6D071900 — PanmnoTexHuka, 3JICKTPOHUKA KIHE TCIICKOMMYHUKAIUS MAMaH JbIFbI
OofipiHIa Quitocodust okTopsl (PhD) FeIIBIME A9pEKeECT 13[CHICIHE YChIHBLUTFaH
l'anuna BragumupoHa CaBOCTUHAHBIH «J[MarHOCTUKAHBIH AKNAPATThI-
KOMMYHHMKALUSUIBIK KYHEC! YIITH 3JIEKTPOKApIMOrpapusIIbIK Aa0bUTAAPAbl CAHIBIK,
OHJICY JKOHE MHTEIUICKTYAJIbl TAJAAy 9AICTEPIH 931PICy» AUCCEPTALMSIIBIK
YKYMBICBIHA

AHJIATIIA

7KyMBICTBIH 03€KTLJIIrL

Kazipri yakpITTa FbUIBIM MEH TEXHUKAHBI JAMBITYJbIH OAaCThl YPAICTEPIHIH
O1pi agaM KbI3METIHIH OapJiblK cajanapbiHia PajarOdJIEKTPOHIBIK JKOHE aKmaparThl-
KOMMYHHKALMSUIBIK TEXHOJOTUSIAPAbl KAPKBIHIBI €HI13Y JKOHE Maijanany OOJIbII
TaObutanpl. ATan aiTkaHaa, JaObuULIApAbl JKWHAY, OHACY JKOHE  Tajay
PAIMOTEXHUKAIBIK, AaKNAPATTHIK JKOHE  TEJICKOMMYHUKALUSUIBIK — KYpalJapblH
KOJJIaHy, OJapAblH HETI3IHAEC MEAULIMHAIBIK acham »acay TEXHOJOTUsIIapbIH
YKETUIAIPY apPKbLIbl XAJTBIKTBIH OMIP CYPY CanachlH apTThIPYFa TIKENEH bIKIAT €TEI.

MeauuuHanbelK ~ TEXHWKAHBl  JAMBITyFa  KaHA  PaJAMO3JICKTPOHJIBIK
KOMITOHEHTTEP/IIH, CaHJBIK OHJCY MEH Na0bUIAap/ bl Talaay bl TUIM/I SICTEPIHIH,
COHJAl-aK TeleMEeIUIMHA MEH SJIEKTPOHIBIK JEHCAYJIBIK CaKTayJa KaKeTTi Ka3ipri
3aMaHFbl TEJICKOMMYHHKALMSUIBIK JKYHEIIEP MEH €CENTEY TEXHUKACH KYPAJIIAPbIHBIH
naiiza 60mybl BIKDAI €Tell. AKNAPATThIK-TENEKOMMYHHUKALMSUIIBIK TEXHOIOTUSLIAPIbI
(ATT) xonmaHy asCblH KEHEHTY €CEOIHEH MEAMIMHAIIBIK  OTBIPFBI3YAbIH
KOJIIAHBICTAFbl QAICTEPIHIH KYHbI MEH THIMJIUII OJapAblH XalblK YIIH KOJ
KETIMAUTITIH ~ Olp ME3rulle KEHEHTY apKplibl TOMEHACHAl. ©3 Ke3eriHae
MEIMLIMHATBIK ~TYKIpuOeAe apHaibl anmaparThlK  KOJAAyAbl Talal €TETIH
JMArHOCTHKA MEH EMACYIH >KaHa 9icTepl maiina 6onamebl.

Kazipri 3aMaHfbl MEIUIMHAIBIK acham »acayblH MaHbI3/Ibl MIHIAECTTEPIHIH
1IIHAC agaM ACHECIHIH OMOANICKTPIIK AA0bULIAPBIH TajlAay KE31HJE MEAUIMHAIBIK
3epTTEYJAEPAl ABTOMATTAHABIPY JCHTEHIH apTThIPy KAKETTUIN Kalaael. byn
na0butaap ar3aHblH  (QU3MOJIOTHSUIBIK — Kai-KyHi, ar3ajmap MeEH TIHACpACri
NATOJIOTUSUIIBIK, ©3rePICTEP TyPalbl MAHBI3bI AKIMAPATTHI AJIAJIbl, EMACYLIl A3pirepre
JYPHIC JIMAarHO3 KOKFa >KOHE THUIMJII €M1 TaHJaayfFa KeMmekteceal. byn perre
OMORNIEKTPIIK Ja0BUIAAPABl TaIAAYAbIH TEXHUKAIBIK KYPAIJAPBIHAH 3€PTTEYIED
JKYPri3yre yakbITThl a3aiiTy, Tajjay HOTWXKEICPIHIH Ccanackl MEH TOJIBIKTHIFbIH
apTThIpy YUIIH MEAWLUMHANBIK MAaMaHIAPAbIH I[ICHNM KaObUIAAYBIH KOJAAYIbI
KaMTamachl3 €Ty Tajnan eTuUIeIl.

Mynpaii skarnaiiga snexktpokapauonadsuaapasl (OKJ1) Tanmay apKeuibl
aJaMHbIH Kypek-kantamblp kyihieciH (OKKXK) 3eprreynmi  aBTOMarTaHablpyaaH
aiiTapnbIKTail acepre Ko >KEeTKI3UIe A1, OUTKEH1 )KypeK-KaHTaMbIp aypysapeiH (ZKKA)
JIEp KE31HJIC TMarHOCTUKAAay »KOHE €MJIEY MOCEJIECl Ka31pri KOFaM YIIIH ©T€ ©3€KTi
O0nbIn TAOBLIABL.

Kazakcran PecnyOnukacel JleHCAyJBIK Cakray >KOHE OJIEYMETTIK JaMy
MUHUCTPIITIHIH ~ JCPEKTEpl  OOMBIHINIA  XaNBIKTBIH  SKalIlbl  ©IIM-XKITIMIHIH
KYPBUIBIMBIHJIA KaH aifHaJbIMbl SKYMECIHIH aypyJiapbl >KeTeKmn ceden  Oombin



Ttabbuanel (22,3%). Conpaii-ak JlyHMEKY31IIK JEHCAYJIbIK CaKTay YHBIMBIHBIH
MoIiMETTEP] OOMBIHIINA, OYKLI oyieMzaert ofiMHIH Heridri cededi XKKA Oosbin
TaObUTaabl: KaHjail mga Oip Oacka ceOenmneHn Oonmmaca na, XXKA-HaH KbUl caibiH
Olpmama ajgam ejel.

Kazipri yakpitta JXKXK maronorusnapblH  aHbIKTAyJblH HETI3I1  KYPaJbl
ANEKTpoKapauorpadgusi — OIKYPEKT€ OTETIH KOJEMJl JJEKTP  YIAEPICTEPIHIH
(3neKTpoKapANOIa0bIIAAPAbIH) JAeHE OeTiHae OaiKajaaThlH MPOCKIUSIIAPbIH JKa3y
Oonbin  Kanaabl. OnekTpokapaumorpammansl  Tipkey omici (OKI')  kIMHHKAIBIK
JKaFJainapaa MakCUMalbl ChIHAKTAH OTKI3UINEH, OapbhlHIIA aKMapaTThUIBIFBL Oap,
COHJIali-aK 1CKE€ achlpy VIINIH KOJDKETIMII JKOHE TaiijanaHyia ap3aH OoJbII
tabbutaabl. Ocbutaiiina, DK HayKacThiH ar3achiHa €H a3 acep ety kesinae KKK
JKaFIaibl Typasibl OapbIHINA AKOAPAT YCHIHBIIAIBL.

Ocsl cebentep OoitbiHma OKJ[ aBTOMATTHI OHJIEY JKOHE TajAay CajJachIHIaFbl
HICMIMAEPAl 13Aeyre OlpHene OH bl OOWbI Kem KeHin OemiHenl. Ocbl OarbITTa
aiiTapnblKTail HOTHXKEJEpPre KON SKeTKizuice nae, Oyrinri kyHi OKI'-3eprreynepai
JKYPTI3YJIH JKEKEJEreH KE3CHJECPIHIH JKETKUTIKCI3 HETI3MUITIH 911 JI€ aHbIKTayFa
Oonanel. Ocblnaiiia, ic JKY3iHAE ABTOMATTAHABIPBUIFAH SKCIPECC-IMArHOCTHKA
oxictepi koK, DK -kyienepaiH KeIepriicH KOPFalyblH KAMTaMachi3 €Ty cajachiHIa
amblK, cypaktap ©Oap okoHe T. 0. Kenm karmaiima Oyin  OKJ[  oHBIH
JETCPMUHALMSUIAHYBIH, CTAMOHAPCHI3ABIFBIH, ©3TEPrillTIFiH  JKOHE  KONTEreH
KEICPruIepAiH, 9CEPIHE VIIbIPAYbIH AHBIKTAUTBIH OHOIJIEKTPIIK TaOWFAThIMEH
OaiinanbicTel. OK/] KacuerTepl ecentepal popmManigay KE€31HAE KABIHIBIKTAPIbl )KOHE
OJIap/IbIH MIAPTTAPbIHBIH JKOFapbl OCNTICI3AINH TyblHAATaAbl. OcbiFaH OaiIaHbICTHI
OKJ] aBTrOMarThl Tanjay MOCENECIH menry OIpyKakThl KoHEe omOedam Tacuiul
ouLIIpMER .

EkiHIN >KaFbIHAH, COHFBI JKbUIIAPHI FAHA ANMapaTThIK KypaJJdapAblH €CENTey
KyaTblH apTThIPy, COHJA-aK aKmapTThl-KOMMYHUKAUMAIBIK Skyienepae (AKXK)
aKnmapartel Oepy, Cakray >KOHE OHJEY TEXHOJOTHSJIAPBIH >KETIIAIPY apKAChIHAA
JNaObUTIAP/BI TAJIAY IbIH JKaHa 91CTEP1 KOJI JKETIM1 OOJIbl. Pain0o3IeKTPOHUKAHBIH
3aMaHayd JEHTedl KEeH TKIPUOENIK KOJAAHYChI3 TEopusia >KakplHAA OOJiFaH
yakpITKa JACHIH JaOBUIAAPAbI CaHABIK OHACYAIH THiMal Tacuiaepin (JCO) icke
aceIpyra MYMKIHIIK Oepeni. by petre aepekTepai eHACy AH KOl CaThlIbl PICIMACPIH
Kypy apkpiibl OKC ken ACHrei KYpbhUIbIMBIH 3€PTTEY MYMKIHAIN naiga OoJabl.
JaObuiaapapl CaHIBIK Tajday bl OacTanKbl KE3CHICPIHAC allblHFaH —aknapar,
OChbUTAlllIa HOTWKEJIEPAl AHBIKTAyJblH MTECPATUBTIK AITOPUTMIH YHBIMAACTHIPA
OTBIPBIMN, KEJIECI PACIMIEP YIUIH NaiAATaHbITYbl MYMKIH.

Conma  OKJI  eHaey  Ke3lHAEC  CaHABIK  OKYHENEpAlH  HEri3ri
apTHIKIIBUIBIKTAPBIHA KENEC (PaKTOPIAPABI )KATKbI3yFa OOaIbl.

1. Cangpik cy3y (CC) CBIPTKbI TYPaKChI3JAaHIBIPFBI (PaKTOPIAPABIH SCEPIH
KOCMaFaHJa, >KUUNK JKOHE YaKbITIIA canajapia cunarraMaiapiblH €H >KOFaphbl
TYPAKTBUIBIFbI KE31HAE Na0bUIIAPAbI OHJCYIIH YKOFaphl JAJIAITH KAMTaMachl3 €Tyre
KaOLIeTTI.

2. CaHOplK SMAICTEPHAIH NApPaMETPIICPIH TY3ETYyTe TOH HMKEMAUIIK >KOHE
KEACNIK Aa0buiaapabl eHAEY KE31HAC OJNapAblH KOFapbl (PYHKIMOHAIIBIFbIH



KaMTaMachl3 eTelnl. byl JAMarHOCTUKANBIK aKnaparThl aidy[blH KOJJAHbUIATHIH
OMICTEPIHIH alyaH TYPIUIIT KaFdaibIHAA 6T¢ MAHBI3BL.

3. Hormwxkenepal ©HACYIIH WTEPATUBTI anropuTMmiacpl Oap aKmaparThl
OHJICYIIH KON JACHI eIl )KYHENEPIH KYPY MYMKIHIITI.

4. JlaObumapabl ©HACYAIH CAaHIBIK OMICTEPIH KY3€re acelpy 9p Typdii
anmnaparTelK MmiargopMaiapaa, MOOWIbII HEMECE CTALMOHAPIBIK TIPKEYLIJIEPAE,
JKEPTUTIKTI HEMECE TapaThUIFaH aKMapaTThIK-OJIIIEY KYUEIECPIHAE OPICTETY KE3IHC
OappiHIma oMOeOan. MyHail oaicTEPal KaHFBIPTY KOHE THPAXKAAY SKOHOMHMKAIIBIK
YKaFbIHAH HEFYPJIBIM THIMIL.

©3 KE3€riHie axKnaparThlK-TEJEKOMMYHUKAIMSUIBIK, SKEIUIEPIl  FajlaMIbIK
JaMBITY OYPBIHFbI KAIIBIKTBIKTAH 3€PTTEYAIH aKNapaTTHIK-OJIIICY KYWEIEPIH KYpY
OOHMBIHINA JKaHA MYMKIHIAIKTEPAl amaasl. MyHaai skyHesnepre aJieyMeTTIK TalChIPbIC
OTC JKOFapbl, OWUTKEHI OJlap OUIKTI MEIUIMHAIBIK KbI3MET KOPCETYre >Karmai
KOJDKETIMAUTIKTI ~ KaMTaMachl3  €Tyre, €pKiH  OCJCeHIUTIK  >KarJaiblHIa
amMOyIaTOPUSJIBIK MOHUTOPUHITI YIUBIMIACTBIPYFa, €PT€ OTUATHOCTHKAHBI KYPTi3yl
JKEHULIETYTE, HAyKacTapAbl KAMIBIKTBIKTAH OaKpUIaydbl MKY3€re achblpyra MKOHE
JKUHAKTAJIFAH akKmapaTTel TUIMAL naijanaHy MeH Oackapyabl >Ky3ere achlpyra
MYMKIHAIK Oepei.

