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KOJIOHKA TJVIABHOIT'O PEJAKTOPA

Jlooputii oens, konnezu!
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2025 rom, Kak M BO BCE JAPYTHE BPEMEHA, CTPEMUTEIFHO HAOMPaeT CBOM TeMIl, Kak HaM BCerna Ka-

-

JKETCsI, IOTOMY YTO HAIIIa KH3Hb W CBSI3aHHBIC MKy COOOH IUIaHBI M MEYTHI KAK HHIMBHIYYMa U KaK
YJieHa 00IIecTBa yCTPEMIICHBI B OyJTyIiee B 3aBUCHMOCTH OT CPOKOB UX peasIU3allny.

Hamma ¢ Bamu npodeccruoHanbHas 00s3aHHOCTh TPEOyeT, 4TOOBI MbI BCeria ObLTH Ha OCTPUE COOBI-

TUI ¥ Ha CTpaHHUNAX JKypHAIa TOBOPHIM O TEX COOBITHAX M 3a00Tax, KOTOpbIE ObI IIOMOTAJI Ha TPO-
M3BOJICTBE M HAayKe CIEHHUallCTaM TPYAMTHCS Ha MEPEIOBBIX pyOekax, odecnednBasi 0€30MacHOCTS,

Mapar
JKakynosuy HKOHOMUYECKYI0 3P ()EKTUBHOCT M HAJIMYKE TIOCTOSIHHO JICHCTBYIOIIEH J0CTaTOUHOMH ChIPhEBOW 0a3bl.
butnmbaes B KazaxcTtane cocTosiHHE T€0JIOTHYECKOM OTPACIU U 3aBUCAIIETO OT HEe TOPHO-METaUTypPruvecKo-
211ABHBLIL PEOAKMOp

TO KOMIUIEKCA Ha HEKOTOPBIX CBOMX HAIIPABJICHUAX Tpe6yeT YCKOPEHHBIX KOHKPETHBIX peH.IeHI/II\/‘I. Onu
HeO6XOZ[I/IMI>I H 1JI1 SKOHOMHYCCKOI0O poCTa, U I COXPAaHCHUA peFI/IOHaHLHOﬁ 3aHATOCTHU HACCJICHMU,
U IJid J0JT0CpOYHOro (I)OpMI/IpOBaHI/Iﬂ B COOTBETCTBHU C MHUPOBBIM PBIHKOM W BO3MOXXHOCTAMH HAIICTO IrOCyJIapCTBa IJIAaHOB
TCOJIOTHYCCKHNX ITOMCKOB U PA3BEIKH.

Otkpsitre reonoramu TOO «lleHTpreonchbeMKay caMoro KpyImHOro Ha CETOAHSIIHHUN IeHb MECTOPOXKICHUS PEIKO3EMEITb-
HBIX METAJIJIOB, HOBBIC IOCTHKCHHUS B MOWCKAX MCTOYHHKOB MeIHU, OOBsIBICHHBIC IUIaHBI M0 ocBoeHuto [lly-Capeicyiickoro
OacceiiHa Ha OOHApYKEHHE MECTOPOXKICHUM MEIH, OXKHIaeMOE B T€UeHHE 35-TH JIET CTPOUTEILCTBO TOPHO-000TaTUTETHHOTO
komOuHara Ha [llasnkue, pa3BuTre XpOMOBO# oTpaciu u YKaiipeMcKoro pyIHOro paiioHa, pOCT 3aMacoB M MPOM3BOJICTBA 30J10Ta
BCEJISICT BIIOJIHE Peaji3yeMble HaICHKIbI.

Hapgexnap! Ha coxpaHeHUe U yBeIMYeHHE 101eBOoro ydactus KazaxcraHa B MpOM3BOACTBE METAJIOB Hapsy C HAIIMMHU BO3-
MOKHOCTSIMH B TOPHOH METaTypruu (OCOOEHHO B Pa3BUTUHU MPOMU3BOJCTBA KOMIUIEKCHBIX JKEIIE3HO-TUTAHO-BAHAANEBBIX Py
Oxn0-Bennxosckoe, Macanbckoe u ThiMitait), XumMudeckoi oTpaciu (yrnoOpeHus, Hox, OpoMm), TBEpABIX yIIIEBOJOPOIOB CTaBSIT
HaIlly CTpaHy Ha BeIyIHe MO3UIHUU B MUPOBOM PETHCTPE.

W3 npuBBIYHBIX TPAJUIMOHHBIX PETHOHOB, KOHEYHO, HEOOXOIMMO COXPaHUTh MOIIHOCTH B BocTouHom Kazaxcraune (ocoOeH-
Ho Kasnnnuka n Kazminerals) n Oonee BHUMATENEHO U KOHKPETHO PACCMOTPETh TypKeCTaHCKYIO 00JIacTh, B INIaHAX KOTOPOH IO
Pa3BUTHIO SKOHOMHKH BOOOIIE NCUE3/I HATTOMUHAHUS O TEOJIOTHU M TOPHOM IIPOU3BOZCTBE.

OsxuiaeMoe M OCYIIECTBISIEMOE Pa3BUTHE TOPHOPYIHOH COCTABISIONIEH B 9KOHOMUKE KBI3BUIOPIMHCKOH (BaHAAWH, IIWHK,
CBHHEII, KaJ]MHH, cepeOpo) u JKeTbIcycKoii (Boab(ppaM 1, MOXKET ObITh, CBUHELL, IIMHK, MEIb U Cepedpo) MMEIOT 10J] CO00it BIOII-
He peanbHbIe OCHOBBI. Tanupl-Kopranckas o0nactb B TedeHHE OyTyIInX IISTH JIET MOKET CTaTh eI OHUM 0OBEKTOM KPYITHOTO
METHOTO POM3BO/ICTBA OJaroapsi coapyKecTBy ¢ Pycckoii MenHON KoMIaHneH Ha MecTopoxaeHun Kokcai.

B nepcnexTuBHO OLIEHKE CleAyeT UMETh B BUAY BO3MOXHOCTH nepBoro B KazaxcraHe mpou3BOACTBA CIAHIEBOrO ra3a Ha
KennpipnbikckoM MecTopoxaeHun B 3aiicanckoM paitone BKO, menn Ha mectopoxnenusix Keizpuikaun B TapGarataiickom paii-
one BKO u Upncy B TypkecTanckol 00IacTH.

TaxoB Ha ¢eBpans 2025 roma mpuMepHEI 0030p mepenekTiB Kazaxcrana, Uit peaar3anui KOTOPBIX TPEOYIOTCS TOIBKO BOJIS
W YETKOE TUIAaHNPOBAaHUE Pean3aliy HalllnX MIaHoB B (hopmare co3nanns «Hosoro Kazaxcranay.

Topuwtit srcypnan Kazaxcmana Ne2’ 2025




B 120 JIET CBAPKA TOJIBKO HAYNHAETCH:
NTOI'N U IIJTAHBI PABBUTUA ESAB

B IIEHTPAJIBHOU A3BUU

ESAB — mupoBoii nmpousBoau-
Tenb 000pY/IOBAHUSI M MaTe€pHajoB
JUIS CBapKH M PE3KH METaJUIOB C
KaXJ[bIM TO/IOM YKPEIUISIET CBOU
MO3UIMN Ha pbiHKe [leHTpans-
HOM Azuu. B 2024 rony xoMmnaHus
HNpeICcTaBuila HOBUHKU TEXHOJIO-
TMYHBIX CBapOYHBIX arlapaTos,
a TaKKe IMPHHSAIA AaKTHBHOE yda-
CTHE B 3HAYMMBIX OTPACIIEBBIX CO-
ObITHsIX. [IpO0 OCHOBHBIE JTOCTHXKE- (|
HUS MIPOLUIOTO ToJa U O MJIaHaX Ha ‘
2025 ron Hamed pemakIuu pac-
ckazana Exarepuna Tarapunosa, nupekrop TOO 9CAB
Kazaxcran, pykoBoaute/b pernoia JCAB LlenTpanbHas
A3sus.

— ExartepuHa, pacckaxkuTe, MOXKaJyHcTa, KaK AaBHO
komnanus ESAB npeacrasiena B crpanax LlenTpanbHoii
A3nn?

— IMaptaepctBo ESAB ¢ mpeanpusiTusiMu permoHa Hada-
nock B 2007 romy, U BCce 3TO BpeMs MbI MOCTOSSHHO COBEP-
IIICHCTBYEMCSI, YYUTHIBAsI 3alIPOCHI OBICTPO Pa3BUBAIOIICTOCS
MIPOMBIIUIEHHOTO cekropa. bornee uem 15-metHee coTpynHu-
YECTBO MO3BOIMIIO HAM JTOCKOHAIBHO U3YYHTH OCOOCHHOCTHU
PBIHKA B CTpaHaX MPUCYTCTBU, HAYYUTHCS IOHUMATh TTOTPe0-
HOCTH HAIIMX 3aKa34MKOB, PAa3BHBATh U YKPEIUIATH MapTHEP-
CTBa C BElyIIIUMHU UTPOKAMH OTPACIIH.

— C kaKuMH NpeANpUsITUSMHE Bbl Beere padoTy, WM
3TO cekper?

e

T'opnutii sicypnan Kazaxcmana No2’ 2025

—Mory nepeuncianth Heckonbko. Hanpumep, B PecrryOnuke
Kazaxcran koMnaHusi COTpyAHHUYACT C TAKUMH KOMITAHHUSIMH,
kak xoprnopanus ERG, INonurexHU4ecKkuii KOIISIK KOPIO-
pannu «Kazaxmsicy, PSI Group, «Kazaxcran I[TapamaynT 1H-
xuHupHHDY (KPE), «JlokoMoTuB KypacTeipy 3aysITen (JIK3),
«Maker (Mboiikep) KJIM3», «Ka3zaxcran Kacriman Oddrrop
Wunactpuz TOO» (KCOI), «Amomunnii Kazaxcranay», «Illy-
6apKoIb KOMHUP», «DIEKTPOBO3 KYpacThIpy 3aybIThDy (DK3).
B KeIprei3crane Mbl COTpYTHHYAEM C 30JI0TOAOOBIBAIOIINM
npeanpustuem «Kymrtop lonn xommnanwm». IlnomorBopHas
pabota Takxe Beaercs ¢ [ocynapcTBeHHOM HEPTIHON KoMITa-
Hueilt AsepoOaiimxanckoit Pecniyomukun SOCAR, ctpowutens-
HOW KOMITaHMEH He()TEerazoBoro M NMPOMBIIUICHHOTO CEKTOpa
V36exkncrana ENTER Engineering, Beaymum npennpusituem
Tamxkukucrana — « TamxkukCIDOM»y.

—3naeM, uto B 2004 rony ESAB ormeTnaa coe 120-J1e-
THe. UTO 3TOT rojx mpuHec KOMIAHUM H MapTHepam?

— Jlist ESAB rox oka3aicst oueHb HaCchIIEHHBIM. biaroga-
psl OTIMYHOM paboTe KOMaHIBI MBI aJalTHPOBAIN TOCTABKH
TI0/T 3aIIPOCHI BPEMEHH U 00ECTICUMITH 3aKa34MKOB KaueCTBEH-
HBIM U HaJeKHBIM 000pynoBaHMEM. Tak, MBI IIPE3EHTOBAIH
MIPOU3BOJUTEIBHBIN aKKyMyJISTOPHBIM CBapOYHBIM ammapar
Renegade VOLT™ ES 2001, koTopsIii 1103BOJIsIET paboTars B
CJIOXHBIX YCIIOBHAX 0€3 IMOJKIIIOUCHHUS K JIEKTPOCETH. A KOM-
makTHBIH monyaBToMaT Rustler EM 350C Synergic crmocobex
BBIJICP)KMBATh BBICOKUE HArPY3KH, Onarogaps 4emy MOAXOIUT
JUIA IPUMEHEHHS B MPOMBINUIEHHOCTH M B CO3/IaHUM METall-
JoKoHCTpyKIMiH. Takke BOCTpeOOBaHHBIMHU OKa3alNCh MHO-
ropyHskunonansHele anmaparsi Rogue EMP 210 PRO, koto-
pble TO3BOISIOT 3(GEKTUBHO paboTaTh B MOJIEBBIX yCIOBUSIX.




O0opynoBaHKe MPOILIO POU3BOACTBCHHBIC TECThI B PA3HBIX
YCIIOBHSX JKCIUTyaTallMd, U MBI YK€ TIOTy4acM IMTOJOKHUTEIb-
HBIC OT3BIBBI OT 3aKa3YHUKOB.

Od¢unnansHas nara ocHoBanus ESAB — 12 cenrsops
1904 roma. imeHHO Torma B mIBeICKOM ropoze [erebopre
Hagao paborats mpenmpustiue Elektriska Svetsnings-
Aktiebolaget, ¢ mepBbIX JHEH 00Jee U3BECTHOE TIOJ] COKpa-
meHaspIM HazBanueM ESAB. M3naganbHo OHO 3aHHMAaIoCh
CBapKOil B CYIOCTPOCHUH, HO B OCHOBE OM3HEC-KOHIICIIIINN
BCEr/a CTOSUTM Pa3BUTHE CBAPOYHBIX TEXHOJOTUH H TPOH3-
BOZICTBO 00Opy/noBaHUs. B umcie MHOXKecTBa pa3paboToK
ESAB — texnonorus TIG, meTox ayroBoil CBapKH ILIaBs-
IIAMCS DIIEKTPOJOM B cpesie 3ammuTtHoro raza (GMAW) win
MIG/MAG. Komnanusi HI Ha MUT HE OCTAaHABIMBAETCS B
pa3BUTHH, BHEIPSISI HHHOBALIMY U 3a/1aBasi CTAHIAPTHI Kaue-
CTBa B OTPacIIy.

— Kaxkoe cooniTie 2024 roga 0ojee Bcero 3alOMHHJINCH
komangae ESAB?

— MbI mMpoKo OTHpa3IHOBAIN I0OMIEH HAa MEKIyHAPO.I-
Hol BbIcTaBKe «[OpHOE 00OpynoBaHMe, 100BIYa U oboraie-
HUE pya U MuHepanoB» — Mining and Metals Central Asia B
Anmarsl. Hamra koMania eIMHCTBEHHAsI CPEAN SKCIIOHEHTOB
MIPE3EHTOBAJIA TEXHOJIOTUHU U MaTepUaIIbl IS CBAPKH U PE3KH.
[To3npasute ESAB mpuexanu mMHOrue Hamu napTaepsl. Ha-
TIpUMep, MPOU3BOUTEIb M MOCTABIIHMK CIEIUAIBLHOTO 000py-
JIOBaHUS JUTSL KEJIEe3HONOpOXKHOM orpaciu Kasaxcrana Drive
Industry npencraBui gacTh penbca, OTPEMOHTUPOBAHHOTO C
HCIIONIb30BAaHUEM COBPEMEHHOM TEXHOJIOTHH aBTOMAaTHIECKOH
HarutaBku ESAB. Takke Ha OTKPBITOW TUIoIIaake paborana
Hallla Mepe/IBUKHAs CBApOYHAsi MACTEePCKasi, B KOTOPOH rOCTH
CMOTJIM OIIEHUTH BO3MOYXHOCTH O0OPY/IOBAaHMS Ha MPAKTHKE.
Jnst Hac 5T0 OBUT HACTOSIIMK MTPOQECCUOHATILHBIN MPa3JHNK
— C MHOXKECTBOM T'OCTEH, TI03/1paBICHUH 1 IPKUMH SMOIHSIMHU.

Taxke Xxo4y OTMETHUTh, uTO B mpourenmem rogy ESAB pac-
MIMpUIAa CBOE Y4acTHE B OTPACIIEBBIX COOBITHSIX B KauecTBE
JKCTIepTa.

- PaccxamnTe, rloma.ﬂyﬁcm, 0 HEKOTOPLIX U3 HUX.

— Becnoit 2024 rona B cronuie AsepOaiipkaHa KomIa-
Hus ESAB no3nakoMuia cnenuanvcToB M CTYIEHTOB NpO-
(DUABPHBIX KOJUTEIDKEH C KOMIUICKCHBIMH PEIICHUSMHU IS
CBapOYHBIX PaboT B pamMKax TeXHOIOTHYEeCKOTO CeMHUHAapa.
Mepomnpusatue 0710 OPraHU30BaHO MPHU MOIAEPIKKE HAIIETO
CTPaTEerMuecKoro napTHepa M JUCTPUObIOTOpA — KOMIIAaHUU
B.1.Profit Ha mmomaake bakuuckoro ['ocynapcTBeHHOTO LIeH-
Tpa npodeccHoHAIBHOTO 00pa30BaHus IIPOMBIIICHHOCTH H
WHHOBAIAH.

A ma mexayHaponHoil BeicTaBke Kazakhstan Machinery
Fair B Acrane Obu1 opraHusoBaH Kpymibiid cton «HoBoe
nokoJjeHue BeIoupaet besonacunocts. CoBpeMeHHBIE pele-
HUS B 00JIACTH CBapKH U PE3KU Ha MPOMBINUICHHBIX TPE/I-
OPUSATUAX CTpaHbly. CIEIUANHCTBl BEIYIIMX KOMIIaHUH

T'opnwuii scyprnan Kazaxcmana Ne2’ 2025




Kazaxcrana nmpeacTaBuiIn yclenrHble KeMChl MO0 OpraHusa-
U 0€30MaCHOTO MPOU3BOJICTBA HA MPOMBIIUICHHBIX TIPE/TI-
MPUSATHAX, a TAK)KE TOJICPKHYITH BaYKHOCTh OXPaHEI TPY/IA.
Eme ogHol 3HauMMOM CTpaHULEN cTalo ydyacTHEe B opra-
HU3AIIMU YEeMITMOHATOB MPO(eCCHOHANBHOTO MacTepCcTBa
Worldskills.

— Komnanus 4yacto nmpuHHMaeT ydacTtue B o0pa3oBa-
TeJBHBIX MPOEKTAX A MOJIOJACKH?

— Ja. JIns ESAB monpnepxxa maewkenust Worldskills u
JPYTHX MPO(PECCHOHANIBHBIX COCTSA3aHHUI SBISICTCS HEOTHEM-
JIEMOH 4acThiO PabOThI U 1OOPO# Tpaauiueit. i1 HaC OYeHb
LIEHHO JICTIMTHCSI CBOCH DKCIEPTHU30H C MOJIOABIM ITOKOJIEHH-
€M CBapIINKOB, CIIOCOOCTBOBATH TEM CAMBIM MX 3HAKOMCTBY
C MEXAyHapOJHBIMU TPEHJAMH H, KaK CJIEICTBHE, (OPMH-
POBaHMIO HOBOW KyJIbTYphl IPOU3BOACTBA. Tak, B paMKax
Worldskills Kazakhstan 2024 kommnaHusi COBMECTHO CO CBOMM
CTpaTernvyeckuM MapTHEPOM U JAUCTPUOBIOTOPOM B PETHOHE
WELDING COMPANY o6opynoBanu aist cekuuu «CBapod-
HBIE TeXHOIOTUM» 12 pabdounx noctoB. B 2025 romy Mer mpo-
JIOJDKHIIM TIOAIJICP’KUBATH ITPOEKT, TETIEPh Y)Ke B Y30EKnCTaHe.
Ha 5-m HammonmampHOM uemmmoHare paboumx mpodeccuit
Worldskills B CamapkaHie Mbl OpraHi30Bai pabOUYHe MOCTHI,
YKOMIUIEKTOBAHHBIE CBapOYHBIMH monyaBToMaramu ESAB
Rustler EM 350C PRO Synergic u HHBEpPTOPHBIMH yCTaHOB-
kamu Juis aproogyrosoii csapkn ESAB Caddy Tig 22001
AC/DC. Kpome 3TOT0, HAIIH 3KCIIEPTHI MPHHIN y4acTHe B
JIeJIOBOM IIporpaMMe, Ha KOTOPOM IPENCTaBUIM aKTyalbHbIE
TPEH/IbI CBAPOUHOTO JIejIa PYKOBOAUTEISIM TEXHUKYMOB H KOJI-
JIeIKEN CO BCEU CTPAaHBI.

T'opnutii sicypnan Kazaxcmana No2’ 2025

Lempro  mexxayHapomHoro asmwkenms — WorldSkills
International, B KoTOpoe Ha CEroAHSIIHUN J€Hb BXOIAT 89
CTpaH, SIBISIETCS MOBBIIICHUE CTAaTyca U CTaHIAPTOB IPO-
(ecCHOHANBHOM MOATOTOBKM MOJIOIBIX CIELHAINCTOB IO
BceMy Mupy. i MHOTHX TocymapcTB LleHTpanpHON A3un
MTOBBINIICHUE KadecTBa IMPO(ECCHOHATHHOTO O0pa30BAHUS
MOJIOAEXKH ABISIETCSA MPUOPUTETHOM 3anauell. Tak, 2025 rox
00bsiBiicH B Kazaxcrane ['ogom pabouux mpodeccuii ¢ 11e-
JIBIO Pa3BUTHS MPO(ECCHOHANIBLHOTO 00pa30BaHUsl M CUCTE-
MaTH3alH PhIHKA TPyZla pabodYnX CHENHaINCTOB. A OTHON
u3 1eneit crpaterun «Y3oekucrtan — 2030y sBiseTcs ycuie-
HUIO CBSI3€H MEXIy 00pa30BaTEIbHBIMU OPraHU3AIMSIMH U

“WORLDSKILLS SAMARKAND-2025"
V MILLIY KASBLAR CHEMPIONATI
26.01-04.02.2025

NPEACTAaBUTCIIAMU TPOMBIIIIICHHBIX HpCZ[HpHHTPIﬁ.

— Hopesurech, moxkajayicra, IJIAHAMM KOMIIAHUM B
HentpanbHoii A3uu Ha 2025 ron.

— Orot rox st ESAB oGemtaet ObITh eliie Oosiee HachINICH-
HBIM U PE3yJIbTaTHBHBIM. Briepen MHOTO IUTaHOB, B TOM YHCIIC
3aIyCK MPOAYKTOB M TEXHOJOTHIA, PACIIMPEHHUE HPHCYTCTBHS
Ha PhIHKE M yYacTHE B CaMbIX aMOHMIIMO3HbIX IpoekTax. Harmx
3aKa34MKOB JK/IyT YCOBEPIICHCTBOBAHHBIC MOJIEIH CBAPOUYHBIX
anmapaTroB U HOBbIC pereHus. Hampumep, Ha nomxozne Ooee
(yHKIMOHATIBHAS BEPCHsI CBApPOYHBIX WHBEPTOPOB JIMHCHKH
Warrior ¢ QyHKIIUSIMU JUTSI CBAPKH KOPHEBBIX [IIBOB M TOHKOJIH-
CTOBOTrO MeTa/lia. Mbl IJIAHUPYEM BBIATH HA HOBBIC JIs ceOst
PBIHKH,  TAKKE YBEIMYUTD MOICPIKKY 00Pa30BaTEIIbHBIX IPO-
rpaMM JJIsl CTYZIIEHTOB Koiuie/pked [leHTpanmbHON Asum. YBe-
peHa, 4TO HaIMX MapTHepoB, komMaHay ESAB u Bcex eauHo-
MBIIICHHUKOB OXKHIAFOT MIPOIYKTHBHAS Pad0Ta M JIOCTHKCHHC
HOBBIX BBICOT B Pa3BUTHUU TCXHOJIIOTHYHOCTH.

SERTIFIKAT
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KosxxeBunkos FOpuii AnapeeBuy
Pyrosooumenv nanpasnenus npouszeoo0cmed 1umbvs
AO «OKI Cepsucy, kanouoam mexHudeckux HayK

JlanuH BukTop OJieroBny
Kommepueckuii oupexmop AO « KT Cepsucy

HOBOE DO®®PEKTHUBHOE PEINEHUE J1JI51
I'OPHOAOBBIBAIOIIIEAU ITPOMBIINJIEHHOCTMU:
MOAEPHU3SAIIUA CTPEJIBI HHATAIOIIET O

IKCKABATOPA 211 10/70

[oBprmenne mokazareneil APPEeKTHUBHOCTH W TIPOU3BOMIHU-
TEIBHOCTH TOPHOW TEXHHKH M O0OPY/IOBaHMSI Ha TOPHOIOObI-
BAIOIIUX MPENPUATHSIX SIBISETCA aKTyaJbHOHM 3afaueil B co-
BPEMEHHBIX YCIOBHAX. J[OCTIKEHNE IIIaHOBBIX TOKa3aTeseH
TIPON3BOIUTEIILHOCTH TOPHON TEXHUKH Ha YIIIEI0OBIBAIOIINX
MPEANPUATHAX — 3a7ada 3Ha4uMasi, MOCKOJIbKY TEXHOJOTHUS
BeJIeHUs JTOOBIYM yIUII OTKPBITBIM CIIOCOOOM XapaKTepU3yeT-
Csl BBICOKHUM KO3()(HITMEHTOM BCKPBIIIN, TTO3TOMY YTOJIbHBIC
TIPEIIPHUATHSL PaHbIIE JPYTUX JOOBIBAIOIINX OTpaciell Hada-
JU ¥ TIPOJOJDKAIOT SKCILTyaTHPOBATh IKCKABAaTOPHI OOJNBIION
equanuHON MomuocTy: DIII-10/70, DII-13/50 u DIII-14/50
(HKM3), mHaxomsmmecs B skcuryatanuu ¢ 1970-x romos, mpo-
IIE/IINE HECKOJIBKO MOJICPHU3ALMH U KalIUTaJIbHBIX PEMOHTOB.

B crnoxuBIIUXCS yCIOBUSAX, 110 U3BECTHBIM MPUYMHAM, 3a-
BOABI-M3roTOBUTENU, B yacTHocTh HKM3, onenk-Iopmain
HE UMEIOT BOBMO)KHOCTH TIOCTABIISThH 3aMacHbIC YacTH K JIaH-
HBIM MOJIETISIM HKCKaBaTOPOB, KOTOPBIE IO-TIPEKHEMY BOC-
TpeboBaHbl. J[epUIUT B Ka4eCTBEHHBIX KOMILIEKTYIOUIMX M
3aMacHBIX YacTSX OLIYIIAeTCsl 0COOEHHO OCTPO.

Ha omHoM m3 pa3pe3oB ymiie00bIBAIONIETO MPEATIPUATHS
B «CYDK-KpacHosipck» mosBuiach HeOOXOIMMOCTH B TPHOO-
pereHun crpensl mararoniero skckasaropa DI 10/70. Tpe-
OoBaHUS K OOLIEH KOHCTPYKIIMM CTPEJbl DKCKaBaTopa M ee
Pa3MYHBIX 3JIEMEHTOB OBUIM 0003HAYEHBI ¢ TO3UIMN TTOBBI-
meHust 3QEKTUBHOCTH HKCIUTyaTalluy, yAeIeHUs BHUMAHHS
BOTIPOCY TIOBBIIICHUS HAIEKHOCTH U OE30IacCHOCTH Y3JIOB
KOHCTPYKIIMH CTPEJIBI TPH €€ 00CTy)KUBaHUH.

Crrermmanuctsl yensonackoro npennpusitus AO «9KI'Cep-
BHC» B3sUTHCH 3a PEIICHHE ITOCTABICHHON 3a/1auyl M Ha 3Tare
HCCIIEIOBAaHNA M M3yUYCHHS OIBITA SKCILTyaTaI[lH, MOIEPHU3A-
un crpen skckaBaropo DIl 10/70 Ha MHOTHX TOPHOLOOBI-
BAIOIINX MPEATPHUATHSAX, B TOM YNCIIE U IETAIBHOTO U3YIEHHS
yCIOBHUH 3KCIITyaTalluy Ha MPEINPHUITHN 3aKa3unka, 3a(uK-
CHPOBAJIM OCHOBHBIE HEJIOUETHI: ClIa0ble MeCTa B KOHCTPYKIIH-
SIX CTpeI, Heyo0cTBa /yist 0€3011acHOTO Mpoliecca SKCILTyara-
LU ¥ PEMOHTHOTO OOCITY KHBaHNSI.

CI0)XHOCTh KOHCTPYKIIMHU CTPEIBI U HATUIHE HECKOIBKUX
BUJIOB Harpy30K TpeOOBaJIO MPUMEHEHHUS CIEIUABHBIX MTPO-
rpamMM JUIsl TOYHOTO pacdeTa HaNpsDKeHUs. Y UHThIBast HE0O-
XOJMMOCTh TOUYHBIX PACUETOB, CHEIUAIUCTBHI MPEATPUATHS
AO «39KI'CepBHC» COBMECTHO ¢ YIeHBIMHU Kadeapsl « opHbIe
MAaIIMHbl ¥ KOMIUIEKCH» MPOPad0Talyd U MOMYUHINA Pe3yiib-
TaTbl HEOOXOAMMBIX M3MEHEHUH B KOHCTPYKIMH CTPEIBI C
NPUMEHEHHEM HOBEHWIIMX TexHoioruil 3D mpoexkTtupoBaHus,

TIO3BOJISIFOIINX OMPEIENUTh 3HAUCHUSI HANpsDKEHUH BO BCex
ANIEMEHTAaX CTPEJIbl, MOJ00paTh paloOHaJIbHbIE TeOMETpHYe-
CKHE IapaMeTphl M BHECTHU JJIEMEHTHI MOJICPHU3AINH, TEM Ca-
MBIM YITyUIIUTh TapaMeTPhl METAJUIOKOHCTPYKIIUH, & UMEHHO:

* 10 pEe3ylbTaTaM pPacueTOB M COCTABICHHBIM MOJEINSIM
BBITIOJTHEHBI HUCCIIEOBAHUA ISl HECKOJIIBKUX PACUYETHBIX TO-
JIOKEHUIl KOBIIA, OMNPENENECHO: YCIOBHE MPOYHOCTH BBINON-
Hsetcst. KoapdumuenT 3amaca mo mpenery Tekydecta 1,78.
VYcnosue ycToitunBocTH BhIMonHsAeTCs. Koaddumment 3amaca
o yctolyuBocTH > 9 (puc.l);

SVM[H/MMA 2], SVM[H/MMA2],SVM[H/mmA2]
250

2344
218,8
203,1
187,5
1719
156,3
140,6

\1s7mna
N 154MMa

170 Mra

15,63 T 174Mna

4 194 MMa

Puc. 1. Kapra nanpstkenmii

* pa3pa0oTaHa KOHCTPYKIHS MEPEXOAHOTO KOHyca C BHY-
TPEHHUMHU PeOpaMH JKECTKOCTH («IUIABHUK aKyJbl»), YTO MO-
3BOJIMIIO 3HAYUTEIILHO YIIPOYHUTH KOHCTPYKIMIO U CHATH BHY-
TpeHHee HanpsDKEHHe y37a (pruc. 2);

SVM[H/mm 2]
250

2344
2188

252 MMa

93 Mrlla

- 55 Mrlla

— 26 MlMa

_— 42 MIlla

TZ 82 MMa

Puc. 2. PesynbTarhl pacyera HANPs2KeHUH UIs1 KOHYCa
HHMKHEH CeKIun
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Puc. 3. JlecTHHIIBI 17151 0CMOTPA CTPEJIbI

* n3MeHeHa (opMa KAIUIeBHJHOM CEpbId, YTO IMO3BOJIMIIO
YBEIIMYHTD €€ IPOYHOCTD B JIBA pa3a;

* 3aMEHEHBI POJIMKH Ha MOIIMITHAKAX Ha PEIIbChI C BO3MOX-
HOCTBIO OBICTPOI 3aMEHHI;

* JIECTHHIIBI JUISL OCMOTpA, Pa3MelICHHBIC TI0 00 CTOPOHEI
CTpenbl — cOaTaHCHPOBAIN METaJUIOKOHCTPYKIHIO 110 Harpys-
Ke. B KOHCTpYKIMH ONpeneneHo ONTHMalbHOe 3HAdeHHe yIia
HAKJIOHA JICCTHHI] ¥ IUTOIIAJOK JUIsi 0OCTyKUBaHWs (TUIOIIaIKa
MPOXKEKTOPOB, IUIOIIAAKH MHJIOHOB, IUIOIIA/IKa TOJIOBBI CTPEIIBI)
OTHOCHTEINIEHO TOPH30HTA, YTO 3HAYUTENHHO OBBICUIIO YPOBEHb
0€30M1acHOCTH TIepEMEILEHH TIepCOHalIa IIPH OCMOTPE CTPEJIBI;

* 3aMEHEHO 3aBOJCKOE IOKPBITHE CTYINEHEK W ILIOLIAT0K
00CITy)KMBaHHUS Ha OLMHKOBAHHBIN IIPECC-HACTHII, YTOOBI U3-
Oe)xaThb HAIUMAHMS M HaMep3aHUs CHera B OCEHHE-3MMHHUE
Heproabl M 0e301acHO IepeBUTaThCsl IepPCOHay IO JIeCT-
HUYHBIM MapinaM (puc. 3);

» mpuMeHenne ctanu mMapku 171'1C-Y mo3Bonmmino 3Hadu-
TEIIBHO MOBBICUTh YCTOHYMBOCTE CTPEINBI K BO3JEHCTBHIO 110~
BBIIICHHOTO JIaBJIeHHsI, KpailHe HU3KUX OTPULATEIbHBIX TeM-
nepaTyp (BBIPOC Mpeaes X0IO0A0CTONKOCTH MeTajlIa) U TeMIIe-
paTypHBIX Hepenaos;

* yIy4mleHHe KOHCTPYKLHMH BEPXHEro Mosica IMO3BOJIMIIO
YIPOCTUTH KOHTPOJIb CBAPHBIX LIBOB. B M3roTOBIEHHH KOH-
CTPYKIIMH NMPHUMEHEH MeTauTndeckuid auct (12 M) — 310 CHHU-
3MJIO KOJIMYECTBO CBAPHBIX IIBOB IPAKTHYECKH B J[Ba pasa.

Taxum 00pa3oM, HaITMYHE JOCTATOYHBIX TPOU3BOACTBEHHBIX
momazeil, o0opyIoBaHUS W KOOIEpally C JPYTUMH Tpes-
NPHUATHSAMI ¥ HayYHBIMH OPTaHU3aLMAMU MO3BOJIMIIO CHELH-

amuctam npennpusatusi AO «9KI'CepBucy CpoeKTHPOBaTh 1
W3TOTOBUTH cTpery dKkckaBaropa D11l 10/70 B 3a1aHHBIE CPOKH,
C HaJIeKAIIUM KadeCTBOM, YCIIEIIHO OCYIIECTBHThH €€ Iep-
BUYHYIO COOPKY M IIPOBECTH IMPHUEMO-CIATOYHBIC HCITBITAHHS
Ha TIPOM3BOJCTBEHHON IIIOMIAAKE C YIETOM BCEX TPEOOBAHHA.
Pe3ynbTaToM HCHBITAaHKH CTAI0 MOATBEPKICHNE COOTBETCTBHSA
M3TOTOBJICHHOTO M3/ENNS BCEM TPEOOBAHUAM MPEATIPUSTHS 3a-
Ka3uuKa — ObUTH O()OPMIIEHBI COOTBETCTBYIOILINE JOKYMEHTBI.

B pesynprare MOAEpHU3AIMU CTPEIBI €€ Macca yBEIUUH-
mack Bcero Ha 2,8 T (¢ 52 mo 54,8 T, M0 HOpMaTHBaM JOIMYCTH-
Mo 110 60 7).

B compoBoxnenrn k M3menwro ObUT MPHUIOKEH IMOITHBIN
KOMIIJIEKT PEMOHTHO-TEXHOJIOTHYECKOM M 3KCIUTyaTallioH-
HOW JIOKYMEHTAallMM Ha OCHOBE JCHCTBYIONIIMX CTAHIApTOB U
TpeGOBaHMH AJIs1 TOPHOJOOBIBAIOIINX TIPEATIPUATHIA: ACTIOPT
n3aenns, GopMyIsip, TEXHOJIOTNIECKOe PYKOBOJICTBO HA MOH-
TaX-IEeMOHTaX, COOPKY-pa300pKy CTPEIBI, METOMKA HIBEIIH-
POBKH CTpPEIIBI, PE3yIbTaThl PACIETOB HA TIPOYHOCTb.

B pamkax rapaHTUHHOro cpoka M aBTOPCKOTO Haja3opa 3a
n3eIneM, pa3paboTunKaMy 1 MOCTaBIIUKAMU CTPEITBI B aTpe-
ne 2024 roma OBIT MPOBEICH KOHTPOIb €€ (PaKTHIECKOTO TEX-
HHYECKOTO COCTOSHUSI TIOCJIE IKCIITyaTalluy B OCEHHEe-3UMHHE
nepuosbl. Pe3ynbraTel, MONMyYeHHBIE B XOJE KOMIUIEKCHOM
OLIEHKH TEXHUYIECKOTO COCTOSTHHSI MOJIEPHU3HPOBAHHON CTpe-
mel 9KckaBatopa OL 10/70, cBUAETENbCTBYIOT O €€ Hajjie-
JKAIeM COCTOSHUM. YIIBTPa3ByKoBas Je(PEKTOCKONMS IIBOB
METAJUIOKOHCTPYKIIMM CTPENbl HE BBIABMIIA KaKUX-THOO Cy-
IIECTBEHHBIX OTKIOHEHHH.

Puc. 4. Ctpena sxckaBaropa DI 10/70 na niowmaake [poussoaurelisi
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C MomeHTa COOpKM M MOHTa)Xa MOJICPHHU3MPOBAHHON
crpenbl skckaBaropa DI 10/70, skcrutyarupyemoro B «CY-
OK-KpacHosipck», nporuio 0osbiie 18 MecsieB U 3TOT nepu-
OJ1 OKCIUTyaTal[K SKUIIaXKeM HKCKaBaTopa 1 00CITyKUBAIOIIUM
MIEPCOHAJIOM XapaKTEPH3YETCsl MOJIOKHUTEIBHO: METaJJIOKOH-
CTPYKIIUS CTPEJILI HAXOJHUTCS B XOPOILIEM TEXHHUYECKOM COCTO-
SIHUM U, BBITOJIHSISL CBOIO (DYHKIIMIO, ITO3BOJISIET 00ECIIeUnBATh
3aJlaHHbIE [UIAHOBBIE ITOKA3aTEIH.

Puc. 5. Ctpena 3xckaBaropa I 10/70
Ha npennpusiTun 3aKkazunka

Jlanee, OCHOBBIBasICh Ha OCBOSHHBIX TOJIXO0aX K HCCIIEI0-
BaHMIO YCJIOBHH DKCILTyaTallid U JETaJbHOTO aHalM3a MoKa-
3areneil AKCITyaTalii TOPHOH TEXHHKH Ha TOPHOIOOBIBAIO-
X npeanpuatusx, cnernuanictel AO « KT Cepsucy mpose-
JIH pabOoTHI:

* YCOBEPIIECHCTBOBAIN KOHCTPYKIIUN I'yCEHUYHBIX paM dKC-
kaBaropa DKI'-10, paboratomero Ha Muxaitnosckom ['OKe, ¢
LEJIbIO MOBBIMNICHUA NPOYHOCTHBIX M OKCILTyaTallUOHHBIX Xa-
pakrepucTuk (puc. 6);

* miepepaboTaiy KOHCTPYKIMIO KOBIIA MIAraroliero 3Kc-
kaBaropa DIl 40/85, paboratomiero Ha paspese TyrHyickuii
(CYDK), ¢ nenpio yny4qileHus MPOYHOCTHBIX XapaKTePHUCTHK.
B KOHCTpYKIMM NPUMEHEHBI 2JIEMEHTHI, IIO3BOJIIOLIUE YBE-
JIMYUTH TI0KA3aTeNIM M3HOCOCTOMKOCTH: 3aMCHCHBI ICKU U3
JIMCTOBOTO IPOKaTa Ha JINTHIC AIIEMEHTHI U3 BBICOKOIPOYHOI
HU3HOCOCTOMKOM cTanu. MI3MeHeHus1 KOHCTPYKLMY OCHOBAaHbI Ha
pe3yibTaTax BBIMIOJHCHHBIX PACUCTOB HA MPOYHOCTH C YUYETOM
MaKCHMAaJIbHOM Harpy3KH 3JI€MEHTOB KOBIIA, MpuMeHeHn: 3D
MOZIETUPOBaHus (pUC. 7), YTO O3BOJISIET FAPAHTHPOBATH 6€30T-
Ka3HYyI0 KCIUTyaTaluio padodero o0opy1oBaHus IPH COOTBET-
CTBYIOIIHMX PEKUMaX M YCIOBHUIX PabOTHI 9KCKaBaTopa.

Ha ceromusamuuii genp psaa mnpexnnpuatuil PecmyOmmxu
Kazaxcran, a umenHo AO «CCI'TIO», AO «Amomunnii Ka-
3axcranay, AO «llly6apkons komup» (ERG), Arcelor Mittal,
AO «Kazdochar», TOO «borarsips Komupy, Koprnoparms
«Kazaxwmpicy yxe corpynanuaior ¢ AO «9KI'CepBuc» B ya-
CTH 3aKpBITHUA HOTpeGHOCTeﬁ B 3aIIaCHBIX YACTIAX U KOMIIJICK-
TYIOIMX K TOPHOW TeXHUKE U 000pynoBaHnio. CreuanInucThl
xommaunn AO «OKI'CepBuc» roToBsl HNPUHATH ydyacTHE B
pelieHnH BOPOCOB MOICPKaHUs pab0TOCTIOCOOHOCTH MMe-
IOMINXCA TOPHBIX MalllMH B COCTOAHWU, MO3BOJIAOIIUM JOCTU-
TraTb HAMCUCHHBIC IIJIAHOBBIC ITOKA3aTCIIN.

B nactosmee Bpems y xommanun AO «3KI'Cepsuc» ectb
HeO6XO}IHMBIﬁ TIOTCHIIMAJI: llOCTaTO‘IHI)II\/'I OIIBIT, TIPOU3BOA-

Puc. 6. I'ycennunasi pama sxckaaropa JKI'-10
HA MJIOIIA/IKe H3TOTOBHUTEJISI

Puc. 7. 3D monenupoBanne KOBLIA IIATAK0LIET0
skckaBaropa JIII 40/85

CTBEHHBIC MOIIHOCTH, TeXHHYecKas 0a3a, COOCTBEHHBINH KOH-
CTPYKTOPCKUH OTJEN, BO3MOKHOCTh B3aMMOAEHCTBUS C Hayd-
HO-HCCIIEI0BAaTeNbCKUMH HHCTUTYTaMU. Peanmu3yst [IpoekTsl o
W3TOTOBJICHUIO W TIOCTaBKE OOOpPYNOBaHMS, KOMIUICKTYIOIINX
W 3allaCHBIX YacTe Ha TOPHOOOBIBAIONINE MTPEANPHUSTHS, UC-
MONB3Ys CYIIECTBYIONINE BO3MOXKHOCTH, €CTh BCE IIAHCHI, YTO-
OBl ATOT MOTEHIINAT PACKPBHIT.

B xommnanum paspaborana crparerust passutus g0 2030
roga. OHa OCHOBaHAa HAa Pa3BUTHM TEXHOJOTHYECKOW Oasbl,
Ha NPUMEHEHUH MNOCIEAHUX JOCTUKEHUH HAYKH, TEXHUKH U
TexHonoruil. IlommTrka npennpusaTus HaleneHa Ha JOCTHKe-
HHE CTpaTerHYecKuX Lesied W YOBIETBOPEHNE NOTpeOHOCTEH
3aKa3zunka, OCHOBY KOTOPOH COCTABISIIOT 33[a4M MOBBILIEHUS
KadecTBa M3rOTaBIMBAEMOM MPOIYKIMHU, COOIIOIEHHE CPOKOB
TIOCTaBKH, 00ecIiedeHHe aBTOPCKOTO CONPOBOX/ICHUSI U COOT-
BETCTBYIOIIIEH rapaHTHEN.

T'eorpagus nocraBok (kapra)
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B3pbiByarble BewjecTsa

Kox MPHTH 52.13.21

*A.C. Typaaauesa'?, B.P. Pakuiues!, P.B. F'aBpuiko’
ISatbayev University (2. Aamamol, Kazaxcman),
’TOO «HIIII «HUnmeppuny (2. Armamel, Kazaxcman)

PASPABOTKA U ITPUMEHEHME
HAU3KOIIJIOTHBIX B3PBIBYATLHIX BEIIIECTB

AHHoTanus. B naHHO# cTaThe pacCMOTPEHO IPUMEHEHUE HU3KOIUIOTHEIX BB (B3pbIBUaTHIX BEIIECTB), HCIOIB3YEMBIX IS IPOBEACHHUS B3PBIBHBIX PA0OT IIPH OTPadoT-
K€ KOHTYPHBIX CKBaKHH ISl 00eCIIeYeHHs YCTOHYMBOCTH OOPTOB Kapbhepa Ha OTKPHITHIX TOPHBIX paboTax. Takke paccMOTpeHBI 0COOCHHOCTH JICTOHAIMH HU3KOTIOTHBIX
BB, pacnipezienenue yaapHoii BOJHBI 10 MACCHBY FOPHOW MOPOJIbI U PACIIpeIeICHUIO YIapHO BOJIHBI 110 caMoil KOJIOHKe 3apsiaa BB, npeanaraercst aiprepHaTUBHbBII cO-
CTaB U METOZ M3roToBIeHHs: BB 111 tanHOrO Bria paboT ¢ MpHMEHEHHEM MPHHIUIHAIFHO HOBOTO MOX0/a K HCIIOIB30BAaHUIO AMMHAYHO-CeMUTPeHHBIX BB. Pesynbrarst
HCCIICIOBAHHUHN MO3BOJSIIOT MOATBEPAUTH NMPEHMYIIECTBO IPUMEHEHNE HU3KOIUIOTHEIX BB Ha 0CHOBE Ipo0JIeHON aMMHAYHOM CEIUTPBI ¢ H00aBICHHEM 3HAYUTEIBHOTO
KOJINYECTBA PA3yILIOTHSIONIEH JOOABKH Kak NPH B3PbIBAHUH KOHTYPHBIX CKBKHH, TaK U IIPH IIPOBEICHUH BCKPBIIIHBIX B3PBIBHBIX paOoT.

