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MICROWAVE TREATMENT FOR DEWATERING OF CRUDE OIL EMULSIONS

Abstract: The results of demulsification of oil from the Zhanaozen field have been studied. As demul-
sifiers, nonionic surfactants of block copolymers of ethylene oxide and propylene oxide of various
structure Basorol P123 and Disolvan were selected. At a temperature of 60°C, the degree of dehy-
dration in the presence of Disolvan reached 94.2% after 60 minutes of thermostating, in the case of
Basorol P123 — 54.3% after 100 minutes. The opportunity of microwave exposure using has been
shown. Depending on the operating mode the increasing of temperature of the oil leads to the max-
imum dehydration of the oil emulsion. Increasing the microwave exposure power to 700 W showed
greater efficiency for breaking down stable water-in-oil emulsions. Using the microwave exposure
to the crude oil emulsion showed that the degree of dewatering in the presence of Disolvan reaches

100% after 28 seconds.

Key words: oil, demulsification, emulsion, demulsifier, dewatering, microwave exposure

Beenenue

O06pa3zoBanue BOAOHEDTIHBIX SMYIbCUH ITPU
n00bIYe HEPTU YCIOXKHSET Mpoliecc TPaHCIop-
TUPOBKHU U3-32 KOPPO3UOHHOTO JAECUCTBUS COJEH,
COZIep)KalMXCsl B BOJIE, U MPUBOIUT K YBEINHU-
yernto BsizkocTH Hedtu [1]. CymectByer Hec-
KOJIBKO CIIOCOOOB pa3pylleHUs] BOAOHEPTIHOM
sMyJbCcuu [2]:
*  TepMHUYECKHE — HarpeBaHUE, OYUCTKA HEPTH
ropsuei BOJIOM;
* MEXaHM4YeCKMe — OTCTAauBaHMUE, OYHUCTKA
(unbrpanus), UEHTPUPYTUPOBAHHUE, YIBTpa-
3ByKOBasi 00paboTKa U T.11.;
*  XHMHUYECKHE —00paboTKa IMYIbCHIA pa3iny-
HBIMHU peareHTaMH, TOUHee JIeAIMYJIbraTopaMu;
*  DIEKTpUYecKkre — oO0paboTKa B AJEKTpHUe-
CKOM I10JI€ IEPEMEHHOTO WJIN ITOCTOSIHHOTO TOKA.

HaunOonee H3BECTHBIM H3 3THX METOJOB
CUMTaeTCsd TEPMOXMMHUYECKOE O0E3BOXKHBAHUE.
Meton TEPMOXMMHMUYECKOTO pa3pylIeHHs 3a-
KJIIOYaeTcs B HarpeBe SMYNIbCUU He(Th-BOAA U
BIIMSHUY JedMynbraropa. B kauectBe nesmyiib-
raropoB OOBIYHO HCHOJIB3YIOTCS MOBEPXHOCT-
Ho-akTuBHBIE BemectBa (ITAB) [3]. [leiicTBue
JIe3MYJIbraTOpOB OCHOBAHO HA BBITECHEHUH MPU-
POZIHBIX 3MYIIBIaTOPOB C MOBEPXHOCTH Karelb
BOJbL. [IpupoaHbIME SMyIbraTopaMu He(TIHBIX
AMYJIBCHH MOTYT OBITh HU3KO- U BBICOKOMOJIE-
KYJISIpHbIE KOMIOHEHTBI HE(TH C JTOCTATOYHOM
MOBEPXHOCTHOM aKTMBHOCTBIO (COJNHU IIEIOYHO-
3eMeJIbHBIX HA(TEHOBBIX KHUCIJIOT, ac(haiabTeHbI
U CMOJIbI), @ TAKXKE TBEPJIbIE dMYIbraTophl, 00-
pasyemble  BBICOKOJMCIIEPCHBIMH ~ YacCTHILIAMHU
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OpOA M MHUKpPOKpUCTaJIaMHU TapapuHoB. B
IIPUPOJHBIX YCJIOBMSX 3MYJBraTopbl BCEX TPEX
TPy YaCTO BCTPEYAIOTCSI OTHOBPEMEHHO B pa3-
JMYHBIX COOTHOUIEHMSIX B 3aBUCUMOCTH OT CO-
JIepKaHUs CMOJI M HATEHOBBIX KUCIIOT B HEPTH.
IIpy HarpeBaHUM CHMIKAETCS BSI3KOCTb SMYJb-
CHH, YTO, B CBOIO OY€pe.b, 00Jerdaer mporecc
BBIJICJICHUS] BOJBI [4].

MUuKpOBOIHOBOE BO3JIEHCTBUE B IPUCYT-
CTBUHU JI€IMYJIBIaTOPOB OTHOCUTCS K TEPMO-
XUMUYEeCKOMy 00e3BOKMBaHMIO. B Hacrosiee
BpeMs UCTOIb30BaHKe MUKpoBOJH (CBY TexHo-
JIOTUH) ILIMPOKO OCBaMBAETCsl U NPUMEHSETCS B
Pa3IMYHBIX TEXHOJIOIMYECKUX Mpoleccax H3-3a
OBICTPOrO BO3AECUCTBUS MHUKPOBOJH, BO3MOXK-
HOCTH JIOKAJbHOTO BO3JEHCTBUS Ha Marepual.
CrnencTBueM 3TOro SBISIOTCA UX YHEPrOIKOHO-
MUYHOCTb U BO MHOTHX CJIy4asiX 3KOJIOTHYHOCTb
u3-3a2 BO3MOXKHOTO npsimoro neiicteus CBY 6e3
IIPUMEHEHUS XMMUUECKUX peareHToB [5].

IIpu 00paboTKe MHKpPOBOJIHAMHU TeMIepa-
Typa He()TH yBEJIMUMBAETCS B [1Ba pa3a OoJbIle,
yeM Temrieparypa Boasl U B 10-20 pa3 ObicTpee
TeMIeparypsl TBepAbix mnopox. Ilpu sTom cko-
POCTb ITPOTEKAHUS IPOLIECCA TETJIOBOIO BO3AEH-
CTBUS Ha CUCTEMY 3HAUUTENBHO BBIIIE, YEM IIPU
KJIJacCCMYECKUX MeToAax Harpesa. [lox BiausiHMEM
MHUKPOBOJIH HE(QTSIHAA SMYJIbCHS 33 KOPOTKOE
BpeMsl OBICTpO TeperpeBaeTcs M CTUMYJIHPYET
ObICTpOE pa3pylIeHHue SMyIbcHu [2, 6].

OTOT MEXaHU3M SKOHOMUT SHEPTHUIO U BPEMS
IIPOBEICHMSI UCCIIEI0OBAHUS.
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B pabote u3ydeHsl TpaauLMOHHOE 00e3BO-
*kuBaHue Hetu mpu HarpeBaHuu 10 50-60°C
B TEpMOCTaTe M MHKpPOBOJIHOBas o00paboTka
AMYIBCUH CHIpON HePTH MecTopoxkaeHus KaHa-
O3€H.

JKCIepUMeHTAJIbHAs YaCTh

B kadyectBe 00BEKTa HccieqOBaHUS ObuIa
B3iITa mpoba HedTH IJKaHAO3EHCKOrO MECTO-
poxnenus (Manrucrayckas obmnacte). Ee mior-
HocTh coctaBisier 0,859 r/cm®, Bs3kocTh mpH
40°C 3,4 mlla/c. Taxke HaliAeHO, YTO B COCTaBE
HedTH umeercs napadus - 20,7%; cuinukareiab-
Hasi cMona - 16,6%; acdansrenst - 1,0% u cepa,
kotopas coctasiuset 0,18% [7, 8, 9].

Conepxanue BoiIbl B HedTH ObLIO OIpe-
JeneHo ¢ nomompbio Merona JlmHa-Crapk u
paBHO 38,4%.

B kauecTBe neaMysnbraTropoB ObLIM BBIOpa-
Hbl HEUOHOIE€HHBIE ITOBEPXHOCTHO-AKTUBHBIE
BemiectBa (HITAB) — GrnokcomnonumMepsl OKcuaa
ATWJIEHA U OKCUJA MPONWIEHA C Pa3IUYHbIM CO-
OTHOILIEHHEM TuApOGUIbHON U TruIpohoOHON
yacteii: Basorol P123 u JluconBan (mpousBoa-
ctBa I'epmanus). Jleamynsrarop Basorol P123
umeet BaskocTh 2000 mIla-c. I[Tokazarens oTHO-
cutenbHON pactBopumoctd RSN Gnokcomnomnu-
mepa Basorol P123 pasen 19,6 ma. CtpykTypHas
¢dopmyna Basorol P123 npencraBnena Huxe:

R{H)-0O-[CH2-CH2-(}]- [CHz-CH-O]w-H
|
CHs

Jleamynbrarop JluconBaH KUAKOCTb HKENTO-
ro 1BeTa, Bs3kocTh paBHa 400 mIlasc. J[uconsan
TaKXKe MpeCTaBisieT co00i Gokcononumep ox-
cH/ia STUJICHA U OKCHJIA MPOIUJICHa:

RO (C,H,0) (C,H,0) H

Jlnist onpenienieHust AeIMyYNIbIUPYIOLIel cro-
COOHOCTH B IpaJyHpPOBAaHHYIO NMPOOUPKY I03U-
poBaimu 40 ma HepTH U 1 MI Aesmynbraropa u
NepeMeIInBaId C TOMOIIBI0 TOMOT€HHU3aTOPa
IKA T 10 basic ULTRA-TURAX B Teuenue 5
muH npu 8000 o6/mMuH. 3areM MpoOUPKY ycTa-
HaBJIMBAIM B TEPMOCTAaT MPU TeMIepaType
40-60°C n omnpenensum yepe3 kKaxasie 10 MuH

obbeM otaenusieiics Boasl (W, %). B pesynbra-
Te MpoLeHT BbiAeneHus Boas! (W, %) paccuuTsl-
BAETCsI KAK OTHOILLICHHE UCXOIHOTO 00beMa BOJIbI
B OMYJBCHH K 00bEMY BBIIETICHHOM BOJIBI.

Jlna uccnenoBaHuss MHUKPOBOJHOBOIO BO3-
JeUCTBUSL HMCIIONB30BAIM OBITOBYIO MHKpPOBOJ-
HOBy10 neub Ava AVM-20XS. Metoa ocHOBaH
Ha pa3IoKEeHUH HEQPTSIHBIX IMYJIbCUNA B pe3yib-
TaTe€ MUKPOBOJHOBOIO TEPMHUYECKOTO AEIMYJIb-
rupoBanus [2, 6, 10]. IlepBonauansHo B 40 M
HEQPTIHON SMyIbCcUU J00aBiieH 1 M 1eaMyIb-
raropa, IepeMelIMBalId ¢ MOMOLIbI0 TOMOTEHH-
3aTropa B TEYEHHE 5 MHMH U OIIPEAEISIIA CTENIEHb
00e3BOXKMBAHUSI HEPTIHON dMYJIBCUU B MUKPO-
BOJIHOBOM I1€4M NP PA3JIMYHBIX PEKUMaAX MOII-
Hoctu: 120, 460 u 700 BT u uepe3 kaxabie 4 ce-
KyHJIbl HaOI01aI1 00beM BOABI, OT/IEIHUBIICHCS
OT HE(PTAHOM IMYIIBCHUH.

Anamuz HK-cnextpa HedTH OBLT THpoBe-
nen c¢ nomouipto MK-cnexrpomerpa ®ypbe
«Specrtum-65».

Mukpodororpadhun  HeTIHOW  SMYIb-
CUM OBUIM TOJYYEHbl C TIOMOIIbIO MHUKPO-
ckoma «Leica DM6000M» HaumonampHON
HaHOTEXHONOrnueckoi naboparopun KazHY
uMeHH anb-Papadu.

Pe3yabTarhl 1 HX 00CYKICHUS

Kak ormeueHo Bbllle, UMeronuecs B Heptu
KOMIIOHEHTBI Takue Kak ac(aibTeHbl, CMOJIBI,
napaduHbl 1 Ha(QTEHOBBIE KUCIIOTHI SIBISIOTCA
NPUPOAHBIMU cTabuiuzatopamu Hedtu [1, 4].
JU1 XapakTepUCTUKH YITIEBOAOPOAHOIO COCTaBa
He(TH TpoBeieH aHanu3 ¢ nomouibio MK-crek-
tpoMeTrpa Dypsoe [11] «Specrtum-65».

4935

%T
. 163626

an-1

Puc. 1 — UK-cnekmpanvnuiii ananusz npobul Hegpmu

JKarnaozenckoeo mecmopodicoenus
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B UK-cnekTpe BHIHBI XapaKTepUCTUYE-
ckhe mojockl nomromenus 3434,6 cm!, coor-
BETCTBYIOIINE THIPOKCUIBHBIM Tpynmam v-OH
(pucynok 1), 4TO TOKa3bIBa€T MPHUCYTCTBUE
Bonbl B Hedtu. [lo cmekrpanbHOMY aHaIH3y
poOsl HepT YKaHA03EHCKOTO MECTOPOKACHUS
quanaszon 2850,2 cm!, 2920,82 cMm’!, coorBer-
CTBYET BaJeHTHBIM KojieOanusM rpynmsl —CH,
a 1636,26 cm! oTHOCUTCS K BaJE€HTHBLIM KoJjieba-
HussM C=0, xapakTepHu3yoIlne IBOIHbIC CBSI3U B
menu uian B mukie. Jlmana3on gactor 1463,03 u
1377,2 cm™! cOOTBETCTBYET aHTUCHMMETPHYHBIM
kosiebanusam rpymnsl — CH, n nepopmarmon-
HpIM Kosebanusm rpyrn — CH, u — CH, [12]. [To
XxapakTepHbIM JHHUAM 1463,03 u 1377,2 cm-1

MOKHO CJIeNlaTh BBIBOJ 00 apoMaTH3UPOBAHHO-
CTH MpoOBI HE(PTHU, TO €CTh ITU CIEKTPHI MPH-
HAJJIeKAT BBICOKOMOJIEKYIIIPHOMY KOMIIOHEHTY
He(TH — acdanbTeHam uinu cmoiam. M3BecTHO,
9TO MOJIEKYNbI acdanbTeHa MPEICTaBISIOT CO-
00l KOHJIEHCUPOBAaHHBIC YIJIIEBOAOPOABI, (hpar-
MEHTBI TE€TePOLUKINYECKUX, ATUIUKINICCKUX
YTJIEBOJOPO/IOB.

Pa3mep BomHBIX Kamenb B HE(DTSIHON IMYIIb-
cuu ObLI OIpeieeH MPHU MOMOIIH ONTHYECKOTO
MUKpockoma. J{ns mpoObl HEDTIHONW IMYITbCHH
XapakTepHbI Karum chepudeckoit GopMbl U TO-
JTUUCTIEPCHOCTh, pa3Mep Kareidb BOJABI Kolle-
onercst ot 1,5 MM 110 18,9 MKM (pUCYHOK 2).

Puc. 2 — Muxpogpomozcpapuu negpmsnoii amynvcuu, macumad: a —10 mxm, 6 — 50 mxm

Manee B paborte cpaBHUBAIU 3(PPEKTHB-
HOCTh O00€3BOXKMBaHUS HE(PTH TEPMOXMMHUYE-
CKUM METO/IOM C IOMOIIBI0 OOBIYHOTO OTCTa-
UBaHUS HE(TSIHOM SMYIbCHH B TEpMOCTaTe H
MHUKPOBOJHOBOTO BO3ACUCTBUS HAa He(Th mpu
pa3IMYHBIX PEKUMax MOUIHOCTH TeHeparopa.
CHauana HarpeBajd HE(PTAHYIO 3MYIbCUIO 0
40°C u 60°C 6e3 mobaBiieHUs] XUMHUYECKOTO pe-

areHra, HO OTAEJEHUS BOJbl HE MPOMCXOAMIIO.
Tepmoxumuueckoe 00€3BOKMBAaHHE B IPHUCYT-
cTBUM Jieamyabraropa Basorol P123 npu 40°C u
50°C Takxe He IPUBEJIO K BOIOOTACIEHUIO. YBE-
nudeHue teMneparypsl 10 60°C nokasaio orae-
neHue Bozabl yepe3 10 MUHYT M 1OCTUIVIO TIOCTO-
SIHHOTO 3Ha4deHus uepe3 100 MuHyT HaOIOeHHS
(Tabmuma 1).

Tabauna 1 — O0e3BoknBaHHE HEPTAHOI IMYJIBCHU B IPUCYTCTBHH 1€IMYJIbraTopa

t,vun | 10 20 30 40 50 |60 70 80 90 100 110 120
V,mn |3 45 55 6 6 6 6 6 7 75 75 75
W,% 21,7 |[326 [396 |435 |45 |435 [435 435 |50,7 |543 54,3 543
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W3 Tabnuubl 1 BUIHO, YTO MOBBILICHUE TEM-
nepaTrypbl HarpeBaHusi HE(TSIHON ASMYIBCUH 10
600C mpuBeNo K yBEJIHMYEHHUIO CTETIEHH 00e3BO-
skuBaHust 10 W=54,3%.

HarpeBanue mnpoObl He(TSHOH SMYNbCUU
110 400C u 500C B npucyTCTBHUHU AE3MYJIbraTopa

JluconBaH Takxe, Kak U B ciydae Basorol P123
He criocobcTBoBao BonootaeneHuto. [pu 600C
yepe3 10 MUHYT OTCTaMBaHUS CTENEHb 00€3BO-
KuBaHUs Obuta paBHa 23,2% W gocTUria a0
94,2%, Bpemst HabmroneHus 120 munyT (Tabnumna
2).

Taodnuna 2 — O0e3Bo:knBaHue HePTAHON IMYJILCHH B IPUCYTCTBUHH e3IMYJIbraTopa

t, MHH 10 20 30 40 50 60 70 80 90 100 110 120
V, M 3,2 10 12 12,5 12,5 13 13 13 13 13 13 13
W, % 23,2 72,5 86,9 90,6 90,6 94,2 94,2 94,2 94,2 94,2 94,2 94,2

VYBenuueHue TeMIepaTypbl HPUBOIUT K
YMEHBIICHUIO BS3KOCTH HEPTAHOM cperbl, a
TaKXKe K yBEJMUEHHUIO pa3HOCTHU IJIOTHOCTHU JIUC-
nepcHoi (as3bl U JAUCHEPCHOHHOW CpeNibl, UTO
o0JieryaeT KoaJecleHIUI0 o0y BOABI IIPH UX
CTOJIKHOBEHMHU corlacHO 3akoHy Crokca. Takas
o0paboTka MpuUBOAUT K Oosee 3((HeKTUBHOMY
paszeneHuio He(TIHON SMYJIbCUU HA €€ COCTaB-
JSIFOIME KOMITOHEHTBI, HO CKOPOCTh NpOTEKa-
HUS TIpoLiecCa TEMJIOBOTO BO3ACUCTBUS HMIKE.

[ToaTomy Ui yCHIIEHUS TEPMUYECKOTO BO3ICH-
cTBUS Ha MpoOy He(TAHOI SMYTBCUH OIBIT MIPO-
BOJIMJIM METOJIOM MHUKPOBOJIHOBOTO BO3/ICHCTBUS
B npucytctBuu u 6e3 HITAB. MukpoBosiHoBas
o0OpaboTka 0e3 IeIMynbraropa He CIoCOOCTBO-
Baja pa3pyuIeHUIO IMYIbCHH.

B npucyrctBum gesmynwsraropa Basorol
P123 Bonma ne oraensnack npu MouiHocTH 120
Br. I[Ipu momaoct 460 BT uepes 24 cex Hab:ito0-
anoch BeiieaeHue 4,5 M1 Bojwl (Tabnuia 3).

Tadnuna 3 — O0e3BoknBaHue HeQTAHOM IMYJILCHH IPH MUKPOBOJIHOBOM 00padorke (460 Br)

t, cex 4 8 12 16 20 24 28 32 36
V, M1 - - - - - 45 45 45 45
W, % 0 0 0 0 0 32,61 32,61 32,61 32,61

YBenmuuenue mougHoctu 10 700 Bt nmpuseno
K 00€3BOXKMBAaHUIO HEPTHU yrKe uepe3 4 CeKyHIbl

U JOCTUIJIO TOCTOSHHOTO 3Ha4YeHHs uepe3 32
CeKyH/Ibl HaOmoaeHus (Tadbnuna 4).

Tadnuna 4 — O0e3BoknBaHue HePTAHOM IMYJILCHH IIPH MUKPOBOJIHOBOM 00padorke (700 Br)

t, cex 4 8 12 16 20 24 28 32 36 40
V, M 45 5 5 5 6 6,5 7 75 75 75
W, % 32,61 36,23 36,23 3623 | 4348 | 47,1 50,72 | 5435 | 5435 | 5435

Kak BumHO, cTeneHb 00e3BOKUBaHUS HEDTH
¢ neamynbraropom Basorol P123 B TepmocTare B
TEUEHHE JIBYX YacOB M MPU MHUKPOBOIHOBOH 00-
pabotke B TeueHue 40 CeKyH TPaKTHUECKH O/TU-

HaKoBO U cocTtaBuiio 54,3%. SIBHOe mpeumyiiie-
CTBO II0 BPEMEHM CBUJETEIBCTBYET O BBICOKOU
3P PEKTUBHOCTH MHKPOBOJIHOBOTO BO3/IEHCTBHS
IUIsL pa3pylIeHus: HeQTAHbIX SMyabcuid [12-15].
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Jlanee OBUIO HCCIIEAOBAHO MHUKPOBOJHOBOE
Bo3zelicTBe MowHOCThIO 120 BT B mpucyt-

CTBUU ACOMYJIbraTopa I[I/ICOJIBaH, CTEIIeHb 00e-
3BOKHBaHU HC(I)TI/I IIOKa3aHa B Ta6J'II/II_Ie 5.

Tabauua S — O0e3BokNBaHHE HEPTAHOI IMYJIBLCHU IPH MUKPOBOJIHOBOI 00padorke (120 Br)

t, cex 4 8 12 16 20 24 28 32 36
V, mi - - 1 1,5 1,5 2 2 2 2
W, % 0 0 7,2 10,9 10,9 14,5 14,5 14,5 14,5

IIpu yBenuuenunm moumHOocTH A0 460 Bt
JUI BOJOHE(TSIHBIX AMYJIBCHUH MaKCHUMaJbHast

CTENEHh O00€3BOXKMBAHMUA cocTaBuiaa 59,97%
(Tabnuua 6).

Tabauua 6 — Bo3aeiicTBe MUKPOBOJIHOBOI 00pa0OTKH HA YCTOHYNBOCTb He(PTAHBIX

amyabcuii (460 Br)

t, cex 4 8 12 16 20 24 28 32 36
V, M 2,5 3 3,5 5 6 8 8 8 8
W, % 18,1 21,7 25,4 36,2 43,5 57,97 57,97 57,97 57,97

Jleamynbrarop JlucosBaH mokaspiBaeT 00JIb-
miee JeOMYJIbrUpyoIee JCHCTBHE Ha BOJIO-
HEPTSIHBIC SMYJIbCHH, Y€M C JEOMYIbraropoM
Basorol P123. Ilpu momHoctu 700 BT addek-

TUBHOCTH JAeaMynbraropa JluconBan Oblia BbI-
COKOH, cTeneHb 00e3BokuBaHus nocturia 100%
yKe npH 28 cex (tabnuia 7).

Tabauua 7 — Bo3aeiicTBe MUKPOBOJIHOBOI 00pa0OTKH HA YCTOHYNBOCTb He(PTAHBIX

amyabcuii (700 Br)

t, cex 4 8 12 16 20 24 28 32 36 40 44

V, M 8 8,5 9 10 12 13 13,8 13,8 13,8 13,8 13,8

W, % 57,97 61,7 65,2 72,5 86,9 94,2 100 100 100 100 100
B 3aBucumocTtu ot peiKuma pa6OTBI TEMIIC- 3akJ/wouenue

parypa HarpeBa He()TH MMOBBILIAETCS, YTO IPUBO-
JUT K MaKCUMaJIbHOMY O00€3BOXKMBAaHUIO HEPTH
(Tabmuma 5-7). Pe3ynprarhl OKa3aiu, 4To MpH-
MEHEHUE MUKPOBOJIH NIPUBOIUT K TUHAMUYHOMY
pacciIoeHuIo BOJAbl U HEPTH M MPUMEHUMO JUIS
paspyleHusl CTOUKOW AMYIbCHUHM CHIpOW HEPTH
MecTopoxaeHus XKanaosen. Kpome Toro, nmoka-
3aHO 4YTO JJI pa3pylICHHUs YCTOMYUBBIX BOJIO-
HEPTSIHBIX HIMYIBCHI BO3MOXHO UCIIOJIb30BaHHE
KOMOMHAIIMM MUKPOBOJIHOBOM 00pabOTKU M XH-
MUYECKOIO peareHTa.

14

B pesynbrare 3KCIiEpMMEHTAIBbHBIX HCCIIE-
JIOBaHUI KOJIMYECTBO BBIJICIMBIICHCS BOIBI U3
HEe(TH 3HAUYUTENIFHO YBEJIUYMBACTCS C TIOBBI-
nieHreM temneparypsl. 1Ipu temneparype 60°C
cTerneHb 00€3BOKMBaHMSA B MpUCYTCTBHM [luc-
osiBaHa focturia 94,2% uvepes 60 MUHYT T€pMO-
cTatupoBaHus, B ciaydae Basorol P123 — 54,3%
yepe3 100 munyt. s Hedtn XKanaozeHckoro
MECTOpPOXKACHUs AeaMyabrarop [luconsan mo-
Ka3bIBAET BBICOKYIO CTENIEHb 00€3BOKMBAHUS IO
cpaBHeHuto ¢ Basorol P123 mpu omuHakoBBIX
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JI03UPOBKE peareHra M temneparype. bonbiiee
JeaMynbrupyomiee aeiicrsue /luconBana Moxer
ObITh OOBSICHEHO TEM, Pa3IMYHBIM COOTHOIIIE-
HUEM THIPOQMIBHBIX U THIPO(GOOHBIX TPyl B
COCTaBe JIeAIMYJIBIaTopa.

MUKpOBOJIHOBOE BO3JEHCTBHUE B JOIIOJIHE-
HUE K XHMHUYECKOMY METOIy OOEe3BOKMBAHMUS
IOPUBOIUT K Oosiee TIyOOKOMY M TUHAMHUYHOMY
OT/IEJICHUIO BOJbI OT HE(TH MPHU OYEHb MaJlOM
BpeMeHu oO0paboTtku. Mcmonb3oBaHue onuHa-
KOBBIX PEXHUMOB BO3JCHCTBUS Ha HEPTIHYIO
SMYJIBCHUIO 1T0KA3aJI0, YTO CTENEeHb 00e3BOXKMBA-
Hus B ipucytcTBun Juconsana nocturaer 100%

yxke nocine 28 cex. Takum 00pa3om, MOXKHO OT-
METUTh, YTO NPUMEHEHHE MHKPOBOJIH TOKa3a-
70 607b1IYI0 3()(HEKTUBHOCTD I pa3pylICHHS
CTOMKUX 5SMynbcuil HedTb-Boma. KparkoBpe-
MeHHoe BozaeiictBue CBY B mpucyrcrtBum ne-
AMYJIBraTOPOB IO3BOJISIET MOJIHOCTBIO OTIEIMUTH
Boay oT HeTu. [lonmydyeHHbIe pe3ynbTaThl MoKa-
3BIBAIOT, YTO JUISl Pa3pylIeHUs CTOMKHUX BOJIOHE-
(OTSIHBIX SMYJIbCUH BO3MOXKHO HCIIOJIb30BaHHE
KOMOMHAIIMM MUKPOBOJHOBOIM 00pabOTKM U XU-
MHYECKOTO PeareHTa, OJHaKO Ha CTEerneHb o0e-
3BOKMBaHUs BiusieT pexuM CBU-Bo3aeiicTBusl.
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VIIK 66.042
MPHTH 61.15.13

MOJABOP HATIOJHUTEJIEN IJISI HAPYKHOT O IOKPBITHUA HE®TEITPOBOJIOB
L2ZUBAXHEHKO A.IL.,>ECEHTAEBA A.A.,*HU®OHTOB 10.A.,>HAJIUPOB K.C.

'Kaszaxcmancxo-bpumarnckuil mexHuyeckuii ynugepcumem,
’IPEC, Benuxoopumanusi;
I FOxcno-Kazaxemanckuii 2ocyoapemeennulii yHugepcumem um. M. Ayszosa;
‘Canxm-IlemepOypeckuii 20cy0apcmeentviii MOPCKOU MeXHUYECKULl YHUBEPCUmem

Annomayun: Ilpugedenvr pezynomamvl  no  NOOOOPY  MUHEPATbHO2O —HANOTHUMENA NPU
paszpabomke coCmMasa HAPY’CHO20 ClOSL HA OCHOGe noaudmuiena Huzkou niomuocmu (I15HII),
PACMUMENbHBIX U MUHEPANbHbIX Hanoanumeneui u mexuuueckoeo 2occunona (1T). Ilokazano,
Umo YCmouuu8oCmMy MNOMYUEHHLIX KOMNO3UMOS ABNAEMCA Pe3VIbmamom No8blueHUs CmeneHu
cuueku cmaobunuzuposanrnozo IOHII 6 npucymcemeuu TI. Cmpykmypa mMonexkyn 20ccunoia u e2o
NPOU3BOOHBIX — MHO20QYHKYUOHALLHBIX COCOUHEHUN NO0380JAem NPeonoioNCUumys, 4mo OHU
AGNAIOMCA He MONbKO NO0BYWKAMU Ol PAOUKALO8, 00paA3VIOWUXCS 8 pe3yivmame mepmo-
u gomookucaiumenvnou Oecmpykyuu IIIHII, Ho makdce usmenaiom HaAOMOLEKVIAAPHYIO
CMPYKMypy KOMNO3UMAa 3a cuem 00pa308aHUs UMU MOCMUKOBLIX C8A3el MeNCOY PA3IudHbIMU
Maxkpopaouxkaiamu. Imo o6Ccmoamenbcmeo oKazvigaem 3HAUUMENbHOE GIUAHUE HA OCHOBHblE
@usuKo-xumuyeckue u MexanuiecKue C8OUCMEa Mamepuaid, 4¥mo noOmeepHcOaom npoeedeHHbvle
UCC1e008aHUsL NO ONpedeseHUI0 CMeneHUu CUUBKY NOTUMEPHbIX Komnosumos. Heopeanuueckue
yeuaueaowue HAnNOIHUMeENU OObIYHO Jcecmue Mampuyvl U 0ehOpMUpyrOmcs MeHvuie ee, Ymo
gedem K obwemMy yMeHblueHUu oeghopmayuu Mampuysl, 8 0COOeHHOCMU, BONU3U YACMUYbl U3-3d
HAanu4us 2panuybl yacmuya/mampuya. [{ia ycmanosieHus RpUdUHsl RAACMU4YHO-XPYNKo20 nepexood,
ObLIU Onpedenenbl PYHKYUOHANbHbIE 3A8UCUMOCTY, ONUCLIBAIOWUE USMEHEHUs 8epXHe20 npedena
meKyyecmu, HanpANCeHUs 8bIMANCKU WELIKU U NPOYHOCIU NPU PA3Pblée KOMNO3UMO8 NPU yEeIudeHuU
KOHYeHmpayuy maypuma.

Paszpabomannviii cocmag KomMnosuyuoHHo2o nokpvimus, macc %. pacmumenbHblli HANOIHUMENb —
eyzanas — 25; MUHepaibHbulll HAnoIHUmens — maypum (cianyessiti) - 10; cagunen — 5; mexnHuueckuil
eoccunon — 3; IIDHII — 50-55, nonnocmsto omeewaem mpeboganusam, npedvagisemvim TY 1390-003-
11928001-01 «Tpybvl cmanvHble ¢ HAPYHCHBIM AHMUKOPPOSUOHHBIM NOKPLIMUEM HA OCHO8E IKCMPY-
OUPOBAHHO20 NONUIMUTIEHAN.

Kntwouesvie cnoea: mumnepanvhvle HANOIHUMENU, MPEXCIOUHOE NOKpbIMue, Hepmenpogoosl,
KOppO3Usl, KOMNO3UYUOHHBIU MAMePUal, NOTUIMULEH HUSKOU NIOMHOCMU, MEeXHUYeCKUll 20CCUNOI,
cmaounuzamop

SELECTION OF FILLERS FOR EXTERNAL COATING OF OIL PIPELINES

Abstract: The results of the selection of mineral filler in the development of the composition of the
outer layer based on low-density polyethylene (LDPE), vegetable and mineral fillers and technical
gossypol (TG) are presented. It is shown that the stability of the obtained composites is the result of
increasing the degree of cross linking of the stabilized LDPE in the presence of TG. The structure of
gossypol molecules and its derivatives, such as multifunctional compounds, suggests that they are not
only traps for radicals formed as a result of thermal and photo oxidative destruction of LDPE, but
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also lead to change of the supramolecular structure of the composite due to formation of bridging
bonds between various macroradicals. This fact has a significant impact on the basic physical,
chemical and mechanical properties of the material, which is confirmed by the study to determine
the degree of crosslinking of polymer composites. Inorganic reinforcing fillers are usually stiffer than
the matrix and deform less, which leads to an overall decrease in matrix deformation, especially
near the particle due to the presence of the particle/matrix boundary. In order to establish the cause
of the ductile-brittle transition, functional relationships were determined to describe changes in the
upper yield strength, neck extension stress and tensile strength of composites with increasing taurite
concentration.

The developed composition of the composite coating in mass %: vegetable filler-guzapaya-25; min-
eral filler-taurite (shale) - 10, savilen-5, technical gossypol-3; LDPE-50-55, fully meets the standard
requirements 1390-003-11928001-01 “Steel pipes with external anti-corrosion coating based on ex-
truded polyethylene”.

Key words: mineral fillers, three-layer coating, oil pipelines, corrosion, composite material, low-den-
sity polyethylene, technical gossypol; stabilizer

MYHAM KYBBIPIAPBIHBIH, CHIPTKbBI ’KABBIHBI YIITH
TOJTBIPFBILUTAPABI IPIKTEY

Anoamna: Toi2bl3006L1b1261 MOMEH NOAUIMUNEH He2l3iHOe2l coipmKbl Kabammuly Kypamein (TTII3),
OCIMOIK JCoHe MUHEPANObIK MOIMbIPRLIUMApPObl JHcaHe MmexHuKanvlk 2occunonovt (1I) azipney
Ke3iHO0e MUHepanobl MOIMbPSLIUmapobl mayoay OOoUbIHWA HIMudicenep KeimipineeH. Anvinean
KomnozummepOiy mypaxkmolivizel T kamvicyvimern mypaxmanovipsiiean TTIID mizy dapedicecin
apmmulpy Homudiceci 60nbin MabwblIamvlHbl KopcemineeH. I occunon MoneKynaiapbinbly KYpoliblMbl
JHCOHE OHbIH MYbIHOBLIAPLI — KONQYHKYUANbl Kocvlivicmap — onap TTIID mepmo-dcane ¢homo
momwiey 0ecmpyKyusacvl Homudicecinoe nauoa 6onameli paduxkailoap yuliH mysaxmap 2axa emec,
COHbIMEH Kamap apmypii Makpopaoukaioapobly apacblHOAzbl KOnipiiK Oatlanbicmapobly nauoa
bonyvl ecebiHeH KOMNO3ZUMMIY MONEKVIANbIK YCmiHOe2l KYpuliblIMblH 632epmedi Oen Oondcayed
MYMKIHOIK Oepedi. Amanean jcaz0ati Mamepuanovly He2izei PUBUKA-XUMUATIBIK HCIHE MEXAHUKATILIK
Kacuemmepine aumapivikmai acep emeoi, OVl NOIUMEPNIK KOMNO3UmMmepoi micy 0apexceci
aunvikmay Oouwbinwa Jcypeizineen 3epmmeynepoi pacmaiiovl. Opeanukanivlk emec Kyueumkiu
MOMBIPELIUMAP, 20emme MAmpUYAaHbly KAmmbl HCoHe 00aH a3blpax 0ehopmMayusianasl, Oy
MampuyaHvly 0eghopmMayusColHbIY HCAINbL A3AI0bIHA dKeNedi, acipece OONUeKmepOiH/MampuyaHvly
wekmepiniy 6onybiHa OalliaHblcmvl Ooaulekmepee HCakviH. lInacmuKkanblk — CblHEbIUMbIEbIHbIY
cebenmepin AHbIKMAY YUWLH A2bIMOBLILIK ULeCIHIY 632epYiH, MOULIHHbIY MAapmbliy KepHEYIH JHCIHe
Maypum KOHYeHMpayuscol Y1eateaH Kke3oe KOMno3ummep y3iicen comme Oepikmicin cunammaumoin
DYHKYUOHANObIK MAYeNOiNIKmep aHbIKMAanobl.

Komnosuyusanvix srcabvinnviy a3ipnenzen Kypamol, macc %. OCIMOIK MOIMbIPEbIU-KO3ANAA-25;
MUHepanovl monmeipeviut — maypum (maxmamac) - 10; caeunen — 5; mexHuKauwlk 2occunon — 3;
TTIID - 50-55, TII 1390-003-11928001-01 “Dxcmpyoupneneer nonusmuier He2izinoezi Koppo3usaza
Kapcul colpmibl HcadviHbl Oap 6onam Kyovipiap ™ KoUubliamslH maianmapea movlk deayan oepeoi.

Tyiiinoi ce3dep: Mmunepanovl MONMBIPESLIUMAP, YUl Kabammbsl AHcAObIH, MYHAU KyOwipaapol,

KOppO3Usl, KOMIOSUYUATLIK MAMEPUQ, mbvl2bl30bldbl MOMeH NOAUIMULEH, MEXHUKANbIK 20CCUNOI,
MYpPaKmanoblpebil
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Beenenue

W3 wW3BECTHBIX BapUaHTOB AHTUKOPPO-
3MOHHBIX TOKPBITUH ISl 3allUThl HedTenpo-
BOJIOB OT KOPpPO3UH OOJIbIIOE MECTO 3aHHUMAeT
M30JIALMS TIOJIMMEpPHBIMU Marepuanamu [1,2].
Ha cerognsmnnii nenp Ha peiHke Kazaxcrana
MMEETCSl JI0CTAaTOYHO IIUPOKUHA aCCOPTHUMEHT
NOJIMOJIE(UHOBBIX MaTepHajoB, B TOM YHCIE
KOMIIO3ULIMOHHBIX, HO IPOM3BOACTBO OOJBIINH-
CTBa U3 HUX 0azupyeTcs Ha UMIIOPTHOM CBIphE.
Hmeromuecss oTeuecTBEHHbIE (Ka3aXCTAHCKUE)
Marepuasbl 10 CUX MOp HE MOIY4YHUIH CepTU(H-
KaI[MOHHBIN JIOMYCK K OTBETCTBEHHBIM TpPyOO-
npoBoaaM. OJHaKO HEOOXOJMMOCTh YCHEIIHO
KOHKYpUpPOBaTh ¢ 3apyOeKHBIMU aHAJIOraMu U
MIOCTOSIHHO pPAcTyIllUi ypOBEHb TEXHUYECKHUX
TpeOOBaHUI Ha MyTH K WHAYCTPUAIbLHO-UHHOBA-
IIUOHHOMY Pa3BUTHIO BBI3BIBAET HEOOXOIUMOCTh
COBEpPUICHCTBOBAHUS M PACIIMPEHUS ACCOPTH-
MEHTAa KOMIIO3UIINH, TPUMEHSIEMBIX B 3aBOJICKON
U TpaccoBOM aHTHUKOPPO3MOHHON W30JIALAU
CTaJIbHBIX HedTenpoBoaoB. OnuH U3 myTel pe-
IIEHUs 3TOW 3a7a4K — pa3paboTKa HOBBIX COBpe-
MEHHBIX MaTepHalloB Ha 0a3e OTeYeCTBEHHOTO
ceipbst  [3].  JocTmkeHue  ONTUMAaIbHO-
rO  COOTHOIIEHHA  MEXAYy  CTOMMOCTBIO
1 3()(hEeKTUBHBIMU XapaKTEPUCTHUKAMU TOIUMEP-
HOTO KOMIIO3MIIMOHHOTO Marepuaja JOCTUraeT-
Cs1 32 CUET IPUMEHEHUS JOCTYITHBIX U HEAOPOTUX
HAIOJIHUTENEH, B TOM YHCJIE OTXOI0B MAaCI0XKH-
POBOrO MTPOU3BOACTBA, UCIIOJIB30BAHNE KOTOPBIX

MMO3BOJISICT CHHM3UTh HE TOJBKO CE0ECTOMMOCTH
npoaykuuu [4].

Lenpto maHHON pPabOTHI SBISIETCST BBIOOP
MUHEPAJILHOTO HAMONHUTENs JUIs COCTaBa Ha-
PYXKHOTO CJIOSI TPEXCIOWHOTO TMOKPBITHUS, KOTO-
pBIN TIpeanaraeTcs MCIONb30BaTh IS 3aIIUTHI
He(TEPOBOIOB OT KOPPO3HUHU.

Marepuansl. B xauecTBe MUHEPAIBHOTO U
PaCTUTENHHOTO HAMOJHUTENS ISl COCTaBa Ha-
PYXKHOTO CIIOSI TPEXCIOMHOTO MOKPBITHS, TIPE-
JaraeTcs WCMONb30BaTh JJIs 3aIlUThl HedTe-
MIPOBOJIOB OT KOPPO3UU PACTUTEIHHOTO CHIPHS
TEXHUYECKHUI TOCCHUTION, TAyPUT.

B kauecTBe OOBEKTOB HCCIIEIOBAHUS HC-
noab3oBadbl II9HII B coorBerctBHM ¢ ['OCT
16337-77, TeEXHUYECKUH TOCCUIION — ITOOOUHBIH
MPOAYKT MACJIOXKHPOBOM MPOMBIIICHHOCTH,
TaypuT (KOKCYCKHH IIYHTUT) — MPUPOAHBIN Ha-
HO-CTPYKTYPUPOBAHHBIN KOMIIO3HT, COCTOSIIIHIA
B OCHOBHOM M3 yTIIEPOAMCTOTO BEIIECTBA, OJIN3-
KOro K TpaduTy, U MHUKPOKPHUCTAJUIMYECKOTO
KpeMHe3EéMa, COBHIIEH — COMOIUMEp ITHIIEHA C
BuHMIIaneTaroM (coBmiieH 11104-030) [5,6].

Pe3yabrarhl 1 HX 00Cy:K/1eHHE

JloGaBneHne K KOMITO3UIIMOHHBIM MaTepu-
ajaM MHUHEpPAJIbHBIX HAIMOJHUTENIEH OKa3bIBAET
pa3Hoe NIeHCTBHE HA TEPMOCTAOMIBHOCTH KOM-
no3uTta (Tabnuua 1).

Ta6umnna 1 — BaiusiHue npupoabl MUHEPAJIbHOI0 HANIOJHUTEISI HA TEPMOCTOHKOCTH
KoMno3uToB coctaBa «IIIHII+ craduausarop + ry3amas»

. V3MeHeHNe TOIOMEHNUS KHCIIOPOAa, % OT KOMIIO3UTA TTOJIMATIIICH + CTaOMIH3aTop
MutieparbHbrii (0,5 macc.%)+ pactutensHbI HanomHATETD (20%).
HAIlOJHUTEITh
Oennn-B-Had THI-aMUH Judenunamun Terpamernn-nunepuaus | TexHUUECKHUH TOCCUIION
Cynbdar 6apus 3 -6 -7 3
AcbecToBBIC BOJIOKHA -10 +2 220 2
IToneBoii mmar +4 +3 +5 -12
Bapur +3 -5 -6 -13
Oxcun
AJIFOMHUHHS -2 +21 +21 +46
Tayput crnaHueBblit +26 +22 +15 +48
TexHuueckuit yrmepon
(caxa) -12 +24 +20 +51
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MuHepanbHble HANOTHUTENN JI00aBISIUCH
K KOMIO3UIIHUSIM B PUCYTCTBUU CTAOUITH3aTOPOB
noiauMepuzanuu: Gpenni-p-uaprun-amun; IIpo-
BEJICHHBIE HAMU HCCJIEIOBAHUS TIOKA3bIBAIOT, YTO
B IIPUCYTCTBUH TEXHUYECKOTO TOCCHUIIONA TaKUe
HAaIOJIHUTENH, KaK Cyab(ar 6apus u acOecToBbIe
BOJIOKHA MPAKTUYECKU HE BIUSIOT HA U3MEHEHUE
CTaOMILHOCTH KOMIO3uTa. MuHepaabHbIe Ha-
MOJTHUTEIN — MOJICBOM IIMAT U OAPUT YXY/IIIAIOT
TEPMOCTOMKOCTh TMOIUMEPA M TOJNBKO JOOABKH
nopoika okcuaa amomunus Al O,, Tayputa u
TEXHUYECKOTO YTIIEPOAa, MOBBIIIAIOT CTAOWIIb-
HOCTh Komrio3uTa Ha 46, 49% u 51-52% coort-
BETCTBEHHO MO cpaBHEHMIO ¢ cocTaBoM «[IDHII
+ TT + pacTuUTeNbHBIN HAOTHHUTENbY, MPUIEM
B JJaHHOM cocTaBe Kommo3urta aercrteue TI' Ha
50-70% mpeBbIIaeT ACHUCTBUE OCTAJIBHBIX HC-
CJIETOBAaHHBIX CTAOUITU3aTOPOB, YTO MOXKET OBITH
CJIEJICTBUEM BO3HUKHOBEHHSI CHHEPTeTUYECKOTO

saddexra 3a cuer 00pa30BaHMsI HOBBIX MPOUYHBIX
CBsI3€il M M3MEHEHHUsl CTPYKTypbl Marepuaia B
LIEJIOM: MOJIEKYJIBI TOCCUIIOJIa U €r0 MPOU3BO-
JHBIX, 3aHUMasi CBOOOAHBIE 00BEMBI aMopd-
HOH (ha3pl moauMepa, NPUBOAAT K U3MEHEHUIO
HAJIMOJICKYJISPHON CTPYKTYpbl MOJUMEPHOU
MaTpUIbl. DTH (YHKLUUH, JTOCTUraeMble 3ame-
IIEHUEM WIM MOJU(UKALKEH CYIIeCTBYIOIUX
HAIOJIHUTENEH, paclIUpsIIOT AMAaNa30H MX IMpH-
MEHEHMUS.

[Ipn nccnenoBaHuM CBOMCTBA KOMIIO3UTOB
coctaBa «II2HII + TT" (0,5 macc. %) + ry3anas
(10 macc. %)» mokazaHo, 4TO MpPU BBEJICHUU B
HEro pa3M4YHbIX MHUHEPAJIbHBIX HAMOJIHUTE-
neit ¢ guamerpoM yactul nopsaka 10-90 Mxw,
MCXO/IHBIA KOMIIO3UT AedopMupyercs ¢ odpazo-
BaHHMEM CJIa00 BHIPAKEHHOM IIEHKH, U €T0 pa3phiB
IIPOUCXOJUT HAa CTaJuM OPHEHTALMOHHOTO
yHpo4YHEeHus (pUCYHOK 1, kpuBas 1).

- 16
= 14 .
= W\" CocTaB KOMIIO3HTA:
= 12 — = > \
g' 10 . a— " IIDHIT + TT (1,5 macc. %) + ry3anas (10
z 8 ./4/; 5 N\” Mmacc. %). KoHueHTpaiusi MUHEPAIbHOTO
£ 51— 4 HanojHuTesst, 00. gonei: 1 — 0,2 - 0,1,
§ 4 3-0,2,4-0,3, 2-4 — TaypuT CIaHLIEBbIH,
é 2 5 — Gapur

n T T T T T T T T T T

§0 100 1460 200 250 300 350 400 450 500 550 600

Aedopyanus, 2o

Puc. 1 — Kpusbvie pacmsdicenusi Komno3uma ¢ npucymcmeuu HanoaiHumenetl

CornmacHO TEOPETUYECKUM IPEANOChUTKAM
[7], B KOMIIO3UTax Ha OCHOBE 3TOTO MOJUMEpa C
yYBEJIMYEHUEM KOHLIEHTPAIIMH HAITOJHUTENS J1071-
KEH peanu30oBaTbCs IJIACTUYHO-TIIIACTUYHBIN
nepexoA. JleficTBUTENBHO MPH BBEICHUH HATIOJN-
HUTENs B KonuuecTBe 70 0,2 00beMHBIX JOjIen
KOMIIO3UT COXpaHSET IIJaCTUYHbIE CBOMCTBA
(kpuBbI€ 2, 3), HO IpU COJEPKAHUU HAIIOJIHUTE-
151 6onee 0,3 0ObEMHBIX J107I€i OH pa3pymaeTcs
B MOMEHT (pOpMUpOBaHUS HMIEHKH, TO €CTh KBa-
3UXPYNKO (KpuBas 4).

Takum 00pa3oM, MpU yBEIMYEHUU KOHIICH-
TpalUU TaypUTa MPOUCXOAUT CMeHa jaedopma-
IIMOHHOTO TOBEJIEHHUs Marepuana OT IJIacThU4-
HOTO K KBa3UXPYIKOMY pa3pbiBy, HECMOTpSI Ha
TO, YTO MATPUYHBIA MOIMMEp 00JataeT Xapak-
TEPUCTHUKAMH, HEOOXOTUMBIMHU JJIsl TIACTHY-

20

HO-TIJIACTUYHOTO TIepexo/ia. AHAIOTUYHBIC 3aBH-
CHUMOCTH TIOJTYyUY€HBI TIPU HCIIOIB30BAHUU IPYTHX
HATIOJTHHUTENCH. BhISBIEHO BIUSHUE TPUPOIBI
HATIOJTHUTENSI HA MOMEHT O0pa30BaHUs IIEHKU
— HAIOJHUTENN PACTONOKWINCh B CIEAYIOIIEH
MO CJIEI0BAaTEILHOCTH: acOSCTOBBIE BOJIOKHA, Oa-
pUT, cyabdar Gapus, MOJEBOM MINAT, OKCH/L aJT0-
MUHUS, TAyPUT, Caxa.

3aBucUMOCTh JedopMaliuu TpPU pa3phbIBE
KOMITO3UTOB OT KOHIEHTpPALMU TaypuTa Mpe-
CTaBJIeHa Ha puUcyHKe 2. Ee MOXXHO yCIOBHO pa3-
JIeNUTh Ha TpU oOnmacTu. B mepBoM HHTEpBaie
1o koHueHTtparnuu HanoiaHutens 0,06 06. gomeit
KOMITO3UTBI COXPAHSIOT BBICOKYIO AepopMUpye-
MOCTh, 2 B MaTepuaie MpHu pacTsHKeHUH oOpa-
3yeTcsl M pacrpocTpaHseTcs meiika. Bo Bropom
uHTepBasie kKoHueHTpauuit or 0,06 mo 0,18 06.
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JI0JIel KOMITO3UTHI Pa3pylIatoTCsl HA CTauu po-
cTa melku. B TperbeM auana3zoHe npu KOHIIEH-
tpanusix Boie 0,20 00. goneit marepuan paspy-
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mraercst npu GopMUPOBAHUH IIEHKHU, U 3HAYCHHS
nepopMaIui HeBEIHUKH.
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Cocras xommosura, %: [I1DHII -50; TT" -3; ry3amas — 25; caBmiieH -5. 1 — o6nactb 00pa3oBaHusI U YCTOMYHBOTO POCTA IIEHKH,

2 — HeyCTOMUMBBIN poCT MIENHKH, 3 — KBa3UXPYIKUI pa3pbiB

Puc. 2 — 3asucumocms deghopmayuu npu paspvige om KOHYeHMpayuu cianyegoeo maypuma 6 cocmage KOMno3uma

Takue ke 3aBUCUMOCTH HaOJIIOAIOTCS MIPU
UCIIOJIb30BaHUU JPYTUX HANOJIHUTENEH, OHAKO,
TaypuT obecrieunBaeT Ooiee BHICOKHE MoKa3are-
JM KauecTBa koMrio3uta. CormmacHo pe3ylbraram
MHUKPOCKOITMYECKOTO aHajmu3a Imporecca aedop-
MHUPOBaHUsI KOMIIO3UTa, coxepxkaiiero 0,03 o6.
J0JIeld TaypuTa, OTCIOCHUE KPYMHBIX YaCTHII
pazmepom 80-110 MKM OT MaTpuyHOTO MOJIUME-
pa ocymectBusietcs: ipu aedopmaru 30% (1o
Hayajla IUIACTHYECKOTO TEYEHUsS MaTpUYHOTO
noiaumMepa). O6pa3zoBaHue mop BOIU3U YACTHUIL C
MEHBILIUM JHaMeTpoM He Habmromaercs 10 40%
nepopmanuu. [Ipu naneHeilnem ee yBeaTuueHUH
MEJIKHE YaCTHIIbI TAKXKe OTCIAUBAIOTCS OT MOJIH-
MepHON Marpulpl. Cle0BaTeNbHO, MEHBIIYIO
CKOpPOCTb CHMKEHUSI BEPXHErO Ipenena TeKy-

YeCTH MPU TOBBIIICHUH CTENEHU HAIOTHEHUS
KOMITO3UTa MOXKHO CBSI3aTh C MPUCYTCTBUEM JIO
Hayajga TUIACTUYECKOTO TEYEHHUs B Marepuaie
JI0JIM HE OTCJIOCHHBIX OT MAaTPUYHOTO MOTUMEpa
yacruil [7,8].

Ha pucynke 3 npuBeaeHbI SKCIIEpPUMEHTAIb-
HBI€ 3aBUCHMOCTH, OIHKCHIBAIOIINE MPOYHOCTD,
BEPXHUU U HIDKHUU MIPeIeNbl TEKyUYeCTH KOMITO-
3UTOB OT 0OBEMHOM J0IH TaypuTa. Masoe u3me-
HEHHUE BEPXHETO M HUKHETO TPEeNIOB TeKyde-
CTH MaTe€pHaJIOB C YBEIUYCHUEM KOHIIEHTPALIUU
HATIOJTHUTENSI IPUBOAMUT K TOMY, YTO B CHUCTEME
HAa OCHOBE KOMIIO3UTA OTCYTCTBYIOT YCJIOBHS
JUIS peanu3aliy IIACTHYHO-TNIACTHYHOTO Tie-
pexofia, HO €CTh yCIOBUS 7Sl peaju3aluu Iia-
CTHYHO-XPYIKOTO.
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CocraB xommosura, %: [I1DHIT — 50; TI" -3; ry3amnas — 25; coBuieH — 5.
Puc. 3 — Drcnepumenmansbhvie KOHYEHMPAYUOHHbLE 3A8UCUMOCTU 6epXHe2o (1),

HUdICHe20 npedenog mexyuecmu (2) u npounocmu (3) KomMnosuma ¢ maypumom
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Hecmotrpst Ha HecooTBeTcTBHE Aedopma-
IIMOHHOTO TIOBEJCHUS KOMIIO3UTOB Ha OCHOBE
MOJIMATUIIEHA C TEOPETUYECKH OXKHUJIAEMbIM,
OHO OmpeessieTcss MUHUMAIbHBIM MapaMeTpoOM
pacTshkeHus: KomnosuTta. Eciu MuHUMaabHBIM
napaMeTpoM SIBIISICTCSI HUKHHM IpeJieN TeKyJec-
TH, Marepuan aedopmupyercs ¢ oOpa3oBaHU-
€M IIEHKH, €CITM MHHHUMAJIbHBIM IapaMeTpoM
SBJISIETCS MPOYHOCTh, OH pa3pylIaeTcs MpU ee
(bopMHpOBaHUH.

