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OBOCHOBAHHUE ITAPAMETPOB ITPOBE/IEHUA
I'OPHBIX BBIPABOTOK C NCITIOJIb3OBAHUEM
TEXHOJIOI'NM AHKEPHOI'O KPEIIJIEHUA

HucceprannonHas paboTa TOCBAIICHA TMpobiieMe oOecredeHus KperieHus
MOJATOTOBUTEIBHBIX TOPHBIX BBHIPAOOTOK C MCIOJIb30BAHUEM TEXHOJIOTUU aHKEPHOTO
KpeTIeHuUs.

AKTyaJbHOCTH padoTbl. C mepexoaoM Ha OOJbIIyI0 TITyOuHY pa3paboTKH B
KaparanguackoMm yronpHOM 0OacceifHe, YCIOXKHWINCh TOPHO-T€OJOTUYECKUE |
TOPHOTEXHUYECKHUE YCIIOBUSI, CYIIECTBEHHO YBEJIMYMIIUCH pa3Mephbl 30H OMOPHOTO
JABJICHUSI B OKPECTHOCTSX OYHCTHBIX BBIPAOOTOK W WHTEHCHUBHOCTH MPOSBIICHUIMA
TOPHOTO JIaBJICHUS B BBIPAOOTKAaX BHYTPU BBIEMOYHBIX IOJIEH.

bonee 60% BMemaromux Mopoa HEMOCPEACTBEHHOW KPOBJIM YTOJbHBIX TJIACTOB
MO/I3€MHBIX TOPHBIX BBIPAOOTOK Ha ImaxTax KaparaHauHCKOTO yrojibHOro Oacceiina
HAXOASTCS B HEYCTOMYMBOM COCTOSIHUU, a TOPOJIbI HEMOCPEICTBEHHON MOYBBI —
MOJIBEPKEHBI K B3AYTHI0. BBUY 3TOT0 KpaTHOCTh NEPEKPEIIeHUs MOIeP>KUBAEMbIX
BBIPAa0OTOK  JIOCTHTaeT JABYX-TPEX KpaTHOIO 3HAYeHUsT B TEUEHHUE CpOKa
sKCIUTyatanuu u Ooniee 25% HX €XKEroJHO TOJIBEpraeTcsi PEeMOHTY U KOMILIEKCY
paboT MO TOBBINIEHUIO MX YCTOMYMBOCTH CO 3HAYUTEIHHBIMH MaTepHaIbHBIMU
3aTpaTaMu U TPYAO0EMKOCTHIO.

TexHomoruu  OaHO-, JABYXYpPOBHEBOI'O, KOMOWHHUPOBAHHOTO  AHKEPHOTO
KPEIUICHHS TTOATOTOBUTENBHBIX TOPHBIX BHIPAOOTOK B TIOCIIEIHEE BpEMs HAXOAUT BCE
OonpIIoe MpUMEHEeHHe 1o BceMy Mupy. Ha maxtax KaparanauHCKOTo yrojibHOTO
OacceitHa, mpakTHKa e€ dKCIUTyaTallid KOHCTaTUPOBAJIA PSiJ CEPhE3HBIX HEIOCTATKOB,
KOTOpbIE TPHUBOAAT K JAehOopManusiM TOJATOTOBUTEIBHBIX TOPHBIX BBIPAOOTOK:
CMEIIEHUS TTOPOTHOTO KOHTYPA, BHIBAIIBI U3 KPOBJIH U OOKOB BBHIPAOOTKH.

OcHOBHOE BIIMSHHE Ha BBHIOOpP M MapaMeTpPhl aHKEPHOT'O KPEIUICHUS TOPHBIX
BBIPAOOTOK OKAa3bIBAIOT TOPHO-TEOJIOTUYECKHE W TOPHOTEXHUYECKHE (aKTOPHI s
KOHKPETHBIX YCIIOBUM 3KCIUTyaTallud. B CBsI3M ¢ 3T 3ajada pacuera mapameTpoB
AHKEPHBIX Kpeneu i1 KOHKPETHBIX YCIOBHI HSKCIUTyaTallUM C YYE€TOM BIIMSIOIINAX
(bakTOpoB i COXpaHEHWS YCTOWYMBOCTH TOPHBIX BBIPAOOTOK Pa3IMYHOTO
TE€XHOJIOTMYECKOT0 HA3HAYEHUSI SIBISIETCS aKTYaJIbHOM U BOCTPEOOBAHHOM.

Heab padoTsl — 000CHOBaHNE TTAPAMETPOB TEXHOJIOTUU aHKEPHOTO KPETUICHUS
TOPHBIX BBIPAOOTOK C YYETOM BIUSIOMHMX (PAKTOPOB YCIOBUW DJKCIUTyaTalllH,
00eCreunBalOMMX TOBBIIIEHHE PEHTA0ETFHOCTH M 0€30MacHOCTH  OTPabOTKHU
YTOJIbHBIX MJIACTOB.

HNnes padorel. Co3naHue yCnoBUM i pacuIMpeHus: 00JacTh MPUMEHEHUS
OJIHO-, JIByXYpPOBHEBOI0, KOMOMHUPOBAHHOI'O AHKEPHOTO KPEIUICHUS] TOPHBIX



BBIPA0OTOK PA3IMYHOTO TEXHOJOTMYECKOrO0 HA3HAYEHUs, C YYETOM BIUSIONIUX
(baKTOpOB YCIOBUI IKCILTYaTallUH.

O0bexT HccaenoBanms. ['opHble BBHIPAaOOTKHU, PAa3IUYHOTO TEXHOJIOTMYECKOTO
Ha3HAYCHUs, TMPOBOJAUMBIE U TOJAJIEPKUBAEMbIE B KOHKPETHBIX YCIIOBHUSX
AKCIUTyaTallui TOPHO-T€0JIOTUUECKOT0 U TOPHOTEXHUYECKOT0 XapaKTepa.

Metoabl ucciaenoBaHusi. PelieHre TOCTaBICHHBIX 3a/lad OCYILECTBIISETCS
METOJIOM aHajiM3a OTEUECTBEHHOTO M 3apyOeKHOIro OIbITa B 00JIACTH pacueTra u
MPUMEHEHUSI TMapaMEeTPOB AHKEPHOW TEXHOJOTHUU KPEIUICHUS MOJTOTOBUTEIBHBIX
TOPHBIX BBIPAOOTOK, C YYETOM KOMIUJIEKCAa BIHUSIONUX (PAKTOPOB, HATYPHBIX
HAOIIOJIEHU. MaTEMaTUYEeCKOTO0 M KOMIIBIOTEPHOTO OOOCHOBaHMSI TapaMeTpoB
AHKEPHOTO  KpPEIUICHUSI TOPHBIX BBIPAOOTOK, ampoOainuei pe3yabTaToB B
MPOMBIIIJICHHBIX  YCJIOBUSIX JKCIUTyaTtanuu maxT KaparaHamHCKOro yrojbHOTO
OacceliHa.

