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HE®TEITI'A3OBASA UHKEHEPU S

YAK 66.066.3
MPHTH 61.51.13

NCCIEAOBAHUE BJIUAHUA PABJIMYHbBIX ®PAKTOPOB
HA CTABWJIBHOCTH BOJOHE®TSAHOH 3MYJIbCUU

C.A. HYPIBIBAM, O.B. FY30BA
Axmiobunckuil pecuonanbHulil 20cyoapcmeenviil ynusepcumem um. K. JKyoanoea

Annomayusn: B dannoii cmamve paccmMompeno GuusHue pasiuyHblX (QAKmopos u GvlseleHbl HeKOMOopble
3a8UCUMOCIIU  NPU pa3deleHult 8000HePMAHOU IMYTbCUL MUNA  «800a 8 Hedmuy. buvlio eviacneno, umo c
NOBbILUEHUEM MEMNEePAmypPbl U XI0PUCIBIX COLell IPHEKMUBHOCTD paA3PYULeHUsT 800OHEDMAHOU IMYTbCULL
Veenuuusaemcesl, makaice e1usHue okazvieaem pH-cpeoa, snauenue komopotl onudice k HellmpanvbHot. Bvicoxast
00800HEHHOCb CIPOU Hedhmu oxazvlieaem O1a2onpusmuoe 030elicmaue Ha 0ecmaduIu3ayuIo U omoeieHue
IMYIb2UPOBAHHOU BOObI, A HAIUYUE ACPHATLINEHO8 3HAUUMENLHO 3ampYOHIen Cenapayuio culpoll Hegmu.
Pacmeopumens, eéxoosawutl 6 cocmas 0Oesmynvbeamopa, makice uecpaen OO0IbULYIO POlb 8 0eCmaduIu3ayuu
IMYIbCUU U NOOOUPAEMCsl UHOUBUOYATBHO.

Kniouesvie cnosa: sooonedpmsinas smynvcus, xaopucmole conu, pH-cpeoa, o66o0nennocmo, coipas negmeo,
AMYTbSUPOBAHHASL B00A, ACHATLIMEHDL, Cenapayusi, pacmeopumens, 0edaMyIbeamop

STUDY OF INFLUENCE OF VARIOUS FACTORS
ON THE STABILITY OF WATER-OIL EMULSIONS

Abstract: This article discusses the influence of various factors and reveals some dependencies in the separation
of water-oil emulsions. It has been found that the efficiency of water-in-oil emulsion separation increases with
the increasing of temperature and chloric salts content. Near to neutral pH medium has an impact on the
separation of emulsions. High water cut of crude oil has a beneficial effect on destabilizing and separation of
emulsified water, whereas the presence of asphaltene makes the crude oil separation difficult significantly. The
solvent included in the demulsifier plays a large role in emulsion destabilization and it is selected individually.

Keywords: water-oil emulsion, chloric salts, pH medium, water cut, crude oil, emulsified water, asphaltenes,
separation, solvent, demulsifier

MYHAM-CY SMVYJIbCUSICBIHBIH, TYPAKTBLIIBIFbIHA
IJCEP ETETIH 9PTYPJII ®AKTOPIAPAbI 3EPTTEY

Anoamna: byn makanaoa mMynai-cy smynbCUusColHblY O0NIHYIHe acep ememin hakmopaap 3epmmendi JHcane
Kelloip mayendinikmep anvikmanovl. Temnepamypa men X10pud my30apulHblY HCOAPHLIAAYbIMEH MYHAU-CY
IMYIbCUSCHLIHBIY OY3bLTY MUiMOiniel apma mycemini aukblHOAIO0bl JicaHe Oe 02an beumapanka xycakvin pH
opma acep emedi. JKozapvl monwepoezi cyavl WUKi MYHAU MYPAKCLI30AHOIPYA HCIHE IMYIbCUSTAHEAH
cyouly Ooninyine cazbimovl acep emedi, Oipak acghanrbmenoepoiy OOIYbl WUKI MYHALObL cenapammayobl
aumaprvlKmail KUblHoamaowl. /Jeamynbeamopobiy epimKiuti dIMyibCUsIHbL MYPAKCHI30AHObIPYOA 0a YIKeH POl
amrapaowvl Jcane dHceke manoaiaosl.

Tyiiinoi coezdep: MYHAU-CY IMYAbCUACHI, XA0pud mysoapel, pH opma, mynail cynvievl, wuxi MYHAl,
IMYIbCUANAHRAH CY, acharbmenoep, 6oy, cenapammay, epimkiut, 0edsmMynbeamop
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BBEJEHUE

OMynbcuM THNA «Boja B HepTm» (opmu-
pPYIOTCSl BO BpeMsi 100bun chipoit HedTu. Bona
HIMPOKO pacrpeziesieHa B CbIpoil HeTU B BHE
OYEHb MEJIKMX Karellb, 1 UX COAEpKAHHE 3aBU-
CHUT KaK OT CBOMCTB BOJIbl, TAK U CBOMCTB HE(PTH.
[Tpu 0OBIUHBIX YCIOBUSAX BOJIA JIETKO OTAEIISACTCS
oT He(TH, TOCKOJIBbKY OHU SIBJISIFOTCSI HECMEUIH-
BaIOIIUMHUCS KUIAKOCTAMU. OJIHAKO BOOHE(TSI-
HBIE SMYJIbCUU (HOPMUPYIOTCS U3-32 TypOyIEHT-
HOCTH TIpU J00BI4€ ChIpO HedTHU B TPyOOIpO-
BOJIaX U CTaOWIM3UPYIOTCS IPUCYTCTBUEM IPH-
POIHBIX SMYJIBIaTOPOB B HEPTH.

[Ipuponueie  3Mynbraropbl  KOHLIEHTPH-
PYIOTCS B BBICOKOKHUISIIIMX (Ppakuusax ChIpoOit
HedTu. OHU comepkar B CBOEM cocTaBe achaib-
TEHBI, CMOJIbI, OPraHUYECKUE KUCIOTHI U OCHO-
BaHus, MapaQuHbl U TBEPAYIO YacCTh YIIIEBOJIO-
POIIOB, KOTOPBIE SBJISIFOTCS OCHOBHBIMU COCTAaB-
JSIOUMME MeX(ha3HON IJICHKH, OKpYXKarollue
BOJIHBIE KaIUId M OOECIEUMBAIOT CTAOMIBHOCTH
BoioHePTsIHOM SMynbenH [ 1, 2].

Huxe paccMoTpensl paznuunbie (aKTophbl,
BJIMSIONIME HAa CTaOWJIBHOCTH BOJOHE(TSIHOU
OMYIIbCUH.

1. Bausinue acdanbTeHoB

Cornaco  3axmoueHusm  (I'yan wu
®dupozabdanu) [3] TUNOIBHBIH MOMEHT, BIIHSIO-
M HA CTaOMIIBHOCTh SMYJIBCHH, PE3KO YBEJH-
YUBAETCSI OT HACBHIIIEHHBIX W apOMaTHYECKHX
yrieBonopooB (0-1 D) k cmomam (2,4-3,2 D), ot
cMmout k acanerenam (3,3-6,9 D). IonsspHocTH ¢
BBICOKUM JIMMOJIBHBIM MOMEHTOM (Ooutbiie 2 D)
BJIMSIIOT HA MOJIEKYJSIpHbIE B3aUMOCHCTBUS B
HedTenpoaykTe U B UTOre (pOpMHUPYIOT MHULIET-
JIBL.

Cuuraercs, 4To acganbTeHbl CYLIECTBYIOT
B He(pTU KaK KOJUIOMJHBIE CYCIIEH3UU U CTaAOM-
JU3UPYIOTCS CMOJIaMH, KOTOpbIe aacopOupoBa-
HBI Ha X MOBEPXHOCTH. B 3TOM ciyuae, cMOJIbl
pearupyroT Kak NENTH3UPYIOUIME areHThl JUIs
ac(harbTeHOB M BMECTE (POPMHUPYIOT MHIICIIIBI.
OTU MHILEIUIBI WU KOJUIOUIBI copepxkKar OO0Jib-
HIMHCTBO TOJIIPHBIX MAaTepUaioB, KOTOpPbIE Ha-
XOIIATCS B ChIPOM HE(PTU M UMEIOT MOBEPXHOCT-
HO-aKTHUBHbIE CBOMCTBa (Mex(]a3HbIH aKTHUB-
Hblii Marepuan) [1]. ComracHO UCCiIeIOBaHUAM
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(I'acdbonora) [4] cmonbl u mapaduHbl WHIWBH-
NyaqbHO HE MOTYT (hOpPMUPOBATH SMYJILCHH,
TOJIBKO ac(habTeHBI.

CootHomieHne acganbTeHbl: CMOJBI B ChI-
poii HedTH BIMsET Ha BUA 0OpazoBaBIICHCS
TJICHKH (TBEp/ast, THOO TOJABMIKHAS) U CBS3aHO
CO CTaOMIILHOCTBIO AMYJIbCHH [1]. DTH smynbra-
TOpBl GOPMUPYIOT MeK(pa3HbIe TIEHKH BOKPYT
JTUCTIEPTUPOBAaHHON BOABI U CO3JAIOT Oapbep,
KOTOPBIH 3aMe/IsieT WK MPEensITCTBYET Koaec-
LEHIUH Karenek Boabl. CMenieHue acQaibTeH-
HOM 000JIOYKH C MPUMEHEHHEM JedMYJIbraro-
POB Ha TMOBEPXHOCTH IMYJIbCHUU THUIA «BOJAA B
He(T» SABISETCS BaXXHBIM (PAKTOPOM B JecTa-
OWIM3alny ATON TIIeHKU. AcdanbTeHbl UTPAIOT
OOJBIIYI0 POJb B MOBBIIIEHUH CTAOWIBHOCTU
AMYNIbCUU TyTeM (POPMHUPOBAHMS CTAOMIIBHBIX
MEXaHWYECKUX CBS3EH 1, TEM CaMbIM, YMEHbIIAsI
TUIPOJMHAMHYECKYIO CHITy MEXAY KarelbKaMu
BO/IbI U acanbTeHamu [5].

2. Bausinue conepkaHust BOAbI

CrabuibHOCTh BOAOHE(MTSHON HMYIbCUU
3aBUCHT HE TOJBKO OT HAJIMYMS B UX COCTaBe
acanabTeHOB, CMOJ U MapapuHOB, HO TAKXKE U
OoT oObema cojepskamieics Boasl B HedTH [5].
Kamnu Bomel ¥ X pacmpeneneHue o pasmepy
B BOAOHE(MTSHON SMYIbCUU UTPAIOT OOJBIIYIO
pOJIb B OIpENeIeHUH CTAOMILHOCTH SMYJIbCHH
Takke Kak M (PU3NUYECKUE CBOMCTBAa JaHHOU
sMynbcuu [6]. JlokazaHo, 4TO MpH HU3KOM CO-
JIep’KaHUM BOJBI, KareJIbKy BOJbI UMEIOT OUYEHb
Majo IIAHCOB HAa CTOJKHOBEHHME U UX Koajec-
LEHIUIO. YBETUUYECHUE COJCPKAHUS BOABI MOXKET
3HAYUTEIbHO CHU3HUTH CTaOWJIBHOCTH AMYIIbCUU
[5]. B aTom cnyuae yBenmuuenue >hQPeKTHBHO-
CTH KOAJIECLIEHIIMU BEJETCS 3a CYET CHIKCHUS
PACCTOSTHUSL MEXAY KallJIsIMU BOJBI B OMYJIbCHUHU.
PaccrosiHue Mex 1y KaruisiMu BOJbI MOXKET OBITh
3HAYUTETIFHO CHIKEHO 3a CYET YBEJIMYCHUSI 00b-
eMa BOJIHOH (pa3bl B SMYyJIbCUH, YBEIUYUBAS Be-
POATHOCThH CTOJKHOBEHUS] MEXIYy STUMU Karljs-
MU [2]. Bonbiiye Kaniau BOIbl UMEIOT MEHbIIIEE
MOBEPXHOCTHOE HATSKEHHE, MO3TOMY BCE, UYTO
CIIOCOOCTBYET YBEIMYECHHUIO Pa3MEpPOB ITHX Ka-
Tejb, CIIOCOOCTBYET MPOIIECCY OTIEICHUS BOJbI
ot HedTH [7].



HE®TETA30BAS UHXXEHEPHU S

3. Buusinue Temmneparypbl

Perynuposanue temneparypsl, pH BogHOI
da3pl, a TakkKe CoAep KaHUS XJIOPUCTHIX COJier
urpaet OOJIBIIYIO POJIb B IeCTa0MIM3AIMH BOJIO-
He(TSIHON AMYJIBCHUH.

Tepmuueckass 006paboTKa XOpPOIIO BIHSIET
Ha pa3pylIeHHE dMYJIbCHH, MOCKOJBKY, BO-IIEp-
BbIX, HE()Th CTAHOBUTCS MEHEe BSI3KOH Mpu Ha-
IPEeBaHUU M TaKUM 00pa3oM, Karuid BOJbI CTa-
HOBSITCS Ooyiee MOJABUKHBI B HEW. Bo-BTOpBIX,
SMYJIbCHUM MEHEe CTaOWJIbHBI MPH BBICOKUX
temneparypax. Eciu oHM 1oCTUraroT 3Ha4eHUS
Temreparyp (a3oBoil HHBEPCHH, TO SMYIbCHU
«BOAA B HEQTW» CTAHOBATCS SMYJIbCUSIMH THUIIA
«HedTh B Boe» [7].

Uccnenosanus [1, 2] nokazanu, 4To MOBbI-
urenue temmeparypsl 10 70-80°C Bieder 3a co-
00i1 yBETMYCHHUE OTIEICHHUS BOJBL. ITO MOXKET
OBITh 00BSICHEHO TeM (DaKTOM, UTO IIPH yBEIUYEC-
HUU TEMIEpPaTypbl YMEHbIIAETCA KUHEMaTuye-
CKasl BA3KOCTb, TEPMUYECKAs WK KUHETUYEeCKast
SHEPrusl KaxJA0W MOJEKYJbl YBEIUYUBACTCS, U
HAKOHELl, MOJIEKYJIbI CTAHOBSITCSL O0Jiee OJBUXK-
HbI. Bce 310 Benet Kk yBenuueHuro 3G GeKTHBHO-
CTHU JIedMYJIbIupoBaHus [2,8].

B cBoux wuccnenoBanusax ([‘amxuBann u
Baszupu) [1] 3akmtoumim, 4TO BBICOKHE TEMIIE-
paTypbl OKa3bIBAIOT JE€CTAOMIM3UPYIOMUN -
(exT, BbI3BaHHBIN yBenuueHueM bpoyHOBCKOro
JIBUKEHUSI U Maccorepeaaye BOKPYT CBS3H, KO-
TOpasi CBsi3aHa C TeM, YTO Mex(]a3Hasi BSI3KOCTb
BHYTpeHHEH (ha3bl yMEHbBILIAETCS C POCTOM TEM-
neparypsl. B pesynbraTe npoucxoaut yBenude-
HUE JBUXKYLICH CHIJIBI MEXAy IBYMS KarlIiMu
BOJIbI B OMYJIbCHH, MPOUCXOAUT MX KaOJeCICH-
s, U ABe (ha3bl HECMEUIMBAIOIIMXCS KHJIKO-
CTEHl OTHENSAIOTCS 3a CUET Pa3HOCTHU IUIOTHOCTEN
U TIOJISIPHOCTH.

4. Biusinue pH BoabI

Hekoropbie mnpupoaHbie SMyabraTopsl, Ta-
KHe Kak ac(ajabTeHbl, CMOJIbI MJIM OPTraHUYEeCKUe
KHUCJIOTHI COZIEP>KaT MOHU3HPYEMbIE TPYIIIBI, U
3HaueHue pH BogHOM (a3bl BIMSIET HA UX HO-
HU3AIMI0 B MEXK(Pa3HBIX IJICHKAaX, MCHSS (QU3H-
YECKHUE CBOMCTBA U PACTBOPUMOCTb HEKOTOPBIX
MOJISIPHBIX OPIraHUYECKUX COCIMHEHUN B BOJHON

daze [2].

B Oomee kuciaoi WM IIEIOYHOM Cpene
BOJIOHE(PTSIHBIC SMYJIBCHUH OCTAIOTCSI CTAOWIIb-
HBIMH, B TO BpPeMsl KaK OHAa MOXET CHIIKAThCS
npu 3HadeHuu pH, OIM3KOMYy K HEUTpabHOMY.
OnrtuMansHoe 3HaueHue pH cpeasl BappbupyeTcs
ot 5 10 9. [Ipy HU3KOM UM BBICOKOM 3HAYEHUU
pH acdanbreHoBbIC (YHKITMOHAIBHBIC TPYIIIBI
CTAHOBSTCS 3apsSHKCHHBIMH, YTO TMPUBOIUT K
YBEJIIMYECHUIO TMMOBEPXHOCTHOM akTUBHOCTH [1].
ComnachHo uccnenoanusiMm |1, 2] Makcumalib-
HOE OTnejeHue Boabl HabOmomaercss npu pH
BoHOM (ha3el 5,5 u 7,0 COOTBETCTBEHHO.

5. Biuusinue XJIOpUCTHIX CoJIei

[ToBbilIEHHOE COJIEpIKAHUE XJIOPHUCTBIX CO-
Jeil OnaronpusTHO CKa3bIBAaeTCS Ha Ipoliecce
JecTabuiau3alunu BOAOHE(DTIHOM SMYIbCUH, TaK
KaK MOPHUCYTCTBHE HEOPraHUYECKUX KATHOHOB
B CHUCTeMe JaeT oOparHbIi 3(pdekT Ha ux cra-
OowibHOCTH [1]. M3BecTHO, YTO YAENbHBIH BeC
BOJIHOM (Da3bl yBeNMYMBAETCS C TOBBIIICHUEM
KOHILIEHTpaluu cojeil. Taxke XJIOpUCTbIE oMU
BJIIMSIIOT Ha KUHEMaTHUYECKYIO U JUHAMHYECKYIO
BA3KOCTh. J[MHaMu4eckasi BAI3KOCTh YMEHbIIAeT-
Csl C YBEJIMYCHHUEM COJECP)KAHUSI XJIOPUCTHIX CO-
Jel, TaKk Kak MOCJeIHUE pa3pyllaloT BOJOPOI-
HbIE CBSI3M BOJIbI [8]. B pe3ynbrare yMeHbIIaeTcs
MOBEPXHOCTHOE HATSKEHHE BCEH CUCTEMBI.

Uccnenoanust mokaszanu [2], 4TO NpU BbI-
COKOM COZIEpKaHUM XJIOPHUCTBIX COJIEH U BBICO-
koM pH mpaktuuecku He HaOIOaeTCs OTIENe-
HUE SMYJbIHUPOBAaHHOW BONbL. B cBsi3u ¢ 3TUM
XJIOPUCTBIE COJIM HE MOTYT CHHUXKAaTh CTaOWJIb-
HOCTb dMynbcuu. HaumbOomnee 3¢ ekTuBHBIC TT0-
Ka3zareiau cemapalnuy BOJbI JAOTCS MPH IMOBBI-
HIEHHOM COJIEP>KaHUU XJIOPUCTBIX COJied U 3Ha-
yenuu pH, pasnom 5,5-7,0 [1, 2].

Hoxkazano, [9] uyto Mexda3Hoe MOBEpX-
HOCTHO€ HaTsDKEHUE YBEJIUYUBACTCS C POCTOM
koH1eHTparuu NaCl o 1000 ppm, omHaKo 1aib-
Hel1Iee yBeJTUUeHNEe KOHIICHTPALlUU IPUBOJIUT K
oOpaTHO# peakinu (yBEIHMYUBACTCS MEX(pa3HOe
MOBEPXHOCTHOE HaTspkeHue). [lpu sToM 3Ha4M-
TEJIBHOTO CHI)KEHUSI MeX(a3HOTO MOBEPXHOCT-
HOT0 HaTsDKEHHUA He HaOmrogaercs, Tak kak NaCl
HE OKAa3bIBAaCT BIUSHUS HA CMOJBI U acdab-
TeHbl. JlanpHelmue naboparopHble HCCIIeI0BA-
nus ¢ consamu MgCl, u CaCl, nmokasanu peskoe

11



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (51), 2019

CHIDKEHHE MEX(a3zHOTo MOBEPXHOCTHOIO HATA-
xeHust. OHO CBSA3aHO ¢ TeM (PaKTOM, YTO MOJISp-
HbI€ OpPraHWYeCcKHUe KOMIIOHEHTHI ac(haibTeHOB
U CMOJI pearupyroT ¢ AUBAJICHTHBIMU KaTHOHa-
mu (Mg?" u Ca*") u BIOCIIEACTBUHU MTOIYYaArOTCSI
KOMITJIEKCHbIE MOHBI, KOTOpbIE 00jiee pacTBOPH-
MBI B BOAHOM (ha3ze, U B pe3ynbrare MexdasHoe
MMOBEPXHOCTHOE HATSHKEHUE CHUKAeTCs [9].

3HaunTeNBHBIN AP HEKT CHIKEHHS MeK(Da3-
HOTO TOBEPXHOCTHOTO HATSKEHUS 10 OTHOLIe-
HUIO K CMOJIaM CPEJId COJICH J1aeT MgClz. Bonee
BbICOKasi Oiam30cTh Mg K aromy KHCIOpoja
(TIpUCYTCTBYIOITUE B MOJICKYJIaX CMOJIbI) ITO3BO-
JSeT KOOPJAHMHUPOBATH KHUCIOPOJCOAEPIKAIIHEe
COCIMHEHHMS B CMOJIaX chipoi HedTu. B ciayuae
¢ actanprenamu, CaCl, naer Gonbme >ddexra
IPU CHWKEHUH MeX(a3HOrO MOBEPXHOCTHOTO
Harsokenus, yem MgClL,. D1o cBs3aHO ¢ TeM, 4TO
qutst nonoB Ca?" merue 0Opa3oBbIBATh KOMILIEKC-
HBIE COeIMHEHUS C ac(haabTeHaMu, YeM C HOHOM
Mg?*, Tak Kak y ac(aJbTeHOB MOJIEKY/Ibl HMEIOT
OombIe pa3mepsl [9].

6. Bausinue pacrtBopuresei

Ae3IMYJIbraTopoB

Konuentparsl ae3MyabratopoB MNpeAcTaB-
JSIOT cOOO0M BBICOKOBSI3KHE BEIIECTBA, M OHU CO-
JIep>KaT B CBOEM COCTaBe OPraHU4YeCKUe pacTBO-
PUTEINHN JIJIs1 CHUKECHUSI UX BA3KOCTH, YAYUIICHUS
CBOWMCTB, a TaKXe JJIsl CHH)KEHUS pacxoja Jed-
MyJbraropa.

BricokoarperupoBaHHble MOJEKYNIBI  J1€3-
MyJbratopa HE MpPOSBISIOT MOBEPXHOCTHO-AK-
THUBHBIX CBOICTB, TOCKOJIbKY OHH UIMEIOT HU3KYIO
arperanuio. M3 opraHudeckux pacTBOpHUTEIICH
KCHJIOJI 00JIee COBMECTUM C ChIpOM HE(PTHIO UeM
MPOIAHOJ, TO3TOMY JaeT Oojiee paBHOMEPHOE
pacnpeziesieHue HU3KO- WIJIM HearperupoBaHHBIX
MOJIEKYJI JIeAMYJIbraTopa, CIOCOOHBIX JIETKO aj-
copOupoBarbcsi Ha MeX(pa3sHOW TOBEPXHOCTH
«HedTb-BOaY». bonee Toro, pacTBOPUTEID B J€3-
MyJIbIaToOpe MOXKET OKa3aTh BIUSHUE HA KOHEY-
HY10 3 PEKTUBHOCTH ACIMYIIbraTopa ImyTeM 00-
JIErYeHHs] paCTBOPUMOCTHU JIedMYJIbraTtopa B He-
pepbIBHOM (haze BOMOHEDTAHON IMYIIbCHH [5].

CnupTbl UCHONB3YIOTCS HE TOJIBKO KaK pas-
0aBHUTENH, HO U KaK MOAU(PHUKATOPHI AEIMYJIbIa-
topoB. I[lo I'ampxuBana u Basupu [1] xopoTkue
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QJIKHJIBHBIE [IEMU CIUPTOB PACTBOPHMEI B BOJIC,
B TO BpeMsi Kak OoJiee JIJTMHHBIC aJIKUJIbHBIC
nernu - B HedTu. Cpenyd COUpTOB HAMOOIBIIHIMA
3¢ dexT maeT MeTaHo, B TO BpeMsl Kak OyTaHO,
MIEHTAHOJI U IIMKJIOTEKCAHOJ MTOKa3aIi He3HAuH-
TEJIbHBIA 3(QEKT B MpoIecce cernapauy BOJIbL.
OnHako, METaHOJ JaeT HE3HAYUTEIbHYIO (-
(EKTUBHOCTH OTACTICHUS BOIBI NMPU CPABHECHHH
JIeAIMYJIbIaTopa ¢ METAHOJIOM M 0e3 Hero (pa3Hu-
11a COCTaBIIsACT OKOJI0 4%).

SKCHEPUMEHTAJIBHASA YACTb

Jns  mpoBeneHuss cepuil  AKCIEPUMEH-
TOB Obula BbhIOpaHA HEPTh MECTOPOXKIEC-
Hus Bocrounsri  JKaraOymak B 3amagHo-
Kazaxcranckoii obmactu. Pazpaboruymkom mec-
TopoxaeHus sapisierca komnanus TOO «Apan
[Terponeym Kanurtam». B Tabnuue 1 mpencras-
JieHbl (PU3UKO-XUMUYECKHE TIOKa3aTeIu KayecT-
Ba CBIpOM HE(PTH MECTOpPOXKIAeHUs BoCTOUHBIN
JKarabynax.

B naGopaTopHbIX yCIOBHSIX UCKYCCTBEHHAS
BOJIOHE(TSIHAsT AMYNbCHUsS ObUIa MPUTOTOBJICHA
u3 nponopuuu 80% o6e3BoxkeHHONH HedTH U
20% IUCTUIIMPOBAHHOM BOJIBI CO 3HAYEHUEM
pH=6,0 B oO6bemax, paBHbix 160 Mo u 40 mia
COOTBETCTBEHHO. Jlasiee npu SHEPrUYHOM BCTPSI-
xuBaHUM B TedyeHue 10 MuH ObLia rmoyiydyeHa cra-
OusibHAs OHOPOAHAS BOJOHE(PTSIHASI AIMYJIbCHUS,
KOTOpasi OTCTauWBajach Ha BOJASHON OaHe mpu
temneparype 60°C. ITocine orcrawBaHus B Te-
yeHue 24 4YacoB OBUIO NMPOBEIACHO HM3MEPCHHE
coJziep>kaHus CBOOOTHOM BOjIbI bottom-test meTo-
JIOM, B pe3yJIbTaTe KOTOPOro cBOOOAHAs BOla HE
ObLJIa BBIJICICHA OTICIBHOU (ha30oi, YTO yKa3bl-
BajJiO HA TPOYHOCTb U CTAaOMJIBHOCTH BOJIOHE-
(dbTsaHOM SMyNbcuH. 3aTeM B MpoOy ObLT J00aB-
JIEH J1e3IMYNbraTop.

1. Bausinue coaep:kaHust

acajbTeHOB

Jns  mpoBeneHUs JIaHHOTO HWCIBITAHUA
JIOTIOJIHUTENBHO ObUIM B3AThl HE()THU CO cpen-
HUM U HHM3KUM COJEp>KaHUEM acQalbTeHOB.
Conepxanue achaabTeHOB OBLIO OIpesese-
Ho mo ['OCT 11851. B Tabmuue 2 mpencras-
JIEHbl PE3YNbTaThl JAOOPATOPHBIX HCIbITA-
HUH Ha ONpeesieHUE BIUSHUS COAEPIKAHUA
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Tabumnna 1 — ®U3UKo-XUMHYECKHE MOKA3aTeJ I KAa4eCTBA ChIPOii He(pTH MeCTOPOKACHUS
Boctounbiii Karadyaak

Ne HanmenoBanue nokasaterns 3HavyeHus
ITnorHocts Hepn mpu 20°C, r/em® (TOCT 3900-85) 0,8438
2 | Kunemarnueckas Bs3kocth Hedru npu 20°C, mm?/c (ASTM D 445-2011) 4,71
Juuamuueckas Bsi3kocTb Hedtu mpu 20°C, mITa-c (ASTM D 445-2011) 3,93
3 | Kunemaruueckas szkocts HedTu mpu 50°C, mm?/c (ASTM D 445-2011) 2,49
Juuamnueckast Bsi3kocTs Hedyrr ipu 50°C, mITa-c (ASTM D 445-2011) 2,01
4 | Coneprkanue cunukareneBblx cmod, % mace (IOCT 11851) 11,92
5 | Conmepxxanne acdansreHoB, % macc (TOCT 11851) 1,2
6 | Conepxanue napaduna, % macc (FOCT 11851) 3,50
7 | Conepxanue Bogpl, % macc ('OCT 2477-2011) 0,03
8 Kucnorrnoe uncno, mr. KOH/r (TOCT 5985) 8,0
9 | Coneprxanue Mexanudeckux rnpumeceit, % mace (F'OCT 6370) 0,0342
10 | Conepsxanue xmopuctsix coneid, mr/in (TOCT 21534) 26,1

Tabauua 2 — Biusinue conep:xkanus acaabTeHoB B HepTH Ha 3PPEeKTUBHOCTD pa3aejieHus

BOIOHe(PpTAHOM IMyabcnu (neamyabrarop EASY, remneparypa 60°C)

ConepxaHnne achanabTeHOB, % Konnenrparus Bpewms otnenenus, MuH. OrtcrosiBtas Boaa, %
JIe3MYJIbraTopa, ppm.
0 1140 0
1,2 10 53 100
100 13 100
0 152 87,5
0,7 10 36 100
100 10 100
0 18 100
0,05 10 10 100
100 4,5 100

acanpreHoB B HehpTH Ha I(PPEKTUBHOCTH
pazzaeneHusi BOAOHE(DTIHOMN SMYIbCHH.

JlaHHOE HCClenoBaHME MMOKA3alo, YTO CO-
nepskanue achaibTeHOB B He(DTU UTpaeT 3HAYH-
TEIbHYIO POJIb B CTA0MIM3AlMU BOAOHE(DTIHOM
SMYIbCHH.

CornacHo Tabmuie 2 u3 BOJOHEPTIHOM
SMYJIbCHUH C KOJIMYECTBEHHBIM COAEpKAHHEM
1,2% (macc.) ac(hanbTeHOB HE yAaeTCs BBIICIUTD
BOJIHYIO (ha3y B TeueHue 24 yacoB 0e3 MpUMe-
HEHUS JeIMYIbIaTopoB, B TO BpeMs KaK Jierkas
He(dTh c comepxkanueM 0,05%(macc.) acdanb-
TeHoB 3a 18 munyT nokazana 100% otnenenue
BOJIbL. [IpMeHeHne neaMynbraropoB, MOAXOMAS-

X A7 pa3pylieHus achambTU3UpOBaHHOU
He(TAHON IMYNbCUHU, 3HAYUTEITLHO YMEHBIIIAET
BpEMSI OTCTOSI BOJBI, XOTA 3TO TakKKe IMOApa3y-
MEBaeT UX IMOBBIIIEHHBIM PACXOJ: MPU KOHIICH-
Tpauu 100 ppm nesmynbraropa u3 pacdyera Ha
He(dTh ¢ cogepxanuem 1,2% achanpreHOB gaeT
100% otnenenue Bombl 3a 13 MUHYT, B TO BpeMs
KakK Ipu pacxofie aesmyibraropa 10 ppm B ciy-
yae HeTH ¢ coaepxkanueM acansreHoB 0,05%
BOJIHYIO a3y yaanoch noayduTsh 3a 10 MUHYT.

Ha ocHoBe uccrenoBanus ObIJIO JOKa3aHO,
YTO C yBEJIMYEHHEM CojepaHus ac(harbTeHOB
3¢ (HEKTUBHOCTD JIeIMYIBIUPOBaHMs HE(TH 3HA-
YUTENHHO MOHMKAETCS.
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2. Biuusinue conepkaHusi BoAbI

JIaHHBIA AKCIEPUMEHT MPOBOIUIICS C HC-
MOJIb30BaHUEM MPOOBI McXoaHOW HedTH. s
YCKOPEHUS] HCCIENOBaHUs OBbLJI WCIIOJIb30BaH
BBICOKOY(D(EKTUBHBIA ACOMYIIBraTop  MapKH

«Pangem». [Ipo6a BomoHEDTAHON AMYIBCUU OT-
CTanBaJlach Ha BOASHOW OaHE MpH TeMIeparype
60°C. Pe3yabraThl HCCIIEAOBAHKS TPUBEICHHBI B
Tabiuie 3.

Tabnuna 3 — Bausinue 00BOAHEHHOCTH He(DTH Ha OoTe/IeHHe BOAHOI (a3bl

Conepxanue Bofbl, % Bpewms otnenenus (MuH) OrcrosBuiascs Bona, % Konnenrpamus
JIeIMYJIbraTopa, ppm.
10 27 100 10
20 20 100 10
30 16 100 10
50 8 100 10

B pesynbrare SKCIepUMEHTa BBISIBICHO
BJIMsIHME OOBOIHEHHOCTH HE(TH Ha OTICICHUE
BO/HOM (pa3pl. J[okazaHo, YTO yBeNWYEHHE CO-
Jiep>KaHusl BOJIbI B HE()TU YMEHBIIAET BpeMs OT-
CTauBaHUS BOJbI, TOCKOJIBKY YMEHBIIIAETCS pac-
CTOSIHUE MEX/y KaIlUISIMHU BOJIBI U YBEJINYMBAIOT-
Csl IIAHCHI HA UX CTOJIKHOBEHHE, KOAJIECLEHIUIO
U OCaXKICHHE.

3. Bausinue TemMneparypbl

JlaHHBII  SKCTIEPUMEHT Il  CpaBHEHUS
MPOBOJMIICSI C JIEAMYJBraTopoM H 0€3 Hero.
Bononedtsnas aMynbCcusi OTCTauBaliach B TEp-
MOCTAare W Ha BOISHOH OaHe B TeueHue 60 Mu-

WCIBITAHUN O BIMSIHUM TeMIepaTyphbl Ha dhdek-
TUBHOCTH pa3JeeHus BOIOHEDTIHON IMYIIbCUN
OTpakaeT AMarpaMma, NpeAcTaBlIeHHAs Ha PH-
cyHke 1.

C mMoBBILLIEHUEM TEeMIIepaTypbl CHHKaeTCs
BA3KOCTh JKUIKOCTH, YBEJIUYMBACTCS TOIBUXK-
HOCTh MOJIEKYJ, BEPOSTHOCTb CTOJIKHOBEHUS
U UX KOAJIECLEHIUU, 3aT€M OHM OTAEISAI0TCA
32 CYET Pa3HOCTU IJIOTHOCTEH M TOJSPHOCTH.
Takum 006pa3oM pe3ynbTaThl UCCIEAOBAHUS TO-
Ka3aJld, 4YTO HAaMMEHbIIIee OTCIOCHUE BOJIBI MPO-
ucxoaut rpu 10°C, 3HaYMTEIBHOE — IIPH KOMHAT-
noii temmeparype 25°C. C HOBBIIIEHHEM TEM-
nepatypbl 10 50°C 00beM OTCTOSBIICHCS BOJIBI

HYT 3aMepsjIoCh KOJUYECTBO OCAXJACHHOW  YBEJIMYMBAETCS, OAHAKO, B JAJIbHEHIIEM IOBBI-
cB0OOIHON BOABI. Pe3ymbraTel jtaboparopHbix  Imenue temmeparypsl ot 50°C go 60°C mokasaio
100 ._—_.-.
- 20
€ a0 e
= 70
a 60 ‘.r/
£ 5o —
= 40 = bes neamyneraTopa
= 30 | &
E: 20 == Neamyneratop "EASY"
10
o * * * + +*
0 10 20 30 40 50 &0
Temneparypa, (°C)

Puc. 1 — Bauanue memnepamypul Ha 3¢pghexmurHocms 0be360x4cusanus neghmu
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HE3HAYUTEeIbHBIN pocT. Hanbomnee Gmarompust-
HOU Temmeparypoii sBisiercs 60°C, mokasasiiast
MakcumanbHoe otcioenue Boabl (100%) ¢ mpu-
MEHEHUEM Jieamynbraropa Mapku «EASY» npu
MaJiol koHueHTpauu 10 ppm.

4. Bniusinue pH Boab1
Jlsi mpoBeeHHusT AAHHOTO JKCIEPUMEHTa
MpUMEHSIACh AUCTHILIMPOBaHHAS BOAA CO 3HA-

yenueM pH = 5,5 6e3 comepxkaHusi XJIOPUCTHIX
coneil. JlanpHeiiee perynupoBanue pH Bopbl
MPOBOAMIIOCH C TpuMeHeHueM kucinotel HCI
u menoun NaOH. Dmynbcust oTcranBaiach Ha
BOJISIHOM OaHe ¢ JT0OaBJICHHEM JedMYJbIraropa
mapku «KEASY» mpu remneparype 60°C B Teue-
nue 10, 20 30, 40, 50 u 60 munyT. Pe3ynbpTaTh
71ab0paTOPHBIX UCIIBITAHUN MOKa3aHbl HA JHar-
paMme PUCYHOK 2.

100
90 ___________-I
& =,
& 70 P—
m G0 —#—pH=3,5
z _.f---_
& 5o —m—pH=45
=
= 40 pH=55
30
E 20 —=pH=7,2
0
0 10 20 30 40 50 60
Bpema oTcTaMBaHHA, (MHH)

Puc. 2 — Brusnue 3nauenusi pH cpeovt na obeszeodcusanue neghmu

CornacHo HCCIIEOBaHUIO, XOPOIIME pe-
3yAbTaThl TOKa3aja cpena co 3HayeHueMm pH =
5,5. Boaa xopo1io oTctanBaeTcsi B HEUTpaJibHOU
cpene BoIHOM (ha3bl, MOCKOIBKY B O0I€€ KHCIIOT-
HOUM WJIM TIEIOYHOU cpenie ac(anbTeHbl, CMOJIBI
WIM OpTraHUYECKUE KUCIIOTHl HE()TH BIMSIOT Ha
WX MOHM3AIMI0O W CTAOMIM3UPYIOT BOHOHEPTS-
HYI0 SMYJIBCHIO.

5. Biuunsinue XJI0pUCTHIX CoJiei

B nanHoM skcriepuMeHTe ObLTH MPOTECTH-
POBaHbI MPOOBLI BIMSHUS HAJIUYUS XJIOPUCTHIX
coniel (OTHOBAJICHTHBIX W JBYXBaJICHTHBIX) Ha
cernaparliuio BoJIbl ¢ 100aBIEHUEM JIEIMYIIbraTopa
Mapku «EASY». BogHbie pacTBOpEI ¢ copepixa-
HUEM XJIOPUCTBIX COJeH OBbUIH PUTOTOBIIECHBI U3
JTUCTUJUTMPOBAaHHON BOJIBI C J100aBIEHUEM KpH-
cramum3oBanHbix conert NaCl, CaCl, u MgCl,. K
npoOaM ObLT J00aBIIEH 1EIMYIIBraTop ¢ KOHIICH-
Tpanuei 10 ppm, NpoBOAWIOCH OTCTaWBaHUE HA

BOJIsTHOM OaHe mpu Temiieparype 60°C B TeueHue
5, 10, 15 u 30 munyT. Pe3ynbrarsl NpuBeIeHBI HA
JarpaMMax puCyHKOB 3-5.

Ha nuarpamme pucynka 3 BHUIHO, 4TO pe-
3yJBTATHI MEPBBIX IKCIIEPUMEHTOB HE MOKa3aJIu
3HAYUTEIHLHOTO BIMSHUS COJECP)KAHUS HATpHe-
BBIX COJIEH Ha MpollecC eCTa0MIN3aluU AMYITb-
cu. OnHaKko AMBAJICHTHBIE COJM, TPEACTaB-
JICHHBbIE Ha JUarpaMmax PUCYHKOB 4 U S5 mpu
MOBBIICHHBIX KOHIIEHTPALUAX, HaJld XOpPOIINe
pe3yabTaThl MpPU OTIEICHUU BOABI OT HE(TH.
[Tpuyem makcuManbHbIN 3 deKT HaOIMomaeTCs
y xyopuaa marHusi. Kak OblT1o cka3zaHO BbIIIE,
MOJISIPHBIE OPraHUYEeCKUE KOMIIOHEHTHI acgalb-
TEHOB U CMOJI pearupyroT ¢ AUBaJICHTHBIMU Ka-
THOHAMHM, B pe3yjbTaTe CHIKAETCs MexdazHoe
MOBEPXHOCTHOE HATsSKEHHE.

B cBsI31 ¢ 3TUM MOXKHO 3aKJIIOUYUTh, YTO Ha-
JUYME XJIOPUCTBIX COJIEH BIMSIET Ha JiecTalu-
JU3aLUI0 SMYJIbCUH U 3aBUCUT HE TOJIBKO OT UX
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Puc. 3 — Bauanue cooepocanus NaCl na obezgooicusanue nepmu
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Puc. 4 — Brusanue cooepoicanus CaCl, na obessodcusanue negpmu
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Puc. 5 — Bruanue cooeporcanus MgCl, na odezsoncusanue nepmu
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KOHIIEHTpAIMH, HO U OT BUzaa comu. Hambomnee
s dexruBnbIMU OKasanuck conu MgCl, 3arem
caenyer CaCl,. Monosanentneie comn NaCl
MaJIO BIUSIIOT Ha TIOABMKHOCTB Karellb BOABI H
NPaKTUYECKH HE BIUSIOT HA MPUPOIHBIC IMYJIIhb-
raropbl, CTa0WIN3HPYIOIINE BOJOHEPTIHYIO
IMYIBCHIO.

6. Baiusinue pacrsopuresei

JA€3MY/IbIaTOPOB

Jnst  uccienoBaHUs  BIMSIHUSL  IIPUPOJBI
pacTBOpUTEIIE B COCTaBE JEIMYJbraropa ObLI

BbIOpaH KOHIIEHTpAT [e3MyJIbraropa  MapKu
Basorol 9429, coctaBoM KOTOpOro sIBIsi€TCS aj-
kwideHondopmanpaeruaHas cMmona, Monudu-
UpOBaHHasl OJIOKAMHU STUJICHOKCUA-IIPOIIUJIE-
HOKcHza. B kauectBe pacTBOpUTEnei ObUIH BbI-
OpaHbl MIAPOKO MPUMEHSIEMBIE U1l STOM IEIH:
TOJIYOJI, O-KCHJIOJN, HW3ONPONUJIOBBIA CIUPT H
METaHOJ. bputn cocTaBiieHbl 7 BUAOB PELENTYP.
Pesynprarel uccienoBanus NpeacTaBlIeHbI B Ta-
omuiie 4.

Tabumua 4 — UccsienoBanue BJAMSHAS MPUPOABLI PACTBOPUTEJISI B COCTaBe Ae3MYJIbIaTOpPa HA

o0e3BoxkMBaHMeE HeTH

HaunmenoBanue

OO0BbEM OTHEIMBILENCS BOIBL,
%

Bpewms cenapanuu

Xonocras mpoda Hedtu Apain [Terponeym

0% 24 gaca

50% nesmynbraropa Ha 50% o-kcunomna

100% 2 gaca

50% nesmynbraropa Ha 50% Toiyona

100% 3 gaca 53 muH

50% mesmymbraropa Ha 50% meTaHOIa

100% 6 4acoB 53 MuH

cripta u 30% o-kemona

50% nesmynbraropa Ha 50% HM30IPONUIOBOTO CIIUPTA 61,2% 7 yacoB 24 MUHYT

0, 0, 0,
40% neamynwraropa Ha 20% meranona, 20% HU30MPOIHUIOBOTO 100% 9 wacos 28 MuHyT

cnupra u 20% o-kcuiona

0, 0, 0,

40% ne>Mynbraropa Ha 3(()) _/;cy:;:;)aonnnomro crimpra u 30% 78.8% 7 acos 25 MuHyT

0, 0, 0,
40% neamyneraropa Ha 10% metanoina, 20% H301poNMIOBOro 89.7% 7 wacos 26 uHyT

ApomaTuuecKkue pacTBOPUTEIH, TAKHE Kak
0-KCHJIOJI ¥ TOJTYOJI XOPOILIO PACTBOPSIFOT CMOJIBI,
acdaynbTeHbl W napaduHbl, cMayuBas WX, CHU-
JKAKOT 00IIee MOBEPXHOCTHOE HATSKECHUE, BIIO-
CJICZICTBUU KaleJIbKU BOJbI CTAIKHBAKOTCS, TIPO-
UCXOJUT MX KOQJICCHEHIMS W ocaxjaeHue. Yrto
KacaeTcsi METaHoJIa M U30-TIPOIHIIOBOTO CIIUPTA,
TO OHHM PACTBOPUMBI B OPIraHUYECKUX KUCIIOTAX,
a Tarke Boje. [IpaBWIbHO MOJOOpaHHBIN pac-
TBOPUTEIb JIEOMYJIbraTopa, MOMUMO CHIDKCHHS
€r0 BSI3KOCTH, BIUSICT HA JICCTAOMIIN3AIIUI0 MEXK-
(ha3HOM IJICHKH.

HccnenoBanue BIUSHHS Pa3IMYHBIX pac-
TBOPUTEIICH JIEIMYIBTaTOPOB Ha 00C3BOKUBAHHE
HEePTH TI0Ka3ajo, 4YTO HauboJiee XOPOIIO pac-
TBOPSIET U PEarupyeT O-KCHIIOJ, UMEIONINN JBE

peakuuonnocnocodnsie  CH, rpynmsl. 3arem
cleyeT TOlyod W MeTaHon. Yuctele pa3daBu-
Tend B cootHomeHun 1:1 oOecmeuman 100%
otaeneHue Boabl. (OaHAKO, H3OMPOIUIOBBIN
CHOUPT TMOKa3al HE3HAYUTENbHBIM  pe3yabrar
(61,2% 3a 7 yacoB 24 MUHYTHI), IPU YEM JaJb-
HEHUIIEro OTAEACHHUS BOABI HE HaOII0IaIOCh.
M3onponunoBelid COUPT OTrpaHUYeH, JIMOO HE
crocoOeH PacTBOPUTH BBHICOKOBSI3KHI KOHIICH-
Tpar JesMyJbraropa.

3akaouenue

B 3axiroueHUM MOXHO cKas3aTh CIEIyro-
miee: conueprkaHue ac(aabTeHOB B HEPTH 3HAYH-
TEJIbHO YBEINYMBACT CTAOMIBHOCTH dMYJIbCHUU.
C yBennyeHneM OOBOAHEHHOCTH HE(PTH yBEIH-
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YUBAETCI KOJUYECTBO OTIECIUBIIEHCS BOTHOU
¢da3pl. OnTuManpHas TeMIleparypa W 3HaueHUe
pH st necrabunuzanuu BomoHeHTIHON IMYJIb-
cur 60°C u pH = 5,5. Uro kacaeTcst coaepxa-
HUS XJIOPUCTHIX COJICH, TO MOHOBAJICHTHBIE COJIH
(XJopu HAaTpUs ) HE3HAYUTEIBLHO BIIUSET Ha JIe-
CTAOMIIM3AINIO AIMYIIBCUH, JIByXBAJICHTHBIE XJI0-
PHUIBI MArHUS ¥ KaJIBITUS BIMSIFOT HA HATSDKCHHE
MeX(}a3HON TOBEPXHOCTH TUICHKH W CHIDKA-
o1 ee. [Ipupona pactBopuTens aesmynbraropa
UTPAET BAXXHYIO POJIb B Iporiecce 00e3BOKHUBA-

Husi HedTu. [l BbIcOKOAc(haIbTU3UPOBAHHOM
He(TH IPUMEHSFOTCS TAKHE PACTBOPUTEIH, Kak
TONYON WM O-Kcwiios. [y nmerkux HedTei c
HU3KHUM COJIep’)KaHHEeM ac(PallbTeHOB MOTYT TIPH-
MEHSTHCS CHUPTHl C KOPOTKUMHU QJIKUIBHBIMH
nersimu. Cpenu Hanbonee 3¢h(EeKTUBHBIX pac-
TBOPUTEIICH MOXHO BBIJCITUTH O-KCHJIOJ M TOY-
o71. OZJHaKO MX JIOPOTOBHM3HA U OTPAHUYCHHOCTD
MIPUMEHEHHSI BBUJIY TOBBIIIEHHONW TOKCUYHOCTH
HE OIPEIENISIeT WX MCIOIB30BaHUS B KAueCTBE
paz0aBuTEIIS.
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SOLUTION ANALYSIS OF MAGNETIC ANOMALIES FOR RESEARCH AND
FORECASTING OF PETROLEUM FIELDS

E. TAYKULAKOY, K. EDIYEVA, A. IVAHKNENKO
Kazakh-British Technical University

Abstract: magnetic surveying is a geophysical method for solving geological problems, based on the study of the
Earth's magnetic field, the Earth, as a cosmic body of a certain internal structure generates a constant magnetic
field, called normal or primary. In this research, the mathematical interpretation of magnetic surveying data
considered through digitization of maps, creation of new maps of magnetic anomalies, plan curvature map,
first and second derivative maps, application of various filters, overlapping maps with the isolated structural
elements, and all these information received geological justification. Also, the paper completely describes the
relatively simple sequence of application of all methods used in the mathematical interpretation of magnetic
surveying data, based on the results of the work performed, the prospects of this method were analyzed, the
method is very efficient, and requires absolutely no investments.

Keywords: magnetic surveying, magnetic anomaly, mathematical interpretation, map of the regional magnetic
anomaly, map of the first derivative, map of the second derivative, magnetization of rocks, plan curvature map

MYHAW KEHOPBIHJAP YIITH MATHUTTIK AHOMAJIMS 3EPTTEY MEH
BOJKAYIBIH TAJJAYBI

AHnoamna: maznummix 6apray OezeHimiz — dcepliy MacHUm 6piciHe Heli30el2eH 2e0N02UNbIK ecenmepoi
wvlapamvii 2eousuxanvlk a0ic. XKep beneini iwKi KYpolLivlcbl 6ap 2apblimelK 0eHe peminoe Kaiblnmbl
HeMece 6acmankvl 0en amaiamsli mypakmol MAeHUM OpiciH MmypieHoipeoi.

Amanzan srcymvicma « Conmycmix AKKap» KeHOPHbL YaciciHOe MasHummix bapiay depekmepin Kapmaiapovl
yuppray, MazHumMmix aHOMAIUSIAPOLIH HCAHA KAPMALAPBIH ACACAY, HCOCNAPILL KUCOIKMbIKMbL, OIpIHWLIE JicoHe
eKIHWI MYbIHObL KApManapovl KYpy, mypii 2e0(hpusukaivly cy3einepoi Koioamy, KypoliblMObIK d1eMeHmmepoi
bozin Kepcemy apkwulivl Kapmanapovl Oip-6Oipine Kabammacmvlpy apKblibl MAMEeMAMUKaiely mycinoipy
kapacmuipvliean. COHOQU-AK HCYMbICINA MASHUMMIK Oapaaynap oepexmepin MamemMamuxaivlx mycindipyoe
natoananvlizan oapivly 20icmepoi KONOAHyOblH KapanauvlM Oipiz0iniei cunammanaovl, diCypeiziieeH
AHCYyMblcmapObly Hamudicenepi O0UbIHWA amanean a0iCmiy Keleulezine mauoday JHeacani2atn, 20ic Hamuiceni
bobin MmadwvLIAdbLL JHCaHE eUWKAHOAU CANBIMObL MALan emnetiol.

Tyiiindi ce3zdep: mazHummix Oapiay, MAacHUMMIK AHOMAAUs, MAMEMAMUKAILIK UHMEPRpemayusidy,
AUMAKMbIK MASHUMMIK AHOMAIUS Kapmacwl, OIpiHuli myblHObl Kapmacsl, eKiHuii myblHObl Kapmacsl, may
HCLIHBICMAPObIY MASHUMMEH2EeHOiel, HCOCNAPbl KUCLIKIMbIZbL KAPIACYL

AHAJIM3 UCCJEJOBAHUA U MPOTHO3UPOBAHUS MATHUTHBIX AHOMAJIUM
JIJIA HE@TAHBIX MECTOPOXJIEHUIA

Annomayusa: macHumopazeeoka — 5mo 2e0QuU3UYECKUll Memoo peueHus 2eo102U4ecKUx 3a0ai, OCHOBAHHbIU
HA U3VYEeHUU MASHUMHO20 NOS 3eMau. 3eMilsl, KaK KOCMUYecKoe meno onpedenenioco 6HympeHHe20 CmpoeHus,
2eHepupyem NOCMOSAHHOe MACHUMHOE Nojle, HA3bleaeMoe HOPMAIbHbIM UL NepeuunbiM. B dannou pabome
Ha npumepe mecmopoxcoenus «CesepHulii AKKap» paccmompena MamemMamuieckas UHMepnpemayisl
OAHHBIX MAZHUMOPA38€0KU NOCPEOCBOM OYUPDPOBKU KAPM, CO30AHUS HOBLIX KAPM MACHUMHBIX AHOMAIUL,
NAAHOBOU KPUBU3HDBL, NEPBOUL U BMOPOU NPOU3BOOHBIX, NPUMEHEHUS PASTUYHBIX DUILMPOS, HATIONCEHUS KAPM
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opye Ha Opy2a ¢ 6bl0ENEeHUEM CHPYKNYPHLIX IEMEHMO08, U camoe 21deHoe, 6cell NONVUeHHOU uHpopmayuu
0aHo zeonoeuyeckoe obocnoganue. Taxace, 6 pabome NOIHOCMBIO ONUCLIBACTNCA OMHOCUNENLHO NPOCASL
noCcnedo8amensbHOCMy NPUMEHEHUST 6CeX MEmMOo008, UCNONb308AHHBIX 6 MAMeMAmu4ecKou unmepnpemayui
O0aHuvlx MacHumopazeeoku. 1o peynomamam npoeedénnou pabomul ObLIU NPOAHATUSUPOBAHBL NEPCNEKNUGHI
0aHH020 Memooa, KOMOPblL AGIACMCS Pe3VIbMAMUESHBIM U He mpedyem abCONOMHO HUKAKUX GNONCEHU.

Knwouesvie cnosa: maznumopazeeoxda, MAHUMHAS —AHOMANUS, MAMeMAmuyeckas UHmMepnpemayus,
KApma pe2uoHAIbHOU MAZHUMHOU AHOMAIUU, KAPMA Nepeoll NpOou3800HOM, KApmd 6Mmopol Npou3800HOl,
HAMASHUYEHHOCMb 20PHBIX NOPOO, KAPMA NAAHOB0U KPUGU3HBI

Introduction

According to the magnetic surveying
which based on the measurement of the earth’s
magnetic field, which can be carried out both
on land, in water, and in air, structural features
of oil and gas deposits and crystalline basement
can be predicted. Relying on that the depth of
magnetic investigations does not exceed 50
km, accordingly conclusions will be made.
By the using magnetic surveying following
issues can be solved: 1) exploration of iron ore
deposits, because they are distinguished by
intense anomalies in hundreds and thousands
in nT, also it's of particular importance
for  polymetallic ores  (copper-nickel,
manganese ores, bauxites, placer deposits of
gold, platinum, tungsten, molybdenum); 2)
allocation of contours of mafic and ultramafic
rocks; 3) identification and trace such intrusive
bodies like dykes, large viens and fault

Main part

Having field coordinates as shown at the
picture below mining site of oil field where
geophysical prospecting works were conducted
can be constructedin Google Earth.

Figure 1 Map of the work region carried out based on known
coordinates

Then we constructed a map of the region

zones in different geological conditions;4)
identification of crystalline basement features
such uplifts and deflections;5) for lithospheric

and marked the field territory in the form of a
6-gon, and the territory was identified on the
map of the regional magnetic anomaly.

plates researches and geological mapping; 6)
conductionof studies at great depths (up to the
Curie temperature); 7) allocation of contours of
geological massive and differentiate according
to magnetic property arrays of ultrabasic it
rocks among acidic, igneous or sedimentary w2
deposits;8) making conclusions about the )
hypsometry of the studied region and the ;
petrographic composition of rocks; 9) getting
good results when prospecting diamondiferous
kimberlite pipes; 10) obtaining information on
the rock fractures based on a micromagnetic
survey.All the data listed above, like in this
work become informative after they pass
through a large number of geophysical filters
and mathematical interpretations.

Stpdy area

-
436"

3
43,4 =

PLES

Legend

M Railway ] & 1 Roads ‘ ‘ ‘Area of field

Figure 2 Map of the studied region
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The creation of a regional magnetic anomaly
map in digital format turned out to be more
complicated. An image of the regional magnetic
anomaly of the studied region was created using
the “sea border” function. In the excel document,
according to the color scale of the layer, shown
in the magnetic anomaly “EMAG2: Earth
Magnetic Anomaly (older version)” indicated in
the ArcGIS program was digitized every mm of
the studied area (44 profiles, 39 pickets).

Total Intensity Anomaly
nT

-200 -150 -100 -50 (o] 50 100 150 200

Figure 3 Color scale of magnetic anomaly (nT)

In map creation process we used selecting
gridding method. Gridding method in geophysics
is a method of averaging. Surfer - the program of
creation of a contour, based on a grid. Gridding
is the process of creating a Grid (.GRD file) or in
other words, the process of calculating Z values
for grid points of a regular grid where, in fact,
no data exists, using the data stored in the XYZ
(.DAT) file. In the process of building a map, it
is necessary to choose the gridding method, the
list below gives an overview of each gridding
method and some advantages and disadvantages
in choosing one or the same method.

Inverse Distance is fast gridding method,
but it tends to generate “target apple” templates
of concentric contours around data points.

Kriging is one of the more flexible methods
and is useful for gridding almost any type of data
set. With most data sets, Kriging with a linear
variogram is perfectly effective. In general this
is the method that would be recommended for
the most frequent use. Kriging is the gridding
method’s default value. By default, it generates
the best full interpretation (decryption) of most
data sets. For large datasets, however, Kriging
works quite slowly.

Minimum Curvature generates smooth
surfaces and is fast for most data sets.

Nearest Neighbor is useful for converting
XYZ data files with regularly available data to
Surfer grid files, or when your data is almost a
complete grid, with the exception of individual

spaces (lack of data). This method is useful for
inserting holes, or creating a grid file with a
blanking value assigned to those parts of the map
where data is missing.

Polynomial Regression processes the data
so that in the underlying (main) large-scale trend
display trend. This is used to analyze the surface
trend. Polynomial Regression is fast method for
any amount of data, but local details in the data
are lost in the generated grid.

Radial Basis Functions is completely
flexible, and like Kriging method, generates the
best complete interpretation of most data sets.
This method produces results that are completely
similar to Kriging.

Shepard’s Method is similar to the Reverse
Distance, but has no tendency to generate
templates such as a “bull’s eye” templates,
especially when the Smoothing factor is used.

Triangulation with Linear Interpolation
is fast with all data sets. When you use small
data sets, the triangulation generates distinct
triangular faces between the data points. One
of the advantages of triangulation is that, with
sufficient data, the triangulation can store the
interrupt lines defined in the data file. For
example, if the fault is delineated by sufficient
data points on both sides of the fault line, the
grid generated by the triangulation will show an
inhomogeneity.

In the creation of our map the Kriging
method was chosen.

Figure 4 Digitization of data magnetic regional anomaly

Then a map of the regional magnetic
anomaly was overlied on the map of the studied
region, the action was carried out using the
program “Surfer 13 - Golden Software”, using
the “stack maps” function - to apply one to
another, using the “opacity” function, we adjust
the transparency of the maps, to create lateral
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grids indicating the coordinates, the coordinates
of the grid studied (top-51 °,43 © 166; bottom-53°
166, 44° 7788) were indicated in the coordinate
system window.

% B0S 81 BIS  52 526 &3 G35 51 645 65 665 56

Figure 5 Map of the work area superimposed on the data of
the regional anomaly obtained from the layer “EMAG2: Earth
Magnetic Anomaly (older version)”

The resulting map of the magnetic anomaly
was filtered out, the filters used to align the
geophysical data, it is possible to detect and
delete data defined as noise, it is possible to
cut off the indices with too short wavelength
and too large amplitude, it is also possible to
remove shortwave geological components such
as signals from the surface, etc. The main types
of filters presented in Surfer Software:

 High pass filtering - high-pass filtering of
the channel (increase in clarity);

» Low pass filtering - low-pass filtering of
the channel (anti-aliasing);

* Band pass filtering - filtering of frequencies
whose wavelength is greater than the cutoff of
the long wave or less than the cutoff of the short
wave;

» Convolution filtering - averaging of the
spatial domain in the channel. This filtering
method can be defined in a filter file or in a
comma-delimited string;

« Difference filtering calculates the
difference between the values in the channel. To
determine the noise, it is useful to calculate the
difference in the arithmetic progression of the
four given differences;

» Polynomial filtering calculates the trend
of the n-th (no more than ninth) order for the
channel data by the method of the best polynomial
approximation (smallest square). Then this trend
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is analyzed and placed in a new channel. You can
also create an additional residual channel (trend
at the input);

 The B-spline filtering calculates the
B-spline data interpolation in the channel. The
B-spline function allows you to control the
smoothness of the spline and the voltage applied
to the ends of the spline;

* Linear regression filtering applies a linear
least-squares regression to an array of marked
data in the channel and creates a report on the
slope and intersection.

During mapping of the regional magnetic
anomaly map, the Fourier transform was applied.
During application of the filter - if the point is
noise, it is simply cut off and replaced by an
approximate value based on the surrounding dot
data. Parts of the data that are not noise does not
change at all.

Fourier Filters perform the following
functions:

* Processing of profile data for interpretation
and modeling purposes;

» Rapid application of filters to one or more
data profiles;

* Interactive selection of filtering parameters,
spectral density display and determination of
optimal filters for processing and interpretation;

* Automatic analysis of distance or, if
necessary, starting points.

Due to the Fourier transform, the data can be
analyzed by wave number or wavelength. Thus,
a number of operations can be used to improve
useful data, and / or delete unnecessary data, and
/ or transform data.

The map that passed through the filter
becomes more distinct, sharp transition between
the lines of the magnetic anomaly and their
direction is seen. As noted earlier, the filter
clears the map from noise, smooth transitions in
the values makes it abrupt, and is applicable to
the interpretation of structural type objects such
as: faults, dislocation systems such as anticlinal
zones, shafts, synclinal zones, deflections,
tectonic steps, depressions, uplifts, etc. In Surfer
Software, the Fourier transform was implemented
using the functions grid => filters => Fourier filter
=>rows-7, cols-7 => number of passes-1.
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Filtered Magnetic
Anomaly Map
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Figure 6 Map of the regional magnetic anomaly passed through
the filtering

Map of the regional magnetic anomaly,
physical map of the region and the tectonics map
covering the field and surrounding area were
superimposed on each other, in order to isolate
all structural elements and faults using the Surfer
program.

Magnetic Anomaly map imposed on map of Study Area

Legend

1I-A -KeTbiban-Y3eHbckan TeKTOHNMECKan CTYNeHb
11-B -KoKymBaiickasi TeKTOHUIECKas CTyNEHb.

11-B -CereHabIKcKan Aenpeccus

|1-I -KaparuiHckas ceanosuHa

1-M -Beke-Balukyaykckui Ban

V-6 -Capbitalickuit nporne

V-B -OXHO-By3auuHCkuii nporus

Geological faults

Tectonic elements

Figure 7 Map of the regional magnetic anomaly imposed on the
map of work area, with selected tectonic elements

In Figure 7 three maps superimposed on
each other and faults are shown, in the course
of the work, to select the structural elements
we needed, a polylinefunction, in the range of
options for whichwe selected color, thickness,
style of designation, etc.,

Filtered Magnetic
Anomaly Map
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Figure 8 Filtered map of the regional magnetic anomaly with
isolated structural elements

Legend

E Goological faults !I-AKeTLIGAILY 3eHLCKas! TeKTOMM1ECKa CTYNeHs
11-6 -KOKyMBAIACKAA TEKTOHMYECKAR CTYNOHE.

1I-B -Cerengbikckan nenpeccun
.I Tectonic elements | _KaparuuHckan ceinonHa

1-M -Beke-bakyaykckuit san

V-b -CaphiTaLickuit nporus

V-B -HOkHO-By3auuHckuit nporus

Figure 9 Map of the work area with the highlighted structural
elements

Thus, thanks to this function, the location
and direction of the structural elements can be
traced on the maps of the magnetic anomaly and
the map of the region, and help us to come to
certain conclusions.

Firstandsecond derivativesare very effective
during the process of isolating structural and
petrophysical features on the magnetic anomaly
map, they are used to increase the anomalies,
since many of them have small amplitudes
and are easily obscured by the magnetic or
gravitational field. Application of these methods
allows to observe nuances invisible in the
filtered map of the regional magnetic anomaly.
The first derivative is implemented by a chain
of actions: Grid => grid calculus => directional
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derivative => first derivative => angle (0); Grid
=> grid calculus => directional derivative =>
first derivative => angle (-90). Second derivative
can be applied by the following chain of actions:
Grid => grid calculus => directional derivative
=> second derivative. After creating each of the
maps, to themwas applied Moving Average (7x7,
number of passes-1) filter. Moving Average Filter
it's a kind of low-pass filtering, usually used to
smooth out an array of signals, it takes M input
samples at a time and takes the average of these
M-samples.

Vertical First Derivative Map

Legend

I -eTbiBali-Y 3ebCkar TEKTORNYECKaR CTyTEHD
[I-5 -Kokywbaiickan TerToHHYeCKaR CTyNeHb

[I-B -Cerenppikcxas fenpeccha

I -KaparwwHcran cegnosHa

|-M -Bere-Bawkyaykcrit an

V-B -f0sHo-Bysaumkcimid npornd

E Geological faults
I:' Tectonic elements

Figure 10 First vertical derivative map

Horizontal First Derivative Map

Legend

|-A -¥eThiBait-Y 3eHeCkan TERTORHYECKAR CTYNEHD
|16 -KokymGaiicran TerToHMHeckaA CTyNekb

1-B -Cerenapikcran aenpeccus

|17 -Kaparmmkcran cegnosima

1M -Bexe-Bawkypyrciii san

VB -H0nro-Bysauurcrit nporuG

E Geological faults
|:| Tectonic elements

Figure 11 First horizontal derivative map
These maps were filtered by the moving average filter, first
derivative map of the regional magnetic anomaly. a) horizontal
(0 °) b) vertical (-90 °).
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Second derivative map

S

Figure 12 Second derivative map

Second Derivative Map

11-A -7 TGait-Y 38K5CKaR TEHTORK|ECKAR CTyNEHD
1I-B -KorymBaiicran TeKTOKINECKAR CTYNERL

1I-B -Cerexguivcran genpeccir

Il -KaparuKcxas cegnosia

|-M -Bexe-Bawryayrcnst ean

V-8 -H0no-Byaauncrnit npornG

E Geological faults
Tectonic elements

Figure 13 Second derivative map filtered by Moving Average
filtering with highlighted structural elements

In addition to the done work, thePlan Cur-
vature method was applied. This method is used
in terrain modeling. Plan Curvature reflects the
degree of change in the angle of the terrain as-
pect when viewed in the horizontal plane and it
is a measure of the curvature of the isolines on
the contour map. Sequence of applied operation:
Grid => grid calculus => terrain modeling =>
plan curvature => angle (0).
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Plan Curvature Map

Figure 14 Plan curvature map

Plan Curvature

Legend

1A -KeToiBail-Vaenberan TEKTORMECHR CTyNERb
1B -KoxymBaicran TexmornyECkan CTyNeHs

I1-B -Cerexgbirckan genpeccia
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. Geological faults

Tectonic elements

Figure 15 Plan curvature map with highlighted structural

elements

Conclusion

1) When overlaying a tectonics map and a
filtered map of a regional magnetic anomaly, one
can observe that the direction of the faults and
the direction of the magnetic lines coincide.

2) The first derivative (first derivative-gra-
dient) shows the rate of change of the function
expressing the anomaly. If in the case of the sec-
ond derivative map, both the vertical derivative
and the horizontal derivative give the detection
of small anomalies, then the results of the first
and second derivatives are separately important.
It is shown that the functions of the magnetic
field derivatives in many cases allow much more
localization of causative bodies than the initial
function of the magnetic field. In this case, the
vertical derivatives localize the upper edges of

the causative bodies, while the horizontal deriv-
atives - their lateral boundaries and contacts.

3) In the first horizontal derivative, inflec-
tion points are points whose anomaly values
are at their maximum, i.e. where the horizontal
gradient changes most rapidly. Inflection points
can provide useful information about the nature
and boundaries of the anomalous body, because
the value of the magnetic anomaly is strongly
influenced by the rocks of the crystalline base-
ment, because the foundation rocks are highly
magnetized with respect to the overlying rocks.
Consequently, the inflection points are located
at the boundary of the blocks of the crystalline
basement which are hypsometrically arranged at
different levels.

4) As it was mentioned earlier, the most
deep-lying structure that magnetic exploration
can show is the hypsometry of the crystalline
basement, it can be observed most precisely with
the use of the first derivatives. The higher the or-
der of the derivative, the faster the decay process;
the higher the degree of attenuation of the anom-
aly, the less its influence must be transferred to
the range of action of other neighboring objects;
therefore, on the maps of the derivations of the
location of shallow-lying individual objects in
the plan, they are clearly localized; influence of
deep-lying, even large sources, has little effect
on the values of derivatives of higher orders.

The vertical gradient of the first derivative,
unlike the horizontal one, dims the zero values,
thereby showing a sharper transition between the
magnetic lines.

Also, the vertical gradient of the first deriv-
ative is closer than the horizontal gradient to the
outline and direction of the structural elements.

5) The second derivative map is usually
used for interpretation, as it emphasizes the pres-
ence of anomalies associated with small-sized
bodies.

On the second derivative map, it is obvious
that the anomaly zone, the part with pronounced
high values after the transformation, shows a
lot of small anomalies, which may be due to the
presence of small structures whose magnetiza-
tion values are higher than the rocks surrounding
them.

The second derivative map is effective at
finding the limiting depth which is the maximum

25



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (51), 2019

depth at which the upper part of the body is ca-
pable of causing the observed gravitational or
magnetic anomaly.

6) Plan Curvature is the method used in ter-
rain modeling, and it was applied on the filtered
map of the magnetic anomaly.This method - re-
flects the degree of change in the angle of the ter-
rain aspect when viewed in the horizontal plane
and is a measure of the curvature of isolines on
the contour map.

The main distinguishing feature of Plan Cur-
vature Method is its multifunctionality. When
the Plan Curvature contour map is obtained in
our case, it is possible to obtain data about the
direction of the faults, the direction of the mag-
netic lines, the contoured anomalous areas,zones
of elevation or immersion.

Plan Curvature does not show the specific
values of the magnetic anomaly in a particular
area, but at the same time Plan Curvature gener-
alizes all previously proposed assumptions about
the structural and other features of the studied
territory.

As shows first derivative, second deriva-
tive and Plan Curvature map, in addition to the
magnetic lines extending at the top of the map,
a clear, rounded anomaly is seen in the lower
left corner. According to the tectonics, the area
of this anomaly is the Segendykian depression.
Segendykian depression looms in the western
part of the southern Mangyshlak and opens into
the sea. It's dimensions are within the land of

50X40 km. The depth of the crystalline base-
ment is 9000-10000m. In the Segendykian de-
pression, the subduction lithosphere is the main
source of hydrocarbon genetics. For the study
of subduction zones, the following methods are
used: seismology, seismic exploration, gravity
prospecting, magnetic surveying, geothermal
exploration and magneto-telluric sounding. Sub-
duction zones in the maps of magnetic anomalies
are distinguished by linear zones.

In all the above methods, on the northwest-
ern part, the mismatching of structural elements,
this discrepancy can be explained:

A) Distortion of the map of the regional
magnetic anomaly, which can be explained by
the variation of the magnetic field, caused by
various factors,

B) Distortion of the tectonics map.

N ”W//tr

Wﬂ/

Figure 16 Tectonics map with another faults direction
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XUMHUKO-TEXHOJIOI'MYECKHUE HAYKH U
IKOJIOI'UA

YIK 661.152.33
MPHTH 61.33.35

TEPMOANHAMUYECKUE UCCIIEJOBAHUSA IIEPEPABOTKHU
MOJIMBAEHCOAEPXKXAIINX KATAJIU3ATOPOB HA CJIOKHO-CMEITAHHOE
YAOBPEHHUE

JLJI. BATAHOBCKAS, C.T. TVIEYOBA, A.C. TVIEYOB, K.K. JUKAHMYVYJIJAEBA,
b.M. CMAMJIOB, B.!. APOYKNHA

[Ooicno-Kazaxcmanckuii eocyoapcmeernmulil ynusepcumem um. M. Ayszosa

Annomauus: B cmamve npugedeHsvl C6e0eHUsL O 603MOICHOCIU NOTYUEHUS CILOIHCHO-CMEUAHNBIX YOOOpeHUl,
Xapaxmepuaiowjuxcsi 6blCOKOU KOHYeHmpayuel NUmamenbHblX Geujecms U MUKPOIIEMEHMOS, UMEIOUUX
BbICOKUE GNUMbBIGAIOWUE CEOUCMEA. [N  VIYUUEHUSs CBOUCME CLONCHO-CMEUAHHBIX MUHEPATIbHbIX
YOobOpenuti asmopamu  npeonazaemcs UCHONb306aAHUE 6 KAYeCmee MUKPOIIEMEHMO8 OompadomaHHvle
Mmonuboencodepacawue Kamanuzamopol. B pezyriomame uauko-xumuieckux ucciedosanuii onpeoenensl
NO2NEMEHMHBILL COCMAE U MUKPOCHMPYKMYPA OMpAbOmMAauHulX MOAUOOEHCOOEepHCaWUx Kamanusamopos,
UCTIONB30BAHHBIX 6  nepepabomike Hemu. Mukpocmpykmypa —coomeemcmeyem — No3NeMeHmHOMY
cocmagy ompabomannoz2o kamanuzamopa u npu ysenudenuu 6 1000 paz uémko Gvipasicenvl KpUcmanuivl,
Xapaxmepusyroujue 0CHOGHYI0 MACCY ATIOMUHAMHO20 COCMABA 8 8U0E 3EPHUCNbIX MUHEPAIO8, HENPAGUTIbHBIX
WeCUSPAHHUKO8, A MAKJICe YepeeoOpasHbIX GKPANeHUti OKCUOd anoMuHus u 2iunosema. Monuboen
3anonHACI MENCNPOCMPAHCMBEEHHYIO CHPYKIYPY 6 GUOE CEEMIIbIX, OKPY2IbIX KPUCIALIL08.

Ananuz nepeuunoil urngopmayuu mepmoounamuueckux uccredosanuti pavoueti cucmemvt CoO-NiO-MoO -
CaCl-H,0 noxazan o 6ozmodcHocmu gopmuposanus — creoyrowux onemenmos u coeournenui : O, O,

H, H, OH, H,0,Cl, CL,HCI, HOCI, CoO,H,CoCl, CoCl, Co,Cl, Ni, NiO,H,NiCl, NiClL, MoO,Mo,0

Mo 0, MoO,H, MoO,Cl, Mo.O,, MoOCI, MOOZCZz, MoOCls, CaCl, CaOHCI, Ca(OH), Pesy/zbmazmgz
MEePMOOUHAMULECKO20 MOOeIUPOBanUs pabouell cucmemvl, XapakmepHol O Xlopupyiouje2o obxcuea
OmMpabOMAaHHbBIX MOIUDOOEHCOOEPHCAUUX KAMATUZAMOPO8 NOKA3ANU 803MONCHOCMb 8blOeNeHUs MONUDOOeHd,
Kobanbma u HuKeis 8 guoe ux x1opuoog 6 unmepsaie 1300-1500K. Cnedyem ommemums, 4mo npu ymeHbuleHUU
oasnerusi om 0.1 0o 0.01 Mlla xnopudogozeonka memaniog cmanosumcs doinee dPHexmusHou u docmueaem
obpasoeanus 2azoobpasnozo NiCl, 0o 19,45%, CoCl . 0o 21,7%, MoO,Cl, 0o 58,13%. IIpuuém cerekmusnoe

pasoenenue nHuxens u kobarvbma 03moxicno npu 1500K u oasnenuu 0,01MIla.

Kniouesvie cnosa: cnooicno-cmewannoe  yooopenue, MoaubOeH, ompabOmMaHHbLL  KAMAIu3amop,
MUKDOCMPYKIYPA, MEPMOOUHAMULECKOE MOOETUPOBAHUE

THERMODYNAMIC STUDYS OF THE PROCESSING OF MOLIBDENE-CONTAINING
CATALYSTS FOR COMPLEX MIXED FERTILIZER

Abstract: The article provides information about the possibility of obtaining complex mixed fertilizers,
characterized by a high concentration of nutrients and trace elements that have high absorbing properties. To
improve the properties of complex mixed mineral fertilizers, we propose the use of used molybdenum-containing
catalysts as trace elements. As a result of physicochemical studies, the element-by-element composition
and microstructure of the spent molybdenum-containing catalysts used in oil refining were determined. The
microstructure corresponds to the element-by-element composition of the spent catalyst and, with an increase
of 1000 times, crystals are pronounced, characterizing the bulk of the aluminate composition in the form of
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granular minerals, irregular hexagons, and worm-like inclusions of aluminum oxide and alumina. Molybdenum
fills the interdimensional structure in the form of light, rounded crystals.

Analysis of the primary information of thermodynamic studies of the CoO-NiO-MoO -CaCl-H,O system
showed the possibility of the formation of the following elements and compounds: O, O, H, H,, OH, H,0,
Cl, Cl, HCl, HOCI, CoO,H, CoCl, CoCl,, Co,Cl, Ni, NiO,H, NiCl, NiCl,, MoO, Mo ,0O, Mo 0, MoO H,
MOOZCZ, M05015, MOOCIZ, MOOZCZZ, MoOCl3, CaClZ, CaOHCI, Ca (OH)Z. The results of thermodynamic
modeling of the working system, characteristic of the chlorinating roasting of spent molybdenum-containing
catalysts, showed the possibility of separating molybdenum, cobalt and nickel in the form of their chlorides
in the range of 1300-1500K.1t should be noted that with a decrease in pressure from 0.1 to 0.01 MPa, the
metal sublimation becomes more efficient and reaches the formation of gaseous NiCI2 to 19.45%, CoCl2g to
21.7%, MoO2CI2 to 58.13%.Moreover, the selective separation of nickel and cobalt is possible at 1500 K and
a pressure of 0.01 MPa.

Keywords: complex mixed fertilizer, molybdenum, spent catalyst, microstructure, thermodynamic modeling

KYPIEJI-APAJIAC TBIHAUTKBIIITHI OHIEVIE MOJIUBAEH KYPAM/IBI
KATAJIM3ATOPIAPIBI KOJTAHYIBIH TEPMOJIMHAMUKAJBIK 3EPTTEYJIEPI

Anoamna: Maxanaoa sicozapul cigimoi Kacuemmepi 6ap KOpeKkmix 3ammap MeH MUKpOILeMeHmMmepPOiH Hcoea-
Pbl KOHYeHmpayusicvl 6ap Kypoeni apanac mulyatumgbiumapobl aiy MyMKIHOIKmepi mypaivl aknapammap
bepineen, Kypoeni apanac MuHepaiobl MelHAUMKbIUMAPObIY KACUEMMEPIH HCaAKCapmy YUuliH natodiaHbLIeaH
monuboen 6ap Kamanuzamopiapobl MUKpodieMeHmmep peminoe KoA0aHyovl YcolHamvl3. Duzuxa-xumusi-
JIbIK 3epmMmeYnepoiy Hamudcecinoe MyHail 6H0eyoe KOLOAHbLIAMbIH MOIUOOEH Oap Kamaiu3amopiapobly die-
MEHMMIK KYpambl MeH MUKPOKYPBLIbIMbL AUKbIHOAL0bL. MUKpOKYpbLIbIM NAUOANAHBLIZAH KAMAIU3AMOPObIH
ANeMEHmmIK KYpamviHa cavikec kenedi sicane 1000 ece ynzaiovimen Kpucmanoap auvlkmaniaovl. AnomuHuil
KOMRO3UYUSIAPLINGIY, MYUIPWIKMI MUHEPaioap mypinoe, mypakmvl emec 2eKcazoHoapoa JcaHe amomu-
HULl OKCUOIHIH KaDbIEbIHA YKCAC KOCLIHObLIAPLL cCUnammanaowvl. Monuboen scapvlk ouamempini Kpucmanioap
mypinoe apanvlk eauemoi KYpoliblMObl MOIMblpaobl.

CoO-NiO-MoO -CaCl -H,0 acyiiecindeei mepmoounamukanslx sepmmeynepoin nezisei Maiimemmepin mai-
oay keneci anemenmmep men Kocwlivicmapowiy: O, O, H, H,, OH, H,0, Cl, Cl,, HCI, HOCI, CoO,H,, CoCl,
CoCl, ,M0C13, Mo,0, Mo,0, MoO H, MoO,(l, Mo O, MoOCl,, MoOCl, MOOCZ3, CaCl, CaOHCI, Ca
(OH) ,. Kondanvinean monuboen 6ap kamanuzamopiapost X1opiayobly KyammolibleblHad Mot ACYMbIC JICYli-
eCiH mepMOOUHAMUKATILIK Ya2iey0il Homuoicerepi monuboen, kooanvm nen nuxenvdiy 1300-1500K ayxvimoin-
0a onapoviy xaopuomepi mypinoe boniny mymxinoiein kopcemmi. 0,1-0en 0,01 Mlla-2a Oetiinei KbicolMHbIY
momeHnoeyimern memaini cyonumayusacel muimoipex gcane NiCl2 easz mapisoec ynecmipimuiy 19.45% oetlin,
CoClzg—daH 21.7% -ea, an M002Cl2—()€H 58.13% -ea Oetiin ocemedi. ConbiMeH Kamap, HuKeilb MeH KoOaibm-
muiy cenexmuemi 6oainyi 1500 K ocane goicoim 0,01 Mlla kesinde 601ybl MyMKIH.

Tyiiinoi ce30ep: xKypoeni aparac mvlyaumKbll, MOIUOOEH, OMKI3LIceH KAMAIU3amop, MUKPOKYPbLIbIM, mep-
MOOUHAMUKATBIK MOOenboe)y

B mnocnenHue roxpl MpOM3BOICTBO KOM-
IUIEKCHBIX YyI0OpeHuil pa3BuBaeTcsi BcE Oonee
mmpoko. OHM cozpepkaT B cebe OCHOBHBIC IH-
TaTeJbHBIE 3JEMEHTHI Kak a3oT, (ocdop, xanuit
U HEoOXoAMMbIe MUKpOIeMeHTHI. [Ipu 3ToM B
arpapHOM CEKTOpE BCE IIHMPE UCIOIb3YIOTCS Kak
KOMIUIEKCHBIE TaK M CIOKHO-CMEIIAaHHBIE Y100~
pEHMSL.

KomruiekcHbie ynoOpeHus: XapaKTepu3yroT-
Cs BBICOKOM KOHLICHTpALMEW IUTATECJIbHBIX Be-
IIECTB, UMEIOT XOpoIuue (Gpu3nyecKkue CBOMCTRA.

B 3aBucuMocTH OT 0COOEHHOCTEW KYIBTYpHI,
MOYBEHHO-KIIMMATHYECKUX YCIIOBHUH, /103 MUTa-
TEBHBIX BEHIECTB TPEOOBAHUS K COOTHOIICHHIO
MUTATEIHHBIX BEIIECTB B yIOOPEHUN MOTYT OBIThH
pasznuunbiME. [Ipu cpegHHX 103aX ONTHMAIlb-
HBIM siBJIsieTcss cooTHomeHue 1:1:1, mpu BbicO-
KHX J103aX OHO MOXKET OBITh Onm3kuMm K 1:0,7:1
mwm 1:0,5:1.

OrpomHOe pazHOOOpa3ue YCIOBUM Halei
CTpaHbl U TPeOOBaHUI OTAENBHBIX KYIBTYp HE
MO3BOJISIET ~ OTPAHUYUTHCS  UCTOJIH30BAHHEM
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TOJIBKO KOMIUICKCHBIX ymnoOpeHuil. Bo mMHOrmx
Cily4asiX Ui CO3JaHMS ONTHMAJIbHBIX YCIOBUI
MUTAHUS CaI0OBBIX WJIK OTOPOAHBIX PACTCHUI He-
00X0IMMO MPUMEHEHHE TAK)KE CI0KHO-CMEIlIaH-
HBIX y10OpeHuid ¢ MUKpoieMeHTamu [1-3].

CnoxHO-CMENIaHHbIe  YIOOpEHUs MOTyT
ObITh TOJYYEHBI CMEIICHHEM [BYX-TPEX BHUJIOB
MUHEpaJbHBIX KOMIIOHEHTOB (a30T, ¢ocdop,
Kanuii). OCHOBHBIMU WHTPEIMEHTAMH, HCIIOb-
3yeMbIMHU JUISl TOJTYYEHHS CJIOKHO-CMEIIaHHBIX
yIOOpEeHUI ¢ MUKPOIJIEMEHTaMU SIBJISIFOTCS: ce-
pa-S, xene3o-Fe, kanpuuii-Ca, 6op-B, mens-Cu,
Mapranen-Mn, nuHK-Zn, moiauOmeH-Mo, Mar-
HU-Mg.

Cpenu BbILIENEPEUUCTICHHBIX COCTABOB C
MHUKpO3JIEMEHTaMH 0CO00 Ba)KHOE 3HAYCHHE
UMEIOT MOJIMOACHCOEPIKAIIME YIOOpEHHS B
BHJE: MOJMUOJaTa aMMOHMS, MOJMOZAaTa aMMO-
HUS-HATPUS, MOJIHOACHU3UPOBOTO TPAHYIUPO-
BaHHOTO cynepdocdara, MOTHOICHU3UPOBAHHO-
T'O JBOMHOTO IpaHyJIMPOBaHHOTO cyrnepdocdara.

CrnenyeT OTMETHUTb, YTO MOJTYYEHHE CIIOXK-
HO-CMEUIaHHbIX YI0OpEeHUl ¢ MUKPO3JIEMEHTaMHI
MPEJICTABISIET ONPECIICHHBIN SKOJOTUYECKUN 1
HSKOHOMMYECKHI UHTEpEC AJIsl yTUIIU3aluu OTXO0-
JIOB, CITOCOOCTBYIOIINN CHIKEHUIO CE0ECTOUMO-
CTH KOHEUHOM MPOIYKIIHH.

N3BecTHO, 4TO Karajau3aTopbl Ha OCHOBE
Mo, Ni, u Co mupoKo HCTOIB3YIOTCS 1)1 THAPO-
KpEKHUHIa, TUAPOU30MEpHU3aluu U AenapaduHu-
3aruu HeTAHBIX (Ppakiuii MupoBoii 00bEM HX
MPOM3BOACTBA cocTaBisier Oonee 90 ThIC. T/TOM.
OTtpaboTaHHble KaTalau3aTopbl, B TOM 4YHCIE U
Ha kazaxctaHckux 3aBofax (TOO «ATtsipayckuit
HII3», AO «IlaBnogapckuii He(TEXUMUYECKHUI
3aBoqy, TOO «IlerpoKazaxcTtanOunlIpogakrey)
HapsIly C BPEAHBIMU MIPUMECSIMH COJEpKaT Jpa-
TOIICHHBIC, PEAKUE U LIBETHBIC METAJUIbl, UMEIO-
[I1e BaKHOE HAPOJHOXO3SMCTBEHHOE 3HAUCHUE.
B xpanunumiax HakorieHbl OTpaOOTaHHbIE Ka-
Taau3aTopbl B KOJIMYECTBAX, JOCTATOUHBIX JJIsS
OpraHu3aliy MPOMBIIUICHHBIX MPOLECCOB HX
nepepaboTku B HEKOTOPBIX CTpaHax OpraHu3o-
BaHO M3BJICYCHHE W3 KaTaJIU3aTOPOB JparoleH-
HBIX METaJUIOB, OJHAKO JPYrHe KOMITOHEHTBI
6e3B03BparHO TepstTca. CoctaB OTpabOTaHHBIX
KaTaJau3aTopoB IMO3BOJIAET paccMaTpUBAaTh HX
KaK KOMIUJIEKCHOE ChIPbE AJIs MOTYYCHUSI Pa3Iny-
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HBIX HOBBIX MPOAYKTOB MJIM BO3BpAlllEHUE IEH-
HBIX KOMIIOHEHTOB Ha IMOBTOPHOE MPOU3BOJICTBO
KaTaJau3aTopoB.

B cBsi3u ¢ 3TUM U3BIEUEHUE METAIIOB U3
OTpabOTaHHBIX KaTaJIU3aTOPOB SBISETCS AaKTY-
AJTBbHOM TEXHOJIOTMYECKOU MPOOIEMOi, MOCKOIb-
Ky B OTBaJIbl HANpaBJISIOTCS I€CATKH ThICSAY TOH
ATOTO ChIpbs, coaeprkaiiero 10-15 meHHbIX KOM-
MOHEHTOB. BbI/eneHHbIe MeTallIbl MOTYT OBITh
MCIIOJIb30BaHbl JJIs IPUTOTOBJIEHUSI HOBBIX CMe-
Celi IOJTyYEeHHS CIIOKHO-CMEINIaHHBIX YI00PEHHI
C MUKPO3JIEMEHTaMHU.

Ha nepBom sTane Hamu uccienoBaHbl ¢u-
3UKO-XUMHYECKHE OCOOEHHOCTH MOJIMOIEHCO-
nepxamux karanuzatopoB TOO «llerpoKa-
3axcranOunlIpomnakre». Pesynbrarel  aHaiuza
MUKPOCTPYKTYPBI U MTO3JIEMEHTHOTO COCTaBa OT-
pabOTaHHBIX MOJMOACHCOACPKAIUX KaTaau3a-
TOPOB MPUBEJICHBI HA pUCYHKaxX 1, 2.

O0611ass MUKpPOCTPYKTYpa COOTBETCTBYET I10-
AIIEMEHTHOMY COCTaBy OTpPaOOTAaHHOTO KaTalu-
3aropa W 1pu yBenuueHuu B 50 pa3 xapakrepu-
3yeT OCHOBHYIO MaccCy aJlOMUHATHOTO COCTaBa
B BUJIE 3€PHHUCTHIX MUHEPAJIOB, HEMPABUIbHBIX
HIECTUTPAHHUKOB U MPSIMOYTOJIBHHUKOB, a TaKkKe
4epBe0Opa3HbIX BKpAIICHUH OKCUAA aTFOMHHHUS
U IMHO3eMa. MonubaeH 3amoiHsAeT MeXIpo-
CTPAHCTBEHHYIO CTPYKTYpy B BHJIE CBETJIbIX,
OKPYIIBIX KpHCcTawioB. B obmem ¢hone Hadmro-
JAIOTCS. HE3HAYMTEJIbHbIE TEMHBIC BKIIOUEHUS
beppocrukaTHeIX MUHEpanoB. [losneMeHTHBIM
COCTaB XapaKTepU3yeTcs alllOMUHATHOW OCHO-
BOIl KaTayin3aropa ¢ MOJIMOIEHOBBIM COCTABOM C
BKJIFOYEHHUSIMH KOOAJBTOBBIX 3JIEMEHTOB.

Trmm SNEKTHOHHDE HE0BREEHKHE 1
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2 4 g g 10 12
MonHaa wkana 9285 wwn. Kypoop: 0,000 Kb

DneMeHT Becogoii % AtoMHBIH %
o 46.55 65.78
Na 0.28 0.27
Al 34.30 28.74
Co 5.16 1.98
Mo 13.71 3.23

Puc. 1 — Muxpocmpyxmypa u nosnemeHmuulil cCOCmag
ompabomaHHbLX MOIUOOCHCOOEPAHCAWUX KAMATUZANOPOS

Puc. 2 — Muxpocmpyxkmypa npu yeenuuenuu 6 1000 paz

[Tpu yBenuuennn B 1000 pa3 HabGmromaercs
YEeTKOE OYepTaHHe MUHEPAJIOB [NIMHO3EMA B BUJIE
TabINYaThIX, CIOEHHBIX KPUCTAILJIOB, a MEKIIPO-
CTPAHCTBEHHbIE U TOBEPXHOCTHBIE PACCHINHBIC
UTOJIbYaThIe KPUCTAUIBI XapaKTepU3yIOT MOJINO-
JIEHOBbIE MUHEPAJIbL.

B kauecTBe OCHOBHOIO HMHCTpPyMEHTa HC-
CJIEIOBAaHUSI TEPMOJMHAMHUYECKHX 3aKOHOMEp-
HOCTEH BBIJICJICHUSI METAJJIOB, COAEPKAIIUXCS
B OTpabOTaHHBIX KaTalu3aTopax, HCIOJIb30BaH
MeTO/ pacuéra paBHOBECHs IPHU MOMOIIU MPO-
rpaMMHOT0 KoMIuiekca « Actpa». [IporpammHubIit
KOMIUIEKC «AcTpa-4», pazpaborannbiii B MBTY
uM. baymana ocHOBaH Ha yHHUBEpCAJIbHOM Tep-
MOJMHAMHYECKOM METOJIe OINpe/ieseHHUs] Xapak-
TEPUCTUK PABHOBECHSI T€TEPOreHHBIX CUCTEM Ha

OCHOBE (PYyHIAMEHTAJILHOTO MPUHIUIA MaKCH-
MyMa 3HTponuu [4-5].

st onpenenenust 3GpGEKTUBHOCTH H3BJIC-
YeHHs] IBETHBIX METANIOB U3 OTPabOTaHHBIX
KaTaJIu3aToOpoB HCCIIE0BaHA BO3MOKHOCTb XJIO-
pupoBanus Ni, Co u Mo. Xopuaom KajabIus B
MPUCYTCTBUH BOBI, TEMIIEPATYPHOM HHTEpBaje
300-1500K npu nasnenusix 0,1 u 0, 01 MIIa.

AHanmu3 nepBUYHOM HWHGOPMAIMHM HCCIIe-
JIOBAaHHOUW pabouell CHUCTEMBI CoO-NiO-MoO3-
CaCl,-H,0 nokaszan o GopMHPOBaHHHU CIIELYIO-
mux coenunenuii : O, O,, H, H,, OH, H,0,Cl,
Cl,HCI, HOCI, CoO,H,,CoCl, CoCl,, Co,Cl,,
Ni, NiO,H,,NiCl, NiCl,, MoO,,Mo0,0,, Mo,0O,,
MoO,H,, MoO,Cl, Mo,O,,, MoOCl,, MoO,Cl,,
MoOCl,, CaCl,, CaOHCIl, Ca(OH),. Bnusuue
TEMIIEpaTyphl U JIaBJICHUS Ha PaBHOBECHOE pac-
IpeesieHne 3JIEMEHTOB NPECTaBIIEH Ha PUCYH-
ke 3. B cucreme CoO-NiO-MoO,-CaCl,-H,0
npu ymenbienuu gasienus ot 0.1 go 0.01 MIla
XJIOPUJIOBO3TOHKA METAJUIOB CTAHOBUTCS Ooliee
s dextuBHoi. Tak, HaumHas ¢ T=1300K cre-
nenb nepexoza Ni B razoo6pasubiii NiCl, Bo3pac-
Taer ot 2,12 no 19,45%, Co B CoCl,, ot 3,45 no
21,7%, a Mo B MoO,Cl, - or 12,63 no 58,13%.
Hcxons U3 MONyYEeHHBIX pPe3yJbTaToB, KOJUIEK-
THUBHYIO XJI0pH10BO3roHKY Ni, Co u Mo u3 cme-
CH OKCHJIOB MOXKHO TipoBouTh nipu P=0,01 MIla
u T=1300K. CenleKTUBHO MOKHO MOJIYy4YUTh MO
B Buge MoO,Cl, pu T=1000K, a 3arem (BbImIE
T=1300K) BO3MOXHa KOJUICKTHBHAs OTIOHKA
xnopuaoB Ni u Co B TeMIeparypHOM HHTEpBaje
1300-1500K.

BriBoabl

Ha ocHoBe ¢u3MKO-XMMHYECKUX aHAIM30B
YCTaHOBJIEHO, YTO OCHOBHBIMH MUHEpalaMu
MHUKPOCTPYKTYPbl OTpaOOTaHHBIX MOJIHOIEHCO-
JeprKaIIMX KaTajau3aToOpPOB SIBJISIOTCS MUHEPAJIbI
IMHO3EMA C BKJIIOUYEHUSIMU MOJIMO/IEHA, a Tak-
)K€ MpuMecei KoOaibTa M HUKeNs. TepmoauHa-
MUYECKUM MOJIETTUPOBAHUEM pabouell cUCTEMBI
Co00-NiO-Mo0O,-CaCl -H,O, XapakrepHo# s
XJIOPUPYIOILIEro 00KHUra yCTaHOBJICHO, YTO BbIJIe-
JIeHHe MOJnOieHa, KoOanbTa U HUKEJIS B BUJIE UX
XJOpHU1I0B BO3MOXHO B uHTepBasie 1300-1500K.
[Tpuuém cenexkTUBHOE pa3iesieHue HUKENS U KO-
6anpra okoso 1500K mpu masnennn 0,01 MITa.
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OU3NKO-XUMHNYECKHUE UCCIIEJOBAHUSA CBIPBEBBIX MATEPUAJIOB J1JIAA
MOJYYEHUS ®OCPOPCOJAEPKAIIUX MUKPOYIOEPEHU

0.K. BEUCEHBAEB!, A.C. TJIEYOB!, 5.M. CMAWJIOB!, b.C. 3AKUPOB?

"HOoicno-Kasaxecmanckuil 2ocyoapemeennulii ynugepcumem um. M. Ayszosa
2Unemumym obwetl u neopeanuueckou xumuu, 2. Tawkenm, Pecnybnuxa Y36exucman

Aunomauyus: B Oaumnou cmamve npusedena uupopmayus 0 paspabomKe MeXHOLOo2UU NOTYYEHUS
docghopcooepocawgux MUKpoyooOpeHull Ha OCHO8e 2YMUHOB0U KUCIOMbL, NOIYYEHHOU NPU PA3N0NCEHUU
YeonvbHo20 omxoda u3s Jleneepckoco mecmopoxcoenus. Takoce onucvl8aromes cocmas KommpenbHOU Nulil,
V2ONIbHO20 OMX00d U 2YMUHOBOU KUCLOMbL, onpeodeieHuvlie ¢ nomowvto POM, JITA u UK-cnexmpa. /na
0b02aujeHusi MUKPOIIEMEHMAMU 8 NOIYYEHHYIO cMeCb 000asisiom OOpHYIO KUCIOmY, CYibgamsl meou,
Jrcenesa, Mapeanya u aMMONUs MOAUOOEHOBOKUCIO20, d 8 KaUecmee Xenamooopaszoeameis — mpuaiKuiamMun
(TAA).

Honyuennvle ghocghopcoodepoicaujue Mukpoyoobpenus Xapakmepusymcsi 6bLCOKUM COOEPIHCAHUEM 2YMUHOBLIX
gewecms, Komopbvie yuacmeyion 6 Cmpykmypooopasoeanuu No4esl, HAKONIEHUU NUMAMETbHBIX NeMEeHMo8
U MUKDOIIEMEHMO8 8 OOCHYNHOU 01 pacmeHuil ¢hopme, CROCOOCMBYIOM Pe2yIUpOBAHUI) COOEPHCAHUS
MEmannos 6 6OOHbIX U NOUGEHHBIX IKOCUCTNEMAX.

Knioueswie cnosa: pocghopcooepoicangue mukpoyooopenus, KommpenbHdas Nolib, Y2OIbHblll OMX00, 2YMUHOBA.
KUCIOMA, NOY6d, PACMEHUs, MUKPOILEMEHMbL, Xe1amoobpazoeameisb, MpuaiKuIdMuH

PHYSICAL AND CHEMICAL RESEARCHES OF RAW MATERIAL FOR RECEIPT
OF PHOSPHORORUSCONTAINING MICROFERTILIZER

Abstract: In this article is driven technology of receipt chelate microfertilizer on the basis of humic acid,
brown coal got at decomposition from Lenger field. Also described chemical composition of cottrel dust,
brown coal and humic acid certain with using SEM, Differentially-thermal analysis (DTA), spectra of scanning
electron microscopy. For enriching microelements in mixture got add boric acid, sulfates of copper, iron,
manganese and ammonium molybdate, and as a achelate appears, trialkilamin (TAA). The got microfertilizers
are characterized by high maintenance of humic substances, that participate in gelation of soil, accumulation
of nourishing elements and microelements in an accessible for plants form, promote to regulate maintenances
of metals in water and soil ecosystems.

Keywords: phosphororuscontaining microfertilizer, cottrel dust, brown coal, humic acid, soil, plants,
microelements, chelate appears, trialkilamin

®OCDOPKYPAMJIAC MUKPOTBIHANWTKBIII ATYFA KAKETTI
IMKI3ATTAPIBI ®U3UKA-XUMUSUILIK 3EPTTEY

Anoamna: Byn maxanaoa Jleweip keH OpHbIHbIY KOMID KANObIebIH epimy He2i3iHOe, alblHAMbIH 2YMUH
KbIUKBLILIHAH  (DOCHOPKYPAMOAc MuIHAUMKbIUMAPObL AYObIH MEXHOLO2UACHl HCAUbIHOA aKnapammap
bepineen. CoHviMeH Kamap Kommpenvboi way, KoMIp Kal0blebl HCIHe 2YMUH KblUKbLIOAPBIHbIH KYPAMOAPbIHA
POM, JITA sicone MK-cnexmp xomeimern dHcacanblHean Hamudicenep Oepineet. AnblHamold mulHAUMKbIUMbL
bativiny MakKcamvlHOA, KOCnAea 00p KblUKbLIbI, MbICIbIH, MeMIPOiY JCaHe Mapeareymiy cyivghammapvl
MeH AMMOHULOIY MOMUOOEHKbIUKBLIbL KOCbLIAObL Od, il Xeiam KYpayuibl NOAuUMep pemiHe OpeaHUKATbIK
mpuanxkuiamut (TAA) Kondausinaowl.
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Anvinzan gocopkypamoac MuKpomuiHaumbiul KYPAMbIHOA 2YMUH KbIUKbLLILIHbIY Moauepi Kebetlin,

MONvIPAKMAasl  KYPulIbIMObIK — KYParyed

KamalcColn,

KYPAMbIHOARbl  KOPEKMIK — 9JleMeHmmepmen

MUKpoasiemenmmepoi  ecimoikmepee Oepinin, CyIvl JHCOHE HCEP-MONBIPAK IKOJiCYliedesi Memandapobly

KYPamuli pemmen omulpaobl.

Tyiiinoi co3zoep: Dochopkypamoac MUKpOmMuIHAUMKbIUL, KOMMpPenboi WaH, KOMIP KA10blebl, 2YMUH KbIUKbLIbL,
arcep, OCIMOIK, MUKpOIIeMenmmep, XeramKypayulbl, MpUaiIKuiLaMuH

Beenenue

B nacrosiiiee Bpems B Kazaxcrane Habmnrona-
eTCsl TeHJCHIMSI COKPAILEHUS IIOUIaaNd 3eMelb
CeIbXO3HA3HAYEHUS U YBEIMYEHUS IJIOUIaI1 3a-
JCKHBIX TeppUTOpui. OCHOBHBIMH TPUYHHAMHU
MOJOOHOTO TIOJOXKEHUS SIBJISIFOTCS: Jerpafaius
MOYBEHHOTO TIOKPOBA B MyCTBIHHOW W TIOJYITyC-
THIHHOM 30HE, 3aCOJIEHUE MOYBbI B 30HE OpOIlia-
€MOro 3eMJIE/IENUs, BBIBEJEHUE M3 CEJIbCKOXO-
3SIICTBEHHOTO 000pOTa MAaJIONPOTYKTUBHBIX H
HU3KOIJIOIOPOJIHBIX 3€MeJlb M3-3a Pa3BUTHUS B
MOYBE 3PO3UOHHBIX MPOLECCOB, ciaadas MaTepu-
albHO-TEXHUYECKass 0aza 3eMJIenojb30Baresei,
U, 00yCIJIOBIIEHHOE 3TUM HE)KEJIaHHE ONpeieieH-
HOM MX YacTH HMCMOJb30BATh 3€MIII0 10 CBOEMY
npsiMOMY Ha3HadeHuro [1].

