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HE®TEI'A3OBAA UH/KEHEPUSA

VIIK 550.83
MPHTH 37.01.77; 38.53.19

MPEJABAPUTEJBHASI OBPABOTKA TEO®U3NUYECKON NH®OPMAIIMU
JJIAA HOBBIIWEHUSA TOCTOBEPHOCTH PE3YJIBTATOB
UHTEPIIPETAIIUU JAHHBIX I'C

AXMET/KAHOBA T.A.', ABUPOB P.X.?

Satbayev University
’Kazaxcmancko-bpumanckuii mexnuueckuil yHugepcumem

Annomayusn: Pabomvl no nouckogo-pazeedouHomy 0ypenuio 6 npeoenax u3yuaemou niowjaou nposedeHvl
6 1943-1950 200ax. 'eopusuueckue ucciedo8anus 8 CKEANCUHAX BbINOIHEHbL OZPAHUYEHHBIM KOMNJLEKCOM,
sxmouarowum memoowt 1IC, KC (kposenvuviii epaouenm-3ou0), I'K, HI'K, xagepuomempus. OcnogHvimu 3a-
0ayamu Uccre008aHUll AGIANUC TUTNOTOSULECKOE PACUTICHEHUEe U KOPPETAYUs PA3PE308 CKBANCUH, 8bICHEHUE
3aKOHOMEPHOCMeU 3a1e2anus OOHOMUNHBIX NAACO8 U UX NPOCIEeHCUBaHUe NO NI0Waou, evioeieHue nid-
CMOB-KOLLEKMOpOs8 U onpeoeiienue xapakmepa ux Hacvluyenus. Buvinoanena npedsapumenvrasn oopabomia
UCXOOHBIX KAPOMANCHBIX OAHHBIX 0151 NOCAedyIoujeco onpeoeneHus QuIbmpayuoHHO-eMKOCIHBIX CE0UCME
KOMLEKMOPO8 N0 0ZPAHULEHHOMY KOMNIEKCY UCCTIe008aHUIL.

Knrwouesvie cnosa: ceopusuueckue ucciedo8anus CK8AMCUH, Npeosapumenvras oopabomxa, Guibmpayuon-
HO-eMKOCMHbLe C80UCMEA, NOPUCTIOCMb, HACHIUeHUe

CONDITIONING OF INITTAL WIRELINE LOGGING DATA
FOR INCREASING OF RELIABILITY OF INTERPRETATION RESULTS

Abstract: Search and exploration drilling within the study area was carried out in 1943-1950. Geophysical
surveys in the wells were performed in a limited complex, including SP, Resistivity, GR, NGR, Caliper. The
main objectives of the research were lithological decomposition and correlation of well sections, elucidation
of patterns of occurrence of the same type of reservoirs and their tracking over the area, identification of
reservoir layers and determining the nature of their saturation. The preliminary processing of the initial
logging data was carried out for the subsequent determination of the reservoir properties of the reservoirs
according to a limited set of studies.

Key words: Wireline logging, data conditioning, reservoir properties, porosity, saturation

I'EO®U3UKAJIBIK JEPEKTEPIH HUHTEPIIPETAIIUAJIAY
HOTWXEJIEPIHIH CEHIMIAIJITTH APTTBIPY TYPAJIBI

Anoamna: 3epmmey animazvinoa izoey-oapnay oypeviaay 1943-1950 scorc. scypeizindi. ¥nevimanrapoassl 2eo-
Qusuxanvix 3epmmeyiep uiekmeyii keutenoe scyseze acvipuliovl, convly iwinoe 11C, KC (epaduenm 30H0b1),
I'K, HI'K scane xagepnomempus a0icmepi. 3epmmey0iy nezizei Minoemmepi: Tumonio2usiivlk blOblpay HCoHe
YHRLIMANAp CeKYUsIapblHbly 03apa 0allanbichl, 6ip munmezi ¢y KouMaiapvlHuly nauoa 601y 3aHObLIbIKMA-
DbIH AHBIKINAY JiCoHE 01apobll ay0anobl 0aKblidy, pe3epsyap Kabammapvit JcaHe onapobly KAHbI2Y CURATNbIH

7
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anvikmay. Lllekmenzen 3epmmeynep HCULIHMBIELIHA CIUKEC pe3ep8yaplapobly KOLLeKMOPIbIK Kacuemmepin

KelIHHeH aHbIKMAY YiH 6acmanksl mipkey oepexmepine aidbiH aia 6HOey HCypeizinoi.

Tyitinoi co30ep: ynavimanaposl 2eou3uKanbly 3epmmey, ai0bli aia oyoey, pe3epsyapobly Kacuemmepi, Key-

EeKMINiK, KAHbIKMbLIbIK

BBenenue

Ha navaneHO# cTagnu oOpabOTKH TaHHBIX
I'MC GonpImIMHCTBO OMepaIii UMeeT OIMHAKO-
BBIl XapakTep, MOATOMY OHH OOBEIUHSIOTCS B
eIMHYIO TIPOLEAYpY - MpeaBapuTenbHas oOpa-
00TKa, BKJIIOYAIONIAsl PEIaKTHUPOBAHHE HCXO-
HBIX JIaHHBIX, YBA3KY KPHUBBIX MO TIIyOMHAM,
MPUBEJICHUE 3aPETHCTPUPOBAHHBIX TaHHBIX K
CTaHJAPTHBIM YCIOBHSIM U3MEPEHUH.

Orany npeaBapUTENbHON 00paboTKH Tpe-
IISCTBOBAJ CTOSIIMI HECKOJILKO 000COOIEHHO
npolecc npeoOpa3oBaHUs aHAIOTOBBIX 3arucen
B mudpoByto ¢opmy. YUUThIBas HHU3KOE Kade-
CTBO U OTPAaHUUYEHHBIH 00BEM KapOTaKHBIX JaH-
HBIX, B paMKax HacTosIIeld paboThl BBHIMOIHEHA
onn(poBKa M KOPPEKIHSI UCXOAHBIX KapOTaxk-
HBIX JAHHBIX, & TAK)KE BOCCTAHOBIIEHUE OTCYT-
CTBYIOIIMX JIaHHBIX MO HM3BECTHBIM, JHOO pa3-
paboTaHHBIM B paMKax paOOThl 3aBUCUMOCTSIM
METOAAMH MOJICTTHPOBAHUS M CTaTUCTHUYECKOTO
aHamu3a.

Jlrobas uHTepmperalnuss HEBO3MOXKHA 0e3
3HaHUSl CBEJACHUM O CKBa)XMHE: YIEIbHOM Be-
C€ U DIIEKTPUUYECKOM CONPOTUBIEHUU PACTBO-
pa, HOMHUHAJIBHOM JHaMETPE CKBaXXUHBI, ajlb-
TUTYZIE YCThs, HEOOXOMUMBI CBEJEHUS IO CTpa-
Turpaduyeckoii pa3OoMBKE U TEOJIOTHMYECKUM
YCIIOBUSIM TIPOBeACHHsI OypOBBIX paboT. ITa UH-
dbopmarus BMecTe ¢ onu(pPOBAHHBIMU KapOTakK-
HBIMH JIMarpaMMaMU HCIIOJIb30BaHa B MpoOIecce
IpeaBapUTEIbLHON 00pabOTKU M MOCIEayIOeH
WHTEPIIPETAIHH.

HNcxonHbie TaHHBIE

leodusnueckue wccnenoBaHUS B CKBaXKU-
HaxX BBINOJIHEHbl OTPAHUYEHHBIM KOMILIEKCOM,
BritogaromuM Metoasl 1IC, KC (xpoBenbHbIN
rpaaguent-30H1), 'K, HI'K, xaBepHomerpus.
OCHOBHBIMU 3aJlayaMU  UCCJICIOBAHUMN  SBJISI-
JIUCH JINTOJIOTMYECKOE PACUJICHEHUE U KOppes-
1Sl pa3pe30B CKBaKHMH, BBISICHEHUE 3aKOHOMED-
HOCTEM 3ajieraHusl OJTHOTHUITHBIX IIJIACTOB U MX

IIPOCIIEKUBAHNE 1O IIJIOLIA/IN, BBIIEICHHE IUIa-
CTOB-KOJUIEKTOPOB U OIPEAEICHUE XapakTepa
ux HaceleHus. Ha npumepe ckBaxxunbel N_157,
pe3yJIbTaThl PEruCTPaLuU JaHHBIX KOTOPOil ObI-
JIM 3allUcaHbl B aHaloroBoil ¢opme (puc. 1) u
oun(poBaHbl A MOCIETYIOIIEr0 BBOAA IIO-
IIPABOK 32 CKBAKMHHBIE YCJIOBMSI U3MEPEHUN U
MOCJIEAYIOIEN WHTEpPIpPETaluy, Ipeagaraercs
CIIEYIOIasl TEXHOJIOTUYECKAs CXEMaA.

IIpuMeHeHne TEXHOJIOr MU

npeaBapuTebHOH 00pa0OTKHU JAHHBIX

I'nc

B 3apeructpupoBaHHOU B CKBaKUHE KPUBOU
I1C (puc. 1, 2) Habmtomaercs MOCTEIIEHHOE yBe-
JMYEHHE OTKJIOHEHUS «JIMHUU TJIMH» ¢ TIyOu-
HOM, CBSI3aHHOE C BJIMSHUEM JK30TEPMUUYECKOTO
IpPaJueHTa, YIJIOTHEHUEM IVIMH, MOJSIpU3aLUeh
ANIEKTPOJIOB U JAPYTUMHU INPUYMHAMH, KOTOpBIE
MOXHO OOBEMHUTH B OJTHO MOHITHE — BIUSHUE
reorexHojornyeckux yciosuit (I'TY).

[TonpaBka 3a I'TY B kpuBbie Merona [1C BbI-
nojHeHa mnocTpoeHueM kpocc-miora [IC=f(h)
(puc. 3a) 1 BbIpaXkaeTCs KaK TPEH[ EPBOTO (pe-
e 0oliee BBICOKOTO) TMOpsAKa (PYHKIUU TITyOH-
HBl U UMEET BUJL:

y=-0.0251x + 10.705, (1)

¢ k03 unmentom koppemsiuuu 1> = 0.8576.
HcnpaBienHoe 3HaueHHME KpPUBOM MeTozaa
I1C BeruucnseTcs no Gpopmyse

TICi = TIC-y*(Hb-h), )

rae I1Ci — nucnpaBieHHas KpuBas;

y — YIJIOBOH KOA(PHUIMEHT TPeH 1a;

Hb — rmyOnHa mo01mBEI H3y4aeMOoro HHTepBaa;
h — Tekymias rimyOMHA CKBaKHHBI.

Pesynbrar BBOJA NOIpPAaBKU MPUBEACH HA
pucynke 30. KauecTBo BBOJ]a MONIPABKU OIICHU-
BAE€TCs 10 CONOCTABJICHUIO OOIIEro Xapakrepa
n3meHenus Kpusbix 11C u quarpammsl 'K, 3ape-
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THCTPUPOBAHHON B CKBa)KMHE B MHTepBayie 17-
280 M., a pe3ysnbTaT CpaBHEHUS JUarpaMMbl Me-
tona I1C u auarpammsl 'K no3Bomnsier caenatsb
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BBIBOJI O BO3MOXKHOCTH OmpeneneHus kodpdu-
LMEHTA [JIMHUCTOCTU MO METOAY MOTEHIMAJIOB
CaMOTPOMU3BOIILHOM monsgpuzanuu (puc. 4).
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Puc. 1 — Ucxoonvie dannvie I'MC no cxeasxcune N _157

Puc. 3 — Pesyromamul oyugposxu ucxoouwvix oannwix I'UC no cxeascune N_157
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KoadunmeHnT mMHUCTOCTH paccuyuThIBa-
€TCAd C MCIOJIb30BAHMEM M3BECTHOTO ypaBHE-
HUS IBOMHOTO pa3HOCTHOTO MapameTpa Mo ram-

Ma-MEeTOJY: 'K - I'K

MUH

“TK -TK_ €)

Make Mun

rae FKMaKc ul KMMH — MaKCHMaJIbHble U MHHU-
MaJbHBIE TIOKa3aHMs, HaOIOJaeMble MPOTUB
[JIMHUCTBIX IUIACTOB W TECYAHMKOB HA KpH-
Boii I'K.

y=-0,0251x + 10,705
R? =0,8576

L
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Puc. 3 — Onpedenenue yposus usmenenus nokazanuii I1C u3-3a enusnus noiapuszayuu 31eKmpooos

Jlnsi OLleHKM OOBEMHOM IIMHUCTOCTH HC-
NOJB3YeTCsl  BBIpAKEHHE, NpeasiokeHHoe B.
JlapuoHOBBIM, a B CiIy4ae OTCYTCTBHs Mare-
puanos ['K (kak B paccmMaTpuBaeMoM IpUMeEpe),
IJIMHUCTOCTH ompenesnsiack no auarpamme [1C
(2, 3].

[Tockonmpky nmst  ompeneneHust Kodpdu-
IIUEHTAa MMOPUCTOCTH HEOOXOIMMO HAJINYHE KpU-
Beix HI'K, AK, I'TKn u ap., kotopsie He ObuH
3aperuCTpUpPOBaHbl B CKBa)KWHE, Ipelaraer-
Cs1 HCTIONIb30BATh METO/Ibl CTATUCTUYECKOTO aHa-
Jau3a U MOJAEIMPOBAHUS KapOTaXHbBIX JAHHBIX
C HCIIOJIb30BAHUEM JUArpaMM 3JIEKTPOKapoTa-
’a ¢ UCIoJIb30BaHuEeM ypaBHeHui Smith, Faust,
Gardener, Lindseth [4, 5]. KpuBble kaxymierocs
COIIPOTHBIIEHHS B psijie CKBaKUH ci1abo nudge-
PEHLIMPOBAHBI M, 3a4acTyl0, MPUTOJHBI TOJIHKO
JUIS Ka4eCTBEHHOTO aHajM3a, TeM HE MEHee 3TH
JTAaHHbIE MOTYT OBITh MCIIOJIb30BaHbI JIs BOCCTA-
HOBJICHUSI CKOPOCTHOH XapaKTepUCTHKH pa3pe-
3a. Pacuer AT mo naHHBIM 3JEKTPUYECKOTO Ka-
pOTa’ka BBITIOJIHEH 10 ypaBHeHusM Smith, Faust:

AT, ft/s= A* k), (4)
e A =94,20; B = - 0,15.
1/ AT, mks/ft = V, ft/s =A * (tk*h)>,  (5)
e A=1948,0; B=1/6=0,166667.

10

Pacuer mIOTHOCTH TO JaHHBIM AKYCTH-
YECKOTO KapoTaka C HMCIOJb30BAHUEM ypaBHE-
Huii Gardener, Lindseth:

s, glem’ = a*(Vp)'™, (6)

rae a = 0,31 nmpu Vp, m/c (tipu Vp, ft/s, a=0,23);
Vp — CKOpOCTh paclpOCTpaHEHUsI MPOAOTHHBIX
BOJIH.

s, glem’=(V,ft/s-A) / (B*V,ft/s), (7)

rne a=0,23; B=0,25.

ITopucrocts no nuarpammam AK n I'TK-II
OCYLIECTBIISIACh MO M3BECTHBIM YPABHEHMSIM,
NPUBEACHHBIM B paboTax [6,7]. Eme oqaumM Me-
TOJOM OIPEIEIIEHUS MOPUCTOCTU IPU OrPaHU-
YEeHHOM 00beMe BXOJHBIX TAHHBIX SIBIISETCS pac-
4eT MOPUCTOCTH 10 BOJAOHOCHBIM IIIacTaM 3a-
KOHTYPHBIX CKBaJKHH T10 YPAaBHEHUIO:

Kn = (8)

Rw

~ Rt

rae RW — COHpOTI/IBJ'IeHI/IC HHaCTOBOﬁ BOIbI;
Rt — COHpOTI/IBJ'IeHI/IC ImjiacTra.
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Puc. 4 — Pesynomamut unmepnpemayuu oanneix I’ MC no cxeasxcumne 157

IIpu stom, nmns pacuera K HeobGxommmo
BBIOMPATh YUCTHIE BOJOHOCHBIE MECUaHbIe IIa-
CTBl C BBIAEPKAHHOM MOULIHOCTBIO, TA€ KpUBas
CONIPOTHUBIEHUA Xopomio aupdepeHuupona-
Ha. [lony4yeHHble 3HAUEHUSI TOPUCTOCTU yCpEa-
HAIOTCSA M IPUHUMAIOTCS KaK CpelHee 3HAYCHHE
IIPOAYKTUBHBIX TOPU30HTOB.

Pacuet ko3 duiinenTa BOIOHACHIIIEHHOCTH
BBITIOJIHEH C MCIOJIb30BAHUEM ypaBHEHUS ApUH.
Pesynbrarhl HHTEpHpETAllMK NPUBEIEHBI HA PU-
cyHke 4. Ha rutanmere nokasassl:

— LBETOM cTpaTturpapuueckue HHTEPBAJIbL;

— B IIEPBOM KOJIOHKE HOMMHAJIBHBIA AMAMETP
CKBA)XMHBI, (PaKTHUECKUN THUAMETp CKBaKU-
HBI U 1uarpamma merona I'K;

— BTOpast KoJoHKa — auarpammsl merona [1C ¢
BBE/ICHHBIMU TOIIPABKAMU;

— JMarpaMmel AIEKTPUIECKUX METOZI0B
B5A20M, B5A20M(2), B5A40M, 3aperu-
CTpUpOBaHHbIE B ckBaknHe N 157;

— nuarpamma merona I'TK-II, paccuurannas c
HCIIOJIb30BAaHUEM ypaBHEHMUI (6, 7);

— JIUTOJIOTMYECKasl KOJIOHKA C PaCCUYMTAHHBIMHU
K, Kn, Kur;

— paccuMTaHHBI  KOd(pPuUUEeHT HeTeHa-
CBIIIIEHHOCTH;
— paHee BbIIEJCHHBIE He(TeHaCHIIIEHHbIE
UHTEPBAJIbI;

— UHTepBaJ nephoparum.

3akiouenue

Taxkum 006pa3oM, yIUTHIBasI, YTO B OOJIBIINH-
CTBE CKBAa)XMH Ha IUIOIIA/IA 3aPETUCTPUPOBAHBI
AIIEKTPUUECKHUE METO/Ibl UCCIEeIOBAaHUM, a TaK-

11
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K€, TIOJYYUB YPAaBHEHUSI PETPECCUH, OITUCHIBAIO-
1€ 3aBUCUMOCTU MEXy Pa3IMUYHbIMH METOa-
MU HCCJIEOBAaHUM, MO)KHO paccuuTaTrb KpHUBBIE
ITK-II, AK B npyrux ckBaknHax B Ipeneiax
MECTOPOXKACHHUSI U ONPENEINUTh JINTOJOTHYEC-
KyI0 XapakTepUCTHKy M (UIBTPAUOHHO-EM-
KOCTHBIE CBOMCTBA U3y4aeMOro pas3pesa.

Cremyer OTMETHUTb, UTO MpeaaraeMas cxe-
Ma 00paboTKM M MHTEpHpeTanuu reodusmnyec-
KHUX JAHHBIX HE MPETEHIyeT Ha MOJIHOTY U He
CBOOO/IHA OT HEIOCTAaTKOB, OJTHAKO, OHAa COMEp-
KUT Pe3epBbI JJIS YIyULICHUs U, C YUETOM Ha-
KOIUICHHBIX 3a MEpUOJ] Pa3paboTKH reojJoruyec-
KHUX MaTepuasoB MO MECTOPOXKJICHHIO, T03BOJIS-

€T BBIIIOJTHUTE OLIEHKY M3y4aeMOI0o pa3pesa.
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PABPABOTKA METOJOB IMAI'HOCTUKHU MAT'NCTPAJIBHBIX I'A3OITPOBO/10OB
HA OCHOBE UCITOJIb30BAHUM A BECITMJIOTHBIX JIETATEJIBHBIX AITIITAPATOB

ABBUJIKACBIM /I.B., IOJIYMOPABHUHOB HU.O.
Kaszaxcmancko-bpumanckuii mexnuueckuii yHueepcumem

Annomauusn: Paccmompenul ycmpoucmeo u (hyukyuy Oecnuiomuoo 1emanoueco annapamd, 0CHAUWeHHO20
YCmpoucmeamu 05t OnpeoesieHusi MeCma ymeuku 8 NOO3eMHbIX MASUCMPATbHbIX MPYOONPOBOOaX.

DyHKYuU 6eCRUTOMHBIX ANNApPamos mMozym 06a3uposamovcs Ha MOHUMOPUH2E YeTOCMHOCIU cemel, HaOo-
OeHue 3a OnpedeeHHbIMU OMOETbHbIMU YUACIKAMU, NPeOBAPUMENbHAS OYEHKA Oe30NACHOCMU NPOBedeHUs
pabom, a makdice oxpara mpyoonposooos.

Knrwouesvie cnosa: oponsl, ymeuxa 6 MAcUCmpaibHoM mpyoonpogooe, paduoioKaYUOHHbIL OAMYUK, Mena106U-
30p, MeNeBU3UOHHBI 0aAMUUK, IKOHOMUYECKUE COOOPAICEHUS

DEVELOPMENT OF DIAGNOSTIC METHODS FOR GAS PIPELINES BASED
ON THE USING OF UNMANNED AERIAL VEHICLES

Abstract: The device and functions of an unmanned aerial vehicle equipped with devices for determining the
leak location in underground trunk pipelines are considered.

The functions of unmanned aerial vehicles can be based on monitoring the integrity of networks, monitoring
certain specific areas, a preliminary assessment of the safety of work, as well as pipeline protection.

Key words: drones, leak in the main pipeline, radar sensor, thermal imager, television sensor, economic
considerations

YIIKBIINICBI3 YIIY ANIAPATTAPBIH KOJIJAHY HEI'I3IHAE
I'A3 KYBbLIPIAPBIH JAUAT'HOCTHUKAJIAY OJAICTEPIH KACAY

Anodamna: XKep acmul macucmpanbovlx Kyouipnapoagsl azell Kemy OpHbIH AHLIKMAY2Ad APHANRAH KYPbLISbL-
Jlapmer JHcabObIKManean NUIOMCbL3 YUAKmMbly KYPbligblChl MeH (YHKYUALAPbI KAPACbIPLLIAObI.

Tunomcol3 yury annapammapuolHoly (QYHKYUALAPHL HCENLNEPOiH MYmacmvlebl OaKvliayaa, beneini 6ip ayoam-
0apovl 6aKvLIAY2a, HCYMbIC KaYINcizoiein anobli ana 6aganiayed, coHOal-ax Kyouipnapobl KOp2ayed He2iz0enyi
MYMKIH.

Tyitinoi co30ep: Oponoap, macucmpanbOblK Kyoulpoagsl azvlin Kemy, paoap CeHCopbl, HCblry Mycipeiui, mene-
0UOap CeHcopbl, IKOHOMUKATLIK OULAD

Ha Ttepputopun Pecnybnuku Kazaxcran
mposeraioT 0Oojiee YeThIpeX C TOJOBHHON ThI-
CSY KWJIOMETPOB MAarvCTPalbHBIX Ta30MpPOBO-
JIOB, a TaKk)ke 0osee OMHON THICSIYU KUIOMETPOB
neicTByronux HedTenpoBoaoB. CpenHuilt Bo3-
pacT JaHHBIX TPyOOTPOBOJOB COCTABISIET OoJee

15 net, 4TO TOBOPUT O BO3MOXKHOM HaJIMYUU HA
JAHHBIX MECTaX yTeUeK >KUJIKOCTU WM rasa, TaK
KakK I10 pe3yabTaTaM MHOTOYHUCICHHBIX 00CIIen0-
BaHUU NEUCTBYIOIIUX TPYOONPOBOAOB, YTEUKH
B HUX HAYMHAIOTCS MOCJE MATHAIUATH JIET JKC-
mryarauuu [ 1].
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Jlo mocnenHero BpeMeHu, mpu cheMke, 00-
HapY>KEHUU U JIOKAJU3AIUU yTeUeK KUIAKOCTH
WIK Ta3a U3 MarucTpalbHBIX TPYOOIPOBOIOB
OBUTO HEBO3MOXHO MPOBOJIUTH 0€3 HCIIONB30-
BaHUS CHEIHATIbHO OOYYEHHBIX CHEIHAJIUCTOB,
T.e. TpeOOBATIOCH MPUCYTCTBHE YEIOBEUECKOTO
dakropa. JIns yMeHBIIEHHsS] pUCKa YelloBeuec-
KUX >KM3HEW, MOBBIIIEHUS Kaue€CTBa, CTOMMO-
CTH M BPEMEHH INPU BHINOJHEHUU JAaHHBIX MPO-
[[ECCOB BO MHOTHX CTpaHax MHpa B Hedreraso-
BOM MPOMBIIIJIEHHOCTH aKTUBHO MPUMEHSIOTCS
OecrunoTHbIe eTarenbhble anmapatsl (BITIA).
Opnaxo, JUisl Ka3aXCTaHCKUX KOMIaHUN UCIIOJIb-
3oBanue TexHosnoruil BIIJIA nns naHHbIxX 1eneit
BCE €I1I€ OCTAIOTCS HE PEAIM30BAHHBIM [2].

C BBeJleHHEM COBPEMEHHBIX TEXHOJIOTHI B
He(Tera3oBoM KOMILIEKCE JaeT BO3MOXKHOCTH
HE TOJBHKO TOBBICUTH Kaue€CTBO palOT, HO U U3-
OexaTh HEMpeIBUICHHBIX MpolieM. DyHKIUN
OCCIMIIOTHBIX alIaparoB MOTYT 0a3MpOBATHCS
HA MOHHUTOPHHIE IEIOCTHOCTH CeTel, Halmro-
JICHUE 3a OIpENIeJICHHBIMU y4YacTKaMu TpyOo-
MPOBOJHBIX CHUCTEM, MPEABAPUTEIBLHON OIICH-
K1 Oe30MacHOCTH TPOBENCHHUs paboOT, OXpaHe
TpyOOIPOBOIOB.

Hns »shdexTuBHOrO ympaBieHHUS pHUCKa-
MU ¥ TOAJIepKaHus paboTOCOCOOHOCTH Maru-
CTpalbHBIX TPYOOIIPOBOAOB B TEUCHHE BCETO I1E-
pHoa IKCIUTyaTallid HEOOXOIUM IOCTOSIHHBIH
MOHHUTOPHHT, TEXHUYECKOE 00CTYKUBAHUE U Pe-
MOHT. OJTHaKO, TPYOOIIPOBO/IBI, IO OOJIBINEH Ya-
CTH MPOXOJAT MO YIAJEHHBIM U TPYAHOJOCTYII-
HBIM pailoHaM CO CIOXHBIM pelbe)OM U KIH-
MatoMm. Ha ceromnsmuuii neHp Hambosee pac-
MPOCTPaHEHHBIM CIIOCOOOM MOHUTOPHUHTA Tpacc
TPYOOIIPOBOIOB OCTAeTCsl PErylsipHOE MaTpy-
JUPOBAHUE MUJIOTHUPYEMOM aBHAIlMEl U TpaHC-
MOPTHBIMU CPEJCTBAMU BBICOKOH IMPOXOAUMO-
ctu. CeroiHs Ha CMEHY TPaJAMIIMOHHBIM CIOCO-
0aM MOHUTOPHUHTA MPUXOIAT OCCHHUIOTHBIC Jie-
tatenbHble anmapatsl (BITJIA). C ux momorkko
MOSIBJISIETCS BO3MOYKHOCTD MTPOBEPSTh MHOTOKH-
JIOMETPOBBIE MAaruCTpalbHBIE TPYOOIPOBOJIBI
HEIMOCPEACTBEHHO € Bo3ayxa [3].

Takoe ycTpOWCTBO TpEACTaBIsSET U3 CeOs
OeCTMIIOTHBIN JIeTaTeNbHBIN anmapar, OCHAIICH-
HBII Ja3epHbIM CKaHEPOM, a TaKXKe C YCTaHOB-
JICHHOM Ha HEM KaMepoii, KOTOpbIi mpu obneTe

14

OrpeeIEHHON 30HBI MarucTpajibHOTO TpyOo-
MIPOBOJIA, 3aMKCHIBAET U OTOOpaKaeT KOHTPOJIH-
pyemyio o0JacTh B PeXHME peasbHOTro BpeMe-
uu. Oneparop BITJIA HabmronaeT 3a cocTossHIEM
TpyOomnpoBosa ¢ 6e30MacHoro Mecra u mpu oo-
Hapy>KeHUH JAe(eKTa MPUHUMAeT pEeLICHHE O
MIPOM3BOJICTBE COOTBETCTBYIONMX padoT. Kpome
toro, BITJIA xoporio 3apekoMeHa0Banu ceds Ha
MHUPOBOM PpBIHKE T'€OMH()OPMAIIMOHHBIX YCIYT.
ITpumenenne BIIJIA s MoHMTOpHMHIa Maru-
CTpPaJIbHBIX HE(PTENPOBOJIOB CIIOCOOCTBYET IO-
BBIILICHUIO YKOHOMHYECKOH S(PPEKTUBHOCTH U
CHUKEHUIO SKOJIOTMUECKUX PUCKOB [4].

CoueraHue BU3yaJlbHbIX U TETNIOBU3NOHHBIX
Kamep c ucnonszoBanueM bITJIA no3Bonser 06-
Hapy>XUTh PsAJl TOTEHLIUAIBHO OINACHBIX MPOO-
JeM, MpeXIEe YeM OHU NPUBENYT K CEPbE3HBIM
MOCIIEICTBUSAM U OOJBIIUM 3aTpataM. JlaHHas
TEXHOJIOTHSI JaeT BO3MOXHOCTD BBISIBIIATH B pe-
KUME pEajbHOrO0 BPEMEHM CaMbl€ MaJIEHbKHE
YTEUKH, KOTOpPbIE CIOCOOHBI C TEUEHUEM BpeMe-
HU HAHECTHU 3HAUUTENbHBIN yIep0 3Konoru [5].

Hcnonbp3oBanue a3poBU3yalIbHOIO anmnapara
MO3BOJISIET OOHAPYKUTh YTEUKU IEpeKaunBae-
MO cpeJibl HE TOJBKO B TOPU30HTAIBHBIX TPYOO-
IIPOBOJIaX, HO U B BBICOKMX BEPTUKAJIbHBIX KOH-
CTPYKIMAX, 00CIeI0BaTh Ta30IPOBOALI B TPY-
HOJIOCTYITHBIX YCJIOBHSIX, HAIIpUMEp, B O0JIOTHC-
TOM Y JIECHOM MECTHOCTH [6].

Taxxe OHHOM M3 OCOOEHHOCTEN HCIIOJb-
30BaHUsl a’pOBU3YaJbHOIO ammapara sBIseTCs
BO3MOYKHOCTb ITPOBOJINTH MOHUTOPHUHI Ha TEp-
PUTOPHM 3aBOJIOB, ra30NEpPEKAYNBAIOIINX U Ta-
303alPAaBOYHBIX CTAHIMAX U JPYTHX OOBEKTax
razoBoro xossiictBa. BIIJIA nns omnpenenenus
yTEUEK OCHAIIEH JIA3EPHBIM CKaHEPOM U TEILIO-
BU3MOHHOM KaMepoH, KOTopasi 4YyBCTBUTEIIbHA K
U3MEHEHUIO TEMIIepaTypsl B IpyHTe. [leTekrop,
YCTaHOBJIEHHBII Ha JIETATEIbHOM anmapare, mo3-
BOJISICT 00CIIeI0BaTh OOBEKTHI U HAXOUTh MECTa
yTEUeK C OIpEeIEHHON BBICOTHI, (PUKCUPYS HA
KapTax MecTa HallJJEHHbIX yTEUEK IPU IOMOILU
BcTpoeHHOro GPS-HaBuraropa, CAHXpOHU3HUPYS
MOJTyYEeHHBIE JJaHHbIE ¢ MIPOTPaMMHBIM obecrie-
YEHUEM, YCTAaHOBJICHHBIM Y OIIEPATOPa CUCTEMBI.

[IpeumymiectBa ucnonbszoBanust BITJIA s
ONpPENEIICHUsT MECT YyTeUeK IepeKayuBaeMoun
CpEIBbL:
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JACHICBHU3HA 3KCILTyaTalluu,
MMpOCTOTA TPAHCIIOPTHUPOBKH;

— BO3MOXKHOCTh MOHTaXKa Ha JIFOOO
HOCHUTEJIb;

— MHCIEKIIUS 3ara30BaHHOCTH 110 3aJaHHO-
My MapumpyTy,

— TOPOCTOM  DKCIOPT  JAHHBIX  JUIS
OTUETHOCTHU;

ot 1 10 5 yacoB monéra OT OHOM Oara-
peu MTUTaHUS;
KOOpJMHATHI W KOHIICHTpAIlMM Ta3a B
MECTax YTEUKH BBIBOISTCS Ha IMEPCOHATbHBIN
KOMITBIOTEp Oleparopa B PEKUME peaTbHOTro
BpPEMEHU;
OTIpEICTTUTh
TpyOOIIPOBOS;
KOHTPOITb TIEPEKAYKH;

— ompeielneHHe MecTa OOpa3oBaHUS TH-
JPaToB WK MPOOOK;
BBISIBJICHHE YYacCTKOB C HapylIeHUEM
TEXHUUYECKOTO COCTOSIHUSI OOBEKTa, HAIpUMED:
pa3pbIBBI, TPEIIUHBI, KOPPO3HHBIE 30HBI, MO-
BPEXKJICHUE TUPOU3OIISALINN U TETUIOU30JISAINH;

— HaONIOICHWE W KOHTPOIb 3a COCTOS-
HUEM TPHUPOTHON CpeAbl Ha BCEH MPOTSIKEH-
HOCTH TPAcChl MarucTpajJbHOTO TPYOOIpPOBOAA
(cocTosiHME OMACHBIX T'EOJOTHYECKUX IMpoliec-
COB, 30H MOATOIUICHUH, KOPPO3UOHHO-OMACHBIX
cpell, IPOMEP3aroIIUX U OTTAUBAIOIINX IPYHTOB

v JIp.);

HE3aKOHHYIO BpE3Ky B

1500

aHaJIU3 Y4aCTKOB C IOJIBOJHBIM IIE€PEXO-
JIOM MarucTpajibHOro TpyOOoInpoBo/a;

— PaHXHUPOBAHHUC Y4aCTKOB 1o CTC-
IICHHU OIIaCHOCTH, BBIJICJIICHUEC y4aCTKOB
JJIsA EpBOOYCPECAHOTO JUArHoCTHYCCKOI'O
HUCCIICJOBAaHMA.

BelnosiHEHME BhINIEyKa3aHHBIX 33434 OCY-
HIeCTBIsieTcs Onaroapsi MCMOJIb30BAaHUIO HeEc-
KOJIBKUX BUJIOB Cb€MKH. BuieocbeMka mpousso-
JUTCS C MOMOILBIO BUJIEOKAMEPBI, YCTaHOBJICH-
HOW Ha OGecniIoTHOM ammapare. OHa MpUMeHs-
eTcst A1l HauboJiee OnepaTuBHOTO BU3YabHOTO
o0cJie10BaHMsI TEPPUTOPUH BIOJb TPACCHI Maru-
cTpanbHOro Hedrenponoaa. dorocheMka ume-
€T NMPEUMYILECTBO HaJl OOBIYHON BUAECOCHEMKOM
BBUY O0Jiee BBICOKO pa3perienus. [locpeacTBom
CTELUATbHON CHEKTPOMETPHUYECKOH 00paboT-
KM CHMMKa MOXXHO OOHapy>XHTh HaJH4YUe KOp-
po3uu TpyoonpoBoaa. TernnoBu3nOHHAs CheMKa
MO3BOJISIET BECTH HAOJIO/IEHUE B YCIIOBUSX Orpa-
HUYEHHON BUAMMOCTU U B TEMHOE BPEMS CYTOK.
Omna 1aeT BO3MOXKHOCTH BBISIBUTH YTEUKU HEPTH
U IIPUCYTCTBHUE IOCTOPOHHUX B OXPAHSAEMBIX 30-
Hax. CoueraHue pa3Iu4HbIX BUJOB CHEMKH I1O-
3BOJIAET HamboJiee IMOJHO OLEHHUTh COCTOSHUE
00BEKTA.

[Mpunnun pa6otsl BIUJIA mnokas3an Ha pu-
cynke 1 [7].

Hcnone3oBanue BIIJIA aspoBusyanbHOro
MOHUTOPHHTA MaruCTPajJbHBIX TPyOOIPOBOIOB,

<)

VN
X

v

' NN e
N7
QO¥esprssmsp i int XX
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Puc. 1 — Ipunyun pabomer BI1J14
1 — kamepa; 2 — Ma3epHbIi CKaHep; 3 — KBaJAPOKONTep; 4 — OTBOI; 5 — Bpe3ka; 6 — TpyHT; 7 — TpyOOIPOBOI;

8 — ocHOBaHKe Mo/ TPYOOIIPOBO; 9 — mosckinKa; 10 — OCHOBaHHUE IS TPaHIIeH
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B TOM 4HCJe Al adpOohOTOCHEMKHU, UMEET Pl
MPEUMYILECTB IO CPABHEHHUIO C OCTAJbHBIMHU
OCCIIIIOTHBIMU U THJIOTUPYEMBIMHU JIETATElb-
HBIMH amnmnapaTamMiu, B OCOOEHHOCTH I CHEM-
KM HEOOJIBIINX TUIOIIAJHBIX (TOYEYHBIX) U JIH-
HEHHBIX OOBEKTOB C BBHICOKHM MPOCTPAHCTBEH-
HBIM paspemieHuem, npu 3tom BIUJIA, B oriu-
gre OT BeproiieTa, Ooiee cTaOWiIeH B TOJETe,
JICLIEBIIE U TNPOLIE B PEMOHTE, UMEET MEHbIIIE
MEXaHUUYECKHUX Y3JIOB, MEHEE IOJABEPKEH MeXa-
HUYECKHUM BO3JICHCTBHSM, JIETYE B YIIPABICHUH.
Baxneiimum npenmyiectsoMm BIIIA sBnsercs
OTCYTCTBHE NEPETPY30K, BOZHUKAIOIIUX, HATIPU-
M€p, BO BpeMS TAaKUX JKCTPEMaJbHBIX 3TaIlOB
nonera BITJIA camoneTHoro Tuma, Kak B3JET C
KaTamyJbThl WIM MIOCAJKa Ha MMAPALIIOTHON CHUC-
TEeMeE IT0CaJIKH/CIIaCeHHUS.

OnHako, HECMOTPS Ha OOJBIINE TTEPCIIEKTH-
BBl UCMOIb30BaHus TpaxaaHckux BIIJIA, B Tom
quclne, Ui HYXKI a’dpoOTOCHEMKH, pa3BUTHE
UX PbIHKA HA CErOAHSALUIHUM JEHb TOPMO3HUTCSA
OTCYTCTBHEM HOPMAaTHBHO-IIPABOBOM 0a3bl aiist
MX UHTErpalyy B €AMHOE BO3AYIIHOE POCTPAH-

CTBO, 3Ta MpobieMa He pelIeHa MOJIHOCThIO HU B
OJHOM cTpaHe mupa [8].

BpiBoaBI

1. HanexxHOCTh, COXpaHHOCTh U JalIbHE-
ee pa3BUTHE TPYOOMPOBOAHOTO TPAHCIIOPTA U
BCell He(TerazoBoil OTpaciau HEBO3MOXKHO 0e3
MPUMEHEHHUS JTUCTAaHIIMOHHOTO MOHHUTOPHUHTA C
WCIIOB30BAaHUEM, B YACTHOCTH, OECHHIOTHBIX
JIeTaTeNbHBIX alMapaToB, KOTOPbIE XOPOILIO 3a-
pEKOMEHI0BaH ce0st HAa MUPOBOM PHIHKE T€OUH-
(OpMAITMOHHBIX U APYTUX YCIYT.

2. UcnonwszoBanue TexHonoruid  BIIJTA
npeiaraeT 6onee 3pGEKTUBHBIN c11OCO0 MOHH-
TOPUHTA MaruCTPAIbHBIX TPyOOMPOBOJOB, UTO
AT BO3MOXKHOCTh HE MpeKpamiarb TPaHCIOp-
THUPOBKY, 4TOOBI PUHATH Mepbl. Takoil moaxon
OTPaHUYUBAET yIIepO OKpyKaroliel cpene, co-
XPaHSET CEIbCKOXO35MCTBEHHBIE YIO/bsl U JKO-
HOMHT CBOMM KJIMEHTaM (DMHAHCOBBIC 3aTpaThl
HAa BOCCTAHOBUTENBHBIX padoTax C TEYCHHEM
BPEMEHH.
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OYHKIIMOHAJI TOIITAPBI TYPIEPIMEH EPEKIIIEJIEHY LT
HOJUIJIEKTPOJIMTTEP OCEPIHJE CA3bl TMAPOAUCIIEPCHUSA
TYPAKTBLJIBIFBIHBIH O3I'EPYI

ACAHOB A., MAMEIIOBA C.A.
M.X. [lynamu amwvinoaewt Tapas enipiik yHugepcumemi

Anoamna: Ilonusnexmporummep yHKYUOHAT MONMapsvl madueamsol, mypiepi, MonbOiK apakamvlHACLIMEH
epexuenenywi yacinepiniy acepinoe cazovl 2UOPOOUCnepCUs MYpPaKmulLiblblHblY o32epyi sepmmendi. Makpo-
MONEKYLACbl UOHOAHOAUMBIH ayemam JHCoHe ome dNCi3 OUCCOYUAYUSILAHYUbL O 3apiombl amMud (QYHKYUO-
Ha10bl OYBIHOAPOaH MY3ileeH NOAUITEKMPOIUm yacliepinoe amud moobliHbIY Kobeimen cazobl 2uOpoouc-
nepCUsiHblY MYPAKCHI30anybiHa acepi Oipuama oceoi. An uHuIayemam neH OUIMUIAMUHOIMUIMEMAKPULAM
OYbLIHOAPLIHAH KYPATIEAH NOIUIIEKMPOIUM YA2iNePIHOe JHCAKCbl UOHOAHYULbL anupammsl amut QyHKYUOHA-
Obl OYbIHOAPBIHBIY KOOEHIMEH CaA30bl 2UOPOOUCNEPCUAHBIY MYPAKMBLILIZLIHA dCEPi aumapiviKmatl apmaobl.
Cazowl eudpooucnepcusinblyy MYpPakcvi30anyvl acipece NOAUdIEKMPOIUm KYpambviHOd Kyuimi UOHOAHYUb
apomammaol aMuH GYHKYUOHANObL 4-6UHUTNUPUOUH JHCIHE ANUDAMMbL AMUH OUINUIAMUHOIMUIMENAKPULAM
dyHKYUOHANObI OYLIHOAPIBIY OAPILIK MONBLOIK APAKAMBIHACLIHOA AJILIHEAH YI2INepiHiy acepinde aupbiKuld,
auikbiH batikanaowvl. Kepicinue makpomonekynacel mizoe2iniy O0UbIHOA OH 3apsomvl MU+ (DYHKYUOHAIOb
OUSMUNAMUHOIMUIMEMAKPUTLAM OYbIHBIMEH DIpKamapoa, mepic 3apsaomsl KapOOKcuo QyHKYUOHANIObL MoObl
b6ap mMemaxpun KolKblIbl OVblHbl OPHALACKAH NOAUIIEKMPOIUM YAINePiHily MYPAKCul30aHObIPYULbI-QLOKY-
JTAYUALAYULLL KAOILeMIHIH MOMEeHOeUmiHOiel CandapblHan ca30bl UOPOOUCTEPCUSHBIY MONOIPIeHYT, Kammuvl
oucnepcmik gazanvly mynoaza mycyi gfcone Quibmpiery yoepiciniy 0asynatumolHObiebl OpbiH Ald0bl.
Anvikmanzan anblpmMaublivlkKmap cazovl SUOPOOUCHEPCUss Malloa GonueKmepiMen apeKemmecyui MaKpo-
Monekyna mizoeziniy OOUbIHOAZLL OPHANACKAH OVBIHOAPObIY (QYHKYUOHALObI MONMAPbIHbIE MaAOUAmMbIHA,
mypiepine, MOIbOIK ApaKAMbIHACLIHA JHCIHE PYHKYUOHAL MONMAapobly ca30bl 2UOPOOUCIEPCUAHBIY MeEPIC 3a-
pA0mbl maiioa benuwexmepimeH apexemmecin 6ainianvic my3yuli o6encenoi 6oiciHiK bIHRAIbI OPHANLACYbIHA,
3aps0 beneicine, MaKkpoMoneKyIaHbIH Y3bIHObIK OJIUEMIHIH 632epyi ceDeDiHeH Kelin wbl2amblHbIH Maxicipube-
Jlep apKbLibl AIbIHAH Hamuoicenep He2i3inoe mycinoipinin 6epinoi.

Tyitinoi ce30ep: MaKpomoneKkyid, NOIUILeKmpoIum, OUCNEPCmi Jcytenep, (PYHKYUOHAL MOnmapbul, cazobl 2u-
Opooucnepcus, UOHOAHYULbL KAOiiem, mYpaKcbl30aHy

W3MEHEHUE YCTOMYUBOCTHU NIMHUCTBIX TUAPOAUCIIEPCUIA
MO BJIMAHUEM ITOJIUJIEKTPOJIMTOB, OTVIMYAIOIIIUXCA BUJAMU
OYHKIIMOHAJIBHBIX I'PYIIII

Annomauusn: Hccnedosano usmenenue ycmoudugoCmu eIUHUCMBIX 2UOPOOUCTIEPCUTLL NOO GUAHUEM NOAUI-
JIeKMPOIUMO8, OMAUYATOUUXCS MOTLHBIM COOMHOUIEHUEM, NPUPOOOL, sudamu GynKyuoHanvuvlx epynn. 1100
GIUAHUCM NOTUIEKMPOIUMA, COOEPAHCAUE20 HEUOHUUPYeMble ayemammubvle U amMuonvle QYHKYUOHATbHbIE
38€Hbsl, NO Mepe Y8eNUYCeHUs KOTUUeCmed O4etb C1ab0 NOJOACUMENbHO 3aPANCEHHBIX AMUOHBIX ePYNN HAOMIO-
daemcs He3HAUUMENbHOe YCuleHue 0eCmabuIu3ayuy eIUHUCMbIX cuopooucnepcutl. B npucymemeuu nonu-
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MEKMPONUMA, COOEPAHCAULe20 BUHUIAYEMAMHBIE U OUIMULAMUHOIMUIMEMAKPUIAMHbIE 36€Hbs, NO Mepe
POoCma Komu4ecmed Xopoulo UOHUSUPYEMbIX ANUGAMULEeCKUX AMUHHBIX (DYHKYUOHATbHBIX 2PYNn 0ecmabu-
JU3AYUS TUHUCIBIX 2UOpoOUcnepcutl bonee evipadicend. bvicmpoe u 0cobeHHO APKO BbIPANCEHHOE YMEeHb-
WeHue YCmouyueoCmu 2IUHUCIMBIX SUOPOOUCHEPCUll HAOO0aemcsi OO GIUAHUEM NOTUILEKMPOTIUNOS, CO-
0epacauux CUNbHO UOHUZUPYeMbLE APOMAMUYECKUe AMUHO (DYHKYUOHATbHbIE SPYNnbl (4-GUHUINUPUOUH) U
anughamuyeckue amMuHoO QYHKYUOHANbHBIE 2PYNNbL (OUIMUIAMUHOIMUIMEMAKPULAM), NOTYYEHHblE 80 BCEX
MONbHBIX coomHoutenusx. [lonusnexmponum, codepoicawuil 8 yenu MakpoMOeKyIvl anugamuieckoe amu-
HO (DYHKYUOHATIbHOE 36€HO (OUDMUNAMUHOIMUIMEMAKPUILAM) U OMPUYAMETbHO 3aPANCEHHbIE KAPOOKCUOHbLE
yHKYyUOHATbHBIE SpYNNblL (36€Hbs MEMAKPUIOBOL KUCIOMDbL), 8CIe0CHmEUe NPossieHUs clabol decmaduiusu-
pyrowet-ghroxyaupyoueil. ChocoOHocmu Habadaemcs MedjleHHoe 0c8emieHue OUCHEePCHOU cpedbl, pasde-
JleHue OMmpUYamenbHO 3aPSIAHCEHHbIX MEIKUX 4acmuy meepooll (hazvl u 3amedieHue CKOpoCmu Guibmpayuu
SNUHUCTIOT 2UOPOOUChepcuUl. Boissnennvlie 0cobeHHOCmU 8 U3MEHeHUU YCIMOUYUBOCIU STUHUCTIBIX 2UOPOOUC-
nepcutl 8 NPUCYmcmsuu 00pasyos NOAUIIEKMPOIUNOS, COOEPHCAUUX DYHKYUOHATbHBIE SPYINbL PA3TULHOU
APUpOObL U OMAUYAIOWUECS MOTLHBIM COOMHOUEHUEM, 3HAKOM 3apsod, ONTUHOU Yenu MAKpOMONeKYibl U YO0O-
CMBOM PACNONIONCEHUS NOLONCUMETbHO 3APANCEHHOU AKMUBHOU YACMU (DYHKYUOHATLHOU SPYNNbL, A MAKdiCe
omauyarwuecs CnOCOOHOCMbIO K 83AUMOOCUCIBUI) C MEIKUMU OMPUYAMENbHO 3APANCCHHBIMU YACTIUYAMU
oucnepchou gasvl, 00bACHEHbL HA OCHOBAHUU IKCNEPUMEHMATLHBIX OAHHBIX.

Knrwouesvie cnosa: makpomonexyna, noIusLeKmponum, OUCNEPCHAs CUcmemd, QyHKYUOHANbHAS SPYNNA, 2lu-
HUCMas 2UOPOOUCHEPCUS, UOHUSUPYIOW A CHOCODHOCIb, 0eCmaduiu3ayus

CHANGE IN THE STABILITY OF CLAY HYDRODISPERSIONS UNDER
THE INFLUENCE OF POLYELECTROLYTES THAT DIFFER IN THE TYPES
OF FUNCTIONAL GROUPS

Abstract: The change in stability of clay hydrodispersions under the influence of polyelectrolytes, differing
in molar ratio, nature, and types of functional groups, was studied. Under the influence of a polyelectrolyte,
containing non-ionizable acetate and amide functional units, a slight increase in destabilization of clay
hydrodispersions is observed as the number of very weakly positively charged amide groups increases. In the
presenceofapolyelectrolyte, containing vinylacetate and diethylaminoethylmethacrylate units, with the increase
in the number of well-ionizable aliphatic amine functional groups, destabilization of clay hydrodispersions is
more pronounced. A rapid and especially pronounced decrease of clay hydrodispersionsstability is observed
under the influence of polyelectrolytes containing highly ionizable aromatic amino functional groups
(4-vinylpyridine) and aliphatic amino functional groups (diethylaminoethylmethacrylate) obtained in all
molar ratios.Polyelectrolyte containing aliphatic amino functional unit (diethylaminoethylmethacrylate) and
negatively charged carboxide functional groups (methacrylic acid units) in the macromolecule chain, due to
manifestation of weak destabilizing-flocculating ability, a slow clarification of dispersed medium, separation
of negatively charged fine particles of solid phase and slowing down filtration rate of clay hydrodispersion.The
revealed features in the change in stability of clay hydrodispersions in the presence of polyelectrolytesamples
containing functional groups of various nature and differing in molar ratio, charge sign, macromolecule
chain length and the convenience of location of positively charged active part of the functional group, as
well as differing in their ability to interact with small negatively charged particles of the dispersed phase are
explained on the basis of experimental data.

Key words: macromolecule, polyelectrolyte, disperse system, functional groups, clay hydrodispersion, ionizing
ability, destabilization
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Kipicne

[Tonmanexkrponurrep (yHKIMOHAT TOITAa-
pBl TabuFaThl, TYpJiepi, MaKpoMoJjeKynaa Ti3oe-
i OOMBIHIAFBl MOJIB/IIK apaKaTbIHACBIMEH epeK-
HIeJICHYII YATUIEPiHiH dcepiHie cas3bl THIpo-
JMCTIEPCUS] TYPAKTBUIBIFBIH MaKCATThl, OAFbITTHI
TYpZ€ peTTeyre KapaTbUIFaH FBUIBIMU TXKIpHU-
OeriK >KyMBICTap KYprizy Kasipri 3amMasfbl Qu-
3UKaJIBIK-KOJUTOUTHIK XUMHSHBIH ©T€ MaHbI3/IbI
©3eKTI Mocenenepinid Oipi OombIm TaObLIAIBI.
Ceb6e01 nucnepcTi KyHenepaiH TYPaKThUIbIFbIH
©3repTy OHMAIPICTIH, MAPyalIbUIBIKTBIH, TYp-
MBICTBIH op aJlyaH cajajapbIMeH ThIFbI3 Oaiiia-
HBICTBL. JlucmiepcTi JkyHenepal TypakchI3laH-
JBIPY THIPOMETAUTyprusiia 60c MUHEpas Kall-
JBIKTApbIH Oarajibl MeTanjgapbl Oap KOHIIECH-
TpaTTaH axbIpary yaepicinge [l], connmaii-ak
TaOUFU Jainel [2,3], aFbIHABI, MIAWBIH/BI CYIap-
IbIH [4,5] KypaMbIHAaFel Maiifa OeIIeKTepaiH
TyHOara TYCYiH JKeleJIeTil eHAIpICTIH, apya-
HIBUTBIKTBIH, TYPMBICTBIH Ka)KETTUTITiHE Coiike-
CTeH/IIpYy MaKCaThIHJa MOJAIpICHIIpyIe maii-
JanaHbUlafel. bipak aucmeperTi KyHenepaiH
TYPaKTBUIBIFBIHBIH ©3Tepy Yepici oJapabIH AUC-
nepcTik (a3zacklHbIH TaOUFaThIMEH, Maiina Oel-
HIEKTEPiHIH JTUCHEPCTIK JIOpPEeKECiMEH, OeTTIK
KAaCHETIMEH, 3apsil ©JIIeMiMeH ThIFbI3 OailiaHbI-
CTHI [6,7]. Bys ocipece TaOuUFu JTaiIbl, HIANBIHIBI
CyNap/blH TUCTIEPCTIK (ha3achIHBIH KypaMbIHAA
ca3bl Maiia Oesiekrep OoJFaHAa ©Te KHbIH,
Oasy xypemi [8,9]. Mynnaii aucnepcti XKy#-
eJIEpPIiH  TYPaKCHI3AAHYbI-PIOKYIAHMIAHYBI
TINTI1, KOFApbl THUIMAI MOJIUAIEKTPOIUT-PIOKY-
JSIHTTAp KaThICBIHJIA A TUCTIEPCTIK (as3a Maiaa
OeJIIeKTepiHiH 1pUICHIN, TOJBIFBIMEH a)Kblpa-
TBUIBIN TyHOAFa TycCyi eTe KubIH xypeni [10,11].
CoHIBIKTaH JUCTIEPCTIK (pa3achbIHBIH KYpaMbIH-
na cas3nel Maiina Oemmiekrepi Oap OonFaH Juc-
NePCTi KYHeNnepaiH TYPaKChI3IaHybIH jKeiemie-
TyZle COHFBI JKbULAAPBI KOFApbl THIMII (IIOKY-
JSHTTAp  1PIKTEHIIPTIIUTEPIiH, MOIUAIEKTPO-
JUTTEPIH >KaHa TYPJIEPIH ally JKOHE KOJAaHy
JKOJIJApBIH aHBIKTAayFa KapaTbUIFaH FHUIBIMH 13-
JIeHICTEep JKYprizyre aipblKia KOHUT ayaapbLIy-
na. OceIHAaN qUCTIepCTi XKYHenep i MoInudIeK-
TPOJHT IPIKTEHAIPTIIITEPAiH KaThICHIHAA TYPaK-
CBI3JJaHYBI-(QIIOKYIISALUSIIAHYBl MAaKPOMOJIEKyJIa-
Chl Ti30eri OOWBIHIA OpHAJIACKAH OyBIHIAPIIBIH

(YHKLIMOHAT TONTApbIHBIH TaOWFaThIHA, TYP-
JiepiHe, MOJIbJIIK apaKkaTbIHACBIHA, 3apsi] Oenrici-
HE TAyeJJIi TYpe e3repyl MyMKiH.

Ta:xipubestik 66.1im

3eprrey HbicaHnapbl. JKymbicTa OSHTOHHT
cas yurici (Kenec kenopusl, Kazakcran), BUHH-
nanerar («Sigma-Aldrich» I'epmanusi), axpu-
namug («AppliChem» I'epmanus), MeTakpui
KBITIKBUTBI («Sigma-Aldrichy I'epmanus), 4-Bu-
HwmupuauH («Sigma-Aldrich» I'epmanus), nu-
stunamuHodTUAMeTakpwiar  («BEKTOH.Ru»
Peceii) KommaHbLIBI.

3eprrey onictepi. Ca3zzibl TMIpOAUCHIEPCH-
SIHBIH TYPaKTBUIBIFBI TypOUTUMETPHSIIBIK QIiC
apkbutbl 3epTTengi. ONTHUKAJIBIK THIFbI3/IbIFEI
(D) C®-2000 cnekrpodoromerpae (CaHKT-
[TetepOypr) eHi 12,5MM, Y3BIHABIFBI 45MM KIO-
BeTana, 540HM TONKBIH Y3BIHABIFBIHIA, DJICK-
TpeTKi3rimTik Kacuerrepi S230 Seven Compact
Mettler Toledo xonmykromerp (LLIBelinapus)
KYpPBUIFBICBIH/AA, TYTKBIPJIbIFEl YOenaone Bu-
ckozumetpinge (25 £ 0,1 °C) emmenai. Cazas
THJIPOIMCIIEPCUSIHBIH, TyHOA KeJIeMiHIH e3re-
pyl aHBIK TpaIyHpiieHTeH oJjIeyill Kypajijga
aHbIKTasICa, QUIBTPICHY]1 BaKyyMAbI KOHIBIPFbI-
Jia KYPri3iii.

3epTTey HITHAKE eI XKIHE 0J1apAbI

Tajaaay

JKympicTa MakpoMoieKyaachl KypaMbIHIa-
FbI OybIH/IAp (PYHKIIMOHAJ TONTAPbIHBIH TaOUFa-
ThI, TYpPJIEPIMEH, Ti30€KTeTri MOJIbIK apaKaThIHa-
CBIMEH €pEeKIIEICHYII MOIUAIEKTPOIUTTEPIIH
KarbichiHAa ca3ael  runpoaucnepcust  (CI/)
TYPaKTBUIBIFBIHBIH e3repyl 3eprrenii. CoraH
coiikec BuHMIaneTaTThiH (BA) akpunamuanex
(AA), (BA:AA), Bunmianerartoiy (BA) nusTu-
namuHodTUIMeTakpunarnen (JI2ADMA*HCI),
(BA:IDADMA*HCI), 4-BUHWINMUPUAWH TH-
npoxiopuari(4-BIT*HCI) nusTrunaMuHOI TUIIME-
Takpuiar ruapoxigopuaiMer (JI2ADMA*HCI),
(4-BIT*HCI: IDADMA*HCI) conpaii-ak Me-
Takpuil KbIIKbUIBIHBIH (MAK) audtunamu-
HOATUJIMETAKPHIIATIIEH (A2ASMA*HCI),
(MAK:IDADMA*HCI) anaplH ajla aHBIKTa-
FaH oHTalnbl omicrieH [12,13] opTypni MOMbIIiK
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apakaThlHACTAa COMOJIMMEpJIey apKbUIbl (QyHK-
[IMOHAJI TONTAPBIHBIH MaKpOTI30eK OOWUBIHIAFbI
MOJIBJIK apaKaTbIHACBIMEH, TUAPOPMIBIIK Ka-
CHETIMEH, OIpTeKTUIIriMEH, 9pPTEeKTLIIriMeH, 3a-
psin OGenriciMeH, MOHJaHyIIbI KaOiIeTiMeH epeK-
HIEJICHYIII MOJUAICKTPOIUT YITUIEP] ajabIH/bL.
OCBI MONMHUANEKTPONIUT YITIIEPIHIH KaThICHIHAA
casbl TUAPOIUCTIEPCHS TYPAKTBUIBIFBIHBIH ©3-
repyiH OHBIH OINTHKAJIBIK THIFBI3ABIFEIHEIH (D),
TyHOa KeseMiHiH (V) KoHE (QUIBTPIICHY KbLI-
namIbIFbIHBIH (U) KOCBUIFaH MOJIHMAJIEKTPOIIUT-
TEpiH MeJIIIepiHe >KOHE TYHJIBIPY YyaKbIThIHA
0aiiJaHbICThI AHBIKTAJIBI.

Toxipube HoTHXKeENEepl ca3abl THIPOIUC-
nepcusHblH (CIZl) MenmipieHy IopexeciH sF-
HU, ONTHKAJBIK THIFbI3ABIFBIH Oipaeil CaHIbIK
monre (D=0,25) xertkizy ymin BA:AA >xoHe
BA:JIDADMA*HCI yarinepiHiH Makpomolie-
KyJachl KypaMblHIa akpwiamuja (AA) meH nu-
stunamuHodTUIMeTakpunar  (A3ASMA*HCI)
OyBIHIAPBIHBIH KOOCIOIMEH ONapIblH TYpPaK-
CBI3IaHBIPYIIBI KAaOUTETiIHIH KYIIeri1 ceOenTi,
dnoxymsanusutaymsl - tuivainiri (OT) kebeiie-
TIHJIKTEH, Oipael Maccaibl AHUCIEPCTIK ¢a-
3aHbl  (QuokymsAuMsIaymsl  Menuepain (OM)
Oipmama kemuTiHAIr Oaiikanael (cyper-1,a).

T Y erm
4 4 6

®Mx10, &T

wn

/ 1

e
0 T T 0

4,0:1,0 2,0:1,0 1,0:1,0 1,0:2,0 1,0:4,0

BA:AA

—- e EMIKTI TYTHBIPIIEIE

——3M

—h— \EHIIIKT] AEKIPSTRISTIITIE
3T

a)

Ceb6e061 MoNMAIEKTPOIUT MAaKPOMOJIEKYIACh! Ti3-
OeriHiH OOWbIHJA OpHAJlaCKaH ©Te QJICI3 OH 3a-
PALTBl aMUL (-CONHZ) (GYHKIMOHANIBI aKpH-
namua (AA), MOHAAHYIIBI KaOileTi KYMITipek
amaarter  amun  (-CH,-CH-N<)  ¢ynkumo-
HaJIabl TOOBI OOJNFaH AUATHIAMMHOATHUIMETA-
kpuiar (ADADMA*HCI) OybIHAapBIHBIH Ke-
0er0l MOJIEKyJalIbIK MacCaHbIH >KOHE HOH[a-
HYIIbl KaOUIeTIHIH apTybIH KENTipin IIbIFapa-
Jbl. OHBI OCBI TOJAMANEKTPOIUT yirinepiniy 0,25
I/A7  epiTIHAUIEPIHIH MEHIIIKTI TYTKBIPIBIFBI
(M,,,,,,) MEH DJIEKTPOTKISTIIITIriHIH (), ) CaH-
IBIK MOHJEpiHEH Kepyre Oonaabl. SIFHU akpu-
namua (AA) meH TUATUIAMUHOATUIIMETaKPHIIAT
(A2ADOMA*HCI) OybIHAApBIHBIH MaKpOMOJIe-
Kyna Ti3OeriHiH OoibiHIa KO0erwi MEeHIIIK-
Ti TYTKBIPITBIKTBIH ‘(nMCHm). KOHE DIIEKTPOTKI3-
rimTikTin (x,, ) Oipre-6ipre acein GapybiHa,
COHJIai-aKk MOJIEKyJalblK MacCaHblH Oipiia-
Ma ecyiHe, COHBIMEH Oipre 3JeKTPOTKI3TIIITIK
KaOlJeTiHIH apTyblHa anbiln keiemi. byn epek-
HIeTiKTep OeNriii TeHAeyJIep apKblIbl €CenTeNin
TabbuFaH [14] TNONMANEKTPONUT YIATUIEPIHIH
dnokynsausuayursl TriMautiriig (OT) coran
coiikec Quokymsuusuiayisl Menmepidin (OM)
©3repyiH KeITipil LIbIFapaibl.

Y MeHm @M, BT

16 3

4
25
) v

10

0,5

4,0:1,0 2,0:1,0 1,0:1,0 1,0:2,0 1,0:4,0
BA:T3ASMA*HCI
=§—MeHNKTi TYTKEIPIRIE, == MEHTINKTi 3MeKTPOTI3TImTiK

==\ DT

0)

1 cypem — Honusnexmponummep BA:AA (a), BA:JJOAOMA*HCI (6) yneinepiniy 0,25 2/0n epiminoiciniy MeHuikmi mymxuipaviebl

(N, 2NEKMPpOMKIz2iUmiei (y,

MeHut

x10* Om! - em! ) orcane proxynsyusiiayuwnl monwepi (OM, me/n) men rnoxynayusiayuivt

muimoinieiniy (©T) maxpomonexyna KypamviHoaesl OybIHOAPObIH MOTLOIK APAKAMBIHACLIHA OAUIAHBICHIbL 032epYi
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HeriziHeH MOJMAIEKTPONUT  YJITUIEPiHIH
MaKpOMOJIEeKyJIachl Ti30eriHiH OOHbIHAA aKpu-
namuna (AA) meH IUATHUIAMUHOAITUIMETaKpH-
aar (ASADMA*HCI) OybiHIapbIHbIH Ke0Oeroi
OacTankpla TYPaKChI3AaHBIPYIIbI KaOUIeTIHIH
KYIICIOIHE COFaH COMKec, ca3ibl MMJIpoaucCIep-
CUSHBIH Olipeil MeNIiplieHy [opekeciHe Ka-
KETTl (QIOKYIAMSIIAYIIBl MOJIIEPIiH KeMyiHe
aJIpI Keremi Ae, Oenrimi ograins! 1,0:1,0 Momb-
JIK apakaTblHACTa €H KeM MeJIIepre KeTi,
akpuinamMul (AA) HeH TUAITUIAMHUHOITHIIMETa-
kpunar (JOADMA*HCI) OyslHAapbIHBIH OAaH
opi keberoi (IIOKYIAIUSIIAYIIBI MOIIIEPAiH ail-
TapJbIKTall e3repyiH KeNTIpill IIbIFapMaiiibl
(cyper-1, 6). baiikanraH epekIlemiKTep IMOJu-
ANIEKTPOJIUT YAriaepi (YHKIHMOHAT TOMNTAPHI-
HBIH HMOHJAHYIIbl KaOileTiMEH XoHE AuCIep-
CTiK ¢a3zaHblH Maiaa OeIIeKTepiMeH JpeKeT-
Tecyuri Oencenni OemiriHiH (yHKUHMOHAT TOI-
Ta KOJIAWJIBI OpHaNacybIMeH OainanbicThl [15].
CoHIBIKTaH MaKpoMoOJIeKyaa Ti30eriHiH Ooii-
bIHJA aMHUJ] JKOHE aMUH (YHKIHMOHAJJBI TOI-
TapIbIH KOOCIOIMEH ONap/IbIH OacTankpla HOH-
JaHybIHA KOJAWJIbI JKaFrgail TyblHIaybIMEH Oip-
r'e MaKpOMOJIEKYJIa Y3bIHBIK OJIIIEMIHIH 6CyiHe
pIKnan >kacaiiel. Con cebemnTi, ca3abl THIIPO-
mucnepcusHblH (CI/]) TypakcbIzganybl kKoaryss-

Y MeHm DM, PT

12 4 r2

10 -
F15

4 4
/ ros

4,0:1,0 2,0:1,0 1,0:1,0 1,0:2,0 1,0:4,0

4-BIT*HCT: I3ASMA*HCI

=& MEHMIKT] TYTKBIPIBIK
—i—5dM

= MeHITIKTi 3TeKIPeTKI3TimTiK
—4—DT

a)

s, QIIOKYIISLUS YAEPICiHIH Oip yaKbITTa XKYpYyi
ocepiHjie OONMATHIHIBIKTAaH, CHHEPTU3M KYOBLITbI-
Chl OpbIH anajel [16,17]. bipak amun xoHe aMUH
GyHKIHOHANABI OYbIHAAPABIH MaKpOMOJIEKYIa
Ti30eriHiH OOWbIHAAa OHTAWIBl MOJBJIK apaka-
TBIHACTAH apTHIK OOJFaH cailblH (IOKYISIH-
sIaymibl KaOineTi alTapibIKTall KyIerMewni.
OnbIH cebe61 MOTUAIEKTPOIUT MaKpPOMOJIEKYJIa-
ChI Ti30eriHiH OOWBIHIA MOHIAHYIIIBI Ka0ileTke
ue OOJFaH 9MCi3 OH 3apsATHl AMU/] KOHE KAKCHI
JUCCOLUANIUATAHYIIBI anu(aTTel aMUH (QyHKITU-
OHAJBl TONTApPJbIH KOOCIOIHEH ONapIbIH HMOH-
JMAHYIIBl MYMKIiHJIT OipTe-0ipTe KUBIHIANIBI.
OchlHOall epekIenKTep KypaMmblHAa apoMart-
ThI, KYIITI MOHIAHYIIBI aMUH (YHKIIHOHAJIBI
T0ObI Oap 4-BIT*HCI OybiHbH anudartel aMuH
¢dyukuonanasl JIDASMA*HCI-nen comomnu-
MepJiey HOTH)KECIHJIE aJbIHFaH MOJIUAJICKTPO-
TuT yarinepinae ne Oimineni. bipak Oy momnu-
ANIEKTPOJIUT  YITUIEPIHIH MaKpOMOJIEKyIachl-
HBIH KYpamblHIa UITHIAMHUHOATUIMETAKPH-
natr (ADADMA*HCI) OybiHbl K©OSHTeH calibiH
MEHIIIKTI TYTKBIPIBIK (NMeHI) OipbIHFail ecim
Oapca, ai AMEeKTPOTKITIMTIKTIH (YMEHII) CaH-
JBIK MOHI Oipiiama kemin Oapybl OpbIH ajiajibl

(cyper-2,a).

Y meHw DM 1x10, T

15 10

10 1

40:10 2,0:1,0 1,0:1,0 1,0:20 1,0:4,0

MAK;:T3AMA*HCI
=@ MEHMIKTI TYTKBIPILIE, = MeHINKTI 3MeKTPeTKIATImTIK
——oM ——3T

2 cypem — [onusnexmponummep 4-BIT*HCI:JJOADMA*HCI (a) scone MAK: IDADMA*HCI (6) yrecinepiniy 0,25 o/0n epimindiciniy

MeHWIKmi mymxwuipiviavl (1

Menu

.. .. 4 1. -1 ]
J» onekmpomxiseiwmiei (y, »10* Ow' - ey’ ) srcone prnoxyrayusnayuor monwepi (OM, me/n) mern

Groxynayusnayunt muimoinieiniy (1) makpomonexyna KypamviHoazel OybiHOAPObIH MOTLOIK APAKAMBIHACLIHA OAULIAHBICbL

oe32epyi
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Con cebenti Makpomosekynaa Ti30eriHiH
ootiptana 4-BIT*HCI ¢yHkimoHanasr OybIH-
JapbIHBIH ©cyl Oactankpiga (GrIoKymsusiia-
ymbl Menmepai (PM) azaiireim, 1,0:1,0 Monb-
JIK apakaThlHACBIHAA €H KeM (IoKymsuusiia-
VIIIBI MOJIIIEPTE, €H )KOFAPhl (MIOKYISIUSIIAY BT
tuimaimikke (@T) xerkizeni, TeH Oomambl. A
makpomoinekynaa Kypambiaga 4-BIT*HCI Oybl-
HBIHBIH OHTAIIBI MOJIB/IIK apaKaTbIHACTAH KeHiH
onan api kemin, JI9ADMA*HCI ¢ynkunonan-
JIbl OYBIHBIHBIH K60€t01 (DIOKYIALUAIAY B MOJI-
HIep/IiH KaiTagaH 6ipa3 ecyiH KeATipim LIbIFapa-
ne1. OtiTkeH1 4-BIT*HCI OybIHBIHBIH KypaMbIHIA
(YHKIMOHAIIBI TONTHIH KYIITIPEK HOHIAHYIIIBI
KacueTi 0ap KOHE IUATHIAMHUHOAITUIMETaKpH-
nat (A3ASOMA*HCI) OybIHbIHBIH (pyHKIIMOHAT-
Il TOOBIHBIH KYpPaMbIHAA Ca3/bl THIPOAUCIIEP-
CHUSIHBIH TepiC 3apsaaThl Maiifa OelleKTepiMeH
OpeKeTTecyre bIHFaiIbl OpHajackaH OelceHl
OH 3apsaTel amuH (—N<)xoHe okco (=O) Geik-
TepJIiH OOTYbI, OHTAMIIBI MOJIBAIK apaKaTbiHACTA
€H JKOFaphl (IIOKYIISALUSIIAYIIBI KaOiJeTKe ue.

MaxkpoMoIeKynachlHbIH KypaMbl Tepic 3a-
psaaTel  MeTakpui KbIKbUIbI (MAK)  OybI-
HBIMEH OH 3apsAAThl aMUH (DyHKIIMOHANIBI TO-
Obl  Oap  JOUATUIAMHUHOATHUIMETAKpUJIATTaH
(A2ADMA*HCI) Ty3iareH MOJIMAIEKTPOIUT
Y/ITLIEPIHIH MEHIIIKTI TYTKBIPJBIFBI (1 ) MEH
SIEKTPOTKISTITIK (¥, ) KaOUIETIHIH e3repyiH-
ne Oiprama albIpMalIbUTBIKTAp OOJNATHIH/IBIFBI
alikbIH Oaiikananbl. SIFHU MakpoMOJIeKya Ti30e-
riHig OoibpIHAa KapOoKcua (GyHKITMOHATIBI OYbI-
HBIHBIH KO0er01 0acTankplia MEHIIIKTI TYTKbI-
PIBIKTBIH M,..,) Oipa3 aiiE.lI\/'IFaHBIM.eH. 1,0:1,0
MOJIBIIK apaKaThIHACTAH KeWiH MEHIIIKTI TYTKbI-
PIIBIKTBIH (nMCHm) KaliTaJaH ecyl OpBbIH ajajbl
(cyper 2,0). A MEHIIIKTI 3JEKTPOTKI3TIIITIKTIH
(Xmam) CaH/IBIK MOHI MaKpoMoJieKysa Ti30eriHiH
OotibiHa MeTakpul KeIKbUTbl (MAK) OybIHBI-
HBIH Ke0eroiMeH 0ipTe-0ipTe OipbIHFall a3alobIH
KEJITIpiN IIbIFapaabl. by epekienikrep moims-
JIEKTPOIUT MAKPOMOJICKYJIACKIHBIH (DYHKIIMOHA
TOMTAPBIHBIH MOJBIIK apaKaTbIHACBIMEH, 3apsij
OenriciMeH, HOHIAHYIIbI KaOlieTiMeH OaiiIaHbl-
cThl. baiikanraH e3remenikrep moIudIeKTPOIUT
MaKpPOMOJIEKYJAChIHBIH KypaMmblHAa Oip YaKbIT-
TBHIH ©31HJIE 9p aTTac 3apsAAThl (YHKIIHOHAT TOT-
TapaslH O0O0dybl ceOenTi ca3abl THIpOAucCIep-

22

CUSHBIH Maiina OeIeKkTepiMeH JpeKeTTecy
YAEpiCiHIe aHTOTOHU3M KYOBUIBICHIHBIH OPBIH
anybIHa anein kenedi. COHbIH cajaapblHaH, Cca3-
Ibl TUAPOIUCIEPCUSHBIH ONTUKAIBIK THIFbI-
3aeiFbIH (D) Oipaeil caHIbIK MOHTE KETKi3y-
re KaXKeTTl MOJUDJIEKTPOIUTTIH (IOKYIAIHsIIA-
YIIIbI MOJIIIepi MaKPOMOJIEKYJIaHbIH KypaMbIH/Ia
MeTakpun KbIIKbUIbl (MAK) OybIHBIHBIH ap-
TybIMEH KYPT oce OacTtaiifpl. bipak oHTailb! Ka-
KETTl TONUAICKTPOIUTTIH (PIOKYIALMSIIAYILIbI
MOJIIIEPiHIH KaThICBIHA ONTHKAIBIK THIFBI3-
IOeIKTBIH (D) canablk MOHI, SIFHU MOIIipIeHY
nopexeci Metakpui KbIIKbUIbl (MAK) OybIHBI-
HBIH 6cyiHe aca Toyeni Oonmaiiel. MyHBIH ce-
6e01 OapIybIK 3epTTENreH MOJbJIK apaKaTblHa-
cTa OyJI TYpAeri MOJUAIEKTPOIUTTIH Ca3/bl TH-
nponucnepcusubiy (CIJ]) Tepic 3apsiaTel maiina
OeJIIeKTepiMEH dpEeKeTTeCY MEXaHU3MIHIH Oip-
KeJIKLUTIriHeH Kemin mibiFaabl. OchlHAAl epek-
HIETIKTEPAl 3€pTTENTreH MOIUAIEKTPOIUTTEPIIH
KATBICBIH/IA Ca3[bl THAPOJUCTIEPCUSHBIH TYPaK-
CBI3TIaHY-(PIOKYSAIMTIAHY YIEpICiH KOCBUIFaH
KOHIIEHTpAIMsIFa Kapar e3repyiH 3epTTereHie
7ie aliKbIH Kepyre 0omael (cyper-3,a)
HerizineH MNOMMANIEKTPONUTTEPIIH Kyiere
KOCBIIFaH MeJILIepiHe Kapar ca3jibl 'HJIpOJAuC-
MIEPCUSTHBIH ONTUKAIBIK THIFBI3IBIFBIHBIH (D) 03-
repyi Oip-OipiHeH epekiueneHeni. AtajaraH cas-
IIbl TUAPOAMCIIEPCUSHBIH MOJIIIPICHY Jopexeci
KOCBUIFaH TOJUAIEKTPOIUTTEPIIH MaKpOMOJIe-
KyJachl KypaMbIHAaFbl (D)YHKIIMOHAT TOMTAphI-
HBIH TYpJEpiHe, AUCCOCANMSIAHYbIHA TOYeN i
TypAe esrepeni. MakpoMmoleKyaachbHbIH Kypa-
MBIH/Ia MOHJAHOANWTHIH aleTaT, oTe OJCi3 HMOH-
JaHyIIbl aMUJ COHJAN-aK Tepic 3apsiATHI Kap-
Ookcu PyHKIMOHANIIBI KOHE OH 3apSIThl aJH-
¢darTel aMuH (YHKIMOHAIBI TONTAphl OOJIFaH
(BA:AA; MAK:IDADMA*HCI) ynrinepiHin
10 Mr/m memniepiHiH KaThICHIHAA Ja Ca3/bl TH-
JIPONUCIIEPCUSIHBIH ~ ONTHUKATBIK  THIFBI3IBIFBI
(D) 15 muHyT TYHIOBIpYIaH KeWiH A€ ColiKeciH-
mre 1,15 sxone 1,17 genrerinme Kamagsl. Al Ma-
KPOMOJICKYJIACBIHBIH Ti30eri aMuj *oHe aju-
(baTThl aMIH HEMeCe apOMaTThl aMUH JKOHE aJH-
¢darTel aMuH (QyHKIMOHANABI TOOBI Oap OybIH-
JapAaH KypaJlfaH MOJUIEKTPOIUTTEPiH, TIMTi
1,0-2,5Mr/71 MeNIIepiHiH 9CEpiHIe ca3abl THAPO-
aucriepcusiielH Meuaipiaenyi 0,08-0,04-xe neit-
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iH Tyceai (cyper-3,0). 3epTTenreH MOIUAJIEK-
TPOJMUT YATUIEPIHIH KATBICHIHAAFBl Ca3/lbl TH-
JPOIUCTICPCHUSIHBIH, ONTHKAIIBIK THIFBI3IBIFBIHBIH
(D) e3repyiH capanTaraHia MaKpOMOJIEKYJIAChI-
HBIH KYpaMbl TeK OipbIHFall aMuH (DYHKIIMOHAJ-
IbI TOTaphl O0ap OybIHAApAaH TYpPaThIH MOIUD-
JEKTPOJUTTIH KOCBUIFaH MOJIIEPiHIH ©CyiMeH
OacTamnkplja ONTHKAIBIK THIFBI3ABIK (D) Kypr
TOMEHJICHII 16 0JJaH COH OHTAaNJIBl MOIIIepACH
KeiiH KaliTagaH 0ipa3 eCeTIHAIrIMEH epeKIiese-
Heni. Ockl MakpoOMOJIEKyIachl Ti30eriHiH O0oii-
BIHJIa BUHWJIALIETAT MeH anudarTel aMuH (yHK-
MUOHAIABl OYbIHIAPHI OOJFaH TOIUAICKTPOIHUT
YJITICiHIH KaTBICBIHJA 3€pPTTEITeH KOHIICHTpa-
IIUS apaJIBIFBIH/IA OHTANIIBI MOIIIIEP/ICH KeHiH e
OTITUKAJIBIK THIFBI3ABIKTHIH apTybl alTapibIKTal
Oaiikanmaiinel. Casael ruapomucnepeus (CIL/I)
TYPaKTBUILIFBIHBIH ~ ©3Tepy  YIEpiCiH OHTaii-
JBl MOJIIEPETi MOTUAICKTPOIUTTEP/IIH KaThbI-
CBIHJIA TYHJBIPY YaKbIThIHA Kapam aHbIKTaFaH-
Ja Ja OJapJblH apachIHIAFbl TYPaKCHI3IaH/IbI-
PFBIIITHIK  KaOUMeTiHAeTI albIpMaIIbUIBIKTApP-
IObIH  OapibIFbIH  aHBIK  Kepyre  Oojajbl.
[TonmuANEeKTPOTUT MaKpPOMOJIEKYJIAChl KYpPaMBbI
MOHJIaHOAWTHIH aleTar koHe anudarThl aMUH
(BA:ADADMA*HCI) ¢dynkumonanasl OybIH-
JapJaH TY3UITEeH HeMece apoMaTThl aMUH MEH
amudartel amuH (4-BIT*HCL:IDASMA*HCI)

(GyHKUMOHANIBI TONTapbl OONFaH YATUIEPAiIH
€H a3 OHTaIkI (1 MI/1) MemIIepiHiH KaThIChIHIA
Ja casfbl THAPOAMCIIEPCUSHBIH TYPAKChI3IaHy
YZEpICiHIH Ke/IeN KYPETIHAIr: alKbIH Oaiikana-
abl. OHBI ca3Abl TUAPOAUCIIEPCUSHBIH TYHIBIPY
YaKbITHI 5-15 MUHYT OOJIFaHHBIH ©31H/I€ /1€ ONTH-
KanbIK TRIFBBABIK (D) 0,15 xone 0,11-re Tyceni
ne, omaH opi 60 MHHYTKa ACHIH KETKi3TeHJe
Oy enmemHiH caHablK MoHI 0,09-0,04 neHreii-
iHae kanansl (cyper-3,0). [Tonudnekrponut ma-
KPOMOJIEKYJIachl (PyHKIIMOHA TONTaphl alerar,
annpaTThl aMUH dcipece OH 3apsaaThl apOMATThI
aMUH XoHE anudaTThl aMUH OOJIBIN KEJETiH TMO-
JIMRIEKTPOIUTTEPIIH KOFAphl TYPAKCHI3AaHIbI-
PFBILITHIK KaO1IeT KepceTyi oapIblH KypaMbIH-
JaFbl apoMaTThl aMUH JKOHE anudaTThl aMHUH
(GyHKLIMOHAT TONTAapBIHBIH OesiceHal OeiriHiH
Tepic 3apsAATHI ca3lbl TUAPOJUCIIEPCHUS Maid-
na OeJjIiekTepiMeH dpekerTecin OailaHbICc TY-
3y KOJNAWIBLIBIFBIHAH KeNin mibiFaasl [15,18].
bipak makpomosnekynackl MOHIAaHOANTHIH arle-
TaT >KOHE OTe 9JICi3 MOHJAHYIIBI aMua (QyHK-
nuoHanasl OysiHmapaaH (BA:AA), conpaii-ak
Tepic 3apsaThl KapOOKCHA (YHKIIMOHAJbI Me-
Takpui1 KbIKbU1biIMeH (MAK) sxoHEe OH 3apsIThl
JIUATUIAMUHOATHIIMETaKpUIaT — OybIHAApbIHAH
kypanran (MAK:I9ADMA*HCI) nonusmex-
TPOJIUT YATIIEPiHIH dcepiHjie ca3/ibl THIPOANC-
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0)

4 cypem — Cazovl eudpooucnepcuamneiy 15 munym mynovipyoan xeiiinei mynoa xonemi (V, mn) (a) men menwixmi ¢punompnery

arcvLnoamovizbinbly (Umenut)(6) Kocvlizan noausiekmponum yazilepiniy KOHYeHmpayusacelHa OAulanHblcmbl 032epyi

MEPCUSHBIH, ONTUKAJBIK ThIFbI3ABIFHI (D) 60 mu-
HYT TYHJBIPY YakbIThIHaH Keiin e D-1,07 xo-
He 1,10 meHreiliHeH TOMEHIEMEUTIHAITIH KOpy
KUbIH emec (cypeT-3,0). OnblH cebebi Oy Typ-
JIeTi TOJIMANEKTPOIUTTEPAIH TYPaKChI3JaH bl
PYIIBI-(PIOKYIAIMATIAY Bl KaOUIETIHIH QJCi3/ai-
TiHEH KEeJIIIT MIBIFabL.

3epTTeireH  MONUAICKTPOIUTTEPIIH  Ka-
ThICBIHAA ca3abl rugpoaucnepcussHei  (CIL)
TYPaKChI3MaHYbIHBIH ~ apachlHAAFbl  aWbIp-
MaIlbUIBIKTap/Ibl TYHOA KesieMi MeH (QHIbTpIie-
HY >KbUIIaM/IBIFBIHBIH ©3T€pYiH aHbIKTaFaHIa Jda
KepiHeni. (4-cyper a,0).

KocputFaH MONMMANEKTPONIUT — YATLIEPiHIH
MOJIIIEPiHIH apTybIMEH TyHOA KeJIeMiHIH [e
GUIBTpIEHY KBbUIIAMIBIFBIHBIH J1a OacTamKbl-
JIa ecinm Oapysl Oalikanca, OeNTili KOHIEHTpa-
Ul apalbIiFbIHAA OyJl eNIeMIepAiH eH KoFa-
pBI CaHIBIK MOHIHE >KeTeli Je ofaH opi Oip-
Te-Oipre KemHTiHI Oaiikanaapl. TyHOa kenemi
MeH (QUIBTPICHY >KbUIIAMIBIFBIHBIH €H >KOFa-
pBl CaHJIBIK MOHJEpl KOCBUIFaH MOJIHAIEKTPO-
JUTTIH (YHKIMOHAT TONTApBIHBIH Typiepi
MeH TaburaTbiHa eTe Toyenmdi. EH skorapsl TyH-
6a xenemi (V) MeH (pUIBTPICHY KBUIIAM/IbIFbI
(U) 4-BII*HCL:IDADMA*HCI  OybiHgapsl
OOJIFaH TONMANEKTPOIUTTIH KaThIChIHAA Oaii-
KaJnca, eH a3 TyHoa kenemi (V) MeH GuibTpie-
Hy Xbu1aamabFsl (U) MeTakpuil KbIIIKBUTBIMEH
(MAK) JAATUIIAMUHOATUIIMETAKPUIIATTHIH
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(A2ADOMA*HCI) cononumepiey  apKbUIbI
aneiarad (MAK:JI9ADMA*HCI) nonusnexrpo-
TUTTIH ocepinnae Oalikanansl (4-cyper a,0). An
arerar oHe aMuJ] (PYHKIHMOHAIABI TOOBI Oap
YJITIHIH KATBICBIHJA 3€pPTTEIreH KOHILIEHTpPAIUs
apaibIiFbIiHIa TyHOA Kenemi (V) MeH ¢uibTpIie-
HY *KbU1iaMabFbIHbIH (U) caHablK MoHAEpi Oac-
TamnKbpl MOJMAIEKTPOIUT KOCBUIMaraHIaFbl1aH
alTapibIKTail albIpMAIIBbUIBIKKA e OOIMAaIbI.
Cazpl TUAPOAMCIIEPCUSHBIH TyHOA Kesemi
MeH (HUIBTPIIEHY *KbIJIIaMAbIFbIHBIH TOJIUAIIEK-
TPOJIUTTEP ACEpiHNIE ©3repyiHiH apachbIHIAFbI
epeKIIeNIKTEp MaKpOMOJIEKyJda KYpPaMbIHIAFbI
OybIHIAPABIH (PYHKIIMOHAI TONTAPBIHBIH JHC-
nepcTik (azaHblH Maiia OeseKkTepiMeH ope-
KeTTecyIi OeyceHal OeIKTEpiHIH OpHaIacybl
’KOHE MOH/IaHy KabineTi, 3aps Oenrici apachlH-
JaFbl ailblpMaIIbUIBIKTapAaH KEJII IIbIFa/Ibl.

KopsbIThIHABI

Toxipube HOTHXKENEpiH capanTay casJibl
THJIPOUCIIEPCUSIHBIH TYPAKTBUIBIFBIHBIH ©3Te-
pylHE KOCBUIFaH MOJHMAJIEKTPOIMUT YITLIEPiHIH
ocepi MakpOMOJIeKyNachl Ti30eri uoHmaHOaii-
TBIH aleTaT >KOHE ©OTe JICI3 JUCCOIMalusiiIa-
Hymbl OH 3apantel amuna (BA:AA), makpouo-
HBI Tepic 3apsAAThl KapOOKCH]T )KOHE OH 3apsAThI
aMMH (pyHKIMOHANABI OybIHAApJIAH KypasfaH
(MAK:ZI2AOMA*HCI) op arrac 3apsiaThl MO-
JIMRJIEKTPOJIMUT YATiJIepiHe KaparaH/aa cas3/ibl TH-
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JPOIUCTIEPCHUSIHBIH Tepic 3apsAAThl Maiiga Oei-
IIEKTEpIMEH opeKeTTecin OaliaHbic Ty3yre
BIHFAMJIBI OpHANACKaH alerar oHe anudar-
ol amuH (BA:IDADMA*HCI), acipece kymTi
MOHJIAHYIIbI OH 3apsAThl apOMATTHI KOHE al-
darter  amua  (4-BIT*HCIL:JIDADMA*HCI)
(YHKUIMOHABI TOMUAICKTPOIUT YITUIEPiHIH
TYPaKChI3IaHAbIPYIIBI-(QIOKYIAUIIAYIIBl  Ka-
Oin1eTiHIH OapibIK 3€pPTTENTeH MOJIBIIK apaKaThl-
HAcTa JKOFapbl OONATBIHABIFBIH OaiikarTel. OFaH
cas3/ibl THJPOIUCIICPCUSIHBIH ONTUKAJIBIK ThIFbI-

3neIFbIHBIH (D), TyHOa KenemiHiH (V), GUIbTp-
neHy xbiaaMaeFeIHbIH (U) KOChUIFaH MOJH-
AIIEKTPOIUT MaKPOMOJEKYIachl KYpaMbIHIAFbI
(YHKIIMOHATIBI OYBIHIaPBIHBIH MOJIBIIK apaka-
TBIHACBIMEH EpEKIIENeHYII YITUIepAiH, Oip-
Jieil KOHIICHTPAIUSIIBl ePITIHICIHIH, COHAai-aK
OHTAWIIBI MOJIBJIK apaKaThlHACTA AJBIHFAH TO-
JMANIEKTPOJIUT YATLICPiHIH 9pTYpii KOHLEHTpa-
[USCBIHBIH 9CEPIHJIET1 03repyi Joer.
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90K 502.7; 658.567
MPHTH 87.35.02

JKAPBIKTAHIBIPFBIII KASAYXKOJ TAKTAUIIIAJIAPBIH OHIIPICTIK
KAJIABIKTAPJIAH AJTY MEH OHAIPICKE EHI'I3Y

ABIYXAJIMKOBA HI.A., IAPUXAHOBA A., ABUXAHOBA JI.K.
Kootca Axmem Hcayu amvinoazel Xanvikapanwvix Kasax-Typik ynueepcumemi

Anoamna: Kasaxcmannviy oapnvix eyipnepinde, Typkicman oOnvicvln Koca aneanoa, OYn Xanvlk CaHblHblH
ecyimen Oe, Kadxcemmi OeHeele SKON0SUANbIK, MIOCHUCMMIK JICOKMbIZLIMEH 0e OALIAHbICMbL, CIAMUCTIUKA-
JbIK 0epexmepee Catikec NoNUeoHOapaa 3a1A1CbI30AHObIPYEA JHCIHE CAKMayea Hcibepinemin Kammbl mypmul-
CMBIK KALOLIKMAPOLIH, KOJLEMI HCbLL CAUbIH apmyod.

Enimizoe xasipei yaxeimma slcunaxmanzan Kammol mypMulCmulK KAIObIKMAPOblY JHCAINbl KOIeMi Cmamu-
cmuxanvlk depekmepee cytiencek 100 maH MmOHHAHBL KYPauobl JHCIHE JICHLL CAllbIH 5-6 MIH.MOHHA Kammbl
MYpmMblCmblK Kanovikmap Kaisinmacaovl. 2025 sicvinza xapati 6yn kepcemxiw 2 eceze Oeliin  6Cyi MYMKIH.
Ilpobnemannvl wewydiy ey Konailivbl HYCKACL — KAIOLIKMApObl KAUma JHCUHAY, CYPbINmay, Kauma eHoeyoi
JHCy3eze acvblpamuvli KaCINOPLIHOAp MeH OHEPKICINMIK JHCAHA CANACHIH OAMbINYObL YUpeHy.

Awwicail norumemani KOMOUHAMBIHbIY AubIK Jcamkan kammol Kanovikmapsl med KIIC « CK3-Uy kyxipm
3AYbIMbIHLIY, KYKIPM — Nepiummi KarlOblKmMmAapblHaH Oepikminiei s#co2apbl 030i2iHEH HCapulK, Wbl2apamblH
AHCASLYIHCON MAKMAUULATAPBL ATILIHObL HCIHE OHOIPICKe eHeI3IN0I.

AnvlHean JHcana mayapivlk OHIMOED JHCbLLY CAKMASLIUMBIK, JHCO2Apbl OepiKminiK, cyea mesiMoiliK Kacuen-
mepimeH epexuieneHeol.

Tyitinoi co30ep: mypmuicmuik-oHOipicmiK Karouvlkmap, ymuausayus, peyuxiune, 1oMunogop, o30icinen dca-
DBIK WBIEAPAMBIH HCASYIHCOT MAKMAUATAPBI, IKOTNOSUSTBIK-IKOHOMUKANBIK, MUIMOLNIK

PRODUCTION OF LUMINOUS TILES FROM INDUSTRIAL WASTE AND THEIR
IMPLEMENTATION IN PRODUCTION

Abstract: The analysis of statistical data indicates that in all regions of Kazakhstan, including the Turkestan
region, the volumes of municipal solid waste (MSW) allocated for disposal and storage in the landfill are
growing from year to year. This is largely due to both the increase in population and the lack of environmental
culture at the right level.

According to statistics, at present, the total volume of solid waste accumulated is hundreds of million tons,
with about 5-6 million tons of solid waste being generated annually. By 2025, this figure can grow up to 2
times. The most acceptable solution to the problem is to learn how to recycle waste (recycle it) and develop a
new industry.

High-strength self-luminous paving slabs from sulfur-perlite wastes of the sulfuric plant SKZ-U LLP and solid
wastes of the Ashisay polymetallic plant were obtained and commissioned.

The new products that have been obtained are characterized by high thermal insulation, high strength and
water resistant properties.

Key words: household-industrial waste, recycling, recycling, phosphor, luminous pavers, environmental -
economic efficiency
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MPOU3BOJACTBO CBETSAIENACS IJIMTKHU U3 TPOMBIIIJIEHHBIX OTXO/IOB
N UX BHEJAPEHUME B ITPOU3BOACTBO

Annomayusn: Ananusz cmamucmuueckux OaHHbIX NOKA3bl6aem, umo 6o ecex pecuonax Kasaxcmana, exnovas
Typrecmanckuii pecuot, 06vemvl meepovix Ouimosvix omxo006 (THO), evidensemvix Ha 3aX0pOHeHUe U Xpane-
HUe Ha NOAUSOHE, PACYM U3 2004 8 200.

Bo mnocom smo ceazano xax ¢ pocmom maceneHus, max u ¢ Omcymcmeuem dK0A02U4ecKol Kynbmypvl Ha
OO0JIIICHOM YPOBHe.

Coenacno cmamucmuyeckum OAHHLIM, 8 HACMoAujee 8peMs 00wl 00beM HAKONIEHHbIX MBEPObIX OMX0008
cocmassiem cCOmHU MULIUOHO8 MOHH, NPUYEM elce200HO 00pasyemcs OKoao 5-6 MULIUOHO8 MOHH MEEPObIX
omx0008. K 2025 200y sma yughpa mosicem evipacmu 6 2 paza. Haubonee npuemnemoe pewienue s3moti npoone-
Mbl — HAYUUMbCA nepepadbamvleams 0mxoovl (nepepadbamviéams ux) u paseusams Hogylo ompaciv. b no-
JIVUEHbL U 66€0eHbL 8 IKCNIYAMAYUIO 8bICOKONPOUHbIE CAMOCEEMAWUECS MPOTYapHble NAUMKIU U3 CEPHO-Nep-
IUMOoBbIXx 0mx0006 ceproeo 3a6o0a TOO « CK3-Y» u meepovix omxo006 Awucaiickoeo noMUMemaiiuiecko2o
3a600a.

Tonyuennvie nosvie npoOOYKmMul Xapaxmepuzyiomcs 8blCOKOU Meniou3onayuell, GblcOKOU NPOYHOCMbIO U 6000-
CMOUKOCMbIO.

Knrwouesnie cnosa: npomvliuieHHO-0b1mosgbie 0mxoobl, YMuiu3ayus, nepepadomxa, 1MomMuHopop, c6emoyKkiao-

YUKU, IKOJIO20-9KOHOMUYECKAA 3(174)€Km1/l6HOCWlb

Kazipri yakpiTTa KemTereH eijepae KaHa
TEXHOJIOTHSIIApIbl  KOJNJAHy JKOHE  cayar-
Thl 3aHHAMAaJbIK 0a3za OapibIK TY3UIETIH Kall-
IeIKTapAbslH KeMminge 90% kaiitTa eHaey yIIiH
xkarmai okacaael. bipak Oy momimertep TKK
MEH OHIIPICTIK KaJABIKTapAbIH Heri3ri Oei-
Il ONUTOHAAp/A, apHaibl KoWMaapaa, KemrTe-
TeH KOKbIC TaCTAWTHIH XKepiepAe >KUHAIaThIH
Peceii men 0i3miH enal Koca anranna, TM/]] en-
nepine colikec kenMeiai. Meicainsl, Peceiine Tex
TKK nonuronaapeiaaa 100 Map. T. KaaabIK K-
HakranaraH, Kazakcranga mamamen 100MiIH.T.
Erep Peceiine monmurongapra mamameH 85%
KalabIKTap Kibepince, onna Kazakcranma mo-
JUTOHJIAp MEH YUBIMIACTHIPhIMAFaH KOKBIC Ta-
CTalTBIH Kepliepe maiia OoJFaH KalabIKTap-

IBIH OapibIK KesieMiHiH 96-97%-bl KUHATAIbL.
Kbl caiiein Peceliie KOKbIC CaHBl IIaMaMeH
40 mnn.TonHara, Kazakcranga 5-6 MIIH. TOH-
Hara yirasiabel. 2015 xeutra AeiiH KanablKTap-
IBIH mamameH 5%-bl Kaiita egaeyaeH otTi[ 1-3].
CoHrbl 5 KbUIa KaiiTa OHJIENETIH KaJJbIKTap-
nbiH kenemi 8-10% apttsl (1 cyper).

2013-2016 >xx. pecmyOIMKaHBIH TYPAaKThI
KaH OachblHA MIAKKAHIAFBl TYPMBICTHIK Kall-
JBIKTApJIbIH TY3UTy MeJIIepiHiH a3ai0 TEeHICH-
nusicel Oaiikamabl (2 cypet). An 2017 xbuibt
enimizzne Oip amamra 168, 7Kr TYPMBICTHIK KaJ-
IOBIK KeneTiH, Oyn 2016 >KbUIablH JeHreiiHeH
4,7% xorapsl, nereamen 2013 KbUTIbIH KOpPCET-
kinriaeH 20,8% TomeH[4].

- 120%

Kanmeixrapaeis 0apaeFEl, MIH. TOHHA

400 - 107,3%
88,4% 84,2%
= 300 - - 90%
by
=
£ 200 - 60%
£
= 100 - - 30%
3858 3409 2548 154,2 1299
0 . . . —_— —+ 0%
2013 2014 2015 2016 2017

== AIEIHFE] FEBUFA EAParaHga eCcy EapKEIHEL, 0

1 cypem — Kanovix keneminiy Jcoliovl mysiny Kopcemxiuii
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4 ™
104,6% r
= 0 97,5% 95,7% 92,5% 120%
& 200 o ED7R - 100%
= t
% 150 80%
= - 60%
© 100 - 40%
50 L
208,3 199,3 1844 158,1 1654 20%
0 - T T T 0%
2013 2014 2015 2016 2017
Ajam DacklHA MAKKAHIA KOMMYHAIIE KANIBIKTAp, kr/ajfam Dacel
== AULJILIHFBI JKBLIFA KAPAFAHIA OCY KapKeiHsl, %

2 cypem — Aoam bacvina wakKaH0agbl KOMMYHALOb! KATOIKMAPObIY KOPCEeMKIuLl

CraTtucTuKanblK  JEpeKTepre  CyMeHcek
emmi3ae mamamen 22 MIpA. TOHHA  KaJabIK
sknHaktainraHd. JKeu1 caiiblH 400 MITH.TOHHAra
JIefiH OHEPKACINTIK KalAbIKTap *oHe 20 MIIH.
JEeiiH TYPMBICTHIK KaJAbIKTap naiga Oomajibl.
CoHBIMEH Karap ypaH OHIIPETiH, Tay-KeH XKo-
HE KaiiTa OHIeUTIH OHEPKICINITEPIiH, COHIal-aK
PaIMOU30TONTHI OHIMIEP/II KOJAAHATHIH KICIIO-
PBIHIAPIBIH  PAJMOAKTUBTI KAJIJIBIKTaphl IIa-
MaMeH 237 MIIH. TOHHaHbI Kypainsl (3 cyper).
Vnbl @HIIPICTIK KATThl KaJABIKTAPIbIH JKaJIIbI

120,000
100,000
80,000
60,000

40,000

KeJIeMi TYCTI METaJUlyprus ©HEpKICINTEepiHIe
JKUHAKTanFaH. Enimizae ybITTbl KalabIKTapAbIH
TY3UTyiHIH KBUIJBIK KeJIeMi IamMameH 84,4 MITH.
TOHHAHBI Kypaiiabl, OHbIH 63%-bl TYCTI MeTa-
ayprust Kanablkrapel. 2018 x eHaenreH xoHe
naiiiara achIpbUIFaH ©OHEPKACIN KaJIJBIKTaphI-
HBIH Yieci 32,2%-1b1 Kypaasl. 2019 xbuibl oH-
JIPICTIK KaJABIKTapAbl ©HIEY MEH KoJere jka-
pary ynecin 34%-ra neitin, TKK 14%-ra neitin
KETKi3y >kocrapnanyna (4 cyper) [5].
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3 cypem — KP 6ouivinwa 2018 scvinzel Kayinmi KandblKmapovl HCUHAKMAUMbIH He2i32l Cananap, Mol m/Hcoli
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4 cypem — 2017-2018 scoin xananapoagvl oHOIpICMIK dHcoHe MYPMbICMbIK KALObIKMApObl Kalima oHoey
Jicone navioaza acvipy yaeci, %
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Kasipri Tanma Kasakctanma OapibIk en-
Il MEeKeHJIep/ie, dacipece ipi Kajamapaa KoMMY-
HaJJIBIK KoHE 0acka Ja OHIIPICTIK KalJbIKTap-
JIBIH OCIM Kelle KaTKaH KOJeMiH KHHAy, CaKTay
XKOHE KailTa eHJiey mpobiemachl oTKip Typ [6-
7]. Byrinri TaHaa KaJaAbIKTapMEH >KYMBIC iCTe-
yIIH HETi3Ti 9JIiCl MOMUTOHAAPFa KaJIBIKTap bl
OpHanacTeIpy Oonbin TaObLIaAbl. by perte en-
JIeT1 MOJIMTOHAAp MEH KOKBIC TaCTaWTHIH Kep-
nepaiH 97%-b1 HOPMATHUBTIK TaJanTapFa COMKec
kenMmeiiai. KasakcranaelH '"»kachll" SKOHOMH-
Kara Kemyi >keHiHzeri TyxXbIpbIMIamara coi-
Kec KaJabIKTap/ bl Kaita enaey 2030 xbuira Ka-
pait 40 %-ra geitin, an 2050 xputra Kapait 50%-
16l Kypaysl Taic [8]. IIpoGnemansl memyain eq
KOJIAMIbl HYCKAChl — KAJIBIKTapbl KalTa KH-

Hay, CYpBINTAy, KaiiTa OHICY/l KY3eTre achbpaThiH
KOCIMOPBIHAAD MEH OHEPKOCINTIH JKaHa cajia-
CBIH JJaMBITYbI YiipeHy (5 cyper). Anaiina, 6y
JKOJIJJa KeNTereH Macenenep 6ap, onapabl THIMAI
menry oHait emec. Kernreren enyepze anrankpl-
na TKK npobremachiH mienty ojap/sl kKO0-Ke-
My Hemece epTey OacbiM Oonibl, Oipak Kop-
[IaraH OPTaHbBIH JIACTaHYy JICHICHIH apTThIPybIHA
0allIaHBICThI, KAJIIBIKTAP/Ibl KOKOIBIH IKOIOTH-
SIBIK HEFYPIIBIM KOJIAWJIBI MIapanapbl — oyap-
JIbI CYPBINITAY JKOHE KalTa Maiijianany, sFHU pe-
IUKJIMHT OipiHII OpBIHFa MIBIKTHI (6 cypeT) [9-
10]. OchbiFan opail COHFBI JKBUIIAPHI €liMi3zie
KATThl TYPMBICTHIK KaJJABIKTapAbl KaiiTa eHIeT,
TUIMII TTaliaIanyabIH JKaHa OaFbITTaphl KOJIa-
HBIC TaOy/a.

