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1. EPOHXMII ACYVIIYY ]

JDJXUA XOPX3H BYTIII'ICIH BI-AJIT

JI.JIxarBacypan
Mowuron yiic, Ynaan6aatap, “JyH-Opma3-Yn3” XXK
lhagva_0804@yahoo.com

Jpaxuii 133pxX aMbApaJ OaiiraJuiiH Xer:KJIMiiH iBIajJ YYccaH Oaiigar. Ogoorooc 4.5 TopOyM KMIIMITH 6MHO HApPHBI aiimar
X3M33X O/IIbIH TOITOJLOO0H/ XAJIYYH XHii, COJUPBIH TOOCHOOC OYpAc3H 666TrHOPO.I YYCU T3P Hb YJIaM TOMOPY XaTyypcHaap
CAHCPBIH HII3H OMeT I3/IXHifH rapar Oypaaadk, yimaap 0.5 TpOyM sKu/uiiH fapaa aMbApaJ YYCY XOIKCOH I/IIT.

(B.JIaiixancypaH “Ipadmi 30pux 3am” HoMHooc 149-p xyyaac)

. YIUPTTAJI
Witaxyy maxuiir OyTasmmcsH “AnT” XdoMIIX ep
OycblH  raixamImurTa, ysH  XaraH, JaxuH
JlaBTar JaIryw, XaMTUHH YHOTH, MOHXUUH

X3PArIIITIH, IMILAK AYYCHAITYH ©BOPMOL IIHHX
yaHapTail OHUIOM METAJLI.

OHAXYY ep OyChIH MeTaiul MaHail JDIXUH YyCaxdaC
Oyp emHe 3aaraii cancapT Owii O0OJCOH TIATHIT
(U3UKHUIH 3PJIMTI/] HOTOJICOH IOM.

Onoorooc 5 TOpOYM KWIHMIH TIPTI? aiT OOJIOH
Oycan XYHA METATyyl IIMHY OF T3K HAIPIATIIAT
yHTap4 Oyi aBapra TOM OJBIT IRIIO3pY Oaiix yesp Oumit
0O0JICOH aXID.

Tanxa mmH> o 13I03P3X3/] HOXUIATHIH JOJTHOH, Hb
JaracaH  anTHBl  e4yyX?H xacryya 30  km/cek
XypATaiiraap HapHbI AaMIUITH 3pXCYYI3A TapXCaH.

Hapnubl aliMruiiH raparyyji CaHCpPBIH 3pXC3I3C
OYPIIIIK IXIIIXI]T TOJOPXOH XIMIKIIHUN aNT IDIXUAH
raparuiiH 4ysyyJsar 10Top OapuricaH 6aixan.

XUMUKH ypBail OPAOITYH alNTHBI ©9YYX3H KHKUT
X3CTYYZX of00 Oonronm MaHail PIXHHAH — 3pIdc
qynyyaruiiH Oyx JaBxaprag TyH Oara X3MiK33radp
Oalizar.

OH3 HB® AAT “TyH OUYYXdH ’KaaxaH X3IMMKIIHI
OPIIIOTT aCyy/JIbIH TOJI Hb Oalpar.

ANTHBI aHXHBI TOMOOXOH XypUMTIal ABCTpaluiiH
Bapyyn spar, Adpux, Ilepy, Kanan, AHY-b1H Gapyyn
X9COrT Tapxcan Oaimar. ("Ipnxuii XapxoH GYTIITICIH-
ANT HIMHKIDX YXaaHbl Xsy10apInyysIcaH JeKIRIC)

WiiMa MeTasut amurt MaaTMai 00710X AJITHBI rapai
YYCOJ1, MWDKWIT X6I6JTe6H,300T/16J1 XypUMTIAl Hb
TEOJIOTHIH YPT yJaaH Xyranaansl sBIaa OypaJiadH Ouit
OOJICHBIT  T€OJAMHAMHUK, TE€OTEKTOHHUK OOJOH alTHBI

METAJJIOTEHHUI X0JI000, XOTKUIT X010JITOOHHIA OHOJT apra
3yHA TyAaryypiacaH CyJqairaaHbl eTYYJI?3C TOBUIOH
TOJUITYYJIK OaiiHa.

II. JIABXAPTA 3Y BA AJITHBI TAPAJL
YYCOJI

Hpe. Teoounamux 6a armmuvl Memauio2eHull Xo1600

Il'eotekroHMK 601 THUTOChEPHITH TIUT OOIOH OO
0a P31 MaHTHUIH XOIeNTeeH THIIIPUIH XOrKIHHH
SIBIQJT APJIXUWH rajHa TaJlblH IOYHBI TYPYYHA Lapaact
OYpxYYyJia mwipd Oaiiraa MarMbeIH 9y yyITHIH Halpiara,
rapaj yycajd, Hac, OpOH 3ail 33pruiir cyjanjaruiiH
39P3TIP3 THAMIPUIH OreplIuTHiiH ABIax Oyl 00ICOH
TEOJIOTHITH OYPTHIT YYCrax Oyii OyTair, X35103p (usuk-
XUMHNH IWHX YaHAPBIT OYXAI Hb CyAaIJar IIHHKIIX
yXaaH oM.

CynanraaHsl TOJ apryyZ 00J 4ynyyJITHiH Haipara,
Hac OOJIOH yycax Oaifraa cTpyktyp, ¢au, dhopmanbH
MIAHKUITI? THATIIPUHH 3y3aaH 333JXYYH 33p3r A93p
YHIOCI»K OalicHaac rajHa Treo(U3MK, TIeOXHMMH 0a
OpOMJUIOTHIH apryya 0ac O6arraHa.

I'eonnHaMUK Hb ©6p XOOPOHIOO IIar Xyraraa rapain
YYC2JI, OPOH 3aiiHBl XyBbJ YYUp IIAITraaHbl XapHUILaH
X051000TO# aTMOc(ep Lapiyacaac aBaaj IIXHIH 16M
XYPTAJI OPOH 3aii/1 siBarjaxx Oyi Oyx Xy4HHI HeJeereep
mutochepT, yiIMaap —Iapugact  widpd  Oaiiraa
TEKTOHUKUIH SBLYyd TAArAPUIH YYCII XOrKIMHH
Gaiian, Xe1eJITeeH TYYHUH YU XYIHUH 3YH TOTTIIBIT
CyJanaar UIMHKIDX yXaaH oM.

Manaii YJICBIH HyTar JIBCIIPT XOXKYy
MPOTEP30HT00C IOPHIT XYPTT  X3JIO03PKCIH aTHpaaT
crpykrypyya Ilameoasu, Monron- Arnyyp, Heoaswuii,
[ManeoreTnc NOPBOH JAJIAiH CYyypHH JP3P XIIOIPKIK
GaiicaH OOJIOXBIT HAT Tajlaac ©ep 6ep HACHBI O(HOIHT,
odupekc 33par AanaifH IUIMTHHH yias1 OOJIOH Heree
Tajaac TaCPAITIYH sUIrapcaH Halpiarataidi ByJIKaHUT 0a
TOAPHTAN HAIPH OBUUIMHT  YYCI9JAT MOH THIM
Halpnararail UHTPY3UB OYpUTYYH WIPXUAIDK Oaiiraa
IOM.



leonuuaMukuiin gBIyyn 6oy TyHaman 6a MarMblH
YyJdyyJrMiH Haipjara, Hac, Ta3pblH ragaprajx yycrax
Oaiiraa MOp(OJIOTH CTPYKTYpBIH TOPOJ, TIArI3PHIH
TYHUH TOTTOII 33p3T Hb MAaHTHUJ SABarfax Oaiiraa 3wk
XMMHHH HOXIOJITH CalTyH X0JI000TOH OalArMiT YHIH
36BOep Talndapiaxas JUTISTIK Oaiiraa roM.

Toapyynara: CypanraaHaac y33X34 X0XYY AE€BOHBI
rpaHnoTHOATa Xombooroir Oroy-Tomroi#, Ilaraan —
Cyspara 33par OpAyyA Hb YHIIBIPIdIUMH ad
XOJIOOT/IONTON TOM OPAYYABIT YYCTICOH, XapHH KapOoH
TPaHUIUOATON XOJNOOOTOH OpAyyld Hb OHEerHiH
TYBIIMHI TOMOOXOH OPAYYIBIT YYCII3ryid Oaiiraa Hb
xapargaar. XoXyy OpAoBUKUWH yen TeB MoHrosbsiH
MAacCCHBBIH 3YYH XaXyyr JaraH XOXyy KaJIeZIOHBIH
X3M?I3X TOMOOXOH OpOreHe3 sBarjcaH Hb l[laneoaszuitn
namaiiraac ~ MOHTOI-ATHYYp TXK HIPJIICOH IIFHD
JIaNlaifH caB TycraapJaraax HeXIeJ Ouil 00mKI3.

leomuHaMuKWIH SBOYyy[ Hb X34 X3IPH Y4up
LIaITraaHbl HOJIeeH Oaiinar 6ereen XaMruiiH TYpyYHA
TYYHHA XYypad/Dk Oaliraa majmaid TOHTHCT OOJDK
TEKTOHUKUNH XOJOJIre60HUN HOJIeeH] TOIRITUNH
CTPYKTYp 000X pudTHiiH Oyc YycH?.

Xerxknuitn 5H3 yeuitH sBua vukens (Ni), naraan ant
(Pt), ant (Au), xyxap (S), xobaner (CO) 39par xyHA
SIIEMEHTYY/I Hb T'ajlaa oM PYY KUBH3. XOHTOH X3COT Hb
OHJIOp TEMIEPATYPT XaDK JI2II HIBUCIIP XaTyyH
IPTHNH X37109p39p I3IXUAH Tagapra WidpHd.

ToapyyJra: DHd yeq HyMbIH apbiH (OBpHIAH XOTTOp)
Janai TSHIMCHIH 3axXaap 00 MoJiacaap AyypcaH TaBaH
—Tonroil 33par Hyypc aryyjicaH T3HIUC 39X rasap
93JDKWICOH  TOPHMTOM  maprpactail  CTPyKTYpBIH
X3MXDI9HI OJIOH JaxXWH JaBTarjCcaH HyMBIH ap ©BpHUIHH
BoymeiH Meuner Oyxuit HoéH cymbBIH XOTrop nyyraa
aann KapOoH NMepMUIH 3aaruifH TeppureH — TypOHIUT
XypAcaap IYYPCIH XOTropyyl YYCH?.

Xarapiyy 00J1 Aanaii TSHTHCHITH CaBBIH JOOIII CYyX
0O0JIOH HX Ta3apT 4 r3crH OyypcaH gapanTrail 6apar Oyx
CTPYKTYpBIH XWJI 3aar OOJ0O0J 30rCOXI'YH  MaHTHAac
mapuiac pyy HIBUWK OyH sH3 OypuwitH Halipiararaid
THPOTEPMallb, SIUTEPMallb YYCMaJIbIH HIBYUX, OICOX
3aM OpOH 3aii cyBar Hb OOJIOOJ 30TCOXTYH MarmbIH
rapairait Oapar OyX XYIPPXKWIT WA, OPIYYIbIH
JaMXXHX TOJI OPUMH Hb OOJTHO.

Xarapan 6on
WIPYYIdX JpIAMAH
Oaifnar.

AlIUIT MaITMAJIBIH  OPAYY/BIT
QXJIBIH TOJ IMAITYypyyAbIH HAT

Xarapai 00J1 I3IXUIH TeONOTHIH XOMKIHUH allb q
mar yen Yyc»k OadicaH CTpykTyp IoM. MOoHrom -
ATHYYpBIH TOHTUCHIH VDKW HOPTIH XarapJiblH candap
6omox OHOHTrHWIH XarapiblH OycWiH naryy OapyyH
ypZIaac 3YYH XOHII yxapcaap X0XKyy IepM- TpHac- I0pbIH
XODKIUIH yen TyyHud Henee [leu, Ya3 ronyyIsiH
IOYYPOAI'T TeBiepex O0oincon OaifHa. OHOHTHITH XarapisiH
Oycoa yJICHIH XWIMHH naryy “Xuia” OpUMBIH HAPTIH
TPaHUIHOPHUT-  TaOOPHOABIH  TOMOOXOH  MAacCHUB
cyaJarzicaH Oaiiiraac rajHa yr xarapJisir OyCHiH 1aryy
cyOamarytaxxk OaficaH, INIMTHHH OPOH P3P MPOTEPO30HH
HacTail DpadH JaBaaHbl OPrerIJIUIH XOMXKIH] OHIep
HABUWITHIH OycuiiH naryy 126-146 cas sxunnitH HacTait
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MeTaMopd qyiyynartai aaXKuM LIAJDKUAITTIN
TPAaHUTHOIBIH JKIDKHUT OMETYY/ WIDPCIH Oaiinar.

JopHon-MoHrong xoxyy Tpuaccaac TYPYY LPPA
XYPTT XOXKyy fopan MOoHron-ArHYYpbEIH, KapOOHBI
31PCT OMHO — MOHTOIIBIH AanaiiHyy/ Xaaraax Oaiican
Hb TEKTOHUKHITH Xy4 Oyypaxal HeJeelICoH 0ac HATIH
XYUHMH 3YH1 00k Oaiican 60JI0TOM.

Jopaon-MonronsiH 06a ©OBep MOHTONBIH [100A
IPPAUHH pUQTHHH MWynTadr 0a3anbT Hb MaHTHHH
rapanTaii 6aibk 6omox tamaap (Xu Xuan. Wu Taivan)
OarasncaH Gaipar.

3yYH xoiix MOHTOJIBIH ME30TIPOTEPO30ii XaBTaHTHITH
XOMIKIIHJI ME3030A siBarjcaH pu(TOreHe3 ypaH, aiuT
XOBOp MeTayuT 0a XOBOP SJIEMEHTHHH XY KIITHHT
naryysicad Hb CylMHX33pHitH Oyca]1 00JICOH KOJUTH3HIHH
PE30HAHCHIH JaMXXHX XYUTIH X0I00H Taitndapnaryzar.

OX ra3pblH XaBTaHTUIH Tyxaiin lopHoa- MOHTOJIBIH
HyTar J3BCI3PT T'YEXDH YCHBI TOJAYY X6X HOTOOH 3aar
apxeolaraap Hac Hb TOITOOIZICOH HEONPOTEPO30H —
TYPYY MaJ€o30iH, MOH XOHIUH X3BAITOH OpaxuIloIbIH
YJIABIPTIH AYHJ MAaNeo30iH TEeppUreH KapOoHat 0a
6apyyH MOHTOJIBIH TpHac, IPPIUNHH HACTAl MX ra3pblH
Oara 3y3aaHTail T'yexdH YCHBI TEpPpPHUIeH XypJcaap
XYUUI/ICAH XaBTaHTUIH CTPYKTYPYYA XOKIK 0aiikam.

Witnxyy H3r Tanaac XO0Xyy LPPAdIC 3YYH XOH[I
Mownrong MoHron-ArHyypslH Janaif xaargax Heree
tanmaac [JlopHox — MoHrong puQTHHH TOTTOIIIOOHBI
HIPBXOKUIT Oyypd Oaiixmaa maBxumaanx Owmuen 0a 3yyH
OMHen Monrong snuepuuHuid  [OBUIIH XaBTaHTMIH
XOIKHIII 3X3JIC3H OaifHa.

ToapyyJra: ANTHBI IIKUPMAIT  OPAYYIBIH
HIMJDKIUIT XO6NTe6H, 30er16J1 XypuMTiIal Hb MOHToJI-
ArnyypeiH (Xanrait —XoHTHIH) AamaifH Y sBITal
XO0JIO0OTOM.

Monron —ArHyypbIH AajailH OpJOBUKHIAH 2- p Xarac
xypran [lameo a3mifH mamaifH HII3H X3car Oairaan
TYYH23C XOHII XOXYy OpAOBHKHMHH OpOreHe3d3p
epreraceH.  YHACOHIID XOXKYY OPJOBHKAAc 3XIDI]
Xanrail XsHTUIAH OycuwiiH ramHa Tamaap TeB-
MoHroJIbIH MaccuB pyyraa maanrariyiacad basH-XoHrop,
Xap-XopuH, Xoiin Omuen XaHTHi 601m0H OHOHTHIH
JNYYPAIT Laxuypilar 4ylyyJruiH YeTdi OJJICKUH —
3aHapbIH 0a TyHaMall BYJIKAaHOTEH UYIyyJITHiH 3y3aajar
HUJI?3/1 ©pTeH TapXcaH OaiiHa.

MoHron —ArHyypbIH Aanaii TaBaH 3yy rapyil cas ;Kui
YPI2IDKIIPH XOIKIDK TYC YICBHIH HyTar JPBCTIPT XOXKYY
KaJIe/IOHBI, XO0XKYyy TIepLUHHH, WHIIOCUHUI  0a
KAMMEPUIH X3M39X JIOpBOH VyHaarwiH CyOmykm —
aKKpell, KOJUIM3BIH BI 00K OalicaH axan.

Heoaswuitn nanaii nar xyramaansl XyBb/l MaJIe0a3UiH
JTaJTaifH AyH/I TAJIE0301H YeI HI3TICOH YPTAIDKII Oaiik
0oox OMHOA-MOHIOJBIH JajlaiH caBbll HeoasuitH
Jlajiaid T HIPJIDCIH OOITHO.

JYTHOIIT:

ANrBaa ammurT MaNTMaJblH METAJUIOTEHHHH 3YH
TOTTIIBIT TEOANHAMHUKHIH XOTKINHH MOUJIOTTIH X0I00H
CyUlaX Hb HOT Tajlaac XOTHHH TeNIeB OYXWH 3pIHiH



Tanbaiir snraxaac TrajgHa TyXaWH TIeOJUHAMHUKHITH
OalIIBIT XAPXSH 36B TONOPXOWICHBIT 0ac XapWiaH
manrax 00JI0X cy/Jajraansl COHUPXOJITOH apra 600X Hb
xaparuiaa. MHr?X 9ajBai aliurT ManTMAaJbIl HIPYYI3X
reoJIMHaMMK  0a  METAUIOTeHWH  3yH  TOI'TJIBIT
TOAOPXOMIAOT 3PJIMHH WIANTYypPYYAbIT YlIaM OHOBUYTOM
60JIroX OOJIOMKTOM.

Ilepmaac sxm3n  [lopHOA — MOHIONIBIH 35X Ta3pblH
XOTKWIIJ XOXKYyy TpUacc — TYpYy opa 0a X0xKyy IOpbIH
6a MoHron-ATHYYpbIH AajallH TYpBaH YHAaarHmiH 35X
ra3pblH UIPBXTAH 3aXbIH 0a HyMBIH apblH JECTPYKLBIH
OycuifH OOJIOH XO0Xyy Iopaac TypyY IPPIUHT ITyycTal
Hopuon 6a 3yyH Xoiin Monron Ouit 00JICOH ITFOMUIH
ypbTai 00JICOH epTreTUIAIH OpOH AP YYCCIH pUGTHITH
Xorkmin JaBXxuak JlopHOA-MOHTONBIH 53X Tra3pblH
XODKIAUT yIaM HAHIMAJI OOJITOCOH.

OH? Yl sBIyyaTai x01000T0# JJopHOA-MOHTOIBIH
SIHUTEpPMAN TapanTail [araad Tyrajra, BoJb(pam, air,
XOHI'OH llaraal, Laip, xap Tyrajira, Xallyyp >KOHII,
XYHIJ, 00p, TYYHUI TOTOp YpaHBI XYIDPKHUIT TyXal
0aiip Cyyph 333JI3T.
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MOPI'OHICOH MSPFB)KI/IJITHICII‘/JI CYPI'AJIT,
IMPUAIITIIKYYIIDIIT, SIPXUUH CYHI'AJIT
(Opomonee, I'azpbin MOCHbL UHIHCEHEPUTIH MIPSIHCTIUTH HCUWIIZIIP)

K I]r620m01ca6% 23, A.Baacauxcapzan®®, J]. Vuoapmaa®

2

Mouron yiic, Ynaan6aarap, IIIYTUC Teonory, yyn yypxaiiH cypryyis, [a3pblH Toc, @peMIeruiin candap
2 Mounron yinc, Ynaan6aarap, Mouron YicslH Opemaneruiin xon600
3 Mounron ync, Ynaan6aarap, MoHronsid I'a3pblH TOCHbI MHAKEHEPYYAMIMH HUArIMIIAT
btseveen2003@yahoo.com, baaskanil@yahoo.com, undarmaad1976@yahoo.com

Xypaanzyii— Mp3PramcdH MIPraKWITHHH CYpraiar, rIpYMIrIKYYJIVIT, IPXUiiH CYHTaJTBIH acyyMJbIl HH)KEHep-
TeXHOJIOTHIH YHMIVIJIMITH, Tyxaia6an, Opemaueruiin (Drilling Engineer), I'asppin TocHbl (Petroleum Engineer)
Mbipruicin 6a 30Ba6X MHKEHEPHIAH KMIIITIIP aBY Y3:K, CYIakK, OHOOTHiiH Oaiiian, TyJaramaax 0airaa acyyuiayya,
LHAAMbIH YUT XaHLJIATBIH TAJ1aap caHaJ AYTHIJIT, 36BJI6MIKHIAT 9HIXYY 6IYYJIJI TyCIraB.

l.  YIUPTTrAI

Hbse. Acyyoan wiuiiose0sic upcan 3amuan

Mamnaii yic 3ax 333J4iH 3AMIMH 3acartT NIWDKAX, allb
4 canbapT XepeHre OpyyJlaaT TaTax, Tecel
XOTOJIOOPYYIUUT XIPATKYYIIIX, OYTI9H OOCTOIT XUMXIA
9H3 YHIVIIMHH TEXHOJOTH-MEHEXMEHTHIH XeTenoep,
TOCIHYYIUIr OOJOBCpYyyNaxX, XsJHANT TaBHX, OarTiax,
IIAHK?39  XUHX, MIYYMX OWYNX, X3PArKYYIdX3[
Mboprauicon MapraxuwitHyya (Qualified Person)-uiin
X3paTip? Imaapiuiara rapua Opmec Oasmar (I'eomorn-
XaWTyyibsIH, Yyl yypxaiis, ['a3pbH TOCHBI)-UiH canbapT
raxo1 3xim31 YV (omoorwiin YYXY ), HIYTUC-niin
I'YYC-nitn  xaMThIH  axwularaaraap, I eosoru-
xairyynsi (I.Vxnaa, sayra» [aBbsar Oarmi), JTOKTOP
I1.Hapantysa), Yyn yypxaitn (L[.HamzaneH, sayr’»
Axagemud; pokrop H.I@pant-ox), [Ma3pelH  TOCHEI
(mpocdeccop K.IlPBadHxkaB, nokrop A.baacamxapran)
CyprajT-cylajiraa-M3[33JUIMIH ~ TOBYYI?IP  30XHOH
Oaiiryymarnax siBaragar OaiiB. ['dmanm  MbapraiicsH
MOIPTIKUITHAN CYpTraiT-T3pUMITIdKYYIIIT-3pXUIH
Cyprantelr MpdpraxiuiiH TepuitH Oyc Oaifryymiara
(TBB)-1 Hp MMIHKYYITHA TXK WA rapaan ['eomoru-yyn
yypxaiH MapraiicyH HHCTUTYT (I'YYMU) raaor XyBuiiH,
XYBbCTAJIBIH, MOPIYKIMHH anb Hb 0OOJOX  Hb
TONOPXOUTYH, aHTM TaHXUMTIYH, OalHTBIH Oarmryi,
TaTBap Xypaam)k JI XapuH OaiiHra IIaapajar, asjar
GosonTol Oaliryymiara rapy MpK, X9BUHH sIBX Oalican
Y1 axwularaar OJIOH YJICBIH TYBHIHMH Mb3pramicsH
MOIPTKUITIH O3IITIIHA 'K JIO030THOO]| YHAICHUHMX U
30TCOHTH, OJIOH YJICHIH TYBIIHHIX 9 yraacaa OyTIaryu.
XapuH 'a3pbiH TocHBI UnrmAmp 2015 onooc YYXY S,
HIYTUC-TYYC, MITHH-uiin xamTtapcan 3eBe,
TyyHHH axuibiH anba Oonox HIYTUC-uitn Opamuiin
3eBnenuitH UHABAD, Pextopbin TyIlaagaap
Oaiiryynarncan ['a3pelH  TOCHBI ~ CyprajiT-cyaairaa-
vygonumiH 1B (I'TCCMT)-nitn myramaap I'a3psria
TOCHBI Mbprauicas (MbapramicaH, 3eBIOX)
MAPIIKWITHAN CYprayT-T3pUMIrIKYYIIAT MaIl CaiH,
OYp YJIrap >KHUIID3 60JI0X00p SIBArAaX OJUHT XYPCIH.

Xoép. Acyyonvin eneecutin 6atioan
2.1 Xyynb 3pX 3YH.

Amurr ManTMmanelH  Tyxad xyymuiH 10.1.16-1
“T'eosorn, yyn yypxaiiH cajg0apblH  MAPIIIICOH
MOPTKMITAH, MHHXIPYAHH 3pX OJITOX acyyAJbIr
MOPIKIUNH TepuiiH Oyc Oalryymiaraap ryHIpTIYYIdX
KypMBIT Oatiax’’, ['a3peiH TOCHBI Tyxa# XyymuiiH 8,1,3-
I “..raspelH TOC, YNaMXKJIAIT OyC Ta3pblH TOCHBI
YHTIIIR3P MAPTKINIH 33P3T OJTOX JKypMbIT OatTiax”
spxuiir CanbapblH TOPUITH 3aXupraaHbl TOB Oalryysiara
(omooroop YYXY ) XaparKyyITH? T9K 3aacaH Oaimar.