Hay4yHnasi HOBU3HA 3aKJII0YaETCS B:

— CTPYKTYpHOM cxemMe OOOCHOBaHHS M pacyeTa IapaMeTpOB aHKEPHOTO
KpEIJICHUsSI TOPHBIX BBIPAOOTKH, MPOBOJUMBIX B MAacCHBE U IOJJICPKUBACMBIX BHE
30HBI, B 30HE BIHUAHUS OYHCTHBIX pabOT, OXpaHSIEMBIX 3a JABOW IEJIHUKOM,
MoramiaeMblX 3a JIaBOM, TO3BOJISIONICH pacmupuTh 00JIacTh MPUMEHEHUS
TEXHOJIOTUH aHKEPHOTO KPEIJICHUSI TOPHBIX BBIPAOOTOK Ha YTOJIBHBIX IIaXTaX;

— 3aKOHOMEPHOCTSIX W3MEHCHHMs IMapaMeTPOB aHKEPHOTO KPETUICHHS TOPHBIX
BBIPA0OTOK OT TJIyOMHBI 3aJI0KEHUS, IMUPUHBI BBIPAOOTKH, COMPOTHUBICHUS MOPOT
KPOBJIM Ha cxkatue /i maxt Kaparanauackoro OacceliHa, MO3BOJISIOMIUX BBIOUPATh
U CO3/1aBaTh OOOCHOBAHHBINM BAPUAHT BUJIA TEXHOJIOTUU aHKEPHOTO KPEIUICHHUS;

— MporpamMMme pacyeTa MapaMeTpoB aHKEPHOI'O KPETUIEHHUsS TOPHBIX BBIPAOOTOK
Pa3JIMYHOTO TEXHOJOTMYECKOTO HA3HAYEHHUS], aJallTUBHON K KOHKPETHBIM YCJIOBUSIM
DKCIUTyaTalluM  [IAXT  YTrOJAbHOrO  OacceiiHa, TMO3BOJISIONICH  YBEIWYMBATH
IIPOU3BOAUTEILHOCTh U 3(P(HEKTUBHOCTD TPYJa TEXHOJOTHUYECKUX CIYKO IIaxT MpHU
pa3paboTKe CXEMBbI U MaclopTa MPOBEICHUS TOPHBIX BHIPAOOTOK.

O6beM U cTpykTypa padoThl. PaboTa coCTOMT M3 BBEICHHUS, YETHIPEX TJIaB,
3akmrouenusi, 10 npuioxenuid. Conepxut 141 cTpaHul] MAaIIMHOMUCHOTO TEKCTa, 58
pucyHkoB, 102 Tabauiax, CIUCOK UCIOJIb30BAHHBIX HCTOYHUKOB, BKIIoUaromuii 107
HaUMEHOBaHUU U 9 MPUIOKEHU.

Conep:xkanue pa6oTbl. Bo BBeneHUM TPUBOIUTCS KpaTKOe OOOCHOBAaHHE
aKTyaJIbHOCTH, pelIaeMou MPHUKIAAHON HAyYHO-TEXHUUYECKOU MPOOJIeMbl, CBI3aHHON
C KpeIUIeHUsI TOPHBIX BBIPAOOTOK C HCIOJIB30BAHUEM TEXHOJOTUN aHKEPHOTO
KpEIUICHHSI 11 MOBBIIIEHUS PEHTA0EIbHOCTH U 0€30MaCHOCTU OTPAOOTKU YTOJIBHBIX
IJIACTOB, C(POPMYJIMPOBAHBI 1I€JIb U OCHOBHBIE 3aJa4M JUCCEPTALUOHHOW paboTHI,
MPUBOMATCS  METOJHWKA BBIMOJHEHUS PAabOTBI W  TMpakTHYecKas IIEHHOCTh
JIUCCepTallii, YKa3bIBACTCS MPAKTUYECKAsT 3HAYMMOCTh TEMBI.

B nepBom paznene mnpoBeNEHbI HCCIEIOBAHUS M OMNPEEIICHbl BIHSIOLINE
(dakTophl Ha MapaMeTpbl AaHKEPHOW Kpenu TrOpHOM BbIPAOOTKH, MPOBEAECHA OIEHKA
YCTOMYMBOCTU TOPHBIX BbIpaboTOK Mmiaxt Kaparannaunckoro OacceiliHa, aHanu3
KOHCTPYKIIMI aHKEPHBIX Kperen U YCI0BUM UX TPUMEHEHUS Ha YTOJIbHBIX IIaXTaX.



BoinosiHeHbl HaTypHble HAOJMIOJEHUS 32 CMEIICHHUSIMH MOPOAHOTO MacCHBa
BOIM3M TOpHBIX BhIpaboTOK maxTtel uUM. Kocrenko Y/ AO «ApcenopMurtran
Temupray. IIpou3BeneH aHamnM3 HAay4YHO-TEXHMYECKHUX JOCTHIKEHUN TNPUMEHEHHUS
AHKEPHOU TEXHOJIOTHH.

[IpumeHnenue OnHO-, JABYXYpPOBHEBOM, KOMOMHHPOBAHHOW  TEXHOJOTUM
AHKEPHOTO KpEIUIEHUWs Ha YrojbHBIX IaxTax oOecrneunsao Obl MOBBILIEHUE
pPEHTa0ETBLHOCTH U 0€30MaCHOCTH OTPAOOTKH YTOJbHBIX TIACTOB.

Bo BTOpOM paznene BbINOJHEH 0030p METOJOB pacueTa aHKEPHOT'O KpEIJICHUs
TOPHBIX BBIPAOOTOK B TMpPAaKTUKE OTEYECTBEHHOTO M OJMKHETO 3apyOebs.
[Ipencrasiena pazpaboTaHHas METOJOJIOTHS U CTPYKTYpHas CXxeMa BbIOOpa CXEMBbI U
pacuera mapaMmMeTpoB  OJHOYPOBHEBOH, KOMOWHUPOBAHHOW, JABYXYpOBHEBOWU
AHKEPHOM TEXHOJIOTUU KPEIUJICHUS TOPHBIX BBIPAOOTOK, aJIalITUBHOM K BIMSIOUIUM
(akTOpaM ropHO-T€OJIOTNYECKOTO U TOPHOTEXHUYECKOTO XapaKTepa yroiabHbIX MIAXT.

B TPETHEM pazzene IpeACTaBiIcHa pa3paboTaHHas METOANKA
aBTOMAaTU3UPOBAHHOIO pacyeTa MapamMeTPOB AHKEPHOM TEXHOJOTHM KpPEIUIEHUS
TOPHBIX BBIPAOOTOK PA3NIMYHOTO TEXHOJOTHMUECKOrO0 HA3HAYEHUS, AKTYaJbHBIX IS
yCIOBUM  dKcmulyaTanuu maxt KaparanamHcKoro yrojpHOro OacceiiHa H
peann3oBaHHas B dbopmate [Iporpammsl IS OBM. Metoauka
aBTOMAaTU3MPOBAHHOIO pacyeTa NapaMeTpOB AaHKEPHOTO KpPEIUIEHUS MO3BOJISET
o0ecrneyuTh TOYHOCTh W KAaueCTBO MPUHUMAEMBIX MPOEKTHBIX pEUICHUN Mpu
NOCTPOEHHUH MACTIOPTOB KPEIUICHUS, 32 CUET BBIMOJHEHHS pacu€ra Ha BCEX dTalax B
CTPOTOM COOTBETCTBMHM C pa3pa0OTaHHOW CTPYKTYpPHOW CXEeMOW 1O pacuery
napaMeTpoB AHKEPHOTO KpPEIUIEHWS, C HOPMATHBHBIMU JIOKYMEHTAMU H Y4YE€TOM
HAaKOIUIEHHOTO  OMbITa TMPUMEHEHUsS  AHKEpPHOrO  KpEeIUIEHWs Ha  IIaxTax
Kaparanaunnckoro yroibHoro 6acceiina.

UYeTBepThIii paszaen MOCBSIICH pa3paboTKe TEXHUYECKUX PEIICHUH 10 BBIOOPY
CXEMBbl M pacyeTy MapamMeTpOB KPEIUICHUS TOPHBIX BBIPAOOTOK C HCIOJIB30BAHHEM
TEXHOJIOTMM  AHKEPHOTO  KpEIUIEHWUs Ui YCJIOBUM  OKCIUTyaTallud  IIaxT
«IaxTuHckas», uM. Koctenko KaparanauHckoro yroipHoro 6acceitna. BeimosHeHo
000CHOBaHHME BBHIOOpA AHKEPHOT'O KPEIUICHUS TOJ3EMHBIX TOPHBIX BBIPAOOTOK IO
CTOMMOCTHOMY (akTopy. Pa3zpaboTaHbl 3aKOHOMEPHOCTH H3MEHEHHUS IapaMeTpoB
AHKEPHOTO KPEIUIEHUS OT BIUAIOIMUX (PAKTOPOB YCIOBHM 3KCIUTyaTallMM TOPHBIX
BBIPAOOTOK.