N
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5 cypem — Cypwinmayza, kadeze xcapamyza, Kauma eqoey2e Hcone CaKmayed Keiin mycken Kaioblkmapobll KOaemi, Mol mM/HCbll

Actamax.; 142; 8%

Nerric Kazakeran;
120; 7%

Typxicran; 162; 9%

Coarycrik Kazakcran;
43:2%

IMasmogap; 57; 3%

Manrrictay; 101; 6%

Kerzpmmopga; 36; 3%

Amaate .; 290; 16%

Kocranaii; 58; 3%/ Kaparanzer; 171; 10%

MMemxenT K. 97; 5%

/

/

Arnoma; 96; 3%

ArgTede; 93; 3%

Amvater; 124; 7%

/

ATtrpayv; 56; 3%

Bateic Kazagcram; 57;
3%

Hambrrz: 55; 3%

6 cypem — 2018 aic Kananap o6otviHUA KALObIKMAPObl ICUHAYMEH, OHOEYMEH JCoHe Naldazd AcblpyMeH AtiHAIbICAmblH

Kacinopeindapoviy yneci (6ipnik, %-b6en yneci)

30



XUMHUKO-TEXHOJOTHYECKHUE HAYKH U OKOJOTI'A

KazakcranHbIH OapIbIK Kajdanxapsl YIIiH ©H-
Jipic >KOHE TYTHIHY KaJJbIKTapblH KalTa ©H-
ey, CYPBINTay, KQJIere Kapary mpobiaemMachl oTe
MaHbI3/Ibl, COHBIH imiHAe TypkicTaH KamachlHIa
na Oy mocene e3ekti. Meicansl, JKaHakopran
aymansiHga JKHIIC «CK3-U» wmekemecinpaeri
KYKIPT KBIIIKBUIBIH aly OapbIChIHIA IIBIFATHIH
cy30emiKk KauIblFbl MEH ATIbICail MOIUMETa
KOMOUWHATHIHBIH alllbIK >KaTKaH KIWHKEPIi Kaj-

neikTapel opHanackad. JKIIC «CK3-Uy 3aybl-
THIHAH KYHIHE IIBIFAThIH KAJIIBIKTHIH KOJIeMi Op-
Ta €CeMIeH TOpT TOHHAHBI Kypaiiasl (1 kecre).
BaiipiTy (haOpuKachIHBIH KaJJIBIKTaphl ~5 MIIH.
TOHHA, OHBIH KypaMbIH/Ia MbIHAJIall Oarajbl KOM-
noHeHtrep Oap, macc. %: Pb - 0,05, Zn-0,98,
BaSO, -2,2, FeS5; -3.4, 5, -1,8, Ag — 0,76,

AL

Fe,0, -30,4, Fe____.-22.8 [11-12].

1 kecre — Cy3risi KaNABIKTBIH KYPaMbIHAAFBI HEri3ri Kypayblmrap

OHiM Kanne! (XUMHAIBIK) KypaMmsl, %o
aTaysl
K. K.l SlO: A]zO} FEJOJ, CaO MgO S NHJO K:O H:O

Konmanere- | 2,8 | 74,7 | 3,29 [ 0,71 | 3,7 |0,13] 0.4 - - | 6.2

Ka Jei1Hr1

IEepIUT

Cysrum 442 1 7.5 1,79 |1 097 | 8.67 [0,13[363| - - 102

KaJlJIBIK

KannpikrapaslH  CaHIBIK — KOHE  cama- * JIOMHUHECIICHTTI JKasyKoJl ~TaKTalIamna-

JBIK KYpaMbl KOpPCETKEHACH, OYJ KalabIKTap-
bl OipKaTap KyHJIBl TayapliblK OHIMIEp aiy
YIIiH KalTanaMma IuKi3aT peTiHae nainaianyra
0o1abl.

KympIcTBIH ~MakcaThl AmIbpIcall  MOJH-
METalsl KOMOWHATHIHBIH KAJJBIKTaphl MEH
KIIC «CK3-Uy» KYKIpT KBIIIKBUT 3ayBITHIHBIH
KYKIPT-TIEPJIUTTI KAJNJBIKTAPBIH >KOHE 1€ TYp-
MBICTBIK IIBIHBI KaJJABIKTApbIH KaliTa eHJAeYy
apKbLUIbl O3/IT1HEH JKapBIK IIBIFAPATHIH KACHUETI
O6ap (mroMuHO(DOP) >KOHE Ka3aKbl HAKBIIITAFbI
OI0-epHEKTepMeH Oe3eHIIpIIreH camajsl, 6ace-
Kere KaOiJeTTi JKasy>KoJ TaKTallaJapblH jKacay.

3eprrey aaicrepi

JIFOMMHECHEHTTI  KasyKOJ TaKTaWIIackl
— 0eTi KapKbIparaH OOSyMEH *OHE JI€ CHIPTKbI
OpPTaHbIH >KaFbIMCBHI3 OCEpJIEPIHEH CaKTalThIH
apHaiipl KaOarmeH KanTanraH. byn skasyskon
TaKTaWIIaChIHBIH €PEKIIENIri:

* KYHII3T1 YakpITTa KYH COYJIECIHIH Yilb-
TPAKYJTiH CoylenepiH o3 O0HWbIHA KUHAKTAUIBI,
aJ TOYNIKTIH KapaHFbl yaKbIThIH/IA ©3/IT1HEH Ka-
PBIK IIBIFApaIbl.

* TYHT1 yaKbITTa )KapbIK Y3aKThIFbl — 6-9 carar,
anFaikbl 20 MUHYTTa MaKCUMAIIb )KapKbIpay;

PBIHBIH JKapbIK HIBIFAPFBII KACHETI — Kasty>KOJ
TaKTalIaTapbIHBIH >KapaMJIbUIBIK Mep3imi OiT-
KEHIIIE KOUBUIMaNIbI.

* Tipi TaOWFU Kyiesep YUIH 3USHABUIBIFBI
TUMEHTIH 3aTTap.

* ipi Kajmamapia TYHI1 JapblK MOCEJIECiH-
Je KYMCaJlaTblH KONTETeH OJJIEKTP KyaTbIHBIH
IIBIFBIHBIH TOMEHJIETYTe MYMKIHIIK TYFbI3a/Ibl.

XKasyxkon TtakTailmanapblH OHIIPYIIH €Ki
TYp1i 9.1ici Gap: BUOpomnpecTey KoHe BUOPOKYIO.
KyKipT KbIIIKBUIBI 3ayBITBIHBIH KaJABIKTAphl He-
ri3iHje ’kacajaTblH KYPBUIBIC MaTepuaIapblH
OHTAMIBI 9pl THIMJI ’kKacay BHOPOKYIO oiicTe-
Meci apKbUIbl xKyprizineni [13-14].

Kasty>xon — TakTalmanapblHbIH — ©HIIPY-
Il BUOPOKYIO apKbUIbI >Kacay[blH ©31HIIK ap-
TBHIKIIBUTBIKTAPHI 0ap:

* OHJIPIJIETIH OHIMHIH YJIKEH aCCOPTUMEHTI;

* OHIMJICP/iH JKOFapbl OEPIKTUIIrT MEH carnachl.

Kasty>xon TakrailmanapslH JalblHIAYy TPO-
1eci Heri3iHeH OipHerle Ke3eHAepIeH Typabl:

1) KaublnTapabl AalbIHIAY;

2) OeTOHIBIK KOCTaHBI JaiibIHAY;

3) GeToHapanacTBHIPFBILI KOMETIMEH apaiac-

TBIPY,
4) BuOpoycTene Kaublnray;
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5) eHiMai 1 TOymiK apalbIFbIHIA KAJbIITA
ycray;

6) eHIMJI KaJbIITaH TYCIPY;

7) Karrtay jKOHE CaKTay;

8) eHiIMHIH OEpIKTUIIriH aHBIKTAY.

Kasyoscon makmariwacvina iromunecyenm-
mi YHmMaxmol x#cagy a0ici:

1) OipiHmn Kabar - IpyHTOBKa, JIFOMHHEC-
IEHTTI YHTaKTBIH IJIUTa KOCIMAChIHA CiHYiHE
Ko OepMeii;

2) exiHmr kabar (kem KOMIOHEHTTI) — Te3
KeMNTIPEeTIH CHUIUKOH KOCBUIBICHI, TOIUMEPIIi
HIalblp HEMece JaK JIOMHMHECHUEHTTI YHTaKIeH
(Makcumanapl ¢pakimus 15 MHKpPOH) IKOHE
tuicinme 400/100/20 rpaMMm KaThIHACBIHIA Ka-
JKETT1 TYCTi1 MUTMEHTIICH apalaCThIPBLIA/Ib;

3) yuriHmi Kadar — Te3 keOeTiH MeIIip JIak
(TO3IMILITITT JKOFapHI).

Kasy>xonaplk TakTalmamapasl amy YIIiH
KOJITAaHBLIATBIH  Kypa-KaOJbIKTap:  apHailbl
JKasy)KOJ TaKTaWllanapblHa apHAIFaH JPTYp-
i ¢opmanbl Kameintap, OeTOHapaIacTHIPFBILI,
BUOpOyCTeN, KopIlamMa KaJlbINTaH ally YCTenl,
NIIC-MI'4 — OeToHHBIH OEpIKTUIIrH 6IIey
Kypaisl [15-16].

3eprTey HITHAKETEPI

Kasty»xon TakraiiagapelH BHOPOKYIO dici
apKbUIbl OHIIpyJAe OETOHFa KOCHIMIIA apHAUBI
Kocrasap KOChIJIa/ibl, OJ1 aJIbIHAThIH ©HIMHIH ca-
nachIH, OEpIKTLIIriH apTThipaasl. COHBIMEH Ka-
Tap OpKeJKI OOSFBIITAPAbI KYPBIIBIC Mare-
pHaNIapBIHBIH KypaMblHA KOCY ©HIMHIH Ta-
yapiblK  TapThIMJBUIBIFBIH, KAFbIM/IBUIBIFbIH
xorapbutataasl. [OCT 17608-91 «XKasyxon

OeToH/B! TaKTaiIIazapy» ojicTeMeci OONBIHIIA
aJIBIHATBIH XKasyKOJl TaKTalIIanapbliHa (U3NKa-
JIBIK-XUMUSUTBIK  KaCHETTEepiHEe KOFaphl TaJjarl-
Tap KOMBUIFaH: MBICAJbI, asf3Fa TYPAKTBUIBIFBI —
200 nukaaeH keM emec, Oepikrimiri — 45 Mlla
KeM eMmec, bUIFaa ciHipyl — 3%-ra neifin, ya-
TBUIFBIITHIFBL — 0,5 T/CM KepceTkilliHe AeHiH
0o0J1aIbl.

2 KecTe — AJIBIHFAH KASTYKOJI
TaKTalIIaJapAbIH KypPaMbl KeJTiplIreH

Maccainbik
Kommnonent .
yneci, %
KyKipT KbIIIKBLIBI OHAIPICIHIH KYKipTHEp-
JIMTTI KYPaM/Ibl KaJIIBIFbI MEH KIIMHKEPITi 22,0
KaJIJIbIK
KypbUIBICTBIK KYM 20,5
IToprnanauement 26,0
[Tnactudukarop C-3 0,31
Kubipuisik Tac 23,0
[TurmenT 2.4
JlromuHODOP 50rp
Cy KaJIFaHbI
Bapnbirst 100

2-KkecTenie KENTIPUIreH HKCIIePUMEHTA b
MOJIIMETTEpre COHKecC, aTajafaH KOMITO3UIIHSIIBIK
KypaMHaH jKacajiFaH »asyXKoJl TaKTallIagapsl
©31HIH (PU3UKATBIK-MEXaHUKAIIBIK KacHUEeTTepi
6oitbiama 'OCT 17608-91 colikec kenei, ChIFy
Ke31HJe >KOFapbl MEXaHMKaJbIK OepiKTIriMeH
epeKIIeeHe/Il.

Y CBIHBUIBII OTBIPFaH TEXHOJIOTHsI OOMBIHIIIA
aJIbIHFaH KYPbUIbIC OYHbIMAApBIHBIH KeHOip yiI-
rijiepi 7-cyperre KopceTiIreH.

7 cypem — OHOIpicmik Kanovblkmap He2i3iHoe alblHEAH KYPbLIbLC OYUbIMOapbl
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I'OCT 17608-91 coiikec JKasyxon Takraii-
ma. «Kasgyxon OeToHABl — TaKTaumaiap.
TexHuKanbIK mapT», cbIry Oepiktiairi B35 map-
KaChIHA COMKEC.

KopsbIThIHABI

TyTelHYy JKOHE OHMIPIC  KaJJbIKTapblH
KYPBUIBIC MH]TyCTPHSICBIH/IA OCPIKTLIIr KOFaphI

Kasty’)KOJl TaKTaulIanapbl MEH >KHEKTacTapbl
aJly YIIiH KOJAaHYABIH TUIMAUIIIT KOPCETIAreH.
O3 Ke3eriHjae OHIIPICTIK KaJAbIKTapAbl KO0
OKOJIOTHSUTBIK KAyIMCI3/MIKTI KamMTamachl3 eTel
KOHE KaJJIBIKTap/bl KaiTagama IIMKi3aT peTiH-
Jie YTBHIM/IbI NTaiiIajiaHy MocesIeNepiH emei.

MAVJAJAHBLIFAH OJEBUETTEP

1. KompuoB M.H., KonbiioB C.M. 3a0piThie (akThl U3 UCTOPHUHU MEXKAYHAPOIHOIO IKOJIOTHYEC-
koro mpasa: KoHpepenust OOH no coxpaneHuio U yrunauzanuu pecypco 1949 r. (unccur) //
EBpazuiickuii topuaunueckuit sxypHair. — 2013, — Ne 10 (65). — C. 251-265.

2. T'yman O.M. DKOIOro-reojloTHYeCKHe YCIOBUS MOJMIOHOB TBEPABIX OBITOBBIX OTXOOB
Cpennero VYpana//[luc. JIOKT. reosoro-MMHEpaJoruueckux HayK. — EkarepunOypr, 2009.
—342 c.

3. Manoxun M.B. Pa3paboTka onTuMalibHON CXeMbl OOpaIIeHus ¢ TBEPABIMU OBITOBBIMH OTXOAAMU
Y MOJIEJIM UX TpaHCHOPTUpOBaHUs//Jlucc. ... KaHa. TexH. HayK. — Boponex, 2016. — 142 c.

4. HanuoHanbHBIM TOKIAJ O COCTOSHUM OKPYKAIOILIEH cpeibl M 00 UCIOJIBb30BaHUU MPUPOIHBIX
pecypcoB Pecriy6nuku Kazaxcran 3a 2016 ron. — MunuctepctBo sHepretuku PK. «Zakon.kzy,
2017 .

5. Kosanesa E.MI. MoHHUTOpUHI OOBEKTOB pa3MelIeHHs] TBEpAbIX OBITOBBIX 0TX0M0B // VIII
MesxayHapoaHblit sxonoruueckuit popym, 2008. — C. 176-178.

6. Aramexen. MU-2018. KaTTbl TYpMBICTBIK KaJIIBIKTap/Ibl KEIICH I OacKapy KyHeCciH eHaipy.

7. Konnenuus no nepexony PecryOnuku Kazaxcran k «3eneHoit sxkoHoMuKe» Ha 2013-2050 rozsl:
[mpunst 17 mas 2013 rona, mpukas Ne 496].

8. IlporpamMmMa MoOJAEpHHU3AIMH CHUCTEMBI YIIPABICHUS TBEPAbIMU OBITOBBIMU OTXOnamMH Ha 2014-
2050 rogsl. Y1B. [locranoBnenuem IlpaBurenscta Pecniyonuku Kazaxcran ot 09 utons 2014r.
Ne 634.

9. Oruer no pe3yapTaraM MapKETMHIOBOIO MCCIEN0BaHUSA. BHeOpeHNHe KOMIUIEKCHON CUCTEMBI
yTpaBlIeHUs TBEP10-OBITOBBIMU 0TX01aMu B PecnyOnuke Ka3zaxcran.

10. [euna C.I'., babenko JI.JI., Henenbko C.C., Ko6anus H.b. Cucrema ynpaBneHust TBepaAbIMHU ObI-
TOBBIMH OTX0J[aMHU ¢ uctnonb3oBanueM [ IC Texnonorutit / UnxenepHsiii BecTHUK JJoHa. —2012.
- No 4 (uacts 2).

11. M3oros B.C., CokonoBa FO.A. Xumudeckue no6aBku ans moaudukamnmu 6etona. — M.: M3na-Bo
«ITaneorumny», 2006. — 244 c.

12. bopkos I1.B., Menkonsn B.I. DddekTuBHbIC CTpOUTEIbHBIE MAaTEPHAIIBI HA OCHOBE OTXOIOB Jie-
peBonepepadoTKU U METAJUTYPriUueCKON MPOMBIIIIEHHOCTH//DyH1aMeHTalbHbIE HCCIIEI0BAHMS.
—Ne3.-2014r.

13. Ionoa JI.H., ITornos H.JI. CTpoutenbHble MaTepraisl U u3nenus: Yueonuk. — M, 2000. — 384 c.

14. Tarent P® RU2 377 209. CtpoutensHslit pactBop. Omy6:1. 27.12.2009 6rom. Ne 36.

15. Iarent P® Ne 2150546. CocraB ans TporyapHoil miautku. omyos. 10.06.2000 r.

16. A.A. [I)xaxanoBHa, JI. Azuxanona, lII. A6nyxanukoBa, A. JlapuxaHoBa. CTpouTenbHbIe MaTe-

pHasbl M3 TEXHOTeHHBIX 0TX0n0B KOxkHoro pernona Kasaxcrana//Osterreichisches Multiscience
Journal. — ABctpus 20191

33



BECTHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (55), 2020

YIK 5.502.14
MPHTH 87.01.11

’KYK KOTEPI'IIII MAIIMHAJAPIBI KYPBLIBIC OHAIPICIHAE MAVJAJIAHY
KE3IHJAEI'T KAYIIICI3 ) KYMBICTbI KAMTAMACBI3 ETY

BEPI'EHEBA H.C., CYTEMI'EH K.T., HICAHBEKOBA A.T.
an-Dapabu amvinoaevl Kazax ¥nmmulx ynueepcumemi

Anoamna: Makanaoa scyx xemepeiui mexanusmoepdi eHdipicme navdanany Kesinoe enbex Kayincizoiein
KAMMAamacslz emy macenenepine apranean. Kypuvlisicmazel muey-mycipy Kesinoeel scazamatiblm oKueaiap-
Oviy cebenmepi mandanovl. Kayincizoikmi kammamacwoiz ememin TKT-200 kanooxanvl mesiceciuiniy Jcymvic
npunyuni kepcemindi. Bonam apxarn men sncebeniy depikmiciniy ecebi scypeizindi. Kyxk kemepeiut mexanuszmoi
asmomammbul Kayincizoiei ecenmenoi.

Tyitinoi co30ep: scyx komepaiwi MAUUHALAP, MAWUHA HCACAY CANACLIHOARb] KAVINCI30IK, eybeK Kayincizoiein
yuviMoacmulipy, muey-mycipy JcymMulcmapbsl

ENSURING SAFE OPERATION WHEN OPERATING LOAD-LIFTING MACHINES
IN CONSTRUCTION PRODUCTION

Abstract: The article is devoted to the issues of labor safety during the operation of lifting mechanisms in
production. The causes of accidents during loading and unloading in construction are analyzed. The principle
of operation of the column brake TCT-200 providing safety is shown. The strength of the steel rope and boom
was calculated. The automatic safety of the lifting mechanism is calculated.

Key words: Lifting machines, safety in the field of mechanical engineering, organization of labor safety,
loading and unloading

OBECINEYEHUE BE30IACHOM PABOTHI ITPU DKCILJIYATAIIUA
I'PY30IIOABEMHBIX MAIINH B CTPOUTEJIBHOM ITPOU3BO/JCTBE

Annomayusa: Cmamovs noceéaujena 6onpocam obecnedenusi Oe3onacHocmu mpyoa npu 3KCHIYamayuu epy-
30N00bEMHBIX MEXAHUIMO8 HA npouszsoocmee. [Ipoananuzuposansvl nPpUUUHbl HECUACTIHLIX CyYaes npu no-
epysKke-pasepyske ¢ cmpoumeinvcmee. [loxazan npunyun pabomul konookosoeo mopmosa TKT-200, obecne-
yugaroweco 6ezonacnocms. Ilposeden pacuem npounocmu cmanvHoz2o kawama u cmpenvl. Paccuumana
asmomamuyeckas 6e30nacHocmy 2py30n00beMHO20 MEXAHUIMA.

Knrwouesvle cnosa: cpy3onodvemuvle mMauiunsl, 6€30NACHOCMb 8 00NACMU MAWUHOCMPOCHUS, OP2AHU3AYUS
bezonacrHocmu mpyoa, nocpy304HO-pa3epy30uHble padomol

Kypbuiblc koHE KYpBUIBIC MaTepuanija- Kypbuieic  Mmarepuannapbid, OyibIMIapsI
pBl MEH OyiibIMAaphl OHAIPICIHIH OapibIK calla-  MEH KOHCTPYKIMSJIAPbIH THEY, TAChIMAJIIAY KO-
JapbhlH J1aMBITY, COHJAM-aK Kypama KOHCTPYK-  He TYCipy €HOeKTi Kol KaXeT €TeTiH OIeparus-
TUBTIK 3JI€MEHTTEp/l KOJIJaHy THEY-TYCIpy Jk9-  j1ap OoJbIl TaOblIa/ibl, COHJBIKTAH OCHI MPOLe-
HE KOJIIK KYMBICTaphl KOJIEMIHIH €19yip apTybl-  CTEpi OpbIHAAy Ke3iHJe >KYMBICIIbIIAp CaHBIH
Ha OKeJei. Ken KaxeT erefi. JKYK THey-TycCipy *KoHE KoK
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JKazaraiieIM OKRHFaTAPABIH cefenTepiH Taamay

B KVK KeTeprill MeXaHH3MISpIi
Taiianany TaTanTapbIHBIH
OY3BLTYBIHAH

B TaKeNMakIbIK KYPBITFBUTAP/IBIH
JKETITMEYIHEH JKoHe KYKTepi
IYPBIC IIMEKTEY caniapblHaH

JKYMBIC TIPOTIECTEPIH
OPBIHIAYIBIH TYPHIC eMeC
TacUInepineH

B KYKTepHi KofiManay HopManmaphbl
MeH epexeNepiHiH OY3BUTyBIHaH

1 cypem — Tycipy — muey scymblcmapul Ke3inoezi Jcazamaiiblm OKueaiapobiy cebenmepin mauoay

JKYMBICTaphl KOIl eHOEKTI KaKeT eTylaeH Oacka
OHJIIPICTIK JKapaKaTTaHyJbIH >XOFapbl JIEHIeH-
IMEH cUIaTTanabl.

Kypbuibic eHaipiciHIeTI jKa3aTalbIM OKHFa-
JapAbIH ceGenTepiH Tanaay, onapasiH 22,1%-bl
YK KOTEprill MeXaHW3MJepAl MaijanaHy Ta-
JanTapbiHbIH Oy3bUTybIHAH; 16,8% — Takemax-
JBIK KYPBUIFBUTIAP/IBIH KETIIMEYIHEH KOHE KYK-
TepJi TyphIC LIMEKTEY canfapbiHaH; 8,9% — xy-
MBIC TPOIECTEPiH OPBIHAAYIBIH IYPBIC €MeC
TocuiaepineH; 6,9%-xykrepai Koiimanay HOp-
MaJlapbl MEH epekesiepiHiH Oy3blUTybIHAH OpPbIH
aJaThIHBIH aHBIKTayFa MYMKIHJIIK Oep/Ii.

(1-cypet). EnOex xarmalmapblHBIH Ka-
YINCI3/IT1 )KYMBIC OHIIPICIHIH TaHJaIFaH TOCLII-
HE, JXYMBIC PETiH YHWBIMIACTBIPyFa >KOHE KY-
MBIC IIPOIIECTEPiHE KAThICATHIH MAIIMHAJIAp MEH
MEXaHU3MJIEp >KUBIHTBIFBIH JIYpbIC Taiijana-
Hyfa OailnmanbicTbl. JKazarailblM OKHFanap TH-
ey-TYCipy >KYMBICTapbl Ke31HJe OHJIPICTIK XKa-
pakarTaHy cebernrepi, eHOEKTI Hamap yibimia-
CTBIPY/bIH HEeMece >KYK KOTeprill >KaOIbIKThIH
aKayJIbIFBIHBIH CcallJjapbl FaHa €Mec, COHBIMEH
KaTtap Kayirnci3/Iik TeXHUKAChIHBIH HET13T1 Tasarn-
TapblHaA HEMKYpaisbl KapaylblH HOTHXecl 0o-
JIBIT TAOBLIATBIHBIH KOPCETe .

MyHaii KYMBICTaFbl JKa3aTailiblM OKHUFa-
JapbIH OONYBIHBIH TaFbl 0ip cebedi Tuey-Tycipy
MPOLECTEPIHIe KETKUTIKTI TOKipubeci MeH oH-
TIPICTIK JaFblIaphbl )KOKTHIFBI HEMECE KaKeTTi
OKYBI MEH OCBI KYMBICTapFa pyKcaTbl 00JIMaybhl,
HE TOMEH OUTIKTI )KYMBICHIBUIAP/IBIH KU1 )KYMBIC
icTeirinairine OainanpicThl. COHABIKTAH MYH-

Jaif )KYMBICIIBUIAP ©3/1epl OPBIHAAUTHIH JKYMBbI-
CTapbIH KYPICILUIITi MeH BIKTUMAJ KayinTUTIriH
OapbIHIIA TYPHIC Ce31HOCH I

EHOexTi yHBIMAACTBIPYIBIH JKOJMBL: KYK-
TiH TYpiHe, KeJeMiHe >XoHe caJMarblHa Oaii-
naHbIcThl. COHJBIKTAH OJIAapMEH Kayimci3 XKy-
MBIC iCTEy YIIiH HAaKThI IIapajap/abl ajjIblH aja
aHBIKTAy YIIIH JKEKeJlereH OeeKTepiH, Oyii-
BIMJIApPIbIH, KOHCTPYKTHUBTIK 3JIEMEHTTEP/IIH Ko~
He 0acka J1a )KYKTep/liH coJlapFa TOH epeKIIeiK-
TEpiH THIMI 3eperiey KaxKeT.

EH kem eHOEKTI KepeK eTeTiH IKYMBbIC-
Tap OapblHIIA MeEXaHUKAJIAHJBIPBLIYbl THIC.
JKYMBICTBIH MeXaHHM3alMAChIH €HTi3y, OSJETTe,
KapakaTTaHy/IblH TOMEHJEYIHE BIKMal eTel.
Anaiiia >xoFapblia KeNTIpUITeH JepeKTep Tu-
ey-TyCipy KYMBICTApPbIHIAFbl MEXaHU3MIEP/l
naiianany Ke3iHJe kapakaTTaHy/blH eayip ca-
HbIH KepceTreai. OcblFan opail eHOeK eHIMIiTI-
TiH apTThIpyFa FaHa eMec, OoJapAblH Kayirci3i-
IiH KaMTaMmachl3 €Tyre OaFbITTaliFaH >KYMBIC
MIPOIIECTEPIH YTHIM/IbI YHBIMIACTHIPY KasKeTT1Ti-
Tl TyBIHIANIBL.

Tanam eTiNeTiH XYK KeTeprim Kypanjiap
MEH €HOEKTI YHBIMIACTBIPY 9IICTepl OJapiibl
KOJIJIaHy Ke3iH7e >KYMBICTap OHAIPICiHIH kK0o0a-
CBIH HEMece THEY-TYCIpy JKOHE KOJiK omeparu-
STAPBIHBIH OapJbIK KeIIEeHIHEe TEXHOJIOTHSIIBIK
KapTajapabl a3ipiey opOip Ke3eHre cail Heris-
neneni. Ocplnaiiia Kayinciz eHOeK jkarjaiina-
pBl THEY KOHE TYCIpy KYMBICTapbl OOWBIHIIA
KEKeJIeTeH JKYMBIC MPOLECTEePiHIH CHUIAaThIMEH,
OJlap/IbIH  apbIKIIa epeKUIeNiKTepiMeH, Kaii-
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Ta TUEJICTIH DIIEMEHTTEePAIH OapiblK KYpPbLUIBIM-
JIBIK CHUMaTTaMajapblH HAKThl YChIHFAHHAH KeH-
1H, OOIIIIeKTep MEH ANEMEHTTEP/1 OybIN-TYIOTE,
LIMEKTeyTe JKOHE TachIMallayFa KOWbUIAThIH Ta-
JanTapMeH erXeu-TerKeln TaHbICKAaHHAH COH,
an Keiijie TachIMalJaHAThIH MaTepHalgapablH
OpTYpIIi (PM3HKA-MEXaHUKAJIBIK XKOHE XUMHUSIIBIK
KacHeTTepIMEH TaHbICKAHHAH KeliH FaHa pyKcar
Oepineri.

Opbip eHaipic ©3iHIH KayinTi KOHE 3UsH-
JIbI OHJTIPICTIK (haKTOPIAPBIHBIH KEUICHIMEH Ka-
pacTeipbiianbel. Kypbuibic canachlHBIH OeIeK-
TEpiH HIBIFAPAThIH OHIPICTIK TEXHOJIOTHSIIBIK
MPOIECTEPIIH, KYMBIC TOCUIAEPI MEH KOJIaHbI-
JIaThIH KaOIBIKTAP/IBIH allyaH TYPIUIriMEH CH-
narranajasl. Kypbuiblc eHIIPICIHIAE )KYMBIC KOl
eHOEeK CBHIMBIM/IBIIBIFBIMEH €PEKIIEICHEAl KoHe
OH/IIpiCTe JKYMBIC KEHICTIriHE 1IaH, Oy, ra3, yi-
KEH MeJIepae Kbuly OelyMeH, COHJai-aK 3u-
SHIBI OHJIPICTIK IIy MEH AIpiAiH maiina 6o-
JTybIMEH alKbIHAAa/IbI.

JKympIc icTeymrire keneci KayinTi eHIipicTiK
(axTopiap acep eTyi MyMKiH:
— KO3FaJlaTbIH Hemece

MeXaHU3M/IED;
— TachIMaJIJaHATBIH KYKTEp;
— BIeKTp Ti30eriHjaeri KayinTi KepHey.

JKyx xeteprimr KypbUIFbLIapAbl Maiigana-
HYy Ke3iHJeri amarrap MeH jkazaTailbIM OKHFa-
JapAbIH Heri3ri cebenTepi MbIHAiIap OOJMBINT
TaObLIAIbI:

— apHailbl OKyJaH OTIereH ajgamJap/bl KpaH-
16l 6ackapyra xioepy;

aliHaJIaTBIH

—  MEXaHU3MJepAe KYK KoTepy OMIKTIriH aB-
TOMATThl TYPAE OPEKET €TETIH IIEKTETiTepaiy
60sIMaybl;

— camachl3 KYK KapMmaylibl >koHe Oacka Ja
KOCAJIKbl Kypajgapabl (TpaBepcTep, CTpOMTap,
KBICKBILITAp, KOHTEHHepyep »oHe T.0.) KoHe
BIJIBICTHI N 1a1any;

— OKYMBICIIBIIAPABIH ~ OHIIPICTIK  TOPTINTI
Oy3ysl (KpaHIbl ©3 OETiHIIEe KOCy KoHE Oacka-
py), TeXHUKa Kayirnci3airi OoifbiHIa OenrineH-
IeH >KOHE JKYMBICIIBIIapFa OeNriii Tamantapisl
OpBIHAAMAYBI;

— MEXaHU3MJep MEH MallluHaIapabl TYpbIC
JKOHE Kayilci3 maijanaHynsl YHbIMIAcThIpyFa
TEXHUKAJBIK KaJaaraiay/iblH OoaMaybl (KpaHIbl
naiiiananyra skayarnThl TYJIFalapaslH 00IMaybl);
—  THEY-TYCIpYy KYMBICTApbIH Hallap yibimaa-
CTBIpY, OyibIMIap MEH MaTepHaIaapabl Kyhecis
OpHaNacTeIpy, Oenriii 6ip *KYMbIC OTETIH XKep-
TIep/iH, KayinTi ailMaKTapAblH KOPIIayIapbIHbIH
6osMayBl K9HE T.0.

XazaraiiblM OKuFajmapAbl Tangay OJapblH
KOTILILTIr )KYKTiH CeHIMCI3 OeKiTuTyiHeH (6achin
aJlyJlaH) OpPBIH aJlaTbIHBIH KepceTelli, OyFaH xKy-
MBICIIBUTAP/IBIH TOXKIpHOECi MEH Kayirci3ik Ta-
JanTapbiHbIH OY3bLTYHI a3 JOPEKEIe ocep eTe/l.

ABapusiiap MeH kas3aTailblM OKHFaJIapJblH
aJIJIBIH aJTy YIIIH KPaH/Ibl )KYMBIC aJI/IbIH/Ia XKOHE
JKYMBIC COHBIH/Ia MYKHUST TEKCEPIIl Iy KakeT.

Kpanns! Texcepy GapbichiHIA:

— KpanHbIH MeTau1 KOHCTPYKIUSCBIMEH Kep-
JICHIIPTIII AIEMEHTTEP/IIH KaHACKIN TYPMAYbIH;

2 cypem — TKT-200 xonooxanvl mesceziuii
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— KpanHbIH KyaTTaHIBIPFBILIBIHBIH KOCKBIIII-
TapbIHBIH JKaFaiibIH;

— JKyk Kapmaymibl KYpBUIFBUIApABIH KOMII-
JIEKCTi OONTyBIH;

— Texnuka Kayirci3airi OOHBIHIIIA €CKepTIEe
Karas3/iap/bIH O0ITybl;

— KpaHHbIH TeXHUKaNbIK >KargaiibiH (KpaH
OemmiekTepiHiH OYTIHAITIH, ChIHOAFaH/IBIFbIH,
TBIFBI3JBIFBIH,  TYTACTBIFBIHBIH  OY3BLTYBI)
TeKcepiiei.

Kayirci3z 6epiireH )KyK KeTeprill MeXxaHu3-
MHIH KypbUIFbIapeiHbiH 0ipi TKT-200 kanon-
Kajbl Texerinn (2-cyper). byn kamojkansl Te-
JKETIIITE 39KIPAIH a3 )KYPICIMEH epeKIIeIeHeTiH
MO-b TunTi 35neKTpoMarHuT Kojaansiaasl. On
pblYarTa OpHaTbUIAIbI.

Bonar apkanHbIH ecebi Kypri3imi:

1. ApKaHHBIH TYypi MEH KOHCTPYKIHSICHI OHBIH
MaKcaTbIHa OaiIaHbICThI TAHAAIA/IbI:

XKyx keTeprim MexaHU3MAEPAl KaOAbIKTay
yuin 6X37 xonctpykuusicsl TJIIK-O Tunti uin-
rill apKaHAap KOJJIAHbLIA b
2. JlebenxanbiH Tapty Kymi S=1000 xrk (xu-
JIOTpaMM KYIII) €KeHIH €CKepe OTBIpbIN, Ooiar
apKaHHBIH Y3UIy KYIIi aHBIKTaIAbl. ApKaHHbBIH
HETI3JIeNTylH JKOHE JKYMBIC pexuMiHe Oaiiia-
HBICTBI OepikTik Kod(p¢unuentin k=0.5 nen
TaHaJIbI.

R=1000*5=5000 (xex)

3. TaObutran y3idy Kymn OOMBIHIIA apKaHJIbI

TaHIauMBbI3:

— apKaH KOHCTPYKIMACHL: 6X37;

— KWJIOTpaMM KyuIteri y3iay kymi: 9050;

— Oepikrimik meri 160 krr/mm?;

— nuametp 13,5 mm.
XKebeHiH OepiKTiriHe ecentey >Kypri3uiii.
L= 1800 mm;

P=1000 ke,

D=150 mm;

d=145 ymm;

[o]=160*10° (H/m?)

NERX o pgmax

63]{3 = F + ['Vu.i

NTRE e

F + W, <[o]
anD* [Oag®

F= s 4

Mynnarsl, D MeH d KyOblp KUMachIHBIH €H
YJIKEH OoHE €H Killll AHaMeTpi;

MTe¥ = px]

W, =01d?*(1—a*)

d

o=7

MIe¥ = 1000 = 1.8 = 1800 (Hiw)
_ 0,145

e 0.96

W,. = 0.1 =0.145°%(1-0,96*)=0.000012

c . max =

4 % — 15863651(H/M?)
3.14(0.15%-0.145% ' 0.000012
~ 158*10°(H/m?)

o ., "™ =158*10°< [6]=160*10° — maprsI
OPBIHAAIBI.

Kypsbuisic CaJlaChIHbIH OeuIeKTepiH
IIBIFApaThIH  KEUICHIHAEe eHOEeK Kayirci3mirin
YUBIMIACTBIPY OapbIChIHAA OH/IIPICTIK

KapakaTTaHy MeH KociOu aypynap/sl TOMEHIETY
YUIIH eHJipicTe eHOEeKTI MeXaHHKaJlaHIbIpyFa
Ken KeHiUn OemiHyi Tmic. byn ocipece aybip
(bu3HKaIBIK €HOeK KYIIiH MaigalaHbUIaThIH KYIO
yuJacKeJepiHJe eTe MaHbI3IbI.

MyHnait JKarnaina Kylimanap MEH
(opmanapblH OpHBIH aybICTBIPY KE€3iHIE THEY-
TYCIpY )KYMBICTapbIH MEXaHUKAJIAHIBIPY KYpajibl
pEeTiHe ANEKTPIACHIIPUITeH KpaHabl Maiaanany
YCHIHBUIIBL.  OCBl  KYpBUIFBIHBI  KOJIJaHY
KbI3METKEpIIEp/IiH eHOeTIH enoyip JKeHIIAeTyre
MYMKIHIIK Oepeli, COHbIMEH KaTap KociOu
aypynaplblH Maija OONyBIHBIH aJ/IbIH allyFa
KOHE OHJIPICTIK )KapaKaTTaHy/lbl TOMEHIETyTe
OarpiTTasniFad. KpaHMeH KyKTepai KeTepy
JKOHE TachkIMalay Ke3iHJeri eHOeK Kayirci3Iiri
OHBIH KOHCTPYKTHBTIK €peKIIETIKTepiHe >KoHe
epexerep MEH HOpMajapra  CoiKecTiriHe
0OalIaHBICTEL. OcbLiaia NaubIHaaJIaThIH
Marepuaggap MeH Oeiiekrep,  KOCAJIKbI
Kypasnaap OepiKTiKKe KaThICThl OapIbIK THICTI
TEeXHUKAJIBIK  IIapTTapra,  CTaHAapTTapra,
HOpMaJlap MEH epexenepre cail 00Jybl THIC.
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KopbIThIHABI
byn wMakama  KypbUIBIC  ©HIIpiCiHAC
Kayirci3mikTi KamMTaMachI3 eTeTiH

KYpBUIFBUIAP/IBI k00aay jKoHe IYphIC KOJIaHy
KAHIIAJIBIKTBl  MaHbI3/Ibl €KeHIH KepCeTesl.
[HIeTTik aXBIPATKBIIITHl KOJIJAHY KYK KOTepy
MEXaHU3MIiHIH TOKTayblH KAMTaMachI3 €Te[i, OJ
YKOFaphI JKarIaiiFa ;KEeTKeH e, apKaHHBIH Y31TyiH
OonIbIpMaiIbI.

’Kebe  KOHCTPYKIMSICHIHBIH  O€piKTiriHe
KYpri3iireH Tekcepy ece0l KpaHHBIH KYMBICHI
Ke3iH/e KOWBUIAThIH TEXHUKAIBIK IIapTTapra
coiikec KeneTiHIH kepcerTi. Jlypwic ecenrtey

JKoHe OonaT apKaHIbl TaHAAy KYKTIH Y3UTyiH
OongpipMayra centirin Turizeai. Can Typii
KYK KapMmaylibl —KYpPBUIFbUIApAbl  KOJAAHY
TachIMallJaHATBIH  JKYKTI CEHIMII OeKiTyre
MYMKIHIIK Oepeai. ATanfaH KYpbUIFbUIAp MEH
KayiMci3aik KypaaaapblH Maianany, ;ka3aTaibiM
OKHFaJIap/ibIH CaHbIH a3aiiTazbl. COHBIMEH Karap
Kayirnciz eHOeKk IKarJalIapelH KamMTamachl3
eTy JKOCHapblHAa aJJblH ajly TeKCcepylepiH,
TEXHUKAJBIK KbI3MET KOPCETY MEH >KOHeyaepai
YaKTBUIbI )KYPTi3y/IiH MaHbI3bI 30p €KEeHIH TYCIHY
KaXeT.
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VIIK 544.632.2
MPHTH 31.15.33

MOJIUBAEH MEH T'YMUH/II 3ATTAPIBIH MOJU®UKAIMSICHI
HET'BBIHJE DJIEKTPOITHI MATEPHAJIAPIBI ATTY

BYTEMBAEBA A.K., TIOYJIETBAHU A., CEPUKBAEB B.A.,
BAJJIABAMOBA I'.J1., KAMBICBAEB JI.X.

an-Dapabu amvinoaevl Kazax ¥nmmulx ynueepcumemi

Anoamna: Byn sicymvicma enimizoiy Exibacmys enoi mexeniniy KOybip KoMIp KeH Kal0blKmapulHan oHOIpii-
2eH 2yMUH KbIUUKbLIbL MEH MOIUOAM UOHbL APACHIHOARbl IpeKemmecy yYOepicin sepmmey 00nbin MabdbliObl.
Ken opuvinan anvinzan symammarn eymun KblUKbLIbI CUHME30EN ANIbIHBIN, AIbIHEAH 2YMUH KbIUKbBLIbIH MO-
AUGOamM UOHBIHBIH ePIMIHOICIHe CAbIHBIN, OIp MIYVIIKMEH KelliH Kauma Kenmipin, 2yMuH KblUKbLIbl — MOIUOAm
JACyLiect AnbIHObL.

Hown anmacy nemece xeueHOi KOCbLIbIC M3y 2YMUH KbIUKbLIbI-MOAUO0am scytiecinoe opuvin anyvl UK cnexmp
JACONAKMAPBIHOA HCAHA HCONAKMAPObIY NALOA OOLYbl HcaHe abcopoyusnblK xcoraxmapovty eseepyi OH, C-H
JICoHE KOC OAUIambichl 6ap auMakxmapobvly CO3bLIYbl Hemece 0epopmMayusianybl O0IAmMbIHObIZbIH KOPCEmmi.
Byn eymun xorukwiiviney (I'K) men monuboam uonoapulHuly apekemmecyi UOHObIK HeMece d1eKMpPOH-00HOP-
JIbl KOMNIEKCMEHY MEXAHUIMI apKbLIbl HCYPEeMIiHOIeIH AHLIKMAYea MYMKIHOIK Oepoi.

Cmayuonapivl wiblibl KOMIPMeEK 91eKmpoobl NAUOANAHBLIOb, OHbIY bemmici apmypii KOCbLIbICMAPbIMEH
MypAeHOIpinin, onapobly S1eKMpPOXUMUSILIK KACUemmepi 3epmmenitoi.

Tymun KerukbLivl — MOIUOOAMm JCYUECTHIY INEeKMPOXUMUATBIK 3epmmey Hamuicerepi yukaoi onbmamnepome-
mpusiilx (L{BA) manoay 20ici apkwinwt acypeizingi. 3epmmey Hamudicenepi 2yMuH KblKblibl MeH MOAUOOam
UOHOAPBIHBIY APACHIHOA apeKemmecy 001amvlHObIbIH 0AUKAObIK. DNeKmpoxumusanvly 3epmmeynepoe pH
acepi 0e Kapacmuipuliobl. Opi 91eKmpoo beminde UMMOOUTUIAYUANAHRAH MOTUOOEH Hemece MOAUOOeHHIH
OKCUOMI KOCHLIBICIMAPBIHBIY NIeKMPOXUMUATBLIK OeNCeHOLNil, 01l MYpAeHIpiieeH d1eKmpoo0 apKblLibl J1eKmpo-
KAMAanumuKaielk peakyusiapobl JHcyseae acvlpyod KoaioaHy2a MyMKIHOIK bepeoi.

Tyitinoi ce30ep: eymun KbluKblibl, MOAUOOAM UOHOAPLI, MOOUDUKAYUALAHRAH INEKMPOOmap, Yyukioi 60/b-
mamnepomempusi

IHHOJYYEHMUE JJIEKTPOJHBIX MATEPUAJIOB HA OCHOBE MOIN®UKAIINHU
MOJIMBIEHA U T'YMHUHOBBIX BEIIIECTB

Annomauus: Jlannas paboma aeisemcs usyyeHuem npoyecca 63aumMo0eicmaus Mexicoy UOHOM Moauboama u
2YMUHOBOLL KUCTOMDBL, O00BIMOU U3 OYPBIX Y2ONbHBIX MECOPOAHCOeHUI DKUOACTYICKO20 HACELEHHO20 NYHKINA
cmpanol.

H3 eymama, 00061moco ¢ MecmopodicOeHUs, CUHMEIUPYEMcs 2YMUHOBAST KUCIOMA, KOMOpAds nocie nome-
waemes 6 pacmeop UOHA MOIUOOAma, uepe3 CYmKuU nepecyuusaemecs u noayyaemcs cucmema eyMuHosoll
KUCIOMbL U MOAUbOama.

Honoobmen unu xomniekcHoe coeounenue noKazaiu, Ymo nosigienue Hogvix noioc 6 UK-cnexmpe u usmene-
Hue abcopoOYUOHHBIX NOIOC 00YCI06IEHO pacmazueanuem um oegpopmayuels 304 ¢ 08ouHviMu ceazamu OH
u C-H. Dmo nosseonuno onpederums, umo gzaumodeicmaue 2ymunogou xuciomol (I'K) u uonogé monuboama
NPOUCXOOUM Uepe3 MeXAHUIM UOHHOU UNU IIeKIMPOH-OOHOPCKOU KOMNLEKCAYUU.

B cmayuonapnom cmexne ucnonv3o6ancs yenepooHulii 21eKkmpoo, Ha NOGEPXHOCIU KOTMOPO2O Obllu npeodpa-
306aHbL PA3IULHBIE COCOUHEHUS U UZYUEHbl UX DNIEKIMPOXUMUYECKUE CEOICTNEA.
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Pesynbmamul 31eKkmpoxumMuieckux uccied08anull 2yMUHOB0U KUCLOMbl-MOIUOOAMHOU CUCEMbL NPOBOOUTIUCD
MEMOOOM YUKIUYECKO20 soNbmamnepomempuieckozo (L{BA) ananuza. Pesynomamul ucciedosanus nokazanu
npucymcmeue 63aumMo0etiCmaus Mexicoy UOHAMU 2YMUHOBOU KUCIOMbL U MOAuboama. B snexmpoxumuueckux
UCCNeD08ANUAX MaKHce paccmampusancs s¢pgexm pH. Ilpu smom anekmpoxumMuyeckas, akmugHOCHb OKCUO-
HbIX COCOUHEHUL UMMOOUTUZ0BAHHO20 MOTUOOEHA UAU MOAUOOEHA HA NOBEPXHOCTU ANEKMPOOad NOKA3bledem
B03MONCHOCTID €20 NPUMEHEHUS. 8 OCYUWECNBLEHUU INLEKMPOKAMATUMUYECKUX PeaKyull nOCPeoCmeom Moou-
DuUYUpPoBaAHHBIX 31EKMPOO0s.

Knrwouesvie cnosa: eymunosas kucioma, uoHvl MOAUOOAMA, MOOUPUYUPOBAHHDBLE INEKMPOObL, YUKIOBASL BOb-
mamnepomempusi

EXTRACTION OF ELECTRODE MATERIALS BASED ON MODIFICATION OF
MOLYBDENUM AND HUMIC SUBSTANCES

Abstract: This work is a study of the interaction between the molybdenum lon and humic acid extracted from
the brown coal deposits of Ekibastuz region.

From the humin extracted from the deposit, humic acid is synthesized, which is then placed in a solution of the
molybdenum ion, after a day it is dried and a system of humic acid and molybdenum is obtained.

lon exchange or complex coupling showed that the appearance of new bands in the IR spectrum and changes
in absorption bands are caused by stretching or deformation of zones with double OH and C-H bonds. This
allowed us to determine that the interaction of humic acid (HA) and molybdenum ions occurs through the
mechanism of ion or electron-donor complexation.

In stationary glass, a carbon electrode was used, on the surface of which various compounds were transformed
and their electrochemical properties were studied.

The results of electrochemical studies of the humic acid-molybdenum system were carried out by the method
of cyclic voltammetric (CVA) analysis. The results of the study showed the presence of an interaction between
humic acid and molybdate ions. The pH effect was also considered in electrochemical studies. In this case, the
electrochemical activity of oxide compounds of immobilized molybdenum or molybdenum on the surface of the
electrode shows the possibility of its application in the implementation of electrocatalytic reactions by means

of modified electrodes.

Key words: humic acid, molybdenum ions, modified electrodes, cyclic voltammetry

Kipicne

I'ymunai 3arrap (I'3) — Mukpoopranusmiep
MEH OpTaHbIH A0MOTHUKAJIBIK (aKTOPIApbIHBIH
ocepiHeH OCIMJIIK >KOHE >KaHyapiap KaJlIbIKTa-
PBIHBIH BIABIpAYbl Ke3iHAE KaJbITacaThlH Ta-
OUFH HKOFapbl MOJIEKYJAIbIK Kapa KOHBIP TYCTI
OpraHUKaJIbIK KOCBUIBICTAPbIH OMOAECTPYKIIHU-
sChIHA Te31MI Kypaeni kocnanap [1]. I'3 Tombl-
paK JKoHE Cy SKOKYHenepiHiH OpraHUKabIK 3at-
TapbIHBIH MaKpPOKOMITOHEHTI, COHJai-aK KaTTbl
JKaHFBI Ka3bamap Oombin Tabbutamel. I'3 Kik-
TeJyl KbIIIKBUIAAP MEH CUITUIEpe epirilTiKTiH
aiiplpMaIIbUIbIKTapeiHa HerizgenreH [2]. Ockl
)Kikremere coiikec ['3 ym Typre Gemineni:
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I'ymunmi 3aTTap — ciatiiepae e, KbIIIKbUI-
Japaa  Aa  epiMedTiH TaOWFM  KaJlbINTacKaH
KaJIbIK;

I'ymun  kpmmkpuinapsl (I'K) — cinarinepne
epUTIH, al KbIIIKbUIAapaa epiMelTin I'3 ¢pak-
musicel (pH < 2 xe3inpe);

OynbBokbIIKeIIAApEl (PK) — cinrinepae
Iie, KpIIIKbUTAapaa f1a eputid ['3 ppakiuscel.

I'yMuH XoHe (QyIbBOKBIIIKBUIIAPBIH Oip-
TyTac kaimnbljiaMa "TyMyC KbIMIKbUIIApHI" Aen
araiabl. ['ymyc KBIIIKBULIApBI JKOXKYHeEIepae
OTETIH XUMMSJIBIK MpolecTepre OeinceHnai ar-
caJbICaThlH peakIUsIbIK KabineTke ue ['3-1biH
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Heri3ri Oeuiri (KOMIOHEHT) OOJNBIN TaObLIa b
[3].

I'K-ubiH  kypambiHaa optypmi  (-COOH,
-NH,, -OH, -CHO, -SH, -NH- 1.6.) ¢ynximo-
HAJJIBIK TONTApABIH Oap €KEHMIri Typaibl Kem-
TEreH FalbIMIap ©3 EHOEKTEpiHJE KOpCEeTKEeH
[4]. CoHbIMEH KaTap TyMHUH KbIIIKbUIIAPbI €PEK-
11e OETTIK CUMarTamanapra JKoHe KeyeKTUTIK Ka-
CHETTEpiHE W€, COHJBIKTaH Jla OPKWJIbI Opra-
HUKAJIBIK 3aTTap MEH OeHOopraHuKalbIK KOCBLI-
BICTApIbl ajzcopOuusIayFa, CiHIpyre »oHe ce-
JIEKTHUBTI 3KCTparupieyre KaOiierTi.

I'K-mapel mMetayur MoHIapbIMeH Oepik Ke-
IIeH1 KochuiblcTap Ty3yre Oeitim. Kenteren
KarJaiaapaa MeTaul HOHAApbIMEH TYHBIK Oec
HEMece aNThl HUKIMEH CHUIATTaJIaThIH XeNaTThl
KOCBUIBICTAp TYy3€ anajasl [S].

H
R-C-0" 0-C=0

e~ O_J |
0=6-07 o-C-R
W

Cupex onementrep, Cu [6], Fe(Ill) [7],
AI(IID), Pb(II), Ca(Il), Mn(II), Mg(II), Fe(III)
xkoHe oTe a3 memmepaeri As(V), As(IIl) [8-
13] 1.6. xenteren metangap meH ['K-HbIH ope-
KeTTECETiHI Typajbl KemNTereH eHOeKTepie
OastHtanraH.

By 3epTTey *KYMBICHIHBIH MaKCaThl €1iMi3-
Jeri KeMip KeH OHIIpICIHIH KaJlJIblKTapblHaH
ansiarad ['3-tan 'K cuHTe3nmen amy »KoHe
anpiaFal ['K-HBIH MonmuOmaT HMOHBIMEH KOM-
TUIEKC TY3YiHIH (PU3UKO-XUMHUSITBIK KACHETTEPIH,
arar aiitkanna, MK >xoHe 21eKTpOXUMUSIIBIK Ka-
CHETTEPiH KapacThIpy OOJIBII TaObLIabI.

Ta:xxipubestik 00s1im

XUMUSIBIK ~ OHJAEY VIIH  KOJJaHbLIa-
TBIH pEareHTTep IKOHE Kypal->KaOIbIKTap:
bunucrinmenren cy, xumusuiblk Taza NaOH,
H,SO,, HCI, 0.1 M NaSO,, xone 0.1 M
Na,MoO, Ty3napbiHbIH epiTiHIiCl, TOMEH KOH-

HEHTPIi MONMUOAAT epITIHALIEp] aJFallKel daii-
BIHJQJIFaH CTAaHAAPTTHI epITIHAIHI CYHBUITY
apKbUIbl NalbIHAATBIHABL (MbIcanbl 10-8M, 10-
7M 1.6.); Cniupt; Nafion 117 epitingzici (Sigma
Aldrich), BaiinaHbICTBIpYIIBI MHEPTTI XUMUS-
JBIK TYPaKThl (KOHLEHTPJl a30T KBIIIKBUIBIH
KbI3IBIpYbIHAA TekcepinreH), 100°C-ka neitinri
TeMIeparypara TEPMUSIIBIK TYPaKThl )KOHE Me-
XaHUKAJIBIK Oepik 3at, opi TOK OTKI3rill Kacu-
€TKe Me MOJMMEepIli MeMOpaHa; 3JIeKTpoa OeTiH
enneiTin amomunuid (I1I) oxcuai (yHTaK Kyii-
e Imxm, 0,3mxM, 0,05MkMm); MaTta «Buehlery;
¢unbTp Karaznapel; WK-cnexrpomerp (®Pypb
Spectrom 65) KOHABIPFBICHL; AHAINTUKAJIBIK Ta-
passl (Pioneer PA214C, Ohaus); naGoparopusi-
nwiK enresep; Capp bravo tammrypsr (2-20MKk,
10-100mxm, 100-1000MKd);  yIBTPaabIOBICTHIK
BanHa EMAG Ultrasonic cleaner Emmi 20 Eco,
3epTXaHalbIK Keli-KeJcan (CTymka); 3epTxaHa-
neiK enek (Natest BS 410-1, 100 mic).
OnexTpoxuMusislK 3eprreynaep Nova 1.10
nporpaMMmacblMeH  JkaOapIkTanraH — Autolab
KYpbUIFBICBIMEH Kyprizinai. Tampmayra nei-
1H KOMEKIIl JKOHE JKYMBICIIBI BIEKTPOJIUT-
TepiHIH KYpaMbIHAAFbl €pireH OTTEriH Ta3apTy
yuriH apron (Ar) ra3sIMeH aifijay xyprisiiemi.
DNEeKTPOXUMUSIIBIK 3€pTTEyJIepre YII 3JIeKTPO-
Thl YAIIBIK MaiiadaHbUIbl, >KYMBICIIBI 3JIEK-
TPOIBI PETIHJE LIBIHBI KOMIPTEKTI 3JIEKTPOJIBI
(IIKD) (d = 3 MM, 1 = 5 cm) xoHE SpKeNKi KO-
ceutbicTapMe (Haduon, HapuoH+I'K, Hadu-
o+’ K+monubaar) rypaenaipinren KD, ca-
JIBICTBIPMAJTBI AJIEKTPOJI PETIH/IE KYMIC XJIOPUAITI
anektpoasl (KX3), (morennmanst E = 0,22 B, T
= 25°C kesinue, karemniri + 0,2 MB), an kemekri
AIIEKTPOJ] PETiH e MILIHBI KOMIPTEKT1 (d =5 MM, |
=5 cMm) anekTpoaTap naiganansuiiel. XKacanran
3epTTeyaep OpTYpii MOTEHIUaNT Oepimy KbLl-
JaMIbIKTapbeinaa skyprizinai (v=0.1v/s; 0.05v/s;
0.025v/s; 1v/s). bykin ynaepicrep Oename Tem-
neparypaceiiga (T = 25°C + 2°C) anbIHzbIL.
0. M Na,SO, epitiHaici kemekuri (poHIBIK)
ANIEKTPOJIUT EpITIHAICT PETiHAEe KOJAAHBLIIbIL.
Onekrponut epitinaiepiniy pH opracet NaOH
xone H,SO, epitinainepiMen conKeCTeHIipii.
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I'yMHMH KbIIIKBLIBIH a1y

Enimi3aiH keMip K€H OpHBbIHAH aJIbIHFaH Ha-
Tpuil rymarsiHad 40 rpamMM anbibl, oHbl 0,1 H
100 mn HCI epitinaiciven 30 MHHYT OO¥ibI
MarHuTTI apanacTBIPFBIITA apajacThIPBLIIBL.
Apanackan epitinai ueHtpudyraga 30 MUHYT
OOWBbI alHATABIPBUIBIT, TYHOA MEH CYHBIKTHIK
Oip-OipineH Oemin anbiHaabl. CYHBIKTBHIKKA TY-
MaT KypaMbIHJaFbl Ty31ap MEH KapOOKCHIH-
npattap OemiHiN KeTei.

benin  anplHFaH KOMMAaDKBIH — YJTIMEH
TOKipuOe  apbl  Kapail  JKaJFacThIPBUIIBI.
Koitmamkeie yariaig pH-b1 7,79 TeH Gonpsl.
KoliMabKbIH YITiI€H TYMUH KBIIITKBUTBIH OO
aly YIIiH, OHbl MAarHUTTI apaJacTBIPFBIIITHIH
kemeriMmen 0,1 NaOH epitinzicimen apa-
nacteipa oTbIpbin pH-bIH 12,5 kenTipini.

pH-b1 12,5 TeH epiTiHIl KYpaMbIHJIAFbI epi-
T'€H OTTEK T'a3blH BIFBICTHIPY YIIIH OHBI 30T Tra-
3pIMeH 20 MUHYT 00i1bI OypKbIIIaTabl. A30T ra-
3bIH K10epil 00JIFaH COH CTaKaHHBIH OeTi OipJeH
#aObLTbII, 24 caraTka OaKplIayFa KaJAbIPbUIIbI.

24 caraT OTKEHHEH KeHiH, KaJJbIpbUIFaH
epitiaaini 20 MuH 1eHTpudyraga anHaIIbI-
pBUIBIT, TyHOA MEH CYHBIKTBIK OOJIHIN aJbIH-
nbl. CYMBIKTBIK Oip cTaKaHFa KHHAKTAJIBII, OCHI
cyibIK epitinainig pH-b1 1,5 6onranma 0.1 M
TY3 KBIIIKBLIBI €pPITIHAICT KYHbUIa b

pH-b1 1,5 xentipinaren epitinaire 20 mu-
HYT OOHBI a30T ra3bl kidepii. A30T ra3blH XKi-
Oepin OonFaH COH, epiTiHAIHIH OeTiH xaysin 20
caraTka OakplIayFa KaJJIbIPbLIIbL.

bakpimayra Kannelpbuirad epitiagini 20
caraTTaH KediH UeHTpudyraga aiHaIabI-
Py apKbUIbl TYHOA MEH CYHMBIKTBIK Oip-OipiHEeH
OemiHin anbiHanbl. bemnin anbiHFaH TYHOAHBIH
Maccachl TYpakThl OoniFaHIna, Mydenb Neminie
KeNTipiiei.

Typaenaipijires ajekTpoarapabl aixy

JKymbicibl anekTpos petinae 4 Typii dek-
TpoA makgananbuianel. Omapapl yaepicke naii-
piHgay kenecined. LIIKD-pH KonmaHnap anmbiH-
Ja Ta3ajayldaH OTKi3Iemi, O YIIiH YHTaK Kyi-
1H€er1 Ale3 CYCIIEH3MSChIHA Ceri3 MIIIiHIl Ka-
JBIITACTBIPA OTBHIPHIN  YHKENeMi3, Keneciae
o0meH Imaiimanan KYHHEH JjKacajfaH MaTaja
y#KemneiMi3, COChIH CY3ri Kara3blHJa YHKememn
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1. 10mMr 'K
2. 10 Mk HahmoH
3. 10 Mk ciupt

SMKT

VYnbTpaibIObICTIK cycrensus

apasacTeipy

1 cypem — LLIK snekmpoovin apmypii KOCbLIblCmMapmeH
mypaeHoipy

OMIIMCTENIGHTeH CYMEH IHIalbIl, KeNTipemis.
TypraeHaipuIreH »IeKTpoaTap Kejieci TopTim-
neH maneiaganansl. Cunresgenren I'K 1t mer-
wepi 10 max 0.1 M Na,MoO, Tty3napbiHbIH
epITIH/AICIHE CANBIHBIN Oip TOYMIKKE KaJlAbIPbI-
naapl. Keneci KyHi anblHFaH KEIICH[I KOCHLI-
BICTBl 3 peT OWAMUCTUINEHIeH CyMeH IIaiMa-
nan Mydenpal memTe TYpakThl Maccara KelareH-
me kenripineai. Kenripinin ansmran ['K men
I'K+monubar kemeHai KOCBUIBICTApPBIH 3epTXa-
HAJBIK KeJiJie YHTaKTam, Oipieil emmemMal yH-
TakTapApl any MakcarbiHaa 100MKM-IIK 3epT-
XaHaJBIK €JIeKTeH oTKi3linenl. Enexren oTki3ii-
reH YHTaKkThlH 10mr-eiH 10Mkn1 HaduoH MeH
10MKA crnupT epiTiHAICIHE CalbIHBIN, YAbTpa-
JBIOBIC KOHIBIPFBICHIHBIH KOMETIMEH TOMOT€H/1
CYCHEH3MSUIBIK epITIHAl Ty3reHre JeiiH apanac-
THIPBLIAJBl. ApanacThIpbUIFaH €piTIHIUIEpACH
TaMIITYbIp KOMETIMEH SMKIT aJIbIHBII, Ta3ajaydaH
oTkeH LIIKD-ueiH OeriHe TambI3buiansl (1-cy-
pet). Dnektpox OeTiHe TaMbI3bUIFaH epiTiHai 10
MUHYT 00¥bI TAOUFU KeOyre KaJabIpbLIa/bl.

AJIBIHFAH HITHKeJIep JKoHe

0JIapabl TAJaay

I'K men I'K-mMonmubmar KOCBUIBICTapBIHBIH
UK tannayst
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Emimi3giH  keMmip KeH  OpBIHIApbIHAH
aneiaral ['3-nan cunresnen ansiaFad ['K -HBIH
xoHe I'K-MonnbaaT kereH i KOChUTbICTapbIHbIH
UK cnexTp Tangay HOTHXKeNepi anbIHIbI (2-Cy-
pet). Cuntesnen ansiarad ['K -HBIH ciekTp Taj-
Jay HOTHOKelepl o1e0M MOHJEpMEH Heri3iHeH
Oipzeil. A3naraH albIpMAIIBUIBIKTAP JKEPriliK-
Ti OpBIHHBIH TaOufraTbiHA OaiMaHBICTHI Oojca
kepek. Herizinen 'K kypambIHmarbl (QyHKIH-
OHANJBIK TONTAp MOHIAPMEH (KaTHOH HE aHU-
oH) opeketke Tyceni. 2-cyperre 'K xone I'K-
MonuoOaaT KockuibicTapeiHbiH UK cnekTpi ken-
tipiared. 3000-3500 cm' aiimarpiana 'K criek-
TPiHIH MIBIHBI OUIK, Opi 6TE KEH >KOJaKThI OOJIBI,
mramMamer 3420 cm™! opHaniackas. byt skonak cy-
MeH OaitnansickaH OH co3butybiHa sxoHe HA
KYpbUIBIMBIHJIAFbI Keitbip OH tonrapsina, 1720
cM’' OpHaJlacKaH uara3oH KapOOH KbIIIKbLIIA-
pbIHBIH C=0 TOOBIHBIH CO3BUIBIMBIHA, COHBIMEH
karap 1615 cm! sxone 1400 cm™! aliMak apasibIFbl
aCUMMETPUSIIBIK *oHe cuMmmerpusibl (COO-)
TONTAPBIHBIH cO3bUTybIHA koHE 1300-1240 aii-
Mak apanbirbel OH TomrapeiHa sxayan Oepeni.
1100-1030 cm! Gipinmriiik cnuprrepre, 915-905
cm' (HRC=CH,) OaiinanbicTapbina, 770-690
cm! C-H Gaitnanbiceina ToH. I'K-mMonubmar ko-
chUIbICHIHBIH MK crieKTpiHIe COHFBI aTaliFaH yIil
TYPJ1 CO3BUIBIHKBI aiMaKThIH TeTe-TEHIIK bIFbI-
Cybl OaliKamaapl.

Transmittance (%)

3850 3350 2850 2350 1850 1350 850 350

wavenumbers cm*

2 cypem — 'K orcane I'K-monuboam xocwinvicmapuvinwviy UK
cnekmpi

DJIEKTPOXMMHSIBIK 3ePTTey HOTHIKeJIepi
OJIETTE OpraHUKaJIbIK 3aTTapAblH KypaMbIH-
Jarbl KapOOKCWJI, THJIPOKCHII, KapOOHMI >K9-

He OEH30J7 CeKiIAl (PYHKIHOHAIIBIK TOMTap-
MEH METaJlll HeMeCe KBIIIKbUT KaJIIAbIK (METaslI
KypamJbl OTTEeKTI aHHWOHAAp) HOHAApHl Oaii-
naHbIcKa TycetiHi Oenrini. An I'K-HbIH Kypa-
MBIH/Ia OCHI arainfaH (YHKIIMOHAJIBIK TOMTap-
IbIH OaprnbIFbl Kezaeceni. MonubnaT MOHBIHBIH
I'K OaitmaHbICKa TYCKEHIH aHBIKTAy MaKCaTbIH-
na I'K-monubnar KOCBUIBICHIMEH TYpPIACHAIPiI-
reH anekTpoaTsiH 0.1M Harpuii cynbharThl Ko-
ChIMINIa AIIEKTPOJIUTIHIH opTypii pH oprana-
peiaa —1.2B xone 1B apaneirsinga S0MB/c
MOTeHIMan Oepily >KbUIIAMIBIFBIHIAA UK
BOJIETAMIIEPOMETPHUSIIBIK KHUCHIKTAPHI aJIbIHIBI
(3,4, 5, 6-¢cyper).

Byn cyperrepaen pH opTachIHBIH ThIM Kyat-
ThI acep Oepetinairi kepineni. Macenen, LIIKO3-
na TeMeHTi pH MoHIH/E ANEeKTPOIUT KypaMbIH-
JIaFbl epITeH OTTEKTiH TOTHIKCHI3IaHybl AHOJTHIK
alimakTa 0aliKaJIMalTBIHBIH, a1 CYTEKTiH OOTiHy
yaepici —1B morenmmangan 6actan KapKbIHIbI
OesiHe OaCTalTHIHIBIFBIH KOpyTe 6omasl (3-cy-
peT a Kucwirel). Haduon xoHe HadUOH Kypam-
JIbI DIIEKTPOATApAA DICKTPOIUT KYpPaMbIHIAFbI
epireH OTTEKTIH aHOATHIK ailMaKTa TOTHIKCHI-
31ay mbIHAapel mamamed -0.5B nmotennuangan
KeHiHri aiiMakra Oaitkanansl (3-cyper O, ¢, 1 KH-
CBIKTap). 3-CYpeT C KoHE J KUCBIKTapbIHAA OT-
TEKTIH AaHONTHIK aiMaKTa KapKbIHIBI TOTHIK-
CBI3/IaHATBIHABIFBl MEH KOCHIMILIA OHIMIED Maii-
na OONMaThIHABIFBIH Kepyre Oomaabl. On JIeKT-
ponteiH Oeprinfiri I'K-nHan GeniHreH eHimjep
00mybl MyMKiH. JlereHMeH 3-cypeT NI KUCHIFbI-
HbBIH KaToaThIK -0.4B moreHinan aiiMarsiHaa T0O-
TBIFY IIBIHBI Maiia Oonaasl. by anekrpos Kypa-
MBIH/IaFbl MOJTHOAAT MOHIAPBIHBIH HEMEce MO-
mubaeH KocbuiblcTapbiHbH -0.65B men -1.2B
MOTCHIMAJIaH  apajbIFbIHA, TOTBIKCHI3IAHY
HOTHMXKECIHJIE TMaiga O0oiaraH MOJMOIEH OKCHUATI
KOCBUIBICTAp/IbIH KaTOATHIK aiiMaKTa TOTHIKKAH
TYPpI.

Onexkrponut epitiHaiciniy pH wmoni 4,5
6oniranna, [1IKD snekrpoa yIiIiH cyTekTiH Oei-
Hyl -1B moTeHnmangan TeMeH MOHE JKYpPETiHi
Oaiikamael (4-cypeT a KUchirbl). HadmoH anek-
TPOABIHAA €pireH OTTEKTIH TOTHIKCHI3IaHYBI
-0,5B mamaceina Oaiikanca (4-cypet 0 KUCBIK),
an 'K snexrponsiaaa 0,25B-TaH keiliHri moTeH-
nuan aWMakTapblHIa OENrici3 TOTBIKCHI3IAHY
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3 cypem — 0,1 M Na,SO, anexmponum epimindicindeei
apmypai anekmpoomapoviy LIBA Kuceikmapwl, nomenyuan
bepiny ocviioamovizel 50mB/c, pH=3,5

OHIMJIepiHIH naiia OONaThIHIBIFPIMEH CHUTIATTA-
nanapl (4-cypet ¢ kuchik). On I'K ToThIFy OHIM-
nepi 6omysl MyMkiH. I'K-monu0ar snexTpoabiH-
na (4-cyper 1 xuchk) -0,5B norenuumangan kei-
iHri -1,2B geifiari tepic moTeHIMan aiMakTa-
pbIH/1a OipHellle TOTHIKChI3AaHy aitMaKTapsl 6ap.
Mynpaarsl anramks! -0,5B men -0,7B norenu-
a7l apalbIFbIHIA AJIEKTPOJ KYpPaMBIHIAFbl MO-
TUOIAT MOHAAPBIHBIH TOTHIKCHI3IAaHy OHIMI He-
Mece JJIEKTPOIUT KYPaMBIHIAFbl €pITeH OTTEK
MOJIEKYJaIapbIHbIH KaTaTUTUKAIBIK TOTHIKCHI-
31aHy eHiMJepi Oomysl Xak, ain -0,7B nen -0,9B
apalbIFbIHIAFBl TTOTEHIIUAT MOHICPIHIE JJICKT-
PO KYpaMBIHJIAFbl MOJTUOIAT MOHAAPBIHBIH TO-
THIKCBI3/IaHYBl KYPYl MYMKiH, COHBIMEH KaTap
-0,9B neHn -1,2B noreHuuan apaabiFbIHAA dJI€K-
Tpox OeTiHae aroMapibl CYyTEKTIH TY3iIyl ap-
THIM, MOJIMOIAT UOHAAPBIHBIH TOTBHIKCHI3AHYbI-
Ha KaTaJIUTUKAJIBIK 9CEP KOPCETYyl MYMKIH JeTeH
TYKBIPBIM jkacayra Oomnanbl. Cebebi KaTOATHIK
aliMakTa MONUO/IEH OHIM/IEPIHIH TOTHIFY HHTCH-
CHUBTUIITIH aiiKpIH Oalikayra Oomansl (4-cyper A
KHCBIK).

byn pH wMmoHiHIH apTybiHa OailylaHBICTHI
anpiHaThiH [[BA KHCBIKTapbl Ja epekiiese-
He Tycemi. Meicansl 0,1 M NaZSO4 ANEKTPO-
mut epitidaicingeri IIKD snekrponut epitin-
TICIHIH KypaMbIHIaFbl €pireH OTTEKTiH TOTBIK-
CBI3/IaHy YIepici KapKbIHIbI KYPETIHAIrIH Oaii-
KaliMbI3 (5 KoHE 6 — CypeT a KUCHIFbI). bipak
HaduoHnel xkoHe ['K smexrpoarapma MmyHnmain
KAapKbIH/bI aHOATHIK WHTEHCHUBTLIIK OOIMabI
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(5 xone 6 — cypert 0, ¢ Kuchirbl). CebGedi Amek-
TpoA OETiHe OTTEeri MOJEKYTACHIHBIH TOTHIKCHI-
3MaHybIHA HEMECe aJcopOonusiaHybiHa HAUOH
meH 'K Tockaybut sxacaiiel gen Oomkay sxacaii-
MbI3. COHBIMEH Karap OJIapJbIH TOCKAyBIJIBIK
kaOineri opranbiy pH Toyenai. An 'K-monubnar
ANIEKTPOJBIHBIH KYpPaMbIHIAFbl MOJIUOIAT HOH-
JTApbIHBIH AaHONATHIK alMaKTa TOTBIKCHI3aHyFa
eTe IIaliap YIIBIPAUTBHIHIBIFBIH Oaiikayra 0o-
Jaapl, OUTKEHI KaTOATHIK alilMakTa TOK WHTEH-
CUBTUIITHIH IIaMackl ThIM a3. (5 ’oHE 6 — cyper
JT KUCBIFbI).

Onextpoarsiy 6etin ['K-momubaar KochLibl-
CBIMEH TYPJCHIIPY apKbUIbl aJbIHFAaH HOTHIKE-
jaep OETTIKTe MMMOOWIM3AlUsIaHFaH MOINO-
JIEH HeMece MOIMOIEHHIH OKCUATI KOCHUIBICTA-
PBIHBIH JIEKTPOXUMUSUIBIK OEJICeHIUTIrH Kep-
cereni. by Gencenainik pH=4,5 6onran oprana
alikpIH Oaiikananel. COHOBIKTaH ANEKTPO OeTiH
I'K-monubar KoCbUIBICBIMEH TYpIICHIIpY, Oosia-
[IaKTa AJIEKTPOKATATUTHKAIBIK PeaKIUsIapbl
XKY3ere acblpyFa MYMKIHAIK Oepeli Jen TYXKbl-
peIMIIayFa Ooabl.

AJIFBIC

KopbIThIHABI

Mertann KypaMasl OTTeKTi aHHOHBI MeH ['K
KYHECIHIH MaHBI3[IbI YAEpICTepi COpOIMS K-
HE KEHICHJi KOCBUIBICTap Ty3y OOJbIN TaObl-
naael. UK cnextp HoTmwkecineH, 'K MeH mo-
nuOIaT MOHBIHBIH ©3apa OalIaHBICBIH Kepce-
teni. Monu6nar nons! ['K KypaMbIHIarel QyHK-
nuonanaelk —COOH, -C — OH, > C = O, -OH
TONITapMeH, HeMece Koc OaiaHbIChl 6ap OpbIH-
JapMeH MOHJIBIK HEMECE JIEKTPOH-TOHOPIIBI Ke-
IIeH/II MEXaHU3MI apKbUIbl KY3ere acajbl Je-
TeH KOPBITBIHbIFA anbin keneni. An [IBA ku-
CBIKTApbl apKbLIbI AJILIHFAH MOIIMETTEp JJICKT-
pon OeTiHAe UMMOOHWIU3ALIUATIAHFAaH MOJTUOIEH
HEMece MOJIMOIEHHIH OKCHJTI KOCBUIBICTAphI-
HBIH 3JIEKTPOXUMUSIIBIK OCICeH LT, ANEeKTPO-
KaTaIUTHUKAIBIK peakiusuiapasl ['K-monubnar
ANIEKTPOJl ApKBUIBI ICKE achIpyFa MYMKIHJIITIH
TYIBIPAIBL.

byn xywmbic Kaszakcran PecmyOnukachl biniM >koHe FBUIBIM MUHHCTPIITIHIH KOJAAaybIMEH
JKYy3ere achlpbUIIbl (TPaHTTHIK Xko0a AR 05133881).

HAUJAJAHBLIFAH OJIEBUETTEP

1. Opnos JI.C. I'ymycoBble KHCIOTHI MOYB M 00Imas teopust rymupukanuu. — M.: 3n-so MI'Y,
1990. - 325 c.

2. Baxcman C.A. I'ymyc: npoucxoxieHue, XAMHUUECKUN COCTaB M €ro 3HaYeHue B mpupoze. — M.;
JI., 1937.-470 c.

3. ITlomor A.U., Bypak A.}O. KonnougHo-XxumMuueckne cBoicTBa r'yMHHOBBIX BeriecTs// CO. Hayd.
tpynoB C.-Iletepb. roc. arpapH. yu-ta. — CII6, 1998. — 243 c.

4. Cook R.L., Langford C.H. A Biogeopolymeric View of Humic Substances with Application
to Paramagnetic Metal Effects on 13C NMR// Understanding Humic Substances. Advanced
Methods, Properties and Applications/ Eds E. A. Ghabbour, G. Davies. Cambridge, 1999,
—P. 580-587.

5. YapsixoB A.K., Ocunos H.H. Kap6oHOBbIE KHCTOTHI M KapOOKCHIATHBIE KOMILIEKCHI B XUMHUYEC-
KoM aHanuze — JI.: Xumms, 1991. — 240 c.

6. Zherebtsov S.I., Malyshenko N.V., Bryukhovetskaya L.V. , Lyrschikov S.Yu. IZR. Sorption of
Copper Cations from Aqueous Solutions by Brown Coal and Humic Acids. Solid Fuel Chem.
2015; -P. 30-39 (Russian).

7. Redman AD, Macalady DL, Ahmann D. Natural organic matter affects Arsenic speciation and
sorption onto hematite. Environ. Sci. Technol. 2002; -P. 2889-2896.

45



BECTHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (55), 2020

10.

I1.

12.

13.

46

Buschmann J, Sigg L. Antimony(III) binding to humic substances: Influence of pH and type of
humic acid. Environ. Sci. Technol. 2004;38:4535-4541.

Lin HT, Wang MC, Li GC. Complexation of arsenate with humic substance in water extract of
compost. Chemosphere. 2004;56:1105-1112.

Bauer M, Blodau C. Mobilization of arsenic by dissolved organic matter from iron oxides, soils
and sediments. Sci. Total Environ. 2006;354:179-190.

Ritter K, Aiken GR, Ranville JF, et al. Evidence for the aquatic binding of arsenate by natural
organic matter-suspended Fe(III). Environ. Sci. Technol. 2006;40:5380-5387.

Kar S, Maity JP, Jean JS, et al. Role of organic matter and humic substances in the binding and
mobility of arsenic in a Gangetic aquifer. J. Environ. Sci. Heal. - Part A Toxic/Hazardous Subst.
Environ. Eng. 2011;46:1231-1238.

Warwick P, Inam E, Evans N. Arsenic’s interaction with humic acid. Environ. Chem.
2005;2:119-124.



XUMHUKO-TEXHOJOTHYECKHUE HAYKH U OKOJOTI'A

90K 544.4
MPHTH 31.15.27

IHOJINITUJIIEH MATPULHACBIHA TYPAKTAHI'AH KYMIC HAHOBOJIIIEKTEPIH
AJIY ’)KOHE OHbIH KACUETTEPIH 3EPTTEY

JAPMEHBAEBA A.C., HYPJIIBIGAEBA A.H., KAIMAXAHOBA M.C.,
TUJIEYOBA A.I., CEUJIYAJIUEB T.5., TAMABEKOBA M.M.

M.X. Jlynamu amwvinoaewt Tapaz memiexemmix yHugepcumemi

Anodamna: Maxanaoa nonusmunen MampuyacvlHoa mypaxmanean Kymic Hanooauemoi boauekmepi anbliHybl
KApacmuipuliean. 3epmmey JHCymbiCbl OapbiCoiHOA ANbIHEAH HAHOOIUMEMOT Donuexmepi Oap KoMno3ummepoiy
kacuemmepi MK-cnexmpockonus, penmeeHOiK Oudpakyust j#caHe Hcapolk mycipyuli 31eKmpoHObl MUKPOCKON
a0icmepimen 3epmmendi. Penmeen-gpazanvix manoay adiciniy komezimen cunmesoeneer HaHoOoaueKkmepoiy
Gazanvik Kypamel 3epmmeinin, KOMRO3ummepoiy (Gasanvik KYpambiHbly mayenoiiiKk hakmopiapsbl aHblKma-

Obl.

Tyitinoi cozoep: llonusmunen, xKymic nanobonuexmepi, MK-cnekmpockonus, KOMNO3ummixK mamepuanioap,
peHmeeH-pazanvlk manoay

IHOJYYEHUE HAHOYACTUI CEPEBPA, CTABUJIN3UPOBAHHBIX
B MIOJUATUJIIEHOBOM MATPHUIIE, U U3YUEHUE UX CBOMCTB

Annomauyus: Cmamos nocéaujena noIy4eHuIo HAHOPA3MEPHLIX Yacmuy cepedpa, cmadulu3UpoOSaHHbIX @ No-
ausmunenosol mampuye. Ce0Ucmea NOIYUEHHbIX HAHOPAZMEPHBIX KOMNO3UMOE ObliU UCCTIE008AHbl MEMO-
damu HK-cnexmpockonuu, penmeeH08CKOU Ou@pakyuu 1 npoceewusarujeli 31eKmpoHHol MUKPOCKONUEL.
Daszo6will cOCMas CUNME3UPOBAHHBIX HAHOUACTNUY AHATUIUPOBATU C UCNOb308AHUEM PEHMEEHODAZ08020 Me-
mooa u onpeoensnu hakmopwvl 3a6UCUMOCIIU COCMABA KOMNOZUMHOU (a3bl.

Knwuesvie cnoea: Ionusmunen, nanowacmuysl cepeopa, UK-cnexmpockonus, KoMno3uyuoHuvle mamepua-
JIbl, peHmeeHohazo8vlil anaiu3

PRODUCTION OF SILVER NANOPARTICLES STABILIZED IN A POLYETHYLENE
MATRIX AND STUDY OF THEIR PROPERTIES

Abstarct: The article is devoted to the production of nanoscale silver particles stabilized in a polyethylene
matrix. The properties of nanosized composites obtained in the course of the studies were investigated by
IR spectroscopy, X-ray diffraction, and transmission electron microscopy. The phase composition of the
synthesized nanoparticles was analyzed using the x-ray phase method and the factors of the composition of
the composite phase were determined.

Key words: Polyethylene, silver nanoparticles, IR spectroscopy, composite materials, x-ray phase analysis
Kipicne
COHFBI JKUBbIpMaA KbLJI II_HIH,Z[C «HAHO» IpC- HOTCXHOJIOTHA, HAaHOMATCpHaJl, HAHOKJIACTHUKA,

¢uxci 6ap Oipkarap kaHa TEpMHUHJIEP JIGKCUKaFa  HAHOXMMMS, HAHOKJIOMJTAp, HAaHOPEAKTOP XKo-
T€3 eHIM KeTTi: HAaHOOOJIIIEeK, HAHOKYPbUIBIM, HAa-  He T.0. DIEKTPOHHKA YKOHE KOMITBIOTEPIIK TeX-

47



BECTHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (55), 2020

HOJIOTHSIJIAp JTaMYBIHBIH jKaHa Ke3€HI MHTerpall-
JIBIK CXeMaJlap/IblH JKEKEJIEreH 2JIeMEeHTTEepiH api
Kapail MUHHATIOpaIayMeH TiKesel OaiiaHbICThI.
CoOHJIBIKTaH HaHOOIIIEM/]II HbICAHJap/AbIH KacH-
eTTEpiH 3epTTey KOHE OJNapbIH Heri3iHzae Oipe-
reif KacueTTepi Oap *aHa MaTepuangapabl Kypy
©3eKTi O60ubIn TadbuIagb! [1-2].

Kasipri yakpiTTa HaHoOeseKkTepiH Oipe-
reif HeMece KBaHTTHIK OJIIIeM/Iep 9CepiHEeH Mai-
na OosaThlH epekine (U3MKANbIK KacueTTepi
3epTTey HbIcaHbl OombIn TaObuIaabl. CoHnal-aK
Kazipri ke3ze HaHOOONIIEKTep i NalbIHIaYIbIH
OipkaTtap >aJIbl 9/ICTepl KacallbIHFaH, OJap-
JIBIH KOTIIUTINH MarHiTTi KOHE JKapThiIail oT-
KI3TiIITI HAaHOOOMIIEKTEep/Al anyna KOoIJaHyFa
0omanaml [3-4].

DOHepreTUKanblK TYPFbIIAH OeIIeKTepaiH
MOJIIIEPiH a3aiTy OHBIH XMMUSUIBIK MOTEHIIU-
aJIbIHJAFbl OCTTIK PHEPrus YJECIHIH apTybIHA
okeneni. Ocwiran OalJIaHBICTBI HAHOOJIIIEM/II
OeJIeKTep Ke3 KeNreH XUMHSUIBIK KOCBLIbIC-
TapMeH THIMAI opeKeTTece anajbl, Oyi opai-
Jla TYpPaKTaHIBIPFBIII OPTAaHBIH aJlaThIH Op-
Hbl aiipbikma. [loauMep marpunanapsiHaa Ha-
HOOOJIIIEeKTEPl TYpaKTaHJBIPYJbIH OipHere
apTHIKIIBUIBIFBI Oap: aJbIHFAH MaTepuaiiap Imo-
JTUMEp KeJIeMiHJIerT MeTasl OemeKkTep i oip-
KEJIKI Tapayblll KaHa KoWMai, COHbIMEH Karap
MeTaJll Kypam/1ac HaHOOeIIEKTep/IiH MoJuMep-
MEH XHMUSUIBIK dcepiiecyiHiH OepikTiriMeH e
epekueneHeni. Onait 0osca, KYMBICTBIH OacThl
MakcaTbl — HOJIUMEpPIIl MaTpPULIQAaFbl KyMic Ha-
HOOOIIIIEKTEPl HETI31H/E, KOMIO3HUIIUSIIBIK Ma-
Tepuaiapsl CUHTE3/ey, COHBIMEH Oipre ojap-
JIbIH KaCHETTEPIH 3epTTeY.

Taxipuoesik 00,1im

[Tonmmep MaTpHLIaChIHA METAUT KypaM/aac
HaHOOOJIIEKTepl  KOMIIO3UTTEPIHIH  CHHTE31
1-cypeTTe KepceTUIreH apHaiibl KOHABIPFBI 00¥-
BIHIIIA KYPTi3UIAII.

[Tonmumep yarici BICTBIKKA TO3IMII IIbI-
HBl BIJBICKA (peakTopra) 2 OpHaJACTBIPBUIIBI.
PeakTtop uHepTTi (aproH) razdoeH TONTHIPBUIBII,
KbI3/IBIPBIIFaH MBIC TYHIPIIIKTEpi apKbUIbI OTTE-
I'i MEH a30T KoclajapblHaH Ta3zapThiia sl Kocna
Koi0a KBI3ABIPFBITA |  apanacTBIPFBIIITHIH
KOMETIMEH KapKbIHIbl apanacThIPbUIBII KbI3-
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1 cypem — Komnosummix mamepuanoapovl cunmesoeyee
APHANIRAH 3ePMXAHANBIK KOHOBIPSbIHbIY cxemacel: 1 - anekmpii
HCOLLILIMKBIU, 2 - WbIHBL peaKmop (Yul MOUbIHObL Ko10a);

3 - mepmomemp, 4 — mamuiybip 0pOHKA; 5 - HCOAPLL
HCHLIOAMOBIKMbL 2AEKMP APATACMBIPbIU, 6 - MOHAZIMKIUL,
7 - WUbLEAPbLIAMbIH 2a30apea APHANRAH MY3aK (108VIUKA)

AeIpblabl. CuHTE3Ney Temneparypacsl 220-1eH
250°C-ka aeiiiHri apaibIKTa e/li. DKCIIepUMEHTTI
XKYprizy Temreparypachl TepMOMETPAIH 3 KeMe-
riMeH 6akpuIadbl, £5°C neiin 1oaiKTe OOIbL.
benrinenren Temmneparypara JeiiH KbI3IbIpFaH-
HaH KeiliH xocmanbel 30 MHHYT OOibl y3aiKci3
apajacThIpa OTHIPBII KbUIBITY/IbI XKaJFACTHIP/bI.

ApbI Kapail MeXeJIeHI'eH BOPOHKaaaH 4 1o-
auMep OaiKpIMachlHA METall KypamJbl KO-
CBUIBIC TaMIIBLIATHIN KYHBIIABL. by ke3ne pe-
aKIUSIaFb a3 TOPI3/eC OHIMIEPIH KbUIAAM KO-
HE TOJIBIK JKOIO YIIIH PEaKTOp apKbLIbl MHEPT-
Ti ra3 y3Iikci3 xibepinin oTelpabl. Peakropnan
IIBIKKAH a3 Topi3Aec OHIMIep Ty3akTa 7 peT
CaJIKBIH/IaTBUIBII, KOHACHCAIUSIIAH/IbI.

Mertasmt Kypamibl KOCBUTBICTBIH €CEeNTeNreH
MeJIIIepl TONBIK KYHbUIFaHHAH KeWiH, aJbIHFaH
KocmaHbl y3aikciz 50 MUHYT OO#bl apajacTbl-
pBUIaBI, COMAaH KEHiH CaJKbIHIAThLIaAbl. ApPbI
Kapaii broxHep BOpOHKachIHAa (UIBTPIACHII.
AnbIHFaH YHTAK ayaja KemTipii.

Hoatuxkenep :koHe oJiapbl TAJIKbLIAY

Hanoenmemai 6emmexrep — Oy OETTiK Ka-
OateiHaa ere Oencenni Oemmiekrepi Oap 3ar-
Tap, oap 3 Ke3eriHjae, 6apislK Typaeri, kebi-
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HEeCe OTe JKaFbIMCHI3, ©3/IITHEH KYPETIH MpoIie-
cTepAiH maiiaa 6omysiHa okenesi. Hanoemmem i
OeJIeKTep Kocmajapra ce3iMTal, epiTiHIize-
Ii KOHIEHTpalMSHBIH JKOFapblIaybIMEH Oip-
OipiMeH Te3 OaiiimaHpIcaabl *KoHEe OyJI Mpoiie-
CTep oJeTTe KaWThIMChI3. Hanoemmemni Oei-
IIEKTEpIiH  epITIHAUIEPIHIH  epeKIIeNliKTepi
— onap y3aikci3 ¢aza — AUCHEPCTIK opTa (epit-
KiIll) KoHE AucIepcTi ¢azagaH (HaHOOIIIeM/i
OeIIeKTep/iH 031) TYPaThIH KOJUTOUATHIK KYMH-
enep OombIl caHamanbl. TypaKTaHIBIPFBIIITAD
OonMaraH Ke3/e ojlap TYPaKThUIBIFBI 6T¢ TOMEH
TUNTIK JTHO(POOTHI KoymouaTap Oombln Tabbuia-
nel. COHABIKTaH MYHJIAFbl MaHBI3Ibl MiHJET-
TepiH Oipi — oNapbIH TYPAKTBUIBIFBIH apPTTHIPY.
Hanoenmemai OeekTepaiH TYpPaKThUIBIFbIH
KaMTaMachI3 €Ty YIIiH OeJIIeKTep apachIHIarbl
UMIYIbCUBTI KYIITEP aJIbIC KaIIBIKTHIKTAFbl
TapTBIMBI KYIITEPre COMKEC KAIIBIKTHIKTA dpe-
KeT eTyi Kepek. MyH/a eH aJlJbIMEeH, CUHTETH-
KaJIbIK MMOJIMMEPIIEP CUSKTHI OPTYPIIi TYpaKTaH/I-
BIPFBIIITAPBI KOJITAHY aPKBLIBI KO KETKI31IE/I].

CoHbIMEH KaTap KOFapbl MOJIEKYIAIBIK KO-
CBUTBICTAP/IBI MTalJaTaHy apKbUIBI HAHOOIIIeM/TI
MeTa/l OeJIIeKTepiH TYpPaKTaHABIPY TOJH-
Mep KOJTOMJTAphl Typasibl Ka3ipri FHUIBIMHBIH
MaHbI3ABl OomiMi Oonbinl ecenteneni. CoHpaii-
aK OyJ1 >karmaiiia HaHOeImIeM Il OeeKTep i
Taza 3apsAATHl TYpaKTaHYBI, ocipece MOISPIIbI
€MeC OpPTaHUKaIBIK OPTa/ia )KETKITIKCi3 O0mabl.
CrepuKalbIK A€M aTajlaThblH OChIHAaN TYpaKTaH-
JIBIPY HOTWIKECIHAEC HAHOOINIIeM/l OeexTep
KOPFaHBIIITHIK TOCKAYBUIMEH KOpIIATajbl, Ol
JKETKUTIKTI MOJIIEperi COMbBATTAFaH TOJH-
Mep Ti30eTiHIH Y3/IiKCi3 KabaThl OOMBIT Ta0blIa-
JIbI, HOTH)KECIHJIE KOJUIOUATHIK KYiie KOPFaHBIC
Kabarbl e3repicci3 OONFaHINA IEKCi3 TYPaKThI
Oomanel. Ochl MaFbIlHa/a TYpaKTaHIBIPBHUIFAH
OemiekTep/ii Kyp/emi Ien caHacak, OHJa: oJap-
JIBIH SJIPOCHI — THO(OOTHI, all CHIPTKBI Ka0aThl —
nuoduieH TYpiHae KapacThIPbLIaIbL.

Kebinece KopFaHBbII KOJUIOUIICH KOpIIaTy
TYpPIHJE aHBIKTAJAThIH MOIUMEP/IH TYpaKTaH-
JOBIPYIIBI  dCepl HAHOOIIIeMi OeIIeKTepaAiH
OeTiHe MaKpOMOJIEKyJIalap/blH aJcopOLUsACHI-
HBIH canfapbl Oonbin Tabbutansl. [lonmumepin
HaHoeJIIeMi  OeJIIeKTepMEH  9peKeTTecyi
Ke31HJIe JKYPETiH MpolecTeplai 3epTTeyldiH Ty-

Oereiiai MoHI 30p, ©iTKeHI o 0i3re TypakTaH-
JBIPY MEXaHM3MIH FaHa eMec, COHbIMEH Oipre
naiina 6onateiH (hazaapaiblK MIEKapagarsl ajre-
3us TaOWFaThIH Jla TYCIHYre MYMKIiHIIK Oeperi.
KemipcyTek mnonumeprepiHiH MaTpULiaTapbiH-
Jla TIOJIMMEP-MEeTaJI/IbIH ©3apa dPEeKeTTeCy Mexa-
HU3Mi Oipkatap (akroprapMeH ailKbIHIANaIbl,
OJIApJIbIH IIIHAETI €H MaHbI3IbLIAPH MOJIEKYTa-
TBIK KYLITEPAiH TaOuFaThl, HAHOOIIIEMIl OoI-
IIEKTepAiH OCTTIK >KeTUIMETeH/Iri, ImKi Kep-
HEyJIep JKHE ANEKTP 3apsiibl. TypaKTaHABIPFBIII
MOJTUMEP/IIH HAHOOJIIeM/II OOIIIIeKTepMEH dpe-
KETTeCyl €Ki KOJIIMEH XY3ere achlpbulybl MYyM-
KiH. BipiHIIici MakpoMoJeKyIanapablH Oeex-
TepaiH OeTiHe, MbIcalnbl (PU3MKANBIK aacopo-
LUSFAa KOCBUTYBIH KAMTH/IBI.

Hanoenmemai  OemnmiekrepliH — MOJIUMED
KYpbUIBIMBIHA dcepiH aHbIKTay yiuiH [19BJ] xo-
He [19B/] MmaTpuniacbiHiars! Ag HETi31HeT1 KOM-
no3utTiy PIIC-cniexTprepi 3eprrenai (2-cyper).

nporvoxanee b

s

T T ey

y ¥ T
ILNT 2H0 Z0ad 1500 1300 500
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2 cypem — HanomonsiKmulpolulmapul JcoK mepMUsiibLi
eyoencen I1DB/] UK-cnekmpi

C-H 6aiinaHbICBIHBIH BaJIEHTTI TepOertici aii-
marbinza (-CH,—) Tonrapbina sxararein 2848 sxo-
He 2929 cm! xyThuTy sk0naKTaph! Tipkenai. C-H
OaiiIaHbICHIHBIH Ae(POpPMaLMUIBIK TepOerTici aii-
marbiHa CH,-TOOBIHBIH CUIIATTaMAIIBIK JKOJIAFbI
TaObubl - 1378 em™!, Oyt [19B/] mamsipaysl-
HBIH KBICKA T130€KTi TapMarblH CUTIATTAN/IbI.

[MonuaTHIeHHIH KpUCTaNIbl Oeirinae ma-
KpPOMOJIEKYJIaJdap/blH ThIFbI3 OpHaIacybIiHa Oaii-
nanpicThl Kopini (—CH,—) monekynanap To0bI-
HBIH TepOenicTepiHiH apekeTTecyi xypeai. byn
TepOenic KUUITIH OIpIiK YSAIMIBIKTaFbl MOJEKY-
Jasiap CaHbIHA COUKEC €Ki KOMIIOHEHTKe OeJIiHYyi-
He okenenmi. by 729-719 cm! eki eceneHreH
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typinge C-H 0aiinaHBICHIHBIH MasSTHHKTIK KO-
He Kalmbl aedopManusiablk TepOemicTepiHiH
xuimiringe UK ciHipy cnekTpiHae ailkelH Kepi-
Heni (3-cyper). 800-1000 cm!' muamazoHbIHAA
JKaTKaH BUHWIJICH, BUHWJ >KOHE TPAHC-BUHU-
JCHMIK TONTAapIbIH CIHIPY JKONAKTapbhlH TYCIH-
Iipy oJapAblH KabdarTacyblH KUBIHAATAAbI (BH-
HWI ToObIHA - 908 cM™! )KoaKTaphl )KOHE BHHUI
TOOBIHA - 963 cM™! THATIA30HBI TOH).

by xonakrap, [5] C-H GaiinanbicTapbIHBIH
—C=C— OailnaHbICTapBIHIAFBl KA3BIKTHIKTAH
TBIC JIe(OPMALUSIIBIK TepOericTepre KaTbICTHI.
Bununuaen, BUHUI )KOHE TPaHC-BUHUIIACH TOT-
TapbIHBIH JKYTBUTY JKOJAaKTapbl KaOaTTacaThiH
—C=C- 1636 cm' OaiinaHbICBIHBIH Ae(opmMa-
IUSUTBIK  TepOernicTepi anci3 Oaiikamansl. 1469
cM! JKomakThIH OeiHyi Oalkaiamaisl, Oipak
JKOJAKTBIH aCUMMETPHSUIBIK KYPBLIBIMBI CYpET-
T€, COJI YKaFbIH/Ia KOPIHEeI.
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TOJIKBIHJIBIK caH (cM™)
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1500

3 cypem — C-H baiinanvicmapbvinuiy 0epoOpmMayusivly
mepoenicmepiniy srcuinicinoei UK-ciyipy cnekmpi
(729-719 em!, 1469 em™)

719 cm' KOMIOHEHTI aMOP(THI KOHE KpH-
crangel Oemikke, aim 729 xome 1469 cwm’!
Kypamzaac OeiiKTepi TeK KpHCTajFa >KaTajbl.
KansinTsl KypbUIBIMIAFbl ajKaHIap KeMipcy-
TEKTEePIiHIH CHeKTpiepiH 3eprrerenae, 730 cm!
KOMIIOHEHTI TE€K OPTOPOMOBUIBIK MOIU(UKa-
LHAsSFa FaHa TOH, COHABIKTAH OHBIH I1DB/I-HiH
HK-cnexkrpinge 001ybIH HAaHOOOIIEKTEeP/Ii CHH-
Te3ey JKarJailblHAa MOJMATUIIEH KpHCTajjia-
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PBIHBIH  OPTOPOMOBLIBIK MOIU(DUKAIMACHIHBIH
CaKTaJlybl Typasibl PEeHTTeHIIK Tu(pakuus Je-
PEKTepiH pacTay peTiHje KapacThlpa ajJambl3.

1700-1750 cm™ muana3oHbIHAA SPTYPIIi THII-
Teri KapOOHWIII KOCBUIBICTap — KBIIIKBUIIBIK,
KETOH/[IbI, aJIbAETU/ITI, UPIi, MEePKHIIIKbUIIBI,
a¢upi KocsuibIcTap ciHipineai. Orreri 6ap Ton-
TapIblH KaJbIITACybl «TO3Yy» IPOLECIHE YIIIbI-
paraH nosudTUiIeHre ToH. Ochkl peduiekcTiH ai-
MaFrbIHJaFbl «TepMusuIbIKy [I9BJ1 ynrici yurin
v(C-0) nuana3onsl 1175 cM™! o111 aHBIKTAIMA/IbI.

Kommnekctiy ~ UK-cnekTpnepin  koHe
aJIBIHFAaH KOMIIO3MTTI calbIcThIpy Ke3inae N-H
0aifTaHBICHIHBIH BAJICHTTIK TepOelic >KolaKTa-
PBIHBIH 00Ty Oatikanaabl (3175 cm'-3109 cm™).

Kommuiekeri KaJIBIITaCThIPY Ke31HIe
1615 cm™!' TnoMoueBrHa MosekynachiHbiH HNH-
TOOBIHBIH Ae(POPMAIMSIIBIK TepOenicTepiHe coi-
KEC KeJIETIH CiHipy Komarbl exi 1665 cm™ sxoHe
1628 cM-1 cniexTpre aitHas1abl, 0J THOMOYEBHHA
MOJIEKYJIaChIHAAFbI AJIEKTPOH THIFBI3/IBIFbIH Kaii-
Ta Oenyre coiikec kemyi kepek. CuUHTe3/eNreH
HaHOKOMIIO3MUTTIH CHEKTPl TOJKBIH Y3bIH/IBIFbI-
Ha Kapai KbDKUTBIH 1668 cM™! Oip FaHa CiHIpy
KOJIAFbIH KAMTUIBI.

CBI3BIKTBIK TOJIUMEpIIEp TMOJIUMEPIEPAIH
HAHOOJIIEM 1 OOJIIeKTepl TYpPaKTaHABIPYIbIH
TEOPHSUIBIK AaCMEKTiIepiH, aram aWTKaHxa Ha-
HoeueM/ i OeIeKTepIiH OeTiHaerT MaKpoOMo-
JIeKyJaaapibIH aJICOPOLIUSACHIH 3€pTTeY YIIIH 6Te
BIHFANIIBI MOZIETTh €KeHIIT1 JonenaeHai. MyHnai
azicopO1Ms ©T€ TOMEH KapKbIHMEH JKYPEei.

[Momumepnin anacopOIMs MPOLECIH €Ki Ke-
3eHre Oeiryre 0oiabl: MOIUMEp aAcopOLIUs Ka-
OaTBIHAAFBl TEME-TEHJIIKKE >XETKEeH YaKbITIICH
aHBIKTAJIATBIH MAaKpOMOJIEKYNIaJapAblH JUCIIep-
cTi (aza OemnmieKkTepiHiH OeTiHE Tapalybl KoHE
azicopOLMAHBIH AypbIc 60mysl. [Tonmnmep Ti30ek-
TepiHiH OeJIek OeTiHe Tapaly YaKbIThl — KOJUIO-
UATHI epITIHALIETT AucnepcTi (pa3aHblH KOHIIEH-
TPaLMACHIHA, TOJUMEPAIH MOJEKYJIalbIK call-
MaFrblHa, KYHEHIH apalacThIPbUly Y3aKTHIFbIHA
KOHE KapKbIHIBUIBIFbIHA, JUCIIEPCUSIIBIK OpTa-
HBIH TYTKBIPJIBIFbIHA OaNIaHBICTHI.

ConbiMeH Oipre aacopOUMsUIBIK KabaT-
Ta Tere-TeHJIIK OpHaTy 0asy >Kypeai, KenTereH
XKargainapaa on OipHelle caraTka HeMece TiMTi
KYHJEpre CO3bUIYybl MYMKiH. AJCOPOIMSHBIH



XUMHUKO-TEXHOJOTHYECKHUE HAYKH U OKOJOTI'A

OCBI Ke3€HIHIH Y3aKThIFbl KOOIHE MOJIMMEpP MEH
METaNJbIH ~XUMUSUIBIK ~TaOUFaTbIHAH, OHBIH
OeTiHzeri snemMeHTap OipiiKTepaiH aacopOIHs-
JIaHy SHEPTUSCHIH, ePITKIIITIH TEPMOJUHAMHUKA-
JBIK KacHeTTEepiHe, MOJUMEPAIH MOJICKYIaIbIK
caJIMarbIHBIH TapallyblHa )KoHE T.0. OaliIaHbICTHI.

Hanoemnmemai 6emnmekrepiin OeTiHer mo-
JUMEpIIepIiH aacopOIusICchl QpTYpii anacopO-
LUSUTBIK KYWJIEPMEH CUMaTTalIabl.