2.2. IypaM Kypam.

Manaii Opmac OasurwiiH  canmbapbelH  MbapramicsoH
MOPIKUITHANR CYPrajiT, TIPUYMWIrIIKYYIDIT, 3PXUNUH
CYHTaNT yATal TalaX, 30TCOHTH OaifmanTaii OalCHBI
3ICT caydapblH TOPHIH 3axXUpraaHsl TOB Oaiiryysiara
6onox YYXYS-Haac 5H? YHMDIHMHAH VI akuioiaraar
MDBPIXKJIUNH TBB-]1 XapuyIyysaxaap
IIMAABIPIIACOH 360B 3YHTIH OomoBu 1. Oakamasp,
MAarucTp, ZOKTOPBIT Hb XYPTUT OANITIIAIT aHTH TaHXUM,
9PPMTIH Oarm Hap, CyprairblH Op4YHHTOH MXx
CYPTYYJIHYIBIH OpOJILOOr YIYHCrI3ryil romaa I9X3A
JKypamilaaryH, 2.M>pramiciH M3PTrKUITHHHA
CYpPTralT-T3pUMITIdKYYIIT-3pXUIH CYHTaNThIT TyXaiH
Mbapraxinniie TOPUIH Oyc Oaiiryysuiara
(MSPFS)KHHPIH TBB)-n TOUHAXID] TOPUITH
3aXypraaHbl OalTyymiara eepTiree xapuimaxaa amap,
36BXOH HAT LIOHXO0O0P Xaphbll I'IC3H yTraap A3PXU dIPXUHUT
Mbopraxnuitn - TBb-1n 13x33¢33, TyXallH YWNIRIUNRH
MDAPIIKIUIH, MIPIYXIHiH Oyc, HuiTHiH (public), opoH
HytruiiH  (domectic), xy¥cuiitH (gender) 33par sH3
oypuiin TBb —»iH 3eBien (0eerHepein)-1 erceH, 3H3 Hb
MIPIrKIUH TBb-rasp ryHAusTryyiasx IacsH XyyluiH
3aaJIThIT 36PUCOH IICH YT, MAITraaH Hb HAT Tajlaac sam
axJaa Xsumbapwiax I'CIH, Heree Tajlaac MIPIaKIIHiHH,
MapraskimiiH 6yc TBB-yyn CoHroH manrapyyniajiTann
OpCONIOruryuradp (epcesierdyryid manrapyymnant!)
s7ax SpMan3Il OalicaHTait xonboorodd. JKumms Hb
I'MXH3 T1313rT 9H? YHTIDIMHAH XYMYYCHHH YYCIOH
OaiiryyncaH, TOXAP3 AT MOIPIIKIMHAH sIMap YW



axwularaar SByyJgar Hb TOAOPXOWIYH, HHMHUISIMI
YHT4UN AT, HUATHIH, OpOH HYTIMIHH XYHCHHH 33par 23
TBB-biH mrmn Gereex sHx ar MIOPIIXJIIMUH TBb
8311 MoHroibiH ['eonoruiiy, Yinneapuiin ['eonoruiiy,
I'eodmsukwiin, [ maporeonoruite, OpeManeruiiy 33par 5
x0y1000 1 Oaiiraa rom. bua xypam rapax yen Monron
yicsiH OpemaneruitH Xom6oo Opemaner (Drilling)-wmitn
MM  CcypranT-rapuuiar3®KyyadIT-9pXUAH  CYHIAIThIH
COHTOH IIaNrapyyJjalTaH] JaHraapaa opoJoxoop caHall
XYPTJ IPBIIYYJDK Oaiican 60JHO.

T'ypas. OPOMIJIOI - DRILLING mapesacauiin MM-nuii
Cypeanm, 2aPUUNIINCYYAINM, CYyHANMbIH MAnAap.

Omon ynceiH Bomosepon, Coén, HInmkimX yxaaHbl
Oaiiryymara KOHeCKOTMIH TOJOPXOMIIONT, aHTHIIaap
OPOMJIOI- DRILLING  moproxiamiir  3eBXeH
I'eonoru-xauryyJbsH TEXHUK X3P3ICAII M3TIBP OUIT0X00
OONBX, B5HO MIPIIXKWI, apra yxaaHell [eonoruitn
cynanraa, AIMWIT MaJITMaJIbIH 3p3J-XaWTyyl-HOeIHH
TOOI00, Yypxaitmant onbopront, ['a3peiH moopxu yc,
TOC, XU 39p3T MIMHIOH 0a XUIH alurtT MalaTMajbIl
LIOOHOTOOpP 0JIOOpIIOX ammriax, bapunra Galryymamx,
3aM  TYyp, OpydM XY4YyHMH IOIyram Oapux 33par
YHIBAIPIIAN-TEXHOJIOTHHH OJIOH caibapT, TYYr33p 9
30rcoxryit Axyi amplpain, AHaraax yxaaHja XypTai
xXamaapanrtai epreH x3paradd31ai, oHigior MOPI'DXKIIT
T'9XK Y39X OOJICOH.

OHP  YHIPCIAIIIP  OpeMUIerniiH  M3PIAIICOH
MOPTKMATHYYIPSC  33pr3d  CYHTyynax, axuylax,
TOIpYyJax, Tajgaap HPYYJICOH CaHaIyyll, XOJIOOTI0oX
Marepuatyyn OpeMuieruitH MbprauicsH
MOPIRKUITHYYIUUT Cyprax, pYmIr3dKyydX, S3pXUiH
CYHTaNT XWiX acyymielr xapuyrcaHn Cambap 3eBnen
O6oon MYOX-upl VYaupnax 3eBies HapuilBuiaH
Hyxanrail xammmk, emHe 2015 omx DE-072403,
OPOMIJIOT (DRILLING)-uitH M3prasKimsp OJArOTACOH
3eBnox-6, Mbprauican-12 WHXEHEPUIH JpXUIH
CYHTAJITHIT XOJOOTA0X JKyPMBIH OOI3Iyy[IbIl XaHTacaH
Oarimmer  OMMC3-e6p XAIDIIPH AYTHAIT Taprax,
I'MXH3-uitn  MM3-eep  mamxyyman YYXYS,
WYTUC-uitn  T'YVYC-n  TaHWILYYIDK — XSHYYJIaH
I'3pumnrssr MWUH3P XIBIBXTYUIHI3P XaBCPAIThIH apblH
CyprajiIThlH  X3C3rT MOHIoa  yJCBIH  OpeMyieruiin
XomO0OHBl TaMra TapblH YycI?3p Oatayiraaxyyiaxaap
caHan Oonrox OaifHa.

Hepos.I'A3PhIH TOCHbI HHKEHEP-PETROLEUM
ENGINEER  moapeooicnuun  MM-nui cypeanm,
2OPUUNRIIICYYAINIM, CYH2ANMbIH MANaap.

2015 oHOOC XOHII X000TJ0X XYYJIb, Iyp3M KypPMBIH
xypasenx YYXYS, MYTUC-TYYC-MITHUH -53¢
XaMTpaH Tep, UX cypryyns, Thb-bH oposmnooroiroop
aMKWITTal caiiH, Oyp Oycam MIPraKiIyyIdA Yiarsp
KHIID O0JIOX00P TIK YHIIIXIIP 3HY UUIIIDIMHH YHII
@KWIIaraar X3HUH caHaaunaraap, siMap IIaaTraaHaap
000X Hb TOHOpXOHTYH Oaimmaap THAIT YYXYC-bIH
Tymaanaap OarnarjncaH skypam 9H3  2021-11-22-un
rapcaH. YT )KypMblIH aryyiira Hb ['a3pbIH TOC, yJIaMKJIaIT
Oyc ra3pblH TOCHBI M3pIaMICOH MAPIKUITHUH Cyprair-
TIPUMAITIIKYYIAT-CyHranTeir YYXY S, HIYTUC-13#
XamTpaH, raxa33 3eBxeH ['TOC-tail xamTpaH 30XHOH
6aiiryymaa, MI'TUH (TBb-siH Tyxait MoHron yiaceiH
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xyymuiiH naryy 2010 o OairyymarmcaH maraac Xoim
sIMap 4 allur COHUPXJIBIH 30PYMJI, rapraaryi, Ou3HecUiH
6ooH Oycaja ammur OJ0X YHTIDIINHH YT aXuuiaraa
SIBYYyJIaaryH, 36BXO6OH I'A3PBIH TOCHBI
MDBPIIXKJIMIH yitn axuinaraa sByyDK, YHITGHITS
Y3YY/DK  HMPC3H XyYNIMHH 3Trana), [aspelH  TOCHBI
CypTraiT-cynanraa-M3I33JUTHIHH 1oB-I' TCCMT
(IIYTUC-uits  OpamuiiH  3eBlesuiiH  MIUHABID,
PextopriH Tymaamaap Oairyymarmax, 1-2 kw1 myram
TallnaHraa erd, Oyx yaupaiara-caHxyykuit Hp ['YYC-
WHH IIyramMaap sBaragar) 33pTHAT  SHY  aKHIA
OPOJILYyJIaXTYH I3k TOAPYyYyJaH 3aacaH, XyyJb Oyc Ik
Y39k 00110X00p KypaMm rapcad. Har sam canbap raxsg i
JIIIPXU @KIBIT HAT X3C3T YUTTRINIP Hb M1prakiuiH
TBbB-1 Hp XapuylyyiHa I35, HeTee 3apyuM YUTIIJI33p Hb
TBB-r opomnuyynaxryi rax Oyp TOApyyiaH >Kypamiiax
OCPOI-TOCPOI-3p 3aaraan MaHail Tep 3acTUiH
6oJ10T0, MIUHAABIP, 3acarial YHIXIIP J JOTOJIONATON
Gaiiraa roM. bug canGapblH yAUpPAIArsIl TX33C33 3HD
QAXKJIBIT XapuylHCaH XYMYYC 3pX alllvr, alllur COHUPXJIbIH

3epumnTdIi  Oaibk  Ooy3omrydl TaK - Xapxk, 3acax

3aIpyyJiax XoparTai 19k y39x Oaiiraa 601HO.
JYTHOJIT:

Byxanmss  MbpramicaH  MIPraXWwiITHHH — Cyprair-

TIPUYWIrIKYYJIDIT-CYHIaNT YHASCHUM OOJOH OJIOH
VICBIH XAMKIIH]] MAIIl dyXall a4 XOJI0OrI0NTOH acyyaan
Geree 1 3H] ABILYYpXaJ, 5pX MIJIMIH Oynaalaniait, TP
JIyTMaa 3pX alllir, COHUPXJIBIH 30PHUUII FAPraxryi 30BXeH
MOPIKWAJI, LIMHXKIDX YXaaH, apra 3yHH XYp32HI aBy
Y32K XaHaX XIPIrTIH 9K Y335k OaiHa.

HOM 3YH
[1] Awmwurr mantManeie Tyxail Xyyiab (MIMHIYUICOH Halpyyira),
2006-7-8
[2] Taspeir TocHbl Tyxaif Xyymnb  (WIMHIYHICOH Haiipyysra),
2014-7-1
[3] Vyn yypxaiin caiigsin 53-p Tymiaan, XoiOOrZoX Kypam,
2015-3-12
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AIIAT'T MAJITMAJIBIH OPZIbIH CYJIAJITAA, HOOILIMIH
TOOHOOHA OPOMIVIOI'MUH YYPII', A4 XOJIBOI'10JI

XK.1Ipeoomxkas!, M.Hapan6ar?, J1.Tysmunbasp®
Monron yiic, Vnaan6aarap, IIIYTUC, Teonoru, yyi1 yypxaiiH cypryyJib, ['a3spbin ToC, 6peMIJIeruiiH canbap
2 Monron yinc, Ynaan6aarap, Monron Yicei Opemaieruiin Xo1600
3 MoHron yic, pAdHAT, DpadHAT yinasip TOYT
btseveen2003@yahoo.com, naranbatbata@gmail.com,
undarmaad1976@yahoo.com, tuvshinbayar@erdenetmc.mn,

Xypaanzyii — OpreH Xypa3dTaii, 3p3,1T UXTIH YHIYHIr3), YHIABIPI2JI 000X OpemMaIer Hb ra3pbiH X3BJIMITH 'YH OPLINX
AlMIT MAJTMAJIBIH OPABIH CYAAJIraa, 3p3J1-XaiiryyJi, HOOIUiH TOOLO00H XaMIHi{H 4yXaJl YYPI3I a4 X0/100r10J1T0ii Oaiijar.
IH? acyyJIbIT 3X OPHbI TOAUHIYH I3/IXHil HMATHIH a4 X0J400r10JITOM JPAIHITHIIH 33c-Monbaennii, OryToroiin 33c-
AJITHBI 0YJI3T OPAYYAbIH *KHIIIIIIIP aBY Y33:K, JYTHIIT XHIlK, CaHA 30BJI6M:K 0010BCpYyYyIaB.

T'eosioruiin 3yparjiaji, alurT MaJTMAJIbIH €ePOHXHUI IP3JI, IP3J1 YHIJIIII, Xalryy., reopu3nk, ruporeooruiin 60101
CIMIBYMIICOH Oyca] cylajraa sBargaxk, 3H3 Taaaapxu Yp AYH, M3/ IIHHKHIIII TYTHYIT XUHTACIH, 0JIOH TailiaH
MaTepHaJI TycrarjicaH 6aiaar 60,1 HX33X3H X6POHIe OPYYyJIaJIT rapras, 6H1ep epTer 3apJaJ 3apuyy./aH, XaMrHifH roj Hb
TYHMI 00U T M3/ IHIT OUii §0JIrOCOH MX XIMKIIHUI 6POMIVIOTHIiH YP AYH, T'YHIDTIICIH YYPIr, a4 X0J100IJIbIH TajJaap
6MHO Hb 4, 0400 4, TYyCrailjlaH aB4 Y3I9ITYH, TEXHOJIOTM-MEHEKMEHTHIIH TaillaH M3133 rapaarryi, epmMuiiH
MIPrxAuitHX3H [eostorniin 0ycaa MIPrakJAMAHXIHTINH aguixad wajaryypaap Mapramicis, 30Bj1ex 33p3r TOrTooJro10r
00J10BY T3P MAJAI OKOYH, AQ/JIara TYpPHLIara, M3prakua MIPIrIWJI Hb AlIMIJIATAAAITYH, almiMriaagarryid, Amurr
MAJITMAJIBIH Te0JIOTHHH cyJajraa, 3p3J-Xairyysa, HOOLUHIH TOOLOOHBI TAWIAHI 30XHOTYAbIH 0AarT OpoJLYYJAArry,
IIHHK39Y, INYYMIKJIAIY, 36BJI6rY XUAIrIITYi yupaac 01 3HI acyyAjbir 2 TOMOOXOH OPJbIH 6POM/JIOIHiiH KHILIIIIIP
IIBUIYYJIK, CYyAJIa%kK, aBY Y33:K Oaiiraa 6o,1Ho.

Tyaxyyp yz — auwiuzm mMaimmaisii 0po, HOOY, 3PI, XAUZYYl, OPOMONO2, 0IINCIIIM, CYOaIzaq)

. YHACSH X3Cor ‘ gt e
A. Oposusmuiin 0pOvIH 6peMOnes ‘
Opxou-Co/DHTUHE BYJIKaH-TUTyTOHBI TOBUHH X3COT UTH T S et
000X  MOHrON-ATHYYpBIH  TEKTOHHK  KOJQXKHU] £ VX PR
OpIPHITUHH XYIpuilH ayyparr 3 opa 23 wunpan wpes, R\ P
xamaaparjax 6ereeJi YyH?3¢ Hb 14 Hb nopoupsir Cu- R {1

Mo, 13 Hp rpaHuTTai X0JNOOOTOH INTOKBEPK- [ R A
Meracomatuteid 33¢ (CU)-HMilH Tepei Xamaaparjyiar, TR
TanbaifH XOMXI3HI IpIdHATHUH, ByrateiH, MoroitH :

TOJIbIH, 3YWIMIH TONBIH XYApUIH 3aHTMIAAHYYIbIT [ ’
sirajar 6aina (3ypar-1).1. A—— NEERN

OpAPHATHIH 0BOO 33Cc-MONHOAEHUH opaslH bapyyH
xoin OonoH TeBHIH X3CTruilH XyIpuHH OHeTYYIMiH
XaWUTyyJIbIH IIOOHOTHIHH epeMier 1965 oHIT 9X3JIC3H I3k
Y33k OonHO. 1978 OHI 0NOOPIONTHIH YHN aXwmuiaraa
IXIPXUAH eMHe HUHT 185 opumm moonoroop 34450.1
TYyII METp epeMIJIer XuiicoH Oalinar. YiMaap yypxaiH
Tanbaiy HAMAINT OPeMUIOTHHH aXIyyIbll TOTTMOI
xuiicEc 500 M-33¢ P2 TYHTIH  IIOOHOTHHH
epemuterniiH ~ axuielr  1982-1987  (napwiiBumiican
xairyym), 2013-oHoOC TYHUIH OOJIOH YHIIDITIH
(TYHIPIX) epeMaiiernitH axwmi ryiuaTracas. 2016-2020
oHA HUHAT 1151559 Tyym merp epemuterwiiH axwui
xuiicH3ac 37793 Tyym merp epemaneruiir TRM XXK
(JORC crammapteiH naryy), 773629 Ttyym wmeTp
epeMuteruiir “OpmeHaT yitnasdp” TOYI-eiH T'eonoru
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XalTyyJbIH SKCHEIWI] OPYMH YEHHH apra aprawialibiH
JIaryy XUk TYHIPTrICoH (3ypar-2).
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2-p 3ypar. DpmmeTan 2016-2020 oHx 6pOMICOH XalTryyIbiH
LOOHOT'YY/IbIH M3I93J13]1

I'yineex XaUryyJbH AXKJIBIT SABYyylIaxaaa
OPOMIUTOTHITH ~ TOPNOJBIH  Y3YY/DITHAT  OpIBIH
T'€OJIOTHIH TOr'TOLl 0a XYAPHUIAH 3pJCYYAUIHH TapXaJIThIH
OHIIOI'T YHARCI3H 62.5M X 62.5M, 125M x 62.5M, 125Mm x
125m, 125m x 250M, 250M x 250Mm Gaiixaap COHrOCOH
Oalimar. OpOMIUIOTHIH YHIIIIUHT TOMOPXOMIOXO
XYApUIH OMETHHH XdIMXK?3, TIArIIPUIH CyanaracaH
Oaliman, TEOJIOTHHH Hexmen Oaiinan, oI00pIONTHH
QXKJIBIH TYBUIMH 39pP3T IMIANTraaHbl aBd y3cdoH. bapyyH
Xoia x3cart HuUT 191 moonor Oyroy 87099.1 T.Mm-uitH
XIMXKIITIH, nyHmKaap 456.0 m (73 - 1054.0 M xyptam)
TYHTUI33p 6pOM/ICOH.

TeBuilH X3C3IT LOOHOTHIH OpPOMIJIOrHH aXJIbIT
HCOIRNTUIH O0JNOH XOEpAoTd CyIb(QUIBIH XYIPHUIH
OYCHIT TOTTOOX, THATIIPUHH HEOIUHH XIMXKID,
33PIMIIHIT axuyiaxaj YurIyysicaH oaimgar. 2016-2020
onyynan HUUT 28056.8 T.M-UHH X3MXK33THH 85 1LOOHOT
epemjceH. L{oonoruitd ryn 80.0-989.0 M-uitH X00poH.
x3103:m33:k, yHIKaap 330 M OaiicaH.

OpIplH TeoJiorTH, TEOTEXHUK, CTPYKTyp OOJoH
XYOpUIH OWETHHH TapXalThlH 3YH TOTTIBIT OYyp H
OMITOX YYZOHI3C IIOOHOTYYHABIT X3 X3[3H YUTIIHIHH
maryy epemjuceH 0a OapyyH yparm 210 xomwuiiH
azuMyTaap HUUAT epemjyuieruiiH 28.2%, 3yyH xoim 31
XOMHUHH a3uMyTaap HHMHT epemjuteruitH 45.8%, Oycan
YHTIIMAH  J1aTyy HUAT epemMreruitH 26.0% -wiir
XaMmpyyJaH, XapuIaH aauryn TYHT3HI2p
OPOM/IJIOTUIH aXJIBIT TYUIITIICIH.

UOOHOZuﬁH AMCDPDBIH XOMAHCUTIM, A3UM)YNT

L{ooHOTHitH a3UMyT, aMCpPbIH OafpIIIBIT 36B 3YHTIH
XAMXKHX Hb OPJIbIH HOOLUIH TOOLIOOHB! aXJIBIH YHACOH
9X YYCBIp XOMXKHUTIPXYYHHH HOT OomHo. IlooHoTmitH
amcpelr 2015 oHOOC eMHe MapKIIEHIepuilH TEOAO0NUT
Oarakaap TOMIIIIRIAr OalicaH 00N TYYHIIC XOWII
muddepennman GPS cucrem ammuriaax 6osicon. Huidt
2016-2020 oHx TyWUPTrIcdH 276 OOHOTHIH aMCpbIH
XOMKUITUNT XUHCOH.

L{oonozuiin kapomasic

OPOM/IJIOI-2021 e-version

2016-2020 onyyman HUHT epemieruiia 85.4%-1 Hb
LHOOHOTMHH  TeOMU3UKUHH  XOMXKWITHHT  XHUHCOH.
Tyxatin6am: TesuitH xdcruifH 74 moonormitH 23409.3
Tyym MeTp, bapyyH xoiin xacruiiH 165 nooHoruitn
74960.4 Tyymn MeTpT XHIATICOH OaifHa.

=

Xaiiryynsia
GalpILIBIH 3ypar

opeMIIeruiiH

3-p 3ypar. IIOOHOTYYIbIH

L{oonoeuiin kepruiin 6apummacyyiaim

LlooHOTrHi{H KepHUHH OapUMTKYYJIAITHIT YPTHIT Hb
X3MXKIDK, TapIpIl TOITOOX, T3MIPIIAII), (OTO 3ypar
aBAIT XHUIK T'€OJIOTUIH OapUMTIKYYNANT, I3IKIINITIHA
03NITIIX AXKITYy XHHATIKI?.

2016-2020 o1 epeM/IceH NOOHOTHIH KepHHITH
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4-p 3ypar. 2016-2020 oHBI 6POMIUIOTHIH KEPHUIH TyHIAX
rapig

OpmeuaTuitz 2016-2020 oHYyABH XalTyyIbIH aXKHIT
Hu#T 55 310 204 000 Terperuiin 3apnan rapcHsl 25 959
443 000 Terper Oyroy 46.9% - wiir ry#npsx 00JIOH
HOOLIMIH 33p3IyIdJ axuynax 6araHat epeMuert, 15 276
222 000 terper Oyroy 27.6%-uiir Te0JIOTHITH HOOIMIH
JORC (PKopk) aHrmian MIMDKYYJRH OaTanraaxyyinax
epemmiert, 1 765 846 000 Tterper Oyioy 3.2%-uiir
XOHJUIOHI'MIH XSHAITBIH OPOMIJIOIT TYC TYC 3apILyyiDK,
OYX2133 XaWTyynblH HUUT 3apmiabiH 78% OpuMBIT
epeMJIIerT 3apilyyicaH OalHa.

Il.  OIYTOJITOMH 6POM/IJIOT

O10y TONTOWH aIIWTIANTHIH TyCrall 3eBIIOepenTIH
tanbaiin bY-aac 3X uurr cynacan 13 kM ypt, 4 kM
OPTreHTIN XYMIPKUITHHH Oycan opumx Oy TONTONHH
oymr opmon Xepyra, Owyr O6omon Xroro Jammert
opayyn Oarrana. Oty Tonroit XXK #b Oy TONTOM,
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Kapxnant, [luB33 TOArON HIPT3M ALIUIIANTBHIH Tycrai
30BILOOPONT TaN0alHYyIbIH XOMXKIOHA  XHWUTJCOH
XalTyynblH aXIBIH Yp AYH, TYYHI TyIryypla
TOOIIOOJICOH TEOJIOTHIH Heell, OasITMir TyxailH yen
Mepaernex OaiicaH AMWIT MaaTMalblH TyXadl Xyyib
00JI0H X0JI00T0X JIYpaM, KypMbIH Aaryy 2009 Gonon
2014 onyynan TaiyarHak AIIATT MaJTMaJIbIH HOOIIUIHH
HAIZICOH Oyprtrana OyprryyicsH Oaiipar. CynanraaHsl
9H3 IIaTaHI YT OPJAOJ OJIOH YJICHIH X3MXKI3HJ XyBblaa
raprat, XepeHre OpyyJIalThII' OJIK, acap UX X3MKIIHUH
XaWTyyJblH OaraHaT epeMIJIeTHHT SBYYIDK, JRJIXHHAI
X0E€pXOH Oaijar, ABCTpanu yicaja YHIIBIPIATICOH,
XaTyy 4Yyiyyjlartail amuirtT MaaTMaliblH YHAC3H OPIOA
5000m xypTaa epemaex xyuuH yagantaii FOJIP (UDR-
Universal Drilling Rig)-5000 6omon UDR-1500, UDR-
1000 epmuiiH TOX0OPOMXKYYAIIP T'€OJIOTHIHH Cyanraa,
apan-xairyynsiH 3opuiaroop 2000-2500M xypTan ryH
xyptas epemuex, 1000-1500m, TyyH?3C 4 MYy TYHT,
TYHHI MarMblH Hanaiaraap YYCC H MOpQUphIH rapanrail
OHJIOp aryyJraTail 33C-alITHbl XYAIPKWITHHT TOTTOOX,
2009 oHeI Gaifmmaap 44 cast TOHH B3P 33¢ (pure cooper),
1938 toun ant (Qgold)-HBI HEEIMHT TOrTOOXK, YJCHIH
apIac OasuIrHifH caH OYpTryYIcoH OOJHO.

OroyTonroiH OYIAT OpIBIH AIIWTIANTHIH TycTai
3eBIIOOpeNTI Tanbaiin bY-aac 3X unrr cynacan 13 km
YPT, 4 KM OpreHTd# XyIPpKIIThHiH O0ycan opmux Oy
ToNroitH Oymr opaoa Xepyra, Oyt 060yoH XiOro
HammeTtt opayyn 6artana (5-p 3ypar).

~ =il

E
XEPYTA OPA 010YT 0PA XIOFO AAMMETT OPAL

13km

5-p 3ypar. Oy ToroiH OYi13r op/bIH 3ycant (0apyyH ypaaac
3YYH XOHII00)

Oroy TOJNTOWH anT-33CUHH rojuIoX HeeuTdd XIioro
Jammert opron Omuea Xioro, Xoiin Xroro 6010H X0
XI0ro yprapKiIda X3CIyyd Xamaapnaar. OMHen XIoro
6onon Xoiig XrOro X3CruiiH XyIIPXKWIT Hb >2.5%
33CHIH aryynrarail 6a XYIpKWITHHH Oycyyn ©OMHen
XI0Tr0o X3CarT ra3peiH ragapryyraac 300 M ryHz xapuH
Xoig Xworo xscorr 900 M opuuM TYHI3C TyC TyC
9xXoIr. Xoun Xoro YPramkima X3cdr Hb OHTPD
komnanuitn 1llue33 Tonroil ammrnantelH Tycrait
3eBIIOOPONT Tanbaia XamaaparmaHa. T9arIspuiiH
XympxxunT Hb X3X 3yr pyy 3 KM rapyil cyHax TOITCOH
OaiiHa.

