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Pecularities of the switching and memory effect in bismuth-doped
radiation-resistant GE2SB2TES5 nanoscale films
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Abstract. The physics and technology of noncrystalline materials is one of the rapidly developing areas of condensed mat-
ter physics, materials science, and nanotechnologies. Among the variety of materials with a non-crystalline structure, a special
place is occupied by the class of chalcogenide glassy semiconductors (CGS) with unique properties and phenomena, such as
the switching effect, photostructural transformations. The switching effect is observed in thin CGS films and is associated with
a fast-reversible phase transition of the structure from the glassy state to the crystalline state under the action of voltage pulses
or laser radiation. Based on this effect, a separate class of information carriers has been formed for non-volatile storage devices
such as PCM (Phase Change Memory) with high performance and reliability. Materials for use in PCM devices are CGSs of
complex compositions lying on the GeTe-Sh2Te3 quasi-binary boundary, and thin films of Ge2Sb2Te5 composition are the
most promising for use in PCM devices. The ability to control the electronic properties of such functional materials based on
CGS significantly expands the scope of their application and is an important scientific and practical task, since traditional
methods for purposefully changing the electronic properties of crystalline semiconductors, such as doping during synthesis or
the thermal diffusion method, turned out to be ineffective for CGS. Impurities introduced into CGS at low concentrations by
the methods indicated above usually do not show electrical activity, since they are compensated by their charged structural
defects, and an increase in the impurity concentration leads to significant crystallization. In this work, the atomic composition
of Ge2Sh2Te5 nanosized films with a bismuth content of more than 12 at.%, obtained by ion-plasma deposition in the direct
current mode, was studied by the method of energy dispersive analysis using a scanning electron microscope. In addition, the
current-voltage characteristics of the samples were measured. It has been found that the transition voltage and the time, which
characterize the switching and memory effects, depend significantly on the film thickness and composition. The addition of
bismuth reduces the film switching time. A decrease in the film thickness leads to a decrease in the threshold voltage Uth and
the switching time. We believe that the results of this work are useful for the development of optical memory based on phase
change materials.

Keywords: radiation resistance, ion-plasma spraying, nanoscale film, atomic structure, phase transition, switching effect,
memory.

1. Kipicne KypbUTBIMBIHAaFBI U — oOpTadsIKTapbl [7] Jem aTajaTblH
MEHUIIKTI aKayJapAbIH JKOFapbl KOHIIEHTPALMACHIHA TiKenei
0ailnaHbICTBHI. AHJepcoH XIDKO-ig JIETUPJICHOEY
(EeHOMEHOIIOTHSICHIH TYCIHIIPETiH MOJeNbAl YCHIHABL OFaH
ColiKeC XaJbKOT€HWATI IUBIHBUIApAA THIHBIM  CAJIBIHFAH
ayMaKkThIH opTackiHna depmu aeHreiin 6exirerin U— MuHyC
OpPTaNBIKTaphl A€M  aTajaThlH  TepiC  KOPPENSLHSIIBIK
SHEPrUsCHIHA We 3apsATaiFaH akayiaap 0ap. AHIEPCOHHBIH
6omxambiHa coiikec, XIIDKO matepnanpapeinza Top MeH
e3apa OpEeKEeTTECETiH CIHUHJEpPl OpPTYPJl €Ki >KynTaaMaraH
QNIEKTPOHIAP  apachlHAA  THIMJII  TapTBUIBIC  OOJAJBI.
DJIeKTPOHAAp apacblHAa OH WTepylll »JHeprus mnaina
OoFaHIBIKTAH JKOHE TOPIBIH ©31 Tepic 3apsaTaFaH/IbIKTaH,
MYHJai Ky#ene THIMII KOPPeSIUsIIbIK 9cepiiecy SHEpTUsCH
Tepic Oomampl. bynm karmaiima aromMaapAblH KEPTriUTIKTI
JIeHreiie JKaKbIHJayblHa OalIaHBICTBI OaMJIaHBIC TY31IeM.
XIIXO-ne, anerre, U— MUHYC OpTalbIKTaphl KYPbUIBIMBIHA
y3aK Mep3iMai TopTinTiH OoiMayblHa OalIaHBICTBI KOC
KOOpJHMHauus Oy3bUIFaH, Oip KOOpAWHALMSIAHFAH XaJIbKOTCH

Fapbimra yHeMi 00JaThIH dHEPreTHKAJIBIK JJIEKTPOH/AP,
MPOTOHIAP KoHE (POTOHIAP TYPIHAETI COYJICICHY OJ1 apKBLIBI
JKYMBIC ICTEHTIH HeMece JKYPETiH BJIEKTPOHIBIK >KyHenepre
YJIKeH Kayin TeHpipeni. CayneneHyaiH 3JeKTPOHUKaFa JKOHE
Oacna rulaTanapblHa ocepi yakKpITIIA iCTeH MIBIFYAaH TYPaKThl
TO3yFa HeMece TOJIBIK emripyre JediH 0oyl MyMKiH. By
KayinmeH  Kypecy  JKOJIapblH  3€pTTe€y  a’poraphill
KOMITaHWsUIapbiHbIH, NASA MeH ockepuiepIiH 0acThl
HazapbIHAa O0JIIBI J)koHE 00JBIT Kana O6epemi. byrinri kyHi eq
’KaKChl KOPFAHBIC FAPBIIITHIK JKaFjailnap yIIiH paauaiusra
TO3IMJII DJNEKTPOHUKAHBI Taijanany OOJbIM  TaObLIAIbI.
®azaHbI ©3repTyre HerizaenreH onepatusThl kaasl (PCRAM
- Phase Change Random Access Memory) TEXHOJOTHSCHI
JIEKaHOMETPIIIK JAuarna3oHFa JeHiH macmrabray MYMKIHAITI
Oap [1] >xoHe XOFaphl paguallisFa TO3IMIUIT *kaHa OybIH
HepCIeKTHBAIBLIAPABIH Oipi Oonbinm Tabbutamsl [2-6]. By
MaTepHalIapAblH  COyJeNeHyre  TO3IMIUII  OJapbIH
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aTOMBI TYpiHJETi canOblparaH OaiylaHBIC THUITIHIH aKayJapbl
nen caHanmanel. Erep C20  xampkoreHiHiH (C-Xambkores, 2-
BICHTTUTIK, 0-3apsia) CHIPTKBI OpOHMTaNbia 6 DIEKTPOHBI
Oouica, OHBIH 2-i OaiiaHbIC Ty3ce, OHJA 4 SJIEKTPOH >KalFbI3
opOurtansaapasl Kypaiapel. Erep kemtikre 1 a1ektpon Gosca,
OoHma on Oeltapan Oonbim caHamamel ckoHe C10  genm
xa3butansl. Erep kemTikrepae 2 3mekTpoH Oolica, OHIa oJap
Cl+ xone Cl- pmen OenrimeHeni. An MyH&mal exi Kyit
apaceIHAAFBl  TeMe-TeHMIK  KyHi  OpUTalf  >Kas3bUTabl:
2C10—C1+-Cl1-. Erep akaymap kepmrijiec Ti30eKTeri ykcac
JKaIIFBI3 XKYIIICH dpeKeTTece, OHaa OaimaHbIc maiina Oomazpl.
By opexerrecy Cl- xemicTirinaeri 2 37eKTPOH apachIHIAFBI
KyJMOHIBIK TeOUTYyHiH OpHBIH TONTHIpaabl. by e3apa
OpeKeTTeCy HATIIKECIAEe TepiC KOPPEISIMSUIBIK DHEPTHUSICHI
naiina 0oazpl.
PCRAM
MEePCIEKTHBTI  KOCBUIBICTApIBIH  Oipi
KaObIKmamapsl ~ Oosbln  caHamansl  [8-9].  MyHnaid
YSIIBIKTAPAHBIH  JKYMBICBI  CBIPTKBI 3JEKTPIIK HMITYJIbC
HEMece OKBUIy OCEepiHCH TYBIHAAFaH  HAHOOJIIEMI
XaITbKOTEHUTI KaOBIKIIanapaa maiiga OoyaTelH, KEIACPTiHiH
OipHeIe peTTik mIaManarsl CeKipic Topi3i e3repyiMeH Oipre
KYPETiH «aMOp(Thl <> KPHUCTAIABIK KYW» KBUIIAM,
KaUTBIMABI (pa3allblK aybICylapra HerigenreH. Dazaibik
aypicymap 1960 XpuTmapel XadbKOTEHHITI IOBIHBI TOPi3Ii
JKapThUlad OTKI3rimTeplae TaObUIFAaH KOMMYTAIMsl JKOHE
xkanel 3ddekricine Herizgenren [10]. JlereHMeH, CBIPTKBI
ocepiep kesinge xkyka Ge2Sb2Te5 KaObIKIIagapbIHIAAFHI
(hazanblKk aybICyNapblH CPEKIICTIKTepl ol J¢ TajKbLIay
TakpIppIObl  OonbIm  TaObuTamel. Kocmackis  Ge2Sb2TeS
KaOBIKIIaapbIHAAFEl  KAWTBIMIBL  (a3albIK  aybICyJapbl
TikeJeld OakplIay ONAapAbIH €Ki CaTBUIBI TaOWFATBHIH alryFa
MyMKiHIIK Oepai [11]. KaObIKmmanapabH KpucTalJaHybIHBIH
OacTarksl Ke3eHi OJIAp.IBIH amMopQTHI Ky#meH
MOJMKPUCTANABl KYHWre, CcOolaH KeWiH IONU- KPUCTAIIBIK
KYHIIEH MOHOKDCHUTAJIBIK KYHIe ©TyiHe COWKeC Keleli.
OpOip Kyit Oenriii Oip ACKTPIIIK KeJAeprire Coikec Keyei.
Apanbik kemepri mymkiagiri PC-RAM-ger ke neHreimi
cakTay YIIiH Tamamia ereii. Apanbsik kemepriiep PCM-ne
amMopdThl  MaTpULANAFbl  KPUCTAIABIK  TYHIPLIIKTEPIiH
MeJIIIepl MEH Tapallybl apKbUIbl KYpbUIAThIHBI Oeinrimi [12].
byn  apanmblk  KapChUIBIK ~ MOHIEPI  HAHOOJIIIEMICTI
KPUCTAIIABIK  JKoHE aMmMop(Tel  (dasamap  apachIHIAFBI
MepKOJBIIUsAFa OalmaHelcTel Jen caHanmanel. CoHpaii-ak,
JIOHHIH opTaia Meimepine aMmopdTsl Kocnacels Ge2Sb2TeS

JKaabl  YAIIBIKTAPBIHBIH ~ JaMybl  YIIiH

Ge2Sb2Te5  xyka

KaOBbIpIIAKTapblH  OIpKaJBINTBI  KYHIIpy — ToxipuOenepi
KepceTireHeH, TeMIepaTypPaHbIH OipKaJIBIITHI
KBUINAMABIFBI  KaTThl  ocep eremi  [13].  Ge2Sb2TeS

KaOBIKIIAIAPBIHBIH ~AJNEKTPOHABIK KACHETTEpiH MaKCaTThl
TYPAE ©3repTyliH THiMai oaicTepiHiH Oipi ojapra Kocma
eHrizy Oombmm  Tabbutamsl [14].  [lereHmeH, KemnTereH
MIBIHBITOpi3Aec xapTeutail eTkisrimTi (XIIDK) matepnangap
(conmapaei apacsinga GST225 KypamMbia) THIABIM CalTbIHFAH
30HaHBIH OpTAaChIHA JKaKblH OpHaysackaH @depMmu aeHreiin
OeKiTeTiH MEHIIIKTI aKayJapJblH JXOFapbl THIFBI3/IbIFBIHA
OaliIaHBICTHI KOCIAJapFa Ce3iMTalABIKTEI Kepceremi [15].
Herenmen, Ge-Sbh-Te  sxyieciHiH  KaOBbIKLIANAPBIHBIH
KaCHEeTTEpiH XaKcapTy TaocijyepiHiH Oipi MeTaim KocHachlH
€HTi3y apKbUIbI AJIEKTPOHABIK NapaMeTpiepii e3repTy OoJIbII
tabbutagpl. Ge-Sh-Te KOCBUIBICH YIiH MOAN(pUKALUSIAYIIIb]
KOCTIaHbl TaHJay Ke3iH7e HeTi3ri KOMIIOHEHTTepAiH OipiMeH
M30BaJICHTTI J)KOHE M30MOP(THI AJIEMEHTTI €HT13y alIMacThIpy
MEXaHHM3Mi apKbUIbI JIETUPJIEYTe MYMKIHIIK Oepeni nemn

OomkaMm jkacayra OoJalbl
Ge2Sb2Te5 KOCBUIBICHIHOAa METaTYPaKThl  KPUCTAJIBIK
KYpBUIBIMJAa KaTHOHIBI 0OC oOpbIHAAp Oap, OJapibIH
KOHLICHTPAIMACHl OpTYpil Oaranmaynap OoiibiHmia 10-HaH
20% -ra pmedtin. TwiciHme, Kypamuac OemikTepliH OipiHiH
eJILeM/epiHe JKaKblH aTOMABIK JXOHE HOHIBIK eJImeMaepi
0ap  9JNEeMEHTTIH  Marepuaiabl — MaTpuLara  eneyui
nepopmanusuiap eHrizdbecTeH Oap 00C OpBIHIAPIBI Ay
MYMKiHIITi Gap. BucmyTr - oceiHmail KocmamapabH Oipi.
GST225-ke BHUCMYTTHI €HTI3y Ta3a BHCMYT KOCBUIMaraH
GST225-leH campICTBIpFaHOa KpPUCTAJNAaHy YaKBITHIHBIH
30%-ra TeMeHACyiHE OKEJETiHI KepceTUIreH OipHerre
skyMeictap 6ap [19, 20]. BucMyT eHri3inreHHeH KeiiH Kyka
GST225 KaOBIKIIaTapbIHBIH JKapBIKThIH Paman
HIAIIBIPAYBIHBIH ~ CHEKTpiHAe  aWTapiiblKTaii  esrepic
Oatikanazner [21]. Kazipri yakeiTTa 3epTTeyLIUICpAiH KyLI-
xirepi PCRAM cuHsKTBI KYpbUIFbUIApJa aklapaTThl CakTay
kKoHe ka3y mnapamerpiiepiH (mekti kepHey Uth ixoHe
KOMMYTAIIMsl YaKbITHI tSW) JKaKcapTyFa OarbITTaFaH. OJeTTe
PCRAM ysmsiktap Ge-Sb-Te, Ag-In-Sb-Te xone T.6.
XaNbKOTEHUATHl  INBIHBITOpi3gec  skapteumail  (XIIXK)
OTKI3TIIITI KOCBIHABLIAPIBIH HaAHOOJIIIEM L
KaObIKIIaIapbIHBIH HETi3iHAe skacanansl. JKaj ysmsIkTapsiHa
KOMBLIATHIH HETI3T1 Tajamnrap OJapIBIH OonmMe
TEeMITepaTypachIHIaFbl TYPaKTBIIBIFHL, MOJIIMETTEPi
’kKazy/Kalta jKazyIblH IKOFapbl caHbl (LHMKIAEP CaHbl),
KbULAaMABIK ~ (ayblCy  YakbIThl), KyaTThl a3 TYTBIHY
(aybicynbiH ToMeHri mekTi kepHeyi). Flash NAND, DRAM
#xoHe PCM CHAKTBI TypakThl >KaJ KYPBUIFBUIAPBIHBIH
Oonammarsl 30p. Oxap KyaTThUIBIKTHI KOFAPBLIATTHI, KOFAPhI
Macmradranansl, pazagan (aszara aypIcy MEXaHH3MIi apKbLIBI
OHIMILUTIKTI KOFapbUIATTHL, YKOFAPHl CEHIMUTIK TTeH KyaTThIH
IIBIFBIHBIH  a3alTTel.  JKaaTeIH ~ OCBI  TYpJEpiHiH
CaIBICTBIpMaJIbl TapameTpiiepi 1-kecreae KenTipiireH.

[16-18]. ConsiMeH KaTap,

1-xkecme. PCM arcaovicoin ananozmapmen canvicmaipy

XKan Typi DRAM Flash PCM
NAND
JKazy/kaiiTa sxazy 1016 10° 1012
IIUKJIJapBIHBIH CaHbI
1 OuT aKmapaTThl 4mc/10mc | 50HC/0.4mc | 70mC/(100-
OKY/’Ka3y yaKbIThI 500)HC

CMOS TexHOIOrUACHI- 4 11 5
Ha apHAJIFaH MacKayiap
CaHbl

DHepreTUKaIBIK - +
TAYeJCi3aiK
AKIapaTTHl caKTay - 20 mIeKci3
YaKBITBI, KbUIAP
¥ eIk emimemi, F2 6-8 5 8
Ker feHreiii ysIbIk - - +
Kypy

Pagunanusra Te31MIiIiK - - +

Axrmapat OHUTIHIH opTamia TOMEH opTama
Oarachl

1-kecre PCM >kaJpICBIHBIH TapaMeTpiiepi aHalorTapMeH
cajpIcThIpraHa OipkaTtap apTHIKIIBUIBIKTAPFA He EKEHIiH
KepceTei, Oipak COHBIMEH KaTap »KaJbIHbIH OYJI TYpiIepiH KeH
ayKpIMJla KOJIIaHy JIi Jie KaaTa NMaijanaHy YIIiH OHTaHIbl
MarepHanpl d3ipiey jkoHe TaHpay OapbichiHaa. COHBIMEH
karap, PCM HeriziHgeri jkaHa OyBIH KaJbl YSIIBIKTAPHI
KakplH  apaga  (UDII-Kajg — CHUAKTBI  JKaJ — CakTay
KYPBUIFBUTAPBIHBIH KEHOIPiH aMacThIpa aiajpl Ien KYTUTyae.
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PCM  wHerizimzmeri ’kaj  YAIIBIKTAPBIHBIH  aWKBIH
apTHIKIIBUIBIKTapEIHAa KapamacTtad, Ge2Sb2TeS xypambrama
apanblk  (pasanblk  KyWiepaiH OonybiHa — OaillaHBICTHI
KYPBUIFBIHBIH TYPaKCBI3IBIFBI, OCJICEHAlI alMaKThl KbI3ABIPY
YUIH OKbUTy OeJIiHYIHIH KEeTKUIIKCI3HIri JKoHE YSIIBIK
TEOMETPHACHIHBIH ~ KCTIJIMETSHIITT  CHAKTBI  OipkaTtap
keMmurutiktep 6ap. Ocel yakpiTKa jaeriin PCM Herizinae xan
YIMBIKTAPBIH ~ ayBICTBIPY  MapaMeTpiepiH  JKakcapTy
CYpaKTaphl ©3¢KTi OOJBIN Kaja Oepei.

KaOpikmanapasl  kebiHece  TEPMUSUIBIK — OyIaHOBIPY
HeMece HMOHJIbI-IIa3MalblK TO3aHAATy SAICTEpIMEH anajbl.
By (Qa3zamplk KOHAEHcAlWst apKbUIBl  XaIbKOTCHHITHI
HIBIHBITAPI3eC XKapThLIai (XIIXK) OTKI3rimTI
KaOBIKIIaJIapeIH OHAIpYyAe YITiHiH Oykin Oeri OoifprHIIA
KaJBIHIBIFBI MEH XHMUSJIBIK KYPAaMBIHBIH OipKEIKLUTITiH
cakTail OTHIPBIN, KAOBIKIIAIapAbIH KYPBUIBIMBI MEH KYPaMbIH
cakTayra Kym canblHagel. Kaxkerti Kacuerrepi  Oap
KaOBIKIIaap/Abl aly YINiH OyJTaHFaH 3aTTapIblH XUMISUIBIK
Ta3aJIbIFbIHA, KAMEPAHbIH Ta3aJbIFbIHA, BAKyyM IOpekKeciHe
JKOHE TYHJBIPY KaFAaiylapblHa €peKIle Tajlantap KOWbIIa bl
KernkoMmnoHeHTTi KOMITO3UIMSTHBI TYHJBIPY YIIIiH
KOMITO3HIMSIHBIH TEK YIINA KOMIIOHEHTTEPiHIH OylIaHybIH
OonmelpMay YIOIIH KOHICHCAIUSHBIH Oenriimi Oip pekuMiH
tangay kepek. Conpjaii-ak TYHIBIPY IPOLECIHAE KbI3bII
KeTyAIH QJIIbIH ally MaHbI3/bl, a1 IUICHKaHbIH KeHiHTi
KPHUCTAJIaHybl ~ Ke3lHJIe  CAJKbIHAATBUIFAH  TOCEHIIKe
TYHABIPY KaXKeT.

’Kyka kaObIKIIaHBI TYHABIPYABIH €Ki ojici Oap. Bipinmi
omicke  pe3WcTHBTI  Kbi3mblpy, kapeurreimm  (Flash)
OymaHIbIpy, DJEKTP  JIOFaChl  CHSAKThI  KaOBIKIIajiap
TEePMUSIBIK OyJaHy apKbUIBl aJbIHATBIH ONICTEp >KaTalbl.
ExiHmni omicke OyjaHFaH MaTepHal >KOFapbl JHEPTHSIIBI
OeNImeKTepAiH ocepiHe YIIbIparaH Ke3ze, OylaHFaH 3aTTHIH
OeTiHEeH aTOM ILIBIFBIIN, TOCEHIIITE KOHACHCAUsIaHATbIH AN
JKETKITIKTI JHEprUsSHBl OeTiHe TachIMAaJIIANTHIH MPOIECTI
KamTuabl. bys ozicTepre HOH-IUIa3MalibIK MarHETPOH]IBI
TO3aH/AaTy Jkaranbl. TepMHSUIBIK oJiCiHE KaparaHla HOH-
TUIa3MalbIK MarHeTPOHIB! TO3aHAATY SiCi KOMIO3HMIUSHBIH
CTEXMOMETPHSICHIH CaKTayFa >KoHE KaOBIKIIAHBIH KOCIalapbl
Oipkenki TapajyblHa MYMKIHIIK Oepeji »oHe KaObIKIIA
KaJIBIHIBIFBIHBIH O1pKEJKIIITIH CaKTai IbL.

byn KYMbICTa Tasa KOHE BUCMYTIICH
MoTU(pHUKANHSTIaHFaH HAHOOJIIIIEMIL Ge2Sb2Te5
KaOBbIKIIAJIAPBIHBIH ~ aTOMIBIK  KYPBUIBIMBIH  3epTTey
HOTIDKENlepi KenTipinreH. bynm  KkaObIKmamapmarsl — Jasep

CoyJeciHiH ocepiHeH OONATBIH KYpPBUIBIMIBIK ayBICyJap
seprrenni. bynm ayplcynapaplH  epeKIIeNiKTepiH BHUCMYT
aToMJapsl MEH MaTpula aroMaapbl apacbIHAArbl XUMUAIBIK

OaiinaHpICTapAbIH  TY3UIyilMeH  TyciHAipyre  Ooiajpl.
ConpiMeH KaTap, anasliH ana 3eprreynep Ge2Sb2Te5
KaOBbIKIIaJIapBIHAAFEl  KOCHAa KOHIEHTPALMSACHIH — ©3TepTy

apKbUIbl Typa JKOHE Kepi aybICYAbIlH KepHeyl MeH TOrbI,
aybICy YaKbITBI CHSKTHI aybICy JKoHE >KaJbl d(PQEeKTiCiHiH
nmapamMeTpiepin THiMAI 6acKapyra OOJaThIHBI aHBIKTA (b by
OCBHI MaTepHajJiap HETi3iHAe jkaJl YSAIIBIKTapbIHAAFbl aybICy
XoHe kanubl 3Q(GEKTiHIH mapaMeTplIepiH KaKkcapTyAblH KaHa
MYMKIHIIKTEpiH amaabl JereH CEHIMIEMI3.

2. MaTepuaaaap skoHe dicTep

Honovl-naasmanvly, mosayoamy

Tasza >xoHe BucMyTneH Moandukanusianran Ge2Sb2TeS
KaOBIKIIaJapelH JaisiHAay aca Tasa (99.999%) xapteumait
OTKI3IIII DJIEMEHTTEPIHEH CHHTE3/ENIeH HOJIUKPHUCTAIIBI

ubicananbl (AciAlloys, AKII) TypakTbl TOKTa MarHEeTPOHIbI
TO3aHIATY oAiCiMEeH XYpri3inai. MeTamMeH TypiaeHIipiireH
Ge2Sb2Te5 kaOwvikmanaper  XIIDXKO skoHe MeranmaH
TypaTelH  OipiKTipinreH  HBICAHAHBI  HMOH-TIIA3MAaJIbIK
IAIBIPATy apKbUIBI AIBIHABL. MeTal HplcaHaap Mambpay
aiimarsiamarsl - XIIDKO  HbicamaceiHa OeTiHe — OipKewki
opHaJacThIppULIBL. KaObIKIIanapaarsl MeTaJul KOCTIACHIHBIH
KOHIICHTPAIMSACHIHBIH e3repyiHe METAIIBIH O€TTIK
aynannapblHbIH xoHe XIIIJKO HpicaHanapbIHBIH KaThIHACHIH
e3repTy  apKbUTBI  KOoi  keTkizimmi.  KaOwIkmramapisi
JAWBIHAAYIBIH TEXHOJIOTHSJIBIK IPOLECIHIH Mapamerpiepi
HBICAHaHbIH KYpaMbl OacTamkbl KYpaMblHa COWKEC KEJETiH
KYPBUIBIMBI aMOP(THI KaOBIKIIANAp aJTbIHATHIH €Till OHAEIN/II.
Kaorikmramap MOJIepHU3AIIIAaHFaH BVII-4
KOHJBIpFBICEIHAA ~1 [la KpIckIMza aproH armocgepachiHaa
anpiHAeL.  Yaemeni kepHey 400 B, KaOBIKIIaHBIH MIOTy
xbutmamaeirel =~ 0.3 HM/c Gonael. KaObikimamap Oenme
TeMIepaTypacklHAa ToceHimTepre TyHAiIpuIai. TeceHim
periHme KBapl, MOHOKPHUCTAJJIbl KPEMHHH J>KOHE KalTOH
MOJIMUMHUATI TacHasap rnaijaJaHblIIbL.

Cranupneywi 21eKmpoHObIK MUKPOCKORUACYL

KaoOrpikmranapaery anmeMeHTTiK Kypambel Quanta 3D 2001
CKaHEpJeyIli BJIEKTPOHIBl MHKPOCKONTHIH  KOMETIMEH
SHEPreTUKAIIBIK JUCIEPCHUSIIBIK Talay apKbUIbl OaKbLIaHIbI.
Bucmyrnen nerupnenrer Ge2Sb2TeS xkaOwIKmamapberaaa
KOCIIaHbIH MaKCUMaJIJbl KOHIIeHTpauusichl 12.54%-ra xerTi.
KaOpIkmramap mactaymsl 3atrrap JKOK, Y3IIKCi3, OipTekTi
6ommel. OnapabiH KadbHABIERL 50 ~ 175 M Oongsl. O
kpuctangel kpemHui — GST <Bi> KaOBIKIIACHIHBIH
KYPBUIBIMBIHBIH BIIBIPAYbIHBIH SHeprusickl 30 kB neiiinri
JIEKTPOH/IBI COYJIEMEH CKaHepJIey apKblIbl aHBIKTAJIIBI.

Ayvicy appexmici

PCM tunti skanplHBIH JkaHa OYBIH YSIIBIKTAPBIHBIH
KYMBIC icTey mpuHIMII aybicy 3¢ddekTicine HerizgenreH -
IUICHKAaHBIH HaHOKeJIeMiHAeri (asasblk aybiCy, Ol TOK
UMITyJIbCI TYCKeHJe maiina Oonanpl. Aybicy sddekrici -
JIEKTP HMMITYJIBCIHIH OCepiHEH MaTepHalibIH  JKOFaphl
keaeprini kyineH (off-state) TemMeH KapchUIBIK KyitiHe (on-
state) KalTBIMIBI (hazanbIK aybIcybl, ~ 100 HC KbICKAa YaKBIT
apaneirbiHaa, Oenrimi Oip mekti kepueyre Uth (mekri
KepHey) xeTkenze [22].

MyHzaii  aybicy 3JIEKTPOTKI3TILITIKTIH  HIaMalap/blH
OipHemie mopexkere KypT ocyiMeH jkoHe KenepriHiH ~ 105-
TeH 1 OM*cM-Te neiliH TOMEHIeyIMEH CUMATTaNaabl. AYBICY
a¢dexTici ke3iHae BoIbT-aMIepiik cunarramaceiaaa (BAC)
Tepic muddepennmanasr keaeprici 6ap OemiMm Oaifkamanubl.
byHnaii BonbT-aMIepiliKk cumarraMa MaTepHasia TOK JKiOi
(IHYpHIHBIH) Haiga 00IyBIMEH JKYPETiH JIEKTPIIK OY3bLTY
(mpoboif) nen aranaThiH NMpoIeccKe TOH. TOK JKiNTepi KYIITi
anekTp epicrepinge (~ 105 B/cm) Oaiikanansi, myHmga [-V
cunatramacsl OM 3aHbIHAH ayBITKU/IBI )KOHE OHBIH (popmacs!
S mimiHiH amanel. JKinTeri TOK THIFBI3ABIFEl KOpIIaFraH
KeJIeMHEH OipHele ece KOl JKoHe MYHJal INTiH KeJlJieHeH
KMMAachl VITiHIH KeJJIEHEH oJIIIeMiHeH OipHemne ece a3
OoJFaHBIHA KapaMacTaH, OJI HETi3iHeH KINTIiH iIIiHJe aFajbl.
l-cyperre aypicy >koHe kamel 3ddekricine ToH BAC
kepcerinreH [23]. Xorapsl keneprini Ky «off statey» kylimen
cumaTTanajpl, al TOMEH Keaeprici 0ap eTKI3rimn Kyd «on
State» Tapmak Ooxbmm TabbuTamel. CoHBIMEH, Oenrimi Oip
KEpHEeY KOJIIaHBUIFaH Ke3Jle, TiKelel oTy KepHeyl Hemece
mekTi kepHeyre Vth (mexTi kepHey) KeTKeHIIe Yiri ToMeH
KeAeprilik KyhiHe erteni, TOK td Kewlry yakbITbIHaH KEHiH
(xizmipic yakbITBI) KYPT KeTepiiei.
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l‘cm

Vin

0)

l-cypem. Kaima Kocviny (a) owcone  xcaovt  (0)
appexminepinin éoom-amnepnix cunammamanapor [23]

Tok tsw (yakbITTBIH aybICybl) yakbIThIHIA lon TOK MaHi
0ap OTKI3rill TOMEeH KeAepri KyiiHe KeTepinexdi, al erep
keprey Vh moHniHe (ycray KepHeyi) asaiica, yJri OacTamksbl
JKOFapbl Kelepri KyiliHe aybicajpl. Erep Kaiita Kocibuly
oCeplieH KeWiH KepHey  HKOWBUIFAHHAH KCHiH TeMeH
KeIepriTik Kyii cakraica, OHAa Oy Iporecc Kajsl
a¢dexrici men atamangsl (1, 6-cyper). Ayblcy XoHe Kaabl
3¢ deKTici KepiHEeTiH KapanalbIMIBUIBIFBIHA KapaMacTaH,
Oy mponectepiiH (U3MKachkl Al Jie Kby 3€pTTelliHyzae
JKSHE TaJKbLIaHy/a.

Ocbl xyMbIcTa aybicy 3QdeKTiCiH 3epTTey YLIiH yiriiep
«COHIBHY» KYPBUIBIMIAphl TYPiHAE NaibiHAangbl. TemeHri
9NIEKTPOJ| IUBIHBI HETI3re TEPMUSUIBIK OyJaHy apKbUIbI
TYHJABIPBUIFAH Y3IIKCi3 aJlOMMHMH KaOBbIKIIAchl OOJIIbI.
JKoraprbl 37EKTPOI PETiHAE AJTHIHHAH KacajfaH HYKTEIIK
KbICBIM KOHTAKTiCl KOJIJIaHbLI/IbI, OHbIH KOHTAaKT aiiMarbIHbIH
muaMetpi 54.4 MM Oongel, cyper 2, a. YITUIepIiH BOJBT-

amIepIIiK cHIaTTaMaiapbiH eJieyre apHaJFaH
KOHABIPFBIHBIH ~ KYPBUIBIMIBIK ~ cxemacel 2, O-cyperre
KOpCEeTLIreH.

Aktakom  AHP-1011  reneparopblHaH  yuirizepre
ammatynacsl 10 B gneiiinri  apa Topizmec  KepHeyi

Kosimaubuiapl. [-V cumatramanaper Gwinstek GDS-71062A
ocmutorpadbIMeH JKa3bUIbl. YTl apKbUIbl OTETIH TOK
yiariMeH  Ti30ekTedl  JkanFaHFaH R pe3HCTOpBIHIAFHI
KkepHeymiH TemeHaeyineH ecenrenmi. Uynri=U0-Um, UO
CBIPTKBI ~T€HEPaTOp apKbUIBI  TaHJadaabl. Y aKbITTBIH
Oactankpl coTiHAe YATiHIH Keaeprici R kemeprimen 103-ke
acazpl )KOHE OCBIFaH OaiNIaHBICTHI Ti30CKTETi TOK («IIBIHBI-
KpUCTaJBIK» aybICyFa JCHiH) YITiHIH KeAeprici apKbUIbI
aHbIKTaNtanbl. ['eHepaTop KepHEYiHIH JIE3[iK MOHJAEpi MeH
URm apachlHIaFbl afbIpMAIIBUIBIK YIITIre TYCETIH KEpHEY
6o TadbuTaabl. Yirigeri Tok Umi/Rin MoHiHe TeH [24].

Uo
Hyxreai konTakT C)

Ge2Sb2Te5(Bi)

Temenri aiexTpon

Tocenim

0)

2-cypem. Anmuin HyKmeni KoHmaxminiyy muxpocypemi (a)
JHcone ynzinepoin 80bM-AMneEPIiK cunammamanapvii
3epmmeyze apHAI2AH KOHObIPRLIHBIH, KYPbLIbIMObIK cynbacel (6)

3. HoTuskeliep KoHe OHbI TATKbLIAY

Taza JKOHE BUCMYTIICH Mo UKalMsIIaHFaH
KaObIKIIaJIapbIHBIH 9HEPreTUKAIIBIK JTACTIEPCHSLITBIK
TalJaybIHBIH HOTIKENepi 3 a, O CyperTepiHae THICIHIIEe
kepcerinreH. Tasa kaOwbikmanapaslH Kypamsl Ge: Sb: Te =
22.95: 22.08: 54.97 coiikec kennmi. MoaupuKausIIaHFaH
KaObIKIIanapaarsl BUCMyT Memuiepi 12.54 ar. % sxerti, an
JJeMeHTTep apachiHmarbl KatbiHac Ge: Sb: Te = 22.59:
19.42: 45.45 6onnpl. CTeXHOMETPHSAIBIK KypaMHAH MIaMaIbl
aybITKy OalKaIbl.

123 Element
SBL 23.65 2208
TeL 61.70 54.97
23 GeK 14.66 2295
Matrix Correction | ZAF

Te

T4 4

KCnt

49 o b

25 4 Sh

Ge
e

0.0 — T T T T T y
100 200 300 400 500 600 700 8.00 900 10.00 11.00 120
Energy - keV

a)
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3.0 Element Wit%
GeL 13.20 2259
BiM 21.09 12.54
24 4 SBbL 19.03 19.42
TeL 46.68 4545
Matrix Corection | ZAF

0.6 Bi Te
Sb
S|
0.0 - T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Energy - keV
6)
3-cypem. Taza (a) rncone sucmymnen MoOOUPUKAUUATIAHEAH
(0) Ge2Sh2Te5 KaOblKuaiapulHolH IHEP2EMUKATIBIK,

oucnepcuanvlK cnekmpaepi. JKozapur o icax  Oypvluuma

ya2inepoin anemenmmix Kypamol

Ka6sikmanapasie KanslHAeFsl Quanta 3D 2001 SEM-ne
C-Si/Ge2Sb2Te5  kaObIKmackl  KYPBUIBIMHBIH  KBIPBIH
JNIEKTPOHABIK COYJIEMEH CKaHepjey apKbUIbl aHBIKTAJIIbI.
Kanugpirer ~ 100 HM Kei0ip yarinepain keckinaepi 4
CypeTTe KOPCETIIreH.

4-cypem. Konxanwvt Kypwvinsimoapowviyy SEM keckinoepi: (a) —
c-Si — Gez2ShaTes, (6) — c-Si — Ge2Sh2Tes{Bi}

5-cyperre kambiHOBFE ~ 100 HM  Ge2Sb2Te5
KaOBIKIIAIAPBIHBIH THIITIK TOXipuOeik [-V cunarramanapser
KepcereTired. I-V cumarramachiHblH aybicy d¢deKxTiciHe
ToH S-minmiHi 0ap ekeHiH Kepyre Oomanbl. Tok-kepHey
cunarramacel  1mekti  kepHey Uth  jkeTkeH — ke3ue

MaTepHaIBIH JKOFapbl KENepTilik KYHWIEH OTKi3TilITiK
TOMEH KeJlepri KyiliHe aybICy YyaKbITBIHAAa Maiia OoNaThIH
TOKTBIH  JKbUIZAM  ecy  aiiMarelH  kepceredi. [-V
cumaTTamaiapbl coHnai-ak lon TeMeH KapchUIbIK KyHiHzeri
TOKTBIH, Kepi ety torbl lh, xorapel keneprim kyiinen Ith
OTKI3ril KYHre OTy TOIbl JXOHE MHUHHMMAIABI Kepi OTy
kepreyi Uh kepceriireH.

Ge2Sb2Tes
100 nm
. off B
A.......---.._-.—--ﬁ;___'—-— ]
1:2 1,é U
u,v
a)
8 -

- :

= JFC Ge,SbyTeg-<Bi-12%>

100 nm
< 4 on AN

2 - B

£ ~,
<D ]
- e — A " |
0 " e off |
1 |

1

00 U, os 10 U
uyv
0)

5-cypem. kanvinovizol ~ 100 um (a) Ge2Sb2Te5 sc (6)
Ge2Sh2Te5{Bi} kaoviKuanapvinovy 6016m-amnepiix
cunammamanapol

Ge2Sb2Te5 xone Ge2Sb2Te5<Bi> kaObIKIIaTapabH
aybicy 3 dekTiciHiH mapaMeTpiepi 2-KecTene KenTipiireH.

2-kecme. Kaobvimanapowiy ayvicy appexmicinin
napamempnepi
Kanbiag ], l, tsw,
Kypams! BIFBL, HM Un, B Alcm? | mA HC
175 4.00 100
GezShaTes 100 1.8 86.9 2 70
50 1.00 50
200 1.15
GeaSbeTes<l2at 50 115 3478 8 <50
.%Bi >
60 -
2-u1  KecTele KeNTIpIIreH JKoHe 4-1m  cyperTepae

KepceTuIreH HoTwkenepai tanaayaadH Uth skoHe tsw aysicy
a¢hdexTiHiH mapameTpiepiHe KaOBIKIIAHBIH KaJbIHIBIFbIHBI
eneyni acep erexi. KaOmKmaHbH KadpIHABFEH 175-Ten 50
HM-T€ JIeiiH a3alTy IIeKTI KEepHEyIiH JKSHE aybICy
YaKBITBIHBIH COMKECIHIIE 4 KOHE 2 €Ce TOMEHCYIHE OKeIe/Ii.
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4. Ty:kpIpbIMIaMAa

Ge-Sb-Te xy#ecinne aybicy 5(GEKTICi «IIBIHBI >
KPHUCTaT» KaWTBIMIBI (a3ajblK aybICyMEH OaiIaHBICTHI.
Aybicy 3(QEKTICIHIH MeXaHH3Mi 3JIEKTPOHIBI-TEPMHSLIBIK
MOJIeIb HeTi3iHAe OapbIHIIa TOJBIK TYciHaipineni [23]. Byn
xymbictap XIIDK-nmeri aybicy sxoHe xambl d¢dekrtinepi
JIxoynb KbI3IBIPYBIMEH Oipre TOK-KEpHEY CHIIaTTaMaChIHBIH
S miminiHe jkayan OeperiH U-MHHYC OpTaibIKTapbIHBIH
KOoTI(pOHOHIB! TYHHENBIIK WOHMU3AIMACHIHA HETI3IeNTeHIH
kepcereni. IIbIHBI-KpHCTan KYpBUIBIMIBIK (Da3anblK aybICy
XIDK-ne MEHIIIKTI KYPBUIBIMITBIK aKayJIapIsIH
KONm(pOHOHABI  TYHHENBIIK  TEPMUSUIBIK  HOHH3AIMACHI
eceOiHeH >kyperi. Bynm HOHM3amus OTKI3TIITIKTIH KYPT
JKOFapbllayHa k0 Oepeli, aj OTKI3TIITIKTIH KYpT ecyi e3
keserinne  JOKOynmb  OKBUIYBl  JKOFapbUlayHa — OKeJe[i.
CoHbIMEH, aybIiCy JKoHE Jkaabl 3ddekrici ocbuaiinia
TI30EKTeNreH KypJeal MpolLeccTepMeH Kabarrachlnm icke
acazsl [25].

BucMyTr KoOCHachlHBIH —IJICHKANAPIbIH  3JIEKTPOHJIBIK
KacHETTEpiHe dcep €Ty MEeXaHW3MiH TyciHmipy yurH [26]-1a
YCHIHBIIFAaH ~MOJENBAIK  TYKBIPBIMIaMayapra JKYTiHyTe
G6omamel.  Ockbl  MOJENBIIK  KOHLEMIMsJIApFa  Colkec,
MOTU(HKAIHA Ke3iHAe BUCMYT aTOMIApHIHEIH Oip Oeiri Bi-
Te-, Bi-Ge, Bi-Sb marpuiiachiHbIH aTOMIAPbIMEH XHUMHSUIBIK,
OaiflaHBIC TY3eHdi JKOHE JJCKTPIIK OeJceHAl emec OOajbl.
XumusutblK GaiinanbicTap apacsiHna Bi-Te OaiinanbicTapbl
0achiM, OMTKeHI Oy OaiiIaHBICTHIH SHEPTHSICH MHHUMAJIIBI
MOHIe He koHe TypakThl Bi2Te3 Kochutbichl Oenrimi. BucmyT
KOCIIaChIHBIH KOHLEHTPALMACHIHBIH KOFapblIaybIMEH
ONTUKAJIBIK THIFBIM CaJIbIHFaH ayMaKThIH eHi Eg Tomenaeiini.
Depmu JeHreii Kocra KOHIICHTPALMSICBIHBIH
JKOFapbUIAybIMEH ONTHKAJIBIK THIMBIM CalbIHFAH ayMaKThIH
mraMaMeH OpTachblHOa OekiTinreH OosFaHAblkTaH, Eg
TOMEHAEYl  OTKI3TIITIKTIH aKTHBAIUS JHEPTHUACHIHBIH
TOMEHJCYiHEe JKOHE COHBIH CallapblHAH OTKI3TIMTIKTIH
JKOFapblIaybIHA OKeJe .

Alita keTy Kepek, [27]-Imi TEOpHSIBIK >KYMBICTa
MOJICKYJAJIBIK ~ JUHAMHKa  ONICIH  KOJJaHa  OTHIPHII,
Ge2Sb2Te5  kypaMmbIHbIH ~ DJEKTPOHIBIK  KyilIepiHiH
CIEKTPiHE BHCMYT KOCHACBIHBIH 9CEPiH 3€PTTey JKYPTi3iiii.
KabbIKuuapaarst BUCMYT KOHLIEHTPALHSCBIHBIH
JKOFAphIIAYBIMEH OTKI3TIIITIK 30HAHBIH JHEPreTUKAJIBIK
JKUETIHIH Ty3inyi BHCMYT ATOMIAPBIHBIH 6p
3JIEKTPOHAAPBIHBIH aHTHOAMIaHBIC KYHJIEPIHEH, ONTHKAJIBIK
TBIMBIM CaJIBIHFAH ayMaKTBIH €Hi a3al0bIHA KOHE OTKI3TIMITIK
p-TUNTEH N-THUITIHE aybICybl OalKajFaH.