EH xen TaparaHbl aJIcOpOLUSIIBIK OETKe Ka-
TBICTBI MOJIMMEP MOJIEKYJIaJapbIHbIH KeJJIeHeH
JKOHE TIK OpHaJIaCyblHA cail KeJIeTiH (pUrypaHbIH
yII KYH#i (4-CypeT), COHBIMEH KaTap «lJIMEKTep»
Typinae Oonanel. KenaeneHn amcopOrus momu-
MepIliH aucrnepcti (a3aHbliH OeTiHe Oepik Oaii-
JIAHBICTBIPBITYbIHA CoMKec Keneni, Oipak Oy
JKarnaiaa naiiga 6onran agcopOIus KabaTel oTe

KYKA.
o

¢ ¢
Vi PR W

0<a<(.5

4 cypem — [lonumepnepoiy bemxi kabammagvl
aocopoOyUALIK KYUIHIK mypiepi: a - KoioeHey adcopoyus,
6 - mix adcopbyus, 6 - «inmexmepy mypinoezi aocopoyus

OcpIraH opaii TiK aficopOIHs Ke3iHAe TiK Ka-
Oatr maiina Gonazapl, Oipak ajcopOIMs KylITepi
COHUIANBIKTBI  QJICi3, TOJIMMEp MOJIeKyaa-
pBI epiTiHaire oHail opananbl. BeTTik «inMek-
Tep» aACOPOIMSIIBIK ©3apa OpPEeKeTTEeCyIiH apa-
JBIK HYCKamapbeiHa coiikec keneni. CoHpaii-
aK erep HaHoeJeM[i OeeKTepaiH eKi OeTi
JKaKbIH KAIBIKTBIKTA Oosica, OyJl KOHILIEHTpa-
IUSUIAaHFaH epITIHALIep YUIIH epeKIle MOJIEKY-
JanapAblH OpPTYpJl yIITapbl eki OeTke ajacop-
OuuMsIaHFaH Ke3le «Kemipiaepy» maiga Oomysl
MYMKiH. COHIBIKTaH MeTal pparMeHTTepi Ha-

HoeumeM/Ii OenmeKTepAiH OeTiHae Kol Mell-
HIep/ie MOFbIPJIAaHYbl MYMKIiH.

[Monumeprnepae HaHOOMIIEMA1 OOIIIEKTEP Il
aMyabIH OapiblK alKbIHAAIFAH SICTEPIHIH 1IIIi-
HEH nonuMep OaiKbITBUIFAH epiTiHAIEeri opra-
HUKAJBIK TY3 €PITIHAUIEPIHIH TEPMUSIIBIK BIIbI-
pay omiciMeH, KeN jKarjaiina aucrepcti op-
Ta COllKeC METaNJbIH OKCUAl TYpiHIe OOmajbl.
Acbul MeTtanuap TOThIFyFa a3 ce3iMTaj, CHH-
TE3 PEKUMI )KOHE MPEKYypPCOPAbI AYpPbIC TaHIAY
apKbUIbI IC JKY31HAE OKCHJ KOCHAachl JKOK Ha-
HOOJIIIeM/Il MeTayyl OejIIeKTepiH adyFa MyM-
kingik Oepeni. [Ag,(NH,),]JC,O, cyasl epitin-
JiCl TIPeKypcop peTiHle KOJAAHBUIAbI JKOHE t -
200-220°C TepMHUANBIK BIABIpAyFa YIIBIPAJBI.
CuHTe3 HoTHXeCiHAe cepoualblK HAaHOOOb-
exTiiep anmblHAbl (5-cyper). PeHtrenmik maud-
paKIys JepeKTepl alblHFaH KOCBUIBICTBIH Ta-
3anblK JAopexkeciH kepcereni, Ag+II9B]l yn-
riiepi yumiH audpakrorpammaga Kymic Mera-
JIBIHA colikec keneTiH 29 = 38,42; 44,33; 64,74;
77,49; 81,63; 98,03; 110,83; 115,09 marpuibicy-
nap OGap *oHE KyMiC OKCHIIHIH peduieKkcTepiHe
TOH LIAFBUIBICYNAp OaiikanMaiiasl (5-cyper).
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5 cypem — 10 macc. % I1DB/]-Ag nanobonwexmepinen
MYPamuin KOMRO3Ummep yacinepiniy Ouppaxmozpammacsl

Ocpnaiiina agblHFaH KOMIO3UTTEPIIH (HU3H-
Ka-XHUMHSUTBIK KACUETTEPIHE 3epTTey KYPri3iiii.
Pentren-¢azanslk Tannay oMiCiHIH KeMeriMeH
CHUHTE3JENITeH HaHOOeIIeKTepaiH (hazajbIK
Kypamsbl 3eptrengi. Kommnosurrepain azaibik
KypaMbl OacTarkbl peareHTKe, TeMIepaTypajIbIK
pekumre 6aiIaHbICThl €KEHIH allTyFa 00aIbl.

51



BECTHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (55), 2020

< 08
s 0.6
e 04
0.2
$ o
a
1 6

a) Hanoenuemoi boruexmepoiy opmawia menuepi 4,62 Hu.
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0) Hanoonuemoi boruwexmepoiy opmawia moauepi 14,21 um.

3 cypem — Con srcakma — Kymic Hanobenuexkmepi 6ap komnozummepoiy muxpogomoepaghuscel (I1OM), oy scaxma — enuiemi
obotibinuwa Hanobonuwexkmepoiy opuaiacy @yukyuacol: a) Ag - 5 macc. %; 2) Ag - 10 macc.%, 6) Ag - 30 macc.%

KopbIThIHABI

KopbITBIHIBIIAN KeJ€, 3€PTTEY YKYMBICHIH-
J1a JKOFapbl KbICHIMJIbI MTOJUATUIICHT€ KyMiC Ha-
HOOOJIIIIEKTEPl  OTHIPFBI3BUIFAH  KOMITO3UTTEP
cunresnenai. Komno3urrep/aiy KypaMbl aHBIKTa-
JBIN, CHHTE3JENTeH HaHOeJIeMAl Oeex-
Tep/iH MeJiepi HaKThlIaHbl. CUHTE3IEY TeM-
neparypacslH 150°-nen 300°C-re >xorapblia-
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Ty TIOTUMEP MaTpUIackiHga aMopdThl (ha3aHbIH
naiina OonyblHa >KoHE OJIIeKTIH opTalia eJ-
IIeMiHIH KilTiperoine abi kenesi. JKorapbl Kbl-
CBIM/IBI TTOJIMATHUIICHMEH TYpaKTaHFaH KyMic Ha-
HoOemmekTepinig (5 macc. %, 10 macc.%, 30
Macc.%) opraiiia Memiepi coiikecinmie 4,62 HM,
6,8 HM koHe 14,21 HM Kypanbl.



XUMHUKO-TEXHOJOTHYECKHUE HAYKH U OKOJOTI'A

MAVJAJAHBLIFAH OJEBUETTEP

Moriarty Ph. Nanostructured materials / Rep. Prog. Phys. - 2001. - T. 64. — C. 297-381.
[Tomoraitno A.J]. Hanowactuubsl metamnos B monumepax / A.Jl. Tlomoraiino, A.C. Po3enobepr,
WN.E. Ynsaun. — M.: Xumus, 2000.

Burkeev M.Zh., Khamitova T.O., Havli¢ek D., Sarsenbekova A.Zh. ¢ coaBropamu. Synthesis,
Characterization, and Catalytic Properties of Metal-Polymer Complexes Based on Copolymers
of Polyethylene(propylene) Glycol Maleates with Acrylic Acid // Russian journal of applied
chemistry. —2019. - Tom: 92, Beimyck: 1. - C. 1-8. https://doi.org/10.1134/S1070427219010014
Khomutov G.B. Interfacial synthesis of noble metal nanoparticles // Materials Science and
Engineering C. —2002. — V. 22. — P. 141-146.

Khomutov G.B. The design, fabrication and characterization of controlled-morphology
nanomaterials and functional planar molecular nanoclusterbased nanostmctures // Surface
Science. — 2003. — V. 532-535. — P. 287-293.

53



BECTHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (55), 2020

VIIK 615.28
MPHTH 76.09.76.09.27 61.49. 61.49.01

METO/ POTATABEJIBHOI'O HEHTPAJIBHOI'O KOMIIO3UITMOHHOI'O
IINTIAHUPOBAHU S DKCIIEPUMEHTA 1TPU U3YYEHUU DOPPEKTUBHOCTHU
JAESUHOULUPYIOLIUX CPEACTB

MBUITBIKBAEBA K.K.', KOBAJIEBA I'.I'.

'Kazaxckuti Hayuonanwvuwiii ynugepcumem umenu anv-Papadu
’HayuonanbHwlil HAyuHslll yeHmp 0cobo onackvix urngexyuti umenu Maceyma Aiikumbaesa

Annomayusn: B 0annotl cmamve paccmMompeHo 61usHue KOHYeHmpayuu akmueHulxX KOMNOHEHMOo8 Ha P hex-
MUBHOCTb OC3UHDUUUPYIOWUX CPEOCIE C UCNOTb308AHUEM MEMOOd POMAamadenbHo20 YeHmMpaibHo20 KOM-
NO3UYUOHHO2O NIAHUPOBAHUS dKCnepumenma. DphekmusHocms u3yuanu Ha Kyavbmype KUueuHou naiouxu
E. coli. Onpedeneno onmumanvroe npoyenmuoe COOMHOUIEHUE XUMU4ecko2o cocmaea oas nonydenus JJC
HA OCHOGE ANb0e2U008, AMUHOB, XJIOPCOOEPIHCAUUX 8euecms. OUdeyUnamMmoHul xaopuo -9,8%,; anymaposbiii
anvoeaud -9,7%, enuoxcanw 7,7%, oucmuniuposanras 6ooa - 66,8%, ecnomozamenvHvle KOMNOHeHmMbl — 6%.
Buisisneno, umo naubonvuiee enusHue Ha SQHeKmusHOCmy 0e3UHQEKManma OKa3vlarm napHsvie 63aumooet-
CMeUst KOMNOHEHMO8, a He CO0epIICane KOMNOHEHMOos No omoerbHocmu. Hckniouenue cocmasisem Oucmui-
auposannas 6ooa. Ilpu cobardenuu ykazanuvix yciosuil, eubens E. coli cocmasnsiem 98, 1+1,6% (naiioeno 6
akcnepumenme). Teopemuuecku paccuumannoe 3uauenue (no ypasuenuio) cocmaguno 95,4%. Omxnonenue
9KCNEPUMEHMAILHO HATOEHHOU 8eIUYUHBL O meopemudeckol cocmasuno 2,75%, umo ceudemenvscmayem 06
adexeamHoCmu Mooeu.

H3yuenue no6020 ckoHcmpyuposannoeo desunguyupyioweco cpeocmsa ({C) nozeonuno coenams 3axaoue-
Hue 06 appexmusnocmu ons: St. aureus ATCC 6538, nayunas ¢ xonyenmpayuu 0,25% npu sxcnosuyuu 60
munym; Y. pestis EV u V. cholerae 01 75-M 6 konyenmpayuu ne menee 2% sxcnozuyuu 60 munym; C. albicans
ATCC 10231 ¢ xonyenmpayuu 0,5% npu éo3devicmeuu 15 munym,; B. anthracis L]enxoscxoco 4% pacmeop
axcnozuyuss 60 munym. JJC no cmenenu 6030elicmeus Ha OPeanu3M, MOKCUYHOCb OMHOCUMCA K 3 KAACCY
VMEPEHHO ONACHBIX 8eWecms NPU 66E0EHUU 6 JHCETYOOK U 4 KIacCy MAOONACHbBIX 8eujeCms npu HaHeceHUuu Ha
KOOACY.

Kntoueswie cnosa: oesunguyupyrowue cpedcmsa, aHmucenmuyeckue npenapamsl, MOKCUUHOCHb, YMEPEHHO
onacHwle sewiecmaa, 3¢hghexkmusHocms Oe3uHgpekmanma

JNE3UHOEKIMUSIBIK KYPAJJIAPILIH THIMALTITIH 3EPTTEY KE3IHJETT
SKCMEPUMEHTTI POTATABEJIBII OPTAJIBIKTHIH
KOMHOO3ULMSLIBIK KOCHAPIAY SJICI

Anoamna: Byn maxanaoa sxkcnepumenmmiy pomamadenvoi opmanblKmovly KOMHOZUYUSILIK IHCOCHAPIAY
a0icin natioanana omulpein, Oe3uHgexyusiaywvl sammapovly (43) muimoinicine Oencenoi KOMNoHeHm-
mepOoiy WOSbIPIAHYbIHbIY acepi Kapacmuipvlizat. E.coli iuex maskuacviHobly Kbi3Meminiy muimoiniei 3epm-
menodi. Anvoeauod, amun xaopavi 3ammap nezizinoe 3 any yuin XuMusivlk KYpamblHblly OHMailibl nabi30blK
aApaKamulHACyl AUKbIHOALObL: J{udeyurammonutl xaopuo -9,8%, erymapnel anvoezuo -9,7%, envwoxcane 7,7 %,
oucmunoeneen cy - 66,8%, koceimuia komnonenmmep — 6%. [ezungexmanmmuoly muimoinieine KOMnOHeHM-
mepoiy OoNeK Kypamvl emec, 03apa Kocapiana apexemmecyi acep ememini anvlkmanovl. Tazapmouiizan cy
epexweniei bonvin mabwiiaovl. Kepcemineen wapmmapowl cakmazan ke3oe E. coli ocotivinywr 98,1+1,6 %
(sKCnepumernmme maobwvlizan) Kypaiiowl. Teopusiivix ecenmenzen Mot (menoey oouviHua) 95,4% xypaowi. Jxc-
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nepuMeHmanb0i madvliean WaAMaHbly MeopusnblKman ayelmiyel 2,75% xypaosi, 6yn mooenvoiy napa-nap-
JILIZbIH KYIAAHObIPAODL.

HKana kypacmueipvinean oesungexyuanvix sammapovt ([K) sepmmey: Y. pestis EV ocone ATCC 6538 60 mu-
Hym akcnozuyus kezinoe 0,25% xonyenmpayusaceinan 6acman, y. pestis EV ocane V. cholerae 01 75 - M sxcno-
suyusaHviy kKeminde 2% 60 munym xonyenmpayusicuinoazel, C. albicans ATC 10331 15 munym acep emxenoe
0,5% rxonyenmpayuscoinoaevl; B. anthracis [Jenxosckuii 4% epimindici sxcnozuyusicol 60 Murym muiMoinix
mypaivl KOpulMulHObL Jdcacayza MyMKIiHOIK Oepdi. /K azzaza acep emy Oapediceci, yolmmulivlabl ODOUbIHULA
aAcKazanea eHeizy Kesinoe opmawia Kayinmi 3ammapovly 3 KIACbIHA JCoHe mepiee icazy Ke3iHoe a3 Kayinmi
3ammapoviy 4 KNacvlHa HcamamviHObIbl AHBIKINALAObL.

Tyitinoi ce30ep: oezungexyuaniay Kypanoapuvl, aHmucenmukaiblK npenapammap, yYolmmolivlK, Opmauid Ka-
yinmi 3ammap, 0e3urgexmanm muimoiniei

METHOD OF ROTATABLE CENTRAL COMPOSITION PLANNING
OF THE EXPERIMENT IN THE STUDY OF EFFICIENCY DISINFECTANTS

Abstract: This article discusses the effect of the concentration of active components on the effectiveness of
disinfectants with using of the rotatable central compositional design of the experiment. Efficacy studied
on E. coli culture. There was determinate optimal percentage of the chemical composition for obtaining
disinfectants based on aldehydes, amines, chlorine-containing substances: Didecylammonium chloride
-9.8%, Glutaraldehyde -9.7%, glyoxal 7.7%; distilled water - 66.8%; auxiliary components - 6%. It was found
that the greatest influence on the effectiveness of the disinfectant is exerted by the pairwise interactions of the
components and not the content of the components separately. The exception is distilled water. Under these
conditions, the death of E. coli is 98.1 = 1.6% (found in the experiment). The theoretically calculated value
(according to the equation) was 95.4%. The deviation of the experimentally found value from the theoretical
was 2.75%, which indicates the adequacy of the model.

The study of a new designed disinfectant allowed us to conclude that it is effective for: St. aureus ATCC 6538
starting at concentration of 0, 25% with an exposure of 60 minutes; Y. pestis EV u V. cholerae 01 75- M at
concentration of at least 2% of the exposure for 60 minutes; C. albicans ATCC 10231 at a concentration of
0.5% when exposed to 15 minutes; B. anthracis Tsenkovsky 4% solution for 60 minutes. DS according to the
degree of exposure to the body, toxicity belongs to the 3rd class of moderately hazardous substances when
introduced into the stomach and the 4th class of low-hazard substances when applied to the skin.

Key words: disinfectants, antiseptic drugs, toxicity, moderately dangerous substances, the effectiveness of the
disinfectant

XXI BEK 0TMEUYEH BCEBO3pACTAIOLLEH arpec-
cueil MuKpoopranusmMoB. Kak 3asBui onuH u3
pykoBoauresnel BcemupHoi opranusanuu 3apa-
BooxpaHenus: (BO3) “nHdexnuonHbie 601€3HI
aTakyloT Hac M0 BceM (pOHTaM”, 4TO 0OOCHO-
BBIBAET MOBBIIICHHOE BHUMAHHUE K TPOPUIIAKTH-
K€ MH(EKIMOHHBIX 3a00J€BaHUN M POCTY Tpe-
OoBaHMI K Ka4eCTBY J1€3MH(EKIMOHHBIX MepO-
npustuil. Haubonee yHuBepcaibHBIM, HIMPOKO
pacrpocTpaHeHHBIM U YPPEKTUBHBIM SBISETCS
XUMHUYECKHUI MeToq Ae3uHdpekuuu [1, 2].

HecMoTpst Ha OrpoMHOE KOTUYECTBO HOBBIX
MIpernapaToB ¢ AHTUMUKPOOHBIM JIEHCTBUEM, HO-
30KOMHaJIbHbIE (BHYTPHOOIBHUYHBIE) HH(QEK-
IIUU MPOJOKAIOT OCTABATHCS AKTYAIbHBIMHU IS
3PaBOOXPAHEHUS BCETO MUPA B CHITY IIUPOKOTO
pacnpocTpaHeHus, OOJBIIOTO COIUATBHO-IKO-
HOMHMYECKOTO U MEIHUIIMHCKOTO ylepOa, mpudu-
HSEMOTO 3/I0pOBbIO YesioBeka [3-5].

B kommiekce CaHUTapHO-TUTHEHHYECKHX
U TPOTUBOIUIEMUYECKUX MEpOTPUATUH, Ha-
MIPaBJICHHBIX Ha MPO(PHUIAKTUKY HHPEKITHOHHBIX
3a0oseBanuii Boo6Oue, 1 BEU, B ocobeHHOCTH,
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BOXHYIO POJb UTPAIOT Je3MH(EKTOIOTHUECKUE
TEXHOJIOTHH, TPEIYCMaTPUBAIOIINE HCIIOIb30-
BaHME JC3MH(OUIMPYIOMUX CPEACTB, obecrie-
YHBAIOIIUX YCTPAaHCHUE MATOTEHHBIX M yCIIOB-
HO-TTATOT€HHBIX MUKPOOPTaHW3MOB C OOBEKTOB
OKpY)Kalolield, B TOM 4YHCJe, BHYTPHOOIbHUY-
HOM cpefpl, cayXamux (akTopamMH mNepenadu
UHQEKIHH.

Bompocamu moucka u pa3pabOTKU aHTH-
CENTUYECKUX U JIC3MHPHUIUPYIONMX Tpera-
paToB 3aHUMAIOTCS BO BCEM MHpE. JTO 00bscC-
HSETCS TEM, YTO HH OTHO U3 CPEICTB HE SIBIIS-
eTcs MIeallbHBIM, a TaKXKe IMOCTOSHHO BO3pac-
TAIOT 3alpOChl 3IPAaBOOXPAHCHUS, MEHSIOTCS
YCJIOBUS TIPOU3BOJICTBA M CHIPHEBBIC BO3MOKHO-
CTH, TIOBBIIIACTCS BHUMAaHHUE K IKOJIOTHYECKOM
6e3zomacHocTH. TpeOoBaHMS, NPEIBIBISEMbIC K
npernaparam, pe3Ko OrpaHUYHMBAIOT KPYT XUMH-
YEeCKHUX COCJMHEHHI, KOTOPhIE MOTYT OBITh HC-
NOJIb30BaHbl B Ka4eCTBE JICHCTBYIOLIETO Hava-
na ne3uH(pexTanToB. Hanbonee mmpoko npume-
HSIOT CIIEIYIOLIHE TPYMIbl — aNbICTHIIbI, KHC-
JOPOJCONEpKALIME TPETapaThl, XJIOPAKTUBHBIC
COC/IMHEHUS, CITUPTHI, IOBEPXHOCTHO-aKTUBHEIC
BellecTBa, penonconepxamme [6, 7].

[Momyuenue JIC npoBonmiioch Ha Manoraoa-
putHoil ycranoke YIIDC-30-55/70/35 ¢ mynsb-
toM ynpasienue [TU-1 s otpaboTku TEXHOIO-
TMU TIPOU3BOJCTBA HOBBIX MPOIYKTOB, BBITYCKa

HEOONBIINX MAPTUH TPOAYKIMH, HPOBEICHHS
HCCIIEIOBATENIbCKUX U yUeOHBIX paboT (puc. 1).

Resatop raronoi
nponykLma

- o

Pesopayap

Maramc
TemnepaTypu

TOH

F/
H

Puc. 1 — Yemanoeka ona nonyuenus nabopamopo-
npomviuinennoti cepuu J[C

JKCNEepUMEHTAJIbHAA YaCTh
[IpoBoauaM ONTHUMHU3ALMIO COCTaBa Jie-
3MH(EKTAaHTOB, 00ECIEUNBAIOIINX MAKCUMAaIIb-
Hy10 3(dekTuBHOCTh B OTHOmIEHUM E. coli.
BapbupoBanuce  ciemyrone — He3aBUCHMBbIE
NepeMEHHBIE:
* coneprkaHHe JUICHIIaMMOHUS XJI0pHIa, %o;
* cozepkaHHe DIyTapoBOTo albAeruia, %;
* conepkaHue IMokcans, %;
* cozep)kaHue JUCTUILTUPOBAHHOM BOJIBI, %o.
Lenp paboThl 3akitodanach B IMOMYyYECHHU
YPaBHEHHMs, OIMCHIBAIOIIETO BIUSHHUE 3(QeK-
TUBHOCTHU COCTaBa JIe3MH(EKTaHTa M0 OTHOILIe-
HUto K E. coli:

2 2 2 2
Y= bo + b1x1 +bzx2 +bXz + b4x4 + bllxl + bzzx2 + b33x3 + b44x"' +b,X¥1%Xz +b XXz + b14x1x4 + bz3

XoXg + bezx‘i + b34x3x4

Hcnonp3oBanock pOTaTa6CJIBHOC HOCHTpaJib-
HOC KOMIIO3UIIMOHHOC IINIAHUPOBAHUEC DKCIICPU-
MeHTa. He3zaBucumele NEPCMCHHBIC U UX YPOB-

(D
HH, UCITIOJIb30BAHHBIC JIA pOTaTa6CJIBHOFO OCH-

TPaJbHOTO KOMIIO3UIIMOHHOTO IJIAHUPOBAHMS,
npuBeIeHbI B Ta0muIe 1.

Tabéauua 1 — He3aBucumble nepeMeHHbIe M MX YPOBHH, HCIIOIb30BAHHbIE 1JIs1
poTaTade/IbHOr0 HEHTPAJBLHOI0 KOMIIO3UIIMOHHOIO IVIAHUPOBAHMS

O603Ha- VYpoBHH
ITepemennbie
UCHHC -2 -1 0 1 2

Coneprxanue nnaeu?naMMOHm %, 7.0 9.0 11,0 13.0 15.0
xyopuna, %

CozeprkaHue nIyTapoBoro ajabjaerunaa, % X 4,0 5,5 7,0 8,5 10,0

Coneprxanue mokcans, %o X 2,0 4.0 6,0 8,0 10,0

Conep:xaHue AUCTHIUIUPOBAHHON BOIBI, %o X4 44,0 53,0 62,0 71,0 80,0
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DKCIIepUMEHTAIbHO HalIeHHbIe 3HaYeHHsI () PEeKTHBHOCTEN COCTAaBOB I€3MH(PEKTAHTOB MPUBE-
JIeHbI B Ta0uIe 2.

Tadnuna 2 — Pe3ybTaThl IKCIIEPUMEHTOB

Howmep KonumpoBanHble 3HaYeHHS TapaMETPOB E. coli (xnmeynas nanodka), %
onprra Xp Xy Xy X3 Xy DKCIepUMEHT Monenb
1 1 -1 -1 -1 -1 72,4 77,22
2 1 1 -1 -1 -1 75,7 75,95
3 1 -1 1 -1 -1 75,8 78,00
4 1 1 1 -1 -1 78,0 78,39
5 1 -1 -1 1 -1 82,3 85,37
6 1 1 -1 1 -1 76,4 81,35
7 1 -1 1 1 -1 83,5 84,35
8 1 1 1 1 -1 88,4 81,99
9 1 -1 -1 -1 1 74,8 81,44
10 1 1 -1 -1 1 83,6 87,17
11 1 -1 1 -1 1 84,9 84,37
12 1 1 1 -1 1 94,6 91,75
13 1 -1 -1 1 1 76,8 80,84
14 1 1 -1 1 1 85,8 83,82
15 1 -1 1 1 1 82,0 81,97
16 1 1 1 1 1 87,0 86,60
17 1 -2 0 0 0 86,9 78,79
18 1 2 0 0 0 78,5 82,16
19 1 0 -2 0 0 94,5 84,24
20 1 0 2 0 0 82,0 87,81
21 1 0 0 -2 0 79,2 74,37
22 1 0 0 2 0 77,0 77,37
23 1 0 0 0 -2 86,0 83,36
24 1 0 0 0 2 94,0 92,19
25 1 0 0 0 0 86,3 84,7
26 1 0 0 0 0 86,0 84,7
27 1 0 0 0 0 86,7 84,7
28 1 0 0 0 0 86,4 84,7
29 1 0 0 0 0 86,5 84,7
30 1 0 0 0 0 86,3 84,7
31 1 0 0 0 0 86,5 84,7
32 1 0 0 0 0 86,4 84,7
33 1 0 0 0 0 86,7 84,7
34 1 0 0 0 0 86,5 84,7
35 1 0 0 0 0 86,6 84,7
36 1 0 0 0 0 86,3 84,7
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Jlnst naxoxaenus xkoddpuunentos ypasuenuii (b, b, b, b,, b, b ,b,,b..,b,,, b b, b b,
b,,, b,,) HCIIONB30BAJICS METONl HAMMEHBIIUX KBAJIPATOB:
b}-:(Ef Xig Y.)/N (2)
PacueTHblie 3HaYCHUS KOAPPHUIIMESHTOB:
b, 82,50 b, 0,75 b, 20,69 b,, 0,54 b,, 3,03
b, 0,84 b, 2,21 b, 1,75 b34 | 2,19 b,, 2,50
b, 0,89 b, 0,41 b,, -0,45 b, 2,65 b,, -6,47

[IpousBeneM OLIEHKY 3HAUMMOCTU YKa3aH-
HBIX KO3 PHULIHEHTOB perpeccun. [y 3Toro uc-
M0JIb3YEM HYJb-TUIIOTE3Y, T.€. TUIIOTE3Y O PaBEH-
cte b, = 0.

Ecnu ona mnoarBepxknaercs, To Kodpdu-
LMEHT b, CleyeT NMPU3HATh CTATHCTHYECKU HE-
3HAYUMBIM U OTOPOCHUTD U3 HCKOMOM MOJIEINH; ec-
JIM TUIOTe3a He MOATBEP)KIAAETCs, TO COOTBETC-
TBYIOIIMA KOO(QuuMeHT b, crenyer npusHarh
3HAUUMBIM U BKJIIOYUTH B MOJIEIb.

[IpoBepKy runoTe3bl MPOBOJUM € TIOMOILIBIO
t — kpurepus CThIOIEHTa, KOTOPBIH MTpH MpoBep-
K€ HYJb-THUIOTE3bl (POPMUPYETCS B CIEIYIOIIEM
BUJIE:

YA,

| oz oz
_\JEI[ .\]5.?

3)

rae S §l_ — JUcTiepcHs OLIMOKU OIpeesIeHHs
ko3¢ purmenta b; t — koappunment CTproneHTa.

Jucnepcuto omumbKku onpenenenus ko3ddu-
ueHTa b Haxoaum mo dopmye:

Se= % 4)

rae § ; — CyMMa KBaJIpaTOB OTKJIOHEHHH IKC-
MEPUMEHTAIILHO HAWJIEHHOIO OTKJIMKAa OT Cpel-
HeapupMeTHIecKoro 3HaueHus; N — olriee unc-
JIO OTIBITOB POTATA0EIBHOTO LIEHTPATIBHOIO KOM-
MO3UIIMOHHOTO TUIAHUPOBaHMS (B HAIIEM CITydae
N=36).

JloBepUTeNbHBIM HHTEPBAJ PABEH:

Ab, = #t5,; ()

Ecnu Benmmumua koddduumenta perpeccuu
(o Monysro) rpeBbIiIaeT 3HaueHue Ab;, To koa¢-
(UIMEHT SIBISETCS] 3HAYUMBIM, €CIT HE NPEBbI-
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maet — ko3 GULMeHT ABISETCS HE3HAYUMBIM, U
MBI €70 UCKJIIOYAaeM U3 YPAaBHEHUS PETPECCHUM.

UroObl HaliTu 3HaueHue Ab; U KakJOro
YPaBHEHHUsI PETrPECCUM 3aJaJUMCs JOBEPUTEIb-
HOM BepOATHOCTBIO. lIpumep moBepurenbHOR
BEpPOATHOCTH 95%.

Uwncno creneHeit cBOOOIBI OMpeenseM Mo
bopmyme:

f=N(k-1), (6)

rae N — 4ucino cepuil mapasienbHbIX OIbI-
TOB; K — YHCII0 MapasuIebHbIX OIBITOB.

B Hamem ciydae yMcio cepuil mapaielnb-
HBIX OMBITOB cocTaBisgeT 12 (onbiThl ¢ 25 mo 36
B TabmiuIe 2), a YUCIIO0 MapajieNIbHBIX OIBITOB B
Kaxnoi cepun — 3. Torga f = 24.

W3 Tabmuuel pacnpenenenust CrbiofeHTa
HaXOAMM, UTO MPH JIOBEPUTEIHHON BEPOATHOCTH
95% (0,95) u f= 24, t=2,064.

Haiineno, 4To He3HAYUMBIMU SIBIISIFOTCS Clle-
nyrwomue kodhdunuentsr: bl, b2, b3, b12, bl3,
b23, b24. Cratuctuueckas HE3HAYUMOCTb yKa-
3aHHBIX KOA((UIIMEHTOB MOXET OBITH 00YyCIIOB-
JIeHa CIEAYIOUIMMHU IpUYMHaMu: 1) ypoBeHb 6a-
30BOTO pekuMa OJIM30K K TOYKE YAaCTHOTO JKC-
TpeMyMa IO MEPEMEHHON X, WM 10 NPOU3BE-
JICHUI0 TIEPEMEHHBIX; 2) IIar BapbHUPOBAHUS
BBIOpaH CJMIIKOM MajibiM; 3) yKa3aHHbIE Iie-
pEMEHHBIE UMEIOT Ci1alylo (YHKIHMOHAIBHYIO
CBSI3b C BBIXOJHBIM MapaMeTpoM Y.

Takum 00pa3om, 1Mocie UCKITIOYeHNs] He3Ha-
YUMBIX K03()(DUIIUEHTOB, MOJyyaeM Clieyrolee
ypaBHEHHE PETPECCUU:

Y = 82,50 - 2,21x, + 1,75x,%, -2,19 xyx, +
1,65x5 + 1,03%3 + 2,50x3 — 6,47x3 (7)
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[ToBEpXHOCTH OTKIIMKA OT IEPEMEHHBIX X | U
X, mpuBeicHa HA pUCYHKe 2 a. 3Hauenus X, u X,
ObuM 3a(hMKCMPOBaHBbI B LIEHTpe Mana (X, = 0;
X, = 0). [ToBepXHOCTb OTKJIMKA OT TIEPEMEHHBIX
X, u X, mpuBenieHa Ha pucyHke 2 6. 3HaueHus
X, n X, ObUIM 3aUKCUPOBAHbI B LIEHTPE IJIaHa
(X, = 0; X, = 0). [ToBepXHOCTb OTKJIMKA OT Ti€-

¥, % ruenw E. coli

¥, % rvbenm E. coli

pemennbix X u X, NIPUBEIEHA HA PUCYHKE 2 B.
3uayenns X, u X, ObLiv 3a)MKCUPOBAHBI B LICH-
tpe mnana (X, = 0; X, = 0). [ToBepXHOCTH OTKIIH-
Ka OT mepeMeHHbIX X, U X, MpUBEJICHA HA PH-
cynke 2 . 3nauenns X, u X, Obun 3apuKcHpo-
BaHbl B IIeHTpe mana (X, = 0; X, = 0).

Y, % ruenu E. ooli

o]
N’

® R

8
RRERBBERARE

¥, % rubenn E. coli

8% R 88

Puc. 2 — a) nosepxnocmv omxauxa (Y, % eubenu E. coli) om usmenenus cooepacanus oudeyunammonus xaopuoa (X1, %, 6

KOOUPOBAHHBIX NEPeMEHHbIX) U OUCTHULIUPOBAHHOT 800bl (X4, %, 6 KOOUpoBanubix nepemennslx, 6) nogepxnocms omxauxa (Y, %

eubenu E. coli) om usmenenus cooepacanus enuoxcana (X3, %, 6 KoOUpo8anHvIxX nepemMenHbix) u OUCMULIUPOBANHOU 800bl (X4, %, 6

KOOUPOBAHHBIX NEpeMeHHbIX), 8) nosepxnocms omkaura (Y, % eubenu E. coli) om usmenenus cooepicanus Oudeyunammonus Xaopuoa

(X1, %, 6 KOOuposannbIx nepemMeHHbIX) U 21ymapo6o2o anvoeuod (X2, %, 6 KoOOUpoEaHHbIX NEPEeMEeNHbIX), 2) NOGEPXHOCHL OMKIUKA

(Y, % eubenu E. coli) om usmenenus cooepocanus enymaposoco aivoecuda (X2, %, 6 KoOupoeanHwix nepemennbix)

u enuoxcans (X2, %, 6 KOOUPOBAHHBIX NEPEMEHHDIX)

Takum oOpas3om, HauOoIbliiee BIUSHUE Ha
3¢ GhEeKTUBHOCTh  JIe3MH(EKTaHTa OKA3bIBAIOT
MapHbIE B3aUMOJICHCTBUS KOMIIOHEHTOB, a HE
COJIEp)KaHUE KOMIIOHEHTOB TIO OTIEIbHOCTH.
HckmoueHne COCTaBiIsieT TUCTHILIMPOBAHHAS
BOJIa (X,).

s ompeneneHus 3HAYSHW MapaMeTpoB
MEPEeMEHHBIX, 00ECTEeYNBAIOIINX MaKCHUMallb-
HOE€ 3HAUCHHE OTKIMKAa (TO €CTh MaKCHUMajlb-
Hoe 3HaueHue % rubenu E. coli) HailieH MaKCH-
MyM (PYHKIHH C HCIONH30BAHUEM IMPOTPAMMBI
Mathcad. 3HaueHUs KONMPOBAaHHBIX TMEpPEMEH-

HBIX 3aTeM OBLIM TepeBeICHBl B HATypaJbHbBIE
nepeMeHHble. MaKCUMallbHOMY 3HAYeHUo Y
COOTBETCTBYIOT CJIEYIOLIME 3HAUEHUsI KOHIICH-
TpaIuii KOMIIOHEHTOB (ONITUMATHHBIE 3HAUCHUS ):

* colepkaHUEe AMACLMIAMMOHHUS —XJIOpUIa
—9,8%:;

* colep:KaHUe ITyTapoBOro anpaeruga—9,7%;

* conepkaHue rmokcans — 7,7 %;

* colepKaHUE  JIUCTWUIMPOBAHHOMU
- 66,8%.

[Ipu coOmroneHNy yKa3aHHBIX yCIOBUH TH-

oenb E.coli cocraBnser 98,1+1,6% (HaligeHo u3

BOJBI
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JKCIIEpUMEHTa). TeopeTHyecKkn paccCuuTaHHOE
3HaueHue (1Mo ypaBHEHUIO) cocTaBwio 95,4%.
OTKJIOHEHHE HKCIEPUMEHTATbHO HaWJIeHHON
BEJIMYUHBI OT TEOPETHUECKOU cOCTaBUIIO 2,75%,
YTO CBUACTEILCTBYET 00 a/IeKBATHOCTH MOJICTIH.
st uzydenus 3pGeKTUBHOCTH BHOBb CKOH-
ctpyupoBanHoro JIC mpoBeneHbl HUCTBITAHUS
Ha Pa3NUYHBIX BUJAX AHTUCENTHUECKHX U Je-
suHQUIMPYIOMUX TpenaparoB. Pabora mposo-
JUJIach B COOTBETCTBHH C «METOAMYECKUMHU
yKa3aHUSMU 10 TPOBEACHUIO JIaDOPATOPHBIX
MIPEIPETUCTPAIIMOHHBIX UCTIBITAHUN CPEACTB Jie-
3UH(EKIUHU, TPEACTCPUITH3AIMOHHON OYHCTKH,
CTepWIN3AIUN U aHTHUCETITUKOBY» (YTBEPKICHBI
[Tpukazom M3 PK Ne 133 ot 4 Hos16ps 2008 1.).
Hcnonb30BaHbl  TECT-IITAMMBI  MHKPOOP-
raam3moB: Staphylococcus aureus ATCC 6538,
Escherichia coli Ne K-12, Candida albicans
ATCC 10231, B. cereus , Vibrio cholerae OI
(75 M), Yersinia pestis EV, Bacillus anthracis
L]enkoeckoeo. lllTaMMBl COOTBETCTBYIOT Tpe-
OOBaHUSM, MPEIBSIBISIEMBIM K TECT-IITaMMaM
MHUKPOOPTaHHU3MOB, WCIOIb3YEMbIX TPU HCIIbI-
TaHUSX dS((PEKTUBHOCTH AC3UHPHUIUPYIOMINX
cpenct. LlITaMMbI KyTbTUBHPOBAIIA HA arape u
oynboHe Xortunrepa ¢ pH -7,0+0,2 (pucyHok 3).
B xauectBe wmHTepdepupyomed cyd-
ctaHuuMu ucnonb3oBaHa 40% HMHAKTUBUPO-

a) KOHTaMUHAIHS
TECT-00BEKTOB -
MHKPOOHOH B3BECHIO

B) KOHTAaMHUHAIIHUS
TeCT-00bEKTOB
MHUKPOOHOI B3BECHIO

BaHHAs HOpMaJibHas JIOIIAJWHAs CHIBOPOT-
ka. TecT-00beKTaMH CIIY)KWIM H3AEIHS MeIu-
IIUHCKOTO Ha3HayeHMs (PE3UHOBBIC, CUIMKOHO-
BbI€, TNIACTMACCOBBIC U METAJUIMYECKUE TPYOKH,
CTEKJIO, OaTUCTOBBIE TECTHI, KadenbHas MIUTKA
— 00paboTKa MOBEPXHOCTEH).

Jnst onieHkH 3P PEKTUBHOCTH CPEICTBA MPU
o0e33apakuBaHUM W3JIETUI MEAMIMHCKOTO Ha-
3HAYEHUSI TECT-00bEKThl KOHTAMHUHHMPOBAJIH
B3BECSIMH TECT-IITAMMOB MHUKPOOPIaHU3MOB,
BbIpAIllEHHBIMU Ha arape XOTTUHIepa B TeUCHHUE
24 yacoB MpH ONTHUMAJIBHON Temreparype, KOH-
nentpareit 2x10° m.x. B 1 mur 0,9%-Horo pac-
TBOpa Harpus xjopuzaa. Iy mosydyeHus cCro-
pOBOI (POPMBI KyIBTYpHI IITAMMOB B. cereus U
Bacillus anthracis []enkoeéckozo WHKYOHpOBa-
mu B TeueHue 7 cytok npu 37°C. B pabore uc-
M0JIb30BaJIaCh KyJbTypa, COAEpIKaIllas He MeHee
70% cmop (ompenensii B Ma3ke, OKpaIeHHOM
no I'pamy).

[Tocie KOHTaMHHAIIMK MTOBEPXHOCTEH MHU-
KpOOpraHu3MaMHu OOBEKTHl OpOINAIN PACTBO-
pamu ucnsityemoro JC. Ilo ucreuenun Bpe-
MEHH JUIsl Je3UH(EKIM KOHTAaMUHUPOBAaHHBIE
TECT-00BEKTHI MOJTHOCTHIO MOTPYKAIU B MPO-
OMpKHU C MUTATEIbHBIMU CpeJaMu U IOoMella-
JU B TEPMOCTAT JUJIsi HHKYOUPOBAHHS B ONTH-
MaJbHBIX YCIIOBUAX. B KadecTBe KOHTpousei

0) npuroToBICHHE
MHKpPOOHOIT B3BECH

) Tg o -
= e - A

AR TR A

') ATATEeIbHBIN
OyJbOH ISt
KOHTPOJISt
a¢dexkTBHOCTH

JC

Puc. 3 — Tecm-wmammol MUKpoopeanuzmos
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UCIIOIb30BAJIM  TECT-O0BEKTHI, IOTIPYKEHHbIE
B CTEPWJIbHYIO BOJONPOBOJHYIO Boay. s mMo-
JEJIMPOBAHNS OPTaHUYECKOTO 3arpsi3HEHUs HC-
MOJIb30BATIM JIOTIOTHUTEBHYIO Harpy3ky mpoo
40% HOpManbHOW JIOLWIAJMHON CBHIBOPOTKOM.

Pesynbrarel ucnbeiTaHus OAKTEPUIIUAHBIX, (YH-
TUIUIHBIX W CHOpouMIHBIX cBodcTB JIC 6e3
OENKOBOM HArpy3Kd UJECHTHUYHBI pe3ylibTaraM C
OenmkoBO# Harpy3koi (puc.4).

A - Kontpons xononneodpasyromux eanau (KOE) mramma E. Coli
b - Konrpons KOE mramma Y. pestis EV

B - Kourpons KOE mramma B. cereus

Puc. 4 — Konmpone wumammos

Ta6auna 3 — IPppexruBrocts JIC B oTHOIIeHUN St. aureus, E. coli

St. aureus ATCC 6538 E. coli
Konuen- Jlurens
Tpauus HOCTb KOH-
JC, TaKTa, Pesuna Crex- UMH/ Pesuna NMH/
% MHH CHJINKOHO- Merann cuiukoHo- | Ctexio Merann
10 Oenbe Oenbe
Bas Bast
0,25 60 0 0 0 0/0 0 0 0 0/0
05 30 0 0 0 07* 0 0 0 0/*
’ 60 0 0 0 07* 0 0 0 0/*
| 15 * 0 0 */0 * 0 0 */0
30 0 0 0 07* 0 0 0 0/*
Kontpons xynerypsr, KOE 63108 42108
B 1 M

ITpumeuanue — * Pexum He peycMOTpeH

Pesynbrarel  ucnbITaHus  APPEKTUBHOCTH
cBoiictB JIC mpezcrasieHsl B Tabaumnax 3-6.

B Tabnuue 3 npencraBieHbl pe3yabTaThl Uc-
nbiTanui d3gdexruBHocTH J{C 10 OTHOLIECHHIO K
BEreTaTuBHbIM (opMaM Mukpoopranu3mos I11-
IV rpynn narorenHocT# (Bo30yAuTENIN BHYTpPU-
OonpbHUUHBIX WHGpeKkuuit). Konmentpamuum ne-
3UH(UIUPYIOIIETro CPEACTBA U BPEMEHHBIE dKC-
MO3MIIMY, YKa3aHHbIE B TAa0JHIle 00eCIeunBaloT

o0e33apakuBaHle 0OBEKTOB, KOHTAMUHHPOBAH-
HBIX BEreTaTMBHBIMM (POpMaMU MHKPOOPTaHU3-
MoB III-IV rpynn naroreHHOCTH.

D¢ hexkTuBHOCTH Je3UHUIHMPYIOLIETO
CpeACTBa B OTHOLIEHUH 0CO00 OMAacHBIX HH(EK-
Ui u3ydanu Ha mrammax Y. pestis EV, V. chol-
erae 0 75-M. Pe3ynbTarsl IpuBeIeHbl B Ta0INU-
ue 4.
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Tabuuua 4 — Ipdexrusnocts 1C B oTHOmIenun Y. pestis EV; V. cholerae 01 75-M

Kotien- Tomurens Y. pestis EV V. cholerae 01 75-M
Tpanus HOCTB KOH- P P
JcC, TaKTa, csua VMH/ esmma Crek- Me- NMH/
o CHJIH- Crexio Meramn CHIIU-
% MHH Oenbe 110 TaI Oenbe
KO-HOBast KO-HOBast
2 60 0 0 * 0 0 0 *
Konrpomns kymsrypsr, KOE B 6.7 x108 1.0x109
1 mn
[Mpumeyanue — * Pexxnm He mpenycMOTpeH
Tabuuua S — IpdexruBnocts IC B orHOmenun C. albicans ATCC 10231
Konnenrpa- C. albicans ATCC 10231
JIuTenbHOCTD KOH-
nus JIC,
o TaKTa, MHH
0 IToBepxHocTn CrekJio [Inactmaccst Merann NMH/Benbe
0,5 15 0 0 0 0 *
KonTpons kynstypsl, KOE B 1 M 6,3x108

[Mpumeuanue — * Pexxum He IpeyCMOTpeH

Taxum o6pazom, obe3zapakuBaHue 2% KoH-
uentpauuei JIC B reduenne He MeHee 60 MUHYT
obecreunBaeT ne3MH(EKINI0 00BEKTOB, KOHTA-
MUHHMPOBAHHBIX 0CO00 OMACHBIMH MaTOreHaMH,
He 00pa3yIoLUMH CIIOPHI.

[Ipencrapnennsie B Tabnuie 6 pe3yabTaThl
UCTIBITAHUN S(PPEKTUBHOCTH CBUJETEIHCTBYIOT
o ¢yuruuuaHom neiicteuu [IC B OTHOIIEHHH
tect-mramma C. albicans ATCC 1023 1.

Pesynbrarel, npencraBieHHble B Tabnuie 6,
CBUJIETEJILCTBYIOT 00 3()(hEeKTUBHOCTU pacTBO-
POB IIpH paboTe CO CIIOPOBBIMU MUKPOOPTaHU3-
mamu [I-1V rpynn natorenHoctu. CTaOMIbHOCTD

3¢ (HEeKTUBHOCTH OaKTEPUIIUTHOTO, CIIOPOIUI-
Horo u (pyHrunuaHoro aevcreuii JIC onpenerns-
JIA B TEUEHUE 5 CYTOK.

W3nenus  MEIULMHCKOTO  Ha3HAYEHUS
(wmpunpl, npobupku, damku Iletpu, mumer-
KM, CKaJIbIIE€JH, MMHLETHI, UCIIOJIb30BAaHHBIE JJIs
BCKPBITHS 3 OENBIX MBIIIEH) HCCIeT0BATH MTOCIIe
nesundexu 2% pacTBopoM B TedeHne 30 MuH.
3amauynBaHWe U3ICNUNA B JE3MHYHUIHUPYIOIIEM
pacTBOpe MPOBOAWIM MPU IMOJHOM HUX MOTpy-
JKEHUH TakK, YTOOBI TOJIIMHA CJIOSl CPENICTBA HA
uHCTpyMeHTamu Obuia He MeHee 1 cm. [lonoctu
W3JIeTTUH 3a0JIHSIIN C TOMONIBIO BCIIOMOTaTeb-

Taodnuna 6 — dddexrnBHocTs JIC B oTHOMIEHUHU B. cereus, B. anthracis I]enkoeckozo

B. anthracis [{enroBckoro B. cereus
JIUTEIND
Konuenrpa HJjCTL KOH
ust [IC ) ] B ] =]
t ‘VZ[ TaKTa, Pesuna cuin- 5 E Inacr- | Pesuna cu- > § Inact-
(V] [} [}
= o =1 )
MUH KOHOBast 5 2 Macchl JIMKOHOBAsI 5 2 Macchl
4 360 0 0 0 0 0 0 0 0
Konrpons kynstypsl, KOE B 1 Mt 6,5x107 8,7x107
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HBIX CPEJICTB, Y1AJIss [IPU 3TOM ITy3bIPbKH BO3/1Y-
xa. [lo okoHYaHMU 3asIBIIEGHHOTO BPEMEHHU KaX-
J10€ U3/EJINE TPOMBIBAJIM TAMIIOHAMHU, EPILIAMU B
9TOM K€ PacTBOPE U OMOJIACKUBAIN O] IPOTOY-
HOM BOIOM B TeueHue 1-3 MUHYT, a 3aTeM oIo-
JIACKMBAJIM B EMKOCTH C TUCTHJIJIMPOBAHHOU BO-
noi B TeueHue | MuHyTHI. [IpoBOAMIN KOHTPOIIb
NPeACTEPUITN3AIMOHHON OYUCTKU pabodnM pac-
TBOPOM peakTuBa «A3zonupam». B mmpuiiel Ha-
muBanu 1 Mit pabodero pacTBopa «Azonupam» u
Yyepe3 UMy MpoIycKalu Ha MapieBylo caider-
Ky. Habmtonanu 3a u3MeHeHHeM LBeTa peakTUBa
«Asonupam» B TedeHue 1 MuH. C mpomiennm-
MU IPEICTEPUIU3ALUOHHYIO OUUCTKY HM3/€IHs-
MU U3MEHEHHE 1IBETAa pacTBOpa HE HACTYIUIIO.

Takum 00pa3oM, pe3yabTaThl IPEICTaB-
JICHHBIX MCIIBITAHUN TOATBEPXKIAIOT 3 dek-
TUBHOCTH HoBoro JIC mnpu mnpencrepuinsa-
LIMOHHON OYMCTKE MHCTPYMEHTOB MEIUIIMHCKO-
ro Ha3HAYEHUS.

OnnuMm u3 BaxHbIX mokazareneid JIC sB-
JISIeTCs €T0 TOKCUYHOCTh JJ1s 1a00paTOPHBIX KU-
BOTHBIX. « TOKCHYHOCTB» — 3TO BEJIMYHMHA, KOTO-
pasi MOKa3bIBaeT, HACKOJIBKO TO WM MHOE COe-
JUHEHHE ONIACHO JUIS 310pPOBbs U KU3HU MIIEKO-
MUTAIOUIMX U TEIJIOKPOBHBIX CYyIIECTB. Takxke
MOYKHO CKa3aTbh, YTO TOKCHUYHOCTb — 3TO CIIO-

COOHOCTH TOTO WM WHOTO COEIWHEHUS BBI3bI-
BaTh HeOOpaTWMble W3MEHEHHUS B COCTOSHUH
3I0OPOBBSl JIIOJICH, JKUBOTHBIX WM DPACTEHUH.
Brruncnsiercss JaHHBINA MOKa3arenb Kak o0part-
HOE 3HAUEHUE CPEJIHEeW CMEPTENbHOM J103bI TO-
ro Wiu uHoro areHTa. CylecTBYIOT CIEAYOIIHe
KJIaCChl TOKCUYHOCTH.

TOKCHYHOCTH BHOBBH CKOHCTPYHPOBaHHO-
ro JIC Ha ocHOBe anbJerua0B, aMUHOB, XJIOP-
COJIeprKalllMX BELIECTB OLIEHUBAJIU ITyTEM OIpe-
JIEJIEHUSI CPEAHE-CMEPTEIBLHOM J103bI (LDSO) npu
BBEJICHUH B JKETYIOK U HAHECEHUU Ha KOXKY IS
4eThIipex pabouux 103 (memoouka no Tainter) —
1000 mr/kr, 2000 mr/kr, 3000 mx/kr u 4000 mr/
KL

HccnenoBanuss TPOBOIWIM B ONBITaX Ha
3MIOPOBBIX O€NbIX MblIax wmaccod 18-22 r
[TomOMBITHRIX KUBOTHBIX Opanu OAHOW TUHUH,
BHUJIa, BO3pacTa, 000€ro mosa, OIMHAKOBBIX BECO-
BbIX XapakTtepuctuk, SPF (cBoOomHbIe OT maro-
TeHHOHU (IOPHI) - KATETOPUU METOAOM CIydaii-
HOM BBIOOPKH, 10 6 OENBIX MBIIIEH Ha KAKIYIO
no3y. B xenynok npenapar BBOAWIN 30HIOM IO
0,5 MJ; Ha KO)KHYIO TIOBEPXHOCThH CIIUHKH KH-
BOTHBIX aNIUIMKAIMU TpernapaTa HAaHOCWIA Ha
MPEIBAPUTENHHO BBICTPHIKEHHBIA Yy4acTOK 2%2
cM Ha 4 yaca u3 pacyera 20 mr/cm?’.

Ta6auna 7 — TokcHKoJI0rHYecKne MOKa3aTeu Ae3MHPUIMPYIOUIUX CPEACTB

MogenbHast O6Hapy>keHHas JlomycTumas KoH- H/1 na meTonbt
HanmeHnoBaHue nmokasarens o
cpena KOHIIEHTPAITHS LEHTpAIHs HCCIIeI0BAaHUI
Tokcukonoruyeckue:
2000 mr/xr 151-5000 mr/kr
- cpennss cMeprenbHas go3a (LD, ) Mexrocynap-
IIPY BBEJIEHUU B JKEIYI0K Boanwrii pac- CTBEHHBIN
- KJIacC OTIaCHOCTH TBOP 3 kmmace 3 kmacc crangaptr TOCT
(ymMepeHHO omacHble | (YMEpEHHO OIacHBIE 12.1.007-76
BEIIECTBA) BEIIECTBA)
>2500 mMr/m >2500 mr/m
- cpenHsts cmeprenbHas no3a (LD, ) Mexrocynap-
IIPY HAHECEHUH Ha KOXKY Boanwtii pac- CTBEHHBIN
- KJIacC OMaCHOCTH TBOP 4 xmacc 4 xmacc crangapt TOCT
(MamoomnacHbIe (MamoomacHsIe Belle- 12.1.007-76
BEIIECTBA) CTBa)
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il

A) B3BemmBaHue 0€I0I MBIIIH

B) onpenenenne BozaeiictBust {C myTeM BBEACHUS B )KEITYIOK

B) onpenenenne Bo3aetictust JIC myTeM HaHECEHUS Ha KOXKY

Puc. 8 — Onpeoenenue moxcuunocmu JJC

Cpok HaOIrOneHHUs 3a XUBOTHBIMH I10OCIIE
OCTpOTro BO3JIeicTBUA cocTaBui 14 nuet (puc. 8).
Bo Bpems omnblTa TIIATENBHO CIAEOWIM 3a IPO-
ABJICHUEM CHUMITOMOB HMHTOKCHKALlUM: KIWMHU-
YeCKHe CUMITOMBI U 00IIee COCTOSHUE KUBOT-
HBIX (BEC, allETUT, TEMIIEpaTypa Tella, MOBEee-
HUE JKUBOTHBIX).

ComnacHO NOJTYYEHHBIX PE3YJIBTaTOB, CPEl-
CTBO IO CTENIEHU BO3JECHCTBUS HA OpPraHU3M OT-
HOCHUTCSI K 3 KJaccy YMEPEHHO ONACHBIX Be-
LIECTB MPU BBEJCHHUHU B XKEJIYJOK U 4 Kiaccy ma-
JIOONIACHBIX BEILECTB IIPU HAHECEHUU Ha KOXKY
no MexrocynapctBeHHomMy crtanaapry ['OCT
12.1.007-76. CpencTBo OKa3bIBa€T BBIPAKEHHOE
MECTHO-pa3pa)karollee JIeHCTBUE, BBI3bIBACT
YMEPEHHOE Da3pakKeHUe KOKU M CIM3UCTBIX
00oJ04eK I1a3, 00JasaeT yMEPEHHbIMU CEHCH-
OMITM3UPYIOIMMH CBOIICTBaMHU.

[TpoBeneHHble aOOpAaTOPHBIE HUCHBITAHUS
3(QPEKTUBHOCTH U TOKCUYHOCTH BHOBb CO3J/1aH-
Horo JIC Ha 0CHOBE aJIbAETUI0B, AMUHOB, XJIOP-
COJIEp>KAILlMX BEIIECTB CBUAETEILCTBYIOT O TOM,
YTO OHO MOYKET HCIOJB30BaThCsl Ul IIPOBEC-

HUS TEKyIIeH U 3aKIIIOYNTENIbHON Ne3UHPEKITNH
B JIe4eOHO-IPOPHIAKTHUECKUX, TETCKUX U KOM-
MYHAJIBHBIX YUPEXKJICHHUIX, TPEANPHUATHIX 00-
IIECTBEHHOTO MUTAHUS, 151 Je3UH(EKINH 13/1e-
JMHA METUIIMHCKOTO Ha3HAYeHHs, 1aO0paTOpHOit
MIOCY/IBI.

Takum 00pa3zoM, METOIOM pOTaTabEIbHOTO
LEHTPAJIBHOIO KOMIIO3MIIMOHHOTO IJIaHUpPOBa-
HUSl DKCIEPUMEHTA HU3Y4YE€HO BIIMSHHE KOHIICH-
TpalUU aKTHUBHBIX KOMIOHEHTOB Ha 3(deKTus-
HOCTb JIe3UH(HUIMPYIOLIETO CPEACTBA U ONpeie-
JeH onTtuManbHblii coctaB JIC Ha OCHOBE ajb-
JETUJI0B, aMHUHOB, XJIOPCOAEPIKAIUX BEILECTB
(mupeunmnamMMonun xmnopun - 9,8%; rmiyrapo-
BBIM anpaeruf - 9,7%; muokcanb - 7,7%; nuc-
TUJIMPOBaHHas Boja - 66,8%). BelsaBieHo, 4To
HauOonpIIee BIUsSHUE Ha 3((HEKTUBHOCTH Jie-
3MH(EKTaHTa OKa3bIBalOT MapHbIC B3aUMOJCH-
CTBUSI KOMIIOHEHTOB, a HE COIEpPKaHUE KOMIIO-
HEHTOB I10 OTAENBHOCTH. OTKIIOHEHHUE IKCIIEPH-
MEHTaJIbHO HAWJEHHOW BEJIWYMHBI OT TEOPETH-
4ecKoW cocTaBmiIo 2,75%, 4TO CBUAETEIBCTBYET
00 aJIeKBaTHOCTH MOJIEIIH.
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THAPO®OBTHI ’KOHE METAJJIBIK KYWE HEI'3IHAE «BACKYPAPER» JKACAY
HAKUIIKbI3bI M.
an-Dapabu amvinoaevl Kazax ¥nmmulx ynueepcumemi, Kany npobremanapol uncmumymol

Anoamna: YcolHblibin OMbIP2an HcymMblcma cuopodhodmul dcane Memanovlx Kacuemi oap Kyie HeeiziHoe
«backypapery osicacanvinowi. llponan-6yman 2a3z KOCnAacwl HCATbIHHBIY JHCAHYBL OAPLICLIHOA MY3iNeeH KyUeHiH
2uopododomul Kacuemi 3epmmeninin, CuHme3s0ei2eH Kytieee Memanoviy Kacuem oepinoi. Memanowix kacuemmi
Kytleze Oepy yuwin, Kytie yaeiiepi memip my3vlHbly KAHLIKKAH epiminoiiepimen oHoendi. Kyiie yneinepin 3epm-
mey 6apulcbiHOd, 01apOblH 2UOPOPOOMBLIBIK, IPi MeMAIObIK Kacuemi bap exenoiei OpHbIKMblpblIObl. ANbiH2aH
KYUeHiH KYPblIblMbl MYPAIbl MOIbIK AKRAPAM ALY YULIH, HCUHANRAH KYlle QUUKA-XUMUSBIK (HCAPBIKIMbL KOM-
OUHAYUATBIK WAUBIDAMY, HCAPLIKMAHOBIPEbIUL INEKMPOHOIK MUKPOCKON) 20iCmepMeH 3epmmeininoi.

Tyitinoi co3oep: cunmes, Kyiie, 2uOpoPOOMbLILIK, MEMANObIK, Kacuem, 2uopodoomsl Mamepuaioap

CREATION OF «BACKYPAPER» ON THE BASIS OF HYDROPHOBIC
AND METALLIC SOOT

Abstract: In this paper it was created «backypaper» based on soot having hydrophobic and metallic properties.
The hydrophobic properties of soot formed during the combustion of a propane-butane gas mixture were
studied, and metal properties were given. In order to give the metallic properties to the soot, they were
treated with saturated solutions of iron salts. In the study of soot samples, it was found that they have both
hydrophobic and metallic properties. It was investigated collected soot by physicochemical methods (Raman
spectra, transmission electron microscopy) for establish a complete information about the structure of sample.

Key words: synthesis, soot, hydrophobicity, metallic properties, hydrophobic materials

CO3JIAHUE «<BACKYPAPER» HA OCHOBE I'lJIPO®OBHOM
U METAJLJIMYECKOM CAKHA

Annomayusa: B npeonazaemoii pabome oOvlia cozdana «backypapery na ocrnoge cascu ¢ euopogobdHbiMuU
ceoticmeamu. H3yuenvl cuopoghobuvie ceoticmea cajicu, 0opa3ywWenicss npu CoHCULAHUU NPONAH-OYMAHOBOU
2a30601 cmecu, U NPUOABANUCH UM MEeMmaliudecKue ceotcmed. s npuoanus um Memaiiuieckux ceolucmes
006pazysl cadicu 0Opadbamvléanu HACLIWEHHbIMU pacmeopamu conell sxcenesda. Ilpu uccredosanuu 0opazyos
cavcu OblI0 YCMAHOBIEHO, YMO OHU 001a0am Kaxk 2uopopOoOHbIMU, MAK U MEMALIULECKUMU CEOUCMBAML.
s ycmanognenus noaHol uHgopmayuy 0 Cmpyknype noayuaemMoll cajicu NOJIYy4eHHAs caxca Ovlia ucciedo-
8ana Quzuxko—xumuyeckumu memooamu (Kombunayuonuoe paccesnue ceema, npoceeyusaiowjull 31eKmpoH-
MBI MUKPOCKON).

Knrwoueswie cnosa: cunmes, cadxca, 2u0pogooHOCmb, MemaniuiecKue ceolcmaa, uopogoduvie mamepuavl
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Kipicne

Backypaper (kemipTekTi mapak) — Kemip-
TEKTI HAHOTYTIKILIENEPiH arperarblHa HEri3-
JIeNITeH JKyKa KaOBIKIIa Topi3aec OOJbIN Keei.
Hanoryrikmenep anamusiy mambsiHad 50 000
ece JKyKa, OyJ1 5KOFapbl MEXaHUKAJIBIK )KOHE dJIeK-
TPJIIK KacueTTepli KepceTeni, Oyl OHBI jKaHap-
Mail xacyIanapbl MEH KOMIIO3UIUSUIBIK KOJIJ1a-
HyFa KoJaiiisl eteqi. On a3poHaBTHKA XKOHE Me-
JUIMHANBIK CEKTOP/bl KOca ajfaHaa, KOJNAaHy
asICBIHBIH CIIEKTP1 KeH: OpTTEH KOpFay; TeJelu-
Jap 3KpaHAapbl; JKbUTy OTKI3TIII; CY3y; KaJKaH,
Mara »)acay; O6arapesiap xoHe T.0. HakThl emip-
7ie KOJIJaHy YUIIH OHBIH KacHeTTepiH jKaKcapTy
’KOHE OHJIIPIC KYHbIH TOMEH/IETY YILiH KONTereH
3epTTeynep aii e Kypriziayne. Tasy Kbuigapsl
OyJ1 Marepuan e31HJIIK epekuIeNikTepine Oaitna-
HBICTBI TEXHOJIOTHUSJIAP QJIEMiHE JKaHAJBIK €HTi-
zemi [1-3].

Backypaper (kemipTekTi mnapak) epreneri
€CKi MallIMHKaIaFbl KOMIpTEeri Kara3blHa YKCaii-
nbl, Oipak OonaTThiH Oanama MaccachlHAH OJl-
nekaiina xymri. Backypaper naiibinany 6apbl-
CBhIH/Ia Ka0aTTaChIMN, CHIFBUIFAH Ke3Je, aJIbIHFaH
Mmarepuan 6omnarran 500 ece KymITi, CaJIMaKThIH
oHHaH 0Oip Oemirine TeH Oomansl. COHBIMEH Ka-
Tap, OJ1 THIM/I1 )KbUTYy ©TKI3TIIITIKKE KOHE ONTH-
KaJIbIK IIAFbUIBICTRIPYFaA He. OneTTe, backypaper
(keMIpPTEKTI MapakK) BaKyyMAbl CY3y apKbUIbI
JaibIHAANaael A2 KaJIbIHIBIFBI OipKenki Ooma-
THIH KaOBIKIIAJIAppl alyFa MYMKIHIIK Oepeni.
Anaiina kiactepnepiiH OoMybl  epiTiHAiAEeT]
KOMIPTEKT1 HAHOTYTIKIIEIEeP/IiH Halap Jucrep-
CHSICBIH JKOHE / HeMece KOMIPTEeKTI HaHOTYTiK-
HIeJIepAiH epITIHAICIH CY3y YIIIH KOJIJaHbLIa-
THIH MeMOpaHaHBIH KeyeK MeJIepi )KeTKITIKCI3
eKeHIH KepceTyl MYMKiH [1].

Bapaban

Kyfie xuuarsmm

Kamem

Kemipreri opkamaH eMip VIIIH MaHbI3-
JIbl QJIEMEHT eKeHIr1 Oapuiambizra asH. On ken
yakbITTaH Oepi Oenrifi efi, con cedenTi, KbiMoaT
ayMac IeH Maiinay rpaduTiHeH 6acTtan KyHTipT
KyJIre, Kapa IaMfa, KOKCKe jKoHEe KeMipre Jei-
1H, opTYpJi (PU3MKAIBIK HBICAHIAap1a HeMece all-
noTponTapnaa kesaeceni. dymiepeH, KeMipTek-
Ti HAHOTYTIKIIEJep >KoHE TpadeH CUSKTHI TaHbI-
MaJl OOJIFaH JKOHE KeHiHHEeH jKacaH/bl Typ/e Ja-
MBIFaH HBICAH/JAap MaTepHalTaHy CajachbIHJIAFbl
MaHBI3bI Ke3eH OOJbIN TaObUIAALI JKOHE OOJa-
IIaKKa YJIKeH MYMKIHIIKTEp Oepei.

Kyife, mamHbIH Kyiieci, KeMip, KOKC KoHE
T.0. aTOMJIap/IbIH KYHeli opHanacybl 6oiMaraH-
JBIKTaH, TAOUFaTTa aMOP(THI OOJIBIT KEeNe/i.

I'mapodoOTEl  MaTepuangap TacThl, Kip-
MimITi, 06TOH MEH OeTTep/IiH ChIIaFbIH CY/IbIH 3U-
SIHJIBl QCEPIHEH JKOHE aTMOC(hepasblK KyObUTbI-
CTap/IbIH 9CEepiHEeH KOpFay YIIiH KOJAaHbIIaThIH
Marepuaiaap Oomnbin caHanagbl. OCbl CHAKTHI
BUIFJ/IBUIBIKTBIH allyaH TYpJl 3HUSHIBI ocep-
JepiHiH caniapbl KYpbUIbIC MaTepuasIapbIHbIH
KHpayblHa OKENETIHAIKTeH, OHJIpici Maimaibl
KOHE KOJIJIaHyFa THIMJI O0NaThIH, THAPOPOOTHI
KOMIIO3HIIMSIIBIK MaTepHalapFa JIEreH CYpaHbIC
KBUIJIAH JKBUIFA apTy/a.

Kypbuiblc  FUMapaTTapblHBIH ~KUPAYBIHBIH
Heri3ri cedentepiHiH Oipi bUTFaT OOTFAHIBIKTAH,
CyFa Te3IMJl MaTepualgapAbl »kacay Kasip-
Il TaHJaFbl ©3€KTI Macese OOJbIN ecemnTese.
KemipcyTekTi OThIHAAPABIH JKaHYbl OapBICBIHIA
apHaiibl mapTTapnaa TY3UIeTiH Kyie aca rujapo-
($oOTHI KacueTKe ue, OHbI apbl Kapail ruapou3o-
JSIMMATIBIK MaTepuajiapra TONTBIPFBIIT PETIHE
naiinananpuiaabl. COHFBI Ke3zaepi TuapodoOThI
KYHeHi »KalblHIa CUHTE3JIeyMEeH OaiaHbICThI

A
Toxk xeat -
|;| |_:| T'enepatop
|
)
/ Ias

1 cypem — I'uopoghodomel Kytie cunmesine apHan2au KOHObIPSLIHBIH CbI304 HYCKACHL
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KONTEreH XYMBICTAp allbIK KapHUsulaHbIMIap/aa
nIpIFapeiia 6acrassr [4-6].

YCBIHBUTFaH JYMbICTa THIPOGOOTHI Ko-
He opi ruapodoOThl, opi MeTaJAblK KacHeTi
0ap Kyiie CHHTE3JEeNiHIN, OJIApJbIH HETI3iHIe
«backypaper» (keMipTeKTi apak) >KacaylbIHFaH.

Taxxipubestik 60s1im

[Tponan-OyTaH »aJbIHBIH/IA HJIEKTP OPiCiHIH
ocepimeH rupodoOThl KyHeHi CUHTE3/eyTe ap-
HaJIFAaH KYPBUIFBIHBIH KaJIbl ChI30a HYCKACHI
1-11i cypeTTe KenTipijrex.

l-ni cyperTe KepceTUIreHaAeH, aiHabII
TYpaTbiH «OapabaH» Topi3/ec jkaHAPFBIHBIH Oa-
pabaHbIHa Kyiie TY3UIiM, TY3UIreH Kyle apHaubl
Kyie >KMHAFbIIIKA >KUHAJIBI OTHIPAbI. ApHaNBI
re"eparop auamerpi 12,5 cm, Omikriri 13,5 cm
Oomar OapabaHabpl KO3FalbicKa KenTipeni. 1kB
ANIEKTP OpiCiHIH Oepinyi Ke3iHze, nponaH-OyTaH
KOCHACHIHBIH KaHybl HOTHXKECIHAE TUAPOQOO-
ThI Kyiie cuHTe3neni. KaHFbll KocnaHbl 0epy
KpuiamaeiFel 70 cM’/MuH Kypazael. bapaban
MEH >KaHapFbl apachIHAAFbl KAIIBIKTHIK 2 CM-T€
TEH OO ABI.

Hotwxkecinne anbiHFaH THIPOPOOTHI Ko-
HE MeETalJblK KacueTi Oap Kyie Heri3inzie
«backypaper» sxacay yuIiH, JHaMeTpi I1aMaMeH
47 MM OonatblH (QUIBTpIEYLIT MeMOpaHa KOJl-
JTAHBUIIBL. AJl OHBIH KaJBIHABIFBI JaspiaHfaH
epiTiHAieri Kyie MeJmepine OaiIaHbICThI Ka-
narananibl. JKakchl apajacThIpbLIFAH €piTiH-
minep OIpTeKTI KalbIHABIKKA, >KOFapbl Oepik-
TUTIKKE >KOHE KYHeHIH Mapak KypbUIBIMBIHBIH
OapnblK OeTiHe OipKenKki TapajlyblHa KOJ JKeT-
Ki3yre MyMKiHJIK O6epeni. «Backypaper» xacay
YPAici eKi caTblAaH Typajbl: CyCIIEH3Us >KOHE
dunbTparys.

2 cypem — «BACKYPAPER» anyea apnanean Kypulizel cypemi

3 cypem — Anvinean « BUCKYPAPER» xopinici

3epTTey HOTHKEIEPi

AnbiHFaH TUAPOPOOTH Kyile yiIrinepiHig
JKAPBIKTAHBIPFBII  MUKPOCKONTHIK — KOpiHIC1
4-11i cypeTTe KeNTipiireH.

100HM

4 cypem — ['uopoghobmul Kyile yreinepiniy HcapblkmaHObIPSbIL MUKPOCKONMbIK KOPIHICI
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4-m1i cypeTTeH KepiHil TypraHjai, yiri ao-
MUHAHTTHI JOMalakK (3epTTeiHreH Top/a aMa-
MeH 70%) >xoHe KaObIKmIanbl (mamameH 30%)
Ty3uniMaepaeH Typanasl. Kememui arperarrtap-
Jla )KUHAJIFaH JIOHTeJIeKTEeHTeH XKaJaK OeJex-
tepaid Mexmiepi 35-50 um (30866, 360862).

AnbiHFaH THIPOGOOTH Kylere MeTaJIbIK
KacueT OepreHHeH KeiliH, yIriiep/is »KapbIKTaH-
JBIPFBILT MUKPOCKONTHIK KOpiHiCiHae TeMip ¢a-
3aChIHBIH MUKPOKpHCTaIIapbl Oap eKeHiri Oaii-
KasraH. OHBI 5-1111 CypeTTeH Kepe allaMbl3.

Yoarinig OapiblK  JepiiK - JAeHIeJIeKTeH-
reH OelIIeKTep/eH TypaThiH Oeiri (IaMameH
90%) arperupnenren (kuHakTanraH) (30876).
Arperarteiy 50% map Topizai (200-300 Hm)
xoHe 50% TIKOYPBIITH — >KalMaK MMIIiHI.
MukpoaudpakIusuIbIK KOpiHICTepIiH Ko 0ei-
Il KYpBUIBIMIBIK pETTEIMEreH OOMBIN KeJemi.
I'uapodoOTel Kyiie yiriCiMEH canbICThIpFaHaa
(4-m11 cypet), opi rupodoOThI KIHE METAIIBIK

KacueTi 6ap (5-1i cyper) Kyie yaricinae TemMip
(ha3zachIHBIH MUKPOKPHUCTAIAAPHI Oap EKeHJITiH
Oaiikayra Oomabl.

Kyiiere meranaplk KacueTTiH OepiareHmiri-
HE KO3 KETKi3y YIIiH 3JIEMEHTTIK Tajlaay >Xyp-
Ti3U111. 6-1IbI CypeTTeH YIATUIEPIiH JIeMEHTTIK
tannay (EDAX) Hotmxkenepin OalikaitmMbI3.

6-111 a, cypeTrTeH OallKaraHbIMbI3al, YITi
KypambiHaa, kemipteri 90,23%; otreri 8,58%;
kpemuuit 1,19% ynecri kypaca, an 6-mii 9, cy-
perte, api ruapodoOThl, 9pi METaIAbIK KacH-
eTi Oap Kyie YATiCiHIH KypaMblHAa KeMipre-
ri 87,35%; orreri 5,87%; xmop 0,84%; Temip
5,94% ynecrti KyparaH.

EDAX HoTHXKeNepiH CalbICThIpaThiH 00J-
cak, 6, a - cypeTke KaparaHja, 6, o - cyperre
MeTaJll Ty3bl ece0iH/ie TeMip XJIOpHiH maiina-
JaHFaHJBIKTaH, YiIri Kypambiaiaa (Fe) remip men
(Cl) xnopapry ynecinig 6ap exeHiri OimiHemi.

100HM

5 cypem — T'uopoghobmot api memanovix Kacuemi oap Kytie yaciiepiniy sHcapblKmaHObIpblil MUKPOCKONMbIK, KOPIHICT

cledax32\genesis\genmaps.spc
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6 cypem — ['uopoghodmer Kacuemi 6ap Kyiie yacici (a) sHcone api cudpodobmel, api Memanovik Kacuemi 6ap Kyie yaciciniy

(2) anemenmmix manoay womuoicenepi
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KopbIThIHABI

3eprreynep OapbichiHAa THAPO(OOTHI Ko-
He TUApodoOTHI, Opi METanAblK KacueTi Oap
Kylle CHHTe3leNiHiN, oONapAblH  HETi3iHIe
«backypaper» xacanbinran. CoHaii-ak cHHTE3-
JIeNITeH Kylere KOChIMIa METalAbIK KaCHeTTIH

Oepityi, OHBIH OTKI3TIIITITHIH apTybIHA CETITIT1H
TUTi3e/1. ANBIHFAH THAPO(OOTHI, METANIBIK Ka-
cueti 6ap, Kyite Herizinzeri «backypaper»-nap-
161 OaTapesiyiapFa apHaJFaH JIEKTPOATap Kacay-
14, Tbe30/1aTUNKTEp/Ie MaiiananyFa 6onabl.

Aurrbic
by xymbicTel Kazakcran PecnyOnukackiabiH biniM xoHe FpibiM MUHHCTPITITT APNe05133836

#o0achIHbIH, on-Papabu arbiHgarbl Kasak ¥nTTeIK yHuBepcuteTi MeH JKaHy mpobiemarnapsl
MHCTUTYTHI KOJIZIaFaHbl YIIiH aJIFbIC OUIAipeMis3.
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YAK 54.057:661.722
MPHTH 31.15.28

CYTEI'T OHAIPICI YIIIH 9TAHOJIAbI CY BYBIMEH KOHBEPCUAJIAYBIH
KATAJIN3ATOPJTAPBI: O JAEBUETKE IOJY

HAYP3KVYJIOBA C.M.!, MACAJIUMOBA B.K.', APAIIOBA M.B.

'M.X. J[ynamu ameinoaser Tapaz memnexemmik yHueepcumeni
’I'K. Bopeckos amwinoaswl kamanuz uncmumymot, Hoeocibip, Peceil

Anoamna: Cymeei bonauiaxmesiy Omulibl peminoe Kapacmulpbliaobl, OUMKEHI 011 IKOTOSUSILIK TA3A IHEP2UsL
MACLIMAIOAYULBICHL HCIHE KAPKBIHObL OAMbIN Kele HCAMKAH IPMYPILi OMbIH YAUBIKINAD MEXHON02UACHIHOA
Manu130vl Konoauvicka ue. byeinei kynoe cymexminy 96% kaz6anvt omviH K6030€pineH anvlHadbl, Oipax cymexmi
OuodIcanapmuliamuli WuKizammol, Oipinwi kesexme smanonowvl (OBK) Oyivl Koneepcusnay cuskmol Hcacvli
XUMUSAHBIY MUIMOT YpOici apKblLibl 6HOIpyee 601a0dbl. By mexHon02usiHbl KeHiHeH KONOAHYed KOLOAHbICIARbL
Kamanuzamopiapovly Kemwinikmepi xedepel Keimipyoe: KapKblHObl 3epmmeyjiepee Kapamacmat, Oyzinoe
OUOOMBIHOBL CY 2a3bl MeH CymeziHe AUHANIObIPAMbIH OelceHOl, MaNAMOBLIbIZbL JHCOAPbLL, MYPAKMbL JHCIHE
9KOHOMUKANBIK, MUIMOI Kamanuzamopiap dicok deyee bonaowl. 5K ypoici aywicnanvt (Ni, Co, Cu) scone acvin
memanoapea (Pd, Pt, Rh, Ru) nezizoencen kamanuzamopiapoa KeHineH sepmmeizet. Acvli Memanobl Kamaiu-
samopnap OBK ypoicinoe sicozapel Oencendinix nen cenekmusminikmi kopcemmi, 0ipax onapovly IKOHOMUKA-
Sl MUiMOiniel mypanvl macene ani oe Kapacmuipwlayoa. IBK ypoicinoe nuxens dscone kobanvmya nezizoenzem
ap3am JHcare dHco2apuvl OenceHOi Kamanu3amopiap CalblCmblpMaibl mypoe KeHiHeH naudaiansliyod. Anatioa
KyueHiy my3inyi dcane 6elceH0i KOMNOHeHMMmIy Nicin Kauiybl Kamaiuzamopiapobly me3 3a1aicbl30aHO0bl-
poiayvina axenedi. Conaul scuvipma ol iwinde IBK kamanusamopnapvinvly Oencenodiniei, cenexmugminici
JHCOHE MYPAKMBLIBIELIH APMMbIPY MAKCAMBIHOA, COHbIMEH KAmap peaxyusi MeXanusmiin aHblKmay yulin Kon-
mezen 3epmmeyiaep xcypeizinoi. byn wonyda IBK ypadiciniy ayvicnanst memanoapea nezizoenzern muimoi Ka-
MARUIAMOPLIH JHCAcayOaesl Oencini 3epmmeynepoiy Hamudicenepi HCUHAKMAaIEaH.

Tyitinoi ce30ep: 30yvl KOH8epCUS, KAMATUMUKATLIK JCYlieNep, peaKyus MexanHusmoepi, 3maHo

KATAJIM3ATOPBI UIA TIOJYYEHUA BOAOPOJA C HCTTIOJIB30BAHUEM
IMAPOBOM KOHBEPCHUM DTAHOJIA: OB30P

Annomauusn: Booopoo paccmampusarom 6 kauecmee monausa 6y0yuje2o, HOCKOIbKY OH AGNIAEMCsl IKOA0SU-
YeCKU YUCIBIM IHEPZOHOCUMeENeM U USPAeNnt 8AICHYIO POIb 8 ObICIPO PA3BUBAIOUELICS MEXHOIOSUU PA3TIUY-
HbIX MONAUGHBIX dnemenmos. Ha cecoonsawmuii Oens, 96% 600opoda nonyuarom u3 ucKonaemuvlx ucmouHUKos,
00HAKO 8000POO MOdNCeN ObIMb NOTYHUEH 8 MAKOM NEPCReKMUBHOM Npoyecce 3eleHOl XUMUl, KaK Naposadst
KOHGepCUsl OUOB0300HOBIAEMO20 CbIPbS, 68 Nepayio ouepeds — smanoaa (I1IKD). [Lupoxoe npumenenue samoii
MEXHONIOSUU COEPAHCUBAIOM HEOOCMAMKU CYUeCMEYIOUUX KAmaiu3amopos: HeCMOmpsi Ha UHMEHCUBHbIE UC-
C1e00BANUS, HA Ce20OHAUHUL OeHb He CYUeCmBYen aKMUBHbIX, CeIeKMUBHBIX U CMAOUTbHBIX PeHMADeTbHbIX
Kamanuzamopos mparcgopmayuu OUOmMonIug 8 cunmes-2as u 6000poo. llpoyecc I11KD demanvno usyuen 0us
Kamanuzamopog Ha ocHoge nepexooHuvix (Ni, Co, Cu) u 6nacopoonvix memainos (Pd, Pt, Rh, Ru). Kamanu-
3amopbel Ha OCHOBe OIA2OPOOHBIX MEMALL08 NOKA3AIU BICOKVIO AKMUBHOCb U CENEKMUBHOCNb 8 Npoyecce
1IKD, oonako ux penmabenvrocms ocmaemcs o0 60npocom. OMmHoCUmMenbHo Hedopozue U blCOKOAKMUBHbIE
KAmanuzamopsl Ha OCHOGe HUKeNsl U KOOATbma wupoxo ucnoawvsyiomes 6 npoyecce 1IK3. Oonaxo obpaso-
8aHUe KOKCA U CNEKAHUe AKMUBHO2O0 KOMNOHEHmMA Npugoosim K OblCmpou 0e3aKmueayuu Kamaiuzamopos.
3a nocnednue 06a decsimunemusi NPOBEOEHO MHONCECEO UCCTECO0BAHULL C YENbI0 NOBLIUEHUS AKMUGHOCTIU,
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cenekmusHoCmu u cmaburbHocmu kamaauzamopos [IK3, a maxoice onpedenenus mexanuzma peaxyuu. Imom
0030p cyMmupyem uzeecmmule pe3yibmamol UCCIe008aHull o paspadbomxe 3hhexmueno2o Kamaiuzamopa
npoyecca IIKD na ocnose nepexoonvix memanios.

Knioueswvie cnosa: napoeasd KOHeepcust, KamajiumuiecKue Cucmembsbl, Mexanusm peakyuu, 5maHon

CATALYSTS FOR HYDROGEN PRODUCTION USING
THE ETHANOL STEAM CONVERSION: A REVIEW

Abstract: Hydrogen is considered as a fuel of the future because it is a clean energy carrier and has important
application in the fast expanding fuel cell industry. Today, 96% of hydrogen is obtained from fossil sources,
however, it can be produced in such a promising process of green chemistry as steam reforming of bio-
renewable raw materials, primarily ethanol (ESR). The widespread use of this technology is constrained by
the disadvantages of existing catalysts: despite intensive research, today there are no active, selective and
stable cost-effective catalysts for biofuels reforming into synthesis gas and hydrogen. The ESR process has
been studied in detail for catalysts based on transition (Ni, Co, Cu) and noble metals (Pd, Pt, Rh, Ru). Noble
metal catalysts have shown high activity and selectivity in the ESR process, but their profitability is doubtful.
Relatively inexpensive and highly active catalysts based on nickel and cobalt are widely used in the SCE
process, however, coke formation and sintering of the active component lead to their rapid deactivation. Over
the past two decades, many studies have been conducted to increase the activity, selectivity and stability of
ESR Ni- and Co-containing catalysts, as well as determine the reaction mechanism. This review summarizes
the results of studies on the development of an effective catalyst for a transition metal-based ESR process.

Key words: steam reforming, catalytic systems, reaction mechanism, ethanol

Kipicne

ByriHri Tanma cyTteri opTypii SHEprusk MEH
KBUTY TE€HepaTopiapbl YIIIH €H SKOJOTHSUIBIK
Ta3za OTBIH OOJbIN TAaObUIAIB! (OTHIH YAIIBIKTA-
pBl, 1MIKI JKaHy KO3FAJITKBIIITAPBI, >KbUIKbI-
MaJsibl anekTp cranmusuiapsl) [1]. Kypambsinaa
KOl dHeprusi 0OJIyblHAa KapamacTaH CyTeri KoJj-
JAHBICTA EIIKaHJAll 3UsAHIBl 3arTap OesMei-
ni. Cyreri Taburarrta 60c KYHiHIE Ke3hecmeil-
T, COH/IBIKTAH OHBI KOMIPCYTEKTEpIEeH, CyldaH
HEMece CYTeK KypamJbl KOCBUIBICTap/aH ©H-
nipy kaxkeT. Kasipri yakpITTa cyTeri eHnuipici
TOPT HET13T1 9J1iCKe HETI3ACNTeH: CYIbl AIEKTPO-
au3ney, KeMIp/i ra3laHabIpy, ayblp *KaHapMai-
Jap/bl )KapThlIail TOTBIKTHIPY 'KOHE TaOWFH ras-
Jap MEH OMOOTBIHAAPIBI OyJbl KOHBEPCHSLIAY.
Kazakcranga cyTeri, Cyabl SJIEKTPOIU3ALY KOHE
MeTaH/Ibl OyJIbl KOHBEpCHUsIay 9/1iCTEPl apKbUIbI
OHJIpiIyne. Ajaiija CyTeriH CyIbl SJIEKTpO-
JM3MEY SJIC1 apKbUIbI OHIIpY, JIEKTP SHEPrus-
CBIH ©T€ KOIl MeJlIepae TYThIHybIHa OaiIaHbl-
CTBI ©T€ KhIMOaTKa Tyceni. An TaOufu rasuap-
16l Oylibl KOHBEpCHAIAy Sfici apKbUIbI CyTEriH
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OHJIIpYy/e, KOChIMIIIA 3USHABI KOMIPKBIIIKbUI ra-
3b1 Ty3uteai. COHIBIKTAH CyTeri eHJipici YIIiH
TaOMFU OTBIHAAPBI TYPAKThl MIMKI3aT PeTiHIe
naiianany FajabIMIapAbIH aJaHIayIbUTBIFbIH
TyFbi3yaa. Ocbl Macesnere OaillaHBICTBI, COHFBI
KBUIAPhl CYTETiH »aHAPTHUIATBIH OTBIH KO3-
JepiHeH OHJIpY 3epTTEeyIIIepAiH YJKEH Kbl-
3BIFYIIBIIBIFBIH TYABIPABI. buomaca — mmkizar
pEeTiH/Ie KONTEreH FhUIBIMU 3€PTTEYACPIiH TaKbl-
pBIOBI FaHa eMec, COHBIMEH Karap KeiOip en-
Jepae AOCTypiai Ka30a sHeprusi Ke3JepiH aaMma-
cTIpyaa. buomacagan cyTerin Tikenew rasjuaH-
IBIPY YpIici HeMece «Ouomaca — CYHBIK Ono-
OTBIH — CYTET» CaTbUIbl TYPJIEHAIPY apKbUIbI
ennipyre 6onazasl [2]. Exinmii omic OipiHImiciHe
KaparaHja, TUIMAIPEK >KOHE IIUKI3aTThl CaKTay
MEH TachIMajlay KYHbIH TOMEHAETYre MyMKiH-
nik O6epeni. JKaHapThUIATBIH OTHIHIAP/BIH 11IT1H-
Je OMOATAHOJ TaOUFATBIHBIH TYPAKTBUIBIFBI 5K9-
HE YJIBUTBIFBI TOMEH KaCUETTePIMEH CYTETiHI OH-
Jipici YIIH IIMKi3aT peTiHje Ha3ap ayJapTThl.
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buostanonapl eHIIpy YIIIH QPTYpIl HIMKi-
3aT Typiepl KOJJAAaHBUIAIbI, ONapAbl 3 HETi3ri
TOTKA XKIKTEeIe 1 KpaxMal )KoHe KaHT Oap IIUKi-
3aT, TUTHOIEIUTIONO3/IbI IINKI3aT JKOHE OanabIp-
nap. Kpaxmai xoHe KaHT Kypam/ibl IUKi3aTTap-
JaH OMOATaHOMN ajy OHAIPICiH Oajmamalbl OTHIH
OHJIIPICIHIH JaMybIHIAFbl aJFalIKbl KaJaM Jerl
canayra Oomazapl. Kaszakcran ipi aysLimapy-
allIbUTBIK aliMaK peTiHzae, CyTeri OHIIpiCiH He-
risri OMoMacablK MIMKI3aT KO3IMEH KamMTaMa-
CBI3 €Te allaThlH, ayaHbI JIACTAYIIIbI 3USHIBI Ta3-
JApChI3 CyTeT1 OHIPICIH JAMBITY/Ia TOTCHIIHAIBI
JKOFapbl MEMIICKET.

Cyreri eHpipiciHAe, achll METaNIbl KOHE
aypicriaibpl MeTanael karanuzaropiap (Co, Ni,
Cu, Rh, Ru, Pt, Pd) cyTeri eHiMiHIH IIBIFBIM MOJI-
iepi >Korapbl OOJTFaHBIKTaH, OSJICEeH/ Il KaTau-
3aropnap perinae koimaneutyaa [3]. CyTeriHiH
OHEPKACINTIK OHIIPICIHIE achll METalbl KaTa-
Tu3aTopiap KYHBIHBIH JKOFapbUIBIFbIHA Oaiia-
HBICTHI KOJIJIaHyFa THIMCi3. AybICTIaTbl METAIIbI
KaTaJau3aTrop ap3aH, >KOFapbl OHIMJI JKOHE KOJ-
JKETIMII OONFaHJIBIKTaH, 3TaHOJBIH OyJbl KOH-
BepCHsIay YpAICIHIE >KOFaphl JCHreiae 3epT-
tenyne. Onapabl OHEpKICINTe MaianaHyra Ke-
JIepri KeNnTipeTiH Heri3ri Macene KaTaau3arop-
JapJbIH KYHENIEHIN >XOHE COHBIH calapblHaH
ONap/IbIH T€3 YKapaMChI3AaHybl OOJNBIT TaObLIa-
Ibl. ATanFaH eHOEKTE achLl )KOHE aybICIIaIbl Me-
TaJapra HETI3JENreH KaTalu3aTopiap, COHBIH
iIrHae cyTeri eHIIpiciHae KeH KOJIJaHBICTaFrbl
aybICTIaibl METaJIap HETi3iHAer! KaTaau3arop-
JapJblH KaTaJIUTUKAIBIK KacUETTepl, KyHeHIH
naiiaa 0oy skKoHe peaklvs MeXaHu3Mepi Typa-
JIBI 3€PTTEYIILUIEPAiIH COHFBI 10 KbLUTIaFbI KYMBI-
CTapblHa IIOJy KapacThIPbUIABL. 3epAelieHTeH
HOTWXKenep OoiibIHIIa, OesiceH 11 MeTalAbIH 06J1-
IIEKTEPiHIH ©JIIeMi, TOTBIFY Iopexkeci, Tachl-
MaJIIayIbIHBIH KBIIIKBUTIBIK- HET13/11K KOHE TO-
TBIKCBI3/IaHy KacHeTTepi, COHBIMEH Karap TMpo-
MOTPABI IYPHIC TaHIAy KYWEHIH >KOHE jKaHaMma
OHIMJICP/IiH Taiina OONybIH a3alTYIbIH MaHBI3-
Jb1 (haKTOpIIaphl €KCHIT aHBIKTAIIbI.

ITaHOJIAaH CYTeKTI ajy ypaicrepi
CyTekTi 3TaHOJAaH OHAIPYIIH YII HErisri
ypaici 6enrini: Oynbl ToThIFy (1), )KapThu1ail TO-

TBHIFY (2) ’KoHE KapThliail OyJbl TOTHIFY HEMece
ABTOTEPMUSIIBIK TOTHIFY (3) [4]:

C,H,OH + 3H,0 — 2CO, + 6H, (1)
C,H,OH + 1.50,— 2CO, + 3H, )

C,H.OH + (3-2x)H,0+x0, — 2CO, + (6 - 2x )H,
0<x<0,5 3)

OTaHONBIH Oy/bl KOHBEPCHUACHI CYTETiHIH
JKOFaphl IIBIFBIMBIH KAMTAaMAachI3 €Te/ll, OChIFaH
OaiiaHbICTBl OYTiHJE OHEPKACINTE OHIIPUIETIH
cyreridig 90%-1aH actambl TaOWUFH Tra3gapabl
Oy/bl KOHBEpCHsl YpAiCi HeETi3iHJe eHAipiiemi.
bipak Oy peakuus dHIOTEPMUSIIBIK OOJBIT Ta-
ObUIaJIbl, COHJIBIKTAH KaTaJlu3 YPIICiH/IE )KOFaphl
KYMBIC TEMIIEPATYPAChIH KaXKeT eTell.

XKapTbutaif TOTBIFY — 9K30TEPMUSUIBIK TPO-
necc. Peakius canbICTBIpMaibl TOMEH TeMIIe-
parypajia 3TaHOJbIH aHy PpEeaKIUsIChl HOTHU-
xKeciHae Oacrajalipl )KOHE CTAIllMOHAPIBIK KYH-
re JKeTKeHJe, KOCBIMILIA XbULy Oepyli KaxKeT
erneiini [5]. TlpomecTiH THIMIIIITT COHBIMEH
Katap arMoc(epajblK OTTEriHI TOTBIKTBIPFBIII
peTiHe KOoNaHy apKbLUIbl KAMTaMachl3 eTUIe.
KonnanbicTarsl 9NICTEpMEH CaJbICTBIpFaH/a,
OYJ1 o/1iCcTiH 0ACThI KEMIILJIT] — CYTETiHIH IIBIFbI-
MBI CaJIBICTBIPMaJIBl Typae TeMeH [6]. Conpaii-
aK Karanu3atop KabaTbhIHIa BICTBIK aiiMakrap-
JBIH Taiifa 0oNybl KaTaau3aTOpIbIH Micilm Ka-
Jybl, COHBIH CaJJapblHaH >XapaMCBI3/IbIFbIHA
OKeIlyl MYMKiH.

DTaHOMIBI ’KapThUIal OyJbl TOTHIFY peaKiy-
SChl OyJIbl ’KOHE KapThUIAll TOTHIFY peakiusiia-
pbIH OipikTipeai. bys onapabH caiabICTBIpMabI
KBULTAMIBIKTApbIH TEPMUSUIBIK OeWTapam xKy-
MBIC JKaf/aiiIapblHa KOJ KETKI3y YIIIH perTey-
re MYMKIHJIK 6epeni (IFHU, aBTOTEPMUSIIBIK pU-
¢dopmuHr). by GacTankbl MIUKI3aTTaFbl Cy K-
HE OTTETiHIH KypaMbIHa OailIaHBICTBI CHIPTKBI
KBUTY KO31HE JIeTeH KaXKETTLTIKT1 KOSIbI.

JKorapbina aranras npouecTepaid THIMILTI-
TiH apTThIpAaThIH TEeXHOIOTUsIap Oap, MbIca-
b1, CO, Ta3biH HEMECE CYTEKTI Peakius KOCTa-
ChIHAH HEMECE PEaKTOPIbIH LIBIFBICBIHAA TiKe-
neit aiy. MyHnaii sxariaitiapa cyTeri mbIFbIMbI
99% xetyi Mmy™mKiH [7]. Anaitna Oyi kagam Oen-
CEHJILTIN MEH TYPAKTBUIBIFBI MPOLECTI THIMI
KYPTi3yAiH HEri3ri mapamerpiepi 60ibI Tadbl-
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JAThIH KaTaJIU3aTOPABIH KYMBICBIH OHTaiIaH-
JBIpFaHHAH KeHiH FaHa THIMIL.

DTaHONBIH cy OybIMEH KOHBEPCHUSIIAY PEeaK-
[USCBIHBIH MEXaHU3MIEP1

OTaHONIBIH OyJibl KOHBEPCHSCHIHBIH HET13T1
PEaKIUSAIBIK KOJIBIHA YIII peakius Kipemi: JTa-
HOJIIIBIH JCTUAPICHY1 (4), aleTanbIeruari Oy-
Tl KOHBEPCHSCHI (5) )KOHE Cy Ta3blH aybICTHIPY
peakuusicel (WGS) (6) [8-10, 42, 43].

Heri3ri peakuus >xonaapbl:

C,H,OH —CH,CHO +H 4)
CH,CHO+ H,0—2CO0 + 3H, (5)
CO +H,0 —CO, + H, (6)

TemeHn Temmeparypana ATaHONIBIH JIETH-
nparanusay (4) peakiuschl KYpemdi, peakuus
HOTH)KECIH]IE alleTabJAeTH/I IIeH CYTET1 TY31Ie/l.
Peaxnust TemrniepaTypachIHbIH KOFapbLUIaybl dTa-
HOJIJIBIH KOHBEPCHSICHIHBIH JKOFapbUIayblHA Fa-
Ha emec, COHbIMeH Karap cyrteri MmeH COX-TiH
e TaJFaMIbUIBIFBIHBIH JKOFapbUIaybIHA SKEIIEII,
cebebi aneranbaeruAiHiH OyJabl KOHBEPCHSCHI
’KOHE Cy Ta3bIHBIH aybICy PEeaKLUsUIapbl KyHemi
TYpPJE XKOFaphbl TEMIIEpaTypaia oTeIi.

JXKanama peakuusiap:

C2H,OH—CH, +H,0 (7)
CH,CHO —CH, + CO (8)
2CH,CHO —-CH,COCH,+CO+H, (9)
CO+3H, —»CH, +H,0 (10)
CO, +4H, -CH,+2H,0 (11)
Kyiienin Ty3iny peakuusiapsl:

C,H, —2C +2H, (12)
CH, —»C+2H, (13)
2CO— C+ CO, (14)

OrtaHonabl Oyibl KOHBEpCHsUIAY peakiu-
SChIHJA HETI3r1 peakuusulapMeH Oipre jkaHa-
Ma peakUusuIap Karap JKypeai, MbIcajbl, 3Ta-
HOJIJIBIH Aeruaparanusuianysl (7), ameraibie-
TUATIH bIABIpaybl (8), ameToHHBIH Ty3imyi (9),
aJIbJIOJIAPAbIH KOHCHCALMSCH kKOHE KYHEHIH
Ty3utyi. Ken karmaiina aneTanbIeruiTiH bIIbI-
paybl TOKTaTbLIaIbl, OMTKEH1 01 OeNceH i emMec
MeTaHJ(bl OeJe/ll KOHE CyTeri CEeJEeKTUBTUIINH
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TOMEHJIeTeAl. ALETaabACTUATEH aJCcopOIHs-
JIaHFaH areTar OeJIIeKTePiHiH TY31TyiHe bIKIaT
€Ty, HETi31HEeH aleTanbIerul OyJapbIHbIH KOH-
BEPCHSICHIH JKOFaphUIaTyFa JKOHE areTalble-
ruarig CH ke JeiiH BIIbIpaybIHA KeJepri Ke-
tipeTini anbIK [11]. CO (11) memece CO (12)-niH
H2 karbichiHIa METaHIaHy peakuusIapbl, Oy
CYTETiHI MIBIFBIHIANTHIH KAKETCI3 peakiusiiap,
Oipak OyFaH JIeHiHr1 MasiMIeMeNepae peaKius-
HeIH Tek Co Heri3[i KaTanu3aropiapia FaHa a3
KeJIeM/Ie )KypeTiHairi aiTeutrad [11]. DtaHomasl
OyJbl KOHBEpCUsIIAY YPIICIHIE ATUIICHHIH bI/IbI-
pays! (13), metansbIH bIIbIpaysl (14) sxone CO
mucniporiopuusicsl  (bynyap  peakuusicsi(15))
CHSIKTBI KYHEHIH TY3UIyiHiH OipHelle peakuus-
Japel Kypel. DTUIEH MEH METaHHbIH TY3UIyiH
0acy oHE Cy Tra3blH aybICTHIPYy PEAKIUSICHIH
MPOMOTpIIey KYHEHIH TYy3UTyiH OOJabIpMaiiibl
[10,42,43]. By/>TaHONIBIH MOISPIBIK KaThIHA-
Chbl KYMEHIH TY3UIyiH OOJIbIpMay/IblH MaHbI3/IbI
KypaJjbl peTiHie MOJIiM: KYHEeHIH TY3U1yiH, o/1eT-
Te, Oy/3TaHONILIH MOJISPIIBIK KaThIHACKIH KOOEH-
Ty apkpUIel Oacansl [10]. Anaiina apTeiK Oy/IbIH
naiia 6omybIHA KoM Oepmey Kepek, cebebi Oy
SHEpPrusl THIMJAUIITIH TOMEHAETEl JKOHE KBLTY
IIBIFBIHAAPBIH aPTTHIPAIBI.

ITaHOJAbIH 0yJIbl KOHBEPCHACHIHBIH

KaTaJIM3aTopJiaphbl

Temen Temneparypana THIMII JKYMBIC XKa-
CalTBIH JKOHE KaKeTCi3 »KaHama OHIMIEpIiH
naiina GoxyslHa oy OepMEeHTIH Karajau3arop-
JIbl JalbIHIAY OCHI cajalarbl 3epTTEyIeplaiH €H
MaHbI3/bI Taa0bl OOJIBIN TaObLIA b

CyTreriH eHipy/e 3TaHOIbIH OyIbl KOHBEP-
CHSICBIH/IA JKeKellereH OeJceHai metaniap, Oip-
Hele OeiceHll MeTalgapAblH KOMOWHAIHSCHI,
COHJIal-aK KeKe MOHE apajac OKCHATI Tachl-
MaJIJaFblITapel 0ap KaTaJUTHKAIBIK KyHenep
CBIHAJIIBL.

Ocbl Oemimze STaHONIBIH Oyiabl KOHBEp-
CHsl YPHICIHAE CaH TYPJIi KaTaIUTUKAJIBIK KyHe-
JepAiH (’KeKke HeMece apajac MeTanaap *oHe Oip
HEMece apajiaC TOTBIKTBHl TachIMAJAAFBILITAP)
OeJCceH U KapacThIPbUIaIbI.