Oroy TOJNTOMH anT-33CUHH rojuIoX HeeuTd i Xioro
HammeTtt oproa Omuen Xroro, Xoiin Xroro 60moH Xoi
Xroro Yprapkida X3CTyya Xamaapiaar. OMHen XIoro
6oson Xoiin XIOro X3CTHUHH XYIIPXKHAT Hb >2.5%
33CUHH aryynraTail 60a XymPpKWITHHH Oycyya OMHen
XI0ro X3¢art razpsiH ragapryyraac 300 M ryHj xapuH
Xoiin Xroro xacort 900 M opuuM TYHIIC TyC TyC
axamer.  Xoug Xoro Ypramkina Xocar Hb OHTpd

OPOM/IJIOI-2021 e-version

koMnaHuiiH Ilue33 Tonroil ammrnantelH Tycrau
3eBIIeEpeNTIH Tanbaiin xamaaparpaHa. Taraspuitn
XYt Hb X3X 3yT pyy 3 KM rapyii CyHaXX TOTTCOH
OaiiHa.

Oup 2015-2018 onyymax mwmH3p 51 mOOHOTHITH
15,567 T.M epeMANIOTHIT TYIyy3 IPIKIITTIN OaraHar,
YPTCOH IPOXUIIINTTIN ypBYY YJIBII3T XUHH LOXWITOT
apryyziaap SBYYJDK, TOAIIIPHHH Orernei, M3A33J31

HAIMATIK, XYy9IUH OOHOTYYAaL JTAXUH
0apUMTXKYyJIanT, OaTalraaxyynalT XuicoH OaiiHa.
JAYTHOIIT

1. DHoXyy 2 TOM OpJIBIH JKHIIIITIOP aBY Y33X3]
TeOJIOTUIH cyJanraa SBYYyJDK, 3paJI-XaWryyl XuHX,
AlIMIT MaJTMalblH HOOLMHI TOOIOX TOTTOOXOJ
epeMJuler Mall 4yyxaj, 30HXHIOX YYPIITdoH, MiMa3Cc 9
XaWTyysbIH IIaTHBl HUWT 3apIUIBIH 74, TYYHI3C 9 WIYYT
3aplilyyJaH siBargaar oaitaa.

2. Opemmnereep Ouil OOJICOH Ta3pblH XIBJIUIH
TYHHH TEOJOTHHH TOTTOII, allluIT MaJTMaJIbIH TapXaT,
aryyira, HOOIMHH M3JIJUIMAT Ol OONroXoa dyXa
YYPAT TYHIBTIaK, UX39X3H epTer 3apasaap Ouid 60coH
OPOMJUIOTHIHH M3IP3JUIMHAT XaBCPANT TaliaH OONTroH
apXMBJIaH XaArajgax, 5HY YHITAIIBP ©peMUIerHiiH
MIPI2KIUHH ~ Oalfryymiara XYMYYCHHH — OpOJIIOOT
XaHTaXK, MdpranicoH, 3eBiIeX YHIdmwirasr Ouit 00rox,
[Iyymk, MHAHXIIY XWX [aapajgaratail 0oJoXbIr
TOMIPIIIK, caHall 00JIrox OaiiHa.

3. byxomm» wmx epemimBen WIyy HX OJAOT
3apuMBIl aHXaapu LAAIINA TeOJOTHHH Cyaairaa, op,
AlIATT MaJITMalbIH 3pAJI-Xalryylan X3OUHr33p eprer
3apAall eHAePTIH 4 epeMIJIOTHHT ajbh 00JOX00p HX
XOMXKIITIM, TYJIXYY, OHOBYTOM Japaanar,
Gaiipmmitaiiraap nryypxail sByyjiax Hb aMKHJITBIH TOJ
YHI3C OONITUHT TIMARTIIIK, CaHa 00Nrox OaifHa.

4.  Byxammds 9H? 2 TOMOOXOH OPJBIH XKHIIIATIAP T
aBY Y39X3J UXIIXOH XOPOHIe OpYyyIalT rapraH, eHaep
epTer 3apaal 3apilyyJjiaH, XaMT'HiH T'OJ Hb TYHHI 00aUT
MDJIIIUTHNAT onit 00JITOCOH ux XOMIKIIHUI
OPOMJIOTUIH YP AYH, TYHIPTIACOH YYpar acap ux au
xoJ0orHonTol 0ereej SHY Tamaap eMHe Hb 4, OJI00 U,
TyCraiylaH aB4 y3J3ITYH, TailJlaH M3/133J13J1 raprajarryi
Hb yuup Aayrarjantad, naammj AMO-pH xailryysn,
HOOLUNH TOOLIOOHBI YW aXWUIaraaHj] ©peM]UIerHiH
Oaifryymmara, MAIPraKUITHYYIUHAT OpPONIYYJDK —Oaix
nraapJyiararait 60Ho.
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II. EPOHXUU ACYYIYY/]

BASHI'OJIBIH T?MPHFIH OP/IbIH qyJayyJAruidH ePeMI6r 160X
393PI'MUT’ TOAOPXOUNJIOX CYIOAJIT'AA, YP IYH

J.Yunapmaa, XK.1[3B3smxkaB, JI. TeBxee, L1.Y nBanxopnoo, J.Yyrau6asp [1.CyBa-Opmsud, b.CyBa-OpasHd
Mowroxn ync, Ynaan6aatap, IIIYTHC, I'eonoru yyin yypxaiiH cypryyins, I'a3pbIH Toc epeManeruiit caiabap
undarmaad@must.edu.mn, btseveen2003@must.edu.mn, tuvkhuu100 must.edu.mn, udvalkhorloo@must.edu.mn

Xypaanzyii— OpMHIiH XyLIyy HIBTPIX3/ 4yJyyJraac TYYHA Y3YYJ3X 3CIPryYILI33p TOAOPXOMJIOrA0X 4YJyyJIHiiH
LHOrHoJI00p Y3YY/IJITHIT TIAMIIPUIAH 6POMA6IIeX 4YaHap IdHI. OpeMaeraex 4YaHap Hb eoJOTHiiH, TeXHOJIOTHIiH,
TeXHUKHITH 39p3r OJIOH XyBbCaX XYYHMH 3Yil133¢ Xxamaapax QyHKUU 06reeJ TYYHA UYJYYJruiiH (U3NK-MeXaHUK MIMHK
YaHapyyld, TIAMIPHIAH OPIIMX HOXWeJ, Y3YYPHHH GarakuiiH XMiil, X3J103p, XdpIrid:k Oyil TeXHOJOrHHH ropum 33par
HOJI00THO.

YyayyJruiiH epemM16r16x 33pruir To10pxoi HeX1e11 TOrTO0X Hb MATePUATbIH HOPMYJI0JI Faprax, Xypaac 4yJayyJaruir
6peM/Ieraex 33pri3p Hb AHTWJIAX, 3H? AHTWLIBIT YHAICINK OPOMIJIOrdiiH TeXHHK TeXHOJOTHiH OyX acyyaayyabIr
OHOBYTOMIOOp MIMIAABIPIIXIA IIMHAKIIX yXaaH, YHIABIPIIJIMIH YyXad ad XoJa00rgoJToi, TOAOPXOiaox 3ailmmryii
maapajararaii oM.

OpoeMII6eruiiH a:KJIBIH SBUAA YYJIYYJTrHiH HIMHK YAHAPBIT TAHUX, TIATIIPUITH Y3YYIJITYYAMAT YHIH 36B TOAOPXO0ii10X
Hb OPOM/UIOTHIiH apra 00JI0H Y3YypuiiH 0araK COHIOX, TeXHOJOTMAH OGOJOBCPYYJAIAT XHIIX, OPOMIJOIMHH AKJIBIH
TeXHUKHITH 31MifH 3aCcTUiiH Y3YY/IJITYYAMIIT TOAOPXO0i/10X 33p3IT 4yXaJl a4 X0160r10J1TOM.

OpoeMIIOIT YyJIyYyIrHiiH 6pOMIOrI6X 3IPruiir TOAOPXO0II0X100 TYYHHIl AMHAMHMK XaTyyJar, 333X YaHAPbIT YHIICJIH
TOI'TOOJOT apra 3yHI epeM/UIerHiiH NPAKTUKT epreH ammriaajaar. Tyc eryyasnn BasiHrobIH TOMPHIH OPABIH KHIIIIH
I33p 4yJyyJIAruiiH epeMaeraex 33pruir ToA0pXoiJcoH Yp AYHI OpyyJicaH 00JIHO..

Tyaxyyp yz— epomonez, opomoezoox 33piz, wyayynaz, Xamyynaz, GHeuia

xamaapax (yHKI Oereenx TYYHA YYyIyyITHHH (U3HK-
MEXaHUKUMH INUHX 4YaHapyyld, THAr9PUMH OpLIMX
HOXIIOJN, Y3YYPUHH OarakuiiH XU, X3103p, XIpAriadK
Oyil TEeXHOJIOTHIH TOPUM 33P3T HOJIOOIIHe.

l. OPLLIMIT

TempuilH XyApuilH epeMJIIeruiiH siBLaJ AUOPHUT,
TPaHUT, TOMOPJIOT KBAPLUT, POTOBUT, KBAPLIBIH CYJUTYYl

39P3T ©PeMIeraex 33p3T eHAepTIH JyiIyyiryyn 3103r UylyyIrniiH —epeMIeriex 39pruiil  TOZOpXoii

TOXHMOJIIOX 0Oereen Y3YYpHHH OarakuitH 3marapnT
UXTOH, 3apiyynant eHnep OaitHa. Y3yypuiiH OaraxuiiH
SIIBTARIITIH/ TOJI HOJIOOJIeX XYUHH 3YWI Hb UyIIyyJITuiH
OpOMJIOTIIOX 39pIT, UYIYyyJATHH Xaryyira Oaiix Oa
SAT3P Y3YYIUITYYIUIT 36B TOMOPXOMIIOX, TOXMPCOH
Y3YYPHIH OaraXMHAT COHroX Hb 4yXajl oM.

Cynanraaraap  basHromnsix
YyNYyIATUHRH — JIXKYYIRT
TOAOPXOMIIOH Yp AYHT TOOLOB.

TOMPUHH
epemMIeriex

OpJBIH
33pTUdr

Il.  YynyyJaruiH ePeMIer 16X 335PTUNr
TOJOPXOMIOX APTAWIAJL

OpMUitH Xylmryy 49yayyJarT HIBTPIXdA TYYHI
qynyyiraac y3YYJI3X OSCOPTYYIUIRP TOIOPXOMIOTI0X
LOToJI00p Y3YYIITHHT epemeriex 4aHap rau3. TooH
yTraapaa 4YylIyyJITHHH  ©peMIeraex  33p3r  Hb
OPOMIJIOTUITH MEXaHUK Xyp/aap TOJAOPXOUIOTrI0HO.

OpeMJeriex 4YaHap Hb TEOJIOTHIH, TEXHOJOTHIAH,
TeXHUKUIH 33p3or OJIOH XyBbCaX XYUHMH 3YHIAC

HOXIIOJIZT TOTTOOX Hb MAaTEPUAIBIH HOPMWION raprax,
XypAac yyJayyJIruir epeMaeraex 33pradp Hb aHruiax,
9HY AHTWUIBIT YHIDCIMK OPOMIUIOTUHAH TEXHUK,
TEXHOJOTHIH oyx acyyaJbIr OHOBYTOUT OO
UHAABIPIDXA LIMHKIIBX yXaaH, YAIABIPIIIUNH vyXail
ay X000 I0JITOM, TOIOPXOMIIOX 3almryi
Hmiaapjjiaratai om.

OpuuH yen 4ylyyJlruilH epeMaernex 33pruiir
TOOPXOMIIOX OJIOH apryyn Oairaar gapaax 3 Trpymnmd[
XyBaaH Y33k 00JIHO.

1. Opempermex 33pruir xyprac UyIyyJarHiH
nerporpaduifH ~ TepeJy, IpACHHH  OypaJIdXYYHI3C
XamaapyyJiaH TOI'TOOX I'€0JIOTUIH apryy.

2. Opempernex 33pruiir TYpIIUITHIH
OpPOeM/IJIOreep XPOHOMETPUNH aXKUTJIAIT XUHK TOTTOOX
YIILABIPIIIUIH apryyx.
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3. Opempermex 39pruiir TOMOPXOH HOXLOJI
OaraxuiiH TyclamKTaiiraap TOI'TOOX JlabOpaTOpHiH
apryya.

DArsnpadc  IXHUKA Tpymmda Oartax apryyn Hb
epemaier sBaraax OOBEKTON TEOJOTHUYHI XypJlac
YyNyyJITHMH = epeMIeraex  33pruiir  ToAr3spuitH
TeTporpaduiftH Tepell, AIPACHHH OYpIIIIXYYHIIC Hb
XaMaapyyJlaH COHIOMOJ AIMKYYATIHM JKUIIMX 3amaap
OapmMKaaraap TOTTOOXOJl OPIIUX 0eree]] HapHHBUIIAIT
MyyTail, XaMTUilH TOl1 Hb ©peMIJIeTUIH TEXHUK,
TEXHOJOTUIH acyyaIyyAbIl LIMHBIPIIXIA
Hraapjiarataii Toja Y3yYJITYYAMHr (XaTyylnar, 399X
YaHap I3X MAT) TOOLOX TOTTOONOITYHI?3PId yUHp
JyTaraanTai oM.

Opn  oOBexTyynan 4YyldyyiaruidH (U3NK-MEXaHHUK
LNIMHXK YaHapyyJl HXI3XdH XyBHpaMTraii Oaiix Tyn
TYPIIMITEIH ©PeMJUIereep 4yIyylITHHH epeMIeraex
33PTHUIT TOITOOX Hb MX39X3H X3JI03II33/1T3#1 Oaiixk 000X
Oereeil MeH JI Y3YYpHIlH Oarak COHIOX, ©pOMIUIOTHIH
TEXHOJIOTHHH TOPUMYYABIT 0oJ0BCpyyIaxan
maapjyiaratai roJ y3yyJIITYYOUIT TOOL0X TOTTOOX Hb
JyTarjanTai Gaitnar.

UynyyaruilH epeMaeriex 33pruir TOrroox UX33X3H
YHOMIIMITAH apra Hb Ja00paTOpHiiH apra 6ereen >pai,
Xalnyyn, oibopiont — sBardax Oy TOMOOXOH
00BEKTYYHa 4YyITyyJITHAH AWHAMHK OaT 03X O0J0H
3J199X YaHAPBIH 33PIUUT TOAOPXOUIOH YYHUNT YHAICIIH
TOAOPXOM XypAac 4YyldyyJIrMiH epeMAernex 33pruir
71a00paTOpUiH HOXLOJT HAPUIBUIAH TOTTOOT00/ Aapaa
Hb YAILABIPIAILA TYpPILWITHIH epeMIereep
OaranraaxyyJsiar.

JP3pX YHIO3CID IYTHIATHA TyATyypiaaH qylyylIrHiH
OPOMJIOT/IOX 33PTHIT TOITOOX JIAOOPATOPHUITH X3/1 X319H
apryypaac OXY-sin HTHUI'PU (LlenTpanbHblii HayqHO-
HCCIICIOBATENbCKUH  TOPHO-PA3BEOYHBIH  HHCTUTYT
LBETHBIX, PEJKHX M OJNAaropopHBIX METaJuIOB- OHIeT,
YHAT, XOBOp METaUIbIH Xalryynd, yyl yypXailH 3pIdM
HIMHXHUITI3HUI TOB WHCTHUTYT) HHCTUTYT3]
6onoscpyyiacan YCT41-89-74 canbapein cTaHmapTaap
GaTaracaH aprbil’ COHI'OH aBy CyJaJIraaHbl aXKIIbIT XHHX
Hb WIYY OHOBYTOH I'9XK Y33B.

Tyc apraunanaap 4ynayylIrHmir JuHaMuK Oat 63X33p
Hb |-p XYCHII'TUHH Jaryy 6 aHTHJIAar.

1-P XYCHOI'T. UVJIYVIITUNAT JUHAMUK BAT B3X

JluHamuk 6aT 69X y . .
3opamma | Y3yyIdaTHiiH yTra YAYYATHHH TOAOPXOHAOIT
| 8 Bara 6at 69xTait
1l 8-16 Barasrap 6at 69XT9H
11 16-24 JlyHn 39pruiin 06at 63Xl
[\ 24-32 Bat 69x uxmoi
V 32-40 Mam ux 6at 63X
VI 40 [ 39pruiin 6aT 6IXTIH

OPOM/IJIOI-2021 e-version

1-p 3ypar. Uynyyaruiis auaamuk 6at 69x tomopxoidnox ITOK Garax
1 - yUrIyy/Idrd Xoomoit, 2 - KOPYHABIH HYHTAr, 3 - adyaajuiax
IWIAHIP, 4 - Xap Tyrairal ypaJ, 5 - XyBaapbTaid Oynyyp,

6 - 332NIXYYH XOMKUTUHIH HIAHAP, 7- TyyXa, 8 - asra.

Uynyynruiir 37133X 4yaHapaap Hb 6 aHTHICHBIT 2-p
XYCHITT3] Y3YYII3B.

2-p XYCHAI'T. UYJIY VIITANT DJIDDX YAHAP

Di39X yaHap UynyyaraiiH ToaopXoinont
39parana Kasp
| 0.5 Omox yaHap Oararaii
1 0.5-1.0 DX yaHap GaraBrap
11 1.0-15 D0X YaHap QyHA 33pIrToit
\Y 1.5-2.0 DX yaHapTait
\ 2.0-25 Di9X YaHap UXTOH
VI 2.5-3.0 Dn99X yaHap Malll HXTIH

2-p 3ypar. Uynyynruits 25133x yaHapsir Togopxoinox [IOAIT-2M
Garax
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DprajimsT  OpeMIJIerT UYyIyYITHHH —epeMIeraex
YaHAPBIH HATJCOH Y3YYDITHHAT TOOLOXK 12 33parimaiy
xyBaanar (3-p XYCHIIT).

3-p xYCHOIT. UYJIY VIITUITH OPOMIOT [IOX YAHAPBIH
HATACHH Y3YYJIRJIT, OPOMIOT 16X 33PT UITH

XAMAAPAIJ
Opemeraex Opemeraex
Pm 33por Pm 33por

- | 10.2-15.1 Yl

- 1] 15.2-22.7 Yl
2.0-3.0 11 22.8-34.1 IX
3.14-4.5 Y 34.2-51.2 X
4.6-6.7 Y 51.3-76.8 XI
6.8-10.1 Yl 76.9-115.2 XIl

Cynanraan, TOMpUIH OpIABIT TeJIOONAYYICOH 54
YyIyyJIruiH JIIKAL epeMIernex 33pruir
TOJOPXOMJIOX ~ JTa0OpaTOpUIH  aprawianblH  Jaryy
TYPILUWIT, XOMKWITUUT XUIK T'YHLDTIIB.

Cynanraanbsl J39KYYA Hb TOMPHUH XYI9P, DJICIH
qynyy, rab0po, XyBUpMaa dUyldyy, KOHIJIOMEpAT,
QJIEBPOJIMT, MHUPPOTUH 33PAT UYJIYYJITHUH TOPIYY.I
6aitna (XycHart-4).

4-p XYCHOI'T. UVIIVYIITUIAH J22KUNH HAP, TOO

Ne Uynyyaruita Hap J>:xuiiH ToO

1 Tempuita xymp 15

2 DIcoH yynyy 15

3 T'a66po 2

4 XyBUpMaN yynyy 1

5 Konrmomepat 2

6 AneBponuT 17

7 IMuppoTun 2
Huiir 54

133 43X YynyynruiAH TepAWiAH 33nsx xysb, %

= TeMpuiiH xyasp = 3ncsH 4ynyy la66po Xysupman uynyy

" Kokrnomepar  ® AneBponut = MuppoTux

OPOM/IJIOI-2021 e-version

Cynanraatsl
Y3YYJI3B.

YP ZOYHT HOTTMAH  XYCHAIT-5-7

JIYTHDJIT

Huitt 54 9ymyynrmifH I9KWHH TYpIOIHATHIH YP
JYHI33C Y39X3]1 XaMIHMHH epeMAeraex 33par eHIepTIH
Hb XIX KkaTeropelH (TOMPHHH XyI3p, DJCOH 4YIyy,
aJIeBPOJINT), XaMTHIH 0ara epeMIermex 33parTd3i Hb
XV-XVII karerops (rabbpo, »oncoH  Uymyy,
AJIEBPOJIUT) Y3YYJIDITTAH OaiiHa.

Typumiraac y39X311 4yJIyyiryyaslH epeMAeriex
33par Hb XapblaHTyld eHIep rapd OaitHa. 3apuM MKW
TOPAUNH Yylyyiaryyld XapuilaH aJwiryil eep eep
KaTeropt Oaiiraa Hb YyIyyIryynal XaTyyJar eHAepTIH
SPACYYAUIH aryyiarblH X3MKIJHIIC XamaapcaH Oaiix
TanTai rak y3dx OaifHa.

Howm 3vit

[1] ©pemmier-19 DpadM WHMHKUIAIHUE XypiblH 3MXITrai. YB.
2019 on.

[2] J.I'T'pabuak, C.A.BpsuoB, B.M.Komamenko “TIpoBeneHne
TOPHO-PA3BEIOYHOrO  BBHIPAOOTOK M OCHOBBI  pa3paboTKu
MECTOPOJK/ICHUH MOJIe3HBIX McKonaeMbix” M., Henpa., 1988

[3] II:b.barmacapos, A.O.Bepueba, WN.N.ITanemoB “CripaBovHHK
TOPHOI'0 MHXXEHEpa r'eojIoro paspeouHsix naptuii” M., Henpa.,
1986

[4] K.IlpBoomxkas, M.baunu, J1.Tesxee, JI.Jlyrapxas. Yymyyiruitn
OpOMIJIOIT HONeeIeX IIMHXK 4YaHAPYyIbIH CyJalraaHbl MK
OypaH apraunain. Ynaanbaatap. 1992.
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4-p xycHort. TYPIIMJITBIH YP JYH

OPOM/IJIOI'-2021 e-version

Typumares gyraap

JuHaMuk xatyynar

Om35X yaHap

Opemaernex 33pruita

N TOOII00
Hynyynruits Yynyyaruitn
Tyxaitn IPVKUHH Y };Iyap HyHnax HyHnax N
Ne KA Ayraap h, Mmm Fg Qi Mr | Q2z, Mr Kasp HOTICOH Opomzeraex
TYPLIAITHIH Fg Kap 39par
Y3YYI2IT
Ayraap

1 1 Tompuiin 20 3 133 116.6 1075 975 1 0.875
2 E2101 XYIp 20 4 100 1090 1015 0.75 1182 XIX

2 1 20 4 100 100 965 885 0.8 0.875
> E2102 DICcaH uynyy 20 7 100 1040 945 095 104.5 XIX

3 1 20 8 50 50 1090 1035 0.55 0.75
> E2103 ['ab6po 50 A 50 980 885 095 51.4 XVII

4 1 20 2.4 166.6 166.6 970 930 0.4 0.575
E2104 | XyBHpMar 103.3 XIX

2 qynyy 20 24 166.6 1120 1045 0.75 '

5 1 20 8 50 50 925 880 0.45 0.575
> E2105 JJCoH Tynyy 20 8 50 955 885 07 39.4 XVII

6 1 20 4 100 90 950 905 0.45 0.625
> E2106 JJCoH Tynyy 20 5 80 1145 1065 08 68.6 XVIII

7 1 20 8 50 75 1125 1095 0.3 0.7
> E2107 Konrnomepar 20 2 100 1065 955 11 66.4 XVII

8 1 20 4 100 90 985 900 0.85 0.925
> E2108 AneBponut 20 5 80 1005 905 1 101.5 XIX

9 1 ToMpuiin 20 34 117.6 125.4 1125 1010 1.15 0.9
7| FEA09 Xyzop 20 3| 1333 985 | 920 | 065 1288 XX

10 1 20 6 66.6 555 1070 1025 0.45 0.525
> E2111 OIC3H uynyy 20 9 144 1000 920 06 39.1 XVII
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11 1 20 8 50 45| 1005 925 0.8 0.85

7| FEl2 T'abbpo 20 10 40 1065 975 0.9 535 XVl
12 1 20 5 80 733| 1100 | 1005| 095| 0825

> E2113 DJC3H uynyy 20 56.6 1035 965 07 76.8 XVIII
13 1 20 50 472 | 1010 890 12| 0925

> E2114 O7C3H uynyy 20 144 1105 1020 065 60.6 XVIII
14 1 20 10 40 45| 1100 | 1035 0.65 0.65

> E2115 J7CoH uynyy 20 50 1045 980 065 40.9 XVII
15 1 20 50 50 940 910 03| 0475

> E2116 AJeBpoIuT 20 50 910 845 0.65 325 XV
16 1 o1n Tompii 20 4 100 88.4 890 855| 035| 0425 . "

2 XYZ0p 20 52| 769 1060 | 1010 05
17 1 20 12| 333 333 990 940 05 0.8

7| Ee8 | Sneomuyyy 20 12| 333 1085 975 1.1 39.6 XVl
18 1 20 18| 222 222 960 875| 085 0.9

7] EB2MO | Smemuynyy e e T 222 1050 | 955 | 0.95 82.2 XV
19 1 Tompuiin 20 4 100 100 995 910 | 0.85| 0625

7| E2120 XYZ0p 20 4 100 1005 965 0.4 74.6 xvill
20 1 20 5 80 90 | 1010 915| 095| 0875

7| Fetel | Anespomr 20 2 100 1105 | 1025| 08 % XIx
21 1 20 8 50 50 | 1045 990 | 055| 0525

> E2122 AneBponut 20 8 0 1090 1040 05 36 XVI
22 1 20 5 80 65| 1105| 1055 05| 0675

> E2123 DIcaH uynyy 20 8 50 1020 935 085 57.1 XVII
23 1 1ot Towpnii 20 9| 444 3838 905 870 | 035| 0425 s N

2 XYZ10p 20 12| 333 980 930 05 '
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24 1 20 8 50 45 980 915 0.65 0.55

7| FE225 | Sncomuynyy 20 10 40 1005 960 | 0.45 34.6 XVI
25 1 20 4 100 75 1065 985 0.8 0.7

> E2126 AneBponut 20 8 50 985 925 06 66.4 XVIII
26 1 20 12 33.3 36.6 1050 1010 0.4 0.425

> E2128 AJeBpouT 20 10 20 900 855 045 22.7 XV
27 1 Tompuiin 20 7.2 55.5 62.2 1085 1050 0.35 0.375

2 E2129 XYIp 20 5.8 68.9 990 950 0.4 30.6 XV
28 1 Tempiin 20 6 66.6 61.9 960 910 0.5 0.7

7| FEA0 Xyop 20 71 571 980 | 890 09 °6.9 Vil
29 1 20 6 66.6 58.3 900 820 0.8 0.925

> E2131 AJeBpouT 20 8 50 1015 910 105 71.7 XVIII
30 1 20 5 80 80 910 825 0.85 0.725

> E2132 AJeBpOIHT 20 5 80 1095 1035 06 72.4 XVII
31 1 20 4 100 116.6 980 870 11 0.95

> E2133 AJeBpouT 20 3 1333 1030 950 08 128.3 XIX
32 1 20 4 100 100 1060 960 1 0.8

> E2134 AJeBpouT 20 ) 100 1145 1085 06 95.5 XIX
33 1 20 14 285 26.7 1025 970 0.55 0.55

> E2135 Konrnomepar 20 16 25 1145 1090 055 22.8 XV
34 1 20 2.8 142.8 148.3 1055 975 0.8 0.7

7| PRt Hupporis 20| 26| 15338 1020 | 960 0.6 114.6 XX
35 1 20 6 66.6 83.3 985 880 1.05 1.175

> W2101 AJeBpoiuT 20 2 100 1055 925 13 121.2 XIX
36 1 20 8 50 53.7 990 920 0.7 0.725

> W2102 AneBponut 20 7 571 975 900 075 52.5 XVII
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37 1 Wo103 Tompuiin 20 16 25 25 1110 1020 0.9 0.9 25.4 VI

2 XYI3p 20 16 25 1120 1030 0.9
38 1 20 4 100 90 1000 930 0.7 0.8

> W2104 DIICHH uynyy 20 5 80 1005 915 09 87.8 XIX
39 1 20 5 80 90 990 940 0.5 0.625

> W2105 [MuppoTun 20 2 100 1080 1005 075 68.6 XVIII
40 1 20 4 100 83.3 955 910 0.45 0.45

> W2106 AJeBpouT 20 5 566 930 885 045 46.4 XVII
41 1 Tempiin 20 14 28.5 324 960 895 0.65 0.675

7 xyop 20 11| 363 1090 | 1020| 07 321 <V
42 1 20 8 50 50 985 970 0.15 0.375

> W2108 37CoH uynyy 20 8 50 960 900 06 25.7 XV
43 1 20 5 80 65 980 880 1 0.9

> W2109 AneBponuT 20 8 50 1080 1000 08 76.1 XVII
44 1 20 6 66.6 66.6 1045 990 0.55 0.575

> W2110 AJeBpouT 20 5 6.6 1025 965 06 49.6 XVII
45 1 Tompuin 20 10 40 35.3 960 900 0.6 0.725

2 w2lll XYI3p 20 13 30.7 1050 965 0.85 877 XVI
46 1 Tempuii 20 4.6 86.9 72 925 840 0.85 0.875

7| Wall2 XyZD 20 AGE 1035 | 945| 09 803 xvill
47 1 Tenpuin 20 3.6 1111 69.8 965 905 0.6 0.675

2 w2113 XYzI3p 20 14 28.5 1020 945 0.75 60.4 xvill
48 1 ToMpuiin 20 4.4 90.9 93 1015 995 0.2 0.55

7| Wl XyZD 20| 42| 952 1070| 980| 0.9 62 xvill
49 1 20 8 50 58.3 1040 935 1.05 0.545

> W2115 AneBponut 20 6 56.6 909 905 004 42.2 XVII
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50 1 20 12 33.3 50 1055 960 0.95 0.975

> W2116 AueBponut 20 5 566 990 890 1 66.8 XVIII
51 1 Woll? Tompuiin 20 5 80 92.6 1035 930 1.05 0.75 6.2 I

2 XYZI3p 20 3.8 105.2 1090 1045 0.45 '
52 1 ToMpuiin 20 6 66.6 58.3 950 880 0.7 0.625

7| Wels Xymop 20 8 50 1025| 970| 055 484 Vil
53 1 20 4 100 100 905 855 0.5 0.625

> W2119 J7CoH uynyy 20 7] 100 1065 990 075 74.6 XVIII
54 1 20 8 50 50 1085 995 0.9 0.875

> W2120 D7CoH uynyy 0 3 50 1070 985 065 60 XVIII
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3PZ[3H3THFIH—OBOP OPJIbIH OPOMIJIOTUIH YT AAJITBIH
HIAHIOHUU IINTHK YAHAPBIH CYJAJIT'AA

JI.Vugapmaal, XK I3eosmkas!, T.Maitn6asp?, B.2pasus6asp?
Mowuron yinc, Ymaan6aatap, IIIYTUC, I'eonoru, yyn yypxaiiH cypryyib, ['a3psiH TOC epeManeruiin candap
! Monron ync, Ynaan6aarap, IIIYTUC, Teonoru, yya yypxaitd cypryyis
2 Monron yic, DpasHaT, DpasHaT yitnassp TOYT, TXA
undarmaad1976@yahoo.com, btseveen2003@yahoo.com,

Xypaanzyii— IpA3HITUHIAH 33¢ MOJUOJeHUH OPABIH reoJIOTHHH Xarapaj aH HABIIMJIT 0OJOH WJI YypXailH TICJIrIIHMIA
YHIYWI/93p 4ydyyJruiiH aH HaBUIMJIT MXCIK, XIT X aH Hapapxar 00/k 0yTpaji OpCHOOC 6POMIJIOTHIiH Ye MeXaHUK
XYPA, AIKUIH rapi, HOOHOTHIH XaHbIH TOITBOPKUJIT 33P3T Y3YYJIITYYA Oyypd yraajrbiH MIMHIIHMI anaaraaji 0010H
aJiMa3aH XyUIyyHbI 3JI3T13J HX3ccIH Oaiina. MiimM33¢ 3HI acyyA bl IMIAI3X HAT apra Hb HOOHOTHIfH yraajira, yraajirbiH
IIMHIIHUH TEXHOJOTMIAH MIMHK YaHap 00reej TyXailH reoJIOrHiiH HOXLOJ TOXUPCOH TEXHOJIOTHITH cyJajraar Xuix Hb

yyxaJ faiina.

Tyﬂxyyp ye— HOOHOZMIZH yeaanea, yeaaieblH WAUHZIH, )2AAICbIH WIHUHZIHULL MEXHON0ZUTH WUHIIC uanap

. YIWUPTTAJI

OpIPHITHIH OBOOHBI 33C-MOJMOJICHUN OPIBIT IPK
XalX, HOOLHUHUT TOTTOOX, OJOOPIOXOA ©pPeMIIeTHitH
QKW dYyxal Yyparmii Oereen 1aampjaa 4 ad
X0JIOOTIONTOM X3B33p OaifHa. YT OpIBIT OJDK WIPYYIICOH
1960-aan oHooc xoim 50 rapyil KWIMAH Xyranaasn
OWIHUIA TOOIOOJCHOOP 3H3 OpAOox OOJOH TYYHHH
OHMpOIIIIO0 AYYPTYYARA HUUT 60 MsIHTA OpUHMM TYYII METP
Xaryyneid, 4.8 cas rapyd Tyyll METp alIUTIadThIH
(TaconTadHMIT), 8 MHra rapyil Tyym MeTp YCHBI 33
XaUryynblH 6peMIOTUIT SABYYJIKI?.

OHeoI6p DPIPHITHUIH OPJOJ TE€OJIOTH XaAUTYYJIIbIH,
yypxaiia AIUTIIANITHIH, reOTEXHOJIOTHIAH,
TCHIPOTCOJIOTHIAH,  HHXCHEP-TeOJOTHiH 39par
OPOMJIJIOTHIIH OJIOH apra, TEeXHOJOTHHT X3PITIIICIH
LOTIIOJIOOp Cynairaa, OJOOPJONTHIH aXHI sIBargax
OaifHa.

1990-331 oHOOC XO¥mI OyOy 3aX 333JHIH DAUIH
3acarT IIWDKCOHUM Japaa DpAdSHATHHH Yyl yypxaiH
LOTIOJMOOPBIH  IIyramMaap J33pXH UHIIRIYYAI3pP IO
TOII6B yypXallH OOJNOH TEXHOJIOTHIH IIOOHOTYYIBIH
epeMyTer XUITACIH OaiHa.

OpIPHATHHH 33C MonuOneHuit opablH TeBuitH
X3CTMHH TYHIPIX Xalryyn, bapyyH xo#pn XacruitH
XYIpHiiH Wi yypxaih OoJIoH yypxaiiH Tanbaiin
AIUTTIANTBIH XalTyyJIblH IIOOHOTYYIBIT ©POMISX Yes

YyNyyJITHHH aH [aBIIMITAaac [IajTraajlaH  YYCdX
XYHAP2IYYX Hb CylaXx Maapjularatail  dyxan
acyyUTyyZAbIH HOT IOM.
Il. CYAAJIII'AAHBI X2C3I
Opemaernitn yTaaJrbIH IIMHTH T3CH
oWironTOHA ~ OyTnaracaH — UyNyYJNTHMHH  YpTCHET
LOOHOT'00C raprax, LBIPIIX 30pUyIaNTTal

amMrargax Oairaa OyX TOPIMHH aXKJIBIH IMIMHTIHUAT
oiirox 0ereej] epeMJUIOTHiH yraairblH IIMHIDH Hb
aHxaH#aa OyTiarjacaH YPTCHHI T33BAPIAX, Y3YYPHUIH

Oaraxuir xeprex 30pWJIrOOp alIMriaraax OalicaH Oa
[ar xyramaaHsl SBLAJA €peMAJer Hb TI'COJOTMHH SH3
OYpuHH XYHAPAITIH HOXIEIA WYY T'YHI, TOITBOPIYH
Xypllac 4yiyyJIrHir epeMIesk HIBTP3X O0JICHOOC OJIOH
TOPJIUNH YYPIYYOUNUI JaBxap TYHLRTIOX Ioaapjajara
rap4 UpcaH.

leomormitn sH3 OYpHUIH XYHOPAINITIA HOXIIOIT
X3PITI3XUNH TYJ YTAaJITbIH ITHHTYHAHN IWHK YaHAPBIT
caibkpyynax, OOJOBCpyylax  30pWJITOOp  HIMOIT
XVUMHUHH YpBaDK, OOIUCYYABIT X3P3IIdX, TIATIIPUNH
IMIMHX YaHAPBIT XsHAX MaapAaryy/ rapd upcoH OaiHa.

OPASHATUIH 33C MONUOICHUNA OpIBIH Te€OJOTHHH
Xarapas aH HaBHIMIT OOJIOH WJI yypXailH T3CITr39HUNA
YHIWIDI3P XYA3D YyLyyJITHiH aH LHAaBIIMIT UXCIXK, XOT
MX aH 1aBapxar 00K OyTpalii OpCHOOC ©pOM/IJIOTHITH
Y€l MEXaHUK XYpH, A33KUUH rapil, JOOHOTHITH XaHbIH
TOTTBOPXKWIIT 39P3T  Y3YYIRITYYA Oyypd yraairsiH
IMIMHTYHAHN ajjgaraan OoJNoH alMas3aH XyIIYyHBI 33T
HXICCOH.

OpIHITUHH-OBOO OpABIH TOBUUH X3CAIT XMHUCIH
YyITyyIruiH epeMaeriex 39PTHHAT TOTTOOX
CcydairaaHaac — y33X3J UyJyyJar Hb  KBapIDKHXK
HATTapmicaH 0ar 0eX TpaxwaHam3eT Oyxuil 3dy3uB
qylyyliar, KBaplblH aryyira eHIep MeTacOMaTHT,
KWKUT  mmpxd rmi, 10-30% mophup mUrTrIdTHIH
TPAaHOIMOPUT, AIUINT MAasTHHH OOpPXKHH TIATIIPHIH
KBapIDKMITAJ OPCOH XYAIPHKCIH XICIT Mall Xaryy,
Oyroy epemueraex 33par eHaep Oaitna. JluHamuk Oat
OoXWifH XyBBJ TYpPIIWITAHA XaMmMparjacaH HUUT
qynyyJIruitH 4% He gyHJ 33pruitH 6ar 69X, 27% Hb Oar
09x uxT3H, 69% Hb Mamr 6at 03X T'ICIH aHTHIIAII OPK
OaiiHa.

OpmuaTHitH-OB0oO  OpAbiH  OapyyH xoin (1
yypxail) TOBHIH X3COIT TYWIITIICOH OPOMIIOruilH
QKW 3apIyylarfcaH  aiMasaH  XyIIyyHYyZIbIH
IBTUIMAT TOpIeep Hb aHTHIDK Y39X3A XIBHUHUH KU

22


mailto:undarmaad1976@yahoo.com
mailto:btseveen2003@yahoo.com

AJBTICOH OpMUiH Xylryy 34%-uir 3335k Oaiiraa 6o
66% Hp 3yl Oycaap 9JdIrAc3H OalicaH. AyMasaH
XYIIYYHYYABIH MaTpul] OYpaH OSIBIOK JAyycaaryu
Oaiixa XyIIyy allb HAT X3CTI2P33 TYPYYIDK IITICIHIIP
XYIIYYHBI XyBHIH Y3YY/IRIIT MYyIaXK XalTyyITbIH a>KIIbIH
3apANBIT ocrexk OaifHa. YYHHH ToXN mOIanTraad Hb
OPOMIUIOTUIH YTaalrblH IIWHTIHUHA Oypyy COHTONT,
IOOHOTHIH XaHAaHBI TOTTBOPXKHIT MYy, ©POMIIIOreec
YYCCOH UyITyydrHMH ypTac OYp3H IPBIPISTAIK,
300TIOXTYHH yIMaac JaXUH epeMIeriex Oaiiraa ssaan
IOM.

HiiMaac cynanraar DpapHITURH OBOO OPJIbIH TOBUNH
xacart 2021 onp epemycen reotexuukuitn GT21004,
GT21003 mooHOTYyABIH ©POMIIOTHITH aXKJIBIH KUIIIIH
I33p TYHIPTIMK, OpOMAJeruidH YEeUHWH XYHAPIIUUT
YH2JI9X, yraanarslH LIMHTOHUHA TEXHOJOTHHH IIHHX
YaHapBIT CyAsax 30pwiro taBmiaa. CynanraaHsl sBIAJ
YraaarblH IIAHIPHUA TEXHOJOTHMH Y3YYJIITYYIAHMT
IIMHTOHAN ~ J1abopaTopuiiH  Oarak TeXeepemxeep
TOAOPXOMIIOH Yp IYHT XYCHAIT-1 -1 y3yysdB.

1-P XYCHAI'T. YTAAJITBIH IIUHI SHUIA
INH>XX YAHAPBIH CYTAJITAAHBI IYH
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XycHarT-1-11 Y3YYIICOH CyaanraaHsl IYHII3C Y39X94:

Ycupl pH y3yymonar: OpasHAITHHH OBOO OpAbIH
OpOMIUIOTT AaIlUTIaX Oaiiraa TEXHOJOTHHH YC Hb
xyuwndr  (pH=5) OGaiiraa 6a yyH?3C XamaapaH
OCHTOHWUTHIH yycMmall 3yypaxajg 3aapax OoJIOBY
XOJIOJITOOHTYH TOMOPXOW XyramaaHsl JjJapaa JIOOII
TYHaX, CyyJT or4 Oaiiraa Hb a)XUrJarjcaH oM.

OMHe  XUUIACOH  CydajiraaHyymaac  Y33X31
yraairslH [IHHMHANA — [IUHK ~ 4YaHAPT  yraajirbiH
IIMHTOHUAT O3ITrIX MaTepUasblH OOJOH YCHBI IIMHXK
YaHap Hb HXIIXOH HOJNeeJIexX 0a yraaarslH HIMHTIH
091TrAX YCHBI MIMHXK 4aHapeir pH, maBcHBI aryysra,
YCHBI XaTyyJar T3C3H YHACOH 3 XYYHH 3YHICI3p
TOJIOPXOIIK OOJTHO.

Yeupl pH y3yy/mdaT Hb YCHBI XYYHIIAT 3CB3J
IIYJITIST [IHHKAAT  WIDPXHWIIAT  Y3YYIIIT Oereej
JI93KUNH rapusIr calbkpyynax, LIOOHOTUHAT
TOTTBOP)KYYJIax, IIOOHOTT YC aIIaiTBIT 30TCOOX,
yraanrblH IMUHTYHUNA 3yypajijajiara, yraairblH IIHHTIH
O2ITTXH 1 dyXal HOJIOOTIH. IOM. Y CTOPOrdHiiH HITTIrd
y3yysour 6onox pH #b 119B3p ycana pH=7, pH b 7-00¢
oo OON XYYWJIIAT, P31 OOJI IIYJITIAT TXK Y3IOT.
Opemmnert ycHel pH=8-9 0aiix Hexmen OCHTOHHUT Hb
XaMTHIH CaifH XOIUTI0X 066 ] MOH W)KII ITYITIAT TIH
yen OCHTOHUTHIH XOONT XaMIHiiH eHaep Oaiinar. MeH
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ycaH ngaxp pH=8-9 0aiix yen nmomuMep Hb XaMIUiH caiiH
IIUHK YaHAPBIT Y3YYILIOT.

Ja3pxa3c y33Xx34 ycHbl pH y3yymsaTiasc xamaapaH
03JITr3CHH yycMall Hb ©peMUIOTHIH ye1 OYpaH 3amapd
Halipargaaryirasc LOOHOTMMH XaHBII TOTTBOPXKYyyjax,
YPTCHITH 3060TIONTOHII COPOT HONIOO Y3YYIDK OalHa Tk
Y39B.

YycmanelH _HArT, 3yypanmnara: CynanraaHaac
Y39X3]1 LIOOHOr0o¢ Tapy Oaiiraa O0JI0H OOHOT Pyy OpXK
Gaiiraa yycmainsid HArT +0.01 —33p eepuiniernex Oaiiraa
Hb OPOMIUIOTMIH YeI 4YyIyyJITrHiH ypTac Oara yycak
Oaifraar, 3apuM TOXHOJIZIOJ HAIT Hb Oyypu Oaiiraa Hb
LIOOHOTT YCT Ye TaapcaH Oaik OOJ30MITYHr Xapyyink
Oaiina. Harrrail ysmnax 3yypajaiarsr y3YY/IIT Hb 5-7
XYPT3J CEKYHAIBP 06pwIeriex Oairaa oM.

YycMalnblH 3JICHUR XO9MK33: YTaalrblH IUHIHUAN
AJICHUH XAMIK?3 Hb OPOMIOTICOH UYINYYITUHH YPTCUIH
XOMIKIITIN X0I000TOH 6Gerees 3JICHUH X3Mxkdd 2-4%-
WitH aryyiraraii 6aiiraa Hb LIOOHOTYY1a/l ©POM/IJIOTHITH
YeI 4ynyyJruiiH YPTAC 306rIeIT MYy sBaraax Oairaar
xapyyink OaifHa.

TyyHWwIH, CyJlaraaHsl 00BEKT 600X
TCOTCXHUKHITH GT21004, GT21003 Jyraap
LIOOHOTYYIBIH OPOMJIJIOTUIH Yell aH [jaBapxar yeyyad
yraairblH [IHHTYHAH anjaraan uX33p TOXUONI0K OanB.
Tyxaiin6an, GT21004 mooHOT epeMIUIeTHIH SBLAL
(100-280M) yraanrblH IMUHTIHUEA —aljarjan  yYCoH,
yraairblH ITUHTIHAN algaruisr 0yypyyiaax 30pHiaroop
OCHTOHUTHIH yycMman OolloH Oycax yyCMaiblH
anarajer Oaracrax  30pUYNaNTTal  XUMHHH
ypPBAKYYABIT amuriacan 6omoBd (320M) yraanrsiH
LNIMHMH OYpIH aliarjaig opX ©peMIUIOrT XYHAPIJ
yupyyix Oaiican rom. Tyxaiin moonor ue 70° Hamyy
OpOMJIJIOT XUIDK IIaBap yycMmasaap IIOOHOTHIH XaHaH]
OYpXYY/T YYCTXK yraairblH IIMHIHHHA —aJijarjibir
Oaracraxk OaiicaH O0OJOBY OPOMJUIOTHIH CYMBIT XOT
XypaH eprex Oyynrax sBLaJ XaHaHI YYCCOH
OYPXYYJIMAr apuiraxk yraairblH LIMHIH agax rol
IranTraad OOJICOH I'3XK Y39k OaifHa.

GT21003 nooHoruitn xyBba MeH 1 70° mHamyy
epeMuIeT XWibk OaiicaH OOJIOBY YraairblH IWHTIHHMA
anjarnan xapeianryi 6ara, 0-40M OOHOTHIAH XaHa
HypaJTTal IIaBPbIH YyCcMal XdIpPA3TIXK epeMJuler
xuirak  Oatican. 50-300M epemmnier xapbLaHTyH
TOTTBOPTOM siBarmax Oafican. 300-560m 1mooHOT
[UTAMYKUX IMAHXKTIN OakicaH. DHA yell IOOHOTHIH XaHa
XapbIIaHTyd TOTTBOPTOM MK rynyy3, rapu 100%
OailicaH y4Yup yraaarblH [IMHTIHUN 3yypayiarsir
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HOMOATAYYIDK TOCIUNAH

XYPTICAH.

TyXallH LOOHOTHIT TYH[I

HooHor epeMIeruiiH yeuiiH yraajirblH ITUHTIHUN
ajjaraag Hb XaMIMHH ©preH TapXCaH TIeOJOTUNH
XYHIP3JIYYAUMH HAT 10M. AnMa3aH epeMIUIerT IUUHI3H
aJIIAr [UTBIT 30TCO0X0 ] OOTHHO XyranaaH ]l ycaH XyplIaH
XaTryypax O0IHCHIH HIMATIRITIH HEMEHTIp O3ITI3IT.

JIYTHDJIT

Cypanraanaac JYTH2X Y33X3J ©POMATIOIHHH yel
yraaarblH ULIMHIOHUM HIMHXK ~4YaHap XapbUaAHIyd
TOI'TBOPTOH, ©OPOMJUIOIMMH Ye€J YraajrblH IIUHIOH
091TrIX/139 OHOBYTOI Haipiara, 031TrX TEXHOJIOTUIH
TOPUMBII OapuMTiaaryif Tanm axuriargax Oaliraa
Gereesn YYH?3C YYIPH LIOOHOTHIH XaHa XeeX, Hypax,
YTaalrblH IIWHTYHUNA CaH YPTICKHX, IPIKHUHH yycalT,
yraanT 33paT XYHAPIIAYYA YYCaXk OaiiHa. Slnanrysa,
yraanarslH IOUHTSH O3ATI3X  YCHBI IMIMHXK —YaHapT
aHxaapax, ycHsl pH y3yymnTuiir XsHax maapanaraTai
IIXK Y37199.

OpMUiiH yycMman OdTI9X YHICOH TEXHOJOTH Hb
maapJylaraTail  IIaBpblH HYHTAar, XHUMUWH YpBaJDK
MaTepHaJIBIH OPIBIT TOOLIOH XOJBX XYTraXK O3ITr3XaA
OpIIMHO. YycMan O3JITraX TEXHOJOTW Hb TYYXUH 37
MaTepualiblH [IMHX 4YaHap, O2JTI9X TEXHOJIOTUIH
TOPHMOOC XaMaapax YHIPCIINTIH Oeree]; yycMaiblH
HIMHX YaHapT UX39X5H HOJIeeNell Y3YYAAdr. OHd Hb YT
OYTI3rAdXYYHHMHT JarainfaH MPCIH TEXHUKHHH OapumT
OWuurT 3aaracaH  Haipmaraap  OdMTr3ry, MeH
YYCMaJIbIH XyTralT, XOJWITBIT JYTYy XHHCHIIC UXI9X9H
HIanaTraagHa.

TeXHONOTHIHH TOPHUMOOP O3NTIICIH  YyCMAJBIT
epeMI[HOFHﬁH ABLAJ IIWHX YaHapbIr, fAJlaHrysda HATT,
3yypasjiara, 3JICHUH aryyira racaH y3YYyJIRATY YU 7-
8 mar Tyramj OaiiHra XOMXKHMXK, XSHAXK, 6POMIJIOTHITH
QXKJIBIH JKYPHAJ 39D TAMISTIIIK 3aHIIMX Hb Oac dyxai
OaitHa.

HOM 3YH
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NAJII YYPXAUH OPOM/IJIOTUH YT AAJITBIH IITHT Y HUN
CYJAJITAA

I.Vunapmaal, 3.bonn-Dpnsns?, K. Bar?
Mounron yic, Ynaan6aarap, LIIYTUC, Teonoru yya yypxaiin cypryyib, I'a3pblH Toc epemMuieruiin canbap
2 Momron ync, Ynaan6aarap, "Mbaitxop apuimar’ XXK
undarmaad1976@yahoo.com

Xypaanzyii— AnuBaa opAbIT JaJIj] apraap alluriaax Hb UX33X3H XYH XYY, X6POHI6 MOHI6, HAPHIiH TEXHOJIOIH IIaapajaar.
Jlann yypxaiin npounecc Hb 66p X00pOH/00 HATIT ysi/1/1aa X0J1000T0i HUIAIMAJI axkuiIaraa M. Jlana yypxaiin epemajier Hb
LOOHOTMifH 30pUYJIA/ITAACAa XaMaapaH ra3pblH IYH/, TOAOPXOii YMIJIJIMIAH 1aryy epemaerjjaer. OpeMIneruiiH TeXHHK,
TEeXHOJIOTHIH XYBbJ Ta3pblH IrajapryyruiiH epeMIJertTdii WKHJI 3pPrajTdT epeMIIeruiiH apraap M:KWJ TeXHOJI0roop
opemMiex 0(0/10BY, LOOHOTMIiH 30pPHYJIANT, YMIJIIIIIC XaMAaapaH OPOM/UIOrHIH HOXIeJ, IOOHOIr ILPBIPJIIIIHMIA

TEeXHOJIOTHIHH TOPUMBIT Hapnﬁn TOOLOX maapnﬂaraTaﬁ OM..

Tynxyyp ye— Hdano yypxaiin 6pomonez, yzaanzolH wiuHzIH, YOOHOZUIH XA3Alm, yPMIC 306200,

|. YIUPTT AT

Joanxuiin TomMmooxoHa Toonoragor “Owy Toyirou”
33c-MOpGUPUIH  OPJBIT AIUTIaX YT aXuUlaraaHbl
OIMH? IIATHBI Tapaa 000X Halna yypxaH OyTsH
OalryymajaThIH TOJ X3C3T Hb Jalj YypXal Xuix
THCONT??,  ODXDNTIHUN  30pHUyTaNnTTall  XHHTIDX
OPOMITIOTUIH aXkUJI IOM.

ArnmBaa XaWTyyJblH, AIIUTJIANITBIH, O03X3ITI9HUHA
33p3r  30pUyJaiNTTail  IIOOHOT epeMJUIeTHHH  yen
OpOMUIOTHIHH HOXIeN, YyIyyITHMHH IIHHX YaHapbIl
cyulax, TYYHA TOXHPCOH OpeMIJIOIMHH apra, TOHOT
TOXOOPOMXK, Oarak Xdpircas, TEXHOJOTHHT Cyaiax
3aWIINTYH I1aap yiaratai oaimar.