Knrouesnie cnoea: nuzkoniommuule 63pbleuamoie 6ewecmad, KOHNypHoe 63pbléaniie, OpobieHblil OKUCIUMEIb, MEXHONO02Us, U320MOGIEHUE 63PbLEUANIBIX BeleCms.

Tomen TBIFBI3IBIKTAFBI )KAPBUIFBIII 3aTTAP KACAY JKOHE KOJTAHY

Amnparna. by mMakaiaza amblK Tay-KeH jKYMBICTapbIHIa Kapbep OOPTTapbIHBIH TYPaKTHUIBIFBIH KAMTAaMachl3 €Ty YIIiH KOHTYPIJBIK YHFbIMAIap/bl OHICY Ke3iHIe
JKapBUIBIC KYMBICTAPBIH XKYPTi3y YIIiH NaiiaJaHbUIaThIH TOMEH ThIFBI3ABIKTAFb XK3 Kongany Kapacteipbuiral. CoHaii-ak, TOMEH THIFBI3IBIKTAFb! JK3 1eTOHAIMSCHIHBIH
€pEKIIeITKTEPi, Tay KbIHBICTAPBIHBIH MACCUBI OOMBIHIIA COKKbI TOJIKBIHBIHBIH Tapaitybl koHe JK3 3aps/bIHbIH OaraHbIHBIH €31 OOMBIHIIIA COKKBI TOJIKbIHBIHBIH TAPaIIybl Ka-
PACTBIPBLIANIBI, AMMUAK-CEIUTPANBIK JK3-1IbI KONIaHYABIH TyOereiiii xaHa ToCiIiH KOIaHa OTIPBII, JKYMBICTBIH OCBI TYPI YiiH JK3 sxacayblH 6anama KypaMbl MEH 9J1ici
YCBIHBUIA/IBI. 3ePTTEY HITHIKENIEPi KOHTYPIIBIK YHFBIMAIIAP/bI XKapy Ke3iHze e, apily sKkapy jKyMbICTapbIH XKYPrisy Ke3iHJE 1€ KOICBHITKBIII KOCIAHBIH S1dyip MeJIIepin
KOCBIII, YCaKTaJIFaH aMMHAK CEJIUTPAChl HETi31HIe TOMEH ThIFbI3ABIKTHI JK3 KOJIIaHy/IbIH apThIKIIBUIBIFBIH PACTayFa MYMKIHJIIK Oepei.

Tyitindi co30ep: momen molebl30bIKMARbL, HCAPLUILLIUL 3AN, KOHMYPIBIEK, ACAPLLILIC, YCAKMATILAH MOMbIKMbIPRbI, MEXHOI02US, JHCAPLIZbII 3AMMAPObLH JICACATLYbL.

Development and application of low-density explosives

Abstract. This article discusses the use of low-density explosives used for blasting operations during drilling of contour wells to ensure the stability of the sides of the
quarry in open-pit mining. The features of detonation of low-density explosives, the distribution of the shock wave over the rock mass and the distribution of the shock
wave over the explosive charge column itself are also considered, and an alternative composition and method of manufacturing explosives for this type of work is proposed,
using a fundamentally new approach to the use of ammonium nitrate explosives. The results of the study allow us to confirm the advantage of using low-density explosives
based on crushed ammonium nitrate with the addition of a significant amount of decompression additive both during the blasting of contour wells and during overburden.

Key words: low-density explosives, contour detonation, crushed oxidizer, technology, manufacture of explosives.

BBenenne

OnHUM 13 TEPCIEeKTHBHBIX HANpaBlIE€HUM BeAeHHs Mia-
JSIIAX B3PBIBHBIX PAa0OT MPH OTKPBITOW JOOBIYE TOJIE3HBIX
HCKOIIaeMbIX MOXKET CTaTh NMPUMEHEHHE HMU3KOIUIOTHBIX BB
CEHCHOWIN3UPOBAHHBIMHY JIETKUMH MaJIOIPOYHBIMU TPaHYyJIa-
MU, HallpuMep, TpaHylaMH MOJIUCTUPOJA. DKCIEPUMEHTAIb-
HO JI0Ka3aHO, 4To BB, ceHCHOMIN3MpOBaHHBIC TpaHYIaAMHU
MIEHOMOJIMCTUPOIIA, IOMYCKAIOT PyYHOE U MEXaHU3UPOBAHHOE
3apsKaHUe CKBAXKMH M HECMOTPSI HA HU3KYIO IUIOTHOCTb, CO-
XPAHSIOT CIOCOOHOCTB K JICTOHAIIMOHHOMY pa3ioxkeHnto BB.

BB, ceHCHOWIN3MPOBaHHBIC IPaHYJIAMH [IEHOMOIHNCTUPO-
J1a, TIO3BOJISTIOT ()OPMUPOBATH CKBAYKUHHBIN 3apsifl, IPAKTHYC-
CKH HE TOJIBEPKEHHBIN ycaJKe Moj AeWCTBUEM T'MAPOCTATH-
YECKOTro JIaBJIeHMsI, a M3-3a MaJblX IUIoTHOCTe BB ciemyer
OKUJaTh HU3KUHU YPOBEHb JIaBJICHUS B3PHIBHBIX Ta30B B CKBa-
JKUHE, 9TO OJIATONPUSITHO BIUSCT HA PE3YJbTaThl MPHU IHAMIS-
ieM B3pbiBaHuu [1].

Ocobennocmu oemonayuu Hu3Konjiomuslx BB

Psin uiccienoBanmii OKa3bIBaeT, YTO B HU3KOILIOTHBIX BB,
MOJIyYEHHBIX MPU CMEIIEHUU OKUCIHUTENSI C TOPIOYUM C JI0-
OaBJICHHEM 3HAYUTEIIFHOW YacTU Pa3yIUIOTHSIONICH T00ABKH,
HAIPUMEp, TAKOH KaK IMOJUCTHPOI, BO3OYKICHUAEC JCTOHAUU
MIPOUCXOUT MO/ ACHCTBUEM BHICOKOIHTAIBITUHHOIO Ta30BOT0
MOTOKA, (PHIBTPYIOMIETOCs M3 OOJACTH BBICOKOTO IABJICHUS.
[Ipu 5TOM XUMHUECKasi peakius MPOHCXOOUT B (opme mo-
BEPXHOCTHOTO ropeHusi yactui BB, B3auMonencTByromux ¢
MMOTOKOM Ta3a, UCXOISIIUM M3 OOJIACTH BBICOKOTO IaBJICHHS.
[ToTox B3pBIBHBIX I'a30B BBI3BIBAET B BO3IYyXE, HAXOASIIEM-
Csl MEXJYy TpaHyllaMd U Pa3yIUIOTHUTEJIEM, YIApHYIO BOJIHY.
JlanHas ynapHasi BOJIHA U CIEIYIOIIMIA 32 HeH MOTOK TOPIOYMX
B3PBIBHBIX Ia30B, 00TCKAFOIIUX YaCTHIIBI OKUCIUTEIIS, TPU00-
peraer cTpyiiHbIid xapakrep (puc. 1). Ecian naHHbIe yacTHIIEI
BCIIBIXHYT 32 BpeMsl MEHbIlIE, HEXETU MPOIOJIKUTEIbHOCTh
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npotuecca pasnoxxkeHus BB B 30He akTHBHOM XMMHUYECKOM pe-
aKIM{, TO PacIpOCTPaHEHHUE B3PBIBHOTO ITPOIIECca IO HU3KO-
wioTHoMy BB Oyner ompenensrscst CKOpOCTBIO pacrpocTpa-
HEHUsI JAHHOTO 3a)KUTaTeIbHOTO Tporecca (puc. 2) [2].

KonTypHOE B3pBIBaHME 110 HA3BAaHWEM «IJIAJIKOC B3PhIBa-
HHUE» Hada I IpUMeHATh ¢ 50-x ronoB B [1IBeitmapun. B 6omee
IIMPOKOM MacmTabe oHO ObIIO mpuMeHeHO B 19521953 rr.
IIPA CTPOUTEIBCTBE THUAPOTEXHUUECKUX coopyxkeHni. CyTb
TEXHOJIOTHH 3aKIIF0YaeTCsl B OypPEeHNH 1 B3PHIBAHNH CKBAYKHH C
YMEHBIIEHHBIM 3apsiioM BB Bronb nmuHNN KOHTYpa BEIpaboT-
KH TIOCTIE 3apsiaa PeIXieHus [3].

B Hacrosimee Bpemst B 001aCTH KOHTYPHOTO B3PBIBAHHS CY-
LIECTBYIOT HEpEIICHHBIE 3a7a4d, KOTOPBIC IPEICTaBISIOTCS
aKTyaJbHBIMHU. PemnreHune 3Tmx 3a1ad 1e1ecooOpa3Ho MPOBO-
JUTH KOMITZIEKCHO Ha OCHOBE MOZEIMPOBAHUS IPOLIECCOB KOH-
TYPHOTO B3PBIBaHUS, HCIIONb3YsI ¥ COBEPLICHCTBYSI METOIUKH
OypeHwsi, a Tak)Ke MPUMEHsIeMbIX cocTaBoB BB [4].

Panee BeImonHEHHBIE HecaenoBanms B padore .10, Mac-
JOBA IO OLEHKE XapaKTepUCTHK ILIoTHOCTH DOBB (amMyib-
CHOHHBIX B3DBIBYATBIX BEIIECTB), CEHCHOMIN3NPOBAHHBIX
rpaHyJlaMHi ITOJHCTUPOJIA, MTOKa3aJld, YTO JETOHAIMOHHBIC
mpoueccsl DBB mpu mmotHOCTIX 0,9 T/CcM® CyIIecTBEeHHO
HIDKE, YeM aHAJIOTWYHbIe Moka3arenu 1 OBB, cencnounm-
3MpOBaHHbIC Ta30BBIMU NopaMu. ITokazaHo, 4TO MpH MIOT-
HOCTH paccMmarpuBaeMbix BB 6omee 0,75 r/cm® Bo3Oyxie-
Hue BB ocymecTBisiercst BclencTBHE pa3orpesa B yIapHOU
BOJIHE BEIIECTBA MaTPUYHON SMYIBCHUH IPH BTEKAaHWU €T0 B
KOJUTATIICHPYIOIINE TOBEPXHOCTHBIE TIOPHI IPAHYIIBI HOJTHCTH-
poma [5].

YroMsHyThIE HU3KOIDIOTHBIE DBB ¢ IIIOTHOCTBEIO MeHee
0,75 r/cm®, ceHCMOMITM3UPOBAaHHBIC TPAHYIIAMH ITEHOIOIICTH-
poIa, MPeACTABISIIOT 3HAYNTEIBHBIN HHTEPEC IS Pa3padOTKH
TEXHOJIOTHH NP TPOBEICHUHN B3PBIBHBIX pa0O0T MO 320TKOCKE
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Puc. 1. Pacnpocrpanenne ¢ppoHTa yiapHoii BoJjnbl B BB,
He HMEIOLIUX Pa3yIIOTHSIIOLIYIO0 100aBKY.
Cyper 1. TeIFbI3AaFbII KOCHACHI KOK KAPbLIFbIII
3aTThIH COKKbI TOJIKBIHBIHBIH TAPAIYbI.
Figure 1. Propagation of the shock wave front in
explosives without a decompression additive.

OOpTOB Kapbepa WM MpPU J00bIYE TOPHBIX IOPOJ, COfEpIKa-
[IUX [EHHBIE XPYTKUE BKIOUYEHUs [6].

B ocHoBe cBoeill Bce MPOBECHHBIE UCCIEIOBaHUS CBsI3a-
HBI C Pa3yIUIOTHEHUEM CAMOM BOJOMACISTHON SMYIbCUM WU
cMecell Ha ee OCHOBE, YTO MOXKET 3HAYUTENIbHO IMOBIHITH
Ha (PMHAHCOBO-dKOHOMHYECKHE mapameTrpsl BB, ocobeHHO
CBSI3aHHBIE C MIPOBEJICHHEM KOHTYPHOTO B3pBIBAHMUSI, IJ€ HE
TpeOyeTcss MPUMEHEHNE TaKUX BBICOKOTEXHOJOTHYHBIX CO-
cTaBoB [7].

Komnanus TOO «HIIIT «MHTEeppun», 3aHUMAIONIasi OHO
W3 MEPEeIOBBIX MECT B 00JACTH Pa3pabdOTKH CMECEBBIX IPO-
MBIIIICHHBIX BB 1 00opymoBanust Ui MX HPOW3BOJICTBA,
HMMEIOIIasi MHOTOJIETHUH OMBIT ipoBeieHnst BBP B pa3Hbix yc-
JIOBUSX U C PA3HOW CTENEHbBIO CIIOKHOCTH 3aJIeTaHUsI T€0JI0TH-
YECKHX Mace, 3aHUMaeTcsl pa3paboTKoN COOCTBEHHBIX BHJIOB
MIPOMBIIITIEHHBIX BB.

B nocnennee Bpemst Ha TOPHOIOOBIBAIOLIMX MPEANPUSITHSIX
PK Bce Oosbllle BHUMaHUS yAEIsICTCS OC30MacHON padoTe B
Kapbepax, MPUKapbepHOil 30HE Ha BO3MOXKHBIE MecTa 00py-
LICHUST TIOPOJABI ¢ OOPTOB, YTO TPeOyeT MPOBEIACHHsS PadoT,
CBSI3aHHBIX C CO3[JaHMEM OE30IaCHOTO KOHTYpa YCTYIOB Ha
kapbepe. Takyke HeMaJOBaXKHYIO POJIb IPU MPOBEACHUH JaH-
HBIX Pa0OT COCTABIISIIOT SKOHOMUYECKUE MapaMeTphbl MpUMe-
HaeMbIx BB.

Ha ocHOBaHMM H3Y4YEHHOro OIBITa HCHONB3yeMbIX BB
JUIS. KOHTYPHOTO B3pBIBaHUsI, IPU LIAJSIIIIEM B3PBIBAHUHU LIS
BCKPBIIIHBIX pabOT U MOPOJ ¢ KPENOCThI0 MeHee 12 mo mikane
[IpotonsskonoBa M.M. komnanus TOO «HIIIT «HTEppHHE»
pa3paboraia HU3KOIUIOTHBIH cocTaB BB.

BB, nomyuuBmee Ha3zBanue Mureput /IH, oTHOCHTCS MO
YCIIOBUSIM NMPUMEHEHUsI COTNIACHO KJIACCU(UKALUKM TEXHUYE-
ckoro peramenta TamoxkenHoro Coroza «O 0Ge3omacHOCTH
B3pBIBUATBIX BEIIECTB M M3JENIUH HA X OCHOBE» K IEPBOMY
KJIacCy — HENpPeJOXPaHUTENIbHBIE B3pPbIBUATHIC BELIECTBA IS
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Puc. 2. Pacnpocrpanenue ¢ppoHTa ynapHoii Bosinbl B BB,
HMEIOIIMX Pa3yNJOTHSIOMYIO 100aBKY.

Cyper 2. ThIFbI3aarbill KOCHAJAPBI 0aP KAPBLIFBIII
3aTTapAbIH COKKbI TOJKbIHBIHBIH TAPAJYBI.
Figure 2. Propagation of the shock wave front in
explosives having decompression additives.

B3pbIBaHUA Ha 3EMHOM MOBEPXHOCTU W TNpPCAHA3ZHAYCH JIid
PYYHOI'0O 1 MEXaHU3UPOBAHHOI'O 3apsiKaHUsA CKBa)XHH.

IIpeamer uccaenoBanust

IIpenmeroM unccrienoBaHus sBIseTcd HU3KomIoTHoe BB
Ha OCHOBE APOOJCHOW aMMHAYHOH CEIMTPBI JUIS IIaJSIIero
B3pBIBaHUS TOPHOTO MacCHUBA M KOHTYPHOTO B3phIBAHUS.

Puc. 3. Cxema pacnpenejieHusl yIapHOii BOJTHBI
npu B3pbiBe BB B ckBaxkuHe: ¢ — 3ona cocamus
(nepeuzmenvueHus), a — 30Ha Pa3pPbIXAEHUAL.

Cypert 3. YHFBIMAJAAFbI JKAPBLIbIC Ke3iHe COKKbI
TOJIKbIHBIHBIH TAPAJIYbI ChI30ACHI: { — KbICY AUMARbL
(Katima ynmaxmay), a — KOncolmy aumagol.

Figure 3. Diagram of the shock wave distribution during
an explosive explosion in a borehole: ¢ — is the compression
zone (over-grinding), a — is the loosening zone.
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VYnenbHyro 3Hepruro BB Bo B3pbIBa€MOM MaccuBE IIPU He-
N3MEHHOM 00beMe OypeHHsI MOXKHO PEeryJInpoBaTh 00ObEMHOU
SHepruen 3apsijia, Tak Kak 4acTh SHEPTUHU B3pbIBA PACXOLYETCs
Ha [epen3MelIbueHHE B3PhIBAEMOI TOPHON MacChl B MECTE He-
MOCPEACTBEHHOTO KoHTakTa BB ¢ mopozoii, BbI3bIBast 00MIIb-
HOE TIbIIe00pa3oBaHue U repeusmerbueHue [8].

OCHOBHBIM HCTOYHUKOM SHEPTHH B COCTABAaX B3PBIBYATHIX
BEIIIECTB SBIIAETCS aMMHA4Has CeIUTpa Kak Hauboee Jere-
BbIM U JOCTYIHbIA OKUCIUTEIIb, UMEIOIINN HACBIIHYIO IIJIOT-
HOCTh 0,9 r/cM?, HO MPU ATOM TIIOTHOCTH PAHYIBI COCTABIIS-
eT 1,4 r/cm®, BbIIeTsIst P B3pBIBE | KT aMMHAYHOM CEITUTPBI
900 1 raza.

Cytb npumenenust BB Unteput JIH 3akmtouaercs B cie-
JIYIOIIEM — HCIIOJIb30BaTh JAPOOICHYI0 aMMHAuHYIO CEJIUTPY
B CMECH C TOPIOYHM U Pa3yIUIOTHSOIIEH T00aBKOW B BHIE
BCIIEHEHHOI'O IICHOIIOJUCTUPOJIA. TO €CTh 3HEPIUI0, Copep-
JKallyrocs B caMoM BB, paBHOMEPHO pacipelenuTs 110 BCeMy
00bEMY CKBa)KHHBI, 3HAUUTEILHO YMEHBIIMB BIMSHUE YAap-
HOW BOJIHBI B 30HE A (pHC. 3), TEeM CaMbIM COKPATHB IbLIE-
00pazoBaHKe 1 EpeH3MeEIFIEHIE TOPHOI MacChl B 30HE 7.

Jis ouenkn sddexruBHOCTH TpMeHeHust BB MuTtepur
JIH MOXHO HCITOJIb30BaTh CIICAYIONIYI0 (DOPMYJIY JJIs pacyera
o0bema raza, BBIJIESIeMOTO IPH B3pbIBE [4]:

Vg =nX szpanmm, (I)

rae V, — obmuii 00beM rasa, BHIICISAEMOTO IPH B3PHIBE;
1 — KOJMYECTBO TPaHyA B | KT aMMHAYHOW CEITUTPHI,
V panyan — OOBEM Ta32, BBIIEISEMOIO OIHOM IPAHyIIOH.
U3BecTHO, uTo 1 Kr amMmmuayHoi cenutpsl Beiaensier 900 i
raza. OnpenenuM KOJIMYECTBO IpaHysl B | KI, yuuTbhIBas MX

IINIOTHOCTB:

m
TPV
TJe m — Macca aMMHagyHOH ceTuTpsl (1 Kr);
P — IWIOTHOCTH TPAHYIIBI AMMHUAYHOH ceuTpHI (1,4 T/cm?).

n

O0BeM OIHOM TPaHYIIBI MOYKHO BEIPA3UTh Y€pe3 €€ HACHII-
HYIO IUIOTHOCTB:

o = 7205 = 0,000714 mV/xr.

Takum oOpa3om, mpu B3pbIBE | KI' aMMHAYHOW CEITUTPHI
Beiensercs 0,714 m® raza. 9To cooTBeTCTBYET 00BeMy 714 11,
910 O6:1M3KO K 3assBIeHHBIM 900 11 (pa3Hua 00yciIoBiIeHa yrpo-
[IEHHEM pacyeToB U (PaKTUIECKUMH YCIOBHSIMH).

[IpuMep UCTIONB30BAHUS APOOICHON aMMHAYHOM CCITUTPBI
B CMECH C TOPIOYMM U Pa3yIUIOTHSIOMEH H0OABKOH MOKa3bI-
BaeT, KaK dHEPrus, cojeprkaniascs B caMoM BB, MoxeT ObITh
PaBHOMEPHO pacHpeaeieHa o BCeMy 00beMy CKBaKUHBI, UTO
MO3BOJISIET CHU3UTH BIMSHUE YTAPHOH BOINHBI M YIyYIINTh
KOHTPOJIb HaJI MPOIIECCOM B3PHIBA, YMEHbIIAs TIEpeH3MeTbIe-
HUE TOPHOH Macchl [9].

Texnonozus u32omoeneHus 3aKIOYaeTCsI B  CICAYIO-
mem(puc. 4). Ha BankoByto npobwiky (1) u3z OyHkepa (2)
MOJAETCSl TPAHYJIUPOBAHHAS aMMHAuHasl CEIUTPa, IPOXOIT
gepe3 BaJKH C PEryJupyeMbIM 3a30pOM IOMAIAeT B CIIHPAIIb-
HBIA KOHBEep (3), MO IITHEKOBOMY TPAHCIOPTEPY aMMHadyHas
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CeNUTpa MoIajaeT B 103aTop, PY 3aI0JIHEHUH KOTOPOTO JPO-
OMiIKa ¥ NIHEK OTKIIIOYAroTCsl aBToMarnuecku. M3 mosaropa
AC monaeTcst B CMECHTENb (4), MOCIIE Yero B HEro Mmoaaercs
HEO0OX0IMMOE KOJIMUECTBO TOPIOYEro M Pas3yILIOTHSIONIEH J10-
0aBKkHM, cMemBaeTcs U (hacyercsi B MEIIKH.

Puc. 4. Cxema usrorosjienusi Iarepura TH.
Cyper 4. YHTaKTa/IFad norponaaiMarad UHTepuTTin
AKacajry cxeMachl.

Figure 4. Manufacturing scheme of Crushed,
non-tinned Interit.

CTpyKTypa HACBHIIHBIX I'PAaHYJIMPOBAHHBIX 3apsIOB INpe.-
1ojaraeT CIy4allHOCTh MPOCTPAHCTBEHHOTO paclpeesICHHs
rpanyi BB u pasymnorHsiomiei 100aBkH, a TaKkKe HEpaBHO-
MEpHOE MOKPBITHE TPaHyl aMMHAYHON CEIUTPHI TOPIOYHM.
[ToaTOMY (pOHT IETOHAIMOHHOW BOJHBI HENPEMEHHO OyJeT
HEOJHOPOIHBIM M Ha MOBEPXHOCTHU I'PaHy]l HEHM30€KHbBI B TOM
YHCcIie 1 KOHBEKTHUBHBIC SBICHUS, /1€ KOHBEKTUBHOE TOPEHUE
MEPEXOIUT B HHU3KOCKOPOCTHYIO neToHanuto [9]. Mccneno-
BaHMSI MTOKA3BIBAIOT, YTO UCKIIOYCHHE COCTAaBMIIA CMECh TOH-
KOM3MENBYEHHOTO HUTPHUTA aMMOHHS, JJI1 KOTOPOH TOpeHue
3aBEPIIMIOCH B3PBIBOM C PE3KUMH KOJICOAHUSMH JaBICHUS
u Temmepatypsl [10].

[IpucytcTBue B cocrtaBe BB 1po6iaeHOr0 OKHCIHTEN
B Pa3bl YBEIWYHMBAET IUIOLIATb KOHTPAKTa, COIPHKOCHOBE-
HHUE OKHCIHUTENS U TOPIOYEro TeM CaMbIM JaeT BO3MOXXHOCTh
MOJTHOCTHIO BCTYHHTh B XHMHUYECKYIO PEAKIHIO B3PHIBHOTO
MpeBpalieHusi KOMIIOHEHTOB BB ¢ BbiziesIeHneM MEHbIIEro Ko-
JIMYECTBA SAOBUTHIX Ta30B, HEXKEIH YeM IIPH HCIIOIb30BAHUU
rpaHyIMpoBaHHBIX BB, rae xuMndeckas peakuus B OCHOBHOM
MIPOTEKAeT Ha TIOBEPXHOCTH T'PAaHYI C MOJICAYIOIINM IIepexo-
JIOM BO B3PBIBHOE TOPEHHE.

Taxxe ncnonp3oBanue Murepura JIH 3a cuer npuMeHeHus
JPOOJICHOTO OKHCIIUTENSI B COBOKYITHOCTH C IIEHOIOIUCTUAPO-
JIOM II03BOJISIET paBHOMEPHO Iiepepacnpenennts BB 1o Bcemy
00bEeMy CKBa)KHHBI, 3HAUUTEILHO COKPATUB BBICOTY HEI03apsi-
Jla, HO COXpaHss paCueTHBIN ylenbHbIN pacxon BB, uto no3Bo-
JSIET 3HAYMTENILHO CHU3UTH BBIXOJI HEradapuTa v He HapyIluTh
[EIOCTHOCTh OopTa Kapbepa [10].

Ilpogedenue nonuzoHHBIX UCRBIMAHUIL HA RPEOMEm 3a-
uCUMOCmuU CKOpOCmu 0emonayuu om niomunocmu BB

Jlist IpoBe/IeHNs! TTOJIMTOHHBIX UCTIBITAHUH ObUTH B3sThI 4
coctaBa BB ¢ comepxanuem nenononuctupoia 20, 30, 40,
50% Ha OoCHOBe APOOJICHON aMMMAuHOW CETUTPHI C AU3EIb-
HBIM TOILJIMBOM B COOTHOIIIEHUHU 95% — aMMMadHas CENUTpa,
5% — nu3enbHOE TOILUIHUBO.
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3amep CKOpOCTH JAETOHAIIMH MTPOBOMJIICS MPH TOMOIIHN TPH- Tabnuya 1
6opa UC/I-1 (puc. 5). UcnbiTaHne MpOBOAMINCH B METalIMYe- Pesynomamul 3amepa ckopocmu demonayuu
ckux Tpyoax auamerpom 100 mm, mmuHo# 1500 MM (puc. 6). Table 1
Results of measuring detonation velocity

Kecme 1
Jlemonayus >#col10amovi2eli o1uiey Hamudicenepi

Coneprxanue IInoTrHOCTE BB IS;?)EZ;E;
nonuctupona (%) (r/cm?) (M/c)
20 1,1 3800
30 0,9 3200
40 0,7 2900
50 0,5 2600

W3 mpoBeieHHBIX 3aMEPOB CKOPOCTH ACTOHAILMH MOTyYeHA

Puc. 5. U3mepurenn ckopoctu aeronaunn HCI-01. MPSIMO TPOTIOPLIHOHATBHAS 3aBHCUMOCTD MAJCHUS CKOPOCTH
Cyper 5. JleToHanust KbLIAMABIFBIH OJIILET il JIETOHANIMU OT IIOTHOCTH (puc. 7). To ecTh, JaHHBIA COCTaB
Figure 5. Knock velocity meter. SIBIISICTCS YHUBEPCATBHBIM, TTOICTPANBACMBIM IO MIMPOKHN

CIIEKTp 3aJa4, TAKUX KaK B3PBIBAHHE OOBIYHBIX OJIOKOB, I
IIAAIIEero B3PhIBAHUS TOPHOTO MAacCHBa, a TAKXKe JJIs KOH-
TYPHOTO B3pBIBaHHS B LENSAX MOCTIDKCHHS MaKCHMAJIbHOTO
TPHOIVDKEHHST (PaKTHIECKOTO MPOMMIIS BRIPAOOTOK K MPOEKT-
HOMY IIpH COOJTIONEHHU COXPAHHOCTH OKPYIKAIOIIEro MacCHBa
TOPHBIX OPOA.
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Puc. 7. 3aBHCHMOCTH CKOPOCTH IeTOHALINH
ot mjaoTHocTH BB.
Cyper 7. JleToHaIUsI KbLIAAMIBIFBIHBIH KAPbLIbIC
TBHIFBI3BIFBIHA TIYeIJIIri.
Figure 7. Dependence of detonation speed
on explosive density.

W3 tabnmuHbIX NaHHBIX BUIHO, uTo BB WHTeput JIH no
CBOMM (DM3MKO-XMMHYECKHM XapaKTepHCTHKAM HHUYEM He
yCcTymaer HpUMEHsIeMbIM InTatHeIM BB B ropHomoObiBato-
Ie} MTPOMBIIUIEHHOCTH, YTO MOATBEPIKIACT IIMPOKUNA CIIEKTP
€ro NPUMEHEHUS I BBIIOIHEHUS Pa3HbIX 3a1ad. Perymupys
mwioTHocTh BB UnTepur /IH koaumuecTBOM BBOIMMOrO MEHO-
MOJIMCTUPOJIa, MOXKHO HM3roTaBnuBaTh BB ¢ miuoTHOCTRIO OT
1,1 r/em3 o 0,6 r/cM3, 4TO MpUAAET 3TOMY COCTaBy YHHBEp-
CaJbHOCTb.

Puc. 6. 3apﬂn BB ¢ NOAKJIIOYEHHBIMH JaTYUNKAMMU. TaK)Ke 3a CYHCT IPUMCHCHUA B COCTABC £[p06J'IeHOI71 aMMU-
CypeT 6. IlaTq“KTep KOCBLJIFaH KapbLIFbILI 3aps. alIHOI?'I CCJIUTPBI HC MPOUCXOAUT Cerperauunsd (paSI[eJ'IeHI/Ie qa-
Figure 6. Explosive charge with connected sensors. CTHILI) MeXJy YaCTULAMH aMMUAYHOH CEIIUTPBI M TPaHyIaMu
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Tabnuua 2
Cpagnumenvhnvie XapaKkmepucmuKkyu Hego00yCmMouueblxX npomulunennvix BB
Kecme 2
Onoipicmik ycapuvlnzolud 3amMmapobly, CanblCMbIPMAIbl CURAMMAMACHL
Table 2
Comparative characteristics of non-waterproof industrial explosives
Hanmenoparue BB Kucnoponusrii Termora B3pbIBa, | [lmorHOCTH BB, O06beM CxopocTb
6amnanc, % kJx/KT r/em? rasos, JI/KI' | JETOHAILIMH, M/C
Wnreput IH 20% I1I1 -2 3680 1,1 989 3800
I'panymur A6 -1,2 4400 0,9 880 4000
Urnapun OT" +0,1 3600 0,9 948 3800
Urnapun OT'A +0,44 3900 0,9 925 4000
Wrnanut 0 3700 1 980 2700
Wnteput 20 -1,9 3400 1,1 970 3900

MEHOMOIUCTUPONAa. A Tak Kak CKOpPOCTh AeToHaiuu BB B oc-
HOBHOM NPSMO HPONOPLHOHANBHA €T0 MIOTHOCTH, B PE3YJib-
TaTe YMEHBIIEHUS INIOTHOCTU IOCTUraeTCs He TOJIbKO YMEHb-
IIEHHE KOHIICHTPAIY SHEPTUH B3PhIBA B €ANHUIIE 00beMa, HO
1 YMEHBIIIAETCA CKOPOCTh 3TOr0 SHEPTOBBICICHHUS.

3akJoueHue

B xoje uccienoBaHus MOJIyYeH COCTaB Ha OCHOBE JIPO-
OJICHOH aMMHAYHON CEIHUTPHI, TOPKYETO U BCICHECHHOTO
MoJIUCTHPOJIA. VcmbITaHus TMOKa3aimu Xopouryr 3ddex-
THBHOCTh MPUMCHCHHS JaHHOIO COCTaBa MPU KOHTYPHOM
B3PbIBAHMHM W TPH TMPOBEJECHUU BCKPBIIIHBIX B3PBIBHBIX
paboT ¢ KpemnocThio MOpoabl MeHbIne 12 mo mkame M.M.
[IporonpsikoHOBa. Heo0X0MUMO OTMETUTH SKOHOMHYECKYO

CIIHCOK UCIHIOJIB30BAHHBIX UCTOYHHUKOB

COCTABJISIIONIYI0O IPUMEHEHUsI JTaHHOTO cocTaBa, rae 30%
AMMUAYHOU CEIUTPHI 3aMEHEHO pPa3yILIOTHSIONICH M00aB-
KOH B BHJIE TOJUCTUPOJA. BCe 3TO MO3BOMISET ¢ YBEPEHHO-
CTBIO TOBOPUTH 00 3()pPEKTUBHOCTH M OE30MACHOCTH MPH-
Menenust Muteputa JIH Ha TOpPHOPYIHBIX TPEINPHUATUIX
Pecnyonuku KazaxcTaH mpu TpPOBEICHUU BCKPBIIIHBIX U
KOHTYPHBIX B3PBIBHBIX pPa0oT.

3aKIIIOUYCHUE HAIICTO HCCICIOBAHUS MOMYCPKUBACT BaXK-
HOCTh BHCIIPCHHUSI MHHOBAIIMOHHBIX TEXHOJOTMU B TOPHOIO-
ObIBaroIeil oTpaciu. VCronp30BaHHE JaHHOTO COCTaBa HE
TOJIBKO TOBBIMACT 3(P(PEKTUBHOCTH B3PBIBHBIX pPabOT, HO U
CHIDKACT 3aTparhl Ha Marepuaibl. Kpome Toro, mpuMeHEeHHe
MOJIUCTHPOJIA B KAYECTBE TOOABKU CIIOCOOCTBYET YITyUIICHUIO
9KOJIOTMYCCKOM OE30MACHOCTH MPOIICCCOB.
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D.R. Akhmatnurov, *N.M. Zamaliyev, V.F. Demin, N.Y. Ganyukov
NJSC «Karaganda State Technical University named after Abylkas Saginov» (Karaganda, Kazakhstan)

MODELING THE STABILITY OF MINING
EXCAVATIONS

Abstract. The study focuses on modeling the stress-strain state of mine workings with anchor support under various seam dip angles and excavation shapes. The condi-
tions of seam K10 at the «Abayskaya» mine of Qarmet’s mining division are considered. Numerical simulations were conducted using the ANSY'S software package. The
research examines the influence of excavation geometry and coal seam dip angle on stress distribution within the rock mass. The objective is to optimize support parameters
to ensure the stability and safety of mine workings. The results highlight the importance of accounting for geological factors and excavation geometry in the design of
supports under complex mining and geological conditions.

Key words: mine workings, stress-strain state of anchor support, excavation shape stability, mining safety, stress modeling, near-contour rock mass, geomechanics.

Tay-KeH KyMBICTAPBIHBIH TYPAKTHLIBIFBLIH MOEIbIEY

Amnparna. 3eprrey opTypill Kyiay OyphITapbl MEH Ka30a MmilliHAepiHAeri aHKepIIiK OSKITIEMEH Tay-KeH Ka30aaapbIHbIH KepHEYIi-ae(hopMalisIIaHFaH KYHiH MOJICIIb-
Jieyre apHaiFaH. Qarmet Tay-keH OenimieciHin «Abaiickasy» maxTackiHbH K10 kabar sxarqaitnaps! kapacteipsurran. Tangay yurin ANSY'S OarapiamalbiK KeIIeH H maif-
JTaJIaHBI, CaH/IBIK MOJEIIb/CY KYPri3inai. 3epTTeyae Ka30aHbIH reOMETPUSICHI MEH KOMip KaOaThIHBIH KyJ1ay OYpPBIIIBIHBIH KePHEYJICPIiH TapalyblHa dcepi KapacThIpblia-
bl 3epTTey/IiH MaKcaThl — Ka30anapablH TYPAKThUIBIFBIH KAMTAMAChI3 €Ty XKOHE KayilCi3AiriH apTThIpy YIUiH OeKiTy mapamMeTpiepiH OHTalIaHbIpy. AJIBIHFAH HOTHKEIEP
KYpZiedi Tay-TeoNOTHsUIbIK JKaFailapaa OexiTysi skobaay Ke3iHie TeonorisuIblK akTopiap MeH Ka30a MillliHiH eCKepy MaHBI3ABUIBIFBIH KOPCETE] .

Tyiiinodi co3dep: may-xen Kazbanapwl, ankepiix beximneoezi Kepueyni-oepopmayusnanean Kyi, Kazoa NiuiHiHiK MYPAKmMeliblebl, May-KeH HCYMbICIMAPbIHbIY KAYincis-
Oiel, kepHeynepoi MoOenbOey, KOHMYp MAHbl MACCUBI, 2COMEXAHUKA.

MogaenupoBaHue yCTOHYNBOCTH TOPHBIX BHIPA0OTOK

AHHOTaH“ﬂ. I/Iccne}loaa}me TIOCBAILIICHO MOJCINPOBAaHUIO HaHpH)KEHHO-I[e(bopMHpOBaHHOI‘O COCTOSAHUS TOPHBIX BLIpaGOTOK C aHKEPHBIM KPEIUICHUEM IIPHU pa3inyg-
HBIX yIVIaX MaJieHusl I1acTa u popmax BeIpaboTku. PaccMoTpensl yenoBust mitacta K10 maxtel « Abaiickas» TopHOpYAHOro quBu3roHa Qarmet. J{iist aHann3a UCIOIb30BaHO
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Introduction

One of the key issues in mining is ensuring the stability of
underground excavations, which directly impacts the safety of
workers and the efficiency of mining operations. In a study
dedicated to modeling the stress-strain state of mining work-
ings, the Finite Element Method (FEM) was employed using
the ANSYS software package to analyze the rock mass. The
primary focus was on modeling the conditions of the «Abays-
kaya» mine, where different dip angles of layers and shapes of
excavations were considered. The obtained results showed that
the geometry of the excavations significantly affects the stress
distribution, with the rectangular shape of the excavation with
anchor support being preferred in complex geotechnical con-
ditions.

A similar study was conducted by Dimitrienko Y.I. and
Yurin Y.V. in their work «Finite Element Modeling of the
Stress-Strain State of Rocks Considering Creep» [1]. This
work used a finite element algorithm to solve the three-dimen-
sional problem of rock creep. The primary focus was on cre-
ating a 3D computer model to analyze stresses under varying
exposure times. These results highlight the importance of con-
sidering temporal factors when designing supports.

An interesting addition is the work performed at the Don
State Technical University, titled «Stability of Rock Exposures
in Mining Workings» [2]. The study focuses on assessing the
stability of rock exposures at the contours of mining workings,
as well as proposing engineering methods for calculating sta-
bility. These methods can be useful when developing support
parameters for complex geotechnical conditions.

Furthermore, a study conducted at the Kuzbass State Tech-
nical University is dedicated to the influence of geomechanical
factors on the stability of rock masses and methods for their
optimization [3]. The authors proposed improved methods for
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designing support systems, emphasizing the interaction be-
tween geomechanical parameters and reinforcement technol-
ogies.

Thus, the research on modeling the stress-strain state of
mining workings complements the existing scientific litera-
ture, confirming the importance of excavation geometry and
support systems for enhancing the stability of mining work-
ings. A comparison with similar studies shows that the use of
numerical modeling methods such as FEM allows for detailed
analysis and optimization of support parameters in complex
geological conditions.

Research Methods

The study utilized the Finite Element Method (FEM) in the
ANSYS software suite for numerical modeling of the stress-
strain state of the rock mass. The initial data for the modeling
consists of the geometric parameters of the K10 seam at the
«Abayskaya» mine, including the depth (400 m), thickness of
the coal seam (3.8 m), and the physical-mechanical properties
of the enclosing rocks obtained from geological and engineer-
ing surveys.

The model takes into account the behavior of the rock mass
in the conditions of the given excavation geometry (arch-
shaped and rectangular) and various dip angles of the seam
(from 10° to 50°). Two-dimensional elasticity theory was used
for modeling, which is due to the relatively short deformation
period of the rock mass during the advancement of the exca-
vation.

Previously, the authors conducted a series of studies on the
modeling of rock mass behavior in Kazakhstani mines using
similar approaches, the results of which were published in the
work by Zhakypova A.B. «Geomechanics in the Mining In-
dustry» [4]. This study further develops these approaches, with
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particular attention to the influence of excavation geometry
and dip angles on stress distribution.

Results and Discussion

Numerical modeling showed that the shape of the excava-
tion and the dip angle of the seam significantly influence the
stress distribution within the rock mass. The main focus was
on analyzing normal, longitudinal, and shear stresses for both
arch-shaped and rectangular excavation profiles at dip angles
ranging from 10° to 50°.

For the arch-shaped cross-section of the excavation, nor-
mal stresses increase exponentially with the rise in dip angle,
reaching 13.5 MPa at the maximum dip angle (50°) (Figure
la). This is explained by the concentration of stresses at the
upper part of the excavation due to its curved shape, which in-
tensifies the localized load on the support system. In contrast,
the rectangular cross-section demonstrates a more uniform
distribution of normal stresses: values increase from 1.2 to 3.5
MPa as the dip angle rises, then stabilize (Figure 1b). This uni-
formity is explained by the absence of bends and the even dis-
tribution of load across the flat surfaces. The rectangular shape
reduces the concentration of normal stresses and decreases the
load on the support system, making it more stable under com-
plex geo-mining conditions.

Longitudinal stresses (¢) depend on the dip angle and the
shape of the excavation. For the arch-shaped profile, values
increase from 63.2 to 64.1 MPa as the dip angle rises, then
stabilize (Figure 2a). In the rectangular profile, stresses vary
from 49 to 53.4 MPa, and then decrease to 52 MPa with fur-
ther increases in the dip angle (Figure 2b). This indicates low-
er stress levels in the rectangular section, which is associated
with a simpler stress distribution across the flat surfaces of the
excavation. The rectangular shape ensures lower longitudinal
stresses, contributing to its overall stability.

Shear stresses (7) show a complex dependence on the dip
angle. For the arch-shaped profile, they initially decrease from
50° to 33 MPa but then increase again to 37 MPa at higher
angles (Figure 3a). In the rectangular profile, the values re-
main lower and more stable (Figure 3b), due to the absence of
curved sections that would create additional loads. Despite the
advantages of the rectangular shape, its stability may decrease
in the presence of geological disturbances such as cracks or
uneven load distribution on the support system.

Comparative analysis shows that the rectangular shape of
the excavation is preferable in terms of reducing the concen-
tration of normal, longitudinal, and shear stresses. This con-
firms its suitability for complex geo-mining conditions, such
as the K10 seam at the «Abayskaya» mine. The results can
be explained by the specific stress distribution within the rock
mass. The arch-shaped profile creates zones of concentration
due to the curvature of the excavation, which increases local
loads. In contrast, the rectangular shape allows for a more
even distribution of loads across the entire surface, reducing
the likelihood of structural failure. However, its effectiveness
may decrease if cracks or other defects in the rock mass occur.

The obtained results emphasize the importance of select-
ing the correct excavation geometry and support parameters
to increase the stability and safety of mining operations. The
rectangular excavation shape not only reduces the load on the

support system but also lowers the costs associated with its
design and operation. This is of significant importance for the
planning and optimization of mining activities in areas with
complex geological sections.

The findings of this study are in agreement with the conclu-
sions made by Zhakypova [4], which highlighted the impor-
tance of selecting the excavation geometry to manage the stress
state of the rock. Furthermore, the data showing the reduction
in stress concentration for the rectangular shape align with the
results of Zhang et al. (2021) and Lee et al. (2018). This un-
derscores the universality of the conclusions and confirms the
practical applicability of the proposed approach. However, the
modeling was based on a two-dimensional analysis, which is
a limitation of the study. For a deeper understanding, three-di-
mensional modeling is recommended, along with the inclusion
of temporal factors such as rock creep, and investigations in
fractured rock mass conditions.

Theoretical Foundations of the Problem

The theoretical basis of this study is grounded in the prin-
ciples of geomechanics and the mechanics of rock masses,
particularly in the theories of elasticity and the analysis of
the stress-strain state of rock masses under various loading
conditions. These aspects are comprehensively discussed
in the work of Ryl’nikova M.V. and Zoteev O.V. «Geome-
chanics», which describes the mechanical properties of rock
masses and approaches to assessing the stress state of rock
formations [5].

To model the complex distribution of stresses in mine
workings, the Finite Element Method (FEM) is used, which
has been successfully applied in the work of Dimitrienko Y.I.
and Yuriev Y.V. for the analysis of three-dimensional stresses
and deformations in rock masses [6].

Figure 1 illustrates the distribution of normal stresses (Fig-
ure la) and longitudinal stresses (Figure 1b) for the arch-
shaped excavation profile at various seam dip angles. The
results of the analysis show that normal stresses (Figure 1a)
increase exponentially with the rise in dip angle, reaching a
maximum value of 13.5 MPa. Meanwhile, longitudinal stress-
es (Figure 1b) increase to 64.1 MPa before stabilizing. These
results emphasize the necessity of considering the impact of
the dip angle when designing the support system.

Figure 2 presents a more comprehensive analysis of stress
distribution for different excavation profiles (arch-shaped,
rectangular, and polygonal). The following data are shown in
Figure 2:

- Figure 2a: Distribution of normal stresses

- Figure 2b: Longitudinal stresses

- Figure 2c: Shear stresses

- Figure 2d: Stress distribution in the contour zone

- Figures 2e and 2f: Stress maps in the surrounding rock
mass

The analysis shows that the rectangular shape of the exca-
vation leads to lower concentrations of normal and longitudi-
nal stresses (Figures 2a, 2b), as well as more even distribution
of shear stresses (Figure 2¢). In the stress maps (Figures 2e,
21), it is evident that the rectangular shape ensures a more sta-
ble rock mass state compared to the arch-shaped and polygo-
nal profiles.
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Thus, the study confirms the importance of selecting the ap-
propriate geometry of the excavation and the support parame-
ters to reduce the risks of rock failure and improve the stability
of mine workings. The results are a significant contribution to
the theory and practice of designing support systems in com-
plex geo-mining conditions.
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Figure 1. Influence of Roadway Shape and Seam Dip
Angle on Maximum Stress Magnitudes in the Rock Mass
with Anchor Support: (a) Normal stresses, (b) Longitudinal

stresses, (c) Shear stresses, 1 — Arched, 2 — Polygonal,
3 — Rectangular.
Cyper 1. Ken Ka30acbIHbIH HillliHi MeH Ka0aTThIH eHic
OYpBIMIBIHBIH dCePi: Markcumanovl Kaieinmel (a), OOUNbIK
(6), ocanama (8) kepHeynepOiy MaHIHe MAY HCLIHLICINADYL
maccusinoe ankepiik 6eximyoi KonoaHy xKesinoe;

1 — apkanvix, 2 — kenbypuviuimsl, 3 — MIKOYpbIUmMbL.
Puc. 1. Biusinue Buaa ¢gopMsbl BEIPa0OTKH U yriia
NajIeHUs IU1aCTa HA BeJUYUHY: MAKCUMATLHBIX
HOpMANbHYLIX (@), npodonbHbIX (0), KacamenbHbix (8)
HANPAHCEHUIL 8 MACCUBE NOPOO NPU AHKEPHOM KpenieHuu
svipabomxu; 1 — apounas, 2 — nonueoHanvHas,

3 — npamoyzonvHas.

Analysis of Stress Distribution for Arch-Shaped Excava-
tion Profile

For the arch-shaped cross-section of the mine working,
normal stresses increase with the rise in the dip angle of
the seam, following an exponential function, ranging from
10 MPa to 13.5 MPa (Figure 1). These results demonstrate
that the dip angle of the seam has a significant impact on the
distribution of normal stresses, creating stress concentration
zones in the surrounding rock mass, particularly in the con-
tour zone.

Thus, the arch-shaped excavation profile leads to an in-
crease in normal stresses, necessitating additional measures to
ensure the stability of the mine working. Further analysis of
the stress distribution is conducted by considering longitudinal
and shear stresses (Figure 2).

Figure 2 presents the results of the analysis of longitudinal
and shear stresses at different dip angles of the seam for the
arch-shaped excavation profile. The analysis of longitudinal
stresses (o) shows that their values increase with the increase
in the dip angle of the seam but stabilize after reaching a cer-
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tain threshold. In contrast, shear stresses (z) exhibit more com-
plex dynamics: their values first decrease and then increase
again as the dip angle increases.

This behavior of stress components emphasizes the need
for careful consideration of the seam's dip angle in the de-
sign and planning of mine workings, as changes in stress
distribution can affect the stability and safety of the excava-
tion. The results suggest that while the arch-shaped profile
may be advantageous in some cases, it may also require
more rigorous support systems to manage increased stress
concentrations effectively.

The analysis of the stress distribution, presented in Figure
2, shows that the shape of the excavation has a significant im-
pact on the mechanical behavior of the rock mass. Figure 2a
demonstrates that normal stresses in the rectangular excavation
shape are distributed more evenly compared to the arch shape,
which reduces local stress concentrations. Figure 2b confirms
that longitudinal stresses in the rectangular shape reach lower
values than in the arch shape, especially at higher dip angles,
improving the overall stability of the structure. Figure 2¢ pres-
ents the distribution of shear stresses, where it is evident that
the arch shape is more prone to local concentrations, while
the rectangular shape provides a more stable distribution. Fig-
ure 2d shows the stress distribution in the surrounding zone
of the rock mass, highlighting that higher local stresses occur
with the arch shape, which may require additional engineer-
ing solutions. The stress contour plots in Figures 2e and 2f
confirm that the surrounding rocks experience less stress with
the rectangular excavation shape, making it more preferable in
complex geological conditions. Thus, the analysis of Figure 2
leads to the conclusion that the rectangular excavation shape
reduces the risk of failure, ensures a more uniform load distri-
bution, and is the optimal solution for ensuring the stability of
underground workings. For the polygonal excavation shape,
the trends in the stress-strain state are similar to those observed
for the rectangular shape. The stresses in the polygonal shape
are 1.5 times higher, while the pressure is lower by 2—3 MPa
and the stress is 1.5-2.0 times higher. The change and distri-
bution of stresses in the zones surrounding the excavation are
shown in Figures 2e and 2f. The studies conducted allow us
to conclude that the rectangular excavation shape with anchor
support in the host rocks is preferable for the conditions of
the K10 seam at the «Abayskaya» mine of the Qarmet mining
division.

Conclusion

The conducted study demonstrates the importance of se-
lecting the geometry of underground workings and support
parameters to ensure stability and safety under complex geo-
logical conditions. Using numerical modeling with the finite
element method (FEM) in the ANSYS software, the distribu-
tions of normal, longitudinal, and shear stresses in the rock
mass were analyzed for different dip angles and excavation
shapes.

The obtained results showed that the rectangular excava-
tion shape provides a more uniform distribution of stresses
compared to the arch shape. The rectangular shape reduces
the concentration of normal, longitudinal, and shear stresses,
making it preferable for the stability of underground workings.
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Figure 2. Distribution of Maximum Stresses in the Surrounding Rock Mass of the Roadway with Shape.
Cyper 2. Ken Ka30acbIHBIH aiiHaTacbIHAAFBI OYHipJik Tay )KbIHBICTAPBIHAAFBI MAKCUMAJ/IBI KepPHeYJIepAiH TapaJIybIp.
Puc. 2. PacnipenesieHre MakCHMMAJIbHBIX HANPSIZKEHUI B 00KOBBIX MOPOJAX, OKPYKAIOLIUX BHIPAOOTKY ¢ (hOpPMOii.

In contrast, the arch shape creates higher local stresses, which
require additional measures to ensure stability.

The practical significance of the study lies in the potential
application of the results for designing support systems, which
can increase the stability of underground workings and reduce
operational costs. The conclusions align with data from previ-
ous studies, including works by Zhakypov, Zhang et al., Lee
et al., Seryakov V.V., Pytel U., Parchanovich J., Pytel V., Mer-
tushka P., Jones T., and Paprocki H. [1-10], highlighting the
universality of the proposed approach.

However, the study has its limitations. The analysis was
based on a two-dimensional model, which does not account
for three-dimensional effects and the influence of time (e.g.,
rock creep). For further development of the topic, it is rec-
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ommended to conduct three-dimensional modeling, study the
influence of rock fracturing, and explore long-term character-
istics of the support system.

This research contributes to the development of approaches
for designing support systems for underground workings, of-
fering optimal engineering solutions to enhance the stability
and safety of mining operations.
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JAOBBIYA PYJl BE3 OKCIIJIYATAIINOHHBbBIX
IHOTEPD U3 CJIOZKHOCTPYKTYPHbLIX
BJIOKOB YCTYIIOB

Aunoramus. [IpeiokeHa aHaIUTHICCKas 3aBUCHMOCTD CJIOKHOCTH T€0JIOTHYECKOro cTpoeHust Oioka. C MCIOIb30BaHHEM KOOPIMHATHBIX CETOK B3PHIBAEMOTO U
B30PBAaHHOIO OJIOKa ycTyna pa3paboTaHa HOBas METOAMKA ONPEACIICHHsI FOPHO-TEXHOJIOTHYECKUX XapaKTEPHCTHK B30PBAHHBIX CIOKHOCTPYKTYPHBIX PYAHBIX OJIOKOB.
BbIBeIeHbI TEOPETHYESCKHIE 3aBUCHMOCTH /JIsi ONPEICIICHHSI OCHOBHBIX MOKa3aTeliell 000ralleH s TONe3HbIX MCKOMaeMbIX. [Ipeiiokena aHaIUTHIeCKas: 3aBUCHMOCTh
OIIPE/ICNICHNS COJEPIKAHMSI MOJIE3HOTO KOMIIOHEHTA B OTrpy»xkaemMoii pyzae a'. Io 3uadennsimM conepxxanus ITK B 0Trpyxaemoii pyae onpeaeseHbl OTHOCHTEIbHBIE OTKIIO-
Henwust u3BnedeHus [1K B KOHIEHTPAT NPH Pa3IMyHbIX BapHAHTAX H3MEHEHHUS [IAPAMETPOB MPUMELINBAEMOTO CJIOSI HEKOHANIHMOHHBIX PY/ B 3aBHCHMOCTH OT COZAEPIKaHHs
TIK B KOHAMUKOHHOI pyze. [Ipy npeuiaraeMoM HOBOM BaphaHTe pa3pabOTKH CIIOKHOCTPYKTYPHBIX OJIOKOB Ipe/roaraeMasi pa3y0oKiBaroLast 4acTh HeKOHAMLIMOHHBIX
DY IEPEXOIUT B KATETOPHIO M3BJICKACMBIX 3aI1aCOB.

Knrouesvie cnosa: cioscnocmpykmypiuie O10KU YCmynog, munsi O0K08, 20pHO-2e0102UYeCKUe XAPAKMEPUCIUKU, COOEPHCANUE NONE3HbIX KOMNOHEHMO8, NPUMelU-
8aembie C10U HEKOHOUYUOHHBIX PYO, KOOPOUHAMHAS CEMKA.

Kemepaiepain Kypaeai KypbLUILIMABIK OJIOKTAPBIHAH NAHIAIAHY IIBIFBIHAAPLIHCHI3 KEHePAi OHAIpy

Angarna. BIokTapIbiH Te0IOrHsUIbIK KYPBUIBIMBIHBIH KYPACILIIK KOPCETKIIIIHIH aHAIUTHKAIIBIK TOyeIALIIri YChIHbUIFaH. JKapbuIaThIH JKOHE JKapbUIFaH KeMep 6110~
IBIHBIH KOOPAMHATAIIBIK TOPJIAPBIH [ai/[alaHa OTHIPBIIL, KapbUIFaH KYPAEIi KYPbUIBIMAIBI KeH OIIOKTapBIHbIH Tay-KeH-TEXHOIOTHUIBIK CHIIATTaMaapbIH aHBIKTay/IbIH XKaHa
spicremeci a3ipiennai. [Taiinansl Kazoasapapl OailbITYIbIH HEri3ri KOPCETKILITePiH aHBIKTAY YIIIH TEOPUSUTBIK TOYEIIUTIKTEp aHbIKTabl. JKOHENTIIeTIH o' KeHIH/er nai-
J1aJibl KOMITIOHEHTTiH KYPaMbIH aHBIKTAy/bIH aHAJINTHKAJIBIK TOyesiniri ycoinpuiraH. XKenenrinerin kenzeri ITK Ma3MyHbIHbIH MoHEPi OObIHIIA KOHAMIHUAIBIK KEHET
[NK KypambiHa GaiIaHBICTBI KOHIUIISUIBIK eMeC KCeHICPiH apaaac KabaThIHbIH MapaMeTpiepiH e3repTyaiH opTypii HycKamapsiHa [1K-Hbl KOHIIEHTPATKa MIBFapyLBIH
CaNIBICTBIPMAJIBI Ay BITKYJIaphl aHbIKTaI bl Kypieni KypbUIbIMABIK GIIOKTap/Ib! d3ipiey/iH YChIHbUIFAH XKaHa HYCKAChIMCH KOHAHLIsUIAaHOaraH KeHACPIIH O0IKaM/Ibl bI/IbI-
paiiThiH OeUIri alIbIHATBIH KOPJIAP CaHAThIHA OTE/I.

Tyitindi co3oep: kemepoin Kypoeli KYpbLIblMObIK 610KmMapbl, GIOK Mypiepi, may-KeH 2eono2usblk, CUNAMmMamaiapsl, Nauoaibl KOMROHeHMmMepoiy KYpamvl, KOHOU-
yusanoazan kendepoily apaiac Kabammapbsl, KOOPOUHAMAILLIK MOP.

Ore mining without operational losses from complex-structured blocks of benches

Abstract. Analytical dependence of complexity of geological structure of block is proposed. Using coordinate grids of blasting and blasted bench block, a new method
for determining mining and technological characteristics of blasted complex-structured ore blocks is developed. Theoretical dependencies are derived for determining main
indicators of mineral enrichment. Analytical dependence for determining content of useful component in shipped ore @’ is proposed. Based on values of the UC content
in shipped ore, relative deviations in extraction of UC into concentrate are determined for different options for changing parameters of admixed layer of substandard ores
depending on UC content in the standard ore. With proposed new option for developing complex-structured blocks, expected diluting part of substandard ores passes into
category of recoverable reserves.

Key words: complex structural blocks of benches, types of blocks, mining and geological characteristics, content of useful components, mixed layers of substandard

ores, coordinate grid.

Beenenne

MecTopokaeHHs Pyl LBETHBIX, OJArOPOIHBIX M PEIKUX
MeramioB KazaxcraHa, Kak W JpyrMX CTpaH MHpa B CBOEM
OOJIBIIMHCTBE SIBISIOTCSI  CIOKHOCTPYKTYPHBIMH. PynHbIe
YYaCTKH MMEIOT CIIOKHOE I'e0JIoro-Mop(oIorHieckoe cTpoe-
HUE, HEPAaBHOMEPHOE OpPYAECHEHHE, BU3YaJIbHO HEPa3IHUUMbIE
IpaHULBI ¢ BMEIAOMKUMU nopofaMu. OHM XapaKTepu3yroT-
sl pa3MYHON (POPMOIi, HEOAMHAKOBBIMU Pa3MEpaMH PYIHBIX
TeJ, UX MPOCTPAHCTBEHHBIM Pa3MEILICHUEM B pacCMaTpUBae-
MOM IIPOCTPAHCTBE, PA3IMYHBIM OpPYICHEHHEM U (DPU3UKO-Me-
XaHM4ecKUMHU cBoiicTBamu nopox [1-3]. COBOKYIMHOCTB 3THX
MIPU3HAKOB OIpPEIENAeT CTENEHb CIIOXKHOCTH T€0JI0ro-MOp-
(hOJIOTUYECKOTO CTPOCHHS CIIOXHOCTPYKTYPHBIX yYacTKOB
MOJIE3HBIX UCKOMAaeMBbIX. X 10onsl Ha MpennpUsTUsIX LBETHON
metamutypruu ctpad CHI' cocraBnsier 60-90%, a skcrutyara-
LIUOHHBIE IOTEPH Pyl MOTYT HOCTUTHYTh 20-35% [2].

OCHOBHBIMH NPUYMHAMH TOSIBIEHHSI BBICOKOIO YPOBHS MO-
Tepb M Pa3yOOXKMBAHWS IIPU OTKPBITOH pa3pabOTKE CIIOXKHO-
CTPYKTYpHBIX IONE3HBIX HcKomaembix (I1M) sBisttorcst Hemo-
CTaToOYHasi M3y4EHHOCTh I'€0JIOr0-MOP(HOIOrHUECKOTO CTPOCHHS
CIIOKHOCTPYKTYPHBIX OJIOKOB YCTYIIOB, HECOOTBETCTBHE IpH-
MEHSIEMBIX TEXHOJIOTMI BBIEMOYHO-TIOIPY304HBIX padOT pearb-
HBIM TOPHO-T€0JI0TMUYECKIM YCIOBHSAM 3aJICTaHUSI CIIOKHOCTPYK-
TYPHBIX TOJIE3HBIX HCKOMAEMBIX B MAacCHBE U BO B30PBAHHOM
COCTOSIHUH, HUCIIOJb30BaHUE YACTHBIX METOOB ONPEACIICHUS U
HOPMHPOBAHMS TIOTEPh M Pa3yO0KMBAHMUS, OPUEHTUPOBAHHBIX
Ha TOPHO-TEOJIOTNYECKNE OOBEKTHI C YETKUMHU T€OJIOTHIECKIMH

TPaHHUIAMH — JKHITBI, JIMH3BI, TUTACTHI 1 TIACTO0OPA30BaHM 3aj1e-
. [IprdemM KomndecTBEHHBIE W Ka9eCTBEHHBIC MOTEPH TT0JIE3-
HBIX UCKOTIAEMbIX B HAX OOBIYHO YCTAHABIMBAIOTCS TSI ITPUKOH-
TYPHBIX Y9aCTKOB PYIHBIX OJIOKOB.

Pa3paboTka MHHOBAIIMOHHBIX METOOB OIEHKH CIIOKHOCTH
TaKMX YYacTKOB M HX HCHOJIB30BAHUE ISl CYIIECTBEHHOTO
YMEHBIIICHUS TIOTEPh U Pa3yO0KUBaHMS TIPH Pa3pabOTKE CIIOXK-
HOCTPYKTYPHBIX MOJIE3HBIX HCKOMTAEMBIX SIBISIETCS aKTyalbHON
1 TIPUOPUTETHOM 3a/1aueii TOPHOM HAyKU U MIPOMBIIIJIEHHOCTH.

Tunuzayusa CHOHCHOCMPYKMYPHBIX PYOHBIX 0O10KO0G
ycmynog

AHanu3 ITUTEepaTypHbIX HCTOYHHKOB MO THITH3AINHU CIIOXK-
HOCTPYKTYPHBIX OJIOKOB, HX TEOPETHYECKOE OCMBICICHHUE T10-
KaspIBaeT [4—7], 9TO UX ONPENEeISIONUME ITapaMeTpaMu SB-
JSIFOTCS pa3Mepsbl TUIOMIAeH OT/ICIBHBIX PYIHBIX TEI U JTMHUH
MX KOHTAKTOB C BMEIIAIOIINMH ITOPOIaMH (HEKOHUIIHOHHbI-
MH pyIamMH) B paccMmaTpuBaeMoMm obObeme (puc. 1, 2). DtoT
MIPU3HAK MOXKET OBITH OIEHE H KOA(P(OHUIIMEHTOM CII0KHOCTH
TE0JIOTO-MOP(OIOTHIECKOTO CTPOCHUS Omoka (k,,), oTpenens-
€MBIM M0 3aBHCUMOCTH:

kcn = 1i1=1 lit'/2?=15i, (1)

rae /; — nmHa KOHTaKTHBIX JIMHUH i-TO PYIHOTO Tea C BME-
MIAONIMHA TIOpoaMu (WM HEeKOHIWUIIMOHHBIMHU PydaMu) Ha
JTAHHOM paspese, M;
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t' — TONIIMHA CII0s BMELAIOIUX OPOJ WIN Py, OMa aro-
IIMX [PH 9KCKAaBallMM B PYJHYIO Maccy (MM B OTTPYKaeMyIo
Opoay), M;

S; — IIOIaAb CEeUCHHs i-T0 PYAHOTO Teja Ha JaHHOM pa3-
pese Oi0Ka, M,

1 — 9HCIIO0 PYAHBIX TEIl.

Kak BuHO 13 paBeHcTBa (1), mokas3arenb CIOKHOCTH CTPO-
eHust Onoka (k) BIpakaeT OTHOILIEHWE CYMMAapHOM TUIOMIAAN
MIPUKOHTAKTHOTO CJIOA MPUMEIINBAeMOI MOPOJBI WM Teps-
eMOM pyabl K CyMMapHOM IJIOMIaTU PYAHBIX Tl Ha JaHHOM
paspese. MHaue roBops, ypaBHeHue (1) ompenenser ypoBeHb
KOJTMYECTBEHHBIX U KAY€CTBEHHBIX MOTEPh PYIbI IPH HU3BIIEUE-
HUH €€ U3 CIIOKHOCTPYKTYPHBIX pynHbIX O51okoB (CCPB) ycry-
ma B JI0JISIX eAMHMIBL. YeM Oolbliie cymMMa MpUMENIMBAeMOro
CJIOS M MEHbIIEe CyMMa ILIOII/EH PYAHBIX Tel, TeM Oolblie
K03()(DUIHEHT CIIOKHOCTH Te0JI0r0-MOP(HOIOTHISCKOTO CTPO-
eHusl 0J0Ka M HAao0OpOT. DTO OOCTOSTEIBCTBO JIOCTATOYHO
MIOJTHO OTpa)kaeT peajbHOE COCTOSIHUE JIeNl Ha TOPHBIX Mpes-
MPUATHUSX.

Ecnu TonmuHa MPUKOHTAKTHOIO CJIOSI IIPUMEIIMBAEMOU
MOPOABI MU TepsieMol pyabl Uit Bcex pynHbix Tein CCPB Be-
JIMYMHA MOCTOSHHAs, TO €€ MOXKHO BBIHECTH 3a 3HAK CYMMBI.
Toraa KoJMUECTBEHHbIE M KaUECTBEHHBIE TTOTEpU OyIyT Mpo-
MOPIIMOHAJIBHBI OTHOIIEHUIO CYMM JUIMH KOHTAKTHBIX JTMHUI
K CyMMapHOM IIJIOIa Iy PyAHBIX TeJl Ha JaHHOM pa3pese 6110-
Ka, T. e.:

ken = n(Xiq L/ X1 S0, )

i€ {4 — HEKOTOPbIH KOA(Q(UIIMEHT NpONOPINOHAIEHOCTH, M.
B yactHOM ciiydae u =t'.

Jnst ananutudeckoro onpeneneHus k., OTHUM U3 aBTOPOB
CTaTbhy NPENI0KEHA HOBAsA TUIIU3ALHs CI0KHOCTPYKTYPHBIX
PYIHBIX OJIOKOB, colepiKaliasi TOJIbKO JIBa THIIA TaKUX OJI0-
koB [7]. IlepBbIii THI TPEICTABIISACT OJIOKH, CIOKECHHBIC W3
Pa3po3HEHHBIX CILIOUIHBIX PYAHBIX T€J, BTOPOH TUH — OI10-
KH, CJIOKC€HHBIC U3 PACCPCAOTOUYCHHBIX PYAHBLIX TCII. Ounn
MPUBEICHBI HA pUC. | U 2 U cayxar 0a30# A ompeaeIcHUs
X TCXHOJOTHYCCKUX XAPAKTCPUCTUK, aHATIUTUYCCKU B3au-
MOYBA3BIBAOIUX MCKIY CO6OI71 BCC BBISAABJICHHBIC T€OMETPU-
YEeCKHE MapaMeTphl Te0Joro-Mop(oJorHueckoro CTpPOCHHUs
0JIOKOB.

Pacuersl 1oKa3bIBaIOT, YTO IS CIOKHOCTPYKTYPHBIX Me-
CTOPOXKICHUI paccMaTpUBAaEeMblil KPUTEPHUNA NPH 3HAYCHUU ¢,
paBHOM 0,25 M (mecaTol YacTH HaMMEHbIIEH MOIIHOCTU PyA-
HOTO cJ10s1), Koseouetcst B mpenenax ot 0,1 mo 0,3 [7]. ITo xa-
pakTepy reosioro-mopdonorudeckoro crpoenusi CCPb MoxxHO
MOJPA3ACTUTh Ha:

- CJIOKHOCTpYKTypHbIE (K, = 0,1 - 0,2);

- bosee cioxkHocTpykTypHBbIe (K., = 0,2 - 0,3).

Cienyer OTMETHUTb, YTO OOJIBIIMHCTBO MECTOPOXKICHUMN
PYI LIBETHBIX, PEIKUX M OJArOpOAHBIX METAJIIOB SIBISIOTCS
0oJice CIOKHOCTPYKTYpHBIMH. [Ipy 3HaYCHHH 3TOU Xapak-
TEPUCTUKH, mpeBblmatoneM 0,3, celeKTUBHAsI BbIEMKa T10-
ne3Horo uckonaemoro u3 CCPB no skoHoMuueckuM coo0-
paXEHHSM CTAaHOBUTCSI BEChbMa MPOOJEMATHYHOW, TaK Kak
TCKyHIUEC 3aTpaThbl Ha Zl06l)l'-ly JOCTUT'AaKOT HEBOCIIOJIHUMBbIX
pa3MepoB.

Topnwvii srcyprnan Kazaxcmana Ne2’ 2025
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Puc. 1. Buabl c/10)KHOCTPYKTYPHBIX 0JIOKOB yCTYIIOB,
CJI0’KEHHBIX M3 Pa3PO3HEHHBIX CIUIONIHBIX PYIHBIX TeJ:
a, 6 — npu yene nadenusi men om () 0o w/2; 8, 2 — npu yane
naoenusi men om w/2 0o w. h — evicoma 6noxa, a u 2a —
wupuna o6noxa, Si — n1owaos i-2o pyonoeo mena, li — onuna
JIUHUL KOHIMAKMO8 [-20 PYOHO20 MeNd ¢ 6Mewarnujum
nopooamu.

Cyper 1. llampIpaHKbl KATThl KeH/i JeHeJIepaeH
TYPATbIH KeH/IepiH KypAei KYpbUIBIMABIK
0JIOKTAPBIHBIH TYPJepi: a, 6 — 0-0en mw/2-2e Oetlinei
OeHenepOin mycy OYpuluublHOA, 8, 2 — TT/2-0eH TT-2e OeUiHel
OeHenepoin mycy oypulubiHOa: h — bnokmuly duikmiei, a
orcone 2a — bnoxmuly eni, Si — i-uti KeH OeHeCIHIH ayOaHbl,
[i — neeizei oicoinbICMApbL Oap Oenenep i-uii KeHHIH OalIaHbLC
CHI3LIKIMAPBIHBIY Y3bIHObLEDL.

Figure 1. Types of complex structural blocks of benches
composed of disparate solid ore bodies: a, b — at the angle
of incidence of bodies from 0 to w/2; ¢, d — at the angle of
incidence of bodies from /2 to m: h — block height, a and 2a
— block width, Si — area of the i-th of the ore body, li — is the
length of the contact lines of the i-th ore body with the host
rocks.

V7] - pyoa, [===]— nopooa

Puc. 2. Buab! CJI0KHOCTPYKTYPHBIX 0JI0KOB,
CJIOJKEHHBIX M3 PACCPEI0TOYEHHBIX PYIHBIX Tel: a, O —
mpaneyuesuoHvie meid, 6, e — NapaiLeroespammmsie meia.: h
— gbicoma 010Ka, a u 2a — wupuna 6noka, Si — niowaos i-2o
PYOHo2o mena, li — Onuna tuHul KOHMAKMO8 i-20 PYOHO20
mena ¢ eMewarouuMu nopooamu.

Cypert 2. /lucnepcTi KeH AeHeepiHeH KypaaFaH KypaeJi
KYPBUIBIMABIK 0JIOKTAPABIH TYPJepi: a, 6 — mpaneyus
mapi30i Oenenep, 8, 2 — NAPALIEN0SPAMMObIK OeHenep. h —
OnoKkmuly Ouikmiei, a sicane 2a — 6nokmuiy eni, Si — i-ui KeH
OeHeciHiy ayoanvl, [i — He2i32i dcbinbicmapsl bap oenenep
i-wii KeHHiY OQUNAHBIC CHIZLIKIMAPBIHBIY Y3bIHObIEYL.
Figure 2. Types of complex structural blocks composed
of dispersed ore bodies: a, b — trapezoid bodies, c, d —
parallelogram bodies: h — block height, a and 2a — block
width, Si — area of the i-th of the ore body, li — is the length of
the contact lines of the i-th ore body with the host rocks.
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T'eomempuueckue xapakxmepucmuku >NeMeHmMo8 630p-
6AHH020 CIIOHCHOCMPYKMYPHO20 010KA yCmyna

Omnpeneneare KOI(pQHUIMEHTOB CIOKHOCTH TEOIOT0-MOp-
¢onormueckoro crpoernsi CCPB  peammsyercs ¢ moMomipio
KOOP/IMHATHBIX CETOK B3PHIBAGMOTO M B30PBAHHOIO OJIOKA.
[Ipu 5TOM B3pBIBacMbI OIOK pa3OMBacTCs Ha ONPEACICHHOE
YHCIIO YacTel BUPTYalbHBIMU IUIOCKOCTAMH, HPOBEACHHBIMU
TapauIeTbHO OTKOCY YCTyTa 1 Topu3oHTy [8] (prc. 3a). Cnenpl
TOPH30HTAIBHBIX Pa30MBAIOIINX IUIOCKOCTEH B paspese ycTy-
I1a TIPEJCTaBISIOT COOOH TOPU30HTANbHBIE OKOHTYPUBAIOLINE
JIMHHY SJIEMEHTOB YCTyna. B MX 4MCIO BXOAAT Takxke Ciembl
KPOBJIM M IOJOLIBEI YCTyNa. AHAJIOTHYHO CJIEbl HAKJIOHHBIX
pa30MBAIONINX TUIOCKOCTEH MPEACTABISIOT COO0M HAKIOHHBIC
OKOHTYPHBAIOIIVE JINHUHM PACCMAaTPUBACMBIX JIEMEHTOB YCTy-
na. OHM BKJIIOYAIOT B CBOI COCTAB JIMHHIO OTKOCA YCTYIA M JIH-
HHUIO OTPBIBA B3PBIBAEMOT0 OJIOKA OT MaccHBa MOpof (puc. 3a).
[Tono>keHHsT OTMEUYEHHBIX OKOHTYPHBAIOIIMX JIMHUH BO B30Op-
BaHHOM COCTOSIHUH OJIOKOB YCTYIIOB TTOKa3aHbI Ha puc. 30, B.

Puc. 3. Cxema pa3melnieHusi 3J1EMEHTOB yCTYIIa BO
B3PbIBA€MOM (1) ¥ B30PBAHHBIX OJIOKAX NIPH OTHOPSI/THOM
(6) n yerbipexpsitHoM K3B Ha cB000HYI0 MOBEPXHOCTD (8).
Cyper 3. Bip kaTapJbl (6) :koHe TOpT Katapiabl KK
Ke3iHje 00C 0eTKe KAPHUIATBIH (@) HKIHE KAPbLIFaAH
(8) GJ0KTapAaFbl KeMep YJIeMeHTTEePiH OPHAJIACTBIPY
cXeMachl.

Figure 3. Layout of bench elements in blasting (@) and
blasted blocks with single-row () and four-row SLE on
a free surface (c).

COBOKYITHOCTh B3aUMHO MEPECEKAIOMINXCS TOPU30HTAIb-
HBIX W HAKJIOHHBIX OKOHTYPHBAIOIIWX JIMHUN 3JIEMEHTOB
B3phIBaeMOro0 OIOKa B pa3pe3e Ha3BaHa KOOPAMHATHON CETKOH
B3pbIBaeMoro Omoka. COBOKYITHOCTH B3aUMHO I€PECeKaro-
amxcst Ae(OPMUPOBAHHBIX TOPH30HTAIBHBIX W HAKIOHHBIX
OKOHTYPHUBAIOIINX JIMHHUH 3JIEMEHTOB YCTYyTIa B pa3Balie Ha3Ba-
Ha KOOPJIWHATHOH CETKOH B30PBaHHOTO OJIOKA.

K reomerpuuecknM XapaKTepHUCTHKAM DIEMEHTOB B30p-
BAHHOTO OJOKa OTHOCSTCS MX IUIOIIAIH, OKOHTYPHUBAIOIINE
JIUHUU, KOA(GOUIIMEHTH Pa3phIXJICHUS DJIEMEHTOB 110 TOpH-
30HTAJIBHBIM W HAKJIOHHBIM CJIOSIM M KOOPAWHATHI Y3JIOBBIX
TOYEK KOOPJIWHATHOW CETKH B30pBaHHOTO Oinoka [9]. V3io-
BBIMH TOYKaMHU KOOPAWHATHON CETKH B30OPBAHHOTO OJOKA 5B-
JIAIOTCSA TOYKH TEePECEUeHNs] TOPH30HTAIBHBIX U HAKJIOHHBIX
OKOHTYPHBAIOIINX JINHUH 3JIEMEHTOB B3PhIBAEMOT0 OJI0KA.

Hywmepanus crnoes mo Beptukanu y (y = 1, 2 ... 4) Bexer-
Csl CHH3Y BBepX, a 1o ropusoHtamu o (0 = 1, 2 ... 10) crue-

Ba HAmpaBo. OJTOMY MOPSAKY COOTBETCTBYIOT HHICKCHI
paccMaTpUBaEMbIX — XapaKTEPUCTHK BJIEMEHTOB  (TIomia-
Jeid, Kod(pdUIMEeHTa pa3phIXJICHHUs1) B30PBaHHOIO OJioKa
(5;,1' Si,z' a0y 52,10; kpl,l' kpl,Z' oy kp4-,10)'°

KoopauHaTh! y3710BBIX TOYEK KOOPIMHATHON CETKU B30p-
BAaHHOT'O OJIOKA OTPEIEIISIOTCS 110 CISHYOIUM (hopMymam:

xiy = k(€2 +my) yy = ki« Ly 3

TJIE X, V;; — KOOPJMHATHI Y3JI0BBIX TOYEK KOOPAMHATHON CETKH,
T. €. TOUEK MePECEUEHUs -Oi U j-Ol OKOHTYPHUBAIOIIUX JTHHUN
3IIEMEHTOB B30pBaHHOTO Oyioka ycrymna, i (i =1, 2 ... 5),j (j =
. X y

1,2 .. 11); ki, kil' — KO3 GHUIUEHTHI TPOIOPIHOHATBHOCTH
HN3MCEHCHUA KOOPANHAT Y3JIOBbIX TOUCK COOTBETCTBEHHO I10 I'0O-
PU30HTAILHOMY U BEPTUKAJIbHOMY HAIIPaBICHUSM;

€3,M,, |; — KOHCTaHTBI yPABHEHHUSL.

KoHcTaHTa €, ojHaKoBa 11 OJHOPSITHOTO U MHOTOPSAHO-
'O PACIIOJIOKEHHSI CKBAYKHH U OIIPE/EIISIETCS 10 3aBUCUMOCTH:

€,=(h-1) ctga. “)

3nech MHIIEKCHI €; 0003HAYaI0T HOMepa Y3JIOBBIX TOUEK Ha
JIMHHUU OTpPHIBA MOPOJ] OT MacCHBa CHU3Y BBepx (A =1, 2 ... 5),
h — BBICOTa yCTYyIa, @ — Yroj oTKoca ycryma, [; — opauHara
-0} OKOHTYpHUBAIOIE} TOPU30HTAILHON JINHUH B3PhIBAEMOTO
Or0Ka.
— — h — — —
11—0,12—1,13— ,14—_,ls—h (5)
Koncranra m; — paccTosiHHUE (110 TOPH30HTAIIN) MEXKTY Pac-
CMaTpPUBAEMOI OKOHTYpHBAIOIIEH HAKIOHHOW JIMHUEH U JIU-

HHEH OTPBIBA ITOPOJ OT MacCHBa BO B3PHIBAEMOM OJIOKE.
[Tpn otHOPSAIHOM B3PBIBAHHH:

my; = 0; m;, =%;m3 =%;m4=¥;m5=w; (6)
pu geteipexpsaHom K3B:
a, 3ay
m1=0;m2=?;m3 =ap;m4=7;m5=2ap;
meg =52ﬂ;m7 = 3a,; mg = 3a, +%;

mg = 3a,,+%;m10 =3ap+%;m11 =3a,+W. (7)

KoadduimenTs! MpornopuuoHaabHOCTH U3MEHEHHS KOOp-
JIMHAT Y3JIOBBIX TOYEK CBS3aHBI C MHTETPAJIbHON XapaKTepu-
CTHKOH COCTOSIHUS Pa3Baia — ¢ KO3 GHUIUCHTOM Pa3phIXJICHHS
MIOPOJl B COOTBETCTBYIOMINX CIOSIX Pa3Baja M C COOTHOLICHH-
€M, YYUTBIBAIOIINM JJINHY OTOpPOILIEHHOH JacTH pa3Bana B,
KOHCTAHTHI [, m;, T. €. C TTapaMeTpaMu:

_ B, y B,
Pys = Kps) \/% Pys = kp(ys)\/,:i , ®

rne y = 1,2,3.4;
0=1,2..10;
i=y+1;
j=o0+1.
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AHHpOKCI/lMl/IpyIOHll/Ie MOJIMHOMUAJIbHBIC YPAaBHCHUA JId
OIIPEEIICHUS] HCKOMBIX KOA((UIIMEHTOB MPOIOPIHOHAIBHO-
CTH TOYEK KOOPAMHATHOM CETKU pa3Bajia MopOJl BBINISIST Clie-
JIYFOIIIUM 00pa3oM:

I = aip}s” + bip}s' +cipys +dipys +

+efpys+fi k)= a]’.'p%z +bpls+c, (9
e aj, bf,ci,df, e}, f{ — KOHCTaHTHI IICPBOTO yPaBHCHH
(9), cBs3aHHBIE C i -0 TOPH30HTAJIHHON OKOHTYpPHBAIOIICH
JIMHACH;

al’.' , b]}.' , c;' — KOHCTAHTHI BTOPOTO ypaBHEHHA (9), CBS3aH-
HBIC C j-O1 HAKJIOHHOW OKOHTYpHUBArOIIeH mHei. Takxke cTo-
UT y4YeCTb, YTO MHJEKCHI CJIIOEB U OKOHTYPUBAIOIIUX JIMHUH
HYMEpYIOTCS CIeayrommmM odpasom, ecnu i = 1, To y = i, ecru
xke i>1, toy=1i-1; ananorunyso, eciu j = 1, T0 0 =}, ecnu
xej>1,100=j-1.

[lo npennoxkeHHOW METOAUKE aHAJUTUYECKOTO OIperesie-
HHS Y3I0BBIX TOYEK KOOPJMHATHOH CeTKH ONoKa ObLTa co3aHa
KOMITBIOTepHast mporpamma B cpexne Microsoft Visual Studio
2019 [9]. Ona O3BOISIET IPOBOIUTE YIOOHBIN M THOKUH pacyeT
KOOPJMHAT y3JIOBBIX BHYTPEHHUX TOYEK H IMOCTPOHUTH IPO(HIH
pa3Baja B3OpPBaHHBIX IOpoA. [IpuMepsl pacyeToB M aBTOMATH-
3UPOBAHHOTO TIOCTPOCHUS MPO(HUIIS pa3Bajia TOPHBIX HOPOI U
PACIIONIOKEHNST Pa3pO3HEHHBIX PYAHBIX TeJl MPEICTABICHBI HA
puc. 4 6 u B. OHE TIOATBEP)KIAIOT PAOOTOCIIOCOOHOCTE pa3pa-
0OTaHHOrO AHAJIUTUYECKOTO METOZA OIPEACNCHHS KOOPIHHAT
Y3I0BBIX BHYTPEHHUX TOYEK KOOPAWHATHOW CETKH B30PBAHHO-
ro OJOKa W aBTOMATH3MPOBAHHOIO NMPOTHO3MPOBAHUS pa3Me-
IICHUS Pa3JINYHbIX JIIEMEHTOB YCTyIa BO B3OPBAHHOW TOPHOM
Macce B Pa3INYHbIX YCIOBHSIX B3PhIBAHHS.

\ %t

w

A

-« P 7 '7///{// 2 2

ol
)
&

Bo |

Puc. 4. Cxema pa3MeleHHs PyAHBIX TeJI BO B3pbIBA€MOM
(a) 1 B30PBaHHBIX 0JIOKAX PHU OHOPSIAHOM (0),
yeTbipexpsiiHoM KB3 (8) Ha cB000HYI0 NOBEPXHOCTb.
Cypert 4. Bip karapJsbl (6) :xoHe TopT Katapibl KK
Ke3iHge 00c 0eTKe KapbLIATBIH () AKJHE )KAPbLIFAH (8)
0JIOKTap/a¥Fbl KeH/Ii IeHeJIep OPHAJIACTBIPY CXeMAChI.
Figure 4. Layout of ore bodies in blasting (@) and blasted
blocks with single-row () and four-row SLE on a free
surface (c).

Ananumuueckoe onpeodenenue OCHOGHBIX NOKazameneil
0002aui{eHUA NONE3HBIX UCKONACMBIX

J1s1 TOPHO-TEXHOJIOTMYECKOr0 000CHOBAaHHS IIOJTHOTO H3-
BJICUEHHMS PYJ U3 CIOKHOCTPYKTYPHBIX OJIOKOB 0€3 moTeph 1
pa3y0oXKUBaHUS PACCMOTPUM OCHOBHBIEC ITOKA3aTEIH MPOLEC-

Topnwvii srcyprnan Kazaxcmana Ne2’ 2025

ca oboramenus pyn. ComepixaHue I0JI€3HOI0 KOMIOHEHTA B
KoHIIeHTpare (ff), B XBocTax oborameHus (J), B pyze (a), Bbl-
XOJI KOHLIEHTpaTa (y,), BBIXOJ] XBOCTOB (Y,), U3BJICUCHHE MTOJIE3-
HOTO KOMIIOHEHTa B KOHIIEHTpAT (&,), B XBOCTHI (&) OOBIYHO
YCTaHABJIMBAIOTCSl MyTEM HEMOCPEICTBEHHBIX M3MEPEHUH M
Bbruncienuit [10, 11].

Jliist X TEOpeTHUYEeCKOro OINpEeICHUs] U3 ypaBHEHHs Oa-
JIaHCa MAacCChI Py/Ibl, HOCTYIHBIIEH Ha (aOpHUKY, U IPOILYKTOB
oOorarieHust 1 ypaBHEHHUs! OajaHca MOJIE3HBIX KOMIIOHEHTOB
B pyZe, KOHIIEHTpaTe ¥ XBOCTaX MOJIyUYeHbI Cleaytomue Gop-
MYJIbL:

_ & _a-é6 _ & _ B-a
YK_MP_B_S! yx_Mp_ﬂ_s’ (10)
_MB a—é‘E _ My ﬁ—aé

& = Mpa  B-éa &= Mpa  B-8a (1

ITockobKy Macchl py/bl, KOHI[EHTPAaTa U XBOCTOB MOXKHO
H3MEpHTh, TO U3BJICUCHHE U BBIXOJIbI IPOYKTOB 000OTaIICHHS
MOYKHO CUHTATh W3BECTHBIMH, T. K. OHU PACCUUTHIBAIOTCS IO
tdopmynam (10), (11).

W3BredeHne MOJe3HOr0 KOMIIOHEHTa B MPOIYKThI 0OOra-
LIEHUSI U €TO BBIXO/bl B3aMMOYBSI3bIBAIOTCS COOTHOILICHUSIMH:

)
& = YK{_; & = Vx ;- (12)
U3 dopmym (10), (11) crenyer, uaro
Vet Vx=1 & +&=1 (13)

OTH pe3yabTaThl BIOJHE €CTECTBEHHBI U MOATBEPIKIAIOT
CIIpaBeTMBOCTH BhIpakeHuit (10), (11).

[Ipumep pacdera TEXHOJOTHMUYECKHX TIOKa3areier obora-
LICHUS MOTMMETANTHYECKUX PYI MECTOPOKICHUN NPUBEICH
B Tabmmme 1.

JIiist perreHusi OCTAaBICHHON 3a1adi 00paTHM BHHMAaHHE
Ha IPUHIIUITEI OKOHTYPUBAHUS KOHAUIHUOHHBIX pya. OHO ocy-
IIECTBISIETCS HA OCHOBE MPUHATOTO MO TEXHOJIOTHYECKHM,
SKOHOMHYECKHM MOTHBAM MPEHEIHHO JOIyCTUMOTO MHHH-
MaJIbHOTO 3Ha4eHHs MoJie3HbIX kommoHeHToB (I1K) B pyze, a.

O6beMbI pyas ¢ conepxanueM [1K HIke yka3aHHOTO YPOB-
HA (< ¢¢) CYMTAIOTCSI HEKOHAMIIMOHHBIMUA. OHU BKIIOYAIOTCSI B
COCTaB BMEILIAIONINX TOPHBIX TOPOJ. B To ke Bpems u3 reoio-
THH MECTOPOXKACHUH, B YaCTHOCTH, PYJ IIBETHBIX, OJaropos-
HBIX ¥ PEIKUX METaIOB [ 12] U3BECTHO, YTO CHIYKEHHE COTIEP-
xaaud [1K ¢ ynaneHnem ot 1ieHTpa pyJHOTo Tella IIPOUCXOAUT
MIOCTETNEHHO, TIaBHO. DTO 3HAYUT, B YaCTH HEKOHIHIIMOHHBIX
PYI, HEMOCPEACTBEHHO KOHTAKTHUPYIOUMIEH C KOHAMIMOHHBI-
MU pyaamu, cofepxanne [IK He3HaYUTENbHO OTIMYAETCs OT
HOopMaTtuBHOTo. OJJHAKO C YBEIMYCHHUEM yKa3aHHOTO 00bema
ymenbiaercs I1K B o01ieii otrpyskaemoii pyne. Comepxanne
IIK B Takoi#t pynHoit macce (a’) B 3D dhopmate onpenensieTcs
o hopmye:

Vip+AV
=t g, (19
Vip+Vigp
rie V,, — 00beM KOHJUIHMOHHON Py/Ibl, M’;
V,, — 00beM IpPHMEIIMBAEMOrO CJIOS HEKOHJUIMOHHON
PyAbI, M*;
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Taonuya 1

Ilokazamenu oo6ozauwienus meonoi (a), ceuny06oil (6) u yunkoeoit (¢) pyo npu paznuunom cooeprycanuu I1K ¢ pyt)eu
Kecme 1

Kenoezi apmypni IIK Kypamvinoazel moic (a), Kopeacwin (6) scane moipoiui (8) Kenoepin daiivimy Kopcemkiuimepi
Table 1
Enrichment rates of copper (a), lead (b) and zinc (c) ores with different UC content in the ore
Pynsr a &k Vi &y Vs a & 1 &y 2

0,40 85,26 1,71 14,74 98,29 0,75 92,28 3,46 7,72 96,54

0,45 86,93 1,96 13,07 98,04 0,80 92,78 3,71 7,22 96,29

0,50 88,26 2,21 11,74 97,79 0,85 93,22 3,96 6,78 96,04

a 0,55 89,36 2,46 10,64 97,54 0,90 93,61 4,21 6,39 95,79

0,60 90,27 2,71 9,73 97,29 0,95 93,97 4,46 6,03 95,54

0,65 91,04 2,96 8,96 97,04 1,00 94,28 4,71 5,72 95,29

0,70 91,70 3,21 8,30 96,79 1,10 94,83 5,22 5,17 94,78

0,80 91,39 1,62 8,61 98,38 2,00 96,65 4,30 3,35 95,70

1,00 93,14 2,07 6,86 97,93 2,20 96,97 4,74 3,03 95,26

0 1,20 94,31 2,52 5,69 97,48 2,40 97,23 5,19 2,77 94,81

1,40 95,15 2,96 4,85 97,04 2,60 97,46 5,63 2,54 94,37

1,60 95,77 3,41 4,23 96,59 2,80 97,65 6,08 2,35 93,92

1,80 96,26 3,85 3,74 96,15 3,00 97,82 6,52 2,18 93,48

1,00 92,18 2,30 7,82 97,70 3,80 98,09 9,32 1,91 90,68

1,40 94,47 3,31 5,53 96,69 4,20 98,29 10,32 1,71 89,68

1,80 95,75 4,31 4,25 95,69 4,60 98,46 11,32 1,54 88,68

? 2,20 96,56 5,31 3,44 94,69 5,00 98,60 12,32 1,40 87,68

2,60 97,12 6,31 2,88 93,69 5,40 98,72 13,33 1,28 86,67

3,00 97,53 7,31 2,47 92,69 5,50 98,74 13,58 1,26 86,42

3,40 97,84 8,32 2,16 91,68 5,60 98,77 13,83 1,23 86,17

/A — otHocHuTenpHOE conepkanue 1K B mpumemnimBaemMom
00beMe HEKOHAUIIMOHHBIX Pya. [10 MPUKUITOYHBIM TaHHBIM Ha
pPacCcTOsSIHUU OT KOHTYypa pyaHoro tena, paBuom 0,25; 0.4; 0,5
M A coctaBisieT cooTBeTcTBeHHO 0,75; 0,6; 0,5.

PaccmoTpeno Tpu BapuaHTa MOJHOTO M3BICYEHHS] KOHIH-
unoHHbIX 3anacoB [IM coBmecTHO ¢ HekoTOpoW yacThio HP
CJIOKHOCTPYKTYPHBIX OJIOKOB IMPH MHHUMAIBLHOW MOITHOCTH
pyznHoro tena 2,5 M. 3Ha4€HUsS] MEPEMEHHbIX ¢’ U A IpUHH-
Manuch paBHbIMU: B | Bapuante £’ = 0,25 M, 4 = 0,75; Bo 1I
Bapuanre t’ = 0,4, 4 = 0,6; B III Bapuanre ¢’ = 0,5, 4 = 0,5.
UucrieHHble 3HaY€HUS COACPIKAHUS MOJIE3HBIX KOMIIOHEHTOB B
OTrpy>KaeMOoU pyJe U U3BJICUCHHSI UX B KOHLIEHTpAT AJIsl MEJI-
HBIX, CBUHIIOBBIX M IIUHKOBBIX Py MPUBCICHBI B TAOIUILY 2.
AOCOIIOTHBIC U OTHOCHTEIbHBIC OTKIOHEHHS THX IOKa3are-
JICH MPeCTaBICHBI B Ta0HIIe 3.

JanHbIe TaOMUIIBI 2 MOKa3bIBAIOT, 4To conepxanue [1K B
OTrpy’KaeMOi MEIHOU py/Ae C YBEIHMUEHUEM €T0 COACPIKAHMS
B KOHJMLIMOHHOW pyJe BO BCEX BapUaHTaX yBEIMUMBACTCS U
YMEHBILAETCSl ¢ yAAJIEHHEM OT KOHTypa pyAHOro Tena. AHa-
JIOTUYHAS TCHACHIUS XapaKTepHA W IS M3BJICUCHUS MEIH B
KoHIeHTpaT. OIHAKO 3T W3MEHEHHUsl HE CyIIEeCTBEHHBI. (s
OILICHKW WX BJIHSHUS Ha KOHCYHBIA PE3yJIbTaT — H3BJICYCHUC

MOJIC3HOTO KOMITOHEHTa B KOHIICHTPAT PAaCCMOTPUM OTH OT-
KJIOHCHUSI B TPEX PAaCCMATPUBACMBIX CITydasX.

Kak BuIHO M3 TaOMHIE! 3, OTHOCHTEIIFHOE OTKIOHEHHUE CO-
nepxxanus 1K B oTrpykaeMoli pyae B 3aBUCUMOCTH OT COAEP-
skaaus [IK B KOHIUIIMOHHOW pyae Mpy BCeX BapHaHTaX OCTa-
ercst Ha omHOM ypoBHE (4,17%), (9,7%), (14,29%). OTHOCH-
TEJIFHOE OTKJIOHEHUE m3BieueHus [IK B KOHIIEHTpAT B MEpBOM
Bapuante uzmensercs ot 0,67 1o 0,29%, Bo BTopoM BapHaHTe
ot 1,65 no 0,72%, B TpeTbeM Bapuante ot 2,56 o 1,1%. Ot
MOKAa3aTeNI C U3MECHCHHEM MapaMeTPOB MPUMCIITHBAEMBIX CII0-
€B HEKOHJIUIIMOHHBIX Py B 3aBHCUMOCTH OT conepskanus [1K
B KoHauImonHou pyne (0,45; 0,60; 0,75 u 0,95) cooTBeTCTBEH-
HO pocturaiot 3Hauenmi 0,67, 1,65, 2,50%; 0,48, 1,19, 1,85%;
0,38, 0,93, 1,45%; 0,29, 0,72, 1,12%. CooTBeTCTBYIOIIKE MO~
Ka3aTeJId UMCIOT CBHHIIOBBIC U IIMHKOBBIC pyabl. OHU CBHEC-
TEJILCTBYFOT, YTO OTHOCUTEIBHOE OTKJIOHCHHE u3BieucHus [1K
B KOHIICHTPAT OT TPEOYEMOT0 HE 3HAYUTEIILHO U JICKUT B JIOMY-
CTHMBIX TIpefiesiaX. TO 03HAYACT, YTO IPH TTOTHOM U3BICUCHUT
KOH/IMIIHOHHBIX Py U3 CIOKHOCTPYKTYPHBIX OJIOKOB YCTYIIOB
ITyTeM MPUMEIITUBAHUS CJI0S1 HCKOHIUITMOHHBIX PYJT OTPEICIICH-
HBIX Pa3MEpOB 00CCIICUUBACTCS TPEOyeMOe KaueCTBO OTTPYKa-
€MOM PYIHOM MacChl M YBEIIMYCHHE €€ 00BbeMa.
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Tabauua 2
Cooepicanue IIK ¢ omepyscaemoit pyoe u ux uzsneuenue 6 KOHYEHMPAN RPU PATUYHBIX PAZMEPAx
HPUMEUUBACMBIX CT10€68 HEKOHOUYUOHHBIX PYO
Kecme 2
Kenenminemin kenoezi IIK mazmynol scane onapovt KOHOUUUATIBIK emec KeHOepOil apanacKan KaoammapuliolH
apmypni monuiepinde KOHYEeHMPAmKa auy
Table 2
The content of UC in the shipped ore and their extraction into concentrate at various sizes of mixed layers of substandard ores

BapuanTtsi
Merann Wcxonuprit 1 11 111
a &k a’ & a’ & a’ &

0,45 86,93 0,43 86,35 0,41 85,49 0,39 84,70

Mo 0,60 90,27 0,58 89,83 0,54 89,19 0,51 88,60
0,75 92,28 0,72 91,93 0,68 91,42 0,64 90,94

0,95 93,97 0,91 93,69 0,86 93,29 0,81 92,91

1,00 93,14 0,96 92,84 0,90 92,39 0,86 91,98

1,60 95,77 1,53 95,58 1,44 95,30 1,37 95,04

CauHelr

2,20 96,97 2,11 96,83 1,99 96,63 1,89 96,44

2,80 97,65 2,68 97,54 2,53 97,38 2,40 97,23

1,40 94,47 1,34 94,23 1,26 93,86 1,20 93,52

2,60 97,12 2,49 96,98 2,35 96,79 2,23 96,60

Lo 420 9829 | 4,03 98,21 3,79 98,09 3,60 97,97
5,40 98,72 5,18 98,65 4,88 98,56 4,63 98,47

Tabnuua 3
OmKnoHenus ucciedyemuvix noKazameieli Onm KOHOUWUOHHBIX NPU PAZTUYHBIX PA3MEPax NPUMEUIUBACMBIX C/10€6
HEKOHOUYUOHHBIX PYO
Kecme 3

3epmmenemin Kopcemkiuimepoiy, KOHOUYUAIBIK, eMec KeHOePOiH apanacKan KadammapovlHblH Jpmypii moauiepinoezi
KOHOUYUATBIK KOPCEMKiuimepoeH ayblmKybl
Table 3
Deviations of the studied indicators from the conditioned ones at different sizes of the mixed layers of substandard ores

BapuanTtsl
Mertami I I 111
Ada’ Ag, Ada’ Ag, Ada’ Ag,
1 2 3 4 5 6 7

0.02 0.58 0.04 1.44 0.06 2.23

4,17 0,67 9,70 1,65 14,29 2,56

0.03 0.44 0.06 1.08 0.09 L.67

Mo 4,17 0,48 9,70 1,19 14,29 1,85
0.03 0.35 0.07 0.86 0.11 1.34

4,17 0,38 9,70 0,93 14,29 1,45

0.04 0.28 0.09 0.68 0.14 1.06

4,17 0,29 9,70 0,72 14,29 1,12

0.04 0.30 0.10 0.75 0.14 L.17

4,17 0,33 9,70 0,81 14,29 1,25

0.07 0.19 0.16 0.47 0.23 0.73

Caunen 4,17 0,20 9,70 0,49 14,29 0,76
0.09 0.14 0.21 0.34 0.31 0.53

4,17 0,14 9,70 0,35 14,29 0,55

0.12 0.11 0.27 0.27 0.40 0.42

4,17 0,11 9,70 0,28 14,29 0,43
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BapuanTsr
Merann I II 11T
Aa’ Ag, Ada’ Ag, Aa’ Ag,
1 2 3 4 5 6 7
0.06 0.25 0.14 0.61 0.20 0.95
4,17 0,26 9,70 0,65 14,29 1,01
0.11 0.13 0.25 0.33 0.37 0.51
4,17 0,14 9,70 0,34 14,29 0,53
Hoe 018 0.08 041 020 0.60 032
4,17 0,08 9,70 0,21 14,29 0,32
0.23 0.06 0.52 0.16 0.77 0.25
4,17 0,07 9,70 0,16 14,29 0,25

prweuauue: 6 yuciaumeie dpo6u npueedenbz a6C0/l}0mel€, a 6 3HameHamege 0p06u — OMHOcCUNMelbHble ONKIOHEHUs 6 NpoyeHmax

Takum 00pa3zoM, MPU HOBOM TIONIXO/IE K pa3paboTKe CIIOKHO-
CTPYKTYPHBIX OJIOKOB TIpEIoIaraeMasi pasyooKHBArOIIIasl 9acTh
HEKOH/IUIIMOHHBIX Y/ MEPEXOUT B KATETOPHIO W3BIEKACMBIX
3aracoB. BerencTBre 9Toro yBeMuMBaeTcst Kak 00beM M3BIICKa-
€MOH py/Ibl, TaK M PACHIMPEHHOE M3BJICYCHUE MOJIE3HBIX KOMIIO-
HEHTOB B KOHIIEHTpAT. Takoe npuparieHue mojae3HbIX KOMITOHEH-
TOB MOkeT Jioctudb 10,0—15,0% ot ob1iero oobema J00bIYH.

3akJ/l0ueHue

B pesynbrare mpoBeIeHHBIX UCCIICIOBAHUIN:

1. Ilposedena mosasi munusayusi CLOACHOCHPYKMYPHBIX
Pyouwix bnokoe yemyna. K nepeomy muny omuecenvi 610Ku,
CILOJICEHHbLE U3 PA3POZHEHHBIX CHILOUHBIX PYOHbIX MEL PA3IUY-
HOU hopMbL U PAZMEPOG C NPIMOTUHEHBIMU KOHMAKMAMU C
NOPOOHBIMU NPOCLOSIMU. Bmopoil mun ycmynog npedcmagiet
ONOKAMU, CILOMHCEHHBIMU U3 PACCPEOONOUEHHBIX PYOHbIX MEl
6 8UOE MHO20Y20NbHUKOE C NPAMONUHEUHBIMU KOHMAKMAMU C
eMeuarouUMU NOPOOAMU.

2. B kauecmee onpedensioujeli 20pHO-2e0n102UYECKOL XapaxK-
MEPUCMUKU CLONCHOCTPYKNTYPHBIX PYOHbIX OI0KO8 PACCMOMPEH
NOKA3AMeNb  CLONCHOCU  2€01I02UMECKO20  CIMPOeHUst  OloKA.
Ilpeonooicena ananumuyeckas 3a8UCUMOCb IMOU Xapakme-
pucmuxu. Ananu3 ee YUCIEHHbIX 3HAYEHUL NOKA3bIBAem, Ymo
OONLUUHCIBO MECMOPONCOCHULL PYO YBEMHBIX, O1ASOPOOHBIX U
PEOKUX MeMALII08 ABTAIOMCS DONLee CLOHCHOCTPYKIMYPHLMIUL.

3. C ucnonvzosanuem KOOPOUHAMHBIX CEMOK 83PblBAEMO20
U 830PBAHHO020 OIOKA YCMYNa paspabomana Ho8dast MEmoOuKd
onpeoenenusi 20pHO-MEXHONIOSUYECKUX XAPAKMEPUCTIUK 830D-
BAHHDBIX CILONHCHOCMPYKMYPHBIX PYOHbIX 010K08. Co30ana Kom-
NbIOMEPHASL NPOSPAMMA ASMOMAMUUPOBAHHOZ0 NOCIPOECHUS
pasmeujenus pazposHeHHbIX PYOHbIX Mell 8 pa36die Nopoo.

CIIFCOK UCIIOJIB30BAHHBIX UCTOYHHUKOB

4. Buvisedenvl meopemuueckue 3asucumocmu 0 onpe-
OelleHusi OCHOBHBIX NoKasameneli 0002aujeHus NoLe3HbIX
uckonaemvix. /[ 060CHO8AHUSA NOIHO2O U3BTEUEHUS PYO U3
CILOACHOCMPYKMYPHBIX OI0KOG YCMYN08 NpednodiceHd aHd-
JUMUYECKAs 3A6UCUMOCTIb ONpedeNeHUss COOePAHCAHUSL NO-
J1e3H020 KoMnoHenma 8 omepyacaemoul pyoe a'. Ilocneonss
npeocmasnsien cooou cmecob KOHOUYUOHHOU pyObl ¢ cooep-
acanuem IIK a u npumewiugaemoco cios HeKOHOUYUOHHOU
Pyoul ¢ codepoicaruem IIK a''.

5. Ilo 3unauenusim coodeporcanus I[IK 6 omepysicaemou pyoe
onpeoenenvl omHocumenvuvle omrkionenus uzenevenus 1K 6
KOHYeHmpam npu pasiuyHuIX 6apUAHmax usMeHeHus napame-
MpO8 NPUMEUUBAEMO20 CJI05I HEKOHOUYUOHHBIX PYO 8 3068UCU-
mocmu om cooepoicanus ITIK 6 koHOuyuonHou pyoe.

6. Ilpu npeonracaemom Ho80OM Gapuarme paspadOMKU
CILOAHCHOCMPYKMYPHBIX O10KO8 NPeONnoidazaemdst pazyooicusa-
10Was 4acmes HEKOHOUYUOHHBIX PYO NEPEXOOUm 6 Kame2opuio
U38NIeKAeMbIX 3andcos. Yeenuuusaemcsa Kax oovem uzenexdae-
MOt pyObl, MAaK U pacuuperHoe usgiedenue noaie3HbiX KOMno-
HEeHMO8 8 KOHYEeHMpanm.

7. Ilpupawenue u3zgneueHusi none3HbIX KOMNOHEHMO8 U3
CILOJHCHOCMPYKIMYPHBIX PYOHBIX  OJIOKO8 MOJNCEM OOCMUUb
10,0—-15,0% om npoexmuwix.

BaarogapHoctb

Cmamobs nodzomogenena 6 pamkax npoekma, punancu-
PyemMozo MUHUCMEPCMEOM HAYKU U GbICULE20 00PA306ANHUS
Pecnyonuxu Kazaxcman 2023/AP19676591. «Pa3padomka
UHHOGAYUOHHBIX MEXHON02UTL NOTTHOZ0 U36/1€HEHUA PA3PO3-
HEHHBIX KOHOUUUOHHBIX PYO U3 CJIOHCHOCHPYKIMYPHBIX 0110~
K06 ycmynoey.
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I. PaxumoB, *M.B. Urem6epauna, K. Angansim, K.K. Kagbip
«Ooinkac Cazvinos ameinoaevl Kapazanovl mexHuxKaivlk yHusepcumemiy
KOMMePYUATbIK emec aKyuonepaixk Kozamuvl (Kapazanow k., Kazaxcman)

PHOTOMOD CAHJBIK ®OTOI' PAMMETPUSJIBIK
KYUECIHJIE 1:2000 MACIITABTHI CAHJIBIK
OPTO®OTOILIAHJAPIABLI KYPY

Annarna. Makana 1:2000 macmradrars! mudpibsik oprodoromtangapasl (LIODIT) kypy nporecine apHaiFan — opToTpaHchopMalmsuIanFaH adpodoTocyperTepaeH
JKacalFaH erKel-TerKeii Tonorpadusuiblk Kapranap. Makaia/ia )KyMbICTbI OPbIH/IAY/IbIH HETI3r1 Ke3eHaepi 0acTankbl Marepranaap/pl Kipicti 0akpuiayisl, GoToTpraH-
TYJSIIUSE JKEMTICIH Kypy/bl skoHe nudpisik penbed Momenin Kypyasl, Mamanaanasipsuiran PHOTOMOD Garmapiamansik jKacaKTaMachlH KOJIaHa OTBIPBII, CypeTTepi
oproTpanchopMarumsIaybl KaMTuabL. IIponece iImKi jkoHe CHIPTKbI Oarapiayibl, KECKiH OIOIbIH TEHECTIpY/l, allbIHFAH ACPEKTEPAIH AIAIriH OaKbUIayIbl KAMTHIBI.
Kesenyiep/iiH cunarramacsl Tipek xoHe 0akbliay HyKTeJIepiH naiiianany MbIcaaJapbIMeH, OJIIey jKoHe TEHECTIpy o/licTepiMeH, CoHIali-aK canaibl 0pTo(OTOIIaAHJAPbI
skacay OOMBIHIIA YCHIHBICTAPMEH HBIFAUTBUIFAH. KOPBITBIHIbI KECKIHASPAIH TQIAIri MEH BU3Yall bl CallaChIHBIH CTAHIAPTTAPBIH CAKTayFa epeKille Ha3ap ayIaphbliajibl.

Tyuinoi co3oep: candvix opmoghomonnan, iwki 6azoapiay, cbipmysl 6azoapaay siemenmmepi, OIOKMol meyecmipy, dicep 6edepiniy canobl MOOCNIH KYpy, Opmom-
panchopmayus.

Creation of digital orthophotos at a scale of 1:2000 in the PHOTOMOD digital photogrammetric system

Abstract. The article is devoted to the process of creating 1:2000 scale digital orthophotoplanes (DSP) — detailed topographic maps made up of orthotransformed aerial
photographs. The article presents the main stages of the work, including input control of raw materials, building a phototriangulation network and creating a digital terrain
model, orthotransforming images using specialized PHOTOMOD software. The process includes internal and external orientation, alignment of the image block, and con-
trol of the accuracy of the received data. The description of the stages is supported by examples of the use of reference and control points, measurement and equalization
methods, as well as recommendations for creating high-quality orthophotoplanes. Special attention is paid to compliance with the standards of accuracy and visual quality
of the final images.

Key words: digital orthophoto, internal orientation, elements of external orientation, block alignment, creation of a digital terrain model, orthotransformation.

Co3ganne uugposbix opTodoronianos B macmrade 1: 2000 B undposoii pororpammerpuydeckoii cucreme PHOTOMOD

Amnnoranus. Crarbs IOCBAIICHA IPOLECCy co3aanus upoBbix oprodoromnanos (LODIT) macmrada 1:2000 — neTanu3MpOBaHHBIX TONOTPaUUECKUX KaPT, COCTAB-
JIGHHBIX U3 OPTOTPaHCHOPMUPOBAHHBIX a9POBOTOCHUMKOB. B cTaThe nprBeIeHbl OCHOBHBIE ITAIbI BBIITOIHEHHS PadOT, KOTOPhIE BKIIFOUAIOT BXOAHOH KOHTPOJIb HCXOIHBIX
MaTepHalioB, IIOCTPOEHHE CETH (HOTOTPUAHTYIIALMH U CO3aHue LU(pPOBOH Mozien penbeda, opToTpaHc(hOPMUPOBAHME CHUMKOB C MCIIOJIB30BAHHEM CIIELHAIN3HPOBAH-
Horo nporpammHoro obecnedernss PHOTOMOD. Tlpouecc BKIIFOYAeT BHYTPEHHEE M BHEIIHEE OPHEHTHPOBAHHE, ypaBHUBAHHE O0Ka H300paKEHHM, KOHTPOIb TOYHO-
CTH MOJIYYCHHBIX JaHHbIX. ONMUCAHUE 3TANOB MOAKPEILICHO IPUMEPAMH HCIIONb30BAHUS OIIOPHBIX M KOHTPOJIBHBIX TOUEK, METOOB U3MEPECHUS U YPABHUBAHUS, 4 TAKKE
PEKOMEH/IALMAMU 10 CO3/IaHUI0 Ka4eCTBEHHBIX opTooTonnanos. Ocoboe BHUMaHHE YIEIEHO COONIOIECHUIO CTAaHIapPTOB TOYHOCTH M BU3YaJlbHOIO KaueCTBAa MTOTOBBIX
n300paxKeHHH.

Knrwouesnle cnosa: yugposoii opmoghomonian, 6HympenHee opueHmuposanue, sneMeHmbl 6HeulHe20 OpUeHMUPOBAHUSA, YPABHUBAHUE OTIOKA, CO30aHUe YUPPOBoU MO-

oenu MecmHoOCmu, OpmMompaHcHOPMayus.

Kipicne

Byrinri tTanza kagacTpaarsl a3poQoToTyCIpiiiM OTe 63€KTi,
OUTKEHI OJI )Kep yJackelepi Typajbl HaKThl, ErKeH-TerKeni
YKOHE IKeJIeN aKmapar Oepelii, COHBIMEH KaTtap »ep pecypcra-
PBIH ecenke ajdy MeH Oackapyra OaillaHbICTBI SpPTYpPJIi MiH-
JIeTTep/l THIMAI HIenryre MyMKinaik oepexni. Conpaii-ak, as-
podoToTycipiimiM opTYpiIi aiiMaKTapIarsl )Kep/i OaKbUIayMeH
ailHaJbICATBIH Ka/JaCTPJIBIK OpPTraHaap YIIiH MaHbI3IbI OOJBII
TaOBUIATBIH YJIKEH ayMaKTap/bl jKelesl KaMTyFa MYMKIHJIK
oepeni. A3pooToTyCipisliM JKOHE KCHIHHEH reoaKmapaTThIK
xyienepai (IAX) maiinanany apKbUIbl XKep y4acKeJepiHiH
ay/JlaHbIH, IIeKapa Y3bIHBIFbIH JKOHE 0acKa cUIarTaMaliapblH
aHbIKTayFa OalJaHBICTHI OJIIIEYJIep MEH ecenTeyiepll aBTo-
MarThl TYpJie KYprizyre 0oiajpl.

OprodoToruiad (UPPIBIK) — HOMEHKJIATYPAJIbIK MapaKTap
nieHOepiHie Hemece OepuireH miekapaiapa YChIHBUIATHIH
JKOHE Oenriii 0ip HOMUHAIBI KEHICTIKTIK a)KbIPaThIMIBLIBIK-
MICH CHIATTAJIAThIH OPTOTPaHCHOPMAIUsUIaHFaH a3podoTocy-
peTTep/ieH TYpaThIH TONOTrpadusUIbIK CaHbIK (oToriaH [1].

JKepzi KalIbIKTBIKTaH 30HATAYAbIH 3aMaHayH FapblIIll ara-
parTapbl 0ip nukcenbre 15 cM-re NeiiH KeHICTIKTIK aXbIpa-
TBIMIBUTBIKKA M€ )KOHE YJIKSH ayMaKTapFa yKeZesl akiapar amy
YILIH KOFapbl KOpiHicKe ue. A apoHaap Oip nmukcenbre 2—5
CM JCHIHTT KEHICTIKTIK a)KbIPAThIMIBUIBIKTAFbl KECKIHIEPIl
Te3 allyFa MYMKIHJIIK Oepei.

OcbIFaH CoWKeC FapbIITHIK JKOHE a’dpodoTocyperTep
1:5000-ra pmeitinri Macmra0dra OpTO(OTOIUIAHIAD JKacayFa
(FapbIITBIK CypeTTepli KojiuaHa oTeipbin); 1:500-re neiinri
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MacmrTadra oprodoromranaap xacayra (¥¥A KeMeriMeH);
OPTOKOPPEKIHs YIIiH >korapbl nangikreri JKCM »xacayra; Oy-
PBIH ecerke anblHOaraH OOBEKTLIEp/l aHBIKTayFa; KepriTik-
Ti JKep OOBEKTIIepiHiH JKail-KyHiHe Kelen AeH KOIOFa; LIy
JKQHE JIEPEKTep/li ally *KbULAAMJIBIFBI €CEOIHEeH JKYMBICTap/Ib
XKYPrizy Mep3imuepiH alTapibIKTail KbICKapTyFa MYMKIHZIIK-
Tep Oepeni [2, 3].

COODII (Cannpik oprodoToruraniap) Kypy >KeHIHIET Ky-
MBICTap/Ibl OPBIHAAY MBIHA/Iall cXeMa OOMBIHIIIA OpBIHaIa IbI:

1. ADT mamepuanoapuin kipic bakwinay. Byimmeinsix nen
OYpMananynapovly 6ap-dicoSbIHA, HCYMbIC AYOAHBIHbIY KaAM-
MBLILYbIHGIY MOTBIKMBIRLIHA cypemmepoi 6U3yandbl mekcepy
arcypeizinedi. Conoaui-ak, cypemxe mycipy Heeizoepi, cypem-
mepoiy Kabammacywl, Mapuipymmapowvly my3yiiei, COHOau-
ax CBED (cvipmkwl 6azdapnay snemenmmepi) Kamaio2mapbsl
mekcepineoi.

2. Qomompuaneynayus Hcenicin Kypy JicoHe meHecmipy.
byn kezende 6acmankpl KOOpOuUHammap JHcyiecinoe HcodaHbwl
KYPY, [WKI JicoHe CblpmKbl Oaz0apiay, Oanansly eaueyiepoe
anvlHean 0aKwliay JHcaHe MipeKk HyKmenepin enuley dicyseze
acuIpbLIaobl, COOAH KeliH JcoDaHbl meHecmipy Jicy3eee acbl-
PblIaobL.

3. JXKep 6eoepiniy canovik mooenin Kypy. ep Oedepinin
CaHOBIK MOOEi HYKMeiK OYm, OHbl CY3Y HCIHE KYPbLILIMObIK,
CBI3bIKMAp JHcacay Heei3iHoe Hemece Mmulebl3 CAHObIK MOOelb
Jrcacay 20ICiH KOLOAHY apKblLibl HCACANAOb.

4. Opmompancghopmayus. Aspoghomocypemmepoi opmom-
pancopmayusanay eHOeyOiH anoblHebl Ke3eHIHOe JHCACANZaH
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Jicep bedepiniy CaHoObIK MOOENi KOME2IMEH JCy3e2e ACbIPblia-
Obl.

5. Opmompancgopmananzan cypemmepoiy @dpazmenm-
mepinen opmogomonnandvl monmaosicoay. Kacanzan sicone
OHOeN2eH KeCKIHOePOIH KOMe2IMeH MO3aUKa Gpazmenmmepin
0ip reckinee miey. Kasicem 6onzan acaz0auoa HOMEHKIamypa-
JIbIK NApaKmapea Kecy

6. CO®@II oanoicin baxvinay. /Jondikmi Oaxvliay mipex
Jicone bakKwblLIay Hykmenepinoe, paemenmmepoiy (Keckinoep-
0IH) KOCbLLY CbI3bIKMAPLIHOA OPbIHOAAAObL, COHbIMEH KAmap
pacmpuvik (ariioapoviy napamempiepi mexcepineoi [4].

3eprrey duicrepi

PHOTOMOD 6arnapiamMachiHIa CaHIBIK OPTO(POTOILIAH-
JlapJibl KE3eH-Ke3CHIMEH KYPY/bl KapacThIPAbIK.

JKobanwl kypy. JKobaHbl Kypy Ke3iHae 0acTankbl KECKiH-
Jepre OalIaHBICTBI OHBIH TYPIH KOPCETY KEpeK, KOOPIH-
HaTTap XYWECIH TaHJam, )KepaAiH OWIKTITiH OpHATY Kepek.
Coman KeiiH ofaH opi eHJICY YIIiH a3podoTocyperTepi
KYKTEHUMI3.

Twki 6azoapnay. Iiki Oargapiay 3JIEMEHTTEpI TyCipy Mmpo-
LIECIHIH T€OMETPHSJIBIK CHITATTaMaIapblH aHBIKTANIbI. A3pO-
TYCIpUIIMHIH IMIKI Oarjapiiay SJIEMEHTTEpl a’spoTycipiiimre
KaTBICTBI K00ajay IIEHTPiHIH OpPHBIH TaOyFa JKOHE CYpeTKe
Tycipy Ke3iHJe xobaiay coyienepiHiH (coymenep Oaimamia-
PBIHBIH) ©3apa OpHAJACYbIH KaJIbIHA KEJNTIPYre MYMKIHIIK
oepeni [5].

[mki Garnmapray sjaeMeHTTepiHe OOBEKTHBTIH (OKYCTHIK
KAIIBIKTBIFBI JKOHE HETI3T1 HYKTCHIH €Ki eJIIeMIl KOOpIH-
HATTapbl Karajpl (0ipaK CypeTKe TYCipy KE3iHIE CHII3UIreH
OypManaHynap/blH CHUIAThl J1a €CKepilyl MYMKIH, MBICAJIBI,
00BEKTUBTIH OypMasaHysl, (oTOMaTepUaIbIH aehopmarius-
cbl). JKobOa kaMepachlH jkacay Ke3iHIe KaMepa IMacloPThIHBIH
napameTpIiepi Kojianbuiaasl (cyper 1).
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Cypert 1. ki 6araapaay 3jieMeHTTepiH JaiibIHAAY.
Figure 1. Preparation of elements of internal orientation.
Puc. 1. [TonroroBka 3;ieMeHTOB BHYTPEeHHEIr0
OpHMEHTHPOBAHMHS.

Kawmepa xacanraHHaH KeiiH OHBI )KOOAHBIH OapIbIK CypeT-
TepiHe TaraiipiHaay kepek. Ocpurait imki Garmapiay sKyMbIC-
TapblH asKTaFaHHAH KeHiH CHIPTKBI OaFmapiay SIeMEHTTEPiH
KYKTEY KYMBICTapBI XKYPTi3iiei.

CrIpTKBI OaFmapiay smeMeHTTepiH xykrey (CBD). Mapm-
pyTTarel cyperrepai Oip-OipiHe KaThICTBI Oarmapriay VIIiH
CBIPTKBI Oarmapiay SJIEeMEHTTEepiH OpHATy KaKeT. A’poTyci-

PUIIMHIH CBIPTKBI OaFjapiay 3JIEMEHTTEpl KeHICTIKTEri coy-
JIeJIep IOFBIPBIHBIH OPHBIH aHBIKTAW b JKOHE 11K Oaraapiay
AIIEMEHTTEPIMEH 0ipre cyperke Tycipy Ke3iHae KOOpIHHATTap
JKYHeciHe KaThICTBI jko0ayiay CoysIelepiHiH OPHBIH KaJbIHA
KeNTipyre MyMKiHIIK Oepemi. ChIpTKbI Oarmapiay 3JIEMEHT-
TepiHEe TPOEKIMs IIEHTPIHIH YII eJIIeMi KOOpAWHATTAPBI,
CYPETTiH OOWJIBIK JKOHE KOJJACHEH OYPBIIITAPHI KOHE aliHAITY
OYpBILIBI JKaTabl.

CBD XyKTenreHHEH KeiliH 013 MapuipyTTapra Oesemis
JKOHE KalTaMaHbl OpHAaTaMbI3 (Cyper 2).

|| A
L\_U‘ |

Cyper 2. MapupyTrrapra 061y :oHe KallTAMaHbl OPHATY.
Figure 2. Splitting into routes and building a folding
installation.

Puc. 2. Paz0uenne Ha MapIIPYTHI U IOCTPOEHUE
HAKHIHOTO MOHTAKa.

MapmpyTtrapra Oerill, Tajamn eTiIeTiH KalTaMaHbl OpHaTy
JKY3ere achIPbUIFaH COH, OAMIaHBICTBIPYLIBI HYKTENEePl eII-
IeHMi3.

O3apa baz0apnay. ABTOMATTHI peXuMe OalIaHBICTBIPY-
IIBI HYKTeNep emieHeni (cypet 3). baiaHpICThIpy bl HYKTe-
JIepAl aBTOMATTHI TYP/IE OJNIIETeHHEH Keiin 0i3 e3apa Oarmap-
Jay ece0iH amambI3, KaTelepi Ty3eTeMi3, erep MapIipyTrap
OaifaHpICTIaca HEMece HYKTelep JKeTKITiKci3 Ooica, HyKTe-
Jepai KoIMeH KocaMbl3. EH KaKchl HYCKa — CTepeO KYINTaFbl
12—18 GaitmaHBICTHIPYIIBI HYKTEHI omey (6 CTaHAapTTHI aki-
MAaKTBIH OpKalChICBIHAA 2—3 HYKTE/ICH), erep ey KOJIMEH
xKacanca.

R L LS R LR R e R LI L]
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Cypert 3. ABTOMaTTBI 6J1111ey pe:KUMiH/ie AJBIHFAH CTepeo
JKYNITHIH 0AWJIAHBICTHIPYLIbI HYKTeJIepi.
Figure 3. Connecting points of the stereo pair obtained in
the automatic measurement mode.
Puc. 3. Cs3youue TOYKH cTepeonaphbl, N0JIy4YeHHbIe
NPH ABTOMATHYECKOM pe:KMMe H3MepeHHU.
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Tipek *xoHe OakpUiay HYKTEICPIH JKYKTEY KOHE OJIIIey.
Oprama enmemai 61okka (15 crepeo xkynran 10 MapupyT)
«KOHBEPT» CXeMachl OOMBIHIIIA OPHATIACTBIPA OTHIPHII, KEMiH-
Jie 6ec KOCIapibl-OMIKTIK OeNriiepiH aHbIKTay KaxeT. biok-
THIH YJIKEH KOJIEMIMCH JKOHE JKCJIIHIH JQJAIrIHEe KOWBLIAThIH
TaJanTap/blH JKOFapblUlayblHA OaWTaHBICTBI KAXKETTI OCJri-
JICpAIH caHbl aprtaabl. EH amabIMEeH, KOCBIMINA Oenriiepi
OJIOKTBIH OYHipJIepiHiH OPTAChIHA, COMAaH KCHIH OHBIH ayJaHbI
OolibIHIIa OIpKeNKi OpHaNacThIpy Kepek. benrimep pertinae
a’podOTOCYpeTTEp/IC aKbIH TaHBLIATBIH OOBEKTLICP/Il JKOHE
penbe)TiH HaKThl KOHTYPJIAPbIH TaHIay KaxeT [6, 7].

Tipek »oHe OakplIay HYKTEJIEPiHIH KaTaJlOrbIH HMIIOPTTa-
FaHHAH KeHiH CTEpPeo PEeKUMJIE CTEpPEO JKYNTarbl opOip HYK-
TEHI eJIIeUMI3. 4 CypeTTe TipeK HYKTEJICPIH eJIiey Tepe3eci
KepceTuireH. byt xarmaiiaa Oenri peTiHae adaHHBIH CONTYC-
TiK-0aThIC OYPBIIIBI AJIBIHBII OJIIICHTCH.

e
|aaamuest o Bos-su@ssas

Cyper 4. Tipek HyKTeJIepiH omiey.
Figure 4. Measurement of reference points.
Puc. 4. U3mepenne onOpHBIX TOYEK.

ChrIpTKBI Oarmapiay, omoktsl TeHecTipy. PHOTOMOD 6ar-
JlapJlaMachl KECKiH OJIOTBIH TEHECTIPY/IiH 3 9iCiH YChIHAIbL:

1. Tayenciz mapwpym 20ici epecken Kamenepoi AHbIKMAY
YWiH KOLOAHBLIAObL (MbICANbL, MIPEeK HYKMeNepiHiy Koop-
ouHammapwl OYpuic emec, OAUIAHbICMbIPYULbL HYKMeLepoiy
opHanacy kamenepi). byn adicnen y3vin mapupymmapobvl
menecmipy danoiei (10-nan acmam cypem) d6acka exi adicnen
meHecmipy 0a10ieiHeH OHOA&AH ece Hauap OOLYbl MYMKIH.

2. Tayenciz cmepeo sicynmap 20ici Oipinuti menecmipy 20i-
CIHIY 0271012IH JicaKcapmy, Ha3iK Kamenepoi AHbIKMAY JHCIHEe
MYNKIIIKMI meRecmipy Yulit KONOaHbLIAOb.

3. Baunam 20ici O10Kkmol MynKiiikmi meyecmipy Yuwin Koi-
O0aHbBLIAObL.

Bi3 OMOKTHI OapIbIK HYKTEJep TEHECTIPY AQJIIriHEe KOHbI-
JIATBIH OapJIBIK TallallTapFa COMKEC MICKTIK MOHTE YKETKEHIIIe
TEHECTipeMis3.

JKoOaHb! TeHECTIpY asKTaIFaHHAH KEHIH TEHECTIpY TypaJbl
ecer )Kacaaibl, OH/a:

- 21c0baHbIY OAPILIK HYKMENEPIHIH KAManio2ol,

- mipek, baxvLIay Jdcone OAUIAHLICMbIPYULLL HYKmenepoez,
npoexyus. yeHmpiepiHoesl JicoHe mymacmai aneanHoa 610K
boubiHua dicane apoip HyKme OOUbIHUA  KUbLILICHAY ULbLIbIK-
map;

- cypemmepOiy colpmKbl bazoapnay snemeHmmepi Kopce-
mineoi.

Kep 6enepinin cannsik Moznenin QKbCM) kypy. OpblHaanraH
aspooToTycipiniM HeriziHzae xymbic aynaHbHbIH JKBCM onet-
Te apasiac OTOrpaMMETPHUSIIBIK STICTICH KYPhLIAHI (CypeT S5):
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- asmomammul Mmypoe JHCACANRAH JHCIHE CY3LNeeH NUKen-
mep MeH KOIMeH CMepeo pelcumMoe Onepamop lcacazan Ky-
DBLIBIMObIK CHI3bIKMAD APKbLIbL,

- cysineeH Jcane dcep beminiy Oeneelline KelmipileeH Jcep
bedepiniy molevi3z MOOEJL.

Iuxemmepoiy xkemerimen JXBCM kypy keneci cxema
OolipiHIIa opbiHAananb: [Iukerrep > [Mukerrepai cysy >
KypbutbiMabik cbi3bikTap > TIN > DEM > JlonnmikTti Oa-
KbLIay.

TeIFBI3 MOZIENBI KYPY Kelleci cxema OOWBIHIIA )KY3ere achl-
poutaaer: Teirbi3s DEM > Cysy > Wnatepnossinus > J{onmikTi
Oakputay [8].

a

Cyper 5. ’Kep OenepiniH caHIBIK MOIEJiH KYpY:
a — nukemmep Kome2iMeH; O — Mbiebl3 MOOeIb.
Figure 5. Building a digital terrain model:

a — using pickets; b — a dense model.

Puc. 5. Iloctpoenne LIMP:

a — € NOMOWbIO NUKEMO8, O — NIOMHASL MOOElb.

Korapeina kypsuiran JKBCM opi kapaii aspodorocyper-
TepAi opToTpanchopMaIMsIIay/Ibl Ky3ere achblpyFa KOMEKTe-
ceni.

Cypettepai oprotpanchopmanusiiay aspodoToCypeTTiH
0acTarkbl aKbIPATHIM/IBUIBIFBIH MIHAETTI TYpAE CaKTail OThI-
poin, 2)KBCM kemeriMeH OpbIHIala bl

3epTTey HOTHHKEEPi

GeoMosaic-te cauablk oprodoromian (CODII) kypy.
Mosanka ¢parmenTTepin oprooTOILIaHFa TIry KepuIiiec
(dhoTocypeTTepAiH TyCl MEH PEeHIH TCHECTIPYMEH OPBIHIATYbI
kepek. OproTpaHchopManusiaHFaH CypeTTepaceH opTodo-
TOIUTAH/Ibl MOHT@X/1ay KE31H/Ie TEK OJIap/IbIH OPTAJIbIK OOIIiK-
Tepi FaHa MaiJalaHbUTYbl KEPEK, OChUIANIIA MOHTAX/IAJIFaH
CypeTTep apachlHIaFbl Iekapa (Kecy ChI3BbIFbI) KabarTaca-
THIH OOJIKTEP/iH ITaMaMEH OPTAaChbIHAH O©Te/l. by jxarmaii-
Jla KeCy ChI3bIFbl aliKbIH KOHTYPBI JKacaHbl 00BEKTUICPIIH
OeliHecl OOWBIHIIA OTETIH JKaFAalaapabl a3auThll, OlIpKeIKi
KYPBUIBIMBI Oap TaOWFU ayJaHIbIK HBICAHIAPIBIH (CTiCTIK,
OpMaH, IIaJIFbIH, 00C XKep, Oarmak »xoHe T. 0.) OIpTeKTI Kec-
KIHIHIEC HEMEeCE CBI3BIKTBIK HbICAaHAAPABIH (KOJI JKHUETiHe
JKaKbIH, aybUIIBIK JKOJIJIBIH JKaHBIHIA) OOWbIHIA (KaHBIHIA)
OpHaJlacybiHa OapbIHIIIa KOHLT 06y KaxeT (cypeT 6). ARKbIH
CBI3BIKTBHIK KOHTYpJIapMEH (aBTOMOOWIIb JKOJBI, TEMIpPKOI
JOHE T. 0.) TIric chI3bIFbI 90°-Ka JKaKblH OYpBIIITA KUBLIbI-
CybI Kepek [9].

Bapnblk jkacaliFaH Kecy CBhI3BIKTApbIH apThIK KHBLIBIC-
nayblH Kapar Hibiry kepek. Kecy chi3biFbl (Tpanchopmanus
afiMarbIHBIH LIeKapayiapbl) OMIKTIK HbICAHIAP MEH Oarmap-
JIap peTiHJe KbI3MET €TEeTiH HbICAH/Aap/Ibl KECIIl OTIIeY1 KepeK.
Kecy chI3bIKTapbIH COHFBI OaKbLIay Ke3iHIe OpTOTpaHchop-
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Cypert 6. OproTpancopManusiIaHFaH KecKiHIepAiH
(doto peni TeHecTipiniren 00JIKTEPiHiH KeCy ChI3bIFbI
ApKBLIbI Tirinayi.

Figure 6. Stitching fragments of phototone-aligned
orthotransformed images using cuts.

Puc. 6. CinuBKka ()parMeHTOB, BLIPOBHEHHBIX 110
(oToTony oprorpanchopmMupoBaHHBIX H300paKEHHUI €
TOMOUIBIO NTOPE30B.

Malysiay YIIH KOJIaHBUIATBIH MaTpHIaJa «TECIKTep» MEH
apredaxTinepain OonmayblH Kajaranay KaxeT. dparmeHt-
TEpJi TIry Ke31HJe MOHTaKIalIFaH CypeTTep/IiH TYHICKEeH jKe-
piHzeri KOHTYpIapAblH TypajaHybl, SIFHA KECy CBI3BIKTaphbl
OolibiHIIA OaKkbUTaHYBl KepeK. OObeKTiaep KOHTYpPIapbIHBIH
colikec KeslMey MoHAEpi OpTOQOTOIUIaHAap MacuITaObIHAA
0,5 MM acriayra THiC.

JKyMBICTBIH Keneci Ke3eHIHIEe HOMEHKJIATYpajbIK Hapak-
Tapra Kecy jKOHE KOPBITBIH/BI OHIM/I — CaHJIBIK opTodoTor-
JIAHJBI ATy JKY3€Te achIpbuIaabl (cyper 7).

Cypet 7. CanabIK opTodoToNniaH.
Figure 7. Digital orthophoto.
Puc. 7. llnpposoii oprodoronian.

XKeprinikri oprodoTomangap Kapranaapabl, TONOILIAH-
Jlap MEH cXeMallap/ibl JKacay YIIiH KeHICTIKTIK Heri3 peTiH-
Jie jie, Kaprorpadus, KaJlacTpiblK KYMbICTap, HHKEHEPIIK
13ICHICTEp JKOHE T.0. YIIiH aepOec eHIM TYpiHe Je KoJiaa-
HbLJIaAbI.

HoaTm:kenep ’koHe 0J1apAbl TAIKBLIAY

COOII kypbuUIFaHHAH KeiiH TIpEK KoHe OaKplIay HyKTese-
pi OOMBIHIIA TOIIIKTI OaKpLIayabl XKYprisy (cyper 8). XKasbik
JKOHE TeOenl aiiMakTap yIuiH opTo(hOTOIIaHIAFbl OaKbUIAY
HYKTEJISpIHIH JKOCHapJIbl KaFliaibIHIaFbl MIEKTI aybITKYJap
kypbutatbin CO®DIT macuradbeiaga 0,5 MM-/1eH, TayJbl aiMak-
tapna yuriH — 0,7 MM-zieH acnayra Tuic [10].

OprodoTomIaHIapasl AKELIAY KOHE KAOBLIIAY

¥ ¥ ¥ | ]
OprodoTonIanaapIsIE DoTorpad HATEIK, Texmuramem Kymma O®IT
I2IAiriH TeKeepy CcanaceH TEKCEPY TanchIpMara TEKcepy
coHKeCTIriE Texcepy
] L ¥ ¥
- Tipex keHe OaKsmay - «TeciKTepaim: - MacmTad; Kymas
HYKeTel DofbHma: Bommaysr, - KeHeHTIIIM, AKNAPATIAPIE!
O@IT macimTabEmaa 0,5 v - oTo perHiH TETIC - ODII datinsmma KOO
Tayam! aiivaxTapaa 0.7 s Oomysr, «ITHpaMHEIa»
- Kecy ChI3BIKIAPEI OO - o VEL;
KOHTYPBIH Ay BITKY Bl (xemip, :xomap, - ODII hopMaTsI MEH
O®I]I macimTabemaa 0,7 v, FHMApATIAp, cimTeme dafne.
Tayae afimakTapaa 1 va. KybrIpmap xame
- iprexec O®II cofikecTiri: T.C.C.)
3KA3BIK sKeHE Tebeam oTomIaHAa Bl
afiMakTaga 1 a; OeffHeTeHy CAMACEL
TayIe afiMakTapaa 1.5 M.
| JKazyra maHBIHIOBIK
¥ ¥ ¥ ¥
O®II koopAHHATATAD OPII HapasK ApPTEIK Eq1i MeKeH aTay IapsH
sKyHeciHiH KoHe chaitngapHeHBI Gafinaapas: KIHE OMAP/BIH

KapTOrPaMMAHBIH OomysIH KoHe emmpy mankaza 01p yarize

caffkeCTIrH TeKcepy KeImeHALTITH TeKeepy BonysHE Tekcepy

Cyper 8. Oprodoronnanaapabl 6aKbLIAY KIHE
Ka0bLI/1ay.
Figure 8. Control and acceptance of orthophotos.
Puc. 8. Konrposb u npuemMka opTodoToniaHoB.

Karenep anbikTanran xarmaiiga, JKbCM-He Hemece Oaii-
JIAHBICTBIPYIIBI HYKTEJIEpre TY3eTyJIep HTI31Ie/Il JKoHE CypeT-
Tep KaiiTa opToTpaHchopMaIisIaHa bl

KopbITbIHABI

KopbIThIHgbLTAN Kene, adpodoTOTyCipiaiM MEH reoaxmna-
parteik xy#enepain (IAX) xonmaHbuTysl Ka3ipri kajgacTp-
JBIK JKYMBICTAp/bIH THIMIUITIH apTThIpaabl. byn TexHo-
JOTHSIAp JKEep ydyacKelepi MEH PecypCTapblH €CEeIKe aiy,
Oackapy jxoHe OaKbUIayIa MaHBI3ABI PO aTKapaabl. A3podo-
TOTYCIpUTIMIED YJIKCH ayMaKTapabl )Keesl KaMTyFa MYMKiH-
Ik Oepeni, COHIai-aK JKepiH HAKThl CHIIaTTamallapbl MEH
ayJlaHbIH aHBIKTAayFa aBTOMATThI OJIIICYJIEp MEH ecernTeyiep
JKYPTi3yre MYMKIHIIK Ty¥bi3aabl. CaHIBIK OpPTO(OTOILIAH-
Jap MeH sxep OenepiniH canablk Mozenbaepin (KBCM) kypy
MIPOIIEeCi apKbLIbI OPHATBUIFAH JIQJIIIK JKOFAPBhI, OYII )KEPriTiK-
Ti ayMaKTapIbl THIMII OacKapyFa )KOHE OJapblH KaFJaibIH
Oaxputayra MyMKiHAIK Oepeni. CoHbIMEH KaTap, a’podoro-
CYpETTEepIiH OpPTOTpaHC(HOPMAIUAICHI MEH MO3anKajayblH
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omicTepl KEPruIKTI KapTalapbl, TOIOTrpaHsIIbIK cXema-
JIap/Ibl JKacay YIIIH jKOHE WH)KGHEPIIIK 13[eHicTepae maiaa-
JIbI HOTHXKeJep Oepeni. Byt 3epTTey MeH TeXHOJIOTUsIap Ka-
JIACTPJIBIK KBI3METTEPAIH HOTHXKENI JKYMBICHIH KaMTaMachl3
eTe/ll JKOHE aJJJaFbl yaKbITTa OChI CAJIaHbIH JIaMybIHa YJIKCH
9CepiH THTI3eIl.
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AKTYAJIBHOCTb CTAJIUU MMOJATIOTOBKHA
GNSS HABJIIOJIEHUM MMPU BLIMMOJHEHUU
NPUKJATHBIX 3AJTAY

Annortanus. [Tnanuposanne GNSS n3MepeHuii UrpaeT BaXHYIO pOJIb B 00€CIICUEHIH BEICOKOI TOYHOCTH NMOTyYaeMbIX JaHHBIX. Ho Ha IpakTHKe He Beerna MoiyJaer-
cs1 3apaHee CIUIAaHUPOBATh BECh MPOLIECC PadoT, U MPUXOIUTCS JCHCTBOBATH O 00CTOsITENbCTBAM. Harpumep, py CO3AaHUU U Pa3BUTHHU OIIOPHOMN CETH, PACTIOIOKESHHE 1
BpEMs U3MEPEHHUIT TOYCK CETH HE BCETa CXOAUTCS C «IPABUIbHBIMH IPUHIIMIIAMI» TOCTPOCHHUS OMOPHO# ceTH. K 9TUM «IIPHHINIHATEHBIM» MOMEHTAM MOXHO OTHECTH
MPaBUIBHYIO TEOMETPUIO CETH, BEIOOP ONTUMAIIBHOIO BPEMEHH CYTOK [UIsl H3MEPEHHI C y4eTOM albMaHaXoB, aTMOC(HEPHBIE SBICHHS, BIUSIONME HA CAMU H3MEPEHUs,
BBIOOp MeCTa PACIOIOKEHHs CTaHI[MH, KOTOpast OyJleT MUHUMAJIBHO TTOABEPKEHA OTPAXKEHHIO MJIM )K€ JOCTYITHOCTH CUrHaja. HecMoTpst Ha 9TH CIIOKHOCTH, TIAaTeIbHast
OpraHM3alys U ONePaTHBHOE pearnpoBaHNe HA U3MEHSIIOIINECS YCIOBHS MMO3BOJISIOT JOOUTHCS HEOOXOAMMBIX PE3YJIBTaTOB.

Knrouesvie cnosa: GNSS, DOP, PDOP, uckyccmeennvle cnymuuku 3emiu; niaHuposanue HaoniooeHuil.

Konnano6aabl macenesepai opsingayna GNSS 6akbliaybIH JaiibIHAAy Ke3eHiHIH 03eKTiliri

Anparna. GNSS enemaepis xocnapiay ajablHFaH MAIIMETTEpAIH JKOFapbl JAINH KaMTaMachl3 €Ty/e MaHbI3bl el aTkapaasl. bipak ic sky3iHae OapiibIK )KYMBbIC
MPOLECIH all{bIH-aJ1a JKOCHapIay OpKallaH MyMKiH eMec )OHe MYH/[a )KaFiaiiapra CoNKec opeKeT eTyiHi3 kepek. MbIcalibl, HEeri3ri )emiHi Kypy jKoHe AaMbITy Ke3iHAe JKeli
HYKTEJIEPiHiH OPHBI MEH OJILICY yaKbIThI dPKAIIAH HETi3Ti XkeliHi KyPyAbIH «IypbIC MPUHIMNITEPIMEH» Calikec Kene Oepmeiii. By «ipremi» HykTenepre sKeniHiH aypbic
TEOMETPHUSIChI, aJlbMaHaXTapibl €CKEPE OTBIPBII OJILICYNISP YIIiH TOYIIKTIH OHTAMIBI yaKbITBIH TaHJAy, OJIIIEMAEPre 3cep eTeTiH arMocdepalblk KyObUIbICTap, OChIHAAMN
LIaFBUIBICYJIApFa €H a3 ce31MTall OOJaThIH CTaHIMS OPHBIH TaHAAy HEMECe CHUTHAJIbIH KOJDKETIMALIINIH KaTKbI3yFa 0onaabl. OChl KUBIHABIKTAPFA KapamMacTaH, MYKHUST
YUBIMAACTBIPY XKOHE ©3TEPETiH JKaraaiinapra sKbUIIAM OPEKeT eTy KaXKeTTi HOTIKEIepre KO XKeTKi3e anabl.

Tyiinoi cosdep: GNSS; DOP; PDOP; JKepoin scacandw cepikmepi,onuieyieyiep yaKolmoii Ka0deaniay.

Relevance of the GNSS observation preParation stage in solving aP lied tasks

Abstract. Planning GNSS measurements plays a crucial role in ensuring the high accuracy of the data obtained. However, in practice, it is not always possible to plan
the entire workflow in advance, and one has to adapt to circumstances. For instance, when creating and developing a reference network, the location and timing of network
point measurements do not always align with the «correct principles» of reference network construction. These «principled» aspects include proper network geometry,
selecting the optimal time of day for measurements based on almanacs, atmospheric phenomena affecting the measurements, and choosing a station location that minimizes
signal reflections or ensures signal accessibility. Despite these challenges, through organization and prompt adaptation to changing conditions allow achieving the desired
results.

Key words: GNSS; DOP; PDOP; artificial Earth satellites; observation planning.

Beenenne 00BEKTOB M COOPYKEHHHl, a TakkKe 0e30IacHOM dKcIuTyaTa-

[lepen HawaoMm JrO0OrO KamUTaIbHOTO CTPOUTEIHCTBA
JenaeTcs reofe3ndeckas pasouBounas ocHora (I'PO). Dto
pa3MeTKa CIelHalbHbIX TOYEK C TOYHBIMH KOOPIMHATAMH M
BBICOTAMH. B JapHeWIeM OnopHasi CeTh UCIIOIb3YETCs JUIs
MEXXEBaHUsI, CTPOUTEIHCTBA M CO3aHus KapT. B crponTeins-
crBe co3nanne ['PO HeoOX0MMO /171t IPaBUIBHOTO U TOYHOTO
BO3Be/ICHUS 31aHui. C IIOMOIIBIO HEE ONPECISIIOT PacoIio-
JKEHUE CTPOCHMH Ha IUIaHe, a TaKXKe WX radapuThl U (HOPMEL.
[Toce 9TOro paccTaBisIFOTCS! OIOPHBIE TOUKH, & yXKE ITOCIIe 3a-
KPEIUISIOTCS MyHKTHI. B KOHIIE paboT COCTaBIISIETCS aKT, KOTO-
PBIi SIBISIETCSI BXKHOW YacThIO IPOEKTHO-CTPOUTEILHOM 10-
KyMeHTalu. be3 Hero crpoutenbHbie pabOThl HE HAYMHAIOT.

MeToabl/ucciieIoBaHNA

Jlig uccnenoBaHus 3HAYMMOCTH ATama IJIaHUPOBAaHUS Ha-
OirojieHU OBUIM MCIIOJIB30BAHBI JJAHHBIC MPOBEACHHBIX CTa-
THYecKuX uzmepenuit npu pazsutuu ['PO Kanmraraiickoii ru-
JPOJIEKTPOCTAHINH. [ apoIHEepreTHKa MpeacTaBiseT co00M
3HAYMMBIN cexTop crparernu Kazaxcrana mo amBepcuduka-
LU BCETO PHEPreTHMYECKOro HAIpaBIE€HUs CTpaHbl. B aTom
KOHTEKCTe 0cOO0eHHO nHTepecHa Kammararickas ['9C — equH-
CTBEHHAs THAPOINEKTPOCTaHIUA Ha peke Wnu.

CrpourenbctBo Kammaraiickoii 'DC 0buto HEoOXomuMo
JUIst 00ecTIeueH s Pa3BUBAIOIETOCS TOpOAa AJIMaThl M €€ To-
POIOB-CITyTHUKOB HEJIOPOTOH AJIEKTPO3HEprueil. A B HacTOsI-
1Iee BpeMsi OHa CTajia BAYKHBIM ()aKTOPOM B Pa3BUTHU ropoja
Konaesa, crioco0cTBys (popMHPOBaHMIO KOMMYHAIBHOU, 00-
Ppa3oBaresbHOM, METUIIMHCKOW U KYJIBTYPHOM HH(PPACTPYKTYP.
WnTencuBHoe pa3ButHe ropopa KyHaeBa, BbIpaxkaroleecs: B
HW3MEHEHUU €ro IUIAHUPOBKH, MOSBICHUEM HOBBIX KpPYIHBIX

[IUM TAaKAX CTPATETHUECKAX M OTBETCTBEHHBIX WH)KCHEPHBIX
coopyxenuid, kak Kamuaraiickas ['OC, nocruraercs nposese-
HUEM T'€0/Ie3NIECKOTO MOHUTOPHHTA.

Panee 17151 BEITOTHEHNSI CTPOUTETBHBIX padOT Ha TEPPUTO-
pru Kammgarmaiickoit ['DC Opu1a co3mana reore3ndeckasi 0CHO-
Ba. B mepBoM cirydae n3MepeHus OCYIIEeCTBISUINCH B TIIATENb-
HO BEIOpaHHBI MOMEHT, C Y4ETOM aHaJIM3a allbMaHaXa CITyT-
HUKOB U TIPH OJIATOIPHUSITHBIX MTOTOJHBIX YCIOBUSAX. Bo BTopom
CIlydae U3MEPEHUS IPOBOIMIINCH Ha CIIETYFONHI I€Hb B YCIIO-
BUSIX JTOXKIUTUBOM TTOTOJIBL, TIPX ATOM PSIIOM padoTtana OypoBast
MAIIHA, YTO MOTJIO CO3/IaBaTh TIOMEXU W OTPAKECHHS CHTHAIA.

Brusane mraHupoBaHHUS HA KOHEYHYIO TOYHOCTH JaHHBIX
GNSS MoxeT OBITh 3HAUNTEIFHBIM U BKIIFOUACT B CEOsI CIIEIy-
FOIIME ACTIEKTHI:

- 8bIOOP ONMUMATILHO2O HAOOPA CHNYMHUKOS8 C YYEmOM UX
DPACNONodiCeHUsi Ha Hebe, eeomempuu KOHQueypayuu u cme-
neHu ociabienus CUSHALA NO3601sem YIVYUUmMb MOYHOCHb
NO3UYUOHUPOBAHUSL,

- NIAHUPOBAHUE MAKICe BKIOUAEn 8blOOD 8peMeHlU, 8 Mme-
yeHue Komopoco 6yoym npogooumuvcs usmeperus. Hexomo-
pble 8peMeHHble UHMep8aibl Mo2ym Ovimb Oonee brazonpu-
AMHLIMU OJIs USMEPeHUll, Yem opyeue, Hanpumep, uzbezanue
nepuooo08 ¢ CUNbHbIMU CONHEYHbIMU BCHLIUKAMUY UTU CUTbHDI-
MU 2e0MASHUMHBIMU OYPAMU, KOMOPbLE MOV CYUeCMBEEHHO
BAUSAMb HA KAYECB0 CUSHANA,

- mecmononoxcerue npuemuuxa GNSS easwcro 0ns obecne-
YeHUs BbICOKOU MOYHOCMU OAHHBIX. Yuumueigaomces gakmo-
pbl, maKue KaKk 8UOUMOCb CRYMHUKOS, NPEeNnAncmeus 6 6uoe
30aHUll uU penvedha MecmHoOCmu, KOmopbvle MO2ym 3ampyo-
HUMb NONYYEeHUe CUCHANA,
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- yuem ammocghepHuix yCiosutl, maKux Kak UOHOChepHble
appexmul uru ammocgepuvie UCKAICEHUST CUSHANA MO2YM
enusimov Ha mounocmv oanuvix GNSS. [punsmue smux gak-
Mopos8 no38oisem KOppeKmuposams UsmMepeHus 1 nosuluams
MOYHOCMb NOYHaemvlx pe3yiomamos [1-3].

Jns ontumansHoro miaHupoBanus GNSS wu3MepeHuit
HEOOXOIMMO BBIOpaTh KOHKPETHYIO JaTy W BPEMs C y4eTOM
napameTpa «cHmxkeHus TogHocTw» (PDOP). YuuteiBas, uto
noMHBIA 000poT cryTHHKOB GNSS Bokpyr 3emin 3aHHMaeT
0KOJIO 12 4acoB, X pacHOJIOKEHHE HAa HEOSCHOHM cdepe mo-
CTOSTHHO MeHseTcs. [1o3ToMy U1 TOUHOTO IJIaHUPOBAHUS HE-
00XOAMMO yKa3aTh TOYHYIO J1aTy U BpeMs NPOBEACHUS U3Me-
penwuii. [TomydeHHbIe pe3ynbTaThl OyayT aKTyalbHbI B TEYCHUE
HECKOJIbKHX JTHEH (10 OTHOM HEJIENH ), TOCIIE Yero PEKOMEH Ty~
eTcsi OOHOBJICHHE aJlbMaHaxa M IOBTOPHOE IIAHUpOBaHUE [4].

OCHOBHBIM ITApaMETPOM TSI OLIEHKH HAWITy4IIero BpeMe-
Hu g nposeneHuss [HCC n3Mepenuil sBusercs mapamerp
PDOP (mapametp «cHMKEHHsI TOuHOCTHY — Position Dilution
Of Precision). ®akrop (nmapamerp) cHmkeHus: TouHoctn DOP
— reoMeTpuYecKuil (hakTop KauecTBa OOpaTHOH MpOCTpaH-
cTBeHHOM 3aceuku. DOP 3aBUCHUT OT B3aUMHOTO PACIIOIOKe-
HUS CIIyTHUKOB M npueMHuka. DOP — 3T0 yBeTHMUUTEIbHBIN
(axTop, KOTOpBII MpeoOpa3yer IIyM CIYyTHHKOBBIX HU3MEpe-
HUI B IIyM KoHeuHoro pemenus. Yem Hke DOP, Tem Oonee
ToYHOE pemieHne (koopanHatel). Yem Beime DOP, Tem menee
ToyHbIe KoopauHaThl. Taike DOP 3aBucHT OT reomerpude-
CKOTO PACIOJIOKEHUsI CITyTHHUKOB OTHOCHTEIBHO HaOionae-
MBIX 00BEKTOB (pHcC. 1).

JloToTHUTENbHO CleIyeT YYUTHIBaTh BaXKHOCTh KOPPEKT-
HOW HACTPOWKH OO0OPYIOBaHHS M KaJHOPOBKH MPHEMHHKA
nepea mpoBeneHreM u3MepeHuid. HempaBuiabHO oTKamuoOpo-
BaHHBI MPUEMHUK MOXXET CTaTh MCTOYHUKOM CHCTEMaTH4e-
CKOM ONIMOKH, KOTOpasi CYyHIECTBEHHO MOBIHSAET HA TOYHOCTh
pesynbrara. KanubpoBka (a30oBOTO IIEHTPAa aHTCHHBI M YYET
M3MEHEHHH B XapaKTEPHCTHKAX MPUEMHUKA BAXKHBI JUIS MH-
HUMH3AIMY HCTOYHUKOB OIIMOOK M YIy4IICHUS KadeCTBa 1aH-
HBIX [5].
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IInoxas reomeTpus
PpacIIOIOXEHNA CITYyTHHKOB
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OnTumanbHas TeOMETpUs
PAacIoIOKEHHs CIIyTHHKOB

Puc. 1. UnnrocTpanusi pacnonoxeHnss HABUTAHOHHBIX
CIYTHUKOB OTHOCHTEIbHO HA0II012a€MOTr0 NYHKTA.
Cyper 1. BakblIaHATBIH HYKTere KaTbICThI
HABHUTALMSIBIK CIIYTHUKTEP/AiH OPHAIACYBIHBIH
WLTIOCTPALUSICHI.

Figure 1. Illustration of the positioning of navigation
satellites relative to the observation point.

3naueHue nmapamerpa PDOP 00bIYHO CHIIBHO 3aBHCHT OT
KOJIMYCCTBA HAOJIONACMBIX CIyTHUKOB M MPH OOJBIIOM HX
yucie, kak npasuio, PDOP man u 3T0 BpeMsi onTUMallbHO
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qutst poenieHus [ HCC usmepenuii. Ha ceropHsimHuii 1eHsb,
PDOP o0br4n0 Haxomutcest B npenenax 1 < PDOP < 3, yto 00y-
CJIOBJIMBAETCSI OOJIBIIMM KOJIMYECTBOM CIIyTHHKOB. [lo cocto-
STHUIO Ha KoHel uroHs 2023 roa B SKCIUTyaTalliyd HaXOAMIOCh
46 cnyraukoB BeiDou, ipu atom cets GPS HacuuThIBala Bee-
ro 31 ammapart, HaBUTalMOHHAas cucteMa EBpormel — 25 cmyT-
HUKOB, a poccuiickas [JIOHACC — 24. B fInonun neictyet
4 JoKaJbHBIX CIyTHUKA, a B MHauu — 6. COOTBETCTBEHHO,
€CJIM IPUEMHUK MOXKET 00paboTarh JaHHbIE BBIIICHA3BAHHBIX
CO3BE3/IMH, B CPETHEM, B JIF000OE BpEMsI CyTOK MbI MOXKEM Ha-
6mronars Oosiee 20-TH CITyTHHKOB [6].

0O6e (a3sl U3MepeHHi ObLTH MPOBEACHBI B HaYalle MIOHS
2024 ropa. Ilpu nepBoii aze ¢ moMoupI0 OHJIAHH cepBHCca
Trimble GNSS Planning u o mereocBoikam ObLIO BEIOpaHO
TOYHOE BpeMsl Havasia u3mepeHuil. [lockonbKy mepuos oopa-
menusd [HCC cnyTHHKOB BOKpPYT 3€MJIM COCTaBISAET OKOJIO
12 yacoB, TO C MOMOIIBIO BBIIIEHA3BAHHOIO CEpBHCA ObLI
BBIOpaH MEpHOJI, IPH KOTOPOM MAaKCHMAJIbHOE KOJIMYECTBO
CIIyTHHKOB ObUIM HAOJIOIaeMbl Ha MPOTSDKEHUN 0oJiee JABYX
qacoB (puc. 2).

31ech TakKe CTOMT Yy4YeCTh MAacKy BO3BBIILICHHUS, TaK KaK
Ha HU3KUX yIIaX Ka4yeCTBO CUTHAJIA CITyTHUKOB JIETPaUPYET.
COOTBETCTBEHHO 3/I€Ch HY)KHO HAWTH OallaHC MEXKIY MaKCH-
MaJIbHO BO3MOJXHBIM KOJIMYECTBOM CITyTHHKOB M Kau€CTBOM
NPUHUMAEMOro curHajia. B jgro0oM ciydae, mpu 00pabOTKe
MBI MOJKEM OTCEYb HEeKaueCTBeHHbIC HaOmoneHus [7]. Ha 3a-
IUIAHUPOBAHHBIH [IEPUOJ HEOOCBOA OBLT Kak Ha pHC. 2.
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Puc. 2. HeGocBox Ha Ha4aJ10 MepPBOi ceccU HAOTIOAEeHHUIA.
Cypert 2. Bipinmi 6akbliay cecCHCHIHBIH 0aChIHAAFbI
acmas.

Figure 2. The sky view at the beginning of the first
observation session.

IlepBrIii mecTHYacoBOW CEaHC CTATHKH OBLI MPOBEIEH B
0IaronpHUATHYIO COMHEYHYIO MOTOZY, PSIIOM C HaOIIOIaeMbl-
MH IIyHKTaMH HE OBIJIO HUKAKMX MEIIAIOIINX HAOIIOICHUSIM
MIPEAMETOB, TAKUX KaK 3/1aHWA M KPYIHAs TEXHHKA, TOJIHKO
pPaBHUHHAS MECTHOCTbH. [103TOMY mapaMeTpsl CHIKEHHUS TOU-
HOCTH HaXOJATCS HA MUHIMAaJIbHOM ypOBHE (pHC. 3).
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DOP Plot - Station First session

® coop HDOP @ VDOP @ PDOP ToOP

Credits: DLR (CC-BY-NC-ND 3.0)
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Puc. 3. 3nauenne DOP Ha Bech nepuo nepBoii ceccuu
HaO0/TI0ICHHIA.
Cyper 3. Bipinmi 6akbliay ceaHCHIHBIH OYKiT Ke3eHi
yurin DOP moaHi.
Figure 3. DOP values during the entire period of the first
observation session.

PesyabTarsl

[Ipu mepBranOit 06padoTke B [1O Trimble Business Center
HE OOHAPYKMIOCh HUKaKUX OMIMOOK, BCE TONyYECHHBIC 3HA-
YeHHs OMMOOK B TIpeeNiax JOIyCKOB MPHUOOpa, W STATOHHOE
SIDTATICONTAEHOE paccTossHie B 10 KM Mexmy 0a3uCHBIMU
ITyHKTaMH TT0KA3aJI0 pa3HUILy Bcero B 3 MM (Tabmmma 1).

Taonuua 1
Pesynomamul 06padbomku 6a30601 1unUU NEPEOIl ceccuu
Haonwoenuil
Kecme 1

Bipinwi 6axpinay ceccusacolnblH 0a3anblK KOpcemKiuimepin
oHOey Hamucenepi
Table 1
Results of processing the baselines of the first observation
session

3akntoueHue no o6paboTtke

[ WU3mepenune ‘ or Lo
[220--1263 220 [1263

|Tnn pemeuun[ N. Toux. ‘ B. TouH. ‘ leop. a3. [ 3nn.
[ dwcnposaro]” 0.005] 0.014] 128°0056"[ 10652.982]
PedepeHuHoe 3Ha4eHve 10652.979

| ABbicota |
-93.964)

Bo Bropom ceaHce M3MepeHuH, MPOBEIECHHOM Ha CIENy-
IOIIM JIGHb B paHHUE YTPEHHUE Yachl, OTCYTCTBOBAIA TIPE/-
BapHTENbHAS MOATOTOBKA. [loromaHbIe ycmoBus ObUTH HeOma-
TONPHUATHBIME, C OOJaYHOHN IMOTOXON W JETKUMH OCAJIKAMHU.
Psmom ¢ Toukoit 126.3 Ha pacCTOSIHWM MIECTHAIIIATH METPOB
MIPOBOJIIINCH OYpOBBIE PAOOTHI, YTO TOXKE MOIJIO CKa3aThCs
Ha KauecTBe HAOMIOneHnH. [IMTEIEHOCTh CECCUU COCTABHIIA
IIECTh YaCOB, B TEUCHHUE KOTOPBIX OBUIH IPOBEICHEI HAOMIOIe-
HUS Ha eIlle IByX HOBBIX IMyHKTax [8].

Ecmu cymuTh 10 COCTOSIHHIO W KOJIWYECTBY CITyTHHKOB Ha
Havajgo HaOMIONEHUH, TO CTAHOBHUTCS TIOHATHBIM TO, 3a4eM
HY)KHO 3apaHee IUTaHHpOBaTh HaOmomeHwns. Kak BHIHO W3
pHc. 4, KOIMYIECTBO M TIOTHOCTH CITYTHHUKOB MEHBIIIE, TeOMe-
TpUS TaK)Ke HEpaBHOMEpPHA.

3HadeHNs TapaMeTPOB CHIDKEHHUS TOYHOCTH TOXKE MOKA3bI-
BalOT OTHOCHTENEHO BBICOKHE ITTOKA3aTeIH CPaBHHUTEIHHO C
mepBoii ceccueil. B mepBom cimyuae, PDOP B Tedenme Bcero
ceanca He IMOJHIMAJICS BBIIIE 3HAYCHNUS |, a BO BTOPOM Cirydae

PDOP naxomurcs mexay 1 < PDOP < 1.2 (puc. 5).
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Puc. 4. HebocBoa Ha HaYaJI0 BTOPOi ceccHr HAOJII0IeHUIA.
Cyper 4. Exinmi 0aKkbliiay cecCHsICHIHBIH 0aChIHIAFbI
acrmas.

Figure 4. The sky view at the beginning of the second
observation session.

DOP Plot - Station Second session

@ GooP @ HDOP @ VDOP @ PDOP TOOP.

Credits: DLR (CC-BY-NC-ND 3.0)
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Puc. 5. 3nauenne DOP Ha Bech nepuoa BTOpoii ceccun
Ha0/II0IeHU .
Cyper 5. Exinnmii 0aKkbLIay ceaHChIHBIH OYKiJ Ke3eHi YIIiH
DOP moHi.
Figure 5. DOP values during the entire period of the
second observation session.

[Tocne 00pabOOTKM pe3ynbTaToB HAONIOACHUH MHOIydaeM
JaHHbIe (Tabmuna 2).

Pegynbrarel 00paboTkn 6a30BOH JTMHUU MEXAY ITyHKTaMA
CXOIIAITCS C Pe3yJbTaTaMy NEPBOM CECCHH, PA3HHUIIA B PACCTO-
SIHUM COCTABIISIET BCETO | MM C MCXOAHBIMHU JJAaHHBIMH 4 MM.

OOcy:xaeHue pe3yJbTaTOB

Taknm 00pa3om, Ha ITHX HAONIONEHHUSIX YCTAHOBJIEHO, YTO
TUTAHUPOBAHNE U3MEPEHUH 1 TEOMETPHS PACTIOIOKEHUS CITyT-
HHUKOB HE MTPAeT OCHOBHYIO POJIb B TIOJIyYEHHUH TOYHBIX pe-
3yJBTAaTOB. DTO, BO3MOKHO, CBSI3aHO C YBEIMUCHUEM KOJIHYE-

Topuwtit srcypnan Kazaxcmana Ne2’ 2025
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Tabnuua 2
Pesynomamul 06padbomku 6a3060ii 1unHUIl 6MOPOIL ceccuu
Haonoenuil
Kecme 2

Exinwi 6axpinay ceccusacolHovl, 0a3anblK KOpCcemKiuimepin
oHoey Hamuicenepi
Table 2
Results of processing the baselines of the second
observation session

3aknioyenue no obpabotke

‘ Wamepenue | or fo
[20—1263 [0 [i263
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| oncrposarivol 0007 0017 126°00567 10652983 -93.943|
PedhepeHLHoe 3HaueHue 10652.979

CTBA CIIyTHUKOB U yIy4IlI€HHEM XapakTepucTuk camux GNSS
IIPUEMHHUKOB. Benp 3a mociieiHee necsatuieTne, ¢ BBEACHUEM
B OKCIUTyaTalHIo YeThIpex HOBBIX cucteM Galileo m BeoDou,
taoke QZSS u IRNSS, konruuecTBO CIIyTHUKOB YBEJINYHIIOCH
Goupiie 4eM B /1Ba pasza. Eciu mpuHNMATh B pacderT, uTo Ui
TOYHOW HaBHTAallMM HaM TpeOyeTcss MUHUMYM 4 CIIyTHHKA, TO
ceitaac mpu GNSS HaOTIONCHHUAX TPOMOIDKATEIEHOCTHIO OT
geThIpex 9acoB, GNSS mpuemHnk oopadarsiBaeT 6onpmie 30
CIIyTHUKOB, YTO ITOJIO’KUTEIBHBIM 00pa30M CKa3bIBAaeTCsl Ha
TOYHOCTH IMOTYYACMBbIX JITAHHBIX.

Kpome Toro, 3HaUNTENHHOE YITyUIICHHE TOYHOCTH HAOII0-
JICHNH CBS3aHO C PAa3BUTHEM MHOTOKaHAIBHBIX W MYJIBTHYA-
crotHbRIX GNSS mpreMHUKOB, KOTOpPBIE MOTYT 00padaThIBaTh
JTAaHHBIC C HECKOJIBKUX YaCTOT M OT PA3JIMYHBIX CITyTHUKOBBIX
CHCTEM OHOBPEMEHHO. DTO YMEHBIIACT BIUSIHHE aTMOChep-
HBIX U HOHOC(EPHBIX NCKAXKEHHUH, & TAK)KE ITOBBIIIACT yCTOH-
YHUBOCTH K TTOMeXaM [9].

Pa3BuTHe TaKMX TEXHOIOTHH TaKkKe MO3BOISIET (D PEKTHB-
HO pemraTh MmpoOIieMbl MHOTOITy4EBOCTH, KOTOPAsk BO3HUKAET
n3-3a OTPAKCHUH CHUTHAJIOB OT PAa3IMYHBIX OOBEKTOB Ha II0-
BEPXHOCTH 3€MJIN, TAKHX KAK 3/1aHHS WM IPUPOHBIE ITperpa-
Jibl. MyIIBTHYaCTOTHBIC TIPHEMHHUKH CIOCOOHBI OTCIICKUBATH
CUTHAJIBI C PA3IMYHBIX YaCTOTHBIX JHANa30HOB, YTO YITy4IIaeT
KaueCcTBO M3MEPEHUH, TaK KaK Pa3IMIHbIC YAaCTOTHI TI0-PAa3HO-
My B3aMMOJEHCTBYIOT C aTMOC(EPHBIMU CIOSIMH. JTO MOBBI-
IIaeT TOYHOCTh N3MEPEHNH B CIIOKHBIX YCIOBHSAX, TAKUX KaK
TOPOJICKOH KaHbOH MJIM MECTHOCTH C IUIOXMMH YCIIOBHSIMH
BUIMMOCTH CIIyTHHKOB. Ba’kHO, YTO MyJIBTHYaCTOTHBIE CH-

CIIHCOK HUCIIOJIB30BAHHBIX UCTOYHHUKOB

crembl, Takue kak L1/L2/GPS, L1/L2/GLONASS u HOBbIE
yactoTHble nuama3oHbl Galileo u BeiDou, 3HaunTensHO pac-
HIMPSIFOT BO3MOYKHOCTH ISl MTOJYYCHUsST 00JICe CTAOMIBHBIX U
HAJIC)KHBIX HABUTAIIMOHHBIX JaHHBIX.

Kpome Toro, ¢ yueToM MOCTOSIHHOTO PacIIMpPEHHSI CITy THHU-
KOBBIX cucTeM, Takux Kak GPS, GLONASS, Galileo u BeiDou,
a TaK)Ke C BHEJPCHHEM HOBBIX HHHOBAIIMOHHBIX TEXHOJIOTHUH,
TOYHOCTH HAOIFOICHUHN C KaXKIbIM TOJOM TOJIBKO YITy4IIacTCs.
CoBpeMeHHbIC MHOTOKAaHAIIbHBIC IIPHEMHUKHA MOTYT paboTaTh
C HECKOJbKUMH CIyTHUKOBBIMH CHCTEMaMH OIHOBPEMECHHO,
YTO TO3BOJISICT 3HAYUTEIBHO YBEIUUNThH KOJIMICCTBO JAOCTYII-
HBIX CITyTHUKOB U YIYYIIIUTh TCOMETPHUYUCCKOE PACIIPEACICHHE.
DTO CHMKAET BEPOSITHOCTH OIIMOOK B IO3UI[HOHUPOBAHUH,
YBEIMYMBACT YCTOMYMBOCTh K IOMEXaM U MOBBIIIACT OOIIYIO
HaJICKHOCTb CUCTEMBI, YTO KpallHE Ba)KHO ULl IPUIIOKEHUH,
rae TpeOyeTcsi BBICOKAsh TOYHOCTh, TAaKUX KaK aBTOHOMHBIC
TPAHCIIOPTHBIC CPEICTBA, T'COJC3UUCCKUAC UCCICIOBAHUS HITH
CHCTEMBI MOHUTOPUHTA OKpYy»Karoei cpensl [10].

BoiBoabI

B pesyinbrare, HCIIOJIb30BaHUE TAKUX TEXHOJOTHH ITO3BOJIS-
€T MOBBICUTh HaJIeKHOCTh M TOYHOCTh M3MEPEHHH, JTaKe €CIn
YCIIOBUS JIJIsl HAOJFOICHUI HE HieabHbI. Takke HOBbIC METObI
00pabOTKM JTaHHBIX, TAKUE KaK MCHOJIb30BAHHE KOPPEKIIUOH-
HBIX CHUTHAJIOB M JU(depeHIanbHbIX CUCTEM, CIIOCOOCTBYIOT
YIIy4ILICHUIO KOHEYHBIX PEe3yJbTaToOB, MMO3BOJISISL CYIIECTBEHHO
CHM)KaTh NOTPEIHOCTH. KOHEYHO, HE CTOUT MCKIIFOYaTh TaKHe
BKHBIE aCIIEKThI KaK MacKa BO3BBIIICHUS, Onpe/ieeHne Gpazo-
BOT'O IIEHTPa NPHEMHHUKA, Y4eT aTMOC(EPHBIX SIBJICHHH, KOTO-
pbl€ MY BBICOKOTOYHBIX U3MEPEHHUSIX UTPAIOT OOJIBLIYIO POJIb,
HO B IPUKJIAJHBIX 33]a4ax ropasio 0osiee Ba)KHBIM YCIIOBUEM
BCE )K€ SIBJISIETCS JIOCTYITHOCTD M IIPOCTOTA HPOLEAYPHI BBIIION-
HEHUSI U3MEPEHUI 1 00Pa0OTKH JIAHHBIX.
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9.P. Xaaukosa!, *A.E. ’Kymabekona!, JI.C. Coi3apikoaena', M.I. Myctadpun’
! Kommepyusineix emec akyuonepnix Kozamvi «06inkac Ca2olnog amulnoanl
Kapazanowvr mexnuxanvix ynusepcumemiy (Kapaeanowl ., Kazaxcman),

2 Canxm-Ilemep6ype may-ken ynueepcumemi (Cankm-Ilemepoype k., Pecetl)

TAY ) KbIHBICTAPBIHbBIH OJICIPET'EH
ANMATBIH HBITAUTY KOHIHAEI']
TEXHOJJIOI'NAJIBIK CXEMAJIAPADBI 93IPJIEY

Amnparna. Makaia/ia 1aiibIHIBIK OHIiPiCiHIH Te0IOTHsUIbIK OY3bUTybIHAH 6Ty Ke3iH/IE Tay KbIHBICTAPBIHBIH QJICIPEreH aiiMaFbIH HBIFANTY/IbIH TEXHOIOIHSIIBIK CXEMAChI
KapacThIpblIFaH. MyH/aii cxemanapra KaKeTTUTIK Tay-KeH Ka30anapsl )KYpPri3iieTiH Kyp/Aeni Tay-KeH-IeoIOTHsIIbIK JKaFiainapra OailllaHbICThl YHEMI TYbIHIQH/IbI, OHAA
ycTiHri Ka30a aitMakTapbl, Tipek (Tazagay )KYMbICTapbl ()POHTHIHBIH AJAbIH/A) XKOHE JKOFAphl Tay-KEH KbIChIMAAPBI (BKOFapblia TYpPFaH OYpbIH ICTEH IIBIKKAH KaTTapiaa
KallFaH KeHTIPEeKTep/ieH) OOJIFaH Ke3/ie, )KaHaCKaH Ka30anap/IblH acepi, Ta3apTy KEH)KapIibl XKeTiCiMEH KaiiTa maiijaaHy YIIiH caKTaaybl KaxeT. CaHIbIK ecenTeyIepIin
KOMEriMeH opTypIi XKarainapaa aHKepIrik OeKiTieHiH kesndey OYpBIIIbIH aHbIKTay OOMBIHIIA T€OMEXaHUKAIIBIK 3ePTTEYIep HKYPri3ii.

Tyiiinoi ce30ep: scepacmvl may-KeH HCYMblCMapbl, OAUbIHObIK KEHHCAPbl, MAY HCLIHLICIAPbIHbIY MACCUBI, CAHObIK MOOeNbOeY, KepHeyli-0ehopmMayusianean Ky,
may-xen Kazbanapuin 6eximy.

Development of technological schemes for strengthening the weakened zone of rocks

Abstract. In this article, a technological scheme for strengthening a weakened zone of rocks at the intersection of a geological disturbance by preparatory mining is
considered. The need for such schemes constantly arises due to the difficult mining and geological conditions in which mining operations are carried out in the presence of
over- and under-working zones, support (ahead of the front of cleaning operations) and increased mining (from the pillars left on the overlying previously spent formations)
pressures, the influence of converging workings, preservation for reuse for the cleaning face line. With the help of numerical calculations, the parameters of the advanced
fastening were determined, geomechanical studies were carried out to determine the angle of inclination of the anchor support under various conditions.

Key words: underground mining, preparatory face, rock mass, numerical modeling, stress-strain state, fastening of mine workings.

Pa3paboTka TeXHOJOTrHYeCKHX CXeM 110 YIIPOYHEHHIO 0c/1a0JIeHHOI 30HbI TOPHBIX MOPOJ

AnHOTanus1. B 1aHHO# cTaThe paccMOTPEHA TEXHOJIOrMYECKas CXeMa 110 YIIPOYHEHHIO O0CIa0IEHHOM 30HbI TOPHBIX TIOPOJ| MPH NEPECEUEHNH TE0NIOTHYECKOI0 Hapy-
IIEHHUS TIOATOTOBUTENBHOM BBIPaOOTKOM. He0OX0AMMOCTh B TAKMX CXEMAaX MOCTOSHHO BOSHMKAET M3-32 CJIOXKHBIX TOPHO-TEOJIOTHYECKHX YCIIOBUH, B KOTOPBIX MPOBOMSTCS
TOPHBIC BBIPAOOTKH MPU HAJINYMK 30H HAJI- U MOAPAOOTKH, ONOPHOTO (BIepeau (ppOHTa OUMCTHBIX Pa0OT) M MOBBILICHHOTO TOPHOTO (OT LIEIMKOB, OCTABICHHBIX HA BbI-
IIeIeXKANMX paHee 0TpabOTaHHbIX IIaCTax) JaBJICHUH, BIMAHNC COMMKEHHBIX BHIPAOOTOK, COXpaHEHHE IS IIOBTOPHOTO MCIIONB30BAHMS 3a JIMHUEH 0uncTHOTO 320051, C
HIOMOIIBIO YHCIIEHHBIX PACYETOB ONPE/IENIEHb] apaMETpPhl 3aJI0KEHHUs ONEPEKAIONIEr0o KPEIIEHHUs, IIPOBE/IEHbl FT€OMEXaHNYECKUE HCCIIE/I0OBAHMS 110 ONPEIEICHHUIO YIia
HAKJIOHa aHKEPHOU KPENU NPU Pa3INYHBIX YCIOBHSX.

Kniouesnie cnosa: noosemmuvie 2ophvie pabomol, N0O20MOSUMENbHbIL 3a001, MACCUE 20PHBIX NOPOO, HUCIEHHOE MOOCIUPOSAHe, HANPAHCEHHO-0ehopMUPOBAHHOE

cocmosiHue, Kpenjienue 2oOpHolx sblpaﬁomox.

Kipicme

Tay-keH KOCITOPHBIHBIH HETi3Ti QYHKIUAIAPBIHBIH Oipi-
nmagasaHy Mep3iMi iriHIe OHBIH KyaThIH ME3TLIIMEH KO-
OeiTy Ka)KeTTJIr1, )KoHe MYHIal )kKaHapTy KIMOaTKa Tyce-
Ili, OUTKEeHI O TePEHAIKTIH apTybIHA KOHE UTEPYIiH Oacka
JKaralinapeiHa OalIaHBICTBI Tay-KE€H TI'eOJOTHSUIBIK JKOHE
Tay-KeH TEXHUKAIBIK (DAaKTOPIAPBIHBIH Y3IKCi3 HaIap-
JaybIHIA JKY3€ere achIpbuiafbl. MOHHUTOPUHT JKaHA Tay-KeH
KOCIMOPBIHAAPBIH Cay YKOHE JKYMBIC ICTEN TYpFaHAapbiH
KaiiTa )KaHapTy KOINTEreH Karjaiiapia Kypaeli Tay-KeH-
TEOJIOTHSUIBIK UTepy JKaFmanliapblHIa KYPTi3iIeTiHIH Kop-
ceremi [1].

Tay-KeH reoJIorusUIbIK JKaFIaiiaphl maianbl Ka3damap KeH
OpBIHIAPBIH WTepy TEPEHMIITIHIH ocyiHe OalIaHBICTHI YHEMI
HAaIIIapJam KeJre/i.

[Maiiganel Ka30anapiblH KSH OPBIHIAPBIH KEPACThI UTepy
Ke31HJIer] Tay-KeH Ka30alapbIHbIH OPHBIKTBUIBIFBIH aPTTHIPY
MaHBI3IbI MiHACTTEPiH Oipi OOMIBIT TaObLTAIEL.

JKep KoiiHaybIH KELICH/I Urepy Mpo0ieMachl TYPFbIChIHAH
KYpZeli Tay-KeH Ka30aJapbelH UTePyAiH TeXHOTCHIIK KaHFbIpP-
TBUIATHIH T€OPECYpChI TN ecenTey Kepek. byn »karmaiina,
acipece, Tay-KeH Ka30asapbiH jkaHa (pyHKIMOHAIIBIK caraia
OJlaH Opi MalaNaHy Ke3iH/Ae OJapIbIH Y3aK Mep3iMIi Typak-
TBUIBIFBIH KAMTAMAChI3 €Ty peili aprajbl. Tay-keH Ka30achIH
caiy Ke3eHiHIe OeKiTHeHiH KyaTThl TO3IMII KOHCTPYKIIHUSIIA-
PBIH TYPFBI3y KOI JKbUIIApAaH KeWiH ©3iH akTail 0acTalThIH
eneyni KypJeli MbFbIHIAPAbl TapTyabl Tanan etemi. Kernre-
TeH JKaFaiijapia MyHIail IIeiM 3KOHOMHKAJIBIK TYPFbIIAH
OPBIHCBI3 OOJBIT TaOBLTABI [2].
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3eprTey daicTepi

TleomexannkanpIk mpomectepi Tanmay ymidn ANSYS Oar-
JlapiaMaliblK KeIICHIH KOJIJaHa OTHIPBII MaTeMaTHKAIBIK MO-
JeIbeY KOJITaHbLUIa bl

OJcipereH Hemece OY3bUIFAaH Tay-KeH alKaOBIHAA OHBI
KYPTizy Ke3iHAe Tay-KeH Ka30achIHBIH KepHeyii-aedopma-
nusutanraH kai-kyiH (KKC) alikeiHmay MiHICTIH MIenry
KepHeyIepIi (KalbIIThl, OOMIBIK XKOHE KaHaMa) alKbIHIAYIbI
JKQHE IIIKI KYLITep.li alKbIHIAY/IbI )KOHE OPHBIH ayBICTBIPYbI
JKOHE AeGopMaIsuIapapl KaMTHIH! [3].

Bacranksl gepexTep KUbUIBICATHIH JKbIHBICTAPABIH (hH3HKa-
MEXaHUKAIIBIK KAaCHETTEepi JKOHE JKYPri3lIeTiH KazOarapasiH
TEXHOJIOTFSUTBIK, TTapaMeTpIiiepi OOJBIN TaObIIa IbI:

- YHEbLIAY, KY3eny JHCoHe YCmay wapmmapbl;

- Ka30anapovly JHcaHe YHRbIMAOAebl MYUicy1epoiy ecenmik
eni (B, m), ouikmiei (h, m);

- Jrcep bemineH opHanacyowiy ecenmik mepenoiei (H, m);

- mebe HCoIHbICMAPLIHBIY KYPLLIbIC MYPI;

- mixeneu mebe HCLIHLICINAPBIHBIY OPHBIKMbBLIbIK KIACYL

- mebe JHcbIHbICMAPbIHLIY Kbicy2a me3zimoiniei (Re, MIla);

- aHKepOIH ecenmik (HAKmul) HCYK Komepeiumiei.

1-cyperte Tobene OopHamacKaH aHKepieri O, TiK KepHEY-
JePAiH Tapallybl KOPCETUITEH.

O3bIK OCKITIEHI cally mapaMeTpiepiH aHBIKTAy VIIiH op-
TYPJIi JKarmaiapaa aHKepIiK OeKiTIeHIH Keyoey OypBIIIbIH
aHBIKTay OOMBIHINIA TEOMEXaHUKABIK 3€PTTEYIep JKYPri3iii.

EHnic OyprImisiH, aHKEpITiK OCKITIIEHI OpHATY KaJaMbIH KOHE
To0E KBIHBICTAPBIHBIH OEpIKTIri OOHBIHIIA dMcipereH (reoo-
THSUTBIK, OY3BUTYa) KaFgalmapabl aybITKy Ke3iHae TeOe JKbI-
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Cyper 1. OpHanacy OypbIIITAPBIHAAFbI AHKEP Y3bIHABIFbI 00HBIHIIA KAJBINTHI KePHeYyJIepAiH AuarpaMmmacsl.
Figure 1. Diagram of normal stresses along the length of anchors at laying angles.
Puc. 1. Dnopa HopMAJIbLHBIX HANIPSIZKEHUI 10 JJMHE AaHKEPOB MPHU yIJIaX 3aJI0KeHUsl.

HBICTapBIHBIH OCPIKTITiHIH SPTYpJIi XKaFAaiaps! yIIIiH — opTa- ki(h) = —0,4- h+0,16
mra 6epikriri Re = 25 (2, 3-cyperrep) xone Rc =37 MIla — 4 kl(h) — 20 '47 - h- 5' 69‘
JKOHE S5-CyperTep VIIIH MBIHAIal TOYEIIUIIKTEp allbIHFaH. kz(h) _ _3:33 32 h :|- 8:) o4

O3BIK aHKepICePAiH Keoey Oypeimbl 35-TeH 85° melin e3rep-
i, h — ankepnepai opHaTy Kagamel (M) [4].

3okipiepi Typakch3 Tikenel Tebere opHary Kagamsl 0,8- Bip OCBTiK_ KbIChIMEa 6_ePiKTiri 6ap TobeHiH Oy3blIFaH HKbI-
jeH 1,2 m-re neiiin esrepi. HBICTapHI yiIiH Toyenainik (MIla) [5]:
Bip ocbTik KpIckiMFa OepikTiri R, = 25 MIla anciperen xbl- s )
HBICTAP YIIIH TOYCSIALTIKTEP: oy(a h) = ko(h)- a® + ki(h) - a” +
+ ky(h) - ¢ + kz(h), 2)

oy(a,h) = ko(h)- a® + ki(h) - a® +
=3 =3
. ) ko(h) = 3,86-107 - h —3,43-10
+ ky(h) - a+ ks(h), ky(h) = —0,62- h+0,51,
k,(h) = 30,45 h-24,82,
K°(h) = 2,53-1073- h— 1,72 -1073, ki(h) = —496,79 - h + 340, 25.

a 0 8

a—o=355°6—a=065°6—a=75°

Cypert 2. R, = 25 MIla kbicy OepikTiriMeH Te0eHiH 0Y3bLIFaH KbIHICTAPBI Ke3iHJe Ka30aHbIH AHHAJIACBIHAAFbI
JKbIHBICTAPAbIH KepHeyJli :Kall-KyHiHiH e3repyi.
Figure 2. Change in the stressed state of rocks around the excavation with disturbed roof rocks with compressive
strength R = 25 MPa.
Puc. 2. U3MeHeHHe HATIPS2KEHHOTO COCTOSIHUS MOPOJ BOKPYT BHIPA0OTKHU NMPHU HAPYILIEHHBIX NOPOAaX KPOBJIM C
NMPOYHOCTHIO HA c:kaTue R = 25 Mma.

Topuwtit srcypnan Kazaxcmana Ne2’ 2025
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Cypert 3. Ka3z0a aiiHa1acbIHIAFbI ;KbIHBICTAPABIH
KepHeyJIi Kai-Kyiii
aHKepJepAi opHATY KagaMbIHa OailianbicThl R, = 25 MIla
KbICYyFa 0epiKTiri 6ap Te0eHiH 3/1Ci3 JKbIHBICTAPBI Ke3iHje.
Figure 3. Stress state of rocks around the working
in case of weak roof rocks with compressive strength R, =
25 MPa depending on the pitch of anchors installation.
Puc. 3. HanpsizkeHHOe cOCTOsSIHME IOPOJ BOKPYT
BBIPA0OTKH NPH CJA0BIX NOPOJAX KPOBJIH € MPOYHOCTHIO
Ha c;katne R, =25 MIla B 3aBHCHMOCTH OT 1Iara
YCTAHOBKH aHKEPOB.

KOJIaHJIBI Keyioey OYphIIIbl JKyMbIc OciHeH 60-taH 70°-ka
JICHiH e3repei.

Hoarnxenep

Typaxchl3 KOHTypJIapMEH >KYMBICTApAbl OCKITY/IIH TEXHO-
JIOTHSUTBIK  CXeMallapbl KOJIaHbUIafbl. MyHpiail cxemaiapra
K@XKETTUTIK Tay-KEeH >KYMBICTApbIHBIH KYP/EJi Tay-KeH-Te0J0-
THSUTBIK, JKardaiiyiapra OaiJIaHBICTBI YHEMI TYBIHAAHIIbI, OHZA
Tipeyiln (KYMBIC MaiJaHbIHBIH aJIJIbIH/A) XKOHE Tay-KeH OHJIi-
PYIiH XKOFapbUIaybl (TeOee KalAbIPhUFaH TIPEKTEPICH) ToOe
JKOHE Oy3aThiH aiiMakTap Oap. OYpBIH Ka3bUIFaH KadaTTap) Kbl-
CBIMJIap, ipreJiec JKYMbICTapAbIH dCEpi, KYMBIC OCTIHIH IIIET1IHSH
TBIC KaliTa Maiilasiany yIniH cakray. Typakchl3 jKaObIH JKaF/ia-
WBIH/IA J)KETEKIIT KeJIOey aHKepIiep OpHaThLIa b (8-cypeT) [7].

Bip meHreini OekiTyniH y3bIHABIFBIHAH (2,4 M acTam)
acaThIH Ka0aTTalFaH JKbIHBICTAp MEH QJICIPEreH JKbIHBICTAp
KyMOe3iHIH alHallachIHAa Maiga OOJFaH Ke3le apKaHIbl
(Kypambl) HEeMece TPOCThI aHKEpJepJeH 2-AcHren Oenri-
JICHEeII.

Hoatukenepai Tajakbuiay
Tay-keH Kaz0allapblH O€KiTy mpoOieMachl KeMip eHIIpY
KOCITIOPBIHAAPBIH CAITY/IbIH JKANIBl KEIMIEHETT €H MaHBI3/IbI

a—o=55°6—-a=065°6—a=75°

Cyper 4. KpicbliyFa 0epikriri R, = 37 Mna 6o/1aTbIH TOO€HIH dJicipereH »KbIHbICTAPBI Ke3iHae Ka30a aiiHAJIaChIHIAFbI
JKbIHBICTAP/BIH KepHeY.JIi kaii-KYiiiHiH e3repyi.
Figure 4. Change in the stressed state of rocks around the working with weakened roof rocks with compressive strength
R. =37 MPa.
Puc. 4. I3meHeHne HANIPSIZKEHHOT'0 COCTOSTHUSI TOPO/ BOKPYT BHIPA0OTKH NPH 0¢1a01eHHBIX NOPOJAX KPOBJIN
¢ IPOYHOCTHIO Ha cxkaTtne R, =37 Mna.

AHKep eHICiHIH OypbIIIbIHA OaIaHBICTEI «X» 0Ci OOWBIH-
1112 €H YKOFaphI TiK KePHEYJICPAIH SMIIMPUKAIBIK TOYEIILTIKTe-
pi Oenrinenrex (6-cyper):

o (@) =2,7-105 - a*-5,9- 1073 & +
+0,4-a®?-13- a+153. 3)

AHKep keon0ey OyphIIbIHA OANIAHBICTEI €H KOFaphl JKaHa-
Ma KepHeyJIepre ToyeIAUTiK abH s (7-cypeT) [6]:

Tmax(@) = 9,4%10—-3 * a2 —1,6* a + 94,4. (4)

JKyprizinren 3eprreynaepaeH 6enrini 6orrannail, Oy3pUFaH
alfMaKTa OpPTYpIi JKargaimapaa >KeTeKII aHKep TiperiHiH ey
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Macesenepini 0ipi 0okl TaObUIaAbl. AHKEPIIK HuIrim Oe-
KiTHe Tay-KeH I'eOJIOTMsUIBIK JKarFJaiaap MeH Ka30aiap KuMa-
JapBIHBIH KeH ayKbIMBIH/IA KOJIIAHBUIA bl AHKEPIIK OeKiTie-
JEpIiH KYMbIC KaOUIeTTuIrl, aehopManusuIbIK-KYIITIK CH-
rarTamaiapbl )KSHe oJIap/bl THIMI KOJIJIaHy callachl KeOiHece
KaObUIIaHFaH OCKITY TEXHOJIOTHSACHIHA OaiIaHBICTHI [8].

Jaitpraay kKa30achlH O€KiTy Tociimi Oenrini, oi Ka30aHBIH
KHMMachl OOMbIHIIA Tecrenepai OyprbuIay/Ibl, oapra OOMIBIK
METaJUl UTEPTIMITePAiH TECIKTEpi apKbUIbI 00JIaT XUMHSIIBIK
aHKepJepli OpHATyAbl KaMTHUBL, ONapAbIH LIeTTepiHAe Oy-
PBILITHIK OOJIATTAH JKacajFraH OOWIBIK MTEpPrimTep JIoHEKep-
JIGHTeH, oyapaa OypbIll COpeciHiH YIITapblHAa TapThUIATHIH
TECIKTEP/IH €Ki KarbIHaH OJIap/bl )KAJIFaCThIPATHIH KOJIICHEH
YKOJIAKTap JOHEKeplieHeAl (MHHOBAuMsUIbIK rnareHT Ne 20334,
KZ, MIIK:E21D 11/00, 2008, Ten. Ne 11) [9].
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Cyper 5. AnkepJiepai opHaTy KaJaMbIHA 0aHJIaHBICThI
Rc =37 MlIla kbicyFa GepikTiri 6ap TedeHiH dJjci3
JKBIHBICTAPhbI Ke3iH/e Ka30aHbIH aliHAJACBIHAAFbI

JKbIHBICTAP/BIH KepHeYy.Ii Kai-Kyiii.

Figure 5. Stressed state of rocks around the working
at weak roof rocks with compressive strength Rc
=37 MPa depending on the pitch of anchor bolts

installation.

Puc. S. HanpsizkeHHOE COCTOSIHUE ITOPOJ BOKPYT
BBIPA0OTKH NPH ¢Ja0bIX NOPOAAX KPOBJIH € IPOYHOCTHIO
Ha cxkatie Re =37 Mlla B 3aBHCHMMOCTH OT 1Iara
YCTAHOBKH aHKEpOB.

150
[e2
[ X X ]
fit, u)IOO
50
0
0 20 40 60 80 100

a,t

CypeTt 6. AHkep/IiH K6/10ey OypbIIIbIHA 0AHIAHBICTBI «X»
oci 00MBIHIIA eH KOFaPbI TiK KepHeyJIepaiH ToyeJIiIiri
(6(a) = f(t,u)).

Figure 6. Dependence of maximum vertical stresses along
axis «x» depending on anchor inclination angle
(6(a) = f(t,u)).

Puc. 6. 3aBHCHMOCTh MAKCHMAJILHBIX BEPTHKAJIBHBIX
HAIPSIKEHH 10 0CH «X» B 3aBHCHMOCTH OT yIJIa HAKJIOHA

ankepa (6(a) = f(t,u)).

By TocimaiH KEMIIUINTT KOHCTPYKIMSHBIH Kypaeii-
Il MEH OCAJJIbIFbI, JOHEKEPJICHIeH KOCBUIBICTAPABIH KOl
caHbl OOJIBIN TaObLIAABI, OYJI €3 Ke3eriHae OCKiTy KYHbIH
apTThIPa/bl )KOHE OCHI TACLINE Ka30a TOOEHIH KbIHBICTA-
PBIH O3BIHKBI O€KITYy KapacThlpbUIMaiiael. Kemurimikrepre
COHJIali-aK KeH)Kap allJplHJa aHKepJIep/Al TapTiai TeOeHIH
YKapbLIFaH JKbIHBICTAPbIH OEKITY THIMAUIITIHIH TOMEH/IEY1H
JKaTKbI3yFa 00Iabl.
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Cypert 7. AHkep KeJ10ey OypbIlIbIHA 0AHJIAHBICTHI €H
JKOFapbI ’KaHAMA KepHeyJiepAiH Toyenaiairi (t(a) = f(t,u)).
Figure 7. Dependence of maximum tangential stresses
depending on anchor inclination angle (t(a) = f(t,u)).
Puc. 7. 3aBHCHMOCTh MAKCHMAJIBHBIX KACATEJIbHbBIX
HANPS’KeHNH B 3aBHCHMOCTH OT YIVIA HAKJIOHA aHKepa

(r(0) = f(t,w)).

Benrini TocinmMeH jka3plUIFaH KEMIILTIKTEp Tay-KeH Ka30a-
JapBIH OEKITy THIMILTITIHIH TOMEHIITiHEe ceOerti 0omIabl.

TexXHUKAIBIK MOHI KOHE KOJI JKETKI3UIETIH HOTHXKecCi 00-
WBIHIIA TEXHOJOTHSUIBIK MISTTIMIe HEFYPIIBIM JKaKbIH Tay-KEeH
Ka30achIHA KAKBIH JKaHACATHIH KBIHBICTAPABI aHKEPITIK OeKIiTy
TOCLTI OONBIN TaOBLTAIBI, ON TECTeNepAl Tebere jkaHaCaThIH
JKBIHBICTAPIIBIH Ka0aTTaHy Ka3bIKTHIKTAPhIHA MTEPIICHINKYIISIP
OypreIIay/Ibl J)KOHE Ka30aHBIH OYHipiH, OapFa aHKEPITiK 03eK-
Tepi, TIPEK OSIEMEHTTEPIH XOHE TapTIalapAbl OPHATYIBI
KaMTHJIBI (MHHOBAIMSUTBIK TTaTeHT Ne 29039, KZ, MITK:E21D
11/00, 2014, tex. Ne 10) [10].

Benrinmi Tocinaig KeMIIUTIT Tecrenepi OYpFhUIayIbIH KO-
Fapbel TONMITi KabaTTacaThlH JKBIHBICTAPIBIH Kabarracy ka-
3BIKTBIKTAPhIHA TEPICHIUKYIAp Oomysl KaxkeT. CoHmai-ax
Oenrim Tocinaepae KeHxKap OOiriHaeTi KepHey UMITYIbCIHIH
JaMybIHa (TapalryblHa) Keepri )KacalThIH KeHKap IbIH KbLI-
JKyBI OAaFbITHI OOWBIHINIA OYPHIIITa OpHAJIACKAH Ka3da Tebe-
CIHJIeTi O3BIHKBI aHKEPIIiK OeKiTIIe xKoHe Ka30a TeOeCiHiH Tay
JKBIHBICTAPBIHBIH KOHTYP JKaHBIHIAFBl MaCCHBIHIH OY3bLTYHI
caJlapelHaH MYJIeM KapacThIpbuiMaiabl. Tocim Tay-keH
Ka30amapblH OEKiTy Ke3iHJe JKeTKUTIKTI TypAe THIMII eMec,
OUTKeHI TOOE JKBIHBICTAPHIH TiK OYPHIMITH HBEICAHIAFBI KOJI-
JIeHeH KUMAaJarbl Ka3z0alapra apHaIFaH aHKEepPJIEPMCH Tay-
KEH JKBIHBICTAPBIH AJIJIBIH aja OEKiTy MOCENeCiH IS Ii.

[MemrineTiH MiHIET Tay-KeH Kaz0alapblH OCKITy THIMILi-
TiH apTTHIPY OONBIN TaOBUIAIBI, OV Ka30aHBIH KOHTYpPHI 00-
WBIHIIA 112, )KBIHBICTAPIBIH KYJIaybl MYMKIH alMaKThIH IIeKa-
pachl MeTiHAe ¢ HEIFAUTHUTFaH Tay KBIHBICTAPBI AMaFBIHBIH
KaJBIIITacyblHA OaiIaHBICTHI Ka30amapIel CeHIM/II JKOHE carra-
JBI OEKITY MYMKIHITIH KAMTaMachI3 €Ty apKbUIBI )KY3ere achl-
PBUTAIBI JKOHE JKep acThl Tay-KeH Ka30aJlapbhIHBIH, HETi3iHEH
KOJJICHEH KUMAaHBIH TiKOYpPBIITH IMIIHAI Ka30alrapbIHbIH
TeOe JKBIHBICTAPHIH AJIBIH aja OeKiTy TocimiHme, Ka30aHBI
JKYPTi3y TPOIECiHIE OHBI TOOEre OYpFBUTAYIBI JKOHE OJapFa
aHKepJepi, COHmai-ak Ka30aHBIH OyiipiepiHe aHKepIepIi
OpHATY/IbI KAMTHIBIL.

T'opnwuii scyprnan Kazaxcmana Ne2’ 2025
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Cypert 8. Typakcbi3 To0e Ke3iHie 0eKiTy TeXHOJIOTHsIChI

03BIHKBI
K0./10ey aHKepJiep OpHATbLIA/bI.
Figure 8. Fastening technology in case of unstable roof,
leading inclined anchors are installed.
Puc. 8. TexHnosorust KpenJjeHus nNpu HeyCTOHYMBOM

KPOBJIe — YCTAHABJIMBAKTCS ONepe:kalone HAKJIOHHbIe

aHKepa.

Kerxkapabl KOHTypFa OYpHIIIINECH XKBUDKBITY OaFBITHI 00-
HBIHITAa Ka30aHBIH TeOeciHe KYPri3iieTiH KeHXap MaHBIH-
JTaFbl KCHICTIKTE KOHTYPJIBIK O3BIHKBI OCKITYy POJIiH OPBIH-
AaWTBIH, MACCHB JKBIHBICTAPBIHBIH KHPAyBIHBIH JTaMybIHA
KEJIepTi JKACAaWTHIH KeJIOey aHKepJiep OpHATBUIAIBI, OJIap
Tay JKBIHBICTaphIHAA KYMO€3 TY31TyiHiH 00JKaMIbl Tapaily
TEPEHJIITiH eCKepe OTHIPHII, (hopMyaa OOMBIHINIA aHBIKTAJIa-
el [11]:

KexVHB

_ (Kex¥HB a 90°—-¢ 5
C_(mo:rn cos> l)htg — )

MyHIaFbel C — KabaT HeMece JKBIHBIC Ka30alapblHIa KeMip He-
Mece KBIHBIC Kypay TepeHJIri, M;

K,,.— ka30aHbI )Kyprizyre 0aiIaHbICThl TAOUFH TEHEe-TSHIIK
KUBIHTBIFBIHBIH TaOaHIAPBIHIAFbI KBICBUIATIH KEPHEYICP/IiH
moreipaany koo unmenti 1,2 (okexe kasbamnap) — 1,4 (Tyiti-
cyiiep) KaObUTIaHaIbl;

y — xKep OeTiHe JieiiH Ka30a yCTiH/Ie JKaTKaH Tay )KbIHbICTa-
PBIHBIH OpTaIlla THIFBI3IBIFEI, 2,7 T/M?;

H — xep OcTiHEH Ka30aHbIH OpHAJIACy TEPSHIIT1, M;

B — Tazanay >KyMBICTapbIHBIH 9CEp €Ty aliMarblHaH ThIC
CaJIbIHATBIH Ka0aT JXoHE JKBIHBIC Ka30ajaphl YIIIH Ta3ajay

Topnwvii srcyprnan Kazaxcmana Ne2’ 2025

JKYMBICTApbIHBIH ocep ery kKoadduuuenti 1,5 (xeHin Oacka-
pbUIaThIH TOOE XKBIHBICTAaph) — 1,7 (KUbIH OacKapbUIAThIH TOOE
JKBIHBICTapBI);

@ — Tay )KbIHBICTAPBIHBIH KYJIay OYPBILIbI, Tpa;

6, — Ka30aMeH KecUIreH A KyaThIHIaFbl JKbIHBICTAPIBIH KbI-
CBUIATBIH KaJIBIHJIBIFBIHBIH OpTalia oepikriri, MI1a;

h — xaz0aMeH KeclIreH bIHbICTAp Ka0aTTapbIHBIH KbICHI-
JaThIH KaJIbIHBIFBIHBIH, M.

Tay-keH Ka30achIHBIH OpPHBIKTBUIBIFBI OY3bUIFAaH KymOe3
TY3UILy Y3BIHIBIFBI OPHBIKCBI3 JKbIHBICTAP allMarbIHbIH Y3bIH-
JIBIFBI OO¥BIHIIA aHbIKTaMaAb! [11]:

LH = 25,8e — 0,035a, (6)

MYH/IaFbl @ — Ka30aHbIH OY3bLTy Ka3bIKTBIFBIMEH KHBUIBICY
OypBILIbL, TPAJIYC.

Kaz0aHbIH ToOeCiHE KYPTi3UICTIH KeHKap MaHbIHIAFbl Ke-
HICTIKTE KEH)Kap/ibl KOHTYpFa OYPBIIIIIECH JKbIIKBITY OarbIThl
OOMBIHIIIA KOHTYPJIBIK O3BIHKbI OCKITY POIIH OpPBIHAANTHIH,
MAacCHB JKbIHBICTAPBIHBIH OY3bUTYBIH JaMbITyFa KeIepri a-
CaiiThiH, TOOE MEH OyHipleri KOHTYPJIbIK aHKepJIEPiH ecell-
TIK Y3BIHJIBIFBI Oap Keyidey aHKepiiep OpHaThLIalbl. bypreuiay
KEHXKapIIblK OekiTreciHiy apanac naprustiapbi 0,3 L, ThI-
FBI3JIAFBIIIBI Oap JIak eHaIpy (KaxkeT OosraH xaraaiina) (BKK)
apHaiibl niminaepai (CBIT) 6ip yer BKK biibickiHa opHary-
MEH, aJl eKiHIIICI Ka30aHbIH Heri3ri OeKITIeCiHe CYHEeHII JKoHe
Ka30aHbI JKYPri3y JKa3bIKTHIFBIHBIH OCIHCH TOOC JKBIHBICTAPHI
KyJIaFaH Karaia onapiabiH kenoey oypbimbl 10—15° 6osbIm
tabbaabl [10].

Lak = Ly + Ly / fucos @, v, )

MyHZIaFbl L, — KeHKapIbIH KEYAECiHiH ToOeqeH KeTyi MYMKiH
TepeHAiri (OHBI OSKITIeH), M;

f—xocinTik mKkana OoibrHIIA OepikTik kKodhdummentTi [Ipo-
TOIIBSIKOHOB;

@ — Tay KbIHBICTAPBIHBIH 1IITKi YHKETiC OYPHIIIEL.

MaiMIeNTeH TeXHUKAIBIK HOTH)XEMEH KOMBIIFaH MiHACT-
Ke KOJ KETKi3y YIIiH: KeHXapIbl KBUDKBITY OaFbITHI OOUBIH-
ma OypBIIIIeH Keyoey Tecrenepi Ka30aHblH TedeciHe Oyp-
FBUIAY JKOHE OHBI XKYPTi3y MPOIECiHIe KepPHEY HMITYITbCiHIH
JAMYBIH JKOHE YHIHAUIEPIiH maiiia 00rysH OomapIpMay YIIiH
omapra 1 aHKepiepZi OpHaTy KakeT. ¥HFbUIAY JKYMBICTapbIH
JKYPTi3TeHHEH KeiliH Imyprap OypFbUIaHaIbl JKOHE onapia
2-11i Tebere MepIeHANKYIIAp aHKepIIep OPHATHLIAIBI )KOHE Oip
Me3rine 3-11i Ka30aHbIH ToOeCiHe Kooey MImypIiap, COHIa-
aKk 4-mmi xKa30aHBIH OYHipiHe aHKeprep OyprputaHansl. Kazoa
ToOECIHIH KeJI0ey aHKepJIepiH TeONOTHSIIBIK OY3bLTyIap ai-
MaKTapbIHIIa KIPETiH KBIHBICTAPBI ONBIPBLUTYFa OeifiM Typak-
CBI3 JKBIHBICTAPJAH KYpaJFaH O3BIHKBI OCKiTIe peTiHae KO-
JlaHy KepeK.

Kymb0e3 Ty3y OoifbIHINIA allbIHFaH EpeKTep HEri3iHme Tay
KBICBIMBI KOPIHICTEPiHIH CHTIIATHIH, aHKEPITiK OCKITIICHIH eCeTl-
TIK CXEMAacChIH )KOHE XKBIHBICTAPABIH KYJIaybl MyMKiH aliMak-
TBIH TEPEHJITIH, TeOeIe aHKepiepHIi OPHATY THIFBI3IBIFGIH,
AHKepIIeplli OpHATY apaKallbIKTBIFBI MCH KaJaMbIH €CKepe
OTBIPBIT, O3BIHKBI JKOHE TeOeneri aHKepIepHiH Y3bIHIBIFBI
anpIkTanansl. CoHman-aK OyHipIlik aHKepIepl OopHaTy mapa-
MeTpJepi aHBIKTaaIbl.
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IIn

a — yakvimuia beximne, 6 — mypaxmol Oeximne

Cypet 9. O3bIK (:KeTiaipijireH) aHkepJik 0eKiTyldi KoJIaHy TeXHOJIOTHsIChI.
Figure 9. Advanced anchorage technology.
Puc. 9. Texnosorusi npuMeHeHus onepexkawuiero (mepeaoBoro) aHKEPHOro KpenJjeHusl.

Kot sxeTki3inyi KOWBUTFaH MiHASTTEPl IICTTyi KaMTaMa-
CBI3 CTETIH TEXHUKAJBIK HOTIDKE Ka30aHBIH TOOECiH OeKiTy
TEXHOJIOTUSICHIMEH, TOOE JKBIHBICTAPHI 0ap Ka30aHbIH KeHKAp
OeiriHieri KajaablK Ty3LUTyre OeiiM KepHeyll TOMEHACTYMEH
KOpiHesi.

TeXHOMOTHANBIK IIENIIMHIH MIiHAETI Tay-KeH Ka30arapbl-
HBIH TYPAaKChI3 yYaCKeNepiHAe TiKelIel TOOCHIH OPHBIKTBLUIBI-
FBIH apTTHIPY, TiKelel TOOSHIH TYpPaKChI3 KBIHBICTAPBIH Ty
JKOHE KeHiIHHEH JKacaJFaH KacaH/Ibl KOHTYP/Ibl OEKITY apKbLIbI
TEPEH KOKKUEKTEeP/Ie KYMBIC JKYPri3y KayillCi3airiH apTTeIpy
00sbI TaObLTaIR! [11].

Bytiipaepi MeH TeOenepiHAe XWMUSUIBIK HBIFAWTY YIIiH
auametpi 42 MM kesbey mimypriap OyprbUIaHa/bl, OJapra
100-150 6ap KpICBIM OCyiHe [eiiiH maiblp OepeTiH OeKiTy ap-
MarypachlHbIH apalacThIPFBIINIbI KOChUIFaH Mep(opUpIieHreH
TYTIK €HTi31Iesi.

Byt peTte yakpITIa ®aHE TYPAKThI OEKITIIE PETIH/IE 03bIH-
Kbl (aJIBITHFBI) aHKEPIK OCKITIICHI KONIAaHY TEXHOIIOTHSCHI
6orysl MyMmKiH (9-cypet) [11].

JlypbIC HETI3/IeNreH JKoHe TaHIallFaH aHKepJIey ImapaMerp-
Jiepi Ke3iHje maiiaa OoNaThlH JKBIHBIC-AHKEP KOHCTPYKIHSICHI
KOpIIaraH MacCHUBKE KaparaH/a MEHIIIHIIE XKOFapbl OEpiKTIK
cUImarrtamajiapbliHa ue, OyJ1 OHBIH TYTACTBIFbIH CAKTAY/Ibl KaM-
TaMachI3 eTe/l.

JKbIHBIC-aHKEPIIIK KYPBUIBIM/IbI Ka30a MaHbIH/IA KaJbIIl-
TACTHIPFAHHAH KEHiH JXBIHBICTAP/BIH OHBIH IIETIHEH THIC
KikTenmyl Oactamampl. JKbIHBIC-aHKEpIIK OEKiTIe KHpay
allMarbIHIaFbl JKBIHBICTAP/BIH KOMCHITBUIYbIHAH TYCETIH
JKYKTEMEHI KaObUIIam KaHa KoiiMmail, Kupay meOiHiH Ka30a
JKaFbIHA Kapal JaMyblH TeXEHIi, COHIal-aK ceprimi eMec
nedopmanmsiap aiMarel meriHAe, Ka30a KybBICBI OaFbl-
TBIH/IA JKBIHBICTAp JAe(OPMALUSICHIHBIH TapalyblHa KeIepTi
xacaraer. Ochlnaiiira, MaccHBTEe Ka30aHBIH KOpPIIAy-yCTall
Typy OEKITIEeCiHIH >XBIHBIC-aHKEPIIK KOHCTPYKIUSICH KY-
pBLIAIbI.

Kanpmrackan aHKep COyIIeciHi H aybITKYHI KeJieci opMyna
oOotipraa ecenteneni [10]:

12 _ E_(y-H+(£B+£3)yKB)-B4 ®
384’ 384 E.b.(35+g3)3.}<ynp '

MYHJIa ¥ — TYKbIMJIAPJBIH KOJIEMIIK CaMarbl TeH el KaObul-
nmaHazsl 2,5 kH/M?;

E — Tay >XbIHBICTAPBIHBIH CTpaTH(UKAIHs aliMarbl Ie-
ringeri Tede KbIHBICTApBIHBIH FOHT Monyni (oprama ei-
meHreH), MIla; ecenrey Ke3iHae MbIHaJIapAbl KaObuIgay
kaxet: 3000 MIla — kemip ymin; 10500 MIla — aprmmut
yurig; 20500 MIla — aneBponut yurin; 30500 MITa — kym-
Tac YUIiH;

b — KaIBINTaCKaH aHKEPIIK apKaJIBIKTHIH SHi, M.

K,,, — To0c KbIHBICTapbIHA OAMIAHBICTEI AHKEPIIK OEKiTy
ece0iHeH KaNBINTACKAaH apKAJIBIKTHI HBIFAUTY KOO (PHUIIHEHTI:
K, erep xpicbiMra Te0e JKBbIHBICTAPBIHBIH KeJeprici
R, > 80Mlla;

K,,= 135, erep 35 <R, < 80 MIla;

K, = 1,5, erep R, <35 Mlla.

KopbITbIHABI

OcBI 3epTTeylepaiH MIHIETI dJCipereH Tay >KbIHBICTApPHI-
MEH e3apa 9pPEeKeTTeCy Ke3iHae aHKepiik Oekitneci Oap max-
TaNap/blH JTabIHIBIK Ka30aJapblH KAMTUTBIH KbIHBIC MacCH-
BiHIH Je(QOPMAIISICEIHBIH CepEeKIIeTIKTepiH Oenriney OobI
TaObLIAIBL.

JKYMBICTBIH HETi3ri FBUIBIMA HOTM)KEJIEPI MBbIHAJIAP/BI
KaMTHUIBI: HETi3Ti aHKepiiK OeKiTIe OpHATBUIFAHHAH KeHiH
1,0-1,5 Mm-re neifiHTi ToOe KBIHBICTAPBIHBIH BIFBICYBIH KaM-
TaMachl3 eTy yimH 150 M MaHaWbIMEH XKYpri3ijieTiH Ka30a
KEH)KapbIHBIH OCiHe Kapait 60-70° kerOeyMeH TYpaKChI3 TiKe-
Jiei Tebere OpHATBUIFAH KOPIAYy aHKepIlik Oekirme, 1,7-2,0 M
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KaJIBIH/IBIKTaFbl OCKITLITE€H JKbIHBICTAP/IBIH KOTEPrill KOpIIay AJIFBIC
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AJCOPBIHIUMOHHASA OYUCTKA ITPOMBIIINJIEHHDBIX
BOJ OT KATUOHOB TAXEJIBIX METAJIJIOB
MOANPUIINPOBAHHBIMHA HEOJIUTAMUA

AnHoTanmus. B crarbe paccMarpuBaloTcs COBpeMEHHbIE METOIBI aJICOPOLIMOHHON OYMCTKH TPOMBIIUICHHBIX CTOYHBIX BOJI METAJLTYPTUUECKHX NPEAPUSITHIH OT HOHOB
TSDKEJIBIX METAJUIOB, BKJIIOUas MeJlb, HUKENb U IUHK. Mcceyercs npuMeHenre Mo(HIMPOBAHHBIX LIEOIMTHBIX COPOCHTOB, COAEPIKAIINX HAHOCTPYKTYPHBIE COCIHHE-
HHS BAHAJIMSI M THTAHA, MOJIyYeHHBIC METOAOM 30J1b-Tellb TeXHOIOrHH. [IpeacTaBIeHbl 9KCIEPUMEHTAIbHBIC JaHHBIC IO COPOLIMOHHON EMKOCTH aCOPOCHTOB, IEMOHCTPH-
PYIOLIHE 3HAYUTENBHOE MOBBIICHHE 3()()EKTHBHOCTH OYUCTKH PH HCHOIb30BAHHN THOPHAHBIX HAHOKOMITO3UTOB. ONTHMHU3HPOBAHBI YCIOBUS aJCOPOLIMH, BKIIIOYAsT BIUSI-
Hue pH, Temneparypsl 1 KOHIIEHTPALMK METAJLIOB B pacTBope. Pa3paboTaHHas TEXHOIOTMs HAapaBJIeHa Ha MOBBIIICHNE YPOBHS OUYMCTKH CTOYHBIX BOJ METAJUTYPIHYECKOTO
MPOM3BOJICTBA, MUHUMHU3AIMIO HETAaTHBHOTO BO3/ICHCTBHS HA OKPYIKAIOILYIO CPEly M BO3MOXKHOCTh BTOPUYHOMN MepepadOTKH M3BJICUEHHBIX METAJIIIOB JUISl X TOBTOPHOTO
UCTIONB30BaHNUS B IPOM3BOJCTBEHHBIX MPOIECCAX.

Knrouesvte cnosa: memannypeus, cmounvle 600bl, A0COPOYUSL, YeOIUMblL, MANHCENbLe MEMALIbL, BAHAOUL, MUMAH, OYUCIKA 800bl, COPOYUSL.

OHepkacinTik cyJapabl aybIp MeTaJUI KATHOHAAPbIHAH MOAH(MUKANUSJIAHFAH LEOJTUTTEP KOMeriMeH aJcopOonusijibIK

Tasa

AHIL)I’ZI\:IXIH. MakaJiaza MeTaury prusiblK KoCimopbIHAAP/IbIH OHIIPIiCTIK aFbIHIBI CY/IAPhIH aybIP METAIAAP HOHAAPBIHAH (MBIC, HUKEIIb, MBIPBIL) aCOPOLMSIIBIK Ta3apTy-
JIbIH 3aMaHayH 9JIiCTepi KapacThIPbLUIabl. BaHa/(uil MCH THTAHHBIH 30J1b-T¢JIb TEXHOIOTUSCHI APKbUIbI aJIbIHFAH HAHOKYPBUIBIMIBI KOCBUIBICTapbIMEH MOAN(HKALMSITAHFAH
HEONUTTIK COPOCHTTEP IIH THIMJIUIITI 3epTTeii. DKCIEePHMEHTTIK 3epTTeyliep KOpCeTKeHeH, rHOpUITI HAHOKOMITO3UIIUSIAD aybIp METaIAap/Ibl aICOPOIHIAY/IBIH KOFa-
PbI THIMALTITIH KaMTaMachl3 eTe/i. AcopOiys mapTTapbl OHTailmanaAbIpbULIbl: pH neHreili, Temreparypa jxoHe MeTaIap/IblH epiTiHIiAeri KOHIICHTPALMSCH! €CKepiIIi.
JlamMbIFaH TEXHOJIOTHSI METAJTyPrHsUIbIK OHIIPIC aFbIH/BI CYIapbIH THIMJI Ta3apTyFa, KOpIIaraH opTara Kepi dcepii a3aifTyra jkoHe OOIHIeH MeTannap/bl Kaiita eHaey
ApKBUIBI OHAIPICTIK MPOLECTEPE SKiHIII PeT MaiinaaaHyra MyMKIHIIK Gepesi.

Tyiiinoi ce30ep: memannypaus, agbiHobl Cy, A0COPOYUA, Yyeorummep, ayblp Memanoap, 6aHAOuil, MUmaH, cy masapmy, copoyus.

Adsorption treatment of industrial wastewater from heavy metal cations using modified zeolites

Abstract. The article examines modern adsorption methods for purifying industrial wastewater from metallurgical enterprises contaminated with heavy metal ions,
including copper, nickel, and zinc. The study focuses on the use of modified zeolite sorbents containing nanostructured vanadium and titanium compounds synthesized using
sol-gel technology. Experimental data on the sorption capacity of these materials demonstrate a significant increase in purification efficiency when hybrid nanocomposites
are applied. The adsorption conditions were optimized, considering pH levels, temperature, and metal concentrations in the solution. The developed technology aims to
improve the treatment of metallurgical wastewater, reduce environmental impact, and enable the secondary recovery of extracted metals for reuse in industrial processes.

Key words: metallurgy, wastewater, adsorption, zeolites, heavy metals, vanadium, titanium, water purification, sorption.

BBenenue

PocT mpoMBINIIIEHHOTO TPOM3BOACTBA, OCOOEHHO B METal-
Jypryy, IPUBOANT K 3HAYNTEIGHOMY 3arpsi3HCHHIO BOJOEMOB
TSDKETIBIMU MeTauiaMu. VX HakoIJIeHHne B OKpY Karollel cpenie
OKa3bIBAET HETATHBHOE BIMSHUE HA YKOCHCTEMBI M 3/10POBHE
yenoBeka. CyIecTByIONe METOABI OYHCTKH CTOYHBIX BOJ HE Qooralionme
BCETJa 00ECHEUMBAIOT CHIDKEHHE KOHIICHTPAMH TOKCHYHBIX KonmerIDaE
BEIECTB JI0 HOPMATUBHBIX 3HAYECHHM, UTO JIETACT aKTyaJIbHBIM
MTOUCK () (PEKTUBHBIX, JOCTYITHBIX I SKOHOMIUYHBIX COPOCHTOB. 1

LeonuTel — mpupoaHBIE MaTEpUabl C BHICOKOH YIEIbHOU
MIOBEPXHOCTHIO M CEJIEKTHBHOCTBIO, IINPOKO HUCIIOIB3YEMbIC B
nporeccax ancopounu. OgHaKo T MOBBIIEHUS UX d(phek-
TUBHOCTH B OYHCTKE CTOYHBIX BOJ TPEeOyeTCs] MOAN(DUKAIIHSL.
B mmpoBoii mpaktuke [1-10] akTHBHO W3y4aroTCs METOIBI

Hfmr;

0
Pyna noosrua —Tloposa

XBoOCTHI
CTO4HBbIE BOABL

CTo4YHBIE BOIBI

4. OTx0aBI

MeTanayprudeckuii
npomecc

YAy4IIEHUsI COPOIIMOHHBIX CBOMCTB IPHPOIHBIX COPOEHTOB,
BKITIOYAsI NIX XUMHYECKYIO U TEPMUIECKYI0 00paboTKy. B maH-
HOW pPabOTe WCCIEHOBAHBI IEOJIUTHBIC aICOPOCHTBI, MOJU-
(unmpoBaHHBIC HAHOYACTHIIAMU THUTAHA M BaHA/IUS, C LIEJBIO
MIOBBIIICHUSI UX COPOIMOHHON CITIOCOOHOCTH K KAaTHOHAM TsI-
JKETIBIX METAJIIOB.

Ha puc. 1 npeacrasieH TEXHOJOTMYECKUN Y Th MOCTYILIE-
HHUSI OTXOJIOB B OKPY’KAIOIIYIO Cpemy Iph J00bIue, odorarmie-
HUH U TIepepadoTKe PyI.

JIist moCTrKeHHs el ObUIN TOCTABIICHBI CIIETYONIHE 3a-
JIatH:

* CuHme3 HAHOCMPYKMYPHbIX COCOUHEHU MUMAaHa U 6a-
Haousi MemoooMm 30/1b-2elb MeXHON02UU U MOOUDUYUPOBAHUE
yeonumos [11, 12];
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Puc. 1. Texnonoru4ecknii nyTh NOCTYIJICHUS] OTXO10B
B OKPY:KAIOUIYIO Cpeay NpHU A00bIve, 000raneHu u
nepepadoTke pyi.

Cyper 1. Kenaepai enaipy, 0aiibITy koHe 0HeYy Ke3iHae
KaJIIBIKTAP/IbIH KOPUIAFAH OPTAFa MIBIFAPbLIYBIHbIH
TEXHOJIOTUSIBIK KOJIBI.

Figure 1. Technological pathway of waste input into
the environment during mining, concentration and
processing of ores.

* uUzyueHUe QUIUKO-XUMUYECKUX U AOCOPOYUOHHBIX XAPAK-
MEPUCMUK MOOUDUYUPOBAHHBIX YEOTUMO8;

* onpedenenue 3a8UCUMOCIU COPOYUOHHOU eMKOCMU Om
PH cpedwt u epemenu konmakma ¢ 3a2psa3HeHHOU B0001.




Mertamnyprug

Pa3zpaborka 3(h(HEeKTUBHBIX M DKOJOTHYECKHA OE30MMaCHBIX
TEXHOJIOTUH JAJI4 CHUKCHUSL KOHUCHTPAIlUKU MOHOB TSXKEJIBIX
METaJIJIOB B CTOYHBIX BOJAaX 10O HOPMATHBHBIX 3HAYEHUM OCTa-
€TCs aKTyalbHOU 3aja4ueil.

MeToab! Hcce1e10BaAHUS

B pamMkax HayyHBIX HCCIIEIOBaHUI HCIIOIB30BAINCH COBpE-
MEHHBIE aHAIMTUYECKUE TPUOOPHI:

» UK-®ypbe cnexrpomerp Nicolet IR200, padorarommii B
nuanaszone 500—4000 cm !, mpuMeHsUICA Ui IPOBEIEHUS UH-
(hpakpacHO# CIIEKTPOCKOITHH;

¢ [IpocBeunBaromuii MEKTPOHHBIH MUKpockonr OM-125 ¢
YCKOPSIFOLIMM HanpspbkeHueM 75 kB ucnonb3oBaics mis ze-
TAJILHOTO MCCIIeIOBaHMsI 00pa3oB, KOTOPbIE TOTOBMIUCH IO
CTaHJIaPTHOU METO/IMKE;

* OnTtuueckuii Mukpockon MMWH-8 mpumensncs mis 1o-
MOJIHUTEIBHOW XapaKTePUCTHKU CHHTE3HMPOBAHHBIX MarepH-
aJIoB;

o JlepuBarorpad Q-1000/D (paspadorunku: F. Paulik,
J. Paulik, L. Erdey, npousBoactso — pupma «MOM») ncnois-
30BaJICA U1 TEPMHUECKOrO aHaiu3a. [laHHBIH METOx MO3BO-
Jsu1 (PUKCUPOBATh M3MEHEHUsI (PU3NYECKUX U TePMOXHMHUYE-
CKHUX CBOMCTB 00pa3lOB B MPOIECCE X HArpeBa.

Pe3yabraThbl U UX 00Cy:K/I€eHHE

B nocnenHee Bpemsi 3HaUMTENFHOE BHUMAHHUE YIENSETCS
HCCIIE/IOBAHUIO LIEOIMTOB, MOIU(GHUIUPOBAHHBIX METaIHye-
CKUMH{ HaHOYACTHLIAMH, C LIEJIBI0 UX MOCIEAYIONEro UCIIOb-
30BaHUs B a/ICOPOIIMOHHO-KATAINTHYECKUX Tpoleccax. Bol-
COKasi TOBEPXHOCTHAsI aKTUBHOCTh TAKMX MaTe€pUalIOB OTKPbI-
BAaeT IEPCIEKTUBBI UX MPOMBIIUICHHOTO IIPUMEHEHHUSL.

B nanHON pa0oTe HCIIONB30BaHBI LEONUTHI, MOAU(DU-
LIMPOBaHHBIE 30Jb-TelIb HAHOCTPYKTypaMH THUTaHAa M Ba-
Haausl. VICXOMHBIMM COEIMHEHUSIMU CIY)KWIM aMMHaKaT-
Hble Komruiekchl BaHamusi [(VOz)x(OH)y'nNHs] w TuTana
(NH):TiO(S04):°H-0. ]I onTUMH3aIMK IPOIecca CUHTEe3a
YUTEHBI KJIIOUEBbIE apamMeTpbl: pH cpesibl, CKOpocTh nepeme-
LIMBaHMs1, TEMIIEPATypa U KOHLEHTPAIHSI PEareHTOB.