VYcTpaHeHre  HEraTMBHBIX — BO3JCHCTBUM
NPUPOIHBIX PHUCKOB, COXPaHEHHE ITOYBEHHOTO
IUIOI0POANS, YPOKaHHOCTh CEJIBbXO3KYJIBTYP BO
MHOTOM 3aBHUCAT OT NPUMEHEHHUs YI0OpeHui.
VYuuteiBas 310, B Kazaxcrane nmpuHATHI CTUMY-
JUPYIOIIME arpapHblii CEKTOP MEpPHI, MPeyCcMO-
TpEeHa roCHoJiepKKa Ha paclIupeHue Iiolaaei
MPUOPUTETHBIX CENbXO3KYJIBTYP, POCT HUX YypO-
KaNHOCTH, yTy4dIlleHHe CEMEHHOIO MaTrepHaia.

Pa3BuTHe nHIyCTpUH 110 BCEMY MUPY CAefa-
JI0 aKTyaJIbHOM Mpo0sieMy KOMILIEKCHOM repepa-
OOTKM TEXHOTEHHBIX OTXOIOB W IPHUBJICYCHHS B
MPOM3BOJICTBO HEKOHIUITMOHHBIX MHHEPATBHBIX
pecypcoB. Ilpumepom siBIsieTCS HTPOU3BOACTBO
dbocdopa, KOTOPBII MUPOKO BOCTPEOOBAH KaK B
Kazaxcrane, Tak u 3a pyoexxom. Ero nomydenne
00yCJIOBIIEHO 0OO0pa3oBaHUEM OOJBIIUX TEXHO-
TEeHHBIX OTXOJIOB B BUJIE IITaKa, peppodocdopa,
dbochopHOTro nUTaMa 1 KOTTPEIbHOM bUTH. TOTh-
ko B XKamObuickoil ob6nactu HakomieHo 6oree 30
MJTH. TOHH JaHHBIX OTXOI0B [2].

B pesynbrare yrnenoObiuu B Kazaxcrane 06-
pa3oBaIMCh OTXO/IbI B KOJIMYECTBE Oojiee 6 MITH.T,

a B IKHOM pernoHe Kazaxcrana pacrionoxeHo
Jlenrepckoe mectopoknenue Oyporo ymis. Ilo
JaHHBIM [3-4] 3amac 6ajJaHCOBOM YacTH €ro Co-
craBiager 33956 TeIc.T, 3a0aiancoBo — 3244
TBIC.T.

Tpuankunamua (TAA) — 3T0 mpo3pauHas
MAaCJISIHUCTas JKUJKOCTh, HHOT/IA C YKEJITOBATHIM
orreHkoM. [llupoko mpuMeHsieTcsi Kak 3KcTpa-
TeHT TPETHUYHO-aMUHOBOM TpyHIbl ISl KOM-
IUIEKCHOM OYHUCTKU MPOMBILIUICHHBIX CTOYHBIX
BOJI, TAKXKE Ha MPEIIPUATUAX IO MPOU3BOACTBY
yaoOpeHuii B Ka4eCTBE TOJIUMEp-, XeIaTo00paso-
Barens [5].

st monmyuenust pocdopconepkamux Mu-
KpOoyn0OpeHHil B Ka4eCTBE ChIPbsI UCIOIb3YETCS
KOTTpeNbHAs MBUTh — 0TX0J ochOopHOTO MpOoU3-
BOJICTBA, KOTOPBIM MPEICTABISET COOOU IIEHHOE
BTOpHYHOE (OCHOPHOE CHIPHE, BIIOIHE MPHUTOJI-
HOe K mepepabotke ux B dochop. bonee Toro,
JUISL KUCJIOTHOTO Pa3fIoKEeHUs HET HaJoOHOCTU B
WCIOJIb30BAHUHU CHJIBHBIX M JOCTATOYHO JIOPOTUX
MUHEpaIbHbIX KUCIOT. KOTTpenbHyo nbuib MOX-
HO Pa3JIokKUTh CIIA00W TYMHUHOBOM KUCIIOTOM, BbI-
paboTaHHOM W3 yroidpHOTO OTXOAa JICHrepcKoro
MECTOPOXKJICHUS, @ B Ka4eCTBE XeJaToo0pa3oBa-
TeJs UCTIob3yeTcst Tpuankuinamud (TAA).

IKCNEePUMEHTAIbHASA YaCTh

Jnst monmyyenust pocdopcoaepkamero Mu-
KpOyZloOpeHHsi BBIOpaHBI JKCIEPUMEHTATIbHBIC
(U3UKO-XUMUYECKUE U aHAJIUTUYECKHUE METO-
JIbl UCCJIEJIOBAHUSA: AIIEKTPOHHAsE MUKPOCKOIUS,
UK-cniekrpockonus, JITA, sneMeHTHBIN aHanu3
u Jp.

Ha pucynkax 1 u 2 npencraBieHbl JepuBa-
TOrpamMMbl KOTTPEIbHONW MBLIM U YTOJIBHOTO OT-
X0J1a, MOJIy4eHHbIe ¢ oMot [lepusarorpada
Q-1500.
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Puc. 2 — Jlepusamozpamma yeonsrnozo omxooa Jleneepckozco mecmopodicoenust

Kpusas JITA Ha pucynke | xapaxrepu-
3yeTcss HEMHTEHCUBHBIMHU 3HI03((deKTaMu Tpu
260°C, 580°C, 780°C wm 800°C. IlepBblit 3H-
nosddext mpu 260°C xapakrepusyeT yaajieHue
MOBEPXHOCTHOM U rujparHoi Biaru. [Ipu 580°C
MIPOUCXOIUT yJaJIeHUEe OCTaTOYHON KpHCTAILIO-
ruaparHoit Bnaru. HemHTeHcUBHBIN SHT03D ekt
npu 780-800°C cBUICTEIBCTBYET O JeKapOOHU-
3alMU MarHuiicoiepKamux MPUMECHBIX COeIHU-
HEHUU M TOCIEIHUN — O Pa3JIOKEeHUH KapOoHa-
TOB KaJIbIIHS.

Ha kpuBoit JITA nabiromaercst Tpu mocie-
JoBaTeNibHBIX 2K303¢pdekra mpu 590°C, 835°C
u 875°C. IlepBbiit 3303 GeKT XapaKTepusyer-
Csl OKHCJICHHEM HE3HAYUTEIHHOrO CBOOOIHOTO
docdopa. /[Ba BTopsIx K303 deKTa Xapakrep-
HBI JI7Is1 pa3iokeHust pochOopHBIX COSTUHEHHH.

Kpusbie JITA Ha pucyHke 2 XapakTepu-
3ytorest  Tpems sHpodddexkramu mpu  470°C,
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730°C u 775°C. Iepssiii npu 470°C xapakrepu-
3yeT yIaJleHHe KPUCTALUIOTHAPATHON Biary. J(Be
ocTanbHbIe YH103((ekTa XapaKTepu3yoT pa3io-
JKEHHE KapOOHATHBIX COCTUHEHUH JKelle3a U Mar-
HUS, a TaKKe KapOOHATOB Kayblus. DHI03Ddek-
o1 ipu 780°C, 810°C u 830°C. XapaktepHsI 1yist
pEaKUUil BBITOPAHUS CEPHUCTBIX COCIUHEHUU
xKeJesa U Cylnb(aTHBIX MTPUMECHBIX METAJIOB.

HUK-cnekTpanbHbplii  aHamu3  KOTTPENb-
HOU mbTH ObUT mpoBezieH Ha npubope UK-Dy-
pre crnekrpomerp Shimadzu IR Prestige-21 ¢
NPUCTAaBKOKH HApPYHIEHHOTO MOJIHOTO BHYTpPEH-
Hero otpaxenuss (HIIBO) Miracle ¢upmer
PikeTechnologies.

Ha pucynke 3 npeacrasinen UK-cniektp kot-
TPENBHOHN MBUIH, U3 KOTOPOTO CIIEAYET, UTO:

— CHEKTpHI TMOMIOIIEHUS C JJIMHAMH BOJIH
1090-1020 (1033,8) cm' xapakTepu3yroT Mpu-
CYTCTBHUE B KOTTPEJIbHOW MbUIM COCTUHEHUN CHU-
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JIMKAaTOB C BaJIeHTHBIMU CBs3siMu Si-O-Si u Si-
O-C, a taxxe B mHTepBaie 1100-950 (1033,8)
cm! xapakrepHsl 111 GOCPOPHBIX COSAMHEHUIA,

— MHTEHCHUBHBIE KojleOaHUsi B HHTEpBale
910,4 cm’!, koTopsie xapakTepHbl It hochopco-
Jepxaux coeguuennit P-F rpynmnoii;

— MEHee UHTEHCUBHBIC KoieOaHusi B MHTEp-
Basie 840-600 (798,53-732,9-648,08) cm™!, koto-
pBIe XapaKTepHbI 115 pochopcoaepKaiumx coe-
nuHeHu P=S rpynmnoii;

— crieKkTpbl nortonieHus B oomactu 800-500
(590,2-555,5-543,1) cm! xapakrepusl mis Al
Fe’*, Mg?*, Fe™ coeauHeHuii B BAJIECHTHOM COC-
tossauu Si-O-Al, Si-O-Fe u Si-O;

Ha pucynke 3 mnpeacrasnen MK-cnektp
YTOJILHOTO OTXO/a, U3 KOTOPOTO CIIEIYET, YTO:

— MeHee UHTCHCHBHBIC CIIEKTPhI IOIJIO-
menust 1585,5 cm!  xapakrepHsl mis KapOOK-
CWJIBHBIX TPYII U HATpUHCOAEP)KAIIMX TPy
—C-ONa;

— CIEKTPHI MOIVIOUIEHHUS C JUIMHAMH BOJH
1090-1020 (1033,8) cm!  xapakTepu3yrOT MpH-
CyTCTBHE B KOTTPEJIBHOW TMBUIM COCAUHECHUI
CHUJIMKATOB C BaJCHTHBIMH CBs3sIMH Si-O-Si u
Si-O-C, a Takxke XapaKTepHBI ISl KHCIOPOICO-
JeprKaux d3PUPHBIX TPYIIIL;

— MHTEHCHUBHBIE KojieOaHUsi B HHTEpBale
910,4 cm!' xapakrepusl mas (dochopcoaepka-
IIUX cCOeAMHEHUH 1 0eH301bHOM rpymb C-O-C;

— CHEKTpHI MOIIomeHust B odmactu 794,6-
752,2 xapakTepHbI 1JIs1 OPTaHUYECKUX THOPEHO-
BBIX TPYIIIL.

105
%T

100

95

:
¢
{

90

85

80

,.d
05 — \
43,08
o~

7309

75

\V“\f:;

70

910,40 —=

IR Prestige 21 (ATR Miracle)

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600

1/em

Puc. 3 — UK-cnexmp xommpenvHoti noliu

110

%T
105

100

95

90

85

158549 =+ /
7
)

80

75

/_
=

794,67

70

65

910,40 —=

60

1026,13 ~

002,98

IR Prestige 21 (ATR Miracle)

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600

1/em

Puc. 4 — UK-cnexmp yeonono2o omxooa Jlenzepcko2o MecmoposicoeHus.

37



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Ne4 (51), 2019

B tabnumnax 1 u 2 nmpeacraBieHbl AIEMEHT-
HBII ¥ MUHEPAJOTUYECKHI COCTaBbI KOTTPEIb-
HOM MBI YTOJIBHBIX OTXO/IOB.

Tabonuua 1 — JjieMeHTHBI U
MHUHEPAJOTHYeCKHI COCTAB KOTTPEJbHOM
NbLIH

DneMeHT Becopoit Oxcupbt B nepecuere Ha
COCTaB, N
o oxcusl, %

(0] 42,1 - 0

Na 0,84 Na,O 1,13
Mg 0,91 MgO 1,51

Al 1,05 ALO 1,98

Si 7,31 SiO, 15,6

P 13,4 PO 30,7

K 5,91 K,O 7,12
Ca 6,35 CaO 8,89
Fe 0,58 Fe,O 0,82

C 17,6 CO, 0

Zn 0,55 Zn0O 0,68

F 2,99 - 0

N3 anmammuza Ttabmuuel 1 crnemyer, uto co-
Jep>KaHNEe OCHOBHOTO TIOJIE3HOTO KOMIIOHEHTa
B KOTTPEJIBHON MbUIN P205 HAXOAUTCS B TIpere-
sax 30-31%, 4To BHOJIHE JOCTATOYHO IJIST KX HC-
MOJIb30BaHUs B KadecTBe (hochopcomepikamiero
KOMIIOHETA.

Tabnuna 2 — JjieMeHTHBIN U
MMHEPAJOrH4eCKUi COCTAB yI1e0TX0/1a
JIeHrepcKoro MecTopoKIeHus

u T.A. Takoe colepskaHue SIIEMEHTOB B COCTaBe
Oyporo yrmis AOCTAaTOYHO AJisi HCIOJIb30BAHUSA
€ro B KaueCTBE UCXOIHOTO ChIPbS JIJIS MOJTyYEeHUS
TYMUHOBBIX KHCIIOT.

[TonyueHnue rymaTroB OCYIIECTBICHO U3 OT-
X0/10B Oyporo ymisi JIeHrepckoro MecTopoxe-
HUsA IyTeM OKucieHus 1%-HbIM pacTBOpOM
KOH (pH cpenst 12,0). Ilpomecc okucieHus
MPOBOAMIN TMPH TEMIIepaType pPeaKIMOHHOMI
cmecu 80°C B TeueHHE ABYX YacOB, PHYEM Mac-
COBOE€ COOTHOIICHHE LIETOYU M U3MEIBYEHHOTO
yst coctaBisuio 0,125+0,150:1. s nonydeHus
T'YMHHOBOM KHUCIIOTBI TyMaThl ocaxaanu 5% pac-
TBOPOM COJISIHOM KHCIIOTHI, 3aT€M OT(UIBTPOBa-
nu B HyTd-prneTpe (pH dunbrpara pasen 0,85).

XUMHU3M ~ JITaHHOTO  TpoIllecca  MOXKHO
MPEIOCTaBUTH CIEAYIOLUIUM 00pa3oM:

+OH>--CO0 +--CO0+--CO0 (1)
~-COO +--COO + - - COO + 3HCI >
>..CO0+--CO0+--CO0+3Cl (2)

B cocrtaBe BblJIEIEHHOW TYMHHOBOM KHC-
JIOTBI, IOMUMO OPTaHUYECKUX COCIWHEHUM, CO-
Jiep>KaTcs Tak)Ke 1 MUHEpaJIbHbBIE BerecTsa. J{is
ONpE/ICJICHUsI HEOPraHWYECKOW COCTaBJISAIONICH
MOJIyYeHHasi TYMHUHOBAsI KHCJIOTa TOJBEPrajiach
npokanke npu 500°C. DiaeMeHTHBINH COCTaB IO-
JYYEHHOTO 30JIbHOTO OCTaTKa aHaJU3MpPOBAJICS
Ha PacTpPOBOM OJJIEKTPOHHOM MHUKpockome. Pe-
3yJbTaThl UCCIICIOBAHUI MPUBEIACHBI B TAOJIHIIC

OnemeHT Becogoit % Oxcnnabt B nepecuere Ha
OKCHJIBI, % 3.
(6] 55,17 - -
Na 0,23 Na,0 0,31 Taéanua 3 — J1eMeHTHBIH 1
Mg 0,36 MgO 0,59 MHHEPAJOrH4eCcKHil COCTaB T'YMHUHOBOM
Al 10,60 AlLO, 20,03 KHCJIOTEI
Si 21,11 SiO, 45,15
S 3,34 SO3 8,35 DeMeHT BecoBoii Oxcuanl B nepecuere Ha
1,31 K,0 1,58 % oKcupl, %
Ca 1,85 CaO 2,59 (e} 23,68 - -
Ti 0,67 TiO, 1,12 Na 1,06 Na,0 1,43
Fe 5,39 Fe,0, 741 Al 2,70 ALO, 5,1
Si 1,28 Sio, 2,74
W3 ananuza talmuubel 2 clenyer, 4yTo B S 1,51 SO, 3,77
5JIEMEHTHOM COCTaBe o00pasla OTXoga Yyt cl 34,52 - -
K 34,97 K,0 42,14
JIeHrepckoro MecTOpOXKIECHUS CONEPKUTCS B 2
. . F 0,28 Fe,O 0,40
%: Al-10,6, Si-21,11, Fe-5,39, Mg-0,36, Ti-0,67 ¢ ’ ek ’
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N3 ananuza tabmuipl 3 CieayeT, YTo HaJM-
yue cepbl 10 1,51% sBiseTcs 00s3aTeIbHBIM TS
BCEX T'YMHUHOBBIX KHUCIIOT, YTO TIOJATBEPIKIACTCS
U B naHHOM ciydae. OrcyrcTBue docdopa, co-
Jep)kaHue KOToporo oobraHo goxoaut 10 0,5%,
OOBSCHSAETCS TEM, YTO HUCXOMHBIM CHIPHEM IS
MOJIYYCHHUSI TYMUHOBON KHCIIOTBI SIBJISIUCH OT-
XO/bl yIIIeT0O0BIYH.

Kak BUIHO M3 TaHHBIX PUCYHKA 5 UMEIOTCSA
caenytomye MK-crnekTppl NOmIOMEHHUS:

— IIMPOKHE MOJIOCHl MHTEHCUBHBIX KoJieOa-
uuii B uaTepBanax 3400-3200 cm! (3360-3251,8)
cM’!, KOTOpBIE COOTBETCTBEHHO XapaKTEPHBI Kap-

OOHOBBIM KHCIIOTaM ¢ cBs3aHHON — OH-rpynmoii
Y METHJIbHBIM, METUJICHOBBIM I'pyIIIaMm;

— MHTEHCUBHBIE MOJIOCHI B UHTEpBaje 1643,3
cM’!, KOTOpbIC XapaKTePHbI JJISI OPraHUYCCKHX
COCIMHCHHUH KapOOHWJIBHOW TPYIIIBI apoMaTH-
yeckoro psana C(OH)=C-CHO;

— HEMHTEHCHUBHBIE KOJeOaHUsl B MHTEpBale
1200-1300(1257,5) cm!, KoTOpbIe XapaKTEPHBI
JUIS apOMaTUYEeCKUX ajbAETUIOB, TIe o0pa3yeT-
¢ kucaopoansliit moctuk C-O-C;

— HVHTEHCUBHBIC KoJIeOaHWsI B HWHTEpBalie
682,80-590,08 cm’!, koTOpBIC XapakTepHBI IS
OpPraHUYeCKUX THO(EHOBBIX TPYIIIL.
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Puc. 5 — UK-cnexmp eymunosoil kuciomol

I'ymMuHOBas KMCI0Ta UCHOIB3YETCS JUIS 3a-
MEHBl KOHLEHTPUPOBAHHOW CEPHOM KHUCIIOTHI
IIPU PaA3JIOKEHUH KOTTPEIbHOM NbLI. [ mpo-
BEJCHMsI TPOLECCA Pa3JIOKEHUS KOTTPEIbHOU
IBUIM TEMIIEPATYpy PEaKIMOHHOW CMECH IpH
nepememuBanuu nogHumanu 10 80°C B Teue-
Hue 70 MUHYT ¢ 100aBIeHHEM OOPHON KUCIIOTHI,
cynb(dara MeaH, Keleza, MapraHia, aMMOHHS
MOJIHOIEHOBOKUCIIOTO. 3aTeM K MOJTy4eHHOMY
pactBopy nobasisimu 0,5% (pH=4,5) Tpuanku-
namuHa (TAA). B pesynbrare noixy4eHo KujKkoe
XeJlaTHOE yI00peHHe.

X¥UMH3M Tpoliecca pa3iokeHUs KOTTPEIlb-
HOM IIBUIM B KHUCJIOW Cpelie BOAHOW I'YMHUHOBOM
KHCJIOTOI MOXET OBbITh ONMHMCaH HHKECIeayo-
UM YPAaBHEHHUEM:

Ca (PO4),F +8rymun.xuc.+4H,0=H,PO, +
4Ca(rymar), + Ca(H,PO,), + HF 3)

[IpuMeHeHre ryMUHOBOM KUCJIOTBI JUIs pas-
JIOKEHMSI KOTTPEIbHON MbUIN MO3BOJISET UCKIIIO-
YUTh U3 MPOLIECCAa CEPHYIO KUCIOTY M JI0CTUYb
coziepkaHusl ycBosieMbIX (pochaToB B TOTOBOM
KUIKOM MpoaykTe 110 12%, B TBEpAOM MPOIyK-
Te 10 15%, a ucnonb3oBaHKE TpPHAIKHIAMUHA
(TAA) B kauecTBe XemarooOpa3oBaTels MO3BO-
JS€T COXPAaHUTh META/I OT B3aWMOJICHCTBUS C
JPYTHMHU aHUOHAMM U C JIETKOCTBIO TOCTAaBIISIFOT
€ro B pacTEHHE.

OJEMEHTHBII COCTAaB M MHUKPOCTPYKTypa
XEJaTHBIX MOJUMEPCOAEPIKALINX MHUKpPOyI00pe-
HUI npeacTasieH B Tabiuie 4.
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Taoauna 4 — Ji1eMeHTHBIN U
MHHEPAJOTrH4eCKHid COCTAB XeJIaATHOIO
MOJIMMePCoAep Kalero MUKpoy1oopenust

Onement |Becosoii % | Oxcuabl B nepecuere Ha
okcHbl, %

C 29,7 - -

37,4 - -

F 1,79 - -
Na 1,23 Na,O 1,66
Mg 0,74 MgO 1,22
Al 0,76 ALO, 1,44
Si 3,58 Sio, 7,66
13,34 PO, 30,56

0,22 SO, -
Cl 7,65 - 10,42
K 3,50 K,0 4,86
Ca 0,11 CaO 0,14
Mn 0,42 MnO 0,60
Fe 0,28 FeO, 0,40

N3 Tabaunbl 4 BUIHO, YTO TOJYYCHHOE
MOJINMEPCOieprKallee XeIaTHOe MUKPOyao0pe-
HUE TaKXe UMEET B COCTaBE€ MHMKPOIJIEMEHTHI
U MUHEpaJibl, HEOOXOIUMBIE IJIi HOPMaJbHO-
ro pocra u passurusa pacrenus (K,O — 4,86%,
P,0,—30,56%). DneMeHTHBIH COCTaB U MUKpO-
CTpPYKTypa oOpaslia XeJaaTHOro MoJIuMepcoiep-
JKAIIero MHUKPOYAOOpEHUsl MpeJCTaBIeHbl Ha
pUCYHKE 6.

Pe3ynprarhl MUKpPOCKOIIMYECKHUX CHUMKOB
(pucyHOK 6) TOATBEP)KAIOT PE3YJIBTAThI, TMOJY-
YEeHHbIE TPU MPOBEACHUU HIEMEHTHOTO aHaIH3a.
[Tpu aTOoM npucyTcTBHe TpuankmiamMuaa (TAA)
obecrnieunBaeT GOpMUPOBAHUE 3EPHUCTON KPHC-
TaJUIMYECKOM CTPYKTYPHI XEIaTHBIX MHUKPOYIO-
OpeHuid.

BriBoabI
[TomyueHHbIe XenaTHBIC MOJIUMEPCOAEpKa-
IIMe MUKPOYIOOpEHHSI HA OCHOBE TEXHOTCHHBIX

Monnaa weans 7241 wan. Kypcop: 0.000 x38

N BNBETPOEOE WBHOpEERE |

Puc. 6 — Dnemenmmuviti cocmas u MUKPOCHKYMYPA Xe1AMHO20 NOTUMEPCOOEPIAHCAULe20 MUKPOYOOOPpeHUs

OTXOJIOB — KOTTPENBHOH MBLIH, Oyporo yris
JIeHrepcKoro MECTOPOXKACHUSI C TIPUMEHEHUEM
tpuankuiamunaa (TAA) B kauecTBe Xxemaroodpa-
30Bares NpUIaeT PaCTCHUSIM HEOOXOMMbIE MU-
KPODJIEMEHTHI JIUISl UX Pa3BUTHSL.
[Monmumepcopepkamme  MUKPOYIOOpeHUs
XapaKTePU3YIOTCSI BEICOKUM COACPKAHUEM TyMH-
HOBBIX BEIIIECTB, KOTOPBIC YYaCTBYIOT B CTPYKTY-
pooOpa3oBaHUM TMOYBCHHOTO CIIOS, HAXOISIIIe-
roCsl BOKPYT' CEMSH, HAKOTUICHHH MHTATEIbHBIX
AIIEMEHTOB U MHUKPOAJIEMEHTOB B JIOCTYITHOMU JIJIs
pacteHuidd ¢dopMe, CIOCOOCTBYIOT pEryiHpoBa-

40

HHUIO TCOXMMHYECCKHUX ITOTOKOB METAJIJIOB B BO-
JTHBIX ¥ TTIOYBCHHBIX SKOCUCTEMAX.

Takum oOpa3oM, Ha OCHOBAaHHMH BBITIIEU3JIO-
YKEHHOTO MOYKHO CJeJIaTh BBIBOA O TOM, YTO Xe-
JIATHOE TIOJIMMEPCOJIEPIKaIlee MHKPOYI0OpeHUE
aKTHBHO y4YacTBYET B OMOXMMHUYECKHUX IPOIIEC-
cax, T.€. aKTUBHU3UPYET (EPMEHTHI, MPOSIBISICT
(OTOCHHTETHYECKYI0 aKTHBHOCTbH, YYacTBYET B
OonocuHTEe3e XJopodwiia, BIMSIET HA YIJIEBOJ-
HBIM M a30TUCTBIH OOMEH, MOBBIIIAET CTOMKOCTD
K OOJIE3HSIM, YCKOPSIET POCT M Pa3BUTHE pacTe-
HUMH.
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YIK 628.218
MPHTH 67.53.17

HYP-CYJITAH (ACTAHA) KAJIACBIHBIH TOVJ/IIKTIK 7KAY bIH-IHA I BIH
JAEPEKTEPIH TAJIJAY

A.ZH. ZHUSSUPBEKOY, Ye.B. ZHARKENOY, A.B. ZHARKENOVA

Anoamna: Maxanaoa Hyp-Cynman (Acmana) KanacvlHoly 2UOPOMEmMeoposo2UsIbIK HCA20atibl CUNAMIMANZAH.
Tanoanzan Oepexmep — 1936-2015 sucvinoap apanvigblHOaebl enopoa meppumopusicblHOd O0NAH HCAYbIH-
WAWBIHHbIY MAYIIKMIK Monuepi. Amanean Oepekmep Oacmankvl KoObl auiblk 006N mabwviiamsin R
bazoapnama mininoe mepey mandayoan emmi. ANbIHZAH HaMuUdIcelep HOcep Kapiz JHCeliCiH dHcobanrayuibl,
3epmmeyuii  Kblzmemiepiepee apuanaovl. ¥3aK Vakvlm apacblHOAbl JHCAYbIH-UAWbIH  KepcemKiumepi
bacmankwsl depexmep peminoe Koadauwiivin, R 6asdapramacwinviy apuatier HydroTSM nakeminode enoenin
ACAPUATAHBIN OMBID.

Tyiiinoi ce3oep: JKayvin-wawein monimemmepi, Acmarna xaracwl, R, HydroTSM, oepexmepoi manoay

ANALYSIS OF DAILY PRECIPITATION DATA OF NUR-SULTAN (ASTANA) CITY

Abstract: This article analyzes the hydrometeorogical condition of the Nur-Sultan (Astana) city. The data of
daily precipitation of Astana in the period 1936-2015 were processed. When processing data, an open-source
computer program R was used. The results will be useful for designers and researchers. The data of long-term
measurements are fully described using the HydroTSM calculation package.

Keywords: Precipitation data, Astana city, R, HydroTSM, data analysis

AHAJIN3 JAHHBIX CYTOYHBIX OCAJIKOB I'OPOJA HYP-CYJITAH (ACTAHA)

Annomauusn: B oanHoll cmamve paccmampusaemcs euopomemeopoiozuieckoe cocmosnue eopooa Hyp-Cyn-
mat (Acmana). Coenan aHanu3z OaGHHbIX CYMOYHBIX UBMEPEHUL AMMOCHEPHBIX 0CAOKO8, BbINAGUIUX HA MeppU-
mopuu cmoauysl 8 nepuoo 1936-2015 2.2. [lpu 0bpabomke 0aHHbBIX UCNONL30BAHA KOMRBIOMEPHAS NPOSPAMMA
R ¢ omxpvimuim ucxoouwvim kooom. Ilonyuenuvie pezynvmamsi Oy0ynm noie3usl 0Jisk POEKMUpOSUUKO8 U HAYY-
HBIX COMPYOHUKOS. J{anuHble MHO2ONEeMHUX USMEPEHUTI NOTHOCBIO ONUCAHBL C NOMOWbIO PACYEMHO20 naKema

HydroTSM.

Knroueswle cnosa: oannvie 06 ocaokax, 2opod Acmana, npoepamma R, HydroTSM, ananus oannvix

Kipicne

AcTtaHa aTasraHHaH O0acTar Kajiajaa KapKblH-
Il KYPBUIBIC JKYMBICTApBIMEH Karap WH)KEHEp-
JIK JKeJIIep Jie JKOHAEYAEH OTill, ’KaHapThUIbII
KeJel.

Ocpl  makcarneH  «MHXeHepIiK-KeJiK
WHQPaKYpbUIBIMBIH ~ KaMTaMachl3 €Te  OTbI-
pBIT, ACTaHa KaJaChIHBIH JKMHAKbI KYPBUIBICHI
woHiHaeri 2019-2023 >xplngapra apHajlIFaH Ke-
menal xocmape» Kaszakcran PecnyOmukackt
Ykimerinig Ne 590 Kaynsicbimen Oekitinai. Ocbl
apajbIKTa TYPFBIHIApFa Camrajibl KOMMYHAJIBIK
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KbI3METTEp KepceTy MakcarblHaa 150 km aybi3
Cy KyObIpiapsl MeH 81 KM Kopi3 JKelnijepiH cairy
ke3nenred (Myxamerkanues, 2018).

Anaiiga, ocbhlHAaW mapaiapra  Kapa-
MacTaH, KaTThl )KaHOBIP JKayFaH Ke3Je enopaa
KeIIeJepiH ¢y 0achll Kaly araaiiapbl OpbIH
aneln Typansl. Macenen, 2018 xpuiabiH 20 Ta-
MBI3bIH/IA enopaaza OonFaH KaTThl HOeCEp cal-
JIapblHaH OipHEeINIe ayJaHIapAblH KOIIelIepiH Cy
0achlll, KaJlalblK KOMMYHAJIBIK KBI3MET Me-
KeMelepl TOTEHIIe kKaraaija *KYMBIC icTeyre
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MakOYp 60sab1. COHIIBIKTAH, )KaHa1aH CaJIblHA-
TBIH HOCEPJIIK KOpi3 JKeJiJiepi MEH Fumapar-
TapbIH x00anay OapbIChIHAA CyIbl Oypy >KoHE
Ta3apry MPOLECTePiH MYKHST TaIaIl, MOICIb-
ney kaxer. byn miapa Oonamiakra ke3lieceTiH
TEXHUKAJBIK aKayJiapibl KOIOFa OarbITTaJIFaH.

Enopna TypFBIHIApBl CaHBIHBIH KapKBIHIBI
TYpJZe ecyl aTajfaH *o0aHbl KeIIEeH 1 €Tyl Ta-
nan ereni. 1-cyperre actanamsbizga 2018 x. 20
TaMbI3bIHAA OOJIFaH HOCEP KaHOBIPBIH canaa-
pol kepcerinren (JKynmyxamerona, 2018).

. B B e,
T NN

g
[

1-cypem. Hyp-Cynman (Acmana) kewenepiniy Oipinoeei dcayvin-uauivi

1. Bacrankel maaimerTep. O yiiH Ka3ipri
TaHJa eJIOPIAMBI3IbIH THIPOMETEOPOIOTHSIIBIK
KarJaalbIHa Tayay *Kacalabl.

3eprrey keseHinne Hyp-Cynran (Actana)
KaJIaChIHBIH TEPPUTOPHSICHIHIAFBI METEOCTaH-
LUSAAa OJIICHIeH >KayblH-IIAIIBIH MeJIIepPiHiH
TOYJNIKTIK MOHJIEPI TaJAaH/bl. Y aKbIT apaJIbIFbIH-
Jarbl, nomipek anrtcak, 1936 x. 1 kaHTapblHAH
Oacram 2015 x. 31 xenToKcaHbIHA JEHIHT1 apa-
JBIKTBl KAMTUTBIH KYHJIENIKTI KaybIH-IIAIIbIH
MeJIepi aifHbIMalbl MOHJEpP PETiHJe KapacThl-
PBUIIBI.

KaybIH-mamslH  Mesiepi ¢y KaOaThIHBIH
KaJBIHABIFBIMEH (MUJUIMMETPMEH) aHbIKTala-
nbl. MocerneH, 1 MM jkaybIH-IIAIIBIH Meepi |
M? ayfaHFa TYCKeH | J1 )KaybIHIbl CHUIIATTaMIbI.
Erep ne aymanbt 100 M? GonarbiH eljii-MEKeHIC

1 cararta 5 MM jKaybIH-IIAIIBIH MOJILIEpPl >Kay-
ca, oHma aranraH aymanra 500 M® jkayblH jKay-
FaHbIH aHFapy KUBbIH eMmec. AiTa KeTeTiH jXai,
JKaybIH-IIAIIBIHHBIH €H KOl YJeci jKaHObIp MeH
Hecep TYpiHJe kayaabl ekeH. Kana repputopusi-
ChIHA JKayFaH TIJCI3 >Kay[bl OYpBIN AJbII KEeTy
KOpi3 JKyHeciHiH MiHAeTI OObIl TaObLIaabI
(IIneepos, 1953).

2. Ounaey aaicrepi. YakbITTBIK cepusiap-
JIBIH KOMITOHEHTTEpiH Taly pociMiepiHe KbICKa-
1A 110y YKacCaubIK.

CroxacTUKANBIK (KOPPEIALMSIIBIK) TpO-
L[ecC — 3epTTEJETIH yaKbIT KaTapblHa apHaJFaH
Ke3aeilcok MoHaepaiH agoMextimiri (Dobre,
2015).

Kesneiicok mpouecte 613 KeleciHi aHbIKTa-
MBI3!
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— opraia (GyHKIUSHBI

pe = E(Y), t=0,+1,+2,..

— aBTOKOBapuaIus (QyHKIHUICHIH

Yes = Cov(%,Ys) = E[(Y; — p1e)Ys —

— ABTOKOPppCIsIUA d)YHKHI/IFICBI
Cov(¥;, Y,)

(D

us)] = E(Y.Y) — e, t, s = 0, £1, 12, )
Yes _

s =0,+1,42,. (3)

prs = Corr(¥, ¥s) =

JVar(Y)Var(Y,) B JYeiVss

1-kecte. Hyp-Cyiran (AcTaHa) KaJachblHAAFbI alJIBIK KaybIH-IIAIIBIHBIHBIH 1936 KbLIABIH 1
KaHTapbiHaH 6actan 2015 kbu1abiH 31 KeJITOKCAHbIHA JIeifiH KbICKAIIA CTATHCTHKACHI

Munexe Mesrini JKaybIH-1amrsIH Bakpuay
Min. 1936-01-01 0,0000 MuHIMYyM
Ist Qu. 1956-01-03 0,0000 BipiHIi KBapTHIIb
Median 1976-01-02 0,0000 Menuana
Mean 1976-01-02 0,8185 MoHep iz opTaiackt
3rd Qu. 1996-01-01 0,4000 YuriHm KBapTHIb
Max. 2015-12-31 85,8000 Maxkcumym
IQR <NA> 0,4000 Ksaprunbapanslx aykbIM=3kB-1KkB
sd <NA> 2,6378 CraHIapTThl KaTeiK
cv <NA> 3,2226 Bapuanus koappunnenTi
Skewness <NA> 8,4077 Accumetpus
Kurtosis <NA> 131,3262 DKcuece
NA’s <NA> 13,0000 OmnmenbereH KyHaep
n <NA> 29216,0000 MoHep/IiH Kbl CaHbI
lupponorustHel  MOACNBIACY MaMaHIAphl IIIa aWIBIK MOHIH Tanjay yiiH, 1936 >KbUIIbIH

JTOCTYPIl Kypanmapasl MaijanaHa OTBIPBIN Je-
PEKTepAl JKOHE HOTIIKENEPIi alJbIH aja >KOHE
KEHiHT1 eH/Ieyre KON YaKbIT KYMCAHUTHIHBI Oell-
rimi. Bynm sxymeicta aBropimap «R» Oarmapia-
MachlH koHe OHbIH HydroTSM arter makeriH
OHJICIIMETECH THIPOJOTUSIIBIK JIEPEKTEepIiH Y-
TiIepiH 3epTTey JKOHE ajy YIIiH, OHBIH HOTH-
KETIepiH aliibIH aja eHJeY YUIIH Kypajl peTiHfe
nananasasl.

3. Tanmay HOTHKENEpiH TajuKeuiay. Acta-
Ha CTAHIMSCBHIHIAFBI JKAyBIH-IIAIIBIHHBIH OpTa-
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1 xanTapbiHan Oactan 2015 xpuiasig 31 xen-
TOKCaHBbIHA JCHIH KYHICNIKTI JIEpeKTepi ait
CallbIHFBl JIepeKTepre anHaAbIphIN, |-kecte-
JeTi HOTWXKenepl amyra Oomamsl (Zambrano-
bigiarini, 2017).

AcTtaHambI3garbl  ail  callbIHFBI  JKa-
YBIH-IIAIIBIHHBIH ~ CEPHUSCHIH CHIATTay YIIiH
opTYpIi TpaduKTep KAacaablK: YaKBITTBIK Kec-
TenepAiH TpaduKTepi, Kopam JuarpaMmaiapbl
JKoHe ructorpammanap. Onap 2-cyperre OeiiHe-
JICHTEH.
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Daily time series at Nur-Sultan (Astana)

Daily Boxplot at Nur-Sultan (Astana)
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3-cypem. Aiinvix srcayvin-uiawvinioly 1936-2015 srceinoap apanvievindagbl MoHOEpPI

XKorappinarsl 2-m11 xoHe 3-II1 CyperTeri
allJIBIK Koparmaiap >KayblH-IIAIIBIHHBIH May-
CBIMJIBIK OOJIHYIH cumnarTaiiipl. XKentokcan MeH
nriyige aiinapblHIa TEHICHIUSHBIH OCYIH KOHE
urisiae aiibiHad Oactan TeMeHaeyiH Oalikayra 0o-
JaJbI.

Kyprak Hemece purFanabl aillapbl aHBIKTAy
yIIiH 013 op JKBUIABIH aliblHA apHAJIFaH MOHICP/II
oenrinenik. HotwkenepiH wMarpuia TypiHae
4-cyperTe KenTipiK.

Monthly Precipitation at Nur-Sultan (Asfana) city, [mmimonth]
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4-cypem. 1936-2015 scvinoap apacviHOagvl aliiblK HCAYbIH-UUAUBIH MOIUEPIHIY epaduei

45



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Ne4 (51), 2019

2-kecre. ZKaybIH-IIAIIBIHABI MAYCHIMABIK TAJIAYIBIH HITHKEJIePi

MayceiMaap JKaybIH-1IAIIBIHHBIH
MayCBIMJIBIK OpTaIa
MOHJIEpi
DJF (OKenroxcan-Kanrap-Axmnan) 433
MAM (Hayps13-Cayip-Mawmsbip) 65,9
JJA (Mayceiv-11linme-Tambr3) 121,8
SON (Kpipkyitek-Kazan-Kaparua) 67,7

HydroTSM makeTi KyHACTIKTI, aMbIK,
KBUIIBIK JKOHE MayChIMJIBIK JCPEKTEep apachiH-
JIarbl TYPICHIIPYJIEP/l )Ky3ere achlpaTblH KOITe-
reH QyHKIUIapabpl KaMTHIBL.

MaychIMIBIK JIepeKTepre KeleTiH OoJicak,
013 2-KecTemeri jKoHE S-CypeTTeri MoOHIep.i
AHBIKTABIK:
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S-cypem. JKayvin-wawwinnoiy 1936-2015 sceinoap apacvinoazol MaycblmMOblK MOHOEDI

XKorapbima kepcerimreH 1, 2 kecremepni
koHe 2, 3, 4, 5 cyperTep/i TaaKbuiail OTBIPHII,
JKaybIH-1IAIIBIHHBIH all CalbIHFbl TapPAJIybIH Ke-
Jeciieil KOpBITaMbl3: KBICKBI KE3€HIE MKENTOK-
caH-aKIaH aiyapbiHaa TipkenreH 43,3 MM op-

Tala >KaybIH-IIAMIBIHHBIH eH a3 0 MM Medepi
1936 xbUTIBIH KaHTapbIH/A, aJl )Ka34aFbl opTalia
MayChIMBIK >KaybIH-IIambH 121,8 MM, OHBIH
MakcUMyMbl 2015 KbUIIBIH >KEITOKCAHBIHIA
85,8 MM OaliKayFaH.
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VIIK 546.766
MPHTH 61.39.99

UCCJIEJOBAHUE TEPMOJUHAMUYECKHAX OCOBEHHOCTEN NEPEPABOTKH
XPOMCOIEPKAIIUX IJTAMOB

B.A. KU/IEIIUKOB, C.T. TJTIEYOBA, A.C. TIIEYOB,
K.K. JXKAHMVYJIJAEBA, T.A. KA/IBIHIIEBA

IOoicno-Kazaxecmanckuii eocyoapemeernnulil ynusepcumem um. M. Ayszosa

Annomanusa: I anveanownamvi, 00pasyowuecss npu O4UCmKe CMOYHbIX 600 2ANbEAHUYECKUX NPOUIBOOCTE,
ABNAIOMCS NPOMBIUUILEHHBIE 0MXO00bl, KOMOPble AGIAIOMCA OCHOBHLIMU UCTIOYHUKAMU NOCTYHICHUS. AdICe-
JILIX Memannos 6 oxkpyscaiowyro cpedy. Cocmas 2anb8anouIAMO8 He NOCOSAHEH U 3d6UCU OM COCMAsa
ouuaemMulx cmouHbIx 600. OQ0beKmom UCCIe008aAHUA AGUNUCL WIAMbL 2ANbEAHUYECKO20 NPOU3B00CHEA
JIII]-3 «ApceropMumman Temupmayy. Pesynomamsi penmeeHozpaguuecko20 auaiusa eaib8aHUYECKO20
WIama xXapakmepusylomesi npeooia0anuemM OCHOGHbIX (as cOOUHEHUN XPOMA C JiCene30M U NPUMECHbIX
KOMNOHENMO8, 8 HaACMHOCMU, YUHKA C CYTbdamubim cocmasasiowum. O0uas Munepanocuieckdas Cmpykmypa
XPOMCOOepAIcauux 2a1b6aAHUYECKUX WAAMO8 XAPAKMepu3yemcs npeodiadanuem memMHoOU Maccooopastou
CMPYKMYpbl MUHEPAN08 XpomMuma, xpomnuxkomuma. Habmooaiomes cmpykmypol MuHepanog yunkosuma,
a makoice GKIOUEHUs XpomMnuxa. Pe3ynomamsl mepmoouHamudecko20 Mooeauposanus padodell cucmembl
noKasau, 4mo € HusKomemnepamypHou ooracmu nadmooaemcs maxcumanvhoe oopasoeanue NiCl,
00 99,5% npu T=500K. Ilo mepe nosviuenuss memnepamypol ¢ 1000 oo 1500K nadrooaemcs 3amemmnoe
nepepacnpeoenenue KUCI0pooda u Xa0pa, KOmopoe Xapaxkmepusyemcs Maxcumymom oopasosanus NiO —78,3%
u HCl -76,3% npu T=1200K u p = 0,01 Mlla. Ananrusz pagnosecrnoz2o pacnpeoeienus Xpoma npu OaeneHusIx
p =0,01u 0,101 Mlla xapakmepu3zyemcs He3HAUUMENbHbIMU USMEHEHUAMU N0 CIeNeHU XI0PUPOBAHUs C 00-
pasosanuem CrOClZ, CrClZ, CrCl3.

Knwouesvie cnosa: xpomcodepoicawyuil winam, mepMOOUHAMUKA, PACTHPOBLI INEKMPOHHBIN MUKPOCKON,
XpOMUm, 2aNb6AHOUIAM, PEHM2SEHOSPAMMA

RESEARCH OF PHYSICAL AND CHEMICAL CHARACTERISTICS OF
CHROMIUM-CONTAINING SLUDGE

Abstract: Galvanic sludge generated during wastewater treatment of electroplating industry, are industrial
waste, which are the main sources of heavy metals in the environment. The composition of galvanic sludge is
not constant and depends on the composition of the treated wastewater. The object of the study was slimes of
galvanic production of LPC-3 “ArcelorMittal Temirtau”. The results of X-ray analysis of galvanic sludge are
characterized by the predominance of the main phases of chromium compounds with iron and impurity com-
ponents, in particular zinc with a sulfate component. The overall mineralogical structure of chrome-containing
galvanic slimes is characterized by the predominance of a dark mass-like structure of chromite and chrompi-
cotite minerals. Observed minerals zinc structure, as well as the inclusion of chromic. The results of thermody-
namic modeling of the working system showed that in the low-temperature region, the maximum formation of
NiCl, is up t0 99.5% at T = 500K. As the temperature rises from 1000 to 1500 K, a noticeable redistribution of
oxygen and chlorine is observed, which is characterized by the formation maximum of NiO —78.3% and HCI
—76.3% at T = 1200 K and p = 0.01 MPa. Analysis of the equilibrium distribution of chromium at pressures
of p = 0.01 and 0.101 MPa is characterized by insignificant changes in the degree of chlorination with the
formation of CrOClZ, CrClZ, CrClj.

Keywords: chromium-containing sludge, thermodynamics, raster electron microscope, chromite, galvanosuc-
cide, radiograph
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XPOMKYPAM/IBI IIJTAMJIAPIBI KAMTA OHJAEYIITH TEPMOAUHAMUKAJIBIK
EPEKIIEJIKTEPIH 3EPTTEY

Anoamna: DnekmponiacmurHanvly, OHEepKICIOIHIY CapKbIHObL CYObl Ma3apmy Ke3iHoe natoa 60LamvlH 21eK-
mponuzoey, KOpulazan opmaea aybip Memanoaposly Hezizei ko30epi — 6HOIPICMIK KaniovblKkmap 601vin maobwl-
naovl. 1 anb8aHUKANbIK WIAMHBIY KYpAMbl MYPAKMbl eMec JHCaHe ma3apmulizal CapKblHObl CYAapobll KYpa-
mouina batinanvicmol. 3epmmey — nvicanvl «ApcenopMumman Temipmayy KIIC-nviy I'TIK-3 canveanuxanvi
OHOIpICiHIK wnamoapwl. I anb8aHUKANIK WUOLIHOINEPOIH PeHMEeHOIK AHATU3IHIK Homudicerepi XPOMObIK memip
KOCBLILICIAPbL MeH KOCNAIap KOMROHEHMMEPIHIY He2izel (hazanapuinbly, aman aumganod, cyibpam Kom-
HOHeHmI 6ap Mblpblmbvly OACLIM OOTYbIMEH AHLIKMALAObL. XPOM KYPAMBIHOAZbL 2Alb8AHUKANBIK ULIAMOAD-
ObIH AHCATNBL MUHEPATIOSUSLIBIK KYPHLIBIMbL XPOMUN NeH XPOMUKOMUN MUHEPALOAPbIHbIY KAPAHEbL JCAnnail
KYPbUIbIMbL OACHIMObIKNEH CUNAMMANaobl. Muipbluimolyy MUHepaiobl KYpPbllbiMbl OAUKALbLIN, XPOMObL KOCY.
JKymbic srcyiiecinoezi mepmoOuHamMuKaivlk mooenboey Hamudicenepi momen memnepaniypanvt aumagma NiCl,
maxcumanovl mysinyi T = 500K kezinoe 99,5% -ea Oeiiin scememindiein kopcemmi. Temnepamypa 1000-nan
1500 K-ée Oetiin komepineende, ommezi MeH Xa10pObly aUmapivikmai xauma 601inyi 6aukaniadvl, 01 Makcu-
mym NiO -78,3% owcone HCL -76,3% T = 1200 K srcane p = 0,01 Mlla xeszinde cunammanaowt. P = 0.01 scone
0.101 MIla gvicoimvinoagel xpomiwiy mene-menoix mapanyvin manoay CrOCL, CrCl, CrCl, mysyimen xaop-
J1ay 0apescecinoe wamansl e32epicmepmer auKkblHOANaobl.

Tyitinoi co30ep: Xpomovl winam, mepmMoOUHAMUKA, PACMPIbIK INEKMPOHObL MUKPOCKON, XPOMUM, 2a1b8AHO-

CYKUUH, pEHMeH

[IpoGnemMbl TEXHOTEHHOTO 3arpsS3HEHUS
OKpY Karoueil MpUPOAHON Cpefbl C KaXKIbIM TO-
oM Bce 0oJiee 000CTPSIFOTCS M HAUUHAIOT MPUO0-
peTath rodanbHbIi MaciuTab. [ maBHOI 3a1aueit
B TOM IUTAaHE OCTAeTCsS BHEJIPEHHE MaOOTXO/I-
HBIX HKOJIOTHYECKH 0e30IacCHBIX TEXHOJOTHUH, a
Takke pa3paboTKa MPOIECCOB YTUIH3ALUU MTPO-
MBIIIJICHHBIX OTXOJ0B, CHIKAIOLIUX aHTPOIIO-
TeHHYIO Harpy3Ky Ha 6uocdepy u odecrneynBaro-
HIMX pallMOHAIBHOE UCIIONIb30BaHUE TPUPOIHBIX
pecypcoB [1]. 'anpBaHOILIaMBI, 00pa3yroIIKe-
Csl MIPU OYUCTKE CTOYHBIX BOJ TajbBaHUYECKUX
MIPOU3BO/JICTB, SIBJISIOTCS MPOMBILIUICHHBIMU OT-
XoJlaMu 2-3 KJIacCOB OMACHOCTU M OCHOBHBIMU
MCTOYHUKAMHU TOCTYIUICHUS TSIKENIBIX METAIIJIOB
B OKPY’KaIOIYIO0 CPEAy B CBSI3U C OTCYTCTBHEM
B OOJIBITMHCTBE PETMOHOB MOJIUTOHOB JJIs 3aX0-
POHEHHUS, COOTBETCTBYIOIUX. [ albBaHOILIAMBI
MPEJICTABISAIOT COOOW CYCHEH3UI0 WM MAacTy
TUAPOKCUIIOB PA3IUYHBIX TSDKEIBIX METAJIOB
(HuKensi, XpoMa, IIMHKa, MM, Keie3a u Jp.),
KOTOpbIE OKa3bIBAIOT BPEIHOE BO3/CICTBUE Ha
OpraHu3M 4eloBeKa 1 OKpyskaromryto cpeny. Coc-
TaB TaJbBaHOIUIAMOB HE TIOCTOSHEH U 3a-
BUCUT OT COCTaBa OYHIIAEMBIX CTOYHBIX
BoA. OOBEKTOM  HCCIEIOBAHHS  SIBUIHCH
IIJIaMBbI raJIbBAHUYECKOTO MIPOU3BOJICTBA
JIIIL-3  «ApcenopMurran Temupray». Bce
U3BECTHBIE METOJbI MEepepadOTKH TalbBaHO-
[IJIAMOB, OCOOCHHO BHEJPEHHbIE B IPOU3-

BOJICTBO, OTHOCSTCSI K TepepaboTKe OOeaHEH-
HBIX 11aMoB. Oco0yto pobiieMy MpeacTaBiIseT
nepepaboTKa TajbBaHOILIAMOB CJIOKHOTO CO-
ctaBa. B 3Toil cBA3M aBTOpamMm ObLIa TPEIIIO-
JK€Ha KOMILIEKCHAs TEXHOJOTHs IepepaboTKu
XpoMmcoepKalux IIJIaMOB CJIOXKHOIO COCTaBa,
cojepKaluux LHUHK, XpOM U JPyrue MEeTaJlIbl
[2,3].

TexHonmorus BKJIIOYAET MPUTOTOBICHUE U
00XUT CHIPLEBON CMECH Ha OCHOBE XPOMCOJIEp-
JKaIero nuiama ¢ J00aBKOW XJIOpUJa KaJIbIIHS
JUIsl 00€CTICUCHHSI BBIXOJIa XJIOPUIOB METAILIOB.
Jns peanuzanuu npejiaracMod  TEXHOJIOTHU
BBITIOJIHEHBI  (PU3UKO-XMMHYECKHE HCCIIEeI0BA-
HUSI XPOMCOJIEpKAIIMX ILJJAMOB Ha PacTpOBOM
ANeKTpOHHOM MuKpockorne (dupmbl JEOL JSM
— 6490 LV) u na [Ipon-3.

Ha pucynke 1 mnpexacraBieHa peHTIEHO-
rpaMMma rajibBaHu4eckoro nuiama. OHa Xapak-
Tepusyercs mpeobiajaHueM OCHOBHBIX (a3
COCIMHEHHUI XpOMa C JKEJI€30M U MPUMECHBIX
KOMITOHEHTOB, B YaCTHOCTH, I[MHKA C CyJb(art-
HBIM COCTaBJIAIOIIMM. AHaJIU3 PEHTIEHOIPaMMBbl
MoKasai, 4yTo 0osiee HHTCHCUBHBIC TUPPAKIIHOH-
HbIE MAKCUMYMBI XapaKTepHbI AJis (a3 IUTHKO3H-
Tacd=2.45;2,65; 3544 A°. MeHnee UHTEHCHUB-
HBIE MUKW XapaKTepHbI (aze XPOMITMKOTHTA C d
=1,46; 2,499; 2,93 A°, HaOIrOIar0TCS TAKXKE Me-
Hee UHTEHCUBHBIE TU(PAKIIMOHHBIE MAKCUMYMBbI
xpoMma ¢ d = 1,46; 1,908; 2,052 A°.
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Puc. 1 - PeHmzeHoepaMMa xpcmcodepofcau;eeo 2alb6AHUYECKO20 uaama

OOmiast  MHMHEpaJoruyeckass  CTpPYKTypa
XPOMCOJIEpKAIINX ~TaJlbBaHUYECKHX IIUIAMOB
XapakTepusyeTcst npeolnaganueM TEMHON Mac-
co00pa3HOM CTPYKTYyphl MUHEpAJIOB XPOMUTA,

Cnewktp 1

XxpoMmnukoTuTa. HabmonaroTtes cBetible, Hempa-
BWJIbHOM OCKOJIOUHOM CTPYKTYpbhl MHHEPAJIbI
IIUHKO3UTA, & TAKKE MEJKHE OCKOJIOYHBIE TEM-
HBIC BKJIFOUEHHS XpOMITHKa (puc.2).

BneKTpoHHOE M3DBpakKeHME 1

MonHaa weana 4776 wean. Kypoop: 0.000

DeMeHT Becogoii % ArtomHbIIT%
) 30.12 58.09
Si 0.21 0.23
Ca 5.30 4.08
Cr 35.19 20.88
Fe 5.75 3.18
Ni 4.81 2.53
Cu 0.61 0.30
Zn 13.44 6.34
S 4.26 4.10

Puc. 2 — Muxpocmpykmypa u noiemenmHuiii CoOCmas Xpomcooepaircauie2o 2aib8anouIama

N3BecTHO, YTO XJIOPUPOBAHUE LIBETHBIX ME-
TaJUIOB TIOJTHEE MPOTEKAET B MPUCYTCTBUU T'a30-
obOpa3zHoro xyopa, oOpa3zoBaHHUE KOTOPOTO TPHU
HCIIOJIB30BAHUHN XJIOpHUAAa KaJIbOWsA BO3MOXHO.
B aTOM CcBS3M M onpenesieHnus TEPMOANHAMMU-
qeCcKou BCPOATHOCTHU XJIOPHUPOBAHUA T'aJIbBAHU-
YECKUX HUKEIb-, XPOMCOJCPKAIIUX OTXOHOB C
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MTOMOIIBIO TPOTPAMMHOTO KOMILIEKCa «ACTpa-4»
MCCJIEIOBAHBI CJIEIYIOIINE CUCTEMBI:

NiO — 2HC1 (1)

Cr,0, - SHCI 2)

PaBHOBecHOE pacripesenieHrne >JIE€MEHTOB U

COCIMHEHUN M COCTaB Ta30BOH (a3l M3ydasw

npu naenenusx p = 0,01 u 0,101 MIla B Tem-



XUMHUKO-TEXHOJOTHYECKHE HAYKH U OKOJIOI'UA

neparypHoir obmactu 500-1500K. Pesynbrars
TEPMOJIMHAMUYECKOTO MOJIETMPOBAHUS CUCTEMBbI
NiO— 2HCl B uccaenyeMbIxX yCIOBHSIX Xapak-
TEpPU3YIOTCS 00pa30BaHUEM CIIEAYIOIIUX COe-
munenui: NiO, NiO(x), NiCl,, NiCl(x), NiCl,
H,0, HCI, H,, C1,, CI, O,, OH, H, NiOH, HOCI,
NiO,H,,
Haxoautcs B mpenpenax 0,2-0,6-1073-1073,

Ananus
Hukens npu aasiaeHuax p = 0,01 u 0,101 MIla

HE UMEET CYIIECTBEHHBIX U3MEHEHUH (PUCYHOK
3).

3HaA4YUTCJIIbHAasA 4aCTb 3THX,CO€HHHGHHﬁ

PaBHOBECHOI'0O pacupCaciCcHus

(=)
[==-]

1IN\

NiCla(k)

= = =
1 L L

o
L

CteneHb pacnpepeneHna Ni, %

PaBHOBecHOE pacmpeneneHue KUCIOpoAa
B TOMW XK€ BBICOKOTEeMIIEpaTypHoil obmactu 100-
1500K xapakrepusyercs 3aMETHBIM Ilepepacipe-
nenenueM Mexay H O n NiO, 4yTo B CBOIO OYe-
penb BIuseT Ha MakcuMyM obpaszoBanus HCI .

Cocrag razosoit ¢a3zsl cuctems NiO — 2HCI
nipu aasienusx p=0,01 u 0,101 MIla xapaxrepu-
3yercst obpazosanuem napos H,O mo 99-98,0%
npu T=500-600K. B ob6nactu 1000-1100K Ha-
omomaeTcss MakcumyM oOpaszoBanust HCl —80-
81,0%. CreneHp XJIOpUPOBAHUS OKCUAA HHUKEIS
xapakrepusyercst oOpasosanuem NiCl, mo 25-
26,3% npu T=1500K.

500 ©00 TFOO 800 S00 1000 1100 1200 1300 1400 1500
Temnepatypa

P=0,01 Mlla

g

Ei\CIZ{H}

=] =] =]
) ) )

Crenenb pacnpegeneHna Ni, %
S

“SNicl,

T T i
500 800 TOO E00

T T T T T T 1
900 1000 1100 1200 1300 1400 1500

Temnepartypa

P=0,101 MIla

Puc. 3 — Pasnosgecroe pacnpedenenue 6 cucmeme NiO-2HCI
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PaBHOBecHOE pacmpeneneHue HUKENs Mpu
BCEX JABJICHUSIX XapaKTepU3yeTcsi MaKCUMallb-
ubM niepexonom Ni — NiCl (), naunnas ot 500
no 1000K. Ilpu moBbIIEHHH TeMIEpaTypbl OT
1100-1500K cremenp xjopupoBaHHs C 00pa3o-
BanueM NiCl, nocturaer 98-99%.

CreneHb pacnpeesieHus XJopa B BBICOKO-
temmneparypHoit obmactu 1100-1500K mpu p =
0,01 xapakrepusyeTcsi MaKCUMaJbHBIM 00pa3o-
BaHUEM aroMapHoro 10 2,6%, 4To cnocoOCTBy-
et obpazoBanuto NiCl no 1,5% mpu T=1500K.
Bemme 1000K maOimromaercs MakcuMalibHast CTE-
MIEHb XJIOPUPOBAHUS OKCHJIa HUKEs ¢ 00pa3oBa-
nuem NiCl, o 43-45,3% npu T=1500K.

100 7 e N —
HCl

=

24
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500 @800 TFO0O &00 3500 100D 1100 1200 1300 1400 1500
P=0,01 MIIa Temnepatypa
100 -
~ —
HCl

H.O

1\ /

a
CreneHb pacnpeflenedna H_, %

H

500 €00 T0D 800

P=0,101 MIIa

900 1000 1100 1200 1300 1400 1500
TemnepaTtypa

AHanu3 TepMOIUHAMHYECKOTO MOAEIUPO-
BaHUSl XJIOPUPOBAHUS OKCHJA XpOMa XJIOPHIIOM
BOZIOpO/Ia B CUCTEME Cr203 — 6HCI Hocut anaino-
THUYHBIN XapakTep Npeablayleil cucremMe.

AHann3 paBHOBECHOTO paclpeieseHHs Xpo-
Ma nipu gasieHusx p = 0,01 u 0,101 MIIa xa-
paKTepusyeTcsi HEe3HAYUTENbHBIMU H3MEHEHUs-
MU TI0 CTENEHH XJIOPUPOBaHHS ¢ 00pa3oBaHUEM
CrOCl,, CrCl,, CrCL,.

CreneHb XJIOpUPOBAHUS OKCHJIA XPOMA B BbI-
COKOTEeMIIepaTypHON OO0JIaCTH XapaKTepu3yeTcs
obpasosanuem CrCl, o 3,0-4,6% npu T=1500K.
PaBHOBecHOE pacmpeneneHre BOAOpOJA IPH
T=500K xapakrepusyercs oOpa3oBaHHEM apPOB
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Puc. 4 — Pasnosecnoe pacnpeodenenue 6 cucmeme Cr,0, + 6HCI

52



XUMHUKO-TEXHOJOTHYECKHE HAYKH U OKOJIOI'UA

H,O no 21,4%, a npu T=1500K o6pasoBanuem
H, no 2,8-3,0%.

Cocras rasosoii dasel cucrembl Cr,0, —
6HCI xapakrepusyercss Hanmumuuem HCI mo 92-
96%, H,0 — 12-2,0% u CrCl no 2,8-3,0%, uto B
[EJIOM CBUJETEIBCTBYET O HU3KOM CTENEHHU XJIO-
puposanus Cr,0, HCIl Bo Bcell uccnemyemoi
o0nactu TemrepaTyp U JaBJICHUN.

CreneHb XJIOPUPOBAaHUS XpOMa XapakTe-
pusyercs o0Opa30oBaHHEM KOHICHCHUPOBAHHOTO
CrCl3 Ha 99,6% 10 900K nipu naBnenusax p =0,01
u 0,101 MIla. Beire 1000 o 1500K xapakrepu-
syetcs oopasosanueM CrCl, na 99-98,9%.

BriBox

PesynbraThl (pU3HMKO-XUMHYECKUX HCCIIC-
JIOBAaHUM XPOMCOJEpIKAIIKMX IIJIaMOB ITOKa3a-
au Hajauuue a3 COCAMHEHUN XpoMma C Keje-
30M U IPUMECHBIX KOMIIOHEHTOB, B YaCTHOCTH

IIUHKA C CyJIb(aTHBIM COCTaBISIOMKUM. B TOM
YHCJIe aHaJIu3 PEHTTeHOTPaMMBbI MOKa3ai, 4TO
0oJiee MHTCHCHUBHBIC AU(PPAKIIMOHHBIE MAKCH-
MYMBI XapaKTepHBbI 115 (pa3 MMHKO3UTa. MeHee
WHTCHCHBHBIC NMHUKH XapakKTepHbI (a3 XpoM-
NUKOTUTA. MHUHepajsorudyecKas CTPYKTypa
XpOMCOZEPKAIUX TaJTbBAaHUUYECKUX MIJIAMOB
XapaKTepU3yeTcsl CTPYKTYPOi MUHEPAJIOB XPO-
MHTa W XpommnukoTuta. HalmogaroTcs cBet-
Jble, HEMPaBUIBHON OCKOJIOYHOW CTPYKTYPHI
MHHEpaJIbl IMHKO3HUTA.

Pe3ynbrarsl TepMOIMHAMUYECKOTO MOJIEITH-
posanus cucrem NiO — 2HCI, Cr,0, — SHCI B
temneparypuom unrepnaie 500-1500K u naie-
Huax 0.01 u 0.101 MIla noka3any BO3MOXHOCTh
crenenn xyjopupoBanust Ni g0 45,3% u Cr no
4,6%. Ilpuuém ymeHblleHHE JaBieHHs Onaro-
MPHUATCTBYET YBEIWYCHUIO CTEIICHH XJIOPUPOBa-
HUSL.
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90K 544.77
MPHTH 31.15.33

BUCMYT CEJIEHUAI EKT OJIIHEM/I ATOM/1bl KPUCTAJIBIHBIH
HAHOKYPBIVIBIMBIH MEHI'EPMEJII OCIPY

M. ECJKAHYJIBI!, B. BEKTYPFAHKBI3BI', JI.X. KAMBICBAEB?, B.A. CEPIKFAEB?,
9.K. KOKAHBAEB?, JI.K. KY/IPEEBA®

[ne neoazoeuxanvix ynusepcumemi, Kyaxca, KXP
Zan-@apabu ameinoazel Kazax ¥immuix ynueepcumeni

Anoamna: Makanaoa eucmym ceneHudin 0aapaayoviy 6ipa3 3amanayu 20icmepin nauoaiay ApKblivl OHbIY
HAHOCHI3bIKMNbL, HAHONCONAKMbL KYPbLILLMOAPbIH OCipy 20icmepine 20eOuemmik wojy Hcacaiobl.

JKozapul cananel eucmym cenenudiniy (Bi,Se,) exi onwemoi kpucmanvii ocipyoiy scana 20ici YCbIHbIObL.
«las-gammuly ¢haza ocipy mexanusmine catikec MbiC MOPbIH CI00a bemine Kanmay 20ici OOUbIHULA BUCMYM
ceneHUdiniy exi oauemol amomovl KPUCHALbIHbIY HAHOKYPLIILIMOApbl (Y3bIHObIEbl 8 UM, KalblHObIZbl 5 HM
oonamein) 490° memnepamypaoa, yaxvimer 40 mun, 2az agy swcelioamowvievl 30 cm’/c + 80cm’/c-ke Oetiin
632epminin OMbIpAMbIH HCA0A0a MeHeepmeni 6Cipinoi.

Anvinean yneinep amomowvlk Kywmix muxpockon (Bruker Atomic Force Microscope (AFM), AKIL),
ckanepreywi anekmponovl muxpockon (SEM, Hitachi S-4800, Kanonus), Paman cnexmpomempi (HORIBA
LabRAM HR800, AKLL), UV-VIS scone cayne mycipy anexmponowvt mukpocxkon (TEM) cuaxmur 3amanayu
KOHOBIPRLLIAPOA ANIbIHEAH MAiMemmep He2i3iH0e CUnammaiob.

Hanokypulisimoapoviy srcacany canacvina, 6cy opmacsiia dcane KaabiHObI2bIHA MeMNepamypa MeH 2a3 azy
AHCHIIOAMOBIZBIHBIY 2ceprepi 3epmmenoi. AnvliHearn exi onuemoi amomovblK Kpucmanoap iuinde mop opmaist
yaeiniy coyie emimoiniei backanapoau sHco2apuvl ekeHoiel aHbIKMAI0b.

Tyitinoi ce30ep: sucmym ceneHudi, MeHeepmeni ocipy, ciood, amomoblk KpUCmail, gaza

MANAGED SYNTHESIS OF A NANOSTRUCTURED TWO-DIMENSIONAL ATOMIC
CRYSTAL OF BISMUTH SELENID

Abstract: The paper analyzes the literature of modern methods for producing nanosuspensions and the
orderly growth of nanofilms. A new method for the controlled synthesis of a high-quality nanostructured two-
dimensional atomic crystal of bismuth selenide is discussed.

Using the “gas-solid” growth mechanism, the influence of such factors as temperature, gas supply rate on the
controlled growth of a nanostructured two-dimensional atomic crystal of bismuth selenide 8 um in length and
5 nm thick on mica having a lattice similar to copper taken as a matrix was investigated.

1t is shown that the optimal conditions for conducting controlled synthesis of high-quality bismuth selenide are
490°, time 40 minutes, gas flow rate within 30 cm’/s - 80 cm’/s.

The structural characteristics of the obtained samples of bismuth selenide were studied by modern methods
of atomic force microscopy (Bruker Atomic Force Microscope, AFM, USA), scanning electron microscopy
(SEM, Hitachi S-4800, Japan), optical microscopy (Olimpus, DX-51, Japan), Raman spectroscopy (HORIBA
LabRAM HR 800, USA), UV-VIS, transmission electron microscopy (TEM).

The forms and properties of the synthesized samples of nanostructured atomic crystals of bismuth selenide are
established.

Keywords: sismuth selenide, controlled synthesis, mica, atomic crystal, phase
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YHPABJIAEMbBIA CUHTE3 HAHOCTPYKTYPHOI'O IBYXMEPHOT'O ATOMHOTI'O
KPUCTAJIUIA CEJIEHUJA BUCMYTA

Annomauus: B pabome nposeden ananus 1umepanmypvl cOBPEMEHHbIX MEMOO08 NOYUEHUSL HAHOCYCHEH3UIL U
YROPAOOYEHHO20 pocma Hanonienok. Q0CyHcOeH HO8bil CNOCOO YNPABIIAEMO20 CUNINE3A BbICOKOKAUECTNEEHHO20
HAHOCTPYKIMYPHO2O O8YXMEPHO20 AMOMHO20 KPUCMANLA CELeHUOAd BUCMYMA.

C ucnonvsosanuem Mexamusma pocma «2a3-meepooey UCCIe008aHO GUAHUE MAKUX QaKmopos Kax
memnepamypa, cKOpoCcmsv no0auu 2aza HA YHPAasisemoe Gblpausanie HAHOCMPYKMYPHO20 O8YXMEPHO20
AMOMHO20 KPUCTALILA CeNeHUOa 8UCMYMA ONUHOU 8 MKpM U MOTWUHOU 5 HM HA clrode, umeroujell peuemxy),
NOO0OHYI0 MEOHOU, 83AMOU 8 Kauecnmee Mampuyb.

Tloxasano, umo ONMUMANLHLIMU YCIOBUAMU NPOBEOCHUs YRPABIAEMO20 CUHME3d 6blCOKOKAUECMBEHHO20
cenenuoa sucmyma sieusiomest memnepamypa —490°C, epems — 40 murym, ckopocmes nodauu 2a3a — 6 npedenax
30 em’/c + 80 em’/e.

CmpykmypHvle Xapaxmepucmuky Noay4eHHbIX 00pa3y08 CeleHuod GUCMYMA UCCIe008AHbl COBPEMEHHBIMU
Memooamu KaK amomHo-cunosas muxpockonus (Bruker Atomic Force Microscope, AFM, CIIIA), ckanupyrowas
anekmponnas muxpocxkonusi (SEM, Hitachi S-4800, Anonus), onmuueckas muxpockonus (Olimpus, DX-
51, Anonus), Pamarn-cnexmpocxonuss (HORIBA LabRAM HR 800, CLA), UV-VIS, npoceeuusarowas
anekmpoHuas muxpockonusi (TEM).

Yemanoenenvl ghopmul u ceoticmea cunmesupogaHnvix 00paA3y08 HAHOCMPYKMYPHBIX AMOMHBIX KPUCALILO08

cenenuoda sucmyma.

Knrwouesvie cnoea: cenenuod gucmyma, KOHMpOIUPyemvlil CUHmME3, cio0d, AMOMHbLIL KpUcmail, ¢asa

Kipicne

Bucmyr cenenuni (BiSe,) exi enmemai
aTOMJIbl KpUCTAJIbl HAaHOMaTepHaigap KaTapbl-
Ha ’KaTajJibl, COHJBIKTaH OHBIH OETTIK 3 (DEKT,
ki emmem i dddext, kBaHT emmeM i dPdExT,
MaKpOKBAHTTHI TOHHENBI1 YPPEKT CUIKTHI epeK-
e KacueTTepi OOMyBIMEH KaTap, JKbLTY, KapbIK,
JIBIOBIC, COyIIe, MATHUTTLTIK KACHETKe e O0JFaH-
JIBIKTaH, Ka3ipri TaHaa FalbIMIap OFaH €peKIe
KBI3BIFYIIBUIBIK TaHBITHII OTHIp. bomnamrakra
Bi,Se, anektponuka, uHpOpMaIKs, SHEPreTHKA,
KaHa Marepuanjiap, Karajiu3, OHOIOTHs KoHe
MeIMIIMHA cajachlHAa KeH KeJeM/e KOJIIaHbLTy
KeJIeIIeT1 30p HaHOMaTepHuall PEeTiHAe KapacThl-
peutyna. FameiMmap BUCMYT CeleHUAIH JaibIH-
Jlay 9M1iC1 TypaJibl KOIITETEH 3e€PTTEYIEP KYPTi3l.
Mpicanbl, MOJIEKYIANbIK HIOFBIP 3MUTAKCHSIIBIK
(MBE) texnonorus omici [1], MuUkpomexaHuka-
JBIK aXbIpaTy ofici [2-3] cuskreuiap. by omic-
TEepAl KOJNJIaHy apKbUIbl, aTOM JIOpPEXKECIHJEr1
JKOFapbl carabl, opi OipKeski OOJaThIH BUCMYT
CeNICHUIHIH KaOBIPIIBIFBIH JKacaraH. ATaj-
FaH OJicTep KapamaibIM, opi KOJJAaHyFa
BIHFAMIIBI JKacajfaH BUCMYT CEJIEHUl KOFaphbl
camanbl Oosica JAa, kacaiy IIapT-Kargabl eTe
KOFapbl BaKyyMIBIK OpPTaHBI KaKeT eTell, opi
KOJIJTAaHBLIATHIH KOHIBIPFBIHBIH OaFrachl ©6T€ KbIM-

Oar. MexaHHMKaNbIK axbIpary OapbIChl ©T€ peT-
ci3 OOJFaHIIBIKTAH, aXKBIPATHIN AJBIHFAH JKYKa
JKambIpaKIIaHblH KabaT caHbiH, (OpPMAaCHIH, OJI-
eMiH, OaFbITBIH XOHE OHIMIIITIH MEHrepyre
pIHFalichI3. Qihua Xiong cyiibiK ¢azama cUHTE3-
Jiey 9Micl apKbUIbl KaJBIHIBIFBI 4 HM OONaThiH
BUCMYT CEJICHH]II HAaHOXKAITBIPAKIIACKIH )KacaraH
[4]. Zhongfan Liu [5-6] “ra3-CyWBIK-KAaTThI’
(V-L-S) mexanusminig ra3 ¢aszagan Kartel Qa-
3ara alHaJABIPY 9ICI apKbUIBI popMackl OipKe-
Ki 00JIaTBIH BUCMYT CEJICHUAIHIH HAaHOCKI3IKIIIA,
HAHOXOJIAKTBI KYPbUIBIMAAPBIH ©CIPII KacaraH.

Bucmyt cenenual eki  enmeMIi  aTom-
IIbl KPUCTAJIBIHBIH CBHIPTKBI OETIHIE KOCATKbI
Oaiytanbic  OONMAaMIbl, TEK KaHa ©OTe dJICI3
Ban-nep-Baanbe kymriHiH ocepi  cakTajaabl.
backa wanomarepuanmmgapasl JKacay OJICIMEH
CanbpICTBIPDFaH/Ia, CeJeHAl BHUCMyTTa Kalar-
TaJFaH KpUCTANIBIK Kyineri Ban-nep-Baanbc-
TIK KYLUTEpPl CHIPTKA KEHEI peill KeH KeyeM[e
CaKTaJFaHIBIKTaH, ©CYy TapaMeTpiiepiH KoFa-
pBI Iopexkesie MeHrepyre MyMKIHIIK Oepeni. An
CJIroNa TeTeHIe yiieciMal 6onran Ban-gep-Ba-
aJbC KYIITEPl ChIPTKA KEHEI0 pejii 6ap MaTpuia
TypiHae canananel. Ciroga M30JATOPIBIK KACH-
eTKe ue OOJFaHIbIKTaH, TeMIleparypara Te3iM/l,
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KaNTBIPAYBIK, )KbUTY OTKI3TIIITIIT TOMEH opi *Ka-
PBIK OTKI3TIIITIT >KOFaphl apTHIKIIBUIBIKTapFa
ne. Ocpiran OalJIaHBICTBI OJ1 HAHOMaTEpHUAJI AP
JMadbIHAAya MaTpUIlAa PETIHJE YHEMI ajibIHAIbI
[7-10]. @TOpabl aNTHIH CIIOAAHBIH >KapblK ©T-
KI3TIIITIT] aK CITFOIaHbIH KapbIK OTKI3TITITTHEH
YKOFapbl, opi ToKiprOe OapbIChIHAA JKAITbIpaKIIIa-
napabl Oip-OipiHEH apiibIFaH Ke3zae OeTrTepi eTe
Ta3a, COHJBIKTaH 013 ()TOPJBI AJITHIH CIIOIAHBI
MaTpuIla MaTepHaIbl peTiH/e maaananasiK [11].

ToxipuodeJstik 00J1im

DKCHepUMEHTTE aJbIHFaH BUCMYT CEJICHH-
a1 yHTarbiH (99.999%) “Alfa Aesar” komnanusi-
Chl KamMJaabl. MaTpuiara KoJIJaHbUIaThIH QTOp-
JBl aNThIH ciatofa (MOJEKYJIAIBIK (HopMyiachl
KAL[Si,AlO JF,, xememi 10 Mmmx10 mm, Ka-
aetHABIFR 0.05-0.1 HM), )kaHaAaH JalbIHAIFaH.
BucmyTt cenenmai Hanomatepuaisl Thermo
Scientific Lindberg/Blue M (TF55035KC-1,
AKIII) KoHIBIPFBICBIHAA TalbIHAAIIBI. BucMyT
CeJIeHUJ[I HAHOMATEPHUAJBIHBIH KYPBUIBIMIBIK
CUIaTTaMajapblH aHBIKTay/la ONTHUKAJBIK MH-
kpockorn (Olympus, DX-51, XKanonust), ckanep-
neymn aiekTponabl mukpockon (SEM, Hitachi
S-4800, JXamoHus), aTOMJIBIK KYIITIK MHUKPO-
ckor (Bruker Atomic Force Microscope (AFM),
AKII) >xone UV-VIS, coyne Tycipy 21eKTpoH-
nb1 mukpockon (TEM), Scanning Tunneling
Microscope (STM), Paman cnekrpomerpi
(HORIBA LabRAM HR800, AKIII) annaparra-
pBI N JamaHbUIIbL.

BucwmyT cenenunai HaHOKYPBUIBIMBIH JTalibIH-
nay nuametpi 30 cM KBapIl KyOBIPIIbI TIEIITE KYP-
rizurai. KBapii KyObIpiibl emTiH €Ki 6achl TOMEH
TeMIiepaTypajbl aitMak, OpTaHFbI 0OJIIr KOFaphl
TeMIlepaTypaibl aiiMak OOJIbII caHalaIbl.

Opo6ip Toxipudbene 0.2 T BUCMYT CEICHHII
YHTaFrbl ©JIIIEI aJbIHbIMN, KYOBIp MEITeri KBapiy
KYOBIPJIBIH JI9J1 OpTaJIbIFBIHAAFBl KBapI[ 0eJ-
IIEKTIH ycTiHe Kohbutaabl. ComaH CoH XaHaaaH
apiublll anraH (TOPJbI aNThlH CIIOJA MaTpH-
11a >KalbIpaKmiackl KBapIl KYOBIPJBIH IMIIHIETI
KBapl OeJIeKNeH Mapasienb, TeMIeparypa-
cel 400-480°C GonarblH aliMakKa KOWBLIAJbI.
My3naTKeIll KOHIBIPFBIFA Kejemi 1/2-neit u3o-
MPONWI CHUPTIH KYHBIN, apTbiHAH Kem Mell-
miep/e KemipIIiK IIbIKIaFaHia, opi apajiacmia
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3aT KOrJIaHranra Jeiin xkyprak mys (CO,) ca-
JbIHAABI. BHCMYT celeHul KOoFapbl TeMIiepa-
TypaJla OHal TOTBHIFATHIHIBIKTAH, IMIIHJIET ay-
aHbI COPBIN TacTay YIIiH BaKyyMbl COPFBI iCKE
KOCBUIBII, KBapI] KYOBIpHI immiHAeri KbickiM 100
MM.c.0 (13300.3 Pa) nmeifiH TOMEHIETIITEH COH
BaKyyMJIbl COPFBI OCKITLJIIII, Ta3 KOJIbI allIbLIA bl
Jla aproH rasbl TOJTBHIPbUIAABI, Oy yaepic 3-4
PET KaiTajiaHbI OTTET1HIH KaJIJABIKTaphl CHIPTKA
TOJIBIK IIBIFApbLIaAbl. APrOH Ta3bIHBIH KO3FaIy
*KburgaMabeiFel 30-90 cm?/c, KbIckIMBL 50 MM.C.0
TypakTaHFaHHAH COH TIEII KOCBUIA/bI, TEMIIepa-
typa 490°-ka ketepinin 40 MUHYTTaH KEHIH KbI3-
JIBIPY TOKTATBUIBII, T 06IMe TeMIepaTypachl-
Ha JICHiH ©3/IrHEeH CYBIThLIAIbI.

JlalibiHmanFraH  BHUCMYT  CEJICHUII  Ha-
HOKYPBUIBIMBIHBIH,  ©JIIIIEMI MHKPOMETp JI9pe-
JKECIHE JKeTKCHJIIKTCH, OHBIH CBHIPTKBI TYJIFAJIBIK
EPEKIICTIKTEPIH ONTHKAIBIK JKOHE CKaHepJIeyIIn
AIEKTPOHIBI MUKPOCKOIITAP apKbLIbl aHATU3/ICY-
re 0oJaibl.

HoTukesep xoHe o1apabl TAJIKbLIAY

XKymricra, remneparypa 490°C, yakpiter 40
MUH IIapT-XKaFIalIbl MEHIepe OTBIPHII, ra3 ary
JKBUIJIaM/IBIFBI ©3TepTini. ['a3 ary KbUIIaMIbIFbI
30 cMm/c Ke3me ciroma MaTpuiachkl OCTiHAC a3
MeJTIIep/Ie JKambIpakKiiauap naiaa 6omna d6acraii-
JIbl, Ta3 ary KeuLgamabiFel 50 cm>/c-Ta GarbiT-
Taphl OipiiamMa KOPHEKTI, Y3bIHABIFEI 10 MKM-Te
JIeH1H )KETETIH BUCMYT CEJICHHU/I1 KaIbIPaKIIachl-
Ha aJJIbIK, 1-CypeTTe OHBIH CKaHEepJICYIi AJIeK-
TPOH/IBI MUKPOCKOIITAFbI CypeTi KOPCETIJITEH.
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1-cypem. Bucmym cenenudi HAHONCANBIPAKUACHIHBLY

cKanepneyui d1ekmpoHobl Mukpockonmagvl cypemmepi (10 um)

a3 ary xpuTIaMabrsl 80 cM?/c OoJFaH Ke3-
Jie GarbITTaphl OipiiaMa KepPHEKTI, Y3bIHIBIFbI 60
MKM - JIeH a3 éMeC BUCMYT CEJICHHU/I1 KaIlblpaK-
IIaChl AJIBIHABI, 2-CYyPETTe OHBIH ONTHKAJIBIK MH-
KPOCKOIITAFbI CypeTi KOpCEeTUIreH.

2-cypem. Bucmym cenenuoi HaHO#CanvlpaKuacolHoly
ONMUKATBIK MUKpOCKonmagwl cypemmepi (50 um)

Bepinren ra3npi ary KbUIAaM/IbIFBIHBIH ©3-
repicine colikec BUCMYT CEJICHUl €Ki emeMIi
aTOMJIbl KPUCTAIBIHBIH ©CYy YJIKEH-KIIIIriae
Oipaeit Oonmmaiiabl, Oy JKaFAaIbl “ra3-KaTThl -
daza (V-S) ecipy MexaHu3Mi apKbUIbl TYCIHIIPY-

re Oonajpl, SIFHU CJIOa MaTPUIACBIH OCNTiii
OoiraH TeMmIieparypa aymarblHa KOIFaH Kese,
ra3fiblH ary KbULAAMJIbIFbI KilllipeireH caiibiH,
ra3 MeJjllepi YIriHiH ecy KaXXeTiH KaHaraTTaH-
JIbIpa aJMaii/ibl, ajl ra3/iblH aFy MeJIIepiH YJIKen-
TCEK, 6TE€ KbICKA YaKbITThIH 11I1H/I€ ©CKEH BUCMYT
CEJICHUJIIHIH KPHCTAJIIapPhI €PEiKEeCi3 OpPHAIACHIII,
©JIIIIEMI'€ TOJAThIH KPUCTAJLT TY3UIMEHII.

Toxipnbe HOTIKECIHE CYMEHCEK, TY3LITeH
BUCMYT CEJICHHU]l HAHOKYPBUIBIMJABI KpHUCTa-
JapablH Oenriiai O0arblT OOWBIHINA, YIIOYPBIIITHI
JKarblpakiianapabiH, 60 rpagycThlH ecelik ca-
HBIHBIH OarbIThl OOWMBIHINIA ©3apa PETTI OCKEHi
Oaitkanaael. by KyObUIbIC TOXKIpHOE OaphICHIH-
narbl BaH-nep-BaanbCTik ChIPTKBI KEHEHIN ocy-
JIIH HET131H oUriIeimi.

Ommemi 300 um x 300 um-nik Oip >Kambl-
paK cliroa MaTPUIACHIHIA OCKEH YIIOYPBIIITHI
BHUCMYT CEJIEHU/1 HaHOXKaIlblpaKIIachlHa Kapa-
Ta ecenrey xyprisuini. Ecenrtey HoTHxkeciHe
CyleHCceK, YHIOYpBIITH BUCMYT CEJICHU[I Ha-
HOKYPBUIBIMBIHBIH, OaFbITThl ©CKCHJIITT €peKIe
TOJIBIM/IBI EKEHIITT OaliKaIaabl.

BucmyT ceneHuzi  HaHOKYPBUIBIMBIHBIH
ONTUKAJILIK MUKPOCKOII apKbUIbl TYCIPUIT€H CY-
peTiHe Tanjuay »)acacak, OHbIH ecy OlpKeJKuIIri
MEH KaJIBIHJBIFBI ©3apa coiikec keieni. EHl ocer
COMKECTIKTI TMaiiananbll, JalbIHIAIFaH YJITi-
Jeri kabar caHBIHBIH Tapally akKmaparblHa He-
Ti3[Ie]e OTBIPHIN, dpOIp JKEKEe KAOBIPIIBIKTAP.IBI
aTOMJIBIK KYIITIK MHKPOCKOIl apKbUIbl Taljay
yKacayJblH Ka)KeTcl3 ekeHiH OalikaiimMbI3. Ex ain-
JIBIMEH aTOMJIBIK KYIITIK MHKPOCKOIT apKbLIHI,
BUCMYT ceneHuTiH 2-10 kabarka aeifinri napa
KaOBIPIIBIKTAPBIHBIH OWIKTIrT MEH OHBIH CIIofa
MaTpPHIACKIHIaFbl OPHBIH TYPAKTaHIBIPHIN aja-
MBI3, COJIaH COH ONTHKAJIBIK MUKPOCKOI apKbLIbI
CypEeTKe TYCIpil, OHbIH ©cy OIpKeIKLIIr KeH1H-
Jieri aKnmaparka ue 0ojambl3. AJIBIHFaH HOTHIKE
ToxipuOe OapbIChIHIA KOJJAaHFaH Ta3fblH ary
KBUIAAMJIBIFBI MEH TEeMIIepaTypacblH peTTey
apKbUIbl, BUCMYT CEJICHUAl €Ki OJIIeM]ll aToM-
JIbl KPUCTAJIBIHBIH HAHOKYPBUIBIMBI (2-3 KaOaTThI
HETi3 €TKEeH) 6CKEHIITTH pacTaiIbl.

Paman criekTpi xacajaraH HaHOKYPBUIbIM-
JIbl YATIHIH KYPBUIBICKI MEH KACHETIH KbUIIaM
AHBIKTAUTBIH 9/1C OOJIBII ecenTeneni. bi3 cirrona
MaTpPUIIACBIH[A 6CKEH BUCMYT CEJICHMJIIHIH Ha-
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HOKYPBUIBIMBIHBIH Ka0aT caHbl MeH PamaH criek-
TPiHAEC KOPIHICH CHUTHAIIBIH KaPKbIHIBUIBIFBI
apachIHJaFrbl OaillaHBICKA Tayjgay >KacaJbIK.
BucMmyT cenenumi exi enmemal aToMIbl Kpu-
CTaJIBIHBIH JKOFaphIJa ONTHKAJIBIK MHKPOCKOITA
OaiikaiFaH CcypeTi Heri3iHie, ecy OiIpKeIKiIiri
esremie OoyiraH OipHeNIe Japa KaOBIPIIBIKTAp
TaJjan ajblll, >MXEKe-)KeKe CYpeTKe TYCIpAiK
(3-cyper). ©Opi ONTHUKAIBIK MHKPOCKOITAFBI
aKmnaparka Heri3/leJie OTBIPBIT, aTOMJBIK KYIITIK
MHUKPOCKOIT apKBUIBI JIapa KaObIPIIBIKTAPBIH Ka-
JIBIHJIBIFBI KEKe-)KeKe oJIeH 1. BucMyT cenenu-
JIl €Kl eJIIeMIi aToOMIbl KPUCTAJIBIHBIH ITapamMe-
TpJIepi apKbLIbI 1apa KaOBIPIIBIKTAPIbIH KaJIbIH-
JIBIFBI MEH Ka0aT CaHbl apachIHJIAFbl COMKECTIK
Ttabbu1bl. Coman coH PaMaH criekTpi ONTHKAIBIK

MHUKPOCKOIT apKbUIbl J1apa KaOBIPIIBIKTAPIbIH
OpHBI TYpaKTaHbIM, TOJKbIH Y3bIHABIFBI 633 HM
0oJaThIH J1a3ep coyleci apKbLIbl, TOJKbIH CaHbI
200 cm'-400 cm aymarbinaa ckanepiien Pamax
CIIEKTPI CUTHAJIBIHBIH aKIapaThl TaObUIIbI. OJIe-
ouerre [12] BUCMYT ceneHUAl Japa KpUCTabI-
HbIH PamaH cnekTpi cumartaraH mIbIHAApbl 75
cm, 131.5 cm! xoue 171.5 cm™! GonarbIHABIFLI
KepceTireH. bi3 KoiganFaH Ciroia MaTpyIiachl-
HbIH PamaH crnekTpi aliKplHIaraH IIbIHBI 4-Cy-
perte kepcerinred. Toxipubere cyiieHcek mai-
na 6onran mbiH 100-200 cm™!' aymarbinga ete
KOPHEKTI OOJMaibl, COHIBIKTaH OYJI >Karaai
BHUCMYT celleHuAiHIH PamaH criekTp cumarrama-
ChIHA €IIKaHJal acep TyAbIlpMali/Ibl.

3-cypem. Kabam camnvl apmypni 6onzan eucmym ceneHudi HaHO*CaAnvlpakuacuiioviy (A) onmukaiviy MUKPOCKONMAagvl
cypemi meH (5¥) amomoblK Kywmik MUKpOCKONMA OIUECH2CH HIMUNCECT
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4-cypem. Cniooa mampuyaceinviy Paman cnexmpi
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Bucmyt cenenui op0ip 5 kKabaTbIHBIH OHiK-
Tiri mramamer 0.95 M OOJIaTBIHABIFBI JIE0UETTE
KkepceTiaren [5], conapikrad AFM KOHIBIPFHI-
ChIMEH KaJIBIHJIBIFBIH OJIIICY apKbUIbI, BACMYT
CeJICHU/II HaHOKAITBIPAKIIIACKIH/IAFbI 5 KaOaTThIH
caHbIH Oimyre 6omanpl. Toxipubere Heri3nenceKk
6.6 am 7 kabarka 4.7 um 5 kabarka 4 M 4 Ka-
Oarka 2.8 M 3 KabOarka coiikec xeneni. Paman
CIIEKTPI ONTHKAIBIK MHUKPOCKOIIBI apKbLIbI 4-Cy-
pETTE KOPCETUITEeH Jlapa >KallbIpaKIIaHbl, TOJTKbIH
caubl 200 cm'—400 cm!' aymarbIHIa, TOJIKBIH
Y3BIHBIFBI 633 HM J1a3ep coyJieciMeH CKaHepJIeT,
S5-cyper meH 6-CypeTrTeri HOTHOKEJIEep aJIbIHIbI.
Counpy imgaeri 131.5 ecm! £171.5 em! xkoHe -
75 em! TeH 4 maHa CiHipy IIBIHAAPHI MEH BUCMYT
CEJICHUJIIH CUTIATTANTBIH CIHIPY IIBIHAAPHI ©3apa
coiikec keneni. baiikanran Oy KyOBUIBIC TY31J-
T'e€H HaHOKYPBUIBIMHBIH XUMHUSUIBIK KYpPaMbl IIbI-
HBIH/Ia BUCMYT CEJICHH/II €KEHIH JoNeNIei i, opi
ecy OapbIChIHIa BUCMYT CEIICHUIIH/IE MYJIJIC XH-
MUSIJTBIK BIIBIPAYABIH OOJIMaraHbIH, V-S ecy me-

XaHU3IMIHAC TEK KaHa Ta3blH KaTThl KYWre ai-
HaJFaH (U3UKAJBIK YACPIC )KYPreHIH KopceTesl.
ComnbimMeH Oipre 265 cm! opHBIHIA 6T€ JICi3 Oaii-
KaJIFaH CIHIpY IIBIHBI MEH CJIFOJIa MaTPHUIAChIHIA
CUTIATTaJIFaH CIHIPY IIBIHBI ©3apa COMKeC Kele/l.

5-cypet meH 6-CypeTTeri HOTHXKEIep/l ca-
JBICTBIPCAK, Kabar canbl 10- HaH TOMeH OosiFaH
BUCMYT CEJICHHJII €Ki OJIIeMIl KPUCTAJIBIHBIH
PaMaH CIEKTp CHTHAJBIHBIH KapPKbIHIBUIBIFHI,
Ka0aT CaHBIHBIH apTyblHA COWKeC apTHaNIbI:
4,5-kabarrapaa PamaH crieKTp CUTHaJIbI €H KYIITI
Oonazael, al 5 KabaTTaH acKaHHAH KeHiH KaOar
CaHBIHBIH apTyblHA Coiikec PamaH CHekTp cur-
HaJIbl dJNcipeii, opi 3-kabarTeiH PamaH criekTp
curHaibl 4,5- kabarTapra KaparaHja eH dJici3 00-
JaTBIHBIFBI Oalikanaael. Oaeouerrepre [S] cyi-
€HCeK, OV KyObUIbIC TpadeHHIH CHIPTKBI OCTiHE
OCKCH BHCMYT CEJICHHUJIIHIH CHIIATTaMaChIMCH
COMKeC KeJeIl.
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S-cypem. Kabam canoapuvl apmypai 6onamein ucmym ceieHUiHiy eKi onuemoi amomovl KpucmanvlHvly Pavarn cnekmpi cuenanot
(100 cm'—240 em™)
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6-cypem. Kabam canoapor apmypni 6onamuin gucmym cenenudi exi onuemoi amomovl Kpucmanvinoly Pavan cnekmpi cuenanvl
(-200 cm'—-50 cm)
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Mpic TOpbIH cirofa OeTiHe KanTay Makca-
TBIMBI3, CJTIO/Ia MaTPUIIACHIHBIH OCTiHEe rpaduka-
JbIK OeliHe Tycipy Oombin Tabbuiaabl. On yiiiH,
»KaHaJlaH apIbIN ajiFaH CIIOIaHbIH OeTiHe OipHe-
e TaJl MbIC TOPBIH TETICTEN KOMbII, aya Iia3-
Ma KOHJIBIpFbICBIHAA 90 W-TBIK 3JE€KTp Kyarbl
apKbUIBl 5 MUHYT OHJAENAl. OHJIeNTeHHEH KeillH
MBIC TOPBIH aliblll Tactam, Temmneparypa 490°C,
ra3 ary okeupiamaeirbl 80-500 cm’/muH, ecy
yakpIThl 5-10 MUHYT OGoNaThiH IIapT-)Karaaijga

BUCMYT celleHuAl ecipiieni. byn oxictiH eH Oa-
CTBl apPTHIKIIBUIBIFBI KOJIAHBUTYBl KapamaibiM,
YJIriH1 ecipydiH anapiHaa TeKk KaHa 5-10 MuHyT
TIa3Ma KOHJBIPFBICBIH/IA ©HJEeeal. OHAeNreH-
HEH KEHIHT1 CJII0/a JKaIbIPaKIIAChIHBIH CHIPTKbI
OeTiHae emKaHaal e3repic OaiikaaMan b, 6ipaK
aya TUIa3MaJIbIK KE31HJEe CIIIO/Ia JKalblpaKIIachl-
HBIH CBIPTKbl OC€T aymarblHIa cyra Oeilimjen-
TIITIK KACUETIH/IE ©3TepiC TybLIabl.

b

d

7-cypem. Moic mopwin crioda 6emine Kanmay 20ici apKblibl MeHeepmeni OCipineer GUCMYm ceneHuOl HAHOKYPbLIbIMbIHbIH
ONMUKANBIK, MUKPOCKONMAbL cypemi: (a) scane (c) — cayne omkizy mooeni,; (b) scane (d) — cayne wasviimy mooeni

O - | beiclem |

8-cypem. (@) Mvic mopuin crirooa bemine Kanmay 20ici apkwlivl MeHeepmeni 6Cipiieer GUCMYM celeHUOl HAHOKYPbLILIMbIHbIH
ONMuKanblK MuKkpockonmagwl cypemi, (b) dativinoanean ynei 0apa i#canvlpakuanvly amomobly Kyumixk MUKPOCKONMAagvl cypemi

7-cyper meH 8-cypeTTe HYKTeNll ecipiireH
BUCMYT CEJCHUJl €Ki ejIeM/Il HaHOKYPHLIbI-
MBIHBIH ONTHKAJIBIK MUKPOCKONTAFbI CYpeTi Kop-
CeTUIreH. 7-CyperTeri KepiHic 013 KoJiJaHFaH
MBIC TOPBIHBIH KYPbUIbICBIHA YKCa/1bl, opi oJap-
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JIBIH OJIIIeMIepl MEeH YJIKeH-KILIUIiri ae Gipaei.
7a xoHe 7d-cyper Oojca YIKEHTIIreH KepiHici,
OyJ1 CypeTTeH BUCMYT CEJICHU/IIHIH YIIOYPBIIITHI
apaJj TypiHjeri KypbulbIChl Oaiikanasl. Opi HYK-
TeNl OCIpUIreH BUCMYT CEJICHUII €Ki enmeMal
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HAHOKYPBUTBIMBIHBIH BaH-nep-Baanbc kymrepi
CBIPTKA KCHEK apKbUIbl OCKEHIH, KpPUCTAILI
OOJIIEKTEeP/IiH CIII0/Ia MATPULACBIHBIH CHIPTKBI
OeTiHe peTci3 OCHereHiH TYCiHaipeai. 8-cyper-
T€ BUCMYT CEJICHUJII ajJIbIMCH ©3iHE BIHFAWIIbI
OpBIHFA SJPO KAJBIITACTHIPHIN, COAaH COH 60
IPaAyCTBIK OYpBINITEI OOWIANl CBHIPTKA KEHEHO
apKBUIBI ©CiM, KaObIpFaJlapbl peTTi OOJIFaH aJThI
OYpBIIITHl KYPBUIBICKA aiHANIATBIHABIFBI Oaii-
Kajanel. 8b-cyperTe malbIHIAFaH YTl aapa
JKarbIpaKIIaHbIH aTOMJIBIK KYIITIK MHKPOCKOII-
TaFbl CypeTi KepceTinreH. byn cyperren nai-
BIHJAJIFAH YJIT1 Japa >KalbIpaKIIaHbIH CHIPTKA

W
0.0 gy

0.0 1: Helght

a

KEHEI0 apKbUIBI ©CKEHIH, Jlapa JKarblpaKIIaHbIH
KaJIBIHABIKTAphI OipKesKi, opi 30 HM mamMachiHaa
OOJIaTBIHBIH KOPEMI3.

JlaiipIHIanFaH YATIHIH canacblHa KaThICTHI
CEeHIMJI1 aKmaparTap ajly YIIiH, )XyMbIcTa 7-
CypeTTe KOpCETUIreH YiATuIepre aTOMIBIK
KYIITIK MHKPOCKOII IIEH CAyJe TYCipy 3JIeK-
TPOHIIBI MHKPOCKONTAp apKbUIBI  OJapJIbIH

KYPBUIBIMJIBIK CHIIaTTaMallapblHA aHaju3 Ka-
cannbl (9-cyper). 9a-cypeTTeri aToM KYIITIK
MUKPOCKOIT apKbUIbI TycipiireH cyperteH 60
I'PayCTHIK OYPHINI MEH KaOATThIH KYPBIIBICHIH
aHBIK Kepyre 00Jaibl.

9-cypem. (a) Moic mopwin ciooa 6emine Kanmay 20ici apKblLibl MeH2epMeNi OCIPIIeeH GUCMYM CeleHUOT HAHOKYDbLIbIMbIHbLY
amomovlK Kywmix Muxpockonmaewl cypemi, (b) Meneepmeni ecipineen eucmym ceneHoi HAHOKYPbLILLMbIHbIY CaYIe MycCipy
NEKMPOHObL MUKPOCKONMAZbL CYpemi

KopbITbIHABI

Makanana, “ra3-karTtel”’ ©Cy MEXaHU3MIH
KOJIIaHBITI, MBIC TOPBIH CItofa O€TiHe KamTay
9JIIC1 apKBUIBI CITFO/Ia MAaTPUITACHIHIA Y3BIHIBIFBI
80 UM, KaJIbIHIBIFBI SHM OOJIATHIH CEJICH 11 BACMYT
CeJICHUIHIH HaHOXarbIpakmiacekl Ban-gep-Ba-
aJbCTIK CBHIPTKA KEHEI apKbUIbl MEHrepMei
ecipuiail. YIriHiH ecy (hopMachiHa KOHE KaJIbIH-

JIBIFBIHA TEMITIEPATYPa, Ta3/IbIH aFy JKbIUIIaMIBIFBI
CUSIKTHI (haKTOpJIapIbIH ocepi aHbIKTa bl CIiro-
Jla MaTPHIIACHIH/IA BUCMYT CEJCHUIIHIH OpTYpIIi
(bopmaarbl €Ki eNeM/Ii aTOMAbl KPUCTaNIaphl
MEHrepMelli ecipilin, COHBIH imiHae Top ¢op-
MaJibl YATiHIH CayJle OTKI3TITIri OackamapbiHa
KaparaH/[a >KOFapbl eKEH/IITT aHBIKTAJIIBL.