Taparpuran TIPKEyLIl KYPBUIFBUIAPABIH KON CaHbIHAH JWArHOCTHUKAJIBIK
MaHpI3Bl  JACPEKTEpAl  WIOFBIPIAHABIPY  3E€PTTENETIH  aypydap  Typajsl
penpe3eHTaTBTI  OimiM  Oa3acblH  Kypyfa MYMKIHAIK Oepemi. byn  perre
ABTOMATTAHABIPBUIFAH MEIWLIMHANBIK JWArHOCTUKAHBIH Hamap KajablTacaThiH
MIHJETTEPIH IMIENly YIIIH >kKaHa Kypanjaap Oepyre KaOUIeTTI MalluHAIBIK OKBITY
OMICTEpIH TaiigajiaHy MYMKIHAIN mnaiiga Oonaasl. ©3 €pKIMEH  OKbLIAThIH
AITOPUTMACP HETI3IHAE TaJayJblH 3HUATKEPIIK OMICTEpPl allbIHFAH JACPEKTEPIIH
YJIKEH KOJIEMIH OHJECY €CEOIHEH 3€pPTTENCTIH HbICAaHAAPAbIH OCNTUIEPIHIH Kon
OJIIEM /I KEHICTITIHAC KaChIPbIH 3aHABIIBIKTAPABl aHBIKTAyFa MYMKIHJIK Oepeni. by
xarnaiaa OK/1-nan OKI'-Hel KomMeH mmdprey Ke3iHae anyFa MyMKIH EMEC aKmapar
AJIBIHY bl MYMKIH.

JCO-aiH paauoTEXHUKAIIBIK SIICTEPl SKOHE ACPEKTEPAl HMHTEIUICKTYalIbl
tanaaybl JKKA epre jaumarHocTukanayda Tajgan ertuireH.  OHbIH - IICHIiMi
MaMaHAAHJbIPBUIFAH €MEC MEIMUMHANBIK Mekemenepae OKJI WHBa3uMBTI emec
AKCMPECC-3¢PTTEYJICp KYprizyal Taman ereai. HoTwkeciHae OUIIKTI mepcoHat
Oonmaran ke3ae OKI-HbI adyapl KaMTaMachl3 €TETIH apHailbl  MOOWJIBIIK
TIPKEYUIUIEPJIH KON CaHblHA KAKETTUIIK apTaabl. MyHnal >kaOJbIKTHI 931pJey
OMONMOTEH AN AAP/IbI TIPKEY JKYHECIHIH >KOFapbl KEIEPrire To3IMAUIITNH KaMTaMachl3
eTyal Tajan erefl, Oyl KypAaell KYpbUIBIMIBIK-aJTOPATMIIK MIHACT OOJIBII
TaOBLIAIBL.

Byn perre OKJI TipkeiTiH MOOMIBAIK KYPhUIFbLIAp MaiifanaHy KapanaibiMm
JKOHE OHJIpicTe KbhiMOaT eMec Oosybl THic. byl Tamantapra TOJBIK KeJeMe
3aMaHayu JaObUIABIK TPOLECCOPJIAP MEH aHanoro-canablk TypaeHaiprimrep (ACT)
OazacelHAA ONap YIIIH OENTUICHreH apTHIKWbUIBIKTaps!l Oap JCO sxylenepin raHa
KAaHaFaTTaHIBIPYBl MYMKIH. O3 kezerinae, DKC 3usTkeplik Taigayasl nainanaHy
JKYPTI3UIETIH 3epTTEYAEPAl aBTOMATTAHABIPY ACHIEHIH apTThIPyFa KaOlIeTTi.



COHABIKTaH BICKTPOKAPAMOrpaPUANBIK  3€PTTEYJEPAl  aBTOMATTAHBIPY
MOCEJIECIHIH aFbIMIAFbl Kail-KyHl Heri3iHAe Kazipri 3amanfbl JJCO KypangapbiH
KOJIZJAHyFa JKOHE JEPEKTEPAl 3UATKEPIIK Tanaayra OarbirtajgraH OKJ[ eHjaey KoHE
Tanaay SAICTEPIH OJAH 9pi KETUIAIPY >KOJIIAPBIH 131y YJKEH O3CKTUIIKKE We ACT
aiityra 00oJabl.

JuccepTauusiJibIK )KYMBICTBIH MAKCAThI.

JluccepranmsuiblK,  KYMBICTBIH ~ MAKCaThl  CaHIBIK ©HAcY koHe OKJ[
WHTEIUIEKTY Al Talfay PAIUOTEXHUKAIBIK SMICTEPIH KYPY JKOHE OHTAMIaHIBIPY
YKOJIBIMEH ABTOMATTAHABIPBUIFAH  3JEKTPOKAPAMOTPAQUsUIBIK — SKYHEJIECpAIH
(YHKIMOHANABIK >KOHE JUArHOCTHKAJIBIK CHITATTAMAIAPBIHBIH CanacblH apTThIPY
OonbIn TAOBLIABL.

¥YcohiHbIIaThIH 9AicTepaiH MoH1 OKJI-1bl TipKey >KYHECIH OHTaiIaHABIPY1aH
xoHe JKKA-gpl aBTOMarTel TYpAE JETEKTEHAIpY OO#bIHIIA >KaHA TICUIACPAI
a3ipyeyAeH Typybl THic. TenmemeauuMHA >KOHE CaHOBIK JIEHCAyNBIK —CakTay
JKYMENEepIHAE Ka3ipri 3aMaHfbl TapallyblH >KOHE OCIM KEJe XaTKaH KaKETTIIIKTI
€CKEPE  OTBIPBIN,  YCBIHBUIATBIH  wmemimaep — meaunumHanslk, — AKOXK-re
WHTETpalMsIaHyFa >KOHE OJIapAblH  apTHIKINBIIBIKTAPBIH  THIMAI MaijajlaHyFa
KaO1J1e€TT1 OOJTYBI THIC.

KoiibuFaH MakcaTka >KeTy YIIH JUCCEPTAlUSIIBIK KYMBIC IIEHOEPIHAE
KeJIeCl MiHaeTTep MICIIC/II.

1. OK]I aBromarThl Tangay Ke3iHae Oap Macenenepal aHblKTay MAaKcaTbIHAA
aKImapaTThl XKUHAY, OHACY KoHE Tanaay keenaepinae OKI -aumarHocTuka yaepiCiHiH
YKaJIbl KYPBUTBIMBIH 3€PTTEY.

2. Kenpeprutepai TIPKEYMEH KaTap >KYPETIH Keaepruiepai 0acy >KoHe
aKnmaparTbl OHACYAIH KEHIHTT KEe3eHACPIMEH YHIECIMILIITIH KaMTaMachl3 €Ty YIOiH
OKJI TeopusuIbIK K9HE SKCIEPHUMEHTTIK 3epTTeyaep apkpliel CC THIMAL 9AICTEPIH
J31pJIEY JKIHE 137IEY .

3. Op typm OKI'-3eprreynepal Kypridy Ke3iHAE, OHBIH I1MIIHAE
aBTOMATTaHABIPY KYpalJapblH KojiaHa oTeipeil DK/ keaepruiepin uiecne Tipkeyal
Oacy yuriH CC aaicTepiH naiiaanany OOWBIHINA YCBIHBIMIAP 31pey.

4. JKIKTerimTiH 3UATKEPAiK MOACHIH OKbITy ymiH OKJ[ ska30anapblHBIH
penpe3eHTaTUBTI  0a3achlH  KAJBINTA  JKOHE  MMATOJIOTHSANA  KAJBINTACTHIPY.
MeMuMHANBIK 3EPTTEYJIEPAIH EPEKIICTIKTEPIHE COMKEC OKBITY JEPEKKOPIapbIH
KOJIJIAHY SJICTEMECIH aHbBIKTAY.

5. lleunm xabbuaayael konaay yimH JKKXK matonorusuibik skaraadaapbiH
AaBTOMATTHl QJIAbIH-AJIa JAWarHocTukanay yuiH OKJ[ OKIKTeyaiH 3HATKEPIiK
AITOPUTMACPIH d3IPIICY JKIHE THKIPUOEIIK 3EPTTEY.

6. ABTOMaTTaHJBIpbUTFaH ajabiH-aja DK -auarHocTuka KyWeciHae Koaany
YIIIH XYpeK OMONOTCHUMAIIAPbIH ally TPAKTICIHIH anmnapaTThlK KaMTaMachl3 €Ty
KYPBUIBIMBIH OHTAWIaHABIPY.

7. OKI'-nuarHOCTHKaHBIH aJ/IbIH-aJla aBTOMATTAHJBIPBIIFAH AaKIApaTThl-
KOMMYHUKAIMSUIBIK, KYHECIHIH anmapaTThiK-0arapiaMaliblK YITICIH CaHJIbIK OHJECY
skoHe OKJ[ MHTEeKTyallibl TAIIAy 9IICTEPIHIH HETI31HIE CUHTE3IEY .



3eprTey dmicTepi.

JluccepTauusuibIK JKYMbICTa KOMBUIFAH MIHACTTEP/Il WISy YIITH Ja0bIIaapIbl
CaH/bIK OHJCY/IIH PAAUOTEXHUKAIBIK 9JIICTEP], CICKTPAI/IbI JKOHE BEHBJIETTI Tajaay,
OcitHenepal ailbIpy IbIH 3USTKEPITIK AICTEPI, ChI3BIKTHIK aireOpa MEH CTaTUCTUKAITBIK
PAIMOTEXHUKAHBIH MATEMATUKAJIBIK YITLIEY Kypalaapbl KOJAaHBLUIIbL.

OKCIIEPUMEHTTIK 3EPTTEYJIEPAl OPbIHAAY OapBICBIHIA KOMITBIOTEPIIK YATLUIEY
JKOHE MAaTEeMAaTHUKAJIbIK €CENTEYJEPAl aBTOMATTAHIBIPY Kypaingapbl OenceHai
KOJJAHBIIABL. Pagno3aeKTpOHABIK KOMIOHEHTTEPAIH 3aMaHayd 0a3achl HETI31HAC
TIPKEY ammapaTypacbiHbIH OHTAMIAHABIPBUIFAH TOPANTAPBIHBIH CXEMOTEXHHKAJIBIK
HICHIMACPIH 331PJIey >KYPri3uiii.

3eprrey moni OKI'-3eprreynep xyprizy kesinge KKK sxarpaiiel Typansl
IIbIHAWBI AMArHOCTUKAJIBIK aKmapar ainy yAepici 00Jbin TaObuiaibl.

3epTTEy HBICAHBI CaHJBIK OHJACYIIH PAAMOTEXHUKAIBIK 9aicTepl koHe DKJI
VHTEIIEKTY AIABI TAJIAAY Bl OOJIBIN TAOBLIAIBI.

JlvccepTalMsUIIbIK YKYMBICTBIH FBUIBIMH KAHAJBIFBI KEJECI €PEXKENep MEH
HOTWKETIEPTE HET13IETEH.

1. AkmapaTTel ©HACYAIH KEHIHTT KE3CHACPIMEH OJIApAblH YHICCIMILIITIH
KamTtamachiz €Ty yinH OKJl caHablKk Cy3y alrOpuTMJACPIHIH camnachiH Oarajiay
oiCTEMECT MEH aKNAPATTHIK OJIIEMIED YChIHBLIIBL.

2. DOKI'-pepekrepal KEWIHHEH aBTOMATThl Tajljay YINIH Naijaibl Aa0bil
HBICAHBIH €H a3 ©3repTy Al KaMTaMachl3 eTeTiH DK /[-ra keaeprijiep KemeHiH 0acy IbiH
TUIM/II KOIT CaThLIbI AITOPUTMI S31PJICH/II.

3. AnjbiH-ana aBTOMaTTaHIbIPbUTFaH JUarHocThka yinH OKJI-nan MaHbI3abI
aKmapaTThIK Oenruiep/a1 0eyre Kalbl Ko3Kapac KaJbITaCKaH.

4. )KKA anngpiH-ana aBTOMATTaHABIPBUIFAH JUATHOCTHKA YIIIH 3€PTTENIETIH
HBICAHJAP/IbIH MAcIITa0Thl OKBITY Oa3achlH KOJJaHA OTBHIPHIN, MAIIAHAJIBIK OKBITY
anroputMaepl OaszachlHAA JACPEKTEPIAl 3UATKEPNIK Taljay SIICTEPIH KOJIAaHy
YCBIHBIIABI.

5. bunapibIk >kikTerimTiy yarici Typinae SK/ sxa30anapel OoiibIHIIA SPTYPITL
JKEPJE OpHAJIACKAH MHUOKapA WH()APKTICIH anjblH-ajla aBTOMATTaHbIPbUIFaH
JIMarHOCTUKAJIAy 9ICTEMEC] YChIHBUIIBI.

TakipubGesik MAaHBI3ABLIBIFbI.

JKyMBICTBIH TOXKIpUOETIK MaHBI3ABLIBIFE MeAuIHHATIBIK AKOK KypambiHaa
KKK aypyniapblHbIH aBTOMATTAHJBIPBIIFAH 3KCIPECC-AMATHOCTUKACHIH OPBIHAAYFA
MyMKiIHAIK OepeTiH OKJI MOOWIbAIK TalJarbllITAPblH KYPYy YUIIH 3€PTTEYAE KOJI
YKETKIZUITEH HITHKEJIEP/l Naiaaiany MyMKIHIT O0JIbIN TaObLIaabl.

¥Ycoinbran  taiMal - CC omictepiHiH  apkackiHaa — Tipkeyml  OKI'-
annaparypaHblH KYPbUIBIMBIH KEHUTAETY KOHE TUHAMMUKAIBIK AUAMA30HBIH KEHEHTY
MYMKIHAIT naiaa 0omasl.

OKJl Tanmay yuriH o3 O€TiHIIE OKHTBIH 3USTKEPIIK aJrOPUTMACPAI
naiinanany OOMBIHIIA >KYMBICTA YCBIHBUIATBIH TOCUI JKYPri3UIT€H 3€PTTEYJIEPAIH
JQIIIITT MEH HOTHIKENIUTITIH apTThIPyFa JKOHE MEIULMHAIBIK MAMAHAP YIIIH ISIIM
KaObu1Iay bl KOJIIAY *KYWECIH 1CKE achIpyFa MYMKIHIK O€pei.