B 3akmioueHuu aBTOp MOJBOJUT WTOTH IO MpPOAENAHHOW paboTe B paMKax
JIUCCEpTaLUH.

Pe3yabTaThl padorsl. Ha ocHOBaHMU BBITTOJTHEHHBIX UCCIEIOBAHUM MOTYYEHbI
CIIEAYIOIINE PE3YJIbTATHI:

— OLEHEHA YCTOWYMBOCTH TOPHBIX BbIPA0OTOK KaparaHIWHCKOro yroyJbHOTO
OacceitHa, BBISIBICHBI BIUSAIOMNE (PAKTOPHI yCIOBUN pa3paOdOTKU MIaxT OacceiiHa Ha
BBIOOp CXeMBbl W MapaMeTpbl aHKEPHOTO KpEIJIeHHs M O0OCHOBaHa METOOJIOTHS
pacyera mapaMeTpoB AHKEPHOIO KPEIUIEHUS TOPHBIX BBIPAOOTOK, MPOBOAUMBIX U
MIOAJCP/KUBAEMBIX B PAa3IMYHBIX TOPHO-TEOJOTMYECKHX M TOPHOTEXHMYECKHX
YCIOBHSX JKCIUTyaTalllH;



— 00OCHOBaHbI BHUJIbI KPEIJICHUS U BBIMOJHEH pacyeT MapaMeTpoB aHKEPHOIO
KpEIUIEHUS] TOPHBIX BBIPaOOTOK Pa3IMYHOIO TEXHOJIOTMYECKOTO Ha3HAYEHUS;

—  YCTaHOBJIEHBl  3aKOHOMEPHOCTHM  HW3MEHEHMS  IapaMeTpoOB  OJHO-,
JIBYXYPOBHEBOT0, KOMOMHUPOBAHHOTO aHKEPHOT'O KPEIUICHUSI TOPHBIX BBIPAOOTOK OT
[IyOUHBI 3aJI0KEHUS, IMUPUHBI BEIPAOOTKH, CMEIIEHHs TIOPO] KPOBJIU BhIPAOOTKH;

— paspabotana mporpamma mia OBM pacuera mapamMeTpoB TEXHOJIOTUH
AQHKEPHOTO KpEIUICHUS TMOJTOTOBUTEIBHBIX TOPHBIX BBIPAOOTOK Pa3IUYHOIO
TEXHOJIOTMYECKOTO XapaKTepa.

IIpakTHyeckasi 3HAYMMOCTD MOJYYECHHBIX Pe3yJIbTATOB 3aK/JII04YAeTCs B:

— B BBIOOpE CXEMBbI U METOOJIOTUU pacyeTa MapaMeTpoB aHKEPHOTO KpEeTieHUs
TOPHBIX BbIpaOOTOK 1maxT KaparaHamHCKOro yrojibHOro 6acceiina;

— B OOOCHOBaHMHM BBIOOpAa TEXHOJOTMM AHKEPHOTO KpEIUIEHUS TOPHBIX
BbIPa0OTOK Pa3IMYHOTO TEXHOJIOTMYECKOTrO Ha3HAYEHUs JJIsI KOHKPETHBIX YCIOBUH
AKCIUTyaTaluu maxT KaparanamHCKOro yrojisHOro oacceiina;

— B 3aKOHOMEPHOCTSIX H3MEHEHHMS [apamMeTpPOB TEXHOJOTMU aHKEPHOIO
KPEIUICHHUs] OT BIUSAIOMMX (PAKTOPOB YCIOBUN 3KCIUTyaTallMM TOPHBIX BBIPAOOTOK.
3aKOHOMEPHOCTH TO3BOJIAT TEXHOJOTMUYECKUM CIyX)0aM IIaxT MOJAEIUPOBATh
napaMeTphl KpEIyIeHUsI TOPHBIX BBIPAOOTOK M BBIOMpATh OOOCHOBAaHHBIE BAapUAHTHI
BUJIOB aHKEPHOTO KPEIJICHUS;

— B pazpabotke mnporpammbl ansi OBM  aBromMaTH3MpoBaHHOTO pacyera
napaMeTpoB aHKEPHOTO KPEILJICHHUS.

OcHOBHBIC Hay4YHble TIOJIO)KEHHMSI M  Pe3yJibTaThl HCCJeI0BaHUI,
BbIHOCHMbIE HA 3AIUTY:

—  METOAOJIOTUS pacyeTa napaMeTpoB OJIHO-, JIBYXYpOBHEBOTO,
KOMOMHUPOBAHHOTO AHKEPHOT'O KPEIUJICHUS TOPHBIX BHIPAOOTOK, OCHOBAHHOW Ha
TEOPHUH T'PY30HECYILIET0 MOCTA W MOJIBEUIMBAHUS K YCTONYMBBIM TOPHBIM IOPOJAM,
YTO MO3BOJIHUT 00ECIICYUTh YCTOMUYUBOCTh MPUKOHTYPHOTO TOPHOTO MACCUBA;

— 3aKOHOMEPHOCTH HW3MEHEHHUsI NapaMeTpOB AHKEPHOTO KPEIUIEHHUS TOPHBIX
BBIPAOOTOK OT TIYOHMHBI 3aJI0’KCHHS, IMHPUHBI BBIPAOOTKH, COIPOTUBICHUS MOPO]I
KPOBJIM HA CXaTUE, YTO MO3BOJUT CO3AaTh TEXHOJOTMYECKHE CXEMbl M IMACHOPT
MIPOBENICHUS TOPHBIX BHIPAOOTOK.

Peanu3auusi padorbl B NPOMBINLIEHHOCTH. B paMkax X0310TOBOPHBIX
MCCJIeIOBaHMI pa3pabOTaHbl TEXHHUYECKHE PEIICHUs IO BHIOOPY BHIIa U PacdeTy
MapamMeTpoOB aHKEPHOTO KPEIUICHHUS TOPHBIX BBIPAOOTOK JIJISt YCIOBUHM IKCIUTyaTallUuy
maxt uMm. Kocrenko, «lllaxturckas» Kaparanauackoro yroiasHOro OacceiiHa.
TexHnueckne pelieHuss B HACTOSIIIEE BPEMS IMPOXOASIT OMNBITHO-NPOMBIIIJIEHHYIO
npoBepky Ha maxrtax Y/ AO «ApcenopMurran Temupray». Merogonorusi pacuera
rapaMeTpoB aHKEPHOr'O0 KPEIUICHUS! BKIIIOYEHA B MepepadOTaHHYIO MHCTPYKIIUIO IO
pacueTy U IPUMEHEHUIO AaHKEPHBIX Kpernen Ha maxrax KaparanauHCKOro yrojibHOro
Oaccelina.

JIMYHBINA BKJIAJ COUCKATEJIS 3aKII0YACTCS B MPOBEACHUHN KaK TEOPETUYECKUX,
TaK W B HATypHBIX HAOJIOJICHUSAX, HAIMpPaBICHHBIX Ha JIOCTWXKEHHUE LEeNu
JUCCEePTALMOHHON pabOoThl, B MOATOTOBKE IMyOJIMKAILIMI 10 TeME HCCJIEIOBAHUS U B
MOJIYYEHUU OXpaHHBIX JOKyMeHTOB. Couckareiib pa3padoTall CTPYKTYPHYIO CXEMY



pacueTa mapamMeTpoB aHKEPHOI'O KPETUICHUSI MOATOTOBUTEIbHBIX TOPHBIX BHIPAOOTOK
JUIsL  YCJIOBMM 3KcIulyaTauuu ImaxT KaparaHguHCKOro yroibHOro OacceiHa;
pa3zpaboTan METOJMKY aBTOMATU3MPOBAHHOIO pacyeTa NapaMeTpoB aHKEPHOTO
KperuieHus. Takke ¢ ero HemOCPEJACTBEHHBIM y4acTUEM pa3pabOTaHbl TEXHUYECKUE
pemieHust Mo 00OCHOBaHUIO MAPAMETPOB AHKEPHOI'O KPEIUIEHHsI TOPHBIX BbIPAOOTOK
pPa3IUYHOrO  TEXHOJOTMYECKOro  Ha3HaueHuss Jias 1maxT uMm. KocrteHko,
«IlaxTunckas» KaparaHauHCKOro yrojabHOro OacceiiHa, C Y4Y€TOM BIUSIOIIHUX
(akTOpOB YCIOBUH OKCIUTyaTallUM IIAXT YroJbHOro ©OacceilHa, BBIABICHbI
3aKOHOMEPHOCTH M3MEHEHHSI MapaMeTPOB AHKEPHOTO KPEIUICHUS OT BIUSIOIMIMX
(aKTOPOB YCIOBHI SKCIUTyaTalluy TOPHBIX BEIPAOOTOK.