Kongepeus, H, misirbivel, H, cenexrupriniri
TemMeHne kepceriinreH (Mon.%) tenaeynep (17-
20) OoiipIHIIIA €CeTTeNe .
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ACBLI MeTaJIAbl KAaTAJIN3aTopJ1ap

Acbul MeTaniapiblH 1MIiHAE STaHOJJIBIH
Oynbl KoHBepcusi peakiusicbinaa, 300-750°C
TeMIeparypaja *XoHE KaTaau3arop KypaMbIH-
na 0,5-5% wmertamn OonraH jkarmaiima, eH Oel-
ceuni: Rh [15, 16], Pt [17,18], Pd [19,20] sxone
Ru [21,22] 6omnpin TabbuTagbl. 3€pTTEYIAEP KOP-
CeTKeHJIeH, OyJ1 MeTanaap e37epiHiH eKTPOH-
Ibl KypbulbiMbIHa Oaitnansictel C — C Oaina-
HBICTapbIHBIH Y3y peakUusChIHAA oTe OesceHal
6onaapl. byn 400°C temmneparypaga TackiMal-
JayIIbIFa TOYeJCi3 TAaHOJIbIH TOJBIK KOHBEPCHU-
AJaHybIH KaMTaMachkl3 eTesl. MyHaai katanu3a-
TOpJIAp CYTEr1 JKOHE Cy I'a3bIHBIH KOFAPhI IIBIFbI-
MBIMEH, COHJal-aK KOeMIPTEeK IIeTiHIIepiHIH
TY3UIyiHIH TeMEHJIriMeH cumartanaasl [23].
ACBIUT MeTaNIbl KaTaau3aTopiaapAblH THIMALTITI-
HE KapamacTaH, aCbUl MeTalAapAbIH KbIMOaT 60-
Jybl, OJIapJbl O©HEPKICINTIK KeJeMe KoJlaHyFa
MYMKIHIIK Oepmeiini. bapneik Gencenai achbun
MeTaJIapAblH IIiHAe, OTTeK KypamIbl KeMip-
CyTeKTepAl Oyibl KOHBEPCHUsIAY peaKIUsIChIH-
Ja, PyTEHUI eH KOJKeTiMJi OOJNbIN caHaiabl,
Oipak on Herisri Oencennui ¢aza peTiHie emec,
IIPOMOTEpP PETIHAE KUl KoJIJaHbuIazbl. bipHere
3eprreynepae, Oipielt xaraaiaapaa CUHTE3e-
TeH achll MEeTallbl KaTaln3aTopiap iliHae, Ta-
ChIMQJIJIAFbIIITAPFa OTBIPFBI3BUIFAH PYTEHUI-
JIH TMCHIEPCTUIIT CaJbICTBIPMAIIBI TYPJE €1Yip
TOMEH OONaThIHIBIFBl MAJiMaeNreH. byn peak-
Ul Ke31HJEe KaTalu3aTopiblH KeMipJeHYyiHIH
caJJlapblHAaH KbIJI/IaM KapaMChI3JJaHyblHA , dpi
Kapail Merain OeJjIIeKTepiHiH ipijieHin, HOTH-
JKECIHE MICIM KalyblHa OalIaHBICTBI OEJICEeH-
IUTITIHIH alTapibIKTail TOMEHJEYiHe OKeNe/Il.
CoraH KapamacTaH, KaTaJau3aTopiblH OeTKi Ka-
0aThIHAA YCaK JUCTIEPCTi pyTeHUH OeIIeKTepin
TYpaKTaHAbIpy/a, MyHIal KocIa, aybICTiajbl Me-

TaJAapAblH KaTaTUTUKAIBIK OCJCEHIUTITIH aii-
TapJbIKTall j)xakcapTaabl [24]

AybICTIAJIBI METAJ/IbI KATAJIU3ATOPJIAP

Ni- neizoi kamanuzamopnap

Ni — karanuzaropnap DBK ypuicinae keHi-
HEH 3epTTenreH. byn karamuzatopiap calbic-
ThIpMaNbl TypAe ap3aH >xoHe Co-Heri3iHzeri
Katanu3aropiapra kKaparanga C-C OaiinaHbl-
CTapblH Y3yde OenceHnimiri >korapel [25, 26].
TachIMaJIAFbIIITAPFa EHri3ireH Ni OeJiek-
TEpiHIH eJmeMi OeNCeHAUTIKTI, CeIeKTHUBTUIIK-
Ti )KOHE KOMIP/i TYHIBIPYAbl OacKapyablH MaH-
bI3/IbI (DaKTOPBI OONFAHIBIKTAH, >KOFaphl IHC-
nepcustanFad Ni OeJIIeKTi KaTaau3aTopiapisl
ally YUIH QpTypil cuHTe3dey ouictepi (Oip-
re TYHIBIPY, CIHAIPY, THUAPOTEPMANIBIK OiC,
COJTBBOTEPMAIIIIBIK OJIIC, KCEeporeib OJIiCi, 30-
Tb-TeMb LUTPATTHI KOHE Kypaem 3hup moiu-
MepiHiH npekypcopiapsl (Ilekunn) omici), Ta-
CBIMAJIIAFBIIITAPHI KOHE POMOTPIaphl OeICceH-
1i 3epTTenyae. Ni— KaTaiu3aropiapra KbIIIKbLUI-
JIbl, HETI31 KOHE apanac KbIIIKbUIAbI-HET13/1
OKCHJITI ~ TaChIMAJIJAFBIIITAD  KOJJAAHBLUIAIBI.
KpIIKbL1AB6I TaCBIMANAAFBILITAD A1203 [25-31],
B,0, (B=AlFe,Mn) [32-34], SiO, [35-37], ara-
HOJIZIBIH KOHBEPCHSICBHIH JKOFaphlIaTajbl, Oipak
9TaHOJ MACTUAPICHIN Kyie NPeKypcophl ATH-
JeHJl Ty3il, CYTETiHiH IIbIFBIMBIH TOMEHJe-
temi. Herizai taceimanmarsimrap MgO [38,39],
Ce0,,Zr0, [35, 42-47], La 0,[48], merami-Ta-
ChIMAJIJIAFBINI ApACBIHIAFHI ©3apa OailIaHbICHIH
KYIISUTIN, KaTalu3aTopAblH TYPaKThUIBIFBIH
Kyle mpeKkypcopiapbiH 0acy apKblUIbl KamMTama-
CBI3 eTelll. Apasiac OKCHATI TachIMaJarbIITap
arranynsrut [39], montmopusuionut [40], ru-
napotanbiut [41], Ni-Kypamabl HEpOBCKHUTTI OK-
cunrep [49, 50], Ni-kypamipl komno3urrep [51-
56] kaTanu3aToOpIbIH TYPAKTHUIBIFBIH KOHE CY-
TEri UIBIFBIMBI MEH CEJEKTHUBTITITIH KOFaphl-
mary ymiiH kojaaneutiangel. DBK-ma Gencenmi
MeTajlapFa TachIMAJJAFBIIITHl IYPHIC TaHIa-
yABIH MaHBI3IBLUIBIFEl JKOFAphI, ce0edi MeTasut
MEH TachIMaJIJIaFbIll apachlHIaFbl Oepik Oaiina-
HBIC KYHEHIH TY3UIyiH TeMeHJeTendl. 1-kectene
350-700°C Temnepatypana, SpTypii CUHTE3LY
omictepiMeH anblHFaH Ni — HeETi3[l KaTaiu3a-
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TOPJIAP/ABIH dTAHOIBIH OyIbl KOHBEPCHSICHIHBIH
HOTHXKeJepi KeNTIpUIreH.

A1203 TaceIMaJLIArbIIbl N1 HErI31HAer Kara-
nu3aTopiap/aa OarachIHBIH ap3aH, OSTTIK ay/laHbI
YKOFaPhI dKOHE TEPMUSIIBIK TYPAKThUIBIFbIHA Oaii-
JAHBICTBI KEHIHEH KOJIIaHbuTambl. [25, 27-29].
Amaiina A1203 TaChIMAaJIIAFbIIIBl KBIIIKBUIIBIFBI
YKOFapbl, COHJBIKTaH KYHEHIH TY3UIyiHE BIKIAT
eremi. [25, 29]. ALO, TachIManuarbIlIbH He-
risaik okcuarepmen (MgO, CaO, La,O,, ZrOZ,)
MomuUKanusiay, KbIIIKBUIABIK KacHETTepiH
TUIMAI OeHTapanTaHAbIphIT KyHEeHIH Ty3llyiHe
xou Oepmeiini[27, 29-31]. bipak Mmonudukarop-
JIBIH apThIK MOJIIEPiH KOCy, OHBIH OeTTiK ayna-
HBIH JK0HE Oencenaumrin remenaereai [30].

[32]xymbICTa aBTOpJIAp STAHONIBIH OyIibl
xonsepceuscbina Ni/B,O, (B = Al, Fe, Mn) mmu-
HEJb KYPBUIBIMIBI OKCUATI KaTaau3aTopiaapIbiH
KYpaMbIHAAFbl aybICHaNbl METaJJapiAblH KaTa-
JUTHKANBIK OCJICEHAUTIKKE JcepiH  3epTTel.
Bapnplk mmuHens KYPBUTBIMIBI OKCHATI KaTa-
Ju3aTopiap alublH aja TOTBIKTHIPHII, OHILYCI3
ATaHONBIH OyNbl alfHAJIBIMBIHA BIKIAN €TETIHIH
JKOHE peaklus Ke3iHJe HHUKENbIiH OeeKTepi
OiIpTiHACT a3asATHIH/BIFEIH AHBIKTAIBI. Ni/Ale .
KaTaJau3aTopbl ATAHONJIBIH TYPaKThl KOHBEPCH-
SACBIH JkoHe H, jxoFapel cenmeKTuBTLIIriH, an Ni/
Fe,O, xone Ni/Mn,O, KaranusaropiapbIHbIH
OenceHaniri KyleHiH Ty3ulyiHe OalIaHBICTHI
ToMenjereni ambiKranapl. [33] Ni/MgAlLOQ,-
IIMAHETh  KYpamblHAaFbl Ni-AiH MaccalbIK
yiecia (mac.%) 1,5-man 10-ra nmeiiiH »Koraphbl-
JIaTKaH/1a TaHOJABIH KOHBEPCHUSICHIH, COHAAN-aK
CYTerl MIBIFBIMBIH JKaKCapTThI, all Kyle TYHOACh
MEH KaHama OHIMJEP/iH UIBIFBIMBI TOMEHIEI].
10 mac.% Ni/MgAl O, 625°C temneparypana
ATaHOJ KOHBEPCUSICHIHBIH xoFaphl (100%) sxoHe
CyTeK HIBIFBIMBIHBIH (53%) opTaiiia MOHIH Kep-
cetti. An [34] makana asropiapel Ni, Cu Al O,
(x-0, 0.01, 0.05, 0.1) xaranu3aTopiapbIHbIH Ipe-
Kypcopiap CEepHUsChIH IUTPAT OMICIMEH CHHTE3-
neni. Inuaens KypbuibiMbiHa Cu-161 eHrizy Ni
OeJIIeKTepiHiH TOMEH TOTBIFYy TemIeparypa-
CBIHJIa TACBIMAJAAFBINI OCTIHIE JUCTIEPCTLTITIH
xorapbuiartel. Asropiap Nij Cu Al O, Gume-
Tajnabl mnuHenb H, xone sxorapel (~ 70%), an
CO- ratemeH (15%) ceneKTUBTIIIK KOPCETKEHIH
#koHe CH -HbIH MYJIZIE TY31IMETEHIH MATIMAEI.
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SiO, kpnuKpLLIBI OKCHATEPiNE Ni Karanusa-
TOPJBIH TaChIMAJIJAFBIIIBl PETiHAE KOJAAHBLI-
nbl. [35] omebuer aBTOpIapbIMEH Ni/SiO2 Kara-
JU3aTOPBIH, BUIFAIBI CIHAIpY ofici OoiibIHIIA
opTypii MacanblK KaTbiHacTa Zr/Ce momudu-
uupneymi  Kocnanapeiven Ni/CexZr, O,/SiO,
KaTanu3aTopiap CEpUsACHIH, COHBIMEH Kartap,
canplcThIpy yurici petinge Ni/SiO,, Ni/CeO,
J)KoHE Ni/ZrO2 KaTaJIM3aropiiapbl JanibIlHAAIFaH.
Ni/Si0, karanmusaropsl Ni/CeO, xone Ni/ZrO,-
re KaparaH/a CyTerire »KOrapbl CEJIeKTHBTLIIKTI
KepceTTi, Oipak KaTaau3aTopAblH OeTiHze Kyiie
TY311i11, OeJICeHAUTITIHIH TOMEH/IEY calliapblHaH
5TaHOJ TONBIK KoHBepcusinanOaraH. Ni/SiO,
katanu3atopiapeiHa Ce Hemece Zr monudu-
LUpJIeyIi Kocnauap/bsl €HI13reH/ie, 3TaHOJIbIH
KOHBepcusiiay kepcetkimri sxakcapran (100%).
An Ce xone Zr-ui Ni / SiO,-re Gipre eHrisren-
ne, Ni TachIMaJIJaFbIIINeH KYIITI 9peKeTTeci,
Ni OenimiekTepiHiH TachIMaIAaFbIl OCTIHAET]
JUCTIEPCTUTIr JKOFapbuiarad. KaramuTukambik
ChIHAK HoTHXecl OoitbiHIIa 600°C Temneparypa-
71a 3TaHOJI/IbIH TOJIBIK KOHBEPCUSCHIH JKoHE 84%0-
JaH KOFapbl CYTETiHIH CEJIEeKTHBTUIIrIHE KO
KETKI3reH. SiO, TalbIFbIHA  OTHIPFBI3BUIFAH
Ni KaTraau3aTopsl TEK CYTEKT1 alyJa FaHa eMec,
COHBIMEH KaTap KeMipTeKTi HAaHOTYTIKIIEIepAiH
Ty3inyine ne 6encenni acep erti (CNTs) [36,37];
COHJBIKTAH OHBI CNT—SiO2 TaIIIBIKTEl KOMIIO-
3UTI )KOHE CYTETiH OHAIpY/Ie KaTtap naifaanaHyra
oomnanel. Conpait-ak Ni / CNT—SiO2 TaJIIIBIKTEI
katanuzatopbl OBbK ypuicinae 300°C temnepa-
TypaHbIH 31H7€ - aK 0enceHuik [37] kepcerTi.

MgO TachIManaarbIIbl KAaThICBIHIA KaTa-
Tu3aTopla Kyie MeNIIepiHiH TOMEHACUTIHIIT
anbIkTanael. Ni/MgO karanuzaropsl [38] 500°C
TeMIeparypaja TaHOJbIH mamMaMeH 85% KoH-
BEPCHSICHIH JKOHE cyTerire 67% CeneKTUBTLII-
ri" kepcetTi. [39] makanana Yen xone Oiprec-
KeH aBropiap Mg — mMoauduuupiIeHreH Me3o0-
keyekTi Ni/Attapulgite (Ni/ xMg-ATP, x = 0.5,
10 xone 20 mac.%) kaTanu3arop CepHusChIH Oip-
re TYHAbIpY daiciMeH cuHTtesnen, ObK ypuicin-
Jie KaTaJIUTHUKAIBIK OCJCEHIUTITIH JKOHE Kyiie-
JICHyT€ TYPaKTBUIBIKTAPbIH 3epTTeli. 3epTTey
HOTHXKeC1 KepceTKeH e, Mg- mpoMoTpi merai-
JBIH JAUCIIEPCTUIITH >KaKCapThIN, KaTalau3aTrop
OeTiHJeri KBIIIKBUI MOJIIEPIH TOMEHIECTKEH.
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ColikeciHie KyHeHiH Ty3UlyiH Oachll, HUKEJb
OeJIIeKTepiHiH MCIN KaJMaybIHa BIKIAJ €TKEH.
Conpaii-ak Ni/10Mg-ATP kypamasl KaTtaiusa-
TtopabiH 700°C TeMmmeparypaga KOHBEPCUSHBIH
eH JxoFapbl kepceTkiumin (100%) xone H, cenek-
TUBTLIIrH (96,7%) KOpceTKeHIH MoTIM/IE/].

[40, 41] makana asropiapel MMT xo-
HE TUIPOTAJIIMT CUSKTHl TaOMFU HEMece CHH-
TETUKAJBIK KaOaTThl ca3 MHHepasaapbl, Oer-
TIK aylaHIapbIHBIH, KbIIIKBUIIBIK-HETI3/IIK Ka-
CHETTEpiHIH >KOHE MOH aJMacy KaOileTTepiHiH
KOFapbl OoiyblHa OallyIaHBICTBI YCaK JUCHep-
cti Ni OenmexkTepiH TYHIBIPY YIIiH KoJaid-
Jbl TaChIMAJIIAFBIITAP PETIHAE KapacThIPaJbl.
12 mac.% Ni/20 mac.% MMT-TiO, Ha-
HOKOMITO3UTTIK  KaTaju3aTopbl  30Jb-Tellb-
Il CIHAIpY oficiMeH MalbIHAANBIN, KaTaluTH-
KaJblK CHUNATTaMalapbl MYKHUAT 3€pTTENreH.
Moaudunupienren Ni/MMT—TiO2 HaHOKOMIIO-
3UTTIK KatanuzatopbiHaa Ni-MMT Gettik ¢a-
3aChIHBIH TY3UIyl Ni -JiH JUCTIEPCTLIriH Ko-
HE TOTBIKCHI3IaHy KAaCHETTEpiH >KaKCapTKaH.
12 mac. %Ni/20 mac.%MMT-TiO, nanokomIo-
3uti 500 °C TemmepaTtypaja 3TaHOJIbIH KOHBEp-
cuscbl MeH H, mbIFbIMBI colikecinme 89% ixo-
He 55% sxeTkeHiH koHe 20 caF.yaKbIT KeJeMiH-
1€ THIMJII TYPaKTBUIBIK KOPCETKEHIH OasHIa bl
[40]. Ni-Mg-Al ruapoTanbUT NpeKyCOpbIHaH,
xorapbl aucnepeti Ni ycak 6enmextepi 6ap Ni/
Mg-Al-O karanu3aTtopblH CUHTE3/eyre Oosabl.
Ce nmpomotpsl eHriziired Ni KaranuzaTtopiaapsl
544 °C Temmneparypajia *Korapbl OeJICEeHIUTIK eH
TO3IMIUTIKTI KopceTTi [41].

Ni karanu3aTopbiHa CeO, HETI31HEr TaChl-
MasgareiTapela Koinany ObK ypricin oHraii-
TMaHABIPYABIH OipAeH Oip omici Oomibin TalbLIa-
nel. Cebebi CeO, TachIManIarbllbIHIA OTTE-
TiHIH JKUHAKTaly KabineTi )koHe O0eTKl KaOaThIH-
Jla OTTET1HIH KO3FaJIFBIIITHIFBI )KOFaphl O0JTybIHA
OaliaHbICTBl KYHEHIH Ty3ildyiHe »oi Oepmeii-
ni [42-47]. [42] xymbicta Ce/Co(Ni) MOTSIPIBIK
karbinackl 0-nen 1-re gerinri Ce(NO,), x 6H,0O
MIPEKYPCOPBIHAH AJIBIHFAH OPTYPJIi MeJIIeperi
uepuit okeui 6ap Co-xCe/CeO, xone Ni-xCe/
CeO, Karanu3aTtopiaapbiHbIH CEPUSACHI CIHAIPY
oniciMeH AaibiHan bl ChIHAJIFaH KaTaau3aTrop-
napapiy imminge Co-0.1Ce/CeO, xane Ni-0.1Ce/
CeO, ynrinepi MeTal KPUCTALIMTTEPIHIH €H

KiIlli ©JIIeMiH, METaJI-TaChIMaIJaFbIIITHIH ©3a-
pa eH Oepik OailTaHBICHIH KOHE €H JKaKChl Kara-
JUTHKAJIBIK CHUIIaTTamMaliapbl MEH Kyliere >Kofa-
pBl TYPAKTBUIBIFBIH OaliKaTThl. 3epTTeyuriiep
Co(Ni) — TaceIManAarbill apachlHAAarel Oaiina-
ueic Ce momnmepiniH Co(Ni)/Ce=0.1-gen xora-
pBUIAyBIMEH TOMEHIEHTIHAIriH Oalikanbl. Ni-
0.1 Ce/CeO, karanmmsaropsl 500°C Temnepary-
pana 100% »5TaHONABIH KOHBEPCHUSICHIH KOHE
H,-71% cenexruprinirin xkepcerti. CeO, Tachl-
MasaareieiH MgO Hemece CaO Heri3ri okcua-
TepiMEeH JIONUpiey KYWeHIH TYHYbIH 6acy yLIiH
ThiMal ekeHniri [43] makanmaga OasHmanFaH.
Conpaii-ak CeOz-z[i Zr, La Hemece Sm-MeH J0-
MUpJey TachIMaJIAFbIIITA OTTETIHIH KHHAKTAY
KaOIiNeTiH ®KaKcapTaibl, AeMEK OSJICeHIUTITT MeH
Oepikririn aprreipazsl [43-47].Ni/CeO, karanu-
3aropsapbina ~ 2 mac.% La,O, mpoMOTpbIH eHTi3-
TeHJIe, KOMIPTEKTIH TYHY JKbUIIAaMIBIFBl TOMEH-
nern, 6enceni Gpa3zaHbIH AUCTIEPCTLIIN )KOHE Me-
TaJJI MEH TachIMAJJAFbIIITHIH ©3apa dpeKeTTe-
cyi xymetiren. Ni-0.1La/CeO, yaricine 21 car.
YaKBIT KOJIEMIH/I€ ATAHOJIBIH TOJIBIK KOHBEPCHUSI-
cbl yiriH 460°C temneparypa *eTKUTIKTI OOJIIbI.
Karamuzarop ocel yakpiT keneminae H, (88%)
xoHe CO, (68%) orapbl CENEKTUBTUIIK KOp-
certi [44]. CeO,-re 8 mac.%Ni/5mac.%La enrizy
550°C Temneparypana tinti 60 car. peakuusiaH
KEHiH Jie ATaHOIbIH KOFapbl KOHBEPCHUSCHIH (>
90%) xoHe cyTekTiH Ta3anbiFblH (> 70%) Kep-
CETKEHiH [45] onebuer aBTOpIaphl KapHsIIaIbl.
JKana manocemM KypsuibiMasr Ni/Ce  Sm O,
karanuszaropsl 550°C temneparypana 192 carar-
TBHIK pEAKIUSIaH KeHiH Jie OSJICeHIUTITIH )KOFa-
THAM, )KOFapbl CyTEKTIK MIBIFBIMIIBI (> 60%) Kep-
ceTTi [46]. [47] oneOueT aBTOpIapbIMEH CHHTE3-
nenren 0,5 mac.% B nonupnenren 10 mac.%Ni /
Ce, Zr, O, Karanmu3aTop 3TaHOIJIbIH OTE KOFa-
pel kouBepcusachiH (100%) »xone H, mibFbIMbI
(92%) 550°C Temmeparypana 50 carar OOMBI
CaKTaJlaThIHABIFBIH KepceTTi, cebebi B-men no-
nupnenren Karanusarop CeBO, tysinyine Gai-
JIAHBICTBI OTTETIHIH YKOFAPhl CHIMBIMIBLIBIK Ka-
OineTine ue.

Ni /LaO, xarammsaropeinga Ni Kypa-
MbIH 10%-nman 45%-Fa neiiiH KorapbUIaTKaH/a,
350°C temmeparypaja CyTeKTiH CEJIEKTHUBTLIITI
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55%-nan 70%-ra jxoHE ATAHOJJIBIH KOHBEPCHS-
col 38%-nan 100%-ra netiin ecTi [48].

Kypambinga La, Pr cupek sxep Mmeranna-
pbl 0ap MEPOBCKUT KYPBUIBIMJIBI OKCUATI Kara-
mu3aropiap OBK peakuusceiHga sxorapel Oen-
CEHJIUIIK TIeH TYPaKTBhUIBIKTHI KopceTTi [49,50].
Epexe OGolibinina, ABO, KypbUIbIMBIHAAFBI A
xoHe B Oencenni opTaabIKTapbIHBIH KaTHOH/1a-
pBIH iIIIHAapa aaMacThIpy apKbLIbl MEPOBCKUT
OKCHUJIIHIH TOTBIFY -TOTBIKCBI3/IaHY KaCHUETTEpiH
Oackapyra MyMKiHaiK Oepeni. lminapa aamacr-
pIpbUTFad La, Pr -Ni Heri3iHzeri nepoBCKUT OK-
CHJTEpI XKOFapbl AucHepcusuianFan Ni MeTal
OeJIIeKkTepiH Ty3e anaabl >KoHE OeNCEeHIl Me-
TaJul alMaFbIHBIH MICIT KaTybIHA KO OepMein/Ii.
OBK peakuusicel KyHeHiH a3 Ty31IyiMeH Xypeai
[25, 45, 49,50]. LaNi . Zn O, Kypamabl Ka-
tanuzatop 700°C remneparypana 100 cararTbik
peakiusiaH KeHiH J1e CyTeKTiH KOFapbl IIBIFbI-
MbIH (83%) kepceTTi[49]. [50] makana aBropma-
pBI PrFeO,éNiO.SRuO.lOS’ LaFeO,7Ni0.303’ Pr0,7Ni0.303
HNEPOBCKUT KYPBUIBIMIBI MAaCHUBTI KaTaau3arop-
napel 700 ° C Temneparypazna 3TaHOJI KOHBEp-
cUsICBIHBIH KoFapbl MoHIH (100%) xoHe cyTek
whIrbIMbL - OokibHma  PrFe; Ni .Ru O, -90%,
Pr,.Ni 0, -75%, LaFe Ni ,0,-60% mnoTmKe-
JepiH KepceTkeHiH Mmomimzaeni. ChlHAK HOTH-
KeJepl KepCeTKeHIel, KypaMbIHIa Mpa3eouM
CHpEK JKep MeTajbl Oap Karaiau3arop OeliceH-
i, cebebl cupek kep MeTalaapbl KaTaau3arop-
JIbIH KYPBUIBIMBIH TYPAaKTaHIBIPBII, OTTETiHIH
KO3FAJIFBIILTHIK JKOHE peaKkIusiacy KaCueTTepiH
KOFapbUIaTaIbl. AJl KaTalu3aTOPblH KypaMbIH-
na Ru Gomybl peakiMsaHbIH OacTaily TeMIepary-
pachbIHBIH TOMEH/JICYiHE bIKIAN eTeIi.

[51] makanma aBropmapel LaNiOx xommo-
3utTik okcuarepi 400°C TtemeH Temmeparypa-
Ja KaTaTUTHKAJIBIK OENCeHAUTIK KOPCETKeHIH
manimzaeni. Karanus notmxkeci OoiibiHma 1Ni—
1La (H) xypamas! kommo3ut yirici 350°C tem-
nepatrypaza S3TaHOJJIbIH JKOFapbl KOHBEpPCHS-
coiH (99%) xoHe CyTeKTiH Ta3anbiFbiH (> 70%)
KepceTKeHiH Manimeni. Ockl Makana aBTopia-
pBIMEH  YIBTPAAbIOBICTHIK COyJeNeHYMEH HU-
KeJIb-JIAaHTaH/Ibl OKCHJITI KOMITO3UTTI HAHOTYTIK-
menepi okacanael. U-LaNiOx HaHOTYTIKIIe-
aepi OBK ypuicinae ceHambin, 325°C Temre-
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parypania xkoHBepcus mamamer 100% kepcerTi.
[52-54] aBropmapsl nepoBckutTepre (Ln c¢ep-
PUTTEPI-HUKENATTapbl, MaHTAHUTTEPI-XPOMMUT-
Tepi xkoHe T.0.), ¢mooputrepre (Ni + Pt, Ni +
Ru ko3apIpraH 1epeasupKkoHUN OKCHATEPI) 3Ko-
HE OJlapJblH HAaHOKOMIIO3UTTEpIHE Heri3/en-
TeH KaTaju3atopiap, MeTajll >KOHE TachbIMall-
JayIIBIHBIH ©3apa KYIITI opekeTTecyiHe Oaitia-
HBICTBI JUCTIEPCTI METaJl OOINIEKTePHIH MiciM
KaJIyblHa TYPaKThl JKOHE ©Te THIMJI KaTalu3a-
TOpJIap €KeHiH KepceTTi. Ni aToMAapbhIHBIH aH-
camOnpaepin Pt/Ru -meH apanacTeipy, TackiMal-
JAFBIIITap/ia OTTETIHIH JKOFapbl KO3FaJFbIIITHIK
KOHE peakLusIacy KablleTTepiH KoFapbUIaThIIl,
KaTalu3aTopja KyHeHiH TYy3UTyiH OosasIpMai-
Ibl. [55] omeOueT aBTOpIApPHl KOMIPTEK OKCUATI
KOMITIO3HUTTI TachIMAJAAFbIIIKA OTBIPFBI3bUIFaH
HUKEJIb KOHE KOOaJIbT KaTalu3aTopiapblH 30-
Ib-Telb  omiciMeH  manbiHaansl. I6N163C21A
KypaM/Ibl HUKEJIbJI KaTalu3aTop >KOraphl Oell-
ceHaumik TaueITein, 400°C TemmeparypaHbIH
e3iHe-aK kouBepcusiHbIH 100% kepcerTi. bipak
CYTETiHIH >KOFapbl IIBIFBIMBIH ajy YIIiH IIama-
MeH 600°C xorapsl Temreparypa KaxeT OOJbl.
[29] buootbiHgapabl (3TaHOJ, IIMUEPUH, aHU-
30J1, CKUIIU/Iap Mabl) Cy ra3blHA KOHE CyTeriHe
allHanAbIpyFa apHairaH Mg-MeH JIONupJIeHreH
QIIFOMUHUH TaChbIMaJIIaFbIIIBIHA OTHIPFBI3BUIFaH,
Ni + Ru HaHOOeIIIeKTepiHIH KOCIAChIMEH Mpo-
MOTpPJICHI€H, ap3aH LaNiO’gRuo’lO3 IIEPOBCKUT
KoHe MnCr,O, mmnuHenb KypbUIbIMIbI OKCUJITI
HAHOKOMIIO3HUTTI O€JICEeH]lI KOMIIOHEHTTepi Oap
KYPBUIBIMJIBIK ~ KaTalu3aTopiap CHHTE3IENI.
TaceIManIaFbIUTHIH KBIIIKBUIIBIK KaCHETTEPiH
0acy, eHri3UIreH KypAeal OKCHATEPAIH >KOFaphbl
TOTBIFY -TOTBIKCHI3IaHy KaOlIeTi >KoHe MeTalll
MEH TaChIMaJIIaFbIIITHIH ©3apa KYILTI OpeKeTTe-
cyl OMOOTBHIHAApAbI pUGOPMUHTLIEYIE KaTalu-
3aTOP/BIH KOMIpJIEHYT€ TYPaKThUIBIFbIHA JKayarl
OepeTiH Heri3ri (akTopiaap eKeHIIr KOpCeTUIal.
MukpoyamsIKThl kbuTyeTKi3rim CrAlO kepmer-
Ti IJIaCTUHAFa OTBIPFBI3bUIFAH, 2 Mac.% Ni +2
mac.%Ru) / MnCr,0, / 10 mac.% MgO —y-Al O,
OeJceHli KOMITOHEHT IVIMLIEPHH, aHU30J >KOHE
CKUIIMJIAP CUSAKTHI PEaKTHBTI OTHIHAAPIBI aBTO-
TEPMUSUIBIK TOTBIKTBIPY/IA KOFAPhl OEJICEHTIK
TIeH KOMIpJIEHyTe TYPAKThUIBIKTH OalKaTThI.
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1 kecre — IBK ypuicinin Ni-Kypamasl kaTajiu3aropiapbl

Bescenai MeTani/TacsiMaiIaF bl KaranuTukanapik cunarramMmaaapbl Karaauzaropabl Oneduner
AaibIHAay aici
Konsepcust | H, mpirpi- | Temnepa-
(%) MbI (%) Typa (K)
Ni- Heri3ni karanuzaropiap
10Ni/MgALO, 100 53 625 Cinnipy [33]
Niy,Cu, ALO, 100 70 600 utparts [34]
Ni, ,,Cu, , ALO, 100 69 600 IuTparTs [34]
Nij,,Cu, ALO, 100 68 600 Hutparts [34]
Cu, Ni ,/ALO, 100 33 600 IuTparts [34]
Ni/ALO, 100 68 600 Hutpartsr [34]
Ni/CeZrS-1/3 100 84,6 600 blaranzas! cinaipy [35]
Ni/CeZrS-1 100 85,6 600 bliranner ciaaipy [35]
Ni/CeZrS-3 100 85,8 600 blnranner cinaipy [35]
10Ni/SiO, me30keyek 100 38 500 cinaipy [37]
10Ni/SiO, TammibIk 100 47 500 ciHaipy [37]
10NiCNTSs-/ SiOZTaJ'H.HLIK 100 50 500 ciHaipy [37]
5Ni/SiO, Tasmmbik 81 21 500 ciHIipy [37]
SNiCNTs-/! SiOZTaJIH.ILII{ 100 30 500 cinzipy [37]
Ni/MgO 85 67 500 TYHIBIPY [38]
Ni/10Mg-ATP 100 96,7 700 6ipre TYHIBIPY [39]
12Ni/20MMT-TiO, 89 55 500 30J1b-T€JIb [40]
Ni-0.1Ce/CeO, 100 71 500 CiHIIpY [42]
Ni-0.1La/CeO, 100 88 460 cinaipy [44]
8Ni-5La/CeO, 90 70 560 ciHaipy [45]
1Ni/ Ce,,Sm O, 100 60 550 BUTFAJI/IBI CIHAIPY [46]
10Ni /Ce, Zr, O, 100 92 450 Oipre TYHIBIPY [47]
LaNi (Zn, O, 100 83 700 TYHJBIPY-TOTBIKTBIPY [49]
PrFe, Ni .Ru O, 100 90 700 Ilexunun [50]
Pr,.Ni O, 100 75 700 IMexunn [50]
LaFe, Nij O, 100 60 700 IMexkunn [50]
HLI;II;;IOIL;?K()I;ET 99 70 350 6ipre TYHJIBIPY-TOTHIKTBIPY [51]
PrFe .Ni O, 100 55 750 ITexkunn [68]
5Ni/PrFeO,(900) 100 65 600 cinaipy [68]
5Ni/PrFeO,(700) 100 55 700 cinaipy [68]
16Ni63C21 100 50 400 30J1b-TeJIb [55]
Ni-Ca/SBA-15 100 88 700 30J1b-TCITh [67]
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Co- Heri3ai kaTaausaTopJap

OBK vypuicinne Co — KartaauzaTopiapsl
JIa ap3aH, OeJlceHli XKOHE METaHHBIH TY31Tyl
ToMEeH OONFaHIBIKTaH, OeJCeHMl 3epTTEeNyIe.
Amnaitna Co-katanuzaropiapsl Oyl KOHBEPCUS-
Jay YpAiCiHIe Te3 KyHeneHirn, )KapaMChI31aHybl
OHEPKACINTIK KONJIaHyFa Kelepri kenTipyzae [56,
57]. Kazipri yakpITTa KOOAJIBTThI KATAIU3aTOP/IBI
KYHEJNEeHyTe TYPaKThUIBIFBIH apTTHIPY MOCcelec,
KOMNTETeH 3epTTeyAep/IiH HETi3r1 OaFrbIThl OOJBII
TabblIaapl. MOHOMETANABIK KOOAIBTTHI KaTalu-
3aTOpJIapMbIH 9JIeTTe OSTTIK ayJaHbl TOMEH XKo-
HE KOFapbl TEMIIePaTypajblK peakiusia MeTal-
JBIK OOJIIIIEKTep MiciM Kajaabl. TackiMaIaFsIll,
MIPOMOTP KOHE PEaKIUs KaFIalIapel TachbIMa-
JAFbIIITapFa OTHIPFRI3bUIFaH Co KaTamu3aTopia-
PBIHBIH TOTBIFY KYHiHE ocep eTelli ®KoHE ITaHOJI-
JbIH Oynbl pudOPMHUHTI YpIiCiHIE OHBIH Oell-
CEHJIUIIr MeH Kyiere Te3IMIUTITIHAE MaHBI3/bI
pen arkapazbl [56, 57]. Co — Heri3ai karajau3a-
TOPJAPABIH TAaHOIIABIH OyTbl KOHBEPCHUS peak-
[USICBIHIAFBl  KATaTUTHKAJIBIK CHIIATTaMalaphbl
2-kectene OepiireH.

[56] ALO, raceimannarbimbin CaO Kaib-
[UH OKCHJIIMEH JOMUPIIEreH/ e, HeTi3IiK KacH-
€Tl *KOFapbUIaN, KbIIIKbUIBUIBIFEI TOMEH/ICTCH.
KaranuzaroppiH 3TUICHTe CeNEKTUBTLIIr KYPT
TOMEH/ICTI, KATaJTUTHKAIIBIK TYPAKTHUIBIFBI JKOFa-
peutaran.[57]makana asropinapel Co/Al O, ka-
tanu3aropblH Na, Mg, Zr, La, Ce xoHe nepuoa-
ThIK kecteaeri 19-man 30-ra nmeiiHri OGapibIFbI
16 XUMUSTIBIK AJIEMEHTTEPMEH BbUTFAIbI CIHIIPY
ontici OoifbIHIIA MOM(UIMPIIET, SPTYPIl Kocma-
JapablH KOOANBTTHIH KaTalUTUKAJIBIK OelCceH-
JUTITHE 9cepiH 3epTTereH. 3epTTey HOTHXKeNepl
KOCIajapblH KaTaau3aTOPIbIH (PU3NKO-XHUMHU-
SNBIK KACHETTEPiHe, KOOANBTTHIH TOTHIFY KYH-
1HEe JKOHE KyHere TYpaKTBUIBIFBIHA dcep eTEeTiH-
nirin kepcerti. CoV, O, MgAlL O MnAle v

) )
NiALO, xone ZnA12(2)4,6C07Fe3 K2¥17;Manapm Ka-
TaJIM3aTopiapasl KYHIipy / TOTBIKTBIPY Ke3iHJe
Ty3u1ai. KaranusaropablH KaTaauTHKaIbIK Oell-
cenaimiri Na, K, Cu, Ni, Ce snemeHTTepi Ka-
TeICBIHAA apThin, an Mg, Ca, Sc, Ti, V, Cr, Mn
Kocrnayiapbl KaTbICbIHJa TeMmeHjereH. CoHpaai-
ak Na, K, Ca, Fe, Zn, La xocnanapsl KyiieHiH
Ty3U1yiH Oacein OH ocep erce, Cu, Zr dJIeMeHT-
Tepi KaThICBIH/AA, KEpICiHIIE KYHEHIH TYHYBI
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x)orapeiarad. Kocmanap kyiieHin mopgosioru-
SICBIHA HEMECE TY31LJITeH KOMIPTEKTI HAaHOTYTIK-
HIeNepiH JuaMeTpiHe /e ocep €TKEeHIH aHbIKTa-
nel. KaTaanTukanblK ChIHAK HOTHIKEC] OOMBIHIIA
koHBepcusiiay MoHi 78 meH 100% »xoHe cyTe-
ri WeIFbIMBI 28-90% apaliblKk MOHJIEPIH KepCeT-
keH. EH Temenri konBepcus (78%) xoHe CyTek
WBIFBIMBIHBIH  (28%) MoniH Sc-Co/-Al O, ka-
TaIMU3aTopbl KOpceTTi. AJ CYTEKTIH €H KOra-
pol mbFbIMBIH (~90) Na, K, Ni kocnamapsl Ko-
ceutran  Co/-AlL O, Karanusaropiapbl KepceT-
Ti. [58, 59] onebuet aBropnapsl Fe mpomoTpiHiH
Co/a- Al,O, karanuszaropbiHa dCEpiH 3€pTTE,
Moau(UITUPIICYI KOCIIAaHBIH a3 MeJIIIepl KaTa-
JIU3aTOP/IbIH OCJICEHUTITIHE OH dcep eTEeTIH/II-
rin anpiKTaabl. [60] sxymbicTa Co / Al O, xone
Co /Si0, karanusatopiaapabiH OenCeHIUTIKTEP]
OBK ypaicinge canpictoipbuiranga, Co / SiO, -
Karanu3aropbiHblH Oencenaitiri Co /A1203 Ka-
paraHja )Korapbl 001FaH, MyHbIH ce0ebi Co xo-
ne AL,O, apachiHIarsl ©3apa KYIITI 9pEKETTECYI
HoTkeciHe Co TOTBIFYbl KUBIH O0TYbl MYMKIH
€KEHIITIMEH TYCIHAIpUITeH.

Co-karanuzaropza KyieHi 3anaicbl3qaH bl
pyasiH THIMAL Koael CeOx [60,61] sxone MnOx
[62, 63] cusKTBI O€ICeH I TOTBIKTBIPFBIIITHI HEe-
Mece MPOMOTpiepal Naiganany OOJbI TaObI-
nanel. Ce*'/Ce*" KaWTBIMABI TOTBIFY-TOTHIKCHI-
3laHy peaKuuAChIHbIH apkaceinga, CeO, or-
TETIHIH JKOFapbhl KO3FAJFBIIITHIFBIH JKOHE OT-
TETiHI CcaKTayJa CHIUBIMIBUIBIK KaOlIeTTUTITIH
kepcereni. Colikecinme CeO,, Kyle xoHe aj-
copbuusinanran CH_~ O6JLIEKTEPiH TOTHIKTHI-
pyFa Tikeneu bikman ete anaabl. COHbIMEH Ka-
tap CeO,, Co TOTBIFy KYHiHE 9CEp €TEMl JKIHE
OHBIH TYPaKTBhUIBIFBIH XKaKcapTajisl. [64] maka-
na aBtopiapbl Co-0.3Ce/cennonuT Karaan3aro-
poiHBIH aFbiMaa 100 car.yakpIT KOJIEMiHJIE KOFa-
pBI OCIICEHIITIK TAHBITKAHBI TypaJibl Xabapia ibl.
[44] makanana La O, npomorpinin Ni(Co)/CeO,
KaraJu3aropiapbiHa ocepin 3eprrered. La mpo-
MOTp1 KaTbICBIHIA KaTalu3aropiiapia KyWeHIH
Ty3U1yi TeMmeHuaereH. Hwukenpai karaimzaTop-
Jla 3TaHOJ TOJIBIK KOHBepcusuiaHy yiriH 460°C
TeMIiepaTypa JKETKUIIKTI 0oJjica, ajl KOOAJIBTTHI
KaTaJIu3aTOp/bIH TYPAKThl dKYMBICBIH KamMTama-
ChI3 €Ty YIIIH Oipirama »Korapbl TeMIeparypa
(500°C) kaxet OonraH. bipak ko0anbTTHI KaTa-
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nu3aTopablH H, CeNeKTUBTIIr HUKENbI KaTa-
JU3aTopra KaparaHa, COMKECIHIIE KOFapbl MoH-
ai xkepceTkeH (94%<88%). Co/CeO, Kypambina
a3 menmepne K kockanna, 6etki OH »xone K - O
TONTAPBIHBIH CAHBIHBIH KOOCIOIHE OaiJIaHBICTHI
KYHEeHIH TyHOackl OHHaH Oipre TemeHaeni [65].

[66] omebuerTe Fe, Ni, Cu, Cr >xone Na (1
Mmac.%) mnpomotpiepinin Col0 mac.%/ZnO-
YSMIBIKTBI KaTaJln3aTOPJIAPbIHBIH CYTErl IIbIFbI-
MBIHA JKQHE Cy Ta3blH aybICTBIPY PEaKIUsChIHA
ocepin 3eprrereH. Fe >xone Cr-meH mpomMoTp-
neHred kartanusaropiap OBK ypmiciame jxak-
Cbhl HOTHXE KepceTTi. Fe mpomoTpiieHren kara-
JIU3aTOp TOMEH TeMIlepaTypaja Cy ra3blH aybIC-
THIPY PEaKIUACHIHAA >KOFapbl OeJICeH/l eKeHi
aHBIKTAJIIBL.

Buckaiino xone Oipiecken aBropiap Ca xo-
He Mg-men momubunupneraren SBA-15 Tacei-
MaJjiiarbilibiHa OoThIpFbI3bUIFaH Co skoHe Ni Ka-
TaJIM3aTOPJIAPAbIH KaTaJIUTUKAIBIK OeJICeHI1Ti-
TlH CaJIBICTBIpMAaJbI 3epTTeai. Mg xone Ca aie-
MEHTTEPIH TachIMaJJIaFbIIIKa Oipre €Hri3reHje
METaJIJIBIH JTUCIIEPCTLIIT1 JKOFapbuIar, Moaudu-
nupiaeHred SBA-15 TacbIManiaFbIneH MeTaul
OOJIIIEKTEPIHIH 63apa OPEKETTECYIHE BIKIAJ €T-
Ti. by ocep Co karanmzaropiapbiHIa aHAFyp-
JIBIM alKbIH Oaiikanael. Hotmkecinae Mg sxoHe
Ca momudumupnenred Co- yiriaepi TOTBHIFYbBI
YUIIH JKOFapbl TeMIeparypanbl Kaxer erin, C,
apaJIbIK KOCBUIBICTAPAbl pudOpMUHTLIICYAEC OeII-
ceri Co? OemeKTepiH JKETKUTIKTI KOJI1aMaIbl.
Moauduxkanupienred Co karaau3aTopiaapbIHbIH
Co/SBA-15 karanu3zaropbiHa KaparaH/1a dTaHOJI-
JIbIH KOHBEPCHSIChI MEH CYTET1HIH CEJICKTUBTLIIT
temeH. An Ni/Ca/SBA-15 karanmuzatopsr 700°C
temneparypaga 100% KOHBEpPCHUSIHBI kKOHE Cy-
Terire cenekTuBTLIriH -88% 50 carar imiiH-
Jle CaKTalTBhIHBIH MaimMzaeni [67]. [68] makamna-
na asropiap Ni (Co) - MepOBCKUT KYPBUIBIMIBI
beppuTTi KaranuzaTopiapiAblH  KYPBUIBIMIIBIK
xoHe DBK yphiciHmeri TOTBIFY-TOTBIKCBHI3IaHY
KaCHETTEPIH CalbICThIpManbl 3eprredi. PrFe
Ni(Co)xO, (x=0,3-0,4) xaramuzarop cepus-
cel IlekuHu omiciMeH, all eKiHIII KaTajau3aTrop-
nap cepusicel 5%wt.Ni(Co)/PrFeO, PrFeO,-men
cigaipimn, yariaepai 5% Mo-Men moauduumpen
cunresneni. 700°C-taH xoFapsl TeMIIEparypaa
OapibIK Karamu3aropiapia Herisri emimaep H,

MeH CO 6onapl. 700°C-TaH TOMEH TemIepary-
pana ciHaipy 9IiCIMEH CHHTE3/ICNITeH KaTaliu3a-
TOPJIAP/bIH ATAHOJIbIH 0acTanKbl KOHBEPCHUSICHI
)oHe cyTteri mbIFbIMbI Ni (Co) Kypamibl TepoB-
CKUTTEPMEH CaJIbICTBIPFaHIa XKorapbl 005161, Ni
Kypam/ibl, TEPOBCKUT KYPbUIBIMJBI KaTaslnu3a-
topiaap Co Heri3iHer1 yariiepre Kaparana 0er-
ceHji O6onraHbiHa KapamacTaH, 5% Co / PrFeO,
(700) xaramazaropsl, 5% Ni / PrFeO, (700) ca-
JILICTBIPFAH/IA KOFAPhI OCJICEHIUTIK OAKaTThI.

XKoraper Oencenai xone typaktel Co He-
risiggeri karamusaropaap, omerre Co® ko-
He Co?" meramn OeJIIEeKTEpiHEH TYpajbl, ai
tek Co? " ryparein Co-rHAPOLAIBINT, ©Te Oell-
CEHJIl JKOHE TYpPaKThl, ojlap KYHEHIH a3 MeJI-
mepiHiH Ty3utyiMeH cunartaianel [69, 70].
Co/ruaponansiiutke La-apl eHrisreHjge, kara-
JU3aTOP/IbIH TYPAKTBUIBIFBI JKOFapbUIall, STH-
JIeHHIH Ty3U1yiH Texeni [69]. [70] xymbicta
aropnap Co/Sr- opTypil TUIPOKCUIIANATHT-
Ti TaceiMaiareimrapra (Co/Ca-P, Co/Sr-P
Co/Ca-V, Co/Sr-V) otwipreibuiradn Co Kara-
JU3aTopiapabl CIHIAIPY OMICIMEH CHHTE3IEl.
Karanuzaropnap 550°C temneparypajia Kara-
JINTUKAIBIK ChIHAKTAH OTKI3UIIN, HOTHXKECIHJE
Co/Sr-P karanu3aropbl )KOFapbl KOHBEPCHUS KO-
HE CyTeK WIBIFBIMBIH KepceTTi. ABropnap Co/
Sr-P karamuzaropsiabiy OBK ypaicingeri 6en-
CEH/UIITIH OHBIH HEri3IiK KacHUEeTiHIH 0achbIMBbI-
pak 0OoJIFaHbIMEH TY>KBIPbIMIAFaH.

Co,0, mnuHenp yariiepi TOTbIKTHIPYChI3 TO-
MEH OEJICeHUTIKTI TaHBITTBI. DKCHEPUMEHTTIK
KOHE TEOPUSJIBIK 3EepTTEyNiep METaAbIK KO-
6ansr Co° KylieHiH Ty3inyiHiH OeiceHai opra-
JBIFBI €KeHIH kepcerti [71-72]. [73] makana-
na mapranen okcuainig Co,MnO, mmnuHeniHIR
KaTaJIUTUKAJIBIK TYpPaKTaHIbIpyFa ocepl 3epT-
tenred. Co Heri3fenreH MIMUHENb KYPbUIbIM-
nel Co,MnO, /SBA-15, Co0, / SBA-15, CoxOy/
MnxOy/SBA-IS KaTajn3aropiiapbl  TOTBIKTbI-
PBUIBIN, KaTaJIUTHKAIBIK OCJICEeHIUTIKTEepl XKo-
HE KYpPBUIBIMBIHBIH TYpakThuiblFbl DBK peak-
LMACHIHIA CalbICThIpMaIbl ChiHaiabl. Co,MnO,
IITTMHETIHIH KYPbUTBIMBI 71 caFaTka IeiiH Kora-
pbl TypakThUIbIKTEL, a1 Co MnO,/SBA-15 ka-
TaJU3aToOPbl €H KOFaphl KaTaJUTUKAJIbIK Oe-
cenaurikti 700°C  TemmepaTrypaga KeOpCETTI.
Co,MnO, mmuHENiHIH KypaMbIHIarbl Mapra-
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HEI[ OKCHII, IIMHHEIb KYPBUIBIMBIH TYpaKTaH-
JIBIPBITI, OTTETIHI KaTaJIMTHKAIBIK OCICEHIl KO-

0abeT OpTaJIbIKTapbIHa TaCbIMaJI1a/Ibl.

[74] anebuet aBropnapeiMen Co/ZnO-Al O,
apajiac OKCHJITI TaChIMaJIJAFbIIIThl KaTajn3a-
TOPJIBIH OeJICeH ITIriHEe, aKTUBTI (ha3aHbIH Kypa-

MbI (9-41 mac.%) koHe peakius Temreparypa-
ceibIy (350-600°C) ocepi 3eprrenai. 24 mac.%
Co/ZnO Smac.% AlLO, xarammsaroper 480°C
TeMIlepaTypaja TOJIbIK KOHBEPCUSAHBI koHE 95%
H, CeneKTUBTLIIriH KOPCETTI.

2 kecre — IBK ypaicinig Co-Kypamabl KaTaau3aTopJiaphl

Bencenni meramt/ KaraauTukanblK cunarraManapbl Karanuzaropzel 9eduer
TachIMasarbii Kounsepcus H, wibtrbivMet Temmneparypa (K) AafibIHzay onict
(%) (%)
Co- HeTi3/1i KaTaau3aropiaap

Co/ A1203 100 80 600 BUTFAJIIBI CIHIIPY [57]
Na-Co/. A1203 100 90 600 BUTFAIIIBI CIHAIPY [57]
K-Co/AlL O, 100 85 550 BUTFAJI/IBI CIHAIPY [57]
Mg-Co/AlLO, 97 68 600 BUTFAJIIIBI CIHIIPY [57]
Ca-Co/Al0, 98 70 600 BUTFAJIIBI CIHIIPY [57]
Sc-Co/AlLO, 78 28 600 BUTFAJIIBI CIHIIPY [57]
Ti-Co/ALQO, 98 62 600 BUTFAJIIBI CIHIIPY [57]
V-Co/ALO, 90 65 550 BUTFAJIIIBI CIHIIPY [57]
Cr—Co/AlZO3 88 51 600 BUTFAJIIBI CIHIIPY [57]
Mn-Co/AlZO3 92 59 600 BUTFAJIIIBI CIHIIPY [57]
F e-Co/Ale3 100 78 600 BUTFAJIIBI CIHIIPY [57]
Ni-Co/AlZO3 100 90 600 BUTFAJIIBI CIHIIPY [57]
Cu-Co/ AIZO3 100 74 600 BUTFAIIIBI CIHAIPY [57]
Zn-Co/AlL O, 100 78 600 BUTFAJI/IBI CIHAIPY [57]
Zr—Co/A1203 100 88 600 BUTFAJIIIBI CIHAIPY [57]
La-Co/AlLO, 100 80 600 BUTFAJIIBI CIHIIPY [57]
Ce-Co/AlLO, 100 88 600 BUTFAJIIBI CIHIIPY [57]
10Co/CeO, 100 93 450 Oipre TYHIBIPY [60]
29Co/CeO, 100 96 500 Oipre TYHIBIPY [61]
17Co/MnO_ 90 98 420 TOT"‘KTC;’:;IS‘;;"'I""“ [62]
13.1Co-Birnessite 99 70 500 ciaipy [63]
12.7Co-Todorokite 100 75 500 ciHgipy [63]
Co-0.1La/CeO, 100 94 500 ciHaipy [44]
10Co/ cenmonut 54 34 560 Oipre TYHIBIPY [64]
Co-0.3Ce/cennonur 91 69 560 Oipre TYHIBIPY [64]
PrFe;.Co, O, 100 56 800 [exunun [68]
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PrFe, Co, O, 100 52 800 Texkumu [68]
5%Co/PrFeO, 100 66 600 ciHaipy [68]
24 Co/ZnO -5A1,0, 100 95 480 cinipy [74]
5Co/Ca-P 27 39 550 cinipy [70]
5Co/St-P 36 43 550 cinaipy [70]
5Co/Ca-V 19 38 550 cinaipy [70]
5Co/Sr-V 11 19 550 cinaipy [70]
ONi/SBA-15 69 41 500 TYHIBIDY [76]
8Ni-2Co/SBA-15 86 53 500 TYHIBIDY [76]
5Ni-5C0/SBA-15 68 42 500 TYHBIDY [76]
9Ni-1Co/MCM-41 90 80 490 cingipy [77]
10Co/MCM-41 90 80 490 cinzipy [77]
Scﬁ;é?;j;iigg‘)/ 98 83 400 cingipy [79]

Ni-Co OumeTajabl KaTaJau3aropJap

Hukensp, xobanbTKa Kaparanna C-C Oaiina-
HBICTapbIH Y3yle TUiMJi, OipaK KoOaJIbTTh Ka-
Tanuzaropiapia Kyhe a3 MmeJjmepae Ty3iiem.
Connpikran Oumeranasl Ni - Co karanusarop-
Japbl KOFApbl THIMJII JKOHE TYpPAKThl OoJajbl
[75,77]. [75] Apanac Ce-Zr OKCHUATI TackIMal-
narbi (CZ91,Ce: Zr =9:1) aukensai (CZ91Ni),
k00anbTThl (CZ91C0) xoHE OMMeTaN bl HUKEh
/ko6ansrThl (CZ91NiCo) Oencenai meTanmap-
IBIH TackiManareibl petinae OBK ypaicinae
kongaubuiabl. CZ91NiCo OGumeranibl KaTaiu-
3aropel 500°C teMneparypana, MOHOMETAIIBIK
KaTalu3aTopiapra KaparaHja, CyTerl IIbIFbIMBI,
KOoHBepcusianybl koHe CO,-re CeNeKTHBTiII-
Il skoFapbl 00JAbI. ABTOpIIAp MYHBI OYJI YIITIHIH
KOFaphbl TOTBIKCHI3IaHy KaOijaeTiMeH TYCIHIIpIi.
Karanmuzatop KypaMblHOaFrbl Lepus KOMIIO-
HEHTIHIH HEeTI3IK KacHeTi dTWJICHHIH TY3UIyiH
IIEKTEI].

[76] »xymbicta aBTopiap Ni/Co MOJSPIBIK
KaTbIHACBIHBIH DBP Oencenpainirine ocepiH xy-
fieni Typne 3eprremn, 8mac.%Ni — 2mac.%Co /
SBA-15 xaranu3aTtopsl eH KOFapbl OeJICeHILTIK
kepceTkeHiH xabapnanel. Ni9-Co/MCM-41 6u-
MmeTanabl Karanuzaropsiia Ni Hemece Co MOHO-
METaNAbIK KaTaln3aTopFa KaparaHJa, >KOFaphbl
OeJICeHIUTIK NeH TYPaKTBUIBIKTBI KepceTTi [77].
Mukposmynbscusiiad gabiaaanrad Ni / CeO2 Ka-
TAJIM3aToOpbl YKcac oficreH aaipiHanraH Ni-

Co /CeO, xKaranusaToOpbIMEH CaJBICTBIPFAHIA
KOFapbl OCJICEHAUTIK TeH TYPaKTBUIBIKTHI Kep-
cetkenin, 6ipak Ni-Co/CeO, karamu3aropbl pe-
reHepanusi peakuusicelHaH keitin 773 K temre-
parypajia ykcac cHIaTTaMaiapibl KOpCeTKEeHIH
cunarranpl. Nij,-Co ., GuMeTanIbpK HaHOOoJI-
mekrepi Co HaHOOeMIIIeKTepiHe KaparaHaa Oen-
ceHll xoHe Ni HaHOOeJIIEKTepiHe KaparaH-
Jla CEJIEKTHBTI OONATHIHBIFBIH Xabapiansl [78].
[79] makana aBropaapsl 5 Mac.% Cu-10 mac.%
Ni-10 mac.% Co / TuaApOTaNBIHUTTI TPUMETAII-
IbIK KaranusaropiaelH 673 K Temmneparypana
KOFapbl OeNCeHALTIK TIeH H,) JKOFaphl IIbIFBIMBIH
KepceTKeHiH xapusianel. 673 K temneparypa-
Ja TPUMETAJJBIK KaTajJu3aTopiiapFa EHri3UIreH
MeTalap/AbIH acepi kenecineit anpikTanas: Cu
sTaHoONAbIH aerunapienyine, Ni xone Co C-C
OaliTaHbICHIHBIH Y3UTyiHe, Ni MeTaHHbIH OyIIbl
KOHBepcusChIHA koHe Co Cy-ra3blHbIH KOHBEp-
CHslIay peakIusuiapblHa 9cep eTTi.

KopsbIThIHABI

OTteiHOapa61 OyiTbl KOHBEpCHUsay (METaHIbI
OyJIbl KOHBEpCHSIIAY) OHIIpICTe KEHIHEH KOJa-
HBUIATBIH YPIIC jKOHE OMOOThIHIApAaH (SpTyp-
71 OMOOTBIH TYpPJEPiH, COHBIH IHIIHJE ATAHOI-
Ibl KONJAaHy apKbUIbI) CYTETiH OHAIpy Oarbl-
TBIHJIa KApKBIHIBI 3epTTenyae. byn ypaic cyreri
MEH CyTeri T'a3bIH OHAIPYIiH MaHbI3bI 9/1ici 60-
JIBIN TAOBIIAABI )KOHE OHBI OHEPKACINTIK KOCIT-
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OpBIHAAp/A, COHJA-aK BIKIIAM MOOWJIBII pH-
dopmepniepai Konnanyra 6onaapl. CyTeriH 3rta-
HOJIZIAaH ally OHIIPICiHIH MaHBI3Ibl MICENECIHIH
Oipi >KOFapbl THIM[i, TaJFaMIbUIBIFBI >KOFaphbl
JKOHE KOMIpJIEHYTe TYPaKThl KaTaln3aTopiaapabl
»acay Oousbln caHanaabl. Bynbl KoHBepcusiiay
YPAICIHIAE achul MeTajjapra KOHE aybICIaibl
MeTallJlapFa HETi3/Ie]reH KaTaau3aTop KEeHiHEH
3eprrenyne. AchbUl MeTalbl KaTaau3aTropliap
OBK ypaicinae karanuzatopa KylieHiH a3 Heme-
ce, TINTI Ty31IMeyiHe OaillaHbICTBI ©Te OeJICeH ],
TYpaKThl 0OJTybIHAa KapamMacTaH, KYHbIHBIH KbIM-
OaTTBUIBIFBIHA Kapail CyTeri oHIpiciHae Kolaa-
Hy tuimci3. Kazipri yakeirta OBK ypuici yurin
XKorapsl Oenceni sxoHe ap3ad Ni, Co aybicna-
JBl METAJIJbl KaTaJln3aTopiap KEHIHEH 3epTTe-
ayne. FansiMaapasiy naibiMiaybIHIIa, aybICTa-
TBI MeTanAapAbIH imiHae Ni ap3aH, OenceHaini-
Il achUT METaNAap/iaH KeM eMeC 3TaHOJIbIH KOH-
BEPCUSCHI MEH CYTETiHIH >KOFapbl HIBIFBIMBIH
KOPCETETIH JKOFaphl MEPCIEKTUBTI KaTalIu3aTop.
Ni-nerizingeri karanuzaropiaap C-C Oaitnanbl-
CTapbIH Y3yaAe >KOoFapbl Oenceni. [IpakTukanbik
KOJIZIaHyBl €H Kosainbl Ni Kypambl KaTajin3a-
TOpJIAp/IbIH HET13T1 Maceeci — Karaau3aropiap-

JIBIH T€3 KOMIpJICHIMN, Micil Kaxybl O0IbIT TaObl-
nanel. KaranuzaropnapablH TYPaKTbUIBIFEI MEH
Oencenainirine aysicransl Co, Cu HeMece achul
Pt, Ru meTtannapsiabiH kKemMeriMeH Ni KOpbITIia-
JIApBIHBIH TY31Tyl apKbUIbI KOJI JKeTKi3yre 0oia-
abl. Acsul Metangap NiO-HIH TOTBIFY TemIie-
parypachbiHbIH TOMEHCyiHEe >KOHE KOHBEPCHS-
nay ypaici ke3inge Ni HaHOOeIIeKTepiHiH JHC-
NEPCTUNITHIH JKOFapblIaybl MEH TYPaKThUIBIFBIH
KamTamacbi3 ereni. Ocbl KaTaluzaTopiaapabl
TYPaKTBUIBIFbIH KOFAPbUIATY/IbIH TAFbI O1p THIM/I1
oJlici KOFapbl OKCUATI KO3FAIFBIITHIFBI Oap Ni
KypaMbl KYpZeni OKCHJ MPeKypcopIapbIH (Tie-
POBCKUTTEp) HeMmece (DIIOOPUT KYPBUIBIMIBI
OKCUATI TachIMaJarblTapasl  (LepHi-Iup-
KOHUH *oHe T.0. JIETHpJICHTeH) Naiinanany 6o-
nein ecenreneni. Cupek kep anemMeHTTepi 6ap
Oy KyHenep ajbIHFAH Karajau3aropiapia eki
eTe Taiansl KacueTTepai OipikTipeni, onap 3a-
TaJCHI3AAHIBIPYABIH €Ki HET13T1 KOJIbIH Oereii:
OTTETiHIH JKOFapbl KO3FAIFBIIITHIK OM(PYHKIINO-
HaJIJIbl MEXaHU3MI1 KYHEHIH Ty311yiH O0spIpMa-
yBbIH KaMTaMmachl3 etei, an Ni-JiH TackiMana-
YIIBIMEH KYIITI 9pEeKeTTeCyl, JUCTIEPCTI METaI
OeJIIeKTepiHiH MICiN KaTyblHa K01 OepMen/i.
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®OCDOP IUKIZATBIHBIH KYPAMBIHAH TUTAH, BAHAIUH KOCITAJIAPBIH
BOJIIII AJ1Y ’KOHE OJIAPABIH ®U3UKA-XUMUAJBIK KACUETTEPIH 3EPTTEY

CAJIUEBA X.P., TOJIET'EH H.)K., EJIEYKEH A.P.
M.X. [lynamu amvinoaewt Tapaz memnexemmix yHugepcumemi

Anoamna: Maxanaoa ocgop wuxizamsl KYpamviHan mumaw, 6anaoull KOCnaiapvii benin any ypoici xKa-
PACMbIPLLILAH. 3epmmey HCYMbIChl OAPbICINOA MUMAH, 8AHAOUN KOCRAAPbIH KYKIPM KblUKbLILIMEH Wal-
Manan ciimiciz0eHoipy apKblivl 06N AblN, ANbIHAH MUNAH JHCIHE BAHAOUL KYPAMOAC KOCOLIbICMAP (u3u-
Ka-XUMUSIGIK 20icmepoiy komezimen s3epmmendi. CoHOAl-aK Mmuman JHcone anaoull Kypamoac KocoliblCmap
Hezi3iHOe Kemipmezi HaHOmymiKuienepi ecipinoi.

Tyitinoi ce30ep: ©ocgop wuxizamel, 6aHadull, Muman, QUIUKA-XUMUAILIK manoay adicmepi, UK-cnekmpo-
cKonus

U3BJIEYEHUE COEIUHEHUIN TUTAHA U BAHAJIUS U3 COCTABA ®OCPATHOI'O
CBIPbS U UCCJIEJJOBAHUE UX ®U3UKO-XUMHUYECKHNX CBOHUCTB

Annomauusn: B cmamve paccmampusaemcs npoyecc omoeneHus coeOuHeHull mumana u anaous om goc-
gopHozo cvipvs. B xode uccredosanuii coedunerus mumana u 6anaous ObLIU U3GTIEUEHbL NYMEM GbIUeNaAYU-
8AHUsL CEPHOU KUCTIOMO, Oajlee NOLYYeHHble MUMAH U 6AHAOUTICOOepIcaujue COCOUHEHUs ObLIU UCCTe008AHb
QUBUKO-XUMUYECKUMU MEMOOamMU. A maKdice Ha NOONONCKAX HA OCHOBE MUMAH U BAHAOULICOOEPIHCAUYUX COe-
OUHeHUIl ObLIU BbIPAULEHBL YelePOOHble HAHOMPYOKUL.

Knrwouesvie cnosa: gocghopnoe cvipve, sanaouii, mumat, Qusuxko-xumuueckue memoovt ananusa, UK-cnex-
mpocKkonus

EXTRACTION OF TITANIUM AND VANADIUM COMPOUNDS FROM
THE COMPOSITION OF PHOSPHATE ROCK AND STUDY
OF THEIR PHYSICOCHEMICAL PROPERTIES

Abstract: The article discusses the process of separation of titanium and vanadium compounds from
phosphorus raw materials. In the course of the study, the titanium and vanadium compounds were recovered
by leaching with sulfuric acid, and then obtained titanium and vanadium-containing compounds were studied
by physicochemical methods. Also, carbon nanotubes were grown on substrates based on titanium and
vanadium-containing compounds.

Key words: Phosphorus raw materials, vanadium, titanium, physicochemical methods of analysis, IR
spectroscopy

Kipicne
@ocdar keni Gocdopibl OHEpKICin eHIM-  KocibiHAe, TaMmak eHepkociOiHae, dapmanusga

JIEpiH OHAIpyTe KAKETTI IINKI3aT OONBIN Ta0blIa-  JKOHE T.0. KEHIHEH KOJJaHbLIaAbl. OJIeMJeri
nel. O aybll MIApyallbUTBIFBIHAA, XUMUS 0Hep-  Gocdar Kopsl 70 MIp/. TOHHAFa ACHIH JKETel.
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Mapokko eH yikeH (ocdar pecypcrapbiHa ue,
Kopbl 50 mMupa TOHHa, OyJ1 JKasIbl KeJEeMHIH
71,43% kypaiigs! [1]. @ocdar pecypcTapbIHbIH
MUHEpaJIJaHybl, MarMajblK IIOTiHAlIepi, Me-
TaMOP(THI IIOTiHAIEp] KoHe OMOTeH/l IIeriH-
ainepi (ryaHo KMHAKTalybl) OOMbIHIIA TOPT He-
ri3ri Typi 6ap. docdar pecypcrapblHbIH HIaMa-
MeH 75%-bI merinainepre xxarasi [2].

XKorapsl nopexeni ¢ocdar KeHi bUIFa 5K9-
HE MUPOTEH/I1 MPOLECTEPACH OTiIl, IPTYpIi (oc-
¢dopibl  THIHAWTKBILITAD MeH (ocdarrap aiy
YLIiH naiaananyfa 6onatbiH Gochop KbIIIKbLTBI
MeH (ochopabIH apajiblK ©HIMAEPIH anajbl.
blnran ¢ocdop mpolecinae KoNTaHBLUIATHIH
¢docdar KOHIEHTpaThlHA KOWBUIATHIH TaJjarl-
Tap: PO, — 30% xorapel, CaO/P,O, KarbiHaChI
1,6-nan a3 xone MgO kypamsl 1%-nan a3 [3].
Anaiiia momyNsAUUSHBIH OcCyi koHe Qocdarka
JIeTeH CYPaHBICTBIH >KOFapblIaybIMEH KYpaMbIH-
Ja a3 Kocmackl 0ap >korapbl cypbINTHl (Gocdar
keHzaepi Taycbutyga. docdar KeHAepiHiH Ken
Oeuiri KpIIIKbUIIaHy MpPOIECiHIe TiKeJIel Ko-
JaHyFa >KapaMchl3, OUTKEH1 OJIapJblH Kypambl
PO, canbicThIpMaibl TYpJe TOMEH XKIHE J/IET-
Te KypaMbIHa KOCIa MUHEpaJAapbl, HEeTi31HEeH
KBapll, CJION1A, Jjajla IIIAaTkl, TOJIOMUT, KaJIbLIUT,
ca3 xoHe T.0. Conapikran (ocarTel OGalbITy
caJlachl YJIKEH KHUBIHJBIKTapFa Tar OOJIBII OTHIp,
AFHU, OyJ1 TOMEH CYphINThl ¢ocdar KeHIaepiH

-
}Cacoa
0-13,5%

0

w -

Mydens nemiame

YHEMJI1 KoHE THIMAI MaijaaHy >KOJINapbIH 13-
neyre »xkou amazsl [4-5].

docdarTeH MenIepi TOMEeH KeHaepiH doc-
(aT KOHIIEHTPATHIH aJTy YIIiH aJAbIH aa JaibIH-
nay Kepek OonraHbIKTaH, Gocdar Munepanaa-
PBIHBIH CENIEKTHBTI OOIIIHYiHE KOJI JKeTKI3y YILIiH
OalpITy 9IiCTepl MEH pPEaKTHUBTEP ©TE MaHbI3-
Iibl OOJIBIN caHamabl. Pyna KypamMbIHBIH 9pKel-
Ki KYpaMbl MEH KYPBUIbIMbIHA CYHEHE OTBIPHIII,
THICTI HpPOILIECTEp MEH PEeaKTHBTEP EHri3iesi.
Aranran makanaza pocdop MUKI3aTBIHBIH Kypa-
MBIHAH TUTaH, BaHAUI KOcCHalapblH Oein ary
9J1ici ’KaH-)KaKThl KapacThIPBUIBII, OJapIbIH (u-
3MKa-XUMUSUIIBIK KACHETTEP1 3epTTeNe/Ii.

Ta:xipubestik 6e1im

3epTTeyaiH Makcarhl KBIIIKBIT — €piTiH-
JiIepiMeH CUITICI3AeHaIpy apKblibl  (ocdop
IIMKI3aTbIHAH THUTaH, BaHaIUi KocCHalapblH
OeJin amy OOJbIN TaObLIAIbI.

®ochop mumKi3aTBIH KyHAipy onicTemeci
TeMeHzeri cyperre kenripiiren (1 cyper).
®ochopuT KOHLEHTPATBIH KaJIMblHA KENTIpy
apKbUIbl QJIbIHFAH KOX OeJIIEeKTepiH MeJepi
0,1 MM JeifiH yHTaKTam, MarHUT KeMeTiMeH
Temip OeJekTepiHeH Ta3zapThUiabl. CanMarbl
2 r YIriHi anbIyMIbl KailblKKa calbll, ayaja
800-1250°C Temneparypa apajiblFblHIA 3€pTXa-
HaJbIK MyQens nemrinae xarpuiasl. Kyinipy 15-
TeH 90 MUHYTKa JACHiH albIH/IbI.

YHTaKTay Tewmip GeniexTepin e m——
-0,1 MM KO0 TOTHIKTEIPA KYHAIPY ciTTineHIipY
e 0,
750-1200 C, 15-90 (3% ep. we pH;2,5)
15-60 mun, 20 C
1
. VO Ti
Epitiam . ,Yss Ti0,
/ XUMHANBIK, TAILIAY
\ Kenti XHMHAIEIK TAIay,
_ Tynba > ~CHnpy POA
OunsTprey 105°C. 60 sun

1 cypem — LInamovt momuigmuipa Kyuoipy sHcaHe OHIMOepiH Cinmiciz0eHoipy
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CankpingaranHal keiin nuiakTel K:C = 1:25
KaTbIHACBIH/A 3% KYKIPT KbIIKBUIBIHBIH €PITiH-
JiciMeH cinTicizaenaipinai (keibip xarmaitnap-
na pH 2,5). Cinticizaenaipy 6enmMe TeMiepary-
pacbiHna 10-60 MUHYT imIiHAE TYPaKThl TYpae
MarHuTT1 apagacThIPFBIIINEH KYPri3iii.

CinTicizaeHaipiareHHeH KeiiH epiTiHi Kal-
JBIKTaH BaKyyMIBbl CY3riiey apKbUIbl OeliH-
ni. Kanneik 105°C Temneparypajia KenTipiireH
BICTBIK IUCTUJIJICHTCH CYMEH KYbUIbl. PEHTreH-
(hazanplK aHaNU3iH KOJJAHY apKbLIbl TEXHOIO-
THSUTBIK TIapaMeTpiiepre OaiaHbICThI (a3aiblk
TYPJACHIIpYNIEp JKOHE KYWUIIpy Ke3iHJAeri TUTaH,
BaHAMIIIH OPEKETI 3epTTENAl. AIBIHFAH epiTiH-
JieTi TUTaH, BaHAUN KypaMbl XUMUSUITBIK aHa-
JIN3 KOMETIMEH aHBIKTaJIIbL.

Hotnxesep skoHe 0J1apabl TAJIKbLIAY

KyKipT KbIIIKBIIBI €PITIHAUIEPIMEH CIITICI3-
JEeHIpy apKbUIbl PochHOPUTTI KOl KOMIOHEHTTI
KOHIIEHTpATTaH THUTAH OHE BaHAJAUN Kocmasa-
pBIH O6JIill aJIbIHATBIH PYy/AaHbIH Kypambl 1-kec-
Te/Ie KeNTIPUITeH.

Kectenen kepinin TypransiHaai, ¢ocdo-
TUIICTIH KYPaMbIHJAFbl 3€PTTEINIIN OTBIPFaH dJie-
MEHTTEP/IiH MaKCHMAaJJIbl MeJIIepi Kelecie:
tutad (Ti) — 0,12%, Banaauii (V) — 0,14%.

TuTaH XMMHUSIIBIK aKTHUBTI aybICHIANIbI 3jie-
MEHT, KaJIBIIIThI KaFJai/1a TATaH OTTErl MEH CyFa
te3imi. O xorapbl OEpiKTIriMEH JKOHE TOTTa-
HyFa Te3iMALIIriMeH epekiueneneai. OHbIH TO-
TBIFY Aopexeci +4, cupek +3, +2. 500-550°C-ka
JeHiHr1 Temmeparypanapia MeTala OeTiHze
oKkcuj Kabarel maija OONATHIHIBIKTaH ayaja,
TEHI3 CyBIHJA, BUIFA] XJIOPAA, XJOPHITEP MEH
a30T JKOHE KYKIPT KBIIIKBUIBI €pITIHAUIEpiH/Ie

(HF, H,PO,, xonuentpni H,SO, epirinainepin
KOCIaraH/a), CUITUIEpIiH CYHBITBUIFAH €piTiH-
noinepinae Kopposusra TypakTel. ComameH
Na,CO, nemece noranen K,CO, Gankpiran Kes-
JIe TUTAH OKCH/JII TUTAHATTap TY3e/i:

Kp3apipranga THTaH TallOTEHIEPMEH ope-
keTTecin (Mbicansl ropmer 150°C-ta, Honnen
550°C-ta, xmopmen 300°C-ta) rajoreHuaTeEp
Ty3eni. bop, kemiprek, KpeMHUH KOHE CeleH-
MEH OpEKeTTeciN, MeTajFa yKcac KOCBUIBICTap
Ty3eni [6].

Kenreren enaipic cananapbsiHaa TUTAHHBIH
OepiKTIri OHBIH HIaMaMeH OONATTHIH OepiKTIri-
HEH KEM €MECTITTHE 0alIaHbICTHI KOJIAHbLUIAIEI.
Kyiima TypiHzaeri THTaH aBUalus, 3bIMbIPaH, aB-
TOMOOWIIb, KEME Kacayla MaHbI3Ibl KYPbUIBIM-
IBIK MaTtepuan 0omnbin Tadbuiaasl. COHBIMEH Ka-
Tap paJHodIIEKTPOHMKA/IA, TAMaK, IIaparn, 0osy,
Kara3 eHepKocimTepiHe Ka)XeTTi acmanTap MeH
KOHBIPFBLIAP Kacay/ia KeHIHEH KOJTaHbLIA IbI.

Bananuii aeMeHTiH KapacThIpaThiH OOJICAK,
OHBIH TEXHHKaJa MaHbI3Bl ©Te 30p. Banamuii
MUHEpaNIbl TY3AapIblH CyJbl €piTiHJIICiHE
TO3IMIUTITIMEH albIpbIKIIATaHaIbl. AJJIBIMEH
BaHa/[MH  epekiie Oonarrap  ©HEPKACiOiH-
e maijanaHbpUIafgbl. BaHaguiimiH KaTbIChIHIA
OO0NaTThIH KYPBUIBICHI YCAK JIQHI KoHE OIpTEKTI
Oonazpl, KaOBICKAKTBIFBI >KOFapbUIaiiibl, Oap-
JBIK MEXaHUKAJBIK KacUeTTepl JKaKcapThLIalbl,
OaJKBITYy KacueTTepi apTaibl.

Bananuit conbiMeH Karap O60maTTarbl OTTEK-
TiH MOJIIepiH TOMEHEeTe 1, BAaHAIUNIIH OanKy
TeMIlepaTypackl JkoHe Oacka OalKpIMajapra
TYPAKTBUIBIFBI JKOFApbl, COJ YIIIH JIeé BaHATUN-
Il )KOHE OHBIH KYHMaJapblH SIPOJBIK PEaKTop-
Jla Taii1amaHabl.

1 xecte — Docdop MUKI3ATHIHBIH JIEMEHTTIK KypaMbl

Cunexrp o Na Mg Al Si P Cl Ca Ti \% Mn Fe Bapa.
Cnextp 120,80 | 19,16 | 5,77 | 5,27 | 0,29 | 0,24 | 0,09 |27,87| 7,71 | 0,12 | 0,00 | 0,34 | 12,32 | 100,00
Cnexrp 2 | 15,88 [ 24,79 | 4,14 | 3,57 | 0,23 | 0,28 | 0,82 | 36,36 | 5,30 | 0,00 | 0,00 | 0,36 | 8,27 | 100,00
Cnektp 327,86 | 11,56 | 7,10 | 6,93 | 0,48 | 0,21 | 0,41 |18,60|11,27| 0,00 | 0,14 | 0,29 | 15,16 | 100,00
oprama |21,51|18,51| 5,67 | 5,25 | 0,34 | 0,24 | 0,44 | 27,61 | 8,09 | 0,04 | 0,05 | 033 | 11,92 | 100,00
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Banaguit akTuBTI KaTanuzarop OOIFaH-
JBIKTaH, XUMISUIBIK ©HEPKICINITE MaHBI3BI 30p.
KyYKipT KbINIKBIIBI albIHFAHAA BaHAIUN KaTau-
saropel (V,0,) konnananpsl. V, O, — karanuzarop
peTiH/e OpKeNKi OPraHMKAIBIK XUMHUSIAFBI pe-
aKuusIap/a maiananbUIa b,

Pyna KyKipT KbBIIIKBUIBIMEH OpPEKETTECKEH
Ke3Je KeNeciiel peakusiap Ky pei:

Ti+6H,SO,=H,[Ti(SO,),]+2S0,1 + 4H 0
V +6H,S0,=V,(SO,), + H*

PynanapaplH KypamMblHA *OHE THUTAaH MEH
BaHAQ/MIAIH KacUeTTepiHe CyHeHe OTBIPHII,
OCBI 3JIEMEHTTEP/I1H OAPJIBIFBI KYKIPT KbIIIKbLIBI
epiTiHAUIepIMeH MIaiiManay Ke3iHAe ©HIM/II
epiTiHIre COTTI OTel Jien 00HKaM HKacaIbIK.

KyKipT KbIIKBUIBIHA BIIBIpaThUIFaH (hoc-
¢op muKi3aTelH GUIBTPACH OTKI3II, O/1aH KeiiH
cyibIK ¢azara 10-15% NaOH epitinzgicin Kyi-
FaH Ke3Zle, TUTAH >KOHE BaHAJMH KOCBHUIBICTapHhI
TyHOara Tycei.

H,[Ti(SO,),]+2NaOH=Ti(OH), | +Na SO, +H,0

Tutan (IV) ruzpokcuai eTe Typakchis,
connpiktan on Oipaen tutad (III) rugpoxcuai
Ti(OH), aiinananel. Ti(OH), — cyp-kyuirin TyH-
0a, cyma epimeiiii, TeK HETI3r1 KacuerTepre ue,

SAFHU CUITLIepIe epiMeiiii, KbIIIKbUITapMEH ope-
kerrecin, TaicTi Ty3aap tyseni. Ti (III) xocwii-
BICTAPhl TYPAKChI3 JKOHE TOTBIKCHI3IAaHIBIPFBILI
3artap Oonbin ecenrteneni. COHABIKTAH TUTaH
(IIT) ruapokcuai >koHE OHBIH TY3aphl aTMOocde-
paJIbIK OTTETIMEH OHAM TOTHIFAIbI XKOHE HOTHKE-
CiHJle TYHOaHBIH TYCI aK TYCKe aifHallabl:

4Ti(OH), + O, + (n — 6)H,0 = 4TiO,* nH,0

Bananwuii (IIT) Ty3napst pH 4-5 Tex 6onatsia
CLITIMEH dpeKeTTecil, xachul TycTi V(OH), ru-
JPOKCHU[IIH ajJyFa THIPBICTHIK. BaHaauii ruapok-
CHJIl HETI31HEH ©31HIH HeTi3rl KacueTTepiH Kep-
cereli. byn 3aT KyIITi TOTBIKCHI3IAaHABIPFBILI
Ooutbin TaObLIaAbI, O aya/Ja OHAll TOTHIFAbl Aa
oiprinzen VO(OH), KOHBIp TYCTi OKCOTYpiHE
alfHasa/pl:

V,(SO,), + 6NaOH = V(OH)_|+ 3Na SO,.

Apbl Kapaif, anplHFaH TyHOamap cCys3uim,
KaTThl KaJJbIKTBIH KYpPaMbIHJIAFbl THUTAH KO-
HE BaHAJUN dJIEeMEHTTepiHe (U3MKA-XUMHUSIIBIK
3epTTeynep Kacaibl.

Kaparay ¢docoputrepinin bLABIPATHUIFaH
KOHIIEHTpATTaH OOJIIHIeH TUTaH >KOHE BaHAIUil
KOCBUIBICTapBbIHBIH YATUIEpiH 3epTTey yiuin UK-
CHEKTPOCKOMHSIIBIK dIIC KOMIAHBLIAKI (2 CypeT).

- KM

=rm =R

A~

man =

EoLTET ]

mem HH

2 cypem — Tuman sicone sanaoutl Kypamoac Kocna yaeiciniy UK-cnexmpi
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Cunresnenren yarinepain MK-cnexrpinae
OpPTaHBbIH CYTEKTiK KOpCETKIIIIHEe KapamacTaH,
3950-2200cm™  BaneHTTIK TepOemicTep ayna-
HBIH koHe 2200-450 cm™! nedopmanusuibik TEp-
OemiciHiH aygaHbIH Oeiryre Oomaabl.

XKorapeinarsl 2-cypetke coiikec, 2363 cm!
KULTIKTET1 9JIC13 KopceTuIreH sxonakrap dhocdop
KBILIKBIIBIHA TOH, 1618 sxone 1402 cm! sxuiik-
TEri KapKbIHIbI KOJAKTAp — BaHAJAHWHA JKOHE TH-
TaHHBIH Cynb(har HoHAapbiHA THecimi. 1387-
1385 cm! afimarsiHgarel xuinikrepi Ti-O xoHe
V-O OGaitmaHbICTapbIHBIH Je()OpMALUSIIBIK Tep-

a) 1000 ece

>
21,000 A0pm  —
20 Fisb 2020

SEl  20kV WD1omm S320
Samphe 12749

oenicrepine, 1107-1047 cm! Ti-OH xone V-OH
OaiiTaHbICHIHBIH Ae(hOpMAIMSITBIK )KULTIKTEpiHE,
an 871 ecm! TiO sxone VO KOCBUIBICTapbIHBIH Ba-
JIEHTTIK TepOenicTepine Typa Keneni. AJbIHFaH
HK-criekTpi HOTHXKeepiHe COMKeC TUTaH YKOHE
BaHA/IMM KypamMac KOCBUIBICTAp — Cyab(ar xko-
He (pocdaTt noHIapbl KOCBUTBICTAPhI TYpiHAe 60-
Jybl MYMKIH.

Apbl Kapail anslHFaH yiaruiepain Mmopdgoso-
THSIIBIK KYPBUIbIMBI COM KeMeriMeH 3epTTeni
(3 cyper).

9) 3000 ece ynxeri-

mineex

v WD10mm S820 x3,000 Epm
12748 20 Feb 2020

3 cypem — Tuman srcane 6anaouii Kypamoac Kocna yaeiciniy mukpoghomozepaguscel (COM)

= = = = =

4 cypem — Komipmezi nanomymikueci ocipineen yneiniy MK-cnexmpi

Mukpodortorpadusgan KepiHiN TypraH-
Jaii, MeTas OeJIIeKTepi 19H TYpiHAe KopceTi-
TeH, SIFHU HaTPHUI THAPOKCHUIIH KOCKAH Ke3/e ipi
TIOH/I1 TYHOATAp/IBIH MIeTYiH TYIbIPaIbl.

Ocputaiiima ¢ocdop MMKI3aTbIHAH Kypa-
MBIHAH TUTaH OHE BaHAJIUU Kypamjac Kocra-
mapbl OOMIHIN aNbIHABL. Al OCHI YATIIEPIiH

94

KypaMblHJarel Oaimaneic  Tuni  MK-cmekrpi
apKbUIbl MOp(hONOTHsITBIK KypamMbl COM keme-
riMEH HaKTBUIAHIbI.

KyKipT KbILIKBUIBIHIA BIABIPATHUIFAH (oc-
IIMKI3aT koHE (OCHOPHUT KAIABIKTAPBIH CY3iI
Oeuin ajFaH COH, CyHbIK ¢a3zara 10-15% NaOH
epITIH/IICIH KYHFaH Ke37le, TUTAH JKOHE BaHAIHA
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2 kecre — @ochop IMMKIZATBIHBIH 3JIEMEHTTIK KYpPaMbl

Crextp C (0] Na Mg Al Si P

S Cl Ca Ti \% Mn Fe Bapa.

Cnextp 1 | 22,51 | 40,35 | 16,87 | 4,30 | 3,55 | 0,14 | 0,22

0,19 | 13,63 | 11,85 | 0,00 | 0,00 | 0,24 | 8,67 | 100,00

Cnextp 2 | 21,92 | 36,60 | 18,92 | 4,16 | 3,59 | 0,11 | 0,22

0,18 | 16,36 | 11,11 | 0,00 | 0,00 | 0,33 | 8,42 | 100,00

Coextp 3 | 22,15 | 37,01 | 19,96 | 4,31 | 2,84 | 0,22 | 0,12

0,00 | 16,09 | 11,35 | 0,11 | 0,00 | 0,00 | 7,98 | 100,00

oprama | 22,39 |37,99 | 18,58 | 4,26 | 3,33 | 0,16 | 0,19

0,12 | 15,36 | 11,44 | 0,04 | 0,00 | 0,19 | 8,36 | 100,00

KochUIbICTapel TyHOara Tycemi. ComaH KeifiH
TYHOaHBI CYy3iM, KENTIpil, TUTaH XKOHE BaHAIUH
Kypambl KOChUIbICTapJaH TabieTkajap jkaca-
el Ockl Tabnetkanzapasl «CN-CVD-100»
(ULVAC JAPAN, Ltd.) KypbUIFBICHIHBIH KOMe-
riMeH kesiemi 1 cMm? OonaThlH METAUT TachIMaJl-
JAFbIlITa KOMIpTeri HaHOTYTIKIIECI ecipiimi.
Hotmxkecinne TabneTkamapablH TycTepi Kapa
TYCKe e3repi, ojapra pU3UKa-XUMHIIBIK 3€pT-
Teynep Kypriziai (4 cyper).

Cyperten kepiHin typrannai, 3414 xone
3138 cm! sxminmikTeri KapKeIHABI koaakrap OH-
MOHBIHBIH BaJICHTTIK TepoOenicrepine ToH. 2924
xoHe 2850 cm! skumimirinmeri oici3 Koyiakrap
H,O" MOHBIHBIH BaNeHTTIK TepOerticine, 1616 cm
' sxonarbl (H,0) BanentTik TepOeicin kepce-
temi. 1402 cM™! sKUUTIKTEr1 KapKBIHIIBI KOJIAKTap
— BaHA/UH KOHE TUTAHHBIH THAPOKCUJ MOHJa-
peiabIH 0(Me—O(H)-Me) nedopmanusisik Tep-
oenicrepine ToH. 1112 cm! Ti-OH xone V-OH
0aiiTaHBICHIHBIH Je)OPMAIUSIIBIK KULTIKTEPI-
He, an 871 cm! TiO xoHe VO KOCBUIBICTapHI-
HBIH BaJIEHTTIK TepOenicTepiHe COWKec Kesei.
Ocpuiaiiiia keMipTeri HaHOTYTIKIIEC] ecipuIreH
YJITIHIH KYPBUIBIMBI 3€pTTENl, KYPaMbIHIAFbI
MOHJIap aHBIKTAJIJIBL.

Kemipreri HaHOTYTIKILIECI ©CIPIATeH THUTaH
JKOHE BaHAJMU KypamJac Koclia YJATiCiHIH Kypa-
MBIHA DJIEMEHTTIK TaJAay ’KacalbIHIbI (2 KeCTe).

2-KecTeNleH Kopill OThIpFaHbIMbI3Ial, TUTAH
JKOHE BaHAJAMN KypamJac KOCBUIbICTAp HETi3iH-
JIe KeMipTeri HaHOTYTIKIIeJepl ecipulreH Y-
riUIepiH KypamblHAaH KOMIPTEKTiH O0ap eKeHi-
rif OaiikayFra 60ia/bl, 01 HAHOTYTIKIIEN KeMip-
TEKTIH Oap eKeHIIriH Oinaipesi.

COM koMmeriMeH TUTaH KJHE BaHAIUN
Kypamac KOCBUIBICTap HET131He KoMipTeri Ha-
HOTYTIKILIENepl ecipiirex yaruiepaiy mopdoio-
THSIIBIK KYPBUIBIMBI 3epTTeni (5 cyper).

a) 1000 ece

3) 3000 ece

yaKeumineen

5 cypem — Koemipmeei nanomymikuieci ocipineen muman jicane
6aHAOULl KYpAMOAC KOCha YAcICiHiy Mukpogomocpaghuscel
(COM)

Muxkpodortorpadusgan KepiHin TypraHiai,
KOMIpTeri HaHOTYTIKIIEJepl ecipiMereH Y-
riIepMeH CalbICTBIPFAHAA, JOH TYpPIHIErl Me-
Tai OeJIeKTepl cakTajafaH. YHTaKTarbl Oel-
mekrepain menmepi 300-400 HM mamacklHIA.
Conpnaii-aK aJblHFaH HAHOAMCHEPCTI YHTAKThIH
KYPaMBIHBIH 3J€MEHTTIK TaJJlaybIHbIH HOTHKe-
ciHe coiikec yari 22% KeMipTeriHeH TypaTbIH-
JIBIFBIH KOPCETTI.

KopbIThIHABI

Ocputaiima (ochop MMKI3aTBIHBIH Kypa-
MBIHAH TUTAaH KOHE BaHaUH Kypam1ac KOChLIbI-
cTapbl OOJIIHIIN aJbIHBIN, apbl Kapaid ajblHFaH
yJriiepre KemipTeri HaHOTYTIKIIEJIepl ecipif-
ni. CoHbIMEH Karap OacTarkbl KOHE COHFBI YJI-
TIepiH KYpPhUIBICHL, MOP(OIOTHSIIBIK KYpaMbl
MEH 3JIEMEHTTIK TaJjiay jKacalbl.
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902K 669.017.16.001.5
MPHTM 53. 37.13.

KOPBITIAJIA TE3 CYBITKAHHAH KEHWIH BOJIATHIH
CU-ZN-FE-NI-PB-AL CUCTEMACBIHIAT'BI 7KE3
KOPBITITACBIHBIH, KYPbBIJIBIMbI )KOHE KACHUETTEPI

CYJITAHBEK T. K., IOCTAEBA A.M., KAB/IBIPAXMAHOBA A.b.
Kapazanowr memnexemmix mexHukanvix yHugepcumemi

Anoamna: Kasipei yaxulmma asmomoouns sHeacayoa anoMuHuli-memip-HuKelb-KpemMHuin sce30ep KeHinen
KONOAHLIAObL, 011ap Je2ipaeyuli diemeHmmepoiy 001 bl ApKACHIHOA JHCOAPbI KAMMBLILIKNEH Oipe2ell Jc02apbl
uineiumikmiy yiiecimine ue, mo3yea me3imoi dscane nauoaiany Kesinoe bepixmiei movikmoi. Myroaii mamepu-
anoap peninde ic scysinoe oip gasanvt 6oavin mabwviiamein al-Fe-Ni-Sn-Cu-Zn kopeimnacel 0a 6ona anaobi.
Anatioa oHvly eneyni Kemutiniei — blcmulK, 0ehopmMayusaniayOan Ketiin Kaioblk KepHeyiepoiy acepiHen Mopni-
CbIHRbIUMBIK Kacuemi naiida 6onadvl. Byn kopeimnausiy Hezizei KYpolibiMObIK Kypayubicel — B2 f 6otivbin-
wa pemmenzen CuZn gasacul, o1 Oo1Me memnepamypacviHoa momen uineiwimiknen cunammanaowl. Ocvizan
batinanvicmsvl MexanuzmMoepoi aHbIKMAY, COHbIMEH Oipee KYObip JICoHe CAKUHANbL Yacliepoe Jco2apbl KaloblK
KepHeynepliy naioa 6oy cebenmepin JHeorw ome 03eKkmi Minoem OOIbIN CaHANAObL.

Tyitinoi co3oep: xopvimna, sices, gasa, OAIKLINY, KPUCAIOAHY

CTPYKTYPA 1 CBOMCTBA JIATYHHOTO CIIJTABA CUCTEMBI
CU-ZN-NI-FE-PB-SN-AL ITIOCJIE BBICTPOM 3AKAJIKH U3 PACILJIABA

Annomauus: B nacmosawee epems 6 agmomoounecmpoeHuy Wupoxko NPUMEeHsIIOmMes ATiOMUHUN-HCENe30-HU-
Kelb-KpeMHUCmble JamyHu, Komopule, 61a200aps npucymcmeuto 8 Hux J1ecupyrowux 91eMeHmos, 0onaoaiom
VHUKATLHBIM COYEeMaHUeM 6bICOKOU NIACMUYHOCU C GbICOKOU MBEPOOCbIO, USHOCOCTHOUKOCHbIO U NPOU-
HOCmMbIO npu dKenayamayuu. B ponu maxkux mamepuanos moxcem evicmynams u Al-Fe-Ni-Sn-Cu-Zn cnaas,
AeIAOWULC npakmuyecku 00HoGasHvim. OOHAKo ee CyuecmeenHblll HeOOCMAmoK — CKIOHHOCIb K pacmpe-
CKUBAHUIO NOO OelicEuemM 0CMamMOYHbIX HANPAICEHU, 603HUKAIOWUX NOCTe 2opsayeco Oegopmuposanus. Oc-
HOBHAsL CMPYKMYPHAsL COCIMABNAIOWAS 9MO20 CHAA8A — ynopsaoouennas no muny B2 f-¢haza CuZn, komopas
npu KOMHAMHOU memnepamype Xapaxkmepuszyemcst HegblCOKOU NIACMUYHOCMbIO. B cesasu ¢ smum eviasnenue
MEXanu3Mo8 U nociedyiouee yCmpanenue NpUUUH NOAGLEHUsL GbICOKUX OCTNAMOYHBIX HANPAINCCHUL 8 MPYOHBIX
U KOTbYEeBbIX 00pa3yax s81aemcs 8ecbMa akmyaibHoll 3a0ayell.

Knioueswvie cnosa: cnjae, J1anyHb, gbasa, omoicue, Kpucmajiiuzayus

STRUCTURE AND PROPERTIES OF THE BRASS ALLOY SYSTEM
CU-ZN-NI-FE-PB-SN-AL AFTER QUICK MELTING

Abstract: At present, aluminum-iron-nickel-silicon brass is widely used in the automotive industry, which, due
to the presence of alloying elements in them, has a unique combination of high ductility with high hardness,
wear resistance and operational strength. Al-Fe-Ni-Sn-Cu-Zn alloy, which is practically single-phase, can
also play the role of such materials. However, its significant drawback is its tendency to crack under the
influence of residual stresses arising after hot deformation. The main structural component of this alloy is
the CuZn B2 [ phase ordered by type, which is characterized by low ductility at room temperature. In this
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regard, the identification of mechanisms, and the subsequent elimination of the causes of the appearance of
high residual stresses in tube and ring samples is a very urgent task.

Key words: alloy, brass, phase, annealing, crystallization

Kipicne

XKana ynrigeri opTyp:i MalHanapIs! Kypy,
OJIap/IbIH JKammaid eHIIpiCiH YHBIMAACTBIPY, p-
O1p arperarThlH KYMBIC CEHIMAUTIITTH apTThIpyFa
YMTBUIYy jKaHa MaTepHuajiapibl 93ipieyal ko-
He OYpBIH iCTETIAreH MaTepuaaiapabl TYpJeH-
Tipyai siHTanaxabpaasl. COHFBI yaKbITTa Tacma
typinge 105-106 K/c xpuimamapikneH Oaikbl-
Ma/1aH JKbIJI/IaM IIBIHAAIFaH aMOp(ThI )KOHE MU-
KPOKPHUCTAIZBI KYPBUIBIMBI Oap Marepuasiap
KEHIHEeH KOJIaHbUIaAbl. by o/tic KaTrTel epiTiH-
Jinepae KOCmalalThIH AIeMEHTTEPIIH epiriiTi-
T'1H apTThIPY, KYPBUIBIMJIBIK KYpaybIIITAp/Ibl YCa-
TY, METacTaOWibJi KPHUCTaJAbl >XKoHE aMopd-
ThI (pazanapblH TY3i1yi eceOiHeH KopbITraiap-
JIBIH MEXAHUKAJIBIK KAaCHUEeTTepiH alTapIibIKTai
KakcapTyFa MYMKIHIIK Oepeni. KypbuibIMabIK-
ce3iMTall KacueTTepi Kol jkarnaiga OamkbIMa-
JIaH T3 MIBIHBIKTHIPY K€31HJe OChl KOpbITIajap-
bl aJTy apTTapbiHa OalIaHBICThI OONIAIBI.

JKCIepUMEHT Jdici

JleruprneHreH xke3zep 0apbIK KOHCTPYKIIUS-
JBIK MAallHa jKacay MaTepualapbIHBIH apa-
CBIHJIA, OJIAPJBIH >KOFaphl TEXHOJOTHUSIIBIK ©H-
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JIeNTyl MEH aJIbIHATBIH Naijanany KacueTTepiHiH
Oipereil yWiaeciMALTITIHIH apKachlHAA >KETEK-
11l OpbIH anajsl. JKe3aepaiH TeXHUKABIK JKOHe
naiinanany kacuerrepi Cu-Zn auarpaMMachiH-
JIaFbl KOPBITIIAHBIH JKaFJaiibIHa ColiKeC oJapAbIH
KYPBUIBIMJIBIK JKail-kyHimMeH anbiKTanaasl (1 cy-
peT a xoHe 0).

Cu-Zn xyleciHiH KOopbITHANApbIHIA Kellecl
¢azanap Oap:

1. o KarThl epiTiHAICI (MBICTAaFbl MBIPBIII),
KaKKa OpTalbIKTaHAbIpbulran Tekue, 100%
oonranga Cu — a = 36,08 uM, 62,5% Oonranga
Cu—a=236,93 am.

2. AiinpiMansl Kypamasl (B-daza) smek-
TPOHBIK KOCBUIBICH! (BaJICHTTLIIK AIEKTPOH/Ia-
PBIHBIH CaHBIHBIH aTOMJIap CaHbIHA KaThIHACKI =
3/2). Can typmi Temmepatypanarsl 3 ¢a3acbiH-
JIaFbl MBIC KOHIEHTpaunusicel 56,5-TreH 63 mac-
cara JieiiiH e3repyi MyMKiH. %. B-(ha3aHbIH TOPHI
KeJIEMIe OpTalbIKTaHJBIpFaH Tekie, a = 29,4
HM.

3. CuZn, BIEKTPOHIBIK KOCBUIBICHI (Ba-
JICHTT] DJEKTPOHJAp CAHBIHBIH aToMJap CaHbl-
Ha KartblHackl =21/13). 52 aTomMHaH TypaTbIH

0)

Jog 1 I
a 8 a0

TR L I I

Jo¢ 40 s 60
L 21, o (ML dane)

1 cypem — Cu-Zn Kyii ouazpammacsl: a —Zn ouazpammacst, macc. %,
6 — Znoxe mulpblu IKeUEaneHminiy ecenmenzen Manoepi bap ouazpamma, macc.%
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YAIIBIKTaphl O0ap Kypzeni, TeKIle TUIITI Top, a =
88,5...88,6 HM.

4. o-aza - Temneparypa Tap UHTEpPBaJIbIH-
na FaHa 6ap Qaza (697 xone 555°C apacwiHza).
O - KarThl epiTiHAl (TaOuFaTTa aHBIKTaJIMaraH).

5. e-daza, CuZn3 SNEKTPOHABIK THITI
YILIHII KOCBUIBIC HET131H/1e KypbUTFaH (haza (Ba-
JICHTTI ANIEKTPOHIap CAHBIHBIH aTOMIAp CaHbIHA
KaTbIHACHI - 7/4 Ten). I'ekcaroHanababpl Top: a =
27,18 um; ¢ = 42,94 um 20% Ooaranga Cu; c/a=
1,585.

6. T'excaroHanbJpl TOPMEH MBIPBIIITAFbI
MBIC KUMACBIHBIH KaTThI epiTiHici n:a = 26,70
HM; ¢ = 49,66 uMm; c/a = 1,860 [1-2].

3epTTeneTin AIIOMUHUI-TEMip-HUKEIb-
KpeMHUIM ske3iH KypambiHaa Fe-min 0,5-xe
nmeiin sxkoHe Ni-giH 0,4 mac.% KOCHIMIIIACHIH
naiianany KesiHJE JKOFapbl KaTTbUIBIFBIMEH,
TO3yFa TO3IMAUIINIMEH JKoHE OepiKTiriMeH
BICTBIK Je(opMarusuiayaa Korapbl HKEeMILUTi-
riMEH EpEeKILIEeJICHETIH JICTUPJICHICH KOIl KOM-
MOHEHTTI *ke3re xkaraabl. Cu-Zn 3kB. Kyit aua-
rpammackiga (1 cyper) Oy Kopeitna 6ip ¢aza-
JIb1 B-00JTBICKA KaKbIH OpHAIACKAH, a1 OHBIH He-
Ti3r1 KeTICTEYUIUIITiH TYCIHIIpeal — KenTereH
3epTTEyIIIEPIiH eHOCKTepiHe aTam KepCceTi-
r'eH BICTHIK Je(opMarusiiaH KeiiH cakTay Ke3iH-
ne kapbuty ypaici. Ocbl xe3ne Temip MeH HU-

a) a-¢ghazanviy
kypamol 2%

0) a-¢hazanviy
MOoNbIK OOIMAYbL

— 10pm  JEOL 1/28/2020
25.0kV COMPO __ NOR WD 11.lmm 11:15:29

2 cypem — Bacmankpl bicmulk n1acmuxanbly 0ehopmayusoan
KeuliHel anioMUHUTI-MeMID-HUKeTb-KPEMHULLTE Hce301H
MUKPOKYPLLIbIMbL

KeJbJIIH a3JaraH KocHanapbl KeWIHHEH BICTBIK
nedopmMarus YIIiH KbI3IbIpYy Ke31HJe OTeTiH pe-
KPUCTAJUIM3ALMSIIBIK MTPOLECTEP/Il TeXKey Mak-
CaThIHJIA JKacaJIFaH.

Bacrankpl BICTBIK MJIACTUKAJIBIK Aedopma-
UsIaH KeriH xke3iH Heri3i B2 B'-da3acer 60ii-
pIHIIA peTTenared CuZn Kypaiiasl, an o-Qa3a 19H-
Jepi mekapanap OoWbIHIIIA HeMece [3'-10H iMTiH-
neri nedopmanys TemreparypachlHaH CYBITY
nporecine 6emineni. Ox 2 cyperte TOIbIFBIMEH
KOpPCETUIreH.

BankpiMazan T€3 MIbIHIAY POLECIH/IE Kb
JaM TIBIHJANFaH Tacmalapisl aiy YIIiH Oac-
TanKpl MaTrepuaj peTiHae Maccalblk yneci, %o:
Cu-64,4, Zn-25,9, Ni-4,0, Fe-0,08, Pb-0,5, Sn-
0,4, Al-0,2 kypam KOpbITIACHI MaliJaTaHbUIIbL.
OPTYPIi KaJIBIHABIKTAaFbl T€3 JKaHFAH Tacmanap
OalKbIMaHbl MBIC TUCKICIHIH IUIUHAPIIK OeTi-
HE CIMHHHUHITEY oJiciMeH anbiHFaH. "Tescan
Vega" a51eKTpOHJIbI MHKPOCKONTA OHE '"ajb-
TaMu'"'MeTaIIorpadusIbIK MHUKPOCKOINTa KYH-
Ma >KOHE JKBUIZAM MIBIHIAIFaH YITUIEpAiH MU-
KPOKYpPBUIBIMIAPbIH  3epTTeni. JlaTtyHabl yi-
rinepain  KarTeUibirblH - WILSON VH 1150
acnabbIHAa 5 Kr KYKTeMECIMEH TYpJi TemIie-
parypanapna Bukkepc OoMbIHIIIA ©JIIIEHTEH.
KarreueikTsl enmeyre apaanran WILSON VH
1150 KypbUIFBICHI 3 CypeTTe KOpPCETIITEH.

3 cypem — WILSON VH 1150 gypuiievicol
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1 kectre — KylibLuIFaH yarijiepaiH XuMUsIbIK Kypambl (M.AM., %)

Yori /n Cu Fe Pb Ni Sn Mn Al
1 25,9 68,5 0,21 0,8 4,0 0,5 0,04
2 21.8 71.4 0.15 0,55 4.8 0,4 0,04 Kypansina
JKOK
3 25,9 66,4 0,12 0,55 4.6 0,4 0,36
4 25,9 66,4 0,08 0,5 4,0 0,4 Mp;f;ma 0,2

MHUKpPOKATTBUIBIKTHI BUKKep/IiH aiMa3 nmupa-
MuacklHa yiriHi Keicy apkelisl ISOSCAN OD
acniaObiHAa emmeHl. JKe3 KOopbITHajgapblHbIH
XUMHUSIIBIK KypaMbIH aHbikTay yuriiH THERMO
SCIENTIFIC Niton XL2-100 KypbUIFBICHI KOJI-
JAHBLIABL. 3€pTTEIreH jK€3 KOpPbITHAJIAapbIHbIH
XUMHUSIIBIK KypaMbl |-kecTesie KopceTiireH.