Kaszipri yaKbITTa XaJBKOTEHHUTI JKapThLIal
OTKI3TIIITEPJET] «IIBIHBI-KPUCTAABIKY (a3anblK aybICyFa
GalaHBICTHI aybICy YPQPEKTICiHIH MEXaHU3MIH TYCIHIIPYIiH
XKaIbl KAaOBUIAAHFAH TOCIII - ©3MITiHEH 3apsaTaJFaHHBIH
KaTBICYbIMEH  ayblCy Ke3iHIe TOKTBIH  KbICHUIYbIHBIH
3IEKTPOHABI-TEPMHUSIBIK MEXaHW3MiHE HETi3eNreH ToCi.
[28]. DAEKTPOHABIK-TEPMHSUIBIK ~ MOJEIbIe HETi3eNnreH
aysicy 3¢ ¢dexTici OOMBIHIIA COHFBI TEOPHSUIBIK, KYMBICTapAa
XUIXKO HeriziHgeri >xaa YSIIBIKTAPBIHBIH KYMBICBIHBIH
THIMJUITIH apTTHIPY YIIIH aybICy Ke3iH/e TOK CHIMBIH/AFEI
TeMIlepaTypa TYPaKThl aITBIOYPHIIITHI MTOJUKPUCTAILABI (a3a
TY3€eJeTiH MaTepUaIIbIH KPHUCTAJIaHy Thex
TeMIlepaTypachlHa J>KakblH MOHJEpre ue 0Oo0iy Kepek.
XanbKOTeHUATI kapThutaih eTKi3rimTiH Thex kpuctammany
TEeMIIEpaTypachlH OHBIH  KYPaMbIH  ©3T€pPTy  apKbUIBI
esrepTyre Oomnaapl. EKIHIN »aFbIHAH, HOHIBI-TUTA3MAIIBIK
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Oiprmece mampIpary omiciH KoJmaHy apkpuibl XIDKO
KOCITACBIHBIH MOAH(MUKAIMACH HETi3Ti KapThUIad OTKi3rimI
napaMeTpIIepiHiH KeH ayKbIMAbl e3repicTepiMeH aMopQTsl
Marepuaniapapl  anyra MyMKiHAIK Oepexmi. Conpaii-ak,
ColiKec ©3repTyIli KOCIIaHbl JKOHE OHBIH KOHIEHTPALUSICHIH

TaHgay apkeuibl Thex Kpucramgany —TemmepaTypachiH
Oakpliayra 0oJabl.

MoanduxanusiaHran Ge2Sh2Teb<Bi>
KaOBIKImIamapaarsl  aybicy dQdexTici mapameTpiepiHiH

TOXipuOe Ky3iHae OalKanFaH jkaKcapyblH TYCIHIIPY YIIiH 6-
cyperre kepcetinreH Ge2Sb2Te5<Bi> kaObIKmarapsIHBIH
OTKI3TIIITITIHIK KOHIICHTpaLUsFa TOYeIIUTIKTEePiH
KapacTelpaiiblk. CoJI CypeTTe TEeKIIeNiK MeTaTYpPaKThl
KpUCTaNIbIK ~(azaHblH maiiga OomybiMeH Ge2Sb2TeS
KaOBbIKIIAJIApBIHBIH ~ KPHUCTAJaHyblHA  COWKEC  KeJeTiH
OTKI3TIIITIK NIeKapachl KOPCETUIreH.

111111117
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6-cypem. Ge2Sb2Te5 sncone Ge2Sb2Te5<Bi> kabwiKwanap
omKi3ziummiziniy Kocha KOHUeHmpayusacslha mayenoinizi

CyperTen IIBIFaTHIHBI, MoupUKaIMsIaHFaH
Ge2Sb2Te5<Bi> IUTCHKaJTapbIHAA OTKI3TIIITIKTIH
afTapibIKTall JKOFapbUIaybl OPbIH anaabl ceO0ebi MeTabIK
BUCMYTTHIH OKIIAyJaHFaH MOHOKpPHCTAJIABI HAaHOAOMEHEpi
KaObIKIIAJIApbIH KPUCTABl eMEC MaTpUIAChIHAA OOaibl.
3eprrenerin BHUCMYT KOCTIaJIapbIHBIH
KOHIICHTPAIMsUIApbIHbIH ~ auana3onbiHaa  Ge2Sb2TeS<Bi>
KaOBIKIIIaIapbIHAA OTKI3TIMITIKTIH MEPKOSIHIIBIK aybICYbI
OaiikanMaraHABIKTaH, MYHJAH KYPBUIBIMHBIH ©TKI3TIIITITiHIH
KOFapBUIayBl XUMUSJIBIK 3aTTapIbIH TY3UTyiHe OaiIaHBICTHI
MaTpHULAHbIH OTKI3TIIITITiIHIH apTysl eceOiHeH Oonaipl,
BHUCMYT KOCHACBIHBIH Oip OeJiriMeH MaTpuia aToMIapbIMeH
Oaimanpicanpl. MyHpail  kyHeHiH amMopdTel  KyiIeH
KPHUCTAJIBIK KYWTe 3JEKTPIIK UMITYJILC SCEpiHEH OTyi Ta3a
Ge2Sb2Te5 KaOBbIKIIAJIAPBIHBIH ~ KeAeprici  JKOFapshl
MaTpHULACHIHBIH AaybICYBIHAH oJJieKaia KbhICKa Mep3iMie
OTETIHIIT aHBIK.

Ocplnaiiiia, Ge2Sb2Te5<Bi> KaOBIKIITaTapBIHBIH
ANEKTPOHABIK KaCHETTEPiH 3epTTey HOTIXKECIHAE XKapThuIai
OTKI3TIITepAIH  HETi3ri  cuUmaTraMaiapbl MeH  aybicy
ahdexTiHiH TapaMeTpiepiH  TYPJCHIIpyIN  KOCHaHBIH
KOHIIEHTPAIHSCHIH JKOHE Ge2Sb2Te5<Bi>
KaOBbIKIIANApbIHBIH, ~ KaJBIHABIFBIH ~ ©3T€pPTy  apKbUIBI
Oackapyra OONaTHIHBI aHBIKTAJIIBL.
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BucmyTt Kocnacel 0ap paananusra te3imai HaHoememai GE2SB2TES
Ka0bIKIIAJAPAArbI aYbICY KIHeE KaAbl P PeKTiciHiH epekieaikTepi
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Anparna. Kpucrangpl emec MaTepuanaapaslH (u3nKackl MEH TEXHOJIOTHACH KOHCHCAMUIAaHFaH 3aTTap (PU3UKACHIHBIH,
MaTepuanTaHy MEH HaHOTEXHOJIOTHSIHBIH KapKBIH/BI JAMBII KeJIe )KaTKaH OarbITTapbIHbIH Oipi Oombin Tabbitansl. KpucTtammsik
eMec KYpPBUIBIMBI Oap MaTepHaimapAblH axyaH TYPIUTriaae apicy 3¢ ¢ekTici, (GOTOKYPBUIBIMIBIK TYPICHIIPYICP CHAKTHI
Oipereit KacueTTepi MEH KYOBUIBICTApHl Oap XaJlbKOTEHHUITI IIBIHBI TOPi3i skapThuiail eTkisrimrep (XIIDKO) kmacel epekie
opsiH anazel. Aysicy sddekrici XIIDKO xyka KaObIKIIagapbiHia Oaiikanaabl )KOHE KEpHEY UMITYJIbCTEPiHIH HEMeCe JIa3epilik
COYJICJICHY/IIH OCEpiHEH KYPBUIBIMHBIH IIBIHBI KYHIEH KPHUCTAJABIK KYWIe KbULAaM KaWThIMABI (asaiblK aybICybIMEH
OaiinanpicThl. OChl 9cepiH HeTi3iHe KoFapbl eHIMAUTIr MeH ceHimuiniri 6ap PCM (Phase Change Memory) CUsIKTBI TYpaKThI
JKaJAThl CaKTay KYpBUIFbUIAPHI YILIIH akKlapaT TachIMalayllbUIapIblH JKeKe Kiackl KansimTacTbl. PCM KypbUIFBLIApBIHAA
KoiaHyra apHanran Matepuangap GeTe-Sb2Te3 kBa3uOMHapiibl Kecy CBI3BIFBIHIA KATKaH KYPHAENi KOMITO3HLHMSUIAP/IbIH
XIIXKO 6o Tabbitansl, an Ge2Sb2TeS KoMIO3HITUACHIHBIH JKYKa KaObikmanapsl PCM KypbUIFbUIAPBIH/IA TaljalaHy YIIiH
eH mepcrnekTuBaibl Oonbin Tadbuiansl. XIUIDKO wHerisinge MyHmalh (GYHKIMOHANIBIK MaTepHAIApAbIH 3JIEKTPOHABIK
KacueTTepiH Oakpllay MYMKIHIIrT OJapIblH KOJJaHy asChlH aWTapibIKTail KeHeHTeal *KoHe MaHBI3Ibl FBUIBIMH JKOHE
MPaKTUKAIBIK Maceine OOINBIT TaOBLIagbl, OHTKEHI KPHCTANIBIK >KAPTBHUIAH OTKI3TINTepIiH 3JICKTPOHABIK KacHETTepiH
MaKCaTThl TYpPIE ©3TepTYyIiH IOCTYPJNi SIicTepi, MBICAllbl, CHHTE3 Ke3iHAe Kocmalay HeMece TePMIBUIBIK Iupy3us omici
XIUIXXO yurin THiMci3 00IbI MBIKTHL. JKOoFaphiia KOpCeTireH o1icTepMeH ToMeH KoHneHTparsiapaa XIIKO-re enrizinren
KocTiajap, dfeTTe, JIEKTPIIiK OeICeHAUTIK KOpCeTei i, oiTKeHI oJap e3IepiHiH 3apsaaTalFaH KYPBUIBIMABIK aKayJlapbIMEH
eTelie/li, aj Koclla KOHIEHTPALMICHIHBIH JKOFapbulaybl aiiTapiblKTall KpUcTaljaHyra okeneni. JKyMmbicTa TYpakThl TOK
PEKUMIHIIC HOH/IBI-TUIa3MAJIBIK TO3aHAATY 9/IiCIMEH ajbIHFaH BUCMYT KOCHMACBIHBIH Yieci 12 at. %-man aprarein Ge2Sb2Te5
HaHOeJIIeM I KaObIKIIaap/IblH aTOMJIBIK KypaMbl CKaHUPJIEYIIl 3JIeKTPOHBIK MHUKPOCKOITa SHIPro-JUCHEPUCSIIBIK Tajlaay
apkpUIbl 3epTresni. COHBIMEH KaTap, YJTiIep/iH BOJbT-aMIIEpPIIiK CUIIaTTaMalapbl eJIIeHAl. AybICY jKoHe XKaabl dhQeKTiciH
CHIIATTANTBIH aybICy KEpHEYl MEH YaKbIThl KaObIKIIAHBIH KaJbIHIBIFIHA JKOHE KOCIIara eJeysli TypJe Toyellai eKeHi
aHbBIKTaIbl. BUCMYT KOCcTachl KaOBbIKIIANAP/IbIH aybICY YaKBITHIH tSW ToMeHaeTe li. KaObIKIIaHbIH KaJIbIHIBIFbIH a3aiTy IIEKTI
KEpHEYAIiH J>KOHE aybICy YakbITHIHBIH TeMEHJeyiHe oKeneli. byl JKyMBICTBIH HoTIXKenepi ¢as3alblKk —e3repicTep
MaTrepuaiapblHa HeTi3/IeNITeH ONTHUKAIIBIK JKa/IThl IaMBITY YIIIH NaiIajbl Jell ecrieTenmis.

Hezizei  ce30ep: paduayusnvls  me3iMOLIIK, UOHOBI-NIA3MATLIK  MO3AHOAMY, HAHOOIWeEeMOl KadulKud, amoMmoOblK
KYpbLIbLMblL, (Pazaneiy ayvlcy, ayvicy sgghexmici, iHcaovl.

Oco0ennocTu 3¢ dexTa nepexJaIeHus U MAMATH B JIETHPOBAHHBIX
BHCMYTOM PAaJHAIMOHHO-CTOMKHMX HaHOpa3MepHbIX iIeHkax GE2SB2TES
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AHHoTanusi. Pu3MKa U TEXHOJOIUSI HEKPUCTAJUTMYECKUX MATEPUAIOB — OAHO M3 OYpHO pa3BUBAIOLIMXCS HAMpPABICHUN
(U3MKKM KOHICHCUPOBAHHOTO COCTOSHMUSI, MATEPHATIOBEICHNS U HAHOTeXHOJIO0THit. Cpear MHOrooOpasus MaTepuajIoB C HEKpH-
CTATUYECKON CTPYKTYpOH 0CO00€ MECTO 3aHHMAaeT KJIAcC XaJbKOTEHUIHBIX CTEKI000pa3HbIX mosrynpoBomHukoB (XCII) ¢
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YHUKAJIbHBIMA CBOMCTBAMH W SIBJICHHSAMH, TAKUMHU KakK dP(HEKT MeperiroueHus, POTOCTPyKTypHbIe TpeBparieHus. JdPpPext
nepexiTroueHus HabmonaeTca B TOHKUX 1wieHKax XCII u cBsi3aH ¢ OBICTPBIM 00paTUMBIM (ha30BBIM ITEPEXOIOM CTPYKTYPHI U3
CTEKJI000pa3HOTO COCTOSIHUSI B KPUCTAIIIMYECKOE IOJ JEHCTBUEM HMMIIYJIBCOB HANpsDKEHHS HIIM JIa3epHOro uanydenus. Ha
ocHOBe 3Toro 3((dexTa cCHOopPMHUPOBAIICS OTIACIBHBIN KIacC HOCUTENEH HH(POPMAIMHU JUIs SHEPTrOHE3aBUCHMBIX 3aIIOMHUHAIOIINX
yerpoiicte Tuna PCM (Phase Change Memory) ¢ BEICOKMMH ITOKa3aTeNsIMU IIPOU3BOAUTENLHOCTH U HaJIe)KHOCTH. Marepua-
JaMu Ui ucrioib3oBanus B ycrpoiictBax PCM sistrorest XCII ClIOXKHBIX COCTABOB, JISKAIIUX Ha KBa3MOWHAPHOM I'paHHUIle
GeTe-Sb2Te3, a Tonkue meHkn coctaBa Ge2Sb2TeS sBis0TCS Hanboiee NEPCIIEKTUBHBIMYU ISl HCIIOJIb30BAHUS B YCTPOU-
crBax PCM. B03MOXXHOCTPB yITpaBieHHs JIEKTPOHHBIMU CBOMCTBAMH TaKHUX (DyHKLIMOHAJIBHBIX MaTepuanoB Ha ocHoBe XCII
3HAYUTEIBHO PACIIUPSET chepy MX MPUMECHEHHS W SABISCTCSA BaKHOM HAYYHOH M MPAKTUYECKON 3aJadcil, IIOCKONIBKY Tpajau-
IIMOHHBIE METOJIbl LIEJICHANPABICHHOTO M3MEHEHUS 3JIEKTPOHHBIX CBOMCTB KPHCTAJUIMYECKUX MOIYIPOBOJHHUKOB, TAKHUE Kak
JIETUPOBAHKE B TPOIIECCEe CHHTE3a Wil MeTo] TepMmoanddy3nn okazammce HeaddexkruBapMu s XCII. [Ipumecn, BBeieHHEIC
B XCII B ManbIX KOHIEHTPALUIX YKa3aHHBIMH BEIIIE CIIOCOOaMH, OOBIYHO HE MPOSBIIIOT 3IEKTPUIECKON aKTUBHOCTH, TaK Kak
KOMIICHCUPYIOTCSI MX 3apsSDKEHHBIMU CTPYKTYPHBIMHU JE(EKTaMH, a YBEJIMYCHHE KOHIIEHTPANUU MPUMECH MPUBOJNUT K 3HAYH-
TENBHOM KpUcTaluM3aluy. B naHHO# paboTe METOJ0M 3HEproJUCIepCHOHHOrO aHajih3a Ha CKaHUPYIOLIEM JJIEKTPOHHOM
MHKpOCKOIIe ObLT MCCIIEJOBaH aTOMHBINM COCTaB HaHOpa3MepHBIX IieHOK Ge2Sb2TeS ¢ coxepxxanuem BucMyta 6ozee 12 at.%,
MOJYYEHHBIX METOJIOM MOHHO-TIA3MEHHOT'0 HAlbUICHUS B PEXKHUME MOCTOSIHHOTO ToKa. KpoMe Toro, ObUTH M3MEpEHBI BOJIBT-
aMIIepHBIE XapaKTEPUCTUKU 00pa3loB. Y CTAHOBICHO, YTO HANpPsDKEHUE MEepexoaa U BpeMs, Xapakrepusymouune 3¢ ¢dexT nepe-
KIIIOYCHUA U NaMATHU, CYHICCTBCHHO 3aBUCAT OT TOJIIWHBI INICHKU U COCTaBa. HO63BJ’ICHI/IC BUCMYTa YMCHBIIACT BpEMA IICPEC-
KJIIOYEHHS IUVICHOK. YMEHBIIICHUE TOJIIUHBI TJICHKW MPUBOJAUT K YMCHLIICHUIO ITOPOrOBOI0 HAMPAXKCHUA U BPEMECHU IICPEC-
KITI0OYeHUS. MBI cUUTaeM, YTO pe3ysIbTaThl 3TOH PabOTHI MOJIE3HBI A1 pa3pabOTKN ONTHYECKON MaMsITH Ha OCHOBE MaTEpPHaNIOB
¢ (azoBbIM mEpexo0M.

Knioueevie cnosa: paouayuonnas cmoukocms, UOHHO-NAA3MEHHOE HANbLIEeHUe, HAHOPA3MEPHAs NIeHKA, AmMOMHAS CIMPYK-
mypa, pazoswviii nepexood, pHexkm nepexnoueHus:, Namsms.
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Abstract. In Kazakhstan, there is a growing demand for oil and gas pipes and general-purpose pipes made of steels with
high performance properties, high-quality blanks for mechanical engineering and structural steel for construction. The work
was carried out within the framework of the Targeted Financing Program, in which, as one of the most urgent, the task was set
to expand and improve the range of steel products of steel-smelting enterprises, which are in demand, first of all, in the domes-
tic market. Some questions on microalloying with molybdenum and titanium are considered. The article presents the main
results of experimental heats to obtain high-strength structural steel with titanium and molybdenum. Metallographic studies of
experimental laboratory samples were carried out using an Olympus 51BX (TRF) light microscope. The metallographic analy-
sis of the studied samples showed that the base steel 09G2S of the current production has a ferrite-pearlite structure. The grains
have an acicular structure (the formation of polygonal ferrite) and correspond to 5-6 points. At the same time, heterogeneity is
observed. The results of the study of laboratory samples alloyed with molybdenum and titanium (sample No.1 and No.2) con-
firm the effectiveness of the impact of microalloying elements on grain refinement, which is due to the release of a significant
amount of carbonitrides of the type (MoCN, TiCN) along the grain boundaries. The microstructure of both samples consists of
two well-defined phases - ferrite and pearlite, and the grain size corresponds to 7-8 points.

Keywords: alloying, high-strength steel, precipitation hardening, carbonitride phases, grain refinement, ferrite, perlite.

1. Introduction

The Republic of Kazakhstan occupies one of the leading
places in terms of reserves of natural resources, including the
ninth in terms of oil and gas. To date, daily oil and gas pro-
duction is 195.9 thousand tons and 105.9 million m3, respec-
tively. Transportation of petroleum products to consumers is
carried out under high pressure through welded steel pipes of
large diameter. Severe climatic conditions for the operation
of pipelines, aggressive elements such as sulfur, hydrogen
and their compounds in transported products require the use
of steels with high strength characteristics for the construc-
tion of oil and gas pipelines and limiting the content of harm-
ful impurities (sulfur and phosphorus), gases (nhitrogen and
hydrogen) [1].

At present, the production of large-diameter spiral pipes
in Kazakhstan is carried out from imported rolled products.

Mastering the production of steel for oil and gas pipelines
at existing metallurgical plants located on the territory of the
Republic of Kazakhstan will expand the range of products
manufactured in the country and solve the problem of import
substitution. Constantly growing requirements for increasing
the productivity of main pipelines put forward the task of
improving structural steels for large-diameter electric-welded
pipes, fittings and valves.

To increase the productivity of pipelines, it is necessary
to increase pressure and, consequently, use pipe steels of a
higher strength class in order to avoid an increase in metal
consumption (pipe wall thickness) and while maintaining or
even increasing the toughness of steel, since an increase in
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pressure will inevitably lead to the risk of increased stresses
in the pipe wall, capable of causing destruction of the pipe-
line [2].

The improvement of pipe steels, aimed at increasing the
strength and toughness margin, is achieved both by changing
the chemical composition (reducing the carbon content, mod-
ifying, microalloying and alloying), and by using modern
metallurgical technologies (smelting, rolling and heat treat-
ment), which provide an increase in quality of the metal
(decrease in the content of harmful impurities, gases, non-
metallic inclusions, refinement of the structure, regulation of
the phase composition) [3].

One of the well-known ways to improve the strength
characteristics of pipe steels is alloying with alloys contain-
ing titanium, molybdenum, niobium and vanadium.

The main mechanism of steel hardening is grain refine-
ment with dispersion hardening, controlled by precipitation
of excess phases of carbonitrides of various types and fine-
ness. The formation of carbonitride phases occurs even in a
liquid solution through the chemical interaction of nitrogen
and carbon atoms in steel with alloying elements introduced
into it - titanium, molybdenum, niobium and vanadium [4].

The result of these reactions are solid and refractory mi-
croparticles of carbonitrides, which, with the achievement of
the temperature of the onset of solidification of steel, play the
role of centers for its bulk crystallization. It should be noted
that many works are devoted to studying the behavior of
carbonitride phases in high-strength low-alloy steels alloyed
with strong carbonitride-forming elements, but they, for the
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most part, consider the processes and parameters of the pre-
cipitation of these phases at the final stages - during rolling
and cooling [5].

Hardening by dispersed particles is very effective and has
become quite widespread. Moving dislocations interact with
dispersed particles and experience resistance to their move-
ment by the mechanism described by Orovan (particle bend-
ing and creation of dislocation loops) or by other mecha-
nisms (Hirsch, Ansel and Lenel, etc.) Hardening of the alloy
the more dispersed particles, the smaller the distance be-
tween them and the greater the elastic modulus of the parti-
cles of the second phase, i.e. the stronger the particles them-
selves. It can be assumed that the most intense hardening is
observed at the stage of formation of Cottrell clouds, when
the coherent bond with the matrix is still preserved. Such
separation can occur both during cooling after rolling or
normalization, and during tempering [6].

Less attention has been paid to the study of the formation
of carbonitride phases in liquid steel and the effect of already
formed carbonitrides on primary crystallization. At the same
time, it is well known that the grain size of steel, formed
during the casting and crystallization of ingots and slabs, has
a significant and inherited effect on their final structure, and
hence on the mechanical properties of finished rolled prod-
ucts [4].

These requirements created the prerequisites for the de-
velopment of steels with higher strength, increased impact
strength and resistance to ductile and brittle fracture at con-
struction and operation temperatures, as well as with good
ductility, weldability in the "field" and factory conditions,
with corrosion resistance. Sy and cold resistance with a lim-
ited number of alloying elements.

Therefore, there is a need to create pipes of a higher
strength category X100 (strength class K80) (ov 760-
990 N/mm?, o; 690-840 N/mm?).

New requirements for sheet rolled pipe steels, the need to
obtain high values of strength properties and at the same time
achieve a high level of toughness require the search for new
technological solutions by improving the technology of met-
allurgical processing in terms of optimizing the chemical
composition (charge, alloying and microalloying elements)
and developing thermomechanical rolling, including the use
of accelerated cooling [7-9].

So, at the present time at the Chemical and Metallurgical
Institute named after Zh. Abishev, work is underway to de-
velop a technology for producing high-strength steel of X100
strength class.

Steel grade X100 is characterized by high strength and
toughness combined with excellent weldability. These prop-
erties make it an ideal material for use in the offshore seg-
ment for oil and gas transportation - where pipes are con-
stantly exposed to harsh environmental conditions such as
waves, water currents and low temperatures.

The development of steel of X100 strength class is based
on the concept of production of X80 steel with a high content
of molybdenum, nickel, titanium, copper, vanadium and
niobium, i.e. elements that increase impact strength, ductili-
ty, hardenability and weldability, and another mode of accel-
erated cooling. In the transition from X80 steel to X100 steel,
the ferritic-bainite structure changes almost completely to
bainitic.

In recent years, extensive material has been accumulated
on the intermediate transformation of supercooled austenite
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and the properties of bainite in structural steels. The bainite
structure has a complex nature, and depending on the carbon
content, alloying elements and cooling conditions, it can
significantly change its morphology. According to the for-
mation temperature, upper and lower bainite are morphologi-
cally distinguished.

Features of the bainite transformation are associated with
the occurrence at temperatures where there is no diffusion of
iron atoms and alloying elements, but intense diffusion of
carbon occurs. This causes, firstly, the presence of a wide
variety of morphological forms of the resulting phases, and
secondly, obtaining a different chemical composition of these
phases, which differ in carbon content. The structure and
properties of steel after transformation in the bainite region
largely depend on the value of carbon redistribution [10-12].

An optimal structure with a bainitic a-phase can be ob-
tained only with the correct choice of cooling conditions in
the temperature range of phase transformations. In scientific
papers [13-15] it is shown that the use of accelerated cooling
provides an increase in the strength properties for steels of
simple composition by 40- 50 N/mm?, and for alloyed steels
by 80-100 N/mm?, in addition, it allows eliminate the band-
ing of the structure and reduce the anisotropy of properties.

Summarizing the literature data [7-9, 11], accelerated
cooling together with microalloying makes it possible to
control the processes of structure formation of low-alloy
steels by using additives of elements that increase the stabil-
ity of austenite during cooling, as well as changing the rate of
accelerated cooling and the temperature of completion of
accelerated cooling various structural components and their
combination in rolling can be obtained: ferrite of various
morphology, ferrite-bainite or homogeneous bainite, as well
as bainite-martensite microstructure.

The microstructure consisting of granular bainite as the
matrix phase is the best choice for pipeline high strength
steel. The structure of bainite in high-strength steels is
formed due to alloying with elements that inhibit ferrite
transformation, such elements include additions of Mn, Mo,
Ni, Cr, Cu and Nb, which increases the volume fraction of
bainite. Molybdenum forms carbides in steels, as soon as the
carbon content in the steel becomes high enough, it is able to
provide additional thermal hardening during tempering of
hardened steels. It increases the creep resistance of low alloy
steels at high temperatures. Molybdenum additives contrib-
ute to the refinement of steel grains, increase the hardening
of steels by heat treatment, and increase fatigue strength.

Molybdenum predominantly enters the solid solution,
distorting the lattice of the main solid solution, thereby
strengthening it [6, 7].

Low-alloy hot-rolled steel alloyed with titanium (= 0.1%)
is characterized by high strength, but low ductility and
toughness, while the low content of titanium in steel (0.01-
0.03%) refines its primary structure, since refractory titanium
nitrides formed in liquid steel serve as crystallization centers.

The degree of recrystallization of such steel during hot
rolling is lower than that of coarse-grained steel, therefore,
its recrystallized austenite grain is more uniform and finer.

The binding of free nitrogen to titanium nitrides is the
viscosity of the finished rolled product. After crystallization,
titanium, in its excess with respect to nitrogen, binds sulfur
and weakens the stringiness of manganese sulfides, forming
sulfides and carbosulfides, which is accompanied by some
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improvement in plastic and viscous properties in the trans-
verse direction [7].

Niobium forms NbC carbide with carbon, and NbN ni-
tride with nitrogen, fine nitrides and carbonitrides of niobium
are located along the boundaries of grains and subgrains,
inhibit the movement of dislocations and thereby strengthen
the steel. Niobium is an effective element for grinding grains
of austenite and ferrite during heating for rolling or heat
treatment. In addition, the effect of microalloying steel with
niobium is to slow down the recrystallization of austenite
during thermomechanical rolling due to dispersion strength-
ening and solid-solution transformation. The amount of nio-
bium that passes into a solid solution when heated to a given
temperature depends on the carbon content. A decrease in the
carbon content in steel provides an increase in the solubility
of niobium in austenite [16, 17].

Compliance with the correct ratio of alloying additives
(Mo, Ti, Nb) helps to control weldability and provide an
optimal balance of the content of carbon-nitride-forming
elements that have a similar effect on the physical and me-
chanical properties of steel.

Based on the analysis of literary sources [4-7], it was es-
tablished that the formation of a bainitic structure of optimal
morphology is based on the following aspects of metallurgi-
cal science:

- reduction of carbon content (0.04-0.06%), which is fa-
vorable for toughness, weldability and segregation uniformi-
ty of the metal,

- increasing the degree of purity for harmful impurities
and gases;

- complex microalloying of Mo, Ti and Nb in a stoichio-
metric ratio with nitrogen Ti > 3.4N;

- reduction of harmful impurities and gases (< 0.002%
[S]; <0.010% [P]; < 0.006% [N]; < 2 ¢m3/100 g [H2]);

- the use of thermomechanical rolling with accelerated
cooling for maximum grain refinement.

In addition to the factors listed above, progress in the de-
velopment of steels is accompanied by the improvement of
metallurgical technology at all stages, including the desulfu-
rization of cast iron, a complex of out-of-furnace processing,
which ensures a high degree of purity of the metal.

2. Materials and methods

Experimental part. The employees of the laboratory of
metallurgy and materials science of the Chemical and Metal-
lurgical Institute named after. Zh. Abisheva conducted exper-
imental melting to obtain high-strength structural steel with
titanium and molybdenum. Changes in the microstructure of
steel during its alloying with titanium and molybdenum have
been studied.

For the base steel, as a comparison, we have chosen the
09G2S steel grade, which is close in its chemical composi-
tion to pipe steel grades, and which is mastered at the exist-
ing steel-smelting plants of the Republic of Kazakhstan.

Experimental melting to obtain high-strength steel with
titanium and molybdenum was carried out in a Tamman
high-temperature furnace, in alundum crucibles in an inert
atmosphere. As a charge for smelting high-strength steel
alloyed with molybdenum and titanium, metal samples were
used, taken at the outlet from the converter of ArcelorMittal
Temirtau JSC (AMT) of the following chemical composi-
tion: C - 0.03%; Mn - 0.04%; S - 0.04%, P - 0.06%.
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After melting the scrap metal, upon reaching the required
melt temperature of 1635°C, the steel was deoxidized with
ferrosilicon (FeSi65) (GOST 1415-93), metallic manganese
(Mn 998) (GOST 6008-90) and aluminum wire (99% Al)
(GOST 295-79).

Alloying of steel was carried out using ferromolybdenum
(FeMo60) (GOST 4759-91) and FeTi30 (GOST 4761-91) in
the amount, respectively, %: FeMn-2.23; FeSi -0.47; A99.9-
0.1; FeM060-0.57 and FeTi30 - 0.18 and from the total mass
of the metal charge. The consumption of deoxidizers and
alloying materials is presented in Table 1.

Table 1. Consumption of deoxidizers and alloying agents

Mn998, FS65, | Aluminum wire = FeTi30 = FeMo60,
g/100g ¢/100g @ (99.0%) g/ 100g g/ 100g g/ 100g
2.23 0.47 0.1 0.18 0.57

The mass of ferroalloys to be added is calculated by the
formula:

A=(B-C)-D-100/(I-F) 1)

where: A — mass of ferroalloy, ton; B is the average con-
tent of the element in the finished steel, %; C is the content of
the element in steel before deoxidation, %; D — mass of metal,
considering the amount of metal from the previous heat, ton; I
— is the content of the deoxidizing element in ferroalloys, %; F
—assimilation of the deoxidizing element, %.

The deoxidation of the metal was carried out at the time
of production based on obtaining the mass fractions of man-
ganese, silicon and aluminum below their average values by
10.0 to 13.0%.

Table 2 shows the degrees of assimilation of elements
during deoxidation and alloying.

Table 2. Assimilation of elements during deoxidation and al-
loying

Element Assimilation, %
Silicon 95.00
Manganese 95.00
Aluminum 40.00
Molybdenum 85.0
Niobium 95.0

As a result of deoxidation and alloying with the indicated
ferroalloys, prototypes of steels of the following chemical
composition were obtained, table 3.

Table 3. Chemical composition of experimental steels

Content of elements, % mass

Steel )

grade C Sl Mn P S Mo Ti AI
not more than

09G2S ' 09 06 15 0021 0012 - 002 004

(basic)

Sa”l‘p'e 005 015 1.6 0011 0005 021 -  0.03

Sa”z‘p'e 006 0.16 1.5 0013 0004 - 003 004

To create the same heat treatment conditions, metal sam-
ples were placed together in one muffle furnace and heated to
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1100°C. Exposure of the samples in the oven at the specified
temperature was 15 minutes. The samples were cooled with
an oven to room temperature for 140 minutes.

Metallographic studies were carried out on an Olympus
51BX (TRF) metallographic microscope. The structure of the
steel was determined according to GOST5638-82 (Methods
for detecting and determining grain size) after pickling the
samples in a 4% nitric acid solution.

Figure 1 shows the microstructure of base steel 09G2S
and experimental steels alloyed with molybdenum and titani-
um.

a) Grain score corresponds to 5-6. Steel 09G2S: 1 — ferrite
(bright area); 2 — perlite (dark area)

b) Grain score corresponds to 7-8. Experimental steel (sample
1) with molybdenum: 1 — ferrite (bright area); 2 — perlite (dark
area)

¢) Grain score corresponds to 7-8. Experimental steel (sample
2) with titanium: 1 — ferrite (bright area); 2 — perlite (dark area)

Figure 1. Microstructure of comparative steel 09G2S and ex-
perimental steels - sample 1; sample 2, x100
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3. Results and discussion

Metallographic analysis of the studied samples showed
that the base steel 09G2S has a ferrite-pearlite structure.
Grain score corresponds to 5-6. Insufficiency is observed
throughout the thin section.

The microstructure of steel alloyed with molybdenum
(sample No.1) consists of fine grains of ferrite and pearlite,
the grain score corresponds to 7-8. The grain structure of this
steel is equiaxed.

The microstructure of steel alloyed with titanium (sample
No. 2) consists of fine grains of ferrite and pearlite, the grain
score corresponds to 7-8. The grain structure of this steel is
equiaxed.

The results of a metallographic study of laboratory sam-
ples confirm the effectiveness of the impact of microalloying
elements on grain refinement, which is due to the release of a
significant amount of carbonitrides of the type (MoCN,
TiCN) along the grain boundaries.

4. Conclusions

Metallographic analysis of the studied samples showed
that the base steel 09G2S of the current production has a
ferrite-pearlite structure. The grains have an acicular struc-
ture (the formation of polygonal ferrite) and correspond to 5-
6 points. At the same time, heterogeneity is observed. The
results of the study of laboratory samples alloyed with mo-
lybdenum and titanium (sample No.1 and No.2) confirm the
effectiveness of the impact of microalloying elements on
grain refinement, which is due to the release of a significant
amount of carbonitrides of the type (MoCN, TiCN) along the
grain boundaries. The microstructure of both samples con-
sists of two well-defined phases - ferrite and pearlite, the
grain size corresponds to 7-8 points.
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BepikTiri skorapbl KYObIp 00/1aTBIHBIH TYHIPIIIK MOJILIEPiHE TUTAH KOHE
MOJIMOIEeHMEH JIeripJeyaiH dcepi
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JK. Obiwes amvinoasvl xumusa-memannypaus uncmumymol, Kapasanowl, Kazaxcman
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Angarna. Ka3akcranna MmyHaii-ra3 KyObIpJapbiHa JKOHE JKOFAphl ©HIMIUIIK KacHeTTepi Oap OoNaTTaH jKacallFaH JKalIIbl
MaKcaTTarbl KyObIpIapFa, MalliHa jkacay YIIiH KOFapbl canalibl JablHIaMaiapra )KoHe KYPBUIBICKA apHaJIFaH KYPBUIBIMIBIK
OosaTka cypanbic ecyzae. JKyMbIC HbICaHAJbl KapKbUIAaHJBIPY OafriapiamMachl aschlHIA >KYPTi3iigi, OHIAa €H ©3eKTi
Mocenenepaiy Oipi peTiHme Oonatr OajKpITy KOCIMOPBIHIAPBIHBIH CYpPaHbICKA He 00JaT eHIMACPiHIH HOMEHKIIATYPaChIH
KEHEUTY KOHE KETUIAIpY MIHIETI KOWBUIIAbI, €H ajJbIMeH, IIIKi HapblKTa. MOJIHO/IEH JXOHE TUTAHMEH MHUKPOKOPBITIIANAY
OoiibIHIIa KelOip cypakrap KapacThIpbUiabsl. Makajaja TUTaH JKoHE MOJHOIEH KOCBUIFaH JKOFapbl 0epiK KYpBUIBIMIBIK OosaT
aly YWIH ToKIpUOeNiK  KbI3JBIPYIbIH Heri3ri  HoTkenepi OepinreH. Toxipubenik — 3epTXaHaNbIK  YJITUIEpAiH
metamiorpadusuibik  3eprreyiiepi Olympus 5S1BX (TRF) jkapblk MHUKPOCKOIBIHBIH KOMETiMEH Kyprisiiai. 3eprTreneriH
YIrinepaig MeTtautorpadusiiblK Tanmaysl Kasipri eHmipictTiH 09G2S Herisri OomaThIHBIH (QeppUT-TIEpIUT KYPBUIBIMEI Oap
eKeHiH KepceTTi. [IoHmep WBIK Topi3mi KYpBUIbIMFA He (KemOYpHIITH (heppHUTTIH Ty3lIyi) skoHe 5-6 OaiFa colikec Kememi.
ConbpiMeH Oipre Oipkenki eMecTiri Oaiikamaapl. MonnOaeHMEH jKoHE TUTAaHMEH JISTHPIICHTEH 3epTXaHANBIK YATLICpAl 3epTTey
HoTmkenepi (Nel sxoHe No2 yiri) MUKPOKOPHITIIA 3JIEMEHTTEPIIH ASHAI Ta3apTyFa ocep eTYiHiH THIMIUITIH pacTailmbl, 0y
JIOHII TAKBULABIH KapOOHHUTpHATEPIiHIH exoyip menmmepin OemymeHn OaitmanpicThl. TYpi (MoCN, TiCN) acThIK mIekapamapbl
Ootipiama. EXi YATiHIH e MUKPOKYPBUTBIMBI €Ki HaKTHI aHBIKTAIFaH (a3amaH — GeppuT MEeH MEePIUTTEH TYPAIbl, IoH MeIepi
7-8 bannra coiikec Kenesi.

Heczizzi co30ep: necuprey, sco2apvl bepixmi 601am, OUCnepcusivlK, bepikmendipy, kapoonumpuomi ¢asanap, myuipuikmi
yumaxmay, geppum, nepaum.

Bausinue JierupoBaHusi THATAHOM U MOJIMOICHOM HA BEeJIMYHMHY 3€pPHA
BBICOKONIPOYHOI TPYOHOH CTAIHU

E.K. MyxamGerranues”, I'.JI. Kycaunosa, C.B. [llapkaes, ®.0. Tycyn6ekosa
Xumuro-memannypeuveckuui uncmumym um. XK. Abuwesa, Kapaeanoa, Kazaxcman
*Aemop onsn koppecnonoenyuu: ye.kenzhegaliuly@gmail.com

Annoranus. B Kazaxcrane pacrer notpeOHOCTb B HehTera3oBbix Tpydax u Tpydax oOliero HazHaueHus U3 craieii, obna-
JIAIOIUX BBICOKMMU 3KCIIIyaTallUOHHBIMU CBOMCTBaMH, 3arOTOBKAaX BBICOKOI'O KadecTBa JIS MALIMHOCTPOEHUS U KOHCTPYK-
IIMOHHOW CTaJIN JUIS CTPOUTENbCTBA. PaboThl ObLIM BEINMOMHEHB! B paMkax [Iporpammel nesneBoro puHaHCUPOBaHUS, B KOTO-
pOH, Kak OJlHa M3 aKTyaJbHBIX, OblJIa OCTABJIEHA 337a4ya 110 PacUIMPEHHIO M YJIYYIIEHUIO COPTAMEHTa CTalIbHON MPOAYKIIMU
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CTAICIVIaBIIIBHBIX NPENPHATHH, BOCTPEOOBAaHHOM, B MEPBYIO O4Yepelb, HA BHYTPEHHEM PBIHKE. PacCMOTpEeHBI HEKOTOpBIE
BOIIPOCHI IT0 MUKPOJIETUPOBAHHIIO MOJIHOICHOM M TUTAHOM. B CcTaThe MPHUBOISTCSA OCHOBHBIE PE3YNBTATHI ONBITHBIX IUIABOK IO
MOJIYYEHHIO BBICOKOIIPOYHOI KOHCTPYKLIMOHHOM CTaJIM ¢ TUTAaHOM U MoiynOaeHoM. [IpoBeneHsl Metamiorpaduieckue mccie-
JIOBAHHMS OTBITHBIX JIaOopaTopHBIX 00pa3noB B cBeToBoM MuKpockorne Olympus 51BX (TRF). Meramnorpaduyeckuii aHamus3
HCCIIEZIOBaHHBIX 00pa3loB MoKa3ai, 4ro 0azoBas ctaib 091'2C Tekyliero npou3BOACTBa UMEET (HEPPUTO-TIEPIUTHYIO CTPYK-
Typy. 3epHa UMEIOT UroJIbYaToe CTpoeHHe (00pa3oBaHue MOJIUTOHAIBHOTO (eppHTa) U COOTBETCTBYIOT 5-6 Gayuiam. I1pu sTom
HaOJIogaeTcs, Pa3HO3EPHUCTOCTh. Pe3ynbTaThl HCCieI0BaHMs J1a00PaTOPHBIX 00Pa3LoB, JIETUPOBAHHBIX MOJINOJICHOM M THTa-
HoM (ripoda Nel u Ne2) noareepxkaaroT 3ppeKTHBHOCTh BO3IEHCTBHS MUKPOJIETHPYIOIINX JIEMEHTOB Ha N3MENbUCHHE 3epHa,
YTO 0OYCIIOBJICHO BBIICJICHHEM IO TPAHUIIAM 3E€PEH 3HAYUTEIBHOTO KoimdecTtBa KapooHuTpuaos Tuma (MoCN, TiCN). Muxk-
POCTPYKTYypa 000MX 00pa3ImoOB COCTOUT U3 IBYX XOPOIIO BBEIPAXCHHBIX (a3 - heppuTa U MepiuTa, pasMep 3epHa COOTBETCTBY-
et 7-8 bammam.

Knrwouegvie cnosa: necuposanue, biCOKONPOUHAs CMAlb, OUCNEPCUOHHOE YNpOoUHeHue, Kapoonumpuousie Qaswl, usmensvye-
Hue 3epHa, geppum, nepaum.
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Abstract. This article presents the results of a research of the influence of the electrical characteristics of the current lead
on the technical and economic indicators of ferrosilicochromium smelting. The parameters of the operation of the furnace
No.43 of the Aksu Ferroalloy Plant in connection with the change in the characteristics of the current lead during the moderni-
zation of the EPU are considered. According to the experimental results of calculations, the power Ru, the composition of the
metal and slag from the production of ferrosilicochromium are have great importance, almost with a rare use of the electrical
resistance of the solid charge and the electrical resistivity of the slag, regardless of the readings of the sensors and the electrical
parameters of the current supply. When using computational computer-computer programs (CRP), eleven modes of network
operation are used. In this paper, mode 10 is closest to the production mode. According to mode 10, the electrical parameters
of the current supply have been improved. According to the conditions of experimental calculations, the power Py, the compo-
sitions of the metal and slag of ferrosilicochromium production remain constant. Modernization of a short network and an
increase in the deepening of electrodes into the charge led to a decrease in Ry to 0.945+0.958 mQ and secondary voltage Un to
155 V, to a decrease in the SiC content in the slag to 15.1 and a decrease in flyoff SiO2 to 67.0+68.6 kg/t. The deepening of the
electrodes with their reduced fit increased the furnace productivity to 79.8 t, and the specific power consumption decreased by

870 kW/h-t.

Keywords: active resistance, short network, transformer, ferrosilicochrome.

1. BBenenue

B Hacrosimee BpeMst OTCYTCTBYIOT JIOCTOBEPHBIE 3HAHHS U
u3MepeHus (haKTUUECKUX BEJIMYUH U 3aBUCUMOCTEH aKTHBHO-
WHIYKTUBHBIX CONPOTHUBIECHHH BHEIIHETO 3HEPTroIoABOJa OT
0COOEHHOCTEH KOHCTPYKTHBHOTO oopmieHHst 1 (HHU3HYECKO-
IO COCTOSTHMS €ro JeTayeil M y3JI0B, OT 3JEKTPUYECKOro pe-
JKMMa B JaHHBIM MEpUOJ] IIIABKHU. JTO CBS3aHO OTYACTH C TEM,
YTO Ha JEWCTBYIOIIMX 3JIEKTPOIEYHBIX arperarax B IIpOIecce
MHOTHX MOJICPHU3ALNH CYIIECTBEHHO N3MEHMIINCH KOHCTPYK-
THBHBIC PEIICHHS! KOPOTKUX CETEll, IepBOHaYaIbHBIE PacyueT-
HBIE M CHPAaBOYHBIE HIEKTPOTEXHUIECKHE U T€OMETPUUYECKUE
HapaMeTphl AMEKTPOIIeYHbIX ycTaHoBOK (DITY) [1-10].