[Ipu rpaduyeckom aHanM3e KOHIEHTpPALU-
OHHBIX 3aBHCHUMOCTEH IPOYHOCTH, BEPXHETO
U HIDKHETO IpeNielioB TEKYy4YeCTH MaTepHasioB
ObUIO YCTAHOBJIEHO, YTO, B 3aBUCMOCTH OT YC-
JIOBUH, B MaTepualie MOTYT OCYLIECTBISATHCS U
IUTACTUYHO-XPYIIKUA W TUIACTHYHO-IUIACTHY-
HBIH Tepexo/ibl BHE 3aBHCUMOCTH OT CKOPOCTH
YMEHBIICHUSI HIKHETO Tpefena TeKy4YeCTH.
BaxxupIM mapameTpoMm SBISETCS J0Js OTCIOUB-
IIMXCS YacTULl. BeposSTHOCTh COXpaHEHUs Iula-

CTHYHBIX CBOWCTB WJIM TIOBBIIIEHHE XPYIKOCTH
KOMIIO3UTOB OyI€T ONpPEACIsAThCSI YPOBHEM a/l-
re3MOHHOTO B3aUMOJICHCTBUSI MEXIy MaTpHIIEH
1 )KECTKHUMH YaCTHI[AMH.

B Tabmuiie 2 mpuBEICH CpaBHUTEIbHBIN
aHAJIM3 HKCIIOJb30BAHUS BBIIICTIEPEUHUCIICHHBIX
HAIOJIHUTENICH B COCTaBe pa3pabaThIBAGMOrO
KOMITO3UIIMOHHOI'O COCTaBa, BBIMOJHCHHBIA C
IEJIbI0 BEIOOpA ONTHMAJIBHOTO BapHAHTA.

[Tocne comocTaBieHus ¥ aHaIK3a MOTyYCH-
HBIX JIAHHBIX, B KaueCTBE HauOoJiee MEepCIeK-
TUBHOTO MHUHEPAJIHHOTO HATIOJHUTEIIS M3 YUCIIa
UCCIICIOBAHHBIX ObLI BBIOpaH TaypuT. Mcmosnb-
30BaTh TaypUT B COCTaBE aHTHKOPPO3HMOHHOMN
KOMIIO3HMIIMU HAMH CUYUTACTCS MEPCIICKTUBHBIM.
HeoOxomumMo OTMETUTh, UTO MIYHTHTHI KOKCy-
CKOT'O MECTOPOKICHHUSI OTHOCSITCS K CPETHEYTIIe-
POIMCTBHIM ITYHTHTUCTHIM MTOPOAM I10 COJCPIKA-
Huto yrnepoaa (1o 20 %) [9,10].

Ta6auna 2 — CpaBHUTEJbHBIN aHAJN3 HANOJIHUTe el KoMIo3uToOB cocTtaBa «[IHII — 50-55;

TI' — 3; caBuiieH — 5; ry3anas — 25»

CBo¥iCTBa KOMITO3UTa, % OT KOMIIO3UTA O€3 HAITOJHUTEIS ¥
1 Monynb IIpounocts | IloBeimenue | Karamuruueckoe CHuxeHue W3HococToiikoCTh
ATOHITCIE YIPYrocTu Ha BSI3KOCTH JelicTBHE Opaka ot
pactsixe- paciuiaBa Ha Ipolecc nedopmaruit
HHE OTBEPIKICHHUS
TexHU4IeCKHUit yrieposn - - + - o/m +
OKCHUJI aTfOMUHUSA + o/m + - +
Tayput xkapOoHaTHBIN + + + +
TaypuT cnaHueBbIi + + + +

+ - yIydIeHue CBOUCTBa, - - yXyAlIeHne, 6/ — 6e3 M3MCHEHHSI.

B nacrosimee Bpemst asropamu pa6ot [11,12]
MpOBE/IeHa Hay4Has OLIEHKAa pe3ylbTaTUBHOCTU
MIPUPOAOOXPAHHBIX MEPONPUATHH, TPOBOJUMBIX
npeanpustTusmMu PK, m mmpoko uccrnenoBaHa
BO3MO)KHOCTh TNPHMEHEHHsI TaypuTa B pelle-
HUM 33J]a4 M0 YCTOWYMBOMY Pa3BUTHIO MPUPOJ-
HO-TIPOMBIIIIJIEHHBIX KOMILJIEKCOB.

Hamu B pabore ObuI MCIOJIB30BAH TAYPUT
CJIQHIIEBBIH CIIEYIOIIEr0 COCTaBa M0 OCHOBHBIM
KOMIIOHEHTaM (M3 pe3yJIbTaTOB MHUHEPAJIOro-Te-
Tporpaduueckoro anamusa), %: C — 5,8; SiO, —
68,1; ALO, - 12,5; CaO - 0,3; K,O - 2,2; Fe,O,
- 3,1;Na,0 - 0,21; MgO - 0,98; TiO, - 0,22; Mn
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- 0,15 u Tayput kapOonarusii, %o: C - 18,0; SiO,
- 42,6; ALO, - 9,3; Fe,O, - 4,0, KO - 2,7; CaO
- 31,1; Na,O - 0,78; MgO - 2,12; TiO, - 0,45;
Mn - 0,05. Makpockonmu4ecKkuid aHaau3 00oux
BUJIOB TaypUTa M10Ka3ajl IUIOTHYO, MECTaMH T10-
PHUCTYIO MOPOZy YEPHOTO LBETA C CEPBIM OTIH-
BOM, B ciIyyae KapOOHAaTHOTO TaypuUTa — CO CBET-
JI0-CEpBIM OTJINBOM, MUKPOCKOIIMYECKUI aHAIN3
OOHapyKUJI CIOUCTO-CIAHLIEBATble TEKCTYPHI C
MHOTOYHMCIIEHHBIMA MEPLAIOINUMHU BKJIIOUYEHUS-
MU MEJIBUANIINX YENIyeK CBETJION CIIONbI, YTO
XapaKTEPHO TAKKE U JJIs LIYHTUTOB IPYIHX Me-
CTOPOXKJICHUN. YHHMKAJIbHOCTb CBOMCTB TaypH-
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Ta U €ro IoJiHasi HKOJIOTHYecKass 0e30nacHOCTb
JIeNal0T ero He3aMEHHMbBIM TpU MPOU3BOJICTBE
CTPOMTENBHBIX MAaTepuasoB, PE3WHOBBIX HU3/e-
JIMH, aBTOMOOMJIBHBIX IIUH, U3JEIUN U3 IUIacT-
Macc, KpacoK OT CEporo /10 YepHOro LBETa, JUIs
pelIeHus] SKOJOTMYECKUX MpoOjaeM IpH JIHK-
BUJALIMN HKOJIOTUYECKHX KaTacTpod, OYMCTKU
BOJIbI, B CEIIbCKOM XO3AHCTBE B KayeCTBE MH-
HEpaJbHON IMOJKOPMKHM M PETryisaTopa COCTaBa
MOYBBI, B METAJUIypPIMHd B KauecTBE (IIIOCOB U
BOCCTAHOBHTEJIS, VI UCIIOIB30BAaHUs B Majiora-
OapUTHBIX UCTOYHHUKAX ITOCTOSHHOTO TOKA U T.1I.

U3 Bcex onucanHbIX 3P PEKTOB (MOBBILLICHHUE
YAApHOH MPOYHOCTU M HKECTKOCTH, YITydIlECHHE

PEONIOTUYECKUX XapPaKTEPUCTUK, YyBEIHUUYEHUE
CTOMKOCTH K BO3/IEHCTBHIO BHEIIIHEN CpEJIbl, BbI-
COKasi CTOMKOCTh K IepenagaM TeMIeparyphl,
JI0JITOBEYHOCTb, COMTPOTUBIICHUE U3HOCY, TPUIa-
HUE M3JeNusM dPPeKTa «MaCCUBHOCTIY, YIyd-
[IEHUE IEKTPOU30IUPYIOIIMX U TUIIEKTpUIeC-
KHUX XapaKTepPUCTUK U T.J.) HAMH HMCCJIEOBaHbBI
T€ CBOMCTBA, KOTOPbIE UMEIOT MEPBOCTENIEHHOE
3HAUEHHWE Ul CO3/IaHUSl BHEIIHEro 3al[UTHOTO
CJI0Sl B CUCTEMaX MHOTO(YHKIIMOHAIbHBIX aHTH-
KOPPO3UOHHBIX TOKPBITUH 17151 paboTsl TpyOO-
MIPOBOZIOB M 00OPYIOBaHUS He()TEXUMHUUECKON
NPOMBIIITIEHHOCTH. [lodydeHHble pe3ynbTaThl
NIpUBEACHBI B TabiuLe 3.

Tabnuna 3 — Bausiaue 100aBKH CJAHIEBOI0 TAYyPUTAa HA HEKOTOPBIE IKCIIYyaTAllHOHHBIE

CBOMCTBAa KOMIIO3UTA

Bospacranue napamerpa, B % ot ucxoaHoro kommnosura %: [I19HII - 50-55; TT" -3; caBunen-5;
KonueHnTpauus cinanueBoro rysanas -25
TaypuTa 1 > 3 4 5
2 3 2 7 4 3
4 9 4 14 6 8
6 15 7 23 12 14
8 15 6 22 14 14
10 10 3 19 17 18
12 7 - 10 22 22
* 1 - yaapHasi POYHOCTH, 2 - CTOHKOCTh K BO3JICHCTBHIO BHEIITHEW CpPellbl, 3 - CTOMKOCTH K IepenaiaM TeMIIepaTyphbl,
4 — MONTOBEYHOCTH, 5 - CONPOTUBIICHUE H3HOCY

Taxum 06p330M, N3 TOJYYCHHBIX JTaHHBIX
BHUIHO, YTO I[O63.BKa TaypuTa K KOMIIO3UIIHUAM
MMPUBOAUT K YIYUHICHUIO BCEX l'IOI(a3aTCJ'ICI71,

nmpuicm TaKHue XapaKTCPUCTUKHU, Kak
AOJITOBEYHOCTb, COIIPOTHBJICHUC H3HOCY B
HCCICAOBaAaHHOM HHTCPBAJIC KOHIICHTP anui

N00aBOK HAMOJIHUTENS TeM BBILIE, YeM BBIIIE
KOHLIEHTpauus Tayputa. CiieyeT OTMETUTb, YTO
MOBBILIEHNE COIEP KAHNSI MUHEPAJIbHOTO TAypUTA
BoIe 10% siBisieTcst HelenecooOpa3HbIM, BBUTY
CHIDKEHHUsI [I0Ka3areled ynapHOW IpOYHOCTH
U CTOMKOCTM K TIepenajaM TeMIIeparyphl.
YcTaHOBIEHO, YTO BUJ TaypUTa CYIIECTBEHHOTO
BIMSIHMSI Ha M3MEHEHHE KauecTBa KOMIIO3MTA
HE oOKa3biBacT. KOMIUIEKCHBIE HCCII€IOBaHUs
NOKa3aJIM, YTO TAyPHUT SBJIETCS CHHEPTUCTOM I10
B3aMMOJIEHCTBHIO C HEKOTOPBIMH KOMIIOHEHTaMHU
pa3paboTaHHON KkoMmo3uuuu. Vcnonbp3oBaHue
TaypuTa B  OINpPEAEICHHOM COYETaHUU C

TEXHUYECKMM  TOCCHUIIOJIOM  IPUBOAUT K
MOBBIIIEHUIO IPOYHOCTH, H3HOCOCTOMKOCTH,
TaKKe  YIYYIIEHHIO  TEPMOU3OJISLIMOHHBIX,
OTHEYIIOPHBIX U IPYTUX CBOMCTB.

BpIBOABI

Pa3paboranHblii cocTaB  KOMITO3UITMOH-
HOTO TMOKpBITUS, Macc %: pacTUTENbHBIA Ha-
MOJIHUTENb — Ty3amass - 25; MUHepalbHbIN
HATIOJTHUTENh — TaypuT (chmaHieswlii) - 10;
COBUJICH — 5; TeXHHYCCKUM roccumoi — 3; IIOHII
— 50-55, MoONHOCTBIO OTBEYaeT TPeOOBAHUSAM,
npeabsBisiembiM - TY  1390-003-11928001-01
«TpyObl cTanbHBIE C HAPYKHBIM AHTUKOPPO-
3MOHHBIM TOKPBITUEM Ha OCHOBE JIKCTPYIUPO-
BAHHOTO MOJMATUIICHAY, a M0 PSAY MOKa3aTenen
MOKPBITUE TIPEBOCXOIUT HOPMBI MO TpeOoBa-
HUSAM JIaHHBIX TEXHUYECKHUX YCIOBHM.
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THE FIRST DEVIATED WELLBORE UNDERREAMING
WHILE CLOSED HOLE CIRCULATION DRILLING

SATIEV N.B., TIKEBAEYV T.A.

Abstract: Drilling in the western part of the Karachaganak field (operator - Karachaganak Petroleum
Operating b.v., KPO) presented such additional difficulties to the project as drilling horizontal wells
with a low range of permissible changes in the density of the mud, catastrophic mud loss and high
[fracturing of the rocks. From the experience of drilling neighboring vertical wells in the Soviet era in
this area, it became clear that the mud loss cannot be eliminated by conventional methods, such as
pumping LCM or cementing.

Uncontrolled loss of drilling fluid prompted the use of adaptive drilling methods for further devel-
opment of the field. The application of the pressure-controlled drilling method, in particular CHCD
method, is not new at the Karachaganak field. “Drilling without returns” was successfully intro-
duced, but a rotating preventer (rotating control device - RCD) was used for drilling without moni-
toring the well trajectory. It was imperative for the Operator to drill a horizontal well to increase the
interval of the reservoir, while ensuring a possible increase in flow rate.

It was important for the company providing the directional drilling services to make sure that the
technologies used would be applicable in a CHCD environment. Particular attention and approach
are necessary for well planning using a rotary steerable system (Rotary Steerable System - RSS),
telemetry and logging tools, the functionality of which in drilling conditions without returning the
drilling fluid is associated with difficulties in transmitting telemetry data, controllability, subsequent
maintenance of downhole equipment, and with the analysis of hydraulic calculations.

Close cooperation between the Operator and the service contractor has allowed to increase the effi-
ciency of drilling operations and make significant changes to the design of the bottom hole assembly
(BHA) and selection of the optimum bit. Using a special software platform, a team of engineers was
able to simulate the possible behavior of the bit, underreamer, and BHA as a whole when drilling
hard formation.

To prevent fatigue stress of BHA elements, at the planning stage special attention was also given to
analysis of bending stresses of BHA at the expected dog leg severity of 4-8 °/ 30 m. The world’s first
enlargement of the wellbore from 6 to 8 inches in the build up section under conditions of CHCD was
successfully accomplished thanks to best practices and technologies.

Key words: Drilling,Oilfield, LCM, CHCD, BHA elements, fluid, Rotary

ITEPBASI HAKJIOHHAS PACHIMPEHUSA CTBOJIA CKBAKUHBI
ITPU BYPEHUMH BE3 BbIXOJA HUPKYJIALINN

Annomauusn: bypenue 6 3anaonou uacmu Kapauacanaxckoeo mecmopoodicoenus (onepamop —
Karachaganak Petroleum Operation.b.v., KPO) npedcmagnsio maxue 00noiHumenbHvle mpyoHoCmu
npoekmy, Kaxk Oyperue opu30oHMAaIbHbIX CKEANCUH C HUSKUM OUANA30HOM OONYCIUMBIX U3MEHEHUT
nIOMHOCIU 6YPOBO2O PACMBOPA, KAMAacmpoguueckue nomepu 6yposo2o pacmeopa u blCOKUIL pas-
pble naacma nopoo. Mz onvima Oyperust cOCeOHUX BEPMUKANbHBIX CKBANCUH 8 COBEMCKOE 8PEMSL 6
9motl obnacmu cmaio SICHO, YMo No2loujeHue OYpPoso2o pacmeopa He mModcem Ovlmb YCMPAHEHO
0ObIYHBIMU MEeMOOAMU, MAKUMU KAK NPOKAYKa Mamepuana o1s auxeuoayuu noenoweruti (LCM) unu
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yemenmuposanue. Hexonmponupyemvie nomepu 0ypogozo pacmeopa nooyouiu K uUcnoib308aHUIO
A0anmueHvIX Memooos Oypenus: 0l OaibHelue20 0C80eHUs Mecmopoxcoenus. Ilpumenenue ynpags-
J1eM020 0asieHuem cnocoda Oypenus, 8 4acmHocmu memooa OypeHus 6e3 8vix00a YUPKYIAYUU,
Komopulil sA6nsiemcs He HosbiM Ha Kapauaeanakckom mecmoposcoenuu. «bBypenue 6e3 gozgpamay
ObLIO YcnewHo 88e0eHo, HO OJisi OypeHus Oe3 HabN0eHUs MPAEKMOPUU CKBANCUHBL UCNOIb308AICS
spawarowuiics npegeHmop (6pawaroweecs 2epmemusupyiowee yempoicmeo - BI'Y). Onepamopy
HeoOX00UMO OYpUMb 20PUIOHMATLHYIO CKEANCUHY O/ YEeIUdeHUs UHmepeala niacma, obecnedu-
8asl NPU IMOM BO3MOICHOE YBeaUteHUe pacxooa bypoeozo pacmeopa.

s komnanuu, npedocmasnsarowell yeayeu HanpagieHHo2o OypeHust ObLIO 8ANCHO YOeOUmbCs 6 MoM,
YUMo UCNONb3YeMble MeXHON02UU 0YOYm NPUMEHAMbCs 8 cpede OypeHus 6e3 8blxo0a YUPKYIAYUL.
Ocoboe gnumanue u no0xo0 Heobxoo0uUMbl Ol NAAHUPOBAHUS CKEANCUH C UCHONIbI0BAHUEM POMOP-
Ho-ynpagnsemas cucmema (PYC), meremempuueckux u xapomasicHvix npudopos, (yHKyuoHaib-
HOCMb KOMOPbLIX 8 YCI08usx bypenus 6e3 6o3epama 6yposoeo pacmeopa Cea3ana ¢ mpyoHOCmAMU
nepeoauu meiemMempuieckux OaHHbLX, YNPAGIIeMOCMbIO, NOCAEOYIOUWUM OOCIYICUBAHUEM CKBA-
HCUHHO20 0OOPYOOBAHUSL, A MAKICE C AHATUZOM SUOPABTULECKUX PACUEMO8.

Tecnoe compyonuuecmgo medxncoy Onepamopom u cepeuUcHbIM NOOPAOUUKOM NO3BONULO NOBICUNb
aphexmusHocmv OYPOBLIX pabom u 6HeCmuU CyUeCmeeHHble USMEHEeHUs 8 KOMNOHOBKe HU3a 0ypuib-
Hotl kononuwl (KHBK) u evibop onmumanvruozo ooroma. Mcnonv3ys cneyudaibHylo npocpammHyo
naameopmy, KOMaHOA UHICEHEPO8 CMO2IA CMOOENUPOBAMb 8O3MONCHOE NOGedeHUe 00I0Md, Hedo-
pabomok u KHBK 6 yenom npu 6ypenuu meepooeo niacma.

Jna npeoomspawenus nepenanpsiscenus: anemenmos KHBK na smane nianupoeanus, ocoboe 6Hu-
MaHue 6vLI0 maKdce yOereHo anaiusy HanpsaxceHull 6 ceasu ¢ uzeubom KHBK npu oscudaemout un-
MeHCUBHOCMU UCKpusienus cmeona Ha 4-8 %30 m. Ilepsoe 6 mupe pacuuperue cmeona CK8aAMCUHbL
¢ 6 00 8 0101iM08 8 UHMepBale HADOPA KPUBU3HBL 8 YCII08USX OYPeHUs Oe3 8bIX00a YUPKYIAYUU ObLILO
VCREWHO 8bINONIHEHO O1a200aps Neped08biM NPAKMUKAM U MEXHOTO0SUSIM.

B oannom uccnedosamenvckom 0oKymernme 00CyHcoaromest nocieoHue pe3yibmanmol HanpasieHHO20
OypeHus 6e3 6b1x00a YUPKYIAYUU C pACUUUPEHUEM CIBOIA CKBANCUHBL, 0CO0bII N0OX00 K 0CYyujecn-
BIIEHUIO AHANIOSUYHOLU ONnepayuu 8 npoyecce NIAHUPOBAHUS U OOMeH ONbIMOM.

Knioueswvie cnosa: 6ypenue, neghmanoe mecmopooicoenue, nuxeuoayuu nociowernuil, PYC, KHPK,
@nouo, pomop

AHHAJIBIMCBI3 BYPFBLIIAY TOCLII BAPBICBIHJAFBI YHFBIMA OKINAHBIH
AJITAIIKBI PET KOJIBEY BYPI'BIJIAYBI ’)KOHIHJIEI'TI 3EPTTEY )KYMbICBI

Anoamna: Kapawwvieanax KeHOpHbIHbIY Oamvlc 061iciHOe YHELIMAIAPObl OYpevliay 0apviCbliHOA
(onepamop — Karachaganak Petroleum Operation.B.V., KPO) sicyy epiminodici moiebi30bl2bIHbIH PYK-
cam emineen KOPCEMKIWIHIY MOMEeH2l OUana3onsvl 0ap KoI0eHeH YHEbIMalapobl OYPebliay Ke3iH-
oe JHcyy epimiHOICiHIY anam 2CepiHeH HCO2ANYbl HCIHe MAY HCbIHbICIAPbl KAOAMbIHbIY OeliceHOl
AHCAPLLILYbL CUAKMBL PaKmopnap H#obaHwl iCKe acvlpyed KOCbIMula KUblHObIKmMap myevi3osl. Keyec
VaKblmvlHOa&bl Kepulisiec mik YHMaiapovl Oypeviiay madxicipubecine cyliene omulpuin, OYpeviaay
epIMIHOICIHIY HCYMBLIYBIH HCOH Yin mamepuanovl auday (LCM) nemece xocvlmuwia yemenmmey
CUSIKMNbL KAPAnauvim a0icmep KUbIHObIKMAPObL JHCOI02a KOMeKmecneminoiei aHblkmaiosl.

Bypevinay epimindiciniy 6aKblIaHOAUMbIH UbIRBIHOAPBIHLIY 2CePi KeHOPHBIH 00AH 2Pi uzepy Yulin
OYp2blLIayObly KaIeINMACKaH 20iCmepin natloaiany2a MymKiHoik 6epmedi. Kvicvimmern backapulia-
mulH Oypeviiay 20icin naudaniany, aman aumkanoa, Kapawwvizanax xenopHvlHOa epimindiniy ati-
HABIMBIHCHI3 OYpebliay 20ICiH KOLOAHY2a 0AcbIMObLIbIK Oepinedi. « Epimindiniy KatmapblMblHCbL3
oypaviiayy 20ici commi icke KOCblL1Obl, OipaK YHbIMa MpaeKmopusiColi Kadagaiaycols OYpauliay
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YWin atinaamansl npegenmop (atnaimanwst oimeziu Kypoiizel — ABPK) natidanansinidei. Onepamop
JHcep KblpMbiCbl apableblh Apmmblpy YWliH KOJNOeHeH YHEbIMAaHbl OYpuliay Kasxcem, Oyn pemme
Oy peviiay epiminoici uWbl2bIHbIHBIY YI2AI0 bIKMUMALObIZbL KAMMAMACHL3 emineoi.

basvimmanean — Oypevinay — Kbl3MemiH — YCbIHAMbIH — KOMNAHUA — YUWliH — NAUOQIaHbLIAMbIH
MEeXHON0UANAPObIY [WiIHOe OYp2bliay epimiHOICIHIY AUHATLIMBIHCHL3 OYpbliayobl KOIOAHYObIH
MuiMOLiciHe KO3 HcemKizy Manvi30bl 6010bl. Pomopavi-6ackapviiamoin ducytieni (PHIK) natidanana
OMBIPBIN YHRLIMAAAPObL HCOCNAPAAY YWIH MeNeMempUsANblK JHCIHe KAPOMAdXCOblK acnanmaped,
epimiHOIHi Katmapycwi3 OYpebliay #agoaublHoa mejiemMempusivlk 0epekmepoin 6epy KUbIHObIKMapbl
MeH 011apOblH Kbl3MemiHe YHRbIMA HCAOObIKMAPLIHLIE, 00aH api Oe Kbl3Mem Kepcemyine, COHOAu-axK
2UOpasIuKablK ecenmepdi Oypuic manodayea baca Hasap ayoapy Kezoeneoi.

Onepamop men cepsucmixk Mmepoicep apacbiHOAebl Mblebl3  bIHMLIMAKMACMbIK, ~ OYPbliay
AHCYMBICIMAPBIHBIY, MUIMOLNIZIH apmmblpyea HcaHe OYpbliay KONOHHACLIHbIY MOMEH2I HCUHAKMAYbl
(PKTK) eneyni e3eepicmep encizyee jcane OHmMailivl Kauiayovl mayoayea MyMKiHOik 6epoi. Apnaiiv
bazoapramanvly naamgpopmMaHvl nadaIAHa OMbIPLIN, UHICEHEPLep KOMAHOAChL Kammbl Kabammabl
oypevinay kesinoe Kauiayoviy mymkinoiein BKXKT kemwinikmepin mooenvoetl anobl.

Hocnapnay kezeyinoe BKT)K snemenmmepiniy ackan KepHeyiH 6010bipMay YiudiH, OKNAHHbIH
4-8 %30 m Kucarowr kesinoe kyminemin BKT)K uinyine oauinianvicmsl kepreyoi mandayea aupuixuia
KOHIN OONiHeOI.

Ocbl Makanaoa yHebIManbly OKNAHbIH KeHelime Omulpbln, AtHAIbICMAH WbIKNACMAH 0a&blmmaean
OYpebINayObly COHbL HIMUDICENEPI, HCOCNAPAAY dHCoHe madcipube aamacy npoyecinoe yKcac
onepayuanapobl KHcyzeze aculpyovly epexule macii maiKbliaHAobl.

Tyiiinoi ce3zoep: Oypevinay, MyHatl KeHopHbl, Hcymuliyosl scoro, PBIK, BKTIK, cytivixkmoix, pomop
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Figure 1 — Location of the Karachaganak field
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Introduction

The Karachaganak field is located on the
territory of Kazakhstan in the northern part
of the Caspian basin (Fig. 1). The field was
discovered in 1979 and was put into development
in 1984. Today, the Karachaganak field is one of
the largest natural gas and condensate fields in
the world.

The deposit of the Karachaganak field is a
carbonate rock, characterized by fracturing,
high caving. As a result of this, mud loss is often
observed during drilling.

In some cases, it is possible to eliminate the
drilling fluid loss, however, in other cases, the
mud loss becomes catastrophic up to full mud
loss.

Standard practice for dealing with mud loss
is to attempt to isolate problem areas before

Pumping of
special mud (SAC) (S4C) u
and rock cuttings
into the fractures

resuming drilling by injecting plugging material
(LCM’s) and / or setting cement plugs.

However, these methods are often ineffective
and lead to difficulties due to the size of caverns,
problematic zones with a heterogeneous rock
structure, located next to each other or simply
because of unjustified costs. Catastrophic drilling
fluid loss / loss of circulation leads to significant
costs (due to downtime of the rig and the loss of
a large amount of drilling fluid).

In such a situation, a closed hole circulation
drilling (CHCD) has proven to be more efficient
and allows drilling in productive formations. The
method of closed hole circulation drilling allows
to drill in the zone of loss of circulation of the
drilling fluid by controlling the pressure in the
annulus and pumping a special mud to fill the
loss zones (Fig. 2).

R
torte e I e

e 0c0b020 Hi

unama
DUeHUS

UHy)

Figure 2 — Closed hole circulation drilling process
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The closed mud circulation system includes
a rotary circulating device (RCD), which is
installed on the BOP stack. RCD provides sealing
of the wellhead during drilling while rotating
and drill string reciprocation, while sealing the
annular between the wellhead and the drill string.

When drilling using this system, a special
fluid for filling the loss zones (water treated
with a chemical agent) is pumped through the
drill string to the bottom of the well as drilling
mud, which ensures the removal of drill cuttings
and injection into the loss zones. The annulus
is sealed at the wellhead, and the drilling fluid
is continuously pumped down through the drill
string to the drill bit to clean the bottom of the
drill cuttings and pump it into the fractured rock.
The fluid density in the annular space (LAM),
added to the wellhead pressure in the annulus, is
equal to the reservoir pressure in the upper part
of the mud loss zone. The density of fluid should
only be slightly lower than the equivalent density
of the drilling fluid to maintain the correct
balanced reservoir pressure.

In the event that the loss zone is located below
the top of the formation, a reduced hydrostatic
pressure is created on the top of formation, which
is recorded as positive overpressure at the surface.
Positive overpressure serves as an indicator and
increases with gas migration.

Gas migration is controlled by injection from
the surface into the well. The rate of injection
depends on the type of injected drilling fluid
- based on water or oil, permeability of the
formation and pressure drop.

CHCD is used in the event of a successful
injectivity test. If the fluid is not able to penetrate
into the fractured-pore spaces, then in case of
catastrophic loss, to complete the drilling of the
well section, alternative options should be used
(lining with casing strings, sidetrack drilling,
pumping plugging materials). It should be noted
that before planning CHCD as an alternative,
it is necessary to analyze the construction of a
geological model of the formation in order to
ensure successful completion of the operation.

Reservoir description and circulation loss

history

Due to the complex geological structure of
the Karachaganak field, there are numerous risks
when drilling wells. By risks is meant a reservoir
composed of carbonate rocks and three salt domes,
lithology subject to high overburden stress. In
general, the geological structure of the field can
be divided into two separate geological regions:
in the west - the western elevation and in the east
— main elevation, separated by a saddle-shaped.
The formation is characterized by lithological
heterogeneity. The reservoir consists of carbon-
early Permian carbonates, characterized by
natural fractures, mainly in the western part of
the field. (Borromeo et all, 2010). The maximum
height of the hydrocarbon formation is 1750 m.
The reservoir consists of three development
objects, based on the component composition of
the hydrocarbon and the stratigraphic section of
the field (Fig. 3).

Object 1

Object 2

s ——

Object 3

Pre-Tula

- -4950 m GOC

» -5165 m OWC

-
L
.
.
.
.
"
.

Figure 3 — Development of Karachaganak field Objects

29



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Nel (52), 2020

The reservoir contains multiphase multicom-
ponent mixtures, where Production Object 1 is
a reef peak which deposition age refers to the
Upper Permian period and is located under the
anhydrite overburden. This area contains gas-de-
pleted condensate. Production Object 2 consists
of an upper portion of the coal-bearing structure,
which contains gas with condensate. Production
Object 3 is a part of the reservoir between a depth
of 4950 m below sea level (estimated gas-oil con-
tact) and a water-oil contact at a depth of 5150 m
below sea level.

Part of the deposit at the Karachaganak field
on the western side of the coal-bearing geological
structure has a high coefficient permeability at
low porosity. This is confirmed by the cases of
loss of circulation in the wells in the second op-
erational facility of the western elevation, where
the presence of high permeability was observed
within this area. Also, according to core sam-
ples taken from wells previously drilled in this
region, a large number of stromatolite limestones
of biological origin and sedimentary rocks with
a high content of carbonate sedimentary grains
indicated the presence of a sedimentation system
in the Production Object 2.

The main reason of the significant loss of flu-
id circulation in the western part of the field is
the inability of the carbonate formation to main-
tain the hydrostatic pressure of the mud column,
the density of which is calculated based on the
pressure at the upper point in the open hole. In
highly fractured carbonate rocks, catastroph-
ic mud losses occur due to the fact that the hy-
drostatic pressure of the mud column prevails
over the reservoir pressure with increasing ver-
tical depth. Since the pressure in the formation
increases due to the gas-oil gradient, and in the
wellbore due to the gradient of the drilling fluid,
the uniform porous pressure of the formation has
a maximum value with high fracturing. As far as
the rate of penetration progresses, the pore pres-
sure decreases, which leads to a steady increase
in the weight of the liquid column, the pressure
of which at the bottom of the formation becomes
higher than the pore pressure. As the vertical
depth increases, the drilling fluid goes into the
formation, and fluids from the upper zone of the

30

formation near the well may enter the well. When
sufficient vertical depth is drilled to create sig-
nificant differential pressure within the reservoir,
the drilling fluid loss becomes unmanageable and
an effective method of dealing with fluid loss is
required. Further well drilling showed that stan-
dard well control methods are ineffective. The
well was temporary abandoned using two cement
plugs. Based on the lessons learned from past
experience after temporary abandonment, new
methods of drilling were successfully applied to
other wells, wherein large losses of drilling fluid
were observed. During catastrophic drilling fluid
loss, the well was put into CHCD. The well was
drilled vertically without controlling the well-
bore trajectory.

The following drilling experience with a
closed hole drilling in the same area was suc-
cessfully implemented already in the horizontal
part of the wellbore using an arrangement con-
sisting of RSS and a downhole telemetry system
for directional drilling. This made it possible to
test the possibility of the operation of directional
drilling equipment in CHCD in the same way as
when drilling by the traditional method (signals
from sensors to the surface and receiving telem-
etry data).

Planning directional CHCD

The next stage in the development of the
Karachaganak field is the drilling of horizontal
wells in western part. The design of these wells
is slightly different from the standard design of
wells in the field (Fig. 4).

The upper sections of wellbore for 26 “x 20”
and 16 “x 13 3/8” casing stays unchanged. The
16 “section of the wellbore will be drilled and
simultaneously expanded to 17 /2” inches using a
reamer in order to reduce the time to pull out of
the tool and run in the 13 3/8 “string. The 12 4”
section of the wellbore will be drilled and under
reamed to 13 “in order to provide running 10 % “
CSG to the top of the productive horizons.

After running 10 % of the casing string
before drilling, equipment is installed to prepare
the well for CHCD, and the fluid filling the well
will be displaced with a water-based drilling
fluid. Further, below 10 % “of the casing string, an
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Conventional well design

20” @ 250 m

13 3/8” @ 1900 m

7” scab liner @
2600 — 4420 m

97/8” @ 4695 m

7” liner @ 4420 — 5335 m
@ )| A

Well design for CHCD

L.

L 20” @ 250 m

13 3/8” @ 1900 m

7” scab liner @
2600 — 4420 m

st B 10%“@4695m

8 5/8” liner @ 4520 — 4870 m

7” liner @ 4420 — 5293 m

4 A

Figure 4 — Well design scheme for the Karachaganak field

inclined section of the wellbore with a diameter
of 9 27 will be drilled using a rotary steerable

system with dog leg severity of 4.5 degrees / 30
m (Fig. 5).

Vertical Section (m) Azim = 110.00° Scale = 1:20.00(m) Origin = ON/-3, 0E/-W
0 200 400 600 800 1000 1200 1400 1600
Casing 1034" |

4500 - ;?;.":Jﬁ' o
£ Angle build up to
5 —{Kick off point | | 86.17 with
j A 4.5/30 m
3
i
S
B | Tangent
F point 7” Liner

TD
5200

Fig. 5 — Scheme of the wellbore trajectory in a westerly direction

When drilling through a productive reser-
voir, it is possible to put the well into CHCD in
case of complete loss of circulation.

The design of the well allows to run the
backup liner 8 5/8 “if it is impossible to set the
zenith angle of the bore to the design depth in one
trip during uncontrolled fluid loss or if it is im-
possible to switch to CHCD. Then, the remaining

section of the well bore will be drilled with 6 %
“a bit, after which it is necessary to make a log-
ging while calipering (drifting) the walls of the
wellbore under the condition of controlled fluid
loss, to allow logging.

The intended trip operation to further
enlarge the borehole up to 8 inches before
running and installing a 7”production liner in
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Production Object 3 depends on the running and
installation of 8 5/8” liner. Decision on drilling
and underreaming of 6% “x 8” section of the
wellbore for one trip was due to the condition of
the wellbore and the requirement for the collected

of geological data. All parties involved in the
operationwere instructed to be prepared for any
possible scenario in accordance with the drilling
strategy for the productive reservoir (Fig. 6).

10 34 CSG shoe at ~4687 m

Y

Trip with 9 /2” Archer BHA

Catastrophic fluid loss

Drill out 9 ¥%4”
section, up to 5310
MD, 5117 m TVD

According to
drilling fluid loss
management
instruction

Y

Run 8 5/8” liner
(liner)

Y

Y

Leak off test

Resume drilling

with SAC
Positive
v
Yes 4 Run 8 5/8” liner
(Backup)

o]

Y Y

Logging program
will be subject to

Drilling and enlargement of deviated Drill out 77
wellbore up to 5310 m MD, 5117 m CSG shoe at

. 0 | :

Somvp, | [

zn'u'e ase ((i’.t.ac Uall | planned BHA 6 1/8” Bit — RSS — S117 TVD with| | 0
rring conditions | Telemetry — Underreamer up to 8” SAC

Switch to CHCD

3

r

Run and cementing 7” liner at 5310 m MD, 5117 m TVD.

¥

Drill 6” section up to bottom at 6610 MD, 5197 m TVD.
Remarks: CHCD method or drilling with SAC can be applied
when a full catastrophic fluid loss.

Figure 6 — Productive reservoir drilling strategy
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An important part of the project was the
selection of the optimum BHA design to achieve
the goal.

For proper planning of operation for
directional drilling, the following factors should
be considered when working in CHCD.

Rotary Steerable System RSS.

Based on the basics of the controlled-pressure
drilling process, the main task under these
conditions is to maintain a constant pressure in
the well (bottomhole pressure).

To solve the upcoming problem, it is
necessary to prevent regular fluctuations in
the flow rate. For RSS and some logging tools,

L

Downhole Flow or Collar RPM
Quiet Period

it is necessary to use telemetry systems in the
drilling process, which allow to obtain current
measurements of downhole parameters at the
surface in real time. Typically, this is achieved
by changing the flow rate of the drilling fluid in a
predetermined sequence by a certain percentage
(15-20%). These changes in flow velocity can
cause bottomhole pressure fluctuations.

To prevent this situation, an alternative
method of signal transmission during drilling
is considered. Recent changes to the rotary
steerable system made it possible to transfer data
by changing the number of revolutions of the
BHA (Fig. 7).

-

Time

Figure 7— Change in BHA flow / rotation when a signal command is sent to the RSS

These changes have been successfully
introduced into the technology of drilling
standard wells in the field and have become
standard practice for wells where there is a
risk of high levels of drilling fluid loss. This is
especially important in wells with a narrow range
of drilling fluid density, in which a slight increase
or decrease in bottomhole pressure can lead to
the fluid loss or rise of the drilling fluid level in
the well.

Measurements while drilling

When measuring downhole parameters
during drilling, telemetry with a hydraulic
communication channel is used to transmit
information (zenith angle, azimuth, shock data,
etc.) to the surface.

Each probe for measurement during drilling
activities in a certain range of fluid flow rates. If

the flow of the drilling fluid is pumped through
the devices, the signal is received. If this condition
is achieved when drilling with a sealed wellhead,
the tool will send data to the surface.

The most difficult part is the measurement
of inclinometry parameters. It may take a
considerable amount of time to align the flow
after the pumps are turned on following making
up the drill pipes, making it difficult to determine
the signal. To solve this problem, we used
the automatic measurement and data sending
function with a delay function, in which the
data transfer is delayed for a certain period after
the pumps are turned on, and also use the BHA
rotation as a signal for taking measurements
without turning off the mud supply (Fig. 8). To
obtain a clear signal on the surface if necessary,
reduce the transmission frequency and change
the data transfer rate
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Stopping of BHA rotation

Telemetry confirms no BHA
rotation

Telemetry starts the process of
taking of measurement

Process of taking measurement is
completed

Data transmission when BHA
is being rotating

Rl o s o
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Figure 8 — Measurement process without stopping circulation

Check valves

Signal distortion can occur due to too many
check valves located above the logging probes.
It was proposed to use two non-return valves
between the logging probe and the RSS tools.

Another was used at the top of the
underreamer, which is hydraulically activated by
means of nozzles installed in it. The third check
valve is of great importance for the removal of
pressure during pipe make-up and well control,
which is very important when CHCD.

Pressure sensor in the annulus during

drilling

The pressure sensor in the annulus during
the drilling process allows to control the
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bottomhole pressure, providing timely control of
the potential inflow entering the well. As a rule,
there are two sensors for measuring pressure
in devices - internal and external. An internal
sensor measures pressure inside the drill string
and an external sensor measures pressure in
the annulus. The interpretation of internal and
external pressure is due to the effect of increasing
and decreasing the velocity of the flowing out the
surface.

The measurement of pressure data in the
annulus during drilling can be evaluated after
run drill string in hole to understand the profile
of pressure equalization after stopping the pumps
when making up the pipes. The measurement
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of ECD (equivalent circulation density) is also
important in CHCD, since this gives some idea
of the condition of the wellbore in terms of
transferring drill cuttings to the rocks to fill the
fractures. Since drilling is carried out without
returns, particles of drill cuttings formed during
crushing and mechanical abrasion of rocks by
two BHA elements (bit and underreamer) are
transferred from the bottom to the fractures and
pores of the bottom hole.

Shock and vibration

After drilling out a productive zone with
fractured rock using BHA, as a rule, strong
shock loads and vibration are observed. Strong
shock loads and vibration negatively affect the
BHA characteristics, data quality, and tool
performance. Before lowering the BHA during
CHCD into a highly fractured zone, particular
attention should be paid to measuring drilling
parameters. Since the drilling technology with
closed hole circulation drilling already implies
an increase in costs, additional tripping operation
and tool breakage will further affect the total
construction time of the well. Analysis of the BHA
vibration is crucial for the proper stabilization of
the BHA and the selection of the bit.

Enlargement of the wellbore during

drilling

To adapt the alternative to the 6 % “x 8”
section of the wellbore, an important part of
well planning is selecting the tool to enlarge
the wellbore. It is necessary to determine the
compatibility of the type of arming of both
the drill bit and the reamer; otherwise the
stability of the BHA may be impaired. Various
combinations of types of arming of drilling tools
must be compared for axial, lateral and torsional
stresses regard to software for analyzing the
dynamic characteristics of BHA. In addition,
dynamic loads in the drill string were simulated
while drilling as a whole to prevent an intense
level of BHA vibrations or loads that cause stress
above the permissible level for certain elements
that could cause them to break. This led to the
need to create a model that will consider the
set of tasks for a high degree of setting angle of
inclination of the wellbore in directional drilling
using RSS. This analysis also provides critical
information regarding the definition of a plan for
drilling parameters while drilling this section of
the wellbore (Figure 9).

Parameter selection for BHA

Bit & Reamer in hard formation

WOB (klbs) 3 5 6 8 10 12 15

RPM
120 27|86l 7[7
Bit 140 1417|1817
170 2Bla|8B|8

Lateral

120 1189 7]10]12]15]19
Rhino 140 205 e etz
170 o ) 1 O R

Bit in soft & Reamer in hard formation

WOB (klbs) 3 5 & & 10 12 15
RPM
120 I BN B R G
Bit 140 ] ] o S
170 AEF R F R
Lateral 120 709 [ 17]19]2
Rhino 140 71881123222
170 589 [11]16]20] 2%

Figure 9 — Selection of drilling mode parameters based on simulation results of BHA dynamic characteristics
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Bending stresses were also analyzed using
an integrated drill bit design platform. We
studied various combinations of drilling unit
components, surface parameters, overbalance
pressure, and various configurations of multiple
compressive stresses.

This helped to effectively evaluate the effect at
various values of the borehole dog leg intensity in
the range of zenith angle and borehole inclination
and to understand the risks associated with

Depth MD
Inclination (deg) 80

17400 (5303m)

planning and deviation from the plan. Starting
from the planning stage, the simulation results
have helped to achieve threshold values of BHA
bending elements and bending stress levels lower
than recommended to prevent possible damage
or fatigue of BHA elements. This is especially
important when CHCD, as additional tripping
operations are expensive and can lead to a serious
accident if the drill string is damaged above the
upper check valve.

Summary Bending Stress
Dep’[h 3, 150 RPM | “Bending Sires (using Lubineki I |

Desirable Risk of Failure C Fadlure

Ditmes bonbi §y - G ARRZEEE

WOB, kibs

WOB, kibs

[ TEF
EE

WOB, kibs WOB, kibs

Figure 10 — Example of bending moment simulation results

Results and Conclusion
For the first time around the world, the
enlargement of the diameter of the wellbore was
successfully performed duringthe drilling process
from 6% to 8 inches in the interval of angle build
section and in the CHCD due to the adjustments
made in drilling practice and technology. Well
drilling in the western part of the Karachaganak
field, the reservoir of which consists of hard rock-
reservoirs, was characterized by difficult drilling
conditions with closed hole circulation in the
interval of angle build section of the wellbore.
* The first drilling of the directional well was
performed at the Karachaganak field in CHCD
mode. Drilling completed at bend radius from
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0 to 80 degrees with 4.5 degrees / 30 m with
extreme intensity of the angle build.

* The use of RSS technology with a high build
up angle rate along with the underreamer was
effective at a new stage of development in the
western part of the field in

* CHCD conditions.

* The underreaming of the wellbore during
drilling from 6.75 to 8 inches was successfully
completed in one trip (569 m).

* Conducted studies using a caliper confirmed
that the running of the 7-inch liner in the section
of the wellbore with a diameter of 8 inches was
successful withoutany complications.
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Figure 11 — Planning relative to the actual directional drilling schedule
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XUMHUKO-TEXHOJIOI'MYECKHUE HAYKH U
IKOJIOI'UA

YK 669.2
MPHTH 53.03.05

TEPMOINHAMHNYECKOE MOAEJIUPOBAHUE ATVIOMEPAIIUHN
MAPIAHELHCOAEPKXAIIEI'O CbIPbA C UCITIOJIB3OBAHUEM
HE®TEBUTYMHUHO3HBIX ITIOPO/

AXAT T, TIEYOB A.C., TNIEYOBA C.T., TIA3BIJIOBA /I.T.

FOoicno-Kazaxcmanckuii eocyoapcmeenuuiil ynusepcumem um. M. Ayszosa,
Hlvimkenm, Kazaxcman

Annomayusn: B Kazaxcmane mapearey sa6isiemcsi 0OOHUM U3 Hauboiee WupoKo NPUMEHSeMbIX Jecl-
PYIOWUX 21eMeHmMOo8 CIanu, NOBLIUAIWULL ee NPOKATUBAEMOCHIb, MEEPOOCMb, Npedel NPOYHOCHU
u mexyvecmu. Mapeaney 6 cocmase peppomapeanya u CUTUKOMAPSAHYa AGIAEMCs PACKUCIUmMEeLeM
u necupyiouetl 0obasxol k cmanu u cnaasam. Pazeumue ¢eppocnnasnoco npouzeoocmsea mpedyem
yeenuuerus avinycka npooykyuu 00 100 muicay mouw 6 200, 07151 0becnedenuss NHOMmpeOHOCMU Memai-
JYPSULECKUX 3A460008 6HYMPU 20CYOAPCMEa U 3a e2o npedenamu. Ilpuuem ocHO8HAs Yelb 8 NOTyYeHUuU
Mapeanyego2o aznomepama 0is OdnbHeliue20 nepedend, no36osenm nowy4ams boiee KayecmeenHvie
peppocnnagel, 6 Mom yucie MemaiiuiecKul mapeaney. Memooamu Xumueckozo u u3UKO-Xumu-
YecKo20 aHAIU3A YCIAHOBLEHbl XaAPAKMEPUCTIUKU U COCAE MAP2aAHeYco0epi’caujeco Colpbs U He-
@pmedbumymunoznvix nopoo. [epusamozpamma mapeanyegoi pyovl u cmecu Oisi a2ioMepayuul ¢ uc-
NONb308AHUEM HepmMeOUMYMUHOZHOU NOPOObl XAPpAKmMepu3yemcs 08ymMs 3amemHuiMu d¢hghekmamu.
Ilepsviii 5x303¢phexm 6 oonacmu 500-520K xapaxkmepen 015 npoyecca decudpamayuu 2UOpamos
mapeanya. Iuoospgexm 6 oonacmu 950-1010K ceudemenvcmeyem o 3HAUUMeENIbHOM NO2IOULCHUU
menJa npu 0exapOoHu3ayuU KapOOHAMO8 MaAp2anyd, a MaKdice KapoOOHAMHBIX COCOUHEHULI KATbYUS,
XAPaKmepHuIxX OJisk MUHEPATbHOU Yacmu pyobl. []epusamospammsl CMecu Mapeanyesotl pyosl ¢ KOK-
COM NpU COOMHOULEHUU KOKCA K He(hmeOumymuro3nou nopode, pasnotl 1:1, 1:2, xapakmepuzyemcs
ogyxcmynenyamuim 3x303¢ppexmom 6 oonacmu 280-320 u 480-520K, ceuoemenvcmayrowuti 06 yoa-
JIeHUU KPUCMATLTO2UOPAMHOU 812U 8 NEPEOM CIyYae COCOUHEHU — HeghmeOUmyMUHO3HOU NOPOOb.
C npumenenuem npocpammHozo Komniekca «Acmpay» nposeoeHo mepmoouHamuieckoe Mooeaupo-
eanue cucmem 2MnQO, -C,H,-30,; 3Mn,0 -C,H-30,; Mn O -C H-30, xapakmeprvie pabouum co-
Ccmasam a2iomepayuu MapeaHeycooeplcau,eco Colpbs 6 NPUCymcmeuu He@meoumyMuHO3HbIX No-
Poo.

Kntwouesvie cnosa: mepmoounamuueckoe MoOenuposanue, Mapeauweycooepicaujee  Coipuve,
HeghmeOumyMuHo3Hvle HOpPoobl, a210Mepayus

MYHAMWBUTYM/bI )KBIHBICTAPIbI KOJIJJAHYBIMEH MAPTAHEIIKYPAM/IbI
HINKI3AT AITTOMEPALIUACBIH TEPMOJINMHAMMUKAJIBIK MOAEJIBJAEY

Anoamna: Kaszaxcmanoa mapeaney KeHiHiy eHiMOepi KONOAHbLIAMbIH OONAMMUbLY Jle2upaeyuli die-
MeHmmepi peminoe JHcaHe OublY OepiKmiciH, Kammbllbl2blH, CO3bLTY Oepikmici MeH aKKbIUMbIRbIH
apmmulpadvl. Peppomapeaney neH CUTUKOMap2aney KypamvlHoazel mapeaney 601am nes Kopolmna-
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J1apaa KelWKbLICLI30aAHObIPY HCIHe Jlecupieyuli Kocna 6onvin mabwiiadvl. Peppokopvimna oHOIPICiH
0ambimy mMemiekem iuinoezi Hcane 00aH mulic dcepiepoezi MeManLypPUsNbIK 3ayblMmapOblH Kaxcem-
MiniKmepiH KaHazammauowvlpy yuin enoipicmi sxcolavina 100 mviy mounaza Oetiin apmmuipyovl KO3-
oetidi. Convimen Kamap, 6acmsl MaKcam canaivl GeppoKopuimnaniap, COHbly iiHoe Memail map-
2amey anyea MyMKIHOIK 6epemin Kaima eyoeyze apHalean Mapeaney a2iomepamvii any. Xumusivlx
JHCoHEe PUIUKA-XUMUSIBIK Manoay 20icmepin KOLOAHbIN, MAP2AHeYKYpamMObl HaHe MYHAOumymosl
HCHIHBICMAPObIY CUNAMMAMANAPSI MEH KYPAMbL AHLIKMAL0bl. MyHatloumymowvl HeblHbICMAapobl Ko-
CbIN Mapeaney KeHiHiY a2ioMepayusniayobly 0epusamospammacsl exi sgpgpexmnen kepcemeoi. 500-
520K aiimazeinoasel aneawksl 2K303¢gexm mapeauney 2uopammapvii CyCcubl30aHObIpy npoyecite
man. 950-1010K aiimazeinoagvl 21003 pexm mapeaney kapOOHammapvl MeH KeHHiH MUHepaniovl
benicine MaH KaAIbYUulioiy KapOOHAmMsl KOCHLILICIMAPbIHbIY 0eKapOOHU3AYUACHL Ke3IHOe HCHLIYObIH
€02yip JcymuliybiH kopcemeoi. 1:1, 1:2 mer KOKCmblH MYHAUOUMYMObL HCLIHBICKA KAMBIHACH] KE3iH-
Oe MapeaHey KeHIHIH KOKCneH Kocnacwlisly oepusamozpammacst 280-320 scane 480-520K aiimazvin-
oa exicamoiivl K303 pexmmen Kypuliaovl. Byn MyHatloumymosl HCblHbICIbIH KOCHLIBICIAPbIHbIY
OIpini HCaA0AlLIHOA KPUCMALLOSUOPAMMbL bLIAIObIH HCOUbLIZAHOBIZbIH AUKLIHOAUObI.

«Acmpay baz0apnamanviy KewieHi apKblibl MYHAUOUMYMObL HCHIHBICIMAPObL MAP2aAHeYKYPAMObl
WUKI3am a2oMepayusChiibll, Hcymble Kypamoapoina man 2MnQO, -C H -30,; 3Mn,0 -C H-30,;
Mn O ,-C,H-30, xcyiienepi mepmoounamukaibly MoOeiboey icypeisinoi.

Tyiiinoi cezoep: mepmoOUHAMUKATILIE MOOETbOeY, MaApeaHeyKypamobl WUKI3am, MYHAuoumymosl
ACHIHBICAD, a2ToMePayus

THERMODYNAMIC MODELING OF AGGLOMERATION OF MANGANESE-
CONTAINING RAW MATERIALS USING OIL AND BITUMINOUS ROCKS

Abstract: In Kazakhstan, manganese is one of the most widely used alloying elements of steel, increasing
its hardenability, hardness, tensile strength and yield strength. Manganese in ferromanganese and
silicomanganese is a deoxidizer and alloying agent for steel and alloys. The development of ferroalloy
production requires an increase in output up to 100 thousand tons per year to meet the needs of
metallurgical plants within the state and beyond. Moreover, the main goal is to obtain manganese
sinter for further redistribution, allowing to obtain better ferroalloys, including metallic manganese.
Methods of chemical and physico-chemical analysis establish the characteristics and composition
of manganese-containing raw materials and oil tar rocks. Derivatogram of manganese ore and a
mixture for agglomeration using oil bituminous rock is characterized by two noticeable effects. The
first exoeffect in the range of 500-520K is characteristic of the process of dehydration of manganese
hydrates. The endoeffect in the region of 950-1010K indicates a significant absorption of heat during
the decarbonization of manganese carbonates, as well as calcium carbonate compounds characteristic
of the mineral part of the ore. Derivatives of a mixture of manganese ore with coke with a coke to oil
bituminous rock ratio of 1:1, 1:2 are characterized by a two-stage exoeffect in the range of 280-320
and 480-520K, indicating the removal of crystalline hydrate in the first case of oil bituminous rock
compoundes.