JIMarHOCTUKAHBIH ~ aKMapaTThl-KOMMYHUKALMSIBIK, JKYHECIH 1CKE achIpy
apKbUIbI TAJIAHATHIH YJTUIEP/IH MaclITadTalaThiH 0a3ackl €CEOTHEH KilaccupuKaTop



YJITICIH OKBITY 9/iCi OKBITY JNEPEKTEPIHIH IICKTEeyal OOyl >KarJaWblHIA KypAell
MIHAETTEPAl WENly YuIiH 0acka canaiapaa TOKIpuOeae KoNIaHbLTybl MYMKIH.

MemuiekeTTik GargapiaamMajapmMen 0aiJIaHbIC.

Kazakcran PecnyGnukaceinbiH TyHFbim [Ipe3unenti H. Hazap6aeBtein 2018
xKblFbl 10 kaHTapaarel «TOpTIHINT OHEPKICINTIK PEBOJIIOLMS  SKAFAAMBIHAAFbI
JaMyJIbIH JKaHA MYMKIHIIKTEP1» aTThl Kazakcran xaiikeiHa XKongaysiHaa aypyaapasl
JMArHOCTHKAJIay MEH €MJECYJIH THIMAUIITIH apTThIPAThIH TEHETUKAIBIK Tajjaay,
YKaCaHIbl MHTEJUIEKT TEXHOJIOTHSTIAPBIH MEAVIIMHAFA €HI13YTe KIPICY Tajlan €TUIETIHI
aran KepceTuireH. byn opaiiia ocbl aUCCEPTANMSUIBIK KYMBIC MEIUIIMHAIIBIK
TEXHUKAHbl JAMBITYBIH Ka3ipri 3aMaHfbl OarbIThIHA KOWBUIATBIH TY>KBIPBIMIAIFaH
TaJaNTapFa TOJBIK COUKEC KENE .

Ochl auccepTalUsIIbIK KYMBICTBIH 3¢pTTey HoTHXKENnepi 2016-2020 xpinagapra
apHanran «/leHcaynblk»y Kazakcran PecnyOnukaceiHbIH JleHCAyIBIK CakTay *KYHECiH
JaMBITY IbIH MEMJICKETTIK OargapinamacheiHaa alThUFaH aKMaparThIK-
KOMMYHHKALUSUIBIK TEXHOJOTUSIAPAbl JAMBITY MIHACTTEPIH MICIIYre OaFbITTAIFaH.
Atan aiitkanna, Oy OafFgapnama MOOWMIBAI MEIMUMHAIBIK KYPBUIFBLIAPIBIH
KOMETIMEH HayKacTap/JblH JECHCAYJIBIK YKarTal bIHBIH KALIBIKTaH
ABTOMATTAHABIPBUIFAH MOHMTOPHHII, YATTHIK TEIEMEAMLAHAIBIK SKEIIHI KEHEHTY,
HayKacTapael JaepOec CTAaMOHAPJBIK KOMMBIOTEPAEP MEH CMapTPOHIAPIbI
naiizanaHa OThIpbIN Oakpliay CUAKTBL MHHOBALMUIBIK ATT eHri3yal Kojajaybl
KO3IeH L.

Conpaii-ak KP Tynareimn [Tpesuaenti H. HazapOaerthiH «Kazakctan — 2050
«CTpareruschl. KalbINTaCKaH MEMJIEKETTIH >KaHa cascu OarbiThly JKompaybiHaa ¥t
JIEHCAYJIBIFBI - O1371H TaOBICTHI OOJalIaFbIMBI3JbIH HETr131 ACH aTran KOePCETUIEH.
Heri3ri 6acbIMabIKTapAbIH O1pl «CMApPT-MEANIMHA), KAIIBIKTBIKTAH AJIJIbIH ally YKOHE
EMJCY, 9CIpECE YJKEH AayMaKThl €CKEPE OTBIPBIN, «3JIEKTPOHIBIK MEIULUHAY
KBI3METTEPIH €HI13y OO0JIbIN TaOBLIAdBI.

JKymbicTa YCHIHBUIATBIH AMATHOCTUKAIBIK aKNapaTThl TALAAY AbIH 3USTKEPIIIK
omicrepl KP snekTpoHABIK AeHCAyBIK cakTayAabl JaMmbITyabH 2013-2020 sxeuinapra
apHAJIFaH TYKbIPHIMAAMACBIMEH KEIICUIEA1, OJ >KOFaphl Camajbl CTaTUCTUKAJIBIK,
TalJaManblK KOHE KAPKBUIBIK JEPEKTEPAIH KOHMAChIH KAMTUTBIH — YIITTBIK
JEHCAYJIBIK CAKTay NCNO3UTApUIH YIHBIMAACTHIPY ABI KO3ACH 1.

Koprayra mibIFapbLIaThIH AUCCEPTALMSIHBIH epexKesiepi.

1. OKI'-akmapartel  aBTOMATTBl ~ OHJACYAIH  KEHWIHI  KE3CHICPIMEH
YIJIECIMIUTIKTI KAMTAMACHI3 €TETIH Oereyulaepal Uiecne TIpKey KelIeHiH 0acy YIIiH
OKC TuiMal caHabIK Cy3y YAEPICl.

2. AngeiH-ana  aBromarTaHiablppuirad  OKI'-mmarnoctuka — OapbIChIHAA
aKmapaTThIK OeNruIepaiH cenekuuschl yiniH K1 caHabIK OHIEY 91CTEMECI.

3. OKJI xazOanapbl OoOHBbIHIIA OPTYPJl >KEpAE OpHAJACKAaH MHOKap.
WH(pAPKTICIH OMHAPIIBIK JKIKTEY SMICI.

4. AIbIHFaH HOTWXEIICPAIH HMHTEPOPETALUSIAHYbIH KaMTaMachl3 €Tyre
MYMKIHAIK OEpETIH 3€pTTENETIH HbICaHAap OENrUIepiHIH MacluTa0TaiFaH OKBITY
0azacelH KosigaHa OThIpskir, DK/[-abIH 3USATKEPIIK TajlJayblHa Ko3Kapac.

5. AnpeiH-ana aBTtoMarTaHiabippuraH OKI'-IMarHOCTUKAHBIH aKmaparThbl-
KOMMYHHKALMIIBIK KYHECIHIH anmnapaTThIK-OaraapiaMabIK YIIric.



ZKyMBICTBIH anipo0anusiChL

JluccepTalMsuIbIK ~ 3€PTTEYNIH  HETI3T  HOTWXKENEpl  OasHAANABl  KOHE
TAJKBIIAHABL. XaJbIKapaiblK FeUTbIME KOH(pepeHuus «International Conference on
Applied Mathematics, Modeling and Simulation» (AMMS, Keitail, 2017);
Xansikapanslk, FeutbiMi KoH(pepenums «IEEE International Conference on Power,
Control, Signals and Instrumentation Engineeringy (ICPCSI-2017); XIV
XanblKapaJIbIK, FBUIBIMU-TOKIPUOETIK KOH(pEpeHIHs «bUIBIM KOHE OLTIM MIEKCI3 —
2018» (ITompma), XLIII XanmelkapanblK FbUIBIMU-TKIPHOCTIK KOH(MEpEHIHs
«Kazipri feulbIMAaFrel WHHOBALWMSBIK Taciaep» (Peceit, 2019); «Jastar iyly»
(Kazakcran) apHanran «XKactap sxoHe frbutbiM 2019» artel [V Xanbikapanblk
CTYIACHTTIK  FBUIBIMU-TOKIPUOEITIK  KOHPEPEHUHACH, XalbIKAPAIBIK  FHLIBIMH-
TOXKIpuOeniKk KoH(epeHust «3amMaHayd FBUIBIMH 3€pTTeyiep macenenepi» (Pecei,
2019)

Kapusiansimaap.

JlrccepTauMsuIbIK 3€pTTEYAIH HETI3T HATHXKENEP] 16 FBUIBIMU KYMBICTap/a,
OHBIH 1IIHAE YIKUIETTI OpraH OCKITETIH FhUIBIMM KbI3SMETTIH HETI3r1 HOTHKEIIEPIH
JKapusuiay YIIIH YChIHBUIATBIH FHUIBIMA OaChLIBIMIAP/IbIH TI30€CIHE KIPETIH FhITBIMU
KypHanaapabeiH 4 makanaceinaa, Clarivate Analytics skoHe SCopus KOMIAHUSICHIHBIH
Journal Citation Reports aepekrepi OoWbIHIIA HOJIIK €MeCc MMNakT-(pakTopbl Oap
XQJIBIKAPAIBIK FBUIBIMU SKyPHAIAAPABIH 3 MaKAIAChIHIA, XalbIKAPAIBIK FbUIBIMH
KOH(pepeHIMsIapAblH, €HOEKTEPIHJAE KOPCETUINEH 6 >KYMBICBIH/A, OHBIH IMIHIAE 5
meTenaik  (Scopus  gepekrtep KopbiHAa 1 HMHAEKCTENreH),  XaJlblKapasibiK
PELICH3MSUTAHATHIH FBUIBIMU 5Ky PHATIAPABIH 2 MAKaJIaChIH/1a, COHAM-aK MaTEHTTE.

ABTOPABIH KeKe KOCKAH YJeci

JluccepranMsuiblK, ~ 3€pTTEYl  OTKI3y  OapbIChIHIA  ajblHFaH  HETI3T1
SKCIECPUMEHTAABl JKOHE TEOPHUSUIBIK HOTIDKENEP aBTOPIABIH ©3IMEH  aJIbIHIBI.
Bipnecken aBTopnap Y>KbIMbI KYpaMmbIHIAFbl >KapUsIaHFAH FHIJIBIMEA SKYMBICTapIa
I3IEHYIIITE KOJI KETKIZUITEH HOTHXKENECPl aly, KOPBITY JKOHE TalAay Ke31HAE HEr13r1
YJieC THECLIIL.

JucceprauusiHbIH KYPbLIbIMBL

ATanFaH JUCCEPTAlUSIIBIK KYMBICHI OCNTIEp MEH KbhICKApTyJiap TI3IMIHEH,
Kipicne O6JIIKTEH, HEri3ri OeJlIKTeH, TepT OesliMIl KOCATbiH KOPBITBIHIBIIAAH,
naiilanaHblIFal OfCOMETTEP TIZIMIHEH >KOHE YII KOCBIMINAAAH Typaasl. Kymbic
KOMIBIOTEPIIIK MOTiHHIH 136 Oerrepinae kaspuiraH, 54 cyper, 8 kecte koHe 128
OoubmmorpadusITbIK KaifHap Ko3/1epl aTtayJiapblHaH TYPAJbl.

JKyMmbICThIH ~ OipiHmni  OeJqiMiHae 3JICKTpOKapauorpapusybK — aKmapaTka
aBTOMATTHl TajjayAbl OTKI3y Ke3iHae Ja0buiiapibl OHICY MICENeNepl MEH
EPEKIIETIKTEPT 3epTTeneal. Tipkey >KOHE aBTOMATThl Taljay OMICTEPIH 3J3ipiey
ke3inae OKJl sxkaHa oH HoTwkenepre JCO yimiH >KOFapel ©HIMJAI aNMapaTThIK
KaMTaMachl3 €Tyl MaijanaHy Ke3iHae, conpaii-ak OKI'-akmaparTtel eHACY YIUIH
HUKC uHTErpauusiablK MYMKIHIIKTEPIH JWArHOCTUKANIAY YACPICIHAE E€HII3y KE31HE
KOJ SKETKI3Iyl MYMKIH €KE€H1 aHBIKTaIAbl. Op TYPJl SIEKTPOKAPANOIOTHSIIBIK
MIHJETTEPAl HICNy KE3IHAEC KEACPruiepal TIPKEYMEH Karap >KYPETIH Tipkeyl Oacy
YILIIH CY3TIEYIIH OHTAMIIBI 9ICTEPIH aHBIKTAy KAKETTUIIr KepceTuireH. CoHaaii-ak
MAIIMHAJIBIK OKBITY aJITOpUTMACP! Oa3achiHaa qa0bU1IapAbl MHTEIUICKTY JIbl TAJIIAY



xodpiMeH OKI' KIKTEYIIH aHaFypibIM SKETUIAIPUITEH TOCULAEPIH  13AECTIPY
KKETTUTITT aHBIKTAJIbI.

Exinmi 6eqimae ke3 kenren DOKI'-3eprreynepai kyprizy ke3inae OK/I-ra
KEJIEPriHIH canaybl CY3UTyl YJIKEH TUArHOCTHKAJIBIK MOHIE M€ EKCHIIT aHBIKTAJIIbI.
Anaiifa, TOMEH XUUTIKTI O6reyuUIaep/l KO OHBIH JKAUTIK ayKbIMbIHA OaiJIaHbICTHI
eJIeyJIl KMBIHABIKTAPMEH YIITAcabl. BYT1HT1 TaHJa YCBIHBUIATBIH OHBI KO dAICTEP]
AJIIHATBIH HOTKETIEPIH canachkl OOWbIHIIA KyienenOereH. OcbiraH OaiaHBICTHI
OVPBIHFBI KEACPruiepai OacyiblH KOJITAHBICTAFbl 9AICTEPIHE, COHJAN-aK >KYMBICTA
YCBHIHBIJIFAH JKaHA JKOHE OHTANIAHIBIPBUIFAH QITOPUTMICPIEe TEOPHUSJIBIK >KOHE
TOXKIPUOEIIK 3epTTeyaep Kyprizuial. On yuriH aknapaTThlK eJIIeMACp aHbIKTaJIIbI
JKOHE aKMapaTThl OHACYIIH KEWIHI KE3CHACPIMEH OJIapblH  YHJICCIMIIITIH
KamTtamachiz €Ty yimH OKJI caHablKk Cy3y alrOpuTMJACPIHIH camnachiH Oarajiay
omicreMect  YCHIHBUTABL JKypri3iireH 3eprreyiaep Herizinae op typm  OKI'-
3epTTEYNIEePAl KYprizy ke3inae DK/ keaepriiepain uiecne TIpKey1H 0acy YIIiH, OHbIH
IOIHAEC 3UATKEPIIK TajJay/blH NPEOPOLUECCUHIT KE3CHIHJAE aBTOMATTaHIbIPY
KypangapelH Kosjgany apkpiibl CC omicTepiH madganaHy OOMBIHIIA YCHIHBIMIAP
KAJIbIITACTHIPBIIABI.