Eckepmy: Byn scymoic « China scholarship fundymuiy oemeyimer opvbiHOaiObl.
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KOMIIO3UTHBIA MATEPUAJI HA OCHOBE ILIEOJIUTA, MOJU®UIIMPOBAHHOI'O
IMOJINI THJIEHITIMKOJIEM JIUIA OYUCTKHA BOAHBIX PACTBOPOB
OT UOHOB PB* U CD*

I.E. MEH/IUTAJIMEBA', I'A. CELJIXAHOBA"2, A.B. PAXbIM', A.H. UIMAHTAJIMEBA'

'Kazaxckuii Hayuonanenuiii ynusepcumem um. anv-Dapabu
[Jenmp Pu3UKO-XUMULECKUX MEMOO08 UCCIeO08AHUSL U AHATIU3A

Annomauusa: B oannotl pabome 6vin nonyuen copboenm Ha OCHO8e npupooHozo yeoaruma Lllankanatickoeo
Mecmopodicoenus (Armamurnckas 001acmy), MOOUDUYUPOBAHHBLI NOTUIMULEHETUKOLEM OJiSL U3BTIEUEHUS UOHO8
Pb> u Cd?* uz 600Hbix pacmeopos. Buliu onpedenenvt onmumanibhvie YCi06us NPUSOmosienus copoenma u
npogedenus: npoyecca copoyuu. Maxcumanvhvle cmenenu u3eieueHus UOH08 KAOMUsL U C8UHYA COCMABUU
(87%8,04)% u (97+9,24)% coomeemcmeenno. Takoice Obliu UCcie008aHbl MEKCMypPHble XAPAKMEPUCTIUKU
UCXOOH020 Mamepuaia u noayueHHo2o copoenma memooom COM, onpedenensvl niowaou yoeibHol nogepx-
Hocmu memooom BOT, nocmpoensvt uzomepmsl aocopoyuu coenacho mooeiam Jlewemwopa u Dpetinoauxa u
paccuumansl coomeememeayroujue KoHcmanmol (koncmarwma Jlenemropa, koncmanma Dpetinonuxa, npeoeis-
Has a0copoyus) u onpedeieHvl KUHeMU4eCcKUe XapaKxmepucmuxu (CKopocms npoyeccd, KOHCMaHma cKopocmiu,
9Hepeust aKMusayuu npoyecca).

Knroueswle cnosa: yeonum, nonusmuieneiukonb, Ceunel, KaOmutl, copoyus, KOMRO3UMHble MAmepuabl

COMPOSITE MATERIAL BASED ON ZEOLITE MODIFIED WITH POLYETHYLENE
GLYCOL FOR THE PURIFICATION OF AQUEOUS SOLUTIONS
FROM PB** AND CD* IONS

Abstract: Sorbent was obtained on the basis of a natural zeolite of the Shankanay local place (Almaty region),

modified with polyethylene glycol to extract Pb** and Cd** ions from aqueous solutions. Optimal conditions for
the preparation of the sorbent and the sorption process were determined. The maximum degrees of extraction

of cadmium and lead ions were (87 + 8.04)% and (97 + 9.24)%, respectively. The textural characteristics of
the source material and the resulting sorbent were also investigated by the SEM method, the specific surface
areas were determined by the BET method, the adsorption isotherms were constructed according to the Lang-

muir and Freundlich models and the corresponding constants were calculated (Langmuir constant, Freundlich

constant, limiting adsorption) and the kinetic characteristics were determined (the maximum temperature) rate
constant, process activation energy).

Keywords: zeolite, polyethylene glycol, lead, cadmium, sorption, composite materials

PB**)KOHE CD** UOHJAPBIHBIH CY EPITIHALVIEPIH
TA3APTY YHIIH INOJIMITUJIEHITIMKOJIMEH MOJAUPUKALIUAJTAHTAH
HEOJIMT HETT3IHAEI'T KOMIIO3NIUAJBIK MATEPUAJI

Anoamna: Byn sicymvicma copbenm Lllankanaiinet ke OpHbIHbIY (Amamsl 061bICbl) MaAbUeU Yeonum He2isiH-
Oe anvinean, cy epimindicinen Pb** sicone Cd’" uonoapwin any yuiin noausmuieH2iukoibMen MoOUpuUKayus-
nanean. Copbenm nen copoyus npoyecin 0atibiHOayOblly OHMAULbL WUAPMMApsbl anblKmanovl. Kaomuil scone
KOP2AChlH UOHOAPBIHbIY IKCMPAKYUACHIHbIE, MAKCUMAN0bL Oapedcenepi muicinue (87 + 8.04)% ocane (97 +
9.24)% 6on0vl. bacmankbl mamepuanoapowiy Jcone anvinean copoenmmepoiy meKcmypanblk CUnammamaia-

63



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Ne4 (51), 2019

povt COM 20icimen 3epmmendi, epexue bemretlnepi BOT a0icimen sicane Jlenemrop men @petinoaux adicimer
aocopbyus uzomepmanapsvl Kypacmuipuliobl dHcaHe muicmi Koncmanmanap ecenmenoi (Jlememiop koncman-
macwl, PpetiHOIUX KOHCIAHMACYL, WeKmey a0CopOYUACyL) HeaHe KUHEMUKATBIK CUNAMMAMALap aHbIKMAI0bL
(npoyecc HcbLI0AMObIEbL, MYPAKMbL HCHLIOAMOIK, NPOYECIi AKMUSMEHIPY IHEPEUACDL).

Tyiiinoi ce30ep: yeonum, NOIUIMULEHETUKONb, KOPRACHIH, KAOMUL, cOPOYUS, KOMNOZUYUSALbIK MAMEPUATOAD

B cBsi3M ¢ aKTUBHBIM POCTOM aHTPOIOTEH-
HOW HArpy3KH Ha TPUPOIHYIO Cpely OUYMCTKa
CTOYHBIX BOJ OT MOHOB METAJUIOB SIBISIETCS OfI-
HOW W3 BAKHBIX JKOJIOTHYECKHX TPOOIIEM CO-
BpPEMEHHOCTH. B crmckax Hambosee OImacHBIX
3arpsI3HSAIONINX BEUIECTB OHO M3 MEPBBIX MECT
3aHUMAIOT COCTMHEHUSI MOHOB TSDKEIIBIX MeTall-
JIOB, KOTOpPbIE HE IOJBEPraroTCs ICCTPYKIHU B
BosoemMe. DOopMBbI MX MHTPAMA HE3HAYHTEIIh-
HO U3MEHSIIOTCS, M3-32 Yero MX M MPUYHCISIOT
K BEIIECTBaM, TOKCHYHBIM JUIsI THAPOOUOHTOB U
yejioBeka. OOIEU3BECTHO, YTO CTOYHBIC BOJBI
3arps3HAIOTCS B pe3yJbTaTe TEXHUYECKOH 00-
pabOTKH Pa3TUYHOTO CBHIPhS HA TPEAIPUATHIX
[1]. [ToaTOMy B HacTosiiiee BpeMsi yueHbIe MHUpa
NBITAIOTCS pa3padorath 3(P(HEKTUBHBIE TEXHOIIO-
THYECKHUE MTPOIECCHI, KOTOPHIE MO3BOJIST HCTIOIb-
30BaTh BOAY PAIIMOHAIBHO U TIPOBOJIUTH BTOPHY-
HYI0 00pabOTKy CTOYHBIX BOJ.

Tsoxenpie MeTauTbI SIBISTIOTCS. 0C000# TpyTI-
MO DIIEMEHTOB, B XUMHUU II0YB MX BBIJICISIOT
13-32 TOKCHYECKOTO JICHCTBHUS, OKA3bIBAEMOTO Ha
pacTeHHs MMPU BBICOKUX KOHIEHTpanusx. MHe-
HUS O YUCJIE METAJIOB, IPUYUCIIIEMBIX K TsDKe-
JIBIM, PO3HSITCS, HO OHO TOYHO TipeBbImaet 40. K
HUM OTHOCSIT METAJIJIbl C aTOMHON Maccoi OoJee
50 a.e.m. [2]. Tspxenbie MeTaIUTbI IPOSIBIISIIOT J10-
BOJILHO BBICOKYIO TOKCHYHOCTH JUISI )KHBBIX Op-
TaHU3MOB JIaXE TIPU OTHOCHUTEIHHO HU3KUX KOH-
neHTpauuax [3]. Cpeau TOKCHYHBIX METAJIOB
HauOosee OMACHBIMU /ISl OPTaHKU3Ma AJIEMEHTa-
MU SBIISIIOTCSI METAJUTBI  CIIAYIOIICH TPYTIIIbL:
KaJMUH, MeJb, MBIIIBSIK, HUKEIb, PTYTh, CBUHETI,
IIUHK U XPOM; TJIe PTyTh, CBHHEIl U KaJMHI — ca-
Mble TokcuuHbIe [4]. CymecTByeT OoJblIoe KO-
JMYECTBO CMIOCOOOB OYMCTKU CTOYHBIX BOM, HO K
JIOCTaTOYHO JEIIEBOMY, O4€Hb 3((HEKTUBHOMY U
JOCTYITHOMY TIPHYHUCIISIIOT COPOIIMOHHBIA METO
OYHUCTKH.

B 0oCHOBHOM Bce MENKOIUCIIEPCHBIE TBEp-
JIbIe BEIECTBA, HMMEIOUINE DPAa3BUTYIO IMOBEPX-
HOCTh, MOTYT CIY)KUTh B POJIM €CTCCTBCHHBIX
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copbenToB. Hanbompbieil ynenpHON MOBEPXHO-
CTBIO 00JIa/Ial0T TOHKOJIUCIIEPCHBIE W MTOPUCTHIE
copOeHTbl. [lopsl COpOEHTOB KaTeropupyroT Ha
MUKPOIIOPBI, CYNEPMHUKPONOPHI, ME30MOpPhI |
makponopsl [5]. Cpeau mpUpOAHBIX COPOCHTOB
€CTECTBEHHOTO MPOUCXOKICHHUS MOXXHO BBIJIe-
JUTH OCHTOHUTOBBIE TJIUHBI, IICOJIUTHI, IITyHTUTHI
U JIpyTHe TIMHHUCTBIC TOPOJBI, XapaKTepHU3ylo-
HIMECS JI0BOJBHO BBICOKON COPOIIMOHHOM €MKO-
CTBI0, KATHOHHOOOMEHHBIMU CBOMCTBAMH, OTHO-
CUTEIIbHO HU3KOH CTOMMOCTBIO M JOCTYITHOCTBIO
[6].

ABropamu [7] ObUIM HM3y4Y€HBI COPOIMOH-
HBIE CBOMCTBA IICOJIUTOB B CTATUYECKHUX U JIMHA-
MHUYECKUX YCIOBHSX, a TaKkke 3(PPEKTUBHOCTH
GITOKYIISAIIMOHHO-COPOITMOHHON CXEMBI OYHCTKH
cOpOCOBBIX BOJ OT TshKEIbIX MeTawioB. Ha oc-
HOBaHUM TPOBEJCHHBIX JTA0OPAaTOPHBIX HCCIIe-
JIOBaHUI OBUIO MOKA3aHO, YTO CXeMa JIOOUYHUCTKU
COpPOCOBBIX BOJI, CONEPXKALUX TSKENIbIE METa-
b1 ¢ QUIIBTpaLeN Yepe3 LIEOIUTOBYIO 3arpy3Ky,
SIBIISIETCS IEPCIICKTHBHOM.

B crarpe [8] aBTOpamMu ucciemoBaHa BO3-
MOXXHOCTh OYHCTKH CTOYHBIX BOJA OT (ocdaros
B TUHAMUYECKUX YCIOBHAX MPU UCIOIH30BAHUH
B KauecTBe (PUIIBTPYIONIEH 3arpy3Ku MPHPOIHOTO
neonuta bagunckoro mecropoxxaenus (Poccus).
B pesynbrare, perynmupoBaHHe CKOPOCTH (HIIb-
TPOBAaHUS MOJIEJIBHOTO PAacTBOpa 4epe3 KOJIOH-
Ky ¢ reomutoMm ot 0,7 1o 25 MII/MHUH TO3BOJHU-
JI0 HaWTH HamOoJilee ONTHMAJIbHBIC YCIOBHS IS
ynanenus ocdaros, a UMEHHO, 3PPEKTUBHOCTH
yaaneHust Gpocdar-noHOB MpU CKOPOCTH (HHITb-
tpoBanwust 0,7 mi/mMuH coctaBuia 78%.

B cBs3u ¢ Tem, 4TO B HACTOsAIIEE BpEeMs
HKOJIOTUYECKOE 3arpsi3HEHNE TPOUCXOIUT OYCHb
OBICTPO, TO OCTPO CTOUT HEOOXOIMMOCTh pa3pa-
OOTKM JAELIEBbIX, AOCTYNHBIX U 3(P(EKTUBHBIX
COpOEHTOB.

Lenpto maHHOW pabOTHI SBISETCA TOJY-
YeHHE TIOJIMMEPHBIX KOMITO3UIIHI-COPOEHTOB,
00JIaJaroIUX BHICOKMMHU COPOIIMOHHBIMH CBOW-
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CTBaMH B OTHOLICHUH MOHOB TOKCHYHBIX METaJ-
JIOB, a TaK)Xe ONpeesieHue UX (PU3NKO-XUMHUYe-
CKHUX M MOP(OIOTHUECKIX XapaKTEPUCTHUK.

JKCIePUMEHTAIbHAS YaCTh

Mamepuanvt u memoowi. B pabote ucmomnb-
30BaHbl CJEAYIONIME BEIIEeCTBA: IMPHUPOIHBIH
neosmt Illankanaiickoro mectopoxaeHus (AJ-
MaTHHCKast 00JIaCTh) U MOJTMATHIICHITIUKOIB (MO-
nekynspHas macca 6000 r/MoiIb, TPOU3BOIUTETH
— AppliChem (I'epmanus)), CdCl, mapku x.4.,
Pb(NO,), mapku x.4.

Obopyoosanue:

Ckanupyromas 3JIeKTPOHHAs MHUKPOCKOIHS
MPOBOJIMIACH HA MHUKPOCKOIIE BBICOKOTO paspe-
menust FEI Magellan 400L.

KonueHTpaiiio HoHOB METAIIJIOB OIpees-
JIM aTOMHO-a0COpPOIIMOHHBIM METOJIOM Ha 000py-
noBanuu Criekrpometrp «AA-6200», Shimadzu.

Jnst u3MepeHust yielbHOM MOBEPXHOCTH T10
metoxy BOT (Teopust monuMMomneKyIsspHO# aco-
pomu bpynayspa, Ommera u Temnepa), a Tak-
YK€ aHaJKM3a pa3MepoB MOp U UX paclpeaeieHus
1o pasMepaM ObLI MCIOJB30BaH MPUOOP CEpHUH
NOVA 3200E, Quantachrome.

Metonuka MonupUKalUY U MOTYYEHHS CO-
pOenta. lleonut NpUPOAHOTO MPOUCXOKICHUS
U3MEJIBYAIOT B CTYIKE, IPEIBAPUTEIHLHO OYHCTUB
OT MEeXaHW4YeCKuX npumecei (mycopa). HaBecky
neosinta cMemnBaroT ¢ 1% pactsopom 101 Jla-
Jiee MOJIyYeHHYIO CMECh IEPEMELINBAIOT B IMHA-

MHUYECKON Melajke B TedeHue 1 yaca. PactBop
OT()UIBTPOBBIBAIOT U MPOBOIAT MPOLIECC CYIIKH
npu t=85-100 B Teuenue 3-4 yacos. [lomyden-
HBII COPOEHT MOBEPraloT U3MEIBUCHHUIO.

IIposedenue npoyecca copoyuu u memoovl
uccnedosanus. IlomydeHHbI copOeHT a00aB-
JSI0T K BOJHOMY DPAacTBOpY, COAEpXKAIEMY OT
100-500 MKr/MJ MOHOB CBHHIIA W KaJMHs TPH
temneparypax 289 K, 298 K u 308 K. PactBop
OTGWIBTPOBBIBAIOT U B (PUIIBTpATEe Yepe3 orpe-
JICJICHHbIE TPOMEXYTKH BpPEMEHH OTOUpArOT
npoObl Ui aHalIu3a COAEpKAHHUSI MOHOB TSKe-
JIBIX METAJIJIOB.

Pe3yabTarsl M UX 00CyKIeHHE

Jlnst ormmcanus mMopdosorun copOeHTa H
ero Moau(UIIMPOBAaHHOW (POPMBI HCIOIB30BaH
METOJI CKaHUPYIOUIEH AJIEKTPOHHONH MUKPOCKO-
UM, Pe3ylbTaThl KOTOPOrO MpPEJICTaBICHbl Ha
pucyske 1.

N3 pucynka 1 cimemyert, 4to 0Opasiel MpH-
POIHOTO IEOIHUTA UMEIOT IJIOTHYIO CTPYKTYpY C
MPOYHBIMU arioMepaTaMd M 4YacTHIIAMU HETpa-
BWJILHOK (hOPMBI pa3IMYHBIX pa3mepos (a, 0). B
pe3ynbrare GU3HKO-MEXaHUYECKUX BO3ACHCTBUN
Ha ICOJUT (M3MENBICHUE) U MOIU(DHUITMPOBAHUS
MOJIMMEPOM  (TTOTMATHIICHITIMKOJIb) TTPOUCXOAUT
U3MEHEHUE MOBEPXHOCTHON CTPYKTYphl Mare-
puana: obpas3ell CTaHOBUTCS Oojiee MOPHUCTHIM,
MPOUCXOJUT HE3HAUUTEJIbHOE YKpyIHEHHE cde-
pUYeCcKuX 4acTuil (B, T).
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HV | det
20.00 kV ETD

— 5 pm ——

Quanta FEG

Puc. 1 — @paemenmor COM uzobpasicenuii npupoornozo yeonuma Lllankanaiickoeo mecmopodsrcoenus (a,6) u yeonuma,
MOOUDUYUPOBAHHO20 NOTUMEPOM — NOTUIMUTLEH2TIUKOND (8, 2) NPU PASTUYHBIX YEETUYEHUAX

Ha pucynke 2 npexncraBieHa u3orepma aj-
copOIMM azora Ui MPUPOAHOTO IICOIHTA, BbI-
pakaroliasi COOTHOLICHHE MEXAY KOJIMYEeCTBOM

=
D

Isotherm :

azcopbarta U JaBJIeHHEM MpPU MOCTOSHHON TeM-
neparype, nojaydyeHsas Mmetogqom bIT.

Linear

=00

Welume @ STP fcelily

400

= o.e0

mims Fressure FrEC

o0

Puc. 2 — Uzomepma adcopbyuu 015 npupooHo2o yeoruma

Takast uzorepma orHocutcs K [ Tumy (u30-
tepmbl JI3HrMiopa) [9]. JlanHas u3orepma BO-
rHyTa OTHOcHTenbHO ocu P/P . Ha wmsorepme
IIPUCYTCTBYET TOPU3OHTAIBHOE IUIATO, KOTOPOE
MOJKET MOAXOIUTH K OCHU P/P0= 1 mpakTuyecku
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MO/ MIPSIMBIM YIJIOM WJIM UMETh BOJIN3H HEE pes-
KM TOIbEM. Takoro Tuia u30TepMbl IPUCYILH, B
OCHOBHOM, MUKPONOPHUCTHIM oOpasuam. [lupu-
Ha MUKpPOIIOpP HE NPEBBIIIAET HECKOJIBKUX JHUa-
METpPOB MOJIEKYJIbI, CHJIOBBIE IIOJISI COCEIHUX
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CTCHOK ITOp MEPEKPBIBAIOTCS, M SHEPTHUS B3aHUMO-
JEHCTBUS TBEPIOTO Tea C MOJICKYJIOH Ta3a BO3-
pactaer. DTO BbI3bIBACT OTKIIOHECHUE H30TEPMBI,
0COOEHHO B 00JACTH MAaJbIX OTHOCHUTEIBHBIX
JaBJICHUH B 00JIaCTh OONBIIMX BEIIMYUH a7ICOPO-
. [TomoOHOrO poja B3aUMOJCHCTBHUS JTOCTa-
TOYHO CHJIbHBI, YTOOBI TIOJHOE 3aIlOJIHEHUE TIOP

MIPOUCXOAMIO TPU OYEHb HU3KOM OTHOCHUTEb-
HOM JIaBJICHHH.

B Tabmuie 1 npencraBieHbl JaHHBIC, TOJTY-
yeHHble MeTogoM BOT s npuponHoro neoiaura
U [EONHTa, MOIU(MDUIIMPOBAHHOTO IOJIMATUIICH-
rmukosieM (L{I13T).

Ta6auna 1 — Pe3yabrarsl, nonydyenubie MeToaoM BIT nus npupoanoro neosura u DT

Bennunna eomut armsr
KoncranTa BOT (constant, C) 58.969 70.147
[Tnotaae moBepxuoctH (surface area), Mm%/ 3.511 2.015
Cpennnii pasmep nop (average pore radius), A 89,074 69,355
O6umii 06bem mop (total pore volume), cm*/r 0,016 0,007

Koncranta BOT (C) oTHOCUTCS K DHEPTHH
azcopOIMKU B TIEPBOM aCOPOMPOBAHHOM CIIO€
U, CIIe[IOBAaTEIbHO, €€ 3HAYEHUE XapaKTepu3y-
eT B3amMojelicTBue anacopOent/amcopbdbar [10].
CornacHO JaHHBIM TaOMUIB! 1 ClemyeT, 4To MpH
mMoaudukanuu npupoanoro neonuta 131 mpo-
UCXO/IUT YBEJIMUYEHHE 3HAYECHUS KOHCTAHTHI C
58.969 o 70.147, uto roBOpUT 00 YBEIMUYCHUU
CHJI B3aUMOJICHCTBUSL MEXIY COpOCHTOM M aj-
copOupyeMbIM BelecTBOM. Takke MOXHO 3a-
METUTh YMEHBIIIEHUE OCTAJbHBIX MapaMeTpOB:
IUIOIAAb MTOBEPXHOCTH, CPEAHUIN pa3Mep Mmop u
o0mmuit 06seM nop. MoauduiupoBanue eoauTa
HOJIMMEPOM BO3MOXKHO MPUBOIUT K YACTUIHOMY
3a0MBaHUIO TOpP M, CIIEIOBATENIbHO, YMEHBIIIe-
HUIO UX pa3Mepa u MOop, YTO CIIOCOOCTBYET JIyd-
HIeMy yIep>KaHUIO YaCTHIl B TOpax.

B pabote Takxke ompenereHbl HEKOTOpHIE
(U3UKO-XUMHUUECKHUE XapaKTEPUCTUKU UCCIENy-
€MBIX COPOEHTOB, TaKue KaK CyMMapHas Mopu-
CTOCTb 110 alleTOHY U aKTUBHOCTH 1O Hoxy [11]
(Tabnuua 2).

Tadoauna 2 — PU3NKO-XUMHYECKHE
XaPaKTePUCTHKH COPOEHTOB

XapakTeprcTHKa Leomut arsr
CyMMapHBIH, 00B5€M TIOP 1O 18,53 18,35
alleToHy, CM /T

AJNCOpOIIMOHHAS aKTHBHOCTH 110 36,81 74,80
rony, %

W3 Tabauibl 2 MOXKHO ClIeNaTh BBIBOJ, UTO
MoauduuupoBanue npupoaHoro neonura llan-
KaHaNCKOrO0 MECTOPOXIEHHUS B JIBa pa3a IOBBI-
II1aeT 3HaYeHUe a/ICOPOIIMOHHON aKTUBHOCTH 10
fiony, a 3HaYeHHE CyMMapHOro oobema Mop Io
allETOHY OCTAeTCsl NPAKTHUYECKH HEU3MEHHBIM.
CrnenoBaTenbHO, MOYKHO TPEANONIOKUTH, YTO
MOAM(DULIIMPOBAHHBIN COPOSHT XapaKTepHU3yeTCs
M€30- U MUKPOIIOpAMH, YTO M YBEJIUYMBAET a-
COpOLIMIO MOHOB TSKEJBIX METAJIIOB.

Copb6unonnbsle  xapakrepuctuku  LII9T
ObUIM U3YYEHBI 110 OTHOIICHUIO K OJHUM U3 Hau-
0oJiee TOKCHYHBIX HOHOB METAJIJIOB — HOHaM Pb?*
u Cd*".

Pesynprarel uccinenoBaHuil, NpenCTaBIICH-
HBIE HA PUCYHKaX 3, 4, IOKa3bIBAIOT, YTO C POCTOM
JUINTENIbHOCTH KOHTAaKTa MOIU(PHUIIMPOBAHHOTO
copbenta (LII13I') ¢ BomHo# (a3oii, conepxka-
el MOHBl METAJUIOB, CTENEHb MX W3BJICUCHMUS
Ha HayaJbHOM JTale IOBBILIAETCS, Jajee CTa-
HOBUTCSI IIPAaKTUYECKU NOCTOssHHOM. [lepuon Ha-
CBIIICHUSI COPOEHTA 3aBHCUT OT MPHUPOIBI HOHA
meTtasuta. Kak BUIHO U3 IpeCcTaBICHHBIX rpadu-
KOB, COPOLIMOHHOE paBHOBECHE ITPH U3BIICUECHUH
VMOHOB CBHUHIIA M KaJMHs HACTylaeT B TEUCHUH
30 MUHYT.

[TornoTutenbHass ~ CHOCOOHOCTH  COP-
OCHTOB 10 OTHOIIEHHUIO K OJWHAKOBO 3aps-
KEHHBIM MOHAaM METaJUIOB 3aBUCUT OT UX
uoHHoro paaumyca [12]. bBonbemyio cop6b-
[IUOHHYIO CIIOCOOHOCTH MPOSBISAIOT HOHBI
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c OoJpIIMM paaMycoM, Tak Kak OHU MeHee
CKJIIOHHBI K 0O0pa3oBaHUIO TUApATHOW 000-
JIOYKH, CHIDKAIOIIEH CHIIBI 3JIEKTpOCTaTUYeC-
KOTO MpUTsDKeHUd. Tak kak CBUHEI UMeeT 00JIb-
muii noHHbIN paauyc (0,112 HM) 1o cpaBHEHUIO
¢ nonamu kaamus (0,099 Hm), OH JOJDKEH COp-
OupoBaTbCs Jydllle Ha MOJISIPHBIX COpPOEHTax,
YTO XOPOIIO COTJIACYeTCA C IKCIEPUMEHTAb-
HbIMH JaHHBIMH (puc. 3,4). Haunbonpmas cre-
IICHb U3BJICUCHUS IJI1 HOHOB cBUHIIA — 97%, a
It HOHOB Kaamus — 87%.

E, %

T T T T T T
0 20 40 60 80 100 120 140 160
t, MUH

a

A%

— 1001 &8
— 2001 &€
——3001 &g
——4001 #¢
— 5001 &8

T T T T T
80 100 120 140 160 180 200

t, MUH

0

Puc. 3 — 3asucumocmo cmenenu uzenewenus uonog Cd**
(a) u Pb**(6) komnosummnvim Mamepuaiom npu pasiuiHbix
KOHYEHMPAYUsAX UOHOE OM BpeMeHU copoyuu
(xunemuka copoyuu)

Takxe, B xone paboThl Oblia onpeeneHa
onTUMalibHas Macca copOeHTa, HeoOxXoxumas
Juls HauOosee TIOJIHOTO W3BJICUEHUS HOHOB
MeTaJuioB, Kotopas coctaBuia 1 r Ha 100 cm?
pacTBopa conu MeTaia st nono Pb?" u Cd**
(pucyHOK 4).

68

A%

304 —1a
20 — 0,53
—0,1a

0 T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200

t, MUH

a

A%

—1a
054
013

T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200

t, MUH

0

Puc. 4 — 3asucumocmo cmenenu uzsneverus uonos Cd’* (a) u
Pb** (6) om sepemenu npu paznuunvix maccax IO

[Ipu omucanuu mpouecca cOpOIMU BaXKHBI
U30TEepPMbI COPOIIMH, KOTOPbIE MOKA3bIBAIOT, KaK
MOHBI METaJlJIa pacIpeaesieHbl MeXIy acopOeH-
TOM U XHUJIKOW (pa3oil mpu paBHOBECUU B 3aBU-
CUMOCTH OT KOHLEHTpauuu. s mocTpoeHus
U30TepM copOLru B AaHHOW pabore ObUIM Tpu-
MEHEHBI JIB€ HanboJiee 4acTo UCIOIb3yeMble MO-
JIeNId — Teoprsi MOHOMOJIEKYJISIPHOM aacopOuuu
Jlenrmropa 1 TeOpus OIUMOJIEKYIISIPHON a1Ccop-
ounn dpeitnnxa.

CornacHo Teopun JleHrMiopa, aKkTUBHBIC
LEHTPBl COpOEHTa CHOCOOHBI aJcOpOMPOBATH
TOJIKO OJHY YaCTHILYy, BCJIEACTBUE YETO 0Opa3zy-
ercs ofuH cioi. Kpome Toro, akTuBHBIE IEHTPHI
HHEPTeTHUECKU OTHOPOHBI U aICOPOUPOBaHHbIE
YaCTHUIIBl HE B3aUMOJICHCTBYIOT MEKIY COOOM:

—_ KC -
T ke (M

e K — KoHcTaHTa paBHOBecusi ajcopOLUU
Jlenrmropa;
A_ —npenenbHas aacopouus;
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A — ancopOums;

C — xoH1eHTpanus ajgcopbara.

ComnacHo monenu PpelHuxa, U3BIeYe-
HHE MOHOB METAJUIOB MPOUCXOJUT B T€TEPOreH-
HOM cHUCTEeME C HEpPaBHOMEPHBIM 3aIlOJIHCHHUEM
AKTUBHBIX IICHTPOB U 3aMETHBIMHU CHJIAMU B3aH-
MOJICUCTBHS MEX]y aJICOPOMPOBAHHBIMH YaCTH-
LIaMU:

A=BC"; (2)
rne B — Koncranrta ®pelingnuxa, paBHas aj-
COpOIIMOHHON €MKOCTH TPU KOHIICHTpAIUU ajl-
copbara C =1,

N — AKCIIOHEHTAa, OTHOCAIIAsACS K BHYTPCH-
HEW DHHEPruu ajcopOIMu pPAacTBOPEHHOTO Be-
mectna [13].

Ha pucynke 5 wu300pakeHbl H30TEPMBI
Jlenrmiopa n ®peitHnxa, KOTOPbIE MOTYUYEHbI
Ha OCHOBE JKCIEPHUMCHTAIBHBIX JAHHBIX MPH
Pa3IMYHBIX MCXOAHBIX KOHIIEHTPAIUSAX HOHOB
HCCJIENyEMBbIX METAJUIOB, a B Tabmwuie 4 mpen-
CTaBJIEHbl 3HAYEHUS KOHCTAHT, pPacCYMTaHHBIC
COTJIACHO JBYM MOJICIISIM.

Kaxk BugHO 13 Tabmaunsl 4 uzorepma dpeii-
HIJMXa 0o0Jiee TOYHO OIMKMCHIBAET IMPOIECC CO-
pOuMu 060MX METaJIOB, YTO MOATBEPKIACTCS
3HaYCHUAMHU KOd(D(PHIMEHTOB Koppensuuu R2,
omuskux k eamnune (R=0,9664 mns Cd** wu
R>=0,9814 nns Pb*"). YpaBuenue dpeiinainxa
HCTOPUYECKH OBLIO MIPEJCTABICHO KaK SMITUPH-
YeCcKoe, BCIEACTBHE YEro BO3MOKHOCTL HMHTE-
MPETUPOBAHUS CMBICIIAa KOHCTAHT OTCYTCTBYET
nubo orpanuyeHa [14]. 3HaueHUS SIKCTIOHEHTHI
n OOBIYHO MEHBINE EAWHUIBI (YTO MPaBIUBO
JUId TIOJy4YeHHBbIX 3HadeHui: 0,847 s kanu-
mus U 0,869 nns cBUHIA), TaK KaK HM30TEpMa
ancopOIMu BOTHYTAa OTHOCHUTEIBHO aOCIIUCCHI
(C) u BappupyeTCs B 3aBUCUMOCTHU OT CTETICHH
ancopomuu (A). Kak Obl10 yKazaHoO BBINIE, KO-
s punmeHT f MokeT AaBaTh MHPOPMAIUIO 00
aJcoOpOIMOHHON eMKOCTH copOeHTa. Tak, 3Ha-
YeHHe 3 1719 CBUHIIA 3HAYMTEIBHO MPEBBIIIACT
B mrst xkagmus (B = 0,120 g Cd*, p = 0,640
st Pb?"), T.e. agcopOIus CBUHIIA TTOJyYEHHBIM
LTSI mpoxoauT 3HAYUTENBHO JIEeTYe.

a

16 -
14 -
£ I/
g 1: | u +Pb
o 6 - mCd
q -
21 &%
0 T .
0 10 20 30
CpasH, mr/n

L5 1 #Pb
mcd
1 -
0,5 - /
<
£
0 : !
a
0,5
[
_1 -
InC
0

Puc. 4 — Mooenu uzomepm adcopbyuu uornos Pb*" u Cd®* coanacno meopusim Jlenemiopa (a) u @petinonuxa (6)

Taoauna 4 — KoucTaHnThbl H30TEPM Ipouecca COpﬁIll/II/I, pacCUuTaAHHBbIC COIJIACHO TCOPUAM

Jlearmiopa u @peiinainxa

Hon meranna Teopus Jlenrmiopa Teopus ®peiinaimnxa

K A, mr/n R’ B n R
Cd2+ 0,028 4,484 0,8016 0,120 0,847 0,9664
Pb2+ 0,112 7,937 0,2190 0,640 0,869 0,9814
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Taxxe B Xxoie pabOThl OBUIM pacCUUTAHBI
KHHETHYECKHUE XapaKTEPUCTUKH, TAKUE KaK CKO-
pPOCTh, KOHCTaHTa CKOPOCTH, DHEPTUs aKTHUBa-
nuu. JlJis onpeneneHus BIUSHUS TEMIIEPaTyphl
Ha TIpo1ecc copOIru OBLITN MPOBEACHBI AKCIIEPH-
mentel ipu T, =289 K, T, = 298 K u T,= 309,
YTO MO3BOJIMJIO PACCYUTATh YHEPTUIO AKTUBAIIMH
MpoIriecca, pe3yJabTaThl KOTOPBIX IIPEICTABIICHbI B
Tabiuue 6.

Tabonuua 5 — Kunernueckue XxapakTepuCcTUKHA
npouecca copoumnu

MeI/TI;)JI'I{na T, K K, MI/IHrl W, MI/IT*MuH Ea, kJx/Momb
cd’ 289 0,035 0,024
298 0,058 0,068 11,9
308 0,096 0,112
Pb 289 0,059 0,066
298 0,113 0,103 22,9
308 | 0,148 0,116

JlaHHbIe, MpUBEIEHHBIE B TAOIHIIE 5, CBUIE-
TEIBbCTBYIOT O TOM, YTO C POCTOM TEMIIEpaTyphl
YBEJIMYUBAIOTCSI KOHCTAHTBI CKOPOCTH IPOIIECCa.
VYBenuueHne CKOPOCTH COPOIMHU, MPEIIOIONKH-
TEJIBHO, CBSA3aHO C:

1) u3MeHeHueM pasmepa MOp B CTPYKType
copOeHTa U POCTOM aKTHUBHBIX YYaCTKOB COpO-
MU M3-32 HAPYILIECHUS HEKOTOPHIX BHYTPEHHUX
CBsI3ei Ha MOBEPXHOCTHU ICOIUTA;

2) mpH MOBBIIICHUH TEMIEPATYPhl BO3MOXK-
HO yBEJINYEHHE J0JIH U aKTUBHOCTU MOHOB TSKeE-
JIBIX METAJJIOB B PACTBOPE, a TAK)KE YBEIHUCHUE
MOTEHIMANa 3aps/a TOBEPXHOCTH 1ICOJIHTA;

3) yBenMuYeHUE TeMIepaTypbl YCKOpSET
1 dy3rr0 HOHOB B TIOPHI IICOTUTA;

4) sHeprus aKTUBALIUU XapaKTepU3yeT OTHO-
[IEHHE KPUTUUYECKUX Pa3MEpPOB YACTHIl U BXOAA
B MUKponopsl [15]. YnoMsiHyThie Bblllie Majible
3HAYE€HUs HHEPruM aKTUBALIUW JIUIIb MOATBEP-
JKAAIOT aJICOPOLIMIO MPU MaJIbIX TeMIepaTypax.

Takum oOpa3om, B paboTe IMOIy4YEH COp-
OeHT Ha OCHOBe IeonuTa YaHkaHaiickoro me-
CTOPOXJICHUSA, MOAU(PUIMPOBAHHBINA  IOJIKD-
tunenrkiaukoiaeM (LII3TY). VYcranomneno, 4ro
MOIUGUIUPOBAHHBIN IICOTUT XapaKTepU3yeTcs
BBICOKOM COpPOLIMOHHOM aKTUBHOCTBIO 10 OTHO-
menuro kK nonam Cd*>" u Pb*, crenens u3Bieye-
HUSl KOTOPBIX M3 BOJHBIX PACTBOPOB JOCTHUTacT
(87£8,04)% u (97£9,24)% coorBercTtBenHo. Ha
OCHOBE TOJYYEHHBIX PE3YJIbTAaTOB ONPEEIICHBI
ONTHUMAJIbHBIE YCJIOBHSI MPOBEIACHHS COPOIMH
nonoB Cd** u Pb*" MmoauduupoBaHHBIM II€0JIH-
ToM: Macca copbenta — 1 T Ha 100 cm® pactBopa,
T =298 K.

[98)
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CTPYKTYPHBIE CBOF{CTBA IIVIEHKU KAPBU A KPEMHMUA,
CUHTE3UPOBAHHOU METOJOM 3AMEINIEHUSA ATOMOB

K.X. HYCYIIOB, H.b. BEUCEHXAHOB, JI.U. BAKPAHOBA, C. KEMHBAH
Kaszaxcmancko-bpumanckuti mexnuueckuti yHugepcumem

Annomayusn: B pabome ¢ npunosepxnocmuoii oonacmu naacmunst Si(100) memooom 3amewenus amomos
CUHME3UPOBANBI MOHOKPUCATIUYECKUe NIeHKU KapOouoa Kpemuus, cooepoicaujue KpUCmaiiuieckue ghazvl
S-SiC u 2H-SiC. Cunmes nieHok ocyuecmenen 6 CneyudibHol 1abopamopHoll J1eKmponeyu npu memnepamy-
pe 1250°C 6 meuenue 20 munym 6 nomoxe eaza CO npu dagnenuu 0.8 Ila. Memooamu vlcokouygcmeumeib-
HOU PEeHM2eHOB8CKOU OUPPaKyul 1 UHGPAKPACHOU CNEKMPOCKONUU NOKA3AHO NPUCYMCIEUe HAHOKPUCALLO8
SiC ¢ 8bICOKOLL CMENenbl0 COBEPULEHCTNEA CIMPYKMYPbl. DM HAHOKPUCTIALIBL MO2YH PACNONA2AMNbCS KAK HA
epanuye pazdena «nienka SiC-noonodcka Siy, max u Hympu KpemHue8oU NOOOACKU, NOKDbIEASl GHYMPEH-
H1010 nosepxnocms nop. Iloxazano, umo oxono 80% Si-C-cea3zeti cooepaicamest 8 cocmase KpUCmaiiuieckou
¢hazvl kapbuda Kpemuus, KA0UAS MOHOKPUCMALIUYECKUL CNOMU, HAHOKPUCATIbL U UX 3apoobiiuu. AMopgnas
Gaza kapouoa kpemnus (9,3%) 6 naenke npedcmasisem cobol cmech CUTbHO 0eEeKMHBIX 0ehoPMUPOBAHHBIX
Hanokpucmannos. Maxcumymor komnonenm npu 785,5 e’ u 788,0 cm™ amopghroii ghazer cmewenvt 61uzKo
6 cmopony 795,9 em!, xapaxmepnotii ons kpucmanauyecxoui gpazer f-SiC (3C-SiC). Dmo obycrosnerno noevi-
wennoti memnepamypou cunmesa (1250°C) naenxu kapouoa kpemuus. Taxowce yacmo Si-C-cesazeut (10,4%)
sKa0YeHbl 6 cocmag SiC-Kaacmepos u OUlIamayuoHHbIX OUNoJell.

Kniouesvle cnosa: xapouo KpemHust, cmpyKkmypa, KpUcmaiiuzayus, CUHme3, Memoo 3ameueHus: amomos

STRUCTURAL PROPERTIES OF A SILICON CARBIDE FILM
SYNTHESIZED BY THE ATOM SUBSTITUTION METHOD

Abstract: In this work, the atomic substitution method was used to synthesize a single-crystal silicon carbide
film containing crystalline p-SiC and 2H-SiC phases in the surface region of a Si (100) wafer. The films were
synthesized in a special laboratory electric furnace at a temperature of 1250°C for 20 minutes in a flowing CO
gas at a pressure of 0.8 Pa. Using the methods of high-sensitivity X-ray diffraction and infrared spectroscopy,
the presence of SiC nanocrystals with a high degree of structural perfection has been shown. These nanocrystals
can be located both at the interface “SiC film - Si substrate” and inside the silicon substrate, covering the
inner pore surface. It was shown that about 80% of Si — C bonds are contained in the crystalline phase of
silicon carbide, including the single crystal layer, nanocrystals, and their nuclei. The amorphous phase of
silicon carbide (9.3%) in the film is a mixture of highly defective deformed nanocrystals. The maxima of the
components at 785.5 cm™ and 788.0 cm™! of the amorphous phase are shifted close to 795.9 cm™, which is
characteristic of the crystalline p-SiC (3C-SiC) phase. This is due to the increased synthesis temperature
(1250°C) of silicon carbide film. Also, part of the Si—C bonds (10.4%) are included in the composition of SiC
clusters and dilatation dipoles.

Keywords: silicon carbide, structure, crystallization, synthesis, magnetron sputtering, atom substitution
method

ATOMJIbI AIMACTBIPY BJIICI APKbLJIbBI CHHTE3JIEJITEH, KPEMHUI KAPEUII
KABBIPITATBIHBIH K¥PbIJIBIM/IBIK KACUETTEPI

Anoamna: Byn sicymvicma, Kypamvinoa kpucmandwvl p-SiC owcone 2H-SiC pazanapvl dap moHoKkpucmaniovl
KpeMHUutl kapouomi xabvipuwakmap amomowl arimacmeipy a0ici apxolivl Si (100) naumaceineiy 6emxi ati-
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MagviHOa cunmesOendi. Kabvipuwakmap apHaiivl 3epmxananvik snekmp newinde 20 munym oot 0,8 Ila
Koicoimoa CO easzvinbly agvicbinoa 20 mumym iwinoe cunmesoendi. Kabvipwaxmap apHaiivl 3epmxaHaivl
anexkmp newinoe 0,8 Ila xvicoimoa CO easvinviy asvicoinoa 1250°C memnepamypaceinoa 20 munym iwinoe
cunmesoenoi. XKozapwl ce3immanovl peHmeenoiK OuGpaxyus icane UH@OPaAKbI3bLIL CHEKMPOCKONUs 20icmepit
KONOAHA OMbIPbIN, KYPHLILIMOBIK Hcemindipyoiy sco2apul dapexceci o6ap SiC HaHOKpUCmanoapwitsvly 601ybl
kepcemineen. byn nanoxpucmanoap “SiC nnenxa - Si cyocmpam” unmepgeiicinoe Oe, Keyekmepoiy iuwiKi
bemmepin dcady yuiin kpemHull cyocmpamoliHuly iwinde 0e opHanacyvi mymkin. Si-C b6atiianvicmapbiibly
wamamen 80% xpemmuii kapoudi Kpucmanovl hazacvinoa, oHwvly iwinoe MOHOKPUCAObl KabambvlHod, Ha-
HOKPUCMANOApOa H#caue 01apobly A0poapbliHOa ekenoiei kopcemineeH. Kabvipuakmagol KpemMHull Kapouodiniy
amopghmul ghazacwi (9,3%) - 6yn eme axayivi OepopmayusIaH2an HAaHOKPUCMALOAPObIY KOCNAcsl. Amopdmol
pazanviy 785,5 cm! orcane 788,0 e monkwin canoapbinoazbl KOMNOHEHMMEPIHIK MAKCUMYMOAPbL KPUCTA-
oviK [-SiC (3C-SiC) ¢hazacvina man 795,9 cm’ deneetiine sHcaxwin Heolixicblmuliovl. By kpemnutl kapouoi
KaObIpulagvlHbly  CuHmes memnepamypacsiusiy scozapuliayvina (1250°C) 6atinansicmel. Conoati-ax Si-C
oavinanvicmapuvinvly Oip 6onici (10,4%) SiC knacmepnepi men ounamayus OunoIbOEPiiy KYpamovina Kipeoi.

Tyiiinoi co30ep: kpemuuii Kapouoi, KYpoiibim, KPUCMALOAHY, CUHMe30ey, AmoMObl AlMacmuipy 20ici

AKTYyaJIbHOCTD

B nocnennue roapl pe3ko BBIPOC MHTEPEC
K TYTOIUIABKUM IIMPOKO30HHBIM TMOJYNPOBO-
naukaM, TakuM kak SiC, GaN, AIN, BN, ZnO.
Bricokasi mOABMKHOCTB 3JEKTPOHOB, OOJNbIIas
BEJIMUMHA DJIEKTPUYECKOTO MOoJisi mpobosi B co-
YETaHUU C OTVIMYHBIMU TEPMOXMMHYECKUMHU Xa-
pakTepucTUKaMu 00yCIaBIMBAIOT 3HAUNTEIbHbBIE
MEPCHEKTUBBI UCIIOJIB30BAHUS ATUX MATEPUAJIOB
JUISL M3TOTOBJIEHUS! TOJYIPOBOJHUKOBBIX IpPHU-
O0opoB paznuuHoro HazHadeHws [1-4]. lns BbI-
palMBaHusl MOHOKPHUCTANIMYECKUX CJIOEB Bbl-
[IeyKa3aHHBIX MaTepHaroB HEOOXOJUMO HMETh
MOJIJIOKKH, y KOTOPBIX IapaMeTpbl PEHIeTOK
oTIMyaiuch Obl MeHee, ueM Ha 4%. [lapameTpsr
PELIETOK TPAaJULHUOHHO HCIOJIb3YEMON KPEMHU-
€BOM NOJUIOKKHA M JaHHBIX MaTepUasioB OTIH-
yarorcs 6onee yem Ha 19%. Hampumep, mexny
KapOUIOM KpEeMHUS M KpEMHHEM pa3HHIIA B Ma-
pametpax pewmeTok gocturaer 19% [5]. Iloatomy
BBIpAl[MBaHUE AMUTAKCHAIBHBIX cioeB SiC Ha
MOJUIOKKE Si SBJISETCS HETPUBUAIBHOMN 3a7adeid
[6]. Hannpumep, METOAOM MOHHOW MUMIUTAHTAIUU
yaaetcst noay4uTh amopdHsie ienku SiC ¢ mo-
CIENYIOLIEH UX KPUCTAJLUIM3ALUEH B IpoLecce
omxura (900-1300°C) [7].

bbimu  AOCTUTHYTBI yCHEXM MO CHUHTE3Y
TOHKUX JNHUTakcuanbHbiX MmieHok SiC Ha Si
METOAOM 3amelieHuss aromoB [8,9]. B ocHoBe
3TOTO0 METOoJAa JIeKHUT HWJes 3aMEIIEHUs 4YacTH
aTOMOB KpEMHHS Ha aTroOMbl YIVIEpPOAA BHYTpPU
KPEMHHMEBOM MOMIOKKU. [ peanuzauuu
JAHHOTO TMOAXO0Ja B MEXKY3€JIbHYI0 MO3ULIUI0

PELISTKH KPEMHHS TPEIBAPUTEIBHO BHEAPSIOT
aToM yIJIepo/ia, a COCEIHUMN C HEll aTOM KpEeMHUSI
YAAISIIOT, CO3/aBasi KPEMHHEBYIO BaKaHCHIO.
O0pa3yeTcssaHcaMOIIb TUIATAUOHHBIX AUITONICH—
YCTOMYUBBIX KOMILJICKCOB, COCTOSIIINX U3 LIEHTPOB
JUIIATAllMd — aroMa yriepoja B MEXY3eJIbHON
NO3MLMKM M KpemHHMeBOH Bakancuu: (C-V ). B
KpHUCTaule KyOMYeCKOW CHUMMETPHH JTH JBa
IEHTpa JWIATAIlMA YIPYro B3aUMOJICHUCTBYIOT
apyr ¢ apyrom. CHHTE3 YHPYTHX JHUIIOJICH
OCYIIECTBIISIETCS. TP  TOMOIIM  XMUMHUYECKOM
peakmuu (1) [8]:

2S8i ., +CO =SiC_ . +SiO, . (1)

Ecnu atombl yriieposia u3 MeKy3elbHBIX T10-
3HUIIUN CMECTSTCS B TIOJIOKEHUS, 3aHIMaeMbIC Ba-
KaHCHSIMH, TO B TIPUTIOBEPXHOCTHOM CJIO€ KpEM-
HUs oOpa3yeTcs kapOua kpemuus [8,9].

B nanHo#t paboTe METOIOM PEHTIEHOBCKOM
TUPpakiud U WHPPAKPACHOH CIIEKTPOCKOIUU
uccieayercs cTpykrypa HanocnoeB SiC, cus-
TE3UPOBAHHBIX METOJIOM 3aMEIICHUsI aTOMOB Ha
MOBEPXHOCTH MOHOKPHUCTAIUTMYECKOTO KPEMHHUSI
opuenraruu (100).

IKCNePUMEHTAIbHAS YaCTh

Jljis cuHTe3a AMUTAKCHANBbHBIX TIeHOK SiC
MCIIOJIb30BaHbl MOJIMPOBAHHBIE TIACTUHBI MOHO-
KpUCTaJTHYecKoro kpeMuusi opueHtaruu (100),
pazmepamu 7x7x0.3 MM U yIE€TbHBIM COMPOTHUB-
nenueM 4-5 Om-cm [7,10]. Cuntes mienok SiC
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MPOBOAWICS B CHEUHAIbHOM 3nekTporieyn [11]
nipu temneparype 1250°C B reuenue 20 MUHYT B
notoke raza CO npu nasnennu 0.8 Ila.

CocraB U CTPYKTypa IJICHOK UCCIE0BAIHCh
¢ ucnons3oBanueM HK-cnekrpomerpa Nicolet
1S-50 (ThermoScientific, USA). IlporpammHoe
obecrnieuenue k Nicolet 1S-50 mo3BoseT UCHIONb-
30BaTh IPOTrPaMMBI 10 PA3JI0KEHHUIO CIEKTPOB Ha
KOMITOHEHTBI M OIpPEeNesITh UX MOJO0KEHHUE, aM-
TUTUTYY U TUIOIIA[b.

@Da3oBbIl COCTAB U CTPYKTypa IUICHOK HC-
CJIEJIOBAIUCh METOJIOM BbICOKOYYBCTBHUTEIHHOM
PEHTTEHOBCKON AM(pakuuu ¢ UCHOIb30BaHUEM
y3kokounmMupoBanaoro (0.05x1.5 mm?) MoHo-
xpomaruyeckoro (CuK ) myuka peHTreHOBCKHX
ayyeit [7,10]. MHTEHCUBHOCTh PEHTTEHOBCKHX
OTpaXKeHUU BOJbL JAebaerpaMMbl HU3MeEpsIach
Ha MukpoaeHcuromerpe MD-100 yepe3 kaxapie
0.05°.

Pe3yabTarbl u 00Cy:K1eHHe

Hccnedosanus memooom

HUK-cnexmpockonuu

Jli1s onpeiesienus CTpyKTypHOTO COBEpILIEH-
cTBa IIeHOK Obuu cHATh UK-crekTpsl moro-
mieHust ieHoK SiC W BBIMOJIHEHO UX Pa3jioxkKe-
HUE HAa KOMIIOHEHTHI. Pa3noxkeHue CrekTpoB Ha
COCTABIISIOLIUE /1aJI0 BOBMOKHOCTH OIMPEIEIUTD
MOJIOKEHHE KOMIIOHEHT B CIIEKTPE M BBIYUCIHUTD
UX IUJIOWIAb. DTO, B CBOIO OYEPEb, MO3BOIHIO
onpeneauTh $ha3oBblid cocTaB MeHOK. [Tomyyen-
HBIE JaHHbIE B Xo/¢e uccienoBanus NK-crekrpos
IJICHOK MIPUBEICHBI Ha PUCYHKE 1.

B HK-cnekrpe oOpasua Habmromaercst psia
YEeTKO BHIMMBIX Y3KHX MUKOB mpu 788,0 cm!,
794,1 cm!, 800,5 cm!, 803,4 cm!, 807,3 cm’,
811,3 cm!, 814,6 cm!, 819,0 cm!, 825,9 cm,
834,5 cm!, 838,0 cm!, 841,8 cm!, oTHEceHHBIE
K KpUCTaJUIM4YeCKor ha3e KapOuja KpeMHHS.
ComtacHo TaHHBIM, PUBEACHHBIM B [12], Teope-
TUYECKHE BEJIMYMHBI MMKOB MH(PPAKPACHOTO TO-
[JIOUICHUS JUIsl KyOM4eCKOM, reKCaroHalbHON U
poMmOuueckor monudukanui caeayromue: 795,9
em! s B-SiC (3C-SiC),799,5 em! s 2H-SiC,
797,6 cm!' mia 4H-SiC, 797,0 em™!' s 6H-SiC,
797,5 em™! s 15R-SiC. YuuteiBasi, 4To 3KCIIE-
PUMEHTAJIbHBIC 3HAYEHUS MOTYT HE3HAUYUTEIbHO
OTJINYATHCS OT PACUETHBIX 3HAUCHUH [ 12], MOXKHO
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YTBEPKIaTh, UTO B 00paslie B KauecTBE KpUCTall-
nudeckol (as3bl kapOuaa KpeMHHUs IPUCYTCTBYET
MOHOKPHUCTANIMYECKUN KyOMUECKHI MOJUTHI
3C-SiC, xoropoMy MpHUOIU3UTEIBHO COOTBET-
CTBYeT HAOIIONAaeMblii MHTEHCUBHBIM MUK MPH
794,1 cm!. Cyns mo Hanmuuio muka mpu 800,5
cM’!, MOXXHO TOBOPUTH O HPUCYTCTBHH PEIKOM
rekcaroHaiabHOi (a3el 2H-SiC, Hammume korto-
poro 6s110 ycTaHoBieHo panee [9.13]. OTmeTum,
yro nukd 3C-SiC u 2H-SiC saBnsrorcss nocra-
TOYHO Y3KuUMU (puc. 1) U 3TO CBUAETEIHCTBYET
0 KPHUCTAJUIMYECKOM COBEPILIEHCTBE CIIOEB pas-
auyHbeIx nonutunoB SiC [10,12]. B atu moHo-
KpUCTa/inyeckue ¢asbl Mo MpeaBapUTEIIbHBIM
oneHkaM BkiroueHbI 11,4% Si-C-cBs3eid IIeHKH
(cm. Tabnuiry).

KoMroHeHTBl B CHEKTpe ¢ MakCUMyMamH
npu 785,5 em™ 1 788,0 cm! ObLIM OTHECEHBI K Si-
C-cBsI3sIM B CHIIBHO J1€(EKTHBIX 1e(pOpMHUpPOBaH-
HBIX HaHOKpucTauiax (tabmuma). B ux cocras
BKJIFOUYEHEI O11eHOYHO 9,3% xonnuecTtBa SiC-CcBs-
3eil. JlelcTBUTENbHO, NIPU UCCIICIOBAHUU aMOp-
(HBIX NOHHO-CUHTE3UPOBAHHBIX CIIOEB KapOuaa
kpemuus [7,10,14-16], monoxenue Makcumyma
SiC-nuka Haxomuiaoch B mpeaeiax 700-760 e,
[Tocne omxura (900°C) nmuk cmemaercs 10 ~795-
800 cM!, yBeIHMUMBAET CBOIO aMILTUTY/Ly U Cy»Ka-
€TCs1, yKa3bIBas Ha JoOMUHHpOBaHue Si—C-cBs3ei
TETPadAPUUECKON OpUEHTAIMH MOJIUKPUCTAIIIN-
yeckoil (a3er SiC. HaGmromaroTcsi BKITFOUCHHUS
MEJIKOKPUCTAIIINYECKON, KPYMHOKpHUCTaJUINYe-
ckoit u amopduou daszer SiC mocne omxkura [16].
B muieHkax, CMHTE3MPOBAHHBIX METOJOM 3aMme-
IIEHUSI aTOMOB, MAaKCUMYMbl KOMITIOHEHT 785,5
cm! uw 788,0 cm! amopdHoii (azbl CMeIICHbBI
O1m3K0 B cTopoHy 795,9 cM!, XapakTepHO#l s
kpuctammmieckoir ¢azer B-SiC (3C-SiC). Oto
00yCJIOBJICHO TMOBBIIIICHHOW TeMIepaTypoi CHH-
te3a (1250°C) meHku kapOouaa KpeMHUsI.

B UK-cniektpe Habmromaercs psi y3Kux M-
KOB ¢ BOJIHOBBIMH ynciaamu 803,4 cm!, 807,3 cm!,
811,3 cm!, 814,6 cm', 819,0 cm!, 825,9 cm!,
834,5 cm!, 838,0 cm!, 841,8 cm!, KOTOpBIE MOTIIH
MOSIBUTHCSI BCJIEJICTBUE TIOIVIOMICHUS MEJIKUMU
HAHOKPUCTAJUIAMU, U TEPBbIE MATh U3 KOTOPBIX
yke HaOmonamuck panee B [9,13]. [lelicTBuTenb-
Ho, H. Mutschke et.al [12], ananuszupys paboThI
M0 M3y4YEHUIO dMUCCUU MaiblXx yactul SiC au-
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Puc. 1 — Mamemamuuecroe paznoocenue UK-cnexkmpa noznowenus nienxu SiC, cunmesuposannoii 6 ammocgepe eaza CO npu
memnepamype 1250°C u oasrenuu 0,8 Ila 6 meuenue 20 murym memooom sameujeHus amomos (S - nioujaos KOMnoHeHmul)

amerpoMm 0,3-3 um B KOCMHYECKHX OOBEKTaX,
OTMEYAIOT, 4TO HIMPOKUH MUK B oOmactu 11,3
pum (~885 cm') ObLT MHTEPIPETUPOBAH Pa3THY-
HBIMH aBTOPAaMHU KaK AMHCCHUS MAaJIbIX YaCTHII
SiC mexay 4acToramu nonepedyssix (~795 cm)
U mponoibHbeIX (~960 cm') onrudeckux ¢oHO-
HOB. B cBsI3M ¢ 3TUM, OCTpbIC MUK B HHTEPBaJe
803-842 cm!' MoryT yka3piBaTh Ha MPUCYTCTBHE
rpynn MeJNKuX HaHokpuctamioB SiC, oriauya-
fomuxcst pazmepamu. Kak cienyer u3 TaOIulibl,
nons Si-C-cBs3el, BKIIOUEHHBIX B 3TH HAHOKPH-
CTaJlIbl, COCTABISIOT BEIMYUHY OKOJIO 29,9% ot
uX OOIIETO KOJIMYECTBA B TVICHKE.

[ToMumMO 3TOTO, MPUCYTCTBYET TAKXKE IIH-
POKHeE TayCCOBBI ITUKH ¢ MAKCUMyMaMHU TIPH BOJI-
HOBBIX umciax 853,0 cm! u 890,8 cm! (39%),
KOTOPBIE MOKHO OTHECTH K Si-C-CBs3sIM Ha TIO-
BEPXHOCTH 3apOJBIIIEH OYEeHb MEJNKHX HaHO-
kpuctauioB SiC MIMPOKOTO CIIEKTpa pa3MepoB C
JIOMUHUPOBAHNEM HAaHOKPUCTAJUIOB, MOIVIOLIAI0-
mwmx 1pu 853,0 cm! [7,10,12]. HanokpucTamisl
KapOuIa KPeMHUS M UX 3apOABIIIN MOTYT pacrio-

JaraThCs Kak Ha TpaHUIle pasnena «ieHka SiC
— MOAJIOKKA Si», TaK U BHYTPU KPEMHHUEBOH MO/~
JIOKKH, TIOKPBIBasSi BHYTPEHHIOIO ITOBEPXHOCTh
nop [9,13]. B nenmom, B kprcTaIUTHYECKYIO (hazy
KapOuIa KPeMHUsI, BKITFOYAs 3apOIBIIIA MEITKUX
HaHOKPHCTAJIIOB, 00bEAMHEHBI OIIEHOYHO aTOMBI
yrieponaa u kpeMuus, oopaszyromue 80,3% Si-C-
CBsI3€H IUICHKHU KapOua KpEeMHHUSL.

[Muk ¢ makcumymoM B obmactu 933,1 cm!
(8,8%) MoOXeT ObITh OTHECEH K YKOPOUYEHHBIM
Si-C-cBsi3siM B KapOWI0-KPEMHHEBBIX KJIACTe-
pax. ITuk ¢ makcumymom B ob6mactu 960,0 cm!
(1,6%), nabmomasmmiics panee B [9,13,17], co-
OTBETCTBYET 0COOOH MEXaHMUYECKON CBSI3U DHEP-
UM KOJIEOaHWH YyIpyroro MUJIATAlMOHHOTO JIH-
noss (C-V).

KonuuectBennnle  oneHkn — Si-C-cBs3eH,
BKJTIOYEHHBIX B COCTaB MOHOKPHCTAJTMUECKUX
CJIOEB, AMJIATAIIMOHHBIX JHIIONEH, KIIaCTEpOB,
HAHOKPHCTAJUIOB M UX 3apOJIBIIIeH TPeOyIoT 110-
CJIEIOBATEIBHOIO aHAIM3a U JaJbHEWIIEro pas-
BUTHSI TOTO METOJIA.
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Taonuua — Ilnomaau S koMnoHenT SiC-nmuka npu BoJHOBBIX yucaax w st UK-cnekrpos,
MOABEPrHYTHIX PAa3JI0KeHHUI0, OT MJIeHOK SiC Ha c-Si, M0JIy4eHHbIX METOI0M 3aMelleHH s
aTOMOB

PacrionokeHne MakcuMyMa KOMIOHEHThI SiC-Trka
o § SiC-xmactepst
s = SiC-amopdusIit SiC-kpucramist (795-800 cM™!), HAHOKPHCTAIIIB M HX W uiara-
= & (~700-794 3apOJIBIIIT LHOHHBIE xS
= cm) (~800-900 cm) Jrionu (900-
965 v
won! | 9551 T80 9041 8005 | 8034 | 8073 | 8113 | 8146
= | S,o0e. ] ’9 0’4 34,7 5,3 5,1 24,0 3,5 11,3
g S, % ’ ? 9,9 1,5 1,5 6,8 1,0 32
&
g)ﬁ w,em’! 819,0 | 8259 | 8344 | 838,0 | 841,9 853,0 | 890,8 | 933,1 | 960,0
2| S,oe. 8,7 32,3 8,6 1,2 10,1 87,7 | 49,2 31,0 5,7 351,0
Al S, % 2,5 9,2 2,5 0,3 2,9 25,0 14,0 8,8 1,6 100%
xS 32,6=9,3% 281,7=80,3% 36,7=10,4% 100%
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Puc. 2 — Jlebaecpamma u UuHmMeHCUBHOCTIb PeHM2eHOBCKUX ompadceHutl 1(26) monkou nieHku kapouoa KpemHus, CUHME3UPOBAHHOU
npu memnepamype 1250°C u oasnenuu 0,8 Ila 6 meuenue 20 munym memooom 3ameujenus amomos

Hccneoosanus memooom yyecmeumenvHol  NeCATU U3BECTHBIX JIMHUH B-SiC. OT0 yKa3bIBaeT
PEeHmM2eH0BCKOU OUPpaxKyuu Ha (OPMHUPOBAHUE CUCTEM TUIOCKOCTEH OTpaxe-
PucyHnok 2 mokasbIBaeT, YTO PEHTTEHOBCKasi HHSI U BBICOKYIO CTEIIEHb COBEPIIEHCTBA CTPYK-
nebaerpamma TuieHKHA SiC comep kKT AEBATh U3 Typbl HaHOKpucTauioB [-SiC. HanokpucTamibl
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KapOua KpeMHHsI MOTYT pacroyiararbcsi Kak Ha
rpanuie pasnena «mieHka SiC-momioxka Siy,
KaK MOKa3aHo B [8,9], Tak U BHYTpU KPEMHUEBOI
MOJUIOKKH, TOKpPbIBas BHYTPEHHIOIO MOBEpPX-
HOCTb I10D.

PenTrenoBckre TMHUNA UMEIOT OJJHOPOIHYIO
WHTEHCHUBHOCTH 32 HCKIIFOUeHueM JTuHuH (220), B
IEHTPaJIBLHOM YacTU KOTOpOoi Habmronaercs ped-
JIEKC MOBBIIICHHOW MHTEHCUBHOCTH. JTO YKa3bl-
BaeT Ha HaJHM4YMe KPYMHOIO KpUCTasia, CUCTEMA
miockocter (220) KOTOpOro HaXOAUTCS B TOJIO-
YKEHUH OTPAKEHUS B COOTBECTBUU C YPAaBHEHUEM
Bynbda-bperra. bonpimme pasmepsl peduiekca
YKa3bIBAIOT HAa HAJMYKUE MOHOKPUCTALITUYECKOTO
cios B-SiC.

BriBoabl

MeTtonom 3aMeleHusl aTOMOB B CII€LIUalIb-
HOM 37ekTpornieun npu temmeparype 1250°C B Te-
yenue 20 muHyT B moToke raza CO npu 1aBieHun

0.8 I1a B mpumoBEepXHOCTHOM 00JIACTH TIJIACTUHBI
Si(100) cuHTE3upOoBaHAa MOHOKPHCTAJUTHYECKAs
IUIGHKa KapOuaa KpeMHUs, conepskamas (as3bl
B-SiC u 2H-SiC. Tloka3aHo NMPUCYTCTBUE HAHO-
kpuctaiioB SiC BBICOKOW CTENEHU COBEPIICH-
CTBa CTPYKTYpPBI, KOTOPbIE MOTYT pPacroyiararbcs
KaK Ha TpaHulle paszena «mieHka SiC-moaioxka
Si», Tak ¥ BHYTpH KPEMHHUEBOH IOMIJIOKKH, TI0-
KpBIBasi BHYTPEHHIOK TTOBEPXHOCTH TIOP.

ITokazano, uto okoso 80% Si-C-cBsi3eit co-
Jep>KaTcsi B COCTaBE KPHUCTAIMYECKOH (hasbl
KapOujga KpeMmHHsI, BKJIIOYash MOHOKPHUCTAILIH-
yeckuid cioit (11,4%), nanoxpucrasmisl (29,9%)
u ux 3apoasiu (39%). Amopduas daza xapou-
na xkpemuus (9,3%) npencrasisier coboit cmech
CHWJIBHO Je(EeKTHBIX Ie(OPMUPOBAHHBIX HAHO-
kpuctamo. Takxke yacte Si-C-cszeit (10,4%)
BKJIFOUeHa B cocTaB SiC-KjacTepoB W JujaTa-
LUOHHBIX JUIIOIECH.
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UK-CIIEKTPOCKOIIHUSI TOJICTOM IVIEHKA KAPBUJIA KPEMHMUSI,
IHOJTYYEHHOU METOAOM MATHETPOHHOI'O PACIIBIJIEHUSA

K.X. HYCYIIOB, H.E.uBEﬁCEHXAHOB, .. BAKPAHOBA,
C. KEMHBAU, A.A. CYJITAH

Kazaxcmancko-bpumanckuii mexnuueckuu yHugepcumem

Aunnomauusn: B pabome memooom MacHempoHHO20 pacnblieHus: npu 0OHOBPEMEHHOM PACHbLIeHUU MUleHU
KpeMHUsi U MuleHu epaguma 8 gvicokouacmomuom pexcume 13,56 MIy ocywecmenen cunmes moicmvix
NIeHOK Kapouda Kpemuus Ha nogepxrnocmu c-Si. Ilapamempol MaznemponHo2o pacnvlienus OvLiu ciedyiouue:
MowgHocmv macnempona — 150 Bm, pacxoo eaza apeona 2.4 /4, oasnenue ¢ kamepe 0.4 Ila, memnepamypa
KpemHuesol noonodicku — 100°C, onumenvhocmob ocadcoenus 3 uaca. Bnepgvle noxkazano 0OMUHUPOBAHUE
yropouennwix Si-C-cesizetl 6 aMop@HOll nieHke Kapouoa Kpemuusi cpazy nocie 0Cancoenus, npuseouiee Kk cme-
wenuto maxcumyma UK-cnexkmpa 6 obnacms sviwe 800 e — ennoms 0o 870 cm™!. Pesynomamol mpaxmyromcs
UHMEHCUBHBIM 3aPO0blUle0bpazosanuem @ npoyecce ocaxcoenus. Ilokazano, umo nocie ocaxcoenus nieHKu
noumu nonosuna (49,2%,) Si-C-ceés3eli Haxooumcs 6 cocmasge ouelb MeIKux 3apoovliiell HAHOKPUCMALIO8
¢ pasmepamu mernee 3 HM. Boicmpoiii omorcue 6 meuenue 5 munym ocyujecmaien npu memnepamype 970°C,
Komopas oocmueanace 6 meuenue 10 s. Habnooanoce cmewenue maxcumyma nuxa SiC u3z KopomrkogoiHoeol
obnacmu (870 cm™) 6 onunnosonnosyio obnacme (820 cm) HK-cnekmpa nocie 6olcmpo2o omaicu2a nieHKu.
Buvisigneno, umo kpucmaniuzayust moacmou nieHKu Kapouoa Kpemuus nPOUCX00Um He 3d Cuem KPUCariu3ayuu
amopghnoti pazvl, a 3a cuem ygenuueHus pamepos u ynopsooweHus cmpykmypol meaxux zapoosiwett SiC u ux
mpancgopmayuu 8 nanoxpucmainivt SiC.

Knioueswie cnosa: xapouo kpemuust, cmpykmypa, KpUucmaiiuzayus, CUHmes, MasHempoHHoe pacnuvlienue

IR SPECTROSCOPY OF A THICK SILICON CARBIDE FILM
OBTAINED BY THE MAGNETRON SPUTTERING

Abstract: In this work, a thick silicon carbide films were synthesized on the c-Si surface by simultaneous mag-
netron sputtering of a silicon target and a graphite target in the high-frequency mode of 13.56 MHz. The mag-
netron sputtering parameters were as follows: magnetron power - 150 W, argon gas flow rate 2.4 l/h, chamber
pressure 0.4 Pa, silicon substrate temperature - 100°C, deposition time 3 hours. The domination of shortened
Si—C-bonds in an amorphous silicon carbide film immediately after deposition was shown for the first time,
which led to a shift in the maximum of the IR spectrum to a region above 800 cm™ —up to 870 cm™. The results
are interpreted by intensive nucleation during the deposition process. It was shown that after film deposition,
almost half (49.2%) of Si-C bonds are contained in very small nuclei of nanocrystals with sizes less than 3 nm.
Rapid annealing for 5 minutes was carried out at a temperature of 970°C, which was reached within 10 s. 4
shift of the maximum of the SiC peak of the IR spectrum from the short-wavelength region (870 cm™) to the
long-wavelength region (820 cm™) of the IR spectrum was observed after rapid annealing of the film. It was
revealed that the crystallization of a thick film of silicon carbide does not occur due to crystallization of the
amorphous phase, but due to an increase in the size and ordering of the structure of small SiC nuclei and their
transformation into SiC nanocrystals.

Keywords: silicon carbide, structure, crystallization, synthesis, magnetron sputtering
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MATHETPOH/JBIK BIJIBIPATY DJIICIMEH AJIBIHFAH KPEMHUWI KAPBU/II
KAJIBIH KABBIPIHIAKTAPBIHBIH UK-CIEKTPOCKOIUSICHI

Anoamna: byn ocymeicma 13,56 MIy ocosapwl  orcuinikmi  pexcumoe KpeMHULLII HbICAHObL HCIHE
epaummi HvlcanObl Oip yaxelmma mMdacHempoHObl blovlpamymer c-Si Oemine KaiblH KpeMHull Kapouomi
KaObIpuakmapulHuly cunmesoeyi swcypeizindi. MacnemponHbly bl0bIpamybiHbly napamempiepi Keiecioeu
6010b1: MacHemponHvly Kyamul — 150 Bm, apeon easvibiy wblgbiHbl 2,4 1/caz, Kamepaibik KbiCbLMbl -
0,4 Ila, xpemnuii cyocmpammoiy memnepamypacwvt - 100°C, mynovipy yaxvimer 3 cazam. TyHOwbipyOau
Kelin Oipoen amop@mul KpemHull Kapouodi Kabvipuiasbinoa Kvickapmoiizan Si-C 6aiianblCmapblibly caH
AHCagbIHaH 6ACIMObIEbL anzaul pem kopcemindi, oyn UK cnekmpiniy makcumymoinoiy 800 cm™ — den scoza-
pot 870 cm! - 2e Odetiinei aiimaxka ayvicyvina akendi. Homuoicenep mynowvlpy npoyecinoe HaHOKPUCATLOb
A0ponapobiy KapKblHObl KATbINMACYbIMeH MyciHdipinedi. Kabvipuaxmeiy opHaiacmulpeaHian Kelid 6ipoeH
Si-C batinanvicmapuinsiy scapmoicolna sncyvievl (49,2%) monwepi 3 Hm-0en a3z HAHOKPUCMALOAPObLIY Oome
KilKeHmai 10poaapuiHOa 601amuIHObIZbL KOpcemineeH. 5 Munym iwinoe sxcolioam Kyudipy 970°C memnepa-
mypaoa sxcyzeze acvlpwliobl, ogan 10 cexyHo iwinde Ko dcemxizindi. Kadvipuakmol sHcolioam KytudipeeHHeH
ketiin SiC wwinbinbly makcumymuviiwviyy UK cnekmpiniy Koicka monkin aumagoinar (870 cm™) y3vin monkwin
atimazvina (820 cm) arcornorcy batianowl. Kpemnuil kapouodiniy Kaiviy KaOblpulakmapliivlly KPUCIAIOAHYbL
amopghmul ghazanviy Kpucmanoanyvinan emec, xiwkenmail SiC A0ponapulHblly MOIUEPTHIH HCOLAPBLLIAYLIMEH,
KYPbLIbIMOAPbIHbIE pemke Kenmipyimet scane SiC HAaHOKpUCManioapblHa AliHAY bIMEH HCYPEemiHI AHbIKMAI0b.

Tyiiinoi ce30ep: kpemmuuti Kapouodi, KYpoliviM, KPUCMAIOAHY, CUHMe30ey, MASHEeMPOHObIK bLObIPANLY

Bsenenue

Kapoun xpemuust (SiC) siBisieTcss OYCHB
MEePCIEKTUBHBIM MaTepUaIoM, KOTOPBIA MO Xa-
paKTEpUCTUKAM YCTYINaeT TOJBKO ajMasy IpH
MPUMEHEHUU B MOIIHBIX MHUKPOIIEKTPOHHBIX
ycTpoiicTBax. lleHHBIE  (U3HKO-XUMUYECKUE
CBOMCTBA KapOM1a KPEMHHUS, TAKHE KaK IIHPOKast
3anpenieHHas 30Ha (Eg = 2,3-3,5 3B), BbIcOKHE
temreparypa miasienus (2830°C), xumuueckas
CTOMKOCTb, TEIUIONPOBOAHOCTh, MOJBHKHOCTD
HOocuTenel 3apsga u TBepaocth (33400 Mu/
M?) CHOCOOCTBOBANIM PACHIMPEHUIO MEPCIICKTUB
€ro TMpPUMEHEHUs B BBICOKOTEMIIEpATypHOU
ANIEKTPOHUKE, PaJUALMOHHO-CTOUKOW 3JIEKTPO-
HUKE, BBICOKOYACTOTHOM 3JIEKTPOHHUKE, OITOd-
nexrponuke [1,2]. KapOua kpeMHHS Takke IIH-
POKO TPUMEHSIETCS B KaueCTBE >KapOCTOMKUX
MaTepHaJioB MpPU M3TOTOBJICHUU HAPE3HBIX
JUCKOB M OypoB. BakHBIMU MpenMyIecTBaMU
ANIEKTPOHHBIX  MpuOOpoB Ha ocHOBe SiC
SBIISIIOTCS. ~ BBICOKOE  OBICTpOACHCTBHE U
BO3MOXKHOCTH Pa0OOTHI TIpH TeMmImeparypax [0
600°C [3,4]. Ognako, TpaauIMOHHBIE METObI
MPOU3BOJICTBA HE  MOTYT  YAOBIETBOPUTH
MOTPeOHOCTH B KPYMHBIX pa3Mepax, BBICOKOM
YHCTOTE, XOPOIIEM KPUCTAIIMYECKOM KaueCTBE
U JIETKOCTHU JlaibHEHIIel 00paboTKH AJ1si HOBBIX
IIPUMEHEHUN.
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Paznuuue B mapameTpax pemeTok Kapouaa
KPEMHHsSI U MOHOKPUCTAITUYECKOTO KPEMHHS
cocrasisier ~19%, a pasHuIa B HUX TepMH-
yeckux koaddunuentax pacmupeHus ~8%.
DTO CO3/1aeT CYLIECTBEHHbIE TPYIHOCTH IIPHU
BBIpAIIMBAHUY AMUTAKCHANIBHBIX cioeB SiC Ha
nonoxke Si [5]. [Ipumenenue MeToja HOHHOM
umiutantanuu (*C'? B Si) mo3BOJISET MOTYYUTh
amopdusie Tienku SiC ¢ mocnenyromend ux
Tpancopmanmeii. B  HAHOKPHUCTANIMYECKUE
cTpyktypsl B mnpouecce orxura (900-1300°C)
[6]. Boiee kauecTBEHHbIE KpPUCTAJIMYECKUE
CTPYKTYpPhl MOTYT OBITH TMOJNYYEHBI MPHU
UMIIAHTAlUd B Pa30TPEeThie  IMOJIOXKKH.
[Tpu BeIcOKMX TeMmmeparypax (1250-1330°C)
OBLITM TaKXKe MOCTUTHYTHI YCIEXH IO CHUHTE3Y
TOHKHX SMHUTaKCHaIbHBIX IuIeHOK SiC Ha Si
METOJIOM 3ameleHuss aromoB [7,8]. Meton
MarHeTPOHHOTO PACTBIICHUS HAXOIUT IMIHPOKOE
MpUMEHEHNE Onmaromaps OTHOCHUTEIILHO
OOJBIINM CKOPOCTSIM POCTa, XOPOIIEH aare3uu
wieHok SiC ¥ 10CTaToOYHO HU3KOW CTOMMOCTH
TexHosoruueckoro mpouecca [9]. Hampumep,
B [10] mpennoxxeH MeTon ocaxkaeHHs aMopd-
Horo a-Si; C_ ¢ NOMOIIBIO PaJMO4aCTOTHOTO
MarHeTpOHHOTO  CO-PACHbUICHUS JBYX WU
HECKOJIBKUX MUIIEHEM.
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B nannoii pabore MeTogoM MH(ppPaKpacHOM
CHEKTPOCKOIIMH aHAJIH3UPYIOTCS OCOOCHHOCTH
CTPYKTYypbl W cOoCTaBa  aMOpP(HBIX |
HAHOKPHCTAJUINYECKHIX TOJICTHIX ITICHOK KapOu1a
KPEMHHsT Ha KPEMHHH, CHHTE3HPOBaHHBIX
METOJIOM  MAarHeTPOHHOTO  pPAacHbUICHUS |
MOZIBEPTHYTHIX OBICTPOMY OTIKHUTY.

IKCIMEePUMEHTAIbHAS YaCTh

CunTe3 ToyIcTOM  aMOpHOW  IUICHKH
SiC Ha MOHOKPHCTAUIMYECKOW TOIOKKE Si
OCYUIECTBIIEH TIPU OJHOBPEMEHHOM pacCIIbl-
JeHUM MHUIIeHeH KpeMmHus U rpadura B
BBICOKOYACTOTHOM pexkume 13,56 MI'w. [Tapame-
TPl MarHETPOHHOTO PACIbUICHUS ObUIU CIIEdy-
IOIIME: MOITHOCTh MarHeTpona — 150 BT, pacxon
rasa aprona 2.4 n/4, naBnenue B kamepe 0.4 Ila,
temneparypa nomioxkku — 100°C, 1utenbHOCTh
OCXJIEHUS 3 yaca. BBICTPBI OTKUT B TECUCHUE
5 MUHYT ocy1IecTBIIeH npu Temneparype 970°C,
KOTOpas JIocTUrajiach B redenue 10 s.

B kauecTtBe MOANIONKEK HCIIOJIb30BAHBI
IUIACTUHBI  MOHOKPHUCTANIMYECKOTO  KPEMHHUS
opuenranuu (100), pasmepamu 7x7x0.3 MM u
yIIeTbHBIM conpoTuBiieHreM 4-5 Om-cm [6,11].

CocraB U CTpYKTypa IJICHOK UCCIIEI0BATHCh
¢ ucnons3oBanrem HMK-crekrpomerpa Nicolet
1S-50 (ThermoScientific, USA). IlporpammHoe
obecnieuenue k Nicolet 1S-50 mo3BOISIET UCTIONB-
30BaTh IPOTPAMMBI 10 PA3JIOKEHHIO CIIEKTPOB Ha
KOMITOHEHTHI.

Pe3yabTarbl H 00Cy:KIeHHe

Ananusz UK-cnekrpa mienku SiC_mokaspl-
BaeT Hajnuuue uHTeHcuBHOro SiC-muka B obOna-
ctr 416 — 1250 cm! (puc. 1), UMEOIEro MaKCH-
MyM B obmact ~870 cm™! u amrumntymy 0,473 oTH.
en. [Monymmpuna nuka cocraBuiaa 320 e uro
yKa3bIBaeT Ha aMop(dHyto mpupoxy mieHku SiC
[4-6, 11]. B cmekTpe Takyke HaOJIIOTACTCS IMHK
€CTECTBEHHOTO OKuca Si0, ¢ MaKCHMyMOM IIpH
110 cm™! m ammmuryoii 0,047.

Ocobennoctpio SiC-niuka (puc. 1) sBusercs
pacroiokeHne MakcumyMa B obmactu 870 cm,
T.C. BbIIEe 3HaYeHHs 795,9 cm!, xapakTepHOro
JUISL TETPadIpUYECKH OPUEHTHPOBAHHBIX Si-C-
CBsI3el. OTO TmpeAmnosiaraeT MpeBAJIUMPOBAHUE

yKopoueHHBIX SiC-CBsI3€# B MPOYHBIX U INIOTHBIX
HAHOKJIACTEPaXx, a TAKXKe Ha [TOBEPXHOCTH MEJIKUX
3apoJbllIeii HAHOKPUCTAIIOB, TOIVIOLIAIOIINX B
obmactu BoIme 800 cm! [11].

Bremmonneno pasznoxenue mnuka SiC  Ha
KOMIIOHEHTHI (pHucC. 1), ompeaeneHbl HX IUIO-
b U MoJoKeHue B crekrpe. Habmomarores
WHTEHCUBHBIC MTUKU C MakcuMyMamu 1ipu 750,2
e, 814.4 em!, 879,1 em™!, 962,7 cm.

KommonenTa ¢ makcumymom mpu 750,2 cm!
(puc. 1) 6pu1a OTHECEHA K CJIA0BIM YUTHHECHHBIM
Si-C-cBs3ssiM  amopdHOro KapOuga KpeMHUS.
JleficTBUTENIBHO, IPH MCCIICOBAaHUU aMOP(HBIX
MOHHO-CHUHTE3UPOBAaHHBIX CIIOEB KapOuaa Kpem-
Hus [4,6,11], monoxxenne makcumyma SiC-nuka
Haxoauiaock B mpenpenax 700-760 cm!. TTocie
omxura npu temneparype 900°C nuk cMmeraics
10 ~795-800 cm’!, yBemuuuBag CBOI aMILIH-
Tyly W CyXKajcs, yKa3biBasg Ha mpeoOinanaHue
Si-C-cBs3eit TeTpa’puyeCcKOil OpUEHTAIIUN TI0-
mukpucrammaeckoi ¢aspr SiC. Habmomanuck
BKJIIOYCHHSI MEJIKOKPUCTAIIMYECKOH, KPYITHO-
Kpuctanaeckoir u amopduon daszer SiC noce
oTxwura [12].

Kommnionentst ¢ Makcumym npu 814.4
u 879.1 cm!' (puc. 1) ObUIM OTHECEHBI K
MOTJIOIIEHUIO YKOPOUeHHBIX Si-C-CBs3ei, IpeBa-
JUPYIOMIMX HA MOBEPXHOCTH MEJIKUX 3apOJIbIIIEeH
HaHOKpucTasuioB. [lelicrBurensHo, Mutschke u
1p. [ 13], ananu3upys pabOThI 1O U3YYSHUIO IMHUC-
cuu MaJibIx yacTull SiC B KOCMUYECKUX 00BEKTax,
OTMEUAlOT, YTO IMHUPOKUN UK B oOacTu 11,3 um
(~885 cm!') ObLI MHTEPIPETHPOBAH PA3IUUHBI-
MU aBTOpaMHU Kak sMmHccus Manbix yactui SiC
MEKIy 4YacTOTaMH TMomnepednsix (~795 cm') u
npoaoabHBIX (~960 cm!) onTHYecKUuX (OHOHOB.
B cBsi3u ¢ 3THM, KOMIOHEHTHI C MaKCUMyMaMH
npu 814,3 cm! u 879,1 cm! Moryr ykaswiBaTh
Ha MPHUCYTCTBUE TPYNI MEJIKUX 3apOibIIeit
HaHokpuctauioB SiC (Tabmuia) ¢ pasmMepamu
MeHee 3 HM, a KOMIIOHEHTa C MaKCUMYMOM
npu 962,7 cM!' Ha NPUCYTCTBHE aHCaMOJCH
JNUJIATallMOHHBIX ~ JUIOJIEH —  YCTOMYHMBBIX
KOMIIJIEKCOB, COCTOSIIIIMX M3 HEHTPOB AMJIATAIlH
— aToma yriepojia B MEXYy3elIbHOW MO3UIUU U
KpemHueBoH Bakaneuu: (C-V) [7,8].
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Puc. I — Pasnooicenue UK-cnexmpa noanowenus nienxu SiC, ocajicoennoli Ha nogepxnocmu niacmunol Si Maznemponiim

pacnwinenuem 6 gicokouacmomuom pedxcume (13,56 MI'y, 150 Bm, 3 uaca, Ar— 2,4 /4, 0,4 I1la)

Hcxonst 3 BBIIEH3IIOKEHHOTO, TIOYTH T10-
nouHa (49,2%, tabnmma) Si-C-cBszeil Haxo-
JIATCSI B COCTaBE OYEHb MEJIKUX 3apoiblliei
HaHokpuctasuios [ 11]. [Ipu aToM Menkue 3apoibl-
III1 HAHOKPHUCTAJJIOB UMEIOT pa3Mepbl MEHbIIIE 3
HM M CTPYKTypa UX HEIOCTATOUHO chopMHUpOBaHA
JUISL KpUCTAJNIMYECKOM CTpYKTypslI [11], koTOpas
Moriia Obl JaBaTh, HAMpUMEpP, PEHTTEHOBCKHE
orpakenus SiC cpa3y Mocie 0CaKICHUS TUICHKH.
DTO0 MOKHO OTHECTH K HEOOBIYHOMY PE3YJIBTATY,
TaKk Kak TIUIeHKa He Oblla [OJIBEepPrHyTa
orkury. DopMUpOBaHHE MEJKUX 3apOAbILICH
HAHOKPHUCTAJUIOB MOXKET OBITh TPAKTOBAHO
BO3/ICHCTBUEM BBICOKOYACTOTHOTO 1oJ1,
CIOCOOCTBYIOIIETO YIOPSAIOYEHUIO CTPYKTYPBI
IUICHKH B TIPOIIECCE €€ «YTPaMOOBKHY.

Kax cka3zano Bblle, Ha pucynke 1 umeercs
KOMIIOHEHTa ¢ MakcumymoMm mipu 1106,69 cm’,
OoTpaxkarolias IPUCYTCTBUE  ME¥KIOY3EJIbHO-
ro KHCJIOpoAa B HcciemxyemoMm obpasme [14].
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B [14] Obu10 moka3aHo, 4TO OCHOBHAs IOJ0Ca
MOIVIONICHUSI OKHUCIA SBISETCS, B OCHOBHOM,
CyMMOH deThIpex mnpoduiield, 00yCIOBICHHBIX
noriepednbiMu (TO) BaJIeHTHBIME KOJICOQHUSIMU
MOCTHKOBOTO KHCIIOPOZA, BXOJSIIETO B COCTaB
TaKUX MOJICKYJISPHBIX KOMIUIEKCOB, Kak SiOSi,
(995 cm), SiO,Si, (1033 cm'), SiO,Si (1067
cm), SiO, (1100 cm'). Ilomockl, CBA3aHHbIE
C TMpPOAOJBHBIMU BAaJICHTHBIMU KOJICOAHUSMHU
cBsi3u Si-O Tarxke OOyCIOBICHBI JIBUKECHUSMHU
aTOMOB MOCTHKOBOTO KHCJIOPOJA, BXOSAIIETO
B cocraB kommekcoB SiOSi, (1145 cm™) u Si-
O,Si, (1205 cm'). Ha pucynke 1 monoxenue
makcumyma mipu 1106,69 cm™! cBuaerenscTByeT
0 TPEBAIIMPOBAHUH B CJIO€ OKHCIIA KOMIUIEKCOB
SiO, (1100 cm™). Taxxke mpeanonaraeTcs Mmpu-
CYyTCTBUE MOJIEKYJISAPHBIX KomIuiekcoB SiO,Si
(1067 cm'), 00yCIOBUBIIKMX IMOSBICHUE KOMIIO-
HEHTBI ¢ MakcuMyMamu Tipu 1056,99 cm'.
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Taonuna — Ilnomaau S koMnoHenT SiC-nmuka npu BoJHOBBIX yuciaax w 1isi UK-cnekrpos,

MOJABEPrHYTHIX Pa3JI0KeHHUI0, OT MmJIeHOK SiC Ha c-Si, 0caxk/JAeHHbIX B Te4eHHe 3 4acoB

Pacnonoxenne MmakcuMyma KOMIOHEHTHI SiC-mika
O % SiC-kmacteps! 1 .
o c% AuiaTaluOHHbIC SlC-KpI/ICTaJ'IJ'IBI (795-800 SiC-aMOpq)HLIﬁ
= & JIATIONH cM!), HAaHOKPUCTAIUTBI U X (~700-794 e zS
= zapozsiy (~800-900 cm!)
(900-965 cm)
w,em! 962,69 879,12 814,38 750,23
§ S, o.e. 34,98 41,52 | 22,62 31,09 130,2
= S, % 26,9 31,8 17,4 23,9 100,0
xS 34,98=26,9% 64,14=49,2% 31,09=23,9% 100%
g | wem! 962,00 879,00 814,00 750,00
=
w | S, o0.e. 42,77 46,17 40,36 37,58 166,9
O
S| S % 25,6 27,7 24,2 22,5 100,0
>
xS 42,77=25,6% 86,53=51,9% 37,58=22,5% 100%

[IpoBeneH OBICTPBII OTKUT TOJICTHIX MIEHOK
B BakyyMe npu temmneparype 970°C B Teuenue 5
MuHyT. [logbem TemmepaTypbl OCYILIECTBIEH B
tedeHue 10 cexkyHI. BBICTpBII OTXKUT MPUBEN K
yBenudyeHuto aMrutyabl SiC-ntuka ot 0,473 mo
0,732 OTH. ell., yMEHBILICHUIO MOJIYIIHUPUHBI OT
320 mo 247 cM! M CMeEICHHIO MaKCHMyMa TTHKa
ot 870 1o 820 cm! (puc. 2).

Jljis KpUCTaIMuecKoi CTPYKTYphl KapOuaa
kpeMunst (3C—SiC) xapakTepHa TeTpadipudecKas
Si-C-cBs3p, moriomiaromas mnpu 7959 cml.
YMeHbIIeHne TOMYIUPUHBI U CIBUT MaKCUMyMa
SiC-nuka B HampasieHuu K 795,9 cm! mocie ot-
YKUTA CBUAETEIHCTBYIOT 00 YIOPSIOYSHUH CTPYK-
TYpHI INIEHKU U (OPMHUPOBAHUHN HAHOKPUCTAIIIOB
SiC [6,11]. OnHako B TaHHOM Clly4ae IOJIOXKE-
aue makcumyma SiC-mimka (820 cm!) ykassiBaeT
Ha TMpeBaJUpPOBaHUE MEIKHUX HAHOKPHUCTAIIJIOB
SiC, mormnomaronux Mpy MOBHIIIEHHBIX BOJIHO-
BBIX yMCiIax. Bennunnaa nomymmupunbl SiC-niuka
(247 cm!), cylIeCTBEHHO MPEBOCXOIAIIas Be-
amaunbl 70-130 cm!, xapakrepubie 1 SiC-mu-
Ka OT HAHOKPUCTAUIMYECKUX TUIeHOK [11],
CBUJIETENLCTBYET O NPUCYTCTBUH aMOpQHOI
COCTABIAIOIIEH M KJIACTepOB. YBEJIUYCHHE
TEMIEPaTyphl OTXKUTa JIOJDKHO  YBEJIMYHUTH

pa3Mepbl MEJIKUX HAHOKPUCTAJJIOB U BBHI3BATh
cMmerieHue nojoxenus Mmakcumyma MK-cnekrpa
BILIOTH 110 795,9 cm™".

Jlnsg  cpaBHEHHsSI C  BBIIICH3IOKEHHBIMH
pesyabTatamMu 1o ¢opmupoBaHuto Si-C-cBszeit
OBLJIO MPOBENEHO PA3NIOKEHHE Ha KOMIIOHEHTBI
nuka SiC oOpa3ia mocjae ObICTPOro OTKHUTA TIPH
temriepatype 970°C B Teuenue 5 MUHYT (puc. 2).
[Tpu »TOM mMoONOXKEHHE KOMIIOHEHT HpU pPaslio-
KEHUH ObUIO 3a()UKCHPOBAHO B COOTBETCTBUU
¢ ux nonoxkenuem B MK-cnektpe cpa3y mocie
ocaxaeHust (puc.l). Iluxk SiC B MK-cmekrpe
pa3ioKeH Ha KOMIIOHEHTHI ¢ MaKCUMyMaMu MPpU
750,00 cm!, 814,00 cm!, 879,00 cm!, 962,00 cm'.
Omnpenenensl MoHAAA KOMIOHEHTOB CIEKTpa,
KOJIMYECTBO KOTOPBIX TAKKE HE MEHSIIOCH.

HNuterpanpHoe mornomenue nwmka SiC
(cMm. TabmuIly) TOCE OTXKHTa MPEBOCXOAMT TIO
miomaay Ha 28% BennunHy nuka SiC 10 oTKura
(166,7/130,2=1,282). DTO CBUACTEIBCTBYET O
poCTe KOJIMYECTBA ONTUYECKH aKTHBHBIX Si-C-
CBsI3€H BCIEACTBHME pacmaja ONTHYECKH HEak-
TUBHBIX YTJIEPOAHBIX U YTIEPOAHO-KPEMHHEBBIX
KJIaCTepOB B Mpolecce ObIcTporo orxkura. [Ipu
9TOM MPOU30LUIO yBEIUYEHUE KOJIMYECTBa OIl-
THYECKH aKkTUBHBIX Si-C-CBsizel kak B aMopd-
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HOM, TaK U B KPHUCTAJUTMYECKOM (Da3e U B COCTaBe
KJacTepoB ® jumnoned  (tadmmma).  bonee
MHTCHCUBHOE (hOPMHUPOBAHUE KPUCTAILIMYECKOM
dassbl, mornomniaromieii Bonmusu 800 cM™!, npuBeso
K TakuM (DakTopam, Kak POCT aMILUIUTY/bI IHKa,
CIABUT €ro MaKCHMyMa M YyMECHBIICHHUC IIOJTY-
IIMPUHBI, CBUJICTEILCTBYS 00 YIOPSIOYCHUH
CTPYKTYPBI IVICHKH U HHTCHCHBHOM (hOPMHUPOBa-

Hun Si-C-CBSI3eH TETpa’ApUUECKONW OPUCHTAIIMHI
[6,8,11,15]. ComtacHO AaHHBIM, MPUBEACHHBIM
B [13], Teopernyeckue BEIUYMHBI IMHKOB
MH(}pPaKpaCHOTO TMOIVIOMIECHUS I KyOU4eCcKoH,
TeKCaroHaJbHON M POMOMYECKOM MOAU(PUKAIINI
cieayromiue: 795,9 em™! ms B-SiC (3C-SiC),799,5
em! g 2H-SiC, 797,6 cm! s 4H-SiC, 797,0
em™! g 6H-SiC, 797,5 em! quis 15R-SiC.

1,61 SitConSi 150+150 W 2.4Ar 0.4Pa 970C Smin Vacuum 10800s Gez Si Ne60-160317c
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Puc. 2 — Paznooicenue UK-cnexmpa noanowenus nienku SiC, 0cajncoennoti Ha no6epxnocmu naacmumsl c-Si MazHempoHHbIM
pacnvinenuem (150 Bm, 10800 ¢, Ar— 2,4 a1/, 0,4 I1a) nocne bvicmpozo omoicuca (970°C, 5 munym, saxyym)

Kak BecbMa wWHTEpeCHBIH (aKT MOXKHO
paccMaTpuBarh c1ab00€ YMEHBIICHHE JOJHU
aMop(dHOI cocTaBiAIONIEH, K KOTOPOH OTHECEHA
KOMIIOHEHTa ¢ MakcumymoMm tmipu 750 cm! -
or 23,9% no 22,5%. U3 storo ciemyer, 4TO
dhopmupoBaHue KPUCTAJTUYECKOM bazml
MPOMCXOAUT HE 3a c4eT aMophHOU ¢a3bl H
3T0 HerpamuimonHo. Jlons kmacrepoB SiC wu
JIMTIONICH TaKXe YMEHBIIMIACh HE3HAYUTEIHHO
— oT 26,9% g0 25,6%. Kak sicHO BHAHO WH3
Tabnuiel, yBenuuenue nonu (ot 17,4% no 24,2%)
HaHOKpucTa/uioB SiC, TOMIOMIAIONIUX BOJIU3H
814+Am cM’!, MPOM30IILIO 3@ CUET YMEHBIICHHS
nomu (ot 31,8% no 27,7%) Menkux 3apoablei
SiC, nornomaromux B ooaactu 879+Awm cm.

Takum obpazom BBISIBJIEHO, YTO
KPUCTAJTU3AlMsl  TOJICTOM IJIEHKH KapOuja
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KPEMHUS IPOUCXOIUT HE 32 CUET KPUCTAIUTU3AINH
amop¢HoOii a3, a3a CUET yBETUUCHUS Pa3MEPOB
U YIOPSAOUYCHUS CTPYKTYPBI METIKUX 3apPOIbIIICH
SiC ¢ ux Tpanchopmanueii B HAaHOKPUCTAILIBI
SiC.

BoiBoabI

MeTo/10M MarHeTPOHHOTO PACIbUICHUS TIPH
OJTHOBPEMEHHOM PAaCIbUICHHH MHUIIICHU KPEMHHUS
Y MUIIICHH TpaduTa B BHICOKOYACTOTHOM PEKHUME
13,56 MI'1oCy11eCTBIEH CHHTE3 TOJICTBIX IIJIEHOK
KapOuaa KpeMHHUs Ha TOBepXHOCTH c-Si. Brep-
BbIE TOKa3aHO MPEBAIMPOBAHUE YKOPOUYEHHBIX
Si-C-cBs3eii B amopdHOI MIeHKE KapOuaa KpeM-
HUSL cpa3y I[IOCJIE€ OCaXJIEHUs, IMPHUBEAIIEe K
cMenieHnto MakcumyMa MK-criekrpa B o0macthb
Boimie 800 cm! — BIutoTh 10 870 cm!. Pesynbrarsl
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TPaKTYIOTCS HWHTEHCHBHBIM 3apOAbIIIe00pa3o-
BaHUEM B Ipoliecce ocaxaeHusi. Habmronanoch
HECTAaH/IApTHOE cMemeHne Makcumyma SiC-
nuka MK-cnekrpa u3 KOpoTKOBOJIHOBOM 00IacTH
(870 cm") B AITMHHOBOIHOBYIO 001acTh (820 cM”
') criekTpa mocse ObICTPOro OTXKHIra MPU TeMIIe-

parype 970°C B TeueHue 5 MHUHYT. BbIsBII€HO,
YTO KpHUCTaJUIM3alMsl TOJCTOM IJIEHKU KapOuaa
KpPEMHHUSI TPOUCXOAUT 3a CYET YBEJIUYCHUS
pa3MepoB U YIOPSAIOYEHHS] CTPYKTYpPbl MEITKUX
3apompimieii SiIC ¢ ux TpaHchopmanuei B
HaHoKpucTaibl SiC.
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SJIEKTPOITPOBOJTHOCTD IIJIAKOB MEJTHOM IIJIABKH

P.X. IIAPUIIOB, V.A. BAJITUMBAEBA, B.T. YTEJBAEB, 3.H. CYJIEUMEHOB
Kazaxcmancko-bpumanckuii mexnuueckuil yHugepcumem

Annomauyus: B cmamve npugedeHvl IKCNEPUMEHMANbHBIE PE3VILINAMbL N0  ONPEOeNeHUI0  GIUSHIUSL
HEeCMAYUOHAPHBIX IHEPLeMUYECKUX BO30CUCMBUL HA MPAHCNOPM NEKMPUYECKO20 MOKA Yepe3 PACnidgbl
MEMANIYPeULeCKUX ULAKO8 (INEKMPOTUMO8 NO CO8PeMEeHHbIM noHsmusam). [lokazano, umo mpancnopmuovie
CBOUICMBA PACNIAB08 3ABUCAN HE MOJbLKO ON XUMUYECKO20 COCMABA U MEMRepanmypbl, HO CHPYKMYPHbLIX
ocobennocmeit ocuokocmu. Coenan 6vl800, UMO AHOMAUU 6 DNEKMPONPOBOOHOCU PACHAABOE MONCHO
NOSICHUMb MONbKO GIUSHUEM OPUEHMAYUOHHBIX IPPEKMO06 8 HAOMONEKVIAPHBIX (MOLEKVIAPHBIX) 1eMEeHMAX
CMPYKMYpol  pacniago8 U (QU3UKO-XUMUYECKUMU B3AUMOOCUCMBUAMY 6 PACNIaAsax npu UMeHeHUl
memnepanmypul (MONEKVIAPHOE OBUINICEHUE, MEHCMONEKYIAPHBIE XUMUYECKUE PeaKyuy U Mm.N.).

Coenan 61600 00 21EKMPOHHOM MuUne NPOGOOUMOCTU PACNIAB08 MEMALLYPSULECKUX WLIAKO8 U OMCYIMCMEUU
CaMONPOU3BONLHOU SNEKMPOIUMUYECKOU Ouccoyuayuu (npu pacniagieHuu U pacmeopenuu) npu ¢azoeom
nepexooe nepeoco pood.

Knioueswvie cnosa: pacniaesl OKCMOOG, memaijtypeudecKkue wiaxku, 9ﬂ€Kmp0np060()HOCWlb, HecmayuoHapHsle
IHepecemudecKkue s030elicmeus

EXPERIMENTAL DETERMINATION OF THE INFLUENCE OF AN
ELECTROMAGNETIC FIELD ON THE ELECTRICAL CONDUCTIVITY OF COPPER
FOUR SLAGS

Abstract: The article presents experimental results on determining the influence of unsteady energy effects on
the transport of electric current through melts of metallurgical slag (electrolytes according to modern con-
cepts). It is shown that the transport properties of the melts depend not only on the chemical composition and
temperature, but also on the structural features of the liquid. It is concluded that the anomalies in the electrical
conductivity of the melts can only be explained by the influence of orientation effects in the supramolecular
(molecular) elements of the structure of the melts and by physicochemical interactions in the melts when the
temperature changes (molecular motion, intermolecular chemical reactions, etc.).

The conclusion is drawn about the electronic type of conductivity of metallurgical slag melts and the absence
of spontaneous electrolytic dissociation (during melting and dissolution) during a first-order phase transition.

Keywords: oxide melts, metallurgical slag, electrical conductivity, non-stationary energy impacts

MBIC BAJIKBITY INJIAKTAPBIHBIH 3JIEKTP OTKIBI'TIITIT'THE
JIEKTPOMATI'HUTTIK OPICTIH OCEPIH DKCIIEPUMEHTTIK AHBIKTAY

Anodamna: Maxanrada memannypeusivlk waaKkmapovly 6aIKbIMAIAPL APKLLILL DNEKMP MOSbIHbIY MACLLMALbL-
HA CIMAYUOHAPTbL eMeC IHEPeMUKATBIK aceprepOily mucizemin acepin aHelkmay OOUbIHULA IKCHEePUMEHMALOb
Hamuoicenep Kenmipineer (Kasipei mycinikmep 6ouviHua snexmporummep). baigsimnanapoviy macuelmanioay
Kacuemmepi mex XUMUsLIbIK KYPAMbl MeH MeMnepamypacviHd 2aua emec, CYublKmbiKmbly KYPbliblMObIK epeK-
wenikmepine OauIaHbICmbl eKeHi kKopcemineeH. Kopvimnanapovly 31eKmpomKizeiumicinoesi aHoManusiaposl
mex OanIKbIMANap KYPuliblMbIHbIY MOLEKVAAIbIK dNeMeHmmepinoesi 6a20apiay acepiepiniy acepimen dcone
memMnepamypanvly o32epyi kesinoe (MONeKyIanblK K03aablC, MOLEKYIAAPATIbIK XUMUSLIBIK PeaKyUusLap JHcoue
m.0.) OAIKLIMANAPOa YUIUKATBIK-XUMUSIBIK 63aPa Cepiepoiy acepiMer mycindipyee 601advl 0e2eH myichl-
PBIM JHCaACaObL.
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Memannypeusnvlx Koxcoap 6ANKbIMANADBIHGIY OMKIZCIUMICIHIK 1eKMPOHObIK MYpPI JHcoHe OIpiHui meKkmi
Gazanvix omy KesiHOe 630i2iHeH 3NeKMpPOIUMmMIK OUCCOYUAYUAHBIH OoaMaybl (0aKy dHcaHe epimy Ke3iHOe)

mMypaivl KOPuIMbIHObL HCACAIOB.

Tyiiinoi ce3zoep: oxcuomepoiy OAIKbIMALAPYL,
CMAYUOHAPTBIK eMeC IHePSeMUKALbIK dcep eny

BBenenue

B HacTosiiee Bpemst yke He BbI3bIBaET COMHE-
HUI, 4YTO MaKpOCKOIMYECKOE MOBEJICHUE pacIlia-
BOB (Kak, BIPOYEM, 1 BOJHBIX pACTBOPOB) BO MHO-
TOM OIIPEJEIIIeTCs] UX BHYTPEHHEH CTPYKTYpoil
WJIH, UHBIMHU CJIOBaMH, MUKPOCTpPYKTypoid. HeoO-
XOJUMO OTMETUTh, YTO, HECMOTPSl Ha aKTHBHBIC
UCCIIEIOBAHUS TOCIEAHUX JIET, COXpaHseTcs Mo-
JIOKEHUE, KOT/Ia He CYIIECTBYET €AMHOM (MU XOTS
ObI B UEM-TO CXOJISILIEHCS) TOUKH 3pEHHs Ha Me-
XaHU3M U MPUHIUN (POPMUPOBAHUS CTPYKTYPHBIX
AIIEMEHTOB KaK PacIlIaBOB, TaK U BOAHBIX PacTBO-
poB. Tem He MeHee MOXKHO yTBEP)KIaTh, YTO Cam
(bakT BIUSHUA MUKPOCTPYKTYPbI Ha MaKpOCKOIIH-
YeCKOE MOBEICHUE KUIKUX CHCTEM HAaXOIUTCS B
MPOTUBOPEUHHU C CYIIECTBYIOIIEH B HACTOSIIEE
BpeMsi MOJENbI0 TPAHCIOpPTa AJIEKTPUUYECKOTO
TOKa yepe3 pacTBOPHI U paciuiaBbl. JleficTBUTENb-
HO, TEOpHUsl DJIEKTPOIUTUYECKON TUCCOIMALINY,
MPU3BAHHAS TMOSICHUTH MEXaHU3M TpaHCIOpPTa
AIIEKTPUYECKOTO TOKA Yepe3 )KUIKOCTh U, COIIac-
HO KOTOPOIii, B pacTBOpE U pacriuiaBe o0pas3yroTcs
CBOOOJIHBIE MOHBI, CKOpee HaoOOpOT TOBOPUT O
JNECTPYKTYpUPOBAHUN COCTABIISAIOIIUX PACTBO-
pa, HeXxenn 00 0Opa3oBaHUM KakuX-Tub0 Oosee
CIIOKHBIX arperaroB. KomruiekcoM wuccienoBa-
HUI HaMH OBLIO YCTaHOBIIEHO, YTO CTAIHOHAPHOE
HHEPreTUUYECKOe BIMSHUE B KOHEYHOM UTOIe MpH-
BOJUT K CTAaOMJIM3aLMU CUCTEMBI C TOCTUKEHUEM
CTaTUYECKOTO WM TMHAMUYECKOTO paBHOBECHUS B
3aBUCUMOCTH OT XapaKTepa YHEPreTHUeCKoro Bo3-
JecTBUS U ero npupo/sl. B Takom citydae ananu-
3UpOBaTh MEXaHU3M U OTJENIbHbIC CTyNEeHU (U3u-
KO-XMMHUYECKHX MPOIIECCOB B PEAJIbHBIX CUCTEMAaX
CTaHOBUTCS 3aTPyAHUTENbHBIM. Tak, Ipu uccieno-
BaHUH DJIEKTPONPOBOHOCTH KOH/IEHCHPOBAHHBIX
(a3, 0COOEHHO XKHUIKOCTH, JOCTAaTOYHO OBICTPOE
JOCTHUKEHUE TICEBIOPABHOBECHOTO COCTOSHUS
HE JaeT BO3MOXKHOCTH YBHUJETh BCIO FaMMy Me-
KATOMHBIX M MEXMOJEKYJISPHBIX TpaHchopMma-
IMA B TaKOM, Ha MEPBbIA B3IV, MPOCTOM CHC-
TeMe, Kak Tmapa 3JEKTPOJAOB-3JIeKTposuT [1-5].
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MEManIypeusblK  WIaKmap,

NEeKMPOMKIZIUMICI,

[TosTOMy HamMu TPOBOAMIMCH MCCIIENOBAHUS IO
0COOEHHOCTSIM (Da30BBIX MEPEXOJOB B KHUIKUX
paciiaBax — [UIaKaX MEIHOW TUIaBKU - MO/ BIIH-
SIHUEM MTePEMEHHBIX KOMOMHUPOBAHHBIX JEKTPO-
MarHUTHBIX TIOJIEH.

MpsI XOTenu mokas3aTth BO3MOXKHOCTh yTIpaB-
JICHUS DTIEKTPONPOBOIHOCTHIO KUKOCTH € TIOMO-
HIbI0 TEPEMEHHBIX 2JIEKTPOMArHUTHBIX MOJEH,
YTO a0 Obl OCHOBAHUE CJIENaTh BBIBOJ 00 AIeK-
TPOHHOM THII€ TIPOBOAMMOCTHU PACIIaBOB (IEK-
TPOJIMTOB 110 COBPEMEHHBIM MPECTABICHUSIM).

3anaHupOBaHHBIE SKCIIEPUMEHTHI IO HC-
CJIEIOBAHUIO BIUSHUS IEPEMEHHBIX AJIEKTpOMAr-
HUTHBIX TOJIEH Ha 3JIEKTPOIPOBOAHOCTH U, Clie-
JIOBaTeNbHO, HA CTPYKTYypHBbIE MpeoOpazoBaHUs
[3] «eCTECTBEHHBIX» METALTYPIrUUYECKUX OKCH/I-
HO-CYIb(UAHBIX PACIUIABOB TMPOBOAWIUCEH MPH
TEeMIlepaTypax BBIIIE TEMIEPaTyphl IUIABICHUS
o0pa31oB nutakoB. Huke NpUBOISTCS HEKOTO-
pble pe3yabTaThl CUCTEMAaTUYECKUX HCCIIEA0Ba-
HUH 3THUX PaCIUIaBOB.

Mertoanka sKCiepuMeHTa IpuBesieHa B [2].
Kak panee HaMu yka3bIBaslOCh, HEJJOCTATKOM Me-
TOJUKHU, KOTOPBIM TOKA MPEOA0NIeTh HE YIaeTcs,
SBIISIETCS COBMEIIICHNE HAarpeBa, U BIUSHUS IIe-
PEMEHHBIX JIEKTPOMArHUTHBIX MOJIEU. DTU Iei-
CTBUS BBIMIOJIHSAIOTCS OJHUM U TE€M K€ COJICHOU-
oM u3 rpadura. [losToMy uncieHHbIE 3HAYCHUS
MOKa3aHUM AJIEKTPONPOBOJHOCTU B IMOCIEIYIO-
HIMX HKCIEPUMEHTATIbHBIX JTaHHBIX MPEBBIIIAIOT
TaKOBbIE, TOJYYEHHbIE B YCIOBUSX OOBIYHBIX
SKCMIEPUMEHTOB H3-32 HEMEIJICHHOTO CMellle-
HUSI KOMIIOHEHTOB paciijlaBa OTHOCUTENIBHO JIPYT
Jpyra B Hauaje pacIulaBlIeHUs MeTallja.

Cnenyer OTMETUTb, YTO MEpecyeT IOoKa-
3aHUUA BOJIBTMETPA HM3MEPUTEIHHONH CXEMBI,
KOTOpBbIE JEMOHCTPUPYIOT H3MEHEHHE COMpO-
TUBJICHHsI pacilylaBa HAa 3HAUYEHHUs DJIEKTPOIPO-
BOJIHOCTH, TPUBOJIUT K 3HAYUTEIHLHOMY HHBE-
JUPOBAHUIO MOKa3aHUM, OCOOEHHO B cllyyae UxX
HecTaOmbHOCTH. [loaToMy B TaONMMUYHBIX JaH-
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HBIX MPUBEICHBI TOKa3aHUsl BOJIBTMETPA HapsLy
C BBIUMCJICHHBIMU 3HAYEHUSMHU SJIEKTPOIPOBOI-
HOCTH PacIlIaBOB.

B Tabnuie 1 mpuBeaeHbI TaHHBIE 110 DJICK-
TPOIPOBOJAHOCTH IIUIAKOB «MEJIEHHOTO» IMUPO-
METaJLTypruuecKoro mporecca — OTpaXkaTelbHOM
TUIABKU HEOOOXKEHHBIX MEIHBIX KOHIIEHTPATOB
banxamickoro menp3aBona. Kak cienyer u3 nau-
HBIX TaOMUIBIl, IpU MEIJIEHHOM MOBBIIICHUH
temneparypsl B uaTepBaie 1350-1450°C moka-
3aHUA DJIEKTPONPOBOJHOCTH OTIMYAIUCH CYIIE-
CTBEHHOW HECTaOMIBbHOCTBIO U YJIEP>KHUBAJIUCh Ha
yposae 0,21-0,3 om'cm™!. TIpu oTKITIOUEHUH Mar-
HUTHOTO TOJISl AJIEKTPONPOBOAHOCTD YBEIUYUBA-
Jach CKaykoM 10 3Hadenus 1,37-1,41 om'em’,
T.€. yBEJIIMUECHHE Tpoucxonwyio B 4,5-6,7 paza.
O4eBHIHO, YTO TEPEMEHHBIE 3JIEKTPOMArHUT-
HBI€ T10JI BBI3bIBAIM MU3MEHEHHSI B OpPUEHTAINH
HAJMOJICKYJIIPHBIX KOMILUIEKCOB U yYMEHBIICHHE
BEJIMUMHBI 3JIEKTPOIPOBOJIHOCTH paciuiaBa. He-
CTaOMJILHOCTH NMOKa3aHUN BBI3bIBACTCS, OUEBU/I-
HO, TEPMUYECKUMHU BIUSHUSIMHU Ha CTPYKTYpYy H
OpPHUEHTAINIO HAIMOJICKYJISIPHBIX COSAMHEHUN.

[Ipu ompeneneHuu BIMAHUSA DIEKTpOMAr-
HUTHBIX TIOJ€H Ha BIEKTPONPOBOJHOCTH pac-

IUIaBOB IIUIaKa «OBICTPOro» IMpolecca — IUIABKH
BanrokoBa — Oaixamickux HEOOOMIKEHHBIX MEI-
HBIX KOHIICHTPATOB B >KUJKOW OKCHUIHOW BaHHE
YCTaHOBJIEHO, YTO 3JIEKTPOIPOBOAHOCTH ILIA-
Ka TUlaBkM BaHIOKOBa 3HAYUTENHHO OTIMYACTCS
M0 XapaKTepUCTUKaM OT IIIaKa OTPakaTesIbHOM
rwiaBku. OpueHTannoHHbIE APGEKThl MPOSBIS-
I0TCS 371ech Oonee spko. [lpu cpaBHUTENBHO CTa-
OuIBHO# TeMIieparype B uuTepBaie 1548-1563°C
AJIEKTPOIIPOBOIHOCTh MOCTOSHHO YMEHBIIAIACh
oT HavyanbHoro 3Hayenus 0,5 om'em”! 10 0,2 oM™
cv!. TIpy OTKJIFOYEHHH TOKA Ha COJICHOH]I JICK-
TPOIPOBOJHOCTH CKAYKOM BbIpOciia B 23,75 paza.
HecTaOuiapHOCTh MOKa3aHWA MPU YMEHBIICHUH
AJIEKTPOIIPOBOIHOCTH TOJ] BIUSHUEM 3JIEKTPO-
MarHMTHOTO NOJIs (TIOCNIE0BaTeIbHOE YMEHbIIIE-
HHUE-yBEJIMYCHHE-YMEHBIIICHHE ) Tak)Ke O0Jiee BbI-
paskeHa, 4eM y IUIaKa «MEJIEHHOTO» IMpolecca.
[To naHHBIM HAIIMX TPEABLAYIIMX UCCIIEAOBAHUIMI
(PEHTTEHOCTPYKTYpPHBIH U TeTporpaduueckuit
ananu3bl) nuiaku [1B umerot 6osee BrIpakeHHYIO
KPUCTAJUTMYECKYIO CTPYKTYpPY, YeM ILUIAKH OTpa-
JKaTeJIbHOM TUTaBKU. YTO W TMOSCHSIET OOJIBIITYIO
CIOCOOHOCTH K NepeMeHe OPUEHTAIUH 0] BIIUS-
HUEM 3JIEKTPOMArHUTHBIX MOJIEH.

Tadoauua 1 — Biansinue 3J1eKTPOMATHUTHOTO MOJISI HA 3JIEKTPOIPOBOIHOCTDH HIJIaKA

orpaxarejbHoll iaskn bBI'MK

T, 3aMepa oT T,’C ®, &,0M 'cm! T, 3aMepa oT T,C x&,MB ®,
perepHoii mB perepHoii om'em!

TOYKH TOYKH

1 2 3 4 5 6 7 8

0 1405 HIDKE TIpe/iena IIKaJIbl 30 cex 1237 1,22 1,40
1 Mun 1416 -»- 45 cex 1218 1,30 1,32
2 MUH 1416 6,95 0,25 9 MuH 1195 1,40 1,22
15 cex 1426 5,60 0,31 15 cex 1178 1,50 1,14
30 cek 1426 5,75 0,30 30 cek 1162 1,76 0,97
45 cex 1427 6,24 0,27 45 cex 1125 1,90 0,90
3 Mun 1429 5,74 0,3 10 Mmun 1106 2,08 0,82
15 cek 1430 5,86 0,29 15 cek 1093 2,26 0,76
30 cex 1430 5,18 0,33 30 cex 1082 2,47 0,69
35 cex 1433 6,00 0,29 45 cex 1065 2,96 0,58
45 cex 1438 5,76 0,30 11 mun 1052 3,27 0,52
4 muH 1438 6,28 0,27 15 cex 1040 343 0,50
15 cex 1436 6,00 0,29 30 cex 1013 4,0 0,43
30 cek 1438 6,15 0,28 45 cex 1001 4,45 0,38
45 cex 1439 6,55 0,26 12 mun 980 5,0 0,34
5 MuH 1438 6,91 0,25 15 cex 970 6,11 0,28
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1 2 3 4 5 6 7 8
15 cex 1444 6,07 0,28 30 cex 960 6,84 0,25
30 cex 1441 6,40 0,27 45 cek 950 8,55 0,20
45 cex 1442 6,38 0,27 13 mun 930 9,59 0,18

BBIKITFOUCHO 3/M I10JIC BKJIIOUEHO /M TI0JIe

6 MuH 1452 1,25 1,37 14 Mmun 900 HIDKE YPOBHS IIKAJIbI
15 cex 1453 1,25 1,37 15 Mmun 875 -»-
30 cex 1445 1,24 1,38 16 Mmun 950 -»-
45 cex 1430 1,25 1,37 17 mun 1091 -»-
7 MuH 1390 1,23 1,39 18 Mun 1192 -»-
15 cex 1369 1,23 1,39 19 Mmun 1255 -»-
30 cex 1340 1,23 1,39 45 cek 1284 9,85 0,17
45 cex 1320 1,25 1,37 20 MuH 1293 9,16 0,19
8 MuH 1300 1,22 1,40 15 cex 1303 8,68 0,20
15 cex 1275 1,22 1,40 30 cex 1320 7,95 0,22
45 cex 1327 7,90 0,22 45 cex 1414 1,24 1,38
21 mun 1328 7,80 0,22 31 mun 1390 1,27 1,35
15 cex 1330 7,74 0,22 15 cex 1366 1,26 1,36
30 cex 1337 7,19 0,24 30 cex 1341 1,25 1,37
45 cex 1346 7,16 0,24 45 cex 1321 1,20 1,43
22 MuH 1354 7,27 0,24 32 mun 1303 1,20 1,43
15 cex 1362 7,18 0,24 15 cex 1278 1,22 1,40
30 cex 1362 6,84 0,25 30 cex 1237 1,32 1,30
45 cex 1369 6,80 0,25 45 cex 1221 1,55 1,10
23 Mun 1372 6,75 0,25 33 mun 1203 1,69 1,01
15 cex 1380 6,60 0,26 15 cex 1182 1,58 1,10
30 cex 1384 6,72 0,25 30 cex 1147 2,07 0,83
45 cex 1387 6,90 0,25 45 cex 1129 2,26 0,76
24 MuH 1390 7,23 0,24 34 Mmun 1100 2,49 0,69
15 cex 1397 7,10 0,24 15 cex 1090 2,76 0,62
30 cex 1399 7,38 0,23 30 cex 1080 3,40 0,50
45 cex 1404 7,24 0,24 45 cex 1055 3,80 0,45
25 MuH 1406 7,80 0,22 35 mun 1050 4,25 0,40
15 cex 1409 7,10 0,24 15 cex 1040 4,75 0,36
30 cex 1413 7,70 0,22 30 cex 1020 5,31 0,32
45 cek 1416 7,14 0,24 45 cex 1010 6,70 0,26
26 MuH 1416 7,45 0,24 36 mun 1000 7,57 0,23
15 cex 1416 7,57 0,23 15 cex 980 8,60 0,20
30 cex 1422 7,08 0,24 30 cex 970 9,72 0,18
45 cex 1423 7,60 0,23 45 cex 950 HIDKE TIpefiesia IKajIbl
27 MUH 1426 7,05 0,24 37 muH 940
15 cex 1429 7,28 0,23 BKJIFOUEHO 3/M I0JIE
30 cex 1429 6,89 0,25 15 cex 925
45 cex 1430 7,23 0,24 38 muH 900 HIDI® DA MKATH
28 MuH 1433 6,92 0,25 39 Mmun 970
15 cex 1433 7,15 0,24 40 MmuH 1090
30 cex 1435 7,10 0,24 41 mun 1189
45 cex 1435 6,76 0,25 42 MuH 1255
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1 2 3 4 5 6 7 8
29 MmuH 1436 7,18 0,24 45 cex 1292 9,96 0,17
15 cex 1438 7,00 0,24 43 Mun 1300 9,67 0,18
30 cex 1439 6,28 0,27 15 cex 1307 9,20 0,19
45 cex 1445 7,30 0,23 30 cex 1314 8,95 0,19
BBIKIIFOYCHO 3/M I10JIE 45 cex 1329 8,75 0,20
30 muH 1452 1,18 1,45 44 MuH 1333 8,47 0,20
15 cek 1452 1,21 1,41 15 cek 1337 8,32 0,21
30 cex 1445 1,2 1,43 30 cex 1346 8,12 0,21
45 cex 1348 8,00 0,21 47 muH 1393 7,85 0,22
45 muH 1357 6,90 0,25 15 cex 1401 8,00 0,21
15 cex 1359 8,00 0,21 30 cex 1405 8,05 0,21
30 cex 1371 7,35 0,23 45 cex 1405 8,00 0,21
45 cex 1375 7,80 0,22 BBIKJIFOUEHO 5/M I10JIE
46 Mun 1375 7,89 0,22 48 mun 1414 1,29 1,33
15 cex 1383 7,85 0,22 15 cex 1416 1,24 1,38
30 cex 1386 7,38 0,23 30 cex 1413 1,24 1,38
45 cek 1390 7,65 0,22 45 cex 1405 1,26 1,36
49 MuH 1386 1,27 1,35

IIpn wuccnenoBaHMM 3IEKTPONPOBOIHOCTH
nulaka mwaxTHoM miuaBku Kapcakmaiickoromenb-
3aBOZla YCTAHOBJIEHO, YTO IIOKA3aHUS DJIIEKTPO-
npoBoaHoct npu 1420°C u Heckonbko Ooree,
OKa3aJUCh HWIWKE INpeJesia YyBCTBUTEIBHOCTH
mKanel npubopa. [lpu OTKIIOYEHHMH ToKa Ha
coneHonJ Ha 10 cCexkyHI dIEKTPONPOBOJHOCTH
ckaykoM BbIpocna a0 0,27 om'em™ u mocrne mo-
Jlaud TOKa BEpHYJIAach Ha MPEKHIOK MO3ULIHIO
Takke ckaukom. Ilocrme moctwkenus 1430°C
ObUT BBIKJIIOYEH TOK HA COJICHOWJ, OJHAKO DJIEeK-
TPOIIPOBOAHOCTh CKauKOM BBIPOCIJIA TOJIBKO 10
0,23 om'cm! u 3aremM co 3HAYMTEIBHON CKOPO-
cteio (mopsimka 0,003 om'cm! B cekyHy) yBe-
muunnack 10 0,45 om'em!. Tlocne sroro smek-
TPONPOBOJHOCTh CIOHTAHHO YMEHbIIAJAch IO
Mepe OXJIaKACHUs paciuiaBa. [locie noBTropeHus
nporeaypsl Harpesa 10 1450°C anekrporpo-
BOJIHOCTh TakKe Oblla HIDKE Mpeneia IIKabl.
[Tocne oTKIIIOUEHHUS TOKA HAa COJICHOM]T XapaKTep
W3MEHEHUS IEKTPONPOBOJHOCTH OTINYAJICA OT
MEPBOT0 U3MEPEHUS. DIEKTPONPOBOIHOCTD CKaY-
koM Beipocia 110 0,41 om'em™! u cpasy ke Hayana
CIIOHTAaHHO CHMJKAThCS 1O HYJIEBOIO 3HAYECHUS.
OueBUIHO, YTO B JJAHHOM Cllyyae HaOIIOaeTCs
BBIpR)XEHHOE CTPYKTYpHOE IpeoOpa3oBaHKe CUC-
TEMBI TOJ1 BIUSHUEM MEPEMEHHBIX 3JIEKTpOMAr-
HUTHBIX TTOJIEN.

BrnusHUIO 5I€KTPOMArHUTHBIX TMOJNEH Ha
MIPOBOJUMOCTB IIJIaKa IIAXTHOM T1aBku UpThim-
CKOT'O MEJTHOTO 3aBOJIa PE3KO OTIIMYAETCS OT Ipe-
JBIIYIINX JAHHBIX. DIEKTPOIPOBOAHOCTh TAKKE
HecTaObuIbHA, HO ee 3HaueHue npu 1472°C oueHn
BEJIMKO. XapakTep M3MEHEHMs 3JIEKTPONpo-
BOJIHOCTH TOBOPHUT O BBICOKOM KOHIIEHTpPAIMH
MPOBOJSIIUX 3JIEMEHTOB B MEXAIEKTPOIHOM
MIPOCTPAHCTBE UBMEPUTENBHOMN STYENKU. YCTAaHOB-
JIEHO, YTO KOHIIEHTPALMsS BBICOKOIPOBOISIINX
KOMIIOHEHT pacIuiaBa MEXy 3JEKTPOJIaMU MO-
KET BBI3BATh CBOEOOpPA3HOE «KOPOTKOE 3aMbl-
KaHHE» C HEONpPaBJAaHHO BBICOKMM 3HAaY€HHEM
AJEKTPONPOBOJHOCTH IO CPAaBHEHUIO JIUTEpa-
TYpPHBIMU JaHHBIMH.

BriBOaBI

HccnenoBanoch  BIAMSHHUE  IEPEMEHHBIX
JJIEKTPOMArHUTHBIX IIOJIEH HA «ECTECTBEHHBIE»
OKCHJTHO-CYJIb(UAHBIE PACIUIaBbl — IIIJIAKU pa3-
JIMYHBIX MEJIHBIX IJ1aBOK.

ITokazano, 4To aHoMalMd B 3aBHCHUMOCTH
AIIEKTPOITPOBOIHOCTH OT TEMIIEPATYPBI ISl MPO-
MBILJIEHHBIX PACIUIaBOB AHAJIOTMYHBI AHOMa-
JIUSIM B TIOBEJCHUU CHHTETHUECKHMX OKCHIHBIX
CUCTEM. DKCHEPUMEHTAIBHO YCTAHOBJIEHO, UTO
HaJN4ie OPUEHTAIMOHHBIX 3((HEKTOB MOKET
OKa3bIBaTh 3HAYMTEILHOE BJIWUSHUE HA HM3MEHE-
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HUS AJIEKTPOIIPOBOAHOCTH MPH U3MEHEHUU TEM-
neparypsl. OOHapyxkeH 3(dexT «3anupaHus»
AIIEKTPOIPOBOHOCTH TEPEMEHHBIMU AJIEKTPO-
MarHUTHBIMH TOJIsIMU. [loka3zaHo, 4TO M3MEHe-
HUS 3JICKTPOIIPOBOTHOCTH 110 CXEME YMEHBIIICHU-
e-yBEIIMYCHUE-YMCHBIICHUE TIPU CPABHUTEIHHO
CTaOWJIBHBIX TEMIIEPATypax XapaKTEePHbI M JUIS
OKCHTHO-CYJIb(UIHBIX PACIUIABOB, TAKXKE KaK U
JUISL CHHTETHUECKUX OKCHIHBIX kuakocTel. [1o-
Ka3aHO, YTO MOJICKYJSIPHOE JBIDKCHHE MOXKET
BBI3BaTh CBOCOOPA3HOE «KOPOTKOE 3aMBIKAHHE)
AIIEKTPOIIOB U3MEPUTEIILHOW SIUCHKU C HEOTpaB-
JaHHO (IO JIUTEpaTypHBIM JaHHBIM) BBICOKUM
3HaUEHHEM MpoBoaUMOCTU. Kak u jiisi cCHHTETH-
YECKMX OKCHJIHBIX PACIUIaBOB LIS IIJIAKOB MO-
KeT OBITh XapaKTEPHO TOBBIIIEHHE IEKTPOITPO-
BOJTHOCTH IPH OXJIQKJICHUU PacIlyiaBa U HaJMIUe
AIIEKTPOIPOBOJHOCTH TIPU TEMIIEpaTypax HIKeE
TeMIIepaTypbl IUIABJICHHUS.

VYKkazaHHBIE AaHOMAJIMA MOXKHO TIOSICHHTB
TOJIBKO BIUSTHHEM OPHEHTAIIMOHHBIX (D PEKTOB B
HA/IMOJICKYJISIPHBIX (MOJICKYJISIPHBIX) AJIEMEHTAX
CTPYKTYpBI PacIIaBOB U (PU3UKO-XHUMUYCCKUMH
B3aMMOJICHCTBUSIMU B pacIulaBaX NpU H3MEHeE-

HUM TeMIeparypbl (MOJEKYJISIPHOE JIBUKCHUE,
MEXKMOJICKYJISIPHBIE XUMHUYECKUE PEaKIUH U
T.IL.).

CnenaH BBIBOJ 00 AJIEKTPOHHOM THIIE TPO-
BOJJMMOCTH PAacCIVIaBOB METaJUTyprHYeCKUX ILIa-
KOB U OTCYTCTBHU CaMOIPOHM3BOJIBHOM AIIEKTPO-
JUTUYECKON nucconuanuu (Tpu pacIuiaBICHUN
Y PacTBOPEHUH) TIPH (Ha30BOM IEPEXO0JIe MEPBOTO
pona.

AHOMaJINU B MOBEJICHUH AJIEKTPOIPOBOIHO-
CTH IJIAKOBBIX PACIUIaBOB IOJ] BIUSHHEM Iepe-
MEHHBIX JICKTPOMArHUTHBIX ITOJIEH TOITBEPK 1a-
0T BBIBOJ 00 aHU30TPOIINH, a, CJICIOBATEIBHO, O
MOJICKYJIIPHOM CTPYKType MPOBOJSIINX KOMIIO-
HEHT OKCHIHO-CYJIb(HUIHBIX paCIUIaBOB, KOTO-
PBIi ClieJlaH Ha OCHOBE (PU3UKO-MAaTEMaTHUECKO-
r0 aHaJIM3a.

Takoii BBIBOJI IMEET JaJICKO MUIYIIHE TPaK-
TUYECKHE W Hay4HbIe MmociiefcTBUs. OH MOXET
CIIy’)KUTh TEOPETUYECKOM 0a30¥ 1151 pacupeHust
apceHalla CpPeJCTB NMPAKTUYECKOTO BIUSHHS Ha
MEXaHHU3M ¥ CKOPOCTh XMMUYECKHX PEaKIIHiA, T.C.
0a30¥ /715 CO3/JaHMsT HOBBIX TEXHUYECKUX pelle-
HUI B METAJUTYPTrUM U XUMUYECKOH TEXHOJIOTHH.
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TEPMOINHAMHNYECKASA BEPOATHOCTDb OBPA3OBAHUA ®OCPOPHO-
KAJIMAHOI'O YIOBPEHUS ITPU IEPEPABOTKE KOTTPEJIbLHOI'O MOJIOKA

A. IOJIAK, A.H. HYPTBIBAEBA, C.M. KAHTAPBAEBA, X.P. CAJIMEBA,
I.K. MATHHUSI30BA, D.A. BAWIBA3ZAPOBA

Tapasckuii cocyoapcmeennuiil ynugepcumem umenu M.X. [{ynamu

Annomayus: B oannoii pabome dviiu nonyuenst coedunenus K,CaP,0,u KCaP 0, IIposedena sxcnepumer-
MATbHASI BPOGEPKA NOTYYEHHBIX COOMHOWEHUN U NOKA3AHA MEPMOOUHAMULECKAS 6ePOSMHOCTb 00PA308AHUSL

0801IHbIX NUPO- U Memaghocghamos uz coeouneHull, AGIOUWUXC KOMNOHEHMAMU NeYHO20 2a3d KZO, KPO,
CaO, PO,

Knwuesvie cnosa: kommpenbHoe MOLOKO, WIAMOHAKONUMENU, O8YOKUCH KpeMHUsl, 0BOUHOU nupogocham
Kanus-Kanvyusi, 080UHOU Memagocham Kanus-Kaiblyus

THERMODYNAMIC PROBABILITY OF FORMATION PHOSPHORUS-CALINAL
FERTILIZER WHEN TREATING COTTER MILK

Abstract: In this work, the compounds K ,CaP,0, and KSaP ,0, were obtained. Experimental verification of the
obtained relations has been carried out and the thermodynamic probability of formation of double pyro- and
metaphosphates from compounds, which are components of the K,O, KPO,, CaO, and P,O, furnace gas, has
been shown.

Keywords: Cottrel milk, sludge collectors, silicon dioxide, double potassium calcium pyrophosphate, double
potassium calcium metaphosphate

KOTTPEJBII CYTTI ©HAEY APKBLIBI TY3LJITEH ®OC®OPIbI-KAJIUNI
ThIHAUTKBIIITHIH, TY3LTY TEPMOJAMHAMMKACBIHBIH BIKTUMAJJIBLIBIFbI

Anoamna:  byn  owcymvicma K,CaP,0, ocone KCaP,0, Kocelivicmapel cunmesoenzen. —Anvinzan
Kamolnacmapuina madicipubenix mexcepynep dkcypeizindi sicone K,0, KPO, CaO, P,O, newmik 2a3vinbiy
Komnouenmmepi 601vin maodwiiaovl, 0cbl KOCHAOAH KOC NUPO- JCaHe memadochammuol KOCLLIbICMAPObIY
MepMOOUHAMUKATILIK bIKIMUMATIObLZbL AHLIKMALOBL.

Tyiiinoi ce3zoep: KommpenvOi cym, wiiam HCUHALIUMAD, KPeMHUl OUOKCUOI,
nupogocgamol, Koc kanuli-Karbyuii memagocgamol

KOC Kanul-Kaabyuil

Hawnbonee BaxkHOW COCTaBHOW 4YacThIO Ha-
[UOHAILHOM HYKOHOMMKH, TI€ MPOU3BOAUTCS
’KU3HEHHO Ba)KHAs Ui 00IecTBa MPOAYKIHUS U
COCPEOTOYEH OTPOMHBIM AKOHOMUYECKUN T10-
TEHIUAN, SBISETCS arpoNpPOMBIIIICHHBIN KOM-
mekc. Pa3Butue ero B pemaromieii Mmepe omnpe-
JeNSIeT COCTOSIHUE BCEX OTpaciiel SKOHOMKH,
YpOBEHb MPOJOBOILCTBEHHON 0€30MacHOCTH ro-
CyZlapCcTBa U COIMAIbHO-3KOHOMUYECKYI0 00CTa-
HOBKY B obmecte [1].

B mpouecce pa3BuTHsS TPOMBIIUIEHHOTO
MIPOM3BO/ICTBA OJTHO U3 BEAYIIUX MECT 3aHUMAET
npobiemMa oXpaHbl OKPY>KaIOILIEH Cpeibl U palu-
OHAJILHOE HCIOJb30BaHUE CHIPHEBBIX PECYPCOB.
bonbiioe KoaMYeCTBO TEXHOTEHHBIX OTXOOB
CO3/1aeT TEXHUYECKUE U IKOJIOTHUeCcKue mpoobie-
MBI UX yJaJeHUsS U 00e3BpeKUBAHUS, IPUBOJUT
K 3HAUUTEIbHBIM YKOJIOTHYECKUM Harpy3kam [1].

B mpouiecce 31eKTpOTEPMUUECKOTO MPOU3-
BojicTBa (pocdopa Ta30BBIM MOTOK, BBIXOISIIIHMA
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u3 (dochopHOl 1meun, COAEPKUT 3HAYUTEIIbHBIC
koimmuecTBa e, Ha 95-99% meuis ocakma-
eTcsi B 2JeKTpoUiIbTpax M HpHU TUIPOyaie-
HUU TBUIH, GOPMUPYST KOTTPEIBHOE «MOJIOKO»,
a OCTaJbHOE KOJIMYECTBO MbLIM, KOHICHCHUPY-
ACb COBMECTHO € (ocdopoM, NMPUHUMAET aK-
TUBHOE ydacThe B oOpazoBanmu (ochopHOTro
nuiama. KorTpenbHOoe MOJIOKO MOXKET YaCTHYHO
UCIIOJIB30BaThCsl B IMPOLIECCE IIMXTO-IOATOTOB-
KM, a edajaHc ero coBMecTHO ¢ docdopconep-
KAIllUM M3BECTKOBBIM IIJIAMOM COpachIBaeTcs B
CHelHalIbHbIe XpaHWINIIA — [UIAMOHAKOIUTE-
au. OcBeTsieHHas: 4YacTh MOJIOKAa KOTTPEIbHOTO
U3 [UIAMOOTCTOMHHUKOB IO MEpe OTCTauBaHH
BO3BpAaIllaeTCsd Ha MOBTOPHOE HCIOJIH30BaHUE B
otaeneHue HedWTpanuzauuu. IlnoTHOCTH MOIIO-
ka koTrpenbhoro (1180-1260) r/cm® (1,18 - 1,26)
kr/m*). BBIXO MOJIOKa KOTTPEIBHOTO Ha TOHHY
xenroro ¢ochopa 0,6 TOHH.

Hcnonp30BaHne KOTTPEIBHOTO MOJIOKA
Ui nalnbHeknen mnepepadborku Ha docdop-
Ho-kanuiiHoe ynoOpenue (PK) oOycrmoBineno
€ro XMMHYECKHUM COCTaBOM, B YaCTHOCTH, CO-
JepKaHUEM B KOTTPEJIbHOM MOJIOKE 3JIEMEH-
TtapHoro ¢ocdopa, Kaiaus U ero OKUCIOB, APY-
TUX 2JIEMEHTOB.

XUMUYECKUH COCTaB ChIPbSI U IPOAYKTOB
AIIEKTPOTEPMHUUECKON TmepepadoTKu MpecTaB-
neH B Tabnuue 1. B Tabnuity BKiIroueHBI Bee dlie-
MEHTBI, COJIEp>KaHUE KOTOPBIX B OJHOM M3 IpO-
nyktoB He HUKe 0,1%. ConeprkaHue 3JI€MEHTOB:
B — B amniomepare, nuiake ¥ KOTTPEJIbHOM MbUIH ~
0,01%. Mo u Be B amomepare u nibutn - 0,001
—0,0001%. B npuii KOHLIEHTPUPYIOTCS HE 0OHA-
pyxuBaemble B amiomepare Zn - 1o 1%, Se ~
110 0,001%. OcranbHble 2IEMEHTBI OTCYTCTBYIOT.
Pacxonnbie koahdummenTs! (pacxon Ha 1 T doc-
¢dopa), B3ATHIC 1O JaHHBIM, COCTaBWIH [2]:

Armomepar — 11,5 T

Kpemuucroe coippe — 0,9 T

Koxkc—-1,4T

®deppodochop — 0,14 T

lmax — 9,45 1

Korrpenpsnas neuib — 0,15 T

KonuyecTtBo KOTTpEIbHOM MBUIM OMpeesie-
HO OIIBITHBIM ITyT€M O U3MEPEHUSM IJIOTHOCTH
U KOJIMYECTBA KOTTPEIbHOrO Mojoka. Tak Kak
JUIsL OTIpeAeNieHUs] KOJIIMYECTBA BBIMYCKAEMOIO
IIJIaKa He CYLIECTBYET MPSMBIX METOJIOB U3MeEpe-
HUSI, TO JaHHBIE, IPUBEACHHBIEC B [3] MO Koauye-
CTBY IIaKa — 8,3 T, HE KOPPEIUPYIOTCS C KOJIHU-
YEeCTBOM H3PACXOJOBAHHOTO ChIpbs. [loaTOMy Ha
OCHOBE JIaHHBIX 110 KOJUYECTBY HMCXOJHOTO ChI-
pbsl U TIOJIyYEHHOU KOTTPEJIbHOM MbLIX pacyueT-
HBIM ITyTeM (B OCHOBHOM 10 cozeprkanuto CaO)
ObUIO YTOYHEHO KOJIMYECTBO IIIJIaka, KOTOPOE CO-
craBuio 9,45 1. Pacnpenenenue 351eMeHTOB NIpU
AIIEKTPOTEPMHUUYECKON MepepaboTke ariioMmepa-
Ta Ha XXeNThli Gocdop B meyax MOIHOCTHIO 80
MBA na HIA®3 npexacrasneno B Tadnue 1.

Ha mannpix Tabmuusl 1 BUAHO, uTO HA 1 T
noiy4aemoro docdopa pacxonyercs 1,17 t P,
BHOCHUMOIO B I€4b C arjioMeparoM M KpEeMHHU-
cTeIM chipbeM. [Totepu docdopa (6e3 yuera mo-
Tephb co 1mamoM) cocrasisiet 12,4%. [Torepu co
nutaMoM coctaBisioT 14,8-25,5% ot BeIpado-
TaHHOTO (hocdopa.

[To aGcomoTHOMY 3Ha4eHHIO MOTepHu (oc-
¢dopa 1o cpaBHeHUIO ¢ qaHHbIMU [20] yBennyu-
much Ha 3%. Haubonwiue norepu — 7,4% npouc-
XOIIAT CO ILIIAKOM, ATO CBSI3aHO C HapyLICHHEM
TEXHOJIOTMYECKOT0 PEeXHMa, HECBOEBPEMEHHOMN
KOPPEKTHUPOBKOW COCTABA IIUXTHI.

Tak 3a Bechb aHATU3UPYEMBI IEPUOJ CPE-
Hee coxepkanue P,O, B IIakax COCTaBUIIO
2,04%. Heobxomumo yka3aTh Tak)ke Ha HEyuTeH-
HBIE MIOTEpU B BUJE dIeMeHTapHOro ¢ocdopa ¢

Taonuua 1 — XumMuyecknid COCTaB KOTTPEJIbHOM NbLIH

P,05 Ca0 MgO Si0; AlL0; Fe,0; K0 Na;0
Py Ca Mg Si Al Fe K Na

0,0 12,0 3,0 235 26,0 0,6 15,0 25

17,6 85 18 10,3 12,0 0,4 12,5 18
C Mn Cr v Ba Pb Ti Cu
2,0 0,1 0,01 0,01 0,1 0,1 0,01 0,1
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KOTTPEJIbHBIM MOJIOKOM, gocTturaromme 1-2%,
KOTOPBIC HE TOITAIOTCS TOYHOMY YUETY M3-3a He-
BO3MOXKHOCTH M3Mepenuidl u Bujae P,O,, BriOpa-
ChIBa€MbIC CJIMBOM Ha CBEUY H3-3a OTCYTCTBHUS
JIAHHBIX T10 PETYJISPHBIM H3MEPEHUSIM.

[ToTepn ¢ KOTTpENBHBIM MOJIOKOM B BHJIC
dochopa OKas3pIBAIOT CYIIECTBEHHOE BIIMSHHE
Ha MPOIECC NepepadOTKH KOTTPEILHOTO MOJIOKa
Ha NPK — ynoOpenus, coznaBas 1OTOTHUTEIBHO
CJIOKHOCTH TIpHU pa3padOTKe TEXHOJOTHUHU Tepe-
pabOTKH.

Pa3paboTka MeTomoB ympaBieHHUs MPOIEC-
COM TmbIICOOpa3oBaHUsI HEBO3MOXKHAa 0€3 CBe-
JICHUT O MEXaHWU3ME pEaKkluid, MPUBOMAIIUX K
00pa30BaHMIO OTACIIBHBIX KOMIIOHEHTOB IBUIH B
1esjaoM. B muteparype oTcyTCTBYIOT CBE/IEHUS Ta-
KOTro pojia. Jlo HeraBHETo BpeMEHH B JINTEpAType
MMEJIUCH JIUIIb Pa3pO3HEHHBIC U HE BCEr/Ia MoJ-

HbIE JJaHHbIC MO COCTaBy IbUIK [4]. Pe3ynbrarsl
uccienoBanus (pa3zoBOro cocTaBa IbLIH, MPOBE-
JIEHHOTO B J1a00paTOpuM, U COMOCTABIECHUE UX C
JAHHBIMHU, MOJYYEHHBIMU paHee JAPYTUMHU aBTO-
pamu, MO3BOJIMIIU JOCTATOYHO HA/IEKHO JIUArHO-
CTHpOBaTh (ha30BbIi COCTAB MbLIH. YCTAHOBIICHO,
YTO MbUIb Pa3IUYHBIX (POCHOPHBIX 3aBOJOB CO-
JEP>KUT OJHU U TE€ K€ OCHOBHBIE KOMIIOHEHTBI,
MEHSIETCSl JIMIb COOTHOILIEHHUE MEXAy HUMHU.
TakoBbIMH KOMIIOHEHTaMU SIBJISIFOTCS: JABYOKHCH
KpeMHHsI, TIBOMHOM nTupodochdaT Kaaus-Kalblus
U ABOMHON MeTadochaTr Kaaus-KaabIus.

CyMmmapHoOe coaep)kaHue 3TUX KOMIIOHEH-
TOB B IbUIM Jocturaercsa Hepeaxko 30% mac.
Yepennennblii Ga3oBbIii COCTaB MBUTH Pa3iind-
HBbIX (GOChHOPHBIX 3aBOJOB NMPHUBEACH B TAOJIHIIC
2.

Tabauua 2 — YepenHeHHblH (a30Bblid COCTAB NbLIN

®daza

Conepxanue, (% mac.)

SiO, (amopd.)
K,CaP,0,
KCaP O,

C

CaF,

K,SiF,

KCl

Ca,P,0,
KCaPO,

31
20
38

11

C uenpro u3y4eHHs YCIOBUU 0Opa3oBaHHS
JIBOWHBIX MTUPO- U MeTa(hoCHaTOB KaJIMA-KaJIbLIUSI
ObUIM TIPOBEIEHBI PACUETHI TEPMOJIUHAMUYECKOM
BEPOSTHOCTH 00pa30BaHMs HAa3BaHBIX COJICH W3

COCI[I/IHGHI/If/’I, ABJIAIOIINXCS KOMITIOHECHTAMU II€4Y-
Horo raza — K20, KPO3, Ca0O, P205 [5].

Pesynprarel pacdera npuBeAeHBI B TaOmuIe
3.

Tabauna 3 — TepmoauHAMHYeCKHe XapAKTEPUCTHKH PeaKIuil MesK1y KOMIIOHEHTaMHU

MEYHOIo rasa

Ne ni/m Peakius AH 298°K AG -298°K AG 1773°K
KKaJj1/MOJIb KKaJ1/MOJIb KKaJj1/MoJIb
1 K,0 + CaO + P,0, — K,CaP,0, -187,0 -185,0 -159
2 2KPO, + CaO — K,CaP 0, -45,0 -44.7 43,0
3 K,0 +2Ca0 + 3P,0, — 2KCa(PO,), -294,0 X -
4 3KPO, + CaO — KCa(PO,), + K,0 +66,0 +67,0 -
5 KPO, + CaO + P,0, — KCa (PO,), -76,0 -73,6 -
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Takum  oOpa3oM  TEPMOAMHAMUYECKU
HaubOosee BEPOSTHHIMU B IIEYHOM IpoIiecce
ABIISIIOTCA ~ peakuuu OoOpa3oBaHUS JBOMHOTO
nupodocdara u aBoiHoro Meradocdara us K 0O,
Ca0, P,O, (peakuuu 1 u 3). Peakuuu ¢ yyactuem
HPO, menee Beposithbl, a B orcyteTBun PO, He
peanusyroTcs.

B cootBercTBUU ¢ pe3yiabTaTaMu TEPMOIU-
HAMUYECKUX PACcYeTOB ObLI OMpPEICNIEH CHHTE3
Ha3BaHbIX JIBOMHBIX coeauHeHuid. IlpeaBapu-
TEIBHO ObLT MmoyyeH Metadocdar Kaaus myTem
Harpesanus KH,PO, nByxcTajniiHbIM METOOM:

t,°C=100° ¢, °C=325°

KH,PO, — KPO;

t=24aca’ T,=1 uac

[Ipu t=100°C npoucxonut ynaienue H20,
3aTeM THUIeIb MEIJIEHHO OXJIXKAAJIU, IIOCIE YEro
Harpes npoBouIn 10 325°C, BeiaepkuBas 1 yac.

Metonamu MK-cnekrpockonuu U peHTreHoda-
30BbIM JIMAarHOCTUPOBAJIN IOJYYEHHE YHCTOTO
KPO, [6].

B cootBercTBUUM ¢ peaknusamu (2) u (5) Ta-
OnuIBl 8 MPOBOAMIN CHUHTE3 JBOMHBIX MUPO- U
Metadochara Kaiusg-KaablUs METOIOM CILIaB-
nennst KPO, n CaCO, ipu 800°C. Hcmonb3oBa-
nue CaCO, u CO, 00yc/OBIEHO TEM, YTO TIPU
800°C mpoucxoaut pasznoxkenue ero Ha CaO u
CO,, npuyem uaeT 00pa3oBaHUE aKTHBHON OKH-
CH KaJbIIUS.

Takum 00pa3oMm MoOKa3aHa TEPMOJIUHAMU-
yeckasi BEpOSTHOCTb 00pa3oBaHMs JIBOMHBIX
nupo- u metadocdaroB W3 COCIUHCHUM, SIB-
JAIOMUXCSA KOMIIOHEHTaMu redynoro rasa K O,
KPO,, CaO, P,O, llpoBenena sKCrepuMeH-
TaJbHas MPOBEpPKa MOJYYEHHBIX COOTHOILICHUH,
CUHTE3UPOBAHBI COCTUHECHUS KzCaP207 u KCa-
P309. CBeneHnii 0 (U3UKO-XUMHUYECKUX CBOM-
CTBax Ha3BaHHBIX coJied He oOHapykeHo [7].
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COMPARING BIG DATA ANALYTIC TOOLS USING MUSIC DATASET
R.I. BEKTEMIROYV, U.T. NURKEY
Suleyman Demirel University

Abstract: A huge repository of petabytes of data is generated each day from modern information systems and
digital technologies such as scientific data analysis, social media data mining, recommendation systems,
and analysis on web service logs.The data has a huge power to directly guide us to knowledge detection. Big
data in turn requires whole new approach and tools to handle it. Analysing these massive data requires a lot
of efforts to extract knowledge for decision making. Huge volumes of data and its unstructured nature raise
new challenges and issues regarding its management and processing. This paper covers some of the most
popular tools for analyzing big data. Hadoop, Spark and Pig are major and modern tools in big data analytics.
Thus and so these tools were chosen for comparison. Results of this research show that various tasks require
different tools and there is no all-in-one solution. Any big data problems stand in need developers to use
proper tool to make job done in a way better and quicker.

Keywords: big data, Hadoop, Spark, Pig, comparison of big data platforms

YJKEH JIEPEKTEPII TAJIJIAY KYPAJIAPBIH OH/IEP )KUBIHTBIFBIH
KOJJAHA CAJBICTBIPY

Anoamna: /lepekmepOiy nemabaummapsiHbly YIAKeH Peno3umoputli KyH CAlblH 3aMaHayi aknapammolk
JACytienepoeH JHCaHe bLIbIMU Oepekmepol MandayodH, aleyMemmiK mMeouda 0epekmepin 6HOeyOeH, YCbIHbIC
AHCYUECIHEH JHCIHE 8eO-KbIZMEM HCYPHATOAPLIHAH MALOAY CUSIKIbL YUDPIBIK MEeXHOTOSUALAPOAH HCACATAODI.
Jepexmep 6inimoi anvikmayea mixeneil Oagplmmarimuli 30p Kyuike ue. YiKen oepekmep, 03 Ke3e2inoe, jicana
MaCiIMeH 6HOeyee apHalean Kypanoapovl Kadxcem emedi. Byn maccusmix Oepexmepdi manoan Maqvl30bl
Oepexkmepoi mady JHcane coean calikec wewimoep Kadvlioay Kon Kyul dcymcayovl maian emeoi. [epexmepoiy
VAKEeH KOaeMi JiCoHe OHbIH KYPbLILIMOBIK eMec CUnamvl OHbl OAcKapy MeH onoeyee KamvlChibl HCaAHA
Macenenepdi myovipaovl. byn maxana yaken depexmepdi manoayovly ey maubiMail KYpaioapbiibly KeuOipin
gammuowvl. Hadoop, Spark sicone Pig oepexmepoi manoayza bavlmmanz2an Hezizei dcone 3aManayu Kypai
Oonbin MaobwLiadbl, COHOLIKMAH OYIl KYpaioap caiblcmuipy yuin mayoanost. Ocel 3epmmeyoiy Hamuoxcenepi
apmypiai MancolpManiapobly apPKUibl KYpaidapovl maian ememinin kepcemeodi dcane bapivievl Oipoetl Oip
nrameopmamen wewtinmetioi. Yaken depekmepmen OAUIAHLICMbL Ke3 KelleeH Macenenep 6ae0apiamautbliapoblly
Cananbl HCIHE JACHLIOAM HCYMbIC HCACAYIAPHL YUliH Muicmi KYpaiosl natoaianyiapsii Kaxcem emeoi.

Tyiiinoi co3oep: ynxen depexmep, Hadoop, Spark, Pig, yixen depexmepdi manoday KypaioapviH CalblCHblpy
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CPABHEHUE AHAJIMTUYECKUX UTHCTPYMEHTOB JJIAA BOJIbIINX TAHHBIX C
HNCITOJIB30BAHUEM HABOPA TEKCTA IIECEH

Annomanyusn: OzpomHoe Xpanuiuuie pasmepamu 8 nemadainmvl OAHHLIX 2eHePUPYemcs: Kadicoblli OeHb U3
COBPEMENHBIX UHDOPMAYUOHHBIX CUCTEM U YUDPOBHIX MEXHONO2UL, MAKUX KAK AHATU3 HAVUHBIX OAHHbIX,
AHATU3 OQHHBIX 6 COYUATbHLIX CEMSsX, CUCHEMbl PeKOMEHOAYUll U AHAIU3 JHCYPHAT08 6eb-ciyich. [lannvle
001a0arom 02pOMHOU CULOU, YMOObL HANPAMYIO HANPABIAMb HAC K 0OHapyicenuto 3Hanutl. borvuiue dannvle,
8 C8010 0uepedsb, MpedyIom CO8EePUIEHHO HOB020 NOOX00d U UHCMPYMEHMO8 OJisl uX obpabomku. Ananuz smux
MACCUBHBIX OAHHBIX Mpebyem MHO20 YCUTUL HA PA3HBIX YPOGHSX 05l U3GNIeHeHUsl 3HAHULL U OATbHelue20
npunsimus peutenuil. Oecpommvie 06beMbl OAHHBIX U UX HECIPYKMYPUPOBAHHIL XAPAKMeED NOPONCOAION HOBbLE
npobreMbl U 60NPOCHl, CEA3AHMbIE C UX YHpasieHuem u 0bpabomkoi. B amoil cmamve paccmampueaiomcst
HeKomopble U3 CAMbIX NONYISAPHLIX UHCMPYMEHmMOo8 015 anaiusa oonvuux oannvix — Hadoop, Spark u Pig
ABNAIOMCSL OCHOBHBIMU U COBPEMEHHBIMU UHCIPYMEHMAMU OISl AHATU3A OOTLUIUX OAHHBIX, 68 CA3U C YeM MU
UHCMpYMeHmbl Oblau 8blOpanvl 0151 cpagnenus. Pesyibmamol 9mozo ucciedoganus nokazwlearom, 4mo Ot
PA3TUYHBIX 3A0a4 MPeOYIOMCsl pa3Hble UHCMPYMEHmMbl U Hem eOuHo20 pewernust. Jliobvie npobiemvl ¢ borvuumu
OGHHBIMU HYHCOAIOMCSL 8 MOM, YMOObl PA3PAOOMUUKU UCNOTL30BATU COOMBEMCMEYIOWUL UHCTPYMEN,

umobwvl coenamov pabomy bonee KauecmeeHHol U ObICMPOlL.

Knioueeswvie cnosa: bonvuue oannvie, Hadoop, Spark, Pig, cpasnenue niamgopm 0ns 6onbuiux 0anHulx

1. Introduction

Crucial changes in traditional data analyz-
ing platforms are being made by Big data in
information era. 4V’s of Big data (Volume, Ve-
locity, Variety, Variability) is increased to 5V:
value is added. Since we have general knowl-
edge about big data’s other characteristics, Val-
ue is the main point which we need to consider
when any kind of data is analyzed. Thus, to play
out any sort of analysis on such voluminous and
complex information, scaling up the hardware
stages winds up fast approaching and picking the
correct tool turns into a significant choice if the
client’s prerequisites should be fulfilled in a sen-
sible measure of time. There are a few major big
data analysing platforms accessible with various
attributes and picking the correct tool requires
an inside and out learning about the abilities of
each [1]. Choosing the right platform that can
handle expanding amount of data and analyse
them by satisfying client’s demand is the main
aim of this paper. In this paper we will focus on
Apache Hadoop, Pig and Spark; will be provided
some characteristics on each tool, highlighting
advantages and disadvantages of each, followed
by practical experiments with music dataset by
comparing mentioned tools on:

- Iterative task support;

- Computing time, how fast results will be
computed;
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- Data access by I/O performance;

- Real time processing and fault tolerance

Song lyrics dataset for experiment will be
used from [2], which consists from 57650 items
of song and were gained from LyricsFreak. Data-
set consists from only 4 columns: artist name,
song name, URL reference as a link and unmod-
ified lyrics of this song.

In this paper, we will compare mentioned
tools by analysing results for each of the fol-
lowing tasks that will be done on Hadoop Ma-
preduce, Pig and Spark:

1. Finding the most popular word for each
artist; (multiple transformations)

2. Finding similar songs, consists of 2 sub-
tasks:

1) Shingling documents by length of 5
words (iteration)

2) Reducing with Jaccard Similarity (com-
putation)

2. Literature Review

A. Apache Hadoop

Apache Hadoop is an open-source software
framework for parallel processing huge sets of
data on large clusters (consisting from thousands
of nodes) , built from reliable commodity hard-
ware, by using simple programming model called
MapReduce. Hadoop divides files into indepen-
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dent blocks, then distributes them to nodes, where
they are summarized separately. Data is stored in
HDFS, which is a distributed file system, where
all files are neighboring set of bytes. Hadoop first
implements map operations to each block of data
from HDFS by sorting and redistributing results
depending on key values, then second part (re-
ducer) consists from collecting data items with
same keys. Reducers can aggregate the interme-
diate results from mapper to generate final result
and write them again to HDFS. Thousands of map
and reduce tasks run across different nodes in each
cluster parallelly. YARN is one more component
of Hadoop which is responsible for coordinating
applications runtime. Survey about parallel data
processing with MapReduce is accessible in [3].

There are diverse coding approaches be-
sides Hadoop MapReduce, like Pig script and
Hive interface, but both works on top of Hadoop
Mapreduce.

B. Apache Pig

Apache Pig is a platform that was built on
top of MapReduce by Yahoo Company, provid-
ing developers better control on MapReduce. As
java has jvm, pig uses pig runtime as an execu-
tion environment. Fact says that 10 lines of code
in pig will do the same as MapReduce with 200
lines java code. However, compiler converts pig
latin into MapReduce, creating consecutive set
of jobs. Developers can write functions in Py-
thon, Java, JavaScript and Ruby, also in Groovy
to extend Pig latin code, if needed. Storing, ma-
nipulating and executing data is allowed in Pig.

C. Apache Spark

Apaches product, which also parallelly pro-
cess data across clusters, was invented in 2012 at
the AMPLab. Spark uses system memory, which
makes it a way faster than Hadoop MapReduce,
which reads and writes data to HDFS. Process
of writing data to RAM is completed by using
RDD (Resilient Distributed dataset). Spark Core
plays significant role in coordinating scheduling,
applying abstraction of RDD, optimizing and
connecting Spark to proper file system. Howev-
er, data transfer (I/O) between nodes still creates
some network congestion.

D. Apache Hive

Hive was created by Facebook for program-
mers who are fluent with SQL to work in Hadoop
environment. It can process structured data in ta-
bles. Hive uses HiveQL, which is SQL-like que-
ry language, that supports basic operations like
select, join, project, aggregate and union all. Us-
ers can load data from external sources and insert
data operators (DML), respectively.

According to paper by Dr. Urmila R. Pol,
author explains working principles of Hadoop
Mapreduce, Pig and Hive by comparing them be-
tween each other. Author mentions that writing
Mapreduce code with Java would require writing
several lines of code, and would take more time
if user is not good familiar with Java. In this case,
using another approach to write Mapreduce tasks
like by writing them in Pig Latin or Hive SQL
language would reduce development and testing
time overall. As stated in the paper, even if Pig
or Hive do not run as fast as MapReduce’s native
Java, using them boosted data analysts produc-
tivity. It is because writing Pig script takes only
5 percent of that time which is needed to write in
Java, however decreasing runtime performance.
Thus, Hive and Pig are considered performance
boosting tools for data analysts, according to this
paper [4]. Writing join functionality in java will
be very complicated while using Hive SQL with
several levels of nested FROM clauses.

Some cases where pure Hadoop MapReduce
is preferable than Pig or Hive is discussed in ar-
ticle [5], like:

e job where complicated form of distribut-
ed cache is required;

e Job where optimization is needed in map-
per or reducer level ;

e Job where is needed some form of parti-
tioning;

e Performance of Hadoop is much better
than other two, even if they enhancing their func-
tionality kit and etc.

Other technologies (Hadoop, Spark, Graph-
ics Processing Unit (GPU) , High Performance
Computing Clusters (HPC), Multicore proces-
sors and Field Programmable

Gate Arrays (FPGA)) that can handle big
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data is reviewed in paper [6], where authors first
explained vertical and horizontal scaling, types of
platforms/technologies along with their strength
and weaknesses. Practical applications with gen-
eral idea when scaling up and scaling out should
be preferred is given along with explanation of
improving systems by selecting appropriate plat-
form. Authors claim that cases where expandable
platform, which can support huge amount of data,
Hadoop MapReduce and Spark is perfect, espe-
cially if there is no need for real-time responses;
whereas cases where queries are processed in re-
al-time - vertical scaling is needed. We can add
that if application needs to be processed not in
real-time with high velocity, Spark is the best op-
tion; but if volume matters, Hadoop can handle
far more than that of Spark, since it stores data in
disk memory. Which of them should be used in
exact situation is given in [ 7], highlighting each’s
dignity.

Performance comparison between Hadoop
and Spark was observed in article [8], which

states that Spark runs in-memory 100 times faster
and 10 times on disk; for 100TB of data Spark has
been recorded 3 times quicker than MapReduce;
also for k-means and Naive Bayes algorithms
has been found to be faster. Advantage of Spark
by its cyclic connection is also mentioned along
with prices of each tool: Hadoop is less costly
than Spark. In terms of security and fault toler-
ance, Hadoop is recommended to be more secure
and reliable.

3. Proposed Method

Comparing tools should be built on platform
dependent and algorithm dependent, giving gen-
eral view about strengths and weaknesses of big
data systems based on tendency of each. How-
ever, it also should be counted that application
based comparing strongly depends on problem
that needs to be solved.

Table below represents theoretical compar-
ison of each big data analyzing tool by its char-
acteristics.

Data access/
Abstraction |Development Code data Sfault real-time |iterative task
Language level effort efficienc vo tolerance rocessin support

Y performance p 8 'pp

MapReduce| Compiled Low Challenging High External 5 ) 3
memory

Spark Compiled Medium Hard High In-memory s 5 ;
cache
i ipti ; External

Pig scripting High Fasy Less memory > 2 3

Hive SQL-like High | Fasier than f External : 0 ;
Pig memory

Table 1 Theoretical comparison of Big data tools

Table 1 shows more qualitative relation be-
tween tools than quantitative, comparing charac-
teristics like I/O performance for iterative pro-
cessing, real-time processing, language, abstrac-
tion level, code efficiency and development effort.
MapReduce, Pig and Hive are not basically used
for real-time processing tasks, because they are
slow in transferring data Input/output between
nodes. Therefore they receive only 2 out of 5.

All of the frameworks can be scaled up to
tens of thousands of nodes and fault tolerant.

MapReduce, Pig and Hive are not designed
for iterative processing, because data has to be
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written onto disk after each iteration, which cre-
ates a huge bottleneck while disk I/O. Howev-
er MapReduce has developed tools and frame-
works, one of it is improved by Hadoop devel-
opment, which is for improving iterative tasks,
therefore they received 3 out of 5. Decision be-
tween Hadoop and Spark lays between whether
user needs a off-the-shelf instruments or he needs
optimization of cluster performance.

Data has been processed in Amazon EMR
cloud cluster, which provides managed frame-
works like Hadoop, Spark, Presto and HBase
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with Jupiter based notebook. Amazon EMR is
used due to its reliability, easiness, flexibility and
elasticity, also to set same conditions for com-
pared platforms. Instances that where applied for
master- m4.large, has 4 cores with 16 GB RAM
, and for workers-c4.xlarge with 4 cores and 8
GB RAM each. Furthermore no tuning was done
on MapReduce, Spark and Pig, so that they have
default settings. However, since Spark is not us-
ing all available cores that were given, it needs
to be set manually to use them; therefore some
additional improvements on clusters were done.

REGISTER bigdata.jar;

Before starting comparison mentioned tools,
lyric dataset was preprocessed by:

- deleting new lines in each row of song, so
that each song takes one row;

- All stop words and common words were
deleted, like chorus, bridge, etc.

First task is to find the most repeated (be-
loved) word for each singer, was done by simple
word count example in Picture 1 with Pig Latin
language:

all data = LOAD 'songdata_tabbed.csv' USING PigStorage('\t') as (singer:chararray, song:chararray, lyrics:chararray);
tokenized = FOREACH all data GEMERATE singer, kz.sdu.bdt.pig.Tokenizer(lyrics) as tokens;

flat = foreach tokenized generate singer, flatten(tokens);
grp = group flat by (§0, $1);

cnt = foreach grp generate flatten(group) as (singer, word), COUNT(%$1);

g = group cnt by singer;

result = foreach g {
prods = order cnt by $2 desc;
top_prods = limit prods 1;
generate Tlatten(top_prods);

i

--sorted = order result by 38,

dump result;

Pic.1 Popular word among singers with Pig

As second task checking lyrics for plagia-
rism was chosen. That is necessity is to find pairs
of song that have similar lyrics. Main concern of
this problem is how to compare two documents
efficiently, as direct comparison is not an option,
due to possible small changes in the song. There
are some approaches to solve this issue, such
as MinHash[11], SimHash[12], Word2Vec[13].
However purpose of this research is to compare
tools and implementation of such advanced al-
gorithms might interfere with results. This is the
reason why simple approach with Jaccard Simi-
larity was chosen.

Jaccard similarity [10] is equal to division of
the size of the intersection of A and B sets to the
size of their union:

|AnB|
|AuB|

|AnB|
|Al+|B| - |AnB|

JAB) =

where elements of the set are words in songs.

Despite that Jaccard similarity works per-
fect for most of the time, this approach cannot be
used alone while comparing text, because it does
not take into consideration position of words in
songs. For example: sentences “Alex loves Beth”
and “Beth loves Alex” are considered exactly
similar by plain Jaccard similarity algorithm, but
are not. To address this issue Shingling of lyr-
ics is used[9]. Song is divided in shingles of 5
consecutive words. However it is easy to see that
final size of shingled song is much bigger, so to
slightly reduce memory usage all sentences are
hashed to some Integer. For purposes of this re-
search simple java String.hashCode() is used.

Thereby second task is spitted into two dif-
ferent subtasks: Shingling of lyrics and finding
Jaccard similarity of song regarding all other
songs in dataset.
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Shingling songs

Algorithm for shingling is simple:

First, lyrics converted to lowercase. Then
all non-letter characters are removed. Third,

REGISTER bigdata.jar;

sub-sentences of 5 words are created. Finally,
these sentences are hashed and outputted.

Code below is in Pig script, which allows
hashing shingles despite its amount.

all data = LOAD 'songdata tabbed.cswv' USING PigStorage('“t') as (singer:chararray, song:chararray, lyrics:chararray);

min_hashed = FOREACH all data GENERATE CONCAT(singer, '|",

dump min_hashed;

Pic. 2 Hashing shingles

Jaccard similarity

To calculate jaccard similarity, Cartesian
product was used for all hashed shingles in join-
er, and only those lyrics that got jaccard similar-
ity higher than 0.7 have been taken into account

REGISTER bigdata.jar;

song),

kz .sdu.bdt.pig.MinHasher (lyrics) as hashes;

as the most similar pairs. Pig and Spark has pre-
defined function for finding Cartesian product,
whereas in MapReduce it needs to be imple-
mented from scratch.

all data = LOAD "song _hashes' USING PigStorage('\t") as (song:chararray, hashes:chararray);
all _data? = FOREACH all _data GENERATE song as song2, hashes as hashes2;

crossed = CROSS all_data, all_data2;

jac_sim = FOREACH crossed GENERATE song, song2, kz.sdu.bdt.pig.JaccardSimilarity(hashes, hashes2) as jaccard_similarity:double;
result = FILTER jac_sim BY song '= song2 AND jaccard_similarity = ©8.7;

dump result;

Pic. 3 Jaccard similarities with Pig

4. Experimental results

A.Popular word among singers with Pig

Fig. 1 shows time distribution in seconds.
As it can be seen launching distributed jobs on
small dataset provides no advantages over local
mode. This might happen due to overhead of run-
ning task on distributed systems. Very likely that
situation changes drastically on huge datasets.

Table 2 shows the sample of the result of
running first task, which lists the most repeated
word in all songs for every singer. There are to-
tally 643 singers in the dataset.

n Sync love(298)
ABBA love(189)
Ace Of Base love(112)
Adam Sandler like(74)

Adele love(161)
Aerosmith yeah(401)
Air Supply love(514)
Aiza Seguerra love(60)

Alabama love(367)
Alan Parsons Project know(78)

Table 2. Result of “Popular word among singer”
task
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Popular word among singer

82
42
24
14

Local mode 5 workers(20 cores) 10 workers(40 cores)

B MapReduce
B Pig

Spark

Fig. 1 Time for “Popular word among singer” task

B. Shingling songs

Figure 2 shows that due to overhead of run-
ning jobs on distributed systems all tools perform
better on local mode. However it can be seen that
with increase of worker cores processing time
decreases for all tools except Pig.

While previous two tasks took seconds for cal-
culation, finding Jaccard similarity takes hours be-
cause each job needs to compare each hashed shin-
gled sets with others, by applying [10] formula.
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Shingling
B MapReduce
B Pig

Spark
36
32
20
Ii 9
( )

Local mode 5 workers(20 cores) 10 workers(40 cores;

Fig. 2 Time for Shingling task
C. Jaccard similarity

It means that this task requires a lot of calcu-
lations. This is where power of distributed systems
shines. Fig. 3 shows that distributed systems per-
form more that 2 times better for MapReduce and
Spark. More processing power added, less time
required to process task. First surprise here is that
MapReduce performs better on 10 workers than
Spark, but Spark outperforms MapReduce on less-
er workers. Reason might be that Spark limits pro-
cessing power to some percent of available cores,
whereas MapReduce takes all free processors.

Second interesting outcome is that Pig takes
same time to process the task regardless cluster
size. Problem is in default configuration where
Pig launches only two reducers to complete job.
This nullifies all advantages of distributed pro-
cessing. Therefore Pig requires additional con-
figuration to run smoothly.

Jaccard Similiarity
12:00:00

B MapReduce
| rig
Spark
7:42:00
1:56:00)
l 0:28:0Q
_

Local mode 5 workers(20 cores) 10 workers(40 cores)

12:00:00 12:00:00

Fig. 3 Time for Jaccard Similarity

Sample of results of finding plagiarism be-
tween singers is given in Table 4.

ABBA - We Wish You A
Merry Christmas

Harry Belafonte - We Wish You A
Merry Christmas

Kenny Chesney - Pretty
Paper

Randy Travis - Pretty Paper

James Taylor - I Didn’t

Ella Fitzgerald - I Didn’t Know

From Me

Know What Time It Was |What Time It Was
Robbie Williams - Do . -
Nothing Till You Hear Ella Fitzgerald - Do Nothing’ Till

You Hear From Me

Rihanna - Golden Girl

Chris Brown - Golden Girl

Lady Gaga - Nature Boy

Natalie Cole - Nature Boy

Lady Gaga - White
Christmas

Vince Gill - White Christmas

Lady Gaga - Winter
Wonderland

Faith Hill - Winter Wonderland

Johnny Cash - Cindy

Nick Cave - Cindy

Avril Lavigne - Imagine

The Beatles - Imagine

Backstreet Boys -
Cinderella

Lionel Richie - Cinderella

James Taylor - Santa
Claus Is Coming To Town

Harry Connick, Jr. - Santa Claus Is
Coming To Town

Rihanna - We Found Love

Coldplay - We Found Love

Table 4. Result of running Jaccard similarity

task

All three tasks with amount of workers with
time consumed are written in table below. Green
labels indicate the fastest tool for each task. So
in first’s simple word count task Spark calculates
faster than other two. In constructing hashes from
shingles Spark works faster while using 5-10 cores
due to its iterative processing ability. In the last task
where computing is needed Spark performed better
in local mode and with 20 processing cores, where-
as with 40 cores Hadoop MapReduce processed
data 2 times faster than Spark. Red labels indicate
the worst tool in each situation.

Popular word | Min | Jaccard
among singer | hash | similarity
Local mode
MapReduce 20s 7s 7.7h
Pig 38s 18s 12h
Spark 14s 9s 3.2h
5 workers (20 cores)
MapReduce 84s 52s 1.8h
Pig 82s 36s 12h
Spark 42s 32s 1.6h
10 workers (40 cores)
MapReduce 61s 42s 28m
Pig 81s 36s 12h
Spark 24s 20s S51m

Table 3. Comparison by time taken for
processing on each tool
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Table 4 shows code amount for each men-
tioned tool for every task. MapReduce takes a
lot effort from data analyzer, it requires writing
more than twice of code of Spark and around 18
times more lines of code than it could be written
in Pig for current task. This could be because Pig
is scripting language, and needs minimum num-
ber of code lines.

Code amount |Popular word Min hash  (Jaccard
among singer similarity

MapReduce |148 88 128

Pig 16 5 7

Spark 56 34 43

Table 4. Amount of code needed for each tool

5. Conclusion and future works

Pig looks as total outsider on these tasks.
The only advantage of Pig over other tool is ab-
straction. Pig latin very concise language and
needs a few lines of code for all tasks. Pig can

be considered only in cases when there is no pro-
grammer available.

Spark is considered best all-around tool to
process big data due to its in-memory caching
capabilities. However results of research show
that in some cases MapReduce can outperform
Spark. Spark provides greater abstraction level
than MapReduce, thus requires much less code
to complete tasks. Even though

Spark showed worse results in some cases,
for most tasks it performed the best. Adding here
abstraction level and amount of languages avail-
able for working with Spark, makes Spark most
preferable tool for processing such tasks out of
compared ones.

However, all experiments were done on
tools without any tuning. Adjusting launching
parameters can radically change whole picture.
Optimizing settings for tools and comparing
them for performance with new conditions could
be the next future work.
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YAK 519.24
MPHTH 81.96.00

MNEPCIIEKTUBA UCITOJIb30OBAHUS MATEMATUYECKOM XU-KBAJIPAT
MOJVIEKVYJIBI IIMPCOHA JAJIAA ITPOBEPKU CTATUCTHYECKUX I'MITOTE3 HA
MAUJIBIX BBIBOPKAX

B.1. BOITYUXUH', B.b. AXMETOB?, ’K.K. AIMUMCEHNTOBA’,
I.C. BEKETOBAY, J1.0. ’KAXAH*

'®@FIOY BIIO «llensenckuii 20cy0apcmeeHuvlll YHUSEpCUnem»
’Ecenos ynugepcumem
SAnmamuncKkull yHueepcumem dHep2emuKy U Cessu
‘Ko3b110p0unckuil 2ocyoapcmeenviil ynusepcumem umenu Kopxoim Ama

Annomauus: lenvio pabomvl a61siemes ycuieHue MOWHOCMU XU-K8aopam Kpumepusi Ha MAiblx 6blOOPKaAXx.
Axmyanbhocmov 00yci08ieHa mem, 4mo OaHHbIX OuoMempuu u Opy2ux paoa Opyeux NPAKmuseckux npUuiLoHCeuil
O/ KACCUYECKO20 CIAMUCIMUYECKO20 AHATU3A HedoCmamouno. IIpednosiceno 60Cnoib306amucsi Cpedcmeamu
UMUMAYUOHHO2O0 MOOCTUPOBAHUSL U YUCTEHHO NOIYYAmb NIOMHOCIb PACNPeOeNe sl 3HAYeHULl XU-K8aopam
Kpumepus 0l MAIbIX 6b100poK. [Ipu cunxponuzayuu uHmMepsanog SUCMOSPaMMbl ¢ MaAMeMamuyeckum
odrcUOaHUeM 6bIOOPKU CHEKMp COCMOSHUL XU-K8AOpam Cmanoeumcst ouckpemuvim. I[lpu evluucienusx
yoaemcsi no0odepaicusams Ihexm KeaHmoso Cynepnosuyul AHAIUUPYemblX OAHHbIX, NPUMEHSST 00bIYHbLE
Komnvlomepuvl. B omauuue om KOHMUHYATbHO-KEAHMOSIX YypasHenuti [llpeduncepa, KOHMUHYATLHO-
Keanmoguvle ypaenenus Ilupcona oxazanuco 2opazdo 6onee yOOOHbIMU Ol pearu3ayuu npocpamMMHbIMU
Memooamu KOHMUHYATbHO-KEaHMoeou cynepnozuyuu. COerano npeononodicenue, Ymo 603MONCHO CO30aAmb
yeunumens Xu-keaopam Kpumepus, N0380SI0OWUL YEEIUYUNb €20 MOWHOCHb 8 HECKOIbKO pa3z. Jlan noocuem
YUCTA NPOMEINCYMOYHBIX OAHHBIX MAKO2O KOHMUHYATbHO-KEAHMOB020 Gblyucaumens 0is euvloopku uz 16
npuMepos.

Knwueevie cnosa: xeanmosas cynepnozuyus, xu-keaopam xpumeputi llupcona, Ouckpemmuwiii cnexkmp
COCMOAHULU, CIMAMUCTNUYECKUT AHAIU3 MATbIX 8b1OOPOK

THE PERSPECTIVE OF THE USE OF MATHEMATICAL CHI-SQUARE PEARSON
MOLECULE TO CHECK STATISTICAL HYPOTHESIS IN SMALL ELECTIONS

Abstract: The aim of the work is to increase the power of the chi-square criterion on small samples. The
relevance is due to the fact that data from biometrics and other a number of other practical applications for
classical statistical analysis is not enough. It is proposed to use simulation tools and numerically obtain the
distribution density of the chi-square test for small samples. When synchronizing histogram intervals with the
expectation of a sample, the spectrum of chi-square states becomes discrete. In calculations, it is possible to
maintain the effect of quantum superposition of the analyzed data, using ordinary computers. In contrast to the
continual-quantum Schrodinger equations, the continual-quantum Pearson equations turned out to be much
more convenient for the implementation of the continuum-quantum superposition by the program methods. It
has been suggested that it is possible to create an amplifier chi-square criterion, which allows to increase its
power several times. Given the number of intermediate data of such a continually quantum calculator for a
sample of 16 examples.

Keywords: quantum superposition, Chi-square Pearson criterion, discrete spectrum of states, statistical
analysis of small samples
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INAT'BIH IPIKTEMEJIEPAE CTATUCTUKAJIBIK I'MIIOTE3AJIAP/IbI
TEKCEPY YIIIH ITUPCOH MOJIEKYJIACBIHBIH MATEMATHUKAJIBIK
XU-KBAJIPATBIH ITAUJTAJIAHY IIEPCIHEKTHUBACHI

Anoamna: Kymvicmoiy maxcamol wiagvli ipikmemenepoe Xu-Keaopam Kpumeputioiy KywiH Hbiaumy.
Osexminici Ouomempusnvly JcoHe 6aAcKka 0a NPAKMUKATLIK KOCLIMUANAPOLIY OepeKkmepi KlacCUKANbIK
CMamuCmuKkanbly manoay YwiH dHcemKinikciz 0Ooneaumvinan wwvizadvl. [llazvin  ipikmemenep yuiin Xu-
Keaopam Kpumepuili MaHOEpPiHIH MApany mbulabl30bI2blH CAH peminde any2d UMUMAayUsiIblK Mooerboey
KYpanoapuli Koi0auy YCoulHuliean. 1 ucmozspamma unmepeanoapvit ipikmemeniy MamemamuKaivly, Kymyimen
CUHXPOHU3AYUALAY Ke3iHOe Xu-keaopam Kyuiepiniy cnekmpi Oouckpemmi 0Oonaodvl. Ecenmeynep KesinOe
manoaHamvin Oepekmepoiy KeaHmMmulK cynepnosuyus 3¢)ghekmi Kadimei xomnvromepnepoi KOoNOAHAMbL3.
Konmunyanovi-keanmmuix cynepno3uyusiHol 0a20apiLamansik a0icmepmer sxcyseze acolpy yuin Llpeouneepoin
KOHMUHYANObI-K6AHMmulx, menoeynepine xapazanoa Ilupconnvly KOHMUHYANObI-KEAHMMbIK meHoeynepi
anoexarioa viHeatnvl OOIbIN WblKMbl. Xu-keaopam Kpumepuioiy Kyulin OipHeule pemke Hcoapbliamamblt
Kyweumxiwumi sicacayea Oonamulibl mypaisbl 001xcam sxcacani2au. 16 mvicandan mypamoein ipikmeme yiudin
COHOAN KOHMUHYANObI-KEAHMMbLK eCenmeyiul apanvlk 0epeKkmep CanblH ecenmey 6epinzeH.

Tyitinoi ce3oep: keanmmulx, cynepnosuyus, Ilupconusiy xu-xeadpam Kpumeputii, Kyuiepoiy OUCKpemmix

CHeKmpI, WagvlH ipikmemenepoiy CMmamucmuKaIblK maioaybsl

Kputepuii xu-kBagpar ObUl MpeAsioKeH
Kapnowm ITupconom B 1900 rony u no coeii cytu
aBisieTcss (yHIAMEHTOM COBPEMEHHOM mMareMa-
THUYECKOM cTaTucTuku [1, 2]. Baxunelmum s
MIPAKTHKU CBOWCTBOM XHU-KBaJpaT KPUTEPUS SIB-
JISIETCS MPOCTOTA €0 BHIYUCICHUS:

[)‘v 2
X2= N‘ £ [W_IDI]
2 n

rae N — pa3Mep TecToBOU BbIOOpKH, k — "mciio

D,

UHTEPBAJIIOB THUCTOrpamMMbl, /7 — Teoperuye-
CKasi BEPOSITHOCTD MOTAIAHUS B i-ThI HHTEPBA

rUCTOTpamMMbl, B, —4acToTa NOSBICHUS JaHHbBIX
B 1-TOM MHTEpBaje FTUCTOIPAMMBI.
[HonynspHocTh KpuTepus XHU-KBajpar o0y-
CIIOBJIEHA TeM, UTO JyIsl OonbIINX BeIOOpok Kapn
[Tupcon Haien aHaJIMTUYECKOE OMMCAaHUE 3aKO-
Ha pacrpeieleHHs 3HAYeHHU 3TOT0 KpUTEepHs:

1.J?”-a4-x
m 2

p(x?) =

TJIe M — YMCIIO cTeneneit ceobonsl, { .} — ram-
Ma (QyHKIIHSL.
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Tak Kak MBI 3Ha€M YHUCJIO OMBITOB — N, TO
UMEEM BO3MOXXHOCTh BBIOUPATh YHCIIO HHTEPBA-
noB ructorpammel — k = round(N/5) u, cooTBeT-
CTBEHHO, ONPEEIUTh YUCIIO CTENEHE CBOOOIBI
— m=k-3. B urore, BOCmonbp30BaBIINCh COOTHO-
nieHueM (2), MokeM HalTH IOBepUTEIbHBIC Be-
POSTHOCTH MPUHSATHUS TOTO WJIK UHOTO CTaTHCTHU-
yeckoro pemenus [ 1, 2].

OcHOBHO# TIpOOIEMO XH-KBaJpaT KpUTE-
pus sBisgercs 1o, uto [lupcon Hamen acumnTo-
THYECKOe perieHue (2), MpUMEHUMOe It 0O0JTb-
IMX BBIOOPOK. OOBIYHO, IPUMEHSISI ACUMIITOTH-
yeckoe pemieHue (2), craparoTcsl UCIOIb30BaTh
BbI0OpKH, nMerorue oT 200 1o 400 ombiToB. B
9TOM cllydae yAaeTcs JOCTaTOYHO HAAEKHO Olle-
HUBATh BEPOSITHOCTH OLIMOOK MEPBOTO U BTOPO-
ro poza P1 = P2 = PEE =(0.01.

O4eBHIHO, UYTO B KM3HU BO3HUKAET MHO-
KECTBO CHUTYyallUid, KOTJa IMOJIyYUTh HECKOJBKO
COTEH OIBITOB TEXHUYECKH W/WUJIM OpraHU3aIu-
OHHO HEBO3MOXKHO. Takue CUTyalluu PeryisipHO
BO3HUKAIOT B SKOHOMHUKE, MEIUIMHE, OMoMeT-
puu, Ouonoruu, xumuu. Hambomee octpo cu-
Tyanus CKJIajbIBacTcs B Ouomerpuw [3, 4], mist
KOTOPOM BEpOSATHOCTH OIMIMOOK TEPBOTO poaa
(ommbouHBIN 0TKa3 B goctyme «CBoemy») coc-
TaBnsger P, = 0.05 mpu 10myCTUMOK BEPOATHO-
CTH OMIMOOK BTOPOTO poja (OMMOOYHBIN IMPO-
nyck «Yysxoro») P,=0.00001.
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B nanHO# cTarbe aBTOpPHI MBITAIOTCA MOKA-
3aTh, YTO OIPOMHBIC BBIYUCIUTEIbHBIC CIIOXK-
HOCTH «CYACTJIUBBIE» HIPOKH IPEOI0JICBAIOT,
OpraHM30BbIBas Ha IO/ICO3HATEILHOM YPOBHE
KBAaHTOBBIE BBIYUCIICHUA. EcTecTBeHHBIE U HC-
KyCCTBEHHbIC HEHPOHHBIE CeTH [5] okazaiuch
OYeHb YIOOHBI I MOAACPKKH A(H(PEKTOB KBaH-
TOBOM CyIEPIIO3UIIUH.

Krnaccuueckue KBaHTOBBIE BBIYUCICHUS
[6] 1 KBAaHTOBBIC BBIYUCICHUS HEUPOCETEBOIO
MO/ICO3HAHMS UTPOKA B KapThI [S] UMEIOT MHOTO
oOmiero. B c¢Bsi3u ¢ 3TUM, 110 aHAJIOTHUH C TJIaHe-
TapHOW MOJIETbI0 MOJIEKYINIbI BOJOPOJIA, BBEIEM
MaTeMaTH4ecKyro Monekyiny [lupcona. O6e >t
KOHCTPYKIIMH WJUTIOCTPUPYIOTCS PUCYHKOM 1.

Cepua
TTamesa
Cepua
Banbmepa
F N
Cepua <
Taitmana 02 / \\1

]

R

Puc. 1 — ITnanemaprnas mooens Monexyivl 6000pooa,
NOCMPOCHHAsL UCXOOSL U3 2UNOME3bl HOPMATILHO20 3AKOHA
pacnpedeienust SHaUeHutl KOHMUHYYMA COCMOSHULL 9]IeKMPOHA,
¢ KeanmosaHuem oannvix no 3 opoumam (no 3 cmonbyam
2UCIOPAMMbL MamemMamuyeckot moaexyivt Iupcona)

B nnanerapHoil mozenu aroma BoAopoaa
AIIEKTPOH M3JIy4aeT (POTOH CBETA, EPeCKaKUBas
Cc omHOM opOuTH Ha Apyryio. Kak crienctsue,
cHekTp (IOMIOIIEHHUs, U3Ty4eHus) BOAOPOAa Co-
JEP>KUT JIUHUU (cepuH JIMHUMN). B neBoil yactu
pucyHKa 1 JaHbl COOTBETCTBYIOIME Ha3BaHUS
Cepuil JINHUI CIIEKTpa BOIOPOJIA.

Maremaruueckass Mosekyna I[lupcona He
JOJDKHA TOYHO COOTBETCTBOBATh (hU3MUECKOI
peanbHOCcTU. OHA COOTBETCTBYET HEKOTOPOMY
npUOIMKEHUIO0 (PU3NYECKUX IPOLIECCOB, B CO-
OTBETCTBUU C KOTOPHIMU CKOPOCTH 3JIEKTPOHOB
MOJIEKYJIbl UMEET HOPMaJbHOE pacCIpe/ieieHHe
3HAYEHHUH, YUCII0 OpPOUT PaBHO ILIECTH U COOT-

BETCTBYET TUCTOTpaMME paclpeiesieHusi CKo-
pOCTEil BIEKTPOHOB C MIECTbIO HHTEPBAIAMHU.
Bcero maremarnyeckasi MoJieKya UMEET YHCIIO
AIIEKTPOHOB, PABHOE YMCIYy ONBITOB B TECTOBOM
BBIOOpKE, MOABEpraeMoi CTaTUCTUYECKOMY aHa-
JU3Yy.

O4eBUIHO, YTO TAKUX MAaTEMAaTUYECKUX MO-
JIeKyJ JOJDKHO CyIlIecTBOBaTh MHOecTBO. Hac
OydyT HHTEpecOBaTb TOJILKO MaTeMaTHYeCKHe
Moekyibl [Tupcona, cooTBETCTBYIOIINE MAIBIM
TECTOBBIM BBIOOpPKaAM, ISl KOTOPBIX MPEeIbHOE
aHAJIUTUYECKOE omnucaHue (2) o4eHpb II0XO pa-
OoTaer.

CuHTe3upys MaTeMaTHYECKYI0 MOJIEKYIY,
MbI 3aMEHUJIM AJIEKTPOHBI YHCJIOM OIBITOB H
(GYHKIHIO MPOCTPAHCTBEHHO-BOJHOBOIO KBaH-
toBanus ypaBHenus Lllpenunrepa Ha kyaa Oonee
MPOCTyI0 (DYHKIUIO MPOCTPAHCTBEHHOTO KBaH-
TOBaHMSI JAHHBIX, KJIACCUYECKOIO MOCTPOCHUS
rucrorpamm. [Ipu sTOM ypaBHEHHS, COOTBET-
CTBYIOILLIUE STUM JIBYM KOHCTPYKLHSM MOJIEKYI
JOJKHBI COXPaHATh HEKOTOpOe Mojo0ue.

CrnenyeT OTMETUTH TO, YTO MPH OOJNBIINX
o0beMax BHIOOPKU XU-KBAJpaT KPUTEPUN UMEET
OYEHb MHOTO COCTOSIHUN U €T0 CIEKTp JICHCTBU-
TEJIHHO MOXKHO CYUTaTh HenpepbIBHBIM. OaHAKO
MOJIOKEHUE MEHSIETCs, Korma o0beM BBIOOPOK
karactpoduyecku nagaet [6-8]. OxHoit U3 npu-
YHMH, [0 KOTOPOW paHee He yAaBalloCch HaOIo-
JaTh JUCKPETHBINA XapaKkTep CIEeKTpa, COCTOUT B
OTCYTCTBHHM CHHXPOHM3AIMH MEXAY CTOIOIaMH
TUCTOTPaMMBbI U TapaMeTpaMu BbIOOpKU. OObIY-
HO OCYIIECTBJISIIOT HOPMUPOBAHUE OIBITHBIX
JaHHBIX W HaXOASAT HHTEPBAl MEXIy MAaKCH-
MaJbHBIM U MUHUMAJIbHBIM 3HAUEHUEM B TECTO-
BOIl BbIOOpKe. Jlajee BBIYHCIAIOT MIMPUHY WH-
TepBasia Il HOPMHUPOBAHHOM rucrorpammsl. B
HaIIeM ciiy4ae OyJeM BBIYHCIATH MIUPUHY TPEX
CTOJIOILIOB THUCTOTPAMMBI 1O Cleayolen hopmy-
e:

_6-0(x)

A=—3 3).

CHHXPOHHU3AIUIO TaHHBIX OyJeM OCyIIecT-
BJISITH Yepe3 NPUBA3KY MUHUMAJIBHOTO 3HAUCHHUS
BBIOOPKU K MPAaBOM IpaHUIe KpaHEro MpaBoro
MHTEpBaJla TUCTOrpaMMbl. To eCTh, paHHIIbI HH-

107



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (51), 2019

TEPBaJOB THCTOIPAMMBI 3aJaJIAM CIIEIYFOIIUM
obpazom:

{min(x), min(x) + A min(x) + 2A} )

Torna monekyna [lupcona ¢ 9 snexkrpona-
MU, UMEIOUIMMH HOPMAaJIbHBII 3aKOH pacrpese-
JieHus1, OyJIeT UMETh JUCKPETHBIN CcrekTp ¢ 64
BO3MOYKHBIMH JTUCKPETHBIMU COCTOSIHUSIMH, OTO-
OpaXCHHBIMH B BEpXHEH YaCTH pUCYHKa 2.

plx Hopnaﬂbmjsm 33KO0H
sl
N J {h [ l n l 1 1 X2
0 10 20 30 4 50 50
0.4 -~ ,J —
plx™) PaBHOMEpEEBI 3aK0H

=
=

=]

3.163
111127 |;

6273
965
35981
47.724

1

Puc. 2 — Cnekmpbol cocmosiHuil Xu-k8aopam MOoeKyIvl ¢
HOPMANLHBIM U PAGHOMEPHBIM 3AKOHAMU pacnpedenenus
Konmunyyma 9 cocmosmuii no 3 ypoeHsam

Kak BUIHO W3 HW)KHEH YacTH pUCYHKA 2,
CHEKTP COCTOSHUI XU-KBaIpaT MOJIEKYJIbl UMEET
Bcero 13 cocTosHuM, €CiM KOHTMHHYYM BHYT-
PEHHUX COCTOSHMM MMeeT paBHOMEPHBIN 3aKOH
pacripeniesieHus 3HaYeHU .

CeMp HanOosiee MOIIHBIX CHEKTPAIbHBIX
KOMIIOHEHT XHM-KBaJpaT MOJIEKYJbI C paBHOMEp-
HBIM BHYTPEHHHM CIIEKTPOM, OTMEUYEHBI ITU(ppa-
MU 3HAUEHUH XU-KBaJpaT B HWKHEH 4acTH pu-
CYHKa 2, OHM IIOSIBIISIFOTCS € BEPOSITHOCTHIO 0.965
(BeposiTHOCTE omKOKK 1epBoro poxa P =0.045).
Te xe cneKTpajbHble KOMIOHEHTHI XH-KBaJpaT
MOJIEKYJIbI JUIi HOPMAaJbHOTO 3aKOHA pacmpe-
JIeJIEHU BHYTPEHHETO COCTOSIHHS TOSIBIISIOTCS
¢ BeposaTHOCTBIO 0.329 (BEpOATHOCTH OMIMOKH
Broporo poxa P,=0.671).
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O4eBUIHO, YTO YBEIUYEHUE YKCIa OMBITOB
B aHaJIM3UPYyEeMOW BBIOOPKE MO3BOJSET YCIOXK-
HUTH CIEKTP COCTOSHUI XM-KBaJIpaT MOJIEKYIIbI
Y OTHOBPEMEHHO CHU3UTh BEPOSITHOCThH OIINOOK
MIPOBEPKHU CTaTUCTHUECKUX runore3. Ha pucynke
3 JlaHbl CIIEKTPBI XU-KBaApaT MOJIEKYJ ¢ 16 aiek-
TPOHaMH, CIy4yailHO pa3MelniaemMbix Ha 3 opOu-
TaJsX.

I—Iop_\Ia!anbm BAKOH

BaBHOMEDHEIH 3aK0H

=]
[

N S —
=

=

(¥

[

=1

S
_

o
&
'
=]
=
'
=1

1932
734
10.72
15.071
20394
26.687
33032
42188
51304
61.572°
84842

Puc. 3 — Cnexmpbi cocmoanuil xu-keaopam MonexKy1vl ¢
HOPMATbHBIM U PABHOMEPHBIM 3AKOHAMU PACHPEOeeHU.
Konmunyyma 16 cocmosnuii no 3 ypoeHsam

VYBenuueHue yncia npuMepoB B BBIOOPKE J10
16 mpuMepoOB NPUBOAUT K HE3HAYUTEIHLHOMY POC-
Ty MOILHOCTH CHEKTPAJIbHBIX COCTOSIHUI, OTMe-
YEHHBIX B HWKHEH yacTu pucyHka 3. [Ipu stom
BEPOSITHOCTh TOsiBJIEHUSI 13 cocTosiHMil coc-
taBisgeT 0.991 (BepoATHOCTH OMIMOOK IMEPBOTO
pona P =0.009).

Ecnu nosiBiienue onHoro u3 3tux 13 cocro-
SSHUA CUMTaThb OOHApPYKEHHEM pPaBHOMEPHOIO
3aKOHa, TO MOSIBJICHUE JTF0O0r0 HHOTO COCTOSIHUS
JUIsL HOPMaJIbHOTO 3aKOHa Oy/1eT BO3HUKATh C Be-
positHOCTBIO 0.321 (BEpOATHOCTH OIMIMOKH BTO-
poro poza P_=0.679).

PaccMoTpenHoe BbllIe peliaoiiee IpaBuiio
MIPUMHUTHUBHO, OJJHAKO OHO TO3BOJISIET B TIEPBOM
MpUOIMKEHUN HAWTU OLIEHKY PAaBHOBEPOSTHBIX
omnO0K. OHU OKa3bIBAIOTCS] COMTOCTABUMBI:
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0.045+0.671
2

- 0.358> 0.344= 2:009+ 0,679

()

B nepBoM mnpuOAMKEHUH MBI TONYYUIIU
MOJTBEPKICHHUE JaBHO U3BECTHOTO (haKkTa O HU3-
Kol 3(h(PeKTUBHOCTU XU-KBaApaT KPUTEPUS IS
OJMHOYHBIX ALUKINYECKUX BBIYUCIUTEIbHBIX
npoueayp. [loutn nBykpaTHOe yBeiaHueHUE Ma-
JIO¥ TecTOBOM BBIOOPKHU ¢ 9 10 16 OMBITOB Mpu-
BOJIUT K CHUKCHHUIO PaBHOBEPOSITHON OMIMOKH

Py = P, = Pee npumepno na 5%. Jls Toro, uto-
Obl cenarb OMOKY NPUEMIIEMOM MPUXOAUTCA
MHOTOKpPaTHO YBEJIUYMBATH pa3Mepbl TECTOBOU
BBIOOPKH. B 3TOM OTHOIICHHH alMKINYECKHE
KBAHTOBBIE MAllIMHBl UMEIOT BO3MOXHOCTH, CO-
[IOCTaBUMBIE C AUMKIMYECKMMM MalllMHAMU,
paccMaTpHUBarOIIMMHU CIIEKTP XU-KBaJapaT KpuTe-
pus Kak HenpepsIBHbIN [9, 10].

Ecnu nonpocuts yenoBeka CpaBHUTH CIIEK-
Tpbl B BEpXHEH M HU)KHEH 4acTU pPUCYHKaA 3, TO
4eJIOBEK MX HUKOIJa HE IepenyTtaer. 1o ecTb

BepositHocTH omunbok P, = P, = P, okasbiBa-
IOTCS ITpaKTUYeCcKu HyneBbIMU. To ke camoe oT-
HOCHTCS U K CIIEKTpaM PUCYHKa 2, I7Is 4eJIoBeKa
9KCIIEpTa 3TH CIIEKTPaTIbHBIE 00pa3bl AOCOTOTHO
pasnbie. To ecTb, MbI MOXKEM 3apaHee OOy4YHUTb
JIBE€ HEHPOHHBIE CETU PACIIO3HABAHUIO JIBYX pa3-
HBIX 00pa30B, ucnoib3ys ganabie 200 000 orbI-
TOB [4]. lanee yxe npu MEHBIIEM YHCIIE OMBITOB
MOKHO TPOAHAJIU3UPOBATh BBIXOAHBIE JIaHHBIC
MepBOM U BTOPOM HEMPOHHOM CETH U PEIINTh, HA
CKOJIbKO aHAJIM3UPYEMOeE paciipeieieHre OJIUu3KOo
K HOpMaJIbHOMY U PABHOMEPHOMY.

[Tpu 3TOM OyzieM UCXOTUTH U3 Pa3MEPOB TeC-
TOBOM BBIOOpKH B 16 mpumMepoB. B aTom cirydae
13 MOJTHOU T€CTOBOM BHIOOPKH MOXKHO TIOJTYYHTh
JOCTaTOYHO MHOTO YaCTHBIX MOABBIOOPOK MEHbB-

mrero pasMepa mo 9 omsitoB C;, =1144C. Eciu
UCIIOJIb30BaTh U JpyTue MOABBIOOPKH, TO MOIY-
YUTCSL:

9 8 7 6 5 4 3 2 1 -
'16+C16+C16+C16+C‘|6+C16+C16+C16+C16 -

Ecau ObI Bce 26 332 Obutn ObI HE3aBUCHUMBI,
TO BEPOSTHOCTH OIIMOOK ObUIM ObI TpeHeOpe-
KUMO MaJjbl, OJHAKO HE3aBUCHUMOCTh JaHHBIX,
MOJy4aeMbIX W3 OJHOW BBIOOPKH, HEBO3MOXKHA.
TeMm He MeHee, BOCHOJIB30BABIIKCE 26 332 ombI-
TaMu, Mbl MOXKEM HIOCTPOUTH CHIEKTPhI BHIXOAHBIX
COCTOSIHUI, TIOXOKHE Ha CHEKTPHI, IPUBEICHHbIC
Ha pucyHkax 2 u 3 u oOy4arh Ha 3TUX 00pazax
HCKYCCTBEHHbIC HeHpoHHbIe ceTu [4]. CunbHbie
KOPPEJSILIMOHHBIE CBS3M B MCXOTHBIX JAHHBIX HE
MEIIAOT, a MMOMOTAIOT PACMO3HABAaHUIO 0Opa3oB

[8].

3akiroueHue

JIMCKpEeTHBIN CHEKTP COCTOSHUN XH-KBaJl-
par MOJIEKyJbl JellaeT 3Ty MaTeMaTU4YeCKyro
KOHCTPYKIIMIO TEPCIEKTUBHON MJi1 CO3AaHUS
KBAHTOBBIX BBIYUCIUTENICH, OPUECHTHPOBAHHBIX
Ha paldoTy C MaJbIMH TECTOBBIMU BBIOOpPKaMHU.
[IpenmnonoKuTenbHO HMCMOIb30BAHUE MEPCIIEK-
TUBHOTO KBAaHTOBOTO YCHUJIUTENs MOIIHOCTH
XHU-KBaJIpaT KpUTEpHsl MO3BOJIUT CHUZUTH TPeOo-
BaHMsI K TeCTOBOM BBIOOpKE ¢ 2000 mpumepoB 110
20 mpuMepoB MPHU COXPAHEHUU TEX K€ BEPOsAT-
HOCTEeH OIMOOK MEePBOro U BTOPOTO POja.

Eme oqHMM Ba)KHBIM MOMEHTOM PaccMOT-
PEHHOU TEMBI SIBISETCA TO, UTO TPEXypOBHEBas
Mosiekyna Ilupcona siBisieTcsi HEKOTOPBIM aHa-
J0roM (U3UYECKU CYLIECTBYIOIIEH MOJIEKYIbI
Bojopona. To ectb ypaBHeHus Ilupcona (1) u
(2) u ypaBuenue Ulpenunrepa sSBISIOTCS TOIO-
JoruyeckuMu anajgoramu. OHaKO KOHTHHYaJlb-
HO-KBaHTOBOE ypaBHeHHUe xH-kBaapar Ilupcona
HaAMHOTO yroOHee JUIsl pealu3aluyd KBaHTOBOTO
BbIUMCIUTENsA, 4YeM YypaBHeHue Illpenunrena.
Mopnenuposars ypaBuenue Llpenunrepa npu 9 u
16 snekTpoHax HAMHOTO CIIOXKHEE, YeM MOJIEIH-
poBath ypaBHeHus Xxu-kBajapar [lupcona.

To, uro nnsa ypaBuenus lpenunrepa yna-
JIOCh MOCTPOUTH OoJiee yIOOHBIN A peanu3a-
[IMU MaTeMaTUYeCKU aHAJIOT B BUJIE YPaBHEHHI
[Tupcona, sBISETCS Ba)KHBIM I1IarOM B MPOEKTH-
POBAHMU NEPCIIEKTUBHBIX KBAHTOBBIX BBIYUCIIU-
TeJen.
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KA3AK TIJITHJETT KJIMHUKAJIBIK MOTIHHIH CEMAHTHUKAJIBIK
POJITH BEJITLJIEY

A.B. I'KAKCBLTBIKOBA, A.A. 3USJEH, 7K. PAXBIMBEKY.TBI,
A. KAJIMEBA, T1. KOMAJIA

Hucmumym ungopmayuonnvix u evryuciumenvrwvix mexnonoeutt KH MOH PK
Kazaxcxuii Hayuonanvuwiti ynusepcumem um. anb-Dapabu
KT'KII «Pecuonanvnasn ungexyuonnas bonvnuya 2. Tanovikopeary
Texnuueckuu ynueepcumem «JIroonunckas nonumexuuxay, Ionvwa

Anoamna: Cemaumuxanvlx pendik mawnoanay (SLR) apmypni mominoepoen onapovly MAbIHALAPbL MeH
KamvlHACmMapvld ycmipm  Oetineneldi, ceMaHmukaivly Kabam mabuu mindi MyciHy YuiH Manbl30bl.
Meouyuna canacvlnoa Heli3iHeH AHHOMAYUAIAHEAH KIUHUKAILIK KOPHYCMAPOLIH, acipece KA3aK miliHOe
bonmayvina OQUIAHBICIbL, CEMAHMUKAILIK poadepliy manbanranysl OoublHWa OipHewe 3epmme)yiep
AHCYp2i3indi. Byn dHcymbicmbly MAKcamvl — OHIMOLIIKIMI JHCOAPBLIATY HCIHE UWbIZLIHOAPObL YHEMOeY, COHbIMEH
Kamap 06014#camobl MeOUYUHAHbIH CANACHIH JHCAKCAPMY YULTH MAANCIPUOENiK KIuHyucm oapicepiepoity KYpeau
KOPNYCbIH KONOAHA OMbIPLIN, KIUHUKALLIK KOPNYCMApaa apHalean CeMaHmukaublx pendepoi oOenziney
ywin neeiz ocacay. Mamepuanoap men a0icmep: KIUHUKATLIK Madicipubenep, aman aumyanod, ackazam-
iWeK J#con0apbl, JHCYypeK-Kan mamulpiapvl aypyiapul JcaHe OacKanapvl He2i3iHoe JHCACbIPbIH JHCACATbIHEAH
Manimemmep 6azacel OOMEHHIH OepeKmep OJHCUbIHMbIEbl peminoe naudanranvliovl. Kazbanap Koimen
manoauwin, benzinendi. CemaHmuxanvlx oenziney uenoepi JHane cemManmuKranbly, poaoepoiy KOIOAHbLTYbl MEH
01apObIY HAKMbL KIUHUKANBIK JHCAL0AULAPEA KAMBIHACHL MYPAIbl MAAIMEMMep KeAmipiieH.

Tyiiinodi ce3dep: cemanmukanvlk penoi beneiney, mas3 CEeMaHMUKAIbIK Mai0ay, mabusu mindi KIUHUKATbIK
enoey, OomeHze belimoeny

SEMANTIC ROLE MARKING FOR CLINICAL TEXT IN KAZAKH

Abstract: semantic role labeling (SLR) extracts a superficial representation of meanings and their relationships
from various texts, the semantic layer is important for understanding natural language. Few studies in the
labeling of semantic roles have been conducted in the field of medicine, mainly due to the lack of annotated
clinical buildings, especially in Russian. The aim of this work is to develop a framework for marking semantic
roles for clinical notes using the corps created by practicing clinicians to increase productivity and save
costs, as well as improve the quality of predictive medicine. Materials and methods: an anonymous database,
collected on the basis of clinical practice, in particular, diseases of the gastrointestinal tract, cardiovascular
system and others, was used as a data set of the target domain. Records were manually analyzed and tagged.
The framework of semantic markup is presented and the analysis of the applicability of semantic roles and
their relationships with respect to real clinical cases is given.

Keywords: semantic role marking, shallow semantic analysis, clinical processing of natural language, domain
adaptation
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CEMAHTHUYECKAS POJIEBASA MAPKHUPOBKA JIUISI KIMHUYECKOI'O
TEKCTA HA KA3ZAXCKOM A3bIKE

Aunnomauusn: Maprupoexa cemanmuueckux ponei (SemanticRoleLabeling, SLR) uzenexaem nogepxnocmmoe
npeocmasiienue CMbICI08 U UX OMHOUWEHUL U3 PASTUYHLIX MEKCMO8, CeMAHMUYecKull Cloll 8adiCeH O
NOHUMAHUSL eCMeCcmeeHH020 A3biKa. Mccnedoeanuil 6 MAapKUpogke ceMaHmuyeckux poneu 6 obdnacmu
MeOuYUHbL ObLIO NPOBEOEHO MAJIO, 8 OCHOBHOM, U3-3d OMCYMCMEUs. AHHOMUPOBAHHBIX KIUHUYECKUX KOPNYCO8,
ocobenHo Ha pycckom ssvike. Llenvio Hacmoswell pabomel aeigemcs paspabomra Kapkaca MapKupogKu
CeMAaHMU4ecKux poneu O KIUHUYECKUX 3aMemOK ¢ UCNONb308AHUEM KOPNYCA, CO30AHHO20 NPAKMUKYIOUUMU
8PAUAMU KTUHUYUCIAMU, OTI5L ROBBIUEHUS NPOU3BOOUMENbHOCIU U SKOHOMUU 3ampam, d Maxice noGbluleHUs.
Kauecmea npeOuKmueHol meouyursl. Mamepuanst u Memoovl. 8 Kauecmee HaAbopa OAHHBIX Yele8020 OOMeHA
UCNONBL308ANACH 00E3TUYEeHHAS 6A3a OAHHBIX, COOPAHHASA HA OCHOBE KIUHUYECKOU NPAKMUKU, 8 YACMHOCMU, NO
0O1E3HAM AHCEYOOUHO-KUUWEUHO20 MPAKMA, CePOeyHO COCYOUCMOU CUCTeMbl U OpyeuX. 3anucu ObLiu PYYHYIO
NPOAHAnU3UpoB8ansl u nomeyenvl. llpedcmaesnen Kapkac cemMaHmu4ecKkol pasmemxu u npuseoeH paszoop
APUMEHUMOCIU CEMAHMUYECKUX POTIell U UX OMHOUEeHUL OMHOCUMENbHO PedbHbIX KIUHUYECKUX CyYaes.

Knruesvie cnosa: cemanmuueckas ponesas. MapkuposKa, He2yOoKuil CeManmuieckull aHaiu3, KIuHUYeckas
0bpabomka ecmecmseeHHO20 A3bIKA, A0anmayus 0OMeHd

KIPICIIE

Taburu Tinai enney (NLP) rexHonorusiiaps
ANIEKTPOH]IBI MEIUIIMHANBIK €CEMKe aly Kyiie-
JepiH[e KJIMHUKAIBIK €CenTepAe CaKTalFaH
aKmaparTel OHJACY YIIIH MaHBI3JbI, JIETCHMEH,
OPTYPil KOMIBIOTEPIIK KOCHIMINATIAP/bl, MBbI-
cabl, OMo 0aKpUIay JKOHE KIIMHUKAIBIK [ICTIIiM-
JEp/i KOy CHSIKThI KOMIIBIOTEPIIIK METUITHA-
JBIK KOCBIMITIANIAP/IbI KOJIJIaHA OTBIPHII, CEMaH-
TUKAJIBIK MaHbBI3bI aKIAPATThl ATy YIIiH dPTYP-
mi NLP xyiienepi sxacanran. octypuni xyienep
CEMaHTHKAJIBIK peiaik Tanbamaynbl (SRL) koi-
naHagel [1], (ceMaHTHKAJIBIK JIEN T¢ aTajajibl)
CHHTaKCHUCTIK Tangay) [2], Oyn mpeauxartap
MEH OJIap/IbIH TAJIETACPIH OPTYPIl MOTIHAEPACH
amaner. Kasipri SRL xyiieci ambiK TOMEHIEp-
JIe KOHE OPTYpPJIi OMOMETUITMHANIBIK CyOI0MEeH-
JIepae aKMaparThl aly YIIiH jKacallbIHFaH KOHE
KoJimaHbUIFad [3—12]. Anaiiga KIMHUKAJBIK ca-
nana, SRL 3eprreynepi oete a3 [13,14], mymKiH,
Oyl aHHOTAIMSUIAHFaH YVIIKSH KOPITYCTapIbIH
OonMmayblHa, ocipece KaszakK TUTl YIIIH OCBIH-
Jail KopIycTapabslH O0IMaybl MOCENIEHIH TYbIH-
naybiHa cebermri Oonbim oTbIp. Mynmaih SRL
KITMHUKAJIBIK KOPITYCHIH jKacay KOl YaKbITThI Ka-
JKET eTelll )KOHe KpIMOaTKa Tycemdi. by seprrey-
ne 613 SRL-ai kIMHUKAIBIK Oenrineyre ciiteme
peTiHIe TPETUKTUBTI METUIIMHAHBIH Moceleci
periHae KapacTblpambl3. MakcareiMbi3 — SRL
o/licTeMEeCiH Ka3aK TUTl YIIH KIWHUKAJBIK aii-
MarbiHa Oeitimaey [15,16]. SRL-HiH wmiHzmeTi
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— CoWnemJeri CEeMaHTHKAJIBIK KAaThIHACTaPJbI
ceiinemaepAl YChIHyFa apHajFaH MPeIUKaTUBTI
aKkTaHTUKaJBIK KypbulbiM (PAS) perinne 6en-
riney [17]. PAS aHbIKTamMachl ceMaHTHKa TEO-
PUSICBIHIAFHI coiuiemaep i O1IAIpy YILIiH HEri3ri
JIOTUKAJaH TYBIHAAAbl. AFBUIIIBIH TUTIHE ap-
HaJFaH OMOMEIUIIMHAJBIK MOTIHIAEpIAE CEMaH-
TUKAJIBIK KaThIHACTAP/bl aly Typajbl KONTereH
xyMbIcTap Oap [4-12,18-22]. Operre, MeaUIIHA
CHUSIKTBI )aObIK JOMEH/Ee OacTanKbl CEeMaHTHKA-
JBIK TUNTEPAIH MIEKTEeYJIl CaHbl XKOHE JPTYpii
CEMaHTHKAJIBIK apTYMEHTTEP/IiH MaFbIHAJIBIK Ka-
ThIHACTap/bl Kanail OalIaHbICTBIpYFa OOJIAThIH-
JBIFBIH aHBIKTANTHIH IIeKTeyep Oap. Exi xoba
Oap, aram aWTCakK, JTUHTBUCTHUKAIBIK KYPBUIBIM
xo0acel (Linguistic String Project, LSP) [20]
KOHE MEIULMHAIBIK TUIAEPIl IIbIFapy >KOHE
koaray sxyieci (Medical Language Extraction
and Encoding System, MedLEE) [21], onap Tin-
JIK TpaMMaTHKaHBIH KOCAJIKbl JKYHECIH KOoaa-
Haabl — Oy NLP exi epre xyiie MeIUIIMHATBIK
cajaza CEMaHTUKaJbIK KaTblHACTApIbl allyFa
apHanran. SemRep — OipbIHFall METUITMHAIIBIK
TLJ1 )KYHECIH/Ie aHBIKTAJIFAaH CEMaHTHKAIBIK 00JI-
KamJIap/bl HIBIFApaThIH Tarbl Oip OMOMEIHIIH-
HaJBIK CEMaHTUKAJBIK KapbIM-KaThIHAC XKYHeci.
buomenuuuHanblK oAeOMETTIH CEeMaHTHKAIBIK
xenici. PennBiolE kopmycsl, anbikTaran 6oina-
TBIH JKOHE CEMAHTHUKAIBIK TYPFBIAAH IIEKTEYIi
JIOMEHJIE i€ CHHTAKCUCTIK BapHalMsiiap Kol
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1-cypem. Knunukanwvix maminoepoi bencineyee apHanizan MAagblHAIbIK POa0epoiH,
npeouKammap mex ampudymmapouviy 6aiiaHbic OUazpammacsl

KE3JIECeTIHIH JKOHE opTYpil OONaThIHABIFbIH
anbiKTaabl. Kasipri yakeirra, NLP -re nHerizuen-
IeH KOeITereH KIMHHUKAIBIK XKyienep, keOiHece
epexere Heri3/1ereH 9/1iCTep i KoJJaHa OThIPbII
3aHJIBUIBIKTApP/Ibl KOJIMEH ally apKblIbl CEMaHTHU-
KaJbIK KaTblHAacTapAbl TaHUabl. OJ ceMaHTHKa-
JBIK GpeiiMepie aaabIHFbI KalTa i31eyneH [25]
OHE CEMaHTHUKAJIBIK POJIIEp MEH CUHTAKCUCTIK
ICKEe achIpy/AbIH apachlHAarbl OaiJaHBICTHI Ila-
obITTanabIpansl [23, 24]. [25] Kasipri kesneri
SRL Tocinaepi Heri3iHeH alllbIK XKepiepe 1aMbl-
TBIIFaHBIMEH (OChIIaiIIa CeMaHTHKAIIBIK POJIIEP
HeMece JIaJIeNIeMenep Typiepl KEeTKUTIKCI3 He-
Mece MEIUIMHAIBIK MpaKTHKa YIIIH jKapaMcChl3
00s1ybl MYMKIH), onapAsl Oanama Typnae Kamra-
MachI3 €Till, MEIUMIUHAIBIK cajaja KeHEWTyre
6onazel [13,14] HeMece KIMHHMKaIBIK-CEMaHTH-
KaJIbIK KaTBIHACTBI J1y YIIiH KOChIMILIA TOCUIAEP.

KJIMHUKAJIBIK MOTIHAEPIIH

CEMAHTHUKAJIBIK BEJIT'IVIEHY1

SRL-ne mpenukar, oaerre arpuOyTThl He-
Mece KaThIHACThl KOPCETETIH Co3re CLITeMe Ka-
cailipl, an jgonienaep NpeauKar YIIH JpTypii
CEMAHTHUKAJIBIK POJACP PETIHIE OPEKET ETEeTiH
CHUHTAKCUCTIK KOMIIOHEHTTEpre cuiTeMe Kacaid-

abl. Heri3ri ganenaep — Oyi1 MpeauKaTThiH Heri3-
Il apryMeHTTepi, ajl KOChIMIIIA JIQJIEN YaKbIT IIEH
OPBIH CHUSKTBI IPEUKATTHIH JKaJIbl KACUETTEPIH
oinaipeni.

l-cyperTe Kejeci aeMEeHTTep YLIIH CeMaH-
TUKAJIBIK POJIZIEPAIH AMarpaMMachl KOPCETIIreH:

Symptom —KIMHHUKaIBIK Hemece 0acka
3epTTeyliep/e aHbIKTallFaH CUMIITOMAAp, Oe-
rijiep MeH aybITKyJap;

Illness — xanbIKapajblK aypyaap KiKTeyili
OotipiaIIa HO30MOTHsUILIK emmieM (MKB -10);

Drug — manmenT Kabbu1aran aapiiep;

Drug Duration —ka0bL1/1ay Y3aKThIFbI;

Drug_Start date — npenapartsl Kabbuigay-
16l OacTaraH KYH;

Drug End date — npenapattsl KaObliayas!
TOKTaTKaH KYH;

Side effects — »xanama acepiiepi;

Dousage — mpenaparTblH J103acChl;

P_Cause — aypynsix ce6e0i;

Result — emzeynin AMHAMUKAIBIK JaMyBbl;

Result Duration — COHFBI HOTIXKEHIH
Y3aKTBIFbI;

Recomm — nopirep/iiH YCHIHBICHI,

Surgical intervention — XupyprusuibIk apaacy;

Surgery Date — ota jxacanfaH KyH;
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Treatment — emzey, atan aiTKaH/a mmapaiap
JKUBIHTBIFBI;
Treatment Start date — emaeymin Oactamy

KYHI;

Treatment End date — emueynin askranran
KYHI;

Denial — HayKacTBIH 1opirep TaralbIHIaFaH

KaKETTI Imapayiapaad 06ac TapTysbl;
Treatment Duration — emaeyaiH Y3aKThIFbI;
Dispencery — HayKacThI (CO3bUIMAJIBI) aypy-
Japbl OOMBIHIIIA €CETIKE Ty,
Duration_Illness — aypynbIH Y3aKTBIFbI;
Illness_date — aypyasiH GacTany KyHi;
Symptom_date — Genriepaig 6acTany KyHi;
Analyses — Tanaay TypJiepi;
Date Medical Operation — MeIUIIMHAIIBIK
TeKcepy KYHi;
Norma — Hopma
Symptom_Duration —
Y3aKThIFbI

CHUMITTOM/IAP/IbIH

Temenzeri 2-cyperre TUCKYISALMMSUIBIK DH-
nedaonaTusiHbIH, HaKThl KJIMHUKAJIBIK >KaFaai-
JIapbIHA TYCIHIKTEME Oepy MbICAJIbI KEJITIPIJTEH.

byn mbicannma keneci aHrapTmangap maiima-
nanbutanel: Illness sxone Duration Illness, co-
HbIMeH Karap Main_Illness kaTbiHACHI.

KapamnaiibiM TUTITEITeH MOTIH ayKbIMBIHBIH
KaTEerOpHUsIChl PEIBIIUSIIBIK aKIapaTThl IIbIFaApy-
JIBIH KapamnaiblM MIiHACSTTEepl YIIiH aTajdFaH Hbl-
CaHJap/ibl )KOHE OMHAPJIBIK KAaThIHACTAPbI TAaHY
YIIIiH aHFapTIajgap KypyFa xkapambl.

Brat anHOTanMsACH [ciniTeMe] COHBIMEH Ka-
Tap Oenru penjuepre KarbiICKaH 0acka aHHOTa-
LUSIIAPIBIH Ke3 KEJTeH CaHBbIH O1PIKTIpe aaThliH
N-JIBIK KaybIMJACTBIKTAPBIHBIH aHHOTAIUSCHIH
KOJIaiibl. bysl aHHOTaIMsl CaHAThbIH, MbICAJIbI,
keneci Mbicanyga Illness cHSKTBI OKuFamapra
TYCiHIKTeMe Oepy YIIIiH Mmaimananbuiaabl: 0acka
AHHOTAITUSIAP/IBIH YKCAc TYpJIepi MEH KacHeT-
TepiH aHHOTaIUsIap/Ia OpHATyFa OOJAaThIH TOJI-

1/ Nexcrorep. amaH ageTTepi MOK , TYKbIM KyanayLblnbiK *KoK. FlemoTpaHchy3anA coHFbl 6 ailaa 6onmaraH.

Bu1pycTbl renatur,

Iiness 1Ll

ness_|

lllness,da[e
UNNnGonmaraH. kne TyBepKynesi 2004 ., ecenTeH anblHFaH.

IUness Date”

2013 ¥. AKNAHKI AVDVXAHANKIK eMes TaMeHri BanikTik nHeRmaHus

_Emngss__ U

Drug_i
Drug_i

1ess_Ilin _date
Iltness ILir
LLness
[« Treatment ““‘P“m Main_lliness~GieEg iilness| ILness Date 'Drug| Iliness

( cTaUMoHapAbIK emaey ) VIBC CH CDK 11, ﬂMK(ZOU?) —Tpomﬁonon 7Mr, KypcneH TpMMeTaaH,ﬂMH Al II] cT., p4 (cTonpecc 8mr,
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CHUIATTap/bl KOJIaHy apKbUIbI OJIaH Opi aHBIKTa-
yra OoJajibl.

MeaumnuHaiblK JepeKTep Il OenriieyaiH He-
Ti3ri OybIHBI XKapakaT HeMece aypy OOJIbI TaObI-
nazel (Tar Illness). Aypy *anFbi3 007Tybl MYMKIH,
COHBIMEH Karap 0acka aypylapMeH Karap Kypyi
MYMKiH. AHFapTHajgapja MYHJai KaTblHacTap
Independent xone Main Illness apkbuibl Kep-
cerineni (1,3 cyperri Kapay).

KOPBITBIHIABIJIAP MEH

TAJIKBLJIAY

MeaunuHaiblK ka3z0agap MEH eCKepTIenep
JYPBIC TMArHO3 KOKO YIIIH HETi3ri akmapaTr Ke3-
JepiHiH O0ipi OOJBIN TaOBLIAABI XKOHE METUITMHA-
JBIK JIMAarHO3 KO YIIH camaibl 0obKaM 0oja
anaapl. MeauIuHaIbIK MOTIHACPAIH OenriaeHyi
MEUITMHAHBIH OeJriai Oip cajackl YIIiH HAKThI-
JAHFaH CEMaHTHKAJBIK pesuepal  Oiuimipend,
O >kyMbICTa 013 caH TYpJIi aypysiapibsl HeMece
OPTYPJII HO3OJIOTHSIIBIK OIpIiKTepAl KaMTHUTHIH
JKaJIbUIaHFAaH CEMAHTHKAJIBIK TY3Y/Il YCHIH/BIK.
Artan aiTkaHja, Kejaecl MeOUIMHAJBIK Karte-
ropusijiapra Tajjay >Kacajibl:

Bactankpl nmomeHzaepaeH anblHFaH OuTiMII
KJIIMHUKAJIBIK aliMaKka OeiiiMaeyre OomaTbIHbIHA
KapaMacTaH, KIWHUKAJIBIK MOTIHHIH Oipereit

byn ocymvic «AP05132760» ocobacer Ootivinuwa

1-kecte. MeauumMHAJBIK ka30a1apabl caHaT
OolibIHIIA D6JTy

Aypy aTTapbl 64
acKa3aH-1IIeK >KOJIJIapbI 65
Nndexuns 33
Onkonorus 7
Tmiki aypynap 21
JKypex-KaH- TaMbIpiIapbl 207
bapibiret 397

cunarramaiapsl SRL kylieciH omaH opi KeTi-
Jipy YIIiH apHaiibl pecypcrap MeH IIemimMaepaii
KaxeT eteni. Epekme Oenrinepain 6ipi — KIMHU-
KaJIbIK JIGKCHKA YKOHE OJap/IbIH apachIHIAFbl ce-
MaHTHUKAJIBIK KapbIM-KaTbIHAC. «Apayac TeHe3/IiH
JMCKYTAPATUBTI AHIEPATIONATUSACH  (TaMBIPIIBI,
TUCMETA0O0NMKAIBIK) | THID, «IUCKYISITOPIIBIK
sHIE(AIONATH AITHIH CTaHIApTTa aypy He-
Mece Kapakar peTiHue kepcerinren. KimHmka-
JBIK OUTIM OCHl CEeMaHTHKAIIBIK KaThIHACTAPIIBI
I07 TYCIHIIPY YIIIH KOJIAHBUTYBI Kepek. Kum-
HUKAJIBIK MOTIHHIH Tarbl Oip epeKmieniri — y3iH-
TUTEP/IIH JKOFAPBI XKHLJIITT; SFHA TPAMMAaTHKAJIBIK
JKarbIHaH asKTaiaMmaraH ceiemaep. Ocbuiaifiia,
Ka3aK TUTIHIET] KIMHUKAIBIK MOTIHIEpPre ceMaH-
TUKAJIBIK TY3€TY HAKThl MEIUIMHAIBIK CaJIaHbI
€CKepE OTHIPHIT, KOCBIMIIIA 3EPTTEY/Ii KAJKET €Te/Il.

SPAHMMbBIK, KAPAHCHLIAHOBIPY He2l3iHOe

Kaszaxcman Pecnyonuxacol binim scone 2olnvim murnucmpiici ¥ vinvim komumemi IIDKK PMK «Axna-
PAMMOBLK HCIHe ecenme) MexHOLOSUALAPLL UHCIUMYMbIHOAY HCACATOBbL.
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MDS-MATPHUILBL, IPUMEHSAEMBIE B KPUIITOI'PAOUU
T.K. /KYKABAEBA, E. MAPAEHOB
Hncmumym ungopmayuoHHbIX U 8bIYUCTUMENbHBIX MEXHON02ULL

Annomayusn: bezonacnocms unghopmayuu s16718emest OOHUM U3 BANCHEUUUX ACNEeKNO8 KOMMYHUKAYUL, KOMOPblil
U3-30 NOBLILUEHUSL ONACHOCIU G3LOMA 8 NPULONCEHUSIX PEATLHO20 GPEMEHI MPedyem YIVUUIEHUs. CYUeCmEYIoWUX
U pazpabomKiu HOBbIX KPUNMOCUCEM C BbICOKOU CMENneHvlo 0e30NACHOCMU U NPOU3EOOUMETbHOCIU.
Kpunmocucmemul, ocnoseannvie na MDS-wampuyax, sensiomcst (GopmanbHbiMu MOOSTIMU GbIHUCTUMETHHBIX
Vempoticme, Mo2ym 6vlms 3¢hheKmusHo peanu306amsl Ha RPOSPAMMHOM U Annapamuom yposusx. Ha cecoonswmui
O0env MDS-mampuysl 3anumaiom ocoboe mecmo u s6IsOmcst GANCHLIMU KOMAOHEHMAMU NPU NPOEKMUPOSAHULL
JIUHELIHBIX OUDDY3UOHHBIX CTI0e8 MHO2UX OLOYHBIX widpos u xew-@ynryutl. B nociednee epems ovina npoderana
bomvutas paboma no nocmpoenuio oonecuennvix MDS-mampuy, 6016UUHCIMEO U3 KOMOPIX OCHOBAHO HA MATPULAX
CREYUATbHBIX MUN08 HAO KOHEeYHbMU noismu. B dannoil cmamve paccmampueaemcs: ananumudeckutl 003op
npumenenus MDS-wampuy 0ns kpunmoepaguueckux aneopummos. Paccmampusaemcs npumenenue Mampuybl
MDS ons ougbghysuu, a makoice cpasmenue ux ¢ Opyeumu aneopummamiu.

Kniouesvie cnosa: xpunmoepaghus, MDS-wampuyel, areopummol wugposanus, onounsvie wugpot, AES,
SHARK, Square, Twofish, Anubis, KHAZAD, Manta, Hierocrypt, Kalyna

MDS MATRIX APPLIED IN CRYPTOGRAPHY

Abstract: The security of information is one of the most important aspects in communications, which always
demands to improve the existing cryptosystems, and design new ones with high security and performance
in real-time applications due to enhancing the danger of hacking efforts. Since MDS matrix a are formal
models of computing devices, cryptosystems based on them can be efficiently implemented at software and
hardware levels. Today, MDS matrices occupy a special place and are important components in designing the
linear diffusion layers of many block ciphers and hash functions. Recently, a lot of work has been done on the
construction of lightweight MDS matrices, most of which are based on special types of matrices over finite
fields. This article provides an analytical overview of the use of MDS matrices for cryptographic algorithms.
The use of the MDS matrix for diffusion is considered, as well as their comparison with other algorithms.

Keywords: cryptography, MDS matrix, encryption algorithms, block ciphers, AES, SHARK, Square, Twofish,
Anubis, KHAZAD, Manta, Hierocrypt, Kalyna

MDS MATPUHAJIAPBIH KPUIITOI' PAOUAIA KOJIJAHYbBI

AHnoamna: Axnapam xayincizoiei ce3ci3 KOMMYHUKAYUSAOA&bl eH MAanbl30bl Mmacenenepoiy Oipi 6onvin
maowvLiadsl. Axnapammol Kopaay YVuliH 2pmypai Kpunmoepa@usnulk ocylenep Koadausliaovi. MDS
mampuyanapsl He2izinoezi Kpunmoicytenep 6a20apiamaivl JcaHe annapammel Oeneelliepoe muimoi scyseze
AChIPbLIYbL MYMKIH, cebebi ecenmeyiumepoiy hopmanovt moodeni bonvin ecenmenedi. byzinei manyoa xonmeeen
O10KMuIK wiugprepoe dcane Xaul YyHKYusIapvinoa col3oiKmol Ou@@yzusivlk kabammapuin scovanayoa MDS
Mampuyanapsl epexuie OpblH A1dobl JCIHe MaHbl30bl Komnonenmmepi ooavin cananaovl. Conevl yaKwimma
arceninoemineen MJ{C mampuyanapvin Kypy O0lbIHULA KONME2EH JHCYMbICINAD JHCACanobl, OAAPOblY KONUINISE
axvipvl opicmepee nezizoenzen. byn maxanada kpunmoepagusnvlk areopummoep yuwin MDS mampuyanapein
nanodanrany mypaivl AHAIUMUKATLIE wory depineen. up@ysusea apnanzan MDS mampuyacein Konoawy,
conoau-ax onapovl ObacKa ancopummoepmeH CaiblCmulpy Kapacmuipolidobl.
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Tyiiinoi ceszoep: kpunmoepagus, MDS mampuyanapul, wuppray areopummoepi, oroxmuix wugpnap, AES,
SHARK, Square, Twofish, Anubis, KHAZAD, Manta, Hierocrypt, Kalyna

Bsenenue

Jns  oOecriedeHuss  3amuthl  HH)OP-
MalMu HeoOXOAMMBI MPOCTHIE B pealin3alui,
OBICTPOACHUCTBYIOLINE AJTOPUTMBI IIH(PPOBaA-
HUs. B paMkax mapaJurMel OBCEMECTHBIX BbI-
YUCJICHUM OCHOBHOM TEHICHUUEH B KPUIITO-
rpadun sBisieTca 3PPEKTUBHOCTH aNnapaTHOM
peanuzaiun. B nocnennee Bpemst 0110 npeso-
KEHO MHOTO KpUNTOTpapHUuecKuxX aJropuTMOB,
B YAaCTHOCTH, OJIOUHBIE MU (PBI U XeII-PYHKIIUH.

MDS-marpuiibl UMEIOT NPHUMEHEHUE HE
TOJIBKO B TEOPUH KOJUPOBAHUS, HO TAK)KE MMe-
10T OOoJbIIOE 3HAYEHHE NpU pa3paboTke Oyoy-
HBIX UPoB U xem-pyHkuuit. MDS-marpuiisl
OYEHb IIUPOKO MCIOIB3YIOTCS MPHU pa3paboTKe
COBPEMEHHBIX KpUOTOrpapUueCcKUX aJropuT-
mos [1], [2], [3], [4].

MDS-marpuna (Maximal Distance
Separable matrix) — mpoBepo4Hasi MaTpHIA JH-
HEIHOTo OJIOKOBOTO KOJla C MAKCUMAaJIbHOM JTnC-
taHuen (paccrosuuem). Ctpykrypa MDS-ma-
TpHILIBI 00ECIeYBAaET MAaKCUMAIIbHOE paccenBa-
HHUE U UCHOJIb3yeTcs npH co3aanuu SPN-mmd-
POB B KaueCTBE JIMHEHHBIX paccenBaloIMUX Ipe-
oOpa3zoBanuii. MDS-MaTpuIbl HIUPOKO UCIIOIb-
3yeTrcs Ipu pa3paboTke JTMHEHHBIX AU (dy3HOoH-
HBIX cloeB OnouHoro mudpa. Auddysnonusie
CIIOM SIBIISIIOTCSl Ba)KHOW YacTbiO OOJIBIIMHCT-
Ba CUMMeETpHUHBIX mHdpos. Llens auddysun —
MaKCHMaJbHO pacCIIUPUTh BHYTPEHHHE 3aBU-
CUMOCTH. B HEKoTOpBIX pa3paboTKax HCIONb-
3yercsi cnadblif, HO ObICTPBIN IU(DY3HMOHHBIHI
CJIOM, OCHOBaHHBII Ha npocToi onepauun XOR,
CIIOKEHUU W CJIBUT€, HO JPYrod TEHIEHIMEH
SBJISIETCS MCIIOJIb30BAHUE MATPHILl CUIBHOM JIU-
HeiHoll nug¢ys3un, Takux kak MDS-marpuiib.
ITpuunnoii ucnons3zoBanust MDS-marpuns! npu
pa3paboTke OI0UHBIX MHUPPOB ABISIETCSA TO, UTO
OHM 00ecneunBalT ONTHUMAIbHBIN AupPy3u-
OHHBIM 3pdexT g obecrniedeHuss Oe30macHoO-
cTU (YHKLUUU OKpyIieHus: Onounoro mugpa. C
JPyroil CTOPOHBI, KOHCTPYKIHMH Au(Py3uOH-
HBIX CJIOEB MOTYT OBITh pa3nu4HbIMU. C TOUKH
3peHHs 0e30MacHOCTH U APPEKTUBHOCTH IPH
BbIOOpe TU(PY3MOHHOTO Closg Al OJIOYHOTO
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mdpa HEOOXOAUMO OMPEACTUTh HaUIeKAIIUN
nudy3uoHHBIN cnoil. BaxkHyto pons 3aHUMaeT
HOMEp BeTBU UM Y3UOHHOTO CIOS, KOTOPBIN
MPENICTaBISIET CKOPOCTh AU Py3un u u3mepser
CTEIEHb 3aIIUTHI [5,6].

MHuorue 61049HbIe MU(PHI B KaYeCTBE TU(-
(hy3MOHHBIX CIIOEB HCIIONB3YIOT KOJIBI C pa3iene-
HUEM MO0 MaKCHUMalbHOMY paccTosiHuio (MDS)
U C MAaKCUMaJlbHO OMHAPHO-TMHEHHBIM PaccTo-
saueM (MDBL) [1],[7]. B cBoeil koHCTpYKITUH B
kauectBe AudPy3nonnbix cioeB AES u Khazad
ucnons3ytoT MDS-marpunsl, a Camellia u ARIA
ucnons3ytoT MDBL (tabnuua 1).

Tadonuua 1 — biaounbie mugpol u
COOTBETCTBYOIINH 1U(PPY3MOHHBIH CII0H

Brounsrit mudp Juddy3ronHbIi crnoi

AES 4x4 MDS GF(2%)
Khazad 8x8 MDS GF(2%)
Camellia 8x8 GF(2%)
ARIA 16x16 GF(2%)

Kaxk mokazano B Tabmaume 1, ARIA u Khazad
UCTIONB3YIOT MHBOJIOLMOHHBIE TU(PY3MOHHbIE
cyion. IHBOIOIIMOHHBIE OTOOPaYKEHHSI CHUKAIOT
CTOMMOCTH pealln3alluy onepanuil muppoBaHus
u jemupoBaHus M MOAPA3yMEBAIOT, 4TO 00a
npeoOpa3oBaHusl UMEIOT OJMHAKOBYIO KpUITO-
rpaduuecKyto CTOMKOCTH [8].

Pa3zButue tenaenimun MDS-marpuiisl onu-
caHo B paborax [2,4], KOTOpblE TPUMEHSIOTCS
JUIsL IPOEKTHPOBAHMSI JIETKOBECHBIX KPHUIITOTpa-
¢uueckux anroputMoB. MDS-marpurnsl gacto
UCTIONIB3YIOTCSL Ul TIOCTPOCHUSI ONTUMAIbHBIX
JUHEHHBIX JU((Y3UMOHHBIX CIOEB BO MHOTIHMX
nerkoBecHbIX mugppax. CoBpeMeHHbIE JIETKOBEC-
HbIE KpUNTOrpauiyecKue aaropuTMbl MPUMEHS-
10T JIMHEHHBIE ciou i audy3un. Hanpumep,
B xou-¢pynkiun PHOTON [9] Obun npenyoxken
HOBBI THUN Marpuubl MDS, KOTOpBI MOXeET
OBITH BBIUUCIICH MTOCIIEIOBATENILHBIM HITH PEKYP-
CHBHBIM CIocoOoM. JlaHHas KOHCTPYKLHMS 3Ha-
YUTEIBHO YMEHBIIAET BPEMEHHYIO MaMsATh (U,
CJIe/IOBATENIFHO, allapaTHyIO 4acTh), HEOOXOIH-
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MYIO JJIs1 BBIYMCIICHUS MaTpullbl. Takue MaTpuIlsl
Mo3Ke OBLIM HCIIOJIb30BaHBI B OJIOUHOM IIU(pe
LED [7], B cxeme mmdpoBaHus ¢ ayTeHTH(U-
kanuerd PRIMATE [10] u Obpu1# JOTIOTHATETHEHO
M3y4eHbl U 0000meHsl B padotax [11, 12]. ITo-
ClIe/IoBaTeNIbHbIE MATPHIIBI 32 CUET YBEIUYCHUS
yKclia UKJIOB IPUMEHEHUSI MaTpullbl o0ecreyn-
BAlOT ONTHMAJbHOE HCIIOJIIb30BaHUE ILIOIIA M.
JlaHHBII BapuaHT OTIIMYHO MOJXOIUT Ul pealu-
3aI[MU C OKPYIJICHUEM WA C HU3KOU 3aJI€PIKKOM.

Baxxno ormeruth emie OJHO HHTEPECHOE
cBoiicTBO MaTpullbkl MDS — ucnonb3oBanue of-
HOM W TOW ke Ju(QPy3nOHHOW MaTPUIIBI IS
mudpoBanus u aemudpoBanus. Takue mudpb
kak PRINCE, ANUBIS, ICEBERG, KHAZAD
WCIIOJIb30BAIM MJICI0 HMHBOJIOIMH, OIPEICIINB
(GYHKIHIO OKPYITICHUS, KOTOpasi COCTOUT U3 OIle-
pauuii MHBOJIFOLIUM, U TJI€ CBOMCTBO HEHMHBOJIIO-
uu mmdpa, B OCHOBHOM, oOecrieuynBaeTcs pac-
MMCAaHUEM KITFOUEH.

Cy1ecTByeT HECKOJIBKO CIIOCOOO0B MOCTpOe-
Hust MDS-matpuner [13-16], pacnpoctpaHeH-
HBIM METOJIOM SIBJISIETCSl CIIOJIb30BAHUE ITHUPKY-

JISTHTHOW KOHCTPYKLHUHU Kak Jisi 6J104HOTO -
pa AES, tak u s xem-¢pyakuun WHIRLPOOL.
[IpenmymiecTBO LUPKYISIHTHONM MaTpPUIBl IS
anmapaTHbIX peanu3alii COCTOUT B TOM, UTO
BCE €€ CTPOKH MOXOXKH (C TOUHOCTHIO 10 MPaBO-
rO CMEILIEHUs), © MO’KHO TPUBUAJILHO HUCIOJIB30-
BaTh CXEMY YMHO)KEHUS JIJIs1 SKOHOMUH 3aTpar Ha
peanuzanuio. B pabore [17] 6pu10 10Ka3aHO, YTO
LUUPKYJISIHTHBIE MaTPULbI 4-TO MOPsIIKa HE MOTYT
OBITH OTHOBpeMEHHO MDS 1 MHBOJIIOTHBHBIMH.
ABtopsI [18] nokazanu, 4TO UUPKYJISIHTHBIE UH-
BOJIOTHBHbIE MDS-marpuilpl HE CyLIECTBYIOT.
[Touck 00ner4eHHbIX MaTPHILL, KOTOPbIE SBISIOT-
cs1 OJHOBpeMeHHO U M DS, 1 HHBOJIIOLIMOHHBIMH,
SIBJISIETCSI HETIPOCTOM 3aJjaueii, U 3Ta Tema Ipu-
BJICKJIa BHUMAHKE HAyYHOT'0 COOOIIEeCTRa.

B pa6ore [19] aBTOpBI paccMaTpuBarOT Mat-
punel Banpepmonaa winm Anamapa, a B pabo-
te [20] — marpunpsl Komum. DT KOHCTPYKIUMU
MO3BOJIIIOT CTPOUTH MHBOJIOTHUBHBIE MaTPUIIBI
MDS s 6onbmux pazmepoB. Turber MDS-mar-
puil: Marpuna Banpepmonna, Marpuna Ana-
Mapa, MHBomoTuBHAs Marpuna (oHa U Ta XKe

Taomuna 2 — CpaBuenne MDS-marpunnt Hag GF (2%)

WMHBOJIOTHBHBIE MDS-MaTpuiist

HEUHBOIIOTHBHBIE MDS-marpuibt

Tursr Koneunoe none |KoshpunmeHtsr Twurer maTpum Koneunoe mone Koadpduunents
MaTpHIL
matpuna 4x4
Marpuna GF(2%)/0x11d  [(0x01; 0x02; 0x04; 0x06) Hupkynspras GF(2%)/0x11b (0x02; 0x03; 0x01;
Anamapa Marpuna 0x01)
Marpuua GF(2%)/0x11b  |(0x01; 0x12; 0x04; 0x16)
Komm
Marpuna GF(2%)/0x11b  [(0x01; 0x02; Oxfc; Oxfe)
Anamapa-
Komm
Marpuia 8x8
Marpuna GF(2%/0x11d  |(0x01; 0x03; 0x04; 0x05; 0x06;  |I{upkynsipHas GF(2%)/0x11d (0x01; 0x01; 0x04;
Anamapa 0x08; 0x0b; 0x07) Marpuua 0x01; 0x08; 0x05; 0x02;
0x09)
Marpuia GF(2%)/0x11b  [(0x01; 0x02; 0x06; 0x8c; 0x30;  |IlupkynspHas GF(2%)/0x11d [oxoxe Ha
Anamapa- 0xfb; 0x87; 0xc4) Marpuia WHIRLPOOL
Ko
marpuna 16x16
Marpuna GF(2%)/0x11b  [(0x01,0x03,0x08,0xb2,0x0d, Marpuna GF(2%)/0x1c3 0xb1; Ox1c; 0x30; 0x09;
Anamapa- 0x60,0xe8,0x1c, Anamapa- Ko 0x08; 0x91; 0x18; Oxe4;
Ko 0x0f,0x2¢,0xa2,0x8b, 0x98; 0x12; 0x70; 0xb5;
0x¢9.0x7a.0xac,0x3) 0x97; 0x90; 0xa9; 0x5b
marpuna 32x32
Marpuna GF(2%/0x11b  |0x01,0x02,0x04,0x69,0x07,0xec,0 |Marpuiia GF(2%)/0x1¢3 0xb9; 0x7c; 0x93; Oxbc;
Anamapa- xcc,0x72, 0x0b,0x54,0x29,0xbe,0 |Anamapa- Komu 0xbd; 0x26; Oxfa; 0xa9;,
Komun x74,0x19,0xc4,0x87, 0x0e,0x47,0 0x32; 0x31; 0x24; 0xb5;
xc2,0xc3,0x39,0x8e,0x1¢,0x85 0xbb; 0x06; 0xa0; 0x44;,
, 0x58,0x26,0x1e,0xaf,0x68, 0x95; 0xb3; 0x0c; Ox1c;
0xb6,0x59,0x1f) 0x07; 0xe5; Oxa4; 0x2e;
0x56; Ox4c; 0x55; 0x02;
0x66; 0x39; 0x48; 0x08

119



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (51), 2019

MDS-marpunia juisi mmdpoBanus U pacmudpo-
Banus ), Marpuia Ko, [{upkynspaas matpuia
(xax B AES) npuBenens! B Tabnuie 2.

B pab6ore [21] mpuBeneHO cpaBHEHHE TUITOB
MDS-marpuil, oHu ObUIM pa3eieHbl Ha WHBO-
moTuBHbIe MDS-Marpuilbl ¥ HEHWHBOJIIOTHB-
Hble MDS-marpunpl kKak Mmoka3aHo B TaOmuIe
2. PacnpoctpaHeHHBIM CIOCOOOM TOCTPOCHHS
MDS-Matpunbl sSBIs€TCS 3allyCK C HUPKYISHT-
HOM MaTpHUIIbl, IPUYKHA B TOM, YTO BEPOSITHOCTD
HaxoxaeHus: Matpuiltbel MDS Oyner BbIe, yem
y HOpMaJIbHOM KBaJpaTHO MaTpuuibl. HTEpec-
HBIM CBOMCTBOM ITUPKYJISIHTHBIX MaTPHIL SBJISICT-
Csl TO, YTO KaX/asg CTPOKa OTIMYAETCs OT Ipe-
JBITYIIEH CTPOKU CMEIICHUEM BIIPaBO, IMOJIb30-
BaTellb MOXET MPOCTO PEATU30BATh OAHY CTPOKY
YMHOKE€HUS MaTpHI] alapaTHO ¥ MOBTOPHO HC-
MOJIb30BaTh CXEMY YMHO)KEHHUS JJISl MOCIeIyo-
IIUX CTPOK, IPOCTO CIABUTAs BXOJ.

B nocneanee Bpemsi HECKOJIBKO HCCIEI0Ba-
HuM [22,23] ObUIO MOCBAIIEHO MMOCTPOSHUIO pe-
KypcuBHbIX MDS-Marpuil u3 Marpui; 000011eH-
Hoit ctpykTyphl Deticrens (GFN). Takoi meTos
MO3BOJISIET MpUMEHATh MDS-marpuily, Ucmnosb-
3ysl UTEPATUBHBIN MPOLIECC, KOTOPBII BBIMISIUT

Kak ceThb DelcTens ¢ JUHEWHBIMU (YHKIUSIMH
BMECTO HEJIMHEWHBIX. Takke Ba)XKHO OTMETHUTb
MPEUMYILECTBO mocTpoeHuss MDS-marpuil Ha
ocHoBe Marpull GFN, koropoe nposiBisercs B
JByX acrnekrtax. Bo-nepBbix, pexypcuBHas GFN
MDS-marpuiia MOKeT OBITh peaan30BaHa IyTeM
napajuleNbHBIX BBIYUCICHUH, YTO COKPATUT Bpe-
Ml BBITIOJIHEHUS. BO-BTOPBIX, 0OpaTHas MaTpuiia
pekypcuBHoii GFN MDS-marpuiipl, Takxke siB-
nsercs pexkypcuBHo GFN MDS-marpuneit, u
OHHU UMEIOT oquHakoBoe uyucio XOR.

BriBoabl

B nocnennee Bpems Oouibllioe BHUMaHHE
yaensercs MOucKy 3(PQGEKTUBHO pealln3yeMbIX
MDS-marpun 111 Kpuntorpa@uieckux — ajiro-
putMoOB. B pabote ObLI0 paccCMOTPEHO HCIIOIb-
3oBanue Marpuiitbl MDS misa nuddys3uum B Takux
omounbix mudpax, kak AES, SHARK, Square,
Twofish, Anubis, KHAZAD, Manta, Hierocrypt,
Kalyna, a taxxe B morokoBoM muppe MUGI u
kpunrorpadpuueckor xam-gpynkuun Whirlpool.
brun onucanbsl MDS-Marpulibl, pUMEHSIOIIUE-
Csl B JIETKOBECHBIX KPHUNTOTpaduuecKux aro-
putmax PHOTON, LED, PRIMATE.
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CONTROL OF INTEGRITY OF BORED PILES USING OF NON-DESTRUCTIVE
METHODS: LOW STRAIN METHOD AND CROSS-HOLE SONIC LOGGING
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I.T.ZHUMADILOV?

!Department of Civil and Structural Engineering
’L.N.Gumilyov Eurasian National University

Abstract: At the present time, in Nur-Sultan city is going on works by construction public transport system
LRT (Light Railway Transport). LRT is an overhead road with two railway lines. The first stage of construction
is including construction of overhead road (bridge) with 22,4 km length and 18 stations. The foundation of
bridge is the bored piles with cross-section 1.0+1.5 m and length 8+55 m. Design bearing capacity of piles is
4500+12000 kN. For boring soil using Chinese drilling rigs Zoomlion without casing. To maintain the walls of
boreholes in sand and gravel soils using polymer slurry. In these conditions, very important to control integrity
of concrete body of each bored piles. For checking integrity applying two methods - Low Strain Method and
Cross-Hole Sonic Logging. The aim of this paper is to discuss the advantages and disadvantages of each
method using the examples of a real application.

Keywords: integrity, LRT, construction, concrete, foundation

TOJTBIPBLILII KYNBIJIFAH KAJAJIAPIBIH TYTACTBIFBIH
KHUPAMAY JJICTEPIH KOJJAHA OTBIPBII BAKBLIAY:
TOMEHTI )KYKTEMEJEY KOHE YHFBIMAAPAJIBIK JE®EKTOCKOII

Anoamna: Kazipei yageimma Hyp-Cynman kanaceinoa LRT (dicenin memipacon Keuiei) Ko2amowvlk KOLK HCyil-
eci Kypulibicbl OotiblHuA sHcymvicmap sicypeizinyoe. LRT — exi memipoicon sicenici 6ap yemipm scon. Kypolivi-
cmbly OipiHwi Kezeni y3uiHobizbl 22,4 kv dicane 18 cmanyusicol 6ap sicep yemi (KOnip) KYpolLiblCblH KAMMUObL.
Konipoiy ipeemacwvinviy ouamempi- 1,0 + 1,5 m dcane y3viHObiewvl 8 + 55 m-nix kendeney kaoanap. Kadamwviy
ecenmik kemepeiwmik Kaoinemi 4500 +~ 12000 kN. Bypsvinay yuwin kanmamacsel sxcox Zoomlion Kolmatiivlk
OYpevinay KOHObIPpEbLIapbl NAudaiausiizat. Tonumepii cycnen3usaHbl KOLOAHAMbIH KYM HCIHE KUIPUILIK MO-
nbIPaKmapoagvl YHuLiaposly Kabwvipeaiapvin cakmay. Myuoail scazoatinapoa apoip YHeIManiapovl HAKMbl
OeHeriy Oymindicin 6axviiay eme Maywi30bl. Tymacmulkmsl meKkcepy Yuiin exi 20ic — memeH scykmeme 20ici
JHCoOHE YHELIMAAPANbIK Oepekmockon anviHadvl. OCcbl MAKAIAHbIY MAKCAMbL HAKMbL 20iCMepoin MblCaloapblH
Hezi3ee ana omulpsin, apOIp 20iCMiH aApPMbIKUBLIbIZbL MEH KeMULLIIKMePIH MAlKbLId).

Tyitinoi ce3oep: mymacmoinvix, LRT, Kypoiivic, bemoH, ipeemac

KOHTPOJIb IEJIOCTHOCTU BYPOHABUBHBIX CBAY C UCITOJIb30OBAHUEM
HEPA3PYIIAIOIIUX METOOB: METO/, TP HU3KOM HAT'PY3KE U
MEXKCKBAYKMHHOM JE®EKTOCKONUU

Annomauusn: B nacmosuyee spevs 6 eopode Hyp-Cynman eedymes pabomsi no cmpoumenbcmey CUcmemvl
obuwecmseennoeo mpauncnopma LRT (Light Railway Transport). LRT — smo noodsecnas dopoea ¢ 08yms
JHCeNE3HO00POAHCHBIMU TUHUAMU. [1epabiti oman cmpoumenscmea 6Kuodaen @ ceds Cmpoumenbcmeo HA03eMHOT
dopoeu (mocma) Onunoti 22,4 km u 18 cmanyuii. OcHosanuem Mocma A6110mcs 6YypoHabUBHbIe C8AU cedeHUueM
1,0 ~ 1,5 m u onunoti 8 + 55 m. Pacuemnasn mecywas cnocoonocms ceail cocmasusiem 4500 = 12000 kN.
s 6ypenus epyHma ucnonv3ytom Kumatickue 6yposvie ycmanogku Zoomlion 6e3 00cadHou KoIOHHbL. [
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NO0OEPAHCAHUSL CMEHOK CKBANCUH HA NeCUAHO-CPABULHBIX NOYEAX UCNONL3VIOM NOTUMEPHYIO nyabny. B smux
VCNIOBUAX OYEHb BANCHO KOHMPOIUPOBAMb YELOCMHOCHb DEMOHHO20 mena Kaxcool 6YPOHAOUBHOU CEau.
s nposepku yenocmnocmu npUMeHAm 08a Memood — Menoo Npu HUKOU HA2PY3Ke U MEeHCCKABANCUHHASA
Odehexmockonusi. Llenvio OanHOU pabomul A61AemMcs 0OCYHCOEHUE NPEeUMYUECT8 U HeOOCTAMKO8 KAHCO020
Memooa ¢ UCNONb308AHUEM NPUMEPOE PEATbHO20 NPUMEHEHUSL.

Knroueswie cnosa: yenocmuocms, LRT, cmpoumenvcmeo, bemoH, ¢pynoamenm

Introduction

In the spring of 2017, in Nur-Sultan city
was started works by construction public trans-
port system LRT (Light Railway Transport). The
cost of the project is about 1.9 billion dollars.
Construction work produce a Chinese state-
owned company «China Railway Asia-Europe
Construction Investment Co». LRT is an over-
head road with two railway lines. The first stage
of construction is including construction of over-
head road (bridge) with 22,4 km length and 18
stations. Height of the bridge is 714 m above
the ground. Overhead road based on columns ev-
ery 30 meters. The foundation of each column
is include 4 or 6 bored piles with cross-section
1.0+1.5 m and length 8+55 m. Design bearing
capacity of each bored piles is from 4500 to
12000 kN.

In order to reduce the time for construction
and cost of piling works Chinese companies are
use Chinese drilling rigs Zoomlion without cas-
ing. To maintain the walls of boreholes in sand
and gravel soils using polymer slurry. Applica-
tion of polymer slurry allow reducing time for
drilling, allow to use less powerful drilling rigs
and equipment, but at the same time increase the
risk of collapsing soil during drilling or concret-
ing piles. In these conditions, very important to
control integrity of concrete body of each bored
piles. For checking integrity of bored piles ap-
plying two methods - Low Strain Method and
Cross-Hole Sonic Logging.

Integrity Testing

Everybody with experience in reinforced
concrete construction has encountered columns
that, upon dismantling of the forms, exhibit air
voids and honeycombing. Although these col-
umns may have been cast with good-quality
concrete, in properly assembled forms and with
careful vibration, they still exhibit defects. Cast-

in-situ piles are also columns, but instead of
forms made of wood or metal we have a hole in
the ground. This hole may pass through layers
of dumped fill, loose sand, organic matter, and
ground water, which may be fast flowing or cor-
rosive. Obviously, such conditions are not con-
ducive to a high-quality end product. The fact
that on most sites we still manage to get excel-
lent piles is only a tribute to a dedicated team
that makes this feat possible: geotechnical engi-
neer, structural engineer, quantity surveyor, con-
tractor, site supervisor and quality control labo-
ratory. This is obviously a chain, the strength of
which is determined by the weakest link.

A flaw is any deviation from the planned
shape and/or material of the pile. A comprehen-
sive list of events, each of which can lead to the
formation a flaw in a pile: use of concrete that is
too dry, water penetration into the borehole, col-
lapse in soft strata, falling of boring spoils from
the surface, tightly-spaced rebars etc.

Therefore, we have to face the fact that on
any given site some piles may exhibit flaws. Of
course, not all flaws are detrimental to the per-
formance of the pile. Only a flaw that, because
of either size or location, may detract from the
pile’s load carrying capacity or durability is de-
fined as a defect. The geotechnical engineer and
the structural engineer are jointly responsible to
decide which flaw comprises a defect.

The two techniques currently dominating
pile integrity testing, namely the Low Strain
Method and Cross-Hole Sonic Logging, both
utilize sound waves (Amir et al 2009).

Low Strain Method

The low strain (sonic) method for the integ-
rity testing of piles is aimed at routinely testing
complete piling sites. To perform this test, a sen-
sor (usually accelerometer) is pressed against the
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top of the pile while the pile is hit with a small
hand-held hammer. Output from the sensor is an-
alyzed and displayed by a suitable computerized
instrument, the results providing meaningful in-
formation regarding both length and integrity of
the pile.

.

Figure 1. Pile Integrity Tester - PIT-QV

The sonic test is fast and inexpensive, with
less than a minute needed to test a given pile.
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that v is a particle velocity, i.e., the actual veloci-
ty of movement of the pile top surface.
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Figure 3. Characteristics for a rod with a reduced cross-section
(A2=A41/2, A3=A1)

Wave Speed in Concrete

The Impact wave speed in concrete depends
on the quality of the concrete and for in-situ
casted piles the curing time of the concrete. The
wave speed is used to determine the length of the
pile based on the return signal. An example of the
wave speed in concrete is shown below.

Table 1. Soil Properties Used in Analysis

0.00 \/w T 5

1263

T Toe

225.25* — Vel

Figure 2. Example of normally result graph

The surface vibrations are measured by
means of an accelerometer attached to the top of
the pile. Although the acceleration curve could be
interpreted directly, integration to velocity gener-
ally enhances the record by bringing out details
otherwise overlooked. The pile top acceleration
signal, is therefore digitized and stored in the PIT
device memory, and it is numerically integrated
to produce a velocity signal. It should be noted

124

Concrete quality Impact wave speed (m/s)
Bad <2.700
Acceptable 2.700-3.300
Good 3.300-3.800
Very good 3.800-4.000
Excellent 4.000-4.500
Unlikely normal conditions >4.500

Interpretation results obtained by Low
Strain Method

An assessment by this method can give a
rapid and accurate appraisal of pile integrity. An
integrity test will indicate when a pile should be
investigated further but it cannot give informa-
tion about any load carrying capacity of the pile.

Interpretation of the results obtained must
take into account the specific pile circumstanc-
es, i.e. construction technique and localized soil
conditions. An anomaly does not necessarily
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indicate a deficiency in the pile, but would cer-
tainly merit further investigation to establish the
cause of the anomaly. Full interpretation of the
signal responses must only be undertaken by ful-
ly trained personnel.

For interpretation ten classes are distin-
guished:
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Figure 4. Typical piles with respective reflectograms

Low Strain Testing Constraints

The following items may often be detected:

- Pile length.

- Inclusions of foreign material with differ-
ent acoustic properties.

- Cracking perpendicular to the axis.

- Joints and staged concreting.

- Abrupt changes in cross section.

- Distinct changes in soil layers.

All physical measurements have limitations,
and low strain (sonic) test probably has more lim-
itations than any other test. For instance, the sonic
test will normally not detect the following items:

- The toe reflection when the L/D ratio roughly
exceeds 20 (In hard soils) to 60 (In very soft soils).

- Gradual changes in cross-section.

- Minor inclusions and changes in cross-sec-
tion.

- Impedance changes of small axial dimension.

- Small variations in length.

- Features located below either a ful-
ly-cracked cross section or a major (1:2) change
in impedance.

- Debris at the toe.

- Deviations from the straight line and from
the vertical.

- Load-carrying capacity.

- The consistency of concrete cover.

- The length of reinforcement.

Cross-Hole Sonic Logging

The Low Strain method belongs to the ex-
ternal test-methods, as it accesses only the top of
the pile. Ultrasonic logging, on the other hand,
is intrusive and necessitates the prior installation
of access tubes (usually two or more) in the pile.

Figure 5. Cross-Hole Sonic measuring device — CHAMP:
computer, cable, depth encoders, test probes

Depth-measuring
Encoding Device

Figure 6. Test Arrangement

Before the test they have to be filled with
water (to obtain good coupling) and two probes
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are lowered inside two of the tubes. One of these
probes is an emitter and the other a receiver of
ultrasonic pulses. Having been lowered to the
bottom, the probes are then pulled simultaneous-
ly upwards to produce an ultrasonic logging pro-
file. The transmitter produces a series of acoustic
waves in all directions. Some of these waves do
eventually reach the receiver.

The testing instrument then plots the trav-
el time between the tubes versus the depth. As
long as this time is fairly constant, it shows that
there is no change in concrete quality. A sudden
increase of the travel time at any depth may indi-
cate a flaw at this depth.

PN

Diaphragm wall

Pile © 1500+2000 mm

Pile © 1000+1500 mm

Pile @ < 1000 mm

Figure 7. Typical Access Duct Configurations

The number of access tubes cast in the pile
concrete is a function of the pile diameter, the
importance of the pile and, of course, economic
consideration. A good rule of thumb is to specify
one tube per each 30 cm of pile diameter. Thus
for a pile with a diameter of 1.2 m, four tubes will
normally do. For best effect, the tubes should be
equally spaced inside the spiral reinforcement
and rigidly attached to it by wire or spot welding.
Where tubes are extended below the reinforce-
ment cage, they have to be stabilized by suitable
steel hoops.
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Cross-Hole Sonic Logging Results

Usually the report includes presentation of
Cross-Hole Sonic logs for all tested tube pairs
including:

- Presentation of the traditional signal peak
diagram as a function of time plotted versus
depth.

- Computed initial pulse arrival time or pulse
wave speed versus depth.

- Computed relative pulse energy or ampli-
tude versus depth.

A Cross-Hole Sonic log will be presented
for each tube pair. Defect zones, if any, will be
indicated on the logs and their extent and loca-
tion discussed in the report text. Defect zones
are defined by an increase in arrival time of more
than 20 percent relative to the arrival time in a
nearby zone of good concrete, indicating a slow-
er pulse velocity.

Tomography by the data of Cross-Hole
Sonic Logging

The same procedure, which is carried out in
two dimensions on a single profile, can be used
in three dimensions for the whole pile. In this
case, the pile is divided into elementary voxels,
or volume pixels, this process is usually called a
tomography.
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Tube Number=1-3 (F3,3)
L=19,07,19,08 m o
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Figure 8. Typical Ultrasonic Profile
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Eff. Area=52% <)
Depth=4.06 m

Eff. Area=60% 3
Depth=0.35m

Eff, Areg=36% 3
Depth=12.45m

Eff. Area=17% 3
Depth=8.59 m

Figure 9. Horizontal cross-sections of pile in PDI-TOMO
software

Tomography is a mathematical procedure
that is applied to Crosshole Sonic Logging (CSL)
data, providing the user with a visual image of a
shaft’s internal defects. The procedure involves
solving a system of equations based on First
Arrival Times (FAT) in order to calculate wave
speeds at various points within the shaft. Tomog-
raphy wave speeds distributed throughout the
shaft are directly proportional to density, indicat-
ing concrete quality. PDI-TOMO is an extension
of the CHA-W software designed for superior
tomographic analysis results from CHAMP data
with increased efficiency for the user.

Depth (of)

L]

Eft. Area=eon 3 23

Figure 10. Three-dimensional visualization in PDI-TOMO
software

PDI-TOMO software features:

- Provides a more precise location, shape
and size of defective areas within a shaft.

- Offers an intuitive visual identification of
the damaged areas and generates easily compre-
hensible and professional outputs for the con-
sumer of the CSL reports.

- Provides a valuable add-on service for the
testing engineer.

Cross-Hole Sonic Testing Constraints

The Cross-Hole Sonic Test will normally
detect the following items:

- Finds multiple defects, depth and quadrant.

- Finds “soft bottoms” if tubes go to bottom.

- Finds voids better than soil inclusions.

- Finds larger defects easier than small de-
fects.

- Waterfall, FAT (First arrival time), & ener-
gy all help find defect.

- Not sensitive to surrounding soils or pile
length.

The Cross-Hole Sonic Test will normally
not detect the following items:

- Cannot find diameter changes or bulges.

- If too few tubes, can miss a defect.

- Can find defect on direct path.

- Cannot find defect outside cage.

- Major diagonal defects more difficult to
find.

- Need more than 4 tubes for 1500 mm pile
(recommend 6 tubes for shaft this size).

Comparison test results obtained by two
methods

In 2017-2018 at the construction site of LRT
in Astana city, more than 1500 bored piles were
integrity tested by using two methods: 45 % by
Cross-Hole Sonic Logging and other 55 % by
Low Strait Test. Chinese customer gives a tech-
nical assignment for integrity testing piles:

- if one foundation of the bridge consists of
four bored piles, then one pile is tested by Cross-
Hole Sonic Logging and other three piles tested
by Low Strait Test.

- if one foundation of the bridge consists of
six bored piles, then two pile is tested by Cross-

127



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (51), 2019

Hole Sonic Logging and other four piles tested
by Low Strait Test.

One of the tested pile PR16-2 contained a
serious defect of integrity.
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Figure 11. Two reflectograms of one bored pile PR16-2 obtained
by Pile Integrity Tester - PIT-QV.
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Figure 12. Three Ultrasonic Profile of one pile PR16-2

Analyzing the data obtained by Low Strain
Test (Fig. 11) we can say only that at the depth
8.5 m this pile has crack and its cross-section is
decreasing.

Analyze the data of Cross-Hole Sonic Test
can show 3D location of cracks, approximately
size of cracks, effective cross-section of pile at
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any depth. Cross-Hole Sonic Test provide more
useful information about integrity and allows the
engineer to evaluate the seriousness of the prob-
lem and the possibility of using this pile in foun-
dation.
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Figure 13. Horizontal cross-sections of pile PR16-2 in PDI-
TOMO sofiware
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Figure 14. Three-dimensional visualization in PDI-TOMO
software for bored pile PR16-2

Conclusions

The cost of a quality control program for
each construction site is very reasonable, and
in any case much lower than the potential loss
caused by an undetected defect of foundation.
The Low Strain test is a powerful quality-control
tool, not so expensive and need about one minute
for application but we must never forget that it is
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not omnipotent. Since the sonic method is based
on the use of stress-waves, it can identify only
those pile attributes that influence wave propaga-
tion and have a fairly large size.

Cross-Hole Sonic Logging method more ac-
curate, allow to estimate the size and position of
cracks. Although the access tubes introduce an
extra expense item, the cross-hole test compen-
sates for this by allowing the testing equipment

to approach potential flaws. An additional advan-
tage of this test is the enhanced resolution: while
the sonic test uses a wavelength of at least two
meters, the cross-hole method utilizes ultrasonic
frequencies, with typical wave lengths of 50 to
100 mm. Since resolution is strongly dependent
on the wave length, the cross-hole method en-
ables us to detect much smaller flaws with high
accuracy.
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K BOIIPOCY O IMPOBJEME COBPEMEHHbBIX TEHJIEHIIUHA KPUIITOTI PAOUU
H.A. KATTAJIOBA'?, ANDRZEJ KOTYRA?, A.’K. ABULLIEBA'?

"HUnemumym unghopmayuonnvix u svruuciumensuoix mexnonocuti KH MOH PK
’Kazaxckuu Hayuonanouwiil ynusepcumem umenu anb-Dapabu
3/Tobnunckuil mexnuueckuti ynusepcumem, Ilonvua

Annomanusn: /lannas cmamvs packpviéaem nousmue kpunmozpaguu. Onucvisaem cyujecmayroujue memoovl
u npobnemvt Kpunmocunmesa. Kpunmospagpuueckue ucciedoganusi HECOMHEHHO GREUAMISIION U SIGIAI0MCSL
BAJNCHLIM 6KIA0OM 6 Oyoywee. B oOannou pabome paccmampusaiomcs KpunmozpaguuecKue aieopummbl,
m.e. cmpoumenbhble OIOKU, UCNOTb3YeMble Osl paspabomku cucmem u npomokonos. Ilpogeden ananuz 6
PACHPOCMPAHEHHbIX  KPURMOCUCTIEMAX, KOMOPble CES3aHbl UMEHHO C HEOOCMAMKAMU NPOEKMUPOSAHUsT U
peanuzayuu. Tloxa nem ocHosamuil Noiaeamv, YMo dMOmM MpeHo 6 Onudcavuiee 6pems UIMEHUMCS, NOIMOMY
HApagHe ¢ MmeopemuteckuMU UCCIe008AHUAMU Heb35 3a0bI8AMb U 0 NOBLIUEHUU KAYeCmEa padombl UHIICEHEPOS,
NPOEKMUPYIOWUX, Pa3padamvleaiouux t 6HeOPIOWUX CUCTEMbL, UCROTb3YIOuUe Kpunmoepaguto. Tlpusedentvie
PaziuuHble NPUMEPLL NOKAZLIBAION KAK BAJNCHA KPUNIMOSPAPUSL HA ce2cOOHAuHUL OeHb U KaK oma Hayka Oydem
PazsueamvCsi 6 OAIbHEUUUEM.

Knrwouesvie cnosa: wugposanue, kpunmozpagusi, Kioyegoe u 6eckiiouegoe xeuuposanue, aymeHmupurkayis,
cepmuguram omKpulimo2o Kaioud

TO THE QUESTION OF THE PROBLEM OF MODERN TRENDS OF CRYPTOGRAPHY

Abstract: This article reveals the concept of cryptography. Describes existing methods and problems of
cryptosynthesis. Cryptographic research is undoubtedly impressive and an important contribution to the
Sfuture. In this paper, cryptographic algorithms are considered, i.e. building blocks used to develop systems
and protocols. An analysis is made in common cryptosystems that are associated precisely with design and
implementation flaws. While there is no reason to believe that this trend will change in the near future, therefore,
along with theoretical research, one should not forget about improving the quality of work of engineers
who design, develop and implement systems using cryptography. The various different examples show how
important cryptography is today and how this science will develop in the future.

Keywords: encryption, cryptography, key and keyless hashing, authentication, public key certificate

3AMAHAYHU KPUIITOTI'PAOUAJBIK TEHAEHIUAJIAPABIH
MOCEJIEJIEPI TYPAJIbBI

Anoamna: byn maxanaoa kpunmozpaghusi yevimsl autbliadvl. Kpunmocunmesoiy Konodanvicmagvl adicmepi
MeH Mmacenenepin cunammaiovl. bByeinei kpunmoepaghusnvly Maywi30bLIbiabl Jicone bonawakma Oy
EbLIBIMHBIY 0aMy OApbICH JHcatlivl Aimuliadvl. Amanzan enybekme Jxcylienep MeH Xammamaniapobvl H#acay YUulin
nauoanramvliamoll KYpolavlic ONOKMapul, sSeHU KPUNMOoSpagusnsly aieopummoep Kapacmoipvliean. lanoay
0271 Jicobanay meH icke acvlpyoavl KAMEIKmMepmMeH OAIaHbICMbL JCAINbL KPUNMOdICYUenepoe Jcacaiaobl.
byn menoenyus sicaxvin apada e3eepedi den auimyea Heei3 JHCoK, COHOLIKMAH MEOPUSIbIK 3epmmeyiepmet
Kamap Kpunmocpagusnsl Koioaua omvipvln, Jicylenepoi dcobanay, a3ipney Jicane eHeizy UHICeHepLepoil
AHCYMBIC CANACBIH JHCAKCAPMY MYPATbl YMbIMNAY Kepek. Opmypii Mblcanoap Kpunmozpagpusanly Oyeinei
KYHHIH KAHWATLIKIbL MAHbI30bL eKeHOIZIH JcaHe Donauakma Oy bLIbIMHbIY KALAl OAMUMbIHbIH KOPCEMeOi.

Tyitinoi co30ep: wugpray, kpunmozpagusi, Kiimmik JcoHe Kimciz xauwmep, aymeHmupurayus, auvly Kiim
cepmugbukammapul
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BBEJAEHUE

B Hacrosmee BpeMsi, HapuMmep, CpeacTBa
JIEKTPOHHOM IMOYTHI UCIIOJIB3YIOTCA HE TOJBKO
JUTsL OOILEHUS MEX Ty JIFOABMH, HO U JUIs Tiepeia-
YY1 KOHTPAKTOB M KOH(UIEHIINANbHON (puHaHCO-
Boi nHGpOpMaruu. Web-cepBepa UCTIONIB3YOTCS
HE TOJIBKO I PEKJIAMHBIX LENed, HO U AJs
pacrpocTpaHeHus NPOTrpaMMHOro  obecrieye-
HUS U DJIEKTPOHHOW KOMMEpPIHMH. DIEKTPOHHAs
noyta, AOCTyn K Web-cepBepy, 3JIE€KTpOHHAs
kommeptusi, VPN TpeOyroT mpuMeHeHus 10moI-
HUTEJBHBIX CPEACTB A obecreueHus: KOHpU-
JEHLIUAIbHOCTH, ayTEeHTU(UKALUU, KOHTPOJI
JOCTyMa, LIEIOCTHOCTU M uaeHTUduKauuu [2].
B HacTosiliee BpeMs B KaueCTBE TaKUX CPENCTB
UCTIOJIb3YeTCs CTOMKast Kpunrorpagus.

Ha npotsxennn Bcert CBOEH UCTOPUU YEII0-
BEUECTBO HYXKAAeTcsl B IM(POBAHUM TOM WM
uHOU wuHpopManmu. M3 Takoil moTpebHOCTH
BBIPOCIIA LieIasi HayKa — Kpunmozpagus. Panee
Kpunrorpadus ciayxuia TOJIBKO HHTEppecam
rocyaapcTBa, HO C MOSIBJIEHUEM HMHTEPHETA €€
METOAB! CTaJIM MHTEPECOBATh M YAaCTHBIX JIMII.
Ha ceroausiiunmuii 1eHs kpunrorpadus MmuUpoko
UCTIOJIb3YyeTCsl XakepaMu, OoplaMu 3a cBOOOTY
UHPOPMALIMKM M TPOCTHIMU TOJb30BATEISIMH,
JKEJIAIOLMMU 3alIUTUTH CBOU JIAHHBIE B CETH.

UroObl MOHATH, KaK pa3BUBaJach Hayka
kpunrorpadus, oOpaTuMcs K €€ HCTOPHH.
Kpunmozpaghus (c Tpeueckoro — «TaifHOMHUCH)
— HayKa O 3amuTe MH(OpMAaIUH C HUCIOJIb30-
BaHUEM MaTE€MaTHYeCKUX MeTonoB. IlepBsiii
TpyA O Kpunrorpadguu ObT HalUCaH ele 10
PoxnecrBa Xpucrosa. IlepBbie yxe HanexHbIe
CHUCTEMBI 3alluThl MH(pOpMaNMK OBLIM paspa-
6otans! B Kurae. Yame Bcero mmdpoBaHue uH-
(dopmManMu UCMOJIB30BANIOCh B BOCHHBIX Jeax
[3].

Kpunrorpadus axTMBHO pa3BUBaNach B
Cpennue Beka, mudpoBaHueM cOOOLIEeHUH ya-
CTO MOJIb30BAIINCH JUIIJIOMAThI M Kymipl. OnHUM
U3 CaMbIX M3BECTHBIX MH(poB CpeqHUX BEKOB
Ha3blBaloT kojekc Copiale — u3dmHO odopm-
JICHHYIO PYKOIIUCh C BOJASHBIMU 3HAKaMH, HE
pacmdpoBaHHy0 A0 cux mHop. Bo BpemeHna
Onoxu Bospoxaenus @pencuc bakoH ommcan
7 METOJOB CKPBITOIO TEKCTA, a TAKKE OH IpE-
JOXKHUI JBOWYHBIM MeTton mmdpoBanus. Bo

BpeMs [lepBoii MUPOBOM BOWHBI KpUTITOTpadus
CTalla TMPU3HAHHBIM OOEBBIM HHCTPYMEHTOM.
Bropas mupoBas BoiiHa Mociykujia cBoeoopas-
HBIM KaTaJlMu3aTOPOM Pa3BUTHUSI KOMIBIOTEPHBIX
cucteM — depe3 kpuntorpaduto [6]. Mcmomb-
30BaHHbIC MIH(PPOBATbHBIC MAIIUHBI (HEMEIKast
«9uurma» (puc. 1), anrmuiickas «bomb6a Thro-
puHray (puc. 2)) sSCHO TOKa3alu >KU3HCHHYIO
BaXHOCTh MH(OpPMAIMOHHOTO KOHTpois [1, c.
2].

B XX Beke copMupoBaics COBpeMEHHBIN
noaxoJ K kpunrorpaduu. Ita Hayka Obuia pas-
JieJieHa Ha JIB€ YaCTU: KPUIITOCUHTE3 U KPUIITO-
aHanu3. Kpunrocunres obecrneynBas 3alliu-
Ty UH(pOpMAIMK, a KPUITOAHAINU3 HILET MyTH
B3JIoMa cucTeMbl. Kak ymomuHamoch paHee, B
Kpuntorpadguu omnpeneneHbl HEKOTOPbIE METO-
1bl. VIX MOKHO MOJpa3/ieduTh B 3aBUCUMOCTH OT
KOJIMYECTBa KIFOUEH, KOTOPBIE HUCIOJIB3YIOTCS B
COOTBETCTBYIOIIUX JIrOpUTMax [4]:

® JIBYXKJIIOYEBHIC,;

® OJHOKJIIOYEBBHIC;

e OeCKJIIOUEBHIE.

METO/1bl UCCJIEJJOBAHUSI

B 1ByX KIIIOYEBBIX aJropuTMax —HMCIOJIb-
3yeTcsl 1Ba KJIK04a: OTKPBITBIA M CEKpEeTHBIN. B
OJTHOKJTIOYEBOM HCIIONB3YETCS OOBIYHBIA Ce-
KpeTHbIH Kitod. M B OECKIIFOUEBOM aJrOpUTME
HE HCIOJB3YIOTCS Kakue-Tu00 KIIIYH BOOO-
me. Crnemyer Takke OTMETUTh W OCTaJbHBIC
Kpunrorpaguaeckue MeTOIbI.

DNeKTpOHHAsT TOJIHUCH, TS JITOPUTM HC-
MOJIB3yeT JBa BUJA KITIOYCH: CEKPETHBIM M OT-
KpBIThIA. Mcronb3yeTcst il MOATBEPIKICHUS
IIEJIOCTHOCTH JIaHHBIX M aBTOPCTRBA.

Aytentudukanus. J[aHHBIA METOJ MO3BO-
JISIeT OMPEETUTh ICUCTBUTEIBHO JIM MOJIH30Ba-
TEJIb SIBJISCTCS TEM, 32 KOTO ceOs BBIJIACT.

Meroapl Kpunrorpaguueckoro KOHTPOJIb-
HOTO CYMMHPOBaHHSI:

® BBIYHCIICHUE UMUTONPUCTABOK;

e KIIOUEBOEC M OECKIIIOUEBOE XCIIMpPOBa-
HHE,

® JCIIOH30BAaHUE KOJIOB ayTCHTH(PUKAIINH
COOOILIEHUT.
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Puc. 2 — lugposanvras mawuna «bomoda Teropuneay

Bce st MeTonpl MPUMEHSIIOTCS B 3alllUTE
JAHHBIX, KOTJIa HeJIb3s MCIOIb30BaTh IEKTPOH-
HYIO [TOJIITUCH, ¥ B PA3HBIX CXeMaX ayTeHTH(HKa-
uuu [5].

['eneparopsl crnydallHBIX M IICEBAOCTYyYaid-
HBIX UCIONB3YIOTCS B KpUnTorpaduu, B 4aCTHO-
CTH:

® JIJIsl TEHEpAllMK CEKPETHBIX KITI0UeH;

e B OONBIIMHCTBE aJTOPUTMOB 3JIEKTPOH-
HOM TOJIIHCH;

e B OOJIBILIMHCTBE CXeMaxX ayTeHTU(DUKAIIIH.

Kak BuaHO u3 puc. 3 anroputmsl mudpposa-
HUSL MOXHO Pa3/IeuTh Ha JIBE KaTeTOPHH:

® QJITOPUTMBI ACUMMETPUYHOTO IHppoBa-
HUS;

® ANTrOPUTMBI CUMMETPHUYHOTO IH(poBa-
HUSL.

Kpuntorpadgust ¢ OTKPBITBIM  KIIIOUOM
npeacTaBisier coboi hopmy obecrieueHus: KOH-

132

(bUIeHIIMATBHOCTH  COOOICHHH, TIOpa3yme-
BAIOILIYIO CO3J]aHUE OMKPbIMO20 WU 3AKPbIMO-
20 KJIIOUEH. 3aKphITHIA KIIIOY XPAHUTCI B Ce-
KpeTe, a OTKPBITHII KIIIOY IMepenaercs IpYrum
aunaM. XOTs KJIIOYM MaTeMaTHYeCKHU CBS3aHbI,
3aKpPBITHINA KIIIOY HEJb3s JIETKO BBIYUCIIUTSH C T10-
MOIIBIO OTKPBITOTO KJto4a. OTKPBITHIM KITHOY
MO>XHO HCIIONIb30BaTh [UIsl IIHU(POBAHUS JlaH-
HBIX, KOTOpbIE CMOXET paciupoBaTh TOJIHKO
COOTBETCTBYIOIINNA 3aKPBITHIN KITI0Y. ITO MOXKET
WCTIONB30BAThCS TSl IMIM(PPOBAHUS COOOIICHHI
JUISL BIIAJIENbIIA 3aKPBITOTO KITIOYA.

AHaNIOruuHbIM 00pa30M BiIaiesel] 3aKphITO-
ro KJroua MOKeT mU(POoBaTh JAaHHbIE, KOTOPHIE
MOTYT OBITh paci(poBaHbI TOIBKO C IIOMOIIIBIO
OTKPBITOTO KJtoua. Takoe MCIOIb30BaHUE — 3TO
ocHOBa IU(DPOBBIX cepTU(DHUKATOB, B KOTOPHIX
CBEJICHUs, cojepxaliuecss B ceprudukare, 3a-
mrGpoBaHbl BIaJEIbIEM 3aKpbITOTO KIIOUa,
MoJIpa3yMeBaeMbIM aBTOpPOM cozepkumoro. [lo-
CKOJIbKY KIIFOUM MHU(POBaHUS U pacminpoBKU
pa3Hble, OHU Ha3bIBAOTCA ACUMMEMPUUHDI-
Mu KJrodami [7].

Kak ceptuduxarel, Tak 1 acHMMeTpHUYHbIE
KJIFOUM TIPEJICTABIISIOT COOOM CIOCOOBI acuM-
MeTpuyHoro mudpoBanus. CepTudUKaThI 4acTO
WCTIONB3YIOTCSl KaK KOHTEHHEphl HJs acuM-
METPHUYHBIX KIJIIOYeH, TaKk Kak OHH MOTYT COZep-
KaTb JIOTIOJIHUTEJIbHBIC JaHHbIE, HANPUMEP, O
naTax OKOHYaHUS OEHCTBUA U MOCTaBIIMKaxX. He
CYILLIECTBYET pazIU4Uid MEXIy ABYMS MEXaHH3-
MaMU JIJIs alropuT™Ma mu@poBaHusi, paBHO Kak U
pa3nu4uil B HAJEHKHOCTH TIPU OJUHAKOBOM JJIU-
He Kkiroua. Kak mpaBuiio, cepTUQHUKAT MCHOIb-
3yercs Ui udpoBaHUs IPYTUX THUIOB KITIOYEi
mudpoBaHus B 0a3e JaHHBIX WIN MTOAMKUCH TIPO-
rpaMMHBIX MOfyJeit [8].

CeptudukaTsl ¥ aCUMMETPHUUYHBIC KIIOUU
MOKHO TPUMEHSTH AJIsl paciupoBKH TaHHBIX,
3amm@POBaHHBIX JIPYTUM criocobom. OOBIYHO
ACUMMETPUYHBIN KITIOU UCIIONIb3YeTCs I -
POBaHMSI CUMMETPUYHOIO KJIHOua MepeJ ero co-
XpaHeHueM B 6a3e qaHHbIX. B oTinyme ot ceprtu-
(uKaTa OTKpBITHIA KIIIOY HE MMEET ONpesesieH-
HOro (hopmara, U €ro Helb3si SKCIIOPTUPOBATH B
(aii.

Hecomuenno, kpuntorpadusi Oyaer pas-
BUBAaThCS Jalibllle BechbMa akTHUBHO. OfHa U3 ee
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3ama4 Ha Oymymiee — pa3paboTKa CKOPOCTHBIX
METOJIOB IIH(POBAHUS C BEICOKUM YPOBHEM Ce-
KPETHOCTU. DJTa 3aj1a4a 00yCIOBICHA OOIBIINM
KOJIMYECTBOM KaHAJOB CBs3M (OecrpoBOIHBIE
CETH, COTOBas CBSI3b), IO KOTOPBIM IEPEIAOTCS
O4YeHb OO0JIbIIIE 00BEMBI HH(OPMAITHH.

PE3YJIBTATBI UCCJIEJOBAHUSA

B anroputme cuMMeTpuuHOro MmHQppoBa-
HUSI OOBIYHO HCIIONB3YETCSI TOT e CaMbIil KIIIOY,
KOTOPBIM 3alIM(pPOBBIBAIA JTaHHBIC, WU HC-
MOJIB3YIOT JIPYTOM KITHOY, KOTOPBIA CBSI3aH C OC-
HOBHBIM KJIFOYOM NPOCTHIM COOTHOIICHHEM. A B
QJIrOpUTME ACCUMETPUYHOTO MIU(POBAaHUSA HC-
noJib3yeTcs Kirou 3amudpoBanus kl, KoTopsrit
JIETKO BBIYMCIIACTCS W3 Kiroua k2 Takum obOpa-
30M, 4TO 0OpaTHOE BHIYUCIICHUE HEBO3MOXKHO [9,
c. 28].

Hecmorpss Ha HOBHU3HY Kpunrorpapuu
KaK HayKd, y Hee YK€ HUMEIOTCS HepelleHHBIE
npoOnembl. Ha ceromHsmHuii 1eHb CHeUaIu-
CTBI BBIIEJISIOT HECKOJIIBKO MpoOieM B KPHUMTO-
rpaduu [10]. K HuM oTHOCAT:

® OrpaHUYEHHOCTh PA0OYUX CXEM C OTKPHI-
THIM KJIFOYOM;

® OTCYTCTBHE IIEPCIICKTHB;
e yBEIIMUYCHHE pa3Mepa MHpUpyeMbIxX
0JIOKOB JIaHHBIX U KJIFOUCH K HUM;
® HEHAJSKHOCTh yHIaMeHTa mudpoBa-
HUSL.

OBCYXJIEHUE PE3VJIBTATOB

PaccMoTpum Kaxkayro U3 HUX B OTAEIBHOC-
TH.

OrpaHu4eHHOCTb Pa00YHUX CXeM C OTKPbI-
ThIM KJIH04YOM. HecMoTps Ha TO, 4TO B KPUMTO-
rpadguu CyIIeCTBYeT MHOXECTBO aJITrOPUTMOB
Ui rdpOBaHUs AHHBIX, O YEM TOBOPUIIOCH
paHee, KOTOpble MOTYT OBbITh IOJYYEHBI IIyTEM
KOMOUMHAIMH Pa3HBIX MPOCTHIX U3MEHEHUH, Kax-
Jasi cxeMa OCHOBBIBAETCS Ha, TaK Ha3bIBAEMOH,
«HepemaeMon» 3agade. Takum oOpa3om, MBI T10-
HUMAaeM, YTO KOJIMYECTBO KPUOTOrpaduyecKux
CXeM KpaiiHe orpanuueHo [11].

OrcyrcrBue mepcnekTuB. B Hacros-
iee BpeMs B TEOpUM HayKu Kpuntorpadus cy-
HIECTBYIOT K8aumosvie eviuucienus — dpdex-
TUBHAsl BBIYUCIIHUTEIbHAS MOJENb, OCHOBaHHAs
Ha MapaJuiesii3alii BhIYUCIUTEIbHBIX MpOIlec-
COB 3a CYET mpeoOpa3oBaHUs BXOAHOW HH(DOP-

Kpuntorpacthudyecime
MeTOALI
l h l
Eeckmovessie OdHokroveabie Heyxkrirovesbie ‘
MeToasl - CummeTpuuHoe AcCHMMETPHYHOE
L . KpUnTorpaduyeckora wydposaHue wrdpoBaHue
KOHTPONBHOMD
CYMMUPOBaHWA
MeToaks! | JNeKTpoHHaRA
| KpunTorpadguyecKora nognichk
L, FeHepaywa KOHTPONEHOro
chnyJyanHeX ywcen CYMMHUPOBaHWA
—r| AyTeHTudukauma |
MeHepaywa
s NcesgocnyYaiHLx
yucen

—>| AyTeHTudmkauua |

Puc. 3 — Knaccugurayusi kpunmozepaghuueckux memooos
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Mauu. DTO 3HAYMUT, YTO MOXKHO OJJHOBPEMEHHO
BBIUHUCIIUTH 3HaYeHHE QYyHKIUU [Tl Bcex e€ ap-
TYMEHTOB 3a OJMH BBI30B (PYHKIHMH. Takue BbI-
YHCIIEHUS TIO3BOJIAT B Oy/AylieM peliaTh 3aJa4u
ropa3fo ObIcTpee, YeM Ha OOBIYHBIX KOMIIbIO-
Tepax, a 3HauuT Oyy1iee Kpunrorpaguu BecbMa
TYMaHHO.

VYBeqmuenne pasmepa mmM@pupyeMbIX
0JIOKOB JaHHBIX U KJIOYeil. bricTpbie TemIibl
Pa3BUTHS BBIUUCIUTEIBHON TEXHUKH MPUBOISAT
K YBEJIMYCHHUIO pa3MepoB OJIOKOB, JAHHBIX U UX
KiIoueil. B nokazaTenbCTBO HMpUBEAEM IIPUMED.
W3HayanbHO [ CO3JaHMUSI KPUITOCHCTEMBI
RSA 65110 nocrarouno 512 6uT, a ceitvac pexo-
MEHJIyeMbIii 00beM cocTaBiisieT He MeHee 4096
OuT. AHaloruyHas CUTyalus NPOUCXOAUT U B
Ipyrux meronax mudposanus. B Tpagunuon-
HOM Kpunrorpaduu 00beM NamsITH AJIsl CO3AaHUS
CHUCTEMBbI YBEJIIMUMJICS BCETO JIMIIb B 2 paza [12].

Henane:xnocts ¢QyHaamenra mudpona-
HUsA. B pamMkax Teopuu BHIYMCIUTEIBHOMN CIOXK-
HOCTH JIOKa3aHa CBSI3b MEXK/1y CII0KHOBBIYHCIIsIC-
MBIMHM 3aJladyaMd M HX aHajoramu. JTO 3Ha-
YHT, YTO, €CIU OyJeT mogoOpaH KI04 K OJTHOM
KPUINITOCUCTEME, TO OTKPOIOTCS M OCTaJbHBIE,
TaK KakK aHaJOTMYHbIC 3a7]a4d UMEIOT OJUHAKO-
BYIO MJIU BEChMa IMOX0XKYIO0 OCHOBY.

BbBIBO/bI

W3 BeIIIecka3aHHOTO MOKHO CJIeJIaTh BBIBO/I
0 TOM, 4TO ceiyac B KpunTorpaduu akTyaabHbI
npoONIeMbl YCIOKHEHHUS KPUITOCUCTEM, TOBBI-
HIEHUE CTOMKOCTH aJIrOPUTMOB, a TAKXKE YMEHb-
[ICHHE Pa3MepOB OJIOKOB JaHHBIX.

Ho cnemyer moMHHTH O TOM, 4TO KpUITOTpa-
(buueckre anropuTMbl — 3TO BCETO JIHUIIL CTPOU-
TeNbHbIE ONOKH, UCTONB3yeMble I Pa3paOOTKH
CHCTEM M MPOTOKONOB. [louTH Bce camble rpOMKHE
VSI3BUMOCTH B PaclpOCTPAaHEHHBIX KPHUITOCH-
cTeMax CBs3aHbl HIMEHHO C HEJOCTaTKaMH MPOEK-
TUpOBaHMA M peanu3aiyu. [loka HeT OCHOBaHUIA
rojaratb, 4ro 9TOT TPeHH B Omkaiiiiee Bpems
W3MEHUTCS, I03TOMY HapaBHE C TEOPETUYECKUMHU
HCCCIEN0BAaHUSIMH HEJIL3s 3a0bIBaTh U O ITOBBIIIIE-
HUM KadyecTBa padOThl WHKEHEPOB, MPOEKTHPYIO-
X, pa3padaThIBAIOIINX M BHEIPSIOUINX CUCTE-
MBI, UCTIONB3YIOIINE KPUIITOrpaduro.

PaGora BbIMONHEHA 3a CYET CPEACTB MpO-
IrPaMMHO-11€TIEBOTO (PMHAHCUPOBAHUS HAYYHBIX
uccienosanuii Ha 2018-2020 roasl Mo MpoexkTy
«Pa3paboTka mporpaMMHBIX U TPOrpaMMHO-aI-
MapaTHBIX CPEACTB Uil KpUNTOrpaduueckoit
3aluThl HHPOPMALIUK TIPU €e Mepeaade U Xpa-
HEHUH B UH()DOKOMMYHHUKAIIMOHHBIX CUCTEMaX H
CETAX OOIIEro Ha3HAUEHUSY.
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ANALYSIS OF THE DEVELOPMENT OF TECHNOLOGY OF ISOLATION OF
MICROSPHERES FROM ASH WASTE IN THE WORLD AND
THE REPUBLIC OF KAZAKHSTAN

I.V. KOLESNIKOVA, MARLEN DIAS
Kazakh Leading Academy of Architecture and Civil Engineering

Abstract: The possibility of solving environmental issues of the use of waste fuel and energy complex of
Kazakhstan in the production of building materials. Comparison of aluminosilicate microspheres with the
nearest analogues. The analysis of possibilities of technology of production of aluminosilicate microspheres
(cenospheres) from ash and slag waste of thermal power plant in the Republic of Kazakhstan is carried out.
And also shows examples of solving environmental problems, based on the experience of developed countries,
through the use of waste in the production of building materials.

Keywords: glass microspheres, “Shirasu ballons”, perlite microspheres, cenospheres, industrial wastes of
thermal power plant

QJEMJE JKOHE KABAKCTAH PECHYBJINKACBIHIA KYJI-KOXK
KAJJIBIKTAPBIHAH MUKPOC®EPAJIAPIBI BOJIY TEXHOJOTUSICHIHBIH
JTAMYBIH TAJIJIAY

Anoamna: Kypoiivic mamepuanoapvin oHOipyoe Kaszaxcmaruwiy OmMblH-9HEPeMUKANbIK KEUWEHIHIY Kda-
ObIKMApPbIH  KONOAHYObIY DKON0SUSIbIK MACENeNePiH weuly MyMKIHOIel Kapacmulpuliyodd. Anomocunuxam-
Mol MUKPOCepanapobl HaKvli anaroemapmer carvicmolpy. Kazaxcmawn Pecnyonuxaceinoa KO0 Kyn-Koosc
KALObIKMAPbIHAH ATIOMOCUTUKAMMbL MUKpOCcepanap (yenocghep) any mexHono2uscblHblY MYMKIHOIKmepite
manoay sxcypeizindi. Convimer Kamap, KYpbliblc Mamepuaiodapbli 6HOIpYy calacblHOa KaidblKmapovl KOLOAHY
APKbLIbL 2IeMHIY 0AMbI2AH el0epiHiy madxcipubecine cylieHe OmbIpbin, IKOI0SUAIBIK NPOOIEeMANapObl WeuLy
Mbicandapsl Kepceminoi.

Tyiiinodi cesoep: wwvinvl muxpocghepanap, «Shirasu ballonsy, neprummi mukpocepanap, yenocghepanap,
OMbIH NIeKMP CIMAHYUALAPLIHbIY OHEPKICINMIK KATObIKMApbl

AHAJIN3 PA3BUTHUA TEXHOJIOI'MHU BBIAEJIEHUA MUKPOCDEP U3
30JIOIJIAKOBBIX OTXOJ10B B MUPE U PECITYBJIMKE KA3BAXCTAH

Annomayusa: Paccmampueaemcs 603mM04CHOCb peuierus IKOT0SULECKUX BONPOCOE NPUMEHEHUS OMX0008
MONAUSHO-IHepeemuuecko2o Komniexca Kazaxcmana 6 npouzgoocmee cmpoumenbHuix Mamepudos.
CpasneHue anoMoCUTUKAmMHbIX MUKpocgep ¢ onusicativumu anaiozamu. Ilpogeder ananus 603morHCHOCmell
MEeXHON02UU NOJYYEeHUS ATIOMOCUTUKAMHBIX MUKpocghep (yerocgep) uz 3onounakosvix omxooos TOL] 6
Pecnybnuxe Kazaxcman. A maxoice nokazanvl npumepsvl peuleHus dK0I02UYECKUX npooiem, onupascy Ha
ONBIM PA3BUMBIX CIMPAH MUpd, nymem NPUMEHEHUs. 0MX0008 6 00IACU NPOU3BOOCMEA CIMPOUMENbHBIX
Mamepuanos.

Knrwouesvie cnosa: cmexusnnvie mukpocgepul, «Shirasu ballonsy, neprumoguvie muxkpocgepul, yenocghepeoi,
npomvluieHuvie omxodst TOC
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The most valuable component in the compo-
sition of fly ash is aluminosilicate microspheres
(cenospheres) — a light fraction of fly ash. Alu-
minosilicate microspheres are a loose fine pow-
der consisting of thin-walled hollow particles of
a rounded shape, aluminosilicate composition,
with a diameter of several hundred microns. At
thermal power plants, ash and slag waste is re-
moved in the form of pulp, due to its low density,
aluminosilicate microspheres float to the surface
of water pools of ash dumps, forming various
thin foam layers on the surface of the ash dump.

(Fig.1)

Fig. 1. Aluminosilicate microspheres in the form of a ‘‘foam
layer” on the surface of the ash dump. Almaty, Kazakhstan.

In the United States of America, in the Eu-
ropean Union, as well as in other developed
countries, a special industry was created for the
disposal of ash and slag waste in certain indus-
tries. Most often, aluminosilicate microspheres
are used as fillers of various composite materi-
als based on inorganic and organic binders. Their
cost may exceed $ 1000 per ton.

The closest analogues of aluminosilicate
microspheres are glass microspheres. Their his-
tory of obtaining is closely related to each other.

Development of technology for the produc-
tion of hollow microspheres began in the United
States in the 50s of the last century. The main
goal was to develop a technology for the pro-
duction of glass microspheres. The patent for the
production of hollow microbeads from solutions
of alkaline metal silicates was introduced by the
American Corporation “Standart Oil Co.”. The
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specialists of this Corporation proposed to reduce
the pure loss of petroleum products by evapora-
tion from the exposed surfaces of storage, due
to the coating of a layer of light particles on the
surface of the storage, which later could be re-
moved if necessary. An unambiguous solution to
the problem was to obtain hollow microspheres
of glass. The method consisted in the fact that
the main property of solutions of sodium silicates
and potassium silicates during the heating pro-
cess with a sharp increase in volume — to foam.
Today, the industrial production of hollow glass
microspheres is carried out not only in the United
States, but also in all industrialized countries of
America, Asia and Europe. The high choice of
the product range and its quality are determined
by the fields of application. [1]

To date, most hollow glass microspheres
are obtained by passing small particles through
the high-temperature zone of gas-flame burners.
(Fig.2) In these zones, due to the high tempera-
ture, they melt and soften, and the gas formed as
a result of combustion processes forms cavities
inside the particles, expanding them. One of the
main manufacturers in the world market special-
izing in the production of hollow glass micro-
spheres is the American company “3M - Min-
nesota Mining Manufacturing Co”, which has
developed an original way to obtain them. The
essence of this method is that the microspheres
are made of ordinary glass, crushed to tens of
microns and, subsequently, processed in pairs at
elevated temperatures.[2]

Vibrating

Glass Spatula

Microspheres

Collection Tube l .

Irregular Glass Frit

Fig.2. The process of obtaining glass microspheres.

In the early 70-ies of the last century, Japa-
nese specialists of the Technological Institute on
lake Kyushu (Agency of Industrial Science and
Technology) conducted comprehensive studies
of natural mineral raw materials “shirasu”. Due
to this natural material under the influence of
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heavy rains in the South of Kyushu there were
landslides. The purpose of these studies was to
determine the possibility of using this mineral in
industry. In the process of research it was found
that when firing fine-grained fractions “shirasu”
under certain conditions it is possible to obtain
small hollow balls (“Shirasu balls™).[3,4]

The technological scheme of the process
of obtaining “Shirasu ballons™ consists of three
stages [4,5].

1. Grinding of mineral raw materials “shira-
su” to fractions of 40-250 microns;

2. Mixing with agglomerating additives and
with foam at 800 - 1200°C for 10 minutes;

3. Separation of the material is carried out
in water or in a separating centrifuge. Industrial
production of such microspheres is carried out in
tubular rotary kilns. (Fig.3)

Fig.3. Technological scheme of microspheres based on natural
mineral raw materials “shirasu’”.

1 - initial mineral raw materials; 2 - the
crushed mineral raw materials to fraction of 40-
250 microns; 3 - mixing of raw materials with
sintering additives; 4 - the received mix;

5 - the process of swelling at a temperature
of 800 - 1200°C; 6 - the process of separation of
the material in water; 7 — obtained microspheres
floating on the water surface.

Compared with glass microspheres, “shira-
su” microspheres have a number of defects, they
include: the thickness of the walls of spheres, ir-
regular shape, cellular structure, etc., which caus-
es their low strength and high density. However,
the aluminosilicate composition of the product

provides high resistance to acids and alkalis, heat
resistance and less hygroscopicity.

Huge reserves of inexpensive raw materials,
simple production technology and low cost of
microspheres can make them promising materi-
als. This is evidenced by new developments of
Japanese scientists aimed at improving the prop-
erties of these microspheres. However, the prob-
lem of production technology of microspheres
from natural raw materials are engaged not only
in Japan but also around the world. So us experts
have put forward their development to produce
hollow microspheres of perlite — a common vol-
canic rock.

Production of lightweight building materi-
als from industrially processed perlite rocks is
most developed in the United States, where there
are large branched network of processing plants
owned by large firms. [5,6,7] At that time, Italy
ranks first in the production of expanded perlite
in Europe. Industrial processing of perlite is also
developed in Germany, Hungary, Bulgaria and
England. [8,9] Also huge reserves of perlite are
located on the territory of the former USSR. Ka-
zakhstan ranks 3rd in the identified areas of per-
lite raw materials, behind Armenia and Ukraine,
followed by Azerbaijan, Georgia and Tajikistan.
[10]

Swelling of perlite in vertical gas-flame
furnaces of tubular type is still the main indus-
trial method.[11,12,13] The basic principle of
this method — crushed perlite is poured into an
upward flow of hot gases coming from the gas
burner, perlite is expanded and carried away
with the combustion products into the precipita-
tor. Non-foamed particles fall out of the work-
ing chamber into the collection located under
the working chamber. The temperature is in the
range of 1000-1200°C.

However, all attempts to manufacture hol-
low microspheres from perlite led to the fact
that the finished product did not meet the char-
acteristics, although its particles were chemical-
ly inert and adaptable to high temperature con-
ditions[14]. These microspheres had a cellular
structure, which adversely affects their applica-
tion in liquid systems, as they lost their empti-
ness. The liquid filled all the voids, displacing the
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gases in them. Hence the increased finite density
of the system. Therefore, the production of hol-
low spherical balls from perlite raw materials re-
mains relevant to this day.

At the moment, experts from the United States
are actively engaged in the development of tech-
nology for producing hollow microspheres from
natural perlite raw materials. The most active com-
panies are «General Refractories Co», «Manvill
Service Cod», «Johns Manvill Corpy» - USA.

The process of ash removal at thermal pow-
er plants of the Republic of Kazakhstan is largely
similar to the system of hydraulic ash removal
used in thermal power plants of the Russian Fed-
eration. (Fig.4) The features of these systems are
determined by the ash collection system adopt-
ed at the station and the design of slag removal
devices. Devices with screw or scraper feed are
mainly used to remove ash and slag waste from
the boiler hopper,

Fig. 7 shows the scheme of ash removal at a
thermal power plant [15]

Fig.4. The scheme of ash removal at a thermal power plant.

1 - boiler unit; 2 - smoke channel; 3 - smoke
stack; 4 - ash catcher; 5 - flush channel; 6 - mo-
tive nozzles; 7 - pulverized coal mill; 8 - bagger
pump; 9- sump; 10 - filter of large slag inclu-
sions; 11 - slag crushers; 12- slag mine; 13 - noz-
zles for pulverized coal fuel supply; 14 — slurry
pipeline; 15- the flow of pulp; 16 - surface slope
of alluvium; 17 - sedimentation tank; 18 - well;
19 - pumping plant; 20 - dump dam; 21 - purified
water supply.
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In the United States, where about 30 million
tons of ash are formed annually by combustion of
300 million tons of coal, several methods of mi-
crospheres selection have been developed: elec-
trostatic deposition, flotation, sieving [16].