IJKCHEePUMEHT HITH KeJIePi :KIHe 0JIapAbl

TAJKbLIAY

JKyMbICTBI OpBIHAAY OapbIChIHA O-(pa3aHbIH
OeiiHyl MeH KYWZIpy MOJILIEepiHIH Y3aKThIFbI
MEH KapKbIHbI OOMBIHINA 3ePTTEYIIEp KYPTi3UIdi.
Kp13ap1py TemneparypachbiHbIH €3repy Juarnaso-
Hbl 390°C-tan 520°C-ka neifiH, ycTay yaKbIThI
— 3 car.

390....420°C xyinipyneH keiiH a-dasa ca-
HBIHBIH aiibIpMalibUIbFbl YikeH: 390°C — 5,0%
420°C - 6,7% (4.a cyper). 450°C temneparypa-
ceiHga — 8,3% a-aza (4.6 cypert). 520°C Tem-
neparypaza OipTeKTi B-KypbUIbIM allbIHIbI (4.B
cypet). Ken3apipy Temmneparypacst 450°C ke3in-
ne o-(hazaHbIH MAaKCUMAJIIbI MeJIepiH aiy (4.6
cyper) 450°C-ka aeiiiH o-(hazaHbIH MeJIIepi Y-

FAIOBIMEH TYCIHAIpineni, OyFaH ajaJbIHFBI 3epT-
Teynep nonen 6omaznsl, an 450°C xkorapbl KbI3-
FaHza o-Qa3aHblH epyi XXypeli, cakTanraH 0ei-
HIEKTep JOHTeNeK MITiH/l aaaibl.

Kyiinipy y3aKTbUIBIFBIHBIH 0-(ha3a MeIepi-
He ocepiH 3epTrey kesinne 425°C remneparypa-
Jla YCTay YaKbITBIHBIH YJIFAalObIMEH 0O-(a3aHbIH
MeJIIIepi ece/li, OHbIH KYPT ocyi 3 caraTka Jeilin
OaifKamabl, OJJaH KeiiH KUCBIK Oasy ecei.

OPKHWIBl KOMITO3UIMSIIApJarkl KYWbUIFaH
Ke3epIiH MHUKPOKYPBUIBIMBI 4 >XoHEe 5 cCy-
perre OepinreH. OnapablH KYPBUIBIMBIH 3€pT-
TEy KOPCETKEHJEH, opTypJli Kochanaylibl dJie-
MEHTTEP/IIH KOl KOMIIOHEHTTI KOpBITHalapblHa
KipicIie oHE ONapiblH €Ki ¢a3aibl aiMaKThIH
o+ mekapanapbIHbIH KarJaiblHa ocepiH Oaii-
KaJbIK, al ONapiblH (a3ajiblK KypamMblH HeMe-
ce (hazamapAblH apakaThIHACBIH MAKCaTThI TYp-
Jie e3repTyre Oosajbl, AeMEK KOpbITIajgap/ablH
MEXaHHUKAJIBIK XKoHE (U3UKAIBIK KacHeTTepiHe
ocep ereni [3].

Cu-Zn xyiieci )xar1ailbIHBIH AMarpaMMachl-
Ha CyHeHe OTBIPHII, MBIPHIII MOJIIIepi ecenTel-
T'€H, CaJIMaKThIK yieci 4-4,8% KypalThIH jke3re

4 cypem — Kyiivinean sce30epoiy Mukpoxypulisimoapul, * 100
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5 cypem — Iuxpunoi ynayoan xetiinei Kypvinvimot (1 & nuxpun koiukoiiolC.H N O, 5 e’ HCl epiminzen, 100 cm’® cnupm Kocoinzan)

HUKEJIb SHT13y MEeTallJl KOKWJIJE 3epTTeIreH Ko-
pBITHANAP/BIH YCaKTaIFaH JIoHIMeH Oip ¢a3anbl
KOPBITIIAChIH aJlyFa MYMKIHJIK Oepeni o >KoHe
B-thazacer Oap exi (azanbl TEHCI3 JKe3 ajbIHFaH.
Exi ¢a3zanbl KypbUIBIMHBIH Maiiia 6oy cebebi
mamamen 102-103 K/c XpurgaMAbIKIIEH KO-
PBITHAHBIH JKbUIJAM CYBITBUIYBI €11, OHzia Oap-
TBIK (pa3asiblK TYpICHYyJep naiiaa OoyblHA YiI-
repMmeni, arHu (-kpuctangap o-haszaga epy-
re yarepmeni. KyiimMa >xe3 KopbITHalapbIHBIH
KYPBUIBIMBIHJIA O >KOHE [-IoHAep KeJeMiHJe
OipkeJiki OeJiHreH TeMip HeTi3iHJeri epiMenTiH
OeuIeKkTep, COHAal-aK JQHIEp INIHJETI JKeKe
OKIIayJaHFaH TY3UIIMIEp TYPIHIETI KOpPFachIH
Kocnasapbl Tadbu1bl. Toxipubeneri 4-mi yiri-
ne (4, 5 cypeT) MbIC JUOKCUATEP] MEH CYAb(HI-
TepIiH emipiryi opelH annabl. JoHAepaiH Men-
Iepi opraiia mapTThl JOHJIEP AUAMETPIH eJIIey
oniciMeH aHbIKTaab! xkoHe 0,02-0,038 MM Kypa-

Ib1, OyJ1 2-3 ToH caHbIHA CoMKec Kemel, al Kyi-
Ma YATUIepiHiH MUKPOKATTBUIBIFEI 692-731 MlIla
JMana3oHbIHIa 0OJIIbI [4].

4, 5 xone 6-1bl cypertepinae Cu-Zn-Ni-Fe-
Pb-Sn-Al xyiieciniy OanKbIMaHbl CIIMHHUHTTEY
oniciMeH 105-106 K/c cybITy >KbUIAaMIBIFBIMEH
QJbIHFAH JK€3 KOPBITIACBIHBIH  KYPBUIBIMBI
OepinreH.

By Te3 Kyl aipiareH KOpbITIAaHbIH KYPbUTbI-
MbIH opTamia 0,1-1eH OipHelle HaHOMETpre Aei-
1HT1 KPUCTAJUTUT MeJIepi 6ap MUKPOKpHUCTAI-
JIbI Jlen cunartanansl. KopeITnaHbelH O1pTeKTii-
'l MEH TOMOTeH/IIT1 JKoFaphl 1opexere ue. Kyiima
&Keszzepre KaparaHja, TeMip MEH KOPFachIHHBIH
OenexkTepiHiH 0opi epuil, CaJKbIHAATy OO¥-
BIHIIIA KATTHI €PITIH/IIIE KOCTAIAUTHIH SJIEMEHT-
TEpAiH epirimTirin eadyip aprreipansl. Tycipy-
TiH omicTeMenik epekuienikrepi 200 HM keM o1-
mieMjeri OIpTEeKTIIIK Typaibl TOJBIK aKapaTr

6 cypem — Can mypai Kapama-Kapcel Jcame JHcapblkneHn OpblHOANRAH Jice3 KOPbIMNaiapbiisly nanopamanaput, X500
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anyra MyMKiHZiK 6epai. 1500 ece ynraiiran ke3-
ne, MyHAai OIpTeKTi emec, Y3bIH TMIMIiHIl KO-
He OipHemie TyWinreH (5 cyper). AHBIKTalFaH
SIUTMIICOMJANBIBI  aKaynap Oip OChTiH OOH-
BIMEH ©31HIH YVJIKeH elemaepine Oarmap-
JaHFaH (Tacra >Ka3bIKTBIFBIHIA JHUCKIHIH aifHa-
7y OarbIThIHA MEPHEHIUKYIAP OOTYybl MYMKIH).
KopeiTnanapna Oipkenki emec MoauaucIep-
CTi. ©mnmeMepAiH crekTpi OipHemie OipaiKTeH
OipHere >Ky3 HAHOMETpPre JACHIHT1 AWAara3oHIbI
KaMTHUBL. AKaynap MilliHi KUMachl OOMBIHIIA
e3repeli JKOHE KOpBITIANApAbl ally Mapamerp-
JIepiHiH YileciMiHe alTapibIKTail OaiIaHbICTHI
60J1yBl MYMKIH.

OnexkTpoHabl  (hOTOCYpeTTep Al TalgaraH-
114, KYPBUTBIMHBIH JKy3aereHine Herizinen I'TIK
TOpbIMEH (0 (pa3achiHa Coiikec) CyOMHUKpOKpU-
crangap O6ap Jen KOpBITHIHABI XKacayFa 0oabl.
CoHbIMeH KaTtap YIbTPaauCIEPCTi KYPbUIBIMIBI
KaJIBIITACTBIPY/AbIH €H epTe Ke3eHJAepiHJe Ie-
Kapa MaHbIHJaFbl ydacKesep *apTbuiaii aMmopg-
ThI OOJIBITT KeJei. bys Typainbl KypbUIbIMFa MU-
KPOKPHUCTAJIIBI pETiHJIe eNecTeTyre 00aibl, OH-
Jla KEeKe KpHCTallap apachlHIarbl JOH IlEKa-
pasiapbl aMop(Thl (a3aHbIH ayJaHIapbl OOJIBIIT
TaObUIAIBI.

Te3 wmbIHIANFaH YATUIEPAIH MHKpPO KaT-
TeUTBIFEI 6-7 ['Tla meringe Gonmaapl (KyHbUIFaH
YATUIEpAiH MHUKpPO KaTTbulblFbIHAaH 9-10 ece
KOFaphl).

KopbiTnanapabiH — KOFapbl  KaTThUIBIFBIH,
OipiHILIIZIeH, Te3 KaTaio calJapblHaH JeTupIe-
yIIIi 3JIeMEHTTepMEH KaHBIKKaH MUKPOKpPHUCTAI-
JapAbIH 6Te a3 MOJIIEPiH TYCiHAIpyre Oosabl.
ExiHIIIIeH, KPUCTAJUIMTTIH EKIHII IIeKapachl
OoitbiMeH amopdThl KabaT Ty3edi. YIIiHIIIJCH,
JIeTipieyIli 3JIEMEHTTEP/iH JKOFapbl KOHIIECH-
TPALUACHI IJIACTUKAJIBIK aFbIHHBIH JKOFaphl Kep-
HEyJIepiH iCKe achIpy YILiH KOCBIMIIIA JKaF aiiap
JKacauel [5-6].

KopbIThIHABI
1. Cu-Zn-Ni-Fe-Pb-Sn-Al xxyiiecinin ke Kom-
MOHEHTTI Ke31H KPUCTAJ/IaHy Ke31HJIe CaJIKbIH-
nary skeuimamaeirel 105-106 K/c apansirsinma,
OHBI CYyOMUKPOKPHCTANAaH KPUCTAIIUT IIIeKa-
panapbl OoiibiMeH aMopdThl KaOaTkKa aybICTHI-
PBIN, KOPBITHANAPIBIH KYPBUIBIMBIHA alTap-
TBIKTAM ocep eTei.
2. JKorappl CamKbIHAATY KBUIIaMIBIFBIMEH
aJIbIHFAH KOpBITIIA OipKenki, 61pTEeKTi ycakK Kpu-
CTaJIJIbl KYPBUIBIMFA M€ 'KOHE OHBIH YJIFAIObI KaT-
Thl EpITIHAIJEr JIETUPICHTeH JIEeMEHTTEePAIH
epITiMITITIH e19yip apTThIPaIbI.
3. Te3 kyiinipiireH KOpBITIAHBIH XKOFapbl MOHI
0ap, KyHbUIFaH KOpBITHATAPABIH MHKPO KaT-
TBUIBIFBIMEH canibICThIpranaa 9-10-ma >xorapsl
KOpCeTTI.
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OHAIPICTIK AFBIH/IbI CYJIAPABI TASAPTYT'A APHAJIFAH
TABUT'U T'PAOUT HET'IBIHAEI'T COPBEHTTEPIIH
POUBUKA-XUMHUAJIBIK EPEKIIEJIIKTEPIH 3EPTTEY

TJIEYOB A.C., CATAPAJIBI K.C., TIEYOBA C.T.
M. Oye306 amvindaevr Oymycmik Kaszaxcman ynugepcumemi

Anodamna: Maxanaoa agvinObl cynapobl MYHAUOaH mazapmyea apHaiean mabueu epagum nezizinoezi cop-
benmmepOoiy Qu3UKa-XUMUATbIK epeKuenikmepi kepcemineeH. I paghum xazipei manoa sdcan-sicaxmol 3epmme-
Jy0e JcaHe OHbIY Kacuemmepi MeH epeKulenikmepi Konme2en Jcapuaianbimoapoa moaslKmai CUnammaigat.
Kanvinmor sicagoaiioa epagpum xemipmex myprepiniy iwinoezi mypakmuolcobl 6oavin mabwliadvl. Tepmooy-
ey npoyeci 6apvicbiHOa MOMBIKKAH ePAGUmMMIK, KPUCALLAPATbIK AUMAKMAPLIHOA 2a3 mapizdec 3ammap
natioa 6onaowl sicane oyn sammap Kabam apacvina 100-600 amm. Oetiin vlOvIpamyuibl KbiCbLMObL MYCIpeoi.
Homuoicecinoe kobix mapizoec Kypblivim mysiieenee Oeliin epadum KabammapblHblH JiCbIPMbLILYbL MEH d)bl-
cywl acyzeze acaovl. bizoe kebix myseiw 3am peminde Oipezell Kacuemi bap nenoepagum oonvin keneoi. Ile-
Hozpagum Kypm mapizoec boaumexmepoeH mypamovit, JHeeyin KOOIk mexmec Komipmexmi mamepuai. Opoip
OCbIHOAl bonuexkme epagum KabamvlHbly OpaMOaApsbl aya KeyicmicimeH ayvicvin omulpaosl. [lenoepagdummiy
2HCOAPBL KEYeKmiieli MeH mecikmepoiy MOUePIiHiy apmypii 601ybl OHbL MYPILL CANALAPOa KONOAHY2A MYM-
KIHOIK OepeOi.

I'pagum nezizindezi copbenmmepoiy NPAKMUKATBIK MAHBI3LL IKOLOLUSILIK, 2]1eYMEMmiK-2KOHOMUKANbIK,
JHCOHE PEeKpeayusIblK 3USHObL JCOI0EA JICIHE KOpuaan opmansl Kopeayza bazvimmanean. Aman atmxanoa
MYHatiObl 6HOey Ke3iHOe OHOIPICIMIK a2bIHObL CYIaApObl 3USHObL 3aMMapoaH Mazapmyaa Hasap ayoapuliaobl.
Paman cnexmpomempi (NTEGRA Spectra), ungpaxwizvli cnekmpomempi dicone CKanepietumin 71eKmpoH-
0vt muxpockonwvt (SEM, Hitachi S-4800, JKanonus) cusxmul 3amanayu scadbobixmap Komezimen Kypamvliod
Kemipmeei bap copbenmmepOoiy PUUKA-XUMUSIBIK epeKuenikmepi 3epmmendi.

Tyitinoi ce3oep: epaghum, mepmoxeyelmineen epagum, copbeHm, agbiHdbl Cy, neHocpapum

UCCJEJOBAHUE ®U3UKO-XUMHUYECKUX OCOBEHHOCTEM
COPBEHTOB HA OCHOBE ITPUPOJHBIX 'PAOUTOB AJA OUUCTKH
IMPOMBIIIVIEHHBIX CTOYHbIX BO/]

Annomauus: B cmamve onucanvl (husuKo-xumuuecKue ceolcmea copoenmos Ha 0cHoge NPupooHo2o epagu-
ma OJ1 OYUCKU CIOYHBIX 600. I paghum 6 Hacmosuee 8pems NOOPOOHO U3YUAEMCS, U €20 CEOUCMEA U 0COOEH-
HOCMU ROOPOOHO ONUCAHBL 80 MHO2UX NYOIUKAYUSX. B HOPMALHBIX YCIOBUAX U3 8cex hopm yerepoda epagum
sa6nsemes Haubonee cmadulbHeIM. B npoyecce mepmoobpabomru 6 KpuCmaiiuiecKux 30Hax OKUCTEHHO20
epaguma o6pazyromcs 2az000pasHvie seujecmed, KOmopule Mexcoy cloamu smux eeujecme 6 unmepeaine 100-
600 amm. cHudcarom OagieHue pazioxcenus. B pezynemame ciou epagpuma paspwieéaromes u 3aMeHsOmMes
00 00pa306anusi NeHOOOPA3HOU cMpyKmypul. B smom ciyuae obpazyemcs nenoepaghum, ooaaoarowuti yHu-
KanbHblMU ceolicmeamu nenooopasosamens. Ilenoepagum — neckuii neHooOpasHulil yenepooHbll Mamepuar,
cocmoawull u3 4epeeodpasHvlx yacmuy. B kasxcoou makoi vacmu eumku epagumosoco cios uepeoyrmcs ¢
B030VUHBIM NPOCMPAHCMBOM. Bvicokas nopucmocme newnvi u pasHulii pasmep Omeepcmuil no3eoas0m uc-
nONb306aMb €e 8 PA3HLIX 0ONACIX.

TIpaxmuuecku 3HaUUMOCMb COPOEHMMOB HA OCHOBE 2PAPUMO8 HANPABIEHO HA YCMPAHEHUU YKOTOSUYECKO2O,
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COYUATLHO-IKOHOMUUECKO20 U PEKPEeAYUOHHO20 Yepoa u oxpane okpycaiowell cpedvl. B yacmuocmu na-
npasiena 0 O4UCKY NPOMBIULTEHHBIX CIMOKO8 O BPEOHBIX 8euecms npu nepepabomke Heghmu.
Du3suKo-XuMUecKUe 0COOEHHOCIU Y21epOO0CcOOePHCAUUX COPOEHINOB U3VUAU HA MAKOM COBPEMEHHOM 0DOp)-
0osanuu, xax pamanoscxuu cnekmpomemp (MHTEI'PA Spectra), ungpaxpachulii cnekmpomemp, pacmposbiil
anekmpoHuwill mukpockon (SEM, Hitachi S-4800, Anonus).

Knrwouesvie cnoea: epagpum, mepmopacuupennviii epaghum, copbenm, cmoyHwle 600bl, neHozpapus

STUDY OF PHYSICAL AND CHEMICAL FEATURES OF SORBENTS BASED
ON NATURAL GRAPHITES FOR PURIFICATION OF INDUSTRIAL WASTE WATER

Abstract: The article contains a description of physical and chemical properties of the sorbents for wastewater
treatmentobtained on the basis of natural graphite. Graphite is currently being studied in detail, and its
properties and features are described in many publications. Under normal conditions, graphite is the most
stable form of carbon. During the heat treatment, gaseous substances are formed in the crystal zones of
oxidized graphite; itreduces the decomposition pressure in the range of 100-600 atm. As a result, the graphite
layers are destructed and substituted for a foam-like structure. There is formation of the foam-like graphite
characterizing the unique properties of a foaming agent. The foam graphite represents a lightweight foam-
like carbon material consisting of wormlike particles. Each the particle consists of the alternating layers of
graphite and air space. High porosity and different sizes of the pores allow the material to be used in different
areas.

The practical application of the graphite-based sorbents is aimed at eliminating environmental, socio-
economic and recreational damage and protecting the environment. In particular, the foam-like graphite can
be applied for removal of harmful impuritiesfrom the industrial waste water formed during oil refining.
Physicochemical features of the carbon-containing sorbents were studied using modern equipment including
a Raman spectrometer (INTEGRA Spectra), an infrared spectrometer, and a scanning electron microscope

(SEM, Hitachi S-4800, Japan).

Key words: graphite, thermally expanded graphite, sorbent, waste water, foam-graphite

Kipicne

I'padut — KEOMIPTEKTIH XKep KbIPTHICHIH/IA €H
KU1 Ke3IECeTIH opi TYPaKThl Te€KCAroHAbIK IO-
auMop(dTHIK Typi. I'paduT COHFBI Ke3aepi Kerl-
Ten 3eprrenin keneni. OHBIH KacHeTTepi MeH
epekienikrepi OipHenie MoHorpadusiap MeH
aHBIKTaMaJIBIKTap/a TOJIBIKTAH KapaCThIPbUIFaH.
KeMmipTek amioTponusuIbIK TYp €3repicTepiHiH
Kol 0OTybl KOMIPTEK aTOMBIHBIH TETPadapIi sp’
— ajMa3, TPUTOHAJBIBI Sp” —Tpadurt, QymiepeH,
HAHOTYTIKIIENep HeMecCe CBI3BIKTHI Sp — (Kap-
6uH) rubpuarenyine OaianbicThl [1].

KelmkbuiFra Te3iMal €KeHiH Oilemi3 JKoHe
JKOFapbl TeMIlepaTypaja FaHa TOThiFajbel. OTKa
Oepik OONMaTHIHABIKTAH, OANKBITBUIFAH METajFa
canblHCca epuil Je amQoTepii KacHeTTi Kepce-
TETIH OKCHJ Ty3ell. bankpITbuiran cenuTpana
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XKaHbI KeTel. JKeHin eHeneTiH KyMcak, Maii-
BICKaK Oobim Keneai. HeMTpoH coyneci apKbUIbI
ocep €TKEH Ke3Je rpaUTTIH 2JIEeKTp TOThIH OT-
KI3TIIITIK KACHET], MaHbICKBIIITEIFI, KATTBUIBIK
KacHeTTepi apTaabl 1a, al KbUTYyOTKI3TilITi-
ri OipmeH Temenzaeini. KypblUlbIMBIH anbin Ka-
pacTeIpcak rpaguT KPUCTAIAbI )KOHE YKACBIPbIH
KpUCTaNbI, TpadutonaTap aen OemHeT.
AJNbIHY KOJIBIHA KeJsleTiH Ooncak, rpadur —
KypaMbIHJa OyTyM[Ibl 3aThl Oap ca3nap/blH Kar-
Thl MeTaMOp(TaHybIHAH TY3UIETIH KPHCTaJIbI
TaKTaTactap/aH aibiHabl. OHBIH KYPaMbIHAF bl
rpaput memmepi 20%-Fa KybIK, Keilne TIinTi
OZIaH Jla acklml *karazabl. KeHTacTarsl rpagur Ka-
ObIpIIars! (IOTALUS 9/1iCI APKBUIbI aXKbIpaThLIa-
abl. I'paduTTi >kacaHIbl KOJNJApMEH J€ aajbl.
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Onektp neminge 2200°C-TaH korapsl TeMIepa-
Typajia KbI3AbIpFaH Ke3/le Tac KeMip rpadurtke
ariHanmanpl. JloMHa nenrine OalKbpIThLIFaH 10~
BIHIBI Oasy canKblHIaTa OacTaraHaa rpauT
aJIbIHAJIbl, OHBI JIOMHAJBIK Tpa(uT Aemn aTailjibl.
An kapOuari rpaduTTI any YIIH KapOuarepi
TEPMUSUIBIK JKOJIMEH a)KbIPaTaJlbl.

I'padut HOpMamnbabl >KarnalblHAA KOMip-
TEKTIH TYpJEpiHiH IMIHET] TYPaKTHICHI OOJBIIT
Tabbutagbl. [paguTTIH KYpBUIBIMABL YII TYpi
Ke3ecei:

1.TaOuru rpadur;

2.Kumr-rpadut (moibiH OankeITy Ke3iHze
KpHUCTaJ1aHaThIH rpaduT OemiHaici);

3.Kacanapl rpadur (KOHIEHCAIUSITAHFAH
HEMece Trasibl opTaja KeMIpCyTeKTepHiH Cy-
TEKCI3/IeHy1 JKOHe MOoNUMepIIeHy1 Ke3iH/Ie maiaa
Oomaner) [2];

Tarbl a aifta xkeTcek, Mailiay 3aThl peTiH-
JIe JKOHE TOK OTKI3Till Karnramauap/a J1a — KoJl-
JaouATsl rpadur KommaHeiaabl. On kyka opi
yCakTaJlFaH TaOUFH KoHE sKacaHAbl rpaduT KO-
JIOUATHI CYCHEH3Usl TYpiHAE cyda koHe Oacka
Ja opTajapia Ke3/lecedl >KOHE CYCHEH3HUSHbI
TYpaKTaH/bIPy MaKCaThIH/A, OFaH KillIKEeHE MOJI-
mepae BA3 (tanuH, amuHzaep xoHe T.0.) Ko-
CBUTYBI MYMKIH [3].

loitblH  eHEepKaciOiHAE CyBITY MpoIeci
Ke31HJe apThIK KeMipTeKk OaJKpIMaZaH Kaybl3
KYHiHIE IIBIFaabI, CHIPT Kenberi Tabufu rpa-
GUTTIH KyKa KaObIpmIaFbiHa YKCcaiabl. by 3ar
— KeMIpTeK KYHIipMeci, CHIPTKbI KeCKiHIHE Oaii-
JAHBICTBI TUJIACTUHKAJbBI, TYHIPIIIKTI Hemece
map Tapizznec 6ounbin 6emineni [4].

XKui naGopatopusuiblK 3epTTeynepae Mmupo-
TUTHKANBIK Tpadut Konnaneuiaasl, onbl 2000°C
JKOFapbl Temreparypaaa rpaduTTi cydcrparTta
KOMIPCYTEKTEpiH BIIbIpaybl Ke31He albIHAIbI.
By nponiecc — ThIFBI3ABIFBL 2.2 T/CM? XKaHE 1 OCi
cyOcTparka neprneHAuKyIsp opHajgackaH (OpHa-
nacy Oypsimsl = 400-500) amyra MyMKiHTIIK Oe-
peni. Kpucranna sxyienikTi keTepy MakcaTblHIa
KpucTanu3anusuiay Kojiaansuiagel, o 300-500
kr/cm? Kpicbimzia 3000°C TeMnepaTypaibl bICTHIK
npecTey apKbUIbI XKypriziieni. MyHpaai »xonmMeH
1 ociHJe KaJdbIHAbIFEl 10 MM KOHE THIFbI3/IbIFbI
rpadUTTIH TEOPUSIIBIK THIFBI3ABIFBIHBIH 99,95%
KYpa#ThIH 2,266 r/cM® OONaThIH YITiIEpAl aryFa

6onazpl. Keneci 3400-3500°C xypri3ijeTin Kyi-
nipme opHanacy Ooypsimsl 0,020 6onaTsIH KOFa-
psl uponuTukanslk rpadgur (HOPG), enmemi a
oci jkoHe 1 oci OolbIHIIa OipHEle MUJITUMETP
KYpalTBhIH IJIaCTHHA allyFa MYMKIHAIK Oepeni
[5].

I'padutTin pusukansik kacuerrepi. ['paput
KPHUCTAJIBIHBIH YKOFapbhl aHU30TPOIUSIIBIK KaCH-
€Ti, OHBIH KPUCTAJJBIK TOPJIAPBIHBIH KYPBLIbI-
MbIHA OaiaHbICTBl. ba3ucTi &Ka3bIKTHIKTapAbIH
OarbIThIHA Kapail — rpaduTTiH KbUIYJIBIK YIIFa-
1061 427°C Temmeparypara JAediH Kepi ocep-
7€ KYpeaAl, SFHHU SKbUIBITKAH Ke3iHzxe rpadut
ChIFbUIa OacTaiinel. byn temneparypanan skora-
pbl OonFaH Kardaija >KbUIYJBIK YJIFAlOFa OH
ocep ereni. CBHI3BIKTBIK YJIFAIOBIH TeMIepa-
TypanblK Kodddurmenti -1.2*¥10° K (-73°C
newiin), 0 (427°C), 0.7%10° K' (427°C xora-
pbl) TeH. ba3ucTi Ka3bIKThIKKA MEPHIEHIUKYIP
OarbITTa KBUTYJBIK YIFal0 OH. CBI3BIKTHI YIIFa-
IO/IbIH TeMIepaTypaiblK Kod(h(UIHMEeHTI-TeMIIe-
parypara OaillaHBICTBI eMecC kKoHe 0a3uCTi Ka-
3BIKTBIKTAP/IBIH OpTalia adCoIroTTi Kod(pduiu-
enrrepi 20 ece apthIK [6]. ['paduTTin Kpucran-
JapblHIa TapajiieNb >KOHE IEPIEeHIUKYISp
0a3MCTI JKa3bIKTHIKTAP OAaFbITBIHIA KBLTYOTKI3-
FIIITIK MaFbIHACHI 5 JKOHE 0J]aH KO OOIybl MyM-
KiH. ba3ucTi %Ka3bIKTRIKTap OaFBITHIH/IA KBLTYOT-
kizrimTik [Br/(M*K)] meiimonasr rpadur yurix
278.4, xambepnenai — 359.6, kaHaateik — 522.0,
nuHorpadurti — 475-2435 xypaitnel. Ex xora-
PBI KBUTYOTKI3TIIITIK T1 MeH Zr KOCBhUIFaH, Kai-
Ta KpuctanganraH rpaputke ToH. JKacanmbl
KOJIMEH aJIbIHFaH TOJHUKPUCTANABl TrpaduTt-
TepiH XKBUTYOTKI3TIIITITT OHBIH THIFBI3IBIFEIHA
OalIaHbICThI, erep THIFBI3ABIFBI 1.41, 1.65 xoHe
1.73 r/cm® Gonran xarmaiiga 92.22, 169.94 xo-
He 277.44 B1/(Mm*K) neren MoHaepai Kypanmbl.
EH >xoFapfFbl 2J€KTPOTKI3TIIITIK KaliTa KpucTal-
naHfaH rpaduTKe ToH [7].

I'padutrepain xumusuiblK Kacueti. ['paput
HOpPMAJTb/IbI JKaF1aii/1a HeT131HeH HHEPTTi OOJIbIM
keneni. 400°C-tan korapel OONFaH JKarmaiga
ayanarbl orteriMmen CO-fa JeiiH TOTBIFaibl, al
500°C sxoraper CO, IeliiH TOTBIFaabl. bacTankel
TeMIeparypa >Korapbl OOJIFaH cailbIH, TPaQUTTIH
KPUCTAIIBIK KYPBUIBIMBI Jla apTa Tyceai. TOTbIFy
Cu, Na, V, Fe xxoHe 6acka metanaap KaTbIChIH-
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Ja Te3 Kypeni, an CIZ, P xxone B kocbuibIcTa-
PBI KaThIChIHAA OoceHaeiiai. Monekymspiabl a30T
NeH TpaduT ekeyl MYJIeM dpeKeTTeCHen i, al
aTroMIapMeH xail Temmeparypana uuanoren C,
N,, H, KatbicpiHIa 800°C-ta — HCN Ty3ineni.
400°C >xoraprbl OONIFaH JKaFaaiga a30T OKCHJ-
tepimen CO,, CO xome N, tysexi, an H -men
300-1000°C-CH, Ty3eni. 'anorennep rpagurTin
KPUCTAIIBIK TOPbIHA €HEJll JIe €HTi3y KOCBUIbI-
celH Oepeni. Kenreren okcuarep koHe MeTal-
napMeH rpadut kapouz Tyseni. bapnbik cinTinik
MeTallJapMeH, Kei0ip rajoreHiepMeH okCugTo-
pUATapMEH, OKCHITEP MEH MeTasul cyibdarra-
PBI APKBUTBI €HT13y KOCBUIBICHIH TY3€/I1.

Ta:xipubeJtik 66.1iM

Paman cnekTpockonusi aHAJIM3IHIH

dmicremeci

Paman cnektpnepin 3eprrey yIUiH KOH(pO-
kanbapl pamaHoB cnekTpi NTEGRA Spectra
KosgaHbuibl. KyphUiFsl Keseci mapamerpiepre
ue: Jlazepiik MarbUTyIbIH TOJIKBIH Y3bIHIBIFBI A
=473 um, apainsik 1-3 cM™!, KEHICTIKTEr1 apalibiK
1 mxm. Tex 500-3500 cM™ TONKBIHIBIK CaHIAp
apajbIFbIHIAFbl CTOKCTIK KOMIIOHETTEp1 IIalllbl-
paybl emieHi. bapriblk emmeynep naszepaiy
TYPaKThl KyaTbIH/a KYpri3inai. Yiri sabopato-
PUSUIBIK HIBIHBIFA CE01LTIN, CIEKTPOMETP Kamepa-
CBIHA EHT1311/.

WHpakpI3bl CIIEKTPOCKOIUS  aHAIM31HIH
onicremeci. CeiHamanapaeiH MK-cnekrprnepi
«Mattson» (AKII) dupmaceiasiy Pypbe TYp-
nerniprim 6ap UR-20 UK-cnexrpomerpinae
aNbIHIBL. YJrutep TyHipmik Typinge Oepii-
oi.  OpTypai  OeTTiK  reTepoKypbhUIbIMIap-
JIBIH JKYTBUTY JKOJAFbIH alllblll KOpPCETY OHBIH
KYPBUIBICBIHJIA OCBIH/AN (DYHKIMOHAJIBIK TOII-
Tapbl 0ap OpraHUKaJbIK KOCBUIBICTAP CHEKTPiH-
Jeri Oenriii KoJIaKTapMeH CallbICThIPY apKbLIbI
JKacanbIHAbl. benriial opraHukanblK jkoHE Oeii-
OpraHUKaJbIK KOCBUIBICTap/arkl OaiiaHbIc Tep-
OeNiCiHIH CHUIMATTaMaJbIK JKULTri OeTTIK TreTe-
POKYPBUIBIMIIAP/IbIH TUITEPIH UASHTH(PUKALNS-
Jay YIIiH KOJIIaHbLIa/Ibl.

XUMMSIIBIK KOCBUIBICTAPBIH SPKHIIBI TOT-
TapblHbIH Typiime WK-crnekrpiepin caH per
eJIIIey Ke3iHJe CiHIpYy >KOJAaKTapbhl HHTEHCUBTI-
TiHIH e3repyiH opi OHBIH KaJIbIHBIH BIFBICYBIH
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TYFBI3aTBIH 1IIKI (paKTOpaapAblH OOJaThIHBIH
aHbIKTagbl. Onmap cumarrayslin TepOestic KHii-
riMmeH OaitnanbicTel. CBIPTKBI (hakTOpiapra ei-
IIey LIapTTaphbl (arperarThlk Kyii — ra3, cyibIK
epITiH/I, KaTThl) karafasl. [mKi (KypbUIBIMABIK)
dakTopiap HeriziHeH OeNrici3  KypbUIBIM/bI
aHBIKTAy YILIIH MaHbI3IbL. byn karmaiina ceip-
TKbI (DaKTOPJBIH BIKMAJIBIH a3alUTy YIIIH, MYM-
KIHJIITIHIIE, OJIIeyAl TMONIOCCI3 epiTKimTepae
©TKi3y YCBIHBLIA/IbI.

Ckanepreymi 3IeKTPOHIbI MHUKPOCKOIIHSI-
abIK aHanu3 (COM) xoHe ONTUKAJIBIK MUKPOC-
KOTIUSIJIBIK aHAIU3 dicTeMect. YITUIEepIiH MH-
KPOKYPBUIBIMBI MeH MuKpoaHanu3i COM Quanta
3D 2001 (AKII) xenennerinren kepHey 20xB
xoHe KbichiM 0,0031Ta xarmaibiHIa 3epTTENiH-
Ii. 3epTTey Ke3iHjae YJTiUIep MbIC YCTaFbIIIbIHA
KJIe HeMece CKOTY KOMETiMEH KarChIPbUIIbIL.
ApHaiibl BaKyyM/JIbl KYpPBUIFbIJIA, 3apsaTany 3¢-
dexTici 6onmac yuriH, yiariiep OeTiHe KajbIH-
JbIFbl 5-10 HM OoJaThIH JKyKa aJIThIH KaOaTbIH
Karazpl.

YurinepaiH ChIPTKBI TYpl COHBIMEH Karap
ONTUKAIBIK LU Pl Mukpockon Leica DM 6000
M exi kapbIK 6epy peKUMIMEH —«CaHbLIAY» KO-
He «kepiHic» 3eprrenini. «KepiHic» pexxuMiH-
JIe JKaphIK JKOHE KapaHFbl OpicTep KOJAaHBLIIbI.

Hotnaxenep koHe oJ1apabl TAJIKbLIAY

TepMuSIITIBIK KEHEHTY OapbIChIHAA aJbIHFaH
rpaduTTIH MUKpPOAHAJINW3 HOTHXKECIHE TOKTa-
JaiibIK. AJIBIHFaH 2JIEMEHTTIK aHaiau3 OoibIHIIIA
TEPMHUSUTBIK KEHEUTINTeH rpaduT KypaMbIHIAFbI
SIIEMEHTTEP MEH OJIApJbIH KOHIEHTpaIHsIaphl
alikpIHgan b1, JKypri3iireH sHeproucnepcruoH-
Ibl Tajjaynap OoMbIHIIA TaOUFH TpaduT imIiH-
Jeri 6acka J1a 2IeMEeHTTep/IIH KaHAai Meepae
E€KEH/IIT1 aHBIKTAJIIbI.

Taburu rpadurTiH peHTreHOIIyOpeCLeHT-
TI MHKpoaHanu3 HoTwxkesnepi. Taburu rpadut
KypaMmbIHAa OachbIM KOMIIUIIr TeMip eKeHi-
ri kepceriiared. KypambIHaarsl TeMipaiH yieci
96,79%-np1 Kypaiasl (1a-cyper).

ATBIHFaH HOTIDKENEPACH KOPIHIM TYpFaH-
naif raburu rpaputtin UK cnekrpinze (2a-cy-
PET) KYTBUTYJbIH TOMEHT1 UHTCHCHUBTI KOJTaKTa-
poiaaa 1633,47 cm!' moni C=C GaillaHBICTaFbI
ankeHjep ToObIHbIH O00nybiH, 1004,04 cM™!' MoHi
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C-N OailaHbICBIHIaFEl aMUH TOOBI OOYBIH
nonenaeiini. XKorapsl xyty sxonmakrapsl 914,01
cM’' MOHIHIH NMPAaKTUKAIBIK MaHBI3bI )KOK KYTY
JKOJIarbl Ooubln TabbuTaAbl. 799,93 cm!, 696, 57

cM' MOHIHE THeCUIi MHTCHCHUBTI onakrap S-F
OaifmaHbpicTaFrbl  (PTOPOPTraHUKAIBIK KOCBLIBIC
nieH =C-H anpKu/ii TONTHIH OOTYBIH KOPCETEII.

1Ne DieMeHT Komir., % WHT., cps

Y 1 Temip 96,79 122.8
12 Kasnpuuit 1,31 0,91
33 Kamuii 1,90 0,47
Ne DeMeHT Komnr., % UHuT., cps

1 Temip 12,421 79,04
{ 2 Cunimym 80,547 3,41
3 Kanuii 4,724 2,78

: 4 Turtan 2,308 7,30

1 cypem — (a) Tabuzu epagum nen (b) epagpum -Mg(NO,), *6H,O muxpoananus namudiceci
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2 cypem — (a) Tabuau epagpum nen (b) epagpum — Mg(NO,), *6H,0 UK cnexmp nomuoicenepi

CDM 3eprreynepi HOTHXKECIHE TaOUFH rpa-
(GUTTIH KOHE TEPMUSUIBIK KEHEUTUITeH rpadur-
TiH KYPBUIBIMBIH XoHE nedopMalusIaHFaH al-
MakTapsl Oaiikamapl. ['padur KabaTTapbIHIAFBI
naiia OGosiraH esrepicTep MeH akaynap pamaH
JKapbIK IIAIIbIpay CIEKTPIIEPIH TYCIHyre MyM-
KIHJIIK Oeperi.

I'padutreri rpaden KabarTapbl TEPMUSIBIK
ocep €Ty HOTMXKECIHJE pEeTTeNreH KypbUIbl-

MBI @3repimn, KabarTap apacblHa KpHCTaJUIOTH-
JpaT Ty3/aphbl €Hyl apKbUIbl KabaTTap apachl aj-
IIaKTam, iciHy Kepcerkimi aptaabl. COHbBIMEH
KaTap TePMOCOKKbBI HOTHXKeCiHie 00C BaKaHCHUS-
nap maiina 6onaasl. COM 3eprTeysepi apKbUIbI
rpaduT KypaMblHa EHTI3UINeH MeTayll Ty3/a-
pet TKIT GoiipiHaa KaHaal enemMae TapaaraHbl
KalieiHaa nepekrep oepeni (3b-cyper).

3 cypem — (a) Tabusu epachum ner (b)I'pagpum —-Mg(NO ), *6H 0 cranepreyuii s1eKmpoHObr MMUKPOCKON Cypemmepi
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Hotwxenepaen 6alikanatelHaal TeMepary-
pa MEH yakbITTBIH ©3repyl HOTHXKeciHnae rpadur
KabaTTapblHa €HI'€H MeTaJjl ejIIeMiepi opTa
ecenneH anranaa S99um MeH 220HM apaJlbIFbIH-
7la ©3repicKe YIIbIPaIbl.

I'padurrin OGacTamkbl ChIHAMACBIHBIH MHU-
KPOKYPBUIBIM/IApPbI MEH 3JIEMEHTTIK KypaMbl Ta-
OUFM KOMIPTEKTI eKeHi alKbIH OalKaiael (¢ —
92,81) 6ap.%).

Kaiita ecenTenren Kypamsl Taaaay KpeM-
HUM, aJTIOMHHUM, KaJdbIUM >KOHE KaJuMl OKCH-
I TypiHIEri KyJd KOcCHaJapbIHBIH KOCBLIBICTA-

pbIH cunarTaiasl. Temip Cynb(UAIHIH IaMabl
KOCIanapbIHbIH 00TysI Oaiikanaasl (4-cyper).

3epTTeNiHreH YJITiHIH ~MHUKPOKYPBUIBIMBI
AIIEMEHTTIK )KOHE KalTa ecenrey KypaMbIHa COM-
Kec Keyedl. MHKpOKYPBUIBIMHBIH JKajIbl ay-
JaHbl MPU3MATHKAJIBIK KPUCTAIIApPAbIH TYPBIC
€MeC IJIACTUTATThl JKOHE CO3bLIFAH CHIHBIKTA-
pBl TypiHAe (IO3eHre BUTPUH MHHEpalaphl-
HBIH KypayIllbl KOMipTETriHeH Typajbl. AparoHuT
Kocrnayiapbl 0ap ajJroMOCUIMKATTapFa TOH JIOHTe-
JIeK alIbIK KpUCTajaap TypiHae 6aiKamaibl.

4 cypem — Tabuzu epaghum yneiciniy pacmpivii 21eKMpOHObIK MUKPOCKON HIMUMICECT

Onement | Cammarsl %  ATOMABIKY Bipiryi %
C 92.81 95.26
(0] 5.07 3.90
Mg 0.04 0.02 MgO 0,06
Al 0.48 0.22 Al1203 0,90
Si 0.98 0.43 SiO2 2,1
S 0.03 0.01
K 0.14 0.05 K20 0,33
Ca 0.10 0.03 Ca0 0,14
Fe 0.34 0.08 FeS 0,53
Hotmxe 100.00
KopbIThIHABI
Taburu  rpadur  yarinepiHiy  usm-
Ka-XUMHSIIBIK epeKIIeniKTepl 3epTTeNl.

PentrenoduryopecueHTTi MUKpOTanaay d1iCiMeH
KOJIZTaHYyFa aJIbIHFaH YJIT1 HeT131HEeH KOMIpTeKTeH
(89,9%) Typarbinbl aHbIKTaAbl. COHBIMEH Ka-
tap UKC, COM, JITA xone POM onictepimen
OacTankpl MIMKi3aT MEH TEPMOOHICYICH OTKEH

rpadur + Mg(NO,), *6H,0 xkpucramioruapar
KOCBUIFaH JXyiesnep 3epTTeli.

3epTTeynep HOTHXKECIHE AIEMEHTTIK Kypa-
MBI MEH KYPBUIBIMJIBIK KYPBUIBICHI TYPFBICHIH/IA
aJIbIHFAH MaTEePHaJl aFbIH CYJIap/Ibl TA3apTy YIIIiH
COpOCHTTEp peTiHIe Malgananyra OOJaThIH-
JIBIFBI AUKBIH/TAJIIbI.
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OPUBUKO-MATEMATHYECKUE U
TEXHUYECKHUE HAYKH

YIK 004.023
MPHTM 49.38.49

METHODS AND TOOLS FOR NETWORK TRAFFIC CLASSIFICATION
ABSATTAR D.
Kazakh-British Technical University

Abstract: Since the first releases of intercommunication models between end-devices, like ring topology, the
whole picture of now days network infrastructure was changed unrecognizably. Modern systems of networking
consist of many complex intermediate modules like switches, routers, firewalls, hubs etc. and the main goal
of these inventions was to provide more reliable and scalable ground for communication (Quality of Service).
Meanwhile, rapid growth of traffic on the Internet forced network engineers and software reliability engineers
to pay more attention on the optimization of data flow from both sides, developing network-oriented software
and application-oriented network. To apply effective solutions on these tasks, engineers need to research
specifics of the current network state. The more whole system evolves, more data about network traffic we
gain, and now it helps us to make optimization and tuning of intermediate devices, rather than just scaling
it up with more bare hardware. Which protocols are used the most? What types of applications loads the
network bandwidth the most? and etc. Classification of packets can help resolve the answers, and there are
different approaches to achieve this. In this study, I tried to explore already known tools and methods that can
be applied to solve such tasks.

Key words: application identification, traffic characterization, advanced network management, convolutional
Neural Networks, network traffic classification

METOAbI U THCTPYMEHTBI JJIAA KNIACCUOPUKALINU CETEBOI'O TPAOUKA

Annomayusn: Co epemenu nepavix 6binycko8 Mooenell 63aumMo0etcmaus Mexcoy KOHeUHbLMU YCMpPOoUCmeamu,
MAKUX KaK KoIbyesdsi MONoiocUs, 6Cs KAPMUHA COBPEMEHHOU Cemegoll UHPPACmMpyKmypbl UsMEeHUIACL 00
neysnasaemocmu. Cogpemennvle cemesvie CUCHEMbl COCIMOSM U3 MHOINCECMBA CIONCHBIX NPOMENHCYINOUHBIX
MOoOynell, MaKux KaKk KOMMYmMamopbsl, MApupymu3amopbsl, Opanomayspul, KOHyeHmpamopwvl u m.o. M enaenas
yenb IMux uU300pemenull 3aKI4alacy 8 mom, Ymoosvl obecneuums 6oiee HAOEICHYIO U MACUMAOUPYemyo
OCHO8Y 07151 cés3U (Kayecmgo obcnycueanus). Tem epemenem, cmpemumenbuvlil pocm mpaguka 6 uxnmep-
Heme 3acmaguil CemeBbiX UHICEHEPOB U UHICEHEPO8 NO HAOEHCHOCHU NPOZPAMMHO20 06ecneyenus Yoeams
OonbUe BHUMAHUS ONMUMUZAYUL NOMOKA OAHHBIX C 00eUX CMOPOH, pa3pabamvléds KaK cemegoe npoepamm-
Hoe obecneuenue, Max u cembv, OPUEHMUPOBAHHYIO 0I5l NPUKIAAOHbIX npocpamm. /s npumeHnenus s¢pexmus-
HbIX peuenutl Smux 3a0ay UHHCEHEePAM He0OX00UMO UCCTed08amb CReYUDUKY MeKYUe20 COCMOSHUsL Cemu.
Yem bonvue pazsusaemcs 6cs cucmema, mem OobuLe OAHHBIX O Cemesom mpaghuke Mbl NOLYHAEM, U Menepb
MO nomozaem HAM NPOU3BOOUNMb ONMUMUZAYUIO U HACTPOUKY NPOMENCYMOUHBIX YCMPOUCME, d He NPOCmOo
mMacumabuposams ux ¢ NOMowbIo OOIbLULE2O KOTUYECmEa 201020 0bopydosanus. Kaxue npomokonst ucnonsb-
3yromes vauje gce2o? Kakue munvl npunodicenutl O0bule 6ceo 3a2pyicarom nPonyCcKHyIo CnocOOHOCb cemiu
u max danee. Knaccugurayus nakemos modxicem nomoub peuums omeemsl, u 0Jis 9mMo20 CyWecmayonm pas-
JIUYHbIE NOOXOObL. B 9mom ucciedosanuu s NONbIMAancs usyyums yoice u36eCmuvle UHCIMpPYMEeHmbl i Memoobl,
Komopule mMo2ym Ovlmb npuMeHensl 0Ji peueHusi NOOOOHBIX 3a0ad.
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Knwouesvle cnosa: udenmuguxayus npuiodiceHull, Xapaxmepucmuka mpaguxra, pacuiupesHHoe cemegoe
VHpasienue, ceepxmounble Helporuble cemu, Kiaccugurayus mpagpuxa é cemu

KEJIIIK TPA®UKTI XKIKTEY 9JICTEPI MEH KYPAJIIAPBI

Anoamna: Caxunansl monono2us CUSKmMbl, ey alaulkbl aKknapammuly Kypaioap OauianblCbiHblY MOOelb-
Oepiniy naiioa bonzanHan Oepi, Ka3ipei 3aManebl HCeliNiK UHPPAKYPOUILIMHbIY KOPIHICI A0aM MAHBIMACMAll
032epoi. 3amanayu Jceninix xHcyienep, KOMMymamopiap, Mapuwpymusamopiap, opanomayspiep, KOHyenmpa-
mopnap sicane m.o. CUAKmMuvl KonmezeH Kypoeii apaivlk MOOYIb0epOeH MYpaobl HCIHE 0Cbl OGHePMadbLICMApObIH
bacmul makcamol: OAUIAHBIC YK (KblaMenm Kopcemy Candacol) HeeypiviM CeHIMOIL JCaHe MACUmMAaOmanamoit
He2i30i Kammamacwiz eny 6onvin maodviiadvl. Convimen Kamap unmepuemmezi mpa@urkmiy KapkulHobl oCyi
JHCENINIK UHIICEHepLep MeH 6aAg0aplaMaHbl KAMMAMAChl3 emyOiy ceHiMOLNiel OotUbIHuA UHIICeHepaepOi(agbli.
Software Reliability Engineers), depexmep azvinbiH eKi dcagvlHan 0d OHMAailiaHobipya Keoipex Koyin bomyze
MaoHcOyp emmi. By macenenepdi muimoi wewry yulin uHiCeHepaep JHeeliniy agblMOasbl Hcall-KyUuiHiy epekueni-
2in sepmmeyi Kadxcem. bapnuix srcyiie mymac 0amuin Kene Hcamran cauvit, JHceni mpaghuei mypanvl Maaimen-
mep cogypivim Ken 6onadvl, an Oy 6izee KON MapoblMcyl3 HCAOOLIKMbIY KOME2IMEeH 01apobl MACUmMAabmay
eana emec, apanvli KYpolibliapobl OHMAULAHObIPYEA JcaHe meHuieyee komekmecedi. Kanoaii xammamanap
arcui natioananvinaovl? Keni emxisy xadinemin ey xon jcyxmeyze KaHoall Koculmumanap mypiepi oap? dcame
m.0. [laxemmepaiy sicikmenyi konmezen macenenepoi weuyee Komexmece anaobl HCaHe 0Cblean opatl Jpmypii
macindep bap. Byn 3epmmeyde ocvinoal MiHOemmepoi uieuty Yuin KoIOausbliybl muic Oeneini Kypaioap mMeH
20icmepoi 3epmmeyee MmulPblCIbIK.

Tyitinoi co3oep: xocvlmMuwianapovl uoeHMmupurayusnay, mpa@uk cunammamacsl, KeHeumineeH iceninik

backapy, HetlpoHObIK dceninep, dtceii mpapueiniy kraccuguxayuscol

Introduction

Since the first releases of intercommunication
models between end-devices, like ring topology,
the whole picture of nowadays network
infrastructure was changed unrecognizable.
Modern systems of networking, consists of many
complex intermediate modules like switches,
routers, firewalls, hubs etc. and the main goal of
these inventions was to provide more reliable and
scalable ground for communication(Quality of
Service). The more whole system evolves, more
data about network traffic we gain, and now it
helps us to make optimization and tuning of
intermediate devices, rather than just scaling it
up with more bare hardware.

Many so-called "peer-to-peer (P2P)" shared
applications, social networks, video streaming
services, instant messaging services, online
games, etc. have appeared on the Internet. This
has led to a significant increase in the number of
users and changes in their behavior. As a result,
the volume of Internet traffic has significantly
increased and its nature has changed. However,
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many different types of protocols are used on the
Internet. In addition, network applications have
different functional requirements, and most of
these applications use TCP or UDP port numbers
that are assigned by the ITANA (Internet Assigned
Numbers Authority) [1].

IANA has assigned specific port numbers
for specific network applications, protocols,
and services that change between 0 and 1023,
and IANA has registered port numbers that
change between 1024 and 49151. Even so, most
applications do not have IANA-assigned port
numbers, but use default port numbers, and these
numbers often match the TANA port numbers.
Therefore, it is often not possible to uniquely
identify network applications with known or
registered ports. So, in such conditions, it is very
difficult to provide the required level of network
performance and security, as well as QoS (quality
of Service) for applications, services, etc.

However, research has shown that network
traffic is a complex dynamic process and is a
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superposition of many threads with multiple
interconnected characteristics that are generated
by different protocols. First, it is traffic and
related to the management of the network itself
(for example, client initialization traffic, server
traffic, etc.) that are generated periodically.
Second, it is the traffic of network services,
applications (for example, P2P, DNS, POP3, FTP,
SMTP, ARP, NetBIOS session, HTTP, WINS
requests, Telnet, etc.) and protocols that make up
the bulk of network traffic [2].

Based on the above, effective methods of
network monitoring, analysis, and evaluation are
required to ensure the normal and safe operation
of networks. To do this, first of all, it is necessary
to accurately identify network traffic, which is a
very difficult task and requires the development
of adequate methods for identifying network
traffic.

Knowledge about types of protocols and even
better, about applications that network clients
use, may help to construct better data flows and
utilize resources properly. Traffic classification
attracted a lot of interests from both industrial
and academic activities related to advanced
network management.

The purpose of this article is to analyze
the methods of network traffic identification
available in the literature in order to evaluate their
capabilities for network traffic identification.

Common problems of traffic

classification

The emergence of new applications, protocols
and interactions between various endpoints in
the Internet has totally increased the complexity
of task of classifying traffic. Here are some of the
critical challenges that we can face.

Encryption. Nowdays, most of the
applications uses encryption of data, because
big corporations like Google inc. forces software
developers and organizations to use HTTPS
instead of HTTP protocol. As a result, we got
a lot of traffic with pseudo random payload and
therefore classification of traffic become even
harder in modern networks.

ISP. Most of the Internet Service Providers
blocks peer-to-peer connections due to their

overload of network bandwidth and copyright
issues from authors. And now, these applications
uses different techniques to bypass blocking by
Internet traffic control from ISP. This is the most
challenging task in network traffic classification.

So, despite the fairly active development of
the field of network traffic classification, many
works note a number of objective factors that
hinder this development [3]. One of these factors
is the lack of an open data set for testing, which
is usually a saved and marked network routes.
As aresult, it is difficult to test the quality of the
algorithm being developed, as well as to compare
it with other algorithms. In particular, this leads
to the need to solve two problems in the process
of developing each new one algorithm:

* Getting your own network route on the
internal network, from research partners, or
from public sources. A complicating factor is the
problem of privacy and emerging information
security risks. To level out these factors, the
resulting routes are usually pre-anonymized
[4]. This, in turn, leads to the inapplicability
of content analysis approaches, since the main
method of anonymization, among other things,
is to delete the content of the application-level
package.

* Network trace marking by protocols and
applications, for subsequent quality control of the
developed algorithm, which can be performed in
several ways, depending on whether the process
of removing the network route is controlled or
the route is obtained from an external source.

As aresult, most research works use different
trace snapshots, obtained at different points in
different networks, under different scenarios, in
particular - different time intervals.

On the other hand, the requirement of
privacy leads to a more active development of the
statistical direction of classification. This is due
to the fact that this group does not require access
to packet data, but only general characteristics
such as size and timestamp are sufficient. Thus, a
large number of values are suitable as input data
and there are number of open network routes that
have passed the anonymization procedure.
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Fields of application

In addition to the question of the approach,
another important factor is the applied problem
and the solution by the specific system where
the classification component is implemented.
Depending on this, for example, the acceptable
level of accuracy of classification results may
differ markedly.

In addition, the set of groups into which
many classified objects are divided may differ
significantly. The roughest classification is
usually used in traffic management systems,
whose main task is to efficiently use available
bandwidth. For example, an Internet provider
can identify three main traffic groups:

* Sensitive — a type of traffic that is sensitive
to delays and requires prompt delivery. This
includes VoIP, video streaming, online game
traffic, etc.

* Unwanted — spam and malicious traffic
types.

* The rest — is the traffic that is allocated the
remaining bandwidth servicing sensitive data
streams.

Security systems and policy enforcement
systems usually involve a much more precise
classification — you need to identify the specific
application that generates the corresponding
traffic. In some cases, it is necessary to perform
a complete analysis of traffic with the allocation
of transmitted commands and high-level objects,
such as web pages and other types of files.
This may be required, for example, to detect
potentially dangerous content. For roughness
assessment for a specific approach, the term
"granularity" is used.

The processing speed, i.e. the throughput
of the algorithm, is a factor that affects the
estimation of the approach to apply on specific
task. This characteristic consists of two things:
the amount of data that the algorithm must
process to get the result and the complexity of
the algorithm relative to the input length.

This characteristic is most relevant for DPI
approaches that use the maximum amount of
data to process — the entire payload contents
of individual packages. This issue is studied in
detail in a large number of papers, mainly in
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the context of choosing the type of automaton
to search for signatures of various protocols:
deterministic, nondeterministic, or some hybrid
version [5-10].

Adopted methods of traffic classification

Existing methods for identifying network
traffic are roughly divided into five categories:
port-based identification methods; deep packet
inspection [11], DPI identification methods, i.e.
packet content analysis; identification methods
based on network flow characteristics analysis;
identification methods based on host behavior
analysis; and machine learning algorithms-based
identification methods.

Traditionally, simple methods based on
analysis of network traffic characteristics
were used to identify network traffic. These
characteristics include packet characteristics
such as port numbers, sender and recipient IP
addresses, application and protocol types, packet
contents, traffic statistics, and so on. Some of
these methods are discussed in [12, 13].

Port-based approach is the most common
and the oldest method wused for traffic
classification, which consists of the analysis
of the communication ports defined in packet
headers of the TCP/UDP network model. Since
the usage of this ports are so wide, and almost
became a standart in computer communications,
IANA defined the list of well-known ports for
different protocols, such as http, https, ssh, telnet,
etc. Also, need to mention that this information
is usually not affected by encryption and can be
easily extracted from the packet data. Which
makes the classification of network traffic based
on port very fast and easy, and that’s the reason
why ACL rules and firewalls uses them to filter
the incoming and outgoing data flow.

Nevertheless,notallprotocolscanbeclassified
with the port-based approach. Indeed, protocols
such as Peer-to-Peer (P2P) or passive FTP can
use ephemeral or random ports. In addition, such
applications can use ports associated with other
protocols for masquerading purposes. Another
example is the internet telephony where SIP is
used to negotiate the terms for the call, e.g., port
numbers, codecs among many others, which is
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then realized with RTP on random port numbers.
Finally, this approach also fails on tunnels or
Network Address Port Translation (NAPT). As
described in [14] and [15] only 30%-70% of the
traffic generated by certain protocols can be
detected by evaluating the port numbers.

However, identification of network traffic
based on port numbers is ineffective today [16].
This is mainly due to the emergence of more
network applications and services that use non-
standard TCP ports, as well as applications
that tunnel HTTP and the widespread use of
P2P applications on the Internet. As a result,
some applications cannot be identified at all.
The solution to this situation may be to analyze
the contents of packages and create a signature
for each application, but there are at least two
problems: first legal and ethical, which is related
to the user's privacy, and second is the inability
to identify encrypted network traffic.

The idea of using statistical characteristics
of network graphs to identify them or to describe
their properties is not new. In [17, 18] for the first
time, the issues of determining the characteristics
of Internet traffic were considered and the
relationship between the characteristics of flows
and the application protocols that generate them
was mainly determined. These studies show
that analytical models of random variables can
be used to describe the properties of several
protocols.

Despite the fact that network traffic
identification is a fairly specific area of research,
the goals of existing work in this area are not
identical. The purpose of some works is only
to identify P2P traffic; the purpose of others is
a detailed classification of network traffic, that
is, the exact identification of the application that
generates a specific traffic. In addition, with the
rise of the new types of applications, the nature
of existing network characteristics may change
and other identification characteristics may be
used to identify network traffic. For example,
the emergence of some new applications, such as
PPStream, BitTorrent, PPLive, etc., has led to the
widespread use of the UDP Protocol.

In [6], methods for identifying network traffic
with a detailed analysis of the contents of packets

were proposed. The main disadvantage of these
methods is that they require very large computing
resources. At the same time, the accuracy of
network traffic identification depends mostly
on models based on the identified patterns and
reflecting the main features of network traffic.
However, despite the fairly high identification
accuracy obtained in [h], traffics classified
manually were used as input data for training the
naive Bayesian algorithm.

In [8], proposed a method for classifying
network graphs based on statistical analysis of
host activity. However, packet contents are not
analyzed, and host behavior patterns are mapped
to one or more applications to classify network
traffic.

A study of the disadvantages of network
graph identification methods based on the
analysis of port numbers and packet contents has
shown that machine learning (ML) methods are
more suitable for identifying network traffic [11].

Identification of network traffic based on

machine learning algorithms

When identifying network traffic, one of the
important areas of research is classification. The
purpose of classification is to build classification
models for predicting an unknown sample based
on the study of a set of training data.

In the last decade, a significant part of the
work on network traffic identification has been
based on their classification using ML methods.
These works can be classified as works that use
ML methods with a teacher (supervised), without
a teacher (unsupervised), and so-called semi-
learning (hybrid) methods.

In network traffic classification based on ML,
supervised learning methods is when training
data is analyzed and an assumed function is
output that can predict output classes from any
test stream of data. However, it is very important
to choose sufficiently well-founded training data.
The methods of ML with the teacher include the
following: Decision Trees - DT; Naive Bayesian
Classification - NBC; Ordinary Least Squares
Regression - OLSR; Logical Regression - LR;
The method of support vectors - Support Vector
Machine SVM, etc.
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Using methods for classifying network
traffic with ML algorithms without a teacher
(i.e. clustering algorithms), clusters are found in
unmarked traffic data and the data is detected
in certain clusters. The unsupervised methods
of ML without a teacher include the following:
clustering algorithms; Principal Component
Analysis - PCA; Independent Component
Analysis; Singular Value Decomposition (SVD);
Random Forest (RF); Self-Organizing Map -
SOM, etc.

In [19], the researchers evaluated algorithms
with a teacher, including a naive Bayesian
algorithm with discretization, a naive Bayesian
algorithm with an estimation of the density
kernel, a C4.5 decision tree, a Bayesian trees and
networks.

In [20], the authors proposed an approach to
traffic classification based on real-time packet
flow analysis. In [21], Bayesian neural networks
are used to accurately classify traffic. In [22], the
authors use unidirectional statistical functions
to classify traffic. In [23], the authors used
the probability density function to compactly
express three statistical characteristics of traffic.
In [24], the authors proposed using a single-class
SVM (one class support vector machines) for
traffic classification, and a simple optimization
algorithm was proposed for each set of SVM
operating parameters.

All these works used mod parametric
algorithms, which require intensive training for
classifier parameters and need to be re-trained
when new applications are discovered.

Also, there are several papers based on
nonparametric ML algorithms. In [25], the
authors used the methods of nearest neighbors
and linear discriminant analysis to classify traffic.
Five statistical characteristics were used for
classification. In [26] a so-called BLINC method
is proposed for traffic classification, which uses
the behavior of hosts. Although nonparametric
methods have some advantages over parametric
methods, for some reason, they are not widely
used for traffic classification.

In [27], the authors proposed using the
EM algorithm (Expectation Maximization
Algorithm) to group traffic flows in a small
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number of clusters, and each cluster is marked
manually. In [28], the AutoClass algorithm was
used for clustering traffic flow, and a metric
of intra-class homogeneity was proposed
for evaluating clusters. In [29], the K-means
algorithm was used for clustering traffic and
clusters for applications were marked using
the analysis of useful information. In [30], the
authors evaluated K-means, DBSCAN, and
AutoClass algorithms for clustering traffic based
on two sets of empirically collected data.

In General, these clusterization methods
can be used to identify traffic from previously
unknown applications. In study [31], authors
proposed integrating clusterization, based on
statistical flow characteristics with a method for
comparing the signature of useful information,
which eliminates the need to use training data
sets. In [32], the authors proposed combination of
clusterization, based on statistical characteristics
of the flow and clusterization, based on statistical
characteristics of useful information for detecting
unknown traffic.

However, clusterization methods have the
problem of mapping a large number of clusters
to real applications. This problem is very
difficult to solve if there is no information about
real applications. To solve this issue, a new
nonparametric approach is proposed in [33].
This approach consists of including a correlative
information of flows in the classification process.

Semi-trained or hybrid methods for
classifying network traffic use both marked and
unmarked flow statistics [34]. Because of this
approach, these methods provide more accurate
and faster traffic classification, as well as allow
you to identify unknown applications and
applications with dynamic behavior. In study
[35], authors proposed using a set of training data
in the ML algorithm without a teacher. However,
if the training data is too small, the main part of
the display is made up of "unknown" clusters.

In [36] for identifying a TCP and UDP
Protocol traffic, author proposed a classification
method based on the use of the support vector
method (Support Vector Machine - SVM). In this
approach, a genetic algorithm is used to select a
subset of the best characteristics, and the Particle
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Swarm Optimization (PSO) method is used to
calculate the weights of each characteristic. At
the same time, the traditional SVM algorithm is
used to classify the different traffic flows with
optimiziation using the PSO algorithm, which
can effectively improve the performance of the
SVM algorithm. The proposed approach allows
you to classify internet traffic, based on statistical
characteristics of traffic flows without using port
or host information, and there is no need to check
the application signature.

In [37], to identify network traffic, authors
proposed a hybrid model that uses the Apriori
algorithm for atomic generation of associative
rules and a self-organizing Koohonen (SOM).
This proposed approach allows you to identify
network traffic without using content and port
numbers, as well as generate associative rules for
identifying unknown applications. At the same
time, the Apriori algorithm allows you to choose
the most typical rules for each type of traffic,
while the SOM-based algorithm allows you to
group the characteristics of similar protocols and
applications.

The author in [38] proposed an approach
to identifying P2P traffic based on the random
forest algorithm. The random forest algorithm

is a combination of decision trees. Building a
random forest allows you to increase the accuracy
and efficiency of p2p traffic identification.

Conclusion

Classification of Internet traffic has been
an area of intensive research since the creation
of the Internet itself. Over the years, several
methodologies have been proposed to solve
existing technological problems. Thus, we can
conclude that the evolution of approaches of traffic
classification has directly affected the evolution
of the international network itself. Surveys then
become a valuable tool for understanding and
analyzing this evolution. Several reviews have
been published to provide an overview of this
ever-evolving field of research. However, such
surveys focused only on the analysis of statistical
work on traffic classification and were limited to
reporting and comparing published results.

For this purpose, the best solution is to
combine existing classification mechanisms
using the supervised and unsupervised ML
methods, as well as using an ensemble of
classifiers. This will significantly improve the
accuracy and completeness of network traffic
identification.
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PE3YJIBTATHI SKCIIEPUMEHTAJIBHBIX HCCJEIOBAHUN SHEPTOAKTUBHOMN
KOHCTPYKIIUU HAPYKHOT'O OT'PAXKJIEHUS C SKPAHHOM U3OJISIAENA

AJITUSIPOB K.A., "KAHABAH H.)K., YCEHKYJIOB XK.A., YTEJIGAEBA A.B.
FOoicno-Kazaxcmanckuii 2ocyoapcmeennsiil yHugepcumem um. M. Ayazosa

Annomauus: Ilpedcmasnenst pe3yivmamol IKCHEPUMEHMATLHBIX UCCTEO08AHUT HAPYIHCHOSO OPAANCOCHUSL C
9HEP2OAKMUBHOI NAHENBIO U ¢ THENTOOMPANCAIOUWUM IKPAHOM. DKCNEPUMEHMbI NPOBEOeHbl HA (pazmeHnme
02PadHCOeHUsI MEMOOOM MENTOBUIUOHHO20 KOHMPOA U AHAUZA TNEPMOSPAMM NOBEPXHOCMU IHEP2OAKMUBHOT
naunenu. Ilokazano, umo Hanudue menioompadcae2o SKpana 6 KOHCMpPYKYul 02parcoetist n03601saem 00J-
20e 8peMs N0O0EepPICUBAMb 8bICOKYVIO PASHULY ThHeMNepanyp menioHOCUmens 8 NaHelu, d maxice 0ocmueaenm-
€5l pOC pacxo0a MmenIoHOCUmeNs 8 npoyecce 0002pesa NOMeueHUs.

Knrwouesvie cnosa: meniousonupyrowas cOUCME 02paicoarouux KOHCMpYKyuil, menioompadicarouull mame-
puan, menjioompaxncaowuli 9KpaH, arnoMunuesas Qoived, menioompaxncarouue NoKpoulmisl

YKPAH/IBIK OKIIIAYJIAMACHI BAP CBIPTKBI KOPIIAY/IBIH
SHEPTUSIJIBIK BEJICEHII KOHCTPYKIUSJIAPBIHBIH
SKCNEPUMEHTAJIBIK 3EPTTEY HOTH)KEJIEPI

Anodamna: Colpmkbl KOpuiayovly SHePOAKMUSMI NAHENT MEH JHCLTY WUASLLILICIBIPRbILL IKPAHbL 6ap SKCnepu-
MEHMANObIK 3epPMMeYNePiiy HaMUdICeNePi YCoIHbLIEAH. DKCnepUMeHmmep meniogusUoHObl OAKbLIAY HCIHE
9Hepeuss akmuemi nameib OemiHiy mepmoepamMmailapbin maiodday a0icimen Kopuay pazmenminoe JHcypeizi-
0i. Kopwiay xoncmpykyuacwvinoa sHcwvlinyoKuayiazolis IKPAHHuIY 001yl Y3aK YaKulim 00Ubl NAHeNb0e2i JCbliy
MACHIELIUUMBIY TEMNEPATYPACHIHBIY JHCOAPbI AULIPMAULBLIBIELIH YCMANn Mypyea MyMKIHOIK bepemini, coH-
0atl-aK, SUMAapammayl JHCbLIBIMY NPOYECIHOE JCHLLY MACLIRLIUNGIY WUbISLIHBIHBIY OCYIHEe KON HCemKi3iiemini
KepceminzeH.

Tyitinoi ce30ep: Kopuiay KOHCMPYKYUANAPLIHGIY AHCLLTYOKWAYIARbIW KaCUemmepi, JHCbLTYUASbLIbICINbIPSbLUL
Mamepua, HeolIyUAaAbLILICINBIPRbIUL IKPAH, ATIOMUHUL (ONbea, HCHLIYULASLILICMBIPEbILU HCADBIHOAD

RESULTS OF EXPERIMENTAL STUDIES OF ENERGY-ACTIVE STRUCTURES
OF EXTERNAL FENCING WITH SCREEN INSULATION

Abstract: The results of experimental studies of an external fence with an energy-active panel and a heat-
reflecting screen are presented. Experiments were carried out on a fragment of the fence by thermal imaging
control and analysis of thermo grams of the surface of the energy-active panel. It is shown that the presence
of a heat-reflecting screen in the fence structures allows for a long time to maintain a high temperature
difference of the heat carrier in the panel, as well as an increase in the flow of heat carrier in the process of
heating the room.

Key words: heat-insulating properties of enclosing structures, heat- reflecting material, heat-reflecting
screen, aluminum foil, heat-reflecting coatings
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AHanu3 onbITa B pelIeHUH MPoOJIeMbl YHEP-
rocOepekeHHsl TOKa3bIBAET, YTO COKpallleHHe
MOTEPb TEIUIOBOW SHEPTHM MPH OTOIJICHUU 3/a-
HUM J1OCTUraercs TMOBBIIICHUEM COIPOTHBIIE-
HUS TerJionepeade OrpakJaroliuX KOHCTPYK-
uuii [1-4].

OnHUM M3 TNEpCIEeKTUBHBIX HAIPaBICHUN
MO TOBBIIICHUIO TEIUIOM30JIMPYIONINX CBOMCTB
OTPaX/IAIOLINX KOHCTPYKLUH SABIsIeTCS YCTPOii-
CTBO JOMOJIHUTEIBHOTO TEIIOOTPAXKAIOIETO I10-
KPBITHSI, CIIOCOOHOTO OTpa)kaTh TEIIOBOE M3ITY-
yeHue. TpaJuIMoOHHO B KayeCTBE TEIIO0TpaXKa-
IOIIETO Marepuaja MCIOIb3yI0T aJIOMHUHUEBYIO
Gdonbry, pa3auyHble JaKOKPACOYHBIE KOMIIO3M-
IIUH, TIOKPBITUSI HA OCHOBE IOJIMMEPOB, CTEK-
JISTHHBIX WJIM KepaMUUYeCKUX MUKpocdep [2, 5].

OOBEKTOM SKCHEPUMEHTAIBHOTO HCCIe0-
BaHUS SIBIIsICTCSI pa3paboTaHHas SHEProaKTUBHAS
KOHCTPYKIMSI OTPa)IE€HUSI C TEIUIOOTpaXaro-
IIMM PKPaHOM B KOHCTPYKIIUH.

[TpoBeneHne SKCHEPUMEHTAIBHBIX HCCIe-
JTIOBaHUH pa3paboTaHHBIX YHEPrOAKTHBHBIX KOH-
CTPYKIIMIA HAPYKHOTO OTPaX</I€HUs HAIeJIEHO Ha
o0ocHoBaHMEe 3()(PEKTUBHOCTH NPUMEHEHUS B
OTPaXIAIOLINX KOHCTPYKIMAX 3JaHUN TEIUI00T-
pa’karoIlero 3KpaHa.

Ha ocHoBe wnenu uccienoBaHHUs SKCIEpH-
MEHTBI OBIITM Pa30UTHI HA CIEIYIOIINE 3T

— MPOBE/ICHUE UCTIHITAHUN SHEPrOaKTUBHOMN
KOHCTPYKIIMM OTpaKACHUs 0€3 TeIIooTpaxaro-
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KOHCTPYKIIMM HApYXXHOTO OTpa)KJI€HUsl C Tell-
JIOOTPaXKAIOUIMM PKPaHOM Ha (hparMeHTe MHO-
TOCJIOMHOTO CTEHOBOTO OTPaKACHUS;

— 00paboTKa U aHaIM3 MOJYYCHHBIX JKCIIe-
PUMEHTAIBHBIX JAHHBIX IO UCHBITAHUAM SHEp-
rOAaKTUBHOM KOHCTPYKIIMHM HApYKHOTO OrpaXie-
HUS C TEIJIOOTPAKAIOLIUM 3KPAHOM.
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Hecymieli 4acTbio oOrpaxaeHus sBIsSETCS
CTEHA U3 CTAaHAAPTHOIO KEPAMUYECKOTO KUPIH-
ya 1o 'OCT 530-2012. IToBepxHOCTH OTrpaxe-
HUS OLUTYKATypEHbl LIEMEHTHO-IIECYAHOMN ILTY-
KaTypKOW. DHEpProakTUBHAs MAaHENb IPEACTaB-
JsieT co0oil HUIY B HeCyIel 4acTH CTEHBI pa3-
MEpOM CTBOPKH OKOHHOTO mepermiera - 910x610
MM. [yOuna Humum — 130 mwm. TonmuHa BO3-
OYIIHOW TOJOCTH MEXKIY BHYTPEHHEW CTEH-
KOW HUIIM U MOBEPXHOCTHIO CBETOIPO3PAYHOTO
orpaxaenust — 110 mm.

[lepenHsis cTeHka >HEPrOaKTUBHON IaHe-
JU COCTOUT H3 CBETOIPO3PAYHOIO JABOWHOTO
OKOHHOTO CT€KJa. B JHeproakTHMBHOW NaHEIN
HMEIOTCSI OTBEPCTHUS BXOJA U BBIX0/1A BO3TYILIHO-
ro teroHocutenst auamerpom 100 mm. B 3az-
Hell cTeHke (parMeHTa OTpa)kKJACHUS UMEIOTCA
BXOHOEe oTBepcTue auamerpom 100 MM u BBI-
XOJITHOE OTBEPCTHE TOT'O KE AUAMETPA C BCTPOCH-
HBIM TPEXPEKUMHBIM BEHTUISTOPOM (UPMBI
KLAUS.

B »HEproakTuBHON KOHCTPYKIMH C TEI-
JIOOTPAKAIOLUIMMH 3KpPaHaMU MTOKPBITUE U3 AJII0-
MUHHEBOH (OJBIU pa3MeIagoch Mo BHYTpPEH-
Hel TIOBEPXHOCTH HUILN.

Metoauka TpOBENEHUS  SKCIEPUMEHTOB
pa3paboTaHa Ha OCHOBE HEOOXOAMMOCTH JKCIIe-
PUMEHTAIBHOTO 000CHOBaHUS 3(PPEKTUBHOCTH
NPUMEHEHHs DPa3pabOTaHHOM HSHEProaKTUBHOM
KOHCTPYKIIMH B HAPYKHOM OTPAXKJICHUH 3/1aHUI
U CpaBHEHMs PE3yJbTAaTOB UCHBITAHUN MO JBYM
KOHCTPYKTHBHBIM CXEMaM:

— SHEproakTHBHas IMaHenb 0e3 TemnooTpa-
JKAIOIIETOo IKpaHa,

— DHEPrOaKTUBHAs [TaHEJb C TEMIOOTPaXKat0-
LM 3KPaHOM.

[IpoBeneHne 3KCIEpUMEHTOB OCHOBAHO Ha
TEIJIOBU3MOHHOM KOHTPOJIE IOBEPXHOCTH 3HEP-
TOAKTUBHOM KOHCTPYKLUHU OTPAKIEHUS coIvlac-
HO ['OCT 26629-85 u usmepeHuii TeMneparypsl
BO3/yXa Ha BXOJI€ U BBIXOZE U3 SHEPTOAKTUBHON
TIAHEIH.

MeTon OCHOBaH Ha JMCTAaHIMOHHOM H3MeE-
pPEHUM TEIUIOBU30pOM IOJEH TemIieparyp Io-
BEpPXHOCTEH (parMeHTa OrpaskJIeHUs CO CTOPO-
Hbl CBETONPO3PaYyHOrO OTPaKJIEHUS U U3MeEpe-
HUH TeMIlepaTypbl BO3AYLIHOIO TEIJIOHOCUTEIS
Ha BXOJIE€ U BBIXOZIE U3 DHEPrOaKTUBHOM MaHENH,

3HAYEHUs1 KOTOPBIX NPUHUMAIOTCS 3a IOKa3are-
71 3G HEKTUBHOCTH SHEPTOAKTUBHOM MTaHEIH.

[Ipy mnpoBeneHUH HHEPreTHUECKOro 00-
CJIEI0BaHUs HUCIOJIB30BAH PYYHOU TEIUIOBU30D
FLIR i3, KOTOpbIil MO3BOJISET ONPEACTIATh TEM-
neparypy MOBEPXHOCTH OECKOHTAKTHBIM METO-
JIOM U BU3YaJIM3UPOBATh PACIPEACIICHUE TEMIIE-
paTtyp Ha OBEPXHOCTSX.

TemneparypHble  IOJS  IOBEPXHOCTEH
OTpaXkJAArIIUX KOHCTPYKLUHN MOJIYyYEHBl U U3Y-
YEeHBI ¢ JAUCILIE TEIUIOBU30pa B BUJE LIBETHOIO
U300paKeHUs1, a MoCce KOPPEKTUPOBKU CHUMKA
Hepenycanbl B MaMsTh pubopa.

TermoBU3nOHHOMY KOHTPOJIIO ObuH
IIOJIBEPKEHBI KaK HAPY>KHBIE, TAK U BHYTPEHHUE
MOBEPXHOCTH (hparMeHTa Orpa)JAIOIIMX KOH-
ctpykuuid. Ilo 0030pHON TepMorpamme ¢ Iuc-
I1esl TEIUIOBU30pa BBISABISUINCH YYACTKU C HAM-
OOJIBIIMMHU TEMIIEPATypaMHU, KOTOpPbIE 3aTeM Obl-
JIM TIOIBEP>KEHBI JIeTAIbHOMY Terutorpadupona-
HUIO U YTOYHEHHUIO TEMIEPATYpPbl TOBEPXHOCTH
OTpaxKICHMUS.

OO6paboTKy pe3yabraToB TepMorpapupo-
BaHUs IPOU3BOAUIN C MCIOJIB30BAHUEM IIPO-
rpammHoro komruiekca FLIR QuickRepor, ko-
TOPBIM MpeHa3Ha4YeH [yl aHaiau3a, o0paboTKu
U apXMBHPOBaHUS U300paXKEHUH, 3aMUCaHHBIX C
ucnosb3oBanueM Teriosuzopa FLIR 13.

ConHeuHas paauanus MOJEINPOBATIOCH Jia-
00OpaTopHOIl YCTAaHOBKOH, COCTOSIIECH U3 IITATH-
Ba, JJaMmnbl HakanuBanus 200BT u skpana.

Puc. 2 — Obwuii 610 sKcnepumMeHmaIbHO20 KOMNIeKcd,
N0020MOBIIEHHO20 K UCNBIMAHUAM
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OCHOBHBIMU HU3MEpPSIEMBbIMH MapaMeTpaMu
JKCIEPUMEHTA SBJSUIMCH TEMIIEpaTypa MOBEpX-
HOCTH TEIUIOOTPAXKAIOLIETO IMOKPBITHS, UHTEH-
CHBHOCTb MOJEJIMPYEMOU CBETOBOW paJvalllH,
TeMIIEpaTypbl Ha BXOAE U BBIXOJE U3 DHEPrOaK-
THUBHOU MaHEIHN.

OO0t BU SKCTIEPUMEHTATHHOTO KOMITICK-
ca MPE/ICTABICH B COOTBETCTBUU C PUCYHKOM 2.

Ha nepBom 3tare uccienoBanus ObLTH IPO-
BEJICHBI MCIIBITAHUS TPAAUIMOHHON KOHCTPYK-

IIUM OTPaKJCHUs 0€3 TeIUI00TPa’Karollero Imo-
KPBITUS Hanozo0ue cTeHsl TpoMoa.

TemnepaTypbl Ha CBETOOTpa)Karolle Io-
BEPXHOCTHU 3HEPrOaKTUBHON KOHCTPYKIIUHU, TEM-
nepaTypbl Ha BXOJAE U BBIXOJE B DHEProaKTUB-
HYIO TaHeNb BBITUCAHBI U3 TEPMOTPAMM COOT-
BETCTBYIOIIMX HCHBITAHUA U IPEICTaBICHBI B
tabnuue 1 u pucynke 3.

Tabauua 1 — TemnepaTypbl Ha CBeTOOTPAXKAIOLICH OBEPXHOCTH JHEPrOAKTHBHOM
KOHCTPYKIHMH, TEMIIEPATyPbI HA BX0/1¢ U BbIX0J€ B JHEPrOAKTHUBHYIO NIaHE/Ib

Haumenosanue nanenu Bpems Temneparypa Temneparypa Temneparypa npu Pasuuna temmneparyp,’C
MIPOBEPKU IIOBEPXHOCTH npu Bxoze,’C BbIxoze,’C
8- 22,5 21,2 23,1 1,9
10-% 31,9 22,5 28,7 6,2
11-% 34,8 23,5 333 9.8
12-% 47,5 23,6 36,3 12,7
13- 48,2 23,2 36,3 13,1
14-0 49,5 22,8 36,7 13,9
DparMeHT orpaxaeHus 15-00 46,7 22,9 40,1 17,2
03 TEMI00TPAKAKOIIETO
nokpbItust 1 TAM 15 30,3 23,1 34,1 11,0
15-% 29,7 23,0 32,4 9,4
16-% 27,1 23,5 31,1 7,6
16-1 25,8 232 29,0 5,8
16-%° 25,6 23,3 28,9 5,6
16-% 25,8 22,9 28,4 5,5
17-% 25,8 21,3 27,0 5,7
60
50 — :\\
40 A ——Pan 1l
30 7 ——Pan 2
20

== Pan 3

10

0 .

8-45 10-00 11-00 12-00 13-00 14-00 15-00 15-30 15-45 16-00 16-15 16-30 16-45 17-00

1 psan — Temneparypa nosepxaocty, °C; 2 psig — TeMneparypa npu Bxoze, °C; 3 psin — TeMmeparypa npu Berxoze, °C

Puc. 3 — Temnepamypul Hapys*CHOU NOBEPXHOCMU, MEMNEPATYPbl HA 6X00€ U 8bIX00€ U3 IHEP2OAKMUSHOU NAHENU

I'paduku pucyHka 3 MOKa3bIBAaIOT, YTO MpPHU
OTHOCHUTEJIBHO IIOCTOSIHHOM TeMmIeparype Ha
BXOJZIE€ TEMIIEpaTypa BbIXOJAa HArpeToro TeIlIo-
HOCHTENS Bo3pacTaeT. MakcumalnbHas TeMIlepa-
Typa BO3QYLIHOTO HOCHUTENSI Ha BBIXOJE U3 Ma-
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Henu cocraBwia +40,1°C, a temmeparypa Ha
Hapy>KHOM MOBEpXHOCTH maHenu — +49,5°C.
MaxkcumMaibHas pasHHIa MEXIy TeMIepaTypoil
Ha BXOJI€ ¥ TeMIIepaTypoil Ha BBIXOJE U3 aHEeIH
cocraBuia +17,2°C.
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[To Tepmorpammam pucyHka 4 MOXKHO OIIe-
HUTH pacrpeieNieHue TeMrepaTyp Mo IIOMAaH
TIAHEJNH, T/Ie HAaUMEHbBIIINE TeMIepaTypbl HaOIro-
JalOTCs B O0JIACTH BXOJa HOCHUTENS B ITAHEND,
a HauOOIBIIME TEMIEPaTyphl HAOIIONAIOTCS B
00JIaCTH BBIXOAa TEIUIOHOCUTENS M3 ITaHENH.
JlaHHBIM BBIBOJ, OOOCHOBEIBAET BO3MOXKHOCTh
WCTIONB30BAaHUSl DHEPrOAKTUBHOW TMaHEIH B
OTPAKIAIONINX KOHCTPYKIHSIX JUIS 3aMEIleHUs
JIOJIM TEIUIa PacXOAyeMOTro Ui OTOILICHUS IO-
MeleHus 3manug. HaOmromaercst OTHOCHTED-
HO JIONITHI HarpeB BO3/lyXa B KaHaJe MaHemu (3a
5 gacoB ot 22,5°C no 49,5°C) u ero OvicTpoe

OCTBIBaHME TOCJE OTKIIOUEHHUs] MCTOYHUKA pa-
muaru (3a 3 gaca ot 49,5°C no 25,8°C).

OTO yKa3blBaeT Ha HEOOXOAMMOCTH pazpa-
OOTKM KOHCTPYKLUH, KOTOpas IMO3BOJHIA OBl
0o0ecreYnTh OTHOCHUTEIbHO OBICTPBIA Harpes
BO3/lyXa B MaHEIM M €ro MEJIEHHOE OCThIBa-
HUE, YTO TIOBBICUIIO OBl 3PPEKTUBHOCTH pabOThI
HHEProaKTUBHOM MaHeu.

Ha BTOpOM 3Tane ucciaenoBanust ObUIN MPoO-
BE€/ICHBI UCMBITAHUS CTEHOBOTO OTPAKICHHUS C
HHEPrOaKTUBHOM MaHEeNbI0 U C TEIUI00TpaXKaro-
IIMM SKPAHOM B BUJI€ ATIOMUHUEBON (OJIBIH.

PesynbraThl MCHBITAHUN TPEACTaBICHBI B
tabnuue 2 u rpadukax pucyHka 5.

Puc. 4— TepMOZpa.M.Mbl Hapyofcuazl noeepxnocmu 3H€p20(1Kmu6H012 nameny u 061acmu 8bIX00d MEeNnLOHOCUMENs U3 NAHEU

Tabnuna 2 — Temnepatrypbl Ha CBeTOOTPAXKAIOLICH OBEPXHOCTH JHEPrOAKTHBHOM
KOHCTPYKIUH, TEMIIEPATYPbI HA BX0/le M BbIX0/J€ B JHEPrOAKTUBHYIO aHE/Ib ¢

TEMJIO0TPAKAIOIIUM MMOKPBITUHEM

HanmenoBanue nanenu Bpewms Temneparypa Temneparypa Temneparypa Pasunna temmeparyp,’C
MPOBEPKU MOBEPXHOCTH npu Bxone,’C | mpu BbIxoze,’C
9-40 24,1 23,0 24,1 1,1
10-4 42,0 22,1 31,5 9,4
11-% 42,1 23,2 34,8 11,6
12-4 43,9 23,5 36,4 12,9
13-4 41,6 23,8 36,7 12,9
14-%0 40,8 23,1 37,0 13,9
DparmenT orpaxneHis 15-% 43,6 242 35,4 11,2
C TEIUIOOTPAKAOLINM
TOKpEITHEM 16-4 42,5 24,8 37,6 12,8
16- 31,9 23,6 35,6 12,0
17-1° 28,4 23,2 333 10,1
17-% 26,7 23,1 32,5 9,4
17-4 26,3 23,1 29,1 6,0
17-% 25,6 23,2 28,4 52
18-1° 25,1 21,1 27,8 6,7
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1 psin — Temneparypa nosepxHocty, °C; 2 psja — temueparypa
npu Bxoze, °C; 3 psin — TeMneparypa npu Bbixoae, °C

Puc. 5 — Temnepamypul napysicroti nogepxnocmu,
memnepamypul Ha 6x00e U 8blXo00e MenioHOCUMENs. U3
9HEPeOaKMUBHOL NAHENU C MENTO0MPANCAIOUWUM IKPAHOM

W3 rpadukoB pucyHKa 5 MOXHO BUIETh OT-
HOCHUTEJIBHOE IIOCTOSTHCTBO TEMIIEpaTypbl Ha
BXOJI€ M NOBBIILIEHUE TEMIIEPATypPhl TEIUIOHOCH-
TeJIs Ha BBIXOJIE U3 NaHesu. MakcuMaibHas TeM-
neparypa BO3IYIIHOTO HOCHUTENSI Ha BBIXOJE U3
nanenu coctaBuna +40,1°C, a temneparypa Ha
Hapy>KHOH NoBepxHOcTH na”enu +49,5°C.

MaxkcumMasbHas pa3HUlla MeXIy TeMIepary-
POl Ha BXOZI€ ¥ TEMIIEpPAaTypOil Ha BBIXO/E U3 Ma-
Henu coctaBwiia +17,2°C. Ilo cpaBHEHUIO € KOH-
CTPYKTHBHBIM pelICHHEM IMaHenu 0e3 TerooT-
pa’karoIIero MOKPHITUS HAOMIOMaeTCss OBICTPBIH
HarpeB TEIJIOHOCUTENS B KaHAJIE U JUINTENbHOE
OCTBIBAHUE €€ NPH OXJAXKIECHUHU, YTO MOXKHO
CUMTaTh IMOJIOKUTEIILHBIM MOMEHTOM. BMmecte ¢

TeM HaOIIofaeTcsl yBeIUYEeHHEe Pacxoia Teruio-
HOCHTEJS, YTO TOATBEPKIAAETCS JUIMTEIbHBIM
COXPaHEHUEM pa3HUIIbI TEMIEPATyphbl HA BBIXO-
7Ie ¥ BXOJI€ TeIUIOHOCUTEIS B TaHEIH (B TeUEHUH
5 4acoB MOAJEPKUBAETCS pa3HUIA TeMIepaTyp
B 10°C u 60nee). JlanHbIN QaKT TOKE MOKHO OT-
HECTH K MOJIO)KUTEIILHOMY MOMEHTY.

AHanu3 TepMorpamMm Hapy»HOH MOBEPXHO-
CTHU DHEPrOaKTUBHOW MAHENM C TEIUIO0Tpaxaro-
UM TOKPBITHEM M OOJIACTH BBIXOJIA TEIUIOHO-
CUTEJsI U3 IaHEeId B MOMEHThl MaKCHMAallbHO-
ro HarpeBa U OCTBHIBAaHUS TEIUIOHOCUTENS MOKa-
3aj1, YTO TEIUIOHOCUTEIIb B KaHaJle HarpeBacTCs
B MIOJIHOM 00beMe, HauOombIlas ee TeMIepary-
pa HabmoaeTcst B 00JaCTH BBIXO/A TEIUIOHOCH-
Tensd U3 naHenu. TepMorpamMMa OCTHIBaHMS Ha-
PY’KHOI MOBEPXHOCTH MAHEN MTOKa3bIBALT, YTO,
XOTs IOBEPXHOCTh MAHEIN OCTHIBAET JI0 TEMIIe-
paTypsl OKpyXaroleil cpebl, TeMneparypa Ho-
CHUTEJsl Ha BBIXOJIE BBIIIE 3TOM TeMIeparyphl Ha
2,7°C.

OTMeTuM, YTO MCIOIB30BAHUE TEIIO0Tpa-
KAIOILIET0 PKpaHa B SHEPrOaKTUBHON KOHCTPYK-
UM OTPAXKJICHUSI TIO3BOJISIET JITUTEIHLHOE BPeMsI
MOJI/ICP’KUBATh BBICOKYIO pa3HUILy TEMIIEPaTyp
TEIUIOHOCHUTENS B TIAHEJH, a TaK)Ke JOCTUTaeTCs
POCT pacxofia TEIJIOHOCUTENS B Ipouecce 000-
rpeBa MOMEeLICHHUS.
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MODELING FORECAST CRYPTOCURRENCY PRICE QUOTES
USING NEURAL NETWORKS

AMZE D.

Kazakh British Technical University

Abstract: In the current conditions of the formation of the cryptocurrency market, studies on modeling
forecasts of price quotations are of particular importance. In advanced developed countries, fluctuations in
this market are less and less dependent on political influence and the influence of other non-market factors,
which confirms the need for objective research in this area. Scientific and methodological developments on
this topic can be useful for both legal entities and individuals.

As a result, the introduction of predictive modeling of cryptocurrency quotes can give a certain economic
effect, a specific financial benefit to individuals and legal entities and deserves further study on a more
extensive data set.

Key words: Cryptocurrency, Neural network, Forecasting, Backpropagation neural network

MOJIEJIMPOBAHUE ITPOTHO3A IIEHBI HA KPUTIITOBAJIIOTY
C UCHOJb30BAHUEM HEMPOHHBIX CETEN

Annomauusn: B cospemennvix ycaousx popmuposanus pelHka KpUnmosaom uccie008anuust Ho Mooeiuposa-
HUIO NPOZHO308 YEHOBBIX KOMUPOBOK NPUObpemaim ocoboe 3HaveHue.

Hayuno-memoouueckue paspabomxu no OaHHOU meme mMo2ym Obinb NOAE3Hbl KAK IPUOULECKUM, MaK U Qu-
3UYecKUM Iuyam. B pazeumuix cmpanax KonebaHus Ha 3Mom pulHKe 8Ce MEeHbUle 3A6UCAN OM HEePbIHOYHbIX
Ghakmopos u NOAUMUYEcKO20 GAUAHUS, YMO NOOMBEPIHCOAem HeOOXOOUMOCHb 00BbEKIMUGHBIX UCCTE008AHULL 8
amoii obracmu. B pezynomame 66edenue npoeHo3H020 MOOETUPOBAHUsL KOMUPOBOK KPUNMOBATIOMbL MOXCEM
0ambv onpedeneHHblil IKOHOMUUECKU 3¢hheKkm, KOHKPEemHY0 UHAHCOBYIO 8bl200Y 015 (PUULECKUX U IOPUOU-
YeCKUX JUY U 3aCycusaem OaibHeliue20 uzyienus bonee 00uupHo2o Habopa OAHHLIX.

Knrwouesvle cnosa: xpunmosanioma, HeUpoHHAs cemb, NPOSHO3UPOBANUE, HEUPOHHASL Cemb 00PAmMHO20 pac-
npocmpaxeHus

HEWPOHJBIK KEJLIEPII KOJJIAHA OTBIPHINT KPUIITOBAJIIOTA
BAFACBIH MOJEJIBAEY

Anoamna: Kpunmosanoma HapuleblHblY KATLINMACYLIHBIY KA3IP2l Hca20aubiHOd, 6a2a YCbIHbICMAapblH OO0
JHcayovl mooenvoey OolbIHWA 3epmme)iep epeKuie Maybl3ed ue.

Hamvizan endepoe Hapbikmagwvl ayblmKyiap Caacu blKna2a dicone 6acka 0a Hapulkmuvlk emec gaxmopiap-
vy acepine mayendi emec, Oyn ocvl canrada obvekmuemi zepmmeynepoiy Kadxcemminiein pacmaiovl. Ocol
MAaKbIpeINmMagsl SbLILIMU-20ICMEMENIK d3ipiemenep 3aH0bl JCIHE JiceKe MYNEANAp YuiH muimoi 60myvl co3-
ciz. Homuowcecinde kpunmosantromaza oaza oencineynepiniy 60ajicamobl MOOENiH eHei3y JceKe JiCaHe 3aHO0bl
myneanapea 6eneini 6ip SIKOHOMUKAILIK MUIMOLIIK, HAKMbL KAPACLILIK NAUOA IKELYi MYMKIH Jcane OyoaH 0a
MO MaTIMemmep JHCUBIHMbIZbIH 3epoeeyee IalblK.

Tyitinoi cozoep: kpunmosanoma, HelpoHObIK Jceli, OONNCAY, apmKbl MAPamy HetpoHObIK HCenici
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Introduction

Despite the rapid growth in popularity
today, there is no single, universally recognized
definition of cryptocurrencies that would
unambiguously reveal their essence and
economic nature. To a certain extent, this is
due to the novelty of this tool and the variety of
technical solutions implemented in electronic
settlement systems. So, in the world they treat
cryptocurrencies differently, for example, in
Canada and the Netherlands - as currency,
and in Austria, Finland and Germany - as
“commodity” - goods/raw materials. On the
Internet, a fairly correct and complete definition
of cryptocurrencies is given on Wikipedia, where
cryptocurrency is considered as a type of digital
currency, emission and accounting of which are
based on asymmetric encryption and the use of
various cryptographic protection methods, such
as Proof-of-work and Proof-of-stake.

However, it is worth noting that the
cryptocurrency market is very speculative,
but the most stable cryptocurrencies managed
to survive due to expectations regarding their
growth. Of course, this factor also stands behind
the high volatility of the cryptocurrency market.
Because of this, new technologies of blockchain
or smart contracts are overvalued, while market
participants are trying to figure out what crypto
assets mean for them - all this leads to an
alternation of sharp ups and downs, so familiar
to traders.

Forecasting is a complex process, as a
result of which it is necessary to solve a large
number of different issues. For its production,
various forecasting methods should be used in
combination.

According to the Russian scientist, Professor
A.N. Hunchback with the help of artificial neural
networks can solve almost all the problems
that can be solved by other methods. Such a
conceptual statement is actually the basis of the
significant interest that is observed today in the
world in the study of the theory and practice of
neural network modeling. In favor of the use of
neural networks indicate:

— inheritance of certain mechanisms of the
brain;
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— the possibility of universal approximation of
continuous dependencies;

— ability to recover information during the
destruction or removal of some part of the neural
network;

— parallel processing of information.

— The disadvantages of neural networks
include:

— lack of a clear theory and mechanisms for
interpreting the functioning and results of work;
— low learning speed and the need to develop
algorithms to avoid "paralysis", retraining and
getting into local optima;

— the need to select neural network paradigms
and develop appropriate formalizations to solve
specific problems.

These circumstances are the reason that
neural network technologies are quite attractive
for the study, research and improvement, as well
as the development of systems in which neural
networks and other methods are integrated, but
their practical application is still quite limited.

Traditional methods for assessing forecast
accuracy based on measuring its deviation from
real data (for example, calculating MAPE, MSE)
do not always allow an adequate assessment of
the forecast quality for stock price dynamics
(which are characterized by high volatility), since
for such data it is more important to determine
when there will be growth and when the fall,
and most importantly - it is difficult to predict
the jumps that separate the stationary periods of
change in value from each other.

Backpropagation neural networks are
a modern modeling tool that allows you to
effectively solve the problems of searching for
patterns, forecasting, and qualitative analysis,
taking into account these features.

Model description
To build a forecast model, a neural network
consisting of three blocks is used (Fig. 1):

1) Input data;
2) computing and analyzing unit;
3) Ouput data.
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computing and
analyzing unit

Input
data

Output
data

Fig. 1. Block Diagram of a neural network model

In the computational and analyzing unit,
all computational, corrective, and analyzing
processes for processing the input sample occur.
The indicators calculated by the neural network
are fed into the output data that the analyst needs
to make any decisions..

The network is trained on a sample

(X5,D9),t=1,T,

t

where X' = x],xj,..,x

input images
‘ Dt =dj,d}, ... . d}
images

T — number of input images

When training a neural network, the task is
to minimize the objective error function, which
is found by the least squares method:

p
1 -
E(W, V)= EZ (Ve — di)”
k=1

— examples of

— examples of input

I'me Yk — the obtained real value of the kth
output of the neural network when one of the
input images of the training sample is fed to it;

d,. — the required (target) value of the k-th
output for this image.

Neural network training is performed by the
well-known optimization method of gradient
descent, i.e. at each iteration, the change in
weight is made according to the formulas:

5 3
o na N oE

M+ N
W =W, —a V;.,'.( :V‘,,'.; =L

) i

- 1
ow;

OV
Where o — learning rate parameter;
N — number of iterations when training a
neural network.
The logistic function is usually used as an

activation function in a backpropagation network.

f(s) = ——,
1+ ¢

S — weighted sum of neuron inputs.

This function is convenient for calculations
in the gradient method, since it has a simple
derivative:

e _f(s)1-K(s)).

ey

The backpropagation network learning
algorithm goes through several stages. First of all,
the network is initialized — small random values
are assigned to the weighting coefficients - for
example, from the range (—0.3, 0.3) the following
are set: € — parameter of learning accuracy, o —
parameter of learning speed (usually = 0.1,, and
it can still decrease during training) Nmax - the
maximum allowable number of iterations.

Then, the current output signal is calculated.
In the network input is one of the learning
samples and the determined output values of all
neurons of the neural network. As the samples
used for training the neural network, consisting of
values of securities prices, the various numerical
characteristics affecting the securities quotes.
Then the synaptic balance adjustment operation
is performed.

Application of a model for forecasting
cryptocurrency quotes using neural
networks

To model the forecast, the neural network
uses knowledge of the values of quotes for the
previous period. For example, analyzing the
prices of cryptocurrency for 15 months, the
neural network predicts the price for May with
a certain degree of probability. Thus, to build a
forecast, it is necessary to know the values of
quotes of past time periods. To test the neural
network model, we used quotes for the XRP
Cryptocurrency prices for the period August 31,
2019 to May 31, 2020 (table. 1).

In the table. Figure 1 presents a set of dates
and price quotes for each date, which are a
training sample of a neural network. The input
values of cryptocurrency quotes are the values
that are fed to the input of a neural network.
Target values are the values that a neural network
should aim for in training.

Based on the available data, the network
should receive a set of weighting coefficients

127



BECTHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (55), 2020

Table 1 — Training sample

Input values
Date High Low Date High Low
30.06.2019 0,42918 0,396411 31.07.2019 0,322465 0,317244
31.07.2019 0,322465 0,317244 31.08.2019 0,260507 0,255454
31.08.2019 0,260507 0,255454 30.09.2019 0,260146 0,23832
30.09.2019 0,260146 0,23832 31.10.2019 0,302379 0,290938
31.10.2019 0,302379 0,290938 30.11.2019 0,233615 0,224546
30.11.2019 0,233615 0,224546 31.12.2019 0,194878 0,189969
31.12.2019 0,194878 0,189969 31.01.2020 0,244273 0,234905
31.01.2020 0,244273 0,234905 29.02.2020 0,241962 0,231193
29.02.2020 0,241962 0,231193 31.03.2020 0,177883 0,171549
31.03.2020 0,177883 0,171549 30.04.2020 0,235703 0,211577
reflecting the dependence of changes in To check the accuracy of training, it is

quotations for the specified period.

The error between the real and the obtained
values of the neural network is 0.01. If the
difference between the real value and the value
at the output is less, then the training stops.
However, if this accuracy is not achieved, the
limit on the duration of training is the threshold
of 15,000 iterations.

necessary to input the values of the training
sample. After analyzing them, the neural network
should produce output values that are close to
real. The success of training can be judged by
the degree of difference, predicted and real
values of quotes. The values given in the table. 2,
show that the degree of difference is small, this
indicates a small error and successful training of
the network.

Table 2 — Neural network output values for the predicted sample

Neural network training data

Real value Neural network output

Date

High

Low

Date

High

Low

Date

High

Low

High

Low

30.06.2019

0,42918

0,396411

31.07.2019

0,322465

0,31724

31.08.2019

0,26051

0,25545

0,256397

0,242394

31.07.2019

0,322465

0,317244

31.08.2019

0,260507

0,25545

30.09.2019

0,26015

0,23832

0,253697

0,246985

31.08.2019

0,260507

0,255454

30.09.2019

0,260146

0,23832

31.10.2019

0,30238

0,29094

0,325871

0,284687

30.09.2019

0,260146

0,23832

31.10.2019

0,302379

0,29094

30.11.2019

0,23362

0,22455

0,245369

0,220012

31.10.2019

0,302379

0,290938

30.11.2019

0,233615

0,22455

31.12.2019

0,19488

0,18997

0,203645

0,190237

30.11.2019

0,233615

0,224546

31.12.2019

0,194878

0,18997

31.01.2020

0,24427

0,23491

0,236901

0,230143

31.12.2019

0,194878

0,189969

31.01.2020

0,244273

0,23491

29.02.2020

0,24196

0,23119

0,245143

0,239863

31.01.2020

0,244273

0,234905

29.02.2020

0,241962

0,23119

31.03.2020

0,17788

0,17155

0,19364

0,183647

29.02.2020

0,241962

0,231193

31.03.2020

0,177883

0,17155

30.04.2020

0,2357

0,21158

0,248702

0,223604

31.03.2020

0,177883

0,171549

30.04.2020

0,235703

0,21158

31.05.2020

0,21152

0,20175

0,226893

0,209874
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HIGH PRICE
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To visually reflect the dependencies of the
real value and the value at the output of the neural
network, we construct using the Excel package:
the X axis is the time interval, the Y axis is the
value of the crypto-quote price (Fig. 3, 4).

A histogram of real quotes and quotes at
the output of a neural network for high and low
prices

The histogram shows not only the proximity
of the real value and the value at the output of
the neural network, but also the direction of the
change in values - with an increase or decrease in
the real value of the output of the neural network,
they change in the same direction by the same
order.

Now we estimate the accuracy of the
forecast. To do this, we will choose other dates
for the periods of the training sample, the periods
of the value of quotes, which we will send to the
input of the neural network. Having received a
certain value at the output, we can numerically
evaluate the accuracy of forecasting

Denote the real value of the crytocurrency
quote by P, and the value obtained at the output
of the neural network, by P". Then, for each date,
the absolute and relative errors are representable
as a set of values presented in the table. 3

The absolute forecast error is determined by
the formula: A= | P —P' |

The relative forecasting error e is determined

A

the fi la: &=—.
by the formula 5

The average value of the relative error for n
quotation values is determined as follows:

==

n

0,290938

[EE TR \01215-'_1_?“ E(gu
T189969

— =—Low (Real)

LOW PRICE

34985—8:231133

\ 115H—g201749
0171515

O N N
& & &
» +F A
&> K%
[ < 3

%,

Low {Qutput)

Table 3 — Absolute error in predicting
cryptocurrency quotes

Date ERROR
Absolute
high low
15.08.2019 0,00411 0,01306
15.09.2019 0,006449 0,008665
15.10.2019 0,023492 0,006251
15.11.2019 0,011754 0,004534
15.12.2019 0,008767 0,000268
15.01.2020 0,007372 0,004762
15.02.2020 0,003181 0,00867
15.03.2020 0,015757 0,012098
15.04.2020 0,012999 0,012027
15.05.2020 0,015374 0,008125

Table 4 — Cryptocurrency Sales for the
period from 30.06.2019 to 31.05.2020

Data O6beM npogax
30.06.2019 1570726856
31.07.2019 996700948
31.08.2019 845142390
30.09.2019 1662002376
31.10.2019 1666132252
30.11.2019 1160032623
31.12.2019 1116761074
31.01.2020 1892170751
29.02.2020 2061348763
31.03.2020 2101862049
30.04.2020 3145263526
31.05.2020 1683149544
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The weighted average value of the relative
error for n quotation values can be determined by
the following formula:

— ZQ~£
0 = 3
>Q

where Q is the sales volume (Table 4) for
each cryptocurrency for the specified date.

Having thus calculated the average and
weighted average values of quotations of
securities, we have:

£=0,04733

£q = 0,10546

The accuracy of the measurement result is a
characteristic of the quality of the measurement,
reflecting the proximity to zero of the error of
its result. Since the most pronounced correlation
indicators of quotation changes are the average
and weighted average values of the relative error,
we can conclude that the error of forecasting
results is 0.076.

Conclusion

The success of training can be judged by
the degree of difference between the predicted
and real values of quotes. The whole system was
tested on other cryptocurrencies, as a result,
the error was high, since backpropagation was
more suitable for predicting patterns, and it was
necessary to retrain the model for each currency
separately.

In conclusion, the results obtained show that
the use of a neural network model increases the
economic efficiency of forecasting for stable
currencies, while ensuring the reliability of
information with a certain degree of forecast
probability necessary for making informed
economic decisions. This will allow you to get
no big profit in the short term on time-stable
cryptocurrencies.

Nowadays, making a profit in the short term
with minimal risks is more effective than in the
long term with big risks

Thus, the use of a system of economic and
mathematical models of neural networks and the
corresponding tools is a very effective tool for the
practical solution of the urgent task of modeling
the forecasting of cryptocurrency price quotes.
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YAK 004.048, 004.023
MPHTH 28.23.19, 28.23.35, 28.23.29

IHOUCK HAUBOJIEE OIITUMAJIBHOT'O AJITOPUTMA JJIs1 PEHIEHUSA
IMPOBJIEMBI JOCTABKH C BPEMEHHbBIMHU OKHAMMU

BEMBUTYJIbI M.
Kaszaxcmancko-bpumanckuti mexnuueckuii yHugepcumem

Annomauus: Heobxooumocmv onmumuzayuu 0OCIVHCUBAHUA KIUECHMOS, CHUINCCHUS IKCHIYAMAYUOHHBIX
PAcxo008 U He2amusHO20 6030€UCMBUS HA OKPYHCAIOUYIO CPEDY, KOTNOPOEe MOACEN BO3SHUKHYMb 6 Pe3Yibmame
HeONnMuMAanbHO20 NAAHUPOBAHUSL MPAHCHOPMHBIX CPEOCHE U UX MAPULPYINOS, NpusieKaenm SHUMAHUe HAYYHO-
20 co0bWecmsa K peuleHuo 3motl npooeMvl 8 meueHue nociedne2o decamuiemusi. Paspabomka s¢ppexmus-
HbIX UHCIMPYMEHMOS OISl peulenus npooiem 8 mpaHcnopmHol OMpaciu Modxicem npueecmu K 3Ha4umenbHo-
MY CHUDICEHUTO 3ampam u 3@ pexmusHomy nompebnenuro pecypcos. B oannoil pabome paccmampugaromes u
CPABHUBAIOMCAL AN2OPUMMbL, CHOCOOHBLE 0Decneduumb NOUCK ONMUMATLHO20 MAPWPYmMa, y0081emeopawe2o
VCL0BUAM peuleHus: npodaembl Mapupymusayuy 0ocmasxu ¢ epemennvimu oknamu (VRPTW). Ilpeocmagnen
ananuz Haubonee nOOXO0AWUX nymell peulenus, CNHOCOOHbIX YMEHLUUMb KOTUYECHBO GbIYUCTSACMbIX nymell u
CcoKpamums 8pemsl peuteHus: 3a0aqu. bvinu uzyuenvl sgpucmuneckue areopummol NOUCKA N0 epagy, a UMEHHO:
nouck 6 wupuny, areopumm etixcmpol, Kaouwiii anecopumm u ancopumm A*. Taxoice dvliu npedcmagiernvl
CNOCOObl YIVHWEHUS KAXHCO020 ANeOpUmMa Ha A3vlke npozpammuposanus Python, onpedenenvi cunvhvie u
cabvle CMOPOHbL KAAHCO020 U3 NPEONIONCEHHBIX peuleHUll U Hauboiee nooxoosuee 0s peuleHus npooiemvl
mapwpymusayuy. 00CmMagKy ¢ 8pemMeHHbIMU okHamu. Pe3yromamelr pabomuvl Mo2ym NPUMEHAMbCS Olsl CO3-
O0aHUSL NPOCPAMMHO20 0DecnedeHus:, peuiaoujeco npooaemvl Mapupymusayuu 00CMasKu 6 Heghmezazosoll
UHOYCMpUY, CnocoOCmeysi ONMUMU3AYUU TOSUCTUYECKUX NPOYECCO8, YMO 8 O0A20CPOYHOU NepcneKmuge no-
JLOJCUMENLHO CKANCEMCSL HA CHUIICEHUYU 3aMpPam, PayuoHaIbHOM NOMpedieHUU pecypcos u 01a2onpusmmom
GIUAHUU HA OKPYIHCATOUVIO CPEOY.

Knroueswle cnosa: mapwpymuszayus, docmaexa, areopummot, A*, Python

YAKBITIHA TEPE3EHI KETKI3Y MOCEJIECIH HIEINY YHITH
OHTAWJIBI AJITOPUTM I3JIEY

Anoamna: Folnvimu K02amOACmuIKMblYy HA3APLIH COHbL OHIICHLIOLIKMA KAUEHMMepee Kbl3Mem Kopcemny-
0i OHMAUIAHOBIPY, NAUOANIAHY WBIRBIHOAPbL MEH KOJIK KYPAalOdapblH JHCIHE OApOblH JHCONbIH CYOOHMAlllbl
Jrcocnapnay Hamudicecinoe natioa OOIameli KOPULAan opmaza mucizemin Kepi acepoi asaiumy Kajicemminiel
mypanvl macenenepoi weuyee ayoapaovl. Kenix caracvinoaswel npobnemanapowl wewlyoiy muimoi Kypaioa-
PBIH JiCacay, UbleblHOapObl e0ayip MOMEeHOenty2e HeaHe pecypCmapobl MUiMOi MYmuiHyObl HCy3e2e ACblpaobl.
Byn orcymvicma yaxvimuwa mepeszenepiven (VRPTW) mapuipymmuolk scemkizy macenecin ueutyoiy wapm-
MApbIH KAHARAMMAHOIPAMbBIH OHMALIbL MAPWPYMMbl [30€UmiH aieopummoepoi Kapacmulpambvl3 JHCIHe
canvicmuipamuvls. Ecenmenzen oconoapoviy canvin azaiumyea dicone ecenmi uwieuty YaKblmvlH KblCKAPMY2d
bonamulH, ey KONAlIbl WewliM HCONOAPLIMbIY MAN0aAybl KeIMipineeH. D6pUcmuKkanblk epaQuranvly izoey ai-
eopummoepi sepmmenodi, aman aumkanoa: KeHOiKk OotbiHwia Oipinwi i30ey, [utikcmpa aneopummi, auikes
aneopumm scane A * aneopummi. Conoaii-ax Python 6azoapnamanay mininoeei ap ancopummoi sxcemindipy
HCONOAPHI YCHIHBLIObL, AMANAH UeWIMOePOiH dPKAUCHICLIHbIY KYUMI JHCIHE JCI3 HCAKMAPbl AHBIKMAIOb
JHcoHe yaxvimuia mepesenepine 6agulmmayovl wieulyee KoAaunblivleblh Kopcemmi. Kymvicmoiy nomuoice-
Jiepi bonawakma wsbleblHOapOvl meMeHoemyee, pecypcmapobl YmvlMObl MYMbIHY2A HCIHe KOPULAAH opmaza
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AHCABLIMObL ICEPiH MUSIZEMIH TOSUCTNUKANBIK, NpoyecmepOl OHMAIaHObIPYEa bIKNAT ememiH, MYHAli-2a3 cand-
CbIHOARbL HCEMKIZLNIMOepOi bagbimmay npooLeMailapbiy welemin 0a20apiamanblk HCACAKMAMAHbBL HCACAY A
RAUOANAHBLLY bl MYMKIH.

Tyitinoi co3oep: 6azoapnay, scemxizy, arcopumm, A *, Python

FINDING THE MOST OPTIMAL ALGORITHM TO SOLVE
THE DELIVERY PROBLEMS WITH TIME WINDOWS

Abstract: The need to optimize customer service, reduce operating costs and negative environmental impact
that may arise as a result of suboptimal planning of vehicles and their routes attracts the attention of the
scientific community to solving this problem over the past decade. The development of effective tools to solve
problems in the transport industry can lead to significant cost reductions and efficient resource consumption.
In this paper, we consider and compare algorithms that can provide the search for the optimal route that
satisfies the conditions for solving the problem of routing delivery with time windows (VRPTW). The analysis
of the most suitable solution paths that can reduce the number of calculated paths and reduce the time of
solving the problem is presented. Heuristic graph search algorithms were studied, namely: breadth-first
search, Dijkstra’s algorithm, Greedy algorithm and A * algorithm. It also presented ways to improve each
algorithm in the Python programming language, identified the strengths and weaknesses of each of the
proposed solutions and the most suitable for solving the problem of routing delivery with time windows. The
results of the work can be used to create software that solves the problems of delivery routing in the oil and
gas industry, contributing to the optimization of logistics processes, which in the long run will have a positive
effect on cost reduction, rational consumption of resources and a favorable impact on the environment.

Key words: routing, delivery, algorithms, A *, Python

Pemienne  mpoOneMbl  MapuipyTH3aLMU OOmreil 3amadeil B BBILIETIEPEUHCICHHBIX

TpaHcnopTHbIX cpenctB (VRP) u cBsi3aHHBIX
HEll BapHUaHTOB JIEKUT B OCHOBE HAYUYHBIX MC-
CIIEJIOBAHUN IO ONTHMHU3ALMU JIOTHCTUYECKO-
ro miaHupoBanus. OJHUM U3 BaKHBIX BapUaH-
ToB VRP sBnsiercst mpobiaema noixydeHus: u 10-
craBku (PDP). B PDP, kak npaBuio, Tpedyercs
HalTH OJUH WM HECKOJIBKO MApUIPYyTOB C MH-
HUMAaJIbHOW CTOMMOCTBIO, YTOOBI 00OCITYKHBaTh
MHOJKECTBO KJIMEHTOB, IPU 3TOM JABa TUIA yC-
JYT MOTYT BBINOJIHATHCS B MECTE HAXOXKACHMS
KIIMEHTA.

Hanpumep, Oomnbioil MeOeabHbI Mara3ux
MOJKET MCII0JIb30BaTh HECKOJIBKO I'PY30BUKOB AJIsI
JocTaBKM Mebernu 1oMoil. Crienmann3upoBaHHast
KOMIIaHUS MO YTHJIM3ALMM OTXOJ0B MOXET Ha-
IPaBJIATh TPY30BbIe aBTOMOOMIIN JUIst cOOpa OT-
X0JI0B B pecropanax. Ciy»x0a 31paBoOXpaHeHHs
MOJKET IUIAHUPOBATH €XKEIHEBHBIE BU3HUTHI OC-
MOTpa I KaKJ0T0 U3 CBOUX Bpayeil, MpoBoAs-
LIUX OCMOTP.
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pUMepax sIBISETCS 3ajJada BbIOOpa MapIipy-
Ta Tpancnopra. Kaxmoil opranuzanuu tpedyer-
Csl OTIPENIENTh, KAKHE 3aKa3bl, I0Ma, PECTOPAHBI
WIN MyHKTBI OCMOTpPA JOJKHBI 00CTY)KUBaThCA
KaX/IbIM MapLIpPyTOM, T'PY30BUKOM HJIM BPauoM
U B KakOi IMOCJIE0BATEIbHOCTH 3aKa3bl JOJIK-
HBI BBITONHATECSA. OCHOBHOM LENBIO SBISETCA
HawTyuIiee o0CayKHUBaHUE 3aKa30B 1 MUHUMHU-
3anusl OOIIMX 3aTpar Ha SKCIUTyaTalMio Mapka
TPAHCIOPTHBIX CPeacTB [1].

B pemenun npobneMbl MapiipyTH3ALHH
TPAHCHOPTHBIX CPEACTB TaKXKe CYyIIECTBYET
npobieMa JOCTaBKU C BPEMEHHBIMH OKHAMH
(VRPTW), xorga obciyXKMBaHUE KIMEHTAa MO-
KET HayaTbCsl B Ipeleax BPEMEHHOIO OKHa,
OIPEIEJIEHHOTO CaMbIM PAaHHUM M CaMbIM 031~
HUM BpEMEHEM, KOT/la KIIMEHT pa3pelInT Hayallo
oOciry>xuBanus. [lanHas paboTa MmocasieHa uc-
CJIEZIOBAHMIO ITyTEH PEeIIeHUs 3TOU MPOOIEMBI.

[IpencraBuM Takcomapk WM KOMIIAHHIO,
KOTOpasi 3aHUMAaeTcsl TOCTaBKOW. Bce KiIMeHTh
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KOMIIAHUM HYXJAIOTCS B OJAMHAKOBOM THUIIE YC-
ayr. Kaxaelii MapHipyT TpaHCIIOPTHOTO Cpell-
CTBa JIOJKEH HAYMHATHCS M 3aKaHYMBATHCSI B OJ1-
HOW TOYKE — aBTOMapKe, a KaK/bI KIUEHT J10JI-
JKEH OBITh MOCEIEH POBHO OJIMH pas3.

Jlnist penieHust 3Toi MpoodaeMbl HEOOX0IUMO
YUUTBIBATh J[BA ITyHKTA.

1. Ha3naueHwe KaxJIOMy TpaHCIIOPTHOMY
CpPE/CTBY MOIMHOXECTBA y3JI0B U3 TOUEK, KOTO-
pbl€ YKa3bIBaIOT KJIUECHTHI.

2. IlnaHupoBaHHME MapLIPyTHU3ALUH, KOTOPOE
BKJIIOUAET B ce0s CO3/[aHNe MUHUMAJIbHOM CTOU-
MOCTH MapHIpyTa JJIsl KaKJA0Tr0 TPaHCIOPTHOTO
CpezcTBa, 4YTOOBI TOCETUTH €ro Ha3HAaYEeHHbBIE 3a-
poCkl. MapuipyT 10JDKEH YUUTHIBATH MPOITYCK-
HYIO CIIOCOOHOCTb U BPEMEHHbBIE OI'PAaHUUCHHUSL.

MeTo00THsl MHTEIJIEKTYalIbHOTO  pelle-
HUS JObKHA 3((EeKTUBHO 00padarbiBaTh 3TH
JIBa aCIeKTa M YYUTHIBAaTh 3aJ[aHHbIE OrpaHuye-
HUSI, CIIeZI0BAaTEIbHO Hanbosee MOAXOISAIIMM Ba-
PHAHTOM pelIeHus: OyIyT IBPUCTUUYECKHE AJIro-
PUTMBI — HE BCETJla TOUYHbIE, HO HaXOASIIHE OIl-
TUMAaJIbHBbIE PELICHUs Ul 3a]a4 BBICOKOM BBI-
YUCIUTEIBHON CI0KHOCTH.

Jlist TOCTPOCHHS MapIpyTa CTOUT UCIIOIb-
30BaTh aJITOPUTMBI IToKcKa 1o rpady. I'pad —3to
COBOKYITHOCTb HEITyCTOTO MHO>KE€CTBA BEPILUH U
CBA3€H MEXJy BeplIMHAMU. B Maremarnueckon
Teopur U HH(pOpMaTuke OOBEKTHl Trpada sB-
JISIFOTCSI BEPUIMHAMU WM y3JaMH, a CBSA3U — Iy-
ramu win pebpamu. B pasHbIX ycnoBusix rpadsl
MOTYT Pa3IU4aThCs HAPABIEHHOCTbIO, OTPaHU-
YEHHUEM IO KOJIMYECTBY CBSA3EH U JIOTIOTHUTEIb-
HBIMU JIaHHBIMH O BepIIMHAX U pedpax [2].

[IpencraBuM ceTh aBTOMOOMIIBHBIX JOPOT
rpadoM, rae NepeKpecTKH — 3TO BEpIIMHBI Ipa-
¢a, pebpa — 310 JOpOrH, a 3HAUEHU pedep — pac-
CTOSIHUSA 110 3TUM Jtoporam. CyIiecTByeT MHOXe-
CTBO aJrOPUTMOB, paboTaromux ¢ rpadamu. B
3TOI paboTe MBI pACCMOTPUM MOUCK B HIMPHHY,
aJIrOpUTM JIeHKCTpBI, KaJHBIN anropuT™ u A*.

[Touck B MIMPHUHY HCCIIEAYET 3aaHHYI0 00-
JacTh PaBHOMEPHO BO BceX HampaBiieHUsX. OH
YacTO HUCIOJIb3YyeTCs B KapTaxX pacCTOSHUHM, HO
HE CO3/JaeT MyTel, a TOBOPHT, KaK MOCETUTh BCE
TOYKH Ha KapTe.

Omnwucanune anroputma Ha Python:

frontier = Queue()
frontier.put(start )
visited = {}
visited[start] = True

while not frontier.empty():
current = frontier.get()
for next in graph.neighbors(current):
if next not in visited:
frontier.put(next)
visited[next] = True

Ero MOXHO wuCHonp30Bare Ui pelie-
HUS TPOOJEeMBbl MapIIpyTH3alMM, 33/1aB 3Haue-
HUE JUIS OTCJIC)KMBAHMS IIEPBOHAYAIBLHOM TOY-
KM OTHOCUTEJILHO KaXIOW IOCEIIEHHONU TOYKH.
Takum 00pa3oM NPOCTEUIINIA aATOPUTM MTOUCKA
IIyTEH CTAHET yKa3blBaTh IIyTh OT 3aJaHHOU Ie-
JIY K Ha4aJly, TJ€ B KaYEeCTBE IIyTH BBICTYIIAET I10-
CJIeZIOBaTeIbHOCTH HalpaBieHus pedep rpada.

frontier = Queue()
frontier.put(start )
came_from = {}
came_from[start] = None

while not frontier.empty():
current = frontier.get()
for next in graph.neighbors(current):
if next not in came_from:
frontier.put(next)
came_from[next] = current

Janee HaM HEOOXOAMMO HAaxXOIUTh HE BCE
MyTH, @ OJMH Haubosee onTuMasbHbIN. [ToaTomy
JUIs HayaJla Hy»KHO TPeKpaTuTh pacIiupsTh rpa-
HUILY ITOMCKA MO JOCTUKECHUIO LIETH.

frontier = Queue()
frontier.put(start )
came_from = {}
came_from[start] = Mone

while not frontier.empty():
current = frontier.get()

if current == goal:
break

for next in graph.neighbors(current):
if next not in came_ from:
frontier.put(next)
came_from[next] = current
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Ho »T0oT METON BCE paBHO HE MOAXOIUT, IO-
TOMY YTO OH HE YUUTBIBAET CTOUMOCTb ITyTH, KO-
TOPYI0 B PEAJIbHOM >KM3HU IPEICTABISIOT He-
POBHOCTH JanAmadTa, U3ruobl J0pOr U aBTOMO-
OounbHbIe TPOOKH. [103TOMY HaM Hy>KEH IOUCK C
PaBHOMEPHON CTOUMOCTBIO.

Anroputm JlefiKcTpbl O3BOJISAET CAEINUTS 32
CTOMMOCTBIO NEPEMELIEHUSI OTHOCUTENIBHO Ha-
YaJIbHON TOUYKU U ONTHMU3UPOBATH MAPLIPYT IO

frontier = PriorityQueue()
frontier.put(start, @)
came_from = {}

cost_so _far = {}
came_from[start] = None
cost_so far[start] = @

while not frontier.empty():
current = frontier.get()

if current == goal:
break

HaMMEHBIINM y4acTKaM. J[j1s 3Toro HeoOXoauMo
3aJ1aThb IPUOPUTETHI ISl OYEPEIU MCIIOIHEHMS,
HO B 3TOM CJIy4ae OJIHa TOYKa MOXKET IOCEIaTh-
Csl HECKOJIBKO pa3 C pa3HOU CTOUMOCTHI0. UTOOBI
3TOro U30€XaTh HEOOXOAMMO U3MEHUTH JIOTUKY:
Tenepb BMECTO J00aBICHUS K TPaHULIEC HU pazy
HE MOCEIICHHOM ToukM OyneT A00aBIAThCS TOU-
Ka, KOTOpasi YMEHBIIUT CTOUMOCTB IIyTH [2].

for next in graph.neighbors(current):
new_cost = cost_so far[current] + graph.cost(current, next)
if next not in cost_so far or new _cost < cost_so far[next]:
cost_so_far[next] = new_cost

priority = new_cost

frontier.put(next, priority)

came_from[next] = current

Ho nmaxe B anropurme JleHMKCTphl I'paHULIA
BCE PAaBHO paCLIUPSETCS 110 BCEM HAIPABJICHMU-
M. UToObl U3MEHHUTH CUTYAIIMI0 MOXKHO J100a-
BUTH ABPUCTHUECKYIO (DYHKIIHIO, KOTOpasi Oyaer
OTIpEeIeNIATh HACKOJIBKO alTOPUTM OJIM30K K J10-
CTHKCHUIO LIETIH.

def heuristic(a, b):
return abs(a.x - b.x) + abs(a.y - b.y)

OnHako 3TO Bce elle He COOTBETCTBYET YC-
JIOBHIO ONTHUMAJHHOTO HAXOXKICHHS MapuipyTa
32 HAUMEHBINYIO €IUHUILY BpeMeHU. TyT HyKeH
JIPYrou moAXo.

/Kagnplii aJaropurM, BMECTO TMOUCKA Iep-
BOTO HAWIYYILErO COBMAJACHUS, Cpa3y OIlCHHBA-
€T pacCTOsSHUE J10 1eTu. TYT MOXKHO UCTOIB30-
BaTh OYepe/b C MPUOPUTETAMHU U3 MIOMCKA B IITH-
puHY, HO yOpath cost_so_far, ocTaBimiics ot an-
roputMa JleikeTpsl [3].
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frontier = PriorityQueue()
frontier.put(start, @)
came_from = {}
came_from[start] = None

while not frontier.empty():
current = frontier.get()

if current == goal:
break

for next in graph.neighbors(current):
if next not in came from:
priority = heuristic(goal, next)
frontier.put(next, priority)
came_from[next] = current

OI[HaKO, €CJIH JKaJHBIN IOHUCK BCTPECHACT
Ha MNCPCICKTHUBHOM HalpaBJICHUUN HEIPCOMOJIN-
MBIC NPCHATCTBUA — 3aTAKHYHO HpO6Ky, rnepe-
KPBITYIO JOPOTY WKW CTCHY — OH IPCBpAlIaACTCA
B IIOUCK IO HNIMPHUHEC, TTIOKAa HEC HalizeT O6XOIlHOI>i
IMyTb, UYTO CHOBA HC SABJIACTCS KpaT‘-IafIIJ.IHM H OII-
TUMAJIbHBIM PCIICHHCM. I[J'Iﬂ €ro IoMcKa HeoO-
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XOIUMO OOBEAMHUTH BBIUMCICHHE PACCTOSHUS
JI0 Ha4aJIbHOW TOYKM U3 ajnropurMa JlerkcTphl
Y OLIEHKY PacCTOSIHUSI 110 IEPBOMY HAMITYUILIEMY
COBIAJICHUIO U3 JKAJIHOTO anropurma [4].

A* He TpaTuUT BpeMs Ha UCCIeI0BaHue Oec-
MEPCHEKTUBHBIX HANpPAaBICHU U HUCIOJIb3YyET
OLIEHEHHOE PACCTOSIHUE 1O LIEJIH.

I'maBHOE oTiiMume A* B TOM, YTO OH HE HC-
MOJIb3YET BPUCTHUKY JUIsl MOWCKA IMOAXOASIIe-
rO OTBETA, IOTOMY YTO 3BPUCTHKA HE OLIEHUBAET
pPacCTOSTHUS IOBTOPHO. A* UCTIONB3YeT IBPUCTH-
Ky JUISI U3BMEHEHUS MOPSJIKA Y3II0B, YTOOBI HAUTH
y3eJ LIeJH KaK MOXHO OBICTpee.

frontier = PriorityQueue()
frontier.put(start, @)
came_from = {

cost_so_far = {
came_from[start] = None
cost_so_far[start] = @

while not frontier.empty():
current = frontier.get()

if current == goal:
break

for next in graph.neighbors(current):
new_cost = cost_so_far[current] + graph.cost(current, next)
if next not in cost_so_far or new_cost < cost_so_far[next]:
cost_so_far[next] = new cost
priority = new_cost + heuristic(goal, next)
frontier.put(next, priority)
came_from[next] = current

Takum oOpa3zoM anroput™M A* BBIIOJHSET
yCIIOBHE TUTAHUPOBAHMS MapIIpyTH3alUU, KOTO-
poe BKIIIOYAeT B ceOs co31aHue MUHMMAaIbHOM
CTOMMOCTH MapIIpyTa JUIsl KaXK10T0 TPaHCIIOPT-
HOTO CpEJICTBA, YTOOBI MOCETUTh Ha3HAYCHHbIE
KJIMeHTaMu Touku. W, mpu ero nopaboTke, cro-
COOEH yKIJIaJbIBaThCs B OTPAaHUYEHUS, 3aJaHHBIE
po01eMoil BpEMEHHBIX OKOH:

® cCIIM KJIMEHT 00CIyKMBAeTCsl MOCJe BepX-
HEll BpeMEHHOH IpaHuULIbl, BEIOpAaHHOE pelleHue
CUUTAETCS HETPUEMJIIEMBIM;

® MallMHA OXHJACT HACTYIUIEHUS HIDKHEH
BPEMEHHOW TpaHMIIbI, €CIM MpUObLIa paHblIe
CpOKa;

® oro3aHue J100aBisieT mTpadHoe 3HaUeHUe
K CTOUMOCTH JIOCTHXKEHHUS LEeIIH.

A* MOXXHO ONTUMHU3UPOBATH Ul TOBBIIIE-
HUS 9PPEKTUBHOCTH U TOYHOCTH BbIOOpa My Teid,
MIOCPE/ICTBOM aHajM3a MpoOJeMbl U oIpesene-
HUSl MapIpyTa yepe3 MpeACTaBICHHE Y3JI0B U
YCTaHOBKHM CTOMMOCTH B BUJIE CTaTHYHBIX U JIU-
HaMHYECKUX NPENATCTBHIA, U3MEHEHHs PacCTos -
HUSL U JIOTIOJTHUTEJIBHBIX 3aTpaT BPEMEHH, CO-
MYTCTBYIOUIMX OKPY)Karolei oocTaHoBKe [5].
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PABPABOTKA HHTEPAKTUBHOI'O OBPA3OBATEJIBHOI'O ITIOPTAJIA
C IPUMEHEHHMEM OBJIAYHBIX TEXHOJIOTMHA U AHAJIM3A JJAHHBIX

BEKTEMBbBICOBA IY., ’KYAHBILIEB H.O.
Medicoynapoonsiii ynueepcumenm ungopmayuoHHbIX MexHOI02Ull

Annomanusa: B cmamve nposeden ananus Cywecmsyiouux UHMepakmueHvlx 00paz0eamebHblx NOPmaios 6
mupe. Hccrnedosamnvl mooenu 00yueHus cmyoeHmos, Memoobl N0 N0020MOosKe CNeYUaIUCmos, cnocodwl nooa-
uu uHopmayuu, MOmMusaYUU 0OYYArWUXCSA U NOYYEHUe CNeYUATUCTO8 8 ONPeOeleHHOU 00NACMU C YYemom
OUCAHYUOHHORO OHNIAUH 00pazosanus. Paccmompervl ocHogHble (hYHKYUOHATbHBIE KOHYEeNnYUuu MUPOBbIX 2U-
2anmog onaaun ooyuenus, maxux kax Coursera, Udemy, JavaRush u Codecademy. [Ipednoscena Hogas mo-
Oenb 00yUeHUss CMYyOeHmos, CUcmema MOMuUeayuY, NPAKMuUYecKue NOO20MOBKY U AHAIU3 PA38UMUs 00y4aio-
We2ocs, a makdice NOyYeHue KOHeUHO20 Pe3Vibmama 8 6ude CNeyudaIucma 8 8blOPaHHoL 001acmu.

Knrwouesvle cnosa: onnaiin nopmai, Kooune, paspadomuux, HAGbIKU NPOSPAMMUPOBANUS, NAAMPOPMA, OHAAUH
KOMARUTAMOP, OHLALH MeCm, AOMUH NAHETb, CUCEeMA MOMUBAYUU, 2etiMUu@uKayus

DEVELOPMENT OF AN INTERACTIVE EDUCATIONAL PORTAL WITH
APPLICATION OF CLOUD TECHNOLOGIES AND DATA ANALYSIS

Abstract: The article analyzes the existing interactive educational portals in the World. Student learning
models, training methods of specialists, ways of presenting information were studied, motivation of students
and obtaining specialists in a certain field were studied, considering distance online education. The basic
functional concepts of the global giants of online learning, such as Coursera, Udemy, JavaRush and
Codecademy, are examined. A new model for teaching students, motivation system, practical training, student
development analysis and obtaining the final result as a specialist in the selected field were proposed.

Key words: online portal, coding, developer, programming skills, platform, online compiler, online test, admin
panel, motivation system, gamification

BYJITTbI TEXHOJ/JIOI'MAJIAP )KOHE JEPEKTEPII TAJIIAY APKbIJIbI
HMHTEPAKTHUBTIK BIJIIM BEPY IIOPTAJIBIH 93IPJIIEY

Anoamna: Maxanaoa anemoeei Kondanvlcmagol unmepakmuemi oiniv oepy nopmandapel manoanaovt. Cmy-
OeHmmepOoiH 0Ky MOOenbOepi, MamMaHoap oaapiay adicmepi, aKknapammsl YColHy Maciloepi, OKYUbIHbIH MO-
MUBAYUACHL HcaHe benini Oip canada MamarHoapobl ary KaublKmvlKmMaH OKblmyobl ecKkepe Omulpbin 3epmme-
0i. Coursera, Udemy, JavaRush sicone Codecademy cusxmol ounatin oxbimyobly 2aiamoblk, aiblnmAapblHbly
Hezi32l QYHKYUOHANObI MYACHIPLIMOAMANAPbI Kapacmulpbliadvl. Cmydenmmepoi oKbImyObll JHcana Mooeli,
MOMUBAYUsL HCYUECT, NPAKMUKATIBIK HCAMMBIEYLAD, OKYULIHIH OAMYbIH MAI0aybl, MYNKI HIMUMNceCi peminoe
ManOaN2amn cania O0UbIHUA MAMAHOAPObL AIYbl YCHIHLLIAOb.

Tyitinoi ce3zdep: owaaiin-nopman, Koomay, a3ipaeyuli, 6az0apramanay 0agoviiapsl, Niam@opma, OHAAUH
KYpacmulpyuivl, OHAAUH mecm, 6acKkapy makmacsl, MOMUBAYUSIbIK HCylie, ceumMudurayus
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BBenenne

B nanHoe Bpems, B MUpe, ¢ 3KCIIOHEHIUAb-
HOM pPa3BUTHEM HMHTEPHET TEXHOJIOTMH W Taj-
KETOB, CUCTEMa 00pa30BaHUs HAYMHACT MIPUHHU-
MaTh uHYyI0 hopmy noaxoma. Muorue obpa3oBa-
TeJIbHBIE PECYPCHI CTAHOBSTCS JOCTYITHBIMU a0-
COJIFOTHO BceM xenaronum. Jloaroe BpeMst Bce
MPOEKTHI B ATOM 00JacCTH 3aKIIOYAIUCh B IIpe-
JIOCTABJIEHUU JOCTyNa K BUJEO3AMUCAM JIEK-
uit mpodeccopoB, TuOO K AIEKTPOHHOHN Bep-
cun yuebnmka [1]. Craemyrommm 1marom ObLIO
J00aBJICHNE BO3MOXKHOCTH B aBTOMATHUYECKOM
pexuMe MpOBEPSATh MOJYyUYEHHbIE 3HAHUSI B BU-
Je TecToB. Bce 3TH MpOeKThl M3HAYAILHO ObI-
JIM HalleJICHbl Ha WCIIOJIb30BaHUE BHYTPU BY3a,
Y TIOJIyYMJIA B3PBIBHOW POCT MOMYJSPHOCTH MPU
Pa3BUTHUU UX JI0 YPOBHS MACCOBBIX OHJIAHH Kyp-
COB, OTKPBITBIX JJIsI TOJIb30BATEIEH CO BCErO MHU-
pa. 3a IUCTaHIIMOHHBIM 00pa30BaHUEM — OOJb-
moe Oyaylee, YIUThIBas €€ TePPUTOPUATBHYIO
U OTHOKYIBTYpHYIO crenudpuky. [Ipumenenue
JUCTAHLIUOHHBIX TEXHOJIOTUH YCHJIMBAET KOH-
KYpPEHTOCIIOCOOHOCTh  JIOTIOJIHUTENBHBIX  00-
pa3oBaTeNbHBIX IICHTPOB, cO3JaBas Ojaromnpu-
SITHBIE YCIIOBUSI KaK ISl TIOCTPOEHUSI WHIUBH-
JyadbHBIX 00pa30BaTENbHBIX TPACKTOPHH, TaK
Y 17151 MaKCUMaJTbHOWM WHAMBUIyaIN3alUN yueo-
HOM IEATCIIHBHOCTH.

Hampumep, ecnu yenoBek XO4eT H3YyYHTh
S3BIK IporpammupoBanus Python, emy He 00s13a-
TEIbHO MJITU HA OINpPEACIICHHbIE KypChl WM TO-
CTymnath B yHHBepcUTeT. CKOPOCTh OOMEHa MH-
(dbopMaIuu pacTeT HACTOJIBKO OBICTPO, UTO Ye-
JIOBEKY OYEHb CIIO)KHO BBLACIIUTH OTPOMHOE KO-
JUYECTBO BpeMeHM najisi uzyuyeHus. Hampumep,
BMECTO TOTO, YTOOBI XOTUTH B OMOIMOTEKY, JIeT-
4ye MOCMOTPETh BUJEOMaTepual Mo JaHHOU Te-
Me. A OCTalbHOE OH YK€ U3YUHUT CAMOCTOSTEb-
HO METO/IOM Moucka U npaktuku. C ogHOH cTo-
POHBI, 3TO HEMHOTO OrOpyYaeT, TaK KakK, €CIH
YEJIOBEK XOYET CTaTh CHEIUAIMCTOM B OIpese-
JeHHoi cdepe, Toro ke UT cnenmanucra, To OH
00s13aH MPOCTO JOCKOHAIHHO BCE ITO U3YUHTh,
U MOTpaTuTh yiiMy BpeMeHu. Ham mnokaxercs
9TO BCE CIEIUATHCTHI OyIyT HEKaueCTBEHHBI-
MH U NOBEepXHOCTHBIMU. Ho, ceituac, ¢ yueTom
M3MCHEHHSI HABBIKOB HBIHCIIHETO ITOKOJICHMS,
Kak emie ux Has3bpiBaioT — «llokonenue Zy», u ¢

UX CITIOCOOHOCTBIO HEBEPOSTHO OBICTPO aJarTH-
pOBaThCs MOJT HOBYIO CPEAy M TEXHOJIOTHIO, TO
MOXHO CMEJIO CKa3aTh, YTO JaHHAas MPaKTH-
Ka Hen30exHa. Celyac CUIICH TOT, KTO OBICTPO
QAN TUPYETCS W TMOJACTPAUBACTCS O] HBIHEIII-
HHE 00CTOSITEIHCTBA.

Ecnu Oyzmem Bo3Bpaiarbes K TeMe BHICOY-
POKOB ¥ MaTepuasoB, TO MOPOM U ITUX UHCTPY-
MEHTOB MOKET OBITH HEIOCTATOYHO. Beerna mis
peanu3aiuu Jr00H 3a/1aun Hy)KHa cpea — He-
KAW Karajam3atop, B KOTOPOM MOXHO BCE 3TO
peanu3oBath. Jaxke B OM3HECE, MHOTHE ceifuac
JUIS peaju3aliy CBOUX 3a/1a4 HCIIOJIb3YIOT KO-
BOPKHUHT [IEHTPBI WK HHKYOATOPBI, IJIC €CTh BCE
YCIIOBHSI Pa3BUTHSI TAHHOTO CeKTopa. Takke u B
U3YUYCHUH TIPOTPAMMUPOBAHUS MM MaTEeMAaTHKH
HYKHO CO3/1aTh HEKYIO Cpejy, I7ie y KiineHTa Oy-
IyT Bce ycioBus. U gaxe 3toro He Oyaer aoc-
TaTOYHO, €CJIH CIIC YCIOBEK MOXET COXPaHUTh
CBOIO pabouyro cpemy, U MpoJoDKaTh paboTaTh
Ha HE#l TJIe YrOIHO, KOT/Ia eMY JIOCTaTOYHO Oy/IeT
3allOMHUTh CBOU JIaHHBIC aKKayHTa, TO 3TO Oy-
JIET YK€ TIPOPHIBOM B MOOMIIBHOCTH U THOKOCTH
pabothl kiueHTa. [t peanu3zanuu JaHHOM 3a-
Jla9¥ HEO0OXOIMMO MPUMEHHUTh TEXHOJIOTHIO 00-
JIAYHBIX BBIYMCIICHUN M PacHpeIeICHHOTO MPo-
rpammupoBanus. OCOOCHHOCTh JTaHHOTO TpH-
JIO)KEHUS] — 3TO MOOMIIBHOCTb, JTOCTYH K JICKIIU-
OHHBIM M MPAKTHYCCKUM Marepuajam, 3amycK u
NpaKTUKa Cpasy JKe Ha 3TOU cpelie, Tie KIHUCHTY
Oy/ieT JOCTaTOYHO UMETh JOCTYIl K CBOEMY aK-
KayHTy. KaxxpIil mosib30BaTeib MOKET CIICIUTh,
UCTIOJIb30BaTh U OPraHU30BaTh CBOIO PadoTYy.

AHaJIN3 MHPOBOIO OHJIAH 00pa30BaHUA

B Mupe CymecTBylOT KpyIHbIE KOMIIAHUU
OHJIAH 00pa3oBaHMs, Yy KOTOPBIX €CTh CBOM
OTPOMHBIN Tpauk 0OydaroUIMXCst U Macca BbI-
IMYCKHUKOB B Pa3Nu4HbIX cdepax. Hampumep,
komnanug Udemy — dyactHas oOpa3oBaTeiib-
Hasi opranuzanus, ocHoBaHHas CeOacTbsIHOM
Tpynom, JI3Bumom CraBeHcom u  Maiikiom
COKOJIbCKH, C LIEbI0 IEMOKpATU3aluu 00pazo-
BaHus [1]. IX OCHOBHBIM IIPEMMYIIECTBOM $IB-
JSIFOTCSL BUJICOJICKIIMM ¢ CyOTHUTpaMH B coYeTa-
HUU CO BCTPOEHHBIMU TECTAMH M MOCIEAYIOLIH-
MU JIOMalTHUMU pabOTaMH, OCHOBaHHBIE HAa MO-
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JIeIN «YYUThCSA Ha mpakTukey. Kaxnaas nexuus
BKIIIOYAET B ce0sl BCTPOCHHBIN TECT, YTOOBI TMO-
MOYb CTYAEHTaM IIOHATh IpeiaraéMble KOH-
neniuu u uaen. Jro0oit oOydarommiics MOXeT
KyIUTh MOAMKUCKY HA UX KYpPChl U 00y4aThCs ca-
MOCTOSITEJIbHO, HAXO/ISCh B JIFO0OM TOYKE MUPA.
KoymuecTBO aKTHBHBIX IOJIB30BATENICH JAHHOTO
nopraina npesbimaerT 50 MUIJIMOHOB MOJIb30Ba-
Tenew [2].

Tak ke, Coursera — OHIANWH TIATHOP-
Ma B cepe MaccoBOro OHJIAWH-00pa3oBaHMS,
OCHOBaHHasi mpodeccopamu  HH(POPMATUKU

Craudopackoro yHuBepcutera DHIp0 blHOM
u Jlapnoit Komtep. B pamkax Coursera cymiec-
TBYET MPOEKT MO MyOnuKamuu oOpa3zoBaTelib-
HBIX MaTepHalloB B MHTEpHETEe B BUJIE HaboOpa
OHJIaltH-KypcoB. B maHHO#l cpexe moOoii 00y-
YAIOIIUICS MOXET MOKYINaTh pa3ndHbIe MaKe-
TBI JUIS TIPOCMOTpa OHJIAH KypCOB B BHJIE BU-
neoypokoB. Ho BHI€OypoKH — 3TO He pelieHue
Bcex mpobiem obyuenus. Ckopee, 3TO OJUH U3
MHCTPYMEHTOB TO/a4ud MHGPOpPMALUU 11 00y-
YaoIerocs. 31ech MMEeTCs MHOTO (hakTOpOB
U HIOAHCOB. Bo-mepBbIX, BUaeoMaTepra BCer-
Jla UMEeeT OrpaHM4YeHHe, HalpuMep, €CIH MBI
XOTHM B paMKax BHJIEOypoOKa pa3paboTarh MU-
HU-BeO MpUIIOKEeHUE 0JI0Ta, TO MOIH30BATENb OY-
JIeT OrpaHUYEeH TEMU TAHHBIMH, KOTOPBIH Mo1aeT
Bujeomarepuan. Ecinu monb3oBaTenb 3axoder
pa3paboTarh CBOE MPHUIIOKEHUE WIH TOACTPOUTD
BCE 1O cebs, TO eMy HYXHO Oy/IeT elle BECTH
MOUCKHU, KOTOPBIE MOTYT HE OKa3aThCsl B TOM XKe
Coursera win Udemy. MblI He nosiaraem, 4To 3Ta
metonuka Coursera 1 Udemy HeBepHa, Ha000-
pOT, OHa Jlaxke 3(h(heKTUBHA, HO OHA HE TIOKPhIBA-
€T Bce OOCTOSTENHCTBA U MMOTPEOHOCTH K 00yue-
HUIO, U SIBJISIETCS BCETO JIMIIb OAHUM M3 CIOCO-
00B mojgaun MHPOPMAIUH, YACThIO CaMOpa3BU-
THUS CTY/ICHTA.

Y BUJICOYPOKOB €CTh OTPOMHBIH ILTIOC, B KO-
TOPOM CTYJICHT MOXKET B JIF0O0H MOMEHT HCTIOJb-
30BaTh May3y, ¥ HE TOPOIsiCh 00padoTaTh MOIy-
YEHHYI0 MH(OpMAIMIO, U B CIy4yae HEMOHUMa-
HUS1, 00paTHO BEPHYTHCS, IOCMOTPETH TOBTOPHO
[3]. Bropoii HI0aHC — 3TO YeIoBEYECKask IPUPO-
Jla, KoTopasl HasbIBaeTcs JieHb. Kak mokasana
NpakTUKa ¥ Halll aHaJIu3, MHOTHE OoOydJarolue-
Cs1, KOTOpBIE MOJMUCAIUCH HA KAYeCTBEHHBIE BU-
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Wi OM3HEeC aHaJTUTHKe, He BCerna Mx MpocMa-
TPHUBAIOT U 00y4aroTcst 10 HUM. OHUM CIIOBOM,
y U€JI0BEKa UJET HEKasi yBEPEHHOCTh B TOM, UTO
OH MX KOIJJa-TO IPOCMOTPUT M HU3Y4YUT, HO HE
ceiiyac. TyT BakHa cucTeMa MOTHBALIUH, TIOOII-
peHue u ObIcTpas mpakTuKa. Mmu Hy>XeH >KUBOM
TpEHep, KOTOPHIii Oy/1eT MOTUBHPOBATH U 3aCTaB-
JATh BBINOJHATH BCE MOCTABJICHHbIE 3a1aun. B
KaueCTBE MOTHBAIIMM B BBIILIEYKa3aHHBIX MOPTa-
Jax sIBIISETCS MOJy4YeHHe cepTu(dukara, 4ro yxe
MOTHUBHUPYET KaXJ0ro odyuatomierocs [4].

Pesynprarel aHanu3a MoKa3bIBalOT, YTO Ta-
KM€ CUCTEMbI HUKOT/Ia HE 3aMEHSAT KHUBOTO Y4H-
TeJd, 1o KpaiHeil Mepe B Onnokaiiiiee Bpemsi, Ko-
TOPBI MOXKET paboTaTh CO CTYIEHTOM, OTBEYATh
Ha BCE €ro 3amnpockl U npobnemsl. Koneuno, ru-
MOTETHYECKU MOXHO pa3paboTaTh HEKUH ayro-
PUTM MAILIMHHOTO OOYYEHUS, MCKYCCTBEHHBIH
MHTEJUIEKT, KOTOPBI MOXET peasibHO 00ydarh-
Csl 110 BCEM MpeAbIIyIUM npobiemaM o0ydaro-
LIEroCcsl, ¥ OTBEYATh HA BCE UX BOIIPOCHI, HO 3Ta
3ajjaya KpaiiHE CJIOKHA, WU IONBITABIIUChH pe-
IIUTh €€, MOXKHO MOTEPSTh (POKYC K KOHEUHOMY
IIPOAYKTY.

Poccuiickas miargopma JavaRush

U Ipyrue

Poccuiickas mnargopma JavaRush, ocho-
BaHa B 2012 rony. Ee ucropus Havyanack ¢ oa-
HOTO TIocTa [5] Ha 3HamMeHuTOM caiite Habr. Ha
JAHHBI MOMEHT y nopTaia 6omnee 1.25 muino-
Ha MOJIb30BaTeNel, 4ToO yXe TOBOPUT 00 ycrie-
Xe JlaHHoro npoekra. Ho Hajo 3HaTh OHO, YTO
JavaRush — sto mopran ans Java nporpammuc-
TOB U y HETO OYEHb Y3KHil CIIeKTp 0Opa3oBaHusl.
Tam He rotoBsaT Python pa3paboTunkoB mim 6u3-
HEC aHAJUTHUKOB, TOJBKO Java MporpaMMHCTOB.
Hecwmortpst Ha 3T0, y JaHHOTO MOpTaia ecTh IJaB-
HO€ JOCTOMHCTBO — 3TO TPYHAOYCTPOICTBO BbI-
MyCKHUKOB. OOBIYHO, YTOOBI HapaboTaTh XOPO-
MK HaBBIK MPOTrPaMMHUpPOBaHUS U cHopMuUpo-
BaTh KOPPEKTHOE MBIIIJICHHE, TOHAJ00UTCs 60-
nee 1000 gaco mpaxtuku. M kypc JavaRush kax
pa3-Taku pa3paboTraH, yTOOBI JIO0O0M CTYyIEeHT
MOJTYYHIT HEOOXOAMMOE KOJTMYECTBO OIbITA.

Cucrtema MOOLIPEHUsT ¥ MOTUBAIIMM TaM Ha
BBICOKOM ypoBHe. KJIIMEHT MmocTeneHHO Mpoxo-
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JIAT 3aJ]a41 B BUJIE UTP, UTO YK€ SIBISAETCS OTPOM-
HBIM I[IPEUMYILECTBOM HaJ OCTaJbHBIMU MOPTa-
namH. JlaHHBIN TepMHUH Ha3bIBaeTcs reiimuduka-
mueit. ['elimudukanms — 3To Korja UrpoBble mpa-
BWJIA UCIONB3YIOT ISl JOCTHMXKEHHUSI PEATbHBIX
uesne. Jpyrumu ciioBamu, 3a CYET UTPBI BbI J€-
JaeTe CKy4HbIE 3aJaHHUS WHTEPECHBIMHU, H30e-
raéMo€ — JKEJaHHBIM, a CJIOXHOE€ — IPOCTHIM
[5]. ManubIit monxoa ACHCTBUTEIBHO TOMOTa-
€T CHSTh MOHOTOHHOCTh B OOyueHUU U J100aB-
JseT HeMHOTOo azapra. [loMmumo reiimudukanum
k moprany JavaRush B kauectBe paboTomare-
ner umerot poctyn UT komnanuu, KOTopble 3a-
MHTEPECOBAHBI B I10JIb30BATEISIX B KAYECTBE CO-
TpyAHUKOB. OHU CMOTPSAT Ha UX YPOBEHbB, B KO-
TOPOM OHHU HAaxXOIATCS, KOJUYECTBO PELICHHBIX
3a7a4, TEM CAMbIM YK€ JaJbllI€ IPUIIALIAIOT
Ha co0eceoBaHUE. DTO M €CTh MOTHBALIUS JIISI
10JIb30BATEIICH.

Eme omuum nocromnctBoM JavaRush siB-
JIAETCSA OHJIAWH KOMIMWJISATOP, B KOTOPOM MOXK-
HO cpa3y B Opasyepe mucarh KOJI M MPOBEPHUTH
Ha OmuOKU. YeM-TO JaHHBIM MOpTan HAoMU-
HaeT 3HaMmeHuTHIN caT — Codeforces, oHtaiH
IopTaj JJisi CIIOPTUBHOIO IPOrPaMMUPOBAHUS.
OCOOEHHOCTBIO TAaKOTO PEIICHHS — TOIbh30Ba-
TeJb MOXET HaXOIUTCS B JIIOOOM MecTe, U He
00s13aTeIbHO UMETh KOMITBIOTED C YCTaHOBJICH-
HBIMH OMOIMOTEKaMH U TIporpamMmami. [ maBHoe,
4yT10o0BI OB oCTyN K MHTepHeTy. Ho JavaRush
HE pelaeT BCI0 MpoOiieMy OHJIAH oOydeHus,
Tak KaK 3TO OYEeHb y3KOE HalpaBlIeHHEe B 00Opa-
30BaHMM, KAK Mbl YIOMSIHY/IH BbIIe. CKopee 3To
MOpTal, B KOTOPOM KIIMEHT MOXKET OBICTPO TpY-
JOyCTpouThest kak Java mporpammuct. Kpome
3TOTO, €CTh €Ille M PUCK, YTO B OyAyIIeM cam
SI3BIK IIPOrPaMMUPOBAHUSA Java MOXKET CTaTh HE
TaKUM YX aKTyaJlIbHBIM B c(epe KOpropaTHB-
HBIX peuieHui. Jlaxe celiuac, B MUpe CIpoC Ha
Python pa3paboTtunkoB unu JavaScript nmporpam-
MHCTOB IOBBIIIAETCA.

CymiecTByerT ellie OA1H MONYIsIPHbINA MOpTal
Ui oHnaiH oOpaszoBanus — Codecademy. Jto
WHTEpAaKTUBHAsl OHJIaH-TUIaTdopmMa 1Mo 00y-
yeHuto 12 s3pIkaM MporpaMMHUpOBaHuUs. Y TMOp-
Tana 45 MUJIJIMOHOB IOJL30BaTEICH, U KaKIbIM
MOJIb30BaTeNlb MMEET COOCTBEHHBIH MPODUITH.
B 3TOM cailTe B KauecTBE MOTHBALIMU IOJIB30-

BaTeJiel CyIIecTByeT CUCTeMa MOOLIPUTEIIBHBIX
JOCTH)KEHUH 32 BBINOJHEHHUE YIPAXXHEHUH, UH-
JIMKaTop mporpecca Kypca, KOTOpblii MOTYT BU-
JIeThb JpyTue MOJIb30BaTeln caifTa. A emie caiT
MO3BOJISIET KaXJIOMy CO3[aTh M IyOJIMKOBATh
coOCTBeHHBIE HOBBIE Kypchl. [lomb3oBarens Mo-
KET IMPOOJKATh PelIaTh 3aJadyd ¢ TOro MecTa
rae oH octaHoBwics. [lo OKOHUaHMIO MOJIB30-
BaTelb MoJy4yaeT oHyaiiH ceprudukar. Ho mu-
Hycom Codecademy sBisieTcss OTCYTCTBHE BU-
JIe0ypoKoB. Bce B BHJlE TEKCTOBBIX MUHH-JICK-
LUH, IPUMEPOB U PELICHUM.

Omniaiin nuiargopma 1Jist 00pa3oBaHust

€O cpeoi 1J1s1 pa3padoTKu

Jist co3anust yHUBEpCaJIbHOTO OpTaa JIjIst
OHJIalH 00pa3oBaHus ObLT NPOBEICH aHAJIH3 CY-
IIECTBYIOIUX MUPOBBIX KPYITHBIX OHJIANH IJ1aT-
¢dopM. Y KaxkJ10ro U3 HUX €CTh CBOU ITPEUMYIIIEC-
TBa U HEJIOCTATKH, Kacarolrecs nojgayu uHpop-
MalMu U MEeTOIuKH oOyueHus. bosee moxxons-
MM T0J] Hally 3aJladyy OKa3ajics POCCUHCKUI
noptan JavaRush, B KoTopom ecTh Bce HE0OXo-
JIMMBbIE HHCTPYMEHTHI /17151 00y4aroIerocs.

Llenib HaIIEro MCCIIEAOBAHMS 3aKIIOYaeTCs
B TOM, YTOOBI CO37aTh 0Opa30oBaTEeNbHBIA MOp-
TaJl, B KOTOPOM COZEP>KATCs MOJTHbIE MaTepUaIIbl
KypCOB BMECTE € BUI€0ypoKaMH. [[jist 3Toro Ham
HeoOXouMo OyzieT BHIOpaTh y3K0oe HalpaBlieHUE
B cepe oOpazoBanus. [TorTomy, Hamu OBLIO BHI-
OpaHo I 3KCIIEPUMEHTAIBHOTO UCCIIC0BaHUS
MIpOrpaMMHMpPOBaHUE U MOJATOTOBKA pa3paboTyuu-
KOB Ha ITPOU3BO/ICTBO. ITO OYECHb BayKHO JIJISI Ha-
yaja MCCiIeoBaHus — cpOKycHpoBaThcs Ha Of-
HOM HaIpaBJIeHUH, YTOOBI MOIYYUTh HEOOXOIHU-
MBI pPE3ysbTar.

A Taxke HOBU3HOW JIaHHOTO MCCIIEOBAaHUS
ABJISIETCS 100aBJICHNE OHJIAH cpenbl pa3paboT-
KM, TO€ KaXJbli OOydarolMiics MOXKET, Haxo-
JSICh B JTI000M TOUKe, UMes JOCTYI K HHTEPHETY,
pemars 3a1a4n. Bee coznanuble Gailibl 1 KOAbI
OyIyT XpaHUTHCS B 00JIaKke, YTOOBI MOKHO OBLIO
MPONOJKUTE paboTaTh C JAPYroro ycCTpoicTBa.
VY knueHTa He OyAeT NPUBA3aHHOCTH K KOMIIbIO-
TEpy M YCTAaHOBJECHHBIM IpOrpaMMmam, cpeaam
pa3paboTKU. AHAJIOIMYHBIM pEIIEHUEM SIBISET-
csl mpuItoXkeHue koproparuu Amazon — Cloud9.
B Heit moboii oOywarommiics MOXET pa3Bep-
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HYTh MPOEKT Ha Pa3IMUYHBIX S3BIKAX MPOTPaM-
MUpoOBaHus, Takue kak Java, C++, PHP, Python,
JavaScript u tak nanee. Ho Cloud9 ne siBnser-
csi 00pa3oBaTeNbHBIM MOPTAJIOM, M €€ TpeaHa-
3HaYeHHE — 1TO aBTOHOMHAs cpela pa3paboT-
KM B JI000H Touke Mupa. MBI HE CMOXEM IO-
CTPOUTH IKOCUCTEMY OOyUeHHUs BOKPYT HETo, U
HE CMOXXEM CJIEIUTh 33 COCTOSTHUEM U YCIIEXOM
oOyuarorierocs.

JIlOnOIHUTENBHBIM MOJYJIEM HallEl OHJIAH
miargopMbl OyzeT CUCTeMa TECTUPOBAHUS TIO
BCEM Kypcam sl JIOMOJHEHHs MpoOesoB 3Ha-
HUS. ITO 04eHb d(H(HEKTUBHBIN METO AJIs TOA-
TOTOBKH K coOeceoBaHUIO Ha paboTy, rae pado-
TOJIaTENIb MOKET 3aJaTh “KaBep3HBII’ BOIPOC MO
WHBIM TEXHOJIOTUSIM, Ha KOTOPBIN KIIUEHT BO Bpe-
Ms1 o0ydeHust He oOpaiian BHUMaHue. B ocHOB-
HOM TYyJIa MO)XHO CTaBHUTh BOTMPOCHI IO OCOOCH-
HOCTSIM $I3bIKa POTPAMMHPOBAHUS U UX TOHKOC-
M. Ecnu Bo Bpemsi oOydeHust Mbl OyneMm 4Ya-
cTo oOpalats BHUMaHUE Ha 3TU OCOOEHHOCTH,
TO Kypc OyIeT CIHIIKOM JOITUM M CKYYHBIM, U
HUYEeM HE Oy/IeT OTIIMYaThCsl OT MPOCTHIX KHMUT.
OOyuaromuiicst cam JOJKEH UCKaTh PEIIeHUs Ha
3TOT BOIIPOC C MHTEPHETA U HANPSATaTh MaMsTh,
9TOOBl OTTAYMBATH CBOM HABBIKH, M YIydIlaTh
criocoOHOCTU. DTO OyneT Hekuit Habop, 6a3a Bo-
MPOCOB, KOTOPBIE KIIUEHT MOXKET C/IaBaTh B BUJIC
TECTa CTOJIBKO, CKOJILKO 3aX0YeT.

Camoe rmaBHOE, YTOOBI Yy MaTepuaIoB Kax-
JI0TO Kypca He ObLIO HaChIIIEHHOCTH. Bee momxk-
HO YUTAaTHCS JIETKO U B 01HOM Temrie. [Toce mpo-
XOXKICHUS 3aHATHs 00ydaronuiicss OyeT uMeThb
BO3MOXKHOCThH pPEIIaTh 3a7a4y 10 JaHHOH TeMe B
BH/IE TIPAKTUKH, U Cpa3y ke JIeJaTh 3TO B OHJIANH
cpene paspaboTku. HyxHO 00si3aTenbHO BECTH
MOJICUET YPOBHS, KOIMYECTBO PEIICHHBIX 3a1a4.
Jlanee, MOXKHO MPH MTOMOIIH ATUX JIaHHBIX OIpe-
JIEJIUTh YPOBEHD 00YYAaOIIErOCs.

OpauM U3 MOAYNeH Hallero mnopraia OyaeT
cO001IeCTBO TPOrpaMMUCTOB. Kaxkplii CTyIeHT
OyaeT UMeTh BO3MOXKHOCTh 33/1aBaTh BOTPOCHI U
9TOOBI APYTOW CTYIEHT UMENl BO3MOXKHOCTh OT-
BETUTH HA HEe. DTO YTO-TO BPOJIC AaHAJIOTUH Caii-
ta StackOverflow, rme MOXXHO HalTH pelICHUS
Ha Jt00bIe OomMOKU. JIaHHBIN MOIXOJ TOBBICHT
3pPEKTUBHOCTh 00yUYEHHsI, YBEITUUUT COOOIIe-
CTBO, a elle C TOUKH 3peHus MapketuHra u SEO
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ONTHUMU3ANNU YBCIIMYUT UHACKCAIUIO B ITOHUCKC
JAaHHOT'O IopTaJia.

3akiroueHune

B nanHOoe Bpems B MHpe poJib OHJANH 00-
pa3oBaHUs UMeeT 0c000€ MECTO M CTAHOBUTCS
4yTh JIM HE IMIaBHBIM TpeHaoM. KoHeuHo, kiac-
cuueckoe odduaitH oOpazoBaHHue, YHUBEPCUTE-
ThI U KOJUIEIDKU BCeraa OyIyT akTyajbHbI, U OH-
JaifH oOpa3oBaHUE HHUKOIZA HE CMOXET CMec-
TUTH UX. B mepByro odepenb 3TO CBA3AHO C TEM,
4yTo B o(praiin 0OpazoBaHUU BBl BCETNIa MOXKeE-
T€ B3aMMOJICHCTBOBAaTh C MpEINoJaBaTesieM WU
TPEHEPOM, U MOJTYYUTh MAKCUMAIBbHBINA 3P PEKT.
B o dnaiin o6pazoBanuu eme UrpaeT G0IbIIYIO
posb cama atmMocdepa yupexaeHus. Hanpumep,
B ToM ke ['apBapae win kammyce KamOpumxa
CTYJCHT TMOYYBCTBYET Ty aTMOC(hepy U YpPOBEHb
JIFOJIeH, KOTOpBIE TaM HaxoaaTcs. Bemymue npo-
deccopsl Bcerma OyayT BocTpeOOBaHBI B cepe
HayKku U oOpazoBanus. Ho y onnaiin oOpa3oBa-
HUSI €CTh CBOM JJOCTOMHCTBA. DTO B MEPBYIO OUe-
pelb — JOCTYIMHOCTh U HEOTPAHUYEHHOE KOJIU-
YeCTBO CTYAECHTOB, MOOWJIBHOCTb, U 3KOHOMHUS
pecypcoB Juis OpraHu3aropoB. Bam He Hano
UMEThb 3/JaHUE U ayIUTOPUHU JJs cTyaeHToB. He
HAJI0 BBIE3XKATh M TPATUTh BpPEMs Ha MOE3/IKy Ha
ypok. OgHuM cioBoM, U oddraiin oOpasoBanue
U OHJIaitH 00pa30BaHUe MOTYT, U Jlaxe OyayT 10-
HOJHATh APYT JIpyTa.

Kak nokaspIBaeT Mcciae0BaHue pa3InyHbIX
00pa3oBaTeIbHBIX OHJIAHH MOPTAJIOB, Y KaX10-
r0 U3 HUX €CTh CBOM JIOCTOMHCTBA M HEIOCTAT-
K1, B KOTOPOM OHH CHJIbHBI U YSI3BUMBL. Bce oHM
SBJSIFOTCSL OM3HEC MPOEKTOM C IIENbI0 IOBBI-
CHUTH JIOCTYIHOCTh 0Opa30BaHUs U JIEMOKpaTH-
3anui. Ho, BO MHOTHX M3 HMX MBI HE YBUAEIH
UCTIOJIb30BaHKNE OOJIauHBIX PEIICHU JUIsl XpaHe-
HUS cpelbl pa3pabOTKU M Ui UCXOTHBIX (haii-
JOB mpoekTa. Ha N1aHHBIE MOMEHT 3TO OYCHb
BA)XHO, TaK Kak oOydarolemy CTYJIeHTy Oyaer
KoM(pOpTHEE peliaTh 3aJayd cpa3y Ha MecTe.
Pa3paOarbiBacMblif HAMU TOpPTaT MOMHMO BCEX
BBIIIICYKA3aHHBIX BHU/IEOMATEPHANIOB, JICKIUH U
3aj1a4, Oy/1eT UMETh BO3MOKHOCTh UCIIOIb30BaTh
OHJIAMH cpeny Al XpaHEHHs] MCXOIHBIX (haii-
7oB. [TomuMo 3TOTO MpUIIOKEHUE OYIET BECTH
MOZICYET Pe3yJbTAaTOB YCIIEBAEMOCTH KaXI0To
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oOyyarolerocs Jjas JaJbHEHIIero aHajan3a ero
pa3BUTHSL.

[Ipu 3TOM, €ciu JIOKaIN30BaTh JaHHOE MIPH-
JIOKEHHE, TO MO)KHO IPUMEHUTH UX B YHUBEPCHU-
terax PecryOnukn Kaszaxcran. [IpenonaBarens
u pabotonarenb OyayT MUMETh JOCTYN K JiaH-
HBIM CTYJEHTA, €0 YCIEXOB, TEXHOJIOIMH, KOTO-
pble OH TPOILIEN, TEM CaMbIM YHHUBEPCUTETY Oy-
JIET JIETKO TPYAOYyCTPOUTH CBOMX BBIITYCKHUKOB.

MO)XXHO KOMOMHHUPOBaTh KOHIIECTILUIO OHJIAHH
oOpa3oBanus B oddnaiiH oOpa3oBaHUU, TEM ca-
MBIM, TIOBBICUB 3P PEKTUBHOCTH O0YUECHHUS U Me-
HEJKMEHT CO CTOPOHBI YHUBEPCUTETA.

Knaccuueckoe o0pa3zoBaHHE 3TO XOpOLIO,
HO B CBSI3M C M3MEHEHHEM IOKOJCHUS CTY/IEH-
TOB, MOJIOJIC)KH, HEBO3MO)KHO BeCTH 00pa3oBa-
Hue 0e3 MOAJEPKKU HEKOM OHJIaiH Cpebl.
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'Kazaxcrut Hayuonanvuwiii ynusepcumem um. anrb-Dapabu
?Vuueepcumem Kaouca, HUcnanus

Annomauusn: AooumusHoe npou3e00Cmeo — Mo MeXHON02US NOCLOUHO20 U320MOBNeHUs Oemainel, KOmopas.
3a nocnedHue 200bl aKMUBHO PazeuUeaemcs ¢ meouyune u agmomoounecmpoenuy. OCHOBHBIMU NPeUMYUie-
Ccmeamu 3motl MexXHONOUU SGNACMCSL KAK IKOHOMUSL CbIPbEBBIX U IHEPSEMUUECKUX Pecypcos, makK u ymeHbvule-
nue eviopocoe CO,. Cmanoapmot 6 001aCMU A0OUMUBHO20 NPOUZEOOCIEA MOV CIANb OONOIHUMENbHBIM
UMRYIbCcom 0ns pazeumus dannou ompacau. Llens pabomoi: 1) nposecmu ananusz HopmamueHou 6a3vl 6 00-
aacmu a0OumueHO20 NPOU3BOOCMBA HA Ce2OOHAUHUL OeHb, 2) pACCMOMPemsb HA CKOILKO CYUWeCmeyIouue
Memoobl UCNBIMAHUS NOTUMEPHBIX U30ETULL, U320MOBTIEHHbIE MPAOUYUOHHBIMU MEMOOAMU, NPUMEHUMbL 05
onpeoeneHus meepoOCmu U MEXAHUYECKUX C8OUCE NPU HANPAICEHUU MAKUX Jice U30eNUll, U320MOBLEHHbIX C
ROMOUWBIO MOOENUPOBAHUSL MEMOOOM HANILABNIEHUSL.

Knrwouesnie cnosa: adoumugnoe npousgoo0cmeo, Cmanoapmu3ayist, Cmanoapm, Mooeruposanue Memooom Ha-
NAA6IEHUS, NPOYHOCMb NPU PACMANCEHUU, MEEPOOCHIb

STANDARDIZATION IN ADDITIVE MANUFACTURING

Abstract: Additive manufacturing is a layer-by-layer manufacturing technology of parts that has been
developed in medicine and automotive industry in the recent years. The main advantages of this technology
are saving raw materials and energy resources, as well as reducing CO, emissions. Standards in Additive
manufacturing can be an additional impulse for the development of this industry.

The purpose of the work is 1) to analyze the regulatory framework in the field of Additive manufacturing; 2) to
consider if the existing methods for testing polymer products made by traditional methods are applicable for
determining the hardness and mechanical properties under strength of the same products made using Fused
Deposition Modeling.

Key words: Additive manufacturing, standardization, standard, Fused Deposition Modeling, tensile strength,
hardness

AJUIMTABTI OHJIPY CAJACBIHJIA CTAHJIAPTTAHJBIPY

Anoamna: A0oumuemi oHOIpic — OYN COHRbI AHCLIOAPI MEOUYUHA MEH a8MOMOOUTL OHepKICiDIHOe bencen-
0i dambin Kejle JHeamyan Oenuexmepoi Kabammol oHOIPY MexHono2uAcsl. byn mexnonoeusnviy neeizei ap-
MbLKULBLIBIKMAPbL WUKIZAm nen sHepeus pecypemapboii ynemoey, cornoati-ax CO, wbleapbinObiiapli asatimy
bonvin mabwLiadsvl. A0oumuemi 6HOIPIC CANACLIHOARbI CIMAHOAPMMAP OCbL CALAHbI OAMbBIMY YUIH KOCLIMULA
cepnin bona anaodvl. JKymvicmoly magcammapul.: 1) Oyeinei KyHi aooumuemi 6HOIPic canracblHOagbl HOpMA-
muemix Oazasa manoay xcypeisy; 2) oankvimy adicimern mooenvoey apKblivl OalblHOANAH OYUbIMOAPOblY
Kammblibleébl MeH MEXAHUKAIbIK KACUCMMEPIH AHbIHMAY YIiH, 0acmypii 20icmepmen 6HOIpiieen noaumepii
OYULIMOAPObL CHIHAYOA KOIOAHBICMARbL 20ICMEPOTH KAHUATLIKMbL KOIOAHLIAMBIHObIZbIH KAPACMBID).

Tyitinoi cosoep: aooumuemi ondipic, cmanoapmmay, cmanoapm, myHObIPYObl MOOeIbOey, CO3bLLY KYull,
KAmmulIblK
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BBenenue

Cormacuo ISO/ASTM 52900:2015 [1] agnu-
TUBHOE Tpou3BoacTBO (All) — mpomecc coemnu-
HEHUSI MaTepuasoB JJIsl U3TOTOBIEHUS JeTayen
WK 0OOBEKTOB M3 JAaHHBIX TPEXMEPHON MOJIENH,
KaK MPaBUIIO, CJIIOH 3a CJIOEM, B OTIIMYUE OT Me-
TOJIOB M3TOTOBJICHUS MTyTEM HUCKIIOYCHHS MaTe-
puana u gopmoBanus. [ Ha3BaHUS JTaHHOTO
Mpoliecca TakKe MCHOJb3yeTcs onpeaenaue 3 /[
MPUHTHHT.

B 2017 rony pa3mep peika AlIl cocraBun
$7x109 ¢ exeromHoil TeHAeHIMeEW pocta 15-
25% [2]. I'moGanpHOE yBENWYEHHE MPOU3BOJ-
ctBa AIl MOXeT ObITh OOBSICHEHO CIETYIOIIUMU
OCHOBHBIMH €T0 MPEUMYIIECTBAMHU:

1) yMeHbIIIEeHHOE KOTMYECTBO ChIPhs, HEOO-
XOJIMMOTO JIsI IPOU3BOICTBA;

2) CHIKEHHE MOTPEOHOCTH B IHEPTOEMKHX
U 3arps3HSIONIMX TMPOU3BOJACTBEHHBIX IMPOIIEC-
cax. [Ipeamomaraemasi 3KOHOMHS TIEPBUYHOU
SHEPruM MO CIEHAPHIO OBICTPOTO BHEIAPEHUS
MokeT JocturHyTh 70-174 11k B 2050 rony ¢
COBOKYMHOM 3koHOMHMeEM 1,2-2,8 D]k [3];

3) 6onee >hdeKkTUBHBIN M THOKUN AHU3aiH
MPOAYKTa C JyYIIUMU (YHKIIMOHATBHBIMU U
AKCILTYaTallMOHHBIMU XapaKTEPUCTUKAMU;

4) cokpalleHHe COBOKYITHBIX BBIOPOCOB
MAPHUKOBBIX TA30B OT TPAHCTIOPTUPOBKH OICHU-
Baetcs B 92,8-217,4 mun.T [3];

5) nmeueHTpanu30BaHHOE  MPOU3BOJICTBO,
MpHUOMIKEHHOE K TOYKE OTPEOICHMSI, YIIpOoIe-
HUE JIOTUCTUKH, TPAHCIIOPTUPOBKH, XPAHEHHUSI.

Benymue mpousBonuTenu aBTOMOOMIIEH B
HACTOSIIIIEE BpPEeMsI M3TOTaBIMBAIOT KOMITIOHEH-
Thl JIBUTAaTeeil, KOTOPhIE MOXHO HCIOJIb30-
BaTh B PEAJIbHBIX YCIOBHSIX mocpenctBom All;
VYopapineHue TO KOHTPOJIO 32 MPOAYKTaMU U
nekapctBamu CHIA yTBEepauyio JETHTUMHOCTD
YCTPOMCTB, U3TOTOBIIEHHBIX C TOMOIIBI0 AL, st
UCTIONB30BaHUS YelOBeKOM; MexayHapoaHas
KOCMHUecKasi cTanius uMeer mammny All ans
MPOM3BOJCTBA JeTalleii 1 KOMIIOHEHTOB B KOC-
Moce [4].

Xotst AIl nmpeanaraet MHOTO BaXKHBIX TPEH-
MYIIECTB, CYIIECTBYeT HECKOJIbKO TMpobiem,
BKJIIOYasi MEJICHHBIC TeMITbl COOPKH, BBICOKHE
MIPOM3BOCTBEHHBIE 3aTpaThl HA MACIITAOHPOBa-
HUe, TpeOOBaHUS K TOCTOOpaOOTKe, OTpaHUYCH-

Hble 00BbEMbI COOPKHM M aCCOPTHMEHT Marepua-
JIOB, IJIOXME MEXAHUYECKUE CBOMCTBA U OTCYT-
CTBUE OTPACIIEBBIX CTAHJIAPTOB ISl UCTIBITAHUN
U OIICHKH [5].

[Ipoueccor AIl cymiecTBeHHO OTIMYAOT-
Csl OT TPATUIMOHHBIX CHOCOOOB M3TOTOBICHHS
MPOJIYKTOB, YTO MPUBOAMUT K TOMY, YTO JeTa-
JIM UMEIOT pa3Hbleé MEXAaHUUYECKHE CBOMCTBA IO
CPaBHEHHUIO C TBEPABIMHU JIETAJSIMU, U YTO Tpa-
JUIMOHHBIE TIPOLIETYPHl UCTIBITAHUN HE BCEraa
aJICKBATHBI JJIs1 OTMPEJCICHUS X MEXaHUYECKO-
ro MoBeeHus [6].

st pazpaboTku ctangapToB B oonactu All
B 2009 rony 6wt co3nan Komuter F42 mo tex-
HonorusiM AIl AmepukaHckoro oOrmiecTa Io
ucneiTanusaM U Matepuaiam (ASTM). 3arem B
2011 romy MexnyHaponHas OpraHu3anus IO
cragaaptm3aiun UCO (ISO) ocHoBana TexHH-
yeckuid komuteT [SO TC 261. ITozxke ObLU10 pas-
pabotano cornamienue o naptHepctBe ASTM/
ISO.

OngHuM U3 cambIX PacHpOCTPAHEHHBIX Me-
tofoB All sBnsercs MoaennpoBanue METOIOM
Harutapnenuss (MMH), B KOTOpoM HCIIONB3yeT-
Csl TEPMOIUJIACTUYHAs TOJUMEpHasi HUTh, KOTO-
pasi pu HArpeBaHUU 10 MOIYKHUAKOTO COCTOS-
HUS SKCTPYAUPYETCs Ha MIar(opMy WK OBEpX
paHee Hane4YaTaHHbIX CJI0EB [7].

B nanHOli pabore mpeAcCTaBlIEHBI aHAIH3
HOpMaTuBHOM 0a3bl B obmactu All u pesynbra-
Thl UCHBITAHUN HEKOTOPBIX MEXaHUYECKHUX I1O0-
Ka3zaTesiel KauecTBa MOJUMEPHBIX U3ENHM, 1o-
JIly4eHHBIX nocpeactsom MMH.

AHaJIN3 HOPMATHBHOH 0a3bl B 00/1acTH

aJ/INTHBHOI0 NPOU3BO/ACTBA

Cranpaptel TexHonoruu All ompenensitor
TEPMUHOJIOTUIO, HW3MEPSIIOT  IPOU3BOIUTENb-
HOCTb PA3JIMYHBIX IIPOU3BOACTBEHHBIX IPOLIEC-
COB, 00€creuynBaloT KayeCTBO KOHEYHBIX MPO-
JTYKTOB U ONPEEISIOT IPOLEAYypbl KaTHOPOBKH
maiuH a5 All [7]. Heckonbko OCHOBHBIX CTaH-
JapTOB, KOTOPbIE OBUIM CO3/1aHBI COBCEM HeJaB-
HO, IpUBE/IeHBI B Tabnuue 1.

[MomyxxupHbiM mpupTOM B Tabmume 1 BbI-
JIEJIEHBbl CTaHJAapThl, B KOTOPBIX IIPUBEIEHBI pe-
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KOMEHJIAIINK TI0 OINpPENeICHHI0 MEXaHMYeCKUX
cBolicTB u3aenuu All.

ISO/ASTM 52900:2015 naet onpeneneHus
CIEIYIOIUM TEePMHHAM: aJJUTHBHOE IPOU3-
BOJICTBO, aJIUTUBHAas cuctema, 3J] mpuntep u
IpyTHe.

B ISO 17296-3:2014 u3naraiorcs OCHOBHBIC
TpeOOBaHUS, MPEIBSIBISIEMbIE K HCIBITAHUIM
JeTanel, N3roToBJICHHBIX B mpoiiecce All

JlaHHBIN cTaHIApT BBIACISACT 3 BHJA JeTa-
Jiei, B 3aBUCUMOCTH OT TpeOyeMOro YpOBHS JKC-
TUTyaTallMOHHOW 0€30MacHOCTH, H3TOTOBJICHHBIX
¢ nomoiisio All, K KOTOpPBIM MpOMHCAHBI 00sI-
3are’bHbIC U PEKOMEHAYEMbIC TPYIINbI HCIIbITA-
Hul. OCHOBHBIMU XapaKTEPUCTHUKAMU JUIS HC-

— TpeOoBaHUS K MOBEPXHOCTHU: BHEUITHUI BUI,
TEKCTypa U LIBET MIOBEPXHOCTH;

— TeoMeTpuuYecKne TpeOOBaHHs: pa3Mmep, JJH-
Ha ¥ pa3MEPHOCTH YIVIOB, JOIYCKH Ha pa3Mephl
Y TEOMETPUYECKHUE JTOMYCKH (OTKIOHEeHHs (op-
MBI U TTOJI0KEHHUS);

— MEXaHW4YeCKue TpeOOBaHUS:  TBEPIOCTb,
MPOYHOCTh HAa pacTsHKCHUE, CKaTue, HW3Tuo,
CIBUI, yIapOINpPOYHOCTh, COMPOTUBICHUE YyCTa-
JIOCTH, TION3Y4YEeCTh, CTapeHue, KOAIPDUIIUEHT
TPEHUs U PaCHpOCTPAHEHUE TPEIIHH;

— TpeOoBaHUS K MPOU3BOJICTBEHHBIM MaTepua-
JIaM: TUTIOTHOCTH U (pu3rueckue u GU3NKO-XUMHU-
yecKue cBoiicTna [14].

NObITAHUSA ABJISAIOTCA:

Tadnuna 1 — JleiicTBylomme HOpMaTHBHbBIE JOKYMeHThI B 00acTtu All

Kon cranmapra HasBanue crangapra Kpatkoe coneprxanue
OIMChIBaeT OCHOBHI mpouecca All; maet 0030p cymecTBYOMINX Ka-
TETrOpHii MPOLECCOB, KOTOPbIE HE SIBISIFOTCS U HE MOTYT OBITH HC-
AnnuTHBHOE TPOM3BOACTBO - OOmIme P port ? P Y
ISO 17296- . | uepmbiBaronMU; OOBICHSIET, KaK pa3HbIe KAaTErOPHH IPOLECCOB
npuHIHIE - Yacts 2: O630p Kareropuit
2:2015 UCIIONB3YIOT Pa3HbIe TUITBI MaTEPHUAIIOB JJIsi YOPMHUPOBAHUS FreoMe-
MPOIIECCOB U CHIPBSI .
TPUH W3JIENHUsE; ONMKCBIBACT, KAaKOW THUI MarepHaia MCIOJIb3yeTcs B
pa3IMyYHBIX KaTeropusx npoiecca [8]
OMHCHIBAET OCHOBHBbIE TPeOOBaHMsI, MPeAbBIsIeMble K HCIbI-
AIUTHBHOE POU3BOACTBO - O0IMe | TAaHUAM JeTaJiell, H3r0TOBJEeHHBIX B npouecce AlIl; onpenenser
ISO 17296- npuHuunel - Yacte 3: OCHOBHBIC Xa- | OCHOBHbIC KA4eCTBEHHbIC XaPAKTEPUCTHKY JeTajleil H cOOTBeT-
3:2014 PAKTEPHCTHKH M COOTBETCTBYIOLIUE | CTBYIOLIHE IPOLEAYPbl HCIBITAHUI; NPUBOAATCH PEKOMEHA-
MeTOAbI UCIBITAHMIA MU 10 00beMY U COACPKAHMIO COIVIALICHUN 00 MCIIBITAHUAX U
nocraBkax 9]
AnnutuBHOE Ipom3BoacTBO - OOmue N o
ISO 17296- npmrmas - Yacts 4: OG30p 0GpaboTKi omuceiBaercst popmar Qaiina, TOAXOMIMN sl 0OMEeHa TaHHBIMU
42014 p - 030p 00p B AT [10]
JTaHHBIX
ISO/ASTM AnnutiBHOE INpom3BoAcTBO - OOIIMe | yCTaHAaBIMBAET U ONPEAENSIeT TePMHUHBI, HCIIOIb3yeMbIe B TEXHOJIO-
52900:2015 IPUHIMIBL - TepMuHOIOrust rum ATl [11]
ISO/ASTM Crerudukarms st popmara daiina aj-
npenocTaBisier crenudukanmro 1l Gopmara daitmos AIT [12
52915:2016 JTUTUBHOTO npon3BozcTBa (AMF) pea iuKanmIo s hop ¢ [12]
BKJIIOYAET TEPMHHBI, ONpeIeIeHHs] TEPMHHOB, ONHCAHMS
ISO/ASTM CranpapTHasi TEDMUHOJIOTHS UIsl aI- | TEPMHUHOB, HOMEHKJIATYPbl U aG0peBHATYp, CBSI3aHHBIX C CH-
52921:2013 AUTUBHOTO Mpon3BoAcTBa - CHCTEMBI | cTeMaMH KOOPAMHAT M MeTOMOJIOTHSIMH TeCTHPOBAHMS ISt
’ KOOPAMHAT H METOTUKH MCIBITAHUI TexHoJoruii All, B measix craHIapTH3aliii TePMHHOJIOTHH, HC-
noJib3yeMoii nosib3oparensamu All [13]
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B tabnurie 2 mpuBeeH CUCOK peKkoMeHayeMbIx cTannaptoB ISO 17296-3:2014 [14] ans ucnsi-
TaHUM MJIACTUKOBBIX MaTEPUAJIOB, KOTOPBIE MPEANONAraeTCsl ONPEAEISTh ISl BCEX 3 BUOB JIETAJICH.

Ta0dnuna 2 — PekoMeHnayemble CTAaHAAPTHI AJIs1 ONIPe/iesIeHUs] HEKOTOPbIX MeXaHUYeCKHX
CBOMCTB IVIACTHKOBBIX MAaTEPHAJIOB

HUCTIBITAHUN

Crenenp
Kopx crannapra HasBanwue crangapra AHAJIOT MEXI0CyIapCTBEHHOTO CTaH/IapTa c00T-s1
[Ipo4yHOCTB NpHU pacTsHKEHUU
T'OCT 34370-2017 (ISO 527-1:2012)
ISO 527- ITmactmaccs! - Onpenenenne cBOWCTB mpu pacts- | [Imactmaccel. OmpeneneHue MexaHWYe-
. MOD
1:2019 sxeHnn - Yacte 1: O0mue mpuHIHITEL CKHX CBOMCTB mpH pacTskeHHu. Yacts 1.
O6mue npunmms! (¢ [Tompaskoit)
ITmactmaccs! - Onpenenenue cBorcTB mpu pactsa- | TOCT 11262-2017 (ISO  527-2:2012)
ISO 527- .
29012 eHuu - Yactp 2: YenoBus ucnbitTanuit aus ¢op- | [lmactmaccsl. Metox McnibITaHuS Ha pacTsi- MOD
’ MOBAHUS U SKCTPY3HHU IIACTMACC JKEHHE
ITnactmaccsl - OnpeeneHue CBOUCTB IIPU pacTs-
ISO 527-
32018 skeHud - Yactb 3: YeI0BUs UCHBITaHUS IUICHOK U -
’ JIUCTOB
ITnactmaccsr - Onpenenenue cBoiicTs mpu pacts- | TOCT 32656-2017 (ISO 527-4:1997, 1ISO
ISO 527- sxkenun - Yacte 4: VYenoBust wcnmbltamit it | 527-5:2009) Kommo3uThl  HOJMMEpHBIE. MOD
4:1997 HU30TPOIHBIX U OPTOTPOIHBIX IUIACTUKOBBIX KOM- | Meronpl wucnelTaHui. VcnblTaHus Ha
MI03MUTOB, APMUPOBAHHBIX BOJIOKHOM pactsoxenue (¢ [TonpaBkamn)
[Tnactmaccsr - Onpenenenne cBoiict mpu pactsi- | [TOCT 32656-2017 (ISO 527-4:1997, ISO
1SO 527- sxeHHn - Yacte 5: YermoBust McHbITaHUS OfHOHA- | 527-5:2009) Kommmo3uTsl mHONMMEpHBIE. MOD
5:2009 MPaBJIEHHBIX TJIACTHUKOBBIX KOMIIO3UTOB, apMupo- | Meronsl ucnbiTanuit. Mcnbitanus Ha
BaHHBIX BOJIOKHOM pactspxenue (¢ [Tonpaskamm)
TBepnocthb
T'OCT 24621-2015 (ISO 868:2003) ITnacrt-
[Tnactmaccsl u 560HHT - OnpeneneHne TBepAOCTH
Macchl 1 900HUT. Omnpeienienne TBepa0CTH
I1SO 868:2003 MPH BJABIMBAHUK C TIOMOIIBIO JFOPOMETpa (TBEp- MOD
TIPU BAABIUBAHUU C TOMOIIBIO AIOPOMETPA
nocts 1o Llopy)
(tBepmocts mo Lopy)
ISO 2039- ITnacrtmacce! - OnpeneseHne TBepaoCcTH - YacTs 2: TOCT ~ 24622-91  (MCO  2039/2-87)
IImactmacesl.  Ompenenenne TBEpAOCTH. IDT
2:1987 Teepnocts no Poxsemry
Teepnocts no Poksemty
JlonoaHUTENbHbIE CTAaHJAPTHI
[Tnactmaccst - CranapTHble aTMOC(EphI TSl KOH- TOCT 12423-2013 (ISO 291:2008) I Lnact-
1SO 291:2008 Aap . e Macchl. YCIIOBHS KOHIWIMOHUPOBAHUS H MOD
JUIOHUPOBAHHUS M UCIIBITAHUI
HCIBITaHUS 00pa3noB (1mpo0d)
Craructuueckas uHTepnperanus pesynsratoB uc- | [OCT 14359-69 Ilmactmaccel. Metonsr
1SO 2602:1980 | meiTanmii - OueHKa cpeaHero 3HaueHus. JloBepu- | MeXaHHMYECKHX HCIbITaHui. OO0mme Tpe- NEQ
TEJIbHBIN HHTEPBAI ooBanus (¢ M3menennem N 1)
ISO [Tnactmaccsl - OnpeneneHue JINHEHHBIX Pa3MepoB
16012:2015 00pasIoB JUIs NCIIBITAaHUH )
ISO . T'OCT 33693-2015 (ISO 20753:2008)
20753:2018 IInacTiacce! - OGpasibl id HombITamyi [Tmactmaccsl. OOpasmbl 1Uis HCIIBITAaHUS MOD
I'OCT ISO 23529-2013 Pesuna. OOmue
Pesuna - OOmme mpoueaypsl NPUTOTOBICHUS U
150 KOHIMLMOHUPOBAHMS 00pa3loB A (Pu3ndecKux METOJB IPHTOTOBIICHHS H KOHIHLIMOHIPO= IDT
23529:2016 AL p pastion 1t BaHUsI 00pa3IoB JIs onpeencHus Gpusn-

YEeCKHX CBOMCTB
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Puc. 1 — Yepmeoic u neuamsv 0bpazyos

CornacHo omnpocy, onucaHHomy B [ 15], B ko-
TOpOM 22 LIEHTPa U KOMIIAHWUN, OTBETUIIN Ha BO-
MPOCHI OTHOCUTENILHO PA3IMYHbIX acnieKToB All,
noutu 50% OMpOIIEHHBIX CYUTAIOT, YTO TOCTYI-
HbIE B HACTOSIIIEE BpEeMsl CTaHAApPThl HE MpH-
MEHHUMBI, B TO BpeMs Kak npumepHo 37% 3asB-
TSI0T 00 yIOBIETBOPUTEILHOCTH B OMpeeIeH-
HoM creneHu. Tonbko 12% 3asBUIIK, UTO Cylle-
CTBYIOIIME CTAaHAAPTHI TOCTATOYHBI U HAJEKHBI
st AlL

Metoabl

Ha mpunrepe Witbox2(BQ) Obuto Hameua-
TaHo 65 u3 nmomunaktugHod Hutu (PLA) u 33
u3  nonuyTHiaeHrukonsTepedTanata (PETQG)
CTaHJApTHBIX 00pa3noB (tunm A2) (pHCYyHOK
1) B coorBercTBUU co cranaaptoMm [SO 20753
[16] ¢ 3amomnenuem 100% wu BBICOTOM cIOs
0,2 mm. Illupuna wutu cocrasisger 1,75 Mm.
[Iporpammuoe obecneyenne Ultimaker Cura
4.1.0. (Ultimaker B.V.) ucnons3oBaiocs ass Ha-
pe3ku (daiinos B .STL ¢opmar B MammHouuTae-
MBI Z-KOII.

[Tocne neyaru 06pasiibl KOHIUHCUPOBAIHUCH
He MeHee 88 yacoB npu Temneparype (23+2)°C
u BrnaxkHoctu (50+10)% s usmepeHus pazme-
poB Kaxkgoro oOpasma B coorBercTBuM ¢ ISO
16012 [17] (Tpu pa3a s KaXI0ro U3MEPEHUs
C UCTOJIb30BaHUEM MHKpOMeTpa). 3areM o0pas-
116l OBUIM MCHBITAHBI Ha TBepaocTh 1o Lllopy B
cooTBeTcTBUH co ctanaaprom [SO 868 [18] u Ha
IIPOYHOCTH MPU PACTSHKEHUU B COOTBETCTBHUHU C
cepueit crangaproB [SO 527.

HcnbiTanust Ha MPOYHOCTH MIPU PACTSHKEHUH
MIPOBOJMIIUCH HA YHUBEPCAJIbHOM HCIIBITATEINb-
Ho#i MamHe cepuu Shimadzu AG-X ¢ mocrosiH-

146

HOM CKOPOCTBHIO 2 MM/MHH B CTaHIApTHOW aT-
Mocdepe. Vcnonb3oBancs 3KCTEH30METP € HO-
MUHaJIbHON JUIMHOU 50 MM.

J11s ucTibITaH|sI HA TBEPAOCTH OBLIIO 0TOOpa-
HO TI0 ofHOMY oOpa3ity u3 PLA ¢ opueHranuei
pucynka 0/90 (PLA0/90) u 45/45 (PLA45/45).
1 o6pazen u3 PETG c¢ opuenranueii pucynka 0
ObUT TaKk)ke UCIBITaH Ha TBepaocTs mo llopy.
W3MepeHust TBEpIOCTH OBLIN BHITIOJTHEHBI 5 pa3
B Pa3HBIX IMOJIOKEHUSX Ha MCTBITATEILHOM 00-
pasiie ¢ nomoibto TBepaomerpa Hildebrand OS-
2 tuna D no opy.

Pe3yabrarsl u 00cyxaeHnst

HcnbiTaHne Ha pacTsKEHUE OCHOBAHO Ha
pacTspkeHUH o0pasiia BAOJIb €r0 OCHOBHOM Mpo-
JIOJIBHOM OCH [10 paspylueHus. Bo BpeMs sToi
MPOLIeTypbl U3MEPSETCS HArPy3Ka, BbIIEPKUBAE-
Masi oOpasiamu, u yaauHeHue. B cooTBeTcTBUA
¢ UCO 527-1 [19] cuctemamu u3MepeHust OTHO-
CUTEJIBHOTO YUTMHEHUSI MOTYT SIBIISITHCS] SKCTEH-
30METPhI U/UIU TEH30/1aTYUKH. B JaHHOM HCTIbI-
TaHUM HCTIONB30BAJICS IKCTEH30METP, KOTOPBI
JOJDKeH OBLT oOecrieuyuBaTh M3MEpPEHUE H3Me-
HEHUS pacueTHOW JUTHMHBI 00pasiia B JIF000H Mo-
MeHT ucneiTanus [19]. OgHako B xo/1e UcCHbITa-
HUS 00pa3Ilbl pa3pymagnuch Kak B Mpeaenaax dKc-
TEH30METpa, TaK U 3a €ro npeneiaamu (PUCyHOK
2). Dot (hakT caenan HEBO3MOKHBIM UCTIOIB30-
BaHUE JAHHBIX HKCTEH30METpa JJIsl pacuera mpe-
Jiera MPOYHOCTH.

B Tabnune 3 npuBeneHO MPOIIEHTHOE COOT-
HOIIICHHE CIIy4aeB pa3pylLIEHUsi B 3KCTEH30Me-
Tpe U 3a ero npeaenamu. O01Iee KOIUIECTBO UC-
nbITaHHBIX 00pa3noB PLA — 65 mtyk, PETG 06-
pasuos - 33.
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Puc. 2 — Obpasyvt PLA u PETG nocne ucnvlmanusi Ha pacmsiceHue

Tabnuna 3 — Xapakrep paspymenus PLA u PETG o6pa3uos

PLA

PETG

BHYTPHU 3KCTCH30METpa 3a npeaeiaMu 3KCTEH30METpa

BHYTPHU SKCTCH30METpa 3a npeaeiaMu S3KCTECH30METpa

35% 65%

65% 35%

AHanM3 JaHHBIX TOKAa3bIBaeT, 4TO 00Opa3-
upl 13 PLA u PETG nMmeror pasHyro cTaTucTu-
Ky paspyueHnus. Taxe onpeneseHne yIIuHEHUH
(OTHOCUTENBHBIX YMJIUHEHUH) SKCTEH30MeTpa-
mu s PETG o6pa3zoB ctaHOBHUTCS OeccMBbIC-
JICHHBIM H3-3a oOpa3oBaHMs '"mieWku" mocine
npenena Tekydectu. CrenoBaTenbHO, JaHHBIN
Croco0 U3MEPEeHUs] OTHOCUTEIBHOTO YUIMHEHHS
HE BCerjga MOXeT ObIThb MPUMEHHM JAJisi 0Opas-
11oB, m3roroBineHHsix MMH. B paGore [20] oT-
MEUYEHO, YTO 3TO IMPOUCXOJUT M3-3a KOHLIEHTpa-
LMY HANpPsUKEHUH B paMyCHBIX yIIIaxX, MOTOMY
yro cinou MMH 3akaHuMBaroTCA Ha Takux Iie-
pexonax Mpu MeyaTu JJIs anrpoKCUManuu 060b-
LIMX PaJUyCOB.

Takke ciemyeT y4yuThIBaTh TOT (PAKT, UTO
UCTIBITaHUS, TPOBEJICHHbIE Ha oOpa3lax pas-
HBIX pa3MepoB MM Ha 00pa3liax, W3rOTOBJIEH-
HBIX IIPU Pa3HBIX YCJIOBUAX, MOTYT JaBaTb He-
COMOCTaBUMBbIE pe3yabTarbl. CKOPOCTb HCIIBI-
TaHUsI U YCJIOBUS KOHIMIIMOHUPOBAHUS 00Opas-
1IOB TaK)KE€ MOTYT MOBJIMATH Ha pe3yabTarhl. [19]
Taxkum 00pa3oMm, yCIOBHUs JOJIKHBI OBITH MPOIIH-
CaHbl B HOPMaTHBHBIX JOKYMEHTAaX Ha BBILIEIIE-
PEUNCIIEHHBIE MAaTEPUAIIbl, KOTOPBIE UCIIBITHIBA-
10T. OTHaKO, OTCYTCTBUE MEKIYHAPOAHBIX CTaH-
JlapTOB Ha Marepuaiibl, npuMeHsemeie B MMH,
IIPUBOAMT K TOMY, YTO Ka)XIbIH HUCIIBITATEND UC-
II0JIb3YET Pa3HbIE YCIOBUS MCIIBITAHUS, YTO Ha-
pyLIaeT MPUHLMII BOCIPOU3BOAUMOCTH U COIIO-
CTOBMMOCTH PE€3YJIbTaTOB.

Bo Bpemst ucneiranus tepaoctu no lopy
WHJCHTOP BJABIMBAETCS B UCIBITHIBAEMbIN Ma-
Tepuad U Hu3MepseTcs TIIyOMHa MPOHUKHOBE-
Husl. TBepAOCTh BAABIMBAHUS 0OpPAaTHO MPOIOP-
LIMOHAJIbHA [TPOHUKHOBEHUIO U 3aBUCUT OT MO-
JyJsl YIPYTOCTH M BSI3KOYIPYTHX CBOWCTB Ma-
tepuana. [18] ComtacHo mpumedaHuro K 1m.5.2
ISO 868:2003 yucio oOpa3moB U HX TOJNIIH-
HY YKa3bIBalOT B HOPMaTUBHOM JOKYMEHTE WM
TEXHUYECKOM JOKyMEHTAllMM Ha Marepual.
CnenoBarenpHO, M3-3a OTCYTCTBHSI HOpMAaTHB-
HBIX JOKYMEHTOB Ha Marepuansl MMH, npuns-
TBIX Ha MEXIYHapOIHOM YPOBHE, DKCIIEPUMEH-
TaTOp BBIOMPAET 3TU MapaMeTpbl HA OCHOBE JINY-
HOTO OIIBITA.

Tak kak B cTaHzapTe OTCYTCTBYET UH(pOpMa-
11 O TOM, Ha KaKOW IOBEPXHOCTU MPOBOAMTH
M3MEPEHMS TIOCIIE HaYaJIbHOIO MPOHUKHOBEHMUS
u yepe3 15+1c, u3mepenuss npoBOIMINCH C ABYX
CTOPOH U pe3yJbTaThl IOKa3aHbl B TaOIUIE 4.

[lo pesynbpratam M3MepeHUs TBEPAOCTU IO
[lopy, MO>)XKHO caenarh BBIBOX, YTO TBEPAOCTH
no croponsl kcTpy3un ansi PLA u PETG o6-
pasioB sBiseTcs Hke. Takum o0pas3om, ykaza-
HUE B HOPMATUBHOM JOKYMEHTE C KaKOW CTOpO-
HBI UCTIBITHIBATh 00Pa3Lbl, H3TOTOBJICHHBIE C 110-
Momsr0 MMH, sBasercs HEOOXOAUMOCTBIO IS
o0ecredyeHus: COMOCTaBUMBIX M BOCIIPOU3BOJIHU-
MBIX PE3YJIbTaTOB U3MEPEHHUS.
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Tabauna 4 — Pesyabrarsl ncnbiTanus Teepaoctu no lopy

PLA0/90 PLA45/45 PETG
CropoHa neqar- Cropona Cropona Cropona Cropona Cropona
HOTO CTOJa JKCPY3UH MIEYaTHOTO CTOJIA IKCPY3UN TIEYaTHOTO CTOJIA JKCPY3UH
Bpewmst 1 157 17 157 1 157 17 157 17 157 17 157
Theproctomo | g3 | 783 | 75 | 684 | 848 | 753 | 795 | 717 | 79.7 733 | 757 | 693
lopy
BriBog

Hecmotps Ha crpemurensHelid poct All 3a
nocnennue 20 net, otHuM U3 HaKTOpoB, TOPMO-
31X Oojiee OBICTPOE ero pa3BUTHE U IMOBCE-
MECTHOE HCIIOJIb30BAaHUE SBIISAETCS HENOCTATOK
HOpPMAaTUBHOM 0a3bl, KOTOpast Obl rapaHTHPOBaIa
yYaCTHHKaM OM3HEC COOOILIECTBA M MPOU3BOIM-
TeJISIM 0€30IaCHOCTh U HaJIeKHOCTH IPOLIECCOB,
Marepuaios u texHosorui Al [21].

PbiHOK (yHKUIMOHATIBHBIX JAeTaiel, H3ro-
TOBIICHHBIX B AM, goctur Breuarissromux 29%,
a MHCTPYMEHTAJIbHBIX KOMIIOHEHTOB — 5.6%, ¢
(YHKLIMOHATIBHBIMH YaCTSIMH, KOTOPBIE MPHUCYT-
CTBYIOT OT a3pPOKOCMHYECKON OTpaciau 10 CTO-
MaToJIOTUH M MeTUIMHBL. [loCKONbKy 3TH mpo-
JTYKTBI 4aCTO BBIMOJHSIOT KPUTUYECKU BAXKHYIO
(GYHKLHIO, CYyIIECTBYET PacTyIlias NOTPeOHOCTh
B CTaHJAapTax [yl yIOBIETBOPEHUs TpeOOBaHUM
BO BCeX ATHX obmactsax [21].

B Hacrosmiee BpeMs He CYyLIECTBYET CTaH-
JApTHBIX U OOLIETIPUHATHIX METOOB ONpesee-
HUs nnpoyHocTH Aetaneit MMH. Otot dakrt nmos-
BOJISIET HCCIIEAOBATENSAM I10Jb30BaThCA  OIpe-
JIeIeHHON cBOOO0M B BBIOOpPE T'€OMETPHUU HC-
cieyemMoro o0pasia 1 crnocoda NpuIIoKeHUs K
HEMy Harpysku [22].

Opnako, pe3ynabTaTbl MCHBITAHWN IIOKa3a-
JIY, YTO UCIIOJIb30BAHUE CTAHAAPTOB HA METO/BI
UCIIBITAHUs, IPUMEHSAEMBIC [UUIS TPAAULIHOHHBIX
METOI0OB M3IOTOBJICHMS [JeTajiel, HE BO BCEX
aCIIEKTaX YIOBJICTBOPAIOT KaueCTBY pE3yJIbTa-
TOB u3MepeHuii. Takum oOpazom TpeOyroTcs
CTaHJAPTU3UPOBAHHBIE METOAbl HUCIIBITAHUN B
All, no3Bonstoniye cBs3aTb CBOMCTBA MAaTEpH-
aja, mapamMeTpsl U3TOTOBJIICHUS U KOHCTPYKLIUIO
netanu. A taxxe caenarb All koHTponupyemMbIM
U KOHKYPEHTHOCTIOCOOHBIM.
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MAIIMHAMEH OKBITY
KYHYCOBA A.
an-Dapabu amvinoaevl Kazax ¥nmmulx ynueepcumemi

Anoamna: Mawunamen oKbimy KyH caiibli OHbIY KeHIHEH KONOAHBLIYbIHbIY apKACLIHOA KA3Ipel MeXHON02Us -
JbIK anemMoe MaHbl30bl OpblH anaosl. JKon Kozeanviceln mandayoan bacman, Kenmeeew mancoblpmaiap 63
OemimeHn JCypemin MawuHaiapoan, o30iciHeH ylperemin asmomodunvoepee ayvicyoa. Kazip mawunamen
OKbINTY eKIHWI JiCoHe YiHui OeneelinepOiy MytuicKeH Jcepinoe, alemMoe 0Cbl MEeXHOLOSUAMEH 032epy KAPKbIHbL
KYH caiibih apmuln Keneoi.

Tyiiinoi ce30ep: mawuHameHr OKblny, HEeUPOHOBIK Jcelinep, mepey OKblmy, MAUUHATbIK Ay0apMd, COH3bL OH-
oey

MAIINHHOE OBYYEHHUE

Annomayusa: Mawunnoe obyuenue pacmem ¢ KaxicobiM OHemM 01a200aps WMUPOKOMY CHEKMPY NPULONCCHUI.
Om ananuza mpaguxa 00 asmomobuell ¢ AgMoMAMmuUYecKUM Ynpagienuem MHo2ue 3a0ayu nepexoosam na as-
momobunu ¢ camoobyuenuem. Tenepv Ha nepeceweHuU 8MOPO20 U MPemvbe2o YPOGHell MAUWUHHOZ0 0OVYeHUs,
MeMn USMEHEeHUL 8 Mupe ¢ NOMOWbIO MO MEXHOL02UU PACIEN ¢ KANCOLIM OHEM.

Knrwouesvle cnosa: mawunnoe obyyenue, Helporuvie cemu, yernyoienHoe ooyuenue, MauuHHbll nepegoo, no-
cmpedakmuposatue

MACHINE LEARNING

Abstract: Machine learning is growing every day thanks to a wide range of applications. From traffic analysis
to self-driving cars, many tasks are shifting to self-learning cars. Now, at the intersection of the second and
third levels of machine learning, the pace of change in the world with the help of this technology is growing
every day.