MoHron yiACBIH TOAMWIYH IDPIXUHH TOMOOXOH
TOCIYYIUIH HATX 3yH &coop Oartax OOyTONTOHH Jan
yypxaiiH =~ OyTI9H  OaWryynaiThlH  TOJUIOX Y
@KWDIaraanbl HAT Hb JalJl yypXalH T3c3nri?3 OoJoH
09X3JIrBHUI OpeMIUTOTHIH axxuil Oudd. Hang yypxaia
XUUATIK OYH X3M9H MSHTaH TYYII METP ©pPOMIJIOrHiiH
QXJIBII  AlOYATYH, XyplJaH MLIyypxail, J3BIIWITAT
TEXHOJIOTH/]] CyypHJIaH XHHX Hb 3PX3M 30pHIITO OHMIII).

Cynanraansl axiaap OOYTONTONH Aana yypxaiun
XHATIK OyH TICANMTI? OONIOH O3XAITI9HUI IIOOHOT
OPOMJIOTUIH YEUIH XypJac 4yiyyJlar, TYYHUH IIHHXK
YaHapT TOXUPCOH IOOHOI  IPBIPJAX  yraajrbiH
IIUHTYHUM  TEXHOJIOTUHWH  Y3YYJITYYIUWAT  Cyzuiax
QXJIBIH XYPIdHI UYINYyJATHMHH LIMHX 4YaHap, TYYHUAH
OPOMJIOTUIIH  MEXaHWK XypJ OOJIOH IIOOHOTHUHH
Xa3alNITBIH OHLOIT HeJeeJoX HeJeeJUIMUr cyanax,
TAJrIIPUHAH XOOPOHIBIH XaMaapilbil TOTTOOX 30pPHIT
TaBbCaH.

1. CYIAJITAAHBI XOCOr

“Oroy TOATOW” K3C-OPPUPHIAH OPIBIH ©POMIJIOTT
opabH epemuierT RC Oyroy XUiH Y3130 T 5pranTaT-
LOXWITOT 6PeMJUIeT, TYJIyy3 93X cyrajardrai aaMasaH
OPOMJIIIOTHIH apThIT alluIax OaiHa.

. laspein ramapryyruiin epemuiert RD1500,
UDR1500, UDR650, JKS300, CS1000, Boartlongyear
39P3T 6pOMIOrHIH TOHOT TOXOOPOMKYYAHUIT allluTIaxK
OaiiHa. DIra9p TOX0epOMKYYI Hb ©POMIIOIUiH SBLA
SHIOAHTMWH IyBaar CYrajgaxryurasp J93:K32 aBjar,
OPOMJIOTUIH HOBTPAITHUMH XYypA, XYd OHIOpPTIHU
TOXOOPOMKYYA IOM. OpeMIJIeruiiH 133xuiH romd PQ
(203.2mm), HQ (77.8 mm), NQ (60.3mm), BQ (46mm)
Oaifmar. TYyyHWDH uX TYHHH XYOpuilH OweTwir
epeMIexXe/ Iar 3apIUIbIl X3MHAIX a4y XOJOOTIOJITOH,
TOAOPXOM TYHI3C ILOOHOTMHH YHUIJDJIUNr eepusex,
Hamyyraap OoJioH camaanyymxk epemmex Navidrill
TEXHOJIOTHHT amuriiax OaifHa.

. Hanag  yypxallH TE€OTEXHMKHMHH  TaHAAIT
cynanraansl epeMuierr UDR  TepauiiH XaHryyssiH
6omnon Boartlongyear xomnanuitn LM90, MDR700
60110H Epiroc Diamec Smart epMuiiH TOX00POMKYYIHUAT
ammriaax OaiHa.

Oprantat epemaneruiin UDR1500 epmuiin Texeepemsk

25



JHann yypxaiin Epiroc Dilamec smart-8 epMuitH ToXxeepoMx

1-p 3ypar. Oy TONTOWH OpbIH 6POMUIOIT alllUriarjax Oairaa
OPOM/UIOTHITH TOXOOPOMKHUIH TOPIYY]

Hann  yypxailH epemaneruiH yen
XYHIPIAYYA TOXHOJI0XK OaifHa. YYHII:

Japaax

OPOM/IJIOI'-2021 e-version

YraanrelH MUHMOHUR anparpan: Jang yypxaiH
epeMier Hb TaJapryyruidH 00co0  II0OHOTHIH
OpOMAJIOITAH  Xapbllyyllaxaj Ye MAaBXapreil 00coo
TOHXJIIIP OWII XABTID TIHXJDTUNHH JAaryy naiipd
OHTOpexX TYyJI yraairblH IOUHIHUM ajjanT Yycrax
Xypac 4yiayyJITHiH ye Taapax yex yc anmax OycuitH
X3MXK3) uXx OaifHa.

OpmuitH cym ramax: Jlann yypxaiH epemaier Hb
rajapryyruifH ~ 00coo0  I[OOHOTHHH  ©peMIUIerTii

XaphllyyJaxaJ Y€ JaBXaprbir 00CO0 TIHXJIAIIIP OuII
X9BTI3 TOHXJOTHHAH Jaryy Jafipy eHrepex Ty
JIABXaprblH MApainThlH XOMXKII, XYUHUH Yy YHITLWIIX
raJapryyraiH XaMxa9 ux OaiHa.

L{oOHOr XaHTaITTal IBIPJISLIAXIYHA Oaiix: Jamn
yypXaiiH epeMiuier Hb XIBT3? TIHXIOTHHH Jaryy
sBarjax 0a IIOOHOTHHH Xa3aiNTHIH OHITHUT Y SUTAT
00pPWIeXe YTaalrblH I[IHHIPHANH YPTIC TIIBIPIIX,
eprex XYJHH]I HOJIOOTHO. ©Oepeep X3JI03I epeMIIeT HiT
6ocoorooc X3BTI) YUTIRI IIFIDKY YIIXOT
OPOMIUIOTUIH UIMHIOHUN YPTIC 300BOPIOX XYYUH
yanan Oyypax 00JHO. DHI Hb YPTIC J33II3D 6Preraex
IIX33C33 WIYy ULardprad Xd3j03pTdif  OueTHitH
XOKYYTUUH XaHBIT Jarax JOOIIO0 YHax XaHjajaraac
0OJDK YYCIIOT.

HoprpaaTuitn xypa yaaampax: [ana yypxaiiH
epeMUIeT Hb 00COOT00C XABTID YU IIHIDKYYIIXI/
OPOMIUIOTUIH IIUHIIHUKA YPTIC 366BOPIOX XYUHH
gaman Oyypax 0OJHO. DH? Hb YPTAIC IIBIIID OPTreraex
IPX33C33 WIYY LarupraH  XdJI0dpTii  OueTuitH
XKYYTHAH XaHBIT Jarak MOOIIOO YHAaX XaHAJlaraac
00K yycmar. YPTAC Tapraiteir caibkpyylaxan WiIyY
3yypaljjlara  HMXTdW  OpMHUIH  yycMall — allWrjiax
maapjyiarataii 6ereej 3H Hb HOIBTPIATHHH XypAaH]
cepreep HeJeeNex TaITal.

Jposkuitn rapir Oyypax: Jlang yypxaH XauryysabiH
epeMJuieT Hb 00COO IIOOHOTTONW WXKHIJI TEXHOJIOTOOD
sBarjax TyJ JIPKHUHN rapiaj] Heleeex 3yHIryH, 133Xk
aBanT 95%-aac Oararyil Oaiix TISC3H IIaapaiIarbIr
XaHTaHa.

Yraanrei cucteMm: Jana yypxalH XalryynblH
epeMJIer Hb ra3pblH I'yHJ Oyioy OOy TOJITOHH OpAbIH
XyBbJ 0j100r00p 1300M-uitH r'YHI 6peMUIOIHHH TOHOT
TOX0OPOMXKYYA Oycaa Oarax X3paTCIUNT aKWILTYYIDK
GaifHa. YYHT?H X0JIO0OTOMTOOp YraairslH ITHHTIHUA
CaH ammriiax 60JIOMXIYH 0eree;] yraalrslH HHPKYJIISIH
CHUCTEMTIYH, JaBXaprblH YCHIT AaIIUIJIaH I[OOHOTHHT
yraax, IIOOHOTOOC TapcaH INUHTIHUWT  JaxXuH
amuMrIaxryid 6airaa Hp yraaiarblH IIMHMHANAT O3IITIIX
MaTepualibiH  X3M)K33 OOJIOH epeMaJIerT 3apiyyJikK
Oaiiraa 3apIyylalITBIH Xd3MXK?3 00COO IOOHOTITOH
XapbllyyJiaxaja Mail eHjep OaiHa.

DArasp epeMUIeruiiH XYHAPIYYASIC YraajarblH
MIMHTAHAN COHTOJIT, TOpeJ, IIMHX YaHap, YPCrajiblH
TOPUMBIT HapHﬁH TOOHOX alurjiax Hb YPbIAYWIIaH
COpruiipk  Gojox  Oereem  3cp3radp  HApHHH
TOOLIOOTYMI?3C  yraairblH  IIMHI3H  Hb A3
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XYHIPAJIMIT yycrax Hexuen 0ojox Tanm Ouid. YyH?dc
Y332X3/1 6peM/UIeTHIH TEXHOJIOTH, IIOOHOT HA3BTPAJIT Hb
yTaanrblH OIMHTHUN MIMHX YaHap, TOPeil, COHI0ITO0C
MX33X3H XaMaapax Hb Xaparjax OaifHa.

WiiMpn nmann yypxallH epeMIUIeTMHH HOXIUIMNT
YHAJIOX, yraajarbiH IIMHIIHUI TEXHOJIOTUITH
Y3YYIIATHAT HApUiTtH TOOIOX IaapAajaraTaid 6aiHa.

Hann yypxallH epeMajerT ajiMaszaH JprajiraT
OpOMJIOTUIH apraap LOOHOTYYABII epemex Oaiiraa
Gereesn SpranTuiiH Xypaelr ayHmxkaap 15003pr/muH,
YyJIyyJITHHH TOpeJ, IIMHX YaHap OOJIOH LOOHOTHIH
TYH, Y3YYpUHH OaraxuiiH XaTyyjiraac xamaapd
napanteir 1000-2500psi Xs3raapT TyC TyC 6peMIerIex
Gaiina. [lang yypxaiH epeMUIerT 1apaaxX 30pHyIaThIH
LIOOHOTYYIBIT ©peMaex OaitHa. YYHI!

o  Upunpxwitmuite nooHor 6ox 200-70 MeTpwiin
TYHT3H, -75 aac 90 rpaaycblH XOOPOH[

e ['eoTeXHUKHIH TaHaIThIH LOOHOTYY T
mxdBWnRH 200-1000m tyHTI#H +20 ooc -70
rpasyChlH XOOPOHJ

e  AmWriantelH LOOHOT OylOy yypXailH TYBIINH
XOOPOH/I HIBTDK IIAXUITaaHbl yTac OOJIOH YC
TyHraard CaMIIHBl XyBaHI[ap XOOJoH 2
TYBIIHHM  XOOpOHJ  raprax I[OOHOTYYZ
uxdBWNH 30-80MeTpHifH TYHTA# -65 aac -75
rpasyChlH XOOPOH/

e VypxailH xymp Oyyiarax OOJOH TYBIIUH
XOOPOH] araapXyyjialdThlH TOM HYX Taprax
30pWIITO0D epeMazer peii300puitH epemMaier

o  UynyynruitH 63X31r33 XUitx 3opuymnairaap 30-
50 meTpwmiiH ryHTo# -89 rpanycraii epemier

OpeManeruifH  TEXHOJOTMHH TopuUMyys 000X
SPIAATHHH AaBTAM)K, YTraajirblH IIUHIYHUNA 3apIlyysaiT,
TOHXJIOTHHH adaajall, MeXaHUK XypJ 39p3T Hb 3PTIITIT
OpOMIJIOTUIiH  YeJ I1I0OHOT IPBIPJIdX  YraajrblH
LIMHIHUHT Tepel, IIMHXK YaHapaac NX39X9H XaMaapHa.

Cynanraansl  00beKT 0OJOX Jald  yypxaiH
OpPOMIUIOIT  YraaJrblH  IIHHIOHHHA  TEXHOJOTHIAH
Y3YYIRITYYARMT Japaax Xs3raapblH YTTaHm XOPATIdK
6aitna (XycHart-1).

1-P XYCHOI'T. YTAAJITBIH [IIMHIHUI TEXHOJOTUMH Y3YYJIRJITY YL
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OPOM/IJIOI'-2021 e-version

XYCHAITIAC Y39X31 YC anjax, A33KUHH rapl, ypTac
306T10JIT MyYAax 33p3T XYHAPAITIH HOXIeJ yraalrblH
IIMHTOHUN  TEXHOJNIOTMMH  Y3YYJIDATYYAUWT TyXalH
YyITyyNTHiH ITUHX 9aHApT TOXUPYYJIaH O0I0BCPYyIalT
XHUIX Maapaiaratai 6oimor.

Hann yypxailH epeMIUlerMiiH yeJ LOOHOTUHH
30pHyiaNTaac XaMaapaH IOOHOTYYH YHIIITIH Oyroy
Xa3ainTTal, XOBT?D YHIVRIRID epemueriex Oaiiraa
Owm3.  YYHTH  ysUIAaH LIOOHOTUHH  XaHbIH
TOTTBOPKWIIT aJiIariaX, YPTIC 306rI6IT Oyypax, SpraiaT
TOTTBOPTY# 00JIOX 33p3r XYHAPIIAYYI YYCK Oaiiraa Hb
yraaiarblH IIUHTOHUK TEXHOJOTWMHH IIUMHX YaHapT
aHxaapax Iraapjaratair xapyyink OaifHa.

OH3XYY  CyJamraasi  J99pXH  ©peMIIeTHiHH
XYHIPITYYAI3C YPTICHHH 366TIeX YaHaphil TOJUIOH
COHT'0O’K, IIOOHOT I[3BIPJISTI3HMI TEXHOJIOTH, YTraaJrblH
MIMHTYHAHN TOpeJl, IMHX YaHapaac XdPXIH XamMaapanTai
Gaiiraar cymaxsIr 30pHII00.

OpemaneruiiH  HIBTPIAT, XypAaHJ  yraajlrblH
IIMHIPHUN ~ TEXHOJOTHMH IIMHX YaHap X3pX3H
HeJIeeJIeNl Y3YY/IdX Tanaap cylairaaHsl axJiiyyn Oalimar
60JI0BY YypT3C 366BOpJ6X YaHApbhIH Tajaap CyAajcaH
cyzaaniraa Oaiiar 4 epeMUIeriiiH ITMHIIHUN 3yypaiiax
YaHap YpTIC 36eBepiiexX TIYHIPTIrI sMap Helee
Y3YYIRIT aHXaapd CyJajJcaH Hb 1106XeH. TyyHWISH
ypCranblH HeXmel Oaigan smMap Oaifxaln epeMuIeruitH
HIMHIYHUH 3yypanjiaraac XaMaapcaH YPTIC 306BOPIOX
YaHAPHIT CynajlcaH cyaanraa Oalxryd OaifHa. YYHO3C
YYZ3H IIUHMIHAN 3yypaijiax 4aHap Hb YPTIC 300BOPIOX
TYHIPTIOAA  slak  HeJeenaer Tal J39p  XOBTID
YUTIAJWHH, MIADKWITARH OOJIOH TOTTBOPTYH HIMPYYH
yperajg J93p XUHTACOH CyJairaaHyyl XOOpPOHI00
36pyYyTdii Oaiinar. SlnaHrysia 1OOHOT ©POMJIOTHIH Ye
X9BT?3 0OJIOH WX Xa3alITTal/JUIIINATIH 1IOOHOTOOP
YPT3C  306rnexesi  pEOJIOTMHH  LIMHX  4aHap,
OpOMIUIOTUIH  yraalrblH IIWHIDHUN 3yypajjjara,
SPTITHHH XypJ OOJOH IIOOHOTHHH OHLer sSIMap HeJee
Y3YYJDK Oaiiraar cymiax Hb dyxai OaifHa.

OpemIeruita LHOOHOTHUHH TIHXJIAT 00c00
YUTIRIIC 0OPWIOTAOXK XIBTII, Xa3anTrail epeMuaex
yen UynyyaTHHH YPTCHHH  366rJeNT MyyAax,
MOOHOTHHH JOOJ X3COIT XypPUMTJIArJaX HOXIUTHHT
Oypayynmr.  YyHT?H  X0JO0OTOWIoOp  I[OOHOTT
aXWIak Oadraa sHIaH X3T YaHTapax, YUpATadX 00JI0H
9PIAAT TOITBOPTOH Oaifimaa anmax, ypTaC 30eTaeXTyi
TyHaX 39p3r XYHAPAIYYI YYcadsr OaiiHa.

OpeMaNerniiH MUHMHAKR YPTIC 300BOPIIOX YaaBap
Hb LIOOHOT IPBAIPJIAII3HUM YaHaphIH TYHIPTIIIUNT
TOIOPXOIIOX 06ereej; MMOOHOT IPBIPIIX aKWILIaraa
XaHTanTTal XWirgyak Oaibk 1 JO39p AypbICaH
XYHAPIJIAYYA YYCOX33C COPrUM/DK vagHa. YIMaap
epeMUIeTHIH mar Oara mmaapaarmax ©0a 3H? Hb
OPOMIUTIOTHIH 3apIIBIT YIIMK X3IMIKIIIIP Oyypyylnax
60s1HO.

3ypar-2 -00C Y33X31 I[OOHOTHHH Xa3aiJIThIH
BHHFHﬁF Y1 sSIdr eoep4ijioxo]] yraaJlrbIH IIMHTYHUNA
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eprex Xy4yHHI HeJI®esHe. Opemuieruir 6ocoorooc
X9BT3? UMMV IIWDKYYJDXDJ  ©pOMIJIeruilH
IIMHTYHUN YPTAC 300BOpIIOX XY4MH dazan Oyypax
60IHO. DHY Hb YPTAC JIIBIIND OPTeTIex I3X33¢33 WIYY
aruprad X37103pTIH OMeTHITH Xa)XyyTrUitH XaHbIT Tarax
JIOOIIIOO YHAX XaHajaraac O0JDK YycIor OaifHa.

2-p 3ypar. L{0OHOTHITH OHIIreec YPTIC 300reNT Xamaapax baiaan

Oroy TONroMH nann yypxadH epeMANeruiiH yej
3ypar-2 naxp P4, P5 enuruiin xazaitnrrait epeMaeriex
Oaliraa TEOTEXHUKHHH I[OOHOTYYIBIH ©pPOMIJIOrHiH
YEuHH YpTAC TapraatelH Xamx33, Pl, P2 enuruiin
Xazaunrran epeMIeraex Oaiiraa TaHIAJITHIH
OOHOTYYIOBIH  OPOMIJOrHHH  YPTIC  TaprairTai
XappIlyyJaxaa Myy OaifHa. DHY Hb IOOHOTUIH OHITHHIT
60-aac 90 Tpamyc  OONTOX  CHCTEMTIUTIIP
HOMOTAYYIIXAI YPTIC 300BOPIOX TYULDTIIIA IEPriIdp
Heneenaer Oyioy 40 XypTda XyBuUap HIMOTIJAT Hb
TOTTOOTACOH  OaifHa.  TyyHWIdH  epeMJUIeruitH
IIMHIIHUN  3pIraJITUAH  XypH Hb YPTAC 3600BOpIliexX
TYHWLDTIAJI Mall gyxaji Hellee Y3YYJIAT Hb XaparicaH
Oaiina.

Hann  yypxailH  epeMIUlerMiiH  yex  yycax
TEXHOJOTHUIH XYHAPITYYAISC YPbAUMIIAH COPTUIIIX,
YYCCOH XYHAPIIMHT apwiiraxaj yraajirblH INUHTIHUHA
TEXHOJIOTUIH Y3YYJDITYYA93C YyraaiarblH IIUHIIHUH
YPCTAIBIH XypZ, YyCMalblH 3yypajilara, ypcrajblH
TOPHUMBIT TOJTYJIOH Y33X Iaapyrarataif I y33:x OaiiHa.

Hann yypxallH epemiuleruiiH yen dyniyyJar
TOTTBOPTOH ©peMUIeT XIBHUIH sBargax Oaiiraa yex CR-
650, PAC-R, Superlube 33par yycmainblH TOPIYYIUir
X3pormaer 06a  TOITBOPrYH — ImaBapjar — 306JIeH
qynyyaruiiH ye OOJOH Xxarapajl UXTdH, xaiipra
YyJIyyJITHHH Y€ J1aBXapraj XaHbll' TOTTBOPXKYyJlax, aH
LABBII' Xaax 30pHITr00p UX X3Mk33r33p Aus-Gel 6onon

Ezee-Trol X3PIrIIAT. YraanareiH IIMHTYHUH
3apIyyJanThil X3BUHH HOXIENI 4yJIyylar OOJIOH
Y3YYPHiH OarakuitH Xaryysraac XaMaapaas
50-70n/muH, x3T Xaryy uyayynart 30-40mn/mus,

TOITBOPIYH HYypalNT MXT3M 4YyldyylaruiH yen Hypax
Marajiantai Oaiimar Tyn 3apuyyianteir 30-4010/MuH
6onroH Oaracrajar.

OPOM/IJIOI'-2021 e-version

Typumarerr  200-1000m  rynmit +20 ooc -70
rpayChlH XOOPOH]I SIBariax re0TeXHUKUITH LIOOHOTUIH
epemmter 133p sByyicaH Oereen CR-650, PAC-R,
Superlube TepmnuifH yraanrblH OIMHIIHUN TOPIYYIUIT
AIlUIIaX, YraaiarslH IIUHTPHISP 366T16eH TrapcaH
YPTCHIH X3MXK33T XaTaaH KUTHYK XapbllyylaH, YPTIC
TaprajaThlH XOMXKIIT TOAOPXOWincoH OomHo. TyxaitH
YeuiH yraanarbiH LIMHIIHUI TEXHOJIOTUIH
Y3YYJIDATYYAMAT AapaaX XYCHATTAA Y3YYIIIB.

2-P XYCHOI'T. YT AAJITBIH IUMHIAHUNA TEXHOJIOTUIH Y3Y YJIRJITYY /I
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OpemaneruiiH yea II0OHOT ©pPeMIJIerHiH YpTIC
raprajiT  MyyAcaH Tyd  yraanarblH — IIHHTHUH
syypammiaareir 1.02 rp/em3 -aac 1.15 rp/cm3 Gonon 48
cek, 3yypanmnarbir 32 cek-3c 42, 48 cek-uiH
3yypanmnarataii  OONrok eepwieH 3 yoaaruiiH
XOMXKUATHHIT sIByyJaB. XOMKUITHHUr sIByyJaxJiaa HATr
TOPIHUH YyIyyJITHIH YeI AByyicaH 0eree] | pelicuitH
xyraraasaz 0ywy 3M epeMiex Xyramaas] 3060TJ6H rap4
UPCAH  YYNyYyIArMiiH  YPTCHUWI  XaTaaH, X3MXKHH
TOOPXOIJIOH TapracaH Oo0MHO. YPTd3C TraprajiTbiH
X3MXKIIHUH 00PUWIeNTHIT 1apaax 3ypraap Xapyynias.

3-P XYCHAI'T. 3YYPAJJUIATAAC XAMAAPCAH YPTIC I'APTAJIThIH
XOMKIIHUI XAPBIYVIIAJIT

YraanrslH IIUHMHKAR 3yypasjiara, cexk
32 cex | 42cex | 48cek
YpTac raprajiThlH XoMKII, KT
8kr | 13kt | 11
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3yypailiaraac YpTac 30erIeTHIiH X3MA33 XaMaapax Oaiinan

48

13

XINKMT-1 XIMHMNT-2 XIMHMNT-3

® 3yypangnara YPT3C rapranTbii X3MmK33, kI

3-p 3ypar. 3yypanmaraac ypTac 306rAeJITHIH X3OMKID Xamaapax
Gaiimai

Cynmanraanaac  xapaxajJ  yraairblH  [IHHTOHUHN
3YypalIJIarbll  HAMATAYYIIXA  YPTIAC  TaprajiThiH
XOMXKID MOISTIRXYHIT XIMXKIIIIIP HIMAITIOIK OaifHa.
OH? Hb XOMKHUIT-1, XOMKHUIT-2-BIH Yp AYHI Xapargax
OaiiHa. XapuH 3yypalJIarbil JaXWH HIMATAYYIIXIT
3CPAr HOJOe Y3YY/DK Oaliraa Hb XIMKWIT-3-bIH YP
JYHI33C Xaparjax OaifHa.

Yprcuiir eHep xa3zalnTTail LHOOHOTOOP T33B3PIIK
Oaifraa yen 3yypajijjara siax HeJeeJaer Tajaap OJIOH
SIH3BIH caHaar cyajaadnz mAdBuiyyncaH. Zeidler (1972),
Okrajni 6onmon Azar (1986), Pilehvari et al. (1999),
Jawad (2002), Kelessidis et al. (2007), Mohammadsalehi
6omon Malekzadeh (2011) 39par 3apum cymraadmn
OPOM/IOTUIH  yraajrblH UIMHMIHUAN  3yypasiaarsir
HAOMATAYYJIIX Hb [OOHOTHHH I[3BIPIIMIAT JOPLYYJLaar
K Y3COH 0ereej; YYHHHI??  yraairblH UIUHTOIHUN
ypcrajiblH TOpUM Hb TypOyJIEHT TOPUMOOC JIaMHHAP
TOPHUM/I IIJDKCIHIIP Tailibapiacan OaitHa.

IIuHrasuii  ruApaBIUKUNRH  XyBbJl  IIUHTIHUN
ypcrajbiH 2 ropuM Oaiiar rax y3a3r OaitHa.
. JlaMuHap ~ rOpPUM-IUMHIBHUN  TOITBOPTOM

yperai. DH3 Hb TOJOPXOW TOJYTON XOOJOMroop ypcax
HIMHIHUI X3CTYYJ XOOJIOMH TIHXIAITIH Mapauienb
Oyroy LIyJyyH YWIJIDI3D SIMap 4 XOHUIOH IIWIDKUIT
XUUXTYH, HAT TOBTAIH Harupar ye 133p ypcax IHUHIIHUNAT
X3JTHD.

. TypOymneHT TOpUM-IIMHIPHMHA  TOITBOPrYH
yperai. OH? Hb OIMHTHHAR X3CTYYA XypA 06a mapaiTeiH
JMYTIIUITEIH HOJIeereep OHPUYUMTIA  XONMMIZOXK 3MX
3aM0bapaaryi ypcax MIHUHTIHHHUT X3ITHD.

VYpcransin Xypa 6a XOHIJIOH OrTJOJNBIH XIMIKID
HXCIX, YYCMAJIbIH 3yypalijjiara HXcaX 6aracax HOXIOJ]
[NIMHTOHAA HOT TOPUMOOC HOre® TOPUMJI IIHIDKHAX
00JIOMIKTOM Oaiinar OaiiHa.