Using the Astra sofiware package, thermodynamic modeling of 2MnO, -C,H -30,; 3Mn,0-C H -
30,; Mn,O-CH_-30, systems was carried out, which is typical for the working compositions of
agglomeration of manganese-containing raw materials in the presence of oil bituminous rocks.

Key words: thermodynamic modeling, manganese-containing raw materials, oil bituminous rocks,
agglomeration
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B cBs13u ¢ OrpaHUYEHHOCTHIO 3aM1aCOB BBICO-
KOKQUeCTBEHHBIX Pyl U HENPEPHIBHO pacTylIen
NOTPEOHOCTBI0 METAJUTypruu B Maprasie, Bce
Oosnblilee 3HaYEHUE MPUOOpPETAeT HMCIOIb30Ba-
HUe OeTHBIX pyJ U MX MOATOTOBKA K IJaBke. B
HOCJIEAHUE TOMABI IIUPOKO HCIOJIB3YIOTCS KOM-
MJIEKCHBIE METOoAbl oborameHus, aedocdopa-
Uy 1 oOeckpeMHMBaHHS pyad. JlIsi OKycKoBa-
HUS TBIJIEBATHIX Py M TOHKO M3MEIbUCHHBIX U
(JIOTaIMOHHBIX KOHIIEHTPAaTOB pa3pabaThiBa-
IOTCS METOABI arjioMepaluu, OpUKEeTHPOBAHUS
U OKaTbIBAHUS, 4YTO IMO3BOJISIET 3HAYUTEIBHO
yIyYIIUTh TEXHUKO-SKOHOMHYECKHUE IMOKa3aTe-
JIY TIPOU3BOJICTBA CIIJIABOB MapraHIia.

bennbie, BbicOkOkene3ucToie u  Qocdo-
pHCTBhIe MapraHleBble pyAbl MOJBEPraloT MUPO-
METaJNTyprudeckoMy OOOTallleHUIO: MeperiaBy
Ha Ooratelii OecocopucThIii MapraHueBbIN
nuiak U ocdopucteiii yyryH. Bo Bcex ciyda-
SX TPU MOATOTOBKE PYJ K IJIABKE HEOOXOIHUMO
obecreunBaTh MOCTOSTHCTBO COCTaBa IUXTHI [1].

B Kazaxcrane mapraHen sBIsieTCS OIHUM
U3 HanOoJiee MIMPOKO MPUMEHSIEMBIX JIETHPYIO-
IIMX JIEMEHTOB CTaJH, MMOBBHIIIAIOLINI €€ Mpo-
KaJIMBa€MOCTh, TBEPAOCTh, MPEAET MPOUYHOCTU
U TeKkydecTu. Maprasner| B coctaBe ¢eppomap-
raHila M CHJIMKOMapraHia MCHOJIb3yeTcsl Kak
PACKUCIUTENb U JIETHpYIoIas 100aBKa K CTalH
u crutaBaM. OKoJ10 OJI0BUHBI J0ObIBaeMoit B Ka-
3axcTaHe py/asl nepepabarbiBaercs Ha JKe3quH-
CKO oboratuTenbHON (adpuke, BhITyCKaOLIeH
KOHIIEHTpAT ¢ coaepxkanuem 33-39% maprasuna.
[Ipu 5TOM pyna ¢ HU3KUM COZECpP )KaHUEM JKele3a
(He Oonee 5% xene3a) mepepabaTbIBaeTCs IS
MOJTYUYSHHS] MapraHIleBOro KOHLIEHTpPATa, U3 KO-
TOPOT'0 MPOU3BOJAT METAJITMUYECKUN MapraHeil,
YHUCTBII HU3KOYTJIEPOAMCTHIN (eppomapraner.
B Tapa3ckuil MeTaJUIypruyecKuil 3aBOJ s
noiayueHus: (eppomapraHiia MocTymnaer pyaa
JXKaiipeMckoro MeCTOpOXKJEHUS, HMEHYIOLIH
CJIO)KHBIM CMEIIaHHBIH COCTaB C BBICOKUM CO-
JIEp>)KAaHUEM KENIe3UCTBIX COeIMHEeHUH [2,3].

JUist  uccienoBaHusl  (PUBMKO-XMMHUYECKHUX
3aKOHOMEpPHOCTEH arjoMepanuy MapraHelco-
JIepKaIlero ChIpbsl C HCIOJIb30BaHUEM HedTe-
OUTYMUHO3HBIX MOPOJ ObUIM OTOOpPaHBI MPOOBI
MaprasueBbix pya KalipeMckoro mMecTopoxie-
Hus ¢pakiuii npoda 1 — 3-5 MM, npoda 2 — 5-10
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MM, KOTOpBIE TPEOYIOT MOCJIEAYIOUIEr0 OKOM-
KOBaHMs. XHMHUYECKUMHU METOJlaMU aHaJln3a
YCTAHOBJICHBI COJIEPXKAaHMS B IPoOax HEpacTBO-
pumoro ocanka npu Harpesanuu 10000 C u ipo-
nomkutenbHocT 30 MuH: mpoba 1 comepkut
— 12,8% mn.m.m, mpoda 2 —20,75% m.n.m. Conep-
JKaHue xKesesa B nepecuere Ha Fe,O, cocrapnser
B ripobe Nel — 10,8%, B mpobe No2 — 13,5%. Co-
Jiep’KaHhe OCHOBHOT'O KOMIIOHEHTa — Maprasiia
B mipoOe Nel cootBeTcTBYyeT 42,6%, B ipobe Ne2
—54,35%.

JUtst u3yueHus: PU3NKO-XMMHUYECKUX XapakK-
TEPUCTUK, XUMHUYECKOTO U MHHEPAJIOTHYECKO-
IO COCTAaBOB MCXOJHBIX KOMIIOHEHTOB IIMXTHI
U TPOAYKTOB arjoOMepalioOHHOIO 00XHUTIa MpH-
MEHSUIMCh XUMUYECKHI M MUKPOCKOIMMYECKUN
aHaJI3bI.

JlepuBatorpapuieckue UCCIea0BaHus Mpo-
BOJMJIMCH C 3alUChI0O U3MEHEHUs TeMIepaTyphbl
HarpeBaHusi o0pasla, pasHULBI TeMIepaTyp
MEXJly 00pa3loM M 3TajoHOM (TPOKaJEHHBIN
npu T = 1373K Al203), usmenenus: macchbl 00-
pasua. CkopocTh HarpeBa o0Opasia cocTaBisiia
20 rpan/mun. Ilpocras u nuddepennuanbaas
TepMOMaphbl ObUIN BHITIONHEHBI U3 IJIATHHO-TLIA-
tuHOpoaus. Harpes oOpasma nmpoBoauiau ot 25
1o 1273K 6e3 co3nmaHus crieluaibHON aTMocde-
pBL.

MuHepaJoruueckuif CocTaB M XapakTe-
PUCTUKH (Pa30BBIX CTPYKTYP UCXOIHBIX KOMIIO-
HEHTOB — Maprasel| coJepaliei pyasl 1 HedTe-
OyMHHO3HOH MOPOABI M3ydYajd Ha PacTpOBOM
ANIEKTPOHHOM MuKpockone ¢upmbl JEOLJSM-
6490LV. MHoronenesoil pacTpOBbIil MUKPOCKOI
cepun JSM-6490LV, HCKIIOUNUTENBHO HaJEXK-
HBIH TpUOOp C KOMIIBIOTEPHBIM KOHTPOJEM WU
MPEBOCXOAHBIMU TEXHUUECKUMHU XapaKTEPUCTH-
KaMH.

HuddepeHnnanbHO-TEPMUYECKUN aHA-
JIN3 MapraHieBOi pyJIbl ¥ CMECH MapraHIIeBOM
pPyABl C KOKCOM M He(pTeOMTYMMHO3HOH MOpO-
Ibl pu cooTHommennu kokca u HBIT 1:1 u 1:2
npoBeeH Ha jaepuBarorpage cucremsl Ilay-
muk-ITaynuk-Opneit npu crienyommux ycaoBusaX:
ckopocTh HarpeBa 50 rpaJi/MuH; 3TaJOH — MPO-
KaJICHHBI aHOJl aJIFOMMHMS; TUTJIN — KOPYHJIO-
Bble; uHTepBai 20-10000C; naBecku — 450 u 500
MT.
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C uenbplo HCCIEOBaHMS XapakTepa Jeru-
JpaTaluy U JeKapOOHU3alMU MapraHerconep-
XKAILEro ChIpbs U cMecel Mpod pyAbl C KOKCOM
IpPU PA3IUYHBIX COOTHOIIEHUSAX C He(PTEeOUTY-
MUHO3HOM MOpPOAOH OBII HMCIOIB30BaH METOJ
TudQepeHInaIbHO-TEPMHUUECKOT0 aHanu3a.
Pesynprarel nuddepeHuanbHO-TepMUUECKOro
aHaJIM3a BBIIICYKAa3aHHBIX CMecCel IMpecTaBie-
HBI Ha pUCyHKax 1-3.

JlepuBaTorpamMma MapraHIeBOH pyabl Xa-
pakTepusyeTcss ABYMs 3aMeTHbIMHU 3¢¢eKTa-
mu. IlepBeiii 3x303¢dext B obmactu 500-520K
XapakTepeH i Ipolecca AeruapaTaluy TI'u-
IpaToB MapraHma. OHA0PPEeKT B obnactu
950-1010K cBHiETENBCTBYET O 3HAYUTEIBLHOM
TIOTJIONIEHUHU TeIUIa MpH JeKapOOHHU3aIH Kap-
OOHATOB Maprasia, a Takkxe KapOOHATHBIX CO-

eIMHEHUH KaJlblus, XapaKTepHBIX IJIs MHHE-
pasbHON YacTu pynasl. JlepuBaTorpaMMmbl CMecH
MapraHLEBOM PyAbl C KOKCOM IIPH COOTHOIIEHUU
KOKCa K He()TeOMTYMHUHO3HOM Mopoje, paBHOU
I:1, 1:2, xapaktepusyeTcsi IBYXCTyNEHYaTbIM
ak303¢dexkTom B obmactu 280-320 u 480-520K,
CBHJICTENIbCTBYIOIINI 00 yJalJeHUH KpucTa-
JOTUJPATHOM BIard B IIEPBOM CIy4ae COEIU-
HEHMH HedTeOUTYyMUHO3HOW mopoabl. Bropoii
9H103(HeKT XapakTepeH I JerupaTaluu ru-
JpaTHBIX COeNMHEHUH Mapranua. DHuo3ddexrt
XapaKTepHbIN aiig JeKapOOHM3auuKu KapOoHa-
Ta MapraHia Haxoautcs B obmactu 810-1015K.
[Ipryem npu COOTHOLIEHUH KOKca K He(hTeOUTy-
MUHO3HOM nopoje, paBHo# 1:2, sH103¢exT ne-
peMeriaeTcs B BBICOKOTEMIIEPATYPHYIO 00J1aCTh.

p—
—
rr
B O S S — I B e e S L R e e S S
1 0:15:40 0:33:20 0:50:00 1:06:40 1:23:20
Puc. 1 — [JTA mapeanyesotii pyoul
e —
—
L L LE
. ey R O S R T
[ 1 | 0:16:40 0:33:20 0:50:00 1:06:40 1:23:20

Puc. 2 — J]TA mapeanyesoti pyovl npu cOOMHOUEHUU KOKCA: HehmeOumymMurHo3HoU nopoovl, paguotl 1:1
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T
0:332:20

T
1 01640

T
O:-50:00

T
1:06:40

Puc. 3 — J]TA mapeanyesoui pyovt npu cOOMHOUEHUU KOKCA:

HeghmedumyMuHo3HoU nopoosl paguotl 1:2

DneMeHT Becogoit % ATOMHBII Y0
Na 0.63 0.55
Mg 7.46 6.14
Al 9.69 7.19

Si 22 16
S 1.41 0.88
Cl 0.70 0.40
Ca 13.09 6.53
Ti 0.21 0.09
Mn 41 28
Fe 0.95 0.34
Ba 0.39 0.02

T T T T T
1 2 3 4 3 ] 7 g
[onHaa wkana 2840 wran. Kypoop: 0,000 k36|

Puc. 4 — Iosnemenmuvlil cocmag u MUKPOCMPYKMYypa Mapeanyegoll pyosl JKatpemckozo mecmoposicoeHus

TepmonrHaMU4YECKOE MOAEINPOBAHUE Map-
TaHEICOAEP)KAIUX CUCTEM C MCIIOJIb30BAHUEM
YIJIEBOJOPOJHBIX COEAUHEHUI MTPOBEIEHO C UC-
MIOJIb30BAHUEM COBPEMEHHOI'0 IPOrPaMMHOI0
KoMILIeKca «Actpa-4». N3yuenue (uznko-xu-
MHUYECKHX OCHOB arJIoMEpalliy HAIPABJIEHO Ha
KOMIUIEKCHOE HCIIOJIb30BAHME MapraHelCcoAep-
JKalux NpupoaHbIX pecypcos, HBII m kokca
JUIsL AalibHele nepepaboTku B (eppomapra-
Hell U Gpeppocunnkomapranen [4].

HccnenoBanusi paBHOBECHOTO pacIpezene-
HUs BOJOpOJA, YIJIepoa, KUCIOpOaa U MapraH-
na B temneparypHoit obmactu 300-1800K mpu
nasnenuu 0,1 MIla B cuctemax: 2 MnO2 'Csz'
30, ; 3Mn0,-C,H.-30,; Mn,0,-C H,-30 BbI-
HOJTHEHBI I 6a30BBIX (IIPOTHO3HBIX) PEaKIIMid,
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AMEIOIIUX BUI:

2 MnO,+C,H,+30,-Mn,0,+2CO+3H,0 (1)

3Mn,0,+C,H,+30,=2Mn,0,+2CO +3H,0  (2)

Mn,0,+C,H,+30,3MnO+2CO,+3H,0  (3)
HOJ’Iy‘-ICHHBIe PE3yJIbTaThl TCPMOAUHAMUYCC-

KOro MOJICJIMUPOBAHUA IIOKa3ajiv, YTO BO BCCX

PaCCMOTPCHHBIX CHUCTEMAX (1)0pMI/Ipy}OTCH KOH-

nencuposannbie C, MnO, MnO,H,. 3arem, nipu
YBEITUYCHUH TeMIIepaTypbl GOPMUPYIOTCS Ta30-

obpasneie ¢paser: H,, CH,, H,0, CO,, C,H,, CO,
C,H,, H, MnH, Mn, OH [5,6].
Bo Bcex paccMOTpEeHHBIX  cHCTEMax
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OCHOBHOM (ha3oii pe3ysbrata 00XKHUTIa SIBIISCTCS
MnO, creneHb 00pa30BaHHsI KOTOPOW 3aBUCHT
OT COOTHOILICHHWS CyMMBI MOJICH BOJOpona H
yriepoaa k kucinopony B cucreme K=(C+H)/O.

Crcrema (11) (C+H)/0 = 0,18774
Crcrema (12) (C+H)/O = 0,04859
Crcrema (13) (C+H)/0 =0,11018

B pacuerte Ha ojHY MOJIb Maprafiia COOTHO-
menne K=(C+H)/O npu P=0,1MI1a aist paccmoT-
PEHHBIX peakIuil creneHb obpazoBanust MnO
U3MEHSIIOCH CIEAYIOIUM 00pa3oM:

[MnO] =0,5-T - 166,03
[MnO] =0,317-T - 30,0
[MnO] = 0,1667-T + 11,43

Haiineno perpeccuonHoe ypaBHeHue 3aBHcuMocTH oOpazoBanust MnO npu P = 0,1MIla u co-
OTHOILIEHUSI CyMMBI MOJIEM BOAOPOAA U yIiepoJa K KUCIOPOAY B CUCTEME B pacyeTe Ha OJHY MOJb

MapraHga:

[MnO] = 48,43-[(C+H)/O]>T-10,13-[(C+H)/0]-T-0,6951-T-
-21277-[(C+H)/O+4051,1-[(C+H)/0]-176,62

AHanu3 TepMOIMHAMHYECKOTO MOJIETUPOBA-
HUS TIEPHO/Ia BBICIIMX OKCHIOB B MPUCYTCTBUU
YIJIEBOJIOPO/IHBIX COEIMHEHUH, IPUCYIIUX Hed-
TeOUTYMUHO3HBIM 1OpPOJaM, MpHU aTMOChHepHOM
JMABICHUH TIOKa3aJ, YTO CUCTEMBl XapaKTepH-
3yIOTCSi O0Opa3oBaHWEM THUOpHUA MapraHia B
suge MnO,H, Bo Bcex Tpex cucremax 10 99%
npu 300K u nmo 50-60% mnpu 400-500K. B
BBICOKOTEMIIEPATYpPHOIl 001acTH BOJIOPOJ BBI-
nensiercst B Buae H, 1o 98% B cucreme Mn,O,
- CH,—-30,; npu T = 120 — 1500K. O0mei 3a-
KOHOMEPHOCTBIO MCCIIelyeMbIX CHCTEM IO paB-
HOBECHOMY paclpe/ielIeHNI0 BOJOPOAA SBISIETCS
10, uTo B obnactu 300-900K yrneBomoposs! me-
pexonsat 8 CH, no 37-60%, a nipu nanbHeiimem
MOBBIIIEHUH TEMIIEPATY Pl PacIoiaratoTcs ¢ 00-
pasosanuem H, u H,O. [lepexon BeICHINX OKCH-
JTIOB MapraHIia B IBYXBaJICHTHBIN OKCH]I C MAKCH-
MaJIbHBIM BBIXOAOM 110 97-98% obecneunBaercs
npu Temneparypax 500-1500K B cucreme Mn,O
- CH,-30,.

PaBHOBecHOE pacnpenieneHne KUCIopoaa B
3TOH cucTeMe XapakTepusyercsi oOpa3oBaHHEM
H,O no 20-21% B o6nactu 500-600K 1 o6paso-
BanueM CO 10 22-25% B obmactu 1200 — 1500K.

OOm1eil 3aKOHOMEPHOCTBIO TIO pacrpesene-
HUIO yIJIEpO/ia BO BCEX MCCIEAYEMBIX CHCTEMax
ABJIsieTcs 00pa3oBaHKe CBOOOIHOIO yIlIeposa J10
40-60% B obmactu 300-500K. Ilpu nanbHelem
MOBBIIIEHUH TEMIIepPaTyphbl HAOIIOAAECTCS YBEIH-
uenue conepxkanus CO,, KOTOpOe yMEHbLIAETCS
10 15% mpu T = 1500K, a nepexon ymiepona B
CO anekBatHo gocturaet 91-92%.

4

B muenom ananu3 TepMOAMHAMUYECKUX
MoJienel pabounx CUCTEM 2MnO, - CH,-30,;
3Mn,O, - C,H, - 30,; Mn,O, - CH, - 30, B
temmeparypHoii oonactu 300-1800K u naBnennu
0,1 MIla cBuEeTENbCTBYET O BO3MOXKHOCTHU
MaKCHMaJbHOTO I€pexoja BBICIIUX OKCHIOB
Mapraina B Husmme MnO po 97-98% B
npucyrcteun C,H, B o6mactu 600-1500K (puc.
5-7).

Ha ocHOBaHMM TpOBEIEHHBIX HCCIIEI0BA-
HUM  (U3UKO-XUMHUYECKUX 3aKOHOMEPHOCTEH
arfioMepaliyd MapraHelcoep Kallero ChIpbs C
UCIIOJIb30BaHUEM HE(PTEOMTYMHMHO3HBIX MOPOJ
YCTaHOBJICHBI: XUMHYECKHE U (HU3UKO-XUMHU-
4eCKHe OCOOCHHOCTH MCXOJIHBIX MaTepHalioB —
He(TeOUTYMUHO3HBIE MTOPOIBI UMEIOT CIIEAYIO-
IIMH 3JIEMEHTHBIN cocTaB, B %: C 82,19; H 8,80;
N 3,43%; O 4,06; S 1,61. XuMu4uecKkui cocras
Heoprannueckoil yactu HBII cnepyrommuii, %:
Si0, 81,0; TiO, 0,3; ALO, 7,4; (Fe,O, + FeO)
5,7; CaO 1,3; MgO 0,6; Na,O 1,2; KO 2,3; SO,
0,2.

Bo Bcex uccnenyeMbix cucreMax ooeit 3a-
KOHOMEPHOCTBIO IO PACHpeeICHUI0 YIepoaa
ABJsieTcs oOpa3oBaHHE CBOOOJHOrO yrjeposa
1o 40-60% B obmactu 300-500K. Ananus tep-
MOJMHAMUYECKHX Mojesiell pabounx CUCTEM
22MnO, - C,H, - 30,; 3Mn,0, — C H, - 30,;
Mn,O, — C H, - 30, B TemneparypHoii obnactu
300-1800K m pmaBnenmu 0,1 Mlla cBuaerens-
CTBYET O BO3MO)KHOCTH MaKCHMAJIbHOTO Mepexo-
Jla BBICIIMX OKCHJIOB MapraHiia B Hu3mue MnO
10 97-98%.
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2 MnO,+C,H,+30,=Mn,0,+2C0,+3H,0
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Puc. 5 — Bauanue memnepamypul na cmenens pacnpedenenus H, C, O, Mn 6 npoyecce meuenus peaxyuu
2MnO,+C,H,+30,=Mn,0,+2C0,+3H,0, P=0,1mIa
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3Mn,0,+C,H +30,=2Mn,0,+2CO,+3H,0
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Puc. 6 — Brusnue memnepamypei Ha cmenens pacnpedenenuss H, C, O, Mn 6 npoyecce meyenus peaxyuu

3Mn,0,+C,H,+30,=2Mn 0,+2C0,+3H,0 , P=0,1mla
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Mn,0,+C,H, +30,=3MnO+2CO +3H,0

&0 R0

6i 60

40

100 100 ¢ S T S S,
g0 80
60 | 60 |
40 + 40 |
20 | 20
0 0
300 600 Q00 1200 1500 300 600 900 1200 1500

Puc. 7 — Bausinue memnepamypul na cmenens pacnpedenenus H, C, O 6 npoyecce meueHnus
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KYKIPT KbIIIKBLJIBIH OHAIPY HEXBIHBIH BAJTKBIFAH KYKIPTKYPAM/IbI
KAJIIBIFBIH OPTAHUKAJIBIK KBIIIKBIJIMEH OPEKETTECTIPIT
KOPIINTAC (IHTAPB) AJTY

BEKTEHOB H.A., HYP)KUTUTOBA A.T., CAJIMEBA X.P.,
MACAJIMMOBA Bb.K., HYPJIBIGAEBA A.H.

M.X. Jlynamu amuvinoaewt Tapaz memnexemmix yHugepcumemi

Anoamna: Teniz myHnati-eaz xeuiwinoezi mynauoaun 0Oenineen Kykipmmen Tapas KanacvlHOagwl
KUIC «Kazgocghamy» Munepandvl mulHaumgbluumap 3ayblmulHOA KYKipm KblUWKbLIbIH A1dObL.
Kykipm Kbtuukwiivin any xezinoe KyKipmmiy KYpamblHOAebl OP2AHUKATIbIK 3ammap OaiKbin Kammol
Kanowvlk ecebinOe Kauvin Kosovl. Byn makanada KyKipmopeaHukanvlk Kalioblkmapovl Kauma eyoey
KapacmulpuligaH.

Tyiiinoi co30ep: KyKipm KbluKbLIbl, KYKIPMOP2AHUKANLIK 3ammap, wausvlp, Kapinmac

MNOJYUYEHUE SHTAPS IYTEM B3AUMOIENCTBUS PACIIJIABJIEHHOT O
CEPOCOAEPXKAIIEI'O OTXOJA LHEXA ITO ITPOU3BOJACTBY
CEPHOM KUCJOTHI C OPTAHUYECKHUMU KUCJIOTAMU

Annomauusn: TOO «Kazgpocghamy Ha 3a600e MunepanrbHvlx yO0OpeHull NOIYUAOm CEPHYIO KUCTOMY
uz epamyruposannou uegpmsanou cepvl Teneuzckoeo mecmopoocoenus. Ilpu nonyuenuu cepuotl
KUCTOMbl OP2AHUYECKOEe 8EUeCmBo, cooepicaujeecst 8 cepe, OCMAemcs pacniasieHHviM. B dannotl
cmamve paccmampugaemcs nepepabomKa cepoopeaHuyeckux 0mxooos.

Knroueswvie cnosa: CEePHas Kucjioma, cepoopeaHuvyeckoe sewyecmaeo, cmoia, AHnapb

OBTAINING AMBER BY REACTING MOLTEN SULFUR-CONTAINING WASTE
FROM THE SULFURIC ACID PRODUCTION PLANT WITH ORGANIC ACIDS

Abstract: Kazphosphate LLP at a mineral fertilizer plant receive sulfuric acid from granulated
petroleum sulfur of the Tengiz field. Upon receipt of sulfuric acid, the organic substance contained in

sulfur remains molten. This article discusses the processing of organosulfur waste.

Key words: sulfuric acid, organosulfur, resin, amber
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«Teni3» MyHaii-ra3 KeHilll pecmyOnu- ofaH KYKipT eHaipitemi. bip xbuima 3 muH.
KaMbI3JaFbl €H ipl KeMIpCyTeK OHJIpeTiH TOHHa MyHail IIMKi3aTbl OHJIpiice, COFfaH
omakTelH Oipi. «TeHi3» wmyHaiiel keHin, coiikec 1000 ToHHa KYKipT eHmipineni. TeHi3

XKOFapbl camnaibl eHiM. OHBIH Kypambl JKOFaphbl
kykiprTi. Kykipreyrek memmepi 20-30%, an
Kalmbel KYKIPTTIH yJeci — MepkamTaHuap,
cynspuarep, aucyibpuarep 1-10%. Mynaiast
KYKIPTCI3IEHIpY Ke31HJe KYKIPT OpraHHUKaJIbIK
KOCBUIBICTap BIJBIpam, KYKIpTCYTeK Ty3lienl,

KEHINIHAEe KYKIPT CaKTalThiH Koimama 8-10
MJIH. TOHHA KYKIPTTIH KOpBI >KMHajiFaH. by
CaKTaJfaH KYKIpT MEH KYKIPTCYTeK KOpIlaraH
oprara 3UsHBIH TUTizyae. KyKipTopraHukaibIK
KoHe OelopraHMKajbIK KOCBUIBICTAp/Ibl alynia
TanTblpMaTeiH mukizar. Con cebenTi Kbl
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calblH  KYKIpTKYpam/Jibl
KeOeHin oThIp.

Teni3 KeHimriHaeri MyHai-ra3 ©HIMIHEH
OeJIIHIeH KYKIPTKYpaMJibl 3aTTapjAblH XUMUs-
JBIK KYpPaMbIH 3€pTTETeH]Ie, OHBbIH KypaMbIHIa
TeMeH 1eT1 OeflopraHuKabIK Kocrnanap 6ap ekeH-
airi ansikrangel. Onap: S (78,61%), C (8,22%),
H (1,95%), N (0,69%), O(10,51%), Cr (0,05%),
Si (0,01%), Mg (0,001%), Cu (0,0005%), Fe
(0,0005%). XuMusanslK capantamagaH KepiHim
TYpFaHAal «TEHI3 KYKIPTIHIH» KYKIpT 5Je-
MEHTIHEH aibIpMaIlbUIBIFBl — OpPTaHUKAJIBIK
KOCBUIBICTapAbIH OomybiHAa. «TeHi3 KyKipTiH»
CYJIBI-CIIMPTTI €PITIHIIE AKCTPAKIUsIIAI, OFaH

3aTTapAbl  TYTHIHY

XpoMaTorpadusIbIK —capanrama >KacallbIHFaH.
["a3apI-cyiBIKTEI Xpomarorpadusi S9IiCiMEeH XH-
MUSUIBIK caparnTama HOTHXKECIHJE KYKIpPT Kypa-
MBIHJIaFbl OPraHUKAJIBIK 3aTTapIbIH KOMIOHEHT-
Tepi aHbIKTa bl KyKipT OHIMIH CYJIBI-COUPTTI
epitinaine Cokcier anmaparblHAa SKCTPAKIUS
’Kacar, ras3-cyMblk xpomartorpadust ojici 0oii-
BIHIIIA MAaCCIEKTPOCKOMUSIBI JETEKTUPICHICH
xpomaromaccrnekrpometpae Hewlett & Packard
5890/5972 anbIKTanFaH crekTpiep OoibIHIIA
OpPTraHUKaJIbIK KOCBUIBICTAPJIBIH TYpJEpl Kep-
CeTireH. XpoMaToMacCleKTpoMeTpie Tycipii-
IeH KYKIPTKYpamJbl 3aTTapAblH OpraHUKaJIbIK
KOCBUIBICTaphI 1 kectene — kepceTinreH [1].

1 kecre — «TeHi3 KyKipTiH» JIKCTpakuusiiay Ke3iHIeri OpraHMKaIbIK (pakuusIapabIH

CAJIBICTBIPMAJIBI KOpCeTKIITepi:

Ne /| KocbuibicTap CanpIcThIpMaIIbl Kypambl, %
1 OKTaHIbI KBIIIKLLT 0,16
2 HoHaHAbI KBIIIKELT 0,24
3 JlexaH/1bl KBIIIKbLT 0,19
4 3,3,5-Tpr METHIIUKIIOTEKCAHOI 0,04
5 [lenTanekan 0,03
6 JlomeKkaH 1bl KbIIIKbLI 0,24
7 Anpda 3-1MKIoreKCceHo 1-MeTaHon 0,06
8 2,6,10,14-TeTpameTriineHTaiekaH 0,30
9 Terpasekan/ bl KbIILKbUI 0,54
10 OkTazexaH 0,45
11 3-rekcajierieH 0,40
12 Honanexan 1,49
13 2,6,11-TpumeTnnrenTtaaekal 0,87
14 9-rekcaaeneH i KbIIIKbIT 1,33
15 1,2-6eH3uHIUKApOOH B! KBIIKBLT 3,59
16 Ditko3aH 1,47
17 7-IMKIIOTEeKCUITPUICKaH 1,23
18 3-MeTHIIDUKO3aH 1,60
19 10-MeTHI3¥KO3aH 3,35
20 I'endiiko3an 1,59
21 11-Tpuko3eH 1,32
22 OnenHal KbIIIKbLUT 2,84
23 OxKTaeKaHIbl KBIIIKBIT 3,38
24 Jloko3an 2,12
25 2,6,10,15-TeTpaMeTHIIHOHAJEKAH 1,98
26 2-METUIIIOKO3aH 2,80
27 Tpuxo3an 2,10
28 2-METHIIPUKO3aH 1,44
29 3-METHITPHKO3aH 3,72
30 Terpakozan 1,92
31 2,6,11-TpumMeTnnrensiiko3an 2,14
32 Ilenrako3an 2,71
33 I'excako3an 2,25
34 OkTako3aH 0,61
35 Homnaxo3an 0,84
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TeHi3 KeHIITIHEH OHIETeH KOFaphl KYKIPTTI
MYHail IIHKI3aThIH KYKIPTCI3AEHAIPY Ke3iHIe
OeJIIHTeH KYKIPT eHIMHIH KypambiHaa 30-maH
aca OpraHUKaJbIK KOCBUIBICTap MEH Kocmalyap
aHpIKTaFaH. OHJAaFbI HET13T1 KOMIIOHEHTTIH Oipi
—napadunyep (C,-C,,), KoMipTeK aTOMIapbIHbIH
cangapel 8-m1eH 19-ra nmeliHT1 KaHBIKKAH KOHE
KaHBIKIaraH KapOOH KbIIKbUIIapbl. COHBIMEH
KaTap, ajJKWIIl aybICThIpAa allaTbIH KYPBUIBIMBI
KaJIBINTHI HUKIl KOCBUIBICTapbIH Oap eKeHJIir
aHbIKTaJFaH [2].

«Teni3 KYKIPTiHIH» KYPaMbIHIAFbI
KE3/IECeTIH  OPraHUKAIbIK  KOCBUIBICTAP/IbIH
KOTIILIIr MyHai KOMIIOHEHTTEPIHJIe
OomatbiH  KocbuibicTap. Omap — MyHalJbl

KYKIPTCI3ASHIIpY YpHAicl Ke3iHJae e3repMmeit
KaJFaH aJKeHJep, ajKaHjaap, IHMKIOaTKaHaap,
apeHzep JkoHe KapOOH KBIIKbUIAApsl. by
KOCBUIBICTAp/AbIH «TEHI3 KYKIpTiHAE» Ke3necyi
—  MyHall  IIUKI3aTBIHBIH  KYpPaMbIHJAFbI
KYKIPTTI KYKIpTCI3ACHIIpY ypAiciHeH
KeHiH  KYKIPTCYTeKTIH  KBIIIKbUIJaHYbIHAH,
arMocdepazarbl  OTTETIHIH 9CEpiHEH JKoHe
alIbIK ayaja Kell yaKbpIT OOWbI cakTay Ke3iHJeri
BUTFAJI/IBIH 9CepiHeH Jie Oalikatabl.

«TeHi3  KyKIpTiHIH»  aibIpMaIIbUIBIFbI
MBIHAIA: o1 MyHai IIMKI3aTbIHAH
OOMIHTeHAIKTeH, KYpPaMbIHAAFbl OpPTaHUKAJIBIK
KOCBUIBICTAp TEK Kocma TYpiHAE FaHa eMec,
OHBIH OeTTik KabaThlHAa CIHIPUITEH HeMece
aZcopOUpIIEHTeH KOBaJleHTTI OaillaHBICTHIH,
JIOHOPJIBI-aKLIENTOPIIBl MEXaHU3MHIH TY31LTyiHEH
XEMOCOPOUPIICHIeH KaFaaiaa OOTybl MYMKIiH.
MBeIcanbl, JOHOP peTiHe KapOoKuciaT — KapOoH
KbIIIKbUITAPBIHBIH  aHUOHJIAPbI, all aKLENTop
peTiHae KyKipT Komaanbuiaasl. KykipT e3iHiH 60C
d-opburtaceia opHanacansl. KykipTKypamsl
3aTTap/bIH KypaMbIHIAaFbl OApIIBIK OpraHUKaJIbIK
KOCBUIBICTapAbIH Cy/la JKaKChl €pUTiHI — KapOOH
KBIIKBUIAApEl. Onap CUITUIIK epiTiHALIepMEH
opeKeTTecKeHae, KapOOH  KbIIIKbUIAAPBIHBIH
TY3lapblH Ty3edi. Mpicaibl, OETTIK-aKTUBTI
3artap (BA3) perinne Oenrini HaTpUl TY31apbIH
ayra 6onajpl.

KyKipT KbBIIKBUIBIH ally Ke3iHAe KYKIPTTI
JKaFbIll epTeini, Oy sxkepae KYKIpT AMOKCHII —
SO, 6emnineni [3].

S+0, = SO2(r33]+362.4 Ko
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Taburu KYKIPTTEH KYKIPT  KbIIIKBUIBIH
OHJIIPY Ke31HJe Ta3dbl Ta3alayablH, XYYIbIH
KakeTi 0ommaiiibl. BankpIThIIFaH j)KOHE CY31UITeH
KYKIpPTTI MenITe KypFaK ayaMeH >KakKaH/1a maiiia
OonFaH KYKIPTTI TazfgapAbl Hell yTHIN3aTopAa
CaJIKbIHJIATy apKBUIbI >KOFAphl KBICBIMIAFBI CY
Ooyein amanpl. CankeiHnatsiurad (390-450°C)
ra3abl JIK-xylieciHe TOTBIKTHIPAbl JKOHE SO2
ra3blH abcopOLusIaibl.

laspapael  Tasanaranjga — anbiHathiH  [,S
morbIpbl 90%-Ke AeiiiH Ke3aecel, OHAai Ta3/bl
JKaKKaH/Ia Kem MeJIepae JKbuly OeliHei.
CoHIBIKTaH KOChIMIIA cCy OyblH  OHAIpY
MyMKiHZir: 6ap. KoHTakT mMaccachl KabaTbiHaH
IIBIKKAH BICTHIK Ta3Abl ayaHbl KOCY apKBLIBI
CaJKbIHIATaAbl. [a3apl CalKplHOATKAH Ke3Ze
peakiuss OOWBIHINIA KYKIPT KBIIIKBUIBI Maiga
0o1abl:

SO, tH,0—H SO,

byn KykipTTiH KypamblHAarbl Oacka Ja
OeliopraHUKaNbIK JKOHE OpraHUKaJbIK 3aTTap
OankpIFaH KYKIipTHeH Oipre OalKbIM, >KaHaIbl
Jla caFbl3 Topi3Ni UIalblp HeMece pe3nHa
TOpI3Al  CO3BUIATBIH  CYKIIMHUT  JKacamajpbl,
oJlap amnmaparThlH HeMece TpyOajapiblH iIKi
KaObIpranapblHa KAaOBICBHIIT TYPHIT  KalaJbl.
MyHnaii ke3fe MIiHAETTI TypAe ammaparTapbl
Tazajay Kepek. EHal coi KyKipTTi OaiKbIThII,
OHBI Oasly CalKBIHAATHIN, Ianda Kara OacraraH
Ke3le  TOrilm  TacTaca,  BIOBICTBIH  1MIKI
KaOBbIpFachlHA JKAOBICKHINT KATKaH, TOJBIM KAaTKaH
KOIIKBUI Capbl TYCTI MHE TOpI3i KpHCcTajaap
KepiHeai. bipaKk KYKIPTTIH aUIOTPONHUSIIBIK
Typi 96°C XoFapbl >Xarjaiiia raHa TYpaKThl,
OJlaH TOMEH TemIepaTypana y3aK MIblaamaii,
OipTiHaen pomMOanbIK KYKipTKe aya OacTailibl.
Ocel  exi MomuduUKalUsSHBIH OipiHIH-OipiHe
aybicy Temmeparypackl 96°C Oomanel. by
JKarmaiga KYKIPT MOJIEKYNIAChIHIAFbl aToMJap
CaHBbI ©3repill MOJUMEPIICHE/T.

KomiMri kykipTTi 0asty KbI3IBIPHII, OaKbI-
nmaca 0ipa3 KbI3BIK KYOBUIBICTap KepiHedi. Oy-
eni 112,8°C-ta 6ankplr, capbl TYCTI Cy CHUSKTHI
CBUIABIpAFaH CYHWBIKKA aifHalajgpl, OdaH opi
160°C mamaceiHAa TYCl KOLIKBUI TapThIN KYH-
riprreHe Oactaiiapl, an 250°C MaHbBIHOA KOWi-
BUIBINT TOHKEPTEHNIE, BIABICTAH TOTIIMEUTIHIH
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kepemi3. Ke3neipa Gepce, 300°C-tan ackaH ke3-
Je CYHbLIbI, Oipak Tycl KOHBIP KaJIbIHIA Ka-
nanwl, 444,6°C-ta kaiinaiapl. CajlKbIHIaTKaHIa
aHarbl KYObUIBICTAp Kepi KaiTamanaasl. MyHa
OoJsiFaH KyObUIBICTBI TYCIHY YIIIH MBIHAHBI €CKe-
Py Kepex.

Komimri skarmaiiia KYKIPTTIH MOJIEKyJa-
Chbl Ceri3 aromMHaH Typajasl — S.. Kpisnabipranna
160°C-raun Gacrarr S, ainasein, 900°C-ka JENIH
S, — S, — S, — S, aiinana 6epeni, an 1500 —
2000°C-ta xeke aromaapra aitHanaabl. CaaKbIH-
JaTKaHaa, ToJuMep3anus KyObUTBICHI KYpPEi.
OpuHE, OCHI MOJUMEpHs KyOblUIbICTapbiHa Oaii-
JaHBICTBI KYKIPTTIH KacueTTepi e3repeni [4].

[TnacTukanblK KYKIpTTI ajly YIIH KaiiHayfa
JKaKbIHIaFaH KYKIPTTi, JeMeK IIIiHae S, Oen
S, apanac KykKipTTi, Cyra KyHbin xiOepin, S
KaiTagan S, OOJBIN MOJUMEPIIEHYIHE YaKbIT
Oepmelt KaTbIpanbl. IlmacTHKanmblK KYKIpTTI
S, Oen S, Kocmacel gmen ecenteini. bankein
KaifHayFa JKaKpIHJaraH KYKIPTTI  OKIHIIIKE

eTIl COpFalaThlll CaJKbIH CyFa Kykca, Oy
pe3rHa TOpI3Al JKYMCAK, XKIM Topi3ai OOk
CO3BUIATBIH Maccara aifHanajel. KykipTTiH Oy
MOAM(PUKALUACHIH TUIACTUKANBIK KYKIPT AEHl.
[TnacTukanbIK KyKipT Te 6ipa3 yakbIT 6TKEH COH
poMOanBIK KYKIpTKe aybicaisl [2, 5].

1 cypem — Pombanwix KyKipm MOLeKyIaACbIHbIY MOOei

Taxipubesik 0Oesim: TeHI3 KeHimIiHIETI
MyHaiilaH  OeJIIHTeH  KYKIPTTeH  KYKipT
KBIIIKBUIBIH ~ OHAIPY  Ke3iHae  urepiaMent
KaJFaH KYKIPT TYpiH ©3repTill IJIaCTUKAJIBIK
KYKIpTKE aybIcajbl KOHE OHBIH OacTanKbl
ke3nmeri kypambiHgarel C(8,22%), H(1,95%),
N(0,69%), O(10,51%), Cr(0,05%), Si(0,01%),
Mg(0,001%), Cu(0,0005%), Fe(0,0005%), T.6.
MHUHepaJbl 3aTTap MEH OpPraHUKaJIbIK 3aTTap
Oipre OanKpIN, KypaMbl Kypaeni maisip (cmona)
HEeMece KypaMbIHJa KeMipTeri, CyTeri, OTTeri,

2 cypem — IInacmukaneix KyKipm nen AHmapb KeluKblabl MY3blH

apanacmuipuin 6anKblmy npoyeci, mysiieen OHiM OpeaHUKANbIK

Kblm@blﬂaapablﬂ aAHcoapsvl MOSEKYIAIbl KOCbLIbICbL

KYKIpT 0ap OpraHuKaiblK KBIIIKBUIIAPIBIH
YKOFapbl MOJIEKYJaIbl KOCBUIBICH Ty3ineni. Ochl
KATThl KQJIBIKTHI EKIHIII PET OH/Iey MaKCaThIH 1A
Maiianan yriTil, OfFaH SHTaph KBIIIKBUIBIHBIH
Kyprak Ty3blH (1:2 >xone 1:3) KarbiHachIHIAN
€TIN OJIIIeN allbIl, >XaKCHUIBIN apajaacThIPbIT
KepaMHKAJIBIK  Tabakliara Cajblll, JIEKTP
mwmTKackiHaa 95°C KeI3ABIphIT OajKbITKAHA,
TYpl epekiie e3repli, OIpTIHIEN apajacThIpy
Ke31H/Ie CaFbI3 TOPi3/i CO3BLIATHIH CYKIIMHUTKE
afiHaraHbl OalKaIIbI.

3 cypem — Tysineen enim anmaps Kpucmanwl (kopinmac)
Tysineen kpucmani @ypve — UK-cnekmpockonusinvix a0icnen

3epmmeninoi
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4 cypem — Tysineen onim aumaps kpucmanv (kapinmac) @ypve — UK-cnekmpockonusnelx 20icmiy manoaybsl

by 4-cypetTe kepiHiN TypFaHail oyci3 Chl-
3pIKTap 1375 em, 1432 cm!, oprama chI3bIKTap
1504 cm™, 1734 cm™! mmacTUKaIbIK KYKipTKE COii-
KecC KeJeli, COHBIMEH Karap OpTallla ChI3BIKTap
1537 em™!, 1560 cm™!, KapKbIHIBI ChI3bIKTap 1747
cm!, 1768 cm!, anci3 cei3bikTap 1843 cm™! sxoHe
1869 cM! siHTaph KBINIKBUIBIHA COUKEC KeIei,
COHJIaii-aK as1ci3 chi3bikTap 1942 cm!, 1994 cm!
MHHEpaJIbI 3aTTapra, 2652 cm™', 2924 cm! opra-
HUKAJIBIK KBIIIKbIIIApFa COUKEC Kelei.

Komimri Talbusu stHTAaph (Kopinmrac) cyna
epimeiini. KeitGip opranukaiblk KocbUIbICTapaa
— ankoronpae (20-25%), apupne (18-23%), xio-
podopmua (20% naeitin), 36IFBIp MabIH/AA i1ITIHA-
pa epuai. On bICTBIK KOHIEHTpALMsJIAaHFAH a30T
KBILIKBUIBIH/IA TOJBIK bIAbIpaiiabl. [6] KaliHaran
cyna (100°C Ttemmeparypaga) Kymcapasisl.
SAuraps (Kopinrac) — oprama MOJEKYNIaIbIK
79% xewmipreri, 10,5% cyreri, 10,5% otreri 6ap
OPTaHUKaJbIK KBIIIKBUIIAPBIH XKOFAPhl MOJIEKY-
nanbl Kochuibichl. Onbi popmynacer C, H, O,.
100 r stHTaps (Kopinrac) KypambliHia 81 r kemip-
Tek, 7,3 r cyreri, 6,34 T oTTeri, a3mam KyKipT,
a30T JKoHe MHUHepangap O6ap. SHTaphb (kopinTac)
KYPaMBIHJaFbl JKEKeJIereH »IEMEHTTep apa-
CBIHIAFbl CAHJBIK KaTbIHACTAp OPTYPJi OOJBII
Typanabl. byn cepustHbIH 0acTbl OKili — CyKIIH-
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HUT. CykiuH Kblkbuisl — HOOC - CH2 - CH2
- COOH opranukanslK KelIIKbUIbL. KypambiHaa
KOMNTEereH OcCIMIIKTep, sHTaph (Kopimrac) Oap.
byn ecimuikTti ecyre Oeiimeini skoHe ©CIMIIK-
TepJiH OHIMIUIIIIH apTThIpajbl, KYTepiHiH 1a-
MybIH Te3aereai. CyKIMH KBIIKBUIBI [1acTMAac-
ca ayy YUIiH, MaibIpiapiaH ecipTKi ajay YILiH;
CHUHTETHKAJIBIK MaKcarTap YIIiH Kocna ecediHe
AHATUTUKAJIBIK XMMUSa KOJIIAHbLIA IbI.

JI. Wmun nen JI. Oppemrin [6], cykuuH
KbIIIKBUIBIHBIH XUMUSUIBIK KYpaMblH 3€pTTey
Ke31HJie CYKLUMHHUTTIH CIUPTIEH epuTiH Oei-
IHEH CYKCOKCH-THET KbIIIKbUIbL, CYKIMHO-a-
OMeTHHOJI KBIIIKBUIBL, OOpHEON MXoHe OipKa-
Tap KaKblH AHBIKTAJIMANTBIH KOCBUIBICTapAaH
QJIBIHATBIHABIFBI alKbIH. CyKIIMHHEH KYpaMBbIH-
na 10% warpuii ruapokcui xoHe 22% maibipsl
0ap CyKLUH KbIIIKbUIBI aJIbIHA B OCBI 3aTTapabl
CEeJIGHMEH JeTupIiey Ke3iHfe Keneci Kypamabl
eki xemipcyrek anbmHamel. C .H , -1,2,5-tpn-
metunHapranen (araramun) xone C H -1,7-
JUMETUI(EeHaHTPeH (JUMaHTPEHA).

SlHTapp (KopinTac) SJKaFblll epTece Kyl
Kanaapl. baiTuka CyKIMHUTIHIH KYJ MeJIepi
a3 — 0,2% rteH. Ykpaunanwik (KnecoBckuii)
SHTApbJbIH KYJ Memepi 8,7% xereni. Sutapb
(KopinTac) KypambIHAAFbl KYJIIIH €I9yip MeJl-
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epi oaparbl MUHEPAIAbl 3aTTap/IbIH MEXaHU-
KaJbIK KOCTIACHIHBIH alTapibIKTall aHBIK OOJFa-
HBIH KepceTTi. KocmaHblH e3apa apanacy mpo-
[IECIH/IE OTTET1 KOTl, aJ1 KaJIFaH KOMIIOHEHTTEP/I1H
Memepi  azasabl.  SHTappaarel  (KopimTac)
Kocranap (XMMHSUIBIK DIEMEHTTEepAiH 137epi-
HeH Oacrarr, 3% jaeiiH) 24 XUMHUSIIBIK 3JIEMEHT
tabsuiran (Y, V, Mn, Cu, Ti, Zr, Al, Si, Mg, Ca,
Fe, Nb, P, Pb, Zn, Cr, Ba, Co, Na, Sr, Si, Sn, Mo,
Yb). Onapasi imminge 17 - snement Knecockuit
KEH OpHBIHBIH ©3TepTiIMEreH sHTapblHaH, 12 -
ITpuMopcKuii KeH OPHBIHBIH XKaFa)kail ydacKeciH-
neri siHTapbiHaH, 11 skxoHe 13 — colikeciHie
Kypounwik xone IlpeKapmarteiH siHTapbiHAH
TaObUTFaH. XUMUSIJIBIK OJJEMEHTTEpIIH €eH a3
MeJIIIepi Tycl MeJip SHTapb Oonaabl. ATaaraH
aneMmenTTepiy imineH Al, Si, Ti, Ca, Fe, Mg, Cu
e3repicci3 yHeMi sHTapbla Ke3lecei, an ayana
TOTBHIFBINT KETKEH SHTAapbJa alFalliKbl Oec dJe-
MEHTI FaHa Kanazapl. KomiMri ssHTaps CUpEK YIITbI-
pacagpl. On Menip, CapFBIIITHIFBIMEH HEMece
KachlI/Iay, TeHI3 KaFaChIHIAaFbl TOJKBIH TOPI3II,
KyH O0aTybl KbI3bUI HEMece KOKIIUI, OyiT-
THIH alIbIK TYMAaHBIH/IAFbl aclaH CUSKTHI TYCTe
6omanel. COHBIMEH, capbl TYCTIH CHIarTama-
CBbIHA SIHTaph (KOpINTac) MOJEKYIackIHIa Oenriii
6ip nozunusiHbl nemaeHeTiH C = O ToOwl ceben
ekeH. SIHTapp (KopinTac) 2JEeKTp TOTBIH Halap
oTki3eni, [7], Olpak *YH MaTaMeH bICKbUIaFaH
Ke3JIe, OJ1 ANIEKTPIICHE ] JKOHEe Y3aK YaKbIT Tepic
ANIEKTP 3apsATApBIH cakTaiibl. COHBIMEH Karap,
SHTapb (KopinTac) Kara3 OeJiKTepiH, cabaHIIbl,
[IAMITEl TapTajbel. by Kacuetr OapibIK IIanbIp-
Jmapra ToH, Oipak oOJapjAblH eMIKaHCBIChIHIA
(kopinTac) CUSIKTBI TAPTHIMJBI KYIII )KOK. SIHTaph

(kopinTac) AMANEKTPIIK TYPAKTHICHI 2,863
TeH. SIHTaph (KopinTac) THIFBI3IBIFEI — TEHI3
CYBIHBIH TBIFBI3JbIFbIHA TeH. Kopinmrac TyIsl
cyra Oateln, Ty3abl cyna xkysemi. COHABIKTaH
KopinTac OeyiKTepl TOJKbIHIAPFAa OHAW TYCE,
TYOiHEe Oarbinm KeTmewsi. Ayblp CYMBIKTBIKTAp-
JaFbl THJIPOCTATUKAJIBIK CAJIMaKIeH aHbIKTala-
TBIH ©3re€pMereH KOPINTACThIH THIFbI3AbIFHI | 1eH
1,18 r cm® apabIFbiHIa OOJIA B

SIHTaph (KopinTac) — KeyeKTi, OJ1 OHbI CYMbIK
JKOHE Ta3 Topi3Al 3arTapra eTkisrim erexdi. Cyna
JKOHE KeWOlp OpraHuKaibIK 3aTTapAa iCiHesl.
CyMbIKTBIKKA KaHBIKKaH Ke€37€ OHBIH KeJeMi
8%-ra apraapl. KyObIpbl TOATHIPYABIH €H Y-
KEH Jopekecl 7BaKyallus >KOHE KAaHBIKTBIPYFa
MOXKOYpIIEy apKbUIbI XKY3€Te aChIPbLIaIbI.

Kapinrac —xxymcak opranukaibik 3aT. OHbIH
KaTTBUILIFEI MOX IIKaJIackl OolibIHIIa 2-2,5 Oa-
aabl Kypaiael. Mukpoxapaomerpae 100 r xyk-
TeMe Ke3inze enmenrenae, 16,3-ren 38,7 kr/m>-
re Jeiin kezneceni. KopintacTblH KaTTBUIBIFHI,
MOJIIip TYCTEH capbl MeJIip TycKe JAeliH
Oiprinaen aprazabl. EH KMBIHBI MeJip KopinTac.
KaTTbuiblFel KenTeren cedenrtepre GailaHBICTHI
6onaapl. OnapibplH HEri3riiepi Kopimrac Kypa-
MBI, KOCITaHBIH KaCHETTEp1 KaFbIHAaH YKcac.

KopsbIThIHABI

XacanblHFaH FBUIBIMU-3€PTTEY JKYMBICHIH
KopbiTbiHabIail  kene, JKIIC «Kazdochar»
MuHepanabsl  THIHAUTKBIIITAD — 3aybITBIHIAFbI
KYKIPT KbIIIKBUIBIH Ay IIeXbIHAA TYbIHIaFaH
IUTACTUKAJIBIK KYKIPTTI KaiiTa eHJey Mmoceneci
KapacThIPBLIbI.
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TIME FACTOR FOR SET OF CRITICAL STRENGTH OF WINTER CONCRETE
BRZHANOYV R.T.

Caspian state university of technology and engineering
named after Sh.Yessenov, Aktau, Kazakhstan

Abstract: This paper assesses the technological features of winter concreting. In order to predict the
cooling time to the set of critical strength, the following are taken into consideration: surfacing module,
initial and final temperature of concrete, specific heat capacity of concrete, outdoor temperature, type
of concrete formwork. The additional costs of thermal insulation of concrete are considered by taking
into account its heat release, thermal conductivity of heat of various formwork.