AnpoGanus pe3yabTaToB auccepraumu. OCHOBHBIE TIOJIOXKEHUSI PaOOTHI
JOKJIaJIBIBAIMCh U MOJYYUIIU 0JI00peHue:

— Ha HayuHbIX ceMuHapax Kapl'TV;

— B paboTe MEXAYHApOAHBIX HAYYHO-TIPAKTUYECKUX  KOH(DEPEeHIUIX
«MHTerpanus Hayku, oOpa3oBaHUs U MPOU3BOJCTBA — OCHOBA peanuzauuu [lnana
Hauun», r. Kaparanna, KapI'TVY: CarunoBckue urenuss Ne9, 22-23 wmronsa 2017 r.,
CarunoBckue ureHust NelQ, 14-15 mrons 2018 r., CarunoBckue ureHus Nell, 14-15
urons 2019 r.;

— B paboTe MEeXIyHapOJIHON Hay4yHO-TIpaKTU4YecKoh KoHpepeHuusx «Pa3putue
TEXHUYECKUX HayK B COBPEMEHHOM Mupey, I'. Boponex (11 nexabps 2017 r.);

— B pabore MATEC Web of Conferences «Information and Measuring
Equipment and Technologies», r. Tomck, 2018 r.;

— B paboTe MEXIyHapoJHOW HaydyHoW KoHbepeHuun «HaliHoBUTE HaydHH
nocTmwkeHus», r. Codpust (12-13 mapra 2018r.);

— B pabore Conference Proceedings «Sixth International Conference on
Advances in Computing, Communication and Information Technology — CCIT
2018», IlIBetinapus, 2018r.

OcHOBHBIE HAYYHbIE Pe3yJbTAThl JOKTOPCKOW IUCCEPTAIIMU ONyOJIMKOBAaHbI B
19 mayuHbIX Tpyaax, B ToM uucie, 1 mMoHorpadueit, 2 crarbax u 2 AOKJIagax Ha
KOH(pEpEHIUAX, TPOUMHICKCUPOBAHHBIX B 0a3e MJaHHBIX Scopus, 3 CTaThix,
omyOnMKoBaHHBIX B m3gaHusax, pexomeHaoBanHpix KKCOH MOH PK. Housna
pE3yNbTaTOB  TOJATBEPKACHA OJIHUM TATEHTOM Ha  HW300peTeHHe, JBYMS
CBUJICTEILCTBAMU O BHECEHHHM B TOCYJApCTBEHHBIM pEECTp MpaB Ha OOBEKTHI,
OXpaHsAEeMble aBTOPCKUM IPABOM.
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TomuiioB Asiekcanap HukonaeBu4TIiH

6D070700 — «Tay-keH ic1» MaMaHAbIFbl OOMBIHIIA
¢unocodusa nokropsl (PhD) FeubiMu 19peKeciH anyFa YChIHBUIFAH «AHKEPJIK
0eKiTy TeXHOJIOTMSICHIH NMAJa/IaHA OTBIPBIN TAY-KeH Ka30aJaapbIH KYPrisy
napamMeTpJiepiH Heri3aey» JTOKTOPJIbIK JUCCEPTALUSIIBIK )KYMBICHIHBIH

AHJIATIIACBI

JluccepTanusuIbIK KYMBIC aHKEpJIiK OCKITY TEXHOJOTHSACHIH KOJIaHa OTBIPHII,
JAlbIHJIBIK Tay-KeH Ka30anapblH OEKITy/l KAMTaMachl3 €Ty MOCEJIeCIHE apHaJIbl.

3eprrey e3ektidiri. Kaparannbl kemip OacceiiHiHAE UrepyAiH YIJIKEH
TEPEHJIIriHe KOITYMEH Tay-KEeH-TCOJOTHUSIIBIK KOHE Tay-KeH TEXHUKAJBIK KaFaaniap
KypJeJleHe TYCTi, Ta3apTy Ka30ajmapbhlHBIH MaHAWBIHIAAFBl  TIPEK  KbICHIM
aliMaKTapbhIHBIH KeJeMl jKOHE KeH ally aJIKalTapbIHBIH IIIIHJEr1 Kaz0ajmapaarbl Tay
KBICBIMBIHBIH KOPIHY KapKBIHIBLUIBIFBI CJICYJIl YIIFaiIbl.

Kaparanasl kemip OacceilHIHIH IIaxTajdapblHAAFbl JKep acThl Tay-KeH
Ka30aJapbIHBIH KOMip KaOaTTaphl TiKEJICH MATBIPBIHBIH CHIMBIMIBI JKBIHBICTAPBIHBIH
60% acramMbl TypakchI3 Kyijie, ai TiKeJIell TONBIPAKThIH JKbIHBICTAPHI 1ICIHYTE OeHiM.
Ocpiran OalyaHBICTB KOJAQy KOPCETLIeTIH Kazbamapael KaiTta OekiTy eceniri
naiagany Mep3iMi IIiHe eKi-YII €CeIiK MOHTE KeTe i xKoHe onapabiH 25% acTamsl
KBUJI CalibIH €JIeyJll MaTepUaIbIK HIBIFBIHIAPMEH >KOHE €HOEK ChINBIMIIBUIBIFBIMEH
OJIapJbIH TYPAKTBUIBIFBIH apTTHIPY OOWBIHINA KOHACY KOHE >KYMBICTAp KEIIEHIHE
VILBIPANIBI.

JlalbIHABIK Tay-KeH Ka30amapbIHbIH Oip, €Ki JeHreisi, OIpIKTIPITeH aHKepI ik
OCKITY TEXHOJIOTHSJIAphl >KaKbIHIA OYKIUI oJieMJie KEHIHeH KOJIJIaHbLla 0acTajibl.
Kaparannpl kemip OaccelHiHIH IIaxTajapblHJa OHBI TaljgagaHy TOXKIpUOECiHIIe
MaWbIHABIK ~ Tay-KeH  Ka30ajdapblHBIH  JeopMamuschiHA  OKEJETIH  KBIHBIC
KOHTYPBIHBIH KbUDKYBI, Ka30aHbIH TeOeci MeH OYHIpIHeH IIBIFBIN KETyl CEeKUIIi
OipkaTap eneysi KeMIIUTIKTEp aHBIKTaJJIbI.

Tay-ken kazOamapeiH aHKEpHiK OEKITy[i TaHaay MEH HapameTpiepiHe HaKThI
naijanany >KarJailiapel YIIIH Tay-KEH-TCOJOTHUSIIBIK JKOHE Tay-KEeH TEeXHUKAIIBIK
dakropnap acep ereni. OcbliFaH OailIAHBICTBI SPTYPJIl TEXHOJIOTHSUIBIK MaKCATTaFbI
Tay-KeH Ka30aJapbIHBIH TYPAKTBUIBIFBIH CaKTay YIIH dcep eTyili (haKTopap/sl
€CKepe OTBHIPHITN, HAKTHl TaiialaHy >KarJaijaapbl YIIIH aHKEepJIiK OeKiTmenepaiy
napameTpiepiH eCenTey MiH/ETI 63€KT1 )KOHE CYPaHBICKA He OOJIBIT TaObLIaIbI.

