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KIPICIIE

Kacanner maTenmnektin (OKW) Tapuxer Oi3miH moyipiMi3meH onmekainma
OypbIH OacTajanbl. ApUCTOTENb aJIFAlIKbIIAPABIH 0ipi OOJBIN «IYpHIC Oitnay»
3aHJBUIBIKTapbIH HEMece AHBIKTAJIMANTBIH OHJIay MPOLECTEpiH AHBIKTAJBL.
Oprta Facslpiapia MEXaHMKAJIBIK €CENTEY KYpPbUIFBLIAPBIH Kacay OpeKeTTepi
3aMaHAacTapblHa KaTThl ocep KaanabIpAsl. 1642 sxeuisl bnes Ilackans canran
ITackanue MamMHACH €H TaHBIMAJL. «ApH(YMETHKATIBIK MAIIHA XKaHyapIapIblH
Ke3-KeJreH ic-KMMBUIIapbIMEH CaJIbICThIPFaH/ia OWJayFa JKaKbIHBIPAK CHSKTHI
acep Oepeni» nem xxa3nbl [lackans. XKacaHbl MHTEIUIEKTIH MPAKTHKAJBIK 1CKE
achlpy MYMKIHAIKTEpI 3JIEKTPOHABIK €CeNTey MallMHAJapblH KYPY COTiHEeH
Oacram maitna Oomael. Ocel yakbiTTa «Mammna oimay Ouremi Me?» JereH
TakKpIpeITa (UIOCOPHUUIBIK MiKipTamacy Oactanasl. bysm mikipramacTeiH
KOpBITBIHABICHT XX FachlpiblH 50-11i sxpuinapeiiga Anan ThIOpHHT YCBIHFaH
ceiHaK Oomnasl [1]. CeiHak MBIHANApHAaH TYpPAanbl: €Ki Temetaim Oap (onm kxesze
0acka TePMHUHAJIIBIK KYPBUIFBLIAP 3KOK, Ka3ip ICQ yceiHap exi). TeneTaitnToiH
0ipi MamIMHAara, eKiHINICI — aJaM OTBHIPATBIH alliapaTka KOChUIFaH. bipHemie
capaniubpliap TesleTalnTapAblH OPKAaWCBHICBIHAA KE3EKIIEH AMAJIOr XYpriseni.
Erep capammbuiapasly Kemmruriri 6ec MuUHYT iHIiHAE SHriMesecyllijiepAiH
OipiHae MalIMHAHBI TaHW anaMaca, OHAAa TBIOPHHT CHIHAFBI COTTI OTTI el
ecenreneni. THIOPUHT CHIHAFBI JKacaHIbl MHTEIUIEKTTIH AaMybIHIa Oenrini 0ip
POI aTKapbl, COHBIH iMIIHJE CHIHAKTBIH CHIHAFHI Aa Oap. MyHIa aBHanusMeH
YKcacThIK kacayra Oonanbl. JKakcel yury ammaparTapbl, ThIOPHHT TECTiHIH
JIOTHKAachl OOWBIHINA, KYCTapJaH aXKbIpaMaWTBIH, TINTI KYCTap Ja OJapbl
e3/lepiHae KaObIIAalIbl AEH CaHaIybl THIC. ABHALMSHBIH JaMybl KOHCTPYK-
TOpJIap KYCTap/bl KeIipy/i TOKTaTKaH/a, adpOANHAMHIKA, MaTepUAITaHy JKOHE
KYII TEOpUACHIMEH OacTaraHHaH OacTaiabl. POOOTOTeXHHWKA ajaM aHATOMHU-
SCBIH KOUIPYAl TOKTaTKaHHaH KeiiH WHAycTpusra aiHanabl. Coll CHSKTBI,
KacaHJbl MHTEJUICKT CyOBEKTINepl agaMIap CHAKTH OMJIAHTBIH >KOHE 9pEKeT
€TeTiH >KacaHIbl MHTEJUICKT JXYHelepiH KypyAbl TOKTaTKaHHAaH KEeWiH eMip
CYPY KYKBIFbIHA He OOJIJIBI, a1 THIM/I1 9PEKET €TETiH JKOHE OMIIANTHIH, SIFHU €H
JKAKCBHI HOTIDKETEe KOJ JKETKi3eTiH JKyhenepai Kypa 6acTasbl.

Temenne TtoxipuOesne KONTAHBUIFAH >KacaHIbl WHTEJUIEKT CaJlaChIHAAFbI
KETICTIKTepAiH Keitbip Mbeicanmapsr OepinreH [2]:



— Jlepbec sxxocmapiay xoHe kectenepai Kypy. NASA-na o3ipnerren Remote
Agent Oarpmapmamachl Xep MaHBIHIAFbl OpOMTafaH aibIC KAaIIBIKTHIKTAFBI
FaphbIll annaparTapblHbIH )KYMBICBIH KelIeH 1 0ackapy OHBIH IIIiHAE JUarHo-
CTHKAJay >KOHE aKayJapAbIH TYbIHIAY CeOeNTepiH KO0 YIIiH KOJIAAHBUIAIBI.

— Otiptapapas! xyprizy. IBM komnanusiceinsiH Deep Blue 6arnapinamacst
mraxmMaT MaTyblHIa oJIEM YEMIIMOHBIH JKCHINl ajfaH aliFallkbl Oarmapiama
OOJIIEIL.

— ABToHOMIBI Oackapy. Alvinn-HiH KOMIBIOTEPIIK KOPY KYHeci KO3FaIbIC
JKOJIaFBIH YCTaHA OTBIPHII, KOIIK XKYprizyre yiperinmai. 2850 Mmip 0oisl xyiie
98% yakxpbIT imIiHe aBTOMOOWIIBJII Oackapyabl KaMTaMachl3 eTTi.

— JlmarHoctnka. MeOUIMHANBIK  JUarHOCTUKAIBIK  Oarmapiamalnap
MEIUITMHAHBIH OipHEIIe cajgachlHAa TOKIpUOEi qopirep neHrenine KeTTi.

— JKerkizymi sxocmapmay. 1991x. Ilapcel misiFaHarbIHIAFbl  JaFnapbic
kesigae AKII apmusiceiana 6ip yakeirta 50 000 aBTOKeIiKKe, afaMra >KOHE
KYKTI KAMTHTBIH KETKI3YJl jKOcmapiay MEH TachIMaJayJbl aBTOMATTaH]IbI-
patsiH DART ((Dynamic Analysis and Re-planning) xyiiecin xonmaanel. Byn
KYHEHIH Kacayusliapsl Oy 0ip KOJNAaHy )KacaHIbl MHTEIIEKTKe ojapabiH 30
JKBUIJBIK MHBECTUIUSIIAPBIH aKTabl Al MJIMIEI.

Ocpunafinma, mpakTHKaAa >KacaHABl WHTEIUIEKTTIH MYMKIHIIKTEpiHiH
CHEKTpi ILNEKCi3: FapbILITHIK 3€pTTEyJiep, SCKEpU FBUIBIM, pPOOOTOTEX-
HUKa, OHEPKOCIN, aybll MapyamlbUIBIFB, KOJiK, MEJUIINHA, OiTiM koHE T.O.
«noppneik  Kaszakcran» MeMJeKeTTIK OarnapiaMachl asChIHIA YJITTBHIK
SKOHOMHUKAHBIH OapiblK cajaliapblH/la eHAIpic MpouecTepiH nu(pIaHaAbIpyFa
XKOHE PoOOTTaHABIPYFa Kol KeHin OemiHeni. byn OarmapiamaHBI Ky3ere achl-
pyZAa yKacaHbl HHTEJUIEKT 9J[iCTepl MEH KYpaJAapblH KOJIIaHY MaHbI3/Ibl OpbIH
amasnpl.
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1-rapay. "KACAH/IbI MHTEJJIEKTTI IPAKTUKAJIBIK
TYPAE KOJJAHY

1.1. CaHabIK YKOHOMHKA KaFAalibIHAA KacaHIbl MHTEJJIEKTiHL
NPaKTHKAJBIK TYpAe KOJIIaHy

acanapl MHTEIUIEKTTI JAMBITY MAceleliepi COHFbI Kbuiaapbl MHTEpHETTI
JKammal CHri3yMeH Karap, OJIeMJIK JKOHOMHKAaHBI jkahaHIaHABIPY MEH
UUQpIaHABIPYIbIH 0acThl (PaKTOPBI PETIHIIE CO3 COMIICH OTHIPHII, aca MaHbI3/IbI
MoHre ue Oonapl. KommproTreprik TexHOJOTHAMApIABIH OYTiHTI Aamy JeHreii
’KacaH/Ibl MHTEJICKT CaJlaChIHJaFbl KOINTETeH JKETICTIKTEpre opTypili KOHO-
MHUKaJIBIK K00ajapra, »Kyielnep MEH TIpIIUNK €Ty canajapbiHa OeJceHi
KaTbicyFa MyMKiHmiK Oepeni. JKaHa xahaHABIK aKmapaTThIK OKyHelep
HIeHOepiHe alFalIKbUIapbIH Oipi OOJIBIIT KIpeTiH MEMIICKETTEp MaHbI3/IbI
apTBHIKIIBUIBIKTAPFA FaHA eMeC, COHbIMEH Oipre opi Kapaili aaMmybiHa
alTapJbIKTall CepITiH alaThIHBI aHBIK.

OCBhIHBI €CKEpe OTBIPBIN, JKACAHJbl MHTEIUIEKT MPOOJIeMAChIHA, OCHI
callaarbl FBUIBIMH  3€pPTTEYJIEpre JKOHE MEPCIEKTUBANBIK —TIKIPHOETiK
a3ipieMeniepre epekiie Hazap aylapy KaxerTuriri ailkeiH Oonanpl. CoraH
KapamacTaH, Oi3[iH eIiMI3MiH IU(PPIBIK dKOHOMHKAFa KATBICTHI KOITErCH
FaJlaM/JIbIK K00aIapFa jKOHE KacaH/Ibl HHTEJUIEKT, POOOTOTEXHUKA, MAIIMHAIIBIK,
OKBITY, BUPTYAJJIbl IIBIH/IBIK, 3aTTAP MEH YJIKeH JCPEKTEepP MHTEPHETI CHUSKTHI
VFBIMIapFa KaThiCybl ©T¢ a3. COHIBIKTaH TEOPHSUIBIK KOHE IPAKTHKAIBIK
JICHIeliZie KBI3METTIH OChl CallalapblHIa JXY3ere AachIPbUIATBIH JKEKE JKOHE
MEMJICKETTIK JaMyJBIH THIMAUITIH apTThIpa OTHIPHIN, OACHIMIBIKTApPIIBI
KOepCeTe OTBIPHII, OCHI CaJIa/IaFbl YITTHIK cascaTThl KaiiTa Kapay Kaxker.

OpuHe, Oy Ka3ipri Ke3ae doJeMIIiK FRUTBIMHA KOFaMIACTHIKTAa JaMbIN Kele
JKaTKaH HEri3ri TEeHACHUUSIApAbI, OJaH Opi JaMy MEpPCICKTUBAIAPBIH JKOHE
FBUIBIMU-3EPTTEY  KYMBICTAPbIHA, OHBIH IMIHAE JKACAH/AbI HHTEJUICKT
npobiieMaNiapblHa KaTBICTBI MOceleiepre KaThICYAbIH MaHbBI3bUIBIFBIH HAKTHI
TYCIHY[I KaXKeT eTei.

Byriame kacamael wHTetektreH (arsummn.  Artificial  intelligence,
KbICKapThuTFaH — Al) eH anapIMeH OaFJapiaMalbiK sKyHelep MeH alTopuTMIep
TYCiHiIe i, 0mapAbIH 6acThl epeKuieniri oenrini 6ip MiHIeTTep i menry Kadineri
aj1aM Kajall jkacaraHJbIFbIHA yKcac. JKaHa mepcrekTHBalbl d3ipiiemMenep yHeMi
mafima Oomambl, OYI amaM JKacalTBHIH KOMITBIOTEPIEPIiH KyaThl MEH
OHIMUIITIHIH TYpaKThl 6CyiMEH FaHa eMec, COH/Iai-aK KETeKIli MeMIIEKETTED
MEH QJIEMHIH €H ipi KOpIopalusiapbl OChl CaJIafarbl KYMBICTapFa OeiHEeTIH
MaHBI3/IBI KOHUIMEH Jae TyciHmipinemi. YKacaHAbl WHTEIUICKT CajlachIHIaFhl
3epITeyJiep MeH d3ipieMenepre OarbITTAIFaH OpacaH 30p KapXKbl XKOHE aaam
pecypcrapsl Eneyiti TeOprsIIBbIK KoHE MPaKTHKAIBIK HOTHXKReep oepexni [3].
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Ocel canmamarbl KacaHIBl HWHTCIUICKT TIeH Oacka J1a o3ipieMenepii
naiiagaHyablH KoJJaHOanbl OaFbITTApPBIHBIH CaHbl ©Te YJKeH. Onapabig
KeIIiiri OyperHHAH O6epi OencenH i Typae Kongansuryaa. TuiMaiiri. CoHpIMeH
Karap, 2016-2017 xpurmapsl  kyprizierin  Gartner KOMIIaHUSICHIHBIH
3epTreysiepi MbIHA/All KOPBITBIHABI *kKacayra MyMKiHaik Oepmi: 2020 sxbuira
Kapail >KacaHIbl WHTEIUICKT TEXHOJOTHSUIAphl KaHmal na Oip mopexene opOip
KYPBUIaThIH KOMITBIOTEPIIIK OariapiiaMara HEMECe CEpBUCTEPTre KaThICa/IbI.

Kasipri yakpITTa >xacaH/ibl HHTEIUIEKT jkahaHabIK 1HU(PIBIK SKOHOMUKAIA
OOJIBITI JKaTKaH MPOICCTEePIiH MaHBI3IBI 06Iiri 00sbIn Ta0buIaabl. COHIBIKTAH
FBUIBIMK OUTIMHIH OCBI CallaChIH JON OCBHIHJAAN MparMaTUKAIBIK KOJJIaHY/Ibl
KapacTsIpraH keH. JKacaHIbl HHTEIUIEKT Oenrimi Oip Jopekene KOHBIOKTYpaHbI
eki Kypamjac Oeiikke Oejyre OOJIATHIHABIFBIH €CTE YCTaFaH JKOH: JpTypJi
pobottap TypiHIeri (U3MKAIBIK HYCKaylap >KOHE KAacaHIbl WHTCIDICKTTiH
BUPTyalbl ICKE KOCBUIYbI, OJ 4YaT OOTTapbhlH o3ipJicy MeEH OeJICeHII
KOJIJAHYIaH, OPHEK IeH COWsIey/al TaHylIaH, MasMyHJbl KYpyJIaH, COHBIMCH
Katap BUPTYaJJbl KOMEKIIIIJIep MEH CapanTaMalIbIK XYHelep/i JaMbITy.

JKacaHpl MHTEIUIEKT TEXHOIOTHSUIAPBIH POOOTTAP/IBIH 1aMybl MEH KEHiHT1
JKYMBICBIH/IA TIaiiajaHy axaM eMipiHe >KacaHIbl WHTEIIICKTIICH OaiIaHBICTHI
JKaHa KOMITBIOTEPJIIK JKOHE aKMapaTThIK TEXHOJIOTHSIAPABI OCICEeH Il SHTI3yIiH
alfiKplH KepiHicTepiHiH Oipi Oonbin canananpl. COHBIMEH Katap, OYriHri TaHaa
POOOTOTEXHUKAHBIH JaMyBl OJIEMIIIK PKOHOMHKAFa alTapiibIKTail ocep eTeii,
aJIJIaFbl KbUIAAPHI OJ1 TYPAKTHI TYPJC OCEII.

Meicanel, Bank of America mamanmapsr 2020 sxputFa Kapaid KacaHIBI
MHTEJUIEKTIHI KOJIJaHa OTBIPBII, MEIIMJIEp HAPbIFbIH JKaNIbl KauTaJaHAbIPY
$153 mupm.kypaiinsl, atan aiitkarma $83 mupa. poGOT TEXHHKACHI cajlachiHa
KyMmcanaasl JereH O6omkam xkacansl. Kamran $70 mipa skacaHabl MHTEIUICKT
BUPTYaJJIbl iICKE achIpy aliMarbiHa Keneai. Kapkel pecypcrapbiH ocbiHIal 0oy
JKacaH/Ibl MHTEJUIEKT TEXHOJOTWSUIApbIH MaijanaHa OTBIPBIN, POOOTTAYIbIH
MaHbI3/IBUIBIFBIH KOPCETE .

Bank of America xone Bank of England-na »ymbIc icTe#TiH Kap Kbl Hapbl-
FBIHBIH JKETEKI TaJiayllbulapbl )KacaraH Oacka aa ocepii OoJbKamIapibIH
KaTapblHJa MyHAal O0ypKaMaapisl atamn kepceryre 6omazast [3]:

— 10 kb1 imiHAe TeK YIBIOpUTaHUsIA POOOTOTEXHUKAHBI JaMBITY
HOTHXKECIH/IC YKYMBIC OPBIHAAPBIHBIH CaHbI IIAMaMeH 15 MJIH.-Fa KbICKapa/ibl;

— Oackaia aiTKaHma, Ka3ipri TaHma OOJIBIN JKaTKaH JKaHA ©HEPKACINTIK
peBomtonins, oHBI «PoOOTTap PEBONIOIMACED) MIEM KHi aTalabl. DKOHOMUKACHI
JaMblFaH Oacka enjep OolibiHINA aepekrep MbiHaaai: 2025 sxeuisl PoGoTTap
skymbictaH AKUI-TbiH 6apnblKk XankelHBIH mamameH 7%-biH, 2030 >KbUTBI-
Kananma typrempapeiaeie 40%-b11, 2035 xbutel XKamoHus azamarTapsl YIIH
JKYMBIC OPBIHJIAPBIHBIH CaHBI €Ki ece KbICKapabl;
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— 2012 xpiman 6acran poboTTapipl caTy KapKbIHBI YHeMi apteii, 2014
KBLIBI 29%-161 Kypaabl. HoTmkecinge 2025 skputFa Kapail aFbIMIarsl YpaicTep
CaKTaJFaH arJaia »KacaH bl MHTEIUIEKTI 6ap poOOTTap IIBIFapaTHIH OHIMHIH
yneci Oyrinri 10% opubiaa 45%-Fa )KybIK 00J1a/IbIL.

AMepHKaHIBIK JKOHE OpPHTaHABIK KapiKbl TAIAaylIbUIapbl ajfaH AepeK-
TepAl Tanmaldl OTBHIPBIN, XACAHABl HHTEIUIEKT TEXHOJOTHSIIApBIH MaiinanaHa
OTBIPBIT, POOOTOTEXHUKAHBIH KapKBIHJIBI JITaMYbl KE3€KTI OHIMALTIKKE OKelei
JieTeH aliKbIH KOPBITBIHIBI XKacayFa 00oapl.

CapanmsinapabiH Oaranaysl OOWBIHIIA, OYJ1 KOPCETKINI JKYMBIC KYIIiHE
JKyMcalaTblH LIFBIHAAPAbIH 20-33% mierinae TeMeHaeyiMeH Oipre Kajribl
aem Ooipiama 30%-ra ecemi. OpuHe, OIpiHIII Ke3eKTe «y3UITeH WHHOBA-
UsIap» AeN aTaJaThblH HEFYPIBIM JaMbIFaH eJJepre KaTbICThl, Oy OipleH
OipHere MaHbBI3/IbI caaIap bl TEXHOJOTHSUIBIK KaliTa AKYKTEYTe allblll KeeIi.

Byn xarpaiina eH anjbIMEH OHEPKaCin TEeH MeAWIMHAara >XyMcajaThlH
LIBIFBIHAAPABI KBICKAPTY Typajbl o3 OOJNBI OTHIp, ON TasyAarbl 7-8 KbLI
itrinzge $8-9 TpiH Kypaiinsl. XanbIKThIH )KYMBICIIEH KAMTBLUTYbIHA OaiiJIaHbICTHI
weiFbiHAap $9 TpAH. TeH coMmara KbICKapaabl. ABTOHOMIBI aBTOMOOMIbIACPII
(«aKpUTABI MalIMHATIAPIBDY), COHIAKW-aK APOHIApALl HeMece 0acka YIIKBIIICHI3
YIIy anmapaTTapbiH OeJCeH[i eHri3y KochiMIla yHempaeyre ambin kememi $1,9
TpnH. Xorapeina aranran canmap 2014-2017 >xK.KOPBITBIHABICH OOMBIHINIA
IBIHFaH JIEpeKTepre Heri3zene/l JKoHe «pOOOTTapAbIH PEBONIOLUSCHINICTI
aTaJIaThIH IIBIHIBIKTBI alKbIH KOpceTei. ON0eTTe, OHbIH HETi31HAC >KacaHbl
WHTEJUIEKT CAIACBIH/IAFbI CEPITiH/I 93ipIeMeNep MEeH XKETICTIKTEp KaThIp.

Tastynarpt 8-10 bul iHIiHIE €H MaHBI3/IbI ©CY HYKTEJEpiHIH KarapblHa
JKaTKBI3yFa OOJaIbl:

1. JKacaHapl WHTEJUIEKT-WHTEPHET 3aTTap HapbIFBIHBIH Herizi. On
«3aTTapy aKnaparThIK KeJICIHIH KOHIEIUSICHIH, SIFHU JKaCaH bl HHTEIUICKTIHIH
KipiKTipMe TEXHOJIOTHSUIApbIMEH Ka0IbIKTalFaH, Oip-OipiMeH TuimMIi e3apa ic-
KHMBLI J)KacayFa MyMKIHJIK OepeTiH (U3UKaIbIK 00BeKTLIepAl OLaipei.

2. OCKepU-)KOHE aBHMa OHCPKOCINTIK  KemieHaep. PoOoToTexHuKa
HapBIFBIHBIH OYJ1 CErMEHTI €H JKbUIJaM ecylli KaTapblHa jkaTajpl. byn eki
Heri3ri OaFbIT — JKayBIHTEepNIIK pOOOTTap MEH OCKEPH YINIKBIIICHI3 YIIy
oObeKkTiiepl ece0iHeH Ky3ere achlpbulaibl. A3aMaTThIK IMHJIOTCHI3  YIIY
anmapattapsiHbH (BJIA) HapeIFBI Ka3ipri yakpITTa Kejemi OOHBIHIIA dCKepH
CEerMEHTTeH aMTapiblKTaii KeM Tyceli, Oipak ecyaAiH >XOFapbl KapKbIHBIH
KepceTesi.

3. ABroHOMIBI Kemik. JlamMbpiFaH enaepliH HapbIKTapbiHIa MHTepHeTKe
KOCBLITY JKOHE OHBIH PeCypCTapbiH OelCeH Il alaanany MyMKIHIITIH KO3AeHTIH
aKpUIIBl MammHamapaeiH yineci 2020 sKpuFa Kapail JKkaHaJaH eHAiIpiUIeTiH
TayapiapablH mamaMmeH 85-90%-b1H Kypaiiabl. 2025 xbputra Kapail aBTOHOMBI
OacKapyIbIH TYPJl IOpEKeCiH maijanaHaThiH jkeke Kok caubl 10-12%-man
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acajpl. YIIKBIIICHI3 aBTO CUMOMO3/IBIH €H JKapKbIH KepiHicTepiHiH Oipi 6ok
TaObLIa/Ibl, OHBIH IMIiHJE POOOTOTEXHHUKA XKOHE MHTEPHET TYPiHAE (QU3UKAIIBIK
ICKe achlpy CHSKTBL, COHAAi-aK BHPTYaJIbAbl Ja JKAacaHIbl WHTEIUICKTTI
KETINipyAiH OipHerie OarbITTapbIHBIH Oipi 00BN TabbuIanbl, cededl MyHIai
MalrHa KYHBIHBIH ImamaMeH 30%-bIH OafmapiiaManiblk KaMTaMachl3 eTyTre
apHaJIFaH IIBIFBICTAP Kypaibl.

4. OmnepkacinTik podorrap. XKorapeiga Kas3ipri yakpITTa OOJBIN JKaTKaH
«poOOTTapIBIH PEBOJIOLMUSICHI»AYKBIMBIH KOPCETETIH MBICAIIAAp KEeNTipiireH.
JKacaHnpl MHTENJIEKT 3JIeMeHTTepi 0ap OChl KYpBUIFbUIApIbl ©HEPKACINTIK
KOJIJaHy FBUIBIMHBIH OCHI CaJlaCBIHIAFbl 93ipieMesiepAi KOJNJaHyIbIH €H
JIOCTYPIIi HYCKaApEIHBIH Oipi 00bIm Tadbmansl. Kembacmibuiap e apaceiaia
eH anapiMeH exi MemiiekeTTiH — AKII nen JKanoHusiHbIH KocinmopsIHAApHI Oap,
HaKTHI OH/IipiCKEe OHEPKACINTIK pOOOTTAp B! OEICEH Il CHTI3Y/Ie.

5. MenmuuuHa. JleHcaynblK cakTayFa TapThUIFaH »eke poOoTTapabl caTy
KeJeMi KbUIIaM KapKeIHMEH ocyne. Artam aiftkanna, 2014 xemsl 1,2 MBIHHAH
acTaM OCBHIHJIail KYPBUIFBUIAP CATBUINBI, KeJleci €Ki XKbUI-5 MBIHFa JKYBIK, Oy
JKBUI CalBIHFBI €CEIeH €Ki ece Keml. Ocipece, poOOTTapra KaTBICTBI HapBIK
CerMeHTi OeNceH/i MaMBI Kenemi, Oy eKi eH calMakThl cebenTepMeH TYCiH-
nipimeai. BipiHIIACH, XaJBIKTBIH HEFYPJIBIM JaMbIFaH eJaepleri OipTiHmern
KapTalobIMeH. AJI eKIHIIIZeH, erae >acTarbl HeMece HayKac aJamIapiabl
KYTyMEH alHajbICyFa KaOUIETTI >XKoHE HHWeT OUITIpreH KbI3METKepIepAiH
TaNIIbUIBIFBL.

6. Typwmbicteik PobGoTrap. VHTEpHETTIH XoHE XacaHIbl WHTEIUICKTKE
TiKenel KaThICTBI HapBIKTBIH Tarbl Olp KapKbIHABI OCIM Kele )KaTKaH OaFbIThl.
2017 KbpUIbl JKacaH/bl MHTEIUIEKT TEXHOJOTHMSCHIH icKe achipaTbiH 10 MiH
acram Y# poGotrapbl catbuigsl. COHFBI 2-3 KbUIga TOTEpAETri TYPMBICTBIK
TEXHUKAHbl FaHa €MeC, MHXCHEPJIK >Kemijepai OipikTipeTiH «AKBUIIBI YH»
TUNTI JKydenep eTe TaHbIMan Oonjabl. HoTmkeciHIe >kacaHIbl WHTEILICKT
agaMIapaslH eMipi MEH TYPMBICBIH OenceHai Oackapa OacTaiiopl, OHBEI icC
Ky3iHzae 24 carat OOWBI Kacau bl

7. AyblI mapyambuibiFsl poooTTapsl. Mamanaap sy OommkambiHina, 2020
KBUIBI ICKE€ achIpbUIFaH aybll LIapyallbUIBIFEI  POOOTTApbIHBIH  CaHBI
16,3 mapa.0ipiik TeXHUKaAaH acajibl. HapbIKThIH OChI CETMEHTIHIH IC JKY31He
KAPTBICHIH, SFHU MIaMaMeH 47% YIIKBIIICHI3 YIIy annapaTrTapblH Kypaupl.
ATtanraH ecy KapKbIHbI JaMbIFaH €JJiep ayblUl LIapyalllblIbIFbl OHAIPICIHE ToH
eHOeK CBHIMBIMIBUIBIFBl JKOFaphl MpoOJeMaHbl Kajlai INEeImeTiHiH alKbIH
KepceTesi.

PoGoTrapapl xoHe 0acka a yKcac TEXHHMKANBIK )XKOHE TEXHOJOTHUSUIBIK
OOBEKTUIep/l TaiaaHa OTBHIPBIN YKACAHIBl WHTCIUICKTIHIH (PU3UKAIBIK 1CKE
aChIPbUTy TaKbIPBIOBIH asKTail OTBHIPBIN, ON MIHAETTI TYplIe KaKeTTi
OarmapiraMaiblK KAMTaMachl3 €Ty IIH KOl CAHBIH d31pJIeyMeH cyHeMenIeHeTiHIH
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aran oty KaxeT. COHIBIKTAaH MaMaHJIapAbIH 0achiM Ot BUPTYAIIbI
JKacaH/Ibl HMHTEIUIEKT-OYJI YFBIMHBIH IC JKY3iHIE €H KOepHeKi KepiHici nen
CaHaAMObL.

YKacaHmpl WHTEUIEKT TEXHOJOTHSIAPHIH KOJIAHYABIH MAaHBI3IB OaFrbIT-
TapeIHBIH Oipi — aHTHQpoA. bym cambicTBpManel TypAae >KaHAa TEPMUH
QIAsKTHIKKA KapChl OAaFBITTANIFAH MIapasiap KUBIHTHIFBIH Oinaipeni (anr. fraud),
OyJ1 J)KeKe TyJIFara Hemece KOMITaHUsIFa KaHak-/1a Oip 3usH KeNTipy, MbICAbI,
Kap>KBUIBIK HeMece Oefienire HyKCaH KeJITipy MaKcaThIHIA KacaaFaH Ke3 KelIreH
KacakaHa opeKeTTep Hemece apeKeTci3aikTep Aereni oinaipeni [3].

JKacanmpl WHTEIUIEKTTIH €H IPOTPECCHUBTI XXOHE THIMIl alrOPHUTMAEPIH
KOJIZIaHa OTBIPBII, «AHTU(PPOI» JEI aTalaThlH dPTYPIl KOPFAHBIC XKYHelnepiH
OenceHal IamMbITy KaXKETTUIr Ka3ipri caHAblK 3KOHOMHKAHBIH aJasKThIKThIH
eJIeyJIi ayKbIMbI CHUSIKTBI MAHBI3MIbI CPEKIICIIirine OainanbIcThl. KoMIbIOTEpITIK
TEXHOJIOTHSHBI KCHIHCH KOJIJIAaHY dp TYPJIi ICHTeUIeri anasKTap YIIiH KeNTereH
JKaHa MYMKIHJIKTep armrajsl. bemen i KOHCANTHHTTIK areHTTIKTepIiH Oaranaysl
OoffpiHIIa, GPOATAH SNMEMIIK YKOHOMHUKA IIBIFBIHAAPHIHEIH KemeMi 2020 KbUTbl
$2 TpiH. KypaiasL

ArtanraH OOJDKaMHBIH KHUCBIHABI CalJapbl aHTH(PPOA CalaChIHAAFBI
azipieMenepre eieyini KapXKel PecypcTapblH Kymcay OOJBI  TaOBLIAIb,
onmapaelH OackIM KOIMIUTTT acaHApl WHTEIUICKTIHIH TYpJi achmeKTiiepiH
KOJIJaHyFa HETi3/IeNreH. OpUHE, JJeyeTTi alasKTapra Kapchl IKysere
achIPBUIATHIH ic-IIapanap KIMEHTTEP[iH >KalIbLIbIFbIHA JKOHE COHBIH caija-
pelHaH Ou3HecTi TaOBICTBI JKYpPri3yre KeAepri KeiTipMmeyiHe OacTel Hazap
aylapbUIaJIbL.

Bapneik neHreiineri MeMIeKeTTIK OMIIIK OpraHAapbIHBIH KBI3METIH JKOHE
KONTEreH KOMMEpPLUSUIBIK KYPBUIBIMIAPIbIH KYMBICHIH  CyHeMelaeuTiH
onepanysuIapAblH, eqoyip Oeniri Te3 >KoHe JKOFapbl THIMAUIIK JeHredimMeH
apHaWBI aITOPUTMJICP J31pJIey JKOJIBIMEH aBTOMATTaHABIPHLUTYBI MYMKIH.

Kazipri yakpITTa »KacaHIbl HMHTCUICKT CaJlaChIHIAFBl KOMITBIOTEPIIIK
KyaTTap MEH J3ipieMelep OHbl KHUBIHIBIKCHI3 JKacayFa MYMKIHIIK Oepeni.
Hormxkecinae >XKpUT callblH Kara3 KYKaT AaifHaIBIMBIHBIH KOJIeMi a3asfbl,
KOMITBIOTEPIIIK TACBIMAIIAAFBIIIITAPMEH MKYMbBICKA KOIIY JXYPIN JKAThIp JKOHE
JOCTYPJIi MyparaTTapJbsl Ka3ipri 3aMaHfFbl JepeKTep 0a3achblHa ayBICTBIPY
JKy3ere achIpbLTy Ia.

Kasipri 3amanrbl uQPIBIK IKOHOMHUKA JKaFAalbIHAA )KACAH/bl HHTEIUICKT
MYMKIHAIKTEepiH HaiaranyablH OCHl TYPiHIH KOpHEKTI Mbicansl periage 2011
KbUITAH OacTam pecrnyOnMKaga iCKe achlpbUIaTBIH «DJIEKTPOHABIK YKIMET»
artel 1T-0arnapnama Oomnbin TaObutagsl. OHBIH OacTbl MiHzeTi — 2020 KbuTFa
Kapail XaJIbIKKa TYPJIi MEMJICKETTIK OpraH/ap YChIHATHIH OapiIbiK KbI3METTEPIiH
70%-bIH KarazgaH EKTPOHABIK GOpMaTKa KeIipy.
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YKocnapmarraH ic-mapaiapblH KOMIIUTTiHIH KABIH TaFbIPhl JKOHE OHBI
Kacaymbuiap OarmapiaMaHbl Ky3ere achIpyAblH OpTYpJl Ke3eHAEpiHJe
KE3JIeCTIpreH Kypleli KHBIHABIKTap adrOpUTMICP MEH JKAaCaHAbl MHTEIUICKT
TEXHOJIOTHSJIAPBIH OCJICCHI JKOHE, ©H OacTBICH, THIMII NaigaiaHOai-ak,
OCBIHZA MaHBI3Abl JKOHE ayKbIMIBI KoOalapAbl jKy3ere achlpyIblH MYMKiH
EMECTITiH alfKBIH KOpPCETEe]Il.

CaH/bIK SKOHOMHUKAaHBIH €H TOH EpeKIIeNKTepiHIH KaTapblHa KemTereH
MaMaHJap SPTYPJl KPHUITOBAIIOTANAPABIH Maiiia OONYBIH KOHE BUPTYaJJIbl
aKiia alHaIBIMBIHBIH KapKbIHABI ©cyiH ce3ci3 ecenreiini. Kes xenren
KPHIITOBAIIOTAHBIH HETi31 — Oy JlepekTep KOpbl TYPIHIETI aKmapaTThl TapaTy
KOHE CaKTayJblH OPTANBIKCHI3IaHABIPbUIFaH Kyiteci. biokdeitHHIH OacThl
apTHIKIIBUIBIFBI-KUHAIFAH MAJIIMETTEPIIH KOPFaIybIHbIH JKOFaphl JIEHIeii, o
TE3 e3repicTep eHrizy MyMKIHJITIMEH oHEe MaliaiaHylIbuIapFa YChIHBUIATHIH
JEPEKTeP/IiH AJAIriHe Oip Me3rijiie Keniiaik OepyMeH yiieceri.

Brox4elHHIH KOpCeTiAreH apTHIKIIBUIBIKTAPEIHBH OOTybl OYJI TEeXHOIO-
THSTHBI YKacaH/1bl HHTEJUIEKT CajlaChbIH/a KYMBIC ICTEHTIH OapIibIK 3epTTeyIiiep
MEH FajJbIMIap YVIIIH TaHbIMad eTenl. KemrTereH wMaMaHAapAblH MiKipi
OoifbIHIIA, OJIOKYEHH, KacaHAbl MHTEIUICKT MEH 3aTTapIblH FaIaMTOp apKbUIbI
Oenrii Oip TEXHOJOTHsIFA OIPIKTIpIJICHi, O TECOPHSUIBIK JKOHE KOJAaHOAbI
FBUIBIMJIAFBI €H THUIMJII )KOHE TEe3 JaMbII Kelle )KaTKaH OarbITTap IbiH Oipi 60kl
TabbUTa eI [3].

XKacangsl MHTEINIEKT Typajibl aWTKaHAA, HEHPOXKENTK TEeXHOIOTHAIap
CHSKTBI TIEPCIICKTUBAJIBIK OAFbITTHI KO3FamayFra Oonmaiael. Kasipri Tanna kem
KabaTThl MEpPCeNnTpPOH TYpiHAeri Helpoxeninep KonpaHsutyaa [4]. Onapabi
0acTbl apTHIKIIBUTBIFEl  aJTOPUTMOIK IICHIUIMEHTIH MIHAETTEpAl IIemry
MYMKIHAIr1 00Jbin TaObuIaAbl. JKaTThIFy Ke3iHAe HSHPOHIBIK XKeMi ©31HIH IIMIKi
KYpbUIbIMbIHA ~OaiiJIaHBICTBI  KIpIC JKOHE IIBIFBIC CYPETTepPre KaTbICThI
3aHIBUIBIKTAP/B! AIIajbl, OChUIANINA JKATTBHIFY YATICIHIE aiFaH TKIpHOeHi
«KOPBITHIHIBLIAN B,

HeiipoHpIK JKeniiepaiH oaicTepi Herisri 3eprreynepleH Oactam Jepex-
Tepal eHIipy, Oomkampaay, ToyekenuepAi Oackapy, aBTOMATThl pEHTHHriIEy
JKOHE YEKTepAl OKy, OaHKTIK KapTOYKaJBIK TPaH3aKIHs Kayirci3/iri, HHKUHU-
PHUHT KOCBHIMIIIANaphl XoHE T.0. TanchlpManapra JeHIHr1 opTypiii cananap MeH
cananapza KeHiHeH KOJITaHbLUIa bl

Kazipri 3amMaHfbl TEXHOJIOTHSIAPFAa COMKEC KEJETIH JKOHE OarmaapiiaMalibIK
KaMTaMachl3 €Ty HapbIFbIHJAa YCBIHBUIFAaH HEWPOHIBIK KEIUJICPIiH HaKeTTep
apacelHla ©H JKaKChl JKymbIc cumarramanapbin kepcereTin STATISTICA
Neural Networks sxyiiecin naiiganana OTBIPBIN, MIHISTTEP/l IIEIUIYIIH HAKTHI
MBICAJIBIH KapacThIPaibIK.

JKbIn caiiblH KemTereH enuepiH dKOHOMUKACHIHA OpMaH epTTepi eneydi
3USIH KenTipeni. Afaiina AWHaMUKagarbl ©pT CaHbl e3repeli, JAeMeK, maiina
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OoJiFaH MIBIFBIHHBIH coMachl e3repeni. bizain mingerimi3 Genrini 6ip kezeHre
BIKTHMAJI IIBIFBIHAAPABI OO0JDKay MOJENIH Kypy OONbIN TaObuTamsl. Mbicam
periage Ilen3a obnpiceiHma 11 sxput imiage (2005-2016) epTreH KenTipinreH
LIBIFBIH CTATUCTHKACBHIH KENTIpeMi3, IepeKTepre Tajnay yprizemis xone 2017
KbUTFa O0JDKaM jkacaliMbI3, IIBIFY Ke31He OHbI HAKTHI MOHMEH CaJbICTBIPaMBbI3.
Onberre, OomkaHFaH MoHAEp OacTamkpl MoOHAEpre coiikec Keneai. by
KapacThIPbUIFaH MOJIENIBACP O/IaH dpi KYMBIC iCTey YIIIH KOJIAIIIbI )KOHE oJlap
OOHBIHIIIA OpMaH epTTepiHeH OONaTBIH IMIBIFBIHAAPABI OODKayra OoJaabl
JeTeH Il Olmipeni.

By mbican Taburyu KyOBUIBICTApIbI OOJDKAY JKOHE OJIapAblH YKOHOMHUKaFa
Tepic acepiH Oommkay YIIIH HEHPOHIBIK TEXHOJOTHSIAPAbIH MYMKIHIIKTEpiH
nalasaHyablH MaHBI3OBUIBIFBIH KepceTeli. JKacaHOpl HHTEIUIKT XYHeciH
naifjaany Ka3ipri 3aMaHfbl TEXHOJIOTHSUIAP/bI JaMBITY/BIH KEH LIeKapachlH
almajabl JKOHE JKaKblH Oonamrakra Oi3fiH eMIpiMi3fiH OapiiblK  cajanapbiH
camaisl TYpAe TYPJICHIIpe Il 1en cCeHiIMMEeH aiTyFa O0abl.

«KacaHJpl WHTEIUIEKT» YFBIMBIHA, COHJAi-aK OHBI MaiilaTaHaThIH
QITOPUTMICPAI KOJJAHYIBIH NMPAKTHKAJIBIK OaFrbITTapblHA KbI3BIFYIIBUIBIKTHIH
apTyBIHBIH 0acThl ce0edi, Ka3ipri 3aMaHFbl KOMITBIOTEPIICPAiH OHIMALUIITT MEH
OJIApABIH XKYMBIC iCTEy IPOIIECiH/Ie ICKe KOCBIIFaH aKNapaTThIK TEXHOJIOTHsIIap
carnachlHbIH KAapKbIHABI ocyl Oonmbsl. HoTmkeciHae jxacaHIbl WHTEIIEKTTI
naiananyabl OOJDKAWTBIH OpTYpIi ANTOPUTMAEP FHUIBIMHBIH, ©HEPKICINTIH
JKOHE aJlaM OpPKCHHUETIHIH 0acKa Ja KbI3MET TYPJICPIHIH op TYpJi cajaiapbiHaa
OeJiceHal KOJIIaHbUIagbI.

CoHbBIMEH Karap, JKacaH/bl MHTEIUIEKT KepiHicTepi Oenrini Oip mapTThl
YJeCTepMeH opTypii poboTTap TypiHAEe (U3MKANBIK ICKE achIpyFa IKOHE
JKacaH/bl MHTEIUIEKTTIH BUPTYaIIbl Kypampaac OeiiriHe OediHyl MyMKiH, O
LIBIH MOHIH/E OaraapiiamalblK KaMTaMachl3 eTy Ooibin TaObiiaasl. YKacaHbl
WHTEIUICKT JAMYBIHBIH €Ki OaFbIThl Ka3ipri yaKbITTa KaJBIITACATHIH CaHIBIK
3KOHOMMKAHBIH MaHBI3/1bI 00ITiri 00BN TaOBUIAIEL.

CoHbIMEH KaTap, JKacaHIbl WHTEUIEKTTI KOJIJaHYIbIH TEOPHUSUIIBIK
azipieMeneplit, COHIAi-aK MPaKTUKAIBIK cajlajapblHbIH OachiM KOTIILIIr
THIMIITIKTIH )KOFaphl JICHICHiH KOPCETIN OTHIp, OYJT MYH/Iail kobarapabl oJaH
opi OipiHIII Ke3eKTe KapXKbUIaHABIPY/Ibl 1, COHAaN-aK jkahaH/bIK HAPBIKTAFbI
ONIApABbIH YJECiHIH KapKbIHABI YIIFAIOBIH Ja Kamrtamachl3 ereni. Caibin
KEJTeH/Ie, TEOPHUSIIBIK )KOHE MPAKTUKAIBIK MaKcaTTap/a jKacaH bl HHTEIUIEKTTI
MaigamaHyIplH TYPJi OaFBITTaphlH  OENCEeHII KOHE THIMAI JaMBITATHIH
»kahaHpIK QPIBIK SKOHOMUKAHBIH KATBICYIIBUIAPEl FaHa Ka3ipri jkarjaiijga
0Oacekere Kab1meTTi 00Iaabl.
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1.2. Byrinri kacaHIbl HHTELIEKT:
HeliPpOH/BIK KeJIiIep jKoHe MAIMHA OKBITY

Xacanmpl MHTEIUIEKT TEXHOJOTMSCHIH OPTYPJ JKOJIApMEH IKy3ere
aceipyra Oonanpl. Tocimaepniy Oipi — Heilipoxkeninep (HEHPOHIBIK XKemiyep).
Hefipongpik kemi Tipi aF3ajgarel JKYWKE JKeJiepiMeH Oipmeii kKarumara
KYPBUIFaH, aTaybl Ja OChIJIaH IIBIKKAaH. AF3aja xeJjire Kyike jkacylanapbl —
HEeWpoHAap XKeJire KOChUIa/bl, ONlap JKyHKe KyHeciH Kypauabl. AN jKacaHIbl
HeWpoXerie KapamailbIM Tpoleccopiap — ecenTey 3JeMEHTTepi Koija-
HBUIa/IBI, OJIap COJI cXeéMa OOMBIHINA KOCHIIA bl XKOHE 63apa OpeKeTTeceIl.

Komimri Hefiposkeninep anropuTMmiaepiHe KaparaHga ToXipuOe HeriziHzae
Oinmim anyra kabOinerti. HeWpoHIBIK emiiep AepeKTep.iH Kipic MeH IIbIFbIC
apacblHIarbl OalIaHBICHIH TaNJaiiIbl >KOHE AaHBIKTAHIBI, MOJIIMETTepi
KUHAKTAWIBI JKOHE MOCENeNIepli IMICIIyai KalbImTacThipansl. Helipoxemninep
OCBUTAlIIa JKYMBIC iCTed amysl YIIiH MAaIIWHAIBIK OKBITY 9IicTepi
KOJIZaHBIJIa bl

CoHbIMEH Karap, HEHPOH[BIK Kelijiep OoNFaH araaiija MyHIAl OKBITY
KOIITEI'eH €CeIITey PECYyPCTaphbIH KAKET STEe/i.

HefipoHnaplk kemiHi yHpeTe anaThlH HOpCEe Kipicke OailIaHBICTBI.
HerypibiM ken nepextep 0Ooica, COFYpPIbIM XKaKChl xKaTTbiFyiap Gomansl. Ci3
HEHPOHABIK >KeJliHI KelOip HpIcaHIappl OacKajlapblHaH aKbIpaTyFa, CallbICThI-
pyfa xoHe Oospkayra yipere amacei3. Helipokenmijepai OKbITY Oananapibiy
cypetin kepcerin, «bynm MbICBIK» gmenm aifragel. HelipoHnpk xeminep
KarJalblHAA OJlap OCBIHIAN CypeTrTepre TYCIHAIpME JKallChIpMajlapbIMEH Hue
0oa el J)KOHE oNapAbl OipiKTipe aNaThIH JKEKe AIEMEHTTePAl TaHyAbl YHPEeHE .
Kipic keckin Oenrini Oip cy3y xyhecine eHeni. OHIarbl cy3rijiep emnmemaepi
MEH 3JIeMEHTTEPIHIH KYPJAEIiiiri OOMbIHIIA dp TYpIi, oJlapAbl TaHyFa 00Ja bl —
OpKalCBHICHIHBIH 03 epekiienikTepi Oap. Keckin OipHeme per ochkl xyiieze
cy3ineni. KenrereH sjeMeHTTep TaHbUTFaHHAH KeHiH, HEHPOHABIK kel OoJpKay
JKacalabl: OCBIHJAl BIKTUMAJIBUIBIKIIEH OYJ1 00BEKT aiaM OOJIbI TaOblaa bl

CoHbIMEH, aKIMSHBIH OarachlH epTeHrl KyHII OOJDKaWTBhIH, TOIITa
KOHBEPTIHJETi KOJMEH >Ka3bUIFaH HMHJICKCTEP/l AaHBIKTAHTBIH >XOHE HayKac
Opran/ibl CyperTe aHbIKTAWTBIH HEHPOHBIK JKENiep ochliail maiaa OOJibL.
Osapasl OKBITY YIIIH OmpXKagarbl KypcTap Typajibl CaHIBIK JEPEKTEP MEH
JKa3bUIFaH CaHJap, HAyKacTap MEH cay ar3ajap/blH OelHenepi KOJIaHBUIIbI.
Macene MpIHaga: HEMPOHABIK JKEIep >Kni KaTeneceni, OMTKeHI KaTThIFyiap
YIIiH OIBIH MOHIHJE YJKeH JAEpeKTep YAruIepiH >kuHay KublH Oonael. 2010
*KbuTel ImageNet keckin 0a3acel maiina 60nabl: 22 MBIH caHATTaFrsl 15 MIITHOH
cyper. Konm »XeTkizy amblK OONIpl: Ke3 KENreH 3epTTeyIll MaliMeTTepui
naiiganana amanpl. HoTwkecinme acaHAbl MHTEICKTIH camajibl OKBITYFa
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MYMKIHTIK TyIpl. HeHpOHIBIK JKeNiJiep JaMbIl, KOJ JKETIMJIi XKoHEe KYHACTIKTI
eMipre Oepik BIKMaN eTe 6acTa bl

Kynoenixmi emipoe xe30ecemin sicacanOvl uHmeniexm

Siri, Google Assistant sxoHe AuJMca JayBICTHIK KeMeEKIIiiepi, BeO-
calTTapJarbl YCHIHBICTApfa apHAJFaH aJrOPUTMIEpP — MbIcaibl, Brain, OHBI
Youtube-ti Amazon-na OeiiHeHI HeMece epeKimie OJIOKTHI YCBIHY YIIiH
naiiananajgpl  JkoHe uar Ootrapel — Oapabirbl KM TexHonorusichiHa
HETI3/1eNTeH.

PayPal Texnem xyiieci Helpoxemiiepre KyAiKTi TpaH3aKIMsUIapAbl Ta0yFa
KOMEKTeCY VINiH MallMHaIBIK OKBITYABl KoJZaHambl. byn kommaHusra
ITASKTHIK JKaFAaiIapblHBIH CaHBIH a3alTyra MYMKIHIIK Oepeni. Mplcaisl,
peceiinik Prisma KockiMIace! (poTo OHICY YILiH HEHPOKENIep i KoJIiaHa bl

NVIDIA xkomnanusichlHBIH uHXeHepl PoGept bBonn anropurm oitnan
TaNThl, OFaH KOPII MBICBIKTAp Kipil, OakmacklH OYIIipreH Ke3ae Oakiianarsl
cy OypikkimTepi icke Kocbutaabl. by MBICHIK eKeHiH aHbIKTay ymiH on Caffe
HeHpoxKerici HerisiHjge >KyHeHi KOJMaHIbBl: ON KamepalnaH OeifHe Tycipy
OoliBIHIIa MBICHIKTApABI aHBIKTaAbl. KaMepa sxarmaiiiblH ©3repyiH aHBIKTaraH
ke3ne, 7 ¢ortocyper kacanpl. CyperTi MpIHHaH TaOyfa Ooyazmsl: erep cyperTe
MBICBIK 00JIca, OHA YKeJli OYPIKKIIITepAbl Kocasl [5].

Peceiine weitponapik skeniiep Yandex Music TeiHIayra OonatbhiH 2
MY3BIKQIBIK anb0oM ka3nel. bipeyi «A3aMaTTBIK KOpPFAaHBIC» TOOBIHBIH
(opeiHgaymel — HelpoHablK KopraHbic), an ekiHmici — «HupBana» (opbIH-
naymrsl Neurona) TOOBIHBIH QHJEpiHE HeTi3emTeH.

Helipoxxeninep MenunuHana, Kap>Kbl MEH KOMMEpLUsAa, ©HEPKICiNTe
JKOHE TOPTIN TEH KAayiNCI3iKTI KaMTaMachl3 eTyne KOJNJaHbUIambl, MyHIa
JIEPEKTEPIiH YJIKCH KOJIEMIH OHJCY, JKyHeley X oHe Oopkay KakeT OoJiFaH
xepae. MenuuuHana Helpoxemniiep iCiKTep/i, jkapakarTaH KeWiH TiHIepIiH
JKOHE ar3allap/blH 3aKbIMAAHYbIH TaHyFa, aypyZblH BIKTUMaJ aCKbIHYJIaphl MEH
arpIMIapbIH  OoJDKayFa yiiperemi. Byn kaiti FaHa emec: KETKUIIKTI YJIKEH
MEIMIMHANBIK JIepeKTep 0a3achl JKOK, Oipak Ci3 >KOFapbl JQJNIIKKE JKETYiHi3
KepeK. OifTkeHi, erep HEHPOHIBIK >KeNi MBICHIKTBI MTIEH IIATacThIpca, OHIA
OyJT COHIIANIBIKTHI KOPKBIHBIIITEI eéMec. Al erep HayKac cay opraH Oosca - Oy
skaMaH OoJTajbl.

XKoraper xykrenren HighLoad++ xyifecin o3ipieyminepaiH Kocion
KOH(EepeHIMSIChIHAA KeIeWIiK JAeHredin Oopkay YIIiH HeHpokeninepai
CTaHNAPTTHI €MeC MalfamaHy Typajabl OasHmaMa Xacaiumbl. AdQpHUKaIarbl
KEJCHIIIK JIeHreii COHMIANBIKTHI JKOFaphl, COHJBIKTAH OYJI JAEepeKTepi >KUHAY
oHe Tanjgay MyMKiHOiri skok. Courbl aepekrep 2005 >KbUIbI KHHAJIBI.
CmHpopan yHUBEpCUTETIHIH FausIMAapbl angsiMeH ImageNet cyperrtep
0a3aCchIHBIH KOMETIMEH HEHWPOHIBIK d>KeiHi yipeTkeH. ComaH KeWiH omap
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KYHZII3r1 JKOHE TYHT1 YakKbpITTa CHYTHHKTEpIAeH AdJQpHUKaHbIH KOINTereH
CypeTTepiH JKUHaI, oJIap bl HEHPOHIBIK JKENIIre KYKTEIi.

He#poHabIK ke XalbIKThIH 63 YIJIepiH TYH/IE KaAPBIKTAHIbIPYFa aKIIAChI
Oap-)KOFBIH Oaranar, OJapAblH KeACWIIK JEeHTeWiHiH OOJDKaMBIH >Kacaibl.
Conan keitin 6omkam 2005 KbUIFbI HAKTHI JEPEKTEPMEH CAIBICTBHIPBULABI —
HEHPOHBIK JKeJIi alTapibIKTal 1o O0IKaM Kaca b,

HenikTeH HelipOHABIK KeJIijiep AaMyAbIH KaHA Ke3eHiH KyTy/e

HefiponapIk KenmijgepAi OKBITYFa apHAJFaH €CenTey KaOuIeTTiiKTepi,
cypertep MeH Oacka Ja Jepektep OazachiHaH Ja ker 0ojaasl. COHbIMEH KaTap,
HEHPOHABIK XKeNJIepIiH THIMILUTITI KOFapsl eKeHiri Oenrim 6omapl. CTaH(OPR
ranpIMaapel  Adpukagarel KeAEWTiKTi Ooipkay YIIIH HEWPOHIBIK KeJiHi
YilpeTkeH e, onap, oap KOHBICTAPIBIH IATHIPBI TYPabl JepPEKTepal KYKTEI.
bipak HEWpOHIBIK >Kelli CyIbl, OpMaHAapibl, >KOJIAApIbl J>KoHE Oacka
0OBEKTIIepAl — aJAbIH-ala JKYKTEIIMEreH MoJiMeTrTep 0a3achl MEH MYFalliM-
JIepAiH apanacybIHCBI3 TaHBII Oyl YHpeHIi.

2017 »wbuineiH MaMbipbinaa Google Brain o3ipneymrinepi MamiHamap sl
OKBITy MOZENBbACpiH 63 OeTiHIme xacalTeiH AutoML >xo0aceiH yceHABL. Erep
kail raHa OoJica, OYJI JKacaHIbl MHTEIUICKT, OJ1 Oap HeHpokeiiepai Tamjar,
TUIMIII JKaKTapblH aHBIKTAIl, aJaMHbIH apanacybiHchi3 — NASNet 0Oacka
HelpoxeniciH Kypiael. NASNet cypertepiH Tekcepy XHUbIHThIFbIHIA 82,7%
Oomkay HmONiriH KepceTTi. Byl KepceTkill KecKiHII TaHUTHIH OapiibIK
HEWPOHIBIK JKeNliepre KaparaHga >korapbl. COHBIMEH KaTap, aBTOpIap
HEMPOHBIK JKEINiHIH OacTamnKbl KOJAbIH amThl. MYMKIH OyJ1 )KacaH/Ibl WHTEN-
JIEKTTIH JaMybIHA )KaHa cepIriH oepep.

JKacanmbl MHTEIUIEKTTIH JaMybl CO3Ci3 €HOCK HaphIFbIHA ocep eTei. bipak
OyJ1 TaHKaNapibIK OOJMaybl Kepek, OMTKeHI ic Ky3iHJe OyJl MOJepHU3alMs
JKOHE aBTOMAaThKa CHAKTHI. Kelibip MaMaHBIKTap >KOHBUIBIM, JKaHAIAPHI Maiaa
0oJ1aIbl, OUTKEHI KacaHIpl HHTEIUICKTTIH AaMybl 0acka canajmapblH JaMybIHA
acep eTe/.

Kasip xacaHJpl MHTEIJICKT, HEMPOH/IBIK JKEIiJep jKoHe ceiiyiecy 0oTTapsl
aJlaMHaH aJlaThIH MaMaHJBIKTapAbIH Ti3iMi Oap. Meicansl, Google jkaHaIBIK-
Tap/Ibl aJAMHBIH apallaCybIHCHI3 )Ka3aThIH POOOTTAPFa HHBECTUIIMS CAJIa/IbI.

Bonamakra OarmapiamambuiapIslH KeHOIp Typriepi >KYMBICCHI3 Kalysbl
MYMKiH: 0i3 eH ajJpIMeH JalblH OJOKTapAbl J>KHMHAyMEH alHallbICaThIH
«KOITAayIBUIApy» Typallbl AfTaMbl3, SFHH OJIAPABIH JKYMBICHIH alTOPUTMIE
JeHiH KpICKapTyra Oonazpl. byn, wmbicanel, HR mamaHmapbiHa KaTBICTHI:
HEHPOH/IBIK XKeJiep YMITKEepIep/i 131ecTipy, oJapabl Oenrini O0ip enemaepre
colikec YHBIMAACTHIPHIN, XabapiaMa >Xibepy YIIiH akmapaTTbIH KeIl Ke3/AepiH
KaMTybl MYMKIiH.
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Conpait-ak, call-opTaibIKTapAbIH ONepaTopiaapbl XOHBUIBIT KTy KayTi
Oap: omapIblH MBIFBIHA aBTOMATTaHIbIPyFa OOJATBIH KONTEreH THITIK
YKYMBICTAp JKaTapl.

1.3. ZKacaHabl HHTENIEKTTIiH dJeMIiK IKOHOMUKAFa dcepi

3aMaHayH HIBIHABIKTA OOJBIIN XKaTKaH U(PIILIK e3repicrepre OaiaHbICThI
JKaHa TEXHOJIOTHSAJIAp/bIH, aTall aiTKaH/a JKacaHbl HHTEJUICKTIH 9/licTepl MeH
KypaJIJapbIiHbIH Maiiia 00Jybl MEH KOJJIAaHBUTYybIHAa OalIaHBICTHI YIIFal0 ypAici
Oap. Ickepmik >koHe KOFaMZIBIK OMIpIiH OapiblK cajamapblHa CepIiHI
@3repMelli dJieMJIe TUIMJII OpEKET eTe alaThlH aKbUIIBI XKYHenep Kipei.

XKacanmpt maTemnekr (JKW) — wHTEeIUIEKTYyan sl MalInHAIApAbBI, ocipece
MHTEJUIEKTYalIbl  KOMIIBIOTEPJIIK Oaraapiiamanapibl Kacay FbUIBIMBI MEH
TEeXHONOTHACHL. Ka3zipri yakpiTTa KemTereH poOOTTap EHTI3UITeH ecenTey
ANTOPUTMIEpiHE CYHEHe OTBIPBIN, KeHOip yHBIMAACTBIpY INEIiMAEpiH
KaObugayra Kaoinerti. Mbican peringe «Cupu» Hemece peceislik aHalOIThIK
«Amucay TYpiHJETI JKacaHIbl MHTEJUIEKT Oap ©31Mi3AiH cMapTPOHBIMEI3 OOy
MYMKIiH.

80-xpumapapH OaceiHma bapp xome @eireHbaym ecenTey TEOPHSICHI
CaJlaChIH/Ia JKYMBIC ICTEHWTiH Oenrini FajgpIMmap »KacaHAbl WHTEIUICKTTI
CHUIIATTAaUTBIH Kejeci TepMmuH yYCbiHabl. JKacauapl waTeiekt (M) — Oy
WHTEJUICKTYaJIIBl  KOMIIBIOTEPIIIK  KYHenepAi  a3ipiieyMeH  aWHaJIbICAThIH
WHpOpPMaTHKa calachl, SFHH 013 JOCTYpii TYpAe axaM OibIMEeH OaiiaHbic-
TBIPATBIH MYMKIHIIKTEpre ne Kyhenep — TUIAl TYCiHy, OKBITY, Oiiay Kabineri,
Macelesep il menry Kaoineri [7].

Xanbikapanslk onektp Oainanbicel  (XOB, anrn. The International
Telecommunication Union, ITU) ogmarsl capammsimapmer McKinsey Global
Institute, skoHOoMKKa MeH Ou3HecTi McKinsey & Company 3epTTey »eHiHIeri
OemimiesIepMeH BIHTBIMAKTACTBHIKTA KACAHBI MHTEJUICKTIHIH IKOHOMHUKAIBIK
triMpainiria  kepcerri. CoHBIMEH Oipre, oJlap aBTOMATTaHABIPY OCEpiHCH
QNeMJIiK eHOEK HapBIFBIHBIH KaiiTa KYpbhUTYbl, KbI3METKEepJIEPIiH OLTIKTLIIN MeH
JKEKeJlereH YWBIMIApIAbIH JKYMBICBI TyOereisli esrepy KaXKeTTUIirl CHSIKTHI
Kejeci MaHb3Abl (akTopiapabl eckepai. JKacaHOpl WHTEIUIEKTTIH OJIEMIIK
9KOHOMHMKAFa dCcepi JKeTi HeTi3ri KaHasl apKbLIbl OTeIi:

1. eHIipicTiH YIFaIOHI,

2. Oenrimi Oip Mep3iMre KOJNJAHBICTAFBI OHIMICP MEH KBI3METTEpIi
ayBICTBIPY;

WHHOBAIMS JKOHE OHIM JKEJIiCl MEH KbI3METTEPiH KEHEUTY;
JKahaHpIK aFeIHIAPIBIH SKOHOMUKAJIBIK MTaliIachl;
5. KYHABUIBIKTApIbI KYpPY 'KOHE KalTa MHBECTUIIHIAY;

B w
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6. JKU-niH aybicybl MEH XKy3ere achbIpbUTy LIBIFBIHIAPEI;

7. Tepic CHIPTKBI acepIep.

Kacannpr wHTEIIEKT Oonamakra Odcekelec KypecTi TiKenel KO3Faysbl
MYMKiH €KeHIiH eCKepe OTBIPBIN, OYJ KOMIAHUsIAp, CHOEK HAapbIFbl KOHE
MEMJICKETTIK HSKOHOMHUKAaNap YVIIiH 3apiaantapra okeiayi mymkiH, [TU e3
JKYMBICHIHBIH HETi3T1 KOPBITHIHABLIAPBIH KAJIBIITACTBIPAIbI.

JKacaHbl MHTEIICKT TEXHOJIOTHsIApbIH Oec TOOBIH OipikTipemni [8]:
MarmuHanslk Kepy;

TaOWFH T1JT;

BUPTYaJIJIbl KOMEKIILIED;

poboTTaNFaH MpoLeCcTep i ABTOMATTAHABIPY;
KEHEUTUIreH MallIMHAJIBIK OKBITY.

XKacaHgpl MHTEIUIGKT JKAlbl ailFaHna SkahaHJBIK  AKOHOMHKANBIK
OeIICeHAUTIKKE BIKMAN €Ty YIIiH eTe 30p aneyerke me. Kelibip xommaHusiap
Oenrimi Oip (yHKIUMSIIApAB OPBIHAAY YVIIIH JKAaCaHAbl WHTEIUIEKT TEXHOJIO-
THSICBIHBIH, OipiH KOJIaHyFa THIPBICANbl, ajd OacKajdapbl OCBIHBIH OapiIbIFBIH
KonjaHa ananpl. JKacaHIBl HMHTEIUIEKT TEXHOJIOTHSUIAPBIH EHTI3Y Te3 JKoHe
KeUTAaM xKypeni, 0y 2030 pUTFa Kapail oJeMIIiK JKaumbl imki eHiMHIH 1,2%
ecyiHe okeneni — Oyi OYpBIH EHTI3UINEH TEXHOJIOTHSUIAPbIH OOpiHEH Kerl.
ConbIMeH Oipre, jxacaHJbl HMHTEJUICKTTIH SKOHOMHUKAIBIK ocepi OipTiHmer,
KeJea KAapKbIHMEH KOpiHyl MYMKiH JXOHE YaKbIT OTKeH caiiblH Oaiikayra
Oosajibl, OHBI ICKE achlpy Ke3iHJe alTapibIKTail HIBIFBIHAAP KaXeT OoJjajbl
JKOHE 0OCEKEeNeCTIK MEeH KOMIUIEMEHTTUNIKTIH Kymieroi acep erexi. JKacanmbt
MHTEJUIEKT OJEeMIIK AKOHOMHMKAHBIH THIMIUILIH apTThIpybl MYMKiH, Oipak
aNplHFaH TainaHel Oeny, eH amgsiMeH, Oipkenki Oommaiiapl. JKacaumsl
MHTEJUIEKTTI €HTI3y JaMyllbl eNAEpHiH JIaMblFaH eJepJeH OJaH opi apTTa
KaJyblHA BIKMAl €Tedi, COJ apKbUIBl MEMIICKETTep apachIHOAarbl JKOFaphl
muQpIbIK  ammakTBIKTBl  Kyuieireni. Kommanus —neHreifinge —kacaHabl
WHTCIUICKTTI  TaijanaHy OCbl  TEXHOJOTHSIApAbl  €HTi3y  GoMbIHIIA
KOIOACIIbUIAp MEH CHIi3Y/CH KEIIKKeH HE 63 KbI3METIHJE TEeXHOJIOTUsIIap Ibl
MYJ1IeM NaiinananbaraH ajamaap apachblHIarbl OHIMALTIKTIH YJIFalObIHA OKeyi
MYMKIiH.

KopbITbIHABIIANH Kelle, KacaHIbl MHTEUICKT FalaMIbIK €HOEK HapBIFbIH-
JaFbl CYPAHBICTHI KYHICTIKTI TamchIpMalapibsl KaKeT €TETIH KOoCINTepacH
QJIEYMETTIK JKOHE TaHBIMJABIK OarlapiaHFaH MaMaHIBIKTapFa, COHJal-aK
ABTOMATTAHIBIPY KHBIH JKYMBICTapFa OalJIaHBICTBl CYpPaHBICTBI HKBUDKBITA
anapl.

Anatima, Oyn OipiHII eHTi3y Ke3iHAE IKYMBICCHI3/IBIKTBI apTThIPYyFa
okeneni. backama aifTkaHna, sxacaHIbl HHTEUICKT TEXHOJIOTHSIAPBIH THIMCI3
JAMBITY JKOHE €HIi3y JKaFaiiblHOa YITTHIK AKOHOMHMKANap, KeKelereH
KOMIIaHUSJIap MEH KbI3METKepJiep apachlHIarbl €HOCK HapBIFBIHAAFBI TEHCI3-

NS
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JIKTI KYIIEHTY/Al jKalracTelpa anajabl, ajl OyJ MYMKiH OOJIaTBIH QJIEYMETTIK
KaKTBIFBICTAp/IbIH KaTamu3aropbl Oonanel. byran »xonm Oepmey yuIiH ennep
Ykimerrepi OusHecmeH Oipiece OTBIPBIN, KBI3METKEpIEpi KOJAaydbl JKOHE
KaXETTI JKaHa >XYMBIC OpBIHAAPBIHA AYBIPTIIAIBIKCHI3 KONyl KaMTamachl3
eTyre MIHJICTTI, al aJamIapjblH ©3/epi AMHAMHKAJBIK ©3repill OThIPAThIH
eHOCK HapBIFBIHBIH KOKCTTUTIKTEpiHE COMKeC XKaHa JaFrabUIapAbl HTepyi KaXKeT.

JKacaHapl MHTEIUIEKT Ke3-KEeJITeH eCerTey )Kyieci CHSKThI KeMIIiKTepre
Je ue OONyhl MYMKIH JXOHE erep cCi3 OHBI eJIeMEH KaJICaHbI3, Ke3-KEITCH
KYPAETUTIKTIH COTCI3AIriHeH KyTbUTyFa OoJajibl, MyHAal jKacaHIbl WHTEN-
JeKTTiH MblcaiapbiabiH Oipi — COepbaHk KojmaHbicka eHrisreH. Omap e3
KbI3METIHE EHTI3IeH KAacaH/bl NHTEJUIEKTKE MUJLIHAPATAFaH PyOIib JKOFAITTHI.
byn typansl Gank Oacmibicel 'epman ['ped: «OKacanabl mHTENNIEKT, 91eTTe,
YJIKeH >KyHenepie memiM KaObUIgaiapl. AJTOPUTMIE CHTI3UITeH KillIKeHTakl
KaTe eTe YJIKCH 3apanTapra oKenyli MyMKiH. bizmig toxipubemizae 0i3 Oy
YJIKCH aKIIaHbl >KOFANTHIN alblK. MarimHa YyIJIKeH KeJeMie a3 KaTewik
JKacaraH/IbIKTaH, MHJUTHApATaraH pyOnbal skoranteinl anabiky [8]. On e3i
ailiTkanaad, OapibIK KaTeNKTEep.i Taybll, jKacaHIlbl MHTEJJIEKT aJTOPUTMIHIH
KYMBICBIH JKakcapTyra kemekrecTi. «byyn kare TaOburFan ke3zne 0i3 OHBI
3epTTeI, JKacaHAbl MHTEIUICKT JKYWECIH TeKCepy KOHE TEKCepy VIIH OapIbIK
cysrinepni cannmblk.» byram geiiin I'pedp COepOaHkke >XacaHIBI HHTEIUIEKT
€HTI3y OpTa JIeHreiieri KbI3MeTKepJiep CaHbIHA KO ocep eTell JAen MAIiM/Ie/i:
MeHemKepaep iy mamamer 70% KbIcKapThULab! [9].

CapanmbsuiapJplH — MIKIPIHIIE, algaFbl S5 OKbUIAA ONIEMAE JEPEKTep
KeJIeMiHIH Te3 ecyi Oaiikananpl. CoHaslkTan onap 2025 xbutFa Kapail OyKiT
onem OofipiHIIA akmapatrTeiH Memmiepi 2016 xwutra Kaparanma 10 ece acamsl
nen Oospkaitnel. Tasy Oonaliakra KoraM YIIiH aKHapaTThlH MOHI OfaH CaibIH
apra Tyceni, JlepeKTep ajgaMjap FaHa eMec, jKaHa KYpbUIFbLIap apKbUIbl Ja
maiiaa 0oanel, OYITKA FalaMABIK KeIry Ooaibl, ISi I MaMaHap.

XKt caifblH  IepeKkTepli  KaJbIITACTBIPY  ABTOMATTaHIbIPBUIBIIL,
TaJaHapl, ajl aJbIHFaH JepeKTep XKeIiHiH IIeKapalblK CeTMEHTTEpiHe OipacH
KBUDKBIThUIAABI. COHBIHAA OW3HEC CEKTOPHI OHIIPETIH aKMapaTThiH ecyl MeH
yieci Oaiikanansl. JKoHe Oy akmapar TYTHIHYIIBUIBIK OachIll 03a OacTaupbl.
Kommepuusinblk cepBeprepiie coil jkoHe Oacka Jia JIepeKTep CakTalajpl.
Mgicansl, erep Omznec-gepextep 2015 >Kpuibl kanmel akmapaTTbiH 30%-bIH
Kypaca, 2025 xbiiFa Kapait omapasiy kenemi 60%-ra neitin ecemi. Akmapat
KYHJIBUIBIKTApbIH KaiTa OWIACTBIPY TOJIKBIHBI J1a ©Te/i,0UTKEeHI NepeKTepaiH
YJIKEH aFbIHIapbhl JKOHE OJapAbIH OpTYPJIUIri, >KOHE KOMIIAHHSIAp MEH
TYTHIHYIIBUIAP/A aca MaHBI3Ibl POJI MEH >KaHa KUBIHABIKTAPABI TYIBIPAJIbI.
AKkmapar KbI3METTIH KaHJaii Jjga Oip caiachlHa OCEpiH ecKepe OTBIPHII
JKUHAJIATBIH OOJIaIbl.
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Akmapartka Toyenmutik ypaici 2025 KpuTel a ©3€KTi OOJNBINT Kasiajbl.
CoHbIMEH Karap, KOFaM ©MIpiHJEri JepeKTepAiH MaHBI3JbUIBIFEI OJaH opi
apramgpl — Kazipri 3aMaHFel WH(PAKYPBUIBIM OHCHI3 ©TE amMaiiibl, ajl agam
KaWIel eMip cype anMaiabl. Onapchl3 YIIKBIIICH3 aBTOMOOWIBICD Kele
aIMaliapl KOHE MWUIMOHIAaFraH aJaMHBIH OMIpiH KOJITAHTBIH MEIHMIIMHAIIBIK
Kypanjaap TOKTauIbl.

Taﬂy KbULJAapbl  XaJIbIKTBIH, JKaH 6aCbIHa HIaKKaHAarbl aKIapaTTbhIK
acepuiepain oprama canbl 20 ece eceni. bi3miH yiiepiMis, )KYMbIC OPBIHAAPEI,
acmanrtap MeH KeJiK KYpajaapbl, KOIiK Kypalaapbl MCH UMIUIaHTATTap OipTe-
0ipTe «aKpUIIBDy OONBIN KeJedl KOHE KONTereH KYpBbUIFbUIAD 3aTTap.bl
HurtepHeTKe KOCyFa GONaIbl.

OJieMHIH eH 0acThl Heri3i aknapaTThIK Kayirnci3mik Oonanbl. AKNaparThiH
KaJIbl QJIEMJIIK KeJIEMiHIH jkapy ecyiMeH Oipre KoprairaH JIepeKTep MeH
KAOCPKBUIMBICKEPJICP/iH KON CYFYNIBUIBIFBIHAH KOPFAy KaeT OosaThIHAAp
apachIHIAFbl ANNIAKTHIK TEK YIFasapl. TangaymbuiapAblH HAaKThl KOPFalFaH
nepektep kememi 40%-mpl Kypaiigel, anm 2025 xpuiel mepekTepmin 90%-bi
KOpraynbl KaxkeT ereni. KoOpHOpaTHBTIK KapiKbUIBIK JEPEKTEpAl, KeKe
aKmaparThl J>KOHE METUIIMHANBIK KYKaTTaMaHBl ©HJCY VINiH Kayilci3mik
xyhenepi MinaerTi Oonaner [11].

OcbIHbIH 09pIHEH jKacaH (bl MHTEIJIEKT — OyJ1 OipKaTap KeMIIikTepi 6ap
JUHAMUKAIBIK JIaMbITl  KeJe JKaTKaH JKyde, Oipak cOJd  yaKbITTa OCHI
KEeMIIUTIKTEP/Ii Ty3eTyre Hemece xakcapTyra Oomnanpl. JKakpiH apasia o Oi3aiH
emipiMi3niH MHTepHET Hemece Oacka TEXHOJOTHSIAD CHSAKTHI TaNTBIPMAc
Oeutiri Oonanbl. bipak MyHpmail JKyHeHIH KEMINUTIKTEpi JaMbIFaH eNjaepAiH
HapBIFBIH/IA JaMBIMAaFaH eNAepiH aiAblHAa TEHCI3MIK JKOHE KHOEPKBLIMBIC-
KepJiepre OyJ1 )KyHeHIH KopFaiMaybl Oomajpl.

1.4. ’KacaHabl MHTEJJIEKTTi NPAKTHKAJIBIK
naigaJaHyabIH Keii0ip epexuesikrepi

OpuHe, jKacaHIbl HMHTEJUICKTTI KOJIAAHYIbIH KONTEreH epeKIleNiKTepi
aKbUI/Ibl KYPBUIFBUIAP/IBIH aJ/IbIHA TYPFaH HaKThI jkoOanapra, d3ipiemenepre
JKoHe MiHAeTTepre OaitmaneicTel. COHBIMEH KaTap, )KacaHIbl HHTEIUIEKTTIH Ke3
KEJITeH cajachlHa KaThICThI OipHeIe aclieKTiiep i aran eTyre 0oxaasl. bipinmn
KE3eKTe - OYII KaTeikTep. OpHHE, ’KACAHIBI MHTEIUICKT CIIKAIIaH KaTeJIeCIe i
JKOHE CBIPTKBI (haKTopiap OHBIH OpEKETiHE ocep eTe alIMaiabl (COHBIH iMTiHe
aBapusulap HeMece, MbIcaibl, Xakepiik malybuiiap). COHIBIKTAH Ja aKbLIIbI
MammHanap Oi3miH emipimisre ommekadga Oepik OoiFaH Ke3fe Ne aaaM
MaHpI3/Ibl HIenIiMIep KaObulaayFa KaThicaabl Jen Ooikayra Oonaabl. MyMKiH,
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Oyl Te3WC >KacaHAbl HMHTEIUIEKTTI KOJNAHYABIH Ke3 KEJreH cajachl YIIiH
MaHBI3/1bl 00JIaJIbl, OHJIA aTKa MaHBI3Ibl HIPCE TYPAbI.

Kazip 6yn omic IBM Watson cynepKoMIbIOTEpi-IAarHOCTH MBICATBIH/IA
CHUIaTTaIybl MyMKiH. CTaTHCTHKA MIJIJIMOHIAFaH MEANIIMHAJIBIK KyKaTTap MeH
aypyJiap TapuXbl JKYKTENTeH j>KacaHAbl MHTEIUICKT KHMi afaMIapAbIH AdNipeK
JIMarHO3BIH KOsAbL. JlereHMeH, COHFBI CO3 eMICyIll opirepiae Kamamipl, aj
CYNEPKOMITBIOTEP KOMEKIII1, THIM/II KOHE MalAajbl Kypajl PETiH/Ae OpeKeT eTeIi.

Keneci epekmienik innHapa anjpifa OaiIaHbICTBI — IKayarKepIILIiK.
Mpicanbl, Ka3ip YIIKBIICHI3 JKEKEe aBTOMOOWIBAEP MEH KOFaMIBIK KOJIiK
o3ipneHin, eHrizinmyne. bipak, erep MyHIai aBTOKeJIIK amarka yiibIpaca, KiM
KayanKepIIuTKTi e3 MoOWHbIHa ananbl? Hemece, MbIcaibl, XOFapbl HHTEN-
JIeKTyangsl poOOT-XUPYpPr KypbUIaJbl, 0l1 63 OeTiHIIe onepanus xacai amaisl.
Erep Haykac myHzaail poOOTTBIH KaTe KO3FalIbICBIHAH eJice, KiHa KiM? XKacansr
WHTEJUIEKT 031 JKayanThl JIel caHayra 0oja Ma JKoHe MyH/1all KaJlaMHaH He ictey
Kepek? O3ipre Oyi1 Macemnenep amblK Kbl OTHIP, )KOHE POOOTTapAbIH KBI3METI
MEH MIemiMIepiH anamaapAslH OakpllayblHa ajaThlH cebOentepnid Oipi:
JKayanKepIITiK MOCeeNepiH ey dJieKaiaa OHaii.

OcCbl  TEeXHOJOTHSJIAPIBIH ~ CalbICTHIPMAJBl  JKACTHIFBIHA —KapamacTaH,
KacaH/bl MHTEJUIEKT TYpPJ cajajiapia KeHIHEeH KOJJIaHyFa He OOJIbl JKoHE
(aHTaCTHUKANBIK KiTanTap/JaH 0i3re KeJIreH KenTereH xooanap MbIHANBI 00JIbII
keneni. Kazipri yakpITTa €Hri3UIreH HeMece >aKblH OoJjalakra eHri3y
JKOCTIapJIaHFaH KacaH/bl MHTEIICKTiIHI KOJJaHYBIH KbI3BIKTBl MbICAJIAPbIH
KeJTipeMis.

Meouyuna

MenunuHana jkacaHIbl HWHTEIUISKTIHIH KepeMeT JKaIbl JKOHE OHBIH
KONTEreH JIepeKTep/i OHJIEY, aKMapaTThl CAIBICTHIPY JKOHE Tajjay Kadineri
epekure Oarananansl. IBM Watson Hemece, Mbicaibl, Google KOMIaHUSICHIHBIH
DeepMind Health xorapeina aTanran >xyMbIc icTeiai. byn sxone omapra ykcac
aKBUIIBl KOMEKIIIIIep TEeK Jopirepiepre KeHec Oepim KaHa KoWMal, COHBIMEH
Karap aypyjiapra OCHIMIUTIKTI aHBIKTaWIbl HEMeCe OJapAbl aJaM Ke3iHeH
JKACBIPYBl MYMKIH ©T€ epTe Ke3eHIep/ie aHBIKTal/IbI.

2017 xpuiapiH coHpHna Pecelt mpembep-munuctpi Jl. Mensenes peceittik
JeHcaysblk  cakTay —cajachlHIa OJKacaHIbl HWHTEIUIEKT MYMKIHIIKTEepiH
nmaiiaTanyapl KO3ACUTIH CTpaTeTUsSHBI Oenrimeni. Mpicanbl, « YIIHII TKipy»
JIopirepliy  IIemiM KaObulgayblHa KOJJAy KOPCETY IKYHEeCiH JaMbITy
skocnapnanyna. Kasip om kaH kacymamapel MEH Ke3 TYOiHIH CypeTTepiH,
KybIKTBI Y/JI3 JKOHE OKICHIH pPEHTTeHOTpaMMACBhIH Tayijgail anmaipl, ai
Oomnamakra KoMmbloTepiik ToMorpadgrap MeH MPT nepekrepin enmeymi
yiipeneni. Tarbr Oip ykcac peceiinmik xyie — Botkin.Al. OnblH MiHzeTi —
JIMarHOCTHKAJIBIK JEPEKTEep/i Tanjay, Adpirepiepre KoMeK IeH KeHecrep oepy,
JKYpri3iireH emHiH MOHHTOpWHTI. O3ipre Botkin.Al onkomorrapra KeMex-
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Teceni, Oipak jkakbIHIA ONl 0acka oOJbBICTapIa KYMBIC ICTEHTIH OONambl el
KocmapiaHyza.

FDNA [10] xommanusceinblH Face2Gene k00achl TEHETHKABIK
aypynaplsl CypeTke Tycipedi. ©O3ipieylniiepaiy aiTybiHIna, Oer Oenrinepi
6oitbHma 3 500-re KybIK TeHETHKAJIBIK aypyAbl aHbIKTayFra Oomnassl. KockiMina
Andriod xone i0S cmaprdoHgapsl yIIiH Koi skeTiMai. JKacaHael MHTEIEKT
TEK Jopirepiiepre raHa eMec, marnueHTTepre ae kemekreceni. COHFBI KBUIIAPHI
TeNeMeIMIIMHA MEH THICTI KOCBHIMIIANapblH TaHBIMAIABIFBl APTHIT KeJemi.
Onap oprypii anropuTMIepil mNaijanaHaabl: KeuoOip nepekrepai ¢urHec
Oine3ikTep CHSKTBI QBN JKYPETIH JaTUYMKTEpACH >KUHAWBI; OacKajiapsl
cayasiHamajap OOJIbIT TaObIIa bl, OJap/AblH MaKCaTbl — MAIMEHTTEP/iH HAKThI
Oenriepi MeH mpobieManapblH aHbIKTay. Ke#Oip >kacaHabl WHTEIIEKT
coiIeiii KoHe oapra aybI3la kayam Oepyre Oonaabl, OacKamapsl jkazdama
KOMMYHHKAIIUAHBl Kanaiapl. KaxeTTi akmapaTThl, KOCBIMIIAJApAbl —ana
OTBIPBIN, HE OJAaH 9pi He icTey KoHE Kajall eMzIely KEpeKTiri Typassl
YCHIHBICTAp Oepeni, He THWICTI MAJNIMETTEpAl eMieymll aspirepre sxidepeni.
OchiHIall €H TaHBIMaJ WHTEJUICKTyalbl KeMeKmrimepmi Oipi — Ada >xoHe
Your.MD (Google Play sxone App Store xykTern anyra 60mnapl).