Key words: winter concreting, concrete cooling time, critical strength, winter concreting methods

KbICKbI BETOHHBIH KPUTUKAJIBIK BEPIKTII'TH AJIYTA
KATY MEP3IMIHIH 9CEPI

Anoamna: bByn maxanaoa KvicKbl OEmMOHHbIH MEXHONOUANbIK epeKUleliKmepi aHbIKManiaobl.
bemon cvinu bepixmixke srcemkenze Oellin CanKblHOAMy YaKblmvlH O0IHCAY YULiH MbIHANAD HA3APEa
AbIHAObL: OEMOHHbIY MOOY, OEMOHHbIY OACMANKbL HCIHE COHRbL MeMnepamypacsi, O6emoHHbIH
HAaKMbl HCHLIYL, CLIPMKLL memnepamypa, 6emonobl oHoey mypi. bemonnwiy dcoiny oxwaynayvinvly
KOCHIMUIA WBIZHIHOAPbL OHBIH JHCHLIYObL WbIEAPYbIH, IPMYPI NIUIHOEPOIH JCbLLY OMmKI3eiumicin
eckepe omulpuln Kapacmuipblidobi.

Tyiiinoi co3dep: KvicKbl OemoHOAay, OEmMOHHbIY CANKbIHOAM)Y VAKbIMbl, CbIHU Oepikmici, KblCKbl
bemonoay adicmepi

®AKTOP BPEMEHMU JJ51 HABOPA KPUTUUYECKOM MPOYHOCTH
SUMHEI'O BETOHA

Annomayun: B oOannoll cmamve paccmampueéaromcs MexHON02UdecKue O0COOeHHOCMU 3UM-
He2o OemoHuposanus. [[na npocHo3upoaHuss 8pemeHu Ocmvléanus 00 HAbopa 6GemoHOM Kpu-
MUYecKol NPOYHOCMU NPUHUMAIOMCA 80 GHUMAHUE: MOOYVIb NOBEPXHOCMU, HAYANbHASL U KO-
Heunas memnepamypa 0emoHa, YOelbHAs Meni0eMKOCMb OemoHa, memnepamypy Hapy*HCHO20
6030yxa, mun onanyoxku demomna. Paccmompenvl 0ononnumenvhvie pacxoovl HA MeNnioU30NAYUIO
bemona ¢ yuemom e2o0 MeNnn08blOeleHUll, MeNIONPOBOOUMOCIb MENId PA3TUYHBIX ONALYOOK.

Knrouesote cnosa: sumnee bemonuposanue, 8pemst OX1anCOeHusi 6emoHna, KpUmuyueckasi nPOYHOCMb,
MemoOobl 3UMHe20 OEeMOHUPOBAHUS
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The urgency of the problem is the need to
increase the durability of materials and products,
formed of multicomponent chemical compounds.
Concrete and reinforced concrete, in fact, are
the products of chemical transformation of dry,
loose components into the hard stone, after a
large number of interactions with each other in
the presence of water. In what way the reaction
will go between the concrete components and
whether it goes, depends, among other things, on
external influences.

Particularly it refers to the construction of
buildings from solid concrete. This technology
improves the efficiency of construction, there
is an opportunity of diversity architectural
expression and volume planned solutions.

However, these and other advantages of the
concrete is not completely implemented, since
the peculiarity of interaction patterns are not
sufficiently investigated, constituting of these
systems based on deformability, durability of
characteristics. The properties of materials are
caused by temperature, humidity impacts, and

also the interaction time of hydration products
with each other and with the environment.
This provision is particularly important for the
majority of regions of Russia and Kazakhstan,
where the winter period lasts for more than 6
months a year. Moreover, a substantial impact
on the qualitative and quantitative indicators
of these patterns exert all sorts of additives and
technological products (ash, slag). [1]

For winter concreting a variety of
technological methods are used, which can be
divided into two major groups - heating methods
and no heating methods. The main parameters
of choice of winter concreting production
technology are the massiveness of concreted
structures; critical strength of concrete; presence
of a developed infrastructure for ensuring the
construction of energy resources and equipment.
The module of surface characterizes the
massiveness of construction and equal to the
ratio of the cooling surface structure F, m2 to its
volume V, m3.

Type of construction

Minimal air temperature, ° C, until

The method of concreting

Massive concrete and reinforced concrete

-15 thermos

foundations, blocks and slabs with Mn * £ 3

-20 an accelerated thermos

Foundations under the construction of buildings and

thermos, an accelerated

6-10

. . . -15
equipment, massive walls, etc. with Mn=3 - 6 thermos
an accelerated thermos, an
Columns, beams, purlins, elements of frame accelerated thermos with
structures, piled grillages, walls, overlaps with Mn = -15 electro warming or electrical

heating

Economically the most expedient is the
method of «thermos» (table 1). During the
application of any method of winter concreting
is necessary to provide so-called critical strength,
i.e., the strength by the complete freezing
time of the concrete. In practice, standing the
construction by the method of thermos is more
often necessary to determine the cooling time
of the concrete, as well as the amount collected
during this strength time. Depending upon the
specific conditions of production work, this task
can be solved by the calculation method of B.G.
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Skramtaev or by the method of V.S. Lukyanov.
Besides these methods, there are different
methods for calculating of cooling concrete
and reinforced concrete structures - analytical,
divisional integration, approximate solutions,
analogies (hydraulic and electric), experimental.

The simplest and sufficiently reliable for
practical purposes is the calculation method of
B.G. Skramtaev with changes in the calculation
formula brought by S.A. Mironov. By this method
the cooling of the construction is calculated by
the formula:
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c v (tb.n. —
K - M n(tber

t,,)+ EC
- 1)

T =

(D

where: - positivity of concrete cooling, hour;

c- specific heat capacity of concrete kI / (kg. °C);
v — volume weight of concrete kg / m?;

t, . the initial temperature of the concrete mix
before laying into the construction °* C.;

t, . — the final temperature of concrete, to which
the continuance of the concrete cooling is
calculated, °C;

E - heat generation of 1 kg cement during the
cooling time, KJ;

C - cement consumption for 1m? of concrete, kg;
K- the heat transfer coefficient of formwork, W
/ (m?, °C);

M - the module of a surface cooling construction,
m-1;

t, .. the average value of the concrete temperature
durmg the cooling time, °C;

t, the external air temperature, °C.

Accelerated thermos extends the area of
thermos application, due to introduction of
antifreeze additives into the concrete. Such
concrete, having accumulated the critical
strength in the cold, after thawing and hardening
(28 days) under normal conditions acquires the
strength not less than 100% of the grade. In
order to conduct the calculation time of cooling
the concrete, the following data is needed: the
size of construction, type and grade of concrete,
consumption and activity of cement, the external
air temperature, wind speed, steel consumption
to 1m® of concrete, the initial temperature of
concrete, formwork material. The sequence of
calculation.

Determine the volume of concrete in the
construction

V=hB (2)
Complete surface of cooling the construction
F=2(hB+ BL+ hL) 3)
|Where: h.B.L. — is subsequently the thickness,
width, length of concreted structure.
The module of surface structure

M=
v (4)

b O C\Bt,

t
™ T Cy+CR (%)

where: C1 and C — is a specific heat of concrete
and fittings (kJ / kg) P1- is a consumption of
fittings kg \ m’.1

Fromthetablesand handbooks [2] the average
temperature of concrete hardening is defined
(x.cp) which can achieve the required strength
at specified time (t). For this specific material
and formwork construction its coefficient of heat
transfer is calculated by the formula:

K_ﬂ[ls Oltsg. ~h) _ 375}
Mt -t

t
BH

(6)
The application range of this formula:
t I
ry 20,625
tox
(7
A specific heat flux through the formwork
g=K(,-t) (8)

For the selected type of formwork the tem-
perature at its outer surface is specified

oty g
o oy, )
The value t,, must satisfy the requirement:
M x100% = +5%
- (10)

Determine the average temperature of formwork
heating at the beginning of cooling:
o et
on
2
Calculate the heat, consumed for formwork
heating :

(1D

=2, -t )Zc Ed.,

(12)
where: CF,, g —is a specific heat capacity, area,
thickness and volume weight of formwork.

We specify the temperature of concrete to
the beginning of cooling taking into account heat
losses on the heating of the fittings and formwork.
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The coefficient value of formwork heat transport:

g = [1,5 - ’—6(th- “u) 3,75]
M7 to ~ 1y
(13)

If this calculation does not confirm the necessary
heat protection of formwork., it is necessary to
enter additional thermal insulation of formwork.
and re-count the heat transfer coefficient [3].
Considering that, with rising temperature the
thermal conductivity of the materials change,
according to the empirical formula of O.V.Vlasov
the thermal conductivity material of formwork A,
is calculated by the formula:

A, =2 (1+0,0025t P) (14)
where: A — coefficient of thermal conductivity of
formwork material at 0° C
t, - heating temperature of formwork materials .
The thickness of thermal protection of formwork
is determined by the formula:

P IR R T oL
N

(15)

which: &, A, —coefficient of thermal conductivity,
according to insulation and components of
formwork materials at t_*
The specific heat flux is specified through the
formwork:

q'=K'(t,,- ) (16)
The final temperature of outer surface of
formwork is specified :

¢

o +to
n X (17)
We specify the percentage of error given by

the t_'and rated temperature of t_°on the outer

surface of formwork

th — Lo

—m__9 x100% < +5%
tm
. (18)
Determine the concrete temperature at the end of
a specified period of cooling:

=K',
E- Gt o
(19)
heck the continuation of concrete cooling to t, *
- C){t; B tsx)
k':M-n [tscp. - ts)
(20)

In the given formula the heat from exotherm
of cement is not considered, because it is
already considered during the calculation
of the average temperature of concrete
hardening, as well as the calculation of the
heat transfer coefficient of formwork.[4].
By these formulas the cooling time of concreted
structures for specific climatic and other
conditions can be calculated, and also diagrams of
cooling for these conditions can be constructed,
necessary thermal insulation of formwork can be
select [5].
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AHUOHJIbI )KOHE BEMHUOHJbI FA3 KOMIO3UIIUAJTAPBIHBIH
IMVIIBCUAJIAP TYPAKTBIJIBIFBIHA OCEPI

ECUMOBA O.A., KYMAPFAJIMEBA C.11., KASU3XAHOBA B.K.
MYCABEKOB K.b., KEPIMKYJIOBA M.X.

an-@apabu ameinoazvl Kasax ¥nmmuolx ynusepcumemi,
Anmamul, Kazaxcman

Anoamna: Ocimoik mativl /Cy IMYTbCUALAPLI ALIHObL HCIHE MYPAKMBLIbIZLIHA OemmiK akmuemi
3ammap JHcone KOMNO3UYUANAPLIHBIY acepi 3epmmendi. bemmik-akmuemi 3ammap peminoe anu-
onowr nampuii oneamol C,,H,.COONa ducane uoncois Tween-80 anvinovl. Amanzan smyrvcusiapaa
bemmix-akmuemi 3ammapobly MYpPaKmanoblpebiul Kacuemmepin 001xcay yulin dceke bemmik ax-
muemi 3ammap MeH o1apOblH, KOMNOZUYUSIAPLIHLIY CYIbl epimIiHOLIepiHiy bemmiK Kepinyi onuleH-
0i. Teun-80 dcane onapoviy KOMNIEKCMePIHiK CYlbl epimiHOiiepiniy Obemmik Kepiiyi uzomepma Ku-
CHIKMAapbl JHceKe KOMNOHeHmmepze Kapaganod, o1apoblly KOMNO3UYUALAPbIHbIY OemmiK akmueminizi
JHco2apwl exenin kopcemmi. Mati / ¢y aMynbCUATAPBIHBIY «OMID CYPY YaKblmbly (azanaposiy apmypii
KamulHacvlHoa anvikmanaovl — 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 scone ey mypaxmuol 3m)iib-
cus 6:4 KamvlHacbiHOA eKeHiH OHbl aPI Kapail 3epmmey YuliH Konoanwuliaovl. Tayoanean smynscus
Mmypakmulivi2bina dceke bA3-0apoviy dcane onapovly KOMROZUYUALAPbIHLIY acepi 3epmmendi. JKeke
BA3-061 encizeenoe, amynvcusanapoviy omip cypy yaxvimol 45-50 mun-ga y3apca, KOMnosuyus eneiz-
2ende 60-65 mun-Ka Oetiin apmmul. OcimOix mativl / Cy IMYIbCUACLIHA OH MYPAKMAHObIPRbLUL ICEPIH
Tween-80 orcone 1:1 kameinacmazol Tween-80 osrcone namputl 01eamuvlHbll KOMRO3UYUACHI KOPCEMMI.

Tyiiinoi ce30ep: bemmik Kepiny, SMyIbCus MypaKkmoliviesl, bemmix akmuemi 3ammap (bA3)

BJIUSIHUE KOMIO3NLNI AHUOHHBIX 1 HEMOHHBIX ITAB
HA YCTOMYUBOCTDHb DMVYJIbCUI

Annomayun: bBviiu  nonyueHvl dMYIbCUU  pACMUMENbHOE MACN0/600d U U3VHEHO  GIUAHUE
UHOUBUOYATILHBIX U KOMNOZUYUOHHBIX HOBEPXHOCMHO-AKMUBHBIX GeUjeCms HA UX CmabuibHOCHb.
B rauecmse IIAB ucnonvszosanvl anuonneii oneam nampus C H, COONa u neuonnozenmvii
Teun-80.{nss npocnosuposanus cmadbunuzupyrowux ceoticmé IIAB omuocumenvrHo nomyuaemvix
IMYIbCULL USMEPEHO NOBEPXHOCMHOE HAMANCEHUE B00HBIX PACMBOPOE OMOENbHbIX NOBEPXHOCMHO-
AKMUBHBIX Geujecms U Uux KOMNosuyuil. Hzomepmvl no8epXHOCMHO20 HAMANCEHUS UCCTIE0)eMblX
800HbIX pacmeopos oneama nampus, Teun-80 u ux KOMNO3UYUL NOKA3ANU, YMO NOBEPXHOCMHAA
aKmueHoCmo Komnosuyuonnwvix I[IAB eviue, uem omoenvHvix Komnonenmos. Onpeoeneno «8pems
HCUSHUY» DMYNIbCULL MACTI0/800a NPU PATUYHBIX coomHoweHusax ¢az — 9:1, 8:2, 7:3,6:4, 5:5, 4.6,
3:7, 2:8, 1:9 u eviasneno, umo Haubonee yCmouyuou A6IAemcs IMYIbCUs Npu cOomuoutenuu 6:4,
KOMOpas Ucnoiv308ana 0iis OaivHeliue2o ucciedosanus. M3yueno enuanue omoenvuix [IAB u ux
KOMNO3UYULL HA YCMOUYUB0CMb 8blOpanHoll smynvcuu. Ilokazano, umo npu égedenuu omoenvHuix [1AB
NPOOOIHCUMENLHOCTL IHCUSHU IMYIbCULL Yeeruyusaemcs Ha 45-50 mun, npu 66edeHuu KoMno3uyuu
— 00 60-65 mun. Xopowee cmabunusupyroujee oelicmsue Ha 3MYIbCUU pAcmMUmenbHoe Maclo/800a
noxazanu Teun-80 u komnosuyuu Teun-80 u oneama nampus npu coomuoueHuy KOMNOHeHmos 1:1.

59



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Nel (52), 2020

Kniouesvie cnoga: nogepxnocmuoe HamsdceHue, YCMOUYUBOCMb IMYIbCUL,
axmusHvle sewecmaa (I1AB)

NnoO6EPXHOCMHO-

THE EFFECT OF COMPOSITIONS OF ANIONIC AND
NONIONIC SURFACTANTS ON THE STABILITY OF EMULSIONS

Abstract: Emulsions of vegetable oil/water were obtained and the effect of individual and composite
surfactants on their stability was studied. Anionic sodium oleate C,,H,,COONa and nonionic
Tween-80 were used as surfactants. To predict the stabilizing properties of surfactants relative
to the resulting emulsions, the surface tension of aqueous solutions of individual surfactants and
their compositions was measured. The surface tension isotherms of the studied aqueous solutions
of sodium oleate, Tween-80 and their compositions showed that the surface activity of composite
surfactants is higher than that of the individual components. The “lifetime” of oil/water emulsions
was determined at various phase ratios such as 9:1, 8:2, 7:3, 5:5, 4:6, 3:7, 2:8, 1:9, and it was
revealed that the most stable emulsion is at a ratio of 6:4, which was used for further research.
The effect of individual surfactants and their compositions on the stability of the selected emulsion
was studied. It is shown that with the injection of individual surfactants, the life expectancy of
emulsions increases by 45-50 minutes, and with the injection of the composition it increases up
to 60-65 minutes. A good stabilizing effect on the emulsion of vegetable oil/water was shown by
Tween-80 and the composition of Tween-80 and sodium oleate with a component ratio of 1:1.

Key words: surface tension, emulsion stability, surfactants

Kipicne

TaOuru ’xoHEe CUHTETHUKAJBIK OETTIK-aKTUBTI
3artap (BA3) kocmeTHka canmachlHIAFBl HETi3-
ri KoMmoHeHTTepiHiH Oipi. Omap eHIMAEpAiIH
KOOIKTEeHYIH, JXYFYbl, AMYJIbCHsIAHYbIH, JIUC-
MepCHUsIIaHyblH, TOMOTEH/CHYIH, TYPaKTaHYbIH
KamMTaMachl3 €TETIH ©T€ MAaHBI3bl KOCMETH-
KalblK WHTPEAUCHTTEp beTTiK-aKTUBTI 3aTTap
KOCIaJapblHBIH KACHETTEpiH 3epTTey FhUIbI-
MU-3€PTTEY KYMBICTAPABIH MMEPCIEKTUBTI OaFbI-
ThI O0JIBINT TaObLTA R [1-3].

KocmeTHkanbik  ©HIIpICTETI  KOJUTOHITHIK
YPIICTEpIiH ajaTblH OpPHBI €pEeKIle, MaHBI3bI
30p. Cebebi KOCMETHKANBIK 3aT KypamblHa Oip-
HeIlle XUMMUIBIK KOCBUIBICTap KIpeTiH Kypneni
KoMIio3uiust  Oombin  kenedi. KocmeTwkanbik
3aTTap/blH K60l TUCHEpCTIK Kykenepre kara-
Ibl, aJ TUCTePCTI KYWHelepAiH HETi3ri epek-
meniri — OeTTik KabarTarbl 0OC SHEPTUSHBIH
apTBIK MeJIIEepiHiH OOJybIHAH OJapAbIH TYpaK-
cei3bIrbl. COHJIBIKTaH KOJUIOMATHIK XHUMHS-
HBIH MaHBI3/Ibl MOceleJIepiHiH Oipi — AucmepceTi
Kylenepal Typakranaelpy. KocMeTukanbik 3aT-
Tap OHIIPICIHAE KeH KOJIaHBUIATHIH JUCIIEPCTI
KyHenepaiy O6ipi sMmynabcusiap OOJFaHABIKTaH,
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onapasl TYPaKTaHIBIPY MEH TYPaKChI3IaHIBIPY
Moceeci KOJUTOUITHIK XUMUSHBIH TarchipMaap
KaTapblHAa HET13T1 OpbIH anajsl [4-5].
[TpakTikama KONIaHBLUIATBIH SMYIBraTopiap
KOKETTI (U3UKAIBIK-XUMUSIIBIK KaCHETTEPiHIH
KOMITJIEKCIH KaMTaMachl3 €TeTiH OipHeIle KOM-
MOHEHTTEP/IIH KOCTachl 00BN Ta0bIIaabl. bipak
MYHJIall KOclajapAblH KYpaMbIH TaHJay OIETTe
OMIMPUKAIBIK KOIMEH Ky3ere acanpl. OcbiFan
OaiiaHbICThl OETTIK-aKTHBTI 3aTTap MEH IOJH-
Mep KOMMO3UIIMSUIAPBIHBIH TEPCIIEKTUBTI KOJ-
TaHbLTYbI KepceTinreH. Ce6edi Oyt dazanapasiH
OeIiHy IIEeKapachblHIa TY3UIT€H accouuarTap-
IBbIH OCTTIK aKTUBTI KOHE (PU3UKAJIBIK-XUMUSI-
JBIK KaCHETTEpiH OackapyFa MYMKIHAIK Oepei.
binerinimizneli, Oipeyl eKiHLIICIHAE aucHep-
CUSUTAHFAH €Ki apajachalThiH CYHBIKTHIKTaH
TYpaTblH AOMYIbCHUSJIAPIABIH  Maliga  OoMysl
TYPaKTaHJIBIPFBIIT KOCMANBIHIIIA MYMKIH €Mec.
BA3-mapmen monuMeprepiH KOMITO3HIIHSIIA-
pPBIHJa CUHTETUKAIBIK TOIUDIEKTPOIUTTEPMEH
muriesuia Ty3rim bA3-nap apaceiga ruapodoo-
TBHIK OpEKeTTeCyIep TYPaKTaHIbIPBIIFAaH AIIEKTP-
CTaTHUKAJIBIK OaiilaHbICTap apKBLIIbI KOMILIEKCTED
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TY3UI1eTiHi KepceTiiareH. by ke3ze Ty3iieTiH no-
JIMKOMILJIEKCTEP KeKe KOMIIOHEHTTepre KaparaH-
Jla epeKIle KacueTTep KOpCeTil, Olapibl kKaHa
JKOFapbhl MOJIEKYJIaibl OETTIK-aKTUBTI 3arTap
peTiHze KapacTelpyFa Oomnasl [6-7].

OMyJNIbCUSTIAPABIH HET13r1 KOMIIOHEHTTEpl
Cy, Mall )koHe TypaKTaHIbIprbIIITap. TypaKTaH-
IBIPFBIIITAD peTiHAe OeTTIK-aKTHUBTI 3arTap,
noJuMepIep, TabUFu KOCBUIbICTAp MaljaiaHbl-
Jabl.

JKYMBICTBIH MakcaTbl — OpTYpJi KaTbl-
HacTa cy/Mail SMyNbCUSIIAPBIH aJIbII, OJAPbIH
TYpaKkThUIbIFbIHA BA3  KOMIO3MIMSATIAPBIHBIH
OCEpIH 3epTTeYy.

3eprrey 0oaimi

OMyNbCUSTIAPABIH  TYPAKTBUIBIFBIHA  KOM-
no3uuusIblk BA3 ocepiH 3epTTey MakcaTbIH-
na Oeitnonasl (TBUH-80 — aHTUAPOCOPOUTTIH
OKCHUATUJICHTE€H MOHOOJIeaThl) MOHE aHUOHbI
(narpuii onearsl — C ;H,_SONa) GeTTik-akTuBTI
3aTTap MEH OJap/blH KOMITO3UIUSUIAPHI AJIbIH-
1bl. beTTik kepisly H30TepMaapbIiH/ia aybITKyIap
OoJIMaraHAbIKTaH, KOJIAHBIIFAH 3aTTap KOChIM-
1112 Ta3apTyabl Tanan erneai. Cynarsl epiTiHAlIep
10-1-10-5Monb/1  KOHLEHTpALMsT apajIbIFbIHAA
TaUBIHIAIIbIL.

XKeke sxoHe KoMNo3MUMSIBIK BA3-mapasix
TYpaKTaHBIPFBIII dcepi Typajbl OOJDKaM xKacay
YIIIH alfbIMEH epiTiHAuIepaiH OeTTIK Kepilyi
eNIIeH/ 1, ce0ebi OeTTIK Kepimy AUCIIePCTi XKyie
TYPaKTBUIBIFBIHBIH MaHBI3/Ibl TEPMOJMHAMUKA-
JBIK KepceTkimti. bertik kepiny PeOunnep KoH-
JBIPFBICBIHBIH KOMETIMEH alKbIH/IaJ/Ibl.

byn  koMmosummsmapIblH —~ JKOHE  KeKe
BA3-mapabiH TypaKTaHIBIPFBILI 9CEPiH aHBIKTAY
YIIIH ©CIMAIK Malbl/cy SMYJIbCUSIAPBl TOMe-
TeHU3aTOp KOHIBIPFBICHI  APKBUIBI  AJIBIHJIBI.
OMynbcusIap Cy MEH oCIMIIK MallbIHBIH 9pPTYp-
7 KaThIHACHIHAA AQJBIHBIN, OJIAPJABIH IIIIHEH
€H TYpPaKThIChl apbl Kapaill 3eprreyiep YILUiH
TaHAAJIbI.

HoTu:kesiep :koHe 0J1apabl TAJKbLIAY

DOMynbCUSIIAp — MUKPOTETEPOTeHAl JKyke-
JIEpIiH oK1, 0OJlap KOCMETHKaAa, TEXHOIOTHsIA,
TeEXHUKaJa KEeHIHEH KOJIIAHBIN, TaOMFaTTa KeH
tapanrad. COHBIMEH KaTap, )KaHa OaKTepHIIU[I-

Tik Kacuertepi 6ap BA3-mapmen smynbcusiap-
Ibl TYPaKTaHABIPYABIH MPAKTUKAJIBIK MAaHbI3bI
30p. DMyIbCUsIIAPAbl TYPAKTAHIBIPY YILIIH OeT-
TIK-aKTHMBTI 3aTTap *oHE OJIapJblH accolfarTa-
PBI KOJIAaHBLIA/IbI.

JKyMBICTBIH MakcaTblHAa COHKEC OCIMIIK
Maiibl/cy sMysbcusiapsl 3eprreningi. On yirH
Mail (aszacbl peTiHIE OCIMAIK Malbl aJbIHJBIL.
KocMmernkana ociMaik Mailbl HErisri IMAKI3aT
KO3l peTiH/Ie Mmaiananabl )KOHEe OCIMJIIK MalbI
©31HIH KOJDKETIMILTIrIMEH, ap3aHbUIbIFbIMEH
tuiMail. OceiFaH OailIaHBICTBI CYHBIK Mai/cy
SMYJIBCHUSIAPBIH  AJIBIN, OJIAPJBIH KACHUETTEPiH
3epTTey KOJFa aJbIH]IbL.

3eprTeyre anblHFAaH aHUOH-aKTHBTI HATpUN
onearsl xoHe Oeiinonasl TBuH-80 BA3 kocna-
Japel epiTiHAUIepiHiH OeTTIK KacueTTepi 3epT-
tenni. Kommosunusansik BA3-mapasl eHIipicTiH
KONTEreH callaChlHAa KOJIaHybIHA OaiIaHbICThI
OJIap/bIH OpTYpIii (azaapaiblK IIeKapagarbl Ka-
CHETTEpIH 3epTTey KaXeTTiri TybslHAaiasl. Ce-
6e01 OeTTiK Kepisly OeTTiK aKTUBTLIIKTI Oaramaii-
TBIH IIaMa.

BA3-gap MeH onapablH KOMIIO3UIMSIAPbI-
HBIH OETTIK Kepily u3orepManapsl apKblisl BA3
OeTTIK aKTHUBTUIIIT MEH TYpPaKTaHABIPFBIII ocepi
TypaJibl KOPBITBIHABUIAWIBI. bBeTTik aKkTUBTI
3aTTap MEH OJap/blH KOMIUIEKCTEpiHIH OeTTiK
Kepily uzorepmaiapsl 1-cyperre OepiiareH.

80
70

60

6, 10331/ m2

50

40 G
30

20 3.

10 =4

1E-05 0,0001 0,001 0,01 0,1 c

1 — cypem. JKexe acane komnosuyusanoix BA3-oap epimin-
Oinepiniy bemmix Kepiny uzomepmanapvl

1 - Harpuii oneartsr; 2-Teun-80; 3-Harpwuit one-
arel (0,1monb/m) + Teun-80;

4 -Teun-80 (0,1momnw/n) +Hatpuii onears! Kom-
MTO3UIUSIIAPEI
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3epTTey HOTHXKECIHJE ajblHFaH H30TepMa-
JapbIHAH jKeKe KOMIIOHEHTTepre KaparaHja oer-
TIK Kepily oJIapJblH KOMILJIEKCTEPIHJIE TOMEH-
JNeUTinAairi, Oy/iaH onapablH OETTIK aKTUBTLIIT
JKOFaphl eKeHl KepiHeal. Anaiiia, Kocna epiTiH-
Jicl aya IeKapachIHIaFbl aICOPOIHMSUIIBIK Kabart-
TBIH KaHBIFYbI )KeKe KOMIIOHEHTTEpre KaparaH/a,
TE31peK JKYPEeaAl KoHE aJbIHFaH KOMIIO3UIUSIIAP
epPITIHAUIEPIH AMYIbCUSUIAPBl TYpaKTaHIBIPY
YILIiH KOJ/1aHyFa 0oJa bl

TypakTsl 3MyJbcHsIap ajly YIIIH ©CIMIIK
Maibl/Cy  SMyJlbCUsIApBIHAAFEl  (azanapablH
TUIMJII KaThIHACBHIH aHbBIKTAN any kepek. CoH-
JBIKTaH ajjpiMeH (azamapabiH opTypai — 9:1,
8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 xememmaik
KaThIHACBIH/IA OCIMJIIK Malbl/Cy SMyIbCHUsIIA-
PBI QJIBIHBIM, OJAP/bIH TYPAKTHUIBIFBI aHBIKTAJ-
nel. EHi ocel HoTHKenep OoifbiHIIA (2-Cyper)
TYPaKTBUIBIFBI Oipliama >Korapbl dMyJbcus 6:4
KaTbIHACBIH/IAa OOJIIbI.

,%

=100
80

60 ? ——1.

—_2.
40

20

300. 600. 900. 1200. 1500. 1800.

YAKBIT,C

2 — cypem. Opmypii KAMbIHACMA&bl OCIMOIK MAbL/CY IMYTbCUSA-

Jlapul 6¥3blﬂyblelH KUHEeMUKAlblK, KUCBIKmMAapbsl

1-7:3; 2-6:4; 3-5:5; 4-4:6; 5-3:7

@azanapasiH 4:6 KeleMIiK KaTbIHACBIHIA
KYHOQFbIC Maibl/Cy SMYIbCUSIIAPBIHBIH OMIp
CYPY YakbIThl OackajapblHa KaparaHaa YJIKeH,
Oipak MpakTHKaJa KOJJaHy YIIIH >KeTKUTIKCI3.
COHIBIKTaH SMYJIBCUSHBIH TYPAaKTBUIBIFBIH apT-
TBIPY MAaKCaTbIH/AA OJIapFa HOH[bI JKoHe Oeil-
uoHIbl BA3 Tanman ajblHABI KOHE OJAPIbIH
KOMIO3MLIMSTAPBIHBIH dcepi 3eprrenni. Harpuii
onearsl MeH TBHH-80 cynsl epitinaiiepi (10-5-
10-1 monb/n) paiteiaaanael. Op BA3-abIH acepin
Oarayiay YIIIH oylap aJJbIMEH XeKe-)KeKe 3epT-
tenai. Hotmxkenep kepceTkeHiel, HaTpuii onea-
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THIHBIH 10-1 MOJIB/T KOHIIEHTPAIUSCHI IMYIIbCHS
TYPaKTBUIBIFBIH OiplliamMa apTTHIPAbI KOHE eMip
CYPY YakbIThl 45 MuH-Ka keTTi. beitnonast BA3
TBuH-80-HIH dMyIbCUsl TYPAKTHUIBIFBIHA 9CEPIH
3eprTey yumiH 10-5-10-1Monb/1 KOHIIEHTpAIHs-
Japbl JadbIHOANBIN, OPKAHCHICHIHA >KEKe-KeKe
3eprTey Kyprizinai. 10-1xone 10-2M0nb/1 KOH-
HEHTPALUSIAPbl €H THUIMII HOTHXKE KOPCETTI —
AMYIIBCUSIIAPIBIH OMip cypy YakbIThl 45tan 60
JeiiH oCTi.

300. 600. 900. 1200. 1500. 1800. 2100. 2400. 2700. 3000. 3300. 3600. 3P0y ¢

3 — cypem. Teun-80 (0, 1monv/n) + nampuii oneamol
KOMNO3UYUATAPDL KATNBICHIHOAEbL IMYTbCUALAPOLIY OY3bLIYbIHbIH
KUHEeMUKAlblK, KUCBIKmMAapbl
Hatpuii oneaTbIHBIH KOHIIEHTpAIHSIIAPHL:
1-10-5momnb/m; 2-10-4momb/i1; 3-10-3M0b/11;
4-10-2momnb/1; 5-10-1Mo0nb/1

DOMYNBCUSHBIH TYPAKTHUIBIFBIH OJIaH apbl
Kapail apTThIPBIN, HAKTHl HOTHXKETE KO JKETKi3y
YIIiH HaTpuii oneatsl MeH TBHUH-80-HIH KOMIIO-
SULUSIIAPB] AAUBIHAANIBL. BipiHII KOMIO3HIIHS
Hatpuii oneatsl 0,1Monb/n xoHe TBUH-80-HIH
OpTYp:i KOHIIEHTPAIMSChIHAH, aJl €KIHIII KOMIIO-
sunus kepicinme TBuH-80 0,1Monb/n xKoHE Ha-
TPHI OJ€aTHIHBIH OPKHUIIbI KOHIIEHTPALIUsCHIHAH
TYpabl.

AnpiHFaH MoHAEp OOWBIHIIA HOTHXKEIEepIl
CaJBICTBIPATHIH OOJICAK, EKIHII KOMITO3UIIUS
aliTapibIKTail alKbIH TUIMII HOTIOKE Oepai. Erep
xeke BA3-1bI eHT13reH/1e, SMYIIbCHUSIIAPAbIH OMip
CYPY YakbIThI 45-50 MHH-Ka y3apca, KOMITO3UIIUS
eHrizressie 60-65 MUH-Ka eiiH apTThI.

CanpicThIpManbl  Typae 4-cyperre Keke
BA3-nmapasiH jkoHE OH HOTHKE KOPCETKEH KOM-
MO3UIUSITAPABIH SMYIbCUSHBIH TYPAKTHUIBIFbIHA
ocepi KOPCETUITeH.
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4 — cypem. OcimOix maiivl/cy SMYIbCUANAPLL OY3bLIYLIHBIY KUHE-
MUKATBIK KUCLIKINADbL
1-natpuii onearsl; 2-TBuH-80; 3-Harpuii
oneatsl (0,1momnw/n) + TBuu-80 (0,1MombB/1);
4-Tun-80 (0,1Momnb/T) +HATpHIA ONEaThI
(0,01momnb/m)

4500
4000

3500

3000 -
2500 -
2000 -
1500 -
1000 -
500 -
0 - : e
L 2. 3. a.

5 — cypem. Dmynvcusnapoviy omip cypy yaKwimol
1- 6:4, 2 - Harpuii onearsl, 3 - TBun-80, 4 -
Harpuii onearsi+Tun-80

B OMyIbCHATAPABIE OMIp
CYPY Y3AKTbIFbI

AJBIHFaH HOTHXKeNepi OOWbIHIIA eMip cypy
yakbIThl ecentenai. Hortmxenep amarpammana
KepceTireH (5-cyper). EH eHIMI1I HOTHXKEeH] KOM-
NO3ULIUSTIAP KOPCETTI. DMYIbCHS TYPaKThUIBIFbI
OoiibIHINIA ONap/bl Kejlecl Karapra Korora Ooia-
nel: Harpuit oneats! < TBuH-80 < HaTpuii oaearsl
(0,1 monw/m) +TBuH-80 < TBUH-80+HaTpHUii Oe-
arel (0,1 Momnb/m.

KopsbIThIHABI

3epTTey HOTHXKECIHIE OCIMAIK/Maibl cCy
AMYJBCHUSIIAPbl  AJIBIHBIN, OJIAPJBIH TYPaKThI-
JbIFbIHA aHUOHABI BA3 jxoHe OelinoHChI3 Oet-
TIK-aKTHBTI 3aTTap MEH OJIapJblH KOMITO3HIIH-
AJApBIHBIH ocepl, COHJai-ak oJapAblH eMip
CYPY YakbITHI 3epTTesni. Taburarsl opTypmni BA3
KOCHaJlapbIMeH  TYpaKTaHIBIPbUIFAH  Mai-cy
AMYJIBCHUSIIAPBIHBIH HET13T1 KOJUIOMIATHI- XUMUS-
JBIK 3aHJIBUIBIKTAphl aHBIKTANAbl. TaHjmanraH
AMYIBCHUSI TYPAaKTBUIBIFbIHA Keke BA3-mapabig
JKOHE OJIApJbIH KOMITO3UIMSAJIAPBIHBIH  dcepi
seprrengi. JXKexke BA3-n1bl eHrisrenze, sMynbcu-
STapAbIH eMip Cypy yakbIThl 45-50 MuH-Ka y3ap-
ca, KOMIIO3UIMS eHrisrenae 60-65 MUH-Ka Ieiin
apTThl. OCIMJIIK Maiibl / Cy IMYIbCHACHIHA )KAKChI
TypakTaHbIprbill ocep Tween-80 xone 1:1 ka-
TeIHacTarbl Tween-80 sxoHe HaTpuUil oNeaThbIHBIH
KOMIO3HLIUSACHI KOPCETTI.
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CJOKHO-CMEIIAHHBIE NPK-YIOBPEHUSI HA OCHOBE AMMUAYHOM
CEJIUTPBI, POC®OPUTHOMN MYKH U XJIOPUJA KAJIUS

KBIJIBIPAJIMEBA A.', BECTEPEKOB Y., IETPOITABJIOBCKUI N2,
BOJIBICBEK A.!

"FOoxcno-Kaszaxcmanckuil 2ocyoapcmeenmwiil ynusepcumem umenu M. Ayszosea
?Poccutickutl xumuko-mexnonocuueckutl ynusepcumem umenu /1. M. Menoeneesa

Annomayun: Ilpusedenvt pesynomamvl UCCIE008AHUL NO  NOAYUEHUIO  CLONCHO-CMEULAHHBIX
NPK-yoobpenuii. 3adauu ucciedo8anull peuieHvl ¢ UCHOIb308AHUEM PACMBOPA AMMUAYHOLU Celu-
Mpbl, COCMAB U CEOUCMBA KOMOPO2O UOEHMUYHbL XAPAKMEPUCMUKAM MEXHOI02UUECKO20 PACHEO-
pa, npoweduie2o nepeyio CMmyneHv 8blNapKu Oeticmeyiowezo npouzsoocmed. Hayuno-npuxiaouas
3HAUUMOCTb PabOMbL 3AKII0UAEMCs 8 MOM, YMO Yelegble 3a0ayu UCCIe008aHUL 00CMUAIOMCs npu
coOM00eHUU HOPMAMUBHBIX MEXHONOSULECKUX PEHCUMO8 CMAOUll NePeUYH020 YNApUSanus, nocie-
OVIOWUX — CYWIKU U PAHYIAYUU NPOU3BOOCMEA AMMUAYUHOU cenumpbl. Hcxoonas cycnensuoHnas
cmech mpebyemo2o Kauecmea u cocmasd 20mosuiach Ha OCHOBe pacmeopd aMMUAYHOU Cenumpbl
npoussoocmea AO «KazAzomy» nymem 0obasnenus 6 He2o pacyemuvbix Macc hocgopumnou myKu
npoussoocmea TOO «Temup Cepsucy, kanuegou conu — X10puoa Kaaius u OONOITHUMENbHBIX MUHe-
PANbHLIX 000ABOK — CYIbGDAMO8 AMMOHUA U dcele3d. B pezyibmame ynapuganus, CywKu, epanyiayuu
U OXNIAXHCOEHUsL CYCNEH3UOHHOU cMeCU NOYYANU Yelesble NPOOYKmblL ¢ mpedyemMbiM COOMHOUEHUEM
numamenvbHovix eujecms 6 ux cocmase. lIlonyuennvie 0bpasyvl npoOYyKmMo8 no06epeanucy Xumuye-
CKUM U PUUKO-XUMUUECKUM aHATU3AM. 3yueHo enusHue yOeibHbIX pacxo008 AMMUAYHOU Cenumpbl,
Gocpopumnoii Myku u Xaopuoa Kaius Ha COOMHOUWEHUSI NUMAMENbHBIX INEMEHMO8 MeMOOOM pPO-
momaoenbHo20 NAAHUPOBAHUA-MOOEIUPOBAHUS C NOIYYEHUEeM A0EeK8AMHO20 YPAGHEHUs Pecpeccul.
Yemanosneno, umo nosvie NPK-cocmaswl npedcmagnsaiom co6oti cmabuiu3uposanuvie KOMNieKc-
Hble YOoOpumenbHvle KOMRO3UYULU, ¢ 00UUM COOEepAHCAHUEM a30ma, NAMUOKUCU (ocgopa u oKucu
kanus om 28% 0o 30%. B ux cocmage cooepocamcs makaice cepa, Kaubyul, MacHuil, dicene3o, Ho-
8ble NPOOYKMbl YEHHOU YO0OpumenvHoul 3Havumocmu. Beisacueno, umo nonyuennvie Hogvle NPK-co-
CcMasvl NO OCHOBHLIM (PUIUKO-XUMUYECKUM NOKA3AMENIM U NOMPeOUMenNbCKUM C80UCMEAM omee-
4aom co8PeMeHHbIM HOPMAMUBHBIM MPeDOBAHUAM, NPEOBLABIAEMbIM K YOOOPUMENbHOU NPOOYKYUU.
IIpakmuueckas peanuzayus pe3ynomamos pabomsi NO3601UM YNPOCMUMb MPAOUYUOHHYIO MeEXHO-
JI02UI0 NPOU3BOOCMBA AMMUAYHOU CETUMPDI, Nepesecmu ee Ha BbINYCK CIONCHO-CMEUAHHBIX KOM-
nnexcHvix NPK-yoobpenuii ¢ ynyuueHHbiMu acpoxumMudecKum U nompeoumenbCKUMy cOUCMEamu.

Knrouesvie cnosa: ammuaunas cenumpa, ¢pocghopumuas myka, xaopud xanus, NPK-yooopenus,
nompeobumenbcKue ceolcmaa

AMMUJAK CEJUTPACHI, @OCO®OPUTTI YH KOHE KAJINIT XJTOPHUAI
HET'BIHJAETT KYPAEJI-APAJIAC NPK-TBIHAWTKBIILITAP

Anoamna: Kypoeni apanac NPK-muiyaimgsiuumapost any 60ubiHuia 3epmmey Homudiceiepi Kej-
mipineen. 3epmmey MinOemmepi KYpamvl MeH Kdacuemmepi JHCYMbIC icmen mYpeaw 6HOIpicmiy
OIpinwi OyNaHy CamvlCblHAH OMKEH MEeXHONOSUANLIK epimIHOIHIY CUNAMMAMALAPbIHA CIUKeC aM-
MUAK Cenumpacsvt epimindicin naudaiana omvipvin wiewinodi. Kymvicmoly bLIbIMU-KOLOAHOATbL
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Maybi30bLIbIRbL 3epmme)0iy MaKcammsl MIHOemmepiHiy aMMUAK CeNUmpacsvl 6HOIpicinoe2i OipiHuLi
OYNanowIpy, 00an apbl — Kenmipy HcoHe Myuipuixmey camvlilapblHbly HOPMAMUSMIK MEXHON02U-
ANLIK MapMInmepin caxmati omvlpbln wiewinyinoe. Kaosicemmi cananvl dcoHe Kypamovl Oacmankvl
cycnensusnvlk Kocna «KazAzomy» AK 6HOipiciniy aMmuax cenumpacsl epiminoiciniy He2izinoe, 02aH
«Temip Cepeucy JKIIC enoipiciniy ghocghopum YHviHbIH, KanUll X10pUOL MEH KOCLIMULA MUHEPanObl
KOCNanap — amMmMOHUll MeH memip cylb@ammapblHbly ecenmix MAaccaiapbii Kocy apKblibl OaliblH-
o0anovl. CycnensusnvlK Kocnamsl 0YyI1anoulpy, Kenmipy, myuipulikmey s#cane CaikblHOamy Hamuice-
Jiepinode onapovly KYpamblHOA2bl KOPeKmiK 3ammapobly apakamvlHACLl MAalankd Calukec mMakcam-
mbl OHIMOEp anbiHObl. EHOI 0cbl 6HIM Yacinepine XUMUALLIK HCIHE DUUKANBIK-XUMUSALLIK MAI0AY
AHCYp2i3inoi. Ammuaxmoel cenumparviy, ocghopum YHuIHGIE JHcoHe Kaaull XAIOPUOIHIH MeHULIKmI
UBIRBIHOAPBIHGIY OHIMOepOe2ci KOpeKmIiK ieMeHmmepoiy apakamvlHaCblHa acepi pomomaodensoi
arcocnapnay — mooenvoey 20icimen 3epmmeiin, pecpeccusnvly dapabap menoeyi anvinowvl. Kana
NPK enimoepi kypamvinoa sxcamnwvt azom, ocghopoviy bec momwviabl HcaHe KAIull Mmomulebl MoJ-
wepnepi 28%-0an 30%-2a scememin mypaxmanobipblIeaH KeuleHOl MulHaAumKbIUmslK KYpamoac-
muikmap exeri anvikmanovl. Convimer Kamap onapovly KYpaMblHOA KYKipm, Kalbyuil, MAcHUl,
memip JicoHe KYHObl MulHAUMKbIUWMbIK MAaHbI30bl Jdcana eHimoep 6ap. Amanzan NPK kypamowl
OHIMOepOiy Hezi3el (DUIUKA-XUMUSTILIK JHCOHE MYMBIHYUbLLILIK Kacuemmepi OOUbIHUWA MblHAll-
MKBIUMbLK, OHIMOEp2e KOCIIAMbIH 3aMAHAYU MAaianmapaa caukec Keilemini aukpliHoanovl. Kymvic
Hamudicenepin ic-magicipubeze eHeizy amMMUaK CetumpacvlH 6HOIPYOiy 02CMYpili MexXHOL02UACHIH
Jcenindemyee, OHbl ACPOXUMUSIBIK JHCIHE MYMBIHYUBLIbIK KACUemmepi HcaKxcapmuliean Kypoei
apanac munmi kewernoi NPK muiyaumgviumapsin oHOipyee ayblcmulpyea MYMKIHOIK 0Oepeoi.

Tyiiinoi ce3zoep: ammuax cenumpacol, gocopum yuel, xanuti xaopudi, NPK-muinarimxsiumap,
MYMBIHYUBLIBIK Kacuemmepi

DIFFICULT-MIXED NPK-FERTILIZERS BASED ON AMMONIUM NITRATE,
PHOSPHOROUS FLOUR AND POTASSIUM CHLORIDE

Abstract: The results of studies on obtaining difficult-mixed NPK-fertilizers. The research tasks
were solved with the use of ammonium nitrate solution, the composition and properties of which
are identical to the characteristics of the process solution, which passed the first stage of residue
of the current production. The scientific and applied significance of the work lies in the fact that the
research objectives are achieved in compliance with the regulatory technological regimes of the
stages of primary evaporation, subsequent drying and granulation of ammonium nitrate production.
The initial suspension mixture of the required quality and composition was prepared on the basis
of a solution of ammonium nitrate produced by JSC «KazAzoty, by adding to it the calculated
masses of phosphorus flour produced by LLP «Temir Servicey, potassium salt-potassium chloride
and additional mineral additives-ammonium and iron sulfates. As a result of evaporation, drying,
granulation and cooling of the suspension mixture, the target products with the required ratio of
nutrients in their composition were obtained. The obtained product samples were subjected to
chemical and physico-chemical analyses. The influence of specific consumption of ammonium nitrate,
phosphorous flour and potassium chloride on the ratio of nutrients by rototable planning-modeling
to obtain an adequate regression equation was studied. It was found that the new NPK compositions
are stabilized complex fertilizer compositions, with a total content of nitrogen, phosphorus pentoxide
and potassium oxide from 28% to 30%. They also contain sulfur, calcium, magnesium, iron, new
products of valuable fertilizing significance. It was found out that the received new NPK compositions
on the basic physical and chemical indicators and consumer properties meet the modern normative
requirements to fertilizing production. The practical implementation of the results of the work will
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simplify the traditional technology of production of ammonium nitrate, translate it into the production
of difficult-mixed complex fertilizers with improved agrochemical and consumer properties.

Key words: ammonium nitrate, Phosphorus flour, Potassium chloride, NPK-fertilizers, Consumer

properties

Beenenue

Iupokoe npUMEHEHHE AMMMAYHOM CEIu-
TPBl B CEIIBCKOM XO3SHCTBE OOYCIIOBICHO ee
YHUBEPCAIBHOCTBIO. BMecTe ¢ TeM amMMHadHast
cenutpa (AC) npeacrapusieT coO0H OKHCITUTEND,
CHOCOOHBIN mMojiepkuBarh ropenue. [log Bo3-
JIeMCTBHEM HEKOTOPHIX BHEIIHUX (PAKTOPOB OHA
MokeT jaertonupoBarh [1,2]. OOycnoBneHHBIC
THUM CBONCTBOM aMMHUAUHOH CEIUTPBl UMENN
MECTO B3pbIBBI Ha CKJIaJaX XMMHUYECKHUX INpea-
npuATUl  OpaHUKM,COCTOIIACh CEPUSL TEPPO-
puctuueckux aktoB B fOro-Boctounoit Asuu u
Poccun. BenenctBue 3TOro ObLIM y>KECTOUEHBI
TpeOOBaHuUs, KaK K Ka4yeCTBY, TaK U K YCIOBHIM
e€¢ xpanenus [3]. Ilepen mpousBoguTensiMu ee
ObUTH TIOCTAaBJICHBI 3314l MO OOECTICYCHHIO
nepeBojJia UX Ha BhIMycK Ha 6aze AC crabuim-
3MPOBAaHHBIX yAOOpEHM, OAHUM M3 Hauboiee
arpoOXMMHYECKON BaKHOW 3HAUMMOCTH KOTOPBIX
spisitorcss NPK-ynoOpenus.

Ha ceromHs yxe umeeTcss A0CTAaTOYHbBIN
ONBIT MPAKTUYECKOM peanu3anuy MoJ00HbBIX
3ajad. Pa3paboTaH psii TEXHOJIOTMYECKUX pe-
meHuit mo mnonydenuto NPK ynoOpurenbHbIX
COCTaBOB Ha OCHOBE a30T-, (ocdop-, Kamuii-
cofiepKalux TBepAo(da3HbIX, KHUIKO(A3HBIX U
CMEIIAHHBIX UCXOHBIX BEUIECTB, MPEACTABIISIO-
IIUX COOOM IesIeBbIe MPOAYKTHI WM ChIPhEBBIC
MaTepHalibl OTPACIIEBBIX MPEANPUATUN XUMHUYE-
CKUM POMBILJIEHHOCTH. B 3HaUUTENBHOMN YacTH
noA00HBIX pa3paboToOK, MUHEpaibHOEe (ocdar-
HOE ChIphE TO/IBEPTaeTcsi KUCIOTHOM 00paboTke
OJJTHUM U3 MUHEPAJIbHBIX KHCIIOT WU UX CMECBIO
¢ o0pa3oBaHHEM CYCIIEH3MOHHOW BBITSKKH, B
KOTOPYIO B JajJbHEHIIEM 100aBIISETCS XJIOPHU]
Kanus. B mociencTeum nomyueHHas CMeCh B IIpU
CYTCTBMM pETypa MOABEPracTcsl IpaHyssALUNd U
CYLIKE C IOJYYEHUEM TOTOBOTO KOMILJIEKCHOTO
ynoopenust [4-6]. Takxke U3BECTHO TOCTaTOYHO
OO0JIBIIIOE MHOXKECTBO HOBBIX PELICHU MO MOy~
yeHuto NPK-ynoOpenuii Ha ocHoBe aMMOHM3a-
IUMHUTPATHO-(POCPaTHOTO pacTBOpaA, MPEACTaB-

JSIoIIero  coboil MPOIYKT a30THO-KHUCIOTHOTO
paznoxenus pocdaTrHOTo CHIPhS, TyTEM BhITAPU-
BaHMSI KOTOPOTO MOJIy4YarOT OAHOPOJHBIN CILIaB.
B pesynprare nanpHedmen Trpa”HyiIsilAA €ro B
MIPUCYTCTBUU KaJMWHOW COCTABISIONIEH IOJY-
qgaroT NPK-yno6penue [7-9]. U3BecteHn psif pas-
paboTOK, OTIMUUTENBHAS 0COOEHHOCTh KOTOPBIX
OT BBIIICONMCAHHBIX 3aKIIIOYAETCS B TOM, YTO
U3 MPOAYKTa a30THO-KHCIOTHOTO Pa3oKEHUs
dochaTHOTO CBIPS OTAETSIOTCS HEPACTBOPHU-
MbI€ IPUMECH U HUTpar Kanblusa. OcTaBLInics
HUTpaTHO-(hochaTHBIN PacTBOP MOAMUTHIBACTCS
dbochopHOI KUCTOTON UM aMMHUAKOM, CMEIIIN-
BAETCS C PACTBOPOM KAIMHNHOM COCTABIISIIOLLEH,
MO/IBEPraeTcsl BBIMAPUBAHUIO C MOCIEAYIOLIUM
rpanynupoBanuem [10-21]. B psne pabor [22]
YKa3bIBAIOT HA PEaJbHYI0 BO3MOXKHOCTH MOJY-
yeHuss NPK-ynoOpenuil myrem HeWTpamu3anuu
cmecu (ochopHON U a30THOM KHCIOT aMMHa-
KOM, TOCJEAYIOIIMM TOJyYeHHEM CIUIaBa BbI-
MapuBaHUEM, JaJbHEHIIUM CMELIEHHUEM €ro ¢
COJISIMM KaJIus U TpaHyJsiuen. B oTaenbHbIX pa-
6otax [23-30] ycranosneHno, uro NPK-ynoOpe-
HUSL MOTYT OBITh MOTYYEHBI HA OCHOBE aMMOQO-
ca, kapbamuaa, aMMHAYHON CENUTPBI, CylIbdar
aMmMoHus, (hoc(haTHOTO CBHIPBS, IKCTPAKIIMOHHON
docdopuoit kucnoter [31,32] nuammodoca [33]
U KaJIUHHOM COCTaBJISIONIEH, Iie a30THBIE CO-
CTaBJISFOIINAE MOTYT OBITh UCIIOIB30BAHBI B BUJIE
pacTBOpOB, CIUIaBa WM TyKocMmeced. Bmecre ¢
TEM CJIeTyeT OTMETUTD, UTO U3BECTHBIE HA CETO/I-
Hs pa3pabOTKH 1Mo crioco0aM U METO/IaM MoTyde-
Hust NPK-yno6penuii Ha TaHHOM 3Tare B OCHOB-
HOM TIPEJCTABJICHBI KaK MpeAMeT M300peTeHHi
WM Pe3yNbTaThl TAOOPATOPHBIX, W JIUIIL B OT-
JIENbHBIX CIy4astX — MPOU3BOJICTBEHHBIX OIBIT-
HO-TIPOMBIIIJIEHHBIX KCNbITaHUNH. HeMHoroumc-
JIEHHBIE CBEICHMSI O BHEIAPEHHBIX B MPAKTHKY
MIPOU3BOICTBEHHOM JEATEIbHOCTH OTPACIEBBIX
npennpusituii  Poccun  [34-36], VY30ekucrana
[37,38] u paa Apyrux cTpaH TEXHOJIOTUAX IPO-
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u3BoncTBa NPK-ynoOpenuii cBUIETEIbCTBYIOT
O TOM, YTO OHM pabOTaIOT HEPEHTAOEIBHO H3-32
CJIO)KHOCTH, MHOTOCTaIMHHOCTH, TPOMO3JKOCTH
TEXHOJIOTH, TOPOTOBU3HBI CIIOIB3yEMBIX KOM-
MO3HUIIMOHHBIX COCTABISIONINX, 00pa30BaHU OT-
XOJI0B IPOM3BOJICTBA U T.II.