KymMbIcTBIH MaKcaThl — KOMIp KabaTTapblH Ka3y[blH MNaWJalbUIBIFBl MEH
KAyINCIi3IiriH apTTRIPYIbl KaMTaMachl3 €TEeTiH NaljajaHy >KaFJdaiIapbIHBIH ocep
eTymri (akTopiapblH €CKepe OTBIPBIN, Tay-KeH Ka3z0ajmapblH aHKEpIiK OeKiTy
TEXHOJIOTHUSICHIHBIH ITapaMeTPIICPiH HETI3/ey.

KymbicTeiH uaeschl. [laiinanany skargalinapbiHbIH 9cep €Tyl (aKTopIapbiH
€CKepe OTBIPBII, IPTYPJIl TEXHOJIOTUSIIBIK MaKcaTTarbl Tay-KeH Ka30anapbiH Oip, ekl
JIEHIeMII1, apajiac aHKepJIiK OeKiTy/l1 KOJIJaHy cajlaChblH KeHEUTY YIIIH Karjal xacay.



3epTrTey HbICAaHBL. Tay-KEH-TCONOTHSUIBIK JKOHE Tay-KeH TEeXHUKAIIBIK
CUTIATTaFbl HAKThl TAaWJaNaHy >KaFdaillapblHAa KYPTi3iIeTiH JKOHE KOoJIay
KOPCETUIETIH dPTYPJIi TEXHOJIOTUSIIBIK MaKcaTTaFrbl Tay-KeH Ka30aiaphbl.

3eprrey oaictepi. Koilbimran wmocenenepnai memy ocep eTymii (akropiap
KeIIeH1 MEH 3aTTail OakplIayIap/bl €CKepe OTHIPHIN, NalbIHBIK Tay-KeH Ka30atapbiH
OCKITYJIH aHKEPJIIK TEXHOJIOTHSCHIHBIH MapaMeTpiiepiH €CenTey >KOHE KOJIJIaHy
calachlHIArbl OTAHJBIK JKOHE IIETENJIIK TIKIPUOEH!1 Tanjay, Tay-KeH Ka3OaiapblH
aHKepyiK OeKiTy mapameTpiepiH MaTeMAaTHUKAJbIK MOHE KOMIBIOTEPIIK HEri3zey,
Kaparanasl keMip OaccelHIHIH IIaXTaJapblH MaiJajgaHyJblH ©HEPKICINTIK
KarJainapbelHaa HOTHKEIEp Il arpodarusiiay 9IiCTepi apKbUTBI ’KY3E€Te aChIPhLUIaIbI.

FblIbIMH )KAaHAIIBUIBIKTAPBI KeJlecijiepaeH Typaabl:

— Tay-KeH Ka30aJlapblH aHKEpJIIK OEKITY TEeXHOJIOTHICHIH KOMIp IIaxTajapblHAa
KOJIJIaHY asChIH KEHEUTyre MyYMKIHIIK O€peTiH, TyTac JJaBaHbIH apThIHJIa KOPFaJIaThIH
Ta3apTy JKYMBICTAPLIHBIH ocep €Ty alWMarblHJIa MAaCCHBTE JKYPTi3UICTiH IKOHE
ailMakTaH TBIC IKEpJe CaKTalaThlH Tay-KeH Ka30amaphlH aHKepJik Oekiry
napaMmeTpiepiH HET13/Iey MEH eCenTey/IiH KYPbUIBIMIBIK ChI30aChI;

— Kaparannpl GacceilHiHIH IIaxTaiapbl YIIIH Tay-KeH Ka30alapblH aHKEpPIIIK
OekiTy mapaMeTpJiepiHiH OpHaJlacy TePEHIIrHeH, Ka30aHbIH €HIHCH, aHKEePJIIK OEKITy
TEXHOJIOTHSACHI TYPiHIH HETI3JeNreH HYCKAChIH TaHJayFa »OoHE jKacayra MYMKIHJIIK
OepeTiH mAaThIP KBIHBICTAPBIHBIH KBICHUTYFa KEIEPriCiHEH 63repy 3aHAbLIBIKTaphI;

— Tay-KeH Ka30alapbhlH KYPri3y CXeMmMachl MEH MacCHOpThIH J3ipiiey Ke3iHJe
axrajapAblH TEXHOJOTHSIIBIK KbI3METTEPIHIH OHIMIUIINT MEH eHOeK THUIMIUIIrIH
apTThIpyFa MYMKIHAIK OepeTiH keMip OacceiiHi maxTajgapblH NaigagaHyIbIH HaKThI
KarnaunapbiHa OeHIMIEeNreH OpTYpil TEXHOJOTHSIBIK MakcaTTarbl —Tay-KeH
Ka30aapbIHBIH aHKEPJIIK OCKITY MapaMeTpiiepiH ecenrtey OaraapiaMachl.

KyMbIcTBIH KypamMbl MeH KkeoJjiemi. JKywmpic kipicneaeH, TepT OejiMHEH,
KOPBITBIHIBIAAH, 10 KockiMmmagaH Typanael. Onma 141 OGer mammHameH OachUIFaH
MoTiH, 58 cyper, 102 kecte, 107 aray MeH 9 KoChIMIIIaJlaH TYPAThIH NaiaJaHbUIFaH
oneduerTep TiziMi Oap.

KymbicteiH  MasmyHbl.  Kipicieme  kemip  KabaTTtapblH  Ka3yIbIH
peHTA0ENbALIITT MEH KAYINCI3AITiH apTThIPy YIIIH aHKEPIIK OEKIiTy TeXHOJOTHUSICHIH
naijjaana OTBIPBIN, Tay-KeH Ka30amapelH OekiTyre OailaHbICThl MICTIUICTIH
KoJimaHOabl FRUIBIMU-TEXHUKAIBIK MOCEJIEHIH O3€KTUIINHIH KBICKAIIA HETI3AeMeC]
KeNTIpiIeni, AUCCepTAlMsIBIK JKYMBICTBIH MaKcaTbl MEH HETI3ri MiHAeTTepi
TYKBIPBIMIANAbI, KYMBICTBI ~ OpPBIHIAY  OMICTEMECi MEH JAUCCepTalUSHBIH
MPAKTUKAIBIK KYHABUIBIFBI KENTIPieAl, TAKBIPBIITHIH MPAKTHKAIBIK MAaHBI3IBUIBIFBI
KepceTineni.

Bipinmii GemiMze 3epTTeynep Kypri3al )kKoHe Tay-KeH Ka30aJlapbIHBIH aHKEPIiK
OeKiTreciHiH TapaMmeTpiepiHe acep eTeTiH (akTopiapasl aHBIKTaAbl, Kaparanmbl
OacceifHl maxTamapblHBIH Tay-KeH Ka30anapblHBIH TYPAKTHUIBIFBIHA Oara Oepmi,
aHKepJIiK OeKiTneNnepAlH KOHCTPYKIMSIapblHA JKOHE OJlapAbl KeMip IIaxTajlapblHJia
KOJIJTaHY KaFaiapblHa Tai1ay jKacabl.

«ApcenopMurran Temipray» AK KJI-Hig KocTeHKko aThIHAAFbI IIaXTaHBIH Tay-
KeH KaszOalapblHa JKaKbIH J>KEpJIeT1 JKBIHBICTBIK MACCHUBIHIH JKbUDKYBIH 3aTTaid



OakpuIay KYprizuili. AHKEPIIK TEXHOJOTHSHBI KOJJIAHYABIH FBUIBIMU-TEXHUKAIBIK
KETICTIKTEpIHE TaJJ1ay JKacajbl.

Kemip maxrtamapeiHaa aHkepiik Oekityald Oip, €Kl JeHreini, apaiac
TEXHOJIOTUSIJIAPBIH KOJIJAaHy KeMip KabaTTapblHbIH MalIabUIbIFBI MEH Kayinci3Airia
apTTHIPYAbl KAMTAMAChI3 €TE/I.