[Ipu yBenmmyeHNH MOITHOCTH M T€OMETPUYECKHX MapaMeT-
POB Tieueil MPOU3BOJAT PEKOHCTPYKIMIO TpaHC(HOPMATOPOB U
KOpOTKMX ceTedl. Ho uX HOBbIE 3HAUEHMS TOTEPH XOJOCTOIO
XO/la ¥ KOPOTKOTO 3aMBIKaHUs ISl TpaHC(OpMaTopoB M Xa-
PaKTEpUCTUKN KOPOTKHUX CETeH B JIydIeM CIIydae PacCUUTHI-
BaroT 1o 3agaBaeMbiM ['OCTom 3Ha4eHHMAM TUIOTHOCTH TOKA B
MPOBOJIHUKAX, MMPOLEHTHBIX BEIMYMH MOIIHOCTH U B HaIpsi-
JKEHHUAX KOPOTKOTO 3aMBIKaHMSI, HE BBIIIOJIHS XOJIOCTOIO X0/1a
B MNPSAMBIX 3amepax. J[iss HOBBIX M MOJEPHU3HPYEMBIX SJIEK-
Tporlieyell aKTHBHbIE W WHIYKTHBHBIE COCTABIISIOIINE COIPO-
THBJICHHS 3a4acTylO TOJBKO PACCUMTHIBACTCS 110 SMITUpHYCE-
CKMM (opMynaM IpH KOHCTaHTaX, KOTOpbIE JlaJieko He 0e3-
ynpeunsl [1-3].
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2. MeToabl 1 MaTepHAJIbI

D¢} eKkTUBHOCTP TEXHONOTHH, KOHCTPYKTUBHBIX H T€O-
MeTpudeckux mapamerpoB OIIY, BmecTe ¢ BO3EHCTBYIO-
MU (aKTOpaMH Ha BEJIMYMHY aKTHBHOTO CONPOTHBIICHHUS
BaHHBI (RB) ((hU3UKO-IIPOCTPAHCTBEHHBIC CBONCTBA INUXTHI,
MOJIOKEHHE DJIEKTPOJIOB U JIEKTPUUECKUIN PEXHM) BhIpaxka-
eTCsI B TEXHOJIOTHUECKHX 3aTpaTax aeKkTporHepruu (YP-
DTexH), yAeNbHOTO pacxona sJekTpodHepruu (YPD), mo
[IOJIHOMY METaJlTy, BBIIUIABIIEGHHOMY B ME€YH B ClEyolen

dopmyne [4-6]:
1+ Tie.
RS
=VPO,

onm (1)
1— Vmena
R

]

YP3

mexH

rae YPD,ur — yIEIbHBIA PacXod dNEKTPOIHEPTHH; Frenn —
TEIJIOBBIE TOTEpH; Ry — aKTUBHOE COMPOTHUBIICHUE BaHHHI.

JlanHas ¢opMyna mokas3bplBaeT BIWSHUE Ha MPOU3BOIH-
TenapbHOCTh DITY He CTONBbKO abCONIOTHBIX BETUYHH AKTHB-
HBIX CONPOTHUBIIEHUN PHEPTOMNOJIBOAA M BaHHBI, CKOJBKO HX
COOTHOILIEHUS, KOTOPBIE SIBISIIOTCS MHAMBHUIyaJIbHBIMH JJIS1
Ka)KJOM MeYH U CIUIaBa.

NMeHHO MOATOMY Ja)ke CIIMLIKOM JOCTOBEpHBIE CIIpa-
BOYHBIC a0COJIIOTHBIC BEIHMYUHEI 110 IMapaMeTpaM aKTHBHOTO
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COTIPOTHBIICHHUS TpaHchopmaTopa (rrp) U aKTUBHOTO COIIPO-
THBIJICHNSI KOPOTKOHW CETH (Ixc), BBIIBICHHBIC Ha JEHCTBYIO-
mux ¢eppocmiaBHeix neyax [3-10], B OTpBIBE OT aKTHBHOTO
CONpOTHBIIEHHUs] BaHHBI (RB) He MOTYT CBUAETENBCTBOBATH
00 3¢ (eKTUBHOCTH TEXHOJIOTUH JUIsl TaHHOTO ciiaBa JI1Y.

AHanu3 JaHHBIX BEJIMYMH CONPOTHUBIEHUN KOPOTKHX Ce-
Tell IpUBEACHHBIX B padoTax [1,2] mokas3piBaeT, 4TO MX KOH-
CTPYKLIMSI CO3/1aeTCsl U3 YCIOBUsI 00ECHEUEeHUs] DHEpreThuye-
ckoro KIIJ] oxono 0.915 mo oTHOMmIEHHIO K CONPOTHUBIICHHE
3JIEKTPOIICYHOH ycTaHOBKH (Ry), BEIYHCIEHHOMY OT CpeTHUX
BEJINYMH TOKOB W HANPSHDKEHWH B HArpy304HO Tabmmile
NPUHATOTO TpaHchopMaTopa, B KOTOPOH JHEPreTHYECKHU
KII[I ompenensiercst U3 akTHBHON MOIITHOCTH Ha ¢a3e ToTe-
pe MOIIHOCTH B KOPOTKOH CETH, T.€. BOOOIIE HCIIOIb3YIOT
aOCTPaKTHYI0 aKTHUBHOTO COIIPOTUBIICHHS KOPOTKOH CeTH
(rec), @ akTHBHOE compoTuBieHne Bauubl (R,) He durypupyer
BOBCe ((popmyrna 5).

[Tpu pacuere mone3Horo (a3oBOro HarpsHKEHUs Teden
(Ung), ucxonas u3 hopMyssl

Un¢ ZC'Pgn (2)

C BbIOpaHHBIMU KO3 dHLIMeHTaMU NIpU pazderax c=4.6 —
5.8 u n=0.25-0.38 BBIMHCIAIOT BTOPUYHBIH JMHEHHBIH TOK
anextpona (I,)

PB
I, = Uny @)
Imax = @.2-1.3)-1, (4)

r7ie ¢ ¥ N — K03(UINECHTHI, 3aBUCSIINE OT BU/A ITPOIIEC-
ca (IJIaKOBBIM MM OECIIIAKOBBIM — n) M OT MapKu (dJIeK-
TPUYECKUX XapaKTEPUCTUK IIMXTHI M 3JIEKTPHYECKOTO pe-
)KUMa — C); PB - MOIIHOCTB, BBIAETSAIOMIANACS B BaHHE IEUH,
MBT.

Ilo mocrneaneMy WIM MO TOKY KOPOTKOTO 3aMBIKAHHS
PacCUNTHIBAIOT AaKTUBHOE COIPOTHBICHHE KOPOTKOH CeTH
(rec) W OHpEnessoT XapaKTePUCTUKH TpaHchopMmaropa H3
CTaHAapTHOrO psifa [3], HO C YCIOBHEM, UTO SHEPI€TUYECKUI
K03((HUINEHT TOJIC3HOTO NEHCTBHS IPH YCIOBHUH MOIHOTO
MCIIOJIb30BaHUS SHEPTHU JOJDKEH OBITh Oombire 0.915

Ul
I

Unqb/

0.915> | oKTI = >0.87

()

2 9 KC

Opnako Ttakoit 3KIIJl mpakTtmdeckm HemocTmxuM [2].
UToObI BEIBECTH aKTHBHOE COMPOTHUBIICHHE KOPOTKOW CETH C
TpaHCHOPMATOPOM (Twxc) M3 3aBHCHMOCTH OT aKTHBHOIO
conpoTHBiieHHs BaHHBI (RB), BTOpHYHOTO JIMHEHHOTO TOKa
anekTpoaa (IJ), TUIOTHOCTH TOKa B MaTepHaje BBIBENH Clie-
JYIOIee SMITMPUIECKOE BHIPAKEHHE (Tkic) A PA3IIMYHBIX 110
THUIly W MOIIHOCTH DJJICKTpOIleYed Ha NpHMEpe pacyeToB
Crpynckoro b.M. u3 pa6oTtsI [2]

D@ DP

ooy + np + Pye 2

rynK Xe T

Tn
r.,. = + .
e 2+ Ly (So ‘N

K, ()

mpn )

TA€ Tynx — AKTUBHOE COIPOTHUBIIEHUE EMKOCTHBIX KOHJICH-
CaTOPHBIX OaTapeil, 0 HAJIMYHHA KOTOPOTO CBUJICTEILCTBYET
TEIUIO, BBIAEJAIOIEECS B IOMEIICHUM pa3MELIEHUs ycTa-
HOBKHU IPOJOJbHO-EMKOCTHOM KOMIIEHCALUU; X — €MKOCT-
HOE COTPOTHBJICHHE pabodee NPU PETYTUPYEMOM HHCIE
KOHIIEHCATOPOB B 6aTapee; tosm/ toxn — JOJIS BpEMEHH BKIIIO-

21

YEHHOW YCTAHOBKH TPOJOJIbHO-EMKOCTHOW KOMIICHCAIIHU
(VIIK) B manHOM 00Imem mepuonae padoTsl neun; Dg — mma-
MeTp BaHHBI; Dp — auamerp pacnazna 37neKTpoAoB; Iy, — CO-
MPOTHUBJICHHE TPAHC(HOPMATOPHOTO arperara; pyc — yJIeIbHOe
aneKTpoconpotuBieHne  marepuana (YOC)  TpyOommH
(0.018-0.022 MxOM'M); S, — mIIOIIAAL CEUCHHUSI OMHOM TPY-
601mmHbl; Nppn — KoJTMuecTBO TpyO B makeTe Ha mnostoc-dasy;
T — napeke tuna neun (PKO-1.2, PK3-1.05 u 1.1.); K5 —
sMnuprdeckuii ko3¢ ¢unument; L., — paccrosHne Mexmy
BBIBOJIAMH CpETHETo TpaHchopMaTopa W BHYTpEeHHEH Qyte-
POBKOi1 BaHHBI.

B paccmarpuBaemMoM psne nedei MOLIHOCTBIO OT 12 1o
80 MB-A cmpaBouHBIi pa3der 3HaUeHUA aKTHBHOTO COTIPO-
THBJICHHS KOPOTKO#t ceTr ¢ TpaHCHOPMATOPOM (Twe) COCTAB-
aset 0.22-0.09 m-Owm [1].

Kaxk npaBuiio, B akTHBHOM COIIPOTHUBIIEHHH KOPOTKOM ce-
TH ¢ TPaHCHOPMATOPOM (Tw) PA3TUYAIOT CICAYIOIIME I10-
Y3JIOBBIE U MOJICTAIBHBIE COMPOTUBIICHHS

rKKC

()

1€ lynx - AKTUBHOE COIMPOTHBIIEHHE €MKOCTHBIX KOHJICH-
caToOpHbBIX OaTapei, 0 HAJIMYMH KOTOPOTO CBHICTEIBCTBYET
TEIUIO, BBIACIAIONICECS B IOMEIICHHH pa3MELICHHs ycTa-
HOBKH TIPOJOJIbHO-EMKOCTHOH KOMIIGHCAIINH; [¢x - COIpO-
THUBJICHHE KOHTAKTOB (TIE€PEXO0Jbl IIMHHBIX BBIBOJOB TPaHC-
¢dopmaropa B TpyOUaThie (IIMHHBIC) TAKETH W THOKHUX IaKe-
TOB, M3 TpyOOImMHBI B OammMakax. J[aHHBIX O 3HAYECHUSX B
M-OM IpaKkTHYECKH HEe UMeeTcs. 3aBHCAT OT KauecTBa MEAU
u 00NTOBOM COOPKH, TaK)Ke OT BPEMEHU HAXOXKACHHS B JIKC-
IUTyaTalum); lpun - TpyOdaThle (WIMHHBIC) MakeThl (TIpo-
THO3HBIE PacueThl MO BIUSHUIO aKTUBHOTO CONPOTHBIICHHMS
BHEIIHETO HHEPTOINO/ABOAA Ha BEAYIIHE MOKAa3aTeNIH IUIaBKU
KaK MPOW3BOJUTEIBEHOCTD NEYN M YICNBHBIH Pacxon 3JeK-
TPO3HEPIUU TP COXPAHEHHUH TEXHOJIOTHYECKOTO pPEXHMa,
MOKa3bIBAIOT 3HAYNTEIbHBIC SKOHOMUYECKHE pe3epBhl. Tak,
HarpuMmep, MpH COXPAaHEHWH HAPY)KHOTO PaaMyca MEIHBIX
TokoBenymmx Tpyo (Ru=25 MM) yMeHbIICHHE COMpPOTHBIIC-
HUA ¢ 0.19x 1o 0.12xk MOM (k — mons ydacTus TpyOdaThIxX
nmakeToB u3 konudectBa (N) TpyO B aKTMBHOM CONPOTHBIIE-
HUHM KOPOTKOM CETH ¢ TPaHCHOPMATOPOM (Tyic)) HMPUBEACT K
YMEHbBIICHUIO BHYTPEHHETO PaJlyca MEIHBIX TOKOBEILYLIHX
TpY0 (Rauyrp) € 20 1o 16.4 MM, K pocTy Macchl Meau B 1.583
pa3a, K pOCTy NMPOU3BOAUTENEHOCTH, C YU€TOM CIIOKUBIINX-
cs MOTEepPh META/UIa CO IUIAKOM W MpH pasiauBke m0 77.8
npoTUB 72.6 TOHH, M K CHIDKEHHUIO YJEIBHOTO Pacxo/a 3JeK-
tposnepruu (YPD) no 6452 nporus 6909 kBt-4/T); Ir -
COIIPOTUBJICHHE THUOKOCTEH (B 3aBUCHMOCTH OT MO3MIMH
MOZIBMKHOTO ¥ HEMOIBIXXHOTO OAIlIMaKoB, T.€. OT IOCAJKH
JIEKTPOAOB CYIIECTBEHHO N3MEHSETCS MHAYKTHBHOE COIIPO-
THUBJIEHHE THOKOCTeH Xr (MOM). AKTHBHOE COIPOTHBIICHHE
ruOkocTedl (ry) 3aBUCHUT OT KaOeIbHOTO WM JIEHTOYHOTO
UCTIONIHEHUS, CTENICHH 00Trapa, 1 BpEMEHH 3KCILTyaTalllH, CO
BpeMeHeM MOXKeT HoBbImarbes Ha 40-50% oT HaganbHOTO);
ltp> - CONMPOTHBIICHHE TOKOIOBO/A K KOHTAKTHBIM MIEKaM
AIIEKTPOACPIKATENS — 3TO BEPTHUKAJIBHBINA BOIOOXJIAKIAEMBIX
TpyO, 3aBHCHMOCTh Takas e Kak y TpyOuaTbIX (IIMHHBIX)
NaKeTOB (Trpun); lus — CONPOTHBICHHE KOHTAKTa IIEKa-
IEKTPOX; Is-y.ux — CONPOTHUBIIEHHE y4YacTKa JEKTpoJia «00-
Pe3 KOHTAKTHBIX IEK-YPOBEHb IIMXTHI», 3aBUCHUT OT CTEIIEHH
CKOKCOBAaHHOCTH W CKOPOCTH Cpa0aThIBaHHs 3JIEKTPOJA.
«CpIpoii» DIIEKTPO MOXET YBEJIMYUTH CONPOTUBIICHHE TO-
komonBoAaa Ha 20-40%. 3aBUCHUT OT O3KCIUTyaTaIlHOHHBIX
XapaKTEPUCTHUK CAMOCHEKAIOMINXCS DIEKTPOIOB.
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Hcxons n3 ¢popmyisl 7, IPUBENEHHOW BBIIIE, BHUMAHHE
COCPEIOTOYEHO, B OCHOBHOM, Ha COIPOTHBICHHH TpaHC-
¢opmaropHoro arperata (rrp) U Ha CONPOTHUBIECHHH TpyOUa-
TOro (UIMHHOTO) MAKETOB (Frpu.n), TAE OLICHUBAETCS TONBKO
JIOMYCTUMasl MJIOTHOCTh TOKa B HHUX. OCTalbHBIE COCTaBIISI-
IOIUE MPAKTUKON UTHOPUPYIOTCS KaK B U3MEPEHHH, TaK U B
pacyerax.

KOHCTpYKTHBHO OTAENbHBIE YYaCTKH CETH, THUIA KOH-
TaKTHBIX Y3JI0B MeIb-Melb, OOBENUHIIN pPACYCTHO IS
YMEHBIIICHUS X KOJUYECTBA W MPUBEACHUS MX IIapaMeTpOB
K Kakoi-TO JOCTOBEpHOM 3aBUCUMOCTU OT COOTHOILEHUS
JUHEHHBIX Pa3MepoB, KOHCTPYKIIMH M KayecTBa BBIMTOJHE-
HUSL.

AOCONIOTHBIC, TOACTANBHBIC U B IIEJIOM, BEIHYUHBI CO-
MIPOTUBJICHUI KOPOTKON CETHU JOJKHBI ONPENETATh:

- TEOMETPUYECKUE MApaMeTPhl MeyH (BKI0YAasi AUaMETPhI
BaHHBI Dp, 3nextponos D3, pacnaga anextponoB Dp, Bbico-
ThI BaHHBI Hp), ycTaHOBKa TpaHc(hopMaTopa B IUIaHE, BBICOTA
pasmMenieHus u rabapuThl KOPOTKOH ceTu;

- Ka4eCTBO MaTepHaNIOB, KOHCTPYKTHBHOE O0(OPMIICHHE H
Ka4eCTBO UCTIOJTHCHUS;

- cobOmroneHne TpeOOBaHUH pabOTOCTIOCOOHOCTH MaTepH-
QIBHBIX KOHCTPYKIHMI CEeTH C JOIYCTHMOH INIOTHOCTBIO TOKA
IPU €r0 MaKCHMaJIbHO BO3MOJKHOM BEJIMUNHE;

- XapakTep BBIIIaBKH (eppocIiuiaBoB (T.e. OTHOIICHHE
I'eel RB ¥ Trens/ Rp momxHBI O61TH MeHee 0.15 U pa3auvHbIMU B
psly MapraHueBbIX, KPEMHUCTBIX U XPOMHUCTBIX CILIABOB);

- HO HE 3aJjaBacMble WM TpeOyeMble 3HaUCHHS DJIEKTPH-
yeckoro KIIJl, xoaddunmeHTa MOIHOCTH NEYHOTO TPaHC-
¢dopmaropa (cosp) U HeKOHKpeTHass MOImHOCTE Pp=Umnd-I>,
TIPEIIoIararomas JJIo0se COOTHOIIEHHS TI0JIE3HOTO (ha3HOTO
HanpspkeHus (Ung) u Toka (I3) npu Und - Is=const.

3. Pe3ysabTaThl 1 00Cy:KIeHUE

Paccmorpum mapamerper paboter meun Ned3  deppo-
crutaBHOro Iiexa Ne4 Axcyckoro 3aBoja QeppocmiaBos (T.
Akcy, IlaBnomapckas 001acTh) B CBS3M C M3MCHECHHEM Xa-
PaKTEpUCTHK TOKOIO/ABOA PU MOJEPHU3AIMHU AJIEKTPOIIeY-
Hoil yctaHoBkH (DIIY). 'eomeTpuyeckue M 3IEKTPOTEXHU-
geckue mapaMmeTpsl 3jekTporedn Ne43 mpesacraBieHBl B
Tabnuue 1.

Taonuya 1. I'eomempuueckue u IneKkmpomexnuiueckue napamempst rnexmponeuu Ne43

HpOGKTHLIe TCOMETPHUUCCKUE MapaMETPhI, M

OnexTpornedn [uametp anexrpona, Huavetp JunameTp BaHHBI, Huametp BeicoTa BaHHBI, Bericota
pacnana
D» Ds KonomHuka, Dx Hp BOPOHKH, he
3eKkTpoaoB, Dp
Ileup Ne 43 14 3,90 7,9 10,0 2,93 0
DIEKTPOTEXHUIECKUE MapaMeTphl, I 1 x B MOM
AKTHUBHOE COTIPOTHB- HNunyktuBHOE . CryneHnu BTo-
o Jluneiinoe
JICHUE KOPOTKOM CETH WNunykTusHOE COTIPOTHB-€ C pHUYHOTO MotHoCTh
DnekTponeyn HampsHKEeHHe,
¢ TpaHchOopMaToOpoM, CONPOTHUB-€, Xxxc VIIK, U. B HanpsDKEHMS, neun, S, MB-A
Fkxc Xc v Uﬂ Cm, B
ITeup Ne 43 0,19 0,37 0,676 140-230 23 25

[To ycnoBuAM 3KCHEPUMEHTAIbHBIX BBIYMCICHHUH, MOII-
HOCTh Py, cocTaBbl MeTayuia M IUTaka IPOU3BOZACTBa (heppo-
CHJIIKOXpPOMa OCTAlOTCSl TOCTOSIHHBIMH, IPAKTUYECKH IIPH
TIOCTOSIHHOM  YJISJIbHOM  3JIEKTPOCOIPOTHBIICHUH TBEPAOH
mmxThl YOCmre=10.77-10.74 MOMM U yIeNbHOTO 3JICKTPO-
conpotuBiieHus nutaka ¥YCmn=1.7-2.02 MOMM HE3aBHCHMO
OT TOJIOKEHHUSI DJIEKTPOJOB M AJIEKTPOTEXHMYECKUX Mapa-
METPOB TOKOIOBOJIA.

[TepeueHp BHIOOPOYHBIX MAPAMETPOB U3 PaCUETHBIX JaH-
HBIX KOMITbIOTepHO-pacueTHBIX nporpamm (KPII) ¢ momHeM
00BEMOM COCTaBIISIET:

1. Haznauaemble mapaMeTpsl paboThI I1eH:

- COIIPOTUBIICHUS KOPOTKOH ceTH (I'«c), HHAYKTHBHOE CO-
MPOTHUBJICHHE KOPOTKOH CETH (X«c) U HMHIYKTHBHOE COIIPO-
THUBJICHHE CETH C YCTaHOBKOW HPOJOJIBHO-€MKOCTHOH KOM-
nercanueit (X.YIIK), MOmwm;

- nuameTp 371ekTpoaoB (Da);

- IIIMHA TOTpYy>KeHHOH B BaHHY nieud (h») n obmas mmnHa
(hs0) a1exTpo0B;

- mocajka 31exktpooB (I1), m.

2. Bapeupyembie mapaMmeTpsl Uik COOTIOSHUS TTOCTOSH-
HeiMu MomHocth (Py, MBT) u paBenctBa PrapCPII= Prm,
aT™M:

- BTopHuHOe JinHeliHoe Hanpspkenue (Un, B);

- 00beM KHIKOH (asbl B €JI0€ CTEHOK TUIJISI OCHOBHOTO
(qVxero);

- nopo3HOCTh mHXThI (qI13);
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- BbicoTa TBepAoit muxthl (hmre) yepe3 ko3 unmeHt
k/hirs;

- ko3 unreHT 00paTHOTrO KOHyca IMUXTH K/00p.K, B (-
JIo1e;

- peryJaupoBOYHbIH KOA(PQUIMEHT TeIUIOBBIX MOTEPh WA
YCJIOBHOTO COIPOTHUBIICHUSI TEIUIOBBIX MOTEPh (K/TEIT), q K
OajaHCy BBIJEJICHUS DHEPrMM B MarmMaTu4eckoM OJioKe
(Pwm.6n);

- CTPYKTYPHBIE COCTaBbl METAJUIOB U IIUIAKOB B CyMMap-
HOM paBHOBecHOM mporecce (CPII).

3. PacyeTHble 3JIEKTPOTEXHUUECKUE apaMeTphl IIeUH:

- oAb ceueHus pakrmdaeckas (Sdakr, KBA);

- aktuBHast MomrHOCcTh (Py, MBT);

- mureitHoe Hanpspkerue (Un, B);

- BTOPUYHBIN JIMHEHHBIH TOK 3ekTpoaa (Is, kA);

- aKTHBHOE CONPOTHUBIICHHE 3JeKTpoycTaHOBKH (Ry) n

WHIYKTHBHOE COTPOTHUBIICHHE OIEKTpoycTaHoBKU (Xy),
MOMm;

- ko3 (UIMEHT MOUTHOCTH TEYHOTO TpaHcpopmaTopa
(cosg);

- MOIITHOCTB AMIEKTPHUYECKUX MOTeph (Pan.noreps), MBT;

- momHocTh (P) u Harpyska (qremn) K MOLIHOCTH ycTa-
HoBKH (Py),

- sHepreruueckuii KI1/I;

- MOIIHOCTb, BbIAEIAIOMascs B BanHe neuu (Ps), MBT;

- MOIIHOCTb dHTaNbIMKHAS (Pont), MBT;

- IUIOTHOCTHU TOKa B 3JeKTpoe (i>) M B KOHTAKTHBIX IIe-
Kax (imek), KA/M2.
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IIpu nposenennn pacueroB KPII ncnonszoBanu onunHa-

IIaTh PeXXUMOB paboTeI eun. B manHoi pabote paccmarpu-
BaeTcsi HauOosee MPUOIKSHHBIN A1 MPOM3BOJICTBEHHBIX

ycnoBuit pexum 10.

u3MeHuwIoch (M): hao =2.7; I1=0.9; h»=1.8.

Tabnuuya 2. dnekmpomexnuueckue napamempsvt MOKON00600a

Pexxum 10 - 37€KTpOTEXHUYIECKUE MapamMeTphl TOKOIIO/-
Boja (Tabiuma 2) MoABEPTINCH MOACPHU3ALNH 10 3HAYCHAN
Mae=0.15, Xe=0.4, xcYIIK=0.4732 MOM, a monoxkenue hoi

ArperarHas Temmeparypa
Pacuetnoe JaBJIC-
No Bropuumbiii TBEPIOXKUI- Bricora Koadpduuu- YcnoBHOE 1rie CO B 130B0M TepMOAUHAMUYe-
em:xMa JIuneitnoe MHCHHbL Kasi 30Ha ToposHOCTS TBEPJOi €HT 00paTHO- | CONMPOTHBIIE- 1yabihe Tepvom. | CKOTO PaBHOBECHS
p 6 HapsyKCHUE, CTEHOK THUIJIsL P 1T HIMXTBI 4EPE3 TO KOHYCa HHE TEIJIO- Y3BID! pMon B CyMMapHOM
paboTet U, B TOK SEKTPO- gepe3 Kodh- THHXTEL, gL k0addu- LINXTBI, BBIX I1OTEPb, HAMITICCKOTO PaBHOBECHOM
equ na, l,, k4 MOJICTTMPOBAHUSL
B ¢ureHt, uent, k/Nyrp klo6p.k kImenn P I > npouecce, Tryp
Koo /11, K12 CPIT, °K
Ea:’;""‘ 157 855 0375 0.81 05 1.0 1.0 3.19 1970
P"EK(;‘M 155 86.0 0.200 0.81 0.8 0.98 0.878 3.123 1990
CorporuBiie- CornporuBiie- Mousocts | MoUHOCTB BbljIe-

Ne C(I?I'IKT:TI::]IB?IZ- SII?IZPT(];TGHBJ(I); HHEC CJIOA COl'IpOTI/[BJ'IeH HHE MarmMaTu- BIZ{O:;II:I?(:TIE- BBIJICIIARO- Jrroniacsa co MOH_[HOCTI)
pexumMa p a P cronba ue Iyry, YECKOro CH ame macs TBep- CTEHOK TUTJIS SNEKTPORYTH, Pyyry,
paboTsI ng B SHM’ Rumxné, [IUXTHL, Royeus MOM 0J10Ka, 1’1 B ; HKHB JIOM IIMXTOH, OCHOBHBIX, Pcro, kBT

» MOM wnes MM R 1y MOM RugnmOM | "= PV | p kBr KBr
Ba?’;“"‘ 0.76 247 1.46 2.97 1.70 16981 5272 8972 1774
Pe;‘gm 0.79 1.40 335 2,74 1.49 17652 10016 4320 2148
3arny0senue 21ekTpoaoB Ha 0.8 M ¢ TMOHMKCHHOH TO- [3] Kulinich, V.1., Golovachev, N.P., Suslov,
cankoir 0.9 M BMecTe CO CHW)KEHHEM aKTHBHOTO CONPOTHUB- AV., Klimenko, V.F. & Varkentin, P.P. (2007). Deter-
JIeHUsT KOPOTKOW CeTH ¢ TpaHCHOPMATOPOM T M0 0.15 u mining the active-inductive components of the imped-
HHyKTHBHOTO COMPOTUBIIEHUS Xxre 10 0.4 MOM pe3ko u3Me- ance in electrofurnace power-supply components. Steel
HWJIO pacrpejesieHne SHepruu Pi mo 30Ham ¢ yBelnnYeHHEM in Translation, 37(6), 524-531
MOIITHOCTH BBIJENSOIIasIcs TBepaoi mmxtoit (Pmrs), moutn  [4] Suslov, A.V., Kulinich, V.1., Shcherbatykh,
B JIBa Pasa, 3a CYET YBEJIMYEHHS BBLICOTHI TBEPIAOH IIMXTHI V.M., Zamyslov, V.G. & Bastrykin, V.Yu. (2008). Dis-
p y p
hurs 10 1.411 M npoTtuB 0.8 M mo 6a30BOMy ¥ 3TO HpH MO- tribution of the energy and electrical parameters of fur-
p y p
CTOSIHHOM Ka4eCTBE M TOPO3HOCTH IIUXTHI. YMEHBIICHUE naces of different power according to the PET program.
BBIJICTICHUSI DHEPIHMU MOIIHOCTH CTEHOK THUIJISI OCHOBHBIX Steel in Translation, 38(2), 158-160
(Pcro) mo 4320+8972 kBt cHu3MI0 00BEM KUAKOH (a3bl ¢ [5] Kulinich, V.1, Suslov, A.V., Chikhichin, V.Y., Rodygin,
yMEHbIIEHUEM ee TIOTHOCTH 10 2131/2309 kr/mP, AYV. & Masalov, V.P. (2010). Methods of predicting
technological developments and simulating electro-
4. BoIBOABI furnaces in the smelting of ferrochrome. Steel in Trans-
. lation, 40(4), 347-354
Takum 00pa3om, MOJEpHHU3AIMS KOPOTKOW CETH U yBe- [6] Kulinich, V.I, Zhunusov A.K., Tolymbekova, L.B
) , V., K, , L.B.
TMCHHC 3ArTyONICHHS SICKTPO/IOB B MIMXTY NIPHBCIH: (2015). Analiz vyplavki ferrosilicochroma pri primenenii
K SHAYUTCILHOMY CHIDKCHHIO aKTHBHOTO COTPOTHBIIC razlichnyh colichestv uglerodistyh  vosstanoviteley.
uust (Ry) mo 0.945+0.958 MOM U BTOPHUYHOTO HAMPSIKCHHUS Vestnik KazNTU, 2(108), 414-419
Un po 155 B; . [7] Kulinich, V.l., Zhunusov A.K., Tolymbekova L.B. &
- K cHWKeHu1o conepxkanusa SiC B uuiake 10 15.1 u cHu- Zhunusova AK (2016) Modelirovanie
emio yaera SiO2 zo 678'?;628'6 /Kr/ T, 910 CHOCO&.:TBOBMO veschestvennogo stroenia vanny rudovosstanovitelnoy
YBEJIMHICHIIO METaJlIa J10 ¢ KIVT PYJIHOTO ChIpbA, electricheskoy pechi. Vestnik KazNITU, 4(116), 425-429
- paaMyc akTMBHOTO CXOJa INMXTHl Ra TPHUIABHHYJNCS K [8] Sariev 0. Kelamanov B., Zhumagaliyev
BHyTpeHHeil pyTeposke 10 0.398 M pMecto 0.528 m, ymy4- Y., Abdirashit, A. & Almagambetov, M. (2020). Remelt-
LHIToch OT};?meH“e Rp/Ra no 1.217 (Rp — pammyc pacriata ing the high-carbon ferrochrome dust in a direct current
SIEKTPONIOB); . . arc furnace (DCF). Metalurgija, 59(4), 533-536
- 3arnyOJIeHHE DJIEKTPOJIOB C MX MMOHMKEHHOM IOCaIKOU [9] Zayakin, O.V., Zhuchkov, V.I. & Leontev, L.I. (2018)
MOBBICHIIO NPOM3BOXNTENLHOCTE MeH 110 79.8 T, a y/lebHENi Electric Furnace Bath Structure During High-Chromium
PacXo]l JMEKTPOOHEPTHH CHUSHICA J0 6234 kBT/2'T wim Ha Ferrochrome Production. Metallurgist, 62(5-6), 493-50
870 xB1/a-T. [10]Shabanov, E.Z., Baisanova,  A.M., Grigorovich,
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DeppocINKOXPOMIbI 0ATKBITYAbIH TEXHUKAJBIK-IKOHOMUKAJIBIK
KoepceTKimTepiHe OeplIeTiH TOKTBIH JIEKTPJIK CHIIATTAMAJIAPbIHBIH CEPiH
Tajagay

AK. Kynicos™, B.M. Kymuruaf, A.K. XKynicosal

Topaiisvipoe ynueepcumem, Ilaenodap, Kazaxcman
2Unnosayusnvix Eypasus ynueepcumemi, Ilasnodap, Kazaxcmarn

*Koppecnonoenyus ywin asmop: zhunusov_ab@mail.ru

Anparnma. byn Makamaza TOK OTKI3TIIUTIH OJIEKTPJIIK CUIaTTaMallapblHBIH — (EeppOCHIIMKOXPOMABI  OaNIKBITYABIH
TEXHHUKAJIBIK-DKOHOMUKAIIBIK KOPCETKIIITEPiHE SCepiH 3epTTey HaTIKenepi kentipiireH. DI1Y >kaHFBIPTY Ke3iHIETI TOK OTKI3y
CHIaTTaMaJapbIHbIH e3repyiHe OainaHbICTBl AKCY (eppokopbiTna 3aybIThIHBIH Ned (eppokopbiTiia nexThiH Ned3 merniHig
JKYMBIC TIapameTpiiepi Kapaiasl. DKCIEPUMEHTTIK ecenTey IapTrapbl OoiibiHIIA Py, KyaTsl, heppoCHIMKOXpOM OHIIPICIHIH
METaJUT XKOHE KOXK KypaMmbl, dJIEKTPOATAPABIH KHE TOK OTKI3TIIUTIH AJIEKTPIIIK HapaMeTpIepiHiH OpHajJacyblHA KapamacTaH,
KaTThl IIMKIKYPaMHBIH YJIECTI JJIEKTp KeJeprici jkoHe KOXKABIH YJIECTi 3JEKTp KeIeprici TYpakThl OOJBI Kalabl.
Komnprotepiik-ecentik Oarmapinamanapasl (KEB) ecentey kesiHme memrtiH oH Oip XYMBIC pekuMi maiimamaHsuiabl. Ocbl
JKYMBICTA OHJIPICTIK JKaFgail YIIiH eH KakelH pexxuM 10 Kapactelpanel. MopnepHuzanmsara pexuM 10 OOWBIHIIA TOK
OTKI3TIIITIH AIEKTPIIK MapaMeTpliepi OTKI3UIAl. DKCIIEPUMEHTTIK ecelTey MapTTapbiHa colikec Py Kyathl, GpeppocHinkoxpom
OHJIPICIHIH MeTall JKoHE KOXK KypaMbl TYPaKThl OO Kanmamel. KpIcKa JKeNiHI MOISPHHU3AINSIAY KOHE AIICKTPOATAPIIBI
KOKIa TepeHICeTYHiH >Korapbuiaybl Ry-merH 0.945+0.958 Mom-ra peftin skoHe Un exinmi kepHeyiHiH 155 B geiiin
TeMeHeyiHe, Koxkaarel SiC KypambiHbIH 15.1-re neiiin TemeHneyiHe xoHe SiO2-HiH 67.0+68.6 Kr/T. neiliH ToMeHeyiHe
OKeNi. DJICKTPOATAPABIH TePEHICYi OJapAblH TOMEH KOHYBIMCH MCIITIH OHIMAUINiH 79.8 TOHHara HeHiH apTTBIPABI, ajl
9JIEKTP SHEPTUSCHIHBIH HAKTHI IIBIFBIHEI 870 KBT/car T TemMeHneni.

Heeizei co30ep: Oencendi kedepei, KblcKa dicelli, mpanchopmamop, GeppoCcuiukoxpom.

AHaJIN3 BIUSIHUSA INEKTPOTEXHUYCCKHUX XAPAKTCPUCTUK TOKOIIOABOAA
Ha TEXHUKO-IKOHOMHUNYECKHUE ITOKa3aTe/IN BbIIIJIAaBKH (l)eppOCI/l.]'II/IKOXpOM

AK. Kynycos!, B.M. Kymuund?, A.K. Kynycosa'

YTopaiizoipoe ynusepcumem, Ilasnodap, Kazaxcman
2Unnosayuonnwiii Eepasutickuii ynusepcumem, Ilasnooap, Kazaxcman

*Aemop ons koppecnonoenyuu’ zhunusov_ab@mail.ru

AHHOTanu#. B naHHON cTaTbe MPHUBOAATCS PE3yNbTaThl UCCIENOBAHMS BIMSHUS DJIEKTPOTEXHHUUYECKHX XapaKTEPHUCTUK
TOKOIIO/IBOJIa HAa TEXHHKO-3KOHOMHYECKHE ITOKA3aTeNM BBIIUIABKH (EeppOCHIIMKOXpoMa. PaccMOTpeHbl mapamerpbl paboThl
neun Ne43 Axcyckoro 3aBojia ()eppOCIUIaBOB B CBS3H C H3MEHEHHUEM XapaKTEPHCTHK TOKOIIOABOA MpH MoaepHm3anuu JI1Y.
[Io ycnoBusAM SKCIEPUMEHTAJIBHBIX BBIYMCICHHH, MONIHOCTH Py, COCTaBpl MeTa/ula H [IIaka I[POM3BOJCTBA
(heppocHUIMKOXpOMa OCTAIOTCS IMOCTOSTHHBIMH, HMPAKTHYECKH IPH MOCTOSHHOM YACIHHOM 3JIEKTPOCONPOTHUBICHUU TBEPIOH
IIUXTBl W YAEIBHOTO 3JIEKTPOCONPOTHBICHHUS IUIaKa HE3aBUCHMO OT TOJOKEHHUS DJIEKTPOJIOB M AIIEKTPOTEXHUUYECKUX
mapamMeTpoB TokomoaBojaa. Ilpm mpoBemeHHMH pacdeToB KoMmbloTepHO-pacueTHbIX mnporpamm (KPII) wcnoms3oBamm
OIMHHAIIIATH PEKUMOB PaOOTHI Ieur. B maHHON paboTe paccMaTpuBaeTcss Hanbosee MPHOIMKESHHBINA TS IPOU3BOJCTBEHHBIX
ycnouii pexxum 10. ITo 10 pexxumy 3IEKTPOTEXHHYECKHE IMapaMeTpbl TOKOMOABOAA MOABEPIINCh MoaepHu3anuu. Ilo
YCIOBUSIM AKCIIEPUMEHTAIIBHBIX BBIYUCIICHUH, MOIIHOCTH Py, cOCTaBpl MeTajula M HIIaka MPOU3BOJCTBA (heppOCHINKOXpOMa
OCTAOTCSl MOCTOSTHHBIMU. MoiepHHU3a1Msl KOPOTKOH CeTH M yBeNWYeHHE 3arityOieHus 3JIeKTPOAOB B MIMXTY NPHUBEIH K CHU-
xeHuto Ry 1o 0.945+0.958 MOwM u Bropnusoro Hanpspkenust Un 1o 155 B, k cHikenuto copepxanus SiC B nutake go 15.1 u
cHmkeHuto ynera SiO2 o 67.0+68.6 kr/T. 3arny0ieHue 31eKTPOAOB ¢ UX MOHIKEHHON MOCAAKOH MOBBICHIIO POU3BOAUTEIIb-
HOCTb ie4# 10 79.8 T, a yenbHbIA pacxo/] 3JIeKTpodHeprun cHu3mwics Ha 870 kB1/4-T.

Kniouegvie cnoea: akmusnoe conpomuenenue, KOpomras cemv, mpaHc@hopmamop, Geppocuiukoxpom.
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About the metallogeny of Kazakhstan and its significance
for the forecast of mineral deposits

B.M. Rakishev”
Satbayev University, Almaty, Kazakhstan
*Corresponding author: bolat_rakishev@mail.ru

Abstract. The metallogeny of Kazakhstan is considered from the standpoint of the concept of the Earth's crust stepwise de-
velopment and geotectonogens. Using examples, new regularities are established that significantly complement the well-
known scientific and theoretical ideas about metallogeny and the forecast of minerals, which have not previously been given
due attention. Currently, for many priority types of minerals, especially those that are city-forming, there is already an acute
shortage. Therefore, the replenishment of mineral reserves is an extremely urgent and important task for the country. In solving
the problem, the predictive-metallogenic direction of the metallogenic school of Kazakhstan, which was foundet by K.I.
Satpaev. We have described new regularities in the formation and distribution of mineral deposits, especially unconventional
ones. In selected promising areas, nodes and areas, large-scale integrated forecasting and prospecting and exploration work is
proposed. Considering the established patterns, special attention is paid to the ore content of the Precambrian, Volcanogenic
belts, Weathering crusts and stratiform mineralization. The role of predictive metallogenic studies of regional, special and local
is shown, with an analysis of existing and new materials based on the latest scientific ideas. The use of advanced technologies
will make it possible to establish new patterns of the deposit’s development in time and space, to identify new, including non-
traditional ore-bearing areas for Kazakhstan.

Keywords: metallogeny, geochemistry, economic minerals, row material resources, mineral deposits, predictive metallo-
genic research.

1. BBenenue U B NEPUOJ] HHHOBAIMOHHOTO pa3BUTHs. CJIOBOM, MUHEPAJIH-
HO-CBIPBEBBIE PECYPCHI SBIIFOTCS MCTOYHHKOM 3KOHOMHYE-
CKOTO TPOLBETaHMsI, HE3aBUCUMOCTH M IPOrpecca CTpaH.

MHuHepanbHO-CBIPEBbIE  PECYPCHl  OCTAIOTCA  OCHOBOM
skoHOMHKH Ka3zaxcTana M, Kak IOKa3ajdd HaIIM HCCIE0Ba-
HUSL, MOTYT OBITh 0a3MCOM JaJbHEHIIETO YCIENIHOTO pa3BH-
TUSI ¥ TIEPCHEKTUBBI OOHAPY)KEHWS PA3IMYHBIX MOJIE3HBIX
HCKOTAEMBIX JOCTATOYHBI JUIS TOJHOTO YIOBJICTBOPEHHUS
MOTPEOHOCTH CTPAHBI ¥ B OYIyIIEM.

OTKpBITHE MECTOPOXKIAEHUHN — ATO ITyTh B HEU3BEIAHHOE U,
[0 CYTH, CJIOXHBIA HccienoBaTenbekuil npouecc. Ilomyden-
Hbl€ Hay4HbIE JaHHBIE YK€ B cepeanHe XX BeKa Hadalu Io-
Ka3bIBaTh, YTO PACIpPEIEICHUE MECTOPOXKIECHUI NOAUUHAETCA
OTIpEIIETICHHBIM 3aKOHOMEPHOCTSM. VX BBISBIICHHE M HA OCHO-
BE ATOTO MPOTHO3MPOBAHNE OTKPBITHS PA3THMYHBIX MECTOPOXK-
JICHUI 00YyCIIOBJIEHO TTOSIBIICHHIO Ba)KHOTO HAYYHOT'O HaIpaB-
JICHNS] METAJUIOTEHWH W CHHTE3MPYIOIIEro TOCTHKECHHUS Teo-
JIOTMYECKUX 3HaHWi. LleHHOCTh 3TOTO HampasieHus B Kazax-
craHe OblIa JIOKa3aHa BIIEPBBIC MPOBEIECHHBIMH I10]] PYKOBOI-
crBoM K.M. CarnaeBa paboramu no LlenrpansHomy Kazax-
CTaHy, 3aCIy>KEHHO YI0CTOCHHBIMU JIEHUHCKOM npemMuu.

Takum 00pazoM, pemieHHe 3TOH HayYHO-NPAKTHYECKOH
3aJaud  aKTyaJbHO, OHA MMEeT BaXXHOE COLHUAIIbHO-
HSKOHOMHYECKOE 3HAUYEHHNE U 10 MHOTHM IIOJIE3HBIM HCKOIIa-
€MBIM SIBJIIETCS ONPEAEIAIONEH SKOHOMUKY CTPaHBbI.