Takum 00pa3oM, Ha CEroJHs, MPaKTHUECKU
MIOBCEMECTHO, Tepe]l MPOU3BOAUTENSIMHU BasKHEH-
el yroOpuTenbHON MPOIYKIMY — aMMHAYHOM
CEJIUTPBI BCE €I11Ie CTOAT aKTyaJbHEHIIe BOMpO-
CBl, TpeOYIOIIEe CBOEBPEMEHHOTO M JIOJKHOTO
MPAKTUYECKOTO PELIeHUs, KOTOpble 00yCIOBIe-
Hbl OCTPOH HEOOXOIMMOCTBIO TOBBILICHUS €€
NOTPEOUTENBCKUX U arpOXMMHMUYECKUX CBOMCTB
3a CYET UCKIIOUYEHHUS €€ B3PhIBO U OTHEOINACHO-
CTHU IIPU COXPAHEHUHU €€ OCHOBHBIX (PU3MKO-XU-
MHYECKHX CBOWCTB HAa YpPOBHE JEHCTBYIOIIUX
HOPMAaTUBHBIX TPeOOBaHUN K YHOOPHUTEIBHOTO
Ha3HAYCHUS IPOTYKIIHH.

B Pecnyonuke Kazaxcran AO «KazAzor»
ABISIETCS  €JMHCTBEHHBIM  HIPEANPHITHEM,
KOTOPBIH OCYIIECTBIIIET BBITYCK M IOCTAaBKY
Ha PBIHOK aMMHAYHON CEIUTPhl — Ba)XXHOTO
yA0OpUTENIBHOrO MpoAyKTa. I[IpuMeHuTeNnbHO
K pEIIeHUIO BBIIIE OTMEYEHHOM  0c000
aKTyaJIbHOW /ISl TAaHHOTO MPOM3BOJICTBA 33/1a41
[0 YIYYIICHUIO arpoOXMMHUYECKOH IEHHOCTH
U TIOBBIIICHUIO TOTPEOUTENBCKUX  KadecTB
aMMMa4YHOM CEJIMTPBl YCIEIIHO MOTYT OBITh
HCTIOJIb30BaHbl COOCTBEHHBIE CHIPHEBBIE 3aIACHI
docoarabix pyn Pecrmybnmuku Kazaxcran. Kak
u3BectHo, Pecnybnuka Kazaxcran mo 3amacam
docharHOro CHIpbA SABIAETCA KpyMHEHIIeH
ceIpbeBoOit 0a30it EBpaszuu [39,40]. 3naunTensHas
yacTh (hocdarnoro ceipbsi PK nepepabarsiBaeTcs
Ha GocdoputHyro MyKy. Beimyck docdoputHoii
MyKkd B o0beme 200 ThIC. T. B TOJ HaJakeH Ha
TOO «Temup CepBuc» B TI. AKTIOOMHCKE,
paboratomiem Ha Unnucaiickom pochopute [41].
PecnyOonmuka Kaszaxcran pacrnojaraer Takxke
JOCTAaTOYHBIM 3aIlacOM KaJMEBBIX MUHEPAJIOB B
BUJIE MPUPOJHOTO XJIOpHUJa Kaslus, CUIbBUHHUTA
U KapHauuTa B AKTIOOMHCKON — oOsacTu
(Kunsnackoe, Yenkap u Carumona), a Takxke
cBpiie 2500 o3ep BBICOKOMMHEpAIM30BAHHBIX
COJIEHbIX BOA [42,43].

CornacHO NMPakTUYECKUM JaHHBIM PaOOTHI
JeMCTBYIOLIETO MPOU3BOICTBA AaMMHAYHOM CEu-
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Tpbl AO «Ka3zA30T», pacTBOp aMMHUaYyHON Ceu-
TpBI, HOTy4yaeMblii B ammoHu3arope tuna CAU,
B pe3yJIbTaTe HEUTpaIu3aluy a30THOW KHUCIIOTBI
aMMMaKoM IoJ] BakyymoM, umeeT pH He Gonee
2, ¥ KOHLEHTpauuto nopsaka 62-64%. Jlanuslii
pacTBOp B MOCJIENYIOLIEM HaIIPaBIIAETCs Ha Mep-
BUYHYIO BBINApKy B ycioBusx Bakyyma 0.2-0.3
aTM., U npu Temneparype nopsaka 110°C ero
KOHIIEHTpalusi nossimaerca g0 71% [44,45].
31ech, B CUIIy 4YaCTMYHOTO PA3JIOKEHUS aMMHU-
aUHOW CENUTPbl HA MCXOJHBIE KOMIIOHEHTHI U
IPEUMYIIECTBEHHOTO YHOCA, 00pa30BaBIIETOC
IIPY 3TOM aMMHMAKa C OTXOJALIMMHM ra3aMH, yma-
PEHHBIN PacTBOP COXPAHSIET KUCIIOTHBIE CBOM-
ctBa. Ha ceronHs B nuTepaTypHbIX HCTOYHHMKAX
OTCYTCTBYIOT CBEACHMSI IO HCIIOJIb30BaHUIO
JTAHHOTO TOAKHUCIIEHHOTO PAacTBOpa aMMHAYyHOM
CEJIMUTPhl B KA4ECTBE HCXOAHOIO COCTaBa JUIs
nonydyenuss NPK-ynoOpenuii Ha ocHOBe aMMu-
a4yHOM ceTuTphl, PocHOpUTHON MYKH U XJIOpUIA
KaJlus, OTIMYUTEIbHAs OCOOEHHOCTh KOTOPBIX
OT aMMHAYHOM CEJIUTPBI 3aKIIIOYAETCsl B UX IO-
BBIIIEHHOM arpOXMMUYECKON LIEHHOCTH, a TAKXKe
B [TOJTHOW 0€30IM1aCHOCTH UX YCIIOBHM XpaHEHHUS,
TPaHCIIOPTUPOBKH U noTpednenus. [loatomy mo-
CTaHOBKA JIa0OPaTOPHBIX HCCIIEAOBAHHM IO T10-
ay4yenuto NPK-ynoOpenuit Ha ocHOBE pacTBopa
aMMHa4YHOW CEJUTPBI, 110 COCTaBy M CBOWCTBAM
UJCHTUYHOTO XapaKTEPUCTUKAM TEXHOJIOTnYe-
CKOTO PpacTBOpa, MOIY4aeMOIro MOCJIE IEPBOU
CTYIIEHU BBINIAPKU JEHCTBYIOLLETO IPOU3BOA-
CTBa aMMMAYHOU CeTUTPHI, HochHOPUTHON MyKH
U Hauboree JOCTYHNHOM Ha pbIHKE KaJIUeBOU
CONIM — XJIOpUJA Kajus, MOCIENYoIas OIbIT-
HO TIPOMBINIUIEHHAss OTpaboTKa HX pe3ynbTa-
TOB Ha NPOU3BOJCTBE aMMMAYHON cenuTpel AO
«Ka3A3or» mpexacraBnsger coboil akTyaJabHYIO
3ajauy.

MeToauka JKCIIEpUMEHTA

B skcnepuMeHTanbHBIX — YCIOBHSIX — HC-
ciaenoBanuid, BeIMOMHEHHBIX B HOKIY umenu
M. Ay»s30Ba, UCXOIHBIE COCTAaBbl — BOJIHO-aM-
MUAYHO-CEITUTPOBBIE PACTBOPHI TOTOBWIUCH HA
OCHOBE MPOAYKIIMOHHOW aMMHUAYHOU CETUTPBI
npousBoacTBa AO «Ka3zA301», KOHILIEHTpaluu
U TeMIlepaTypHble MapaMeTpbl KOTOPBIX COOT-
BCTCTBOBAJIM IIOKA3aTe/sIM TEXHOIOTHYCCKUX
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pacTBOpPOB JIEHCTBYIOLIEr0 IPOU3BOJACTBA aM-
MHUAYHOM CEIUTPHI, NOIYYAEMBIX I1OCIE NEPBOU
CTYIIEHU BbINIApKHU. B LeNIeBBIX HcCIen0BaHUAX
B KauecTBe (ochopconepxaiieit crabuimsupy-
Ioed MHHEpalbHOW J100aBKM HCIIOJIb30BaHA
dochopurnas myka npousBojactBa TOO «Te-
mup CepBuc», BblllyCKaeéMasi B COOTBETCTBUHU
¢ HopmaruBHbIMH TpeOoBanusimu CT. TOO
930640000252-01-2011, n kanuiicomepx aen
cojieBoil 100aBKM - Hambosee JOCTYNHBIH Ha
pPBIHKE KaJIMWHBIA MPOAYKT — XJIOPHUJA Kalus,
[0 KauyecTBY oOTBedarounii Tpeboanusm TY
2184-048-00203944-2014. B xauectBe 10MOI-
HUTEJIbHBIX MUHEPAIbHBIX J00ABOK — aHTHUCIIE-
KHUBATeJIed MPUMEHEHBI CylTb(aTbl aMMOHUS U
xkene3a 'OCToB 9097-82, 6981-94, ¢ ycpeaHnen-
HBIM PacXol0M Ha TOHHY LIEJIEBOTO IPOAYKTa B
npenenax 0,3%-1,0%. [lpu peanuzauuu ueie-
BBIX 3a/1a4 SKCIEPUMEHTAIBHBIX MCCIIEJOBAHUN
KQK/IbIM pa3 U3 pacyeTHOM MacChbl aMMHAYHOU
CEJIMTPbl U BOJBI TOTOBWICS HCXOOHBIA pac-
TBOp KOHIEHTpauui 64%-71% u temneparypsl
110°C-130°C. B npuroTtoBieHHBIA HCXOAHBIN
pacTBOp aMMMA4YHOM CEJIUTPBI BBOAMIIMCH pac-
YyeTHble Macchl (OCcHOPUTHOW MYKH, XJIOpUAA
KaJIusg U MHUHEPAJIbHBIX MOIU(PUIMPYIONUX J0-
0aBOK C TMOJlyYeHHEM CYCIEH3MOHHOW CMeCH
temneparypel  120°C-130°C, koHILEHTpaluu
83%-88%. IlomydeHHas CyClEH3MOHHas CMECh
IIPY MHTEHCUBHOM II€PEMEIINBAHUN B TEUECHUE
BpemeHn 20-40 MHHYT, TOCTaTOYHOM Ui IO-
Jy4eHHUsl LEJIEBOrO MpOayKTa TpebyeMoro Ka-
4yecTBa, NojJBepraiach ynapupanuto. [lomyden-
HBIA TPOIYKT IOCJE OXJIAXKACHUS U CYIIKH 10
KOHEYHOH MOCTOSHHOM BIIQ)KHOCTH MO/ABEpPraJics
XUMHUYECKUM M (PU3UKO-XUMHUECKUM HCClIe-
JnoBaHUAM. PacxonHbple HOpMBI aMMMA4YHOM ce-
JTUTPHI, HOCHOPUTHON MYKH M XJIOpHUIA Kaslus,
HeoOxonumble i noinydenus: NPK-yno6pennit
TpeOyeMOro COOTHOIICHUS YCTaHaBIMBAIUCH
pacueTHbIM IIyT€M IO BBIPAXXEHUSM BHJOB,
Tae: macca I10JTy4aeMOT0
NPK-ynobpenusi; ¢, d u f — oxumgaembie
conepxanus N, P.OK,O B nem, B %; a, b, €
U X, Y, Z COOTBETCTBEHHO, MacChl aMMHa4yHOU
CEJIMTPHI B €€ NCXOJHOM PACTBOPE KOHLIEHTPALIUN
64-71%, ¢pocdopuTHON MyKH XJIOpUAa Kalus

anoa —

n00aBinsieMO B HEro; COAEp)KaHUS a30Ta B
ammuaunoi cemurpe I'OCT 2-2013 u PO, B
docthopurnoit myke CT. TOO 930640000252-
01-2011 u B xnopune kanus o TY 2184-048-
00203944-2014, B %.

B nabGopaTopHbIX YCIOBUSAX MOMy4YeHbl 4
obpasua neneBbix npoaykroB NPK-coctaBos.
Pesynbrarel  1a00paTOpHBIX — HUCCIEIOBAHUIMA
MPOILIN UCIBITAaHUS HA ONBITHOM Y4acTKe Jieii-
CTBYIOLLETO IIPOM3BOICTBA AaMMHUAUHOM CEIUTPBI
AO «Ka3zAzot», riae Ha AeiCTBYIOIIEH MOJEb-
HOM YCTaHOBKE, COCTOSIIIEN U3 y3/1a IPUTOTOBJIE-
HUSI UCXOJJHOTO PacTBOpa aMMUAUYHOW CENIUTPBI,
CYCIIEH3MOHHOW CMECH, a TaK)Ke y3ja CYUIKU U
rpanynsanun. [IpurotoBieHHas B COOTBETCTBHH C
yKa3aHHBIMH BBILIE PEXUMHBIMHM TapaMeTpamu
10 KOHUEHTPALUU U TEMIEPATYpPe CyCHEH3UOH-
Hasi CMECh B PEAKTOpE y3ja MPUTOTOBIEHUS UC-
XOJITHOM CMECH MHTEHCUBHO IEPEMELINBAIACh,B
peaxkTop TMojaBajach pacueTHas Macca MOJH-
¢unmpyronmx no6aBok. KoHueHTpupoBaHHas
TakuM 00pa3oM CYyCIIEH3MOHHas CMECh jajee
nojiaBajach Ha (OpcyHKU OapabaHa rpaHyJIsATO-
pa-CyLIMIKY TPeBapUTENILHO 3arpyKEHHOr0 pe-
TypoM. B Gapabane rpanyisTope-CylmiKe Mmpu
temneparype 160°C-170°C B mpssMOTOYHOM IO-
TOKE CYUIMJIBHOTO areHTa 00pa30BajuCh IpaHy-
JIBI 1IEJIEBOTO IIPOIYKTA, KOTOPBIE BIIOCIIEICTBUH,
10 BBIXOY M3 OapabaHa, HOABEprajIuch paszene-
HUIO 10 (paKLUsAM Ha TPOXOTAX U OXJIAKICHHIO.
[TponykiroHHast yacTh IpaHyll ¢ pazmepamu 2-4
MM coOupasnach B COOpHUKE TOTOBOM MPOTYKIUH
U nozBepraigach QacoBke. [ paHynsl ¢ pa3mepa-
MU MeHee 2 MM H 0ojiee 5 MM, COOTBETCTBEHHO,
BO3BpALIAJIUCh B OapabaH TpaHyIsATOPA-CYIINI-
KA HalpsMyl0 MU T0CJE TNpeIBAPUTEIHHOTO
napoOnenus B qpoduike. B pesynabsrare onbITHO-
MIPOM3BOJICTBEHHBIX HCIIBITAHUI TONyueHbl 2
oOpa3na neneBbix NPK-ynobpenuii ¢ obmeit To-
BapHOI1 Maccoit 500 Kr, r1e COOTHOLIEHUS MUTa-
TEJIbHBIX JIEMEHTOB N:P20506m,: K,O, raxxe kaxk
Ha JlabopaTopHbIX oOpasiax cocraBmwiu 10:9:9;
16:7:7.

AHanu3 cocrtaBa M CBOWCTB IOJyYEHHBIX
yaoOpeHuii  MPOBOAWIICA IO  METOIUKaM,
NIPUBEJACHHBIM B HOPMAaTHBHOM JOKyMEHTAaIH
Ha yI0O0peHus:
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- conepxkanue azora oomero—mo OCT 30181.6-
94,

- COZIEpKaHUS P20506m; PZO
20851.2-75;

- conepkanue K,O —mo I'OCT 20851.3-93;

- copepxkanue Bnaru — o I'OCT 20851.4;

- cTarudeckas npodHocTh rpanyn — no ['OCT
21560.2-82;

-pH — 1o 'OCT 26423-85.

Jnist 9TUX 1esei Takxke ObLUTH HCII0Ib30BaHbI
($U3NKO-XUMUYECKHE METOAbl HCCIIEIOBaHUMI:
MUKPOCTPYKTYPHBII aHaJIN3 Ha PACTPOBOM JIEK-
TpoHHOM MuKpockone JEOL, mapku JSM6490
LV, UK-cnekTpockonn4ecKknuii aHajau3 Ha CIIEK-

PO

Sycs’ 27 5B/

, 1o T'OCT

tpodoromerpe ShimadzulRPrestige-21, mapku
SPECORD 75 IR ¢ mpucraBkoil HapylIEHHO-
ro moysHoro BHyTpeHHero orpaxkenus (HIIBO)
Miracle pupmsl PikeTechnologies, paGotatomiem
B oOnactu quanasoHa gactot 600-4000 cm'.

Pe3yabrarsl u UX 00CyxK/1eHHE

Pesynbrarel u3y4eHuil U COACPIKaHUN ITUTa-
TEJIbHBIX 3JIEMEHTOB B COCTABE MOJYYEHHBIX 00-
Pa3LOB LEIEBbIX IPOIYKTOB, a TAKXKE UX OXKUJA-
eMbIe pacyeTHbIC 3HAUEHHsI IPUBEICHBI B TA0IH-
ne 1. U3 ganneix Tabnuuel 1 crienyert, 4To 3a€ch
HaOI0AaeTcsl JOCTATOYHO YAOBIETBOPUTEIbHAS
CXOIUMOCTb.

Tadnmunma 1 — PacyeTHble oOKMIaeMble M JIKCIEPHMEHTAJbHBbIC 3HAYEHHS COAEPKAHUI
MUTATEJIbHBIX JIEMEHTOB B 1[€JIEBBIX POAYKTAX U UX COOTHOLICHHUS

Ne Conep:xaHue NUTaTeIbHBIX BenlecTB, | ConepiaHue MUTATEIbHbBIX BELIECTB, PacxoxxneHue pacueTHbIX 1
n/n B NPK npoxykrax o pacuery, macc. B NPK npoxykrax 1o 3KCIepUMEHTY, JKCIIEPUMEHTAIILHBIX PE3YIIBLTATOB,
% macc. % B %
N’ P205 obm KZO N’ PZOS o6 KZO N’ PZOS o6 KZO
1 10,0 9,0 9,0 9,57 9,74 8,65 -0,43 +0,74 -0,35
2 15,0 7,5 7,5 14,68 8,00 7,20 -0,32 +0,50 -0,30
3 16,0 7,0 7,0 15,96 6,75 6,65 -0,04 -0,25 -0,35
4 18,0 6,0 6,0 17,82 5,98 5,75 -0,18 -0,02 -0,25
PeSYJ'ILTaTLI XUMHNYCCKUX I/ICCJ'ICILOBaHI/Iﬁ COACPIKAHUC IIUTATCIBbHBIX DJJICMCHTOB B HHX

cocraBa U CBOMWCTB, 00pa3noB NPK-ynobpennii
npuBeieHsl B Tabnuie 2. Kak BUIHO U3 TaHHBIX
TaOIMILIBI 2, TONy4YEeHHBIE YI00peHHs, B OTIIMYHE
OT aMMUAUYHOU CEJIUTPHI HE IMPOSBIAIOT SPKO
BbIpAQ)KEHHbIE KHUCIIOTHBIE CBOWCTBa, a ooliee

coctaBuT 28%-30%. VYcraHoBiIeHO, YTO B
COCTaBe MOJTyYEHHBIX YI0OPUTEIBHBIX 00pa3IoB
BbIcOKa Jions PO, ycBosiemoit hopmer — Gonee
85.71%.

Tadnuna 2 — Coctas u cBOlicTBa NPOAYKINOHHBIX 00pa3noB NPK-ynoopennii

Ne MaccoBoe ConeprkaHus TUTATEIbHBIX Bnaxxnocts IIpou-HoCTH pH 10% I'panynomerpu-
- /;1 COOTHOLICHUE BEIIECTB B MPOAYKTAX, B % IIPOIYKTOB rpaHyI pacTtBOpa YeCKUil CocTaB
MIUTATEIbHbBIX B % IIPOLYKTOB, LIEJICBBIX IIPOLYKTOB,
BEIIECTB B N PO | P05y | KO H/rp Mmacc. %
NPOAYKTaXx, 1-4mm 2-4 MM
N:P,0.K,0
1 2 3 4 5 6 7 8 9 10 11
1 11:1:1 10 9,0 7,25 9,0 0,17 66,15 6,65 89-91 78-80
2 2:1:1 15 7,5 6,43 7,5 0,16 62,47 6,55 92-98 81-88
3 2,28:1:1 16 7,0 6,00 7,0 0,15 60,65 6,50 93-98 83-89
4 3:1:1 18 6,0 5,14 6,0 0,17 58,68 6,47 93-98 84-89
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[Tonyuyennsie ynooputensusie NPK-cocta-
BbI TIO/IBEPTajINCh KOMILJIEKCHBIM (PU3UKO-XUMHU-
yeckuM uccienoBanusim - UK, POM. Ha pucyn-
ke 1 u B Tabmuue 3 no manHeiM POM ananuza
oOpasua 3 mosyuyeHHbIX y100peHUl MpUBEIEeHbI
MUKpPOCTPYKTYpa, 3JI€MEHTHOE COAECpXKaHUE H
AIIEMEHTHO-BECOBBIE COCTaBbI, HaOIIOaeMble
npu 40-KkpaTHOM yBEJIWYEHUH. AHAJIOTMUYHBIE
pe3yJIbTaThl MOMYYEHBl U Ha JPYrux oOpasuax
LIEJEBBIX NMPOAYKTOB. M3 naHHBIX pucyHka 1 u
TaONMUIIBI 3, CIEAYET, UTO UCCIIEeTyEeMbIi 00paserr

™ .
3InexTpoHHoe n3obpaxenue 1

LEJIEBOTO MPOIYKTa SIBISETCA MOJMKOMIIOHEHT-
HBIM, B €T0 COCTaBe B 00IIIEH CII0KHOCTHU IPUCYT-
CTBYIOT 12 xumuyeckux sneMeHToB — N, O, Na,
Mg, Al, Si, P, S, Cl, K, Ca, Fe. CpaBHUTENbHBII
aHaJIN3 JAHHBIX TAOIUIl 2 U 3 MOKa3bIBACT, YTO
XUMHUYECKUE U (PU3UKO-XUMHUECKHIE UCCIIEI0BA-
HUSl 110 COJEP’KAHUIO OCHOBHBIX MHUTATEIBHBIX
KOMITOHEHTOB — TI0 a30Ty, MATHOKUCH (ocdopa
Y OKWCH Kallvs AT ONHU3KKE M0 3HAYCHHIO pe-
3yIBTATHI.

Cnektp 1

T T T T

(8]
-
o ]
@
-
o
-
LS

NonHas wkana 2851 umn. Kypcop: 0.000

Puc. 1 — Muxpocmpyxkmypa u snemenmuoe cooepaicanue oopazya 3 NPK-yoooperus

Tabauua 3 — JiemeHTHO-BecoBoii cocTaB o0pasua 3 NPK-ynoopenus

DIeMEHTBI N (0] Na Mg Al Si P S K Cl Ca Fe
DJIeMEHTHO-

BecoBoif coctas, | 17.94 | 49.46 | 026 | 0.19 | 034 | 228 | 318 | 048 | 585 | 482 | 656 0.64
B %

Bnepecierena | - 035 | 032|064 522 |680 120 | 7.05 9.18 | 092

OKCHBI, B %

Pesynsrar MK-ananusza uccrnemyemoro o0-
pasna 3 NPK-ynoOpenus npuBeseH Ha pUCYH-
ke 3.

Kak BugHo u3 pucynka 3, MK-cnekrpam
ucclienyeMoro o0pasia 1esieBoro mpoayKra Xa-
pPaKTEpHbl MHTEHCUBHBIE IOJOCHI MOIVIOLIECHUS
1288 cm!, 825 em!, 1755 em!, 2334 cm’!, uro
CBHUJIETENILCTBYET O HAIWYMM (PYHKIIMOHAIBHOM
rpynnsl Tuna NO,. 371eCh TakKe IPUCYTCTBYIOT

HMHTEHCUBHBIE moJIockl mornomenue 3000 cm!,
3450 cm!, 1650 cm™!, uTO XapakTepHO AJIS TPyTI-
nel OH. MeHee MHTEHCHUBHBIE CIEKTPHI MOTIIO-
mienus 1423 cm'-1458 cm™!' xapakTepHsI 17151 CO-
enuHeHui pocdopa ¢ rpynmnoit P=0.

Bo Bcex crmyuasix mpoBeIeHUs LETIeBbIX HC-
CJIETOBAaHUN OCYIIECTBISUICS KOHTPOIIb 32 H3Me-
HeHueM pH cycnieH3noHHON cMecH (PUCYHOK 4).
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Puc. 3 — UK-cnexkmpockonuueckue dannvie oopasya 3 NPK-yoobpenus

pH cycnensnonHoi cmecu

0 5 10 15 20 25 30

HpO,E[OIDKI/ITeIIbHOCT]) IIPUTOTOBJICHUS CYCIIEH3HOHHON CMeCH, MHH

Puc. 4 — Usmenenue pH cycnensuonnoi cmecu NPK-cocmasos 6
3A6UCUMOCIU OM NPOOOIACUMENLHOCTIU
npoyecca ee npucomoeieHus

W3 panHbIX pucyHKa 4 ciemyer, 4ro
[IOJIy4acMbl€  CYCIICH3UOHHBIE  CMECHU  HE
MPOSABIIAIOT  SIPKO  BBIPAXCHHBIE  KHUCIIOTHBIE
coictBa. Ilo Hamemy yOeXAEHUIO 3TH

pe3yabTaTbl CBUIETENBCTBYET O TOM, YTO B
YCIIOBUSIX TIPOBEIECHUS HACTOALIMX LIEJIEBBIX
HCCIIEOBAHUM HMMEIT MECTO HHIKECIEAyLIHe
(U3NKO-XUMHUYECKHUE TIPEBPALICHUS:

KaKk M3BECTHO [46], mpu Temmeparypax
110°C-130°C. AMMuauHas cenurpa B pacTBOpe
MIOJBEPraeTcsi  YacTUYHOMY  TEPMHUYECKOMY
Pa3IO0KEHHIO 110 PEAKIUH:

NH,NO, o — NH; o THNO, 0 (1)

B CUJly 3TOro TEXHOJIOTMYECKUi pacTBOp
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JIEUCTBYIOLIETO IMPOU3BOACTBA aMMHAYHOU Ce-
JUTPBI IIOCJE IEPBOM CTYIEHU YNApKU HUMEET
pH=<2:

— B JalpHeHmeM npoAykTel peakiuu (1)
NH, HNOM) MHULUUPYIOT IPOTEKAHUE
HIDKECIENYIOIINUX PEaKLIUN:

Ca (PO),F  +I0HNO, =3HPO, +5Ca(NO,), +HF
2)
H,PO, +NH, =NHH,PO, (3)

— ToJy4YeHHbIe 1o peakuusm (2) u (3) BTO-
pUYHBIE M TPETHYHBIC MPOAYKTHI Jajee B3au-
MOJIEHCTBYIOT MEXIY CO00H, XMMH3M KOTOPBIX
MIPECTABISIETCS] HUKECIIETYIOINUM 00pa3oM:

2NH,H,PO +Ca(NO,),=Ca(H,PO,), + 2NH,NO,

(4)
()

Ca(H,PO,),+Ca(NO,),+2NH, =2CaHPO,  +2NH,NO,

4(1

Takum 00pa3oM, Kak CIEICTBUE pPEAKIUN
(2)-(5), B pesynbTare KOTOPHIX MPOIYKTHI peak-
mun (1) HelTpanu3yroTcsi, oOpa3ys KOHEUHBIE
HOBBIE COJIEBBIE NPOAYKTHI — MOHO- M JUKaJb-
muiigocdarsl, pH nomxydaemoii cycrieH3MOHHOM
cMecH moBhImaercsa g0 6,47-6.65, u Ttem ca-
MBIM, B IOCJIEIYIOIIEM, NPOAYLHUPYs LEIEBOU
IPOAYKT NPAKTUYECKU C HEUTpPaJbHBIMU CBOM-
ctBamu. [Ipu aTOM, B cuity TOTO, UTO MPOLYKTOB
peakuu (1) B cocTraBe CyCNEH3MOHHOW CMECH
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oOpa3yercs B KOIUYECTBAX, JOCTATOYHBIX JIHIIb
IUTsl IpoTekaHus peakiuit (2) u (3), xanuitHas
KOMITO3UIIMOHHAS COCTAaBIISIONIAs — XJIOPHU Ka-
TUsl B CYCIIEH3MOHHOW CMECH He TpeTeprieBaeT
Kakue-1100 (HU3MKO-XUMUYECKUE W3MEHEHUS,
U TEM CaMbIM IMPOSBISET ce0sl B KAUYECTBE HEU3-

MEHHOM COCTaBISIONIEH OTYy4aeMOro 1eJIeBOTO
NPK-cocrasa.

Pesynbrarhl TEpMOIMHAMUYECKUX UCCIIEI0-
BaHUU TOATBEPAUIN BEPOSITHOCTH MPOTEKAHUS
peakuuii 2-5 (Tabnuna 4).

Ta0auna 4 — Pe3yabTaTbl TEPMOAMHAMHYECKHX HCCJICAOBAHUI peakuuii 2-5

Homepa peaxuuit Temmneparypusie 3navenus AG, KJx/mons
373K 383K 393K 403K
2 -2606,56 -2597,90 -2586,67 -2575,53
3 -186,22 -184.,25 -182,24 -180,18
4 -156,86 -182,29 -208,68 -241,32
5 -447,25 -472,38 -500,08 -530,38
PC3y.]'IBTaTLI J'Ia60paT0pHO-OHBITHO-HpOI/B- aMMHUaYHOM CCJIUTPHI, nonyqaeMoﬁ nmocjie 1mep-

BOJICTBEHHBIX MCCJIEI0BAHUI UCIIOIb30BaHBI IS
ONTHMHU3ALMK BIMSHHS YIEIBHBIX PaCXOIHBIX
nokasaresieil aMMUayHoON celauTpsl, pochoput-
HOM MYKH U XJIOpUJA Kajus Ha 0XKHUJIaeMbIE CO-
OTHOILIEHUSI MUTATENbHBIX JIEMEHTOB — a30Ta,
naTHOKUCH (ochopa M OKHCH Kanus B Ieje-
BBIX Npoaykrax. HaiieHo, 4To npu M3BECTHBIX
pacXoAHbIX IOKA3ATENSIX aMMHUAYHOW CEJIUTPHI,
dbochopuTHON MYKH M XJIOpUAA KaJHsl, OKUAA-
€Mbl€ COOTHOLICHMsI IUTATEIbHBIX 3JIEMEHTOB
B IIEJIEBBIX MPOAYKTAaX MOTYT OBbITh BBIUMCIIEHBI
YPaBHEHHEM pPETPECCUU HATypaJbHOIO BHJA:
N/(P,0+K,0) =1,462+1,362-AC-0,722 M-
7,214-KC1+4,449- AC?-2,189-®M?*+47,803 -KCI*-
0,3251-AC-®M-26,631-AC-KCI1+8,07-dM-KCl,
MOJYYEHHOTO METOZOM POTOTa0EeIbHOrO Ija-
HUPOBAHUS — MOZAEIUPOBAHUSA BTOPOTO MOPsAIKa
boxkca-Xanrepa.

Takum 00pa3oM, Ha OCHOBE pPE3YJIbTATOB,
IIOJlyYEHHBIX IIPU IPAKTHUYECKON pealn3annuu
LIEJIEBBIX 3a/lau MCCIIEIOBAaHUM B 1ab0OpaTopHO-
OTIBITHO-IIPOM3BO/ICTBEHHBIX YCIOBUSAX MOXKHO
3aKJIIOYUTD:

— Ha OCHOBE BOJHOIO pPAacTBOpa MPOAYK-
LMOHHOM aMMuadHoi cenutpbl AO «Ka3zAzor»

koHIeHTpauu  64%-71%, KOHIEHTpaIMOH-
HbIE M TEMIIEpAaTypHbIE NapamMeTpbl KOTOPOIrO
COOTBETCTBYIOT  IOKAa3aTeasiM  TEXHOJIOTHYe-

CKOIro pacTBOpa ﬂeﬁCTByIOHleFO IMPOU3BOACTBA

BOM CTymeHU BbINApkd, (HOCHOPUTHON MyKH
Yunrcaickoro MeCTOPOXKICHHS U MPOITYKIIHOH-
HOTO XJIOpUJA Kalus, yAaeTcs MOJyYUTh J10CTa-
TOYHO MUpoKuil accoptumenT NPK-yno6penuii.
IIpu sTOM, BIMSIHUE HE3aBUCUMBIX MEPEMEHHBIX
— YIeNbHBIX PACXOJOB AaMMHAYHON CEJIUTPBI,
¢bochopuTHON MyKH M XJOpHJA KaJHsl Ha COOT-
HOIICHUS MUTATEeIbHBIX JIEMEHTOB B HUX aJIEK-
BaTHO ONMCHIBACTCS YPAaBHEHUEM PErPECCHH;

— IOJTy4eHHBIE LeneBbie mpoaykTel NPK-co-
CTaBOB IPEJCTABISIOT COOON CTAaOMIM3UPOBAH-
HbI€ KOMIUIEKCHBIE YIOOPUTEIbHBIE KOMITO3UIIH
¢ o0IIMM coliepKaHUeM a30Ta, MATHOKUCH (oc-
¢dopa u okucu kanus ot 28% B MUHUMYME U JI0
30% B makcumyMme. OTcrofa ciIenyeT, 4YTo OHU
YHUCJICHHO 3HAYMTEIbHO MPEBBIIIAIOT COJAEpkKa-
HUS oTAeNbHOTO (pochopa, B pacuere Ha PO, .
B cynepdocdare mpoctom (20-21%), B aMMOHH-
supoBaHHOM cynepdocdare (15%); otnenpHOTO
azora — B cynbpare ammonus (21%), HarpueBoit
cemutpe (16,4%), ammmaunoii Bome (20,5%),
MIPAKTUYECKH COBIAAIOT C COAEP)KaHUEM a30Ta
KUJKUX a30THBIX yaoopenwii (30%);

— B COCTaBe IOJIyUYeHHBIX y1OOpeHuil Hapsi-
JIy C OCHOBHBIMH YJJOOPUTENIbHBIMU 3JIEMEHTaMH
— azoroM U GochopoM B 3HAUUTEIHHBIX KOIU-
YeCcTBaxX COAEPKUTCS OOoJbIIoe MHOrooOpasue
HOBBIX YIOOPUTENBHBIX AJIEMEHTOB — KaJHii,
cepa, KaJblUi, MarHuii, »ene3o U HOBBIE MHU-
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HepasbHble MPOIYKTHI — MOHOAMMOHHUHK(poChaT
U MOHOKanbLuidochar, XUMHU3M 00pa30BaHUs
KOTOPBIX OB BBIACHEH M OOOCHOBAaH TEPMOIM-
Hamuuyecku.Bce 3To nocratouHo yOeauTenb-
HO CBHJIETEJIBCTBYET B IOJb3Y TOTO, YTO BHOBb
noinydeHnsle NPK-ynoOpenust npezacraBisior
COOOM CIIOKHO-CMEIIAHHBIM THUI KOMIUIEKCHBIX
yA0OpeHHii, KOTOpbIe 00aAAI0T YIyUIICHHBIMU
arpoOXMMUYECKUMHU M yAOOpPUTEITHHBIMU CBOM-
CTBaMH.

BrisicHeHO, 4TO moy4eHHble 00pasIbl YI0-
OpUTENBHBIX KOMITO3UIMH MPEICTaBIISAIOT COOOM
XOpOILIO PACTBOPUMBIE B BOJIE MEJIKOIUCIEpC-
HbI€, PaCcCHITUAThIE MOPOIIKHA OT CBETIO-CEPOro
70 Oenoro IBeTa, C BIAXHOCTBIO B Iperenax
0,15%-0,17% u pH 6.47-6,65. 3a BpeMst xpaHe-
HUS B OTKPBITOM BO3/yX€ B T€UEHUE HECKOJIBKUX
MECSIIEB HE MPOSBISIOT CKIIOHHOCTD K CIIEXKHBA-
HUIO U KOMKOBaHMIO, COXpaHsisi 0e3 U3MEHEHHI,
KakK IIBET, TaK 1 BCE MIEPBOHAYAIBHO YCTAHOBJICH-
Hble (PU3UKO-XUMHUUECKHE CBOMCTBA.

YcTaHOBIIEHO, UTO BCe 00pa3iibl BHOBb CHH-
TE3UPOBAHHBIX a30T-(h0CHOp-KATUIHBIX yroOpe-
HUH JIETKO TPaHyIUpylOTCs, 00pasys TpaHysbl
CO CpeAHeN CTaTUUeCKOW MPOYHOCTBHIO MOPSIKA
58.65 H/rp-66.15 H/rp u co cpenHuM BBIXOAOM
NPOIYKIIMOHHBIX (Ppakiuil ¢ pasMepaMu rpaHyl
2-4 mm nopsanika 78%-89%. Bce aTo cBuaeTennb-
CTBYeT 00 MX JJOCTaTOYHO YJOBJIETBOPUTEILHOM
TOBApHOM KauecCTBe.

BriBoabI

Pesynbrarhl 1EJIEBBIX HCCIICAOBAHHMA, BbI-
MOJTHEHHBIX B JlabopartopHbix ycioBusx TOKIY
uMeHu M. Aye3oBa, 10 YCTaHOBJICHUIO BO3MOX-
HOCTEH MOJTyYCHHSI HOBBIX Pa3HOBUIHOCTEH CTa-
OMITM3UPOBAHHBIX KOMIUTIEKCHBIX NPK-ymoOpe-
HUIl HA OCHOBE PAacTBOpa aMMHAYHON CEITUTPBI,
COCTaB W CBOMCTBa KOTOPOTO COOTBETCTBYIOT
MOKAa3aTeJIsIM TEXHOJIOTMYECKOTO pacTBOpa JCH-
CTBYIOIIIETO IPOM3BOACTBA AMMHAYHOM CEITUTPBI,
MOJTYy4aeMOr0 TOCJe TIEPBOM CTYIICHU BBIIAPKH,
dbochopuTHOI MYKH MecTOpokaeHus Yunucait
U XJIOPHUJIa KaJTUsl, IOCTATOYHO MOJTHOIICHHO TIOJI-
TBEPIKIAIOTCS IAaHHBIMU HATYPHBIX HCIIBITAHUH,
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MOJYYEHHBIX Ha OIBITHOW 0a3e MpOU3BOJCTBA
ammuayHoi cenutpel AO «KazAzor».

YCTaHOBIJIEHO, UTO B COCTaBE IOJIy4acMOro
accoptumenta NPK-ynoOGpenuil cooTHomIeHus
OCHOBHBIX IHTATEJIBHBIX JJIEMEHTOB — a30Ta K
naTHOKUCH pocdopa Kk okucH Kanus B % MOX-
HO U3MEHUTH B I0CTATOYHO LIMPOKOM MHTEpBAJIE
ot 10/9/9 no 18/6/6. B nensx onTuMH3aLuu pe-
3yJAbTAaTOB MCCIIEN0BAaHUI M3YUYEHO BIUSHUE HE-
3aBHCHMBIX IIEPEMEHHBIX — Y/IEIbHBIX PACXO/I0B
aMMMa4HOW CeNuTpbl, (HOCHOPUTHON MYKH U
XJIOpUJa Kajausl Ha COOTHOIIEHUS MUTATENIbHBIX
HIIEMEHTOB METO/IOM POTOTA0EIBbHOTO IIAHUPO-
BaHUA-MOJEIINPOBAaHUsl BTOPOro mnopsaka bok-
ca-XaHTepa C MOITY4YEHHEM aJ€KBATHOIO ypaB-
HEHUS PErpeCCUN HaTypaJIbHOIO BUJA.

B cocraBe mnomyuennbix NPK-ynoOpenwmii
o01iee CyMMapHOE€ COfiep)KaHUE TOJBKO JIUIIb
OCHOBHBIX BHJIOB IIUTAaTEIbHBIX DJIEMEHTOB
CPAaBHHMMO U MPEBBIIIAET COACPKAHUS MUTATENb-
HBIX 3JIEMEHTOB B HanOoJjee MPaKTUYHBIX BHJIAX
0O0IIeN3BECTHBIX MHUHEPAIbHBIX YIOOpEeHUH Kak
npocroit cynepdocdar, aMMOHM3UPOBAHHBIN
cynepdocdar, cynbdar amMMoHMSA, HaTpHeBas
CeNUTpa, aMMHuayHas BOJA, >KUJKHE a30THBIE
yaoopenus. IlonydyeHHble POAYKTHI MpEICTaB-
JISIFOT COOOM MOJMKOMIIOHEHTHBIE COCTaBHbI, IJe
Hapsily C OCHOBHBIMM IIUTATEJIbHBIMHU 3JIEMEH-
TaMU — a30TOM, MATHOKUCHIO (hochopa u okcu-
JIOM KaJlusl IPUCYTCTBYET 4 MOJIE3HBIX 2JIEMEHTA
B MUKpPO- U MaKpOKOJMYECTBAX, a TAKKE HOBBIE
IPOIYKTHl yAOOPUTENHHOIO KauecTBa, XMMHU3M
00pa30BaHMs KOTOPBIX BBISICHEH U TE€PMOJMHA-
MHUYECKH 000CHOBaH. Bce 3T0 cBHIETENLCTBY-
€T O TOM, YTO IOJIyYEHHBIE LIEJIEBBIE MPOLYKThI
MPEJCTABISIFOT COOOW CIOKHO-CMEIIaHHBIN THII
KOMIUIEKCHBIX yI0OpeHMi, 001a1at0T yIyqIlIeH-
HBIMH arpoOXMMUYECKUMH M YIOOPUTEIbHBIMU
CBOMCTBaMH.

BeoisicHeHo, uro nonydennsie NPK-cocraBbl
[0 OCHOBHBIM (DPU3MKO-XMMHUYECKHM IOKa3aTe-
JSIM U TIOTPEOUTENILCKUM CBOMCTBaM OTBEYAIOT
COBPEMEHHBIM HOPMAaTUBHBIM TpPeOOBaHMSM,
NPEAbABISIEMBIM K YIOOPUTEIbHOW MPOTYKIHH.
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UCCJIEJOBAHUE BIUSAHUA KOHIEHTPAIIUA ®OCPOPHOM U CEPHOM
KHNCJIOT ITPHU PA3JTO)KEHUHN ®OCPATHOT' O ChIPbA

MAKAHOBA JIL.K.
Hnnosayuonnwviii Eepasutickuii ynusepcumem, Ilasnooap, Kazaxcman

Annomayusn: B cmamove onucano enusanue KOnyeHmpayuu ocghoproul u cepoll KUCIOm Ha paziodice-
Hue ocghammnoeo coipvs. B xo0e ucciedosanus 6110 yCMaHo8ieHo, Ymo 3hekmusHoe pasiodceHue
anamuma npomexaem npu Konyenmpayuu gocghoprou kucromot 00 29% P,0.. C noevluenuem kon-
yenmpayuu ceproll KUCI0mbl hgekmusHocms paznodxcenus ocopuma ygenuuusaemcs u 00Cmuea-
em MaKkcumanbho2o snavenus npu konyenmpayuu H,SO, 6 pacmeope 2,5%.

Knrwoueswvie cnosa: ocghoproe cvipve, Konyenmpayus, memnepamypa, mepmudeckuti cnocoo, Kc-
MPAKYUOHHBIU CNOCOO

OOCPATTHI HTUKIZATTBHIH BIJIBIPAYBIHA ®OC®OP )K9OHE KYKIPT
KbIIIKbIJIJAPBIHBIH KOHIOEHTPALIUAJIAPBIHBIH OCEPIH 3EPTTEY

Anoamna: Maxanaoa ¢hocghop dncone KyKipm KblKbLIOAPHIHGIY KOHYESHMPAYUACHIHbIY (hocgam
WUKI3AMBIHBIH bIOLIPAYLIHA dCEPi CUNAMMmManzan. 3epmmey HamudiceciHoe anamummiy muimoi blobi-
payvt ocop Kvruksiiviney P,0 29% Oetiin KoHyenmpayusacolnoa 601amvlHObIEbl AHLIKMAObL.
Kyxipm Koluukblivinbly KOHYEHMPAYUSACLIHBIH JHCOAPLLIAYbIMEH (ochopummin vloblpay muimoiniei
apmaowi scane 2,5% epiminoioezi H SO, konyenmpayuscoinoa Makxcumanoblt MaH2e Jcemeoi.

Tyiiinoi cesdep: pocop wukizamol, KOHYyeHmpayus, memnepamypd, mepMmusivly a0ic,
IKCMPAKYUSLTBIK, 20IC

RESEARCH OF THE INFLUENCE OF CONCENTRATION OF PHOSPHORIC AND
SULFURIC ACIDS DECOMPOSITION OF PHOSPHATE RAW MATERIAL

Abstract: The article describes the effect of the concentration of phosphoric and sulfuric acids on the
decomposition of phosphate raw materials. During the study, it was found that the effective decom-
position of apatite occurs at a concentration of phosphoric acid up to 29% P,0.. With an increase in
the concentration of sulfuric acid, the efficiency of the decomposition of phosphorite increases and
reaches its maximum value at a concentration of H,SO  in solution of 2.5%.

Key words: phosphorus raw materials, concentration, temperature, thermal method, extraction
method

BBenenue

W3BecTHBI /1Ba cr10OCOOa MPOMBIIIUIEHHON Me-  YeCKUH. DIEKTPOTEPMHUUECKUN CIIOCOO0 OCHOBAH
pepabotku ¢docdarHoro ceipesi B (pochopHy0  Ha BBICOKOTEMIIEPaTypHOM BOCCTAHOBICHHH TPH-
KHCJIOTY — OKCTPAKIMOHHBIA W 3JEKTPOTepMHU-  poaHbIX (ocdaroB mo smemeHTHOro (ocdopa ¢
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MOCJIEAYIOIUM €r0 OKUCIICHHEM M THpaTalnuen
noy4yeHHoro ¢pochopHoro aHruapuaa B pocdop-
HYIO KUCIOTY. TepMUuecKkuii crnocod mo cpaBHe-
HHIO C DKCTPAKIIMOHHBIM CIIOCOOOM ITO3BOJISIET TTe-
pepabarbIBaTh JII00BIE BUJIBI CBIPbS, B TOM YUCIIE U
HU3KOKa4eCTBEHHbIE (OC(HOPHUTEHI, C MOTyIEHHUEM
KOHIIEHTPUPOBAHHOM (pOCPOPHOI KUCIIOTHI BBICO-
KOH cTerneHn YucToThl. OIHAKO MPU TePMHUYECKON
nepepaboTke (GocdaTHOrO ChIPbS PACXOMYIOTCS
OoIbIlIMEe KOJMYECTBA 3JIEKTPOdHEpruu. Tepmu-
yeckas (pocopHast KUCIIOTa JOPOXKE IKCTPAKIIH-
OHHOHM B J1Ba-Tpu pa3a. OTHOCHUTENIBHO BBICOKas
CTOMMOCTb OTPAHUYUBAET Pa3BUTHE POU3BO/ICTB
bocopHOIt KUCTOTHI TEPMUIECKUM CIIOCOOOM.

DKCTPaKIMOHHBIN CIIOCOO OCHOBAH Ha pa3Jio-
KEHUH TPUPOIHBIX (pocdaToB cepHOM KUCIOTOM.
OTHM CIIOCOOOM TNPOU3BOAAT OCHOBHYIO MaccCy
docdopHOil KUCIOTHI, TepepabaThiBaeMOil Ha
yaoopenus [1].

B 3aBucuMocTH OT yCIOBHI HONy4YeHUS HE
ylapeHHasi SKCTpakIMoHHas GochopHas KHCIo-
Ta couepxut 19-42% PZO5 U OOBIYHO CONEPKHUT
NpUMECH, KOJIMYECTBO U COCTAB KOTOPBIX ONpe/e-
JISIFOTCST KauecTBOM (poc(haTHOTO CHIPbS M TEXHO-
JIOTUYECKUMH PEKUMaMU IPOU3BOICTBA.

OKCTPAaKIMOHHBIA  CIIOCOO  MPOM3BOJICTBA
dbocdopHoit KUCITOTHI [2-3] 3aKirO4aeTcs B pasiio-
xeHuu pocdara cepHON KUCTOTOM B IPUCYTCTBUH
pacTBopa paszbaBiieHust (000poTHON (GochopHOit
KHCJIOTHI) U BBIACTICHUN CyJb(ara KalbIHsl, pa3-
JeNIEHUH TIOTy4YaeMON MyJIBIBI Ha BaKyyM (DHITb-
Tpax ¥ OTMBIBKE (POCPOPHOI KHCIIOTHI OT OCaJIKa.

Jnst s dexTuBHOrO pasaeneHust oOpasyro-
HIelicsl CyCleH3Wu HeoOXOAUMO, YTOOBI B TIPO-
[[ecce IKCTPAKLUM CyNb(haT KalbLUs BbLACISICS
B BUJIE XOPOIIO OT(QUIBTPOBBIBAIOIIUXCS U JIETKO
MIPOMBIBAEMBIX KPUCTAIIIOB.

Okcrpakuust HocGOopHON KHUCIOTHI U3 TPH-
ponHbIX (hocdaToB U KpucTammu3anus cyibdara
KJIBIUA — 3TO €AMHBIN rerepodasHblil (usm-
KO-XMMHYEeCKH Ipouecc. Hapymenue ycnosuit
KaKoro-I00 OJJHOTO M3 3THX MPOLECCOB MPUBO-
JIMT K YXYyIIIEHHIO MTOKa3aTeNel Ipyroro mpouec-
ca [4-5]. X B3auMOCBSI3b MPOSIBISETCS HE TOJIBKO
IpU U3MEHEHUM TEXHOJOIMYECKUX MapameTpoB,
HO TaK)X€ 3aBUCHUT OT YCJIOBHUM KOHCTPYKTUBHOIO
oopmiieHnsT KaXXJ0r0 KOHKPETHOTO TEXHOJIOTH-
4eCKOro mporecca.
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JKCNEePpUMEHTAIbHAA YaCTh

[IpenBaputensHo cepHyro kuciotry (75%;
93%) u pactsop paszdasienus (P,0,0t 0 10 21%)
TOTOBAT B OTHEIBHBIX XMMHMYECKHX CTaKaHax.
Hagecka (ocdara ¢ U3BeCTHBIM XUMHUYECKUM U
IpaHyJIOMETPUYECKMM COCTAaBOM B3BEIIMBACTCS
Ha aHAJTUTUYECKHUX Becax.

Cepnyro kucnory st pasnoxkenuss 100 u.
(macc.) amarura, OepyT 95-100% oT crexuome-
Tpuyeckoro konuuectsa. /s pocdopura B npe-
nenax 105-110% ot crexnoMeTpuyecKoro Koiu-
yecTna [6].

Pacxon cepHoit kuciotel — S[cM’] ompene-
JSIOT 110 coiepkanuto B Gpocdare CaO:

S=(a-98/56 - 75p)-100,

rie a — comepxkanue CaO B docdare, %; p
— mwiotHocTh  75% H,SO, mpu  daxtnyeckon
KOMHATHOU TeMIIepaType, I/CM.

B xauecTBe pacTBOpa pa3daBieHuUs MPUMEHS-
10T GOCOpHYIO KHMCIIOTY ¢ KOoHLEeHTpauueh P 0,
B npenenax 0-21%. KomnyectBo pacTtBOpa pas-
6apnenus — W Ha 100r docdara onpenensror mo

YPaBHEHHUIO:
W=F-(100+S-QG),

rae F — BbIxoa npoayKiuoHHOH mymnbIiel, /100 T
docdara; S — pacxon cepHoit kucnotsl, /100 r
docdara; G — KoIMUECTBO TOTEPH (BOABI, IBYO-
KUCH yriieposa u ¢pTopa), .

BrIxoz mynbIibl OMpenenstoT o YPaBHEHUIO:

F=100-T-(n+1),

rae I' — runcoBoe uncino (Bbxof cyxoro docgo-
rurca u3 equHuIsl pocdara), (pacdyer o coaep-
xanuto CaO B docdare). I' =1,3 ansa pocdopura
I'=1,6 nns anatura; n — orHomenue XK: T B myinb-
nie (3amaercs B npenenax 40:1-1,5:1).
KomnmuectBo pactBopa cepHoit u docdop-
HOW KHCJIOTHI TOTOBSIT C HEOOJBIIUM H30BITKOM
M0 OTHOIICHHUI0 K PACCYUTAHHOMY KOJHMYECTBY.
[TnoTHOCTH pacTBOpa paz0aBlIEHUS OMPENSISIOT
apeoMeTpoM. 3aTeM pacueTHBI 00BEM pacTBOpa
pa30aBiIeHUs OTMEPSIOT MEPHBIM IHIHHIIPOM.
Hanugatot ero B peakrop, CHaOKEHHBIA MeIai-
KOW, BKJIIOYAIOT TIEPEMEIIMBAHUE W TIOHOTPEB.
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ITpu remneparype 50°C B peakTop, pHu nepeme-
IIMBaHUU pacTBOpa, A03upyioT ¢ocdar. [locie
9TOT0 AO3UPYIOT OTMEPEHHOE PACUETHOE KOJIM-
YeCTBO CEpHOM KHCIOThI. OOpa3yIonIyocs myib-
Iy NEPEMEIINBAIOT ITPH 33JaHHOU TEMIIEPATYPE B
nuarmasone 70-120°C.

OKCHEPUMEHT MPOBOIAT B YCIOBMSX, MO-
JETUPYIOIIUX HEMPEPHIBHYIO 3KCTPAKLIMIO NpU
IIOCTEIICHHON WJIM NOPLUUOHHOM IOAa4e CEpHOU
u pazbasneHHoil pocdoproii kucnot. nu B yc-
JIOBUSIX NEPUOAMYECKOTO MPOLECCa IKCTPAKLIUH,
KOIJ]a B PEaKTOp OJHOBPEMEHHO 3arpyXaroT BCe
peareHTbl U NEpPEMENIMBAIOT MX B TEUEHHE 3a-
JAHHOTO BpeMeHHU. [IpomyKIMOHHYIO ITynbIly IO
OKOHYaHHMHM TPOLIECCca OTPHUIBTPOBBIBAIOT.