Exinmii OGesiMae OTaHIBIK JKOHE >KaKbIH IIETeN TXIpuOeciHae Tay-KeH
Ka30aapblHbIH aHKEPJIK OEKITUIYIH €cenTey ojicTepiHe Ioiy xacanabl. Kemip
IaxXTaJapbIHBIH Tay-KEH-TCOJOTHSUIBIK JKOHE Tay-KE€H TEXHHKAJBIK CHUIATBIHBIH dCep
eTymi (akropiapbiHa OeHIMIENTeH Tay-KeH Ka30amapblH OCKITyAiH Oip JeHreini,
apanac, €Ki JICHIei aHKEepJiK TEXHOJIOTHSACHIHBIH TapaMeTpiiepiH €CenTey KoHE
CXEMaHbI TaHIay/IbIH 93IPJICHIeH 9ICTEMECI MEH KYPBUIBIMJIBIK CXEMaChl YChIHBLIIBI.

Yurinmi OGemimae Kaparannbl kemip OacceilHIHIH IIaxTajlapblH MaijanaHy
KarnannapblHa e3eKkTi koHe ODEM-re apnanran Oarjapiama QopMaTbhiHAA ICKe
aChIPBUTFAH OPTYPJII TEXHOJIOTHSUIBIK MaKCaTTarbl Tay-KeH Ka30alapbhlH OCKITYIiH
AHKEPJIIK TEeXHOJIOTHSICBIHBIH IapaMeTpJIepiH aBTOMATTaHJbIPBUIFAH €CENTeYIiH
O3IpJICHTeH  9JicTeMecl  YCHIHBUIABL.  AHKepiik  OeKiTy[iH MapaMeTpliepiH
ABTOMATTAHJIBIPBUIFAH €CENTEy dJIicTeMeci OapibIK Ke3eHIepAe aHKepIiK OCKITYyAiH
napaMeTpJiiepiH ecenrey OOMBbIHINA 93IPJICHTeH KYPBUIBIMIBIK ChI30aFa, HOPMATHUBTIK
KyxaTTapra >koHe Kaparanasl keMmip OaccelHIHIH MIaxTajlapblHIa aHKEPJIiK OEKITYIi
KOJJIAaHYABIH JKWHAKTAJIFaH TOXKIPUOECIH eCKepe OTBIPhIN KaTaH COMKECTIKTE
ecenreyal opblHaay eceOiHeH OeKiTy macrmopTTapblH Kypy Ke3iHJe KaObUIJaHaThIH
YKOOAJTBIK MICTIMICPIIH JSJIAIr MEH carachlH KaMTaMachl3 €Tyre MyMKIHIIK Oepe/ti.

Teprinmi Oenmim Kaparannpel kemip OacceiiHiHiH KOCTEHKO aThIHIAFBI
«IllaxTuHCKas» IIaxTalapblH TNaijalaHy IIapTTapbl YIIIH aHKEPIiK OeKiTy
TEXHOJIOTHSICHIH KOJIJaHA OTBIPBIN, Tay-KeH Ka30allaphlH OEKiTy MapaMeTpliepiH
€cernTey JKOHE CXeMaHbl TaHJay OOWBIHINA TEXHUKAIBIK IICIIMIEPl 93ipieyre
apHanraH. JKep acTel Tay-KeH Ka30alapblHBIH aHKEPJIK OCKITYiH KYHIBIK (DakTop
OOWBIHINIA TaHJAy HETI3IeMeci OpbIHAANABL. Tay-KeH Ka30amapblH NaijganaHy
JKarIaimapblHbIH ocep €Tyl (akTopiapblHAH aHKEPJIK OEKITy MapaMeTpiepiHiH
e3repy 3aHAbUIBIKTAPhI 931pJISH/I].

KopeITbiHABLIAN Kelle, aBTOp AHWCCEepTallds asChIHAA »KacaliFaH KYMBICTHIH
HOTHKEJIEPIH IIbIFapabl.

Kymbic HoTHAKeepi. OpBIHIATFAaH 3epPTTEYNEp HETI31HAEe MBbIHA/Iall HOTIKEIIEP
AJTBIH/IBI:

— Kaparanner kemip OaccelHIHIH Tay-K€H Ka30aJapblHBIH TYPAKTHUIBIFBI
OaranmaHbl, aHKEPJIIK OCKITYyAiH cXeMachl MEH TNapaMmeTpiepiH TaHJayra OacceiiH
IaxTajgapblH 931piey KaFIalIapblHbIH dcep €TeTiH (pakTopiapbl aHBIKTAIIBI JKOHE
OpTYpNli  Tay-KeH-TEOJOTHUSUIBIK  JKOHE  Tay-KeH  TEeXHUKAJIbIK  MaljaiaHy
JKarIaumapelHa JKYPri3UIeTiH KOHE KOJJay KOpPCETUIETIH Tay-KeH KazOaaapbIHBIH
aHKEPIIIK OCKITUTYIHIH TapaMeTpIIepiH ecenTey dicCHaMachl HET13e/Ii;

— OeKITyAIH TypJjepl HEer3ACHAl JKOHE OPTYpJl TEeXHOJOTHSJIBIK MAaKCATTaFbl
Tay-KeH Ka30aJlapbIHbIH aHKEpJIIK OCKITUTY1HIH MapaMeTpiiepl eCenTemnl;

— Tay-KeH Ka30anapblHbIH Oip, €Kl JEHreisl, apanac aHKepJiK OeKiTu1y
napaMeTpiepiHiH OpHajacy TEpeHAIriHeH, Ka30aHbIH €HiHeH, Ka30aHblH Tebeci



KBIHBICHIHBIH BIFBICYBIHAH ©3T€PY 3aHIBUIBIKTAPbl AaHBIKTAJIIbI;

— OpTYpJl TEXHOJIOTHSUIBIK CHUIIATTaFbl Tay-KEH Kaz0ajapblH aHKEpJIK OeKITy
TEXHOJIOTUSACHIHBIH TapaMeTpiiepiH ecenTey YIINiH KOMIBIOTEpIiK Oarmapiama
KacaJbl.

AJIBIHFaH HITHIKeJIePAiH MPAKTHKAIBIK MAHBI3AbLIbIFbI:

— Kaparauael kemip OacceifHl maxranapbl Tay-KeH Ka30ajdapbIHBIH aHKEPJIIK
OeKITLTy MmapaMeTpiiepiH eCenTey CXeMachl MEH 9/1ICHAMACHIH TaHAAY;

— Kaparaugel kemip OacceilHIHIH IIaxTajapblH MNaiJadaHyJblH HaKThI
Kargainapsl YOIIH OPTYpJli TEXHOJOTHSJBIK MaKcaTTaFbl Tay-KeH Ka3z0alapblH
aHKEpJIIK OEKITY TEXHOJIOTUSICHIH TaHJ1ay/Abl HETI3/EY;

— Tay-KeH Ka30amapblH mMaiijanaHy O KaFJaillapelHBIH ~ ocep  eTyIi
(dakTopiapblHaH aHKEPJIK OEKITY TEXHOJOTHSACHI TapaMmeTpiepiHiH  e3repy
3aHIBUTBIKTAPBL. By 3aHABUTBIKTap MIAXTalapIblH TEXHOJOTHSIIBIK KbI3METTEpiHE
Tay-KeH Kaz0alapbhlH OCKITy MapaMeTpiiepiH MOJENbIASYre >KOHE aHKEpJiK OeKiTy
TYPJEPiHiH HET13/IeJINeH HYCKANIApbhIH TaHJayFa MYMKIHIIK Oepe/ii;

— DEM-re apHanraH aHKepiiK OEKiTy mapameTpiepiH aBTOMATTaHJbIPbUIFaH
ecenTey OarapiaMachiH d3ipJey.