Onepxacin sHame ayvlll WAPYauiblIblebl

OHepKacilTe JKacaHIbl WHTEIUIEKT Oi3re aJaMHBIH KaTBICYBI iC Ky3iHIE
KaXeT eMmec OojFaHIIa, KeOipeK >KOHE OfaH Ja KeIll aBTOMATTaHAbIPhUIFaH
JKYMBIC )KacayFa MYMKIHIIK Oepeni. Artan aiitkannma, LG xommnanwmsicel 2023
XKBUTBI 3ayBIT AIlyJbl )KOCIIAPJIAI OTHIP, MYHJa OApIbIK MPOLECTep — LIBIFBIH
MaTepuangapblH CaThlll alyJaH OacTall, OHIIpPUIreH eHIMIep MEH OJapibl
JKOHEINTYTe JIeiiH — jKacaHIbl MHTEJIEKT KOMETiMeH XXy3ere achlpburainl [4].
KU conbiMeH Oipre >KaOIBIKTBIH TO3YbIH, OENTIJICHIeH KOCHapiapIblH
OPBIHJATYBIH JKOHE a/laM 0aKbUTAWTHIH 0acKa (pakTopiap sl OaKbIIANIEL.

KoMmaHUsIHBIH JKOCHapiapblHa CoKec, OHMIIPICTI ecKi 3aybITTapJaH
’aHacbiHa aybIcThipy 2021 xbutbl Oactanajabl. MyMKIH, COJ Ke3/e A€ aKbUIIbl
3ayBITTBIH KAHIIAIBIKTBL COTTI JKYMBIC ICTEN J>KaTKaHbl Typajbl ajFalllKbl
aKnapar naiijga 6omnajpl.

AybIl mapyamibUIbIFBIHA KeJIETIH OoJicak, OHJa JKacaHIbl HHTEIUIEKT
OCIMIIIKTEepAiH JKaFlalblH, BUIFANIBUIBIK ICHICHIH, TOMBIpaKTa KaXKeTTi
KOPEKTIK 3aTTapAblH OONyBIH JKOHE HETI3IHEeH eKMeNepHi AYPHIC KYTy YIIiH
KOJIIaHbUIagbl. MBIcaibl, poOOTTap apaMIIeNTepAi aHBIKTAIl, OJapAbl MYKUST
JKOIOJIBI YHPEHI (XUMUSIIBIK 3aTTap/bl ally HEMece OHJICY apKbUIbI). AKBUIIBI
KeMeKIIiiep (oToCypeTTepZieH oylapra IadybUl jKacaraH eCIMAIK aypyJiapbl
MEH 3USHKECTEpiH aHBIKTAal amajabl, COHHal-aK MaKCaTThl Iopi-ZopMeKTepmi
JKEeTKi3e anajapl. byn mecTunmarep MeH repOMIUATEpAlI YHEMJIEyre KoMek-
Tecesi.
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JKon Ko3zzanvicwl

KenrereH enaepae ’xacaHipl MHTEIUIEKT YJIKEH JAEpEKTepli OHIey Kabineri
THIFBIHIAP MPOOJIEMACHIH JKEHUINETY YIIiH HaiJalaHeUIafbl. ATan alTKaH[a,
Pecefine xacaHIpl WHTEUIEKT ipi Kamamap MeH (eAepayablK KoJmaapaa
KO3FaJIbICKa KeMekTeceni. KommbioTep OarmapinamaapiaH alnblHFaH JepeKTepai
TaNJIaiIbl, KO3FAJbIC THIFBI3BIFBI, aBapusuiap, aya paibl jkarmaiiiapbl KoHE
TpaduKKe ocep eTyi MYMKIH e3re Jie ceOenrtep Typalibl aklnapaTTbl )KUHAWIbI.
Hotwxecinne WHTEIUIEKTyalAbl Kyiie HAKTBl YaKbIT PEKHMIHIE >KOJAAPAIbI
KaJaraarn, >arJaiablH Kajall JaMUTHIHBIH OOJDKai/lbl )KOHE OCHIFaH Colikec
OarapiaMaapas! aybICTHIPaIBL.

YKo Ko3FraIIbIChIH KaJaraJalThIH KacaHIbl HHTEIUICKT aBapysHbI OaKbUIal
KaHa KOWMai, >Xyprizyuiiepre Ja KemekTecedi. MbIcalbl, 3BaKyaTOPJbI
HIAKBIPYbI MYMKIH.

Mynpaii okyiierep ThIFBIHAAp mpoOiemackl e3exTi Eypoma, A3sws,
ConTycTik AMEpHKaHBIH KONTEreH KalaJapblHAa KYMBIC icTeimi. OpuHe,
KOINTEreH Xaraiiyiap/ia KelTellicTeH TOJIBIFBIMEH KYThITyFa OoJIMalabl, anaiaa
KacaHIbl HHTEIUIEKT JKOJ KO3FAJIBICHl JKaFrmaiiblH  JKakcapTyra, Keine
KO3FaIIBICTHl aWTapiBIKTAal JKeJenaeTyre MYMKiHAIK Oepemi. MyMKkiH, KeH
ayKbIMJa aBTOHOMJBI aBTOMOOWJIBIEP KIpreHae — JKacaHAbl HWHTEIJICKT
KOJIIaHY/IbIH TaFbl Oip cajachl ajaFa XKbUDKUIBL.

Typmvicmagsl Hcacanobl UHMeNIeKm

OpuHe, TYPMBICTA JKacaH bl MHTEIUIEKTTI Maiianany bl THITIK MbICAJIbI-
aKBUIIBI Yitep skyleci 6omansl, onap keH Ttapanyna. OcelHmal a3ipiaeMenep iy
KONIIUITHIH MIHAETI - OI3[iH TYPMBICHIMBI3/IbI OapbIHIA aBTOMATTAHABIPY
KOHE OKEHUmeTy. MpIcanbl, TaHepTeHHEH Oactanm jKacaHAbl HMHTEIUIEKT
HIBIMBULABIKKA KYH COYJIECIH Kipri3im, paguo apKbUIbI Ci3Ji OSITHII, TAHFBI acKa
XOHI WIiCTi KogeHi KyTim, ajl ci3 JKyMbICKa KETKEHJEe, OJ CUTHail Oepyai
Oencenaipeni. bonamakra MyHnmai sxyienepnaiH (yHKIMOHAIBI aWTapibIKTan
KCHEUTLIeTIH Ooyazpl, TinTi TOHA3BITKBINI Ci3MiH CYHIKTI TaFaMbIHBI3ABI ©31
KepceTce, a mKad KuiM — KeIEeKTi KbUIBITa/IbI.

AKBUIIIBI YH DHEPTHS TYTBIHYIBI, )KbUIBITYIbI JKOHE JKEJAeTyl OHTaiIaH-
JBIPazbl, 9p TYPJ KypajJapAblH >KYMBICHIH Oakbutaiasl. JKUBIHTHIFBIHIA OYIT
TEK TYPMBICTBI BIHFAIJIBI €Tl KaHa KOMai, HSJIEeKTp SHEePTUSCHIH YHEeMi
KYMcCayFa KOMEKTeCe]Ii.

O3iH 31 0aKblIayFa apHAJIFaH CypaKTap:
1. Oinayra xakpIH acep OepeTiH apu(pMETHKAIBIK MaIIiHA KiM JKoHE

KalllaH CaJIbIHABI?
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11.

12.
13.

14.

15.

XX raceipasry S0-mmi xeuAapeiHaa Anad THIOPHHT YCBIHFaH TECTTiH
MOHIH TYCIHJIPIHI3.

Toxipubene xonnansutran JXKU camachIHAAFBI XKETICTIKTEPIIH
MBICAJIAAPBIH KENTIPiHi3.

Kanpaii koMmaHus maxmaT MaTYbIHa oJIeM YeMITHOHBIH JKEHIIl aiFaH
GarmapiamaHsb! 93ipiesi.

Fappii annapatTapbiHbIH XKYMBICBIH KellleH i 0acKapy YIIiH
KOJIZIAHBLIATHIH OaFapiIaMaHbl KiM d3ipIieii.

WHTepHeT 3aTTap HapBIFBIHBIH HETI31 AereHimi3 He?

Kanpaii enep HaKThI OHIIpiCKe OHEPKICINTIK pOOOTTAp B! OeNCeH T
SHTI3yIe.

Kemn kabatTThl epcenTpoH TYPiHAET1 HeHpoKeniiep iy Kanaan
apTHIKIIBUIBIKTAPEI Oap?

Heiipoxeninep kanaail mpuHIuI OOMBIHINIA KYpbLIaIb?

Kanpmait Youtube konmganatee anroputmaep KU TeXHOTOTHACH
HET131H/Ie 93ipJICHTEH.

Google Brain a3ipieyiiiepi KypraH, MallliHAHbI OKBITY MOJCIbICPIH
03 OeTiHIIIe KacalThIH x00a Kaiail atamamasl?

Bakianarsl cy OYpIKKIIITEpiH KOCATBIH QJITOPUTM/II KIM Kacasbl?
Heiipoxxeninep kai enyie 2 My3bIKaIbIK alTbOOM/IBI Ka3/Ibl, OJIap/Ibl
Slanekcke ThIHIAyFa OOJaIbL.

JKacaHapl MHTEIIEKT SJIeMIIK SKOHOMHKara KaHaai OarbITTap
OoiibIHIIa acep eTei.

JKacanapl MHTEIEKT TEXHOIOTHATIAPABbIH KaHIali TONTaphl
GipikTipemi?



2-tapay. BIJIIM BEPY CAJIACBIHIA KACAH/IbI
NHTEJ/UIEKTTI KOJIZIAHY, CAPAIITAMAJIBIK OKBITY
KYUEJIEPIH 93IPJIEY )KOHE EHI'I3Y

2.1. AJanTHUBTI OKBITY

Adanmuemi oxkeimy — OyJl >KacaHAbl HMHTEJUIEKTTI OumiM Oepyneri
KOJIJaHYIbIH €H MEepPCIEeKTUBAIBIK OarbITTapBIHBIH Oipi. Op TYpIi HOPCEeHI OKH
OacTalTRIHAAPABIH OUTiM JeHreri. A KabiumeTTepi opTypii. Op Typii eMipIiik
ToxipuOenep xoHe opTypii yaxnaep. CoHABIKTaH, KeHOip CTymeHTTep YIIiH
OarmapiiaMa opKalaH eTe OHal OOJBIT KepiHei, an Keibipeynep yuriH Oy eTe
kubIH. Bipeynep maTepuangs! 6ip popmana KaObIIIayFa bIHFAMIBEL backa Oipey.
Hotmxecinne, OKBITYymIbl OapiblK yakbITTa MICHIUIMEWTIH MIHAET aJAbIHIa
LIBIFabl: «AJICI3» OKYIIBUIAPABIH KOJAWIbl YATEpIMIH Kanail KaMTaMachl3 eTy
JKOHE JKCHII MaTephaiMeH KYIITI ajamMaapIaH OKyFa JeTeH HHETIH eTeMey
Kepek?

AnmanTuBTi TEeXHONOTHsIAp Oyl MocedeHi mmemnryi Kepek. JKacaumer
WHTCIUIEKT 9P OKYIIBIHBIH YITEpiMiH Kamaramaiiiel HeMece KypCTHIH
ONMOKTapblH OHBIH KaOlleTiHe Kapail KepceTy TOpTiOiH perteiinmi Hemece
OKBITYIIbIFA KaHAail MaTepual Hallap OKUTaHbI JKOHE KalChICHI )KaKChl eKSHIr
TypaJibl Xabapiaiibl.

Mynpaii 6arnapiamanapisl OypblH KOHCEPBATUBTI OKY MPOLECIHE CHIi3y
OoiiblHIIA ToXipuOenepAi KONTereH aJIbIHFBl KaTapibl TEXHOJOTHSUIBIK
KOMITaHWsIap — Kyprizemi. Amaiima, Oi34iH  Ke3KapachIMbI3[a  >KOFaphl
TEXHOJIOTHSIIBI OLTIMIe JeTeH Ko3Kapac OachkiM OOJBIT Kenesi, OYJI ChI3BIKTHIK
napaJgurMaHbl CaKTal OTBIPHII: OHJIAWH-KYPC.

WHTepHeTTeri KypcTap/pl jkacaylibliiapra KacaH/(bl HHTEJUISKT KoMeTriMeH
aJlalTUBTI TEXHOJOTHSUIAPABIH ~MYMKIHAIKTEpIH MaijanaHyra MYMKIHIIK
Oeperin GipHeie mnardopmanapabsiy 6ipi — Oyn Stepik. bipak oHbIH yCTiHE OCBI
yakpITKa JEHIH OHHAaH KeM OCBIHIal Kypctap KypbUtrad. bellimueny
TEXHOJIOTHSACBHIHBIH 3JIEMEHTTEpl JIOTHKAIBIK OWIayIpl IaMblTy Oarnapiiama-
JapblH YCHIHATHIH JIOTWKA CHAKTHI Oajanap MeEH jKacecHipiMiepre apHajfaH
xobanapsa, bipbiHFail MEMIIEKETTIK eMTHXaH TallChIpYLIbIFa ©31H-031 naspiay
)kobachiHAa KojmaHbeuianbl. OKyra OeiiMIey TEXHOJIOTHUSIJIAPBIH — CHTI3Y
OoitbiHma Toxipubenep HR (mepconanmel Oackapy) caniachblHIarbl KOMMeEp-
LUSUTBIK K00ajap/a Jky3ere achlpbliaisl. byrinri tanna Peceli HapbIiFbIHIA €H
kepHekTi Oonbin cananansl: Competentum, Ispring, E-mba. Tingepai oksity
ke3inge XU enrizy opekerrepi 6ap (Skyeng, Lingualeo, Websoft), conbiMen
Karap Oarnapiamanay skone ausaiiH (Geekbrains, Netology) [11].

Ilpoxmopune

KallubIKTBIKTaH OKBITY, 3aMaHayd J>OFapbl TEXHOJOTHSUIBIK OiiM Oepy
JIOKOMOTHBI JMCTaHIMSJIBIK €MTHXaHIbl Oinmipeni. bimiM amymsl ecenteH
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IIBIFAPBUIMANTEIHBIHA CEHIMAI OONy YIIIH OHBI Kajail eTkizyre Oomamsi?
Bakpiay JKyMbBICTapbhlH JKa3y J>KOHE EMTHXaH TalChlpy Ke3iHAe CTYICeHTTI
0akpIay — TPOKTOPHHT JKylieci KOMEKKe Keneni. OTKeHIEe, MPOKTOPHHT
JeTeHiMi3, OapilbIK eMTHXaH Ke3iHAe TaIlChIpymIbUIapra BeO-Kamepa apKbUIbI
OakpUIaAHAIEI.

Byrin xarmaii esrepai. Agamra KeMeEKKe jKacaHIbl MHTEIIIEKT kKenmi. O
0ip yaKpITTa KONTEreH TaIlChIPYIIbLIAPAbIH MiHE3-KYJIKBIH OakbuIail ajajbl:
KaZpJarbl «apThIK» alaMIaplblH KOK-KOFbIH, 06JIMee «apThIK» AaybICTapIbIH
KOK-)KOFBIH, MOHHTOpJ@H >JKWi TAaIlCBIPYIIbl KO3KapacThl OypaThIHBIH,
Opay3zep/ieri KOHBIHABIHBI aybICTBIPYFa THIPBICIIAWTHIHBIH. ByJ1 ic-opekeTTepaiH
OapnbeiFpl  Oy3ymIBUIBIK peTiHzne Oenrineneni. Epekime >xarmaiimapna, sxyiie
MMPOSKTOpFa KaHIak Ja Oip TarchIpyIIbIFa Ha3ap ayaapyra curaan Oepemi. Tek
COHJIa FaHa OHBI BeO-KaMepa apKbUIbI Kafaranaid 6acTaiiibl.

Bizain enme ocel camamarbl €H 03BIK ©HIM Proctoredu OoJibIll TaOBLIAIBI.
Kazipri yakpiTTa cepBuc Peceil HapbiFbIHIA XKYMBIC ICTEHTIH KallIBIKTHIKTaH
6inmim Oepy IuraThopMaapbIMEH, peceilslik KOorapsl OKy OpBIHJapbIMEH e3apa
1C-KUMBUIZIBI JKOJIFA KOSIIbI JKOHE IIEeTEeNAIK HAPBIKKA MIBIFYFa ThIPHICABL.

bimim Oepynme kacaHOBl WHTEIUIEKT TMaiiajaHy cajackl OCBI €Ki
OaFpITTapMEH IIEKTENIMeHIi. MpIcanbl, MIBIFAPMAIIBUIBIK TarChipMaliapabl —
IIBIFapMallap MEH 3Ccelepll aBTOMATTHl TYpIE TeKcepy OarmapiamaapblH
Kypy OoiipiHmIa kocmapiap Oap. Tek TPOKTOPUHT TeH OCHIMIIK OKBITY
OaFpITTaphl 3aMaHayH aJaMFa TYCIHIKTI )KOHE €H KON JopeKe/e MBICHIKTaFaH.
JKacanmpl MHTEIDIEKTTI KOJTaHy uuesutapsl korm. OmapIbslH Ky3ere acybl a3ipre
TeK OipJIiK apl.

bi3 6imiM Oepy camachlHAa >KaHA TEXHOJIOTHSUIAPIBI €HTI3Y KOJBIHBIH
GaceiHIa TYpMBI3. HaphIK TeK KaablnTacaibl.

2.2. Capantama :kyiiesepiHiH Ka0bIKIIAJIAPBIH CAJBICTHIPMAJBI TANIAY

Kazipri yakpiTTa ajmbl KaObUIIaHFaH «KaObIKy» TepmuHi (arbuiim. shell-
paKkoBHHa, KaOBIFbI, O0C KAaOBIFBI, ATPOH) capanTaMallbK XKYHelepai Kypyra
apHaJIFaH Kypal-caliMaHJBIK Kypaljap >KUBIHTBIFBIH Ounmipexi. MyHnpaai
Kypanjap >KUBIHTHIFBIHBIH KYpaMbl MeH (DYHKIHOHAIABIFBI P TYpJi OOaibl:
WKEeMJI KSHE «allblK» KypajjiapliaH Oacram maijalaHyIIbuiapra YiIKeH
epKiHIIK Oepeli JKOHE OFaH Ke3-KeJIreH TaKbIPBINTHIK cajaga ©e3iHiH
KOCBIMIIAJIAPBIH KYPYFa MYMKIiHAIK Oepeli, (YHKUUSUIAp >KUBIHTBIFBI Oap
MaMaHIaHABIPBUIFAH JKYHesaepre NeiiH «TaWbIH» capamniibuiap KOJIaHaIbI,
Oipaxk MKeMIi eMec JKoHe OUTiMII KyphpUIbIMIay Ke3iHae OiiM MHKeHepiepiHe
(KOTHUTONIOTKA) TOJBIK epKiHaik Oepmeini [12]. Amaiima, capantama
XKyhenepiHiH 6ap KaObIKIIaNapblH TalAay HETi3iH/e COJ HeMece 03re Iopexee
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OJIJapMEH KaMTaMachl3 €TUICTIH ()yHKIMOHAIABIK MYMKIHAIKTEp/l KOpCETEeTiH
JKanmbeiamMa OceifHeHi xacayra 0omansl (2.1-cyper).

Jlepexrep GazACKIMENR KyMBIC lexkepaik rpadguka
Binimai yewiny raciai iereyain kipikripiaren nakerrepi Gap
KYPATLIAPEI HEMECE 1epeKTeD nnTepeiic nemece

Gasanapein Gacka pyawin KipikTipiaren Kypaanap

CTAHAAPTTHI #Y P
uaTepeiic JlepexTepmen HyMbic icTeyre
apuaaran Gexitiaren
dynkunsIAp

By KADBIKTBIH KOMEriMeH
Ispey erpaTeruscil

capanubIHbIH Hixivi
KabbIkKa eneni
Tycinaipy imxi wyiteci

Taburu Tingix nurepdeiic

. . 4 |I Jepexrepai kopray kypassaps |
HKasaran Oi
IYMBIC KACAY

Jlepexrepain nerizri Typaepin | | Macensrepmen skymbic icrey
YCBIHY mMymiingiri

DAEKTPOHILIK KECTEAEp blknaa ery rerikrepi: Tikeaei,

. HELP renec wyiieci
Kepi wane fackanaps

2.1-cypem. Capanmamanvlx HcyiieHiy JHcarnvliaH2an belineci

CapanramanblK Kyienepai KypyIblH aclanThlK KYpalIapblH OJap.blH
AIIBIKTHIFBI MEH MPOOJIeMalIbIK OariapliaHybiHa OailJIaHBICTBI KIKTEYre SpPEeKeT
Kacaimbr3. 2.1-kecteme ombOe0am  MaKcaTTarbl HMKeMIi  KaObIKIiamap,
npoOJieMaNbI-0arbITTaIFaH KaObIKIIAIap — KaHmald Aa Oip MOHMIK cajiaJarsl
Hemece Oenriji Oip TeKTec canajapiblH capanTaManiblK OUTIMIH YChIHYFa
apHaJFaH apHailbl Kypaijap >KoHE TOJBIK €MeC capanTaMmaiblK Ky#enep
(TECXK) OepinreH moHIIK cajlaHbIH MaMaHAApbl TIKeJed EHri3eTiH apHalbl
OLMiMHIH Keibip TypIepi KOK.

2.1-kecte. CXK KypyIbIH Kypai-caiiMaHAbIK KYPaaJapbIHbIH XKIKTEITyl

KAJITIBI MAKCATTAFBI
KABBIKIIIAJIAP MOCEIJIE TECX

Crystal Leonardo  VP-Expert IntelliForm HelpDesk
XIPLUS GURU EASE TestBench Lending
BESS ART Procedural Picon Auto
BEST Kopudeir  Consultant G2 Under- Writing
HNCKAJl  OKCIIEPT KEE In-Ate Advisor
OCIUIAH HWutep OUAKP Plexys UM-C
[MPOKCHUC Oxcnepr  KNOWOLL OKPAH CITPUHT- O
JUIEJIJT  COKPAT  CAIIPOkcnepr |BELS
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CapanraMaiplk KydenepaiH KaObIKIIatapsl CapaliblIad OUTiM ainy jKoHE
JKYWeHiH OumiM 0a3achlHa €HTI3y MPOLECiH JKCHUIACTSAl JKOHE TINTi Kehoip
Jopexeie aBTOMATTaH IbIPaIbI.

Bynan opi IBM PC yieciMai KOMIBIOTEpIIEpAE JKYMBIC iCTEHTIH
capanTamalblK JKyierepaiH KelOip KeHIHEH KOJJaHBUIATBIH KaOBIKIIaIaphl
KapacThIPBUIA/IBL.

Inference Corporation (Los Angeles) dupmaceiMen o3ipnenren ART
(Automated Reasoning Tool) kaObIKIIAChl HAKTHI yaKbIT ayKbIMBIHA >KAKbIH
pexxumze xxymeic icreiitin CXK KypacTsipyFa apHaiIFaH.

HIbirapy Mexanu3mi Oeirimi 0a3ana >xaHa Qakrtinepai Oenrijeil xoHe
KaKETTI HOTIKelepdi KambimracTeipansl. bimim 6asacer IF ... THEN epexeci
TypiHne ycwiHbUIFaH. JKyiteae akrinepai Oexy ymiH Oinim  Oepy Tini,
OaimaHbICTBl  yibIMIacTelpy, LISP-te Oimim Oepy TiniH cumarray YIoiH
KOMIIWJIATOP, KOJIaHOambl OejiM — KOJmay Kypalibl PETiHIE IIbIFapy
mexanmsMi (INFERENCE ENGINE), perreymn xone Tacymsl. ART xyiieci
LISP Tininzge >ka3purraH.

Carnegie Group ¢upmaceimen xacanrah KNOWLEDGE CRAFT kaObirbt
COMMON LISP riminge »xassurrad. byn sxyiie CRL-OPS xome CRL-
PROLOG GiniMm Oepy TUTIH KaMTHIBl JKOHE KeJleCi  KYpbUIBIMJIBIK
epekiienikTepi 6ap:

—  (¢aiiy1 KYpBUIBIMEI;

—  OHJIpIC epexenepi KIHE KbIHIAPY;

— oOsbekTire-0arsITTaNFaH Oaraapiamanay;

— rpaduKanbiK nHTEpdErc;

- 6ipTeKTi CEMAaHTHKAIIBIK XKEeJTiHI aHBIKTay MYMKIHJIITI;

MOHOTOH/IbI €MEC LIbIFapy JKoHEe MHTEPAKTHUBTI i37ey KaOiieTi.

KNOWALL ka6sikiiacer a3ipierex gupma - Intelligent Machine Co. LISP
TimiHAe Ky3ere aceippiiran JKyhene ¢aiin kypbuibiMbl, IF ... THEN cuskrer
OHJIIPICTIK epexeniep KoiaaHbUIanbl. CHIPTKBI OarmapiaManapisl KoJIaHyFa
JKOHE OJIApPMEH MATIMETTEp aIMacyFa Ooabl.

1985 x. MDBS ¢upmaceiven a3ipiaenren  GURU  capanramaibik
KylenepiHiH MHTEerpalysuIaHFaH KaObIFbl €H TaHbIMai OoJbIN TaObuTaAbl. by
kyiie Cu TUTiHZE JKy3ere acwlpbulFaH, OumiM OepyliH OHIMAIK TociIiH
kongananpl, epexenep: IF... THEN ... RESUME, epexenep caHbl IieKTen-
Meiimi. KonmmaHemampl XoHE Typa JKOHE Kepi IIbIFapy MexaHusmi, 16
HYCKaJapblH ecenrtey (akTop AYPBICTHIFBIH, 4 0a3ajblK THITI IEPEKTEp.
Kytiene nepekrep 0a3acbIMEH KYMBIC ICTEYJiH KIpIKTIpUIreH Kypajjaapel,
ANIEKTPOHJIBIK KeCcTeNiep THMiHIH HHTepdeiici, AepekTepai Kopray Kypajilapsbl
KapacTelppuiFaH. MaccuBTepai maiijanaHy, CBHIPTKBI — OaFmapiamaiap/bl
LIAKBIPY, ICKEpIIiK rpaduKa MakeTTepiMEeH KYMBIC iCTey, TePEKTEPMEH JKYMBIC
icTey YIIiH KipiKTipiiareH (yHKOusuIap KaMTaMachl3 eTije .
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Intelligent Environment ¢upmacsiven a3ipienren CRYSTAL capanrama
JKYHesepiHiH KaOBbIKIIachkl ¥JIBIOpUTAHUSAIA ©T¢ TaHBIMAJI: OHBI OH JKCTEKIII
OpMTaHIBIK KOMIIAHUSTIAPIBIH CeTi3i, ipi 6ankTep xone 100-meH acTaM KOFapbl
oKy opberaaps!l maiinananansl. CRYSTAL kaOwiKmacel — Oy naiianany oHaw,
Kepi IIbIFapy MEXaHMU3MIH MaialaHaThIH epexesiepre HEeri3/ieNireH achanThIK
Kyhie. On WKEMAUTITIMEH epeKIIeNCHell JKoHEe JWAarHOCTHKaJaH Oacrarl
)obanayra JIediH Typili KOChIMIIanap/ia KOJIJaHbUTybl MYMKIH.

VP-Expert capantamansik xyienepiHid kaoObikiiacel, Paperback Software
YCBIHFaH, capalnTaMaiblK XyHeaepal KoJIaHylIblFa a3ipiaeyai OiiM/Ii YChIHyFa
JKOHE MalananyFa yi Tocit yeeiHaas [12].

Bipiami Ttocin (Oyn1 KapamaiflbIM KoHE KapamaibiM) — WHIYKIHSIIBIK
KecTeJep/ii HeMece MaTpHuuanapisl KojjaHy, onapaan VP-Expert epexenep
HIBIFApPaJbl JKOHE aBTOMATTBI TYple MaKcaTrTap MeH 63€KTi Cypakrap
JKUBIHTBIFBIH KQJIBINITACTHIPAIbl; KecTeepae 21 Oaranra aeiiH sxoHe 160 xoira
neitin 0omyel MyMKiH. By Tocim OGarmapiamamisl SJEKTPOHIABIK KECTEACH
HeMmece MaJimMeTTep 0azachlHaH aKmapaTThl maiganansil JC KYpFBICH KEJITeH
Ke3/1€ BIHFANJIBL.

Exiami Tocim — Oyr ELSE xommany apKpUDibl KEHEHTUITeH ©HIIpic
epexeNepiH KoJmaHy, Oyl KepiciHIne Xaraalael OUTIIpesi jKoHe erep epeke
xyMmpic icteren Ooica, DISPLAY xa0Oapnama KepceTy MYMKIHIII.
Epexenepniy mapttel 6emnirinae 20 mapt 00Iybl MYMKIH.

«[lepexTep 0Oa3achlHBIH epexesepi» Jen aranaThlH OUTIMAI YCHIHYIIBIH
YIIiHINI TOciIi KeHec Oepy KesiHe MaiMeTTep 0a3achIMEH JKOHE 3IEKTPOH/IBIK
KeCTeJIepMEH akmapaT ajMacyra MYMKIiHIIK Oepeni. MomiMeTrTep 0a3achbIHBIH
epexernepi ci3re aKnapaTThIH KeIl OeJiriH capanTaMaibIK )KYHeaeH THIC KepIe
cakrayfa MYMKIiHJIK Oepei.

VP-Expert 2.0 HycKachblHOa JKaHa MYMKIHIIKTED KapacThIPbUIFaH:
JKacaylblFa «TIHTYIpJiH» KOMeriMeH opi Kapall jKyMmbIc icTeyre OoJiaThiH
MUKTOrpaMMaliap MeH KECKIiHJep jkacayFa MYMKIHAIK OepeTiH NHUHAMHKAaJIbIK
KecKiHmep (pyHKIUACHL; epiKTi TePSHIIKTIH aHBIKTAMAIBIK KYHECIH JKacay YIIiH
naiijanaHpuiaThiH - runepMaTid.  JKyile  o3ipneylniHiH =~ JOCTBIK — OpTachiH
KOJIaiapl, OUTIM KOPBIHBIH MAa3MYHBIH KOpPYyIi KaMTaMachl3 €Telli, TOJTHI-
pBUIFaH OL1iM KOPBIH CHHTAKCUCTIK 0aKbuiay (DYHKIUSIIAPBIH OPBIHAAMIBI HKOHE
0aKpUIay XaTTaMalapblH KYPTi3ei.

¥YneiOpurtanusaa xacairan LEONARDO capanramanblk KyHeciHiH
KaObIFbl MEIULIMHAMAA, aybUIIAPyallblUIbIFBIHIA jKoHEe T.0. cananapaa CXK keH
CHEKTPiH KYpY YIIiH KeHiHEeH KoJiIaHblIa bl by xyliene O6imimi yCbIHY YIIiH
KaJpiap MEH eHJIpIC dficTepl KOJAaHbLIaIbl. Epexenep caHbl HIEKTEIMEreH.
Konmimri (apanac), Tikeneil j>koHe Kepi HIBIFY MEXaHHU3MAEPIH KOJJAHBIHBI3.
ByibIHFBIp OUTIMMEH IKYMBIC icTey YIIIH CEHIMIUTIK (akTopiapbl JKoHE
CEeHIMAINIK JopekeciH aHBIKTaWTHIH baifec omici konmmansiansl. LEONARDO
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KaOBIKIIACBIHAA KIPIKTIPUITEH peJakTop, apryMeHTTEp KOMIIOHEHTTEpi,
HIEKTeYi TaOWFW Tijje cewsecy MYMKIHAIr, MOJIIMETTep KOPBIMEH >KYMBIC
icrey unrepdeiici (dBASE III), LOTUS 1-2-3 makeriMeH uHTepderc koHe
MOIMETTEp Il KOpFay Kypaiaapsl 0ap.
PROCEDURAL CONSULTANT ka0Owikmacer — Texas Instrument
¢upmaceaei eHiMi PERSONAL CONSULTANT kaObIFBIHBIH OTOACHIHA
xartazapl. JKyile Tynki nadinanaHymibiFa mieniM KaObliay aramTapblH KypyFa
KOMeKTecell, OYJI TUarHOCTUKAJIBIK MPOIECTe JAUANIOT YIIiH Heri3 Oonaabl. O
TaOWFN JKOHE KaparaibiM HHTEPENCTI KaMTaMachl3 €Te OTBIPHIIN, rPadUKaIBIK
pexumIe — araimTapAbl  canyra  MyMmkiHgik  Oepeni, PROCEDURAL
CONSULTANT Cu xane Scheme Tingepinze ka3bpuIFaH.
Testbench kabwikmracer — Texas Instruments xone Carnegie Group
(upManapbIHEIH OipJieCKeH KYHI-KIrepiHiH HoTIKecl. byn yikeH moHmik-
OarpiTTaral kyie Carnegie Group auabIHFBI 93IpPJAEMECIHIH JaMybl OOJBII
tabObu1aael, o1 TEST nen aTtanagsl.
TestBench yur MmoysbieH Typasl:
— Testbuilder: namy optacel. by moxyns LISP Tininae jxa3bliFaH xkoHe
Explorer - e )xyMbIc icTeyre apHanFaH;

- Test Bridge: TestBuilder-ne sxacanran xyiieni IBM PC/AT-na xymbic
ICTEUTIH XKYHere TypJIeHAIPETIH KypaJ;

- Testview: TestBench sxyiieciHin xymbIc opTackl. byn monyns Cu
TLTIH/IE )Ka3bUIFaH.

OKPAH CX xa0pIkmacel (capanTama OUTIMII pemaknusiiay, Kapama-
Kaibl kenmeiiTin Tangay) KCPO FA UMU-na xacanraH.

Byn xyiie kemeci KochIMIIamapra OaFbITTaNIFaH: XKIKTEy, K0OalayIasl
aBTOMATTaH/BIPY, TEXHUKAIBIK JHAarHOCTUKA €CENTEpiH IIelly, WHTEIJICK-
TyaJZbl OKBITY Xyienepi, ABTOMaTTaHIBIPBUIFAH HYCKAyJBIKTap. DKpaHHbBIH
COHFBI HYCKachl NpeIuKaTTap JIOTMKAChIHA HETI3JeNreH, JIepeKTep Oa3achlH
Kypy Kypangapel Oap, OipHemie OuTiM KOPBIMEH JKYMBIC iCTEH anaipl.
Barmapmamansik kKaMmramacsl3 eTy CH TiTiH/E Ka3bUTFaH.

[MEKOH ka0bIkmacs! (nepdec keneciui), MHHCK FBUIBIMH-OKY OpTaJlbl-
FBIH/IA J3IpJICHTeH «AJTOPUTM» — capariibl xyhenepai azipieyre, EO 1840,
EC1841, IBM PC nepboec DEM-ne capantamMalbk Oi1iM 0a3achlH KYpyFa jKOHE
JKYpri3yre apHajFaH achanThlK Oarmapramanblk Kypai. JKylie WHTepakTUBTI
PEKHUMJIE )KYMBIC ICTEHTIH JUArHOCTUKANBIK THIITET] capanTaMabIK xyienepi
KypyFa Oarprrranrad. [IEKOH nuarsoctukansig OeiipecMu pacimaepi 6ap ke3
KeJIreH MoHJIIK cajla/ia capanTaMa KYHeciH Kypy YIUiH KOJIaHbITYbl MYMKIH.

XKyite yi KOMIOHEHTTEH Typabl:

— ozipneymmire epekelepAiH CHHTAKCHCTIK Aypbhic 0a3achlH Kacayra,
TYPJICHIIpYTe JKOHE KyKaTTayFa MYMKIHIIK OepeTiH epexenep 0azanapbiHbIH
TeHePaTOpPbl, OJ MBIHAJAN Kiln >KyHelepal KaMTUIbL: epexeNep pelakTopsbl,
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MOTIHJAIK PENaKTOp, epexeaep KOMIIWIATOPHL, epexkenep 0a3achlHbIH
JIUCTUHITEPIH Oepy Kyiieci;

— epexxe 0aszacel OobIHIIA IepekTep Oa3zacklH Oackapy OarmapiaMachiH
TeHepaToOpbl, OOBEKT Typaibl HAKTHI JIEpeKTepai KeHec Oepy Ke3iHae KaKeTTi
KUHAYJbl JKOHE CaKTayAbl KamTaMachi3 eTeTiH (akriiep Oa3achiH Oackapy
OarJapraMachlH TeHepaTOPEL;

— KeHec Oepy xyiieci.

JepexTep Oa3zackiHna ¢peiimuep TypiHnae ycbiHbUIFaH. Epexernep 0a3achl
MeH JiepeKTep 0a3achl HAKThI KOCBIMINAHBIH OiiM 6a3ackiH Kypaiias. [IMKOH-
Ja OUTIMIII YCBIHY MOJISINIHIH Heri3i aHbIK JIOTHMKa jXoHe OaiiecoB (opmanu3m
aJIeMEHTTepl 0ap eHIMIIIK epexenep Heri3iH/e MIelliM Ka0buiaay jKemici OoblI
Tabbutanpl.  JIOrMKamblK — KOPBITBIHABL — TiKenedl KoHe Kepi  LIbIFapy
CTparerusyIapbiH OipJecin maianany Heri3iHae )Ky3ere achlpbUIabl.

Kyiie PROLOG xone Cu Ttingepinge kxaspiiraH. KosigaHbICTarbl
OariapiaManblK KypaJiaplIblH Tajjaybl OuLTIMIe Heri3JelreH Kyienepui
JKacakTayIarbl )koOallay/IbIH HEeTi3T1 KaFUIaTTapbl MbIHANAP/BI KOPCETTI:

— JepekTep 0a3achlHAA YCHIHBUIFAH CapanTaMaliblK OLTIMII KOPBITHIH-
JbUIAp MEH OpeKeTTepiAi TaHjaay OOWBIHIIA YCHIHBICTAp aly YIIIH TOJBIK
CeHIMMEH makananyra Oonmaiapl. JKylenep monenacy MeXaHU3MIEPiHJC
OCBI CEHIMCI3/IIKTI XKeHyre KabineTTi 00ybl THIC;

— Ke3-KeJreH cajara KaTbICTbl OlIIM KOHTEKCTTIK JKOHE IPOLEyPaIbIK
aKIapaTThl KAMTHU/BL,

— OKYHEHIH THIMIUIIN MEH MNPAaKTUKAIBIK KYHIBUIBIFBI alTapibIKTal
Jiopexesie OyI1 )KYHEHIH KbI3MET €Tyl Nai/[ananyIibl YIIiH TAOUFH YXOHE MOJIIIp
OOJIBIN  TAOBUIATHIH/BIFbIHA OalNaHbICTBl. BUTIMII ©HJey Ke3iHJae dBpHUC-
THUKaHBIH MalijaJaHyIIbIFa TYCIHAIPIIY] KOHE OFaH TYCIHIKTI OOJIybl KaXKeT;

— nmaiijanaHynibl OKyHeMeH KapbIM-KaThIHACHIH YHBIMJIACTBIPY YIIiH
CYpaKTap KO0 )OHE ecenTep IIbIFapy Ke3iHje TaOuFu TN naijanany THIMAL
OoJbIN TaObLTAIBI.

CoHrbl yakpITTa Oenrimi Oip NMOHIIK cananap YIIiH apHaibl «iMIIreH»
apHaiibl KaObIKIIANApFa KbI3BIFYIIBUIBIK apTThl. Mbicaibl, Texas Instruments,
Teknowledge, Carnegie Group, IntelliCorp, Inference Oipxkarap meTenuik
bupmanap, artan aiTKaH[a, aKaylapAbl JHATHOCTHKAAy, IKaOIbIKTap/ibl
KOHJICY JKOHE TEPCOHANIBI OKBITY Ke3iHAe MaijalaHbUIaThIH MPOOIeMabIK-
OaFbpITTaJIFAaH KaOBIKIIANapabsl LIBIFApy KOHE JKETKI3y JKOCHApiapbl Typalibl
xabapmnajpl.

2.3. Oky ypaicinae KoJIJaHyFa apHAJIFaH capanTaMaJbIK OKbITY
:KyHeciniH sko0anay dgicremeci

Tuicti capantamanblk OKbpITy Ky#eciH (COXX) a3ipiey mporeci keneci
Ke3eHaep i KaMTuas [ 12].
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1 xezen. [ypuic Kypuliean 6inim 6a3acvin aHbIKMAY.

Byn kesenne Oenrini Oip ¢opManbasl TeopHs peTiHIAE Kypasl-CaiMaH]IbIK
capanTama >XYHeciHIH OpTachblHOa capamnmbsl >kacalTelH OimiM 6azaceiH (B3)
KaHaraTTaHABIPYbl THIC MIapTTap aHbIKTanaigpl. MyHaa OimiM 0a3achbIHBIH
TOJIBIMIBUIBIFEL, KapaMa-KaiIbl eMeCTiri, INBIFBIHCBI3ABIFBI KoHE T.0.
JKaFaainapbl 00Tysl MYMKIH.

Ocpuiaiimia, capantamajiblK OKBITY JKYWECiHIH OUTIMII  YCHIHYJIBIH
BIKTUMAJII/IBI O/IICIH KOJIJai OTHIPKIMN, OLniM 0a3achl QYPHIC KYpbLIaThIH OOJa (b1
erep OHJAFbI OLTIM KeJleci mapTTapra Colikec KeJice:

— OumiM Oa3achlHaH A aJlbIHFAH Ke3-KEeNTeH THIOTe3achl YIIIH BIKTH-

ManapiFsl P (A)> = 0 xone P (A) <=1;

— p(A) <= 1;1 TunOTE3aChIHBIH BIKTUMAJILIKTAP COMACHI;

— B ke3 kenren cumnrom yuria b3-te A runoresacsr 6ap;

— B3-ten A rumnoresacs! yuuiH, A anbikTaidTeiH b3-Te B Genrici 6ap;

2 keseH. Ilondik cana mooenin Kypy.

Byn ke3eHme capammibl YIIH OKBITY ITOHI OOJBIN TAaOBIIATHIH TOHIIK
cananbiy Mojeni Kypbuiaabl (DOC 6Gaszanbik (opmaibasl Teopusichl). Ockl
caylafia KOJNJAHBUIATBIH HETi3Ti YFBIMIap, TEPMHHAEP, TeopeMaiap, SJicTep
epeKIIeIICHE Il J)KOHE OJIap.IbIH apachlHAaFrbl KaThlHACTAp aHBIKTAIABL. MBICabI,
OaliecoB TEOpHACHI VIIIH HETi3ri YFBIMIap, TEPMHUHAEP, Teopemajap: OKWFa,
OKUFaHBIH  aNpHOPJIBIK  BIKTUMAIJBIFBI,  OKMFaHBIH  arloCTEPUOPIIBIK
BIKTUMAJJIBIFBI, TOYEJICI3 OKUFaNap, MIapTThl BIKTUMAILABLIBIK, beifec xoHe T.0.
TeopeMachl OOJBIT TaOBLIA B,

3 kezen. Oxbimy adicmemecin manoay.

OKBITBUTATBIH ~ TIOHHIH ~ epeKIIeNiKTepiHe, OKBITy  MaKcaTTapblHa,
OKUTBIHAAPABIH 00JKaMIbl KOHTUHTCHTIHIH TICHXOJOTHSUIBIK SPEKIICTIKTEePiH,
TEeXHUKAJIBIK  JKOHE  OaFjapiamajiblK  IIEKTeYlIepdl  ecKkepe  OTHIPBII
caparnTaMalblK OKBITY JKYHECiH Kypy Ke3iH/e KOJIaHbLIATHIH OKBITY IbIH Keil0ip
qnicTeMeci TaHganaabl.

4 kezen. Binim anyuibiibiy MOOEIH KYpy.

byn keseHme OKBITYIBIH MaKcaTTapblHa COMKeC JKOHE MOHMIK caja
MOJIETIB/II Tajlay HeriziHae OiiM alyIIbIHBIH MOJeNi a3ipieHexi. bya monxens
O1TiM aNTyIIBIHBIH HETI3r1 jKOHE aFbIMABIK O11iMI MEH JIaFbUIAPbIHBIH ICHTeiHiH
Kepceryil Tmic. MpIcan periHAae OiTiM amyIIBIHBEIH OSC KOMITOHEHTTI MOJCIiH
KeJNTipyre 0oJabl.

BbinimM anyumibiHBIH Mojeni (€H KeH MarblHaja) — OyJl OKBITY MPOLECIH
YHBIMIACTHIPY YIIiH KOJIJaHBIIATHIH O1JTiM.

CoHbIMEH, OUTIM ANyIIBIHBIH MOJENI JereHimMi3 — OLTIM ailyIibl Typajibl
HaKThl TYKBIPBIMJAIFaH KemnTereH (GaKTUIepOiH J>KUBIHTHIFB, OJap OHBIH
JKaFIalbIHBIH OPTYPJIl JKaKTapblH CUMIATTAMIBI: O1TiMI, XKeKe KacueTTepi, Kaciou
KacHeTTepi )KoHe T.0.
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BimiM anymbeiHBIH MOJENiH HeMmece OI3MiH OUTiM  alyIibl Typajbl
OinmimMimi3zi 3epTTey YIIiH YII Ke3kapac Oap. bipinmrinen, Oyt 6i1iM alyIIbIHbIH
KaHgail 6ap exeHi Typaisl OiTiM; eKiHmigeH, 0i3 OHBI Kajail KepriMi3 KeleTiHiH
Typajibl OiTiM; >KOHE, aKbIPBIHIA, OHBI Kajail Kepyre OOJATHIHABIFHI TYpPaIbl
Oimim. BipiHmiici 6iiM anynIbIHBIH MiHE3-KYJIKBIH Tajlay apKbUIbl OejriieHe i
KOHE OUTIM aTyIIBIHBIH MiHE3-KYJIBIK MOJIEIIH YChIHaABL. O O1LTiM ayIIbIHBIH
e3repyiMeH Oipre e3repeil, COHABIKTaH OHBI OiliM ANYULbIHBbIY OUHAMUKALBIK
Hemece azvimoasel Mooeni NeN arananbl. byn Momempai Kypy MexXaHU3Mi
KOTHUTHUBTI TUATHOCTHKA OOJIBIN TaOBLIAIBI.

bi3 okyIIbIHBI Kajail Keprimi3 KeJETIH[Ir, OHBIH COHFBI JKar[aifbIHa
KOWBUIATBIH TaJANTAP OLIIM QIyWUbIHbIY HOPMAMUSMIK MOOedi JCT aTaiajbl.
Byt 6iniM omeTTe Kem KbIpibl. ByFaH, MbIcalibl, OOalIaKk MaMaHIAP/IbIH KEKE
KacHeTTepiHe KOWBUIATHIH TaianTap, OJapAblH KociOM camajmapel MeEH
JMAFIpUIApEl, OPTYpAi OKYy TMoHAepi Oo#bIHIIA OiLTiIMI MEH JaFiabUIaphI,
(GU3UKANIBIK JKOHE TICUXUKAJBIK JKAFIalblHBIH CHIATTapblHA JKOHE T.0.
KOMBUIATBIH TajanTap »karajabl by OLTiM CTaHAAapTHI JEM aTalaThiH HOpCE.
OKBITYIBIH COHFbI MaKcaThl — OLITIM aNyIIBIHBIH MIiHE3-KYJIBIK MOJIENi OHBIH
HOPMATUBTIK MOJICITIMEH COWKEC KeNeTiH Karjaiffa KON JKETKi3y OOoblIm
TaOBLTATBL.

YuriHm Ke3Kapac, ajllbl JKaFfaija, OUTiM anylsliap oKy IMpoleciHae
KO3Falla ajaThlH OPTYpJl XOJmap HeMece TpacKTopHusuiap 0ap eKeHIriHe
HerizgenreH. bBip »karplHaH, Oyl JIyphIic TpaeKTopHsi OONybl MYMKIiH, Oy
THIHJAYIIBLUIAP/BIH JYPBIC 1C-OPEKETTEPIHIH apKACHIHA KOHE THIHAAYIIBIHBIH
HOPMATHUBTIK MOJICJIIHAE KapacThIPbIIFaH, MbICAJIBI, Oip MiHAETTEpl eIy
OpTYpJIl TOCUIAEpl MEH SJICTEpiH MaijanaHy IypbIC TpaeKTopusuiap OOJIyb
MYMKiH. EKiHIII %aFbIHaH, Op TYpIi TpaeKTopusuiap OLTIM alylIbLIapAbIH KaTe
opekeTTepiMeH OalTaHBICTBRI OOYBI MYMKIH JKOHE OJapAblH KOeNTereH
KaTeNKTepiH OKBITYIIBl aliblH ana Ooipkal anaapl. bigiM  amymrsuiapabiH
BIKTUMAJl KaTeJIEpiH aHBIKTAy OOMBIHIIA MYFANiMHIH JKYMBICH JHIAKTHKAIBIK
TYPFBIIAaH ©Te NaiJanbl (KaTelikTepaeH yHpeH!); ochl Karenep Ti3iMi (IypbIc
eMec, TPACKTOPUSIHBI TOJBIK 3ePTTEreHHEH KeiiH) CTYJIeHTTIH HAaKThl MO -
KaTe MOJICITI.

[Monnik OimimMail, SFHU OKY HOHIEpl OoMbIHINA OLTIMII aHBIKTAUTHIH OLTIM
QITYIIGIHBIH, HOPMATHBTIK MOJCTIHIH Oip Oexiri OiTiM aXymIbIHBIH TOHAIK
MOJICTIiH araiiMpi3. BiliM  anymiblHBIH TOHIIK MOJENi, ochbulaiiina, IMoH/I
OKBITY/IbIH MaFbIHAIIBIK JKaFbIH aHBIKTAN/IbI, SFHHU capanTtaMaibiK biniM Hemece
IIOHIK CaJIAHBIH MOJIEJIl OOJIBIIT TaObLIABL.

BijiM ajJymbIHBIH TIOHIIK MOJENI KONTereH MOHIIK cananaplaH OKYy
cayianapblH OeJin anajpl, COHJBIKTAH OYJI — OKY IMOHJIK CaNachlHBIH MOJENI
HEMece OKy MOoHIHIH Mojeii. BimiM amymbsIHBIH TOHIIK MOJENi, OChUIAHIIA,
MIOHJII OKBITYZBIH MAaFbIHAIBIK JKaFbIH aHBIKTAHJIbl, SFHU OJl CapanTaMalibiK
Oimimai Hemece TIOHAIK aWMakTBIH MogneniH Oinmipeni. Kipice 6imim
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ANYIIBUIAPIBIH  TIOHMIK MO OUTIM  amymisUIapAbl  YITUIEYAlI asKrayFra
MYMKIHIIK Oepeni,olTkeHi Oyi jkaraaiaa OumiM aiyribuiapra OailylaHBICTHI
OapnpIKk acmekrinep Oipikripimeni.  bimiM  anmyImbIHBIH TOHOIK MOICITIHIH
TEPMUHEPIHAE OFaH KOHBUIATHIH TallalTap TYKbIpeIMAANansl. Bynm yFeiMzbI
€Hri3y OKy IOHJIK callaChlH MOJIENbey 0acka MOHJIK canaiapibl YIriieyIeH
atapiblkTail aifipIpMaIubIbFEl Oap. OKy JoHE TopOuWenik emec MoHAEp.i
MOJIENIBIICY IIH MaKcaTTapbl opTypii. Ke3 KenreH KbI3MET, COHBIH IIIHIE OKY
KBI3METI MIHIETTEpAl IIENTy KONBIMEH XY3€Te achIphUIaabl, OyI perre Oy
MIHJIETTEp OCHI TYPIiH KBI3METI YIIIH epeKIIe.

OHzipicre, FRIIBIMUA-3ePTTEY (FBUIBIMU-TAHBIMABIK) JKoHE 0acka KbI3MeTTe
npoliieMaliap e3 JKayanTapblH ajly YIIH IICHIIeIi, MOceaelepIi NICITy IiH
HOTIDKENEPl KBIBMETTIH MaKCaThIMEH OCNTiICHE ], COHABIKTAH OHBIH TiKeleH
eHIMI Oonbinm TaObUTAABL. Byn >kepae MoceneHiH Kajail IIEmIijeTiHi emec,
HOTW)KECIH/E ajbIHFaHbl MaHpAbl. OKy iC-opeKeTiHiH MakcaThl  OCBHI
Mocenenepl melyai yipeny, Oackaia aiTKaH/a, OKy 1C-OpeKeTiHIH MaKcaThl
IC-9pPEKeT TOCUIIH KaJIBINTAcThIpy O0ibIn Tadbutanbl. OKy ic-opeKeTiHAe OKY
MIHJIETTEPiH HICUIYAIH 631 MY//IENi eMeC, OFaH TaJlall eTIIETIH JKaIFbI3 HOpCe —
Oy nypeic 6omy. byn sxepae mocenenep/i mienry mporeci MyHaa TyOereii
MOHTE We, OWTKEeHI Mocelenepai Iienmy OapbhICBIHAA iC-OpEeKeT ofici
KaJIBIIITaCa bl

ConpiMeH, Oimim Oepy MocenelepiH mIenry MakcaT emec, OimiM Oepy
MakcaTblHa KETyIiH Kypaibl Oomnbill TaObiiansl. COHIBIKTAH MOEIbICY
MaKCaTTapbIHBIH albIPMAaIIbUIBIFBL.

Bimim Oepy emec TOHMIK aMaKTBl MOJEIBICY OJICYMETTIK MAaHBI3IIBI
HOoTHXKeJep Oepyi Kepek, an OiniM Oepy MOHIHIH aiiMarblH MOJENbIeY — Oy
OiniM 6epy MocelnenepiH menryre apHaiFraH MpoLecc.

BipiHMIi KOMIOOHEHT — TAKBIPBIITHIK MOJICHb

Ocipece 0Ky MaTepHajbl YLIIH OHBIH KYPBUIBIMBIH OpPHATy ©T€ MaHBI3/IbL,
OUTKeHI OKy OimimiHiH Oenrimi Oip OeiiriH MeHrepy OKYy MaTepHaIIBIHBIH
KYPBUIBIMBIH/IA OJapAblH OpHBIH OpHaTy. COHJBIKTaH, OKYIIBIHBIH IOHIIK
MOJIENIIH KYpYAarbl MIHIETTepIiH Oipi MOHAIK OUTIM KYpBUIBIMBIH Oeiriiey
6osrysl THic. OKy MaTepHalbIHBIH KYPBUIBIMBIH 3€PTTEY ©T€ MaHBI3[bl YKOHE
TepeH 3epTTeyIiH aepoec MoHi1 0OJIBIN TaObLIaIbL.

[Monmix Mmomens OimiMre KaparaHIa aHAFYPIBIM IpUICHOIPUITEH TYCIHIK
Oepyi Tuic. byJ anerTe TaKpIpBIITAP/IBI ayAapy apKbLIbI Kacaiabl.

BiniMm anymbIHBIH TaKBIPBINTHIK MIHAIK MOJENi-OKYFa JKATATHIH
TaKBIPbINTAP Ti3iMi.

TakpIpbINTBIK MOJIENIb MOHJIK OUTIMHIH Oeirim Oip kacuerTepin Oepeni,
OJIAp/IbIH CUIIATTaMAChl, SFHU METal11iM OOJIBIN TaObLIA b

ExiHIIi KOMOOHEHT — ()YHKIIMOHAJIBIK MOJIENb

OpicTeMeNiK TyprbIIaH Kanaai fa Oip OUTiMHIH KaHIail pen aTKapaTbIHbIH,
KaHmail (QyHKOWsUIapAbl aTKApaThIHBIH = aHBIKTAY, SFHA (YHKIHOHAJJIBIK
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KYPBUIBIMAAYJIBI  KY3€re achlpy ©Te MaHb3Ibl. MYHBI (YHKIHOHAJIBIK
aliiapiapabIH Ti3iMiH KYPBIIN, OChUTaIIa (QyHKIMOHAIABIK OUTIMII aHBIKTayFa
Oomamel. Bynm perte omapaplH apachlHAA ©3TePTHEHTIH  (QyHKIUSIIApABI
OPBIH/IAUTHIH (IEKJIApaTHBTIK OlliMaep, MBICAIBL, aHBIKTaMaiap, Teprey,
KODBITBIHIBUIAP), COHJAi-aKk KalTa e3repTeTiH (mpouenypaiblk OutiMzaep,
MBICAJIBI, dJIiCTEMeJIep, anropuT™aep) 6iimM 6omysl MymKiH. Omap Gipre Oimim
ITYIIBIHBIH (QYHKIMOHANJBIK TOHAIK MOJeNiH Kypainel. On kanmad na Oip
MOHJTIK OUTIMHIH KaH/Iai peJt aTKapaThIHbIH KOPCETEIl.

BinimHiH peti, onapabsiH (YHKIUIIAPEl HAKTHI IIOHTE OalIaHBICTHI, Oipak
OapibIK IMOHIEpPre OpTaK, MbICANbl, YFBIMAap, Kacuerrep Oap. JKekeneren
3aTTapJbIH OJIap YIIIH OCHI 3aTTapiAblH O0ap OOJYyBIMEH aHBIKTANATHIH apHAHbI
aiimapnap Oonybl MyMKiH. AWmapnap KaHaad pga Oip Oenri  OoiibiHIIA
OipikTipiieTiH moHAep TOOBI YIIIH CoKec KeJICTIH XaFaaiiap 00yl MyMKiH.
Mpicanbl, MbIHaIal alpapnap: YFeIMAAp, TYXKbIPbIMIAp, 3aHjap, KacHeTTepi,
canjapel, TYXBIpbIMAap, cebentep, dopMmyiaiap, TeHIEYJep, MOJICIbICp,
omicreMenep, anropuTMmuep. Alimapmapma CcoHmal-aK IIOHIIK — aiMaKTHIH
CEMaHTHKAChIH OepMeii/ii )oHe MeTallniM OOJIBIN TaObLIAbI.

OYHKIMOHATABIK MOHIIK MOJENh KAKETTI JCHreine cTyneHT Oimyi Tuic
HOpPCEeHI KYpBUIBIMJIIayFa JKOHE HaKThbUIayFa MYMKiHAIK Oepeni. byn sxepze
PEeNpOAYKIUSIIBIK JIeHrelae OlTiM Typaibl ce3 OOJNBIN OTBIP, SFHU Oily-ecTe
cakTay.

Y1uiHmi KOMIOHEHT — CeMaHTHKAJIBIK MOJIEIb

Jexnapaiysiiplk ~ OUTIM ~ MOHIIK ~ OUTIMHIH ~—~ Ma3MyYHJBIK  HeMece
CEMAHTHKAJBIK OOJIriH aHBIKTAHJBl JKOHE OULTIM amyIIBIHBIH CEMaHTHKAIBIK
MOH[IK MOJIENIIH TYJbIpajbl. BidiM amylIbIHBIH CEeMaHTUKAIBIK MOHJIK MOJENI
CEMAHTUKANBIK (hakTijepAiH Oipi3aiiiri 6o TabbUIagbl — KYpaMbl OOUBIHIIA
TIOHJIIK MaFbIHAChI Oap KapamaibiM QakTijep.

CemanTtukanslk (akT — Oy Oip celilieMMeH HeMece ceiyieMMeH OepisieTiH
OpKalllaH asKTaJlFaH )KoHE )KAJFbI3 OM.

Cunarrairal CeMaHTHKAJbIK (aKTulep MOHJIIK calaiarbl OiumiM Oipiik-
TEpiHIH POJIiH aTKapajbl, OMTKEeHI OChI OUTIMAEP/IIH MOH/IIK MaFbIHACBIHBIH YCaK
MTOPIHSIIAPHI JKOK.

TepTiHI KOMIOHEHT — IPOLUEAYPATBIK MOICTb

[poreaypansik OiTiM IIOH canachl HRICAHIAPBIHBIH ©3TepyiHiH TOPTiOI MeH
CHIIaThIH CUNATTaWIbl KoHE OLTIM allylIBIHBIH IPOLEAYPANIBIK MOH/IK MOJETIH
Kypaiinpl. By penenrep, HycKaynbIKTap, alrOpuTMIEp, SAiCTeMelep, IIeniM
KaObuIgay CTpareruscel. Mplcaisl: Taly, aybiCy, KO3FalbIC TEHJACYJIEepiHiH
CaHIBIK INEIIiMi, CaHIBIK WHTErpalaay, TEHICYNIepal Kypy, aHbIKTay,
naifaiany, Kypy, ecentey, Kocy. OicTeMeniep CaHbl HAKThl JKYMBIC OKY
KocnapyapblHa — OaiiylaHpICTBL.  OJicTeMeniep,  HETI3iHEH, 3epTXaHaJIbIK
MIPAKTHKYMFa jKaTa bl
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Ic-opexeT TYpFBICHIHAH MPOIECCYAIIBIK OLTIM iC-OpEKEeTTIH WHAUKATHUBTI
HeTi3JepiHiH ChI30aIapbIHbIH peuliH aTtkapaabl. Onap IarapuiapIslH KOMETIMEeH
JKY3ere achIpbUIaJIbL.

BeciHmi KOMOOHEHT — ONEPaIHSIIBIK MOJEIb

Xorapblaa aliTbUFaHaH, JKATTBIFYABIH TYIIKI MAKCAThI 1C-OpEKET PEIKUMIH
KAIBIITACTBIPY OOJNBIT TaOBLIAABI, all iC-OpEKeT pPEeXUMi MPaKTUKAJIBIK ic-
opeKeTTe JaFipulap apKbUIbl JKY3€re achlpbulabl. bimiM  marapuiapsl
KaJIBIITACTBIPYIBIH Kypaibl peTiHne opeker ertenmi. HWmkenepnik OimiMue
JaFapuIap MiHE3-KYJIBIK HEMEce OTepalsUIbIK O11iM peTiH/ie KapacThIpbUIaIbl.
JaFapuiapapl KaJIbINTACTBIPY TETIrl - OYJI alaMHBIH MiHE3-KYJIKbIHAH KOPIHETIH
OimiMai eHyey (IEKIApaTHBTI KOHE Mporexypaiblk). COHBIMEH, OKYIIBIHBIH
MIOHJIIK MOJIETIl OKY MPOIIECiH/IE KAIBIIITACYbl KEPEK JAaFIblIapabl KAMTHIBI. by
JAFIBUIAPIBIH Ti31Mi CTYICHTTIH IIOHAIK MOEIi OOJBIT TaObLTA B

5 kesey. Capanmamanvix, OKbimy JHCYUeciniy opmacelnoa capanmamansiy
JICytieHi  Kypy KesiHOe Oinim  anywibl (capanwusl) wiewiemin MinOoemmep
uepapxuscevlt (azaw, sxceni) Kypy

CapanTaManblK OKBITY JKYHECIHIH OpTachlHla capantamajiblK KyHeHi
93ipiey mporieci capamniibl MEH capanTaMaiblK OKBITY JKyiheciMeH Oenrimi Oip
MiHETTep i OipJiecin ety peTinae MiHIeT TYPFbICBIHAH KapacThIPbLIabl.

Bapinsik yaepicti MiHAETTEp MEH KOChIMIIIA TAalChIPBICTApFa MyH/Iail 0oy
capanTamalbIK JKyienepai Kypy OoibIHIIa capammibl (O1T1iM amyms) KeI3METiH
aBTOMATTaHJIBIPUIFaH OaKbLIay/IbIH TEXHUKAIBIK MIHACTIH )XeHiiaeTeai, OutiM
JUArHOCTUKACHIHBIH JKOHE OKBITYABIH THIMIUIITIH apTThIPaIbl

6 kesen. Tanceipmanapovl wiewty xezinoe OLLIM AXyWbLIAPObIY KAMENiK-
mepin aHLIKMAY JHCIHE HCIKME).

Ocbl Ke3eHHIH MakcaThl capanTaMalblK OKBITY JKYHelepi opTachiHIa
capanTtamalbIK XKyilenepai Kypy Ke3iHJe capalllblHbIH BIKTUMAaJl KaTeliKTepiH
aHBIKTay JKOHE IICIIUICTIH MiHAETTep OOMbIHINA oyapAsl (aKTOpH3aLsIIay
0obIT TaOBLIABL. By KaTemep nyphIc KYPBUIFaH OiiM 0a3achlH aHBIKTAHTHIH
mrapTTap Oy3bUIFaH Ke3Je TYBIHIaH L.

7 kesen. Kamenikmiy cebebin anbiKmayea MYMKIHOIK Oepemin euno-
me3anapovl AHLIKMAY.

[Monnix cama MOMENiHIH JKOHE OKBITY TEOPHSCHIHBIH YCTaHBIMIAPBIHBIH
Tanmaybl HETi3iHme OiLTiM amyImIBIHBIH TOHIIK caja Typaiel KaHmail ma Oip
KaTeHiH Naija OoJyblHa OKEN COKTHIPYbl MYMKIH JYpbIC €MeC YCBHIHBICTap
Typajbl THIOTE3a]ap aHbIKTANanbl. BapiblK rumore3aigap KaTelepll aHBIKTay
Ke3iH/Ie THITOTE3aHbl TaHIay MPOIIECiH Te3AeTyre MYMKIHIIIK Oepei.

Kesen 8. Kamenepoi ouaznocmuxanayovly capanmamansii HCYyUuecin irane
OKBIMYObI DACKAPYObIH CAPANMAMATBIK HCYUECIH ICKe acbipy.

Byn ke3enze kartenepai JUAarHOCTHKaNAy >KOHE OKyJbl Oackapy OoWbIHIIIA
capanTaMalblK OKyHenepai Kypy apKbUIBI capanTaMallblk OKBITY JKYHeciH
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KYPYZIBIH aJIBIHFBI KE3CHICPIHAC albIHFaH OuTiMIi (opManms3anmsiiay >KoHE
TECTIJIeY JKY3€re achIphLIabl.

Kesey 9. Capanmamanwix okbimy dicytiecin icke acuipy

Ochl Ke3eHHIH MakcaThl capanTaMallblK OKBITY KYHeciHIH, KaTeJepi
JMAaTHOCTHUKAJIAYABIH CapanTaMajblK JKYHECIHIH JKoHe capanTaMalblK OKBITY
KYHECIHIH capaniubl-MaiAadaHyIbUIapblH OaKpUIAy >KOHE OKBITYy OOMBIHIIA
KEIICH/II MIHIETTepi MLIeNly VIIH OKBITyIbl 0acKapy/AblH capanrtamalblK
JKYHECiHIH 63apa 1C-KUMBUIBIH YHBIMIACTBIPY OOJIBIT TaObLIAIbI.

Kezey 10. Capanmamaneix oxbimy scytiecin mecminey

Ocbl Ke3eHIe capanTtaMalblK OKBITY KYHeCiHIH KbI3METIH OaKplIay jKy3ere
acelpputapl. CapanTaMaiblK OKBITY KyHeci Ky3ere achlpaTblH aBTOMATTaH-
JBIPBUIFaH OKBITY TPOLECIHIH AMJAKTUKAIBIK THIMIUIITIH Oaranay OOMbIHIIA
9KCHEPUMEHTTEp OKYpri3inesdi, XKyHeHiH J>koHe T.0. KYpBUIBIMABIK >KOHE
TICHXOJIOTUSUTBIK-TIE1ar OT MKAJIBIK KEMITUTIKTEP] aHbIKTaIa bl

CapanTaManblK OKBITY JKYHECIH Kypy Ke3eHIEpiHIH e3apa OaiaHBICHI

2.2-cypeTTe KopceTUIreH.
{ Back )

III1-B3 6acTanybl AHBIKTAMACHI

Ionaik cana Mogein Kypy

{

OKpITY d1icTEpin TAIAY

OKymbl MOAEIIH KYpy
¢

Ecenrep nepapxusichin Kypy

Karenepai xikrey

LLara 3 3
I T 1 I

I'nnoresansl aHbIKTAY
{
| Barnapaamanay CK KO #xone C’KBE ]

{
Barnapnamanay COXK

t

| Tecriney |

( Conwr ')

2.2-cypet. CapanramMaibIK OKBITY XYHEJIEPiH KYpY
Ke3eHICPiHiH e3apa OalIaHbICH
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2.4. CapanTamManbIK OKBITY :KyieJiepiHiH apXUTeKTypachl

2.4.1. Bess capantama xyiieci
KAaOBIKIIACBIHBIH APXUTEKTYPACHI

CapanTay xyienepiH KypyIbIH OpTYpil omicTepi Oenrisi: JOTHKAJIbIK,
BIKTUMAJI/IBI, OHJIPICTIK epeXenepre, JjKakTayllapFa J>KOHE CEMaHTHKAaJIbIK
JKeJTiepre Heri3enren. Y1l 9iCTi CalbICThIPMAIIbI Tasjay OOMbBIHIIA IKCIIEPH-
MEHTTEp: BIKTUMAJIBIK, paMajiap MeH OHJIipic epekernepine Herizaenres [13]:

—  OCBI 9/IICTEP/IiH dPKAMCHICHI PKiH MPOOJIEMAHBI 1SNy YIIiH KOJJaHbI-
Jybl MYMKIH 9HE OJIapABIH OpKAICBICHI OpTYpii OaFmapiiamMaiblk
KaMTaMachl3 €TyJie MIHIETTep/Il ey Ke3iHAe KETKUTIKTI OHIMIUTIKTI
KaMTaMachl3 €T¢ aJaJibl;

—  OCBI 9JIiCTEP/IiH 9PKANCHICH TEOPHUSIIBIK TYPFBIJJaH HETI3/ereH;

— KapacTHIPBUIBIN OTBHIPFAH OapJibIK VI ofic JKyie OepreH jxayamTapisl
TYCIHAIPY YUIiH )KapaMpl.

Kepcerinren oxmictep HakThl OariapiamaiblK KaObIKmiazaH Oip Typii
MIHICTTEepHAl IIBIFapy MOJAIri, iCKe acelpy >KoHEe NaimanaHy KypIeNiTiri
OOMBIHILIA CANBICTHIPBUIIBI.

XKyprizinren skcnepumentrepaen CXK Kypy YIIIH «eH JKakChD» OIICTIH
JKOKTBIFBI TYPalbl KOPBITHIHIBI KakeT. HakTel Oarmapnamanbik KaObIKIIAJaH
ecenTepAi MIelly YIIH KOJaWIbl 9ICTI TaHgay Typajbl MOCENe HEFYPIIbIM
OPBIHJIBI OOJTBIT TAOBLITATBL.

Bynan opi memrim kaObuimaynaslH OailiecoB opiciHe HeriznenreH Bess
(Bayes Expert System Shell) mumarnoctukansik tunti CXK KaOBIKIIaCHIHBIH
KbICKala cunarramachiH kentipemiz. BESS xyiteci VYkpaunaneiH B.M.
I'mymkoB ar. KubepHeTrnka MHCTUTYTBIHBIH FBUIBIMHU-OKY OpTaibiFbiHaa Turbo
Pascal (5.0 Hyckacel) TpaHCIATOPBIH MaiianaHa oTHIPHI, [lackans TiTiHae icKe
aChIPBUIFaH.

Memim xaOpuTmayaslH —OailecoB  OAICiH TaHAAy OCHl JKYHEIepHiH
KOJIJaHyFa OaFbITTAlybIMEH, HETI3IHEH, OKYy IPOIECIHAC, OJ BIKTUMAJIBIK
onmicTepMeH (opMaiH3alHsIIayFa, OKBITYIBIH CTaTHCTHKAIBIK TEOPHSCHIHBIH
JKoHe OumiMui  OakpUiayJplH —OONYBIHA, COHAAW-aK OKBITYJIBIH  Ka3ipri
o/licTEeMENEepiHiH AUIAKTUKANBIK THIMALTITIHIE Op TYpJi 3KCIEPUMEHTAJJIbI
OaranmaypiHa HerizmenreH. lllemrim KaOpuTmayablH CcyOBEeKTHUBTI OaiecoBckuid
o/lici KOChIMILIA aKmapaT ajly Ke3iHle e3repyl MYMKiH ajaM OfaH TIpKEHTiH
KelOip Oara peTiHe KeiOip OKUFAHBIH BIKTHMAIIIBIFBIH TYCIHYTE HET13/IeNTeH.

BESS xyiieci 2.3-cypeTTe KeATIpIIreH apXuTEKTypara ue.

binim 6azacvinvly Kypolivivel. bimim 6a3acel — Oyi1 gepekrep 0a3achlH
JKMHAKTay, OJ COHFBI JIEpEKTEepleH aibIpMalllbUIBIFEL, OiLTiM  Oa3achiHIa
CaKTaJaThIH Oi1iM OeJICeH Il )KOHE jKaHa OUTIMAI KYpyFa MyMKIHIIK Oepeti.
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binim fazacel |«—— -  JKymbIC Kajbl
) v
—‘ MBIFAPY MeXann3mi I—

Bimim anyasin Herizieme naiiaa anymbl
Kimi yHect Kinmi swyiteci unrepgeiici

v Y
| capanibl | |naii;1=u-muymm|

2.3-cypem. BESS orcyiieciniy apxumexmypacwl

L 4

BESS kyifeci nuarHocTHkanayFa apHaliFaH, MbICAJIbl, JAArHOCTHKA-
JIAaHATBIH XYHeNeH KeJil TYCEeTiH akmapar OoiibiHIma Oenrimi Oip xyHenepnix
JKYMBIC iCTEYIHJIET] aKayIapsl i3neyre apHayrad [13].

OpObip capammubl-ANarHoOCT, OHBIH OLTIKTUIIriHE OayaHBICTHI, oOnap
KapalThIH )KYUenepae OpbIH ATybl MYMKIH aKayJIbIKTapAblH Oenrit Oip caHbIH
JKOHE OCBI aKayJapAbl TyIbIpFaH ceOenTepiAiH COHFBI CAaHBIH AHBIKTAMl ajajpl.
Ocpuraiima, capamnmiibl-AHarHOCTUKAHBIH O11iMI OCBI XKyiienepae 60Iysl MYMKiH
aKaylapra KaTbICTbl THIIOTE3aJapAblH COHFbl CaHbIHAH, KaHZalh npa Oip
THITOTE3aHbl PACTAWTHIH HEe KaOBUIJaMalThIH CHMITOM/IApABIH COHFBI CaHBIHAH,
CHUMITTOMIAP/IbI TEKCEPY TCUIACPIHIH COHFBI CAaHBIHAH TYPaJIbI.

BESS xyitecinme Oy Oimimaep Keneci Typle KajiblTacambl: opOip
THIIOTE3aFa TUIOTE3a aTayblHa COWKeC KOWBLIAbl, OCHl aKayJblH anpUOpIIbI
BIKTUMAJIIBIFBI, OCHI TUIIOTE3aHbl PAcTail alaThlH HeMece KaOblinaMail anaTblH
CHUMITOMJAP CaHbl KOHE OCHI TMIOTE3aFa KaThICTBl CUMIITOMIAPABIH ©37epi.
Opbip cuMnTOoMy Oenriii Oip TUHmoTe3e KOWBUIAIbl COWKECTITiH aThl Oenri
BIKTUMAJIIBIFBI PacTay AEPEeKTepl CUMITOMBI THUIIOTE3aap MEH BIKTHMAJIIBIFbI,
Oy cuMIiTOM KaObliaMai KOsIJIbl THIIOTE3aHbl.

CUMITOMHBIH MOHI Typajibl aKknapar NailalaHylibllaH CypaliFaHAbIKTaH,
op0ip cuMmTOMFa Cypak >KoHE BIKTHMAJ >KayanTapiblH ayKbIMbI CaJbICThI-
pBLIAJIBL.

XKylienin nalianaHyIIbIMEH e3apa 9pEKeTTecy IpOoleci XaTTamalaHabl.
XaTTama anplHFaH IIEMIIMAlI HETi3Aey/IiH Killi XXYHeCiHiH KyMbIC icTeyl yIIiH
Heri3 Oousbinn TaObuTanbl. BESS O6iniM  KOpBIHBIH KYpbUIBIMBL 2.4-CypeTTe
KEJTipUIreH.

BESS kyifecinzieri WIBIFBIC CTpATErwschl KOCHIMIIAara OailfIaHbICTBI
aHBIKTAIYbl MYMKiH. HakTpuiaynap AMarHOCTHKaJaHATBIH JXYHEHIEH TYCETiH
nepektepMeH (Oip MoHAI, Kem MOHII); IIBIFApyAbl asKTay KpUTEpHHiMeEH;
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CHUMIITOMAAPJBI TEKCEpYy KE3eKTUNTiH OenriuedTiH KpuTepuiiMeH >KoHe
THIIOTE3aNapbl KIKTEYy JKYPri3UIeTiH KpUTepuiMeH (©3eKTi, KaObLijaHFaH,
KaObUTIaHOaFaH) aHBIKTATYBl MYMKIH.

bisim Gazacel —l
Cumurromjaap ['unoresanap

I'nnorezaHbIH aTAYBI
Cu MUITOMIAPABLIH AThbI

Cypax AnpHOPIBIK
Komex BIKTHMAIIBIFBI
Kayan Typi

KonTeren peieBaHTTEI

Bbanama CHMOTOM/IAD
BYT]H Pacray
JIHHrBHCTHKAJIBIK, BIKTHMAJIABIFBI

Tepicke muiFapy
BIKTHMAIBIFbI

2.4-cypem. BESS orcyiieciniy 06inim 6a3acblHbly KYPblLIbIMbL

BESS xyitecin meirapy mammHacsiHaa K. HeWnop ycblHFaH HIBIFBIC
CTpaTeruschl KOJNAAaHbLIaABl. bByJl CTpaTerwsHbIH MOHI OHBIH  INBIFApy
MPOIIECIH/IET] PONiH KopceTeTiH opOip CUMITOMFa OaraHbl KOCY KoHe OipiHIn
KE3eKTe Oara HEFYpPIIBIM JKOFaphl OOJIATHIH MOCEJNICHI KOO OOJIBINT TaOBLIAIHI.
Cumnrom Oarackl MbiHa (popMyJia OOMBIHINIA AHBIKTAIAIBI:

HC(B)= Y| P4, B)~ P(4,|-B) @1

Ocbhuiaiiina, B CHMITOMBIHBIH Oarachl - Oapibik N runoresanapia 00Jysl
MYMKIH OKHFaJIapIbIH BIKTUMAJIBIFBIHBIH CH KO ©3TepPiCiHIH COMACHIL.

Ibirapy ManmHachl KeJieci aJIrOpUTM OOMBIHINA TaIKbUIANIbL:

1-xkamam. CUMIITOMAAPABIH OaFachiH €CENTey.

2-kanaM. EH sxorapsl 6aFraMeH CUMITOMJIBI Ta0y.

3-kamam. Cypak KO0 >KoHe Kayall aiy.

4-xkamaM. O3eKTi THIIOTE3aNap YIIiH almoCTEPUOPIBIK BIKTHMAIABIKTAP BT
ecemnrey.

5-kanmam. KaObuinanran, KaObUItaHOaFaH, ©3CKTi THITOTE3aIap Il XKIKTEY.

6-kamam. Ex sikTumant menrimai tady (EBILLD).

7-kamam. Erep EBILI Tabsran 6oica, 10-kamamra oty .

8-kamam. Kanran cumnromuap yiriH OaraHbl KaiiTa ecenrey.
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9-kanaMm. 2 Kajamra eTy.

10-xagam. JIMarHOCTHKAHBI )KOHE THICTI YCHIHBICTApABI Oepy.

11-xagam. JKyMBICTHI asKTay.

A; THTIOTE3aChIHBIH aIOCTEPUOPIIBIK BIKTUMAIIBIFBI MBIHAAW QOpMyTaMeH
OOMBIHILIA €CENTENEN1:

P(4,|B)=P(B| 4)* P(4)(P(B| 4)* P(4)+ P(B|~4)*P(—=4)) ~ (2.2)

(dhopmyrna GoifpIHITa B CHMIITOMBI OOJIFaH KaFgan/a;
P(—A4,|B)=P(B|—4)*P(A,)/(1-P(B| A4)*P(4,)—P(B|—-4,)*P(—4,)) (2.3)

B cumnTombl OonMaraH Ke3Je.

[Ierry HEMECe asKTay Tpoleci Ke3iH/e KYHeH! KOMAAHYIIBIHBIH «Kalai)
HeMece «HEeTe»ANpEeKTUBANIapbl KOMETIMEH HeTI3/Iey 1MIKi )Kyieci apKblIbl Kyie
KaJaiilia ockl HeMece 0acka IIeliMre KelreHin Oiryre MyMKIiHIT 6ap.

byn nmupekTHBanmapablH MarblHACHI - KOJNJAHYIIbIFA ©3apa OpPCKEeTTeCY
XaTTaMachIHBIH OapJIbIFBIH HeMece Oip OeliriH, iiecre aknaparieH oipre Oepy.

«Kamait»  aupexTHBachl TaHIANFaHIA, KOJJIAHYIIbIFa XaTTaMaHBIH
OacelHaH OacTam HIBIFY caThIChIHA JEWiHTI OapiblK xarrama Oepineni comaH
KeHiH HerizgeMe Kimn jKyieciHe Xyriny OonraH. «Here» IMpeKTHBAChIH
TaHJaFaH/Ia KOJIIAHYIIbIFa aJlIbIHFBI IIBIFapy KagaMbl TYCIHIIpiIe/].

JepOec KOMIBIOTEpiH AWCIUICHIHE MIBIFAPBUIATHIH XaTTaMaHbIH opOip
KaJaMbl KeJIeci aknapaTThl KAMTHIBL:

— KaJam HeMipi;

— OCHI Kamamaa OenceH i 00IaThIH CHMITOMHBIH aTayHl,

— KOWBLIFaH CypaK / albIHFaH JKayarr,

— arbpIMziarbl (OesiceH ) CUMIITOMMEH OaillIaHBICThI ©3€KTi TUIOTe3alap

CaHBI;

—  ©3eKTI rurnoTesanap.

AFBIMIAFel CHMIITOMMEH OalIaHBICTHI opOip THIIOTE3a YIIH XaTTramanaa
TOMEHJICT1 aKIapaTThl CAKTaHIbI:

—  aIpHOPIIBIK BIKTHMAJIABIFBI;

—  BIKTUMAJIABIFBI ICHIH XKaya;

— KayanTaH KeWiHT1 bIKTUMAaJJIbLIBIK;

— ’KayamTaH KeHiiHTi MopTeOe (03eKTi, KaObUIaHFaH, KaObUIIaHOaFaH);

— HOTHUXKE (bIKTI/IMaJ'IlI])IFI)I ApTThl, BIKTUMAJIABITbI a3a171111)1, BIKTUMAaJIAbIFbI

©3TrepreH JKOK).

JKyiie xartamanbl Oachlll IIbIFapyra MYMKIHAIK Oepenmi. Byn »xarmaiima
naiiJanaHyIbiFa TOJIBIFBIPAK aKmapar Oepisie/i, OHbIH IIIiHAe:

— Oenrinepniy Oarachr;

—  ©H JKOFapsbl 0aracel 6ap CUMIITOMHBIH aTaybl;
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—  MaKCHMAaJJbl KOHE MHHHMAIIbl BIKTHMAIABIKTAP, COHBIMEH KaTap
aFbIMJIaFbI TUITOTE3ANIAPABIH KOFAPFbBI XKOHE TOMEHTI IlIeKapaaaphbl xoHe T.0.

JKyiieniH cypakTapblHa KOJIIAHYIIBIHBIH JKayanTapsl Oip MoHAI (¥9/5KOK)
KOHEe Keml MoHJi Gomybl MyMkiH. COHFBI KaFmaijga kayarn JIMHIBHCTHKAIIBIK
(a3/oprama/kern) HeMece caHABIK 00Nybl MyMKiH [- 1 .. + n]. CuMnTomaapasI
OHJICTeH/Ie KOJIIaHyIIbl OaraapiaMaliblK jKacaKTaMa YIIiH eH BIHFailIbl jKayar
TYPIH TaHzai anajipl..

Mbican peTiHJe aBTOKOJIKTEp/l KeHAey OOWBIHINA Capalllbl-MEeXaHUKTiH
pexnin opeiHAalTeiH BESS CXK-HiH >KyMBICBIH KapacThlpallblK. Ol akayJibIK-
TapJpl KOKW OOWBIHINA YChIHBIMIAp (YiFapbiMaap) Oepyre apHamraH Oinmim
OasacelH KamMTHIbl. bynm 0Oa3ama, atam aifTkaHma, 2.5-cyperre KepceTuIreH
THIIOTE3aIap MEH CUMIToMIap 0OIybl MYMKIH.

I mnoresanap

Barapest 3apsajib!

Ben3un KoK
blLaranab Tyraty
Maii mamjapsl

bearinepi

llamaap
AHAHBIN
P

Hynnars: JbIMEBLT ABTocepBHCKe Hapy Craprep Mammna
OThIH Mammnna AYMBIC icTeiini AMBLTALLL

2.5-cypem. Aemokenikmepoi HcoHOey OOUbIHULA CApaAnMAMAbIK HCYUeHiH OLniM
6a30CbIHbIY 2UNOME3AChl MEH CUMNMOMOapbl (beneinepi)

['mnore3anapbiMeH KOHE CHUMITOMIAPJABIH apachIHAAFbl  OaiiaHbIC
capamTaMma JKYWECiHIH KOJNJaHYIIBIMEH (aBTOKOIIK HeCIMEH) IHUAIOTHIHBIH
Heri3iHae opHaThUIabl. by auanor ocsiHAail 0OTybI MYMKIH:

1. ®apanap xananasl Ma? — Ha.

OTbIH HHAMKATOPEI HOJ kepceTeni Me? — JKok.
Kenmik sxaHOBIp acThIHAA Y3aK Typasl Ma? — Ua.
Ci3 xakpIHa aBTocepBHC OapasiHbI3 6a? — JKoK, OyphIHHAH.
Craptep Oypoutaas ma? — Uo.
XKyprizineni ma aBromammHach? — Kok,
KOJ‘II[ayHILIHLIH CypayblHaH KE€HiH aJbIHFaH aKmaparTel 2.2-KecTere
eHrizyre 0oJabl

S AW
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2.2-kecte. ABTOKOJIIKTEp/i )KeoH ey OOMBIHIIA capanTaMallbIK KYHeHi
KOJIZIAYIIBIHBIH Cypay HOTHXKeNepi

[Ham- Kpizmer|Crapte
nmap- |XKanapmaii| Keuik PTP| ok
P(H) KOepCeTy| )KYMbIC
JKaHBIII 0 JIBIMKBLT . T, 7| oranmajsl
camapsl | icTeiai
TYp
Barapes 01 0.00 0.05 0.2 0.00- 0.01
3apsasl a3 ’ 0.99 0.7 0.5 0.99 1.00
1.0 0.02
bensun xok |0.03 001 0.90
blnrangs 001 0.9 0.25 0.02
TYTaHIBIPY | 0.1 0.50 0.90
}KaMa“a 0.01 0.01 0.02
S e 0.50 0.90
nramuap

AJIBIHFaH aKapaTThl OHJACY HOTHKECIH/IE )KYHCHI IIbIFapy TETIrl MbIHAAAN
KOPBITBIHBI Oepei:
KemiriHi3 JpIMKBLUT TYTaHFaH CHSIKTHI.

2.4.2. BELS capanTtama :kyiecinin 6ijim 6epy
Ka0bIKIIACHIHBIH APXHTEKTYPachl

BELS capanramaibIk kyieciHiH OutiM Oepy KaObiFbl SAA nien aranaTblH
KoynmaHOansl  OarmapiaMaiapAblH — apXUTEKTypachlH Jkacay ymiH [BM
(bupMachIHBIH KYHEIIK TOCT uesIapblHa TOJBIK colikec a3ipienreH [13].

Homipex afitkanma, CUA (Common User Access) men aTaiaThlH KOJAaHy-
mbl uHTep(eiciH yibpMaacTelpy OoibiHIIA SAA >xk00achIHBIH Kypamjac
0eJIIKTEpiHIH YCHIHBICTAPBI KOJIJAHBUIBI.

BELS KaOBIFBIHBIH SKCIEpPUMEHTTIK HycKachlH Borland International
(AKI) ¢upmaceiaeiy Borland C++ Garmapiamanay opTachlHOa OOBEKTiII-
OarpITTaFaH OarmapiiamMainay HeTi3iHae )Ky3ere achIPBULIEL.

CUA ycHHBICTaphlH TMaiijanaHy MakcaTbl — OUIIM  ayIIBIHBIH
(xonmanyuibiabie) CX-HiH OKy KaObIFbI YITICIHIE OKy OaraapiamanapbIMEeH
e3apa ic-KUMbUT MEXaHNU3MIH CTaH/IapTTay.

CryneHTtneH (KOJJaHyIIBIMEH) MHTEPQENCTi YHBIMAACTBIPYIBIH OicTepi
MeH KYpajIapblH OCBIHIAaW CTaHAapTTay OiniM Oepy OarmapiamaiapblH jKacay
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TEXHOJIOTHSACHIHBIH KYHBIH JKCHUIIETEHl JKOHE a3alThil KaHa KOWMaiipl,
COHBIMEH Karap OKy OaFjapiamaiapblH ©HIM HapbIFBIHIA  OJapblH
KETICTIKTepPiH KaMTaMachl3 eTe]Ii.

BELS capanramanslk okyieciHiy OimiM Oepy KaOijeTiH HambITyAa
KOJIJAHBUIATBIH OOBEKTINIK-0aFBITTAIFAH TOCUT MOTIHIIK pPeAaKTOPIIap.IbIH,
JJICKTPOHIBIK KECTeNep, aKMapaTThIK-i3Aey OKyielaepi MeH TUIepMenua
KYHenepiHiH MYMKIHAIKTEpiH OipiKTipeTiH OaraapiamajblK OHIMAI JKy3ere
aceipynsl keHunerTi. BELS ikyiieciHne OKyIIBIMEH AMAIIOTTHl BHU3yallu3a-
nusiay OHBI  KeiOip OOBCKTUIEPMEH KaMTaMmachl3 €Ty JKOHE OJIapaarsbl
OpeKeTTepli OpbIHIAy MYMKIHJIr apKbUIbI XKY3€re achlpbuiajipl (TUIOTE3aIap
MeH OuriM Oa3achIHBIH Oenriiepi, omapAbl e3repTy, jKaHa MAITIMETTep.l icke
Kocy). OChIHBIH apKachIHAa OUTIM aylibl OaFapiaMaja OHbl Kaiail OpbIHIayFa
eMec, OOBEKTiHIH OpBIHAAJATHIH TalChIpMachlHA  ©3iHIH Ha3apblH ayjaapa
ananpl. BELS sxyiieciHiH apxuTekTypachl 2.6-CypeTTe KopceTireH

bizimaep 6azachl | —— HKymbic waab

—l Il[l-l!‘i‘ Teriri : I—

i

Bimivai sy imki

gl ARrayasm imxi
wyiteci

awyiieci

2.6-cypem. BELS oicyiieciniy apxumexmypacul

BELS xyiiecinig OimiM 0a3achbiHBIH KYpBUIBIMBIHAA, coHmaii-ak BESS,
xyHecinge cuskrel, BELS-geri op0Oip cMMNOTOMBI MYMKIH JKayanTapablH
Cyparbl MEH AWANa3OHBl CANBICTHIPbUIANGL. JKyile MEH KONJaHyNIBIHBIH ©3apa
opekerTecy mporeci Tipkenemi. Ocbl XaTTaMaHBIH HETI31HAC albBIHFAH MISTIIMIL
HeTi3JIey/1iH Killli )Ky#eci )KyMbIC iCTeHIi.

BELLS »xyitecin wmbirapy Mmamunaceinaa K. Heiisop ycblHFaH HIBIFbIC
CTpaTeruschl KoJaaHbu1a bl Byl cTparernsHelH MoHi apOip cUMIITOMFa OaraHbl
Oenriney, Oy OHBIH LIBIFY HPOLECIHIETI POJIH KOPCETeli MoHEe €H alJbIMEH
Oara eH JKOFaphl JIeT€H CYPaKTHI KOS

BELS xyiieciHne KaOBUINaHFaH MICHIIMAI TYCIHIIPYTe apHaJIFaH iIIKi
xkyiie BESS Herizgey imki sxyieciMen Oipaei >kyMbIC icTelmi, 6ipak BIHFAHIIBI
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Tepese uHTEpdeiici )kaHe 1amMbIFaH OKBITY KOMITOHEHTI Oap. XKyliene Kyppuiran
611iM Ga3achIHBIH JINCTHHTIH IPUHTEPre LIBIFApy MYMKIHJITI Oap.

Bijim daszacel —]

Cumnromaap I'unoresanap
CuMITOMIAPABIH ATHI T'unoresanbin aThI
Cypax
]_H o e ) Anpuopisik

HICPMITIH/IIK KOMEK BIKTHMALILLIBIK
Hayanrein daj1aMalibl Canmak-koTepyuri
T Yl‘i CHMITTOMIAD

2.7-cypem. BELS 6inim basacvinviy Kypoiivlmbl

Binim axyuisl — capanbiMeH e3apa ic-KMMbLT OLTIM aJTyIbIH 11K XKYHeciH
KOJIIaHa OTBIPBIN JKy3ere achlpbliafpl. COHFBICHI COJl JKaKTa TiriHEH THUIO-
TE3aHBIH aTTapbl CHTI3UIETIH JKpaHABIK KEeCTeHi OUImipelni, aln peJeBaHTTHIK
THIIOTE3aHbIH JKacyllachblHa OCHl CHUMIITOMHBIH CajIMarblHBIH CaHABIK MoHI
EHri3lIeni.

2.5. BESS capanrtama kyiieciHiH KaObIFbIH OKY MpolleciH/Ie KOJIAaAHY

Cabak OapsichiHna Bess Kypan-caiMaHJIBIK capanrama >xyieci Komja-
HeUIIBL. Byn KaObIK OiniM Oepy KOCBIMIIANAPBIHBIH OapiiblK TallanTapblHa
coiikec,0yJ1 OHBI capanTay KaOBIKIIACHIHBIH 0acKka KaOBIKIIACBIHAH THIMJI
axeipaTangpl. Capanrtay OKYHeciHIH Ke3 KelreH KaObiFbl —OaralaHaThIH
Kputepuiiepaid Herizinne BSS xkyiieciniy kei0ip capantamaiblK OaraliayblH
KeJTipeMis:

—  3epTTEYJiH KCHIJJIrI - 6TC )KAKCHI;

—  KYHeHIH oJeyeTTi MyMKIHIIKTepi — XKaKCHI;

—  OlmiM 6a3achIH 93ipJIey KEHUILIIT — 6Te KaKCHhI;

— COHFBl KOJIJIAHYIIBIHBIH KYPBUIFAaH capanTaMalblK JKyHelepiMeH

JKYMBIC icTEY THIMALIITT MEH KOJIAHJIBUIBIFBI — OTE YKaKCHI.

BISS kyiiecinme OumiM Kenecimed KanplnTacaasl. OpOip THIIOTE3ara
THIIOTE3aHBIH aTaybIMEH, OCBl THITIOTE3aHBIH OOJYBIHBIH alpHOPH BIKTHMA-
JBUTBIFBIMEH, OCBI THIOTE3aHBI pacTail anaTblH HeMece KaObLimamail anaThiH
CHUMITOMJAp CaHbI )KOHE OCHI TUIIOTE3aFa KATBICTBI CUMIITOMIAP/IBIH 031 calikec
KOMBIIa/bI.
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Benrini 6ip runoresanarsl opOip CHMITOM CHMITOMHBIH €CiMi COMKeCTiKKe
KOMBIIabl, CHUMITOMHBIH THMIIOTE3aHbl PACTAMTBIH BIKTUMAJIBIFBl JKOHE
CHUMIITOMHBIH THIIOTE3aHbl KaObUIIaMay BIKTUMAJIIBIFEL.

CHMIOTOMHBIH MSHI Typaibl akmapaT KOJIaHYIIbIAaH CypajiFaH[IbIKTaH,
op0ip cHUMITOMFa CypaK >KOHE BIKTUMAJ JKayalnTapAblH ayKbIMBI CAJIBICTBI-
PBUIABL

Muicansbl petinae (2.8 cyper) opeinaay pexxuminge BISS unctpymenTan bl
capanTaMaliblK KyiHeciHiH KyMbIc icTey (parmeHTiH kenripemi3 («Kepmain
TaOUFU aliMaKTapbIH KIKTEY» capanTaMalbIK Kyieci «OpTa MeKkTenTeri capar-
TaMaJbIK XKyHenep» oKy KypChIHBIH ThIHAAYIIbIIAPbIMEH KYPacTHIPBLIIbI).

Ocpbl KylieHI OacTamkpl peTiHAE TaHIan aly MICMIMi OKy IpoIeciHae
naiiianaty YIIiH KeJecl JalesiiepMeH Heri3aeyre 601abl.

Capamnmibira €31 KaObuIIaraH TUHOTe3aapAbl (aHOMAJIMSIAP/ABI) JKOHE
onapMeH Oipre >KYpeTiH CBIPTKbI KepiHicTepai (Oenrinepai) ecke Tycipim,
MoJTiMJIey OHalbIpaK, O MIeIiM KaOblIay epeeNepiH xacayaaH repi.

1. Capanmbr e3iHe Oenriymi rumore3anapisl (aHOMAaJMSUIApABI) JKOHE
oJlapMeH Oipre »YpeTiH ChIPTKbI KOpiHicTepl (CHMITOMAAPIBI) €cKe TYCipy
JKOHE KapUs €Ty OHAUBIpaK.

2. BESS xyiieciHiH OIBIFBIC MAaIIMHACHI JXYMBIC 1CTEHTIH BIKTHMAJIIBIKTAP
Kosiga Oap CTaTHCTUKAMEH OalIaHbICTBIPY JKOJIBIMEH OHAil aHbIKTanaabl. bimim
0a3achIH TY3€Ty MPOIECIH/IC PIKTUMAIBIKTAP KOPCCTUICTI.

3. baiiecoB oiciH KOJJIaHy OKHFaJlapAbIH (CUMIITOMAAP MEH THIIOTe3aap)
TOYEINCI3MITIH OomKanpl, OYI1 O1TiM 0a3aChIH KYPTi3yi KEHUIIETE .

4. «'nnote3a-CUMIITOM» KaTHIHACHI JKEKE CHIIaTKA He OOIFaHbIKTaH (SFHU
Oacka rumore3ajap MeH CHMITOMAApMEH OalJIaHBICCHI3 KapacTBIPBUIAbI),
THIOTE3a]ap AaHBIKTAMANIAPBIH HAKThUIAY (GHTi3y, JKOK, KaThIHACTAap/bl
penakiysiiay) KallibUIbIKTapFa OKel COKITai/Ibl.

Cypak: Ocsl TabnFn aliMaKTa ayaHbIH OpTalla TEMIEpaTypachl KaHIau?

XKayarm: »orapst

Cypax: Ocel TaOuFH aiiMaKTa KaHJai )KaybIH-IIAIIBIH TYCEIi?
Kayamn: marsin

2.8-cypem. Bess acnanmulk capanmama #Cyueciniy scymvic icmey y3iHoici
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Binmim Oepynme capamramanblK SKYHEHI TaijaiaHy JaMyIblH OacTarKsl
cateIchiHIa TYp. OKy ypaicinnme capantamaisik sxyieri (COK ) KonmaHyasiH yin
HET13T1 CTPaTeTUsIIBIK OaFBITHIH KapacThIPAUbIK.

Bipinnr OarbIT — OLTIM aTyIIBIHBIH TaHBIMJBIK 1C-OpEKETiHIH KaHa TYpiH
YHBIMIACTBIpYMEH OaillaHBICTBI — OFaH aJIIBIH ajla TaHJalFaH MOHIIK canaga
©31HIH e3iHIIK capanTaMaJblK >KYHECiH OuTiM TONTBIpY MYMKiHAIri Oepineni.
Hotmxecinae okynibl (CTYACHT) ©31HIH capanTaMallblK JKylHeciMeH ecer Oepe/i.
Erep Oyn capanrama jkyieci MIHCI3 KyMbIC icTece, OHAa OLTIM anyIbl
MaTepHaiIbl JKaKChl MEHIepreH Jnen caHayra Oonanpl. Ochutaiiina, capan-
TaMallblK JKyiHe OKYIIBIHBIH OuTiM MoJeni peTiHAe KohaaHbuiagsl. OHBIH
KYpBUTBIMBI MEH MiHE3-KYJIKBIH ©3iHiH capanTamaiblK KyHeciMeH, cOHIai-aK
0acka Ja OKYIIBUIAPIBIH capanTaMaiblK >KYHECIMEH CallbICThIpa OTBIPHII,
MyFalliM OKYIIBIHBIH OiNiMiH camansl Oaranayra MyMKiHziri Oap. CoHbIMEH
KaTtap, OKyFa JIereH bIHTaHbl apTThIPy YIUIH MyFajiM Oip MiHAETTI IIenry YUl
9p TYpJl OKYLIBUIAp JKa3FaH capanTaMajlblK JKyWelep apachlHAa >KapbicTap
OTKi3€e anajpl.

ExiHmri OaFbIT — OKYIIBIHBIH OLTIM KEMIIUTIKTEPIH aHBIKTAyJa Melaror
KEHECIIIiCl peTiHAe capanTaMaiblK KyiHeHi maiinanany. byn okeiTyna capan-
TaMaJlbIK JKYHeJlep/i KOJIaHyAbIH 6Te MaHBI3[bl ACIEKTiCi, OUTKEeHI TINTi OTe
TOKIpUOEIi Meaarorka OChIHAANH KYMBICTBI 9pOIp OKYIIBIMEH JKEKE XKYPrizy
YIIiH Heri3ci3 Kel yakpIT XKyMcay KakeT. MyHJa TMarHOCTUKAIayIbl TUITET]
capanTama XXYHeciH naijianany OpbIHAbI OOJIBI TaObLIAIbI.

Yriamn OarbIT XKaHa MaTepHabl OassHIay YIIH MyFalIiMHIH OLTIM yiric
periHAe capantamaiblK JKyleHl maiinamany Oonbin TaObuianmsl. Bynm skepne
capanTaMaliblK JKyile OKYIIBIHBIH IICUXOJOTHSUIBIK EpeKIIeNiKTepiH ecKepe
OTHIPBIN, OHBIH TIOH OOWBIHIIA OuTiMIEpiHE Heri3lesie OTBIPHIN, >KaHa
Marepuaiibl OasHIay 9liCTEMECIH KaIbINTACThIPa aNa/bl.

byn xarmaiina xeneci kacuerrepre ue OOIybl THIC capanTaMajbIK OKBITY
JKYWeCiH maijaaHFaH )KeH:

— OKBITBUIATBIH IIOH CaJAaChIHIAFbl KY3BIPETTLIIK;

— OKBITYIIBIMEH KapbIM-KAaTBIHACTA JTOCTHIK HHTEp(Eiic;

— OKBITY CTpPaTErHsIChIHBIH OOJYHI;

— OuLIIM anyublHBIH MIHE3-KYJIKbIHA OalIaHBICThl OKY CTpPaTErHsIChIH

Tagaayael 0ackapa oiry;

— OKY callachlH JKaKcapTy YIIiH 63 TOKIpuOeciH KonnaHa oiy.

Ocputaiima, capantamaiblK OKBITY JKyHelepiH iCKe achlpy YIIIH KaXeTTi
O1TiM IOHIIK caia Typajbl OutiMre, OUTIM almymibl Typajbl OUTIMIe KoHE OKBITY
CTpaTeTUACHH OlryiHe OemiHyi THiC.

CapanTaManblK JKy#enep OKbBITyla TEeK capanTamajblK OKBITY HeMmece
uHTeIeKTyanapl okpiTy kyienepi (MOX) perinnme raHa emec, conpaii-ak
OKBITYIIBI (CTYICHT) capallllibl PETiHJEe capanTaMalblK >KYWeHIH KaObIKmia-

51



ChIMEH KYMBIC ICTEHTIH acmanThIK capanTaMaliblK >Kydenepni maiaanany
ApPKBLIBI J1a KOJJAHBUTYbl MYMKIH.

OIicTeMeHIH MOHI-O1lIiM allymIblFa 3epTTENETiH TAKbIPHINITHH AIIBH ala
TaHJAJIFaH Tap MOHIK calachlHAa Capariibl PeXHUMIHIE ACMANTBHIK CapanTay
JKYHeciMeH JKYMBIC icTey MYMKIHAIrT Oepinenai. byn perre oKymibl Ke3 KeJreH
AHBIKTAMAJIBIK 9IeOMeTTi: SHUUKIONEANSIIAPAbI, AHBIKTaMalapibl, OKYJIbIK-
Tap/pl XKoH 3epTTey HOTHIKENEpl OKYIIBIHBIH JepOec KOMIbIOTEpMEH e3apa ic-
KUMBUIBIHBIH OYJ1 TYpPiH OKYIIBIHBIH TaHBIMJBIK 1C-OPEKETiHIH *aHa Typl Jemn
aTayra OOJATBIHBIH KOPCETTi. 3epTTeyAiH MakcaThl OuTiM  aJyIIbIHBIH
TaHBIMJIBIK 1C-OPEKETIHIH OCBI TYPIH YHBIMIACTBIPY JKOHE CHIHAKTAH OTKIi3y
Oompim TaObpuTanBl. By MiHZETTI Imemry ymiH Typii OKY OpBIHAapbhIHAA
OipkaTap Toxipubenep *Kyprizuiii T.0. naiijanana anajipl.

KypcTeiH exi Herisri HYCKachIMEH OKCHEPHUMEHT JKYPTi3iiii, OHBIH
OipiHIIiCI — capanTaMalblK KYie YFBIMBIMEH allFallKbl TaHbicy (6-10 carar),
eKIHIITCi-MaTepruaNabl TEPEH Hrepy JKOHE OHBI O31HIH MPAKTHKAIBIK KbI3ME-
TiHAe KonmaHy (36 carar). BipiHmn HycKa €KiHIII HYCKa TOJBIFBIMEH Kipeni.
«OKBITYZaFbl capanTaMalblK JKyHeJep» OKY KypCBIHBIH HEri3ri MakcaTTapsl
MEH MIiHAETTepi OKBITyNa capamTaMalbIK JKYWeHI MaimanaHyAblH THIMIUTITIH
pactay Ooubin TabbuTazb! [13].

Kypc marepuansina kipei:

— capanTama Xyiieci calacbIHIaFbl HEeTi3Ti YFRIMAapMEH TaHBICY;

— 0OaifecoB CTaTUCTUKAIBIK JIICIICH MICHIM KaObUIIay;

— Bess OaiiecoB acmanTsI capantaMalbIK KYHECiH MmaiiaJanyFa OKBITY;

— opOip GiniM amymbiHeiH BESS opraceinna capanramansik xKyiHeHIH o3

HYCKACHIH JKacay jKoHe jKacay.

Kypc yur Herisri ke3eHze *Ky3ere achblpbuiajpbl.

1 kezeH

— capanTama )XYHECiHIH Heri3ri YFeIMIapbIMEH TaHBICY;

— KaparaibIM OKy capanrtamMa XyHeciH Kypy;

— KYPBUIFaH capanTaMalibIK KYHeaep it xKapbichl (Oaranay)

2 Ke3eH

— Mexkren Oarmapnamachl IOHJIEpiHIH Herisri Oerimaepi OoWbIHIIA
JKaJmpuiama cabakrapia OKYIIbLIApAbIH YKCAC KYMBICBIHBIH YITICI peTiHae o3
crieHapuiii OoWBIHIIA capanTama XyHeciH Kypy >KOJIBIMEH ©3 IoHI OOWBIHIIA
cabakTapia capanTaMaliblK JKYHEHI KOJJaHy dJicTeMeciH a3ipiey. OTKi3uireHn
9KCIEPUMEHTTEPE MyFaTiMaepre OHOJIOTHS, KapaTbUIBICTaHy, OPbIC TiJi JKOHE
onebuet, reorpadus, 3KOJOrHs, METUIMHA, TICUXOJIOTHS, XUMHS XKOHE T.0.
cabakTap eTKi3y Ke3iH/Ie capanTaMalblK KYHeHl KOJIIaHyAbl YChIH/IBI.

— Xorapsiga KepceTireH moHAep OOMBIHINA OKYNIBLIAPMEH MKYMBICTBHIH
OpTYpJ TYpJiepi MeH (opManapblHa: ChIHAK ca0aKTapblHa; (aKyIbTaTUBTIK

52



cabakrapna; 0iTipy eMTHXaH/a (IJbIH ajla KepceTUIreH OMiIeTTiH Oip cyparsl
OOMBIHIIIA); epEeKIIIe NapbIHABI OalaTapMeH JKYMBIC iCTETeH/Ie; OCHIHIIK CHIHBII
OKYIIBUTAPBIHBIH ©31HAIK KYMBIC TYpl PETiHIE AMATHOCTUKATAWTHIH YITiAeri
capanTaMalibIK XKYHeHi KOJIaHy HbICaHJapbIH a3ipIey.

3 Ke3eH

Kangait ma 6ip moH OoibIHINA OLTIM ayIIBUIAPABIH OLTIMIH TUArHOC-
TUKaJNay >XoHE TECTUIey YIIIH capanrama >KYHeciH Kypy. MeIcajibl, XuMus,
9KOJIOTHS JKOHE KOpIIaFaH OpTaHbl KOpFay OOMBIHIIA OKYy KYpPCBIH OTKIi3y
OaphICHIHIA OKYIIBIFA OCpINICTIH OKy TAaIlChIPMACHIHBIH IIAFbIH  OeJiriH
KenTipeMi3. BigiM amymibiFa ykaracklHIa OipKaTap ©HEPKACINTIK KOCIIOPBIHAAD
opHanackan IIIbIFaHAKTBIH CYBIH JlaCTay MYMKIHJITIH TaJJAalThIH XUMUS
OoiibiHIIa capanmibl Oonmyra MyMKiHIIK Oepinexi. CynblH Keieci cHIaTt-
Tamajapsl 3epTTeNeni:

— pH peakuusicel (KbIIIKBUIABIK, HETI3I1);

— Cy Tycl (KaJIBIITHI, KBI3bLT PEHK, Kapa PeHK);

—  CyIIbIH KOHCHCTEHIUSACHI (KaJIBIIThI, MAHIIbI);

— Oerze KocnanapapH (KeMipTeri, KyKipT, Metannap) 60iysl);

— CyIBIH YJIE€C CalMarbl (KAJbINThI, TOMEH, KOFaphI).

Hotmwxkecinae OiLTiM amymsl Cyabl JlacTay MYMKIHAIM Typasibl capari-
TamManblK ecen Oepeni. COHBIMEH KaTap, OCHI IIOH CajlachIHAAFBl OHBIH OiTiMi
KOMITBIOTEp/Ie KYPBUIFaH capanrama XYHEeciH iCKe KOCy apKbliIbl OarajaHajbl.
JypbIc xKyMbIC iCTEiTIH capantama xyieci OUTIM ayIibl MaTePHAaIbl KAKCHI
MEHIepreHiH OoJpKayFa OapibIK Heri3 Oepeli. ChIHAKTaH OTIe Il

2.6. Binim anymbinbiH 6iiMin OefliMaesren Tecriiey

OKBbITYJaFbl MaHbI3IbI MiHAETTEPIH Oipi OU1iM amyHIBIHEIH OUTIMIH KeHOip
OKY IIoH1 OoMbIHIIA TecTiiey Ooibin TaOblnansl. Tectiney OuTiMalI MHTETrpasibl
Oaramaynmpl, Oenrimi Oip MUCKpeTTI mmKama OOWBIHINA (MBICANBI, CHIHAK /
CBIHAKTaH eTIexi, 2...5 xoHe T.0.). Onerre, MyHIall Oara OoKamIil HeMece
BIKTUMAJl CHUMNATKAa HWe, OWUTKEHI OKY IIOHI Typasibl OUIIM KaFaaiibl >KaJIIbl
TaHJaNFaH KapamabiM OimiM, OUTiK, marapl OoibIHIIA OaramaHansl. bimimmi
TecTijiey OiJliM alyIIbIHBI Cypay apKbLIbl XKYprisiitesai. Opoip cypak OKbUIATHIH
MOH TypaJibl OLTIMHIH KeHOIp 3eMeHTTepiMeH OalIaHbICTBI XoHE Oenrim Oip
calMakka («MaHBI3IBUIBIKKA», Kypaemisikke) ue. Erep kemeci cypakTel Tagmay
O1TiM aITyIIBIHBIH AJJIBIHFBI CYpaKKa kayar OepyiHe OaitaHbICTHI OoJica, OHAA
OlmimMIi TecTiey aJanTUBTI Jen aTajiaabl. AJAaNnTHBTI TECTUICYIIH apThIK-
IIBUTBIFBI — CYPAKTapAbl MaKCaTThl TaHIAY TECTIICY YaKBITBIH KBICKAPTAIIBI,
COHBIMEH KaTap TEeCTiJiey JKYHeci HeFypJibIM MHTEIUIEKTYal (bl OOJIBINT KOPiHEeAl
JKoHE OLTIM ayIIBIHBIH CEHIMIH TyIpIpans [ 14].
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OHBIH  BJIEMEHTTEpiHIH KeiOip ipikTeyl OOHBIHIIA KUBIHTHIKTHIH
CHIIaTTaMaJIapblH Oarajiay YIIiH CTaTHCTUKAIIBIK 9ICTEp KOJJIaHbUIaAbl. by
JKarjaiina OaifiecoB OiCiH KOJNJAaHFaH >KOH, OUTKEHI OJ KeOip ampHOpisl
aKnmaparTel (MbIcaibl, HAaKTHl OUIIM aJyMIBIHBIH YJArepiMi, OCBl OKy IIoHI
OoifbIHIIIA YArepiM MaibI3bl KOHE T.0.) KOHE KIIACCHKAJBIK CTaTUCTHUKAra
KaparaHjga OUTIMAI WHTErpayAbIK Oarajay Ke3iHJeTi CypaKTapIblH opTypii
calMarblH eckepyre MyMKiHik Oepeni. CoHbIMEH Kartap, OaiiecoB afici TaHaay
AJIEMEHTTEpIiH KyHem Oaranmayasl KapacTeIpaisl, AeMEK, aJalTHBTI TECTiIeY i
yibIMIacThIpyFa MYMKIHIIK Oepexi. baiiecoB omiciH KoinmaHy YImiH Oacka
JIONIeNT PeTiH/e OHbI JMArHOCTUKANBIK JKyierneplae KEHIHeH KOJaHy OOoJblIim
TaObUIa/IbI.

AJanTHBTI TecTiiey JKYWeciH Kypy OJiCiH KapacThlpalblK. binim
QIYIIBIHBIH OUTIMIH TecTiney TopT OanIbIK IKajia OOMBIHIIA OPBIHIAICHH —
KaHaFaTTaHAPJIBIKCHI3, KaHaFaTTaHAPIIBIK,KAKChI, oTe aKchl. [lIkamanbiH opOip
MOHIHE TUIOTE3aHbl CANBICThIPaMbI3. [ (1<i<4) WIKaIaChIHBIH MOHIHE COMKec
KeJeTiH OUIiM alylbHBIH OuTiMI Typansl A; — THIIOTE3aHbl Oenrinenmis.
Mpeicansl, A; — «KaHaFaTTAHAPIIBIKCHI3 OLTIM» THIIOTE3aChl, all A4 — «OTE KAKCHI
OimiM».

OpOip Ttecrinenymi smemeHT (OimiM, Oumik, narapl) Oakeliay Moceseci
(TamceipMa) KOHE KONTEreH BIKTUMAJ jKayanTtap OaiIaHbICTBI CHMIITOM JCTl
caHaiMBbI3. OpOip jkayalKa TEeCTIJICHYII 3JIEMEHTTIH OiiM (HeeHy) AapeKeciH
OaranmayaplH KeWOip MoHI canbIcThIpbuIaAbl. bara amy Tociimi Macesere
(MiHzeTTepre) OaiilaHBICTHI JKOHE Kapaimaiiabl. bara pykcat eTiireH
Tocinmepaiy Oipi mem ecemTelMis, MbIcanbl [-5, +5] apanbiFbiHaH k MoHIMEH,
MYHJa -5 TeH eMec, a+5 TeH, 0-cypakka Oenrici3 ayamka Colkec KeJemdi, aj
KajFaH OapliiblK MOHJEp immiHapa Aypbic (OH) HeMmece illiHapa IyphIC emec
(Tepic) xayarmka coiikec kemeni [15].

1-kasam. A; TUTIOTE3aChIH KANBITACTBIPY — «KAHAFATTAHAPIIBIKCHI3 OilTiM»,
OFaH HeJICH epeKIICICHETIH alpHOPIIBIK BIKTUMAJIBIKTHI CAITBICTBIPA OTHIPHIIL,
Oipak oraH Oipjae Oip CHMITOMIIBI KOCIIaii.

2-kamaM. bapnelk cumOToMaapabl (CypakTapabl) VIO TOHKa Oemy:
CHUMITOM/IAPbI «KAHAFATTAHAPJIBIKY, <OKAKChD) KIHE «OTE JKAKChInICTeH Oarara.
B;, ByoHe Bs CUMITOMJIQPbIHBIH TONTAPbIH Oeriienmis.

3-kamaMm. A, THIOTE3aChlH KANBINTACTBIPY — «KAaHAFATTAHAPINBIK OLTiM».
OHBIH AlPHOPJIbI BIKTUMAJIBIFBI MCH CUMIITOMAAPBIH B;. TOOBIHAH CANTBICTHIPA
OTBIPBIIL.

4-kanmaM. A; TUTIOTE3aChIH KAJBIITACTBIPY — <OKAKCHI OUTiM», OFaH B; jKoHE
B, TONTapbIHBIH AMPHOPJIBI BIKTUMAIIBIFEI MEH CHMIITOMAPBIH CANBICTBIpA
OTBIPBIT, B3 TOOBIHBIH CUMIITOMIAPHI 4,-Te KaparaHja A;-ke a3 yiec Oepyi Tuic.

S N _
CoHfbl WAPTTBI pecMH TYpAe Keuecisedl OGinpipyre Gomansl. F; xoHe B,

g
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COWKECIHIIe, j THIOTEe3achl YIIiH i CUMITOM/IbBI PAcTay KOHE TEpiCKe LIbIFapy
BIKTHMAIIIBIFbIHA COlikec OoichiH. Erep coman KeifiH:

erep B;/B; >1, cooan keitin P;/B; > P, /P, ocone P /P >1 (2.4)

erep P /P; <1, cooan reiiin B;/B; <B/B, acone Py /P, <1 (2.5)

B3-ten A2-re a3 yiec KocaThlH KeiOip Oenrinepni A3-Te )KOKKa IIbIFapyFa
Oostaabl.

Ajy-ne a3 yiuec OepeTiH B;-TiH Kel0ip CUMITOMAAPBIH A; -K& TOMEHIETYre
OoJamsl.

5-xamam. B;, B, ®oHe Bs TONTapblHAH AampUOPJbl BIKTUMAJJIBIK MCH
CHUMITTOMAP/Ibl CANBICTBIPA OTHIPHIN, A, — «OTE KAKChl OLTIMY» TUIOTE3aChIH
KaIBIITACTRIPY. B; koHE B, CHMITOMAAPHI YIIiH A; %KoHE A, TUTIOTe3aTapbIHA
KaTeIcThl (2.4) HeMece (2.5) apakaThIHACHI OPBIHIATYBI THIC . B3;-TeH KeiOip
CHUMIITOMJAp OHE, MYMKIiH, B,TeH, A;-ke a3 canbiMuap OepeTiH, A,ke
Tycipyre 6onazpl.

6-xagam. bimim ©0a3zacelH Tecrineynmi oTki3y. bimim  6a3achlHBIH
KaHaFaTTaHAPIBIK MiHEe3-KYJIKbI JKaFIaibIHA )KYMBICTHI asgKTay, oUTIece A,, A3
KOHE A, THUTIOTE3anapbiHa CUMIITOMIAP/BIH CAIBIMAAPBIH aHBIKTAY, OJ YIIiH
tricinme 3, 4 Hemece S-kamamra ery. Cummrommapael Kocy, XKoro Hemece
KaiiTa Oexty (’KoHe oylapra KaTBICTHI CypakTap), OJ1 YIIiH 2-KaJaMra eTy.

YChIHBUIFAH ONIC OHAaW KOPBITY JKaFAaija IIKaTachlHBIH euieMi N,
MyHJIaFrsl N>4.

byn cumnromaap N-1 ToObiHa Gemineni, an A; (i >I) rumore3achiHa B;
(I<j<i) TonrtapeiHbIH Oenrinepi Kipexi, an By ([<k<i-1)) TonrapbiHbiy Oenrinepi
a3 ynec 4; runore3ara 6epeni, A; ;KaparaHja.

BESS acnanteik kyiieci apKbUIbl OCBhl 9fic OOMBIHIIA KYpbUIFaH OimiM
0a3zacel kenmeci MiHe3-KYJIBIKKa ne. Bs Hemece B, TonmTapblHaH Oip Hemece eKi
KYpIeNdi cypak TaHdanaabl. Erep OumiM amymibl ojlapra JyphIC jkayam Oepce,
OHia A; XoHE A, TUIOTEe3aNapbIHBIH BIKTUMAJIBIFBl a3asibl XKoHEe Bj;-TeH
cypakTtap TaHmanansl. Jlypeic kayam OepreHae A, rMIOTe3achl KaObUIIaHAIbL,
olitiece A3, A, TUIIOTE3achIH OYpPHIT, OApIBIK CYpakTapAbl TaHAAy apKbUIbI A,
TUIOTE3aChIH KaObUTIay opeKkeTi KojmaHeiaabl. Erep OimiM amymsl Oipinmmi
CypakTapra Iypbic »kayan Oepce, oHma A, xoHe/HeMece A; BIKTUMAJJIBIFbI
aprazpl XKoHE B, XoHe Bs TonTapblHaH CypakTap TaHAajnaibl, oynap B;
TONTapblHAH CypakTapMeH anMmacaabl. Jlypwic sxayam OoiraH karnmaima Ay
THIIOTE3achl HEMece, erep jkayanTaplblH apachblHIa JAypbic emec Ooiica, Aj;
THIIOTE3aChl pacTaaasl.

Kyonmik OaraceiH aHpikTay ymiH BISS-te  xommaweutaTeiH — Tocin
THIIOTE3aJap MEH CHMITOMZAp CaHbl IIamMaMeH Oipaeidl OonraH »karmaina
*Kakcel. I'mnortesamap a3 Oosca, Ke3ekTi cypak (cummrom) Oenrismi  Oip
THIIOTE3aMEH OaiylaHbICThI (MbICAJIbl, aJJIBIHFbI KaJaMJa pacray aliFaH Hemece
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OaphIHINIA BIKTUMAIABIFE Oap). Byman Oacka, «KakceD» JereH Oarara OLTiM
«KaHaraTTaHAPJIBIKY JIeTeH Oarara (’KOHE OCBIFaH YKcac) JereH OLTiMII Kocaabl
JereH (akT THICTI THITOTe3allapFa CHMIITOMIIAP CATy apKBUIBI T€K KaHA aifKbIH
emMec Typae eckepiremi. Ocpuraiiiia, erep <«KakKChl OUTIM» THITOTE3acChl
KaObuIIaHOaca, OHa «KaHAFATTAHAPIIBIK OLTIM» KOHE «Y3[iK OLTIM» JiereH exi
TUTIOTE3aChl OYPHIHFBICHIHINA TaumaHanpl. HoTmkeciHAe memiM KaObuigay
xyheci keminae 80% cuMnTOMIApAbl TaNTANABI, OHBIH IIIIHAC OAapJIBIK
«ITYPBICH IKIHE OAPIIBIK «IYPHIC EMECY JKayanTap/a.

Kepcerinren mnpoOnemanmapasl Keneciied mremryre Ooyampl.  bimimmi
TECTIJIey YILIIH capanTaMalblK KYHeHiH OUTiM 0a3ackl ararl OOJIbIN TaObUIAbI,
OHJIa TUTIOTE3aJIap CUMIITOM/IAp CUAKTHI poIl aTKapa anajnsl. TricTi Oarara OuTiM
Typalibl TUIOTE3aJIap HepapXWsHbl €CKepe  OTBIPBIN, OKYHell Typae
KapacTelpbuiaael. Kelbip rumore3aHsl pacTay Ke3iHAE THICTI CalbIM OCHI
OaFbIHBIIITHI THIIOTE33JIa €CKepiyie/li. ABTOpFa KyaJiK OarachlH ecentey YIIiH
dhopMynaHsl TaHDay MYMKIHZIrTT Oepimyi Tuic. THicTi KHBIHTBIK TECTUICYIiH
JIOCTYPIIi oicTepi MEH Oarajay MIKaJIAChIH eCKepyl THic. MBICAbI, TECTiIeY
YaKbITBIH KBICKAPTY MaKcaThlHAA Yirepymr OuTiM alymbl VIIH KypAaeni
CYpaKTapIblH a3 MeJIIIEpPiH HeMece YITepMEWTIH OKYLIbl YIIIH KapamaibM
CypakTapIpl TaHAayIbl KamTamachi3 ery. KesekTi moceseHi TaHuay Ke3iHze
BIKTMAaJl TUTNOTE3aJlapAblH aFbIMIarbl JKail-KYHiH FaHa eMec, COHAal-ax
TaJIJaHFaH CHUMIITOMJAP/BIH CaHBIH J1a, MYMKIH OJIapAbIH CHUIAaTTaMalapblH Ja
eckepy KaxkeT. ' mnoresanapzapl KaObuijay MexaHH3Mi, CoHzaii-ak OiiMHiH Oip
JMeMeHTTepl OOMBIHINA SPTYpJi KYPAETIKTErl CypaKTapAblH OONyBIH >KOHE
e3apa OailIaHBICBIH €CKepy JoHe Oeirim Olp KypAeTiKTeri cypakTapra Jypbic
KayanTtap/biH Oenrii Oip caHbl Ke3iH/Ie TUIIOTE3aHbl Ka0bUIIay bl KAMTaMachl3
€Ty YIIiH TY3eTiIyi THic.

O3iH 03i 6aKblIayFa apHAJIFaH cypaKTap:

OKBITYABIH OeHimMIeNTy TEXHOJIOTHACHIH CUIIATTaHbI3.

JKU-HbIH OeftiMzery OKbITYbIMEH OaiIaHbIChIH TYCIHIIPIHI3.

3. OkpITyIbIH OeitiM/IeNTy TEXHOIOTUSCHIHBIH KaHall 3JIEeMEHTTEPiH
Oinecis?

4. Binim anyuIbIHBIH HOPMATHBTIK MOJIEII I HEHi aTal bl

5. Capantama xyiesnepiHiH KaObIKIIaIapblHa CaIBICTHIPMAIIBI T 1Ay
OepiHi3

6. Capanramansik oKbITY xyienepinif (COX) GyHKIIMOHATIBIK
MYMKIHTIKTepi KaHmaan?)

7. COX KypacThIpy/IbIH acHanTbIK KypaiJapbIHbIH KIKTENy1

8. CapanTaManbIK OKBITY XKYHenepiH Kypy Ke3eHaepi

N —
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9. COX xobamay smicreMeci xyienep.

10. BiyimM ayIIbIHBIH TOHAIK MOJIEINH KYPY

11. Bess capanTamMalbIK OKBITY JKYHECiHIH apXUTEKTYPachl

12. BELLS capanTamMa >xyleciHiH OKy KaOBIFBIHBIH apXUTEKTYPAChI

13. BELLS 0611iM KOpBIHBIH KYPBUIBIMBI

14. Oxy ypaicinae Bess capanray >xyiieciHiH KaOBIFbIH KOJIAHY

15. Oxy ypaicinae CXK KosianyIbIH CTPATETUSUIBIK OaFbITTapPbIH
KOPCETIiHI3.

16. OKy 1oH canacklHBIH KOMIIOHEHTTEPI.

17. Capanrama xyiieciHiH OUTIM 0a3achIHBIH TUIIOTE3aChl MEH Oenrijepi
ABTOKOIKTEP/Ii )KOH/ICYy OOUBIHIIIA

18. «OxpITyAaFbI capanTaMaisIK Kyieaep» KypChIHBIH MaTepHAaIbI.

19. Binim anymsiHbIH OiniMiH OeiiMaenTeH Tectiiey

20. AanTHBTI TECTIJICY capanTay XKYHeciH KYpy oici.
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3-rapay. MEJULIUHA CAJIACBIHJIAFBI
'KACAHJIbI MHTEJIJIEKT

Meouyunaoasvr scacandvl unmennekm (JKH) — Kypaeni MeIUIMHAIBIK
JIepeKTepai Tammay KesiHae amgaM  OUTIMIH — anmpoKCHMAaNusiiay — YIIiH
QITOPUTMIEP MeH OargapiiaMaliblk KaMTaMachl3 €Tyl KOJAJaHagel. Ajam
JICHCAYJIBIFbIHA OAHIIaHBICTBI KOCBIMINIANAP/IBIH HETI3r1 MaKcaThl MPOQUIaKTHKA
HEMece eMIey SJicTepi MEH MAlMeHTTEP/Al eMJICY HOTHIKENIEpl apachHIaFbl
e3apa OailiaHbiCThl Tanjgay Oonbln TaObuiazel.  Kasipri kesge skacaH[ibl
WHTEJUIEKT Oarjgapiamachl 93ipiieHiln, MNpakTUKaja KOJAaHbUIy/a, oJap
NPOLIECTEeP/IiH JUATHOCTHKACHIH, €MJey XaTTaMallapblH d3ipleyai, A9piliK
3aTTapasl d3ipiieyai, MaUeHTTIH Xai-Kyii Typajasl MOHUTOPHHITI XKYpPTi3emi.
JleHcaysbIK —cakKTay >KacaHAbl WHTE/UIEKTKE HWHBECTHIUSIIAY/BIH OacThl
caJlaJIapbIHbIH 0ipl OOJIBIT Kasa bl

3.1. Mequuunana K1 koaaany asicbl

MemuuuHanelk ~MeKeMeJep/ie JKeKe KOMIBbIOTEPIEepAiH  KOMIILIIri
MOTIHIK KyKaTTaMaHbl OHJEY, JCPEKTep KOPBIH CaKTay XKOHE OHJCY,
CTaTUCTUKA IKYPridy JKOHE KapXKBUIBIK €cenTepli OpbIHAAy YIIIH FaHa
KOJIIaHBUIAABl. MamuHanapaelH JKeKe, MaMaHJaHABIPBUIFaH OeJiri opTypii
JTUATHOCTUKAJIBIK JKOHE EMJIIK acmantapMeH Oipre KoyaaHsuias [16].

Kenteren  emjey-AMarHOCTUKAIBIK  TEXHOJOTHsUIApJA  3aMaHayu
KOMITBIOTEPIIEP IIH MYMKIHIIKTEPI ic )KY3iH/e MaiaanaHbUIMai el EH annsiMeH
OyJ1 ITUAarHOCTHKA, eMJiey ic-lIapaiapblH TaralblHIAy, aypylblH arbIMbl MEH
OHBIH HOTWXKENepiH Ooirkay. bi3miH oWpIMBI3MIA, Ka3ipri 3aMaHFBI KOMITBIO-
TEPJIIK TEXHOJOTUSUIApIbl MEIMLMHAAA KETKITIKCI3 TONBIK MaiinanaHyIbH
HETi3ri cebenTepi Hamap JaMBIFAH TEXHHUKANBIK 0a3a, OCHl TEXHOJOTHSIIApFa
KaTBICYIIBUIAP/Bl  Ka3ipri 3aMaHFbl  anmaparThlK JKoHe OarJapiiaMalibik
KaMTaMachl3 €Ty cajachlHJa JAaspiayAblH >KETKUIIKCI3 JIeHreiti, KojmaHOabl
OarmapnaManap/blH MaMaHIAaHJBIPBUIFaH MaKeTTepIMEH Hamap >KapaKTaH-
JBIPBUTYBI JKoHEe T.0. Oonbim  TaObuianel. KoMmmbloTepiik KOChIMIIajgap/abl
KOJIZIAHYIBIH TICUXOJIOTHSIJIBIK ACTICKTICI YIIKEH MaHbI3Fa Ue.

By nopirepaiH xKyMbIC epeKuienikTepine OaillaHBICTBI MaHBI3IbI ceOer
6osibin  TaObITanBl. Jlopirep 3eprreymii OONBIN TaOBUIAABI, OHBIH JKYMBICHI
HIBIFApMAIlbUIBIK CUIATKA We, ajaiia oj 3 KbI3METiHIH HOTHKECiHe Tikeien
xkayan Oepeni. Jluarno3 memece emjey Typalbl IIEMIiM KaObBUIIail OTBIPHIM, OII
©3 OLTiMI MeH TaxipubeciHe — e3iHiH aHe OJI YIIiH Oenenai OoibI TaOblIaThIH
opinTecTepiHe cyieHemi. byn perre mIennMHIH HerizgeMeci eTe MaHbI3JbI,
acipece, erep OJI CHIPTKbI TapanTaH alTbuICca.
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Kasipri 3aMaHfbl TEXHUKAIBIK MYMKIHIIKTED aypy aFbIMBIHBIH Carlabl
JKaHa JICHTeWiHE TWIBIFyFa MYyMKIHIIK Oepemi, artam alTKaHga, THICTI
MaTEeMaTHKAIIBIK MOJEIBACP HETi3iHAe KO30€H IIOIBIN, HAKTH aypy Ke3iHuae
MATOJIOTHSUIBIK, YACPICTIH TUOTIK JaMyblH KEHICTIKTIK MiIIiMaeyre MYMKIHIIK
Oepeni. Kasip MeaMUMHAaHBI JaMBITYIBIH Ka3ipri Ke3eHIHAE aKMapaTThIK
JKYKTeMeJep afaM MYMKIHIIKTEpiHiH merine xereni. JnnemMa natina Gomamsr:
HeMece aKMapaTThl TOJBIK TAIAAY/Abl KypOaH eTyre Typa Keljiei, HeMece HIeniM
KaObUIJAYIbl KOMITBIOTEPIIIK KOJNJAYABIH TYPJI OJICTEpiH KEHIHEH KOJIIaHy
KaxxeT. MeIuIMHAaIBIK capanTtay >Kylhenepi Jopirepre ©3iHiH AMAarHOCTHUKAIIBIK
OommkaMIapblH TeKcepyre FaHa eMec, KypZeil IHarHOCTHKAJbIK JKariaiiapaa
KOHCYJIbTalus ajly YIIiH KOMITBIOTEpre KYTiHyTre MyMKiHaik 6epeni [17].

binimai  ycbiHYy TociuepiH (opMallaHIBIpyFa JKOHE —caparTaMalbiK
xyhenepai (CX) kypyra apHamFaH 3epTTCyNiep calachlH «OUTiM HMHXCEHe-
pusicel» nen artaiinbl. byn tepmun E.Deiiren0aymMMeH €HTI3UITEH JKOHE OHBIH
TYCIHAIPYiIHIE «capammbiiap OUTIMIH Tajlalm eTeTiH Kypleli KOJAaHOAIbI
npobyiemManap/pl LICHIyre KacaHAbl WHTEIUICKT CajlachIHAAFbl Karuaanap MeH
Kypanjgapabl eHrizy» jaerenai Oinmipeni. backaria aiiTkaHma, capanTaMalibik
Kyhenep kenmeci Ti3imaeri Oip Hemece OipHeINIe CHIIaTTaMara HWe MIiHACTTEp
KaTaThH OeipecMu MpobdeManapbl ey YIiH KOJIIaHbUIa/Ibl:

—  TancelpMaiap CaHIBIK TYPIE YCHIHBUTYBI MYMKIH €Mec;

— TIOHAIK caja Typajibl 0acTamkbl JepeKkTep MeH Ourim Oipueil emec,

JIoN1 eMec, KapaMa-KauIibl;
—  MakcaTTapbl HAaKThl MAaKCaTThl (PYHKUIUSIHBIH KOMETIMEH KOpPCEeTyre
GoMariIbI;

—  TanchlpMaHbIH Oip MaFbIHAIBI ATOPUTM/IIK IIEIIIMI JKOK.

Korapeina atanmraH OapiblK KacHeTTep MEIUIMHAIBIK MIHAETTEp YIIiH
TUNTIK OOJNIbINT TaObUIA/bI, OMTKEHI Kem JKarmaiiia ojap Kem ejmeMIi,
HIATACTHIPBUIFAH, Kelae Kapama-KaWlibl KIMHUKAJBIK AEPEeKTepIiH YIIKEH
keneMiMeH ycbiHpUTFaH. CXK nuarHocTrka, augepeHIHanipl IHarHOCTHKA,
Ooinkay, eMziey CTpaTerdsiCbl MEH TAKTUKACBIH TaHJAay MIHAETTEpIiH LIenryre
MYMKIHAIK Oepeti.

CapanTamanblK MeIUIMHAIBIK KYHeIep/IiH apacblHIa 03iH-031 OKBITAThIH
uHTeIIeKTyanapl kyienep (O03XK) epexme opbH amagel. Omap HaKTHI
NpaKTHKaJaH >KargaiylapAbl aBTOMATTBl TYpAE JKIKTEy oJicTepiHe Hemece
MBICANIIAP/Ibl KOJIJ]AHA OTBIPBII OKBITY 9JiCTEpiHE HETi3AeireH. O3niriHeH
OLTiM aJIaTBIH MHTEIUIEKTYaJ/Ibl KYHeNepaiH eH >KapKbIH MBICAIIBI — JKacaHJIbl
HeHpoHABIK xxenirep [19, 20].

XKacauner wueiipouasik skeninep (MHC; artificial neural networks)
JepeKTep/Ii SACTTE KOJJAHBUIATBIH JKENUTIK 9IicTepre KaparaHoa oJicKaiia
JKAKCHI KIKTEYyre MYMKIH/IIK OepeTiH ChI3BIKThI eMeC )Kyie OOJbIN TaObLIaIbl.
XKacaHmpl  HEHWPOHIBIK KENUIepHi MEIUUIUHANBIK JUACHOCTHKAJIAybIH
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KOCBIMIIIACHIH/Ia OHBIH CE3IMTAJIBIFBIH TOMCHJCTIICH, OJMIiCTIH EPEKIIeNTiriH
aliTapibIKTai apTThIpyFa MyMKiHJIIK Oepeni [21].

YKacanmpl HEHPOHIBIK Keminep — Oyl MH QYHKOUSIIAPBIH MOAETACYTE
HETI37CNTCH KOTHUTUBTIK aKIapaTThl OHICYTe apHalFaH KYPBUIBIM. OpOip
JKacaH/bl HEWPOH/BIK JKEJIHIH HEeri3iH CalbICThIpMAllbl KapanabiM, Kell
Karjaia MW HEHpPOHAAPBIHBIH JKYMBICHIH HMMHUTALMSUIAUTBIH OIp THUITI
aneMeHTTep  (YIMIBIKTAap) Kypaiapl. OpOip HEHpPOH MHIBIH  OKYHKe
KacylianapblHa YKCAC ©31HIH arbIMJarbl JKaFJalbIMCH CHUIMATTaNIa/bl, OJap
KO3Falybl HeMece Te)keyi MYMKiH. JKacaHpl HEHpPOHHBIH CHHAICTEp TOOBI —
O0acka HEHpOHJAp/AbIH IIBIFYBIMEH OIipiKTipiireH Oip OarbITTaFbl  Kipic
OaifmaHpIcTapel 0ap, COHAal-ak curHam (KO3y HeEMece Texey) Keneci
HEWpOHAApJblH CUHAICTapblHA TYCETIH OCBHl HEHPOHHBIH AaKCOH-IIBIFY
Gaitmansicer Oap (3.1-cyper).

Cunancrap

Kipetin
HeiipoHaap
\ Ie1ry HeiiponIapsl
X 1 = l

X,

,B‘-\puux kabaTrapabis
HeiipoHaapbL

3.1-cypem. JKacanowi HellpOHObIK JiCeNiHiH CXeMATbIK KYPbLIbICH

JKacaHnpl HEWpOHIBIK >KENijiep YIIIH CHTHaJJapAsl Napajuleib OHJCY
NPUHIIMII TOH, OFAaH HEHPOHAAPIBIH KOIl CaHblH KabaTTapra OipiKTIpy JoHe
TYpJli KabaTTapiplH HEHPOHIAPBIH OIpIKTIpy JKOJBIMEH KOJ JKETKi3ijes.
TeopusinbIK xkarbiHaH 9pOip KabaTTarbl KabaTTap caHbl MEH HEHpPOHJAp CaHbl
epikTi Oo;ysl MyMKiH, Oipak ic JXy3iHZE O KOMIBIOTEp pecypcTapbIMeH
HIeKTeNyl MYMKiH. JKanmbl skariaia, >kacaHIbl HEHPOHIBIK JKeNiJep KHBIH
OonFaH calblH, OFAaH TOH MIHJCTTEDP COFYPIBIM ayKbIMIbl. CHHANTHKAIBIK
OaiimaHpICTapABIH  OCpiKTIri OKy JAepeKTep  SKUBIHTBIFBIHAH OlTiM  amy
nporecinne Moaudukanusianagpl (OKbITY PEeXKHMIi), COAaH KEHiH jKaHa
JIepeKTepre HOTMKE aly Ke3iH/Ie KOMAaHbUIaAb! (OpbIHaay pesknumi) [21].
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Kacannpl HeHpOHIBIK kemijepai OoipkaynelH Oacka oficTepiHeH
HEFYpJIBIM MaHBI3BI SPEKIIENTiri HEUPOHABIK JKeTiHI 3iHIH JKeke Taxipubeci
MEH opinTecTepiHiH ToxipuOeciH Oepe anaTblH HeMece JKeNiHI Oakpuiay
apKbUIbI aJIBIHFAH HaKThl JIEPEKTepre YHpEeTeTiH Jopirep-MaMaHHbIH 631
capamnTaMalblK OKYHelepai  KYpacThlpy MYMKIHIITT OONbIn  TaObUIAIbI.
HeiipoHpIK Kemiiep Ken ejmeMIi JAePeKTepIiH YKACBIPBIH 3aH/bUIBIKTAPbIH
HETi3re ajia OTHIPHII, IIeHTiM KaObuiaayFa KaOinerTi.

XKacanmpl  HEHpOHABIK  JKEIUIEpAiH OH  epeKmenmiri -  ojap
OarynapiaManaHOaiipl, SIFHM JMarHo3 KO YIIH elIKaHJail KOPBITHIH/IbI
epexeNiepiH KOJNTaHOalabl, all MYHBI MBICAIIAP KOPCETY apKbUIbI Kacaibl.
Kelibip sxarnmaiinapaa jxacaHabl HEHPOHIBIK JKENIEp aJaMHBIH MHBIHA TOH
TaHFXANBIT KACHETTEP Il KOpCeTe analbl, COHBIH iIIH/E CYpallFaH IepeKTepae
3aHIBUIBIKTAP/BI i37ecTipe anaapl. HeMpoHIBIK JKemiep KonTereH KogaHoasl
MIHZETTEpAl  Wielmy YIIH  [aijlalaHbulaThlH — TEXHUKaHbIH ~ KONTEreH
cayiajapblHIa KOJIJAHBUTAIBl: KOCMOHABTHKAJa, aBTOMOOWJIbL Kacayna, OaHK
JKOHE 9CKEpH iCcTe, CaKTaHIbIpyIa, pOOOTOTEXHUKAA, IEPEKTepai Oepy Ke3iHmae
kKoHEe T.0., €H MaHBI3JBICKI HEHPOHIBIK JKCIIHIH KACHETI allbIHFaH OLTIMI
OKBITY KOHE KOPHITY KaOuneTTinirineH Typaasl. JKemi skacaHAbl HHTEIIICKT JeT
atanmanel. OKBITY  YJITUIEpIHIH  IIEKTEYJl OIKUBIHBIHIA JKa3bUIFaH, OJl
JKMHAKTAJIFaH aKIapaTThl KOPBLITAJbl JKOHE OKBITY MPOIECIHAE OHJeIMEreH
JEpEKTepre KaThICThI KYTUICTIH PeaKIUsIHbI OHIECH . MeauIMHa a OKbIThIIFAH
JKacaHIIBI HEWPOHJBIK KENMUIepAl KOJJaHy TMPOIECi CXeMalblK Typae 3.2-
CypeTTe KOpCeTiIreH.

Cunancrap

Kiperin
Hellp oRIap
3 Is1Fy HeiipoRIApHI

Xy —

5
_~Apaasik KabaTTapasia
HelipoRIaps!

3.2-cypem. Meduyunada oKblmulizan JHeacamobl HelPpOHObIK,
JHceNini KONOaHy cbl306achl
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YKacanmpl HEHPOHIBIK SKETUICPHiH OCNTill MPaKTHKAIBIK KOCHIMIIIA-
JapBIHBIH €/19yip caHblHA KapaMacTaH, CUTHAJIap/Ibl OHJIeY YIIIH olapasl oJlaH
opi maiimamaHy MYMKIHIITI TYNKUIKTI TaychIMaraH >KOHE JKacaHHbI
HEWPOHIBIK IKEJIep KONmTereH OKbUiap OOMbI HAaKThl MpOLECTEp MeEH
KYOBUTBICTAP/IBIH 1)1 MOJIENbAepl OONMaraH jkarqaija IIemniM KaObuiaay bl
KOJIJayAbIH HETI3r1 KypangapbelHbIH Oipi 6osaapl aen 6osnkayra Ooaisl.

Data Mining aepekTepli Tajjay >OHE OHIIPY TEXHOJOTHSCH el
aTaJaThiH Kiaccu(puKaius xoHe 00/HKay eCenTepiH ey YIIiH YIKeH KoJIeMi
aKIapaTThl OHJIEY KOHE KOPBITY/BIH 0acka MepCreKTHBAIbI TEXHOIOTHICHIHBIH
MBbICalbl O0JIbIN TaObUTaB! [22]. JlepekTepal Tannay skoHe OHIIpY.IiH daicTepi
MeH Kypaj-caliMaHAbIK Kypaliapsl Oapiay/pl TalaayJblH OacThl )KOHE TOYeNCi3
KOMITOHEHT 9[ici, (DaKkTOpIBIK Tajujay, KeIlle perpeccus, Ker oJIeMIi
mIKajayiay, KIAcTepiliK Taujay »oHe OeiHenepAi TaHy oficiH maiinanaHa
OTBIPBIN, OeNriiep KEeHICTIriH peaynupiiey CHUSKTHl OeNrili CTaTHCTHKAJIBIK
KYpalJapelH OJaH opi JaMbeITyOsl Oimmipeni. barmapmamansik xysere
aCBIPbUTFaH JKOHE BIHFAMIBI Maiimananyniel uHTepdeiiciMeH jkaOabIKTanFaH,
COHal-aKk Kol  eNeMal JepeKTepli  BU3yalu3alusuiayAblH  HUKeMJl
ANTOpUTMIIEpIMEH KoJmay Kepcetinren Data Mining Kypaigapsl TilTi »aHaIaH
OacraraH naiJanaHyllbiFa Jia THICTI 3epTTeyJiep KYprizyre MyMKIiHJIIK Oeperi.
Data Mining xy#eciHiH OeliHeNnepiH KIacTepllik Taiay KoHe TaHy diCTepiHIH
apceHaNbIHa JJICTTE TipeK BekTopiap amici (Support Vector Machine Hemece
SVM), mrenrim ararmrapbiablH ofici (decision trees), Oenriiep KEHICTITiHICTI
<CKaKbIH Kepiri» omici, OaliecoB Kiaccn(pUKanusCch koHe T.0. Kipeni. JXKiktey
JKOHE TaHy OJICTEpiHIH KOPCETUINeH TOOBIHBIH apachlHIa €H KBI3BIKTHI JKOHE
ukemi Tipek Bektopiaap (UTB) omici yChIHBLIABL.

Tipex Bekropmap ajici — OyJ1 GacTankpl KIKTey 9Aici, OJ1 OCBI MIHIETTI
KOII OJIIIeM/li KEHICTIKTe THIIeP)Ka3bIKTHIKTAp KYPY *KOJIBIMEH IIeme i, ap TypJi
KJIacKa JKaTaThlH Oakpliay TONTapblH Oenemi. 3.3-cyperTe TipeKk BeKTopiap
omicCiHiIH Herisri uaesachl cyperrenreH. CXeMaHBIH COJ JKaFbIHIA 0acTamKbl
00BeKTIIep OepiIreH, ojap OJaH opi SAAPO JEM aTaJaThlH MaTeMaTHKAJbIK
GyHKUUSIIApIBIH — apHaiibl  KJIACHIHBIH KOMeriMeH Oenriiep KeHiCTiriHae
TypJieHAipisiesi (OpHBI aybICTBIPBUIAABI, KBUDKBITBUIAABT). Byt Kosramy npoueci
0o0beKTiziep/l KaiiTa TypieHAipy HeMece KalWTa TONTACTBIPY JeN aTanajpl.
TypneHaipinreH oOBEKTUIEPAiH JXKaHAa JKABIHTHIFBIH (CXEMAaHBIH OH JKaFbIHIA)
CBI3BIKTHI OesieMi3. Ocbuiaiiia, Kypaeni KUCHIK KYpy/JblH OpHbIHA (CXEMaHbIH
COJI JKarbIHJla KOpPCETUIreHei) op TYpPJi HbICAaHIapAbl O6JeTiH OHTAMIBI Typa
Kypri3y Kaker. CoiaH KeiiH 9Jiic TipeK BEKTOPJIaphl JETl aTaJaThIH €Ki CHIHBII
apaceHIaFbl MIeKapagarsl 00BeKTLIEepAl i3aectipeni [23] >koHE onapAbl TaHy
YIIIH YCHIHBUIATHEIH JKaHAa OOBEKTIIepIiH KaHmali na Oip CHIHBIOBIHA
KATaTBIHBIFBI TYPaJIbl IIeNIiM KaObu1aay YIIiH naianaHaibl.
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3.3-cypem. Tipek eéexmopul 20iciniy Hezizei udeacol

MenunuHaaa capantaMaliblK OKyHenepai KOJJaHy MbICAIIapbiH  Oip-
OipiMeH arayra OoyMaiipl, oOJlap JICHCAyJBIK CaKTayJblH KONTEreH
calayiapblHa KOJJAaHbUTabl. MyHJal >KYMBICTAP/AbIH 0achiM KOIIILUIIriH
HIETENIK 3epTTEYLIIep OPBIH/IAFaH JKOHE HETi31HEH oJlap opTYPIIi KIMHUKAJIBIK
JKaFgaiimapna JKacaHABl HEHPOHIBIK OJKETiHI maiijanmaHy MYMKiHIOIKTEpiHe
KateIcTEl. MEicansl, P.L. Lie [18] xupyprust camacelHaa )KacaHIbl HEHPOHIBIK
JKENIJIEp HETI3iHIEe apThIK JCHE calMarbl Oap azamMiapia ©T-Tac aypybIHBIH
JaMy KaymiH OoJpkay KyHeciH KYpAbl. ABTOpIap PETPOCIEKTHUBTI TypHe
AHTPOTIOMOP(OMETPHSIIBIK, AHAMHECTHKAIBIK, KITMHUKAJIBIK YKOHE 3ePTXaHAIBIK
nepekrepai 3eprreni, 1999 xpuiaplH aknad aibiHaH Oactam 2005 SKBUIIBIH
Ka3aH aiibIHA JCHIHT1 Ke3eH/Ie onepanusial oTkeH 117 ceMi3mik eMIIenymIiHiH
Kepi Tapajy alrOpUTMIMEH OKBITBUIFaH JKaCaH (bl HEHPOH/IBIK JKENiCi CANIBIH/BI.
Knunukanblk JgepexTepiai  (KbIHBICHI, KAaChl, JIEHE CaJMarbIHBbIH WHJCKCI,
iJgecreni aypyJiap), 3¢pTXaHAIBIK KOPCETKIIITEePAi JKOHE THUCTOJOTHSUIBIK
3epTTey HOTIXKENepiH Koca anraHaa, 30 KipeTiH aliHbIMallbl MaiilanaHbUIIbL.
XKacauapl HEUPOHIBIK KENHIH OODKAMJIbl KYHJBUIBIFBIH COJI  JEPEKTEp
0a3achlHAa OKBITHUIFAH JIOTHCTUKAJBIK PETPECCHs MOJCTIMEH CalIbICTHIPIBI.
Kacannpr neiiponnslk >xemi (QKHXK) mormcTmkamblk perpeccust MojelnmiHe
KaparaHja €H JKaKChl 0OJDKaMJIbl KYHIIBUIBIKTBI )KOHE TOMEH KAaTEHI KOPCETTi.
Exi omictiH MomiMerTepi OoifbIHIIA ©T-Tac aypybl KayIliHIH aca MaHbI3/bl
(hakTOpaapsl -IUACTONIAIBIK APTEPUSIIBIK KbICBIMHBIH XKOFAPbUIAYbI, TPEMOPOuI
(GoHBI, TIMIOKO3a MeTa0ONM3MiHIH OY3bUIYBl JKOHE KaH XOJICCTEpHHIHIH
JeHreiiHIH JKOFaphUIAYHL.

Oupockomusiga A.Das et al. [18] acka3aH-IICK KOJBIHBIH IKOFApPFbI
OeJlikTepiHEH KaH KETHEWTIH HayKacTapibl CYpBINTAY YIIIH HEHPOMKETLIiK
TEXHOJIOTHSIIApAbl Malganan el 3epTTeeTiH HaToaoruiace 6ap 387 manueHt-
TiH KJIMHHUKAJIBIK JKOHE 3€PTXaHAJBIK JIEPeKTepi OOMBIHINA OKBITHIUIFAH KaCcaH/Ibl
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HEHPOHABIK XEJiHiH THiMaLTiri 3eprrenai, Bepudukanus — ROC-ananmsi 6ap
200 manmeHTTIH aepekrepi OoiblHIIA 3eprrenai. JKeniHiH HIBIFYBIHIA €Ki
KOPBITBIHIBI ayBICTIaTbl OOJIIBI JKaJFacmaidbl KaH KeTy OenrijepiHiH Ooiys
HeMece 0ONMayhl KOHE eMJTIK SHAOCKONHSFa KaKETTUTIK. HelpOHIBIK KeiHIH
ce3iMTabirbl > 80% Kypajibl, 00KaHATBIH KYHABUIBIFBI — 92-96%.

Onxkoyponorusana P.Bassi et al. KybIK 0ObIpbIHA OaMIaHBICTHI PAANKAIIIBI
[UCTOMUSIFA INAIIBIKKAH MAIUCHTTEPIIH S5 JKbUIABIK OMIPIICHIIr OOMKaIIbI.
O yuriH xacanjpl HerpoHabiK xeni (KHXK) sxoHe nmorucTukanbik perpeccus
mogeni (JIPM) azipymeHni oHE CalbICTBIPBULABL 5 SKBUIABIK OMIp CYPYIiH
JKAIIFbI3 CTATHCTHKAIBIK MIBIHAHBI OOJDKaMAaphl ICIK CaThICHl JKOHE KepIi
opraHgapra ecyIiH 00Iybl HeMece 0OIMayhl OONBIT TAOBUTATHIHEI AHBIKTAIIHI.
Jloructukansik perpeccust mogeni (JIPM) ce3iMTaniblFbl MEH epeKIIeNiri
68,4% >xone 82,8%, xacanmel Helipouablk ke (KHXX) — tuiciame 62,7%
xkoHe 86,1% xypanel. Jloructukaneik perpeccus wmogeninin (JIPM) on
OomKkaMIbl KYHABUTBIFEL — 78,6%, xacaHas! HelpoHAbIK xeni (KHXK) — 76,2%,
Tepic 0omKaMIBl KYHIBUIBIFEI — THIiCiHIIE 73,9% xoHe 76,5%. JIOTHCTHKAIBIK
perpeccuss moxeniniy (JIPM) nuarHocTMkanblk AQJIIK uWHAEKCT — 75,9%,
skacaabel HelpoHAbIK sxeri (OKHXK) — 76,4%. Oceunaiima, sxacaHabl HeHPOHIBIK
KEJNHIH OOJKaMIBIK KYHIBUIBIFBI JIOTHCTUKAJIBIK PErpeccus MoeiiMeH
CaNIBICTHIPMAJIbI  OOJIBINT  HIBIKTBI, Oipak HeWpoxkemi Oenrimi  Oip apThIK-
HIBUTBIKTAP/Ib KOPCETTI: )KacaHIbl HEHPOHIBIK XKEeJIl JKYMBIC iCTEyre BIHFaHIIbI,
allHBIMaJbl apachlHIaFbl CBHI3BIKCHI3 OaiJIaHBICTBI aHBIKTayFa MYMKIHIIK
OepeTiH TYCiHIKTI OaFmapiaMaliblK KAMTaMachl3 €Tyre HEeTi3/IeNTeH, COHIBIKTaH
oJ1 OoypKkamayaa naianaty YIliH HeFypIIbiM KOJTaiJibl.

FK.Chun et al. mMOTHCTHKANBIK perpecchsi YITICIMEH CalbICTHIpFaH/a
KyBIKAacTbl 0Oe3i OOBIPBIHBIH Kayill TOOBIH aHBIKTAy YLIIH >XacaHIbl HEHpOH
xKeniciH naitnananael. XKacaHapl HEHPOHABIK JKei 191 00/Kay MYMKIHIIKTEepIiH
KOpCETTi.

Tpancmnantonorusga G.Santori et al. [18] Oyiipek TpaHcIulaHTaIus-
JMaHFaHHAH KeHiH Oanmamapmarbl KaH CapbICYBIHIAAFbl KPEATHWHUHHIH KeHiHTe
KIJBIPBUIFAH TOMEHJICYiH OoJbKayla HEWPOXKENUIIK — TEeXHOJIOTHsIIapbl
Konauapl. By#pek TpaHCIUIAaHTALUsChIHA KATAThIH eMJEeNylIijieple KipeTiH
aybpIClalIbl  JKOHE I3[IENIETIH HOTWIKENEPiH apachlHAaFbl KOPPEISIHSHBI
aHbpIKTay YIIiH 107 KIMHAKAIBIK MbICANIa OKBITBUIFAH JKacaHIbl HEHPOHIBIK
Kenl Kypbuipl. HoTmKeMeH KOppenupiedTiH €H MaHbI3/Ibl aiHbIMajIbuiap
IpiKTENIi: ayBICTBIPBIN OTBHIPFBI3Y KYHI KaH CapbICYBIHBIH KPEaTHHUHI, AJIFalIKbl
24 carar imiHAeri JUypes3, TeMOANAIN3 THIMJIUIIT], PEUIUEHT XXbIHBICHI, JOHOD
JKBIHBICHI, ayBICTBIPBII CaJFaHHAH KeHiHT1 OIpiHII KyHI JIEHe caMarbl, Kachl.
Mozenb manueHTTepIiH eKiHII TaHaaybiMeH KanuOpienreH (n = 41). OkpITy,
KaJquOpiey JKOHE TeKcepy TaHJayJapblHJIarbl HEHPOHABIK JKENiHIH AT
tuiciHme 89%; 77% xone 87% Kypanasl. CanblCTBIpMaibl JIOTUCTUKAIBIK
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tannay xamrbl 79% monmikti kepcerti. JKHXK ce3iMTanabIFel MEH peKIIeiri
87%-bl Kypajpl, ajl JOTHCTUKAJBIK perpeccus ofici tuiciHme 37% xoHe
94%-1B1 KOPCETTi.

Memununanslk  paguonorusina  F.Dohler et al THITITOKaMIIAJIBIK
CKJIEpPO3JIbl  aBTOMATTAHIBIPBUIFAH  aHBIKTAYy  MAaKCaThIHAa  MAarHUTTI
pesonancTsIK ToMorpadus (MPT) cyperrepin xikTey yuIiH HEHPOHIBIK JKEIiHI
naiinananael. JKacaHapl HEHpOHIBIK JKeni cypertepiiH 144 MbicanbiHAa
OKBITBUIJIBI JKOHE CKICPOTUKANBIK ©3repicTepliH OOoNyblHA KAaTBICTBI MU
TiH/IEPiHIH e3repicTepiH xikTeyre MyMkinaik Oepai. E.E. Gassman et al. [18]
CYHeK KYpBUIBIMJApbIH aBTOMATTaHJBIPBUIFAH COWKECTEHMAIPY YIIIH KacaHIIbl
HEHpPOHIBIK KEJiHI KYpAbl >KOHE Oy oMICTEeMEHIH CEHIMIUNIH xacTypri
Q/IiCTEpMEH CallbICTHIpFaHJa Oaranajbl. OJICTEMEHIH Ce3IMTaJJbIFbl MEH
epexmreniri 87% xome 82% kypamgesl. ConbiMeH Kartap, JKHXK cyiiek
KYPBUIBIMBIHBIH cerMeHTTeyiH 10 ece Kbl1aaM OpbIHa bl

A.T.Tzallas HeBpoNOTHACHIHAA JKOHE OacKamapbl AIIEKTPOIHIIEdaIo-
rpaMMJIbl TajAay HeTi3iHJEC SHMICNTHUKAIBIK ycTamanapAbl Oopkay YIniH
HEeHpoxKen KoNIaHbULAbL. OAicTiH 0omkaMabik gamnairi 98-100% kypamsl.

Byn Heifpoxkenizik MoJenb HayKacThIH CTAllHOHAPFa TYCKEH Ke3le KOHE
eM/ieyre JKaTKbI3yJbIlH ajiFaiikel 48 cararel ilIIHAE aJIbIHFaH JIEPEKTEp
HETi3iHAe HMHQUIMPICHTeH NaHKPEOHEKPO3JAbIH JIaMy  BIKTHMAJIbIFbIH
OospkayFa apHaJFaH: HOTIKeNepaiH moiairi — 90%, epekmeniri — 96%. Ocbl
YJITiHI Maiiianana OThIPbII, 013 XKIiTi MAHKPEATHTIEH aypy/blH epTe Mep3iMiHJe
JKYKTBIPBUIFaH TAHKPEOHEKPO3AbIH JaMyblHA Kayill TOHMIPETIH HayKacTap
TOOBIH aHBIKTAY MYMKIH/IrHE ne 00oyAbIK. bynan 6acka, HEMPOH/BIK YK KiTi
MAaHKPEaTUTTIH WHQEKIMSUIBIK acKbIHYJIAphIH epTe Mep3imae Ooipkay YIIiH
12 OapblHImIa aKmapaTThIK KepceTKimTepai Oenmyre MyMKiHAIK — Oepai:
1) craumoHapra emjeyre JKaTKpi3y Typi (Oacka aypyxaHaJaH aybICTBIPY);
2) HayKacThIH >XKachl, 3) JIeHe CaJMarbIHBbIH WHIEKCi; 4) HayKacThIH JIeHE
TEMIIEPATyPaChl; 5) JKYPEK JKHBIPBUTY XHUIIr; 6) TBIHBIC aly KO3FaJbICBIHBIH
JKULIITT; 7) KaH JIEHKOIMTTEPiHIH caHbl; 8) aypy OacranranHaH 24 carart iliHie
aHBIKTANATBIH 1MTiH KeOyi (il imIHiH »KOFaprel); 9) aypyablH OacklHaH
aNFamKel 24 carar iMIiHAE AHBIKTAJNATBHIH I KYBICBIHIAFBI JKiTi CYHBIKTHIK
Ty3UTimMzepi xoHe (Hemece) O0oc cylbIKTHIK; 10) KaHHBIH HecenHopi; 11) Kau
TIIFOKO3BI; 12) KemeHai KapKbIHIBI TepamusHBIH 24 carar immiHme HayKacTHIH
JKaJIMbl Kal-KYHiH JKaKkcapTyAblH OoiiMaybl (TAIMEHT KYPri3iieTiH emueyre
«okayan 6epmeiizi», SAPS II mkanacs! OOWBIHIIA 6AJT CAHBIHBIH OCY1).

N.Horowitz et al [22] racTpo33odareambapl peIFOKCTI aypyIbl aHBIKTAY
YIIiH JUarHOCTHKAJBIK cayallHaMaHbl d3ipieyle KOJAaHbUILIbL. ABTOpIapMEH
132 npanmeHT TeKcepini, alblHFaH MoJiMerTep Herisinne DM-monens
JKacaiJpl, OJ1 aypyAblH €H MaHbBI3Jbl JKOHE CeHIMJl OenrijepiH: Kyiumipiiares,
KBIIKBUIABIH KEeKIpyi, aHTAUUATIK TEpamusiiaH OH HOTHXKE JKOHE JKIiTi, Malibl
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TaFaMHaH KCeWiH KOHUI-KYWiHIH HamapiayblHa MYMKiHIIK Oepmi. Ochl omicTiH
Ce3IMTANIIBIFBI MCH epeKieiiri 75% sxone 78% Kypambl.

Y.C.Lee et al. [16] cemi3mikTi XHPYpTrHUSUIBIK eMACYACH KeWiH JeHe
CaJIMarblHBIH TOMEHJEYiH Oomkay ymiH DM-TeXHONOTHACHIH KOJAAHMIBIL.
JKymbicTa opTypii opicTepMeH onepanus xacanran 249 nauuentriy (177 oiien
XKoHE 72 ep amaM) aepekTepi perpocnekTuBTi eckepingi. 208 maykac (83,5%)
onepanusiial Keiin 2 kbUT OOWBI JCHE CaIMarblH COTTI TOMEHICTKCH, ail 41
(16,5%) acep Gommaran. DM-Mozenp aBTOpiapbl jkacaraH onepauusra AeHiH
OllaH KeWiH ocep OONATHIHBIH JKOHE apajacylblH KaHAal Typi >KaKChIpak
0OJIaTHIHBIH aHBIKTAyFa MYMKIHIK Oepeii.

Korapeima kenTipiareH OapiblK MbIcanmapApl  OIPIKTIPETIH  SKaIIBI
epeKIeiK HeHpOoXKeNiliKk MOIeNbAepAl KYpyAblH OipblHFail oM0Oeban TexHO-
JOTUSCHIHBIH OonMaybl Gonbln Tabbutansl. JKapusnaHaThlH o3ipiemenepie
capanTamMalblK OKYHeNepHiH JKYMbBIC IcTey alropuTMaepi MeH opTypii
ApXUTEKTypallapbl KOJNAHBUIAABl. bynm opOip MIHAET YIIH ©3iHiH Xeke
apXHUTEKTYypachl, aj KebiHece — Keibip Oipereil anroputm Hemece OyphIHHaH
0ap anroputMmHIH Oipereil Moan(UKAIMACHI KacalyblHa oKkenemi. Ic xy3inae
KOJIIaHy TYPFBICBIHAH MYHJAi capanrtaMa >Kydesepi InemiM KaObULiayIbIH
JocTypili  OaFjapiaManapblHaH —aibIpMallbUIbFel  KOK. COHBIMEH —KaTap,
JIOCTYpJII  capanTaMaiblK JKYHelep[l HeHpoXKenminik jKyieiaepre aBTOMATThI
TYpAC TYPJICHAIPY oaicTepi YCHIHBULABL. Onapabl a3ipiey HeipormHpopMaTHka
OoifbIHIIA MaMaHIApAblH KATBICYBIH Talal eTedl, al IaiifaJaHyIIbIHbIH
KYpacTeIpy MYMKIHZITI ic Ky3iHae koK. byn MyHnmait xxyienepai KeimOaT erexi
KOHE MPAKTHKAIBIK KOJJAaHy YIIIH ©Te bIHFAaiJIbl eMec, COHABIKTaH
JKapysUTaHBIMIap/ia aBTOpiIap HETi3iHEeH HIBIFapy epekeriepi OOUBIHINA JKYMBIC
ICTCHTIH HEUPOXKENITIK aNrOpuTMACP MEH IOCTYPJl KYHENepaiH >KYMBIC
calachlH CalbICTHIPA/BL.