[Ipouecc npoBoasT B TeueHUe 2-7 4acos, OT-
Oupast KayKIyl0 MUHYTY Ha HauaJIbHOM y4acTKe, a
3aTeM KaXKJple ISITh-AECATh MUHYT HA KOHEUHOM
yuactke 1o 0,5-5,0 cm® mynbnbel. OT60p 1pobd u3
PEaKIIMOHHOM IYJIBIIBI IPOBOJUTCA Ul aHAJIN3a
KOHIIEHTpau (GochOpHOl KUCIOTHI B PeaKiu-
OHHOM 00bEMe U aHaJIu3a Pa3MEePOB MOTYUEHHbIX
npu 3ToM KpuctayuioB. Kaxkayro orOupaemyro
npoOy oT¢GUIBTPOBBIBAIOT. OCalioK MPOMBIBAIOT
JI0 HEUTpaJbHON peakuuu Bonoil. IIpombIBHYIO
BOAY U (HUIBTPAT COOMPAIOT B MEPHYIO KOJOY
oovemoMm 250 cm®. 3arem pa30aBisIOT BOIOM (10
MeTkH). I3 MepHoii Kookl 0TOMparoT 25 cM? pac-
TBOpa TUTPYIOT 0,1H. pactBopoM NaOH BHauaze
B IIPUCYTCTBHM MHIMKATOpa METUJIOPAHXK, 3aTEM
B IpucyTcTBUM penondranenna. [To pesynsraram
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TUTPOBAHMS ONPEENAIOT U30BITOK WM HEOCTa-
TOK CEPHOW KHCIIOTBI U COZIEPKaHUE CBOOOHOM
¢dochopHOIt KUCIIOTHI B MyJIbIIE 10 HHUXKE MpPUBE-
JNeHHOW MeTofuke. [0 MmoaydeHHbIM 3HAYEHUAM
TEKyIlel KOHLEHTpauuu (oc(OopHON KHUCIOTHI
IIPOBOZST PacyeT OCHOBHBIX IOKa3aTele Ipo-
Lecca M CTpOST KUHETUYECKHE KpUBBIE IIpoIiecca
skcTpakuuu. CpeqHuii pa3Mep 4YacTHIl OIpere-
JISIFIOT MUKPOCKOIIMYECKUM METOZIOM C ITOMOIIBIO
IIKaJIbl MUKPOCKOTIA.

Pe3yabrarbl n 00cyx1eHne

D¢ eKTUBHOCTL Mpolecca pa3IoKeHHs B
3aBHCUMOCTH OT Pa3IMYHON KOHLIEHTpauu (oc-
(OpHOHM KUCIIOTHI TIPEJICTABICHA B BUEC KHMHETH-
YeCKMX KpPHUBBIX Ha pucyHke 1. Pasmepsr momy-
YaeMbIX KPHCTAJUIOB MPEACTaBICHBI B Ta0OIHIIE 1.

OmnBITH IPOBOIMIINCH OTIEIBHO Kak ¢ (oc-
(OpUTOM, TaK U C AATHTOM, TOCKOJIBKY COBMECT-
HOE JI03UpOBaHue anaruta u gocdopura mpueo-
IUT K ToMmy, 4To (ochoput, kak Gomnee OBICTPO
pazJararomuiicss KOMIIOHEHT PEaKIMOHHON CMe-
CH, BBI3BIBACT OTIOKCHUE OOPa3yIOLIMXCS KpH-
CTAJUIOB THUIICA Ha eI HEe PaCTBOPEHHOH 4acTH
KPHCTAJJIOB anaTHTa.

Bce 9To mpUBOIUT K IOTIOIHUTEIEHOMY CHU-
’KEHHIO CKOPOCTH PA3JIOKCHUsI araTura U COOT-
BETCTBEHHO YBEIMUEHHIO HEOOXOAMMOIo Bpe-
MEHHU TIPOBEJCHUS Ipolecca Ui JTOCTHKCHUS
HEOOXOAMMOM CTENeHU U3BJICYCHUSI.

150 200 250 300

Bpems, mun

Puc.1 — 3asucumocms s¢hpexmusnocmu npoyecca paznodxcenus Gocghammozo cuipbs om spemenu

6 annapame nepuooU4ecko2o 0eticmels npu pasiuyHol KOHYeHmpayuu HSPO/' 6 pacmeope

1 — docdopur B Bozte B npucytcTBun H,SO, ¢ kornenTpammeti 2,5% npu 84°C; 2 — pocdoput B 14% P,0O, mpu 70°C; 70°C;
3 — anarut B 21% P,0, mpu 70°C; 4 — pochopurt B 21% P,O, npu 70°C
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HccnenoBanus mokaszanu [7], 4TO amaTut
OoJiee CKIIOHEH K Pa3JIOKeHUIO B OoJiee KPEermKux
pactBopax (GochopHOIl KHCIOTHI MPH MMOHUKEH-
HOM KOHIIEHTpAIMU CEpHON KUCIOTHI, a (ocdo-
put — B Oosiee pa3daBlIeHHBIX pacTBopax Gocop-
HOW KHCIJIOTBI NPH TOBBIMIEHHON KOHIIEHTpAIUU
CEpPHOM KUCIIOTBHL.

[Tocnennee oOycraBiuBaeT HEOOXOAMMOCTh
NPOBECHUS MPOLIECCOB PA3IOKEHHs arnaTuTa u
dochoputa pasnesnbHO ¢ OCIETYIONIUM CMelle-
HHUEM ITyJbIIbI [Tl COBMECTHOM KPUCTAJUIN3AIMN
docdormurca.

AHaJM3 KUHETHYECKUX KPUBBIX (puc. 1) mo-
Ka3aJl, YTO BHAYaJic B BOJJHOM PacTBOpE MPH Ha-
yanbHoW koHuenrpauun H SO, 2,5%, H,PO, =
0 mponecc pasznoxkenus (ocopura MpoTEKaeT
ObICTpee, 4eM B pacTBope coaepikaiiem (ocdop-
HYIO KHCIIOTY.

OnmHako BO BCEX BapUaHTaX HCCIICIOBAHUS
NPOLIECC PA3JIOKEHHS 3aBEPIIACTCS PAKTUIECKH
HOJTHOCTHIO 3a 4,5 Jaca.

Pesynerarel uccnenoBanus (GOPMBI U pazMe-
POB KPUCTAJIIOB TIPE/ICTABJICHBI B TabuIe | 1 Ha
pHUCYyHKax 2, 3.

Tadnmmoa 1 — 3HadyeHust pa3MepoB KpHCTALIOB (ocdorunca B 3aBHCHMOCTH OT YCJIOBMIA

MPoBE¢/ICHUS NMpoiecca pa3aoKeHUst

Bpewms nabnronenus, CpenHuii pa3Mep KPUCTAIIOB, MKM
e Docopur B Boze npu ®ochoput B 21% PO, | Amarut B 21% P,O,npu | ®ocdoput B 14% P,0O,
84°C npu 70°C 70°C npu 70°C

20 140 - - -

40 180 - - 180

60 220 200 120 -

120 260 - - 230

180 - 450 140 -

240 - - 200 -

300 320 550 210 300

[pu paznoxenuu pocopura cepHO KUCIIO-
TOM MpH HayasbHOM KoHUeHTpaimu H,PO, = 0 ve-
pe3 20 MUHYT HaOMI01aeTCs MPAKTUYECKHU MTOTHOE
MCYE3HOBEHHE YaCTHIl HCXOAHOro (ocdaTHoro
cbipbs. [Ipu 3TOM 00pa3yroTcst KpucTamibl (oc-
dorurca co cpeaHuM pasmepom 1o anuHe 140
MKM. HekoTopble KpuCTaulbl JOCTUTAIOT JJIMHBI
300-400 mxm u TommuHbl 16 MxMm. Jlons kpym-
HBIX KpUCTaJUIOB cocTaistieT A0 10% ot obuero
qucia KpuctauioB. OCHOBHAs Macca KpUCTAILIOB
UMEET TOJIIMHY Topsiika 2 MKM U JuymHy 100-
200 MKMm.

Uepes 40 MUHYT peakiMy TOJIIMHA MEIKUX
KPUCTAJUIOB YBEJIMYMBAETCS OT 2 10 4 MKM, a
KpYIIHBIX KpucTayuioB oT 16 no 20 mxm. Ilpouc-
XOIUT YBEIMYEHHE JOJIM KPYMHBIX KPUCTAIIOB
B 00111elf Macce U MpU ITOM CPEIHUI pa3Mep co-
crasisieT nopsiika 180 MxkM. YBennueHue cpeae-
ro pa3Mepa KpUCTaJJIOB IIPOUCXOIUT KakK 3a CUET
pocTa MENIKUX, TaK U 3a CUET pOCTA KPYITHBIX.

IIpu 60-munyTHON mpobOe Halmonaercs
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JTaJIbHENIIIEeE YBEINYEHNE TOJIIMHBI MEJIKUX KpH-
CTAJUIOB € 4 10 8 MKM M yBEJINYEHUE TOJILIMHBI
KpYIHBIX KpucTayuioB oT 20 1o 24 mxm. Cpennuii
pasMep JUTMHBI KPUCTAIIIOB cOCTaBUI 220 MKM.

Ot6op ABYyX4acoBO# MPOOBI MOKa3aa, 4TO
KpYITHBIE KPUCTAJIJIBI IEPECTANIN PACTH KaK B M-
pHHY, TaK U B AauHY. KpoMe TOro yMEeHbIIMIOCH
KOJIMYECTBO MENKHUX KpucTamioB. CpenHuil pas-
MEp JJIMHBI KPUCTAJIOB cOCTaBUI 260 MKM.

[lo oxoHuUaHMM TPOBENEHMS IpolEecca, Co-
OTBETCTBYIOUIETO CTENEHU pazioxeHus 98,6%,
MOJYYEHBI CJEIYIOIME TaHHBIE MHUKPOCKOIH-
YECKOT0 aHaju3a: CPEOHUN pa3Mep JUIMHBI KpH-
ctaioB coctaBui 300-320 MKM Mpu TONILIKMHE
20-28 mxMm. [lonst menoun pasmepoM 50-100 mxm
cocrasisieT MeHee 15%. Kpucrannmmueckas macca
B 1IEJIOM NOJTY4YHJIaCh OTHOPOAHAs, COCTOSAIIAs U3
IIPO3paYHbIX, XOPOIIO OrPAaHEHHBIX KPUCTAJLIOB.

ITpu pasnoxennu pochopura B 14% P,O, mo
ucredeHny 20 MUHYT HaOrofaeTcs: HeOobIIoe
COZIEPKAHNE HCXOIHOIO CBhIpbSl B PEAKLMOHHOU
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cMmecu octaercst 5-10%. OOpa3oBaBiIMecs Kpuc-
TAJJIBI UMEIOT Oosiee OJHOPOJHYIO CTPYKTYDY,
4eM IpH pa3iiokeHuu pocdopura B Boje, UTO Be-
POSITHO OOBSCHSIETCS MEHBLIMM IEPECHIIEHUEM
noHoB Ca?’, cpensis [uyiHa KpuctawioB 80-240
MKM.

[To ucteyenun 40 MUHYT HCXOIHOTO CHIPbHS
He HaOmonaercs. [Ipu sTom HabmiomaeTcs aBe
IPYIIIBI KPUCTAIIOB: MEJIKHE, 00pa30BaBILIMECs B
pe3ynbrare pa3ioKeHUs! OCTaTKOB CXOTHOTO Chl-
pbs U KpymHble JUIMHOW 10 300 MKM M IIMPUHOM
nopsika 22-26 MKM.

Amnanu3 otOopa mpoObl TOCIE OAHOTO yaca
MOKa3aJl, YTO MEJKHE KPUCTAJIBI MPOJOJKAIOT
pacTy, a KpylHbIE YBETMYUBAIOTCS MO TOJIINHE
MakcuMaJIbHO 0 30-36 MKM U JIMIIb HE3HAYU-
TEJIBHO 110 JUIUHE.

Otb6op AByX4acoBOil MpoOBI TOKa3al, YTO
o0I1iee KOJMMYECTBO MENKUX KPUCTAJUIOB 3HAYM-
TEJIbHO YMEHBILMIOCH, UX pa3Mephl YBETUUUIUCH
¢ 50-100 mxm 10 80-180 mxm. /lyinHa y KpyHHBIX
KPHUCTAJUIOB OCTAETCSl HEM3MEHHOM, yBelIN4nBa-
eTcs Uik TonmuHa 10 40 Mxm. Tpex u yeTsipex-
qacoBasi MpoOa MOKa3bIBaeT, YTO BCE 0Opa30BaB-
myecs: Kpuctauibl (pocorumnca yBelInunBaroTCs
TOJILKO 110 TouHe (20-44 MKM).

[To oxoHuaHMM Tpolecca HaOMOIAeTCs I0-
sBJICHUE HEOOJBLIOr0 KOJIMYECTBA KPUCTAJUIOB
MEJIKUX pa3MepoB, YeM IPH 0TOOpE MpeAbLIyIen
poObL. DTO MPOUCXOIMT 3a CUET HayaJla Mporec-
ca MepeKpUCTAIUIN3ALHH.

[Ipu pasnoxennu pocdopura B 21% PO, B
TeyeHue 20 MUHYT KpUCTAJUIOB HE HAaOtoIaeTcs,
XapaKTEPHO TOJIBKO MOsBIEHHE 3aposbiiieit. [Ipu
9TOM KOJMYECTBO PAa3JIOKHBILIETOCS HCXOTHOIO
chIpbs He 6omnee 60-62%.

I[To ucreuennu 40 MUHYT KOJTUUECTBO HUCXOI-
HOTO CBHIpbSl B PEAKIIMOHHOW Macce COCTaBISeT
okosio 20%. Ilpu stom HaOmomaercs obpa3oBa-
HHE Trefisl MOHOKaNIbIi (ocdara u odpazoBaHue
HeOOJIBIIOr0 KOJTMYECTBA MEJIKUX KPUCTAILJIOB.

[Tpu 60-mMuHyTHOI TpoGe HabIromaeTcst 00-
pa3oBaHuE OTAEIBHBIX KPUCTAUIOB JuinHOW 140-
260 MKM ¥ TONIIMHOU 8-24 MKM, a Tak:ke 0OJIb-
I0€ KOJIMYECTBO MEJKUX KpUCTaJUIOB. Takxke
HaOJIFOAIOTCA  OCTATKM HCXOIHOTO ChIPhS (110
10%). IIpu nByx4acoBoii mpode HabIrOIaeTCs He-
OO0IbIIIOE KOJIMYECTBO Tl MOHOKaiIbLUi-(oc-

¢ara, ucxomHOro ChIpbs He Habmomaercs. Cpen-
HUI pa3Mep KpUCTAJUIOB YBEIWYWICS B JBa pasa
MaKCUMaJIbHO 10 JuinHE 10 450-600 MKkM U TOJI-
muHe 10 16-44 mxM. KonnyecTBo MeNKUX Kpu-
CTaJUIOB OYeHb Mayio. YeTwhlpexdyacoBas INpobda
II0Ka3aJjla, YTO KPYIHbIE KPUCTAJLIBI NEPECTaIN
pacTy U 3aMETHO YBEIMYWINCH B pa3Mepe Mell-
Kue Kpuctayuibl. Jnuna kpuctamios gocdorurnca
cocrapisier 250-800 MKM, TOJNIIMHA MaKCUMyM
10 60 mxMm. Takke HaOMIONAIOTCS OTJAEIBHbBIE Te-
JIMEBBIE YACTULIBI.

[lo ncreueHny NATH 4acoB KPUCTAILIIBI MME-
I0T OJHOPOIHYIO CTPYKTYpY, OYEHb KpYIIHBIE.
Cpennnii pazmep kpuctraiioB 300-800x30-70
MKM. l'enb MOHOKanbIMid (ocdara MOTHOCTHIO
orcyrcTByeT. [lpu pasnoxkenun anaruta B 21%
P205 npu 70°C B Teuennu 20 MUHYT HaOIrOMA-
ercs 0OoJbIIOe KOJTMYECTBO MEJKHX KPHCTAJJIOB
mmHON 1o 100 MxM, a Takke okxono 40% reist
MoOHOKanblui Qocgara. [lo ucreyeHnn copoka
MHUHYT pOCTa KpUCTAIJIOB He HaOmonaercs. [Ipo-
UCXOAMT TOJBKO PA3IOKEHNUE OCTABILETOCS Tells
MoHOKanblui  (ocdara. OT6op 60-MUHYTHOI
poOBI MOKa3aJl, YTO KOJIMYECTBO Ielisi MOHOKAITb-
it pocdara ymensmmock 10 10%. Ipu stom
KpHCTaIIbl Gochorumnca yBeIuIuiInCh B paMe-
pe 1o 140x10 MkM. AHanu3 IByX- U TPEXUACOBOU
npo0 MoKasaj, 4To CPEeAHUN pa3Mep KpUCTAJIIOB
YBEJIMYMIICSL B TOJITOpa pa3a MakcumyM 1o 160
MKM B JUIMHY, IIUPUHA KPUCTAIIIOB HE MEHSETCSL.
HmeroTcs caepl Hepas3aoKUBILETOCS Tels.

OT160p ueThIpexyacoBoii MpoOkI TOKA3all, YTO
YBEIUUMINCH pa3Mmepsl KpuctayioB 1o (80-200)
x(12-20) mxM. Kpucrannasl TOHKHE U UMEIOT OfI-
HOpOAHYIO cTpYKTYpy. ITo ucreuenun mecru ya-
COB BHJIHO, YTO KpHCTaJLIBI (ocdorurica yBeam-
YWJIUCH TOJIBKO 10 TOJIIMHE Ha 2-4 MKM.

[lo oxoH4aHuM mpouecca pas3IokKEeHUs ama-
TUTa (CceMHyacoBas IMpoOa) MPOUCXOAUT TOJb-
KO HE3HAYUTEIbHOE YBEJIUYEHUE KPHCTAJUIOB B
TONIIMHY. MaKCUMaJbHbBIH pa3Mep KpUCTAJUIOB
nocturaer 220 mxMm. M3 nomydeHHBIX 3Kcne-
PUMEHTAJIBHBIX JAaHHBIX BUJIHO, YTO pPa3Mepsl
KPHCTAIIJIOB, OTyYEHHBIX NPH pa3iokeHuu (oc-
(opHTa 3HAYUTEIBHO TPEBOCXOAT pa3Mephl KpH-
CTaJUIOB, TIOJIyYEHHBIX B aHAJIOTUYHBIX YCIOBHUSIX
U3 anaTuTa.
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Oco0eHHOCTh TMpoliecca KpHUCTaIN3alUuN
cynb(hara kanpiws u3 pocdopura, conepkaiiero
KapOOHATBI, OOBSACHSIETCS TEM, YTO KPOME OCHOB-
HOM peakiuu pa3noxkerus pocdopura — o ypas-

HEeHHIO peakiuu (1), mpoTekaeT peakiys B3auMo-
JeHCTBUSL KapOOHATOB C CEPHOM KUCIOTOW — IO
YPaBHEHUIO peakiuu (2).

Ca,(PO,),F + 5H,S0, + 5nH,0— 5CaSO,nH,0 + 3H,PO, + HF (1)

CaMg(CO,) + 2H,50,—CaSO, +MgS0, +2H,0+2CO, )

[Ipy HU3KMX KOHIEHTPALUSIX BELIECTB U OT-
HOCUTENIbHO HEBBICOKOM TeMIepaTypbl CKOPOCTb
pasnioxeHus: KapOoHaToB U (hocdaToB MpUOIU3U-
TEJIbHO OJJMHAKOBa. O/IHAKO C MMOBBHIIIEHUEM TEM-
niepatypsl 10 80°C cKOpOCTh pa3nokeHus Kapoo-
HaToB yBenuuuBaercsi ObicTpee. [oaTomMy Kak B
Ha4yaJbHOM CTauu Ipolecca pas3iokKeHHs], Tak
JI0 TIOJTHOTO PA3JIOKeHHS KapOOHATOB peakius (2)
npoTekaer ObicTpee peakiuu (1). B pesynbrare

ATOr0 B HAYaJbHBIM MOMEHT BCSI CEpHAsl KUCIOTA
B3aUMOJIEICTBYET ¢ KapOOHATHON COCTABISIONICH
docdopura ¢ BeICIEHIEM JUOKCHIA YITIepoa U
0o0pa3oBaHUEM B CIIO€ TEHBI KPUCTAJIOB THUIICA.
IIpy BBICOKOW CKOPOCTH OCAQXKJIECHHSI TUTMApaTa
cynb(darta Kanblusg 00pazyeTcss MHOTO IIEHTPOB
kpuctaumzanuu. [locneanee npuBoauT K 0bpa-
30BAHMIO MEIKOKPHUCTAIUIMYECKOTO OCaJKa U BO3-
pacTaHUIO HEOJHOPOAHOCTH YaCTHUILL OCAJIKA.

Puc. 2 — @omozcpaghuu npoyecca kpucmannuzayuu gocghozunca npu pasnodxcenuu pocghammnozo coipwvs npu 84°C

1-20 munyT; 2-40 MmunyT; 3-1 9ac; 4-2 4aca; 5-3 gaca; 6-4 gaca; 7-5 4acoB

(eHa qeneHws MIKanbl MUKpockoma 20 MKM)

B nelicTByromux B MPOMBIIIICHHOCTH TEX-
HOJIOTUSIX TPOBOJUTCS COBMECTHAs J03UPOBKa
armatura, (ocdopura u pactBopa pasdaBieHHS,
MMEIOLIETO MOBBIIIEHHYIO KOHLEHTparuo (oc-
(dopHOI KHCHOTHI. YKa3zaHHbIe (DAaKTOPbI IpH-
BOAAT K OOMJIBHOMY MEHOOOpPa30BaHHIO M Kak
CJIC/ICTBHE K MOJYYEHHIO MEJIKUX TPYAHO (PUiIb-
TPYEMBIX KPUCTAJUIOB. JTO B CBOIO OYepe.b Jie-
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JaeT TEXHOJIOTHIO HU3KO MPOU3BOJUTENBHON IO
NpUYMHE YMEHBUICHUS MPOM3BOAUTEIBHOCTU
cTaguu (PUIbTpaIMU U OT’KUMA ITyNbIIbL. Bhinosn-
HEHHOE HCCIIEJ0BAHUE IOKa3ajo, YTO MpOoBeje-
HHE Ipoliecca pa3/ielIbHOTO Pa3JIoKEHUs anaTuTa
u pochopura ¢ paziaoxeHueM gochopura B pas-
0aBJeHHBIX pacTBOpax (pochopHON KUCIOTHI IPU
KOHIIEHTPAIMH CBOOOIHON cepHOU KUCIOTHI 0,6-
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Puc. 3 — @omoepapuu npoyecca kpucmanruzayuu gocgoeunca npu pasnodxcenuu gpocgpammozo coipos npu 70°C

1-20 munyT; 2-40 MunyT; 3-1 yac; 4-2 gaca; 5-3 gaca; 6-4 gaca; 7-6 yacoB; 8-7 4acoB (IIeHa JeICHHS IIKAIBI MUKpocKora 20 MKM)

1,0%, mo3BOISET MOMyYaTh XOPOIIO OrpaHEHHbIE
KpYIHbIE KpUCTaJUIbI (pocdorurica, KOTOphIe Jier-
KO OT’)KUMAIOTCS U QUIIBTPYIOTCAL.

Ha pucynke 4 mokaszaHa 3aBUCHUMOCTb CTe-
MeHU paziokeHus Gocoputa OT KOHLIEHTPALUU
CEpHOM KHCIIOTHI (3KCIIEpUMEHTAIbHBIE JaHHBIE).

C yBenMyeHneM KOHLIEHTPALUU CEpHOM KHC-
JO0TBI 3PPEKTUBHOCTh pazioxeHus ¢ochopura
YBEJIMYUBAETCSI M JOCTUTaeT MAaKCUMAaJIbHOTO
3HayeHust npu kouuentpauu H,SO, B pactBope
2,5%.

100

3areM TpU JANTbHEHIIEM YBEIMYCHUU KOH-
uentparuu H,SO, B mpenenax — 2,5-25% cre-
NeHb paziokeHus (ocdopuTa MPaKTHUECKH HE
3aBUCHT OT KOHIIEHTPAIMU CEPHON KUCIIOTHI, UTO
1o3BoJsieT 2 PEeKTUBHO MPOBOIAUTH MPOIIECC pa3-
noxxeHus pocopuTa Npu HayaJIbHON KOHIIEHTpa-
I[N CEPHOM KHUCIIOTHI B YKa3aHHOM JIHaria3oHe.

IIpu [H,SO,] Gonee 25% >bdeKTUBHOCTL
nporecca pa3IoKeHHs pe3ko ymenbluaercs. [1o-
clieiHee OOBSICHACTCS TeM, YTO HACTYIAeT Mepe-
CBIIIEHHE PACTBOPA CYIb()aTOM KaJIbIHsL.

o [
L

80
70
60
50 -1
40
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20

cTeneHbL pazioxeHusn, %

10

0 5 10 15

L 3
L 3
-

25 30 35 40 45

koHuenrpauus H,SO,, %

Puc. 4 — 3asucumocmo cmenenu paznoscenus pocpopuma 3a 15 mumnym

om KoHyenmpayuu ceprou kuciomul npu coomuowenuu K :T=2,5: 1
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Puc. 5 — 3asucumocmo cmenenu PA31024CeHUA anamumoe020 KOHYyeHmpamadad om KOHYyenmpayuu P2056 Kuciome npu memnepamype

80°C u spemenu pasnoocenusn 3 uaca SO, =1,6%

Ha pucynke 5 moka3zaHa 3aBUCUMOCTb CTeIle-
HU Pa3JIOKEHMs araTuTa OT KOHLEHTpauuu (oc-
(GOpHOI KHUCIOTHI (AaHHBIE OIBITHO-TIPOMBIIII-
JICHHBIX UCTIBITAHUH).

Buano, uro a3 deKkTuBHOE pa3ioKeHue amna-
TUTA MPOTEKAET MPU KOHLEHTpauuu (hochopHoii
KUCIOTHI 110 29% P O,. [Ipu 5T0# KOHUIEHTpaun
NPOIYKLIHMOHHON KHCIIOTHI CTENICHb PA3IOKEHUs
araTUTOBOTO KOHIIEHTpara focturaet 96,1%.

3aki04enue

MakpoMexaHu3M — Tporecca  pasziIoKeHHs
arnaTuTa MpOTEKaeT yepe3 CTaauio oOpa3oBaHUs
PacTBOPUMOTO NMPOMEKYTOUHOI'O MPOTYKTa — MO-
HoKanbuuiidocdara. Jlanuelii Gakt oOyciioBieH
C OJJHOM CTOPOHBI YCKOPEHUEM PA3JIOKEHHUs ama-

THTa 32 CYET OOJIBILIETO MOIYJNS U TPHCYTCTBUSI
CEpHOI KHCIIOTBI, U C APYTOH CTOPOHBI 32 CUET
YBEJIMYEHHs] HaOIONAIONIETOCST WHIYKIIMOHHO-
r0 Mepuona BBIICICHUS TUIICA NIPU YBEIUUCHUH
coornomenust JK:T. Takum oOpazoMm yBenuue-
Hue cooTHouieHus JK:T mo3BoiseT MPOBOAMTH
npolecc B NMPHHIMITNAIBHO HOBBIX YCIOBHSX H
KUHETHYECKH MOJTHOCTBIO PA3/ICNIUTh CTAIUH Pa3-
JIOKSHUSI araTuTa M KpUCTaJUIN3aluy rurnca. Mu-
KPOCKOITMYECKHE UCCIIEIOBAaHMS IIPoLIEcca pasio-
XKeHHs: (ochaTHOTO ChIPhS MONTBEPIKIAIOT, YTO
paznoxkenue GpochopuTa U pasioKESHHUE anaTuTa
npu cootHouennn XK:T = 2,5, koropoe xapakrep-
HO JUTS TIPOW3BOJICTBEHHBIX YCJIOBHH, MPOTEKALT
6e3 BuaMMOro oopa3oBaHusl KOpouku ¢ochorurn-
ca Ha pa3Nararomrxcs KprucTauiax.
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YK 544.473-039.63
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BEJICEHAI KOMIPAI MBIC XJTOPUIAIMEH MOANP®PUKALIUAJIAY
TEXHOJIOT'UACBIH KACAY

HYPJIBIBAEBA A.H., IAPMEHBAEBA A.C., HIOJIAK A.A., KYJIA’ZKAHOBA A.C,,
HA3APBEKOBA A.H., KEMEJIBEKOBA M.H.

Tapa3sckuii eocyoapcmeennuiil ynusepcumem umenu M.X. [{ynamu, Tapaz, Kazaxcman

Anoamna: Byn scymvicma 6encendi Komipoi Mulc XIOpUOiMeH MOOUDUKAYUANAY MEXHONOSUCHL
HCACANRAH  AHCIHE MOOUDUKAMOP KYPAMBIHbIY —AMMUAK  OOUbLIHWA KOMIPOIH A0COpOYUSAIbIK
CHIILIMOBLIBIZbIHBIY 2cepi 3epmmencen. Mvicmuiy konyenmpayusicel 4,7 oen 188,2 me/e apanvievinoa
Konoauwiiean. Ocvinoau moouguxayusiapvl bap adcopoyusnvik kabinemminik 35,2 men 140,2 me/e
apanvigblHoa scamaovl. Tanoanean maxvlpulnmuly e3ekminiei scane moic (I11) xnopuodimen bencenoi
KOMIpOi MOOUDUKAYUALAY OOUBIHULA HCYMBICIBIH OYPbICIbIZbL PACMAIObL.

Tyiiinoi ce30ep: moouguxayus, berceHdi kKomipoi, aocopbenm, Opexcenb, a0copoyus, MOOUPUKAMOP

PA3PABOTKA TEXHOJIOTUM MOJN®UIIMPOBAHUSI AKTUBHOTO YIVISI
XJOPUJOM MEIU

Annomauusn: B oannoti pabome 6vina pazpabomana mexmono2us MOOUGUYUPOBAHUS AKMUBHO2O
Vel X10pUuOoM Meou U UCCIe008aHO GIUSHUE AOCOPOYUOHHOU CNOCOOHOCU AMMUAKA HA COCMAS
Mmoougpuxamopa. Konyenmpayus meou ucnonvzosanacey 6 unmepegaie om 4,7 0o 188,2 me/e. Aocop-
OYUOHHAS eMKOCMb NPU MAKUX MOOUuurayuax Haxooumcs  npeoeirax om 35,2 0o 140,2 me/e. I1oo-
MBEePHCOeHAa AKMyaIbHOCHb 8bIOPAHHOU MeMbl U YellecO00PA3HOCIb NPO8edeHUs pabombl HO MOOU-
Guxayuu akmugnozo yens xaiopuoom meou (1).

Knroueswie cnosa: moouguxayus, akmusHulil yens, adcopoenm, opekceis, adcopoyus, MOOUGUKamop

TECHNOLOGY FOR MODIFYING ACTIVE COAL WITH
COPPER CHLORIDE HAS BEEN DEVELOPED

Abstract: In this work, a technology for modifying activated carbon with copper chloride was
developed and the effect of the adsorption capacity of ammonia on the composition of the modifier
was investigated. The copper concentration was used in the range from 4.7 to 188.2 mg / g. The
adsorption capacity with such modifications is in the range from 35.2 to 140.2 mg / g. The relevance
of the chosen topic and the feasibility of carrying out work on the modification of activated carbon
with copper (Il) chloride were confirmed.

Key words: modification, activated carbon, adsorbent, drexel, adsorption, modifier
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AMMUAKTBIH aya OpTachlHa TYCY KO3IepiHiH
0ipi aMMHUaKTBl CyIbl CaKTay YLIIH Maijnana-
HBUIATBIH CHIMBIMABUIBIKTAPAAH aya apKbLIBI
OynanybiMeH cunartanaasl. Ocbl Ke3mep ca-
JBICTBIPMANIBI TYPAE a3 TOHHAXKIbI, ayMaKThIK
IIAIIBIPaHKBl, COHABIKTaH a30T ©HEepKacibi
KOCIMOPBIHAAPBIHAA UTepPUITeH abCcOopOIMSIIBIK,
KOHJICHCAIUSUTBIK JKOHE KaTaJIMTUKAIBIK OJic-
tepal [1] ammuakTaH TazapTy YIIH KOJJaHY
YTBIMJIBI €MeC, OUTKEeH1 onapAbl maiiganany ap-
HaWbl KOHJBIPFBUTAP/IBI CATYIBI KAKET €Te/Il.

AnCOpOEHT KYMBIC ICTEreH >Karmaiiia ajn-
COpPOLMSITBIK OJIC aMMHUAKThIH OETiH/AE >KoHE
KYTKBIIITBHIH ~ KEYEKTepiH/AE  MIOFBIPIAHIBIPY
peXHUMIHIE ©Te KONAIbl OONBIN CaHaTabl.
AMMUAKTBI CHHTE37Iey LIeXTapblHIa KOJJIaHbI-
JaThIH CUJIUKAarelb TUApoduUiIbAiIiriHe Oaiina-
HBICTHI YpJiey Ta3/[AapblH Ta3anay YIIiH bUIFaJIIbI
ra3fapJaH aMMMaKThl CiHIpY YIIIH >KapaMcChI3.
byn xarmaiina aMMuakThIH OeJCeHal KeMip-
MEH aJCOPOLHUSACH KbI3BIFYIIBUIBIK TYABIPAIbI
[2]. TunpodoOTHIK, CENEKTUBTIIIK, 6T€ YKOFaPhI
aJCOPOLUSIIBIK CHIMBIMIIBLIBIK, pEreHepaIus Ka-
01J1eTi OHBIH APTHIKIIBUIBIFBI €KeH1 OeNrii.

AJICOpOEHTTIH pereHepalusichi3 y3aK Ky-
MBIC ICTEYlH KaMTaMmachl3 €TETiH >KaFaaiaap/sl
)Kacay YIIiH, aMMHaK OOMBIHIIIA €H KOFaphl ChIi-
BIMJIBUTBIKKA W€ KOMip YITiIepiH maiianaHraH
XK6H, OyFaH COpOEHTTI TYpaKThl aMMHAKTap TY-
3€TiH MeTajul TY3/lapbiMEeH MoauduKaIusiay-
MEH KOJI )KeTKi3yre 0onabl.

JKyMBICTBIH MaKcaThl 6€JICEeH/Ii KOMip/Ii MbIC
XJIOpUJIMEH MOAU(UKALUATIAY TEXHOJIOTHUSCHIH
xKacay KoHe MoAU(HUKATOp KYpaMbIHBIH aMMH-
aKk OOMBIHIIIA KOMIPAIH aJCOPOIUSIIBIK CHIIBIM-
JBITBIFBIHA OCEPIH 3epPTTEY.

Toxipubenik Oemim. Kemipai momuduka-
LUsUIay apaiacThIpFbIbl 6ap konbana mbic (II)
XJIOPUIIHIH EepITIHIICIMEH CIHAIPY >KOJBIMEH
KYPrizuiai. DKCHEpUMEHTTE KOMIpJi HMIIper-
HUpJey VIIIH [aiiiajdaHbUlFaH  epiTiHAIHIH
kenemin (V,, 1), Konbara OpHAIACTBIPBUIFAH
KOMIp MaccachlH (m,, T), TOKIpUOEHIH OachIH-
narel (C,, MOJIb/T) JKOHE TKIPUOEHIH COHBIH-
naret (C,, MOJIb/T) €pITIHAIIEr1 MBICTBIH KOH-
LEHTPALUICHIH, TOKIpUOCHIH OachlHIa (pl, /)
JKOHE COHbIHAA (p,, T/JT) €PITIHAUIEPIIH THIFbI3-
JIBIFBIH OJIIIE]. V| KoHe m, maManapbiH THICIH-

me enmey muinuHApiMeH xkoHe 0,1 r meiinri
JONIKIICH OJIICH/I1; MBIC KOHIICHTPAIUSACHI HO-
JOMETpHsIIAay KOJIBIMEH TaObUIIBI; epiTiHAIHIH
TBHIFBI3/IBIFBI TUKHOMETPIIIK 9IICTIEH aHBIKTAJIIbI
[3]. Kemip MeH epiTiHIiHIH (T) ’KaHACY yaKbIThI-
HBIH YJIFAIObIHA Kapail MBICTBIH KOHIIEHTpPAIIHs-
CBbI KeMU/I1, COHABIKTaH dc/dT HeNre YMThUIA L.
KaHBIKTBIpY TOKTANIBI KOHE MBIC TY3IapBIHBIH
epiTiHaicineri keMipaiH cycrnensusacsl dc/dt=0
TEHJITN aHBIKTAIFaHHAH KeWiH cy3inmi. Agn-
COpOLMAIIBIK MBICTBIH CAIMarbl M, , MMOJIb / T
TEHJIIKTEH €CeITEeII/Il.

m =V C-V.C, -m™ (D)

By (1) Tenneyinae V, — epiTiHAIHIH COHFBI
kesieMi. OHBI TiKeJel aHbIKTay «OesceH 1 KeMip
— MBIC TY3JapbIHbIH CYIBl €pITIHAICI» XKyHe-
CiHIH O6JIiHYIHIH TOJIBIK €MECTITHEeH XKoHE MYH-
nail OeiHICTE Cy IIBIFBIHBIHBIH OONIyBI camjia-
PBIHAH KMBIH 60Ja/bl. V, MOHI )KaHama JKOJIMEH
aHBIKTAJJIBl: KOMIP MBICTBl KAaHBIKTBIPFAaHHAH
KeliH, KOMIP/IiH MaccachbliH m, aHBIKTaH OTHIPHIIL,
ayaja KeNTipial )KOHE eJIIIeH I, KeMIpAiH call-
Marbl M, — M, KOMIPMEH COPOLMSIaHFaH €PITiH-
Il KOMITIOHEHTTEpiHIH (MBIC TY3lapbl MEH CY)
MaccachlHa TeH; epITIHAIHIH Maccachl TOKipuoe-
re Jelin V p, TYBIHABICBIHA TEH EKEHIH €CKEpE
OTBIPBII:

sz [lel N (mz_ ml)] p271 (2

AMMuak OOMBIHIIIA KOMIPIIH TeTe-TeH ChI-
BIMJIBUTBIFBIH HAKThUIAy OOMBIHINA SKCIIEPUMEHT
1-cyperTe KepceTireH KOHABIPFbIIa JHHAMUKA-
JIBIK QICTIEH JKYPTi3LIi.

1 cypem — Ammuaxmul cigipy OotibiHUIG MAACIPUOETTK

KOHOBIPRbIHBIH HYCKACDL!

Pl e

1 — cy manomempi,; 2 — Opekcenvoi wiviiwicwl; 3 — mepmo-
cmam, 4 — adcopbenmnen mymikuie;
5 — cy muieviz0azeliubl
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Amvmuak-aya kocmacel AI'-3  Gencenmi
KOMIpIMEH TOJNTBHIPBUIFAH peakTopFa XiOepisai.
Peakropra neifiHri koHE OflaH KEHIHT1 ra3marsl
aAMMHaKTBIH KypambIH (thicinme C_ (1) xoHe

s (2)) OEITLTI KOJIEMIETI Ta3 chiHaMachin 200
mi 0,5 1 H,SO, ToAThIpbLIFaH ApeKCeb apKbLIbl
OTKI3IM aHBIKTAbl. ['a3 ChIHAMACBIH OTKI3TEHIe
JEeiiH JKOHE OTKI3TeHHEH KeHiH JpeKcelberi

KBILIKBUIIBIH KOHIIeHTpausaceiH pH 210 mapka-
a1 pH metp ysambirbinna NaOH epitinzicimen
0,5 H KBIIIKBUIIBI TUTPICY apPKbUIBI TAOAMBI3.

TaxipnOe HOTHIKEICPi

KeMipniH Teme-TeH CHIUBIMIBLUIBIFBIHBIH
TYPACHIIPTINI EpITIHAIHIH KOHIEHTPAIUsAChIHA
TOYeNALIIr 1-KecTene KopCeTIreH.

1-xecte. MoguduuupieHreH kemipreri MpicTbIH MoIepi 293 K temneparypana cinaipy

epITiHAICIHIH KOHIEHTPANMACHIHA TIYeJALIIri

MonubukanusiiaHFaH KOMip/IiH iIIiHIET] MBICTBIH KYPaMbl, MOJIb /T CiHzipy epiTiHIICIHAETi MBICTBIH KYPaMbl, MOJIb/JT
0 0
0,001 0,045
0,002 0,112
0,0026 0,161
0,004 0,203
0,006 0,27
0,0079 0,35
0,008 0,41

3eprreynep Kypambiaaa 0,5 MO/ KeM MBIC
(IT) Gap epiTiHainepai maiganaHa OTHIPBII XKYp-
rizinni. Kecrenen xepin typranbiMbiznaid, 0,08
MOJIB/JT PETTer! epiTiHAIHIH KOHIEHTPAIUIChIHA
JeiiiH MbIC OOMBIHIIIA KOMIP/IiH TeTe-TeH IIK ChIi-
BIMJIBUTBIFBI  €PITIHAIAETI MBIC KOHIIGHTpAIHsI-
CBIHBIH apTyBbIMEH CHI3BIKTHIH OOHBI ocei. Mbic
KOHIICHTPAIMSICHIHBIH OJJaH 91 XKOFapblIaybIMEH
KOMIPIIIH CHIMBIMIBUIBIFEI KeHOIp IIeKTepre
ACUMNTOTHKAIBIK JKAKBIHJAN OCYIH KallFacThl-
panbl.

KeMipni MbIC Ty3gapbIMeH KaHBIKTBIPY
epITIHIIHIH a3 KOHIEHTPAIMSAChIHIA Ja KOFa-
pbl cenektunTi [4]. Ocepinaiima, mpicansl, ~10
r/n (0,16 Monb/m) TypiaeHAIpriml epiTiHmigeri
MBICTBIH KOHIIGHTPAIMSICHl VIIIH, OCHI €piTiH-
JiIMEH KeMIipiH aOCOPLUSIIBIK KOJIEMiHIH KeyeK-
TepiH (mamamen 1 cM*/T) KapanailbiM TOJTHIPY
kemipzae 0,01 r/r MbICTBIH OONybIHA COMKeC Ke-
neni; 0,2 v/t sxcriepuMeHTTIK mama 20 ece Ker.
Mpeictei (1) Momuduxanmsmaynisl  epiTiHAl-
ne 0,2 MONb/1 KyBIK KOHIIEHTPAIMSICHI Ke31HIe
KOMIp/ie MBICTBIH aJCOpPOIMICH M30TEPMACKHIH
KOPCETETIH KeCTeIe «CaThUIbl TYP/E» OPBIH aja-
IIbI, OJ1 aJcOpOLMsIaH MOHOMOJICKYISPIIBIK Ka-
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0aTTa MOMMMONEKYIAPIIBIK aACOPOIHsIFa aybICy-
JIbl KOpCETE aajbl.

Typre3y yiuiH 1-kecTeHiH nepekTepi Koua-
HBUIFaH TpaguKTiH aHaMopdo3bl 2-CypeTTe Kepi
koopaunarrapaa Oepinren, 6yn CuCl, epitin-
JICIHIH TMITOTETHKAJIBIK IIEKCi3 YJIKEH KOHIIeH-
Tpanusicel ke3inae Mbic (II) xmopuni OoiibiHIIa
OesceHi KeMIpAiH ChIMbIMIBUIBIFBIH AaHBIKTAYFa
mymkingik Gepeni (CuCl, monbaix yneci 1-re
ten). Opune, «CuCl-H,O» xyiiecinin Kyiii
OpBIH aja anmMaiijel, Oipak Oipkarap TEXHOXH-
MUSUIBIK €CenTeyiep YIiH KeiOip MeKT1 Karaail
petiHe ecenrtenyi MyMKiH. ChI3BIKTHIK I'paduK-
TiH OpAMHAT OCiMEH KubLIbIcy HykTeci Mbic (II)
OOMBIHIIIA KOMIPAIH MIEKTI CHIMBIMIBLIBIFEI 0,25
1/t capikec,an ocwl CuCl, 0,56 r/r KypaMbIHa Ka-
yar 6epeni.

Mseic (II) xnopumiHiH THIFBIBABIFBL 3,1 1/
cM® Ke3iHze KeMip KYHiHAeri COPOTHUBTIH IIEKTI
kesieM 0,17 cm? Kypaiiibl, Oyt OenceH i KeMipIiH
HAHOKEYEeTiHIH KeJeMiMeH emeHeni [1].

bencenai keMipai MBIC XJOPHIIIHIH €pPiTiH-
JiCIMEH MMIperHanysiay OoWbIHIIA TXipuoOe-
JIepAiH MaTepuaIbIK OamaHChl, epiTIHAIHIH Mac-

CaChIHBIH a3aroblHa Colikec KeneTin V p, - V.p,
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aiteipmacel (1) TeHneyi OoOWBIHIIA €CeNTeNeTiH
m,, KaparanJa dpKallaH KOIl €KEHIH KOPCETel.
Ocbiran opail, epiTiHIl MacCachblHbIH KEeMYiHIH
abcopOuMsATIaHFaH MBICTBIH CaJMarblHAH AaChIIl
ketyin 1,68+2,25 r/r xypaiinel. byn kemipne-
ri oHBIH XJopuai Typingeri emec MbIcThIH (II)
OaiinanpIcybIiHa (OCHI XKaFAaia MbIC KOMIpIMEH
OaiiIaHBICTBl MacCaJaH COpOLMsATIaHFaH 3aTThIH

KaJbl MaccachIHbIH apTysl 1,12 1/t apThIK O0-
Maybl THic), an ruapartapsl Typinae CuCl, (2+4)
H,O caiikec keneni. Erep kemipain KypambiHia
65-79% CuCl, Gap OeTTiK epiTiHII TY3LIETiH-
JITiH KyollaHIbIpaThbiH 0oJica, OHAA KOJIeMIIK
epITIHAl YIIIH MYIAEM KOJM KETKI3LTIKCI3, al
CuCl, epirimriri 20°C xesinge 4,5 Monb/1 ac-
nanasl Hemece 42%.

25 4

MogmdHraraiasras kevipas imisyeri

MEICTEIH KypaMbL, Kepl KOOPIHHATATAPEL, MOIE /T
=

0 01 02

1/Cinaipy epiTingicisgeri MbICTBIH KypasMbI (MoIB/ 1)

03 04 05

2 cypem — O32epmineen komipoezi MbiC KYPambltbll Kepi Koopounammapoazel ciyoipy

epimiHOICIHIY KOHYeHmPayusaCcvblHa mayenoiniei

Epitingineri  wmeicteiH  (II)  Teme-Tey
MeJIILepiHe KOMIpPTeri epiTiHIiAerT MBICTBIH
(IT) KypaMbIHBIH TOYeNJIUTIr1 TEHIEyre CoWkec
KeJIei:

m '=m

cu cu(0)

4kC_ 3)

myHarsl 20°C m, )*1 =0,4; k=0,375.

0

2-kecTe. AMMHMAKTBIH NAapUUaIbl KbichiMbl 37,3 klla skone 293 k Temneparypa kesinge NH,
OoribiHIIa AI'-3 MapkaJbl KOMIpAiH Tene-TeH aACOPOUMAIBIK ChIHBIMABLIBIFbIHA MOAU(HKA-

TOP KOHLCHTPALHUsCbIHBIH dcepi

MBICTBIH KYpaMbl MI' / T KOMIp KemipaiH Terne-TeHaiK aacopOLusIIbIK ChIHBIMIBLIBIFG MI/T
0 28,6
4,7 35,2
9.4 413
18,8 49,5
28,2 67,2
27,6 78,1
47,0 80,1
94,1 104,1
141,1 123,4
188,2 140,2
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KecteHni Tanmaii oTeIpbIN, Teme-TeH aicopo-
IUSUTBIK ~ CHIMBIMABUIBIKTBIH  YKOFapbUIAYybIHBIH
OipKkesIKi eMecTiriHe Haszap ayjxapyra Ooiajbl.
OnbiH 28,6-man 80,1 Mr/r-ra naeliH KypT Ke-
TepiTyl MOAU(PHUKATOP KOHIEHTPALUACHIHBIH 47
MT/T-Fa JIeiiiH apTysl ke3iHjae Oaiikanansl. Conan
KeHiH Terne-TeH aJCOpOLUSUIBIK ChIHBIM/IBIIBIK
188,2 mr/r kemipaiH MoauduKaTopbl OONFaH
ke3ne 140,2 mr/r kemipiH MoHIHE XKeTeal. A-
copOeHTTeri MbIC XJOPHUIIHIH MOJIIEpiH OAaH
opl apTTHIPY OPBIHCHI3, OHUTKEHI MOoAH(UKATOP-
JIbIH YJIKEH ILIBIFBIHBI AJCOPOLMSIIBIK ChIMbIM-
JBUTBIKTBIH €19Yip apTybIHa aliblll KeaMenai [5].
MyHBI a7IcCOPOSHTTIH KEYEeKT1 KYPBUIBIMBIHAAFBI
MOAM(UKATOP TY3BIHBIH KpUCTANJaHybl ecebi-
HEeH Moau(dUKaNUsIaHFaH KOMIPIiH MEHIIIKTI
OeTiHiH a3arobIMeH TYciHaipyre O6omnansl. Hotu-
xenepi OoibIHIIA 2,29-Fa TeH, TY3UITe€Hl KellleH-
JepAeri MbICKa CoMKec KelleTiH KOOpAMHAIU-
JIBIK CaH aHBIKTAJIIBI.

KopbIThIHABI

1. AMMuak OOWBIHINIA KOMIPAIH aacopOIus-
JIBIK CHIMBIMIBUIBIFBIHA MBIC XJIOPUAIHIH MOIU-
(uKaToOppl KOHIEHTPAIMICHIHBIH dcepi OOWbIH-
1a SKCIEPUMEHTTIK 3epTTeyliep HOTHXKeIepl
QJIBIH/IBL.

2. TypaennaipiireH  KeMipAeri  MBICTBIH
KYPaMBIHBIH ~Kepi KOOpAMHATTapia CiHAIpY
epITIHAICIHIH KOHLEHTPALUACHIHA TOYEJIIIr1
AHBIKTAJIIBL.

3. NH, ooripiama 37,3 xIla KeIcEIMIa JKoHE
293 K remneparypana Al'-3 mMapkaiibl KeMipiH
Terne-TeH aJCOPOLMSAIIBIK CHIHBIMABUIBIFBIHA MO-
TU(HUKATOp KOHIEHTPALMSACBIHBIH dcepi 3epT-
TeNI.

4. AMMMaKTBI CiHIpY YIIIH KOJJaHBIIAThIH
OenceHai Kemip Heri3iHaeri copOeHTTepIiH
CHIMBIMIBUIBIFBIH  APTTHIPY YLIIH MOJH(HKA-
[USUIAaHFaH KOMIp/i MbIC XJIOPUII epiTiHIICIMEH
naiananyabiH JyPHICTBIFBI PACTAIIIBI.
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NNPUPOJA I'YMYCOBBIX KHCJIOT B BEPMUKOMIIOCTE

ICAMHOBA T'.A., '"AKBACOBA A.JL., 'HYPIUJIJTAEBA P.H., "KYMABAM B. K.,
:BAUXAMYPOBA M.O.

'Meotcoynapoonwiii kasaxcko-mypeyxuil ynugepcumem umenu Xooxcu Axmema Hcasu
‘Kaszaxcxuu Hayuonanvhvlil acpapuwiil yHugepcumem

Annomayun: B cmamve npugedenvi pe3ynomamul IKCHEPUMEHMATbHBIX UCCTE008AHUL, NOTYYeH-
HbIX NPU U3YYEeHUU COCMAsa U ONMUYECKUX CEOUCE 2YMYCOGLIX KUCIOM, U36IEUEHHbIX U3 8epMU-
KOMNOCMA, NOMYYEHHO20 NpU PA3HOU NPOOOIHCUMETbHOCTU NPOMEKAHU NPoYeccd 8epMUKOMNO-
cmupoganus. Ha ocnoge uzyuenus onmu4eckux c6oUCmeE 2yMyCco8blX KUCIOM YCMAHOGIEHA 3a6UCU-
MOCMb cmeneHu 2ymMuurkayuu om cpoka 8epMUKOMNOCMUPOSANUs. AKMUBHOCMb Kamanassl 8 00-
Pazyax 6epMUKOMNOCMOS, KAK U 00JIsl APOMAMUUPOBAHHBIX MOJEKY 2YMYCOBbIX KUCIOM pAcmem ¢
POCMOM NPOOONIHCUMENTLHOCU NPOYECcd.

Kniouegvie cnoga: éepmuxomnocm, 2ymycosvie KUCI0mbul, NO46A, hyib8OKUCTIOMbL, 00J4COe8ble YepaU
THE NATURE OF HUMIC ACIDS IN VERMICOMPOST

Abstract: The article presents the results of experimental studies obtained by studying the composi-
tion and optical properties of humic acids isolated from vermicompost derived from different dura-
tions of the vermicomposting process. Based on the study of the optical properties of humic acids, the
dependence of the degree of humification on the term of vermicomposting is established. The activity
of catalase in biohumus samples, as well as the proportion of aromatic molecules of humic acids in-
creases with increasing duration of the process

Key words: vermicompost, humic acids, soil, fulvic acids, earthworms
BEPMUKOMIIOCTAYBI 'YMYC KbIIIKBIJIJIAPBIHBIH TABUFATBI

Anoamna: Maxanada eepmukomMnocmay Npoyecin apmypii YaKbim Y3aKmvl2blHOA JHCYplizeenoe
WBIKKAH 8EePMUKOMNOCMAH OONIHIN ANbIHEAH 2YMYC KbIUKbLIOAPLIHGIY KYPAMbL MEH ONMUKALbIK
Kacuemmepin 3epmmezenHoeci maoicipubenix Haomuoicenep Keamipineen. 1ymyc KblUKbLIOADBIHLIY
ONMUKANBIK KACUemmepin 3epmmey He2iziHoe cyMughuxayus 0apexceci MeH 6epMUKOMNOCmay ypoiciH
JACYP2i3y Y3aKMbLIbIEbL ApaACchIHOa Oatlausic 6ap exeni alKblHOaN0bl. Bepmuxomnocm yneinepinoeci
Kamanazamuly Oencenoinici 0e eyMuH KbluKbIIOAPbl MOJEKYIANAPLIHbIY APOMAMmMblIblebl CUAKMbL,
yoepicminy Hcypy Y3aKmulebl OCKeH CallblH apmbvli OMulpaobl.