Key words: machine learning, neural networks, advanced learning, machine translation, post-editing

Kaszipri yakpITTa *acaHpl MHTEJJICKT, Ma-
IIMHAMEH OKBITY JKOHE TepeH Oinim Oepy — Oy

OmnapaslH GapibiFbl  Oiprelt O0mMybl MyM-
KiH, Oipak ic »xy3iHzae, Mynnaem Oipzaeil emec.

Ka3ipri 3aMaHfbl TEXHOJIOTHSUIAPABIH, COHBIMEH
Karap Oonamakrarbl TEXHOJOTHSIIAPIbIH He-
ri3i. OnapabIH OpKalChICHIHBIH HET13T1 UIESChI —
ajaMjap >kacai anaThlH TallChIPMaHbl OPBIHJIAY
HeMece aJaMHBIH MHUBI CUSIKTHI )KYMBIC 1CTEY.

JKacaHapl HHTEIUIEKT, MalIMHAMEH OKBI-
Ty JKoHe TepeH Oiumim Oipaeir me? XKymbicTa
OCBl MOcelleliep TOJNBIFBIMEH KapaCThIPBUIBIIL,
3epTTeN/i.
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JKacaHJpl MHTEIUIEKT — MAlIMHAMEH OKbITY MEH
TepeH O1TiM anyablH TaMbIpbl. XKacanapl nHTEN-
JIeKT MallMHAMEH OKBITYFa OHE TEpeH OKyFa
OemniHei.

MammHaMeH OKBITY Ke3iHie 013 MalluHa-
HBI Oenrisi Oip MOJTIMETTep TUIIHEH XKOHE OHbBIH
HOTWKECIHEH >KarJaiibiH Oenriii Oip TypiH Yil-
peHyre MaXOyp eTeMi3, ajl OHBIH OKY TIXIpH-
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OeciHeH XaFdalJblH yKcac TUMI YLIiH Oenrici3
MoJTiIMETTep Il OoIKail anambl3.

MaimuHaMeH OKBITY MEH TepeH OKBITY/IbIH
albIPMAIIBUTBIFBI - OJIAP/IBIH KYMBIC ICTEY TCLII.
MarmHaMeH OKBITY Ke31HJ1e MOJIeNb KeHICTIKTe-
Il JepekTepll naHaiapra HeMece MOIlIMETTep
HYKTesnepiHe Oeseni. Onapapl aralIThIH KeMe-
riMeH HeMmece eKi Hemece OJlaH Ja Kell JaHa-
Jap/bl )KIKTEyre OONAThIH MM JKa3bIKTHIFBIH
Kypy Hemece 0acTarkbl HOTHKEMEH CaJbICTBIPY
HOTHXKECiH OO0JKay apKbLIbl HICHIyTe ThIphICa-
nbl. JKoFanTynbl ecentey apKbUIbl, COJaH KeHiH
opOip wWTepaius COHbIHAA OOKaHFAHHAH Keil-
1H, MIBIFBIHABI OapbIHIIA a3aiiTy yIIiH KaiTa-
JIlaH uTepalus KoJJaHbuiaasl. TepeH OiniM amy
TYKBIpBIMIAMaHbI JepeKTep KabaTsiHa 0oy 60-
nbIn TabbuTabl. Kabar HerypnbeIM TepeH Oolica,
OHBI Ooypkay nonmipek Oomajsl, Oipak TepeHIi-
Il THIM TepeH OoJIMaybl Kepek, oiTIece Harap
HOTHXE Oepeii.

MammuHaMeH OKBITY Kajail Oactanmmbi?
Mamunamen okpiTy (Engl. Machine learning,
ML) — Oyn >xacaHabpl MHTEIEKT OJICTEPiHIH
kiaccbl. OHBIH cUIarTaMachl MOCEJIeHI Tike-
Jel memy emec, KeInTereH ykcac Macenesep-
re IIEHIM KOJJAaHy MpPOLECIHAE JKATThIFy 00-
JBIN caHaiaael. MyHnai omicTepai Kypy YIIiH
MaTeMaTUKaJbIK CTaTUCTHKA, CAHJBIK 9JIiCTep,
OHTAMJIaHABIPY 9IICTEpi, BIKTUMAJIIBIK TEOPHSI-
CBbl, rpa)Tap TEOPHUSCHI, CAaH/IBIK TYPAE MAJIIMET-
TEPMEH KYMBIC 1CTEYAIH 9PTYPJIi 9MiCTEpi KO-
JaHbUIaZbl. MallMHAMEeH OKBITY KYHACTIKTI
013111H eMipimi3/ie KeNTereH KOJAaHbICTapFa ue
6omryna. OHBIH KOJIaHBUTYBIHBIH KEHAIriHe Oaii-
naHbIcThI [T TeXHOIOTHs1a MaHbI3/Ibl OPBIH aJla-
nel. Kazipri ke3ze MalmHaMeH OKBITY oficTepi-
HE HETri3/1ereH KeiHoip KOChIMILIANap TUIMAL K-
MBIC iICTEHII.

MaruHaMeH OKBITY >KacaHbl MHTEJICKT-
TiH Oip canacel Oombin ecenteneai. OHbIH HeT13r1
U/IeAChl — KOMITBIOTEP aJJIbIH ajia j)Ka3bUIFaH all-
TOPUTM/II KOJIJTAaHYMEH FaHa LIEKTeNin KoiMai,
MocelleH] e3/iriMeH memynai yipeny. Kes ken-
I'eH KYMBIC MalllMHAMEH OKBITY T€XHOJIOTHSIChIH
IApTTHl TYpAE KOJDKETIMAUTIKKE OaiIaHBICTHI
yII JEHreiliH OipeyiHe TaralbIHAATybl MYM-
KiH. bipinmi genreii — 6ys1 Google nemece IBM
JEHTeHIHIET] OpTYPIl TEXHOIOTUSIIBIK AJBIITAP

YIIH KOJDKeTimai OonraH ke3ne. EkiHmii 1eH-
reif — Genrim Oip OimimMi 6ap CTYACHT OHBI KO-
JlaHa anaThlH Ke3ze. Y IIiHII JeHred — Oy TinTi
aTa-oxenep oHbl Oackapa anarsiH ke3. Kaszip ma-
IIMHAMEH OKBITY CKiHIII YKOHE YIIIHIII AeHIeH-
TEpiH TYHICKEeH KepiHe, OChl TEXHOIOTUSTHBIH
KOMETIMEH QJIEMHIH e3repy KapKbIHbI KYH Caii-
BIH apTHII KeJei.

MaimHaMeH OKBITY KOpIyCTapibl Yiipe-
HyzeH Oactanisl. UIHTYUTHBTI Typae «yHpeHy»
JereHiMiz — Oenrim 6ip Momenb KaHAal na Oip
KOJIMEH «YHpEeHI», colaH KeWiH HoTmxke Oe-
pe Gacraiinpl, ssFHU Oip HOpCeH1 OoJrKai anasbl.
Tomac Murtuennaiyg «MammHaMeH OKBITY» [1]
KiTaOBIH/IA KEATIPUITeH «YHpeHyTe» JIereH xKal-
bl aHbIKTaMa Oepyre Oomajsl: «KoMmbroTepiik
6armapnama D mpoOGremanapsl MEH OObEKTHUBTI
(byHKUMSUTapBIHBIH Oenriai Oip KiacklHAa KaTbl-
CTBI TOXipHOe >KMHAKTaJFaH cailblH YHpeHeni,
erep oJap/bl MICHIYiH carackl Oosca, Tarchlp-
Mmaunap (P-re KaTbICTh) jkaHa TOKIpUOEMEH Kak-
capazapl. byl aHbIKTama eTe jKajmbuiaMa >KoHe
JiepeKci3 OOoMbIN KepiHce e, ic Ky3iHae Keroip
MaHBI3/IbI TYCTAP/bl HAKThUIAyFa MYMKIHAIK Oe-
peni. Mpicanbl, OHJAFbl OPTAJbIK OPBIHIBI Je-
pektep (oObexkTHBTI (DyHKIMS) anaapl. Ke3 ken-
TeH TPaKTUKAJIBIK MOCEJeHl Iemie OacTaraH-
1a, OOBEKTUBTI (YHKUHMSHBI aHBIKTAy >KOHE
HOTIKeNepi OaranailThIHABIFBIHBIH MOHI 30p.
OObexkTUBTI (PYHKIUSHBI TaHIAy OapiblK Keie-
Cl J)KYMBICTBI TOJBIK AHBIKTAWIBI, TINTI yKcac
MIHETTEpAC /1€ IPTYPil 0OObEKTUBTI (HYHKIHUS-
Jap MynjieM 6acka MoJieNibAepre 9KemIyl MYMKIH.
MpIcanbl, «KOMIBIOTEPAl OKYIbl YHPETy» *Kak-
cbl Oonap exi, Oipak aiIbIMEH OHBIH HEHi Oif-
JIpeTiHiH aHbIKTay Kepek. «OKy» MoTiHi OO¥-
BIHIIIA CypaKTapFa JIyphIC jKayarn Oepe ay YIIiH,
ceilleM/i Tanaayna, OCbl MOTIHTE KaTBICTBI €H
kaxerti Wikipedia-Hbl KepceTy KoJJaHbLIa-
ael. CaH Typ:i jkayanTtap SpKesKi MoJeNbiep-
re *oHe 3epTTey OarbITTapblHA oKeneni. bipak
Muruemnaig aHbIKTaMachl 013re )KETKUTIKC13 00-
nanel. MamHanap/ sl OKbITY/IbIH KaHAal KUbIH-
IBIKTapbl 0ap, on HeaeH Typaabl? Ocbl cypak
MalllMHAMEH OKBITYIbIH KiacCU(UKAIUSACBIMEH
TOJBIK OailaHbicThl. EHJII MallMHaAMEH OKBITY
TaNChIPMaTapbIHBIH HET13T1 KJIaCCH(PHUKALUACHI-
Ha TOKTAJICaK: MAIIMHAMEH OKBITYJBIH HETi3ri
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€Ki CBIHBIOBI MyFalliMMeH Oipre oKy (0akbuiaHa-
TBIH OKBITY) KOHE MYFalliMci3 oKy (0akbL1aHOaii-
TBIH OKBITY) Oonajpl. «baKbUIaHATBIH» TYCiHI-
TiHAE aJlaMHBIH MOIIMETTepi OHJIEeyre apaia-
CYBI JIeNl YFBIHA/IBI. AJJTaM MalllMHAMEH OKBITyFa
apanackaH kesne 0i3ne Oenrini O6ip OomkaMabl
aknapattap 6ap. Ai agamchI3 OKy Kesinze 0i3ze
TEK aHBIKTATAThIH MOTIMETTEp OOIa IbI.

BaxkbL1aHaThIH OKBITY [2]

Mpgicanbl, 0i3ge AnMarhl KajgachklHmarel 10
000 moTeprep Typansl MmanimMerTep 6ap. Conmaii-
aK op MOTepAiH ayJaHbl, OenMenep caHbl, OpHA-
JacKaH Kabarhl, aBTOTYPAKTHIH OOMYBI, METPO
CTaHIUSACHIHA JACHIHTI KAIIBIKTBIK, COHBIMEH Ka-
Tap op MOTEP/IiH KYHBI XkoHE OacKamapbl OenTifi.
Bi3aig MiHAETIMI3 — OCBI OenNTiiep HEeri3iHAe, To-
TepIiH KYHBIH OOJDKail ajmaTblH MOAENb KYpYy.
Byn GakplTaHATBIH OKBITY/IBIH KIACCUKAIBIK MbI-
canpl. MyHIail TancelpMa perpeccHsuIbIK ecerl
Jen aranaapl. backa Mbicangap: OpKUIbI MeIH-
[IUHAIBIK KOPCETKIIITEpre HETi3[eNTeH aKmna-
parTap OoMbIHIIIAa HAyKacTa KaTepii iCIKTiH Oap-
JKOFBIH OOIDKay HeMece SJIEeKTPOH/BIK MOIITa-
HBIH MOTIHIHE CYHEHE OTBIPBIN, OChl CHaMHBIH
BIKTUMAJIJIBIFBIH OOJIKAY XKOHE T.0.

bakpiman6alTeiH OKBITY. OKBITYABIH OV
TYpl ©Te KbI3BIKTHI OOJbIN Kemeni, cebebi 013
HAKTHI IyPHIC skayaObIH O1MeliMi3. ATar aliTcak,
Oenrini 6ip anaMaapasIH OONBI MEH caliMarhl Ty-
paiel nepekrep oepincin. Jlepexrepi 3 caHatka
(Hemece Tor) TonTacTeipy Kepek. OchiFan opait
aZlaMJIapJIbIH Op CaHAThI YIIH KOJANIBI OIIIIeM-
JIeT1 Keiliek xacay kepek. bysr Tanceipma Kiac-
CTEpJIIK TariChIPMachI JIeT aTaiaibl.

MyragiMMEH JKaTTBIFy Ke31HIE IKATTHIFY
MBICAJITAPBIHBIH KUBIHTBIFBl CHTI31JIE/l, OHBI
OIETTE KATTHIFyJIap HEMECe KaTThIFyIap Typa-
JBI MOJIMETTEp KHUBIHTBIFBI (KATTHIFY KUBIH-
TBIFBI HEMECE JKAaTTBIFYy YITICl) AeM aTaifpbl, ai
MiHJIET — jKaHa Toxipubere OypbIHHAH Oenrimi
JKayanTapjbl, He OoiMaca, TecT TYpiHAE Kep-
CETUIETIH KAIFACTBIPY, MOTIMETTEP KUBIHTHIFBI
(TecT KHBIHTBIFBI, CbIHaMa Yirici). MyHAaFrbl
0acTel 0OKaM — OKBITY YIIIH KOJKETIM/II
MOTIMETTEp JalbIHIaIFaH MOJIEb/I1H MOTIMETI-
HE YKcac Kelledi, OWTIece Kallbuiay MYyM-
KiH OonmMaiapl. MoTIHAI «OKYy» YIIIH MYFaTiM-
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MeH cabak KYpri3yaiH MbICAIbI: aJaMaap HAKThI
ceiimemaep KypFaH aramTap KUBIHTHIFbIHAH
TaAayIIbl aFallTapbiH (CO3AEPIiH Kail coiilnem-
aepre OaillaHBICTBI) KYpaHTBIH MOAETbAl YH-
pety. Mynnaarel OomkaM OOMWBIHINA, TaNAAyTIIbI
aramTap Oipael 3aHmapra CoKec Kacallajbl,
aJ TalJaHaThIH aFalITapAblH OenTii Oip KUbIH-
TBIFBIH/IA JaWbIHAAIFAH YITIHI OKY JXHUBIHBIHA
KipMEreH jkaHa ceiiemepre KoijaHyFa Oona-
abl. Erep Oyn 60omkxam Oy3buica, MOEIb KYMBIC
icremeiiai. Mpicalibl, erep JTUHTBUCTEP COMIEM-
JepAl aFpUIIIBIH TUTIHAE JKa3bIl, COMAH Kei-
1H YHpeHTeH MOJeNb/l HeMic TUTiHAEC KOJIaH-
ca, oHJia opinTep Oipaei, 6ipak CHHTAKCUC MYJI-
Jie e3rele, MOICTbACH MaFbIHAIBI COMIeMIep i
KYTy MYMKiH eMec. MyfaliMMeH XXYpri3uIeTiH
OKY MIHJETTEepl Keil/ie KIKTey KOHE perpeccu-
SITBIK TarcelpManap Oonein OemiHenmi. Jlommik
MaIlIMHAMEH OKBITY MOJIETiH/Ie 6achIM pel aTKa-
pajabl JKOHE OJ1 MOJAENBIIH JKYMBICHIHA TiKeIeH
MIPOTOPIIMOHAI, a1 TEPEH OKBITYAA O MaHbBI3/IbI
pen atkapajbl, OipaK OJ MOJENb/IIH KYMBICHIHA
TiKeTell MpomnopuuoHaNIsl emec. MalmmHamMeH
OKBITY JKaHyapiapAbl axbIparyda KOJAaHbLIa-
nel. Erep skikTeyal TepeHJEeTINl OKBITY MOeli
OKBITBLIICA KOHE OHBIH MOJEIIHIH A2Jairi 1 60i1-
ca, aralFaH MoJeNb OETiHJe ThIpHAKTaphl Oap
UTKE KApChl CHIHAKTAH OTKi31JICe, OHJIa OJl OHBI
UT peTiHJe TaHBIMAIIbI, OUTKEH] JalbIHIaTFaH
MOJIIMETTEpre KaThICThI IaMallbl ©3repic AYPhIC
emec HoTmke Oepyl MyMkiH. 80% Hemece 90%
TNk TepeH mojenbaey kesinae 100% mommi-
ri Oap Mojenbre KaparaHjaa, >Kakchl YITIire ai-
HaJybl MyMKiH. Mojenb ete cesiMTan Oona-
nbl. JKikTey Mocenecinie, MbICallbl, KaHyapiap-
IBIH CypeTTepiH Kall jKaHyap €KEHIH aHBIKTay
YIIiH, alIbIMEeH jKaHyapiapIsl OapibIK >KaHy-
apiapra: MBICBIKTapFa, WUTTEpre, KbUIKbLIAPFa
Oeutirn, KacUETTEpiH aHBIKTay Kepek. Jlom con-
Jail agaMIap/IbIH JKeJiIeTi CypeTTepiH aHbIKTay
YIIiH A€ aJaMJap aHbIKTal anaTbIHIal JKeTiHIH
OarmapiaMachiH OKBITY KakeT. Erep ci3 mbican-
Ibl TIIMEH JKaJFacThIpaThlH OOJICaHBI3, OHJA
TUNTIK JKIKTEY TarChIpMachl coiisiey OeiKTepiH-
7eri ce3aepai Oenriney OonbIn Ta0bUIaabl. Al pe-
rpeccust Macenecinae oenrii 0ip QyHKIUSIHBIH
MOHIH O0JKay Kepek, OJ1 Heri3iHjae IIEKCi3 Kel-
TEreH OPTYPIi MOHJAepre ue Oonaasl. Mbicalbl,
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aZlaMHBIH OO¥bIHA OalIaHBICTHI OHBIH CaJIMaFbIH
Ooikay, epTeHri aya-paiiblH 00JKay, aKIUSHbIH
OaracbIH OOJKay HEMece CypeTTe aJaMHbIH OeTi
OpHaJIaCKaH TIKTOPTOYPHIIITHI 06l KepceTy —
OyJ1 TIKTOPTOYpHIIITAp KOFAPbIIa aTajFaH Kiac-
cudukaropra Oepiyi yuIiH KaxeT. Perpeccus
MeH Kiaccudukanusra 6eiy, SpuHe, oTe epKiH,
«apaiblK» MbIcannapasl oHail TaOyra Oomajbl
(ceimemui Oipaeil Tangay — «aram caimy» MiH-
JeTiHe »kaTajbl). JlereHMeH, KaHiail MoceleHi
HICUIIN JKaTKaHBIMBI3 aHBIK JKOHE Oy OeiHy-
JIiH MaFrbIHAIIBI MOHI 0ap: OOBEKTUBTI (PyHKIIHU-
A7ap IyphIC aHBIKTAy, HOTHXKECIHIE OKY Ipo-
HeciH Typa OarbITKa e3repreii. byn kapamaid-
BIM JKIKTEyTe CoMKec KeJIMEHTIH TarchlpMaiap-
JIbIH OpKeJIKi Typiepi 6ap. Mblcalbl, 137ey jKoHe
YCBIHY XKYHenepiHae peUTHHITI YHpeHy MiHIeTi
kui ke3aeceni. On ObuTaii KOMbLIaABL: Koia 6ap
MaJliMeTTepre coiikec (i3aey »kyiecinue oy Ky-
JKaTTapAbIH MOTIHIEP1 KOHE OYPBIHFHI Maiiaana-
HYIIBUIAPIBIH OpeKeTTepl 00Naabl), KOIDKETIMII
HBICAaHAAp/Ibl 00BEKTUBTI (PYHKIMSHBIH TOMEH-
Jey peri OoibIHIIA peTTeny KaxkeT. MyHIarbl
perrey (i3mey skyilieci MEH OHBIH ©3€KTUIIrH
KepceTeli: KyXKaT OHbl JKayall peTiHJae Kepce-
Ty YUIH KAaHIIAJBIKTBI OPBIHIBI OOJIATHIHBIH
Kepcereni) cypanansl. Exmiri miHmeT perpec-
cHsl MoceneciHe Oipiiama yKkcac — YHeMi 00bek-
TUBTI ()YHKLHUSHBI, OHBIH ©3€KTUIIrH OOKaybl-
MBI3 KepeK. bipak (pyHKIUSHBIH MOHJEP1 JepeK-
Tepre MyJje KipMeli koHe oap eTe MaHbI3AbI
emec. byl QyHKIUSHBIH caH Typii HbICaHAAp-
Jla CaJBICTBIPYABIH HOTIDKENEpl FaHa MaHbI3IbI
(i3ney HoTIKesepl OOMbIHIIA KaHAAW HOTHIKE-
JIep WIBIFATBIHBI MOH/I1). by GipKaTap KbI3BIKTHI
JKOHE HAaKTBl OKBITY oficTepine okenendi. Erep
Oenrimi Oip TamcelpMara colikec OeNTijieHreH
MOJIIMETTEp JKUBIHTBIFBI OojMaca, Oipak cizze
«Oenrisi 6ip MarbIHaHBI Taby» KepeK MoliMeT-
Tep Oosca, OHJAa MYFajiMCi3 OKY KUBIHJBIKTa-
pbl Oonaabl. MyraniMci3 OKy mpoOiieMachIHBbIH
TUMTIK MBICANIBI — KiacTepiey: Oip Kiactep-
re OepinreH ymainap Oip-OipiHe MYMKIHIITiH-
111€ YKaKbIH, THICIHIIIE KaKbIH OOy YIIIiH, Oenrimi
Oip yKCacThIKIEH OYypbIH OeNirici3 ChIHBIITAapFa
MoJIIMETTepAl Oesly Kepek *oHe opTypii Kia-
CTepliep/IiH HYKTeIepi MyMKiHairiHme, 6ip-0ipi-
HEH aJbICTall KeTIeH, KepiciHie yKcac O0mybIH

KaMTaMachl3 €Ty KakeT. MpIcalibl, KiacTep-
JIK TanchIpMaHbl LIEIIe OTHIPHII, Ci3 TeHAIK OT-
OachlTapabpl HYKJICOTUATED Ti30eriHeH Hemece
BE0-CalTBIHBI3IBIH KJIACTEPIIK MaliganaHyIIbl-
JapelHaH OeJiim, 9p KjacTep YIUiH JKeKeJleHAipe
anachI3 HeMece 1CIKTIH Kaii )Kep/ie eKeHIH TYCIHY
YIIIH MEAMIUHAIBIK CYpeTTi CcerMeHTalus-
nmail amacei3. MyfrajdiMHIH KOMETIHCI3 OKYIBIH
Tarbl Oip XMl Ke3eceTiH MiHAeTI — KipicTipii-
T'eH MOJIIMETTEp YJIKEeH eJeMre ue OoiFaH Kes-
Jie JIepeKTep OIIIeMIepiHiH a3aiobl (MbICAIIbI,
erep ci3 MOTIHI'€ OHJIaFaH, MbIHJIaFaH eJIIIEM/IEp
ce30eH jka3bulraH 0oJICaHbI3, al (GOoToCypeTTep
MWIJIHOH/IAFaH eJIIEMHEH TypraH Oojca), OH-
Jla TarchlpMa OacTanKel JepeKTepAl TOIbIFBIMEH
KOPCETETIH KilllipeK eJIIIeM/Ier TepeKTepAiH Ty-
cayKecepiH Kypy OOJIbIN TaObLIaIbl.

MamuHaMeH OKyAarbl mekreyJsep [3]:

Hoctypni TypAe MamiMHaMeH okynaa Oip-
HeIlle >KaJIbl )KOHE MaHbI3/bI IIEKTeyaep Oap.
AchIT KeTy — OyJ1 MallIMHAHbI OKBITY aJITOPUTMi-
HE, ocep €Tyl MYMKiH CTaTHCTHKAJIbIK Mace-
je. MamuHanapabl OKbITY AJITOPUTMIHAE Je-
peKTepal Tanmay MeH Ooipkay kesiHae Oenrimi
Oip «xaremikrep» 0ap. AJITOpUTM ColiKec aitHbI-
MaJblIap apachIHJaFbl OalIaHBICTBI KepceTeal
nen OospkaHabl, Oipak MIaMagaH ThIC OeJIIeK-
Tey Ke3iHJe Ol KaTeJiKTep/i Tycipe OacTaiijbl,
OYJ1 «ITyIIBI» HEMECE TYPBIC eMeC MOJIEIbIe dKe-
neni. MammHaMeH JKYMBIC kacay MOJEINbIepi,
COHBIMEH Oipre onap OKbIFaH MOJIIMETTEpIiH
TyciHOecTikTepiHe OeliM OO0Jybl MYMKiH, MpO-
O1eMa anropuTMIi TEKCepy YILIiH 3epTTeylIiiep
nepektepain Oip OeiriH cakTayIblH OpHBIHA,
OapIBIK KODKETIMII MATiMeTTep Oa3achlHaa a-
TOPUTM/IEP/Il OKBITKAH/IA AlIKBIH KOPIHE/II.

MaimHaMeH OKBITY JOCTYPIl TYpHe aJjIbIH
asa Ouryre skoHe OoypKayFa OONIAThIH IIAFbIH Je-
PEKTep KUBIHTHIFbIH MakiJaanaabl. Jlepexrep iy
a3 MeJllIepiMEH 3epTTEyLIIep MAllUHAHBI OKY
OarapramMachlH JIepeKTepAl TYCIHyTe JKoHE Y-
peHyre KOMEKTECeTIH HAKThl MYMKIHIIKTEpIi
aHbIKTall anajel. Anaiina OGarjapnama OypbIH-
HaH 0ap aJropuTMEp HETi3iH/e JKIKTeH anMaii-
TBIH aKmaparka eHce, 3epTTeylliiepre, d7eTTe
npo0IeMabIK IepeKTep/i KOJIMEH Tajjiar, )kaHa
MYMKIHJIIK jkacay Kepek Ooiajel. MiHe, OChIFaH

153



BECTHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (55), 2020

0aliJaHbICThI, MAIlMHAHBI KJIACCHUKAJIBIK TYpIe
yiipeHy, keOiHece YJIKEH KeJeMJeri MaliMeT-
TEpMEH JyphIC emeHOei 11, 6ipak o1 Kiliripim
JIepeKTep KHUBIHTBIFbIHIAFbI KaTeIIKTep/i a3ai-
TyFa MYMKIiHJIIK Oepeii.

MarmHaMeH OKBITY KOMITBIOTEPIiH >KYMBbI-
ChIHA e3repMeni Tanantap Kosael. Oprama aep-
0ec KOMIbIOTEp/IE KYMBIC icTeyre OOIaThIH KO-
TereH Mojenpaep Oap. CTaTHCTUKANBIK >KOHE
MaTeMaTUKAJIbIK 9JIICTep HEFYPJIbIM >KeTUIIIpii-
reH 0oJica, KOMITbIOTEpre JepeKTepl Te3 oHJIey-
JIH KABIHFA COFATHIHBI MAJIIM.

MamuHaMeH  OKBITYJBbIH  KJacCTapblHA
TOKTAJICAK: PEerpecCHsUIbIK Macenesep. OpKUIIbI
Oenrizepre cyiieHe OTBIPBIN, MaTepHaJIbIK pe-
akuusAHbl Oospkay. backaia alfTkanzaa, xayan 1,
5, 23.575 HeMece Ke3 KeJreH HAaKThl CaH OOyl

MYMKiH [4].
Kikrey moceneci. Opkenki Oenrinep He-
Ti3iHA€  KaTeropHsUIBIK — JKayanThl — OoJpKay.

Mpicangap: MOTiIH]II KODKa30aMeH TaHy, (oTo-
CypeTTeri aJaMHbIH HEMeCe MBICBIKTBIH Oap-
YKOFBIH aHBIKTAY.

Knaccrepmik mocenenep: MamiMeTTepl yK-
cac Kareropusuiapra Oeiy. Melcangap: YsUIbl
OaiiyaHpIC omepaTropbl KIMEHTTEPIHIH TejeM
KaOl1eTTiiri OoWbIHIIA 06y, Faphill OO0bEK-
TUIEpiHIH yKcac 3aTTtapra Oeiy xkoHe T.0. (Ta-
JaKTUKajap, IUIAaHeTanap, KYIIbI3Iap >KoHe
Oackamnap).

Onmemai azaiiTy Mmaoceneci: 0i31iH MaTiMeT-
tepimizai N OenrinepiMeH emec, Killipek CaHMeH

cUrarTayfa ypeHy, (MeliHIIe KeiiHri BU3ya-
nu3anus yiiH 2-3). Buzyanuzaius KaKeTTiUTir -
HeH 0acka JepeKTep/li CBHIFY/Ibl, MbICAJl PETIHIC
KeNTipyre 6osapl.

AHoManusnapabl aHbIKTayFa OalIaHBICTHI
Mocenenep: Oenriiep HeriziHAe aHoManusap-
Ibl «aHOMaNUsUIapaH» aiplpa OuUTydl YHpeHy.
Bys1 MIHIETTIH JKIKT€Yy MACEJIeCiHEeH eIl aubIp-
MaIlbUIBIFBl KOK CHSKTBI. bipak aHOManusHBI
AHBIKTAYABIH EpeKIIeNiri — 0i1371e MOoAenbIl Yii-
peTy YILiH aHOMaJIHsIap/IbIH MbICallZaphl ©Te a3
Hemece MyJiaeM koK. CoHabIKTaH 0i3 Kiaccu-
(buKalMs MOCeNeCiH menre anMainmsI3 [S].

KopbIThIHIBI

Ocputaiiia 013/11H 3epTTEYIMI3AIH HOTHXKe-
CiHJIe MBIHA/Iall TY>KbIpbIMJAp JKacaja bl

1) Kasipri 3amMaHfbl MAallMHAMEH OKBITY
KyHenepi, aknapaTTblH YJIKEH KeJeMiH ayaapy
Ke31HJe TanThlpMac KeMeKIIulepre aiHaabl,
OUTKEH1 OJlap YaKbIT MEeH KYLI-KITep/IiH IIbIFbIH-
JlapblH YHEMIeyre MYMKIH/IIK Oepeni;

2) aynapMa camachlH apTThIpy MaKCaTbIHIA,
KYHe YHeMI )KaHapTBUIBII, TEKCEPLIIN OThIPAIbI,
OyJ1 ayapMalibliap )KYMBICBIH €0Yip sKeHlIe-
TeJll JKOHe keziesieTe . 3aMaHayH MalluHAIBIK
aylapMa TEXHOJIOTUSUIAPBIHBIH JKYMBICHI Taj-
naHajsl. OHIAlH aygapMaiblIapAblH KYMBICHI
OypbIH Ka3ak TiJiHE JKOHE KepiCiHIle ayJapblia-
ThIH. MallluHaMEH OKBITY 9oficTepi KeMeTriMeH
MalllMHAJIBIK ay/lapMaHbIH CalachblH KaKcapTyFa
0omabl.
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HOW CHANGES IN THE DATASET AFFECTS THE ACCURACY
OF THE BODY CLASSIFIER

ILCHUBAYEVA D.
Kazakh-British Technical University

Abstract: Convolutional neural networks have revolutionized computer vision and pattern recognition.
They are used to recognize speech, generate various images, process audio signals, process time series, and
analyze the meaning of texts. An increasingly complex and deep architecture of neural networks is being
developed, along with the undoubted advantages of the common problems of this approach, there are some
disadvantages. One of them is the hidden internal principle of the neural network. A properly trained network
does not provide researchers with information about identified data dependencies and the structure of the
problem. A trained neural network is a set of weight matrices. From this point of view, neural networks are
only a tool for solving a specific machine learning problem, but they do not provide experts with analytical
information to study the problem. As has long been known, the principle of neural network operation was
taken from the principle of neurons in our brain. Inside the brain, we learned to look through ultrasound,
PET, MRI and fMRI. And for convolutional neural networks, such indicators as accuracy, precision and heat
maps will be used for visualization. The purpose of the work is to find out the effect of a training dataset on the
accuracy of a neural network. And how much data will significantly change the stability of the neural network.
First of all, they were selected by hyperparameters: learning speed, batch size and number of eras, as well as
image size. Then a series of trainings were carried out using the original data, and only then were the images
that had been pre-processed added. As the results of the work showed, the dataset, which contains about 15%
of the pre-processed data, has a positive effect on the accuracy of the model. When using more data, there was
no significant increase in accuracy.

Key words: Convolutional neural network, deep learning, classification, dataset, accuracy

KAK UBMEHEHUS B BA3E JIAHHBIX BJIMAIOT HA
TOYHOCTD KITACCUDPUKATOPA

Annomayusa: Ceepmoynvie HeUpOHHbIE CeMU NPOU3BETU PEGONIOYUIO 8 KOMNLIOMEPHOM 3PEHUU U PACNO3HA-
saHuu 06pazos. Mx ucnonvzyrom 0 pacno3HaABaHUs pedl, 2eHEPUPOBAHUS PATUYHBIX 00paA308, 0bpabomKu
ayouocueHanos, 06pabomKu 8pemMeHHbIX P08, 0Jisi AHAIU3A cMbleia mekemos. Paspabameisaemces ece bonee
CILOJICHAS U 2TYOOKAsL APXUMEKNYPA HEUPOHHBIX cemell, Hapsidy ¢ HeCOMHEHHbIMU NPEeUMyujecmeamu oouux
npobaeM 3mo2o nooxooa cyujecmeayiom nexue Heoocmamiu. OOHUM U3 HUX 8bICMYNAEN CKPLIMbIL 6HYMPEHHUL
npuHyun uetiponnou cemu. IlpagunvHo obyueHHas cemv He NPeOOCmasisiem Uccied08amenim UHGopMayuo
0 BbIAGNEHHBIX 3A6UCUMOCTAX OAHHBIX U cmpyKmype npoonemvl. QOyYeHHass HeUPOHHAS cemb NPeoCcmagisnem
coboii Habop eecosvix mampuy. C 3moil MOuKlY 3peHuUsl HeUpPOHHbIE cemu AGNAIOMCS UMb UHCTNPYMEHMOM
07151 pelleHust KOHKPemHoU npobieMbl MAWUHHO20 00YYeHUsl, HO OHU He NPedoCmasasom SKCHepmam aHalu-
mMu4eckyro uHgopmayuro 01 uzyieHus npoonemvl. Kax 0agno uzeecmuo, npunyun pabomol HeUPoOHHOU cemu
ObLI 635M U3 NPUHYUNA PAOOMbL HEUPOHO8 6 HaweM Mo32y. BHympb mosea mvl Hayuuiucey 3a2ni0uléams no-
cpeocmeom Y3U, [19T, MPT u ¢pMPT. A ons céepmounvlx HEUpOHHBIX cemeti OYOym UCNOIb308ATNLCS MAKUe
noKazamenu Kax moyHOCmb U 0I5l 6U3YAIU3AYUL mennogvie kapmol. Llens pabomul — ebisicHumy eausHue mpe-
HUPOBOYHO2O OAMAacema Ha MOYHOCMb HEUPOHHOU Cemil, U KAKoe KOMUYeCmE0 OAHHbIX 8 3HAYUMENbHOU Ce-
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NeHU UBMEHUmM YCMoUu4UueoCmy HeUpoOHHOU cemu. B nepeyro ouepeds 6vLiu nodobpansl cunepnapamempamu:
CKOpOCb 0OVUeHUsl, pazmep RApmull i KOIUYecmao dnox, a makoice pasmep usoopaxjceruil. 3amem 6wiau npo-
8e0eHbl P10 MPEHUPOBOK C UCNONbI0BAHUEM OPUSUHATILHBIX OAHHBIX U TUULL NOMOM Q006U U300PANCEHUS,
Komopwle npouiiu npedobpabomxy. Kax nokazanu pesynomamol pabomul damacen, 8 KOMOPOM COOEPAHCUMCS
npumepno 15% npedobpabomannsix OAHHBIX, NOTOACUMETLHO CKA3LIGAEMCA HA MmouHocmu Mooenu. Ilpu uc-
NONb308aHUU OONBULIE2O KOTUHECTNBA OAHHBIX He OblIO0 BbISAGIEHO 3HAUUMENbHO20 Y8eIUYEeHUsl MOYHOCU

Knrwouesvie cnosa: ceéepmounas Heuponnas cems, 2nyboxoe odyueHue, Kiaccugurayus, OanHvle, moyHoCms
MOJIMETTEPIAEI'T O3I'EPICTEP KIACCU®PUKATOPABIH ADJIAITI'THE 9CEP ETVYI

Anoamna: Tonxepineen HetlpoHObIK Jceniniep KOMNbIOMEPLK KOpY JcaHe YA2iHi many meHKepiciH dHcacaouvl.
Onap cetineydi mamyea, apmypai betinenep scacayad, 0blObICMbIK CUSHALOAPObL OHOEY2e, YaKbIm KAamapilapblH
enoeyee JicaHe MIMIHOEPOiH MARBIHACLIH MAN0AY2a KOIOAHbLIAObl. Hellponouvlk dceninepdiy bapean cailbi
Kypoeli JicaHe mepeH apXumexmypacsl 0amblmuliyod, CON CUSKMbL OYil MACIIOiY HCalnbl NpoodLemManapbl-
HbIH apmblKUbLLILIKIMAPLL MeH Kemulinikmepi de kesoecedi. Onapoviy 0ipi — HeUpoHObIK JHCENIHIY HCACHIPbIH
iwKi Kazuoacwl. /[ypvic oaublHOai2an dceli 3epmmeyuinepee depekmepee mayeioiiik mypaivl JHCoHe Mace-
JIeHIH KYPbLIbIMbL dicativiioa aknapam depmetioi. OKblmbvliean HeUpOHObIK HCelli — CaImMar MampuyaiapbiHbly
arcubiHmuievl. Ocbl MypevlOaH an2anoa, HeupoHObIK JHceliiep — MAUHAMeH OKbinyovly beneini Oip macenecin
wewyoiy Kypanel, Oipax onap maceneni 3epmmey Yuin capanuvliapea aHaiumukanisly aknapam oepmeuo.
Hetiporowix drceninin sorcymoic icmey npuHyuni 6i30iy MUbIMbl30a2bl HEUPOHOAP NPUHYUNIHEH AbIHObL. Muobiy
iwine ocwl ynompaoviovicmuix, [19T, MPT oscone pMPH apxwinwt kapayowl yiupeHOiK. Al KOH8YIbCUANBIK Hell-
POHOBIK Jiceninep Yulin GU3yanu3ayus yuin 0a10iK HCoHe HCbLLY Kapmanapvl CUAKMbl KOpcemxiumep Konoa-
HbLIAObL. JKYMbICIbIY MAKCAMbl — OKbINY MAAIMEMMEPIHIY HEeUPOHObIK JHCeNiHiY 0al0iciHe dcepin AHbIKMAY.
An xanwa 0epexmep HeUpOHObIK JHCeliHiY MYPAKMBLIbIELIH aumapivikmail e3eepmedi. Ey anovimen, onapoa
eunepnapamempiep mayoanobl: OKY AColI0aAMObIbl, NAKEMMIK MOIUeEPi JCIHe 0Vipiep CaHbvl, COHbIMEH Ka-
map xeckin onuemi. Cooan Kelin b6acmankvl Manimemmep KomeziMeHn Oipkamap scammolaynap emxizinoi,
COCHIH 02aH ANObIH aNd OHOEN2eH Cypemmep KOCbliobl. Kymbicmbly Hamudicenepi KopcemrkeHoel, arobli ana
enoeneen manimemmepoiy wiamamen 15%-0an mypamoin manimemmep 6a3acvl MOOeibOiy HAKMbLIBIELIHA O
acep emedi. Kocvimwa depexmepdi navidanranzan kezoe 0210ikme aumapivlkmati 6cy 0aukaimaobl.

Tyiiinoi co30ep: Konsonoyusnvlk JcytiKe jHcylieci, meper OKbinty, Jdcikmey, Manimemmep 6a3acel, 0210i2i

I. Introduction

At the moment, convolutional neural the model. Also, the advent of large image

networks and its modifications are considered
the best algorithms for finding objects on the
scene in terms of accuracy and speed. Since
2012, neural networks have been at the forefront
of ImageNet's renowned international pattern
recognition competition. First of all neural
networks won this competition and then they
captured more and more computer vision tasks
and showed that neural networks work much
better than traditional approaches.

With the advent of GPU and TPU[1], it
became possible to spend less time for training
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databases has made it possible to train neural
networks with many hidden layers. So in this
regard, the amount of data growing every year is
an advantage.

We understood that as more hidden layers
as more difficult problems can be solved by
neural network. Signals from these input
layers are transmitted from layer to layer using
synapses, each of the layers has its own specific
coefficients. The internal principle of the neural
network is hidden from us. It must be recognized
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that we have a problem with the interpretation of
the models [2].

For human looking at picture and say what it
is a cat is a simple task. Human brains have been
trained in this for a thousand years. And each
person can describe and guess about the plot
of the image through accumulated experience.
However, until 2010, for machine, this was
an incredibly difficult task. Human vision
is not fooled by small changes in the image,
and interference such as blur, snow, changing
the shape of an object, poor image quality or
abstraction, styles is not a problem[9]. It is added
to this that often individuals, like the same cat
tend to take completely different poses. Also it
can be hidden partially by surrounding objects.

We needed to do this in some geometric way,
describe the object, describe the relationship of
the object, how these parts can relate to each
other, then find this image on the object, compare
them and get what we recognized poorly. Usually
it was a little better than tossing a coin.

II. Classification

Classification of images is a task where
you need to decompose images into several
categories. For example, a binary classification,
when it is necessary to decide into which two
classes pictures belong or it is necessary to
expanded pictures into many categories, for
example, determine cars and airplanes. For
example, ImageNet contains 10 million images
from the Internet. Pictures are quite complex,
varied, and they are manually marked out for
belonging to a particular class.

It should be noted that there are errors and
controversial cases in the database. For example,
this picture is marked as “helicopter”, and if you
answer that the picture is car, then it will be wrong.
Classification competitions are periodically held
on this ImageNet [3],[8] base, and a million
pictures from this database participate in the
classification task. It is necessary for each picture
from this million to answer the question to which
of the thousand classes it belongs. And you can
give more than one answer, and if the top five is
the correct answer, then it is considered that we
answered correctly.

Classification algorithms

Many classification algorithms are currently
available, but it will be difficult to say which
one is superior to the other. It all depends on
the application and the type and complexity of
the data that is available. For example, if classes
are linearly separable, linear classifiers, such as
logistic regression, Fisher linear discriminant
can be many times better, faster than complex
models, but could be an opposite.

The decision tree builds classification or
regression models in the form of a tree structure.
It uses an if-then rule set that is mutually
exclusive and exhaustive for classification. In
the end, questions that are forked in a tree may
seem strange, but this method has proven to be
effective. For example, in banking, when you
need to make a decision to give a person a loan.

The tree is built in a descending, recursive
“divide and conquer” way. All attributes must be
categorical. Otherwise, they must be sampled in
advance. Attributes at the top of the tree have a
greater impact on classification and are identified
using the concept of obtaining information.

An overloaded model can show impressive
results on training data, but in practice fail. This
can be avoided by pre-pruning, which stops the
construction of the tree at an early stage, or by
pruning, which removes the branches from a
fully grown tree.

Naive Bayesian method is a probabilistic
classifier based on the Bayes theorem under
the simple assumption that the attributes are
conditionally independent.

Classification is carried out by deriving the
maximum posterior value.

The naive Bayesian algorithm is very simple
to implement, and in most cases good results
are obtained. It can be easily scaled for large
datasets, since it requires linear time rather than
the expensive iterative approximation used for
many other types of classifiers.

Naive Bayes may suffer from a problem
called the zero-probability problem. When the
conditional probability is zero for a particular
attribute, it cannot give a reliable forecast.

An example is the first spam filters in your
mail. There was a conditional dictionary where
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the most common words used in advertising
mailings were put together. But he quickly
learned to deceive by adding the words of their
"good list" to the end of the letter.

k-Nearest Neighbor is a learning algorithm
that stores all instances corresponding to training
data points in n-dimensional space. When
unknown discrete data is received, it analyzes
the closest k stored instances (nearest neighbors)
and returns the most common class as a forecast,
and for data with real values, returns the average
value of k nearest neighbors.

In the distance-weighted nearest neighbors
algorithm, it weighs the contribution of each of
the k neighbors according to their distance using
the following query, which gives more weight
to the nearest neighbors. The algorithm gets
significantly slower as the number of examples,
predictors and independent variables increase.

An artificial neural network is a set of
connected input/output blocks, where each
connection has a weight associated with it, which
was started by psychologists and neuroscientists
to develop and test computational analogues of
neurons.

Many network architectures are currently
available, such as direct communication,
convolutional, recurrent, etc. The corresponding
architecture depends on the application of the
model. In most cases, direct link models give
fairly accurate results.

However, when there are many hidden layers,
training and adjusting weights takes a lot of time.
Another disadvantage is the poor interpretability
of the model compared to other models.

The algorithm gets significantly slower
as the number of examples and/or predictors/
independent variables increase.

Data preparation

To implement the body classification was
selected following software:

1. Python programming language, which
created many libraries for work with data and
neural networks;

2. “Keras” library, which allows you to
implement CNN using TensorFlow at a higher
software level.
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Labeled Faces in the Wild [4] was used as the
training dataset. Plus manually annotated data
which were prepared with tool named labellmg
[5]. A python library imgaug [6] was used for
augmentation [10].

List of applied addition sequence which
apply in random order:

1.Horizontal flips.

To make some images brighter and some
darker which can end up changing the color of
the images.

2. gaussian blur (sigma between 0 and 2.0).

3. average/uniform blur (blur image using
local means with kernel sizes between 2 and 3).

4. median blur (blur image using local
medians with kernel sizes between 3 and 5).

5. Affine transformations:

- translate by -20 to +20 relative to height/
width (per axis)

- rotate by -10 to +10 degrees

- shear by -16 to +16 degrees

- order: use nearest neighbour or bilinear
interpolation (fast)

VGGFace2 [7] was used as a test set. Image
size (70,70). Different sizes of margins were used
to make the dataset more variable.

Initially, training was carried out and the
hyper parameters (learning rate, batch size,
epoch) were changed. Then, reaching maximum
accuracy = 0.988 with the parameters: batch
size=128, EPOCHS = 50. Training was held
where the dataset changed. At first, where there
were 15% of the images were augmented then
30% and 50%. Also, the quality and type of
transformation has been changed.

Results

The first step is to look at the test set and
analyze. We need to understand the features that
we would like to highlight for the neural network
in the training dataset, whether it was trained or
not. This we will do with the help of the heat
map.

In Figure 11 we see the processed results
that belong to the model that was trained on
the “clean” dataset. That is, as the redder the
area, as clearer we understand that this is why
the neural network considered that the image is
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Figure 11 — Trained model results

human. Since the main signs for us are the head
and shoulders, the head dominates the faces here,
which is good. We will compare the last layers.
But for the shoulders to come in as the main
feature, we should supplement the dataset.

A large amount of reasoned data may not
entirely positively affect the finding of the main
features of the object. So the model where 50%
of the reasoned data was used has a tendency to
expand the red area. If we compare the number
of images that are actually false positive. It can
be said that their number has decreased, but still
finds people where they are not. From this may
follow: it is necessary to supplement the negative
class with similar images.

I1I1. Conclusion and Future of Threat

Intelligence

In general, the hypothesis was confirmed by
adding artificially created data to the dataset that
has a good effect on the model. This gives her
variability and gives a small boost in numbers.
But since we live in a world where good and
annotated data can be transferred to man’s hours
and accordingly to money, it’s not bad to have
tools that will help in training the next model.
Now, to the amount of this data, we see that you
should not get carried away and make half of your
training sample augmented, enough is 10-15%.

For future work it is planned to try the
following enhancements:

1. Add data and also take open datasets.

2. Conduct tests with more diverse data

augmentation.
3. Experiment with neural network
architecture.
Table 1 — Results
Precision Recall
Model without augmented data 0.97 0.94
15% augmented data 0.98 0.98
30% augmented data 0.94 0.99
50% augmented data 0.96 0.98
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THE CONCEPT OF A SOFTWARE AND HARDWARE COMPLEX
FOR EARLY DETECTION OF FOREST FIRES

KULTYSHEV Y.
Kazakh-British technological university

Annotation: This paper describes conceptual solution of software and hardware complex for early detection of
forest fires based on Machine Vision and algorithms of image processing. the urgency of this work is a difficult
situation in the field of combating such technological disasters as forest fires. This paper based on research
of already existing platforms and systems. Problem of forest fires is one of the most significant problems of
human race, interfaced with problems of ecology, politics and economics. One of the most effective methods
of fighting fires is their earlier detection and stopping at the initial stages until the conflagration has become
spontaneous nature

Key words: early detection of forest fires, software and hardware complex, image processing algorithms,
Python, Open CV, machine vision, methods of dealing with technological disasters

KOHUEIIT ITPOI'PAMMHO-AIIITAPATHOI'O KOMIIVIEKCA JJISA
PAHHEI'O OBHAPYKEHMUS JIECHBIX ITOKAPOB

Annomayusa: B oannoii cmamove onucvigaemcs KOHYenmyaibHoe peulenue npoepamMmHo-annapamuo2o Kom-
nieKca Onsl panHe20 0OHAPYIHCEHUs TeCHbIX Nodcapos Ha ocHose Machine Vision u aneopummos obpabomku
uzobpasicenuil. AkmyanrbHOCmb OanHOU pabomvl nPedcmasisien o0l CLOACHYIO CUNyayuio 8 oonacmu Oopob-
Obl ¢ MAKUMU MEXHOLEHHBIMU KAMacmpo@damil Kax 1ecHvle nodxicapvl. Ima cmamuvs OCHO8AHA HA UCCTe008d-
HUU yoice cywecmayrouux niamegopm u cucmem. Ilpobnema necHvix nojicapos sasemcsi 00OHou u3 Haubonee
SHAYUMENbHBIX NPOONIeM Yel08eHecKoll pacyl, CEA3AHHOU ¢ NPOOIeMamu KON02UU, NOTUMUKU U IKOHOMUKU.
Oonum u3 naubonee IhhexmunvIx Memooos OOpLOLL ¢ NONCAPAMU AGNAEMCA UX paHHee OOHapyIceHue U
npeKpawjeHie Ha HaYaIbHbIX SMANax, NOKA NOXCAp He NPUodpel CIMUXUHbLIL Xapakmep.

Knrwouesvie cnosa: pannee oonapysicenue 1eCHbIX NONCAPOS, NPOSPAMMHO-ANNAPATIHBLIL KOMILEKC, dNeOpUm-
Mmbl 06pabomku uzobpasicenu, Python, Open CV, mawunnoe sperue, memoowvl 60pbObl ¢ MEXHOLEHHbIMU Kd-
macmpogpamu

OPMAH OPTTEPIH EPTE COHIIPYI'E APHAJIFAH
BATJAPJIAMAJIBIK-AIIITAPATTBIK KEIIEH TYCIHII'T

Anoamna: byn maxanaoa Machine Vision ocone xeckin enoey aneopummoepi neeizinoe Opman epmmepin
epme aHbIKMAY2a APHANRAH ANNAPAMMBIK-0AL0APIAMANBIK, KeUEeHHIH MYICOIPLIMOAMANbIK WeuliMi cunam-
manzan. Aman2an HCYMuICmoly 03eKminici — OpMaH opmmepin epme auKbiHOAY2ad MeXHONOSUSIbIK, ANammap-
MeH Kypec candacblHOagbl KublH dicazoal. Enbexme Kondanvicmaswl niamgopmanap mew srcytienepoi sepmmeyee
necizoencen. Opman epmmepi — adamzam 6aNACvIHbIY MARLIZ0bl Macenenepiniy oipi. Opm condipydiy muinoi
20icmepiniy Oipi opmmiy CMUXUATbIK CUNAM AlleaH2a Oelil 0napobl bacmankvl Ke3eHoepiHoe aHblkmay, Oau-
Kay JiCcoHe mOoKmanty.
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Tyitinoi co3oep: opman opmmepin epme anviKmay, 6a20aPLAMAIBIK-ANNAPATMBIK KeUleH, KeCKiHdepoi oyoey

aneopummoepi, Python, Open CV, mawunanvl Kepy, mexHoI02UsANbIK anammapmeH Kypec adicmepi

Introduction

It is hard to imagine the life of a modern
person without the use of fire. Thanks to him,
people live in comfortable conditions — in warm
homes, lighted rooms, eat delicious food, and
daily use items created with the flame. The
process of obtaining and subjugating the fire was
very complex and lengthy. Thanks to the ancient
man, we can use this resource. However, an open
flame going out of control turns into a real natural
disaster. Forest fire — this is the uncontrolled
spread of fire in the forest. In any situation, even
a small fire can develop into a natural disaster.
Currently, the probability of fire and large-
scale spread of fire due to natural factors does
not exceed 20%. Most forest fires are triggered
by human activities. Forests are an integral
part of the natural balance in which people
live. Typically, such disasters are observed only
when they have already spread to a large area.
The result is devastating losses and irreparable
damage to the environment and atmosphere.
The problem is that forests are usually remote,
abandoned, and uninhabited areas filled with
trees, shrubs, deadwood, and wilted grass with
dry leaves, etc., which are a potential zone
possible fire. A small piece of glass in sunny and
hot weather, acting as a lens, is enough to ignite
dry wood, foliage, or wilted grass. As soon as
the fire begins, combustible materials contribute
to the strengthening of the flame and its faster
spread. The initial ignition stage is usually
called the “surface fire” stage. At this stage, an
increase in flame intensity occurs. It is at this
moment that the fire goes into the category of
uncontrollable ones, and the damage that may
occur depends directly on weather conditions and
other factors, which makes it almost impossible
to make a preliminary assessment. To prevent
such scenarios, it is necessary to carry out
several measures to prevent, early detection and
preliminarily work with potentially dangerous
areas.
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Solution concept

The solution may be to create an integrated,
but a modular system. An integrated approach to
the early detection and prevention of forest fires
is based on a combination of different detection
systems depending on the probability of forest
fires, the size of the territory and the presence
of a person associated with an adequate logistics
infrastructure, training, simulation results and
innovative fire fighting technology. A key factor
in fighting forest fires is timely detection. To
avoid the uncontrolled widespread occurrence
of forest fires, it is necessary to detect fires in
the first stages and to prevent their spread. It is
important to move fire fighting equipment and
qualified personnel directly to the fire source
as soon as possible. Adequate material and
technical infrastructure are urgently needed to
provide a sufficient amount of fire fighting and
maintenance equipment. An equally important
factor is constant monitoring. Also, staff training
is an important component of the successful
management of forest fires. An integrated
approach to the detection and suppression of
forest fires is based on a combination of different
detection systems depending on the risks of
fires, the size of the territory and the presence
of a person, consisting of all the necessary parts,
such as early detection, remote sensing methods,
logistics and training using simulators and
training models. The sounding methods used are
determined by different degrees of risk of natural
fire, the size of the region, and the availability
of human resources. Local staff is involved in
monitoring small areas at high risk. For areas
of very high and low risk, satellite and aero
control are possible. Video and photo material in
broadcast mode is transmitted to control centers
and analyzed to identify risks and build models to
combat them. If the fire identified and evaluated,
the fire will be triggered by an alarm that goes
directly to the fire department.

Airship and drones based early forest fire
verification platform
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Figure 1. Schematic structure of the integrated forest fire detection and fire fighting system

One of the alternative sources of fire
monitoring can be through a radiometer, gas and
smoke detectors, and a heat chamber attached
to the airship. The advantage of an airship
with a length of 9 meters and a diameter of
2.3 m is its high load capacity. Management,
communication, and data transmission take
place through the middle of a computer mounted
on an airship. The ground station consists of a
user interface for transmitting and receiving
flight data from the airship. Users request data
via TCP/IP at the ground station. The resulting
data is combined with GPS airship data and time
stamps for visualization.

The platform for the early detection of
fires can serve as pilot drones or drones on the
remote control. One existing solution is the
AirRobot AR100-B. This platform offers a low-

cost alternative to manned helicopter aerial
surveillance. The drone allows the fire brigade
to have up-to-date information on the situation
and incidents during the entire mission. It can be
used both to confirm the alarm detected by the
video system and for reconnaissance, helping the
operator find hot spots.

The diameter of the drone does not exceed
one meter, with a weight of not more than 1
kilogram. The flight time is about 25 minutes,
depending on the weight of the carried cargo.
The maximum speed of the ARI100-B is
10m/s (36 km/h), the maximum wind load is
8 m/s (28.8 km/h). Operation does not require
flying experience and special qualifications.
If necessary, you can ensure uninterrupted
transmission of information in real time by
connecting the appropriate modules. Modules

Blimp

WLAN, UMTS, Radiomodem |

v
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Figure 2. Communication structure

Figure 3. AirRobot AR100-B drone
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may vary depending on the task and the specifics
of the marsness on which they are planned to
operate. Telemetry data is displayed in real time
at the ground station and can be tracked on a
map throughout the flight. All processing for the
detection of obstacles, as well as the prevention
of stagnation, will occur offline without operator
intervention.

Sensors based early forest fire

verification platform

If it is necessary to confirm a possible
fire, with insufficient information from the
video/photo, there is a need to use sensors.
Therefore, the sensors must be largely immune
to interference, such as steam, fog, dust
pollution, and water condensation. Detectors
analyze incoming air samples by analyzing
them. Early forest fire detection sensors must
meet many specific requirements compared to
conventional applications. High sensitivity is
necessary to detect even low concentrations of
smoke; dilution and strong turbulence caused
by the wind are significant factors. Due to the
high hydrogen content during an open fire, an
H2 sensor [0 — 10 ppm] was used. The main
features of this semiconductor gas sensor (GTE
GSME) are its very fast response time and
high sensitivity. The CXHX sensor [0-5ppm] is
used because hydrocarbon sensors are sensitive
to organic fire products. Rapid temperature
fluctuations are measured by a temperature
sensor. Also, a highly sensitive suction system
(Hekatron ASD535) is used to detect smoke
when observing an extinguished fire with an
airship. Thus, a distinction can be made between
gas emissions in a fire extinguished and even
low smoke concentrations in a fire. In addition
to these sensors, the airship is equipped with a
microwave radiometer and a camera.

Surveillance cameras based early forest

fire verification platform

The mentioned above methods for detecting
a forest fire include the possibility of using
surveillance cameras. One of these methods is
the technology based on the accumulation of
the image in the foreground in a compartment
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with an optical stream. Images are calculated
from foreground images, which are processed
using frame difference methods. To distinguish
flame images from smoke, two parameters are
used. Areas containing fire are recognized by
a model built on the principle of accumulating
foreground frames during the calculation of the
optical flux. The model also uses an algorithm
for recognizing moving objects to recognize
puffs of smoke. Due to this, the application of
the algorithm is possible in the following cases:
+ fire with flame and without smoke

+ fire with smoke and without flame

+ fire with flame and smoke.

Compared to conventional fire detectors, a
system built on a video series has advantages
such as the speed of response to a threat, range of
flame detection, wider coverage of the territory,
etc. Among other things, such systems can also
be used for monitoring large areas of forest with
complex terrain. But most of the methods based
on video fire detection have high rates of false
alarms. Most detecting methods based on the
visual features of fire flame or smoke including
color, textures, geometry, flickering, and motion.
It is possible to determine the appearance of
ignition based on color to segment flame regions,
as was done by Yamagishi and Yamaguchi [1, 2],
Celik et al. [3], Chen [4]. Liu and Ahaja [5] and
Yuan et al. [6] used an algorithm based on the
analysis of Fourier coefficients for flame circuits
to fix the fact of ignition. Ugur et al. [7] and
Dedeoglu et al. [8] in their writings suggested
temporal and spatial wavelet method which used
for fire analysis. In the current conditions, the
trend of the development of early fire detection
methods to combat forest fires is clearly visible.
What contributes to increased interest in this
issue.

Generally, the flames usually display red
shade colors, which could be used in a model for
flame detecting. Unfortunately, some fire-like
regions in an image may have the same colors
like fire. So these fire-similar areas are usually
extracted as the real fire from an image. There
are two possible causes of such false alarms:

* non-fire objects with same colors as real flame



OUBNKO-MATEMATUYECKHUE U TEXHUYECKHUE HAYKH

* background illumination of fire-like sources
of light

In both cases, the extraction of fire-flames
becomes complex and unreliable. The most
important aspect to distinguishing between real
fire or smoke and flame or smoke colored objects
in their movement nature. So, it usually using
color and motion features for creating burning
fire validating methods. Such fire dynamic
features include random movements of flames,
growing rate, oscillation, and flame different
shapes. According to turbulent nature, smoke
and fire have and chaotic nature. If the contours
of an object represent chaotic varying behavior,
then this is a sign of the presence of flame or
smoke on the video frame.

The moving pixels of the images could
be determined by using a frame differential
method, where (x, y) represents the coordinates
of the pixels that are formulated with a long
direction as the x-axis and the other direction as
the y-axis. I(x, y,k) represents the pixel values of
(x, y) in the current frame. I(x, y,k 1) represents
the pixel values of (x, ) in the previous frame.
L is the threshold. Equation represented in the
figure below:

1 if[I(x, v k) —I{x,v,k—1)| =L

FD(x,v k)=
(x, 3. ) {IJ otherwise

Figure 4. Moving pixels differential method

() O0<H<60°
(i) 0<S<0.2
(i) 127<1<255

Figure 5. HIS sequence

Color model for smoke differs from flame
one because smoke displays grey shades so he
conditions R a G a B a and with I (intensity)
component of HIS color model K1 <T1<K2. The
function of smoke recognition looks like[28]:

M = max{R(, j).G(, j), B(i, ))}
N =min{R(, j),G(, j), B{, j)}
[=1/3(R(, j),G(, j), B(, j))
Figure 6. RGB HIS sequence

If the pixel FD (x, y, k) satisfies both the
conditions object considered as a smoke pixel,
otherwise FD (x, y, k) is not a smoke pixel.
Approximately typical value ranges are 5 to
20 and light-gray and dark-gray smoke pixel
threshold ranges from 80 to 150 and 190 to 255.
The pixels that pass the color decision rule marked
as smoke. Foreground images appear in the same
regions during a consecutive time frame. For
describing it could be used such equation, where
Value bl is the accumulation augmenter, value
b2 is the accumulation attenuation[28]. Value b2
is set to 1 generally.

H.(x,y,k —1) + b1 ifFD(x,y,k) =1

HT(X,y,k):{maX(O’ H,(x,v,k — 1) — b2) otherwise

Figure 7. Foreground accumulated pixels equation

The values of pixels that represent frames of
foreground images detected in the same region
during a time frame. Foreground accumulated
imagesaretheresults fromthestack of consecutive
image frames, which alreday wheighted. Than
the more times the same region of foreground
images detected, the bigger of the pixels’ values
of the corresponding pixels in it. The pixel
values will decrease if the corresponding region
no longer appears in choosen region. According
to experiments [28], results show that as the
grads variation of color and brightness of flame
is extremely bright. Every pixel value of flame
changes, so the whole flame region in the images
could be detected via frame differential method.
If bl and b2 are set 1, the value of H will increase
soon.

Smoke nature looks like clouds with haotic
movements and not changebal brightness of pixel
in short period of time. There is are condition for
accumulating foreground image of smoke is such:
the parameters bl and b2 can be set as bl> b2.
Flame and smoke regions can also be separated.
The next step is smoke region determination.
Visible characteristics of smoke such as color and
shades are less steep. So that smoke is harder to
be differentiated. The pixels in the center of each
smoke block are considered as feature points
and do the optical flow calculation. It greatly
decreases the algorithm computation complexity.

165



BECTHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (55), 2020

First of all accumulated images sequences with potential smoke on foreground should be divided to
blocks. Then it needs to sum up the values of pixels within filtred blocks.

Hxy)>T
Figure 8. Pixel sump up satisfying condition

Then find the center points coordinates of smoke blocks, flow vectors will be calculated according
to rule bellow. The Pyramidal Lucas-Kanade feature optical flow vector looks like:

_1 -
d, =G'b
Where G is:

L L 2
Uy, + fdx H}. +(1)_V Ix Ix Iy

G= Z Z Ixjy IZ

L _ L
X=l, 0, Y=iu, —0, ¥

_ o wmge 0o ST
b= Z Z SI-1,

g L
X=u,—ow.,y Hy—fdy

Figure 9. The Pyramidal Lucas-Kanade feature condition

This process could be updated via recursion to minimize complexity of calculations. Equation
results fits to level L-1 bypassing the new start values. This procedure goes on until it rexahes the
finest resolution.

I'(x,y) = if* '\2x,2y) +

%(IL_1(2x “1,29)+ 1 2x +1,29) + 1 (2x, 2y — ) + T (2%, 2 +1)) +

%(IL_I(ZJC—IJJ;—1)+IL_1(2x+1,2y+1)+IL_1(2x—1,2y+l)+IL_1(2x+l,2y +1))
Then the Back-Propagation Neural Network can be used a for the smoke feature classification. In

Richard and Lippmann [17], they presented the step of the back-propagation training algorithm. The
output layer uses a log-sigmoid transfer function, so the outputs of the network are between 0 and 1.

f(x)zl%
>

Figure 11. log-sigmoid transfer function

The next phase is flame recognition. regular intervals in some areas. Flame flickering
Flame motion recognition method based on  frequency is between 2 Hz and 12 Hz. Ordinary
block image processing. The nature of flame is  cameras with a rate of 25 frames per second
turbulent as smoke's one. If there are no external  capture at least one cycle movement of flickering
factors, the regions of flame will be recurring at  per time. The foreground image using the
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differential frame method usually contains areas
of flame. At certain time intervals T, the flame
accumulates in the concrete areas. Each frame of
video is divided into blocks with 8x8 resolution
for extartction. Then the values of pixels within a
block are summed up. All methods listed below
represents supervised methods for fire detection,
then let's see on non-supervised group.

One of the remote sensing products is the
Thermal Anomalies provided by NASA [29]
[30]. This product improved by additional sensors
such as Visible Infrared Imaging Radiometer
Suite (VIIRS). In fact, this product providing
information within three hours of the satellites
overpass.The main goal are development
algorithm to identify each fire, estimare it, and
fire spread monitoring. Such method allows
to focus on each fire case and minimizing the
computational cost. Firstly alfgorithm creates
clusters with anomalies. Each cluster is a potential
fire. In order to avoid false positive clusters, they
are filtered via the CORINNE Land Cover 2012
(CLC2012) [31]. After filtering, it needs to create
an R-Tree. All R-trees with the CLC2012 have
their geometries and should be checked for land
covers types with a point-in-polygon procedure.
The R-Tree is created only once and uses further.
Algorithm based on rules from Scikit-Learn
[32] Python library. As output results, algorithm
provide set of labeled groups of anomalies. In
next steps, burnt area is computed applying the
alpha shape algorithm [33] for obtaining set of
points. The alpha shape algorithm stops when a
given set of points creates two different polygons.
This stop condition based on the rule that each
group should have only one burnt area. Finally,
each fires have next points:

* apotential burnt area

* an extent of the fire

» percentage of area inside vegetated area

* initial date and time

+ allthe properties of the thermal anomalies
associated with the fire.

Algorithm checks previous execution
results, therefore, the clustering of the current
execution adds the points of the previous burnt
areas polygons and adds the new potentila areas.
It aloow to detect such cases where some thermal

anomalies can joint in a single fire. But, some fire
cases are false positives. According to that, each
fire shoul be checked for unusual fire behavior.
For example, detections with rarely active or
with a non constant activity during a long time
should be labeled as potential false positives.

06-08-2016 07-08-2016 08-08-2016

09-08-2016

10-08-2016 11-08-2016

Figure 12. Algorithm maped case with joint fires

The algorithm do not provide that each
cluster is single fire. However, it could be a reason
for much more complex and costly calculations
focused on the fire degree. It is important to use
some additional method to increase burnt area
estimation accuracy. The thermal anomalies
is main factor for fire detection. Though, such
solution has some limitations. Results of the
experiment [34] show that this algorithm could
not be used as a common method for burnt areas
calculations. It could be applied as a fast mapping
estimation tool for big fires. The reason is the
spatial resolution of the thermal anomalies.

Conclusion

According to written below, they are a lot of
different systems which uses for fighting with
fire. Most of them based on early fire detection.
This paper described at least three different
solutions. Most of them based on the machine
vision or processing of information from external
sensors. These solutions show their effectivity
in early fire detection but still have a high false
alarm rate. It does not depend on the concrete
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FireDetector
+ ThermalAnomalies : array
+ FireAmay : array
+ Labets : array
+ LoadLasiDetections(Path : string]
+ LoadLasiDetectionsDB{DE : string)

| + CumrentBASatellite : OGRGeometry
+ DetecilonDate : daieiime
+ FirciDateTime : datetime
+ LasiDabe : datetime
+ CurrentBA_TA | OGRGEOMELny

Fire

+ UpdateDB(DB : string)

+ FilterBy(RTree ; object, GeomDict : ooject, ListFeaturaTvpe © abject)
+ Clusterizeleps : float, min_camples @ int, r_jobs @ int)

+ Checkjoins{}

+ UpdateDump(Path ; string|

+ UpdateBA()

+— "= 4 Fire(EPSG : string, Active : bool, ki : long, Datetime : datetime, Source : Sounce)
" | + Forecast{TimeHorizon ; int, PerimeterSourceType ; string, Model ; string, Params ; string)
+ JoinFire{ FireObj : Firal
+ AddSource{Seurce : Source)
+ UpdateFrom Hotsgots(ntilVal ; datetime)
+ ComputeBA_TA[UntilVal : datetime) : DGRGeomatry
+ UpdateBALestimage(Untilval : datatime)

BurntAres

+ Areas : array

+ DateTime : datetime = None

+ GetBABySource(] : BurntAreaCollection
+ GetBAASArTay() : array
+ UntiliUntilDateT - i : Burnit

ollection

| Source
|+ Type : string
+ GetTypa} : string
+ I5TypelType : string) : bool

Fay

Cluster
+ Anomalies ; array

+ Geometry - OGRGeametry = None

+ ConeaveMethad : string = *AlphaShape”

+ Source : Source = Mane

| + Areata : Moat = Nane

+ Getareal) : float

+ Camputedreal )

+ GeiSounce]} : string

+ GeiDataTimel) : object

+ Alphashape{Alpha ! Iz, MinNeigh  int, Step : Int} : OGRGeomatry
~aiie + dMBR(UNI : datetimea)

+50urce

+ Add{Hotzpat : Thermal&namaly)

Satellitelmage

+ GetAsAmay(UntilVal : datatime) ; amray E
+ Source ; string
+ Path ; string

+ Filename : string
+ DorwloadDate : datetime:

ThermalAnomaly

+ Adquisition : datetime

Figure 13. Algorithm UML

+ Point : OGRGeomEtry
+ DateTime: : datetime = None

+ Process(Extent : OGRGeometry) - OGRGeometry

diagram

+ Confidence : int

algorithm, because the nature of flame and smoke
is chaotic and it is really hard to determine it in
some cases. But a combination of these methods
allows to cope with high false rate results and

Most disturbances like fire-like color objects
can be differentiated from flame via foreground
accumulation image. The proposed method will
be further improved in future work.

increase systems productivity and stability.
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KAZAKH NAMES GENERATOR USING DEEP LEARNING
NURMAMBETOYV D., DAUYLOV S., BOGDANCHIKOV A.
Siileyman Demirel University

Abstract: In recent years, sentiment analysis of e-mail messages or social media posts is becoming very
popular. It can help people define if they are reading something positive or negative. On the same time, there
are some services on the Internet that can help you find or create a new name. When processing the creation,
they check the name in other popular languages, so your name does not mean inappropriate things in other
languages. For this they bill for 25 thousand US dollars. If there are such services, then there is a demand. In
this study, sentiment analysis of e-mails was implemented with using StanfordNLP [1] lemmatizer and classic
machine learning algorithms as a classifier. It is applied to real e-mails from Russian speaking mailbox,
which means there are both English and Russian messages. Thus, language identification is also added as
preprocessing step. In this study only binary sentiment analysis was made, but it can be improved with adding
several emotions to be detected. Then another model generates Kazakh names using neural networks, where
all Kazakh names data has been collected through various websites. The sentiment analysis model gives 81%
accuracy and the joint use of two models allow us to generate new Kazakh names, which are checked with
Russian language if they mean something inappropriate. The result can be improved with checking with other
languages.

Key words: Natural language processing, sentiment analysis, Deep Learning, Artificial Intelligence,
Generate Names

DEEP LEARNING TEXHOJIOTUSICHIH MAHJAJIAHY APKBLIbBI
KA3AKIIA ATAYJIAPBIHBIH 'EHEPATOPBI

Anoamna: Coyzel Jcoli0apuvl 1eKMPOHObIK NOWMAHBIY XAOAPIAMALAPLIH Hemece dneyMemmiK ceniiep-
Oezi xabapramanrapovl maidday eme KapKvlHObl 6Cin Keledi. Byn adamoapaa icazblmobl Hemece JHeaSbIMCbl3
ManimemmepOi OKbIN JHCAMKAHOLIRbIH aHbIKmayea komexmecedi. Convimen kamap Humepnemme sicana amay
mabyza Hemece dcacayeda Komekmecemin Oipneute Kvizmemmep oap. Lllvizapmansl 6H0ey ke3inde onap backa
maHviMan minoepoezi amayovl mekcepedi, COHObIKMAH CI30iH amvlHbl3 6acka mintdepoeei KeneHcizoikmi Oi-
Oipmetioi. Byn ywin onap 25 moiy AKIL oonnapvin manan emeodi. Mynoail Kvizmemmepoiy 001ybl, CYPAHbIC
myowipaovl. Ocwi 3epmmeyde StanfordNLP [1] nemmamuzamopvl men KiacCUKANbIK MAUUHALAPObL OKbIIY
aneopummoOepin Kiaccupukamop peminoe Kapacmuipoin, 21eKmMpOoHObIK NOWMALIApObly NIKIpLepine JiCyiH-
0ix. On opvic mininoe counetmin nouwma Hcauicinoeei HaKmol 2NeKMpOHObIK XAMMapaa KON0AHbLIAOb, AHU
ASBLIUBIH JCaHe opblc mindepinde oe bap. Ocvizan opaii MindiK caukecmeHoIpy, conoau-ax anlobli ald oH-
dey Kadamvl peminoe Koculiaovl. 3epmmey 6apulcblHOa mek OUHAPAbIK KOHII-Kyliee manoay sHcacanovl, Oipak
OHbl aHbIKMayea Oipreute IMOYUALAP KOCuln caxcapmyaa 6onaovl. Cooan xetlin magvl 0ip MoOelb HeUpoH-
ObIK diceninepoi KONOaHa Omulpbln, KA3aKula amayiapobl JHcacatiovl, MYHOa ODapiviK Ka3aK amayiapsl mypaisl
Manimemmep apmypii ed-caummap apxwiavl scunanaowl. Cezim mandaywvi moodeni 81% 0andix bepedi sncone
eKi M0OenbOiy Oipicin NatloaIaHbLIYbl CIUKECCIZ0IK MAbIHAHBL OLIJIpce, OHOA OpbIC MINIMeH meKcepiiemin
JHCaHa Kazakuia amaynapovl wwvl2apy2a MYMKIHOIK Oepedi. Backa mindepmer canvicmulpa meKkcepeeHoe,
HOMUICECTH JCaKcapma anamol3.
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Tyitinoi co30ep: Tindepoi mabuzu mypoe oyoey, ce3im mandaybvl, mepeyoemin OKbiny, Hcacanovl UHMeLIeKn,
ecimoep Kypy

I'EHEPATOP KA3ZAXCKHUX UMEH C UCITIOJIB3OBAHUEM DEEP LEARNING

Annomauus: B nocneonue 200bl ananu3 HACmMpoeHull coodweHull 31eKmpOHHOU ROUMbl UlU COOOWeHUll 8
COYUATLHBIX CEMAX CIMAHOBUMCS O4eHb NONYIAPHBIM. MO MOHCEm NOMOUL TH0O0SM ONPedeumy, YUMaiom Ju
OHU UO-TO NOLOANCUTENbHOE UNU ompuyamenvhoe. B mo sce epems 6 Humepneme ecmv HeCKOTbKO CY#cO,
KOMopble MO2ym NOoMOYb 8aM HAUMU Uiu co30amv Hosoe ums. Ilpu obpabomxe co30anus OHU NPOGEPIOM
UM HA OpY2UX NONYIAPHBIX SA3bIKAX, HOIMOMY 8aule UM He 03HAYAem HeYMEeCHble 6ely Ha OPYeUX S3bIKAX.
3a smo onu evicmasasiiom cuem na 25 moicsiy oonnapos CILUA. Ecau ecmv maxue ycnyeu, mo ecms cnpoc. B
9MOM UCcIe008anuu Obll NPOGedeH AHANU3 HACMPOCHUL dNEKMPOHHOU NOUMbL C UCNONb30BANHUEM JIeMMAMU-
samopa StanfordNLP [1] u kraccuueckux aneopummos MauuHno20 00yueHus 6 Kaiecmee Kiaccugpurkamopa.
OH npumeHsemcst K peanbHbiM /1eKMPOHHLIM NUCLMAM U3 PYCCKOSI3BIUHO20 NOUMOBO20 AWUKA, YMO O3HAYA-
em Hanuydue Kaxk aHeIuicKux, max u pycckux coooujenuil. Takum obpazom, uoenmupurayus sa3vika maxice
dobasnsiemcs 8 Kauecmee wided npedsapumenbHou oopabomxu. B smom ucciedosanuu vl npogedeH moibKko
ananu3 OUHAPHBLIX HACMPOEHULL, HO €20 MOJCHO VIVHUUMb, 000A8UE HECKOILKO OOHAPYICUBACMBIX IMOYUI.
3amem Opyeas modensv cenepupyem KazaxcKue uMend, UCNonb3ys HeUpoHHble cemu, 20e 6ce Ka3axcKue ume-
Ha OvLIU cobpanvl uepes paznuunvle eb-catimul. Moodenv ananusza nacmpoenuti oaem mounocms 81%, a co-
6MeCmHOe UCNONb308AHUe O8YX MoOelell NO360NAEH HAM 2eHepUpo8ams HOble KA3aXCKue UMeHd, Komopble
NPOGEPAIOMCS HA PYCCKOM S3bIKe, eCIU OHU 03HAYAOM Ymo-mo neymecmuoe. Pesynomam moocem 6vimo yayu-
wieH nymem npoeepKu ¢ OpyeUMU A3bIKAMU.

Knrwouesvie cnosa: obpabomxa ecmecmeeHH020 53b1Kd, AHANU3 HACMPOEHUH, 21y00Koe 0byUeHue, UCKYCCMBEeH-

HbLU UHmMeEINIEeKm, ceHepayusl UMer

Introduction

Sentiment analysis is also called polarity
detection, when the objective is to define if
the text is positive or negative. It comprises of
data collection, language identification, part-
of-speech (POS) tagging led to stemming or
lemmatization and polarity or emotions detection
steps. And for each of them there are a lot of
different approaches and algorithms. Basically,
creating a new approach in any of these steps is
a contribution to Natural Language Processing
(NLP). Or its application to a new area.

Mostly, NLP tasks are solved using deep
learning methods. Deep learning is a subset of
machine learning, which, in turn, is a subset of
artificial intelligence (AI). Artificial intelligence
is a method that allows a machine to simulate
human behavior. Machine learning is a method
of applying Al using algorithms, trained on data.
And finally, deep learning is a type of machine
learning based on the structure of the human
brain in terms of deep learning on artificial
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neural networks. Nowadays, deep learning
uses many areas, for example, with the support
of customers, they begin to replace people, in
practice, you don’t even know who is talking to
you in the medical care they use to get the most
accurate result, because the computer is trained
with a lot of data.

The aim is to create an approach in names
generator, as well as build Kazakh names dataset
by collecting from different resources like
books, websites, forums and so on, which will
contain only Kazakh names. The objectives are
to make a research in terms of related works and
methods in names generation, create a robust
and effective algorithm based on sequence
models and then check the names with sentiment
analysis. Reviewing results of testing accuracy
on sentiment and generation of names are also
the part of results discussion.

The idea of creating a name generator arose
from two things: an opportunity to make an



OUBNKO-MATEMATUYECKHUE U TEXHUYECKHUE HAYKH

impact on development of NLP application on
Kazakh language and the creation of the service
based on deep learning algorithms to be described
in this paper. Selecting or creating a new name is
presented as a web-service, and there are some
of them already available to generate names in
Kazakh. From early childhood throughout our
lives, we have not heard a single word as often
as our own name. This can motivate people to
use such services, as well as generating business
names.

The objectives of this study were to create
an approach in sentiment analysis for e-mail
messages within working communication, which
gives quite good results in terms of accuracy.
And then test the trained model on the generated
Kazakh names.

Dataset

Dataset for sentiment analysis part was
parsed from outlook, messages were cropped
due to delete previous conversation which can
influence on algorithm. Also, all additional
information as signature, sender name was
removed from the dataset. It was only 100 mails,
while getting more data could improve the
accuracy of sentiment analysis.

Data for Kazakh names generation was
collected from several websites [2-5]

Literature review

During the study, papers describing the
approaches in sentiment analysis with different
application were reviewed.

The first question to be answered was - what
if a system making sentiment analysis already
exists. There is no work related to sentiment
analysis in Russian specifically, but in paper
“SentiCorr: Multilingual Sentiment Analysis
of Personal Correspondence” [6] a multilingual
sentiment analysis system called SentiCorr was
presented. It is based on four-stage approach
- language identification using Graph-based
approach for Language Identification (LIGA)
algorithm for short texts, POS tagging using
TreeTagger, subjectivity detection  using
AdaBoost and polarity detection using Rule-
Based algorithm to create an Emissive Model on

patterns. They also developed an Outlook plug-
in allowing people to test the system. In the paper
a classification was implemented into objective,
negative and positive.

Also, the question of bipolarity or multi-
polarity of messages is important too. In the
paper above analysis was made on phrases level
thus messages could be bipolar. It could be a
good point to check in this study.

A paper “A psychological based analysis
of marketing email subject lines” [7] applies a
similar approach for creating 40 tips to help you
get an ideal e-mail subject. It provided emotional
analysis, subjectivity analysis and sentiment
analysis of real e-mails and got insights from each
e-mail’s labels in terms of attention, impression
or interest it caused.

A paper “Sentiment Analysis for Automated
Email Response System” [8] used messages
between students and teacher to provide a
comparative analysis on sentiment analysis
classifier. According to it, RNN achieved the
most accuracy on the dataset, and was used in
auto-response system. In our study, we also can
provide a comparison of different algorithms to
define the most suitable for the data.

There are not so much algorithms, which
support POS-tagging for Russian language.
StanfordNLP algorithmused inthisstudy was also
described in the paper “Universal Dependency
Parsing from Scratch”. It is recurrental neural
network-based algorithm, which can lemmatize
in more than 50 languages. Also, there is no
sentiment analysis related paper using smileys as
a part of sentences and parentheses were used in
this study as an additional indicator of message
sentiment.

There are no Kazakh name generator
works, which describe the proposed algorithm
and methods. One of the latest updated papers
is  “Generating Thematic Chinese Poetry
using Conditional Variational Autoencoders
with Hybrid Decoders” [2]. The presented

methodologies  of utilizing  grouping-to-
arrangement models  with  consideration
frequently  produce non-topical  sonnets.

They present a novel restrictive variational
autoencoder with a half and half decoder adding
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the deconvolutional neural systems to the general
intermittent neural systems to completely learn
theme data by means of inactive factors. This
methodology fundamentally improves the
importance of the created sonnets by speaking
to each line of the sonnet in a setting touchy
way as well as in a comprehensive manner
that is exceptionally identified with the given
watchword and the educated theme. A proposed
enlarged word2vec model further improves the
musicality and evenness. Tests show that the
created sonnets by the methodology described in
the paper are generally fulfilling with directed
guidelines and reliable subjects, and 73.42% of
them get an Overall score no under 3 (the most
elevated score is 5). In this study we will use
sentiment analysis to estimate the quality of
generated text.

One of the companies in Ukraine called
KOLORO - Brand Design [10] in their blog had
written how their branding process works. They
come to a decision that helping the name of
your children is like branding, the name should
mean something, somehow related to parents’
past, cultural values, your wishes, sounds good,
doesn’t mean anything bad in other languages
and even uses statistics with a forecast. They also
write interesting articles like how to not name
children. The whole process looks like creating a
name, checking uniqueness, comparing it in any
language and making sure that it’s not profanity
or insult at the end lawyers check that name
excludes the possibility of coincidence with the
registered trademark. Also, they mentioned that
in Switzerland this service costs $28000.

It is shown that in the similar works authors
present the model to generate text and evaluate
it comparing with some benchmark and in this
study the result of generation will be checked with
sentiment analysis in Russian language, whether
the name can mean something inappropriate.

Methods and materials

The pipeline used in this study for sentiment
analysis is as following: to apply language
identification first (to know which corpora to
use) using langdetect library[1l], removing
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punctuation using TextBlob [12] and stop-
words using nltk [13] library, lemmatization
using StanfordNLP algorithm[1], tokenization
using CountVectorizer and TF-IDF as described
here “Twitter Sentiment Analysis using NLTK,
Python” [14] and applying LogisticRegression
classifier. Parentheses with spaces prior were not
considered as stop-words since it can be used as
additional emotional indicator.

According to “Why do Russians use
parentheses instead of smileys?” [I15] in
Russian written communication parentheses are
commonly used for emotions expression, and
detection of emotions from smileys is also an
advantage of this study.

Sentiment analysis in this study consists of:

1) Tokenizing a message using TextBlob
library [12]. It has words function, which
tokenizes text into words with default tokenizer
function. But it is also available to use any nltk
tokenizers as custom tokenizer, which suits your
needs. Thus, TweetTokenizer from nltk was
used, since it defines parentheses as smileys, and
it could help in analysis of russian text.

2) After forming a word sequence, we remove
stop-words using standard corpus from nltk
library. But as a preprocessing step Langdetect is
used to define English messages, which will be
processed with English stop-words, and for other
e-mails we use Russian stop-words.

3) Lemmatization is realized using
StanfordNLP library with English corpora
applied to English messages, and Russian one for
Russian messages.

4) Apply CountVectorizer to get a matrix
representing all the words in the document. It is
shown below in Fig. I:

5) To count TF-IDF weights for each token,
which will be used as an input vector for the
classifier:

* Tf(d,t) (Term frequency) is defined as the
number of occurrence of the term t in document
d

 Idf(t) (Inverse document of frequency) is
defined as log(D/t), where D: Total number of
documents and t: Number of documents with the
term.
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train_X

‘This is good’,

‘This is bad’

‘This is awesome’

Fit

¥

[ CountVectorizer ]

word_index

{'this":0,

'is"1,
‘good’:2,
‘bad’:3,
‘awesome’:4}

Features
This is good bad awesome
1 1 1 0 0
1 1 0 1 0
1 1 0 0 1

Figure 1. CountVectorizer sparse matrix demonstration

What Tf-1df transformer does is returns the
product of Tf and Idf which is the Tf-Idf weight
of the term.

6) To apply StandardScaler [16], which
standardizes features by removing the mean and
scaling to unit variance. The standard score of
a sample x is calculated as: z = (x - u)/s where u
is the mean of the training samples and s is the
standard deviation of the training samples.

7) To apply LogisticRegression as a classifier,
since it is the most common algorithm for binary
tasks.

The model for names generation is one-
layer LSTM with preprocessing which includes
norming the name and one-hot encoding with
Kazakh alphabet. It is also added with dropout
with given probability 0.1 to avoid overfitting. It
includes the steps:

* Preparation — helper function to get random
pairs of (category, line). The category here is
just a one-hot vector, just like the vector input.
For each timestep (that is, for each letter in a
preparation word) the contributions of the system
will be (class, current letter, shrouded state) and
the yields will be (next letter, next concealed
state). So, for each preparation set, we'll need
the classification, a lot of info letters, and a lot
of yield/target letters. Since we are foreseeing
the following letter from the present letter for
each timestep, the letter sets are gatherings of
back to back letters from the line - for example
for "ABCD<EOS>" we would make ("A",

"B"), ("B", "C"), ("C", "D"), ("D", "EOS"). The
classification tensor is a one-hot tensor of size
<l x n_categories>. When preparing we feed
it to the system at each timestep - this is a plan
decision, it could have been incorporated as
a major aspect of starting a concealed state or
some other procedure.

* Training the network - we are making a
forecast at each progression, so we are computing
loss at each progression. The advantages of
autograd permits you to just entirely ignore these
losses at each progression and make a back-
propagation. Preparing is the same old thing
- consider training a lot of times and hold up a
couple of moments, printing the present time
and loss each print_every iteration, and keeping
a store of a normal loss for every plot every
iteration in all losses for plotting later.

» Sampling the network - to test we give the
system a letter and ask what the following one
is, feed that in as the following letter, and rehash
until the EOS token.

Data and results

First, we implemented a neural network for
generating names in Kazakh. So, after running
the learning process for 200000 iterations, it
shows good results. Figure 1 shows the training
loss converging to the value close to zero, which
means that training was successful and finally
loss (which is Cross Entropy Loss in this study)
is low enough.

175



BECTHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne4 (55), 2020

0.7

06 4

0.5

0.4 4

0.3

024

014

T T T T
o 20 40 60

&0 100 120 10 160

Figure 2. Training loss of Kazakh Names Neural Network

Then we generate some number of names.
For example, as an input, we have entered the
name in the Kazakh language, which generates
pretty good names starting from each letter in
the name (Figure 2). For the future, we can label
each name by category for man or woman’s name
or it is unisex.

C - Caumpa

A - AxpH

H - Hyprabau
XK - XKanap
A - Awman

P - Pampa

Figure 3. Result of generated name based on input “CAHKAP”

The sentiment analysis model was trained on
real outlook data and then it was tested and gave
81% accuracy achieved on validation set, which
can be increased with using other non-linear
classification algorithms. Also, it can give better
result with more data, which must be manually
labeled or adding some cross-validation for
parameters. In Fig. 2 here are classification
report [17], confusion matrix [18] and accuracy
for validation set.

precision  recall fl-score support
8 0.03 8.84 8.88 44
1 0.42 8.62 9.58
nicro avg 2.81 e.81 8.81 52

nacro avg 0.67 @73 8.69 52
weighted avg 0.85 0.8l 8.8 52

[[37 7]

[3 5]
0.8976923076923877
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The validation set was also formed from
e-mail messages. In comparison with other
related works, it seems a similar result, since in
[8] it was achieved from 81.5% to 87% accuracy
depending on model for sentiment analysis
with using 40 000 samples from open datasets
in English. But using 10 000 it gives only
approximately 50% accuracy.

And after adding our generated names to the
sentences and defining its sentiments, we have a
system, which is able to check generated names
whether it means anything inappropriate.

Conclusion

We have created a system, which generates
Kazakh names and we have implemented
sentiment analysis of mostly Russian e-mails
with using of StanfordNLP lemmatizer and
Logistic Regression as a classifier. It is applied
to real e-mails from the mailbox, and to the
sentences including the generated names. In
this study only binary sentiment analysis was
made, but it can be improved with adding several
emotions to be detected. It gave 81% on validation
set but can be improved with adding more data.
Also, custom tokenizer can be used for splitting
text to words, with adding all specifications of
Russian e-mail text or abbreviations specific
for e-mail communication. The system can
generate new name for you in Kazakh and then
check if it means anything in Russian, which can
have bad sentiment. In future, it can be added
with checking within other languages, so that
generated name will be appropriate to use.
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A REVIEW OF ROBOTICS AND HAND TOOLBOX: A JOURNEY ON THE
OPEN-SOURCE ROBOTICS WORLD WITH SIX TOOLS

NURMUKAN K.', KUANDYKOV A.?;, AMANTAYEVA A.!, TOLEUGAZY P!

'al-Farabi Kazakh National University
’International Information Technology University

Abstract: In robotics development processes start from high level abstraction to demonstrating the particular
case or simply prove an algorithm compared to another algorithm works better most of the time researchers
might be seeking a straightforward way. It does work if you already set up your own ready research environment
but it is not an easy way if you don't have a proper lab environment. In this paper authors motivated by those
research environment problems, beginning to discover from authors own perspective attempt to classify the
robotics tools with following criteria: by open source, by frequently improving updated versions activity, by
whether or not widely supported by researchers and industry or worldwide user groups etc. Finally, author
come out with a pace of recommendation for new robotics research with authors research experience to the
six open source robotics tools. During the past two years author used the six tools, some of them used not
much, some used more. Whatever now is the time to tell people which one has what features compared to each
other. In addition, because of the author's own research interest mainly from robotic hand grasping, naturally
two related toolboxes (GrasplT! and Syngrasp) are also covered with the same criteria. Author hopes the
viewpoint of “the journey” will help others save a pace of time for robotics research.

Key words: Open Source Robotics, Robotics Toolbox, Robotics Library,Robotics Simulator, Syngrasp,
GrasplT!, Robot Hand, ROS

AJITBI AIBIK POBOTOTEXHUKACBIHA IOJY

Anoamna: Pobom mexnuxacvin oamvlmy npoyecinoe dco2apsl deyeetioei abcmpakyusoan HaKmol Jcagoati-
bl Kopcemyee Oetlin Hemece Jicall 2aHa 0dNeN0eH2eH an20pUmmmen Hemece 6acKa anreopummmen catblCmoip-
2aHOa, anea Kapail JHCvlidCy2a viyeaiavl 6onadvl. Ezep ciz dativin 3epmmey Opmachin OpHAMKAH OONCAHbL3,
OHOA JCAKCHL HCYMBIC icmelldi, Oipak ciz0e muicmi 3epmxanaivlk, opma boamaca, oyai emec. byn socymvicma
asmop pooomomexHuxa Kypaioapvli OipHeuie Kpumepuiiiep OOUbIHUA JHCIKmeyOi 03 MYPEbICLIHAH aulyed
MBIPLICHIN, 3ePMMey OPMACLIHBIY NPOOIEMANAPLIH KO32ASAH.

Tyitinoi ce30ep: awvix pobomomexnuxa, Robotics Toolbox, Robotics Library, Robotics Simulator, Syngrasp,
GraspIT!, Robot Hand, ROS

OB30P WIECTHU OTKPBLITHIX IIVIAT®OPM POBOTOTEXHUKHN

Annomauusn: B npoyecce paspabomki po60momexHuKy HayHume ¢ blCOKO20 YPOGHI AOCMPaKyui 00 0eMoH-
cmpayuu KOHKPemHo20 CIy4as Uid NnPocmo npoBEPeHHbll AleOPUMM UL NO CPABHEHUIO ¢ OPYUM AeOpUM-
Mom pabomaem ayuuie, 8 9MoM Cryuae Moxicem Oblmb NOUCK NPAMO20 nymu. dmo pabomaem ayuuie, eciu 6bl
Vokce HACMPOUU C8010 COOCMBEHHYIO 20MOBYI0 UCCIE008AMENLCKVIO CPedy, HO 3MO He NPOCmoll Cnocoo, eciu
¥ 8ac Hem nooxooswerl 1abopamopHol cpedsl. B smoti cmamve agmopuvl pyKo8OOCMEYIOMCA IMUMU Npoodie-
Mamu uUccie008amenbekoll cpedvl, NblMasict 0OHAPYICUMb ¢ COOCMBEHHOU MOYKU 3PEHUs KAACCUDUKAYUIO
UHCIMPYMEHMO8 POOOMOMEXHUKU NO HECKONbKUM KPUMEPUSIM.

178



OUBNKO-MATEMATUYECKHUE U TEXHUYECKHUE HAYKH

Knwuesvie cnosa: Omxpwimas pobomomexuuxa, Robotics Toolbox, Robotics Library, Robotics Simulator,

Syngrasp, GrasplT!, Robot Hand, ROS

Introduction

Any researcher who believes an idea is worth
trying, it leads that eager to success. Assume
that you are not a kind of "lucky enough" new
researcher, does not have enough lab resources
either limited budget to purchase robotics even
so who believe that the "Algorithm" has unique
capabilities, turn out that beyond the eagerness
to success of the feeling drive you continue to
prepare the R&D environment. Probably, the
expectation happens all the time on your side.
Another assumption that you are a member
of an interesting project which follows up an
unexpected plan, or that project needs cross-
disciplinary researchers, to each researcher some
aspect of the project seems to be black box at first.
Furthermore, It makes communication difficult
in the research process. Either of case, In order
to continue the research activity or effectively
assist each other, the obstacles and the unfamiliar
part needs a highly abstract layer to wrap it up
by service, which mostly adapt with software
Application Programming Interface (API) by
specific library or a tool box maybe possible in
a simulation platform to increasingly simplify
the communication each individual researcher
also helps out the productivity of research result.
The main idea of each aspect in the project has
to be connected with loss coupled independent
abstract layers. This helps each researcher stand
up in a proper working environment able to effort
their own skills and with the best knowledge.
Especially, one typical case that some researcher
who coming from computer engineering
background doing robotics research, generally,
robotics include cross four science field (those
are mechanics plus mathematics and electronics
engineering and software engineering field)
basically software engineer it is not possible
to understand at first place all of the tools or
methodology of robotics science, but if want to
learn to apply it, have to has a way to gradually
possible. That is the reason, I went through the
personal research experience, understood how
difficult and what is the most difficult for as a

software engineer doing robotics research if
not has proper guides. The following content
will describe six tools specific for robotics,
reusable level differently, some of them can be
applicable libraries and some of them platform
simulation level. All of them are open source.
For each of them exposing the main feature
starts from evaluating building from source file
to installation, configuration, using in the test or
demonstrating examples to compare each other
how those features are provided, how long been
versions updated, compared each robotics tool
does the same feature or differently provided.
Also because of my own interest mainly from
robotic hand grasping, naturally many related
toolboxes are also covered with the same criteria.
Finally I made a little bit of a recommendation as
a conclusion.

Robotics Library (RL)

Robotics Library (RL) [14] is a library for
mechanical kinematic, motion planning and
robotics control. It includes math function,
kinematics, dynamics and hardware abstraction,
collision detection, and visualization. It was not
only used research project [5] but also used an
industry robotics project [13]. In Figure 1, Figure
2 and Figure 3 with few examples to show basic
robotics functionality of what RL can do.

4
—

Figure 1: Using RL Demonstrating the basic of rigid body
kinematics behavior
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Figure 2: Demonstrating more standard robotics arm with Figure 5: DART demonstrating a multi jointed part pendulum

process, which shows that with nature of physics behavioral
process

kinematics joint constraints

Configuration Space  Configuration Space

onfiguration

IWT Connect Connect

Figure 3: Demonstrating the path planning algorithm with
robotics arm

DART

DART (Dynarplc Amm.atl.on and. RObO’['ICS Figure 6: DART demonstrating basic soft rigid body falling
T901klt) [8], official WebSIte. http s://dartsim. down process with collision effect physics nature visualizing ,
github.io, DART more importantly focused on as the demo they didn't cross penetrating each other but they
accuracy of for all aspect of robotics kinematic deforming or squeezing while boxes are hit each other

dynamic computation, more likely it can contrast
with other physics engine ODE, Bullet etc. The
following picture (Figure 4, Figure 5, Figure 6,
Figure 7, Figure 8, Figure 9) visually shows few
aspects of the capability of DART does.

Figure 7: DART demonstrating simple modules of vehicle
moving path in the particular environment, also be able to

Figure 4: DART demonstrating basic rigid body falling down
process with physics nature visualizing, as the demo they didn't
cross penetrating each other while boxes hit each other control the moving process
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Figure 8: DART demonstrating the step moving, keep balancing
during the moments etc. with the famous ATLAS whole body
humanoid robotics

Figure 9: DART demonstrating another simpler whole
humanoid rigid body skeleton module balanced during the
moving

SynGrasp

SynGrasp Toolbox, it is a matlab toolbox[10],
focus on hand dexterity and manipulation
analize. Active open source tool. Last updated
in December 2019, till now a new updated 2.3
version, found on the official site: syngrasp.dii.
unisi.it. The tools used many eropone project as
following :Hands.dvi ECHORD Project[15], THE
— The Hand Embodied, WEARHAP — Wearable
haptics for humans and robots [12], SOMA — Soft
Manipulation[16] [17]. Main feature of SynGrasp
Toolbox: 1. Hand Grasp Modeling: Four robot
hand models are provided. Humanoid hand,
three-finger hand, modular hand, DLR / HIT
second-generation hand. In Figure 10 -Figure 11
shows that grasping object with three fingered
hands, but in Figure 12 - Figure 13 shows with five
fingered hands. 2. Grab modeling and planning:

Grab gripper configuration, contact point,
grab Jacobian matrix calculation, controllable
internal force subspace, rigid object operation. 3.
Grasp analysis: Provides different grasp quality
evaluation indicators. Including optimized force
distribution, and taking into account the under-
actuated hand joint coupling (hand synergy) see
in Figure 14 and Figure 15. allowing the execution
of motion and force operation capability analysis.
4. Graphical interface: visualization of objects
and grippers.

Figure 10: SynGrasp showing the persigin grep with three
fingered hand modules

Figure 11: SynGrasp showing the finger grasp the sphere with
three fingered hand modules

B0 50 40

40 110 10 9% 80 7

Figure 12: SynGrasp showing articulate the spare object with
Five finger hand modules
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Figure 13: SynGrasp showing the power grasp the spare object

with five finger hand modules

! gm0

Figure 14: SynGrasp demonstrating the hand synergy,
hand extension

Figure 15: SynGrasp demonstrating the hand synergy,
hand power grasp planning

OpenRAVE

OpenRAVE (Open Robotics Automation
Virtual Environment), the offical web site http://
openrave.org last version 0.9, was last updated
in 2013[4]. OpenRAVE is an open source robot
simulation software. OpenRAVE provides a
testing environment for robots, and its main
function is the simulation and analysis of
kinematics and geometric information for motion
planning. In terms of applications, OpenR AVE is
mainly used to develop and deploy robot motion
planning algorithms, and these algorithms can
be applied to actual robots. Due to the nature
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of OpenRAVE's independent operation, these
algorithms can be easily integrated into existing
robotic systems. It provides many command-
line tools for robot developers and robots with
a core runtime small enough to be used for
internal controllers and larger frameworks.
OpenRAVE is an open source crossplatform
software architecture, namely an open robot
and animation virtual environment. OpenRAVE
targets real-world robotic applications, including
seamless integration of 3-D  simulation,
visualization, planning, scripting, and control. Its
plug-in architecture allows users to easily write
custom controllers and extend functionality. By
using the OpenRAVE plug-in, any designed
algorithm, robot controller, or sensing subsystem
can be distributed and dynamically loaded at
runtime, thereby freeing developers from using
a monolithic code base. In this way, OpenRAVE
users can focus on problem planning and script
development without having to explicitly manage
the details of robot kinematics and dynamics,
collision detection (e.g Figure 16), world updates,
and robot control. The OpenRAVE architecture
also provides a exible interface that can be used
in conjunction with other popular robot software
packages such as Player and ROS, as it focuses
on automatic motion planning (e.g Figure 17)
and high-level scripting rather than low-level
control and information protocols. OpenRAVE
also supports a powerful scripting environment,
making it easier to control and monitor robots
and change execution processes at runtime.

NENC aFYE

otX Roty HEEE il Dollv!

Figure 16: OpenRAVE demonstrating the grasping a cup
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Figure 17: OpenRAVE demonstrating path planning trajectory

Grasplt!

Grasplt! [11] was designed for hand grasping
open source systems, not for all general purposes
functionality of robotics simulation. Grasping
control has a problem of high performance
computation. Especially multi- fingered grasp
has a more complex DoF design complexity
problem [7]. The complexity of computation is
very time consuming in terms of grasp planning
including collision detection. That is the reason
some researchers doing pre-grasp computation as
offline optimisation result save it for "best grasp"
result to database [6], get load while need feasible
grasp without collision, the grasp plan available
without math modeling computation instead of
getting it searching in the database, it would
show outstanding performance. If grap planning
counts as part of the motion planning, turnout
Improving motion path planning eventually
improves the whole robotics performance.
GrasplT! one of the solutions and reasons why
researchers like to use it. Following two picture
(see 3-17.Figure 3-17 and 3-18.Figure) show visual
grasping results with a multi-fingered hand.

c AMMm S

Figure 18: GraspIT! Demonstrating the auto grasping
algorithm

Figure 19: GraspIT! Showing that the two separate stage

of the grasping

ROS (Robotics Operating System)

The primary design goal of ROS is to increase
code reuse in the field of robotics research and
development [2]. ROS is a distributed processing
framework (as Nodes). This allows executables
to be designed individually (nodes) and loosely
coupled at runtime. These processes can be
encapsulated into packages and stacks for easy
sharing and distribution. ROS also supports
a federated system of code bases. Enable
collaboration to be distributed. This design from
the file system level to the community level
makes it possible to independently determine
development and implementation. learning or
experiencing robotics multi agent system, ROS
where are the right places to go[1]. ROS makes
it possible to share open source robotics to the
public [3].