OO6ecneueHHOCTh MHHEPAIBHO-CBIPHEBBIMH  PECYpCaMHU
CTpaHBl — TO W TOJHUTHKA, ¥ SKOHOMHKA, W HAIIMOHAJHHAS
Oe3omacHOCTh. Poilb MHHEpabHO-CBIPHEBBIX PECYPCOB IS
SKOHOMUKH CTPaHbl U XO3AWCTBEHHOU NESITENIbHOCTHU YeJo-
BEKa HEYKJIIOHHO BO3PAacCTaeT B CBS3U C POCTOM MOTPEOICHUS
MHUHEPAIBFHOTO CBHIPhSI U PACIIMPCHUEM IIEPEUHS HCIIONb3ye-
MBIX TOJIE3HBIX UCKOIMAEMBIX C MPUBJICYCHUEM BCE HOBBIX U
HOBBIX MX BHJIOB, TOTPEOHOCTH U IICHEI, HA KOTOPBIE ITOCTO-
SHHO pacTyT. M3-3a kpaiiHe HEpaBHOMEPHOTO Pa3MEIICHUS
MECTOPOXKJEHUI TOJE3HBIX HCKOMAeMbIX IO PEruoHaM u
cTpaHaM TnpoOieMa oOecledeHHs] MUHEpPAIbHBIM CBIPbEM
CTaHOBUTCS UCKIIFOYUTEIBHO aKTYaIbHOM.

OrpaHu4eHHOCTh W HEBO300HOBISIEMOCTh IOTEHITHAIA
HEAp CTaBIAT O0ECIEUYeHHOCTh MUHEPaTHHO-CHIPHEBOH IMPO-
JMYKIHEH B 9UCIIO HAUOOJIee BaXKHBIX MPOOIIEM, OMPEIeIIsIO-
X MEXTOCYIapCTBEHHBIE OTHOLIEHUS W OOIEMHUPOBYIO
MOJINTUKO-IKOHOMHUYECKYI0 00cTaHOBKYy. boprba 3a mcrou-
HUKH JIEUIEBOTO CHIPbS, a CJIEI0BATEIbHO, 32 SKOHOMUUECKOE
MPOLBETAHUE U BBHICOKHH >KU3HEHHBIH YpOBEHb CTaHOBUTCS
ompeeNIIomuM (HaKTOpOM Kak MHUPOBOW SKOHOMHUKH, TaK U
TEONONUTUKU. MUHEpallbHble PEecypchbl TaKKe€ BO MHOIOM
OMPENeNSAIOT PA3BUTHE IPOHM3BOJUTEIBHBIX CHJI M OoJee
MOJTHOE HUCIIOJIb30BaHHUE TPYAOBBIX PECYPCOB.

BocnomHeHne MHHEpPaTBHO-CHIPhEBOM 0a3bl SBISIETCS O-
HOW M3 OCHOBHBIX MPEINOCHUIOK YCIEHUIHOTO POCTa SKOHOMHU-
KW CTPaHbI KaKk Ha 3Tare WHAYCTPHUAIHLHOTO CTAHOBJICHHS, TaK
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2. MeTtoabl 1 MaTepHAaJIbI

CartnaeBckas MeTajuloreHHdeckas Imkona KazaxcraHa
CTajla y UCTOKOB HPOTHO3HO-METAaJUIOTCHUYECKOI0 HaIpaB-
JIEHUsI, UX JIMAEPCTBO MpU3HaeTcs BO BceM mupe [1].

VIHHOBalIMOHHO-KOMITJIEKCHBIE ME)XBEJIOMCTBEHHbBIE U
MEKANCUUIUIMHAPHBIE Pa0OThl BIEpBbIE ObUTM HAdaThl Ha
OCHOBE pa3pabOTaHHOW MOJEIM CTYNEHYaToro pa3BUTHA
36MHOH KOpBI M T'€OTEKTOHOI'€HOB II0 MHHUIMATHBE W TIOJ
PYKOBOJICTBOM  OJHOTO W3  JIHACPOB  TPOTHO3HO-
METaJJIOTEHUYECKON IIKOJIBI, aKaJleMuKa, jaypeara JIeHUH-
ckoit m T'ocymapcrBennoit nmpemmit CCCP u Ka3CCP I'.H.
ep6sr [2-7]. C mo3urmu MOOMIN3Ma TaKXKe BIIEPBEIC ITO-
CTPOCHBI MHHEparcHW4YecKas KapThl W KapTa Me3030M-
KaifHo30s1 KazaxcraHa mpu TOAIEp)KKE M HEIOCPEJCTBEH-
HOM yudactuu mpoduibsHoro munucrepcrBa-C.0K. [laykees
u Komurera reonorun unenponoib3oBanus- b.C.YxkeHoB u
C.A. AkbpuiOEKOB M Y4eHbIX MHCTHTyTa TIE0JIOTHYECKHX
Hayk, co3ganHoro K. M. CarmaeBbIM U HOCSIIETO €ro UMS-
X.A. becnaes, H.M. XKyxos, JI.A. Mupomnauuenko, b.M.
Pakues [8,9].

Jis peanmu3anyy MoTydeHHBIX IPOTHO30B HYXKEH BTOPO
9Tal MCCIEeNOBAHUN B BBIICICHHBIX MEPCIICKTUBHBIX 30HAX,
OacceifHax, TOPHOPYIHBIX paiiOHaX. YUHUTHIBas JOCTaTOYHO
BBICOKYIO M3YUEHHOCTHh TeppHuTOpuu KaszaxctaHa c moBepx-
HOCTH, B PEIICHUH MPOOIEMBI HAMH Ha TIEPBHIH IUIaH BBIIBH-
TaroTCd MOUCK M OLEHKA CKPBITBIX MeCTOpO)KZLeHI/Iﬁ Ha 1i1y-
ounHe U oJ YE€XJIOM PBIXJIbIX otioxenuii. B COBPCMCHHBIX
YCIIOBUSX TOPHOPYAHOTO MPOU3BOJACTBA UIMEHHO TaKue 00b-
CKThbl SABJIAIOTCA TJIaBHBIM PE3CPBOM BOCIIOJTHCHHUA MHUHC-
PaJIbHO-CBHIPBEBBIX PECYPCOB.

[Ipu pa3paboTke METOIUKU U MPOBEICHUS METAIJIOTCHHU-
YECKOTO IIPOTHO3a OBLUTN YUYTEHBI CIICAYIOIINE TIOJI0KESHUS:

1) mo Mepe pa3BUTH HAYKH OBLIHM MOJYYCHBI HOBBIE pe-
BOITIOITMOHHBIC 3HaHUSA O BcerneHHOH, muraHeTe 3eMisd, Kap-
JTUHAJTHHO W3MEHHBIIUE IPEACTABICHUS O T'COJOTHYCCKOM
Pa3BUTHU U CTPOCHUU HENIp M 00pa30BaHUU MECTOPOKICHUMN
ITOJIC3HBIX UCKOIIACMBbIX;

2) oOiee MCTOIIEHHE HEBO3OOHOBIISIMBIX CHIPHEBBIX pe-
CYPCOB BBI3BAJI0 HEOOXOAMMOCTH BOBJICUEHHS B pa3paboOTKy
TPYOHOJOCTYIIHBIX MECTOPOXKIEHUM CO CIIOKHBIMH TOPHO-
reoJIOTHICCKUMU YCIOBUIAMHU U 00BEKTOB C HEBBICOKMM Kaue-
CTBOM CBIPbSA U HU3KUM COJCPIKAHUEM ITOJIC3HBIX KOMIIOHCH-
TOB. YUYHTHIBas JOCTATOYHO BBICOKYIO H3YYCHHOCTH OOIIb-
IIMHCTBAa TOPHOPYIHBIX PETHOHOB C OJHM3IOBEPXHOCTH, LIS
peueHust mpoOJIeMbl Hayaich paboTHI 10 MOUCKY M OILEHKE
CKPBITBIX MECTOPOXKJCHUH Ha TIIIyOWHE W IIOJ YEXJIOM DhIX-
JBIX OTJIOKCHUH, BKITFOYAs M MX HETPAIUIIUOHHBIC TUIIHI;

3) B YCIIOBHSIX OCJIOKHEHHS 3a/1a4M MPOTHO3a U MTOUCKOB
MECTOPOXK/ICHU, OOJBIIYIO POJIb HAYUHAET UTPATh HEOJHO-
POIHOCTb, HEJIMHEHHOCTh T€0JIOTMUECKOM CpE/ibl, HEMHBAPU-
AQHTHOCTB T€0JIOTHYECKNX 3aKOHOMEPHOCTEH U T. 11.;

4) 3amaun, penraeMbple paHee B paMKax OJHOW JUCIIUTIIH-
HBI, BCC 0oJIbIIIE Tpe6y}0T MYJIbTUAUCIHUIIIIMHAPHOI'O KOM-
TUIEKCHOTO TI0JIX0/1a, TIOCKOJIbKY TPUYHMHBI U peabHble (op-
MBI TIPOSIBJICHUS! NPUPOJIHBIX IIPOLECCOB OOpa3oBaHUS Me-
CTOPOK/ICHHUH 00Jiee CIIOKHBI ¥ MHOTO(AKTOPHBI M UX H3Y-
YeHHe TpeOyeT KOMIUIEKCHOTO II0/IX0J1a, HEPEAKO BBIXOJs-
IIEro BooOIIe 3a KPYr T'e0JOIMYEeCKUX HAayK W BKIIOYAIOIIEro
WX JIUIIBb KaK OJIMH M3 KOMIOHCHTOB.

BrlmenepeunciieHHbIe  TTOOXKEHNS SBUINCH  Ba)KHBIM
(bakTopoM, TMOOYKIAIONIMM K pPa3BUTHIO HWHHOBAIIMOHHON
JeSITeTbHOCTH, HEOOXOIMMOCTBIO CO3/IaHHUS M OCBOCHHS HO-
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BBIX KOHIIEMIWH, NPUHIWIHAIGHO HOBBIX METOAOJOTHI H
HAYKOEMKHX TE€XHOJIOTHH C IIENbI0 HOBBIICHHUS 3((HeKTHBHO-
CTH IIPOTHO3a, IOMCKOB U PAa3BEIKHU MOJIC3HBIX UCKOMAEMBbIX.

Taxk, B KazaxcraHe ycnemHo pa3BUBAlOTCS HHHOBAIMOH-
HbI€ MOJXOABI ISl MPOTHO3a MOJIE3HBIX HckomaeMbix [10],
OCHOBAHHBIX Ha HOBBIX TEOPETHYECKHUX ITOJNOXKEHUSIX C HC-
MOJIb30BAHUEM JUCTAHIMOHHBIX KOCMOTEOJOIMYECKUX HC-
cnenoBanuil [11-13] u HOBBIX TexHONOTUH NepepabOTKU
MHHEPaIBLHOTO CHIPHs [ 14].

ITpy 3TOM KOMIIIEKCHOCTH IPOTHO3MPOBAHMSA, B HAIEM
MOHMMAaHHH, PACCMaTPHBAETCSA KaK aHAIN3 BCEH COBOKYITHO-
CTH TCOJIOTMYECKHX M APYTMX AAHHBIX BO B3aHMOCBS3H H
B3aUMOOOYCIIOBIEHHOCTH, TA€ HET HE3HAUUTEIBHBIX (HaKTOB,
B Kakoi Obl 00JacTH TEOJOTHUECKUX WM APYTUX 3HAHUN
OHHU He OBUIM YCTaHOBIICHBI — BCE OHU UMEIOT CBOM BayKHBIC
MPOTHO3HO-METAIJIOTeHHYeCKUe CcIeICTBHsL. To ecTb, MBI
MIPOBOJIWIN aHAJIU3 BCEH COBOKYIHOCTU TEOJIOTHUECKUX U
JIPYTHUX JaHHBIX C IENBI0 BBIABICHUS Hamboyiee BEPOSTHBIX
MECT JIOKAJIU3aI[MK TOJIE3HBIX HCKOMAaeMBIX B 3€MHOM Kope,
YTO NPEJONPENEIISI0O HEOOXOAUMOCTh PACCMATPUBATH SIBJIC-
HUS pyJ00Opa30BaHMS B UX CIUHCTBE M CIIOKHOM B3aHMO-
CBSI3M C TEKTOHHYECKVMH JIBIDKCHHUSMH, MarMaTHYECKOH
JIESTEIIFHOCTHI0, METaMOP(HU3MOM, C ITPOIECCAMH OCaIKOHA-
KOIUICHUS U T. 1. B mepBylo ouepens npu MporHo3e ycTaHaB-
JMBAIH CBS3b T'€OJMHAMHYECKOTO Pa3BUTHS TEKTOHHYECKHX
CTPYKTYp H TIPOLIECCOB PyA000pa30oBaHUS C NPUMEHEHHEM
HOBBIX TEXHOJIOTMH Treo(pU3NYecKuX, TeOXMMHYECKHX, KOC-
MHUYECKUX U IPYTHX.

Hagano XX Bexa 03HAMEHOBAJIOCh B MCTOPHUU I'€OJIOTH-
YEeCKUX 3HAHUN KPYHMHEHIINM COOBITHEM — POXKJICHHUEM TIeo-
xumud [15, 16].

Ota HOBasi OTpacib I'€OJIOTHU C €€ BaXHBIMH ITpoliema-
MH ¥ IOIMPOKUMH BO3MOXKHOCTSIMH HE IIOJIydHsia COOTBET-
CTBYIOILIETO Pa3BUTHS IIOKa Ha CTHIKE TBHICSYEIECTHU HE CO-
3[aTMCh BHIIIE M HIDKENPUBEICHHBIC H3MEHEHHS 00CTOs-
TEJILCTBA M YCJIOBHS, KapIUHAIBHO U3MEHUBIINE CTPATETHIO
U TaKTHUKY MPOTHO3a, IOMCKOB U Pa3BEIKH MECTOPOXKICHHH,
B PEUICHUH KOTOPHIX HPHUOPUTETHBIMH B TEOPETHUECKOM H
MPAKTUYECKOM TUIaHE CTAaHOBATCS TaKKe HIACH U METOIBI
TeoXUMUH, OJarogaps Taxke HUKECIECTYIOUIM JOCTHKEHH-
sm [7,20]:

1. YCKOpeHHOMY CTaHOBJICHWIO MHHOBAIIMOHHBIX (aHAJH-
THYECKHE, KOMIBIOTEPHBIE M Jp.) METOJOB, SBISIOLINXCS
OCHOBO T€OXMMUM, TIPUBEJIO K €€ MOIITHOMY Pa3BUTHIO. AHa-
JIUTUYECKHE BO3MOXKHOCTH TO3BOJMIM IMOJIYYUTh HAa BOOPY-
JKEHHE OIPOMHOE KOJIMYECTBO METOJOB, IPH AHAIU3E M IMPO-
rHO3e. BbIpaboTka HOBBIX MaTEMaTHYECKUX M KOMIBIOTEPHBIX
TEXHOJIOT Ui Jaa BO3MOKHOCTh 00pabOTKH OrpoMHOTo (hoHa
TeOXUMHUYECKOH WH(popManmnu W BO3MOXKHOCTh TEPEHTH OT
Ka4eCTBEHHOTO K KOJIMYECTBEHHOMY IpOrHo3y. OTpacip Ie-
pernuia Ha Kaue€CTBEHHO HOBBIM ATall — MPAKTUIECKOE HCIIOJb-
30BaHME WHHOBAIIMOHHBIX HAYKOEMKHX TEXHOJIOTHH

2. IlpenMymecTBOM T'€OXUMHYECKOTO HAIPaBICHHS CO-
CTOSIEr0 B TOM, YTO MPEACTABISETCS BO3MOXKHBIM IIPH €ro
UCTIONBb30BaHUM BBIAEIATh NOTCHIUANBHO PYIOHOCHBIE T€0-
jornueckue (GopMalnuu M Iuiomany, 0ojee TOYHO yCTaHaB-
JMBaTh TPAHHUIBl PYAOHOCHBIX IUIOMIaNeH, OOHapyXHBaTh
ciienoe, Morpe0eHHOe, HEBUMMOE U HETPAJUIUOHHOE OpY-
JICHEHHE, TIOBBIIATH 3()(PEKTHBHOCTh KOMIUIEKCHOW OLIEHKH
MECTOPOXKIECHUH M MPOTHO3MPOBATh HOBBIC MCTOYHHKH ChI-
pbst. OcobeHHO 3(PPEKTUBHOCT TEOXUMHYECKOTO HaIpaBJIe-
HUS TIOBBICWJIACH TNPH W3YYCHUH TEPPUTOPHH, 3aKPBITHIX
YEXJIOM PBIXJIBIX ME3030H-KaiHO30MCKUX OTIIOKEHUH [9].
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3. TeHneHIMEW K MOCTOSHHOMY CHIDKEHUIO MUHUMAJIb-
HBIX OOPTOBBIX IPOMBINUICHHBIX COACP)KaHUN MHOTHX XH-
MHYECKHX JJIEMEHTOB, BCJIEICTBHE YEro OIpeJesICHHbIC
TCOXUMUYECKUE TIONSl CTalld MpPEACTAaBIATH HMHTEpPEC Kak
HPOMBILIICHHBIE.

4. BO3MOXXHOCTBIO YNpaBJIECHHUS TEXHOJIOTHYECKUM IPO-
IIECCOM U TIOBBIIIEHHEM €r0 3(PPEKTUBHOCTH NPU KOMILIEKC-
HOM HCIIOJIb30BaHUU CHIPbSl MyTEM I'€OXUMHYECKOI0 H3yye-
HUS TIOBeACHUS W (HOPM HAXOXKICHUS XUMHYCCKHUX IIEMEH-
TOB, WX IIONHBIX aCCONMAIMA M HM30TOIOB B KOHKPETHBIX
MECTOPOXKICHHUSAX.

Paboter [7,18-21] cTOST y HCTOKOB TEOXMMHUYECKOTO
HAIpaBJICHUS ¥ SBISIOTCS IPUOPUTETHBHIME, BHECIIH CYIIe-
CTBEHHBIH BKJIaJl B TEOPUIO U MPAKTUKY HMCCIIENOBaHUM, pa3-
paboTaHbl HayYHO-TEOPETUYECKHE OCHOBBI, NPUHLUILI U
METOJbl MPOBEJCHUS HCCIEAOBaHUM, O0a3UpYIOIIMXCS Ha
ocobenHocTsx reonorun Kazaxcrana. Tem Oonee Teppuro-
pHsl CTpaHBI SBJSIETCS YHHKAIBHBIM ITOJIMTOHOM ISl TIPOBE-
JICHUS MICCIICZIOBaHUI B HOBOM HAllpaBJICHUH — I'€OXHMHUYE-
CKOM IIPOTHO3E.

Bo-mepBrIX, CymiecTBOBaHHE ONArONPHUATHBIX YCIOBUH
(manamrad THO-TEOXUMHYECKUX, XOPOIIas 00HAKCHHOCTh) Ha
Oonpmieit yactu Teppuropun Kazaxcrana oOycIOBHIO IIH-
pokoe (COTHH MHUIUTHOHOB aHAJIH30B) NMPUMEHEHHE JUTOXH-
MHYECKUX CheMOK. KpoMme Toro, MMEI0TCS MHOTOYHCIICHHBIC
TEOXUMUYECKUE MaTEpPHANbl 10 T'EOJOTHYECKHM U PYyIHBIM
(dopmanusam.

Bo-Bropeix, KazaxcraH xapakTepusupyercs CIOXKHBIM
MOJIMUUKIMYHBIM CTPOCHUEM, Pa3HOOOPa3HBIMH 110 MOIIHO-
CTH W SIPKOCTU TPOSBJICHUSIMHU T'€OJOIMYECKUX, TeOXHMHUYE-
CKUX ¥ METANIOTCHHYCCKUX IMPOIECCOB HAa TMPOTHKCHHU
MO3IHETO TOKeMOPHS U BCero (paHepo3osl.

B cBs3u ¢ 3TIM 1ipu 0000IIEHHN TEOXUMUYECKOH HHPOP-
MAIIHH MBI CTPEMIUTHCH K KOMIDIEKCHOMY ITOJXOMY, 8 UMEHHO
YUYEeTy BCEro TeOXMMHUYECKOTO MaTepualia ¢ aHAJIM30M ero Ha
JAHHBIX TI0 TEOJOTUYECKOMY W METaJUIOTCHUYECKOMY Pa3BH-
THIO pervoHa. [Ipu 3TOM B IepByI0 ouyepe/b MCIOIB30BAIICS
KOJIOCCAJIbHBIII MAacCHB JaHHBIX JINTOXUMHYECKHX CHEMOK.
CJI0)KHOCTh CTPOEHHS ¥ TMOJUIHUKINYHOCTh PA3BUTHSI PETHO-
Ha OOYyCJIOBHJIM, Hapsly C MPUMEHEHHWEM COBPEMEHHBIX Ma-
TEMaTHYEeCKOro amrapara, HEOOXOIUMOCTH aHAJIM3a T'€OXHU-
MHYECKOW MH(POPMAIIMHU C YUYETOM T'e0JIOTHYECKOTO M MeTall-
JIOTEHUYECKOTO Pa3BUTHUS TEPPUTOPUH, TaK KaK Jake Camble
COBpPEMEHHBIC KOMITBIOTEPHBIC MIPOTPAMMBI MIPH TAKUX YCIIO-
BUSIX HE BCETa MOTI'YT OTPa)kaTh I€0JIOTHYECKYIO U METaIIO-
TeHUUYECKYIO IPUPOJTY OTIPEETICHHOTO SIBICHHSI.

TurnoBble acconnanyy MoJIy4eHsl B pe3ysbTate 00001e-
HHUS accolManuid pynoreHHBIX 3neMeHToB (PD), ycraHos-
JICHHBIX 10 MaTepHajaM JIMTOXUMHYECKUX U JPYTHX ChEMOK,
a TaKKe FeOXUMHYECKUX JIAHHBIX MO IEOJIOTHYECKUM M PY/[I-
HbIM (hOPMAIHSIM, BbISBICHHBIX PA3IMUYHBIMH METOJ[AMHU KaK
CIIOHBIMU (METOJI MHOTOKPATHOH KOPPENSIHH, TJIaBHBIX
KOMITOHEHT, (DaKTOPHBIN aHaJIu3 U T. 1.), TAK U MPOCTHIMHU B
TOM 4YHCI€ NpeiokeHHbIMM Hamu [7,19]. BnepBele kom-
IUIEKCHO BO B3aMMOCBSI3M M B3aWMOOOYCIIOBJICHHOCTH yJia-
J0Ch 000OIMINTh M IPOAHAIN3UPOBATH BECH WMEIOIIHHCS
METaJUIOreHUYeCKui (pyiHble KOHIIEHTPA) U TeOXUMHIYe-
CKHMH (COTHM MWJUIMOHOB aHAJNM30B) MaTepHal Mo BCEH Tep-
puropun Ka3zaxcrana Ha (hOHE reoJIOTHYECKOr0 Pa3sBUTHS C
y9eTOM 0COOEHHOCTH OTIEIBHBIX PETHOHOB.

Ha pucynke 1 wmimoctpupyeTcsi cpaBHUTENbHAsT Xapak-
TEPUCTHKA TPATUIMOHHBIX M aBTOPCKUX IMOHATHH, MCIIOJb-
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3yeMbIX TIpH O0OOIICHNH W aHaIu3€ TeOXUMUYECKOW U Me-
TAJUIOTeHUYECKON HH(POPMAIHH.
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Pucynox 1. Hcnonvzoeannaa npu npoeedeHHbIX UCCNe008d-
HUAX ungopmayun u npunamole nonamusn [21]f

MBI IpH TEOXMMHUUYECKOM aHaJIM3€ M MPOTHO3¢ KOMILIEKC-
HO M3ydYaeM BCIO MH(POpPMAIIHIO, HAYMHAS OT peIMeTa U3yde-
HUSI TPAJUIIMOHHOW TEOXHMHUH (OT HIDKE-BBIIICKIAPKOBHIX),
MPUKITAIHOW TeOXUMHUH (NCPBUYHBIC W BTOPUYHBIC OPEOIBI
paccesiHIs) U MEeTaJUIOTeHHH (PYAHBIE KOHIeHTparmn). 1 Bcro
9Ty WHPOPMAIMIO MBI Ha3bBaeM reoxummdeckoil. Kak m3-
BECTHO, TEOXMMUS M3y4YaeT COCTaB, MUTPALIIO M KOHIICHTpa-
1o (B TOM YHUCIE MECTOPOKICHHUS IMOJIE3HBIX MUCKOMAEMBbIX)
XUMHUYECKHX 2JIEMEHTOB Teocdepbl 3eMIIH.

ITo3nanue ocoGeHHOCTEH Pa3BUTHS, PACHIPOCTPAHEHHUS H
reOXHMHUYECKUX CBSI3€H BBISBICHHBIX THUIIOBBIX M HETpaau-
IMOHHBIX s Kazaxcrana accornuanuii pyJoreHHBIX dJie-
MCHTOB, OIIPEACIICHUEC MacIITa0OHOCTH JTHX SABJICHUN U ILIO-
magel pa3BUTHS KaKIOW acCOUWAIMH  CIIOCOOCTBOBAIIO
YCTaHOBIICHHIO 3aKOHOMEPHOCTH DPAa3BHUTUS OpPYICHEHHS BO
BPEMEHH U B TIPOCTPAHCTBE, COBEPIICHCTBOBAHHUIO TIPOTHO3A,
B 0COOCHHOCTH HOBBIX, B TOM YHCJE, HETPAIUIIMOHHBIX IJIs
Kazaxcrana THTIOB MECTOPOKICHUH.

Bnaro,uap;l HalllUM HMCCJICIOBAHUAM, Mbl TIEPCIIIN OT
HpOCTOf/'I KOHCTaTalluu OMIMPUYCCKHU YCTaHABJIMBACMBIX
3aKOHOMEpPHOCTEeH 00pa30BaHUS MECTOPOXKACHUH K MOIIMH-
HOMY O00BSICHEHHUIO MX IMPpUYUH, K BCKPBITUIO OCHOBHBIX 3a-
KOHOB MICTOPUH Pa3BUTH 3EMIIH.

3. Pe3yabTaThl U 00Cy:KI€HHE

IIpoBeneHHbIE HAMU HCCIIEAOBaHMS MOKA3ald, 4TO Me-
tamnorenus Kasaxcrana ompezensercs reoAnHaMHYECKHMMHU
0COOCHHOCTSIMU T€OTEKTOHHKH, KOTOpas UMEET MHOTosIpyc-
HOE JINHEWHO-MO3aM4YHOE€ CTPOCHHE U COCTOUT U3 JIMHEHHBIX
U KapKacHBIX I'€OTEKTOHOI€HOB KOHTHHEHTAIbHOTO TUMA, B
OCHOBAHMUU KOTOPBIX HAXOAUTCA B TOM MIM MHOW CTEIEHU
HapymIeHHas JPEBHAS TPAHUTH3UPOBAHHAS KOpa HIKHETO
nportepo3osi. Hamu BbisicHeno [2-7,18-21], uto meramiore-
Huro Kaszaxctana ompenensioT CTpyKTypHl, KOTOPBIM JaHO
Ha3BaHHE - «T€OTEKTOHOTCHBD» [2], 7TO OCHOBHBIE 3JEMEHTHI
3eMHOW KOPBI, OTINYAIONINECS OT COCETHHX OJIOKOB JIHTO-
cdepsl 1 00pa30BaHHBIX I10J BIMSHUEM DPa3BUTHS TIyOWH-
Heix moaBmkHBIX 30H (I'TI3), BemecTBEHHO-CTPYKTYpPHBIC
TEOJIOTHYECKHUE CHCTEMBI, YXOASILIMX CBOUMH KOPHSIMU B
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BEPXHUIO MAaHTHIO, XapaKTEpU3YIOTCI PE3KOH TIeoJoro-
TEOXHMUYECKOH aKTHBHOCTBIO M BBICOKOH Au(epeHIHpo-
BAaHHOCTBIO BEIIECTBA, INIABHBIM 00pa3oM, 3a CYET BOCXO[-
IIeil MUTpaluy BeIecTBa (B TOM YHUCIIE PYAHOW) U3 BEpXHEU
MaHTHH ¥ HIDKHHX CJIOEB 3¢MHOM KOPBI.

AHoMmanbHOE  (DUBHKO-XMMUYECKHe, (PHU3NKO-MEXaHHU-
9YecKUe U TePMOAMHAMHUECKUE CKBO3HBIE CUCTEMBI U TEILIO-
MacCONOTOKH, 3apOAMBIIMXCSI B paHee CyILeCTBOBaBILIEH
3eMHOI KOpBI U BEPXHEH MAHTHH W SBILIOLINXCS OCHOBHBIM
MEXaHN3MOM BCEX MPOLECCOB, BEAYIINX CHadala K BO3HHK-
HOBEHHMIO 36MHOH KODBI, a 3aTEM M K IPEOOPa30BaHNIO KOH-
KPETHOTO y4JacTKa JIUTOC(epbl B HOBOE COCTOSIHUE: OKEAHU-
YEeCKHi THUM Npeodpa3yercss B MPOMEKYTOUHBIH, MPOMEKY-
TOYHBIH — B KOHTHHEHTAJIBHBIN, OPOTCHHBIH, IIaT(opMeH-
HBIH, KOKABIH M3 KOTOPBIX XapaKTepH3yeTcsi CBOMM OIIpeie-
JICHHBIM THIIOM OPY/ACHEHHUS.

Pazsurne I'TI3 ocymecTBisercs myTeM CMEHBI 3HaKoIle-
PEMEHHBIX HAIPSHKCHUH «CKATHSA-PACTSHKEHUS» yYacTKOB
3eMHOM KopH!I (3K) B cuiry Bo3AeHCTBYS Ha Hee BHYTPEHHUX
(?HIIOTEHHBIX) ¥ BHENTHUX (KOCMHUYECKHX) CHII. Pa3aBuranue
W CIOBHTaHWE OJIOKOB, AeOopMalyi, MarMaTuiM, METaMop-
(u3M, CeANMEHTOT€HE3 — OCHOBHBIC TPOIIECCH, BEIyIIHE K
npeobpazoBannio 3K U BepxHEH MaHTHH, Pa3pacTaHUIO WIN
YMEHBIICHUIO AECTPYKLMH UX clloeB U mpuseaeHuio 3K u
MaHTHH B PaBHOBECHE Ha OINpPEIEICHHBIX dTarax pa3BUTHA
3emun ¢ oOmieil TenpeHumedl k akkpeuuu. Ckinamadyateie u
Marmaruueckue nosica 610ku 3K, oporeHsl, 30HbI TIIyOWH-
HBIX pa3JIoOMOB, 30HBI AaKTHBH3AallUM, TE€OCHHKIMHAIA U
TCOaHTHKIIMHAIN JIMHEHHOH 1 ApYyrux (GopM — JIUIIb dJIEMEH-
Thl TEOTEKTOHOTCHOB, PE3YyNbTaT MPOSIBICHHUS OTAEIBHBIX
CTagMii WX pa3BUTHI. MeTaJuloTeHNYecKHe NMPOBUHINHU CO-
OTBETCTBYIOT KapKacHBIM I'€OTEKTOHOTEHaM, a Tosica — JIu-
HEeWHBbIM. Pa3BUTHE KapKacHBIX M JIMHEWHBIX T'€OTEKTOHOTE-
HOB, XapaKTepHU3YIOIIHECsS CBOMMH OCOOCHHOCTSIMH MeTaj-
JIOT€HHH, HAaOJIIOAaeTCs U B MPOTEPO30€, HO OHU B ITOJTHOM
BUJIE HE COXPAHMINCh. MHOTOKpATHBIE AECTPYKIUH, TEKTO-
HOMarMaTHueckue u MeTaMmopdudeckue npeodpa3zoBaHus
nopof 3K npuBenn k ToMy, 9TO B HacTOsIIee BpeMs HaOIto-
JIAIOTCSl JIMILb OTAEJbHBbIE (PAarMEHTHI-PENUKTHI OBUIBIX Me-
TAJJIOTEHUYECKUX TIPOBUHIIMH H TIOSICOB, COXPAaHUBIINE CBOU
CTPOEHHE U KOMILJIEKCHI TIOPOJ.

Crynendaroe paszsutue 3K 0coOEHHO HarisgHO BhIpa-
JKEHHO B aKTHBHBIX 00JACTSX, TJIe OHO OOYCIIOBJIEHO HaJIU-
YHeM TITyOWHHO TO/ABM)XHON 30HBI, (YOPMHUPYIONIEH KOIOHHY
npeobpazoBanust (KII) — reonoro-pu3HKO-XMMHUYECKYI0 H
MPOCTPAHCTBEHHO-BPEMEHHYIO CHCTEMY CIIOXKHOTO JHUHa-
MH3Ma, 0OBETUHAIOIIYIO TP OOBEKTUBHBIX Hayana — Bellle-
CTBEHHBIH cyOCTpar, CTPYKTYpy BHYTPEHHUX OTHOIICHHH M
(yHKIIMOHANLHBIE CBSI3W C BHENIHEH cpenoil. MIMeHHO B
KOJIOHHE ITpeoOpa3oBaHUs OTHACNIBHBIX TIyOHMHHBIX MOJBHK-
HBIX 30H IPOUCXOAMIN W IMPOUCXOAST aKTHBHBIE METaJIJIOTe-
HUYECKHE TPOIECCHl M MepeMeEIIeHIe BEIIecTBa U3 BepXHEH
MaHTHHM B BbIenexamniue cion 3K — Mera0a3anbTOBBINM,
METaJUOPUTOBBIN, METarpaHUTHBIA U CEeAUMEHTHBIN. B pe-
3yNbTaTE 3TH CIIOM KaYECTBEHHO M3MEHSIOTCS, HApalUBaIOT-
Csl 1 MIMEIOT CBOM THIT OPYACHEHUSI.

OcoOyio posib B 00pa30oBaHMM ONPE/IEIEHHBIX MECTO-
POXIICHHUH TOJIE3HBIX MCKOIAEMbIX MIPAlOT HUKINYHOCTH U
CTaJUITHOCTb I'€O0JIOTMYECKUX MPOLECCOB, MPOUCXOASIINX B
KOJIOHHE MpeoOpa3oBaHus Ha BcexX ee ypoBHAX. 3K mox Bim-
SHUEM KaXXIOTO NHKJIA HJIN CTaJUX Pa3BUTHUS, HU3MCEHSACH
Ka4eCTBEHHO, CTAHOBHUTCSI MHOMH, MIEPEXOIUT Ha CIEAYIONIYI0
CTYNEHb Pa3BUTHS, KOTOPAs BEIPAYKACTCSI B MOSABICHUH HOBO-
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TO JJIs TAaHHOTO YYacTKa JUTOc(epsl Tuma win noaruna 3K
CO CBOHUM OIIPEICIICHHBIM THIIOM MECTOPOXACHHUI ITOIEe3HBIX
uckonaemslx. C 3Tux no3unuili 3emHas kopa Kasaxcrana
NPE/ICTABISIETCST B BUJIE CIIOKHOTO coueTaHus (parMeHTap-
HO-MO3aUYHBIX Pa3HOBO3PACTHBIX BHYTPEHHE MHOIOCIION-
HBIX CHCTEM KapKaCHBIX M JIMHCWHBIX CTPYKTYp. Takum 00-
pa3oM, MeTaJUIOTeHHUYeCKUe MPOBHHLUU U Mosica pasiauya-
IOTCSL MEXAy co00# MO CTPYKType, BO3pAacTy, NMPOSBICHUIO
MUKITAYHOCTH M CTaJNHHOCTH, COCTaBy, (hopMe, pa3mepam U
IPYTAM TIpH3HAKaM. MeTajuloreHHYecKue MPOBHHINU U
mosica M3-3a TEKTOHWYECKOW aKTHBHOCTH PETHOHA, OT Iep-
BUYHOI MPOTO6a3aIbTOBOM O0OJOYKH U IO COBPEMEHHOTO B
COCTOSIHUSL JIUTOC(EpPhl, B OCHOBHOM IOJUIMKINYHEL B
CBS3U C NPOCTPAHCTBEHHBIM COBMEIICHHUEM U HaJIOKCHUEM
6osiee mo3Hux T3 Ha yke copmupoBaBIIMECsS METaLIO-
TeHUYECKHUE CTPYKTYpPhl OHH CTAHOBSITCS MOJULMKINYHBIMU
C BBIP@XEHHON CTaIMHHOCTBIO OTAEIBHBIX ITUKIOB (0 Tpex
craauii). [TocKONbKY MeTallJIOTeHUYeCKHe Mosica MPOBUHIIUN
BO3HUKIIM B ompeseneHnoe Bpems Ha mecte ['113, 3amoxuB-
IIUXCSI HA Pa3HBIX THIAX KOP, TO MPAKTHYECKH MOXKHO CUH-
TaTh, YTO KAXKJOMY THITY KOp, Ha KOTOPBIX 3ainoxmiuchk [T13,
YXOIAMIAMH CBOMMH KOPHSMH B MAaHTHIO, COOTBETCTBYET
CBOH METAJUIOTEHIMYECKUE OCOOCHHOCTH.

PutMmuka cMeHBI BO BpeMEHH HANPSKCHHUN PaCTSHKCHUS-
cxarus B MexanusMme ['T13 onpeznensiino He TOIBKO YHEPTETH-
Ky BCEX I'€0JIOTHYECKUX MPOIECCOB, HO MUTPALIMIO BEIIECTBA
(B TOM 4HCIIE PYIHOTO) B KOJIOHHE ITPeo0pa3oBaHus, KOTOpast
JUIA KaXJOTo TEKTOHOMAarMaTHYeCKOro IIMKJIA HMeeT [0
BEPTUKAIM TpexbsApycHoe cTpoeHHe. KojoHHa mpeobpaszo-
BaHUS — STO IMOBBIINICHHONH CKBO3HOCTH, aKTUBHOW mudde-
pernuaryu BemecTBa 3K n BepxHEeH MaHTHH, 00JIaCTh WH-
TEHCHBHOTO CIJIO)KHOTO B3aMMOJCHCTBHS TIIyOWHHOTO TeIl-
JIOMAcCOMOTOKa (M3MEHSIOIIETOCS Ha pa3HBIX YPOBHSX) C
pasueIMH crossMu 3K, MOIITHOTO TOCTYIUTEHUS TITyOWHHOTO
BelecTBa B BepxHHe cion 3K 1 Ha ee MOBEpXHOCTh W, HAKO-
HEIl, 5TO 00JacTh pa3IMYHBIX 0 XapakTepy, KPYIHBIX IO
MacmTabam, 3KCTpeMajbHBIX IO pPE3yNbTaTaM TEKTOHHYE-
CKHX TIPOIECCOB. DTO 3aledyaTiieH0 B KOHEYHOM HTOre B
00pa30BaHUM U PACHPEICICHUN OIpPENEIEHHBIX MECTOPOXK-
JICHUH TIOJIe3HBIX HCKOMaeMbIX. Bce 3TH ycTaHOBJIECHHBIE
3aKOHOMEPHOCTH M OTIpeIeNUIIN MeTajutoreHuo Kasaxcrana.

Haxoxxnenne KazaxcraHa B CIOXKHOM TeOJMHAMHYECKOH
00CTaHOBKE OOYCIOBHIIO €0 BBICOKYIO TEKTOHOMarMaTHde-
CKYIO aKTUBHOCTH M, KaK CIICJICTBHE, BBICOKYIO T€OXHMHYC-
CKYIO CIICIIUATTU3AIMIO TeOJOTHYSCKUX (hopMainui, mepepac-
TAIOIyI0 B MeTajuioreHudeckyro. lIupoko pa3BUTEI MecTO-
poxnaenus Pb, Cu, Mo, Au, Ag, As, Bi, Sb, Fe, Ba, Zn, Sr,
Mn, Cr, Ni, Co, V, P, W, Sn, Nb, Ta u ap. (npuBejeHbI 110
yOBIBaIOIIEH paclipOCTPAHEHHOCTH).

MertammoreHndecKiid OOIMK TPOBHHIMN W mosicoB Ka-
3aXCTaHa  NpemomnpeaesseTcs M3HAYaIbHO cUepo-
xanmpkounsabM (Cr, Fe, Mn, Cu, Pb, Zn, Au u np.) reoxu-
MHYECKUM Tpo(duiIeM BEpXHEH MaHTHH W HH30B 3eMHON
KOPBI, 3BOJIOIMOHUPOBABIINM JI0 XaibKoduiasHOro (Cu, Pb,
Zn, Au u 1p.) B 3eMHOH KOpe B MEPHOJ CYIIECTBEHHOH Ia-
JI€030MCKON MEPeCcTpOWKH PETHOHA, C AOCTHXKEHHUEM JHTO-
¢mrsHOTO (W, Mo, Sn, penko3eMenbHbIC W Jp.) YPOBHS B
OTJICNIbHBIX CHAIMTU3UPOBAHHBIX OJIOKaX U 30HAX.

OO0masi MeTayUIOreHUYecKas JlaTepaibHas 30HaTbHOCTH
Kazaxcrana nMmeer JTMHEMHO-MO3aWMYHbBIN XapakTep C ycHiie-
HueM xanbkomisHeIX (Cu, Pb, Zn, Au u ap.) accoumanuit
PO B nenTpanpHoi yactu Bocrounoro Kasaxcrana, cumepo-
¢unpHBIX (Cr, Fe, Mn u 1p.) k 3anany, xanpkodumibHbeix (Cu,
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Pb, Zn, Au u ap.) X BOCTOKY, C BO3pacTaHUEM JIMTO(PHIBHO-
cta (W, Mo, Sn, penkozeMenbHBIC U JIp.) ¢ ceBepa Ha 1or. B
nosicax 30HAJBHOCTh NMPHOOpPETAaeT MPOAOJILHO-TIOIOCUATHIH
XapakTep OCEBbIC 30HBI Halle cuaepo-xanbkoduibHbie (Cr,
Fe, Mn, Cu, Pb, Zn, Au u ap.), 6oproBsie tutoduabHbie (W,
Mo, Sn, penko3eMenbHbIE U 1p.), @ B IPOBUHIMAX — JIMHEH-
HO-Y3JI0BOH.

[IpoBuHIMHK, TOsicCA M CTPYKTYPHO-METAJUIOTCHUYECKHUE
30HBI COBIAJAIOT MMPOCTPAHCTBEHHO C OINPEAEIEHHBIMHA MOp-
(omormueckumu ¢popmamu moepxHocteit M u K, a Taxoke
HMEIOT COOTBETCTBYIOIHNE THITB MOIIHOCTH 3K 1 ee cioes.

3aKOHOMEPHOCTH Treonornyeckux mpomueccoB B KII B Te-
YeHHE KaKIOTO IMKJA ONpPEAETICT XapakTep M COCTaB Me-
CTOPOXKJCHUI. B paHHEe! MEeTaZIOr€HUYECKOH 3II0XE Opyle-
HEHHUE CBSI3aHO C MAHTHHHBIMU HCTOYHHKAMH, B CPEIHEH - C
npeoOpa3oBaHreM 0a3aJbTOBOTO CJIOS U B HO3IHEH - ¢ KOPO-
BBIM JTHOPUT-TPAHUTHBIM CJIO€M. JTO camas olmias cxema,
MOCKOJIBKY BO BCEX CIIy4asiX B ()OPMHUPOBAHHH MECTOPOIKIIE-
HHUH Yy4acTBYIOT U CMELIaHHbIC UCTOUYHHMKU. Y CTaHABIMBACT-
Csl 3BOJIIOIIMOHHO-YHACJIEOBAaHHOE DPA3BUTHE XaJIbKO(HIb-
HBIX (Cu, Pb, Zn, Au u np.) accormanuii PO Bo Bcex mukiax
W 3M0Xax MpH npeobnamganun cuaepo-xanbkopmisHbx (Cr,
Fe, Mn, Cu, Pb, Zn, Au u ap.) accounanuii B paHHHE STIOXH,
xanmpkopuisHBIX (Cu, Pb, Zn, Au u ap.) B cpegHne u JHUTO-
¢unpHBIX B Mo31HKUE. B mocienyromue nukisl HabmogaeTes
MOBTOPSIEMOCTh acCOIMANMi (IIUKINYHOCTD), YCIOKHEHHE
ux cocraBa, nuddepeHInpoOBaHHOCTh U COBHUT K JIUTO(QHIIb-
Hoctu (W, Mo, Sn, peako3emenbHble W JAp.), HampaBlieH-
HOCTb, HEOOPATUMOCTb.

Hawnbonee MHTEHCUBHBIE KOHIIEHTpALUH (B BHIE MECTO-
POXKIEHUH, OOTaThIX PyJHBIX TET U TEOXMMHUYECKHX aHOMa-
JMi) METaJuIoB 00pa3yeTcsi B MecTax CONPSDKEHHs, COWICHe-
HUS, TIepeceveHHs Pa3IMYHOTO paHra TEKTOHHYECKHX CTPYK-
Typ. B menom Hambosee mHTEpecHa, B MPOMBIIIJIEHHOM OT-
HOIIIEHWH, KOHIIEHTPAIMU 3THX METAJUIOB HAOIIOJArOTCS B
HanOosee CJIOKHBIX COOTHOIICHUAX CTPYKTYpHO-
(hOpPMAIIIOHHBIX U PYJOKOHTPOJHMPYIOIINX 30H C KOJBIEBbI-
MH U JIPEBHHUMH PErHOHAIBHBIMH CTPYKTYpaMH LIMPOTHOTO
(Tsmp-11anbcKor0) MEPHUIUOHAIILHOTO (Ypansckoro
HanpaBieHuil). ITHTEeHCUBHOCTh OpyAEHEHHs Hanbojee 4et-
KO  KOHTPOJMPYETCS  IONEePeYHbIMH K  CTPYKTYpHO-
(hopManMOHHBIM 30HAMH.

Hamm paspaboraHbl HaydYHO-TEOPETHYECKHE OCHOBBI,
NPUHIUIEI 1 METOJbI TPOBEACHHS HCCIEAOBaHMH, 0a3upy-
IOIIMXCSl HA 0cOOEHHOCTsIX Teoyornn Kazaxcrana. YcraHoB-
JICHBI 3aKOHOMEPHOCTH Pa3BUTHSI OPYAECHEHUS! BO BPEMEHH U
B IPOCTPAHCTBE, CYLIECTBEHHO [OMNOJHSIOIINE H3BECTHBIC
HayYHO-TEOPETUUECKHE M TPAKTUYECKHE IIPEJICTABICHHUS O
merawioreHnn Kaszaxcrana. Ha ocHOBe BBISBICHHBIX 3aKO-
HOMEpHOCTEil BBIZICJICHBI 30HBI, Y3Jbl W MEPCIEKTHBHBIC
TUIOLIAIM JUIS M3BECTHBIX M HETPaAMIHOHHBIX s Kazax-
CTaHa TOJIE3HBIX HMCKOMAEMbIX. BBISCHEHO, 4TO BCE MECTO-
poxnenust KazaxctaHa MHOTOKOMITIOHEHTHBI, HO 9KCILIyaTH-
PYIOTCS HEpPaLMOHAIBHO: 100BIBAETCSI OOBIYHO HE OOJIBIIHH-
CTBO, a O/IMH-/[BA IIOJIE3HBIX KOMITOHEHTa. [IpakTuuecku He
NPUHAMAIOTCSI BO BHUMaHHUE PEIKHE M PacCesHHbIE 3JIeMEH-
THI-TIPUMECH. B pesynbraTte TepsroTcs Moje3HbIe KOMIIOHEH-
TBI, IEHBI Ha KOTOPbIE 3HAYUTEIHHO MPEBBIIAIOT CTOUMOCTD
OCHOBHBIX, JIH0O T€ KOMIIOHEHTHI, KOTOPBIC SBJISIIOTCS BpE.-
HBIMH JJIs1 OKpY’Karolel cpenbl. BriaeneHne 30H U y3/10B
MOBBIIIEHHBIM COAEPKAHUEM BCEX IIOJE3HBIX U BPEIHBIX
(TOKCHYHBIX) KOMIIOHEHTOB, XapaKTEPHBIX IJISI KOHKPETHBIX
pyAHBIX (popMannii, MO3BOIACT BBISBIATH HOBBIC U HETPAAH-
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muoHHBIe A KazaxcTaHa MCTOYHHKH CHIPBS VIS IIPOMBIIII-
JICHHOCTH ¥ KOMIUTIEKCHO HCIIOJIb30BaTh UMEIOIIHECS ITI0JIe3-
HBIE HCKOIaeMble. 3Hasi 3aKOHOMEPHOCTH KOHIEHTpAalWU U
pacnpocTpaHeHUsl TOKCHYHBIX 3JIEMEHTOB, MOKHO IMpPOTHO-
3MpOBATh ITYTH PEIICHHs KOJOTMYECKUX MPOOJEeM IIpH OT-
paboTKe KOHKPETHBIX MECTOpOKAeHHH. Bwicokas sddex-
TUBHOCTh W OOBEKTUBHBIA XapaKTep T'€OXUMHUYCCKUX METO-
noB B KazaxcraHe onpeznensioT nux BaKHeHIlIee 3HaYCHUE He
TOJIBKO TIPH TIOMICKaX B clla00 OOHa)XKEHHBIX paliOHAX, HO W
JUT BBISIBIICHHUSI CKPBITBIX MECTOPOXKIICHHUH, KOTOpPHIE SBIIS-
IOTCS. OCHOBHBIM DPE3€PBOM BOCIIONHECHHS 3allacoB pPyA B
TOPHOTIPOMBINUICHHBIX PaiiOHAaX.

Ha HOBOM ypOBHE — Ha OCHOBE TITyOOKOTO aHalN3a MMe-
fomuxcsi (B 0OCOOGHHOCTH HOBBIX) MaTEpPHAIOB C YYETOM
JIOCTHKEHUH MHMPOBOW T'€OJIOTHHM M TEepEeIOBOH I'eOXHMHUYe-
CKOW TEXHOJIOTMHM NPOBEAECHO IeOXUMHYECKOE pailoHMpOBa-
Hue Tepputopun Kazaxcrana 1:1 500 000 macmiraba c Bbize-
JICHUEM IEPCIEKTUBHBIX IIOLIAACH, PYJAOHOCHBIX PAaliOHOB,
30H U y3710B [9]. CoBmageHne wind OJU30CTh BBIACIEHHBIX
TCOXMMHUYECKUX IDIOMANCH ¢ METalUIOTeHUIEeCKUMHU HaOIIro-
JTaeTCsl TOJIKO B OCHOBHOM KOHTYpPE H IO TJIABHBIM PYyIHBIM
KOMIOHeHTaM. Ha OCHOBE TeOXMMHYECKHX NaHHBIX, 00ia-
AIOINX 3HAYUTEIBHOW WH(MOPMATHBHOCTHIO, BO3MOXKHO-
cThIO OoJyiee TIYyOOKOTO aHaim3a Ha 0a3e KOJIMYECTBEHHBIX
XapaKTepUCTHK ¢ HAOOPOM TIOJHBIX aCCOIHAINHA PaCcITHPEHBI
TNMEPCHOCKTHUBLI U3BECTHLIX U BBIJACIICHLBI HOBBIC, B TOM YUCJIC
HeTpaauIMOHHBIX A Kasaxcrana, pynHble paioHBI, y3JIBL,
Iomaann U TUNbL OPYACHCHHSA, KOTOPLIC HEC BBIACIAIOTCSA
pyu METAJUIOTCHUYCCKUX HCCICAOBAHUAX, TAE MOTYT OBITH
oOHapy)XeHbI cJjelble, MorpeOeHHbIe, HEBUIUMbIE U HETpa-
JTUIIHOHHBIC MECTOPOXKICHHUS.

Ocoboe BHUMaHHE TaKke o0pamaroch Ha W3yUeHHE pe-
3epPBHBIX TEPPUTOPHH, 3aKPBITHIX YEXJIOM PBIXIIBIX ME3030M-
KalHO30MCKUX OTJIOKEHUU [9]. DTH 1uiomanm nepcreKkTyB-
HBI [Tl BBISABIICHHUS POCCHIITHBIX, TOTPEOCHHBIX, OCTATOYHBIX
KOp BBIBETPUBAHHS M IPYTHX MecTOpokaeHui. Takxke oco-
60e BHUMaHHE OOpPAaIIAIOCh HA HETPAJUIIMOHHBIC THIBI Me-
CTOpOKﬂeHHﬁ, KOTOPBIC MOTYT IPEACTABIIATEL JOMMOJTHUTEIIb-
HBIM HCTOYHHK MOJIE3HBIX HCKOMaeMbIX. K HHUM OTHOCATCS
MECTOPOXKJICHHUS B JOKeMOpHe, BYJIKAaHOTCHHBIX IIOsICaXx,
KOpax BbIBETPHBaHUs, CTpAaTU(OPMHBIE, B TOM YHUCIE 30J10-
TOPYAHBIE B APEBHUX W MOJIOAbIX KOHIJIOME€parax, alokKap-
OOHaTHEIC (IKACTIEPOUIHBIC) U IITOKBEPKOBBIC B TPAHUTHBIX
IUTYyTOHAX, CTPATU(QOPMHBEIC TOIUMETAIUIMICCKHE M PEIKO-
MeETaJUTbHBIE O0BEKTHI, IOBCHIJIBHBIC aJIMa3bl, METAJUTHI IDIa-
THHOBO¥ I'PYIIIEI U JIp.

Bynxanoeennvie nosca. VccnenoBanusi Takke MOKasaly,
YTO TOTEHIMAJI BYJIKAHOT'€HHBIX IOSCOB OLEHEH JAJICKO HE
moJHOCThI0. Ha mX TeppuTtopuu MOryT OBITE OOHApy>KEHBI
TUIIOBYJIKAHOTCHHBIC MECTOPOXKICHUA PA3IMYHBIX MCTAJIJIOB.
HaHpI/IMep, YUHTU3CKUH CETMEHT B JACBOHCKOM BYJIKAHHYC-
CKOM TI0sICE TIEPCIIEKTHBEH Ha OOTaThie 30JI0TOM U cepedpoM
KOJTYe/IaHHbIE TIOJMMETAJUIMUECKUE pYAbl, CEBEPHBIA Cer-
MEHT B ThUIOBOH 30He (Cracckast u ap.) — Ha 30JI0TO-METHO-
nopdupoBoe opyzaeHeHne, BO (GppOHTANBEHON 30HE HApSAy C
TPaAMIMOHHBIM MEIHBIM — Ha 30JI0TO-cepeOpsiHoe, 3amaj-
HBIIl ¥ BOCTOUYHBIII CErMEHTHI — Ha MeIHO-IOpQHUPOBOE, 3a-
MaJHBIA Ha pEIKUe 3EMJIH, FOKHBIN Ha KWIBHO-
IITOKBEPKOBBIE KOMILUIEKCHBIE YPaH-30JI0TO-MEJHbIE U HO-
BBIE MEITHO-TIOPPHUPOBBIE ¢ OoJiee OOTaThIM 30JI0TO-MEAHBIM
opyaenenneM. Hekotopeie menkue oobekTol (Tackopa, Ap-
XapJibl U Ip.) MOTYT MEPEUTH B pa3psil CPeIHUX MPH AOMON-
HUTEJIBHON pasBenke (IaHroB W TiIyOOKHMX TOPH3OHTOB.
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HoBble MecTOpOKAEHHA MOTYT OBITh BBISIBICHBI HPH IEpe-
OLICHKE Ha 30JI0TO, ME/b, CBHMHEI, IIMHK MHOTOYHCIEHHBIX
THITOBYJIKAHOTEHHBIX MPOSBICHUH U TeOXUMHYECKUX aHOMa-
it (Cu, Mo, Pb, Ag, Sb, Ba, Hg, U, Bi). 3nech He uCKII0O-
YeHBl U KpYyNHblE OTKPBITHS. OCHOBaHUEM ISl TAKOTO IPO-
THO3a CIyXaT HaJHM4Yhe B COCEJHHX CTpaHaX THUIOBYJIKAaHO-
TeHHBIX MECTOPOXIEeHWH ¢ 3amacamu 3omora 100-200 T
(mampumep, Amm B 3amagHoii yactm Kwuras, KocOymak B
Y36ekucrane), HAXOAAMIMUXCA B CTPYKTypaX, aHAJOTUYHBIX
10 NCTOPHH PA3BHUTHSI, BO3PACTY, COCTABY IOPOJ U METAILIO-
TeHHUYECKOH crienuanu3anuy  Ka3axcTaHCKMM BYJIKaHHYeE-
CKUM rosicaM. [ MIOBYJIKaHOTE€HHBIE MECTOPOXKICHHUS MOTYT
OKa3aThCs TJIAaBHBIM 30JI0TBIM pe3epBoM Henp KasaxcraHa.
31eck HaJ0 NPOBECTH MIMPOKOMACIUTAOHBIE IIPOTHO3HBIC
UCCIIEIOBaHUA C TOCIEAYIOUMMHU MouckaMu. OCHOBHBIE
nepcrnekTuBHble peruoHbl — CeBepo-Kazaxctanckuil, Llen-
TpanbHO-Kazaxcranckuid, Konrapckui, ly-Nne-
Kennpixrac-3auneckuit, CeBepo-banxamckuii, Xapma-
Caypckuii. K npumepy, nepcieKTUBHBIMU Ha 30JI0TO U MEJib,
spisoTess BanepbsiHoBckuil n JKapma-Caypcekuil nosica. B
HHUX HMEIOTCSI TpOsBIeHUS MenHo-nopdupossix (benkapa-
Baneprsnosckas), (Kenpuikann, Kencait-Kapmacaypckwit).
O6a mosica cabo M3ydeHsl, HO U M0 TE€M IPEABAPUTECIHHBIM
JaHHBIM, KOTOPBIC ITOTYYEHBI, HAMU MOKHO YTBEP)KIATh, YTO
OHM HE MEHEe IIePCIICKTHBHBI, 4eM OoJiee W3y4EHHbIC WX
IentpansHo-Ka3zaxcTaHCKHe aHAIOTH.

Hamu uccnenoBanys Nokas3plBaOT, YTO JEBOHCKUN BYJI-
KaHH4YEeCKUH I0sAC B CEBEPHOM CETMEHTE NEpPCIEeKTHBEH Ha
MEIHOE OpYJIeHEHHE, I B THUIOBOH 30HE COCPEIOTOUYCHBI
30510TO-MeiHO-nIopdupoBsie  MecTopoxaenus (Hypkasraw,
CarnaeBckoe, Kokracxkanbsckoe), a Bo ¢pponTansHOU (Crac-
CKasl 30Ha) Ha BYJIKAHOTCHHbIE MECTOPOKACHUS THIA JJb-
Kobpe (Kaxsikoiiran) u «ManTo» (AJTeIHTOOE). B 3amaz-
HOM M BOCTOYHOM CETMEHTaX OTMEYArOTCs IIEPCIEKTHBEI Ha
MeITHO-TIOp(HUPOBEIE OOBEKTHI, CBA3aHHBIX THOO ¢ (pOH-
tanpHO# (THna Kapaomak, Bocrok-I-1V u np.), mubo TeutO-
Boi1 (Tuna Capslaran) 30HaMH rosica. B 3anmagHoMm - Taxxke
HaMEJaloTCsl ONpee/ICHHBIC NMEePCIEeKTUBBI HA PEAKHE 3eM-
au. B IO)KHOM CerMeHTe IpeAroyiaraeTcs HaxoXIeHHE
JKWJIBHO-IIITOKBEPKOBBIX ~ KOMIUIEKCHBIX  ypaH-30JI0TO-
MEIHBIX M HOBBIX MeIHO-IIOP(UPOBBIX MPOSBICHUI ¢ Oojee
6oraTtbIM 30JO0TOMEIHBIM OpyACHEeHHeM. UMHTHU3CKHH cer-
MEHT MEpCIEeKTHBEH Ha OoraThle 30JI0TOM M cepedpoM KoJI-
YeJlaHHbIE TIOJIMMETAIITNYECKHE Py bl (KOCMYPBIH-a0BI3CKII
tun). Cnacckuii, mpeacTaBiIsieT MHTEPEC, KPOME TpaanIH-
OHHOT'O MEJHOTO OpYJIICHEHHs, Ha 30J0TocepeOpsiHOEe B ac-
COLIMAIIMU C MEJIbl0, CBUHIIOM M IIMHKOM. 3amajHblii — Ha
penKne 3eMiu.

Cmpamughopmnoe opyoenenue. TIporHO3UpyeTCS U He-
TpagummoHHoe i Kazaxcrana crpaTuoOpMHOE OpyaeHe-
HUe. PaboTHl MO MOWCKAaM HETPAJAHIIMOHHOTO CTPaTH(OpPM-
HOTO MaHC(QENBICKOTO THUIIAa MECTOPOKICHUH IUIATHHOUIOB
B Kazaxcrane nmoka ¢parMeHTapHsl. B To e Bpems moryde-
HBbl Marepuanbl (IIUINXH, aHOMAJIBHBIE COJEpXKaHHSI B OT-
JeTBHBIX MMpo0ax), 0OHaJeKHMBAIOIINE JUIS ITIOMCKA MECTO-
poxnennit storo tuna. Hanwume Ha psane crparurpadude-
CKUX YPOBHEH YIJIEpOJMCTHIX TOPU30HTOB C OJIaronpusITHON
TEOXUMUYECKOH CIielHann3anyeil Mo3BoJIsieT CUUTaTh Tep-
puropuio KaszaxcraHa NOTEHIMaIbHO NEPCHEKTHBHOW IS
NPaKTUIECKN IIEHHBIX CKOIUICHWH IUIATHHOMOOB CTPaTH-
¢opmuoro tuma. IlepBoouepeHbIMU [UIsS MIPOBEICHUS MPO-
THO3HBIX U TOMCKOBBIX Pa0OT CIEAYEeT CUMTATh YEPHOCIIAH-
LIEBbIC M YTOJbHBIE TOPU3OHTHI O(HONNUTOBBIX IOSCOB, Ta-
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KHX, Kak 3amagHo-Myramkapckuid, JleancoBckuii, EpeiiMen-
TayCKHUH, MOBBIIIEHHO YIIEPOAUCTBIE (AL TEPPUTEHHO-
CITaHIEBBIX OTJIOXKEHUH, npuieraromux k YapckoMy mnoscy,
JKanaup-Haiimanckoii 30ub1. OOHapyXeHHe MECTOPOXKICHUH
cTpaTu(OPMHOHN OJIOBSIHHOH MHHEpajM3allid BO3MOXXHO B
Koxkmerayckom cpeaunHoM Maccuse, LllyckoM n Yisitayc-
KOM MOJHATHAX, SIBJIAIOLIETOCS aHAJIOrOM MECTOPOXKICHHUH
Yemckoro cpeauHHoro maccuBa U bpasumuu. bonbiioi
HHTEpEC TaKkKe MPEICTABISAIOT cTpaTu(OopMHO-
MeTaMOp(OreHHBIE EETUTOBBIE MEeCTOpoXKAeHNUs. 1o momy-
YEHHBIM IaHHBIM CTpaTudopMHas Bomb(ppamMoBas MHHEpa-
TU3aIMsg MOXKET OBITH NPOSBICHA B NOKeMOpHH, KeMOpHH,
oproBuke M JeBoHA. IlepBoouepenHbIM CleoyeT CUUTATh
nokeMbOpuiickuil yposens Kokmerayckoro, Myramkapckoro,
Vnyrayckoro maccuBoB. HekoTopsle pernons! Kaszaxcrana
(Topraii, Kapatay u np.) nmo passuruio I'TI crparurpadpuue-
CKHM pa3pe3aM U MHTCHCHUBHBIM IPOSIBICHUEM HHTPY3UBHO-
ro ¥ 3(($y3uBHOrO MarMaTH3Ma OCHOBHOTO M CPEIHEro Co-
CTaBa B TEKTOHMYECKH aKTHBHBIX 30HAX MOXOXH Ha paloHBI
pasBUTHS CTPATH(OPMHBIX 30JI0TBIX MECTOPOXKICHUH B
CIIA.

Kopuwr svisempusanus. B nocnegnue roasl OpU OLEHKE
HNEPCHEKTUB PACIIMPEHUs] M YKPEIUIEHUS MUHEPalbHO-
CBIpbeBON 0a3bl Bce OoJbIlle BHUMAHUS ynensercs (opma-
UM KOpBI BBIBETPHBAHMUSA, KOTOPBIE YacTO MPEACTaBICHBI
KPYIHBIMHU (30JI0TO, MOJMMETANIbl) U YHUKAJIBHBIMU (pea-
KHe 3eMJIH) U IPYTHMH MECTOPOXIEHUIMHU. [[Be TpeTu mio-
maau Teppuropun KazaxcraHa MEpekphITO YEXJIOM — OCTa-
TOYHBIMHU (KOpBI BEIBETPUBAHMUS) U OCaJOUYHBIMU I'€OJOTHYE-
ckuMHu popManusIMU Me303051 U KaifHO305, C KOTOPBIMH CBSI-
3aHBl pa3IMYHbIE NOJE3HBIE UCKOMAEMBbIE, HA KOTOPBIE paHee
YAEISIOCh HENOCTaTOYHOE BHMMaHue. Hamm uccnenoBanus
MOKa3bIBAIOT 3TU IUIOIAAM NEPCHEKTHBHBI NSl BBISBICHUS
POCCHINHBIX, MOTPEOCHHBIX M APYIMX MECTOPOXKICHHH U
OCTAaTOYHBIX KOpP BBIBETPHBAHMS PA3HBIX MOJE3HBIX MCKOMA-
embIX. COOTBETCTBEHHO TpeOyeTcsi pa3pabdoTKa NMPHHIMITH-
aIbHO HOBBIX TEXHOJIOTHH M METOJOB NPOTHO3UPOBAHMSA U
MOUCKA CKPBITBIX MeCTOpokJaeHUH. Kopbl BhIBEeTpHBaHHUSA
YCTaHOBJICHBI BO MHOTHX paioHax: Ypain, CeepHbii, LleH-
TpanbHbIH, Bocrounsiit Kasaxcran. Cpean HHMX BBISIBIEHBI
PYJIOHOCHBIE KOPBI BBIBETPHBAHHUSA, KOTOpHIE, KaK IPaBUIIO,
pa3BUBAIOTCS IO MEPBUYHBIM pyIaM 30JI0Ta, IBETHBIX H
6aropoHBIX METAJUIOB, MapraHna, PeJKUX METalIoB, OJI0-
Ba u 1p. K npumMepy, nposiBiieHHs: HOBOTO CIIa00N3y4eHHOTO
HETPaJUIUOHHOIO THIA MIATUHOUAOB B KOPaxX BBIBETPHUBA-
HUS 10 THUIepOda3uTaM HaMH YCTaHOBJIEHO B 3alajHOM
(Kemmupcaiickuii MaccuB) U Bocrounom (Cyposckoit) Ka-
3axcTaHe. JTO CBUAETENLCTBYET O MEPCHEKTUBAaX IIATHHO-
HOCHOCTH KOP BBIBETPHBAHHS 10 yIbTpaba3uTaMm B rumnepba-
3UTOBBIX Nosicax KazaxcraHa.

OTMeyaroTcs HECKOIBKO KOMIUIEKCHBIX OOKCHTO-30JI0TO-
pyaHbBIX paitoHoB Ha Ypane (bamkeimOaiickuii, JKuTsirapua-
ckwmii), Toprae (BanepbsHOBCKHUIA), T TMPOIECCHI JIATEPHT-
HOTO KOpO- M OOKCHTOOOPa30BaHUs MPOXOIMIN Ha 30JI0TO-
HOCHOM cyOcTpare M 3TO CONMXKaeT MX C 30J0TOHOCHBIMH
6okcuramu ABcrpanuu. HameuaroTcest mepcleKTuBbI 300Ta B
Kopax BbIBeTpuBaHUsA B CemumnanaTuHckoM IIpuupTelmibe
(tuna Cysnanbsckoe, JKepbik, Kaman, Mupax), JKnterapus-
CKOM paiioHe (Tuma JOneBaTopHbIi, AkimmHckoe). I'TI cBs-
3aHHBIE C aBTOXTOHHBIMHU U JZIOXTOHOBBIMH KOPAMHU BBEIBET-
pYBaHUS ME3030MCKO-KaitHO30MCKOTO uexia, KOTOpbhIe pas-
BHBAIOTCS 1O  (aMEeH-HUKHEKApOOHOBBIM  TEPPUTEHHO-

KapOOHaTHBIM  (OpMalUsAM YyKa3bIBAIOT Ha CBUHIIOBO-



B. Rakishev et al. (2022). Engineering Journal of Satbayev University, 144(4), 25-33

IIMHKOBOE OpyzAeHeHue. IIpoBeneHHbIE HCCIENOBAHUS I03-
BOJIMJIM TEHETHUYECKH YBS3aTh JOBOJILHO M3BeCTHBIN B Kapa-
Tay alUCaliCKU{ THUII CBUHIIOBO-IIMHKOBOI'O OPYAEHEHHUS C
npoLeccaMu Me3030HCKOI0 KOPOOOpa3oBaHus U YCTaHOBHUTH
€ro WAEHTHYHOCTh C METAIJIOHOCHBIMH KOpPaMH BBIBETpHBA-
Husi B Toprae (Mmectopoxxaenust [laiimepnen). Mecrtopoxne-
HUS alycai-nraiMepIeHOBCKOTO THUMA MNpeanonaraTcs B
HECKOJIbKMX JEHPECCHOHHBIX CTPYKTypax Bocrounoro Top-
rast (Apkansikckol, Kamaamackoii, Keperemmackoi u ap.) u
3amagHoii wactu Capeicy-Tennsa. Hanbonpmee BHUMaHHE
NPUBJICKAIOT ~ CaMOPOJHO-OKHCHO-THAPOKApOOHATHBIE |
BTOPHUYHO-CYNb(UIHBIE PyIbl CBUHIA X MEIU B KOHTAaKTOBO-
KapCTOBBIX KOpax BBIBETPHBAHUS, UMCIOMINX OONBIIOE ILIO-
IIaIHOE pa3BUTHE. B CBS3M C BBIIEH3II0KEHHBIM HCKIIFOYH-
TEJIBHO aKTyaJIbHbl IPOTHO3HBIC HCCIICIOBAHUS TI0 OLICHKE
Tepputopun Kaszaxcrana Ha BBISBICHHE PYIOHOCHBIX KOP
BBIBCTPUBAHUA W YBCJIHWYCHUC 3a HUX CYUET 3alacoB 30JI0Ta,
IBCTHBIX, 6nar0p0}1H1>1x, PCAKUX U APYTUX METAJIIIOB.

Kak BupHO M3 BbImensiaoxeHHoro, CaTmaeBckas IIpo-
THO3HO-METAJNIOTEHIYECKasl IIIKOJIa HA OCHOBE MHHOBAIIMOH-
HBIX HAayYHO-TEXHOJIOTHUYECKHX Pa3pabdOTOK M MPHUBIICUCHHS
MEpPEIOBBIX TEXHOJOTUH 3apyOeXHBIX CTpaH, NMPH aKTHBHOH
MOAJIEP)KKE TOCYIapCTBa BHECIH M BHECYT JOCTOMHBIN BKJIAJ
B YKpEIUICHHE MHHEPAJIbHO-CHIPEBOTO KOMIUICKCA W MHAY-
CTPHAIBHO-MHHOBAIIMOHHOTO PA3BUTHS PECITyOJIKH.

4., BeIBOABI

[Mpomenme anpobanuio B MPECTHIKHBIX MEXIYHapO-
HBIX (POpYMax M MPaKTHYECKUX cepax, Hallyd pabOoThI MMOJIb-
3yIOTCsl OOJIBUIMM CIPOCOM Y Ka3aXCTaHCKUX U 3apyOeKHBIX
HEAPOIOJb30BaTeIEH.

PesynbraThl 3THX paboT, HOKa3aBIIKE OOJBIINE TEPCIIeK-
tuBbl Kazaxcrana B jene oOHapyXeHHs MOJIE3HBIX HCKOIIae-
MBIX, @ TaK)Xe NPOOJEMBI, 33/a4l M CTpPATerusi pa3BUTHS
MHHEPAILHO-CHIPHEBBIX PECYpPCOB TpeCTaBIsUIMCh [ 1aBe
rocyaapcTBa M mpaBuTenbcTBY Kasaxcran. Ilocie Hammx
JIOKJIaZI0B OOJbINas 4acTh MHBECTHLUH U HEAPOIOJIb30BaTE-
nei B Kaszaxcran MMpyuaIjin Ha MECTOPOXKACHUA, MOATOTOB-
JIeHHbIe K pa3paborke. Celyac HaCTYIIJI TOT MOMEHT, Korzia
rocylapcTBy HEOOXOIMUMO aKTUBH3HPOBATh IOUCKOBO-
pa3BeJouHbIe PabOThl C CO3/aHMEM HOBBIX CTPYKTYp. Bo-
MPOChl PETUOHAJIBHOTO TE€OJIOTMYECKOro H3Yy4YC€HHUA U BOC-
MOJIHCHHS 3aI1aCcoB ITOJIC3HBIX HMCKOIIACMBIX JOJIXKHBI (I)I/IHaH-
CHpOBAThCSl TOCYJIApCTBOM, KOTOPOE SIBIISIETCS OCHOBHBIM
COOCTBEHHHUKOM H TIOTPEOHMTENEM CTPaTErM4ecKd BaKHOW
uH(OpMaLMK 0 Hepax M UX MOTEeHIHAE.

Ha BbIIesIeHHBIX HAMM TIEPCIIEKTUBHBIX pallOHax, y3Jlax U
IUIOIIAJSIX HY)XKHO IIPOBECTH KPYIMHOMACIITAOHbIE KOM-
TUIEKCHBIE MIPOTHO3HBIE W ITONCKOBO-Pa3Be0UHbIE pabOTHI 2-
JTamna, ¢ y4eTOM YCTAHOBJICHHBIX 3aKOHOMEpHOCTEH W MpH
3TOM, 0c000€ BHMMAaHHE HaJ0 OOpaTHTh, HA PYJOHOCHOCTH
JIOKCM6pI/I$[, BYJIKAHOT'CHHBIX ITOSACOB, KOP BBIBETPUBAHUA U
Ha cTpaTu(OpMHOE opyleHeHHe. Hamr MHOTOJIETHUHN OTBIT,
3HaHWE CYTH U HEOAHOKpaTHoe 3(PQeKTUBHOE pelieHHne 3a
MHOTHE T'O/Ibl BO3HUKAIOIINX BOIIPOCOB, MPOOJIEM OTKPBITHS
M BOCIIOJIHEHHS 3aIrlacoB I0JIE3HBIX MCKOIAEMBIX M IOTEH-
IIMaJIbHBIX BO3MOYKHOCTEH KaXKJOH OpraHU3aliy, 1 WHANBU-
JyaJIbHO KaXKJIOTO COTPYJIHMKA, MO3BOJISIET HAM OPTaHH30-
BaTh UX 3((PEKTUBHOE B3aUMOJICHCTBHE.

Kak BuaHO W3 BBIICU3JIOKEHHOTO, IPOBEJCHUE IIPO-
THO3HO-METANIOTEHUUECKUX HCCIIE0BaHNH (PETHOHAIBHBIX,
CTEIUATBHBIX M JIOKAJIBHBIX) C AHAIN30M HMCIOLIUXCA H
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HOBBIX MAaTEpPHajOB HA OCHOBE HOBEHIINX HAYYHBIX IPEI-
CTaBIGHUH M TEXHOJOTHH, MO3BOJUT YCTAaHOBHTH HOBBIC
3aKOHOMEPHOCTH Pa3BUTHUSI MECTOPOKIEHUH BO BPEMEHH U B
MPOCTPAHCTBE, C BHIAEICHUEM HOBBIX, B TOM YHCIIE HETpaIH-
IMOHHBIX JUIs KazaxcraHna pyJoOHOCHBIX Iuiomaned ass o0-
Hapy»XeHUsI KOHKYPEHTOCIIOCOOHBIX MECTOPOXKIICHHUI.

Jnst 5 exTHBHOrO M IIIOJOTBOPHOTO HPOBENEHUS MPO-
THO3HO-METAJUIOTEHUYECKUX U BOOOIIE I'e0JI0ropa3BeI0YHbIX
paboT Hy>KHO pemaTts cieayomue mpodiaeMsl u 3axaun [21]:

* TOCYJapCTBEHHOM MOJAEPKKH B TOM UHCIJIE B BUAE TOC-
YIapCTBEHHOTO 3aKa3a, a TakKe TOANEPKKH B BUIE CyOCH-
Ui, DTO MIPAKTHUKYETCS BO BCEX Pa3BHUTHIX cTpaHax. HyxHo
o0paTuTh BHHMaHHE, YTO TOCYAapCTBEHHas (UHAHCOBAs
MOJJIEp)KKA JIOJDKHA OKa3bIBaThCS M JIOJITOCPOYHBIM IIPO-
rpaMMam (pyHIaMEHTaJIBHBIX HCCIICA0BaHUi, U HE TPeOOBAThH
OT Hee KakK CTaJlo celyac MOJHO CHIOMUHYTHOW NPUOBLIBHON
OTAa4M, YTO CO3JACT OJIarONpHSATHBIC YCIOBHUS IS d(pdek-
TUBHOT'O MPOBEICHUS I'e0JIOrOPa3BeA0UHbIX PaObOT U OTKPHI-
THSI MECTOPOKIEHUN M B JajbHEWIIEeM JJisl NPUBIICYEHUS
YaCTHBIX MHBECTUIINH U BHEAPCHUSI HHHOBAIINH;

* CO3laHHE CHCTEMbl 3KOHOMHYECKHX CTHMYJIOB, CIIO-
COOHBIX 00€CHEYNTh 3aNHTEPECOBAHHOE U IINPOKOE yIaCTHE
MHTEJUIEKTYaIbHOTO IMTOTEHIMala CTpaHbl B pa3paboTKe HO-
BEHIINX M IIEPCIEKTUBHBIX UCCIECAOBAHNI;

* TPUBJCYCHNS BHEOIOMKETHBIX CPEICTB, B TOM HYHCIIE
6aHKOBCKOT0 KalluTaja, CPEeJCTB MaJIOTO U CpeIHero OusHe-
ca B HayKOeMKHe OoTpaciu. B mporecce komMepipanu3anum
HMHHOBAIIMOHHBIX TEXHOJIOTUM JOJI0 pacxoJ0B MNOCTEIICHHO
JIOJDKEH B35ITh Ha ce0sl 4aCTHBII CEKTOp;

* KOHLIEHTpPAIMs BCEr0 MMEIOIEToCs MHTEIEKTYaJIbHO-
ro, HayYHO-TEXHHYIECKOTO, IMPOMU3BOJICTBEHHOTO, (hPHHAHCO-
BO-?KOHOMHYECKOTO MOTEHIIMAJIOB T'EOJIOTHH IYTEM MeX-
JMCLUIIMHAPHOTO B3aUMOZEHCTBUS C IETbI0 MaKCUMaJIbHOM
oTAa4YM pa3paboTok npH 3P(HEeKTHBHOM pa3BUTHH IIEHOYKH:
HayYHBII MapKeTHHI — HCCIIC[OBAaHUS — Hay4dHbIE M TpH-
KJIaJHble pa3paOOTKH — OIBITHO-IKCIIEPUMEHTANIbHAS aIpo-
Oarust — BHEJPEHUE B TIPOU3BOJCTBO;

* Pa3BHUTHS PbIHKA HHTEJUIEKTYaJIbHOM COOCTBEHHOCTH;

* COCTOSIHMS W YPOBHSI Pa3sBUTHA MEXKIYHapOIHOIO CO-
TPyIHMYECTBA B HAay4yHO-TEXHUUYECKOH cdepe, KoTopoe
HaXOJUTCA B HACTOALICC BpEMSA Ha HHU3KOM YPOBHE OIIATH-
TaKd HU3-3a HU3KOTO (MHAHCHUPOBAHHS HAYKH, YTO CTaBHUT
Ka3aXCTAaHCKYI0 HayKy B YCJIOBHS H30JIALUH OT HAYYHOTO
MHPOBOTO COOOIIECTBA, YTO HUKAK HE MOXET CIIOCOOCTBO-
BaTh YCIICIIHOMY Pa3BUTHIO HAyKH BOOOINE, a IeoyiorHye-
CKOM, B YaCTHOCTH;

* 00beAMHEHNE TEXHUYECKUX CPEJCTB M KaJpOBOTO II0-
TEHIIMaa C BBIPA0OTKOH M Pa3BUTHEM COBPEMEHHBIX aHAJIH-
THUKO-OKCIICPUMEHTAJIBHBIX W OIIBITHBIX n0)1pa3)1eneHI/H71 C
LEJIbIO JIOBEJICHUS] HAYYHBIX Pa3paboToK JI0 MPOAYKTa, OTBE-
Haomero TPeOOBaHMAM MEXIYHApOIHBIX CTaHIApTOB U
BOCTPeOOBAaHHOTO TOTpeOWUTENEeM HAa BHYTPEHHEM W BHEII-
HEM PBIHKAaXx,

* BHE/IpeHHE HOBBIX HAYKOEMKHX TEXHOJIOTMH IPOTHO3a,
TIOMCKOB M Pa3BEJKH IOJIE3HBIX MCKOMAEMBIX, T. €. TIEPeX0.
OTpac/ii Ha Ka4eCTBEHHO HOBBIH 3Tam — IPAaKTUYECKOEe HC-
MOJIb30BAaHNE HMHHOBAIIMOHHBIX HAYKOEMKHX TEXHOJIOTHH
(reoxuMHUYECKNX, Teo(U3NIECKnX, KOCMHUYECKHX, MOCTpOe-
HHE 00BEMHBIX KOMITBIOTEPHBIX CTEPEOMOJIeTeH ATAIOHHBIX
00BEKTOB MPOMBIIIJICHHONH 3HAYMMOCTH HPHUOPHUTETHBIX
BUJIOB TIOJIE3HBIX MCKOMAEMBIX M T. 1.), BEIpaOOTKa HOBBIX
MaTEeMaTHYECKUX W KOMIBIOTEPHBIX TEXHOJIOTHH 00paboTKH
OTPOMHOTO (POHIA TEONOTHUECKON WHGPOPMAIIUU TSI TIOBBI-
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IICHUS] PE3yIBTATUBHOCTH IPOTHO3a MECTOPOXIEHHH TIO-
JIE3HBIX UCKOTIAEMBIX;

* YCKOpEHHOE MpPOBEACHHUE IepecueTa 3alacoB U HKOHO-
MHYECKHX OIEHOK BCEX M3BECTHBIX, CTOSIIMX Ha OanaHce
MECTOPOXKICHUH C YYETOM COBPEMEHHBIX OOIEMUPOBBIX
KOHIUITUM;

* KOMIIBIOTEpU3alUs aHAJTUTUKO-HUHTEPIPETAl[IOHHBIX
MPOLIECCOB ¢ MpuMeHeHueM u pazsutueMm [ MIC-TexHonoruit,
MEepexo/IoM K METOJaM J3KCIIEPTHBIX CHCTEM, MPUMEHECHHE
HOBEUIINX TPHUOOPOB W 000OpYIOBAHUS I aHAIH3A TEOJIO-
THYECKOTO BEIIEeCTBa, Pa3BUTHE COBPEMEHHOTO MH(OpMaIu-
OHHOTO 00ecTeueHNsI COCTaBICHUS 0a3bl U OAHKOB JaHHBIX,
KOMITBIOTEPHBIX MOZENEH W KapT TeOJIOTHYECKUX OOBEKTOB
pa3nu4HbIX peruoHoB KazaxcTaHa ¢ CUCTEMHBIM aHAJIU30M U
00paboTKOI NEpBUYHOM U BTOPUYHOM HH(DOpMaLU;

* pa3paboTKa W BHEJPEHHE B TEOJIOTHI0 COBPEMEHHOTO
MEHE)KMEHTA;

* OCHAIllEHHE aHATUTUYECKHUX MOpa3IesIeHI COBpEeMeH-
HBIM NPEUU3UOHHBIM 00OPYZOBaHUEM JUISl aHAIN3a PEAKHX,
[[BETHBIX M OJIATOPOJHBIX METAJUIOB, B T. 4. DJIEMCHTOB ILIA-
THHOBOH TPYIITBI METOAWKAMH BHITONTHEHHS m3Meperuit [-111
KaTeropuii TOUHOCTH B COOTBETCTBHU ¢ TpeboBanmsmu [Ipa-
BUTEIIBCTBA.
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Ka3akcTaHHBIH MeTAJJIOTeHe3i KOHEe OHBIH NMalaJbl Ka30ajiap KeH
OPBIHAAPBIH 00/I2KAY YIIIH MAHBI3BI TYPaJibl

B.M. Pakues”
Satbayev University, Arvameor, Kazaxcman
*Koppecnonoenyus ywin asmop: bolat _rakishev@mail.ru

Angarna. Ka3akCcTaHHBIH METaJUIOTCHHACH! XKep KBIPTHICHIHBIH CATBUIBI JaMYbl JKOHE I'€OTEKTOHOTCHJACpP KOHLEMIHUSCHI
TYPFBICEIHAH KapacThIPbUIaNbl. ByphlH THICTI KOHUIT OOJiHOSTeH METAJUIOTeHHS KoHe Maimansl kKazbamap OoJmKaMbl Typastbl
0erii FRIIBIMU-TEOPHSIIBIK HICSIIap bl alTapIIbIKTall TOJBIKTHIPATHIH )KaHa 3aHAbIIBIKTap MbIcasiaps! Oenrinenre. Kasipri
yaKpITTa Mainansl Ka3zdanapiblH KemnTereH OacklM Typisepi OoibIHIIA, acipece Kalakypaylubuiap, KasipZiH e3iHAe eTKip
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TaNmbUIBIKTEI ce3inyae. COHABIKTaH Maiabl Ka30amap KOPBIH TOJBIKTBHIPY — €11 YIIIH aca ©3eKTi )KoHe MaHBI3IbI Macere.
Moceneni memyae Herizin K.M. CorbaeB kamaran KazakcTaH MeTayUIOTEHHSIIBIK MEKTEOIHIH OOJDKaMIBIK-METaIIOTCHIIK
0aFpITBl MaHBI3MBI PO aTkapanabl. [laiimanel kKazbamapIbiH, ocipece OCHIICTYpIi KEHOPBIHAAPBIHBIH KAaIBINTACYBIHBIH MCH
TapaJybIHBIH KaHA 3aHIBUIBIKTAPHI CHITATTAIFaH. AHBIKTAJIFaH TIePCICKTUBANIBI ayAaHIapaa, TOpanTapa *KoHe alaHaapaa KeH
ayKBIMJIBI KEIICH[II 0OJDKay JKoHE i3/iey-0apiiay *KYMBICTAPhIH JKYPri3y YCHIHBUIAABI. AHBIKTATFAH 3aHIBUIBIKTApABI €CKepe
OTBIPBIN, NPEKEMOPHIIH, BYJIKAHOTCHIIK OCIACYNEpIiH, MOPY KBIPTHICHIHBIH PYIAIbUIBIFBIHA JKOHE CTPATU(POPMIIBIK
MUHEpalJlaHyFa epekiie Hazap aydapsuiansl. COHFBI FRUIBIMH HICSNIAp HETi3iHAe Koyga 0ap jkKoHE jKaHa MaTepHajiap.ibl
TaNai OTHIPHIN, afMaKTHIK, apPHANBI )KOHE JKEPTUTIKTI 00JDKaMIBIK METAJUTOTCHHSITBIK 3ePTTCYJICPIiH polli kepceTiireH. O3bIK
TEXHOJIOTHIApIpl TalJjalaHy KeHOPBIHAAPIBI UTEPYHiH yaKbIT MeH KeHICTIKTe aHa yariiepin Oenrineyre, Kazakcran ymiH
JKaHa, OHBIH iMIiHAe OeWIocTYpIi KeH Il altMaKTapAbl aHBIKTayFa MYMKIHAIK Oeperi.

Hezizzi  co30ep: memaniozenus, 2eoxumus, nauoaibl Kazoanap, MUHEPAI-WUKI3AM pecypcmapbl, KeHOpblHOap,
OONIAHCAMOBIK-MEMANLIO2EHUSIILIK, 3epImeyiep.

O Merautorenun Kaszaxcrana u ee 3HaUeHHe JJIA IPOTrHO3a
MECTOPOKIEHU I MOJIE3HBIX HCKOMAeMbIX

B.M. Pakuiues”
Satbayev University, Awvuamot, Kazaxcman
*Aemop ons koppecnondenyuu bolat _rakishev@mail.ru

AnHoTanus. PaccmoTpena Mmertayutorenust KazaxcraHa ¢ MO3UIMM KOHIEMIMU CTYNEHYATOTO Pa3BUTHUS 3€MHOH KOPBI U
reorekToHoreHoB. Ha mpumepax yCTaHOBIICHBI HOBBIE 3aKOHOMEPHOCTH, CYIECTBEHHO IONOIHSIOIINE HU3BECTHBIE HAYYHO-
TEOpEeTHYEeCKHEe MPEACTAaBICHUA O METAJUIOTEHHH M MPOTHO3a MOJIE3HBIX HCKOIMAeMbIX, Ha KOTOpHIE paHee He o0paranoch
JOJDKHOTO BHHUMaHHA. B HacTosimee BpeMs IO MHOTHM IIPUOPHTETHBIM BHIAaM MOJIE3HBIX HCKOIIAEMBIX, OCOOCHHO, KOTOPHIE
SBJISTIOTCSI TPaIo00pa3yIoMy, yKe HabmromaeTcst ocTpblid Aedunut. [1o3ToMy BOCHONHEHNE 3a1acOB ITOJIE3HBIX HCKOTTAEMbIX
HCKITIOUNTEIbHO aKTyaJbHas M BaKHAsd 3ajada Al CTpaHbl. B pemieHun mpoOieMbl OOJBLIYIO POJIb WTPAET HPOTHO3HO-
METAJUIOT€HUYECKOE HalpaBIIEHHE METAIUIOreHnuecKor mKkonubl Kaszaxcrana, ocHoBareneM kotopoil siBiasercs K.M. Carnaes.
Hamu onmcanbl HOBBIE 3aKOHOMEPHOCTH 00pa30BaHMS U pa3MELIeHHsS MECTOPOKICHHUH MOJIE3HBIX NCKOIAEMbIX, B OCOOEHHO-
CTH HETPaAMIHOHHBIX. B BBIIENECHHBIX IMEPCIEKTUBHBIX paioHaxX, y3fax M IUIOMAIIX HpelaraloTcs KpymHoMacIiTaOHbIe
KOMILJICKCHBIE NTPOTHO3HBIE M MOWCKOBO-pa3BelouHbIe paboThl. C yueToM YCTaHOBIIEHHBIX 3aKOHOMEpPHOCTEl ocoboe BHUMA-
HHEe 00pallleHO Ha PyJOHOCHOCTb JIOKEMOpUsI, BYJIKAHOTEHHBIX II0SICOB, KOP BHIBETPUBAHMUS U Ha CTPATH(HOPMHOE OpYACHEHHE.
Iloka3ana pojib MPOTrHO3HO-METAIIIOTEHUYECKUX HCCIEAOBAHUN PErMOHAJbHBIX, CIELUAIBHBIX M JIOKAJIbHBIX, C AHAIU30M
MMEIOIUXCSA M HOBBIX MAaTEpHaJIOB Ha OCHOBE HOBEHIIMX HAayYHBIX NpeAcTaBiIeHHUH. [IprMeHeHHe MepeloBBIX TeXHOJIOTHH
MO3BOJIMT YCTAaHOBUTH HOBBIE 3aKOHOMEPHOCTH Pa3BUTHS MECTOPOXKACHUI BO BPEMEHH U B IPOCTPAHCTBE, BBIJICIIUTH HOBBIE, B
TOM YHCJIe HeTpaaAuInoHHbIe 111 Ka3axcTaHa pyIOHOCHbIE IIOIMIAIH.

Knrwouegvie cnosa: memannozenus, 2e0XuMusl, noie3nble UCKONAeMble, MUHEPATbHO-CbIPbESblE PECYPCbl, MECHOPOICOCHU,
NPOCHO3HO- MEMANI02EHUECKUEe UCCIeO08AHUL.
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A method for assessing the reliability of the planned consumer quality
of ores with considering the calculated accuracy of their average content

A. Kurmankozhaev”
Satbayev University, Almaty, Kazakhstan
*Corresponding author: kurmankozhaev_a@mail.ru

Abstract. The method consists in ensuring the reliability of the planned consumer quality of ores by using non-parametric
properties of the variation of unevenness, variability and uncertainty of contents, which predetermine the weighted average
value of the average, according to which qualimetrically averaged aggregate and frequency integrity of contents is reproduced.
The method is based on the concept of reproducing qualimetrically averaged sets of contents, zonal based on the nature of their
distribution and the uniformity of their values, using the qualimetric geoindicator property of the modal concentration of ores.
The fundamental difference of the method is in achieving the reliability of the planned average grade - "by areas of qualimetri-
cally averaged grades” instead of the traditional one - "by grouped point samples”, in which stabilization of the quality of ores
is achieved before mining. Based on the results of qualimetric averaging of grades, qualimetric maps are compiled containing
geological zones of high-quality and ordinary ores, and ores with modal grades, and consumer quality calculation blocks. In-
situ-experimentally confirmed the feasibility of the minimum limits of deviations of the contents of the initial production com-
ing to the processing and processing processes from the planned ones for the extraction sites, achieved when extracting the
reserves of the reproduced sites of ordinary, high-quality, high-quality and near-edge ores. Geological and geometric bases are
being created for the modernization of the processes of exploration, calculation, preparation and excavation of reserves, the
costs of technical averaging are reduced, and losses of metals in mining waste and processing tailings are eliminated.

Keywords: method, quality, qualimetric averaging, deviation, content, stabilization, change, loss, natural experiment.

1. Beenenue HHEM TEXHUYECKUX CPEICTB M 00OpYHOBaHHMS, C JONMYIICHH-
€M OTPOMHBIX 3aTpaT U HOTeph pyad. B cBs3u ¢ yem, npobdie-
Ma YCTpaHEeHHs BBIHYKICHHBIX 3aTpaT Ha YCPEIHEHHE IOCIe
)IO6I>I‘II/I, IMOoTephL MCTAJJIOB B ,E[O6I)ITBIX pyadax U XBOCTax
oboraTuTenbHO-TIepepadaTHIBAIOIINX IPOIECCOB IMPEICTaB-
JIACTCA NPUOPUTETHLIM HAIIPABJICHHUEM B O6J'IaCTI/I OCBOCHHA
PYAHBIX UCKOIIAEMBIX.

[IupokopacpoCTpaHeHHbIE HA MPAKTHKE CIIOCOOBI
cpenHeapru(METUIYECKOTO U CPEHEB3BEIICHHOTO OTpe/erie-
HHS CPEIHEro COJICpIKaHWsl MeTajula MOJTBEPKACHBI Oojiee
TOYHBIMU U MPUEMIIEMBIMU JJId YCIIOBHUA pa3JIMYHbIX MECTO-
POXKICHUSIX TOJIE3HBIX UCKOMaeMbiX. OIHAKO MO HACTOSIIEE
BpeMsl JIOIYCKaeMbIe MPU 3TOM CHCTEMATUYECKHE OTKIIOHE-
HUS TEKYIIUX CPEeIHUX COJEepXaHUH JTOOBITON PyIbl HCXOA-
HOM JIsl 000TaTUTEIbHO-TIEpepadaThIBAIONIUX MPOLECCOB OT
IUTAaHUPYEMBIX 110 BBIEMOYHBIM €IIMHUIAM, Ol0KaM, pyaHOMy 2.1, CyIiHOCTH MeTo/ia
TeIly OCTAIOTCSI BEChMa 3HAYUTEIIbHBIMU.

YTBepiKaeHHE O HEU30eKHOCTH 3TOro MPOOIEMHOTO
(haKTOPHOTO MOJOKEHHST CTA0 TPAJUIUOHHO MPHKUTHIM B
CUITy OTHECCHHS UX IOCIEACTBUHN K MPUPOIHBIM I'€OJIOTHYC-
CKHUM IIOTPECITHOCTAM, KOTOPHIE BO3HUKAIKOT B CBA3U C HCO/M-
HOPOJTHOCTBIO PYIHOTO MacCHBa M CTOXAaCTHYHOCTBHIO CTaTH-
CTHYECKOT'0 TMOJISl COJCPIKAHUW IOJIE3HOTO HCKOIaeMOoro.
CyU.leCTBy}OU_H/Ie IoAXO0aAbl U METOAbl COBEPIICHCTBOBAHUA
(dbopMyn pacdeToB OXKHJAEMOW TOYHOCTH CPEIHEro Coep-
KaHus, (baKTPI‘[eCKI/I HE BJIUAIOT HA MOJIOKUTEIBHBIC PE3YIIb-
TaThl. He3aBHCHUMO OT ypOBHS pacyeTHOW TOYHOCTH, OTKIIO-
HCHHS COJICPYKAHUN UCXOIHOU MOOBIYU Uil 0OOTAICHUS OT
TUTAHUPYEMOTO 110 SKCILTYaTallMOHHOMY OJIOKY OCTAOTCS KaK
MPaBUIIO 3HAYUTEITHHBIMH.

Ha ceromns ans perieHus npoOieMbl cTaOWIH3aluu Ka-
YecTBa CIMHCTBEHHBIM CTaBIICH TPAJUIUOHHBIMU OCTAIOTCS
BHYTpH3a00WHbIEe, BHYTPUCKIAIHBIE W MPUPYAHUYIHBIE CIIO-
COOBI yecpeqHeHHs KadecTBa Py IMOCiie TOOBIYH, C IPUMEHE-

2. MeToabl M1 MAaTePHUAJIbI

B ocHOBY pekoMeHIyeMoro MeTroja MOJOKE€Ha KOHIIET-
1Sl UCTIOJBh30BAHUS BOCIPOM3BEICHHBIX 30H «OOHOBJIEHHO-
ro» T€0JIOr0-KaueCTBEHHOTO COCTOSIHUSA 3araca JJjis MoACUeTa
CPEIIHETO COJIepIKAHMSI, OCHOBAHHOW HA OOPATHBINA MOAXOJ K
TPAAUIIMOHHOMY TIPSIMOMY, TIPH KOTOPOM HCITOJIB3YIOTCS
CTpYIIHUPOBaHHBIC TOYCYHBIC MPOOBI CONCPKAHUN B IpeJe-
Jax TUIAHUPYEMOTO BBEIEMOYHOro 0Jioka. CyIIHOCTH KOHIICH-
MM 3aKJII0YaeTCs B BOCIPOU3BEICHUU KBAaTUMETPUUECKU
OCPENHCHHBIX COBOKYITHOCTEH COIepKaHHi, 30HAIBHO 0a3u-
POBaHHBIX [0 XapakTepy PacIpOCTPAHEHUS U OJHOPOIHOCTU
MX 3HAYEHUH ¢ NIPUMEHEHHEM KBaJUMETPUUECKOr0 reOUHIM-
KaTOPHOTO CBOMCTBA MOJAJIbHOW XapaKTEPUCTUKU PYAHOTO
HCKOIaeMoro. Peanu3arus KOHIETIIMA COCTOUT B CO3JaHUU
30HMPOBAaHHBIX HA YPOBHE HAUMEHBIIUX IIPEIEIOB HEPABHO-
MEPHOCTH U CIIy4allHOM HM3MEHYMBOCTU COZICPKAHUN, HEOA-
HOPOJHOCTHY ¥ HEOIIPEIEIICHHOCTH KOHILICHTPALUU II0JIE€3HOIO
KOMITOHEHTA, IMOJICYETHBIX YYaCcTKOB, MPH KOTOPBIX oOecte-
YHBAIOTCS JIOCTOBEPHOCTh MOTPEOUTEIBCKOTO KAueCTBa PY/-
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HbIX npoaykuuid. [ToaTBepkIeH0, YTO 3aKOHOMEPHOCTH IIO-
SIBIICHUSI 30HUPOBAHHBIX II0 XapakKTepy paclpOCTPaHEHHs U
OJTHOPOAHOCTH COJAEp’KaHUHM, YNOPSAIOYEHHBIX Ha YpPOBHE
HaUMEHBIIUX MpPEIeNOB CTATUCTUYECKOM HM3MEHUYUBOCTH,
HEpaBHOMEPHOCTH KoJieOaHWiT M HEONpeeJICHHOCTH PacIpo-
CTpaHEHUs ITOJIE3HOI0 KOMIIOHEHTA B Ipejesiax IoJje 3amaca
3aJIeKU NPU €r0 PACUJICHEHUH C MPUMEHEHUEM KBalIHMETpH-
YECKMX MOJANBHBIX I'€OMHIUKATOPOB HOCHUTH I'€0JIOTOTeHe-
THaeckuii xapakrtep [1]. B martenre [1] m3mokeHa Teopwus
BOCIIPOM3BOJUMOCTH OJHOPOJHBIX M0 KOHIEHTpAaLMH, W3-
MEHYMBOCTH U PABHOMEPHOCTU PACIPOCTPAHEHUS] NEPEMEH-
HBIX IpU KBaJUMETPUUECKOM PACUJIEHEHUU HEOTHOPOIHOM
cpellbl ¢ IPUMEHEHUEM MOJAJIbHBIX [€OMHANKATOPOB. BhIsB-
JIEHBI CKPBIThIE FT€OMHIUKATOPHBIE YACTOTHOCTHBIE U KOJIHYe-
CTBEHHBIE KBaIUMETPHUUECKHE CBOMCTBA MOJAILHON BEJIHUU-
HBl TIEPEMEHHOI'0 U 30HBI €€ KOHLEHTPALUH, BIUAIOLINE Ha
XapakTep paclpoCTpaHEHHs U OJHOPOTHOCTU KOHIICHTpAIHH
TMCPEMCHHBIX. HpI/IBeﬂeHO, 4YTO B IPOLECCE KBAJIUMETpHUUC-
CKOTO PACWICHEHHUs Te0JOTHYECKOro 3amaca IOCPEeACTBOM
MOJAJbHBIX TE€OMHIMKATOPOB MPOUCXOAUT CTPYKTypHas
mudQepeHnnanys CTaTHCTHIECKOTO IO CONepKaHUH Me-
TaJla Ha 30HAJBHO BBHIEIAEMBIC II0 YPOBHSAM aOCONIOTHBIX
3HAYEHUI, OJHOPOJHOCTH, KOHLUEHTPALUH, U3MEHYMBOCTH U
PAaBHOMEPHOCTH HMX pPa3MELICHHS, YNOPSIOYEHHBIE T'€0JIOTO-
TEOMETPUUYECKHUE 30HBI B MIPENENAX 3AJICHKHU.

Merton 3akio4aeTcs B MCHOJIb30BAaHHM KBaJMMETpHUYe-
CKUX T'COMHAHUKATOPHBIX KPUTECPHUCB IJIAHUPYEMOI'O0 BbIXOJa
MOTPEOUTENBCKOT0 KauyecTBa Pyl [0 BHIEMOYHOMY YYacCTKY,
OCHOBAHHBIX Ha HeMapaMeTpUdYecKHe CBOMCTBa BapHalUu
HNCXOJAHBIX BCJINYNH, XapaKTCPU3YIOMINX CPEAHCB3BCIICHHOTO
3HAUEHUs COAEPIKAHMUS, 0 KOTOPHIM OCYIIECTBIISIOTCS Mapa-
METpHU3aLKs BOCIPOU3BEAECHHBIX COBOKYITHOCTHBIX M YacTOT-
HOCTHBIX LEJIOCTHOCTEH, KOOPJAMHUPOBAHHBIX MO KBAJIUMET-
PUYECKH OCpPEIHEHHBIM 30HaM COJEp)KaHUi. BrIsBIIEHBI
CKPBIThIE T€OMHIUKATOPHBIE YACTOTHOCTHBIE U KOJIUYECTBEH-
Hbl€ KBAJIUMETPUYECKHE CBOICTBA MOJAJBHOW BEIMYUHBI
T€OIePEMEHHOTO M 30HBI €€ KOHILIEHTPAlWH, BIUSIOINE Ha
XapakTep paclpoCTPaHEHHs U OTHOPOJHOCTH KOHIICHTPAIUH
MECPEMCHHBIX. 30Ha BIUSIHUSA MOl[aHLHOﬁ BCJIMYUHBI Ollpeac-
JIeHa KaK COBOKYMHOCTHAs M YaCTOTHOCTHAs IEJIOCTHOCTB
HOCSAIIEH TEeHeTHYEeCKOM TeOMHIUKATOPHOH WH(OpMAINH ¢
HanOOJbIIEH KBAIMMETPUUECKON MOIIHOCTBIO, AJIST KOTOPOM
CBOMCTBEHHbl HOPMAaJIbHOCTh pAaCHpelesICHUs], HAUMEHBIINE
KOJICOAaHUS ¥ HEONPEISIICHHOCTH, HaWOOJBIINE MPeIeIIbl
KOHILIEHTpAallud U JIOCTOBEPHOCTU IepeMeHHbIX. [IpuHnumm-
QIPHOE OTIIMYME METOJ[a COCTOMT B BOCCO3IaHUH 3()h(PEeKTHB-
HOCTH YCJOBUSI JOCTHXXEHUS JOCTOBEPHOCTHU ILUIAHHUPYEMOIO
3HAYEHUS CPEIHETO COAEPIKAHUSA - «I10 30HAJbHBIM y4acTKaM
KBAJIMMETPUYCCKN OCPEAHCHHBIX cogepmam/lf/i» B3aMCH OT
TPaJULMOHHON - «IO CIrpPYHNIUPOBAHHBIM-TOYEUHBIM IIPO-
6am», pH KOTOpOM JIOCTHTAIOTCS Te0JI0TO-
SKCIUTyaTallMOHHAs CTaOMIM3aIlisl KadecTBa Py 10 JOOBIYN.
Ha 6a3e ux ycTpaHSIOTCS 3aTpaThl HA TEXHUYECKOE yCpeaHe-
HHME Toclie JIOOBIYM, W TOTeph METAUIOB B OTXOJaX Pyl H
XBOCTaxX 000OTaTHTEIbHO-TIEpepadaThIBAONIMX Mpoueccos. I1o
pe3ynabTaTaM aHalu3a MpolLecca KBATUMETPUYECKOro pac-
YJIEHEHUs] HEOJAHOPOJHOM Cpefibl C IPUMEHEHHEM MOJAIBHBIX
TEOMHIUKATOPOB, YCTAaHOBIEHO paHEE HEU3BECTHAs 3aKOHO-
MEpPHOCTh BOCIPOM3BOAMMOCTH YCTOMUUBBIX IO COBOKYII-
HOCTHOM, YaCTOTHOCTHOM M MPOCTPAHCTBEHHOM 11€JIOCTHOCTH
B BUJIE BBIIEISIEMbIX OTAEIbHBIX MHBAPUAHTHBIX 30H. BhIsAB-
JIEHO, YTO B UX KOHTYpax U3MEHYHMBOCTb, HEONPEAEICHHOCTD
¥ HEPaBHOMEPHOCTH PACHPOCTPaHCHHS NMEPEeMEHHBIX CTalOu-
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JIM3HUPYIOTCSl HA YPOBHE MPENEIBHBIX NPUPOTHBIX MHHHMY-
MoB. IIpuBeneHs! pe3ynbTaThl HATyPHO-IKCIIEPUMEHTAIBHOTO
MOJTBEP>KJICHUS BBISBICHHOM 3aKOHOMEPHOCTH B YCIOBHUSIX
JKEJIe30PYIHOTO U XPOMHUTOBOIO MECTOPOKACHUII ¢ IpuBIe-
yeHreM (haKTHUECKHX JaHHBIX. [loATBepskaeHa 3aKkOHOMep-
HOCTh B TOM, YTO IPHU KBAJTMMETPUUECKOM PACWICHEHUH HX
3alacOB  YCTPAHAIOTCA HEOJHOPOJHOCTb, CTOXACTHUYECKHUE
CilydaliHble KOJIeOaHHsl U HEOINPeelIeHHOCTh KOHIEHTpaIUH
coxepxaHuil Metayuia. IIpm 3TOM Kak MOCIENCTBUS, MOBBI-
MIAI0TCSA JI0OCTOBEPHOCTh MApaMeTPOB, TOYHOCTh M CTAOMIIb-
HOCTb IIOTPEOUTENHCKOTO KauecTRa.

2.2. Copep:xaHue MeTO/1Aa

JI0CTOBEpHOCTh PacyeTHOTrO 3HAYEHUS! TOYHOCTH MOTpe-
OHTENBCKOTO KayecTBa PYA IO HKCIUTyaTAlIHOHHOMY YYacTKy
OLICHeHA ITyTEM OINPEIEICHHS CPEAHETO CONCPXKaHUs C IPH-
BIICUCHUEM CPEIHEB3BELICHHOH OLICHKH C YYeTOM Hemapa-
METPUYECKUX CBOIMCTB OMIHMPUYSCKHUX YAaCTOT COICPIKAHUM,
o hopmyie

n
216Gl
N¢

C= @)
rae fi — 3HayeHwe 1 — OM YacTOTBI i — TO COMEpPIKAHUS,
JOJL.eJ; Nf— CyMMa 4acTOT COAEPAKAHUH [0 Y4acTKy, JOJL.eJ.

TouHOCTh cpenHero coaepkanus mo ¢popmyse (1) mpose-
JIeHa MyTeM IPEJCTaBIICHUs ee KaK (DYHKIUs paBHOH MpOU3-

BepeHuto cpennux 3uavenuii (C ) u ux gacror ( f ) ¢ yuetom

TeOMETPUYECKON HEOTPEIETEHHOCTH TPAHUIl OCPETHEHUS
(Vs) ¢ mpuBIIeueHHEM CPEIHEKBAAPATHUECKON OMMOKH 3TOMN
¢byukimu B Buze [2,3].

2
du 2
+ d_ me
c
)
I[J'IH moacdeTa 4aCTOTHBIX HpOI/ISBC,I[GHI/Iﬁ HCII0JIB30BAHO
BBIpa>KCHHEC

2
du
m2

M, == —
u df f

fc=ixlfi-ix]g :n%(flclJr fiCL+ .t FnCpy + F,Cp +.t £1Ch)

3)

JuddepeHunpyst 1Mo nepeMEeHHbIM ATOTO BBIPAKEHUS U
NpU JajbHe#eM npeodpa3oBaHUM MOJIYYUM TOJHBIH And-

depennuan QyHknuu U = f.Cc , B BUJIE

du=L[SCdh+XCidf ,+.+ XCidfy + 3 fidCy +..+ 3 fidCy | (4)

[Monaras d, =M ; dfy =df, =...=0¢; dC; =0 u ne-
pexoas K CpeOHEKBaIpaTUYECKUM CIy4YaiHBIM OIIHOKaM,
dbopMyna CcpemHEKBaIpPATHUECKOH CIIydailHOW  OMHMOKH
¢bynkmun U= f ~C(ZCi +n-C, X f; = nf) MoJlydyeHa B
BHUJIE

M, :ﬁ C%52 + f252
— 7
My :% CZO'% + fzag

4)

dopmyna o0meH OmMMOKHA OTNpeNeIeHus] CPEeTHETO 3Ha-
YeHHs COJNEPKaHMS TONydeHa C YJ4eTOM 3aKOHOMEPHOH ee
COCTaBIISIIOIICH, BBIPAKEHHOW Yepe3 KOBapHAIlMM CBS3U
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co;[epn(aHmZ nu ux qacToT B BHUOC
Lfo = 26?2( fi _?)(CI —6)
M, :%J&; + 1262 +2C- T (- T)(c;—C) o

Ioncuer cpemHero comepkaHU BKIIOYAET OMIHOKY OKOH-
TypUBaHUsI KOHTYpa OCPETHEHUS COEPKaHUM, BOZHUKAIOLIEH
32 CUET HEOMNPEAEJICHHOCTH €ro TeOMETPUUYECKUX TpaHUIl.
OrieHKa 3TOi OLIMOKHM BBIPAYKCHA B OTHOCHUTEIIBHOM Mepe Kak

\'A ,The S'- miomnaab OCpeTHEHHs COIEPIKAHUIA.

CrnenoBaTeibHO,
OKOHYATENBHO B BUIE

¢dopmyny (5) MOXHO TIpeICTaBUTH

M, =100\/%[vf2 +V2 +%z( fi—7)(c —6)}+v§ o

3mece Vi, V¢, Vs — OTHOCHUTENBHBIE N3MEHYNBOCTH YaCTOT
(f), conepxkanus (c) u miomaan (S) OcpeqHEHHs COAEpIKa-

Huil, %; BeipaxkeHue sz +VS2 +Vc2 - OTpaXkaeT CTEINCHH

BIIMSIHHSL CIYYailHBIX COCTABISIFOLIMX H3MEHYHUBOCTH 3THUX
nepemeHHBIX (f, ¢, s). U3 omenku (6) BEITEKAaeT, YTO TOY-
HOCTb OIPEICICHUSI CPEHETO COMCPIKAHMS 3aBUCHUT MPSIMO-
MPOMOPIMOHAIILHO OT BapHallMd a0CONIOTHBIX 3HAYCHHI
coaepkanuit (V¢) 1 HepaBHOMepHOCcTH uX 4actot (Vr), reo-
METPUYECKONW HEONPEAECTEHHOCTH KOHTYpPa OCPEIHEHHMS
conepkanuii (Vs) ¥ 0OPaTHOMPOMOPIMOHANIBLHO KOJIHYECTBA
mpo6 (n).

Crienyet BBIBOJI, YTO BEJIMYMHBI BAPHAIIMK COAEPKAHUHI U
UX YacTOT, U TEOMETPUYECKON MPAHUIBI OCPETHEHUS COIEDP-
JKAHUSI SIBJISIIOTCSI OCHOBHBIMH MOKAa3aTeNsIMU TpeJoIpe/ie-
JSIFOLMX JIOCTOBEPHOCTH ILJIAHUPYEMOTO KadecTBa pPya H
MaJio 3aBHCUT OT TPAJUIIMOHHON PacYeTHON OIEHKU TOYHO-
CTH CPETHErO MX 3HAYCHHUSI.

INoka3arens Bapuanuu abCOMIOTHBIX 3HAYCHUHN COJEpIKa-
uuii (Vc) onpezaenseTcs 4epes3 ux OTKIOHEHHS OT MOJAIbHOM
BEJINYMHBI, 110 OL[EHKE

Oc
Crmo

Ve = (1)

TAC O;— CPCAHCKBAAPATHYICCKOC OTKIOHCHHUE COIACpIKaA-

HUi (0p =4/2 {' (Ci —Cho )2) i Cio— MOJAJbHOE 3HAUEHUE

coaepxanuii, %.

ITokazaTens Bapvallul HEPAaBHOMEPHOCTH KaK OCHOBHAs
XapaKTEepUCTHKA CTAOWJILHOCTH Pa3MEIeHUs] COAEPKaHUM
OLICHMBACTCSl 4EpPE3 CPEIHEKBAAPATUYECKOIO OTKIOHEHHS
OMITUPUYCCKUX YaCTOT PACIIPEACICHNUA B JOJIAX HUX cpezmeﬁ
BCIIMYHHBI, 110 aHAJTUTHYICCKOHN OLICHKEC

5

raue fcp, fo — CpenHee M MOZAlbHON 3HAYCHHs dYa-

Of
feo

Vy ®)

CTOT, J0N.e1L.; fi — 3HaueHne 4acToT 1Mo i — OMy KJIaCCOBOMY
HWHTEpBAITY, M0J.e1.; N — 001IIee YnCciIo 4acToT 10 H3ydaeMoi
TIOIIaM y4yacTka (S), A0m.e1.;
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I'eomeTpryecKass HEONPEAEICHHOCTh TPAHMII OCPESIHEHHUS
" Os
coziepyKaHUi BeIpaXkaeTcsi B Buae Vg = —, rae S — miomans
S

PYAHOTO KOHTYpa IO BRIEMOYHOMY y4acTKy (O1oky). OueHka
O IIPE/ICTABIIET BEJIMYMHY OTpakarolledl CTeneHHn HM3BUIIM-

CTUTHOCTH (PAaKTHIECKOTO KOHTYpa pPyZA IO BBIEMOYHOMY
Y4acTKy, B OCHOBHOM BBIPAYKAEMOM Yepe3 CpelHEe 3HAaYCHUs
nx ykioneHui (tep). Ilokasarenp reomerpudeckoil Heompeae-
JICHHOCTH TPaHMIl OCPEIHECHUS COLCPXKAHUU C y4EeTOM 3aBU-
CHMOCTH MEXJy JIHHAMH reonorudeckoii (P) u Hymesoit (Po)

nosepxHoctelt pyn (P = PoekAt ), umeet BuA [4].

1.25(P-P, 1.25PF,
vs:JSs = (S ) _ S 2 (e 4t-1) ©)
IIpu nansHeleM npeoOpa3oBaHUK MOTYIUM
_Os (kAL
Vg = P (e t 1)
un (10)
_ (kAL
Vs =25, (e t 1)

OI.[eHKa O ¢ IPCACTABJAICT BCIHMYHUHY OTpa)KaIOH.Ieﬁ CTC-

MIEHN OTKJIOHEHHH (PaKTHMYEeCKOro KOHTYpa pyA IO BBIEMOY-
HOMY y4acTKy OT TE€XHOJIOTMYECKOH IMOBEPXHOCTH OTPadOT-
KM, BBIDAYKAEMOM Uepe3 CpelHee 3HAYCHUM 3TUX OTKIOHEHUN

(tcp). 31ech HUCIOIIBb30BaHbl (POPMYJIBI ITAPaMETPOB MHOTI'O-

yrojibHUKA KaK (PaKTHYeCKOH POPMbI KOHTAKTHOMW OKPYKHO-
CTH TaK)Ke MPABUIBHOTO HYJIEBOTO KOHTYpa PYIHOM MOBEPX-
HOCTHU C YYETOM UX CBSA3HU.

C yuetom teopemsl cioxkHOCTH (Vos=Vc+Vu+Vs) 1 Benn-
YMHBI Bapuanuun CO)Iep)KaHI/Iﬁ IO 30H€ KOHICHTpAalUnu MO-
nanbHoM BemmurHbL (Vo) (Kak Gojiee 0JHOPOAHON), Gopmy-
na oOuieil OTHOCHTEIBHOW OLEHKH OJHOPOJHOCTH 1 — TO
re0JIOTHYECKOTO yIacTKa MOMyUeHA B BUIIC

100
= \/_(VC +VH +VS )

mo

V' (11)

Pesynerarer ananmza (6)-(11) mO3BOIIIOT cenaTh aHATH-
TUYECKAN BBIOOP W BBIBOJ, YTO IMOKA3aTENH CPEIHHUX 3HaUe-
HUH Bapuanuy aOCOJIIOTHOTO CPEIHEKBAIPATHUECKOTO OT-
wionenus: (V¢), HepaBHOMepHOCTH KoneOauuit (Vhp) U He-
ompeneneHHOCTH TpaHun ocpennenus (Vs)) conepixaHui
SIBISIFOTCSI OCHOBHBIMHU XapaKTEPHCTHKAMH, OTPEIEISIONINX
JIOCTOBEPHOCTH IJIAHUPYEMOT0 ITOTPEOUTENLCKOTO KayecTBa
PYIHBIX NPOLYKLHUI U CBSA3M €r0 C Pacue€THOW TOYHOCTHIO
CpPE/IHEero 3HAUESHMUS 110 BLIEMOYHOMY y4YacTKYy.

Iporiecc BOCHPOU3BOJCTBA T'€OJIOTHUECKHX 30H KBAJH-
METPUYECKUX OCPEIHEHHBIX COJEPXKAaHUH JJIs TojcYeTa
JIOCTOBEPHOTO 3HAYEHHs IOTPEOUTENHCKOTO KadecTBa PYA
BKJIFOYAIOT 3Talbl, Ha KOTOPBIE:

® BOCIIPOM3BOJST COBOKYITHOCTHBIE M YacCTOTHOCTHBIE
30HAJIBHO T'€OMETPU30BAaHHBIE LIEIOCTHOCTH MHBAPUAHTHBIX
M0 XapakTepy paclpoCTPaHEHUSI U OJHOPOIHOCTH COZEpIKa-
HuU# B noJje 3anaca [1];

® OTIPENIeNIAIOT TCOMHINKATOPHBIE KPUTEPUU KBaJIMMET-
PUYECKOTO OCPEIHEHHS CONEpKaHWH C MPUMECHEHHEM Hela-
paMEeTpPUYECKUX CBOMCTB MCXOAHBIX BEIHYUH, MpPEIONpere-
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JSTFOLIMX JIOCTOBEPHOCTH IUIAHMPYEMOTO KadecTBa pyJ II0
BBIEMOYHOMY yJaCTKY;

 BBINOJHAIOT KBAIMMETPHUECKOE OCPEAHEHHE CoMAepKa-
HUHA Ha 0a3e BOCIPOW3BEIEHHBIX COBOKYITHOCTHBIX M 4Ya-
CTOTHOCTHBIX LIEJIOCTHOCTEH, KOOPJUHUPOBAHHBIX IO BBLAE-
JSIeMBIM JKCIUIyaTallUOHHBIM YYacTKaM C IpUMEHEHHEM
KBaJIMMETPUYECKUX T€ONHIUKATOPHBIX KPUTEPHUEB,;

® COCTaBIISIIOT KBAIMMETPUYECKHE KapThl MO BOCIIPOM3-
BEICHHBIM T€O0JIOTO-3KCIUTyaTallMOHHBIM y9acTKaM, COJIep-
JKalye palloHMpPOBaHHBIC I'€OJIOTHYECKUE 30HBI Ka4eCTBEH-
HBIX U PSIOBBIX PYyI, ¥ PyJ ¢ MOJAIBHBIM COJCP)KaHUAMH, a
TaKKe YacTh PAJOBBIX Py, MPEBBIMIAIOINX NPUKOHTYPHBIX
Y HE NIPEBOCXOAAIINX TEXHIIECKUE YCITOBHA.

3. Pe3yabTaThl 1 00Cy:KAeHUE

Hamypno-sxcnepumenmanvusie pezyrsmamsi. HatypHo-
SKCIEpUMEHTANbHAs OlEHKa IOCIEeACTBHH JOCTOBEPHOCTU
MNOTPEOUTENBCKOrO KayecTBa PyIHON NPOIYKIMH MPOBE/IeHA
Ha Oa3e pe3yJbTaToOB ONpEACNICHHUS CPEIHEB3BEIICHHOTO
CPEIHEro 3HaueHUs MO TPAIULHMOHHOMY CHOCO0Y C MPSIMBIM
MPUBJICYCHIEM TOYCYHBIX NMPOO, CTPYIMIHPOBAHHBIX HUCXOIS

U3 IUITAaHUPYEMbIX KaueCTBEHHBIX IOKa3aTesIed M MPOEKTHBIX
pa3MepoB OYMCTHOW BBIEMKH H PEKOMEHAYEMOMY CHOCOOY
MO 30HAM KBaJMMETPHUYECKH OCPEIHEHHBIX COJEpKaHUH
TIOJIE3HOTO KOMITOHEHTA. CBojHble HaTypHO-
9KCIIEPUMEHTAJIbHbIE PE3yJbTaThl OLIEHKH JIOCTOBEPHOCTH
Ka4yecTBa PyIHOHN MPOAYKIMU Yepe3 MoKa3aTeIH H3MEHYHBO-
CTH, CTAaOWJIBHOCTH M TOYHOCTH COAEpXKaHWil mo dakrtuye-
CKUM JaHHBIM Pa3BelKH M JKCILTyaranuu ['eoduzmdeckoro
XPOMHTOBOTO U JIMCaKOBCKOTO KENEe30pyIHOTO MECTOPOIK-
IeHui cBeleHbl B Tabmumpl 1 u 2. KBamumerpudaeckoe pac-
YJIeHeHHe W3BJIEKAeMOro 3araca XpPOMOBBIX pyn IO MeCTO-
poxnenuto «I'eodusnueckoey MpoBENCHO IO MOACYUTAHHBIM
IPaHUYHBIM 3HAUCHUSM 30HBI BIVSHHSA MOJAJIGHOH BEIMYNHBI
(Cm.3=Cm0-0.676=49.00-0.67-5.2=45.52%);

C6.5=Cm0+0.676=49.00+0.67-7.3=52.48%) u mnocpencTtsom
M30MOP(HBIX KPUBBIX MIPOBEAECHHBIX M0 X 3HAUCHUSIM B I10JIC
3amaca 3ajexu. Bcero palioHMpOBaHbBI TPU IE€OJIOTHYECKHE
30HBI BBICOKOKauecTBeHHBIX Ooratbix (Ci>52%), momoco-
cpenoToueHHBIX KadecTBeHHBIX (52% > Ci>46%) U psaoBbIX
cMemaHHbIX HikekadecTBeHHBIX (Ci < 46%) pyn (Tabmuma 1).

Tabnuya 1. Céoonvie pe3ynromamsl OUEHKU CMAOUALHOCIU PACHPOCIPAHEHUS COOEPHCAHUIL Yepe3 6eIUNUN 6apUAUUU HEPAGHO-
mepuocmu Konebanuit (Vwp), aéconromuvix omxnonenuii (\Vc), neoonopoonocmu (Vuy) ux 3Hauenuii, CMMAMUCMUYECKOU UZMEHUUBO-
cmu (Oucnepcuu, aMniIuUmMyoOH020 PA3MAXa) U CPeOHe20 3HAYEHUS NOJIE3HO20 KOMROHeHma 6 ycaosusax yxkcnayamayuu Ieopuszuueckozo

XPOMUN06020 mecm 0po.m'0emm

Tloka3zarenu cTaOHIBHOCTH PACTIPOCTPAHEHHUS COZIEP- [TokazaTen N3MEHIHBOCTH PACHIPOCTPAHEHHSI COAEPKAHUI
sxanmii Cro03 okucu xpoma (Cr203)
I'eonnanKaTopHsle Cpenusist Bapua- Cpenusist Cpen. Apudwe- IInomane
KBaJIMMETPUUICCKUC 1ust HEpaBHOMEP- Bapuanus CpeHHﬂﬂ Bapua- THHICCKOC 1 AMHHHTYHH' HHCHCPCH}I 30HBI S
0 o o st HEOAHOPOA- B3BCIICHHOC U3MCHYHUBOCTH KOJ‘[C6aHHI>i ? 2’
npusHakd, % HOCTH KoOJIeOaHU OTKJIOHEHUU . . TBIC.M
o o HOCTH coAepxKa- 3HA4YCHUsI COLEP- COACpIKAaHUN COACpIKaHUU
comepxanuii, Vhp, | comepxaHui, . . o
. Ve o Huit, Vs, €11 JKaHUH d, % o*=D
’1' n Cad/Cus
30Ha BHICOKOKa4eCTBEHHBIX OOraThIX Py
Ci>52 | 6.2(68%) | 111 | 1.45 |  520/536 | 5.0 | 206145 | 74
30Ha MOJOCOCPEAOTOUYCHHBIX KaYECTBCHHBIX PY/T
46<Cmi<52 |  11.73(94%) | 1.0 | 18 | 49.0/486 | 7.0 | 3318 | 170
3oHa PAOOBBIX CMEIIAHHBIX HKCKAYECTBEHHBIX Py
Ci< 46 | 7.5(62%) | 1.23 | 1.62 | 436/431 ] 5.0 | 261162 | 200
Io pynHoO¥ 3anexu
40+56 | 7.8(60%) | 1.4 | 5.2 | 48.0/487 ] 15.0 | 26852 | 280

Tabnuya 2. Ceoonvle HAMYPHO-IKCHEPUMEHMATIbHBIE PE3YIbMAMbL PACUEMA noKazamenell u3MeHuugocmu(oucnepcun) u mouHo-
cmu (cpeonekeaopamuyieckoil owUOKU) Onpedenenus CPeOHez0 COOEPHCAHUA NO 2e0]102UYECKUM YUACHKAM 002amblX 6bloCOKaye-
CMGEHHDBIX, MOOOCOCPEOOMOUCHHBIX KAUECMGEHHBIX U PAOOGHIX HUICEKAUECHEEHHbIX PyO 6 ycnosuax I'eoguszuueckozo xpomosozo u

Jlucaxoeckozo mcme;*opyduozo Mecmopoo;cdemm

Tlo xpomoBomy I'eouzrueckoMy MECTOPOKACHHIO To xcerne3opymHoMy JTHCAKOBCKOMY MECTOPONICHHIO
T'eonornueckue
N Cpenne- CrerneHb Cpenne- CreneHb
o | y4acTKH 30HAJBHBIX 3amacoB | ['eomHmuKar. Teonnaukar.
Jucriepcusi, | KBaApaTH- | YMEHBIICHHUS Jucriepcusi, | KBafpaTd- | yMCHBIICHHS
pya KBAJTMMETPHY. KBaJIUMETPHY.
MomsHAKH. % D/o qyeckas OILIMOKH JOJT. npussakH, % Dlo yeckas OLIMOKH 01
P ’ omnbka, M en./% i omrbka, M en./%
Y4acToK 30HAIBLHOrO 3araca C. <366
1 | psi/IOBBIX HIKEKAYECTBEHHBIX Ci<46 2.61/1.62 0.26 1.6/36.0 (In=90.) 11.8/3.4 1.6/36.0 1.3/21%
pya (n,=40)
VY4acToK 30HAIBHOTO 3amaca 46<C. <52 36.6< Cinoi
2 | MOZOCOCPEIOTOYCHHBIX Py mel 1.72/1.31 0.14 2.9/70.0 <46 3.3/1.8 2.9/70.0 2.6/60%
(nz=83) (n=117)
Y4acTok 30HaJBHOTO 3amaca
3 6GoraTbiX BBICOKOKaYeCTBEH- C;i >52 206/1.45 024 1.7/41.0 ) ) ) )
HBIX Py
(n3=35)
ITo 6a30BOMY reos0ru4ecKo- 20-46
4 My 3amacy 46+52 26.8/5.2 0.41 1.6-2.5 (N:20? 1po6) 45.4/67 0.44 1325
(N=158 mpo6) P
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JlucakoBckoe xenezopynHoe mectopoxaenue. Ilosoroe
3aneranue, riyouHa 20+50 M, TTaBHBIA XUMHYECKUH KOM-
noHeHT — xene3a (Fe), MIOTHOCTh NeTambHON pa3BEIKU
40+60 M, bopToBOE coaepikanue 1o xene3y - 30%, riaBHbIH
3aJIeKb MECTOPOXKICHHS: MOIIHOCTh - 50 M, mmomans — 1
400 000 m?, o6mue 3HaYeHus (IO MECTOPOKIEHHS), CPEIHE-
ro coaepkanus xenesa — 42.27%, aOCOTOTHON N3MEHYUBO-
cTH (CTaHIAPT OTKIIOHEHUs) coepkanuii — 12.3 en. oTHOCH-
TENbHOW W3MEHYHBOCTH — KOI()(UIIMEHT BapHaIlldH COJAEp-
kaaui xkenesa - 29.1 %. Ilo maHHBEIM (QaKTHYeCKHX 3HaYe-
HUH copepkaHuil Fe cocTaBiieHa cTaTUCTHYECKas COBOKYII-
HocTh (N =207 en.) W ompeneNneHbl CTaTUCTUYECKHH PSIX
Y4acTOT IT0 KJIACCOBBIM WHTEpBAIAM Pa3OMEeHHs CONCpKaHUN
h=2.0% wu rucTorpaMMHble NapaMeTpPhl pPACIpPeaCIICHUS
Kesesa 1o 3ajexu. [Ipouecc pacuyieHeHHs I'e0JIOTHYECKOTo
3amaca Ha 30HAJbHBIC PYAHBIE YYacTKHU OCYILIECTBJIEHA Ha
0a3e pa3MepoB 30H BJIMSHUS MOJAAJIBHON BEIMYMHBI CONECP-
xaHust Metaiia. OIEHKa CpelHEKBaJpaTH4ecKOW OLIMOKH
OIIpe/ieIeHNsl COJICpPIKaHUN MPOBe/IeHa 10 BOCIIPOU3BEICHHS
YYacTKaM PSIIOBBIX CMEIIAHHBIX HIDKCKAUYECTBEHHBIX, MOJIO-
COCPEIOTOUYCHHBIX  KAa4YeCTBCHHHIX (BBHICOKOMH()OPMATHB-
HBIX), OOTaThIX BBHICOKOKAYEeCTBEHHBIX Y[, a TaKXe MO0 00-
IIeMy 3aracy 3ayie)ku. PacdeT cpemHekBagpaTHUECKas OIIH-
OOK BBIMTOTHEH MO 3HAYCHHUIO CPETHEKBAIPATHIECKOTO OT-

kioHeHus (o7 )M KomadectBo 1po6 (1) 1o u3yuaeMmbv

oObekTaM (Tabauua 2).

[Tpouiecc KBaJIMMETPUYECKOTO paCcUJICHEHHs TeOoJIOTHYe-
CKOT'0 3araca ¢ NPUMEHEHHEM MOJAJIbHBIX T€OMHIUKATOPOB
OCYyLIECTBJIEH Ha 0a3e mapaMeTpoB 30H KOHLEHTPAIMH MO-
JATBHON BeTHMYMHEI copepkanusa metamia (Cmo, Cu.s, C6.3) ¢
BBIZICTICHUEM TPEX OJHOPOAHBIX ydacTKoB. [lokasarenn cra-
omrteHoCcTH (Ve, VH, Vin) u nm3menuusoctu (D, o, V) moa-
CUNTaHBI C TpHBIeYeHnEM (GopMyn cpeaHeapupMeTHIecKo-
ro W cpenHeB3BelIeHHOTo (1), reoMeTpryeckoil Heompese-
JIEHHOCTh KOHTYypa cpenHero (10) u ToyHocTH (cpenHeKkBa-
partudeckoil ommOkn) ux onpeneneHus (6). B xagectse 00b-
€KTOB MX OLIEHKHM HCIIOJIb30BaHbl JaHHbIE BOCIIPOHM3BEICHBI
YYaCTKOB PSIIOBBIX CMEIIAHHBIX HU)KEKaueCTBEHHBIX, MOZIO-
COCPEIOTOUCHHBIX Ka4YeCTBEHHBIX BBICOKOMH(pOPMATHBHBIX
1 O60raThIX BEICOKOKAYEeCTBEHHBIX P/, a TaKXKe 00IIuil 3amac
3aJIeXKH.