Tyitinoi ce3oep: eepmukomnocm, yMuH KbulUKbLIbL, MONLIPAK, QYIbE0KbIUKIIOAPYL, IHCAYbIH
K¥pmmap
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Beenenue

CornacHo Hay4YHOMY ONPEJIETICHUIO YUEHOTO
B.B. lokyuaesa u no y4yenuro B.1. BepHaacko-
ro T1OYBa SIBISIETCS MPUPOIHBIM TEIOM, MpEA-
CTaBJISIFOIIMM COOOM LETOCTHBIM KOMIUIEKC MH-
HEPaJbHBIX U OPTaHUYECKUX BEIIECTB, BKIIOUAs
’KuBbI€ opraHu3Msl [ 1]. OHa HaXOUTCS B TOCTO-
SSHHOM B3aUMOJICICTBUU C JIPYTUMHU COCTAaBIISI-
oM 6uocdepsr (aTMocdepsl, ruapocheps)
U BBINOJHSET psJ To0anbHbIX GyHKuui [2]. B
00pa30oBaHMM TIOYBBI 3HAUUTENBHAS POJIb TPU-
HAJICKUT MUKPOOPTaHU3MaM M IPYTUM >KHBBIM
OopraHu3Mam, OOMTAIOIIUM B IIOYBEHHOH CHCTe-
Me. IMEHHO OHM SIBJISIIOTCSI CUHTE3aTOPaMHU Ty-
MYCOBBIX BellecTB. OT pe3yabprara 1eaTeIbHOCTH
’KMBOM YaCTH 3aBUCUT INIABHOE CBOMCTBO MOYBHI,
Tak Ha3zbiBaemoe miopopoaue [3-5]. Cpean Hux,
kak BeisicHUI Y. [lapBun [6], B onpeaeneHHON
CTETNIeHH POJIb MOYBOOOPA30BATENS BBIMTOIHSIOT
JIO’KJIEBbIE YEPBHU, KOTOPHIE B COBOKYITHOCTHU C
JIPYTUMH TIPEICTABUTEISIMH TMOYBEHHOTO KH-
BOTHOTO MUpa (T€PMHTHI, )KECTKOKPBUIbIE, TIPe-
CMBIKAIOIIMECS U JIp.) MPUHUMAIOT Y4yacTuE B
o0Opa3oBaHuH neperHos. J{oxkaeBbie YepBH, MPO-
HU3bIBAs IOYBEHHBIE CIIOU, PBIXJIST, CO3JAI0T yC-
JIOBHSI JUISL @dpalliil U yBIAXKHEHHUSI, TIepeMeIH-
BaIOT U, TiepepadaThiBasi paCTUTEIbHBIE OCTATKH,
00pa3yloT TpaHyIHpPOBAHHBIE SKCKPEMEHTHI B
BUje Ouorymyca (BEpMHUKOMIIOCTA), HACHINIAs
MOYBY MUTATEJIbHBIMU BellleCTBaMHU [7-8].

Ha ocHoBe pe3ynbTaroB MHOTOYMCIIEHHBIX
AKCIIEPUMEHTANIbHBIX ~ HMCCIIEIOBAaHUN  paHee
HaMUu OBUIO TOKa3aHO, YTO MPHU HCIOJIb30BAHUN
B KauecTBe YIOOpEHHsI BEPMHUKOMIIOCTA YIIyd-
IAeTCs CTPYKTypa M TMOBBIMIAETCS ILJIOJ0-
poaMe CEpO3EMHBIX IIOYB, COOTBETCTBEHHO,
MOBBIIIAETCS YPOXKAMHOCTh MHOTHX CEJIbCKOXO-
3sicTBEHHBIX KynbTyp [9-11]. Kak u3BectHO, B
cepo3eMax COAEPKHUTCA OUE€Hb OOJIBIIOE KOJINYe-
CTBO MHUKPOOPTaHHU3MOB, OCOOCHHO OHU OOTaThl
HUTPUPHUIHUPYIOMUMU OaKTEPUSIMH, TTPEICTABU-
TeIsIMU BceX KiaccoB protozoa [12]. B cepose-
Max TakKyK€ MHTEHCUBHO Pa3BUBAIOTCS BOIOPOC-
.

OtmeueHHOEe B Hammx paboTax MOJIOKH-
TEJIbHOE BJIMSHUE BEPMHUKOMIIOCTA CBSI3aHO C
oOpa3oBaHreM HauOolee IEHHBIX (OpM TyMy-
ca, IPUBOJAILIME K YBEIUYEHHUIO BOJOIPOYHO-
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CTH, BOJOEMKOCTH, OOpa30BaHMIO THIAPODUIb-
HBIX CTPYKTYp U LIEHTPOB MUKPOOHOIOTHUECKON
aktuBHOCTH [13-14]. Opmnako, dbopmupoBaHue
CBOWCTB I'yMYCOBBIX BEILECTB, OT KOTOPOTO 3a-
BUCUT HE TOJBKO IMOYBEHHOE IJIOA0POIUE, HO
U TMIPOLECCHl JETOKCHKALIUH, MO3BOJISIIOIIUE CO-
371aTh YCJOBUS JJIS TOJYYEHHUS SKOJOTHUYECKU
YUCTOW NMPOAYKLUH, U3YUEHBI B HEJOCTATOUHOM
ypoBHe. [IpakTHuecku Takke OTCYyTCTBYIOT pa-
00TbI, TOCBALICHHBIE HCCIEJOBAHUIO 3aBUCUMO-
CTH CBOWCTB 'YMYCOBBIX KHCJIOT B OMOTyMYyCE OT
cocTaBa cyOCTpaToOB, MOABEPrarOIIUXCS BEPMHU-
KomnoctupoBanuio. [lpoBenenue nccnenoBaHuii
B 3TUX HalpaBlIEeHUSIX 0COOEHHO Ba)KHBI, TaK KaK
OT COJIepKaHHUsl, COCTaBa 'yMYCOBBIX BEILIECTB B
MOYBE 3aBUCST BCE €€ arpOHOMUYECKHE IIEHHBIE
CBOMCTBA.

JlanHass paboTa TOCBAIIEHA HCCIeI0Ba-
HUIO ONTHYeCKUX cBOicTB rymMuHOBBIX (I'K) n
¢dyneBokucor (PK), n3BIeyeHHbIX U3 BEPMH-
KOMIIOCTa M KOMIIOCTA, a TaKXe ONpEeTICHUI0
AKTUBHOCTH (pepMeHTa Karanasbl B 3TUX 00pa3-
nax. ['yMycoBble KHUCJIOTBI CHHTE3HPYIOTCS B
KUIIEYHUKE KPACHBIX KaJTU(POPHUNUCKUX uepBen
B pe3yJbTaTe MOJMMEpH3allMi HU3KOMOJIEKYJISP-
HBIX COEJMHEHUI B Oosiee yCIOKHEHHBIE U 3pe-
Jble POPMBI.

O0BbeKThI M METOABI HCCJICAOBAHUS

OOBeKxTaMu HCCIIeJOBaHUS SBISIOTCS 00pas-
I[bl KOMIIOCTA, BEPMHKOMIIOCTOB, NPOU3BE/CH-
HBIX B pe3ysbTare XHU3HEACATEIbHOCTH Kpac-
HbIX KanupopHuiickux dvepseil Eiseniafoetida
— BHJI MaJIOILIETUHKOBBIX YepBEil U3 cemeticmea
Lumbricidae. BripamuBanue yepBeii mpoBeIeHO
Ha cyOcTpatax 0e3 W C BHECEHHEM IEepPOKCHIA
KaJbpIUsl B KOHCKUH HaBo3. [l mccrienoBaHus
MOJY4YEeHbl 00pa3libl BEPMUKOMIIOCTOB PA3HOTO
nepuoja cozpeanus (1 mecsn, 2 mecsua, 3 mMe-
cA1a, S MecAIeB).

DKCTparupoBaHUE TYMYCOBBIX KHCIIOT W3
KOMIIOCTa, BEPMUKOMIIOCTA TPOBEJCHO pa30aB-
nenHoit 0,07-0,2 N mienoubto nepenmBaHueM
JI0 TIOJTHOTO M3BJICUEHUS] TYMYCOBBIX KHUCIIOT.
3areM MLIENOYHOM 3KCTPAKT (UIBTPYIOT depes
GUIBTPOBaNBHYIO TKaHb. K OTQMIBTpOBaHHOMY
pacTBOpy A00ABISAIOT MUHEPAIBbHYIO KUCIOTY J10
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pH=5,0-1,0. ®noKyIAT OTAEHAIOT, NPOMBIBAIOT
U cymar. BemmapuBanueM (uibsTpara BbIIEISIOT
¢dyneBoKHUCTOTY [15].

HccnenoBanue ONTHYECKUX CBOWCTB TyMy-
COBBIX KHCJIOT ITPOBEJEHO B Auanas3oHe 465-726
HM Ha yHHuBepcasibHOM poTomerpe KOK-3-01-«-
30M3» ¢ HCIOIB30BAaHUEM TOIIIUHBI CIIOS YKHU/I-
KocTu paBHOH 1 cm. Jls onpeneneHus creneHu
KOHJCHCUPOBAaHHOCTH apOMAaTHYEeCcKOro  sJipa
MOJIEKYJl TYMYCOBBIX KHCJIOT ObUIM BBIUMCIIEHBI
OTHOLICHUS 3HAYEHWH ONTHUYECKOW IUIOTHOCTH
npu anmHax BojH 465 (E,) u 665 (E,) am. Omnpe-
JiefieHHe aKTUBHOCTU (hepMeHTa Karajasbl Mpo-
Boamiioch o Metony A.ILL. Tancrsana, onucan-
Homy @.X. XazueBbiM [16].

PesyabTarbl HCCIe10BaHUSA U UX

o0cy:Kk1eHue

B cocraB BepMHKOMIIOCTa BXOAAT PSAI Op-
TaHUYECKUX COCIMHEHUN, BKIIFOUasi TYMHUHOBBIE
U (yIBbBOKUCIIOTHI, COJEpIKallee MUTaTeIbHbIC
BeriectBa (N, P, K), koTopblie B pe3ynbrare Ku3-
HEJEATEIIbHOCTU IOYBEHHBIX MUKPOOPTraHU3MOB
paznararpTcs ¢ o0pa3oBaHHEM JIOCTYIIHBIX pac-
TeHUsM MuHepanbHbIx coequHeHuil N, P, K, Ca,
S u apyrux snemeHntoB. B tabnuie 1 npuBeneH
COCTaB BEPMHMKOMIIOCTOB, IOJIYYEHHBIX B pas-
JIMYHBIX MIEPUOJAX CO3PEBAHUS.

Pe3ynpraTel 3KCIIEpMMEHTAJIBHBIX UCCIIEN0-
BaHUU MOKa3alu OTCYTCTBHE B oOpasiax Bep-

MHUKOMIIOCTA MAaTOT€HHONW MHKpPO(IOPHI U SHIL
reJbMHUHTOB. MaccoBasi 10l TSXKENbIX MeTal-
joB Pb, Zn, Cd, Cu, As kak B KOMIIOCTE, TaK U B
BepMukomnocTe Huxke 3Hauenuit [1/IK nist mous.
Conepxanue kanpuus ot 4,0 no 6,2 %, maraus
- 0,5-2,0 %, xeneza - 0,4-2,5%, mapranua —
63,4-77,6 Mr/. BepMUKOMITOCT 110 CBOUM MHUKPO-
OMOJIOTUYECKUM, XUMUYECKUM M JIPYTUM CBOM-
CTBaM, a TaKXe 10 COCTaBy PE3KO OTINYAETCS OT
KOMIIOCTa, B HEM UMEETCs MOJIHBIN OanaHc nuTa-
TEJIbHBIX BEILIECTB U MUKPOIIEMEHTOB. Arpera-
Thl BEPMHUKOMIIOCTAa UMEIOT pasmepsl oT 0,25 1o
5 MM, 0071aJa10T MOBBIIIEHHOW yCTOWYHBOCTBIO
K pa3MbIBY BOZAOH, COAEPKAHUE OPraHUUYECKOIO
BEIIeCTBAa B HEM Kousiebiercs B mpenenax 57,4-
65,1% 1npu BBICOKOM COAEpKAHUM a30Ta.

BepmukoMIiocT coaepXUT OOoJbIIoe KOJIH-
YeCTBO T'YMYCOBBIX BemiecTB (Tabmuua 1) u co-
00IIeCTBO MHUKPOOPTaHU3MOB, BBIJIEISIONIUX
(UTOrOPMOHBI, aHTUOMOTUKH, (YHTMLUIHBIE U
OaKTepULIUAHbIE COCMHEHUS, KOTOPbIE CIIOCO0-
CTBYIOT TMOBBIIICHUIO OMOIOTUYECKONW aKTUBHO-
CTH, 0310POBJIEHUIO U MTOBBIIIEHUIO TIOOPOIUS
IIOYBBI, YCTPAaHAIOT MHOTHE LIMPOKO paclpo-
CTpaHEeHHbIe OOJIE3HH PACTEHUIA.

Jli1st CpaBHUTENBHON XapaKTEPUCTUKU TyMYy-
COBBIX BEILECTB PA3JIMYHOIO MPOUCXOXKIECHUS U
U3y4YeHHsI 0COOCHHOCTEH CBOWMCTB, CTPOCHUS Ty-
MHUHOBBIX KUCIIOT U (DyTHBOKUCIIOT (POTOKOJIOPH-
METPUUYECKMM METOJOM HCCIIEJOBAHBI CIIEKTPBI

Tadnuna 1 — CocTaBbl KOHCKOr0 KOMIIOCTA U MPOAYKTA €ro yTHJIM3alHH BEPMHKOMIIOCTOB

B yo6penns 1 CpenHee cofiepkaHne KOMIOHEHTOB, %
TPOAOKUTEIIBHOCTH
npomnecca Opranuueckue | [ymycobie Asor
BEPMUKOMIIOCTHPOBAHHS Braxnocts | pH BelecTsa semectsa | o6muii, N 3oma | P,O; K,0
Kommoct 40,4 6,8 55,9 16,8 1,34 38,1 1,49 | 1,80
Bepmukomnocr 45,0-472 | 72 58,5 27,2 2,13 372 | 1,98 | 2,72
(2 mecsma)
Bepumiommoct 45,0-50,0 | 7.9 574 27,0 2,12 39.8 | 220 | 3,19
(3 mecsma)
Bepmmkomnioct 45,0-494 | 7.8 65,1 26,9 2,17 36,0 | 2,02 | 3,93
(5 mecsieB)

y 6,5-
MexayHaponHBIi cTaHIApT - 75 20-30 6,5-7,5 1,0 57,7 1,5 1,0

95



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Nel (52), 2020

MOMIOIICHHUA T'YMYCOBBIX BCHICCTB B BUJIUMOM
HaCTH CIICKTpaA. Ha PUCYHKE 1 MMpEACTaBJICHBI
SKCIICPUMCHTAJILHO TIOJYUYCHHBIC OITHYCCKUC
CBONCTBa T'YMYCOBBIX KHUCJIOT, BBIACJIICHHBIX H3
KOHCKOI'O HaBO3a U BCPMUKOMIIOCTOB, IMOJYUYCH-
HBIX B pa3HbIC ICPUOABI HPOTCKAHUA ITPOLECCaA.

D
1.8 a
1.6

400 450 500 550 600 650 J,HM

0.8
0.6
0.5 1
0.4 1
0.3
0.2 1
0.1

400 450 500 550 600 650 b HM

Puc. 1 — Onmuueckue ceoticmea eyMunosvix (a)
u ghynveoxuciom (6), 8bl0eeHHBIX U3 HABO3A U
U3 BEPMUKOMNOCHIOB NPU NPOOOIAHCUMENLHOCHIU
sepmuKkomnocmuposanua. 2 — uepes mecay, 3 — uepes 2 mecaya;
4 —uepes 3 mecaya; 5 — uepesz 5 mecayes

Ha ocnose 3amepa ontuueckux cBoictB 'K
n OK ycTaHOBJIEHBI pa3auyusl B AIIEKTPOHHBIX
CIIEKTpax B 3aBUCUMOCTH OT BPEMEHH BEPMH-
KOMITOCTHUPOBaHMS.

[To coBpeMeHHBIM TPEACTABICHUSAM OKpacKa
T'YMYCOBBIX KHCJIOT U COOTBETCTBEHHO XapaKTep
UX DJEKTPOHHBIX CIEKTPOB OOYCIOBIEHBI pa3-
BUTOW CUCTEMOM COIPSKEHHBIX JBOWHBIX YyIJIE-
pora-yrnepoaHbixcBsizeil. HanbGonee MHTEHCUBHO
OKpallleHbl TYMUHOBBIE KUCJIOTHI 10 CPABHEHUIO
¢ pynpBOKUCITOTaAMU. IHTEHCUBHOCTH OKPACKU U
XapakTep CIEKTPOB I'yMYCOBBIX KUCJIOT 3aBUCST

96

OT MPOIOJIKUTEIBHOCTH MPOLIECCa BEPMHUKOMIIO-
CTHpOBaHUS (PUCYHOK 1).

OKcIepuMEHTaNbHbIE JaHHBIE, OTY4YEeHHBIE
IIPU UCCIIEIOBAaHUU aKTUBHOCTH (hepMeHTa KaTa-
7a3bl B 00pa3iax KOMIOCTa U BEPMUKOMIIOCTOB
MIPEJICTaBIICHbI Ha PUCYHKE 2.

AK,%

4,85

Ll
(]
LFy
O

(=1 — [B¥] .
i L i

Kounoct BepuizkomnoceT Bepuuxounoct Bepumxoumoct
qepes 2a-1a gepes IM-0a  qepes Sa-uep

Puc. 2 — Axmusrocme xamanazvl (AK) 6 obpasyax komnocma
U BEPMUKOMNOCIIOB8, NONYYEHHBIX NPU 6EPMUKOMNOCTHUPOBAHUU
uepes 2, 3, 5 mecayes

Kak BuaHO 13 pucyHKa 2, akKTUBHOCTh KaTa-
7a3el B 00pa3iax BEPMHKOMIIOCTOB BHINIE YEM
B KoMmriocTe. [IprueM ¢ pocToM MpoJOIKUTEh-
HOCTH BEICHHSI TIPOIECCa BEPMUKOMITOCTHPOBA-
HUSL HAONMIOAeTCsl POCT 3HAYCHHH aKTUBHOCTH
kartana3pl. COMIacHO pe3ysbTraTaM OIMpeleIeHUs
AKTUBHOCTH Karaja3bl B BEPMUKOMIIOCTE HAM-
Oosnblliee 3HaYeHUE, paBHOE 4,85, MOIy4YeHo Tpu
MIPOBEJICHUH TPOIECCa BEPMUKOMIIOCTUPOBAHHUS
B T€UEHHUE 5 MECSIIEB, UTO MMOYTH B 2 pasa BHIIIIE,
YeM B KOMIIOCTE.

ComnocTaBiieHre pe3yibTaToB 3aMepa OITH-
YECKUX TUIOTHOCTEW TyMYCOBBIX KHCIOT U aK-
TUBHOCTH KaTajas3bl CBHIETEIBCTBYIOT O CYIIE-
CTBOBAaHHMH OMPECICHHON B3aUMOCBS3H MEKIY
STUMH BenuunHaMu. Kak mokas3pIBaoT pe3ynbTa-
ThI, aKTUBHOCTH (pepMEHTA KaTajaa3bl BO3pacTaeT
10 Mepe CO3peBaHUsl BEPMHUKOMIIOCTA. Takum
oOpa3oM, (GepMEeHT KaTallaza UIrpaeT BaKHYIO
pOIb B mpoiiecce 00pa3oBaHUs BEPMUKOMIIOCTA,
COOTBETCTBEHHO, B OOpa30BaHUU TyMYCOBBIX
KHUCJIOT.

3uasenns E,/E, nns 'K B 3aBucumoctu ot
MPOAOJDKUTENBHOCTH TIPOIlEcCa BEPMHUKOMIIO-
cTUpOBaHMs u3Mensercs ot 2,89 no 3,02, nus
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®K ot 3,11 no 3,33. {5 U3BJI€YEHHBIX U3 KOM-
nocta 'K u ®K 3nauenus E 4/E6 , COOTBETCTBEH-
HO, UMEIOT 3HaueHus paBHbie 3,63 u 3,14. AHa-
JU3HUPYs TIOJyYeHHbIE JTaHHbIE, MOJKHO CJI€NaTh
3aKiroueHre 006 o0pa3oBaHNM Oosiee apoMaTH3H-
POBaHHBIX MOJIEKYJI TYMUHOBBIX KHUCJIOT U MEHEE
apOMaTHU3UPOBAHHBIX (YIHBOKHCIOT TIPU BeEp-
MUKOMIIOCTUPOBAHUH.

3aKiIroueHue
Ha ocHoBe pe3ynbTaToB 3KCHEpUMEHTAb-
HBIX HCCIIEOBAHUI YCTAHOBJIEHA 3aBUCUMOCTH

Ka4eCTBEHHOT'O U KOJMYECTBEHHOI'O COCTaBa I'y-
MYCOBBIX KHCJIOT B BEpPMUKOMIIOCTE OT COCTaBa
cyOcTpata, yCIOBUH M XapakTepa MPOTEKaeMbIX
B HEM NIPOIECCOB. BrIsABIEHO, YTO YeM OoJbIle
BenmyuHa oTHomenus E /E, Tem Gonee passura
nepudeprudeckas 4acTh MOJICKYIIbI TYMYCOBBIX
KHUCJIOT U TEM MEHBILYIO JOJI0 COCTABISIET apo-
marudeckoe aapo. E,/E,y IyMHHOBBIX KHCIIOT
U3MEHsIOCH B mpenenax 2,89-3,63, a 'y ¢ynbBo-
kuciotT ot 3,11-3,33 B 3aBUCMMOCTH OT COCTaBa
cyOcTpaTa ¥ MPOJOHKUTEILHOCTH OTBITOB BEp-
MUKOMITIOCTHUPOBAHMUS.
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OCHOBBI IPOEKTUPOBAHUSA ABTOMATU3UPOBAHHOW CUCTEMBI
NPUHSATHUA YIIPABJEHYECKHUX PEINEHUHA IO BOITPOCAM INEPCOHAJIA
B COBPEMEHHBIX IPEAITPUATHUAX

ABJIBITAJIMKOBA TI''A., I/KYMATAJIMEBA A.M., TOJIELIEB A.T.
Kazaxcxuui Aepomexnuueckuii ynusepcumem um. C. Celighyninuna

Annomayua: B oannou cmamve paccmompenvi acnekmol A8MOMAMU3AYUYU CUCTNEMbl NPUHAMUSA
VAPABIeHUeCKUX peuleHull no 60Npocam NepcoHand 8 co8peMenHblix npeonpusmusx. Ilpusedensi oc-
HOBHble NPooeMbl, KOMOPble NPUCBOEHbL KOMNAHUAM, He UMEIOWUM A8MOMAMU3UpPO8AHHOU cucme-
Mbl NPUHANUSL PEULeHUSL.

Coenan cpasHumenbHulll AHANU3 HECKONLKUX NONYIAPHLIX HR-pewenuii ona asmomamuzayuu ynpas-
JIeHUsL NEPCOHAIIOM, BblAGNEHbL UX OOCTNOUHCINEA U HeOOCTAMKLU.

Ilocmasnena 3a0aua pazpabomku mooenu cucmemvl NPUHAMUSL YNPAGIEHYeCKUX peuleHull, Ha base
COBPEMEHHbIX MEXHONo2Ull KaK Vert.x, Komopas no3eonum ompadamvléams 3anpocvl 8 HeOIoKuU-
pyrowjem pedxcume 0Jis npoekmuposanus unmepetica — Angular, 01 peanuzayuu KiueHm-cepeepHoll
apxumexmypwvl cmanoapm ReST.

Knrwoueswie cnosa: nepconan, ynpasienue, agmomamusayus, uHGopmayuonHslie cucmemvl, dQgpex-
MUBHOCMb, pecypc

3AMAHAYH KO9CIITOPBIHIAAPIA KAAPJIBIK MOCEJIEJEPAI BACKAPY/IbIH
ABTOMATTAHJBIPBLIIFAH )KYWUECIH K¥PY HEI'I3EPI

AHnoamna: Byn maxanada 3amanayu KacinopulHOapoagvl kadp Mmacenenepi OOUblHWA Oackapy
wewimoepin Kabwvlioay Jcyuecin asmomammanovlpy acnekminepi Kapacmuipsviiaovl. Lllewimoep
KadwL10ayovly a8momMammaHnObIpuLIeaH HCYUeciH natuoaiaHamslh KOMNAHUALAPObIY He2i3el MiHOem -
mepi kenmipineen. Kvizmemkepnepoi backapyovl agmomammanoblpya apHai2an oipHeuie maHblMa
HR-wewimoepee canvicmulpmansl manioay #cacaiovl, O1apobly apmulKUbLILIKMAPbl MeH KeMULIK-
mepi anbiKmanobi.

3epmmey menipecinde — 6acKapyuibliblK wewimoep Kaowlioay Jdcyueciniy Mooenin Kypy CUsKmol
MiHOem KOUublivin, OHbl Vert.x cuskmol 3amMaHay mexHoio2used He2izinoe icke acvlpy cYpamvicmap-
0bl OIOKMAaH mulc pexicumoe eyoeyee MyMKiHOIK bepedi. Unmepgeticmi scodbanay ywin Angular, an
KAUEHM-cepeep apXumekmypacuit sxcyseze acvlpy yulin ReST cmandapmuin Kon0any muimoi.

Tyiiinoi ce3oep: nepconan, bacxkapy, asmomamuxa, aknapammaolk Jcyienep, MuiMoinix, pecypc

99



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Nel (52), 2020

FUNDAMENTALS OF DESIGNING AN AUTOMATED MANAGEMENT DECISION-
MAKING SYSTEM FOR PERSONNEL ISSUES IN MODERN ENTERPRISES

Abstract: This article discusses aspects of automation of the management decision-making system on
personnel issues in modern enterprises. The main problems that are assigned to companies numbing
an automated decision-making system are given. A comparative analysis of several popular HR-
solutions for the automation of personnel management is made, identified from the advantages and

disadvantages.

The task is to develop a model of a management decision-making system based on modern technology
like Vert.x, which will allow you to process queries in non-blocking mode, to design an interface —
Angular, to implement the client-server architecture with the ReST standard.

Key words: personnel, management, automation, information systems, efficiency, resource

Beenenue

CounanabHO-3KOHOMHYECKUE Tpeodpa3zoBa-
HUSI, IPOUCXOMAIINE B COBPEMEHHOM OOIIeCTBE
NPUBOJAT K KAYeCTBEHHBIM M KOJHMYECTBEHHBIM
U3MEHEHHUSIM BO BCEX CTPYKTYpax IMPOU3BOJICTBA.

B ycloBUsIX pBIHOYHOW SKOHOMHUKH CHHKE-
HO (prHAHCUpPOBAaHWE C BHEUIHUX HCTOYHUKOB,
KaXJass KOMIIAaHHS BBIHY)XJCHA IEPEeCMOTPEThH
CBOM CTpaTernyeckue IUIaHbl W HAWTHU ONTH-
MaJIbHbIE PELIeHUs B CTPOCHUU COBPEMEHHOTO
NPEATIPUSTHSL.

TakuMm 00pazoM Al COBPEMEHHOTO Mpe-
OpUsATHS 0coboe 3HaYeHHEe uMeeT oOecreyeHue
IPOM3BOJICTBA aBTOMATHU3UPOBAaHHON HMH(pOpMa-
IIUOHHOW CHCTEMOM JUIsl BCEX CBOMX IMPOM3BOJ-
CTBEHHBIX CTPYKTYD, B TOM YHUCIIE ISl TIPHHSTHSI
yIpaBJIeHYEeCKHUX PEIIeHUH 110 BOIpocam Mepco-
Hana [1].

VrpaBieHue 4eloBEUeCKUMHU pecypcamMu —
3TO Mpollecc HaiimMa, 0TOOpa, MPUBIEUYEHUS CO-
TPYAHHUKOB, OOECI€YeHUs OpHUEHTAlMH, 00yue-
HHS ¥ Pa3BUTHS, OIIGHKU pabOThI COTPYIHUKOB,
OTIpeJIeJIeHUs] BOHArPAXKIECHHUs U MPeJOCTaBiIe-
HHS JIIOT, MOTUBALIUY COTPYIHUKOB, TIOICPIKa-
HHS HAJUIeKAIIMX OTHOUICHUH C COTPYIHHKAMH
U uX mpodcorozamu, obecrieueHus: 0€30MacHo-
CTH COTPYIHHKOB, OJIATOCOCTOSIHUS U 3/JOPOBBSI.

ABTOMaruzanysi paboThl C TMEPCOHAIOM —
3TO Tpoliecc MOBBIIIEHUs 3()(HEKTUBHOCTH pa-
00THI OT/IETa KaJIpOB, 0CBOOOXKIAsi COTPYIHUKOB
OT YTOMUTEIBHBIX PYYHBIX 3214 U TIO3BOJISISI UM
COCPEIOTOYMTHCS Ha CIOKHBIX 33/1adaX, TaKuX
KaK MPHHATHE pEeIleHHH M pa3padoTKa cTpare-
TH.

100

ABTOMAaTU3UPYS CTaHJAPTHBIE U TIOBTOPSIIO-
HIMeCs] ONEPALUU C NEPCOHAJIOM, OpPraHU3alun
MOTYT COKpAaTUTh 3aTpaTbl W BpeMs, 3aTpavu-
BaeMO€ Ha IUIAHUPOBaHME U 00pabOTKy mepco-
HaJa BPy4YHYIO.

OcHoBHas 4yacTh

[IpuBeneM HeECKOIBKO MpOOIeM, KOTOpBIE
MPUCBOEHBI KOMITAaHUSM, HE MMEIOLIM aBTOMa-
TU3UPOBAHHOMN CUCTEMBI IPUHSTHUS PELICHUS:

— notepsiHHas 3¢ ¢pexkTUBHOCTh. [lepconain
OyzeT yaensTh BpeMs MOHOTOHHBIM M HETIPOAYK-
TUBHBIM 33/1a4aM;

— JIOTIyCKaroTCs omuMOKH. Takue 3a1a4un, Kak
IpoBEepKa pacUCaHui, pacueT 3apaboTHOI I1a-
TBI U TIPOBEPKA OTITYCKOB MOTYT OBITh JIETKO BbI-
MOJHEHBI MalmHONW. HO MX BBINOIHEHHE JIIOb-
MU MOKET MPOJIOKUTH IMyTh K OIIHOKAM;

— HOBBI€ KaH/IUAAThl MOTYT HE UMETh J0CTa-
TOYHBIH OMBIT paboTHl. C MOMOIIBIO aBTOMATH3a-
IIUM YIPABJICHUS IEPCOHATIOM OpraHU3aluu MO-
ryT OBICTPO MPOEKTUPOBAThb, ONTHUMHU3HUPOBATH,
MHTETPUPOBaTh M Pa3BepPTHIBATH HEOOXOAUMBIE
CIIy’)KObI TIPU 3HAYUTENbHO OoJiee HM3KUX 3a-
Tparax.

[Ipu npaBuIBbHON peanu3ali aBTOMaTH3a-
IUs1 yTIpaBJICHUs IEPCOHATIOM MOXET IPUBHECTH
HEe3aMEeHHMMBbIe ITpeuMy1ecTBa. BoT Bocems Kitto-
4eBBIX NpeumyiiecTs aBromarusanuu HR[2]:

— MOBBIIIEHUE NTPOU3BOIUTENHLHOCTH Onaro-
napst 6bIcTpoii 00paboTKe 1 OOMEHY TaHHBIMU;

— CHWXKECHHE TEeKy4decTH KaapoB Onaromaps
MOBBIIIEHHON BOBJIEYEHHOCTH COTPYIHHKOB;
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— COKpallleHHe pacXo/i0B Ha XpaHEHHE U Iie-
YaTh, CBA3aHHBIX ¢ OyMa)XXHOH 00pabOTKOii;

— OCTaBaThCsl CBOOOJAHBIMHM OT PHCKa COOT-
BETCTBHS WM HAPYIICHUN TOJIUTUKY;

— TIOBBIIIEHHE OPraHMU3aLMOHHOTO POCTa 3a
cueT 3(h(HeKTUBHOrO HaliMa MPU ONTHUMAJIBHBIX
HKCIUTYaTallMOHHBIX PAaCXOAax;

— yAaneHue omMOOK BBOJA JAHHBIX U MOTe-
PSIHHBIX JOKYMEHTOB.

Onumem HekoTopsle W3 nomyasipHbix HR-
peLIeHHU 1JIs1 aBTOMATU3aIMK YIIPAaBICHUS Tep-
COHAJIOM.

Synergy HRM. Cucrema mno ymnpaBieHHUIO
YeJIOBEUECKMMU pecypcaMu — KOMIUIEKCHBIN
UHCTPYMEHT JUIs CO3/1aHusl 0a3bl i S PEeKTHB-
HOTO yNpaBJICHUs YEJIOBEUECKHUMHU PECYPCaMU U
MOBBIIIEHUS] YPOBHS MPOU3BOJUTEIHLHOCTH CO-
TpyaHUKOB. CHcTeMa IMO3BOJSET ONTUMHU3UPO-
BaTh MPOLIECC MIPUHATHS COTPYAHUKOB Ha paboTy.

HR Scanner. Hrscanner — cepBuc oOHIIaliH-
OLIEHKU TepcoHaja, Ui NpeAnpUHUMATENeH u
HR. Cucrema no3BosseT 5KOHOMUTH CBOE€ Bpe-
M, cCpa3y OTCEeMBasi HeaIeKBATHBIX MJIH CIyvaii-
HBIX KaHJIUIATOB, YBEIMYHUTH 10 95% kommuye-

CTBO COCTOSIBLIMXCS cOO€CeI0BaHUM, ITOCKOIbKY
KaHJUJAT BJIOJKWIJI CBOE BPEMS B IIPOXOXKIACHHE
TECTOB. AHAJIM3UPYs TECTHI AeHCTBYOMUX U Oy-
OYLIUX COTPYAHUKOB, MOKHO BBISIBUTH UX CHJIb-
HbIE U cJa0ble CTOPOHBI.

[IpenocraBnsier pasHble BUABI TECTUPOBA-
HUS:

— tecT «Pe3ant»;

—tect «Tymey;

—tecT «Cercy;

— tecT «Perapny;

— BUJICOUHTEPBBIO.

JlononHuTeNbHBIE (DYyHKIMU:

— eauHas 0asza KaHIUAATOB CO CTaTycaMH
Y BO3MOYKHOCTBIO IIEPEMELICHMSI MEXKY BaKaH-
CHUSIMU;

— OIIOBEILEHUE KaHIUJATOB C BO3MOXHO-
CTBIO OBICTPOTO MPOXOXKJIEHHS TECTOB C Tenedo-
Ha;

— MHOTOIOJIB30BATENBCKUI PEXKUM C BO3-
MOKHOCTBIO CO3/IaHUS TaloK.

B tabnune 1 npuBeneH cpaBHUTENbHBIN aHa-
JIN3 JAHHBIX CUCTEM.

Tabauua 1 — CpaBHHUTE/IbHBIH AHAJIH3 CHCTEM YIPABJICHHUS Y€JI0BEYeCKHMHU pecypcamMu

Ha3Banwue cucreMm ynpasieHHs
Ne JlocTonHCTBA Henocrarku
YeJI0BEYECKIMH pecypcamu
1 1C: 3apmnara u Kaznpsl Wurerpamus ¢ 1C Oyxrantepus BBICOKasI LIEHA
. OrpaHn4eHHbIH (QyHKIHOHAIT.
ITonnepxka cereBoit Bepcun.Ectb
2 Kopc-Kanpst Het Bo3MOXXKHOCTH 10OaBIATH
OecruiaTHas Bepcus
OTYETHI
3 ByxCodr: 3apruiara u Kaapsr Tlonneprxka MOOHITBHOM BEpCHH
BosmoxxHOCTE BecTu cpa3y HECKOJIBKO
4 COTpYIHHMKH MPEITPUITHS opranusanuii. PasrpannucHHbIe Beicoxue TpeGosaris k
Py pearp p ) p . xapakrepuctukam [1K
BO3MOXKHOCTH I10JIb30BaTeIICH CHCTEMBI
MHorodyHKIIHOHaIBHAs TPOTpaMMa
5 Kanpsr [roc C O ICPIKKOM OONBIIOr0 KOJTUIECTBA BBICOKAS II€HA
OTYETOB B KOPOOOUHOI Bepcuu
Kaxplil monap3oBarens
6 Otren kaapoB Wmmnopt/Dxcnopt nanubix u3 1C
JHUIEH3UPYETCS OTACTEHO
B03MOXHOCTB cO3/1aBaTh 3a1POCHI, YTOOBI
7 [Mepconan busnec U3BIICYb JII00YI0 HHPOPMALHIO U3 Oa3bl. BBICOKAsI [ICHA
Bo3MoxxHOCTB pe3epBUpOBaHUs 6a3bl
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CoBeplieHCTBOBaHME  Tpoliecca  MpPUHS-
TUSI OOBEKTUBHBIX 0OOCHOBAaHHBIX PEIICHUH MO
BOIIpOCaM MepcoHaja B CUTYyallUsIX BBICOKOM
CJIIOKHOCTH JIOCTUTAETCS MyTEM HCIIOJIb30BaHUS
Hay4yHOTO MOJX0/1a K JAaHHOMY MpolLeccy, pa3pa-
OOTKOW MoOJeJIeil, METOIOB U CUCTEM MPUHSATHUS
peLieHui.

3akJ/oueHue

Ha ocHoBe aHanmu3a TeOpeTHMUECKUX Mare-
pHUAJOB U U3YUYEHUS CTPYKTYp TOTOBBIX CUCTEM, U

BBISIBIISISL BCE MTOJIOXKUTENBHBIE U OTPUIATEIbHbIC
CTOPOHBI JJaHHBIX CHUCTEM IIOCTaBJieHa 3aja4a
pa3pabOTKU MOJIENIN CUCTEMBI IPUHATHUS YIpPaB-
JICHYECKUX pelIeHni Ha 0a3e COBPEeMEHHBIX TeX-
HOJIOTMH Kak Vert.X, KOTopasi O3BOJMUT OTpada-
TBIBaTh 3allPpOChl B HEOJIIOKUPYIOIIEM PEXUME,
JUId TIpOEKTUpOBaHMs uHTepdeiica — Angular,
JUIS pealln3aluyl KJIMEeHT-CEPBEPHOM apXUTEKTY-
pel ctanaapt ReST.
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AJITOPUTMBbBI BIOPYTHON

AMMUPXAHOB B.C.!, )KOJIMATAMBETOBA B.P.}, I’)KOMAPTOBA I11.A.'%,
IHIOPMAHOB T.C.?
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‘Kaszaxcxuu Hayuonanvhoiil ynusepcumem um. anv-Papabu
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Annomauusn: Ilpogeden 0630p no ancopummam ouourgopmamuxu Ha BioPython. Paccmompersi
OCHOBHbIE 3A0auU OUOUHDOPMAMUKY U ANOPUMMbL ¢ npumepamu Ha Python: arecopumm no obpa-
bomrke nocredosamenvrocmeti /[HK, nouck nammepnos, aneopumm MHONCECMBEHHO2O BbIPAGHUBA-
HUsL NOCe008AMeNbHOCMEN, Aleopummbl uioceHemuieckoeo ananusa epag oe bpéina. I[lokazana
OCHOBHAs 0OpAbOMKA OUOIOSUYECKUX NOCTIe008AMENbHOCMEN 8 Kayecmeae peanusayuu npoyeccos,
CBA3AHHBIX C IKCHpecCuell 2eHO8, 8KIIUAS MPAHCKPUNYUIO, MPAHCIAYUIO U UOSHMUDUKAYUIO Om-
KpbImMbIX PAMOK CYUMbIBAHUS. A makoice paccmMompena 603MONCHOCMb GbIMUCTIAMb YACMOMY pa3-
JIUYHBIX CUMBONL08 8 nociedosamenvHocmsax. Onpedenena NOMeHYuaIbHAs CLOHCHOCb HEKOMOPbIX
AN2OPUMMO8, UMO NOKA3LIBAET BANCHOCMb IMUX ANOPUMMOS U NomeHyuan npooiem. Paccmompe-
Hbl CKPbIMble MApKOBCKUe MOOenu, epaduvl u buorocutecKue cemu.

Knroueeswvie cnoea: BioPython, 6uoungopmamura, nammepnol, epagul, MaproscKue Mooeiu, aieo-
pummvl, /[HK, PHK

BIOPYTHON ALGORITHMS

Abstract: A review of bioinformatics algorithms on BioPython. The main tasks of bioinformatics and
algorithms, with examples in Python, are considered: an algorithm for processing DNA sequences,

searching for patterns, a multiple sequence alignment algorithm, phylogenetic analysis algorithms,

Count de Bruyne. The main processing of biological sequences is shown as the implementation of
processes associated with gene expression, including transcription, translation and identification of
open reading frames. And also considered the ability to calculate the frequency of various characters
in the sequences. The potential complexity of some algorithms is determined, which shows the impor-

tance of these algorithms and the potential problems. Hidden Markov models, graphs, and biological
networks are considered.

Key words: BioPython, bioinformatics, patterns, graphs, Markov models,algorithms, DNA, RNA
BIOPYTHON AJITOPUTMIEPI

Anoamna: BioPython-oazvl 6uoungopmamuxa aneopummoepine wiony ocacanovl. Python-oa
mbicanoapvl 6ap OuouHgopmamura mex aneopummoepoiy Hezizei MiHOemmepi Kapacmulpuliaodbl:
JHK misbezin enoey aneopummi, 3a40bLIBIKMApObL i30€), OipHeuie mizbekmi pemmey ancopummi,
Qunocenemukanvly manday aneopummoepi, oe bpéiina epaghuci. buonoeusnvix mizoexmiy Heeizei
eyoeyi 2eHdi IKCnpeccusiiaymer OauiaHvlcmsl npoyecmepoi, COHbIH [UiHOe MPAHCKPUNYUSHDL,
ayoapmamnvl JicoHe awblK 0Ky ulenoepnepin catkecmendipyoi kepcemedi. CouvimeHn xamap
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can mypni manbanapovly dHCUiNiciH ecenmey MyMmKiHOieli 3epmmendi. Ketibip aneopummoepoin
BIKMUMATL KYpOeinici aHbIKManaosl, 0¥ ocbl aieopummoepoiy Maybl30bLIbIEbIH HCIHE bIKMUMAT
npoonemanapost avxvinoauovl. Convimen kamap Mapkosmuiy dcacvbipbii Modenvoepi, epaghuxacsl

IHCOHE 6u0ﬂ02u}1]lbll§ cheﬂiﬂepi xapacmblpbwadbz.

Tyiiinoi ceszdep: BioPython, buoungopmamuxa, nammepuoep, epagpmap, Mapros moodenvoepi, an-

eopummoep, /[HK, PHK

Beenenue

HayuHoe coo0111eCTBO NCTIONB3yeT HECKOb-
KO SI3BIKOB TPOTPAMMHUPOBAHMS ISl PELICHHUS
3aga4y OuonHpopmaruku. OCHOBHBIM JUIs UCCIIE-
JIOBaTeNe SIBISETCS S3bIK MPOTrPAMMHUPOBAHMS
Python. Python ucnone3yercss MHOrUMHU KOMIIa-
HUSIMH — OT HEOOJIbIINX M HEM3BECTHBIX Mara-
3MHOB JI0 KPYITHBIX UTPOKOB B CBOMX 00JacTsIX,
takux kak Google, National Geographic, Disney,
NASA, NYSE u mHorue apyrue. 310 OIUH U3
yeThIpex “‘opuIMaIbHbIX A3bIK0B” Google cpenn
Java, C++ u Go. Y HHX ecTh BeO-CaliThI, ClIe/IaH-
Hble Ha Python, aBTOHOMHBIE IPOTrpaMMBI 1 J1axke
XOCTHHI-peleHus. B kauecTBe moAaTBep K IeHHS
Toro, uto Google cepre3no otHocutcs k Python,
B nekabpe 2005 roma onu HaHsuM [BUAO BaH
Poccyma, cosparenst Python. Bosmoxho, 31O
He OCHOBHOU s3bIKk (Google, HO 3TO MOKa3bl-
BaeT, 4yTo Google SBISETCS €ro pemnTebHBIM
ctopoHHukoM. Jlaxke Microsoft pazpaborana
Bepcuto Python s coeit minargopmer «. Net»
(IronPython), a Taxoke paspadotana Python Tools
for Visual Studio 21, GecriaTHbINM IUIaruH ¢ OT-
KPBITBIM HCXOAHBIM KOJIOM, KOTOPBIH MpeBpa-
maet Visual Studio B cpeny paspadotku Python.
MHorue u3BecTHbIe TUCTpUOyTHUBBI Linux yxe
UCTIoNB3yIoT Python B cBOMX KITIOUEBBIX HHCTPY-
menTax. Ubuntu Linux «mpeanoyuTaer, 4ToObI
c00011ecTBO BHOCHJIO BKJIaJ B paboTy ¢ Pythony.
Python HacTonbko TECHO HHTETpUPOBaH B Linux,
4TO HEKOTOpbIE TUCTPUOYTUBBI HE OyayT pado-
TaTh 0e3 paboueli kornuu Python [1].

Biopython — 370 o4eHb none3HbIi MakeT Mo-
Iyneit Ui pa3paboTKH MpUIoKeHu GnonHpop-
MaTuKd. XOTs KaxkJas 3ajadya OHMouMH(pOpMaTH-
KU YHUKaJIbHA, BCE )K€ €CTh HEKOTOphIE 3aauH,
KOTOpBIE TMOBTOPSIIOTCS, Y KOTOPBIX BO3HUKAET
HEOOXOUMOCTh OOMEHa MEXIYy pPa3JelbHBIMU
nporpaMMaMd W CTaHAAPTHBIMU (opMaTamu
¢aitnos. Takast cuTyarusi TOBOPUT O HEOOXO-
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JUMOCTH pa3pabOTKU MakeTa Mep MO PELICHHIO
TaKWX 3aJ[a4, OCHOBAHHBIX Ha OMOJIOIMYECKUX
npobnemax. [y pemeHns Takux 3a/1a4 UCIOMb-
3yercst Biopython [2-6].

MeTtoabl uccae10BaHUA

OcHoBHast 00paboTKa OMOJOTHYECKUX IIO0-
CJIeI0BaTeNbHOCTEN. 31eCh MBI PACCMOTPUM
peanu3almio MPoLECCOB, CBI3aHHBIX C DKCIPEC-
CUel TeHOB, BKJIIOYAsi TPAHCKPUIILIUIO, TPAHCIIA-
U0 ¥ UJICHTU(PUKAIIUIO OTKPBITBHIX PAMOK CUH-
TeIBaHMS. Tak Kak mocinepoBarelbHocTh JIHK
SIBIISIETCSL CTPOKOW, HAYHEM ¢ (DYHKIIUH, B KOTO-
POl IOJCUUTHIBAIOTCS ACHCTBUTEIbHBIE CUMBO-
Jbl, a UX CyMMa CpPaBHUBAETCS C JJIMHOW CTPO-
KU 4TOOBI MPOBEPUTH MPABUILHOCTh BCEX CHM-
BOJIOB. [107100HBIE (YHKIIUM MOTYT OBITH JIETKO
nocTpoeHsl st nocienoBarensHocteir PHK
wim Oernka.

Jpyrum TOJIe3HBIM TPUMEPOM  SIBIISETCS
BO3MOKHOCTh BBIYHMCIIATH YACTOTY Pa3JIMYHBIX
CHMBOJIOB B IOCJI€/IOBATENIbHOCTSX. Pe3ynbraTom
byHkuu OyaeT cloBapb, I1e KIIOYH — 3TO
CUMBOJIBI, @ COOTBETCTBYIOLIME 3HAYEHUS
— 4yacTtoTel. OOpaTuTe BHUMAaHHE, YTO OTO
MOXKET OBITh MPHUMEHEHO K JII00OMY W3 THIIOB
MOCJIEI0BAaTENbHOCTEHM, ONpPENEICHHBIX BBIIIE
(JIHK, PHK u Genxn).

Taxke MOXHO 3amporpaMMHpOBaTh (HyHK-
LIUU, KOTOPBIE:

* BO3BpAIAIOT YaCTOTy AMUHOKHUCIOT OT ca-
MBIX YaCThIX 0 HAUMEHEE YaCThIX;

* BO3BpAIlAlOT  MPOLEHTHOE  COJEpKaHUe
G u C HyKJIEOTHJIOB B MOCIEAOBATEIbHOCTH
JAHK;

* Bo3Bpawaiot coaepxkumoe GC Henepecekaro-
IIUXCS TOATIOCTeIoBaTeIbHOCTEH pa3mepa kK;

» Beruncisa0T PHK, cooTBeTcTBYyIOIIIYIO TpaHC-
KPUIILMK TPEJOCTABIECHHON MOCIIeI0BaTElb-
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Hoctu JIHK; BbIuucisor oOpaTHbIii KOMILIE-
MeHT nocnenosarensHoctu JJHK; nepeBonsr
KOJIOH B aMMUHOKHCJIOTY, UCIIOJIb3Yysl BHYTPEH-
HUU CJIOBAPb CO CTaHJAPTHBIM I'€HETUUECKUM
KOJIOM; IEPEBOIAT nocienoBarenbHocTh JJHK
B AMUHOKHCJIOTHYIO IIOCJIEI0BATENbHOCTD.
[Touck KOHKpETHBIX NAaTTEpPHOB B OHOJIO-
TUYECKUX IOCIEI0BATENbHOCTIAX SABIIAECTCS OJ-
HOW u3 Haubojee pacHpOCTPaHEHHBIX 3a7ad,
C KOTOpbIMH OHMOMH(OPMATUKU CTAJIKUBAIOTCS
exeHeBHO. [TocKoNbKy cOOTBETCTBYOIIAs OHO-
Joruyeckas UH(popMalus XpaHUTCs B MOCIIEN0-
BaTEJIbHOCTAX, aHAJIU3 JIOKAJIBHBIX 3aKOHOMED-
HOCTEH B 3TUX IOCJIEN0BATEIbHOCTIAX SBIIACT-
Csl BECbMa AaKTyaJlbHbIM. AJITOPUTMBI JAHHOTO
HAIIPABJICHUS — 3TO aJITOPUTMBI, OTHOCSIIUECS
K MOMCKY MOACTPOKU B cTpoke. Hanbonee pac-
IIPOCTPAHEHHBIE 3TO NMPUMUTHUBHBIN ITOUCK, aJl-
roput™ boiiepa-Mypa, ucnons3zoBaHue nerep-
MUHHUPOBAHHOI'O KOHEYHOT'O aBTOMATa, AJITOPUTM
Knyra-Moppuca-Ilparta u MHOrue napyrue.
OdeHp yacTo Uil MOMCKA MATTEPHOB MCIIOJNb-
3YIOT pEryJIsipHbIE BbIpaKCHUsI. PeryisapHbIC BbI-
paXXeHUsl — 3TO KOHLIENLKS ITPOrpaMMUPOBAHMS,
CYILECTBYIOIIAast BO BCEX COBPEMEHHBIX S3BIKAX
IpOTrpaMMHUPOBAHUSI, KOTOpPasi MO3BOJISIET TMOKO
OTIpeNeIATh MIA0NOHBI JJIS TIOUCKA B CTPOKax,
YTO I103BOJISIET HAXOAUTH NATTEPHBI, UCIIOJIB3YS
ruOKue MmabIoHBI.

CpaBHeHHe 1 BBIDABHMBaHMeE MOCJI€/10-

BaTeJIbHOCTEH

OnHuM M3 OCHOBHBIX BKJIQJOB, KOTOpPBIE
OononH(popMaTHKa BHOCUT B OMOIIOTUYECKHE HC-
ClIeIOBaHUS, SBIISICTCS MOMOILb B BBISICHCHHUU
(YHKIIMM JaHHBIX TE€HOB WM OEIKOB, KOTOPBIE
OHM KOMUPYIOT. OOWmUN TOAX0J K PEIICHUI0
9TUX 3a7ad4 COCTOUT B TOM, YTOOBI T€HEPHUPO-
BaTh THUIIOTE3bl OTHOCUTEIBHO HMX OHOJIOrHde-
CKOW (YHKIIMM Ha OCHOBE CXOJICTBA UX IOCIHE-
JIOBaTEJIbHOCTEN C APYTMMH, KOTOPBIE HMEIOT
OTpeeNIeHHYI0  (PYHKIIMIO, TPEAIOYTUTEIHHO
C DKCIIEpUMEHTAJILHOM MpoBepkod. Ha camom
Jiesie MBI IIbITaeMCs JOCTHYb TOMOJIOTHUH, TO €CTh
CYILIECTBOBaHMS OOIIeH pOIOCIOBHOM, OCHOBaH-
HOM Ha CXOJACTBE MOCIIeA0BaTeIbHOCTEH. BaxkHO
MIOYEPKHYTh, YTO 3TU MOHATHS HE DKBUBAJICHT-
Hbl. OIHAKO Ha MPaKTUKE MOCIEI0BATEIbHOCTH,

KOTOpBIE JICMOHCTPHPYIOT BBICOKYIO CTEIICHb
CXOJICTBA, UMEIOT BBICOKYIO BEPOSITHOCThH TOTO,
9TO OHHU OYIyT TOMOJIOTUYHBI U UMEIOT CXOXKHE
GyHKIIMU. DTa BEPOITHOCTh BO3PACTAET C YBEJIH-
YeHHEeM cTereHu nomoous. Korma cxoacTBo Jo-
CTHTaeT BBICOKMX YPOBHEH (OmpeereHue mpa-
BUJIBHOTO TOPOTa, K COXKAJICHUIO, HE OYEBUTHO),
MBI MOKEM BBIBECTH (YHKIIUIO C HEKOTOPOIt J10-
CTOBEPHOCTBIO, XOTS MJICAJIOM BCETIa SBJISICTCS
IKCIIEPUMEHTAIbHOE TIOATBEpKAcHUE. [leneByto
(GYHKIUIO IS 3312491 ONITUMHE3AIHMHU (TIPOOIIEMBI
MapHOTO BBIPABHUBAHUS IOCIIE0BATCIHLHOCTH)
MOYKHO OIPEICIIUTh CIACTYIOIUM 00pa3oM.

BBoxa: 1Be mMOCIEI0BAaTENBHOCTH C YETKO
orpe/ieNieHHbIM aiaBuTOM; IiesieBasi (DYHKIUsS
JUTSL OLIEHKHU KaKJIOTO PEIICHUS BHIPABHUBAHMUS.

BrIBOA: onTHMAIBLHOE COUYETAHME CUMBOJIOB
B KaXJIOW TOCJICIOBATSILHOCTH, PAaCCTaBIISS
poOEJIbl B COOTBETCTBYIOIIHMX MO3UIHSX, YTOOBI
MaKCUMH3HPOBATH LEIECBYIO (DYHKIIHIO.

[Ipexae ueM cMoTpeTh Oojee MoapoOHO Ha
0COOEHHOCTH 11eJIeBOM (YHKIMH, HEOOXOIUMO
MOHATH MOTEHIMAIBHYIO CIOXHOCTh 3TOH Tpo-
OJIeMbI, OIICHUB YHCJIO BO3MOXKHBIX PEIICHUIA.
J1J151 3TOM 11eJIM PAaCCMOTPUM YIIPOIICHHUE, COTIIAC-
HO KOTOpPOMY 00€ MOCJIC0BaTEIbHOCTH UMEHOT
OJIMHAKOBBIH pa3Mep n. ITO orpaHuyYcHUE OyIeT
CITY)KUTh TOJIBKO JUISl YIIPOIICHUS HALIMX BbIpa-
KEHUH 1 OyJIeT J0CTATOYHBIM, YTOOBI AaTh MPE/I-
CTaBJICHHE O CJIOXKHOCTH. [I0CKOIBKY /ISt HallIen
3aJ1a4¥ PEIICHUS PA3JIMYAIOTCS MO CIIOCo0y pas-
MEIeHUsT TPOOEIIOB B TOCIEIOBATEIILHOCTSX,
MOKHO JIETKO BBISICHHTB, YTO MAaKCHUMaJIbHBIH
pasMep BCEro BbIpaBHHMBaHUS OyleT paBeH 2n,
JUIsL CITydasi, KOrJa Mbl MOMEIIaeM N MpoOesioB,
MOCKOJIBKY 3TO HE UMEET CMbICJIa MMETh Pa3phiB
B 00€UX MOCJIeI0BATEILHOCTAX. TaKuM 00pazoMm,
o0I1iee KOIMYECTBO pelieHui Oyner obecrnedeHo
BO3MO)KHBIMH KOMOMHAIIMSIMHU pa3Mepa n u3 2n
AJIEMEHTOB, OTIPEIEIIIEMbIMU KaK:

(2_1‘1) _ (Z2n)!

n n!? (D)

UTo0ObI UMETH MTPEICTABICHHE O JAHHOM 3Ha-
yeHuu, Juis n = 20 (o4eHb MaJeHbKOE 3HAUYCHHE
JUISL peaIbHBIX OMOJIOTHYECKUX IMOCIIEe0BATEb-
HOCTei) 3T0 cocTaBisieT okoio 130 mwmmap-

105



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Nel (52), 2020

JIOB pElIeHU. JTO JaeT MpeICTaBICHUE O TOM,
4TO MpobieMa JOBOJILHO CIIOXKHA M YTO €€ He-
BO3MOXKHO PEIIUTh C MOMOIIBI0 MeToja rpy0oii
CHJIBI, B KOTOPOM IiepeduparoTcs BCE BO3MOXK-
HbIE BapHaHTHI [7].

BrlpaBHMBaHME HECKOJIBKHUX IOCIJIEOBA-
TenbHOCTeN. OTAENbHON 3a7a4eil CTOUT BbIPAB-
HUBaHUE HECKOJIBKUX IOCIIEOBATEIBHON Cpasy.
Ecnu BeIIE paccMaTpuBajioch IOMAPHOE BbI-
paBHUBaHUE, TO celYac 3ajadya CTABUTCS IS n
MOCIIEIOBATEILHOCTEN cpasy. ITo UMeeT ocodoe
3HaueHHe, HaupuMep, MpHu onpeaeaeHun (QyHK-
1IUH OJIKOB, I71€ KOMOMHAIUS PA3TUYHBIX MOCTe-
JOBATEJILHOCTEN ¢ MOTEHLMAIBHON TOMOJIOTHEN
LEIU U3 Pa3sHbIX OPraHU3MOB MOXKET NPUIATh
JIOTIOJIHUTENBHYIO YBEPEHHOCTh B CO3JJaHUM T'M-
nore3 /i (PyHKIMOHAJIBHOTO OMUCAaHMUA U 00e-
crieynBaeT Oosiee HaIEXKHBIM CrOCO0 HMIEHTH-
¢buMpoBaTh KOHCEPBAaTUBHBIE 00IACTH TeX Oel-
KOB, KOTOpPBIE MOTYT UI'PAaTh COOTBETCTBYIOLLYIO
(GYHKLIMOHAIBHYIO pOJib. belkoBble BbIpaBHUBA-
HUS MOTYT TaK)K€ OYEHb [IOMOYb B OIIPEIETICHUH
UX BTOPUYHBIX MU TPETUYHBIX CTPYKTYP.

duaoreHeTHYECKNH aHAIU3

OuioreHeTUKa — 93TO pasaen OHOJOTHH,
KOTOpPBIA M3y4aeT 3BOJIIOLUUOHHYIO HCTOPHUIO
W OTHOLUECHMS MEXAY JIFOAbMHU WA BUIAMH.
AJTOpUTMBI (UITOTEHETUYECKOTO aHATN3a MOXK-
HO B LIEJIOM Pa3JeauTh Ha TPU OCHOBHBIX KJlacca,
KOTOpBbIE B OCHOBHOM pa3JM4aroTcCs IO CTpare-
WU, UCTOJIb3YEMOM ISl BBIUUCIICHUS LIEJIEBOM
GYHKIMH, U B TO € BpeMs MpEeJIararoT alb-
TEPHATUBHBIE IOAXOIbI JUISl MOUCKA B OTPOM-
HOM TPOCTPAHCTBE PEIICHUS 3TOW MPOOIEMBI.
OCHOBHBIMHU KJIaCCaMH SIBIISIFOTCSI CJEIYIOLINE
aJrOPUTMBI HA OCHOBE PACCTOSIHUM: BKJIFOYAKOT
B ce0s1 METO/IbI, OCHOBAaHHBIC Ha pacyeTe MapHbIX
PaCcCTOSTHUI MEX]Ty TIOCIIe0BaTEILHOCTIMU (Ha
OCHOBE BBIPAaBHHBAHUs MOCIEIOBATEILHOCTEM),
C LIEJBIO TIOUCKA JIEPEBBEB, B KOTOPBIX PACCTOS-
HHUSI COOTBETCTBYIOT 3HAUEHUSIM BO BXOJHOW Ma-
TPHUILIE;

- MakCHUMaJIbHasl dKOHOMHMS: BKIIIOYAET Me-
TOJIbI, KOTOPBIE HILYT JI€PEBBS, INI€ KOJIUYECTBO
HE0OXOMUMBIX MyTalui (BO BHYTPEHHHUX y3JaX
JepeBa) Uisi OObSICHEHUSI N3MEHYMBOCTH TTOCTIe-
JIOBaTEJIbHOCTEN MUHUMU3UPOBAHO;
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- cTaTUCTHYecKue/0aiiecoBbI METOIBI: OTIpe-
JIEJISIIOT BEPOSITHOCTHBIE MOJIETHU /ISl BOSHUKHO-
BEHMSI PA3JIMYHBIX TUIOB MYTALMM U HCIOJb-
3YIOT 3TU MOJEJIH J1JIs1 OLIEHKH JI€PEBHEB HA OCHO-
B€ MX BEPOSTHOCTHU (UM BEPOSATHOCTH), TIOMCKA
HauboJee BEPOSTHBIX IEPEBbEB, KOTOPHIE 00BsIC-
HSAIOT TMOCJIENOBATEIbHOCTU B COOTBETCTBUU C
MpeAnoiaaraéMoni MoJIeIbIO.

AnTropuTMBI OOHApYKEHUsT MOTHBA. B KOH-
TEeKCTE aHanmu3a OWMOJIOTMYecKOW TMocen0Ba-
TETbHOCTU TEPMUH «MOTHUB» OTHOCUTCA K He-
TPUBUATBHOMY IOCJIEI0BATEIHLHOMY IIA0JIOHY,
KOTOPBIA XapakTepeH IJIsi HECKOJbKUX MOCIe-
noBarenbHOCTe. [lon HeTpUBHANBHBIM  MOJ-
pazymeBaeTcs, YTO MOTUB UMEET MUHUMAJIbHYIO
COOTBETCTBYIOILYIO JJIMHY U 3aXBaThIBA€T KOM-
OMHAIIMIO CHMBOJIOB, KOTOpasi OTIMYAETCS OT
0a30BOro pacmpeneneHus CUMBONOB. OHAKO
€ro IMaBHOW 0COOEHHOCTHIO SIBIISIETCS MOBTOpE-
HUE, TO €CTh TOT (DAKT, YTO TO MPOUCXOIHUT B
HECKOJIbKUX U3 POAHATU3UPOBAHHBIX MOCIIEI0-
BatenbHOCTeH. [IpobOnema oOHapy)eHHs aeTep-
MUHUPOBAHHBIX MOTHBOB MPEICTAaBISIET COOOM
MHTEPECHYIO BBIUUCIUTEIBHYIO 3a7a4y, KOTopas
MpuBIIeKajla BHUMaHHEe MHOTHX OHMOWH(OpMaTH-
KOB M YUYEHBIX Ha MPOTSXKEHUH MHOTHX JIET.

BeposiTHOCTHBIE MOTHBBI U CTOXAaCTUYECKHUE
alNropuT™Mbl. BeposITHOCTHBIE MOTHBBI, KaK Ipa-
BUJIO, BBIPAKAIOTCS Y€pe3 MO3UIMOHHYIO BECO-
Byto Marpuily (PWM), taxke Ha3bIBaeMble I1a-
6nonamu win npoduissmu. PWM — sto marpuna
B3BEIICHHBIX COBMAICHUN KaXXI0T0 U3 OMOIOTH-
YECKUX CUMBOJIOB (HYKJICOTHUIOB UM aMUHOKHC-
JIOT) B BHJIE CTPOK M KaXKIOW MO3UIIMKA MOTHBA
B Buje cTonbioB. PWM obecnieunBaeT BeposT-
HOCTHOE MpEACTaBICHUE MOTHBA IIyTEM 3axBaTa
YaCTOThI Ka)KJJOTO CUMBOJIA B/IOJb €r0 IMOJIOXKe-
HUM nocnenoBareabHOCTH. PWM moxer 3arem
MCII0JIB30BaThCs JIJIsl IOUCKA HOBBIX COBIIAJICHUN
MOTHBOB BO BXOAHBIX MOCJEI0BATEIbHOCTIX U
MOKET OBITh YTOYHEHO MyTeM BKJIIOUEHUS APY-
rUX COBIAJEHUN C BBICOKMMH I1OKa3aTeISIMH.
CroxacTuyeckue ajaropuTMbl, OCHOBaHHbIE Ha
Makcumu3zauuu oxkunanuii (EM), moryT pemutb
3Ty mpobrneMy 3(PQPEKTUBHOTO MOUCKA MOTHBA,
NpeAOoCTaBIsAs Crocod 00xona MpOCTPAaHCTBA
MOYCKa U ONTUMU3ALIMU MOTHBOB [8].

CkpeiThle MapkoBckue moxaenu (HMM). B
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aHanu3e OMOJOrMYEeCKOM MOCIeN0BaTeIbHOCTH
COOBITHS, CBSI3aHHBIE C MOCIEIOBATEILHOCTHIO,
Y4acTO SIBIISIOTCS BEPOATHOCTHBIMU. [Ipumepsi
9TOTO BKJIIOYAIOT, HampuMep, KiIacCHU(UKALIUIO
CYOKJIETOUHOU JOKamu3alnuu (Harpumep, LUTO-
3011b, SIAPO WM MeMOpaHa) OeJiKa 1o ero mnocie-
JOBATEIbHOCTH; HaJN4ue OENKOBBIX JOMEHOB
B IMOCJIEIOBAaTeIbHOCTH WM BEPOSITHOCTH CBSI-
3bIBaHUSl TPAHCKPHUMIIMOHHOTO (pakTopa C Io-
CJIEZIOBATEIbHOCTHIO 00JACTH MPOMOTOpA TeHA.
CKpBITBIE MapKOBCKHE MOJIEIH — CTOXacTHUYe-
CKHE€ MOJENH, KOTOpble (PUKCHUPYIOT CTATUCTH-
4eCKHe 3aKOHOMEPHOCTH M3 BXOIHBIX MOCIEN0-
BaTEeNLHOCTEH M MO3BOJIIOT pa3padaThiBaTh a-
TOPUTMBI ISl TTIOMCKa MOTUBOB M TIOMCKa B 0ase
JAHHBIX [9].

I'paper u Ouonmormueckue ceru. I'pap Mmo-
KeT OBITh OINpe/eNieH B MaTeMaTHke Kak Habop
00BEKTOB, C KOTOPBIMH CBSI3aHBI HEKOTOpHIE
napel 0ObEKTOB B 3TOM Habope. XOTS OHU MO-
T'YT OBITH JIETKO OIpPEJeNIeHbl U UMEIOT MPOCTYIO
CTPYKTYpY, OHM TPEJICTaBIISIOT COOOM MOIIHBIE
U THOKHE CTPYKTYpbl JaHHBIX C OTPOMHBIM Ha-
OOpOM MPHUIIOKEHUH B O0IACTH KOMIBIOTEPHBIX
HAyK ¥ MHOTHX 00acTsAX HAYKU U TEXHUKH.

B nocnenHue roapl pa3nTuvHbBIE TUIIBI MIPE-
CTaBJICHUW, OCHOBAaHHbIE HA KOHIIEHIIMH Tpa-
(OB HMCTONBH30BAIUCH AJIsI XapAKTEPUCTUKH U
MOJICIUPOBAHUS PA3THYHBIX THIIOB OHOJIOTH-
YECKUX CHCTEM, B OCHOBHOM BHYTPHU KIIETOK.
Ot rpadpl, m00aTbHO O0003HAYEHHBIE Kak
OMOJIOTHYECKHE CeTH, OOBIYHO NPEACTaBISIOT
B CBOMX y3J1aX OMOJIOTHMYECKHE OOBEKTHI, TAKHUE
KaK TeHbI, OCJIKU WIH XUMUYECKHUE COSANHEHUS,
B TO BpeMs Kak peOpa mpeCTaBISIOT Pa3InyHbIe
TUIBl B3aUMOJCHUCTBUN WM OTHOLLICHUN MEX-
Iy OTUMH OOBEKTaMH C YETKO OMpeesIeHHBIM
OMOJIOTHYECKUM 3Hau€HHEeM (HampuMmep TeHBbI —
KOJMPYIOIINE OeNKH, METAOOIHUTHI — y4aCTBYIO-
[IME B PEAKIHIX, OCIKH — KOTOPBIE PEryIUPYIOT
HKCIPECCUIO TEHOB WJIM CBS3BIBAIOTCS C COENU-
HeHUsAMU). {715 aHanu3a OMONOTHYECKUX ceTel
UCTIOJIB3YIOTCSI: CTETIEHb paclpeieeHus], OUCK
Kparyaiuiero myTt, Kod3(pQHUIMEeHTHl KiacTepH-
3allMU ¥ MHOTO JPYTOe€, MOYEPIHYTOE U3 TEOPUH
rpa¢os.

COopka reHomMa — mpouecc OO0bEeIUHEHUS
OOJBIIOTO KOMUYECTBA KOPOTKHX (HparMeHTOB

JIHK (puaoB) B 0HY WJIM HECKOJBKO JJTMHHBIX
MOCIIEIOBATEIbHOCTEH B LENAX BOCCTAHOBIIE-
Hus nocnegosarensHoctel [IHK xpomocom, u3
KOTOPBIX BO3HMKIIM 3TH ()parMeHTHI B Ipoliecce
CEKBEHHPOBAHUSI.

CH0XXHOCTh 3TOH HPOOIEMbl MOXKET OBITh
OTPOMHOI, YTO JIETKO MOHSTb, €CIH YYECTh, YTO
pasMep CUMTHIBAHUH OOBIYHO COCTaBISET He-
CKOJIBKO COTE€H HYKJIEOTHJOB, B TO BpeMs Kak
MIOJTHBIE TEHOMBI OOBIUHO COJIEPKAT OT HECKOJIb-
KUX J0 ThICSY MWUIMOHOB HYKJI€OTHIOB. [lo
1990-x romoB 3TO JEHCTBUTEIBHO CUUTAIOCH
HEBBITTOJITHUMOI 3a71a4eid, U JJaske CeroJHs HeKo-
TOopble OoJiee KpyMHbIE T€HOMBI BCE €Ille Heo-
CTYMIHBI JJISi COBPEMEHHBIX MPOrpaMMHO-aIMa-
PaTHBIX KOMILJIEKCOB.

I'pader nepexpoiTist. OQHUM U3 BapHAHTOB
pelieHuss 3TUX MpoOJIeM SBISETCS TEOpHs
rpados. [leiicTBuTeNBbHO, (PparMeHThI A ATOM
MIOCIIEI0BATEIbHOCTH MOT'Y T OBITH OPTraHU30BaHBI
B 0coObld TUN Tpada, HazbBaeMblii rpadom
NEPEKPBITUS, KOTOPBIH MOXKET TPHUBECTH K
JpYTOil TIOCTAHOBKE 33aJa4ll U aJbTEPHATUBHBIM
anroputmaM. ['pad mepexpeiTusi ompenensiercs
CJICIYIOIIUM 00pa3oM:

- Y3J1bI (BEPILMHBI) COOTBETCTBYIOT BXOJIHBIM
¢dbparmMeHTam, TO €CTh AJ KaXJI0ro (parmeHra
OyzeT oiHa BeplIMHA (pun);

- pebpa co3maHbl MEXIy JBYMs Yy3J1aMu
v u w, ecim suffix,_, (v) = prefix_, (w), Te.
MOCIIEIOBATEIbHOCTEH Y3JI0B V. U W HMEIOT
nepekpoitue K - 1 Hyki1eoTHa0B.

Pemennem 3amauM  BOCCTAHOBJICHHUS I1O-
CJIEZIOBATEIbHOCTH MOYKHO MPEICTaBUTH B BUJIE
nyTd 1o 3Tomy rpady. UtoOsl pemienue ObLIO
NPaBUIBHBIM, 3TOT IyTh JOJDKEH NPOXOIUThH
POBHO OJIMH pa3 Mo KaXJI0My y3i1y rpada.

lammibToHOB 1MKI. B opueHTHpoBaHHOM
rpade raMHIBTOHOB IIMKJI — 3TO IyTh, KOTOPBIH
MIPOXOUT Yepe3 Bce y3ibl Ipada pOBHO OJUH
pa3. JleiicTBUTENBbHO, U3 IMyTH, 33JaHHOTO Ta-
MUJIBTOHOBBIM ITMKJIOM, MOYKHO JIETKO MOJyYHUTh
«HCXOIHYIO» TOCIEI0BAaTeNbHOCTh. JTO Je-
JaeTcs MPOCTHIM U3BJIEYEHHUEM IOCIIeI0BATElNb-
HOCTH M3 [IEPBOTI0 y3J1a B ITyTH U KOHKaTeHAIIUEH
MOCJIEIHET0 CHUMBOJIA TOCJIEA0BATEIbHOCTEH B
OCTaBIIMXCS y37aX MyTH B COOTBETCTBUH C €T0O
nopsakoM. [lpu yBenuuenunm pasmepa mocie-
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JIOBaTE€JIbHOCTH aJTOPUTM HaYMHAET BECTH ceOs
BCE XYK€ M XyXK€ C TOUKU 3PEHUSI BPEMEHH BbI-
noiaHeHusi. MaKTUYEeCKH ATOT ANTOPUTM HEIb3s
UCTIOJIB30BaTh Uil OOJBIINX MOCIEI0BATEIBHO-
CTe M COOTBETCTBYIOIIMX I'paMKOB MEPEKPHI-
Tus. JleficTBUTENBbHO, TpoliieMa HaXOXKICHHS
raMUJIBTOHOBBIX Tpad)oB JOBOJIBHO CIOXKHA H
OTHOCHUTCS K Kiaccy NP-TOJIHBIX 3a/1a4 ONITUMHU-
3alliy, YTO TMOJPa3yMeBaET OTCYTCTBUE dPPek-
TUBHBIX QJITOPUTMOB IIPU MacIITAOUPOBAHUH 3a-
Jla4M, B JJAHHOM CJIy4ae, Korjaa rpad CTaHOBUTCS
Oomnbiie.

I'paper ne bpéitna s cOopku reHoma.
B mnoucke 53((deKTUBHBIX aITOPUTMOB  JUIS
cOOpKM TeHOMa HCCIe0BaTeNbCKoe  C000-
IIECTBO HCKAJ0 JIpyrHe TIyTH pelleHHs.
PemenusiMu 3T0i 3a1aun MOTYT OBITH MYTH IO
rpady, copepskariye Bce pedpa poBHO OIUH Pa3.
B cnyuae rpadoB ne bpéitna BepmHbI copep-
&Kar TOCJIEA0BATEIbHOCTH, KOTOpPbIE COOTBET-
ctBytoT 6o prefix, |, mado suffix,  onHoro us
¢parmenToB. Takum obOpazoM, Kaxaoe pedpo,
COOTBETCTBYIOIIIEE (PparMEHTY, COCIUHSAET y3ell,
npencTaBnsomui ero prefix,_, ¢ ysmom, npen-
crapnsromum ero suffix, . B arom ciydae, B
OTINYME OT MPEABLAYIINX TPa(UKOB MEPEeKphI-
TS, pepukco U cyduxcel muel k-1, xoto-
pble UMEIOT OJAMHAKOBYIO MOCJIEI0BATEIHHOCTD,
IpEeACTaBICHbl B OJHOM y3ie. Takum oOpazom,

MOBTOpSIIOIIMECS (ParMEeHThl MPEACTABICHBl B
BUJIE HECKOJIBKUX pedep, COSANHSIONINX OHY U
Ty K€ Mapy y3J0B.

BriBoABI

B crarbe wuccienoBaHbl OCHOBHBIE aJro-
PUTMBI OMOMH(OPMATHKH: MOUCK MaTTEPHOB
B nenouke /IHK, cpaBHEeHue u BbIpaBHMBaHHE
IIOCJIEZIOBATENBHOCTEN, aITOPUTM MHOXKECTBEH-
HOTO BBIPAaBHMBAHMS I0OCJIEN0BATEIbHOCTEH,
AJITOPUTMBI (PUIIOTEHETHUECKOTO aHAJIN3a, ajro-
PUTMBI OOHApYKEHHUsI MOTHBA, a TaKXKEe BEpOST-
HOCTHBIE MOTHMBBI U CTOXaCTHUYECKHE aJTOPHUT-
Mbl. OmpezeneHa NOTEHLMAIbHAs CJIOXHOCTb
HEKOTOPBIX AJITOPUTMOB, YTO IOKAa3bIBAET BaXK-
HOCTb 3THX QJITOPUTMOB M MOTEHIUAI TPOOIIEM,
JUIsL pEIEHNUs] KOTOPBIX HCIOJB3YIOTCS 3TH all-
TOPUTMBI. PacCMOTpEHBI CKpBITHIE MapKOBCKHE
Mozeny, rpadsl U Ouosoruueckue cetu. s pe-
IIEHUS] BOIIPOCOB COOPKH F€HOMA PacCMOTPEHBI
rpadbl MEePEeKphITUS,, TAMUIBTOHOB LUK U Tpa-
¢s1 ne bpéitna.

PaboTa BbINIOIHEHA 32 CYET CPEACTB I'PAHTO-
BOro (PMHAHCUPOBAHMS HAyUHBIX UCCIIECIOBAHHM
Ha 2018-2020 roxer mo mpoexkty AP05132044
«Pa3paboTka anmapaTHO-METUIIMHCKOTO KOM-
IUIEKCA OLIEHKU MCUXO(U3MOJIOTHYECKUX TMapa-
METPOB YEIIOBEKAY.
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MPI PARALLEL IMPLEMENT OF A WAVE EQUATION USING
AN IMPLICIT FINITE DIFFERENCE SCHEME

ALTYBAY A.!, TOKMAGAMBETOYV N.2
124l-Farabi Kazakh National University

Abstract: In this paper we will discuss the parallel implementation of the two-dimensional acoustic
wave equation using the implicit difference method. As the programming environment used the dis-
tributed memory model of parallel computation and MPI (Message Passing Interface) system. The
parallel approach is based on the parallelization of the tridiagonal matrix and uses the Yanenko
method. The performance of the parallel algorithm has been studied using distributed computing
method, and performed on supercomputer cluster.It has been observed that the parallel implementa-
tion provides a significant reduction in the computation time when compared with the serial imple-
mentation algorithm.

Key words: parallel programming, high-performance computing,numerical simulation, MPI, wave
equation, cluster

EKI OJIIEM/II TOJKBIH TEHJIEYIH, AWKBIH EMEC AUBIPBIM/IBLIBIK
CXEMACBIH KOJJAHA OTBIPBIIT MPI MAPAJUIEJIBAI KY3ETE ACBIPY

Anoamna: biz Oyn scymvicma, exionuemoi aKyCmuKaiblk moaKblH meyoeyin aKblH emec aublpblm-
ObLIBIK CXeMACHIH KONOAHA OMbIPLIN, NAPALLEeNb OPLIHOANYVbIH Kapacmulpamuls. IIpoepammanay op-
macwl peminoe napainenvoi ecenmeyoiy yiecmipineen scad mooenitn scane MPI (Message Passing
Interface) srcyiieci natioananouvl. Ilapannenvoey 20ici yul OuazoHaibO0bl MamMpUuyarsvly napaiieiboe-
yee Heziz0eneeH dcane SAnenko adicin Kondanaowl. [lapannens ancopummuiy 6HiMOLNIZ] YiecmipiieeH
ecenmey 20ici apKblibl 3epmmeinoi JHcaHe Cynepkomnviomep kiacmepinoe opuiHoanovl. Ilapanienvoi
ecenmey, mizbexmeil ecenmey anOPUMMIMEH CATLICIBIPEAHOA, eCenmey YaKblmbvlH e0dVip KblCKap-
myobl KAMmMamacwls ememinoizi OauKanobl.

Tyitinoi ce3dep: napanienvoi NpoOSPAMMANAy, Hco2apvl OHIMOLIIKMI ecenmey, CAHObIK MOOenboe),
MPI, moagvin menoeyi, kiacmep

MPI ITAPAJIJVIEJIBHASA PEAJIN3ALIUA IBYMEPHOI'O BOJTHOBOI'O
YPABHEHHSA C HCITOJb30BAHUEM HESBHOM
KOHEYHO-PABHOCTHOM CXEMBbI

Annomayun: B smoil cmamve mbi 00CYOUM NAPANNENbHYIO Pealu3ayuio 08YMEpHO20 YPAGHEHUs
aKyCmuyeckoll 60IHbl C UCNONb308AHUEM Memood HeA6HuIX paznocmeu. B xauecmee cpedvi
NPOCPAMMUPOBAHUS UCTIONL30BANACH MOOENb PACHPEOeNIeHHOU NAMAMU NAPAJLIENbHBIX GbIYUCTeHUL U
cucmema MPI (Message Passing Interface). Ilapannenvhuiii n00X00 0CHO8AH HA pACNAPANLETUBAHUU
MpexouazoHaibHOU MAmMpuybl U UCHONb308aHUU Memooa Huenxo. Ilpouzeooumenvrocmo
napanierbHo20 aneopumma Ovlia uzyieHa ¢ UCHONb308aHUeM Memood pacnpeoeleHHbIX 6blUUCTeHUU
U BbINOIHEHA HaA Kiacmepe cynepkomnvlomepos. Habnwooanocs, umo napannenvHas peanusayus
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obecneuusaem 3HAYUMENbHOE COKpauienue epemenHu BbIYUCTCHUL NO CDABHEHUIO C allcopummom

nocned08amenbHoll peaiusayuu.

Knwouesvie cnosa: napannenvHoe npocpammuposanue, 6biCOKONPOU3800UMENbHbIE GbIYUCTEHU,
yucnenrnoe mooenuposanue, MPI, eonnosoe ypasnenue, kiacmep

1. Introduction

The application of high-performance parallel
computing in mathematical modeling opens up
new possibilities for studying physical processes
in longer time and more extensive spatial
domains. Currently, various high-performance
parallel computing is used in many areas. One
of such applications is acoustics. One of the most
important tasks of acoustics is the problem of
wave field modeling.

There is a large amount of work devoted to
numerical methods developed for the study of
wave processes in recent decades. It includes the
finite-difference method [7], the finite-volume
method [4], the finite-element method [§], the
two-level compact ADI method [11], the implicit
Finite Difference Time Domain Methods [3],
the boundary [integral] element method [9],
and spectral methods [21]. A completely non-
linear model must be applied to many problems.
Most models have been developed for technical
applications. These numerical methods provide
some of the most natural methods for modeling the
propagation and scattering of underlying waves
in electromagnetic, acoustic and elastic studies.
However, as indicated in [10], the aforementioned
methods have several disadvantages if the
second-order equations are converted to first-
order systems before discretization, especially
in the presence of several spatial dimensions.
Therefore, recently, much attention has been paid
to the development of efficient finite-difference
methods that directly discretize second-order
differential equations [5, 6].

The two-dimensional approach (as a
conformal method) considers a highly idealized
wave field, since even monochromatic waves
in the presence of side perturbations quickly
acquire a two-dimensional structure. The
difficulties encountered are not a direct result
of the increase in size. The main complication

is that the problem cannot be reduced to a two-
dimensional problem, and even for the case of a
two-periodic wave field, the problem of solving
the Laplace-type equation for the velocity
potential arises. Most models designed to study
the three-dimensional dynamics of waves are
based on simplified equations, such as second-
order perturbation methods, in which higher-
order terms are ignored. In general, it is unclear
what effects are missing in such simplified
models. Our current work is motivated by recent
interest in the development and application
of high-order compact difference methods for
solving partial differential equations. Obviously,
higher-order compact difference schemes have
better resolution on stencils with a compact grid
compared to non-compact or low-level methods
[1, 12].

For multidimensional problems, the efficiency
of an implicit compact difference scheme
depends on the computational efficiency of
the corresponding matrix solvers. From this
point of view, the method of fractional steps
[2] is promising because they can decompose a
multidimensional problem into a series of one-
dimensional problems. It has been shown that
schemes acquired are unconditionally stable.

For the proper assignment of large domains
of modeling, two- or three-dimensional
computational grids with a sufficient number
of nodes are used. Calculations on such grids
require more CPU time and computer memory
resources. To accelerate the computation process,
MPI technology was used in this paper, which
allows the program to operate on larger grids (up
to 1 billion nodes).

Here we consider some issues in the numerical
simulation of some problems in the propagation of
wave in acoustic on high performance computing
systems.
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2. Wave equation: theoretical part
We consider two-dimensional wave equation

82 . 32 82
a—: —¢? (a_: + 5) = flay, 0, (6 () € [0: T] x [0:1]; (21)

subject to the initial conditions
u(0; x,¥) = ¢, (x,¥); x; ¥ € [0; I]; (2.2)
du(0, x,y)

gt
and boundary conditions

=@, (x,v); ;¥ € [0; 1]; (2.3)

u(t,x,0) = Ou(tx )= 0t € [0,T]x € [0,1]: (2.4)

ul(t,0,v) = 0,u(t,Ly)= 0,t € [0,T],y € [0,l].(2.5)

As it was theoretically outlined in [15, 16, 17]
(also, see [13, 14, 18]), we start to analyze our
problem by regularizing distribution function a(t)
by a parameter ¢, that is, we get

a.(t):= (a =)0,

the mollifier

as the convolution with

0.(t) = Zo(t/e)

with
1 1
_em,“lil.-
o(t) =1¢
0,0t] = 1.

where ¢ 2 0,443994 to obtain

Herei I =10
ercinafter, we assume that . Then,

instead of (2.1) we consider the regularized

equation

Zu (tx,y) — [a,fx + af_)_)uz(t,x,y) =0, [t, (x,y)) € [0,7] x [0,10](2:6)

Here, we put

1
e ((x=5) +(y—5)°—05)

¢ N J(x—5F+ (v=5)¢-05<0,
0,(x— 57+ (y— 5= 05> 0.

ug(x,y) = [

We note that supp
Ug [4:5; 5:5] ® [4: 5; 5: 5].

3. Numerical experiments
We introduce a space-time grid with steps
hy, h,, T respectively, in the variables x,y, t:
Wi, ={x,= ihyi = ON;y; = jhy,  j = ON;t, = kr k = 0,1,..,2T} (3.1)

and on this grid we will approximate the
differential problem (2.6) with the conditions
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(2.2)-(2.5) using the finite difference method.

3.1. The method of fractional steps

The fractional step method uses only
implicit finite difference operators, which
makes it absolutely stable in problems that do
not contain mixed derivatives. It has a fairly
significant stability margin in problems with
mixed derivatives[2]. For problem (2.2)-(2.5) the
scheme The method of fractional steps has the
form

i+d,] . i—aj — j_'l.lj (3.2)

chaf n -a) ke k4t kes
w3 gyl g, Kot . (u z —2u Ty 2

k+1 k+1,2 k
un = 2u 4w uk.‘"l — 2uk.+1 + uk.“'_l k+l
Lj Lj L] 2 Ljit+l L ij—1 7
—-c = f;j

< (33
= (3:3)

Using the implicit subscheme (3.2), the Thomas
method is performed in the x direction, with the
result that we get the grid function ulzj-l-l,.":‘ In the
second fractional time step, using the subscheme
(3.3), the Thomas method is performed in the
direction of the y axis, with the result that we get
the grid function ut‘rl The method of fractional
steps has the order O(t + |h7|), i.e. the first order
in time and the second in x and y variables.
In the following, we demonstrate numerical
simulations. All calculations are made in C++ by
using the Thomas method. For all simulations At
= 0,5, Ax=Ay= 0,1. In all computer simulations,
we use Matlab R2018b.

-0.05

01

-0.15 5

10
e g
,/ B
5 6
4
2
0 o

Figure 1. Initial value of u at t = t0.
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Figure 2: Solution of u at t = t100.

4. Parallel Algorithm

On the basis of these methods we wrote the
code of parallel modeling for the two-dimension-
al wave equation with distribution coefficient.
The overlapping is based on the way divisions
of domains and keeps the implicit nature of the
scheme. It corresponds to a completely implicit
interpretation of Yanenko [20]. Each processor
processes one subdomain. On each temporary
step all processors update the internal knots (in
parallel), and then exchange the interface knots
with the neighbors. Unlike methods of decom-
position of areas for elliptic tasks, our procedure
is algebraically equivalent to consecutive. Our
strategy leads naturally to a message passing im-

plementation. We have chosen to use MPI in or-
der to evaluate its ease of use and expressiveness,
and also to benefit from its portability. According
to the data decomposition format mentioned
above, Fig. 3 demonstrates the pure MPI paral-
lelization which is designed on the basis of se-
rial algorithm by using peer-to-peer mode and
standard communication mode. In another word,
the parallel program is executed on a multipro-
cessor cluster by creating one MPI process for
each CPU on the system, and each process deals
with different data obtained from the matrix. In
this case all process interactions will happen via
message-passing.

To parallelize problem (1.1) we apply the
method proposed by N.N. Yanenko. With co-
authors [20]. The method of Yanenko contains
three stages:

1) finding prejudices,
2) finding the boundary-processor solutions,
3) restore solution.

The first and third stages are performed in-
dependently on each device (universal processor,
accelerator or coprocessor). And the second stage
requires communication between MPI process-
es. Thus, the efficiency of the parallelization of
the Yanenko method directly depends on the effi-
ciency of the parallelization of this stage.

Program start

Sequential code

MPI INIT

Communication,

Processor j

Communication

MPI INIT

MPI INIT

Communication

Parallel | Parallel |, _____. 5 Parallel | ______ 5 Parallel
Code Code Code Code
I}
| MPI FINALIZE | | MPI FINALIZE | | MPI FINALIZE | | MPI FINALIZE |
I T
!

| Sequential code |

)

Program end

Figure 3.Parallel model of MPI
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4.1. Parallel algorithm.

1: init parallel environment

2: for all MPI processes do in parallel

3: get the input parameters like N, L, pi, T

4: allocate local memory u’; u; alfa; beta;U;
V;W and so forth

5: init variables and arrays

6: compute the initial condition u’ and
boundary condition

7: record time t1

8: while (t<T) do

9:it—t+r1

10: Compute a, b, ¢, f,

11: ai, bi, < a7’

12: ¢ci «— h* + 2a7’

1
i . K= 2k
13: fi « h‘u” ©— 2hug;
14: k+1/2
U,

« YanenkoMethod(a, b, c,, f.)

15: Compute a, bj, ¢, ]:
16: a, bj<—az'2
17: cj<—h2 + ar’

k+1/2

18: f; & h*u¥; — 2h%u"

19: uh‘*l « YanenkoMethod(a,, b;, c;, f;)

k—1/2 k+1.."2)
ij 5 ui,._;l'

20: swap (u

Kok
21: swap (U5, ug5 )

Table 1 — Computational domain size is: N =N = 3000; N,

22: endwhile

23: record time t2

24: output t2- t1

25: stop parallel environment

5. Experimental Results

All calculations and tests were carried out on
Satbayev universities cluster the cluster consist-
ing of 5 nodes, each node has 12 core connected
by a high-speed InfiniBand HCA 40Gb/s, QDR
bus. Each node contains two Intel Xeon ES5-
2620v2 6C /12T 2.10GHz 15MB processors and
8 GB of RAM. The performance of a parallel al-
gorithm is determined by calculating its speedup.
Speedup is defined as the ratio of the worst-case
execution time of the fastest known sequential
algorithm for a particular problem to the worst-
case execution time of the parallel algorithm.
s ==

»

where T is the serial run time, T, is the parallel
run time .

The efficiency is defined as the ratio of
speedup to the number of processors. Efficiency

measures the fraction of time for which a
processor is usefully utilized.

S T,

p pT,

where S is the speedup, p is the number of pro-
cessors. The test results are presented in table 1
and figure 4.

=300, where N

imesteps

is the number of mesh points in x - direction, N, is the number of mesh points in y - direction

and N, s is the number of steps in time.
Number of cores Execution time (in seconds) Speedup Programs efficiency (%)
1 465,84 1 100
2 271,32 1.72 85.85
4 128,12 3.64 90.90
8 61,01 7.64 95.44
10 47,45 9.82 98.17
16 42,57 10.94 68.39
20 41,09 11.34 56.69
32 35,11 13.27 41.46
40 34,78 13.39 33.48
50 34,26 13.60 27.19
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6. Conclusion

We have implemented a parallel solver for
the 2D wave equation with a distributional coef-
ficient, using the MPI standard. The implementa-
tion of the parallelization method of the Thomas
algorithm for solving the wave equation arising
in the simulation of two-dimensional physical
processes on supercomputers has been imple-
mented.

The test results show that the method of
Yanenko is much more effective on individual
nodes than the several nodes. This means that
this method is very effective on personal com-
puters than the cluster this is because it takes a

lot of time to exchange data between nodes. In
the future, it is planned to try to apply the meth-
od of parallel-cyclic reduction at the second stage
of the Yanenko method, to investigate the possi-
bility of increasing the parallelization efficiency,
and to use vectorization in order to increase the
acceleration from using coprocessors.

This work was supported by the MESRK
Grant AP05130994 “Non-Harmonic Analysis
and its applications” of the Committee of
Science, Ministry of Education and Science of
the Republic of Kazakhstan.
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OU3UNKO-MATEMATHUYECKHUE U TEXHUYECKHUE HAYKH

VIIK 004, 52.
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UCCJIEJOBAHUE U PABPABOTKA MOJEJEN DKCIIEPTHOI'O AHAJIM3A
MOKA3ATEJIEW PUCKOB ITPU PEAJIM3AIIMU ITIPOTPAMM CO3JIAHUS
KOCMHNYECKHUX CPEJCTB

TATAPUHA JLT., IETPOXUIIKHUH /1.B.!, CTIOCAPH B.B.!,
ATAHOB C.K.?,, BPUM’KAHOBA C.C.?

'Hayuonanvhwiil uccieoosamenvckuil ynusepcumem « MUI Ty, 2. 3enenoepao, Poccus
2Eepasutickutt Hayuonanvuwiii ynusepcumem um. JI.H. [ymunesa
3Kocmanatickuii 2ocyoapcmeennwlil ynusepcumem um. A. batimypcoinosa

Annomayusn: B cmamve paccmompeno ucciedosanue u paspabomra mooenel IKCNePmHo20 aHaIu3d
nokaszameneti pucko8 npu peanu3ayuy npoepamm co30anus Kocmudeckux cpeocms. OcobeHHocmuio
Pazpabomku  Memooo8 IKCHEePMHO20 AHANU3A ABNAEMC He0OXOOUMOCMb UX NOCIe0YIOULe2o
BHEOPEHUs. 8 ABMOMAMUZUPOBAHHYIO CUCMEMY OYEHKU PUCKO8 U UHmMeSpayuu ¢ paspabomanHbimu
paHee ancopummamu OYeHKU U KOPpeKmupoGKU 3HAYeHUll nokazamenell puckos npu pearu3ayuu
NPOSPAMM CO30AHUSL KOCMUYECKUX cpedcms. Llenbro nposooumozo 3KChepmHo2o aHaiu3a aeisemcs
coz0anue HeoOX00UMO020 UHDOpMAYUoOHHO20 Oaszuca O01s pacyema nokasamenel puckos. B
pe3yivmame nNPUMeHeHUs NPeOCMaseHHbIX MOOeell U HOOX0008 HAULIO C80e pa3gumue 6 pazpadbomke
COOMBEMCMBYIOWUX ANI2OPUMMO8 OIS NPOSPAMMHOU 00pAbOMKU pe3yTbmamos 3KCHePMHbIX OYEHOK,
Kpome moz2o, pa3pabomana 6a3a OaHHbIX 015 XPAHEeHUs 00pabOMAaHHbIX Pe3yIbmMAamos no pa3iudHbLm
npoexmam u IICKC. B nepcnekmuse npeonoiazaemcs macumadouposanue noiy4eHHblX peulenull Ha
opyaue ompaciu npOMblULIeHHOCTU.

Knioueswie cnosa: MCCJZ@@OGCZHU@, pa3pa60m1<a, noxkaszameiu puckos, KOCmudeckas ae}lmefleOCn’Ib,
cpec)cm@a, IKcnepmHas cpynna, Mmooenu IKCnepntHo2co anaiusa

FAPBIII KYPAJITAPBIH K¥PY BATTAPIAMAJIAPBIH ICKE ACBIPY KE3IHAEI']
TOYEKEJIIEP KOPCETKIIITEPIH CAPAIITAMAJIBIK TAJIJTAY YJIT'TVIEPIH
3EPTTEY 7K9HE 93IPJIEY

Anoamna: Makanadoa moodenvOepOi azipiey JicoHe 3epmmey Capanmamaisbly manoay KesiHoe
mayeKen Kopcemxiumepiniy 6ae0apramanapulii icke acvlpy, 2apbiid KYpaioapbih KYpy Macenenepi
Kapanovl. Capanmamanvlx manoay a0icmepin 23ipneyoiy — epekuieniei 01apovl  KeliHHeH
mayekenoepoi 6azanayovly A8MoMammaHObIPbLIZAH JHCYUeciHe eH2i3y JHCoHe 2apblil KYparioapblH
KYpy 6a20apiamanapult icke acvlpy KesiHoe mayekenoep KepcemKiumepiniy MoHoepin 6a2anayovly
JHcoHe mysemyOiy OYPbIH d3IPIleHeeH ACOPUMMOePIMeH UHMeSPAYUsIAy Kaxrcemminiei mybiHOauobl.
JKypeizineen capanmamanvix manoayovly MaKcamsl mayexenoep KopCcemkiumepin ecenmey Yulin
Kepekmi axnapammoelx Oazuc dcacay 001vin madwvliadsl. YColHbIIAH YA2iiep MeH Mmaciloepoi
KONOAHY apKblLIbl CApanmamanvl 6a2anay Hamudicelepin 0a20apiamanvlk oHoey YuliH muicmi
aneopummoepoi a3ipieyoe oamvlmuliadvl, 6yoan oacka, apmypii sxcodanap men KTKC botivinuia
eyoeneen Hamudicerepdi cakmay yulin depekmep oazacwl azipienoi. bonxcam dbovviHuwa bonawaxma
eHepKacinmiy 6AcKa caiaiapblia anrblHaH wewimnoepoi macumaobmay eHizineol.

Tyitinoi ce30ep: 3epmmey, azipney, mayekei KOPCeMKiumepi, apblulmulk Kblzmem, Kypaioap,
capanmamansiy mon, Capanmamaivlk mauioay yiciiepi
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RESEARCH AND DEVELOPMENT OF MODELS OF EXPERT ANALYSIS OF RISK
INDICATORS IN THE IMPLEMENTATION OF PROGRAMS FOR THE CREATION
OF SPACE ASSETS

GAGARINA L.G., PETROZHITSKY D. V., SLYUSAR V. V,, ATANOYV S.K.,
BRIMZHANOVA S.S.

Abstract: The article deals with the study and development of models of expert analysis of risk
indicators in the implementation of programs for the creation of space assets. The peculiarity of
the development of expert analysis methods is the need for their subsequent introduction into the
automated risk assessment system and integration with the previously developed algorithms for
assessing and adjusting the values of risk indicators in the implementation of programs for the
creation of space assets. The purpose of the expert analysis is to create the necessary information
basis for the calculation of risk indicators. As a result of the application of the presented models
and approaches, the development of appropriate algorithms for software processing of the results
of expert assessments has been developed; in addition, a database has been developed to store the
processed results for various projects and PSCS. In the future, it is expected to scale the solutions to

other industries.

Key words: research, development, risk indicators, space activities, means, expert group, models of

expert analysis

BBenenue

B Hacrosiiee BpeMst akTUBHON KOCMHUYECKOU
NeSTEeNbHOCThIO 3aHUMaeTcst cBbiie 60 cTpan
mupa. [loutn Bce pa3BUTBHIE TOCyIapcTBa MHUpPA
YCIIEIIHO MCHOJIb3YIOT KOCMHUYECKHE CPEICTBA
U TEXHOJIIOTMH B OOJIACTH CBS3HM, BCIIAHUSA HU
PETPAHCIISALNH, B JUCTAHIIMOHHOM 30HIMPOBAHUU
MOBEPXHOCTH 3eMyH (kapTorpadusi, Teoae3us u
T.J1.), B TUIPOMETEOPOIIOTUIECKUX HAOIIOICHUSX,
B HAaBUTALIMM M HAyYHbIX HCCIIEOBAHUSIX.
JlocTarouHo MKMPOKO UCTIOIIB3YETCS KOCMUYECKOE
IIPOCTPAHCTBO PSAJIOM TOCYIAPCTB B BOEHHBIX
LEJX.

Kocmuueckas pesarenbHOCT, Poccuiickoi
®denepanuu, SBIAACH OCHOBHBIM  IPOAYKTOM
Hay4YHO-TEXHUYECKOIO IIporpecca, cama craja
MOLIHBIM  JIBUTATeJIeM  3TOr0  Iporpecca,
HETMPEephIBHO TepeiaBas JIpyruM  001acTsiaM
MHPOBOT'O X034 CTBA HEOLIEHUMBIH 110 3HAYECHUIO
u OecrpereleHTHBIH M0 00beMy TMOTOK HOBBIX
MaTepHuaioB, TEXHOJIOTHI M HAyYHBIX pa3paboToK,
BHOCSl 3HAYMTENIBHBIM BKJIAJ B OOCCIIEUCHUE
YCTOMYMBOTO PA3BUTHS YEJIOBEUECTBA.

Ha co3manme  KOCMHMUYECKHMX  CpEICTB
OKa3bIBAIOT BIUSHUE HETaTUBHbIE (HaKTOPHI
(pakTopBI pUCKa) pa3TMYHON MPUPOIBI, KOTOPBIE
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MOTYT CO3/IaTh yTPO3y CPhIBA Psifia MEPOTIPHUSITUI
JOJITOCPOYHON ~ MPOTPaMMBbI,  [O3TOMY  JUIS
CHIKEHHUSI PUCKOB PUMEHSIETCSI crielin(puaecKuii
aHaJIN3 WIK SKCIIEPTHOE OLIEHUBAHNE — KOMIUIEKC
JOTUYECKUX M  MaTeMaTHKO-CTaTUCTHYECKUX
METOOB M TpOLEeAyp Ui TMOJy4YeHHUsS OT
CHELHATNCTOB UHPOPMAIIUH, HEOOXOIUMON JIst
MOATOTOBKH U MPOBEJCHUS OLIEHKU PUCKOB.
OOBeKThl U METOBI ucciieoBaHuid. Llenbio
IPOBOAMMOTO 3KCIIEPTHOTO aHajHu3a SBISETCS
co3aHhe HeoOXOOUMOro HWH(POPMALMOHHOTO
0a3uca A pacueTa rnoka3aresaei pucKoB.
Oco0OeHHOCThIO Pa3padOTKU METOIOB JKC-

NEPTHOTO aHallnu3a ABJSETCS HEOOXOIUMOCTh UX
MOCIIEIYIOIEr0 BHEAPEHHSI B aBTOMATU3UPOBAH-
HYIO CHCTEMY OLIEHKH PHCKOB W HMHTETpaluu ¢
pa3paboTaHHBIMU paHee aJITOPUTMAMH OLICHKH
U KOPPEKTHPOBKM 3HAYEHWH TOKaszareneil pu-
CKOB IIPH pean3alny IporpaMM CO3aHus KOC-
mudeckux cpencts (IICKC). Apromaruzanus
HKCTIEPTHOM OLIEHKU MPOBOAUTCS B CIIETYIOIIUX
HalpaBJICHUSIX:

. OpraHu3aIys KCIIEPTHOMN TPYIIIIHI;

. OIIPOC IKCTIEPTOB;

. 00paboTKa CyKICHUN IKCIIEPTOB;
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. aHaJIN3 TIOYYEeHHBIX PE3YyNbTaToB;
. MOATOTOBKA PELICHHUS.

I[Ipu  »TOM  aBTOMaTM3amus  oOmpoca
HKCIIEPTOB 3aKJIFOYAETCS B 00€CTIEUEHUH PEKUMA
TPEXCTOPOHHETO0 OOMeHa MH(pOpMaLueld MEXTy
HKCIIepPTaMu, oprauuzaropom 1 IBM c nmomorisio
TEXHUYECKHX  CPEICTB, a aBTOMAaTH3aIMs
00pabOTKH CYXJIEHHH SKCIEPTOB 3aKIII0YAETCS
B BbUMCIEHUM Ha DOBM KoIMYeCTBEHHBIX
XapaKTePUCTUK CYKICHUH, MPEACTABICHHBIX B
BUje Kiaccu(UKaluii, paHXKHUPOBOK, MAPHBIX
CpaBHEHMIA, 6AJUIOB, SKCIIEPTHBIX KPUBBIX.

AHanu3 TOCHeICTBUM peaju3alii PUCKOB
I[ICKC mo3Bonser BbiOpaTh Hambonee dddek-
TUBHBIH METO/I SKOHOMHYECKOH 3aIlUThl JUIs
KaXJI0M CcTaguM MHHOBALMOHHOTO IpoIecca.
Crnenuduroil KOCMHYECKOH JEATENbHOCTU $IB-
JISIFOTCSL peryJisipHble KaTacTpo(pbl U OTPOMHBIE
pasMephl CBSI3aHHBIX ¢ HUMHU YOBITKOB, KOTOpbIE
00yCIJIOBIIEHBI HE TOJBKO YTPATOH JOpOToCTOsl-
el KOCMHYECKONW TeXHUKU U CPEJICTB BHIBOAA
ee Ha OpOUTY, HO U BO3MOKHOCTBIO MacuTad-

HBIX Pa3pylIeHUH Ha KocMonapomax. M3ydenue
MIPOUCIIECTBUI, KOTOpbIE 3a MOCJIETHHE MATh
JeT HaOIIoNaIuCh B 00IACTH KOCMUYECKOH Jes-
TEIBHOCTH, Ja€T BO3MOXXHOCTH BBISIBUTH MHO-
rve IPUYUHBI aBapuil 1 HAMETUTh HAMPaBJICHUS
HSKOHOMHYECKOH 3aIlUThl UHBECTULIUN B KOCMH-
YEeCKyI0 JesTeNbHOCTh. C 3TOH 1enblo, B 4acT-
HOCTH, UCIIONB3YETCsI alIUTUBHO-MYJIBTUTUIHKA-
THUBHAs MOJIENh OIIEHKU PUCKOB (puc.l).

Mogens ocCHOBaHa Ha JBYXYPOBHEBOH Jie-
KOMITO3UIIMU PUCKA, KOTJa Ha HUXKHEM YPOBHE
arperupoBaHHbIE OIEHKUA TPYIMIOBBIX PHCKOB
CTPOSITCSL AJINTUBHO, TIOCKOJIBKY BEPOSITHOCTH
KOHKPETHBIX BH/IOB HEXKEIATEIbHBIX COOBITUN —
YaCTHBIE PUCKU HIDKHETO YPOBHS — JJOCTATOYHO
MaJjbl, a Ha BEpPXHEM YPOBHE UTOTrOBasi OllEHKa
pPHUCKa PacCUMTHIBACTCS MO TPYIIOBBIM PUCKAM
0 MYJIBTHILTUKATUBHOM CXEeMe.

C uenbl0 CHUXKEHHSI O3HAUEHHBIX PHCKOB
MpeyiaraeTcs  WCIMONb30BaTh  AKCIEPTHBIN
OTIPOC, TMPU KOTOPOM OIICHHUBAHHE MPOUCXOIUT
Ka4eCTBEHHO U KOJIMYECTBEHHO.

OrneHKa pHCKa
Q: l]=P=
:PI'P)_...PM

OI[CB](EI. Q1 =1 —Pl :All '-Yll—

Onenxa Oy =1—Pp=Aim"

+da - Xy o+ A - X - Xipit oo * Agtmim” Xiimme
JIEHTBHCTHIECKAd JIanureHC- JIHHTBHCTHYECKAA OLEHKA JIHHTBHCTHYIECKAA OLIEHKA
onenka X THYecKad X ©IHHHIHOIO PHCKA Xetmiym ©THHHIHOIO PHCKA
€IHHHYHOIO PHCKa OIleHKa (nepeoro o NOpAAKy (K(m)-ro no nopsaaxy
(1-ro B rpymme 1) X1y pHCEa B m-H Tpymme) B m-# TpyTme)

Puc. 1 — A0OumusHO-MyT6muniukamueHas MOOenb OYeHKU PUCKOS8

[Tpu 3TOM HEOOXOIMMO pa3zpaboTaTh MOIX0-
Jbl U1 METOJIMKH SKCIIEPTHOTO aHAJIN3a OLIEHKH U
KOPPEKTHUPOBKM 3HAUYEHUM MOKa3arejaell pUCKOB
peanuzaiun [ICKC ¢ yuetom mnoTrpebGHOCTEH
B pe3yJbpTarax KOCMHYECKON JEATEIBHOCTH U
KOCMMUYECKMX YCIyraXx M pas3jInyHbIX BapHaH-
Tax CLIEHApUEB Pa3BUTHs MPOrpaMMm IO BUAAM

puckoB. Kpome Toro, TpeOyercs pa3paboTka
MIPOEKTHBIX PEIIeHU Ui opraHu3anuu 0a3 1aH-
HBIX, 00€CTIeUNBAIOINX ITPOBEAECHUE IKCIIEPTHO-
ro aHaju3a.

IIpu QopmupoBanuM neie U 3amad KC-
MEPTHOTO OIICHUBAHUS YUUTBIBAIOTCS CIEIYyIO-
mue GpakTophl:
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°  HaJCKHOCTbH U IIOJIHOTA UMEIOIIEHCs I/IH(I)Op-
Maluu 00 0COOEHHOCTSX pcajin3anuu MCpo-
HpI/IﬂTI/Iﬁ nporpamMmsbl CO3JaHHA KOCMHUYCC-
KHUX CPCACTB,

° (bopMa MPEACTABIICHNA KOHCYHBIX PC3YyJIbTa-
TOB (Ka‘ICCTBeHHaