXKE BBIIEPIKKE JUIS MPOAOJIKUTENBHON padoThl. Ha pa3HbIX 3Tamax NpUMEHSIOT Kak
MMHUTALlMU, TaK M HACTOALIME B3pbIBUAThIE BEIIECTBA IOJ CTPOTUM KOHTpojieM. PerynspHbie
MEPEnoAroTOBKM 00ECIIeUNBAIOT COXpPAaHEHUE U YJIyullleHHe HaBbIKOB. KauecTBo 00y4eHMsI BO MHOIOM
3aBUCHUT OT Mpo(ecCHOHAIN3Ma TpeHepa U MHANBUIYAIbHBIX 0COOEHHOCTEH coOaKy.

OTmeTnM, 4YTO NpPUMEHEHHE CIYKEOHBIX CcO0aK C LENbI0 PACKpBITUS U PacCieOBaHUS
NPECTYIUICHUH HEJOOLICHEHO B HEKOTOPBIX IMPaBOOXPAHUTENbHBIX opraHax Poccum u Tpebyer
IUIaHOBOM pa0OThl HAa OCHOBaHMM HAy4yHOro NOJAXoJa. B cCBsA3M € 3TUM [ TOBBIIICHUS
3G GEKTUBHOCTH NMPUMEHEHHUS CO0aK, Ha Hall B3IV, UX HEOOXOAMMO PEryJsipHO HCIOJIb30BaTh B
PEXKUMHBIX, ONEPATUBHO-PO3BICKHBIX M CJIEICTBEHHBIX MeponpusTtusx. CrnocoOHOCTh colaku K
aHaJIN3y pa3IMYHBIX 3alaxoB SBISAETCS YHHMKAJIBHBIM KadyeCTBOM, KOTOPOE€ HE MOTYT 3aMEHHUThb
HUKaKHe TEXHUYECKHUE CPEJICTBA, HAIPUMED «UCKYCCTBEHHBIN HOCY [2].

Cobaku 6011ee 3¢ eKTUBHBI 11 OOHAPYKEHMS 3al1aX0B U3-32 UX CKOPOCTH, YHUBEPCATbHOCTH U
HagexHOCTH. OJHUM M3 OCHOBOIOJAralImuXx (PaKTOPOB YCHEHIHOM pPabOThI CIY>KEOHBIX CcoOak
ABNSIETCA HX (U3UOJOTHMUECKOE 3/I0pOBbE, HO B YCJIOBUSAX pEAIbHOW JEATETBHOCTH MOXET
Ha0II0aThCsl O0OHATEIbHAS «YCTANOCTh». C IENbI0 MOBBIIICHUSI O0OOHSATENHHOM aKTUBHOCTH COOAK B
YTOJIOBHO-UCIIOTHUTEIBHOM cUCTeMe BeaeTcss paboTa MO M3YYEHHUIO BIUSHUS pAAa XUMHUYECKHUX
COCIMHEHHI Ha 00IIe(PU3NOIOTHIECKUE TTOKA3ATENH Y KUBOTHBIX [3].

BaxHo oTMeTuTh, 4TO mNpOOJSEMBI B NPAKTUKE MPUBJICUCHHUS COOaK [Uis OOHapy >KEHHS
B3pPbIBYATHIX BEIIECTB CBSA3AHbI C HECKOJIBKUMH (akTOopamMu. Bo-mepBbIX, CI0KHOCTH YCIOBUI MOUCKA:
HAJIMYME MHOXKECTBA MOCTOPOHHMX 3alaxoB, MOTOJAHBIE YCIOBUS (IOXIb, BETEp, ’Kapa) CHIKAIOT
3¢ (HeKTUBHOCTH pabOTHI COOAK, TaK KaK 3araxy MOTYT OBICTPO pacCeUBaThCS HJIM CMEIINBATHCA.

Bo-BTOpBIX, BBICOKHI yPOBEHB CTpecca y co0ak U UX TPEHEPOB B YCIOBHIX pealbHOI oneparuu,
YTO MOKET MPHUBECTH K CHI)KEHHIO KOHLIEHTpALMU U omuOKaM B pabote. B-TpeTbux, orpaHnyeHHas
MPOAOIDKUTENBHOCTD 3(h(heKTUBHOM paboThI U3-3a OBICTPON YTOMIIIEMOCTH U HEOOXOIUMOCTH OT/AbIXA
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cobak. Kpome TOro, BO3MOKHOCTb JIOKHBIX CpabaThIBaHW HM3-3a CXOJCTBA 3allaxoB WU repedopa
BELIECTB YCIOXKHIET UHTEPIPETAIUIO PE3YIIbTATOB.

TexHuueckue W OpraHU3AIMOHHBIE IMPOOJIEMBbl BKJIIOYAIOT HEJOCTATOYHYIO IOATOTOBKY U
KBaJIM(UKAIMIO TIEpCOHAIa, HEMPABWJIbHOE OOpalleHHe C )KMBOTHBIMH M HECOOJIOJICHUE CTaH/IapTOB
o0yuenus. Taxke CymecTBYIOT poOIeMbl ¢ obecrieueHueM 0e30MacHOCTH, TaK Kak COOaKu M TPEHEPHI
MOJIBEpPraloTCsl pUCKY MpHU paboTe B MOTEHLUAIBHO OMACHBIX 30HaX. Bcé 3To TpeGyeT KOMIUIEKCHOTO
MOAX0J1a, YJYYIICHHUS YCIOBHA TPEHUPOBKH U ONEPATHBHOW TMOAJMEPKKH I TIOBBIMICHUS
3¢ PEeKTUBHOCTH MPUMEHEHHUS COOaK B 0OHAPYKEHUHU B3PHIBUATHIX BEIIECTB.

[lo HameMmy MHEHHMIO, MyTH peIICHUS NpoOJeM NpPUMEHEHUs colaK uis OOHApYKEHHUs
B3pPBIBYATHIX BEIIECTB IMPEANONAaraloT KOMIUIEKCHBIH KW MHOTOYpPOBHEBBIH MMOAX0HA. Bo-mepBbix,
HEO0XOIMMO YJy4IllaTh YCJIOBUS MOATOTOBKU U TPEHUPOBKH COOAK, OPUEHTUPYSCH HA PEATUCTUYHBIC
CIICHApUU C Pa3HOOOpa3HBIMU 3alaxaMd U Pa3IMYHBIMU TOTOJHBIMU YCIIOBUSIMU. DTO MO3BOJIUT
MOBBICHTH YCTOMYMBOCTH COOAK K BHEHTHUM (DaKTOpPaM U YMEHBIIUTH BIUSHUE TOCTOPOHHUX 3aM1aXO0B.

Bo-BTOpBIX, BaKHO PEryJIpHO MPOBOAMTH MEAMIMHCKOE M ICHXOJIOIMYecKoe o0OcienoBaHue
cobak, a Takke 00y4yaTb TPEHEPOB U MJIAIIINN NIEPCOHAT METO/IaM PabOThI CO CTPECCOM Y KUBOTHBIX,
YTO 00ECHEYUT COXPAHEHHE BHICOKON MPOAYKTUBHOCTH U 310POBbS dKUBOTHBIX.

Jnst mpenoTBpameHust JIOKHBIX CpabaThIBaHWUM CIIEAyeT BHEIPSTH CTaHAAPTU3MPOBAHHBIC
METOJIMKH OIICHKU M KOHTPOJIsI paboThl cO0aK, a TaKkKe MCIOJIB30BaTh CHEHATbHbIE TPEHUPOBOYHBIE
00pasibl, MAKCUMAJIBHO TPUOIKEHHBIE K pealIbHBIM B3phIBUATHIM BemiecTBaM. CoBMelIeHnE padoThI
co0aK ¢ COBPEMEHHBIMH TEXHUYECKHUMH CPEACTBAMH (CEHCOPHI, CIIEKTPOMETPHI) MO3BOJIUT MOBBICUTH
TOYHOCTh OOHApy)XCHUSI M CHHM3HUTH YeJIOBEYECKHH (akTop. BakHO TaKke CHCTEMAaTH3HPOBATH
MOBBILICHUE KBAM(UKAIMKM TIEpPCOHANIA, BHEIPITh COBPEMEHHbIE METOJIUKH OOyYeHHUs W MPOBOAUTH
peryJsipHbIE YUEHHSI C peaTbHBIMU yCIOBUSMHU.

Opranu3allioOHHO HEOOXOAMMO CO3[aTh YETKYI0 CHUCTEMY IUIAaHMPOBAHHS U pacIpelleleHHUs
3a/a4, 00eCleYnTh JIOCTATOYHOE BPEMs [UIsl OTAbIXa M BOCCTAHOBIEHUS COOaK, 4TOOBI M30EXKaTh
nepeyromsieHus. [Ipu pabore B OmacHBIX 30HaX HYXXKHO HNPUMEHSTh MEpbl 0€30MacHOCTH, BKIIOYAst
UCIOJIb30BaHUE 3alIUTHOTO CHApSOKEHUS, M OPraHU30BBIBAaTh B3AaUMHYIO TOJJACPKKY MEXIY
KomaHamu. Pa3paboTka u BHepeHNE HAMOHAIBHBIX CTAHIAPTOB U HOPMATHUBOB JJISI MCTIOJIb30BaHUS
co0ak B MOJI0OHBIX ONEPAIUAX MO3BOJIHUT IPUBECTH MPAKTUKY K €AUHBIM TPEOOBAHUSIM.