Ocpuraiila, MeAWIMHAJA capanTaMa >KYHWelepiH KOJIAaHy Typajibl
JKapHsUTaHBIMIap bl TaNay HEri3iH/e Keleci KOPBITHIHABLIAP jKacayFa 0oabl:

1. MemuiuHanelK  HEHpPOMH(pOPMATHKA  FBUIBIM  PETIHIAC  HAKTHI
MaTepHaIbl JKUHAKTAY Ke3eHIH/e.

2. HelipoHOpIK Kemiyiep >kacaHAbl HMHTEIUIEKT Jen aranaabl. OKBITY
YIITUIEpiHIH IIEKTeYJi XKHUbIHBIHIA JKa3bUIFaH, OJlap JKWHAKTAJFaH aKMapaTThl
KOPBITaJbl KOHE OKBITY NPOIECiHIe MaiialaHbUIMAiTBIH JKaHA JepeKTepre
KaThICTBl  KYTUIETIH  peakuusiHbl  o3ipieiai.  benrimi  mpakTHKabIK
KOCBIMILIAJIAPABIH €1dYip caHbIHa KapaMacTaH, KacaHJIbl HHTEIUIEKT dliCTepiHe
HETI3JeNTeH ToclIAepli o/1aH api MalaasaHy MYMKIHAIT OJapbIH THIMILUTIT
TYNKUTIKTI 3epTTEIMEreH.

3. 3amaHayH TEXHUKAaJbIK MYMKIHIIKTEp aypy aFbIMBIHBIH camajbl )KaHa
JICHIelliHe WIbIFyFa MYMKIHIIK Oepeni, aTam aWTKaHIa capanTaMalibIK
aBTOMATTAHBIPBUIFAH TEXHOJIOTHSUIAD HETi31HAE MAaTOJOTHSUIIBIK IPOLECTiH
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THNOTIK JaMyblH MOJENBJACY. OKCHIEPTTIK KOMIBIOTEPIIK MEIHIHHAIBIK
Kyitenep mopirepre ©3iHIH JHATHOCTUKAIBIK OODKaAMIOApPbIH TEKCepyre FaHa
eMeC, KHUBIH JIUarHOCTHKAJBIK IKaFJaiiapia KOHCYJIbTalMsi ajdy YLIiH
KOMITBIOTEpIe XKYTiHyre MyMKIHJIK Oepei.

CapanrtamanblK JKyieraep OYriHTI KyHI JKaJbl JCHCAYJBIK CaKTayJIbl
JaMBITY[la ©Te€ MaHbBI3Abl PO aTKapajbl JKOHE TMAIMEHTTePAi eMjey
MoceNeNepine Aaybl KoHe MPOOJIeMaNbIK JKaFIaiiap TybIHIAFaH Karnana
MEIUIMHAIBIK IIePCOHANFa JKYHeli KOMEKTI KaMTaMachl3 €Ty YIIH KbI3MET
ereql. MenuMIMHANBIK capanrtama Kyienepi JAMAarHOCTUKA MIHIETTepiH FaHa
IIeIIyTre FaHa eMeC, COHBIMEH KaTap aypyJiapAblH aFbIMbIH OOJDKayFa, OJapibl
eMliey TaKTUKachlH TaHjayra kemekrtecedi. Capamrama yilenepi KaHian
Karnainapaa KOMeKTece anapl?

Capanramanblk Kyidenep, oieTTe, Kejecli CHUOATTarbl mpodiemanap
TYBIH/IAFaH KaFJaiaa KOIJaHbUIaIbL:

— Capanuibuiapra YChIHBUIFAH OacTankpl JAepekrep Oip MoHII emec

HeMece KapaMa-KauIibl.

— Ecenrepai knaccukalblK omicTepMeH Oip MOHII ILIENly alTOpUTMIiH

aHBIKTAY MYMKIiH eMec.

— Tanceipma canABIK (hOpMasia YCHIHBLTYBI MYMKIH eMec.

CoHBIMEH, erep Macelle XKOFapbla atairan (PakTopiapAbH KauchOipiMeH
(Hemece OipHelleyiMeH) cuMarTajica, OHAA OHBI IIElly YIIiH capanrama
KYHECIH KOJIaHy OPBIHIIBL.

MenuuuHanbelK mpobdieManap, 9IeTTe, o7 OChIHIAi KachueTTepre Wue,
cebebi OacTamkpl AepexTep KeOiHece MATACTHIPBUIFAH JKOHE KapaMa-KanIIbl
KIIMHUKAJBIK JEPEKTEPAiH KOI CAaHBIMEH YCHIHBUIFaH.

Capantama JkyiienepiH >xoOanayra oOpTYpJli Tociaiep MeH ojicrep
Oap,anaiiia MeIUIMHAIBIK capamnTaMa >KyHelepiH o3ipiieyiepiH apachiHaa
Kazipri yakpITTa €H OacblM OarbITTapAblH Oipi ©31H — ©31 OKBITaThIH
HHTEIUIEKTYan a6l xyienepai (OOCXK), am HaKTB alTKaHAa-KacaHIBl HEHPOH
JKEIIepiH 93ipiey OoJIbI TaObLIa bl

XKacangpr Heitponapik kemizep (OKHX) — Oyn  maremarukaibik
MOJICTIB/IEp JKOHE OJapiblH OarjapiaManblK (HeMece armaparThikK) icKe
aCBIPBUIYBI, ONap OWMOJIOTHSUIBIK HEWPOHJBIK KeJinepdiH (KyHke sxyheciHe
OipikTipinreH Tipi aF3aHBIH XKYHKE KacyIIaJapblHBIH Kemijepi) OeifHeci
OotieraIa Kyphitans! [21]. backama aiftkanna, skacaHAbl HEUPOHIBIK JKEIiep -
Oyl Tipi MM OKYMBICHIHBIH (YHKUMSUIADBIH MOJIENIBACYTe  HEri3leNITeH
aKmaparThl OHIEYTEe apHaJIFaH Kykenep.

Xacaunmpl HEHPOHABIK OKEJiNep CBHI3BIKTBHI eMec JKyhenep OOl
TaObUIambl, Oy MJEpeKTepAi JKENMUTK omicTepHiH KeMeriMeH KaparaHnaa
aHAFYPJIBIM Camalibl OHJEYTe JKOHE TalfayFa MyMKIHAIK Oepenmi. HefipoHIbIK
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KENUIEPIH KIACCHKAIBIK AJTOPUTMICD AIJBIHJIAFbl Tarbl Oip apTHIKIIbI-
JBIFBI — OYJT OKBITY MYMKiHITi. HeHpOHIBIK JKeTiiep OChl CO31H KITaCCHKATBIK
TYCiHiriHAe OarnapinamananOaiiipl, ajq HaKThl MbICANap/ia OKUAbL. Ic xKy3iHfe,
JKylie OepiireH MBICAIJIAp CAHBIHBIH «KATTHIFA» OTBHIPHIIN, MPOIECTE aJIbIHFAH
aKMapaTThl KOPHITAIbl KOHE KYHEHI OKBITY IPOIECIiHE TiKelleH KaThICTIaraH
JIepeKTepre KaTBICTBI peakmus >kacaael. JKacaHOel HEHPOHIBIK SKeTiIepmi
OKBITY KY€ dJIEMEHTTEPi apachIHAaFsl OalTaHBICTHI TA0YJaH TYPAIHL.

Ocputaiiia, jKacaHAbl HEHPOHIBIK KEJiep TeK KaHa Oacrankbiia
CAJIBIHFAH JEPEKTep/i FaHAa eMeC, COHBIMEH KaTap OJiap aHBIKTaFaH >KACBIPHIH
3aHJIBUTBIKTAP/IbI HETI3re aja OTHIPHII, MIeIIimMaep KaObUIIai axabl.

Ke3 kenren >kacaHabl HEHpPOHIBIK JKENiHIH Heri3iHae Oip TUNTI
KapamailbIM JJIEMEHTTEpP JKAaThlp, OJapAblH (OYHKIUACH HEHPOHIAPIBIH
JKYMBICBIH MMUTaLUsUIAy OoJbIn TaObuianel. MU kacymanapbel CHAKTBI, dpOip
JKacaHIbl «HEWpOHIa» «cHHATC» ToObI Oap. JKacaHmel HEHPOHIBIK >Keiyep
KaFlalblHa  «CHHAICTap» 0acka «HEHpOHIApAbIH» IIBIFYBIMEH KOCHUIATHIH
Oip xakTel Kipy OaitmaHpicel Ooibim  TaOpmambl. CoHmal-ak KacaHIbI
«HEUPOHJAp» «aKCOHAapFa» ue (CUTHAIIap Oacka HEWpOHIApIBIH «CUHAIIC-
TapbIHA» TYCETIH UIBIFBIC OailIaHbICHI).

JKacanmpl HEHPOHIBIK KENMICPHIH JKYMBICHI OacTamkpiga JepeKTepii
napajiesb eHeyre KaOlIeTTi aknapaTThl OHJICYAIH OMOIOTHSIIBIK KYHeIepiHiH
MOJebACpiHe HeTi3AenreH. THiciHIIe, XKacaHIbl JKeNIep YIIiH Oy MPHHIINI
ToH. MyHJail ocepre Keliae 3JIEMCHTTEPIiH KOl CaHbl - «HEHPOHIap» o3
ke3eringe Oip-OipiMeH OipikTipiireH Kabarrapra OIpIKTIpUITeH apKachlHIa KO
JKeTKi31emi.

JKacaHapl HEMPOHABIK Keli KUBbIH OOJIFaH CailblH, KHBIH €cenTepii Ol
meme ananpl. JlereHMeH, JKemigeri HeHpoHaap MEH OJapIblH KaOaTTaphIHBIH
CaHbl KOMITBIOTEP KyaThIMEH HICKTENE/].

XKacanmpl HEHPOHIBIK SKENINIEpl d3ipiey MEOWIHWHAMAFBl capanTaMa
XKyHenepiH mMainanaHy cajachlHIarbl €H NEpPCIEKTHUBAIbBl OarbITTapAblH Oipi
0opIT Ta0BIIAEL. JleTeHMEH, OYIT KaITFbI3 KOJITAaHBLIATEIH TEXHOIIOTHS €MEC.

Bomkay skoHe IKiKTE€y ecelTepiH Miemy YmiH OUIIMHIH »KaHa
TYCIHIIpMETIepiH aHBIKTay MAaKCAaThIH/IA aKIapaTThl OHJCY YIIiH KOJIJaHFUIATEIH
Tarbl Oip TexHosorust — Oy Data Mining. Opsic Tiniage Oy yreiM «bimimai
JiepeKTep KOpbIiHIA TaOy» periHne aHbiKTanaipl. Hakrtbl aiiTkanpa, Data
Mining — Oyn OypeiH Oeinrici3 OUTiM  MHTEPIIPETAlMSCHIH, YKACBIPBIH
3aHJIBUIBIKTAP Bl 0ACTAIKEI JepeKTep e Tady mporeci [22].

Aiita kery kepek, Data Mining Kypangapbsl BH3yaJU3alMsSIHBIH HKEMJi
ANTOPUTMJIEPIHIH apKachIHIAa TepPeH MaTeMAaTHKAIBIK JalbIHIBIK KOK anamjap
YILiH J1e KOJ XKeTiMIi.

Data Mining omicTepi 3aHIBUIBIKTApJbIH OipHEIIEC TYpPiH aHBIKTayFa
MYMKIHAIK Oepeni:
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— XKikremyi. OHBIH KOMETIMEH KapacThIPbUIATBIH OOBEKTiHI KATKbI3yFa
0O0JaThIH TONTHI CHIIATTAWTHIH OENTiIep/i aHbIKTayFa Oonansl. by skarmarina
OyJ1 XKiKTeNnreH 0OBeKTIIep i Taliay HeTi3iHAe Ky priziiesi.

— Knacrepuzauus. IlslH MoHiIHZE, cON IKiKTey, alaiga TalJaHATHIH
oObekTiiep THecuti TonTtap OepinreH OONbIN TaOBUIMANABI, SFHH JEPEKTEp
tonrtapsl Data Mining KypainapbIHBIH KOMeETiMeH Tikenel OemiHe.

— Kaypimpacteik. Erep Oip-OipiMeH OailiiaHbICTBI OipHeIle OKura OOJFaH
JKarmanga aHbIKTaIabl.

— bipizainik. Erep Oip-OipiMeH OaitaHbICTBI OKHUFaJap/blH TYTac Tiz0eri
OonFaH )KarJaiaa aHbIKTaIa bl

— Bomxkay. Bomkampay yIiniH Heri3 aepektep Oa3achlHIA CaKTaJlaThIH
akmapaTt OoJblll TaObUIaABl. MaTeMaTHKaJIBIK MOJAENbISpAl Kypy Oonamakra
KYHEHIH MiHE3-KYJIKbIH 00JDKayFa MyMKIHJIIK Oepe/i.

Data Mining Heri3inae opTypii OMICTEp MEH aITOPUTMIEP JKarbIp:
IIETiM aFaImTaphl, JKaKeIH KOpIi 9/ici, baiiec sxeminepi, CHI3BIKTHIK PETPECcCHs,
KOPPEJSIIMSUIBIK — Tajjay, perpeccHsuIblK —Taljay, KJIacTepiiK — Talaay,
ACCOIIMATHBTI epexKeNnepli i37ey dicTepi, TeHETUKAIBIK AJTOPUTMAED, TipeK
BEKTOpJIAp 9/Iici KoHE T.0.

Byrinri TaHma MeIUIMHAHBIH KONTEreH calaJapblHIa KOJIAHBLIATHIH
JKOHE OPTYPJ ONICTEp HETi3iHIEe >XKYMBIC ICTEHWTIH KONTEreH capalnTaMalibK
Kyhenep Oap. Aumaiima, METUIMHANBIK capanTama SKYHCICPIHIH KaJIbl
epekureniri (acipece, yieae OKUTBIHIAP Typajibl alTaThiH OOJICAK) OJap.Ibl
KYPYZIbIH OipbIHFall TEXHOJOTHACHIHBIH JKOKTBIFBIH atam ertyre Oonansl. Kem
KaFiaiia, o3ipieMernep/e JKOHE TOJIBIKKAHIbl JKYMBIC ICTEHTIH JKyHenepie
JKYMBIC ICTeYIIH opTYpIIi alropuTMIepi HeTiziHae xatblp. HoTmkecinae, opoip
MIHJICT YIIIiH, 9JICTTE, 63 APXUTCKTYPACHIH d3ipJicy KaXkeT.

A¥iTa KeTy Kepek, MeIUIIMHAa capanTama XYWeJepiH maifanaHy aypy
aFpIMBIH JTHATHOCTHKANAY OHE OO/Kay CHSKTBI MpodieManapisl IIenry
MpoIleCiH/ie JKaHa JeHreWre IIbIFyFa MYMKIHAIK OepreHiHe KapamacTtaH,
capanrtama >KyienepiH maiganaHyAblH ICHXOJIOTHSUIBIK AacIleKTici ne 0ap.
Hopirep o3 menriMaepi YIIiH YIKeH KayanKepuIiTikTe OOIFaHIBIKTaH, O YIIiH
03 IC-OpeKeTiHe, ©3 TapalblHAH HEMeCe OFaH aWTHUIFaH iC-OpeKeTiHE CEeHIMIII
0011y eTe MaHBI3/IHL.

Ocenaiima, Oip KaFplHaH, MEOUIIMHAIAFHI capanTaMallblK >KyHemep
Jopirepiiy nrenriM KaObUiiay NpOLECIH aiTapibIKTai >KEHUIAETYI MYMKIiH,
ocipece CTaHAApTTBl eMec JKaFgaiiapia, JAepeKTepll TOJBIK JKOHE Jal
TaJIay/Abl XKY3€ere achlpy, jKeieln HIeNNM KaObuaay KakeT OOJIFaH jKarjaiija
KOMEKTeECY, afaM (aKTOpBIMEH OalIaHBICTHI KaTelep IiH CaHbIH a3aiTy. Exinmi
JKarbIHaH, MYH/Iai )Kyiie TeK capamibIHbIH KOJbIH/a FaHa Maiajibl Kypan 6osa
ayajibl XKoHe emdip Karaanaa Aopirepi TOJIbIK aTMacThIpa aIMaiIbl.
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Kasipri yakpITTa JIeHCAyJbIK CaKTaylaFbl acaH/bl WHTEUICKT dJicTepi
MEH KypaJlZiapbl Kelleci cananap/a KoJiJaHblUIaIbl:

— MeanmuHANBIK Oeiinenepni (MPT cyperrepi, Y13 KOpPBITBIHABLIAPHL,
KapArorpamMmaap, KOMIBIOTEPIIiK TOMOTpadus HOTIKEJepl) TaHyFa apHAIIFaH
KOCBIMIIIAJIAp MEH OarmapiaMalblK eHIMIep);

— JIopimiK TpemaparTapAbl d3ipieyre apHalFaH crapranrap (MHKpO-
CKONMSUIBIK ~Talliay, IpernaparTapAblH THIMAUITIH 3epTTey, BHPYCTap/bl
3epTTey JKOHE THIMJII BaKIIMHAIAPHI 1371€Y);

— TpoTe3ley callaChlH/la MAIIMHAMEH OKBITY TEXHOJIOTHSUIAPBIH Maiijaa-
naHy (MHTEJUISKTYaNJbl KyHenep aJaMHbIH aHATOMUSUIBIK epEKIIeNiKTepiH
€CKEepEe OTHIPHII, BIHFAIIBI IPOTE3ACP JKACAHIHI );

— TIAlMCHTKE KalIBIKTaH KOMEK YIINiH KochiMIinanap (ojap ¥JiblOpHTa-
HUS/Ia TaHBIMAJI-OJIAp/IbIH KOMETIMEH KaJIbl TOKIpUOe Iopirepiiepi KallblKTaH
peXHMIE CYBIK HEMece eMipre Kayill TOHIIpMEHTIH Oacka Ja KaFaaiiap.isl
eMJIey YLIIH YChIHBICTap Oepe anassbl);

— 00BIp aypynapbIH eMJey XKeHiHjeri craprantap (Mbicansl, Sophia Al —
30 MJIH. MalMeHT >KaFJalbIHbIH KIMHUKAIBIK KOPIHICIH TallJail ajaThlH YKOHE
eMJICY/IiH THIM/Ii CXEMAaCBIH YChIHA ATaThIH WHBECTHIIHSIIAD)

Bynan opi MemuiuHaHblH op Typii canamapeigaa JKM  kypammgapbiH
KoJaHyFa OalTaHBICTHI €H ipi d3ipiieMenepi KapacThIpailbIK.

Mu mamviprapvinbly aHeBPUIMACHIH eMOey YUliH HCACAHObL UHMENTEeKN.
ge healthcare sicane fujitsu australia sxcobacei

Makkyopu ynuBepcuteti (Cunneit, ABcrpainus) sxone Macquarie Medical
Imaging xomnanusicel GE Healthcare xone Fujitsu Australia cepikrecrtirine
KocbuLIbl. YHHBepcuTeT KbizmeTkepiiepi GE Healthcare komnanusicel ycbiHFan
TEXHOJIOTHSJIAp/Abl 93ipJiey JKOHE TecTiley VIIIH KIMHUKAIBIK capanTtama
xyprizai. Fujitsu xomnanwmsicel Oy Oactamanbl Oackapansl. Fujitsu GE
Revolution CT-ckanepi apKbUIbl aJbIHFAH MH KECKiHAEpiHE KacaH/bI
WHTEJUIEKT TEXHOJIOTHSACHIH KOJJaHyFa >KMHANAAbl. AJ CypeTTiH HH(QPHIH
LIeUly VIIH JKOHE BIIBICTApAAFbl AaHOMAaIMSIIAPIABI 13[ley YIIIH apHaubl
anropuT™M KojimaHemaabl [24]. JKacammpl wWHTEMNmEKT SKyHenmepi OipHeme
KbUlgaH Oepi MeAWIMHAAa OeJICeHIl KOJAaHbUIAAbl J>KOHE METUIMHAIBIK
OcifHesepal IIeNmIy YIIH, COHBIH ImiiHme. AJjaima, KaH TaMbIpJIapbIHBIH
AQHEBPU3MACHI CUSAKTHI aybIp aypy YILIIH ajFaml peT KOJAaHbUIA/IbL.

AypynsiH O0NyBIH aHBIKTaylaH 0acka, jKacaHIbl MHTEIJUIEKT-IUIaTdhopMa
onepalysiaH  ©TKeH HeMece Kayil TOOBIHIAFbl MaIlHeHTTepre Oakpuiay
KyprizeTin Oosazpl. Makkyopu yHHMBEpCHTETiHIH mpodeccopsl J[koH
Marnyccen (John Magnussen) My TaMbIpJapbIHBIH aHEBpH3Malapbl Ta0y YIIiH
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KMBIH EKeHiH, Oy TINTi KOMIBIOTEPIK ToMorpadusHb-OeiiHeaepai Imenry
TXIprOeci MOJI TOXKIpUOeNi opirepiiepi xacay KUbIH €KeHiH aTal oTTi.

XKacaHnmpl ~ MHTEIJIEKT  TEXHOJNOTHACHIHBIH ~ KOMETiIMEH  JoJipek
JMAarHOCTHKAa MYMKIH OOJIIBI: JKyHe CypeTTeri KYMIKTi >Kepiepli aBTOMATThI
TYpae Oenrineiii, cogaHn KeiliH MUJIBIH OChl allMaFbIHBIH JKaFIalblH OaKbLIal,
KEHIHT1 KOMITBIOTEPIIiK TOMOTpadusra cyieHe .

MarHycceH 0ac MHBI TaMbIPJIapbIHBIH KaJbIIThl JKOHE IMaTOJOTHSUIIBIK
JKaFJaiTapblHBIH YJIKEH AEpeKTep JKUBIHTBIFBIH jkKacay — HEHPOHMIBIK JKeliHi
OKBITYIBIH €H Kypzeni Oeiiri ekeHiH TyciHaipai. JKyiie maTonorus He eKeHiH
JKOHE HOpPMa EKEHIH aKbIpaTyJbl YHpeHyi kepek. Erep oran GacTtamksl JypbIC
eMec MaiMeTTep Oepce, OHIa OKY HOTHXKECI xKaMaH 0oamsl. MBICabI, ©3iH-031
OackapaTblH  aBTOMOOWJIBIEPre  apHAIFaH  JEPeKTep  IKUBIHTBHIKTapbIH
TaHOaJayMeH CajbICTBIpFaHAa, MH CYpeTTepiH TaHy VIOiH JKacaHHbI
WHTEJUIEKTTI YHPETy YIIiH JepeKTep KUBIHTHIKTAPHI JJIIeKalia y3arblpak jKoHe
MYKHSAT JKacanaasl. OJeMie MEAULIUHAIBIK CypeTTepai OLTIKTI allbll, OHAAFbI
TIATOJIOTHSIHBI HEMece HOpMaHbI aHBIKTayFa KaOileTTi MaMaH/1ap Kerl eMec.

O3ipre KXyie MEIUIMHAIBIK BHU3yallU3alds MIHIETTEPIH «CaThbIl aimy»
Oonpim  TaObpIambl. JKoHE OFaH OCHI TIPOIECTE CapamlmibUIapAbl  iMTiHapa
aybICTBIpa aJlaTBIH YaKbIT KakeT. Erep skcrepuMeHT TaOBICTHI OoJica KoHE
HellpoceTh NATONOTHMSHBI OUTIKTI Taba Oacraca, KIMHHMKanapAa OCHIHJIAM
KBI3METTEP/IiH Oarachl OipZieH TOMEH 00JIabl, SFHU KOIITETeH MallMeHTTep YIIiH
KOJDKETIM1 Oomazsl.

MemukTep MEH MH)KCHEpIep KYMBICHIHBIH KeJleci Ke3eHI — Oy Gacka,
KEM €MeC ayblp aypyJapFa KaTbhICThl JIEPEKTEp JKUBIHTBHIFBIH Kypy. JKacaHbl
MHTEJUIEKT ecenTey KyaThlHbIH ecyimMeH, Google xone IBM cusKThI
KOMITaHUs1ap OYpBIH KWBIH OOJBIN KOPIHIeH MIHIAETTEp MEH YJepicTep YLIiH
LIeUIMIepAl YChIHA/AbL. Y HUBEPCUTETTIH aKaJeMHUSUIBIK JaFAblIapblH, HApbIKKa
OHIM MIbIFapy OOMbIHIIIA MapKETOIOTTAPAbIH TIKIPUOECIH KOHE MEIUKTEPAiH
OimiMiH OipiKTipe OTBIPHIT, KOJDKETiMalI Oara OOMBIHIIA HAKTH THIMII IICTTiM
ayra 0oaipl, AT MATIMIEAI JOKTOp Marnycce.

Yuoicman /lencaynvix caxmay caniacvlHOa oHcacanovl UHMeENIeKmmi
bencenoi nanoananasl

2018 bUIABIH COyIpiH/IE KacaH/bl HHTEIUICKT HEri31HIer! MeAUIUHAIIBIK
kypeursl AKII (FDA) eHnimzmepi MeH IOpULTIK NpemapaTTapbIHBIH CarachlH
Oakputay OackapMachIHBIH MakyJiaybiHa ue 0ojabl. bys kamam Oacka enjepae
JCHCAYNBIK CaKTay/a j>KacaHAbl WHTEJUICKT IUIaT(hOpMalapblHBIH TapalyblHa
KaTBICTHI miemyini Kamam Oonmbl. IDX-DR, kamepaHBIH KOMETiMEH Ko3IIiH
CypeTTepiH  Tamgay  VIIH = JKacaHAbl ~ WHTEJUICKTTI  MaiaJaHaThIH
OarmapiaManblK aTOPUTM JUAOCTTIK PETUHOMATHSHBIH IKCHIUT JTopexKeci
aHbIKTAJIFaHIa (KaHZarbl KAHTTBIH JKOFapbl JIeHredl Top KaOaTbIHIAFbl KaH
TaMBIPJIAPBIH 3aKBIMIANHTHIH JKaFmait) 87% MONIIKKe KETTi.
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YHIicTaH, ONeMIIK HWHTEIUICKTYalIbl JKapbhiCKa KaTbICYLIbl pPETiHIe
MeIUIMHAFa 3aMaHayd TeXHOJOTusuapisl eHrize Oactansl. [T-ke3merTepai
YCHIHATBIH JKOHE SKOHOMHKAHBIH 0acka caiajapbl YIIiH KACaHIbl WHTEIUICKT
JKOHE MalllMHaMeH OKbITYy KypaiiapbiH (MY) o3ipieiTiH YHAI KOMIaHUsIIapbl
YIIIH JIeHCayNbIK CaKTayFa JKacaHAbl WHTEJUICKTTI EHTri3y aypyJap/bl
MUarHOCTHKalayJa Harel3 ceproimic Oonael. byrimme Ywpicranuaei [T-
KOMITAaHHSJIAphl OCHI calaja KaXKeTTi TIKIpuOe aiy VIIH KEePrimiKTi KoHe
MISTENIIK KIMHUKaIapMeH JKoHe MHCTUTYTTapMeH BIHTBIMaKTacaabl. MebIcabl,
oTkeH XblTbI NTT DATA Services TeXHOIOTHSUIBIK KOMITAHHMSCH JIMHAHAT
Masnrenikap (Deenanath Mangeshkar Hospital) aypyxaHaceiMeH OipikTi.

YHuicTanma ocel OaraapiaMaHbl MaiJanaHyJbIH alThl aijIbIK Ke3eHIHIe
sMmpusemansl aHblkTay JeHredi 170%-ra  ecrti. JlocTypii AmMarHocTHka
JKyHenepi MyHall THIMAUTIKKE W€ eMecC KOHE OCBHIH/AAlN TIIIKIIEH aypyapabl
elIKAlIaH AMAarHOCTUKaNIAl anMmaiapl. MeInuHaNbIK KOMEK MPOIeCciH Tajuay
MEH JKeIeNIeTyli aBTOMATTaHABIPY YIIIH jKacaHIbl HHTEUICKT MaigaianHy
YHII KIMHHKaNTapblHA a3 YaKbIT MIEH pecypcTap IIBIFBIHBIMEH KYMBIC iCTEyre
KOMEKTECTI.

NTT DATA Services memiMaepi CypeTTepal Taijay YVIIH >KaHa
KacaH/Ibl WHTEIUIEKT KYpalJapbIMEH KIWHUKAIBIK CYPETTepAi HHTEerparus-
JIay/bIH XKUbIPMa JKbULIBIK TOXipuOecine cyiieHeni. Kasipri yakpiTra KOMIaHus
tek YHpuictanmga raHa emec, AKII men JXamonusma nma ceiHak xyprizemi. Ic
KY3IHAE€ TEXHOJOTHs JKETKI3yIIiCi KIMEHTTepre ©3]epiHiH o3ipieMenepin
MEIUIMHANBIK MOJIIMETTEPMEH alMacyFa MYMKIHAIK Oepeni. JleHcayibik
caKTay/a TEeXHOJOTHsUIap/Abl NMalaaanyIblH TYpJi acleKTiiepi 0ap, MbICANbI,
0omKaMIBIK AMArHOCTHKA, MEIOWIHWHANBIK OelHenepai Tammay, mpemapat-
TapJblH TUIMIUICH Tajjay, eMaey oOAICTepiH CaJIICTBIPMANbl Taliay JKoHE
Tarbl Oackanmap. MeIuIMHAHBI JIAMBITY/IBIH Oapiblk OChl OaFbITTapbIHJA
KOJIIAHBICTAFbI KAOJIPIKKA JKOHE TEXHUKAIIBIK KaOJBIKKA KACAHIbl HHTEIICKT
KOCY TMarHOCTHKa MPOLECIH XKY3JereH ece THIMIIPEK eTTi.

Persistent Systems TEeXHONOTHSIBIK KBI3MET KOPCETYIIici OOmKaMIbl
IMArHOCTHUKAIA >KacaHIbl MHTEJUIEKTTI maiimana”ansl. Prashanti Cancer Care
Mission YHAI MEIUIIMHAIBIK YHBIMBIMEH Oipjece OTBIPHIN, KOMIAHUS Kayill
TOOBIH/IAFBI eMeNyILIjIepAe CyT 0e3l OOBIPHIHBIH MapKepliepiH aHBIKTayFa
apHasiFaH 1uaTdopmansl a3ipieni. Persistent Systems conmaii-ax A3ust KoHE
Adpuka yATTaphIHIAAaFbl ©OKIE OOBIPBIH JAWATHOCTHKAJIAYIBIH 3aMaHayH
mIenriMIepiH d3ipiey oHe OyHMpeKk aypybIHBIH JaMy MYMKIHZIITIH aHBIKTay
yurin AKI-TaFp! KIIMHUKAIapMEH BIHTHIMAKTACa bl

Persistent Systems ekiniepi 60mKaM/Ibl MOJEIBICY TEXHOJIOTUACHIH/IA OH
KBUIIaH acTaM yaKBIT JKYMBIC ICTEN Keje JKaTKaHBIH aTal OTTi. YHIicTaHaa
oemMzieri Karepii iCIKIIeH ChIPKATTaHYNIBUIBIKTBIH €H JKOFapbl KOPCETKill-
TepiHiyg 6ipi OoJca ma, alIeH aly eMec, emaeyre il keHin oeminyae. Cyt Oesi

72



OOBIPBIHBIH 55%-/1a aypy Kell caTblia THarHOCTHKanaHa bl CalbICTBIPY YIIiH:
¥YneiOpurtanusaa acKelHFaH kesenaepae 11% okura quarHoCTUKataHa/bl.

XKakprama YHOicTaHZarel €H ipi aKmapaTrThK TexHomoruss — Tata
Consultancy Services (TCS) xpmmer kepcerymrici Tata MeIUITUHAIBIK
OpTaJbIFBIMEH Oipjece OTBIPBIN, OODKAMIBIK Talldy TEXHOJIOTHSIIAPbIH
a3ipney jkoHe OObIp OMOMapKeplIepiH aHBIKTay YINiH 3€pTTey OpTaJbIFbIH
kypabl. Niramai Health Analytix >koFapbl TEXHOJOTHSUIBIK MIEIIIMIEP/IH TaFbl
O0ip yHAOl eHmipymrici OOBIpABI aHBIKTAYBIH JKaHa OJICIH KOJIIAaHIbI-
3epTxaHajaparbl MHKPOCKONTApIbl  aybIcThipaThiH  Optrascan — HIeIIiMi.
Optrascan martonorrap JKyMbIC icTelTiH cnaiigrapra Al  xoHe ML
IropuTMIIepiH Konanaasl. barnapiaamansiy Jonaik nernreiii 95% kypaiinsr.

Ai-medikanren 6az0apnamacwsl cupex 2eHemuKaIblK Mymayus manmnvl

O3sipyieMeHiH aBTopsl bupmunrem Matt Maiit (Matt Maight) Anabama
YHHUBEPCUTETIHIH Mpodeccopbl. O YHUBEPCUTETTIH FHUIBIMHU OeiMineci OobI
tabputateiH Xpto Koyma (Hugh Kaul Precision Medicine Institute) mom
MEIWIIMHA WHCTHTYTHIH Oackapanmel. MediKaren Oarmapnamacer mpodeccop
Maiit bepTpaHHBIH YJIBIHBIH JHArHO3BIH OpHATY YVIINIH OWJIAN  TamThl.
Barnmapiama 2010 bUTbI pecMu TYpAe KYpbUIFaHbIHA KapaMacTaH, OJ TypaJIbl
TEK Ka3ip FaHa aiiTa 6acTaJbl.

Hotwxecinzme 6anana KenTereH orall CUMIITOMIAp Maiia OOJIFaH, COHBIH
IITHIE OKIeAe CYHBIKTHIKTHIH XKHHATYHI, 1IITIH KeOyi jkoHe Kycy, mpodeccop
Maiit kacaHIbl WHTEJUISKT Heri3iHme Oarmapiama YIIIH KOJA  JKa3blll,
mediKanren xypabl. Ockl MHTEIIEKTyalAbl XKYHEHI Kypy coTiHe neifin Mait
MEOULMHANBIK JOEPeKTEpAiH YJIKeH MAacCHBTEPIH KapayFa >XoHE Tajjayra
kabinerti UM-mmaTdopmanbl o3ipiiei, COHIBIKTAH 31pieyai KEeTITIipai )KoHe
TyOereimi  skaHa Oarmapmamanbsl  anmapl.  Kasipri  yakeitta mediKanren
SKCHEepUMEHT peTiHae bupmunremaeri Anadama YHUBEPCUTETIHIH MaMaHIaphl
YIIiH FaHa KOJDKETIMII.

¥ITTBIK JCHCAYJIBIK CaKTay WHCTHTYTHl KapKbUIAHIBIPATHIH K002
menOepinne mediKanren yHHBepcHTETTEp MeEH 3€pTTEy 3€pTXaHAJIApEI
OipHellle OHXBUIJBIKTapJa JKMHAFAH MEIUIUHAIBIK JEPEKTEP/iH, COHBIH
inHAe TeHaep, Kypaenl axybi3iap, aypy Oenrinepi, emley HOTHXKelepi,
KOJDKETIMJII TIpernaparTap JKoHe T.0. Typajbl akmapaTTbl OailjlaHbIC JKOHE KOJI
KETIMAUTIK yImiH Konmaneiia Oactamel. Ermi mediKanren sxahanmeik xemi
apKbUIBI KBUDKBITY VIIIH [opirepyiep MeH rambiMmap maiimananatein GPS
(yHKOMACHIH opbIHAaiael. O mopireprepain aypyaslH OacTamnksl ceOenTepin
TYCIHyTe oHE eMJCYAIH jKaHa oicTepiH a3ipieyre KoMeKTeceTiH OaiilaHbIc
i3aenai.

[Ipodeccop MalTTHIH alTyBIHIA, KAaCAHIBI HHTEIUICKTIHIH HETI3Ti peli
OHBIH JleHcaynblK cakTay cajachlHIarbl TajJayAbl KaMTaMachl3 €Ty,
yJepicTepAi aBTOMATTaHIBIPY JKOHE eMJCY/IH jkKaHa oficTepiH Taly KaOinmeTi

73



6ousbin TaObuTaAEL. IIpodeccop MalTThIH yiibl OonFaH karnaiina Oarmapiama
paKk peHTHHTIHIH JKOFapfFbl JKaFblHA, AayTOMMMYHJBIK OY3bUIynap MeH
uHekmsUIapasl  meiFapasl.  OckDlall  AMar€o3  KOWBUINBL  KACYIIAJIBIK
Kanneikrapasl xozmere skaparyra xayarm OeperiH NGLY1 reningeri cupex
reHeTukanslk Koc myramus. bama pecMu pactanraH IUarHo3bl 0ap ayFamikbl
Haykac Oonmel. bamaHeiH — ar3achlHOarbkl  (DEPMEHTTIH  JKETiCICYIILTIri
HeWpoJereHepaTUBTI  OY3bUTYJbIH JaMyblH TYAbIpAbl. MyHaald aypyMeH
ajamaap OYJIIIBIKETTEPIIH OJICI3MIriHEH, SMUIICTICHIFa YKcac ycramarap/as,
CoHpali-aK jxac Oe3JepiHiH 1aMybl MEH CEKpEIMSCBIHBIH OOJIMaybIHaH 3apjarl
mrerei.

Kasipri yaksitra mediKanren azipneymrici, mpogeccop Maiit, NGLY1
TeHIHIH MYTalUMSICHIHAH TYBIHJAFaH CHMITOMJIApZAbl KEHUIAETYy  YIIiH
KOJIIaHyFa OOJIATBIH IMperapaTrTapiblH OOJYbIH aHBIKTAWTHIH alTOPHUTMICPi
93ipIiey YIIiH JopixaHajap KeTiCIMEH CePIKTECTIK KelliciM jKacaIbl.

JKacaHapl MHTEIUIEKT XKYHECIHIH JKYMBICHI CAAapblHAH acKa3aH jKapackl
MEH KBIIKbUT peduIiokc emjaey YIOiH KojjaHbpulaThiH Prevacid mopinmik
npernapaTbl ©KIle KBI3METiH jKakcapTambl jkoHe beprpanra ara-aHanmapMeH
KapBIM-KaTBIHAC JKacayFa MyMKIHIIK Oeperti.

MediKanren miardopmacsr 80 nepexrep 0azacblHaa )KYMBIC ICTEHII KoHE
PubMed-na sxapusiianran Oapiblk 3epTreyjiepre, coHpaii-ak deaepanibik
MEIUIMHAIBIK MEKEMEJepAiH MEJUIMHAIBIK Makajajap JKHHarblHa KOl
xeTkizyre Oonaapl. JKyie manueHTTiH aypy TYAbIpFaH MOJIEKYJIAIBIK JKOHE
TCHETUKAIBIK CpEKIICTIKTepl Typaibl Ke3 KeJITeH KYKaTTalFaH aKIapaTThl
YCBIHA/IBI, COHJIAM-aK IMAIUSHTTIH KaH/all eM ajFaHbl Typalibl XadapiaiiibL.

AypyxaHanapapIH eMIeNyIIijiepi oJIiMiHIH €H Kol TapaliFaH ceOenTepiHiH
0ipi-OyHpeKTiH >KiTi 3aKpIMIaHybl HeMece J>Keles OYHpeK >KeTKUIIKCI3iri
(OKBH). Byiipek-Oyn agam ar3achlHAarbl KaH Cy3rici, OJap/blH JYPHIC KYMBIC
ictemei, exiM erte xakpiH apama kesemi. AKII aypynapeiH Oakpuiay >koHe
anmeiH any optanblkTapeiHblH (CDC) nepexrtepi OodbiHma 2014 >KeUTFBI
Karjaid OOWBIHIIA <OKITI OYHpeK J>KeTKUTKCI3Iiri» aumarHo3sl 4 MITH.agam
KolpUTFaH. JKpIT callblH OCBHI JKaFIaiiAbIH calJapblHAH JKY3[ereH MBIH ajaM
KaWThic Ooyanpl, ay Tipi KalFaHgapra AMAIM3OiH KbIMOAT IIpOIEITypachl
(apHaiipl anmapatiieH KaHAbl )KacaHIbl Ta3apTy) KaKeT.

DeepMind Health 3eprreyminepi >kakplH apama xegen Oyiipex
KCTKUTIKCI3AIriHeH 3apian MIereTiH HalMeHTTePIIH KaHCBICHIH aHBIKTAHTHIH
JKacaHAbl WHTEJUIEKT AITOPHUTMIH kacansl. JKemen Oyipek >KeTKUTIKCI3AIriHIH
(CKBX) annein amy xublH, ce0ebi Oy sxarqaibpIH naina 6oy cedernrepi Ker.
Onerrte Oyiipek Kypem omeparus KesiHae 6ac TapTaabl HEMece OomeparisiiaH
KeWiH acKpIHyJapra, KaH >KyryblHa OaitmampicTel. CoHpal-ak KiTi OyHpek
KETKUTIKCI3Airi  KehOip Aopi-IopMeKTepi, KYWIK acKbIHYJApbIH, KYPeK
yCTaMamnapbIH TyIBIPaIbl )KOHE OCBIHBIH 0opi aypyxaHanap/a >Kdi OpBIH ajlaibl.
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Xacaunpl  WHTEIUIEKTKe  MaMmaHaaHnesipeUiraH — Google  eHmrinec
kommnanusicel DeepMind Health anroputmi — sxenmen OyHpek >KeTKUTIKCI3iri
Kaymi Oap MarmueHTTeplli aHBIKTAWOBl JKOHE Oyl skarmaiimael 48 carar imriHzae
Ooipkalpl. ANTOPUTM KYpBUIFaHHAH KeiiH OipneH 55% MonmikmeH >KyMbIc
icreni, Oipa3 yakpITTaH Keiin kepceTkim 90,2% -ra jKeTTi. AITOPUTMIL OKBITY
ymin wmxenepiaep AKI apmarepsep icrepi XeHiHIETi AenapTaMeHTiHIH
SJICKTPOH/IBIK MEIUIMHAIBIK KapTaJapbIHBIH JCPEKTEPIH JKAaCaHAbl HMHTEI-
nekTke ycbiHAbl. Heliponasik kemi 703 782 epecek MalMEHTTEPHIH aypy
TapuXblH Kapazabl, ockUiaiima 600 MBIH CHMITOMAApP MEH MEIUIIMHAIBIK
aKIapaTTaH TYpaThlH AEPEKTep KUBIHTHIFBI KaublnTacTel. OFaH KaH aHAIU3iHIH
HOTHXeJepi, oMipiiK MaHbI3Ab! (PyHKIHSITAPIBIH KOPCETKIIITEpi, IIbIFapblIFaH
npernapaTTap MeH IpoLexypajap, COHAAH-aK AOpIrepiiK IepeKTep, MBICAIbL,
[Nanaranap apacslHIaFbl ayIapeIMIap HeMece KapKbIHIbI Tepanus OeliMIneciHe
JKATKbI3y EHTI3LII.

JKacanmpl WHTEIIEKT JKiTi Oyipek IKETICIEYNIUNriH aHBIKTayFa
KeMeKTeceTiH 4 MbIH (akTopabl aHbIKTagbl. KepceTkimrepai 3epaener, xyiie
KakplH apajga 48 cararTa NAnMEHTTEPIIH KaiCBICHI 3aplam IIerefi Jel
ecenreiiai. Ocplnaiiina, MeIUKTepAe Mapanap KaObuiaay skoHe OyHpekTiH Oac
TapTYBIH OOJIZBIPMAY YIIIH YaKbIT aiiaa Oosaibl.

Erep [popirepie mnanMeHTTIH arFbIMJAFrbl  KJIWHHUKAJIBIK  CYpPETiHIH
cuUmaTTaMachl FaHa OoJica (KaH KYIo, JIOpi-IopMeK KaObUIIay *oHE T.0. Typaibl
AJIBIHFBI JKa30a1apChl3) ajJrOPUTM COHINANIBIKTBHI THIMII 0ojamsl Ma Oenricis.
Kazip a3ipneymizep AHarHOCTUKAIBIK, YIITiHI )KETUIAIPYMEH aiHaIIbICA/Ibl )KOHE
OHBI Jaler, cerncuc, Oayblp JKETICIEYNIUIrT CHUSKTHI aypyiaplbl JHAarHOC-
TUKaJay YIIiH KOJIaHyFa HACTTI.

3.2. dearhealth MeAUIMHANBIK AHATUTHKAIBIK MJIaT(HopMachl

DEARhealth, Inc. (Jloc — Armxenec) - JleHcaymbIK CaKTay calachbIHIAFhI
AMEpUKAHJbIK CcTapTam. TanmayAblH Heri3iHae MEIUIHHAIBIK MaMaHaap
MalMEHTKE MaiJachl3 TEKCepyJiep HEMece Taljaylap TaraliblHAAaMai, HaKTb
aypy KesiHme Makcartel Kemek kepcere amanel. DEARhealth, Inc.
MeIUIWHAIAFbl JKacaHIbl WHTEIUIEKT >KYMBICHIHBIH TaMalla MbICAJIbI, OHBIH
iIiHae IEKTPOHABIK MeAUIMHANBIK KapTanapasl (EMR) tangay, nanueHTrep
MEH Jopirepiiep YIIIH TICHXOJOTHSUIBIK KOIjmay OarmapiiaManapsl, €HOEK
OHIMAUIITIH apTTBIPy JKOHE JEHCAyJIBIK J>KardaliblH Oakpulay, COHpaii-ak
Jopirepiiep MEH Killli MEIUIMHAIBIK KbI3METKEpJiep YIIIH JKEKe OKBITY
Oarmapnamanapel. Empenyminep ymmH OOHycTap aWKpIH:  KOHUI-KYHAI
JKAKCapTy, MEAWIHMHANBIK MpoleaypaiapAbl  KbICKapTy JKOHE  JOpuIiK
IpenaparTapra KaKeTci3 MBIFbIHAAD.
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Kakpraga Jloc-AnpKenecreri Kamudopaus YHUBEPCUTETiHIH
konaaybiMeH DEARhealth xommanuscer (UCLA) Philips Health Technology
Ventures, Vesalius Biocapital 111 uaBecTOpIapbIHBEIH KaTHICYBIMEH A CEpUSCHIH
KapKbUIAHIBIPY PAaYHABIHBIH KaOBUTYBl TYpaibl Kapusiaasl. VHBecTHIHS
kenemi 6,8 MiH. eypoHbl Kypanbl. OcCbl Kap»KbUIBIK KYIOJBIH apKaChIHAA
«aKBUINBD MEIWIMHAIBIK KBI3METTEPl MKETKI3ymli OeTTeri MeIUITMHAIBIK
NpaKkTHKara 3aMaHayd TEXHOJOTHsUIAp/bl €HTI3eTIH aypyXaHaJlapAblH CaHbIH
apTThIpyIbl Kocnapaan oTeip. OChIHIAH TEXHONOTUsIapFa ue 00Ja OTBIPHII,
aypyxaHayap 63 KbI3METTEpiHIH camackl MeH KyHbIH kerepeni. DEARhealth
keHelinin, AMcrepaamaa (Hunepiaanpr) KochbIMINa KEHCE allaibl.

2012 >xpuTel anmFamkel TecT chiHAKTaphl ke3inge DEARhealth-te o3
JKYMBICBIHBIH, 0achiHia rojutany ranbiMbl Januans Xommec (Daniel Hommes)
HayKaCTapAbIH CO3BUIMAEI aypyJaphl Typalbl IepeKTep HETi3iHIe KYTiM Kacay
Jopirepiep *KYMBICHIHBIH HOTIDKENICpIHEe Kallalk ocep eTeTiHiH 3epTremi. ADK
KaOBIHY aypyJapsl Oap MarUeHTTEPAIH OipiHIIi TOOB PEIMINBTED MEH eMICyTe
JKATKBI3Y )KHUUTITiHIH TOMEHICTEHIH KOPCETTI.

Caiiplnl KeNreHae, MyHJal TOCLT OOJDKAHATBHIH MIBIFBIHAAPIBI dJJIeKaiina
azaiTTel. 2012 >xpurman OacTam KOMIIAHHUS CO3BUIMANBI aypyJapIblH Ti3iMiH
KEHEHTTI, ONapMeH Jopirepiep  apHaibl  KYpacTBIPBUIFAaH  KEIICHI
Oarnapnamanap (0ayslp, Oyipek, OybIHIap, OHKOJIOTUSUIIBIK aypyJiap, aybIpChIHY
CHHJIPOM/JIApHI, SITMIICTICHS JkoHE T.0.) OOMBIHIIA KYMBIC icTeIl.

DEARhealth TexHonorusicel opOip mNanueHTKe OaFbITTalFaH, HEHpo-
CeTHKTep OAKBIUIANTBIH TOPIrepilik KOMEK KOpCeTy TICUIAEPiH YChIHAIBI.

JKacaHapl MHTEIIEKT KKETTI Tajiayjiap MEH MpoleLypaiap/bl YChIHAIbI
JKOHE HOpIirepliepAiH JKYMBICBIH FaHa emec, Kimi MeIumuHAaNBIK KhI3MET-
KepJICPIiH KYMBICHIH Ja yitectipeni. KyH caiibln skyiie Tannay HOTHXKEICpiH,
aypyJAbIH TMHAMHUKACHIH (3KaKCapTy HEMece Hallapliay) eCKepe OTBIPBII, eMJIeY
MIpOIIeCiH OHTaiMaHAbIpy OoOWBIHIIA YCHIHBICTap Oepeni. Jlapirep YCHIHBICTHI
KaObUIIall ajmaabl HeMece KaObuimamail TacTal ajiaibl, YCHIHBICTap OpPBIHAAY
YIIH MiHIETTI OONBIT TaOBIIMaimel. Anaija, >kyile Ke3 KelreH >karjaiina
Quadruple Aim karunaTTapbIMEeH KeJICUIreH MHIennM i3geiai (ym makcar —
MaIUEHTTEepPre KBI3MET KOPCETy CalachlH apTTHIPY, XaIBIKTHIH JICHCAYJIBIFBIH
KAKCAPTY JKOHE MEUIIMHAIIBIK KbI3MET KOPCETY HIBIFBIHAAPBIH TOMEHIIETY ).

[Mammmentrep ge DEARhealth >xympichiHa  KaTbicamel: MOOWIBII
KOCBIMIIIAJIApbIH KOMETIMEH oJjlap HEeWpOXKeNiHI OKBbITY YIepiciHe Oeicenmi
Karbicajabl. JleHcaylblK  CcaKTayJarbl OCbl  MHHOBAIMSIHBIH  KOCBIMIIIA
APTHIKIIBUTBIKTAPBL: IIATGOpPMA SICKTPOHIBIK MEIUIIUHAIBIK KapTaaapabl
TanmaiiTeiH Ke3 kenreH bBK-MeH oOHalt uWHTerpauusUiaHagbl, COHIBIKTAH
MiHAeTTep OIip/ieH aifamKpl MEAWIIMHAIBIK KOMEK Jaopirepiepi, Oeiinmi
MaMaHAap, aypyXaHajJapAblH  KOOpIAMHATOpJAaphl  JKOHE  TiNTi  Kimmi
MEIUIMHAIBIK KBI3METKEpIIep apackiHaa OeiHe/ i.
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3.3. bananapaarel 00bIPAbI JUATHOCTUKAJIAY YIIiH KAaCAHABI
HHTENIEKT-CKPHHUHT 0aFaapjiaMachl

Kyka OpraHukaiblK CHHTE3 CATACHIHIAFBl FHUIBIMH 3€pTTEYJIepre
MamaHganran Atomwise kommanusicel (Can-®@pannucko, AKII) sxoHe ykpanH-
nelk  Enamine kommanwmscel (KueB) jkacaHIbl HWHTEIICKT TEXHOJOTHSCHIH
naiiajgaHa OTBIPBIN, MEAULMHAIBIK IpenapaTTapAblH BUPTYaJAbl CKPUHUHT
OarmapnaMacbiH icke KocThl. barmapiama 10-to-the-10 («10-ra 10») gen
atannel. On 10 MIIHap] KOCBUTBICTAp JAEPEKTEp KiTalXxaHachIH/A HEri3/eNITeH
yoHe Oanaap/ia OOBIPBIHBIH TOMEH MOJIEKYJIAIBIK TOPLTIK MpernapaTTapibl alry
YIIiH nmaiTaJaHbuIaTeIH O0JTa B,

Atomwise MWUIHApA XMMHUSUIBIK ~ KOCBUIBICTApIbl Oarajay  YIIiH
OarmapiaMainblK KaMTaMachl3 €Tyl YChIHAIbI, an Enamine e3iHiH BHPTYaabl
KOCBUIBICTap KiTalXaHachlHA KOJDKETIMAUIIKTI KaMTamachl3 eTeni. Atomwise
O0ac mupextopel AOpaxam Xeiidern (Abraham Heifets) sxacanmbl WHTEIEKT
maTGOpMAackHBIH apKachIHIa KOMITAHHUS cepikTecTepi OOJNBIT TaOBUIATHIH
KeNTereH  (apMaleBTHKAIbIK  (GHUpMaapra THIMAI  CyOMOJICKYJAIBIK
KOCBUTBICTApIBl COWKECTEHAIpyre Kox >KeTkizimmi. Omap Oomamak mopi-
JIOPMEKKE HeTi3 00JIapl, ®OHE XUMUSUIBIK KiTallxaHa JXKy3JEereH ece KeOeireH
Ke3Jle He OOJIAThIHBIH FaHa KepceTyre 00 ibl.

IMinge afieiabiH  OackrHma  Atomwise Eli Lilly and Company
(hapmalneBTUKAIBIK XOJIWHTIMEH JKacaHIbl MHTCIJICKT Oa3achlHOa Oarmap-
JaMaiblK KaMTaMachl3 €Tyl YChIHY Typasbl y3aK Mep3iMIi KemiciMre Ko
Koiibl. Kazipri yakbITTa HeHpoceTh XOJIIUHT 63 0a3achlHaH TaHJaFraH €H THIMJI
10 mpemaparTel 3epTTeiTiH Oonanbl. Enamine yKkpawmHOBIK KOMITAHHSCHIMEH
Kapxpliblk MoMiseHIH erkei-Terkeii xapus etinmeiini, 6ipak Eli Lilly and
Company >xaraiibiHaa Atomwise op0Oip npenaparsl YIIiH TecTiiey Ke3eHinae 1
MWUIMOH JOJUTap ajiajibl, ajl KeiiHHEH mpernapaTrtapiblH 93ipieyaiH 0apiibik
KE3CH/ICPiHE KOHE KOMMEPIHUIBIK CaThIChIHA 550 MUJUTMOHFA EHiH.

OHKOJIOTHSIBIK  aypyJiap 9p TYpii Ke3eHAEple JKbUI CaiblH oyeM
ootierama 300 MBIH Oanmayiap MeEH JKacecHipiMIeplie TUarHo3 KOWBUIAIHI.
Karepmi icik aypyblHBIH KOINTEreH TypJjepi, 3epTTeyiiepre KapamacTaH, olli Je
tHiMai  emzaenMeiai koHe 80% karnmaiina KOJIIAHBICTarbl QJicTep eneydi
*KaHama ocepruepi Tyapipansl. 10-aan 10-ra geitinri Oarmapiama OyYpBIH-COHIBI
(hapManeBTUKAJIBIK IpermaparTapia KOJJaHBUIMAUTBIH XHMHUSIIBIK KOCBLIBIC-
Tapabl KapacThIpyMeH aiHanbicaapl. Ochoiaiima, iCiKmeH Kypecy VIIiH
MaKcaTThl Kacymanapapl OelceHIIpeTiH aopijepAiH mHaiga 0oy BIKTUMal-
JBIFBI efoyip apraabl. MyHaail jkacyiiajgap MeracTta3JapAblH maitna OonybIH
JKOHE KaTepii JKacymalapiaelH KeOeroiH  Texkeimi. KocwsuisictapasiH
JIEPEKKOPBbIHA €Ki TEeXHOJIOTUSIHBIH Oipiryi apKbUIbl KOJI JKETKI3LIi: jKacaHMbl
WHTEJUIEKT — aTOMABIK anroputrmiep, Enamine-nen REAL Buptyanusi
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KiTanmxaHachl JKoHE OYITTBI ecenTey TexHHWKachl. Erep Oomamak mopi-
JOPMEKTEPIIIH MOJIEKYJIaJIbIK KOCBUIBICTApPhl 5 HEMece OZaH KOIl JKbLI OYpHIH
KOCBUIBICTApABIH OCBIH/AAH JKBUIaMABIFBIMEH TAaHAAJICA, LIBIHBIMEH THIMII
JIopiHi oiinarn Ta0y OHIAKTHI yaKbITTHI aJlajibl.

VkpauHanslk  Enamine KoMIaHMSICBIMEH —KaTap, HHTEJUIEKTYaJIIbI
KBI3METTEP/IH aMepHUKaHIBIK mpoBaiinepi kasip Yapne3 Pusep Jlabopatopus-
ceiMeH, AbbVie, Merck, [Iptok YHuBepcuteTiHiH Memuiuaa MekTeOiMeH,
Baiiepmen xone Kaponnncka MHCTHTYTIMEH XKyMBIC icTeii [25].

3.4. Co3bLIMAaJBI aypyJaapabl AaHBIKTAYFa apHAJIFaH 6aFaapjamMa

[eitsunrep, CTHI ACHCAYJBIK CAKTAY CANACHIHIAFbl HHHOBAIUS FHUIBIMHU-
seprrey yibiMbl Medial EarlySign-nen Oipnece OTBIpbIN, acKa3aH-ilIeK
JKOJITAPBIHBIH  CO3BIIMAIIBL  aypyJIapBIHBIH €pTe CaThUIAPBIH JKOHE OHBIMCH
OaiimaHbICTBl Oy3BUIBICTAPBI aHBIKTAy KbI3MeTiH Kypabl. Medial EarlySign,
MallMHa jkacay J>KOHE JKAacaHAbl HMHTEVIEKT LIeMIIMAEPiH jKacayllbl >KOHE
JKETKI3yIIi, aypynsl AWArHOCTUKAJAyAblH KONTEreH KOCBHIMIIAJIAPbIH OpHa-
nacteipael. KoMnanusi MaMaHIapbl KacaHIbl HWHTEIJICKT TEXHOJIOTHSCHIH
aypy/JbIH XKachIpbIH TYpJIepiH aHbIKTayFa Oeimueitni. XKacaHpl HHTEIUIEKTCI3
KOIIMIT MEIUITMHANBIK JKaOJBIK, KOMIIOHCHT OCHI Oeirijepi aHbIKTai
anMaiizipl, JIeMeK, MalMeHT KbIMOAT YaKbITThl JKOFaNTaJbl >KOHE OipHere
KBUIIAH KEHIH KypAeni JXoHe KhIMOAT eMeydi KakeT eTeTiH KapKBIHIBI
Oenrinep XKUBIHTHIFBIMEH Adpirepre Kene/i.

['acTposHTEpONOTHANBIK ~ Oy3bUTy/IapFa MaMaHIAHIBIPBUIFaH KIMHHUKA-
Japra apHaliFaH >JKaHa OarjapiaManblK — JKacakramazga —o[eTTeri  KaH
aHanu3zepiHiy e3repyin Tampaiitein  EarlySign LGI-Flag Ttexnomorusce
KOJNJaHbUIabl. TEeXHOJNOTHSHBIH apKachlHAA Idpirepiep Te3ipeK MaceleHi
aHBIKTAIl, HAyKacKa MYMKIH OOJaTBhIH caygapsl Typaibl xabapnaiabl. OckiHaan
€CKepTy [OHarHO3bIHBIH HOTIDKECIHIE ITalMEHTTIH aypyAblH JaMyblHa JOJI
OepMelTIH emzIey o/licTepiH TaHIayFa MyMKiHairi 6ap [17].

EarlySign LGI-Flag AlgoMarkers GoykaMibl anroOpuTMiHE HETi3/IENTeH,
Ol TIAUMEHTTEepAIH OJJeKTpoHAbl kaz0amapeiHan (EHR) wmmumonnaran
xaz0amapnel  cyseni. IlIpiH MoHiHme, OyJl NAlMEHTTEPIIH 3JIEKTPOHJBI
xkaz0amaperHelH, (EHR) TapuxsmaeiH 10 KBUIABIFEI HEMeECe OJaH Jia Kell.
ConbIMeH Katap, Kyiie TalueHTTepiH KaTaH eceOiH Xyprizeli, MeIuIMHAIBIK
TapuXTarbl OaplibIK e3repicTepi TipKeHi. ANTOPUTM YIIKEH MEIUIIMHAIBIK
MaJIiMeTTep 0a3achIMEH XYMbBIC ICTeYy VIIIH apHaibl jKacallFaH MallMHAIIBIK
OKBITY KYpalNapbIHBIH OJKUBIHTBIFBIHA HeTi3menreH. Toyekenmi Ooimkay
HayKacTbIH Oenrini Oip aypyAblH Naiaa 001y BIKTHMAJIBIFBIH XKOHE Keleci 2, 5,
10 kb1 iLIIIH/IE OHBIH XKaF/Iaiibl Kallail ©3repeTiHiH KOpCceTe/Il.
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IefizuHrep epiTiHAIHIH TaNCBHIPBIC OepylIici peTiHAe FaHa eMec, COHBIMEH
KaTap OKIEHIH CO3bUIMalIbI OOCTPYKTHBTI aypybIMEH (OJiM-XKITiM KepCeTKilli
ootierama AKI-Tars! yriHmi), THTpAaKpaHUAIBIbl KaH KETyJep IHarHO3BIMEH
JKOHE eMipre Kayil TeHAIpeTiH 0acka KaraaiiapMeH KYpecy YIIiH TaHBIMIIBIK
ecenrteyiepal KOJNIAWTBIH TyJIFa peTiHiae Ae TaHbMai. KommaHus IeHcayJbIK
CaKTay *OHE MHHOBAIMS CAJACBIHIAFBl YITTHIK KOIIOACIIbl MOPTEOECIH ary bl
xocnapian oteip. EarlySign LGI-Flag apkaceiHga nopirepiepre Kayinri
aypyJapasl TUarHOCTHKalayFa, ajamjapra jKakChl eMip cypyre KeMeKTecyre,
MaMaHAAHABIPbIIFAaH KIMHUKANapaa eMJeNyre YIKEH IIbIFBIHIApAaH ayJak
OoJtyFa JKoHE XaJBIKTBIH OMIp CYPY Y3aKTBIFBIH apTThIpyFa Oipereidl MyMKiHIIK
Oepini.

3.5. Command center — Ge Healthcare-gen
aypyxaHans 6ackapy xyieci

GE Healthcare MeaunuHanbik KaOABIKTapbIH >kacayiisl Kopesmarsi
(Ceym) K-Hospital Fair 2019 menummaansik kepmecinae «Command Center»
JIeTI aTalaThlH aypyXaHaHbl OacKapyFa apHaJFaH jKaCaHIbl MHTEIUIEKT KYHeciH
yebiagel. [leriMHuig ekinnn xymbic ataysl — Mural. By sxacan/ipl HHTEIUIEKT
xkyiieci AKUI, ¥neiOpuranus xoHe KaHamamgarel >keTi aypyxaHazua iCKe
Kocbuiabl. Kazipri yakeitTa 93ipneme Kopest YKIMETiHIH caTyFa »oHE Karmai
naiiananyra xidepiryin MakyiaysH kyryae [17].

Kopess yHMBepcHTETiHIH aypyXaHachl allJiaFbl YII KbUIAa Oy KyileHi
SHTI3TeH aJFallKpl KOPEsUIbIK MEIULIUHANBIK HHCTUTYT Oonanbpl. KomaHmabk
OpTaJbIK aypyXaHaJarbl IalMEeHTTEp Typaubl Oapiblk OypMmanianraH
MOJIIMETTepl JKUHAWABI, aKMapaTThl MaHBI3ABLIBIFEl OOWBIHINA CYpPBIITANABI
JKOHE MEIUIMHAIBIK KBI3MET KOpCETYIIIepre MIYFbUI MEIUIMHAIBIK KOMEK
TIeH MaMaHJaHBIPBUIFAaH eMCY/ i KaKET €TETiH HayKac Typasbl eCKepTeIi.

HaykacTblH op KIMHHKANBIK MOJTIMETTEpI HAKTHI YaKBIT DPEXUMIHIIE
KomaHgansIk opTalbIKTEIH OacKapy TaKTachblHa KaHapThuIaapl. [lanensre Kot
JKETKi3y TOPTaTHBTI KYPBUIFbUIAPJAFl HEMece KOMIIbIoTepiieperi BeO-
LIONFBIII  apKBUIBI JKy3ere achlppuiafpl. OCBIHBIH apKachlHJ@ KallbIKTaH
0akplIay JKY3€re achIpbliabl, TOTCHIIE KaFAainap Ke31HAeT1 JKalIlbl manarana
OTKi3ileTiH yaKpIT aiiTapibikTail Kbickapaisl. Ilax Momr Xym, Kopes
VYHHBEpCHTETI aypyXaHACHIHBIH NPE3HICHTI, MEIUIMHAIBIK MeKeMeepe
JKacaH/Ibl MHTEIUIEKT XYHeNepiH >Xelenl jkopJeM OelliMiHEeH, colaH KeHiH —
0apJbIK MaMaHIaHBIPEUTFaH GeMiMAepIe eHI13y KOCTIapiIaHFaHbIH alTTHI.

GE Healthcare 6ackapymsr aupekropsl Keppu Xayrrin (Kerrie Hauge)
aiitypinia, Jxon Xomnkusc ynusepcuteTinze, Command Center eHriziiarexn
QIIFAIlIKBl aypyXaHala MalUeHTTepIl KYTY YaKbITBl alTapiibIKTal KbICKapAbl,
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COHJIaii-aK aybIp XaFaaia HayKacTapisl OpHAIACTBIPY YIIiH 00C aypyXaHAIIbIK
OpBIHIAP CaHbI APTTHI.

GE Healthcare koMaHZAaNmBIK OPTANBIFBIH ICKE KOCY COTiHE JAediH
TeJleMyHapaKTay HapbIFbIHBIH Mepu(epusichiHaa 00iapl. Anaiaa, AMarHocTuKa
vy GE memimaepi Oykin onem OOWbIHINIA aypyXaHAJBIK JKENiIepae KeHiHeH
Kosnanpuianel. Kasipri yiakeH aepektep »kaHa IUIaTGOPMaHbl JKOHE SKalIlbl
TeJNIEMEIUIIMHAHBl  JTAaMBITY ~ VIIIH maiganel  Oojaisl.  O3ipieyuiiiepin
manimzaeyinme, Command Center ocblHIal Xupyprrap, Kapauoiorrap —
MEIUIMHANBIK ~OaFbITTaFbl CYpaHbICKA K€ MaMaHJBIKTap YVIOiH JKaHa
MYMKIHJIKTep amanbl. TexXHUKaJIbIK MYMKIHAIKTep OOWbIHIIA Oy miardopma
Philips xoHe Avizia CHAKTHI TEIEMEAWIUHANBIK IMEITIMICPIIH aTbIITapbIMECH
0oceKeliece anajpl.

O3iH 031 0aKblIayFa apHAJFaH CYpaKTap:

—_—

MenunuHaIa¥bl JKacaHabl MHTEUIEKT JereHiMi3 He?

Menununazaa XKW kongany cajaiapsl.

MeaunuHagaFs! capanTaMalibK JKyHenep Kauaail MiHACTTep Il

mrerresi?

O3iH-031 OKBITATHIH 3UATKEPIIK XyHenep HeHi oimmipesmi?

Kacannp! veiiponpIk sxeminep (KHXK) nerenimiz ne?

JKHK Herizi Hene?

Data Mining (DM) TeXHOJIOTHSICHIH CUITaTTaHBbI3,

Data Mining omicTepi MEH Kypajapbl.

Capantama xyiernepi KaHaai xKaraaiaapia KoMeKTece ajaaapl?

10. Mu TamMbIpIapbIHBIH aHEBpU3MachH emey yurid XKW1 komnany

11. Dearhealth MeauMHANBIK aHATUTHKAIIBIK TIATGOPMACH

12. Cupex TeHeTHKAIBIK MYTaIsIHBI KaHAal OaFaapiaMa TanThl?

13. Bananapnmarsl 0OBIp/BI TUATHOCTUKAJIAY YIIIH KaHal OaFmapiiama
KOJIIaHbIIaIbI?

14. CospulManbl aypyiap/abl aHBIKTayFa apHallFaH OaraapiiaMa

15. KomaHzanbiK opTalibIK»/Iel aTallaThlH aypyXaHaHbl Oackapyra

apHaJFaH jKacaH/Ibl HHTEIIICKT JKyHeci.

w e

e
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4-tapay. POBOT TEXHUKACBIHJIA JKACAH/IBI
WHTEJUIEKTIH SICTEPI MEH KYPAJIIAPBIH
KOJIJAHY

4.1. Po00T TeXHMKACHIHAA KOJJIAHBLIATHIH UHTEJJIEKTY AJ/IbI
MeXaTPOH/IBI MOAYJIbEp

MexaTpoHUKaHBl JaMBITYIBIH Ka3ipri Ke3eHiHiH 0acThl epeKIemiri —
WHTEIUICKTYaIIbl MEXaTPOHUKAIBIK MOMIYIBICP — MOMYIBICPIIH TyOereii
»kaHa OybIHBIH Kypy O0JIbIN TalObiIa sl [26].

WnaTemnexryanael  MexaTpoHAbl Moxyns (MMM) — MexaHUKalbIK,
ANEKTPITIK (IICKTPOTEXHHUKAIIBIK), aKITAPATTHIK JKOHE KOMITBIOTEPIIIK (JICKTPOH-
IBIK) OOJIKTepIiH CHHEPTeTHKAIBIK HHTETPAIISICHl 0ap KYPBUIBIMABIK >KOHE
¢yHKUMOHANIBIK nepbec OyibIM, OHBI JKEKe »oHe Oacka MOJyJbJEpMEH
OpTYpJIi KOMOMHAIMsIIap/a Nalaaianyra 60a bl

Ocburaiiia, KO3FaIBICTBIH MEXaTpoHIBIK MoxaynbaepiMer (KMM)
CAJIBICTBIPFaHJIa MHTCIUICKTYAIbI MEXaTPOHIBIK Moayyib (MMMM) KOHCTpyK-
OUSCBIHA ~ MHKPOIPOIIECCOPIBIK ~ €CeNTeyill KYPBUIFBUIAp MEH KYIITIK
JIEKTPOHJIBIK TYPJICHAIPTilITep KOCHIMIIA KipicTipireai, Oyn Moxyibaepre
UHTEJUICKTYyalIIbl ~ KacueTTep  Oepell  JKOHE  ONaplblH  KO3FaJbICThIH
MexaTpoHIbIK MoaymineH (KMM) GacTsl epekmieniri 00T TaObLIa b

4.1 (a) xxone 4.1 (0)-cyperrepinge SIEMENS SIMODRIVE POSMO A
xoHe SIMO-RIVE POSMO SI ¢upMachiHbIH MHTEIUIEKTYaJIbl MEXaTPOH/bI
MOJYJbIEpi OCHHENCHIeH, OFaH | 3IeKTPKO3FAITKBIIIBI, 2 MeXaHUKaIBIK
TYPJICHIPTIlll )koHEe 3 KyIII TYpJIeHAIprinn Kipei.

a) 6)

4. 1-cypem. Humennexmyanovl mexampoHovl MOOyIbOep

byn sneMeHTTEpIiH CHHEPreTHKANIBIK MHTErPAaLUsIChl MeXaTPOHHKaHBIH
KYPBUIBIMABIK HETI31H KYpalasl. Op TYpii (U3HUKaJIBIK TaOUFAT SJIEMEHTTEpiH
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CHHEPIeTHKANBIK  WHTCTPAlMsUIayJblH ~ MEXaTPOHIBIK  UIESCHI  YKOFaphl
TEXHOJIOTHSUIBIK OHIMIEP/i JKacaylibuiap MEH TYTHIHYIIBLIAD apachlHaa KeH
TaHpIMall Oona OacTampl. MHTEINEKTyangplK MeXaTPOHIBl MOIYJIbICPIiH
arramkel yariaepi XX racelpasiH 90-mIbl KBULAAPHIHBIH OpTachHIA TMaiiaa
0011 )KOHE COHFBI JKbUIIAPbI OJIaPIBIH HAPBIKTAFHI yiieci Te3 ecyae. Mplcaisbl,
Packaging Digest >xypHaJbIHBIH MoyiMeTTepi OOMBIHINA, Ka3ipri yakKbITTa
KO3FaNBICThI Oackapy KoHTposuiepiepi 35,1% mexaTrpoH/ibl opay MallMHAIAPbIH
konnaHanpl. JKakeiH 1,5..2 OKbUT IMIHIE OCHl CaHATTAaFrbl MalllWHAJIAPIbIH
yneciH 8...10%-ra yraiiTy xyTityne. OcblHIaH ypaic MeXaTpOHIBIK KyHerep i
KONaHyAblH Oacka Ja cajajapblHza, aTal aiiTKaHda aBTOMAaTTaHIBIPLUIFaH
MallnHa Kacaya OaiKanaibl.

Wurtennextyanapl MEXaTpOHABIK MOJIYJBAEPAl KoJAaHyFa OONaThIH
HETI3Ti apTHIKIIBUTBIKTAP B KAPACTHIPAMBIK:

—  UHTEUISKTyaJ[bl MeXaTpoHAbl Moayibaepain (MMM) OackapyasiH
JKOFapFBI JIEHTelliHe KYTIHOSCTeH KYpAemi KOo3ralbIcTapasl nepOec kacail amy
MYMKiHZIri, Oy MomynpaepaiH AepOecTiriH, e3repeTiH >koHe Oenricis
KOpIIIaFraH OpTa JKaFJaiaapblH/Ia HKYMBIC )KACANTHIH MEXaTPOHIBIK KYHelepIiH
WKEMJIUTITI MEH OMIPIICHITIH apTThIPaIbI;

— MOIyJBbACP MEH OPTajbIK O0ackapy OJIOThI apachIHIAFbl OailJIaHBICTHI
JKEHIIIETY (CHIMCBHI3 OaiiJlaHbICKA aybICYyFa JIeiiH); OyJI MeXaTpOH/IBIK KYHEeHIH
UIYBUTFA KapChl MMMYHHUTETIH JKOFaphLIaTyFa JKOHE OHBbI Te3 KalTa KypyFa
MYMKIHIK Oepeli; akaylbIKTap/bl KOMIBIOTEPIIK IMArHOCTHUKANIAY JKOHE
aBapHSIIBIK JKOHE KANBIITAH THIC JKYMBIC PEKUMICPIHIEC aBTOMATTHI KOpFay
apKachlHIa MEXaTPOHABI JKYWeNepIiH CeHIMIUIrT MeH KayilcCi3miriH
apTTHIPaIbl;

— HWMM Herizinae nepOec KOMIBIOTEPICP MEH THICTI OarmaapiiaMalibIK
KaMTaMachl3 €Ty 0a3achlHAa KEJUIK dAiCTep/l, anmnaparThK-OaraapiaMalibik
ruraTopmManap sl KojiiaHa OTHIPHII, OeIiHreH 0acKapy >KYHesepiH Kypasl;

— 0Oackapy TEOpHSCHIHBIH Ka3ipri 3aMaHfbl dficTepiH (OarnapiaMalibk,
OelliMaenreH, WHTEIUIEKTYalbl, OHTAWIbBI) TiKeled aTKapymisl JeHreizae
KOJNIaHy, Oyl HaKTBl IiCKe acwipyla Oackapy NpOICCTEPIiHIH camachiH
alfiTapbIKTai apTTHIPAIbI;

— MEXaHHUKaJIBIK MOAYJIbJIE KO3FAIBICTHI 0acKapy, alaTThIK PeKUMIEpIe
MOJyJIB/I KOpFay J>KOHE aKaylapiabl JWarHOCTHKajay OOMBIHIIA HHTEIUICK-
Tyanabl QyHKOMsUIapasl Tikesned icke acwipy ymriH UMM kypambiHa KipeTiH
KYII TYPJICHIIPTiIITep i HHTEIUIEK Ty aTn3alisIIay;

— MEXaTpOHIBIK MOJIyJbJIepre apHajfaH CEHCOpJapAbl HWHTEIICK-
Tyalu3alysulay €H CEHCOPJBIK MOAYJbAe IIyAbl CYy3yli, KanmuOpieyni,
Kipy/IIBIFy CUMATTaMAalapbIHbIH JIHHEAPH3AMACHIH, aiikac OailmaHbICTap/IbIH
KOMIICHCAILIMSICBIH, TUCTEPE3UC JKOHE HONIiH JApeidiH Kamramachi3 eTe
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OTBIPHII, OaFaapiaMaliblK MKOJMEH OJILCY/AiH aHaFypJIbIM JKOFapbl JQNJIriHe
KOJI J)KeTKI3yre MYMKIHJIK Oepei.

AKBUIIBI MEXaTPOHIBl MOIYNBACPIl CEpHSIbIK OHIMACpAE KONIaHYIbI
TEXKEHUTIH Heri3ri gaxTop — Oy Korapel Oara, ETeHMEH COHFBI XBUIAPHI OII
yHeMi TemeHzaen keneni. bynm Oipkartap TeXHOJOTHSJIBIK (pakTopiapra
0aliaHBICTHI:

Tpaduxri Oackapy MiHIETTepiHe OarbITTaJFaH amMapaTThK Kypajiuap
MEH aKIapaTThIK TEXHOJIOTUSIIApAbIH COHFBI YaKbITTaFbl KAPKBIHABI aMYHI;

*  ’KapThUIai O©TKI3TilI KYpBUIFBUIAPABIH JKaHA YPIIaFbIHBIH Maliaa 00Iysl

(epic a¢dpdekrici TpaH3UCTOPIAAPHI, OKIIAYIAHFAH KAKIIAIbI OUITOISIPIIBI
TpaH3UCTOpIIAp, Opic OacKapbUIATHIH TUPUCTOPIIAP);

e KO3FalbICThI Oackapy >KyHesepiHzeri jkaHa 3JeMeHTTep O0a3achiHa
kemy — Oyiap caHiblk curHan mnpoueccopnapbl (DSP — mporec-
copnap) xoHe FPGA xoupgpsipreutapel (Field Programmable Gate
Arrays);

ONEKTPOHABIK JKOHE €ecenTey KYPbUIFBUIAPBIH MEXaHHWKAJBIK KOMIIO-
HEeHTTepre OipiKTipyre MYMKIHIIK OepeTiH THOPUATI MEXaTPOHHUKA TEXHOJIOTUs-
JIapbIH JaMBITY.

CDyHKI_H/IOHaJ'llIl)I KYPBUIBIMABIK Tajliay TYPFBICBIHAH aKbUIAbl MEXa-
TPOHIIBI MOJIYJbJep OapiblK eTi (YHKIMOHAIABI KaiTa KypyHIbl JKYy3ere
acelpafbl. MHTemIeKTyan sl MeXaTpoHIbl MOLYJIbIACPIIH KypaMblHa 3JIEKTPO-
MEXaHHMKAaJIbIK JKOHE 0acKapy IIIKi >KyWenepi, coOHIai-ak KyaT TYpJIeHAiprii
JKOHE ColiKec MHTepdencTep Kipei.

WHTennekTyannsl  MEXaTPOHABIK  MOJYJIb  MbIHaJapAaH  TYpajbl
HETi3r1 AlIeMeHTTep:

— OJIGKTp KO3FANTKbIIIBI (KO3Fayllbl >KOHE 0acka TypJepi, MbICAbI,

THJPABIIAKANBIK);

— MexaHHUKaIBIK TYPIASHIPTiII;

— Kepi OaliJIaHbIC CEHCOPIIAPhI XKOHE CEHCOPIBIK KYPBUIFbLIAp;

— Oackapy KOHTpOJLIEpi;

—  KyaT TYpJIEHIiprilii;

— uHTepdeiic )xoHe OalIaHbIC KYPBUIFBUIAPEI.

3amMaHayd  HMHTEUIEKTyan[bl MEXaTPOHABl  MOAYJbAEpAE  JJIEKTIp
KO3FaNTKBIIITAPBIHBIH Op TYPJi TypJepi KONJaHbUIAABL: OYPBIMITHIK >KOHE
CBI3BIKTBI KO3FAJIbIC, ayBICIIAJbI JKOHE TYPAKThI TOK, KOJUIEKTOD KOHE KIIaraH,
Y3AIKCi3 KO3FaJIbIC JKOHE OACKBIIIL.

Kosranpic TypreHaiprimitepi peTiHae penyKTopiap, OypaHaanap oHe
Oacka OepimicTep KosgaHblIa bl. JKorapsl MOMEHTTI KO3FITKBIIITAP HETi3iHAe
KacalFaH KeiOip akpUIIbl MEXaTpOHIbI MOAYJBICPAIH KOHCTPYKUIHSIAPBIH/IA
KO3FaJIBIC TYPJICHAIPTIiIITEP] JKOK.

WHTemnekTyanapl MEXaTpOHABIK MOJIYJbACP MOAYJbIIH IIIKi XKyiie-
JIepiHiH HAKThl KYHi Typasbl aknapaTThl KOMITBIOTEP/IH 0acKapy KypbUIFBICHIHA
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XKi0epeTiH opTYpIi MO3UIMSUIBIK JKOHE JKBUIIAMJIBIKTHI eIIeiTiH ((oTomybca,
aiiHanManbl Tpanchopmaropap, TaxoreHepaTropiap) *oHe ceHcopiapabl (TOK
JKOHE MOMEHT, TeMITepaTypa >KoHE AipiT CEHCOPIIAPHI) MaianaHa b,

3amMaHayn OdJIeMEHTTep Oa3acblHOa EHTI3UIreH KOHTpoJUIepyep cisre
aKpUIIbI QYHKIMSIAPB! Oap BIKIIAM JKOHE CEHIMII MEeXaTpOHJIbI OHIMIEp alyFa
KOHE OJIapAbIH HETI3IHAE OpTANbIKTaHABIPhIIMaraH OacKapyMeH Kell
KOOPJMHATTAJIFaH MeXaTPOHABI XKylenep jxkacayra MyMmkiHuik Oepemi. PC-NC
Oackapy >KyHenepiHiH aliblK apXUTEKTypachiMeH Oipre OyJl JKbLIIaMJIBIK,
TONIIK KoHE (DYHKIIMOHANIBI MKEMIUIIK TYPFBICBIHAH TyOereii jkaHa
cUIaTTaMallapFa W€ MYJJIEM jKaHa OacKapy JKYWelepiH KypyFa MyMKIiHIIK
Oepemi.

Byn anemenTTepnin OopiH o3ipieyini Oip makeTTe KYpbUIBIMIBIK TYpAe
OipikTipyl eTe MaHbI3IBL. byn karnmaiina OaiiiaHbIC KYpBUIFBLIAPHI Haiigaina-
HYIIBIFAa KOJ JKETIMII eMec KaObIK OJIoKTapra aWHamanasl. MHTEICKTyaabl
MeXaTpOHIbl MOIYIBACPAI Kypy Ke3iHAe (YHKIHOHAJIBI-KYPBUIBIMIBIK KOHE
KYPBUTBIMABIK-KYPBUTBIMIBIK TAJay IbIH Ke3CHACPiH IOUEeKTI Typhe >Kyprisim,
COJlaH KeiiH TaHJajFaH HYCKaHbl >KO0AJbIK ICKe achIpyFa Kipicy Kepek.
WHTemnexTyanapl  MEXaTpOHABI  MOIYNBACPAIH MOHI  OCHl  AM3aifHIa
KOJIIAaHBUIATHIH KYPBUIBIMIBIK 3JEMEHTTEPIIH TYpiHE eMec, €H ajIbIMCeH
onapIbH (pyHKIMOHAIIB! MaKcaThIHA OaiTaHBICTHI OOJIATBIHABIFBIH aTall OTKEH
KOH.

4.2. UHTEeN1eKTYANIbI MEXaTPOHABI MOAYJIBAEPAiH MbICATIAPDI

ANFamKel ~ WHTEJUICKTYyalIBl  MEXaTPOHIBl  MOAYJBIEPIiH  Oipi
amepukaHibplk Animatics Corp ¢upmackiHbiH SmartMotor Momymi G0k
ta0buTael. O 1994 bUTHI HApBIKTA Maliga OonFaH [26].

On pamamerpi 60 MM CTaHAAPTTBI DJIEKTPKO3FAITKBIIITHIH HETi3iH/ae
KYPBUIFaH, KOPIYCTHIH apTKbl JKaFbIHAA KOCBIMIIA (POTOMMITYJIBCTI HATYHK,
KymeiTkim, 32 OuTTik Oarmapiamaiayllbl KOHTPOJUIED J>KOHE JKEeJIMEH
0alIaHbBIC KYPBUIFBICHI OpHAThUIFAaH. Moayiab oMOebarn OOJbII TaObUIAIbI,
OpTYPJIi MaKcaTTarbl MEXaTPOH JKyHelepiH/e KOJNJaHbUTybl MYMKiH. OHIipyIIi
70% MoOIynab CTaHIOAPTTHI DIIEMEHTTEPIEH TYpajbl, Oy OHBIH KYHBIH
TOMEHJICTYTE KOHE YKOFaphl CCHIMIUTIKTI KAMTaMachl3 €Tyre MyMKIHIIK Oepi.
[Matigamanymel Oackapy peXuUMiH (Karmaiibl, KbUIIAMIBIFEI HeMece YaAeyi
OoiipiHINIA) nepOec TaHmald anajsl, COHAAW-aK MOIYIBIIH JTHHAMHUKAIBIK
CHUITaTTaMaJIapblHA KO3FAlIbIC TYPJCHIIPrilITepinae JMo(TTIH ocepiH OTeHTiH
KOMITBIOTEPITIK 0acKapy ajJropUTMICPiH NMaianaHa ajiajibl.

SIEMENS wuntemtexryangsl Mmexarponasl SIMODRIVE POSMO A
MOJIYJIbJICPIH MIbIFapabl (4.2-cyper), KeJeci SIeMEeHTTEPICH TYPA/Ibl:
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— TYPaKThl MATHUT KO3/BIPFBILIBI 0ap KJTalaH KO3FaITKBIIIbL;

— TutaHeTapiblK (4.2.a-cypeT) Hemece KypT (4.2.0-CypeT) MOTODJIBI
KO3FaJbIC TypaeHiprim (6onMaysl MYMKiH (4.2, B-Cyper));

— TeXerill KYpbUIFbl (00IMaybl MYMKiH);

— opHaTbUFaH UMIyIsCTiK cercop (OUC);

— KYPBUIBIMIIBIK OCKITUITeH KyaT TYPJICHMIPTilli KO3FAITKEIII KaKma-
FBIHJA;

— PperTeyimTi KAMTUTBIH JKHBIHTHIK 0acKapy KYpBUIFBICEI JKOHE
Oarmapiamanay OJIOKTapbl, COHJIAi-aK OpTaza KOChUIYy YIIIH KOMMY-
HUKausUbIK nHTepdeiic PROFIBUS.

4.2-cypem. SIMODRIVE POSMO unmennexmyandvl mexampoHovl MOOYIbOepi

KoHCTpyKIUSHBIH afipbIKIIa €peKmeNiri Ky TYpJIeHIIPTiliH KOocy YIIiH
aneIHOanbl Kaknak Oombin TaObuiagel, o1 PROFIBUS minHa MekeHKalbIHBIH,
MHTETpalMsIaHFaH aybICTHIPBII KOCKBIIIBI MEH TEXKETIl Pe3nucTophl Oap, Oy
KakeTr  OoiFaH  JKarJaija  KO3FANTKBIIITEI  0acka  KYpbUIFbUIapIa
KOMMYHHKALMSUIBIK JKOHE KYIITIK (Kyar OoWbIHIIA) OalnaHbicTapabl Yy30ei
aXbIpaTyFa MYMKIHIIK Oepeni. KoMMyHUKaIMSUIIBIK OHE KYIITIK IIHHATAP]IbI
OIpIKTIpYiH apKachlHAa MOMIYJIBIIH IMIKI KYPBUIBIMBIH S>KEHUIICTYTe KOJ
JKETKI3UIE] )KOHE OHBIH KUHAKBUIBIFBI KAMTAMAChI3 €TUIE].
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Monyneai 6ackapy PROFIBUS crangapTTel mMHACH OOWBIHINIA XKY3ere
achIpbLIa/Ibl, OYJI peTTe Kelleci KO3FalbIC PeXXUMIEepl MyMKIH:

— OarmapramManslK OepilreH KbUIIaMIBIKIICH JKOHE PETTENeTiH YICyMeH

COHFBI MTO3ULIUSFA JKBIJDKBITY;
— OUIKTIH perTeNeTiH alHady >KHUUIN MeH peTTeleTiH yueyi Oap
KO3FaJIBIC.

Oneparop apHaiibl OargapiaMaliblK KacaKTaMaHbIH KOMETIMEH KO3FallbiC
OarJapiaMachblHIa YyaKbITIIA HEMece JIOTHKAIBIK MIApTTap KOsl  ajajpbl,
caHpUIayAbl (TFOQTTHI) ©TEy OMAICTEpiH MaiganaHa ajanubl, iICIHETIH >Karmait
Typalibl XKOHE MOJYJbIIH KYWIH AMarHoctTukanayra xabap ana amansl. KeitOip
SIMODRIVE POSMO monynbaepiHiH TeXHUKAIBIK aepektepi 4.1-kectecinae
Kenripiarex [26].

4.1-xecte. SIMODRIVE POSMO A unTemiekTyanasl MeXaTpOHIbIK
MOJIYJBJCPAIH TEXHUKAIbBIK CHIIAaTTaMaIapbl

Monaynb Typi 75 Bart 300 Barr
Kyar kepueyi U, B 24 48
KosFranTkeImr Typi TYpaKThl MAarHAT KO3ybIMEH
IETKACHI3 CEPBOMOTOPBI
HomuHanIb1 KOFANTKBIII OLTITiHIH alHATY 3300; 2000 (3500; 3000
PKULTITI Ny, 00/MUH
Homunanael ko3ranTkeim MoMeHTi Ty, H'm 0,18; 0,36 0,48; 0,95
Ko3FanTKBIIIBIHBIH HOMHUHAJIABI TOFBI [, A 4,5; 9 5; 10
KO3FaNTKBIITEIH THIMALTITI 1], % 65 75
Ko3raXTKBIITIH HHEPIS MOMEHTI, Jy, KTM® 6-10° 6,3 10°
Kepi 6aiiaHbIC CEHCOPHI ociMi ociMi
JIaTIuKTIH aXXKBIPATBIMABLIBIFBI, HHKP/00 816 4096
MoynbiH Maccachl m, Kr:
[PEAYKTOPCHI3 3,1 3,9 (4,0)
1-caThlIbI TiCTI 0ACEHIETKIMIIICH 3,5 5,1(5,2)
2-caThUIbI TiCTI 09CEHACTKIIIIICH 3,7 5,4 (5,5)
C 3-caTbUIBI TICTI 0dCEHIETKIIIIIEH 3,9
BypaMIbeIK 09CeHIETKIMITICH 3,5

Eckepry. JKakmramarsl MOHIEP — MOIYJIB/IH TEXeTimTi O0ap Maccackhl.
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SIEMENS wunremnexryanasl mexarporasl Moayiai SIMODRIVE POSMO
SI (4.3-cyper) MexaTpOHIBIK >KYMEHI OpTaJbIKTaHIBIPbUIMAraH Oackapy
Ke3iHge Oip OackapbUIaTbIH KOOPAMHAT OOMBIMEH KO3FaJbICTapIbl JKY3ere
acbIpy¥a apHaJIFaH.

[

4.3-cypem. SIMATRIVE POSMO SI unmennexmyanowvt
Mexamponovl MoOyib

Monynb keneci 3JeMeHTTEpP i KAMTH/IbIL:

TYPaKTBl MATHUT KO3JBIPFHIIBI 0ap KianmaH KO3FAITKBIIIbGI (KOPEKTEH-
nipy kepueyi 600 B);

KO3FaJIbIC TYPJICHIIPTILI )KOHE TeXKETIII KYPBbUIFBI;

ANIEKTPIIIK 3JTEKTP KOHIBIPFBICHI;

OpHATBUIFaH UMITYJIECTIK ceHcop (OUC);

MOKOYpIIi CalKBIHAATYFa apHAIFaH JKeJIeTKIIT,

Oackapy KOHTpOJUIEpiH, TO3UIHAIIAY JKHE Oaraapiamariay OJIOKTapbiH,
cormaii-ax PROFIBUS mmHacbiHa apHamfaH KOMMYHHKAIHUSAJIBIK,
nHTepdENCcTi KAMTHTBHIH 0AaCKapy KYPBUIFBICHI.

Mo0Oynv0iy (hyHKYUOHAIObIK MYMKIHOIKMEDI:

KO3FallbIC Ti30eriH epKiH OaFmapiaManay MYMKiHAIrIMEH Oip ochTe
MO3HLIUSIIAY;

JKeTeKIn KypburrbiMeH (Master) *KpUiaM IUKIABIK JEPEeKTep aaMacy
PROFIBUS-DP xkemicinme xerekmmn KypsUIFel (Slave) pertinme
naianany;

Kosranbic KoHTposutepi xoHe PROFIBUS-DP mmua Gackapy uepap-
XUSUTBIK KYHeci apKachlHAa 0acka KETeKTepMEH Oipre KO3FaJBICTHIH
MHTEPIOJSHSIIBIK TYPI;

OpBIH ayBICTHIPYIBIH aOCONIOTTIK MOHIH OJNMICYAiH KIpIKTipiireH
Kyheci;
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— Windows 95/98/NT acteiHza >xyMmbIc icreifTiH apHaiiel Simcom U
OarmapramaceiHblH apkackiHna PROFIBUS-DP mmHacsiHAaFs! 0apiibik
JKETEKTEePi KBIIAaM iCKe KOCY.

SIEMENS ¢wupmacel, OCBl MOAYNBIEPIlI OHAIPYIIi, ONAPIBIH Keleci

apTLIKH.[LIJILIKTapLIH aTan eTei:
TiKenel MalnHaga MOIYJbIi OPHATACTHIPY apKbUIBI OacKapy TiperiHe
TYTHIHYIIBIHBIH IIBIFBIHAAPBIH a3aUTYy;

— MOIyJbJli OpHATy >KOHE KOMMYHMKALMSUIBIK JXOHE KYII IMIMHAIApPbIH
OipiKTipy apKpUIBI MAIIMHAHBI KBUIAM OPHATY;

— Kipic HeMece MIBIFBIC pEeTiHAE peTTeNeTiH 4 KIeMM apKbUIBI
CUTHAJIIApIBI TiKeIeH KoCy, maiiananyra bIHFaWIsl MOAYJbB/II OPHATY,
MTEKEePIIK TEXHUKA JKOHE CTaHAAPTTHI Kabebaep;

— PROFIBUS-DP «kipikTipiiares MeKeHxail KOCKBIIIBI 0ap KipicTipiireHn
KOCBUTBIM KaKMarel Oacka OalmaHpICcTapabl y30ed MOIynbai HeMece
JKETEKTi KOHTYPABI aXKbIpaTabl;

— aKayJBIKTBl JKOHE JKYMBICKA ITAaWBIHIBIKTEI KOPCETETiH >KapBIKAUOITHI
JKBLIZAM JauarHoctuka, conpaii-ak PROFIBUS-DP minnHacel OOMBIHIIA
akmnapat oepy xoHe apHaitbl SimoCom U GarnapnamacsiH naiianany;

— okan kapracel (Memory Card) apkpulbl MOAYJIBAEPII IKBULIAM
ayBICTBIPY.

4.3. Moouabai podéoTTapabl 6ackapyabiH
HHTEJJIEKTYaJIbI JKylieiepi

Kasipri 3amanfbl poOOT TEXHHUKACHIH JAMBITY OEITici3 JKoHE IKCTPEMaIIJIbI
KarJaiapaa — FapbIIITHIK JKOHE TEPEeH Cy 3epTTeyJiepiHeH, aTOM CTaHIMS-
JapblHA KbI3MET KOpPCeTydeH, TeXHOTCHIIK aBapusulap MEH amnaTTapiblH
cajapbelH JKOIOJaH, TEPPOPU3MIE Kapchl Kypec J>KOHE Kapylsbl KyIITep,
MOJIMIMA KoHEe Oacka Ja apHaifpl OeniMinenep MyAneciHAe NaianaHynaH,
KYpAeidl MeIMLIUHAJIBIK OlepalysuiapAbl OpbIHIaraHFa JeHiH, KOMMYHAaJIbIK-
niapyamblUIbIK  CajlaCblH aBTOMATTAHABIPpYAaH, TYPMBIC TIICH 60C YaKbITThI
yibIMIacThIpyFa OaiilaHbICTBl TPUHIMITI JKaHa KOJIAaHOAJbl — cajajapibl
KbUIIaM KaMTH Oacraiiipl. KalIbIKTeIKTaH OGacKapbLIaTHIH JKOHE aBTOHOMIBI
poboTTapabl KypyFa MaHbi3Ibl TypTki UepHoObuib amatel (1986 xk.) koHe
«Kypck» cy acthl kaiibirbiHaarsel aBapust (2000 xk.), memennik sxoHe Pecelinin
OipkaTap KaslanapblHbIH TEpPpPOPIbIK akTiiepi Oomabl. bynan Gacka, i3gectipy-
KYTKapy >KYMBICTApbIH OpBIHIAY, KOpIIaFaH OpTa MOHHUTOPHUHII, MYHa# >KOHE
ra3 eTKi3riluTepaeri, a1eKkTp Oepy JKeliJiepiHieri )KoHe Y3bIHABIKTarbl 0acka 1a
00beKTIIepIeri aBapysUTBIK KaFnainappl skenen 0akpuiay MiHISTTEpiH MIenry
KAIIBIKTHIKTAH JXKOHE ABTOHOM[bI 0ACKApBUIATHIH MMHIOTCHI3 IMIAFBIH KOJeMi
YIIy anmnapaTTapblH KYPyFa alTapibIKTail KbI3bIFYIIBLUIBIK TYFbI3aIbl.
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Benrinenberen (Hemece Oeinrici3) opTaga KakeTTi (QyHKIMSUIAPIIBI
OpBIH/IAl ajlaTbIH aBTOMATTHI JKYHeNlepJi KYpy KaXeTTUIri »aamsl podoT
TEeXHHUKACHl MiHICTTEPiH/E >KacaHAbl MHTEJUIEKT 9JICI MEH TEXHOIOTHSIIAPBIH
KOJITaHOATBI KOJIJJaHy OOMBIHIIA i37IECTipy 3epTTEYNICPIH XKOHE aTam alTKaHAA,
ABTOHOMJIBI MOOWJIBII pOOOTTap MeH OacKapbUIMAWTBIH 9ye KONIKTEpiH
Gackapy JKyHenepiH Kypy Ke3iHae KypT Kymentyre akemuui [27].

Kasipri yakpITTa ockepiep maianaHaThiH KalIBIKTaH OacKapbLIaThIH
MOOHIIBAI  POOOTTAp KeHiHeH TapanFaH. KallbIKThIKTaH —0acKapbUIaThIH
MOOWJIBII  POOOTTApABl KONJIAHYIBIH HETI3T IpoOiieManapsl  OaiyiaHbIC
apHaJIApblH OTKI3YIIH CEHIMCI3JIriHE JKOHE Tap KOJNarblHA, COHJAAH-aK
00BeKTiHI OaKpuTay MEH OacKapy/sl TEK OJIIIEey acTanTapbIHBIH KOpPCETKIIITepi
OOlibIHIIA JY3€re achlpaThlH ONEpPaTOp JKYMBICBIHBIH  KYpIEJNiTiriHe
OaiiIaHBICTHI.

CoHfIBIKTaH, TEPMHUHANIBIK Oackapyasl Taiifananbaid, omepaTopbH

MaKpOKOMAaHAACHl HETi3iHAe KOWBUIFaH MIHACTTI OPBIHAAYABl KaMTamachl3
eryre KaOUTeTTI aBTOHOMIBI MOOWIBII poOOTTAapABl KYypy KaKeTTUIIri
TYBIHIANIbI.
XKorapsl gepbecTik mopexeci poOOTTapAbIH TUHAMHUKAIBIK ©3TEPETiH KYMBIC
icTey opTachiHa OciiMaeny KaKeTTUIITIH aHbIKTaiiabl. MyHnai po6oTTap KHUbIH
KOHE aJJbplH aja Oenrici3 karmaiiia nepOec ImemiM KaObulgaybl THIC.
COHJIBIKTaH aBTOHOMBI POOOTTap HMHTEUICKTyalbpl Oackapy KyHeciHe ue
Oomysl kepek [28].

Korapeina aliTburaHmail, 3amMaHayd MOOWIBAI poOOTTap agaM YIIiH
3USAH/ABI HEMece KayilTi jkKaraiyapaa j>KyMbIC icTeyre apHanrad. MyHpai
Kargaimap OKCTpeMalgbl  opTajaplla TEXHOJOTHSUIBIK — Olepaunusuiapabl
OpBIHZAY, aBapusUIapIIblH CallIapblH JKOI0 Ke3iHIe, >KapbUIbic Kaymi Oap
3aTTapMEH IKYMBIC IcTey Ke3iHJe OpbiH ananpl. MyHJal karpaiiapia
MOOMIIBI pOOOTTAap/Ibl KOJIaHy ONepaTop-aJaMHBIH JeHCAYJBIFl MEH eMipiHe
Kayiln TeHIipyre MyMKiHIiK Oepenmi. Ocbuiaiiiia, o3 OCTiHIE KO3FalyFa >KOHE
KOWBUTFAH MIHICTTI aBTOMATTHl TYpPA€ OpBIHAAayFa KaOileTTi YTKBIp
POOOTOTEXHHUKAIBIK KEIICHEP KYpy Maceleci ©3eKTi O0JIbII TaObUIa bl

Bbyn perte poboTKa alaMHBIH €H a3 KaThICybIMEH OelNTiCi3 CBIPTKBI OpTaja
JepOec KYMBIC icTeyre MyMKIHJIIK OepeTiH HHTEeIUIeKTyasibl OacKapy JKyieciH
KYpy IIpo0OJeMackl MaHBI3IbI POJITE He.

Kaszipri yakpITTa poOOTTBI KeIl jKarjaijga KO3FaJbIC IeHreHiHae amaM
orepaTopsl Oackapansl, ajd agaM poOOTTHI YHEMI Kajarajan OTBIPYFa JKOHE
OHBIH 9pEKETTepiH kelen Oackapyra MiHaeTTi. bysr Tocim pobOTTHIH Toyencis
HIelIM KaOblIIail aqMaybIMEH aHbBIKTaa (bl )KOHe OipHele KeMIIiTikTepi oap.
Bymapra poOOTTBIH KONAAHBUTY asChIH €Adylp IIeKTEHTiH OaifmaHbic
oreparopbiH (Kabenblik Hemece paano) OalaHBICTBIPY apHACBHIH YHbIM-
JACTBIPY JKOHE YHEMI KOJAay KaKeTTUTri Kipemi. TeXHONOTHUSIBIK OIepaliusi-
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napasl OpBIHIAY Ke3iHJAe Kepy XKyieciHeH OOBEKT >KOHE JKYMBIC Ipoleci
Typaibl aKmapaT aJaThblH OIEpPaTop MAaHHUMYJIATOP MEH KeNiK Kypaibl
KETEKTEePiH YHEMI KOIMEH OacKapabl.

JKorapbl Hazap aymapybl JKOHE CAKTHIKTBI Tajal €TETiH OPBIHIATAThIH
JKYMBICTap/IbIH ~ CHIIATBIMEH  VINTAaCKaH OacKapylblH Kypleli Ipoleci
OIepaTopIbIH Te3 MIapIIayblHa JKOHE COHBIH CAIaphIHAH KaTe OpPEKETTEpIiH
BIKTUMAIIIIBIFBIHBIH  apTyblHa okelnie/li. COHBIMEH Karap, ajaM TeleMeTpHs
nepekTepl OOMBIHIIA KaFmalmel TYpBIC Oaramail aaMaiIel KoHE KOPCETUITeH
KeMInitikTepai Gapabap Oackapy.ibl JKy3ere achlpa ajiMaijibl, erep oreparop-
ajiaM TaparnblHaH 0acKapy JXeKe KO3FalbICTap/bIH TAlChIPMAChl JCHrehiHe
eMec, MakcaTThl KOIo JIeHrerinze xyprisince. byl sxargaiina po6OT Koiibuiran
MiHzeTTepal o3 OeriHile (HeMece aJlaMHbBIH €H a3 KaThICYbIMEH) OPbIHIAYbl
THIC.

Backapy xyiteci MoOmibal poOOTTapAbIH (QYHKIHOHAIABIK MYMKIHIIK-
TEpiH KEHEWTYre J>OHE OPBIHAANATHIH JKYMBICTAPIBIH THIMILIITIH imIiHapa
JeTepMHUHALNMIAHOaFaH JKaFmaiiiapaa aBTOHOMIBI OPBIHAAYABl KaMTaMachl3
€Ty JKOJIBIMEH apTThIpyFa MYMKIiHJIK Oepexni [28].

AnmammapaplH Kayimci3mirii KaMTamachl3 eTyOiH 3aMaHayH TY KBIPBIM-
JlaMachIHa MOOWIIBI POOOT TeXHUKACH! KYPalIapblH KOJNIaHYFa aiiTapibiKTail
pen Oemineni. bynm ocelHmall poOOTTapAbIH TOyJiK OOiBl JaiibiH G0y
MYMKIHJIiTi, KOFaM CaHACBIH/AA aJaM eMIipiHiH KYHIBUIBIFBIHBIH 6CYi, COHIai-aK
pOOOTTapAbIH ©3/CPiHIH ap3aHIaybIMECH OAalIaHBICTHI.

Kanmait ma Gip mopexkene apHaifbl KbI3METTEPHiH MYAICCiHIE MOOWIBII
poboTTapAbl KONJAaHY Ke3 KeNreH TYpAeri OmepalusHbl Kyprizy KesiHne
MYMKIH Ooniaapl. Aunaiiia, apbUIbIC-TEXHUKAIBIK KYMBICTAP/bl )KOHE TEppo-
pU3MIe Kapchl ONepansuiapIbsl JKYpridy KesiHae, COHIai-ak MaHBI3/bI
00BbeKTiIep Il KOpFay Ke3iHae poOoTTapabl NMaiiianany HeFypiIbiM OPBIHIbI.

AnmammapapiH Kayinci3miriH KaMTaMachl3 €Ty YIIiH JKapbUIBIC-TeXHUKAIBIK
KYMBICTap/bl JKYpri3y Ke3iHae poOOTTapAbl KOJNIAHy KElecl TaKTHUKaJIBIK
MIHJETTEp/l ey YIIiH MYMKiH OoJabl:

— KaPBUIFBIII KYPUIFbLIAP/BI 13/IEY JKOHE JHArHOCTHKANAY )

— KapBUIFBIII KYPBUIFbUIAP/IBI dKOK HEMECE IBaKyalHsIIay;

— Kapy KYpBUIFBLIAPBIH QXBIPATHIN TACTAY HEMECE 3aaChI3IaHIbIPY;

— TeppopH3Mre Kapchl ONeparusuIapAbl KYprizy Ke3iHae oObeKTijiep MeH

ayMakTapra XHMHSUTBIK JKOHE pamualisblK 6apiay xKyprisy;

—  PpaJMOANIEKTPOH/BIK KeJeprijiep, TYTiH KOHE apHAWbl MIBIMBUIIBIKTAP

KOIO;

—  YINNAHTBIH OPEKET €TETiH apHaiibl KYpajiap bl )KETKI3y HKoHE KOJIaHYy;

— 0achlIl albIHFAH JKOHE KY3EeTUIETIH O0BEKTIIEpre KAChIPBIH Kipy;

- OO0BEKTiIEp MEH ayMaKTapFa PaIuodJICKTPOHIBIK ayJIuo JXKoHe OeiiHe

Oapinay xkyprizy;
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— oOBexTiyiepai Ky3eTy KesiHzme OereTtepliH (ecikTepiiH, KaObIpra-
JapJbIH) OY3BLIYHI,

— ayMakThl HeMece OOBEKTIHIH IePUMETPiH MaTPYIbILY;

— 00BeKTire eHy opeKeTTepiHiH KOJIBIH Kecy;

— Oy3ymsuapasl 6eltapantasabIpy.

Kepcerinren omnepanusimap opTypili  OOBEKTIIEpAE KOHE  JpTypil
Karqainapaa JKypriziizemni:

KOFaMJIBIK KoK OOBeKTiNiepiHae (KalaJblK, TEMip)KOJ, aBHALHSIBIK,
TEHi3, aBTOMOOHJIb KOJIIKTEP1);

— aJaMJap TYpaTbhIH XOHE TIPIILUIIK €TeTiH Xkepiepae (moTepiep, yiep,
KeHceTep JkoHe T.0.);

— OHEpKACINTIK  O0beKTinepae (XUMHUSUIBIK  ©OHEPKOCIM,  SAPOJIBIK
TEXHOJIOTUSIIBIK ITUKIT O0BEKTiNIepi KoHE T.0.);

—  KaJanblK MHOPAKYPhUIBIM 00beKTUIEpiHe (KOpi3, KUY CTaHIMSIIAPHI,
Cy KYOBIpHI JXoHE T.0.);

—  amIbIK JKepIieplie, KaTThl KUBUIBICKaH JKepIiep/ie, OpMaHaapaa skoHe T.0.

OnepauysuiblK  €peKIIeNiri, MaijaiaHy MapTTapbl JKOHE MOOHIIbI
POOOTTHIH (YHKIHMOHAJIBIK MAaKCAThl OHBIH KYPBUIBIMIBIK EpPEeKIIeIiKTEpiH,
Oackapy J>KYHECIHIH KYPACIUTIK IOpeXeCiH, calMaK >KOHE ©JIIlleM CHIIaT-
TaMaJiapbl )KOHE apHaifbl )kKaOIBIKTHIH KYPaMBIH aHBIKTAHIb! [27].

Cy actel poOororexHukacbiHga XXI Oacray JocTypili TEXHHMKAaJIBIK
HICIIMIepAeH OMONOTHsI, XUMUsl, HH(OpMaTHKa xKoHe-0acKapy TEOPHSICHIHBIH
3aMaHayH KETICTIKTEpiHE HETi3/IeNreH jKaHa TEeXHHUKAJBIK IIeMIiMAepre Kelry
YaKbIThI PETiHJIe cUIlaTTayFa 0omabl. By TeXHOIOTHsIIApIbl €HII3y MYXUTTBIK
TepeHIIKTI 3epTTeyJe Cy AacThl TEXHUKAIBIK IKYHellepiH maiinanany
TYXbIpbIMJIaMachlH KalTa Kapall KaHa KoiMaill, COHBIMEH KaTap ajaM-
MYXUTTBIH «63apa KapbIM-KaThIHACBD» KAaYINCI3IriH JKOFaphl JeHrewre
KeTepyre MyMKiHAik Oepi [28].

bipiHmi ke3ekTe cyacThl pOOOTTApHbl KOJJAHY JKCTPEMAabl CyacThl
olnepanysulapelHa  KaTbICaThIH aJaMIaplblH ©MipiHe Kayil-Katepi asaity
MYMKIHAITH KaMTaMachl3 €TTi, oJap:

— KYTKapy XYMbICTaphl;

—  DKOJIOTHSJIBIK aaTTap.Ibl KO¥0;

— MYXUTTap MeEH TEHI3JepAiH CEHCMUKAIBIK KayilnTi ayAaHAapbiH

3eprIey;

— TYOiHIH Kypzemi penbediH TeKcepy.

ConbimMen katap, JXanonws, AKII, Kanama, Urtanus, Anrnus, Pecei,
Ucnanaus xoHe T.0. CHAKTBI TEXHOJOTHSUIBIK ITaMBIFAH eljeplae KOJIaHBI-
JaThlH Cy acThl POOOTTAphl JKOFApblIa aTanfaH MIiHICTTEpHi FaHa eMec,
COHBIMEH Kartap 0acka Jja TYpJii MiHIETTepl OpbIHAayFa KaOlIeTTi:
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— DOKCTpeMaJIpl JKardaiinapia  (pagHalMsuIbIK, XUMUSUIBIK — OKOHE
0aKTepUOJIOTUSUIBIK JIACTAHY Ke3iHJe) OipiHIN Ke3eKTeri KyTKapy (cy
aCTBI-CYHTYip) )KYMBICTapbIHA KATHICY;

— TeOJIOTHSUIBIK Oapiay »KYMBICTApbIH XKYpri3y (TeHI3 KaiipaHbIHIA JKoHE
YIKeH TepeHIIKTepae MyHall *oHe ra3 Oapraylbl KamMTamachl3 €Ty,
MYXWUTTBIK TYOIHIH TYOIHIETi ayBITKYIIBUIBIK KYOBIIBICTApBIH JKOHE
OeJceH Il TeoJIOTHSUTBIK TY3UTIMIEPIH 3epTTey);

— aca MaHBI3IBl KOCINTIK aymaHAapAblH OaiblK OHIMIUITIHIH e3repyiH
y3aKk Mep3iMIi Oobkay MakcaThIHIA KOCIMIIUIIK —ayJdaHIapbIHIa
IIKKi3aT, OMONIOTHAJIBIK pecypcTap MEH SKOJIOTHSIIBIK JKaFAaii bl xKak-
KYHiHEe MOHUTOPHHITI )KY3€Te achIpy;

— OKeaHOTpa(UsUIBIK 3EpTTEeyJIep JKOHE CY OPTACBIHBIH HSKOJOTHSIIBIK
MOHHUTOPUHTI;

— oto Oeitnerycipinim, TeHi3 TYOiH Kaprorpadusuiay *oHE aKyCTHKa-
JIBIK TILIHIEY;

— IIOJTy-i3/I€CTIpY KYMBICTaphl (CyFa OaTKaH OOBEKTUICPHl i3/1ey JKOHE
3epTTey )KYMBICTAPBIH XKYPri3y);

— Cy acThl OOBEKTUIEPiHIH WMHCHEKIMACH (KYpbUIBICTAD MEH KOMMY-
HUKaIMsIapIbl TEKCEepPy), aBapHsUIBIK-KOHJCY, KalIblHA KENTipy
(ko0in Tecey) xoHE My3 acThl kymbicTapbiH opbiHAay (Cy acTbl
JKaFIalbIH JKapbIKTAHABIPY );

— OoCKepHM MakcaTTarbl JKYMBICTap, aram ailTKaHaa, TeHI3re Kapchl
Oapnayapl, HaTPyJbIey/i, OCKepH TeXHUKA OOBEKTUICpIHIH Kayir-
CI3MITiIH  KaMTaMachl3  €Ty[di, MUHAJTApAsl  I3MECTIpydi  KOHE
3aJIaJIChI3JaHABIPYAbI KAMTHUJIBL.

2007 >KBUTBI ONEMJIET1 JKaJIbl XallbIK CaHbl 6,6 MIpA-Ka xkeTti, Oym 1950
JKBUIMEH CalbICThIPFaHIA €Ki JkapbiM ece kem — 2,5 mupa. 2050 xpuira Kapaii
xKep OeriHae mamameH 9,3 MuwuTHapy agaMm emip cypeni. MyHaai MoliMeTTep
aMEpHUKaHIBIK YKIMETTIK €MeC CTAaTUCTUKAIBIK YHBIMHBIH «XaJIbIK TYypajibl
nepekrep Oropoce» (XTHB) ecebinme xenripinren [33]. MamanmapasiH
aityerama, 2050 KpUTFa Kapai TUTaHETaMBI3IBIH Xalnkel 45%-Fa ecemi. bipak
COHBIMEH Oipre, ajieM XajKbl ocill KaHa Koiimal, KapTasbl. 60 jxacTaH acKaH
anamaap/siH canbl 2050 skplTFa Kapail eki MUJUTHapKa KYbIK 00abl.

JKorapbima KenTipinreH mepekTep Oi3iH Fajmamimap XaidKbIHBIH a3bIK-
TYJIKKE JEreH MYKTKIBIFBI ©ce TYCCeTiHIH Kepceredi. byn perre aybur
MapyamrbUIBIFBl  OHIIPICIHIH Ka3ipri Jkad-Kydi THIMAUTIKTIH TOMEHIEYiMEH
CHUIaTTajaabl, oJ1 OipKkarap 0OBEKTUBTI oHE CYOBEKTHBTI cebenrtep OOWBIHIIA
naitna Gorajbl, oJlap/blH KaTapblHa OIPIHINI KE3eKTEe DHEPTHsl TACHIFBIIITAPFA
OaraHBIH KOTEPLIYiH JKATKBI3Y KaXeT.

CoHnpaii-aK, eciMIiKTepre KYTIM jkacay, OTay >KOHE JKHHAY CHSAKTHI KOl
eHOEKTI KaKeT eTEeTiH aybUl HIApYallbUIbIFbl ONEPAIMsUIApbIH OPbIHIAY YIIiH
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JKaKbIH O>KOHE allbIC IIETENJEpJCH KeNTeHICpAiH J>KalgaManbl — eHoeri
naiijanaHbUIa bl

By skarmaiina TYPFBIHIAD CAHBIHBIH OCYiHIH OOJNAIIaFbIH €CKEePE OTHIPHIIL,
AyBUIIAPYAITBIIBIK, — OTEepalFsuiapbl  YIIiH poOOTTHI KyHenepmi o3ipierl,
KOJIIaHFaH JKOH:

—  eHJEYJl XKYprisy;

—  eric )KYMbICTaphbI;

— apaMuIentep MeH cyapy;

— eriH )KuHay.

4.4. TYPMBICTBIK #JHe OHIIPICTIK MaKcaTTarbl Yil-KalJIapAbIH
Kayinci3airin KaMmraMachI3 eTeTiH po00TOTeXHHUKAIBIK JKyHeHi
OacKapy/abIH HHTEJUIEKTYaJIbl JKyiieci

2017 xbuiel JILH. I'ymunes ateianarsl Eypa3ust YITTHIK YHUBEPCUTETIH/IE
0ip Tomn FajbpiMIap «TYPMBICTBIK MOHE OHIIPICTIK MaKCAaTTaFbl YH-KalaapablH
KayilCi3MiriH KaMTaMachl3 €TeTiH POOOTOTEXHUKANBIK JKYHEHI OacKapymblH
MHTEJUIEKTYaJIJbl KYHeciH Kypy» k00achlH jkacaiabpl. by o0aHBIH Heri3ri
epekurerniri »xacaHapl MHTEIUIEKT OkydeciH (OKMOK) maiinanana oThIpbIN
poOoTTHI Oackapy 0okl TaObuIaabl. Bysl HaBUTaMsHBI TY3€TYMEH NaTPYJIbIey
PeXUMIHIE KacaHAbl MHTEIJIEKT J>KYHECiHIH IUIaT(OpMachiHbIH aBTOHOM/BI
KYMBICHIH, 1IIKi JKOHE CBIPTKBl KYPBUIFBUIAPABIH (CKaHepiep, CceHcopiap,
JAaTYUKTEp, CHUpPEHanap *XoHe T.0.) JJIEKTPOHABIK KOMMYTAIMSACHIH, CBIMCHI3
3apsTay aiMarblHa SKbUDKBITY JKOJBIMCH JKYHEHI DHEPrHsSMEH KaMTaMachi3
eTyMiH y3aikci3airin kKamramacei3 ereni. Conpaii-ak KWK  Tipkenren
naiijananymeiapra (Y uenepiHe) ysuibl OalaHbIC XKyHeci jKOHE HHTEpHET
apKbUIbl ayJuo-OeiiHe akmaparThl Oepyni JkoHe Oackapy CHTHajIapblH
KaObUIay Ikl KaMTaMachi3 eteai [29].

Terenuie xarnaitnapaa (epT KayinTi, )KapbUIFBILL, paAHalisUIbIK, Ta30eH
yJlaHy 9He T.0.) KYMBIC ICTEHTIH TYPMBICTHIK JKOHE OHEPKICINTIK MAKCATTaFbI
yH-KaltapIblH Kayilci3IiriH KaMTaMachl3 eTyIiH NMpaKTUKaaa KOJIaHbUIATHIH
Ka3ipri 3aMaHfbl TEXHUKAIBIK Kypajjapbl YiH-XKaligapael >KocmapiayFra
Oellimmenyre SkoHE KOpFajaThlH YH-KaimapAblH ayMarblHOa  SpTYpil
KeJIeprijieplli eHcepe OTHIPHIIN, OPHBIH ayBICTHIPYFa KaOlIeTTi emec.

Y CBIHBUIFAH HMHTEIUIEKTYal bl MOOWIJIBII PoOOT TYpiHAET Kayincizmik
JKYHECIHIH MOJEN KOChIMINIA TaTYNKTEPIiH KOMETIMCH KOHBIIFaH MiHICTTEPTe
OailyIaHBICTBI )KaHAPTBUTYBl MYMKiH. MBICaNbl, OYII TEK Cy, Ia3 ary JaT4uKTepi,
KBICBIM, TeMIIepaTypa JIaT4MKTepi FaHa eMeC, COHBIMEH KaTap KO3Fally
CCHCOpJIaphl, COHIAW-aK pajualus JCHIeWiH aHbIKTayra apHanraH [eiirep
ecenTeyillli HeMece KbUIbDKAiIap YIIIH HUTPaTOMEp, CIEKTPOAHAIU3ATOP
XKoHE T.0.
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Byt xo00aHBIH HETi3r MiHAETI AKCTpEeMalIbl XKaraiiap/a >KYMbIC iCTey YIIiH
ABTOHOMJIBI ~ OarmapriaMaiblK-TeXHUKATBIK  POOOTOTEXHUKANBIK  KELICH/IIK
ANTOPUTMIIED MEH almapaTTBIK MemiMaepai Kypy Oonmsl. byn kemeHHIH
epeKIlle epPEeKIIeIITi HEeHPOHIBIK KENiJep MEH aHBIK eMeC JIOTWKa HETi3iHIe
TOyeNCi3 HMHTEIUIeKTyalgsl Oackapy OKyHeci, OKCTpeMalgbl OKarlaiira
0almaHBICTBl TONOTPaQUAIBIK XXOHE ammapaTThIK Oelimaey MyMKiHZIIT Oap
POOOTOTEXHUKANBIK >KYHeHi OackapylIblH HMHTEIEKTyanIbl >KYHeciH Kypy
Oosibinn  TaObUTafbl.  [IpaKkTHKANBIK HOTHXKE TYPMBICTBIK MKOHE OHJAIPICTIK
MaKcaTTarbl OeJIMelIepie JKYMBIC iCTeyre apHaIFaH, OciiHeOaKplIayJaH OacTart
pamuanusuIbIK OakblUlayFa JEeWiHTi Kipy JKyWenlepiHiH KeH CIeKTpi 0ap Kys3eT
POOOTHIHBIH TOKIPHOEIIK YATICIH XKacay OOIbI.

Byt xo00aHbIH ©3€KTLIIr HHTEUIEKTYIIBI MOOUJIBJII POOOTOTEXHUKAIBIK
Kyiie KOMEriMeH TYPMBICTBHIK KOHE OHEPKACINTIK MaKCaTTarbl YH-)Kainapia
Kayilci3aiKTI KaMTaMachl3 €Ty OOJNbIll TaObuIaabl. 3epTTeyliH MiHIeTTepi
JKacaHIBl WHTEIUICKTI Oap >Kydenepri jxobanay ecemnTepiH MemryaiH KaHa
ITOPUTMIIEPIH 93ipiieyMeH OaillaHbICThI OB

Mobuibai  poboTTapasl  OackapyIblH — MHTEIUICKTyalAbl  Kyiteci
aBTOMATTBl TYpAE YH-Kaiimapabl oKocmapiayra Oeifimzeneni, OHJaiH
MOHHUTOPHHITI KAMTAaMachl3 €Te OTHIPBIIL, JACPEKTEP/Ii HHTEIUICKTYallIbl OHICYII
KYprizefi jkoHe Oackapy UICHIIMiH, COHBIH INIHJAE TOTEHIIe XKaFaaiiapaa
TEJICKOMMYHHKAIMSJIBIK JKyie OoWbIHIIA Xabapiamanapael Oepyni mepbOec
KaObumanapl. Ochkl JKOOAHBIH JKAHAJBIFBI: aHBIK JIOTHKA 3JeMEHTTepi Oap
O3/IriHEH OKBUIATHIH KN KaOaTThl HEHpPOHIBIK JKell Heri3iHge Tayencis
UHTEJUIEKTyal bl 6ackapy xkyiieci [30].

Kobaubsig SKaHAIIBUIIBIFBI Kazipri 3aMaHFBI aKIapaTThIK-
TENEeKOMMYHHUKAIMSITBIK KYienepre HKeMJIi HHTerpanay ibl ’Ky3ere achblpaThiH
KOHE KOPFaJaThlH YH-)KaWIbIH JKOCHApJIaHYBIH €CKepe OTBIPHII, POOOTTHIH
KO3FaJIBICHIH aBTOMATTHI 0acKapy/bl KaMTaMachl3 €TETiH ©3iH-631 0acKapyablH
UHTCIUICKTYQIIBIK OJKYHECIH o3ipJey oHE MIeliMaep KaObuigay OOJbIIT
TalObu1aabl. POOOTTHI OacKapyIblH HMHTEIUIEKTYalJbl JKYHecl Ky3eTUIeTiH YH-
JKaWIap/IblH epKiH apXUTEKTypachlHa aBTOMATThI OeHiMIey /Il )Ky3ere achipajpl,
YH-KalmapAblH KayilCi3OiriH FajlaMTOp apKbUIBl KAIIBIKTHIKTaH OakbLIay
MYMKIH/IITIHE He.

O3iH 63i 0aKkblIayFa apHAJFaH cypaKkTap

PoGororexuukanarel XKW anicTepi MeH Kypaigapsl.
WHTennexTyanabl MexaTpoHAsIK Moayns (MMM) nerenimis He?
3. HMHrennmexTyannel MeXaTPOHIBl MOAYJIbAEPAIH MbICAIJapbIH
KEJTIpiHi3.

N —
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11.

12.

13.

14.

15.

WHTennexTyanasl MeXaTpoOHIbIK MOIYJIbICPAi KOJAaHyabl Oepe-
TiH HETi3r1 apTHIKIIBUIBIKTAP.

WHTennextyanasl MeXaTpoHIbl MOIYJIb KaHIail dJeMEHTTEepIcH
Typazasi?

Simodrive posmo SI mexaTpoH MoayniHiH (QYHKIIMOHAIIBIK
MYMKIiHIIKTEpi.

MoOuinbai poboTTapabl OackapyablH 3UATKEPIIIK KyHenepi.
MoOunbai poboTTapabl KaHAail IKYMBICTap YIIIH KOJIJaHY
OPBIHABI?

Cy acTbl )XyMBICTapbl KaHAal arnainapaa KoJgaHbuI1agb1?

. TYpMBICTBIK >KOHE ©HEpPKACINTIK MakcaTTarbl YH-XKailrapIslH

KayilCi3iriH KaMTaMachl3 €TEeTiH pPOOOTOTEXHUKANBIK KYHEHI
OacKapyAblH HHTEIUICKTYyalbl Kyieci.

AybUl  IIapyamibUTBIFBIHAAZ  POOOTOTEXHHKANBIK  IKyienepai
KOJIJIaHy.

TYpPMBICTBIK KOHE OHEPKAICINTIK MaKcaTTarbl Yii-kainapaa
KYMBIC ICTEY YIIIH KOPFayIIbl pOOOTTHI KYPY.

KambikTeikTan 0acKapbuiaTeIH MOOHIIBAI pOOOTTapABl KOJIIAHY-
JIbIH HETI3T1 MOCceeepiH aTaHbI3.

Kanpaii yHUBEpPCHUTETTE «TYPMBICTBIK JKOHE OHEPKICINTIK
MaKcaTTarbl YH-)KaWJIapJbelH KayilCi3diriH KaMTamachl3 €TETiH
pOOOTOTEXHHUKAJIBIK J>KYHEHI OacKapyIblH 3UATKEPIIK XKyHheciH
Kypy»kobacsl a3ipienmui?

Byn ’xo0aHbIH jKaHATBIFBl KaH1ah?
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5-tapay. KOJIIKTETT ’KACAH/bI MHTEJUIEKT (OKW)
KYUEJEPI

5.1. Koramabik keJqikreri KU

KoraMaplKk Keilik — Oy Meramojiuc, COHIai-ak ycak ejai MEKEHIep
TYPFBIHIAPBIHBIH ~ HeMeH Oerme-OeTr  kemyne. ABToOycrapma,  MeTpo,
TpoJuIeliOycTapaa HeMece TpaMBaiiapia Ui KYPETiH KoJaylbuiap MYHIai
camapiap/iblH OapbIHIA BIHFAWIBI KOHE Kayirci3 OoyyblH Kamaiael. by
MaKCaTKa JKeTy YIIIH KaJlalblK TachiMajiay cajachlHa »KacaHIbl MHTEIJICKT-
TeXHOJOTUsIap eHriziayae. OnaapAblH KOMeriMeH MallliHajap aFbIHBIH PETTey,
aBTOOYC MapIIpyTTapblH KaJaranay, agjaMaap/AblH O0apaThlH MyHKTTEpiHE JeiiH
JKAMITBI KO3FATYBIH KAMTaMachl3 €Ty MYMKIHIITI Oap.

Koramapik kemik yurin MH-xylienepais apThIKIIbUIBIKTaPbI

Byringe >kacaHapl MHTEIIEKT TEXHOJOTHMACHI KONIK JKyHeciHzmeri Typui
NpoILeCTep/li  aBTOMATTaHIBIPYFa JKOHE OHTAJIAaHIBIpyFa KOMEKTECE/i.
MplIcanbl, jkacaHAbl MHTEIUICKT OaFjapriamuapiasl 0ackapy KoHE »Koapaa
KeNTeJicTep i a3aiiTy YIIiH KOJAaHbLIabl. ABTOMAarucTpaibAapblH KYKTElyi
Typaibl JEepeKTepAi Taiujail OTBHIPBIN, >KacaHAbl WHTEIIEKT MAapLIPYTThI
e3repTy/i ycbiHa b1, JKacaH bl HHTEIUIEKT JKOJIAyIbUIap aFbIHBIH 3EPTTEY JKOHE
KOJIIKTIH yKapaM/IbLIbIFbIH OaKbLUIAY YIIIH SHTI3eIl.

KoraMapIK KeJik — Oyl MeramoijucTepIiH [ie, LIaFblH KajaltapblH
TYPFBIHAAPHI 1A Ke3JIECTIPETiH Hopce. ABToOycTapaa, MeTpo, Tpoyuieiidycrapaa
HeMece TpaMBaillapa >KHi JKYpeTiH >Kojayllbulap MYHZAad camapiapblH
OapbIHIIa BIHFAWIBI JKOHE Kayirci3 OoiyblH Kanaiisl. by makcaTka kery
YLIH KaJanblK TachIManjay calachlHa >XacaHObl HMHTEICKT-TEXHOJIOTHSIap
eHrizimyme. OmapaplH KOMETIMEH MalluHalap aFblHbIH pEeTTey, aBTOOYC
MapHIpyTTapblH KaJaranay, agaMJIap/AblH OapaThlH IMyHKTTEpiHE JEHIH >Kailybl
KO3FaITyBIH KAMTaMackl3 €Ty MYMKIHIIT1 Oap.

Kozamowix kenix ywin KH-orcyiienepoin apmeikuubiisikmapol

Byringe jkacaHabl MHTEIJIEKT TEXHOJOTHSCHI KOJIK JKyHeciHaeri Typuri
MpoIleCTep/l  aBTOMATTaHJBIpyFa JKOHE OHTallaHIBIpyFa KOMEKTEeCeIi.
MpIcanbl, jKacaHAbl WHTCIUICKT OarmapiiaMaapiabl Oackapy >KOHE jKoimapaa
KeNTeJicTep/l a3aiiTy YIIiH KOJAaHbUIa bl ABTOMAriucTpaibIapAblH XKYKTeIyi
Typanbl JepeKTepAi Taiujail OTBIPBIN, >KacaHAbl HHTEIVIEKT MAapLIPYTTHI
e3repTy/i ychIiHa abl. JKacaH bl HHTEIUIEKT JKOJIayIbUIAp aFbIHBIH 3€PTTEY JKOHE
KOJIIKTIH )KapaMIABUTBIFBIH OaKbLIay YIIiH CHTI3eIi.

OpTypJsli KOMIIAHUSUIAp >KacaHAbl WMHTEIUIEKT OKyienepi Oap axbLIIbI
aBTOOYyCTappl NampITy1a. MyH/alil MaliMHagap »oJiaynibuIapbslH Kayircizir
MEH Kayilci3JiriH apTThIPaThiH 3aMaHayW >XaOIbIKTAPMEH jKoHe OarmapiamMa-
JIBIK KAMTaMachI3 €TyMeH >KaO IbIKTaiFaH.
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KoraMJIBIK KoK calachlHIaFkl HHTSIUICKTYAIIBI KYHEIepIiH apKachIHaa:

— ’KoJIayIIblIapFa KbI3MET KOPCETY carachl apTaibl;

— TaceIMaljIay Kayirci3 00Jabl;

— MapUIpyTTapbl OHTAWIAHIBIPY KYPEIi;

— aBTOMOOWJIBJICP CUPEK OY3bLIabI;

— TachIMaJZiaylIbUIapFa >KOJIAyIbLUIAp aFbIHBIH OaKblay OHAl JKOHE

aBTOIAPKTI KaJiarajiay OHai 00Jabl.

KU-xyitenepi Oap aBTOHOMIBI MalIMHAIAPJBIH Tarbl Oip jkaHama
APTHIKIIBUIBIFEI: KOOIHECE OJapAbl JICKTP SHEPTUSICHIMEH JKacaiibl. OCBIHBIH
apKachIH/Ia ayara a3 3UsH]IbI Fa31ap MbFapbUIabl.

Tunomcwis xonikmep

JlyHuexy3uIik IeHCaybIK CaKTay YHABIMBIHBIH CTaTHCTUKACBIHA COMKeEC,
JKBUT CaWbIH JKOJ-KOJIK OKWFATaphlHAa | MHJUIMOHHAH acTaM aJaM KaWThIC
Oomanel. YKon-kermik OKUFamapsl KeOiHece >KBUIIAMIIBIKTHIH, a0alChI3IbIKTHIH
JKOHE JKYPTi3yIIiHIH TOKiprOeci3AiriniH cannapbiHaH 00a bl

JKacannbl WHTEIEKTIICH >KaOABIKTAIFAH TIJIOTCHI3 KONIKTIH IOCTYpIi
MaIlIMHAJaH albIPMAIIbUIBIFEI, OHBI KOMIIBIOTEp Oackapaabl. MyHaai MalidHa
e3irineH Ko3rana amansl. O KON KO3FAIIBICHIH, aya-paiblH, TOYIIK YaKBITHIH
eCKepe OTBIPBIN MApHIPYTTHI TaHAaWAbl. [IMIOTCHI3 KOJiK  eIIKallaH
IaprraMaiipl JKoHE KBIPAFBUIBIKTEI JKOFAITIANABI. OHAIpIC KOMIAHHSIIAPEI
MiHyre Kayinci3 nen canaiapl. byriari tanma Peceiine, AKll-ta, lIBennsna
JKoHe Oacka enjepAe akbuIIsl aBTOOyCTap 93ipJIeHiN, ChIHAKTaH OTKi3Iim,
KoiFa Konblryna. COHbIMEH Kartap, KepacTbl 0acKapbUIMAaWTBHIH KOJIK Te Oap.
JKyprizymrinepniy KeMeriHci3 >KYpeTiH MeTpOHBIH aBTOKeumikTepi [lapmx,
CramOymn, /ly0aii xoHe 6acka Kamanapia KoianaHeuiaapl. Mockeyze angarsl 6ec
JKBIJI/Ia a1aMChI3 TIOMBI3Iap METPOHBIH aifHaIMa KEIICIHAE 1CKe KOCHUTA IBI.

Llemenoix mascipube

IBM sxone Local Motors kommanusicet Olli 6ackapbUIMaiThIH 12 OpBIHIBIK
JJICKTp IMUHACHIH KoOayaml, CBhIHAKTaH OTKi3Nl. YOTCOH KOMIIBIOTEpI
TaceIMaiayabl 0ackapaael. Kenik Oepinren OarpIT OOHBIHINA ©3MITIHEH JKYpe
amanel. KoMmproTepimik Kyie >KONayImIbUIapIslH CypaKTapblHa jkayarm Oeperi:
aKpUIIbI  aBTOOYC ajaMra Haszap ayAapapiiblk Kepiiep Typajibl alThlIl,
MelipaMxaHa YChIHa anajpbl.

2018 >xputel CTokrombMaa onap 11 OpBIHIBIK aBTOHOMIIBI aBTOOYCTapbl
CBIHAKTaH oTKi3e Oactanpl. KemikTiH OaKbUtaHOAWTBIH JKYMBICHIH Ericsson
TEJICKOMMYHUKAIFSUTBIK, KoMmaHuschkl skacaraH Connected Urban Transport
wiarpopMacsl  Kamramachi3 eteni. OHbIH KOMEriMEeH aBTOKONIK aKbLIJIbI
KaJalblK JKyHeJIepMeH — KOFaMJIbIK KOIK asuigaManapbl, Oarmapiiamzaap,
JATYUKTEPMEH 63apa OPEKETTECE/Ii.

Peceii masxcipubeci

2016 >xpuTBl KOFaMfa YIIKBINICH3 12 opbeIHABIKTEL «lllatm» amexTpokapsl
TaHBICTRIPBUIABL. OHBI «SHOekcy» xoHe «Kamasz» kxommaysimen OAxA F30
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MaMaHJapbl o3ipjereH OonarelH. MammHa OeliHeOakplIay KamepaiapbIMeH
JKOHE TYpPJII JATYMKTCPMEH >KAOJBIKTAFaH. ABTOKOJIK €31 OapaThliH XKepre
OarbeIT catabl.

2019 xbutel Cognitive Technologies skoHe «keJIik XKyiienepi» KoMITaHus-
Jnapel Pecell acTaHachbIHBIH JKOJJAapblHA YIIKBILIICHI3 TpaMBal LIbIFAPYAb
xkocmaprman  otelp.  Kemix kypamel  «Butsa3p-M» MonemiHiH — HerisiHzae
KYpacThIPBUIBIN, aBTOMATThl 0Oackapy ikyieciMeH xaOppikTanmael. Keiik
VIIKBIIOICHI3 JICTl CaHAIFaHBIHA KapamacTaH, TpaMBal JKYpri3ymIici TpamBain
peninne Oomanel. Erep »xonnma KayinTi jkargaid TybIHIaca, OJ MallWHAHbI
Oackapy¥a JaitbiH Oonajpl.

Keuikre >kacaHabl MHTEUIEKT XYHECiH KOJIAHYAbIH 0acka MbIcaiapblH
kenripedik. MHTemnekTyanapl Oackapy Kydenepi Oap YIIKBIIICHI3 KOJIK
Kypanjapel Tay-KeH OHIIpY, METaJUTyprus, Fapblll joHe Oacka cananapia
THIMII Tainananbuiaasl. Kamamapaa yIIKpIIICHI3 aBTOMOOHMIIBAED, JKacaHbl
UHTEJUICKTIIEH OackapbuiaThlH — aBroOyctap maiaa Oosaael.  JKammsbl,
ABTOKOJITIHE KATBICTHI OapibIK HOpCE: TAKCHIIH Kely YaKBITHIH ecemlTey,
TarChIPBICTap/Ibl KOPETIH aBTOMOOMIBACP/I TaHAay, Oepy YakKbITHIH €CerlTey,
OaraHbl IYPHIC aHBIKTAY XOHE 00JKay — OYHBIH 0opi MHTEIJIEKTyal/ibl OacKapy
XKYHenepiMeH aBTOMATThl TYpAE >Kacalaibl. ABTOKOIK KO3FalbICHIH aBTO-
MaTThl 0acKapyJblH HHTEIUICKTYaJ bl )KYHECIHIH )KYMBICHIH KapacThIPaHbIK.

5.1-cypeTTe aBTOKOIIK KO3FAIBICHIH OacKapyIblH WHTEIUICKTYaJlIbl
JKyHeciHiH 0J0K-cXxeMachl kepcetinres [31].

z
-I H(s) ]—-l A(s) I—-{ W(s) ‘—PO— G(s) : }—

5. 1-cypem. Aemokenikmi 6ackapyObiy UHMELLIEKMYani0bl HCYUeCIHIY
b110K-cxemacul

Kipy peringe F xymri 6ap MHEPIUIIBIK XYHE PETIHIE KOHE IIBIFY peTiHae
V okpUIIaMIBIFeI O0ap aBTOKeJik HBIOTOH ekiHINI 3aHbBIHA Ccolikec Oepy
¢dyHKuuMsichl Oap OipiHII peTTeri )KYHeMeH YChIHBITYbl MYMKIH.

(s k
G(s) = (s) M
a(s) s+e
F xo3raymiel kymri, OJIOK-cxeMaaa KepCETLITCHICH, JKOJ JKaFaaiiapbiHa

OaitmanpICTel () KO3FANTKBIIIBIHBIH TApTBIMBIH JKOHE Z YHKENic KYIITepiH
KUBIHTBIKTAy HOTIKECI pEeTiHJe aHbIKTalaabl. biiok-cxemana V' aBTOKeNIKTIH

(5.1)
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KBUITAMJIBIFBIH MHTETPAJIay OHBIH d BIFBICYbIHA oKesieai (OJIOKTBIH Oepiic
¢yHkumsicel  1/s  TeH). ABTOKONIKTIH KO3FaITKbIIBI  W(s) OJIOTBIMEH
kepcerinreH, on U ra3 memaniHiH OpHBI MeH (Jsk KO3FalNTKBIIIBIHBEIH (-7eri
OipiHIIi peTTi KyHe TypiHAeri KaTbIHACHl apachIHAAFbI OailyIaHbICTHI OUIAIpe .

W(s) = (Q() / (U(s)) = ka / (s + a). (5.2)
T(s) = k3 6epimnic GpyHKIMACH V KBUTIAMIBIFBIH X TYPaKTHl TOK CUTHAJIBIHA
TYPJACHIIPETIH TaXxoreHeparop sl Oimmipeni. KaTeHiH € CHTHAIBI aBTOKOIIKTIH
Tajan eTUITIH JKbUINAMJIBIFBIH YCBIHATBIH R TipeK CHTHaIbl MEH HaKThI
KBUIJAMIBIKTBl  YCHIHATBIH X Kepi OaiijlaHbIC CHTHAJbl  apachIHIAFbI
afBIPMAIIBUIBIK PETIHIE KaJIbIITACca bl
Bepinic pynkumsce: 6ap 610k:

H(s) » W(s) /| E(s)=ks / (c, + c1ls + cas) (5.3)

MIPOMOPLUOHATIBI-HHTET PATIBIK- T QepeHnnanIsl KOHTPOJIIep SN aTajiajpl,
oI W curHaieiH OacKapampl.

A(s) = ki/s Oepinic ¢yHkumsacsl 6ap ONOK, KyaT KYIICHTKINIIH JXKOHE
ABTOKOITIK Ta3 nejaliH 0acKapaTblH CepBOMEXaHU3M yCbIHa b [31].

Ocbpunaiiina, 013 KenTipiireH cyperTeri OloK-cxeMaHbIH Oepiiic (yHKIHsI-
Japbl. ©Op TYpJl KO3FAJIBIC XKarJalblHAA aBTOKOJIK KO3FAIBICHIH 0acKapyIblH
MHTEJUICKTYaIIbl )KYHECIH TajiayFa MYMKIHIIK Oepei.

Ko xargainapblH eckepe OTBIPBII, aBTOMOOIIIb KO3FaIBICBIHBIH 9 TYPIIi
pPeXHUMEPI MEH TPaeKTOPHJIAPBIH KOMIIBIOTEpAe Taniayra Oomanpl. MyHpait
HHTEIUICKTYaIAbl JKYienaep VIIKBIIICH3 KONk KypaijapslH Oackapy YIIiH
KOJIaHbLIaIbI.

Onmaiinel backapy HCytieCiniy KYpblibiMbl.

Bbyn OGemimae Tay-keH OHAIPY KOCIMOPHBIHAA ITalilaaHbLIAThIH KYK
ABTOKOJIIKTEPIH OHTAaMIbl Oackapy JKyWeciH KapacTelpaiiblk.  KoibuiraH
MIHJIETTI M[IeNly MpOIECiHAe OHTAaMiIbl Oackapy KyHeciHIH KYpPBUIBIMIBIK
cyibacel a3ipnenai (5.2-cyper).

OHraiinbl Oackapy KyieciHiH KypamblHa Keineci OnokTap Kipemi: 1 —
(bM3HKAIBIK TPOIICCTIH MOJENI; 2 — OHTaiIbl O0acKapy TEHJACYIH IIBIFapy; 3 —
OHTAWJIBUIBIK KPUTEpHHiH a3ipiey; 4 — OHTalnbl Oackapyasl MIEKTEY
TamnchIpMachl; 5 — MaTeMaTUKaIbIK MOJIENBAIH TapaMeTpiepi; 6 — OHTaWiIbI
Gackapy TeHueyiHiH KoddduimeHTTepiH e3repTy; 7 — OHTalibl Oackapy
TeHJACYIH Ienry; 8 — (GHU3MKaNBIK Mpolecc; 9-(QU3MKAIBIK MPOIECC MOJICITIHIH
KO3 PUIIMEHTTEPIH 03TepTy.

5.2-cyper OoiibiHIIa 6J0KTap OOMBIHIIA OHTAITBI Oackapy xykecin (OBXK)
a3ipJiey MPOLECiH KapaCThIPaKbIK.

®usukaiablk 00BEKT — OYII iMITEH JKaHATBHIH IU3ETBII KO3FAITKBIIIEL Oap
aBTokenik (IDKK), an ¢usukanblk nporecc aBTOKOIIKTIH OTHIH HIBIFBIHBI MEH
OHBIH KO3FaJIbIC )KbUILAAMIBIFBI OOJIBIIN TaOBLIAIBI.
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5.2-cypem. Oymatiinet backapy sHcyueciniy KypoliblMOblK CYa0acyl

Oxmatinel 6ackapy scyiieciniy (OBK) mamemamuxanviy MoOenin azipney.

KoiiburFan MIHJETTI IIemly JKOHE MAaKCaTThl JKy3ere achlpy YIIIiH
(U3UKAIBIK TPOLECC OTBIH MIBIFBIHBI MEH KO3FaJbIC KbUIIAM/IbIFbIHBIH
MaTeMaTHKaIbIK MOJENbJAepl TypiHAe YCbIHBUIAABL. OTbIH IIBIFBIHBIHBIH
MaTeMaTHKAIBIK MonemiH uiHmi OimiktiH (MB) alfHamy kwuiniriee ., OTHIH
6epyain o3y oypeimbiHa (OBOB) ¢, i GepinicTi aybICTBIPBIN KOCY KOPaObIHBIH
(BAKK) Oepimic canbl, G, aBTOMOOWIIHIH calMarblHa KOHE Y KOJ
JKaraaiiapbiHa OalTaHBICTBI OTHIH IIBIFBIHBIHBIH YKOJT [IBIFBIHBIHA OaHIaHBICTHI
YCBIHYFa Ooajpl:

0,=/(n,0,i.,G,.y) (5.4)
MyHJarbl: 1, — b aliHany ®bplU1aamMabIFbL;
@ — OBOB;
ir — BAKK 0epinic koadduimenti;
G, — aBTOKOIIIKTIH CaJIMarkl,
W — JKOJIJIBIH JKAJIITBI KEIEPTiCi.

JKympIc HOTIDKENepi Heri3iHAe g, OTHIHHBIH MEHIIIKTI IIBIFBIHBIHBIH
oprypni aitHamy okuimikrepi ke3ingme OBOB ¢ esreperiH MoHIepiHEH
TOYeNIUIIriHIH AepekTepi abiHbl. [JepexTepai ennerennex keiiin CurveExpert
OarmapiraMachlH KOJIJaHA OTHIPHIN, 2 TOJMHOMMEH WHTEPHOJSIMS KYPTi3iii
JKOHE OHBIH KOA(PPHUIIMEHTTEP]I €CeNTEeNreH.

g, =a+b-n,+c-p+d-n+e- @ +f-n,-p (5.5)
MyHIa a;, b, ¢, d; e; f — aBTOKeNIK KO3FAITKBINIEIHA OaiJIaHBICTHI
KodpduLmeHTTep.

Hortmxkecinae OTHIHHBIH KOJ IIBIFBIHBIHBIH TEHACYl Keieci Typai

KaObLIIaiIbI:
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r.oon
G, w+0077-k-F-0377- %=
Ly Ly
0,=g,- (5.6)
p e 5 '
0,36-10° -7, - pr
Ocpnaiiina, OTBIH MIBIFBICHIHBIH (DU3UKAJIBIK MPOIECIHIH MaTEMATHKAJIBIK
MOJIEIIIH JKOHE aBTOKOJIK KO3FaJbICHIHBIH KBUIIAMIBIFBIH KelleCl TeHJIeyJep

XKyHeci TypiHae YChIHyFa O0aib:

O, =(a+b-n,+c-p+d-n’+e-¢’>+f-n,-p)-
r e e e

2

G, -w+0,077-k-F-| 0377 7"
lk ’lo
0,36-10° -7, - p, 5.7)
9 =0,377. ke
1 -1

OHTAMITBUIBIK KPUTEPUHAIH 931piIey MaKCATThl (DYHKITUSHBI aTydaH TYPaJbl.
Makcar KowFa CyldeHe OTBIPBII, OHTAWJIAHIBIPY KeJeCi OHTAWIBUIBIK
OINMIeMICPiH KOJJaHa OTBIPBI JKY3€re AachIPbUIAIbl: OTBIH IIIBIFBIHBIHBIH
MI/IHI/IMyMI)I JKOHC TaCI)IMaJ'IlIay yaKbITbIHbIH MI/IHI/IMyMI)I. B¥J'l enmeleep 633.]33.
QKBIPATKBIII OOJIBIN TaObLIA/IbI, SFHU TACHIMAN/AY YaKbITHIHBIH MUHHUMYMbIHA
OTBIH UIBIFBIHBI C©H JKOFaphl OOJIFaHIA JKOHE KEpICIHIIE KOJ KETKi3iaemi.
BipMoHAiI KarumaTTHl HETi3re aja OTHIPHIN, OHTAMIBUIBIK KPUTCPUIIEPIH eKi
MaKCcaTThl ()YHKIIMSTHBIH CHI3BIKTHIK KOMOWHAIMACH! TYPiH/IC YChIHYFa O0JIaIbI:

1. OTBIH WIBIFBIHEI €H a3 O, = f(n.,¢) = min;

2. KO3FJIbIC YaKBITBIHBIH MUHUMYMEI ¢ = f(9, ) = min.

Kosranpic yakbITBIHBIH MHHHUMYMBIHA KTy KO3FAlbIC IKBUIIaMIBIFBIHBIH
apTybIMEH KOJI keTKi3iaeni. OCBIHBI €CKepe OTBIPBIN, OHTANUIBUIBIK KPUTCPHUIti
KeJecien Ka3plIabl:

Cf=pl-Q,,+(l—p1)~l9L=min (5.8)

a
KeJlec MapTTapra colkec:
— OTBHIH IIBIFBIHBI MEH KOJIK XBUIAAMIBIFBIHBIH MaTeMaTHKaJIbIK MOJE
TEHJIeYJIep KyieciMeH YChIHbUTFaH (5.7) Keneci mekTeyiep OOMbIHIIA:

L Ny <N, <Hh

emin emax °

2. (Dmin < (0 < (pmax .
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MYHJIA @i HKOHE gy, COHTAN-AK  Memin KOHE Hemyx ABTOKOJIIK CHIIATTAMANIAPHI
AHBIKTAJIa IbI.

P KOHE P, — ONTHMANIBUTBIK KPUTSPHITICPIHIH MaHbBI3IbLIBIFbI.

5.8-tenaeyinne p; + p>= 1 nen KaOBUTIAHITEL.

OHraiinel Oackapy TEHICYIHIH IICHIiMi Kellecined »Ky3ere achbIpbLIaJibl.
KosranbIcTeH Gapiaplk OaFBITBI KOJABIH KEKEJIETeH ydacKenepiHe OeriHen.
JKonnpry opOip y4ackeci YIIiH aBTOKOIKTIH CaMarbIHa, XKOJIBIH KeACPTiCiHIH
ko3 dunmentine xxone BAKK iy Oepinic caHbiHa GallIaHBICTBI KOJIIK KYpalibl
KO3FaJIbICHIHBIH KBULAAMBIK PEXHMI aHbIKTanaabl. JKbUIIAMIBIK PEKUMI
HICTIHAC OHTAWIBUIBIK KPUTCPUIIICPIH KOJIJaHA OTBIPHIIN, OHTAMIBI KO3FaJIBIC
*eraaMasirsl skoHe BAKK (6epy) Tuicti 6epinic caHBI TaHIaTa b

JKeummaMaslk pekMMiH aHBIKTAay JkoHe oraH coiikec BAKK Oepy canbr
(bepy) MbIHamaii TypAe Jky3ere achipbuiazbl. (5.7) Heri3iHIe aBTOKOIIK
KBUIIaMIBIFRIHBIH G, calMarblHA, ¥ JKOJIBIH KeICPriCiHiH Kod((HUIINCHTIHE
TOYEJIUIIr] AbIH/bI:

9 - 0377-n,-M,-n, (5.9)
la =

G,y
MYHJaFBl 1y — ©H JKOFaphl aifHally MOMCHTIHE COHKeC KeNeTiH aiHamy

SKHLTITIHE COMKEC KeaeIi;
M, — aiiHany MOMEHTI;
Ny — IIOK TpancMuccusicsr;
G, — aBTOKOJIIK CaJMarkl;
W — KOIIBIH KeAepTi KO PUIHCHTI.

Bepinynin Ttuimainiri [TOK wMen aifHamy XUITITIH 7y MaKCHMAIIBI
MOMEHTIHE COHKEeC KeJeTiH TYpakThl MOH pETiHJE KaObuIdail OTBIPBIN, OCHI
OexiMme KO3FaJbIC >KBUIAAMIBIFBIH ¥ koHEe (G,-re OaillaHBICTBI aHBIKTAyFa
0omabl.

Bepimic xopaOeiasiH (BK) pemykToprmapblH aHBIKTay KelleCi TOCiIMEH
JKYy3ere achIpbUIAIBL. Op KBULAAMIBIK THATIa30HEI Oepislic KOpaOBIHBIH OenTii
0ip KaThIHAChIHA coiikec Keneni (HakThl Oepiiic). bipinmn Oepinic yuiiH, erep
KBUIAMJIBIK OChI JIMAMa30H YIIiH €H YJIKEeH MOHHEH a3 Ooiica, oHAa OipiHiii
peayKTop TaHmanaasl. MakCHMaJIbl TUara3oHIarkl MHHAMYMFa TCH HEMece
OJIaH KOFapPbI KbUIJAM/IBIKTA COHFBI Oepijlic YIIIH COHFbI Oepllic TaHaanabl.

BepinreH KbULAaMIBIK JMANa30HBIH, MHHUMYMHAH MaKCHMyMfa JeHiH,
ABTOKOJIIKTIH CajIMarblHa jK9HE JKOJIABI TapTy KoddduireHTine y GaiaaHbICThI
aHBIKTAy KeJieci cxeMa OOMBIHINA JKY3ere aChIPhLIa/IbI:

1. 5.9-popmynaceHa colikec, Ochl OeiMACTI KBUITAMABIK | koHe G, TEH
arbIMJIaFbl MOHJICPIHE eCerTelNe Il

2. OHBIH KaWCBICHIHA KATATHIHBIH TEKCEPEI.
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3. Inamazonra OaitmaHBICTRI Oenriai Oip caaMaKTarbl KOJABIH OepinreH
0eJ1iri yIiH MUHUMAJIB! )KOHE MaKCHMAaJI/IbI JKbIJIIAM/IBIKTAp aHBIKTaa/Ibl.

4. Bepinic koaddunuenti (pemxykrop) Oenrini O0ip KbUTIAMIBIK JHATa30HbI
YIIH KONiK KYpalblHbIH canMarbl G, YIIIH JKOHE JKON YYacKECiHiH KeAepri
KO3 (UITNEHTI ¥ YIIIiH aHBIKTAJIa bl

ATBIHFaH KBUIIAMIBIK TUama3oHbHA colikec Wb aifHamy XuinmikTepiHig
JIMaIia30Hbl AaHBIKTAJIa IbI:

ik (‘91a) 'io _ I (lgla)'io

n_. = s n =
emin amin 0,377 r emax amax 0,377 7,

(5.8) omrumanapuIblK KpuTepui Herizinae Mathcad OarmapiamachIHBIH
kemerimeH (MB) aliHamy >KUUTITIHIH AMANa30HbI XKOHE iCKE KOCY TOTHIH LIEKTEY
kypoutrbutapsl (IKTILIK) Goiibanma 6ap miekreysep Ke3iHjae OHTaiIbl MaHAEpi
(5.8 Tenmeyi) ¢ ’KoHE n, OHTAWIBI MOHJIEPI AHBIKTAJAIBL.

5.3-cyperte O, OTBIHBIHBIH IIbIFbIHBIHAH Cr MAKCATThl (PYHKLUACHIH XKOHE
P, onTuManapuUIBIFBIHBIH, OJIIIEMIHIE OEITIJIEHTEH CajJMarbl KE3iH/E aBTOKOIIK
KO3FAJIBICBIHBIH KbUIIAMIBIFBIH Va MOJIENbIICY HOTHIKENEPI KOPCETIITeH.

(5.10)

c

1

n

5.3-cypem. Onmumanowinwix o1UeMIHIH MAHBI3ObLIbIEbL OeNCiIeH2eH CATMAK, Ke3IHOe

OMbIH ULBIZBIHBL JHCIHE ABMOKOIK KO3EANICHIHbIY HCbLIOAMObLEbL OOUbIHULA Oa2anay

@yuryusicor: a — 0,1 Manvi306LIbIK caimazoiioa;, 6 — 0,5 ManbI30bLIbIK CANMAZIHOA,
¢ — 0,9 ManvI30bLIbIK CATMABIHOA

5.3-cypeTTeH MaHBI3ABUIBIK CalMaFbl a3aiffaH Ke3[e MaKcaTThl (pyHKIUs

KO3FallbIC  JKbUIIAMJIBIFBIMEH, al  YJIFaiiFaH  Ke3Jle-OThIH  IIBIFBIHBIMEH
aHBIKTAJIABI.
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5.4-cyperte G, aBTOKOIIKTIH CAJIMarbl MEH ¥ MaplIpyT yYacKeCiHiH >KOJ
KeAEpriCiHiH KOd(QQUIUCHTIHIH ©3repyiHEH OTHIH UIBIFBIHBIH MOJIEIIbICY
HOTIDKEJIepl KOPCETITeH.

1] Ga

5.4-cypem. Omuit WbI2bIHBIHBIY ABMOKOIK CATMARIHA HCIHE IHCOTl KeOep2ICiHiK
K03 puyuenmine mayendinizi

5.4-cypeTTe 5KOJ KaFJalbIHbIH Hallapiaybl )KOHE aBTOKOJIIK CalMarblHbIH
apTyBbl Ke31HAE IIBIFBIH OCYy/Ie.

KopeIThiHABUTAH KeTle, o3ipJeHreH OHTaimbl Oackapy KyiHeci JXyK
ABTOKOJIITIHIH KO3FAJbICHIH aBTOMATTaHJIBIPbUIFaH OacKapyAblH OapibIK
JKyiHeciHiH Herisri 6emirin 6inaipeni. ObX 3epTTeyniH Kypri3iireH TeOPUSITBIK
HOTIDKEJIEpI HAKThI (DU3UKAIBIK IPOIECKEe COWKEC KelieAl >KoHe Oackapy
0OBEKTICIH, SIFHU aBTOKOJIKTI OHTAWIAH/BIPY YILITH KOJJAHBUTYbl MYMKIH.

OBX oHraiinel OGacKapyAblH o3ipJCHTeH JXYHeci HAaKThl aBTOKOJIKTiH
napameTrpJiepiH, OHBIH THEIyiH »oHEe OaFbITTBIH CpEKIIENIKTEepiH ecKepe
OTBIPBIII, OHTAMIIBI KO3FAJIBIC PEXKUMIH aHBIKTAN/IBI, SIFHH, OTHIH IIBIFBIHBI )KOHE
KOJIiK KYpaJlbIHBIH KO3FaJIbIC YaKbIThI OOWBIHINA OHTAIBUIBIKTBIH KEIICH/I
KPUTEPUHIMEH YChIHBUIFAH OHTAMIAH BIPY MIHACTI IEIIiIeI].

OBX onraiiner Oackapy KYHECiH €HTi3y aBTOKOIIK KO3FAJIBICHIH OacKapy
npoueciHe anam (aKTOPBIHBIH 9CEpPiH TOMEHJAETYre MYMKIHAIK Oeperi.
HotwxeciHae OTBHIH LIBIFBIHBI a3asifbl XKOHE 3MSHIBI 3aTTapAblH IIBIFAapbIH-
JBLIApHI a3asibl. bynan 6acka, KO3raiubIc OapBICBIHIA ABTOKOIIKTIH KayilCi3/iri
apranel. OCBhIHBIH OapibIFbl Tay-KeH OHIIPY KOCIOpPBIHAAPBIHBIH Oocekere
KaOlIeTTiNITiH apTTRIpYFa MYMKIHZIIK Oepei.

AKbLn0bl asmobycmapea apHan2an asmomammaHnObIPbLIZAH Jcytienep

Byringe aBTOHOMIBI aBTOOYCTapIbl J3ipJIeyMEH KaTap, TYpii KoMIa-
HUSUTAP aKbUIABl aBTOKOIKTEPIiH OaphIHINA THIMIL JKYMBICBIH JKOJIFa KOKOFa
KOMEKTECETiIH aBTOMATTAH IbIPBLIFAH KYHEIepl Kypabl.

MocerneH, peceiinik «EBpoMo0Oaiimy KOMIAHHUICH KOFAMIIBIK KOJIIK YIIIiH
kerrenai [T-xy#ecin a3ipneni. On aBTOOYCTBIH KOOPJIMHATTAPBIH aBTOMApPKKE
Oepeni, OcitHeKaMepara jka3ajIbl KOHE CAIOH 1A YKOHE YKOJIIa OOJIBIIT KATKAHHBIH
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Oopin cepBepre xkiOepemi. JKamapmali MEH IIMHAHBIH KBICBIMBIH OaKbUIay
XKyHeci aBTOMOOWIIBJIH JKar[Jaibl Typallbl akmapaT >XHHaWAbl JKOHE OHBI
Kyprizymi  MeH mapkke kibepemi. JlaybicThik  aBTomH(pOpMEp  KOHE
MEIUaopTANBIK JKONAyIIbUIAPFa asuigaMallap MEH KOJIK JXYPeTiH MapuipyT
Typainsl xabapnaiinel. Tetenue xarnaitna « 3PA TJIOHACC» xyiteci aBToOyc
KOOPJAMHATTAPBIH TUCIIETUEPIIIK KbI3MeTKe Kibepeni [33].

EuroMobile-Tin Tarel Oip nmamybl — «ABTOKOJIK OTKI3rilD» aBTOMaT-
TaHIBIpBUIFaH >KyHeci. OHBIH MakcaThl — aBTOOycTa KaHINA >KOJAyMIbI
TachIMaJIANTHIHBIFBIH Tipkey. Komaymeimap GemiMiHae opHAThUIFaH OeiiHe-
KaMepayap KeJIKTiH KaHIIa a/laM KipreHiH JKoHe IIBIKKaHbIH Oakputaiel. by
JIEpeKTep OpTaIbIK 0acKapy TaKTachIHa XKiOepinesi.

Ocpuraiimia, >kacaHabl HHTEJUIEKT TEXHOJIOTHUSIIAPHI canapiapAbl bIHFAIIbI
KOHEe Kayimcis ere amampl. Tek axpUABl aBTOOycTap, TpaMBaiiap MeH
TpoiteiibycTap OapibIK KallaTapAblH SKONIAPBEIMEH JKYPETiH Ke3le, KOFaMIBIK
KOIKTEepAEe KYPY TO3IMIALIIK ChIHAK €Mec, JKaKChI carmap 00Jia anaibl.

5.2. TemipskoJ1 KeJIiriHAeri skacanIbl HHTEJLIEKT

Temiporcon konicindeei backapyoviy unmeinnekmyanovt scyteci (TKBHXK)

TaceiMangay TpOIECiH  OHTAWIAHABIPY JKOHE  TEMIpXKOJI  KeJiri
JKYMBICBIHBIH Caraibl KOpCeTKimTepiH xakcapTy MakcateiHaa «F3MAXK» AAK
TKBUX xo0ackiH opbiHAaiab! [34].

TKBMXK — «F3MAX» AAK enxipicTik XyMBICTapbIHBIH ©HAIPICTIK
MUKJTIHIH TOJBIK IMKIIH aBTOMATTAHIBIPATHIH aJFallKel OacKapy IKywHeci.
TKBUXK — Oyn «Peceit Temip sxonmape»y AK eHHIpICTIK KYMBICTApbIHBIH
OHJIIPICTIK MWKIIHIH TOJNBIK IUKITIH aBTOMATTaHIBIPATHIH allFallKbl OacKapy
xyieci. TKBUK kylieciH KypynslH Makcatel Pecell Temip >KONAapbIHBIH
naiijanany — THIMAUNCIH =~ apTThIPY, COHBIMEH  Karap  KOMIAHHUSHBIH
TYTHIHYIIBUIAP Ha3apblH ayaapy.

TKBWX ¢yHKIMOHANBI TackiMalliay MPOLECIH JKOcTapiayAblH, KbUIIbIK
JKOHE alNIBIK JKocmapiaydaH OacTam moe3fapAbl OTKI3yAi JUCHETUSpPIIiK
Kocnapiiayra nedin Oap Oapiblk KerkuekTepai KamTuabl. CoHbIMEH Oipre,
TKBMXX xo3FaibIC, TapTBUIBIC, HH(PPAKYPHUTBIM >KOHE KOMITAHUSHBIH KOJIK
KBI3METTEpl  OPTaNbIFBl  JAMPEKUMSUIAPBIHA  ApHAIFAaH  TEXHOJIOTHSUIBIK
mpouecTepAi  aBToMarTaHablpanpl. JKocmapnay, Kesicy JoHE OpBIHIATYBIH
0akpUIay MIiHACTTEpiH INENly WHTEIUICKTYaJibl OaFmapiaMaibIK-annapaTThiK
MOJyYJBAEPIIH ©3apa iC-KMMBUI JKaCalThIH IUHAMHKANBIK JKOCIapJayIibliap
HKEIICIHIH KOMETIMEH KY3€ere achIpbLIaIbl.

Bynan ©Oacka, Oy »KacaHIbl WHTCIUICKT OIICTEPiH MaiaaHaThIH
TEMIp>KOJI KOJIITi YIIIH aJIFalliKbl OTaHIBIK JXYHe.
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Ocbl x00aHBl iCKE AachIpyAbIH MAaKCaThl MOJWTOHHBIH OpBIH allFaH,
arpIMIaFbl  JKOHE  OO/DKaM/bl  MaijagaHy O KaFIalapblH  KAaH-)KaKThI
CHIIATTAWTBIH, COHBIMEH Karap OejiMaepie MOe3ZapiblH KypaMbl MEH
KBUDKYBIH €CEeNTEeyAl KOJNJaHA OTBIPHIN, OOJIIHreH IOJUTOHHBIH >KYMBICHIH
0akpuIay MEH JKOCHapiayAblH KelleHi KypalapblH iCKe achlpyFa MYMKIiHIIK
OepeTiH OIpIKTIpIIreH MOJIMTOHHBIH OipbIHFai MOJIENIH Kypy OOJIbIN TaObLIa bl

TKBWX Kys6ac — Ileireic xone Kyszbac — ConTycTik-0aThic MOJIUTO-
HBIH/Ia CHT13UI].

DKOHOMUKAIIBIK dcepi:

— CTaHUMSUIApABIH JKEKe TEeXHOJOTHSUIBIK MPOLECTEPIH ecKepe OTHIPHII,

CTaHNMSIApJa KYpaM KYpyAbl THIMII KOCTIapIiay;

— TIOWBI3 IKYMBICBIH JKEICN JKOCIapiiay »>KoHE Oakpuiay KesiHue
YiUTecTipiiireH menrimMaep Kadsuiaay;

— 0apiblK CaHATTarbl JXYK THEITCH BAaroH arblHIAPBIHBIH (XKOHENTLII-
METCH, JKOHENTIIC MapUIpyTTap, KOHTECHHEPJIK JKOHE MaMaH/aH-
JBIPBUIFAH TI0E30aplAblH KEJICUINeH JKOHENTY JKOHE Kely YaKbITBIMEH
KYKTEpIi TachIMaay mapTTaphbl eHOepiHe) MOPTTHIK TOpaNTapbiHa
KO3FalbICTBl  0ackapy IUPEKIUSACHIHBIH JIOTHCTHKANBIK —OpPTaJbIK-
TapBIHBIH )KYMBICHIMEH ©3apa OailiaHbicTa 6ONybIH OacKapy;

— IIeKapallblK  CTaHIMsUIapFa JKOHE  MEMJIeKeTapaliblk  Tykicreni
MYHKTTEpTre Cy WIBIFapyabl 0acKapy;

— TEKCepUIreH KOHE NIOFBIPIAHBIPBUIFAH JEPEKTep HeridiHae OGapiibik
Oackapy [JeHreiHIerl >Keaesl TEePCOHANJIBIH Kbl JKaFIalIbIK
xabapaapIIbIFbIH KaMTaMachi3 ety [34].

5.3. ABHanMAIAFbI KACAH/IbI HHTEJJIEKT JKyiesepi

TexHomorust onmemai Oackapansl. JKoHe aBuamusi epeKIIeNiK eMec.
XKacangpl MHTENJIEKT Te OCHl cayjaja KosigaHbulaael. Pac, myHzma on Oacka
caylajapIarbeiail Te3 TaMBIIl J)KaTKaH JKOK. Ajaiga Ka3ipaiH e3inae Oenrini Oip
KETICTIKTepre KOJI KETKI3UImi. ONeMAeri JKETeKIN aBHaKOMIAHHSIApP, OKY
OPTaJIBIKTAphl JKOHE YIIIAK OHIIPYIIiIepl kKacaH(bl HHTEIUIEKTKE KapaxkaT cajia
Oacrapl.

ABnanys cajachl YHEMi XETUIIIpyre TBHIPBICATBIH HETi3ri OarbITTapibIH
O0ipi — ymKeIOTapApl faspiay. bomamak YIIKBIITEL OKBITY Y3aK JKOHE
KapKBIHBI TIpoIiecc OOJIBINT TaObUIaIbI, OJ1 XKep/Ie MEKTEIl XKoHe cepTH(UKaTTay
tectiziepi Oap. CapammbuiapIplH MIiKIpiHIIE, KacaHAbl MWHTEJUIEKT YIIKBIII-
TapIbIH JaWBIHABIFEIH SA0Yip XKakcapTaas! [35].

CapanmbiapAplH MiKipiHIIe, >KacaHAbl WHTEJUIEKT YIIKBIIITApFa TOJBIK
Ke30€eH MO0y AUana30HbIH YChIHA OTBIPBII, OJaH /A MIBIHAWEI CUMYJISLUAFA He
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Oosyra MYMKiHZIK Oepeni. JKacaHIpl WHTEIUIEKT EHTI3UIT€H KOMIIBIOTEP
KATTBIFYJIap Typasibl OapIbIK MOTIMETTEp/Ii )KUHAN KaHa KOWMAaWIbl, COHBIMCH
KaTtap JKaTTBIFy Ke3iHAE YINKBINTHIH OpeKeTiH jka3amel. OKy OapbIchIHIA
KMHAIFAaH  Oapiiblk ~ MANIMETTep  aBTONIJIOTTApABI  JKaKcapTy  YIiH
nanaananbUIaab.

JKacaHnpl MHTEIUIEKT aBHALMAAA KEPEMET KYMBIC ICTEH alaThlH CHAKTHI.
Bip KkpBBIKTBI Qakt, Oip OSKCHEPUMEHTTIK OKY OpTAJBIFBl  CaHIBIK
WHHOBAIMsUIApFa (COHBIH iTHAE XKACaH bl HHTEIUICKT SHTi3yre) YIIKBIIITAP IbI
Jaspiay Jkyidecin 1 Mwumapa mojulapra WHBecTHHUsUIanbl. «lIIBIFBICY nen
aTaJaThlH JKaHa OKBITY OKylieci OKy TMIpoleciHie Tikened JepeKTepaiH
TOXKIpUOENIK JNaFJbUIAPBIH JKOHE MWIOTTHIK yirepimai Oaranaiiael. OKy
NpOLECTepiH  aBTOMATTAHMABIPY  YIIKBIIITAPFA OKBITYIIBIHBIH CYOBCKTHB-
TIJTIHEH Tepi CTaHAapTTapFa COMKeC JKaKChIpaK OUTIM alyFa MyMKIHJIIK Oepei.
YIOKBIITapBIH Jaspiay YIIH >KacaHAbl WHTEJUICKT TEXHOJIOTHSCHIH CHI13TeH
tarbl Oip komnanus — AKII ackepu-aye kymrepi. AKLL ockepu-aye kymrepi
O31HIH TpEeHaXepJiapblHJa 3aMaHayd OWOMETPHSUIBIK JKYHenepli, »acaHJbl
WHTCIUIEKT TI€H BHUPTYaJJbl IIBIHABIK OJKYHEJEepiH KOJAaHa  OTBIPHII
YIIKBIIITAP/Abl OKBITYABIH JKaHa oficiH Tadyra ThIpeicy yuIiiH «bomamiakra
VIIKBIIITApABl  OKBITY» OaFmapiaMachblH icke KocTel. Mysmait  Al-run
CHMYJISITOpIIAapBl  OKYIIBUIAPFa JKAKCHl KATCTIKTEpIi TYCIHYre j>KOHE OJlapbl
Ty3eTyre KOeMEeKTecy VIIiH HakThl Muccuaiaapasl oifHaTtansl. JKacanmbl
unTesekTTi eHrizy AKII ockepu-oye KylITEpiHE KbUI CAWbIH OKBITY MEH
MPAaKTUKAHBIH KBUIZAM opi THIMAI TSCUTIH Kypa OTHIpbI, KeOipek
aBUATOPIIAP/Ibl OKBITYFa MYMKIH/IIK Oepei.

Yugviuumoly srcymuic Hcykmemecin momenoenmy

¥YikeImrapra KeMeK - )KacaHAbl HHTEJIEKT apKbUIbl XKaKcapTyra 00JIaThIH
Tarpl Oip MaHBI3ABl QYHKIHUSA. TEOpPHsIIBIK TYPFBIIAH OJ VIIKBIIITApFa YIIKEH
KaFIalIbIK XabapaapibIKThl Oepin, Kypainapabl 6acKkapyra KETETiH yaKbITThI
KBICKapTybl MYMKIH. ByJ1 conpaii-ak yIIKbIITapFa Yy Ke3iHAe SKHITaXbIH
0acka MylIeJaepiMeH KaKChl KapbIM-KAaThIHAC jKacayFa MYMKIHAIK Oepexi. by
Tek Teopus emec, eoiiTkeHi GPS TtexHonormsceiHa MamaHmanraH Garmin
kommanuscel «Telligence-Ti» ycpiHFaH. ByJl YIIKBIIITBHIH JKYMBIC XKYKTEMECIH
KbICKAapTyFa JKOHE »JKaKChl YIIyAbl KaMTaMachl3 €Tyre apHalfaH OHIM.
«Telligence» ymKplTapra oye KeMeciMeH celyecyre — KapamaibIM Jaybic
KOMaH/IaJapbIHbIH KOMETIMeH OaiaHbICThl peTTeyre MyMKiHIik Oepeni. By
OHIM Ka3ipAiH e3iHAe cepTH(UKaTTaIFaH >XoHE OYTiH OpHATy YVIIIH KOJ
JKETIMII.

Taret Oip MmaHp3abl oHepraObic ALIAS DARPA (Aircrew Labor-in-
Cockpit Automation System) jkacaHIbl HHTEJICKTIH iCKE achIpy OOJIBII
TaObUIaAbl. ANnac-aaMHbIH (U3UKAJIBIK OPHBIH allaThIH aJ[aM Topi3/i MalluHa.

107



Byt pobotranran Ko, 01 €KiHII YIIKBIIITEIH OPHBIH aJajbl, UTEpil, Oackapy
JJIEMEHTTEepiH TapTaabl. MyHaald IKyile ylIakTapaarbl aBTOMAaTTaHABIPY
JICHTeHiH JKOFapbUIATYbl OHE KBICKAPTBUIFAH OOPTTHIK DJKHUMAXKOCH YIIMy
MYMKIHAITiH KaMTamace3 etyi MyMmkiH. ALIAS conpaii-ak ymryman Oacram
KOHFaHFa JeliH OapibIK MUCCHSHBI urepyre ymrthiiaasl. ALIAS mnaitpimumaysr
YIIKBIIIKA OPBIHAYIII eMec, Oaciibl 00yFa MYMKIHIIK Oepeni [35].

Kaszipri 3amanrsl AT-HbI JamMbITy O0OpTTa HIEUIIETIH OacKapy MiHIETTEpiH
KETUAIPY ACHreliH jKoHe aBTOMATTaHIBIPY JSHISUiH apTTHIPYIbl, COHIAaNH-aK
YA MeH OHBIH JXYHeNepiHiH epeKIIeTiKTepiH, MeKTeyIepi MeH MYMKIHIIKTEepiH
JKAH-)KaKThl €CENKe alyAbl Talam eTell. OKUNaKFa OOBEKTIHI KOJIAaHy
MakcaTTapblHa KOJI KETKi3y/i Oackapyla OpTaJblK peyl OepiireH aibIHFbI
YpIakTap/AblH OOPTTBHIK J>KYHEJEpiHEH albIpMallbUIbIFBl, Ka3ipri yakbITTa
Oimimui  Oackapy onicTepi MEH TEXHOJNOTHSUIAPBIH KOJJAaHa  OTBIPHII,
OackapyabIH OOPTTHIK KYHENEpiHiH POJIiH apTThIPY YPIICl OpbIH aiyaa. Yiuryaa
HICUIyAl TajJal eTeTIH MIHACTTeP/AIH KONTYPIUIri, KypAemuliri >KoHe
OIpKaJIBINTHl OOJIybl MEPCHEKTHBAIbl aBHAKOMIIAHHMSIAPABIH OKUMAXKAApbIHA
ecenTey JKoHE aKMapaTThIK KOMEKTI KaMTaMachl3 eTy KypaJjiapblH 33ipiieyre
JKaHa TOCUTAEpAl Tajam eTeli. ¥IIaKTHIH MAaKCATThl iC-OpeKETiHIH KaJbl
TUIMIAUTITIH  apTTBIPy YIUIIH aBHAKeNIKTI JaMbITyIbIH Ka3ipri Ke3eHiHJe
OKHUMAXKABIH <QIIEKTPOHIBIK KOMEKIIepi» aen arayra OOJaThIH KeNTereH
OUTIKTI MaMaHAAPIbIH WHTETPAllMsIaHFaH TOHKIPUOECIH KAMTHTBIH OOPTTHIK
aknaparThIK xyienepai (AXK) a3ipiey KaxeTTuliri TybIHIai bl

AX — Oy akmaparThIK IpOIecTe MHTETpalMsUIaHFaH, aJaMMEH HeMece
aBTOHOMJBI TYpHE KYMBIC ICTEHTiH, aKmapar IleH OiiM HeTi3iHIe MaKCaTThHI
CHHTE3lledl anaThlH, erep MOTHBAaLUs OoJica, 1C-KMMBUI Typasbl ILIENIM
KaOblIAayFa *OHE MaKcaTKa JKETYIIH YTBIMJBI JKOJIJapblH TaOyra KaOineTTi
anmaparThIK )KoHe OaraapiamMasblK KypalaapIblH )KUBIHTHIFbL.

JlepexTepni eHAEYMIH JOCTYpJi JAeTepMHUHAIMSJIAaHFaH »JKOHE CTaThC-
TUKAJBIK QMICTEpl OHJICICTIH aKmapaTTHIH KOJIEMiH XoHe OOpTTa MICHIUICTIH
MIHJCTTEpAiH KYpACTTrin urepe anMaiapl. benrini Oackapy amroputMmaepiH
KETULNIPY OJIApJbIH TYPAKThl KypJelieHyiHe OalnaHbICThl SpKalllaH KakKeTTi
HOTIOKE OepMeri, Oyl oylapibl KaHAa TEXHOJOTHUIAD MEH TOCUIIEPIiH
KOMETIMEH iCKe achIpy/sl Tajamn ereli. Joctypui sgictep Kypaeni oObexTinepai
Gackapy carachlH apTTHIpYAbl KaMTaMachl3 €Te alMalIbl, OMTKeHi XKyiiere acep
eTEeTiH KOHE WICHIiMIep I3IECTIpyAi XKy3ere acelpyra Typa KeleTiH OapIibiK
Oenrici3AiKTepi eCKepMeni.

Xana TtexHoJOrMsHBI K00anay OLTIMII eHAey SIicTepi MEH 3amMaHayu
MHTEJUIEKTYAIABIK TEXHOJOTHJIapAbl MaiianaHa oOTHIpbIN, OOpTTHIK BK
93ipIeydiH JOCTYpIIi eMec TOCUIAepiH TapTa OTHIpHI, 00pTTHIK AJXK o3ipueyni
JKOHE EHT13y/ll Tajlam eTei.

108



BopTTeik AXK IITAaTTHIK pexkuMIepae )KIHE IKCTPEMAILIbl KaFainapa ic-
OpeKeTTepliH MaKcaTKa cail TAKTHKAChIH aHbIKTayFa OalIaHbICTBl MiHAETTEPI
e3iHe amyra KabimerTi. bym Makcatka OSKuUNaX (QYHKOUASIIAPBIH —JKOHE
MpoOIEeMaNbI-0aFBITTAFAH  «3JEKTPOHABIK KOMEKIIIepA» YTBHIMIBL Oey,
yiectipy JkoHe Kaitamay apKbUIBI KOJI JKEeTKi3yre Oonmajpl, OOBEeKTIHI
KOJIJaHYIbIH OapbIHIIA THIMIUTITIH, THIMII OMIPIICHIIKTI, ICTCH NIBIFyIapabl,
3aKBIMJAHYJIAPABI JKOHE T.0. OOCCHIETYII KaMTaMmachl3 €Ty MIHAETTepiH
HIerei.

ABuakerik 00BEKTUIEp] YIIIH MHTEIUICKTYalAbl KYHeIepai KOJIaHyIbIH
HEFYpJIBIM NIEPCIIEKTUBAIIBI callaJlapbl MbIHA/ail OarbITTap OOJBIN TaObIIa IbI:

— MHTEJUISKTYaJ{bl HAaBUTalUs >KOHE YIIy (YIIy TarChIpMachIHBIH OpPBIH-

JATYBIH 0acKapy, JKeIel JKaFIai el Oaranay koHe 00JpKay JKoHe T.0.)
— YIIy TarceIpMachlH HHTEILICKTY bl XKOCapIay;
— aKNapaTtThl HHTEJUICKTYalIbl OHICY, MaKCaTThl JEPCKTEPAl KHHAY KIHE
Tanaay;
— HBICAHAJIBI MAaKCATTaFbI OOIHETIH Kypanmapasl Oackapy;
TOMTBIK OPEKETTEP KSHE TONTHIK YIIAK JKYPTi3y;
kemeHai OoptTeIK >ka0meikTapasl (KBXX) Oakeuiay xoHe amarHoc-
THKaJay;

— KBX TexHUKaNBIK KbI3MET KOPCETY JKOHE KOHIELY;

— AXK-HBI TpeHaXep JKOHE OKBITY JKyHeci peTiH/e maiganany.

YIIaKTbIH OSKAOAXKBIHBIH MAKCATThl MIHACTTepAl INClIyiH HHTEl-
JIEKTyaIM3al sy IbIH HET13T1 JKOJIAAPBIHEIH Oipi KABINTACKAH JKaFaaiaapsl
Oaramay >KoHE yIIyAa ImenriMaep KaObUlgay Ke3iHAEC OSKHMaX KBI3METIH
aKnmapaTThlK KaMTamachl3 Tyl XKeTuIIipy OoJbiln TaObuiaabl. ¥IIyJa eHJeyre
JKATaThlH AaKMapaTThIH TYPaKThl ecill KeJie JKaTKaH KeJeMi jKarjaiibiHIa
aKMapaTThlK TEXHOJOTHSIAPAbl JaMBITYyIbIH OChI KE3€HIHAE NpPaKTHKaJIBIK
TYpPFBIIAaH Oyl  OaFbiT epeKiie KbI3BIFYIIbUIBIK TyAbIpaabl. COHJIBIKTaH
3epTTeyiep OipiHIN Ke3eKTe YIITy TallChIPMAChIHBIH PEXXUMAEPI MEH Ke3CHICPiH
OpBIH/AYbl POOOTTAHIBIPY KOHE OOBEKTIHIH JKOHE KOpIIaraH OpTaHbIH
arpIMJIaFbl  JKaM-KYHIHIH  aKmapaTTelK MOJENIH KYpPy VIIH  KaXeTTi
MOJIIMETTEpAl ally NMPOLECIHIE YIIKBIITHIH KEPHEYJITriH TOMEHJIETY Macele-
JiepiHe OarbITTaIybl THIC.

Wuremnextyanael  0ackapy  TEXHOJNOTHSUIAPBIHBIH — maiima  OOybl
MEepCIeKTUBAIBI  OOPTTHIK €cenTey KelleHJepiH OaraapiaMalibik-MaTeMa-
TukanelK Kamtamaceds etyai (BMKE) kypyra npuHOmnTi jkaHa Ke3Kapac
MYMKIHIT1 Typaibl alTyFa MyYMKiHAIK Oepeni.

Kypneni >kyienepaiH AaMybl TeK JIOCTypii Oackapy TEOPHSCHIHBIH
KOMETIMeH IIeminMeiTiH Oipkarap Macenenepai Tyaslpansl. Herisinen, Oy
Moceenep JKYWEHIH JKYMBIC iCTeyi JKaFTalbIHIAFbl OCBIHAAW OeNTriCi3MiKIIeH
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OalmaHbICTBI, OYJl SBPHUCTHKAIBIK Oilay KaOUIETIH KaJBIITACTBIPY >KOHE
ToXIpUOeIeH yipeHy KalijeTi 0ap amamra TOH Mpoleaypajapra yKcac MICIIiM
KaObu11ay IpoLeaypalapblH Ky3ere acbIpy bl Tajar eTel.

BackapynslH WKeMai jkoHE THIMAL JKYHelepiH Kypy IocTypii Oackapy
TEOPHSACHIHBIH AJITOPUTMJIK OMICTEPIMEH Karap, HOTHIXKE, HEri3Jiey JKOHe
IBPUCTHKAHBI KOJIZIAHY CHSIKTBI 9J[ICTEp/Ii KOJIJAHYIbl TAJAll eTe/Ii.

Binimni enzaey anroputMmaepiH naiiaanany cisre:

— KYHEeHIH (GYHKIMOHAJIBIFBIH KEHEUTY;

— JKYHEHIH KEHETTEeH ©3TepeTiH CHIPTKBI XKaFaaiiapra xeaen Oeifimaenyi;

— TalchIpMaJaplbly TapajuleNnaeyiHe OalnaHBICTBl JKYHEHIH peaKLus
YaKbIThIH a3aiiTyFa;

— OakpuIay ic-opeKeTTepi aFbIMIarbl JKarjaiira Oapabap 00y BIKTH-
MaJIABIFbIH apTTHIPY;

— aJJIbIH-aJIa JalbIHIBIK TOKIpUOESCiHEe CyleHe OTBIPBII, CTAaHIAPTTHI eMeC
MOCEJICHI Iy IiH KOCHIapbIH KYPY;

— CBIPTKBI OPTaHBIH JCEpiHEH ©31HIH CBHIPTKbI MiHE3-KWIKBIH TyOereitni
e3repTy, Oip MocelieH] MIenTyieH 0ac TapTyFa xoHe 0acka mpoOIecMaHbI
HrenryieH 0ac TapTyra MYMKIHAIIK Oepeii.

Op TYpJl MHTEIUIEKTYaJIIbl TEXHOJIOTHSUIAPABIH CAIBICTHIPMANBl TAIIaybI
OipKaTap KaJmbl OeNriiepli aHbIKTayFa MYMKIHIIK Oepeli, onap.blH Herisrici
Oenrim Oip YFRIMAAP/BI IOH/IK alMAKThIH JKEKEJIereH KyObUIbICTaphl apachIHaa
OaiimaHbIC OPHATYABIH KYpalbl peTiHae, OLTiM MEH JIOTUKAJIBIK TY KBIPBIMAAPIbI
YCBHIHY TETiKTepiHiH O0JIybIMEH OailIaHbICThI.

CoHBIMEH,  JOCTYpJi  TCXHOJOTWSUIAPABIH ~ JKacaHIbl  MHTEIUICKT
TEXHOJIOTHSCBIMEH YHIIECYIMEH CHIIATTANAThIH TMOPUATIK JKYHENIepaiH JaMysbl
epeKIle MaHbI3Fa He.

O3iH 631 0aKblIayFa apHAJIFaH CypaKTap

—

KU xoFaMIBIK KOJIIKTE KOJIIaHy.

2. KoraMIpIK KOIiK YIIiH apTHIKIIBUTBIKTApEl MEH-KYHenepi KaHaain?

3. XKacanapl HHTEIEKTIICH >Ka0/IbIKTaJIFaH MMMIOTCHI3 KONIKTIH ISCTYpIi
KOJIIKTeH KaH/1ai albIpMalIbUIbIFbl O0ap?

4. 12 opemasik Olli 3nekTpoOychIH KiM o3ipremdi?

5.  «aTm» nunotcehi3 12 opbIHABIK AIEKTPOKap KOFaMFa Kail jKbUTbl
YCHIHBUIBI?

6. ABTOKeJIIK KO3FIBICHIH 0aCKapyIbIH 3USATKEPIIiK )KyHeciHIH OJIOK-
CBI30AChIH CHITATTaHBI3.

7.  KommbloTepse KemiKTiH SpTypIii peXKUMAEPIH KIHE

TpaeKTOPHSJIAPBIH TANay YIIiH KaHai mapameTpiepai Kolaanyra

oomager?
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10.

11.

12.

13.

14.

15.

3usATKepIaik Oackapy »kyienepi 6ap MUIOTCHI3 KOJIK Kypajiapsl
KaHJail cananap/ia KoJJaHblIaabl?

JKyx xemiria GackapyablH OHTAWIIBI )KYHECIHIH OJIOK-CXEMaChIH
KENTIpiHi3.

JKyk keuirin oHTaib1 Oackapy *KyHeciHiH KypaMbIHa KaHaai OioKkTap
Kipemi?

JKyk keuirin oHTaiiib! Oackapy KyHeciHiH MaTeMaTHKaIbIK MO/
KaH/1all Typ/ie YChIHBLIAIbI.

Keunik KypaJIbIHBIH cajMarbl MEH JK0J KeJieprici K03 GUIMEHTiHIH
e3repyiHe OalyIaHBICTHI OTHIH HIBIFBIHBI KAJIal e3repei?

AKBUIIBI aBTOOYCTAp YILIH aBTOMATTAH/IBIPBUIFaH XKYHeTepaiH
MBICAJIIAPBIH KETIPiHi3.

Kait komnanust KOFaMJIbIK KeJikTepre apHainrad kemenai 1T xyitecin
sxacansl?

«ABTOKOH/IyKTOP»aBTOMAaTTaHIBIPbIIFAH XKYHECiH KiM a3ipieni?
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6-rapay. FAPBIIITBIK 3EPTTEYJEPJETT JKACAHIBI
WHTEJUIEKT KYHEJEPI

6.1. KyH naybLibiH 00JKAy 7K9HE aCTepOMATEepAeH KOPFay

NASA Frontier Development Lab 3eprxanacweiHblH Fanbsivaapbl (6.1-
cyperTi KapaHs3) Microsoft skoHe IBM-MeH BIHTBIMAKTACTBIKTA KYII IT€H KYH
KYpKipeyiH Oopkay YIIiH e3iH-31 OKBITATBIH KYHEJIIepMEH KYMBIC icTeiai. byn
Kyienepal Tek KyH AaybUIbIH OoJpKay, jKaHa FajlaMILapAblH KIMMAThIH XKOHE
ONMapIBIH eMipre >KapaMABUIBIFBIH aHBIKTAy YIINIH FaHa eMmec, TaOufrH
pecypcTapabl Taly YIIiH Jie Taiaianyra 0oiapl.

3eprxananbl 2013 xbutel Ob6ama Asteroid Grand Challenge Garnapiama-
ChIMEH MIa0BIT alIFaH XKaHa 3elaHausuIbIK Kocinkep Ixeiime [app xypasl. [app
NASA >xepni actepounarap MeH Oacka Ja KayinTepACeH Kopray jkoOajapbhiHa
KW camaceIHOAFbl O3BIK O3ipIIeMeENepai CHTI3eTiH kobameH Oipiecim >KyMbIC
icrey/i ychiHabl. [lappabiH afiTybIHIIA, KACAHBI MHTEICKT — acTPOHOMAp
outi OGararail anmMaraH XKaJFbI3 TEXHOJIOTHS.

6.1-cypem. NASA Frontier Development 3epmxanacwl

Dkzonaanemanapovl ausy

JKacaHnpl MHTEIUIGKT FalbIMjapFa >KaHa Falaminapiapisl  Talyra
keMekTecenmi. KU anroputmiMeH ska0apikTanrad Keriep TeIecKorbl Faphiika
2009 »bLIbl HAYPBI3JIA YIIBIPBUIBII, OH XKBUIFA XKYBIK YaKbIT dKYMBIC iCTE/Ii: OCHI
YakpIT immiHae actpoHoMaap oHbIMEH 2600-IeH acTtaM SK30IUTAHETaHBI TaIlThl
(6.2-cypet). Moacenen, 2017 xwuiabiH coHbiHAa o Kepler -90 sxynnmeizmgap
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xyhecingeri Kepler 80g xonme Kepler 90i ramammapnapsin  Afinahap
HIOKXKYJIIIBI3BIHA Ta0y apKbUTbl KYH )KYHECIHIH eri3liepiH Tadyra KOMEKTeCTi.

Google Al KOMNaHUWSCHIHBIH aFa HHXEHEpPi, *KOOaHBI 3epPTTEYLIICPAIIH
0ipi, ampuIFaH KOH(EPEeHUMSIIBIK KOHbIpay Kesinae «bynm men mrabaren
JKepJieH uHe Tady cusikThl», — aeai Kpuc amry [37].

2018 KpUIIBIH Ka3aHBIHAA OHBIH JKaHapMaii 0arbl 00C OOIBIN, TEIECKOI
MHUCCUSIHBI ~ askTanpl. Aumaiina, Kepler jxaHa omemaepre aH aynaynsl
asKTaFaHHaH KeliH, acTpoHomaap (Gaia TENECKONMBIHAH allbIHFAH MOIIMETTEp
MEH aKIapaTTap/ sl Haiaanansi, Tars! 104 sK301IaHeTaHbl TaybIIl ajljibl.

6.2-cypem. Kepler (NASA) meneckonvin kepcemy

Ocbl HoTHKEre JKeTy YIniH 3eprreymnijiep NASA nepexkTepiH KoijnaHa
OTBIPBIN, AITOPUTM/I OKBIABI. 15 MBIH CHIHAK CHTHAIJAPBIH 3€pTTEr€HHEH
Keiin, Temeckon 96% karmaiima ToIaHeTa’mapAbl JAYPHIC AaHBIKTAl  aifjpl
(6.3-cyper).

6.3-cypem. JAXA / NASA pobomut
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ISS-men anvinzan JAXA / NASA pobommapusl mypanet penopmasic

XKamonnplk asporapeiITHIK 3eprreyiiep areHTTiringe (JAXA) Int-Ball —
KAIIBIKTBIKTAH OacKapbUIaTBIH OPOH  O3ipiielli, ON KaMepara Faphli
CTaHIMSICBIHBIH OOPTHIHIA JKYPri3UIETIH 3KCIIEPUMEHTTEpAl TycCipelmi >KoHe
onapapl XKepre xibepei.

Int-Ball 6apmeix smemenTrepi 3D-mpuHTepae Gachll MIBIFAPBUIFaH, 01 12
nporeuiep KemeriMeH Kosranaabl, an XFC innHge — XKeTIMACITCH KBI3FBUIT
HYKTelep-Mapkepiep OoibIHIIa OaFraapiIaHabl.

Kinkenrait ke3zi pobot (canmarsl Int-Ball Tex 1 xunmorpamm, nuamerpi —
15 cM) sxepmeri SKMIaX MEH KOMAaHAAHBIH JKYMBICHIH CHHXPOHIAYbl
xeHinereni. JpoH acTpoHaBTapAblH OipHelIe MIiHICTTEPiH ajbll, OJapiblH
)KyMbIc KesieMiH 10%-ra asaiiTTel. Bomamakra Int-Ball enimaep KopbiH
OaxpIIar, KeMEHIH CHIHFaH OOIIEeKTEePiH JKOAAbI IS JKOCTapiiaHy/a.

6.2. )K! annaparrapra KOHYFa KemMeKkTeceai

KU xonnaHaThlH 3aMaHayd o3ipiemerep Oipringen OaraapiiaMasbiK
KaMTaMachl3 €Ty MEH TeXHUKaHbl aBTOHOMIIbI, ©3iH-031 yipeHyre KaOimrerTi
ereni. byn canmajarbl eH KyTUIETIH o3ipieMenep — OpOMTara KaThICThI JKOJIJIbI
mepOec Ty3eTe ajarblH, ABTONMJIOTHEH JKYMBIC ICTEHTIH JKOHE Faphli
CTaHIIMSChIHA KOHATBIH KeMeJep.

6.4-cypem. KU NASA-2a naanemaapanvlx KOHY MOOYIIHIY MYHCHIPLIMOAMANAPBIH
Jrcacayea KoMekmecyoe
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OTBIPFBI3y YIIIH YYacKCHI TaHIAy KypJelli JKOHE KeIl eJIIeMAI MiHAeT
Oosibil  TaOBUTAJBI: 3epTTEyHIIepre CcaiT KbI3BIKTHI OO0Jybl yIIiH OeTi
CaJIBICTBIPMAJIBI TYPJIE TETIC, )KapBIKTaHABIPBUIFaH OOyl KepeK (erep KYphUIFbl
KYH OatapesiiapsiMeH kyMmbIc icrece). COHBIMEH KaTap, Oyl >Karmaiiap
JKETKUTIKTI YJIKeH aiiMakra CakTalybl KepeK — erep 30HJ Jon OenriieHreH
xKepae emec, Oipak OHBIH JKaHBIHIA OpHajacca. by jkarjaiiga Imemrimjaep
OipHeIIe Ke3JepACH JKUHAIFAH IUIAHCTAHBIH OCTIHJETT TOJBIK C€MEC JKOHE
reTeporeH i MaJIiMeTTep Heri3iH/e KaObUIIaHy bl KepeK.

By mMaceneHi ey yuiiH FanbMAap MapCHAHIBIK MUCCHS YIIIH KOJAWIbl
KOHY anaHbiH TaHjgaiTeiH JKM Heriingeri kyiieni oimamn Tantel. [lamy
MBIHAJAPFa HETI3NENIeH: TEXHOJOTUsl OYJIBIHFBIP JIOTHKA TEOPHSICHIHA
HeriznenreH. KapamailblM = JIOTMKazaH —aibIpMAIUBUIBIFEL,  MAJiMIEMeENep
LIBIHAKBI J)KOHE XKAJFaH FaHa OONybl MYMKiH. AHBIK €MeC JIOTHKa «TY)KBIPBIM
OCBIHJAH KOHE OCHIHIAW BIKTHMAJJIBUIBIKKA KATBICTBY HEMECce «MAlliMeMe
OCBIH/Iali )KOHE OCBIH/IAH OJIILIEMJIE IYPHICY» CHSKThI YFBIMAAP/IbI KOJIaHAIBI.

MapcTbiH op Typii HYKTelepiHzeri tonorpadus, aya, TONBIpaK Kypambl
oHe Oacka JKarjaiiyap Typaibl MOIIMETTEpIi KOJIJaHa OTBIPBIN, XKyiie
aBTOMATTBl TYPJE pOBEpre KOHY YIIIH KOJIAHJIbI OPBIHABI TaHIAWIbI.
Barnapnama ocbutail skymblc icreiini: MapcTeiH OeTiH Kimnripim Oesmikrepre
Oeunieni, OapibirbiHa 0-neH 1-re peiiinri canabl TarabiHAaWabpl (0 — KOHyFa
&KapaMmchI3, 1 — KOHyFa KapamIibl), JKaFbIMIbI XKepiepli Oipre TonTacThIpaibl
JKOHE acCTPOHOM/IApFa YChIHAIBI.

Teopusiga Garnapiama kepi OarbITTa Jia XKYMbIC icTeil anmaapl: Oenrini Oip
MaHAmApTTEl 3epTTeY VIIIH IYpPBIC Mapcoxonx TaHmay. JKoba aBTOpiapsl
KAKbIHAA MYHIAW alropuTMIEpAi UIYFbUT JKaFjaiiapia FaHa IKEpPMEH
OaiimaHbBICATBIH ABTOHOM/IBI MApCOXOTAp KYPY YIIiH Naigananyra 0omaasl nen
ymitTeHeni. byn xaHa riiaHeTanapsl 3epTTey dieKaiaa THIMII KIHE KbUIIaM
Oounap ei.

200100 km ellipse

Mean: 0.857 - Standard deviation: 0.122
Favorability: 0.752

1ho* 0w oo w W W WE L 100 E 1 E
2520 km ellipse
Elevation :m.p Raw favorability Mean: 0.990 - Standard deviation: 0.018
4206 M| 21181 o Favorability: 0.972

6.5-cypem. Konatinel nokayusmul izoey
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NASA wnmxeHepi XupoHBIH afTybIHIIA, O aBTOHOM/BI FaphIII KeMenepi
azipney cateiceiHaa: Eypoma, FOmuTepain cryTHUKTEpiHIH Oipi FaasIMaapabH
KeJleci TaralbIH/ay IMyHKTI O0JIybl MyMKIH.

Paouayusaner kaoazanay

Fapeim skumaxkmapsl MymIeNepiHiH IEHCAYJIBIFBl YIIIH YJIKEH Kayill
PaAMOAaKTUBTI coyieneHy Oonpin TaObmiampl. YOIy Ke3iHAe FaphIIIKepIep
OipieH MOHIAYUIbI COYJIENEeHYIIH €Ki TYpIMEeH: KYH KapKbUIIapbIMEH JXOHE
FaphIIl cCoyJelepiMeH Oerme-0er keneni. MyHmaii coynenepain y3ak acepi JHK
Tiz0erin Oy3anmel. A¥3a y3uryliepii KaimblHa KenTipyre Kaoijerri, Oipak
«OKOHJICY» KE3iHJIe MyTallHsFa OKEJICTIH KaTelep Ui Ke3aece .

Bykin oneMHiH FanbIMIapbl YIIy Ke3iHZIE FapblIIKepliep ACHCAyJIbIFbIHBIH
TypakTbl MoHUTOpUHT yiriH XKW canaceinaa GipiaeckeH 3epTreysiep xKyprisei.
OKkMnak MyIIeNepiHiH JKai-KyHiHZeri eH a3 e3repicTepAi Kajaaralayra
KaOIeTTi TeXHOJOTUSHBIH Taima OO0Jysl YaKBITBUIBI IMapajap KaObUImayra
JKOHE aybIp 3apJanTap/s! 0oJabIpMayFa MYMKIH/IIK Oepeti.

6.3. ’KU rappimkepJiepai KyTKapaabl

Fapeiika yiry — Oy ¢pusnkanblk TYPFBIIaH FaHa eMec, afiaM YIIiH YJIKeH
ctpecc. OrbaceIMeH y3aK aimap, kebiHece omapMeH OalIaHBICY MYMKIH eMec,
TINTI eH ToxipuOeni e OuTiMIl ajaMaap yiIiH KUbIH ChIHAK OOJIBINT TaObLIaIbI.
Faneimpap Oy sxana texHonorusiap kemekreceni jen ymitreneai CIMON
(MHTepakTHBTI MOOWJIBAI  TONTHIK JKEPCEPIK) — aBHALMSIIBIK  JKOHE
KOCMOHABTHKa HEMIC OpTAaNbIFbl HEMIC OpPTAJBIFBIHBIH AJFAIIKbl KOMEKIIIC.
Airbus xone IBM okumax Mylnenepine Y3aK VIIyAbl JKCHUIIETY YIIIH
BUPTYaJJIbl KOMEKIIIiHI oinan TanTsl [37].

®dyroéon  nmoObiHa  ykcac Pobor  OipHemie — OcifHeKamepaapMeH,
MHUKPO(QOH/IapPMEH, CEHCOPJIAPMEH XOHE IIPOLIECCOPIAPMEH KaOMbIKTAIFaH:
oJlapIblH KOMETIMEH OJI FapbIlIKepiepMeH apanacanbl. OH €Ki OpHATBUIFaH
JKENJETKIIT ofaH Oapiblk OarpITTapia YIIyFa, «OackIMEH» COFyFa JKOHE
ImaiKayra MyMKiHIIK Oeperti.

Kemeneri Hemece rapbim crannusachiHgarbl CIMON-HBIH — HeTisri
KbI3METI — KYpJIelli TancelpMaiap/bl OpbIHIay HEMece KeMEHIH OelIeKTepiH
KOHJIEY Typajbl HycKayiap Oepy (aKmapaTThl KbUIIaM i3Jem, YHbIMAAcThIpa
amanel). bipak CIMON xaii keMeKili FaHa eMeC, COHBIMEH KaTap OHBIH
QNIeyMETTIK peii Oap: y3aK yIIymap Ke3iHAe FaphIIKepiepMeH OalIaHbIC
opHary. CoH/IBIKTaH o3ipieyiriiep 0eTTi TaHy (QyHKIHMSCHIH )KOHE dKpaH/a KeH
KYJIIMCipey TYpiHZE «aJam» JIEMEHTIH KOCTHI (6.6-Cyper).
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6.6-cypem. Komanoanwiy Unmepaxmuemi Moounvoi Cnymuuei

Byn camamarer 3eprreynep Pecedime ne kyprisiuteni. IlepcmexTuBaisl
3epTTeysiep KOpbl MeH «AHApoua TeXHUKack» YEY o3ipiereH anramkel ajam
Topizmi  pobor-kytkapymer  ®emop (FEDOR — Final Experimental
Demonstration Object Research) 2021 »butbl KU MyIeci 00Iysl MYMKiH.
PobGot aBTOMOOMIIB/I JKYprize anajabl, KeAeprijiep >KOJaFrblH €HCEpe aiajpl,
KYPBUIBIC KYpalJaphlH NailaaHa anajipl, KEepriliKTi xepae Oarmapiail amaipl
oHe caimarbl 20 KI JIeHiH jKYKTi KeTepe ajlajibl.

PoGot aBToKeiK Kypri3y/i, Keaepriiep/i KeHy i, KypbUIbIC KypajJIapbiH
KOJIJaHyibl, pesbedTi mapiayabl oHe kykrepiai 20 kr-ra AeliH KeTepyxi
Oineni. Kasipri yakpiTra Oys1 Oapiblk TepT OarbITTa JXYpe ajaThlH JKaJFbI3
aHTPOTIOMOP(THL POOOT.

CBIpTKBI 9JIeMMEH e3apa opekertecy yiriH denop exi KamepaHbl, JKbUTY
Tyciprimri, Mukpodonsl, GPS nen GipHele oHaraH Ja3epl KoigaHaipl: Oy
*KaOJbIK OFaH KOpIIaraH OPTaHBIH YII ©JIIeM[i AUarpaMMachlH KypyFa jKoHe
TarcelpMalapAbl 191 OpblHAayFa MYMKIHAIK Oepeni. DenopIbsiH TOPT KYMBIC
pexuMi 6ap: aBTOHOMIIBL, CyTIepBaif3ep, Komipy KoHe apaac.

OHbIH Tarbl Oip epeKmerniri - Kepi KYIITI MOMEHTTI HeMece CEHCOPIIBIK
Oaiinmanpic kyienepi. Omneparop apHailbl KOCTIOM KOMeriMeH poOOTThI
Gackapajpl, aim poOOT akKIapaTThl KOCTIOM apKbUIbI OllepaTopra Kepi xideperi.
Ocputaiiia, MbIcaibl, Oackapymbsl @enop KaHIIAIBIKTBEL  ayblp JKYKTi
KoTepeTiHiH ce3inyi MyMmKiH. 2018 >kpuigeiH  KeIpkyHeringe Demopipl
Pockocmocka Tanceipapl, oHna oHbl «Dexepanusy Fapbllll KEMECIHIE YIIyFa
NaWbIHAANIBI.

Conrbl OipHEIIE JXKbII/Ia FaphIIIKa YITy OHAH *oHE Kayinci3 0onsl, Oipak
FapBIIITBIK MHXXEHEPUS CajachlHAAa KONTEreH IIEIIJIMEreH MIiHIETTep Kajbll
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OTHIp. ABTONMMIOTAIMSIIAHATEIH KEMEIIEP, AJIEYMETTIK poOOTTap JKOHE JKaCaH/IbI
WHTEIJUICKT CallaChIHIAFbl 0acka aa a3ipieMeliep 0acka IutaHeTalap/Ibl JKaKbIH
JKOHE KOJDKETIM/I €Te OTBIPHII, OCHI MOCEIeNIep i ICITyre KOMEKTece alaibl.

6.4. Fapbi gepekTepid eHaeyaeri ;kacaHIbl HHTENIEKT

YKacanmpl WHTEIUIEKT Jxep OeTiHAeri eMipii KEHUIAETy YIIiH KYpBUIFaH
0osica, Here OHBIH KOMETIMEH OHBIH ThIC OOBEKTLIepAl i3mem emec emi?
CoHJbIKTaH JKep/ll FAPBILITHI 3ePTTEY YIUIH Naijanany eTe KUChIHbI. byriHnae
NASA mern Google CHAKTBI KONTETeH KOMITaHUSUIAp aHA aclaH JeHeJepiH
i371ey *koHe OacKa IIaHeTanapaa eMip cypy yuris Al-mi eHrizmi.

Kazip actpoHOMIapIpIH TENECKONTapAa TYHT1 OTBIPYIBIH KaKeTi JKOK —
anmaparTap e37epi acraHabl OakbUIayFa >KOHE OHBIH CypeTTepiH jKacayra
KaoOineTTi. JlereHMeH, FaabIMIapMeH KYMBIC icTey OHail OOJFaH KOK.

3eprTey TEXHUKAchl OipHeIIe COTTI Kaapiapasl eMec, MbIHIaFaH
TepabaiTrapasl Oepeni: Mbicanbl, Uniuaeri Oip TeNECKOI dp TYHI FapbIIITHIH
15 T6 cyperin Oepeni. MyHiaii akmapar KeJleMiH OHJeyre, erep ol aJaMHbIH
KYIIiHIe 00JIca, )KBUIAAP KETYl MYMKIH.

Macerne TenecKonTa abIC )KapblK Ke3epiHiH MilliHAepiH OaKbluIay Ke3iHae
Oypmananasl. Cyperrepai Tanaay jKoHe CypeTTeri He eKeHIH TYCiHy YIIiH —
acTepom/l, 9K30IJIaHEeTa HEMECE TYTaC raJIakTHKa, — KOTI yaKbIT KaxeT.

YnkeH JepekTepAi Tajmay oKacaHObl HMHTENIEKT YIIiH KHBIHABIK
tyneipansl. OnblH  apkackiHaa CraHdopn nen SLAC  yaTThIK  kesen
3epTXaHACHIHBIH aMEPHKAHABIK FAIBIMAAPHI FAPBIILITA JKaHA HBICAHAAPABI 131y
VaKBITHIH Oip alfifaH OipHelIe CeKyH/IKa ACHiH KBICKAPTTHL.

Faneimpap ToOBI Fapblll 0OBEKTLIEPIHIH KapThl MUJUTHOH OeiiHeepiHiH
HEHPOHIBIK JKETICIH KOPCETTI — JKOHE OJI CYpEeTTepAl 3epTTEYIiH IocTypii
9/licTepiMEH CaJIbICTBIpYFa OOJIAThIH TANIKIICH T IaIbl.

«HelipoHapIK *xkenmijep e3aepl KaHmal epeKIIeTKTep Al 13aemi» — maenmi
xko0a sxerekmrici @un Mapmamn. — «byn 6anamapasiH 00BEKTUIEpAl TaHYIbI
Kamail yipeHeriHiHe ykcaiinpl. Ci3 omapra WT He aWTachi3, Ci3 Kaii FaHa
UTTEP/IiH CypETiH KOPCETECi3».

KW doTocypeTTepdiH camackH KaKcapTa ajaubl )KoHE Oy Ja FaphIIITHI
3epTTey/e naigansr OoJIpl.

Ocepaiima, mBeinapusiielk actpoH Keeun [laBHHCKM JKOHE OHBIH
acTpoU3UKTEep KOMaHIACHl TEJIECKONTAPAAH aJlbIHFaH NIaAHBUIFaH CYypeTTepIiH
pykcatbiH aptreipy yuiH KW nadimanananesl.  3eprreymriep  kenOip
rajlaKTHKaJap/blH CYPETTEPiHIH calachblH apHailbl TOMEHIETTI, (OTOCypeTKe
Iy MEH IIUPBIFYABI KOCTBI, COJJaH KEeHWiH oJIap/bl TYITHYCKAIBIK CYypeTTepMEH
Oipre >xacaHpl MHTEIUIEKT apKbLIbl OTKI3iN ki0epai. Hotmxkecinne Helpoxeni
CypeTTepiH LIyaH Ta3apTyIbl YHpEHI.
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[ITaBUHCKHIIH >KYMBIC HOTHXKEJEpi TaH KaJIbIpajsl, OipaK acTpoH oii jae
)Kobara MYKHST Kapaibl.

«AKBIp COHBIH/A, OWI FRUIBIMHBIH HETi3T1 MPUHIUNTEPiHEe KAUIIHI KeeIi:
Bi3 onemai Gine amambI3, TEK OHBI Ke€Ke OakbLIall amambI3», — aeial Kesuw.
CoHJpIKTaH, a3ipre HEWPOCETh JKYMBIC HOTIDKECIH TeKcepyre OoJaThiH
afiMakTap/ja FaHa KOJIaHbUIAIbI.

JKana eapviu obvexminepin izoey

Google xpimerkepnepi NASA Kepler rapeimTeik  00cepBaTOpUSICH
apKBUIBI OpOUTaaH (OTO KUHAYABI ATKTaFaHBIH OUTi. TepT KBUIBIK MUACCHUS
0oifbl ammapaT op KapTbl caraT callblH (OTO jKacalusl — MYHIAH JepeKTep
KeJIeMiH KOJIMEH eHJey MYMKiH Oommanbl. Kpuc seprreymrinepre Google II
93ipJICHTeH KOMETIMEH JKYMBICTHI asKTayFa KOMEKTECY/Ii IICIITi.

Tanse aifTkammaii, Kepler nmepexrtep KWHarpl €Ki amra KYKTEJIl,
HOTYDKECIHAC OJIAPABIH OaplibIFbl J1a KOMIIBIOTEpPAC OpHAJaclaraH. ODHIPIO
BanpepOeprren, AcrpodusukneH xoHe OctuHperi Texac yHUBEPCHTETIHIH
JOKTOpaHThIMEH Oipre Kpuc TOFbI3 aifFa xKybIK )K00aMeH aliHaJIbICTHI.

Oury3uactap NASA-ubiH 15000 nepekrep HYKTECIH HEWPOHIBIK KEi
KYpy YIIiH Hai1aTaHblll, HOTHKECIHE IIaHeTa 0ap eKeHiH KOPCETeTiH XKaphIK
YJITiIepiH TaHy bl YHpEeH .

Keiibip ynrinepai raneiMaap Oalikaran jxok. Oceiraiimia Kynre ykcac
IUIaHeTapibIK Kyiene opHanackan Kepler-90 »xone Kepler-90i sk3omnanera-
JapbIH TaOyFa 00Ia kL.

6.5. FapbIim TeXHUKACBIH KeTiNaipy

Tinti aBTOKeOMNIKTI Oackapy Keiifie KMbIH — TINTI elIKiM kepMmereH Mapcra
KOJIIATHIPIIap Typaibl aiTy KublH. EXiHINI sKaFbIHAH, TEXHUKA KYMIbI TaybUIFa
TYCKEH JKOHe comaH Oepi Oaimanpicka mIBIKNAATBIH — Opportunity
MapCOXObIMEH OOJIFaH iC-KUMBLUIFa OACIHIBUTBIKTBI KYTIIEYl MYMKIH.

Ocpl  karmabiman  keidliH NASA e3iHiH ekiHmi posepi Curiosity
OarJapraMalblK JKacaKTaMachIH JKAHAPTHIN, OHBIH OOPTHIHAA OpPHATHUIFAH
ChemCam kamepachiHia Oakpulay JKOHE Tajjmay YIIiH MakcarTapibl o3
OcTiHIIe TaHIayFa MYMKIHJIIK Oepe/ti.

Mapcoxon xem AepOecTik anFaH Ke3le-)KYMBIC THiMIipek Oonnmbl. Enmi
FBUTBIM YIIiH 9JIIeKaiaa KbI3BIKTHI aKnapar KHHAy YILIiH, JKepre HycKayJapabl
KyTy opHbiHa Curiosity e31 3epTTey YIIIH MaHbI3/Ibl MaKCATTapAbl TAHAAMIbL.

NASA-na aran eTkeHze#, Oy 3epTTey TEXHUKAChIHA MHTEIUICKTTI
eHrizyniH anramkbl Kagambel. 2020 keIl MapcTa icke KOCBUIATBIH JKaHa
MapcoXojl ©3 pecypcTapblH €CKepe OTBIPBII, FBUIBIMH aKMapaTThl JKUHAY
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MPOIIECiH aBTOMATTHl TYpJE TY3ETEeTiH OOJajbl: OChUIAiila POBEpP >KEpMEH
0aiiyIaHBICTHI )KOFAJITIIAl, SHSPTUs MOJIIIEPiH Oipkeki TapaTansl [39].

Axpu1EI poBepc KbI3pm1 FamaMimaps! 3epTTeiTiH 60ca, HEMPOHIBIK, JKei
FapBIIITaFbl FaphIIIKEepIIepre KOMEKTECe .

2018 xpurasig mwingeciage IBM xone Airbus sxacaran CIMON s>xacasbl
HWHTEIUIEKT PoOOTH XaiblKapanslK fFapbim cTannusceiHa (XFC) xkibepinmi.
Faporura aysipiasik 6osimaybiHa OaiilaHBICTBI KE3-KEITeH MaHMITYJISIHSIIap bl
opeiHaay eTe KublH. CIMON-HBIH BIHFAHNBUIBIFEI MBIHAQJAA, OJ JAayBICTBHIK
O6ackapyMEH OKYMBIC ICTEHAmi: OKWMIaX Mymenaepi poOOTTaH KaKeTTi
TEXHUKAIBIK JIEpEeKTepAl, JAuarpaMMaliappbl, HYCKAayJBIKTapasl KepceTyi
Cypaii anajipl, OYJ1 aCTPOHABTTAP/IbI HETI3T1 JKYMBICBIHAH ANIIAKTATIIANIbI.

Kasipain e3iHme »kacaHAbl HMHTEIJIEKT FapbIITHl EIKIM  OlnMeiTiH
aymaHIapAbl 3epTTen >KaTelp. byn (eHoMeHanbIpl ambutyigapra oKelemi —
MYMKiH FaJbIMap JKakbIH apajga amamaap Oollaliakra KO3FalaThlH IUIAHETa
taba ananel. bipak XU ranaMmHbIH naiiga 0oy KYIMUsUIApbIH IIEIne ajga Ma?
MyHbI o11i emkim OinmMeiii.

JKacanovl unmenexkm 2apvliiman mulc dcepoeci opKeHuemmi iz0etioi

CBUHOEPH TEXHOJOTHSIBIK YHUBEPCHUTETIHIH Oip TOm *ac 3eprreymiiepi
JKacaHpl MHTEJUICKTIICH MHTErpalysUlanFaH OaraapiaMa KypyIbl sKapHsiIajbl.
[MaiinananpuiFan poOOT FaphIIITA KBULAAM IKBIIBUIBIKTANABI, OYJ1 Kep YCTi
TIPUIUTIKTIH 0ap eKeHIH KepceTyi MyMKiH. AJFall peT, elIKaHIai cumarrama
MeH TYCIHIKTeMe Oepe aaMaWTBIH Oofaml >KbIMbUIBIKTap 2018 KBUIABIH Ka3aH
aiiblHAa ABCTpaiHsAIa OPHATBUIFAH PAJN0-TEJIECKOIIICH Ka3bUI/IbI.

FaneiMaap oxapael paguo KapKbULIAphl JIEN aTaibl )KoHE OYTriHr KyHre

JICHIH oNapabIH Maiaa 00y KYMMSICHIH IICIIC aliMall OTBIP. YHHUBEPCUTCTTIH
acripanThl [Ixeiimc CBUHOEPH OCBIHIAM paano )KapKbUIIAPBIH TYCIpe alaThlH
JKacaHIbl MHTEJUIEKTI 0ap aBTOMATTaHIBIPBUIFaH XKYHeHi jkacaapl. Fapeimran
IIBIKKAH pajguo TOJKbIHAap JKepre MuwnIMapiITaraH >KapblK SKbUIIAPBIHIA
KeJles.
Onap Tek MHJUTMCEKYHIATHIH Oip OeuiriH FaHa yCTail ajajbl JKOHE OJapJIbIH
MaKcaThl Helle — acTPOHOMJAp YIIiH xymOak. Basme Papax Oy aypynapasl
HAKTBl YaKbITTA AaHBIKTaFaH aJFallIKbl FaJbIM OOJNIBI, OJ OJIapAbl apHaMbI
JKyHlere eHrisim, ochlHAal Oec KYOBUIBICTBI Tipkenm yirepai. bipak Oy
JKapBIKTBIH YCaK OOJIIEKTePiH aHBIKTay KUBIH.

Fameivmap TtemeckonteiH JKepre opHaTbUIFaH CHIHaNIbIH —FamaMuisl
MWIIHAp/ITaFaH Kbuigap OOWBIHA <OKYPINl ©TKEHIH» JKOKKa IIBIFapMaiabl, Oy
TEJIECKOIKA TYCKEH MWIIMCEKYHITaplarbl KaJJIbIKTApJaH I'epi KYIITI JKOHE
KYPZAeJi KYpbUIbIMFa He.

JKacaHnpl MHTEIIEKTTI KoNjaHy Oacka IIBIFY TEri pajuo TOJKBIHAAPHIH
xep OeTiHzeri epkeHueTTep xkidepreH 00iysl MyMKiH. Onap yakpIT MeH JKULTIK
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OoifpiHIIA OYpBIH KOJI KETIMII eMeC IKOFapbl aXbIPATHIMIBUIBIKKA HE.
HeiipoHapIK >kelli rpaBUTAlMSUIBIK JMH3aHBIH 3((EKTICIH KojjaHa OTHIPHII,
paamo TelecKONTaphIMEH TycipinreH FamaMHBIH cypeTTepiHEeH Kepemer
KBUIAM aKnapar aryra Kaoinerri, nen xabapianast Engadget.

['paBuTanusnIbIK JTUH3aMap — Oy Fapblll 00beKTiIepiHe acep ery. OHBIH
MOHI MbIHaJa: OaKpLIaylllbl FaphliTa Oip-OipiHEH ajbIc Fapbill OOBEKTICI
apKbUIBI 0acka Fapblll OOBEKTiCI apKbUIbl KaparaH Ke3Jlle ajbICTaFbl KapblK
KO3iHIH HbICaHbl OypMmanaHajpl. Byn FanmbIMiapra dK30MJIaHETaHbI alllyFa,
rajakTUKajap SBONIONHUACHIH TYCIHYre KOMEKTSCKEH Nalmanbl KyObUIBIC.
I'paBUTAMSIBIK OOBEKTHBKE JKAaTaThIH CYpeTTEpli Tallay oTe y3aK YaKbITThI
KaxeT eTemi, Oyl 3epTTeylIijiepleH HaKThl CYpeTTepl MOJCIbACITeH
OeliHenepMeH CaJBICTRIPYIbI Tasan erefi. bip cyperti tangay OipHemie anrara,
TINTI aiilapra CO3bUTYbI MYMKIH.

Cmudopn men SLAC YIATTBHIK YHETKII 3€pTXaHACBIHBIH aMEPHKaHJIbIK
FanpIMAapbl OyJl yakbITThl OipHelle CEeKyHIKa KbICKApTyJIbIH OMICIH TamThl.
3eprTey TOOBI Faphilll OOBEKTIICPIHIH UMUTALUACH Oap KapThl MUJUTHOH]IBIK
HeHpoHABIK ke kepceTTi. KU cyperrepii A9CTypai 9icTepMEH calbICThIpyFa
0O0JIaThIH ONAIKIICH Talai anjpl.

Kana TteneckomTapAplH maliga OONyBIMEH OOBEKTHUBTLIIKTIH KebOipek
MBICANapsl Mmaiia Oomajsl >KoHe OapibIK JIepeKTepAl Tajjay YINiH Te3ipek
Tangay Kaxer Ooiansl. EH OacTeIChl, MyHIail Tanjay YVIIIH acTpPOHOMFa
KaiiblkTarsl cepepae JKU-nen OaiinaHpICy YIIIH TeK HOYTOYK HeMece YsUIbI
Tesie(hOoH KakeT Oomazpl.

KU rapsliitan TYCIpiireH cyperrep OOMbIHIIA Ky €HOCTIHIH OpHBIH
i3pecripyai ydpereni. JKana kpayacopcuHr xobacel OHTYCTIK A3HsIarsl
KIpmilTi KYWAipyre apHajfaH MemTepai — MOKOypii eHOEK OpbIHIapbIH
COMKeCTeHIIpyTe JKOHE JKaCaH (bl HHTEIUICKT OyFaH yipeTyre OarbITTalFaH.

Gartner 3epTTey KOMIAHMACHI Kb CaiiblH Xaiin nukiaaps! Typansl (Hype
Cycle) basnmama xapusiiaiiasl. 2017 sKbUTBI capaniibuiap *KacaH bl HHTEIUIEKT,
5@, TepeH OKBITY XoHe mnepudepHusUIbK ecenTeynep KocThl. COHBIMEH KaTap
PEUTHHITEH BUPTYyalbl KOMEKIIiJIep MeH JepOec aHaIUTHKAHBI aJIbIll TACTAbL.

Gartner HycKachl OOWBIHINA €H ©3CKTI TEXHOIOTHSUIAPABIH YINTITiHE
KacaHIbl HMHTEJIEKT, MMMEPCHUBTI JKyielep >KoHE CaHABIK ImaTdopmanap
kipmi. Xaiina meiHpiHAa KW 00nbIchIHAA Ka3ip TepeH Ourim Oap. Amazon,
Apple, Baidu, Google, IBM, Microsoft xxone Facebook AT ambmrapsl ocbhl
caJlaJarbl a3ipiaeMenepre yJIKeH aKiia canasl.

Conpaii-ak, capanmbuiap anram pet DeepMind Taxipube kacam >kaTKaH
apMaTypaMeH TepeHICTIIreH OimiMre Kochbuiasl. CapamiibuiapIblH MiKipiHIIe,
2018 xbutra Kapail TepeH OitiM Oepy Kyiesepl JepekTepi TanaayibLiapiablH
80% yIIiH cTaHOAapTTHI KypasFa aifHanmapl.
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PeliTuHTTIH KYTiJeTiH KeImbaclIbichl CaHIBIK IUTaTdopMaiap — HHTEpHET
3aTTap HEri3iHIeri akbUIAbl YHre apHaiiFaH >kydenep, oHblH iminae Google
yceiHFaH Amazon xone Home xonmoHkanmapsl 6omast (6.7-cyper).

expectations

Plateau will be reached:
O lesathan2years @ 2toSyenrs @ Sto10years A more than 10 years

® obaolele
before plateau

6.7-cypem. Amazon swcone Home Google Echo 6azandapui

Gartner  coHjaii-ak  »KaHa  eHimzaepre OapblHIIA ocep  €TETiH
TeXHOJOTHSIIApAsl  atafsl. OnapAplH imriHAe ONOKYeHH, mepuQepusIIbIK
ecenTey JKyiesnepi, KBaHTTHIK KOMIIBIOTEpJIEp, HEHPOMOpPGTH YUITEp >KOHE
«caHnplK erizzepi» O6ap. CoHbiMeH Oipre, BUPTyaJIbl JKEKE KOMEKIILIEP MEH
KUMBUIIBIK Oackapy xyienepi Hype Cycle 2017-re xipmereH.

Conpaii-ak, 2020 oxpUIFa Kapalh MoOWIbII —omepaTopiapiasiH 3%
KOMMEPIHSIIBIK KOJDKETIMAI eTeTiH 5G TeXHONOTHACHL J1a YIKEH ocep eTell.
2018 xpurman Oactam 2022 xpurFa jaedin kommaHusuiap loT-koMMyHHKanus,
JKOFapbl AXbIPATHIMIBUIBIKTaFbl OCliHE CTPUMHUHII KOHE TIPKEITeH ChIMCHI3
KarbiHay yiIiH 5G KonmgaHa 6acTaiib!.

KakplH KbUTIapel MEHHCTPUMTE, COHJal-aK 4D-6acna TexXHOIOTUsIIapHL,
pobomoOunbep, HeliponHTepdeiicTep, KBaHTTBHIK KOMIBIOTEPIEP, BOMIOMET-
pusutelk 3D-nucriieiinep, amaM MYMKIHAIKTEpiH KETUIAIpY JKyienepi koHe
xKyHere OIpIKTIpUITeH aKbUIbI IAH-MHUKPOKYPBUIFbLIAP JKaTa bl AJai/a, )kaHa
TEXHOJIOTHSIIApAbI €HTi3y Oip Me3rijie Ky3ere acslpbliMaiapl. MaceseH, TepeH
OKBITY €Ki Kb IlIiHAE, al YHIKBIIICBI3JBIKTAp, HelpouHTepderncTep,
BOJIFOMETPHSIIBIK Juctuieiep — 10 Kb 00#bl TapaThuIaabL.
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Kacinopeianapra kaHa TEXHOJIOTHSIAp TMaiia oKelyi MYMKiH, Oipak
Ou3Hec mesiepi MHHOBALMSUIBIK OHIMAEP/IIH KEMIILTIKTEPI MEH epeKIIeTiKTEepiH
eckepyl kepek. bypein 'aptHep AM-Ai KEHIHEH XOHE AaCHIFBIC EHTiI3yMEH
TYBIHJIaybl MYMKIiH ITpo0OJieMajap Typaibl eCKEpTKEH.

Kacanowl unmennexm paouo cueHanidaposbi mabyza Kaiai Komekmeceoi

Koponb/ik acTpOHOMHSUIBIK KOFAMHBIH ail CalbIHFBI Xabapiamarapbl
penakuusChiHbIH ~ MamiMmeriHine, MensOypHaeri (ABcrpanus) CBuHOEpH
TEXHOJIOTHSJIBIK ~ YHHWBEPCUTETIHIH  KBI3METKEpJEpiHiH  Oipi  «@KbUIIAM
paauanusuibik kapbuibictapaby (OKPXK) TaHu anaThlH MalIMHAIBIK OKBITY
JKYHeciH oiman TanTel. bysl curHammap Kypzesi, ®yMmMOaKk KypbUIbIMIApFa ue
JKOHE 0JIap TeK MHJUTUCEKYHITapAbIH Oip Oedirinie FaHa mbrapsuians: [40].

Molonglo Tteneckontel Oackapa oteipbin, KM kyieci  kpuigam
paaMoCIUIeCKiNep i aHBIKTal anMajbl, COHBIMEH KaTap OJaH dpi Taijay YIIiH
ONapIblH CHTHANIAPBIH TONBIFBIPAK jka3pil anapl. JKW maimanaHa OTBIPHII,
3epTTeyuIiiep ockiHAal 59-1an 157-re neitin curHanaap/Isl aHbIKTal anjbl, OyI1
OYpBIHFBIIAH ANJCKaiiIa Kerl.

Kbuigam pamuo KapbUIbICTAPBIH 3ePTTEY OTE KbI3BIKTHI, ce6ebi omapapiH
€peKIlle KYpPhUIFBICBIHAH 0acKa, oJlap emIKallaH KaiTananOaiinbl. SArHu, ci3 xai
FaHa Oip HyKkTere «OeHiIMAEMIm», OHBI YHEMI «ThIHAaW» aaMmaich3. bypsiH 0i3
OCHI PaJMOCUTHANIAP Typalibl KOOIpeK akmapaT ajly YIIH PEHTI'€H, ONTHKAIIBIK
JKOHE 0acka TeNecKONTapiAbl KOJNJaHATHIHOBI3, Oipak oyiapJa KeOiHece Kazy
peXHMiHEe OTyre yakbiT OONMajbl, KONTETeH CUTHAImap JKoranibl. EHji,
JKacaHAbl MHTEJUICKTTIH apKachlHAa 013 TeNeCKONTap/Abl IKbulgaM ka30a
peXKHMiHE aybICTHIPa allaMbl3, JKbUIOAM pald0 CUTHAIIAPABIH KOIl CaHBIH
’Ka3blIl alaMbl3, COHJIBIKTaH oJIap Typajbl kedipek Oiimyre Gomabl.

Fansimpapasiy cesnepinie akMKaTThIH yieci 0ap ekeHiHe KapamacTaH, aJi
KYHre JIeHiH «KacaHAbl MHTEIUIEKT» TepMHHI — OyJl KaHJal Aa Oip aKbUIIbl
MallfHa €MeC, TeK YJIKEH IEepeKTep MAacCHBIMEH JKYMBIC iCTeyre apHaJFaH
OarnmapiaManap SKUBIHTBIFBL. byn Oarpmapmamanap ajaropuTMaep HerisiHzae
KYMBIC icTelai (keliae eTe Kypaeni), Oipak 0i3 oitnayabl araitMbl3. COHIBIKTaH
Oy karmaiina 613 Kipic aKmaparThl Tajjay YIIiH TEK Lirepi HYCKara He JKoHe
OJIaH J1a KeIl eMec.
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KOPBITBIH/IBI

XacaHapl WHTEIUIEKT — WHTEJUICKTYaNbl >KYHeNepiH LIbIFapMallblIbIK
GbyHKOUSIApOEl  OpBIHIAY  KacheTi, Oyl JocTypimi TypAe — aJaMHBIH
IIpeporaTHBackl OOJBIN CaHANAAbI, Oy Kypanmap jKyHeci, TIlTi eTe Tap >KoHe
KYypAeil ecenTepii WICHIETIH MAaTeMAaTHUKAaNbIK alrOPUTMAED >KUBIHTBIFBI eIl
aiiryra Oonazpl. [Tunorce3 kenmik A HykTeciHeH B HykTeciHe neitiH xype
anayel, Oipak 6 caHBIH 7-Te KOOCUTY Typasibl CypaKKa jkayar oepe anmaiinel. bi3
OCBI Cypakka ayar OepeTiH Tarbl Oip Kypajibl KOs anambi3, Oipak onap Oip-
OipiMeH OaimaHbICTRl OonMalael. COHABIKTAH VINKBIIITHH OpPHBIHA YINAKTa
YIIaThIH poOOTTHI Xacayra Ooiansl. bipak Oy exi Typiai poOoT Gosiaasl )KoHE
omapael 0acKapaThIH JKaNIbl POOOT KOK — agaM MYHBI ONJeKaiiia THiMIi
xacaiinpl. MakcarTap/bl aHBIKTay, HE ICT€y KepeK EKEHIH TYCIHy KaKeT
KYpZeJl ecenTepie xacaH/abl HHTEIUICKT aJjaMra IeKci3 yTbuiaasl. Us, 0aiKim,
poOOT MHHATAPABI CallepICH TOPi JKaKCHI Ka3bIM MIBIFAp, OJ COTCI3 Ka3bII ajca,
IIBIHBIMEH Jie OKiHOe 1. ¥1akrapaa, MyMKiH, oJlap YIIaThIH, ASJIPEK aTaTblH
Oonabl.

Kacangpr maTerurekt — (artificial intelligence) — kommbroTepmik XKyiie-
JIEpJIH aJaM aKbLI-OMBIHBIH JKeKe (DYHKIMIAPBIH KaObUIIayFa KaOUISTTLIIr,
MBICAJIBl, AQNIBIHFBI TOKIpHOE MEH CBIPTKBI ocepiiepli YTBHIMABI Talaay
HETi31H/Ie aJIbIHFAaH OHTAMIIBI IICHIIMACPAl TaHIay JKOHE KaObuiaay.

By anbikTaMazaa Ois1iM TEPMUHI TEK MUFa CE3IM MyILeJIepi apKbUIbl €HETiH
aKmapaTThl FaHa Oinmipmeiini. byn OuriM Typi eTe MaHBI3IBI, OipaK 3UATKEPIIK
OeJceHAUTIK YIIIH >KeTKinmikci3. bi3miH KopmaraH oprta oOBekTiiepi cesimre
acep eTim KaHa KoliMaii, COHbIMEH Oipre 0ip-OipiMen Oenrisi Oip KaTbIHACTapAa
OosaTelH KacueTke ue. KopmaraH opraja WHTEIEKTyalibl OeJICeHIUTIKTI
JKy3ere acelpy YVImiH (Hemece TinTi Oap Ooica ma) OinmiM JkyieciHOe OCHI
oIeMHIH Mogeni 0oy Kepek eKeHi TyciHikTi. KopmmaraH opTaHBIH OCHI
aKnapaTThIK MOJEIIHJE HAKThI OOBEKTIIEP, OJap/AbIH KACUETTEPl MEH OJIap/blH
apachIH/IaFbl KAaThIHACTAp TEK OeliHeneHOEHIi KoHe ecTe cakTalajbl, Oipak
aKbLI-OM/IBIH OCHI aHBIKTAMaChIH/Ia Al ThUTFaH/al, aKbUI-OWBI MaKCcaTThl TypAe
e3repTyre 0oJambl.

Ocpunaiiia, >kacaHabl MHTEJUIEKT — KOMITBIOTEPIIIK XYHeHiH Oenrimi Oip
KYPACJIUIIK KIAChIHBIH MiHAETTEPIH IICNly »oHE OChl MiHAeTTepai 0i3/iH
eMIpiMi3[liH OapiblK camajapblHIa ILIENly YIIH ©3iH-631 OKBITY OaphIChIHAA
Oarnapiamanbl (OipiHINI KE3EKTe IBPUCTHUKAIBIK) XKacay KaoOijeTi.

«udpaeik Kazakcran» mMeMiekerTik Oariapiiamachl HMIEHOEPIHIE XajbIK
MApyaImbUIBIFBIHEIH ~ OapiBIK  calajaphlHOa  OHMIPICTIK  TpoIecTepi
mUQprasaplpy MeH poOoTH3aulusuiayra Kell KeHiUn OemiHim »xateip. Och
Oarnapnamanbl icke aceipyna JKU omictepi MeH KypanaapblH JaMbITy MaHbI3]IbI
peun aTkapyna.
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10.
11.

12.
13.
14.
15.

O3iH 03i 6aKbl1ayFa apHaJIFaH cypaKTap

Kemmgam  pagmosciuieckm» (FRB) TauTeiH MammmHANBIK  OKBITY
JKYHeciH KiMm a3ipmeni?

['paBUTALMSIIBIK JIMH3AJIAY JIET€HIMI3 HE

ITnaneraneik  xyiiene opnanackan Kepler-90 xone Kepler-90i
9K30IUIAaHETTEPIH KiM TarThl?

NASA Frontier Development Lab 3epTxaHachiH KiM Kyp/ib1?
XanpIKapalblK Fapblll CTAHLUWSACHIHAH PENOpTaKaap KaHgad poOoT
Jkacajpl?

Int-Ball-kamibikTan 6ackapbUIaThIH APOH Kaii :ep/ie yKacasibl

K1 anmaparrapra KOHyFa Kajlail koMeKTecei?

KocMmoHaBTTap HOHIAYIIBI CAyJIeIeHYAIH KaHAal Typiepine Taim
oomamer?

I'epmaHABIK aBHAIS )KOHE KOCMOHABTHUKA OPTAJIBIFBIHBIH TaIChIPBICHI
OolibIHIIA KaHall KYPBUIFBI )KacalFaH?

Fapreiteik gepexrepni egueyne KU xonnpany.

AcTpo(u3uKTEpAIH KaiChIChl TEJIECKONTapJaH IIaibUIFaH CypeT-
TepIiH pyKcaThH apTThIpy yuIiH XKW naiinamananger?

Bipinmi agam Topi3ai poboT-KyTKapymsl Penop KiM a3ipiesni?

XKI »xaHa rapsiln 00bEKTIICPIH Kanaii i31eni?

NASA Curiosity Mapcoxopl KaHal (GYHKIUSIIAPAbI OPbIHIANIBI?
Paano »apKpUIBIH TapTa anaThliH JKacaHabl MHTEJUIEKTICI Oap
aBTOMATTaHABIPBUIFaH KYHEHI KiM jKacaabl?
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Decoding of abbreviations

Al — Artificial intelligence

AAI — Association of artificial intelligence
AAFS — Advance angle of the fuel supply
AIS — Artificial intelligence system
ALIAS - Aircrew Labor-in-Cockpit Automation System
ARF — Acute renal failure

ART — Automated Resoning Tool

ANN — Artificial neural network

CS — Crankshaft speed

CDC — Centers for Disease Control

CS — computer science

CUA — Common User Access

DART - Dynamic Analysis and Re-planning
DBMS - Data base management system

DK — Declarative knowledge

DM — Data Mining

EMR  — Electronic medical records

ES — Expert system

ETS — Expert training system

HR — Human Resources

GB — Gearbox

FEDOR - Final Experimental Demonstration Object Research
FPGA - Field ProgrammableGateArrays
FRL — Frame representation language

FDA — Food and Drug Administration

ISS — International Space Station

IMM — Intelligent mechatronic module
IRMS - Intelligent Railway Management System
IS — Information system

JAXA - Japan Aecrospace Exploration Agency
KB — knowledge bases

KBMS - knowledge base management system
MNN - Multi-layer neural networks

MMM - Mechatronic motion modules

MS — mathematical software

0ocCS — Optimal control system

PK — Procedural knowledge

SDM — Sample-driven module
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SQL
SVM
TCS
UCLA
USA
UAV

Structured query language

Support Vector Machine

Tata Consultancy Services

University of California at Los Angeles
United states of America

unmanned aerial vehicles
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of professor Baimukhamedov M.F.

INTRODUCTION

The history of artificial intelligence (AI) begins long before our era.
Aristotle was the first to try to determine the laws of “right thinking” or the
processes of irrefutable reasoning. Attempts to create mechanical calculating
devices in the Middle Ages greatly impressed contemporaries. The most
famous car is Pascalin, built in 1642 by Blaise Pascal. Pascal wrote that «an
arithmetic machine produces an effect that seems closer to thinking than
any animal action.» The possibilities of the practical implementation of
Al have appeared since the creation of electronic computers. At this time, a
philosophical discussion began on the topic «Can a machine think?» The result
of this discussion was a test proposed by Alan Turing in the 50s. XX century
[1]. The test is as follows:

There are two teletypes (at that time there were no other terminal devices,
now I would offer ICQ). One of the teletypes is connected to the car, the other
to the apparatus, behind which the person is sitting. Several experts alternately
engage in dialogue on each of the teletypes. If most experts cannot recognize
the car in one of the interlocutors within five minutes, the Turing test is
considered to have passed successfully. The Turing test played a role in the
development of artificial intelligence, including criticism of the test itself. Here
you can draw an analogy with aviation.

Good aircraft, according to the logic of the Turing test, should be considered
those that are indistinguishable from birds to such an extent that even birds
take them for their own. The development of aviation began when the designers
stopped copying the birds, and started aerodynamics, materials science and
the theory of strength. Robotics became an industry after it stopped copying
human anatomy.

Similarly, the subjects of artificial intelligence gained the right to life after
they stopped trying to build Al systems that think and act like people, and
began to build systems that act and think rationally, i.e. achieving the best
result.

The following are some examples of Al achievements used in practice [2]:

» Offline planning and scheduling. The Remote Agent program developed

at NASA is used to comprehensively control the operation of spacecraft
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far beyond the Earth’s orbit, including Diagnostics and troubleshooting
as they arise.

* Doing games. IBM’s Deep Blue program was the first program to defeat
a world chess champion.

* Autonomous control. Alvinn’s computer vision system has been trained
to drive in a lane. For 2,850 miles, the system has been driving 98% of
the time.

» Diagnostics. Medical diagnostic programs have managed to reach the
level of an experienced doctor in several areas of medicine.

* Supply Planning. During the crisis in the Persian Gulf in 1991. The
DART (Dynamic Analysis and Re-planning) system was deployed in the
US Army, which provided automated delivery planning and scheduling
of transportation, covering simultaneously up to 50,000 cars, people, and
cargo. The developers of this system said that this application alone paid
for their 30-year investment in artificial intelligence.

Thus, in practice, the range of capabilities of Al is almost endless:
space research, military science, robotics, industry, agriculture, transport,
medicine, education, etc. Within the framework of the state program «Digital
Kazakhstany», much attention will be paid to digitalization and robotization of
production processes in all sectors of the economy. An important place in the
implementation of this program is the use of AI methods and tools.
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Chapter 1. Practical use of Al

1.1. The practical application of artificial intelligence
in a digital economy

The most important issues in the development of artificial intelligence have
acquired in recent years, acting, along with the widespread adoption of the
Internet, as a key factor in globalization and digitalization of the global
economy. Today's level of development of computer technology allows
numerous developments in the field of artificial intelligence to participate more
actively in various economic projects, systems and spheres of life.

Obviously, states that are among the first to organically fit into the
framework of new global information systems will receive not only significant
advantages, but also a tangible impetus to further development.

Given this, it becomes clear the need to pay special attention to the problem
of artificial intelligence, scientific research in this area and promising practical
developments. Nevertheless, the participation of our country in numerous
global projects related to the digital economy and concepts such as artificial
intelligence, robotics, machine learning, virtual reality, the Internet of things
and big data is currently very small. That is why it is necessary to revise
national policies in this area, outlining priorities and increasing the
effectiveness of both private and state developments carried out in these areas
of activity at the theoretical and practical levels.

Naturally, this requires a clear understanding of the main trends that are
currently developing in the global scientific community, the prospects for
further development and the importance of participation in scientific and
research work, including in the field of issues related to the problem of artificial
intelligence.

Today, artificial intelligence (from the English. Artificial intelligence, for
short — Al) refers primarily to software systems and algorithms, the main
feature of which is the ability to solve certain problems in the same way as a
person does.

New promising developments are regularly appearing, which is explained
not only by the constant increase in the power and productivity of human-made
computers, but also by the serious attention paid to work in this area by leading
states and the largest corporations in the world. As a result, huge financial and
human resources allocated to research and development in the field of artificial
intelligence give serious theoretical and practical results [3].

The number of applied areas for the use of artificial intelligence and other
developments in this area is extremely large. Many of them have been actively
used for a long time, in practice proving their efficiency. Moreover, Gartner
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research conducted in 2016-2017 allowed us to draw the following conclusion:
by 2020, artificial intelligence technologies will be present to one degree or
another in almost every computer program or service created.

Al is currently an important part of the processes taking place within the
global digital economy. Therefore, it is advisable to consider just such a
pragmatic application of this branch of scientific knowledge. It should be borne
in mind that artificial intelligence with some degree of conventionality can be
divided into two components: the physical embodiment in the form of various
robots and the virtual implementation of Al, which consists in the development
and active use of chat bots, pattern and speech recognition, content generation,
and also the development of virtual assistants and expert systems.

The use of Al technologies in the development and subsequent operation of
robots is deservedly considered one of the most obvious manifestations of the
active introduction of the latest computer and information technologies related
to artificial intelligence in human life. Moreover, today the development of
robotics has a significant impact on the global economy, and in the coming
years it will increase steadily.

For example, Bank of America specialists made a forecast that by 2020 the
total market capitalization of artificial intelligence solutions will be $ 153
billion. More than half of this amount, namely $ 83 billion, will be spent in the
field of robotics. The remaining $ 70 billion will be in the field of virtual
implementation of artificial intelligence. This distribution of financial resources
clearly demonstrates the importance of robotics using Al technology.

Among other equally impressive forecasts made by leading financial market
analysts working in Bank of America and Bank of England, we can distinguish
the following [3]:

— within 10 years, only in the UK as a result of the development of
robotics, the number of jobs will be reduced by about 15 million. This is
an impressive figure when you consider that the entire population of the
state is today just over 65 million people;

— in other words, the new industrial revolution taking place today, which is
often called the «robot revolution», will affect every second working
Briton in the coming years. The data for other advanced economies are
as follows: in 2025, robots will displace about 7% of the total US
population, in 2030 — 40% of the Canadian population, and in 2035 the
number of jobs for Japanese citizens will be halved;

— since 2012, the growth rate of sales of robots is constantly increasing,
amounting to 29% in 2014. As a result, while maintaining current trends,
by 2025 the share of products manufactured by Al robots will be about
45% instead of the current 10%.
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Analyzing the data obtained by American and British financial analysts, we
can draw obvious conclusions that the rapid development of robotics using
artificial intelligence technologies will lead to another jump in productivity.

According to experts, this indicator will grow by 30% in the whole world,
accompanied by a decrease in labor costs in the range of 20-33%. Naturally,
first of all, the so-called «disruptive innovations» will affect the most developed
countries, which will lead to a technological restart of several important
industries at once.

In this case, we are talking primarily about cutting costs for industry and
medicine, which will amount to $ 8-9 trillion over the next 7-8 years. The costs
associated with employment will be reduced by a similar amount equal to $ 9
trillion. Active implementation of autonomous cars («smart carsy»), as well as
drones or other unmanned aerial vehicles, will lead to additional savings of
another $ 1.9 trillion. The above figures are based on data obtained in 2014-
2017 and clearly demonstrate the reality of the so-called «revolution of robotsy.
Obviously, it is based on breakthrough developments and achievements in the
field of artificial intelligence.

The most important growth points over the next 8-10 years include:

1. Al as the basis of the so-called «the internet of things» market. It is a
concept of an information network of «things», i.e. physical objects equipped
with built-in artificial intelligence technologies that allow them to effectively
interact with each other.

2. Military and aviation industrial complexes. This segment of the robotics
market is deservedly one of the fastest growing. This is achieved through two
main areas — combat robots and military unmanned aerial vehicles. The civilian
unmanned aerial vehicles (UAV) market is currently significantly inferior to
the military segment in terms of volume, but also demonstrates high growth
rates.

3. Autonomous transport. The part of smart machines which provide the
possibility of connecting to the Internet and the active use of its resources, in
the markets of developed countries by 2020 will amount to approximately 85-
90% of the newly produced. By 2025, the number of personal vehicles using
various degrees of autonomous control will exceed 10-12%. It is important to
note that unmanned cars are one of the most striking manifestations of the
symbiosis of several areas of Al improvement at once, including both the
physical embodiment in the form of robotics and the Internet of things, and
virtual, since approximately 30% of the cost of such cars is made up of software
costs.

4. Industrial robots. The above examples have already been given that
clearly demonstrate the scale of the «robot revolution» taking place today. The
industrial application of these devices with elements of artificial intelligence is
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one of the most traditional applications of developments in this field of science.
Among the leaders are two countries - the United States and Japan that actively
introduce industrial robots in real production.

5. Medicine. Sales of personal robots involved in healthcare are growing at
the fastest pace. In particular, in 2014 a little more than 1.2 thousand of such
devices were sold, and during the next two years — almost 5 thousand, which is
twice as much on an annualized basis. The market segment is particularly
actively developing, concerning robots-nurse, which is due to the two most
significant reasons. Firstly, the gradual aging of the population in the most
developed countries. And secondly, the shortage of workers who are able and
willing to care for the elderly or sick people.

6. Household robots. Another rapidly growing market direction, directly
related to the Internet of things and artificial intelligence. In 2017, more than 10
million home robots were sold, involving Al technologies. The list of such
equipment is extremely extensive and includes vacuum cleaners, lawn mowers,
etc. In the last 2-3 years, systems such as «Smart Home» have become
especially popular, combining not only household appliances in the apartment,
but also utility networks. As a result, artificial intelligence begins to more
actively control people’s lives, doing this for almost 24 hours.

7. Agricultural robots. According to experts, the number of agricultural
robots sold in 2020 will exceed 16.3 billion units of equipment. Almost half of
this market segment, i.e. about 47% are unmanned aerial vehicles. The
indicated growth rates clearly demonstrate how developed countries solve the
problem of high labor intensity characteristic of agricultural production.

Concluding the theme of the physical embodiment of Al using robots and
other similar technical and technological objects, it should be noted that it is
necessarily accompanied by the development of a large number of necessary
software. That is why a significant part of experts believe that virtual artificial
intelligence is the most obvious manifestation of this concept in practice.

One of the most important areas of using artificial intelligence technologies
is antifraud. This relatively new term refers to a set of measures directed against
fraud, which means any intentional actions or omissions against a private
individual or company with the aim of causing any damage, for example,
financial or reputational [4].

The need for the active development of a variety of protection systems,
which are called «antifraud», using the most progressive and effective artificial
intelligence algorithms, is due to such an important feature of the modern
digital economy as the serious scale of fraud. The widespread use of computer
technology opens up a lot of new opportunities for scammers of various levels.
According to the estimates of reputable consulting agencies, the volume of
losses of the world economy from fraud will amount to $ 2 trillion in 2020.

135



The logical consequence of this forecast is the expenditure of serious
financial resources on developments in the field of antifraud, the vast majority
of which are based on the application of various aspects of artificial
intelligence.

Naturally, the main attention is paid to ensuring that activities carried out
against potential fraudsters do not interfere with the comfort of customers and,
as a result, the successful conduct of business.

A significant part of the operations accompanying the activities of state
authorities of all levels and the work of most commercial structures can be
automated quickly and with a high level of efficiency by developing special
algorithms.

The existing computer capacities and developments in the field of artificial
intelligence make it possible to do this without problems. As a result, the
volume of paper workflow decreases every year, there is a transition to working
with computer media and traditional archives are being replaced with modern
databases.

A good example of this type of use of the capabilities of artificial
intelligence in the modern digital economy is the IT program implemented in
the Republic since 2011 under the name «Electronic Government». Its main
task was the translation by 2020 of 70% of all services provided to the
population by various state bodies from paper to electronic format.

The difficult fate of most of the planned activities and the serious
difficulties that its developers have encountered at various stages of the
software implementation, clearly demonstrate that the implementation of such
serious and large-scale projects without the active and, most importantly,
efficient use of algorithms and artificial intelligence technologies is impossible.

Among the most characteristic features of the digital economy, most experts
unconditionally classify the appearance of various cryptocurrencies and the
rapid growth in the turnover of virtual money. The basis of any cryptocurrency
is blockchain technology, which is a decentralized system for the distribution
and storage of information in the form of databases. The main advantages of the
blockchain are a high level of security of the collected information, which is
combined with the ability to quickly make changes and at the same time
guarantee the accuracy of the data provided to users.

The presence of the indicated advantages of the blockchain makes this
technology popular for almost all researchers and scientists working in the field
of artificial intelligence. According to most experts, blockchain, artificial
intelligence and the Internet of things for the foreseeable future will practically
merge into one technology, which is one of the most effective and rapidly
developing areas in modern science, both theoretical and applied [4].
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Speaking about artificial intelligence, one cannot but touch upon such a
promising direction as neural network technologies. To date, one of the most
used are neural networks such as a multilayer perceptron [5]. Their main
advantage is the ability to solve algorithmically insoluble problems. During
training, a neural network, due to its internal structure, reveals patterns in
relation to input and output images, thereby «summarizing» the experience
gained in the training sample.

Methods of neural networks are widely used in various fields and spheres,
from basic research to the tasks of data mining, forecasting, risk management,
automatic rating and reading of checks, bank card transaction security,
engineering applications, etc. Let us consider a specific example of solving the
problem using the STATISTICA Neural Networks system, which corresponds
to modern technologies and shows the best performance characteristics among
the neural network packages presented on the software market.

Every year, forest fires cause serious damage to the economies of many
countries. However, the number of fires in the dynamics is changing, and
therefore, the amount of damage arising is changing. Our task is to create a
model for predicting possible losses for a certain period. As an example, we
give the statistics of damage from fires in the Penza region for 11 years (2005-
2016), analyze the data and make a forecast for 2017, comparing it with the
actual value at the output. Obviously, the predicted values practically coincide
with the initial ones. This means that the considered models are suitable for
further work and from them it is possible to predict losses from forest fires.

This example illustrates the importance of using the capabilities of neural
technologies to predict natural phenomena and their negative impact on the
economy. It is safe to say that the use of artificial intelligence systems opens up
wide frontiers for the development of modern technologies and in the near
future will qualitatively transform practically all spheres of our life.

The main reason for the increasing interest in the concept of «artificial
intelligence», as well as the practical areas of application of the algorithms
using it, was the rapid growth in the performance of modern computers and the
quality of information technologies involved in their work. As a result, various
algorithms involving the use of Al are actively used in various fields of science,
industry, and other types of human civilization activities.

Wherein, the manifestations of artificial intelligence can be somewhat
conventionally divided into physical embodiment in the form of various robots
and the virtual component of Al, which is essentially software. Both directions
of the development of artificial intelligence are an important part of the
emerging digital economy [4].

Moreover, the vast majority of both theoretical developments and practical
applications of Al show such a high level of efficiency that they provide both
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further priority financing of such projects and a rapid increase in their share in
the global market. Ultimately, only those participants in the global digital
economy who are actively and efficiently developing various areas of the use of
Al for theoretical and practical purposes will be competitive in modern
conditions.

1.2. Artificial Intelligence Today:
Neural Networks and Machine Learning

Al technology can be implemented in different ways. One way is neural
networks. The neural network is built on the same principle as the nerve
networks in a living organism. In the body, nerve cells - neurons, are connected
to the network, they form the nervous system. And in an artificial neural
network simple processors are used — computing elements that connect and
interact in the same way.

Unlike conventional algorithms, neural networks are capable of learning
from experience. Neural networks analyze and identify the relationship between
data at the input and output, summarize the data and formulate solutions to
problems. In order for neural networks to function in this way, machine
learning methods are used. Moreover, in the case of neural networks, such
training requires a lot of computing resources.

What you can teach a neural network depends on the input. The more data,
the better training will be. You can teach a neural network to distinguish some
objects from others, to compare and predict. Learning a neural network is like
teaching a child when they are shown a picture and they say, «This is a cat.» In
the case of neural networks, they get a lot of such pictures with explanatory
labels and learn to recognize individual elements that can then be combined.
The input image enters a certain filtering system. Filters in it are different in
size and complexity of elements that can be recognized — each has its own set
of features. The image is repeatedly filtered in this system. When many
elements are recognized, the neural network makes a prediction: with such
probability this object is a person.

So there were neural networks that predict the stock price for tomorrow,
recognize hand-written index numbers on a mailing envelope and identify a
diseased organ in the picture. For their training, we used numerical data on
exchange rates and images of written numbers, patients and healthy organs.

The problem was that neural networks often made mistakes because it was
difficult to collect really large data samples for training. In 2010, the ImageNet
image database appeared with 15 million images in 22 thousand categories.
Access was open: data could be used by any researcher. As a result, it became
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possible to qualitatively train AIl. Neural networks have become more
developed, affordable and integrate firmly into everyday life [5].

The artificial intelligence that we face in daily life.

Voice assistants Siri, Google Assistant and Alice, algorithms for
recommendations on websites — for example, Brain, which uses Youtube to
recommend videos or a block with recommended products on Amazon, chat
bots — all of them are developed on the basis of Al technologies.

PayPal uses machine learning to help neural networks find suspicious
transactions. This allows the company to reduce the incidence of fraud. For
example, the Russian application Prisma uses neural networks to process
photos.

NVIDIA engineer Robert Bond developed an algorithm that included
garden water sprinklers when neighboring cats wandered in and spoiled his
garden. To determine that it was a cat, he used a system based on the Caffe
neural network: it detected cats by video from cameras. When the camera
recorded a change in the situation, it took 7 photos. The neural network
analyzed the photos: if there was a cat in the pictures, then the network included
sprinklers [5].

In Russia, neural networks have written 2 music albums that can be heard
on Yandex.Music. One is based on songs of band «Grazhdanskaya Oboronay
(the performer is «Neyronnaya oborona» («Neural Defense»)), and the another
is based on Nirvana (performer «Neuronay).

Neural networks are used in medicine, finance and commerce, industry and
ensuring order and security, wherever large volumes of data need to be
processed, systematized and predicted. In medicine, neural networks are trained
to recognize tumors, damage to tissues and organs after injuries, to predict
possible complications and the course of the disease. This is not easy: there is
no sufficiently large medical database, but you need to achieve high accuracy.
After all, if a neural network confuses a cat with a dog, then this is not so scary.
But if a healthy body with a sick - it will be bad.

At a professional conference of developers of high-load systems
HighLoad++, there was a report on the non-standard use of neural networks to
predict poverty levels. The poverty rate in Africa is so high that it is not
possible to simply collect and analyze this data. The latest data was collected in
2005. Scientists at Stanford University first trained the neural network using the
ImageNet image database so that it could recognize settlements. Then they
collected many satellite images of Africa during the day and night and uploaded
them to the neural network. The neural network assessed whether the
population has money to light their homes at night, and made a forecast of their
poverty level. The forecast was then compared with real data for 2005 — the
neural network made a fairly accurate forecast.
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Why neural networks are waiting for a new round of development.

There are more computing capacities, as well as images and other databases
for training neural networks. In addition, it turned out that neural networks are
capable of greater efficiency. When Stanford scientists trained the neural
network to predict poverty in Africa, they uploaded data on the roofs of
settlements.

But the neural network independently learned to recognize water, forests,
roads and other objects — without pre-loaded databases and teacher intervention.

In May 2017, Google Brain developers introduced the AutoML project,
which independently designs machine learning models. This is the Al that
analyzed the existing neural networks, identified the effective sides and created
another neural network without human intervention — NASNet. NASNet
showed a prediction accuracy of 82.7% on the image test set. This figure is
higher than that of all earlier neural networks with image recognition.

In addition, the authors discovered the source code of the neural network.
Perhaps this will a push to the development of Al

The development of AI will inevitably affect the labor market. But this
should not be surprising, because in fact it is like upgrading and automation.
Some professions will disappear, and new ones will appear, because the
development of Al will affect the development of other areas.

Now there is a list of professions that, presumably, artificial intelligence,
neural networks and chat bots can pick up from a person. For example, Google
invests in robots that write news without human intervention. Some types of
programmers may also be left without work in the future: we are talking
primarily about «coders» who are engaged in collecting ready-made blocks,
that is, their work can be reduced to an algorithm. The same applies, for
example, to HR specialists: neural networks can cover much more sources of
information in order to search for candidates, organize them according to
certain criteria and send them notifications. Also, call center operators are at
risk of extinction: a lot of typical work that can be automated falls on their
shoulders.

1.3. The impact of artificial intelligence on the global economy

In connection with the digital transformations taking place in modern
realities, the emergence and application of new technologies, in particular Al
methods and tools, has a tendency to increase. Intelligent systems that can act
effectively in a dynamically changing world penetrate into all spheres of
business and public life.

Artificial Intelligence (AI) — the science and technology of creating
intelligent machines, especially intelligent computer programs [6]. At the
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moment, many robots are able to make some organizational decisions based on
the computational algorithms implemented in them. An example is our own
smartphone, which probably contains artificial intelligence in the form of a
«Siri» or the Russian analogue of «Alice».

In the early 80's well-known scientists involved in the field of computation
theory Barr and Feigenbaum proposed the following term describing artificial
intelligence. Artificial intelligence (Al) is a field of computer science that is
engaged in the development of intelligent computer systems, that is, systems
that have the capabilities that we traditionally associate with the human mind —
understanding the language, learning, the ability to reason, and solve
problems [6].

The International Telecommunication Union (ITU) in collaboration with
experts from the McKinsey Global Institute, the economics and business unit of
McKinsey & Company, simulated the economic effect of artificial intelligence
in its study. At the same time, they took into account the following important
factors, such as the transformation of the world labor market under the
influence of automation, the need for radical changes in the skills of employees
and the operation of individual organizations. The impact of artificial
intelligence on the global economy will go through seven main channels:

1. increase in production;

. replacement of existing products and services for a given period;
. innovation and expansion of product lines and services;

. The economic benefits of increased global flows;

. creation and reinvestment of values;

. costs of the transition and implementation of Al,

. negative external effects.

Taking into account the fact that artificial intelligence in the future can
directly affect competition, which will inevitably entail consequences for
companies, labor markets and state economies, ITU forms the main conclusions
of its work. Al combines five technology groups [7]:

1. machine vision;

. natural language;
. virtual assistants;
. robotic process automation;
. advanced machine learning.

Al as a whole has an incredibly powerful potential for contributing to global
economic activity. Some companies will try to use one of the Al technologies to
perform certain functions, while others may apply all of the above. The
introduction of Al technologies will occur quickly and rapidly, which will lead
to the fact that by 2030 it will generate 1.2% of the increase in world GDP —
more than all the introduced technologies before. At the same time, the
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economic effect of Al can be manifested gradually, at an accelerating pace and
only be noticeable over time due to the need for significant implementation
costs at the start and the enhancing effects of competition and complementarity
subsequently.

Artificial intelligence can increase the efficiency of the global economy, but
the distribution of benefits received is likely to be uneven. The introduction of
Al contributes to an even greater lag of developing countries from developed
countries, thereby widening the already high digital divide between states. At
the company level, the use of Al can lead to an increase in the productivity gap
between the leaders in the implementation of these technologies and those who
delayed the implementation or did not use the technology at all in their
activities.

Finally, Al can shift demand on the global labor market from professions
that require routine tasks to socially and cognitively oriented specialties, as well
as to activities that are difficult to automate.

However, this will lead to an increase in unemployment at the first time of
implementation. In other words, in the case of inefficient development and
implementation of Al technologies, it can continue to exacerbate the inequality
between national economies, individual companies and workers in the labor
market, and this will become a catalyst for possible social conflicts. To avoid
this, the governments of the countries together with business are obliged to
provide support and painless transition of workers to new demanded jobs, and
people themselves will need to learn new skills in accordance with the needs of
a dynamically changing labor market.

Artificial intelligence, like any computing system, can also have flaws and if
you overlook it, you can get a failure of any complexity, one of the examples of
such artificial intelligence is the one that Sberbank put into operation. The
Artificial Intelligence, which they introduced into their activities, failed due to
which they lost billions of rubles. The head of the bank, German Gref, stated
this at the «Lesson of Digit»: «Artificial intelligence, as a rule, makes decisions
in large systems. A small error crept into the algorithm can lead to very large
consequences. In our practice, we lost a lot of money on this. Due to the fact
that the machine made a small mistake on large volumes, we lost billions of
rubles «[8].

As he himself said, they found all the errors and this all helped to improve
the work of the artificial intelligence algorithm. «When this error was detected,
we studied on it, put in all kinds of filters in order to calibrate and verify the
artificial intelligence system.» Earlier, Gref also stated that the introduction of
artificial intelligence in Sberbank most affects the number of mid-level
employees: about 70% of managers were reduced [9].
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According to analysts, in the next 5 years, the world will see a rapid
increase in data volume. So they predict that, by 2025, the entire amount of
information around the world will exceed 10 times this figure for 2016. In the
near future, the value of information for society will increase even more, data
will be generated not only by people, but also by new devices, and there will
also be a global transition to the cloud, experts say.

Every year, data generation is more and more automated and analyzed, and
the data obtained is immediately transferred to the boundary segments of the
network. In the end, there is an increase in the share of information that the
business sector produces. And this information begins to overtake consumer.
Both those and other data are stored on commercial servers. For example, if
business data in 2015 amounted to 30% of the total information, then by 2025
their volume will already grow to 60%. There will also be a wave of rethinking
the values of information, as large flows of data, and their diversity, and a
critical role will cause new difficulties for companies and consumers.
Information will be collected taking into account the impact on a particular field
of activity.

The trend of dependence on information will remain relevant in 2025.
Moreover, the importance of data in the life of society will increase even more -
modern infrastructure cannot do without them, and people cannot live
comfortably. Without them, unmanned vehicles will not go and medical devices
that support the lives of millions of people will stop.

In the coming years, the average number of informational impacts per capita
will increase by 20 times. Our homes, workplaces, appliances and wearable
devices, vehicles and implants are gradually becoming smarter, and more and
more devices can be connected to the Internet of things.

The most important basis for the existence of the world will be information
security. Along with the explosive growth of the total global amount of
information, the gap between protected data and those that need to be protected
from attacks by cybercriminals will only increase. The volume of actually
protected analytics data will be 40%, and 90% of the data in 2025 will need to
be protected. Mandatory will be security systems for processing corporate
financial data, personal information and medical records.

From all this, it can be concluded that artificial intelligence is a dynamically
developing system that has a number of shortcomings, but at the same time,
these same shortcomings can be corrected or improved, thereby moving Al to
the next level of development. And soon it will become an indispensable part of
our life as the Internet or other technologies. But the disadvantages of such a
system will be the inequality in the market of developed countries to the
undeveloped, and the vulnerability of this system to cyber crime.
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1.4. Some features of the practical use of Al

Of course, many features of the application of Al depend on specific
projects, developments and tasks that smart devices face. But you can also
highlight several aspects that relate to almost any area of the use of artificial
intelligence. First of all, these are mistakes. Of course, one cannot say that Al is
never mistaken and external factors are not able to influence its actions
(including accidents or, for example, hacker attacks). Therefore, it can be
assumed that even when smart machines enter our lives much more solidly, a
person will still participate in important decisions. Most likely, this thesis will
be relevant for any field of application of artificial intelligence, where
something serious is at stake.

Now this approach can be illustrated by the example of the supercomputer-
diagnostician IBM Watson. Statistics show that Al, in which millions of
medical documents and medical records are loaded, often makes diagnoses
more accurately than people. Nevertheless, while the last word is left by the
attending physician, and the supercomputer acts as an assistant, an effective and
useful tool.

The next feature is partially related to the previous one — responsibility. For
example, unmanned personal vehicles and public transport are already being
developed and implemented. But who will take responsibility if such a car
crashes? Or, suppose, a highly intelligent robot surgeon is created who can
independently conduct operations. Who will be blamed if the patient dies from
the wrong movement of such a robot? Can the Al itself be held responsible and
what should follow from such a step?

While these issues remain open, and perhaps this is one of the reasons why
the activities and decisions of robots are controlled by people: it is much easier
to solve the problems of responsibility.

Despite the comparative youth of these technologies, Al has already found
wide application in various fields, and many projects, as if coming to us from
science fiction books, are becoming quite real. Let’s see interesting examples of
the use of artificial intelligence, which are currently implemented or are
planned for implementation in the near future.

The medicine

In medicine, the excellent memory of artificial intelligence and its ability to
process a large amount of data, compare and analyze information are especially
appreciated. This is how the already mentioned IBM Watson or, for example,
DeepMind Health from Google works. These and similar smart assistants not
only give advice to doctors, but also determine a predisposition to diseases or
identify them at very early stages, when they can hide from the human eye.

At the end of 2017, Russian Prime Minister D. Medvedev outlined a
strategy, which includes, among other things, the use of artificial intelligence
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capabilities in Russian healthcare. For example, it is planned to develop the
«Third Opinion» physician decision support system. Now system knows how to
analyze images of blood cells and the fundus, ultrasound of the bladder and x-
rays of the lungs, and in the future she will learn how to process data from
computer tomographs and MRI. Another similar Russian system is Botkin.Al
Among of its tasks are the analysis of diagnostic data, tips and advice to
doctors, monitoring the treatment. While Botkin.Al helps oncologists, it is
planned that soon it will work in other areas.

The Face2Gene project from FDNA [10] promises to identify genetic
diseases from the photo. According to the developers, about 3,500 genetic
diseases can be detected by facial features, even if they have not yet shown
symptoms. The application is available for smartphones on Andriod and iOS.
Artificial intelligence helps not only doctors, but also patients. In recent years,
the popularity of telemedicine and related applications has been growing. They
use various algorithms: some collect data from wearable sensors like fitness
bracelets; others, rather, are questionnaires whose purpose is to establish the
exact symptoms and problems of patients. Some Als recognize speech and can
be answered verbally, while others prefer written communication. Having
received the necessary information, the applications either give
recommendations on what to do next and how to be treated, or send the relevant
information to the attending physician. One of the most famous intelligent
assistants of this kind is Ada and Your.MD (available for download on Google
Play and the App Store).

Industry and Agriculture

In industry, artificial intelligence allows us to do work more and more
automated, up to the point that human participation is practically no longer
required. In particular, LG plans to open a factory in 2023, where all processes
— from the purchase of consumables to the control of manufactured products
and their shipment — will be carried out using artificial intelligence [3]. The Al
will also monitor equipment wear and tear, fulfillment of set plans and other
factors that a person usually monitors.

According to the company's plans, a partial transfer of production from old
factories to a new one will begin in 2021. Perhaps, even then, the first
information will appear on how successfully the smart factory is functioning.

As for agriculture, then artificial intelligence is used to monitor the
condition of plants, the level of moisture, the presence of necessary nutrients in
the soil and, in principle, for proper care of plantings. For example, robots have
learned to identify weeds and carefully dispose of them (by pulling out or
treating with chemicals). Smart assistants are able to identify plant diseases or
pests that have attacked them from photographs, as well as deliver targeted
drugs on a targeted basis. This helps save pesticides and herbicides more
economically.
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Traffic

In many countries, the ability of artificial intelligence to process huge
amounts of data is used to alleviate the problem of traffic jams. In Russia in
particular, Al helps traffic in major cities and on federal highways. The
computer analyzes data from traffic lights, collects information about traffic
density, accidents, weather conditions and other reasons that can affect traffic.
As aresult, an intelligent system monitors roads in real time, makes forecasts of
how the situation will develop, and in accordance with this switches traffic
lights.

Traffic Al not only monitors accidents, but also helps drivers. For example,
it may call a tow truck.

Similar systems work in many cities in Europe, Asia, North America, for
which the problem of traffic jams is relevant. Of course, in most cases it is not
possible to completely get rid of congestion, but Al can improve the situation
with traffic, sometimes it can significantly accelerate traffic. Perhaps progress
will be more noticeable when autonomous cars come into widespread use —
another area of application of artificial intelligence.

Artificial Intelligence at Home

Of course, a typical example of the use of Al in everyday life will be
systems of smart homes, which are becoming more widespread. The task of
most of these developments is to automate and make our life easier. For
example, in the morning, the Al will be able to open the curtains so that
sunlight enters the bedroom, wake you up using the radio and turn on the coffee
maker so that you can have aromatic coffee for breakfast, and when you leave
for work, it will activate an alarm. In the future, the functionality of such
systems will certainly be significantly expanded, up to the point that the
refrigerator itself will order your favorite food, and the cupboard will steame
your clothes.

Smart home optimizes energy consumption, heating and ventilation,
controls the operation of various devices, adapting to your schedule. Together,
this not only makes life more convenient, but also helps to save energy more
economically.
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Chapter 2. The use of Al in education, development and
implementation of expert training systems

2.1. Adaptive Learning

Adaptive learning is perhaps one of the most promising areas of application
of artificial intelligence in education.

The level of knowledge of those who begin to study something different.
And the abilities are different. Different life experiences and different
motivations. Therefore, for some of the students the program always seems too
easy, for some it is unbearably difficult. Someone is convenient to perceive the
material in one form. Someone in another. As a result, the teacher always faces
the unsolvable task: how to ensure acceptable performance of «weak» students
and not discourage the desire to learn light material from the strong?

Adaptive technologies should solve this problem. It is assumed that artificial
intelligence will track the progress of each individual student and either adjust
the order in which the blocks of the course are displayed according to his
ability, or inform the teacher about which material is less well learned and
which is better.

Experiments to introduce such programs into a previously conservative
learning process are conducted by many advanced technology companies.
However, our view is still dominated by the view on high-tech education as
simply remote, preserving the paradigm of the linear course: online course.

One of the few platforms that allow online course creators to use the
capabilities of adaptive technologies using artificial intelligence is Stepik. But
even on it there are less than ten such courses created so far.

Elements of adaptive technologies are also used in projects for children and
adolescents such as /logiclike, which offer programs for the development of
logical thinking, in the project for self-training for the Unified State Exam
Examer.

Experiments on the introduction of adaptive technologies in training are
carried out in commercial projects in the field of HR (Human Resources).
Today on the Russian market the most noticeable are Competentum, Ispring, E-
mba. There are attempts to implement Al in teaching languages (Skyeng,
Lingualeo, Websoft), as well as programming and design (Geekbrains,
Netology) [11].

Proctoring

Distance learning, the locomotive of modern high-tech education, involves a
distance exam. How to conduct it so as to be sure that the student did not cheat?
Proctoring systems come to the rescue — tracking a student while writing test
papers and passing exams. In the past, proctoring meant that the examiner was
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monitored through a webcam throughout the exam. Today the situation has
changed. Artificial intelligence came to the rescue of man. He is able to track
the behavior of many donors at the same time: whether there are «extra» people
in the frame, whether there are «extra» votes in the room, how often the dealer
takes his eyes off the monitor, does he try to change the tab in the browser. All
these actions are recorded as violations. In special cases, the system gives a
signal to a person-proctor to pay attention to one or another student. Only then
will they begin to follow him through a webcam.

In our country, the most advanced product in this area is Proctoredu.
Currently, the service is establishing interaction with distance education
platforms operating on the Russian market, Russian universities and is trying to
enter foreign markets.

The scope of the use of artificial intelligence in education is not limited to
these two areas. For example, there are plans to create software for
automatically checking creative assignments — essays. It’s just that the
directions of proctoring and adaptive learning are understandable to the modern
person and to the greatest extent worked out. There are many ideas for using
artificial intelligence. The incarnation of them so far received only a few.

And let's not forget — we are at the very beginning of the path to introduce
new technologies in the field of education. The market is just forming.

2.2. Comparative analysis of expert systems shells

The generally accepted term «shell» means a set of tools for building expert
systems. The composition and functionality of such a toolkit varies widely:
from very flexible and «open» tools that provide users with a greater degree of
freedom and allow him to build his applications in any subject area, to
specialized systems with an extensive set of functions that are «almost ready»
for use by experts, but less flexible and do not provide complete freedom to the
knowledge engineer (cognitologist) when structuring knowledge [12].
However, based on the analysis of existing expert systems (ES) shells, it is
possible to compile a generalized image that reflects the functionality that they
provide to one degree or another (Figure 2.1).

Let us make an attempt to classify ES construction tools depending on the
degree of their openness and problem orientation. Table 2.1 shows flexible
shells for universal use, problem-oriented shells — special tools for presenting
expert knowledge of any subject area or some kind of related areas and
incomplete expert systems (IES) in which there are only some types of
specialized knowledge introduced directly by specialists this subject area.
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Fig. 2.1 — A generalized image of the expert system

Table 2.1. Classification of ES construction tools

SHELLS OF
GENERAL PURPOSE PROBLEM IES
Crystal Leonardo VP-Expert IntelliForm HelpDesk
XIPLUS GURU EASE TestBench Lending
BESS ART Procedural Picon Auto
BEST Kopudeit Consultant Under-
G2 o
Writing
NCKAJ OKCIIEPT KEE In-Ate Advisor
OCILIAH WnTep PUAKP Plexys NM-C
[MPOKCUC  Dkcnoept KNOWOLL OKPAH CITPUHT-J
JIIEJIJT COKPAT CATIIPOkcrept BELS

ES shells facilitate and even to some extent automate the process of
extracting knowledge from an expert and entering the system into the
knowledge base.

The following are some commonly used ES shells that run on computers
compatible with IBM PCs.
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Shell ART (Automated Resoning Tool), developed by Inference
Corporation (Los Angeles), is designed to construct ES, operating in a mode
close to real time.

The inference mechanism establishes new facts on the basis of already
known facts and generates the required results. The knowledge base is
presented in the form of IF ... THEN rules. The system has a knowledge
representation language for extracting facts, organizing relationships, a
compiler for converting the description of a knowledge representation language
into LISP, the application part — an INFERENCE ENGINE output mechanism
as a support tool, debugger and tracer. The ART system is written in LISP.

The KNOWLEDGE CRAFT shell, created by Carnegie Group, is written in
COMMON LISP. This system includes the CRL-OPS and CRL-PROLOG
knowledge representation language and has the following design features:

— file structure;

— production rules and «demonsy;

— object-oriented programming;

— graphical interface;

— the ability to define a homogeneous semantic network;

— ability to non-monotonous output and interactive search.

The KNOWOLL shell, developed by Intelligent Machine Co., is
implemented in the LISP language. The system uses a file structure, production
rules such as IF ... THEN. It is possible to use external programs and exchange
data with them.

The integrated shell ES GURU, developed by MDBS in 1985, is one of the
most famous. This system is implemented in C language, uses a production
method for representing knowledge, the rules are: IF ... THEN ... RESUME, the
number of rules is unlimited. The direct and reverse inference mechanism is
used, 16 options for calculating the reliability factor, 4 basic data types. The
system provides built-in database tools, an interface such as spreadsheets, data
protection tools. It provides the use of arrays, calling external programs,
working with business graphics packages, and built-in functions for working
with data.

The ES CRYSTAL shell developed by Intelligent Environment is very
popular in the UK: it is used by eight out of ten leading British companies, the
largest banks and more than 100 higher education institutions. The CRYSTAL
shell is a rule-based tooling system using an inverse output mechanism, easy to
operate. It is flexible and can be used in a wide variety of applications — from
diagnostics to design.

The VP-Expert ES shell, supplied by Paperback Software, offers the user-
developer of expert systems three approaches to the presentation and use of
knowledge [12].
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The first approach (which is the basic and simplest) is to use induction
tables or matrices from which VP-Expert generates rules and automatically
forms a goal and a set of relevant questions; Tables can have up to 21 columns
and up to 160 rows. This approach is convenient when the programmer wants to
create an ES using information from a spreadsheet or database.

The second approach is the use of production rules, expanded through the
use of ELSE, which means the opposite condition, and DISPLAY's ability to
display a message if the rule worked. The conditional part of the rules may
contain up to 20 conditions.

The third approach to the presentation of knowledge, called the «database
rules», makes it possible to exchange information with databases and
spreadsheets during the consultation. Database rules allow you to store most of
the information outside the expert system.

In the version of VP-Expert 2.0 new features are provided: the function of
dynamic images, which allows the developer to create pictograms and images
that can be further worked with using the «mouse»; hypertext used to create
hint systems of arbitrary depth. The system supports a friendly developer
environment, provides viewing the contents of the knowledge base, implements
the functions of parsing the filled knowledge base, and keeps trace protocols.

The LEONARDO ES shell, developed in the UK, is widely used to build a
wide variety of ES in fields such as medicine, agriculture, etc. This system uses
frame and production methods for representing knowledge. The number of
rules is not limited. Apply the usual (mixed), direct and reverse output
mechanisms. To work with fuzzy knowledge, confidence factors and the
Bayesian method of determining the degree of reliability are used. The
LEONARDO shell has a built-in editor, argumentation components, the ability
to communicate in a limited natural language, an interface for working with a
database (dBASE III), an interface with the LOTUS 1-2-3 package, and data
protection tools are provided.

The PROCEDURAL CONSULTANT shell, a Texas Instrument product,
belongs to the PERSONAL CONSULTANT shell family. The system helps the
end user to build decision trees, which will then serve as the basis for dialogue
in the diagnostic process. It allows you to draw trees in graphical mode, thus
providing a natural and simple interface, PROCEDURAL CONSULTANT is
written in C and Scheme languages.

The TestBench shell is the result of a collaborative effort by Texas
Instrument and the Carnegie Group. This large subject-oriented system is a
development of the previous Carnegie Group development called TEST.

TestBench consists of three modules:

— TestBuilder: development environment. This module is written in LISP

and is designed to work on Explorer;
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— TestBridge: a utility that converts a system developed on TestBuilder
into a system that will run on an IBM PC / AT;

— TestView: TestBench systems environment. This module is written in C
language.

The ES shell «<EKRAN» (SCREEN) (Expertise Knowledge Editing,
Consistency Analysis) was developed at the Institute of Applied Mathematics
of the USSR Academy of Sciences. This system focuses on the following
applications: classification, design automation, technical diagnostics, intelligent
training systems, automated instructions. The latest version of EKRAN is based
on predicate logic, has the means to create a database, and can work with
several knowledge bases. The software is written in C language.

The PEKON shell (Personal Consultant), developed at the Minsk Scientific
and Training Center of «Algorithm», — is a software tool designed to develop
expert systems, create and maintain expert knowledge bases on personal
computers EC 1840, EC1841, IBM PC. The system is focused on the creation
of expert diagnostic-type systems operating in an interactive mode. PECON can
be used to create an expert system in any subject area with informal diagnostic
procedures. The system consists of three components:

— rule base generator allowing the developer to create, modify and
document syntactically correct rule bases containing the following
subsystems: rule editor, text editor, rule compiler, system for issuing rule
base listings;

— fact base generator, which, based on the rule base, generates a fact base
management program that provides for the collection and storage of the
actual data about the object required during consultation;

— consultation system.

The facts in the database are presented in the form of frames. The rule base
and the fact base form the knowledge base of a particular application. The basis
for the model of knowledge representation in PECON is a decision-making
network based on production rules with elements of fuzzy logic and Bayesian
formalism. Inference is based on the sharing of forward and reverse withdrawal
strategies.

The system is written in the languages PROLOG and C. Analysis of existing
software tools showed that the basic principles of design in the development of
knowledge-based systems are as follows:

— the expert knowledge presented in the DB cannot be used with full
confidence to draw conclusions and receive recommendations on the
choice of actions. Systems should be able to overcome this uncertainty
in their argumentation mechanisms;
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— knowledge related to any field includes both contextual and procedural
information;

— the effectiveness and practical value of the system depends to a large
extent on how the functioning of this system is natural and transparent to
the user. When processing knowledge, it is desirable that heuristics are
explained to the user and understood by him;

— for organizing user communication with the system, it is effective to use
the natural language when posing questions and generating reports.

Recently, interest has grown in specialized shells specially tailored for

specific subject areas. A number of foreign companies, for example, Texas
Instruments, Teknowledge, Carnegie Group, IntelliCorp, Inference announced
their plans to produce and supply problem-oriented shells, which will be used,
in particular, for troubleshooting, equipment repair and personnel training.

2.3. Methodology of designing expert training
systems for use in the educational process

The process of developing the appropriate expert training system (ETS)
includes the following steps [12].

Stage 1. Definition of a correctly constructed knowledge base (KB).

At this stage, the conditions that must be met by the KB created by an
expert in the environment of an instrumental expert system are defined, as some
formal theory. This may include conditions for completeness, consistency, non-
redundancy of knowledge bases, etc. So, for ETS supporting the probabilistic
method of knowledge representation, the KB will be correctly constructed if the
knowledge contained in it satisfies the following conditions:

— for any hypothesis A from the knowledge base, the probability

P(A)>=0and P (A) <=1,
— the sum of the probabilities of hypotheses P (A) <=1;
— for any symptom B from the KB, there is a hypothesis A in KB
associated with B;
— for any hypothesis A from KB there are symptoms B in KB that
define A;
and etc.

Stage 2. Building of the subject area model.

In this stage, a model of the subject area is built, which is the subject of
training for an expert (basic formal theory of ETS). The basic concepts, terms,
theorems, methods used in this field are identified, and the relations between
them are determined. So, for example, for Bayesian theory, the basic concepts,
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terms, and theorems are: event, a priori probability of an event, a posteriori
probability of an event, independent events, conditional probability, Bayes
theorem, etc., which are in a certain relation to each other.

Stage 3. The choice of teaching methods.

Based on the characteristics of the subject being studied, learning
objectives, taking into account the psychological characteristics of the proposed
contingent of students, technical and software limitations, a certain teaching
methodology is used that is used in the construction of the ETS.

Stage 4. Building a learner model.

At this stage, in accordance with the objectives of training and based on an
analysis of the domain model, a learner model is developed. This model should
reflect the level of basic and current knowledge and skills of the student. An
example is the five-component student model.

The learner model (in the broadest sense) is the knowledge about the
learner used to organize the learning process.

Thus, the learner model is a set of precisely formulated facts about the
student, which describe various aspects of his condition: knowledge, personal
characteristics, professional qualities, etc.

There are three points of view from which the learner’s modeling, or our
knowledge of the learner can be studied. Firstly, this is knowledge of what the
learner is; secondly, knowledge of how we want to see him/her; and finally,
knowledge of how we can see him/her. The former are established by analyzing
the student’s behavior and represent the student’s behavioral model. It changes
with the change in the learner; therefore, it is called the dynamic or current
model of the learner. The mechanism for constructing this model is cognitive
diagnosis.

Knowledge of how we want to see the learner, the requirements for his final
state are called the normative model of the learner. This knowledge is usually
multifaceted. This includes, for example, requirements for the personal qualities
of future specialists, their professional qualities and skills, knowledge and skills
in various academic subjects, characteristics of the physical and mental state,
etc. This is exactly what is called the standard of education. And the ultimate
goal of training is to achieve a situation where the student’s behavioral model at
graduation coincides with its normative model.

The third point of view is based on the fact that, in the general case, there
are various paths, or trajectories, along which trainees can advance in the
learning process. On the one hand, these can be correct trajectories due to the
correct actions of the trainees and provided for by the normative model of the
trainee, for example, the use of various techniques and methods for solving the
same problems. On the other hand, various trajectories can be caused by
erroneous actions of the trainees and many of their errors can be foreseen by the
teacher.
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The teacher’s work to identify possible errors of students is extremely useful
from a didactic point of view (learn from mistakes!); the list of these errors
(preferably, with a full study of the erroneous trajectory) is a specific model of
the learner — the error model.

The part of the normative model of the student (learner) that defines subject
knowledge, that is, knowledge of academic subjects, will be called the subject
model of the student. Thus, the subject model of the learner determines the
semantic side of learning the subject, i.e. represents expert knowledge or a
domain model.

The subject model of a student distinguishes educational areas from the
whole set of subject areas, so this is a model of a subject area or a model of a
subject. The introduction of the concept of the subject model of the student
allows you to make the simulation of the student complete, since in this case all
aspects related to the student are combined. In terms of the subject model of the
student, the requirements for him are formulated. The introduction of this
concept is all the more justified because the modeling of a subject area is
significantly different from the modeling of other subject areas. The fact is that
the goals of modeling educational and non-educational subject areas are
different. Any activity, including educational, is carried out by solving
problems, and these tasks are specific to the activity of this type.

In production, research (scientific-cognitive) and other activities, problems
are solved for the sake of receiving their answers, the results of solving
problems are set by the purpose of the activity and therefore are its direct
products. What matters here is not how the problem is solved, but what is
obtained as a result. The purpose of the educational activity is to learn how to
solve these problems, in other words, the purpose of the educational activity is
to form a mode of action. In educational activities, the result of solving
educational problems in itself is of no interest, the only thing required of it is to
be correct. The process of solving problems is of fundamental importance here,
since it is in the process of solving problems that a mode of action is formed.
Thus, solving educational problems is not a goal, but a means of achieving
educational goals. Hence the difference in modeling goals. Modeling of a non-
educational subject area should provide socially significant results, while
modeling of an educational subject area is a process for solving educational
problems.

The first component is a thematic model

It is very important, especially for educational material, to establish its
structure, since to assimilate a certain portion of educational knowledge means
to establish their place in the structure of educational material. Therefore, one
of the tasks in constructing the subject model of the learner should be to
establish the structure of subject knowledge. The study of the structure of
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educational material is an independent subject of extremely important and in-
depth research. The subject model should give a more or less enlarged view of
what knowledge is about. This is usually done by listing topics.

The subject model of the learner is a list of topics to be studied.

The thematic model conveys certain properties of subject knowledge, is
their characteristic, i.e. meta-knowledge.

The second component is a functional model.

It is very important methodologically to determine what role this or that
knowledge plays, what functions they perform, that is, carry out functional
structuring. This can be done by compiling a list of functional categories, thus
defining functional knowledge. Moreover, among them may be knowledge that
performs both non-transformative functions (declarative knowledge, for
example, definitions, consequences, conclusions), and transformative
(procedural knowledge, for example, methods, algorithms). Together they make
up the functional subject model of the student. It shows what role this or that
subject knowledge plays.

The role of knowledge, their functions depend on a specific subject,
however, there are common headings for all subjects, for example, concepts,
properties. Individual objects may have headings specific to them, determined
by the essence of these objects. There may be occasions when the headings are
the same for a group of items that are grouped according to some characteristic.
For example, such headings: concepts, formulations, laws, properties,
consequences, conclusions, causes, formulas, equations, models, methods,
algorithms. Headings have a content that also does not convey the semantics of
the subject area and is metacognition ( metaknowledge).

A functional subject model allows you to structure and detail what the
student needs to know. This is about knowledge at the reproductive level, that
is, to know is to remember.

The third component is the semantic model.

Declarative knowledge determines the content or semantic part of subject
knowledge and generate a semantic subject model of the learner. The semantic
subject model of the learner is a sequence of semantic facts - the simplest in the
composition of facts that have objective meaning.

A semantic fact is always a complete and unique thought that is conveyed
by a single sentence or statement.

The described semantic facts play the role of knowledge units of the subject
area, since smaller portions of this knowledge of the subject matter have no
meaning.

The fourth component is a procedural model.

Procedural knowledge describes the order and nature of the transformation
of objects of the subject area and make up the procedural subject model of the
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student. These are recipes, instructions, algorithms, techniques, decision
strategies. For example: finding, transition, numerical solution of equations of
motion, numerical integration, preparation of equations, definition, use,
construction, calculation, addition. The number of methods depends on the
specific workplan. The methods mainly relate to laboratory practice.

From the point of view of activity, procedural knowledge plays the role of
schemes of indicative foundations of action. They are realized with the help of
skills.

Fifth Component — Operational Model.

As already noted, the ultimate goal of training is the formation of a mode of
action, and the mode of action is realized in practical activity through skills.
Knowledge acts as a means by which skills are formed. In knowledge
engineering, skills are treated as behavioral or operational knowledge. The
mechanism for the formation of skills is the handling of knowledge (both
declarative and procedural), manifested in human behavior. Thus, the subject
model of the student includes the skills that must be formed in the learning
process. The list of these skills is an operational subject model of the student.

Stage 5. Building a hierarchy of tasks (tree, network), solved by the trainee
(expert) when building the ES in the ETS environment.

The process of developing ES in the ETS environment is considered from
the point of view of the task approach as a joint solution of certain tasks by an
expert and ETS. Such a breakdown of the entire process into tasks and subtasks
simplifies the technical task of automated monitoring of the expert (trainee)
activities in creating ES, increases the efficiency of knowledge diagnostics and
training processes.

Stage 6. Definition and classification of errors of students in solving
problems.

The purpose of this stage is to identify possible expert errors when building
ES in the ETS environment and factoring them on the tasks being solved. These
errors arise in violation of the conditions that determine a correctly constructed
knowledge base.

Step 7. Identify hypotheses to establish the cause of the error.

Based on the analysis of the subject model and the teaching theory,
hypotheses are determined about possible incorrect representations of the
student about the subject, which can lead to the appearance of a particular error.
All hypotheses are factorized by error, which allows you to speed up the
process of selecting a hypothesis when an error is detected.

Step 8. Implementation of ES error diagnosis and ES learning control.

At this stage, formalization and testing of knowledge obtained at the
previous stages of building the ETS by building expert systems for diagnosing
errors and managing learning is carried out.
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Stage 9. Implementation of the ETS.

The purpose of this stage is to organize the interaction of ETS, ES error
diagnosis and ES learning management to solve the complex task of monitoring
and training expert users of ETS.

Step 10. Testing the ETS.

At this stage, the activities of the ETS are monitored. Experiments are being
conducted to evaluate the didactic efficiency of the process of automated
learning carried out by ETS, structural and psychological-pedagogical
deficiencies of the system are revealed, etc. The relationship between the stages
of building the ETS is shown in figure 2.2.
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Fig. 2.2 — The relationship of the stages of the construction of the ETS

2.4. Architecture of expert training systems

2.4.1. BESS expert system shell architecture
Various methods for constructing ES are known: logical, probabilistic,
based on production rules, frames, and semantic networks. Experiments on the
comparative analysis of three methods: probabilistic, based on frames and

production rules, showed [13]:
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— each of these methods can be applied to solve an arbitrary problem and
each of them can provide sufficient performance when solving problems
in various software;

— cach of these methods is theoretically justified;

— All three methods considered are suitable for explaining the responses
generated by the system.

These methods were compared in terms of accuracy of inference,
complexity of implementation, and use on the same set of tasks from a specific
software shell.

From the conducted experiments, the conclusion follows that there is no
«best» method for constructing ES. More appropriate is the question of
choosing the appropriate method for solving problems from a specific software
shell.

The following is a brief description of the diagnostic shell of the diagnostic
type BESS (Bayes Expert System Shell), based on the Bayesian decision-
making method. The BESS system is implemented in Pascal using the Turbo
Pascal translator (version 5.0) at the scientific and educational center of the
Institute of Cybernetics named after V.M.Glushkova, Academy of Sciences of
Ukraine.

The choice of the Bayesian decision-making method is determined by the
orientation of these systems to use mainly in the educational process, which can
be formalized by probabilistic methods, the presence of a statistical theory of
learning and knowledge control, as well as various experimental estimates of
the didactic effectiveness of existing teaching methods. The subjective
Bayesian decision-making method is based on an understanding of the
probability of an event as a certain rating ascribed to it by a person, which can
change when additional information is received.

The BESS system has the architecture shown in Figure 2.3.

Knowledge Base <—>I Working Mcmory]
v

—| Outpuf Engine I—

| IR

i‘:ﬁ::;:;f Justification || v Interface
cquisition Subsystem

L A
| Expert | | User |
Fig. 2.3 — The architecture of the BESS system

159



The structure of the knowledge base. KB - this is some generalization of the
database, which differs from the latter in that the knowledge stored in the KB,
in contrast to the data, is active and allows you to generate new knowledge.

The BESS system is intended for diagnostics, for example, troubleshooting
in the functioning of certain systems according to information received from the
diagnosed system [13].

Each expert diagnostician, depending on his qualifications, can detect a
certain number of malfunctions that can occur in the considered systems, and a
finite number of causes that caused these malfunctions. Thus, the knowledge of
an expert diagnostician consists of a finite number of hypotheses regarding the
malfunctions that are possible in these systems, a finite number of symptoms
confirming or rejecting a particular hypothesis, and a finite number of methods
for checking symptoms.

In the BESS system, this knowledge is formalized as follows: Each
hypothesis is associated with the name of the hypothesis, the a priori probability
of the presence of this malfunction, the number of symptoms that can confirm
or reject the given hypothesis, and the symptoms themselves related to this
hypothesis. Each symptom in a certain hypothesis is associated with the name
of the symptom, the probability that the symptom confirms the hypothesis, and
the probability that the symptom rejects the hypothesis.

Since information about the symptom values is requested from the user,
each symptom is matched with a question and a range of possible answers.

The process of interaction between the system and the user is recorded. The
protocol is the basis for the functioning of the substantiation subsystem of the
obtained solution. The structure of the BESS knowledge base is shown in
Figure 2.4.

Knowledge base
| |

. r Name ofhypothesi
Symptom Name A OXLYROhENS
Question Apriori probability
Help
Response Type Many relevant
. symptoms
Alternative
Integer Probability
Linguistic ofconfirmation
Probability
ofrefutation

Fig. 2.4 — The structure of the knowledge base of the BESS system
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Depending on the application, the output strategy in the BESS system may
be specified. Refinements can be determined by the data (single-valued, multi-
valued) coming from the diagnosed system; criterion for completing the
withdrawal; a criterion that establishes the sequence of testing for symptoms,
and a criterion in accordance with which the classification of hypotheses
(relevant, accepted, rejected) is carried out.

In the output machine of the BESS system, the withdrawal strategy
proposed by C. Naylor is applied. The essence of this strategy is to assign a
price to each symptom that reflects its role in the withdrawal process, and ask
first of all the question for which the price is the highest. The price of a
symptom is determined by the formula:

LC(B) =2 | P(4,| B)= P(4;|=B)] 2.1
i=1

Thus, the price of symptom B is the sum of the maximum changes in the
probabilities of events that can occur in all » hypotheses to which this symptom
applies.

The output machine carries out the arguments according to the following
algorithm:

Step 1. Calculate the price of symptoms.

Step 2. Find the symptom with the highest price.

Step 3. Ask a question and get an answer.

Step 4. Calculate posterior probabilities for current hypotheses.

Step 5. Classify hypotheses into accepted, rejected, relevant.

Step 6. Find the most likely solution (MLS).

Step 7. If MLS is found, go to step 10.

Step 8. Make a price recount for the remaining symptoms.

Step 9. Go to step 2.

Step 10. Issue diagnostics and related recommendations.

Step 11. Complete the work.

The posterior probability of the hypothesis Ai is calculated by the formula:

P(4;| B)=P(B| 4)* P(4)[(P(B| 4)*P(4)+ P(B| =4,)* P(=4))) ~ (2.2)
in case of symptom B and according to the formula:
P(=A4, | B) = P(B|—d)* P(4) /(1= P(B| 4)* P(4) = P(B| =4)*P(=4)) 3 3)
in the absence of symptom B.
The user of the system has the opportunity during the withdrawal process or
after its completion to find out how the system came to a particular decision by

contacting the rationale subsystem using one of the «How» or «Why»
directives. The meaning of these directives is to give the user all or some part of
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the interaction protocol along with accompanying information. When the
«How» directive is selected, the user is given the entire protocol from the
beginning to the output step, after which an appeal to the justification
subsystem took place. When choosing the «Why» directive, the user is
explained the previous output step.

Each step of the protocol displayed on the personal computer includes the
following information:

— step number;

— the name of the symptom that is active in current step;

— asked question / received answer;

— the number of relevant hypotheses associated with the current (active)

symptom;

— relevant hypotheses.

For each hypothesis associated with the current symptom, the protocol
stores the information which can be found below:

— apriori probability;

— probability before the answer;

— probability after the answer;

— post-response status (relevant, accepted, rejected);

— result (the probability has increased, the probability has decreased, the

probability has not changed).

The system provides the ability to print the protocol. In this case, the user is
provided with more detailed information, including:

— price of symptoms;

— name of the symptom with the maximum price;

— maximum and minimum probabilities, as well as upper and lower

bounds of current hypotheses, etc.

User answers to system questions can be monosemantic (yes / no) and
polysemantic. In the latter case, the answer can be linguistic (small / medium /
many) or numerical [-n .. + n]. When editing symptoms, the user can choose the
type of answer that is most convenient for his software.

As an example, consider the work of the BESS ES, which acts as an expert
mechanic in car repair. It includes a knowledge base designed to issue
recommendations (prescriptions) for troubleshooting. This base, in particular,
may contain hypotheses and symptoms presented in Figure 2.5.

The connection between hypotheses and symptoms is established on the
basis of the dialogue of the ES with the user (car owner). This dialog might be
like this:

1. Are the headlights on? — Yes.

2. Does the fuel indicator show zero? — No.
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3. Did the car stand in the rain for a long time? — Yes.

4.Have you been to a car service recently? — No, for a long time.
5. Does the starter crank? — Yes.

6. Does the car start? — Not.

Hypothesis

Battery low

No petrol

Wet ignition

Qily

candles

Symptoms

Lights
are on

Fuel is at

‘The car is wet

A visit to a ear
service

The starter
works

The car starts

Fig. 2.5 — Hypotheses and symptoms of the knowledge base
of the expert system car repair

After questioning the user, the information obtained can be summarized in

table 2.2.

Table 2.2 — The results of a survey of a user of an expert system for car repair

Lights | Fuel |Machine | Visiting Sta}rter Machine
P (N) . . . is
areon |isatQ | iswet | service . starts
running
Battery
(accumulator) 0.00- | 0.05- 0.00- 0.01-
is low 0.1 0.99 0.7 0.2-0.5 0.99 1.00
No gas 1.0- 0.02-
0.03 0.01 0.90
Wet ignition 0.25- 0.02-
0.01 0.9-0.1 050 0.90
Oiled plugs 001 0.01- 0.02-
) 0.50 0.90

As a result of processing the received information, the system output
mechanism produces the following conclusion:
Your car seems to have wet ignition.
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2.4.2. Architecture of the educational shell of the BELS expert system

The educational shell of the BELS ES was developed in full accordance
with the ideas of the IBM system approach for developing the architecture of
application programs, known as SAA [13].

More precisely, the recommendations of the component of the SAA project
on the organization of the user interface, referred to as CUA (Common User
Access) were used. An experimental version of the BELS shell was
implemented based on object-oriented programming in the Borland C++
programming environment by Borland International (USA). The purpose of
using the CUA recommendations was to standardize the mechanism of
interaction between the student (user) and the curriculum using the example of
the ES educational shell.

Such standardization of methods and means of organizing the interface with
the student (user) not only simplifies and reduces the cost of the technology for
developing educational programs, but also unifies the curriculum, ensuring their
success in the market of educational software products.

The object-oriented approach used in the development of the educational
shell of the BELS ES made it easy to implement a software product that
combines the capabilities of text editors, spreadsheets, information retrieval
systems and hypermedia systems.

In the BELS system, visualization of the dialogue with the learner is
realized by providing the latter with some objects and the ability to perform
actions on them (manipulating hypotheses and symptoms of the knowledge
base, modifying them, activating new data). Thanks to this, the student can
focus on the task performed by the object, and not on how to implement it in
the program. The BELS system has the architecture shown in Figure 2.6

Knowledge Base | =  Working Memory
¥ 1
_I Output Engine I—
v l A

Subsystem of Justification
knowledge acquisition Subsystem

User Interface

!

Trainee

Fig. 2.6 — Architecture of the BELS system
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In the structure of the knowledge base of the BELS system, as well as in the
BESS system, each symptom in BELS is associated with a question and a range
of possible answers. The process of interaction between the system and the user
is recorded. Based on this protocol, the substantiation subsystem of the obtained
solution is functioning. The structure of the BELS knowledge base is shown in

Figure 2.7.
Knowledge Base —I

Symptoms Hypothesis
— Symptom Name Nameofhypothesis
— Question

Aprioriprobability
Hypertext Help P P ’

Weightofrelevantsy
Alternative Answer mptom
—Type

Fig. 2.7 — The structure of the BELS knowledge base

In the output machine of the BELS system, the withdrawal strategy is
applied, proposed by K. Neylor. The essence of this strategy is to assign a price
to each symptom that reflects its role in the withdrawal process, and ask first of
all the question for which the price is the highest.

The subsystem for explaining the decision made in the BELS system
functions similarly to the justification subsystem BESS, but has a convenient
window interface and a more developed training component. The system has
the ability to display the listing of the created knowledge base on a printer.

Interaction with a trained expert takes place using the knowledge acquisition
subsystem. The latter is a screen table in which the names of the hypotheses are
entered vertically on the left, and the numerical value of the weight of the
symptom is entered into the cell of the relevant hypothesis of the symptom.

2.5. Use of the shell of the BESS expert system
in the educational process
During the classes, the BESS instrumental expert system was used. This

shell meets all the requirements of educational applications, which distinguishes
it from other ES shells.
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Here are some expert assessments of the BESS system based on the criteria
by which any ES shell is evaluated:

— ease of study — excellent;

— potential capabilities of the system — good;

— ease of developing knowledge bases — excellent;

— efficiency and convenience of the end user with built-in expert systems —

excellent.

In the BESS system, knowledge is formalized as follows. Each hypothesis is
associated with the name of the hypothesis, the a priori probability of the
presence of this hypothesis, the number of symptoms that can confirm or reject
this hypothesis, and the symptoms themselves related to this hypothesis. Each
symptom in a certain hypothesis is associated with the name of the symptom,
the probability that the symptom confirms the hypothesis, and the probability
that the symptom rejects the hypothesis.

Since information on the meaning of the symptom is requested from the
user, then each symptom is matched with a question and a range of possible
answers.

Let us take as an example (Figure 2.8) a fragment of the functioning of the
instrumental ES BESS in the execution mode (ES «Classification of the Earth’s
Natural Zones» compiled by participants of the «Expert Systems in High
School» training course).

Question: What is the average air temperature in this natural zone?

Answer: high

Question: What amount of precipitation falls in this natural zone??

Answer: small

Prescription

These signs are characteristic of the desert.

Fig. 2.8 — A fragment of the functioning of the instrumental ES BESS
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The decision to choose this particular system as the starting one for use in
the educational process can be justified by the following arguments.

1. It is easier for an expert to recall and declare the hypotheses (anomalies)
known to him/her and the external manifestations (symptoms) that accompany
them, rather than formulate the rules by which he/she makes decisions.

2. The probabilities on the basis of which the output machine of the BESS
system operates are easily established by association with the available
statistics. In the process of adjusting the knowledge base, probabilities are
specified.

3. The use of the Bayesian method assumes the independence of events
(symptoms and hypotheses), which facilitates the maintenance of a knowledge
base.

4. Since the relation «hypothesis <> symptom» is of an individual nature
(that is, it is considered without regard to other hypotheses and symptoms),
clarification of the definitions of hypotheses (entering, deleting, editing
relations) does not lead to contradictions.

The use of ES in training is still in the initial stage of development. Consider
the three main strategic directions of the use of ES in the educational process.

The first direction is associated with the organization of a new type of
cognitive activity of a student — he/she is given the opportunity to fill his/her
own expert system with knowledge in a pre-selected subject area. Moreover,
he/she can use any literature: reference books, textbooks, etc. As a result, the
student reports to his/her own expert system. And if this expert system works
flawlessly, then we can assume that the trainee has learned the material well.
Thus, the expert system is used as a model of student knowledge. Comparing its
structure and behavior with its own ES, as well as with the ES of other students,
the teacher has the opportunity to better assess the knowledge of the student. In
addition, to increase the motivation for learning, a teacher can hold
competitions between ES written by different students to solve one problem.

The second area is the use of ES as a teacher’s consultant in identifying
student knowledge gaps. This is a very important aspect of the use of expert
systems in teaching, since even a very experienced teacher will need to spend
an unreasonably large amount of time to conduct such work individually with
each student. It is advisable to use a diagnostic type ES.

The third area is the use of ES as a model of teacher knowledge for the
presentation of new material. Here, the expert system, taking into account the
psychological characteristics of the student, based on his knowledge of the
subject, can form a methodology for the presentation of new material.

In this case, it is advisable to use an expert training system, which should
have the following properties:

— competence in the studied subject area;
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- user-friendly interface in communication with the student;

— the presence of a learning strategy;

— the ability to manage the choice of learning strategies depending on the

behavior of the learner;

— the ability to use own experience to improve the quality of learning.

Thus, the knowledge necessary to implement expert training systems should
be divided into knowledge about the subject area, knowledge about the learner,
and knowledge of the learning strategy.

ES can be used in training not only as expert learning or intelligent learning
systems (ILS), but also by using instrumental ESs when the learner (student)
works with the ES shell as an expert.

The essence of the technique is that the student is given the opportunity to
work with the instrumental ES in expert mode in a pre-selected narrow subject
area of the studied topic. At the same time, the student can use any reference
literature: encyclopedias, reference books, textbooks, etc.

The research results showed that this type of interaction of the student with
a personal computer can be called a new type of cognitive activity of the
student. The purpose of the research was the organization and testing of this
type of cognitive activity of the student. To solve this problem, a number of
experiments were conducted in various educational institutions.

Experiments were conducted with two main options for the course, the first
of which was aimed at initial acquaintance with raising ES (6-10 hours), and the
second — in-depth development of the material and its application in practice
(36 hours). Moreover, the first option is fully included in the second. The main
goals and objectives of the training course «Expert Systems in Learningy is to
confirm the effectiveness of using ES in training [13].

Course material includes:

— familiarization with basic concepts from the field of ES;

— familiarity with the Bayesian statistical decision-making method;

— training in using the Bayesian instrumental expert system BESS;

— development and creation by each student of their own version of an

expert system in the BESS environment.

The course is implemented in three main stages.

Stage 1
— familiarization with the basic concepts of ES;

— creation of a simple training expert system;
— competition (assessment) of the created ES.
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Stage 2

— Development of a methodology for applying ES in the classroom in its
own subject by creating ES in its own scenario, as a model for the analogous
work of students in general lessons on the main sections of the subjects of the
school curriculum. In the experiments conducted, teachers were offered to use
ES when conducting classes in biology, natural history, Russian language and
literature, geography, ecology, medicine, psychology, chemistry, etc.

— Development of forms of using ES diagnostic type in the above
disciplines on various kinds and forms of work with schoolchildren: in test
lessons; elective classes; at the final exam (one question from the ticket
specified in advance); when working with especially gifted children; as a form
of independent work of students of specialized classes.

Stage 3

Creation of ES for diagnostics and testing of knowledge of students in a
particular subject. For example, we give a small part of the training assignment
provided to the student during the course on chemistry, ecology and
environmental protection. The student is given the opportunity to be a
chemistry expert analyzing possible water pollutants in the bay, on the banks of
which a number of industrial enterprises are located. The following water
characteristics are investigated:

— pH reaction (acidic, basic);

— water color (normal, red tint, black tint);

— water consistency (normal, oily);

— the presence of impurities (carbon, sulfur, metals);

— specific gravity of water (normal, low, high).

As a result, the student provides an expert report on possible water
pollutants. In addition, his knowledge in this subject area is evaluated by
launching the ES created by him on a computer. A properly working expert
system gives every reason to believe that the student has learned the material
well.

2.6. Adapted testing of student knowledge

One of the essential tasks in training is testing the learner’s knowledge in a
certain discipline. Testing involves an integral assessment of knowledge,
determining the degree of mastery of a given subject, which is carried out on
some discrete scale (for example, pass / did not pass, 2 ... 5, etc.). As a rule,
such an assessment is predictive or probabilistic in nature, since the state of
knowledge about the academic discipline as a whole is assessed by the selected
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elementary knowledge, skills. Testing of knowledge is carried out through a
survey of the student. Each question is associated with a certain element of
knowledge about the studied discipline and has a certain weight («importance,
complexity). If the choice of the next question depends on the learner's answer
to the previous question, then knowledge testing is called adaptive. The
advantage of adaptive testing is that a targeted choice of questions reduces the
testing time, and in addition, the testing system looks more intelligent and
arouses the confidence of the student [14].

To assess the characteristics of the population for some sample of its
elements, statistical methods are used. In this case, it is preferable to use the
Bayesian method, since it allows you to take into account some a priori
information (for example, the performance of a particular student, the
percentage of academic performance in a given academic discipline, etc.) and,
unlike classical statistics, different weight of questions for integrated
assessment of knowledge. In addition, the Bayesian method provides a
consistent assessment of sample elements and, therefore, allows you to organize
adaptive testing. Another argument in favor of the Bayesian method may be its
widespread use in diagnostic systems.

Consider the method of constructing an adaptive testing expert system. Let
the student’s knowledge testing be performed on a four-point scale -
unsatisfactory, satisfactory, good, excellent. Each scale value is associated with
a hypothesis. Let A; be the learner’s knowledge hypothesis corresponding to
the scale i (I <i <4). For example, 4, is the hypothesis of «unsatisfactory
knowledge,» and A, is «excellent knowledge».

We will consider each tested element (knowledge, skill) a symptom with
which the control question (task) and the set of possible answers are associated.
Each answer is associated with a certain value of assessing the degree of
knowledge (possession) of the tested element. The method of obtaining the
assessment depends on the issue (task) and will not be considered. We assume
that the estimate is given by one of the admissible methods, for example, the
value of & from the interval [-5, +5], where: -5 corresponds to the non-correct,
+ 5 to the correct, 0 to the indefinite answer to the question, and all other values
correspond to partially correct (positive) or partially incorrect (negative)
answers [15].

Step 1. Form hypothesis 4; — «unsatisfactory knowledge» by comparing it
with a non-zero a priori probability, but without including a single symptom
in it.

Step 2. Divide all the symptoms (questions) into three groups: the symptoms
are rated as «satisfactory», «good» and «excellenty. Denote the symptom
groups Bj;, B, and Bs.

Step 3. Form hypothesis 4,— «satisfactory knowledge», comparing it with a
priori probability and symptoms from group B;.
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Step 4. Form hypothesis 4; — «good knowledge», comparing it with a priori
probability and symptoms from groups B; and By, and symptoms from group B;
should make a smaller contribution to 4; than to 4,. The last condition can be

formally expressed as follows. Let P; and B, be, respectively, the

probabilities of confirmation and refutation of symptom 7 for hypothesis ;. Then
symptom i will make a smaller contribution to hypothesis & than to hypothesis j
if one of the conditions is fulfilled:

if P//P;>1, then P//P; >P /P u P;//P;>1 (2.4)
if P/P; <l, then Pj/P; <P;/P, u P[/P, <l (2.5)

Some symptoms from B3 that give little contribution to 4, can be omitted
inA 3.

Step 5. Form hypothesis 4, — «excellent knowledge», comparing it with a
priori probability and symptoms from groups Bj; B, and Bs. For the symptoms
from B; and B, relations (2.4) or (2.5) must be satisfied with respect to
hypotheses A4; and A, Some symptoms from B; and, possibly, from B,, giving
small contributions to 43, can be omitted in A,.

Step 6. Test the knowledge base. In the case of satisfactory behavior of the
knowledge base, finish the work, otherwise clarify the contribution of the
symptoms to hypotheses 4, A4; and A, for which go to step 3, 4 or 5,
respectively. Add, remove or redistribute the symptoms (and related questions),
for which go to step 2.The proposed method can be easily generalized to the
case of a scale of size N, where N> 4. In this case, the symptoms are divided
into the N-/ group, and the hypothesis 4; (i> [) includes symptoms from the B;
groups (I <j <i), and the symptoms from the B, groups (I <k <i-1) make a
smaller contribution to hypothesis 4; than in A4, .

The knowledge base constructed according to this method using the BESS
tool system has the following behavior. One or two rather difficult questions are
selected from groups Bs or B,. If the student answers them correctly, then the
probabilities of hypotheses A; and A, are reduced and questions from Bj; are
selected.

With correct answers, hypothesis 4 is accepted, otherwise an attempt is
made to reject hypotheses 43, 4, and accept hypothesis 4; by sorting out all the
questions. If the student answers the first questions correctly, then the
probabilities 4, and / or A; increase and questions from groups B, and B;s are
selected, which are interspersed with questions from group B;. In the case of
correct answers, hypothesis A, is confirmed, or, if there are incorrect answers
among hypotheses, hypothesis A4;.

The approach used in BESS to determine the price of evidence is good when
the number of hypotheses and symptoms is approximately the same. With a
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small number of hypotheses, the next question (symptom) is preferable to
choose from those that are associated with a particular hypothesis (for example,
which was confirmed in the previous step or has the greatest probability). In
addition, the fact that knowledge on the assessment of «good» includes
knowledge on the assessment of «satisfactory» (and similar) is taken into
account only implicitly, through the contributions of symptoms to the
corresponding hypotheses.

Thus, if the hypothesis «good knowledge» is rejected, then both the
hypotheses «satisfactory knowledge» and «excellent knowledge» will still be
analyzed, although one of them can be rejected based on the student’s answers.
As a result, the decision-making system analyzes at least 80% of the symptoms,
including with all the «right» and all the «wrongy» answers.

These problems can be solved as follows. The knowledge base of an expert
system for testing knowledge is represented by a tree in which hypotheses can
play the same role as symptoms. The knowledge hypotheses for the
corresponding assessment are considered sequentially, taking into account the
hierarchy. When confirming a certain hypothesis, the corresponding
contribution is taken into account in the hypothesis to which this one is
subordinate. The author should be given the opportunity to select the formula
for calculating the price of the evidence.

An appropriate set should take into account traditional testing methods and a
rating scale. For example, provide a selection of a small number of difficult
questions for a successful learner or simple for a underperforming student to
reduce testing time. When choosing another question, it is necessary to take into
account not only the current state of probability hypotheses, but also the
number of symptoms analyzed, and possibly their characteristics. The
mechanism for accepting hypotheses should also be adjusted in such a way as
to take into account the presence and interconnection of questions of varying
complexity on the same elements of knowledge and to ensure acceptance of the
hypothesis with a certain number of correct answers to questions of a certain
complexity.
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Chapter 1. AI IN THE FIELD OF MEDICINE.

Artificial Intelligence (AI) in medicine — uses algorithms and software to
approximate human knowledge in the analysis of complex medical data. The
main objective of human health related applications is to analyze the
relationship between prevention or treatment methods and patient treatment
results. Artificial intelligence programs have been developed and put into
practice that diagnose processes, develop treatment protocols, develop
medicines, and monitor the patient's condition. Health remains one of the main
areas of investment in Al.

3.1. Scopes of Al in medicine

In medical institutions, most personal computers are used only for
processing text documents, storing and processing databases, statistics and
financial calculations. A separate, specialized part of the machines is used in
conjunction with various diagnostic and medical devices [16].

In many diagnostic and treatment technologies, the capabilities of modern
computers are practically not used. First of all, this is diagnostics, the
appointment of therapeutic measures, predicting the course of diseases and their
outcomes. In our opinion, the main reasons for the insufficient full use of
modern computer technologies in medicine are the poorly developed technical
base, insufficient training of participants in these technologies in the field of
modern hardware and software, poor equipment with specialized application
software packages, etc.

Of great importance is the psychological aspect of the use of computer
applications. This is a serious reason associated with the features of the doctor.
The doctor is a researcher, his work is creative, but he is directly responsible for
the result of his work. When deciding on a diagnosis or treatment, he relies on
knowledge and experience - his own and that of his colleagues, who are his
authority. In this case, the rationale for the decision, especially if it is prompted
from the outside. Modern technical capabilities allow us to reach a qualitatively
new level of presentation of the course of the disease, namely, visually, based
on the appropriate mathematical models, to spatially model the typical
development of the pathological process in a particular disease. Already now, at
the present stage of development of medicine, information loads reach the
limits of human capabilities. A dilemma arises: either you have to sacrifice the
completeness of the analysis of information, or you need to make wider use of
various methods of computer support for decision making. Medical expert
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systems allow the doctor not only to check their own diagnostic assumptions,
but also turn to the computer for advice in difficult diagnostic cases [17].

The field of research devoted to the formalization of the ways of presenting
knowledge and the construction of expert systems (ES) is called «knowledge
engineering». This term was introduced by E. Feigenbaum and in his
interpretation means «the introduction of principles and means from the field of
artificial intelligence in solving difficult applied problems requiring expert
knowledge.»

In other words, expert systems are used to solve informal problems, which
include tasks that have one or more characteristics from the following list:

— tasks cannot be represented in numerical form;

— the initial data and knowledge about the subject area are ambiguous,

inaccurate, contradictory;

— goals cannot be expressed with a clearly defined objective function;

— there is no unique algorithmic solution to the problem.

All of the above properties are typical for medical problems, since in most
cases they are represented by a large amount of multidimensional, confusing,
and sometimes conflicting clinical data. ES can solve the problems of
diagnosis, differential diagnosis, prognosis, choice of strategy and tactics of
treatment, etc. [18].

Among the expert medical systems, a special place is occupied by the so-
called self-learning intelligent systems (SIS). They are based on methods for
automatically classifying situations from real practice or on teaching methods
using examples. The most striking example of SIS is artificial neural networks
[19, 20].

Artificial neural networks (ANN) are a non-linear system that allows
classification of data much better than commonly used linear methods. As
applied to medical diagnostics, ANN make it possible to significantly increase
the specificity of a method without decreasing its sensitivity [21].

ANN is a structure for processing cognitive information based on modeling
brain functions. The basis of each ANN is relatively simple, in most cases of
the same type of elements (cells) that mimic the work of brain neurons. Each
neuron is characterized by its current state, by analogy with nerve cells in the
brain that can be excited or inhibited. An artificial neuron has a group of
synapses — unidirectional input connections connected to the outputs of other
neurons, and also has an axon — an output connection of this neuron with which
a signal (excitation or inhibition) arrives at the synapses of the following
neurons (Fig. 3.1).

An ANN is characterized by the principle of parallel signal processing,
which is achieved by combining a large number of neurons into the so-called
layers and connecting neurons of different layers. Theoretically, the number of
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layers and the number of neurons in each layer can be arbitrary, but in fact it is
limited by computer resources. In the general case, the more complex the ANN,
the larger the tasks subject to it. The strength of synaptic connections is
modified in the process of extracting knowledge from the training data set
(training mode), and then it is used to obtain the result on new data (execution
mode) [21].

Synapses

Input Neurons

Fig. 3.1 — Schematic structure of an artificial neural network

The most important difference between ANN and other forecasting methods
is the ability to design expert systems by the specialist physician himself, who
can transfer his individual experience and the experience of his colleagues to
the neural network or train the network on real data obtained by observation.
Neural networks are able to make decisions based on the hidden patterns
revealed by them in multidimensional data. A positive distinguishing feature of
ANN is that they are not programmable, i.e. they do not use any inference rules
for making a diagnosis, but are trained to do this with examples. In some cases,
ANNs can demonstrate amazing properties inherent in the human brain,
including finding patterns in confusing data. Neural networks have found
application in many areas of technology, where they are used to solve many
applied problems: in space, automotive, banking and military, insurance,
robotics, data transfer, etc. Another, equally important property of a neural
network is the ability to learning and summarizing the knowledge gained. The
network has the features of so-called artificial intelligence. Trained on a limited
set of training samples, it summarizes the accumulated information and
produces the expected response in relation to data that was not processed in the
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training process. Schematically, the process of using a trained ANN in medicine
is shown in Fig. 3.2.

Synapses

Fig. 3.2 — Scheme of the application of trained artificial
neural network in medicine

Despite the significant number of already known practical applications of
artificial neural networks, the possibilities of their further use for signal
processing are not completely exhausted, and it can be assumed that ANN will
be one of the main decision support tools for many years in the absence of
accurate models of real processes and phenomena.

An example of another promising technology for processing and
summarizing large amounts of information for solving classification and
forecasting problems is the so-called Data Mining analysis and mining
technology [22]. Methods and tools for analysis and data mining represent the
further development of such well-known statistical tools for exploratory
analysis as the principal method and the independent component method, factor
analysis, multiple regression, reduction of feature space using the
multidimensional scaling method, cluster analysis and pattern recognition, etc.
Software-implemented and equipped with a convenient user interface, as well
as supported by flexible algorithms for visualization of multidimensional data,
Data Mining tools allow carrying out relevant studies even for a novice user.
The arsenal of methods for cluster analysis and pattern recognition of Data
Mining systems usually include the support vector machine (Support Vector
Machine, or SVM), decision trees, the method of «nearest neighbor» in the
space of signs, Bayesian classification, etc. [22]. Among the indicated group of
classification and recognition methods, the most supportive and flexible method
is the support vector method (SVM).
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SVM is an initial classification method that solves this problem by
constructing hyperplanes in a multidimensional space, dividing groups of
observations belonging to different classes. Figure 3.3 illustrates the basic idea
of the SVM. The left side of the diagram shows the original objects, which are
further transformed (moved, shifted) in the space of attributes using a special
class of mathematical functions called kernels. This process of moving is also
called the transformation, or rearrangement of objects. The new set of
transformed objects (on the right side of the diagram) is already linearly
separable. Thus, instead of constructing a complex curve (as shown on the left
side of the diagram), it is only necessary to draw an optimal straight line that
will separate objects of different types. Then the method searches for objects
located at the boundaries between two classes, which are called support vectors
[23], and uses them to make decisions about whether or not new objects
presented for recognition belong to a particular class.

Synapses

3 Interlayer Neurons

Fig. 3.3 — The basic idea of the support vector method

Examples of the use of expert systems in medicine cannot be called isolated;
they are used in many areas of healthcare. It is noteworthy that the vast majority
of such work was carried out by foreign researchers and mainly they relate to
the possibilities of using ANNs in various clinical situations. So, for example,
in the field of surgery P.L. Lie [18] on the basis of ANN created a system for
predicting the risk of gallstone disease in overweight people. The authors
retrospectively studied the anthropomorphometric, medical history, clinical, and
laboratory data of 117 obese patients operated on from February 1999 to
October 2005. An ANN was trained using the backpropagation algorithm. 30
input variables were used, including clinical data (gender, age, body mass
index, concomitant diseases), laboratory parameters, and histological findings.
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The predicted value of the ANN was compared with a logistic regression model
trained on the same database.

ANN showed better predictive value and lower error than the logistic
regression model. The most important risk factors for gallstone disease,
according to both methods, are increased diastolic blood pressure, premorbid
background, impaired glucose metabolism and increased blood cholesterol.

In endoscopy, A. Das [18] used neural network technologies to sort patients
with non-varicose bleeding from the upper gastrointestinal tract. The efficacy of
ANN was studied, studied according to the clinical and laboratory data of 387
patients with the studied pathology, verification — according to the data of 200
patients with ROC analysis. At the output of the network, there were two
resulting variables: the presence or absence of signs of ongoing bleeding and
the need for therapeutic endoscopy. The sensitivity of the neural network was>
80%; the predictive value was 92-96%.

In oncourology, P. Bassi et al. predicted 5-year survival for patients
undergoing radical cystectomy for bladder cancer. For this, ANN and the
Logistic Regression Model (LRM) were developed and compared. It was
revealed that the only statistically reliable predictors of 5-year survival were the
stage of the tumor and the presence or absence of germination in neighboring
organs. The sensitivity and specificity of LRM were 68.4% and 82.8%, ANN i}
62.7% and 86.1%, respectively. The positive predictive value of LRM is 78.6%,
the ANN is 76.2%, the negative predictive value is 73.9% and 76.5%,
respectively. Index of diagnostic accuracy of LRM — 75.9%, ANN — 76.4%.

Thus, the prognostic value of the ANN turned out to be comparable with the
LRM, but the neural network showed certain advantages: the ANN is based on
easy-to-use, understandable software that allows to identify nonlinear
relationships between variables, therefore it is more preferable for use in
forecasting.

F.K.Chun at al. used ANNSs to identify prostate cancer risk groups compared
with LRM. ANN also demonstrated more accurate predictive capabilities.

In transplantology, G. Santori et al. [18] applied neural network
technologies in predicting a delayed decrease in serum creatinine in children
after kidney transplantation. To identify the correlation between the input
variables and the desired result in patients undergoing kidney transplantation,
an artificial neural network, trained in 107 clinical examples, was created. The
most important variables that were correlated with the result were selected:
serum creatinine on the day of transplantation, diuresis in the first 24 hours,
hemodialysis efficacy, recipient gender, donor sex, body weight on the first day
after transplantation, age. The model was calibrated by a second sample of
patients (n = 41). The accuracy of the neural network in the training, calibration
and test samples was 89%; 77% and 87% respectively. Comparative logistic
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analysis showed an overall accuracy of 79%. The sensitivity and specificity of
ANN was 87%, while the logistic regression method showed the worst results -
37% and 94%, respectively.

In medical radiology, F. Dohler et al. used a neural network to classify MRI
images for the automated detection of hippocampal sclerosis. ANN was trained
on 144 examples of images and allowed to classify changes in brain tissue
relative to the presence of sclerotic changes. E.E. Gassman et al. [18] created an
ANN for automated identification of bone structures and evaluated the
reliability of this technique compared to traditional ones. The sensitivity and
specificity of the technique were 87% and 82%. In addition, ANN performed 10
times faster segmentation of bone structures.

In neurology A.T. Tzallas et al. used a neural network to predict epileptic
seizures based on an analysis of electroencephalograms. The predictive
accuracy of the method was 98-100%.

This neural network model is designed to predict the likelihood of
developing infected pancreatic necrosis based on data obtained upon admission
to the hospital and during the first 48 hours of hospitalization: accuracy of the
results is 90%, specificity is 96%. Using this model, we were able already in the
early stages of the disease with acute pancreatitis to determine the group of
patients threatened by the development of infected pancreatic necrosis with the
choice of adequate treatment and diagnostic tactics. In addition, the neural
network made it possible to identify the 12 most informative indicators for
predicting the infectious complications of acute pancreatitis in the early stages
of the disease: 1) type of hospitalization in the hospital (transfer from another
hospital); 2) the age of the patient; 3) body mass index; 4) body temperature of
the patient; 5) heart rate; 6) respiratory rate; 7) the number of white blood cells;
8) bloating, determined within 24 hours from the onset of the disease (increased
intra-abdominal pressure); 9) acute fluid formations and (or) free fluid in the
abdominal cavity, determined in the first 24 hours from the onset of the disease;
10) blood urea; 11) blood glucose; 12) the lack of improvement in the general
condition of the patient within 24 hours of complex intensive care (the patient
«does not respond» to the treatment, the increase in the number of points on the
SAPS II scale)

Data Mining (DM) technology, including neural network modeling, support
vector method, etc., is used by N. Horowitz [22] in the development of a
diagnostic questionnaire for the detection of gastroesophageal reflux disease.
The authors examined 132 patients, on the basis of the data obtained, a DM
model was constructed, which made it possible to select the most important and
reliable signs of the disease: heartburn, belching sour, a positive effect of
antacid therapy and deterioration of health after spicy, fatty foods. The
sensitivity and specificity of this method were 75% and 78%.
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Y.C.Lee et al. [16] used DM-technology to predict weight loss after surgical
treatment of obesity. The work retrospectively takes into account the data of
249 patients (177 women and 72 men) operated on using various techniques.
208 patients (83.5%) within 2 years after surgery successfully reduced body
weight, while 41 (16.5%) had no effect. The DM model created by the authors
allows one to identify before the operation whether there will be an effect after
it and what type of intervention is preferable.

A common feature that unites all the above examples is the lack of a single
universal technology for creating neural network models. The published
developments use a wide variety of architectures and algorithms for the
functioning of expert systems. This leads to the fact that for almost every task
its own architecture is developed, and often some unique algorithm or a unique
modification of an existing algorithm. From the point of view of practical
application, such expert systems almost do not differ from traditional decision-
making programs. Moreover, methods of automated conversion of traditional
expert systems to neural networks are proposed. Their development requires the
participation of experts in neuroinformatics, and the possibility of designing by
the user is practically absent. This makes such systems expensive and not very
convenient for practical use, therefore, in publications, the authors mainly
compare the quality of work of neural network algorithms and traditional
systems that work according to inference rules.

Thus, based on the analysis of publications on the use of expert systems in
medicine, the following conclusions can be drawn:

1. Medical neuroinformatics as a science is still at the stage of accumulation
of factual material.

2. Neural networks possess the features of the so-called artificial
intelligence. Trained on a limited set of training samples, they summarize the
accumulated information and generate the expected response in relation to new
data not used in the training process. Despite the significant number of already
known practical applications, the possibilities of further use of approaches
based on artificial intelligence methods, their effectiveness has not been fully
studied.

3. Modern technical capabilities allow us to reach a qualitatively new level
of presentation of the course of the disease, namely, on the basis of expert
automated technologies to model the typical development of the pathological
process. Expert computer medical systems allow the doctor not only to check
their own diagnostic assumptions, but also turn to the computer for advice in
difficult diagnostic cases.

ES today play a very important role in the development of healthcare in
general, and serve to provide systematic assistance to medical personnel in case
of controversial and problematic situations in the treatment of patients. Medical
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ES can solve not only diagnostic problems, but also help in predicting the
course of diseases and in choosing the tactics for their treatment. In which
situations can expert systems help?

ES, as a rule, are applied in a situation when problems of the following
nature arise:

» The initial data presented to the experts are ambiguous or contradictory.

* It is impossible to determine the algorithm for the unique solution of the

problem by classical methods.

» The task cannot be represented in numerical form.

So, if a problem is characterized by any (or several) of the above factors,
then it is advisable to use an expert system to solve it.

Medical problems, as a rule, possess precisely such properties, because
initial data are often represented by a large number of confusing and possibly
conflicting clinical data.

There are various approaches and methods to the design of expert systems,
however, among the developers of medical ES at the moment, one of the most
priority areas is the development of so-called self-learning intelligent systems
(SIS), and more specifically — artificial neural networks.

Artificial neural networks (ANN) are mathematical models and their
software (or hardware) implementations that are built in the image of biological
neural networks (networks of nerve cells of a living organism that are combined
in the nervous system) [21]. In other words, ANN are information processing
systems that are based on modeling the functions of the living brain.

ANN differ in that they are nonlinear systems, which makes it possible to
process and analyze data an order of magnitude more qualitatively than using
linear methods. Another advantage of neural networks over classical algorithms
is the ability to learn. Neural networks are not programmed in the classical
sense of the word, but are trained on specific examples. In fact, the system,
«training» on the nth number of given examples, summarizes the information
obtained in the process and develops a reaction with respect to data that did not
directly participate in the learning process of the system. Training ANN
consists in finding connections between elements of the system.

Thus, ANN can make decisions based not only on the data originally laid
down in them, but also on hidden patterns revealed by them.

The basis of any artificial neural network is the same elementary elements,
the function of which is to simulate the work of neurons. Like brain cells, each
artificial «neuron» has a group of «synapses». In the case of ANN, «synapses»
are one-way input connections that connect to the outputs of other «neuronsy.
Artificial «neurons» also have «axons» (an output connection by which signals
are sent to the «synapses» of other neurons).
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As already mentioned, the work of the ANN was originally based on models
of biological information processing systems that are capable of parallel data
processing. Accordingly, this principle is also characteristic of artificial
networks. This effect is achieved due to the fact that in the network a large
number of «neuron» elements are combined into the so-called layers, which, in
turn, are interconnected.

It is reasonable to note that the more complex an artificial neural network,
the more complex problems it can solve. However, the number of neurons and
their layers in the network is limited by the power of the computer.

As already mentioned, the development of ANNs is one of the most
promising areas in the use of expert systems in medicine. However, this is not
the only technology used.

Another technology that is used to process information in order to detect
new interpretations of knowledge to solve problems of forecasting and
classification is Data Mining. In Russian, this concept is defined as «discovery
of knowledge in databases.» In fact, we can say that Data Mining is the process
of detecting previously unknown interpretations of knowledge, hidden patterns
in the source data [22].

It is worth saying that Data Mining tools are available even for people who
do not have deep mathematical training, thanks to flexible visualization
algorithms.

Data Mining methods allow you to identify several types of patterns:

* Classification. With its help, it is possible to identify signs that
characterize the group to which the object in question can be attributed. In this
case, this is based on the analysis of already classified objects.

* Clustering. In fact, the same classification, however, the groups to which
the analyzed objects belong are not specified, i.e. Data groups are allocated
directly using Data Mining.

* Association. 1t is determined if there are several events related to each
other.

» Sequence. 1t is determined if there is a whole chain of events related to
each other.

* Forecasting. The basis for forecasting is information that is stored in
databases. The construction of mathematical models allows us to predict the
behavior of the system in the future.

Data Mining is based on various methods and algorithms: decision trees,
nearest neighbor method, Bayesian networks, linear regression, correlation
analysis, regression analysis, cluster analysis, associative rule search methods,
genetic algorithms, support vector method, etc.

Today, there are a great many expert systems that work on the basis of
various methods and are used in many areas of medicine. However, a common
feature of medical ES (especially when it comes to learning systems) is the lack
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of a single technology for their creation. For the most part, in development and
already in fully functioning systems, various functioning algorithms are the
basis. As a result, for each task, as a rule, it is necessary to develop your own
architecture.

It is worth mentioning that, despite the fact that the use of expert systems in
medicine allows you to reach a new level in the process of solving problems
such as diagnosing and predicting the course of the disease, there is a
psychological aspect to using ES. Since the doctor has a huge responsibility for
his decisions, it is very important for him to be sure of his actions, or those
prompted by him from the outside.

Thus, on the one hand, ES in medicine can significantly facilitate the
decision-making process by a doctor, especially in non-standard situations,
perform a more complete and accurate data analysis, help when it is necessary
to make a decision promptly, reduce the number of errors related to the human
factor. On the other hand, such a system can only become a useful tool in the
hands of an expert, and in no case can it completely replace a doctor.

Currently, Al methods and tools in healthcare are used in the following
areas:

* applications and software for the recognition of medical images (magnetic
resonance imaging (MRI) images, ultrasound findings, cardiograms,
computed tomography results);

« startups for the development of drugs (microscopic analysis, study of the
effectiveness of drugs, the study of viruses and the search for effective
vaccines);

* the use of machine learning technologies in the field of prosthetics
(intelligent systems develop convenient prostheses taking into account the
anatomical features of a person);

* applications for remote patient care (they are popular in Great Britain —
with their help general practitioners can remotely give recommendations
for the treatment of colds or other conditions that are not life-threatening);

* start-ups for the treatment of cancer (for example, SOPHiA Al - an
application for the diagnosis of cancer, attracting $ 30 million investment,
able to analyze the clinical picture of the patient's condition and offer an
effective treatment regimen)

Next, we consider the largest developments associated with the use of Al in

various fields of medicine.

Al for treating cerebral aneurysms:ge healthcare and fujitsu australia
project

Macquarie University (Sydney, Australia) and Macquarie Medical Imaging
have partnered with GE Healthcare and Fujitsu Australia to explore the power
of artificial intelligence to diagnose and control cerebral aneurysms. University

183



staff conducted a clinical examination to develop and test the technology
presented by GE Healthcare. Fujitsu company will lead this initiative. Fujitsu is
about to apply artificial intelligence technology to brain images taken with the
GE Revolution CT scanner. And to decrypt the image and search for anomalies
in the vessels, a special algorithm will be used [24].

Artificial intelligence systems have been actively used in medicine for
several years, including for decoding medical images. However, for such a
serious disease as vascular aneurysm, they are used for the first time.

In addition to determining the presence of a disease, the Al platform will
also monitor patients who have undergone surgery or are at risk. John
Magnussen, a professor at Macquarie University, emphasized that cerebral
aneurysms are difficult to detect, and even experienced physicians with a long
history of decoding CT images are hard to do.

With the help of artificial intelligence technology, a more accurate diagnosis
has become possible: the system automatically marks suspicious areas in the
images, and then monitors the state of this area of the brain, based on a later CT
scan.

Magnussen explained that creating a sufficiently large data set of normal
and pathological cases of the state of the vessels of the brain is the most
difficult part of learning the neural network. The system must learn to
distinguish what exactly is a pathology and what is the norm. If you give her the
initial incorrect data, then the result of the training will be bad. Compared, for
example, with the labeling of data sets for self-driving cars, data sets for
training Al to recognize brain images are much longer and more thorough.
There are not many specialists in the world who are able to competently decode
a medical image and determine if there is a pathology on it or a norm.

So far, the system is a «mean» solution to the problem of medical imaging.
And she will need time to be able to at least partially replace experts in this
process. If the experiment is successful, and the neural network begins to
qualifiedly find a pathology, the prices for such services in clinics will
immediately become lower, which means more affordable for most patients.

The next stage in the work of doctors and engineers is the creation of data
sets in relation to other, no less serious diseases. With the increasing computing
power of Al, companies such as Google and IBM offer solutions for tasks and
processes that previously seemed overwhelmingly complex. By combining the
academic skills of the university, the experience of marketers in bringing a
product to the market and the knowledge of doctors, you can get a truly
effective solution at an affordable price, said Dr. Magnussen.

India actively uses Al in healthcare

In April 2018, an Al-based medical device was approved by the U.S. Food
and Drug Administration (FDA). This step has been decisive regarding the
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spread in other countries of artificial intelligence platforms in healthcare. IDx-
DR, a software algorithm that uses Al to analyze eye images with a camera,
achieved 87% accuracy in detecting mild diabetic retinopathy (a condition in
which high blood sugar damages the blood vessels in the retina).

India, as a participant in the global intellectual race, was one of the first to
introduce modern technology in medicine. For Indian companies providing IT
services and developing Al and machine learning (ML) tools for other sectors
of the economy, the introduction of artificial intelligence in healthcare has
become a real breakthrough in the diagnosis of diseases. Today, Indian IT
companies work with local and foreign clinics and institutes to gain the
necessary experience in this industry.

For example, last year, the technology company NTT DATA Services
teamed up with Deenanath Mangeshkar Hospital in Pune to start using an Al-
based solution to diagnose lung emphysema [24].

Over the six-month period in which this program has been used in India, the
detection rate of emphysema has increased by 170%. Traditional diagnostic
systems are not as effective and will never be able to diagnose diseases with the
same accuracy.

The use of artificial intelligence to automate the analysis and accelerate the
process of medical care has helped Indian clinics start working with less time
and resources.

NTT DATA Services solutions rely on twenty years of experience
integrating clinical imaging with new artificial intelligence tools for image
analysis. The company is currently testing not only in India, but also in the
USA and Japan. In fact, the technology provider allows customers to use their
developments in exchange for their medical data arrays.

There are various aspects of the use of technology in healthcare, for
example, prognostic diagnostics, decoding of medical images, analysis of drug
efficacy, comparative analysis of treatment methods and much more. And in all
these areas of the development of medicine, the addition of artificial
intelligence to existing equipment and technical equipment made the diagnostic
process hundreds of times more efficient. Persistent Systems technology service
provider uses Al in predictive diagnostics.

In collaboration with the Indian medical organization Prashanti Cancer Care
Mission, the company has developed a platform for identifying breast cancer
markers in at-risk patients. Persistent Systems is also collaborating with clinics
in the United States to develop advanced solutions for the diagnosis of lung
cancer and to determine the likelihood of developing kidney disease in people
of Asian and African nationality.

Representatives of Persistent Systems emphasize that they have been
working on predictive modeling technology for more than ten years. Although
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India has one of the highest rates of cancer in the world, the focus so far is on
treatment, not prevention. In 55% of cases of breast cancer, the disease is
diagnosed at a late stage. For comparison: in the UK, only 11% of cases are
diagnosed in advanced stages.

Recently, India’s largest IT provider Tata Consultancy Services (TCS), in
collaboration with Tata Medical Center, has set up a research center to develop
predictive analytics technologies and identify cancer biomarkers. Another
Indian high-tech solution maker, Niramai Health Analytix, has introduced a
completely new method for detecting cancer — the Optrascan solution, which
replaces laboratory microscopes. Optrascan applies Al and ML algorithms to
slides that pathologists work on. The accuracy level of the program is 95%.

The medikanren Al program has discovered a rare genetic mutation

The author of the development is a professor at the University of Alabama
in Birmingham, Matt Maight. He heads the Hugh Kaul Precision Medicine
Institute which is a university research unit. Professor Might invented the
mediKaren program specifically to diagnose Bertrand’s son. Despite the fact
that the program was officially created in 2010, they started talking about it
only now, after eight years of experimental use in the laboratory [24].

After unsuccessful attempts to establish the cause of the mysterious disease,
as a result of which the child developed many strange symptoms, including
accumulation of fluid in the lungs, bloating and vomiting, Professor Might
wrote the code for the program based on artificial intelligence and created
mediKanren. Until the creation of this intelligent system, Might developed an
Al platform that could view and analyze huge amounts of medical data, so he
improved the development and received a completely new program. Currently,
mediKanren is only available to experts at the University of Alabama in
Birmingham as an experiment.

As part of a project funded by the National Institute of Health, mediKanren
began to be used to communicate and access medical data collected by
universities and research laboratories over several decades, including
information about genes, complex proteins, and symptoms of diseases,
treatment results, available drugs, etc. Information that was previously scattered
across hundreds of databases, formatted in different formats, did not lend itself
to simple analysis. Now mediKanren has a GPS function that doctors and
scientists use to navigate the global network. She is looking for connections that
will help doctors understand the underlying causes of the disease and develop
new treatments.

According to Professor Might, the main role of artificial intelligence lies in
its ability to provide analysis in the healthcare sector, automate processes and
find new treatment methods. In the case of Professor Might’s son, the program
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brought cancer, autoimmune disorders and infections to the top of the ranking.
So the diagnosis was made: a rare genetic double mutation in the NGLY'1 gene,
encoding an enzyme responsible for the disposal of cellular waste. The boy was
the first patient with such an officially confirmed diagnosis. The lack of enzyme
in the body of the boy caused the development of a neurodegenerative disorder.
People with this ailment suffer from muscle weakness, seizures similar to
epilepsy, as well as developmental delays and lack of secretion of the lacrimal
glands.

Currently, mediKanren's developer, Professor Might, has partnered with a
network of pharmacies to develop algorithms that determine the availability of
drugs that can be used to alleviate the symptoms caused by the mutation of the
NGLY' gene.

Due to the operation of the Al system, it was found that the drug Prevacid,
used to treat stomach ulcers and acid reflux, improves lung function and allows
Bertrand to communicate with his parents.

The mediKanren platform operates in 80 databases and has access to all
studies published on PubMed, as well as to a collection of medical articles from
federal medical institutions. The system provides any documented information
about the molecular and genetic features that caused the disease in the patient,
and also informs what treatment the patient received.

One of the most common causes of death in hospital patients is acute kidney
damage or acute renal failure (ARF). The kidneys are a blood filter in the
human body, without their proper functioning, death occurs very soon.
According to the US Centers for Disease Control and Prevention (CDC), as of
2014, 4 million people were diagnosed with acute renal failure. Annually, as a
result of this condition, hundreds of thousands of people die, and survivors
require an expensive dialysis procedure (artificial blood purification with a
special device).

Researchers at DeepMind Health have developed an artificial intelligence
algorithm that determines which patient may suffer from acute renal failure in
the near future. Prevention of acute renal failure is complex because there are
many reasons for this condition. Typically, the kidneys fail during a major
operation or are associated with complications after surgery, blood poisoning.
Also, some medications, burn complications, heart attacks, and very often all
this happens in hospitals.

Algorithm DeepMind Health — a subsidiary of Google, specializing in
artificial intelligence — identifies patients at risk of acute renal failure and
predicts this condition in 48 hours. Immediately after creation, the algorithm
worked with an accuracy of 55%, after a while the indicator reached 90.2%. To
train the algorithm, engineers provided Al data from the US Department of
Veterans Affairs electronic medical records. The neural network looked at the
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medical records of 703,782 adult patients, thus forming a data set of 600
thousand symptoms and medical information. It includes the results of a blood
test, vital signs, prescribed medications and procedures, as well as medical data,
such as transfers between the wards or hospitalization in the intensive care unit.

Al identified 4 thousand factors that help in identifying ARF. After
examining the indicators, the system calculates which of the patients will suffer
in the next 48 hours. Thus, doctors have time to take action and prevent kidney
failure.

It is still unknown whether the algorithm will be just as effective if the
doctor has only a description of the patient’s current clinical picture (without
previous records of blood transfusions, medications, etc.). Now the developers
are improving the diagnostic model and intend to use it to diagnose diseases
such as diabetes, sepsis, and liver failure.

3.2. Medical analytic platform dearhealth

DEARhealth, Inc. (Los Angeles) is an American startup in the field of
healthcare that provides clients with a SaaS technology platform for the
comprehensive analysis of patient data [25]. Based on the analysis, medical
specialists can provide targeted assistance to a patient with a specific disease
without prescribing useless examinations or tests. DEARhealth, Inc. provides
an excellent example of the work of artificial intelligence in medicine,
including the analysis of electronic medical records (EMR), psychological
support programs for patients and doctors, increased labor productivity and
health monitoring, as well as individual training programs for doctors and
nurses. Bonuses for patients are obvious: improvement of well-being, reduction
of medical procedures and unnecessary expenses for medicines.

DEARhealth, with the support of the University of California at Los
Angeles (UCLA), recently announced the closure of the Series A funding round
with investors from Philips Health Technology Ventures, Vesalius Biocapital
III. The investment amounted to 6.8 million euros. Thanks to this financial
infusion, the provider of smart medical services plans to increase the number of
hospitals that will introduce modern technologies into ordinary medical
practice. With these technologies, hospitals will improve the quality and cost of
their services.

DEARhealth expands and opens an additional office in Amsterdam
(Netherlands), thereby increasing the number of its clients — medical
institutions.

During the first test trials in 2012, at the beginning of his work at
DEARhealth, Dutch scientist Daniel Hommes studied how patient care based
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on data on their chronic diseases affects the results of doctors. The first group
of patients with inflammatory diseases of the gastrointestinal tract showed a
decrease in the frequency of relapses and hospitalization.

Ultimately, this approach greatly reduced projected costs. Since 2012, the
company has expanded the list of chronic diseases with which doctors worked
on specially designed comprehensive programs (diseases of the liver, kidneys,
joints, cancer, pain syndromes, epilepsy, etc.).

DEARhealth technology offers patient-centered, neural network-controlled
methods of providing medical care.

The Al offers the necessary analyzes and procedures, and coordinates not
only the work of doctors, but also the work of nurses. Every day, the system
issues recommendations for optimizing the treatment process, taking into
account the results of the tests, the dynamics of the disease (improvement or
worsening). The doctor may accept or decline the offer, recommendations are
not binding. However, in any case, the system is looking for a solution that is
consistent with the principles of Quadruple Aim (the triple goal is to improve
the quality of patient care, improve public health and reduce the cost of medical
care).

Patients are also involved in the work of DEARhealth: with the help of
mobile applications, they actively participate in the process of training the
neural network. They leave feedback on the quality of psychological support,
nutrition, the attitude of a doctor, etc. Additional advantages of this innovation
in healthcare: the platform is easily integrated with any software that analyzes
electronic medical records, so the tasks are immediately distributed between
primary care physicians, specialized specialists, hospital coordinators and even
nursing staff.

3.3. Al screening program for diagnosing cancer in children

Atomwise company (San Francisco, USA) and the Ukrainian company
Enamine (Kiev), specializing in research in the field of fine organic synthesis,
have launched a virtual drug screening program using artificial intelligence
technology. The program was called 10-to-the-10 («10 by 10»). It is based on a
data library of 10 billion compounds and will be used to discover low molecular
weight cancer drugs in children.

Atomwise will provide software for evaluating billions of chemical
compounds, and Enamine will provide access to its virtual compound library.
Atomwise CEO Abraham Heifets said that thanks to the artificial intelligence
platform, many pharmaceutical companies that are now partners in the
company have been able to identify effective submolecular compounds. They
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become the basis for future medicines, and you can only imagine what will
happen when the chemical library grows hundreds of times.

In early July, Atomwise signed a long-term agreement with the
pharmaceutical holding Eli Lilly and Company on the provision of artificial
intelligence-based software. Currently, the neural network will study the 10
most effective drugs selected by the holding from its own base. The details of
the financial transaction with the Ukrainian company Enamine were not
disclosed, but in the case of Eli Lilly and Company, Atomwise will receive $ 1
million for each drug at the testing stage, and subsequently up to 550 million
for all stages of drug development and commercialization.

Oncological diseases at different stages are annually diagnosed in 300
thousand children and adolescents around the world. Many types of cancer,
despite research, still do not have effective treatment, and existing methods in
80% of cases cause serious side effects. The «10 by 10» program deals with
viewing chemical compounds never before used in pharmaceuticals. So the
likelihood of developing drugs that activate target cells to fight tumors will
increase significantly.

Such cells inhibit the formation of metastases and the growth of malignant
cells. The connection database has become available through the merger of two
technologies: Atomwise Al algorithms, Enamine's REAL (readily accessible)
virtual library, and cloud computing. If molecular compounds of future drugs
were selected with such a speed of analysis of compounds as 5 or more years
ago, the invention of a truly effective drug would take decades.

In addition to the Ukrainian company Enamine, the American provider of
intellectual services is now collaborating with Charles River Laboratories,
AbbVie, Merck, Duke University School of Medicine, Bayer and Karolinska
Institutet [25].

3.4. Chronic Disease Detection Software

Steele Institute for Health Innovation research organization owned by
company Geisinger, in collaboration with Medial EarlySign, has developed a
service to detect the early stages of chronic gastrointestinal diseases and related
disorders. Medial EarlySign, a developer and provider of machine learning and
artificial intelligence solutions, has hosted many disease diagnosis applications.
The company's specialists are adapting artificial intelligence technology to
identify hidden patterns of diseases. Conventional medical equipment without
an Al component cannot detect these signs, which means that the patient loses
precious time and comes to the doctor, a few years later, already with a set of
intense symptoms that require complex and expensive treatment.
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The new software for clinics specializing in gastroenterological disorders
will use the EarlySign LGI-Flag technology, which analyzes changes in the
performance of regular blood tests. Thanks to technology, doctors will sooner
identify the problem and report the possible consequences to the patient. As a
result of such a warning diagnosis, the patient has the opportunity to choose
methods of treatment, preventing the development of the disease [17].

EarlySign LGI-Flag is powered by the AlgoMarkers predictive algorithm,
which filters millions of records from electronic patient records (EHR). In fact,
this is 10 years or more of the history of EHR management. In addition, the
system keeps a strict record of patients, records all changes in the medical
history. The algorithm is based on a set of machine learning tools that was
specially created to work with large medical databases. Risk predictors indicate
the likelihood that the patient will develop a particular disease, and how his
condition will change over the next 2, 5, 10 years.

Geisinger is known not only as the customer of the solution, but also as a
supporter of cognitive computing for the fight against chronic obstructive
pulmonary disease (the third highest mortality rate in the United States),
diagnosis of intracranial hemorrhage and other life-threatening conditions. The
company plans to obtain the status of a national leader in healthcare and
innovation. Thanks to EarlySign LGI-Flag, doctors were given a unique
opportunity to diagnose dangerous diseases, help people live better, avoid the
huge costs of treatment in specialized clinics and generally increase the life
expectancy of the population.

3.5. Command center — Ge Healthcare Hospital Management System

The developer of medical equipment, GE Healthcare, presented at the K-
Hospital Fair 2019 medical exhibition in Korea (Seoul) an artificial intelligence
system for managing a hospital called the «Command Center». The second
working title of the solution is Mural. This Al system was launched in seven
hospitals in the US, UK and Canada. Currently, the development is awaiting
approval of the launch for sale and mass use by the Korean authorities [17].

Korea University Hospital will be the first Korean medical institute to
implement this system in the next three years. The command center combines
all disparate data about patients in the hospital, sorts information by importance
and warns health care providers about a patient who needs emergency medical
care and specialized treatment.

Each patient’s clinical data is updated in real time on the Command Center
control panel. Access to the panel is through a web browser on portable devices
or computers. Due to this, remote monitoring is carried out, the time spent in
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the general ward in emergency situations is significantly reduced. Park Jong
Hoon, president of Korea University Hospital, said the Al system will be
deployed in emergency care facilities from the emergency department, and then
across all specialized departments.

According to Kerrie Hauge, Managing Director of GE Healthcare, at Johns
Hopkins University, the first hospital to introduce the Command Center, patient
waiting times were significantly reduced, and there was an increase in the
number of free hospital beds for critically ill patients.

Until the launch of the Command Center, GE Healthcare was on the
periphery of the telehealth market. However, GE diagnostic solutions are
widely used in hospital networks around the world. Existing big data will be
useful for the development of the new platform and telemedicine as a whole.
According to the developers, the Command Center opens up new opportunities
for such surgeons, cardiologists - the most popular professions in the medical
field. In terms of technical capabilities, this platform may well compete with
such giants of telemedicine solutions as Philips and Avizia.
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Chapter 1. APPLICATION OF Al METHODS AND
TOOLS IN ROBOTICS

4.1. Intelligent mechatronic modules used in robotics

The main feature of the modern stage of development of mechatronics is the
creation of a fundamentally new generation of modules — intelligent
mechatronic modules [26].

Intelligent mechatronic module (IMM) is a structurally and functionally
independent product with a synergistic integration of mechanical, electrical
(electrical), information and computer (electronic) parts, which can be used
individually and in various combinations with other modules.

Thus, in comparison with mechatronic motion modules (MMM),
microprocessor computing devices and power electronic converters are
additionally integrated into the IMM design, which gives these modules
intellectual properties and is their main distinguishing feature from MMM.

In fig. 3.1, a and fig. 3.1, b, the SIEMENS intelligent mechatronic modules
SIMODRIVE POSMO A and SIMO-RIVE POSMO SI are shown, respectively,
including an electric motor 1, a mechanical transducer 2, and a power
transducer 3.

Fig. 4.1 — Intelligent mechatronic modules

The synergistic integration of these elements forms the structural basis of
mechatronics. The mechatronic idea of synergistic integration of elements of
various physical nature is becoming increasingly popular among developers and
consumers of high technology products. The first samples of intelligent
mechatronic modules appeared in the mid-90s of the XX century, and in recent
years their market share has been growing rapidly. Thus, according to
Packaging Digest magazine [26], currently, built-in motion controllers are used
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in 35.1% of mechatronic packaging machines. Over the next 1.5 ... 2 years, an
increase in the share of cars of this class by 8 ... 10% is expected. A similar
trend is observed in other fields of application of mechatronic systems, in
particular, in automated engineering.

Consider the main advantages that are provided by the use of intelligent
mechatronic modules:

* the ability of the IMM to perform complex movements independently,
without resorting to the upper level of control, which increases the autonomy of
the modules, the flexibility and survivability of mechatronic systems operating
in changing and uncertain environmental conditions;

* simplification of communications between the modules and the central
control device (up to the transition to wireless communications), which allows
to achieve increased noise immunity of the mechatronic system and its ability to
quickly reconfigure;

* creation on the basis of IMM of distributed control systems using network
methods, hardware and software platforms based on personal computers and
related software;

e the use of modern methods of control theory (software, adaptive,
intelligent, optimal) directly at the executive level, which significantly
improves the quality of management processes in specific implementations;

« intellectualization of power converters, which are part of the IMM, for the
implementation directly in the mechatronic module of intellectual functions for
motion control, protection of the module in emergency conditions and
troubleshooting;

« intellectualization of sensors for mechatronic modules allows achieving
higher measurement accuracy by programmatically providing noise filtering,
calibration, linearization of input / output characteristics, compensation of
cross-connections, hysteresis and zero drift in the sensor module itself.

The main factor restraining the use of intelligent mechatronic modules in
serial products is their high price, although in recent years it has been constantly
decreasing. This is due to a number of technological factors:

* recent rapid development of hardware devices and information
technologies focused on traffic control tasks;

* the advent of a new generation of semiconductor devices (power field
effect transistors, insulated gate bipolar transistors, field-controlled thyristors);

e transition to a new element base in motion control systems — these are
digital signal processors (DSP — processors) and FPGA units (Field
Programmable Gate Arrays);

 the development of hybrid mechatronics technologies that enable the
integration of electronic and computing devices into mechanical components.
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From the point of view of functional structural analysis, intelligent
mechatronic modules implement all seven functional transformations. The
IMM structure includes electromechanical and control subsystems, as well as a
power converter and corresponding interfaces. The IMM consists of the
following main elements:

* an electric motor (although it is possible to use engines and other types,

for example, hydraulic);

¢ mechanical converter;

e feedback sensors and touch devices;

 control controller;

* power converter,

* interface and communication devices.

In modern IMM, various types of electric motors are used: angular and
linear motion, variable and constant current, manifold and valve, continuous
motion and stepper. As motion converters, gear, screw and other gears are
used. In the designs of some IMMs built on the basis of high-torque engines,
motion converters are absent.

Intelligent mechatronic modules use various position and speed sensors
(photopulse, rotating transformers, tachogenerators) and sensors (current and
torque, temperature and vibration sensors), which transmit information to the
computer control device about the actual state of the module subsystems.

Built-in controllers, implemented on a modern elemental base, allow to
obtain compact and reliable mechatronic products with intelligent functions,
and to build multi-axis mechatronic systems with decentralized control on their
basis.

In combination with the open architecture of PC-NC control systems, this
allows you to create completely new control systems that have fundamentally
new characteristics in terms of speed, accuracy and functional flexibility.

It is crucial that all of the listed items are whether they are constructively
combined by the developer in a single package. In this case, communication
devices become indoor units inaccessible to the user. When developing IMM, it
is necessary to consistently perform the stages of the functional-structural and
structural-constructive Lisa and then proceed to the design implementation of
the selected option.

It should be noted that the essence of intelligent mechatronic modules is not
determined by the type of structural elements used juveniles in this design, and
primarily their functional purpose.
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4.2. Examples of intelligent mechatronic modules

One of the first intelligent mechatronic modules is the SmartMotor module
of the American company Animatics Co., which appeared on the market in
1994 [26].

It was created on the basis of a standard electric motor with a diameter of 60
mm, in the back of the housing of which an additional photo-pulse sensor, an
amplifier, a 32-bit programmable controller and a communication device with a
network were installed. The module is universal, can be used in mechatronic
systems for various purposes.

The manufacturer emphasizes that the module consists of standard elements
by 70%, which allowed to reduce its cost and ensure high reliability. The user
can independently select the control mode (by position, speed or acceleration),
and also use computer control algorithms that compensate for the influence of
backlash in motion converters on the dynamic characteristics of the module.
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Fig. 4.2 — Intelligent mechatronic modules SIMODRIVE POSMO
Firm SIEMENS produces intelligent mechatronic modules SIMODRIVE

POSMO A (Fig. 4.2), consisting of the following elements:
* valve motor with permanent magnet excitation;

196



* planetary (Fig. 4.2, a) or worm (Fig. 4.2, 6) transform motor movement

(may be absent (Fig. 4.2, ¢);

» brake device (may be absent);
e built-in photo-pulse sensor (PPS);

» power converter, which is structurally fixed on the engine cover;
« complete control device including a regulator engine, positioning and
programming blocks, as well as communication interface for connecting

in the environment PROFIBUS.

A distinctive design feature is a removable cover for connecting the power
converter, which contains an integrated PROFIBUS bus address switch and a
brake resistor, which allows you to turn off the engine if necessary without
breaking communication and power (power) connections in other devices. By
combining the communication and power buses, the simplification of the
internal structure of the module is achieved and its compactness is ensured.

The module is controlled by a standard bus

PROFIBUS, and the following driving modes are possible:
* moving to an end position with a programmed speed and adjustable

acceleration;

* movement with adjustable shaft speed and adjustable acceleration.

Using special software, the operator can set temporary or logical conditions
in the motion program, use clearance compensation methods (backlash), receive
messages about the swivel position and diagnose the module status.
The technical data of some SIMODRIVE POSMOA modules is given in

table. 4.1 [26].

Table 4.1 — Technical characteristics of the intelligent mechatronic modules
SIMODRIVE POSMOA

Typeofmodule

75 Watt

300 Watt

Supply voltage U, B

24

48

Type of motor

Permanent magnet excitation

INominal motor shaft speed ny, rpm. 3300; 2000 | 3500; 3000
INominal engine torque Tn, Nm 0,18; 0,36 0,48; 0,95
Motor rated current I, A 4,5;9 5; 10
Engine efficiency 1, % 65 75
Engine moment of inertia, Jy, kgm2 6107 6,310
Feedback sensor incremental | incremental
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Module mass m, kg:

without gear ¢ 3.1 3.9 (4,0)
with gear 3,5 5,1(5,2)
with gear 3,7 54 (5,5)
with gear 3,9

with worm gear 3,5

Note. Values in brackets are the mass of the module with the brake.

The intelligent mechatronic module SIMODRIVE POSMO SI (Fig. 4.3) of
SIEMENS firm is designed to implement movements along one controlled

coordinate during decentralized control of the mechatronic system.

k

Fig. 4.3 — SIMODRIVE POSMO Sl intelligent mechatronic module

The module includes the following elements:
» valve motor with permanent magnet excitation (power supply voltage

600 V);

¢ motion converter and brake device;

e power electronics unit;

*  built-in photo-pulse sensor (PPS);

» fan for forced cooling;

e a control device, including a control controller, positioning and
programming units, as well as a communication interface for the
PROFIBUS bus.

Functionality of the module:

* positioning along one axis with the possibility of free programming of a
sequence of movements;
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* use as a slave device (Slave) in the PROFIBUS-DP network with fast
cyclic data exchange with the master device (Master);

* interpolation type of movement together with other drives thanks to a
hierarchical control system with motion controller and PROFIBUS-DP
bus;

* built-in system for measuring absolute displacement values;

e quick commissioning of all drives on the PROFIBUS-DP bus thanks to
the special SimoCom U program running under Windows 95/98 / NT.
SIEMENS, a manufacturer of these modules, notes their following

advantages:

* minimization of consumer costs for the control rack by placing the
module directly in the machine;

e quick installation of the machine due to the installation of the module
and the combination of communication and power buses;

» direct connection of signals using 4 terminals, which are configured as
inputs or outputs, installation of modular, easy-to-use, plug-in equipment
and standard cables;

e a plug-in connection cover with an integrated PROFIBUS-DP address
switch allows you to disconnect a module or drive circuit without
interrupting other communications;

» quick diagnostics thanks to light-emitting diodes indicating malfunction
and readiness for work, as well as information transfer via PROFIBUS-
DP and the use of a special program SimoCom U;

* quick replacement of modules using a memory card (Memory Card).

4.3. Intelligent control systems for mobile robots

The development of modern robotics is rapidly starting to cover
fundamentally new application areas related to work in uncertain and extreme
conditions — from space and deep-sea research, maintenance of nuclear power
plants, elimination of the consequences of technological accidents and disasters,
the fight against terrorism and use in the interests of the armed forces, police
and other special forces, to perform complex medical operations, automation of
public utilities, organization of life and leisure. A significant impetus to the
creation of remotely controlled and autonomous robots was the Chernobyl
accident (1986) and the accident on the Kursk submarine (2000), terrorist
attacks in Chechnya and a number of Russian cities. In addition, the
implementation of search and rescue operations, the solution of environmental
monitoring tasks, the operational control of emergencies at oil- and gas-
pipelines, power lines and other long-distance objects cause considerable
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interest in the creation of unmanned small-sized aircraft with remote and
autonomous control.

The need to create automatic systems capable of fulfilling the required
functions in an undetermined (or uncertain) environment caused a sharp
intensification of search research on the applied use of artificial intelligence
methods and technologies in robotics tasks in general, and when creating
control systems for autonomous mobile robots and unmanned aerial vehicles,
particulars [27].

At present, remote-controlled mobile robots used by troops have become
quite widespread.

The key problems of using remotely controlled mobile robots are associated
with the unreliability and narrow bandwidth of communication channels, as
well as the complexity of the operator's work, which controls and manages
object according to indication of measurements instruments.

Therefore, there is a need to create autonomous mobile robots capable of
fulfilling the task on the basis of operator macros without using terminal
control.

A high degree of autonomy determines the need for adaptation of robots to a
dynamically changing operating environment. Such robots must make their own
decisions in a complex and predetermined environment. Therefore, autonomous
robots must have an intelligent control system [28].

As noted above, modern mobile robots are designed to operate in conditions
harmful or dangerous to humans. Such conditions are present when performing
technological operations in extreme environments, eliminating the
consequences of accidents, and working with explosive objects. Using mobile
robots in such conditions eliminates the threat to the health and life of the
human operator. Thus, the urgent problem is the creation of mobile robotic
systems with developed abilities for independent mobile movement and
automatic fulfillment of the task.

An important role is played by the problem of creating an intelligent control
system that allows the robot to function autonomously in an indefinite external
environment with minimal human involvement.

Currently, in most cases, robot control carried out by the human operator at
the level of movements, while continuous monitoring of the robot and
operational control of its actions are required from the person .This approach is
determined by the inability of the robot make independent decisions and has
several disadvantages. To them it is possible to relate the need for organization
and ongoing support of the communication channel with human operator (cable
or radio), which is essential limits the scope of the robot.

When performing technological operations, the operator, receiving from the
technical vision system information about the object and the process of work
performed, continuously performs manual control of manipulator and vehicle.
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The complex management process, combined with the nature of the work that
requires increased attention and caution, leads to rapid fatigue of the operator
and, as a result, increase the likelihood of erroneous actions. Besides, a person
can not always correctly assess the situation according to telemetry and
implement adequate management. This can be avoided if management by the
human operator is not at the task level of individual movements, but at the level
of goal setting.

In this case, the robot must independently (or at minimum human
participation) perform tasks. Intelligent control systems allow you to expand
mobile robots functionality and enhance the effectiveness of the work
performed by ensuring their autonomous performance in partially non-
deterministic conditions [28].

In the modern concept of ensuring the safety of people, a significant role is
given to the use of mobile robotic tools. This is due to both the possibility of
round-the-clock availability of such robots, the increased value of human life in
the consciousness of society, and the cheapening of robots themselves.

To one degree or another, the use of mobile robots in the interests of special
services is possible during any type of operation. However, the most
appropriate use of robots in carrying out blasting operations and anti-terrorist
operations, as well as in the protection of important objects.

The use of robots during blasting operations to ensure the safety of people is
possible to solve the following tactical problems:

— search and diagnostics of explosive devices;

— destruction or evacuation of explosive devices;

— demilitarization or disposal of explosive devices;

— conducting chemical and radiation reconnaissance of objects and

territories during anti-terrorist operations;

— production of electronic interference, smoke and special curtains;

— delivery and use of special tools of non-lethal action;

— covert penetration of captured and protected objects;

— conducting radio-electronic audio and video reconnaissance of objects

and territories;

— destruction of barriers (doors, walls) during the protection of objects;

— patrolling the territory or perimeter of the object;

— suppression of attempts to penetrate the object;

— neutralization of violators.

These operations are carried out at different facilities and in a variety of
conditions:

— at public transport facilities (urban transport, rail, aviation, sea,

automobile);

201



— in places of residence and life of people (apartments, houses, offices,
etc.);

— at industrial facilities (facilities of the chemical industry, nuclear
technological cycle, etc.);

— at the objects of urban infrastructure (sewage, heating plants, water
supply, etc.);

— in open terrain, in very rough terrain, in forests, etc.

The specifics of operations, operating conditions, and the functional purpose
of a mobile robot determine its design features, the degree of complexity of the
control system, weight and size characteristics, and the composition of special
equipment [27].

In underwater robotics, the beginning of XXI can be described as the time
of transition from traditional technical solutions to new ones, based on modern
achievements in biology, chemistry, computer science and control theory. The
introduction of these technologies allowed not only to revise the concept of
using underwater technical systems in the study of the ocean depths, but also to
raise the safety of the «human-ocean relationshipy» [28].

First of all, the use of underwater robots made it possible to minimize the
threat to the lives of people involved in extreme underwater operations, such as:

— rescue work;

— elimination of environmental disasters;

— study of seismic areas of oceans and seas;

— examination of the complex topography of the bottom.

Also note that underwater robots used in technologically advanced
countries, such as Japan, the USA, Canada, Italy, England, Russia, Iceland and
others, are able to perform not only the above, but also various other tasks such
as:

— participation in priority rescue (underwater-diving) operations in
extreme situations (during radiation, chemical and bacteriological
contamination;

— geological exploration (providing oil and gas exploration on the sea shelf
and at great depths, the study of bottom abnormal phenomena and active
geological formations of the ocean floor);

— monitoring the state of raw and biological resources and the
environmental situation in the fishing areas in order to long-term
forecast the variability of fish productivity of the most important fishing
areas;

— oceanographic research and environmental monitoring of the aquatic
environment;

— photo and video filming, mapping and acoustic profiling of the seabed;
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— survey and search work (carrying out work on the search and inspection
of sunken objects);

— inspection of underwater objects (inspection of structures and
communications), emergency repair, restoration (cable laying) and
under-ice operations (lighting of the underwater environment);

— military work, including, in particular, anti-submarine reconnaissance,
patrolling, ensuring the safety of military equipment, search and
clearance of mines.

In 2007, the total world population reached 6.6 billion, which is more than
two and a half times higher than in 1950 - 2.5 billion. By 2050, nearly 9.3
billion people will live on Earth. Such data are presented in the report of the
American non-governmental statistical organization «Bureau of Population
Data» (BPD) [33]. According to experts, the population of our planet will
increase by 45% by 2050. But at the same time, the world's population will not
only grow in number, but also grow old. The number of people over the age of
60 years by 2050 will be almost two billion.

The above data indicate that the food demand of our planet's population will
continue to grow. At the same time, the current state of agricultural production
is characterized by a decrease in efficiency, which arises for a number of
objective and subjective reasons, which include, first of all, the increase in
energy prices.

We also note that in order to carry out the most labor-intensive agricultural
operations, such as caring for plants, harvesting, hired labor of visitors from
near and far abroad is used, which leads to a decrease in the intensification of
agricultural production, an increase in the cost of production and a decrease in
its quality.

In this situation, taking into account the future prospects of population
growth, it is advisable to develop and apply robotic systems for agricultural
operations such as:

— carrying out tillage;

— sowing operations;

— weeding and watering;

— harvest.

4.4. Intelligent control system for a robotic system that ensures
the safety of premises for domestic and industrial purposes

At the L.N.Gumilyov Eurasian National University in 2017, a group of
scientists developed the project «Creating an intelligent control system for a
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robotic system that ensures the safety of premises for domestic and industrial
purposes.» The main feature of this project is to control the robot using an
artificial intelligence system (AIS). This ensures the autonomous operation of
the AIS platform in patrol mode with navigation correction, electronic
switching of internal and external devices (scanners, sensors, sirens, etc.), the
continuity of the power supply of the system by moving to a wireless charging
zone. AIS also provides transmission of audio-video information through a
cellular communication system and the Internet to fixed users (homeowners)
and receiving control signals [29].

Practical modern technical tools of support safety of premises for domestic
and industrial purposes working in extreme situations (fire hazardous,
explosive, radiation, gas poisoning, etc.) do not have ability to adapt to floor
plans and move around the territory of the protected premises, overcoming
various obstacles.

The proposed security system model in the form of an intelligent mobile
robot can be upgraded depending on the tasks with the help of additional
sensors. For example, these are not only water and gas leakage sensors,
pressure sensors, temperature sensors, but also motion sensors, as well as a
Geiger counter for determining the level of radiation or a nitratomer for
greenhouses, a spectrum analyzer, etc.

The main objective of this project was to create algorithms and hardware
solutions for an autonomous software and hardware robotic complex for
operation in extreme conditions. A distinctive feature of this complex will be an
independent intelligent control system based on neural networks and fuzzy
logic, the creation of an intelligent control system for a robotic system with the
possibility of topographic and hardware adaptation depending on the extreme
situation.

The practical result was the creation of a prototype robot guard for work in
domestic and industrial buildings with a wide range of input systems from
video surveillance to radiation monitoring.

The relevance of this project was to ensure security in domestic and
industrial premises using an intelligent mobile robotic system. The research
objectives were associated with the development of new algorithms for solving
the problems of designing systems with artificial intelligence.

The intelligent control system for mobile robots automatically adapts to the
layout of the premises, conducts intelligent data processing providing online
monitoring and independently makes a management decision, including
sending messages via a telecommunication system in extreme situations. The
novelty of this project is an independent intelligent control system based on a
self-learning multi-layer neural network with the elements of fuzzy logic [30].
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The innovation of the project was in the development intellectual self-
learning management and adoption system flexible integration into modern
information and telecommunication systems and providing automatic control of
the movement of the robot, taking into account the layout secure premises.
Intelligent robot control system automatically adapts to arbitrary architecture
secure premises, has the ability to remote online security monitoring of
premises.
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Chapter 1. Al SYSTEMS IN TRANSPORT

5.1. Al in public transport

Public transport is something that residents of both megacities and small
towns face. Passengers who often travel by bus, metro, trolleybus or tram want
these trips to be as comfortable and safe as possible. To achieve this goal, Al
technologies are being introduced into the urban transportation industry. With
their help, it is possible to regulate the flow of cars, monitor bus routes, and
ensure comfortable movement of people to their destinations.

Benefits of Al Systems for Public Transport

Today, artificial intelligence technologies help automate and optimize
various processes in the transport system. For example, Al is used to control
traffic lights and reduce traffic congestion. Analyzing data on traffic
congestion, Al recommends changing the route. Artificial intelligence is being
introduced to study passenger flow and monitor the health of vehicles.

Various companies are developing smart buses with Al systems. Such
machines are equipped with modern equipment and software that provide
increased comfort and safety of passengers.

Thanks to intelligent systems in the field of public transport:

* improving the quality of passenger service;

+ transportation becomes more secure;

* route optimization is in progress;

e cars break down less often;

» it’s easier for carriers to control passenger flows and it’s easier to keep

track of the fleet.

Another indirect advantage of autonomous machines with Al systems: most
often they are made electric. Due to this, less harmful gases are released into the
air.

Unmanned vehicles

According to statistics from the World Health Organization, more than 1
million people die in traffic accidents each year. Accidents often occur due to
speeding, carelessness and inexperience of the driver.

An unmanned vehicle equipped with artificial intelligence differs from the
traditional one in that it is controlled by a computer. Such a machine is able to
move independently. It chooses a route taking into account the traffic situation,
weather, time of day. An unmanned vehicle never gets tired and does not lose
vigilance. Manufacturing companies claim that it is safe to ride.

Today in Russia, the USA, Sweden and other countries smart buses are
being developed, tested and put on line.
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In addition, an underground unmanned vehicle already exists. Autonomous
subway cars that move without the help of drivers are used in Paris, Istanbul,
Dubai and other cities. In Moscow, in the next five years, unmanned trains
intend to launch on the Koltsevaya metro line.

Foreign experience

IBM and Local Motors have designed and tested the unmanned 12-seater
electric bus. The Watson computer controls the transport. The vehicle can
independently follow a given route. The computer system answers the questions
of passengers: a smart bus is able to tell a person about local attractions and
recommend a restaurant.

In Stockholm, in 2018, they began testing autonomous 11-seater shuttle
buses. Unmanned operation of the transport is provided by the Connected
Urban Transport platform, which was developed by the telecom company
Ericsson. With its help, the car interacts with smart city systems - public
transport stops, traffic lights, sensors.

Russian experience

In 2016, the unmanned 12-seater Shuttle electric car was presented to the
public. It was developed by SIC NAMI specialists with the support of Yandex
and KAMAZ. The machine is equipped with surveillance cameras and various
sensors. The car independently paves the route to the destination.

In 2019, Cognitive Technologies and «PC Transport Systems» are planning
to launch an unmanned tram on the roads of the Russian capital. The vehicle
was constructed on the basis of the Vityaz-M model and equipped with an
automatic control system. Despite the fact that the tram is considered
unmanned, there will be a driver. Driver will be ready to take control of the car
if a dangerous situation arises on the road.

We give other examples of the use of Al systems in transport. Unmanned
vehicles with intelligent control systems are effectively used in mining,
metallurgy, space and other industries. Unmanned vehicles, buses driven by
artificial intelligence tools appear in cities. In general, everything related to
automobile transport: calculate the time of arrival of a taxi, choose the cars that
will see the order, calculate the time of delivery, correctly determine and predict
prices — all this is done automatically by intelligent control systems. Let's
consider in more detail the work of an intelligent system of automatic control of
vehicle movement.

Figure 5.1. shows a block diagram of an intelligent vehicle of motion
control system [31].

A car, considered as an inertial system with a force F as an input and a
speed V as an output, can be represented in accordance with Newton’s second
law with a first-order system with a transfer function.
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Fig. 5.1 — Block diagram of an intelligent car control system

@) = ko (5.1)
a(s) s+a,

The driving force F, as shown in the block diagram, is determined as a
result of summing the engine thrust Q and the friction forces Z associated with
road conditions. On the block diagram it is easy to see that the integration of the
vehicle speed V leads to its displacement D (the transfer function of the block is
1/s). The car engine is indicated by the block W(s), which represents the
relationship between the position of the gas pedal U and the thrust of the engine
Q in QOsk in the form of a first-order system:

W(s) = (Q()) 1 (U(s)) = kx / (s + @) (5.2)
The transfer function 7(s) = k3 represents a tachogenerator that converts the
speed V into a direct current signal X. The error signal £ is generated as the
difference between the reference signal R representing the desired vehicle speed
and the feedback signal X representing the actual speed.
Block with transfer function:

H(s)x W(s)/ E(s)=ks/ (c,+c1/5+ ca) (5.3)

is the so-called proportional-integral-differential controller that generates a
control signal W.

The block with the transfer function A(s) = ks/s represents a power amplifier
and a servo mechanism that controls the gas pedal of the car [31].

Thus, the transfer functions of the block diagram shown by us in Fig. 5.1
will allow you to analyze the intelligent system for controlling the movement of
the car under different driving conditions.

By setting different values of X, Z, R and V, we can analyze various modes
and trajectories of the car on a computer, taking into account road conditions.
These intelligent systems are used to control unmanned vehicles.

The structure of the optimal control system.

In this section, we consider the system of optimal control of trucks used in
the mining enterprise. In the process of solving the problem, a block diagram of
the optimal control system was developed (Fig. 5.2).

G(s) =
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Figure 5.2 — Structural diagram of the optimal control system (OCS)

The composition of the OCS includes the following blocks: 1 — model of the
physical process; 2 — derivation of the optimal control equation;, 3 —
development of the optimality criterion; 4 — setting of optimal control
constraints; 5 — parameters of the mathematical model; 6 — change of the
coefficients of the optimal control equation; 7 — solution of optimal control
equation; 8 — physical process; 9 — change in the coefficients of the model of
the physical process.

Consider the process of developing a OCS in blocks, in accordance with
Figure 5.2.

The physical object is a car with a diesel internal combustion engine (ICE),
and the physical process is the process of fuel consumption of the car and its
speed.

Development of a mathematical model of the OCS.

To achieve the goal and solve the problem, the physical process is presented
in the form of mathematical models of fuel consumption and speed. A
mathematical model of fuel consumption can be represented as the dependence
of the directional fuel consumption (), on the crankshaft speed (CS) n,, the
advance angle of the fuel supply (AAFS) ¢, the gear ratio of the gearbox (GB)
ir, the weight of the car G,, and the road conditions -

Qp :f(ne>¢>ik=Ga>l//) (54)
where
n. is the rotational speed of the CS;
¢ is AAFS;

i — gear ratio of GB;
G, is the weight of the car;
w is the total road resistance.
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Based on the results of [32], data were obtained on the dependence of the
specific fuel consumption g, on the variable values of the AAFS ¢ at different
rotational speeds of CS n,. After processing the data using the CurveExpert
program, interpolation was made by polynomial 2 and its coefficients were
calculated.

g, =a+b-n,+c-p+d-n’+e-@>+f-n, - (5.5)
where a; b; ¢; d; e; f— coefficients depending on the car engine.

As a result, the equation of the path fuel consumption will take the
following form:

2
G, -y/+0,077-k-F~(0,377~r_" "j
-1

0,=8.- (5.6)

0736'105 e " Pr

Thus, a mathematical model of the physical process of fuel consumption
and vehicle speed can be represented in the form of the following system of
equations:

=(a+b-n,+c-p+d-n’+e-@*+ f-n, -)-
p e e e

I 1

2
G, -1//+0,077-k-F-(0,377-r" ”J

0,36-10° -1, - P,
9, =0377- e

1, -1

(5.7)

The development of an optimality criterion consists in obtaining the
objective function. Based on the statement of the problem, optimization is
carried out using the following optimality criteria: minimum fuel consumption
and minimum transportation time. These criteria are mutually exclusive, i.e.
minimum transportation time is achieved with maximum fuel consumption and
vice versa. Based on the principle of uniqueness, the optimality criterion can be
represented as a linear combination of two objective functions:

1. minimum fuel consumption Q,= f(n.,¢) = min;

2. minimum travel time ¢ = f{',) = min.

Achieving a minimum movement time is achieved by increasing the speed
of movement. Given this, the optimality criterion is written as follows:

1 .
Cf=p1-Q,,+(1—p1)-9*=mm (5.8)

210



under the following conditions:

— a mathematical model of the traveling fuel consumption and vehicle speed
is represented by the system of equations (5.7)
under the following restrictions:

1. n <n,<n

emax s

2. wmin < 2 < gomax .
where @, and @,., as well as ng,, and n., are determined by the
characteristics of the car.

p; and p, are the importance weights of the optimality criteria. It is assumed
in equation 5.8 that p, + p, = 1.

The solution of the optimal control equation is as follows. The entire route
is divided into separate sections of the road. For each section of the road, the
speed regime of the vehicle is determined, which depends on the weight of the
vehicle G,, the drag coefficient of the road y and the gear ratio i, of GB. Within
the speed mode, applying the optimality criterion, the optimal speed is selected.

The definition of the speed mode and the corresponding gear ratio of GB
(transmission) is as follows. Based on (5.7) the dependence of the speed of the
car on its weight G,, the coefficient of road resistance w, and others was
obtained:

emin

g _0377:n, M, -n,
o = G v (5.9)

Where:

nyy 18 the rotational speed of the CS corresponding to the maximum torque;

M is the torque;

71, — transmission efficiency;

G, — is the weight of the car;

w — is the drag coefficient of the road.

Taking the transmission efficiency and CS rotation frequency corresponding
to the maximum torque 7,, as constant values, it is possible to determine the
speed of movement in this section depending on y and G,.

The determination of gearbox gear ratios (gears) is carried out using the
following approach. Each speed range corresponds to a specific gearbox ratio
(specific gear). For the first gear, if the speed is less than the maximum for this
range, then the first gear is selected. For the last gear, at a speed equal to or
greater than the minimum in the maximum range, the last gear is selected.

The definition of the specified speed range, from minimum to maximum,
depending on the weight of the car G, and the road drag coefficient v, is carried
out according to the following scheme:
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1. According to formula 5.9, the velocity in this section is calculated for the
current values of w and G,.

2. Checks which range the velocity belongs to.

3. Depending on the range, the minimum and maximum speeds for a given
section of the track at a certain weight are determined.

4. The gear ratio (gear) is determined for a certain speed range for a given
vehicle weight G, and road resistance coefficient of road segment .

Based on the obtained speed range, the range of CS rotation frequencies is
determined:

ik (19“)-1'0 ik (‘91a)'i0

n .= P SN L n =V anr taz Y
emin amin 0’377 " emax amax 0’377 . rk (5 10)

Further, under the existing restrictions on AAFS and the range of CS
rotation frequencies, the optimal values of ¢ and n, are determined numerically
using the MathCad program based on the optimality criterion (equation 5.8).

Figure 5.3 presents the results of modeling the objective function Cf of the
fuel consumption Q, and the vehicle speed 9, at fixed weights of the

importance of the optimality criterion p,.

Op

Figure 5.3 — Estimated function for fuel consumption and vehicle speed for a fixed
weight of the importance of the optimality criterion: a — for a weight of importance of
0.1; b — with a weight of importance of 0.5; ¢ — with a weight of importance of 0.9.

212



Figure 5.3 shows that when the importance weight decreases, the objective
function is determined to a greater extent by the speed of movement, and with
an increase, by the fuel consumption [31].

Figure 5.4 shows the results of modeling fuel consumption from changes in
vehicle weight G, and the coefficient of road resistance of the route segment y.

op

0 Gt

Figure 5.4 — Dependence of fuel consumption on the weight of the car and the
coefficient of road resistance

Figure 5.4 shows that with deteriorating road conditions and an increase in
the weight of the car, the consumption increases.

In conclusion, it can be noted that the developed optimal control system
represents the main part of the entire automated control system for the
movement of freight vehicles. The theoretical results of the study of the OCS
correspond to the real physical process and can be used to optimize the control
object, i.e. a car.

The developed OCS determines the optimal driving conditions taking into
account the parameters of a specific car, its loading and route features, i.c., the
optimization problem is presented, which is represented by a comprehensive
optimality criterion for fuel consumption and vehicle travel time.

Implementation of the OCS allows you to reduce the impact of the human
factor on the process of controlling the movement of vehicles. As a result, fuel
consumption is reduced and the amount of emissions of harmful substances is
reduced. In addition, increased vehicle safety during movement. All this allows
to increase the competitiveness of the mining enterprise.

Automated systems for smart buses

Today, along with the development of autonomous buses, various
companies are creating automated systems that help establish the most efficient
operation of smart cars.

So, the Russian company «EuroMobil» has developed a comprehensive IT-
system for public transport. It transfers the bus coordinates to the car park,
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writes to the video camera and sends everything that happens in his cabin and
on the road to the server. The fuel and tire pressure monitoring system collects
information about the condition of the car and sends it to the driver and to the
car park. The voice autoinformer and the media center inform passengers about
the stops and the route that the car is traveling on. In an emergency, the ERA
GLONASS system transmits the bus coordinates to the dispatch service [33].

Another development of  «EuroMobile» is the automated system
«Autoconductor». Its purpose is to record how many passengers a bus carries.
Video cameras installed in the passenger compartment monitor how many
people entered and exited the vehicle. This data is transmitted to the central
control panel.

Thus, artificial intelligence technologies can make trips more comfortable
and safe. When only smart buses, trams and trolleybuses will ride on the roads
of all cities, travel on public transport can be a real pleasure, not an endurance
test.

5.2. Al in railway transport

Intelligent Railway Management System (IRMS)

In order to optimize the transportation process and improve the quality
indicators of the railway transport, Open Joint Stock Company «NIIASy» is
implementing the IRMS project [34].

IRMS is the first control system that automates the full cycle of the
production process of the operational work of OJSC «Russian Railways». The
goal of creating the IRMS system is to increase the operational efficiency of
«Russian Railways», as well as the company's customer focus. Functional
IRMS includes all existing horizons of the planning of the transportation
process, from annual and monthly planning to dispatch planning for train
passes. At the same time, the IRMS automates end-to-end technological
processes for the directorates of traffic control, traction, infrastructure and the
center of company transport services. The tasks of planning, coordination and
execution control are carried out using a network of interacting dynamic
schedulers of intelligent software and hardware modules.

IRMS is a completely Russian development based on a single software
platform; in addition, it is the first Russian system for railway transport using
artificial intelligence methods.

The aim of the implementation of this project is to create a unified model of
the integrated polygon, which comprehensively describes the current and
forecasted operational conditions of the polygon, as well as allowing the
implementation of tools for comprehensive analysis, control and planning of
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operational operation of the polygon using calculation of train composition and
train advancement over sections.

IRMS implemented on the training ground Kuzbas - Vostok and Kuzbas —

Northwest.
Economic effect:

— -effective planning of composition at stations taking into account the
individual technological processes of stations;

— -the adoption of coordinated decisions in the operational planning and
control of train work;

— managing the approach to the port nodes of loaded wagon flows of all
categories (non-routed, shipping routes, container and specialized trains
under contracts for the carriage of goods with an agreed departure and
arrival time) in conjunction with the work of logistics centers of the
Directorates of traffic control;

— management of access to border stations and interstate joint track;

— -provision of general situational awareness of operational personnel at
all levels of management on the basis of verified and consolidated
data [34].

5.3. Al systems in aviation

Technology rules the world. And aviation is no exception. Artificial
intelligence is also used in this area. True, here it is not developing so rapidly as
in other industries. However, some progress has already been made. The
world's leading air carriers, training centers and aircraft manufacturers have
begun investing in artificial intelligence.

One of the main areas in which the aviation sector is constantly trying to
improve is the training of pilots. Training a future pilot is a long and intensive
process, with a ground school and certification tests. According to experts,
artificial intelligence will significantly improve the training of pilots [35].

According to experts, artificial intelligence will allow pilots to have even
more realistic simulations, providing pilots with a full visual range with
augmented reality. A computer with implemented artificial intelligence will not
only collect all training data, but will also record the pilot's behavior during
training. All data collected during training will be used to improve autopilots.

It seems that artificial intelligence can work wonders in aviation. An
interesting fact is that one experimental training center invested $ 1 billion in
digital innovations (including the introduction of artificial intelligence) of pilot
training systems. A new training system called «East» assesses the pilot skills
of live data during the learning process and evaluates pilot progress.
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Automation of training processes could allow pilots to learn better in
accordance with the standards, rather than subjectivity of the teacher.

Another company that has already implemented artificial intelligence
technology to train its pilots is the US Air Force. The US Air Force launched
the Pilot Training in the Future program to try to find a new way to train pilots
using modern biometric systems, artificial intelligence and virtual reality
systems in its simulators.

Such Al-run simulators reproduce real-life missions to help students better
understand errors and correct them. The introduction of artificial intelligence
allows the US Air Force to train more aviators annually, creating a quick and
effective way to train and practice.

Lower pilot workload

Helping pilots is another important feature that can be improved with
artificial intelligence. Theoretically, it could give pilots greater situational
awareness and reduce the time spent on tool management.

It may also allow pilots to better communicate with other crew members
during the flight. And that's not just a theory, as Garmin, a GPS technology
company, has already introduced Telligence. This is a product designed to
reduce pilot workload and ensure a pleasant flight. Telligence allows pilots to
talk to the aircraft — set up communications with simple voice commands. This
product is already certified and available for installation today.

Another important invention is the implementation of artificial intelligence
in the ALIAS DARPA (Aircrew Labor-in-Cockpit Automation System). Alias
is a humanoid machine that occupies a person’s physical place. This is a robotic
arm that takes the place of the second pilot, pushes and pulls the controls. Such
a system could increase the level of automation in aircraft and provide the
possibility of flights with a reduced onboard crew. ALIAS also seeks to master
the entire mission from take-off to landing. ALIAS's vision is to allow the pilot
to be more a leader than an executor [35].

The development of modern IT requires an increase in the level of
perfection and degree of automation of the control tasks solved on board, as
well as a comprehensive consideration of the features, limitations and
capabilities of the aircraft and its systems. In contrast to the on-board systems
of previous generations, where the crew was assigned a central role in
managing the achievement of the facility’s application goals, there are currently
trends towards increasing the role of on-board control systems using knowledge
management methods and techniques. To increase the overall effectiveness of
target actions of the aircraft at the present stage of development of air transport,
there is a need to develop on-board information systems (IS), which incorporate
the integrated experience of many qualified specialists, who can be called
«electronic assistants» of the crew.
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IS is understood as a combination of hardware and software integrated in
the information process, working in conjunction with a person or
autonomously, capable of synthesizing a goal based on information and
knowledge, if there is motivation, developing a decision on action and finding
rational ways to achieve the goal.

Traditional deterministic and statistical methods of data processing cannot
cope with the volumes of processed information and with the complexity of
tasks solved on board. Improving the known control algorithms due to their
constant complication does not always give the desired result, which requires
their implementation using new technologies and methods. Traditional methods
can no longer provide improved management of complex objects, because they
do not take into account all the uncertainties that affect the system and in which
conditions it is necessary to search for solutions.

Designing a new technology requires the development and implementation
of on-board IS using innovative methods for developing on-board software
using knowledge processing methods and modern intelligent technologies.

On-board IS are able to take on the tasks associated with determining the
appropriate tactics for action in normal modes and in extreme situations. This
can be achieved by rational distribution, combination and duplication of crew
functions and problem-oriented «electronic assistants» that solve the problem of
ensuring maximum efficiency of the facility, effective survival, parry failure,
damage, etc. [36].

The most perspective areas of application of intelligent systems for air
transport facilities are the following areas:

» intelligent navigation and piloting (mission control, assessment and

forecast of the operational situation, etc.)

* Intelligent mission planning;

» intellectual information processing, collection and analysis of target

data;

* management of separable funds for special purposes;

e group activities and group navigation;

* monitoring and diagnostics of integrated on-board equipment (IBE);

* maintenance and repair of IBE;

» the use of IS as simulators and training systems.

One of the main ways of intellectualizing the solution of target tasks by the
crew of the aircraft is to improve the information support of the crew when
assessing current situations and making decisions in flight. From a practical
point of view, at this stage of the development of information technology in the
face of an ever-growing amount of information to be processed in flight, this
area is of particular interest. Therefore, research should be primarily aimed at
questions of robotics of the execution of the modes and stages of the flight task
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and the reduction of the pilot's tension in the process of obtaining the
information necessary to build an information model of the current state of the
object and the environment.

The advent of intelligent control technologies allows us to talk about the
possibility of a fundamentally new approach to the construction of software and
mathematical software (MS) for promising on-board computer systems.

The development of complex systems raises a number of questions that
cannot be solved by means of only the traditional theory of control. Mainly,
these issues are associated with this kind of uncertainty in the conditions of the
functioning of the system, which requires the implementation of decision-
making procedures similar to those that are characteristic of a person with his
ability to build heuristic reasoning and to learn based on experience.

The creation of more flexible and effective control systems requires the
involvement, along with algorithmic methods of the traditional control theory,
of methods from areas such as inference, reasoning, and the use of heuristics.

Using knowledge processing algorithms allows you to:

» expand the functionality of the system;

* make operational adaptation of the system to suddenly changing external
conditions;

* reduce the reaction time of the system due to the parallelization of tasks;

e increase the likelihood that control actions will be adequate to the
current situation;

» create a plan for solving a non-standard problem based on the experience
of preliminary training;

» fundamentally change their external behavior under the influence of the
external environment, refusing to solve one problem and tackling
another.

The solution of the problems of intelligent control in technical systems is an
actively developing field of research of an interdisciplinary nature, based on the
ideas, methods and tools of such scientific and technical areas as traditional
control theory, artificial intelligence, expert systems and communication
systems, fuzzy logic, artificial neural networks and structures, genetic
algorithms, associative memory and other search and optimization algorithms.

A comparative analysis of various intelligent technologies allows us to
highlight a number of common features, the main of which is associated with
the use of the classification of certain concepts as a means of establishing links
between the individual phenomena of the subject area under consideration, the
presence of a mechanism for representing knowledge and logical inference.

Thus, the development of the so-called hybrid systems, characterized by the
combination of traditional technologies with artificial intelligence technologies,
is of particular important.
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Chapter 1. AI SYSTEMS IN SPACE RESEARCH

6.1. Solar Storm Prediction and Asteroid Protection

Scientists at NASA's Frontier Development Lab (see the snapshot in Figure
6.1), in collaboration with Microsoft and IBM, are working on self-learning
systems to predict the strength and magnitude of solar storms. These systems
can be used not only for predicting solar storms, determining the climate of new
planets and their suitability for life, but also in order to find natural resources.

The lab was founded by New Zealand entrepreneur James Parr, inspired by
Obama's Asteroid Grand Challenge in 2013. Parr invited NASA to work
together on a project that integrates advanced Al developments into projects to
protect the Earth from asteroids and other hazards. According to Parr, artificial
intelligence is the only technology that astronomers have not yet managed to
appreciate the benefit of.

Fig. 6.1 — NASA Frontier Development Lab

To discover exoplanets

Artificial intelligence also helps scientists to discover new planets. The
Kepler telescope, equipped with an Al algorithm, was launched into space in
March 2009 and worked for almost a decade: during this time, astronomers
have found more than 2,600 exoplanets with it (Fig. 6.2). For example, at the
end of 2017, it helped to find the twin of the solar system by discovering the
planets Kepler 80g and Kepler 90i in the star system Kepler-90 in the
constellation Dragon. «It's like looking for a needle in a haystack,» said Chris
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Schallu, a senior engineer at Google Al, one of the project’s researchers, during
a discovery conference call [37].

In October 2018, his fuel tank was empty and the telescope completed the
mission. However, after Kepler had finished hunting for new worlds,
astronomers were able to discover another 104 exoplanets using the data he
collected and information from the Gaia telescope.

Fig. 6.2 — Kepler Telescope Render (NASA)

To achieve this result, researchers trained the algorithm using data from
NASA. After studying 15 thousand test signals, the telescope was able to
correctly determine the planets in 96% of cases (Fig. 6.3)

Fig. 6.3 —JAXA / NASA Robot
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JAXA / NASA Robot did reports from the interplanctary space station
(ISS).

The Japan Aerospace Exploration Agency (JAXA) developed Int-Ball, a
remotely controlled drone that takes on-camera experiments conducted on
board a space station and sends them to Earth.

All Int-Ball elements are printed on a 3D printer, it moves with the help of
12 propellers, and is guided inside the ISS by glued pink dots-markers.

A small, big-eyed robot (weighs only 1 kilogram Int-Ball, diameter - 15 cm)
facilitates the synchronization of crew on Earth. The drone took on several
duties of astronauts and reduced their workload by 10%. It is planned that in the
future Int-Ball will be able to track stocks of products and repair broken ship
parts.

6.2. Al helps vehicles to land

Modern developments using Al are gradually making software and
technology more autonomous, capable of self-learning. The most anticipated
developments in this area are ships capable of independently correcting the path
relative to the orbit, operating on autopilot and landing on a space station.

Fig. 6.4 — Al helps NASA create interplanetary landing module concepts,
such as these
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Choosing a site for landing is a complex and multidimensional task. It is
necessary that the surface is relatively smooth, illuminated (if the device is
powered by solar panels), so that the site is interesting to researchers. In
addition, these conditions must be observed over a sufficiently large area — in
case the probe does not sit in a precisely designated place, but next to it. In this
case, decisions must be made on the basis of incomplete and heterogeneous
data on the surface of the planet, collected from several sources.

To solve this problem, scientists have developed an Al-based system that
selects a suitable landing site for the Martian mission. The development is
based on the following: the technology is based on the theory of fuzzy logic.
Unlike ordinary logic, statements can be not only true and false. Fuzzy logic
uses concepts such as «a statement is true with such and such a probability» or
«a statement is true in such and such a measure.»

Using data on the topography, air, soil composition and other conditions at
different points of Mars, the system automatically selects suitable places for
landing the rover. The program works like this: it splits the surface of Mars into
small sections, assigns a number from 0 to 1 to everyone (0 — not suitable for
landing, 1 — suitable for landing), groups favorable areas together and offers
them to astronomers.

In theory, the program can work in the opposite direction: select the right
rover to study a specific landscape. The authors of the project hope that soon
such algorithms can be used to create autonomous rovers that communicate
with the Earth only in emergency cases. This would make exploring new
planets much more efficient and faster.
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Fig. 6.5 — Search for a suitable location
According to NASA engineer Hiro Ono, autonomous spacecrafts are
already under development: perhaps Europe, one of the moons of Jupiter, will

become the next destination for scientists.
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To track radiation

A huge danger to the health of members of space crews is radioactive
radiation. During the flight, astronauts immediately encounter two types of
ionizing radiation: solar flares and cosmic rays. Prolonged exposure to such
rays destroys DNA strands. The body is able to repair breaks, but during the
«repair» errors often occur, leading to mutations.

Scientists from around the world are conducting joint research in the field of
Al to constantly monitor the health of astronauts during the flight. The
emergence of technology that can track minimal changes in the condition of
crew members will allow you to take action in time and avoid serious
consequences.

6.3. Al saves astronauts

Flying into space is a huge stress for a person, and not only from a physical
point of view. Long months spent away from family, often without the ability to
contact them, are a difficult test for even the most experienced and trained.
Scientists hope that new technologies will help with this. CIMON (Interactive
Mobile Team Satellite) is the first Al assistant commissioned by the German
Center for Aviation and Cosmonautics. Airbus and IBM have developed a
virtual assistant to facilitate long flights for crew members [37].

A robot similar to a soccer ball is equipped with several video cameras,
microphones, sensors and processors: with their help, it communicates with
astronauts. Twelve built-in fans allow him to fly in all directions, nod and shake
his head.

The main function of CIMON on board a ship or a space station is to give
instructions for completing complex tasks or repairing parts of a ship (it can
quickly search and organize information). But CIMON is not just an assistant, it
also has a social role: to communicate with astronauts during long flights. That
is why the developers added a face recognition function and a «human» element
in the form of a broad smile on the screen (Fig.6.6).

Research in this area is carried out in Russia. The first humanoid rescue
robot Fedor (FEDOR — Final Experimental Demonstration Object Research),
developed by the Advanced Technology Foundation and the Android
Technological Research Association, may become a crew member already in
2021. The robot knows how to drive a car, overcome an obstacle course, use
construction tools, navigate the terrain and lift loads up to 20 kg. At the
moment, this is the only anthropomorphic robot that can crawl on all fours.
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Figure 6.6 — Interactive Mobile Team Satellite

To interact with the outside world, Fedor uses two cameras, a thermal
imager, a microphone, GPS and several dozen lasers: this equipment allows it
to build a three-dimensional diagram of the environment and more accurately
perform tasks. Fedor has four modes of operation: autonomous, supervisor,
copying and combined.

To interact with the outside world, Fedor uses two cameras, a thermal
imager, a microphone, GPS and several dozen lasers: this equipment allows
him to build a three-dimensional diagram of the environment and more
accurately perform tasks. Fedor has four modes of operation: autonomous,
supervisor, copying and combined.

Another of its features is the system of reverse torque or sensory
communication. The operator controls the robot using a special suit, and the
robot transmits information through the suit back to the operator. Thus, for
example, the manager can feel how heavy the load lifts Fedor. In September
2018, Fedor was transferred to Roscosmos, where he will be prepared for flight
on the «Federation» spacecraft.

Over the past few years, flights into space have become easier and safer, but
in the field of space engineering there are many unresolved tasks. Autopilot
ships, social robots, and other artificial intelligence developments can help deal
with these problems by making other planets closer and more accessible.

6.4. Artificial Intelligence in Space Data Processing

If artificial intelligence was created to facilitate life on Earth, why not use it
to search for objects outside it? Therefore, it is logical to use Al for space
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exploration. Today, many companies, including NASA and Google, have
already implemented Al to search for new celestial bodies and life on other
planets.

Now astronomers do not need to sit at telescopes at night — the devices
themselves are able to observe the sky and take its pictures. However, scientists
did not find it easier to work.

Research equipment does not transmit several successful frames, but
thousands of terabytes of data: for example, only one telescope in Chile gives
out 15 terabytes of space images every night. It can take years to process such a
volume of information, if at all human can do it.

The problem is that when observed with a telescope, the shapes of distant
light sources are distorted. It takes a long time to analyze the images and
understand what is in the picture - an asteroid, an exoplanet or an entire galaxy.

Big data analysis is a challenge for artificial intelligence. Thanks to it,
American scientists from Stanford and the National Accelerator Laboratory
SLAC reduced the time to search for new objects in space from months to
several seconds.

A group of scientists showed a neural network of half a million images of
space objects — and it analyzed the images with accuracy comparable to
traditional research methods.

«It's amazing that neural networks themselves learn what features to look
for,» says Phil Marshall, project manager. «It is like children learning to
recognize objects.» You don’t tell them what a dog is, you just show photos of
the dogs. « Al can also improve the quality of photographs, and this is also
useful in space exploration.

So, Swiss astronomer Kevin Shawinsky and his team of astrophysicists use
Al to increase the resolution of blurry images from telescopes. Researchers
specifically reduced the image quality of some galaxies, added noise and blur to
the photo, and then passed them through artificial intelligence along with the
original images. As a result, the neural network has learned to clear photos of
noise and blur, «thinking out» what is happening on the image [38].

Shawinski's results are staggering, but the astronomer is still cautious about
the project. «In the end, this runs counter to the basic principles of science: we
can know the Universe only by observing it personally,» Kevin says. Therefore,
while the neural network is used only in areas where the result of work can be
checked.

Search for new space objects

Google employees learned that NASA has completed the collection of
photos from orbit through the Kepler space observatory. During the four-year
mission, the device took photos every half an hour - it turned out that such
volumes of data could not be processed manually. Chris decided to help
researchers complete their work using Google-developed Al.
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According to Challelier, the data set from Kepler was loaded for two weeks,
and as a result, all of them did not even fit on the computer. Together with
Andrew Vanderberg, an astrophysicist and doctoral student at the University of
Texas at Austin, Chris took up the project for about nine months.

Enthusiasts used NASA's 15,000 data points to create a neural network that
eventually learned to recognize light patterns indicating the existence of a
planet.

Some of the patterns were not noticed by scientists. So it was possible to
discover the exoplanets Kepler-90 and Kepler-90i, which are in a planetary
system similar to the Solar.

6.5. Space technology improvement

It’s sometimes difficult even to drive a car — what to say about probes
somewhere on Mars, which no one even saw live. On the other hand, the
equipment may not wait for a guide to action — which is what happened with
the Opportunity rover, which fell into a sandstorm and has not been in contact
since.

After this incident, NASA updated the software of its second Curiosity
rover, which allows the ChemCam camera installed on its board to
independently select targets for observation and analysis.

When the surviving Mars rover received more independence — the work
became more efficient. Now, instead of waiting for instructions from Earth,
Curiosity itself selects important goals for research, collecting much more
interesting information for science. As noted in NASA, this is only the first step
towards introducing intelligence into research technology. The new rover,
which will be launched to Mars in 2020, will automatically adjust the process of
collecting scientific information taking into account its own resources: this way
the rover will evenly distribute the amount of energy without risking to
discharge and lose touch with the Earth [39].

While smart rovers will explore the Red Planet, a neural network will help
astronauts in outer space.

In July 2018, the CIMON artificial intelligence robot developed by IBM and
Airbus was sent to the International Space Station (ISS).

Due to the lack of gravity in space, it is quite difficult to perform any
manipulations. The convenience of CIMON is that it works with voice control:
crew members can ask the robot to show the necessary technical data, diagrams,
instructions, and this will not distract astronauts from their main work.

Already, artificial intelligence is exploring space in areas that no one even
knew about. This will lead to phenomenal discoveries — perhaps scientists will
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soon find a planet on which people can move in the future. But can Al solve the
mysteries of the origin of the universe? Nobody knows this yet.

Artificial intelligence seeks extraterrestrial civilization in space

A group of young researchers from Swinburne University of Technology
announced the creation of a program integrated with artificial intelligence. The
robot used will detect fast flashes in space, which may indicate the existence of
extraterrestrial life. For the first time, strange flashes that could not be given
any characteristics and explanations were recorded in October 2018 with a radio
telescope installed in Australia.

Scientists have called them radio flashes and to this day cannot solve the
mystery of their origin. University graduate student James Swinburne has
created an automated system with artificial intelligence that can capture such
radio flashes. Radio waves from space arrive at the Earth for billions of light
years.

They can last only a fraction of milliseconds, and what is their goal —
a puzzle for astronomers. Wael Farah was the first scientist who discovered
these outbreaks in real time, he took them into a special system and it was able
to record five such outbursts already. But the small details of these glows are
difficult to recognize.

Scientists do not exclude that the signal received by the telescope mounted
on the Earth before this «walked» through the Universe for billions of years,
having a more powerful and complex structure than the remnants in the form of
milliseconds that fell into the telescope.

The use of artificial intelligence will allow you to separate the radio waves
of other origins from those that may have been sent by extraterrestrial
civilizations. They have a previously unattainable highest resolution in time and
frequency.

A neural network is capable of incredibly quickly extracting information
from images of the Universe taken by radio telescopes using the effect of
gravitational lensing, reports Engadget.

Gravity lensing is the effect that space objects possess. Its essence is that
when an observer looks at an object distant in space through another space
object, the shape of the distant light source is distorted. This is a useful
phenomenon that helped scientists discover exoplanets, understand the
evolution of galaxies. But the analysis of images subject to gravitational lensing
takes a very long time, requiring researchers to compare real images with
simulated ones. Analysis of just one snapshot can take weeks or even months.

American scientists from Stanford and the SLAC National Accelerator
Laboratory have found a way to reduce this time to a few seconds. The research
team showed a neural network of half a million simulated images of space
objects. Al was able to analyze the images with accuracy comparable to
traditional methods.
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«It's amazing that neural networks themselves learn what features to look
for,» says Phil Marshall, a project researcher. «This is similar to how young
children learn to recognize objects.» You do not tell them exactly what a dog is,
you simply show them photos of dogs. «With the advent of new telescopes,
more and more examples of lensing will appear, and faster analysis will be
required to analyze all the data. And most importantly, for such an analysis, an
astronomer will need only a laptop or mobile phone to communicate with Al on
a remote server.

Al will teach you to look for places of slave labor from images from space.
The new crowdsourcing project aims to identify in South Asia, a brick kiln in
South Asia, a place of forced labor, and to train artificial intelligence in this.

Gartner Research Company annually publishes a Hype Cycle report on
upstream technology. Analysts for the first time added artificial intelligence,
5G, deep learning, and peripheral computing to the 2017 report. At the same
time, virtual assistants and personal analytics were removed from the rating.

The three most relevant technologies according to Gartner include artificial
intelligence, immersive systems and digital platforms. At the top of the hype in
the field of Al there is now deep learning. IT giants Amazon, Apple, Baidu,
Google, IBM, Microsoft and Facebook are investing heavily in development in
this area.

_Bring Your Own Apo (BYOA)
— Citiren Devehopers
“Enterpeise Socsl Graph
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time
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Figure 6.7 — Amazon Echo and Google Home Echo Columns
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Analysts also added for the first time to the review the deep learning with
reinforcement that DeepMind is experimenting with. According to experts, by
2018, deep learning systems will become the standard tool for 80% of data
analysts.

The expected leader of the rating was digital platforms - systems for smart
homes based on the Internet of things, including Echo columns from Amazon
and Home from Google.

Gartner also named the technologies that will have the greatest impact on
new products. Among them are blockchain, peripheral computing systems,
quantum computers, neuromorphic chips, and «digital counterparts». At the
same time, virtual personal assistants and systems with gesture control were not
included in Hype Cycle 2017.

5G technology will also have a big impact, which by 2020 will make 3% of
mobile operators commercially available. From 2018 to 2022, companies will
begin to use 5G for IoT communication, high-definition video streaming and
fixed wireless access. In the coming years, 4D printing technologies,
robomobiles, neural interfaces, quantum computers, volumetric 3D displays,
systems for improving human capabilities and the so-called smart dust will also
become the mainstream in the coming years.

New technologies can benefit enterprises, but business owners should
consider imperfections and features of innovative products. Earlier, Gartner
warned of problems that AI could bring with widespread and rash
implementation.

How artificial intelligence can help you find radio signals

According to the editorial staff of the Monthly Notices of the Royal
Astronomical Society, one of the employees at Swinburne University of
Technology in Melbourne (Australia) has developed a machine learning system
that can recognize «fast radio bursts» (FRB). These signals have complex,
mysterious structures and are reproduced in just a fraction of a millisecond [40].

The AI system, controlling the Molonglo telescope, was able not only to
determine fast radio bursts, but also to record their signatures in more detail for
further analysis. Using Al, the researchers were able to detect from 59 to 157
such signals, which is much more than before. Fast radio bursts are extremely
interesting to study also for the reason that, in addition to their unusual device,
they never repeat. That is, you can’t just «tune in» to one point and constantly
«listen» to it. Previously, we used x-ray, optical, and other telescopes to get
more information about these radio signals, but they often simply didn’t have
time to go into recording mode and many signals were lost. Now, thanks to
artificial intelligence, we can quickly switch telescopes to recording mode,
while recording a larger number of fast radio signals, and therefore, potentially,
learn much more about them.
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Despite the fact that there is some truth in the words of scientists, I want to
note that so far the term «artificial intelligence» is not some kind of smart
machine, but just a set of software for working with huge data arrays.

These software work on the basis of algorithms (sometimes very complex),
but are not capable of what we call thinking. Therefore, in this case we have
only a more advanced version for the analysis of incoming information and
nothing more.
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CONCLUSION

Artificial intelligence is the property of intelligent systems to perform
creative functions that are traditionally considered the prerogative of a person;
this is a system of tools, one might even say a set of mathematical algorithms
that solves a very narrow and complex task. An unmanned vehicle can travel
from point A to point B, but it is not able to answer the question of how much 6
will be multiplied by 7. We can put another tool that will answer this question,
but they will not be related to each other. Therefore, you can make some kind
of robot that will go and dig a mine by pressing a button, you can make a robot
that will fly in an airplane instead of a pilot. But these will be two different
robots, and there is no common robot that controls them — a person does this
much more efficiently.

In complex tasks where you need to set goals, understand what you need to
do or not to do, artificial intelligence infinitely loses to a person. Yes, probably,
the robot will dig mines better than the sapper, at least it really safe if machine
fails rather than the person.

Artificial intelligence — the ability of computer systems to take on individual
functions of human intelligence, for example, to choose and make optimal
decisions based on knowledge gained from previous experience and a rational
analysis of external influences.

In this definition, the term knowledge means not only the information that
enters the brain through the senses. This type of knowledge is extremely
important, but insufficient for intellectual activity. The fact is that the objects of
our environment have the property not only to affect the senses, but also to be
in certain relationships with each other.

It is clear that in order to carry out intellectual activity in the environment
(or even just exist), it is necessary to have a model of this world in the
knowledge system. In this information model of the environment, real objects,
their properties and the relationships between them are not only displayed and
remembered, but also, as noted in this definition of intelligence, can be
mentally transformed purposefully. Thus, Artificial Intelligence is the ability of
a computer system to create programs (primarily heuristic) during self-learning
to solve problems of a certain class of complexity and solve these problems in
all areas of our lives.

In practice, the range of capabilities of Al is almost endless: space research,
military science, robotics, industry, agriculture, transport, medicine, education,
etc. Within the framework of the state program Digital Kazakhstan, much
attention will be paid to digitalization and robotization of production processes
in all sectors of the national economy. An important role in the implementation
of this program is played by the development of AI methods and tools.
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