Yminmi OesimMae mMamuHaIbIK OKbITY omictepimed (MO) OKI-nepexrepai
BUATKEPIIK TanfaydblH TUIMIAUNINT MeH Oonamarbl KepcerimreH. Om ymin MO
AITOPUTMACPIHIH OPTYPJAl THITEPIHE 3EPTTEY KYPri3iial. ABTOMATTAHIBIPBIIFAH
aJIIbIH-a7la AUArHOCTUKA YINIH OJapAblH HETI3IHAC AJIBIHFAH JKIKTEY HOTHIKEIECPIH
TYCIHAIPYl OpbIHAAyFa MYMKIHIIK OepeTiH MO anropuTMaepiH naiganany Kaxer
exeHairi  anblkraaasl.  ConbiMeH — Karap,  OKI'-mepekrepai  aBTOMATTHI
WHTEIUIEKTYAABl Taljay YUIH naigansl Aa0bil GOPMACBIHBIH €H a3 ©3repyiH
KamTamacel3 eretin OKJ[ kegepruiep KewmeHiH OaCyablH THIMII KOICATHLIbI
anroputMi 3ipaeHai. MO anroputmaepi OazacbiHaa DK/l KIKTEyIlIIHIH YATICIH
KYPY YZHACPICIHAC KaJIbINTAaCKaH TajanTapiAblH apKACBIHAA KIKTEYIIH OHTAMIIbI
ITOPUTMIH 131€y OpbIHAANAbL. bynaH 0acka, 'KIKT€y HBICAHJAPBIHBIH aKMapaTThIK
OCNTIEPIH 1PIKTEY CXEMAChl YChIHBUIAAbI. BENrijIeHreH HOTHMXKENEP/IH apKachiHa
aJJIbIH-aJ1a IMarHOCTHKA KYPri3y YUIIH HBICAHJAP/AbIH aKNaparThiK OCNTICPIHIH a3
CaHbl MEH >KIKTENyiHIH >KOfapbl AanairiMeH Oip Gemikre MM nperektey OolibIHINIA
mennM Tadbuiael. Tek KaHa [/-unl cTaHAapTThl Oypyabl NaiiganaHyjaaH Oacka,
JKYMBICTa YCBIHBUIFAH JACTEKTOPIAY SIICIHIH E€PEKIIe €PEeKUIeNirl On YAricl yuIiH
ITOPUTM KYMBICBIH TYPAKThl OHTAMIAHABIPY YIIIH MacIITa0TaJaThiH Oenrijiep
0a3zacel £ = 9 kepuiiepl 6ap ANN KIKTEYIIITH KOJIIaHy OOJIbIN TaObLUTa bl

Teprinmi oeaiMmae MO aaropuTMAEpiH xKoHE MacITaOThI ACPEKTEP Oa3achbiH
naiizanaHa OTeIpeIN, YebiHbUFaH OKI'-mepekTepal 3UATKEPIIK Talgay KaruIaiapbl
HETI31HAEC ABTOMATTAaHIBIPbIIFAH aiibiH-aia OKI['-mmarHocTuka yuiiH akmaparThbl-
KOMMYHHKAIMSIIBIK KYWEHI KYPYAbIH TYKbIPBIMAAMANIBIK, YJTiCI  d3ipieHal. byn
JKYWEHIH YCBIHBIIFAH annaparTeiK-Oaraapnamansik yirici KKK kayinTi aypynapbiH
aJIJIbIH-a1a JUArHOCTUKAIAY, MEAULIMHAIBIK MAMaHAAPAbIH TAArHOCTUKAIIBIK HIEIIIM
KaOblIJayblHA KOMEK KOPCETY, COHAN-aK KKET OONFaH KaFaaiaa TeIeMeTPHsIIBIK
Kapauorpadus ceaHCTapblH KaMTaMachl3 €Ty VIIH Ka3ipri 3aMaHfbl aKMapaTThIK
JKOHE TEJIICKOMMYHHUKAIMSJIBIK TEXHOJOTUSIIAp/bl Maiaananyasl OUTaipeal. Op Typii
OKI'-3eprreynepae naigalaHbulaThiH OYPBUIBICTAPABIH TYPl MEH CaHbBIH TaHJay/aa



YKUHAKBUTBIKIIEH YKoHE aMOeOanThIKNeH epekuiencHeTiH DK/ Tipkey KypbUFblIapbiH
JKAHFBIPTYABIH THIMA1 HYCKAChl YCBHIHBUIFAH. AHAJIOTTHIK-CAHABIK TYPJICHIIPY Al
OpPBIHIAY YIIIH Ka3ipri 3aMaHfbl PAJAMONICKTPOHIBIK KOMIOHCHTTEPAI NaiaanaHy
OK/JI anneiH-ana cy3y yAepiciHiH canackiH OHbl [ICO KypangapbIMEH *Yy3€re achblpy
KOJIBIMEH OHTAMJTaHIBIPYFa KOHE apTThIPYFa MYMKIHJIIK O€pe/l.

AnbiHFaH  HoTWXKenepAiH kubHTBHIFBL  OKI-Hel  JICO  KypannmapeiMeH
aBTOMATTHI OHJCY Il OPBIH/AY CAMAChIH apPTTHIPY TypPajibl OEKITyre MyMKIHIIK Oepei.
O3 ke3erinae, OKJ[-HbIH 3HATKEPIAIK TajlJaybl aBTOMATTAHABIPBUIFAH aJAblH-aJla
OKI'-1MarHoCTUKaHbIH aKNapaTThl-KOMMYHHUKALMSUIBIK SKyHecl KypambiHaa KKK
JKIKTEY MIHJETIH IIENTy KE31HAC TUIM/I].
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AKTYaJbHOCTb PaGoThL

B Hacrosmee BpeMs OJHON W3 TJIABHBIX TEHACHUMH Pa3BUTHS HAyKW H
TEXHHUKH SIBJISIETCS MHTEHCUBHOE BHEAPEHUE U UCIOJBb30BAHUE PAJAMOICKTPOHHBIX
WHPOKOMMYHUKALIMOHHBIX ~ TEXHOJOTMH  BO  BCeX  cepax  4eIOBEYECKOM
JESATEILHOCTHA. B 4acTHOCTH, MPUMEHEHHE PAAUOTEXHUYECKUX, HH(POPMALIMOHHBIX U
TEJICKOMMYHUKAIIMOHHBIX CPEACTB cOOpa, 0Opa0OTKM M aHaiM3a CHUTHAJIOB
HANpSIMYy CIOCOOCTBYET MOBBIIIEHUID KAueCTBA >KW3HUM HACENEHMs, OJyiaromaps
COBEPIICHCTBOBAHUIO HA X OCHOBE TEXHOJIOTHI METULIMHCKOTO MPUOOPOCTPOEHUSI.

Pa3zBuTui0 MEAMIMHCKOW TEXHUKH CIOCOOCTBYET TOSIBICHHUE HOBBIX
PAIMO3NEKTPOHHBIX KOMIOHEHTOB, 3P(PEKTUBHBIX METOI0B LUPPOBOM 00pabOTKH U
aHaJln3a CHUTHAIOB, & TaK)KE COBPEMEHHBIX TEJICKOMMYHHMKAMOHHBIX CHCTEM W
CPEICTB BBIYACIUTEIbHON TEXHUKH, HEOOXOUMBIX B TEJIEMEIULMHE U HICKTPOHHOM
3IPAaBOOXPAHEHUM. 34 CYET paclMpeHHst cepbl MPUMEHEHHS WHPOPMALMOHHO-
TEJICKOMMYHUKAUMOHHBIX ~ TexHojoruit  (UTT)  cHmkaercs  CTOMMOCTH M
3(PPEKTUBHOCTD CYHIECTBYIOMUX METOJAOB MEIUIMHCKOTO OOCTY>KUBAHUSI TPH
OJTHOBPEMEHHOM PAaCUIMPEHUM WX JOCTYMHOCTH ISl HaceleHus. B CBOKO ouepear B
MEUIMHCKONW TMPAKTUKE MOSBISIOTCS HOBBIE METOJABl JAMATHOCTUKH M JICYCHHS,
TpeOyIoIMe CIENUATLHON anmapaTHOi NOIIEPKKH.

Cpenn BaKHEMIIMX 3aJa4 COBPEMEHHOIO MEAMLIIMHCKOrO MPHOOPOCTPOCHHS
OCTacTCsl HEOOXOAMMOCTh TOBBIIMICHHS YPOBHS aBTOMATH3ALMKA MEIUIIMHCKHUX
WCCIICIOBAHUI NIPH aHaJIn3e OMOAIEKTPUUYECKUX CUTHAJIOB TENa 4esoBeka. JlaHHbIe
CUTHAJIBl HECYT BOXHYIO MH(POPMALHIO O (PU3HOTOTMUYECKOM COCTOSIHUM OpPraHHU3Ma,
BO3MOXKHBIX NATOJOTUYECKMX W3MCHCHUSX B OpraHaX W TKAHIX, [OMOTarT
jedanieMy Bpady [OCTABUTh NPABWIBHBIA JuarHo3 W BbIOpaTh 3(PQeKkTUBHOE
neueHue. [Ipy 3TOM OT TEXHUUYECKUX CPEICTB aHATM3a OMOICKTPUYECKIX CHTHAIOB
TpeOyercss  oOecneyeHne TOMACPKKM — MPUHATHAS — PCIICHUH  MEAMIMHCKUMHU
CHELMATTUCTAMU 1Sl CHHYKEHUSI BDEMEHH HA TPOBEACHUE HCCIIEN0BAHUI, MOBBIIICHUS
KAQ4eCTBA U MOJIHOTHI PE3YJIbTATOB AHAIN3A.

B Takoii curyanumn 3HauMTENbHBIN 3(PQEKT JocTUTAcTCS OT aBTOMATH3ALUH
UCCIIEIOBaHM cepaecuHo-cocyaucToil cucteMbl (CCC) wyenmoBeka MOCPEACTBOM
aHanu3a saekTpokapavocurHanoB (OKC), Tak kak mpoOiemMa CBOCBPEMEHHOIO
JIMarHOCTUPOBAHUS U JICYEHUST CEPACUHO-COCYAUCThIX 3a0omeBanuii (CC3) spnsercs
YPE3BBIYAIHO aKTyaTbHOM ISl COBPEMEHHOTO OOIIECTRA.

[To maHHbIM MMUHHCTEPCTBA 3APABOOXPAHCHUS W COLIMAIIBHOTO PA3BUTHS
PecnyOnukn Kazaxcran 3a0oiieBaHHMs CHCTEMBI KPOBOOOpAIEHUS B CTPYKTYPE
o0LIel CMEPTHOCTH HACEICHHMs SIBJSIFOTCS BeAyIeH mpuunHoi (22,3%). Tak e no



NaHHeIM BceemupHOil opranusaumu 3apaBooxpaHeHus CC3 sABISAIOTCS OCHOBHOM
IIPUYMHOW CMEPTH BO BCEM MHUpPE. HHU MO KAKOW IPYyroil IMPUUYMHE E€KETONHO HE
YMUPAET CTONBKO JIFOACH, CKOIbkO 0T CC3.

Ha naHHbIii MOMEHT OCHOBHBIM MHCTPYMEHTOM BbIsBIEHUS narosioruii CCC
ocTaeTcsl dJCKTpoKapauorpadus — 3anuch HAOMIOJACMBIX HA IMOBEPXHOCTH Tela
OPOEKUMKA OOBEMHBIX BICKTPHYECKHX MPOLECCOB  (BIEKTPOKAPAMOCHTHAIIOB),
npoTekarmmx B cepaue. Meron peructpaumu snekrpokapaumorpamm  (OKI)
MAaKCHMaJIbHO anpoOMpOBaH B KIMHMYECKUMX YCIOBHAX, OOJIAJAeT HamOOJbLICH
WH(OPMATUBHOCTBIO, a TAKXKE SBJISETCS JOCTYIHBIM JJIsl PeAJIM3alli U HEJOPOTUM B
ucnoab3oBanuu. Takum o6pazom, OKI' mpenocraBisger MakcuMyM WH(OPMALUA O
coctostHuu CCC mpu MUHAMAJIBHOM BO3/ICHCTBUY HA OPTAHU3M IMAIlUEHTA.

[To >TiM MpUYMHAM NOUCKY PELIEHUI B 00IaCTH aBTOMATHYECKOM 00paboTKH
u a"anmm3a OKC ypensiercs OONbIIOC BHUMAHUE YK€ HA MPOTSHKEHUM HECKOJIBKHX
JOECATKOB JieT. XOTd B JAaHHOM HAMPABICHUH JOCTUTHYTHI 3HAYMTEIbHBIC
pPE3yAbTaThl, HA CETOJHSIIHMIA JCHb BCE €HIE MOXKHO BBISSBUTH HEIOCTATOYHYIO
O00OCHOBAaHHOCTb  OTACHBHBIX 3TanoB npoBeacHus OKI-uccienoBanmii. Tak
(PaKTUYECKN OTCYTCTBYKOT METOJABI ABTOMATU3WPOBAHHON SKCIPECC-AMATHOCTUKH,
€CThb OTKPBITBIE BONPOCH B 00OyacTu odecreueHus nmomexo3ammimeHHoctn OKI -
cucteM M JAp. Bo MHOrom 3T0 CBsi3aHHO ¢ OmosnekTpuueckoi mpupoaoi OKC,
OTNPEACTISAIOWEN €ro HEAETEPMUHUPOBAHHOCTD, HECTALIMOHAPHOCTh, U3MEHUYMBOCTh U
NOJIBEP>KCHHOCTh BJIIMSIHUEO MHOTOYMCIIEHHBIX nomeX. CpoiictBa DKC mopoxaaror
TPYAHOCTH NIPH (popMalIM3alvy 33424 U BBICOKYIO HEOTIPEACTEHHOCTh UX YCIOBUA. B
CBS3M C OTHUM pelleHue mnpoOneMbl aBromaruyeckoro anammza OKC  He
NOIpa3yMeBaET OJHO3HAYHOTO U YHUBEPCAIIBHOTO TIOIX0/1A.