At the moment, more than 600 million tons
of ash and slag waste have accumulated on the
territory of Kazakhstan, every year these figures
grow by 19 million tons. If the use of ash and
slag waste remains at the same level, by 2020 the
volume of waste will exceed 650 million tons,
and by 2030 — 1 billion tons. To date, a small
number of private companies are engaged in the
processing of ash in Kazakhstan. Less than 1.9
million tons of ash and slag waste is processed
annually. Only a small part of the ash micro-
spheres used in industry - oil and gas industry,
engineering, chemical industry, in the production
of various building materials. Basically, micro-
spheres are exported to the EU countries: Spain,
Sweden, Poland, Germany, Slovakia, etc.

Manufacturing and application of micro-
spheres is a dynamically developing field of
technology, and it is no coincidence that over
the past 30 years (since the first publications on
ash microspheres) the annual number of pub-
lications has increased by more than 10 times.
World experience of consumption of ash micro-
spheres amounted to approximately 60-80 thou-
sand tons per year and is constantly increasing.
Large suppliers of ash microspheres from the EU
and the USA, such as “Omega Minerals” (Ger-
many), “Microfine Minerals Ltd” (UK), “Sphere
Services” (USA), systematically study new com-
modity markets of microspheres, focusing pri-
marily on sources from India, China, Russia and
Kazakhstan.

The development of rational methods of iso-
lation of microspheres from fly ash, selection of
microspheres in ash dumps of power plants, as
well as their subsequent processing is an urgent
problem for industry in many countries.

Introduction of technology of processing of
ash and slag waste in order to obtain aluminosili-
cate microspheres and their subsequent use in the
industry of the Republic of Kazakhstan is eco-
nomically and environmentally sound. Based on
international experience.
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NEW APPROACHES FOR SOLVING PROBLEMS OF THE SIMULATION OF FLOOD
WAVES AND BREAKTHROUGH TO JUSTIFY PROTECTIVE MEASURES

T.ZH. MAZAKOV"2, SH.A. DZHOMARTOVA?, P. KISALA?,
G.Z. ZIYATBEKOVA ">

!Institute of information and computational technologies CS MES RK, Kazakhstan
? Al-Farabi Kazakh National University, Kazakhstan
3 Lublin Technical University, Poland

Abstract: The article is devoted to the development of river flow modeling methods. This paper discusses
possible approaches to modeling fluid flow. The analysis of recent floods and measures to protect agricultural
lands from flooding based on computer simulation of the spread of flood and breakthrough waves. Preferred
various examples show that the most optimal way to prevent the breakthrough of hydraulic structures is is a
constant automated monitoring of water level. This information is used to predict the emergency situation in
the future.

Keywords: flood, flood and breakthrough waves, computer simulation, turbulent hydrodynamics, monitoring
system, protection of the territory from flooding

KOPFAHBIC ITAPAJIAPBIH HET'T3IEY YIITH CY TACKBIHBIH JKOHE CEPITHII
TOJKBIHIAPIBI MOJAEJBIEYVIITH MIHAETTEPITH OPBIHJIAYFA APHAJIFAH
HKAHA KOJIJIAP

Anoamna: Makana esen azvinbli Modenvoey adicmepin azipieyee apuanean. OHOA agbiHObL MOOenbOeyOiy
biKmuman macinoepi xapacmuipviiaovl. Cy MACKbIHbIHbIY JHCoHE CEPRIHOI MOMKbIHOAPObIY MAPAIYbIH
KOMNbIomepiK mooenvboey HeziziHoe COH2bl 00N2AH CY MACKbIHbL MEH aybliuapyaubLIblK HCepiepin Cy
bacyoan Kopeay wapanapvina manoay sicypeizindi. Cy oeneeliine agmomammanOblpblIZar OAKbLIAY HCYPIi3y
2UOPOMEXHUKATILIK, KYPBLILIMOAPObIY Cepninicine dcoi bepmeyoiy onmailivl macini 6onvin maobwiiadvl. byn
aknapam oonrauakma memeruie Hcaz0aniovl OOINCAY YIH KOTOAHBLIAObL.

Tyitinoi cezoep: cy mackvinbl MeH CepniHdi MOAKbIHOAp, Cy 0aAcy, KOMIbIOMEPIIK MoOenboey, mypoyieHmmi
2UOPOOUHAMUKA, DAKBLIAY JiCYliect, ayMakmbl ¢y 6acyOaH Kopeay

HOBBIE ITIOAXOAbI AJIAA PEIHEHUA 3AJ1AY O MOJAEJIMPOBAHUMU ITABOJAKOBBIX
U MTPOPBIBHBIX BOJIH JIJIS1 OGOCHOBAHUS 3AIIIUTHBIX MEPOITPUATUI

Annomayus: Cmamovs nocesujena paspabomke MemoouKku MOOeIuposanus peuHo2o nomoxa. B danmot
pabome paccmampuearomcs 603MONACHbLE NOOX00bL MOOETUPOBAHUS meyeHUs: Jcuokocmell. [Iposeden ananus
HEeOAHUX HABOOHEHULl U MEPONpUAMuULl No 3auume CelbCKOXO3AUCNBEHHbIX 3eMelb Om 3AMONJIeHUs. Hd
OCHOBE KOMNbIOMEPHO20 MOOEIUPOBAHUS PACHPOCMPAHEHUS NABOOKOBbIX U NPOPbIBHBIX 60H. [IpusedenHbvle
PasnuyHble NpumMepbl NOKA3bIBAION, YMO CAMbIM ONMUMALLHLIM CHOCOOOM Npe0Omspaujerus npopwiea
CUOPOMEXHUHECKUX COOPYHCEHUL ABNAEMCA NOCMOAHHBIL A8MOMAMUUPOBAHHBIN MOHUMOPUHE YPOBHS B0ObI.
Hannas unghopmayus enocreocmeuu ucnonv3yemcs 0Jis NPOSHO3UPOBAHUSL ABAPULHOU CUMY AYUU.

Knrwouesvie cnosa: nasooHenue, nagookosvlie U NPOPLIGHbIE GONHLL, KOMNHbIOMEPHOE MOOEIUposaHue,
mypoynenmuasn 2u0pOOUHAMUKA, CUCTEMA MOHUMOPUHSA, 3aWUma Meppumopull Om 3amonieHusl
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Introduction

In recent years, the world has seen an increase
in the number and extent of flooding and the as-
sociated social and economic losses. Currently,
floods as a natural disaster cannot be entirely pre-
vented everywhere, they can only be attenuated,
localized and with timely warning of light to min-
imize material damage. For example, flooding in
different regions of the country in 2018 led to the
death of crops on an area of several thousand hect-
ares. The situation was so critical that in the Central
and Northern regions of Kazakhstan the authorities
were forced to evacuate the population.

The most common methods of protection
against flooding are the construction of dams.
Due to the considerable length of the protection
objects for determining the parameters of pro-
tective structures, the use of numerical hydrody-
namic modeling is promising. On its basis, the
distribution of flood and breakthrough waves is
estimated and the calculation of flood zones in
the river valley is carried out.

The use of existing software to identify ar-
eas of potential flooding as a result of the passage
of a flood or a breakthrough wave is possible
only by highly qualified specialists using expen-
sive equipment, while their cost is quite high. At
the same time, the applied modeling techniques
and software products do not offer an operation-
al solution to the problems associated with the
assessment of the consequences of catastrophic
floods. Development of express technology for
modeling flood and breakthrough waves to jus-
tify measures to protect agricultural land from
flooding is an important area of research.

By express technology we mean scientific
activities that allow us to quickly and effectively
justify measures to protect agricultural land from
flooding.

Currently, there are many examples of emer-
gency situations (ES) associated with flooding
caused by the spread of flood and breakthrough
waves. At this time in our country there is a task
of protection of agricultural lands and settlements
from flooding. Flooding of agricultural land oc-
curs when large-scale floods are missed, as well
as other natural and man-made factors, such as:

» with the passage of extreme costs, the
reservoir may overflow and disrupt the normal

operation of the discharge facilities, which leads
to water overflow through the dam crest and the
formation of a blockage;

e due to the long service life, the main
structures of the dam and hydromechanical
equipment can wear out, which can lead to the
formation of a block in the dam;

* due to personnel errors related to the lack
of monitoring of hazardous situations and insuf-
ficient forecasting data on floods;

due to a possible terrorist act leading to the
destruction of the dam.

We present some cases of flooding that
caused significant damage to agricultural land
and human settlements.

Dozens of dead, thousands of injured and
billions of tenge, “drowned” in the water. In re-
cent years, the arrival of spring in Kazakhstan
is marked not only by the awakening of nature,
but also by destructive floods. The flood problem
is becoming more acute. The situation when in
various regions of the country populated areas
literally go under water has become the norm.
At the same time, budget funds are still used to
eliminate the consequences of floods, instead of
preventing them. Kazpravda.kz correspondents
recalled the most terrible leashes, found out
what could happen this year, how to act in case
of flooding and what measures are taken by the
state to prevent and eliminate floods.

In Kazakhstan, a bus with schoolchildren
was washed off the road by a flash flood. Video
of the incident appeared on the network. In the
video you can see how the bus that has moved
down into the ditch is poured over the windows
with stormy streams of melt water. Rescuers on
the boat rescue the bus passengers through the up-
per hatch.

The incident occurred on April 16 in San-
dyktau district on the Atbasar-Kokshetau high-
way, between the villages of Balkashino and
Maksimovka, reports sputniknews.kz. “The bus
of model “PAZ” left Derzhavinsk with 10 chil-
dren, accompanied by teachers to the event in
Kokshetau. On the road, the bus pulled out be-
cause of the meltwater overflow, the children
were not injured, they were evacuated and placed
in the school,” the police said.
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Figure 1 - Flood in Kazakhstan (April 2018)

Flooding is a phase of the water regime,
which is characterized by an intense, usually
short-term increase in discharge and water levels,
and is caused by rain or snowmelt during thaws.
The spring flood is a seasonal phenomenon, and,
in fact, this phenomenon has lately been more or
less impossible to avoid.

In 2017, Akmola, Aktobe, East Kazakhstan,
Karaganda, Kostanay, Pavlodar and North Ka-
zakhstan regions suffered the most from the wa-
ter-related hazard. Most of the 4715 evacuated
people were taken out of Akmola (1340 people),
Karaganda (1850) and Aktobe (1174) regions.

Severe flood damage was caused to the city
of Atbasar in the Akmola region. The water flow
there was so strong that the dam that defended
the city was destroyed by a flood over 5 meters
high. The water level on the first floors of Atbasar
houses exceeded 1 meter.

Unfortunately, 2018 is no exception. Already
in early March, alarming news began to appear:
residents of the village Tuzdybastau evacuated
the residents of the village of Tuzdybastau in the
Almaty region, and the villages of Ornek, Akyr-
tobe, Teremuzek and Mamai were flooded in the
Zhambyl region. There was a difficult flood sit-
uation in Akmola, East Kazakhstan, Karaganda
and North Kazakhstan regions.

Research methods. Attempts to resolve the
conflict between the need to use floodplain and
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coastal lands and losses from possible floods have
been repeatedly undertaken by many specialists.
But so far this conflict has not been resolved. In
order to solve the problem of the possibility of
using coastal lands, it is necessary to analyze the
possible damage caused by floods. In agricultur-
al areas, the losses caused by the flooding of ag-
ricultural land are especially high due to annual
floods. Flooding causes damage to crops, damag-
es various engineering and melioration systems.

Modern problems of land use require con-
trol and reliable forecast of the quality of land as
a result of possible emergencies associated with
flooding.

In the case of a flood or breakthrough wave,
the quality of the land deteriorates significantly.
Even a short-term rise of water in a river during a
flood can cause flooding of coastal lands, which
invariably entail significant losses associated
with both possible crop loss and deterioration of
land quality. In case of destruction of the pressure
front of the dam, the most dangerous situation
is observed. In this case, the resulting wave of
breakthrough will cause huge damage, possibly
flooding not only agricultural but also land set-
tlements, which will bring catastrophic damage.

As measures to prevent damage caused by
a possible flood, it is necessary to carry out such
engineering measures as:

—monitoring and regulation of flood flow
of rivers using various engineering structures:
weirs, dams, strengthening of river banks,
straightening of channels, etc.;

— design and rational placement of infra-
structure elements and residential buildings in
accordance with the potentially hazardous ar-
eas of possible flooding; in areas with frequent
floods, it is possible to build houses on stilts, or
transfer the first floors of buildings to non-resi-
dential premises;

— ensuring the sustainability of work,
taking into account the possible occurrence of
emergencies, important infrastructure elements:
bridges, communication lines, etc.

All of the above flood control measures re-
quire precise engineering justification. Often,
huge expenditures are required, both material
and temporary, to conduct such research. To con-
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duct a qualitative simulation of the breakthrough
wave in existing software systems, high-class
specialists, expensive equipment are required,
the cost of the software itself is also high. All this
requires huge financial investments, in turn, the
available techniques do not offer a quick solution
to the tasks.

It is worth noting that the main way today
is the construction of embankment dams. The
erection of embankment dams requires precise
determination of the size of the dams themselves,
since when they overflow through them, the dams
turn out to be washed away:. It is necessary to ac-
curately determine the construction sites of the
embankment dams, in order to prevent further
spread of water. Due to the fact that the cost of
building embankments directly depends on their
length and height, it is necessary to optimize their
parameters. The most rational conclusion could
be the use in the design and construction of shore
protection means, the simulation of river flow
to determine possible areas of flooding. Further,
based on the obtained simulation results, it is pos-
sible to calculate the parameters of embankment
dams. Such calculations will allow to select the
optimal parameters of bank protection means of
protecting territories from the effects of flooding.

The founder of meliorative science in Rus-
sia was A.N. Kostyakov. In his fundamental work
“Fundamentals of reclamation” [1] he described
the ways of reclamation of floodplains and flood-
ed lowlands. The concept of soil degradation,
including the influence of anthropogenic factor
was described in the works of A.A. Izmailskyi
and B.A. Shumakov [2]. In the works of B.A.
Brudastov the method of surface water drainage
with the help of closed collectors was described.
[3] Works of S.F. Averyanov on the management
of water regime of reclaimed lands, on the meth-
ods of calculation of drainage for water drainage
are widely used in the design of land reclamation
measures [4].

To solve the problem of modeling flood and
breakthrough waves and substantiate measures
to protect agricultural land from flooding, the
analysis of the literature describing possible ap-
proaches to modeling the flow of fluids has been
carried out.

Jnist pereHust 3a7a4m O MOJyYeHHH 30H 3a-
TOIJICHUS B PE3yJIbTaTe NaBOJIKA BO3MOXKHBI ClIe-
JYIOIIHE CIIOCOOBI IMOTyYeHHsI PE3YJIbTaTOB:

1. Physical models;

2. Conduct analytical calculations;

3. Numerical simulation.

To date, it has been shown that it is only pos-
sible to determine the propagation parameters of
flood and breakthrough waves using numerical
computer simulation.

Fluid flows are divided into two strong-
ly different from each other type: laminar
(smoothly changing, regular) and turbulent
(disordered). In cases of the propagation of
flood and breakthrough waves, the fluid flow
will be turbulent.

P. Bradshaw (1971) [5] put forward the
following definition of turbulence: “this is a
three-dimensional unsteady motion in which,
due to the stretching of vortices, a continuous
distribution of velocity pulsations in the wave-
length range from the minimum determined by
viscous forces to the maximum determined by
the boundary conditions of the flow is created.
It is the normal state of a moving fluid, with the
exception of flows at low Reynolds numbers”.

The existence of laminar and turbulent flow
regimes was observed in the first half of the 19th
century, but the beginning of the theory of tur-
bulence was described in the works of Osborne
Reynolds (1883) [6]. Reynolds established the
existence of a general criterion for the dynamic
similarity of viscous incompressible fluid flows,
the so-called Reynolds number:

Re = —,

v

(D)

where: U - characteristic speed, m/c; L — charac-
teristic length scale in the current under consid-
eration, m; v — kinematic viscosity coefficient,
m?/s.

It has been discovered that if the Re number
is sufficiently small, then the fluid flow is lami-
nar. When the number Re reaches the critical val-
ue, the fluid motion becomes turbulent.

The first attempt to describe the processes of
momentum transfer in turbulent flows belongs to
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Boussinesq (1877) [6, 7]. These ideas were devel-
oped in the work Prandtl (1925) [8]. The modern
formulation of the hypothesis of “locality” was
defined in the work of LG. Loitsyanskyi (1958)
[9]. In Richardson’s works, a cascade mecha-
nism of energy transfer in a turbulent flow is de-
scribed. (1922) [6]. Then in the works of Jeffrey
Taylor (1935) [6] the concept of homogeneous
and isotropic turbulence was introduced. Later,
Russian scientist Andrey Nikolaevich Kolmog-
orov (1941) [10] made significant results in the
creation of a holistic theory of locally isotropic
turbulence. Important studies of the semi-empir-
ical theory of near-wall turbulence were made in
the 50s in the works of E.Van Drist (1956) [11]
and F. Clauser (1956). An important role in the
development of the theory of turbulence, based
on the use of equations for the second moments,
was played by the works of A.N. Kolmogorov
(1942) and Prandtl-Weghardt (1945), in which
a hypothesis was put forward, which relates the
coefficient of turbulent viscosity and the kinetic
energy of turbulence. Recently, alternative ap-
proaches for modeling turbulence have been ac-
tively developed. Thus, direct numerical simula-
tion (DNS — Direct Numerical Simulation) was
formulated. Of the works that describe the re-
sults obtained by this method are W. Schumann,
G. Gretzbach, L. Kleiser (1984), [12]). (1984),
[12]). Due to the limitations of the methods of
direct numerical simulation (DNS) of turbulent
flows, the methods of large eddy simulation
(LES-methods) have been developed. The main
idea of the LES method is a formal mathematical
separation of large and small structures by means
of some operation. Main works in this area: F.
Durst, B.E. Launder (1982), J. Ferziger (1977)),
Smagorinsky (1963, 1971) [6], (D. Lilly, 1967).

Then, a new approach to modeling turbulent
flows was the method called - Detached Eddy
Simulation (DES), (work of M.H. Streletc, F.
Spalart (USA), etc. (1997). Recently, combined
LES - DES methods for modeling turbulent flows
have also been developed.

Currently there is a wide variety of algo-
rithms and programs. Due to the rapid growth of
computer technology, the calculation speed has
increased markedly, which allows for high-qual-
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ity modeling. But it is worth noting that in re-
al-life tasks, it becomes more important to obtain
high-quality raw data. Inaccuracy of such data
can minimize the advantage of using complex
computer models. The most well-known and
applied in practice are the programs: MIKE 11,
developed by the Danish Hydraulic Institute and
HEC-RAS, developed by the US Department of
Defense. The HEC-RAS software package allows
one-dimensional modeling of river flow and can
be applied to rivers and canals. Software product
MIKE 11, allows simulation of hydrodynamic
processes such as dam destruction, breakthrough
and flood waves, sediment transport and others.
The MIKE 11 module makes it possible to find
solutions to the implicit Abbott finite-difference
scheme based on one-dimensional Saint-Venant
equations.For two-dimensional modeling of river
flow, the software package MIKE 21 was created.

The advantages of software systems are that
they have a user-friendly interface, and the mod-
els used have a sufficient degree of reliability.
The disadvantages include the high cost of soft-
ware products and the complexity of setting the
initial data for the simulation

Among the Russian programsfor river flow
modeling should be noted a series of programs:
“HYDRA”, “WAVE”, «Hydro Grashy», devel-
oped by the CJSC Research and design center of
Risk research and Safety Expertise, as well the
Programs developed at the Scientific research In-
stitute of energy structures under the guidance
of A.N. Militeev, V.V. Belikov, S.Ya. Shkolnikov.
Also worth mentioning is the RIVER program
developed by A.N. Militeev, V.V. Belikov, V.V.
Kochetkov, designed to calculate the costs, lev-
els and zones of flooding on the basis of its own
algorithm for the joint solution of the one-dimen-
sional Saint-Venant equation and the continuity
equation.

When a wave propagates along a flood plain,
the use of one-dimensional Saint-Venant equa-
tions is inefficient, and two-dimensional equa-
tions need to be solved. A simulation based on
solving two-dimensional Saint-Venant equations
is represented by the “BOR” program created by
V.V. Belikov, which allows for calculations of
flood currents in rivers and river valleys.
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It should be noted that the use of three-di-
mensional models is required to obtain an accu-
rate picture of the fluid motion in the simulation
of a breakthrough wave or a flood wave near the
structures. Numerical simulation requires the
solution of three-dimensional Navier-Stokes evo-
lution equations. This approach is implemented
in Los Alamos Lab Flow3D software package. It
is also possible to carry out numerical 3D mod-
eling in the software package Apsus 14, devel-
oped by the American company ANSYS Inc. It
is worth noting about the software product Flow
Vision from the developed. It allows to solve var-
ious hydrodynamic problems, including three-di-
mensional stationary and unsteady flows of com-
pressible, weakly compressible and incompress-
ible fluid using different turbulence models.

Thus, all existing software systems can be
divided into one-dimensional, two-dimension-
al and three-dimensional. Numerical simulation
in the one-dimensional and two-dimensional
cases greatly simplifies the model under study
and does not provide a complete picture of the
processes occurring during the propagation of
a breakout wave or a flood wave, which will be
shown below. Thus, the use of three-dimensional
numerical simulation will be most accurate for
the calculation of flood and breakthrough waves.

In most cases, the basic system for hydro-
dynamic modeling is the three-dimensional sys-
tem of Navier-Stokes evolution equations. The
problem of river flow modeling is an important
issue. Currently, there is no single solution for
forecasting river flow. The constant aspiration to

simplification of methods leads to a loss of qual-
ity in results of a research. But more complex
models require multiple observations, which are
often not available, so we have to simplify the
models. One-dimensional models of river flow
simulation can be used only for preliminary cal-
culations. For a more accurate study, higher-level
models should be used.

Conclusion. The paper shows that it is pos-
sible to determine the propagation parameters of
flood and breakthrough waves only with the use
of numerical computer simulation. All considered
methods do not allow to receive quickly initial data
for justification of flood control measures and de-
mands considerable material and time resources.
Thus, it is obvious that it is necessary to create a
simplified technology for engineering substantia-
tions of flood control measures that are comparable
in terms of the reliability of obtaining results with
existing ones, but at the same time have an advan-
tage in speed of modeling and ease of implementa-
tion. The technology should, with a minimum set
of initial data, make it possible to simulate the prop-
agation of a flood wave or a breakthrough wave, the
results of which provide a two-dimensional map of
the study area with flood zones ranked by depth, as
well as other parameters characterizing the propa-
gation of waves.

This research has been conducted at the ex-
pense of the grant financing of scientific research
for 2018-2020 under the project AP05131027
“Development of biometric methods and infor-
mation protection tools”
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OU3UKO-MATEMATUYECKHUE U TEXHUYECKHUE HAYKHA
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COXPAHEHME IN VITRO MAT'KOIVIOAHUKA KPUTMOJIUCTHOI'O
MALACOCARPUS CRITHMIFOLIUS - PEJIMKTOBOI'O BUJIA MAHI'BIIIIJTAKA

B.K. MYPCAJIMEBA', A.A. UIMAHBAEBA?

'HUnemumym 6uonoeuu u 6uomexnonocuu pacmeHuil
’Maneviunarckuil SKCnepuUMenmanbHulll 60MaHu4ecKuil cao

Annomavusa: Ilpusedenvl pesyibmamsl 66e0eHUs 6 KVIbMYPY N Vitro u MUKPOKIOHATbHOZO PAZMHONCEHUs
sHOemuynozo euoa Malacocarpus crithmifolius, npouspacmarnowezo Ha meppumopuu NoOIYOCMPO8a
Maneviwnaxk. Yemarnoeneno, umo onmumanbHblM 9KCRIAHMOM 015 KYIbIMUBUPOBAHUS SGNACMC Ce2MeHM
2eHepamueHo2o nobeza ¢ Hespervimu coygemusamu. IIpu Kyibmusuposanuu nepeuyHoeo SKCNIAHMA Hd
uHOyyupyroujell cpeoe ommeddaemcs npsamds peceHepayus a08eHMUBHbIX N00e208 U3 nasyxu NPUIUCIHUKA.
Maccosoe mupadicuposanue UCX00HO20 PACMUMENIbHO2O Mamepuaia co cpednell s¢@exmusnocmoio 1:8
oocmueaemcs nymem RACCUPOBAHUS N0De208 HA UHOYYUPVIOWYIO cpedy C YUMOKUHUHOM U AYKCUHOM C
NOCAEOYIOWUM YKOPEHEeHUeM OMOEIbHbIX N00e208 Ha cpede ¢ UHOOIUIMACIAHOU KUCTIOMOU.

Paspabomannulii buomexnonocuueckuti Cnocood ycKopeHH020 PAMHONCEHUS MACKONIOOHUKA KPUMMOIUCTHO20
in vitro pekomeH008aH 015l COXPAHEHUs U OAIbHeUue20 HAYYHO-NPAKMUYECKO20 UCNONb308AH U YHUKATbHBIX
2EHEeMUYeCKUX Pecypco8 peiukmosoeo udd 8 Heghmeoobwisarouem peauoHe.

Knroueswvle cnosa: msackonnoonux kpummonucmuwitl, Malacocarpus crithmifolius, penukmosuiii 6uo, in vitro,
MUKPOKIOHANbHOE pazmMHodceHue, Manevlunax

IN VITRO CONSERVATION OF MALACOCARPUS CRITHMIFOLIUS - RELICT
SPECIES OF MANGYSHLAK

Abstract: The results of in vitro cultivation and micropropagation of Malacocarpus crithmifolius - endemic species
from the Mangyshlak Peninsula in Western Kazakhstan are given. Generative shoot segment with an immature
inflorescence is the optimal explant for cultivation. Direct regeneration of axillary shoots from primary explant is
induced on the nutrient medium supplemented by cytokinin and auxin. Multiplication with average efficiency 1:8
during cultivation is achieved. Rooting of shoots on the medium with indole butyric acid is received.

The developed technique in vitro is recommended for the conservation and scientific and practical using
genetic resources of Malacocarpus crithmifolius in the oil producing region.

Keywords: Malacocarpus crithmifolius, relict species, culture in vitro, micropropagation, Mangyshlak

MAHI'BIIIJTAKTBIK IN VITRO KoAIMI'T XKYMCAK KEMIC
MALACOCARPUS CRITHMIFOLIUS - PEJIMKTIK TYPIH CAKTAY

Anoamna: Manzviunax myoeciniy aymasvinoa ecemin Malacocarpus crithmifolius suoemusnvlx mypiniy in
Vitro 20iciMen MUKpOKIOHANObIK KOOEIIiHiy Hamuoicenepi KeimipiieeH. Ocipy yuiH OHmMailibl SKCNiaHmmap —
JIcemiimezer 2eHepamuemi 6CKiHoep cecmeHmmepi 606N MAOLLIAMbIHGL AHBIKMAIObL. JKemiime2eH 2yl Wobipbl
bap eenepamuemi OCKiH cecMeHmmepiH 6cipy YuiiH muiMoi SKCHAaum  00abin madbLIAMbIHbL AHLIKMALObL.
Huoyyuanaywnl opmada 6acmankpi 9KCHAAHmM 6cCIpy Ke3iHOe JHCanvlpakmvl OYMakulaiapobly KyblCHMAapbIHAH
aogeHmusmi 6CKiHOepOiy mixenell pecenepayusacsl datikaiadvl. Opmawa muimoiniei 1:8 bonamvin bacmankvl
6CIMOIK MAMEPUATBIH JHCANNALL MUPAAHCOAY2A YUMOKUHUHMEH JHCIHE AYKCUHMEH UHOYYUpLeyuli Opmaza 6CcKiHoepoi
naccancoaymen, KeuiHneH UHOOMUIMAL KbIWKbLIbL Oap opmaoad JceKeleeer 6CKIHOepOi mambipiay apKblibl KOl
JHCEMKI3LNEOI.
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Tez0emin kebetimyoin azipneneen In vitro OuomexHoio2UsNbIK MACiNI peltukmi mypoiy Oipezeli 2eHemuKanibiK
Pecypcmapuii cakmay HaHe MYHAll OHOIPY aumMazblHOa 00AH dpi bLALIMU-NPAKMUKATLIK NAUOANAHY YULIH

YCbIHBLIAOYL.

Tyitinoi ce3oep: kaodimei scymcax scemic, Malacocarpus crithmifolius, peruxmi myp, in vitro, MUKDOKIOHAIObL

kebero, Manevriunax

BBenenue

B Hacrosmiee BpeMst mpobiaemMa coXpaHeHUS
OMONIOrMYeCcKOro pazHoo0pa3usi UMeeT I00allb-
HBIM XapakTep M OTpakeHa B MEXIYHApOIHBIX
Y HAIMOHAJIbHBIX CTPATErHUECKUX JTOKYMEHTaX,
KOTOpBIE SIBIISIOTCS 3aKOHOJATEIbHOW OCHOBOM
JUTsL yCTOMYMBOTO MCTIONB30BaHUS OHMOPECYPCOB
[1,2].

Baxneimeir dacTteio OMOpa3zHOOOpa3us
SBIISIIOTCSA PACTEHUS — HE3aMEHUMBIH UCTOUHUK
KU3HEHHO BAXKHBIX NJISl YEJIOBEKa MPUPOIHBIX
BellecTB U marepuanoB. CormacHo MexayHa-
ponuoit Konenniun OOH o Ouonorumdeckom
pa3HoOOpa3uu JBE TPETH BHIOB pPACTEHHUIl B
MHUpE HaXOIATCSA TOJA YIrpo30id HCUE3HOBEHUS
BCJIC/ICTBUE AHTPOIIOTEHHOTO BO3JEHCTBUS U
M3MEHEHUsl Kiaumara. B cBa3M ¢ 3TuM ofHOU
u3 3amgay [mobGanpHOI cTpareruu ans coxpa-
HEHMSI pacTeHUM SBISAETCS «secure 75 per cent
of threated plant species in accessible ex situ
collections probably in the country of origin,
and 20 per cent of them included in recovery and
restoration programmers» [1, 3].

Masmrblnuiakckas 006JacTb, pacoI0KEHHAS
B MYCTHIHHOW 30HE Ha 3amane PecnyOmmku Ka-
3axCTaH, SBISETCS OMHOMN U3 KPYIMHBIX U UHTECH-
CHUBHO OCBaMBaeMbIX HE(TEra30HOCHBIX PETHO-
HOB M XapaKTEePU3yeTCs CIOKHBIMU (PU3HUKO-Te-
orpaU4eCcCKUMHU YCIOBHUSIMH: PE3KO KOHTHHEH-
TaJbHBIM apUIHBIM KJIMMAaTOM, PazHOOOpa3neM
naHAmadTHO-KIMMAaTUYECKUX 30H, KaXKIas U3
KOTOPBIX OTIUYAETCS CBOCOOPA3HBIM U YHUKAIb-
HBIM KOMILIEKCOM BHJIOB. B HacTosiiiee Bpems
dbnopuctudecknii cocraB MaHrucrayckoi ooa-
CTH, COTIaCHO OIyOJIMKOBaHHBIM JaHHBIM MaH-
TBIIIAKCKOTO SKCIIEPUMEHTAIBHOTO0 OOTaHWYe-
ckoro cana (MOBC), nHacuuteiBaeT 675 BUIOB U3
300 pomoB u 69 cemeiictB [4]. CHCOK peaKux
JTUKOPACTYIIMX BUAOB MECTHOU (prIopsl BKITIOYA-
eT okosio 40 BUAOB, MHOTHE U3 KOTOPBIX BHECE-
Hbl B Kpacnyto kaury Kazaxcrana u B mepeueHb
PEIKUX W HAaXOISIIMXCS TOJA YIpo30i HCYe3HO-

148

BEHUS BUJIOB pacTeHul [5, 6]. YHUKaIbHOCTh U
HEMOBTOPUMOCTh T€HETHUECKUX PAaCTUTEIbHBIX
pEeCypcoB JTaHHOTO pEruoHa O00yClaBINBAIOT
TaK)Ke MPOU3PACTAIOLINE TOJIBKO 3/1€Ch PETUKTO-
BbIC BUJBI [7].

OIHUM U3 TaKUX PACTCHHU SBISIETCA MST-
KOTUIOAHUK KPUTMOJUCTHBIN (KOMIMTI1 KYMCaK
xemic) Malacocarpus crithmifolius (Retz.) C.A.
Mey — penuKTOBBIA MPEACTaBUTEIb IPEBHEM-
Ier0 MOHOTUIIHOTO HMPaHO-I0KHOTYPAaHCKOTO
pona Malococarpus u3 cemeiictBa IleranoBbIx
Peganaceae.

M. crithmifolius enuHCTBEHHBIN BU U3 (bi10-
pb1 Kazaxcrana, kotopslii 3aneced B 2008 roay B
Kpacublii cincok MexayHapogHOro coro3a 1o
oxpane npupoasl (MCOII) kak ys3BUMBIN BH]
kareropuu III (VU) ¢ HHM3KOW YHCICHHOCTHIO
MOMYJISIUM ¥ OTPAHUYEHHBIM apeasioM [8].

ITo >xu3HEHHO# (opMe pacTeHHE MPEACTaB-
JsieT co00M SIrOHYI0 MOIYKYCTapHUKOBYIO JIa-
HY BBICOTOM JI0 ABYX METPOB CO CTEIIOIIMMHUCA
JUIMHHBIMHM CTEOJIIMU C HENPaBWJIBHO JBaK[bl
pacceuyeHHbIMH Ha JIAHIETHO-JIMHEWHBIE OJIU
JUCTBSIMU (JIpyroe Ha3BaHUE BUJA - MSTKOILIO/-
HUK pacCEYEHHOIUCTHEIN). OCHOBHBIE MECTOHA-
XOXKJIEHUS] TMPUPOAHBIX MOMYISIHUA COCPETOTO-
yeHbl Ha Bocrounom moGepexnpe Kacmuiickoro
Mopsi — Manrsinak, by3auu, ynHku Ycrtiopra.
PacreT MArKOIUIOAHMK Ha IIIMHUCTBIX U T€C-
YaHbIX MOYBAX, HA PaBHMHAX, HA KaMEHHCTBIX
CKJIOHAX MPEATrOpHUil U Ha OOPBIBKaX YUHKOB [9].

MSTrKOIIJIONHUK KPUTMOJIUCTHBIN SIBISIETCS
c1ab0 KOHKYPEHTOCTIOCOOHBIM BHIOM, BCTpeva-
€TCsl CIIOPaJAMYECKH U, KaK MPaBHUIIO, B YyTHETECH-
HOM cocTosiHuu. EcTecTBeHHOE BO30OHOBIECHHE
BUJIa IPOUCXOAUT OT IHs. Pa3zMHOXeHHe ceme-
HaMHU OTMEYAeTCs TOJBKO B OJIarOMpHUSITHHIE MO
0CaJIkaM TOJbl MPH JOCTATOYHOM KOJIHYECTBE
CBETa Cpelu JPEBECHO-KYyCTAPHUKOBOIO PENIKO-
necksa. OpHako, B MpHUpOJEe HEOOIbIIOE YHCIIO
0co0eit BEDKHMBAET CaMOCEBOM [9].
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MSTKOIUIOAHUK SIBIISIETCS TEPCIEKTUBHBIM
MUIIEBBIM U JCKOPATUBHBIM PACTEHUEM JIJIsI IITHU-
POKOTO UCTOJIH30BAHMSI HA 3aCOJEHHBIX HEYI00-
HBIX 3€MJISIX | JIJIS BBEICHUS B KYJIBTYypy B Kade-
CTBE SITOJIHOTO PACTEHUS B IPOMBILIIIIEHHBIX paiio-
Hax MaHnreiaka 1 YeTIopTa U B IYCTHIHHBIX
paiionax Llentpanshoit A3uu. CouHble OpaHKe-
BO-KpACHbIE ATOABl MSTKOIUIOJHUKA COJEpKaT
MHoro ButamuHa C, 6orarsl caxapamu U OpraHu-
yeckumu kucioramu [10]. B nuctesax pacrenus
BBISIBJICHO BBICOKOE COJIEp)KaHUE aJIKaJOUJIOB,
unaeHTHGUIpPOBaH aHA0Aa3WH, THAPOXJIOPHU]] KO-
TOpPOTO UCTIONB3YETCS B KaUeCTBE CPECTBA, CHU-
JKaIOIIEeT0 HUKOTUHOBYTO 3aBUCUMOCTH [ 11]. Pac-
TEHHUE PEKOMEH]I0BAHO JIJIsl MCIIOJIb30BaHUS B Ca-
JIOBOJICTBE JIJISl BEPTHKAJIBHOTO JEKOPATUBHOTO
o3eneHenus [12]. B apuanHoii Apanokacnuickoit
30HE MSTKOTUIOJHUK UTPAeT 3HAYUTEIHHYIO POIb
B KOPMOBOM paIlFiOHE OBeIl 1 jiomazaeit [13].

Llenvio uccnedoeanus sBISETCA pa3zpadoT-
Ka croco0a YCKOPEHHOTO pPa3MHOXKEHHS MST-
KOTUTOHUKA KPUTMOJIUCTHOTO M. crithmifolius
METOAOM KYIBTYPbl TKaHEH in Vitro, IpUMEHEHHE
KOTOPOTO TIO3BOJIUT COXPAHUTh OSHIEMUYHBII
BU/JI, TPOBECTU MHTPOAYKIUIO U MPEAOTBPATUTH
MCYE3HOBEHHE T'EHETHMYECKHX PECYpPCOB 3TOTO
PETUKTOBOTO PACTECHUS.

JKCIepuMeHTATbHAs YaCTh

Cemena M. crithmifolius W3 KOJUIEKIIMH
MOBC ObuM BBICAKEHBI B YCIIOBUS TETUIUIIBI
JUISL TIOJIy4EeHMS JOHOPHBIX pacTeHui. s BBe-
JIEHUsl B KYJBTYPY in Vitro UCHOJb30BaJU IKC-
TJIAaHTHI BETETATUBHBIX MOOETOB C BEPXYIICUHOM
MOYKOW ¥ TEHEPATUBHBIX TTOOETOB C COI[BETHSIMHU.
BBeneHne nepBUYHBIX HKCIUIAHTOB MPOBOIMIN
B BECEHHHI MEPHOJ] C TOPLICYHOTO PACTECHUS U
JIETHUM TEpUOJ C MOJIEBBIX PACTEHUN HA HTAre
WX BEreTalNU-IIBETCHUSI.

B skcnepuMeHTax MpUMEHsUTH OOIIepH-
HATYI0 METOJMKY KyJbTUBUPOBAHUS H30JIMPO-
BAHHBIX 3KCIUIAHTOB PACTECHHMI HA MUTATEIIbHOMN
cpene B ycnoBusix in vitro [14]. ns KyabTUBH-
POBaHHUS UCIIOIB30BAIM OCHOBHYIO cperry Mypa-
cure u Ckyra (MC) ¢ BHECEHUEM CTUMYIISITOPOB
pocTa: ayKCHHOB; 2,4 — AUXJIOpPPEHOKCUYKCYC-
Has kuciora (2,4 J1), uHnonuiIMacisiHas KuciaoTa
(MMK), unnonunykcycnas kucnota (MYK); mu-
TOKUHUHA - 6- 6en3unamunonypus (BAII).

Jns crepunm3anii MCXOIHBIE TOOErH B
YCIIOBUSIX JIAMHUHAPHOTO OOKCa CTEPHIN30BAIH
70% stunoBeiM cnuproMm, 3atem 0,1% pactBo-
pom cynemsl. [locne crepunuzanuu B acentTuye-
CKUX YCIIOBHSIX KKl MOOET JeNUIN Ha y3I10-
BBI€ CETMEHTHI JNIMHOM 1,5 CM M BBICa)KMBaIU Ha
MUTATEIBHYIO CPELy.

BricaxkeHHBIN Ha TUTATENIBHYIO CPEly MaTe-
puaj epeHOCUIN B YCIIOBUSI CBETOBOM KOMHATBHI,
rae mnoadepxkuBanu 16-dacoBoil ¢oromnepuon,
ocseniennocts 3000 mroke, 60% BIaXKHOCTU U
temneparypy 24-26°C. ExeHenenpHO BU3yasb-
HO OIICHUBAJIU >KM3HECIIOCOOHOCTh, POCT U pas-
BUTHE OHKCIUIaHTOB. [lepeHoc (maccupoBaHue)
MaTepuaia Ha CBEeXYIO MUTATeNbHYIO CpeLy mpo-
BOJIWJIN Y€pe3 KXl MECAI KyTbTHBUPOBAHHS.
Koadpdunment pasmuoxenus (Kr) onmpenensiy,
Kak 00111ee KOJIMYECTBO 00pa3yIOIIMXCs MOOETOB
B BapHaHTe, JACJICHHOE Ha YUCJIO MIEPBUYHBIX IKC-
TUTAHTOB WJIM TACCHPOBAHHBIX MUKPOMIOOETOB.

Pe3yabTarsl U BX 00CyKIeHUE

VYcTaHOBIEHO, YTO HKCIUIAHTHI BEreTaTUB-
HBIX MOOEroB ¢ BEpPXYLIEYHOUN MOYKOM HE 00-
JAJar0T PEreHEPalMOHHON CIMOCOOHOCTHIO B
yCIoBUSAX in vitro. Ilpyn UX KynbTUBUPOBAHUH
Ha unayuupytomeit cpene ¢ BAII mpoucxonunna
BUTpU(UKAIMS BEPXYLIKU MMOOETa U JIMCTHEB,
JajgbHENIero pocrta u npoiudepanuu J0mo-
HUTEJIBHBIX MOYEK HE HaOII0anoch (PUCYHOK
1 a).

[Ipyn KyJTbTUBUPOBAaHUU SKCIJIAHTOB TEHE-
paTUBHBIX OPraHOB HAa HWHIYIHMPYIOIICH MUTa-
TEIBHOU cpelle OTMedaslach OTBETHas Mopdo-
TeHETHUYECKas PEaKIlMs SKCIUIAHTOB. BhIsiBIEHO
CYILIECTBEHHOE BJIMSIHUE TOPMOHAJIBLHOTO COCTa-
Ba MMUTATEJILHOW CPEJIbl HA peasn3aliio pereHe-
PALMOHHOTO MOTEHIMAIa YKCIUIAHTOB.

OcnoBHas cpena MC ¢ 1 mr/n 2,4 J] BbI3BI-
BaJsia 00pa3oBaHne HEMOP(OTEHHOTO KaJlTyca Ha
MOBEPXHOCTH 3KCIUIAHTOB COLIBETHM, KOTOPBII
HEKPOTUPOBAJICA B XOJIe MACCHpPOBaHUS (pUCY-
HOK 1 0). Torma kak KynbTHBHpOBaHUE Ha cpe-
ne ¢ BHecenueM BAII B couetannu ¢ aykcMHaAMu
MIPUBOJIAJIO K 3aKJIAJIKE JOMOJHUTEIIBHBIX MTOUYEK
B Ta3yXax MPUJIUCTHUKOB (PUCYHOK 1 B).

[IpmkrBa€MOCTh CETMEHTOB T€HEPATHBHBIX
noOeroB Obla BeIcOKa (72%), HO MOp(doreHeTu-
4yecKasl peaklus oTMedaiach Toiabko y 33% BBe-
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JICHHBIX SKCILJIAHTOB Yepe3 HeJlet0 KyJIbTUBUPO-
BaHus Ha cpene ¢ 4 mr/in BAII + 0,25 mr/mn UMK.

B mazyxax mpHJIMCTHUKOB OTMEYaiaoch IO-
SBJIEHUE KyCTHCThIX 00pa3oBaHuii (pucyHok 1 r),
KOTOpbI€ YBETMUMBAJIUCH B pa3Mepax u Oe3 mac-
CHUpOBAHMS IOCTUTAJIA Yepe3 2,5 Mecsiia BbICOThI
3 cM (pucyHnok 1 ).

[Ipu oTnenenry BHOBL 00pa30BaHHBIX KYCTHU-
CTBIX I0OEToB (PUCYHOK 1 €) ¥ X MacCupoBaHUU Ha
CBEXHE Cpelibl ¢ NOHMKEHHBIM ypoBHEM BAII 1o 1
MI/JI MO’KHO OBLIO OTHEUTH €AUHAYHBIE ITOOETH B
koinuecTBe 8-10 MITYK U pa3aesuTh OCTaBILUNCS

IUIOTHBIN KOHITIOMEPAT Ha OTAENbHBIC KYCThI JJIs
CIIeTyIOIIeH repecanku (PUCYHOK 1 xk).

B nenom 3a 4 maccaxa (Beenenue — III mac-
CaX<) OT OJIHOTO MCXOJHOTO JKCIUIAaHTa ObLIO T10-
Jy4EHO B 3aBHCHUMOCTU OT FOPMOHAJIBHOIO CO-
craa cpenbl oT 20 10 32 noberos (Tadbnuia).

W3 npuBeneHHbIX B Ta0NNIIE TaHHBIX CIEAY-
€T, YTO JIONOJHUTEIbHOE BHECCHHE B MUTATEIIb-
Hyto cpeny uutoknHuHa BAIl n aykcuna UMK
nm UYK ctumynupyer 3akiaiKy JOIOTHUTEIb-
HBIX TIOYEK U Pa3BUTHE U3 HUX JIBEHTUBHBIX I10-
0eroB, KOTOpbIE MPHU JajJbHEHIIEM TPEXKPaTHOM

3

a — BEepXYILKa BEreTaTMBHOro rodera, 6 — KaJulyC Ha SKCIIaHTaX COLBETHH, B — Pa3BUTHE Ma3ylLIHbIX HOOETOB B Ta3yXax IPUIHCT-
HHMKOB Ha TEHEPATHUBHBIX M00Erax; I — pereHepays KyCTUCTBIX 0OEroB Ha SKCIUIAHTAX FEHEPATUBHBIX M0OEroB; i — KOHITIOMEepar
noberos Ha 70 AeHb Ha IEPBUYHOI CPEZIe; € — OTACICHHbBIC KYCTUKH, | maccax; K — pa3BUTHIE 1T00ErH, 3 maccax; 3 — dTarl yKOPEHEHHUs!

mooeros, 5 maccax

Puc. 1 — Muxpokionanbhoe pasmuodicenue Mackonio0nuka kpummonucmuoeo Malacocarpus crithmifoilius 6 yciosusix in vitro

Taﬁ.mma - Perenepaunonﬂaﬂ CIOCOOHOCTD IKCILIAHTOB HIBETOYHBIX mooeros MAT'KOIIOAHUKA

KPUTMOJUCTHOTO Malacocarpus crithmifoilius

T'opmonanbHelil coctaB | KomudyectBo — oraeneHHblx  noberoB | Kosdpduuunent | YkopeHeHue o HEJeNsIM
cpenst MC (KycTOB) B X0JIe TACCHPOBAaHUs, LIT Pa3MHOKEHHS nocie HACCUPOBAHUS Ha
Kr WHYIMPYIOLIYIO cpefy, Yo
0 I 11 111 1 11 104
4 BAII + 0,25 UMK 1 4 8,5 32 8
1,5 BAIT + 0,1 YK 1 5 3,5 20 4 125 37,5 100
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MaCCUPOBAHUM TAK)KE MPOAYLUUPYIOT HOBBIE I10-
Oeru, T.e. MPOUCXOAMUT MPOLECC KIOHUPOBAHUS
MCXOJHOTO PAacTUTEIBHOrO MaTepuaja (MHKpO-
KJIIOHAJIBHOE Pa3MHOKEHHE). DTam COOCTBEHHO
Pa3MHOXEHHSI MOXXHO MHOTOKPAaTHO MOBTOPSTH,
4TOOBI YBEIUYHUTh KOAPOUIIMEHT THPaKHUpOBa-
HUS U TIOJTYYUTh KIIOHOBBIN pacTUTEIbHBINA MaTe-
pHuaJl, FTeHeTUYECKH He OTIMYAIOUIUIics OT mep-
BOHAYQJILHOTO JIOHOPHOTO PACTEHUSI.

Jlnst monydeHUsl TOJHOLIGHHBIX —pacTe-
HUN-pPEreHepaHTOB MOJyUYEHHbIE MOOeru mnepe-
Ca)XMBaJlM Ha Cpely JJis YKOPEHEHHUs C MOJIo-
BUHHOW KOHILIEHTpALMENH MaKpO- 1 MUKPOCOJICH
72 MC c BHecenueMm aykcuHa. PopMmupoBaHue
KOpHEH Yy acenTU4YeCKHX IMOOEroB OTMeYasu
yepe3 HEeJEeN0 BhIpaliuBaHus Ha cpene 2 MC
¢ BHecenuneM 0,5 mr/n UMK. B xoxe mannHel-
[IETO MECSYHOTO KYJIbTUBUPOBAHUSI PU30TEHE3
OTMEeYajiu y BceX NacCUPOBaHHBIX 00EroB (pu-
CyHOK 1 3).

Takum obOpazom, B pe3ynbTare MPOBEICH-
HBIX MCCJIEJOBAHUN BBISBICH ONTUMAIbHBIN IS

pereHepanuu in vitro 3KCIUIAHT T€HEPAaTUBHOTO
nobera ¢ MOJOABIMU COLIBETUSIMH, MPH KYJIbTHU-
BHpOBaHWHU KoToporo Ha cpene ¢ BAIT u UMK/
NVYK nocturaercsa npsimas pereHeparusi myTem
3aKJIaJKU JIOMOJIHUTENbHBIX IOYEK B Ma3yxax
npuIMCTHUKOB. [locnenoBarenbHoe maccupoBa-
HUE TO3BOJSIET MPOBECTH COOCTBEHHO MHKPO-
Pa3MHOXKEHHE UCXOIHOM KYJIBTYPbI U MOIYYUTh
MIOJIHOLIEHHBIE PACTEHUS-PEreHEPAHThl MSTKO-
IJIOJHUKA KPUTMOJUCTHOTO I IEpeBOAa B
MOYBEHHBIN CyOCTpaT U aJanTaluu K YCIOBUSIM
ex vitro.

Pa3paboTtanublii cnoco0 MUKPOKIOHAIBHO-
IO pa3MHOXKEHMsI MpPEJHA3HAYEH I COXpaHe-
HUs1, MACCOBOT'O BOCIIPOM3BOZCTBA U XO3SIIICTBEH-
HOTO HCHOJIb30BaHUSI T€HETUYECKUX PECYPCOB
JTUKOPACTYyIIeH KyJIbTypbl B CYpPOBBIX MOYBEH-
HO-KJIMMaTHYECKUX YCIOBUAX IMycThiHHOW [Ipu-
KaCMUUCKOW 30HBI (IJIs1 03€JICHEHUS TOPOJIOB U
MIOCEJIKOB, B Ca/I0BO-IIAPKOBOM CTPOUTENBLCTBE, B
(UTOMETHOPATUBHBIX MEPONPUATHUAX, KaK TIO-
JOATOIHOM KYJBTYPHI U Ap.).

Paboma evinonnena 6 pamxax HTII na 2018-2020 2. (Ne BR05236506).
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RESEARCH OF MULTIAGENT SYSTEM IN A DYNAMICALLY CHANGING
ENVIRONMENT USING
REINFORCEMENT LEARNING ALGORITHMS

A.PRENOYV, A. AKSHABAYEV

IJSC «Kazakh-British Technical University»

Abstract: Nowadays, betting has become one of the most well-known facilities in the modern world. Thus,
there occurred a plenty of bookmakers which got profitable in the very short period of time. Sport prediction
is very important and interesting problem for machine learning algorithms. Research explores the usage of
one of the most mind-blowing phenomenases - the multi-agent system in the study of the world of bets. Since,
Reinforcement Algorithms are the irreplaceable ones in the study of gamblings, we’ll show the implementation
and the meaning of the reinforcement algorithm. Study will consider the role of reinforcement algorithm
used by multi-agents to determine the winners and losers. We’ll examine the efficiency of a given algorithm
in the obscure surroundings. Moreover, we’ll show the process of transferring the data among agents and
demonstrate its efficiency. Finally, we’ll provide cases where this solution can be useful in terms of business,
mathematics, etc.

Keywords: sports betting, multi-agent systems, g-learning, reward, state, action

JIAHAMMKAJIBIK O3TEPICTEI'T OPTAIAFBI MYJIBTUATEHTTIK KYWEHI
KYIIENATE OKBITY AJITOPUTMJIEPI HETT3IHJE 3EPIEJIEY

Anoamna: Kasipei mayoa cnopm catiblcmapbina ymuic miey 3aManayyu KOAMHbIY e MAHbIMAL OUbIH-CAYbIK
mypiepiniy 6ipine aunanovl. Cnopmmolx 6ac micynep KeH emeK dcas mycymeH Oipee, can anyaw maceie-
zep de bemxke wwviea bacmaodvl. 3epmmey, Oy2inei KyHHiY ey 03eKmi mepMunoepoiy Oipin, Mynbmua2enmmix
JHCcylienepoiy cnopm catblCmapvlia Ymeic mizyoeei Koadamvlcbln Kapacmulpadsl. Heieaumy anreopummoepi
KyMap oubiHoapovl 3epmmeyoezi manmulpmac Kypai 6012aHObIKIMAH, 0Cbl AICOPUMMHIH HCY3e2e ACYbIH JHCIHE
KONOAHbICHIH aHbIKman Kepcememis. JKaszviizan sxcymvic mMyimuazeHmmik scytenepoiy Hbleatimy aneopum-
MIHIY apKacelHOa cnopm OUbIHOAPLIHOARLL YMbICKEPIep MeH YMbLIZAHOApObl AHbLIKMAN, ecenmey maciliH
kepcemedi. Con ywiH aneopummHiy muimMOinieiH wslHAalbl opmaoda mexcepin, HaMmudiCcenepin Wbleapamol3.
Conoati-ax mynomuaceHmmepoiy 630epiHiy apacblHOd aKNapammsl KAHUWALBIKIMbL MUIMOI MACUMbIHbIH
sepmmetimiz. Kopvima xene, aneopummuiy KO10aHy asnapvl MeH OONAUIaKmMAagsl MyMKIHWIIKMePL mypaivl
HCAH-IHCAKMBL 3€POETEHEOI.

Tyiiinoi co30ep: cnopm caiiblcmapvlna YMulc mizy, MyIbmuazeHmmix jcytienep, q-oKblmy, oaicd, dHeai-Kyiii,
IC-KUMbLI

NCCIEAOBAHUE MVYJIBTUAT'EHTHBIX CUCTEM B JMHAMMWYECKH
U3MEHSIEMOM CPEJIE C UCITIOJIb30BAHUEM AJITOPUTMOB
OBYYEHMUA C IOAKPEIIVIEHUEM

Annomayusa: Cmasku Ha chopm AIAIOMCA OOHUM U3 CAMBIX NONYISAPHBIX BUOO8 PA36IEHEHUl COBPEMEHHO20
MUpa Ha ce200HAWHUL OeHb. Beredcmeue ueeo Oykmekepckue KOHMOPbl CMALU HEUMOBEPHO NPUOBLIbHbIMU
3a OYeHb KOpOMKoe 8pems, 4mo 3a COOOU NPUBNEKIO0 HeMano Npobnem, O KOMOPLIX NPUBOOUMCS HUDICe.
Hccnedosanue paccmampugaem oOuH u3z camvlx YMONOMPAYUMENIbHbIX (DEHOMEHO8 Ce200HAUIHe20 OHs, MO
ecmb MYIbIMuazenmHnvle CUCmeMbl 8 Mupe CHOPmueHulx cmagox. Paccmampueaemes peanuzayus u cmvicn
00yueHUsl ¢ NOOKpenieHuemM, 8 U0y Mmoo, Ymo OAHHbIU 8UO 0DYVUEHUs HE3AMEHUM 8 U3YYEHUU CNOPMUBHBIX
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Cmdaeokx. A]l20le’I’lel 06y’i€HUﬂ c nodeenﬂeHueM He3dMeHUMbl 6 daHaiuze da3apmuslx uzcp, nosmomy

uccnedosamue paccmompunt  pojib 06y1l€Hu}1, UCNOJIb3YEeMblIX MYyJlbmuaceHmamul,

umobsl  onpedenums

nobeoumenei u npoucpasuux. llpomecmuposana s¢hgpexmuenocmo aneopumma 6 peanvhoil cpede. Takoice
0eMOHCMPUPYemcs. npoyecc nepeoauu OaHHbIX cpeou MYAbMUACEHMO8 U pe3yIbMmAamueHoCmy npoyecca,

chepuvl npumenenus aneopumma.

Knrouesvie cnosea: cmasku na cnopm, MyJlbmudeeHmHhble CUucmemasl, q—06ytteHue, Haepa()a, cocmosHue,

oeticmeue

Introduction

Firstofall, Iwouldliketointroduceaproblem
I want to face. At the present time, there are a lot
of problems caused by a betting establishments.
Many families have getting divorced. There are a
bunch of bankrupt, gambling addictions, anxiety
and depression, even suicide risks. I personally
believe that these facilities have to go under.

The disclosure of the work patterns of
betting offices would turn the world upside
down for all intents and purposes. There is still
no precise way to attain a formula to compute
the probability of win. Many researchers tried
to beat the bookmakers. However, all attempts
were futile.

The objective of the research is to show
the work principle of one of the most profitable
businesses - betting establishments and try to
beat them. Relevance of this research can’t
be underestimated since Machine Learning is
the main tool in the study of bets, sports and
forecasting in general.

consumar N

{dramatiq)

request
tennisikz €«— scraper —!--t IIi i Iti ]
e
FREpONSE
CONSUMET 1
{dramatiq)

Target-setting

In light of technology age, most bookmakers
have their own web-site. The most popular ones
are olimp.kz, 1xbet.kz, profitbet.kz, tennisi.kz,
etc.

I chose Kazakhstan’s betting office named
tennisi as the example of the bookmaker.

I was focused on a tennis due to plenty of
facts. First of all, there are only two options in
tennis: player 1 wins and player 2 loses or vise-
versa, player 2 wins and player 1 loses. It means
that computing the probability of win or lose
would be much easier because we don’t need
to consider a draw situations. Usually game
is played to 6 points. If draw occurs players
continue their game adding 2 points required
to win. For example, if the score is 5-5, player
needs to win with 7-5.

Secondly, tennis game doesn’t depend on
external factors such as the weather, health of
players, etc. So, we’re minimizing the ‘domain’
of probability calculation by eliminating these

\

caviacel, any other
format

Fig. 1. Data Proccessing Proccess
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factors above in order to make the process easier
and convenient.

Data Processing

As you can see, scraper collects all the data
from web-site and puts it into a queue. I added
queue because of the potential enormous amount
of data. If all requests handled immediately, it
will lead to overloading of the server and the
next situation might happen: one request is still
loading, but the next one is already handled, and
everything goes in the wrong order. Therefore, I
use message-broker which will handle all requests
in a right time. After queue the information
is stored in a DBMS (Database Management
System), MongoDB, in this case. Then, this data
can be exported in a CSV (or any other) format.

Introduction to Q-Learning:

In this research I used g-learning algorithm
as the reinforcement algorithm which is based on
the Q function that calculates the optimal road to
a goal (or just win).

The function adds new reward to maximum
amount of previous reward multiplied by discount
factor.

First, we need to initialize our q-function and
g-table where initial values are zero. Then agent

starts exploring the environment and performing
actions. Each action gives certain result: negative,
positive or neutral (just zero). So, agent starts
learning based on empirical knowledge.

1. Initialization
V(s) € R and w(s) € A(s) arbitrarily for all s € §

2. Policy Evaluation
Repeat
A+0
For each s € 8:
v+ V(s)
V(s) ¢ Ly 0 s, () [r + 7V ()]
A+ max(A, |v — V(s)])

until A < # (a small positive number)

3. Policy Improvement
policy-stable + true
For each s € 8:
a < m(s)
7(s) « argmax, Zs',r p(s',r|s,a) [’r -+ 'yV(s’)]
If a # m(s), then policy-stable + false
If policy-stable, then stop and return V' and ; else go to 2

Fig. 2. Pseudocode for Q-Learning
Application of Q-Learning

Next action is importing the information from
a database and sending it to an agent.

First, let’s see what agent is. Agent is an
entity that do some independent actions in order
to achieve a certain goal. In addition, agent

retrieve bet request §
chances *
- » agent bel response opclenrin
mongads Lt
Available
ti
nh-.:rcrrzs ask for prediction

moded 2

miodel 1

'\ _

model 3

Fig. 3. Learning Algorithm

155



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (51), 2019

can not only use the previous downloaded and
programmed knowledge, but also learn something
new to reach this goal. In other words, agent can
use its empirical knowledge (knowledge based
on past experience).

Agent sends request to several models (we
can use only g-learning based model or several
independent models with different algorithms)
and asks their predictions. After getting a
prediction, agent submits it to bookmaker and
gets the result if it’s correct or not. This is how
the agents learn.

The classical model of machine learning
divides the data into two sets: train data set and
test data set. However, nowadays we use train,
validation and test data division.

Comparison
To summarize, let’s compare all reinforcement
learning algorithms with g-learning algorithm.

Q-learning Other reinforcement
algorithms

Policy Off-policy (explores [On-policy (doesn’t
the environment) explore)

Environment |[Discrete, but can also |Either discrete or
work in continuous  |continuous
environment

Based on Q-function Other

Model Model-free Model-free

Function type |Directe Direct, Recursive

Conclusion

To sum up, the research shows abilities of
machine learning, g-learning, to be exact, in the
study of the world of bets. As a consequence, the
solution can be applied on many fields of game
theory and discover the new opportunities in this
area.

Therefore, many similar problems can be
solved such as exchange rates forecasting, frauds
in gambling and so on. In other words, we will
have a real ‘mind’ which does all the calculations,
analysis without any mistakes in them.

Research provides a great usage of multi-agent
systems in sports betting and considers one of the
large betting establishments, namely tennisi.

The prototype which is written on Python 3.7
can be used in a future investigation. Project is
flexible and can be overwritten in many languages
with many algorithm types of reinforcement
learning.

Work discovers potential power of the
g-learning in modern world with application in
sports betting.

We achieved great results in this period of time.
As a future work, I want to develop my ideas and
improve the performance rate, minimize time and
memory consuming and expand the use cases.
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BJIUSHUE PAKYIIEYHUKA HA ®U3UKO-MEXAHUYECKHUE CBOMCTBA CYXUX
CTPOUTEJbHBIX CMECEM B 3ABUCUMOCTH OT PELIENITYPHI

H.b. PAXMET, E.C. OPBIHGEKOB
MOK Kas3zaxckas 2ono8Has apxumexknypHo-CmpoumenbHas akademus

Annomayusa: B smoil  cmamve npeonodtceHa 803MONCHOCMb NOTYHEHUS. CYXUX CIPOUMETbHbIX cMecell HA
OCHOB€ PAKYWEeHHUKA U 61UsIHUE 00DABOK HA (DUBUKO-MEXAHUYECKUEe CBOUCMBA CYXUX CIMPOUMENbHBIX CMecell.
Haiioenvi npeononaeaemvie peyennypbl COCMaga cyxux CMpoumenbHoulx cmeceti no OGHHbIM COOMEEnCcmeyHo-
wWux nyonuKayull U HayuyHvlx pabom 6 ooiacmu Uccied08aHUs.

Haiioenvi npeononazaemvie usMeHeHUs: PeOL0UYeCKUX, MEXHOIOSUECKUX U PUBUKO-MEXAHUUECKUX CBOUCME
PAacmeopos Ha OCHOBE CYXUX CMPOUMENbHbIX cMecell U PATUYHBIX 003UPOBOK 000ABOK.

Knruesvie cnosa: cyxue cmpoumenvhvle cmecu, Ouamomum, 6eids caxca, YyeMeHmHble CMECU, XUMUYECKUe
0obasku, usuKo-MexaHuuecKue ceoLcmad

THE EFFECT OF LIMESTONE ON THE PHYSICO-MECHANICAL PROPERTIES OF
DRY CONSTRUCTION SMESA DEPENDING ON THE RECIPE

Abstract: In this article the possibility of obtaining dry building mixes on the basis of shell rock and the
influence of additives on the physical and mechanical properties of dry building mixes is proposed.

The presuppositions of the composition formulation of dry building mixtures according to the relevant
publications and scientific works in the field of research are found.

1t is found that changes in rheological, technological and physical mechanical properties of solutions based on
dry Builder mixtures in the effect of composition and different dosages of additives are assumed.

Keywords: dry building mixes, diatomite, white soot, cement mixes , chemical additives , physical and
mechanical properties

YJYTACTBIH PELENTYPAFA BAMJAHBICTBI KYPFAK KYPBLIBIC
KOCIIAJIAPBIHBIH ®N3UKA-MEXAHUKAJIBIK KACUETTEPIHE OCEPI

Anoamna: byn maxanada ynymac HeliziHOe2i KYpeax KYpoblIblc KOCHANAPbIH ALy MYMKIHOI2I JicoHe
KOCNanapowly K¥peax KYpuliblc KOCNANAPbIHLIY QUIUKATIK-MEXAHUKALIK Kacuemmepine acepi YCblHbLIAH.
3epmmey canacvlHOaebl ebLIIMU HCYMBICTAD MEH MUICTE HCAPUATAHLIMOAPObIY OepeKkmepi DOUbIHULA KYPEaK
KYPbLIbIC KOCNAAAPBIHBIY KYPAMbL PeYenmypacbiHbly DOI#Camoapvl maowiiobl.

Kypzax xypwuivic kocnanap mezizinoe epimiHOiiepoiy peonocusiivblK, MeXHOLOSUSIbIK JHCoHEe (Pu3uKa-
MEXAHUKANBIK KACUESMMEPIHIY KYpambl MeH KOCRALAPObIY apMYpPii 003ANAPbIHbIHY bIKNAAbIHA CAll 632epPYIiHIY
boicanean beneinepi AHbIKMAanobl.

Tyiiinoi ce30ep: Kypeax KYpbulivbliC KOCRALapbl, OUAMOMUmM, dK Kylie, yeMeHn KOCRALapbl, XUMUSIbIK KOCHALAap,
QuszuKa-mexaHuKanvlK Kacuemmepi
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[TpoBeneHHBIN 0030p HAYYHBIX MTyOTUKAIIHIA
[0 BOIPOCaM MPOU3BOJICTBA CYXHX CTPOHTEIb-
HBIX CMeceil, 1 0030p MOKa3aJl, YTO OCHOBHBIMU
KOMITOHEHTaMH SIBJISIIOTCSI BSDKYIIME HAIOJHU-
TEJH, 3alOJHUTENIN, XUMUYEeCKUEe 100aBKu (TIpU
HeoOxomaumocTtH) [1-10].

B xauectBe 3amonHuTeNs AJiA CyXHUX CTpPO-
UTEJIbHBIX CMECeH MPUMEHSIOT NPUPOIHbIE MU-
HEpaJibHbIE WM HCKYCCTBEHHO IOJy4YE€HHBIE
MaTepuaibl OINpPeAeICHHOIO TIpaHyJIoMeTpHUye-
ckoro coctaBa. OHM SIBJISIOTCS HEOOXOIUMBIMU
JUISL BCEX BHUJIOB CYyXHX CTPOUTENIbHBIX CMecel U
COCTABIIAIOT 10 4/5 Bcero oobemMa CTpOUTENbHBIX
PacTBOPHBIX CMECEil, MOSBISIETCS BOZMOKHOCTh
COKpaTHTh PacxoJl BSOKYIIUX 0e3 O0NbIIoro Ia-
JIEHUS] MPOYHOCTH, U YMEHBIIUTh YCaJOUHbIE
nedopmanuu. 3amoIHUTEIN U HANOJHUTENIU B
pacTBOpe CIIOCOOCTBYIOT OCJIA0JICHHIO MeXa-
HUYECKUX HANpPsDKEHUHM, KOTOPbIE BO3HHUKAIOT
BCJIE/ICTBUE €T0 YCAAKH.

JloGaBKka /1151 CyXUX CTPOUTENBHBIX cMecei
JIOJKHA OBITh: BO MEPBBIX — CyXOW M HE CIIO-
coOHOIl moraniare MHOTO BJIard; BO BTOPBIX —
pacnpeaensiThCs B CMECH MPU CyXOM CMELICHUU
KOMITIOHEHTOB M OBITh YCTOMYMBOM K XHMHYeE-
CKHUM BIIMSHUSAM; B TPETbUX — OBITH OBICTpOpa-
CTBOPUMOI1; B UETBEPTHIX — ObITh HETOKCUYHOM,
He OBbITh OIHEONACHOMW, B3PHIBOONACHON U OBIThH
YCTOMYMBON K XUMHUUECKHM OMACHOCTSIM.

Hcnonp30BaHue quaTtoMuTa U OEJION CaXKu,
SIBJISIFOLLMECS HAMIOJHUTENIEM CyXOl CMECH U aK-
TUBHOM MUHEpaIbHOW J0OaBKOMW JJIsI HOBBIX pe-
LENTYp, ABIACTCS aKTyaJbHOU 3a7aueil.

Hcnonb3oBanue B KauecTBE HAMOIHUTENS
U aKTHUBHBIX MHUHEPAJIbHBIX 100aBOK B MPOU3-
BOJICTBE CYXHUX CTPOHUTEJIbHBIX CMeceil M03BO-
JUT CHU3UTH NMPOHUIIAEMOCTH 3aTBEPIEBIINX
pPacTBOPOB, CHU3HUTH BOAOOT/AEICHUE U IOBHI-
CUTb BOJOYJEPKUBAIOIINE CBOHCTBA PAaCTBOPOB,
MOBBICUTh KOT€3WOHHYIO MPOYHOCTDH; MPUAAThH
BA3KOE CBOWMCTBO pPacTBOpPaM JJis BBIIOJHEHUS
paboT MO MOBEPXHOCTSAM (BEpTUKAJIBHBIM U Ha-
KJIOHHBIM ).

Jns mpoBeneHuss MCHBITAHWN HCMOJb30-
BaHbl ccbuiku Ha caenytomue ['OCT-b1: TOCT
31357-2007. Cmecu cyxue CTPOUTENIbHBIE Ha
nemeHTHOM BspkymieM; ['OCT 8736-93 Ilecok
st ctpoutenbHbIXx pador. [OCT 23732-2011.
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Boga st 6eTOHOB M CTPOUTENBHBIX PAaCTBOPOB;
I'OCT 30744-2001. Lementsr; OCT 33083-
2014 Cmecu cyxue CTPOUTEIbHBIC HA IIEMEHT-
HOM BSDKYIIEM JUIs ITyKaTypHbIX padot; [TOCT
31108-2003. IlemeHTHI OOIIECTPOUTEIBHEIC;
I'OCT 31189-2015 Cmecu cyxue CTpOUTENb-
wbie; ['OCT 31356-2013 Cmecu cyxue CTpou-
TeJIbHbIC HAa IEMEHTHOM BSIXKYILEM.

B nanHOM HampaBieHHMM HMHTEPECHBI HC-
cinenoBanus yueHbix (Poccum): Tpynmer Jlora-
Hu"Ha B.W. Temnou3onsiliMOHHBIE CyXHE CTpO-
UTENbHBIE CMECH C NMPUMEHEHHEM MOIuUIu-
poBanHoro auaromura; IlycroBrap A.Il. OmnbiT
MPUMEHEHUS AaKTHUBHUPOBAaHHOIO JIMATOMHUTA B
MIPOU3BOJACTBE CYXHUX CTPOMUTEIBHBIX CMECEil;
bonbmiakos E.A. Cyxue cmecu AJist OTJIETOUHbBIX
pabor. llItykarypHsie pacTBopsl. PedepaTuBHbIit
)KypHai. CTpoUTeNbCTBO U apXutekTypa. Cepust
7. CtpoutenbHble MaTepuaiibl. Beimyck. 6. — M.
1989.-C. 3

Cyxue cMecH HaxXOAsT camMoe€ pas3IndHOe
MIPUMEHEHUE B CTPOUTENHCTBE // CTPOUTENHCTBO
U cTpouTeNbHas HHAYCTpus. — 1996. — Ne 2. — C.
52-53.11,2,3,11,12,13].

MarepuaJibl U MeTOAbI HCCIeI0BAHUS

OOBbeKTOM HCCIIEOBAaHUS SIBISIOTCS MPH-
ponHble pakymiedHuK JKeThl0aliCKOro MecTo-
poxzaenus, Oenas caxxa U IUaTOMUT (aKTUBHbIE
MHHEpaJIbHBIE T00aBKH).

CobipbeBble MaTepHAJIbI

PakynieyHuKk — HCIIONIB30BaH B COOTBET-
CTBUU C TpPeOOBaHUAMH CTaHIapTa MO TEXHO-
Jorudyeckoi gokymentauuu; nement — [111 400-
J120; BERMOCOLL — peaucneprupyeMoe CBsi-
3yloliee Ha OCHOBE COMOJIMMEPOB BUHIIIALleTaTa
u stwieHa; ELOTEX — penucneprupyemoe cBsi-
3yloliee Ha OCHOBE COMOJIMMEPOB BUHMIIALleTaTa
u BuHMUIBepcarara; C-3 — cyxoii miactTudukaTop
MIpe/ICTaBIsIeT cOO0M MOJUAMCIIEPCHBIA KOpUY-
HEBBIIl MOPOILIOK, KOTOPBIM J00ABIIAIOT B CYyXYIO
ctpoutenbHyto cmech; Technocel 500 1 — apmu-
pyollre BOJIOKHA, LIEJUTIOJIO3HbIE.

Omnpenesenue 3epuoBoro cocraa CCC
Jnst ompenenenus 3epHOBOro (rpaHyiaoMe-
tpudeckoro) coctaBa CCC mpocenBarmT vepe3
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cura ¢ otBepctusimu: 5; 2,5; 1,25; 0,63; 0,315;
016; 0,14; 005 mwMm. ITocie npocenBanusi ocrar-
KM Ha Ka)XJIOM CHUTE B3BCIIHBAIN U BBIYHCIISIIN
BEJIMYMHY KaXJOTO OCTAaTKa B IPOIEHTaX OT
MAacCCBhI.

3areM BBIUMCIISUIN IOJHBIM OCTAaTOK Ha Ka-
JKJIOM OTJICJIBHOM cUTe B mporeHTax. [lomx moi-
HBIM OCTaTKOM Ha Ka)KJIOM CUTE ITOHUMAIOT CyM-
MY YaCTHBIX OCTATKOB, I7Ie Ha BCEX CUTAX C 00JIb-
[IUM pa3MEPOM OTBEPCTHH B MPOIEHTAX ILIIOC
OCTaTOK Ha JIAHHOM CHUTE B IIPOLICHTAX.

OnpenesieHue HACHINTHOM MJIOTHOCTH CY-
X0 cMecH

HacpinHyio mioTHOCTH ompenessiin B3Be-
IIMBaHKEM Macchl BbicymeHHoW nmpoost CCC B
MEPHOM COCYJe.

[TonBUXKHOCTH CMECH OIpeneNsieTcst ¢ IMo-
MOIIIBIO 3TAJOHHOTO KOHYCA!

[TogBUKHOCTH PACTBOPHOM CMECH Xapak-
TEepU3YyeTCsl U3MEPAEMOI B CAaHTUMETPAxX IyOu-
HOM NOTPY>KEHUs B HEE ATAJIOHHOTO KOHyca. JlJist
MPOBEJCHUSI UCIBITAHUM HCIONB3YIOT MPUOOP
JUISL OIpeNielieHHs] TOABM)KHOCTU — CTaJIbHOM
CTEpPKEHb.

Omnpenenenue BOAOYICP/KMBAIOIICH CIO-
cobHocTH

CyIHOCTh METOZA 3aKJIIOUAETCS B ONpEe-
JICHUM KOJIMYECTBA BOJbI, Y/IEPKUBAEMOM pacT-
BOPHO CMECBIO IOCJIE 3aTBOPEHUS €€ BOJOMU, U
pacnpeseeHul Ha MOPHCTOM, IMOIVIOIIAIONIEM
BOJly OCHOBAHMH.

Omnpenenenne BOIONMOIVIOICHUS NPH Ka-
NUJJISIPHOM IIO/ICOCe

Bononomomenue npu KanmwiisipHOM MOA-
coce W __ ompenensior mo oobeMy BOJIbI, MOIJIO-
IIEHHOW 00pa310oM, BBICYIICHHBIM /10 TOCTOSH-
HOW Macchl, IpU aTMOC(HEPHOM JIaBICHUH 32 CUET
KaWUISIPHBIX WIH aCOPOIIMOHHBIX CHIL.

IKCIepUMEHTAJIbHASA YaCTh

Jlis mpoBeeHusl UCTIBITaHUIM OBLIM M3ro-
TOBJICHBl CMECH Ha OCHOBE JIBYX pabo4HuXx co-
CTaBOB JAMATOMUTA U Oesoi caxkbl (aMOp(HOTO
MUKpOKpeMHe3eMa). Peuentypa cyxux cTpo-
UTEJbHBIX CMecel MpejacTBaJieHa B TabIMIax
1,2.

Cocrasbl Nel-20 nokasanm xopouryw Tpe-
IIMHOCTOMKOCTh Ha OETOHHYIO IOBEPXHOCTb.
Tonmumna mrykarypku 0,5-2 cM, pucyHOK 1.

Tabauma 1 — CocTaB cyxux cTpouTeJbHBIX cMeced Nel BkJIlo9aer

Penentypa CocraB B %
Nel No2 Ne3 Neq Ne5 Ne6 Ne7 Ne8 Ne9 Nel0
[lemeHT 26,8 26,8 26,8 26,8 26,8 26,8 26,8 26,8 26,8 26,8
Paxymeqnux 71,2 69.2 67.2 65.2 63.2 71.2 69.2 67.2 65.2 63.2
benas caxa 1 3 5 7 9 - - - - -
C3 0,5 0,5 0,5 0,5 0.5 0,5 0,5 0,5 0,5 0.5
Technocel 500 1 1 1 1 1 1 1 1 1 1 1
Jnaromur - - - - - 1 3 5 7 9
Tabauna 2 — CocTaB CyxXux CTPOMTEJbHBIX cMeceil Ne2 BKIO4YaeT
Penenrtypa CocraB B %
Nell Nel2 Nel3 Nel4 Nel5 Nel6 Nel7 Nel18 Nel9 Ne20
Llement 26,140 26,14 26,14 26,14 26,14 26,14 26,14 26,14 26,14 26,14
Pakymeunnk 71.76 69.76 67.76 65.76 63.76 71.76 69.76 67.76 65.76 63.76
benas caxa 1 3 5 7 9 - - - - -
BERMOCOLL 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
ELOTEX 1 1 1 1 1 1 1 1 1 1
Jnaromur - - - - - 1 3 5 7 9
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Taoanna 3 — Pusnko-MexaHnUecKHe CBOcTBa
CYXHX CTPOHMTEIbHBIX CMeceil ¢ MPUMEeHeHHeM

0eJI0M caxku

Pe- | Ilnor- | IIpou- IIpou- |Bopomnorno-| Boxomno-
nemn- | HOCThb, | HOCThb HOCTh | LIleHHeE IIPH | IIoLIe-
Typa | kr/m* | maR_, | maR__, | kanuuisip- | Hue no

MIIA MIla |HoM moaco- | 00béMYy,
ce, % %

Nel | 1735 6,3 4.4 27,54 13
Ne2 | 1922 8,2 6,9 7,2 10,6
Ne3 | 1771 6,3 3,7 15,3 15
Neq4 | 1868 5,78 8,5 7,2 10,9
Ne5 | 1729 5,58 7,52 8.1 12,5
Nell | 1589 4,38 2,2 13,8 15,5
Nel2 | 1819 2,15 3,5 10,1 13,2
Nel3 | 1540 3,19 2,1 14,9 19,4
Nel4 | 1522 1,84 2,54 15,6 19,3
Nel5 | 1479 1,82 33 19 21,7

Taoanna 4 — Pusnko-MexaHNYeCKHe CBOMCTBA
CYXHX CTPOHMTEIbHBIX CMeceii ¢ NPUMeHeHneM

JUATOMHUTA
Pe- | Ilior- | Ilpou- IIpou- |Bononorso-| Bogono-
nen- | HOCTh, | HOCThb HOCTbL |IlleHHe NPH |IJI0LIeHHe
Typa | kr/M’ | HaR , | HaR__, |Kkanuaisip- | 1o odné-
MlIla MITA |HoM moaco-| my, %
ce, %
Ne6 | 1767 3,8 3,95 15,2 15,3
Ne7 | 1757 3,8 4,47 15,4 15,5
Ne8 | 1812 3,6 4,58 15 15,9
a) ¢ MpUMEHEHUEM 0emoil caxbl Ne9 | 1777 3,6 4,38 17,4 17
(axTHBHAs MUHEpalibHAS T00aBKa) NelO | 1746 2,59 2,85 20,6 20,1
Nel6 | 1572 2,93 1,1 22 22
Puc. 1 — O6pasyvl, coomeemcmesyiowue mpe6o8anusim Nel7 | 1567 3,33 1,14 24,5 23,8
xamennoti CCC Nel8 | 1572 3,42 1,67 223 21,3
Nel9 | 1553 3,27 1,47 22,5 20,2
Ne20 | 1610 4,11 1,67 223 21,9
2500 9
8 A
2000 7 / \
/\/\/\ 5 / \
1500 — . \
— Pl 4 \ —Panl
1000 , \\/A\
500 2
1
Q T T T T T T T T T 1 1] T T T T T T T T T 1
Mgl MNe2  MNe3  MNed  NeS Nell MNel2 Mel3 Neld4 Nels Mgl  Me2  Ne3  MNed  NeS MNell NelZ MNel3 Neld Nels

IanorHoeTs No2 1922 xr/m?® Nel4 1522 kr/m?
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Puc. 3 — Qusuko-mexanuueckue ceoticmsa CYXux cmpoumelbHblx cmecell ¢ npumenenuem ouamomuma

[ToaBM»KHOCTH CMECH OIpeAesaeTcs ¢ Io-
MOIIBIO 3TAJIOHHOTO KOHYyca. PexxuM ncnbiTanus:
CTaIbHOU cocyd B (OpME yCEUEHHOTO KOHYyca
BbICOTOM 180 MM, TMaMETpOM BEpXHEro OCHOBA-
Hug 250 MM U IMaMETPOM HUKHETO OCHOBAHMS
150 MM 3anosiHAIM pacTBOPHOM cMechio Ha 1 cM
HIKE €ro KpaeB, MITHIKOBAIM 25 pa3 U yIIOTHS-
71 5-6-KpaTHBIM JIETKUM IMOCTYKUBAHUEM O CTOJL.

DTaJOHHBII KOHYC OIlyCKaJMu JI0 COIpH-
KOCHOBEHHUSI C PAaCTBOPHOW CMECHIO, 3aKperuis-
JIA CTONOPHBIMA BUHT U CHUMAJIA NIEPBBIMA OTCUET
M0 MIKaje, MOCJEe Yero OTIYCKaJu CTOMOPHBIN
BUHT U JAIOT KOHYCY CBOOOJHO MOTPYKAThCs B
pactBop. Ilo okOHYaHUU MOTPYKEHUS CHUMAIU
BTOPOI OTCYET M0 ImKase (Tabmuma 5).

Taoauna 5 — [ToaABHKHOCTH CMeCH

Ne cocraa [HogBmwxHOCTB/CM Mapka o
MTOJIBMYKHOCTH
Nell-5 or4 07,5 [Ix2-3
Ne6-10 or 6 107 T2
Nell-15 or 11 no 11,5 IIx2-3
Nel6-20 ot 10 mo 11 IIx2-3

AHanu3upysi pUCyHKH U rpaduku, IpeacTas-
JeHHbIe Ha puc. 1,2,3, MOXXHO YTBEpXIaTh, 4TO
B MHOTOKOMIIOHEHTHOM CHCTEME OITHUMAalbHas
pelentypa akTyajabHa JUIsl OeJIof caku peuen-
Typbl Ne4,5,14, a st AMaTOMUTa PELENTypbl
Ne7,8,9,10.

162

BriBoabI

1. HaiineHsl 3aKOHOMEPHOCTH HW3MEHEHUS
PEOJIOTUYECKUX U TEXHOJIOTHYECKHX CBOWMCTB
CyXHX CTPOUTEIIBHBIX CMECEW Ha OCHOBE MHHE-
paTbHON aKTUBHOM JT0OABKH B 3aBUCUMOCTHU OT
cocTtaBa M (PU3UKO-MEXAaHUYECKUX CBOMCTB KOM-
ITIOHEHTOB CYyXOH CMECH.

2. TlogoOpanbl mpenBapUTENbHbIE COCTa-
Bbl [IEMEHTHO-PaKylIIYE€HUKO-TUATOMUTOBON |
[IEMEHTHO-PAKYIITYEHUKO-0€I0i CaXu B CYXHUX
CTPOMUTENBHBIX CMECSAX. BBeAeHNEe MUHEPATBHOM
AKTUBHOW J100aBKH MPUBOJUT K CTAOUITU3AINHI
LIEMEHTHOI'0 T€CTa — 3aMOJIHEHUIO MPOCTPAHCTBA
MEXy 3€pHAMH LIEMEHTA, YBEIMYEHHUIO YHUCIa
KOHTaKTOB MEXIY HUMH, [IPU 3TOM BO3PACTAIOT
CHUJIbI CLEIUIEHUS MEXAY YaCTUIIAMU, YTO 3HAYU-
TEJIbHO YMEHBIIAET BO3MOXKHOCTb PACCIOCHUS
pacTBOPHOU CMECH. YBEIWYEHUE WHTEHCUBHO-
CTU CWJI B3aMMOJICHCTBHS MEXKAY 4YacCTUILIAMH,
MOBBIIICHUE TUIOTHOCTH YIAKOBKM MPUBOJUT K
YBEITUYCHUIO CTIOCOOHOCTU YIEPKUBATh BOIY B
LIEMEHTHOM TECTE.

3. BrisiBIeHa 3aBUCUMOCTH PEOTEXHOJIOTH-
YECKHUX XapaKTEPUCTHK B CUCTEME «paKyIley-
HUK-TIEMEHT-IMAaTOMHUT-100aBKa-BO/Ia» U «PaKy-
IIEYHUK-IIEMEHT-0emasi ca)ka-100aBKa-Boja» OT
TEHETUYECKOr0 THUIA KPEMHE3EMCOAEPKAIIETO
CBIPbSL.
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PABPABOTKA SMART-CUCTEMBbI YITPABJIEHUSA CJIOXKHBIM
TEXHOJIOTHYECKHUM MPOIIECCOM HE®TEITA30BOM OTPACJIM C
NPUMEHEHUWEM BUOUHCIIEPUPOBAHHBIX AJITOPUTMOB

T.U. CAMUTI'YJIMH"2, O.U. LHIUPSAEBA*?

'Kazaxcmancko-bpumanckuil mexnuyeckuil ynusepcumem
’Kazaxckuii Hayuonanvhwii ucciedosamenvckutl mexnuyeckuu ynusepcumem um. K.M. Camnaesa
SUnemumym ungopmayuonnsix u eviuucaiumensuvix mexronoeuit KH MOH PK

Annomauyus: Cmamvs noceéaujena paspabomre aizopumma YnpagieHus MHOLOMEPHbIM U MHO20CEA3HbIM
npoyeccoM O4UCKU 2a3d 6 OUCMULIAYUOHHOU KONOHHE HA OCHOBE alcopummd KIOHATbHOU celeKkyul
(CLONAG) u eenemuueckoco ancopumma (GA). Ilpouszeeden cpasnumenvhvili anaiu3 u 6b100p HAULYYULECO
Kpumepus Kawecmga oas peanuzayuu [IH-pecyruposanus uzonuposannvivu noocucmemamu. B pabome
00bACHACMC S AKMYAIbHOCHb 6HEOPeHUs. pa3paboOmaHHol cucmemvl Ols 34044 YNPAGIEeHUs CLONCHbIMU
MEXHON02UYECKUMU NPOUZBOOCTNEAMU HePmMe2a3060U OMpaciu, d maxdice nepcneKmueHoCmy NPUMeHeHUs.
npoyedyp UCKYCCMBEHHO20 UHMELIeKmda Npu peuleHuu 3a0ay ONnmuMu3ayuu MHOLONAPaAMempUdecKuMu
npoyeccamil.

Knwouesvie cnosa: Smart-cucmema, ynpagieHue CrONCHLIMU O0bEKMAMU, IEOTIOYUOHHbBIE ANCOPUINMYL,
buouncnupuposannvlie arzopummsl, IIH-pecynuposanue

DEVELOPMENT OF SMART-SYSTEM OF MANAGEMENT OF COMPLEX
TECHNOLOGICAL PROCESS OF OIL AND GAS INDUSTRY WITH APPLICATION OF
BIO-INSPECTED ALGORITHMS

Abstract: The article is devoted to the development of a control algorithm for a multidimensional and multiply
connected gas purification process in a distillation column based on clonal selection algorithm (CLONAG)
and a genetic algorithm (GA) using the decoupling procedure. A comparative analysis and the selection of the
best quality criterion for the implementation of PI control were made. The paper explains the relevance of the
implementation of the developed system for the control of complex technological production in the oil and gas
industry, as well as the prospect of using artificial intelligence procedures to solve optimization problems by
multi-parameter processes.

Keywords: Smart-system, control of complex objects, evolutionary algorithms, decoupling procedure, Pl
control

BUO-MAVJAJTAHBIIFAH AJITOPUTMEPII KOJTJAHY MYHABI 7)KOHE I'A3
OHEPKOCIHITIH KOMILTEKC TEXHOJIOTHSUIBIK TOCLITH BACKAPY/IBIH
CMAPT-)KYHECIH JAMBITY

Anodamna: Makana vl0vipay npoyedypacsii KoLOary apxulivl Kionovlk manoay areopummi (CLONAG) axcone
ecenemuranvik anreopumm (GA) neeizinde oucmuiiayusivlk 6a2anoagbl KONeuemMoi KOCbII2AH 2a30bl MA3apnty
npoyecin backapy aneopummin sxcacayea apruanzan. Canvicmoipmanvt manoay sxcawe Pl pecynamop eneizy yuiin
eH JicaKchl cana Kpumepuilin manoay sxcacanovl. Maxana mynaii-eas canacblnoagvl Kypoeni mexHoI02UsLIbIK
OHOIpicmi 6acKapyobly 0amMblean JHCYUeciH eHOIpYOiH 03eKmiNiciH, COHOAU-aK Kon napamempii npoyecmep
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APKbLIbL OHMAUIAHObIPY MACeNelepin dcy3eee dAcblpyod JHCACAHObl UHMELIeKmMYyaiobl npoyeodypaiapovl

KONOAHY MYPaAibl HCAH-HCAKMBL MYCIHOIPEOL.

Tyiiinoi ce3oep: Smart-dicyiie,

Kypoeni Hblcanoapovl

backapy, 260OYUAILIK aneopummoep, OuUO-

RAtOANAHbIIZAH ANOPUMMOEp, bloblpay npoyedypacsl, Pl-pezynamop

1. Beenenue

B coBpeMEHHOM MNpPOMBIIIJIEHHOM IPOU3-
BOJICTBE 151 A(PEKTUBHOTO yNpaBICHHUS TEXHO-
JIOTUYECKUMU TIPOLIECCAMH AKTyaJIbHO IpUMe-
HEHHUE HOBBIX I0JIXO/I0B, I7I€ LIMPOKOE pacrpo-
CTPAHEHHUE TOJIyYMIIM METOJbl UCKYCCTBEHHOIO
UHTEIIJIEKTA, TaKME€ KaK TIE€HETHMYECKHE ajro-
PUTMBI, aJITOPUTMBI KOJIOHHH MYpPaBbEB, UCKYC-
CTBEHHBIX UMMYHHBIX CHUCTeM. [[aHHBIC TIPHIIO-
JKEHMsI MO3BOJISIIOT pellaTh 3aJadi, CBSI3aHHBIC
C ONTUMAJIbHBIM PETyJIUPOBAHUEM MEPEMEHHBIX
TEXHOJIOTMYECKOrO Ipolecca, AUarHOCTUKON U
IIPOrHO3MPOBAHUEM COCTOSIHUS IIPOMBILIUIEHHO-
ro 000pyIOBaHUsI, BHINOIHATE PacyEThl IKCTpe-
MaJIbHbIX 3a/1a4. OCHOBHBIMU NPEUMYILIECTBAMU
HCKYCCTBEHHOI'O MHTEJUIEKTA SIBJISIOTCSI BBICO-
Kasi TOUHOCTb, OBICTPOACHCTBUE U BO3MOKHOCTD
pELICHHS CIIOKHBIX MaTeMaTHYECKUX 3a/1a4, 00-
YCIJIOBJIEHHBIX PacHpe/eIEHHbIMU TapaMeTpaMu
B PEKMME PEAJIbHOTO BPEMEHHU.

B nayunom tpyzne [1] renermueckue ai-
TOPUTMBI TPUMEHSIIOTCS JJII  ONMTHUMU3AIAH
nPOMUIAKTUIECKOTO OOCTY)KUBAHUS Ta30BBIX
TypOun. OCHOBHOH LIENbIO MPEASIaraeMoro a-
ropuTMa sIBIIsIeTCs o0ecriedeHne OaaHca Mex-
Iy 3aTpaTaMH Ha TEXHHUYECKOe OOCITy)KHBaHHE
ra3oBoii TypOunsl Siemens SFT600 u 3arparamu
BPEMEHM IIPOCTOSI IPU COXPAHEHUU JIOCTYITHO-
CTH CHCTEMBI Ha 3apaHee OIpPEEICHHOM YPOB-
He. [Tpu aToM 0011ast CTOMMOCTB 00CITY>KUBAHHS
cHIKeHa Oonee ueM Ha 80%.

UccnenoBanne [2] paccMmarpuBaeT MoO-
TUQGUIUPOBAHHBIA TEHETUYECKUI aIrOpuT™M C
anroputMoM KojoHun MypaBbeB (ACO) mns
3a/laud ONTHMHU3ALMKU METOAA IONEPEMEHHOIO
HarHeTaHus B HE(PTAHYIO 3aJeXb BOABI U Tasa
(WAQG), sBastommics CIOKHOW HETMHEHHOU
npo0ieMoii, Tpedyromieil 60NbII0e KOTUYECTBO
BBIYUCIIUTENBHBIX pacyéToB 1 BpeMeHu. KomOu-
Hatma GA ¢ ACO noka3zana ce0st 23ppeKTuBHOM
s 3agaun WAGQG, moBblaronmieid KOHEYHBIN
00beM HeTe00bIun.

B pabote [3] npeacTaBieH HOBBII MOAXO K
3aJlaue ONTUMAJIbHOIO Pa3MEILEHUs CKBaXKUH Ha
HEQTIHBIX MECTOPOXKACHUAX C UCIOIb30BAHUEM
9BOJIIOLMOHHBIX BbluMciaeHuil. [lpennaraercs
UCIIOJIb30BaTh KJIETOYHbIE TIE€HETHMYECKHE ajl-
roputmbl (¢ anr. Cellular genetic algorithms),
KOTOpbIE TapaHTUPYIOT YIy4YLIEHHOE PpPa3HOo-
Opasue MOMyJSAMM NpPU BBINOJHEHUU HTEpa-
ui. OxcriepuMeHTsl ¢ pezepByapom UNISIM-I
MOKa3bIBAIOT yBeNHUeHHE B 6-10 pa3 KOHEUHOTO
NPV npu cpaBHEHHH C KIACCUYECKUM TI'€HETHU-
YECKUM aJITOPUTMOM. J[aHHBbIE MOZIEIH MOJIE3HBI
HE TOJIBKO JUI po0iieM HedTera3oBoii orpaciu,
HO ¥ JUIs JIF0OOH 3a/1a4i 1ETIOYUCICHHOW OITH-
MU3ALMH, B KOTOPOW HCIOJIB3YKOTCS 3BOJIIOLM-
OHHBIE AJITOPUTMBI.

Metoa onTUMH3aLUU MapUIpyTOB MOJETOB
OecUIOTHBIX JeTarenbHbIX anmnaparoB (BITJIA)
Ui ceTh HedTera3onpoBooB Ha 0a3e IBOJIO-
LIMOHHBIX AJTOPUTMOB PACCMOTPEH B HAy4YHOMU
pabore [4]. Ilpumenenme BIIJIA mo3BomseT
MOBBICUTH HAJE)KHOCTh U 0E30MacCHOCTh CETH
KOMMYHUKaIMii HedTenpoBoAoB MyTéM mpo-
BEPKHM Ha YTEUKY, a TAKK€ JOKYMEHTHPOBAHUS
¢bakTHueckux mpoucuecTBuil. B nccnenoBanuu
IIPOU3BENIEH CPABHUTEIBHBIM aHAIU3 FeHEeTHYe-
CKOT0 aJITOpUTMa, aJITOPUTMA UMUTALIMH OT>KHUTa
(SA) 1 aganTUBHOTO aNrOPUTMA T€HETHUECKOU
umutaunun orkura (AGASA) npu pemieHuH
3a/laud IUIAHUPOBAHUS MapLIPyTOB MOJIETOB. B
pe3ynbTare noaTBepAuniach 3p(ekTuBHOCTD a-
roputMa AGASA BBuy Jyuniel cTaOuiIbHOCTH
U CXOAUMOCTH.

B uccnenoBanuu [5] paccmarpuBaercs Tpu
THOPUIHBIX AJITOPUTMA JISi YIPABICHUS 4acTo-
TOW BpalllEHHs] ACHHXPOHHOI'O JIBUTATellsl, TaKUE
kak PID-PSO, Fuzzy-PSO, u GA-PSO. B cpaBHe-
HUU ¢ KiaccuyeckuM Meronamu 1M /1-ynpasie-
HUS, JaHHBIE METOZBI NTO3BOJISIIOT CHU3UTH I1YJIb-
Callly KPYTAIIEro MOMEHTA U YCTPAHUTb IOMEXH,
BJIMSIOLINE HA XapaKTePUCTUKU PUBO/IA.
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B nacrosmee Bpemst pazpabotano 00JbIIOE
KOJIMYECTBO OMOMHCIUPUPOBAHHBIX METOJOB
JUTS CHHTE3a ONTHMAJIBHOTO YIIPABICHHS JJIS OJI-
HOMEpHBIX (single input single output) cuctem,
B TOM 4YHCII€, TAaKUX KaK HCKYCCTBEHHbBIC HM-
MyHHbIE cucTeMbl (AIS) [6]. Takue anropuT™mel
UMEIOT PAJl CYIIECTBEHHBIX OCOOEHHOCTEH, Ta-
KHX KaK BBICOKAsi TOYHOCThH BBIUMCIIEHUH, OBICT-
pozeiicTBre, BO3SMOXKHOCTb pabOThI aJrOPUTMOB
IpPU OTCYTCTBHH MOJHOTHI MH(POPMAIMH O TeX-
HOJIOTHYECKOM OOBEKTE yNpaBlieHHUs. AITOPUTM
HCKYCCTBEHHBIX UMMYHHBIX cucteM (AlS) moka-
3an [7], 9TO OH COCOOEH HAXOAMUTH II0OaTBHOE
ONTUMANIFHOE PELICHHE B OTIMYHE OT KJIACCH-
YEeCKHUX METOJ0B HACTPOUKH PETyIsTOPOB, UMES
ps IPEeUMYIIECTB, TAKUX KaK: OTCYTCTBHE Iie-
peperyaupoBaHusi, YCTAaHOBUBIIEHCS OIIMOKU
PEryIupoBaHusi, BBICOKOM TOUHOCTH PEIIeHUs U
CKOPOCTH CXOJMMOCTH.

OnuuM u3 BunoB AlS sBnsgeTcs anroputM
kioHanbpHOM cenekiu (CLONAG), npumenenue
KOTOporo maér Gosee 3PQeKTUBHBIE pe3yIbTaThl
NpU PEIICHNH 3a/1a9 ONTUMH3AIMU U HACTPOUKH
perynstopoB. Teopusi KIIOHaTbHOW CENEKIMU TO/I-
pazyMmeBaeT MPUMEHEHUE MEXaHU3MOB HIMMYHHOTO
OTBETa MPH PACIIO3HABAHMH NMMYHHBIMH KJIETKA-
MU 00pa30B Uy)XMX AHTHUTCHOB aHTHTENaMu [8].
OCHOBHBIM MPEHMYIIECTBOM JIAHHOTO aJITOPHTMA
SIBJISIETCS CIIOCOOHOCTH K CaMOOOYUEHHIO.

Hcxons w3 nuTepaTypHBIX HCTOYHUKOB,
ONMCAHHBIX BBIIIE, MOXHO YTBEpPXJAaTh, 4YTO
NPUMEHEHHE MHTEIUICKTYalbHBIX TIOIXO0/I0B U~
POKO pacmpocTpaHeHo B HeTerazoBoii oTpaciu
U aKTyaJIbHO Pa3BUTHE JaHHOW OOJIACTH.

1. Ilpouecc o4uCTKH ra3a B

AUCTU/UISIIMOHHON KOJIOHHE

B kauectBe 00BbekTa HE(TEra30BOM OTpacIn
paccMaTpuBaeTCs JUCTUIUISIHMOHHAS KOJIOHHA,
KOTOpasi sIBJIsIeTCS HanboJliee pacpoCTPaHEHHBIM
MHCTPYMEHTOM JJIsl IIpoLiecca OYUCTKHU MPUPOJ-
HOTO ra3a OT pa3JInyHbIX Npumeceil. Maremaru-
Yyeckasi MoJienb, pa3pabotanHas B [9], cucteMbl
YIPaBJICHUS] OYUCTKU ra3a B AUCTHILIALIUOHHON
KOJIOHHE OCHOBBIBAIOTCS Ha CTPYKType OaslaHca
SHEpPruu. B ATOM CTPYKType BXOJAMHU SIBISIOTCS
CKOpPOCTb ITOTOKA JKUJIKOCTH, L, 1 CKOPOCTh IO-
TOKa napa, ¥, a BbIX01laMH — KOHLIEHTPALlUU IIPO-
IYKTOB Yp U Xp.
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Mogens JUCTHIUTSIIMOHHOM KOJIOHHBI MO-
XKeT OBbITh IPEJICTaBIeHA CUCTEMOM C IBYMs BXO-
JlaMH U IByMS1 BbIX0oAaMu [9], 4TO COOTBETCTBYET
JIBYMEPHOMN CHCTEME yIpPaBICHHUS:

dy » (0) 1 0.0042 0.0062
__ )+ 20042 gy 00062
{ dr 19588 2> D+ T osss L0 To5s3 "
dz, | 0.0072 0.0052
0+ V- Lt
<L @ 19588 Z* D" Toszs VO Tosss 1O

rae L(f) — CKopoCTh MOTOKA XKUAKOCTH;
V(t) — ckopoCTh TIOTOKA TIapa;

¥ p — KOHLIEHTPALIMsI )KUJKOCTH B HH)KHEH Ya-
CTH KOJIOHHBI;

¥ p — KOHLIEHTpALHsl )KUJIKOCTH B TUCTHILIS-
T€.

JlaHHBII IpoLIecC XapaKTepU3yeTCsl MHOTOCBSI3-
HOW CTPYKTYpOH, KaK ITOKa3aHO Ha PUCYHKE 1.

ut Q 0.0042
1.95885+1

Step Transfer Fen G11 Scope

-0.0062
1.9588s+1
Transfer Fen G12

-0.0052
1.9588s+1
Transfer Fen G21

0.0072
1.9588s+1
Transfer Fcn G22

Scopel

Puc. 1 — Mnoeoceaznaa cmpykmypa mooenu
OUCMUNTAYUOHHOU KOTOHHBI

Hamnune B3amMocBsi3ell Ha BBIXOOHBIE CHUT-
HaJIbl CYIIECTBEHHO BIIUSET HA YIIPABJICHUE KOH-

TypaMHu G4, G,,. [ perienns 3Toi mpo0ieMsl

B JIaJIbHEWIIEM HEOOXOIUMO BBIIIOJIHUTH Oepa-
uuio pas3Bszku (aHmi. decoupling), 3akirouaro-

LIEHCSA B KOMIIEHCALIUH DJIEMEHTOB G5, Gy .

B pabote [9] mpousBenena mporenypa pas-
BS3KH, JUISI KOTOPOM HEOOXOIHMMO paccuuTaTh
PEryISITOPHI 1S IBYX HE3aBUCUMBIX KOHTYPOB:

0.0042

G i
n) 1.9588s +1 (1)
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0.0072

Gy (§) = —
2 ) = 195885 41 )

HeobOxomuMo BbIOpaTh 3aKOH THUIOBBIX PETy-
JSITOPOB JUTS PEIICHHs 3a/1a9 CTaOUIM3AIH BbI-
XOJTHBIX CUTHAJIOB HE3aBHUCUMBIX KOHTYPOB (1), (2).

2. IlocTaHOBKA 33240

Ha ocHoBe anroputMa KJIOHaJIbHOM CEJNeK-
unu CLONAG u renernueckoro anroputma GA
HEOOXOJMMO PaCCUYUTaTh MapaMeTpbl PEryisiTo-
poB s moxacucteM (1,2), CIOXHON CHCTEMBI
YIPaBJIEHUs] OYUCTKU raza B AUCTHILISLIUOHHOMN
KOJIOHHE, O00ecle4ynBaronieii MUHHUMYM HHTe-
rPaJIbHOTO KBaJAPAaTUYHOTO KPUTEPHUSI KAYECTBA:

ISE, = [e2()dr, i=12. (3)

t=0

e e(f) — ommbka paccorIacoBaHUs MEXKILY
JKeJIaeMbIMH CHTHajJaMM U CHI'HAjaMH BBIXOJaQ,

V| V5 1 =1,n — KONM4YECTBO MOICUCTEM.

TunoBbIM 3aKOHOM YHpABJICHUS TpeIIa-
raercsi BeiOpare [IM-perymupoBanue uis IBYX
KOHTYpOB (1,2):

(4)

1
cPIi(‘S'j = F1+I1;

1
Crrz (s) = P, +1, ; (5)

[Ipou3BecTH CpaBHUTENIbHBIM AHAIN3 T'€HE-
THYECKOT0 AJITOPUTMA U AITOPUTMA KJIIOHAJIbHON
CEJIEKIIUU M BBIOPATH JIyUIIHHA.

3. MeTon KI0HAJIBHOM ceJIeKIIUH

OCHOBOII JI1 TPUMEHEHHs] AJITrOpUTMa
CLONALG s penieHusi CHHTE3a TUIIOBBIX pe-
rynsatopoB 11t MIMO-cucrem siBisiercst popmu-
pOBaHUE TOHSATHI, COOTBETCTBYIOIIUX TEOPHUU
UMMYHHBIX CHUCTEM M QITOPUTMY KJIOHAJIBHOM
CeJIEKIINU. B KOHTEKCTe MOCTaHOBKM 3aa4uM JUIs
cuctembl ymnpasieHus: (3) o6o0ménHas ¢gopma
AQHTHUTEJI COOTBETCTBYET BEKTOPY apryMEHTOB:

Ab:(ypyz:”p”z) (6)

Y TIPEJICTABIISIET COOOM HAOOP PEIICHHIA CUCTEMBI.

B kadecTBe aHTUTEHOB MCIIONIB3YIOTCS KPH-
Tepuu KadecTa (3), BEIpaKEHHBIE B BUAC QYHK-
LIAM:

Ag=fle,e,,u,1,) )

dopManIbHO aNTOPUTM KIIOHAJIBHOM CeJeK-
LMW JIJIS1 PEHICHUS 3a/1a4 CUHTE3a ONTUMAJIbHO-
TO YIpaBJICHUS CJIOKHBIMU CHCTEMaMH MOXKHO
npeacTaBuTh B BUe [12]:

CLONALG=(4g,4b,G,S,C,M, f,d.1),

riae Ag — IOAMHOXECTBO aHTUTEHOB;

Ab— nonynsys aHTUTEN,

G — npeACTaBlIEHUE IPOCTPAHCTBA;

S — oneparop celeKkuu;

C — onepaTop KJIOHUPOBaHMUS;

M — onepatop MyTaluy;

f— KpuTepHii kauecTna;

d — KOTMYECTBO aHTHUTEIN, MOAJISKAIINX 3a-
MEHE HOBBIMU;

! — HOMEP ITOKOJICHHUS.

B cpene MATLAB cdopmupoBana mpo-
rpamMma, KOTopas MO3BOJISIET MOIYYUTh Tpaduk
OIIpEe/ENEHUS] MUHUMAJbHBIX TOYEK KPUTEPHUEB
Ka4eCTB M 3HAYEHUH MapaMeTPOB PETYJSATOPOB.
HauanpHble ycioBUS M 3Hau€HUs IapaMeTpOB
aJITOpUTMa MpeCTaBIeHbI B Ta0OmuIe 1.

s dopmMupoBaHus MEepBOHAYAIBHBIX T'pa-

HUI U3MEHEHUS TAPAMETPOB X, i » Xy HOJIY-
4yeHbl napameTpsl PI-perynsatopoB Ha 0OCHOBE Me-
Tofa pabouero uHctpymenra PID Tuner cpembt
nporpamMmmupoBanusg MATLAB (pucyHok 2).

Controller Parameters

Tuned Block
P 2481916 248.1916
1 380.2635 380.2635
D n/a n/a
N

n/a n/a

Controller Parameters

Tuned
1447784 144.7784
221.8204 221.8204
n/a n/a
n/a n/a

Block

Z[o[—[°

Puc. 2 — Ilapamempuol Pl-pezynsmopos
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Beipaxenus mis perynsropos (5), (6), Ha-
CTPOCHHBIX Ha OCHOBE aJITOPUTMa KJIOHAJIBHOM
CEJICKIINU:

CP,1(5)=19.54+48.12l
N

Cppy(s)=22.73+ 23861
S

4. 'eHeTH4ecKuUe aJrOpUTMBbI

OcHoBHast ujes ajaropuTMa 3akio4aeTcs B
OpraHM3allK CTPYKTYpPbl «ECTECTBEHHOIO O0TOO-
pa» cpeau MHOXKECTBA pelieHui. B cBs3u ¢ tem,
910 [’A MCTIONB3YIOT OMOJIOTHYECKHE TTOXO/IBI,
BBOJIUTCS CBOMCTBEHHass UM TEPMHUHOJIOTHS.
[Ton monymsAnme nmogpasyMeBaroT IpyIIly BCEX
MPOOHBIX PEIIeHUH, B TO BpeMsl KaK €IMHUYHOE
pelieHre, KOTOpOoe 3alMcaHo B JBOMYHOM KOJIE,
Ha3bIBAIOT XPOMOCOMOI1 THOO 0COOBIO.

Nwmeercs HaOop npoOHbIX pemieHuit (momy-
nsinust). Heo6xoamumo co3aath Ha OCHOBE MCXOI-
HOM HOMYJISIUU HOBYIO, TAKUM 00pa3oM, 4TOOBI
MpOOHBIE pElIeHUs HaXOWINCh ONMXKe K IJOo-
OaJIbHOMY MUHUMYMY 3a/IaHHOM 11€JIeBOM (PyHK-
uuu. ChopMHUPOBBIBAIOTCS OpadHbIe TMapbl IS
CKpEILMBAHUS U3 UCXOTHOW MOMYJISALINH.

[Ipouiecc paboOTHI reHETHUECKOTO aJropUT-
Ma COCTOUT U3 HECKOJIbKUX 3TaroB (PUCYHOK 3)
[10]:

1. T'enepanusi HayaabHOM MOMYJISILIMM, CO-
CTOSIIIIEN U3 N XPOMOCOM.

2. BprunciieHne NMPUTOAHOCTH KaXJIOW OT-
JIETbHO XPOMOCOMBI.

3. Breibopka map XpOMOCOM-POJIUTENEH C
MOMOIIbIO OJTHOTO M3 M3BECTHBIX CIOCOOOB OT-
oopa.

4. KpoccuHroBep map poauTeNie ¢ mpoun3-

BCACHUEM JIBYX ITOTOMKOB, C BEPOATHOCTBIO P_.

5. Myranusi IOTOMKOB C BEPOSTHOCTBIO .. .

6. IToBTOp mTepamuit 3-5 10 TEX Mop, rMoka
He OyleT CreHepUpOBaHO HOBOE MOKOJIEHHUE I10-
MyJSIUKM, KOTOpoe OyaeT coaepkaTb n XpoMo-
COM.

7. IloBTop mTeparuit 2-6 10 TEX MOp, MOKa
He OyJeT BBITIOJIHEH KPUTEPHI OCTAHOBA MPO-
necca.

Kpurepuem ocranoBa mnporecca padOThI
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GA MOXeT OBITb 3alaHHbIM KOJIMYECTBOM I I10-
KOJICHUH WU CXOXKJACHUEM IOITYJIALINH.

Hayarvnan nonyaauus

Y

Buiuucaenue npuzodnocmu |4—| Hosan nonyasuyus |

Hem

docmuzuym Kpumepuil
OKOHUAHUA HPOUECED

| Kpoccunzosep |

A

Budop pedumeneit I

Puc. 3 — Cxema npocmozco eenemuyecko2o ancopumma

Jlist perieHust 3a71a41 UCTIONB3YIOTCA ClIey-
IOLIHE MapaMeTphbl: KOJIMUECTBO 0coleil B momy-
asiuu — 50; YUCII0 XPOMOCOM, aBTOMAaTUYEeCKH
nonajarouux B cienyrouryto nomymsmuio — 0.05
OT pa3Mepa HOoMmyNAlnu; Ko3(h(UIUEHT CKpeIu-
Banus — 0.08.

3akoH ynpasnenus it IIM-perynsatopos,
HAaCTPOCHHBIX C MOMOIIbIO T€HETHYECKOTO aJIro-
pUTMa, UIMEET BHL:

C,y(5)=29.94+ 59,984
N

1
Cppy(5)=29.592+29.972~ .
A

S. Pe3yabrarbl MOJEJIHPOBAHUSA

Ha pucynke 4 npesacrasieHa MOz€sb, ONU-
CBHIBAIOIIAsl PETYJNPOBAHUE C MOMOIIBIO AJro-
putmoB  CLONALG u GA. Pe3synbrarsl Mone-
JMPOBAHMS U30JIMPOBAHHBIX noacuctem ¢ Pl-pe-
rynaropaMu (pUCyHOK 5,6) IOKa3bIBalOT, 4TO
IIEPEXOJHBIE MPOLECCHl CXOMATCS K JKEIaeMbIM
CUTHAJIaM.

ANTOpUTM KJIOHAJBHOU CEJIEKIUU CUCTEM U
TEHETUYECKUH aJITOPUTM HO3BOJISIET PEAIU30BbI-
Bath [I1-perynstopsl, obecneunBaronue MUHHI-
MyM 33JJaHHOTO KPUTEPHsI KaueCTBA.



OU3UKO-MATEMATUYECKHUE U TEXHUYECKHUE HAYKHA

P reference output
To Workspace To Workspace1
E Py |y 00042
1958851
Step GAPI cont. Transfer Fen
) referencel
To Workspace?2 Scopel
E Py |y 00042
1.9588s+1
Stept CLONAG Plcont ~ Transfer Fent
outputd
To Workspace3

Puc. 4 — Mooenv Simulink

B neproit nzonupoBanHoO# opcucTeme ooda
peryasitopa UMEIOT OJJMHAKOBOE BpeMsl peryiu-
poBaHus, ogHako B GA uMeeTcst mepeperyinpo-
BaHUE B pazmepe 6.5%.

a 8 10 15 20 25

: : h CLONALG PI :

1} 5 10 15 20 28 30 s} 40 45 50

Puc. 6 — Ilepexoonotii npoyecc mopotl noocucmemvi

Bo BrOpo#i moacucrtemMe BpeMs MepexoIHO-
o MpoIecca HIKE y PEryasTopa, HAaCTPOESHHOTO
C TOMOIIbI0 T€HETUYECKOro ajroputMa (pucy-
HOK 0):

6. 3akir0ueHue

B pesynbrare npoBeeHHBIX SKCIIEPUMEH-
TOB (Tabnuma 1) MOXHO YTBEp)XAaTh, 4TO Te-
HETUYECKHM alropuT™M HMeeT Jydiiee ObICT-
poxeiictBue, B omimuue ot anropurma CLON-
ALG, onHako MeHee CTaOWIBHBIA (BO3MOMXHO
nepeperyiupoBanne). AJITOPUTM KIOHAIBHOMN
CeJIeKLMU HE3HAUYUTENIbHO YCTymaeT B OBbICT-
pPONEHCTBUU, HO UMEET DPsA JIPYTUX MpPeumMy-
miecTB. Tak, HampuMep, NpU MOUCKE ONTUMATb-
HBIX [apaMeTPOB PETryJATOpa aJTOPUTM MEHEe
MO/IBEPIKEH MPEXKIEBPEMEHHOM CXOJIMMOCTH H
OTCYTCTBYET ImepeperyiaupoBanue. Ilpumene-
HUE 00OMX METOJOB MO3BOJSET CYIIECTBEHHO
COKpaTUTh BpeMs U 3aTpaThl Ha CO3JaHUE CHC-
TE€M YIPaBJICHUN CIOKHBIMH OOBEKTaMH Hed-
Tera3oBOM OTpaCIIH.

Tabonuua 1 — CpaBHeHHe aJIrOpUTMOB

IMoncucrema/ | Bpems perynuposa- | ITepeperynupoBasue
QITOPUTM HUSA (CeK) (%)
GA 1 16,36 6,5
CLONALG 1 17,41 0
GA2 17,39 0
CLONALG 2 25,04 0
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EXTRACTING HIDDEN FEATURES OF HUMAN MOBILITY AND PREDICTING
INFLOW AND OUTFLOW OF BIKE SHARING STATIONS

E.S. SEITBEKOVA'?, B.K. ASILBEKOV', A.B. KULJABEKOV', I.LK. BEISEMBETOV!

ISatbayev University
’Kazakh-British Technical University

Abstract: Huge amounts of spatial-temporal data are generated daily from all kinds of citywide infrastructures.
Understanding and predicting accurately such a large amount of data could benefit many real world
applications.

This paper provides an analysis of human mobility data in an urban area using the amount of available bikes in
the stations of the bicycle sharing program. Based on data sampled from the operator’s website, it is possible
to detect temporal and geographic mobility patterns within the city. These patterns are applied to predict the
number of available bikes for any station some hours ahead. Our methodology first identifies and quantifies the
latent characteristics of different spatial environments and temporal factors through tensor factorization. Our
hypothesis is that the patterns of spatial-temporal activities are highly dependent on or caused by these latent
spatial-temporal features. We model this hidden dependent relationship as a Gaussian process, which can be
viewed as a distribution over the possible functions to predict human mobility.

Keywords: human mobility, spatio-temporal, hidden features, tensor, Tucker decomposition, Gaussian process,
prediction

AJAMJIAPABIH ITATIINAHABIJIBIF BIHBIH ’KACBIPBIH EPEKIIEJIIKTEPIH
AHBIKTAY )KOHE BEJIOCHUIIEJ bOJICY CTAHIUAJIAPBIHBbIH
BEJOCUIIEJ] AFBIHBIH BOJIKAY

Anoamna: Kenicmik-yagoimmoly Oepekmepoiy YaKken Koaemi KYHOeNKmi Oapivlk Kalanielk uHppa-
Kypolivimoapoan scacanaosi. OcblHOall yaKeH KonemoOl Manimemmepoi MmycCiHy d#coHe 00nxcay Kenme2eH
HAaKmol 21eMOIK KOCBIMWANAp2a nauoa aKeayi MyMKIH.

byn maxana eenocuned 6eony cmanyuscviHbly OepeKkmepin naudaiana Omuipsbin, KAIAIbIK dicepiepoe-
2l adamoapovly Moounvoiniei mypansl Oepekmepdi manoauovl. Onepamopovly 6ehO-calmviHaH AJNbIH2AH
Manimemmep He2iziHOe Kanaoa KeHiCMIK-yaKblmmovlK YMKbIPIblK anblKmanaysl mymkin. Ocel cxemanap 0ip-
Hewle cazam OYPbiH Ke3 KeleeH CMAHYUs YUliH KOAjicemimoi eerocunedmepoily canvlh 60axcay Yuin namoa-
nansliaosl. bizoiy adicmememisz andviver mMeH30pIbl (hakmopuzayus apKblivl Mypii KeHICMIK-YaKblmmoulk
axmopnapoviy HcACLIPLIH epeKuleniKmepin anblKmatlobl JHCaHe CAHObIK mypoe auKblHOauobl. An eunome-
34 KeHicmiK-yaKplmmuvlk OeNCceHOIIKmIY Ya2ici JHcacblpblH epekutenikmepee mayenoi. bByn mayendinikmi
Taycc yoepici peminde modenvoetimis.

Tyiiinoi cozdep: KeHicMIiK-yaKblmMmvlK CUNAMMAMAIAPDL, JICACHIPLIH epeKuienikmepi, menzopul, Taxepoiy
vlovipaysl, I aycc yoepici, bonxcay

BBISIBJIEHUE CKPBIThIX XAPAKTEPUCTUK MOBHUJIBHOCTH JIIOJIEM 1
INPOI'HO3UPOBAHMUE ITPUTOKA/OTTOKA BEJTOCHUIIEJOB HA CTAHIIUAX
COBMECTHOI'O UCITOJIB3OBAHMU A

Annomayusa: Ozpomnoe KoIUUeCmeo npoCmMpaHCmMEeHHO-8PEMEHHbIX OAHHbIX 2eHePUPYEeMcs U3 6cex munog
2opoockou ungpacmpykmypel. Tounoe noHumanue u NPOSHOIUPOBAHUE MAKO20 OOILUOZO 00beMa OAHHBIX
MOdKcem npuHecmu nob3y MHOUM PeanbHbIM NPULONCEHUSIM.
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B amoii cmamwve npedcmasnen ananuz 0anHbIX 0 MOOUILHOCHIU FO0€El 8 20POOCKUX PAUIOHAX C UCNONb308AHUEM
OAHHBIX CO CMAHYUU COBMECIHO20 UCHONb308AHUs 8elocunedos. Ha ocnose dannbix, 63amblx ¢ 6eO-cauma
onepamopa, MOACHO ONpedenumb BPEMEHHYIO U 2e02PaAPuuecKyio MOOUTLHOCTID 8 NPEOelax 20pooa. Imu cxemvl
UCTIONBLIYIOMCSL 0151 NPOSHOZUPOBAHUS KOTUYECTNEA OOCHYNHBIX 8ELOCUNEO08 015 TT0OOU CIAHYUY HA HECKOTLKO
yacos enepeo. Hawa memooonoeus cuauaira uoenmuguyupyem u Koau4ecmeeHHO onpeoeisien CKpblmble
Xapaxkmepucmuky paziuyHblX nPOCMpPAHCMBEHHbIX CPed U 8PEMEHHBIX (haKmMOopo8 nocpeocmeom meH30pHO
Gaxmopuzayuu. I'unomesza asmopog cocmoum 6 mom, 4mo 3aKOHOMEPHOCHU NPOCMPAHCHIEEHHO-8DEMEHHOU
AKMUBHOCMU CUTLHO 3AGUCAIN OM 9MUX CKPLIMbIX NPOCMPAHCIMEEHHO-8DEMEHHbIX ocobennocmel. Mol
Modenupyem 9mo KaK 3a8UcCUMble OMHOUIeHUs, KaK 2ayCCOBCKUL NPOYeCcC, KOMOPbIli MOMCHO PACCMAMpPU8ams
Kak pacnpeoenenue.

Knwuesvie cnosa: mobunvrHocms JZFOO@IZ, npocmpaHcCmeeHHO-6PEMERHbLE XAPAKMEPUCMUKU, CKpblmble

OCO6€HHO€mu, MeH30p, pa3102iCeHUe Takepa, ZClyCCOGCKI/IIZ npoyecc, npocHo3upoearue

Introduction

Public bike sharing systems are becoming
more and more popular in the past few years. A
still growing list of cities which provides such
service systems can be found at the Bike sharing
world map [1]. The three big cities of Kazakhstan
have such systems. They are: AlmatyBike,
AstanaBike and ShymkentBike [2]. There are 200
stations in Almaty, 180 stations in Astana and 40
bike sharing stations in Shymkent. For optimal
performance of such systems there must be (a)
the possibility to find a bike when a user wants
to start his/her journey and (b) the possibility to
leave the bike in the user’s destination. Without
oversizing the system, there are basically two
ways to solve these problems: Inform the user in
advance about the best places to pick up or leave
the bikes and improve the redistribution of bikes
from full to empty stations.

In this study we aim to contribute to the
solution of these problems via the analysis of
cyclic mobility patterns which lead to short term
predictions of the number of available bikes in
the stations by prediction inflow and outflow
between stations. Such predictions would
allow us to improve the current web-service of
AlmatyBike, AstanaBike and ShymkentBike
and in turn increase users’ satisfaction with
the system. Once this type of information is
available, users may use mobile devices to
access it. Knowledge of those patterns could lead
to an optimization of the bike sharing system
itself, allowing the operator to predict shortage
or overflow of bicycles in certain stations well
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in advance and adapt its redistribution schedule
accordingly on the fly.

Furthermore, we intend to show that this
type of data also allows us to infer the activity
of city population as well as the spatial-temporal
distribution of their displacements. Such
knowledge may be interesting for city planners
and may also represent a cheap way to compare
the activity cycles between different cities.

Big Data trend brings great opportunities
for tackling many real-world challenges. In this
paper, we propose a novel methodology for
prediction of spatial-temporal activities using
latent spatial and temporal factors extracted
from existing mobility datasets at a city level.
Of spatial-temporal activities, we are interested
in human mobility, especially the inflow and
outflow of people in neighborhoods/areas during
certain time periods. Understanding the inflow/
outflow of people in urban environments spatially
and temporally and predicting them correctly are
essential to solve many real-world problems.
Such as optimization bike sharing systems. To
achieve these goals, we use spatial-temporal data,
which has been obtained from New York Cities
bike sharing systems open data. Website provides
all historical and real time data about the number
of bicycles available for the users in a certain
moment in time in every one of the approximately
700 different stations, and information about all
rent done by users from 2013 year.

The rest of the paper is organized as follows.
We first review related work on the subject in
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2 and give a more detailed description of the
mobility spatio-temporal data in 2.1. Section 3
describes the tensor model of human mobility
and the extraction of latent spatial and temporal
features. Section 4 presents the prediction
methodology through modeling the relationship
between latent features and human mobility as
a Gaussian process. Section 5 demonstrates the
performance of our methodology through a series
of experiments with the bike trips in New York.
Finally, we present the conclusions in Section 6.

1. Related work

Given the importance of gaining a deeper
understanding of many  spatial-temporal
activities, like human mobility, and predicting
them accurately, related work in this area
has been published in various fields, such as
computer science, urban planning, sociology, and
other areas. In this section, some of the works
relevant to different aspects of mobility patterns
are overviewed.

Some studies have visualized bike sharing
systems activity, identifying trends, usually
based on the performance analysis of connecting
stations, observing the number of trips starting
and ending at the station level [3] [4] [5].
The number of studies analyzes bike sharing
systems imbalances caused by various levels
of attractiveness and generation of station-
level trips [6], often they provide efficient bike
redistribution strategies [7] [8].

With a similar goal of introducing a more
balanced systems, other studies modeled demand
[9] or developed models that optimize the location
of stations [10]. Signficant number of studies
have recently focused on the GPS analysis of
casual cyclists’ routes [11]. A couple of studies
have focused on the exploration of real bike
routes. First, the route choice analysis performed
by Khatri [12], based on approximately 12,000
trips collected through the Phoenix BSS bikes
equipped with built-in GPS trackers, second , the
research published by Wergin and Buehler [13],
analysing 3596 trips obtained by introducing
GPS trackers into 94 bikes in the Washington
DC BSS in 2015, and the study to visualise the
cycling flow derived from Madrid bike sharing

system activity, obtained by processing over
250,000 GPS routes, and provide an analysis
of how this flow is distributed across the urban
street network at different moments [14].

2.1 CitiBike NYC bike sharing

system

The methodology described in this paper is
tested on open data available on web site https://
www.citibikenyc.com/system-data. There can
be found data about all trips done by user of
system CitiBike New York and annual reports
per month from May 2013. CitiBike system start
his operation in May 2013. On average, there
are 43,604 rides per day, with each bike used 3.5
times per day. It has 8,629 annual members and
61,715 casual members signed up or renewed
during the month. There are 757 active stations
at the end of the month. The average bike fleet is
12,744 with 12,793 bikes in the fleet. Citi Bike
staff rebalances on average 22,280 bicycles per
month. The Service Delivery Department utilizes
box trucks, vans, contracted trikes, articulated
trikes (‘bike trains’), valets, and member
incentives (‘Bike Angels’) to redistribute bikes
system-wide.

CitiBike system publish downloadable files
of CitiBike trip data. The data includes: Trip
Duration (seconds), Start Time and Date, Stop
Time and Date, Start Station Name, End Station
Name, Station ID, Station Lat/Long, Bike ID,
User Type (Customer = 24-hour pass or 3-day
pass user; Subscriber = Annual Member), Gender
(Zero=unknown; l=male; 2=female), Year of
Birth. This data has been processed to remove
trips that are taken by staff as they service and
inspect the system, trips that are taken to/from
any of “test” stations, and any trips that were
below 60 seconds in length (potentially false
starts or users trying to re-dock a bike to ensure
its secure).

3. Tensor model and extracting latent

features

Tensor is a array with 3 or more dimensions.
Decompositions of a higher-order tensor can be
used to extract and explain the properties among
the tensor. Tensor decomposition is widely
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Figure 1. Tensor decomposition

used in computer vision, numerical analysis,
data mining, neuroscience, graph analysis etc.
[15]. In this paper, we propose to model human
flow between different neighborhoods with a
3-dimensional tensor H € RNV*L as shown in
Figure 1. The first dimension of the tensor H
denotes N origin neighborhoods, the second
dimension denotes N destination neighborhoods,
and the third dimension denotes L time slots,
respectively. Each entry of the tensor H(i, j, [)
stores the average number of trips starting from
neighborhood i to neighborhood j during time
period L.

With this tensor model, we extract the latent
spatial features of each origin neighborhood,
destination neighborhood, and the latent temporal
feature of each time slot through a Tucker
decomposition. The Tucker decomposition can be
thought of as the form of higher-order Principal
Component Analysis (PCA). It decomposes a
tensor into a core tensor multiplied by a matrix
along each dimension [15]. In our case, we
decompose the tensor H into three matrices

So VP §d N T R and a core tensor
GP*@R as shown in Figure 1. Mathematically, this
relationship can be expressed as in Equation 1:

H ARG X, S, Xy 8; X5 T 1)

4. Predicting using latent features
After the extraction of latent spatial-
temporal features, we mathematically model
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the relationship between spatial-temporal
activities such as human mobility and the
extracted latent features for prediction. For this,
we assume that people’s mobility is generated
from a smooth and continuous process. This
process has typical amplitude and variations
in the function which takes place over spatial,
temporal, and other characteristics. For
example, to predict the volume of outflow xo
[, in the neighborhood i during time period [
(or the volume of inflow xt i, [), we can model
the relationship as below:

xo i,l= g(so i Tl.:’ xo [ EA ) (2)

xu‘,l - g(gdi,:’ Tl,:’ xu’,l—l’ te ) (3)

Note that instead of relating this relationship
to some specific models such as linear, quadratic,
cubic, or even non-polynomial models, which
may have numerous possibilities, we modeled
this relationship as a free-form Gaussian process.
One reason for using the Gaussian process is
that for any spatial-temporal activity y (e.g., x0
i,l) to be predicted, it will likely be generated
by the same process and have similar values as
the historical processes that share similar latent
spatial-temporal features. We can take advantage
of this relationship and use it for prediction. The
Gaussian process is described properly in the
work of Rasmussen [16].
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The mathematical model and all calculations
are done in programming language python with
help of libraries. Three-dimensional tensor was
created with numpy library. Generated tensor is
decomposed by Tucker decomposition algorithm
using tensorly library, that is highly recommended
for tensor learning in python. Gaussian regression
was done by library GPy. In order to verify our
assumptions, the data set was divided into two
part: train data and test data. Taking a look at the
training data, we can see a number of features
that occur in the data. There is a clear periodic
trend that is daily or weekly. We can use this
prior information in our choice of kernel to give
some meaning to the Gaussian process fit. In the
Figure 2 you can see the prediction of outflow of
one station for one month. In figure vertical axis
is the number of bikes taken from that station,
horizontal axis is the number of hours in month.
For example, 0 is first hour (00:00-00:59) of first
day of month, 39 is time period 14:00-14:59 of
second day of month (39-24=15).

For prediction accuracy measurements, we
used the mean squared error (MSE) and mean
absolute scaled error. MSE in average is 1919
and MASE is 0.38.

In this work, we proposed a new
methodology for the prediction of spatial-
temporal human mobility, especially the
inflow and outflow of bikes from one station
to another during certain time periods. Our
methodology comprised two steps: (1) use
of a 3D tensor to model human mobility
and extract latent spatial and temporal
features of different stations and time
periods through tensor factorization; and
(2) modeled relationship between mobility
patterns and the extracted latent spatial and
temporal features as a Gaussian process
for prediction of human mobility. For
validation of the proposed methodology, we
experimented with New York City’s bike
trips. The results showed that our extracted
latent features successfully distinguish
between bike sharing stations with diverse
unique characteristics.

This work has done under the project Ne
AP05134776 «Location Analytics Techniques for
Prediction of Mobility Patterns» of the Ministry
of Education and Sciences of the Republic of
Kazakhstan.
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KOPPEJISIIIUSA CTPATUT PAOMYECKOI'O PA3PE3A C OIIEHKOM ITPOTHO3HBIX
PECYPCOB YIVTIEBOJIOPOJIHOTI'O ChIPBSI OCAJTOYHBIX BACCEMHOB IO)KHOI'O
KA3AXCTAHA (ITY-CAPBICYHCKOI'O, WJIMHCKOTI'O U IIPUBAJIXAIIICKOI'O)

K.C. TYIEMHUCOBA, B.B. KOPOBKHH, M.M. BYCJIOB

Kaszaxcmancko-bpumanckuii mexnuueckuii yHueepcumem

Annomauusn: Paccmompen nepeuenv 60npocos, C8A3aHHbIX ¢ Heghme2a30HOCHOCMbIO 0CA0OYHBIX OACCEUHO8
FOoicnozo0 Kasaxcmana u oyeHxoli ux npocHO3HbIX pecypcos. st OYyeHKU NPOSHOZHBIX Pecypco8 0CA0OYHbIX
baccetinos FOxcnozo Kazaxcmana (LLy-Capuicyiickoeo, Hnuiickoeo, Ilpubanxauickozo) Oviiu paccuumansl
ocHo8Hble napamempsi: 1) n1ouadsb ocadounozo baccelina,; 2) MowHocmu HeghmemamepuHCKUX KOMNIEKcos, 3)
cooeparcanue 8 HeghmemMamepuHCKUX KOMIIEKCAx OpeaHuyuecko2o eewecmed, 4) oovemvl HepmemamepuncKux
nopoo. Jlannvie no niowadsm ocadoOyHwvlX OACCEUHO8 G3AMbl NO Pe3VIbmamam HOCMPOEHUs: TUMON020-
naneozeoepapuueckux u NATUHCNACMUYECKUX Kapm, OaHHble N0 MOMWUHAM NOAYHEeHbl 6 pe3yibmame
NPOBeOCHUsT  OEMANbHbIX  TUMOL020-CIMPAMUSPAPUUECKUX  UCCLe008AHUL, OAHHbIE N0  COOEPI’CAHUID
0p2aHUYeCKO20 Beuyecmaea NOTYYeHbl HymeM NPO8eOeHUs PEHM2EHOCMPYKIMYPHO20 U MEPMUYECKO20 AHANU308
Hegpmemamepunckux nopoo. Illpoenos pecypcoé VB neghmeeazonocHvix 0acceuHog oCywecmensiics 6
cnedyroueti nociredosamenvHocmu. 1) Kauecmeenndas OYeHKa ¢ Yerwvio Gbls8IeHUs 2e0NI02UYECKUX (DaKmopos,
OnaconpusmMHbIX 051 2eHepayul, Nociedyrueli akKyMyIayu U KOHCep8ayuu yeie000p0OH020 Cuipbs, 2)
KOIUYeCMBEHHAs OYEeHKa Pecypcos U ux pacnpeoenenue no naowaou u paspezy 0cadoyHo2o Yexid.

B cea3u ¢ HeoocmamouHou u3yueHHOCbIO 2e0N102UYECKO20 CIMPOEHUs U OMCYMCMEUeM OAHHBIX N0 OYPeHUio
2MYOOKUX CKBAJICUH 6 OaHHOU pabome NpusedeHvl paciemsl MoAbKO N0 KOIUYECTNBEHHOU OYeHKe pecypcos
0na 6cell cymmuvl Y2negooopooos. llpu eospacmanuu cmenenu u3y4eHHOCmu pecypcvl Hegmu, 2aza u
KoHOeHcama 6ydym oyenusamscs pazoenvro. Konuvecmeennas oyenka npoeHosnvlx pecypcos nposeoeHa no
NPeOnONONCUMETLHBIM U PACCUUMAHHBIM NAPAMEMPAM HA OCHOBE 2e0102UYECKUX NPEOCTNAGNeHUN U AHANOUU
¢ Opyeumu Oonee usyyeHHbIMU PeUOHAMU.

Knrwouesvie cnosa: ocadounviii Oacceiln, HeQmMe2a30HOCHOCMb, AUMON020-CMPAMUSPAPUUECKUTE AHATU3,
CMPYKMYPHBII U NATEOMEKMOHUYECKUN AHATU3, NPOSHO3HbLE PECYPCHl

CORRELATION OF A STRATIGRAPHIC SECTION WITH THE ESTIMATION OF
FORECAST RESOURCES OF HYDROCARBON POTENTIAL OF SEDIMENTARY
BASINS OF SOUTH KAZAKHSTAN (SHU-SARYSU, ILI AND PRIBALKHASH)

Abstract: The list of questions related to the petroleum potential of sedimentary basins of South Kazakhstan and
the assessment of undiscovered potential resources was considered. For calculation of undiscovered potential
resources of sedimentary basins of South Kazakhstan (Shu-Sarysu, 1li, Pribalkhash) the main parameters were
calculated: 1) area of sedimentary basin, 2) thickness of 0il source complexes; 3) organic content of oil source
complexes, 4) volume of oil source rocks. The data on the areas of sedimentary basins is taken from the results
of constructing lithologic-paleogeographic and palinspastic maps, the thickness data is obtained as a result
of detailed lithologic-stratigraphic studies, the data on the content of organic matter is obtained by X-ray
structural and thermal analyzes of oil source rocks. The forecast of the hydrocarbon resources of 0il and gas
bearing basins was carried out in the following sequence: 1) qualitative assessment for the purpose to identify
geological factors favorable for the formation, subsequent accumulation and conservation of hydrocarbon; 2)
quantitative assessment of resources and their distribution over the area and section of the sedimentary cover.
Due to the insufficient study of a geological structure and lack of data on drilling of deep wells calculations
only for quantitative assessment of resources for entire amount of hydrocarbons are given in this work. With
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increasing of study degree the oil, gas and condensate resources will be estimated separately. The quantitative
assessment of the undiscovered potential resources was carried out on the basis of presumable parameters
based on general geological representations and analogy with other more studied regions.

Keywords: sedimentary basin, petroleum potential, lithologic-stratigraphic analysis, structural and
paleotectonic analysis, undiscovered potential resources

OHTYCTIK KABAKCTAHHBIH IOT'TH/II BACCENH/EPIHIH
(LIY-CAPBICY, VIE KOHE BAJIKAII MAHBI) KOMIPCYTEK IIMKI3ATBIHBIH
BOJIKAM/IbI PECYPCTAPBIH BAFACBIMEH, CTPATUT PAOUSIIBIK
KUMAHBI KOPPEJISILIASIJIAY

Anoamna: Oymycmix Kazaxcmanuviy myHati-eazovl weciHOi baccelinoepi dcaHe onapovly OONHCAMObL
Kopnapeli Oasanray mypanvl OipHewe Macenenep Kapacmuipuliovl. Oymycmix Kazaxcmanuwiy (LLy-
Capvicy, Ine, banxaw manvl) weeindi OacceliHOepiniy O0NHCAMObL KOPLAPbIH CAHAY YUK Heli3i
napamempiepi ecenmendi: 1) we2inoi baccelinniy ayoansl, 2) MyHaumyowblpyulbl KOMNIEKCIMIY KAlblHObIZbl,
3) MyHaumyOwbIpyuibl KOMIIAEKCMe2i OPeanuKanblK 3ammoly Koaemi; 4) Mynammyovipyuibl may HColHblCMblH
kenemi. Illezindi b6accelindepoiy ayoauvi OOUbIHWGA AKNAPAMMAP JUMON02UA-NANe02e02PAPUALBIK HCIHE
NATUHCNACMUKALLIK, Kapmanapovl KYpacmulpy apKblibl AHbIKMAIObI, KAlbIHObI2bl OOUbIHUA AKNAPAmmap
JIUMON020-CMPAMUPAPUATLIK 3epmmeyiepoily KOPbIMbIHObICLIHAH ANbIHObI, OPSAHUKANLIK 3AMMblY KOLeMi
Mypansl aKnapammap MYHaAumyoulpyuibl may JHCbIHLICKA PEHMEEeHMKYPLUILIMObL JCIHE MepMO 3epmme)y
apkwLibl A1blHObL. MyHati-ea30vl baccetinoepoezi KomMipcymekK KopaapvlH 001cay Keneci pemnet opblHOandobl:
1) xemipcymexmepoi Kanblnmacmulpy, KeuiHHeH JHCUHAKMAY JHCOHEe CAKMAY YUliH KOAAUIbl 2e0N02USNbIK
Gaxmopnapovl anvikmay yuwin cananvl 6aganay, 2) Kopiapovl CaHOblK 0AANAY HCIHE ONAPOLIH AYOAH HCIHE
KuMa OOUbIHWA WO2iHOI Kabamma OpHALACYbl.

Teonoeusnviy KypulablCmbly HCeMKINIKCI3 3epmmenyine Jdcane mepey YHbIMAiapovl OYPEblidy HCOHIHOe2l
OepexkmepOiy OOIMAYbIHA DAUNAHBICHIbL OCbL HCYMBICTNA KOMIPCYMEKmep YUl pecypcmapobl CAnoblK bazanay
bouvinwa 2ana ecenmeyiep Kenmipineen. 3epmmeny 0apediceci OCKeH Ke30e MYHAl-2a3 JcoHe KOHOeHcam
pecypcmapwl benexk bazananaosl. bonsxxcamowl pecypcmapowl canovik Oa2anay Hcainvl 2e0102UANbIK KOPIHicmep
MeH backa Oa 3epmmenzeH OHIpIepMeH YKCACMbIKmap He2isiHoe 601xcamobl napamempiep OOUbIHULA
HCYP2i3inOL.

Tyitinoi ce30ep: wezindi baccelin, MYHal-2a30blabIK, TUMOL02US CIPAMuUepa@UaIbIK 3epmmey, KYpoliblMObIK
JHCIHE NALEOMEKMOHUKANBIK 3epmmey, DONHCamobl Kopiap

[Ipy reonoro-sKOHOMHMUYECKON OLIEHKE He-
¢dTera3oBoro moreHIMan€a OCaJ0YHBIX Oacceil-
HOB OJHMM M3 HauboJyiee Ba)KHBIX ITAIOB SIBIIS-
eTCsl MPOrHO3UpOBaHNEe 00beMa BO3MOXKHBIX pe-
CypCOB yIJIEBOJIOPOJIHOTO ChIphs [ 1, 2].

Jlns oueHku HedTerazoBoro MoTeHLUANA
ocagouyHblx OacceiinoB IOxuoro Kasaxcrana
(Iy-Capsicyiickoro, ITpubanxamickoro, Mmmii-
CKOro) OBUIM HCIIOJIb30BAaHbl MHOTOYHUCIICEHHBIE
reojioro-reousnueckue manapie [1-8]. ITomu-
MO 3TOTO MPHUBJICYEHBI PE3YJIBTAThI CIEAYIOLINX
uccaenoBanuii: 1) crparurpaduueckux; 2) au-
TONOrO-(hauanbHbIX; 2) TEKTOHUYECKUX U TeOo-
JUHAMHUYECKUX; 4) NaHHbIe IITyOMHHOTO CelCMu-
YECKOTO 30HAMPOBAHUS 3€MHOM KOpHBI; 5) 0000-
IICHUSI TaHHBIX TPaBU-, MATHUTO- U DJIEKTPOpas-
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BEKH, a TaKKe KapoTaka OypOBBIX CKBa)KMH;
6) IpOBEACHO M3yUYeHHUE BEIIECTBEHHOIO COCTa-
Ba K€pPHA CKBa)XUH U PE3yJIbTaTOB TEPMHUUECKOTO
U PEHTTEHOCTPYKTYPHOTO H3Yy4YE€HHUS OOpas3IoB
ropubix nopoj. IlonyueHHble TaHHBIE SBISIOTCS
BaXHBIMU TapaMeTPaMHU MPH yUeTe IPOrHO3HBIX
PECYPCOB YITIEBOAOPOAHOIO CHIPHSI.

s pacdyera MpPOTHO3HBIX PECYpPCOB Oca-
nounblx  OacceriHoB  IOxuoro  Kasaxcrana
(Iy-Capsicyiickoro,  Wmmiickoro,  I[Ipuban-
XAallICKOT0) ObUIM pPacCUUTaHbl OCHOBHBIE Ia-
pamerpbl. K uucily OCHOBHBIX pacueTHBIX Ma-
pameTpoB OTHOCATCS: 1) IUIOmaAb OCaJOYHOIO
OacceiiHa; 2) MOIIHOCTH HEPTEMATEPUHCKUX
KOMILJIEKCOB; 3) coiep)kaHue B HedTeMmaTepuH-
CKMX KOMIUIEKCaX OPraHHYeCKOro BEILECTBa;
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5) oObeMbl HeTeMaTepUHCKUX Topo. JlaHHBIE
MO IUIOIAAAM OCAZOYHBIX OacCeHHOB B3SITHI
MO pe3yJbTaTaM IOCTPOCHUS JIMTOJIOTO-TAIe0-
reorpaMuecKux M TAJMHCIACTHYCCKUX KaprT,
JIAHHBIC TI0 TOJIIMHAM TOJYYEHBl B PE3yJIbTaTe
NPOBEJICHUST JICTAIBHBIX JINTOJIOTO-CTPATHUTPa-
(ruecKUX MCCIIeOBaHNUM, JTaHHBIC 110 COZICpIKa-
HHIO OPraHUYECKOTO BEIIECTBA MOJTY4YEHBI IyTeM
NPOBEJICHUSI PEHTTCHOCTPYKTYPHOTO W TEPMH-
YeCKOro aHajIM30B He(TEeMaTepUHCKUX MOPOJA
[5, 6].

OcrayibHbIe JaHHBIC OBLTH TOIyYEHBI ITyTEM
COOTBETCTBYIOLIMX pacueToB. [loacyer mporxos-
HBIX pECYPCOB ObLI OCYIIIECTBIIEH 00bEMHO-CTATHC-
THYECKUM MeTozioM 1o gopmyre JL.I. Yukca [2]:

Q=q.V,

rne Q — HavalbHBIE TEOJOTHYECKHE pecyp-
Chl; q ,— 00bEMHas IUIOTHOCTH PECYPCOB; V —
00beM ocagouHoro BeinoaHeHus. JI.I. Yukc ne
UCIIOJIB3YeT TEPMHUHBI «CEIUMCHTAIIMOHHBIN
WM  «He(TEra3oHOCHBIM OacceiH», HO TIpH
ATOM YKa3bIBAECT, YTO OLICHKU BEITUYHHBI 00HEM-
HOM IUIOTHOCTH PECYPCOB ((,) KOPPEKTHBI s
OOJBIIMX 0OBEMOB OCAJIOYHOTO 3aIlOTHEHUS (B
nounmanuu Baccoesnua H.b. u PonoBa A.B.)
[13, 14].

L11Iy-Capuicyiickuii baccetin
Hedrerazonocnocts  Illy-Capsricyiickoro
0CaJIOYHOro OacceiiHa U3y4eHa JeTalbHO B FOXK-

Hoi ee yactu (Kokmancopckuii u yacth MOMBIH-
Kymckoro nporu6os) [5. 11]. C astumu paitonamu
CBSI3aHbl W3BECTHBIE Ta30BbI€ MECTOPOXKICHMUS.
W3BnekaeMble 3amackl OONbIIEH YaCTH OTHOCST-
Csl K KaTeTOpUU MEJIKUX U CpelHuX (AMaHresb-
nuHckoe U [IpunopokHoe) 00BEKTOB.

Jis  OLIEHKM pecypcoB  YIVIEBOAOPOAHO-
TO ChIpbsS OBUIM MPHUBJICUEHBI JIaHHBIE T€0JIOTO-
reousnueckux padot [1, 4-6], KOTOpBIE TTO3BO-
JWINA OIICHUTh BETMYMHBI CYMMapHBIX 00BEMOB
0Ca/IouHbIX KoMmIulekcoB JKeskasraHckoro (ce-
BepHas 4acTh), TacOynakcko-Cy3ak-baiikamam-
ckoro (IieHTpanbHas 4acTb) U MOWBIHKYMCKOTO
(roxHas yacThb) pailonoB. CoOpaHa nHpoOpMaLus
0 JIUTOJIOTO-CTPaTUTpadUIECKUX O0COOCHHOCTSIX
WX OCAJ0YHOTO 3aMOJIHEHUS, HATUYUU U 0COOEH-
HOCTSIX CTPOEHUS KOJUIEKTOPOB U MOKPBILIEK.

J171s1 KOMUYEeCTBEHHON OLIEHKH MPOTHO3HBIX
pecypcoB OBLTM BBIOpAHBI METOMABI OICHKH IO
CTENEeHU Te0JI0ro-reoPU3n4ecko U3yu4eHHOCTH
U aHAIUTUYECKHUE JaHHBIC MO COACPIKAHUIO Op-
TaHUYECKOTO yriepoaa B He(TEra3oHOCHBIX H
MEePCIEKTUBHBIX HE(PTEra30HOCHBIX KOMITJIEKCAX
[3, 5, 6].

[o apeanry ¢pameH-KaMEHHOYTOJIBHOTO KOM-
mekca [ly-Capsicylickas BiaJuHa UMEET Cpel-
HECTAaTUCTUYECKUE JUIMHY 825 KM U LIUPUHY
337 kM, IUIOIIAAbL BCEro OacceiiHa IOCTHUTAET
278 025 km?. C y4eToM NaJIMHCIIACTUYECKUX pe-
KOHCTPYKIMH TuIoImaas GacceilHa BO3pacTaeT B
1,4-1,5 paza [5, 11].

Tadoauuna 1 — [Iporuo3ubie pecypcesl yriieBoaopoaHoro coipbsi Lly-Capbicyiickoro 0acceiina

[Tnomanp paiioHOB, MomutHocTh O0bem
DJeMEeHTBI Crparurpaduieckue )
. KM?, 06e3 yuera HeTEra3oHOCHOTO He(TEra30HOCHOTO
PpaliOHMPOBAHUS CIIMHHIIBI 5
MaJMHCIACTUKH KOMILIEKCa, KM KOMILJIEKCA, KM
WKe3KA3rAHCKAS D.fm-C 107 500 2.0 215000
P 52 075 1.0 52075
LlenTpaspHas yacTb OacceitHa D.fm- C 96 275 1.7 163 667.5
(Tac6¥naKCKo-Cy3aK- P 68 906 10 68 906
Baiikomamckas)
FOsxHast yacth Oaccelina — D.fm- C 74 250 1.0 74350
MoiibIHKyMCKast P 46 363 0.8 37090
— Kareropmn O0BeM KoM- Bcero Crparurpapuyeckue
AfOHNPOBAHMS pecypcos frexca (pecypepi) AU JInTonorus KoJIeKkTopa
P KM° B MJTH. TOHH ITaneo3oit
JKe3KasraHCKas 1 215 000 2 580.0 D, fm- C, KapOOHATHBII
! 52075 624 .9 P CMEIIaHHBIN
LlenTpanpHas 4acTh 163 667.5 1964.0 D.fm- C, KapOOHATHBII
Oacceiina (Tacoynaxcio- | 1, 68 906 826.9 p CMenanHbii
Cy3sak-baiikomamckas)
IOxmHast gacTs Oacceiina — 1 74 250 891.0 D, fm- C, KapOOHATHBIH
MoibIHKYMCKast ! 37 090 445.1 P CMELIAHHBIN
Hroro 7331.9
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[To miomanu pa3BuTHs HepMckoro Hedrera-
30HOCHOTO KOMIUJIEKCA IOJYYEHbI CIEeIyIOIIHe
JIaHHBIC: MPOTSKEHHOCTh 637.5 KM U IIMpUHA
262.5 kM, momanbk OacceliHa ocaaKOHAKOILIe-
Hust nocturaer 167 344 xkm?. OObeMHas IIIOT-
HOCTB pecypcoB mpunsta 12 000 t/km® [2, 3].

Tpubanxawckuii baccetin

K nacrosiiemy BpeMeHM 3HaYMMBIX 00BEK-
ToB YB chipbs B ipenenax [Ipubanxamickoii Bria-
JIMHBI He OTKpbITO. Ha roskHOM Gopty p. nu — B
ckBaxuHne I'-3 Kaitpanranckoro ra3oBoro nposB-
JICHUSI BCKPBIT 3P Py3UBHO-0CAIOUHBII KOMITJIEKC
nepmu. [Toponbl KomIuiekca npeacTaBiaeHbl Kiu-
BaXUPOBAaHHBIMU BYJIKAaHUTAMH U IeCYaHUKAMHU,
W3 KOTOpBIX B MHTEpBajax 2992-2997 m u 2969-
2971 M mony4deHbl NPUTOKH Pa3ra3MpOBAHHOMN
XJIOPUIHO-KaJIbIIMEBOM BOABI JacOuToM 32 Mm%/
CyT 1 ra30BbIM (akTopom 18 m3/m>. I'a3 a30THBII
¢ conepxxanueM remus 2,5%, merana 0,15%,
yrekucaoro raza 2% [2, 3, 9]. ['a3 Haxoaurcs
B MEPEHACHILIICHHOM PacTBOPE U MPU CHUKCHHUU
IJIACTOBOTO JAABJICHUSI MOXKET BBIIETSATHCS B CBO-
6onnyto (azy. 13 apko30BbIX U BYJIKaHOMHUKTO-
BBIX [€CYAHHKOB HIKHEH MepMU B MHTEpBaiaX
2861-2880 m 1 2842-2770 M nosy4eHbI MPUTOKHU
XJIOP-KaJIbI[UEBOM BOJIbI C PACTBOPEHHBIM Ta30M,
COZIepIKaIllMM METaH B KoJinuecTBe 22,7%.

B kaliHO30MCKOM KOMILJIEKCE ra30MposiBIie-
HUSI UMEIOTCSl B Tipeaenax Wnuiickoi BOaguHbI
B CTpyKTypax Akray, KoiObiHCcKOM 1 XKamObL-
Oacrayckoit [1, 5, 9]. B »011€H-0IUTOIIEHOBBIX
OTJIOKEeHUsAX B Onoke becrobe ycraHoBieH To-
PHU30HT MECUYAHUKOB C ra3omnokazaHusiMu a0 9%.
OTH OTIOKEHUA Ha backyHYakcKoW IIomaan
XapaKTEepPHU30BAIUCh YACThIM pPa3ra3upOBaAHHEM
DIMHKUCTOrO pactBopa. CoaepkaHue yIieBoao-
POIHBIX KOMIIOHEHTOB B MP00Oax pacTBOPEHHOIO
raza coctabisuio 10 12-19%. Ilpu ucnbitanumn
OTMOPHON CKB&KHUHBI B IMECYaHBIX T'OPU30HTAX
HeoreHa ObUT MOJYYEH Ta3 WM BOJa C ra3oM C
conepxkanueM merana ot 0,87 no 11,75% [9].

bbu10 npoBeneHo uzydyeHue opraHu4ecKkoro
BEIIECTBA B Pa3HOOOPA3HBIX 110 COCTaBy U BO3-
pacTy mopojax TEPMHUYECKHM M pPEHTreHoaud-
pakToMeTpuueckuM Meronamu. llpensiayiiue
HCCIIEIOBAHMS MOKa3alu [4], 4TO OTHOCUTEIBHO
MOBBIIICHHONW HACBIIIEHHOCTHIO OpPraHMYeCKUM
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BEIIECTBOM OO0JIaZJal0T TEPMCKHUE OTIIOMKECHHUS.
Tak B mepMckux ajeBpoJUTax ObLI OIpeeseH
outrym B komuuectse 0,19-0,39%. B TpuacoBbix
OTJIIOKEHUSAX OTMEUEHO CojepKaHue OUTyma o
0,01%.

B Ilpubanxamickom ocaxodHoM Oacceline
PErHOHAIBHBIMUA  TIOKPBIIIKaMK  ((IIFOMI0YTIO-
pamu) SBIISIOTCS aJCOT€HOBBIE U MUOIICHOBBIE
mIuHBL. B BocTOYHO# yacTu OacceiiHa mpearnosno-
KHUTEIbHO HE(TEra3oMaTepUHCKUMH TOJIIAMH
MOXKET OBITh YIVICHOCHAas IeCYaHO-IJIMHUCTAs
IOpCKasi TOJIIA, B KOTOPOH (PUKCUpYyeTCs Yepeio-
BaHUE IJIACTOB YIVIsl U OUTYMUHO3HBIX CJIAHIIEB.
JlanHasi TONIIA HAaxXOAUTCA B ONArompUATHOM
TEPMOJMHAMUYECKON OOCTaHOBKE ISl TPEo0-
pa3zoBaHMs OpraHHuYeckoro BemiecTBa. FOpckue
YIJIH, TOJIIMHA KOTOPBIX JOocTUraeT 16 M (CKBa-
kuHa ['-6), mpouuty ctaauio karareHesa [ 9].

Ha paccmarpuBaemoil TeppuTOpUH BBHUIY
OTCYTCTBUS TPOMBIIIJICHHBIX MECTOPOXKICHHIM
(3amacel  yIIIEBOIOPOJHOTO ChIPbS) YIVIEBOAO-
POZIOB, MPOTHO3HAS OLIEHKA IMEPCIEeKTUB HedTe-
ra30HOCHOCTH ME3030MCKOro KOMILIeKca OyaeT
MIPOM3BE/ICHA [0 KATETOPUH OLIEHKU MPOTHO3HBIX
3armacoB. B cBs3u co cnaboi n3y4eHHOCThIO T'e0-
JIOTHYECKOTO CTPOCHHUSI M OTCYTCTBUEM JIaHHBIX
1o OypeHuto TITyOOKUX CKBaXKHH B OTUYETE MpPUBE-
JICHBI pacyeThl TOJIBKO 110 KOJTMYE€CTBEHHOM OLIeH-
K€ PecypcoB JUIsl BCel CyMMBI yIJIEBOJJOPOIOB.

[Tpubanxamnickuii ocago4Hbli O0acceH oT-
HOCUTCSl K THUIy MpPEIropHbIX BHaauH. B Hu-
30BbAX peku Mnm pacnomaraercs FHOsxxno-ban-
xainickoe OypoyronbHoe Mectopoxzaenue. I[lo
CTENEeHH H3YyYEHHOCTHU OLIEHKAa PECypCOB yrIe-
BOJIOPOJTHOTO CHIPbSI TIPOBOJUTCS MO KaTerOpPHH
J, [2], x 5TO# Kareropuu pecypcoB OTHOCAT JIM-
TOJIOTO-CTPATUTPAPUICCKHE KOMIUICKCHI, Hed-
TEra3oHOCHOCTb KOTOPBIX MHPOrHO3UpYETCs Ha
OCHOBaHUHU KOMIUIEKCA T'€0JIOro-reopu3nieckux
naHHbIX. [[ns me3o3oiickoro OacceliHa (HMXK-
HE-CPETHEIOPCKOT0): MPOTHKEHHOCTHIO 225 KM,
mupuHOr 112 kM, mutoniaapio mporuda 25 200
KM?, 00bEeMHasl IUIOTHOCTh PECYPCOB C YYETOM
nomyckoB npuasata 12 000 t/km*[2, 3].

Hnutickuil 6accenin
PaHHUMU TeostoropasBeIoYHBIMUA PabOTaMH
OBLJIO YCTAHOBJICHO, YTO IMOBBIIICHHAS TeJIMOHA-
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Ta6auna 2 — [Iporuo3nsie pecypcsl yIiieBOAOPOAHOro chipbs IIpundanxamckoro 6acceiina

S TeMEHThL Crparurpadu- | [Lnomranas paiionos, | MormHocTs HedTera- O6beM
N YecKue enu- | KM%, 6e3 yuera rma- | 30HOCHOTO KOMILICK- HedTera3oHOCHOTO
palioHUPOBAHHUS s
HUIIbI JIMHCITACTHUKHU ca, KM KOMIIJICKCA, KM
3amaiHas yacTh OacceitHa 03
(Hmwxuennmiickuii T,-J 25200 ’ 7560
YIJIGHOCHBIH Oacceiin)
O0beM Bcero Crparurpapuueckue
DJeMEeHTHI Kareropun P pad
N KOMILIEKCa (pecypch) CIMHUIIBI
PpaliOHUPOBAHHS pecypcos s
KM B MJIH. TOHH
3amagHas gacth Oacceitna (FOxHO-
N N ( N I, 7560 90.720 T,-J
Banxamickuii yrieHOCHBIN Oaccelin)
Hroro [ 90.720

CBILLIEHHOCTb Ia30B BBISBJIICHA HA JIBYX y4acTKax
Bocrouno-Unuiickoii Bnaaunbl — Kalipanran
(roxHBIN O00pT) M KamOpibacTay-KoiiosiH (ce-
BepHBIN 60pT) [9].

B npenenax roykHOW YacTH BIAJMHBI Haxo-
qutca  Kalipanranckoe rasomnposiBieHHe. 31eCh
CKBaXMHOM [-3 yCTaHOBIIEHO, YTO NPOSIBICHUS
ra3a cBs3aHbl ¢ 3((y3uBHO-0CATOUHON TOMIIEH
nepmu. KomeKTopel ClI0XKeHbl TPELMHOBAaTbIMU
BYJIKAHUTaMU U MIE€CYaHUKaMH, U3 KOTOPBIX B HUH-
tepBaiax 2992-2997 m u 2971-2969 m nonyuen
IIPUTOK Pa3ra3upOBAHHOMN XJIOPHUIHO-KAJIBLIUEBOI
BOZIbI 1eOUTOM 32 M3/CyT ¢ ra3oBbIM (hakTOPOM
18 m*/M’. T'a3 a30THBI ¢ comepKaHHEM Tenus
2,5%, metana 0,15%, yrmekucnoro raza 2%. ['a3
HaXOAWUTCSl B NEPEHACHIIIEHHOM PacTBOPE U IpH
CHIDKEHUM IJIaCTOBOTO JABJICHUS MOXKET BblJie-
JSATHCSL B cBOOOAHYIO (pazy. 3 apKo30BBIX H Ty-
(hOBBIX IECYAHMKOB HIDKHEW MTEPMH B UHTEPBaJIaxX
2861-2880 M u 2842-2770 M nosryueHsl IPUTOKH
XJIOP-KaJIbIIUEBOM BOZIBI C PACTBOPEHHBIM ra3oM,
CoJIepIKaIIuM MeTaH B KonnuecTse 22,7% [9].

B BepxHenepMckoii Tose B ckBaxkuHax I'-3
u ['-6 1o pesysnbraTam razoBoro Kaporaxa BblJie-
JSIOTCS. @HOMAJIMU C COAEpaHUEM METaHa [0
15%, npuypoueHHbIE K IECUAHBIM KOJIJIEKTOpaM.

TpuacoBble U IOPCKUE OTIOKEHUS U3yUEHBI
B cKBaxkuHe ['-3, r1e pacTBOpeHHBIE B BOJE a30T-
HBIE Ta3bl copepxar reiuit 10 1,0-1,2%. JleOuTsr
BOJIBI U3 TpUaca COCTaBISIOT — 123 mM*/cyT.

MenoBast Tomma Obljla MCCIIEIOBaHA CKBa-
xuHoU ['-5 BecTroOuHCcKas. MenoBbie MOPOIbI
NPEICTABICHbl apriJIJIUTaMHU C MPOCIIOSIMHU U3-
BECTKOBHUCTBIX IecyaHukoB. CymmapHoe copep-

’KaHHe rOpPIYNX razoB MeHseTcs oT 23 10 63%.

B kaiiHO30MCKMX OTJIOKEHUSX Ta30IMpOosiB-
JeHus 3a(UKCUpOBaHBI B CTPYKTypax AKTay,
Koiiobrackoit n XKamObImoacTayckoil. B cTpykry-
pe Axray HaOrOmaNCs BEIOPOC TOPIOYETO Ta3a 13
IeCUYaHOM MaYKH OJIUrorieHa, a Ha KoiObIHCKOM 1
JKamOb116acTayckoii 3a)UKCUPOBAHBI TTPOSIBIIE-
HUS @30THO-TEJIMEBBIX Ia30B (COAEPIKaHUE TeIHs
ot 1 10 6%).

B 20116H-0IUTOIICHOBBIX OTIOKEHUAX Ha
cTpyKType bectobe BcTpeueH ropu3oHT Iecya-
HUKOB C Ta3ornoka3zaHusMu a0 9%. B stux or-
JIO)KEHUSAX Ha BaCKyHUYaKCKO#l CTPYKType B MpO-
necce OypeHHs MPOUCXOAMIIO pa3ra3upoOBaHUE
mMHMCTOro pactBopa. ConepikaHue yIneBoao-
POIHBIX KOMIIOHEHTOB B MP0O0axX pacTBOPEHHOTO
raza coctanisuio 10 12-19%. IIpu ucneitanuu B
HEOIE€HOBBIX OTJIOXKEHMSIX B OIMIOPHOM CKBa)XKMHE
Ne 10 u3 mecyaHbIX TOPU30HTOB OBLTH MTOTYYEHBI
ra3 Wiv BoJla C ra30M C COJIEp’KaHUEM METaHa OT
0,87 no 11,75%.

l'aszonposiBieHuss B KalHO30MCKUX OTIIO-
KEHMSIX, 10 MHEHMIO MHOTHMX MCCIIel0BaTeleH,
MMEIOT BTOPHUYHBIN Xapakrep. [enreHoCHOCTh
BOJl CBf3aHa C pasrpy3Koil IOBEHWJIbHBIX pac-
TBOPOB MO pasjioMaM, a XUMHUYECKUH COCTaB U
CTENIEHb MUHEpaIn3aluu OOHApPYXKUBAET CXO-
CTBO C IEPMCKUMH BoJaMu. B cTpykTypHOM OT-
HOILIEHUY JIOKAJIbHbIEC MOJHATHS, I7I€ MOTYyUEHBI
ra3onposiBICHUs, IPUMBIKAIOT K AkTay-Xoproc-
CKOMY pasjioMy, SIBJISIOIIEMYCSl KaHAJIOM MHU-
rpalyy ra3oB u3 6onee ryOOKUX TOPH30HTOB.

[lecuanuku  HUXKHETo-CpelHEro TpHuaca
obmagaroT mopuctocteio 18-23% u mpoHuIae-
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MocThiO 8-45 M/[. bruskue GuabTpaMOHHO-EM-
KOCTHBIE CBOICTBa UMEET IeCcuaHO-KOHIIIOMepa-
TOBasi TOJNIA BepXHero Tpuaca. [lopucrocTs nec-
YaHUKOB, 3aHUMaOIIHX 10 70% o6beMa opcKoit
Touiu, coctapisiet 20-26%, NpOHUIIAEMOCTD J10
40 m/I. MenoBble NMECUAHUKH XapaKTEPUIYIOTCS
nopuctoctbio 20-30%. B kaliHO30HCKUX OTIIO-
KEHUSIX (PUKCUPYETCS YMEHBILICHHE BEIHMYHHBI
KOJUIEKTOPCKUX CBOMCTB. TeM He MeHee, TPOHU-
[[aeMbl€ TOJIIM BCTPEYAIOTCS MO BCEMY paspe-
3y. [lnroneHoBble mecyaHUKU 00Ja/1al0T MOpH-
crocteio 10-22%. Ilog3emMHBIE BOABI BITQJHHBI
XapakTepHU3ylTCsS Pa3HOOOpPa3HBIM COCTAaBOM.
Boabl HUKHENEPMCKUX OTIOKEHUH OTHOCSTCS
K XJIOPUJIHO-KAJIbLIUEBOMY THUILYy C MHUHepajn3a-
nuei 8,5 r/m. CocTtaB pacTBOPEHHBIX T'a30B I10-
3BOJISIET MpEArNoiaraTb MPUCYTCTBUE 3aliexkeit
YIJIEBOJIOPOAHBIX Ta30B B IMEPMCKON BYJIKaHO-
TeHHO-TeppUreHHON Tomme. s MoI3eMHbIX
BOJI MEJIOBBIX OTJIOKEHUN XapaKTepHa BBICOKAs
munepanuzanus (0,35-0,9 r/m) u BwICOKHE Je-
outsl (10 6,5 Teic. M®). Boabl MajeoreHa UMEKOT
KOHTpPAacTHy0 MuHepanuzanuto ot 4,8 no 36,7
r/n [9].

HeorenoBast Tomma mopox mnpencTaBisieT
coboit Bomoymop. [lom3emHbIe BOABI 00pa3yroOT
371€Ch M30JIMPOBAHHBIE PE3EPBYaphl C MOBBIIICH-
HBIM HamopoM. MuHepalu3auusi HapacTaeT OT
OOpTOB K LEHTPY BIaauHbl — oT 3 110 50 /71, co-
CTaB BOJA CyJb(aTHBINA, Cylb()aTHO-XJIOPHUIHBIH
U XJOpHUAHO-HaTpueBblil. [lnuonen-yerBepTuy-
HBbIE OTJIOKEHUS SIBJISIFOTCSI BEPXHUM THIPOTeO-
JIOTHYECKHUM 3TaXXOM C apTE3UaHCKUM PEKHUMOM
B LIEHTPAJbHOW YacTH BHAJAWHBI. J[aHHBINA 3Tax
SBIISICTCSl 30HOM Pa3BUTHS MH()UIBTPAIIIOHHBIX
BoJ. B cocrase npenmnonaraemoro Hedrerazoma-
TEPUHCKOTO cyOCTpaTa BbIACISIOTCS BYJIKAHOT€H-
HO-TEppUTreHHasi IepMCKasi U YIJIEHOCHasI Iecya-
HO-IJIMHUCTAs FOPCKask TONIIH, KOTOPbIE HAXO/IAT-
csl B Haubosiee OIaronpusATHON TepMOJUHAMUYE-
CKOM OOCTaHOBKE JUIsl TTPeOOpa30oBaHUs OpraHH-
YecKoro BemiecTBa. Ha IHEBHOW MOBEPXHOCTH
IOpCKUe Oyphle YU UMEIOT TONIIUHY I1JIacTa JI0
16 meTtpoB. Ha nepcnekTMBHOCTh BepXHEMaieo-
30MCKUX TOJII B HE(PTEra30HOCHOM OTHOILICHHUH
yKa3bIBaeT OOHApY)KCHHUE TMadeK OUTYMHHO3HBIX
M3BECTHSKOB BU3EHUCKOTO spyca HUKHETO KapOo-
Ha B BOCTOYHOM yactu Xp. KeTmeHs.
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B cooTrBeTcTBUM C MHCTPYKTUBHBIM J10-
KyYMEHTOM [2, 3] mpOTrHO3HBIE PECYPChl CTPYK-
TYpPHO-BELIECTBEHHBIX KOMIUIEKCOB B Mpeiesiax
paccMaTpuBaeMoro pailoHa MpOrHO3UPYIOTCS Ha
OCHOBE MMEIOLIUXCS T€0JIOT0-T€OXUMUYECKUX U
reousnueckux AaHHbIX [5, 6]. [Iporros pecyp-
coB YB HedTerazoHocHOro paiioHa mpencTaB-
nsieT co0oi: 1) KaYeCTBEHHYIO OIEHKY C IICJIbIO
BBISIBJICHUSI TEOJIOTMUECKUX (hakTopoB, Oiaro-
HOPUATHBIX JUIs1 (POPMUPOBAHUS, TOCIEAYIOLIETO
HAKOIUJICHUS] U KOHCEPBAIMH YTJIEBOIOPOIHOTO
CBIPBSI; 2) KOJTMUYECTBEHHYIO OLIEHKY PECYPCOB H
UX pacrpeneseHue Mo Miouaau u pa3pesy oca-
JIOYHOTO YexJia.

WUnuiickag BmaguHa OTHOCHUTCS K OCagoy-
HOMY OacceiiHy TuIla MEXIOpHBIX BHAJUH, IS
OLICHKM BEJIMYMHBI HadyaJbHBIX T'COJOTHYECKUX
(MOTEeHIMANIBHBIX) PECYpCOB OBLI MPUMEHEH
00bEMHO-CTAaTUCTUUYECKUI METO/I.

Wnuniickuii ocamgoudbli 0acCceliH OTHOCUTCS
K TUITY MEKTOPHBIX BIaJAUH, JOPMHUPOBABIIHICS
B Me3030ii-KaliHo30iickoe Bpems. Ha rpanuie c
KHP Haxonsarcst nBa yrojbHbIX MECTOPOKICHUS
(Komxkarckoe u Oiikaparaiickoe). Ilo crenenu
U3yYEHHOCTH OIIEHKa PEeCcypcoB YIJIEBOJOPOI-
HOTO CBIPbSl POBOAMTCA O Kareropuu [ [2].
Apean Me3030HCKOro (CpeaHEeTPHAC-FOPCKOTO)
KoMIUIeKkca Minuiickas BmaguHa pacrafaercsl Ha
nBa niporuba: 1) Bocrouno-Unutickuit (Komxkar-
ckuii) u 2) KonuHCckuii (3amamHas dacth) Oac-
ceifHa, mapamMeTpbl 3TUX CETMEHTOB IPHUBEICHBI
B Tabmune. [IporspkenHocts Boctouno-Wnmii-
CKOTo TIporuba B Ka3axCTaHCKOW ydactu 188 km
Y mypuHa 135 kM, a 1Io1aab €ro JOCTUraeT Ha
teppuropun Kazaxcrana — 25 380 km>.

Jnst Me3030MCKOro KOMIUIEKCA IMapaMeTphl
3amagno-Wnuiickoro (Komuuckoro) mporuba:
nuHa — 90 kM, mupuHa — 38 KM, IUIOMIAAb J10-
cruraet 3420 kM. /g kaiftHO30HCKOTO (IMajeo-
TeH-HEOT€HOBOI0) KOMILIEKCa, MPOTSKEHHOCTD
KazaxctaHckod yactu 113 kM, mupuna 90 kwm,
wromaab 10170 km? [5].

Jns kaiiHO30MCKOTO KOMIUIEKCA IMapaMeTphbl
3amagno-Wnuiickoro  (KommHckoro) mporuda
cieAyroume: npoTsKEeHHOCTh 150 kM, mupuHa
38 km, mromans 5700 km?.

Jlnst pacdera MPOTHO3HBIX PECYpCOB OBLIT
BbIOpaH 00BEMHO-CTATUCTUYECKUN METO[, HC-
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Tab6auua 3 — IIporuo3nsie pecypcesl yIiieBoAOPOIHOIo chipbs Mniickoro dacceitna

Crparurpa- |ILnomaas paiioHoB, kM2, | MomHOCTh HEe(TEra- O0beM
DIeMEeHTBI
o ¢duueckne 0e3 yueTa MajJuHCIIa- | 30HOCHOTO KOMILIEK- HedTera3oHOCHOro
paliOHIPOBAHHS 5
€IMHULIBI CTHKHI ca, KM KOMILIEKCa, KM
Bocrouno-Mnwuiickuii mporu6d T,-J 25380 1.8 45 684
—Kazaxcranckas qacTs KZ 10170 2.2 22374
Konuuckwuit nporu6 (3amnan T-J 3420 1.3 4 446
Oacceiina) KZ 5700 2.0 11400
DJIeMEHTBI Kareropun | O6bem koM- Bceero Crparurpa- | JIutonorus kojieKkTopa
pailoHHpOBaHUS pecypcos IeKca (pecypcsl) ¢buueckne
KM B MJIH. TOHH CIIMHULIBI
Boctouno-Unuiickuii mporud — a, 45 684 456.84 T,-J TEePPHUTCHHBIN
Kasaxcranckas 4acth 22 374 223.74 Kz TEPPUTECHHBIN
Konwmuckwit mporu6 (3aman , 4 446 44.46 T-1 TEPPUTCHHBII
OacceiiHa) 11 400 114.00 KZ TePPUIEHHBIH
Hroro 839.04

MOJIb30BaH pacyer pecypcoB mo ¢opmyne JLI.
VYuxca. [Ipu pacuere mporHo3HbIX pecypcoB 00b-
€MHas IUIOTHOCTh g JUIA MEKIOPHBIX BIAJUH
npunsTa pasHoi 10000 /M [2].

Takum 006pazom, Ha OCHOBaHUU 00O0OIICHUS
U aHaju3a reosjoro-reopu3nueckoro Marepuasia
B npenenax lly-Capsicylickoro, banxamnickoro,
Wnuiickoro u AnakoiabCKOro 0Caf0uHbIX Oaccei-
HOB IIPOBEJEH BEPOATHOCTHBIA KOJIMYECTBEH-
HBI pacyeT MPOrHO3HBIX PECYPCOB YINIEBOMO-
POAHOTO ChIpbs. [l BeIsICHEHHST 0cOOEHHOCTEH
I€0JIOTHYECKOr0 CTPOCHUSI OCaJ0YHbIX Oaccei-
HOB lOsxHoro KazaxcraHa ObLIM MCIIOJIb30BAHBI
JTaHHbIE Pa3HOOOPA3HBIX METOOB: 1) cTpaTurpa-
¢uueckoro; 2) auTonoro-panuaibHoro; 3) Tek-
TOHUYECKOTO0 M T€OAMHAMHUYECKOro; 4) aHaiu3a
JAHHBIX DIIyOWHHOIO CEMCMUYECKOro 30HAUPO-
BaHMsI 3eMHOU KOpBI; 5) JTaHHbIE APYTUX reodu-

3UYECKUX METOAOB (IpaBH-, MarHUTO- U 3JIEK-
TPOpa3BeIKU U 1p.); 6) M3yuyeHHE BELIECTBEH-
HOTO COCTaBa KepHA CKBaKUH; 7) TEPMUYECKOE
U PEHTTEHOCTPYKTYpPHOE H3ydyeHue 00pa3loB
rOpHBIX 1opof. /lng HedTerazoHOCHBIX U Tep-
CIEKTUBHBIX HE(TEra3oHOCHBIX KOMILJIEKCOB U
OIpeesIeHbl 3HaYe€HUsI UX MOLIHOCTH. Mcromnb-
30BaH KOMILJIEKT JIUTOJIOTO-Tajneoreorpaguye-
ckux Kapt (9 xapt). Ha ocHoBaHuM aHa/n3a 3TUX
KapT ¥ JIUTOJIOTO-CTPATUrpaUUEeCKUX pa3pe30B
YCTaHOBJICHBI 3HAUEHUsI TOJILIMH, [UIOIIAN pac-
IPOCTPAaHEHHsI HE(PTEra30HOCHBIX MU HepCIeK-
TUBHBIX HETEra30HOCHBIX KOMILJIEKCOB, a TAKIKE
Cofiep)KaHUe B HUX OPraHMYEcKoro yriepoza (c
IIOMOIIbI0 TEPMUYECKOTO U PEHTIEHOCTPYKTYp-
HOTO aHaJIN30B). Bce 3Tu 1aHHbIE B TOIHON Mepe
ObUIN MCIIOIB30BAHBI IIPH MOJICUETE IPOTHO3HBIX
pPECYPCOB YITIEBOAOPOAHOIO CHIPbSI.
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MPHTH 38.53
VIIK 553.98. (571.1)

BO3MOKHOCTH MO UCMOJb30BAHUIO BBICOKOTOUYHOMN
MAT'HUTOPA3BEJIKH, 'PABUPA3ZBE/IKH U DJIEKTPOPA3ZBE/IKH ITPU IIOUCKAX
YINIEBOAOPOJHOI'O ChIPbA

K.C. TYIEMHUCOBA, 3.A. BEKMYXAMETOBA

Kaszaxcmancko-bpumanckuii mexnuueckuii yHueepcumem

Annomayusn: Iloopobono ananuzupyromes eeousuueckue Memoobl OOHAPYIHCEHUS MeCTOPONHCOEHUN
Y2ne8o00po008 ¢ UCNONb308AHUEM HOBOU annapamypsvl U 00pabdomku NOIyYeHHbIX OauHbIX. [an 0030p
NPOONIEMHBIX 80NPOCO8 NPU NPOBEDEHUU NOUCKOBO-PA38E00UHBIX pabom Ha y2ne6000podvl. Ocoboe HUMAaHUE
Yyoeneno memoouxe npoeedeHUs 6blCOKOMOYHOU MACHUMHOU CbEMKU, KOMOpas NO360IsAem OCYWeCmensimy
npsMble NOUCKU 3aedcell Yeneeo00po008 NO NPUSHAKAM NPUYPOUEHHOCMU Hedhme2a3onepcneKmueHbIX
CMPYKMYp K 30HAM CHOKOUHBIX, MAIOAMNIUMYOHBIX, OONbUEPASMEPHBIX OMPUYAMETbHBIX MASHUMHBIX
anomanuti. Ha ocuose ananuza mamepuanos cO8pPeMEeHHOU 2epasupaseeoku Obllo YCMAHOBNIEHO, YMO
3anexcam YB 6 epasumayuoHnom noie coomsemcmesyom J10KalbHble OmpuyamenbHsle aHOMAIUU, KOmopbie
OKOHMYPUBAIOM MU 3ANeXHCU 8 Naane. Bajicno, umo smu anomanuu Hao 3anexncamu 8 2pasumayuOHHOM noje
He 3a8UCAM Om Muna J108yuileK u Kouiekmopos. Ilo eenuuune amnaumyovl JOKATbHbIX AHOMAIUL MONCHO
OYeHUBaMb NPOCHO3HbBIE PECypChbl Y2le8000p0008. DPHeKmueHoCms co8PeMEeHHOU eKmpopa3eeoKku npu
nouckosvix pabomax Ha YB oocmamouno evicoka. OOOCHOBAHUE BOZMONCHOCMU NPUMEHEHUS Memood
NMeKMpopa38eo0Ku npu NOUCKax mecmopoxcoenuil YB ceazano ¢ 08yma momenmamu. Bo-nepsvix, ¢ pesxum
V8enuyeHueM CYMMApPHO20 SNeKMPUYecKo20 CONPOMUBIEHUs HeQme2a30HOCHOU 3a1elcu NO OMHOUWEHUI) K
eMewarouum eé 6000HOCHbIM KOJLIeKMOopam (Heghmeaazosvie 3anedxicu 001a0arom noGblULeHHbIM CYMMAPHbIM
NEKMPUHECKUM CONPOMUBTIEHUEM) — NPAMOU NPU3HAK. Bo-6mopwix, KoceemHwlll npusHax, Hamuuuem Hao
3aNEXHCHI0 YUACMKOS8 € OUCHEPCHBIMU PYOHBIMU MUHEPALAMU 80IU3U OHEBHOU NOBEPXHOCIU.

Knrouesvie cnosa: zceoguszuueckue Mmemoovl, MACHUMOPA36e0Kd, 2pAsUpa3eeokd, 3J1eKmpopaszeeoxd,
Y21e8000po0bl, AHOMANUU

OPPORTUNITIES FOR USING HIGH-PRECISION MAGNETIC EXPLORATION,
ENGRAVING EXPLORATION AND ELECTRIC EXPLORATION FOR HYDROCARBON
RAW MATERIALS EXPLORATION

Abstract: The geophysical methods for detecting hydrocarbon deposits using new equipment and processing the data
are analyzed in detail. A review of problematic issues during hydrocarbon exploration is given. Particular attention
is paid to the method of conducting high-precision magnetic surveys, which allows direct searches for hydrocarbon
deposits by signs of the confinement of oil and gas prospective structures to areas of calm, low-amplitude, large-
sized negative magnetic anomalies. Based on the analysis of materials of modern gravity exploration, it was found
that hydrocarbon deposits in the gravitational field correspond to local negative anomalies, which are an indirect
sign. They outline these deposits in plan. It is important that these anomalies above the deposits in the gravitational
field do not depend on the type of traps and collectors. By the magnitude of the amplitude of local anomalies,
the predicted hydrocarbon resources can be estimated. The effectiveness of modern electrical exploration during
prospecting for hydrocarbons is quite high. The rationale for the possibility of applying the electric prospecting
method in the search for hydrocarbon deposits is associated with two points. Firstly, with a sharp increase in the
total electrical resistance of the oil and gas bearing reservoir relative to the host aquifers (oil and gas deposits have
increased total electrical resistance) is a direct sign. Secondly, an indirect sign, the presence of areas with dispersed
ore minerals near the surfaceabovethereservoir.
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KOMIPCYTEK IIMKI3ATBIH I3IEY KE3IHJIE JKOFAPBI JIOJIIIKTI
MATHUTTIK BAPITAYIBL, TPABUBAPIAY/BI )KOHE DJIEKTPBAPIAY/IbI
MAVJATAHY BOWBIHIIA MYMKIHJIIKTEP

Anoamna: Kana scab0wbikmol KOLOAHA OMbIPbIN, KOMIPCYMEKMEPOIH KeH OPbIHOAPbIH AHLIKMAYOblY HCIHE
Oepexkmepdi 6HOeyOly 2eou3uKablK 20icmepi JHcan-scaKkmel mandanaosi. Kemipcymexmepoi oOapnay
Ke3iHoe CulHU Macenenepee wony kenmipineen. Mynaii men 2a3ovly nepcnekmueanbly KypoliblMOApblt JCyac,
MmeMeH aMnaumyoanvlx, ipi Koiemoi mepic MasHUMMmMIK aAyblmK)IAp alMaKmapwlia Kow oeneiiepi OoublHua
KeMipcyme2i KeH OpbIHOApbIH miKenell i30eyee MYMKIHOIK Oepemin #co2apbl 0210IKmeei MAacHUMmMmIK
sepmmeynepoi xHcypeizy adicine epexuie KoHiN boninedi. Kazipei epasgumayusnvlk 3epmmeyiepoeH AllblHEAH
Mamepuanoapovl manoay HeeiziHoe 2pasumayusivlK epicmezi KOMIpcymeK KeH OpPbIHOApbl HOCNApOagbl
OCbl KeH OpbIHOAPbLIH CUNAMMAUMbIH JHCepeiNiKmi mepic ayblmKyiapea Caukec KelemiHi AHbIKMAaobl.
Ipasumayusnvix epicmeei ken OpblHOAPLIHBIY YCMiHOe2i 0Cbl AybIMKYIAp MYMKbIUbL MEH KOALEKMOPAapObLY
mypine batiianvicmsl OOIMAY bl MAKBIZObL.

HKepeinikmi  ayeimgynapoviy  amnaumyoacsl OOUbIHWA OOAHXCAMObL  KOMIPCYMeEK KOpaapblH 0Oazanayaa
bonaowvl. Kemipcymex wuxizamoin i30eyoeei 3aManayu 31eKmpiix sepmmeyiepoiy muimoiniei eme Hcoeapbi.
Koemipcymex ken opviHOapwin i30eyoe snekmp iz0ey 20iCiH KoN0aHy MyMKIHOICIHIH He2i30emeci eKi mapMaKKa
batinanvicmol, oumKeni OipiHwioeH, He2izei Cybl KabamKa KamviCmbl MYHAU MeH 243 KOUMACIHbIY JHCANbl
eKmp KedepeiciHiy Kypm apmybsl (MYHAL MeH 243 KeH OPbIHOApbl KOmepiKi 31eKmp Kedepzicine ue) mixeneu
benei bonvin maodwliaosl. EKiHwioeH, Ken Munepandapsl 6ap ayoanoapovly 60aybl, sxcanama oenei, pesepsyap
ycminoez2i bemketiee HCaAKbIH dHcepoe mapaiaH.

Tyitinoi ce3oep: ceoghuzuxanvly adicmep, MaecHUMMIK 6apiay, pasumayusivl oapiay, snekmpiix oapiay,

KoMipcymexmep, ayblmky

[Toucku 3anexeit HeTH 1 raza sBISIOTCS OJ1-
HOM M3 TPYIOEMKHUX 3a7a4 MOUCKOBOM reodusu-
ku. CleyeT OTMETUTh, YTO B TIOCTIETHEE BPEMSI B
anmaparypHOM M METOAMYECKOM IuI1aHe ObLIN J10-
CTUTHYTHI ONpeieNICHHbIE YCIIEXU. DTO CBA3AaHO C
TEM, 4TO OBbUIH pa3paboTaHbl U BHEIPEHBI B IIPaK-
TUKY T'€0JIOrOpa3BEA0YHbIX paOOT BEICOKOTOYHBIE
M(pPOBBIE U3MEPHUTENIbHBIE MPHUOOPHI HOBOTO
nokosieHus. K ux 4uciny OTHOCATCS NMPOTOHHBIE
Y KBaHTOBBIE MAarHUTOMETPHI C YyBCTBUTEIHHO-
ctbio 0.01-0.001 uTn [1], KOMIIBIOTEPU3UPOBAH-
HbIE TPAaBUMETPBHI, MPEICTABIAIONINE COOON aB-
ToMaThl ¢ 4yBCTBUTENBHOCTHIO 0.0001 mIan [2].
Pa3zpaboranbl u anpoOupoBaHbl HOBBIE OoJEe CO-
BEpILIEHHBIE METOAMKH T€0JIOro-reoPpu3nuecKoit
CBEMKH U TEXHOJIOTHHU cOopa 1 00pabOTKH ToJie-
BbIX JaHHbIX. Ho mpobnema HagexHOro rmoucka
YIJIEBOJIOPOJIOB OCTAETCS MO-TIPEKHEMY, CIIOXK-
HOM 3ajaueid. 37ech CielyeT OTMETUTDH JBa MO-
MeHTa. Bo-niepBbix, Oosbias IyOrHA 3ajieraHus
00bexTa MmouckoB — ot 1.5-3.0 km — 5.0-6.0 kM 10
10 kM u ryGke. Bo-BTOpBIX, IPUPOIHBIE 3alie-
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KU YIIIEBOAOPOJOB (HE(DTh M Ta3) MOYTH HUKAK
ce0st He TIPOSBISIOT B (PM3MUECKUX TOJISAX, JTAaXKe
IpU ropa3no MeHbIuX MIyonHax. CIOXHOCTb
3aJa4u ycyryounach euié u TeM, 4To MOSBUIIACH
HEOOXOAMMOCTh B MPOBEJCHUM TOUCKOBBIX pa-
00T HE TOJBKO ISl 0CAJOYHOTO UexJyia, MepeKpbl-
Baromero GyHIaMeHT, HO U caM (yHJIaMEHT CTaJl
00BEKTOM MOUCKOB Ha IMpEeaMET HAu4us B HEM
BO3MOKHBIX PE3€pBYapoB ¢ HEPTHIO (TIperMyIIIe-
cTBeHHO) ¥ (W) razom. K HacTosimeMy BpeMeHH
B Mupe yxe 3KcITyaTupyrorcs 6oee cra MecTo-
pokaeHuit He(hTH U Ta3a MOJOOHOTO THIA, Cpe-
JI1 KOTOPBIX €CTh U rurantckue [3]. M3menumncs
B3[VISI/] Ha TEHE3MC MECTOPOXKICHUH YITIEBOA0PO-
noB (YB) [3-5]. Ilonararot, 94T0 MOABEM yIIIEBO-
JIOPOZIOB M3 BEPXHEH MaHTHH U Jaliee B 3eMHYIO
KOpY MPOUCXOTUT IMKJIaMH, MO CyOBEpTHUKAaIb-
HBIM pa3joMaM (IIIOBHBIM 30HaM TJIyOMHHOTO
3aJIOKEHHUs). B 3TOH CBSI3M, B TOMCKOBBIX ILEIISAX
MOSIBUJICSI HHTEPEC HE TOJILKO K CYyOrOpU30HTAIb-
HBIM WM JUCTPUYECKUM pa3jioMaM IIIyOMHHOTO
3aJI0KEHHS, HO U K BEPTHKAJIbHBIM Pa3JIOMHBIM
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CTPYKTYypaM, 4YTO SIBJISIETCS HOBBIM IPH MpPOBeEIe-
HUU Teor3nIeCcKuX paboT Ha HE(PTh U ras.

Brisichum, Kakue MoTeHIMalbHbIE BO3MOXK-
HOCTH OTKpBIBAIOTCA Iepell Teohu3nyecKoit
Ci1y»k0011 Ha COBPEMEHHOM JTarle AJisl yCIEeIIHbIX
MOKMCKOB YIJIEBOJJOPOJIOB.

1. BozmooicHocmu 8b1COKOMOYHOU MA2HU-
mopa3zeeoku [1, 13 14].

HedTr sBnsercs nmamarnerukom. Mar-
HUTHasl BOCIPUUMYHMBOCTh HEe(TU MOpsIKa &=
-10x10¢ CI'C. ITopombI-KOJUIEKTOPBI, TAKUE KaK
MECYaHUKH, AaJIeBPOJIUTHI, U3BECTHSIKHU, JO0JIO-
MUTBI, 00BIYHO, C1a00 MarHuTHBI (& = 25x10°
CI'C). Pa3HOCTh B MAarHMTHOW BOCIPUUMYHUBO-
CTH HEe(TH U BMEIAIOIUX €€ MTOPOJ COCTABISET
Bcero 30x10°CI'C. Tak, 4To 03KH1aTh 3aMETHBIX
MarHUTHBIX aHOMAJHWl HaJ 3alexamMu HePTH
(Tem Gonee ¢ yueToM IIyOWHBI €€ 3aeTaHus ) He
npuxoautcs. [loaTomy neneHanpaBieHHbIE TO-
WCKH BO3MOXKHBI, IJIABHBIM OOPa3oM TOJIBKO 10
KOCBeHHBIM Ipu3Hakam. Hed 1o siBnsieTcs nocra-
TOYHO arpeCCUBHOM Cpeio 1 001a1aeT BBICOKOM
MUTPAIIMOHHON CIIOCOOHOCTBIO. Dirronaoymnop-
HbI€ IJIACThl (B OCHOBHOM TJIMHBI, apTUJUIMTHI,
COJIb), PKPAHUPYIOIIHME JIOBYIIKH HE CIOCOOHBI
a0COIIOTHO HAJIEKHO YIEpKUBATh YIIIEBOIOPO-
nel. [locnennue, B cBoOeM CTpEMIICHUU K Tepe-
MEIICHUIO BBEPX HAXOAT MyTH (KaBEPHBDI, ITOPHI,
TPEIIMHbI) U B KOHEYHOM HTOr€ JOCTUTalOT
JIHEBHOM MOBEPXHOCTU. B mporiecce nBUKEHUS
OHM BCTYMAIOT B PEAKLUU C BBILIEICKAIIMMHU
MOpPOJIaMU U CO BPEMEHEM, CYIIECTBEHHO IMOHU-
JKalOT UX HaMarHW4eHHOCTh [6]. 3a cuéT 3Toro
HaJ 3a1€Xb0 YB 00BIMHO OTMEYaeTcsl CIIOKOM-

HTn HTN

Hasi, OrpaHMYEHHAs B IPAaHUIAX MPOCKIUU 3ajie-
U Ha THEBHYIO MOBEPXHOCTh, OTPHIIATEIbHAS
MarHuTHas aHOMaJIHsl HHTEHCUBHOCTBIO OOBIYHO
5-20 uTn pexe no 100-200 uTn, kotopas cra-
HOBUTCSI CBO€OOPA3HBIM MHIUKATOPOM HAITUUHS
YIJIEBOAOPOAOB Ha r1yOuHe. OAHOBPEMEHHO, B
pe3ysabTaTe XMMHUYECKUX PeaKIUil Mpu HAIUYUuU
smMaHanui YB u onpeneneHHoro Buaa OakTepui,
B TPHUIIOBEPXHOCTHOM cjoe Ha riyoumne 100-
400 M 3a cyeT Keae30CoAepKAIIUX MUHEPATOB
B 0CaJIOUHOM 4eXJie, HaJl 3aJIeKbl0 MOTYT 00pa-
30BBIBaTbCA yYaCTKU AMCIIEPCHOTO BTOPHUYHOTO
MarHeTuTa v nupura. 3a c4€T MarHeTUuTa HaJ He-
(Tera3oHOCHBIMU 3aJie)KaMH MOSIBIISIOTCS CBO-
eoOpa3Hble MO3aWYyHbIE TOJIA, TaK Ha3bIBaeMast
«MarHuTHast psA0p». OOBIYHO, 3TO MaJOAMILIH-
TyAHbIE (TIEpBble €IUHUIIBI WIH JIecAaTKu H1I),
3HAKOIEpEMEHHBIE, MaJlopa3MEepHbIe aHOMAJIHH
(pa3mepbl — TEpBBIE JECATKU-COTHU METPOB),
KOTOpble HaAEKHO (DUKCHUPYIOTCA NpU JIeTajlb-
HBIX U BBICOKOTOYHBIX ChEMKAX (C TOYHOCTBHIO
+1-2.5 #Tn ¢ marom 10 M), Tem Gosee, 4TO CO-
CE/ICTBYIOIIME C HUMHU YYacTKH (a 3TO OOBIYHO
c1a0OMarHUTHBIE OCAJO0YHbIC TOJIIM) CO3/AI0T
CIIOKOWHBIN OJIM3KHIA K HYJIeBOMY (DOH COTIacHO
pucyHkam 1 u 2.

B HexoTOphIX ciydasx BO3MOXKHA U JIpyrast
cutyanusa. CBoOWCTBa MOPOA-KOJUIEKTOPOB MO-
T'YT MEHSTHCS B 3aBUCUMOCTH OT HAJIUYUS B HUX
MarHuTHBIX MuHepasoB. [lociennue (Maruerur,
TUTAHOMAarHeTUT, WIbMEHUT, MTUPPOTUH) OOBIYHO
BbICOKO MarauTHbI (2=1000-5000x10°¢ CI'C mo
10000- 1000000x10¢ CI'C), Ho comep:karcsi B
OCaJIOUHBIX MOPOJaX B KaYeCTBE aKLIECCOPHBIX

HTNn

1.5 15 15
10 @ 1,0 @ 10 @
0.5 05 05
0 T Lyac o T T wm 0 T L wag
J 6 12 18
05

a1 a2 A3
AT,
X TX>
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1 —Bona, 2 — HedTh, 3 —ra3, 4 — MECUAHUKH, 5 — H3BECTHIKH

Puc. 1 — Cxemamuueckue paspesuvl u npeonoumumenshvie mecma ycmanosku MBC nao 3aneicwio yeneo0opooos (1),
HAao IuH301L ¢ 60001 (2) u 6 cyuae ¢ «nycmoiy cmpykmypou (3)

187



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (51), 2019

nK s o =)
- - T T <
Ve AN
nK 4 d L o o A »)
(] \
1 ~ 4 —
1 - \\
MnK 3 ¢ \ - ®  ® @
~
~ \‘ (:)MBC
- )
MnK 2 g = - - - " »)
~ 1
\\ 1
N 1
MnK 1 g - - ’ »)
~ Ve
\______/
nKo o &
ne o P 1 ne 2 ne 3 ne a ne s
Durypa 1.

TO4WKM ycTaHoBkm MBC, roe aHomanbHbIM 2ddeKT oTecyTecTBYEeT

TO4YKM ycTaHoBknn MBC, rope aHoMaribHbI 2ddoeKT npmcyrTcrByeT
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npeanosriaraeMbifi KOHTYP 3arne>xm

Puc. 2 — Cxema paccmanosxu MBC na npeononazaemom yuacmke u KOHMyp 3a1exic, Npo8e0eHHblll N0 pe3yIbmamam CoeéMKU

MUHEPAJIOB U MOATOMY HE MOTYT CYIIECTBEHHO
MOBJIMATH HA HAMAarHWYEHHOCTh TIOpoJT (OHA yBe-
auuuBaercs 10 3Hadennii 200-500x10° CT'C). B
MOIOOHOM CUTYalluH, HaJ 3ajieKaMu YIJIEBOJIO-
POZIOB MOTYT HaOJIOIAThCS CIIOKOMHBIC, CIabo
aAMIUTUTYIHBIE MarHUTHBIC AHOMAJIMH TTOJIOXKH-
TeIBLHOTO 3HaKa. Ho B camom o01iem cirydae u3-
MEHEHHsI HAMarHH4eHHOCTH TTOPOJI HaJl 3aJiexa-
MH YIJTIEBOJIOPO/IOB CBSI3aHO C MOTEpEl MarHuT-
HBIX CBOMCTB.

OTH 1ABe 0COOEHHOCTH MArHHUTHOIO ITOJS
Haj 3a7examMu YB OTHOCHUTENBHO JIETKO BBISBIIA-
IOTCSI COBPEMEHHBIMH BBICOKOUYBCTBHUTEIIbHBI-
MU MarHMTOMEeTpaMu (CO cTapbIMU TpuOOpamMu
clienarb 3T0 OBLIO JOCTATOYHO MPOOIEeMATHIHO
— MX YyBCTBUTEIBHOCTH cocTaBisuia 2-3 v, a
OIINOKU CHEMKH cocTaBiisuid 7-10 uT, T.e. ObLIN
COM3MEPUMBIMU C WHTEHCHUBHOCTBIO TIOJIE3HBIX
aHomanuii). TakuM 00pa3oM, MarHUTHBIE ChEM-
KM BBICOKOH TOYHOCTH M JIE€TAIbHOCTH MOTYT
OBITh C YCIIEXOM MCTIOJB30BaHbI IS IPSMBIX T10-
HCKOB MeCTOpOkIeHH Hed T 1 ra3a [1]. Kpome
MPSIMBIX TTOMCKOB HE(TH W Ta3a, MarHUTOpA3-
BEIKa SIBJISIETCS TNMPEKPACHBIM KapTUPOBOYHBIM
METOIOM. B yCIOBHSAX 3aKpBITBIX TEPPHUTOPHI
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OHa pellaeT 3a/1a4l KapTUPOBAHUS TIOBEPXHOCTH
(dyHIaMeHTa MoJ| 4eXJIOM OCAJOYHBIX OTIIOXKE-
HUH, BBIJCNIEHUSI MarMaTMYeCKUX KOMILUIEKCOB,
TEKTOHMYECKOTO PallOHUPOBAHUS TEPPUTOPHH,
BBIJIETICHUS] 30H MOIIHOTO OCAJKOHAKOIIJICHHUS,
YCTAHOBJICHHUS] TPOCTUPAHUS TEOJOTUYECKUX
CTPYKTYp, IOHMCKOB PYIHBIX MECTOPOXKICHHI
[1]. MarauTHBIE CHEMKHU MTPOCTHI B UCIIOTHEHUH,
He TpeOyloT OONBIIMX 3aTpar, CHJI M CPEICTB,
o0ecrevnBalT KaueCTBEHHbIN MH()OPMATUBHBIH
MaTepuai B IOMOIIb KaPTUPOBAHUIO U TIOUCKAM,
U MOATOMY IIMPOKO HCIIONB3YIOTCS B MPAKTHKE
reojoropa3BefodHbix padot (I'PP) B HazeMHOM,
a’po- U MOPCKOM BapHaHTax, Ha BCEX OdTamax
nposenenus ['PP. tak, koHcTatupyem — ¢ mpu-
MEHEHUEM BBICOKOTOUHBIX MAarHUTHBIX CHEMOK
MOSIBIJIACh peajibHasi BO3MOXHOCTb MPOBOIUTH
MpsiMble TOMCKHU 3ajie)Kel YIJIEBOJOPOIOB IO
MpHU3HaKaM TMpPUypOUYEeHHOCTH HedTerasomnep-
CHEKTUBHBIX CTPYKTYp K 30HaM CIIOKOWHBIX, Ma-
JOAaMIUTUTYIHBIX, OOJbIIEpPa3sMEPHBIX OTpHUIIA-
TENbHBIX (B PEIKHUX CIIydasX MOJIOKHUTEIbHBIX)
MarHUTHBIX aHOMAaJIMi Ha PErHOHAJIHLHOM JTare
paboT — 0OBIYHO B a3pO- M MOPCKOM BapHaHTax
Y Ha ydYacTKax MO3aM4HOT0, 3HAKOMEPEMEHHO-
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IO, MarHUTHOTO TO0JIA (HA y4acTKaX «MarHUTHOMN
psi0m») Ha ATare MOMCKOB — B HA36MHOM BapHaH-
T€ WJIH C UCIIOJIb30BAHUEM HU3KOBBICOTHBIX ChE-
Mok [7,8, 13, 14].
2. Bozmooicnocmu 8vicokomounou
epasupazeeoxu 2]

Hedtp u raz umeroT MOHMWKEHHYIO ILIOT-
HOCTb 10 CPABHEHMIO C 3aKOHTYPHOM 4acThIO He-
¢rerazopbix 3anexeii Ha 0.10-0.25 r/cm® 1 raza
1 0.10-0.15 r/ em® g Hedr. T10 IUIOTHOCTHBIM
cBOIcTBaM He(TH AENATCA HA JBE TPYIIIIbI: JIeT-
kue (meree 0.85 r/cm?®) u Tspkensie (6osee 0.85 1/
cm?). TIIoTHOCTh 0CaJOYHBIX MOpo HedTeras3o-
BBIX 0AaCCEIHOB, COIEPIKAIIU B CBOEM T'€0JIOTH-
YECKOM paspese 3anexu Y B BrIe, ueM y HepTr
u raza. Tak KkaMeHHas COjb, TUIC UMEIOT ILJIOT-
HocTh 2.0-2.3 1/ cM?, nmecuanuku — 2.1-2.4 v/ cM?,
aneBpoiuThl — 2.1-2.5 1/ ¢M?, IIMHBI U aprUILIH-
ThI — 2.2-2.5 1/ ¢cM?, u3BecTHIKN — 2.4-2.6 T/ e\,
JOJOMHTHI — 2.5-2.6 1/ cM?, anruaputsl — 2.8 1/
cm’. Takum o6paszom, HedTerasocoaepKaiie
KOJUIEKTOPHI 00JIajal0T HAMMEHbIIEH IIOTHO-
cTh10. [TOTHOCTH MIACTOBO BO/IBI, B 3aBUCUMO-
CTH OT €€ MuHepanu3anuu kojeodmercs ot 1.00
r/em® go 1.5 r/em®. B cBsi3u ¢ cymiecTByromei
Pa3HOCTBIO MIOTHOCTEH 3anexu YB orpaxkaror-
Csl B TPaBUTAIIIOHHOM I10JIe AHOMAJIUSIMU OTPH-
LATEeILHOTO 3HAaKa. DTOMY CIOCOOCTBYET TaKxkKe
CHI)KEHHUE TUIOTHOCTH MOPOJ, 3aJIerarolluX Hajl
3aJIe’kaMi, BBEepX 1o pa3pesy [2]. HedTsaubim 3a-
nexam (MomHoCThI0 40-50 METPOB) U Ta30BBIM
(momHOCTBEIO 20-80 METPOB) COOTBETCTBYIOT OT-
HOCHUTEJILHO OTPUIIATENIbHBIE JIOKATbHbIE aHOMA-
JIMU ToJIs cuJibl TsbkecTr amruntyaou 0.08-0.10
Ml an. TeopeTtnyeckue pacd€Thl, MOATBEPHKICH-
HbI€ MPAKTUKOM, CBUJIETEIBbCTBYIOT, UYTO HE(TS-
Hasl 3aJIeKb CyMMapHOW MomiHocThio 100 M Ha
m1yOoune 1-3 KM CO37al0T aHOMAJIMIO aMILIN-
tynou 0.3-0.4 mI'an, a razoBbie 3aeku TOU ke
mortHoctd — 10 0.7-0.8 mI'an. Ci0XHOCTH BEI-
JIEJICHUs] TIOJIE3HBIX aHOMAJHil B rpaBUTAIIMOH-
HOM I10JI€, BO3HUKAIIU B CUJTy HU3KOH TOYHOCTH
WM3MEpeHU (MMEBIIICH MECTO JI0 HETaBHETO Bpe-
MEHH), a TAKXKE 3a CUET HEONPEICIIEHHOCTEH TpH
ydyeTe MHOTOYMCICHHBIX MOomnpaBok. [lostomy
OBLIM MPEATIOKEHBI Pa3IMYHbIE TPAaHCPOPMALIUH
HaAOJII01aeMbIX IPaBUTALIMOHHBIX ToJel. 13 Hux
HauboJee pacIpOCTPAHEHHBIM SIBISIETCSI CIIOCO0

00paboTku rpaBuMeTpuueckux aanabix ('OHI)
[2] u cormacHO mocneaAHUM MyOIMKAIUSIM BBICO-
KOTOYHbIE IPaBUMETpUUYEKHE ChEMKHU B 85-95%
CIIy4aeB OMPAaBIbIBAIOT MPOTHO3bI HA HAJIWYHE
VB [9,10] I'paBupasBeaka 10 HEJABHETO Bpeme-
HU CUMTAJACh U OCTAETCs,, B OCHOBHOM, CTPYK-
TYpPHO-KapTUPOBOYHBIM METOAOM, KOTOPBIH MpH-
MEHSIETCSl IPU U3YUYEHUU PETUOHAIBHBIX CTPYK-
TYPHBIX €IMHMII, TOIPEOCHHBIX MOl 0CaJOYHbI-
MU OTJIOKEHUAMU. B rpaBUTAIIMOHHBIX MOJSAX
HAXOJAT OTPaKEHUE KPYIIHbIE TOAHATUS WIH
POruObl 3MHOM KOPBI, a TaKXke meTporpaduye-
CKH€ HEOAHOPOAHOCTU KPHUCTAILIMYECKOro (pyH-
JaMEHTa OCHOBaHUS 3€MHOU KOPBI IIPH YCIOBUH
pe3Koil CMEHBI IUIOTHOCTU TMOPOJ, CJIararolinx
3TOT (pyHnameHT. ['paBupasBenka TpaguIlHOHHO
SBIISICTCS HAJIEXKHBIM IPSIMBIM METOJIOM TTOUCKOB
COJITHOKYTIOJIBHBIX CTPYKTYP, MAaCCHUBHBIX Tl
KEJIe3HbIX pyA U XpOMUTOB. U TOJIBKO ¢ mosiBIIe-
HUEM HOBBIX BHICOKOTOYHBIX I'PaBUMETPOB U UH-
HOBAIIMOHHBIX TEXHOJIOTHI 00pabOTKHU U UHTEp-
MpeTaluy pe3ysibTaTOB IPaBUMETPUUYECKUX ChE-
MOK MOSIBUJIACh peasibHas BO3MOXXHOCTb MIPSIMBIX
mouckoB 3aiexeil YB. Ha ocHoBe aHanu3a mare-
pHAIOB COBPEMEHHOW BBICOKOTOYHON I'paBUpa3-
BEJIKM OBUIO YCTAaHOBJICHO, YTO 3ayekam YB B
IPaBUTALIMOHHOM IOJIE COOTBETCTBYIOT JIOKAJIb-
HbIE OTpUIATENIFHBIE AHOMAJIMH, KOTOPbIE OKOH-
TYpPHUBAIOT 3TH 3aJI€KU B IJ1aHe. BaxHO, 4yTO aHO-
MaJMM HaJl 3aJie)KaMH B TPAaBUTALMOHHOM TI0JI€
HE 3aBHUCAT HU OT THUIIA JIOBYIIEK, HU OT THUMA
KOJUIEKTOPA, a 110 BeJINYMHE aMILTUTY/IbI JTOKaIb-
HBIX aHOMAaJIMil MOYXHO OLIEHUBATh MPOTHO3HBIE
3amnacel yreBogopoaoB. ClieoBaTellbHO, BBICO-
KOTOYHAs TpaBUpa3BeKa Ha PETHOHAILHOM dTa-
e JODKHA CTaTh BEAYUIMM METOIOM KOMILIEK-
ca. Ona BocTpeOOBaHa M Ha MOMCKOBOM JTarle.
J11s 5TOTO0 TpEeOYEeTCS BHIOIHATH BHICOKOTOUHBIE
(morpemHOCTh chEMKH He Oosee 0.05 mI'ai) rpa-
BUMETpPUYECKUE HAOIIONEHUs, M0 Mapauielb-
HBIM MPO(UISAM B KPEeCT IPOCTUPAHUS 3aTEKH
¢ waroMm 100 M. /lnmuua mapuipyroB B 7-10 pa3
JOJDKHA MPEBbIIIaTh IIyOuHYy 10 o0bekTa. Llennb
rpaBUMETPUYECKUX HAOIIONEHUI HA MOMCKOBOM
JTare COCTOUT B BbIACIICHUU HauOoJIee KPyITHBIX
JIOBYIIEK: OKOHTYPHUBAaHUE WX B IUIAaHE, OIpejie-
JIEHUE UX pa3MepoB, INTyOUHBI 3aJIeTaHus U OLIEH-
Ka MIPOTHO3HBIX PECYPCOB.
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BricokoTouHble TpaBupa3BeiKa M MarHu-
Topa3Beaka MacmTaba 1:200 000 cocraBisitoT
00s13aTeIbHBINA KOMIUIEKC Te0(U3nIeCcKUX METO-
JIOB [P U3YYE€HUHU HEPTETra30BbIX MPOBUHIINIH, U
MOMOTal0T B pelIeHUH OCHOBHBIX 3aja4 ['PP na
JTare MOMCKOBBIX UCCIIETOBAHUM.

3. BozmooicHocmu 6b1cOKOMOUHOU 1eKmpo-

paszeeoxu [11]

B mnocnennee BpeMsi OCTUTHYTHI Cylile-
CTBEHHBIE YCIIEXH B CO3JaHMM alMaparypsl U
TEXHOJIOTUH TPOBEACHUS AJIEKTPOPA3BEIOYHBIX
pabot. CornacHo MocCIeaHUM MyOMuKaIusaM d¢-
(EeKTUBHOCTh COBPEMEHHOHN 3JIEKTPOPA3BEIIKU
IpU TOUCKOBBIX paboTax Ha YB mnocrarouHo
BBICOKA U, KaK CJIEJICTBUE, MOSBUIOCH MOHSITHE
BBICOKOpa3pelIarolas 31eKTpopa3BeIKa npu mno-
nckax HegTu U raza. O60CHOBaHHE BO3MOXKHO-
CTH MPUMEHEHUS METO/a AIIEKTPOPA3BEIKU MPU
MOMCKaxX MECTOpokJeHui YB cBsi3aHO ¢ AByMst
MOMEHTaMU. Bo-1iepBbIX, C PEe3KUM yBEIHUEHU-
€M CYMMAapHOTO JJIEKTPUYECKOTO COINPOTHUBIIE-
HUSl HE(TETa30HOCHOM 3aJIeKH 0 OTHOIICHHUIO
K BMEUIAIOMIMM €€ BOJOHOCHBIM KOJUIEKTOPaM
(Hedrerazoconepkalire 3ajIekKud 00IaIal0T T0-
BBIIIEHHBIM CYMMAapHBIM D3JIEKTPUYECKHM CO-
npotusinenueM Ha 30-500%) — npavoti npuznax.
Bo-BTOpBIX, C HATMYKEM HaJ 3aJI€KBIO0 YUaCTKOB
C ITUCHEPCHBIM MarHeTUTOM U MUPUTOM, BOJIHU3H
JTHEBHOUM TMOBEPXHOCTH — KOCBEHHblU NPUSHAK.
DnexTpopas3Beaka oOmanaer OOJBITUM apCceHa-
JIOM BO3MOXKHBIX METOJOB U COBPEMEHHBIMU
TEXHOJIOTUSIMH, Ha 0a3e HOBEWIIECH BBICOKOpa3-
pelaronied annaparypbl. JTO MO3BOJSET BbI-
Opatb Tpu, Hauboee 3PPEKTUBHBIX, TPOBEPECH-
HBIX Ha MPAKTUKE METO/a, KOTOphIE YCIEIIHO
UCIOJIB3YIOTCS MPU PEIICHUH MOMCKOBBIX 3a/1a4
Ha ymieBogoponbl. 1o meron MT3 (marauro-
Teurypudeckoe 3oHaupoBanue), MBT (meton
BEPTUKAJIbHBIX TOKOB), METOJ HWHIYKIIMOHHOM
BbI3BaHHOW momsipu3anuu (MBIT).

Memoo MT3 no mocieaHero BpeMEHU He
HAXOJWJI JOJDKHOTO NMPUMEHEHHUs B Ieosoro-re-
odusnueckux u3bIicKaHUsAX. [IpuynHBl 3TOTO —
He ObLIO yAOOHOH, BBICOKOYYBCTBUTEILHOM,
CHelHaIM3UPOBAHHON ammaparypbl U J0CTaTOY-
HBIX HapaOOTOK B 00JIaCTH KOJTUYECTBEHHON WH-
TeprnpeTanuu Moidy4yaemblx naHHbIX. Ho meron
MMeEeT OUYEBH/IHbIE IOCTOMHCTBA — UCIIOIB3YETCS
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€CTECTBEHHOE AIIEKTPOMAarHUTHOE (MarHUTOTEI-
JypHUUYecKoe) oJie, IPOHUKAIOIee Ha TITyOUHBI B
COTHU KHJIOMETPOB, UTO MO3BOJISIET U3y4yaTh Oca-
JOYHBIN 4eXoJ1, PyHAaMEHT U BEPXHIOI MaHTHIO.
MeTtoa oTauyaeT HU3Kasg CTOUMOCTH, MPOCTOTA
B OpraHu3aiuu paboT U BaXKHOCTb MOTy4aeMoi
reojornueckoit mHpopmanuu. MT3 obecneun-
BaeT U3yUYeHUE pa3pe3a BHE 3aBUCUMOCTH OT €T0
CJIO)KHOCTH (HaJIM4Us BBICOKOOMHBIX, SKpaHUPY-
IOLIUX TOPU30HTOB, MOIIIHOTO Y€XJIa 0CaA0UYHbIX
nopox U T.11.). Hanbomnee nenecoodpa3Ho UCIob-
3o0Bath MT3 1ipu pemieHuu CTPYKTYPHBIX 3ajad
Ha ATare peruoHaJbHBIX uccienoBanuii. [To nan-
HbIM MT3 cTposT CTPYKTYypHBIE KapThl MTOBEPX-
HOCTH BBICOKOOMHOTO TOpHu30HTa ((pyHIaMEHTA).
VYuurteiBas XxapakTep U3MEHEHUU yAENbHOTO CO-
NPOTHUBIICHUS OTJIOKEHUH C TIIyOMHOH, MOXKHO
JieNIaTh BBIBOJIBI 00 WX JIUTONOTO-(haluaibHBIX
0COOCHHOCTSIX U yCTaHABIMBATh INTyOMHHBIE pa3-
JIOMHBIE 30HBI 1, YTO 0COOEHHO Ba)KHO, BBIJICIIATh
CpeIu BHICOKOOMHBIX MOPoA GyHIaMEHTa KPYTO
HAKJIOHHBIE BBICOKOIIPOBOJAIINE KaHAJbl («re-
OCOJIUTOHOBBIE TPYOKH»), MO KOTOPHIM MOTYT
MOJTHUMATBCS BOCXOASIINE (IFOUIOTOTOKU [5].
D10 OnaronpusiTHbIE MPU3HAKU, YKa3bIBAIOLIME
Ha He(prerazoHOCHOCTH Tepputopuu. 1o pesymb-
tataM MT3 B Meramop(u30BaHHBIX MOPOIAX
(yHIaMeHTa BBIACISAIOTCA YYacTKH C HHU3KUM
COIPOTUBJICHUEM, YTO OOBIYHO CBHJIETEIbCTBYET
0 HAJIMYUH MTOPUCTOCTH a, CIIEA0BATENILHO, O BO3-
MOYKHBIX pe3epByapax Juisl yIIIeBOAOPOIOB.

ITo pesyabraram MT3 no npodunsim ot-
CTPAMBAIOT TEOINEKTPUUECKHE pa3pe3bl [0
IyOUH B JECSATKM U COTHU KUJIOMETPOB, Ha
KOTOpBIX MpocMmaTpuBaercs penbed dyHaa-
MEHTa U OINpPENENAeTCs XapaKTep CIOUCTOCTH
HNEPEKPHIBAIOLIEIO €r0 O0CaJ0YHOTO YeXJia.
[Ipumenenue MT3, kak permoHaIbLHOTO T€O-
(bu3nyecKoro MeToja, HalleJIeHO Ha U3y4YeHHE
KPYIMHEHUIINX CTPYKTYP 36MHOH KOpbI, 0Ca104-
HbIX 0acceHOB M OTJEJbHBIX MUHEpareHuye-
ckuX 30H. Ho Kkak CBUIIETENHCTBYIOT MHOTHE
(daxrtel, Mmetogom MT3 HabmrOMaI0TCS MHOXE-
CTBO ManopazmepHulx OOBEKTOB B MOpOAax
KpUCTAJUIMYeCcKoro (yHIaMeHTa U 0CaJ04HO-
ro 4yexJia. DTH JIOKaJIbHbIE aHOMAJIUU SIBISIOT-
cs HanboJee BaKHBIMU 1IEJICBBIMH 00bEKTaMH,
yro neiaeT MT3 oxgauM 13 Haubosiee BBICOKO-
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pazpemarniux (1Mo jarepain) reopu3ndecKux
METO/I0B IIpU U3yueHuH pyHAaMEeHTa.

Memoo 30n0uposans 6epmuKantbHbIMU MO-
kamu (MBT) Gbu1 pazpaboTaH Tpynnol poccuii-
CKHUX YYEHBIX U 3allMIIeH 2 aMEepUKAHCKUMU U
7 poccuiickumu nateHTamMu. Metoz 30HAMpOBa-
HUI BEpPTUKAIbHBIMU TOKAMU COBMEIAET B cede
JIOCTOMHCTBA TPAIUIIMOHHOTO AIEKTPOPa3Be10y-
HOTO MeToj1a B HepTernonckoBbix padorax — 3Ch,
(30HIUPOBAHUS CTAHOBIICHUEM I10JI B ONMKHEH
30HE), HO OTJIMYAETCs OYCHb BBICOKON UyBCTBU-
TEIbHOCTBIO K JIOKAJIbHBIM T€03JIEKTPUUECKUM
HEOJHOPOJHOCTSAM, OOYCJIOBIEHHBIM TIITYyOOKO
3aJIeralIliMU MECTOPOXKACHUSIMU He(pTH U Ta3a
[12]. Pa3paboranbpl crnemnuanbHbIC aITOPUTMBbI
MOJABJICHUS MOMEX, YTO MO3BOJSET MPOBOAMTH
HCCJIEJIOBAHUS B pallOHAaX C BBICOKUM YPOBHEM
MPOMBILUICHHBIX AJIEKTPOMAarHUTHBIX [TOMEX.
[TporpamMmmMHoe oOecrieueHre MO3BOJISET BBIMO-
HATH BCIO HEOOXOIMMYIO0 00paboTKy: (ubTpa-
M0 U OTOPAKOBKY IMOMeX, 00pabOoTKy IIoma-
HBIX MaTepHaJioB Ha BCEX BpEeMEHAX M3MEPEHUS
U B UTOTE — pacyeT U MOJATrOTOBKY Ky0a JTaHHBIX,
KOTOPBIH B AalbHEHIIIEM MTO3BOJISIET OTOOpaXarhb
MHGOPMAIUIO C MOMOUIBIO PA3IMYHBIX MMAKETOB
Bu3yanuzanuu uHdopmanuu. [lpumenenue me-
tona 3BT npu pemennn HepTETOUCKOBBIX 3a/1a4
OCHOBAHO Ha KOHTPACTE I10 3IEKTPOIPOBOJHOCTH
KOJUIEKTOPOB, cofiepKaluX HedTh, U KOJUIEKTO-
poB 6e3 Heptu. Metonom 3BT Takke peructpu-
PYIOTCS OpeOJIbHbIE M3MEHEHHUS, BO3HUKAIOLIUE
HaJ 3aJIe)KbI0 HEPTH, KOTOPbIE MPOUCXOAST MPU
MUTpAIUU JIETY4YUX YIIEBOJOPOIOB. Pemiaembie
reoJIOrMuecKre 3a/1a4u: OKOHTypUBaHUE HeTS-
HBIX 3aJIeXkKeil; olleHKa (ronaoHackIeHus (Ha-
JMYME UM OTCYTCTBUE 3aJI€KH YTIIEBOIOPOIOB)
Ha HCCIeAyeMO TIOUIaIH.

Cnocobvt UBII (unoykyuonHnas 6vi36aHHAs

nonapuzayus) [13]

b0 ycraHoBiIeHO, 4TO IpoLIeCC CTaHOB-
JICHUSI DIIEKTPUUYECKOTO MOJIsi COMPOBOXKIAETCS
OTHOCHUTEJIbHO HU3KOYACTOTHOM OCIHMILIALUEH
(0.2-2I'mm), xoropsie oOycioBIeHBI 3(PheKToM
UBII. Dddexr UBII B npoBogsmeii cpeae mo-

Clie BKJIIOYEHHUS WJIM BBIKIIOUYEHHS] HCTOUYHH-
Ka TOKa U3MEHSIETCS HE Pe3Ko, a IJaBHO. Yem
Oosblie TIyOMHA 3alieraHus CIOsl, TEM IO3XKe
HacTynaeT nojispusauus. [Ipu aTom Bo3HUKaeT
JOTIOJTHUTENbHBIM UCTOYHUK BBI3BAHHOW MOJIS-
pHU3alKK, YTO IPUBOIUT K U3MEHEHUIO Xapak-
Tepa MoJiApu3alliy, BHadalle K pocTy mo abco-
JIIOTHOM BEJIMYMHE, a 3aTe€M K 3aTyXaHuio. Yem
OoJbIIe NTyOrHA 3aJeraHus MOJISIPU3YIOLIEroCs
closi, TeM Ha Oojiee MO3IHUX BpPEMEHaxX Ipo-
seisiercs d3¢dext VMBI Tlo pesynsratam BII,
Ha rpadukax Haja 3aiexamMu YB mosBisitoTcs
YeTKUE aHOMaJIMHM KakK IOJIOXKHUTEIbHOIO 3Ha-
Ka (Hag HeTSIHBIMU 3a]eKaMH), TaK U OTPHU-
LATEIbHOTO 3HAKa (HaJ 3aJie’kaMH MPUPOHO-
ro raza). PesynpratuBHocts BII oOycioBiena
MOBBIIICHHONW MUPUTU3ALMEH Haa 3alekaMu
VB B npunoBepXHOCTHBIX OTJIOKEHUAX Ha TIIy-
oune ot 200 mo 400 merpoB. Takum obOpazom,
MOSIBJICHUSI aHOMAJIMK Kaxyllencs mospusye-
moctu (N ) OyZeT CBUIECTENLCTBOBATh O HaJH-
YUU B MPUIIOBEPXHOCTHOM CJIO€ HU3KOOMHOTO
00BEKTa, 32 CUET KOTOPOTO BEIMYMHA AaHOMAJIHH
N, Moxer gocrurarh 15% na done 2-3%. O6o-
raieHue MUPUTOM ydacTKa HaJl 3aJIeXbl0 YB —
CBOCOOpa3HbIi MapKep HaJu4us YTIEBOIOPO-
JIOB B aHOMAJILHOU 30HE.

[Ipemyiaraemplii KOMILIEKC TeO(pU3UIECKUX
METOJIOB JIOJDKEH OOEeCHeUHUTh YCIEHIHOE pe-
IieHue 3a7a4d TMOUCKa MECTOPOXKACHUH HeTH
U ra3a, ONepaTUBHO M C OOJNBIIUM SKOHOMHU-
yeckuM 3ddexTtom. M3mepeHuss MarHuTHOTO,
IPaBUTAIIMOHHOTO W MAarHUTOTEJULYypPHYECKUX
MoJIel JTOJIKHBI BBIMIOJIHATHCSI COBPEMEHHBIMU,
BBICOKOTOYHBIMHU, CTAOUIBbHBIMH, MaJOUHEPIH-
OHHBIMH, OBICTPONCUCTBYIOIIMMHU MPUOOPAMHU
U COMPOBOXKIAThbCSI HAJIEKHBIMU CPEACTBAMHU
IJTAHOBOM M BBICOTHOW CIYTHUKOBOW MPUBSA3KHU
(GPS wnmu I'JTOHACC). HMcnonb3oBaHue MeTo-
noB MBT u UBII mimanupyercss npoBOAWTh Ha
3aBeplIarolel craauu padoT, B OTpaHUYECHHBIX
0o0bEMax, Ha dTane 3aJ0XKEHHUS pPa3BeIOYHBIX
CKBAKUH JUIsl OKOHYATEJIbHOW YBEPEHHOCTHU B
HAJIS)KHOCTHU IMOJIyYCHHBIX PE3yJbTaToB.
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O TPAIMIIMOHHBIX 1 COBPEMEHHBIX METOJAX
U YCTPOUCTBAX JIJISI KOHTPOJISI TIPOYHOCTHU BETOHA

E.B. YTEIIOB'?, A.b. KABKEEB'*?

'Eepazutickuii Hayuonanvuwitl ynusepcumem umenu JI.H. I'ymunesa
’TOO «CSI Research & Laby

Annomauyus: B cmamve npedcmasnen 0030p mMpaouyuOHHuIX U CPAGHUMENbHBIU AHATU3 COBPEMEHHBIX
Memooo8 u npubopog 0 KOHMpoas npoyHocmu bemona. Ha ocnose nposedennvix ucciedosanuti Obvll
paspabomarn nPOMOMUN CMpPaAUBaemMo20 0amuuKa 0Jisk KOHMpOIs NPOYHOCHU U MOHUMOPUH2A MEeMNepamypul
u enascHocmu bemowna 6 nepuood ezo meepoenus. Cebecmoumocms npomomuna cocmaguna okono 10 000
meHnee. [Ipuseden npumep pacuema OORYCMUMOU CIMOUMOCMU OAMYUKA OISl KA3AXCMAHCKO20 Nompeoumens,
pasnoti 15 000 menee 3a wimyKy, makdxice paccuuman NOMEHYUAIbHbIL SKOHOMUYecKull ¢hgexm O
CMPOUMENbHBIX 00BEKMO8, U NpUedeH 00120CPOUHbII I hekm om ananuza OONLUWUX OAHHBIX, COOUPAaeMblll
npuU ROMOWU paspadamuléaemoco peueHus.

Knrwouesvie cnoea: npounocms bemona, 0amyux, KOHMpPOIb NPOUHOCMU, UCNbINAHUE 00PA3Y08, MOHUMOPUHS
JHcene300emoHHbIX KOHCIPYKYULL

ON TRADITIONAL AND MODERN METHODS AND DEVICES
FOR CONTROLLING THE STRENGTH OF CONCRETE

Abstract: The article presents an overview of traditional and comparative analysis of modern methods and
instruments for monitoring the strength of concrete. Based on the research, a prototype of the embedded sensor
was developed for monitoring the strength and monitoring the temperature and humidity of concrete during its
hardening. The cost of the prototype was about 10,000 tenge. An example is given of calculating the allowable
cost of a sensor for a Kazakhstani consumer equal to 15,000 tenge per share, the potential economic effect for
construction sites is also calculated, and the long-term effect of big data analysis collected using the developed
solution is given.

Keywords: concrete strength, sensor, strength control, sample testing, monitoring of reinforced concrete
structures

BETOHHbBIH BEPIKTII'TH BAKBIJIAYT'A APHAJIFAH 19CTYPJII
/KIOHE 3AMAHAYU 9AICTEP MEH K¥PBIUIT'BIJIAP TYPAJIbBI

Anoamna: Makanada 6emonusiy Oepikmicin OAKbLIAY YWiH Kazipei 3aMangvl a0icmep MeH acnanmapobly
02Cmypiti HCoHE CanbICMbIpMaibl maioddaysl Kepcemineen. JKypeizineen zepmmeyiep He2isiHOe OemOHHbIY
Oepikmicin OaKbliay JiCOHe OHbIH KAmar Ke3eHiHOe MeMNnepamypacbiHbly JHCIHE blI2AIObLIbIZbIHbIH
MOHUMOPUH2T  YUWIH OPHAMbBIIAMbIE 0amyukmiy npomomuni a3ipiendi. Ilpomomunmiy 63iHOIK KYHbl
wamamen 10 000 meneeni Kypaowvi. CoHbIMEH Kamap, KYpbliblc 00beKmijiepi yulin aneyemmi IKOHOMUKATbIK
MUIMOLIIK ecenmenzen HcaHe d3IPIeH2eH WeUIMHIY KOMe2iMeH HCUHALAMbIH YIKeH 0epeKkmepoi manoayoau
Y3aK Mep3imMOi muiMOiiK KeimipineeH.

Tyiiinoi ce30ep: b6emon bepikmizi, damuux, Oepikmixmi 6axwvliay, yaeinepoi colHay, memip-6emoH KOHCMpYK-
YUANAPBIHBIHY MOHUMOPUHST
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Beenenue

CBoeBpeMeHHOE OOHapy>KeHHE MOMEH-
Ta 3pEeIOCTH KeIe300€TOHHON KOHCTPYKIUH
(OKBK) u mpuHsATHE pelieHus O ee Harpyxe-
HUU TIO3BOJISIET IOJIYYHUTH JOIOJHUTEIBHYIO
IpUOBLIb 32 CYET COKpPALIEHHsS CPOKOB CTPOU-
TenbeTBa. OueBUAHO, UTO HA TBEpJEHHE OeTOHa
BJIMSET MHOXECTBO (DAKTOpPOB, CIIOCOOHBIX Kak
YCKOPAThH Tpoliecc Habopa NMPOYHOCTH, TaK U
3aMeUIATh €ro. 3HaHWE U NIOHMMaHUE IpoLec-
COB, MPOUCXOMALINX B Tele OeTOHA, MO3BOJISET
OIpEJENIUTh MOJHYI0 KapTUHY Habopa ero npod-
HOCTH, B pe3yJIbTaTe 4€ro MOXKHO TOOUTHCS MaK-
CUMaJIbHOTO KauecTBa M JIOJIFOBEYHOCTH KOH-
CTPYKIIMH, TPH 3TOM oOecreuuBasi SKOHOMUIO
32 CYET COKpAILLEHUSI CPOKOB CTPOUTENBCTBA U
cHWXeHusl Tpynosarpar [1]. Tak, Hapumep, 3a
CUeT ONTHMU3ALMHM LIUKJIIOB yAaJeHUs Onaiyo-
KM, MOJKHO SKOHOMUTb BPEMsI, CHUKATh HAKJIa-
HBIE PacXoAbl U TPYA03aTPATHL.

Ha ceropHAmHuil 1eHb BBIAEIAIOT 1B OC-
HOBHBIX CII0C00a KOHTPOJISI IPOYHOCTU OETOHA:
Hepaspylamuil 1 paspywmaronmii. Hepas-
pYLIAONIMM KOHTPOJIb IMPOYHOCTH — KOHTPOJIb
CBOWCTB M MapaMeTpoB OeTOHa, MpU KOTOPOM
€ro CTPYKTYypHasl LIEIOCTHOCTb MU JKCILTyaTaly-
OHHBIE XApPAaKTEPUCTUKM HE HapymaroTcs [2].
CymiecTByeT HECKOIBKO METONOB Hepaspylla-
IOILLETO KOHTPOJISI IPOYHOCTH, OCHOBBIBAIOIINX-
Csl Ha TAKUX KOCBEHHBIX XapaKTEPUCTUKAX Kak:
OTHEeYaToK Ha OeTOHe; YHEprus, 3aTpauyeHHas Ha
yaap; HarpsbKeHUe, IpUBEIIee K MECTHOMY pas-
pyuieHuto 0etoHa u T.4. [3]. Beraenuts kakoi-To

PA3PYLLAIOLLNIA KOHTPO/b:

OJIMH METOJl HEBO3MOXKHO, TaK Kak BCe OHH 00-
JIaJaI0T CBOMMH JJOCTOMHCTBAMHU, HEIOCTATKaMH
U OrpaHWYeHHUsIMH B mpuMeHeHuu. CyIIHOCTb
pa3pylLIaroniero KOHTPOJIS 3aKI04aeTcs B MOJ-
TOTOBKE U HCIIBITAHMM Ha CXKaTue MpU TOMO-
1M Mpecca CHeHalbHbIX OETOHHBIX 00Pa3IloB.
[Ipu TakoM HcCTIBITAaHUHM TPOOHBIE 0Opa3LbI W3-
TOTaBJIMBAIOTCSI M3 KOHTPOJIUPYEMOIO COCTaBa
OCTOHHON CMECH WM U3BIEKAIOTCA M3 caMoi
KOHCTPYKIIMM TYTE€M BBIOypUBaHUS OTOOPHBIX
npo6 (kepHoB). IlocnmemHuii mporecc OTIMYa-
eTCsl 0COOOHM CIOKHOCTBIO U TPYAOEMKOCTHIO,
TaKk Kak He BCerna yaaeTcsl MOJYyYUTh 00pasIibl
C POBHOH MOBEPXHOCTHIO, U3-3a YEro B IMOCIe-
JYIOIIEM TMPUXOIUTCS BPYUYHYIO BBIPABHHUBATH
TpaHu, MHA4Y€ Pe3yJabTaThl UCIIBITAHUS OKAXKYTCS
HEJIOCTOBEpHBIMH [4].

Haubonee pacnpocTpaHeHHBIMU METOAAMHU
paspylLIaroniero ¥ Hepa3pyllaroiero KOHTPOIs
MIPOYHOCTHU SIBJISIOTCSI WCIBITAHHE Ha CXKaTue
CTaHJApPTHBIX 00pa3OB U METOJ yAapHBIX HM-
myJabcoB (pucyHok 1) [5].

[Ipy wucmBITaHUM CTaHIAPTHBIX OOpPA3IOB
CYUIECTBYET OOJIbIlIasi pa3HUIIA MEXIY pa3pylia-
eMbIM 00pa3iioM OeToHa B 1abopaTtopuu u 6eTo-
HOM Ha CTPOUTENILHOM MIomaake, 00ycIoBIeH-
Hasl pa3IUYHBIMH YCIIOBUSIMH TBEPJICHUS: COBEP-
IIEHHO MHbIE 3HAUEHUS TEMIIEPaTyphl OKPYKato-
e cpebl ¥ BIaKHOCTH BO3/1yXa, YTO B PE3yilb-
TaTe MPUBOIUT K MCKAXKEHUIO TMOKa3arenen uc-
nbITaHui [6]. JlaHHBIN HETOCTATOK YACTUYHO Pe-
IIeH YIapHO-UMITYJbCHBIM METOJIOM, CYITHOCTb

HEPA3PYLLUAOLWMIA KOHTPO/b:

o

Puc. 1 — Tpaouyuonnvie memoovl KOHMPOJIA NPOYHOCTU OEMOHA:
a) — corcamue Cmanoapmmuvix 00pasyos; 6) — Memoo YOapHviX UMNYIbCOB
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KOTOPOTO 3aKJIIOYAETCsl B PErUCTPALUU YHEPTUN
yaapa, KoTopasi BO3HUKAET B MOMEHT COY/IapeHUS
0oiiKka crieruaabHOro MpUoopa ¢ MOBEPXHOCTHIO
oerona [7]. HemocratkoM ymapHO-UMITYJILCHOTO
METO/1a SIBJISIETCS] OTPAaHUYCHHBIHN painyc paboTh
npubopa — omnpesesieHue MIPOYHOCTH BO3MOXKHO
JIMIIb B KOHKPETHO UCTIBITYEMOW 00JIaCTH B CIIO€
r1yOuHO#M 10 50 MM, a He Bceil KOHCTpyKIuU. Ta-
KUM 00pa3oM Jyis MOJyuyeHUs TOJTHON KapTUHBI
0 Habope MPOYHOCTH HEOOXOIUMO MPOBEICHHE
UCTIBITAHUI BO MHO)KECTBE TOYEK OJHOTO U TOTO
ke amemenTa [8]. OdyeBuaHO, 4TO 00a Mepeyuc-
JICHHBIX TPAJULMOHHBIX METO/A JTOBOJIBHO TPY-
JOEMKH M OTHOCUTENIbHO J1oporu. CylecTByeT
aJbTEPHATUBHBINA METOJ, OCHOBBIBAIOIIMICA Ha
COBPEMEHHBIX TEXHOJIOTHUAX, TAKMX KaK BCTPO-
€HHbIC B OETOH JAATUMKHU U CEHCOPHI, MAIIUHHOE
00yueHre U UCKYCCTBEHHBIN MHTEIUIEKT. 3a CUeT
HENPEPbHIBHOTO MOHUTOPHUHIA BHYTPEHHETO CO-
CTOSTHUS 7K€J1€300€TOHHON KOHCTPYKIUHU JOCTH-
raercs ornepaTuBHOCTb MOJTYYCHUS U3MEPEHUH, B
pe3ynbTare 4ero BO3MOXKHO OCYUIECTBIICHHUE Jie-
MOHTaka ONaTyOKH paHbllle 0)KUIAEMOT0O CPOKa,
SKOHOMUHU BPEMEHH, U, CJEeIOBATEIBHO, SKOHO-
Muu (puHAHCOBBIX pecypcoB. Hecmorps Ha ToT
dakTt, yto B Kazaxcrane npuMeHeHHE MOAOOHBIX
METO/IOB OIpe/eJIeHUs] MPOYHOCTU OeToHa He-
BO3MOKHO BBHJIy OTCYTCTBHUSI COOTBETCTBYIOLINX
HOPMAaTUBHO-TEXHUYECKUX JOKYMEHTOB, perja-
MEHTOB U CTaHJIapTOB, aBTOPaMH JTaHHOW CTaTbu
ObL1a TIpozenaHa padboTa Mo paspaboOTKe MPOTO-
TUIA JaTYhKa, CHOCOOHOTO PU MOTPYKEHUU €T0
B TeJI0 OETOHA MPOU3BOAUTH M3MEPEHUS TeMIIe-
paTypsl U BIQXKHOCTH U IEpe/laBaTh Pe3yJbTaThl
OecrpoBOIHBIM IIyTEM Ha MOOUJIBHOE YCTpOii-
ctBO (cMmaptdon) nocpenctsom Bluetooth, koro-
poe B CBOIO O4Yepe/lb MO0 M3BECTHBIM METOAMKAM
pacCYUTHIBACT TEKYIYIO IPOYHOCTH OETOHA.
JlanHast cTaThsd MOCBSIIEHA pa3padoTke
MPOTOTHUIIA BCTPAUBaEMOro OECIPOBOIHOTO J1aT-
YhKa 715 Hepa3pyLIaroiero KOHTPOJIs U MOHH-
TOPHUHTA KEJIe300€TOHHBIX KOHCTPYKLHUH.

Jns  nocTtmkeHuss NOCTABICHHOM —Lienu
ObUTM TIOCTaBJICHBl M BBINOJHEHBI CIEIYIOIINE
3aJlauu:

1) aHanu3 U cpaBHEHUE CYIIECTBYIOIINX pe-
IICHUM;

2) BBISIBJICHHE HEIOCTATKOB 3apyOeKHBIX
aHaJIOTOB;

3) onucanure pa3pabOTKK TMPOTOTHIA JaT-
YHKa;

4) pacyeT 10MmyCTUMOM CTOMMOCTH JIaTYHKa
JUIS Ka3aXCTaHCKOTO MOTPeOUTENs;

5) pacdet SkoHOMHUYECKOTO A deKTa.

HecMoTpss Ha TeKyIlylo CHUTyaluIO Ha Ka-
3aXCTaHCKOM pbIHKE, laHHasi pa3padoTka mpea-
CTaBIsIeT OOJBIIYI0 aKTyaIbHOCTh B cdepe
CTPOUTENBCTBA. 3apyOeKHBIN OMBIT TOKA3BIBAET,
YTO MPUMEHEHUE BCTPAUBAEMbIX JIaTUUKOB MpPU
3alMBKe OETOHA IMO3BOJISIET CHIKATh IOCIe-
NYIOIMEe HaKIaJHble PacXoibl, a TAaKXKe CyIle-
CTBEHHO YKOHOMUTH BPEMsI IIPHU OCYLIECTBICHUN
MOHOJMTHBIX Pa0boT. BBHUIy HenpumMeHUMOCTU
3apyOeKHBIX JaTYMKOB HA CTPOUTENIbHBIX IIO-
1aJIKkax Hallel CTpaHbl, 0COOYI0 aKTyalbHOCTh
npuoOpeTaer pa3paboTKa OTEUECTBEHHOTO aHa-
JIora CO CXOKUM (PYHKIIMOHAJIOM, HO MPH 3TOM
HUMEIOIIETO Psii COOCTBEHHBIX OTIMYUTENIbHBIX
MPEUMYIIECTB, CIOCOOHOTO KOHKYPHUPOBATh KaK
Ha BHYTPEHHEM, TaK U Ha BHEIIHEM PBIHKE.

CpaBHeHHe CYyIIECTBYHOIIHX AHAJIOTOB

AHAJIOTH JaTYUKOB JIJIs HEPa3pyLIAOIIETO
KOHTPOJISI MPOYHOCTH TPEJCTABICHBI HECKOJb-
KMMH OCHOBHBIMHU 3apyO€KHBIMH IPOU3BOIM-
tensimu: «SmartRock2», Beimyckaembie kaHa-
ckori komnanmeini Giatec, «CS100» u «CS200»
oT amepukaHckoi kommnanuu ConcreteSensors, a
Taxoke ngarunku xomrnannu COMMAND Center
Wireless (CIIA). Iy BBISBICHUS CHIBHBIX H
cabbIX CTOPOH aHAJIOTOB OBLJIO MPOBEICHO HMX
JETaJbHOE CPAaBHEHHE 1O OCHOBHBIM ITyHKTaM.
JlaHHbIC 1)1 CpaBHEHUs ObLTH BHECEHBI B Ta0OJIH-
my 1 mist 6oee HarIATHOTO CPaBHEHUS.
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Tabdnuna 1 — CymecrBylonue Ha pbIHKe OecnipoBoAHbIe JaTYMKH MOHUTOPUHTa ZKBK

Giatec SmartRock?2 (Kanana) Concrete Sensors COMMAND Center Wireless
(BenukoOpuTanust) (CIIA)
—
[Tapamerpst
BecripoBonHas ceTh Bluetooth, GPS Bluetooth Bluetooth B mogyne
Wzmepenns™ T, R T, W, R T, R
TemreparypHbIil Auana3oH ot -30 go +60°C ot -40 po +85°C ot -30 go +85°C
TouHOCTH T:+1°C T: 20,4 °C, W: £3% T. 21 °C
[myOuna 3an0KeHUs Ot5cm OT5p8015¢cm [OnvHa kabens oo 4m
JluamasoH nepenavn JaHHBIX Oo8wm 0o 20 m Oo9m
WutepBan nzmepeHnit 30 MuH 30 MyH HacTtpauBaembii
[NamsaTte [ocTaToyHbIn [ocTaToyHbin 2048 namepennii
Cpoxk cirykObl aKKyMyJsiTopa [o 4 mecaues o 2 net Ho 10 net
Tpebyemoe KOTMIECTBO 2Wr Ha765M 5 wT. Ha 1400-1900 m 5 WT. Ha 76,5 M
Hannuue npuiokeHus iOS n Android iOS iOS
dopmar OTUETHOCTH PDF, CSV PDF, CSV PDF, XLS
CroumocTs 3a ex. 6e3 $85 $150-200 $2100 (3 momyns, 50
JTIOCTaBKH OaTynKoB)

*T — Temmeparypa, W — BIQXXHOCTb, R — IpouHOCTH

[To pesynbraTam cpaBHEHHUS MOJKHO C/ENIaTh
CJIeyIOIHNe BBIBOABL: U3 TPEX HaTYUKOB OAMH
MIPOU3BOAMUT KOHTPOJIb TEMIEPATYPHI, BIAKHOC-
TH ¥ IPOYHOCTH, a JIBA IPYTUX — JIHIb TeMIepa-
Typsl ¥ ipouHocTH. OOMEeH JaHHBIMU CO CMapT-
(GboHOM y BCeX aHAJIOTOB IMPOUCXOTUT MOCPE-
cTtBOM mpoTokona Bluetooth, n3-3a yero riyonna
3all0KEHUs JaT4yuKa B Telie O€TOHA COCTaBISET
ot 5 110 15 cM. D10 00YyCIIOBICHO OTPaHUYEHHBIM
paauycoM neiictBusi Bluetooth, B pesynbrare
Yero auarna3oH Iepeladyd IJaHHBIX COCTaBISEeT
oT 8 10 20 M. [Ipu 5TOM CTOUT YyUUTHIBATH, YTO
cMapT(doH B COCTOSTHUM MOAKII0oUaThes o Blue-
tooth TONBKO K OHOMY JaTYMKY OHOBPEMEHHO,
ATO TaKkXe 00YCIIOBICHO OrpaHUYSHHUSIMH JaHHO-
ro mpotokona. TemneparypHblil Auana3oH pado-
Thl y JIaTYUKOB COTOCTABUMBIH M COCTaBISIET B
cpenreM ot -30 10 +85°C. Cpok cirykObI aKKy-
MYJISITOpa CUIIBHO BapbUPYETCs: OT 4 MECSIIEB 10
10 sieT 1 3aBUCHUT OT (PU3NUECKUX Pa3MEPOB KOP-
myca 1 pexxuma padboTsl gatyuka. OqHaKo, CTOUT
OTMETHUTB, UTO TPEOYETCs OKOJIO MecsLa sl 10C-
TaTOYHOTO Habopa MPOYHOCTH OETOHA, TOITOMY
10-neTHUI cpok pabOTHI ABISAETCS U30BITOUHBIM.
OnTuManbHON MPOJOHKUTETFHOCTBIO Pa0OTHI
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JlaTYhKa MOXKHO cuuTaTh 3-4 mecsua. Ilennr Ha
JATYUKH TaKXKe CHIBHO BapbUPYIOTCS: OT $85 110
200 3a mryky wim $2100 3a 3 moxyns u 50 mar-
YHKOB.

Pa3paGorka mpororuna marumka. Cyii-
HOCTh pa0OThI MPOTOTHIIA 3aKIIIOYAECTCS B Clie-
OYIOIIEeM: TIepel HauajoM 3aJMBKH JIaTYUK
MOMEIIAeTCs B KOpIyce OeTOHa MOCPEJICTBOM
KpEIUICHHS €r0 K apMaType ¢ MOMOIIbI0 XOMYyTa.
[Tocne 3TOrO YCTPOMCTBO 3amycKaeTcs, 3a/1aeT-
Csl MHTEPBAJI, ¢ KOTOPHIM JAaTYMK OyIeT Mpom3-
BOJIUTh M3MEPCHUS TEMIEPaTyphl M BIAXXHOCTH
B Telle OetoHa. Jlanee mony4YeHHbIE TaHHBIC Tie-
penarTcs Ha cMapT(OH ¢ TTOMOIIBIO TPOTOKOJIA
O6ecripoBoaHoi nepenaun Bluetooth. Crnernans-
HO pa3paboTaHHOE MOOMIBLHOE MTPHIIOKEHHUE TS
cMapTdhoHa aHATU3UPYET ITH JaHHBIC W BBIAACT
0TYeT 0 (paKTUUYECKOH mpouHoCcTH OeToHa. Oco-
OCHHOCTBIO MPOYHOCTHOTO KOHTPOJIS C IOMO-
b0 JIAaTYMKOB SIBJISICTCS TPEABAPUTEIIBHBII
naboparopHblid aHam3. Ha ocHOBe pe3yasTaToB
9TOTO aHaJKM3a BBICTPAUBACTCS KOPPEIAUOHHAS
3aBUCHMOCTh MEXJy TeMIIeparypoi, BIaKHO-
CTBIO M IPOYHOCTHIO, TO3BOJISIOIAS ONIPEICTUTh
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Puc. 2 — Apxumexmypa npomomuna

TEKYIIYIO0 IPOYHOCTh OETOHA Yepe3 BCTPOCHHBIH
JATYHUK.

ApXHUTEKTypa MPOTOTUIIA OCHOBaHA Ha KOH-
uenuuu uaTepuera Beuiel (IoT). [oT apxurtekry-
pa BKIIIOUaeT B ceOsi: ¢ OHOI CTOPOHBI — OO0JIb-
I0€ KOJIMYECTBO MepuepuiHBIX YCTPOHCTB C
HU3KOM BBIYMCIUTEIBHOW MOIIHOCTBIO, HU3KUM
HHEPronoTpedICHUEM, BBICOKOH  CKOPOCTHIO
peakiy Ha COOBITHSA, C IPYTroi CTOPOHBI — 00-
JIAUHBIE CEpPBEPBI C BBICOKOW BBIYMCIUTEIBLHON
MOIIHOCTBIO JJIsi 00pabOTKK OONBIINX 0OBEMOB
JAHHBIX, UX XPAaHCHHUE W KIACCU(PUKAIS, YaCTO
C DJIEMEHTaMU MAalIMHHOTO OOydYeHUs U aHalu-
TUKH (puc. 2).

Kopmyc nporotuna Haneuarad Ha 3D-npun-
Tepe U3 Marepuana aKpUIOHUTPHUI-OyTaau-
eH-ctupon (AbC-miacTuk) U uMeeT rabapuTh

86x86x49 mMm. OH COCTOUT M3 HMKHEH 4YacTu
U BepXHEU (KPBILIKH), COCTUHSAIONINXCS APYT C
JpyroM nocpeacTsom § 0onToB. Bogonenponu-
[[aeMOCTh COEIMHEHHs 00eCreunBaeTCs 3a CueT
PE3MHOBOM MPOKIIAJIKU.

OyHKIMOHAT MPOTOTHUIIA PEaTu30BaH Ha
6a3e mukpokontposiepa Arduino Nano 3.0 ¢
BO3MO)KHOCTBIO TMOJKJIIOYEHHUS K HEMY JOIOJI-
HUTEIbHBIX Monynel. Ilpumenenue Arduino
B KaueCTBE OCHOBBI IO3BOJHMIIO 3HAYUTEIHHO
YIPOCTUTh M YCKOPUTH MpoLEecC pa3paboTKH 3a
CUET YK€ MMEIOLINXCSI BCTPOSHHBIX MOJIYINEH, a
TaKXe CIelHaIbHbIX CIIOTOB PaCIINPEHHs, KOTO-
pble TIO3BOJIMIIA MOAKIIOYUTE K MUKPOKOHTPOJI-
nepy Bluetooth-monyns, a Takke 1aTyuK Temrie-
parypsl ¢ kabenem 100 cMm. JlaTuuk BIaKHOCTH
BCTPOECH BHYTpPb KOPITyCa U TaKXKe MOJKIIOYEH K

Puc. 3 — Mononumnuwiii kapkac
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MUKPOKOHTPOJIJIEPY — 4Yepe3
CIIOT pacuupenus. Monyiab
MaMsITH BCTPOEH B MHKPO-
KOHTpOJUIEp, ero o0bema B
HECKOJIbKO MerabalT gocra-
TOYHO ISl XpaHEHUsS JaH-
HBIX 00 U3MEPEHUAX Ha He-
CKOJIbKO MecsueB. [lutanue
MPOTOTUIIA OCYUIECTBIISET-
csl OT Tpex OaTapelHbIX ak-
KyMYJISITOpOB THIa AA.
Koneunast croumocts paz-
PabOTKK MPOTOTHUIIA COCTaBH-
s1a 10200 Tenre, 4TO COCTABIS-

et okosto $27.
Pacuer nmomycrumoit
croumMocTi. OTHOCUTEILHO

HHU3Kas1s CTOMMOCTb KOHCYHO-
o IpOAYKTa SBJIACTCS 001b-

MM KOHKYPEHTHBIM MPEUMYIIECTBOM HE TOJIBKO
Ha BHYTPEHHEM, HO U Ha 3apy0eKHOM pbIHKE. J[71st
pacyera JOMYCTUMOM CTOMMOCTH JUIsl MOTEHIIH-
QJIBHOTO TOTPEOUTENISI TIEPEUIEM K CIEIyIoIeMy
npumMepy. B cpenHem Juisi MOHOJIMTHOTO Kapkaca
10-3Ta)XHOTO 37aHMSI C KOJMYECTBOM IPOJIETOB
8%2 u mmpuHOU nposera 6 METPOB NoOTpedyeTcs
okoio 330 naruukoB (puc. 3). IIpu po3Hu4HOI cTO-
UMOCTH JIATYMKOB 15 TBIC. TEHTe U CE0ECTOMMOCTH
10 TeIC. TeHre, AOXO OpraHU3alliy C OJHOTO 3/1a-
HUst cocTaBUT 1 MitH. 650 ThIC. TeHre. YUuThIBas
00bEMBI U TEMITbl MOHOJIUTHOTO JOMOCTPOCHHS B
Kazaxcrane, paccunrannas nudpa MOKeT OKa3aThb-
Csl HAMHOT'O BBIIIIE.

IxoHommu4eckuii 3¢ dekr. s crpourtens-
HBIX KOMIaHWH 3KoHOMUYeckuid 3dpdexr obe-
CIIEUMBACTCS 32 CUET CHIKEHHUS TPYAOEMKOCTH
U YCKOPEHHsI TEMIIOB CTPOUTENbCTBA. Tak, mpu
YCKOPEHHUH BO3BEACHHUS MOHOJUTHOTO Kapkaca
OJTHOTO A3Ta)ka AHAJIOTMYHOIO 37aHUsl Ha OJMH
JICHb U CPEIHEB3BEUICHHON CTOMMOCTH HaKJIa[I-
HBIX pacXofoB B | MJIH. TEHTe, 32 BBIUETOM PO3-
HUYHON crouMocTH 330 HaTYMKOB, SKOHOMHUS
coctaBut 5 MutH. 50 ThIC. TeHre (puc. 4).

OnHOI U3 OTIIMYUTENIBHBIX 0COOCHHOCTEN
pa3pabarbiBaeMbIX JaTYUKOB SIBISICTCS HEMpe-
PBIBHBIH COOp JAaHHBIX O COCTOSHHU JKEIIe30-
OCTOHHBIX KOHCTPYKIUM, BIJIOTh O Pa3psaKu
AKKyMYJISITOpa, Ja)e MOCJie OKOHYaHUs MOHO-
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Puc. 4 — Pacuem sxonomuueckozo s¢pgpexma

JUTHBIX paboT. /[aHHOE CBOWICTBO JAaTUYUKOB
CIIOCOOCTBYET HAKOIIJIEHUIO OOJBIINX JaHHBIX
(Big Data) Ha cepBepe, mpeACTaBISIONIUX U3
ce0s1 OrpOMHOE KOJIMYECTBO PA3IMYHOMN KOJIH-
YECTBEHHOW M KayeCTBEHHOW MH(OpMAIUU O
CKOpOCTH Habopa MPOYHOCTU KeJie300eTOH-
HBbIX KOHCTpPYKIIMH, cOCTaBe OETOHHOW cMe-
CH, YCIIOBUH OKPYXalOILIEW Cpeabl U IPyTrux
napamerpax. B nanpHelen nepcrnekTruBe Ha
OCHOBE OONBIINX JAHHBIX MOKHO COCTaBIIATH
AHAJIUTHUYECKHE OTYETHI O KaU€CTBE MHEPTHBIX
MaTepuasioB OETOHAa MECTHBIX M 3apyOeKHBIX
IPOU3BOJUTEIIEH, OTUETHI 10 HAJEHKHOCTH MO-
HOJIUTHOTO KapKaca CTPOUTEIBHBIX OOBEKTOB
Ha peruoHax, JaBaTb PEKOMEHIALUM CTPOH-
TEJIbHBIM KOMIAHUSIM M0 YIy4YIICHHIO Kade-
CTBa MOHOJIUTHBIX PadOT M MHOIOE€ JApPYyroe.
Takyxe 3TH AaHHBIE MOTYT OBITh IPUMEHEHBI
B MH(OPMAIIMOHHOM MOJEIUPOBAHUM 3IaHHM
(BIM) nns ¢dopMupoBanus Oojiee TOUHBIX H
HOJIHBIX OTYETOB O COCTOSIHUM MOHOJUTHOTO
KapKaca 3/1aHull U COOpYKeHHUH (puc. 5).

BriBoabl. Ha cerogusimuuii nens B Kazax-
CTaHe HE CyILECTBYET IIPOM3BOJICTBA BCTPOEHHBIX
JATYUKOB 15l OECTIPOBOTHOTO KOHTPOJIS IPOYHO-
ctu OeroHa. 3apyOeKHbIe aHAJIOTU HENPUMEHU-
MBI B KazaxcraHe o ciieayoumm npuuruHam:

1) MeToabl UCTIBITAHUH U pacUYET MIPOYHOCTH
HE perIaMEHTHPOBAHBI B KA3aXCTAHE;
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Puc. 5 — Jloneocpounulii 3¢hghexm om ananuza 6onbuux OaHHbIX

2) pacueT NMPOYHOCTHU OCYLIECTBISAETCS Ha
OCHOBE PpE3yJbTaTOB J1a0OPaTOPHBIX MCIIBITA-
HUI TOrO ke cocraBa OETOHA, YTO 3aJIMBACTCA
Ha CTPOMTEIBHOM IUIOMIAJKE, OAHAKO B Clyyae
aHaJIOTOB — MOJ00PaTh COCTaB C UJCHTUYHBIMH
CBOWCTBaMM MHEPTHBIX MaTEpPHAJIOB 3a PyOeKOM
HE MOJTyYUTCS;

3) cTouMOCTh 3apyOeKHBIX aHATIOTOB HEBBI-
roJlHa JUTs Ka3aXCTaHCKOTO MOTPEOUTENS;

4) uepe3 Bluetooth MoxkHO OIHOBpEMEHHO
MOJIKITIOYATHCS. TOJIBKO K OAHOMY JIaTUHKY, TO3-
TOMY CTPOUTEISIM MPUXOAUTCS JIOBUTH CUTHAJIBI
JATYUKOB IO OTACTBLHOCTH, YTO CO3JAET HEYH00-
CTBO U TPATUT BPEMS.

Ha ocHOBe 3THX BBIBOJOB IUIAHUPYETCS
JaJbHEUIas MOJACpHU3ALUS JaTINKa.
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METOAbI U MOAEJIM TEXHOJIOI'MX MOHUTOPUHTA HAYYHO-
OBPA3OBATEJIbHOM JESTEJBHOCTH BY3A

W. YBAJIMEBA', JI. CYIEUMEHOBA', 7K. CATAH/IBIKOBA?
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Annomayusn:  [{na pazeumus 00pazosanusi yoice HeOOCMAMOUHO GIUSHUSL YET08EUECKO20 KANUmanid.
Bosnuxaem nompebrnocmo usmenenus: camoii 0opazosamenvHoll cpedvl, m.e. HenpPoOCmo HApaUUsams 00bEMbL
00pazosanusi MpyoosvIX pecypcos, OOINCHbL KAYeCMEEHHO UMEHUMbCS MemoObl, UHCIMPYMEHmbvl U Cpedbl
VIPasieHUst OUHEC-NPOYeccamit 00paz0eans, He0OXOOUMO UCHOTb306AHUE UHCTNPYMEHMOE CAMOOUACHOCMUKY
U MeXaHuzMbl NPeOCKA3aAHUS COCOSIHUSL OUZHEC-NPOYeCCO8, NOOKIIOYEHUs (UHINELIEKMYATbHBIXY CEPEUCO8 K
2NLABHBIM CUCEMAM 00PA30BAMENbHBIX YUPEAHCOCHUL.

B Oannoui pabome onucana mexmonozus MOHUMOPUHEA HAYYHO-00PA308AMENLHOU OesmeTbHOCU 8Y3d,
00vbeOuHsIOWAaAsE Memoobl U MOOeIU YAPAGILeHUs 3HAHUAMU 6 8Y3e, ancopumm Staking-ancamobruposanus
MEMo008 UHMELIEKMYATbHO20 AHATU3A OAHHLIX 0OPA308AMENbHBIX DUZHEC-NPOYECco8, a MaKdice MOOelb
NOBbIUEHUSL IPPEKMUBHOCTU YAPABLEHUSL 0eSTMETbHOCTbIO HAYYHO-NeOd202UYeCcK020 NEPCOHANLA BV3d.

Knroueeote cnosa: 06pa60mi<a aaHHle, smart mexHoio0cuu, qu)OpMClL{MOHHble mexHoniocuu 6 06p61306aH1/l1/l,
HayuiHvle 3HAHUAL, uHme/meKmyaﬂbezﬁ AHAIU3 OAHHLIX

METHODS AND MODELS OF TECHNOLOGY FOR MONITORING RESEARCH AND
EDUCATION IN UNIVERSITY

Abstract: The influence of human capital is no longer sufficient for the development of education. There is
a need to change the educational environment and to change methods, tools and business management, to
use self-diagnosis to predict business processes and to connect “intelligent” services to the main systems
of educational institutions. This paper describes a technology for monitoring research and education in the
University. It is achieved by combining methods and models of knowledge management at the University,
algorithm of Staking-assembling methods of intellectual analysis of educational business processes data, as
well as a model of effective personnel management.

Keywords: data processing, smart technologies, information technologies in education, scientific knowledge,
data mining

KOTFTAPBI OKY OPHBIHBIH FbIUIBIMU-BIJIIM BEPY KBIBMETIH
MOHUTOPHUHITEY TEXHOJIOI'UACBIHBIH 9AICTEPI MEH MOJEJIT

Anoamna: Kazip 6inim 6epyoi oamvimy yulin adamu Kanumaiobly bIKnAivl dcemkinikcis. Binim depy opma-
CbIHLIH 0311 032epmy Kadcemminici myblHOan omelp, s eqoex pecypcmapvlibly OLiM KoaeMil apmmblpy
eana emec, o6inim bepyodin busznec-yoepicmepin backapy adicmepi, Kypaioapbl MeH opmacsvl canaivl 632epyi
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muic, OusHec-yOepicmepOiy Hcal-KyuiH Oondcay memikmepi MeH 63iH-63i OUASHOCMUKALAY KYpaioapblH
natioanawy, 6inim oepy mekemenepiniy 6acmol Jxcylienepine “3usmrepnix”’ cepgucmepoi Kocy Kaxcem.

byn maxanaoa KOO 6inimoi b6ackapy adicmepi men molenvOoepiH, Oinim bepy OuzHec-yoepicmepiniy,
Odepexmepdiy, mandayoviy 3usmkepiix 20icmepiniy Staking-ancambnvoey ancopummi Oipikmipemin KOO-
HbIH RbLILIMU-OLIIM Oepy Kbl3MemiH MOHUMOPUHSMEYOIY MEeXHONO2UACIH 23IPIey JHCIHE eH2i3), COHbIMEH
kamap JKOO-ubly 2bLILIMU-NE0A20UKANBIK KYPAMBIHbIH Kbl3Memin 0ackapyovly muiMOinieiH apmmblpy

MOOel YCbIHbLIRAH.

Tyitinoi ce3dep: oepexmepdi oyoey, smart mexnorozusnap, Oinim bepyoesi aknapammaolk, MexHOI02UALAP,

EbLILIMU OLIM, OepekmepOi UHMELIeKNyan0bl maioay

BBenenue

B nacrosiiiee Bpemst yMHbIE WM Smart-Tex-
HOJIOTMM MEHSIOT Hally >KU3Hb U OOIIECTBO Ha
OoJiee HOBBIM Ka4eCTBEHHBIM YpPOBEHb, YEM KOT-
na-mubo npesxze. Perenus Ha oCHOBE cMapT-TeX-
HOJIOTUH PabOTalOT C WCHOJIB30BAHUEM Pa3INy-
HBIX WHTEJUICKTYaJIbHBIX WH(POPMAIIMOHHBIX TEX-
HOJIOTUH. B CBSI3u ¢ 3TUM CceroyiHs By3bl COITIACHO
KOHIICTIITUH TOCYIapCTBEHHOM Tiporpammbl “Tlud-
poBoii Kazaxcran”, crparerndeckoMy IUIaHy pas-
Butus Pecyonmku Kazaxcran no 2025 1. TpeOy-
10T BHEAPEHUSI COBPEMEHHBIX MHTEIICKTYaIbHbIX
TEXHOJIOTMYECKHUX PEILICHHA.

[IpuknanHoe pemieHue MpoeKTa CBS3aHO C
UCCIIIOBAaHUEM 10 CJIEAYIOUIMM HarpaBlICHUSAM:
aBTOMATU3UPOBaHHAS TOJCHCTEMA COCTABJICHUS
ONTUMAJILHOTO pacHHCaHusl y4eOHBIX 3aHSATUN
B BY3e npu opranmsanuu yueOHOro mporecca;
MOJCUCTEMA YTIPABJICHUS HAyYHBIMU 3HAHHUSIMU
BY3a, MIOJICUCTEMa KOMIUIEKCHOTO UHTEIICKTYallb-
HOTO aHaJM3a JaHHBIX HAayYHO-0Opa30BaTeIbHON
JESITEIbHOCTH, a TaKKe MOJCUCTEMa YIPaBICHHS
JeSITeIbHOCTBIO HAyYHO-TIEAarorn4eckoro nepco-
HaJla By3a.

B cBsi3u C COBEpIICHCTBOBAHHEM CHCTEMBI
ynpasieHus BY3amMu Ha OCHOBE BBIYMCIIUTENb-
HBIX U MHPOPMAIIMOHHBIX CHCTEM Bce Oolee ak-
TyaJbHBIMUA CTaHOBSITCSI CIIAYIOIIME BOIPOCHI:
aBTOMATHU3ALIUS COCTABICHHUS ONTUMAJILHOTO pac-
MUCaHUS YYeOHbBIX 3aHSATUN B By3€ IPH OpraHu3a-
UK y4eOHOTO MpoIiecca; UCCIIeI0BaHUE MPodiIeM
yIpaBlieHUs 3HAHUSIMU U pa3pabOTKa CHUCTEMBI
yrpaBlieHHs HayYHbIMHU 3HAaHUSIMU By3a.

Hayunast HOBU3HA HCClIEAOBaHUS 3aKIIOYa-
ercs B pa3paboTKe KOHILIEMIMU M BBIYUCIUTEb-
Hoii UT-uH(pacTpykTypsl Ha OCHOBE TEXHOJIO-
TMU TIOJICUCTEM CHUCTEMBbI yrpasieHus BY3amu,

o0beIMHSAIOIAs «THOKKE» METO/IbI U aJITOPUTMBIL,
rUOpUHbIE aJTOPUTMBI, a TAKXKE TEXHOJOTMYe-
CKHUI MOJXOM K YIPABJICHUIO HAYYHBIMH 3HAHUSI-
MU By3a.

Amnanu3 3apyOeXHbIX U OTEYECTBEHHBIX pa3-
paboTOK B 00JIACTH HAYYHOU JIEATEIIEHOCTH BY30B
M0Ka3aJj, YTO K HACTOSIILIEMY BPEMEHU OTCYTCTBY-
€T yHHMBEpcajbHash OHTOJIOTUS HAYYHBIX 3HAHUN
BYy3a, KOTOPYIO MOXHO ObUTO OBl TIOJIOKUTH B OC-
HOBY IPOEKTUPOBAHUU CEMAHTUUECKOIO HopTaia
Hay4yHbIX 3HaHMU By3a [1]. Takxke He cyliecTBy-
€T €IMHOTO MOAXOJAa K IOCTPOCHHIO PelIeHUH
(ceMaHTHYECKHX TIOPTAJIOB), pPEaM30BaHHBIX Ha
6a3e Texnonoruit Semantic Web.

Jlnst yuyeOHOro 3aBef€HHsS] OYEHb Ba)KHO
noy4yaTh (PMHAHCHPOBAaHHE, KOTOpoe obecre-
YUT [IPUBJICYEHUE BHICOKOKBATH(PUIIMPOBAHHBIX
COTPYAHHMKOB M TO3BOJHUT CO37aThb Pa3BUTYIO
uHppacTpykrypy By3a. [ns storo Tpedyercs
MMETh BBICOKHE TOKazarenu 3(PQGEeKTUBHOCTH
NEeSITENbHOCTU By3a, KOTOpbIe 00€CIeYnBaIoOTCs
¢ OOJBIIMM TPYIOM B KOHKYpPEHTHOH 0oproe. B
3TOM BaxkHYIO poJib okasbiBaeT IIIIC, a mexa-
HU3MOM YTIPABJIEHUS SIBISETCS CHUCTEMa Mare-
pHATBHOTO CTUMYJIUPOBAHUS PAOOTHUKOB BbIC-
el MmKoJabl. TpaauiMOHHbIE MOAXOAbl B CHC-
TeMe CTUMYJIMPOBaHUS TpyJda pabOTHUKOB By3a
He 00ecreynBaroT BBICOKHE JOCTHXKEHHUS B IIPO-
(beccuoHaNbHON N1eATEIbHOCTH COTPYAHUKOB U
By3a B 1esioM. [[j1s1 peanbHOro MOBBILLIEHUS Pe-
3yJABTATUBHOCTH UX AESTEIIBHOCTU HEOOXOIUM
3¢hPeKTUBHBIM WHCTPYMEHTApUN pacrpesesne-
HUSl CTUMYJUPYIOLIUX BBIILIAT HA OCHOBE KOM-
IUIEKCHOTO y4eTa BCeX IoKa3aTelield, OTBeuaro-
Uil TpeOOBaHUSIM COBPEMEHHBIX PBIHOYHBIX
OTHOIIICHUM [2].
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MeTon0n0ruuecky0o OCHOBY HCCJEI0OBa-
HUN COCTABJISIFOT: TEOpHUSl YIPABICHUS 3HAHMSI-
MU; TIOJIOKEHUS U METO/IbI TEOPUU MIPUHSITHS pe-
IIEHHI, CHCTEMHOT'0 aHaJIn3a, OHTOJIOTUYECKOTO
WHXUHUPUHTA; METOJIbI MAIIMHHOTO OOy4YeHUSs;
METOZABl MOYJIBHOTO, CTPYKTYpHOTO U OOBEK-
THO-OPUEHTHPOBAHHOTO  MPOrPAMMUPOBAHMS;
Teopusl MPOEKTUPOBaHUS UH(POPMAIIMOHHBIX CH-
CTEM.

1. OHToNIOrMYeCcKasi MOIEJIb HAYYHbIX
3HAHMI By3a

OnTONOrNyYeckast MoJie/lb HayYHbIX 3HAHUN
BYy3a, BKIIIOYAIOIIas B ce0si OCHOBHBIE KJIAcChl U
OTHOILIEHUSI OOBEKTOB HAyYHOU AeATEIbHOCTH,
oOecrnieunBaronue (HOpMUPOBAHUE HAYYHOTO
npoduas U MOHUTOPUHI Pa3BUTHUS Hay4YHBIX
mkoJ By3a [3]. s pa3paboTku JaHHOM Mojenn
HEOOXOMMO peaan30BaTh MPOIEAYpy 00padoT-
K1 MH(GOPMAIMOHHBIX PECYpPCOB By3a, KOTOpas
SBJISICTCS OJIHUM M3 MHCTPYMEHTOB YNPaBJICHUS
HAy4YHBIMU 3HAHMUSMH By3a M BKIIIOYAET JTallbl,
MIPEJICTAaBICHHbIC HA PUCYHKE 1.

Oran 1. Peanusanyst METOOIUKN U3BJICUCHU
TEPMHUHOJIOTMYECKHUX KOJIJIOKAIIUNA HayUHBIX TEK-

CTOB Ha OCHOBE CTaTUCTHUUYECKUX METOJIOB U MOP-
(hosornveckux 1madIoHOB (GUIBTPOB JJIS BISB-
JICHUS KIJIFOYEBBIX TEPMUHOB I10 ONPEIEIIEHHOM
npenMeTHoi obmnactu. st aToro paspabora u
OMKCAH aJITOPUTM H3BJICYCHHUS] TEPMHHOJIOTH-
YECKMX KOJUIOKAIMA TpeaMeTHol obOnactu. B
KaueCcTBe METO/a [UIsl BBISIBICHHUS KOJIJIOKALIUN
HCTOJB3YyeTCs Kputepuii x2 [2].

Oran 2. Pazpaboran anroputm BbIOOpa
MIPU3HAKOB JJISl COKPAILIEHUsI pa3MEPHOCTHU TPO-
CTpaHCTBa MpuU3HAKOB M 3(pdeKTuBHOCTU 00Y-
yeHusi knaccudukaropoB. B kauectBe meTona
oTpesieNieHUs MPU3HAKOB BbIOpaH METOJ B3aHM-
Hout mHpopmanuu (Mmutual Information) [4].

Oran 3. [Ipennoxen meron GopMupoBaHUs
Hay4YHOro Npoduiisi Ha OCHOBE KiaccudUKaui
MH(OPMAIIMOHHBIX PECYypCOB MO HAayYHBIM Ha-
npasieHusaM. Kiaccudukanus TeKCTOB 1o Hay4-
HBIM HAlpaBICHUSM OCYIIECTBISETCS METOIOM
kNN [3].

Oran 4. B pe3ynbsrare 00paboTKn HayIHBIX
pecypcoB By3a (GOpMHUPYIOTCS MPOGUIN JOKY-
MenToB. [Ipoduns noxkymeHnra ompezensercs
KaK BEKTOp BCEX €ro peJIeBaHTHBIX KiaccoB. B
pesyabrare (opmupyercs npoduib JOKyMEH-

' UsBneyeHune TEPMUHONOTMYECKUX I'(OJ'IJ'IOI'(aLI,HI::I Hay4HbIX TEKCTOB Ha OCHOEE
CTaTUCTUHECKHNX METOO0B U MOp(I)OJ'IOFMHECKMX wabnoHos d)MJ'IprOB

\

~

a3

Bbibop NpU3HaKoB 4N COKpaLLEHUA Pa3MEPHOCTM NPOCTPaHCTBa
NPU3HaAKOB U 3¢beKTUBHOCTMU 06yHeHUS KlaccudMKaTopoB

S o o It

dopmupoBaHue Hay4yHOro Nnpoduas Ha OCHOBE KnaccudurKauui
MHPOPMAaLMOHHDBIX PECYPCOB NO Hay4YHbIM HanpaBieHUAM

D R R

PopmurpoBaHue NpodUa LOKYMEHTOB

-

MHTerpauma n obecneyeHne COBMECTHOrO AOCTYNa K Hay4HbIM 3HaHUAM
By3a

Puc. 1 — Dmanwl npoyedypvl 06pabomxu uHGOpMayUOHHbIX pecypcos 8y3a
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Ta TIOCPEJICTBOM CO3JIaHWs WHAMBHUIOB Kiacca
«udopmanioHHbIe peCcypchl» OHTOJIOTHU Ha-
YYHBIX 3HaHMi1 [3].

Oran 5. CiaeayronmM 3TaroM B UHTETpaliii
1 00ECIIeYeHUH COBMECTHOTO JOCTyIa K Hay4-
HBIM 3HaHUSM By3a SBJISICTCS pa3pabOTKa CeMaH-
THYECKOTO TIOpTajia HayYHbIX 3HAHUK Ha OCHOBE
OHTOJIOTMYECKOM MOJEIN U METOJOB MHTEIIICK-
TyaJIbHOW 00paOOTKH HAyYHBIX PECYpCOB By3a.

B kadyecTBe MCXOMHBIX TaHHBIX BBHICTYMAIOT
nokaszarenu HayyHou gesitenbHocTu [ITIC BKI -
TY um. [[.CepuxbaeBa. Moaenb HaydyHOU nes-
TEILHOCTH OTJ/ICJILHOTO HAyYHOTO COTPYIHHKA
OTIPEIEIISAETCA C TIOMOIIBI0 (DAKTOPOB HAyIHOU
AKTUBHOCTH. JTH (DaKTOPHI B OHTOJIOTHYECKOM
WH()OPMAITMOHHOW MOJIENIM CrPyIIIUPOBAaHbl B
CJICMYIOIINE KJIACChl: COOBITHS, MPOEKTHI, IIy-
Onukamuu. YrpaBieHUE HAyYHBIMH 3HAHUSMHU
KaK MpoIecc uACHTU(UKAITMY 3HAHUNA U YMEHUI
MO3BOJISIET peliarh 3ajady Moadopa HaydHBIX
skcriepToB. OHTONOrMYECKass MOCIb MOXKET
OBITH UCIIOIB30BaHA TIPH MOAOOPE HAYUIHBIX IKC-
MIEPTOB IS OIICHKH HAYYHBIX MPOEKTOB, a TAK)KE
JUTSL TIO00pa PEIIeH3EHTOB HAyYHBIX paloT.

2. 'mOpuaHbIi aJropuT™M
Stacking-ancaMO0JIMpOBaHUSA METOI0B
HHTE/UIEKTYAJIbHON 00pad0TKN JAHHBIX
HAY4YHO-00pa30BaTe/ILHOIO NpoLecca
I'uGpunnplii  anroput™  Stacking-aHcam-
OnmupoBaHUST METOAOB HHTEIUIEKTYyalbHOU 00-
paboOTKM JaHHBIX HAay4yHO-0Opa30BaTEIBLHOTO
Ipolecca MCIONb3YeTCsl JUIsl PELIeHUs aHaju-
TUYECKUX 3aJay Ipolecca U MoidydeHus Oosee
TOYHBIX PE3YJIbTATOB OLIEHKHU OU3HEC-TIPOLIECCOB
HAy4YHO-00Pa30BaTEIbHON JIEATEeIbHOCTH (Kak,
HaTpUMep, BbISBICHHE MPOOIEMHBIX Ipynn 00-
YYaIOIIUXCSA, MPOrHO3UPOBAHHUE PE3yIbTaTOB
ceccuu, OIpenesieHHe MPUYMH aKaJIeMUYeCKon
3aJIOJDKEHHOCTH, U T.1.) [5]. Anroputm o0be-
JTUHSET YCUIIUS HECKOJIbKUX MHTEIUICKTYalbHbBIX
METOZIOB Ha OCHOBE CO3[aHUs aHcamOmsi Moje-
neil-npenukropoB. [ moctpoeHus: ancamOIns
MojieJied Ha JaHHBIX OOpa30BaTEeIbHOW CTaTH-
CTUKHM OBLI HCIIOJIb30BaH aiaroputMm Stacking,
KOTOPBIM arperupoBaj Clenyroliue 3 TUla HH-
TEJJIEKTyaJIbHBIX Mojenei: anroputm balieca
(BK), anroputm nepeBa pemenuit ([IP) u Heni-

ponnas cetb (HC). OOGydeHne mpou3BOAMIOCH
Ha €IMHCTBEHHOM Habope naHHbIX. J[aHHbIE Me-
TaypOBHsI, UCHOJIb3yeMble i1 O0y4eHHs] MeTa-
MoJieNH, OyayT MpeICTaBIsATh COO0M pe3ynbTaThl
MpeCKa3aHus MOJeIeH ISl KaXJI0ro U3 Mmosien
[6]. 1151 BOBMOKHOCTHM MCIIOIb30BaHUs B Kaye-
cTtBe MeTamozelim bK, BKIIrourM B JaHHEBIE METa-
ypoBHs noJist kiacca yuciaom st BK, JIP u HC.
Takum oOpaszom, anroputm stacking-ancamOu-
pPOBaHUS TBITACTCSI OOYYHMTH KaXKIbld KIIACCH-
(buKaTop, UCHOB3Ys AJTOPUTM META00ydeHUs,
KOTOPBIH MO3BOJISIET OOHAPYKUTH JTYUIIYIO KOM-
OMHAIINIO BHIXOI0B 0a30BbBIX MOJIEIIEH.

HaunbGonee o6mmM crocoboM yMEHBIIUTh
MEPEKOCHI, BBI3BAHHBIE HEYJAUHBIM COMILIMH-
roM, SBISIETCS TIOBTOPEHHE BCEro Ipolecca
o0y4yeHHs] U TECTUPOBAHUS HECKOJBKO pa3 Mpu
pPa3IMYHBIX CIy4aiiHBIX BhIOOpKax. Ha kaxkmoii
UTEpALUU OIpeie]IeHHas A0Sl JaHHbIX (HaIpH-
Mep, 2/3) cnydaifHO oTOupaeTcs s 00ydeHus,
a OCTaBLIMECS MCIOJIb3YIOTCS JJIsi TECTUPOBa-
Husl. J{s 9Toro HeoOXOAUMO ONPEAETUTH YHUCIIO
uTepalui pa3oueHns UCXOAHbIX TaHHbIX. [lanee
3aJ1aeTCsl BEKTOp, B KOTOPBIN cOOMparoTcs AaH-
HBIE JUIsl 00y4eHUsI METaMOJIEIIH.

Jlig peanuzanuu 3KCIIEPUMEHTAIBHOTO UC-
CIIeJIOBaHUS MpPOBepKU anroputma Staking-aH-
camMOnupoBaHusi OyAyT NpoaHAIU3HPOBAHbBI
MoKa3aTesld Hay4HO-00pa30BaTeNIbHOM JesTeNb-
HOCTH JJI IPOrHO3UPOBaHUS Habopa mepeBoj-
Horo 6amta GPA u TpynoycTpoiicTBa BBIITYCKHH-
Ka By3a. BbIUMCIUTENbHBIN SKCIEPUMEHT OyaeT
MIPOBEJICH HA JAHHBIX 00Pa30BaTEIbHOIO MOPTa-
na BKI'TY um. JI.Cepukbaena 3a 2009-2020 rr.
10 BCEM YPOBHSM U pa3IUyHbIM (hopMaM o0yde-
Hus (310 Oosee 1 MutH.3amuce).

3. Moneanb noBbiieHust 3pPpeKkTHBHOCTH
ylnpaBJieHHs 1eATeTbHOCTHIO HAYYHO-
MeIaroru4eckoro nepcoHasa Bysa
Mopnens  moBbimieHUs 3G HEKTUBHOCTH
YIPABJICHUS JIEATEIILHOCTBIO HAYYHO-IIE/IaroTU-
YECKOTO MEPCOoHalla By3a OCHOBaHA HA CHCTEME
nokazaresei 3(h(HEeKTUBHOCTH e TETLHOCTH Ha-
YYHO-TIEIaTOTUIECKOTO TIEPCOHaa, JIOMOJTHEH-
Has TIOKa3aTellsIMU JICATEIBHOCTH, O0ecreuu-
BAOIICH JTOMOJIHUTEILHOE BHEOWKETHOE (u-
HAHCHPOBaHUE, M TIOKA3aTEIIIMU JICSITEILHOCTH,
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o0ecrieunBaroOIIeii pa3BUTHE By3a B IEPCIICKTHUBE
[7]. JlanHast Monenb SABISAETCS THOPUIHON U -
HAaMHUYECKH M3MEHSIEMOM, OCHOBAHA Ha BECOBBIX
K03 (UIMEHTAX TOKa3aTeIel HepapXUveCKOu
CTPYKTYPBI U CUCTEME OIpaHMYCHU, 00eCTIeun-
BalOIIIEH OamaHc MeX Iy TpPeOOBaHUSIMU MOHHUTO-
puHra 3 (HEKTUBHOCTH BY3a, HEISIMH U PECyp-
camu. Peanmnzanusa qasHOW MOIENIM BKJIIOYAET B
ce0sl CIICTYIOITIE ITAITbI.

Ortan 1. Pacuer nauana3oHOB CyMMapHBIX
3HAYEHUH 10 KaXKJIOMY MOKa3aTeIo.

Ortan 2. [lepepacuer MmIaHOBBIX U PEKO-
MEHJIyeMbIX IIOKa3arejel Ha OJHOTO Mperoaa-
BarTesisl, B 3aBUCUMOCTH OT €0 THIIA.

Otan 3. [lesTenbHOCTD NpenogaBaresei mno
BBIMIOJIHEHUIO MTOKAa3aTeJICH.

Otan 4. MOHUTOPHUHT BBINOJIHEHHUSI TTOKa3a-
Tened U HGOPMHUPOBAHHUE TperoaBareaeii 0o
OTKJIOHCHMSIX OT 3aIJTAHUPOBAHHBIX CYMMAapPHBIX
3HAYCHMH BBIMOJHCHUS IIOKa3aTelei ¢ IebI0
MOOYKJICHHUS UX K CAaMOCTOSITEIIbHON KOPPEKTH-
POBKHM CBOUX JEHCTBUH.

Oran 5. Onnara IesaTebHOCTH TPeno/iana-
TeJIel 3a MPOIISAIINI TEPHO/I.

Ortan 6. [lepepacuer pa3mMepoB OIUIATHI 3a
€IMHUITY BBITIOJIHCHHBIX ITOKa3aTeJICH, 3SHAYCHUS
BBITIOJIHEHHSI KOTOPBIX TI0 pe3yJIbTaTaM MOHHUTO-
pHUHTA OTKJIOHSIOTCSI OT PEKOMEHJOBAaHHBIX.

Ortan 7. [lepexon k miary 3.

Ortan 8. B ciydae skoHOMHHM TNpeMHab-
HOTO (hOH[A TTOCTIE 3aBEPIICHHs y4eOHOTO Toa,
pacyeT W BBIIUIATA JOMOJHHUTEIBHBIX Pa30BBIX
MIPEMHIA.

JIoCTOBEpHOCTh MPOBEACHHBIX HCCIIEI0BA-
HUW ¥ MOJYYEHHBIX pe3ylbTaToB Oyner obecre-
YeHa apryMEHTaIlMel BBIJBUTAEMBIX ITOJIOXKE-
HUN, 000OCHOBAaHHBIM M KOPPEKTHBIM MPUMEHE-
HUEM MaTeMaTHYeCKOro ammapara, pesyJjbTara-
MU BBIYUCIIMTEIBHOTO KCIIEPUMEHTA U PE3YJlb-
TaTaMH UCTIOIb30BaHUS Pa3pabOTOK.

Peanuzamuss UT-cepBucoB Smart-TexHO-
JIOTUHA JTOJDKHA OBITh pealii30BaHa B BUJIE TH-
HaMHU4YeCKol OmOnmmorexku. Peanuzamus pasnud-
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Hbix UT-cepBucoB B BUAE OTACIBHON JUHAMMU-
4yeckol OMONMOTEKH TMO3BOJUT HCHOIb30BATh
JTaHHYI0 OMOIHOTEKY B PA3IMYHBIX MPOTPAMM-
HBIX NPOJYKTaX, a TAaKKe BIOCIEACTBUU IPO-
WU3BOAUTH paclIMpeHue €€ BOo3MOKHOCTEH. Jliis
peanuzanuu OMOIMOTEKH OyIeT MCIoJib30BaHa
cpena paspaborkn MSVisualStudio 2017, xo-
TOopasi Mo3BoJsieT pa3pabareiBarh [0 Ha Oaze
MS.NetFramework. B kadecTBe s3bIka Mpo-
rpaMMUPOBaHUA OyJIET UCII0JIb30BaH s3bIK CH.

5. IlporpamMHasi peajm3anus

Jns moctpoenust meramozaenu OyneMm uc-
nons3oBarh anroputMsl bK, JIP u HC. Ha pu-
CYHKe 3 MpeACTaBIEHO OKHO IOJICUCTEMbI aHa-
Ju3a JaHHBIX 00pa30BaTeIbHON CTATUCTUKU OHA
oCHOBe anroputMa Staking-ancamOIUpOBaHUS.

Hcnonp3oBanne HECKONBKUX MOJIEIEH JaeT
CJIeYIOIINE IPEUMYIIeCTBa:

- pean30BbIBATh MPE/ICKa3aHUE BHIXOAHOTO
rokasateliss 00pa30BaTeNIbHOM CTAaTUCTUKU Kak
B unciaenHoM Bujae (HC) Tak u B Buae kiaccu-
¢uxarmuu (AP u BK), uto ompexnenser pa3zHoo-
Opasue BO3MOXKHBIX METO/IOB BH3YyaIH3alluu pe-
3yJbTATOB;

- COINIACOBAaHHOCTH PE3YyJbTATOB IO BCEM
MOJIEJISIM TIO3BOJISIET CZeiaTh BbIBOJ 00 MX J0-
CTOBEpHOCTH [8&].

Jlanee npeacTaBieHbl pe3yabTaThl aJropuT-
Ma Staking-ancamMOIMpOBaHUS, PEATM30BAaHHOTO
B IOJICUCTEME aHalu3a JaHHbIX. OOydyeHHe Ha
OCHOBE 0a30BbIX KJIACCH(PUKATOPOB JIJIs aHATIN3a
JAaHHBIX TEepPBOI 3a7auu 00pa30BaTEILHOIO MO-
HUTOPUHTA TIOKA3aJI0 CIEAYIOLIUE Pe3yJabTaThl.
OKHO MporpaMMbl C pe3yiabTaraMu OOy4YeHHUs
0a30BOT0 Kiaccu(puKaTopa Ha OCHOBE aJTOPHT-
Ma bK comepxuTt crneayromue BKIaJIKu oToOpa-
KEHHSI B3aUMOJICHCTBUSL MEXAY IPOTHO3HUPY-
eMbIMHU aTpuOyTaMu U BXOJIHBIMH aTpuOyTaMu
JUIs TaOJIUIIBI BADUAHTOB: CETh 3aBUCUMOCTEI;
npoduan aTpruOyTOB; XapaKTEPUCTUKU aTpHOy-
Ta; CpPaBHEHHE aTPUOYTOB.
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Puc. 3 — Iasnoe menro noocucmemvr Staking-
ancamonuposanus

Ha ocHoBe maHHBIX 00pa30BaTEBHON CTa-
TUCTHKH OBUIM TIOJy4eHBI Pe3yJabTaThl 00yue-
HUs1 0a30BOTO KIacCH(PUKATOpa Ha OCHOBE aJro-
putMma BK s ananu3a nanaeix Habopa GPA.

Bxknaaka cerb 3aBHCHMOCTEM OKHa IOJI-
CHUCTEMBI CHUCTEMBI OTOOpa)kaeT 3aBHUCHMOCTH
MEXy BXOAHBIMH TIOKa3aTeNsIMU 00pa30BaTeib-
HOW CTAaTHCTHUKH By3a U MPOTHO3UPYEMBIM TTOKA-
3arenem, xapakrtepusyrommmM Habpan s GPA.
[Ton3yHOK cieBa OT cpecTBa MPOCMOTPA BBICTY-
MaeT B KauecTBe (GUIBTPa, MPUBSI3aHHOTO K ITPOY-
HOCTH 3aBHUcUMOcCTel. [Ipu 1BMkeHNH MON3yHKa
BHU3 OTOOPAXKAIOTCS TOJIBKO CaMble MPOYHBIE U3
HUX. YCIIOBHbIE 00O3HAYEHUS! B HIDKHEH YacTH
OKHA TOJICHCTEMBI CBS3BIBAIOT IIBETOBBIC KOJIBI
C TUNOM 3aBUCHUMOCTH Ha rpade. Kak BumHO
u3 pucyHka 4 Ha mokasarens «Habpan GPA»
BIMAIOT TaKHe IOKa3aTesld 00pa3oBaTeIbHOM
CTaTUCTHKH KaK YHCJIO HEOCBOCHHBIX JHCIH-
IUTMH 3a TPEAbINYIUi Kypc oOy4YeHHs, OOLIHii
O6arn  GPA 3a mpeapiaynuii Kypc 0Oy4eHHUs.

OcHoBo#i BTOpOoro 06a30BOro Kiaccu(puka-
TOpa MOCITY>KWJI aJITOPUTM JepeBa MPUHATHUS pe-
IIEHUH, pe3yJIbTaThl KOTOPOTO MPEICTABICHBI HA
pucyHke 4. JIaHHBII aNrOpUTM MOAIEPKUBAECT
KJIacCU(UKAIIMIO U PETPEeCCUI0, HCIOIb3YeTCs
JUIE TIPOTHO3HMPYIOLIETO MOAETUPOBAHUS JIHC-
KPETHBIX M HEMIPEPHIBHBIX aTPUOYTOB.

Pesynprarel o0ydeHus: 6a30BOro Kiaccu-
¢ukaropa Ha ocHoBe anroputMma JIP moxasain,

yT10 HaOop GPA nMeeT 3aBUCUMOCTD CO CIIEAYIO-
IIUMU TIOKa3aTeIsIMU 00pa30BaTeIbHONW CTaTHC-
THUKH By3a: YHCIIO HEOCBOCHHBIX JUCUUIUIMH 3a
npeablIymui Kypce, oommii 6amt GPA 3a mpesi-
Iylmui Kypc o0ydeHus, CIeluaabHOCTh U 0al
EHT.
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Puc. 4 — Oxno ¢ pesynomamamu 06yuenus 6a306020
Kaaccuguramopa na ocnose aneopumma JJP ona ananuza
Oannvix nabopa GPA

Mera-knaccudukarop Staking-ancamOmnu-
poBaHUs ObLT MOCTPOEH HAa OCHOBE aJrOPUTMa
BK. Pe3ynbrarbl TOYHOCTHM MPOTHO3a peaau3a-
nuu Staking-aHcamMOIUPOBaHHS Ha OCHOBE Ma-

TpUIbl KiIacCU(UKALUU TPEICTABICHBI HAa PUC.
5.
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TouocTs rporriosa | Craiom

= | Bwibop sxona | g

ennexcyanoror
&% Aepeso pewenii GPA - Bepous 1
£ Heliporan cero
*7 AnropurnBeiica

O 3aaa1e Apyrofi HaBop AaHsIX

OnBTR, npUMErFENbIi K HABOPY AaHHEIX

Kpurepuit dunsTpa:

OrpoiTs penarTop GunsTpOS

505 | MaTphua knacardurcawm | Mepexpectria

. W nporriosuy ipyeroro cront bun Mporrosupyerioe sriaderite

5 posepra

5 OTOBPAX SRS Ha IS DENHE TOLHOCTH MPOTHO30S:

HaBpan Mepesonroi Bann
Hapan Nepe

Haipan Mepes

AncaBnu mogeneit -> Habpan nepesogwofi Gann GPA

Puc. 5 — Okno ¢ napamempamu oyenxu mounocmu peanusayuu areopumma Staking-ancamonuposanus

Pesynmbrarel  0OydeHHs MeTa-Kiaccu(u-
KaTopa Ha BapHAllMOHHOW BBIOOpKE IOKa3aiH,
YTO TOKa3areslb 00pa3oBaTEIbHON CTATUCTHKH
«Habpan GPA» wumeeT 3aBUCUMOCTH C TaKHMHU
MOKa3aTeNIIMU KaK YHMCJIO HEOCBOCHHBIX JHCITHU-
TUTAH 32 MPEABIAYIIHA Kypc, oomuii 6amn GPA
3a MpenpIyIniA Kypce o0ydenus, bazoBoe oOpa-
3oBanue u Kypc.

3akioueHue

Takum 00pazoMm, JaHHOE HAYYHOE HCCIIe-
JIOBAaHME BHECET 3HAYUMBIA BKJIQJ MO CIICTYIO-
[IMM HAIMPABJICHUSIM: MTOBBIIIEHUE Y3PPEKTUBHO-
CTH peallu3alii TOCyIapCTBEHHOW MPOTPaMMBbI

“IludpoBoit Kazaxcran” m  CTpaTernyeckoro
1aHa paszsutus Pecriyonuku Kazaxcran 1o 2025
I.; pa3BUTHE CUCTEMBI YIIPaBJICHUS By30M Ha OC-
HOBE COBPEMEHHBIX HAy4HbIX M TEXHUYECKHX
pelieHu, peaan3oBaHHbIe B Smart-TeXHOJIOTHH
JUIS yIPaBJI€HUS] Ka4e€CTBOM 00pa30BaTeIbHON U
Hay4YHOH AESITEIbHOCTH BYy3a; MOBBILIEHUE 3(-
(EKTUBHOCTH OLIEHKH Hay4YHO-TIEarOru4ecKon
JIESTEIbBHOCTH  YYaCTHUKOB 00pa30BaTeNbHO-
ro Ipoliecca; BO3MOKHOCTb BBISIBJICHMSI Hay4-
HBIX IIKOJ By3a M MX MCIIOJIb30BAaHUE B CHUCTE-
Me yTpaBlIeHUs 3HAHUSAMH; (OPMHUPOBAHHUE U
YKpEIUIEHUE HAyYHOM IIKOJIbI IO HAIIPABIICHUIO
HCCIIEIOBAHMUS.
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uM. KopkbIT Ata

28. |7/Kykaodaesa T.K. Phd, accom.mpodeccop, BHC, UnctutyT nHGOpMAIMOHHBIX U
BBIYHMCIIUTENIbHBIX TEXHOJIOTUN

29. | Kymamauaos U.T. nokropanT, EBpazuiickuii HarimoHnanbHbI YHUBEPCUTET
uM. JI.H. I'ymuneBa

30. [/Kycynoexos A.XK. I.T.H., npodeccop, EBpazuiickuii HaumoHanbHbIN yHUBEpCUTET
nM. JL.H. I'ymunena

31. [3akupos B.C. J.X.H., TUPEKTOp, MHCTUTYT 00111Iel U HEOPraHNYECKON XUMUU
AH PVY3, V30ekucrau

32. |3usizeH A.A. maructpatt, AO «KBTY»

33. |3usardexona I'.3. nokropanT, Kazaxckuit HannoHaIbHBIN YHUBEPCUTET
uM. anp-Papadbu

34. |HABaxuenko A.IL PhD, noxtop Hayk, mpodeccop, AO «KbTY»

35. |HAmanOaeBa A.A. K.0.H., TeHEpaIbHBIA TUPEKTOP, MaHTBIITUTAKCKAN
9KCIIEpUMEHTAJIbHbIN OOTaHMUECKUH cal

36. |HNmanranuesa A.H. PhD-nokropant, Kazaxckuit HanmonanbHbIi yHUBEpCUTET
umM. anb-Papabdbu

37. |Kanbinuena T.A. 3aB. aboparopueii, FOxuo-Kazaxcranckuii rocyjapcTBeHHBIH
yHuBepcuTeT UM. M. Aya3oBa

38. |KaskeeB A.b. MarucTpast, EBpasuiickuii HanmoHanbHBINA yHUBEPCUTET
um. JLL.H. I'ymmitea, TOO «CSI Research & Laby

39. |Kanrtapbaesa C.M. MarucTp, CT. IpenojiaBareib, Tapa3cKkuil rocyapCTBEHHbIN
yHuBepcuteT uM. M.X. /lynaru

40. |Kamanosa H.A. K.T.H., Kazaxckuit HanioHaibHBIN YHUBEPCUTET
uM. anb-Dapadbu

41. |Keiino6aii C. PhD, MHC, AO «KBTY»

42. |Kucana ILA. accoll. mpogeccop, JIFoOMMHCKNI TEXHUYECKUI YHUBEPCHUTET,
[Tonpa

43. |Kiaenukos B.A. maructpant, FOxxHo-KazaxcTaHckuil rocyjapcTBEHHBIM
yHuBepcuteT UM. M. Aya3oBa

44. |Kouecnuxosa U.B. I.T.H., ipodeccop, Kazaxckas rojoBHast apXUTEKTypHO-
CTpOUTEJIbHAS aKaJeMUs

45. |Komapna II. (hakymmbpTeT AIEKTPOTEXHUKH U MH(HOPMATUKH, JIF0OTMHCKMIA
TEXHOJIOTUYECKU yHUBepcuTeT, [Tonpina

46. |KopooOxun B.B. K.I.-M.H., accoll. mpodeccop, AO «KBTY»

47. |Kynpeesa JL.K. K.X.H., 1.0. gouenTta, Kazaxckuii HauimonaabHbIN yHUBEpCUTET
umM. anb-Papabdbu

48. |KyabpxabexoB A.b. | BHC, Kazaxckuit HanimoHalbHBIN HccaenoBaTeIbCKUi
texHnueckuil yausepeuteT uMm. K.M. Carnaesa

49. |Kanuena A. 3aBemytomtast, KI'KII «Pernonanpaas nHpeKmonHas 00JIpHMIIA,

r. Tannpikopran
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50. |Kambichaes JI.X. 1.X.H., mpodeccop, Kazaxckuit HarmonanbHbI yHUBEpCUTET
uM. anb-Dapadbu

51. |Kokanoaes 9.K. K.X.H., mpodeccop, Kazaxckuii HarimoHansHbIii yHUBEPCUTET
uM. anb-Dapadbu

52. |Masaxkos T. K. I.¢.-M.H., npodeccop, Kazaxckuit HaimonanbHblil yHUBEpCUTET
uM. anb-Dapadbu

53. |Mapaenos E. MarucTp, uHxeHep, MHCTUTYT nH)OpMaITMOHHBIX 1
BBIYUCIIUTENbHBIX TEXHOJIOT M

54. |Mapuen /. MaructpaHnt, Ka3zaxckas rosoBHas apXUTEKTypHO-
CTpOMTENbHAS aKaIeMUs

55. |Maruussosa I'.K. PhD noxrop, nouent, Tapazckuii TocyJapCTBEHHbBIH YHUBEPCUTET
uM. M.X. Jlynmatu

56. |Menguraamesa ILE. | maructpant, Kazaxckuilt HanimonanbHblil yHUBEpCcUTET
uM. anb-Dapadbu

57. |Mypcaauesa B.K. k.0.H., BHC, UncTuTyT 6MONOrNM 1 GMOTEXHOJIOTUU pacTeHUI

58. |Hypkeii V.T. MarucTpast, yauBepcuret um. Cynerimana Jlemupens

59. |HypasioaeBa A.H. PhD, n.x.H., nonienT, Tapa3ckuii rocy1apCTBEHHBIH YHUBEPCUTET
um. M.X. Jlynaru

60. |Hypasioaii C.A. AKTIOOMHCKHMI PErMOHAJIbHBINA TOCYIapCTBEHHbBIN YHUBEPCUTET
um. K. XKyOGanosa

61. |Hycynos K.X. 1.¢.-m.H, podeccop, THC, AO «kKBTVY»

62. |Opbinbexos E.C. Kasaxckas roioBHasi apXUTEKTYPHO-CTPOUTENbHAS aKaJeMUs

63. |IIpenos A. maructp, AO «KbTVY»

64. |Paxmer H.B. MarucTpaHT, Ka3axckas rojloBHasi apXuTeKTypHO-
CTpOUTEIIbHAS aKaJIeMUs

65. |Paxeim A.B. PhD-noxropanT, Kazaxckuit HarimonanbHbIi yHUBEPCUTET
uM. anb-Dapadbu

66. |PaxbiMOexyJibl 7K. maructpatt, AO «KbTY»

67. |CarpinabikoBa K. 3aM. aupekropa, KI'Y «OobnactHas creruanu3upoBaHHas
N T-mkoma-auieiny

68. |Caguena X.P. K.T.H., IOLIEHT, Tapa3ckuil rocyaapCTBEHHBIH YHUBEPCUTET
uM. M.X. Jlymatu

69. |Camuryaun T.H. nokropant PhD, cenpop-nexrop, AO «KBTVY»

70. | CeitaxanoBa I A. J.X.H., poeccop, Kazaxckuit HaronanbHbIli yHUBEPCUTET
uM. anb-Dapadu

71. |CeiiTOexoBa E.C. nektop, AO «KBTY»

72. |CmaiinoB b.M. nokropanT, KOxHo-KazaxcTaHCkuid rocyiapCTBEHHbIN
yHUBepcuTeT UM. M. Ays3oBa

73. |CepikoaeB B.A. K.X.H., 1.0. 1oueHTa, Kazaxckuit HanmoHanbHbI yHUBEPCUTET
uM. anb-Papabdbu

74. |Cyuaeiimenos J.H. 3aMm. 3aBenytomiero MJI «IlepcriekTuBHbIE MaTepHuabl U
texHosorun», AO «KBTVY»

75. |Cyaeiimenosa JI. CT.IIpenogasaresb, Boctouno-KazaxcTaHCKui rocy1apCTBEHHBIN

TexHuueckuil yausepcuteT uMm. J1. Cepuxbaena
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76.

Cyaran A.A.

maructpant, AO «KBTY»

77. |Taiikyaakos E. nokropanT, Kazaxckuit HanmoHanbHBIN UCCIeA0BaTeIbCKHUI
texHnueckuil yauBepcutet um. K.M. Carnaesa

78. |TanbipOeprenoBa I'K. | cr.npenonasarens, EBpasuiickuii HanmonanbHbIN YHUBEPCUTET
uM. JI.H. I'ymunesa

79. |Taeyos A.C. npodeccop, A.T.H., FOxHo-Kazaxcranckuii rocyjapcTBEHHBIH
yHuBepcuteT UM. M. Aya3oBa

80. |Tneyosa C.T. K.T.H. gouent, KOxno-Kazaxcranckuii rocyiapcTBEHHBIM
yHuBepcuteT uM. M. Aya3oBa

81. |Tyaemucosa K.C. MSc, TOKTOpaHT, CEHUOP-TEKTOP, 3aMECTUTENh JICKaHa,
AO «KBTVY»

82. |YBaauena H. PhD, nouent, Boctouno-Kazaxcranckuii rocyiapcTBEHHBII
TexHuueckuit yausepcutet uM. J[. Cepukdaena

83. |¥YTenbaen B.T. I.T.H., ipodeccop, BHC, AO «kKbTVY»

84. |VYrenos E.b. Ph.D, EBpasuiickuit HanmonanbHbli yHUBEpCUTET
uM. JL.H. I'ymunena

85. |Ilaxkuposa H.VY. JnoKkTopaHT, EBpasuiickuil HanimoHaabHbI YHUBEPCUTET
nM. JI.H. I'ymunesa

86. |Ilapumnos P.X. HC, AO «KBTVY»

87. |lIupsieBa O.H. K.T.H, accoll. npodeccop, Kazaxckuit HauinonanbHbIi
HCCIIEA0BATEIbCKUM TEXHUYECKUI YHUBEPCUTET
uM. K.1. Carnaea

88. |Iouax A. K.T.H., ipodeccop, Tapa3ckuii rocy1apCTBEeHHbIN YHUBEPCUTET
um. M.X. Jlynatu

89. |Jnmena K. maructpast, AO «KbTVY»

90. |SApouxuna B.HU. Maructpant, OxHo-Ka3zaxcraHckuil rocyjapcTBEHHBIH

yHuBepcuteT UM. M. AyaszoBa
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KASAKCTAH-BEPUTAH TEXHUKATBIK YHUBEPCUTETIHIH
XABAPLbICbI

HERALD
OF THE KAZAKH-BRITISH TECHNICAL UNIVERSITY

BECTHUK
KASAXCTAHCKO-BPUTAHCKOIO TEXHUYECKOIO YHUBEPCUTETA

OTBETCTBEHHbIN 3a BbIMYCK EcbepreHoB [locbiMm bekTeHoBUY

PepakTtopbl [anabaeBa Ancapa KacbimbekoBHa
CapgraHoBa 9Gnbmupa AbyoBHa

KoMnbloTepHbIN An3ainH AqasbaeBa 3apuHa KosybekoBHa

KomnbloTepHas BepcTka Eckanu N'ynecum bargatoBHa

Pepakunsa xxypHana «BecTHuk KBTY» He HeceT OTBETCTBEHHOCTb 3a cofepkaHue
nybnvkyembix ctaten. CogepxaHusa ctaten LenukomMm npuHagnexar asropam,
N pa3MeLLaloTCa B XXypHarne UCKIIYMTESNbHO Nog UX OTBETCTBEHHOCTb.

Moanucano B neyatb 20.12.2019r.
Tupax 300 ak3. dopmat 60x84 1/16. bBymara Tun.
Yy.-n3g.n. 13,3. 3akas Ne140.

N3naHne KasaxctaHcko-BpuTaHCKOro TeXHMYECKOro yHnBepcuTeTa
W3patenbckunt ueHTp KBTY, Anmatsl, yn. Tone 6u, 59