Momudukarys neonuTa 0CyIIeCTBISUIACH IPOIMUTKON €ro
pactBopamu kceporens V20s (1 r/m u 5 v/n), TiO: u ux ru-
opunHoit kommnosunueit (1%), ¢ mociuemyroieli TepMoodpa-
6otkoit mpu 500 °C.

AZcOpOLIMOHHAsT CIIOCOOHOCTh M3y4YeHa Ha MOJIENIBHBIX
pactBopax menu (CuS045H:0, 100 r/n, pH = 3,07). Haubo-
Jiee BBICOKasi copOunonHas eMKkocTh (300 Mr/r) JoCTUrHYyTa Y
neosurta, MmoguduiupoBanuoro Ti0: u V20s, 9410 00BACHSCT-
Cs1 YBEJIMUECHHOH Y/IEIIbHON IIOBEPXHOCTBIO.

D¢ HeKTUBHOCTD YCTONYMBOTO (DYHKIIMOHUPOBAHHS aJICOP-
OEHTOB aHAJIM3MPOBAJIACH METOIOM TEPMHUYECKOTO aHaJIU3a C
puMeHeHneM JiepuBarorpada. MccnenoBanue TepMUIECKOTO
MoBe/ieHHs 00pa3LoB B IpejiesiaX BO3MOXKHOCTEH HCIIONb3Y-
€MOTro 000pYIOBaHMSI MMO3BOJIUIIO ONPENEIUTh COCTaB TEPMH-
YECKH aKTHBHBIX KOMIIOHEHTOB, & TAK)KE OTCIICANTD TUHAMUKY
MX U3MEHEHUS B XO/Ie HarpeBaHUSL.

Ha ocHoBe naHHBIX IuQdepeHIratbHO-TEPMUIECKOTO
ananmu3a (DTA) ycraHOBICHO, YTO COOTBETCTBYIOIIAsl peak-
1y, orpaxeHHas Ha DTA-kpuBoi, IpoTekaeT B TeMIepaTyp-
HoM nuamnasone 20—1000 °C. IIpu auHaMHUYeCcKOM HarpeBaHUU
LCOIUTa, MOAM(DHUIMPOBAHHOTO THOPHIHOW KOMITO3HUIIMEH

OKCHJIOB BaHaJlMsl M TUTaHa, B UHTepBasie Temmeparyp 200—
1000 °C nabmrogaercsl MOCIEeI0BATENFHOE BbIJCICHUE JIETY-
yux coequnennii H:0 n CO,,,, B armocdepy (puc. 2). [lpn

9TOM MOJIU(HUIMPOBAHHBIN IIEOJUT COXPAHIET CBOIO CTPYK-
TYPHYIO CTaOMIILHOCTb.

Am, %

1000°C

TG Am(H2O0+COapu)

(]
Ami{COoper)

10

20
Exo

f

AT

N d
COom Endo

O6p. Ne2
P=200 mg

TC=200 myg
DTA-250 uv
DTG-500 py

200

Temnepartypa °C

Puc. 2. lepuBarorpamMma 1eoJiMTa, MOAU(PpHUIHPOBAHHOIO
THOPHUIHON KOMIIO3UI[MEH OKCHI0B BAHAUS M TUTAHA.
Cyper 2. Banaaquii MeH TUTAH OKCHITepPiHiH THOPUATI

KYpPaMbl 00HbIHIIA MOAM(PUKALUSIAHFAH LE€0JIUT
JAepUBOTOrpaMMachl.
Figure 2. Derivatogram of zeolite modified by hybrid
composition of vanadium and titanium oxides.

[Tpn nanpHelIIeM rpaIMeHTHOM Harpese o0pasia B CHCTe-
Me He HaOJIIOJaeTcsl 3HAYMTENIbHBIX TEPMUUCCKUX d(PPEKTOB.
B nunanazone temmeparyp 200-1000 °C TepmorpaBUMeTpH-
yeckast (TG) kpuBasi JeMOHCTPUPYET JIHMIIb HE3HAYUTEIHHOE
CHIDKEHHME Macchl, cocTaBuBiIee Bcero 3%. OCHOBHOW BKIaJ
B 3Ty IOTEPI0 MACCHI BHOCHT CJIA0OBBIPRKEHHOE HCIIApEHHE
TUAPOKCUIIBHON BOJIBI, 10JIs1 KOTOPOM COCTaBIseT 0koio 1,5%.

[lo pasHBIM anddepeHnraTbHON  TepMOrpaBUMETPHA
(DTG) MHTEHCHUBHOCTH DA3JIOKEHUS W Jerazanuu ooOpasia
ocCTaeTcsl Ha HU3KOM YpoBHE (Tabnuma 1), 4To CBUIETENbCTBY-
€T O BBICOKOH CTaOMIIBHOCTH MOJU(HUIIMPOBAHHOTO LIEOINTA B
JJAHHOM TeMIIepaTypHOM JUara3oHe.

B ominune oT TepMOrpaBUMETPUUECKHX XapaKTEPUCTUK
uccienyeMeix oopasnoB, DTA-kpuBas MOIU(PHUIIMPOBAHHOTO
neonura B auamnasoHe temmneparyp ~200-680 °C nemoHcTpU-
PYeT BBIpRKEHHBIN 9k30TepMudeckuil 3¢ dext. Ero narencus-
HOCTb HAaCTOJIBKO BBICOKA, YTO OH 3aT€HSET IIPOYHEe TepMUUE-
CKHE MPOLECCHI, IPOUCXOASIINE B JAHHOM UHTEpBAJe.

Hecwmotpst Ha 3T0, CTPYKTypa KOMIO3HIIMHA MOAN(DHUINPO-
BaHHOTO aJICOPOEHTA OCTAeTCsl CTAaOMIIBHOM, HE MOABEPrasich
CYIIECTBEHHBIM M3MEHEHMSIM B XOJ€ Harpesa. JlaHHBIA (akT
CBUJICTENILCTBYET O BBICOKOM TEPMUYECKOW YCTOMYMBOCTHU
Marepuaja M ero IoTeHnuale JUisi IPUMEHEHHs B YCIOBHUSIX
BBICOKUX TEMIIEPATYP.

B Tabnuue 2 npuBeeHbI CpaBHUTEIbHBIE JTAHHBIE TEKCTYP-
HBIX XapaKTePUCTHK HEMOAN(UIIMPOBAHHOTO U MOAN(DHUIINPO-
BaHHBIX aJICOPOCHTOB Ha OCHOBE IIEOJIMTA C MCIOIB30BAHUEM
merozna bpronepa-Ommera-Temrepa (B3T).
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Meramnyprii

Tabnuua 1
Tepmozpasumempuueckue nokazamenu MoOUPUYUPOCAHHO20 KOMRO3UYUEN OKCUO06 6AHAOUA U MUMAHA
Kecme 1
Mooughukayuananean 6anaouil ycone muman OKCUOL KYpAMbIHbIH, MEPMOZPACUMEMPUATILIK, Kacuemmepi
Table 1
Thermogravimetric indices of vanadium and titanium oxides modified by composite composition
ITocnenoBarenbHOCTH KonuuectBo Hutepan temneparyp
JleTy4nie KOMIIOHEHTBI o o
IIOTEpH BeECa norepu Beca, B % paznoxenus, °C
Am, H,0+Co,,,, 7,0 20-200
Am, OH+ CO0,,,, 6,5 200-325
Am; co,, 15,0 325-680
Am, H,0+Co0,, 9,0 680-1000
> Am gppec 37,5 20-1000
Taonuuya 2

Texcmypnuvie xapakmepucmuku MOOUPUUUPOBAHHO20 U HEMOOUPUUUPOBAHHO20 AOCOPOEHM 08

Kecme 2

Moougukayuananean sncone MoOUPUKAYUATAHOAAH A0COPOeHMmMeEPOIH, MEKCMYPaablK, CURAMMAMALAPbL

Table 2

Texture characteristics of modified and unmodified adsorbents

AsicopBenThI VnenbHas n?BerHOCTL, VnenbHbIl (3)6T>CM nop, Cpennuii pazmep mnop,
M*/T cM’/T HM

Copoerrr | y 312,6 0,164 1,713
HeMOU(DUIIMPOBAHHBII
CopbeHT 2
MOAN(DUIMPOBAHHBIN KCEPOTEIBIO 319,0 0,161 1,714
V,0;(11/m)
CopbeHrT 3,
MOIM(HUINPOBAHHBIN KCEPOTEIBIO 371,2 0,161 1,714
V,0; (5 t/m)
CopOenr 4
MOTU(PHUIIUPOBAHHBII KCEPOTECIBIO 366,2 0,154 1,712
Tio,
CopbeHT 5
MOIU(HUIIMPOBAHHBIN KOMITO3HIINEH 376,5 0,173 1,714
TiO,n V,0;

ComracHO JaHHBIM TaOMUIBl 2, MOAM(UKAINS IEOTUTa
KCeporeJeM OKCH/Ia BaHa I¥sl YBEIIMUUBACT Y/IEIbHYIO TOBEPX-
HOCTB ¢ 319,0 mo 371,2 M*r, a kceporenem TutaHa (1%) — ¢
312,6 no 366,2 M*/r. [Ipu 5TOM yaenbHbIH 00beM MOp HE3HAYH-
TEJIFHO YMEHBINIACTCS, & CPETHUN pa3Mep Mop OCTaeTCs Ipak-
THUYECKU Hen3MeHHBIM. [{eonnT, 00paboTaHHbIN KOMITO3UIINEH
TiO: n V20s, neMOHCTPUPYET HAUOOIBIINE 3HAUCHUS YICIb-
HOH MMOBEPXHOCTH M 00BEMa I10p, YTO CIIOCOOCTBYET MOBHIIIE-
HUIO €ro COPOIIMOHHON aKTUBHOCTH.

[TopoBast cTpykTypa ajcopOeHTa HIpaeT BaKHYIO pOJIb
B IIpoIlecce COPOIMU TSDKEIBIX METaJUIOB: MX HM30BITOYHOE
HaKOIJICHUE MOXKET OJOKMPOBATh IOPHI, CHUXKAsT dPPEKTHB-
HOCTh Marepuaia. JIJst onTUManbHON OYMCTKU BOJBI CPETHHUN
JIMaMeTp TOp JIOJDKEH OBITH HEOOJBIINM, & COPOSHT — yCTOM-
YHMBBIM K HAaKOIUICHHUIO METAJLIOB.
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DNEeKTPOHHO-MUKPOCKOITMYECKUH aHann3 (puc. 3) BbIs-
BHJI CJIIOXKHYIO MHOTOYPOBHEBYIO CTPYKTYPY MOAU(DULIUPO-
BAaHHOT'O [[EOJINTA, BKIIOYAIOIIYIO0 C)epHUECKHUE CETMEHTBI
(20-100 HM), OOBenMHEHHBIE B KJIACTEPHBIE arperarsl.
HaHouacTHubl 3aKiII0O4eHBl B MHEPTHYIO MAaTpUIy W3 OK-
cuna kpemHus (Si0:). ['mOpunHbII cCOpOSHT MpeaCTaBIs-
eT co00i cMech aJUIOTPONHBIX (OPM BaHAIWs M THTAaHA C
Si0:, coueras KpUCTAIINIECKYIO 1 aMOppHYIO (a3bl BI-
COKO¥ TUCTIEPCHOCTH, YTO YCUIUBACT €ro a[COPOITHOHHBIC
CBOMCTBA.

Ha pucynke 4 mnpexpcraBieHbl H30T€PMBI aJcOpOIHH
KaTHOHOB Menu iss 0a30BOro HeMoAu(UIUPOBAHHOTO
copOeHTa (copOeHT 1) U MOAM(PUIUPOBAHHBIX I[COJHTOB
(copOentst 2—5). U3 maHHBIX Tpa(UKOB BHUIHO, YTO MakK-
cUMajbHasi COpPOIMOHHAS €MKOCThb YBEIMYHMBACTCS IIpU
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Puc. 3. Mukpodororpadus aacopéeHTa HA OCHOBE
e0JINTa, MOTU(PUIHPOBAHHOIO KCEPOTreIbI0 OKCHAA
BaHAIHUsA M THTAHA.

Cyper 3. Banaauii THTaH OKCHJIi KceporejibMeH
Moau(pUKANUSVIAHFAH €0JUT Heri3ingeri agcopoeHTTiH
MHKPOCYpeTi.

Figure 3. Microphotograph of the adsorbent based on
zeolite modified with vanadium and titanium oxide
xerogel.

nepexoje OT MCXOJHOr0 Marepuana K MOAU(PHUIIUPOBAH-
HBIM 00pa3mam.

Tak, mma 6azoBoro meonmTa (COpOEHT 1) MakcHMambHAS
COpOIMOHHAs eMKOCTh COCTaBIseT mpuMepHo 220 mr/T. B 1o
e Bpems, Hambompiree 3HadeHne (~300 mr/r) HabmromaeTcs
y meonuTta, MonupuIEpoBanHoro kommosunueir 7i0: u V205
(copbeHT 5).

CpaBHHUTENBHBIA aHAN3 COPOIIMOHHON CIIOCOOHOCTH Iie-
OJIUTOB, MOAU(MDHUIIMPOBAHHBIX HAHOCOCTMHEHHUSIMH BaHAIHS,
TUTAHA W WX TUOPHIHOW KOMITO3WIHEH, MOKA3bIBACT, YTO
HarOOoJbIIIee KOJIHYSCTBO HOHOB ME/IM M3 PacTBOPA MOIIOIIa-
eTcst copoenToM, comepxkamuM 7i0: u V20s5. D10 CBI3aHO C
YBEIMUYCHUEM YJICIbHON MOBEPXHOCTH JAaHHOTO Marephasa
0 CPaBHEHHIO C 00pa3naMu, MOAM(PHUINPOBAHHBIMHA TOJIBKO
BaHa/JWeM WM TUTaHOM (Tabmumia 2). Takum oOpazom, Mo-
TuUKanys 1eonnTa THopuaHoil kommosurmen 7i0: u V20s
obecrieurnBaeT 0oJiee BRICOKYIO COPOIIMOHHYIO aKTHBHOCTH I10
OTHOIIIEHHIO K KATHOHAM MEJIH.

W3oTepMbl cOpOLIMH, MONTYyUCHHBIE B PE3yJIbTaTe UCCIIEN0-
BaHMs MOJICJIFHOTO PACTBOpa MEJH, Ha PAa3IMYHBIX COPOSHTAX
OTIIMYAIOTCS JAPYT OT Apyra. To ecTh OoJee BHICOKHE JTaHHBIC
JUISL TIpoliecca COpOIiK KaTHOHOB MEJIU M3 MOJICNILHOTO pac-
TBOpA MO CTENECHU OYUCTKHU IOIYYCHBI Ha IeOIUTe MOAU(uU-
LUPOBAHHOTO B BU/E KCEPOTENls BaHAIWS U TUTAHA, a MaK-
CHUMaJIbHAs aAcopOIHs — Ha MOAU(MDUIIIPOBAHHOM IICOJIUTE B
BHJIe THOPUIHON KOMITO3UIH (Tadmuia 3).

W3 9THX NaHHBIX CIEIyeT, YTO MOAU(DHUIIUPOBAHHBIN 11€0-
JIUT B BUJIE THOPUIHOM KOMITO3UIIMY TUTAHA W BaHA M MIPaK-
TUYECKH HE CHHXKACT COPOIUOHHYIO €MKOCTh 10 OTHOIICHHUIO
K Menu (IO CPaBHEHHUIO C M3ydaeMBIMH OOpa3laMu cMecei
METaJUIOB).

Takum 00pa3oM, Ha OCHOBAaHHU MONYYCHHBIX JKCIIEPH-
MEHTAIBHBIX JAHHBIX MOKHO 3aKJIIOYHTh, YTO pa3paboTaHa
Cepusl [EOUTCOCPIKAIUX COPOCHTOB, MMEIOIINX KPUCTAI-
JIMYECKYIO CTPYKTYPY, IOJO0HYIO CTPYKTYpPE MPUPOIHBIX €0~
nuToB. CHHTE3UPOBAaHHEIEC aJICOPOCHTHI, MOAU(DUITUPOBAHHEIC
THOPUIHON KOMIIO3UIIMEH BaHaIWs W THUTaHa, MOTYT OBITh
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Puc. 4. U30TepMsbl agcopounu KAaTHOHOB MeIHU U3
MO/IeJILHBIX PACTBOPOB Ha copOeHTax: / — 6a306biil (He
MOOUPUYUPOBAHHBILL) Yeonum, 2 — MOOUDUYUPOBAHHBILI

Kcepozenem sanaous (1 e/n); 3 — moouguyuposanmwiii

Kcepozenem sanaous (5 e/n); 4 — moouguyuposanmwiii
OUOKCUOOM MUMAHA,; 5 — MOOUDUYUPOBAHHBIL SUOPUOHOU

KOMRO3uyuei 6aHaous u mumand.

Cypert 4. CopOenTTepaeri Moae/ibji epiTiHaiiepain
MBIC KATHOHIAPBIHBIH aICOPOLUSIIBIK H30TepMaiaphl:
1 — neeizei (moouurayusnanbasarn) yeonum, 2 — 6anaoull

Kcepozenimen moouguxayusnanzan (1e/n); 3 — éanaoui
Kcepozenvimen mooupurayusianear (5 e/n); 4 — muman
OUOKCUOIMEH MOOUDUKAYUANAHRAH, 5 — BAHAOUT MEH
MUMAaHHbIH 2UOPUOMI KYPAMbIMEH MOOUPDUKAYUATIAHEAH.
Figure 4. Adsorption isotherms of copper cations from
the model solutions on sorbents solutions on sorbents:
1 — basic (not modified) zeolite; 2 — modified with vanadium
xerogel (1g/1); 3 — modified with vanadium xerogel (5 g/l);
4 — modified with titanium dioxide,; 5 — modified with hybrid
composition of vanadium and titanium.

Taonuuya 3
Pe3ynomamut onpedenenus copoyuu Mooupuuyupoeannvix
00paszy06 no OMHOWIEHUIO K MeOU
Kecme 3
Mooughukauyuananzan ynzinepoin MvlcKa Kamuylcmul
COpOYUACHIN AHBIKMAY HIMUIICENepi
Table 3
Results of sorption of modified samples towards copper

CopbeHTsI 1 2 3 4 5
CopOroHHas

eMKkocTh Kk Cu, 132 164 200 250 300
Mr/T

3G (QEKTUBHBI TPH OYHCTKE MPOMBIIUICHHBIX BOJI, COJEpIKa-
X B OCHOBHOM I[BETHBIC METAJIBI.

BriBoABI

1. Ilposeden HayuHO-UHMOPMAYUOHHBII AHAIU3 NPUOPU-
MEMHbIX HANPAGLEHU OYUCTNKU NPOMBIULIEHHBIX CIOYHbIX
800 OM MAICENBIX YBEMHBIX MEMALLO8 C UCNONLIOBAHUEM PA3-
JIUYHBIX NPUPOOHBIX COPOYUOHHBIX Mamepuanos. /s noswi-
wieHusl 3¢hheKmusHOCMU OUUCIKU CIOYHBIX 800 NPEONOYMU-
MeNbHO UCNONb308AHUE MOOUDUYUPOBAHHBIX AOCOPOEHMO8 8
KOMOUHAyuu 08yx uiu 6ojee Memauios.
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2. B kauecmee mampuunoll 0CHO8bl 0I5l NOJYYEHUsi 00PA3-
Y08 a0CopOEnmos UCONb306ANUCH YEOTUMHble MAMEPUdbl,
noosepeHymule MOOUpUKAyUY CUHME3UPOBAHHBIMU  HAHO-
CMPYKMYPHbIMU COCOUHEHUSMU TMUMANA, 8aHAOUS, d MAKIICe
UX 2UOPUOHOT KOMNOZUYUETL.

3. Ilposeden cpasrnumenbHbvlil anaiu3 COpoOYUOHHOL CHOCOOHO-
Cmu Yeonumos, MOOUGUYUPOBAHHBIX PAZTUYHBIMU HAHOCOCOUHE-
HusIMU. Yemanosieno, umo yeonum, 00padomanmwii 2UOPUOHOT
KOMNO3uyuenl 6aHaous u mumana, 0onaoaem Haudonvuien sQhgex-
IMUBHOCTIBIO 8 YOWIEHUU UOHO8 MeOU U3 PACMBOPOS NO CPAGHEHUIO
¢ obpaszyamu, coOepHCAUMU MOTLKO BAHAOULL UL TNUMAH.

CIIHCOK HUCIIOJIB30BAHHBIX UCTOYHHUKOB

4. Obocnosana yenecoobpazsHOCmb NPUMEHEHUS. MHO20-
cmynenuamou OYUCmKY 800bl OM MSNCENbIX MEMALIo8 C
UCNONB306AHUEM YEOTUMA, MOOUDUYUPOBAHHO20 2UOPUOHOU
KoMno3uyuel OKCU008 8aHAOUsi U MUmand, 4mo nogvluiaenm
aphexmuerHocmo OUUCMHBIX NPOYECCO8.
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K.T. Abdraimova, *G.B. Toychibekova, G.S. Shalabaeva, A.M. Seytmetova
Khoja Akhmet Yassawi International Kazakh-Turkish University (Turkistan, Kazakhstan)

MECHANICAL COMPOSITION, DYNAMICS
OF PHYSICAL PROPERTIES OF SOIL
CONTAMINATED WITH POLYMETALLIC
COMBINE WASTE

Abstract. This article highlights the problems associated with heavy metal contamination of the soil near the Kargalinka tailings dam and the village of Kyzylzhol.
This points to the problem of reclamation and the importance of solving this pressing problem. Soil pollution near tailings dumps, where mining waste is stored, poses a
serious problem for the environment and public health, especially if the tailings dumps are saturated with heavy metals. The increased concentration of heavy metals in the
soils near the tailings dam was Pb 55,9; Cu 6,8; Zn 45,2; Cd 4,7; Ni 8,2; As 5,1; Hg 4,8; Cr 13,7 mg/kg. Soil contamination with heavy metals can have long-term effects
on ecosystems, agriculture, and human health. In many cases, these heavy metals are difficult to reclaim, which makes their effects long-term. As a result, soil pollution
near tailings dumps has become one of the most acute environmental problems in the southern region of Kazakhstan, related to the consequences of the mining industry.

Key words: mechanical composition, soil, heavy metals, toxic effect, accumulation, fertility.

[oaumeTann KOMOMHATHIHBIH KAJIBIKTAPbIMEH JACTAHFAH TONMBIPAKTHIH MEXAaHHKAJIBIK KYPaMbl, (pU3HKAJIBIK

KacneTTepi MEH JHUHAMHKAChI

Amnzarna. Makanajaa Kapraiibl KanablK KoiiMachl MeH KbI3bIIDKOI ayblIbIHBIH MaHBIHIAFbI TONBIPAKTBIH aybIP METAJIAPMEH JacTaHybIHA OallIaHbICThI IpobIEeMaap
GastHananel. by e3exTi MoceneHi menry/iH MaHbI3AbUIBIFbIH KaJIIbIHA KENTIPY MOceNneciH kepcerei. Tay-KeH KallIbIKTapbl CAKTaIaThIH KaJAbIK KOWMaIapbIHbIH KaHbIH-
JIaFbl TOTIBIPAKTHIH JIACTaHYbI KOPIIAFaH OPTaFa, XaJIIKTBIH ACHCAYIIBIFBIHA, 9Cipece KalIbIK KOMMaIapsl ayblp METal1apMeH KaHBIKKaH 60Jica, YIKeH IpobIemMa TyIbIpaIbl.
Kanapik KoMachIHa KaKblH TOMBIPAKTAFbI aybIp METAJIAP/IbIH HKOFaphl KOHIEHTpauuschl Pb 55,9; Cu 6,8; Zn 45,2; Cd 4,7; Ni 8,2; As 5,1; Hg 4,8; Cr 13,7 mr/kr Kypajsl.
TombIpaKThIH aybIp METaIapMEH JIACTaHybl SKOXKYHeepre, aybll apyallbUIbIFbIHA XKOHE a/IaM JIeHCAYIbIFbIHA Y3aK Mep3iMJi ocep eTyi MymkiH. KenrereH sxarnaiinapaa
Oyu1 aybIp MeTaIIap bl KAJIbIHA KEITIPY KUbIH, OYJI OJap/IbIH 9CEPiH Y3aK yaKbITKa co3a/bl. HoTmkecine Kaaaplk KoiMaiap MaHbIHAAFbI TOMBIPAKTHIH JIACTAHYbI Tay-KeH
OHepKaciOiHiH cangapeiMeH OaiinanbicThl Ka3akcTaHHBIH OHTYCTIK OHIPIHIH €H OTKip SKOJIOTHSIIBIK MPOoOIeMaapbIHbIH OipiHe aiHaIbL.

Tyitinoi ce30ep: MexanuKablK Kypam, monvlpax, ayblp Memanoap, MOKCUKANbIK 2Cep, AKKYMYIAYUS, KYHADIBLIbIK.

MexaHuueckKuii coCTaB, JTHHAMUKA (l)PlSl/l‘leCKlrlX CBOMCTB IO4YBbI, 33Fpﬂ3ﬂel—[]—[0ﬁ oTX0AaMH IOJIUMETAIHICCKOI'O

KOMOMHATAa

AuHoTanus. B cTarbe 0cBenmaroTes IpobIIeMbl, CBSI3aHHbIE C 3arpsA3HEHUEM TT0UBBI BOJIM3H XBocToXpaHmuina Kapramiaka u cena KbI3bUnKoI TsKeTbIMA METaIAMH.
D70 yKa3blBaeT Ha MPOOIeMy PEKYJIbTHBALMK BAKHOCTH PELICHUs HACYIIHON MPOOIEMbl. 3arpsA3HeHUe MOYBbI BOJIM3HM XBOCTOXPAHMIIMIL, TI€ XPAHSITCS OTXObI TOPHO-
JI0OBIBAIOLICH TIPOMBIIUICHHOCTH, MPEICTABISCT CEPhe3HYH0 MPOOIeMy JULsl OKPYKAFOLISH CPellbl, 3[0POBbsI HACEICHMUS, OCOOCHHO €CIIM XBOCTOXPAHUIIMILA HACBIILICHBI
TSDKEIIBIMU MeTaJuIaMu. [10BbIIIeHHAs! KOHIIEHTPAIHS TSHKENIBIX META/UIOB B IT0YBaX BOJIM3M XBOCTOXpaHWINIIA cocTaBisuia: Pb 55,9; Cu 6,8; Zn 45,2; Cd 4,7; Ni 8,2; As
5,1; Hg 4,8; Cr 13,7 mr/kr. 3arpsi3HeHUE TTOYBbI TSHKEIBIMUA METAJUIAMH MOKET HMETh JOJITOCPOYHBIE TOCIEACTBUS IS SKOCHCTEM, CETECKOTO X035CTBA U 37I0POBBSI 4eJIo-
Beka. Bo MHOIHX Cilydasix 9TH TsHKEJIbIe METaUIbI CIIOMKHO TOIAI0TCS PEKYJIBTHBAIINH, YTO JEAeT UX BO3/IEHCTBHE I0JITOBPEMEHHBIM. B pesyibrare 3arpsi3HEHHE MOYBbI
BOJIM3H XBOCTOXPAHUIIMIL] CTANIO OJHON 13 HAMOOJIEe OCTPHIX HKOIOTHYESCKUX MPODIEM KKHOTO pernoHa Kasaxcrana, CBSI3aHHBIX C TIOCIEACTBUSIMU TOPHOIOOBIBAIOIICH

TIIPOMBIIIITICHHOCTH.

Knrouesvle cnosa: mexanuueckuti cocmas, noued, msdiceivble Memaiivl, MOKCU4eckoe ozoelcmaue, AKKYMYIAYUs, llﬂO()Op()()uC.

Introduction

The analysis of polymetallic combine waste on the dynam-
ics of mechanical soil components is a major environmental
and engineering problem. The process of mining and process-
ing metals can lead to emissions of harmful substances, in-
cluding heavy metals and other chemical compounds that af-
fect the environment as a whole. There are several key factors
that can have an impact on the mechanical composition [1].

The study of polymetallic combine waste on the dynamics
of the mechanical composition of soils is the basis for envi-
ronmental and engineering phenomena, since land pollution
from metal mining and processing waste can change their
physical and mechanical properties [2]. Let’s consider exact-
ly how such conclusions can arise on the mechanical com-
position of soil: 1. Changes in the mechanical composition
of the soil. 2. Waste from polymetallic plants can negatively
change the mechanical composition of soil, which includes
the ratios of fractions (sand, clay, silt). This can [3] be de-
fined as follows: An increase in the proportion of small par-
ticles. Many waste plants (for example, sludge, dust) contain
small particles that, once in the soil, may contain their share
of small fractions (clay and silt) [4]. This leads to a decrease
in the water permeability and drainage properties of the soil
layers, as well as to its greater density. Soil samples were tak-
en from the Kargalinka tailings dam located near the village
of Kyzylzhol [5, 6].
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The impact of polymetallic combine waste on changes in
the mechanical composition of soil is a significant environ-
mental issue. Waste generated by polymetallic extraction and
processing (such as slag, tailings, smelting residues, and other
by-products) can cause notable alterations in soil properties,
including its mechanical composition. The mechanical com-
position of soil refers to the relative proportions of different
particles. 1. Changes in Soil Granulometric Composition: In-
troduction of fine particles: Polhigher clay and silt content;
soil texture degradation: The additional fine particles can
cause a disruption in the natural soil structure. Soil becomes
more compact and loses its original texture, resulting in re-
duced drainage, lower water retention capacity, and increased
risk of soil erosion. 2. Changes in Soil Density and Porosity:
increased soil density: Polymetallic waste, particularly heavy,
dense residues such as slag or certain metal-rich particles, can
increase the soil’s bulk density. This higher density can reduce
the porosity of the soil, decreasing its ability to retain water
and oxygen. Compaction of the soil also occurs, limiting the
movement of roots and making the soil less suitable for plant
growth; reduced porosity: When fine metal particles from the
waste fill the pores in the soil, the porosity decreases. Lower
porosity means reduced water infiltration and air exchange,
which can impact the soil’s structural integrity and biological
health. 3. Impact on Soil Strength and Stability: Alteration of
cohesion: The introduction of toxic metals or other chemical
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compounds from the waste can disrupt the cohesive forces be-
tween soil particles, leading to reduced shear strength. This
makes the soil more susceptible to erosion and landslides, par-
ticularly in sloped areas. As the mechanical stability of the soil
decreases, it becomes less effective at supporting vegetation
and can lead to structural failure in engineered landscapes,
such as roads or construction sites; increased compressibility:
The presence of waste materials can increase the compressibil-
ity of the soil. In soils with a high amount of clay or fine parti-
cles from polymetallic waste, the soil becomes more prone to
settlement under load, which can cause issues for agricultural
activities and construction projects [7].

The effect of polymetallic combine waste on soil mechani-
cal composition is profound and multifaceted. By introducing
fine particles, increasing soil density, altering porosity, and
adding toxic metals, the waste can weaken the soil’s structural
integrity, reduce its water retention capacity, and increase its
susceptibility to erosion [8]. These changes can significantly
degrade soil quality, limiting its use for agriculture and other
land-based activities. Long-term management strategies, in-
cluding the treatment and remediation of contaminated soils,
are essential to mitigate these effects and restore the soil’s nat-
ural mechanical properties [9, 10].

The presence of heavy metals in soil and their remediation
using bioremediation methods is one of the pressing contempo-
rary issues. Data on the analysis of soils from recreational and
mining complexes located near non-ferrous metallurgy enter-
prises in the Turkestan region are presented. The dependence of
the chemical composition of soil samples, collected from vari-
ous points in the Turkestan region and the city of Shymkent, on
the distribution of heavy metals is demonstrated [11].

Materials and Main Methods
The soil samples required for analysis were collected using
a titanium-made soil drill. Samples were taken three times at

depths of 0-5, 5-20, 20-30, 30—40, and 40-50 cm from five
points (the corners and the center of a 5 x 5 m square). The col-
lected samples were mixed on a plastic sheet, and a subsample
of no less than 400 g (on a dry matter basis) was taken. For
storage and transportation, the samples were placed in cotton
bags.

In the laboratory, the soil samples were dried under dry-air
conditions and then ground. They were sieved through a mesh
with a diameter of 1 mm. The samples were carefully spread
on thick paper and cleaned of stones, glass, plant roots, and
other debris.

To determine the content of heavy metals, the soil samples
were ground into a fine powder using an agate mortar.

For humus determination, the soil samples were cleaned of
plant root residues, carefully pulverized, sieved through a 0.25
mm mesh, and analyzed using the method of I.V. Tyurin. The
accuracy of the analysis results was verified by comparing the
determined components with the known values in soil stan-
dards.

Results

The effect of polymetallic combine waste on the micro-
fauna of polluted soil is an important aspect of environmen-
tal health, as the microfauna (including soil microorganisms,
nematodes, microarthropods, and other small organisms)
plays a crucial role in maintaining soil fertility, structure,
and nutrient cycling. The presence of toxic pollutants from
polymetallic waste, such as heavy metals (lead, cadmium,
copper, zing, etc.), can have profound impacts on the diver-
sity, abundance, and activity of soil microfauna, leading to
various negative ecological consequences. Toxic Effects of
Heavy Metals on Soil Microorganisms-heavy metal contam-
ination: Polymetallic wastes typically contain high concen-
trations of toxic metals like cadmium, lead, arsenic, copper,
and zinc. These metals can accumulate in the soil and poi-

Table 1

Indicators of experimental data on the study of soil mechanical composition depending on distance
0-10 km and depth (concentration of heavy metal salts 1450 mg/kg)

Kecme 1

0-10 km KawvblKmulK nen mepeHo0iKKe 0ail1anbicmvl MONbLIPAKMbIH, MEXAHUKANLIK KYPAMbIH 3epmmeyoin
IKCnepuUMeHmmiK oepeKmepiniy Kepcemxiwimepi (ayblp memasn my30apviuvi, Konyenmpayusacol 1450 me/ke )

Tabnuuya 1

Ilokazamenu IKCnepuUMeHMAbHBIX OAHHBIX UCCIC008AHUS MEXAHUYECKO20 COCIABA NOUEbI 8 3A8UCUMOCHU
om paccmoanusn 0—10 km u 2nyounsl (Konyenmpayus coneii maxycenvix memannog 1450 me/xe )

The horizon of the studied soil, cm Particle sizes, mm Structural ele.ments of Dimensions of the
the soil structural elements, kg
5-1,5 the rocky layer 1,85
030 1,5-0,75 crushed 1,98
0,75-0,5 coarse sand 2,65
<0,5 stone coarse sand 2,43
0,25-0,05 medium-fine sand fine 1,02
sand
31-60 0,05-0,01 coarse dust 0,55
0,01-0,005 medium-fine dust 1,02
0,005-0,001 fine dust 2,37
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Table 2

Indicators of experimental data on the study of soil mechanical composition depending on the distance
of 11-15 km and depth (concentration of heavy metal salts 1090 mg/kg)

Kecme 2

11-15 Kkm KaublKmulKKa y#cane mepeHikKe Oaiuaanslcnsl monvipaKmoly MEXaHUKAIbIK KYPAMbIH 3epHmeyoin,
maxcipubenik depekmepinirn Kepcemkiuimepi (ayvlp memann my3oapuviiivly Konyenmpayuscst 1090 me/ke )

Tabnuua 2

Tloxazamenu IKcnepumMeHmMAaIbHBIX OAGHHBIX UCCTE008AHUA MEXAHUYECKO20 COCHIA8A NOYEHL 8 3A8UCUMOCHIU
om paccmoanun 11-15 km u 2nyounsvl (Konyenmpayus coneii maxcenvix memannog 1090 me/kz )

The horizon of the studied soil, cm Particle sizes, mm Structural elements of Dimensions of the
the soil structural elements, kg
5-1,5 the rocky layer 1,75
1,5-0,75 crushed 1,89
0-30 0,75-0,5 coarse sand 2,54
<0,5 stone coarse sand 2,12
0,25-0,05 medium-fine sand fine 1,01
sand

31-60 0,05-0,01 coarse dust 0,33
0,01-0,005 medium-fine dust 1,03
0,005-0,001 fine dust 2,21

Table 3

Indicators of experimental data on the study of soil mechanical composition depending on the distance
of 16-20 km and depth (concentration of heavy metal salts 910 mg/kg)
Kecme 3

16-20 Km KauiblKmulKKa Jicone mepeHo0iKKe 0ailianbiCmbl MONbLIPAKMbIH, MEXAHUKANLIK KYPAMbIH 3¢pmmeyoin
maycipubenik oepexkmepiniy, Kopcemxiuimepi (ayvlp memann my3oapuviiovly, Konyenmpavyuscol 910 me/xe )

Taonuya 3

Tloxazamenu sKcnepumeHmanbHbIX OAGHHBIX UCCTCO08AHUA MEXAHUYECKO20 COCMABA NOYEHL 8 3A8UCUMOCHU
om paccmoanusa 16-20 km u enyounsl (Konyenmpayus conei maxjcenvix memannos 910 me/ke )

The horizon of the studied soil, cm Particle sizes, mm Structural ele.ments of Dimensions of the
the soil structural elements, kg
5-1,5 the rocky layer 0,97
0-30 1,5-0,75 crushed 1,23
0,75-0,5 coarse sand 1,75
<0,5 stone coarse sand 1,02
0,25-0,05 medium-fine sand fine 0,92
sand
31-60 0,05-0,01 coarse dust 0,30
0,01-0,005 medium-fine dust 0,94
0,005-0,001 fine dust 1,97

son microorganisms, such as bacteria, fungi, and protozoa,
which are critical for the soil’s biological processes [12].
The influence of lead sulfate (PbS0O.) concentration on the
mechanical composition of soil near the tailings dump of a
polymetallic plant can be significant. Lead sulfate, which is
a common component of mining and smelting waste, has a
toxic impact on the soil environment and its physical prop-
erties, especially in areas close to mining sites like tailings
dumps. Here’s how lead sulfate can affect the mechanical
composition of soil in such environments. The influence of
zinc salt (such as zinc sulfate, ZnS0.) concentration on the
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mechanical composition of soil near the tailings dump of a
polymetallic plant can significantly affect the soil’s physical
properties and its capacity to support plant life and soil or-
ganisms. Zinc is a heavy metal commonly found in mining
waste, and its presence in high concentrations can alter the
granulometric composition, structure, porosity, density, and
stability of the soil.

In this study, soil samples were taken from various
depths (0—60 cm), depending on the distance of the tailings
dump. The distance ranged from 0—15 km with concentra-
tions of heavy metal salts of 1450 mg/kg of the studied soil.
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Table 4

Indicators of experimental data on the study of soil mechanical composition depending on the distance
of 21-25 km and depth (concentration of heavy metal salts 387 mg/kg)

Kecme 4

21-25 Km KaublKmulKKa dHcaHne mepenoikKe 0ailianbicnsl MOonbIpaKmulH MEXAHUKANbIK KYPAMbIH 3epmmeyoin
mascipudenik depekmepinin Kopcemkiuimepi (aysip Memani my30apviHoly KoHyenmpayusacel 387 me/ke )

Tabnuua 4

Tloxazamenu 3KcnepuUMeHmMAIbHBIX OGHHBIX UCCIC008AHUA MEXAHUYECKO20 COCHIA8A NOYEbL 8 3A8UCUMOCHIU
om paccmoanun 21-25 km u 2nyounsl (KOHUEHMPAUUA CONell MAIHCETbIX Memannos 387 me/ke )

The horizon of the studied soil, cm Particle sizes, mm Structural ele.ments of Dimensions of the
the soil structural elements, kg
5-1,5 the rocky layer 0,95
1,5-0,75 crushed 1,11
0-30
0,75-0,5 coarse sand 1,54
<0,5 stone coarse sand 1,09
0,25-0,05 medium-fine sand fine 1,02
sand

31-60 0,05-0,01 coarse dust 0,54
0,01-0,005 medium-fine dust 1,87
0,005-0,001 fine dust 1,64

Table 5

Indicators of experimental data on the study of soil mechanical composition depending on the distance
0of 26-30 km and depth (concentration of heavy metal salts 65 mg/kg)
Kecme 5

26—30 KM KauiblKmulKKa Jcone mepeH0ikKe 0ailiaHbiCmbl MONbLIPAKMbIH MEXAHUKANBIK, KYPAMbIH 3epHmeyoin
maoicipubenik oepekmepiniy, Kopcemkiuimepi (ayslp memani my30apvlHvly, KOHYeHmpayuacol 65 m2/ke )

Tabnuya 5

Iloxazamenu 3KcnepumeHmManbHbIX OGHHBIX UCCIE008AHUA MEXARUYECKO20 COCMABA NOYEbL 8 3A8UCUMOCHU
om paccmoanusn 2630 km u 2nyounbl (KOHUEHMPAYUS CONCH MANHCETBIX MEMANN08 65 Me/Ke )

The horizon of the studied soil, cm Particle sizes, mm Structural ele.ments of Dimensions of the
the soil structural elements, kg
5-1,5 the rocky layer 1,06
1,5-0,75 crushed 1,27
0-30
0,75-0,5 coarse sand 1,69
<0,5 stone coarse sand 0,93
0,25-0,05 medium-fine sand fine 0,76
sand
31-60 0,05-0,01 coarse dust 0,75
0,01-0,005 medium-fine dust 1,72
0,005—-0,001 fine dust 1,46

Similar samples were also taken at a distance of 15-30 km
from the experimental soil with a heavy metal salt content
of 65 mg/kg.

Studying the dynamics of changes in soil moisture capaci-
ty and density depending on the composition of heavy metals
and seasons is important for assessing the state of ecosystems
and developing environmental protection measures. To gain
a deeper understanding of these processes, field studies were
conducted and data analysis was obtained, which helped iden-
tify patterns and develop recommendations for improving soil
conditions (table 6).

Discussion

Improving the quality of soil contaminated with heavy met-
al ions is crucial for maintaining soil health and preventing fur-
ther environmental damage. There are several strategies that
can help reduce heavy metal contamination and restore soil
quality. Here are a few approaches-Phytoremediation: This
involves using plants to remove, stabilize, or degrade heavy
metals in the soil. Some plants, known as hyperaccumulators,
are capable of absorbing heavy metals through their; Common
plants used for phytoremediation include sunflowers. This in-
volves the use of microorganisms (bacteria, fungi, or algae) to
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Table 6

Ratios of the data obtained on changes in soil moisture capacity and density

Kecme 6

blnzan celiibilmobLIbI26l MEH MONBIPAK, MbI2LI30bIZIHBIH 032€PYi 00UbIHULA ATIBIHRAH MATIMEemmepoil apaKamvlHAacyl

Tabauua 6

Coomnouienus noJly4eHHblxX OGHHBIX NO UBMEHEHUIO 6/1A20EMKOCHIU U NIIOMHOCMU NOY6bl

Interval and concentration soil moisture indicators, % The solid phase of the soil, y/cm?
of heavy metals summer spring autumn summer spring autumn
0-10 km, 1450 mg/kg 24,1 35,7 27,7 2,14 1,98 2,02
11-15 km, 1090 mg/kg 25,9 37,1 31,9 1,95 1,87 1,89
16-20 km, 910 mg/kg 35,9 48,3 434 1,82 1,82 1,83
21-25 km, 387 mg/kg 47,2 56,8 56,1 1,38 1,38 1,36
26-30 km, 65 mg/kg 58,5 63,7 64,8 1,17 1,17 0,99

degrade, transform, or immobilize heavy metals. Some bacte-
ria can break down pollutants into less harmful forms or help
precipitate metals out of the soil in a less toxic state.

Polluted soil, especially when contaminated with heavy
metals, can have significant and far-reaching effects on the
trophic chain (the sequence of organisms that eat one another
in an ecosystem). Here’s a breakdown of how polluted soil af-
fects various trophic levels-primary producers: impact: plants
are often the first organisms impacted by soil pollution. Heavy
metals such as lead, mercury, cadmium, and arsenic can accu-
mulate in plant tissues through the roots; effect on plants: these
metals can interfere with the plant’s nutrient uptake, hinder
growth, cause chlorosis (yellowing of leaves), reduce photo-
synthesis, and even lead to plant death in extreme cases; tro-
phic impact: since plants are the base of most trophic chains,
contamination directly affects primary productivity and can
limit the amount of food available for herbivores.

The presence of heavy metals in soil can have significant
effects on both soil moisture capacity and soil density, which
in turn affects the soil’s overall health and its ability to sup-
port plant growth. Here’s how heavy metal contamination can
influence these soil properties-Compaction: heavy metals can
cause soil particles to bind together, leading to increased soil
compaction. Compacted soil has reduced pore space, which
decreases the soil’s ability to retain water. This leads to a lower
soil moisture capacity, as water cannot be stored in the smaller
pore spaces.

Reduced Aggregation: soil aggregates (clumps of soil par-
ticles held together by organic matter and microbes) are es-
sential for maintaining pore spaces that allow water infiltra-
tion and retention. Heavy metals can disrupt soil aggregation
by interfering with soil microbial activity and organic matter
decomposition, leading to a decline in aggregate stability and
water-holding capacity. Heavy metals like cadmium (Cd) and
lead (Pb) can interfere with the soil’s cation exchange capacity
(CEC), which is the soil’s ability to hold onto and exchange es-
sential nutrients, including water. When CEC is disrupted, soil
may lose its ability to retain water, leading to quicker drain-
age and less moisture available for plants. Some heavy metals
can also affect the hydrophobicity of the soil, causing the soil
to repel water. For instance, mercury and zinc can make soil
particles less water-attractive, leading to poor water retention
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and potentially waterlogged conditions on the surface, while
deeper layers may remain drier.

Determination of heavy metals in the soil

Determining heavy metals in soil is crucial for assessing
soil quality, environmental contamination, and potential risks
to human and ecological health. There are several methods
commonly used for the analysis of heavy metals in soil.

Environmental Standards and Safety Limits

Regulatory bodies such as the U.S. Environmental Protec-
tion Agency (EPA), World Health Organization (WHO), and
other regional organizations provide soil quality guidelines
and safety limits for various heavy metals, based on their tox-
icity and environmental persistence.