KoprayFa ycbIHBLIATBHIH HeETi3ri FHUIBIMH epexkeep MeH 3epTTeyliepliH
HOTHKeJIepi:

- KOHTYPJIBIK Tay MAaCCUBIHIH TYPaKThUIBIFBIH KAMTaMaChI3 €TETIH KYK KOTEPrill
KOIIp TEOPHUSIChIHA HET13/ICNITEH KOHE TYPAKThI Tay >KbIHBICTAPhIHA UTIHETIH Tay-KEH
Ka30anapblHbIH Olp, €Ki JeHreii, apajgac aHKepiik OEKITUTYiHIH MmapaMeTpiiepiH
€cenTey dJIICTEMECT;

- Tay-KEeH Ka30aJlapbIH KYPri3yAiH TEXHOJOTUSIIBIK ChI30aaphl MEH MacTOPTHIH
’Kacayra MYMKIHJIK OepeTiH Tay-KeH Ka30ajdapblH aHKEepJIiK OeKITy rmapaMeTpiepiHiH
OpHaJlacy TEpEeHIIriHeH, Ka30aHBbIH CHIHEH, IIaThIp JKbIHBICTAPBIHBIH KBICBUIYFa
KEJIEPTiCIHEeH 03repy 3aHIbUIBIKTAPHI.

KymbIcThIH 0HepKacinTe icke achIipblIybl. [llapyambuiblk KeaiciMITapTTaFbI
seprreyiep asceiHaa Koctenko areiHmarbl  Kaparanasl kemip OacceiiHIHIH
«IIlaxTuHCKas» IMAXTaJapblH TalJaNaHy IIapTTapbl YIIIH Tay-KeH Ka30amapsl
aHKepJIiK OeKITyiHIH TYpiH TaHJIay >KoHE TlapaMeTpiIepiH ecenTey OOWbIHIIA
TEXHUKAJIBIK IIemiMaep o3ipieHai. TeXHHKanblK IIenrMaep Kasipri yakbITTa
«ApcenopMutran Temipray» AK K]l maxtamapeiana ToxipHOETiK-0HEPKICIITIK
TEKCEPYIEeH ©OTyne. AHKEpIiK OeKITy[lH TapaMeTpiepiH ecemTey ojicTeMeci
Kaparanasl kemip OacceiHIHIH MIaxTajapblHIa aHKEePIIIK OeKITIenepi ecenTey KoHe
KOJIIaHy OOMBIHIIIA KalTa OHJIETTeH HYCKAYIIBIKKA EHT131ITeH.

I3geHymiHiH KOCKaH :Keke yJieci AHCCepPTAlUsIIbIK >KYMBICTBIH MaKCaTbhIHA
JKeTyre OarbITTajdFaH TEOPUSUIBIK JKOHE 3aTTail Oakplaayiap Kyprizyae, 3epTrey
TaKbIPHIOBI OOWBIHINA >KapUsIaHBIMIIAP JANBIHIAY JKOHE KOpFay KyKaTTapblH aiayaa
xateip. [3penymi Kaparanapl koMip 6acceiHIHIH IIaxTaxapblH NalgataHy mapTTapsl
YIIIH JalibIHABIK Tay-Ke€H Ka30amapblHBIH aHKEPIiK OCKITUTy TapaMeTpiepi
€CeNTeyAlH KYPbUIBIMJIBIK ChI30aChIH 931pJie/l; aHKEPJIK OEKITYJIH mapameTpliepiH
aBTOMATTAHJIBIPBUIFAH ecenTey ojicTeMmeciH a3ipineni. CoHnaii-ak OHBIH TIiKeJel
KATBICYBIMEH IaxTajllap YIIH OpTYpJli TEXHOJOTHSUIBIK MAaKCaTTaFrbl Tay-KEH
Ka3z0anapblH aHKEpNiK OEKITy mnapameTpiiepiH Heri3iey OOMbIHIIA TEXHUKAIBIK
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memimaepal  a3ipaenl. Kocrenko ateiHmarel Kaparanasl kemip OacceilHiHIH
«[IlaxTHHCKas» MIaxTanapblH NaliJanany *arAailapblHbIH acep €Tyl (hakTopaapbiH
€CKepe OTBIPBIN, Tay-KeH Ka3z0anapblH NaijanaHy XKarJalJapblHbIH oCEp eTyull
dakTopiapblHaH aHKEpPJIK OeKITy mapaMeTpiepiHiH e3repy 3aHAbUIBIKTapblH
AHBIKTA]IbI.

Juccepraums  HITHKeJepiHiH  anpoOaummsnachl. JKyMBICTBIH — HEri3ri
epeskeliepl Keyeci xepiepae OasHaamabl )KOHE MaKyJIaHIbl:

— KapMTY rpuibiMu ceMUHApIapbIHIA;

— «FputbiM, OUTIM JKOHE eHJIpic MHTerpamusicel — yat JKocmapblH JKy3ere
aChIPYBIH HET131» aTThl XaJdbIKapaJiblK FHUIBIMU-TIPAKTUKAIIBIK KOH(DEpEeHIUIapAbIH
xymbicbiHa, Kaparanne! K., KapMTYV: CarbiHoB okynapsl Ne9, 22-23 maycsim 2017
K., CarpiHOB OKynapbl Nel0, 14-15 mayceim 2018 x., CarbiHoB oKynapbl Nell, 14-15
mayceiM 2019 x.;

— «Ka3ipri onemMeri TeXHUKaIBIK FHUIBIMAAPABIH JaMybD» aTThl XabIKapabIK
FBUTBIMHU-TIPAKTUKAJIBIK KOH(pEpEeHIIHs XyMbIChIHa, Boponex K. (11 »xentokcan 2017
K.);

— MATEC Web of Conferences «Information and Measuring Equipment and
Technologies» xympiceinaa, Tomck K., 2018 x.;

— «HaifHoBMTE HAy4YHM TIOCTHIKEHHS»  aTThl  XaJbIKapalblK  FHUIBIMH
koH(pepenius xymeicbiHaa, Codus K. (12-13 nHaypsiz 2018:x.);

— Conference Proceedings «Sixth International Conference on Advances in
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ABSTRACT
Dissertation for the degree of Doctor of Philosophy (PhD)
in the specialty 6D070700 — «Mining»

Tomilova Alexander Nikolaevich

SUBSTANTIATION OF PARAMETERS OF
MINE WORKINGS USING ANCHORING TECHNOLOGY

Substantiation of parameters of mine excavation using anchorage
technology

The dissertation is devoted to the problem of securing the preparatory mine
workings using the technology of anchorage.

Research actuality. With the transition to a greater depth of development in the
Karaganda coal basin, mining and geological and mining technical conditions have
become more complicated, the size of the bearing pressure zones in the vicinity of the
workings and the intensity of the manifestations of rock pressure in the workings
inside the excavation fields have significantly increased.

More than 60% of the enclosing rocks of the immediate roof of coal seams of
underground mine workings in the mines of the Karaganda coal basin are in an
unstable state, and the rocks of the immediate soil are prone to swelling. In view of
this, the multiplicity of reinforcement of the supported workings reaches two to three
times during the service life, and more than 25% of them are annually repaired and a
set of works to increase their stability with significant material costs and labor
intensity.

Technologies of one-, two-level, combined anchoring of preparatory mine
workings have recently been increasingly used around the world. In the mines of the
Karaganda coal basin, the practice of its operation has stated a number of serious
shortcomings that lead to deformations of the preparatory mine workings:
displacement of the rock contour, fallouts from the roof and sides of the workings.

The main influence on the choice and parameters of anchoring of mine workings
Is exerted by mining-geological and mining-technical factors for specific operating
conditions. In this regard, the problem of calculating the parameters of anchor
supports for specific operating conditions, taking into account the influencing factors
for maintaining the stability of mine workings for various technological purposes, is
relevant and in demand.

The purpose of the research work is to substantiate the parameters of the
technology of anchoring of mine workings, taking into account the influencing
factors of the operating conditions, which ensure an increase in the profitability and
safety of mining coal seams.

The idea of the research work. Creation of conditions for expanding the area
of application of one-, two-level, combined anchorage of mine workings for various
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technological purposes, taking into account the influencing factors of operating
conditions.

Object of research. Mine workings for various technological purposes, carried
out and maintained in specific operating conditions of a mining-geological and
mining-technical nature.

Research methods. The solution of the set tasks is carried out by the method of
analysis of domestic and foreign experience in the field of calculation and application
of the parameters of anchor technology for securing preparatory mine workings,
taking into account a set of influencing factors, field observations. Mathematical and
computer justification of the parameters of anchoring of mine workings, testing the
results in the industrial operating conditions of the mines of the Karaganda coal
basin.

Scientific novelty lies in:

— a structural scheme for substantiating and calculating the parameters of
anchorage of mine workings carried out in the massif and supported outside the zone,
in the zone of influence of mining operations, guarded entirely behind the longwall,
repaid behind the longwall, which makes it possible to expand the scope of
application of the technology of anchoring mine workings in coal mines;

— the regularities of changes in the parameters of anchorage of mine workings
from the depth of laying, width of the workings, the resistance of roof rocks to
compression for the mines of the Karaganda basin, allowing you to choose and create
a reasonable version of the type of anchorage technology;

— a program for calculating the parameters of anchoring of mine workings for
various technological purposes, adaptable to the specific operating conditions of coal
mines, which allows increasing the productivity and efficiency of labor of
technological services of mines when developing a scheme and a passport for
carrying out mine workings.

Volume and structure of work. The work consists of an introduction, four
chapters, conclusions, 10 appendices. Contains 141 pages of typewritten text, 58
figures, 102 tables, a list of sources used, including 107 titles and 9 applications.

The content of the work. The introduction provides a brief substantiation of the
relevance of the applied scientific and technical problem, which is being solved,
related to the fastening of mine workings using anchorage technology to increase the
profitability and safety of mining coal seams, formulates the goal and main objectives
of the dissertation work, provides a methodology for performing the work and the
practical value of the dissertation the practical significance of the topic is indicated.

In the first section conducted research and determined the influencing factors on
the parameters of the rock bolting of the mine workings, assessed the stability of the
mine workings of the mines of the Karaganda basin, analyzed the structures of the
rock bolts and the conditions for their use in coal mines.

Field observations of rock mass displacements near the mine workings of the
mine named after Kostenko Delegation Department of JSC ArcelorMittal Temirtau.
The analysis of scientific and technical achievements in the use of anchor technology
has been carried out.

14



The use of one-, two-tier, combined anchoring technologies in coal mines would
increase the profitability and safety of mining coal seams.

The second section provides an overview of methods for calculating the
anchoring of mine workings in the practice of domestic and neighboring countries.
The developed methodology and structural scheme for choosing a scheme and
calculating the parameters of a single-level, combined, two-level anchor technology
for securing mine workings, adaptive to the influencing factors of the mining-
geological and mining-technical nature of coal mines, is presented.

The third section presents the developed methodology for the automated
calculation of the parameters of the anchor technology for securing mine workings
for various technological purposes, which are relevant for the operating conditions of
the mines of the Karaganda coal basin and implemented in the format of a computer
program. The method of automated calculation of the parameters of anchor fastening
allows ensuring the accuracy and quality of the design decisions made when
constructing fastening passports, by performing the calculation at all stages in strict
accordance with the developed structural diagram for calculating the parameters of
anchor fastening, with regulatory documents and taking into account the accumulated
experience of using anchor fastening on mines of the Karaganda coal basin.

The fourth section is devoted to the development of technical solutions for
choosing a scheme and calculating the parameters of securing mine workings using
anchorage technology for the operating conditions of the Shakhtinskaya mines,
named Kostenko of the Karaganda coal basin. The substantiation of the choice of
anchorage for underground mine workings by cost factor has been made. Regularities
have been developed for changing the parameters of anchorage from the influencing
factors of the operating conditions of mine workings.

In conclusion, the author summarizes the work done in the framework of the
dissertation.

Results of the research work. Based on the studies performed, the following
results were obtained:

— the stability of the mine workings of the Karaganda coal basin was assessed,
the influencing factors of the mining conditions of the basin on the choice of the
scheme and parameters of the anchoring were identified, and the methodology for
calculating the parameters of the anchoring of the mine workings carried out and
maintained in various mining-geological and mining-technical operating conditions
was justified;

— the types of fastening were substantiated and the calculation of the parameters
of anchoring of mine workings for various technological purposes was performed,;

— reqgularities of changes in the parameters of one-, two-level, combined
anchoring of mine workings from the depth of laying, width of the workings,
displacement of the roof rocks of the workings have been established;

— a computer program has been developed for calculating the parameters of the
technology of anchoring of preparatory mine workings of various technological
nature.

The practical significance of the results obtained is:
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— in choosing a scheme and methodology for calculating the parameters of
anchoring of mine workings in the mines of the Karaganda coal basin;

— in the substantiation of the choice of anchorage technology for mine workings
of various technological purposes for specific operating conditions of the mines of
the Karaganda coal basin;

— in the patterns of changes in the parameters of the anchoring technology from
the influencing factors of the operating conditions of mine workings. Regularities
will allow the technological services of mines to model the parameters of fastening of
mine workings and choose reasonable options for the types of anchor fastening;

— in the development of a computer program for the automated calculation of the
parameters of anchorage.

The main scientific provisions and research results submitted for defense:

— methodology for calculating the parameters of one-, two-level, combined
anchorage of mine workings, based on the theory of a load-bearing bridge and
suspension from stable rocks, which will ensure the stability of the border rock mass;

— the regularities of changes in the parameters of anchorage of mine workings
from the depth of laying, the width of the workings, the resistance of the roof rocks to
compression, which will make it possible to create technological schemes and a
passport for carrying out mining workings

Implementation of work in industry. Within the framework of economic
contractual studies, technical solutions have been developed for the choice of the type
and calculation of the parameters of anchoring of mine workings for the operating
conditions of the mines named after Kostenko, "Shakhtinskaya" of the Karaganda
coal basin. Technical solutions are currently being tested at the mines of UD JSC
"ArcelorMittal Temirtau”. The methodology for calculating the parameters of
anchorage is included in the revised instructions for the calculation and use of rock
bolts in the mines of the Karaganda coal basin.

The personal contribution of the applicant is to conduct both theoretical and
field observations aimed at achieving the goal of the dissertation work, in the
preparation of publications on the research topic and in obtaining titles of protection.
The applicant has developed a structural scheme for calculating the parameters of
anchoring of preparatory mine workings for the operating conditions of the mines of
the Karaganda coal basin; developed a methodology for the automated calculation of
anchoring parameters. Also, with his direct participation, technical solutions were
developed to substantiate the parameters of anchoring of mine workings for various
technological purposes for the mines named after V. Kostenko, "Shakhtinskaya" of
the Karaganda coal basin, taking into account the influencing factors of the operating
conditions of the mines of the coal basin, the regularities of the change in the
parameters of anchorage from the influencing factors of the operating conditions of
mine workings were revealed.

Approbation of the dissertation results. The main provisions of the work were
reported and approved:

- at scientific seminars of KSU;

16



- in the work of international scientific and practical conferences "Integration of
science, education and production as a basis for the implementing the National Plan",
Karaganda, KSTU: Saginov Readings No. 9, June 22-23, 2017, Saginov Readings
No. 10, June 14-15 2018, Saginov Readings No. 11, June 14-15, 2019;

- in the International Scientific and Practical Conferences "Development of
technical sciences in the modern world", VVoronezh (December 11, 2017);

- in the work of MATEC Web of Conferences "Information and Measuring
Equipment and Technologies", Tomsk, 2018;

- in the work of the International Scientific Conference "Find scientific
comprehension”, Sofia (March 12-13, 2018);

- in the Conference Proceedings "Sixth International Conference on Advances in
Computing, Communication and Information Technology - CCIT 2018",
Switzerland, 2018.

The main scientific results of the doctoral dissertation were published in 19
scientific works, including 1 monograph, 2 articles and 2 reports at conferences
indexed in the Scopus database, 3 articles published in publications recommended by
the CCSES MES RK. The novelty of the results is confirmed by one patent for an
invention, two certificates of entry into the state register of rights to objects protected
by copyright.
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