Takum 00pazoM, KOMILICKCHBIN MOIXOM, BKIIOYAIONIMNA YIYYIICHHE IMOATOTOBKH XHUBOTHBIX U
MepcoHaNa, MPUMEHEHNE TEXHUYECKUX CPEACTB, ONTHMH3AINIO YCIOBHI paOOThI U KECTKUN KOHTPOIIb
KauecTBa, 3HAUYUTEIbHO MOBBICUT 3((EKTUBHOCT, M OE30MAaCHOCTh MCIIOJIB30BaHMUS cOo0aK s
oOHapyKEeHHs B3PHIBUATHIX BEILIECTB.

[TpuBnedyenue ciy»xeOHBIX cOOaK sl OOHAPYKEHHS B3PHIBYATHIX BEIIECTB SIBISETCS OJHHUM M3
cambIX d(O(PEKTUBHBIX M HAAEKHBIX METOJOB OOecredeHus] 0€30MacHOCTH Ha 0OBEKTax Pa3IuvHOTO
MaciitTaba — OT a3pONMoOpPTOB U BOK3aJIOB J0 MacCOBBIX MepornpusTuil. Cobaka 00amaeT yHUKAIbHON
CHOCOOHOCTBIO YJABIMBATh AK€ MHUHUMAJbHBIE 3allaxOBble CIEAbl B3PBIBUATBHIX BEIIECTB, YTO
CYIIECTBEHHO TOBBIIIAET KAYECTBO MPOBEPKH 110 CPABHEHUIO C TEXHHUYECKUMH CPEICTBAMH.

Onnaxo 3 peKTHBHOCTH PadOTHI ITUX )KMBOTHBIX HAMPSAMYIO 3aBUCUT OT HECKOJIBKUX (PAaKTOPOB:
NPaBUJIBHOTO M CHCTEMAaTHYEeCKOTO  OOY4YeHHs, YCJIOBHH  COJCpKaHWS, MOTHBAlMA U
MICUXOJOTHYECKOTO COCTOSIHUSI coOaku. Ba)KHBIM acleKToM SIBISETCS TaKXKe OMbIT U KBaTu(UKals
KHHOJIOTOB, KOTOpPBIE PadOTAaIOT C YKUBOTHBIMH. TOJBKO COANaHCHPOBAHHBIE IMOAXOBI K ITOATOTOBKE
00eCneunBalOT BHICOKYIO TOYHOCTh 1 MUHUMU3UPYIOT BEPOSTHOCTD JIOKHBIX cpabaThIBaHUI.

CoBpeMeHHbIE TEHACHIIUY B 00J1aCTH 0€30MaCHOCTH TaKKe MPEANoaraloT HHTErpaluio paboThl
co0aK ¢ TEXHOJIOTMYECKUMHU CHUCTEMAMH — KOHTPOJBHO-TIPOMYCKHBIMU KOMIUIEKCAMH, XUMHYECKUMU
JIETeKTOpaMH W BUICOHAONIO/IeHHEM. Takoi KOMIUIEKCHBIM TOIXOJ TO3BOJISIET TOBBICHTH OOIIYFO
3¢ (HEeKTHBHOCTH U ONEPATUBHOCTH pEarMpOBaHUS HA YTPO3BI.

B 3akiroueHne MOYKHO OTMETHTH, YTO CITY)KEOHBIE COOAKM OCTAIOTCS HE3aMEHHUMBIM DJIEMEHTOM
CUCTeMBI 0€30MacHOCTH, WX TMOTEHIMANl €KEJHEBHO MOATBEPXKIACTCS B peallbHBIX YCIOBHSIX. [l
MaKCUMaJIbHOW OTIa4d HEOOXOIMMO MpPOJOIDKATh Pa3BHBAaTh METOIBl WX OOYYEHHs, CO3/1aBaTh
KOM(OpPTHBIE YCIOBHSI pabOThl M TOJIACPKUBATh BHICOKHE MPOQPECCHOHANbHBIE CTaHAAPTHl CpeIu
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KUHOJIOTOB. DJTO TO3BOJMT COXPAaHUTh BBICOKHI YpOBEHb 3alllUTHI OOIIECTBA M MPEIYNPEkKAATH
TEPaKThl U UHUUICHTBI C IPUMEHEHHUEM B3PBIBUATHIX BEIIECTB.
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