HatypHo-3KcniepuMeHTaNbHBIC OIICHKH (Tadmumsl 1, 2) u
pe3yJIbTaThl OIpEAEIEHUS IOCTOBEPHOCTH IUIAHHPYEMOTO
MOTPEOUTENBCKOTO KadecTBa PyJ MO JAHHBIM T'€0JIOTOTeo-
METPUYECKHUX COBOKYIMHOCTHBIX M YaCTOTHOCTHBIX LEJIOCT-
HOCTEH, OKOHTYPEHHBIX B BHJE 30HBI KOHIIEHTpAlUH MO-
JIaJIbHOM BEJIMYMHBI CO/ICPKAHUH NPECTABIAIONIEH yJyacTOK
BBICOKOMH(OPMATHBHBIX KaueCTBEHHbIX, 30HbI MOHUKEHHO-
ro ee BiustHUS (Cj< Cmg) — y4acTOK PSIOBBIX CMEIIAHHBIX
HIDKEKAYeCTBEHHBIX W 30HBI TIOBBIIICHHOTO €€ BIMSHHS
(Ci<Cmo) — y4acToK 6oraThix BBICOKOKAYECTBEHHBIX PYII,
MOATBEPKIAIOT, YTO:

® BEJIMUYMHBI HEpaBHOMepHOCTH KoneGauuit (Vup), HEON-
HopoxHOoCTH (Von.), cimydaiiHOi m3meHumBocTH (Ven.) co-
JIep>KaHHH, OIPEAENAIOINH yPOBEHb CTAOMIBHOCTH PacIpo-
CTpaHEHMs] UX 3HAYCHUI, yMEHBIIAIOTCS B CPEIHEM B YCIIO-
Busix ['eodusnmueckoro xpomuroBoro Ha Vpp=1.2+1.7,
Von=1.2+4.0, Ven=2.7+2.2 pa3a, JIucakoBCKOTO Kee-
30pyAHOTO MecTopokaeHust Ha Vip = 1.3+2.0, Von = 1.2-2.0,
Ven=1.4-2.5 paza.

e a0CONMIOTHAsE CPEOHEKBAApaTHUECKas HM3MEHYHUBOCTD
(6c) m aMIuaTyAHBIA pasMax (dc) comepiKaHui YMEHBIIAIOT-
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ci B cpemHeM 1O JIMCAaKOBCKOMY JKENE30pPYyIHOMY
oc = 1.4+4.0, dc = 1.5+3.5 paza u ['eopusnueckoMy XpOMH-
TOBOMY MecTopoxaeHuto oc = 1.3+3.5, dc = 2.1+4.0 pasza.
TOYHOCTB OIIPEAEICHUs CPEHEro COACPIKAHUS 10 Cpej-
HEB3BEUIEHHOMY CII0co0y C MPUBJICYEHHEM YacTOT BBILIE 32
CYET YMEHBILICHUS! N3MEHUYMBOCTH U HEPaBHOMEPHOCTHU pac-
MPOCTPAHEHUs! TOJIE3HOTO KOMIIOHEHTa, YeM N0 apugmMeTu-
yeckomy B 1.3+1.5 pasza.TouHOCTh ompeneneHust moOTpeOH-
TEJILCKOTO KadecTBA PYIHBIX MPOIYKIUH MOBBIMIAIOTCSA YeM
IpU TPAJUIMOHHOM IIOAXOJAE MPONOPIHMOHAIBHO K YMEHb-
LIEHUIO CJIy4YalHOM M3MEHYMBOCTM W HEPABHOMEPHOCTHU
KoJIeOaHnH cofep kaHuil B YCIOBHAX dKCIUTyaTaruu [ eodu-
3UYECKOT0 XPOMHTOBOTO, JINCAaKOBCKOTO XKEIEe30pyaHOTO, U
JKaiipeMCKOro HONMMETAUINYECKOTO MECTOPOXKICHUH B
cpemnem 1.3+2.5 pasa. IIpu 3TOM abCONIOTHAST CPEIHEKBAI-
partuueckas OMIMOKAa ONpEAETICHHsS CPEIHETO CO/ACPXKAaHUS
YMEHBIIATCA B cpeaneM Ha 1.4+4.0 pasa (mo ['eodusuue-
ckomy 1.4+2.5, JlucakoBckomy 1.5+2.3, XKabpemckomy
1.7+2.2 pa3ser). g pacuera ciryyaifHOM OImMOKHM ompezese-
HUSI CPEJHEr0 COJIEpKaHMS HCIIOJIb30BaHA IIMPOKOPACIIPO-
CTpaHEHHAs ¢dopmya, qepes pasHOCTH

1 abCONOTHOH CpeqHeKBalIpa THYe-

CKOM ommOKm — Kiaccmdeckas gopmyna | M ¢ Tpu-

BJICUCHHEM CPEJJHEKBAJPATUUECKOTO OTKIOHEeHHS (o) u

KoJIn4ecTBa npob (n).

I'eomeTpuueckass HEONPEAECIEHHOCTh IPAHMIIBI T'€0JIOTH-
YEeCKOT0 y4yacTKa OMpefesieHa uepe3 OIMIMOKM OKOHTYpHBa-
HUSl COBOKYITHOCTU COJEP>KaHUN OCPEAHSIEMBIN IS IOJCUE-
Ta CPEJHEro UX 3HA4E€HUs MO TPEM BOCHPOM3BEIEHHBIM OJ-
HOPOJHBIM Y4acTKaM, U YCTAHOBJIEHBI YMEHBIIAEMOCTb €€ 10
CPAaBHEHHIO YeM NP TPAJAULUOHHON MPAKTUKE B CPEJHEM Ha

n, P L
1.40-1.60 pasa. Jlns pacyera NpUHATO —= =~ P_Z ~ =Xy om-
3 2 0

L
MUPUIECKUE CPEIHUE 3HAYCHHS —* =133, V, =0.67 npu

m=0.37 M MOJICYNTAHHHIX IO (PAKTUIECKHM JaHHBIM II0
JKEIE30PYIHBIM U XPOMUTOBBIM MECTOPOIKICHUSIM.

4. BeiBoabI

PackpbIThl 0COOEHHOCTH «CKPBITHIX» CTPYKTYPHO CTaOH-
JU3UPOBAHHBIX HA YPOBHE IMpPEACTbHBIX MUHHUMYMOB BEJH-
YUH HEPaBHOMEPHOCTH KoJIe0aHWH, HEOTHOPOJHOCTH, CTa-
TUCTHYECKOH M3MEHYMBOCTH M T'€OMETPHUECKOW Heompere-
JICHHOCTH COJEp)KaHWH MeTaijla, BOCHPOHM3BEIEHHBIX 30-
HaJIbHO HWHBAapUAHTHBIX W OJHOPOJHBIX TI'€0JOTHYECKHX
Y4acTKOB 3aKOHOMEPHO BO3HMKAeMbIX IpPU KBAIUMETpHUE-
CKOM pacuJIeHEHHM 3amaca pyJA IMOCPEACTBOM MOJANBHBIX
TEOUHIUKATOPOB.

VYcraHOBIIGHA M TTOJATBEPKAEHA 00ECIeYrBaeMOCTh MHU-
HUMAJIBHBIX MPEIENIOB OTKIOHEHUH colepKaHMi MCXOTHOMN
JIOOBIYH, TOCTYNAIOLIUX K 000TaTUTEIBHO-
nepepadaThIBAOIINM MPOIeccaM OT IIAHHPYEMBIX IO BBIE-
MOYHBIM y4acTKaM 3aJIeKH, TOCTUTAEMBIX TIPH BEIEMKE 3aIla-
COB BOCIIPOM3BEIICHHBIX YYaCTKOB PSIOBBIX, KAUECTBEHHBIX,
BBICOKOKAUECTBCHHBIX M MPUKOHTYPHBIX PYI, 3a CUET KOTO-
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pble YCTPaHSIOTCS HEJOCTOBEPHOCTh IJIAHUPYEMOI'0 MOTpe- Co3patoTcsi reoJoreoMeTpuyeckue 0a3bl BBIXOIOB I10-
OUTENHCKOTO Ka4eCTBa PYAHBIX TPOAYKIH IPU JOObIYE. TPeOUTEIHCCKOTO Ka4eCTBa Py U MOJCPHU3AIMHU TPOLIECCOB

Bennuunabl HepaBHOMEpHOCTH KoneOanuéi (Vup), HEON-  pa3Be/KH, MOJCYETA, MOJATOTOBKH M BHIEMKH 3amacoB TBEp-
HopoaHocTH (Von.), ciay4aiiHOW M3MEHYUBOCTH (Vcs) COAEP-  JBIX HCKOMACMBIX, YCTPAHSIIOTCS Ype3MEpHBIC 3aTpaThl Ha
JKaHWH, OTPEACISIONNI YPOBCHb CTA0MIBHOCTH pACHpO-  TEXHHYCCKUE YCPEIHEHHS IOOBITBIX PYI, CHUCTEMATHUUCCKUE
CTpaHCHHUS WX 3HAYCHHUH, YMCHBIIAKOTCSA B CPEJHEM B yCIO-  MOTEPH METAUIOB B OTXOJAaX JOOBIYM M XBOCTaX 00OraTu-
Busix [eodusmueckoro xpomuroBoro Ha Vpp=1.2+1.7,  TenpHO-IepepabATHIBAIOIINX MPOIECCOB.

Von =1.2+4.0, Ven=2.7+2.2 pa3a, JlucakoBckoro xeie-
30opyaHOTO MecTopokaeHus Ha Vip = 1.3+2.0, Von = 1.2-2.0,  JIureparypa / References
Ven =1.4-2.5 paza. TOYHOCTD OmpeneseHUus] CPEIHEro Co-
JepKaHMs 110 CPEIHEB3BEIICHHOMY CIOCO0Y C NMPHBICYCHH-
€M YacTOT 3a CYET YMCHBIICHHUS W3MEHYMBOCTH M HEPaBHO-
MEPHOCTHU PacIpOCTPAHEHUS MOJIE3HOTO KOMITOHEHTA BBIIIE,
yeM o apupmerndeckomy B 1.3+1.5 paza. JloctoBepHOCTB
OIpe/IeIeHUsI TOTPEOUTEIHCKOTO KaueCTBa PyJHBIX MPOAYK-
IMH MOBBIMIAIOTCS YeM IPU TPAAWUIMOHHOM MOAXOJE IPO-
TMOPUUOHAJIbHO K YMEHBIICHUIO cnyqaﬁﬁoﬁ U3MCHYNUBOCTU U
HEPaBHOMEPHOCTH KOJE0aHUIl COAEp)KaHWUH B YCIOBHUIX
3KcIuTyataiuu [ eohu3ndeckoro XxpoMuToBoro, JIMcakoBcko- [4]
ro Xene3opyaHoro, u JKalpeMcKOro MoJMMeTaIHYecKOro
MECTOpOXIEHU B cpenHeM 1.3+2.5 pasza.
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Satpaev KazNITU

PynaHbIH KOCTIAPJIAHBLUIFAH CANIAJIBIK OHIMIHIH 0JIIIEMIIK PACTbUIBIFbIH
OpTAa camna maMachl TYPFBICBIHIA aHBIKTAY JicCi

A. KypMmaHKO)aeB™
Satbayev University, Arvamei, Kazaxcman
*Koppecnondenyus ywin asmop: kurmankozhaev_a@mail.ru

AHgaTma. Onic Ma3MyHBI cara KepCeTKIIITEpiHiH OpTallalllaKTAJbIHFAaH I[IaMallapblH aHBIKTAWTBIH JKOHE OJIapJbIH
JKBITHAKTHUIBIFBIMEH JKUUTIKTUITIHIH OipiecysepiHi KBaJUMETPHUSJIBIK TONTACYbIH KaMTaMachl3 €TEeTiH, mapaMeTpIliK emec
KacueTTepi Oeyriyii cama TapanyblHbIH OpOaFbITTBUIBIFBIHBIH, ©3TePrillTUNTiHIH, OeNTiCi3AUIriHIH [IaManapbHbIH KelleM
ayBITKYJIapbIHbIH KACHETTEepiH NaljaiaHy apKbUIbl HETi3JeNiH/l. OIICTIH KOHLEMIMICH TYPFBICBIH/IA PYIAHBIH MOJANIBIBIK
KOHIEHTPAUMSCHIHBIH KBaJIMMETPHUSUIBIK T'€OMHANKATOPIIBIK KACHETTEepl apKbLIbl, KEH COJEPKaHUSUIAPbIHBIH ayMaKTaJIbIHbII
TapaJlybIMeH OIPTEKTICTIriHIH epeKUIUIIKTepiH MaijanaHa OTBIPBIN, OJApJAbIH  KBaJUMETPHUSJIBIK  OipiecTipiireH
JKBIHHAKTATYJIapPBIH JKacay HETri3l TyBIHIATBIHIbL. OJICTEMEIIK epeKIIeiri peTiHae, COAePKAHUIAPAbIH KOCIapIaHbLIFaH
opTamia MoOHIH, KaJIBINTACKaH TOYKAJIbl TONTACTHIPHUIATBIH CHIHAMANAp IaiilajaHy MpPaKTUKachl €MeC, OJlapIblH
KBAJIMMETPUSUTBIK ~ OipiecTipinred  OeJlikTepi apKpUIbl OJIIEM PACTBUIBIFBIH  aHBIKTANATBIHABIFE  TY)KBIPBIMIATBIH/IBL.
ConepkaHUsIIappl KBATUMETPISUIBIK OipJIECTIPITyAiH HOTHKETepl apKbUIbI, camajblK OHIMAI eJIIeyre apHalFaH Ka30a
OenekTepi Heri3eNiHil KBaTUMETPHSIIBIK KapTalapbl KacallblHIbl. KBaluMeTpHsIIbIK TONTACTHIPBIIFAH OpTacarabl, canajbl,
OmiKcamaibl KoHE IMIEKapajblK pyna OeNKTepiH Ka3y HOTHXKECiHAe, eHAey-OalbITy MpolecTepi apKBUIBI albIHATBIH pyaa
canajapblMEH OHBIH KEHICTeTi AaHBIKTAIBIHFAH I[IaMalapblHBIH AayBITKYBIHBIH IIEKTETIHETiHI HaTypajblK 3KCIEPUMEHT
TYPFBICBIHA JIANeNAeHU . Pyia KopnapblH i31ey, ecentey, NaiblHAay JKOHE Ka3y MPOLEeCTepiH jKaHAPTY/bIH €00 UsIIbIK-
TEOMETPHUSUIBIK 0a3achl JKacaJbIH/Ibl, TEXHUKAJIBIK PyJa apalacThIpyFa dKyMCalaThlH KapaxaTTap a3alThbUIBIHBUIA/IbL, PYyIaHbI
OHJIey-0albITY JKoHE Ka3y Ke3eHIEPiH/Ie KOFAIAThIH METAIIap KOJeMi IMeKTeiHiIe1i.

Hezizzi co30ep: 20ic, cana, onuemoix pacmvlpbliblesl, KEATUMEMPUATLIK CANAMEHECipy, aybimKy, Cananblk Kopcemkiul,
MYAHCHIPLIMOAY, PYOAAPATACTBIPY, HCOLANBIM, HAMYPATbIK IKCNEPUMEHTN.
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MeTon O1leHKH JOCTOBEPHOCTH IJIAHMPYEMOT'0 MOTPEOUTEIHLCKOIO
Ka4eCcTBA Py C Y4€TOM PACYE€THOI TOYHOCTH CPEIHEr0 UX COMEePKAHUSA

A. Kypmankoxaes™
Satbayev University, Awmamei, Kazaxcman
*Aemop ons koppecnonoenyuu: kurmankozhaev_a@mail.ru

AnHoTamusi. MeToj1 3aKoyaercs B 06eCIeYeHNH TOCTOBEPHOCTH TTAHUPYEMOTO MOTPEOUTETBCKOTO KauecTBa Py IyTeM
HCIIOJIF30BAHMS HETIAPaMETPUUCCKAX CBOMCTB BapHalll¥ HEPABHOMEPHOCTH, M3MCHYMBOCTH M HEONPEICIEHHOCTH COIEpKa-
HUH, TPEIOTPEACIAIONINX CPEIHEB3BEIICHHOTO 3HAYCHHSI CPEIHETO, TI0 KOTOPBIM OCYIIIECTBISIETCS BOCIIPOM3BEICHHUE KBAIH-
METPHUUYECKH OCPETHEHHBIX COBOKYITHOCTHBIX M YAaCTOTHOCTHBIX IIEJIOCTHOCTEN CofepaHuii. MeTo OCHOBaH Ha KOHIICIIIIHIO
BOCIIPOM3BEICHUS KBAJMMETPHUECKH OCPEIHEHHBIX COBOKYITHOCTEH COMEpIKaHHW, 30HANBHO 0a3HPOBAHHBIX TI0 XapakTepy
pacopoCTpaHCHHA U OAHOPOJHOCTH UX 3HAYEHUH C MPUMEHCHUEM KBATUMETPHUUCCKOTI'O I'€OMHAUKATOPHOTO CBOICTBa MOJaJlb-
HOHM KOHIIEHTpanuH pya. [[puHIMNHANTEHOE OTIHYHE METOIAa COCTOUT B JOCTHKEHUH JOCTOBEPHOCTH [IAHUPYEMOTO CPEIHETO
COJIEPIKAHUS — «II0 YYaCTKaM KBaJTUMETPUYECKU OCPEIHEHHBIX COJEPIKaHHiD» B3aMEH OT TPAJHUIIMOHHON — «II0 CTPYIMITHPO-
BaHHBIM-TOYEYHBIM MPOOGaMy», MPU KOTOPOM JOCTUTAIOTCS CTAOMIM3aIMs KauecTBa pya a0 A00brdn. I1o pesynbTatam KBaiu-
METPHYECKOTO OCPEJHEHUS COJMEPKAHMU COCTABIIIOT KBaTMMETPHUYECKHE KAPTHI, COJAEPIKAIINE T'e0JOrMIeCKHe 30HbBI Kaue-
CTBEHHBIX U PSJOBBIX PYA, U PY/ C MOJAIBHBIM COJEPKaHUSIMH, M NOACYETHBIE OJIOKHM MOTPeOUTENbCKOro KauecTBa. HaTypHo-
9KCIIEPUMEHTAIILHO TTOATBEPKIEHA 00ECIIEUNBAEMOCTh MUHUMANIBHBIX MTPEIEIOB OTKIOHEHHIH COAEPKaHUi HCXOMHON T00HI-
YH, TOCTYMAIOMKX K 000raTUTEIbHO-TIepepabaTEIBAIOMIAM TIPOIIECCaM OT TUIAHMPYEMBIX 10 BHIEMOYHBIM yYacTKaM, JOCTHTa-
€MBIX TIPH BBIEMKE 3aMacoB BOCIIPOM3BEICHHBIX YYACTKOB PSIIOBBIX, KAUECTBEHHBIX, BEHICOKOKAYECTBECHHBIX U MPHUKOHTYPHBIX
pya. Co3maroTcs TeoIororeOMETPHIECKHE 0a3kl MOJAEPHU3AIMH TIPOIIECCOB Pa3BEIKH, MMOJCYETA, TIOATOTOBKH M BEIEMKH 3alia-
COB, COKPAIIAlOTCA 3aTPaThl Ha TEXHUYIECKOE YCPEMHEHNE, YCTPAHSIIOTCS TOTEPh METAIIOB B OTXOMaX MOOBIYM M XBOCTaX Tie-
pepaboTKH.

Knrouesvie cnosa: memoo, xauecmeo, Keanumempuueckoe ocpeoHenue, OmKIOHeHUe, cooepiicanue, cmabumu3ayus, 60c-
npoussedenue, nomepu, HAMypPHill IKCNEPUMEHIN.
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The role of hydrodynamic and structural-tectonic factors
in the formation of hydrocarbon deposits in the Jurassic sediments
of the Bukharo-Khiva region
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Abstract. The article discusses the study of reservoir fluids and the role of the hydrodynamic environment in the formation
and preservation of hydrocarbon deposits within the Bukhara-Khiva oil and gas region. Aboveground water are the primary
"transporter™ scattered hydrocarbons, in certain geological hydrogeological conditions, they can contribute to their accumula-
tion or destruction. In this regard, the study of the nature of the movement of fluids due to geological and tectonic processes is
a necessary condition for assessing the prospects of oil and gas potential in the territories.

Keywords: hydrodynamics, hydrocarbon, reservoir, area, fluid, formation water, water complex, zone, hydraulic pressure,

horizon, migration.

1. BBenenue

I'eonoruueckoe crpoenue byxapa-XuBUHCKOIO peruoHa
(bXP) ocnoxxHEeHO TITyOMHHBIMH U JIOKaJbHBIMHU Pa3jioMaMH,
BIMSIOIUMH Ha OOIIMHA THAPOIMHAMHYECCKUN DPEXHM ILIa-
cTOBBIX (Qurton10B. OCOOCHHOCTH T€0JI0r0-TeKTOHHYECKOTO
CTPOCHHSI TEPPUTOPUH TPENONPENEIAIOT (OPMUpPOBAHHE
HECKOJIbKMX 000COOIEHHBIX (IIIOH] THHAMHUYECKUX CHCTEM,
B IIpeieNiax KOTOPHIX (GOPMHUPYIOTCS YK€ CBOH, HO Hanboiee
HU3IIETO YPOBHA JJIEMEHTBI PACIIPCACICHUA TUAPOANHAMMU-
YECKOTO dHEPTreTHIecKoro nmorennuaia [1].

[enecoobpa3HocTh Takoro auddepeHuanbHOTO MOIX0-
Jla TPy U3ydeHUH (IIOU]] AMHAMHKH 00OOCHOBaHA JalibHEH-
niei geranu3alnuedl Ha ypOBHE JOKAJIBHBIX IUIOIIAJEH, KOTO-
pas TO3BOJISIET CHCTEMHO HWHTEPIPETHPOBaTH (IIIOMA Ha
JMHAMHYECKHE TPOIECCHI C yUETOM Ie0JIOr0-TEKTOHNIECKIX
YCIIOBUH.

2. OcHoBHAfI YaCTh

ITo pesynpTaTam NOCTPOEHUS] CXEMAaTUYECKOW THUAPOIU-
HAMUYECKOM KapThl TUAPABIMYECKOTrO0 HANopa IUIACTOBBIX
BOJ opckux oTiiokeHuit BXP ycraHoBneHa rupoauHaMuyde-
ckasg OOCTaHOBKAa TEPPHUTOPUH, B TOM UHUCIHE: JIOKAJIbHOE U
OCHOBHOE HallpaBJIeHHE JBUKEHUS MOJ3EMHBIX BOJI; U3MEHE-
HHUE TPaJINEHTOB IIJIACTOBOM (MIIBTPAINH; YIACTKU C HU3KOU
Y BBICOKOM NOTEHIMAJIbHON 3HEpruei IiIacToBbIX BOJ U T.II.
B nomosHeHNM K yKa3aHHBIM TOKa3aTelsiM OaronpusTHRIMH
TUAPOIMHAMHYECKAMHU (aKTOpaMu Ui HeTera3oHaKoTIIIe-
HUS SIBJIIFOTCS: CKOPOCTH JIBWYKEHUS MOJ3EMHBIX BOJ; Majble
TUAPOJUHAMUYECKHE YKIIOHBI, HaJW4he 30H €3 MUHUMY-
MOB; «3aMKHYTBIE 30HBI U CTPYKTYPHBIE THIPOIUHAMHYECKHE
HOCBI» C pacU€THBIMH TAHHBIMU K03 (QHUIIMEHTOB 3aTpyAHEH-
HOCTH BOJI0OOMEHa. Pe3ynbTaThl 3THX XapaKTEePUCTUK U KOM-
IJIEKCHBIE THAPOJAMHAMHYECKHE aHAIHM3bl TO3BOJISIOT BbIJE-
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JUTh HauOoJee NMEepCleKTUBHBIC JIOKAJIbHBIE PalOHBI C pac-
CMOTPEHHEM OTHAENbHBIX BEPOATHBIX YYaCTKOB Ha IpeaMeT
HaJIM4Ms CKOIUIEHHH 3anexel yriaesogopoaa (YB).

Pe3ynpraThl BeWYMH NMPHUBEACHHOTO HAIoOpa CBUACTEIb-
CTBYIOT, 4YTO IbE30METPHUYECKasi IOBEPXHOCTH IOPCKOTO
BOJIOHAITOPHOTO KOMIUIEKCa UMEET BeChMa CIIOXKHOE CTpoOe-
HHe. MakcuMaibHble BEITMYMHBI ITbe30METPUUECKUX Harlo-
POB B HIJKHECPEAHEIOPCKUX OTIIOXkeHUssX bXP npuypouenst
K IOro-BOCTOYHOI YacTH permoHa (pucyHok ). YuacTku
JIOKAJBHBIX Mbe3 MAaKCUMYMOB Han0oJiee YeTKO BBIPAXKECHBI B
paiionax mectopoxnaeHuii CeB. Human, Kupcan, Umnbky-
Bap, Anal (2322-2747 M), a y4acTKH JIOKQJIbHBIX NbE3 MHU-
HUMYMOB — B padioHax miomane Kapum, Paceiuikynyk,
Jxapkak, 3anmamnaeiii Kapams, Capertam, Xomxu, Xatap,
Kymmm (199-343 m). Ux dopmupoBaHue CBSI3BIBACTCS C He-
PaBHOMEpPHBIM pa3BUTHEM OoJiee WIIM MEHEe BOAOOOMIBHBIX
KOJUIEKTOPOB.

30Ha pE3KOro CHWKEHHS HAlopoB 3aHUMaeT IOro-
BOCTOYHYIO TOJIOBUHY ByXapckoii CTyleHH, IPUMBIKAIOIIYTO
K obnacTé CHIXeHUs HaropoB. [lepemnasn HarmopoB OT ILIO-
manert [lypacan u Asnsgprena no miomaaei ['amaacust u
Amanarup cocrasisier 1466-259 M, a cpemHuil TUApaBIAYC-
ckuit yKJoH (ih) Ha ATOM ydacTKe COCTaBISET OKOJO 1 M/KM.

ITocTpoeHHBIE THAPOAWHAMHYECKHE KapThl YKa3bIBAIOT
Ha TO, 4yTo KaraHckuil nb€30MHHUMYM BKJIIOYAE€T IBa JIO-
KaJbHBIX yJacTKa IOHIDKEHHS HAllOpPOB, KOTOPHIE TATOTEIOT
k CerananrenunckoMy u KapausckoMy HapyleHHsM, MpH-
4eM MOCIEIHUM y4acTOK OTIMYAEeTCA OTKPBITOM pasrpy3Koi
BOJIOHOCHBIX TOPH30HTOB. B oTHOmEHUN I'a3znuHCKOro mbe-
30MHHMMYMa, C YTOYHEHHUEM BEJIMYMHBI MPHUBEICHHBIX
HanopoB Mo YukbeIpckod M CrO3bMHUHCKOHM IUIOINAASIM, IO-
SBUJIACh BO3MOXKHOCTH 3a()KCHPOBAaTH €ro PacKphITHE B
cropoHy byxapckoii ¢diekcypHo-pa3pbIBHON 30HBI 0€3 CyIiie-
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CTBEHHOTO M3MCEHEHHMS B3IVIAJOB HAa €ro MPOHUCXOXKACHHE, TO
€CTh OTHECEHHSI €r0 K MepeTOIHOMY THITY [2].

HoBble naHHBIE MO pacIpeesieHnuI0 HAoOpOB OPCKOTO
BOJZIOHAIIOPHOT'O KOMILIEKCA B IOro-ocTouHoM yactu BXP
CBHJIETEILCTBYIOT O Haubojee BBICOKMX HAlopax B IIEH-
TpanbHOI yacti Yapmxoyckoil crynenu (Ces. Human, Kyn-
Tak, Anan 2322-2247 M) 1 MX CHW)KEHHHU IO HAIPABJICHUIO K
6oproBeiM ero yyactkam (Ces.Yprabynak— 709 m, [Tamyk—
431 m, Ce.Kamamm— 865 M, llypranr— 945 M, Ces.Ilypran—
851 M). uTO yKa3BpIBaeT Ha HAJHYHE 3[€Ch AIIN3HOHHOW BO-
JIOHATIOPHOM cucTeMbl. BeposTHO, 3Ta 30Ha chopmMupoBa-

Jlach B TIOJIOCE B3aMMOJECHCTBUS BHEIIHEWM W BHYTPEHHEU
obxacTeil co3gaHus HATMoOpa, a HAJIMYUE B 3TOM pailoHe peru-
OHAJIBHOTO Pa3yioMa OOJBIIOW AMIUTHTY/IBI, BUIMUMO, OOJIer-
YaeT COBMECTHYIO Pa3rpy3Ky MHQWIBTPAIIUOHHBIX M JJIH3H-
OHHBIX BOJ [3]. Mexmy 00nacTsaMu CO3JaHus DIU3UOHHOTO U
HHQUIBTPAIIMOHHOTO HAMOPOB PACIOJIOXKEHA OOIIUpHAS
30Ha (POHTANHFHOIO MHC30OMHHUMYMA, TIC HaOI0IaeTCs
n3MeHenue (ot 1.4 1o 3.4 cM/roa) THAPABIMYCCKUX TPAJIH-
€HTOB W (MIBTPAIlHOHHBIX CBOHCTB IOPOJ, a TaKKe CKOpO-
CTH (PUITBTPAIMH MIACTOBEIX B (Tabnuma 1).

Taonuua 1. I'uopoounamuueckue napamempst O6UINICEHUA NOOZEMHBIX 600 6 HUJICHe- U cpeOHelopcKkux omnodcenuax byxapo-

Xusunckozo pezuona
Koaddumument o CkopocTb CxopocTb Kosd
Ne IInomanu u MmecTopox- nopu- wron (1 ) ¢wieTp. (TEO- | PHEIBTP. sat HC.HH
n/m JICHUS HPOEHH%MOCTH CTOCTH Y iy /KMd’ ' petud.) (akrmuec. pi’@) '
(k), napen (m), % (V1), em/ron (Vg), em/rox
Byxapckas ctynenn
1 |Hlypacaun-C.Aznsprena 0.008 8 14.6 4.0 47 0.09
2 | Asmsapremna- Panmcypu 0.006 8 3.0 4.0 5.9 0.68
3 | Kapab6aup-Ces. lllymak 0.008 8 0.9 3.9 3.1 1.25
4  |Tamaacusi-At6akop 0.008 8 0.2 3.8 0.6 6.3
5 |C.Aznsaprena- Anagarup 0.007 9 0.7 3.6 15 2.4
6 |Ces.Mybapek-Kapum 0.008 8 2.0 3.9 6.3 0.6
7 | FOngyskak-Jxapkak 0.008 8 4.3 3.8 12.6 0.3
Yapxoyckasi CTyleHb
8 | Aman- Yprabynak 0.0001 6 58 3.9 3.6 1.1
9 | VYprabynak-/leHru3Kkyanb 0.0008 7 7.4 3.8 2.3 1.6
10 | denruskynb-Ces. lansr 0.0008 7 3.0 3.8 0.9 4.2
11 |Ces. llags-Anar 0.0008 7 1.68 3.8 0.53 7.2
12 | 3am. Xomxu- AKym 0.0008 7 1.5 3.7 0.5 7.4
13 | Akym-Ces.Cro3ma 0.0008 7 0.8 3.7 0.25 14.8
14 | Ces. Cro3pMma-T'yryprian 0.0002 8 0.9 3.7 0.07 12.8
15 | Ces. Human-I'yryptiu 0.0001 6 6.0 3.6 0.3 12
16 |Anan-I'yryprin 0.0001 6 7.2 3.6 0.35 10.3
17 | JxamOynak-AmaHara 0.0001 4 17.7 3.9 1.4 2.8
18 | Ces. Human-1llypran 0.0001 4 39.3 3.9 3.1 1.26
19 |Ces. Human- Manrut 0.0001 4 38 3.9 3.0 1.3
20 | MxamGynak- llypran 0.0001 4 21.8 3.9 1.7 2.3
21 |Ces. Human- Ces. Kamamm 0.0001 4 42.8 3.9 3.4 1.1

Jnst momanet U MECTOPOXKACHUM CpEeAHHE 3HAUYEHHUS
ko3 dunmeHTa mpoHUIaeMocTd B bemkeHTckoM mporude
cocraBisitor 0.0001 mapem, a xKod¢¢uIHEeHTa TOPUCTOCTH —
4%. B aHOMAaNBbHBIX 30HAX THUAPABINYECKUN YKIOH U3MEHS-
ercss B npenenax 21.8-42.8 M/kM, CcKOpOCTh (GHIBTpALUH
cocrapinseT ot 1.4 no 3.4 cm/rona, kodddunmeHT 3aTpyaHeH-
HOCTH JABWXKeHHs ruacToBbix Boj (W) B mpenenax 1.1-2.8.
AHanorn4Hbple U3MEHEHHSI THAPOJJMHAMHYECKUX [TapaMeTpOB
OTMEYaroTCsl U Ha BOCTOYHOM 00pTy JleHTM3KyJIBCKOTO MO-
HATHA (B paliloHe MECTOpPOXIeHU AaH, 3eBapasl, YpTaly-
nak): nponunaemoctb ot 0.0001 mo 0.0008 mapcu; nopu-
cTocTb 0T 6 10 7%; ruapaBindyeckuil ykiaoH oT 7.4 1o
58 mM/kM 1 ckopocth ¢uibTpanuu 2.3-3.6 cm/ron mpu Ko3¢-
(uneHTe 3aTPyAHEHHOCTH ABIDKCHHS IUIACTOBBIX Boxa 1.1-
4.2. Jlanee, B 3aMaJHOM HAIIPaBICHUH OTYETIMBO MPOCIIEHKH-
BaeTCs IMOCTEIICHHOE yMEHBIIEHHE NPHUBEICHHBIX HAIIOPOB,
THIPABINYECKUX YKIOHOB, CKOPOCTEH (WIBTparuil mpu
MIOCTETICHHOM YBEIWYCHUU KO3 PHINEHTa 3aTPyJHCHHOCTH
JIBIDKEHUS TDIACTOBBIX BOJI, B YACTHOCTH: B HAIIPABICHHH OT
Ces. IHager k mwiomamun  Anmar  ip = 1.68 m/km,
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V¢ = 0.53 em/rox, ¥ = 7.2 u B HanpaBieHun ot CeB. Cro3b-
Ma kx twromaan ['yryprmm i¢ = 0.9 m/km, Vo = 0.07 cm/rog,
Y =128.

Pucynok 1. I'udpoounamuueckana xapma Hudy@cHe- U cpeone-
opckux omnoxycenuti byxapo-Xueunckozo pezuona (no mamepu-
anam T.X.Iloiimypomosa, 2021 2.)
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Jns tepputopun Byxapckoil CTynmeHM B HUXHECpEOHe-
FOPCKUX OTIOXKEHUAX OT mromanu CeB. A3JsipTena 10 IUIO-
maad Anafarup CKOpOCTH (GHIBTPALMH IUIACTOBBIX BOJ
yMeHbIarTes 10 1.5 cM/roa, mpu noBeIIEHHOM K03 GHLHU-
€HTe 3aTPYAHEHHOCTH JBW)KEHHS IUIACTOBBIX BoX - 2.4. Pe-
THOHAJIBHBI HAKJIOH MbhE30METPUYECKON IMOBEpXHOCTH B
CEBEpPO-3allaJIHOM HANpaBICHUU OTHIOJb HE OTMeuaercs
PaBHOMEPHOCTBIO, MTOCKONBKY JJIsI HEr0 XapaKTepHa ydacTas
CMEHa CTYIIEHWA W Pa3psDKEHUS THAPOU30IBE3 C COOTBET-
CTBYIOIIMH PE3KUMH KOJCOAHMSIMM BEIMYUH THApaBIHUC-
ckux ykiIoHOB oT 0.2 1o 14.6 M/xM u ckopocteit punpTpannn
moa3eMHusIX Box ot 0.6 1o 47 cMm/rom.

CrenoBatenbHO, B 3aBUCHMOCTH OT THAPOAMHAMUYECKUX
NapaMeTpoB B HIKHECPETHEIOPCKUX OTIOXKEHUSIX JUHUU
THIIPOU30MbE3 OTPAXKAIOT CIOXKHYI0 THIPOJUHAMHUYECKYIO
00CTaHOBKY B BUJ€ NPEJIOMJICHUH, CTYIIEHUH, 3aMKHYTBIX H
PacKpHITBIX 30H Ib€30MMHHUMYMOB. ['maponuHamudeckue
AQHOMaJIbHBIC 30HBI C OJArONPUSATHBIMH YCJIOBHSMH (OPMH-
pPOBaHUs M COXpaHeHus 3anexeil YB dukcupyroorcs B mpese-
nax  TazmuHckoro,  KangesiMckoro,  Karanckoro u
Myb6apekckoro noausaTuii [4].

MaxkcnumanbHbIe BEJIWYUHBI TPUBEICHHBIX ITHE30METPH-
YECKUX HAIllOPOB B BEPXHEIOPCKHUX OTIOXeHHAX bXP ycra-
HOBJICHBI Ha IUIOIIAJAX, HAUMEHEE yJaJCHHBIX OT TOPHOTO
obpamienus: llypacan - 1479 M, Amanara - 1020mM u Ha
wiomansx Hwuman - 3350 M, Ywmnerymoas - 3118.3, 3am.
Kynrak - 3140 M. OT 3TuX miomageld Nbe30METPUUECKHE
HaIopbl 3aKOHOMEPHO IMOHMXKAIOTCSA B 3alagHOM U CEBEpo-
3aMaIHOM HANpPaBJICHUIX (PUCYHOK 2).

AHanu3 THAPOAMHAMUYECKHX YCJIOBHI BEPXHEIOPCKOTO
BOJIOHANoOpHOro komiiekca bXP mokassiBaer, 4To B ceBep-
HOW dacTH bemkeHTckoro mporuba, BHONE YuOarmi-
Kapummnckoro pazinoma uepe3 miomaan Ces. Kamammu,
Capb6azap, JKunmHckas pacnosaraercss THIpOJIUHAMHYECKas
30Ha C OTHOCHTENIbHO HHM3KMM THAPABIMYECKUM HAIoOpOM
(393.0-508.0 M), B BHIEC 3aMKHYTOTO MbE30MHHUMYMa CYO-
[IMPOTHOTO IPOCTHPAaHMA, MOYTH MHapajielbHOTO OdYepTa-
HUro nporuda. [IponcxoxaeHne 3Toil 30HBI CBA3aHO, MO Beel
BEPOSATHOCTH, C HANPSHKEHHBIM THJIPOAMHAMHYECKUM PEXKH-
MOM B TIpefieax TIIyOMHHOTO pa3jioMa, K KOTOpOMY IpUypo-
YeHbl pa3IM4HbIC TU3IBIOHKTHBHBIE HAPYIICHUS C IIMPOKO
Pa3sBUTBHIMH  Pa3HOOPHUEHTHPOBAHHBIMH  TEKTOHHYECKHMU
TpemuHaMu. B 30He 3TUX TEKTOHWYECKHX HApyIICHHH Ipo-
UCXOANT YaCTHYHOE JAPEHUPOBAHHE IIOJ3EMHOIO II0TOKa,
KOTOpOE NMPHUBOJHUT K YaCTHYHOMY IOTALICHUIO THApaBIIye-
ckoro Haropa. Mcxoas u3 3Toi ruIpoMHaMIYecKoi oocTa-
HOBKM W Yy4WTBHIBas OOJNIBIIYI0 aMIUIMTYny YuOami-
KapmuHckoro pasnmomMa, 3Ta 30Ha paccMaTpUBAaeTcs Kak
OTJENFHOE T'e0JIOTUIECKOE TEJI0 CO CBOMMHU 000COOICHHBIMU
THIIPOTEOJIOTHUECKUMH YCIOBHAMHU. B 3TOH 30HE CymiecTBy-
0T TPEANOChUIKM HaXOXJAeHUs YB JoBylIek pa3inyHOTO
XapakTepa — JHUTOJOTHYECKUX, TEKTOHHYECKUX M THAPOIH-
HAMHYECKHX.

BennuuHa npuUBEJEHHBIX HANlOPOB BEPXHEIOPCKOTO BO-
JIOHATIOPHOTO KOMIIIEKCA C YAAJIEHHEM OT UCTOYHMKA CO3/a-
HHS Haropa IOCTEeIIeHHO CHIKaercs oT 573 M (. SIkkaca-
paif) mo 436 M (mn. Asmsgprena), TakKe B IIpejenax
Myb6apekckoro momHsATHs oT 366 M, 310 M, 98 M, cooTBeT-
crBeHHO 1omaan Kapabaup, Cesepnsiit Lllymak, HIumomnmii
Hap6aza. B paiione mectopoxaenmii Kapum, Jlap6aza, Pa-
cpuIKyyK, CeB. MaliMaHak ruIpOJMHAMHYIECKAasi 0OCTaHOB-
Ka OCJIOXKHEHA IbE30METPHUECKHM MHHHMYMOM, HPHYpO-
YEeHHBIM K byxapckomy riryOMHHOMY pasiomy.
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Pasrpyska [OpCKHX BOJOHOCHBIX T'OPH30HTOB IIPOHCXO-
IIUT B psiie pailoHOB TpaH3uTa. Mybapekckoro, Karanckoro,
laznuuckoro nomusatuil (mwomaau Kapabamp, Llyprena,
Jxapkak, Kapaus, ['azmu, llumonmii Jlap6asa, IIuTHIK u
Jp.), 4YTO TIOATBEpXKAaeTcd Kak TI'MIPOJUHAMUYECKUMU
(yMeHbIIEHHE HAloOpoB BBEpX IO pa3pe3y, HalHuue 30H
MOHMKEHHBIX HAIOPOB), TaK U THAPOXMMHUYECKHMH aHOMa-
JISIMU IOBEPXHOCTHBIX BOJ B MECTaxX pPasrpy3KHu.

Pe3kuil nmpe3oMeTpuyeCKU MUHUMYM B BEPXHEIOPCKHUX
otnoxeHusAx (275 m, 296 M) BeIpakeH Ha miomansax Jxap-
kak, 3anmanaeiid Kapans u Lentpansusiii Karan. YanteiBas
€ro OTpa)keHHE B BHJE TMAPOXMMHYECKON aHOMAJIMU B Me-
JIOBBIX OTJIO’KEHUSIX, MOXKHO COTTACUTBCS C MPEATIONOKEHH-
em cnenanHbiM B.A. KynpsxoBeiM (1985) o rugpasanueckoit
CBA3M IOPCKHUX U MEJIOBBIX TOPU30HTOB B JXapkak-
CeTaJlaHTENIUHCKONW 30HE HApyLIEHUH, TO €CTb CKPBITYIO
pasrpy3Ky IOPCKUX BOJAOHOCHBIX Topu30oHTOB [2]. Ha cxema-
TUYECKOM KapTe TI'MIPOU30IIbE3 BEPXHEIOPCKUX OTJIOKECHUMN
BXP Myb6apekckuii nu Karanckuii paiioHbI BBIIENSIOTCS KaK
o0yacTu CpaBHUTENBHO PE3KUX MajeHuil HanopoB. OcobeH-
HO PE3KHii Iepemnaj HarmopoB OOHAapyXXeH B paioHe IUIoIa-
neit 3eBapasl, FOxubI YpTadbynak, Jxapun u loma, mpu-
4eM, B 9TOM palioHe 3aMETHBI BBICOKHE THIpPaBIMYECKHE
YKJIOHBI ¥ OTHOCHUTENBHO BBICOKHE (DHIIBTPAIMOHHBIE CKOPO-
CTH NOJ3EMHBIX BOJI.

Pucynok 2. I'uopoounamuueckas xapma 6epxXHeIOPCKUX Om-
aoxcenuii  byxapo-Xueunckozo pezuona (no mamepuanam
T.X.Illotimypomosa, 2021 2.)

I'uaponuHaMuyeckue aHOMAMM, OTPaXkaroIiuecs B KOH-
¢urypanuu ruipon3onse3, 0OHapy>KeHbI B paioHax JleHru3-
KyJbckoro u VMcnannbsl-HYaHabIpcKOro MOMHATHI ¢ (OpMHUpO-
BaHMEM HE3aMKHYTBIX ITbE30MHHHMYMOB, SBJISIOMIMXCS Oa-
TONPHUATHBIMU 30HaMHU JUIA CKOIUICHHS M coxpaHeHust YB
3aexei.