AHMMIH 3pIdMTAH PeliHONBAC yperajiblH HIMHXK
yaHap Hb Re IaX HAMKTyH X3OMKHUIPXYYHIIC XamaapHa
'K Y3cOH Oereen PelHONBICHIH TOO HB Japaaxaap
TOAOPXOMIIOTIOHO.

OPOM/IJIOI'-2021 e-version

I'mapaBIMKKUIAH paguycaap WIDPXUHIOAT:

UR: U-R
Re=—"£="2 (1)
u u
JIyTyit OTTI0ATOHN XOOJOWH TOITI00p HIIPXUMIOI:
U-d: U-d
Re=—"2="% (2
I "

Yyua: Re — PeliHONBACHIH TOO, p — IIMHTIHUM HATT,

U — IUMHIHUHA JAYHOQOX XYpI, W — UIMHTHHI
3yypanaiara
[IpakTUK TOOLOOHA ILIMHIPHUH  XOJ6IreeHui

TOPUMBIT TOTTOOXOJl THUAPOAWHAMUKHHH  TOCOOTIH
OHOJIBIT' alIUTJIaH XOMOKHX HODKHJ aHaJIM3 XUilX apra
J193p YHIICISH PelHOIBACHIH TOOT rapral TOAOPXOMIK
60mHO.

Tonopxoi 4urmaII, OHUTMHH Xa3alTTall LOOHOT
OpOMIUIOTUIH YeJ 4yllyyIT'MHH YPT3C Hb JIAMHHAp
TOPUMOOC WYY TypOYJICHT TOPHUMBIH YeI WYY CaiH
306r6X MaraJUlaJITair Irax y31or OaifHa.

XycHarr 3-aac y39XdJ LOOHOTMHH ©HLIeec YI
XamaapaH YHACOH 3yypajuiarelr 32cek-ooc 42 cek
00JTOXK HIMATAYYIDXAA YPTIC 306BOPIOX TYHIITIAI
HAMOTUIAT T3I3T Hb TOAOPXOU Xapargax OaiiHa. ['acon
XOJIUHI 1 3yypalareir 48 cek 600X dPUUMKYYIIXIT
YPTAC 306T6JI1 COpreep Heleeink 0aifHa Ik Y39B.

3yypanaax daHapbll HOJeeJeX Heree 2 mapamerp
60J10X IIMHIHUHN APTIATHHH XyP/I, IOOHOTHITH OHITHITH
XaMT siH3 OYpHUIH ypCrayiblH HOXIOJ ] IIaJIrax Y3CoH.

e VpcrajplH TOpUM  TOITBOPIYH  LIMPYYH
OaiinraaJy  IPraNTHAH ~ XypABIT  TOTTMOI
Oaitnraxan OYX eHLOr 93D ©peMIUIerdiiH
[IMHIHUA  3yypalJuiarbil  HIMOITAYYIRXA
YPTIC 306BOpIeX TYHIIT3I OHPOILO0roop
8%-nap caibkupcas.

e [Bx133 ypcrajbll FOPUMBII 3aBCPbIH IOMYY
XaBTrail Tajapryy JI29p ypcax TOPUMOHI
HIMIDKY YII9H 3yypangax YaHaphIT
YPTAIDKITYYIIRH HAMOT Y YII3X3 YpT3C
300BOPIIOX TYUIPTrIAUIH ayHmxkaap 12%-uap
OyypcaH Ik TypIIuiITaap TOrTOOTACOH OaiiHa.

TypmmiTelH erermyeep ypcraislH XypZ Oo0JIoH
HIMHIAHUH ypCraablH TOPUMBIT TOOLIOXK Y3BAJI:

LloonorT 501/MuH 3apiyynaiTTaii maxarnax Oairaa
HIMHTHUHN ypCrajblH XypAbIT TOOLBOJI:

1270%50 —
HQ= 96790-(8939) — 49.03M/MuH=0.81m/cex
1270%50 _
NQ= T57757) (699599 — 75.19m/Mun=1.25
M/CeK
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PeliHOIBICHIH TOOT TOOPXOMIIOOIT:
U-D-
Re = Tp (3)

Typummiarann amuriacaH yycMalblH HSTTBIH ©6p
yrraug HQ romxuoop epeMaex yen:

1.02xkr/M®  Gyroy  1020rp/cm®  marrrait  yen:
Re = 0.81-0.096-1020 — 3965
¢T T 20-10%

1.15kr/m3 6yroy 1150rp/cm? marrrait yen:

Re = 0.81-0.096-1150
22-1073

1.20xr/m® 6yroy 1200rp/cm? marrrait yen:

o, 08170096 -1200
€= T 23103

= 4064

= 4057

TyplIunTaH ammriacaH YyCMAJIbIH HATTBIH €6p
yrraga NQ romgoop epemuex yen:

1.02kr/M®  Gyroy  1020rp/cm®  martrait  yen:
po _ 125700751020
¢ 20-10°

1.15kr/m® 6yroy 1150rp/cm® marrrait yen:

Re — 1.25-0.075-1150 _
22-1073

1.20xr/m3 6yroy 1200rp/cm? marrrait yen:

e, _ 1:250.075 1200
€= T 23103

900

= 4891

[unrsnmii  yperanbiH PeiiHonbaceiH Too <2300
Xs[3raapT MIMHIBHUI yperail JaMuHap TOpUMOOD, XapHH
Peitnonmbucein Too  4000<  xsi3raapt  TypOyJieHT
ropuMoOp ypcaHa. YYHHUH Jaryy IIMHIDHUHA ypcraiblH
XypA, IOOHOTHIH TOJY, IIMHISHUN HATTaac XamaapcaH
Xamaapylaap yyCMalblH HATT OaiflX HeXUeJa IIOOHOT
Jaxb IIWHTPHUE ypcrajn JaMUHap TOPUMOOp, XapuH
YYCMaJblH HATTBIT HXACIIX3J TypOyJIeHT TOpHMA
HIWDKCIHIIP YPTCHIMH 306I/16X YaHap WYY CalKHpCcaH
K AYTHK OaiiHa. XapwH yyCMaiblH HATT OONOH
3yypanjiara uiyy ecexe]l ypByy XxaMmaapanTai, eepeep
X3I037T  ypTIC 3eerjen Myylax TanTail OaliHa.
TypmunTelH yp JAYHID3C Y39X3A MOH TOIOPXOH
IOOHOTHHH Xa3aWJITTall HOXIed] IIOOHOTHHH XaHBIH
TOTTBOPKWIT OOJIOH YPTCHHMH TyHaX XypJbIH HapuilH
TOOIIOX IIaapylaraTail Hb xaparjaax OaifHa.

Vbkun yperanslH TYBIIWHJ YTraairblH IIHHTSHUNA
3yypaJIJIarbll’ H3MATAYYJICH?3D OAOOTHHH ypCrayblH
TOpUM Hb TYpOYJEHT ypcranaac Xd3BT3? UWIIIHHH
ypcrai pyy XepBex XaHzyiararai oannar.
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JIYTHDJIT

Hann yypxailH epemMasierT yraaiarblH IIMHISHUH
TEXHOJIOTMHH IIMH)X YaHap sMap HeIeeeN Y3YYJDK
Oaifraar yr cymanraaraap Xuibk TyHIRTrm3. YYHA:

bocoo 1LOOHOr ©peMJUIerMiH TEXHOJIOrHM YHI
axuiiaraar Jang yypXaiH ©pOMIJIOTUIH
TEXHOJIOTUTOX XapbllyyJaH OHIUIOTHIT rapras.

Jang yypxailH epeMIJIOTHIH YeIl TEXHOJOTH WKHII
00JIOBY 3apuUM OPOM/UIOTHIH HOXIUIeeC XamaapaH
TOJOPXOH TEXHOJIOTHHH XYHAPIIYY YYCIar OaifHa.

VYraairslH WMHMOHUR 3yypangax YaHap YpTac
300BOPIOITOHI HOJIOONIeT Tallaap OMHeX XWUTICOH
CyIalTraaHyya I33p OJIOH HAIAalT, MapraaH O0aimar Ty
SHIXYY CyAairaaHbl aXJBIH 30pWITO 3YypalIarbiH
HOJIOOH P3P WIYY TeBlepd xuiicoH. CynanraaHbl
30pWITOTON  HUHIYYJIPH Heleenmer OYX XY4YuH
3YWITYYI33C LIOOHOTMMH Xa3aJIT, yraajrblH IMHHT3HUN
3yypajaiara, SpraulTuiH XypJA I'3C3H T'ypBaH 3YHIMHUT
COHI'OH aBCaH. DHAXYY CyJaliraaHbl aKJIbIH IOJ YP AYHT
JIoopx Oainmaap AYTHIB:

1. Tonopxo#t xazainrrail 1OOHOT ©POM/IOTHITH
Yen [OOHOTHHH Xa3aiiaTaac mIajTraaiaH
YPTCHITH 300T 10X YaHap Myynax OaifHa

2. CynanraaHaac Y33Xd[ YraaiuTblH IIMHTIHUN
3yypalJIarbll  HAMATOYYIDXdI — YPTCHUIH
306TI6X YaHap MOATIDXYHIL  XIMIKIIIIP
HAOMOTIAT, 3YYPaJAiIarblH X3MXKID HIMAITIIX
Hb Yp JAYHI YypByyraap Heleeink OaiiHa.
DpranTHUiiH Xypa OOJOH IOOHOTHIH ©HIer
TOTTMOJ Oaixaj 3yypajajarbil HIMATAYYIIX
3amaap YpTIC 300BOPIOX Y3YYJIRIT
oiiposiooroop O0yx eHIert §%-uap HIMAITIAT
Hb QXHTIIATJaK OaifHa. DHD Hb 3yypajaiaraac
XaMaapcaH IOUHTIHHUHA YPCTANbIH TOPHMOOP
Taitnbapax OaitHa.

3. Tomopxo# xa3aiinTTail OOHOT ©POMIIOTHITH
YeI MIMHTYHUAN ypCTalblH JIAMHHAP TOPHMOOC

TypOyJIEHT TOpPHMOOp yraaXx Hb YpTAC
300I10JITOH TOXUPOMIKTOM achiiN’iziy
TOI'TOO0JIOO.
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DURING DRILLING OPERATIONS
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Abstract: Modelling wear of drill bits can increase the efficiency in the drilling operations. Related to the subject, it is
aimed to investigate the wear mechanism of drill bits. Wear in drill bits is influenced by many factors related to the drilling
and rock properties. The type and intensity of wear are dependent on several complicated factors that are required to be
considered in anticipating the rate of wear in the field and laboratory conditions. The laboratory tests have been performed
in order to specify the relationships between the bit wear rate and the physico-mechanical properties, drillability, abrasive
properties, and brittleness of rocks. Statistical analysis has been used to obtain equations for estimating the bit wear rate
based on the rock properties. In this work, an ensemble technique is used to estimate the confidence interval and the
prediction intervals for the regression models. This paper summaries the rock properties and bit wear mechanism, and
argues the options to determine the bit wear rate. The test models indicate that the rock properties can give an idea of bit
wear. They also show a good correlation between the bit wear rates. Also some models are developed to represent the wear
quantification, and an approach is suggested in order to estimate the bit wear rate. The results obtained from studying the
developed models provide a good agreement with the performance evaluation of an efficient drilling, which provide an
indirect evaluation of drill bit wear rate during a drilling process, which can help to reduce the specific energy consumption

and lower costs for the exchange of drill bits.

Keyword: Bit wear rate, Drilling machine, Button bit, Efficient drilling, Developed models

I.  INTRODUCTION

Drilling of rocks is one of the most demanding
operations in surface mining and underground
engineering. In the recent years, underground mine,
open-pit mining, and quarries and tunnel drilling process
have increased for the excavation purposes, which cannot
be carried out without the use of drill tools. Therefore,
drill tools are considered to be an important issue in a
drilling process because the cost of drilling tools is quite
high in the total project cost. Thus bit wear prediction is
considered as an important issue in planning and
designing a drilling process. Drill bit wear is one of the
most important input parameters for the tunnel project
designes. This is done using the development models.

In the civil and mining engineering industrial
applications, the bit wear rate is usually observed
depending on the drilling time or the performance time of
drilling rig, and it shows a typical behavior, which is
similar to the dependence of drill bit wear on the drilled
length [1].

The bit wear defines the rate of material removal from
the bit. The bit wear is an important parameter used to
calculate the bit consumption and wear costs [2, 3]. The
bit wear in rock drilling is a major factor involved in
determining the drilling cost, and may determine the
drilling method for a given rock [4].

Many researchers have reported many studies related
to the bit-rock interactions. One of the main factors
affecting the drilling process is bit wear. A serious wear
on the bit leads to the delay in a drilling process, which
certainly brings about increased project costs. Fay [5],

Willis and Johnson [6] have reported that the bit wear is
one of the main factors affecting the drilling costs and
penetration rate. Therefore, the key aspect to decrease the
drilling costs is to determine the interactions between the
rock properties and the rock bit according to a particular
drilling process.

Singh and Alam [7] have revealed that one of the
important points about rock excavation is that the drilling
tools are in interaction with different types of geological
structures. Some of the dominant rock properties such as
uniaxial compressive strength (UCS), tensile rock
strength, elasticity modulus, abrasivity, and rock
structure affect the drill performance during a rock
excavation.

The high production rate and efficiency of drilling
machines is essential for the profitability and productivity
in modern mining sites. However, bit wear severely
affects the advance rate of the machines in the drilling
conditions, resulting in the increasing cost and project
delay. Some research works have been performed to get
a proper drilling bit with an optimum shape and optimum
abrasive material in order to extend its life under different
drilling conditions [8].

The form of bit wear widely depends on the bit
temperature. The bit velocity is the main parameter
involved in influencing the bit temperature. Therefore, a
practical approach is to keep the bit temperature below
the critical value at a higher velocity [9]. Thuro [10] has
shown that some specific rock properties and geological
factors significantly influence the bit wear and drilling
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rate. Ersoy and Waller [11] have demonstrated that bit
wear depends on the size of drill cuttings. A larger size
of the drill cuttings causes a rapid wear in impregnated
diamond core drilling bits, thereby reducing the
penetration rate.

Howarth and Rowlands [12] have stated that the rock
hardness cannot be determined and described by a single
physical property. They also pointed out that the
petrographic properties can be used in order to determine
the wear tool. Warren [13], Burgess [14], Falconer and
Normore [15], Kuru and Wojtanowicz [16] have carried
out research works on a torque model in order to
demonstrate the effect of tooth wear on drilling. This
model is based on a mechanical efficiency log that uses
the penetration rate data, and rotation speed and
measurement while drilling the torque and weight on bit.

Rabinowicz [17] has stated that the previous methods
for determining the wear are based on the empirical
equations. Ning and Ghadiri [18] have developed a wear
model for materials under a shear loading. The surface
damage in consideration here is the elastic-plastic
damage by the propagation of the lateral cracks as the
particles are loaded and slid against each other by
shearing. Hutchings [19] has investigated abrasive wear
involving the removal of material by plastic
deformation. This model is based on assuming that the
abrasive particles are represented as a cone of semi-angle
being dragged across the surface of the material under an
indentation pressure. Rabinowicz [20] has developed an
abrasive wear model in order to improve the
quantification of the two-body abrasive wear. This
model figures the process of an abrasive grain sliding
over a distance, while the grain is pressed upon a given
surface with a force.

Abrasive wear is the dominant type of wear occurring
in drilling due to the drilling mechanism of the bit cutters
against rock formation. The wear type causes a serious
damage to the drill bit, and therefore, many engineers
have assessed means of wear quantification to
understand the material resistance against it and how it
can be minimized. Various wear models have been
assumed; however, most of them are only relevant to
specific cases [21].

Mori et al. [22] have studied the development of the
materials that are highly resistant to wear and chipping
to prolong the life of the roller cone insert bits during
drilling hard abrasive rocks. The test results showed that
these manufactured insert samples achieved more than
eight times the wear resistance of traditional inserts.

Dupriest and Koederitz [23] have stated that the
specific energy displays a gradual slow rise, which is an
indication of a continuous bit wear. This mean that bit
wear is an effective specific energy. In other words,
dramatic increases of the specific energy values
correspond to a severe bit wear.
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A drilling process is widely influenced by the bit rock
interactions. A theoretical model has been advanced in
order to calculate the forces applied to the drill bits [24].

The drilling performance depends upon the drill bit
life. The drill bit consumption is wear due to the rock/bit
interaction. A worn bit decreases the penetration rate
because the drill bit cost is expensive [25]. According to
Cunha [26], the drilling costs may constitute up to 40%
of all the costs.

There are many methods available for the bit
quantification. Each model depends on the field values
and the bit wear types [27]. Alemdag et al. [28] have
emphasized that the theoretical and empirical analysis
models are reliable. Saai et al. [29] have measured the
wear resistance of drill bits for underground drilling.
Their study expressed that an increase in the impact
speed accelerates the weight loss. Adebayo [30] has
concluded that the high strength and abrasive rock
parameters decline the drilling performance. These
parameters lead to a low penetration and a high wear
rate. Piri et al. [31] have investigated the wear resistance
of drill bits with tungsten carbide coating. Saeidi et al.
[32] have used an image processing technique in order to
monitore bit wear in rotary drilling in mining. Drilling is
still very demanding in many areas around the world.
The hydraulic rotary percussive drilling hammers is the
most common technique for drilling, and the button bits
are used. Drilling occurs due to the compression and
rotation of the drill string. The button bits are used, in
general, to drill a wide variety of rocks, from soft to
extremely hard, since the wear of drill bits is considered
as a project cost and project delay.

Various methods have been efficiently implemented
in the drill wells using various drill bits in order to gain
a paramount increase in the drilling performance and to
lower the drilling costs associated with the drilling
operation. Numerous attempts have been made to
improve the manufacture of drill bits using optimum
materials and design methods. Since the common bits are
used in drilling, the majority of the research works are
related to these particular bit types.

For many vyears, several abrasivity measurement
techniques have been introduced in order to permit the
engineers to forecast the bit life since the wear life of the
rock cutting tools often has a linear trend with the
measured rock abrasion [33].

In a literature review, it was seen that the previous
studies generally focused on investigating the effects of
the abrasivity rocks on the cutter wear, tool geometry,
angle change of the cone, cutting efficiency, specific
energy, and theoretical model using different laboratory
test methods without carrying out any further
investigations on the drill button bit wear rate. The bit
wear rate is measured in accordance with the weight loss.
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The amount of drill bit wear is affected by many factors
related to the properties of rocks. In this research work,
efforts were made in order to develop the possible
correlations of the drilling bit wear rate with the
dominant globally recognized rock tests including the
physical-mechanical property, drillability, abrasivity,
and brittleness index measurement methods since the
work was carried out in the field and the laboratory in
order to see how rock properties affect the bit wear. The
field data are more reliable than the laboratory test
results. The field and laboratory experiments present the
most direct method to predict the bit wear rate for drilling
machines using the real field data. The main rock
properties and bit wear mechanisms are argued for the
options available to determine the bit wear rate. Thus we
developed new regression models for prediction of the
bit wear based on the rock properties. The developed
models were confirmed using the statistical approaches.
These models are thought to be helpful for the prediction
of drill bit wear during the drilling operations.
Additionally, the types of button tip wear is mentioned.
The conclusions are discussed with respect to the
literature.

1. MATERIALS AND METHODS
2.1. Field studies

This work involved the investigations made on two
highway tunnels, namely Macka and Caykara) in the
Eastern Black Sea Region in Turkey. The bit wear rates
were calculated on the Sandvik DT820 (Macka tunnel)
and Atlas Copco Rocket Boomer 282 (Caykara tunnel)
drilling machines using the semi-ballistic-button bits,
which offer a very good penetration, and it is sufficient
for most rock formations including the soft and hard
rocks. Two button bits were used for all the tests. The
button bit diameter was 45 mm. The number of buttons
on the bit body was 9 (6 gauge buttons and 3 front
buttons). The flushing hole numbers were 4 (side 1 and
front 3). The drill properties are given in Table 1 [34].

TABLE 1. DRILL BIT ROPERTIES [34].
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Each semi-ballistic-button bit was drilled by 10 bores
in an excavation surface, which had 3-m lenghts (totally,
10 x 3 = 30 m in an excavation face). The tests were
performed on 11 different excavation surfaces (totally,
10 x 3 x 11 = 330 m for a bit) by weighing the drill bit
in each tunnel excavation. After the tests, the surface of
the drill bits was cleaned and weighed. The weight loss
abrasion was measured as the drill bit wear. The percent
weight loss was defined as the difference between the
weight after and before the test divided by the initial
weight drill bit. Some parameters were kept constant for
all drillings during bore hole such as the rotational
pressure (55 bar), water pressure (10 bar), and machine
operator. The feed force (bar) and percussion force (bar)
differed between the machines (Table 2). In this work,
the amount of water was kept constant in the field tests
during the drilling process because water lowered both
the temperature of the drill bits and the rock cuttings
from the bore surface.

TABLE 2. CHARACTERISTICS OF MACHINES
AND DRILL BORE

Atlas Copco -

Parameters Rocket BomF:ner 282 Sandvik DT820
Feed force (bar) 100 80
Percussion force (bar) 200 100
Rotational  pressure 55 55
(bar)
Water pressure (bar) 10 10
Bit diameter (mm) 45 45
Button number 9 9
Water flushing 3 3
number
Bit type Ballistic button Ballistic button
Bore length (m) 3 3
Bore number 20 20

2.2. Laboratory studies

In the present work, the rock blocks were taken from
11 different points of the tunnel excavation surface for
the experimental studies (6 point Magka Tunnel, 5 point
Caykara Tunnel), five of which were dasitic, three were
basalt, and three were of basaltic crystal lithic tuff rock
type. Each rock block was controlled for the standard
testing of the samples free from fractures and cracks. The
NX- size core specimens for the experimental testing
were prepared in the laboratory using the core drill
machines and sawing machines. The rock cores were
prepared in accordance with the procedure suggested by
ASTM [35].
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The UCS tests were carried out on the trimmed core
samples with a length to diameter ratio of 2:2.5. The
stress rate was applied within the limit of 0.5-1 MPa/s,
and at least five core samples from each rock type were
subjected to the UCS tests [36, 37].

The Brazilian test is a simple indirect testing method
used to obtain the tensile strength of rocks. The test was
performed on the core samples (NX:54.7 mm) having a
length to diameter ratio of 1:2. A loading rate of 200 N/s
was applied. The test was conducted on at least ten
samples from each rock type, and the results obtained
were averaged [36].

The point load strength test was performed on the
cores having a length to diameter ratio of 1:2. The load
rose steadily, and the failure of test occurred within 10-
60 s. The test was repeated at least ten times for each
rock type, and the average value was recorded as the
point load strength. The results obtained were
normalized according to the standard equivalent
diameter of 50 mm [36].

P-wave velocities were performed on the trimmed
core samples by direct transmission using the Pundit-
plus model equipment. After testing the P-wave
velocities of each sample, the UCS tests were carried out
for that sample.

Several Schmidt rebound hammer types are used
worldwide. Nowadays, the most widely used method for
measuring the surface hardness of the test is the Schmidt
rebound hammer. The Proceq Silver Schmidt instrument
offers a wide measuring range, and the latest model
PROCEQ Silver Schmidt provides unprecedented
benefits for the users [38]. The tests were performed in
accordance with the ISRM [39] methods.

The Cerchar abrasivity index (CAI) was performed
using an original Cerchar apparatus. The Cerchar test
was applied to the sawn specimens. Rockwell hardness
of HRC 54/56 and the HRC 40/42 steel stylus were used
for the tests. The tests were recorded as CAl [40].

The Drilling rate index (DRI) was determined by the
Sievers’J-miniature drill (SJ) test and the brittleness
value (S20) test. The NTNU/SINTEF drillability testing
methods of rocks were carried out in compliance with
the standard test procedure Dahl et al., [41] method.

In the literature, there are many different ways to
determine the brittleness of rocks; however, description
of the brittleness concept differs from author to author
[42, 43]. In this work, the brittleness of rocks was
determined from three different models (B1, B2, and
B3), which were calculated for the test results. The
brittleness concepts used from the compressive strength
and tensile strength are given as follow. In this case, the
brittleness may be represented by the following
equations (Equations 1-3):

oc

By =— 1)

ot
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oc—ot

BZ = oc+ot (2)
33 — acazcat (3)

where B, B2, and Bz are the brittleness determined
from the compressive and tensile strengths, oc is the
uniaxial compressive strength, and ot is the tensile
strength.

I1. RESULTS AND DISCUSSION

In this work, the analysis of the recently drilled
tunnels from NE of Turkey was carried out in order to
investigate the bit abrasion loss. In all the experiments,
the amount of weight loss on drill bits was calculated by
measuring the weight of the button bit before and after
the tests. Two button bits were used in the tunnel face.
The bits had the same total travel distance during
penetration but different weight losses of button bits
were measured. Due to the different rock properties, the
weights of the button bits were different. The bit wear
rate varied from 90 to 177 mg/m for the basalt and
basaltic crystal lithic tuff, respectively.

The results of the drill bit wear and rock properties
were analyzed using the methods of least squares
regression, confidence interval, and prediction interval.

An interval forecast always comprises the upper and
lower limits between which a future unknown value (e.g.
a point forecast) is expected to lie with a prescribed
probability. In the real world applications, the prediction
interval is of more practical use than the confidence
interval because the prediction interval is concerned with
the accuracy with which we can predict the targets or the
observed values, not just the accuracy of our prediction
of the true regression. The confidence intervals are
enclosed in the prediction intervals, and are concerned
with the accuracy of our estimate of the true regression
[44, 45].

The linear curve fitting predictions were used in order
to define the relations among the variables; the best
fitting predictions are shown in Figures 1- 4. As shown
in these figures, a very high correlation was obtained
between the bit wear rate and the rock properties for the
testing methods within 95% confidence interval and 95%
prediction interval. According to these figures, the
prediction interval is always bigger than the confidence
interval.

Keeping in view the dataset results, the best fit
correlation functions were obtained in the positive linear
regression analysis in the cases of UCS, Brazilian tensile
strength, point load index, Schmidt rebound hardness,
and P-wave velocity. However, in the case of the bit wear
rate against the apparent porosity, the best fit correlation
was found by applying the liner regression analysis.
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The physical-mechanical properties of rocks show a
high relationship with the bit wear rate. As displayed in
Figure 1, there is an increase in the bit wear utilized at
the selected tunnel face with the corresponding increase
in the uniaxial compressive strength, Brazilian tensile
strength, point load index, Schmidt rebound hardness
(original Schmidt and Proceq Silver Schmidt), and P-
wave velocity. However, there is a decrease in bit wear
with the corresponding increase in the apparent porosity.

By calculating the 95% confidence interval and 95%
prediction interval for the mean bit wear rate for all
values of the mean physical-mechanical properties of the
rocks within the range of observations, we get a 95%
confidence interval and a 95% prediction interval for the
regression line; this can be seen in Figure 1. This figure
was plotted to compare the bit wear rate with the
mechanical properties of rocks. As it can be seen in this
figure, the bit wear rate has a much higher wear rate in
drilling highly strong rocks. The best fit correlations of
the bit wear rate with UCS was established when the
regression analysis was applied. A very good correlation
between the bit wear rate and the UCS of rocks can also
be seen in Figure 1. The relation follows a linear model.
The equation of the line is:

BWR = 1.457UCS + 17.367
r=0.92 (4)

where BWR is the bit wear rate (mg/m) and UCS is the
uniaxial compressive strength (MPa).

The highest bit wear rate was measured on the
basaltic crystal lithic tuff having a uniaxial compressive

strength of 106 MPa. This reveals that the wear of
drill bit is influenced by the rock properties. UCS varied
from 51 MPato 106 MPa. The strength characteristics of
these rocks varied from medium to high strength. It was
also found that the Brazilian tensile strength model had
a high correlation among the produced models.

Accordingly, two different Schmidt rebound
hammers, classic and silver, were introduced, and the
experimental results obtained by these two methods were
compared with the results of each other. The Silver
Schmidt (Q) values were found to be higher than the
classic Schmidt values.

The results obtained from this work were in complete
accordance with the research work of Adebayo and
Akande [46], where the wear rate of button drill bit
increased with the corresponding rise in the uniaxial
compressive strength of rock. Piri et al. [31] have found
a strong correlation between the drill bit wear and the
rock strength. Piri et al. [47] have concluded that the
higher the hardness, compressive strength, and
abrasiveness of the rock are, the faster will be the bit
wear.
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Moreover, according to Majeed et al. [48], the bit life
increases with decrease in the Brazilian tensile strength
of rocks, and vice versa. The results of the current work
(Figure 1) generally match up with the findings of the
earlier research works [2, 49-52] in the analogy that the
tool consumption has a relationship with the rock
strength. On the other hand, Ramazan [53] has found a
negative relationship between the cutter wear and UCS,
and point load strength and Schmidt hammer values of
rocks. He reported that the wear in the cutters decreased
with increase in the rock strength. On the other hand, he
obtained that the relationships were only for very low-
strength and easily-cut tuffs.

Figure 1 shows a plot of the bit wear rate versus the
apparent porosity values. The physical property values
obtained for the apparent porosity varied from 0.68 to
2.85 for the basalt and basaltic crystal lithic tuff,
respectively. The bit wear rate exhibits an inverse
relationship with the apparent porosity value. As shown
in this figure, there is an inverse relationship between the
bit wear rates and the apparent porosity values. The
equation of the line is:

BWR =-31.02n + 182.11
r=0.8 (5)

where BWR is the bit wear rate (mg/m) and n is the
apparent porosity (%).

As shown above, the correlation coefficients of the
bit wear rate for the apparent porosity are very good.
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Figure 1. Bit wear rate correlation with the physical-mechanical
property tests within a 95% confidence interval (CI) and 95%
prediction intervals (PIs).

In this work, the expectations of developing
correlations of the bit wear rate with the NTNU/SINTEF
drillability methods were carried out. The drillability
values obtained from the drilling rate index (DRI) varied
from 28 to 58 for the basaltic crystal lithic tuff and dacite,
respectively. The contrast with the 95% confidence
interval (Cl) for the mean bit wear rate for a mean
drilling rate index of rocks is noticeable. The 95%
prediction intervals (Pls) for the range of observed levels
of mean drillability properties of rocks are shown in
Figure 2, and again these widen on moving away from
the drilling rate index of rocks. Figure 2 shows a negative
linear relationship of a reasonable strength between the
bit wear rate and the DRI values of the included rock
units. The equation of the line is:
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BWR = -2.430DRI + 235.48
r=0.89 (6)

The Cerchar abrasivity index is universally accepted
for wear prediction and estimation of the cutter
consumption [4, 33]. Figure 3 illustrates a relationship
between the bit wear rate and the Cerchar test values for
the HRC 54/56 and HRC 40/42 pins with a sawn surface
condition for 11 rock units taken from the tunnel surface
during the drilling operations. As expected, there is an
increasing linear positive relationship of a reasonable
strength between the bit wear rate (mg/m) and the CAI
values, which indicates that as the rock abrasiveness
increases, the bit wear rate is increased in a direct
proportion. As expected, the CAI values with HRC
40/42 pins are higher than the CAI values with HRC
54/56 pins for the sawn specimens. The bit wear rate
exhibits a high quality correlation with CAI for the HRC
40/42 and HRC 54/56 pins. It was found that, in practice,
the generated models were reliable and accurate enough
in order to predict the drill bit wear of intact rocks. The
abrasion property values for the Cerchar abrasion index
(HRC 40-42) ranged from 2.41 to 3.44 for the basalt and
basaltic crystal lithic tuff, respectively. The abrasion
property values for the Cerchar abrasion index (HRC
54/56) ranged from 1.36 to 2.3 for the basalt and basaltic
crystal lithic tuff, respectively.

Figure 3 was plotted in order to compare the bit wear
rate and the Cerchar test values for HRC 54/56 and CAl
HRC 40/42. A very strong correlation can be seen
between the bit wear rate and the CAI HRC 54/56 and
HRC 40/42 pins. This relation follows a linear model.
The bit wear rate increases with increasing CAIl. The
equation of the line is:

BWR = 82.523CAI54/56 — 118.05
r=0.8 (7

BWR = 77.878CAI40/42 — 18.049
r=0.95 (8)

where BWR s the bit wear rate (mg/m) and CAI 54/56
and CAI 40/42 are the Cerchar abrasivity indices. As
shown above, the correlation coefficients of the bit wear
rate for CAl are very good.

Up to the present time, in the literature, there are very
limited research works correlating the bit wear rate with
CAl, which, in general, corresponds to the correlation
suggested in this work. Plinninger [2, 54] proved a model
for estimation of the button bit lifetime variation on the
CAl values. Majeed et al. [48] have proposed a
logarithmic function for the assessment of drill bit
consumption based on the CAIl values. Bilgin et al. [4]
have performed a study on the influence of wear
coefficient and the CAI test results based on different
field experiences. Their study indicated that the
relationship between CAI and the wear coefficient may
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be used for estimation of the cutter consumption.
Ramazan [53] has found a positive relationship
between the cutter wear and CAl values of rocks. He also
reported that the abrasion rate increased with increasing
effective bit wear rate.

The brittleness indices calculated using three
different models were correlated with the bit wear rate in
order to investigate the effect of the brittleness of the
drilled rocks on the bit wear rate. A moderate
relationship was obtained between the bit wear rate and
only one brittleness index value (B3) (Figure 4). The
equation of the line is as in Equation (9).

BWR = 0.140B3 + 76.648
r=0.91 9)

where BWR is the bit wear rate and B3 is the brittleness
index.

The calculated brittleness index value was obtained
from a suggested model based on the uniaxial
compressive strength and the Brazilian tensile strength
of rocks. As it can be seen in Figure 4, increasing the
brittleness values leads to an increase in the bit wear rate.
The correlations were very high, all the samples were
within a 95% PI. Similar correlations were found
between the mechanical properties and Cerchar
abrasivity index and bit wear rate results.

220
y=-2,4307x + 23548
R=0,7988

~ 180
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= 140
]
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E3

60

20 A

0 20 30 4 0 0

DRI

Figure 2. Correlation between the bit wear rate and the drillability tests
within a 95% Cl and 95% Pls.
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Figure 3. Correlation between the bit wear rate and the Cerchar
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Figure 4. Correlation between the bit wear rate and the brittleness of
the B3 tests within a 95% CI and 95% Pls.

In the earlier studies, Yasar et al. [55] have found a
positive strong relationship between the brittleness of the
B3 concepts and the cutter force and normal force of
rocks. In this study, a positive strong linear correlation
was found between the bit wear rate and the brittleness
of B3, which was similar to the results of the previous
resource models. However, Ramazan [53] has fond a
moderate relationship between the cutter wear and
brittleness (B3) of rocks, opposed to the results of this
work. He found a negative correlation between the cutter
wear and brittleness of the B3 value, studied pyroclastic
rocks on cutter wear in roadheaders with a low UCS
strength. Al-Ameen and Waller [56] indicated that the
broken rock potential causing abrasive wear is dependent
on a combination the surface roughness of rock, mineral
hardness, and rock strength.
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On the other hand, the other brittleness (B1 and B2)
concepts of rocks were correlated with the bit wear rate
(Figure 5). As it could be seen in this figure, strong
relationships (with a high R2 value) were not found in
the correlation results because the range of variation of
B1 and B2 was small, and the rocks with different
strengths may have the same stress ratio of B1 and B2
[57]. Kahraman [58] has reported that there is a variation
between the formulations of brittleness. Thus the
formulations have been used separately in the rock
properties depending on its practical use. In the earlier
studies, Goktan [59] has found no relation between the
rock brittleness of B2 and the cutting efficiency of chisel
picks. Altindag [60] has found no meaningful
correlations between the brittleness of B1 and B2.
Kahraman [58] has investigated that there is no
relationship between the brittleness of B1 and B2 and the
penetration rate of the percussive drills.
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Figure 5. Correlation between the bit wear rate and the brittleness of
B1 and B.,.
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The gauge buttons of drill bit are exposed to axial
forces (Figure 6). In these wear types, the bit penetrates
deeper into the rock mass and creates a lot of rock
detritus, and thus both gauge buttons and bit body are
exposed to the abrasive material. The tool body wears
faster than the gauge buttons. Thus the gauge buttons
may come loose due to missing the embedding or gauge
button breakage.

In the previous studies, the researchers have
investigated the classification system of the bit wear
type, and according to these studies, classification of the
bit wear type can be used as a fingerprint of the wear
process. The wear of the bit body is a typical event for
drilling the weak and abrasive rock types. When
embedding is not sufficient, they may displace or easily
undergo button breakage [2, 54].

- Gauge button

Figure 6. Gauge buttons of drill bits.

The wear flat generated on the center of the button bits
in the mode of abrasive wear is shown in Figure 7. The
button bits were thoroughly observed at various stages
of the button movement after each excavation tunnel
surface in order to analyze the progress of the wear flat
diameter on the button.

After = After

driling - MR drilling
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(b)

Figure 7. Button tip wear in button bits.

A good cemented button has always been able to
handle that type of load with a minimal risk of breakage
because it has a significantly higher resistance to that
type failure. The good cemented carbide bits reached
proved to exceed the average bit life (Figure 8a).

Cemented carbide is one of the most successful
composite engineering material. Its unique combination
of strength, hardness, and toughness satisfies the most
demanding applications [61]. When drilling in non-
abrasive materials, where carbide wear is minimal, the
extended drilling intervals are possible [62].

The gauge buttons of a drill bit are usually exposed
to the axial forces. When the bit wears, the load angle
changes and the risk for button breakage increases
(Figure 8b). Wear to the cemented carbide button on the
periphery of the bit is very high, causing a reduced taper
to develop, which diminishes the clearance of the bit
[61]. In some materials such as hard sand stone and
quartzite, the wear tends to be greater on the bit
circumference. Thus when the buttons are sharpened, the
diameter across the gauge buttons will be less than the
diameter of the bit shoulders and the bit will tend to bind
to the hole [62].

@
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Figure 8. Failure of gauge button.

Tool wear is an important parameter in the project
cost and production efficiency, and thus the shape and
geometry of the tool bits are important parameters for
determining the efficiency of the rock tool for the
penetration rate. Cemented carbide and hardened steel
made the tool bit and body material, respectively. The
cemented carbide is for the tip and hardens steel for the
tool body since carbide tips are suitable for a
combination of hardness, thermal resistance properties,
high compressive strength, and high impact resistance.
The cemented carbide structure has very hard tungsten
carbide grains glued together with cobalt [63, 64]. Bellin
et al. [65] have shown that using sintered grains of fine
diamond provide a more resistance against abrasion and
gives a lower wear rate, while coarse grains of the
material have better toughness against impact and a
higher wear rate.

The drill bit wear depends on the rock drilled
through, and it is affected by the rock minerals and the
amount of crushed rock in the bore hole. A decreased
rotational speed would also have the effect of wear bits
because a too high speed will result in an excessive wear
on the drill string.

The wear rates of the drill bits differ between the rock
properties. When the hardness of a rock is increased, the
wear of the bits is increased. During a strong rock
drilling, the bit is rapidly worn off, exposing the
diamonds, which leads to a large material loss of the
sample during that run and a large wear rate.

The design of the drill bit and the shape of the buttons
has an important effect on the drill bit wear. A too fast
wear of the bits show a wrong selection, resulting in an
increase in the project time and thus the processing cost.

(AVA CONCLUSIONS

In this work, the effects of the physico- mechanical
properties, drillability, abrasivity, and indirect brittleness
test on the bit wear rate during drilling operations were
investigated. For this purpose, some specimens were
obtained from two drilled tunnels in Turkey and tested
in the laboratory. The physico-mechanical properties,
drillability, abrasivity, and brittleness of rocks were
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obtained from the laboratory tests. The bit wear rate and
the laboratory test results were statistically analyzed
using a simple regression analysis method. The
following conclusions were made:

» The test results show a harmony with a 95%
confidence interval and 95% prediction intervals
and the significance level of P < 0.05.

« A strong positive linear correlation was obtained
between the bit wear rate and the mechanical
properties of rocks including the UCS, Brazilian
tensile strength, point load index, Schmidt
hammer (classic and silver), and P-wave velocity.
These relationships showed that the bit wear rate
increased with increase in the rock strength.
Similarly,  anincreasing linear  positive
relationship was found between the bit wear rate
and the CAl values and indirect brittleness of B3,
which indicated that as the rock abrasiveness and
brittleness increase, the bit wear rate is increased
in a direct proportion. The rock abrasiveness and
rock strength have a significant influence on the
bit wear. However, a strong negative relationship
was found between the bit wear rate and the
drilling rate index and the apparent porosity
values of rocks. These relationships show that the
bit wear rate in the drillings decrease with
increase in the apparent porosity and DRI of
rocks. This work provided a good agreement
between the trends of the bit wear and the rock
properties. A reliable correlation was not found
between the bit wear rate and the brittleness (B1
and B2) values.

» The bit wear rate of the drilling machines is one
of the important parameters involved in the
mechanical drilling projects. All the drilling tools
are affected by various types of rocks and the
geological surroundings including the rock
strength, tensile strength, abrasiveness, and rock
structure.

« The results obtained from this research work
showed that the bit wear rate was not related to
the abrasive mineral content alone, and the test
was largely influenced by the type and degree of
the cementation materials (rock strength).

» The amount of bit wear rate depends on the
properties of rocks, abrasive mineral content, tool
material composition, and operational conditions.
The button type and design also considerably
affect the tool wear.

» The wear of drilling bits was examined in
different rock types. These results obtained
showed that the increased strength of rocks and
abrasiveness increased the bit wear rate.

* In this work, several drill bit wear models
including the linear and non-linear ones were
developed, and then the best possible variants
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were selected among them. Additionally, the
developed models were compared with each other
and other models in the literature. It can be stated
that the models developed using the accessible
equations are precise enough in order to estimate
the drill bit wears.

The models developed in this work are suitable
for estimating the drill bit wear; however, the
Cerchar abrasion index and the uniaxial
compressive strength of the rock models are the
most accurate ones among them. Further, these
models can be used for similar rock types in order
to estimate the rock brittleness; however, the
results obtained are open to be improved and
generalized. Moreover, the failure of the gauge
buttons and center button bits was investigated,
while the gauge buttons and bit body were
exposed to the abrasive material and rock detritus.
The bit body wears faster than the gauge buttons.
Thus the gauge buttons may be displaced due to
the lack of embedding of the buttons. A good
cemented button decreases the bit wear and
increases the average bit life.

The success of a project management has links
with the cost, time, and quality. The tool wear is
an important parameter involved in a project
efficiency and the shape and geometry of the tool
bits are important parameters involved in
determining the efficiency of the rock tool for
penetration rate.

This work provided some beneficial models in
order to help the engineers and contractor on their
future plans and the cost estimation of the drilling
project. The effects of rock properties on the bit
wear rate contribute to the success of selecting the
drill bit.
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AHAJIM3 1 BBIBOP KOHCTPYKTUBHBIX 3JIEMEHTOB CBEMHOI'O
IHOPOJOPA3PYITAIOHIEI'O HHCTPYMEHTA JUISA BYPEHUSI C
XOA0BOU KOJTOHHOH
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Xypaanzyii: Bypenue 1o ToJ11aM HeyCTOMYUBBIX 0CA/I0YHBIX MOPO/l ¢ IPMMEHEHHEM X0/10B0il KOJIOHHBI N103BOJIsAeT BECTH
YIUIYOKY CKBaKMHBI ¢ OHOBPEMEHHbIM KpellJIeHUeM ee CTBOJIa 00CaHBIMH TPYOaMu. ITO c1oco0CTBYeTHPeayPesKIeHHI0
TAKHX OCJOKHEHMil KaK cy;KeHHe WJIM o0pylIeHHe CTeHOK CTBOJIa CKBa)KHHbI. BMecTe ¢ TeM OCHOBHBIM HEI0CTATKOM
OypeHHsI CKBaKHH 10 METOAY X00BO¥ KOJIOHHBI SIBJISIETCSI OTCYTCTBHE CHEMHOT0 MOPOA0pa3pyamero nucrpymenta. K
HACTOSIIIIeMY BpeMeHH pa3padoTaH psil CbeMHBIX 0YPOBBIX KOPOHOK, MPeAHA3HAYEHHBIX 17151 0ypenus co cHapsinamu CCK.
Ha ocHoBe BBINOTHEHHOT'0 AHAJIN3A TAKHX KOPOHOK OMNpeae/ieHbl 0CHOBHBIETPEOOBAHHS K KOHCTPYKTHBHBIM JJ1eMeHTaM
CbEMHOI'0 IIOPOA0PA3PYLIAIOIIET0 HHCTPYMEHTA 1151 OypeHus ¢ X040BOi KOJIOHHOM.

Kntouesvie cnosa: dypoeas ckeajy@cuna, xo006as Ko10HHA , CbeMHble KOPOHKU, NUTOM -KOPOHKA, KOJIOHK06As mpyda, dawmax,
20pHasn nopooa,ocesasn Hazpy3Ka

ANALYSIS AND SELECTION OF STRUCTURAL ELEMENTS OF
SHOULDER ROCK TOOLS FOR DRILLING WITH LINER STRING

Drilling that uses a liner string makes it possible to deepen the borehole, through the strata of unstable sedimentary rock,
while simultaneously to consolidate its hole by casing tube. This contributes to prevent complications such as narrowing or
collapsing of borehole wall. At the same time, the main disadvantage of drilling wells using the liner string method is the
absence of a shoulder rock tool. Now, a number of shoulder bits have been developed for drilling with wireline core barrel
string. On the basis of the performed analysis of such bits, the main requirements for structural elements of a shoulder rock
tool for drilling with liner string are determined.

Key words: borehole, liner string, shoulder bits, pilot bit, core barrel, shoe, rock, axial load.

CTCHOK, HE TpeOyeTcs MPUMEHEHHE CIICIHAaTbHBIX
OYpOBBIX PAcTBOPOB, 00ECIECUHUBAIOIINX YCTONYUBOCTH
CTBOJA CKBRXHWHBI U TIOBBIIICHUE 3(PPEKTHBHOCTH
Oypenus[5,6,7]. B cpennemM skoHOMUS BpeMeHH OypeHust
cocrasisieT oT 18 1o 50 % [2,3].

CymecTByeT psiji cliocoOOB ¥ TEXHUYECKUX CPEJICTB,
KOTJIa NIPU BpAIaTeIbHOM OYPEHHH C OJHOBPEMEHHOM
KpEIUIEHHEM CTBOJIa HCHOJIB3YETCS TOJIBKO OCajHast

KOJIOHHA, KoTOpast Ha3bIBACTCS «XOZI0BOM
KoJoHHOW»[1,2,3,4].  MeToq  XOHOBOH  KOJIOHHBI Kak npasuio, npu OypeHMM 110 METOLY XOLOBOH
3aKII0MACTCS. B KPCIUICHHH — CTBOJNA  CKBaKHHBI KOJIOHHBI I'€0JI0TOPa3BEI0CHBIX CKBaXKHH UCIIONIB3YETCIb

HECBEMHBII TOPOJOPa3PYMIAOIINI HHCTPYMEHT.JTO
MOTYT OBIThCIICIMANIBHBIC ajMa3Hble KOPOHKH pa3HOii
KoH(purypanuu. [yOuHa OypeHHst C TNpHUMEHEHHEM

OJHOBPEMEHHO C €ro ynIyOKo#, IpHu 3ToM OypuibHas
KOJIOHHA COCTaBJIsAeTCs U3 00canHbIX TpyO. [IpumensioT
€ro TIpu OypEeHNH MATKUX U HEYCTOHYMBBIX Topo 1. Takoii

crnocob OypeHMsi elle Ha3blBAlOT Kak OypeHWe Ha
obcamHoi  KoJOHHE. Bpamenwe mnepemaercs Ha
TIOPOIOPa3pYIIAIOIINA WHCTPYMEHT dYepe3 00caJHyro
konoHHy. [Ipm TakoM cmocobe OypeHHs HCKIIIOYaeTCs
BpeMs, KOTOpOE TpaTuUTCs Ha CIYCKONOABEMHBIC
ornepanun ¢ 6ypI/IJ'IBHBIMI/I KOJIOHHaMHU M Ha CIIYCK
oOcanubeix Tpy6. Takxke cokpamaercst BpeMms, KOTOpoe
3aTpauyMBaeTCs Ha paCUIMPEHHE CTBOJA CKBAXKHHBI,
MIOBTOpHOE pa30ypuBaHUE B CBS3M C OOpYyLIEHHEM €ro

XOZOBOW KOJIOHHBI OIPEAETSIETCS M3HOCOCTOMKOCTHIO
HECBEMHOT0 WHCTPYMEHTAa, KEpH OCTaeTcsi BHYTPH
obcamupix Tpyo. Ilpm mOCTIKEHHMHM KOPEHHBIX IOPOJ
OypeHne NMpeKpalaroT U MPUCTYNAIOT K pa3dypKe KepHa
BHYTpH 0OCaIHON KOJOHHBIL JlJI 3TOTO HMCIONB3YeTCs
KOJIOHHa OYypWJIBHBIX TpyO0 u nonoTo. Hemocrarok
OypeHHsT  XOJOBOH  KOJIOHHOH ¢  HEChEeMHBIM
HNOPOJOPa3pyHIAONIMM HHCTPYMEHTOM 3aKIIOUaeTcs B
TOM, 9TO:
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— HE BCETIa ymaeTcs JOWTH OO KOPEHHBIX MOPOX

OIHMM  JMaMETpOM, TaK KakIiyOuHa OypeHus
ompezemsieTcs N3HOCOCTOHKOCTBIO HECBEMHOTO
HHCTPYMEHTA;

— HEOoOXOAMMO TIOBTOPHOE pa30ypHBaHHUS KepHA
BHYTPH XO/I0BOH KOJIOHHBI.

Taroke cremyeT OTMETHUTb, 9YTO IAaHHBIA CIIOCOO
MpUMEHUM B TeX CiydasX, Korja He TpeOyercs

MOJTy4eHHE KEPHOBOTO Marepuaia. OTO  JelaeT
HEBO3MOXXKHBIM ~ €r0  NPUMEHEHHE TpH  OypeHuH
WHKCHEPHO-TCOJIOTHIECKUX CKBRXHH B  CIIOXKHBIX

T€0JIOrO-TEXHUYCCKUX YCIIOBUAX, TAC HeO6XOI[I/IMI>IM
YCIIOBHUEM SBJISIETCA IMOJTYUYECHHUE KEPHA.

BMmecte ¢ TeM cnenyeT OTMETHTh, UTO B MOCIEIHEE
BpEMSI MMEETCSI JOCTATOYHO OOJBIION PS CHEMHOTO
QJIMa3HOTO MHCTPYMEHTa i1 OypeHus co CHapsIiaMH
CCK [4,8,9]. OTOT HMHCTPYMEHT C ONpEIEIEHHBIMU
J0pabOTKaMH, MOKET OBbITh UCIIOJIB30BaH MPU OYpEHUH C
XO0J0BOM KOJTOHHOM.

o npuHIKITY KOHCTPYKTUBHOT'O UCTIOJIHCHUSIMOKHO
BBIJICINTh TPU  OCHOBHBIE  TPYIIBl  CHEMHOTO
MOPOIOPa3pYIIAIONIETO HWHCTPYMEHTAa: Hepa3beMHbIC
(LIeTbHOKOPITYCHBIE); CEKTOPHBIE, CEKTOPHO-MMIOTHBIC
(KOMOMHUPOBAHHBIE).

HawuGonee mmpokoe npuMeHeHHe NpH OypeHUH CO
cHapsgamu CCK Hamumi cbeMHBIE CeKTOPHBIC KOPOHKH,
KOTOpBIE TI0 c0cO0y KpeIIeHUs] CEKTOPOB U EPEBOTY
U3 TPAHCIIOPTHOIO MOJIOKEHUS B pabodee JENAT Ha
KJIIMHOBBIC U LIAHI'OBLIC.

HOCTOI/IHCTBOM HEJIbHOKOPITYCHBIX CBbCMHBIX
KOPOHOK SBJIACTCA OTCYTCTBUE CECKTOPOB, 4qTo
HUCKIIIOYacT CKaJIbIBAHUEC pa60q1/1x 9JICMCHTOB

HOPOJOpa3pyIIAOIero MHCTpyMeHTa. OpHako I
pa3BoOpOTa TAKUX KOPOHOK B BEPTHKAIBHOM IIIOCKOCTH,
HEOOXOMMO HaJM4Me CBOOOIHOTO MPOCTPAHCTBA MOJ
OammakoM. [lpu OypeHHM B TOJNIIAX HEYCTONYHMBBIX
HOPOJ] TAKOE YCIIOBUE MATIOBEPOSATHO.

K cexTopHBIM KOPOHKaM KIMHOBOTO THIIA OTHOCSTCS
KOPOHKH, y KOTOPBIX TOpIieBas 4acTb oOpasyercsi u3
PACIIOJIOKEHHBIX IO  OKPY)KHOCTH  KJIHMHOOOPa3HBIX
cektopoB. Oanako mpumeHHTENbHO K cHapsgam CCK
9TH KOPOHKH IPAKTHYECKOTO MPUMEHECHHUS HE HAIILIH.

B CCKTOPHBIX KOPOHKaxX HAHTOBOT'O TUIIA CHEMHBIC
CeKTOpa KpEIsTCs Ha IUIACTUHYATHIX TPYXKHUHAX U
pa3aBuUrarOTCs B pabouee IOJIOKCHHE PACIIOPHBIM
aneMeHTOM (puCyHOK 1) . KOpOHKH IaHTOBOTO THIIA IO
crmoco0y mepeBoia CEKTOPOB B paboyee MoJIoKEHUE (T.€.
[0 pACIOJIOKCHUI0 WX OTHOCHUTEIBHO OamMaka u
croco0y mepesadd Ha HUX KPYTSIIEro MOMEHTa) MOTYT
OBITh BBITIOJTHEHBI C PACKIIMHUBAHUEM CEKTOPOB B Ia3ax
Oalmaka iy moj OarrMaKkoM.

KopoHKkH, ceKTOpa KOTOPBIX YCTaHABIHBAIOTCS B
ma3ax, IMEIOT JOCTATOYHO IIMPOKOE PACHpPOCTPaHCHHE.
Hx nauOojee MpocTOe HCIOIHEHHE MPEIJIOKEHO B
paborax [11,12].
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Pucynok 1. CexTopHasi cOCTaBHAasi CheMHasi KOPOHKa:
1 — Gammak, 2 — KepHONPUEMHHK, 3 — LaHru, 4 — ChbeMHbIE CEeKTOpa,
5 — massl B Oammake

Takue KOPOHKH pabOTOCIIOCOOHBI TIpH OypeHHH
MOHOJIUTHBIX TOPOJI, HO MpU OypEeHHH TPEIINHOBATBIX
MOpPOX WIM HAaHOCOB C HEYCTOHYMBBIMH CTCHKAMH
CKBRXXMHBI (THIIA MOPEHHBIX OTJIOXKEHHUI) BO3MOXKHO
TIOTaJaHNe KYCOYKOB KEPHA MIIH TAJIbKH B ITa3bl 5; B 9TOM
cinydae cekropa 4 KOpPOHKH HE BXOIAT B Masbel 5 U
KOpOHKa B pabouee T0JI0KeH!Ee He MpuBoaAnTCs. Jpyrum
HEOCTaTKOM KOPOHOK 3TOr0 THMA SBISETCI U
pacrnoyoKeHne CeKTOpoB 4 Ha I[aHTax 3 ¢ onepexeHHeM
KkepHonpueMHuka 2. [lpy Hanuumu  oOpyLIEHHOH |
BBIJIaBJICHHOM BHYTpPb OalMaka TOpHOH MOPOJIBI CEKTOPA
IpU CIOyCKE MOTYT VYIOHPaThCs B TOPOLYy H HE
COOPHEHTUPOBATHCS OTHOCUTENIFHO 11a30B B OalMake.

Kepuompuemuass  Tpyba, muMes  BO3MOXKHOCTh
JIANTbHEHIIEr0 JIBIKSHUSI BHH3, OyJIeT OIMYyCKAaThCs U
PacKIIMHUT CEKTOpa BHYTpW Oamimaka. IIpuMeHeHue
YTSOKENUTENS He MPUBOJIUT K TMKBUAALMU OCJIOKHEHHS,
TaKk Kak OH YCTaHABJIMBACTCS HAJ ChEMHOH YacThIO
HA0bOpa U He CIIOCOOCTBYET MEPEMEICHUIO CEKTOPOB TPH
X PACKIMHMBAHUH. TakkKe HCIOJIb30BAHHE KOPOHKHU
TAKOW KOHCTPYKI[MM B HEYCTOWYHMBBIX OCAJ0YHBIX
moponax  HedpPekTHBHO  W3-32  HEOOXOIUMOCTH
OpHUCHTAINH (YCTaHOBJICHHUS) CEKTOPOB TOYHO HAIIPOTHB
11a30B B GaUJMaKe 1 PACKIIMHUBAHUA CEKTOPOB MMCHHO B
maszax OamMaka ¢ [ENbI0 Tepefadd WM KPYTSIIETO
MOMEHTA.

B npyroii  rpynme  CEKTOpPHBIX  KOpPOHOK,
YCTaHABIUBAEMBIX TMOJT OAIlIMaKOM, KPYTSAIIUA MOMEHT
OT HApYXHOH TpyOBl mepemaeTcs CEKTOpaM 3a CYeT
MOTIEPEYHbIX HAceUeK Ha CheMHBbIX cekropax [9 ]. Ha
KOHYCHOM dacTu OamiMaka WMEIOTCS MPOJOJbHBIE
Haceuyku. B pabodueM MO0KeHHN KPYTAIIUI MOMEHT Ha
CBHEMHBIE CEKTOpa TIEpPeacTCs 3a CUST B3aNMOICHCTBUS
HACEUYCK HA KOHYCHOW yacTd OamiMaka ¢ Hace4KaMH Ha
CBEMHBIX CeKTopax.BenmuunHa BHeIpeHHWsS HacedeK Ha
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KOHYCHOH dacTH OaliMaka B HACEYKH Ha CEKTOpax
OTIpeNeNIICTCS OCCBON HArpy3KOW Ha 3200l CKBa)KUHBI.
[Ipu OypeHHMH B MSTKHX TIOpOJaxX JTH HArpy3KH
HeBbicokre (300-500 maH). B pesynbrate BO3HHKAeT
MIPOCKANIE3bIBAHNE TIPHBOAHOW BTYJIKH OTHOCHUTEIHHO
ChEMHBIX CEKTOPOB M, KaK CICICTBHE, aehopmanus
HaCeYeK.

YkazaHHbIE HEIOCTaTKH OTPaHUYUBAIOT
BO3MOJKHOCTH ~ HCIIOJB30BAHUSI ~ KOPOHKH  TaKoi
KOHCTPYKIMHU MPH OYPEHUH C XO/I0BOH KOJIOHHOM.

Koponku CEKTOPHO-TTMIIOTHOTO THUITATIo
KOHCTPYKIIMY aHAJIOTHYHBI KOPOHKAM CEKTOPHOT'O THIIa,
HO B OTIMYME OT HUX HMMEIOT Ha KEPHOIPHEMHHUKE
MIIJIOTHYIO KOPOHKY. KOPOHKH CO CheMHBIMH CEKTOpaMH
MOTYT OBITH BBITOJHEHBI C IHJIOTOM H CEKTOpaMH,
yCTaHABIIMBAEMBIMH Ha LIIAPHUpAX WM LAHTaX, a TaK¥Ke
C MNWIOTOM U KIMHOBbIMH cektopamu [4,11]. Tlpu
PacIOJIOKEHUH CEKTOPOB-PACUIMPHUTENe HallapHUpax
OHM OpPHCHTHPYIOTCS NPOTHB Ma30B B Oammake u
packpbIBalOTCS MOA  JEHCTBUEM Beca ChEMHOTO
ycTpoicTBa (KepHOTIpHEMHHKA) " JIaBIICHUS
MIPOMBIBOYHOM YKUIKOCTH (PUCYHOK 2).
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Pucynoxk 2. KopoHKa CEeKTOPHO-TIMIOTHOTO THIIA: 1 — nmnor-

KOPOHKa, 2 — KepHOIPUEMHHK, 3 — pacmmpuTeNy Ha IapHUPAX,
4 — och pacumpuTens, 5 — Oammak, 6 — ycTaHOBOYHBIH a3

KomonkoBeiii  Habop  cOpackiBaeTcsi  BHYTPh
OypHJIbHOW KOJIOHHBI, TOJ JICHCTBHEM COOCTBEHHOTO
Beca (WIM TIPOMBIBOYHOH IKHJIKOCTH) CBEMHOE
YCTPOKICTBO JIOCTUTaeT MOCaJ04YHOTO THe3/a,

BEIMIOJIHEHHOTO Ha OamMake, BO BHYTPEHHEHW dYacTu
KOTOPOTr0 HMMEITCA HuMnbl. Pacmmputeny, nomnanas
XBOCTOBHKAMH B IIIHIBI, OPHEHTHPYIOTCS HAIPOTHUB
TOPIIEBBIX MMa30B OallMaka, 3aTeM pacIIUpUTesu (T10]
JIeicTBHeM  Beca  KEpHIPHEMHHKA W JIaBJICHUS
MIPOMBIBOYHOM JKHAKOCTH) Ppa3BOPAYMBAIOTCS BOKPYT
ocell W 3aHUMAIOT pabodee IOJIOKEHHE B TOPLEBBIX
nasax.

OPOM/IJIOI-2021 e-version

HenmocTaTkoM KOHCTPYKIMH, KaK YK€ OTMEYasoCh,
SBJISIETCS HAJIMYKE OPUEHTATOpA U 11a30B B OamMake.

W3BecTHa  KOHCTPYKIHSA [4,14] cwvemHOTrO
MOPOIOPA3PYILAIONIET0 HHCTPYMEHTAa CO ChEMHBIMH
IIJIOTOM M CEKTOPaMH, KOTOpbIE KPEmsATCs Ha IaHrax
(pucynok 3).
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PI/ICYHOK 3. KOpOHKa C IMUJIOTOM U PACIIMPUTEIIIMU HA LaHTax

B coctaB mHCTpyMEHTa BXOIAT KOJNbLO 1, LAHTH 2,
pa3aBUKHBIE CeKTOpa 4, MUIoT-KopoHKa 5. Ha xoinbre 1
KPEIIATCS IIIaCTUHYATBIE IPY>KUHBI 2, K HIKHUM KOHIIAM
KOTOPBIX MPHCOEINHEHBI CheMHBIE cekTopa 4. ITmmot-
KOpOHKa 5 Ha OOKOBO# ITOBEPXHOCTH MMEET MPO/IOJILHbIC
JBICKH, K KOTOPBIM Tpujeraror cekropa 4. Bo Bpems
CIycKa CEeKTOpa HaxoJiITCsl B  OIEpeXkKaroleM
MOJIOXKEHUH M0 OTHOIIEHHWIO K THIOT-KOPOHKE, YTO
JIOCTHTAETCS 3a CYET CBOOOIHOTO MepeMEIIeH s KOJIbLa
1 mo xepHompuemHoii Tpy6e 7. [locne Toro kak cekropa
4 OypTHKOM 3 yIIpyTCS B BEITOUKY Ha OammMake 6, miioT-
KOPOHKa BMECTE C KEPHOIIPHEMHOH Tpy0Ooii MpoIoiDKaeT
JBIDKCGHHE BHU3 1O TeX IIOp, IOKa BEPXHsA YacTh
KEepHONPUEMHHKA (Ha pUCYHKE He MOKa3aHo) He 3aiiMeT
pabodero MoJIOKEHUs, IPU KOTOPOM IHJIOT-KOPOHKA 5
3anmpaeT cekropa 4. [lepenaya KpyTAIIero MOMEHTa OT
OypHIIbHOM KOJIOHHBI K KEPHOIPHUEMHHUKY
OCYIIECTBISIETCSI C TOMOINBIO  IUIAINEK, KOTOpbIE
YCTaHOBJICHBI B BepXHEH ero yacTtu. OT MUIOT-KOPOHKH,
nMerolIel pe3b00Boe COeTMHEHHE C KEPHOIIPHEMHUKOM,
KpYTSIIMIT MOMEHT TIepenaercss cekrtopam 4 3a cueT
MIPOAOJIBHBIX JIBICOK Ha MMUIOT-KOPOHKE 5.

IIpenmMy1ecTBa ONMCAHHOTO PELLIEHUS 3aKIF0UAIOTCS
B TOM, 4TO B OalIMake OTCYTCTBYIOT Masbl; KPyTSIINH
MOMEHT Ha KOPOHKY II€pENAETCsl B BEPXHEN U B HIDKHEH
YacTsIX  KOJOHKOBOrO  Habopa; 3TO  HMCKIIOYaeT
HEOOXOOMMOCTh B OpPHEHTHPOBAHWH KOPOHKH. OTO

CYIIECTBEHHBIE MOJIOKHUTEIILHbIE CTOPOHBI  JIAHHOM
KOHCTPYKIIMH, WX IeJIeCOO0pasHO HCIMONB30BaTh MPH
pa3paboTke CHEMHOT0 MOPOJOpa3PyLLIAOIIETO

MHCTPYMEHTA JUII OypeHHs C XOJ0BOW KOJOHHOI.
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CnabpIM 3BEHOM KOHCTPYKIMH TIpH OypeHHH B
HEYCTOMYUBBIX MOpPOJAaX SBISIETCA  OIepekarolee
TIOJIO’KEHNE ChEMHBIX CEKTOPOB IIPH CIIyCKE CHapsiza 1o
OTHOIICHHIO K MHJIOT-KOPOHKE M 3aBHCUMOCTB YCHIIHS
JUISL PACKJIMHUBAHUS IJIAIlEK OT OCEBOM Harpys3ku. llpu
OypeHHUH C HEOOJBIIMMH OCEBBHIMU Harpy3kamu (4To
XapakTepHO  JUIi  CTPOUTENBCTBA  CKBAXHH B
HEYCTOWYMBBIX TOPHBIX IIOPOZAAX) 3TO YCHJIHE Oyner
HEJIOCTATOYHBIM JUIS 3aLICTIIICHHS IUTANIEeK ¢ BHYTPEHHEH
TIOBEPXHOCTHIO HAPYIKHOM TPYOBI.

B pesynpraTe BBIIOJHEHHOTO aHalHW3a CIELYET
OTMETHTb.

1.  JIoCTOMHCTBOM LEIBFHOKOPITYCHBIX CBHEMHBIX
KOPOHOK  SIBJSIETCS ~ OTCYTCTBHE  CEKTOPOB,  YTO
WCKIIIOYAeT  CKajblBaHHE  paboyMx  3IICMEHTOB
MOpoIopa3pyllaonero MHCTpyMeHTa. OpHako —ajs
Pa3BoOpOTa TaKMX KOPOHOK B BEPTHKAIBHOH IIOCKOCTH,
HEOOX0MMO HaJW4Ke CBOOOJHOTO MPOCTPAHCTBA MO
Oammakom. [Ipu OypeHMHM B TONIaX HEYCTOWYMBBIX
MIOPOJI TAKOE YCIOBUE MaJIOBEPOSITHO.

2. B CexTOpHBIX KOpPOHKax I[@HTOBOTO THIIA
ChEMHBIE CEKTOpa Kpemarcss Ha IUIAaCTHHYATBIX
NpYyXWHaX W Pa3BHTAIOTCI B paboduee MOJIOKEHUE
pacnopHbBIM JIEMEHTOM ( Harpumep,
KepHOIpueMHUKOM). HenocTaTkoM Takoro CheMHOIO
WHCTPYMEHTa SBISIETCA M PACIONIOKEHHE CEKTOPOB Ha
L[aHrax ¢ ONepeXeHHEeM KePHOIIPUEMHOMN YacTH, B CBSI3H
C 3THM H3-3a OOpYIIEHHOW M BBIJABICHHOH BHYTpPb
OarMaxa Iopo/ibl CEKTOpa IPHU CITyCKE MOTYT YIHPAThCS
B TIOPOJIy 1 HE COOPHEHTHUPOBATHCS] OTHOCUTEIHHO 11a30B
B Oammake. Takxke 3TO HE MO3BOJIUT KEPHOIPHUEMHUKY
PacKJIMHHUTh M TIEPEBECTH ChEMHBIE CEKTOopa B pabouee
MOJIOKEHHUE.

3. Ilpm OypeHmm c OIHOBpEMEHHOW O00CAIKOI
CTBOJIA CKBKHH MOTYT UCIIOJb30BAThCS ChEMHbIE
CEKTOpa CO ChEMHBIMH NHJIOT-KOpOHKaMH. OCHOBHOI

HCIOCTAaTOK TaKUX KOHCprKI_[I/If/'I — CJIOKHBIC Y3JIbI
nepeaaqn KPYTSALIEro MOMEHTA Ha
[OPOIOPa3PYILIAIOLINE SIIEMEHTBHI, PUMCHECHHE

CIICHHAJIbHBIX MUJIOT-KOPOHOK.

4. Haubonee mNepCHEKTHBHBIM MOXHO CYHTATh
BApUAHT UCIOJIHEHUSI CbEMHOTO0 MHCTPYMEHTA C IMUJIOT-
KOPOHKOHM W IIaHTOBBIMHU CEKTOPaMH, KOTOPBIH TpeOyeT
JOpabOTKH TI0 CIETYIOIINM HaIllpaBICHUSIM.

— Ilpu chnycke CbeMHOrO0 HMHCTPYMEHTa IWIOT-
KOPOHKa JOJDKHA OMEepeXaTh ChEMHBIE CEKTOpaA.
3T0 HUCKJIFOYUT paCKHI/IHI/IBaHI/Ie CBbECMHBIX
CEKTOPOB TMpPH IMEPEMEIICHUU IO 0O0CaTHOM
KOJIOHHE K 320010 CKBa>KHHEIL.

— PacnomosxeHne cbeMHBIX CCKTOPOB IO OalIMakoM
HC  JOJIDKHO OBITH CBSI3aHO C  HaAJUYUEM
OpHCeHTAaTOpa U I1a30B B HIDKHEH yacTH Oalmaxa.

— KoHcTpykums nomkHa o0ecreynBaTh HaJISKHYIO
nepeAady KpyTAIIETO MOMEHTa ¢ 00CamaHoH
KOJIOHHBI Ha CheMHbIE MUJIOT-KOPOHKY U CEKTOPA.
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— B kayecTBe NHIOT KOPOHKH LENECOOOpPa3HO
UCIIONIB30BaTh  CEpUiHBIE  KOPOHKH,  YTO
CYLIECTBEHHO YIPOCTUT KOHCTPYKIHIO CHEMHOTO
HOPOJOpa3pyLIAOIIEro HHCTPYMEHTA.
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3r3J1 FHIMIH IBCAT Halpcar HAr J caiixaH XYH...

Mexec MuHHI
one MOHXO
IPAATIX  BHY I
3PIOMT XYMYYCHUH
JYH[I, 9pAM HOMBIH
apuyH JIariH
epree 60J10X
- MVYUC-uitn TI/IC,
OAC, TUC, IIYTUC-g xarac 3yyH IIaxaM KHI
TacpanTryil aXWUIaX HMPCHII, 0J00 U YPIIDKIYYISH
QKWK Oaliraafaa MXI9XdH OaxapxaH Oaspiax, SHI
HAacHBI MHHB UX XYyBb 3as1a 9K CYCOIJIPH OWIIMpY SBIAr
OM.

Opxyyruita [IJ1C, anyyrasruitn UpHUTY Tterccen
9T3J1 SHTMIH WHKEeHep MuHU oueuiir 1975 onx MYUC-
nitH xapwsaansl [1JIC-n Garm Oonoxon yaupasara ux
LIOMXOH, 3axupai 33praaadd YBC aiMIuiH 3yYHXaHTai
cyMbiH yyryya Y.ABmaii Oarin MaaHb, XHUIDIUIH
9pxidrd  MaHaii 3aBxaH aimruiiH [laraanxaipxaH
cymbiH yyryya C.JlampaBaa Oarm Hap MaaHb OalicaH
IOM.

Appnaii OarmrTaiiraa aXwiiacaH OH O KIIIYYID.
TOXHOCOH MapTarjalilyd caiXxaH IypcaMiKyya OJOH
6uit. 1979 oHx yHaraH M3pTKWI MHHB 000X OpMuITH
WH)KCHEPUIH aHTH HISTIPH XUYIIIUMXII ABmail Garmr
MaaHb HMX YYpPAT TYHITIICOH, XOXXKMOO TOJUTOHBI
HIJITIH]] Hb XYPTAJ1 OMEUIdH OpoIoxk OaiicaH OysiHTa
HOTIDH.

ABnaii 6armr MaaHb anapTHyyATaiTaa. ..

AcCHHpaHTypT IWIyyJ Cypajilax »3pXTdi HpcaH
00JI0BY MUHHI OMe Oarmuiax a)kiaaa Xuiik Oairaazn 1980
OHJ aCIIUPAHTYPHIH INAITAIT 6TeXeJ OpOC X3JIHUH
manranteir C.I'ancan Oarmraii, HAMBIH TYYXHHT 3arn
OarmuifH OpONIIO0TON, XapHH MIPTIKIIMHH ATl THIT
ABpaii O6arm gaprataif KOMHACCT TYC TYC aM>KHJITTAM erd,
aCIHPAHTYPT Cypallax 3pXTIH 0ok OaiicaH oM. 3ax
xs3raapeiH OpxyyruiH IIJIC Terccen Hamailr Tepeix
Cypryylb MaaHb MaHal OpMHUHH  MIPTIKIIIP
Xamraanyyinax 3eBienryid ra3g, MI'PU, JIT'U 33par
TOBUIH TOMOOXOH CYPryyJINyJ ©6pCAUMHX Hb TOICOrd
ouI 60J10X00p 2 KUJI Tapyi XyJI33aracHuil gapaa 1982
OHBl 3UCPp TMHIT Hagaa 3XY-blH MockBaruiiH
leomoru-xairyynmetH 1338 cypryyiab (Mockosckuil
Teonozopazsedounutii uncmumym-MI'PH)-nitn
aCTMPAHTYPT Cypallllax ypwira-ayyajara HpIAT IOM.
1982 onsbl 10-p capaac MYUC-33¢ Tyypra Tycraapiaax,
oue maacan IIJIC Gomxk, OypammdxyyHO HB ['eomoru-
XaWryynslH QaxyiereT ([ PP) Galryynarjax, TYYHHUH
AHXHBI JIeKaH YYP3T TYHLPTIATY33p TOMUIIOTIOH 2 cap
apail XypaXry XyramaaHja axwiiax OalicaH Hamaiir
Jqyynaxan ABaai 0arim Maanb “...apatxutioe OeKan 0aic
MOMUIIIC, AJCUNILYYICAH HUHb A6AX OO0NAHCII, 29X0II
AaXa8, HACHbL 3anYy0  AGKHC 9POIM  cyp” TIK
ypHanraxHaap 3eBIIeepd, Oyp ypam 30pur erd Oaiican
Hb ©JIUI OJIOH XWJI CaHaaHaac rapAarryi oM.

AcnupaHTypaa Tercex, 3pJA3MT3H 00JI00 HPIXdA
MUHb OpxdoM ABnail OarmmitH MaaHb 3axWpliaap Hb
axwutax Oatican Tepenx [1JC maanb 3 epee opoH cyyi
XyBaapwiDK, T3p Haraac Xoum Oapar T3TrIB3pT rapriaa
XaIICaH TIHXMUNH dPXIATYHIH anbaH] TOMWIDK Oalican
oM. Tar?s TyxaifH yeadd MaHaia noTooanoo Y. Asnai
Oarm gapraTail TEXHUKWHH yxaaHaap SpJAMHWH 33par
XaMmraanyyJiax OpbIH raHIi 6eree 1 HATIACOH 36BIOIUNHH
THIIYYHI3p MHHHH OHe OJIOH KM a)XujulacaH OOJHO.
OH? 1 OH >KWIYYI3[A JOTOOAJN00 MaHal OpmuilH
MAPraxIp 11 raxaa JI. Tesxee, 3. Hamkun, I1.Canx Hap
SPAMUIH 33p3r XamraajicaH oM. Yiamaap ABpail Garm
MaaHb TOp TYMHHUIX?3 HUTIDIUHUT XYJI9H TOPUHH 3pX
O6apux YWX-bIH THIIYYH?3p COHTOTAOH aKHIUIAXK
GaticaHn. X0)XKHUM IOM J1aa, HAT3H ©J16p XHUU33JI 3aBcapiaaj
OpOOHIIOe OpXK HPTIT ABnail Oarm MaaHb MaHail
3acarjaiblH TIpryyH, Epenxuii caiin Gaiican [llapaBsin
I'yHraamopx ryaiitaii MaHail epeeH]I cyynraax Oaiimgar
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I0M, YUpBIT acyyBail ['yHraagopx ryail MaaHb OXHHJI00
ra3pelH TOCHBI CaJI0apT aXW/ulaX aXuil ajba acyyx,
QKIBIH OalipHBI MAIPAIAN aBaxaap ABmai Oarmaap
MaaHp ‘“‘3yywiIyyJaH MOPHICOH Hb T3P OM Oaiik, 3rai
SHIMMH caliXaH XyMyYC...

3a Terdn ABpaii O6arm Maanp ['aBpsaT, ApIbsH
0armr 11 angap IMONHBL I333] XYPCIH OOJIOBY aamn
3aH, aXy# COTTAIT3 YPbABIH M 3T3J1 YHTHITH, XYHIAT
SHAPAHTYH... TApIdp casixaH IOM Jaa, HOT yaaa “..ma
Hap wue MAwuH JHCoN000000 CYPHUUXCAH, HCONOOUULH
apxmatl 60100CoU, azaap Caixuro 2330 aicxar banxs0
HYMAaz2nacan YuHb asmoodyc ymada, amMbman XYHUll 3ae
uenee Xapax, eepulin 3pX33p HAAWL Yaaul 30pYUX
bonomacyii Hb MuMX3H batina” TK Oaibx O3, Nitm
JI 9r3J1 SHTUMH, 3pA3M OIOYHBI XYH 133, MaHail ABnai
Oarr...

ApneiH Oarmn, Axamemmd Y.ABmail Oarmm MaaHb
06pee aMbJI TYYX Hb O0moxwiH XyBbI Tepenx I1JIC,
TUC, ITYTUC-uiin 60 »KuIuiH 0iH TYYX3H 3aMHaJbIH
6 0oTh HOMBIH EpeHXuii penakTopoop axuiiacaH XYH.
OpxoMm Oarmi, 3axupan, akagemud, ['aBbsaT, ApAblH
OarmuiiH MaaHb X©JIeJIMOp 3YTI3J, OaliryyicaH rappsar
Tep TYMH?3C OHApPeep YHIDK MOHrol YJICHIH
XemenMmepuiiH 0Oaarap X3M33X IOJI OJTOX, AJNTaH
coEMO00p SHIIPUNT Hb MsJIAaCaH I 3T KUPUIH HATOH
“mpar”, spxs5M OarmmwmifHXaa yAHWpAJara 3aMHalaap
©6pTHH Hb aIUIIXaH 6TeNTIIOe 3aMHaX siBaa Oarim MHHUH
3ypBacXxaH AypcaMiK, COTIOIIAII HAT HAMAPXYY...

Opxam Tanpg - baarapraa, ApasH 6oi0H ['aBbsaT
Oarmrgaa, AkageMudiaa, aryy 3raji SHruiiH Tanmaa 6asp
XYPraxK, Dpyysd dHX, capyyJ caiixaH Oaibk, ypT ynaaH
HAaCJIaX, yJlaM HXUUT OYTIIXUUH OJBMUTIN epeesuiir
OPreH JPBIIYYJILE.

ITpodeccop K.IpB33HxKaB, 2021 0H.
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