C npyroéi CTOPOHBI, TOJBKO B MOCICAHUE TOABI CTAIA JOCTYIHBI HOBBIE
METOJIbl AHAJIM3a CUTHAJIOB Onarojaps MOBBILICHWIO BBIYUCIUTEIBHOW MOIIHOCTH
anmapaTtHeIX CPEACTB, a TAaKXKE COBEPUICHCTBOBAHWIO TEXHOJIOTHHA NEpeaayH,
XpaHeHust 1 00paboTku HHPOpMaMK B MH(POKOMMYHUKALMOHHBIX cucTemax (MKC).
COBpEMEHHBII YPOBEHb PAIMO3IEKTPOHUKH MO3BOJIECT Peann3oBaTh d(PPEeKTUBHBIC
cnocoObl  1ugpoBoii  o0pabotkm curHanioB (LIOC), 00 HemaBHEro BPEMEHHU
CYLIECTBOBABIIAX B TEOPUHM O€3 IMMPOKOTO MPAKTHYECKOTO MCnonb3oBaHus. [lpu
ATOM MOSBIISIETCS BO3MOKHOCTH MCCIIEIOBAHWS MHOTOYPOBHEBOH CTPYKTyphl OKC
NOCPEACTBOM  CO3/IaHMsI MHOTOCTYNEHYAThIX OPOUEAYpP OOpabOTKM  JTaHHBIX.
Hudopmanus, monydyeHHas HA HAYAIBHBIX 3Tanax HU(POBOT0 aHAIKM3a CUTHAJIOB,
MOKET OBITH MCHOJB30BaHA AJISl MOCIEAYIOIMUX MPOLEAYP, TEM CaMbIM OPTraHU3Ys
UTEPATUBHBIN aITOPUTM YTOUHEHHSI PE3YJIBTATOB.

Torga Kk OCHOBHBIM NMpEUMYIECTBaM U (PPOBBIX cucTeM mpu 00padboTke IKC
MO>KHO OTHECTH CJIEAYIOLIE (PAKTOPBIL.

1. Hudposas ¢punbrpauus (I{P) cnocoOHa o0ecneynTh BHICOKYIO TOYHOCTh
00Opa0OTKM CUTHAJOB TNPU MAKCHMAIBHOW CTAaOWJIBHOCTH XapaKTEPUCTUK B
YACTOTHOH M BPEMEHHOW  00nacTax, HMCKIOYas  BJIMSHHEC  BHEIIHUX
JECTaOMITM3UPYIOIUX (PaKTOPOB.

2. XapakTtepHas rMOKOCTb M ONEPATUBHOCTh B KOPPEKTUPOBKE MapaMeTpOB
U (PPOBBIX METOJIOB 00ECTIEYMBAECT UX BBHICOKYIO (PYHKIIMOHAIBHOCTH MPpU 00padoTKe



CUTHAJIOB. OTO OCOOEHHO Ba)XXHO B YCIOBUAX OOJBIIOrO  pa3sHOOOpasus
OPUMEHSIEMBIX METOJIOB U3BJICYCHUS AMArHOCTUYECKON MH(POPMALIUH.

3. BO3MOXHOCTB CO3JaHHMsI MHOTOYPOBHEBBIX CHUCTEM  00pabOTKH
WH(pOPMALMU C UTEPATUBHBIMU AJITOPUTMaMH 0OPaOOTKH PE3YJIbTATOB.

4. Peanuzaimuss UMQPPOBBIX METOAOB OOpaObOTKM CUTHAJIOB HamOoJee
yYHHUBEpCAJIbHA MpPU Pa3BEPThIBAHMM HA Pa3IMUYHBIX aNMapaTHbIX [IaTPopMax,
MOOWJIBHBIX MJIM CTAllMOHAPHBIX PETUCTPATOPAX, JIOKATBHBIX WM PACHpPECTICHHbIX
UHPOPMALIMOHHO-U3MEPUTEIBHBIX cHcTeMaxX. MoJepHU3aluss U TUPAKUPOBAHUE
TAKUX METOJOB SKOHOMHUYECKH 0O0JIEE BBITOHO.

B CBOKO ouepeb ro0anbHOe pa3BUTHE UH(POPMALIMOHHO-
TEIEKOMMYHUKAIMOHHBIX CETeH OTKPHIBAET HOBBIE BO3MOKHOCTU MO CO3JAHHIO
WH(OPMALMOHHO-U3MEPUTENBHBIX CUCTEM AMCTAHIMOHHOTO uccaeaoBanus OKC.
CouuanbHblii 3aKa3 Ha TAaKUE CUCTEMbl OYEHb BBICOK, TaK KaK OHM TO3BOJIAT
00ecreunTh MOBCEMECTHBI JOCTYN K KBATU(PUIUPOBAHHOMY MEIUIMHCKOMY
00CITy>KMBaHUIO, OPraHN30BaTh aMOyJIaTOPHbI MOHUTOPHHT B YCIIOBUSAX CBOOOTHOM
AKTUBHOCTH, yMPOCTUTh TMPOBEACHHE PaHHEH JMArHOCTUKH, PeaIn30BaTh
JUCTAHIIMOHHOE HaOMoJeHUEe OOJBHBIX W A(PPEKTUBHOEC MCHOJB30BAHUE U
yIpaBJ€HUE HAKOMIJIEHHONW MHpOpMaLUEi.

AKKYMYJUPOBAHUE AUArHOCTUUYECKH 3HAYMMBIX JAHHBIX C OOJBIIOrO 4HCia
pacnpeaeneHHbIX PETUCTPUPYIOIIUX YCTPOMCTB MO3BOJIAT CO3/1aTh
peNpe3eHTaTUBHYIO 0a3zy 3HaHuWi 00 wuccneayemblx 3a0olsieBaHusx. [lpu 3TOM
MOSIBJIIETCSI  BO3MOXKHOCTh ~ MCMOJIb30BAHUSL METOAOB MAIIMHHOTO  OOyuYeHMS,
CMOCOOHBIX JJaTh HOBBIE MHCTPYMEHTHI JUIsl PELICHUs! MJI0X0 (PopMaIM3yeMbIX 3a1a4
ABTOMATU3UPOBAHHON MEIMIMHCKONH JUArHOCTUKU. WHTEIEKTyabHbBIE METObI
aHaJIM3a HA OCHOBE CaMOO0YUarOIMXCs AITOPUTMOB MO3BOJISIFOT BBISBIISATE CKPBITHIE
3aKOHOMEPHOCTH B  MHOTOMEPHOM  MPOCTPAHCTBE MPHU3HAKOB HMCCIENYEMBIX
O00BEKTOB, 32 c4eT 00paboTKM OONbIIMX OOBEMOB MOJYYCHHBIX JaHHBIX. B 3TOM
ciyqae u3 OKC moker ObITh M3BieUeHa MHGPOpPMALUs, KOTOPYK) B HPHHLIMAIE
HEBO3MOXKHO MOJIyUYUTh TpU pyuHoii pacumdporke OKI.

Pammorexanueckre metonpl [{OC M MHTEIUIEKTYATbHOTO aHAIM3a JaHHBIX
BOCTpeOOBaHbl B 3amadye panHeld mmarHoctukn CC3. Ee pemenue Tpelyer
MTPOBENCHUS HEWHBA3UBHBIX 3KCIPECC-UCCTIENOBAHNM OKC B
HECMEUMAIM3UPOBAHHBIX MEUIIMHCKUX YUPESXKICHUSX. B pe3ynbrare Bo3pacTtaet
noTpeOHOCT, B OOJIBIIOM YMCIIE CHEHMAJIbHBIX MOOUJIBHBIX PETUCTPATOPOB,
obecneunBaromix cbeM OKI' B OTCYTCTBMHM KBATM(PUIMPOBAHHOIO MEPCOHAIA.
Pazpabotka  Takoro  oOopymoBaHus  TpeOyeT  0OeCleueHuss  BBICOKOMA
NOMEXOYCTOMUMBOCTH CUCTEMbI PErHCTpallii OMOMOTEHIMAIOB, 4YTO SIBJISAETCS
CJI0KHOM CTPYKTYPHO-AITOPATMUAYECKON 3a0aUEN.

[Tpu sTOM Takue MoOMsbHBIE ycTpoiicTBa peructpanuu SKC noKHBI ObITh
OPOCTHI B 3KCIUTyaTallMd U HEAOPOTMMHU B MPOU3BOACTBE. OYEBUHO, YTO JAHHBIM
TpeOOBaHUSIM B MOJIHOM 00BEME MOTYT YJIOBJIECTBOPATH TOJIBKO cucteMbl L[OC ¢
00O3HAYEHHBIMH JUIi HUX MPEUMYIIECTBAMM, Ha 0a3e COBPEMEHHBIX CUTHAIBbHBIX
MPOLECCOPOB U aHaoro-uudpoBeix npeodpazosatencii (ALIl). B cBoro ouepens,
UCMOJb30BaHUE WHTEIUICKTYabHOro anann3a OKC crmocoOHO MOBBICHTH YPOBEHB
aBTOMATHU3AlMK TPOBOIUMBIX UCCIIEIOBAHUIA.



Takum 00pa3oM, HA OCHOBAaHMM TEKYyLIETO COCTOSIHUS IPOOJIEMBI
ABTOMATU3ALMKA BJICKTPOKAPANOTPAPUUECKAX HMCCICAOBAHUNA, MOKHO YTBEPKIATh,
YTO MOWCK MYTEeH MO AaIbHEHIIEMY COBEPLICHCTBOBAHWIO METONOB OOpaOOTKH U
ananmmn3a OKC, OpMEHTUPOBAHHBIX HA NMPUMEHEHHE COBPeMEHHBIX cpeacts LIOC u
WHTEIJIEKTY ATbHOTO aHAIN3a JAHHBIX UMEET OOJIBINYIO aKTYalbHOCTb.

Heas AuccepraumoHHOi padoThI.

Llenpto  aMccepTallMOHHOM  pabOTHI  SBISETCS  MOBBIIMICHHE  KA4eCTBa
(YHKIMOHAIBHBIX M JUArHOCTHYECKHMX XAPAKTEPUCTHK ABTOMATH3MPOBAHHBIX
ANEKTPOKAPAMOTPpaQUUYECKMX  CHCTEM  NYTEM  CO3JaHUS W ONTHMHU3ALNA
PAMOTEXHUYECKUX METOAOB UPPOBOI 00pabOTKH M MHTEIJIEKTYAJIbHOTO aHaJlu3a
OKC.

CylHOCTh MpeAiaraéMbIX METOJOB JO/HKHA 3aKIIFOYAThCS B ONTHMM3ALNH
cucrembl peructpain DKC u BeIpaOOTKE HOBBIX MOAXOJOB MO ABTOMATHYECKOMY
nerexktupoBannto  CC3.  YuuTbiBasg COBPEMEHHYK)  PACHpPOCTPAHEHHOCTh U
BO3pACTAMOIIYI0 NOTPEOHOCTH B CUCTEMAX TEAEMENAMLUMHBI W IUA(POBOro
3paBOOXPAHEHUsS,  MPEJUIaracMble  PEIICHUS  JODKHBI  OBITh  CHOCOOHBI
uHTerpupoBarecsi B MeauuuHckue HWMKC w3 (eKTHBHO MCHONB30BaTh HX
NPEUMYIIECTRA.

JUTs TOCTW)KEHHMS MOCTABJICHHON LIEJTM B PAMKaX JAMCCEPTALMOHHOW paloThI
PELIAKOTCS CIECAYIOIIUE 3aAa9H.

1. UccnenoBanue oOmel cTpyktypsl npouecca OKI-quarHocTuku Ha 3Tanax
cOopa, 0oOpabOTKM M aHajau3a MHPOPMALMUKM C IEJIBIO BBISBICHUS CYIIECTBYFOIIMX
npobiieM npu apromMarnueckom anamse DKC.

2. Pazpaborka u mouck s¢dpdextuBHbix Meronor LD OKC mnocpenctsom
TCOPETUYECKMX WM SKCICPUMEHTAIBHBIX  HMCCICAOBAHWH  [UIsl  TIOJABJICHUS
COMYTCTBYIOIIMUX PETUCTPALIMA TMOMEX M  OOECIEUEHUS] COBMECTUMOCTH €
NOCTEAYFOIUMH CTAUsIMU 00pabOTKN HHPOPMALIVH.

3. BrepaOoTka peKOMEHIauWii MO MCMOJAb30BaHUID MeToA0B 1D mst
NOJABJICHUST COMYyTCTBYIOMMX peructpaumn OKC momMex mnpu  MNpOBEACHHUU
pazmaunbix  OKI'-uccrnenoBanuii, B TOM 4MCIE€ € MOPUMEHCHHEM CPEJICTB
ABTOMATH3ALIHH.

4. dopmupoBaHue penpe3eHTaTuBHONW Oasbl 3amuceit OKC B HOpME W npu
NaTojorusiX Juis OOYyYEeHHsT MHTEIUIEKTYAJIbHOW  MOJEIM  Kiaccu(pukaropa.
OnpeneneHne METOANKH UCTONB30BaHUsS 00y Yarommx 0a3 JaHHBIX B COOTBETCTBUU C
0COOCHHOCTSIMU MEIMULMHCKAX UCCIEI0BAHU.

5. Pa3paboTka M SKCICPUMEHTAJIBHOE HCCICAOBAHUE HMHTEIUICKTYAIbHBIX
anroputMoB  knaccupukanun OKC s aBTOMAaTW3MpOBAHHOW TMPEABAPUTEIBHOMN
JUArHOCTUKKM maronorudyeckux cocrtosauit CCC s NMOAAEP)KKU  NPUHSATHS
PELICHA.

6. OnTtuMu3anus CTPYKTYpPbl alMaparHOro OOECIEYEeHHsT TpPaKTa CheMa
OMONOTEHUMANIOB CepAaUa [Uisl WCHOJb30BaHUS B CHCTEME AaBTOMATU3MPOBAHHOMN
npeaBapuTenbHoi DK '-quarHocThKy.

7. CuHHTE3 anmapaTHO-NPOrpaMMHON MOAEIM WH(POKOMMYHHUKALIMOHHOM
CUCTEMBI MPEABAPUTENBHON aBToMaTu3upoBanHoil OKI'-guarHocTukn Ha 0Oase



pa3pabarbiBaCMbIX METOAOB HU(PPOBONH 00PAOOTKA M MHTEIJIEKTYaIbHOIO aHajau3a
OKC.

MeTtoabl HCCTIeI0BAHMSL.

JUiss  pelieHus MOCTaBJEHHBIX B JUCCEPTALMOHHONW paboTe 3aaay
NPUMEHSUTUCh  PAMOTEXHUUYECKHE METOABl  IU(PPOBO 00padOTKM CHUTHAJIOB,
CHEKTPATILHOTO W BEMBIICTHOTO aHAIN3a, MHTEIJIEKTY AJTbHbIE METO/bI PACIIO3HABAH WS
00pa3oB, MHCTPYMEHTBl MAaTEMATHYECKOrO0 MOACITUPOBAHUS JIMHEHHON aireOpel u
CTATHCTUYECKOH PAAMOTEXHUKH.

B Xome BBHIMONHEHHS SKCICPUMEHTAIBHBIX MCCICAOBAHWNA  AKTHUBHO
WCIOJIb30BAINCH CPEICTBA KOMIMBIOTEPHOIO MOJEIMPOBAHUS W ABTOMATH3ALAA
MaTeMaTHYECKUX pacueToB. [IpomsBoamiack pa3paboTKa CXEMOTEXHUYECKHX
pPELICHUI ONTUMU3UPOBAHHBIX Y3JIOB PETUCTPUPYIOLICH ammaparypbl HA OCHOBE
COBPEMEHHOM 0a3bl paAMO3ICKTPOHHBIX KOMITOHEHTOB.

IIpenmeroM mcc/enoBaHusl SBJISCTCS MPOLECC M3BICYCHHUS TOCTOBEPHBIX
JMArHOCTUYECKUX JAHHBIX O COCTOSIHUM CEPACYHO-COCYIUCTOH CUCTEMBI MPH
nposeneHnn DK -uccienoBanuii.

O0beKTOM  HCCJIEI0BAHMS  SIBJSIIOTCH  PAJUOTEXHUYECKAE  METOMBI
u(poBoi 00padOTKM M MHTENIEKTYalIbHOTO aHanmm3a DK C.

Hayuynast HOBH3HA TUCCEPTAMOHHON pabOTHl 3AKJIKOYACTCSA B CJICIYFOIIAX
NOJIO’KCHUSX U PE3YJIbTaTaX.

1. IlpennosxxeHsl WH(POPMATUBHBIE KPUTEPHH W METOJIMKA OLICHKM KayeCTBa
anroputMoB mupposoi ¢unbrpanun OKC mis obecrneueHns UX COBMECTUMOCTH C
NOCTEAYOIUMH CTaausIMU 00paboTKH MHPOPMALIUH.

2. Pazpaboran >(p@eKTUBHBIA MHOTOCTYNEHYATHIA aJrOPUTM TOJABJICHUS
kommiekca nomex B OKC, obecrieunBaromyii MUHUMAIBHOE W3MEHECHHUE (POPMBI
NOJIE3HOTO CUTHANA JUTS MOCJIEAYFOIIET0 aBTOMATHIECKOTo anam3a DK '-1aHHbIX.

3. ChopmupoBaH 00Ul MOIXO0 K BBIACICHUAIO 3HAYMMbIX WH()OPMATHUBHBIX
npu3HakoB 3 OKC 11s npeaBapuTenbHOM aBTOMATU3UPOBAHHOM THArHOCTHKH.

4. Jlmd TpeaBapuTENIbHOW — aBTOMATU3WPOBaHHOW  mmarHoctukn CC3
NPEUIOKEHO UCIOIB30BaTh METObl MHTEIUIEKTYAJIbHOTO aHAIM3a JAaHHBIX Ha Oase
AIITOPUTMOB MAIIMHHOTO OOYYEHUsS] C MPUMEHEHUEM MACIITA0OUPyEMOii 00yJaromie
0a3bl TPU3HAKOB UCCIEAYEMBIX OOBEKTOB.

5. llpemnoxkeHa METOAMKA IPEABAPUTEIBLHONW  aBTOMATH3MPOBAHHON
JMArHOCTHKM HMH(AapKTa MUOKapAa pa3IMyHON Jokanu3auumu no 3amucsm OKC B
OJIHOM OTBEJICHUH B BUJE MOJEIN OMHAPHOTO KiIaccu(ukaropa.

IIpakTn4yeckast 3HAYMMOCTb.

[TpakTyeckass 3HAUMMOCTH  pabOTBl  3aKIIFOYAETCS B BO3MOXKHOCTH
WCMOJb30BaHUsl JOCTUTHYTBIX B MCCIICAOBAHMM PE3YJIBTATOB JJISi TOCTPOCHUS
MoOmbHBIX aHanu3atopoB OKC B cocraBe memuumHcknx MKC, mo3onstonmx
BBITIOJTHATH ABTOMATU3WPOBAHHY 0 SKCIPecC-AuarHocTuky 3adonepannii CCC.

brnaromaps npemiokeHHbiM  Metonam  3pdextuBroi 1D mosBseTcs
BO3MOKHOCTb yMPOCTHTHh CTPYKTYPY M PACIIMPHUTH JWHAMWYECKHI AUana3oH
peructpupyrowei OKI -anmapary pbl.

[Ipennaraemelii B padoTe MOAXOM MO MCIOJIB30BAHHID CaMOOOYYarOIIAXCS
WHTEIIEKTY ATbHBIX aIropuTMOB A1t aHann3a OKC mo3BOJIET TOBBICUTH TOUHOCTh U



PE3yJIBTATUBHOCTh  NMPOBOJAMMBIX  MCCIICJOBAHUNA W  PEAIM30BBIBATH  CHCTEMBI
MOJJIEP>KKY TPUHATHS PEIICHUH [UTsl MENULIMHCKUX CIIELUAIMCTOB.

Hcnoar3zyemplil B pabote MeToa 00yUeHUsT MOJIEU Kiaccu(uKaTopa 3a cyeT
MacmTadupyemMoil  0a3pl  aHAIM3HPYEMBIX 00pa3LOB MOCPEICTBOM pealU3alNU
WH(POKOMMYHUKAIMOHHOW CUCTEMBI JUArHOCTHKM MOXET OBITh HCIOJIB30BAH Ha
MIPAaKTUKE B JPYTUX OTPACIAX, Ul PEIICHHS CIOKHBIX 3374a4 B  YCIOBHSX
OTPAaHUYEHHOCTH O0YYArOIUX JAHHBIX.

CBsi3b € rocy1apCTBeHHBIMH NPOrPAMMAMH.

B nocnanum Ilepeoro Ilpesuaenra PecnyOnuku Kazaxcran H. HazapGaesa
Hapony Kasaxcrana ot 10 guBaps 2018 r. «HoBBIE BO3MOKHOCTH pa3BUTUS B
YCIIOBUSIX YETBEPTON MPOMBILIIEHHOW PEBOJIFOLIMIY MOAYEPKUBACTCS, YTO TPeOyeTCs
NPUCTYNIATh K BHEAPECHUIO B MEIWLMHE TEXHOJIOTMH TE€HETMYECKOIO AaHAIN3a,
MCKYCCTBEHHOIO WHTEIJIEKTA, KOTOPBIE HA MOPAJOK MOBBIIAKT 3(PPEKTUBHOCTH
IUArHOCTHUKM W JiedeHHWss 3a0oseBaHmid. B 3TOM  OTHOWICHMM  JaHHAs
aUccepTalioHHass  paboTa  TOJHOCTBIO — COOTBETCTBYET — CHOPMYIMPOBAHHBIM
TpeOOBAHUSM K COBPEMEHHOMY HANPABICHUIO PA3BUTHSI MEAULIMHCKON TEXHUKH.

Pe3ynbpTaThl MCcCaen0BaHUI TaHHOW AMCCEPTALIMOHHONW padOThl HAPABIICHBI
HA PEUICHHME 33/Ja4d Pa3BUTH MH(POPMAIMOHHO-KOMMYHUKAMOHHBIX TEXHOJOTHA,
O3BYYECHHON B ['OCYapCTBEHHOI MpPOrpamme pa3BUTUS CUCTEMBI 3IPABOOXPAHEHUS
PecnnyOnukn Kazaxcran «Jlencaynbik» Ha 2016-2020 rr. B yactHOocTH, naHHas
[porpaMma IpearnosaraceT moaAepKKy BHEAPEHU MHHOBAUMOHHBIX UTT, Takux Kak
VAQICHHBI aBTOMATU3WPOBAHHBI MOHUTOPHHI COCTOSIHMSI 3J0POBbs IMALIMEHTOB C
NOMOIIBK) MOOWJIBHBIX MEIWIUHCKAX YCTPOHCTB, PACIIMPEHUsT HAUOHAIBHON
TEJIEMEIMIUHCKON CETH, HAONIOICHUE MALMEHTOB C UCTIOIB30BAHUEM NIEPCOHAIBHBIX
CTALlMOHAPHBIX KOMIIBIOTEPOB U CMAPT(OHOB.

Tak >xe B Ilocnanum IlepBoro Ilpe3unenta PK H. Hazapbaepa «Ctparerus
«Kazaxcran-2050»: HOBBI NOJMTUYECKANA KYpPC COCTOSBLIETOCS TOCYIApPCTBAY
NOJYEPKHYTO, YTO 3/I0POBbE HALIMK — OCHOBA HAIIETO YCHEMHOro Oyaymero. OaHumM
M3 KJIIOYEBBIX NPUOPUTETOB SBISETCA BHEAPEHUE VYCIYT «CMApT-MEIULIAHBD),
JUCTAHUMOHHON MPO(UIAKTUKH U JICUEHUS, «IJIEKTPOHHOW MEIULMHBDY, OCOOCHHO C
y4€TOM OOJIBIION TEPPUTOPHATBHOCTH.

[IpennaracmMpie B pabOTE€  WHTEIUICKTYaJbHBIE  METOJBl  aHAIM3a
JUArHOCTHYECKOM  MH(OpPMALMM  COTJacyroTcs € KOHLENIMEH  pa3BUTUS
3NEKTPOHHOrO 3apaBooxpaneHuss PK nHa 2013-2020 r., xoTopas moapa3syMeBacT
OPraHu3alvi0 HAUMOHAIBHOIO JIEMO3WTApPUsl 3APABOOXPAHEHUS, BKJIKOYAIOLIETO
XPaHWIHILE BBICOKOKAYECTBEHHBIX CTATUCTHUECKUX, AaHATMTHYECKUX U (PUHAHCOBBIX
JAHHBIX.

IHonoxxeHnus: nuccepranum, BHIHOCUMbIE HA 3a1LMTY.

1. Ilpouecc a>¢pdextrrHoit mudpposoi (unptparuu OKC i mogaeneHus

KOMIUIEKCA ~ CONYTCTBYIOIIUX  PETUCTPALMAA MIOMEX, o0ecrneYnBaroIni
COBMECTHMOCTh C TOCJEAYIOMMMA CTaIUsIMKA aBTOMaTtuyeckoir oOpadotkum OKI -
uH(pOpMaLUH.

2. Meronuka mmdpoBoi odpabotku OKC st cenexknmm MHOOPMATHBHBIX
MPU3HAKOB B XOJ€ MPEABAPUTEIBHOM aBTOMATU3UPOBAaHHON DK -1HarHOCTUKY.



3. Meron OuHapHO#l Kiaccuukanmu WHPAPKTA MHOKApPAA Pa3IMYHON
nokanu3anuu 1o 3anucsam OKC B 0THOM OTBEACHUH.

4. Tlomxom K uWHTEUIEKTYyallbHOMY aHanu3dy OKC ¢ npuMeHeHuem
MacmTabupyemMoit  oOywaromeid  0a3bl  MPU3HAKOB  HUCCIAEAYEMBIX  OOBEKTOB,
NO3BOJIAIOIINN 00ECTIEYNTh UHTEPIPETUPYEMOCTD OJTYUYEHHBIX PE3YJIBTATOB.

5. AnmapatHo-mporpaMMHas MOJENb HH(POKOMMYHHMKAIIMOHHON CHCTEMBI
MPEABAPUTEILHON aBTOMATU3UPOBAHHONW DK - TMarHoCTUKY.

AnpobGanust padoThI.

OCHOBHBIE PE3yJBTATHI JUCCEPTALMOHHOTO UCCIICIOBAHMS TOKJIAIbIBAIUCH U
oOcyxkpaymch Ha: MexayHapoaHoid HayuyHoi  koH(pepeHumn «International
Conference on Applied Mathematics, Modeling and Simulation» (AMMS, Kwurai,
2017); Mexnynapoanoi HayuHoil koH(pepenumn «IEEE International Conference on
Power, Control, Signals and Instrumentation Engineering» (ICPCSI-2017);, XIV
MexayHapoAHOH Hay4dHO-MTpaKkTU4Yeckoi KoH(pepeHmn «Hayka u oOpasoBanue 0e3
rpanuy — 2018» (Ilompwma), XLIII MexayHapoaHOH Hay4HO-MPAKTAYECKOM
KOH(pepeHunn «ITHHOBALIMOHHBIE TOAXO/IBI B COBpeMEHHON Hayke» (Poccus, 2019);
IV MexnayHapoaHOH  CTyJACHUYECKOH  HAy4HO-MPAKTHYECKOW  KOH(pepeHUmn
«Mononexxe u  Hayka 2019», mnocesamenHoi «Jastar iyly» (Kazaxcran);
MexayHapoAHOH HAay4YHO-IPAKTHYECKOH KOH(epeHIMn «Bompocel COBPEMEHHBIX
Hay4HbIX uccieaoanuin» (Poccus, 2019).

Hyoankanuu.

OCHOBHBIE PE3YJIbTAThI TUCCEPTALMOHHOTO UCCIIEI0BAHMUS ObIJIM OTPAKECHBI B
16 HayuHBIX paboTax, B TOM YUCIE B 4-X CTaThsIX B HAYYHBIX JKypHAJIaX, BXOIALINX B
[lepedyeHbp Hay4yHBIX W3JaHUN, PEKOMEHAYEMBIX JUIs MyOJMKALMA OCHOBHBIX
PE3YJBTATOB HAYYHON JNEATEIBHOCTH, YTBEP)KIAEMbIA YITOJTHOMOYEHHBIM OPraHOM; B
3-X CTaThsIX B MEKAYHAPOAHBIX HAYUYHBIX KYpPHAJIAX, UMEIOIMX HEHYJICBOH MMITAKT-
¢aktop nmo nanHeIM Journal Citation Reports xommanmm Clarivate Analytics u
Scopus; B 6-m paboTax, OTPAXECHHBIX B TPyJaX MEXKAYHAPOAHBIX HAYYHBIX
KOH(pEpPEHLIMIA, B TOM YHCIIE B 5-1 3apyOekHbIX (1 mpouHaeKCHpoBaHa B 0a3e JaHHbBIX
Scopus), 2-X CTaTbsiX B MEXKIYHAPOJHBIX PEUEH3UPYEMBIX HAYUYHBIX KYpPHAIAX, a
TAK>KE MaTCHTE.

JIn4YHbIA BKJIaA aBTOpA.

OCHOBHBIE 3KCMIEPUMEHTAIIBHBIE U TEOPETUUECCKHUE PE3YJIBTATHI, IOy YEHHBIE
B XOJ€ TMPOBEACHUS TUCCEPTALMOHHOIO HCCIEAOBAHUS, TOJYUYEHBl aBTOPOM
CaMOCTOSTENBHO. B omyOnMKOBAaHHBIX HAY4YHBIX padOTax B COCTABE KOJUICKTHBA
COABTOPOB, COMCKATEIK) NPHHAMICKAT OCHOBHOM BKJIaA MPH  TOJYUYCHHH,
00OOLIEHUH W aHAJIN3€E TOCTUTHYTHIX PE3YJIbTATOB.

CTpykTypa auccepramnum.

JlanHass nuccepraiioHHass padoTa COCTOMT M3 CHUCKAa OOO3HAYECHUN W
COKpAallleHW!, BBOJHOW YacTH, OCHOBHOW YaCTH, BKIIFOYAKOLIECH 4YETBHIPE pasnena,
3aKJIFOYCHUS, CIHACKA WCMOJB30BAHHBIX MCTOYHMKOB M TPEX NpuioxeHwid. Pabora
U3JI0keHa Ha 136 cTpaHuuax KOMIBIOTEPHOTO TEKCTA, BKIKOYAECT 54 pucyHKa, 8
Tabmm 1 128 HaumeHoBaHuii OMOIMOrpaUUECKUX HCTOUHUKOB.

B nepBom paszgene paGoThl UCCAEAYIOTCS MNPOOJEMBI U OCOOCHHOCTH
00paboTKH CUTHAJIOB npu MIPOBEICHAN ABTOMATHYECKOTO aHanmsa



ANeKTpoKapauorpaguueckoid MHGOpMalUKU. YCTAaHOBJIEHO, 4YTO TMpU pa3paboOTKe
METOJIOB PETUCTPAlMK W aBTOMaTH4ecKoro ananu3a OKC HOBbIE MONOKHUTEIBHBIC
PE3YbTaThI MOTYT OBITH JOCTUTHY ThI npu M CIOJIb30BAHUAN
BBICOKOITPOM3BOUTENBLHOTO amnmapatHoro obecneuenuss ans L{OC, a rtakke npu
BHCJPECHUU B NPOLECC AMATHOCTUKM MHTErPAMOHHBIX BO3MOkHOCTe WMKC s
oopabotkn  OKI-unpopmaunuu.  [lokazaHa  HEOOXOOUMOCTH  ONPEACTCHUS
ONTUMAIBHBIX METOA0B (PUIBTPALUMK AJISl IOJABIECHHS COMYTCTBYOLINX PETUCTPALT
NOMEX MPH PEHICHUM PA3JIUYHBIX JJICKTPOKAPAMONOTMYECKAX 3a1ad. Taroke
BBISIBJICHA HEOOXOAMMOCTh MOMCKAa 00JIE€ COBEPUICHHBIX CMOCOO0B KIacCU(pMKALAN
OKI" myTeM MHTENNEKTYATbHOTO aHAJTM3a CUTHAJIOB Ha 0a3e alrOPUTMOB MAUTUHHOTO
00y 4eHHsl.

Bo BTOpOM pa3aesne onpencneHo, YTO Ka4eCTBEHHAs (UIIBTPALMS MOMEX B
OKC umeer 00JbLIOEC AMArHOCTHYECKOE 3HAYCHHUE NMPH MpoBeacHUM Jiro0bix DKI -
uccienoBanuii. OQHAKO YCTPAHEHUE HU3KOYACTOTHOW TMOMEXHM COMPSHKEHO CO
3HAUUTENIBHBIMU TPYJHOCTSMH M3-32 €€ 4aCTOTHOro auarnasoHa. [lpemiaracmeie Ha
CETOAHSIIIHUI J€Hb METOJBl €€ YCTPAHCHHS HE CHCTEMATU3MPOBAHBI MO KAYECTBY
NOJTy4aeMbIX PE3yJbTaroB. B CBA3M ¢ 3THM, OBUIM MPOBEACHBI TEOPETUYECKUE WU
SKCIEPUMEHTAJIbHBIC UCCIICAOBAHMS CYLIECTBYOIIUX METOJ0B MOJABICHHS MMOMEX B
OKC, a Takke HOBBIX U ONTUMHU3WPOBAHHBIX AJITOPUTMOB, MPEAJIOKEHHBIX B PadoTeE.
Jlns 3T0ro ObUIM OnpeaeieHbl THPOPMATUBHBIE KPUTEPUU U MPEUIOKEHA METOIAKA
OLICHKM KaudecTBa airopuTMOB 1uPpporoit dunpTpammu OKC mns obecneuyeHus: mx
COBMECTHUMOCTH C TMOCICAYIOIIMMHU cTagusMu  00paboTku uHpopmanuu. Ha
OCHOBAaHUM TMPOBEACHHBIX MCCIECIOBAHUA CHOPMHUPOBAHBI PEKOMEHAAUMU IO
MCIOJIB30BaHMIO MeTOA0B LD 1 mogasnenus comyTCTBYOmmMX perucrpauun OKC
noMex npu npoBeAcHMH pasnuuHblx  OKI-uccrmenoBanwii, B TOM 4YuUCIE C
OPUMECHEHUEM  CPCACTB  aBTOMATW3allMM — HA  JTale  OPEHpOLECCUHTa
WHTEIJIEKTY AJTbHOTO aHAIM3A.

B Tperbem paszgene mnokazaHa 3(QQEKTHBHOCTE W NEPCHEKTUBHOCTH
WCIOJb30BaHUSl MHTEIUICKTYlTbHOTO aHanmm3a DKI'-maHHBIX METOJaMHM MAIIMHHOTO
oOyuenusst (MO). Jlng 5TOro MNPOBEICHO MCCICIOBAHUE PA3IUYHBIX THIIOB
anroputMoB MO. VYCTaHOBIIEHO, YTO Jii ABTOMATH3MPOBAHHON IPEABAPUTENBHON
JVUArHOCTAKM  HEOOXOAMMO  HMCHOJIBb30BaTh  anroputMbel MO,  MO3BOJISIOIINAE
BBITIOJITHUTh ~ WHTEPIPETALIMIO  TMOJYYEHHBIX HA WX OCHOBE  PE3YyJbTaTOB
knaccuukanuu. Taxxe pazpadotaH 3QQPEKTUBHBIA MHOTOCTYNEHYATHIA aaTOPHTM
nojaBieHus komiuiekca nomex B OKC, obecrneunBarommii MUHUMAIBHOE U3MEHEHUE
(GopMBIl  TOJIE3HOTO  CUTHaJla Uil  MOCJEAYIOIIEr0  aBTOMATHYECKOIO
UHTEITIEKTYalbHoro  aHaim3a OKI'-manHbiX.  brmarogaps  copMyaupoOBaHHBIM
TpeOOBaHUSAM K MTPOLECCY MOCTpoeHHMs Moaenu kinaccudukatopa OKC Ha Oaze
anroputMOB MO, BBINOJHEH MOMCK ONTHUMAIBLHOTO aIrOpUTMA KiacCH(pUKALHH.
Kpome storo, npeanaraercs cxema oTO0pa MH(POPMATUBHBIX MPHU3HAKOB OOBEKTOB
knaccuukanuu. brmarogaps 00O3HAUYEHHBIM PE3yJbTaTaM, HAWIECHO PELICHHE MO
AETEKTUPOBaHU0 UM B OZIHOM OTBEICHUM C BBICOKOW TOYHOCTBIO KJIACCU(DMKALIMA U
MaJIbIM  YMCJIOM HWH(QOPMATHBHBIX MPU3HAKOB OOBEKTOB JJIs MPOBEACHHS
NPEABAPUTEIILHON ~ OUArHOCTUKU.  [loMuMO  HMCnONB30BaHUST  TOJBKO  //-T0O
CTaHJAPTHOTO OTBEACHHUS, OTIIMUMTEIBHONH OCOOEHHOCTBIO MPEUIOKEHHOTO B paboTe



METOJa AETEKTUpOoBaHus MM sBIsSi€TCS MPUMEHEHUE JUIsl MOACTHN Kiaccuukaropa
kNN ¢ gucioM cocenel k£ = 9 macmradbupyemoil 0a3pl TPU3HAKOB JIJisi MOCTOSTHHOM
ONTUMU3ALKN PAOOTHI AITOPUTMA.

B d4erBeprom pa3gese Ha OCHOBAaHMHM NPEUIOKCHHBIX MPUHIMIIOB
UHTEIIEKTYalTbHOro aHanu3a OKI'-gaHHBIX ¢ MCNOJIb30BaHWMEM airoputMoB MO u
MacmTabupyemMoit 0a3bl JaHHBIX pazpadoTaHa KOHIENTYaJbHAs MOJENb MOCTPOCHUS
WH(POKOMMYHUKALIMOHHOW CUCTEMBI Ui aBTOMATHU3WPOBAHHON NPEABAPUTEIBHON
OKTI'-mmarnoctuku. [1peanoskeHHas annaparHo-nporpaMMHasi MOJENb 3TOH CUCTEMBI
noIpa3yMeBacT UCIOJIb30BAHNE COBPEMEHHBIX WH(OPMALMOHHBIX "
TEJICKOMMYHUKAMOHHBIX TEXHOJOTUI sl MPEABAPUTEILHOTO AMATHOCTHPOBAHMS
onacHbeix 3a0oneBaHnii CCC, oka3zaHus MOMOIIM B MPUHSATHM JUATHOCTHYECKHX
pELICHUI MEAMIMHCKMMH  CICHUMAIMCTAMHU, a4 TaKkKe TNpA  HEOOXOIUMOCTH
o0ecrieueHusl CEaHCOB TeaeMeTpuueckoi kapanorpapuu. [Ipeanoxen 3pPpexkTUBHBINA
BapHaHT MOJEPHHM3ALMH YCTPoicTB peructpaunn OKC, OTnuYarommics BbICOKAM
YPOBHEM MOOWJIBHOCTH, HHM3KAM 5JHEPrOMOTPEOICHUEM, KOMIAKTHOCTBEO U
YHUBEPCATBHOCTEIO B BBIOOPE THIMA M YKCIA MCHOJB3YEMBIX OTBEICHUN MpH
pazmmuHbix OKI'-mccnenoBanusx. [lokazaHo, YTO WMCHOAB30BAHUE COBPEMEHHBIX
PAIMOSNIEKTPOHHBIX ~ KOMIIOHEHTOB  JJIi  BBIIOJIHEHUST  AHAJIOro-LU(pOBOro
npeoOpa3oBaHusl MO3BOJISIET ONTUMHM3UPOBATh W MOBBICHTH KAUECTBO Mpolecca
npeasaputenbHoil punpTpannn OKC nytem ocyniectBiieHus ero cpeacreamu LLOC.

COBOKYMHOCTb  TOJYYEHHBIX PE3yJbTaroB [MMO3BOJISIET  YTBEPXKAATh O
MOBBIMICHAA KAuye€CTBA BBHIMOJHEHUs aBTOMaTuyeckoit oOpabotku OKI' cpenctBamu
LIOC. B cBoro ouepenp, nHTe/UIeKTYanbHbli aHam3 OKC 3(QEKTUBEH MPH PELICHAN
3amaun  kimaccupukanmn CC3 B cocTaBe MH(POKOMMYHHKALIMOHHOM CHCTEMBI
ABTOMATU3UPOBAHHOMN npeaBapuTenbHoi DKI -1uarnoCTuKy.
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The research topicality.

Currently, one of the main trends in the development of science and
technology 1s the intensive introduction and use of electronic and info-
communication technologies in all spheres of human activity. In particular, the use of
radio engineering, information and telecommunication means of collecting,
processing and analyzing signals directly contributes to improving the quality of life
of the population, due to the improvement of medical instrument engineering making
technologies on their basis.

The development of medical technology is facilitated by the emergence of
new radio-electronic components, effective methods of digital signal processing and
analysis, as well as modern telecommunication systems and computer facilities
needed in telemedicine and e-health. Due to the expansion of the scope of
information and telecommunication technologies (ITT), the cost and effectiveness of
existing methods of medical casing are reduced, while their availability for the
population is expanded. In turn, new methods of diagnostics and treatment appear in
medical practice, requiring special hardware support.

Among the most important tasks of modern medical instrument engineering is
the need to increase the level of automation of medical research in the analysis of
bioelectric signals of the human body. These signals carry important information
about the physiological state of the body, possible pathological changes in organs and
tissues, help the attending physician make the correct diagnosis and choose an
effective treatment. At the same time, technical means for analyzing bioelectric
signals are required to provide support for decision-making by medical professionals
to reduce the time spent on research, improve the quality and completeness of
analysis results.

In this case, a significant effect is achieved from the automation of studies of
the cardiovascular system (CVS) of a person through the analysis of
electrocardiograms (ECG), since the problem of timely diagnosis and treatment of
cardiovascular diseases (CVD) is extremely important for modern society.

According to the Ministry of Health and Social Development of the Republic
of Kazakhstan, the circulatory system diseases in the structure of total mortality are
the leading cause (22.3%). According to the World Health Organization, CVDs are
the main cause of death worldwide: for no other reason, as many people die every
year as from CVD.

At present, electrocardiography remains the main tool for identifying CVS
pathologies - recording the projections of volumetric electrical processes (electro-
cardio signals) observed on the surface of the body that occur in the heart. The



method of recording electrocardiograms (ECG) is the most tested in the clinical
setting, has the highest information content, and is also affordable and inexpensive to
use. Thus, the ECG provides a maximum of information about the state of CVS with
minimal impact on the patient's body.

For these reasons, much attention has been paid to the search for solutions in
the field of automatic processing and analysis of ECS for several decades. Although
significant results have been achieved in this direction, today it is still possible to
identify the insufficient validity of individual stages of ECG studies. So, in fact, there
are no methods of automated express diagnostics, there are essay questions in the
field of ensuring noise immunity of ECG systems, etc. This is largely due to the
bioelectric nature of ECS, which determines its non-determinism, non-stationary,
variability, and exposure to numerous interferences. The properties of ECS give rise
to difficulties in formalizing tasks and the high uncertainty of their conditions. In this
regard, the solution to the problem of automatic analysis of ECS does not imply a
unique and universal approach.

On the other hand, only in recent years new methods of signal analysis have
become available due to increased computing power of hardware, as well as
improved technology for the transfer, storage and processing of information in
information and communication systems (ICS). The modern level of radio electronics
allows implementing effective methods of signal digital processing (SDP), which
until recently existed in theory without wide practical use. At the same time, it
becomes possible to study the ECG multi-level structure by creating multi-stage data
processing procedures. Information obtained at the initial stages of digital signal
analysis can be used for subsequent procedures, thereby organizing an iterative
algorithm for refining the results.

Then, the following factors can be attributed to the main advantages of digital
systems when ECG processing.

1. Dagital filtering (DF) 1s able to provide high accuracy of signal processing
with maximum stability of characteristics in the frequency and time domains,
eliminating the influence of external destabilizing factors.

2. The characteristic flexibility and efficiency in adjusting the parameters of
digital methods ensures their high functionality in signal processing. This is
especially important in conditions of a wide variety of applied methods for extracting
diagnostic information.

3. The ability to create multi-level information processing systems with
iterative algorithms for processing results.

4. The implementation of digital signal processing methods is the most
universal when deployed on various hardware platforms, mobile or stationary
recorders, local or distributed information-measuring systems. Modernization and
replication of such methods 1s economically more profitable.

In turn, the global development of information and telecommunication
networks opens up new possibilities for the creation of information and measuring
systems for remote research of ECG. The social order for such systems is very high,
as they will provide universal access to qualified health care, organize outpatient
monitoring in conditions of free activity, simplify early diagnostics, implement



remote monitoring of patients and efficient use and management of accumulated
information.

Accumulation of diagnostically significant data from a large number of
distributed recording devices will allow the creation of a representative knowledge
base about the diseases being studied. At the same time, it becomes possible to use
machine learning methods that can provide new tools for solving poorly formalized
tasks of automated medical diagnostics. Intelligent methods of analysis based on self-
learning algorithms make it possible to identify hidden patterns in the
multidimensional space of features of the studied objects, due to the processing of
large volumes of data. In this case, information that, in principle, cannot be obtained
with manual decoding of the ECS, can be extracted from the ECG.

Radio engineering methods of SDP and data mining are in demand in the task
of early diagnosis of CVD. Its solution requires non-invasive ECS rapid studies in
non-specialized medical institutions. As a result, there is an increasing need for a
large number of special mobile recorders that provide ECG removal in the absence of
qualified personnel. The development of such equipment requires ensuring high noise
immunity of the biopotential registration system, which is a complex structural and
algorithmic task.

Moreover, such mobile devices for ECS recording should be easy to operate
and mexpensive to manufacture. Obviously, only SDP systems with the advantages
indicated for them, on the basis of modern signal processors and analog-to-digital
converters (ADCs), can fully satisfy these requirements in full. In turn, the use of
intelligent analysis of ECS can increase the level of automation of research.

Thus, based on the current state of the problem of the automation of
electrocardiographic studies, it can be argued that the search for ways to further
improve the ECS processing and analysis, focused on the use of modern SDP tools
and data mining, is of great relevance.

The research aim.

The aim of the thesis is to improve the quality of the functional and diagnostic
characteristics of automated electrocardiographic systems by creating and optimizing
radio engineering methods of digital processing and intelligent analysis of ECS.

The essence of the proposed methods should optimize the registration system
for ECS and to develop new approaches for the automatic detection of CVDs. Given
the current prevalence and increasing need for telemedicine and digital healthcare
systems, the proposed solutions should be able to integrate into medical ICS and
effectively use their advantages.

To achieve this aim, the following objectives are solved within the
framework of the thesis.

1. Study of the general structure of the ECG diagnostic process at the stages
of collecting, processing and analyzing information in order to identify existing
problems in the automatic analysis of ECS.

2. The development and search for effective methods of DF ECS using
theoretical and experimental studies to suppress the accompanying registration of
interference and ensure compatibility with the subsequent stages of information
processing.



3. Development of recommendations on the use of DF methods to suppress
concomitant registration of ECS interference during various ECG studies, including
using automation tools.

4. Formation of a representative database of ECS records in normal and
pathological conditions for teaching the intellectual model of the classifier.
Determination of the use of training databases in accordance with the characteristics
of medical research.

5. Development and experimental study of intelligent classification
algorithms for ECS for automated preliminary diagnosis of pathological conditions of
CVS to support decision-making.

6. Optimization of the hardware structure of the pathway for removing the
biopotentials of the heart for use in a system of automated preliminary ECG
diagnostics.

7. Synthesis of the hardware-software model of the info-communication
system of preliminary automated ECG diagnostics based on the developed methods
of digital processing and intelligent analysis of ECS.

The research methods.

Radio engineering methods of digital signal processing, spectral and wavelet
analysis, intelligent methods of pattern recognition, tools for mathematical modeling
of linear algebra and statistical radio engineering are applied to solve the objectives in
the thesis.

Computer modeling and automation of mathematical calculations were
actively used in the course of experimental research. The development of circuit
solutions for optimized recording equipment nodes was carried out on the basis of a
modern base of electronic components.

The research subject is the process of extracting reliable diagnostic
information about the state of cardiovascular system during ECG studies.

The research object is the radio engineering methods of digital processing
and mtellectual analysis of ECS.

The scientific novelty of the thesis consists in the following provisions and
results.

1. Informative criteria and a technique for assessing the algorithms quality of
digital filtering ECS to provide their compatibility with the subsequent stages of
information processing are proposed.

2. An effective multi-stage algorithm for suppressing the interference
complex in the ECS has been developed, which provides a minimum change in the
shape of the useful signal for subsequent automatic analysis of ECG data.

3. A general approach has been formed to the selection of significant
informative features from ECS for preliminary automated diagnostics.

4. For preliminary automated diagnosis of CVD, it is proposed to use data
mining methods based on machine learning algorithms using a scalable training
database of features of the studied objects.

5. A technique for preliminary automated diagnosis of myocardial infarction
of various localization according to ECS records in one lead in the form of a binary
classifier model is proposed.



The practical significance.

The practical significance of the thesis lies in the possibility of using the
results achieved in the study to build mobile ECS analyzers as part of medical ICS,
allowing automated express diagnostics of CVS diseases.

Due to the proposed methods of effective DF, it becomes possible to simplify
the structure and expand the dynamic range of the recording ECG equipment.

The approach proposed in the thesis on the use of self-learning intelligent
algorithms for the analysis of ECS can improve the accuracy and effectiveness of
ongoing research and implement decision support systems for medical professionals.

The method of training the classifier model used in the thesis due to the
scalable base of the analyzed samples through the implementation of the info-
communication diagnostic system can be used in practice in other industries to solve
complex problems in the conditions of limited training data.

Relationship with government programs.

In a message of the First President of the Republic of Kazakhstan N.
Nazarbayev to the people of Kazakhstan dated January 10, 2018, “New Development
Opportunities in the Conditions of the Fourth Industrial Revolution™, it is emphasized
that it is necessary to begin to introduce in medicine technologies of genetic analysis,
artificial intelligence, which increase the efficiency of diagnostics and treatment of
diseases. In this regard, this thesis is fully consistent with the formulated
requirements for the modern direction of development of medical technology.

The research results of this thesis are aimed at solving the problem of the
development of information and communication technologies, voiced in the State
program for the development of the health system of the Republic of Kazakhstan
"Densaulyk" for 2016-2020. In particular, this program assumes support for the
implementation of innovative ITTs, such as remote automated monitoring of patients'
health status using mobile medical devices, expansion of the national telemedicine
network, and patient monitoring using personal desktop computers and smartphones.

Also, in the Message of the First President of the Republic of Kazakhstan N.
Nazarbayev, “Kazakhstan-2050 Strategy: a new political course of the established
state,” 1t was emphasized that the health of the nation i1s the foundation of our
successful future. One of the key priorities is the introduction of the services of
“smart medicine”, remote prophylaxis and treatment, ‘“electronic medicine”,
especially taking into account the large territoriality.

The proposed intelligent methods for the analysis of diagnostic information
are consistent with the concept of electronic health development of the Republic of
Kazakhstan for 2013-2020, which implies the organization of a national health
depository, including a repository of high-quality statistical, analytical and financial
data.

Thesis provisions to be defended:

1. The process of effective digital filtering of ECS to suppress the complex of
accompanying registration of interference, ensuring compatibility with subsequent
stages of automatic processing of ECG information.

2. The methods of digital processing of ECS for the selection of informative
characters during preliminary automated ECG diagnostics.



3. The method of binary classification of myocardial infarction of various
localization according to the records of ECS in one lead.

4. The approach to the intellectual analysis of ECS using a scalable training
base of features of the studied objects, which allows for the interpretability of the
results.

5. The Hardware-software model of the info-communication system of
preliminary automated ECG diagnostics.

The approbation of results.

The main results of the thesis research were reported and discussed at:
International ~ Scientific Conference “International Conference on Applied
Mathematics, Modeling and Simulation” (AMMS, China, 2017); International
scientific conference "IEEE International Conference on Power, Control, Signals and
Instrumentation Engineering" (ICPCSI-2017); XIV International Scientific and
Practical Conference "Science and Education without Borders - 2018" (Poland),
XLIII International scientific-practical conference "Innovative approaches in modern
science” (Russia, 2019); IV International Student Scientific and Practical Conference
"Youth and Science 2019" dedicated to "Jastar iyly" (Kazakhstan), International
scientific-practical conference "Issues of modern scientific research” (Russia, 2019).

Publications

The main results of the thesis research were reflected in 16 scientific works,
including 4 articles in scientific journals included in the List of scientific publications
recommended for publication of the main results of scientific activity, approved by
the authorized body; in 3 articles in international scientific journals having a non-zero
impact factor according to Journal Citation Reports of Clarivate Analytics and
Scopus; in 6 articles reflected in the proceedings of international scientific
conferences, including 5 foreign (1 indexed in the Scopus database), 2 articles in
international peer-reviewed scientific journals, as well as a patent.

The personal contribution of the author.

The main experimental and theoretical results obtained during the thesis
research were obtained by the author independently. In published scientific papers as
part of a team of co-authors, the doctoral student makes the main contribution in
obtaining, summarizing and analyzing the results achieved.

The structure of the thesis.

The thesis consists of a list of notations and abbreviations, introduction, the
main part, including four parts, conclusion, bibliography of literature cited and three
appendices. The thesis 1s presented on 136 pages of computer text, includes 54
figures, 8 tables and 128 titles of bibliography of literature cited.

The first part of the thesis examines the problems and features of signal
processing during automatic analysis of electrocardiographic information. It was
established that when developing methods for recording and automatic analysis of
ECS, new positive results can be achieved by using high-performance hardware for
SDPs, as well as by introducing the integration capabilities of ICS into the diagnostic
process for processing ECG information. The necessity of determining the optimal
filtering methods to suppress the accompanying registration of interference in solving
various electrocardiological problems is shown. It also revealed the need to search for



more advanced methods of ECG classification by means of intelligent signal analysis
based on machine learning algorithms.

In the second part, it is determined that high-quality filtering of interference
in the ECS 1s of great diagnostic value when conducting any ECG studies. However,
the elimination of low-frequency noise is associated with significant difficulties due
to its frequency range. The methods proposed to date for its elimination are not
systematized by the quality of the results obtained. In this regard, theoretical and
experimental studies of the existing methods for suppressing interference in ECS, as
well as new and optimized algorithms proposed in the work, were carried out. For
this, informative criteria were determined and a methodology was proposed for
assessing the quality of digital filtering algorithms ECS to ensure their compatibility
with subsequent stages of information processing. Based on the studies conducted,
recommendations were formed on the use of the DF methods to suppress concomitant
registration of ECS interference during various ECG studies, including using
automation tools - at the stage of preprocessing of intellectual analysis.

The third part shows the effectiveness and prospects of using the intellectual
analysis of ECG data using machine learning (ML) methods. To do this, a study of
various types of ML algorithms. It has been established that for automated
preliminary diagnostics it is necessary to use ML algorithms that make it possible to
interpret the classification results obtained on their basis. An effective multi-stage
algorithm for suppressing the interference complex in the ECS has also been
developed, which ensures minimal change in the shape of the useful signal for
subsequent automatic intelligent analysis of ECG data. Due to the formulated
requirements for the process of constructing an ECS classifier model based on the
ML algorithms, the search for the optimal classification algorithm is performed. In
addition, a scheme for the selection of informative features of classification objects is
proposed. Due to the indicated results, a solution was found for detecting MI in one
lead with high classification accuracy and a small number of informative features of
objects for preliminary diagnostics. In addition to using only the II standard lead, a
distinctive feature of the method for detecting MI proposed in the work is the use of
the classifier KNN with the number of neighbors k = 9 of a scalable feature database
for continuous optimization of the algorithm.

In the fourth part, on the basis of the proposed principles of the intellectual
analysis of ECG data using ML algorithms and a scalable database, a conceptual
model for building an info-communication system for automated preliminary ECG
diagnostics is developed. The proposed hardware-software model of this system
involves the use of modern information and telecommunication technologies for the
preliminary diagnosis of dangerous diseases of CVS, assisting in making diagnostic
decisions by medical specialists, as well as providing telemetric cardiography
sessions if necessary. An effective option is proposed for the modernization of ECS
recording devices, characterized by a high level of mobility, low power consumption,
compactness and versatility in choosing the type and number of leads used in various
ECG studies. It is shown that the use of modern electronic components to perform
analog-to-digital conversion allows you to optimize and improve the quality of the
pre-filtering process of ECS by implementing it with SDP.



The totality of the results allows us to say about improving the quality of
automatic ECG processing by SDP. In turn, the intelligent analysis of ECS is
effective in solving the problem of CVD classification as part of the info-
communication system of automated preliminary ECG diagnostics.
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