Disscustion

In this paper compared the six robotics
libraries/framework/ or platform (ROS and
OpenRAVE can be called platform) from seven
different aspects. See more details in Table-1.
Basically, RL and DART are forced on more
fundamental robotics application purposes. But
DART is especially more care about calculation
accuracy and applying physics law as a core of
usages in the library. This is the reason DART
has been used as a physics engine in some
platforms (i.e OpenRAVE). As you can see from
a programming language perspective C ++ is a
very important language in robotics research.
SynGrasp and Graspit! Spacillay only for robotics
hand analysing purposes has been provided.
Noticeably, one of the robotics applications
interestingly covered investigation specific
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Table 1: The six robotics platforms compared with seven different aspects

Program Single Robot/ Motion Collision | Robotics Research | Developmentt Robotics
Language Multi Agent Planning Detection Purpose Environmen | Geometry Format
RL ct++ single Yes Yes General Liberary URDF/VRML
(-wrl)
DART C++, Python Single Yes Yes General Library URDF/SDF
. . General Plugin
C++, Python, . Third part | Third part COLLADA
OpenRAVE | () tave, Li Single integrable | integrabl N * (*.dac/* zac)
ctave, L1sp crable cgrable Robot Hand Simulation daer.zac
Only for Library
SynGrasp | MatLAB only Single Grasp No Robot Hand + No
Planning Analysing tool
Only for Simulation
++
GrasplT! ¢ L MatLAB Single Grasp Yes Robot Hand + VRML (’er) and
interface . . Inventor (.iv) files
Planning Analysing tool
C++, Python, Multi Third part | Third part
ROS Octave, Lisp | Robot(Agent) integrable | integrable Al Al URDE
for robotics hand grasping aspects, which tool Conclusion

called "OpenGrasp"[9], which integrated many
usefully lib and tools like OpenRAVE, FISICAS
etc, the main focus was also only for robotics
hand, but personally I did not recommend at all
for two reason, first, currently OpenGrasp didn't
work either with source in svn or other pre-
build packages distribution installation, same
time I found it some users notice that it is a long
time didn't update the release(last updated time
2011). Second, personally spending a lot of time
trying it out didn't succeed. Finally, I would like
to recommend the ROS(Robotics Operating
System) compared with other robotics tools. ROS
might be a better choice if you like to investigate
multi robotics(multi agent) fields.

In order to continue research activity or
effectively assist each other, the obstacles and
the unfamiliar part needs a highly abstract
layer to wrap it up by service, which mostly
adapt with software Application Programming
Interface(API) by specific library or a tool
box maybe possible in a simulation platform
to increasingly simplify the communication
each individual researcher also helps out the
productivity of research result. The main idea of
each aspect in the project has to be connected
with loss coupled independent abstract layers.
This helps each researcher stand up in a proper
working environment able to effort their own
skills and with the best knowledge.
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AJITOPUTMHUYECKHUE OCHOBBI IIPOEKTUPOBAHUSA ®PAKTAJIBHBIX
BA3 3HAHWH B UHTEJJIEKTYAJIBHBIX CUICTEMAX

PYCTAMOB H.T., ABGAIPAXMAHOB P.b., CAITAPXO/I’KAEB H.I1., AMAHOB A.A.
Medcoynapoonsiii kazaxcko-mypeykuti ynusepcumem umenu X.A. HAcasu

Annomauus: B Oannotl pabome paccmompenvl OHMONOSUUECKUEe CEOUCTNEA 3HAHUL, BbIMEKAIOUWUX UMEH-
HO U3 CeMaHmuyeckux ceoticms ungopmayuu. Popmanusys NOHAMUL «cOOOUjeHUe», «OAHHbIeY U KUHPDOP-
Mayusy, aneopumMUsUpPOSana npoyedypa NoayueHus u3 dmux NOHAMUL Heodxooumbvlx 3nanui. Ilpusedena
Gopmanuz06anHas MemoouKa aHaIu3a 3HAHUl Ha OCHO8e UHMepnpemayuu UHGOpMayuu 8 KoHmeKcme, npu
9MOM AKYEHMUPYSL HA CYWHOCMHbLE c8olicmea ungopmayuu. [lokazano, umo, eciu uHmepnpemupo8ams 00Hy
U my dHce UHPOpMayuio 8 pasHLIX KOHMEKCAX, Mo ceMaHmuxa 3uanui oyoem opyzou. [lpednosxcen kpumeputl
Gpaxmanvrocmu 3uanull 8 ungopmayuonnsvix cucmemax. C opyeou cmopousl, hpaxmansHocms ungopmayuu
ABIAEMCST NPEONOCHLIKOU NOAGLEHUS PPAKMATLHOU OHmono2uy 3uanuil. /lokazano ycinogue co30anus pax-
MANbHLIX 0aA3 3HAHUL 8 UHMENLEKMYANbHBIX CUCMEMAX, 860051 Nonsmue uiompa 3uanui. B ceoro ouepedw
omu punbmpuvl GopMuUpyIoOmes uz CyuHoCmuwIx ceoticme urngopmayuu. Ilosmomy npedcmagnenue 3uanuil ye-
pe3 «oannviey, «unpopmayusy umeem NpUHYUNUAIbHOE 3HAYeHUe NPU NPOEKMUPOSAHUL QPaKmaibHuIxX 0643
SHAHULL 8 UHMELTEKIMY AbHbIX UHQOPMAYUOHHBIX CUCTEMAX.

Knrwouesvie cnosa: opaxmanvnocms, sHaHUs, UHMELLEKMYATbHASL CUCTIEMA, QUILINPLL SHAHUL, NPOOYKYUOH-
Has opma 3Hanuil, ceManmuxa, 6a3a QpPaxmanrbHulX 3HAHU

ALGORITHMIC BASES OF DESIGNING FRACTAL KNOWLEDGE
BASES IN INTELLECTUAL SYSTEMS

Abstract: In this paper, the ontological properties of knowledge derived from the semantic properties of
information are considered. Formalizing the concepts of “message”, “data’ and “information”, the procedure
for obtaining the necessary knowledge from these concepts has been algorithmized. A formalized methodology
for analyzing knowledge based on the interpretation of information in context is given. While focusing on the
intrinsic properties of information. It is shown that if one interprets the same information in different contexts,
then the semantics of knowledge will be different. A criterion for the fractality of knowledge in information
systems is proposed. On the other hand, the fractality of information is a prerequisite for the emergence of a
fractal ontology of knowledge. The condition for creating a fractal knowledge base in intellectual systems is
proved by introducing the concept of a knowledge filter. The turn of these filters is formed from the essential

properties of information. Therefore, the representation of knowledge through “data”, “information” is of
fundamental importance in the design of a fractal knowledge base in intelligent information systems.

Key words: fractality, knowledge, intellectual system, knowledge filters, production form of knowledge,
semantics, fractal knowledge base
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UHTEJUIEKTYAJIBIK XKYWEJEPIE ®PAKTAJIBIK BLJIIMIEP
BA3ACBIH KYPY/IbIH AJITOPUTMAIK HEI'T3IEPI

Anodamna: Byn sicymvicma axnapammoly CemMaumuKaniblk KACUemmepiHeH Kelin wbleamvii OLiMHIY OHmo-
JIOUSATILIK Kacuemmepi Kapacmuipulieat. «Xabapiamay, «0epekmepy» JdHcaHe «aKnapamy 0e2eH Y2ulmMoapobl
Gopmanuzayusnay apkulivl onapoar Kaxcemmi 0inimoepoi any npoyeodypacvlia aneopumm Kypacmulpblian.
Konmexem wezizinoe axnapammapovl unmepnpemayusiayobly 0inimoepoi opmanuzayusianean manoay
20ici xenmipineen. Mynoa axnapammoly MaHbI30bLILIZLIHA KOHIL aydapeliadvl. bip axnapammol apmypii
KOHMeKCminoe UHmMepnpemayusaniayoa OiliMHIY CeMAHMUKACHl dPKeIKi Oo1amvlHbl Kopcemineen. Axknapam-
mulK Jcyiienepoe Oinimoepdiy Gppaxmandvlk Kpumepuiii ycviHvliean. Exinwi scasvinan aknapammoty ¢pak-
manovievl OiNiMOepoiy GpakmaniovlK OHMOIOSUACLIHbIY Natioa OOIYbIHA anvin Kenedi. binimoep cyseici de-
2€H YebiMObl eHOIPY apKblibl UHMELIEKMYANI0blK Jicylienepoe hpakmanovix Oinimoep bazacvinbiy naioda 60y
wapmul 0anenoeneen. O3 Kesecinde OY1 Quuvmprep aknapammoly Maybl30bLILIRLIHA OAUNIAHLICMbL NALOA
bonaodvl. Conovikman 0inimoepoi «0epekmepy, «aKknapamy, «xabapiamay apKbiibl YCbiHY UHMELIEKMYanloblk
aknapammulk Jcyienepoe ppaxmandvik Oinimoep 6azacvin HcoOANAYOa aiap OpHbl 30p.

Tyitinoi cozoep: ppaxmanvovix, Oinim, uHmMeNIeKmyaiovlx Jcytie, oinimoep cyseinepi, 6inimoepoi ycolHyovly

OHIMOI hopmacel, cemanmuxa, ppaxmanovi Oinimoep bazacwi

Beenenue

Kax mbI 3HaeM, HaKOIJIEHHE, pacTIpOCTpaHe-
HUE U [lepeiaya 3HaHU U OT MOKOJIEHHUS K TTOKOJIe-
HUIO BO BCE BpEMEHA ONPEACIISAIN Pa3BUTHUE Ye-
J0BeYeCKOW nuBWINM3anuu. [Ipu aToM Bece 3aBu-
CeJI0 OT TOrO, KaK XpaHWINCh 3TU 3HAHUs, Kak
OHM IlepeAaBanuch. B mocnenHue necatuierus
3HAHUS, UHTEJUIEKTYyaJbHbIE PeCypchbl MpHoodpe-
71 0COOYI0 3HAYMMOCTHh B COLMAIBHOM M KO-
HOMHYECKOM pa3BUTUM oO0IIecTBa. JTO CBs3a-
HO C JIelicTBUEM psaa QpyHIaMEHTalbHBIX (hak-
TOPOB U, IPEXK/I€ BCEro, ¢ UHPOPMAILTMOHHOM pe-
BOJIOIIMEH ¥ BOSHUKHOBEHHEM HOBOM U(poBoOi
HSKOHOMMKH.

Hogoii nndpoBoii 5KOHOMHUKE — SIKOHOMUKE,
OCHOBAHHOI Ha 3HAHUSX, CBOMCTBEHEH CTPEMMU-
TEJBHBIN POCT HAYKOEMKOCTHU TOBAapOB M YCIYT,
COKpalleHUE UX KU3HEHHOTO LMKJIA, NHTEIUIEK-
Tyanu3alvs HCIOIb3YeMbIX TEXHOJOTHH, 00e-
CIIEUMBAIOIMX KPaTHOE IOBBIIIEHNUE MPOU3BO-
JUTEIBLHOCTH TPY/AA, BOBHUKHOBEHHE KPYITHOTO
CerMEHTa PBIHKA COOCTBEHHO HWHTEIJICKTYallb-
HBIX TPOAYKTOB U YCIyT (MAT€HTHI, JTHIICH3UH,
TpaH3aKIHUU, KOHCAJITHHT), OBICTPBIA TEMI 00-
HOBJICHMS 3HAHUM W HEOOXOJMMOCTh HX IOC-
TOSIHHOTO TononHeHus. Bee 3To Tpebyer paspa-
OOTKH HOBBIX METOJIOB M TEXHOJIOTHI MPEICTaB-
JeHus1, 00pabOTKU U MOKMCKA (PpaKTaIbHBIX 3HA-
Huii [1,2]. Ansa obnerdenus paboThl CO 3HAHUSIMU

Ha/I0 UMETh ONPEACICHHYI0 CEMaHTUYECKYIO U
QITOPUTMHUYECKYIO0 CHCTEMY, Ha OCHOBE KOTO-
poit MOXKHO OBLTO co3aaTh 0a3zy 3HaHMM, Onaro-
Japsi IEpBUYHBIM JITaHHBIM B PaMKax OJHOM WH-
(dopmannoHHOI cucteMbl. B aToMm ciyyae, Takas
MHTEJUIEKTYaIu3UpOBaHHas HMH(OpMaIMOHHAS
cucrema npuobperaer hopmy ToBapa. Toibko B
9TOM CJy4ae MOXHO YCIIEIIHO KOHKYPHPOBAaTh
Ha pbIHKaxX IU(poBoi skoHOMUKHU [3-5]. 31ech
OTIPEEIISAIOIYIO POJIb UTPAET MOHATUE «UHPOP-
Mars». MHpopmarus — 3710 1aHHble, HHTEpIpe-
THUPOBAHHBIE B OIIPEIEIIEHHOM KOHTEKcTe (HeoO-
XOJUMBIE MOJIb30BATEN0, MOJIEe3HbIE I pelle-
Hus). nu undopmanus — 3To «IaHHBIE, HaJe-
JICHHBIC 3HAYMMOCTBIO U LIeTaMu» [6].

Llenvro pabomsi SBASETCS ANTOPUTMU3ALUSL
npeacTaBieHus MHGopMalMu B BUIE 3HAHHM
MIPU 33JJAHHOM KOHTEKCTE.

Meron pemenus

CoBnaziatoT Jiu MeXy COOO0M MOHATHUS «JIaH-
HbIe 00 00beKTe» U «MH(popMaIyst 00 00beKTe?»
Oxka3pIBaeTcs 3TO pa3Hble MOHATUA. B camom Je-
Jie MOKHO MPHUBECTU MPUMEPHI PA3HBIX JTaHHBIX
[7].

OOBEeKT —NepPBUYHOE U CTPOTO HEONpeAeIsie-
Moe moHsATHe. OHO Bcerga NpPOTHBONOCTAB-
JsIeTCs IPyTroMy, TBOMCTBEHHOMY €My TMOHSTHIO
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- cyowbekT. CyOnekT o0namaeT CrocoOHOCTHIO
BOCIIPUHUMATh, TPEOOPA30BHIBATh M UCIIOIB30-
BaTh MH(POPMALIUIO U 3HaHUS 00 0OBEKTE.

OOBEKT — OJHO M3 CaMbIX OOUIUX IOHS-
Tuil. Besikuit 00bekT 007aaeT onpeneieHHbI-
MU CBOMCTBaMH, MPOSBISIONIMMUCS TIPU B3au-
MOJIEHCTBUH C APYTUMU OOBEKTaMHU. DTHU CBOMi-
CTBa 00BEKTa MPOSBISIFOTCS B paMKaxX TOTO WA
UHOTO KOHTekcTa. Cka)xem, CBOMCTBO OOBEK-
Ta JABUTAThCS, PA3BUBATHCA U T.II. OyIET MPOSB-
JSThCSA B KOHTEKCTE gpemenu. Beskoe cBeneHue
npeanonaraeT CBOW TMEpPBOHAYAIBHBIN HCTOY-
HuK. [IprueM Bcskoe CBelleHHE OMMCHIBACT JIBa
MHOXecCTBa 00bekTOB. OTHO — X OMOpHOE MHO-
JKECTBO TeX OOBEKTOB, KOTOPHIE SIBISIOTCS JI0-
MyCTUMBIMH JIJISl PETUCTpALlUU JaTyuka. J{pyroe
MHOECTBO 0 TeX OOBEKTOB U3 X, /ISl KOTOPBIX
JaTYUKOM (PUKCUPYIOTCS BIIOJTHE OTPE/ICIICHHBIC
cBoiicTBa. Tem cambIM, BTOPOE€ MHOXKECTBO €CTh
4acTh MEPBOTO, T.€. TOJAMHOXKECTBO, 0 C X.

Jlanee, Bcsikoe CBeIEHUE ODKHO HMETh
yKazatelnb (MMsi) 00beKTa, 0 KOTOPOM COOOIIaeT-
csl B JaHHOM cBefieHnH. O003HAYUM Yepes X TOT
00BEKT, KOTOPHIN YKa3aH B CBEICHUHU.

Torna x sBISIETCS dIEMEHTOM KaK OIOPHO-
rO MHO)KECTBa X, TaK ¥ IOAMHOXKECTBA O, T.€. X €
X, x€ d. bynem Ha3bIBaTh yKazaTelb 00beKTa ce-
MaHTHYECKUM yKa3arenem cBefeHwus. [1o cBoeit
CYTH STH yKa3aTellld BBIPAXKAIOT paccMarpHuBae-
MBI KOHTEKCT.

CeMaHTHKa BCSKOTO CBEACHHS IMpeIoa-
raeT HaJIUYUE CIEAYIOIIUX YEThIPEX BEIUYHH:
OTIOPHOTO MHOXeCTBA X 00bEKTOB, CEMaHTHUYEC-
KOT'O YKa3aTeJIsl X OTHOTO U3 00BEKTOB X, T.€. X €
X, mogMHOKeCTBa 0 00BbEKTOB U3 X, T.e. xC XU
paccMarpuBaeMblii KOHTEKCT p, KOTOpasi Xapak-
TEepHU3yeT JOCTOBEPHOCTH BBIMOIHEHUS TIIABHO-
ro ycnoBusi x€ o [8].

B cBs13u ¢ 3THM, BesgKoe cBeAcHUE 00 00bEK-
Te x € X OyneM 0003Ha4YaTh TpHAI0H

()6 () (1)

Ecnu koHTEKCT mmeeT (pakranbHOE CBOM-
CTBO, TO CBeleHHE mpuolOperaeT (¢paKTaib-
HOCTh. B cBOIO odepenp (ppakTaabHOCTH CBefe-
HUS TIPUJACT €My YCTOMYUBBIN XapakTep.

Tenepp mepeiinem k aHanuzy Oonee CIOX-
HOTO TIOHSITHS «JIaHHbIe 00 00BexTe». Jlms 3To-
T'O PACCMOTPUM KOHKPETHBIN MpUMEpP — IPOTHO3
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MIOTO/IbI: 3aBTpa THEM B ACTaHE 0XKHMJAEeTCs COl-
HEeYHas Ioroja, Temueparypa Bo3ayxa 24°-26°
TEeIuia, K Be4epy BO3MOXKHO I'po3a. DTH JaHHbIE
BKJTIOYAIOT HECKOJIBKO (2 UIMEHHO TPH) CBEICHUI
tumna (1) 06 omHOM U TOM ke 00beKTe — JHEB-
HOW morofe B AcTaHe Ha 3aBTpa. 3/ech OIop-
HOE€ MHOXXECTBO X OOBEKTOB — 3TO Pa3JINYHbIE
COCTOSIHUSI THEBHOM MOTO/BI B pa3jIMYHBIX Me-
CTax U B pa3inuyHble JHU. CeMaHTHUECKUH yKa-
3aTellb X - 3TO JHEBHAs Morozia B AcTaHe Ha 3aB-
Tpa. 371ech UMeeM TpH cBefeHus Buaa (1):

P, 0,(x), p,0,(x), p;0,(x)

1€ 0, 03HAYAET «COJHEYHas IOroia», d, —
«T10T0J1a C IHEBHOM Temmeparypoi 24°-26° Ten-
na», J, — «IOrojia, Koraa BeY4epoM TPOUCXOIUT
rposa». OdueBuaHo, ut0 6, < X, J, < X, 0, < X.
CeMaHTHYECKHE JIOCTOBEPHOCTH 311ECh P, P, P,
— 9TO CKaJISIpHBIE IOCTOBEPHOCTH COOBITHH X =
0,, X = 0,, X = 0,. Hapsny ¢ otnenbHbIMu CBeIe-
HUSMH 00 0O0bekTe Buja (1) UMErOT Jemno ¢ Habo-
pamu (cemeiicTBaMu) cBeleHUH 00 OTHOM 00B-
exte. Takue HaOOpPbI HA3BIBAIOT JAaHHBIMH 00
obbekre. bynem nanubie 00 o0bekTe x € X 0003-
HayaTh CIEAYIOIIUM 00pa3oM:

{(p)0,x); () 0,(x); ...} 2

Jlns yoporenust 3anucu BMecTo (2) Oymem
MHOT/IA ITUCaTh

{(p) o, (p)dy..} (x) 3)
T.€. BBIHOCUTb OOIIMI CEMaHTUYECKUIl yKa-
3arenb 3a CKOOKM (cnipasa). Ecmup =p,=...., 10

MO>KHO TaKy0 IOCTOBEPHOCTb BRIHECTH 3a CKOO-
K1 (creBa)

) 10,505} ) =(p) (x) (4)
311€Ch
0,

A:{61>625}: 52 (5)

Jlannple (HAOOp CBeleHHI) O CBOMCTBax
oobekTa B b/ mpeacraBnsioTcs B 3aBUCHMOCTH
OT THma 00bEKTa. DTO CBSI3aHO C OOBEKTHUBHO-
CTBIO OTpa’KE€HUsI CBOMCTB 00BekTa B b3.

AHaJIOTUYHAsI CUTyalusl MOSBISETCA KOT/a,
HAaIpUMEP, OJHO U TOXKE JAECHCTBUTEIBHOE YMC-
710 X IpeACTaBiIsAeTCs B ABOMYHOM, AECATUUHON
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WIN JPYyroi KakOW-Tu00 CHCTEME WUCUUCIICHHUS.
Tak, «J1aHHbIe 00 00BEKTE» U «HHPOpMAILHS 00
00BbEKTe» — 3TO pa3HbIe MOHATHUSA. «/laHHBIE 00
00BEKTE» SIBISIOTCS Kak ObI HOCUTEIEM «HH(OP-
Manuu 06 o0bexTey». OnHa U Ta ke HHpopMarys
MOXET OBITh PUHECCHA PA3HBIMH JTAaHHBIMH, HO
Ka)X]IbIC TAHHBIC OMPEICIISIOT CBOIO CIMHCTBEH-
Hyt uHpopmanuto. Yto ke Takoe «uH(DOpMa-
uus 00 o0beKTE»?

Ecnu paccMOTpeTh ONHO HCTUHHOE CBe-
neHue o(x) o0 o0bekTe X € X, TO BMECTE ¢ HUM
OJTHOBPEMEHHO MOXHO Bceraa CchOopMyIHpO-
BaTh JPyrue¢ MCTUHHBIC CBEICHHMS, SBIISFOIIUC-
Csl TMPOCTEUIIMMHU (OUEBUIHBIMH) JIOTUYCCKU-
MU CJIEACTBUSAMU U3 d(x). Hanmpumep, mycth X —
KOHKpETHOE OpeBHO, a d(X) — CBEIEHUE O HEM,
O3Hauaromiee «OpeBHO X KOpOUE TPEX METPOBY.
Torma, o4eBHIHO, OYIyT CIPaBEIJIUBBI TaKHE
CBEICHUS KakK 0'(x), o3Hauaroiee «OpeBHO X KO-
pode MATH METPOB», U T.JA. [pyrumu clioBaMu,
€CJIM UMEETCSI OJTHO UICTUHHOE CBEICHHE J(X), TO
BMECTE€ C HUM HUCTHHHBIMH OYyIyT BCSKHE IPY-
rue cBeneHus o0'(x), rae o(x) — HAIMHOXKECTBO 0,
T.e. 0 < ¢' < X. YTO MHTEpECHO, B 3TOM MpH-
Mepe HaJ0 3aMETHTh, KOTIa ONpeAeseTCs Ha-
YJaJlbHOE€ MCTUHHOE CBEACHUE O(X) 00 oOBeKTe,
noryckaeTcsi MHOxkecTBo X. Ha camom nene, B
obmiem ciydae, X ompeaenseT KOHTEKCT, B KO-
TOPOM UHTEPIPETHPYEeM (T.. HAXOAUM) Havdallb-
HOE UCTHHHOE CBEJeHHE J(X)xEx X, U 3aBHUCI-
€€ WJIM BBITEKAIOIIEE U3 3TOTO CBEICHHS O'(X)
UCTHUHHOE CBeleHue J(x). Ecau BBecTn omnpene-
JICHHBII TTOPSIOK B TIPOLICYPY UHTEPIPETALINH,
TO TIOWMEM aneopumm npespaujetuss OaHHbIX 8
ungopmayuro.

Ecnu Teneps paccMOTpeTh UCTHHHBIC JIaH-
HbIe A(X) 00 00BeKkTe X € X, TO OTHOBPEMEHHO C
KaXJIbIMU JByMsl (WM OOJiee) UCTHHHBIMU CBE-
JEHUAMHU J (), J,(x) 13 A(X) CIIELy€eT, 9TO HCTHH-
HBIMHU OyJlyT U CBEIEHHUSA J,(x), T1€ 6,= J,MJ, —
IepeCceUueHUE OAMHOKECTB. B MaTeMaTnueckon
JIOTHKE 1TO O3HAYAeT JIOTHYECKYI0 OIepalnio
«» (KOHBIOHKITHIO):

0,(x) = J,&0,(x)

[ToHsATHO, YTO ONpENENEeHNUs HCTHUHHOCTH
JOTMYECKUX OMepaluii «m» U «WIN» COCTaB-
JSIFOT OCHOBY TNPOLIEAYPbI MHTEpIIpeTauuu o(X)

B KoHTeKkcTe X. U sBistoTcs nunpopmarueit 06
00BEKTe, TOCTPOSHHOW U3 TaHHBIX A(X).

Ilonarue «unpopmanus 00 0OBEKTE» X €
X ormpenensercss Kak Takoe CEeMEWCTBO CBele-
HUHl J(x) 00 3TOM 00BEKTE, KOTOPOMY MPHUHAI-
TIEKUT, HAPSIAY C KaXIbIM CBEACHHEM U3 ITOTO
ceMeicTBa, BCe U IpoCTenine (0UeBUIAHbIE) JIO-
THYECKHe CIEeACTBUS. [pyruMu cIOBamH, €CIH
0(x) IPUHAIIEKUT CEMEICTBY, TO U BCAKOE 0'(X)
rae 0<o0'<X, Takke MPUHAJICKUT CEMEUCTRY, TO
v J,(x), m1e 6,=0,M J, TaKkKE NPUHAUIEKUT Ce-
MeicTBy. TonbKo, U TOJIBKO B ATOM CiIyd4ae, ec-
T KOHEYHO X€.X, naHHele A(X) MOXHO BOC-
NpUHUMATh Kak «uHpopMmalmio 00 oosexTe». B
ATOM U 3aKIto4aeTcs GpPakTaIbHOCTh KOHTEKCTA.
Korma sra ¢pakranbHOCTh HapylIaeTcs, TOT-
Jla CBEJICHUs MPUOOPETAOT HEUCTUHHBIN XapaK-
tep. OnHuM U3 Y3PPEKTUBHBIX (B MPAKTHIESCKOM
CMBICJIE) AJITOPUTMOB MHTEpHpeTaunu A(X) sB-
TsieTCsl TAOMMYHBIA METO/.

Omnpenesenne 1. [7] Henmycroe cemeiicTBo
BIEMEHTAPHBIX CBEAEHUH O TOUKE X, U3 X Ha30-
BEM 3JIEMEHTAPHOM MH(OPMAIIUEH O TOUKE X, U3
X 1 0603H29uM J*(x,), €CIIM BHIOJIHSIIOTCS TPH
YCIIOBHSI:

1) u3d(x,) € J*(x,) crnenyer, 4To 0 — HeIyc-
TO€ MOAMHOXKECTBO, T.€. 0 £ 0,

2) u3o(x,)eJ (x,)cuaenyer, uro yw0bdoe
Oosnee 001IEe HCTHHHOE CBENIEHUE O(X,) TPUHAI-
nexuT J*(x,), T.€. 11 T000r0 HaIMHOKECTBA O
C 0 Oyzer d(x,) € J*(x,);

3) m3 J,(x,), d,x,)eJ "(x,) cuemyer, uTO
(0,(x))&0(x,)) € J*(x,).

X BBIpa)KaeT KOHTEKCT UHTepIpeTaruu A(x)
B x€ X. Ilpu stom, A*(x) Oyaer HocHuTeneM
J(x,). Ilox snemenTapHoit MvH(OpMaLKEd 0 TOY-
K€ MIOHMUMAETCs He TPOCTO CEMEHCTBO, KAKUX-JTH-
00 cBeleHUH, a TaKoe CEeMENCTBO, K KOTOPOMY
OTHOCATCSI CBEJICHUSI BMECTE C UX 0000ILEHUs-
MU, KOHBIOHKIIUSIMU U UMIUIMKAIUSIMHA HHTEP-
MPEeTUPYEMOH B 3aIaHHOM KOHTeKkcTe. KoHTekcT
3a/1aeTCs B 3aBUCUMOCTH OT pelIaeMoi 3a1auu.

Onpenenenune 2. Hocutenem snemeHTtap-
HOU nHpopmanmnu J*(x,)) 0 Touke x, U3 X Ha30-
BEM BCAKOE MOACEMENCTBO A*(x,)) CBEICHUH, BXO-
JUIIIAX B COCTAB J x(xo), TaKuX, YTO IS JTF0OOT0
cBenenus o(x,) u3 J*(x,) cymecTByer MeHee 00-
1iee cBefieHue o(x,) u3 A(x,), T.e. 6 C 0.
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HocwuTens, cocrosiuii U3 OHOTO CBEICHUS
Ha3bIBAETCA OMMHOYHBIM. Ecimm A*(x,) — HOCH-
Tenb J(x,), TO TOBOPAT, 4T0 HHpopmanus J*(x,))
nepeHecena B A'(x,). B Tabmu4Hol CTpyKType
JAHHBIX TAKHM HOCHUTEIIEM SIBIIIETCS CTPOKA, T.€.
3aInCh.

YrBep:kaenue 1. Beskuit nocurens A'(x,)
OJTHO3HAYHO OTpEAeIseT MePEHECEHHYI0 UM HH-
dopmanmio J*(x,) B x.

/lokazamenscmeo TIpOBEAEM METOJOM OT
nportuBHOro. ITycTs, kpome J*(x,), umMeercs apy-
ras undopmanus J *(x,)) ¢ TeM xe HOCHTEIIEM
A¥(x,). Paccmorpum moboe cenenne do(x,) us3
J(x,), TOrma, 1Mo ONPEIEICHUI0 HOCUTEIS, Cy-
IECTBYET MeHee 001ee cBeeHue J(x,) u3 A*(x,)
0 c o Ho A(x,) seasercs nocurenem J*(x,) B
X H, CIENOBAaTENbHO, CBEIECHUE O(X,) MPHHAI-
nexut J*(x,). Torna mo onpeneneHuro sneMeH-
TapHO# MHpopmanuu ar0doe Gosee obIee cBe-
JIEHUE, B YaCTHOCTH 5(x0), NpUHATTIEKHAT J*(x,)).
Tem campbiM j10Ka3aHo, 9T0 J*(X,)) SABISETCS MOM-
cemMercTBOM J *(x,). AHAIOTHYHO JIOKa3bIBACT-
cs1, uTo J*(x,) ABISETCS nofceMencTBoM J(x,).
Crnenosarenbho, J*(x,) = J*(x,).

Korna pemaemas npaktudeckas 3ajada pac-
CMaTpUBAETCS B MH(POPMAIIMOHHOM MPOCTPAH-
CTBE, TOT/Ia HOCUTENIb MH(POPMALIUU UTPAET CY-
HIECTBEHHYIO POJib. Tak Kak MpH MPOEKTHPOBa-
HUU 0a3bl 3HaHUH (H3) UMEHHO HOCUTENh OyIeT
OTIpENEeNATh B KAKOM HHPOPMAIIHOHHOM U3MEpe-
HUM HHTEPIPETUPYETCS J (X)) .

Omnpenesenune 3. HenmycTtoe cemeiicTBo aie-
MeHTapHOU uH(popMaimu J*(x,) 0 Touke X, u3 X
HA30BEM 3JICMEHTAPHBIM 3HAHUEM O TOuke Xx° U3
X, nipu 3agaHHON B X MH()OPMALIMOHHON eAMHU-
LbI (I/Iej) 1 0003HauuM O"(J*(x,)), €Ciu BBITIOIN-
HSIFOTCS CIIEYIOIINE YCIIOBUS:

1) m3J*(x,)) € @™ (J*(x,)) cnenyer, uro J*(x,)
— HEIyCTOEe MOJMHOXECTBO, T.e. J*(x)) # O, B
sToM cirydae O™ (J¥(x,)) OyneT rmobanbHbIM 3Ha-
Huem, us J*(x, ) € ®*(J x(xo))Ncne;[yeT, 910 M00as
Gonee obmas uudopmanus J(x,) TaKKe MpUHAI-
nexut (S (x,)), T.€. UIsL IFOOOTO HaIMHOMKE-
crBaJ(x,)) J(x,)) BX Oyner J¥(x))e O“(J*(x,));

2) w3 J'(x), J,(x)e DP“(S(x,)) crenyer,
uto J,"(x,) N J,(x,)) e D(F(x,)), Tae «A» joru-
geckoe «m». IIpu aTom ee . < p. B atom ciyuae
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J (X INT(x) = A"(x,) OyaeT HocuTeIeM 3HaHue
DS (x,)).

Omnpenenenne 3TUX CBOWCTB 3JIEMEHTAPHOMN
uH(opmanuy, T.€. HocuTess 3Hanue A*(x,) B 3a-
JaHHOM MH(pOPMALIMOHHON eAMHUIE ue, Haso-
BEM IIPOLENYPOH HMHTeprpeTauuu J *(x,) B HH-
(hopMaIMOHHON eTuHUIE ue,

o cBoemy cozepxaHuIO ue; SBIACTCA KOH-
TEKCTOM, I71€ UHTEPIIPETUPYETCS DIIEMEHTapHAs
undopmanms J(x,).

[Ipn pemeHnn npaxkTU4ECKUX 3ajad Ccylle-
CTBEHHYIO pOJIb UrparT uHpopmanuu J *(x,),
CBS3aHHBIE C  «IIPUYUHHO-CIIEACTBEHHBIMI
corctBaMu. JlomyctuMm, 4TO TOYKa Xx € X
HMEET pa3JInyHble CBOMCTBA, OMPEAEIIAIOIINECc
TPOMKOU ( p)é'(x). Kaxxnoe cBolicTBO OoTpakaer-
ciB J "(x). Paznuuust 3THX CBOMCTB (hopMabHO
MOKHO BBIPa3UTh C IOMOIIBIO JOTMYECKON MM-
TUTMKALUH, O0ObeIMHEHUEM U IiepecedeHueMm. T.e.
(p)8(x,) = (p,)5(x, ) ()5 ) ()6, ).
Takoe mpencraBaeHne WHPOPMAIMM  HA3bI-
BaeTCsl uHmepnpemayuel NaHHBIX B KOHTEKCTE
0= {51 0,450, } WNutepnperanys OaHHBIX B
KOHTEKCTE TECHO CBSI3aHA C ONPEICIICHUEM JaH-
HBIX (p)A(x) = {(p)é'1 (x), (p)é'2 (x)}, UMEIOIIUX
«TIPUYMHHBIE» M «CJIEICTBEHHBIE» CBOMCTBA.
EctecTBeHHO M3 3THX COOOpaK€HUI BBITEKAET,
4yro nHpopmauus J 5(x) TOXE UMEET «IIPUUYNH-
HO-CJIEZICTBEHHBIE» CBOMWcTBa. M3-3a miobanb-
HBIX U JIOKQJIBHBIX BBIPAXKEHHOCTEW CBOUCTB O
MOPOKIAKOTCS  «IPUYUHHBIE» U  «CIIEICTBEH-
HBIE» XapaKTEePUCTUKH CBOMCTB d. DTO, B CBOIO
odepelib, MOPOXKAAET II00aTbHbIEC U JIOKAJIbHBIE
XapaKTepUCTUKN UHPOPMAIUH.

U3 (3) BUHO, UTO, €CITU KOHTEKCT U3MEHUT-
csl, TO CEeMaHTHKa TOH ke MH(opManuu Oyaer
HUHTEPIPETUPOBATHCS [10-IPYTOMY.

Jns  co3manus WHGOPMALMOHHOM Moje-
JIM UCCIIEeAyeMOro oObeKTa B BUJE 3HAHUHN Tpe-
OyeTcs pe/icTaBIeHUE 3TOr0 00beKTa B HH(POP-
MaloHHOM Bujae. B stom ciyuae uHpopma-
LIUOHHAs MOJeNIb O00BEKTa XapaKTepHu3yercs
MH(POPMALIMOHHBIMU CBOMCTBaMHU. Takue CBOM-
CTBa HMH(POPMALMOHHOW MOJIETH ONpeaessieM
KaK uH@popmayuonHsvie eOuHUuybl ue,. Jlornano
COBOKYITHOCTh HMH(OPMALMOHHBIX EIMHHUIl H
o0pa3zyeT MH(OPMAIIMOHHYIO MOJENb OOBEKTa.
31ech BO3HUKAET €CTECTBEHHBIM BOIPOC Kak
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CBSI3aHBI MEXIy co0oii wuHpOpMALMOHHBIC
C/IMHMUIIB! #e, ¥ IOHATHE KOHTEKCT p. ITo cBoemy
CMBICTTy MH(OpPMAIIMOHHAS €AMHUIIA SIBIISETCS
«aTOMapHOM» OCHOBOM KOHTEKCTA P, T.€. ue,Cp.
Hamnpumep [8], 3Hanue: cyscenue unu pas-
Pbl8 COCYO08 2006HO20 MO32d Npueeoem K
Mmosz2060my uncyiobmy. 3nech J° (A(x) — cy-
JKEHHME WA Pa3pblB COCYAOB T'OJOBHOTO MO3ra.
Je (A(x) ~ MO3TOBOW MHCYJIBT (&, — mapajiud,
DIyOOKHIA 1ope3, COnop | T.10.).
B 3TOM cniyuae 3HaHME NPENCTABIAETCS KaK
O (A(x) =J°(A(x) = T (A(x)
ue,— 3T0 MO3TOBOI HHCYJIBT.

Teopema 1

Jist  m000ro  OIEMEHTApHOTO  3HAHHS
0N (x,)) O Touke Jo ( 0) u3 uHpopmanuu
J%(x,) cemeiictBo mommuokects 1J °(x)[, 06-
pasyeT puibTp B X, KOTOPBIH 0003HAUUM TEM XKe
CHMBOJIOM @™l Jlns BCAKOTO HOCHUTENs A'( )
sHanus @ u3 uadopManuy BuAa J (x ) cemeii-
CTBO NMOJAMHOKECTB }{)J ?1 obpasyer 6azuc Guib-
tpa @/, DroT Gasuc GyaeM 0003HAYATH Yepes
A", BepHo u obparHoe. Beskuii ¢unsrp D"
B X U3 MOAMHOXECTB J 5( ) KOTOpBIE COep-
JKaT TOYKY X, U3 X, BBIIACT 3HAHHC (A (x,)
u3 I/IHQ)opMauI/m Buzaa J° ( ).HpI/I 3TOM JTIFOOOM
6aszuc A““ sToro ¢punsTpa @ onpesenseT HOCH-
TENb A'(x) TaKOro 3HAHMS.

JlokazareabCcTBO

W3 onpenenenuss 6 31€MEHTApHOIO 3Ha-
HHSL CIIGIYeT, YTO CEMEHCTBO BCEX IOAMHO-
KECTB K ’(x ), KOTOPBIE ONPEAEISIOT J (xo)
s @ (A (x,)), obpasyror (uibTp @ B X
PaccmoTrpum  HOCHTEND A'(xo) sHanue @
(A'(x,)), tne A'(x) = J" (x V—J " (x) U3 ompe-
JleNeHus. HOCHTeNs MMeeM: i moboro J e
D (A (x,)) CymecTByer menee obmas mH(op-
maryst J ' (x,) u3 @7 (A'(x,)), obpasyromas 6a-
3uc punsrpa @, O603HAUNM HTOT Oasuc Oyk-

Boit A"“"c @"/. O6parno, eciu @' — puILTp
Fue uel-
B X u moboe moamMHOkecTBO J € @ ' comep-
’KUT TOYKY X, € X , TO CEMEHCTBO DJIE€MEHTap-
HBIX MH(OpMaIHii J “(x) oOpasyeTr 31eMeHTap-
HbI€ 3HaHMS, KOTOPbIE €CTECTBEHHO 0003HAYAIOT
@I (A'(x,)). TIpu sTOM Beskuit 6azuc A puib-
(A'Cx,))- Tp ( b
Tpa @ ' ompenenser MoaceMerncTBo MH(OpMa-
x Tx Tx x
wan BIIA () o 7 (x ) () < (xg)
KOTOpBIE YIOBJIETBOPSIOT OMNPEAEICHHUI0 HOCHU-
TeNs 3HaHUH J (x)
Ota TeopeMa SBIISETCS alTOPUTMOM CO3/a-
HUS QpakTanbHOM 6a3bl 3HAHUM.

BriBoaBI

IIpy co3maHuM MHTEIIEKTYaJIbHBIX CUCTEM
IJIAaBHOM 3aJ1auei ABJIACTCS IIPEICTABICHUE OIIU-
CBIBAEMOM MOJIEJIN CUCTEMBI IPEAMETHON 00ma-
CTH B BUJI€ 3HAHUU. JTa 3a1a4a TpeOyeT He TOJb-
KO aJTOPUTMHUYECKOIO PEILIECHMs, HO U Olpese-
JIEHUsI HEKOTOPBIX MOHATHUM, CBA3aHHBIX C IpE]-
CTaBJIieHHMEM HH(OPMAIUH B BUIe 3HaHUH. Takum
o0pa3oM, aJropUTMHU3AIMs MPOLETyphl CO3/a-
HUS (PpaKTaTbHBIX 3HAHUHA 13 HHPOPMALIMOHHOM
COBOKYITHOCTH XapaKTEPU3YIOIIEH MPEIMETHOU
00NIacTH SIBJISIETCS TVIABHBIM 3TAllOM HMHTEIUIEK-
Tyalu3aluuu HHGOPMAIIMOHHON CUCTEMBI.

[IpemnoxkeHHbIl aIrOPUTM LIKAJTUPOBAHUS
MH(POPMALIMOHHON €IWHUIIBI SBISETCS HEOOXO-
JMMOM 4acThbi0 MOJMYy4YeHHsS OT(UIBTPUPOBAH-
HOTO (hpaKTaJbHOTO 3HAHUS U3 WH(POPMALUU O
npeaMeTHoi obnactu. B pabote Ha ocHOBe Teo-
pembl | aJropuTMHM3UPOBAHBI IPENCTABICHUS
(GpakTagbHBIX 3HAHUM B HHTEIUIEKTYaJbHBIX
cucreMax. Ho cinenyer oTMETUTB, YTO OTHU IIPE-
CTaBJICHUS HE BCErAa OJMHAKOBO YETKHE. JTO
CBSA3aHO C OHTOJIOTMYECKUM CBOMCTBOM 3HAHUU,
BBIPAXKAIOLIUXCA B «CJIEICTBEHHO-IIPUYMHHBIX
CBOWCTBAaX 5JEMEHTapHbIX 3HaHWHA. OOBIYHO
3HaHUSA, UMEIOLUE TaKUe CBOMCTBA, HA3bIBAIOT
IIPOAYKLIMOHHBIMYU 3HAHUSMU.
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Abstract: Disasters caused by natural phenomena are a source of tremendous social upheaval that can lead
to mass suffering, loss of life, as well as significant material costs. The main factors in increasing the number
of natural disasters and natural emergencies include global processes, examples of which are: population
growth, degradation and environmental degradation, climate change and others. Obstruction of natural
disasters is a key element of a global government strategy aimed at the sustainable development of the
economy, as world experience clearly shows: the most effective way to reduce losses from natural, industrial
and socio-economic accidents and disasters is to prevent them. The main basis for emergency prevention
is monitoring and forecasting. Of course, forecasting emergencies and their socio-economic consequences
is based on monitoring and forecasting the sources of emergencies. Accordingly, the fight against natural
disasters should be based on the principle of the rational economic use of the territory, as well as forecasting
and modeling of potential dangers with the implementation of preventive measures, which requires solving the
urgent problem associated with the forecasting of natural disasters in the modern world.

The main purpose of this article is to create a brief overview of research and the current method of modernity
associated with the prediction of natural disasters in order to prevent damage caused by it. The article
substantiates the high relevance associated with the object of study, discusses the basic concepts and terms,
and explores some forecasting methods that can prevent the potential danger of a natural nature.

Key words: catastrophes, natural disasters, forecasting, modeling, earthquakes, gravity, GRACE, ionosphere,
gravitational anomalies, support vector machine, precursor.

AITATTAPIABI BOJIZKAY

Anoamna: Tabuzu KyovLILICMAPOAH MYLIHOAZAH ANATNIMADP JHCANNAL 3apoan wezyze, aoamoaposly Kaza ma-
OybIHa, COHOQU-aK eNeyili MamepuanoblK WblebIHOApEa aKeNin COKMbIPAMbIH, OPACAH 30p dNEeYMEemmIK Kyi3e-
icmepoiy ke3i bonvin mabwiiaosl. Tabusu kamaxkiuzmoep MeH mabusu Cunammazvl MemeHuLe Hea2oaunap
CaHbIHbIY YN2AIObIHBIY He2i32i aKmopiapbiia XanvlK CAHbIHLIY OCYl, madueu opmansly mo3ysl MeH Haulapia-
Vbl, KIUMammbly 032epyi dcone backa oa kenmezen dcahanovix npoyecmep scamaowl. Tabusu anammapza Ke-
oepei IKOHOMUKAHBIY MYPAKMbL OAMYbIHA 6ALIMMANEAH dNEMOIK AVKLIMOA&bL MeMIIeKemmiK Cmpameusiibiy
Hezi3el aieMeHmi 00NN CaHana0bl, OUMKEHI 21eMOIK MadCipube OOUbIHUA MAOUSU, MEXHOLEHOIK JHCIHE IHCA-
Nl ANEYMEeMMiK-3KOHOMUKATBIK ABAPUALAP MEH anammapoan 601amuvlH Wbl2blHOAPObL A3aumyObll HeYPIblM
muimoi macini onapovl 60106ipmMaydvl ke3deudi. Tomenwe dHcaz0ainiapoviy an0biH aryObly MAHbI30bl He2i3i
— MonumopuHe dtcane 6ondicay. Conoai-ax memenue Hcaz0anap MeH 0a1apobly 21eyMemmiK-2KOHOMUKATbIK,
candapvin 6ondHCay, memeHule Heaeoaurapovly naida 6ony cebenmepin MOHUMOPUH2ILEY MeH Ooncay2a He-
eizoenedi. Ocvlnatiua madueu KamakausmMoepmer Kypec aymakmol aKblizd KOHbIMObL WAPYAWbLIbIK Natloa-
JIAHY Ka2UOAmvlHd, CONL YWMIH 3aManayu aaemoesi madusu Kamaxiuzmoepoi 6ondicaymer OAiaHbICMbl 63eKmi
MiHOemmi wiewtyOi manan ememin al0blH A1y IC-UApALapbli JHCypeizyMer, aaeyemmi Kayinmepoi 6oncay
MeH modenvoeyee Oablmmaiybl muic.

byn maxanauwiy 6bacmer maxkcamol, mabusu KamaxkaiuzmMoepoiny anobli any OOUBIHULA JHCA3BLIAH 3epmmey-
Jlepee KblCKAaua Wory HCYypei3in dcane Kazipel 3aMaHHbly 03eKmi 20iCiHe cunammama uwomy xcacay 0onvin
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maobvLiadsl. Maxanada sepmmey 00beKmMiciHiy 63eKkminicine MaH Oepilin, He2izel Y2blMOap MeH mepMuHoep
Kapacmuipwuliaobl, COHbIMEH Kamap maoueu cunammagel Kayinmiy 601y blKmumaiobl2blHbll al0blH Ay YUt
bondicayovly Kellbip adicmepi atiKbiHOALAOb.

Tyitinoi co3oep: anam, madbuzu kamaxausmoep, oouxcay, mooenvoey, scep ciikiunici, epasumayus, GRACE,
UoHoOChepa, epasumayusIblK aAyblmKYIap, Mipex 6eKmopiap MAwUHACsl, NPEKYPcop

IMPOI'HO3UPOBAHUE KATACTPO®

Annomauus: Kamacmpogul, vizeannvie npupoOHbIMU AGNEHUAMU, AGTIAIOMCL UCHOYHUKOM KOLOCCATbHBIX
COYUATLHBIX NOMPSCEHULL, CNOCOOHBIM NPUBECMU K MACCOBbIM CIMPAOAHUAM, 2ubenu 100etl, a maxice cyuje-
CMBEHHbIM MAmMepuanbHuiM 3ampamam. K ocHO6HbIM hakmopam yeenuuenus 4ucia npupoOHbIX Kamarkiuz-
MO8 U YPEe3BLIYAUHBIX CUMYAYULL NPUPOOHO20 XAPAKMePa OMHOCAMCS 2100AbHbIe NPOYECChbl, NPUMEPAMU KO-
MOPYIX AGNAIOMCA. POCH YUCIEHHOCMU HACeNeHUs, decpadayusi u yXyouleHue npupooHoll cpeobl, UMeHeHUe
kaumama u opyeue. Ilpensmcmeue npupooHbM KAmacmpo@dam seisemcs Kio4egblM 31eMeHmomM 20cyoap-
CMBEHHOU cmpame2uu 8 MUpO8oOM Macuimade, HaNPAGIEHHOU HA YCMOUYUBOe PA3EUMUE IKOHOMUKU, MAK KAK
MUPOBOTL ONBIM HAZTILOHO NOKA3bI8Aem: Haubonee 3heKmueHbviM CnOCOOOM CHUIICEHU NOMeEPb OM NPUPOO-
HbIX, MEXHO2EHHBIX U 8000We COYUATLHO-IKOHOMUUECKUX A8APULL U KAMACMPOGh AGIAEMCs UX NPeoomspauye-
Hue. OCHOBHOU OCHOBOU NPEOYNPENCOCHUS UPE3BLIYATIHBIX CUMYAYULL AGNAEMC MOHUMOPUHE U NPOSHO3UPOBA-
Hue. be3ycio6Ho, NPocHO3UPOBAHUE UPE3BLIYATIHBIX CUMYAYULL U UX COYUATLHO-IKOHOMUUECKUX NOCIe0CmEUll
basupyemcsi Ha MOHUMOPUH2E U NPOSHOZUPOBAHUU UCHIOYHUKOB B03HUKHOBECHUS UPe36bIYAHbIX CUMYAYUL.
Coomeemcmeenno 60pbba ¢ NPUPOOHBLIMU KAMAKIUSMAMU OONHCHA OCHOBBIBANBCS HA NPUHYUNE PASYMHO20
XO3ANUCMBEHHO20 UCNONb308AHUS MEPPUMOPUL, A MAKICE NPOSHOZUPOBAHUU U MOOETUPOBAHUU NOMEHYUAIb-
HBIX ONACHOCMeEll ¢ NPOBEOeHUEeM NPEBEHMUBHBIX MEPONPUSMULL, KOmopas mpebyem peuieHus akmydibHOl
3a0auu, C6A3AHHOU ¢ NPOSHOZUPOBAHUEM NPUPOOHBIX KAMAKIUIMOB 8 COBDEMEHHOM MUpe.

OcnosHoll yenvio 0aHHOU CMAamblU AGIAEMCs CO30anue Kpamrko2o 0030pa uccie008anull i akmyaibHblx Memo-
008 COBPEMEHHOCTIU, CBA3AHHBIX C NPOCHOZUPOBAHUEM NPUPOOHBIX KAMAKIUSMOS C Yelblo NPe0OmepaueHus
VPOHA, HAHOCUMO20 UM. B cmamve 060cHO8bI8aeMCs 8bICOKASL AKMYATLHOCMb, CEA3AHHAS C 00BLEKMOM U3)-
YeHUsl, PACCMAMPUBAIOMCS OCHOBHbBIE NOHAMUS U MEPMUHbL, d MAKdHCe UCCIeOVIOMC HEKOMopble Memoobl
NPOCHO3UPOBAHUSL, CHOCOOHbBIE NPEOOMBPAMUMb NOMEHYUATLHYIO ONACHOCHb NPUPOOHO20 XAPAKMepd.

Knrwouesvie cnosa: kamacmpogul, npupoonvle Kamaxausmbvl, NPOSHOUPOBAHUE, MOOETUPOSAHUE, 3eMIempPsi-
cenus, epasumayus, GRACE, uonocgepa, epagumayuonnvie anomanuu, MauuHa ONOPHuIX 6eKMOpPo8, npe-

Kypcop

Introduction
A huge number of natural processes taking
place in the modern world are accompanied by

Over the past decades, the number of natural
disasters around the world has increased at least

energy conversion, and also serve as a driving
force for the constant change in the face of the
planet - its geodynamics. The considered natural
phenomena are capable of creating and causing
destructive disasters on the surface and in the
atmosphere of the Earth. Particular examples of
such phenomena are: volcanic eruptions, floods,
tsunamis, earthquakes, tornadoes, hurricanes
and others.
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5 times, and the material damage caused by
the same phenomena has grown tenfold. The
main reasons for this phenomenon are the rapid
process of population and economy growth,
as well as the characteristic degradation of the
natural ecosystem. This fact is due to the fact
that the technogenic impact of mankind on
the lithosphere is not only able to activate the
development of various natural disasters, but also
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leads to the emergence of new, already techno-
natural disasters.

The management of natural disasters is a key
element of the global government strategy for
sustainable development. During the development
of the “disaster management” program, it is
necessary to understand that a person is not able
to suspend or reduce the course of evolutionary
events and Earth's transformations. A person
is capable of predicting or forecasting their
development with only a small degree of
probability, but sometimes also influencing their
dynamics. That is why one of the priorities of
the world is the timely forecasting of natural
disasters, as well as mitigation of their negative
consequences.

Today, there are many data analysis
methods developed to predict, detect and
develop an appropriate disaster management
strategy based on collected disaster data with
a detailed description of the availability of data
from geological observatories (seismological,
hydrological), Earth remote sensing satellites
dedicated to solving individual problems, the
main purpose of which is the prediction of
natural disasters.

1. Earthquake prediction has long been of
interest to scientists with the goal of creating
timely warning algorithms designed to save lives
and reduce economic losses. Each year, more than
20 earthquakes with a power of more than 7 Mw
on the Richter scale are observed on our planet.
Earthquakes are among the most devastating
natural disasters. During the preparation of an
earthquake, the dynamic process involves the
transfer of energy due to the displacement of the
earth's crust, and at the time of impact there is
a gap between the source and the environment.
The change that precedes or accompanies an
earthquake can have different physicochemical
effects on the lithosphere, atmosphere, and
ionosphere and, accordingly, make it possible
to detect it. These variations in the parameters
of the lithosphere, atmosphere, and ionosphere
before major earthquakes are regarded as a hint of
impending earthquakes (earthquake precursors)
[Akhoondzadeh et al. 2010]

Over the past few decades, scientists have
been able to record and classify the effective
parameters of earthquakes through rigorous
research. The result of one such research is
an article by scientists Mohsen Shahrisvand,
Mehdi Akhoondzadeh, Mohammad Ali Sharifi
“Detection of gravity changes before powerful
earthquakes in GRACE satellite observations”

The relevance of this work is to create an
analysis of the gravitational field variations by
the authors in order to find disturbances in the
vicinity of the epicenters of the recent major
earthquakes of more than 8 MW, including
Maule Mw 8.8 in Chile (February 27, 2010),
Tohoku-Oki Mw 9.0 in Japan ( March 11, 2011)
and the Indian Ocean with two earthquakes,
where the first with Mw 8.6 and the second with
a delay of ~ 2 hours, ~ 120 km from the main
event with Mw 8.1 (April 11, 2012), in order to
ensure reliability of detection of changes in the
gravitational field using GRACE data before the
earthquake.

For this purpose, the authors of the study
used a 10-year time series of the components
of the gravitational gradient, obtained from
weekly solutions of the gravitational recovery
and climate experiment (GRACE). In each case,
the authors, using the reported geographical
latitude and longitude relative to the epicenter of
the earthquake, analyzed the time series of the
component of the gravitational gradient (oVxx
and woVxz) obtained from GR ACE measurements
several years before the earthquake. They
also checked the outer boundary of each
epicenter to detect anomalies, since other pre-
seismic anomalies (for example, precursors of
the ionosphere) are not found in the vertical
projection of the epicenter of the earthquake.

The Gravity Restoration and Climate
Change Experiment (GRACE) was the first space
flight that can measure the temporal variations
of the Earth's gravitational field. According
to the authors, some of the components of the
gravitational gradient are independent in order to
compensate for the striped error and enhance the
high-frequency components of the gravitational
field, so this pre-seismic activity can be better
illustrated by GRACE.
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The main method for detecting anomalies
that the authors used was the Interquartile
range of data to construct higher and lower
boundaries in time series to detect an external
solution beyond the boundaries associated with
impending earthquakes. The study showed
that weekly time-varying gravity solutions
obtained from GRACE satellite data are
capable of detecting striking anomalies in the
gravitational field near the epicenters of recent
major earthquakes that preceded it several weeks
before they occur. For this purpose, the authors
used weekly global gravitational solutions of
level 2 (L2) GeoForschungsZentrum (GFZ, 30
Potsdam RLOS5), consisting of fully normalized
spherical harmonic coefficients, complete to
a degree and of the order of 30. In total, they
used 448 gravitational field solutions covering
the period from the first week of January 2004
to the third week of February 2013. The main
reason for the authors to use weekly data instead
of monthly decisions was that weekly data show
short-term (less than one month) changes in the
gravitational field in the seismic field. Also, the
flatness of the Earth (C20) has been replaced
by satellite laser range (SLR) values due to its
accuracy [Cheng and Tapley 2004]. Then, to
calculate the gravitational field variations, they
subtracted the spherical harmonic coefficients of
each individual weekly solution from the average
value of the solutions for the period from January
2004 to December 2012.

In this study, the authors showed the
effectiveness of integrating the methods of
the neural network interquartile and NARX
to detect anomalies in the time series of the
gravitational gradient. Both of these methods
detect significant abnormalities within 2-5 weeks
prior to earthquakes. It may be worth mentioning
here that ANN was first used in this study to
successfully detect anomalies in the time series
of gravitational field variations.

The statistics of the results accumulated and
described by the authors in the study show that
the anomalous deviations before the earthquakes
have different signs and amplitudes in different
cases, they also found that due to GRACE errors,
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the analysis of gravitational changes does not
show any anomalies before the earthquakes.

The results obtained indicate that the largest
deviations from the normal state, which were
considered as anomalies, occurred in the time
interval of 2-5 weeks before the earthquake. It
should be noted that pre-seismic gravitational
anomalies before earthquakes can be both
positive and negative.

In this study, the authors showed that the
anomalies found using applied methods can be
associated with three recent large earthquakes,
since variations in the gravitational field
represented by changes in the gravitational
gradient show anomalies several weeks before
these earthquakes over several years of data on
the region of impending earthquakes .

2. Recent advances in modern
technology have allowed the authors Pouria
Hajikhodaverdikhan, Mousa Nazari, Mehrdad
Mohsenizadeh, Shahaboddin Shamshirband,
and Kwok-wing Chau of the article “Earthquake
prediction with meteorological data by particle
filter-based support vector regression” to learn
about the causes and symptoms of earthquake by
monitoring the surface of the earth and collecting
the necessary data from orbiting satellites
[Tkram & Qamar, 2014; Torabi, M., Hashemi,
S., Saybani, MR, Shamshirband, S., & Mosavi,
A. 2018] in the study and development of the
earthquake prediction methodology presented by
scientists.

The relevance of this work lies in the creation,
by the authors of the article, of demonstrations
of earthquake precursors through changes in
the ionosphere layer (i.e., the total electron
content). For this purpose, the authors of the
study conducted a thorough check at the equator.
The results of which showed that satellite means
can help diagnose precursors in the ionosphere
layer from several hours to eleven days before
the main impact.

Precursor, as one of the most important
parameters, represents a change in the
concentration of radon gas in the earth's crust
released by faults. The measurement and
comparison of this predecessor requires the
installation of appropriate equipment in the
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immediate vicinity of faults. The extraction of
this gas and its lead ions will create additional
precursors in the atmosphere. Thanks to
the intelligent analysis of such historical
meteorological data sets that are measured and
recorded in most parts of the world, earthquakes
can be predicted. Precursors can be divided
into several categories from the point of view
of the scientific field necessary for review and
analysis, such as changes in the amount of radon
gas in groundwater, changes in temperature in
groundwater, changes in groundwater, foreshock
before the main earthquake, magnitude of
foreshock, number of foreshocks, absence
earthquakes in areas, including foreshocks
due to a fault, on clouds due to the reaction of
atmospheric gases with leaded ions released
from radon gas, changes in air temperature
and pressure, wind speed, changes in relative
humidity, bird flutter and rain worms outflow.

To predict the magnitude and number of
earthquakes in this study, the authors used
regression based on a particle filter and support
vector machine. To assess the validity of the
proposed method, they compared the obtained
results with a multilayer perceptron neural
network and a reference regression vector. The
proposed method showed a relationship between
climate data and the occurrence of earthquakes,
which led to an accuracy of 96% for predicting
the average magnitude of earthquakes and
high accuracy of 78% for the expected number
of earthquakes per month. The accuracy of
the method was measured by the correlation
coefficient.

Any parameter that changes before the
earthquake is called a “precursor”, since this
phenomenon can be predicted by studying,
measuring and finding the relationship between
them and the earthquake. The authors of the
article have identified and evaluated more than 30
earthquakes and harbingers of this phenomenon.
The data used in this study by the authors were
extracted from two Iranian climate database data
from the meteorological center of the Islamic
Republic of Iran (www.irimo.ir) and seismic data
from the Iranian Seismological Center (Www.
irsc.ut.ac.ir) during 2006-2014 the region under

consideration was in Tabriz in the range of 37-39
° latitude 45-48 ° longitude, Tabriz is located on
the active fault northwest of Iran. In this study,
seismic data included the number and magnitude
of earthquakes, and meteorological data included
average temperature, maximum temperature,
minimum temperature, average wind speed and
rainfall.

The support vector machine (SVM) as one
of the methods of supervisory training used for
classification and regression, according to the
authors, is more efficient than other ANNSs, such
as perceptron neural networks. The goal of SVM
is to find a hyperplane that completely shares the
dataset. The performance of the regression of the
reference vector depends on its parameters and
data set. The correlation between the regression
parameters of the reference vector and the
data can affect the model, therefore, parameter
estimation is an important and necessary process
to achieve strong correlation.

The particle filter method was used by the
authors in the study to optimize the performance
of the regression of the support vector machine.
The model used can increase the accuracy
of forecasting the magnitude and number of
expected earthquakes during the month with an
accuracy of 96% for the average earthquake and
more than 78% for the number of earthquakes,
which led to a decrease in the accuracy in the
number of earthquakes due to seismic disturbance
in November 2013. More than 477 earthquakes
occurred in the study area, which may be due
to a human error in data recording. This study
could demonstrate the relationship between
meteorological data and the occurrence of an
earthquake and predict it in terms of the quantity
and magnitude of the earthquake using the
proposed method based on artificial intelligence
with high accuracy.

Also, the database of this study was limited
to monthly data; when accessing daily data,
the proposed method was probably capable,
according to the authors, of identifying the
results within the diurnal range.

3. Over the past decades, the problem of
predicting natural disasters has occupied and
continues to occupy a leading place in the
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field of priorities for solving contemporary
problems. Today, there are many dissertations,
books, textbooks, monographs, articles and not
only dedicated to solving individual problems,
the main purpose of which is the prediction of
natural disasters.

Achieving an effective result requires the
development and implementation of a set of
specific measures aimed at forecasting and
monitoring negative natural phenomena, as
well as reducing the danger to the population at
all levels of government. In the dissertation of
Kolesenkova A.N.: “The system of information
support for management decision-making
procedures for the prevention of emergency
situations: the dissertation of the candidate of
technical sciences. HAC RF 05.13.10. 2012” a
more detailed study is made of the issue related
to the analysis and solution of the problems of the
monitoring and forecasting system of natural and
man-made emergencies.

The relevance of the author’s work is
emphasized by the fact that on the territory of the
globe there are many production facilities of high
risk, which can pose a threat to the life and health
of people in case of emergency situations. That is
why it is necessary to create an effective system
capable of timely and uninterrupted forecasting
of technological disasters.

The aim of the work is to reduce the risk
of exposure to potentially dangerous objects
of technogenic and natural factors using a
monitoring system that allows for information
support of the development and implementation of
measures for the timely forecasting, identification
and prevention of threats and crisis situations in
relation to potentially dangerous objects.

The author emphasizes that monitoring
refers to a system of continuous monitoring of
phenomena and processes occurring in nature
and the technosphere, designed to anticipate
potential threats to people and their environment.
The key task of monitoring risks and processes
in nature is to increase the accuracy and
reliability of forecasting emergencies by
combining the intellectual, information and
technological capabilities of various departments
and organizations involved in monitoring certain
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types of risks. The obtained data on natural
processes and phenomena during monitoring
serve as a basis for forecasting in the developed
system.

The scientific novelty of the work lies in the
creation of a technology that combines multi-time
images for operational monitoring of potentially
dangerous objects, the use of three-dimensional
means for displaying potentially dangerous
objects, and the development on this basis of
a geoinformation system for monitoring and
preventing natural and man-made emergencies.

The scientific and practical value of the
results of the dissertation research lies in the fact
that on the basis of the created automated system
for monitoring and forecasting emergencies of a
natural and technogenic nature, it is possible to
increase the effectiveness of the assessment and
forecast of crisis and emergency situations, as
well as reduce human and material losses.

In work “E.I. Ponomarev, E.G. Shchvetsov,
N.D. Yakimov, K.Yu. Litvintsev, O.I. Ponomarev:
Monitoring and forecasting the characteristics
of natural fires / Monitoring, modeling and
forecasting of dangerous natural phenomena
and emergency situations. 2017 the issue of
forecasting one of the most significant, as well as
causing tremendous economic losses of natural
disasters, like fires, is being studied.

The relevance of this problem is confirmed
by the fact that in modern conditions there is a
tendency in increase the level of forest burnup
around the world. The first decade of the 21st
century was characterized by an increase in the
frequency of fires and areas that are subjected
to pyrogenic exposure annually. The authors
emphasize that the study, understanding
and forecasting of fire regimes requires the
use of objective means of control, long-term
monitoring of materials, a wide range of attribute
information, including spatial and temporal
reference of fires and information about their
energy characteristics. In the modern range of
fire processes, these data can only be obtained
on the basis of long-term satellite observations.

The main goal of this work was the creation
of a geospatial analysis of combustibility in
Siberia and the generalization of fire parameters



OUBNKO-MATEMATUYECKHUE U TEXHUYECKHUE HAYKH

recorded for various conditions based on data
from a 20-year satellite monitoring.

In conclusion, the following results were
obtained: in particular, the characteristic time
intervals necessary for the implementation of
a certain stage of the fire were evaluated. So
the initial stage lasts 70-120 hours, the phase
of exponential growth of the fire area has a
characteristic time in the range of 150-275 hours,
then within 45-65 hours, as arule, the logarithmic
attenuation of the field growth rate occurs. The
obtained indicators have rather large differences
in values, and the variance reaches up to 40%
of the absolute values. However, the dynamics of
the fire area can be calculated at any time, since
the range of acceptable values is determined
and limited by model curves that are similar in
appearance to the normal distribution function. It
should be noted that the obtained time intervals
and the model curve describing the maximum
value of the dynamics of the increment of the
area are applicable for cases of fires that develop
in rural areas under natural conditions.

It was also noted in the work that another
urgent direction is solving the problems of
analyzing the dynamics of fires and developing
methods for predicting the characteristics of
fires.

The article “Plotnikov D.S., Safonova N.L.
Prediction and prevention of natural disasters
and man-made disasters using space monitoring
systems // Problems of ensuring safety in
emergency response. 2015 ” is devoted to the
main issues of forecasting natural disasters based
on the use of space monitoring systems.

The relevance of the use of aerospace
technology is due to high efficiency and mobility
in the production of images, as well as their
current analysis and prediction of potential
hazards in the future. The authors declare that
the main tasks of the work of aerospace systems
are daily global monitoring of the country's
territory with high frequency and low resolution,
as well as emergency optical and all-weather
radar surveys of a given area from medium, high

and ultra-high resolution spacecraft to predict
and mitigate emergencies. The main advantage
of aerospace systems, as the authors of the work,
is the ability to work in real time with satellite
images as a source of objective and relevant data.

In conclusion, the fact that in the current
decade operational space-based monitoring
of emergency situations was able to form as
an independent area of space geoinformatics
and continues to develop rapidly, which is
facilitated by progress in space and information
technologies, is cited.

Conclusion

Finishing this work, it should be noted that
in recent decades dangerous trends have been
outlined associated with the development of
natural phenomena, caused to a greater extent
by the growth of the population and economy of
terrestrial civilization. The tremendous increase
in the number of irreversible catastrophic events,
including those of techno-natural origin, singles
out the assessment and development of methods of
dealing with natural phenomena and cataclysms
as a task of national priority on a global scale.

Effective risk management and forecasting
natural disasters is based on the current level of
knowledge regarding natural phenomena, the
systematic organization of monitoring hazardous
processes, an adequate culture of economic
activity, as well as the adoption of appropriate
management measures at different levels of
government. The risk management strategy must
be implemented in all projects and investment
programs related to such areas as: construction,
education, social security, healthcare and others.

The main goal of this work was to create
a review of current methods and research of
the present, related to the prediction of natural
disasters. During the writing of the work, the
relevance of the tasks associated with earthquake
prediction was studied in more detail, and the
proposed methods and solutions aimed at creating
effective and rational means of monitoring and
predicting natural disasters were investigated.
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PABPABOTKA ABTOMATHU3UPOBAHHOT'O MOHUTOPUHIA TPYBOIIPOBOJIOB
B PAMOHAX C BLICOKO CEUCMUYECKON AKTUBHOCTBIO

CAPBIEBA A.E., IOJYMOPABHUHOB H.O.
Kaszaxcmancko-bpumanckuii mexnuueckuii yHueepcumem

Annomayusn: Cmamovs nOCGAUCHA COBEPULEHCTNBOBAHUIO MEMOO008 NOBLIUEHUSL YCIOUYUBOCIU MPYOONPOEO-
008 6 palloHax ¢ GbICOKOU CeUCMUYECKOU aKMUBHOCmb0. M3yuenvt Mmemoouvl onpeoenenus npoYyHOCU MA2Uc-
MpPAnLHBLIX MPYOONPOBOO08, NOOBEPIHCEHHBIX CEUCMUYECKOM) 8030EUCBUIO.

Ilposedenvl ananusvl Ha GrUAHUE NONEPEUHBIX HAZPY3OK OM BO30CUCNBUS CEUCMUYECKUX BOH, HANPABTIEHHbIX
HA 0Cb U NPOUHOCHL COOPYICEHUSL 8 3ABUCUMOCTNU O OUAMEMPA U MOTUUHBL CIEHKU MPYObl U UHMEHCUBHO-
CU 3eMAEeMPACEHUA.

Knrwouesvle cnoea: mazucmpanvuviti mpyoonposoo, 3emaempscenue, npouHoCms mpyoonposooa, nonepeunds
Hazpyska

"KOFAPBI CEUCMUKAJIBIK AMAKTAPIA ABTOMATTAHABIPBLIFAH
KYBBIPIAP MOHUTOPUHITH IAMBITY

Anoamna: Maxana celicmuxanvix bencenoiniel dco2apsl ayoanoapoazsl Kyowvipiapowly mypakmolibleblH apm-
muipy 20icmepin scemindipyee apnanzan. CelicMUKanwiy acepiepee yublpagan Kyovipnapovly bepikmicin ag-
momammsl mypoe aHvlKmay a0icmepi 3epmmeinzeH.

Kybuvip xabvipeacvinvly ouamempi MeH KanblHObIZbIHA JCIHE dHcep CLIKIHICTHIN KapKbIHObLIbIRbIHA OAllaHbl-
cmol Kaneinmsi mypoe Kyovipowvly O0UTbIK OCIHe OAbIMMANAH CEUCMUKANbIK MOIKLIHOAPOLIH dCEPIHEH KOJl-
OeHer JcykmemenepOiy acep emyine manoay Hcypeizinoi.

Tyitinoi co3oep: mazucmpanodvi Kyowip, dcep CiIKiHicl, KyOblp MypaKmolivblabl, KOIOEHEH JCYKmeme

DEVELOPMENT OF AUTOMATED PIPELINE MONITORING IN AREAS
WITH HIGH SEISMIC ACTIVITY

Abstract: The article is devoted to improving methods for increasing the stability of pipelines in areas with
high seismic activity. The methods of automated determination of the strength of pipelines subjected to seismic
effects are studied.

The analyzes were carried out and patterns of the influence of transverse loads from the action of seismic
waves directed normally to the longitudinal axis of the pipeline on the strength of the structure depending on
the diameter and thickness of the pipe wall and the intensity of the earthquake were revealed.

Key words: pipeline, earthquake, strength of pipeline, stressed strain

MaructpanbHble TpyOOIpOBOJBI OOJNBIION  pble MPUBOAAT K IPYHTOBBIM KOJIEOAHUSM, pa3-
NPOTSHDKEHHOCTH SIBIISIFOTCSL YSI3BUMBIMU II€pEN  JIOMaM U MOBPEXIEHUIO coopyskeHus. [l co-
HPUPOAHBIMHU SBICHUSAMHU, B OCOOCHHOCTH IIepe/l  BEPLICHCTBOBAHUS METOIOB MOHUTOPHMHIA COO-
3eMJIETPSICCHUEM OOJIBbIION MarHUTYAbI, KOTO-  PY)KEHHs MPOBOAMTCS OLEHKAa MO MHTEHCHBHO-
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CTU CEMCMHUYECKHUX BO3JEUCTBUM M NMPOYHOCTU
TpyOOnpoBoOAa.

Cucrema muddepeHnanbHOr0 ypaBHEHUS
BOJIHOBOM JIMHAMUKU CIUIOILIHOW CpPEIbl SABISET-
Csl METOJIOM pacueTa MPOYHOCTH TPYOOIpoOBOaa
Ha JUHAMHUUYECKHE CEHCMHUYECCKHE BO3ACHCTBUS,
OCHOBAaHHBIE HAa MOJECIMPOBAHUS B3aAUMOJCH-
CTBUS TPYOBI C TPYHTOM OTHOCHUTENIBHO HaIpaB-
JICHUSI BOJIHBIL.

HopMmanpHast och K IPOIOJIBHON ocH TpyOo-
MPOBOJIA, B BUJIE NPSIMOYTOJIBHUKA B INIOCKOCTH,
MPOU3BOJUT ANMPOKCUMALIMIO 110 JUATOHAIBHON
CXeMe TPYHTOBOM Cpe/ibl BOKPYT TpyOOmpoBoaa.
OceBble nedopMaliuu ¥ HaMpsHKEHUST TIPUBOIST

K BO3HMKHOBEHHIO B CTEP)KHAX YCUIIMH, YTO CKa-
TUTMBAET MHEPLUIO M KUHEMATUKY B y3J1aX, KOTO-
pble 0TOOpakaroTCst B UCXOAHOM cxeme. st pac-
YyeTa COOpYKeHHs, 3arTyOJIEHHOTO B IPYHT, KOH-
TYp TpyObl COBMEIIAIOT C AIEMEHTAMHU CETKH, a
3HAUEHUS] COOTBETCTBYIOIIUX Y3JIOBBIX Macc IO
KOHTYPY TpyObl KOPPEKTHPYIOT [5].

IIpn MozmenupoBaHUM CEHCMHYECKOIO BO3-
JIeMCTBUSL Ha TPAaHUIBI COOPYKEHHUS MOAAeTCs
Harpyska. s pacdyera TpyOompoBosia pa3sHOro
JMaMeTpa, WCHOJIb3YIOT HEpaBHOMEPHBIM Iar,
BO3pACTaIOMIMKA OT OcH TpyOompoBojaa B apud-
METHUYECKON MPOrpeccuu 1o 06enM ocsMm (pucy-
HOK 1).

Puc. 1 — Cxema 00 u 60 pems celicMuyeckoli akmugHocmu

[Tonepeunas cuma ans obmactu TpyOoMpo-
Bona ¢ | = 1 m onpenensercs ganHoi GopmyIoii:

VN, =N+N=PRILH, (1)

rae N, n N, — KOMIIOHEHTBI BEKTOpa Harpys-
Ku N, y H; P — naBnenue Ha y3en Maccoit m, [1a;
R — panuyc TpyOsl, M.

KonbueBoil u3rub u cxaTue CTEHKH Tpy-
ObI MOSIBIISICTCS 32 CUET JU(PPAKLUOHHOTO B3a-
UMOZCHUCTBUS CEHCMUYECKUX BOJH C TPyOOIpo-
BoJoM. [Ipu 3TOM HampspkeHue pacrpenenser-
Csl HEpaBHOMEPHO: HauOoJblIue 3HaYeHHs Oy-
ayT B Toukax A (¢ =0u ¢ =) u C (¢ = +1/2).
Hanpsiokenue MOXXHO BBIYHCIUTH I10 CIIEAYIO-
mmM opmynam [6]:

— HOpMaJlbHbIE

HaInpsHKEHUS

c+0,305PR I W;0=016847 PRI W; (2)

¢bubpoBbIe U3TUOHBIE

— HOPMAJIBHBIC CO)KUMAIOMIUC HAITPAKCHUSA

ov=—0,02653 P» R F ;on=—0,5Pu R F 3)

snece W, =0216uF =0 —MOMEHT COMPOTHB-
JICHUSI, M®, U TUIOIIA/b CEUCHHsI CTEHKH TPYObI B
IUIOCKOCTU XZ, M%, 1Tl €IMHUYHOM JUTHHBI TPY-
6orpoBona /;

O — TOJIIMHA CTEHKH TPYOBI, M.

MakcuMasnbHble HOpMalbHble (HUOpPOBBIE
u3ruOHple G° M CKUMAIOMME G° HampsKe-
HUS OTIPENENIAIOTCS MPU MOJIEIUPOBAHUM Ceiic-
MHYECKOTO BO3JEHCTBHA K NPOJOJIBHOH OCH
TpyOonpoBoza:

¢’ ,=max (c,,;6,);0 =max (5,,;05,.). (4

[Tonepeunoe celicMHUYECKOe HaNpsKEHUE
orpenensercs 1no Gopmyse

6 = ost 6*, Ila;

Kosnbuessie 6, =6, (p) ¥ IpOAOIBHbBIE G, =
6, (p) + 0,10, + 0, HANPHKEHUS ONMPEACIAIOT
o0llee HaMPSXKEHHOE COCTOSHUE TPyOOnpoBoa
OT CTATHYECKUX HArPy30K, Iie 6, (p) u o, (p) —
KOJIbIIEBBIE M TPOJOJIbHbIE HAMPSKEHUS OT JAeH-
CTBHUSI BHYTPEHHETO NABJIEHUS; G, — TEMIIEPATyp-
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HBIE HANPSDKEHUS; G, — HAIPSHKEHUS OT TIPOJIOJTb-
HOTO TIEPEMENIEHHUS yIacTKa TpyOOpoBOaa; G,
— HanpshxeHust u3ruda [1].

Ha ocHoBe pemieHus 3a1a4u ONpeaessitoTCs
Harpy3ku. OTaenpHble MPSIMONMHEHHbIE OTpe3-
KU TpyObI 3aMEHSIOTCS YIIPYTroi JHMHUEH C pas-
JTUYHOW KpuBH3HOM (pucyHOok 3). Ilpm pere-

HUU cucTeMbl TuddepeHIHaIbHbIX YpaBHEHUH,
BKJIIOYAIOIICH B3aMMOJACHCTBHE TPYOBI C TPyH-
TOM B BEPTHKAJIbHOM, TOPU30HTAIBHOM U TPO-
JOJIbHOM HAIpaBJIEHUAX ONPEIEISIETCS KPUBU3-
Ha yNpyro# JIMHUU 10 TaHHBIM MOJIOKEHUSIM OT-
JIENbHBIX TOYEK, COeIMHEHHBIX OTpe3Kamu [3].

1- OTPE3KH, COCANHAIONIUE TOYKH I/I3MepeHI/Iﬁ TIOJIOKCHUS pr6I)I Ha pacuCTHOM YYaCTKE; 2-— pacue€THas ynpyras JUHUSA OCU

TpyOOnpoBOsa; 3 — TOUKH U3MEPEHNUI MOJIOKEHUS TPyOOIIpoBO/ia, Tie TpyOa H3MEHsIeT HalpaBIeHHe; 4 — pacueTHBIC CEUCHHUS

TpyOompoBoza ¢ marom h; u, v, w — cMemeHus TpyOonpoBozaa B HarpasiIeHUsX ocelt X, Y, Z; i — HoMep y31a

Puc. 3 — Pacuemnas cxema yuacmka mpyoonpogooa

CyMMa KOMIIOHEHTOB HANpSKEHUW B TPy-
6€ OT celCMHUEeCKOTro BO3CHCTBUS ¢ KOMIIOHEH-
TaMHM HaNpsDKEHUM OT CTaTMYECKOM Harpys3Ku
OTIPENEIIIOT OOIIYI0 OLIEHKY HalpsKEHHO-[e-
(OpMHPOBAHHOTO COCTOSIHUA TpyOOIIpoBoa [2].

[onmyuyen xosddunment K, yuuTsiBaroniuii
yBEJIMYEHHUE HAMPSDKEHHUs B TpyOe OT rorepeuy-
HBIX BO3JCHCTBHUHA CEHCMHUYECKOH BOJIHBI (Ta-
omuma 3).C yueToM 3aBHCHUMOCTH WHTEHCHB-
HOCTH 3€MJIETPSICEHUSI OT PAaCCTOSHUS JIOJIKHBI
OBITh YCTAHOBJIEHBI CEHCMOPETUCTPATOPHI BAOJIb
Tpacchl TpyOorpoBoaa (pucyHok 5). Kak BugHO
u3 rpaduka, MaKCUMaIbHBIE PACCTOSHUS MEX-
Ny AaTYHUKaMH YCKOPEHHH U1 TpyOOonpoBo/Ia Ha
y4acTKax C MHTEHCUBHOCTSMM 3E€MIIETPACEHHUS

204

7, 8 1 9 6amnoB He OKHBI peBbiarh 10, 15 u
20 KM COOTBETCTBEHHO [2].

gzar -
'. aD
= ¥ 4
51'57 ppffacas )
g | -
21.0-_ - L
P >
$os! - =
%uu: ——

| B 5 10 15 20 25 30

INMUSHTPANGHOS PACCTORHKE, KM

Puc. 5 — Ymenvwenue unmencuenocmu 3emiempscerHust om
pPaccmosiHusl
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Tabnuna 2 — 3Ha4YeHusi MUHMMAJIBHBIX TOJIIHH CTEHOK TPYO, MM

Mapxka cranu Juamerp, MM Pacuernoe conporusnenue, Mna CelCMUYHOCTH 30HBI, 0aILI

7 8

820 16 24

K55 1020 3052 20 24
1220 290,7 24 28

820 16 20

K56 1020 3209 20 24
1220 305,6 24 28

820 16 20

K60 1020 360 16 20
1220 3429 24 24

X70 1220 376,4 20 24
X80 1220 413,7 20 20

[Ipumeuanus.

1. IIpy HEBO3MOKHOCTH OOOUTH YYaCTKU C CEHCMUYHOCTBIO 9 0aIIOB pacyeTsl TPyOOIpoBoaa HEOOXOAUMO TPOBOJUTE C YYETOM KOH-

KPETHBIX I'€OJIOTUYECKUX U DKCIUTyaTallMOHHBIX yCHOBI/II‘/'I.

Taonuna 3 — Kodppuuuent K, yunroiBarommii nonepevyHoe Bo3aeiicTBue celCMUYeCKOi

BOJIHBI
Juamerp TpyObl, MM
Tommna 820 1020 1220
CTCHKH, MM VHTEHCHBHOCTD 3eMIICTPSICCHUS, OaIlT
7-8 9-10 7-8 9-10 7-8 9-10
16 1,2 1,25 1,25 1,35 1,40 1,50
20 1,15 12 12 125 13 1,40
24 1,10 1,15 1,15 1,2 1,25 1,3
28 1,05 1,10 1,10 1,15 1,2 1,25

OneHrBaHNe CEHCMHUYECKOTO BO3JACHCTBUS
Ha TpyOonpoBoa, BbIpabOTKa 3PPEKTUBHBIX
yIpaBIEHYECKUX PELICHUH I CBOEBPEMEHHOM
JIOKaJHM3allMd aBapuu U CHIKEHHE ylepda OT
BO3MOXKHBIX aBapUMHBIX CHUTYAIUH, CBSI3aHHBIX
C 3eMJIETPSICEHUSIMHU, OCYILIECTBISETCS 3a CYET
CHUCTEMBbl MOHUTOPHUHIA U BBHITIOJHEHUS pacyera
HaNpsHKEHHO — Je(OPMUPOBAHHOTO COCTOSTHHS
TpybonpoBoaa [2].

3akJ/aoueHue

N3ydensl celicMUYECKUE BO3ACHCTBUS HA
COCTOsTHUE TPyOOTPOBOIA, YTO TO3BOJISET OIpe-
JIeJUTh TonepeuHyro Harpy3ky. C HOMOUIbIO
pa3HbIX METOJIOB MaTEMAaTUYECKOTO aHan3a Obl-
JIM PELIEHBI ITOCTABJIEHHBIE 3a/1a4U.

BrisiBneHO, 9TO HA OCh U MIPOYHOCTH TPYOO-
MPOBOJIA BIIMSET IOINEpPEYHas Harpys3ka OoT BO3-
JIEUCTBUS CeliCMMUYECKHX BOJIH. BiusHue 3aBu-
CHUT Ha MPSIMYIO OT TUaMeTpa, TOJIIIUHBI TPyOO-
MIPOBOJA U 3€MJIETPSICEHUSI.

DOddexTUBHOCTh METOIa 3aBHUCHT OT TEK-
TOHUYECKHUX YCJIOBHM y4acTKa U OINPEHEIAETCS
SKOHOMUYECKOW MPUMEHUMOCTBIO. YCTPaHUTH
nepeceuyeHue TPyOONmpoBOIaMU 30H TEKTOHH-
YECKUX HapyLIEHUH HEBO3MOXKHO, II03TOMY TaK
BA)KHO IPEyCMOTPETH BCE BO3MOXKHBIE BApUAH-
TBI UCIIOJIb30BAHUS METOOB M TEXHOJOTHM, T10-
3BOJISIFOIIMX O0ECIMEYUTh 3alUTy OT cecMude-
CKOM aKTUBHOCTH.
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ROLE OF SOCIAL NETWORKS IN E-COMMERCE OF KAZAKHSTAN
TAZHI A.
Kazakh-British Technical University

Abstract: Nowadays e-commerce is an integral part of every person’s life. Social media such as Twitter,
Facebook, LinkedIn, Instagram and YouTube plays a leading role in increasing traffic, attract new customers,
and methods of working with them in e-commerce tools. The main objective of this research analyzing role of
social media in e-commerce market of Kazakhstan.

Key words: E-commerce, social media, analytics, Kazakhstan’s market

IJIEYMETTIK XKEJIVIEPAIH KASAKCTAH QJIEKTPOH/IBIK
CAYJIA HAPBIT'BIHIATBI OPHBI

Anodamna: Ka3zipei yaxeimma s1eKmponobix cayoa adam oMIpiniy axcvipamac bomuezine annanean. Twitter,
Facebook, LinkedIn, Instagram sicane YouTube cuaxmul aneymemmik diceniiep mpaghuxmi Yaeaumyod, H#aya
KAUeHmMmepoi mapmyod HcoHe 3NeKMPOHObIK KOMMEPYUsL KYPALOAPLIHOA ONAPMEH ICYMbIC icmey 20icmepit-
Oe dicemexwii pon amxapaowsi. bByn 3epmmey0iy Hezizei makcamol — aneymemmik dceninepoiy Kazaxcmanmiy
NEKMPOHOBIK CAYOA HAPBIZIHOARL ALAP OPHbIMEH POJIH manddy 00ibin madwliaobl.

Tyitinoi co30ep: snexmponObiK cayoa, aneymemmix dxceninep, manoay, Kazaxcman napwievt

POJIb COIIMAJIBHBIX CETEN B 2JIEKTPOHHONH KOMMEPIIUM KA3BAXCTAHA

Aunnomauusn: B Hacmosuee 8pemsi 31eKMpOHHAS KOMMEPYUSL ABTIAEMC HEOMbEMIEMOU YACMbIO JICUSHU KAJIC-
0oeo yenosexa. Coyuanvuvie cemu, maxue kax Twitter, Facebook, LinkedIn, Instagram u YouTube, ueparom
8e0YUYIO POIIb 8 YEeTUdeHUU MPAPUKA, NPUSTIEUeHUU HOGBIX KIUESHMO8 U Memooax pabomvl ¢ HUMU 8 UHCTIPY-
MeHmax snekmpoHHo kommepyuu. OCHOBHAsL Yelb OAHHO20 UCCIE008AHUSL - AHAAU3 POTU COYUATLHBIX cemell
Ha poilKe 21eKmpoHHol kKommepyuu Kazaxcmana.

Knioueswie cnosa: INNEKMPOHRHAA KOMMEPYUA, COYUATbHbIE CenlU, AHANIU3, PbIHOK Kaszaxcmana

Introduction

Digitalization of the modern economy and
the involvement of an increasing number of
economic and social processes, the Internet
space is a global challenge and an equally
global opportunity. Kazakhstan also keeps up
to date, taking into consideration all IT industry
development factors. Kazakhstan's electronic
commerce extends to markets of new products
for itself, on the Internet you can buy not only
software but even vegetables, fruits or even more

exotic items. Social networks play important role
in building relationships between customers and
businesses. What are the advantages of trading
on a social network? The predominant role in
making purchases on the Internet now have
user reviews about this online store. The main
advantage of making a transaction through social
networks is the ability to visualize between
participants by viewing the profile under which
the real user is registered. This is illustrated by
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a graphic image and information profile that
appears on the screen during interaction with a
contact, which makes it possible to simulate a
live conversation.

Now more and more companies understand
the effectiveness and even the need to work with
social media. This is an indicator not only of
the company's progress but also of its desire to
communicate with its customers. But this does
not necessarily involve employees, and even more
so management: work in social media should be
done by professionals who know exactly how,
what and when. The task of employees and
company management is to set the task and track
the results.

E-commerce and social media in

Kazakhstan

As of the beginning of 2019 according
to data from the “Association of Digital
Kazakhstan” (ADK), the total growth for the
year amounted to 23.2%. The share of total
trade is only 2.9%. According to experts of the
ADK, the e-commerce market in Kazakhstan
may reach 928 billion tenges in 2022. That is,
according to cautious estimates based on global
average growth, the increase will be 6%. These
data show that the share of e-commerce in
Kazakhstan is growing every year. According
to the World Bank, Ovum (World Cellular
Information Service), in Kazakhstan 76.4% of
the population were Internet users in 2017. In this
ranking, Kazakhstan was in second place after
the UK. With the development of the Internet,
social media are becoming increasingly popular
among the Kazakhstan population.

According to official data over the past
five years, Kazakhstan has seen an increase
in e-commerce by an average of 26%, while
since 2015, the average annual growth has
accelerated to 30%. In gross value, the volume
of transactions in 2018 reached 259.5 billion
tenges. The share of electronic commerce in the
total retail trade amounted to 1.4%. More than
1700 independent online stores and about 20
electronic trading platforms are represented on
the domestic market, where more than 1 million
small and medium-sized businesses operate.
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The total number of buyers of electronic goods
and services is about 2.3 million people. The
structure of the e-commerce market consists of
68% of the trade-in goods and 32% of services.
Building materials, household appliances,
cosmetics, clothes, and shoes are in high demand.
Among the services are the sale of air and train
tickets, payment for cultural events and utilities.
According to the rating conducted by Forbes.
kz largest online shopping platforms, 38% was
the fintech platform, 40% was air and train
tickets sale systems, 11% was fashion and beauty
retailers, 8% was electronic devices stores, 3%
was bulletin board and food delivery platforms.

The main factors that positively affect

Internet trade in Kazakhstan are:

* Growth in the number of Internet users. The
Internet is becoming faster and more accessible,
as a result of which the Internet audience of
Kaznet is growing.

* The growth in the number and diversity of
online stores. Internet commerce is looking for
new forms, new products, a new geography of
influence.

* Growth in the number of payment cards.
According to the National Bank of the Republic
of Kazakhstan, as of October 1, 2019, the total
number of issued and distributed payment cards
amounted to 30.6 million units, which exceeds
the same indicator in 2018 by 43%. The bulk of
non-cash transactions was carried out through
online banking services. Today, they registered
about 18 million users. Of these, 34% regularly
conduct operations, which confirms the demand
among the population of remote digital channels
of banks. More than 1.3 million operations
amounting to more than 21 billion tenges are
conducted daily through online services.

* Improving the legal environment of online
commerce. For example, a law on electronic
money was recently adopted in Kazakhstan.
Various institutions are being created to help the
development of the IT sector in Kazakhstan.

The active use by the population of the
Internet and, in particular, social networks was
reflected in the activities of commercial structures
of various industry sectors, including trade.
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Social networks as a means of communication
allow you to create the desired image and
positive reputation, increase awareness, trust and
customer loyalty, get reliable feedback, study the
preferences, wishes and intentions of the target
audience, as marketing communications mediate
some of these relationships. Various aspects of
the use of social media and, in particular, social
networks in commercial activities have been
analyzed by many scientists (Reilly A.H., Hynan
K.A., Tarabasz A.)

Types of social media platforms

According to analyze the most commonly
used social media platforms are:

Vkontakte

Vkontakte is the most popular social network
in the Commonwealth of Independent States.
It is owned by Mail.ru Group. According to
analysis before it has approximately 1.8 million
active users in Kazakhstan. Since the last year
Vkontakte added multiple tools for business such
as advertising from mobile app, gather audiences
through QR codes, set up sales with a chatbot,
adding “stories” tool.

Instagram

Instagram is a visual social network based
entirely on photos and videos. It is also owned
by Facebook and differs from others in that it
provides various filters and other photo editing
options. It has a promotion tool through the
mobile app. Also users can create/manage
advertising using Facebook business tools.

My World from Mail.ru Group

My World@Mail.ru "is a Russian social
network owned by Mail.ru Group, which in 2019
designated it as a" niche project. " The Russian
audience of the social network decreased from
2014 to 2019 by 5 times, from 25 to 5 million
users. It has an advertising platform called
myTarget.

Facebook

Facebook is the largest social network on the
web both in terms of name recognition and the
total number of users. It has about 400 thousand
active users in Kazakhstan, and it serves as a
great platform for connecting people around the
world with your business. Since the last decade,

Facebook has evolved from a basic website to a
multi-dimensional network and mobile platform
where everyone can communicate with anyone
around the world. With Business Facebook, it
can help a lot in business.

Youtube and messengers

Youtube is the largest video hosting platform
in the world. According to similarweb analyzing
platform, Youtube is the second most popular
website in Kazakhstan. Youtube has also an
advertising tool for targeting the audience.
Messengers like WhatsApp and Telegram plays
important role in relitionships with customers.

Share of social networks in the life of

Kazakhstan people

Users of social networks in Kazakhstan
are 70% of the population over 15 years old,
according to a report from the consulting
company Accenture Kazakhstan. The results
of a sociological study showed that only 10.6%
of Kazakhstanis are not registered in any of
the social networks. At the same time, the use
of desktop computers for social networks is
more common with Facebook and Twitter,
and mobile devices are more common with
YouTube, Instagram, and Pinterest. Analysis of
social networks showed that, according to Brand
Analytics in Kazakhstan, there are:

1) 1,9 million active Vkontakte users;

2) 1,3 million active Instagram users;

3) 413,026 active Facebook users;

4) 27,776 active Twitter users.

The Vkontakte network remains the most
popular in almost all aspects. The second and
third line of the ranking is occupied by Instagram
and My World from Mailru Group, slightly
behind Facebook. And the most common type
of activity on social networks is commenting on
other people's posts (24.81%). In second place is
the search and acquisition of new acquaintances
(21.9%). 12.44% of respondents participate in
various discussions. Although, according to
Kazakhstan statistics, young people aged 15-
30 use VKontakte more, people over 30 use
Facebook. In 2018, Facebook's share of the
Kazakhstan market was 26.4% of all users of
social networks, YouTube - 25.4%, Twitter - 21%,
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VKontakte - 16.4%, Pinterest - 5%, Instagram
- 4%, others networks - 1.8%. According to
the president of the Internet Association of
Kazakhstan, Facebook use is only two cities -
Astana and Almaty, the rest of the country use
VKontakte, Odnoklassniki, and Instagram.
According to official data, 75% of online retail
trade is in Almaty.

Advertising market

The main factor that social media
influences in commerce is the advertising
market. According to data “Central Asian
Advertising Association” in 2018, the total
volume of advertising amounted to about 50
billion tenges. The shares of media segments
in the estimation of advertising volumes are as
follows: TV - 52%, outdoor advertising-18%,
digital-16%, radio-8%, and the press-6%. The
results of the study confirm that the share of
TV advertising as the most comprehensive and
cheap media channel in terms of 1000 people is
still leading. Internet advertising is developing
most dynamically, showing an increase in its
share from 7% in 2014 to 16% in 2018. The most

promising channel, which is growing due to an
increase in advertisers, and not prices, is the
Internet. This is due to the overall development
of this communication channel, as well as to the
fact that due to a significant increase in price, TV
is leaving not only medium-sized customers but
also large ones. From TV, they flow smoothly to
YouTube with its incredible growth (according
to some estimates, 2.5 times over the past year),
targeting capabilities and Analytics of results.

Conclusion

Social media unconditionally takes a
huge role in e-commerce. It can be verified by
researchers before. But we can’t prefer one social
network than another, because each social media
channel has its own audience. According to
surveys, we can say Instagram, Vkontakte and
Youtube has a huge role in targeting audience
to store or product. The share of big cities in
e-commerce is apparently according to the
analysis. In conclusion the future of e-commerce
is in relationship with the audience, social media
help in building it.
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HYCYIIOB KAUP XAM3AEBHUY

PykoBonctBo u xomiekru KaszaxcraHcko-
bpHTaHCKOrO TEXHUYECKOIO YHUBEPCUTETA H
Hayuno-o0pa3oBaTenbHOro IIEHTpa ajbTepHa-
TUBHOM 2HepreTuku u HaHotexHojoruii KbTVY
CepJeYHO MO3JPABISAIOT JOKTOpa (PHU3HKO-Ma-
TEMaTHYeCKUX Hayk, mpogeccopa Hycynosa
Kanpa Xam3aeBuya co 3HaMEHTENbHOM 1aTOM —
80-1eTrem co JHS pOxKACHUs!

3a BpeMsi MHOTOJIETHEW TPYLOBOM JEATEINb-
Hoctu Hycymnos K.X. nposiBui ce0st kak TajgaHT-
JIUBBIM yYEHBIH, IIUPOKO HU3BECTHBIA B HalICH
cTpane u 3a pyoexxoM. Hycymos K.X. sBnser-
Csl BOJIEBBIM PYKOBOJIUTEIEM U OPraHU3aTOPOM
HAy4YHBIX MCCIIEJOBAHUM, CKIIOHHBIM K IIOMCKY
HETPAJAULUOHHBIX PELICHUN BaKHEHIIMX 3a]a4
B 00JIACTH HAHOAJIEKTPOHUKHU, YCKOPHUTEIbHOM
TEXHUKH, COJTHEUYHON M BETPOBOM DHEPIETHUKHU.
ConuHblii OMBIT, BHICOYAUIINNA MPOeccCHoHa-
JIU3M, PELIUTENIBHOCTh B JOCTHIKEHHUM I10CTaB-
JICHHBIX LIE€JIeH, YYBCTBO TI'Pa)KIAHCKOW OTBET-
CTBEHHOCTH U TpeOOBATEIbHOCTh CHUCKAIH [Ty~
O00oKOe yBaXKEHHME W 3aCIIy’)KEHHBIH aBTOPUTET
Cpeau KOJIJIET U APY3€Ei.

ITocne oxonuanusi HoBocubupckoro siex-
TPOTEXHUUYECKOTO HMHCTUTYyTa B 1965 rO0-
ny K.X. HycynoB moctymaer B acnupaHrypy
@usnueckoro mHcrutyta uM. IL.H. JleGenena
Axagemun Hayk CCCP, . Mocksa (Poccus). B
9TOM 3HaMeHUTOM yupexaeHun Hycynos K.X.
CaMOCTOSITEJIBHO OCYILECTBISET KalUTaJbHbIN
PEMOHT UM 3alyCK HEHUCIIPaBHOTO YCKOPHUTEIS
Ban ne I'paada, BeimonHss paboThI MOJ1 IMYHBIM
KOHTposieM Jaypeara HoOeneBckoil mnpemun
.M. ®panka, unen-kopp. AH CCCP b.M. Byna
u npocgeccopa B.C. BaBunosa ¢ peryinsipHbIM
OTYETOM Ha CeMUHapax Jaboparopuu ¢GHU3M-
KM aTOMHOTO sJ]ipa U j1abopaTtopuu (pU3MKH I10-
TynpoBoAHUKOB. B 1973 rony pemenunem Cnen.
Cogera @usnueckoro uHcturyra AH CCCP
HycynoBy K.X. mpucyxnaercss creneHb KaH-
aunara (U3MKO-MaTeMaTH4ecKUX HayK Mo TeMe
«MccnenoBanue pacnpeneneHuss BHEIPEHHBIX
aTOMOB JIUTHUS 110 TITyOMHE B alMase U KPeMHHUH
MeTonoM (p, y) pe3oHaHca». [loxke, Bo Bpems
BU3UTA B ropox Anma-Aty, Unbs Muxaitiosuu
@paHK BbIpa3Wil jKEJIaHHE O3HAKOMUTBCS C Ja-

Busum naypeama Hobenescroui npemuu U.M. @panra 6 rabopamopuio K.X. Hycynoea
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6oparopueit Hycynosa K.X. (cm. ¢goto). B 1996
rony pemenueM Cnen. Cosera /[.002.39.02
Jlaypeara HoOeneBckoii mpemun bacoBa H.I.
npu @uznveckom nactutyTe uM. I1.H. Jlebenena
PAH Hycynosy K.X. npucyxieHa cTeneHp J0K-
Topa (PU3MKO-MaTeMaTHYeCKUX HayK.
Hoctmwxkenus Hycynosa K.X. B pa3pabotke
HAHOCTPYKTYp, TEXHOJIOTUN TBEPABIX MarepHa-
J0B, 16 TEXHOJIOTUI COJTHEYHON PHEPIETUKH, a
TaKXe B 00J1aCTH BETPOIHEPTETUKHU, BKITFOUAs CO-
3[JaHUE ONIBITHOM yCTAaHOBKH U IIOJyYEHHE NTATCH-
Ta EBpocoro3a SBISAIOTCA BIEUATIAIOLUMU J10-
criwkenuamMu KBTY u Hameit ctpansl B o0acTu
HayKHU U TeXHUKH. Ero ycrexu u poib B 0051acTu
pa3pabOTKN HU3KOIHEPreTUIECKOH YCKOPUTEIb-
HOM TEXHUKHU ISl CO3/1aHUS BBICOKOKAYECTBEH-
HBIX HAaHOCTPYKTYp M P-N-IIEPEXOJ0B, BKIOYAs
nareHT CIIIA (yka3zaHHBIN Kak IPOTHBOIOCTaB-
JIEHHBIN B 14 MeXlyHapOAHBIX MMATEHTAaX), a TaK-
e B pa3pabOoTKe ¥ CO3aHNU TAPTHU JIETEKTOPOB
SJIEPHBIX M3JIyYEHHUH 11 KOCMHYECKOIO CITyT-
HUKa CIIEUAIbHOTO Ha3HAYeHMs, MpopadoTaB-
IIMX B arpeCCUBHBIX YCIOBUAX OTKPBITOTO KOC-
Moca 6onee 20000 yacos, 3amuTa JOKTOPCKOM
nuccepranuu B CrnennanusupoaHHoM Cosere
Jlaypeara HoOeneBckoii mpemun bacosa H.I.

npu @uznveckom uucturyte uM. [1.H. Jlebenena
Poccuiickoit AkagemMun HayK B COBOKYITHOCTH U
B OTIEIBHOCTH SBJISIOTCS BBIIAIOLIUMUCS CTPa-
HUIaMu ero 6uorpaduu. Ilpu conelicTBun u py-
koBojicTBe Hycynosbim K.X. 6111 mogrorosie-
Hbl U 3allUIIEHBI P JOKTOPCKUX, KaHIUIAT-
ckux 1 PhD auccepranuii B 001acTi HaHO3JIEK-
TPOHUKH 1 MaTepuanoBeaeHus. Ero myOnukarmu
MHOT'OKPaTHO LIUTUPYIOTCS B PEUTUHTOBBIX MEXK-
JIyHapOJIHbIX U3aHUAX U NareHTax. Poccuiickoit
Axkanemueit EcrecTBO3HaHUs Hycynosy
Kanpy Xam3zaeBnuy NpHCBOEHBI 3BaHUS «aKa-
nemuk PAE» u «OcHoBarenb Hay4yHOH KO-
ae», a UmxenepHoit Axkagemueil PecrnyOnuku
Kazaxcran — 3Banue «Jlyuymmnii unxxenep 2015
roza».

B 3T0OT 3HaMeHATENbHBINA JE€Hb OT BCEU Iy-
iy kenaeM Bawm, yBakaemblil Kanp Xam3aesuu,
JaJpHEHIINX yCnexoB B Bamen MHororpas-
HOU JeaTeNbHOCTH Ha Onaro Hayku Kazaxcrana,
YCIIELIHO Pa3BUBaTh TEXHOJIOTHH ITPOU3BOICTBA
COJIHEUHBIX OaTtapei, BETPOBOW SHEPreTUKU H
TBEPBIX MaTepUaJIOB, a TAKXKE JOJIUX JIET aK-
TUBHOMW JKU3HU, KPEIIKOTO 310POBbS, CYACThS U
Onaromnomyymus!

C yBaxxeHueMm, pykoBoacTBO U KouiekTuB AO «KBTVY» n HOLl ADuH.

26 nexabps 2020 roxa.
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YHUBEPCUTET

7  Aswnxanosa J[.K. MarucTp, MeXayHapOoaHbI Ka3aXCKO-TYPELKHUH YHUBEp-

curetr uM. X.A. SlcaBu

8  AwmanoB AA. MarucTpant, MexXIyHapOoqHbI Ka3aXCKO-TypELKUN YHU-
BepcuteT uM. X.A. ScaBu

9  AwmanraeBa A. PhD crynent, Kasaxckuii HarnumonanbHbIM yHHBEpCHUTET
uM. anb-Papadbu

10 Awmsze . CTYJIEHT, Ka3axcrancko-bpuranckuii TEXHUUYECKHUU
YHUBEPCUTET

11 Apamnosa M.B. K.H., MHCcTUTYT Karanm3a uMm. bopeckoBa, HoBocuGupck,
Poccus

12 Acanos A. K.X.H., mpodeccop, Tapa3zckuil pernoHaIbHBIA YHUBEPCUTET

uM. M.X. Jlymatu

13 Axwmerxanosa [A. nokropaHt, CoTbaeB yHUBEPCUTETI

14 banasamosna I'JI. 1.X.H., npodeccop, Kazaxckuit HanimonanbHbIN yHUBEpCUTET
uM. anb-Papabdbu

15 beiibutynst M. maructpant, KazaxcraHcko-bpuranckuili — TeXHUYECKUI
YHUBEPCUTET
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