After determining the concentrations of heavy metals, a risk
assessment can be conducted to evaluate the potential envi-
ronmental or human health risks posed by the contaminants.
This can include evaluating exposure pathways (e.g., through
crops, water, or direct contact with soil).

The heavy metal content in the soil near a polymetallic plant is
a crucial factor for understanding environmental contamination,
potential risks to human health, and the health of the ecosystem.
Polymetallic plants typically process multiple metals (such as
lead, zinc, copper, cadmium, arsenic, and others), and their waste
may contain high concentrations of these metals. These heavy
metals can leach into the soil, affecting its quality and making
it hazardous for both plants and animals, including humans who
depend on the land for agriculture or other activities.

Polymetallic plants usually process ore that contains a com-
bination of metals. Consequently, the waste from such plants
(e.g., tailings, slag, or other byproducts) can result in contam-
ination of several metals in the surrounding soil. Some of the
most common heavy metals found near these plants include:

1. Lead (Pb): Lead is toxic, especially to the nervous sys-
tem, and can contaminate the soil, water, and crops grown in
the vicinity.

2. Cadmium (Cd): Cadmium is highly toxic and can accu-
mulate in plants, entering the food chain. Long-term exposure
can cause kidney damage and bone issues.

3. Zinc (Zn): Zinc, while essential in small amounts for
plant growth, can be toxic in larger concentrations, causing
growth inhibition and other plant issues.
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4. Copper (Cu): Copper is another essential micronutrient
for plants, but in high concentrations, it can be toxic to both
plants and soil microorganisms.

5. Arsenic (As): Arsenic is a potent carcinogen and neuro-
toxin. Soil contaminated with arsenic can lead to long-term
health risks for humans and wildlife.

6. Nickel (Vi): Nickel can accumulate in the soil near smelt-
ing or mining operations. It can be toxic to plants and soil or-
ganisms if present in excessive amounts.

7. Chromium (Cr): Chromium in its hexavalent form (Cr®)
is highly toxic, and contamination can lead to soil and water
pollution, affecting the ecosystem.

8. Mercury (Hg): Mercury can bioaccumulate in the food
chain, and its presence in the soil poses long-term environ-
mental and health risks.

In figure 1-2, it can be seen that the pH of the soil near the
polymetallic combine’s tailings dump ranged from 2.35 to 5.12,
and the soil of Kyzylzhol village had a pH value from 3.91 to
5.41. This fact proves a noticeable acidification of the soil of the
studied area. This fact can be referred to the influence of waste-
water and generated tailings waste during the activities of the
polymetallic combine. Reduced pH values may possibly affect
the phytodavailability of some heavy metals and affect the mi-
gration and transformation of heavy metals in the soil.

Accumulated solid waste from the tailings dump over the
years led to the following indications of certain substances in
the soil: the total amount of iron in the tailings dump was much
higher than in the soils near the village of Kyzylzhol with a con-
tent of 202.8 mg/kg; a certain amount of organic matter (humus)
averaged 4.56m g/kg in the tailings dump, and in the soils near
The content of the village was 3.34 mg/kg; in the soils of the
tailings dump, the content of the most common heavy metals
such as lead Pb and copper Cu in the soils exceeded the max-
imum permissible concentration and amounted to 55.9 and 6.8
mg/kg; In addition, the content of zinc Zn, cadmium Cd, and
nickel Vi was 45.2, 4.7, and 8.2 mg/kg; the excess of MPC in
the soils of the tailings dump was also noticeable in higher con-
centrations of heavy metals such as arsenic As, mercury Hg, and
chromium Cr in amounts of 5.1, 4.8, and 13.7 mg/kg.
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Figure 1. The content of heavy metal ions in the soil near
the Kargalinka tailings dam.

Cypet 1. Kapraabl KaaabIK KOiiMacbhbIHA KaKbIH
TONBIPAKTAFbI aybIP METAJ1 HOHJIAPBIHbIH KYPaMBbl.
Puc. 1. Coaep:kaHue HOHOB TSKeJIBIX METAJJIOB B OYBe
BO/IM3U XBocToXpaHuanma Kapraannka.
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Figure 2. The content of heavy metal ions in the soil near
the village of Kyzylzhol.

CypeT 2. KbI3bLIKO0J aybLIBIHBIH MAHBIHAFbI
TONBIPAKTAFBI aybIP METAJL] HOHIAPBIHBIH KYPaMbl.
Puc. 2. Conep:kaHne HOHOB TSKeJIbIX METAJLIOB B IOYBE
BO/IM3M cesia KbI3bLTKOJL.

The excess concentration of heavy metals in soil can be
caused by several factors, many of which are related to hu-
man activities, industrial processes, and natural phenomena.
Mining activities, particularly those involving polymetallic
ores, can lead to the release of heavy metals into the environ-
ment. When ores are mined, processed, and smelted, heavy
metals such as lead (Pb), cadmium (Cd), zinc (Zn), arsenic
(As), and mercury (Hg) are often left behind in the form of
tailings, slag, and other byproducts. These metal-rich materials
can leach into surrounding soil, water, and air. The disposal
of mine tailings, which are often stored in tailings storage fa-
cilities (TSFs), can result in the contamination of nearby soil.
The heavy metals in tailings can leach into the soil over time,
especially if the tailings are not properly managed. When sul-
fide minerals (e.g., pyrite) in the soil or tailings are exposed
to oxygen and water, they can oxidize and form sulfuric acid.
This acid can increase the solubility of heavy metals like iron,
lead, and cadmium, making them more mobile and leading to
contamination of soil and water.

Dumping of industrial waste, including metal-laden by-
products, in landfills or unregulated disposal sites can cause
long-term contamination of the surrounding soil. Additionally,
emissions from industrial activities can settle onto the ground,
contributing to heavy metal contamination.

Excessive concentrations of heavy metals in soil are pri-
marily driven by industrial activities, mining, improper waste
disposal, and agricultural practices. Natural processes can also
contribute to heavy metal concentrations, but human activities
have significantly amplified the risks. Monitoring, regulating
industrial practices, and implementing effective waste man-
agement strategies are key to minimizing the impact of heavy
metals on soil health and the environment.

Remediation of technogenically polluted tailings pond
soil, especially contaminated with heavy metals, is a complex
but necessary process to restore the environment and prevent
further damage to the components of the agroecosystem and
human health when assessing environmental quality. Tailings
ponds, which are waste left over from mining and metal ex-
traction processes, often contain high concentrations of heavy
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metals such as lead (Pb), cadmium (Cd), arsenic (As), mercury
(Hg), and zinc (Zn). These metals can be toxic to plants, an-
imals and humans, which makes the reclamation process ex-
tremely important for restoring the ecological balance of the
earth and increasing its safety for future use.

Goals of Reclamation:

1) reducing the bioavailability of toxic metals in the soil to
prevent uptake by plants and the food chain;

2) restoring soil fertility by improving physical, chemical,
and biological properties of the soil,

3) preventing further contamination of the surrounding en-
vironment (air, water, and soil) due to leaching of metals from
the tailings;

4) revegetating the area to reduce erosion and dust disper-
sion, and promote ecosystem restoration;

5) key steps in reclamation of polluted soil in tailings dumps.

Assessment and Monitoring of Contamination: before be-
ginning reclamation, an assessment of contamination levels
in the soil and surrounding environment is necessary. This in-
cludes measuring the concentration of heavy metals in the soil
at various depths, assessing the pH, organic matter content,
and soil structure, as well as evaluating the surrounding wa-
ter and air quality. Mapping the distribution of contamination
within the tailings dump helps in planning targeted remedia-
tion efforts.

Removal or Containment of Contaminated Materials: exca-
vation and Removal; in some cases, it may be feasible to exca-
vate contaminated soil and remove it to a controlled disposal
site or waste management facility.

Containment: where removal is not practical, a containment
approach is used to limit the spread of contamination. This can
involve creating impermeable barriers, such as caps or liners,
to prevent leaching of heavy metals into groundwater and sur-
rounding areas.
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JJAYKEEB CEPUKBEK KYCYIIBEKOBHNY
(K 75-J1eTUI0O CO AHS POKICHUS)

Munucmp zeonozuu u oxpanwt Hedp (1993-1996)

Munucmp rkonozuu u npupoonvix pecypcoe (1996-1998)

Munucmp npupoOHbIX PECypCos u 0Xpanvl OKpycaiouen
cpeowt (1998-2000)

Axum Amuvipayckou oonacmu (2000-2002)

IIpesuoenm Hayuonanvnoit Akademuu Hayk (2002-2004)

Jaypeam npemuu umenu K. Camnaesa «OmauyHuk pas-
6eoxu neop CCCPy» (1987); Ilepsoomkpwleamens mecmo-
podcoenus 2aza Amazenvowl

17 deBpans ucnonusiercs 75 ner Cepuxbeky XKycymoeko-
Bu4y JlaykeeBy — OJHOMY U3 SIPKUX M TaJaHTIMBBIX MHKEHE-
POB M OPraHM3aTOPOB T'€OJIOTHYECKOW OTPACIH M TOPHO-Me-
TaJUTyprUYeCcKOro KOMIUIEKCa Halllel CTpaHsbl.

HauaB cBOIO TpyHOBYIO JA€STENBHOCTH B TODKHOCTH MHIKE-
Hepa-reodu3rka nosieBoi naptuu Mimiickoit reopusnyeckoit
skcrenuimu (MI'3), oH, Onaromapst CBoeMy TPYIOIr00Ht0, 0a-
raxy 3HaHUH U OpPraHU3aTOPCKOMY Japy, OJ0JeBajl CTYIEHU
CITy>kKeOHOM JIECTHHUIIBI KaK CIEIUAINCT, B KOTOPOM HYy»XJa-
JIUCh OOJIee CIIOKHBIC TIPOU3BOICTBCHHAS 0OCTaHOBKA U 00b-
eM 3aj1au.

Pabora B cocraBe MI'D o3HaMeHOBaIach 3HaMEHATEIHHBIM
COOBITHEM, 3HAYUMOCTH KOTOPOTO MBI, Ka3aXCTaHIIbI, OL[CHUIIH
TOJIGKO B KOHIIE MPOIUIOrO CTOJETHS, KOTjia Ha 0a3e OTKpbI-
TOro B rojibl ciry0bl Ceprkdeka JKycynOekoBuya B KauecTBe
IJIaBHOTO re0(pM3MKa SKCIIEANITMH AMaHTeIIbINHCKOTO MECTO-
POXIECHUS IPUPOJHOTO ra3a Obula oOecrieueHa ra3upuKaIus
NIPAKTUYECKU BCEU FOKHOW M FOr0-BOCTOYHOW YacCTH HALLEro
rocyznapcTna.

Crnenyromue ero HazHaueHus B 1983 r. HauambHUKOM AJl-
MaTHUHCKOM OIBITHO-METOIMYECKON dKcneaunuu, B 1987 1.
— maBHbIM reodusukom [0 «Kasreoduzuka», B 1988 . —
HAYaJIbHUKOM AJIMAaTHHCKOW Te0()U3UUICCKON DKCICIUIINN
COIIPOBOX/IATNCh MPAKTHUYECKONW peanu3anueil JTaBHO OXKH-
JTAEMBIX CAaMBIX COBPEMEHHBIX TEXHOJIOTHI ITPOM3BOJICTBA.
Meronnka 00pabOTKH CTATUCTUYECKON Teo(U3MUECKOW WH-
¢dopmarmu Ha DBM, TOJBKO MONYYaBIIMX PacpOCTPaHEHHE
B MHUPOBBIX MacIiTabax, HHTEpPHpETalys €€ IeoI0rnYecKoi
CYIITHOCTH JUIsl OLIEHKH COAEP>KUMOTO HEAp OBUIH IS CBOETO
BPEMEHH PEBOJIOIMOHHBIM HAYYHO-TEXHUYECKUM MIPOPHIBOM,
OJTHUM M3 aBTOPOB KOTOPOTO CTaJI HAIll FOOUIIP.

ORHOBPEMEHHO B COBOKYITHOCTH C OTMEUEHHON KOMIIBbIO-
Tepu3alueil ynpaBleHHusT Treo(pU3NIeCKUMH TEXHOJIOTHUSIMU
obutn ocBoeHbl BrepBbie B CCCP 3KOJOTHMYECKH YHUCTHIC
BUOPAIMOHHBIE CEHCMUYECKHE KOMILJICKCHI, YKOHOMUYECKH
3¢ GeKTHBHO, O0JIee TMPOU3BOAUTEIHLHO U OE30MAaCHO, CO 3HA-
YUTEIHHO MOBBIIIEHHOW TOYHOCTHIO OLIEHKH 3aMEHHUBIINE B
crenu(pUIecKrX yCIOBHIX OypOB3PHIBHBIE PAOOTHI.

B 42 rona Cepuxbek XKycynbOekoBrd ObLI MpUINIAIIEH Ha
JIOJLDKHOCTB IIEpBOro 3aMmecturesss Munucrpa reosoruu Pec-
nyonukn Kazaxcran. HactynuBiive Tspkenble BpeMeHa, CBSi-
3aHHBIC C PE3KUM CHMKEHHEM 00beMOB (DMHAHCHPOBAHUS B
CBSI3M C KaTacTpO(PUYECKUM YMEHBIICHHEM JKOHOMHYECKUX

00BEMOB ITPOM3BOJICTBA U
OIO/KETHBIX ~ BO3MOXKHO-
CTEeH, MOIIM pa3pyLIUTh
B MEpBYIO oOuepeap Ka-
JIpOBbI cocTaB MuHHU-
CTEpCTBA, U, ECTECTBEHHO,
00EeCIICYCHHOCTh po-
MBIIIIEHHOCTH 3allacaMy
METaJUIMYECKUX M XHUMH-
YECKUX MOJIE3HBIX HCKO-
ITaEMBIX, BCETO KOMILIEKCa
YIJIEBOJOPOAHOIO  CHIPBSI.
B or0ii 0oOcraHOBKE Ha-
3HaueHue [layxeesa C.K.
MWUHHCTPOM T€OJIOTHU H
OXpaHbl HEAp OBLIO HpO-
30pJIMBBIM perieHreM. Hanbomee clIoXHBIN IepHo AesTEIb-
HOCTH TEOJIOTHYECKOM OTpaciu ObLI IpoiaeH nox duarom
pedopMHUpOBaHHUS BCEH CHCTEMBI HEIPOIIOIBL30BAHUS U PEOP-
TaHU3alUU Fe0JIOrOpa3Bel0YHON OTpacIi ¢ OJHOBPEMEHHBIM
COXpaHEHHEM U YIPOYHEHHEM ee paboTOCIIOCOOHOCTH.

Bremonaennas B 1994 . mox pykoBoactBom CepukOeka
KycynbekoBrn4a CO31aHHOW MM KOMaHJIOW NPOQecCHoHalb-
HBIX T€O0JOroB M TropHskoB MuBecturnmonHas [Iporpamma
CTHMYJIUPOBAHHSI T€OJIOTUYECKOTO OOCITY>)KUBAHHUSI OCBOCHHMS
Heap yTBeprkaeHa [IpaBUTeNbCTBOM U ChITpajia NIaBHYIO POJIb
B CTaHOBJIEHHH I'€0JI0TOPa3BEAOYHBIX PA0OT HA COBPEMEHHOM
YPOBHE, CO3/1aBIIEM yCIOBUs IPUBICYCHUS (DUHAHCOBBIX pe-
CYpPCOB.

Cepuxdek KycynOexkoBud BHEC OOJBIION BKJIAJ B pa3pa-
0OTKy 3aKOHOZATEJIFHBIX U HOPMAaTHBHBIX akTOB PecryOnukn
KazaxcraH 10 HeApONOJIb30BaHHIO, NPHHUMAT AKTHBHOE
ydactue B pa3paboTke 3akoHa O Hexpax M 3akoHa o HedrH,
SIBJISTIOLIIMXCSL HA CETO/HSI CaMBbIMH ITPOTPECCHBHBIMHU CPEIH
aHAJIOTMYHBIX JOKyMeHTOB cTpan CHI.

Bo-BTophIX, B CPOUHOM MHOpPSAKE IMOJ €ro PyKOBOICTBOM
Obuta moAroTOBICHa MH(OPMAIMOHHAS 0a3a 10 BCEM IOJIe3-
HBIM HCKoNaeMbIM KazaxcTaHa, YTO IO3BOJMJIO IPHBIEYb
OecnperieZIcHTHOE KOJIMYECTBO HMHBECTUIMH B MHHEPAIb-
HO-ChIpheBOM cexTop Kaszaxcrana, mpencraBisitomuii cooon
0a30ByI0 OCHOBY ISl pa3BUTHUS SKOHOMHUKH CTPAHBI.

B-Tperbux, mpakTHUeCKH ¢ HyIs IPHILIOCH HAJIaXHBATh
BXOX/ICHHE T€0JIOTOPAa3BEAKH HA PabOTy B HOBBIX 3KOHOMH-
gyecknx ycnosusix. Jlaykees C.0K. pazpaboTain aBTOPCKYIO KOH-
LENIUIO TIepexoa K PIHOYHON HKOHOMHKE B cepe Hempo-
MOJIb30BaHUs, YTBEPKACHHYIO B 1994 rony IlpaBuTenscTtBoM
PecnyOmmku KazaxcraH, u IpHHSII caMO€ aKTUBHOE YIaCTHE B
cTaHOBJIeHUM cyBepeHuTeTa Kazaxcrana. s Ka3axcTaHCKUX
T€0JIOTOB ATO OBLJIO BPEMs HE TOJIBKO IIPOCTOTO H3yUYEHHUS 0CO-
OeHHOCTEel NeHCTBUS IPUHINIIOB PHIHOYHOM SKOHOMHKH, HO 1
AKTHBHOTO Y4acTHs B €€ IPUMEHEHHH.

B Ttakoii neperpyeHHO# IPOU3BOACTBEHHBIMH 3a00TamMu
JIOJDKHOCTH MUHHCTpa Te0JIOTHH, HEOTHOKPATHO MEHSIBIIIETO
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cBoe (opmanbHoe HasBaHue, [laykeeB C.)K. mpopaboran 10
KOHIIa MPOILIOTo Beka. Hapsiny ¢ peanusanueil CBOMX IpH-
POAHBIX OpraHM3alMOHHBIX crocoOHocTel [laykeeB C.K.
B 9TOT CJIOKHBIM MEpHOJ HE 3a0bIBajl M O HAay4YHOW padoTe.
OuepeIHOM 3TaIll ero MpoQecCHOHATLHOTO POCTA 3aBEPLIMICS
MOJITOTOBKOM KPYMHOM paboThI IO aHAIN3Y COCTOSHUS MHHE-
paJIbHO-CBIPhEBOI 0a3bl PecnyOmuku KazaxcTan u mepcrek-
THUBAaM €€ paclIMpeHus ¥ Ucrojib3oBanus. [lo cBoemy comep-
KaHHUKO OHa COOTBECTCTBOBAJIA Tpe60BaHl/I)IM, MPEABABIACMbIM
K JIOKTOpCKUM aucceptanusim, 1 B 1997 rony Jlaykeey C.0K.
ObuIa MPUCBOEHA yuYeHasi CTEIeHb JIOKTOPA I'€0JI0ro-MUHepa-
JIOTUYCCKUX HayK.

OnBIT y4eHOT0, IPON3BOJACTBEHHUKA U PYKOBOIUTEINS 00e-
CIEYMIN eMy ycIex B pabore B JODKHOCTH AKKMMa ATbIpa-
yckoit obmactu. KpymHoMaciiTabHOe CTPOUTEIhCTBO, B TOM
qucie pa3paboTka ¥ peann3alys IPEeHaKHOH CHCTEMBI TOpO-
Jla, OCYIIECTBICHHOE 110J1 pyKoBozcTBoM Cepukbeka XKycym-
OcKOBHMYA, H3MEHIJIO BUJI TOpoaa AThIpay, IPUIAB €ro OOIHKY
4epThl COBPEMEHHOCTH U KoM(opTa.

[IpakTuueckass peopraHm3anysi TE€OJOTHYECKOH OTpaciu
OCTPO HY’)K/IQJIaCh B CO3/IaHWH HAYYHBIX (PyHIaMEHTAIBHBIX U
MIPUKJIAHBIX HAIpaBJIeHUH, KOTOphle MOIIHN OBITh peaan3oBa-
HbI TOJIbKO C HEMOCPCACTBCHHLBIM YYaCTUEM U PYKOBOACTBOM
caMoro aBTopa, nosromy Hau r0mwLsip ¢ 2002 . Bo3Bparaercs
K CBOEH MEepBOHAYANILHOM CTe3¢ 00eCIeueHUs S3KOHOMHUKH Po-
JIMHBI MHHEPaJIbHO-ChIPbeBOit 6a30ii. C 2002 1. oH 0OZJHOBPEMEH-
HO ¥ [Ipesunent HammonanbHOM AkaieMun HayK, U TUPEKTOP
HMHCTUTYyTa reosnoruueckux Hayk uM. K.M. CarmaeBa. Ot1o co-
BMellIeHHe ObLIO CIIABOM HayKH BO BCEM CBOEM MHOT000pasuu
C KOPEHHBIMH )KU3HEHHO BOKHBIMHU 3200TaMU SKOHOMHYECKOTO
pa3BUTHA CTpaHbl, 1 OH 6]:[.]1 CO31aH B I'obl AKTUBHOM JCATCIIb-
Hoctu JlaykeeBa C.K. 1o 2007 . B 3TOM 0ONIaCTH.

C 2007 roma Jlaykeer C.)K. Bo3Bpaliaercs Ha MPOU3BOJI-
CTBeHHYI0 paboTry. CHauana oH Bo3miaBisiil COBET TUPEKTO-
poB AO «Kaznedrexumy», a B 2013 roay Obu1 n30paH He3aBU-
cumbIM nupekropoM AO «Kasreonorus». OGZHOBPEMEHHO OH
BO3DIaBIsUT «O01IIecTBO reodusnkoB Kazaxcranay.

B nocnennue rogsr C.K. JlaykeeB Hapsay C BHIIOITHEHHEM
CBOMX OOILECTBEHHBIX Harpy3ok B CoBeTax IeoyioroB M reo-
¢du3uKoB, sBisiercs npezacenareneM CoBera AUPEKTOPOB All-
MATUHCKOI'0O YHUBEPCUTETA DHEPICTUKU U CBA3U.

Ero opraHmzaropckue crocoOHOCTH, TBOPUYECKHH 00-
pa3 MbBIIUICHUS U YMCEHUE OLCHHUBATHL NPOU3BOACTBCHHYIO
00CTaHOBKY, YUYMTbIBas HE TOJIbKO I'€OJIOTMYECKOE HaIlOJIHE-
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HHE HeJlp, HO U MPOOJIEeMbl X OCBOEHHS, 0COOCHHO d(dek-
TUBHO TIPOSBIIINCH B MEPHOA €T0 JIESTEIbHOCTH B Ka4eCTBE
skcriepra pykoBoactBa TOO «Kopmopanus «Kazaxmbic» B
nepuop ¢ 2014 r. mo 2019 r. u unena CoBeta nupekropo AO
«Kazaxantein». BeinonHeHHble UM coBMecTHO ¢ buthmoOa-
eBplM M.JK. 1o 3a7aHNI0 PYKOBOJCTBA ATUX KOMIIAaHUH M IO
nnuHoU mHMnMaruse 18 TOP no npennpusatusm Kopnopannu
u 8 TOP no Ka3zaxctany ObuIN ¢ BBICOKOW OI[EHKOM MPUHSTHI
JUISl UCIIOJIHEHUsI KaK Oe30MacHbIe, TEXHOJIOIMYECKH OCYIlle-
CTBHMBIC U SKOHOMHYCCKH 3 (HhEeKTHBHBIE.

Cepukbex XKycymnoekoBuu — aBrop Oosee 150 HaydHBIX
pabort, B ToM uucie 7 moHorpadui, coaBrop kHur «KoHTH-
HEeHTaJbHble BHaguHbl LleHTpanbHoM M Bocrounoit Aszum»
(1988 1), «MeToauKa 1 TEXHOJIOTHsI BAOPOCEHCMHYECKHX pa-
00T C IIeMEHTaMH BBICOKOTO pazmenteHus» (1989 r.), «OxoHo-
MHKa U YOpPaBIE€HHE T'€0JI0TOPAa3BEJOYHBIM HMPOU3BOACTBOM)
(1999 r), «I'myOuHHOE CTpOEHHE M MHUHEpPaIbHBIE PECYpPCHI
Kazaxcrana» B 3 Tomax (2002 r.). OH aBTOp U pa3pabOTUHK
«KoHnenmuu peryanpoBaHus U ypaBiIeHHUs CHCTEMOM Helpo-
MOJIb30BAaHUS B YCIOBHUAX PHIHOUHOW 3KOHOMHUKI» (1994 1),
Atnaca kapt «MuHepanabHbIe pecypcebl Kazaxctanay (1996 1),
PYKOBOAMIJI aBTOPCKUMHU KOJIEKTUBaMU Oosee 20 cripaBoYHHU-
KOB IO MOJIE€3HBIM HCKOMIAeMbIM.

Haykee C.JK. u30paH JEHCTBUTEIBHBIM YWICHOM 5 HallU-
OHAJBHBIX U MEXKIYHapOIHBIX AKaJeMHii, B COCTaBe KOTO-
PBIX TIPOJOIKAET LENEeyCTPEMIICHHO TPYIUTHCS, SABISIICH, KaK
BCEI/Ia, MPUMEPOM ISl OKPY’KAIOIIHX.

OH HarpaxJIeH CIelHalbHBIM 30J0ThIM 3HakoMm [Ipes3u-
nenra Pecniyonuku Kazaxcran «3omortoit bape», opaenamu
«Ilapacar», «Kypmer», MenansiMu «3a TPyIOBYIO 100JIECThY,
«AcrtaHa», cepebpsiHoi Menanpio BJIHX CCCP, 3nakamun
«Ormnunuk passeaku Henp CCCPy», «IloyeTHbll pa3Bemqdnk
Heap PK»y.

B ro6uneiinbiii rog Cepukdex JXKycyrnOeKkoBUY MOJIOH CHII,
SHEPrMH U TBOPUYECKUX MBICIEH, KOTOpPbIE OH HaMepeH Hc-
MOJb30BaTh JUISI MOJBbEMa SKOHOMHYECKHX BO3MOXKHOCTEH
TOPHO-METaJUTypru4ecKuii orpaciu Haueil Pogunsr — Peciy0-
nuku Kazaxcran.

Topnaa u ceonocuueckasa 00uleCmMeeHHOCHb CHIPAHBL U
peoakyuonnan konnecua «lopnozo »yncypnana Kazaxcma-
Hay noszopasnsem ysaxcaemozo Cepukoeka Kycynoexosuua
¢ 75-nemuem, jcenaem emy 300p06bsi U HO6LIX MPYOOGHIX
ceepuileHull Ha 011a20 HAUwLe2o0 HapoOd, O1A2ONOIYUUA U CUa-
cmbus ezo cemve.
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NBAH HUKUTOBHAUY CTOJIITIOBCKHX
(K 85-J1eTHUI0 CO THA POKIACHUA)

31 saBapst ucnonHmWiIockh 85 et MBany Hukurosuay Ctos-
MOBCKUX — JOKTOPY TEXHHYECKHX HayK, Mpodeccopy-ucciie-
noBarelito Kadeapsl «TexHOIOrnYecKue MalluHbl U 000py-
noBanue» WHCTUTyTa DHEPreTWKH W MAIIMHOCTPOCHUS UM
A. Bypkut6aeBa, Ka3zaxckoro HallmOHAJILHOTO TEXHUIECKOTO
uccienoBareiabckoro yuusepcurera um. K.M. CarnaeBa, aka-
nemuky Kaz HAEH u MAVH.

W .H. CronmoBckux poawmicss B Poccuu u mocie Ciry:xObl B
Coserckoii apmMuu B 1962 Toy MOCTYNHI HAa TOPHBIN (haKyIb-
TeT Ka3axcKoro momTeXHuYCKoro HHCTUTyTa uM. B.W. Jlenn-
Ha.

ITocne okonuanust oOydenust B 1967 . mo pacmpenene-
HUIO OBLI HAlpaBicH Ha BeloyCOBCKHUI IMOA3EMHBIN PYIHUK
HPTHIIICKOTO  MOJIMMETANINIECKOro KomMOuHaTta Boctou-
Ho-Ka3zaxcraHckoii 001acTH, TAe MPOMIEN IMyTh OT JIEKTPO-
crecapsi, Ha9aJbHUKA CMEHBI 10 JIEKTPOMEXaHUKa MOA3EMHO-
TO TPaHCIIOPTA.

B 1971 r. ’Ban HUKUTOBWY MTOCTYIIHII B OUHYIO ACIIMPAHTY-
py nipu kadenpe « TpaHcopTHBIE U rOpHbIe MaUHbDy (Tul M)
KaslITU um. B.W. JlennHa mox HayIHBIM PYKOBOJICTBOM JIOK-
TOpa TEXHUYIECKHUX Hayk, mpodeccopa A.Jl. CruirpiHa.

ITocne 3aBeprienuss oOydeHUs B acHHUpaHType ObLI pac-
IpejieNieH Ha padoTy B KaueCTBE HAYYHOTO COTPYIHHMKA Hayd-
HO-HCccenoBarensckon yactu Ha kadenpy Tul M. B mepuon
¢ 1974 mo 1981 rr. porien myTh OT MIIAIIETO HAYIHOTO CO-
TpyAHUKA JI0 Beayuiero HayyHoro corpyaHuka HUY, accu-
CTEHTa, TperoaBaTels, crapiiero npenogasarens. C 1978 r.
mo 1984 r. paboTtan B JekaHaTe TOPHOTO (haKyJIbTeTa 3aMECTH-
TeJeM JeKaHa 110 BOCIIUTATEIILHON paboTe.

B 1982 r M.H. CTONMOBCKHUX 3alUTHII KaHIUJATCKYIO
JMccepTanuio B JIeCHUHrpaackoM ropHOM HHCTUTYTE UM. [Lte-
xaHoBa 1o crnenuanabHOCcTH 050506 — «[OpHBIE MamIUHBDY.
C 1982 r. mo 1995 r. UBan HukutoBuu pabotan Ha Kadeape
Tul'M B xauecTBe JOLIEHTA U SIBISUICS HAYYHBIM PYKOBOJIUTE-
JIEM X037I0TOBOPHBIX TEM.

BrImonHeHHBIE MCCIETOBAHUS TIO3BOMIUIM €My CO3daTh H
BHEJIPUTH B TPOEKTHYIO TPAKTHKY CHCTEMY aBTOMAaTH3HUpPOBAH-
HOTO TIPOEKTUPOBAHMS HIEKTPOBO3HOTO TPAHCIIOPTA IMOA3EMHBIX
PYIHHKOB C UCIIOJB30BAHHNEM COBpeMEHHBIX cpencTB [I9BM Bo
BCEX BEIyIIMX MPOEKTHBIX opranu3amusx ctpan CHI.

B 1995 . 1.H. CronmoBckux ObLT U30paH MO KOHKYPCY 3a-
BemyrommM Kadeapoit « TpaHCIOPTHBIE W TOPHBIE MAITMHBDY
KasHTVY um. K.M. CarmaeBa. B stor mepuon (1995-2001 rr.)
00JIbIIIOC BHUMAHHUE UM OBUIO YIEJICHO OOHOBICHHIO METO/IH-
YeCKOW 00€CIeYeHHOCTH Y4eOHOTO Mporecca, OpraHu3aIuu
BCEX BHUJIOB IIPAKTHUK MO HOBOH crermanbHocTH 1905 — «Top-
HbIe MaIlTuHBI U 00opynoBanue». B 2004 1. um Obua 3amiuiie-
Ha JIOKTOPCKas IUCCEPTAITHSL.

C 2004 mo 2008 rr. oH pabdoTan mpodeccopoM Kadenps
«TpaHcropTHBIE ¥ TOpHBIE MaUHBDY. B centsope 2007 1. o

2010 r. 3aBenoBan kadenpoit Tul M KasHTY um. K.U. Car-
naeBa. C centa6ps 2011 r. mo Hacrosimee Bpemst M.H. Croi-
MOBKUX SIBIISICTCSA  ITPOQeccopoM-UcciIeaoBareneM Kadeapsl
«TexHONIOrN4YEeCKNe MAIMHBI U1 00OPYAOBAHUE» U BEIYIHUM
Hay4YHBIM COTPYIHHKOM TEMBbI TPAHTOBOTO (hrHAHCHPOBAHMS
«PazpaboTka 1HpoBOro Merosa MOHUTOpUHTA Ae()EKTOB n
XapaKTEPUCTUK BHYTPUKAPHEPHBIX TEXHOJIOTMYECKUX TOPOT
IIPU OTKPBITON pa3paboTKe MECTOPOXKACHH IOJIE3HBIX HCKO-
MTAEMBIX».

VBan HWKHATOBHY — WM3BECTHBIA CIIEIUAIMCT B OONACTH
MIPOCKTUPOBAHMS M OKCILIyaTallud TOPHBIX MallHMH, COBEp-
IIEHCTBOBAHMS IOA3EMHOTO 3JIEKTPOBO3ZHOIO TPAHCIIOPTA.
Ero nccienoBanus «ABTOMaTH3NpOBAHHAS CUCTEMA IPOEKTH-
POBaHMS SIIEKTPOBO3HOTO TPAHCIIOPTA HA MOI3EMHBIX PyAHHU-
Kax», «Pa3paboTKka pannoHAIBHBIX TAPAMETPOB KOHTAKTHOTO
9JIEKTPOBO3a CLENHOM Maccol 5 T», «YCTaHOBJIEHUE NapaMe-
TPOB 3IEKTpoBO3HOro Tpancnopra Capsiakasckoro 'OK B
YCIIOBHUSIX BBICOKOTOPBS» M JPYTHe INPOKO n3BecTHH B Ka-
3aXCTaHe M 32 pyOeKoM.

OH — aBTOp cBBINIE 150 HAYYHBIX TPYAOB, B TOM YHCIE MO-
Horpaduii, Tpex y4eOHBIX IOCOOMH, TOPHO-TEOJIOTHYECKOTO
CIPaBOYHMKA IT0 pa3paboTKe PyAHBIX MecTopoxkaeHud. [lox
€ro pyKOBOJICTBOM 3AIHUIIECHBI JJBE KAHIUIATCKUE THcCepTa-
[[UH, TIOATOTOBIEHBI MIECTh JOKTOpoB Quaocoduu (Ph.D),
18 marucrpos.

Topuaa oo6uwecmeennocmo Kazaxcmana, kageopa
«Texnonozuueckue mawunvl u 0060opyoosanue» Hucmu-
myma uepzemuku u mawunocmpoenuns  KasHUTY
um. K.U. Camnaega, pedxonnezus «lopnozo oswcypuana
Kazaxcmanay, opy3va u xonnecu nozopasnaiom Heana Hu-
KUmoeu4a co 3HamMeHamenvHol 0amou u jicenawom 0ou-
JAPY OMAUYHO20 300P06bA, 00N2UX JIEN JHCUIHU, YCNEX08 6
pabome, 61a20N0YUUA U CUACHBA.

Topuwtit srcypnan Kazaxcmana Ne2’ 2025




TPEBOBAHUS K O®OPMJIEHUIO U YCJIOBHUSI IPEJOCTABJIEHUS CTATEN
B PeIaKIHI0 NePUOAUYECKOro neyaTHoro u3ganus «Lopublii :xxypHaa Kazaxcrana»

1. «TopHblii :xypHaja Ka3zaxcrana)» NpHHUMAaeT K NyOJIMKAIIMY OPUTHHAJIbHbIE CTATHU HAYYHOTO U HAYYHO-TEXHUYECKOI0
co/lep:KaHUsl, OTPAKAIOLIME Pe3yIbTAThl HCCIEI0BATEILCKO M HAay4YHOH /esiTeJIbHOCTH, HMMeEIOLIHEe PEKOMEHJAAUHMH K
NPAKTHYECKOMY NPHMEHEHHIO pelIaeMbIX BOIPOCOB, a TaKKe CTATbH 0030PHOr0 XapakKTepa, OTBeYAIOIHEe KPUTEPUSIM
NepBUYHOI HAY4YHOH MyOauKanuu (TIOJHBIN NIepedeHb pyOpUK yKa3aH Ha calte minmag.kz).

2. OcHOBHBbIE TPe0OBAHMS K CTAThAM, PeACTABICHHBIM I MYOJHKANMH B )KypHAaJie:

= Ha0Op CTaThH MPOU3BOAUTCS B TeKCTOBOM pernakrope Word mpugrom Times New Roman 12 xerieM ¢ IOJIyTOPHBIM HHTEPBAJIOM;

= 00 00bEM CTaThH, BKIOYAsi PUCYHKH, TaOJIMIIbI, METaIaHHbIC HE JOJDKCH MIPEBBINIATh 8 MeYaTHBIX CTPAHUIL;

= cTaThy (3a UCKIFOYCHNEM 0030pOB), JOIDKHBI COIEPIKATh HOBBIC HAy4YHBIC PE3YIIbTaThI;

* CTaThs AJOJHKHA COOTBETCTBOBATH TEMATHKE (CM. II. 1), HAyYHOMY YPOBHIO XKypHAIIA;

* CTaThs AOJDKHA OBITH 0OPMIICHA B IIOJTHOM COOTBETCTBHH C TPEOOBAHUSMH, OTPAKEHHBIMU B II. 3;

* CTaThsl MOXKET OBIThH IPE/ICTABIICHA HA Ka3aXCKOM, PyCCKOM HIIM aHITIMACKOM SI3BIKE;

* B PCAKLHUIO IPE/ICTABIISCTCS OKOHYATENIbHBIN, TIIATEILHO BbIBEPEHHbIl BAPHAHT CTaThbU, UCKIIIOYAIOLIMNA HEOOXOIUMOCTh
ITOCTOSIHHBIX 10paOOTOK TEKCTa Ha STalax M3IaTeIbCKOro IpoLecca;

= [Iepel OTIIPABKOM CTaThU B PENAKIIMIO JKypHAIa aBTOPaM HEOOXOIUMO IPOBEPHUTH TEKCT Ha MPEAMET OTCYTCTBHS IUIaruara.

3. CTpyKTYypa CTAaThH JOJDKHA COACPIKATH CIEAYIOIINE Pa3Ieibl:

= xog MPHTW (I'PHTW http://grnti.ru/?pl1=52) — miecTU3HAYHBIN;

* Ha3BaHHE CTAThH (COKPAIICHUS HE OOIYCKAIOTCS, HE TOIYCKAeTCS HCIIONb30BaHHE a0OpeBHATYp M (HOPMYI; MaKCHMaIbHOE
KomuecTBO cioB 10-12) mOmKHO OBITH WH()OPMATHUBHBIM, COOTBETCTBOBATH HAyYHOMY CTHIIIO TEKCTa, COIEPKAaTh OCHOBHBIC
KJIIOUEBBIC CJIOBA, XapaKTepHU3YIOLIMe TeMy (IpeIMeT) HCCICJOBAaHHUS M COIAepKaHHWE pabOThl, MPEIOCTABISNECTCS Ha Ka3aXxCKOM,
PYCCKOM M aHIJIMHCKOM SI3bIKAX;

* MHULMAJIBI 1 (HaMUINU aBTOPOB; CTAThs TOJDKHA HMETh HE Ooiiee 4 aBTOPOB; 3HAKOM «*» YKa3bIBAETCSI aBTOP-KOPPECIIOH/ICHT;

= CBEJICHHS O Ka)KI0M aBTOpe (Y4CHas CTeICHb, yUeHOE 3BaHUE, JOJKHOCTh, MECTO OCHOBHOIT PabOThI, TOPOJ], CTPaHa, KOHTAKTHBIC
nmaHHbIe (agpec sneKkTpoHHOo# nouTer), ORCID ID) npenocTaBisroTCsl Ha Ka3aXCKOM, PyCCKOM M aHIJIMMCKOM SI3bIKaX;

* [IOJTHOE Ha3BaHHWE OpraHu3anuu (-i), Tae padoTaroT aBTOPHI (C YKa3aHWEM BEIOMCTBEHHOW MPUHAIICKHOCTH);

* aHHOTALIUS B COOTBETCTBUU C TPEOOBAHUSIMH MEKAYHAPOAHBIX 0a3 JaHHBIX JOJDKHA JTOCTATOYHO IOJIHO PACKPBIBATH COACPKAHNE
CTaThbU, BKJIIOYAs XapaKTEPUCTUKY OCHOBHOW TEMBI, NMPOOJIEMbl OOBEKTA, LEIM HCCICIOBAHUS, OCHOBHBIC METONBI, PE3yJIbTaThI
HCCIIC/IOBAHMS M IVIABHBIC BBIBOJBL. B aHHOTAI[MM HEOOXOAMMO yKa3aTbh, YTO HOBOTO HECET B ce0c CTaThsi B CPABHEHUH C JIPYTHMH,
POICTBEHHBIMH II0 TEMAaTHKE MU IEJICBOMY HA3HAUYCHHIO MarepuaiaMu. AHHOTALUS IPEIOCTABISIETCS Ha Ka3aXCKOM, PYCCKOM
W aHTJIMKACKOM si3bIKax 00beMoM He MeHee 700 u He 6omee 900 cumBonoB (mpumepro 150...200 cnos);

= KJIIOYEBBIC CJIOBA B KOIM4ecTBE 6...10 yCTOWYHMBBIX CIIOBOCOYETAHHI, 110 KOTOPBIM B JAaJbHEHUIIEM OyIeT BBIIOIHATHCS ITOUCK
crarbd (COKpamieHus u abOpeBHATypbl HE IOIYCKAIOTCA): KIIOYEBBIC CIIOBA OTPAXKAIOT CHEHU(DHUKY TEMBI, OOBEKT U PE3yJabTaThl
HCCIICIOBAHMS U NIPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM U aHIIMICKOM SI3bIKAX;

= TEKCT CTaTbU, CONEPIKAILMUII CICIYIOLINE pa3/ieibl (BBEACHUE, METOIBI/UCCICAOBAHNS, PE3yIbTAThI, 00CYKICHHE PE3YIbTaTOB,
3aKJIFOYCHNE/ BBIBOIBI);

* CIIFCOK MCIIOIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yucie He MeHee 3 3apyOekHbIX He panee 2015 rona, mpenocraBisercs Ha
Ka3aXCKOM, PYCCKOM M aHIJIMIICKOM SI3bIKaX.

PUCYHKM pomxHBI UMETh pacmupenue rpaguueckux penakropoB CorelDraw, Photoshop, Illustrator u T. m.). @ororpaduu
JIOJDKHBI OBITH MpeaenbHo YeTKuMU B Tpaduaeckom popmare (TIFF, JPEG, CDR) ¢ pa3pemennem He meHee 300 dpi. Bce OykBeHHbIC
u 1udpoBbie 0003HAYCHUSI HA PUCYHKaX HEOOXOIMMO IMOSCHHUTh B OCHOBHOM MJIM HMOAPHUCYHOYHOM TeKcTax. Haamwcn u Ipyrue
0003HaYeHMsI Ha TpauKax ¥ pUCYHKAX TOJDKHBI ObITh 4eTKUMH U JieTko ynTtaeMbiMi. IOAINNNUCU K PUCYHKAM u 3AT'OJTOBKHA
TABJINL OBSI3ATEJIbHBI. OdopMisitoTcst OTACIBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX.

MATEMATHYECKHUE ®OPMYVIJIbI cienyer Habupars B popmynsHOM penaktope MathTypes Equation wimm MS Equation,
rpeuecKue U pycckre OyKBEI B popMyiiax HaOMPATh MPSMBIM MIPUGTOM (OIIIHS TEKCT), TATHHCKUE — KYPCUBOM. O003HaueHUs 6eIUYUH
u npocmule Gopmynvl 6 meKkcme U MAdIUYAX HAOUPAMb KAK Jjlemenmyl mekcma (2 He Kak 00BEKTH (hOPMYIHHOTO PEOaKTOPa).
HymepoBarts ciieyer TOJIBKO Te GOpMyIIbl, Ha KOTOPBIE €CTh CChUIKH B MOCIEAYyONIeM n3nomkeHun. Hymepanus GopmyI1 CKBO3HAS.

CIIUCOK HUCIIOJb30BAHHBIX UCTOYHUKOB cocrapnsercss B MOPSAKS MUTHPOBAHKUS U OGOPMIIIETCS B CTPOTOM
coorBercTBHH ¢ ['OCT P 7.05-2008. CchuIKH Ha IUTEPATypPy B TEKCTE OTMEYAIOTCS IO MEPE UX MOSBICHUS MOPSIAKOBBIMA HOMEpPaMU
B KBaJIpaTHBIX CKOOKax. CIHCOK NMPUBOAMUTCS HA Ka3axXxCKOM, PYCCKOM M aHIVIMMCKOM sI3bIKaX C yYKa3aHHEM B CKOOKaxX OpHIHHAJa
myonukamuu. O6pasen opopMIICHUS TUTEPATYPHI U TPAHCITUTEPALNH pa3MEIIeH Ha caite minmag.kz.

4. YcioBusi NpUOOpeTeHNs KYPHAJI0B aBTOPaAMU.

C aBTOpOM(aMH) 3aKJIIOYAETCS JOroBOp O mpHoOpereHHH 10 (mecsATH) SK3EMIUIIPOB JKypHAlda COMIACHO YCTAHOBJICHHBIM paclEHKAM
Ha TEKYIIMH IO, KOTOPbIe OH(OHM) UMEIOT MPABO PACIPOCTPAHSTH CPEIH TOPHOI 06mecTBeHHOCTH. ITocie OIIaThl CTaThst MyOIHKYEeTCs
B HOMeEpe KypHalld COIIACHO O4epeJHOCTH. EciM CymecTByeT HEOOXOAMMOCTh ONyOIHKOBATh CTAThIO B OZHOM U3 ONIIDKAMIINX HOMEPOB
JKypHaJa, aBTOPHI OITa4YMBarOT ycKopeHue B pazmepe 50000 (MATbaSCST THICSY) TEHTE.

T'opnwvii srcyprnan Kazaxcmana