Pacripenenenue sHepruy MOTCHIIMOMETPHUUECKOH TTOBEPX-
HOCTH IUTACTOBBIX BOJ IOPCKOTO BOJOHAIIOPHOTO KOMIIIEKCa
BXP cBuueTensCTBYeT O TOM, YTO OCHOBHOE HalpaBICHUE
JIBIDKEHHST TIOJ3€MHOTO TIOTOKA IITACTOBBIX BOJ, CIIEIOBa-
TENBHO, U OCTAIFHON 9acTH (IIIOMIOB, MMEET HANPABJICHHUE C
1ora M I0T0-BOCTOKA Ha CEBEp M CEBEpO-3allajl, 3a HCKIFoYe-
HHUEM HEKOTOPBIX JIOKAJIBHBIX rmomazleﬁ, PacroIOKEHHBIX
BHYTPHM PETMOHA M OTJIMYAIONIMXCS HU3KMMH MM BBICOKHMMH
THApaBIMYECKUMH Hanopamu. [Ipumepom ToMy MoOryT ciy-
KHUTh Tuomaan Karanckoro, JIeHTM3Ky/IbCKOIO MOJHATHH U
Bemkenrckoro npornda, rae BhISBICHBI JIOKAIbHBIE Y9aCTKH,
COOTBETCTBEHHO, C HU3KOW M BBICOKOI SHEPrHsSMH IIOTOKA H
W3MEHEHUSIMHM B HAIPaBJICHUHM TEUYEHHS ITOJ3€MHOTIO MOTOKA
Ha (oHE OOMIETHAPOINHAMUYECKOTO PEKIMA.
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Takxe cileayeT OTMETUTh, YTO B IOr0O-BOCTOYHOM 4YacTH
BXP Beigensercs oOmupHas 30Ha MbE30METPHICCKOTO MaK-
CUMyMa — 30Hbl aHOMAJIbHO BBICOKUX IJIACTOBBIX JaBJICHUI
(ABIL[I), TeppuTOpHanbHO COBMNAAAIOUIMX C 00JAaCThIO pac-
MPOCTPAHEHHS BEPXHEIOPCKUX CONSHO-aHTUAPUTOBBIX MadeK.
Bo3mokHo, 30Ha ABIIJl cBsfi3aHa Kak ¢ H30JIMPOBAaHHBIMU
y4acTKaMU NPHUPOJHBIX BOJOHANOPHBIX CHCTEM, YHACIEN0-
BaBIIMX IUIACTOBYIO PHEPrUI0 OT MPEAILIECTBYIOLIEro 3Tamna
THIIPOTEOJIOTHIECKOTO PAa3BUTHS, TaK M C W3MCHEHUSIMH ITLIa-
CTOBOM YHEPTUH IPU COBPEMEHHBIX TEKTOHHIECKUX, (PU3UKO-
XUMAYECKHX W JPYTHUX Mporeccax. B TakoM NOHNMaHUH
spienue ABIIJ] paccmaTtpuBaeTcsl Kak 4acTHBIM cilydail ruf-
POIMHAMIYECKIX aHOMAIINii, CBA3aHHBIX IMEHHO C M30JIAIIH-
el JIOKaNbHBIX YYaCTKOB BOJOHATIOPHON CHCTEMBI [5].

AHanu3 pacrpe/eNeHus IIACTOBBIX JaBJICHUH MMO3EMHBIX
BOJl IOPCKOTO BOJOHANIOPHOTO KOMIUIEKCA BelrkeHTCKoro
nporuda mokasbiBaeT, uto u3 42 3amepoB B 16 ABIIJ] xapak-
Tepusytotcs: BenmunHamu Ka > 1.20. CrniegyeT oTMETUTh, UTO
paccmarpuBaeMble ydacTku ABIIJl, B ocHOBHOM, Ipuypoue-
HBl K 30HaM TEKTOHHYECKUX HAMpSHKCHUH M MOIIHBIM COJIe-
BBIM TIOKPBIIIKAM, TJ¢ PACIONOKEHBI YK€ M3BECTHBIC MECTO-
POXICHHS C BBICOKMM KOO(D(OUIIMEHTOM aHOMAIMHHOCTH:
Yunerymb6as (1.92); Yynskysap (1.49); Kamamm (1.73); Us-
ranya (1.43);Bemkent (1.74); Humuau (1.55); ®@epysa (1.44);
Mlepxkent (1.31); Manrurt (1.31); Txambynak (1.36).

Takoi packnan pacnpeneneaus ABIIJ mo3BosseT crae-
JaTh 3aKIIOYeHHE 00 OTKPBITOCTH 3THX TIyOHMHHBIX pPa3io-
MOB Ul paccMaTpuBaeMbIX (IIOMIHBIX MOTOKOB. JlaHHOe
SBJICHHE HaXOIUT CBOE IOATBEP)KACHHE B 30HE pPa3BUTHA
JIsarapo-Kapaunbsckoro pasiaoma M y37I0B UX IepecedeHuil,
r/ie MEE30METPHUYCCKIE HAMOPHl B BEPXHEIOPCKUX OTIIOXKE-
HUAX ToHMKatoTes ¢ 1096 M (mwromann Kapawmms) mo 800-
900 M (Mmectopoxnaenue bysaxyp). AHamormdHas CHTyamus
oTMe4YeHa U B paitoHe ruromaaeit Human (3350 m) u ['mpcan
(700-1000). Ecnu nomycTuTh, YTO HAmpaBiICHHE MAJCHHS
HAIIOPOB COBIAJIaeT C HANpaBICHHUEM TOPH30HTAIBHONH MH-
rpauu YB, To MOXXHO MpPEJIoNIOKHUTh, YTO B ITAHHOW (iiek-
CYpHO-pa3pbIBHOIl 30HE TOpU3OHTalbHasg Murpaus YB
CMEHHWJIach BepTHKaJIbHOW. BO3MOXHO, 3TO CIIOCOOCTBOBAIIO
nepeToky (GIIoMI0B U3 OTJIOKEHHH OIHOTO CTpaTHrpaduye-
CKOro KoMmIulekca B Apyroi [6]. IlonTBepxkaeHHEM MOTYT
CIIY>)KUTh PpE3yJbTaThl XMMHUYECKOTO aHamu3a HpoOd BOJEI,
orobpannsie 3 XII m XIV TOpPH30HTOB HIDKHEMEIOBBIX
OTJIOXKEHUH MecTopoxIeHus by3axyp, rie oHH TpeacTaBie-
HBI cnabeiMu paccosamu (98.8-114.6 /1) XJI0p-KabIUEBOTO
tuna (no knaccupukanuu B.A. CynuHa), ¢ MOBBINICHHBIMH
3HAQYEHUSIMH BOJOPACTBOPEHHBIX OPraHUYECKUX BEIIECTB
(BPOB), uto xapakTepHO JUIi IUIACTOBBIX BOJ BEPXHEIOP-
CKHX OTJIOXKEHHH [5].

Takum oOpa3om, aHamM3 (PaKTHUECKOTO MaTepuana Iio
THIPOIUHAMHUKE U THAPOXMMHUHU HIDKHE-, CpeIHe- M BepXHe-
IOPCKHX BOJIOHATIOPHBIX KOMIUIEKCOB, BMECTE C PE3yJIbTaTaMU
JIUTOJIOTO-(haIaNbHBIX, CTPYKTYPHO-TEKTOHUYIECKUX U OUTY-
MHHOJIOTHYECKUX HCCIICJOBAaHUH, ITO3BOJIMI YCTAaHOBHUTH 00-
mue U crnequuueckue 4epThl THAPOTreONIOTHIECKON MO
(dhopmupoBanus YB-3anexeit B topckux oTinoxeHusx bXP.

BrnaronpusATHOCTH CEAMMEHTAMOHHOIO 3Tana rUApOreo-
JIOTMYECKOT0 Pa3BUTHA IOPCKOTO BOJOHAMOPHOTO KOMILIEKCA
BXP, coctout B 3aMeJIyIeCHHON MUTPAllMU BOJHBIX PACTBOPOB
He(TeoOpa3yoIMX BEMIECTB, YTO CIIOCOOCTBYEeT 0Opa3oBa-
HUIO 3aiie)kell HepTH ¥ ra3a W MPEemsITCTBYET MX pa3pylie-
HUIO. B JaHHOM ciy4dae OJTHOM M3 BaXKHBIX THAPOTEOJIOTHYE-
CKHMX TPEATNOCHIJIOK SIBISIETCSA MPUYypOUYEHHOCTh Y B-3anexeit
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K ouaram JpeBHEH W COBPEMEHHOW pasrpy3KH, (UKCHpYe-
MBIX B KauecTBE 30H IbE30MHHHMYMOB. B 3Tnx 30Hax, B
CBSI3U C U3MEHEHUEM THAPOXMMHYECKUX U THIPOJUHAMHYE-
CKUX YCJIOBHH (YBEIMYCHHUE MUHEPAIM3ALMH, YMEHBIICHHE
TEMIIEpaTypbl W JIaBJICHHUS MOA3EMHBIX BOJ, (WIBTPALMOH-
HBI 3ddekT u np.), mpoucxoaut pasoBoe odbocodieHne YB
U3 CEJMMEHTAIIMOHHBIX BOJ C MOCIIEAYIONIMM BCILIBIBAHUEM
W HaKoIUICHWEM He(TH M ra3a B JOByLIKax. Huszkue ruapas-
JIMYECKNE YKIIOHBI, XapaKTepHbIE I CEANMEHTALMOHHOTO
3Tama, MPEISITCTBYIOT YXOXIy ITy3bIpKOB ra3a M Karenb
HE(TH U3 JIOBYIIIEK.

3. BeiBoabI

PaccmoTpeHHBIE BOIPOCH TeHe3Mca MOA3EeMHEBIX BOJ FOp-
ckux orioxeHuit bXP u coBpeMeHHOro ruipoInHaMHYECKO-
ro pexuMa Ha Pa3IMYHBIX €ro yJacTKax HMEIOT MNpsIMoe
OTHOIIICHHE K OIICHKE POJIU THAPOTEOTIOIHISCKOro PakTopa B
(OpMUPOBaHUM U Pa3MEIICHUH HEe(PTSIHBIX M Ta30BbIX 3ajie-
xeil. CieoBaTeNnbHO, Ha OCHOBAHUU aHAIK3a U 0000IIEHHS
pPEe3yNbTaTOB TUAPOJAMHAMUYECKUX HCCIIeIOBAaHUM, TMpOBe-
NIEHHBIX U1 OICHKH IEPCIIEKTHB HE(PTEra3oHOCHOCTH IOp-
CKHX OTJOXCHUH HWCCIeAyeMOH TEPPUTOPUH, BO3MONKHO
CHeTaTh CIEAYIONINE BEIBOKI:

- IPOSIBIISIFOTCSL YIACTKH, HanOoJiee XapakTepHBIE C TOUKH
3peHHs aKKymysanuu YB B pazHOOOpa3sHBIX JIOBYIIKaX,
KOTOpBIE B CTPYKTYPHOM IDIaHE PACIIONOXKCHBI B MECTaX, T1ie
M30JIMHUM THAPABINYECKOTO HAmopa 00pa3yroT «3aMKHYTOE
MOHIDKEHUe» B mpexaenax [azmuuckoro, Karanckoro, Kyib-
Oemkakckoro, KaHIbIMCKOIO IOAHATHH M bBelkeHTCKOro
nporuda v NpujIerauX K HUM TEPPUTOPHA;

- oOHapy»XeHbl TUIPOJUHAMUYECKHE aHOMAaJUH, CBS3aH-
HBIE C TEKTOHHYECKHAM H JIUTOJIOTHYECKUM SKpPaHAMH B paii-
oHax Jlenruskynbckoro, Mcnannsi-Yanasipckoro u Kynrak-
CKOTO TIOAHATHH, ¢ (OPMHUPOBAaHHEM ITbE3OMHHAMYMOB
HE3aMKHYTOW (POPMEI, SBISIOMIUXCA ONarompUsATHBIMH 30-
HaMU JJIsl CKOIUIEHUS U cOXpaHeHus Y B-3anexei.

- OTMEYaeTCsl THAPOJANHAMHYECKAs 30Ha C HU3KHM TH]-
paBJIMYECKMM  HAMOPOM, BBISBJIICHHAss BAONb  Yubari-
Kapmmackoro pasznoma, KOTopasi IpeaCcTaBiIsieT co00r mpo-
CTPAaHCTBO C HH3KOH NOTCHIMANIBbHOM 3Hepruei, crnocobd-
CTBYIOILEH (OPMHUPOBaHHMIO B JaHHOW 30HE JIOBymIeK YB-
CBIPbS;

- YCTaHOBJIEHO HAIMYHUE 30H Mbe30MUHUMYMOB U ABII/;

- CO3JaeTCs BO3MOXKHOCTh MEPETOKa (PIIOHAO0B U3 OTIIO-
JKEHUH I0pbl B MEJIOBBIE B pailoHe mecTtopoxaenus byzaxyp
u Ces. I'yzap.

TakuMm 00pa3oM, ¢ TeOJOTUICCKUAX TO3UIHIA paccMOTpe-
HUE B MPEACTABIEHHOM paKypce THAPOAMHAMUYECKUX OCO-
OcHHOCTEH TOJ3EMHBIX BOJ IOPCKHX OTIOXeHuH byxapa-
XVBHHCKOTO PETHOHA 3aCTy’KMBAaeT BHUMAHWS B KauyeCTBE
MTOVICKOBOT'O KPUTEPHS TPH BHIOOpE PAIMOHAIHLHOTO HAMpaB-
JICHUSI TIOMCKOBO-Pa3BeIOYHBIX paboT Ha He)Th W ra3 u
000CHOBaHMM TIPOTHO3a HE(PTETa30HOCHOCTH OTAEIBHBIX
IJI0IIAIeH U y4aCTKOB.

Jlutepatypa / References

[1] Alekseev, V.P., Tal-Virskij, B.B. (2000). Tektonika i
perspektivy neftegazonosnosti Beshkentskogo megapro-
giba. Shornik nauchnyh trudov OAO «IGIRNIGMy, (79)

[2] Kudrjakov, V.A. (1985). Neftegazonakoplenie v geogi-
drodinamicheskih sistemah. Tashkent, 102-130



T. Shoimuratov et al. (2022). Engineering Journal of Satbayev University, 144(4), 41-45

[3] Shoimurotov, T.H. (2019).  Gidrodinamicheskie kompleksa Beshkentskogo progiba. Uzbekskij zhurnal
osobennosti podzemnyh vod jurskih otlozhenij jugo- nefti i gaza, (3), 26—29
vostochnoj chasti Buharo-Hivinskogo regiona.  [5] Shoimurotov, T.H. (2017). Gidrohimicheskaja zonal'nost'
Mezhdunarodnaya nauchno-prakticheskaya konferenciya podzemnyh vod mezozojskih ot-lozhenij severo-
«Aktual'nye  problemy  neftegazovoj  geologii i vostochnoj chasti Karakumskoj vodonapornoj sistemy
innovacionnye  metody i  tehnologii  osvoenija (Buharo-Hivinskij neftegazonosnyj region). SOCAR Pro-
uglevodorodnogo potenciala nedry. Tashkent ceedings, (3), 9-74

[4] Shoimurotov, T.H., Hudojberdiev, H.F. (2017). O [6] lbragimov, A.G., Fortunatova, N.K., Sunnatov, M.S.
vozmozhnyh  prichinah  vertikal'noj zo-nal'nosti (2013). Perspektivy otkrytija za-lezhej bessernistogo gaza
raspredelenija uglevodorodov, svjazannyh S v melovyh otlozhenijah Beshkentskogo progiba Buharo-
gidrodinamicheskim rezhimom jur-skogo vodonapornogo Hivinskoj neftegazonosnoj oblasti. Geologija nefti i gaza,

(3), 28-33

Bbyxapa-XwuBa aiimarbinbiH FOpa merinaiiepinge keMipcyrekrep KeH
OPBIHIAPBIHBIH KAJBINTACYBIHAAFbI THAPOAMHAMHUKAJBIK KIHE
KYPBLIBIMABIK-TEKTOHUKAJIBIK (PAKTOPJIAPABIH PO.Ii

T.X. Illoiimyparos?, H.II. Xaituros!, C.K. Kyp6anuszos®*

eonoausn sicane mynaii-2as xen opwirnoapvin 6apaay uncmuntymet, Tawxenm, Oz6exicmar
2Koatca Axmem Scayu amvindasol Xanvixapanvis Kazax-mypix yuusepcumemi, Typxicman, Kazaxcmar

*Koppecnonoenyus ywin asmop: Saken_geo@mail.ru

Angarna. Makanana byxapa-XuBa MyHaii-ra3 aiiMarbl IIETiHAE KOMIPCYTEK IIHUKI3aT KEH OPBIHAAPBIH KAIBIITACTHIPY MCH
CaKTayIarbl THAPOANHAMHKAJIBIK JKaFIalIpIH pelli MeH KabaTTHIK CYHBIKTBIKTapAbI 3epTTeY KapacThIpbuIansl. JKep acTsl cymna-
pBl INAIIBIPAHKBl YJIBTPAKYJTIH COYJIENepAiH Herisri "TachiMaiiaylmibichl" OOJbII TaObuIanbl, OEnrini Oip IeoJOTHsUIIBIK-
THPOTEOJIOTHSIIBIK KaFIaiaap/ia ojap oJapIblH )KUHATYbIHA HEMece )KOMBLIYbIHA BIKIAJ €Tyl MyMKiH. OchlfaH OaliaHbICTHI
re0JIOTHSUIBIK-TEKTOHUKANIBIK TIpoLecTepre O0aiIaHbICThl CYHBIKTHIK KO3FaJIbICBIHBIH CHIIATBIH 3€PTTEY ayMaKTap/blH MyHai-
ra3 nepcreKTUBaIapbiH OaranayablH KaKeTTi IIapThl OOJIBIN TaObLIA B,

Hezizzi co3dep: cuopoounamuxa, KoMipcymex, Ken OpHbl, alay, CYUblKmulK, Kabam Cybl, CV KblCbLMbl Keuleni, aumax, 2uo-
PABIUKATBIK 6AC, KOKIHCUEK, KOUI-KOH.

Posib ruApOAMHAMUYECKUX U CTPYKTYPHO-TEKTOHNYECKNX (PAKTOPOB
B opMHUpOBaHNH 3aJ1e:KeH YIVIEBOAOPOAOB B FOPCKUX OTI0KEHUAX
OyXapo-XMBHHCKOI'0 peruHoHa

T.X. Wokmypatos!, H.III. Xaiiuros!, C.K. Kyp6anuszos?”

YUnemumym 2eono2uu u pazeedxu nepmanvlx u 2a306bix Mecmopodicoenuii, Tawkenm, Yzbexucman
2Medicoynapoonwiil kazaxcko-mypeyxuii ynueepcumem umenu Xooxcu Axmeoa HAcasu, Typxecman, Kasaxcman

*Aemop ons koppecnonoenyuu: saken_geo@mail.ru

AnHoTanus. B craThe paccmMaTpuBaeTcs M3yYCHHE IUIACTOBBIX ()IFOWIOB U POJIb THAPOJMHAMUYCCKOW OOCTAHOBKH Ha
(hopMupoOBaHHE U COXpAHECHHUE 3aJICKEH YTIIEBOOPOTHOTO CHIPhs B Ipeaenax byxapo-XuBHHCKOTO HE(TEra30HOCHOTO PErHo-
Ha. [Tom3eMHBIE BOZBI SIBIISIOTCS OCHOBHBIM «TPAHCIIOPTEPOMY PACCESIHHBIX YTIICBOJIOPOJOB, TPU OMPEACICHHBIX I'e€0JIOro-
THIIPOTCOJIOTHYECKUX YCIIOBHSIX OHU MOTYT CIIOCOOCTBOBATH WX HAKOIUICHHIO WJIHM Pa3pyIICHHUIO. B CBS3HM ¢ 3THM, U3ydcHHE
XapakTepa JBIKEHUS (IIFOHIOB, 0OYCIOBICHHBIX T€0JIOT0-TEKTOHHYSCKIMH MPOIECCaMU, SBISIETCS HEOOXOIUMBIM YCIOBUEM
JUTSL OLICHKH TIEPCIIEKTUB He(TEra30HOCHOCTH TEPPUTOPHH.

Kniouesvie cnosa: cudpoounamuxa, yene6000poo, 3a1excb, niowaos, haroud, niacmosas 600d, 6000HANOPHYIL KOMNIEKC,
30HA, 2UOPAGNUYECKUL HANOD, 20PUIOHTN, MUSPAYUSL.

45



Engineering Journal of Satbayev University
Volume 144 (2022), Issue 4, 46-51

SATBAYEV
UNIVERSITY

https://doi.org/10.51301/ejsu.2022.i4.07

Dangerous geological processes on Lake Kolsai and the impact of
Anthropogenic load on the DGP

M.R. Zapparov!, M.K. Kasenov?, E.S. Auelkhan'*, B.T. Serikov?, S.N. Nurmukhanbet?

1Sathayev University, Almaty, Kazakhstan
2KazSeleZaschita, Almaty, Kazakhstan

*Corresponding author: y.auelkhan@satbayev.inuversity

Abstract. This article shows research the risks of landslide processes on the territory of Lake Kolsai, as well as the influ-
ence of anthropogenic factors on dangerous geological processes. Examples of data processing from LandSat-7,8 satellites
using the Google Earth Pro program and images of the territory of Lake Kolsai using unmanned aerial vehicles are shown. The
main purpose of this article is to use the analysis of data from previously carried out works to assess the conditions of zones
with potentially dangerous development of landslide processes, as well as to give predictive assessments of the risks of DGP in
this area. The area of research is the left side of Lake Kolsai in the northern Tien Shan, in the Kolsai Gorge, in the bridge con-
necting the Kungei and Zailiysky Alatau ridges. At the end of the nineteenth century, a number of major earthquakes occurred
in the above-mentioned area, which caused enormous damage to the environment and to the people of the coastal areas. Subse-
quently, after these earthquakes, dangerous zones with a potential risk of landslide processes were formed in the study area.
This article deals mainly with the left side of Lake Kolsai, which changes year after year due to the strong anthropogenic load.
For this article, the collected satellite images and photographs from the UAV have been processed, interpreted and the neces-
sary data extracted. The analysis of previously carried out works is made.

Keywords: UCP, monitoring, LandSat,Google Earth pro, satellite images, fault, landslide processes, earthquake, seismol-

0ogy.

1. Introduction

The Shelek river basin occupies the southeastern part of
the Ille Alatau ridge and the northeastern part of the Kungei
Alatau ridge. The river has a length of 245 km, the basin area
is 4980 km?. The climate here is sharply continental with
large daily and annual air temperature amplitudes.

The Shelek River originates from the Zhangaryk glacier
at an altitude of 4300 abs.m. It receives a number of tributar-
ies. The river bed is moderately winding, composed of boul-
ders, pebbles and sand, with a large amount of loose clastic
material [1].

Here, the most significant dangerous geological processes
are observed in comparison with the nearby river basins. The
catastrophic earthquakes of 1887, July 1, 1889 (10 points,
Chilik) and 1911 left their grandiose traces in the form of
huge landslides and landslides. Which created the most beau-
tiful dammed lakes, blocking mountain rivers.

The Kolsai River is the right tributary of the Shelek Riv-
er. The river has three unnamed tributaries, two of which are
left-bank. There is no glaciation in the river basin. In the
upper part of the basin (2000-3400 abs.m) the relief is
smoothed, although in some places there are rocky outcrops
and scree. At altitudes of 3000-2800 abs.m, erosion process-
es are weakly expressed, however, when the continuity of the
turf is disturbed, potholes form on the slopes. In the lower
zone (1600-2800 abs.m), the relief is characterized by sharp
shapes and steep slopes, which contributes to active erosion
processes [2].
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There are three large dammed lakes in the river basin, lo-
cated directly in the bed of the Kolsay River. The cascade of
lakes on the Kolsai river is more than 1000 years old.

The first (Upper Kolsai), at an altitude of 2660 m is the
first lake. Its length is 580 m, average width is 190 m, maxi-
mum depth is 23,5 m. The runoff is carried out by filtering
through the body of the cofferdam, composed of fine and
medium detrital material with a large amount of gravel-fine
earth filler. The length of the cofferdam is 790 m, the width
is 200 m, the slope of the surface is 30°. The lake belongs to
the high category of mudflow hazard.

The second lake (Middle Kolsai) has a water level mark
of 2250 m. Its length is 1150 m, average width is 298 m,
maximum depth is 57 m. Flowing lake with 3 incoming trib-
utaries and 1 outflow. The dam consists of large debris with
little aggregate content.

The third lake (Lower Kolsai) is located at an altitude of
1800 m. Before the breakthrough with partial emptying in
1984, its length was 1520 m, average width — 222 m, maxi-
mum depth - 38.6 m. Lintel width — 50 m, length — 830 m.
The right part of the cofferdam slope is coarse-grained (scree
with fragments up to 0.5 m in diameter), the left part is made
of fine-grained equipment. All three dams of the Kolsai lakes
have at the base of the rocky cut rocks, then blocked by land-
slide and landslide masses, with a volume on the lower and
middle lake of 300-500 thousand m3, on the upper - 150-200
thousand m? [1].
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Recently, the Kolsai Lakes are a popular holiday destina-
tion not only for residents of Almaty, but also for tourists of
near and far abroad.

On weekends, the number of tourists is about 2000 peo-
ple, while the number of passenger vehicles on average ex-
ceeds 200 units, the number of buses is more than 40 units.

For reference:

On June 2, 1984, on Lake Nizhny Kolsai, as a result of
increased flow, which led to undermining and collapse of the
left part of the cofferdam body, composed of loams and sub-
sequent breakthrough of the blockage, 509 thousand m® of
water was drawn from the lake with a maximum flow rate of
19.4 m®/s. At the same time, the height of the lake coffer-
dam decreased by 1.59 m. A mudflow with a flow rate of
25.5 m®/ s was formed in the mudflow incision.

On June 2, 1987, a partial emptying of the lake occurred
again, which led to the formation of a debris flow cofferdam
in the mudflow incision with a flow rate of 56 m®/s. After
the collapse of the mudflow mass at the first kilometer below
the incision, the flow was transformed into a nanowater
flood. 217 thousand m® of water was drawn from the lake,
the lake level dropped by 0.7 m.

At the end of the 19th century, a number of large earth-
quakes occurred on the territory of the study area, after
which dangerous zones appeared on this territory with a
potential risk of developing landslide processes.

The main parameters of the earthquake: the epicentral
zone of the earthquake covers the eastern parts of the lle and
Kungei Alatau ranges and extends from the Ili River to the
north-eastern coast of the lake Issyk-Kul. After the earth-
quake, cracks formed, many huge screes and landslides in the
mountains and gorges. On June 21, 1938, at the mouth of the
Bolshoy Kemin River, the Kemino-Chuy catastrophic earth-
quake occurred in the southwestern regions, it manifested
itself with a force of 7-8 points (in Almaty 6 points). In the
period until 1970, after this earthquake, a seismic lull oc-
curred in the Almaty observation zone, and since 1970 the
Almaty zone became active again: Sarykamysh on June 5,
1970 (in the Kegen region - up to 6 points), Toraigyr on
February 12, 1975 (in Chilik region - up to 6 points) and a
number of other tangible tremors. On March 25, 1978, the
Zhalanash earthquake occurred with the epicenter in the area
of the eastern immersion of the Kungei Alatau. After the
Kemin disaster of 1911, it is the largest in this zone. The
strength of the concussion in the Kegen region reached 8
points, which brought huge material damage [2].

On November 12, 1990, another strong earthquake was
recorded in the Almaty zone - the Baysorun earthquake. His
strength in Kegen district reached 8 points. This earthquake
ended the next stage of the activation of seismic activity in
the territory of the Almaty zone. The zones of distribution of
the earthquake are shown in Figure 1, on the specified map it
can be seen that during the period of the above time the
seismic activity near Lake Kolsai was 8-9 points. In this
regard, landslides and potential areas of landslides and land-
slide processes were formed [3].

The parameters of the erosion source of Lake Nizhny
Kolsai are: length - 1.6 km, average width of the cut at the
base - 50 meters, average width of the cut at the top - 200
meters, the height of the sides of the cut in the upper part of
the 50-70 meters.
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Figure 1. Schematic map of strong earthquakes in the Almaty
region

The left side is steep, consists mainly of gravelly gravel
deposits forming a plume of scree almost throughout the
incision, which will be worked out to the natural angle of
slope. Soil layer about 30 cm. The shedding process will
continue until the formation of a natural slope of the soil.
Depending on the intensity and amount of precipitation, the
melting of snow will take about 3-7 years. Presumably, the
edge of the erosion cut will move another 30-40 meters.
Also, on the port side on the body there are wedgings of
groundwater with insignificant expenses due to precipitation.
On the slope of the cut there are landslides with volumes of
up to a thousand cubic meters.

Lake lintel in satisfactory condition. No traces of wedg-
ing out of filtration waters were revealed. It is necessary to
carry out repair and restoration work and reconstruction of
the structure.

On the body of the landslide and in the erosion focus
there is a large anthropogenic load which is expressed in the
construction of houses and buildings, the lack of a unified
sewerage system, the construction of swimming pools, the
lack of supply and discharge structures, sealed containers for
wastewater, toilets, etc. (Figure 2, a,b).

As a result of catastrophic displacement, the original
rocks are divided into separate blocks and crumpled into
complex folds and lenses. Some of the largest blocks re-
tained their structure and were found in outcrops along the
escarpments of the dam'’s body. The bulk of the rock is repre-
sented by difficult contact blocky, gravel and gruss soils with
traces of the external structure. Dark gray clays and loams,
both formed during the friction of displacement and involved
in this process, red-brown neogene cohesive soils act as
fillers.

The steepness of the sides in the upper part, composed of
soils of the blockage itself (composition see above) is
70...90°, while in some areas the surface of the slopes has a
reverse slope of up to 5°. The height of such slopes varies
within 5...20 m.

Below (i.e., almost the entire) surface of the sides of the
valley Kolsai river is formed by a plume of talus, represented
mainly by crushed stone and woody soils with sandy-loamy
aggregate. The steepness of the scree surface varies within
37...52°, i.e. the bodies of scree are in an unstable state, the
detrital material is constantly shifting down especially active-
ly during the period of snowmelt and heavy rains.
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Figure 2. Structure on the erosion focus (picture from UAV)

In addition, the surface of the sides is disturbed by nu-
merous water-erosion incisions, along which temporary wa-
tercourses actively displace the soil masses of the blockage
and scree to the riverbed, forming alluvial fans of various
sizes. At the same time, the largest of them reach the riv-
erbed and partially block the water flow. It can be assumed
that thicker fans with complete blocking of the riverbed can
also form in these areas.

Along the edge of the left-bank slope at a distance of
0.2..0.3m, the presence of shallow separation cracks
1...3 cm wide was revealed.

The crumbling process will continue until the formation
of a natural slope of the soils that form the plumes of talus.
Depending on the intensity and amount of precipitation,
melting snow, this process can take about 3-7 years. Presum-
ably, the edge of the erosion incision will move towards the
technogenically loaded territory by another 30-40 meters.
Also, on the port side on the body there are wedgings of
groundwater with insignificant expenses due to precipitation.
(Figure 3, a-d).

At the time of writing this article, using the Google Earth
Pro program, space images were taken from the LandSat-7, 8
satellites, taken in 2010 and 2021. An analysis was carried
out for changes in the dimensions of the port side, compari-
sons were made at 3 identical points, graphical examples of
these analyzes are given in the appendices (Figure 4, a-f).
According to the data obtained, it can be noted that during
the taken period of time the following details are noted:

e Significantly increased anthropogenic and technogenic
pressure on the left side of Lake Kolsai.

e There are noticeable changes in the shape, steepness
and size of the port side.
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Figure 3. Photographic materials of landslide-prone areas on
the territory of the State National Natural Park ""Kolsai Lakes" of
Almaty region (September 28-29, 2022): (a) — Portside. Slopes
below the water intake 70 m; (b) — Portside. Slopes below the
water intake 150 m; (c) — Portside. Water-erosion incision and
alluvial fan displacing the water flow of the Kolsai River (=200 m
below the intake); (d) — Portside. Separation crack below water
intake 60 m.

Given the above changes, it can be noted that various fac-
tors, such as weather conditions, anthropogenic load, seismic
activity, tourism development and other conditions strongly
affect the left side of Lake Kolsay. Such rates of anthropo-
genic and man-made influence on this site, together with
natural phenomena, can lead to landslide shifts on the left
side of Lake Kolsay.

For example, in 2012, in the north of India, near the tour-
ist city of Durbuk, a landslide occurred, which isolated the
road, as a result, about 500 tourists, 150 cars, in which there
were local residents on vacation, were isolated. Also, in a
hilly area about 50 km north of Kuala Lumpur, a landslide
leveled a campsite while people were sleeping in their tents.
Among the dead were seven children.

In order to avoid such cases in the study area, it is neces-
sary to conduct a complex of engineering geological studies,
as well as to create a centralized network of sewerage and
water supply and other types of work to strengthen the left
side of Lake Kolsay.

Conclusions on the stability of the left side of the valley of
the river. Kolsai in the investigated area (Figures 5,6.).

1. Slopes are in an unstable state. According to prelimi-
nary calculations, the stability coefficient varies within
0.2...0.7 (upper escarpments and scree).

2. The surface of the slopes is undocked. Vegetation was
noted only on the surface of the side of the gorge behind the
edge of the canyon with a thickness of 30 cm.

3. Numerous water-erosional cuts of temporary action of
various scales of manifestation on the surface of slopes are
revealed, the development of which deforms the structure of
slopes and worsens their bearing capacity as a basis for any
structures. In addition, such cuts, as a result of backward
erosion, deform even the turfed surface of the blockage itself.
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4. There is a constantly changing technogenic load 5. Uncontrolled saturation of the body of the dam with
(buildings, structures, vehicles). At the same time, many of  water of technogenic genesis (water supply, sewage drains)
them are located almost along the edge of the slopes of the  was revealed.
left side of the Kolsai river valley.

Google Earth

e) f)
Figure 4. Space images of landslide-prone areas on the territory of the State National Natural Park "'Kolsai Lakes' of Almaty region:
(@) — the first profile of the relief of the left side of the Kolsai River (space image of 2010); (b) — the first relief profile of the left bank of
the Kolsai river (space image 2021); (c) — the second relief profile of the left side of the Kolsai river (space image of 2010); (d) — the sec-

ond relief profile of the left side of the Kolsai river (space image 2021); (e) — the third relief profile of the left side of the Kolsai river
(space image 2010); (f) — the third relief profile of the left side of the Kolsai river (space image 2021)

Figure 5. Portside (picture from UAV) Figure 6. Contours of the left side of the Kolsai River. (con-
tour perimeter = 2.55 km contour area = 7.9 ha)
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According to the stock materials (Tunnel spillway from
Lake Kolsai. Report on the preliminary assessment of the
engineering and geological conditions of the construction area.
1989), the coefficients of filtration of the soils of the body of
the blockage vary within 0.12...0.79 m/day, which contrib-
utes to the uncontrolled formation of temporary local aquifers
in the body of the blockage and, accordingly, reduces the bear-
ing capacity of soils in a variety of areas, without the possibil-
ity of their localization within the territory under study [5].

The starboard side is made of gruss, pebbles, and several
kurums are formed from boulders of various sizes with a max-
imum size of up to 2 meters. At the sole of the kurumniks
there are wedgings of groundwater in the form of descending
springs: the water flow rate in the upper spring is 2 liters per
second, in the lower spring the flow rate is about 4 liters per
second. Springs due to the lack of a stormwater net flow along
the operational road. The upper part of the weathering zone
consists of different age eluvial deposits. Landslide events
were not detected. Possible collapses with volumes of up to 10
cubic meters and falls of single large blocks, which poses a
real threat to passing tourists and vacationers.

For reference: Kurums are local, limited in three-
dimensional space, accumulations of stone acute-angled
boulders, formed in a natural way, having the appearance of
a closed undivided cover on the surface of the earth.

4, Conclusions

The landslide body on Lake Nizhny Kolsai belongs to the
landslides of an incomplete cycle. The Kolsai river basin
belongs to the 9-point seismic zone.

The entire territory of the erosion mudflow incision is
subject to dangerous geological processes. The danger of soil
sliding along the entire length of the erosion focus remains.

After the absorption of critical weight and with a dynam-
ic effect on the landslide body in the erosion focus, the prob-
ability of breakage and slippage of the port side is very high,
and it is also possible to activate landslide phenomena under
the influence of natural factors (exposure to rains).

A high anthropogenic load is observed on the body of the
landslide and on the body of the lake cofferdam, including in
the mudflow incision.

As a result of the chaotic construction of buildings, struc-
tures, swimming pools, the absence of storm drains, as well
as the complete absence of a sewerage system, the lack of
sealed containers for wastewater and toilets increased the
processes of soaking soils, the installation of additional as-
phalt pavements and observation platforms also does not
contribute to the natural aeration of moisture in the soils. The
device of such artificial structures leads to hidden flooding of
territories, because. the surface for evaporation of moisture
decreases and the surface for artificial accumulation of mois-
ture in the soil increases.

The organization of the tourist cluster is carried out with-
out considering the landslide hazard and the risk of land-
slides and landslides, with trimming of the slopes, and also
without considering the significant load and overload of the
slopes.

The lake is a point tourist site of a very vulnerable nature
for which a calculated and metered load is necessary.
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Currently, there is a chaotic uncontrolled development of
the territories of the lakes in connection with the growing
interests in these objects among tourists.

The territory is built up randomly, the influx of tourists is
huge, especially in the summer, hundreds of yurts and tents
are being built here, not counting the already erected capital
structures, which negatively affects the ecological state of the
objects.

For the proper environmentally safe functioning of the
Kolsai Lakes facility, it is necessary to develop a detailed
program for the functioning of these facilities with the in-
volvement of a wide range of specialists in geology, hydro-
geology, ecology, biology, climatology, etc.

After the development of a detailed program, it is neces-
sary to offer a rational schedule for visiting the sites by tour-
ist groups and individual tourists in an environmentally
dosed format.

Delivery to the lakes by special transport for the excur-
sion the recommended daily load for visiting the lakes should
not exceed 250-300 people per day.

Recommendations:

1. It is necessary to carry out engineering-geological sur-
veys using georadar to determine the stability of the lake
cofferdam and the landslide-landslide body in general for all
three lakes;

2. Conduct regular surveys of the state of the lake coffer-
dam, landslide-landslide body, including commission. It is
necessary to organize instrumental control with the installa-
tion of benchmarks and markers for the dynamics of the
movement of the landslide body and erosion processes in the
mudflow incision;

- on the organization of the sewerage system, pipeline
lines on the principle of "pipe in a pipe" with control wells;

- on the prohibition of the construction of pools or other
reservoirs on the body of a landslide;

- on the organization of storm-discharge networks.
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KeJicaii kesiHAeri KayinTi reoJI0rMsiJibIK MPoUecTep KIHe 0JIaAPAbIH
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Anparna. byn makanana Kencaii keiHIH ayMaFbIHIAFbI )KYPri3UIreH 3epTTey OETKEeIIiK ChIpFbIMa MPOLECTEPiHiH KayTi,
COHIal-aKk KayilTi TEeONIOTHSUIBIK IPOIECTepre AHTPOIOTEHIIK (akTopiaapiapiH acepi kepcerinredn. Google Earth Pro
OarmaprmamacblH KoiimaHa OThIpeIn, Landsat-7,8 CHOyTHHKTEpIHEH IOepeKTepli eHIeYy MbIcaliapbl JKOHE YINKBIIICHI3 YIIY
annapaTTapblH KOoJIAaHa OTHIPHIN, Kescail KeniHIH ayMarbIHBIH CypeTTepl KepceTinreH. bym MakamaHbIH HeEri3ri MakcaThl —
OYpBIH KYpPTi3UITeH J>KYMBICTApABIH ACPEKTEepiH Tanmay, OETKEeIiK CBIpFRIMa MpOLECTepiHiH OOMyBl MYMKIH KayimTi
aliMaKTapIbIH )KaFIalbIH Oaranay, COHIal-aK OCBl y9acKeeTi KayilTi Te0OTHUIBIK MPOIecTep i O0IybIH 00JDKay KoHe Oara
oepy. 3eprrey yuackeci perinae — Contyctik Tsub-lllansnarsl Kescali kemiHiH con jxak Oerkeil »karanaybl, Kemcaii
maTkainbiHaa, KyHreii meH Ine AnatayblH OailylaHBICTBIpATBHIH ayMak KapacTblpbuianbl. JKorapbiia aranran aymakrta XIX
FACBIPJIBIH asFbIHA OipKaTap ipi kep CuIKiHici O0JiFaH, OYJI KOpIIaraH OpTara JKOHE )KaKblH MaHJIaFrbl afaMaapra YIKeH 3UsH
KenTipreH. 3eprrey OapbICBIH/A OCHI JKEP CUIKIHICIHEH KeliH 3epTTey ydacKeciHae OeTKEWNiK ChIpFhIMa MpolecTepiHiH 00y
Kaym Oap KayinTi aiiMakrap maima Oonmbl. byn makamama Kescail kestiHIH ayMarbIHIAFbl TYPHUCTIK alMakKThIH JaMyblHA
OaiinaHBICTBI COJI JKarajlayJblH AHTPONOTEHIIK J>KYKTeMere OaiJlaHbICThl XBUIAAH JKbUIFa ©3repyi KapacThIpbliajbl. by
MakKajaja JpOH YIIIy anrapaTTapblHaH KHHAIFAH jKOHE JKep/i KaIIBIKTHIKTaH 30HATAY FapBIIITHIK CYPEeTTEp MEH (POTOCYpETTED
OHJIEIIIT, TYCIHIIpLIII, KaXKeTTi MaiMeTTep ansiHAbl. COHBIMEH Koca OYpBIH )KYPTi3UIreH )KYMBICTapFa Taay sKacallbl.

Hezizzi co3dep: OI'Tl, monumopune, LandSat, Google Earth pro, apeiuumulx cypemmep, akayiap, cblpeblma npoyecmepi,
Jlcep CINKIHICE, CeticMOoNI02usl.

OmnacHeble reojiornyeckue npoueccol Ha ozepe Kosicait u BiusiHue
aHTponoreHHou Harpy3ku Ha OI'Il

M.P. 3anmapos!, M.K. Kacenos?, E.C. Ayenxan'”, 5.T. Cepuxos?, C.H. Hypmyxan6er!

1Satbayev University, Azmamot, Kazaxcman
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AHHoOTanusa. B naHHON cTaThe MOKa3aHbl Pe3yNbTaThl HCCIENOBAHUE Ha TeppuTopuu o3epa Konbcail, a Tak ke BIUSHHE
AHTPOIIOTCHHBIX (PaKTOPOB BO3MOXHBIE PHCKH OIIOJ3HEBBIX IPOLECCOB M OIACHBIE Te0JOoTrHYecKue nponecchl. ITokazaHb
npuMepbl 00paboTKH AaHHbBIX co ciyTHUKOB LandSat-7,8, ¢ ucmonb3oBanuem nporpammel Google Earth Pro, u caumku teppu-
Topun o3epa Kombcail ¢ ncrosip3oBaHieM OECHMIOTHBIX JIETAaTENbHBIX anmaparoB. OCHOBHasI II€b JaHHOHM CTaTbHU — C TIOMO-
IIBIO aHaJM3a JaHHBIX 00CIJIeIOBaHUM C paHee MPOBEICHHBIX PadOT, OLIEHUTh COCTOSHUS 30H C MOTEHINAILHO ONACHBIM pa3-
BUTHEM CKJIOHOBBIX IIPOLIECCOB, a TaKXKe JaThb NPOTHO3HbIE oOLeHkH puckoB OI'Tl Ha panHoM ydactke. OOnacTbio
WCCIIeTIOBaHUN sBNseTca JieBBIA OopT o3epa Kombcait B ceBepHom Tsmp-lllane, B ymense Kombcail, B mepemsruke,
coenuHAoNe xpedTel Kynrei n 3annmiicknii Anatay. B Belmeyka3aHHOM ydacTke B KOoHIIE XIX Beka MPOU30NUIH PSIT KPYII-
HBIX 3eMJICTPSICCHUH, KOTOPBIE IPUYUHIIIN KOJIOCAIBHBIA Bpe, ATl OKPYXKAIOWIeH cpelbl U A oA MpHOIeKHBIX pano-
HOB. B ciegcTBum mocie TaHHBIX 3eMIICTSIPCEHUH HA UCCIIEAYEeMOM y4acTKe 0OpO30BajMCh OMACHBIC 30HBI C ITOTCHIIHAIBHBIM
PHCKOM pa3BUTHA OIOJ3HEBBIX IPOIECCOB. B maHHOW cTaThe paccMaTpUBAaeTCs IMPEHMYIIECTBEHHO JIEBBIH OOpPT o3epa
Konbcail, KOTOpBIH ros1 3a TOI0M MEHSETCS], B CBSI3U C Pa3BUTHEM TYPUCTUYMKUU 30HBI U CWIIBHOM aHTPOIOI€HHOM Harpy3Koil.
Jns naHHOW cTaThy coOpaHHBIE KOCMOCHUMKH M (porocHUMKH ¢ BITJIA o6paboTaHbl, IPOMHTEPIPETUPOBAHBI M W3BJIEYECHBI
HeoOxonumble nanHble. CenaH aHamu3 paHee NPOBEJIEHHBIX PadoT.

Knroueswie cnosa: OI'Tl, monumopune, LandSat,Google Earth pro, KocMOCHUMKU, pA31OM, ONON3HEGbLE NPOYECChl, 3eMie-
mpsicenue, CeticMON02UsL.
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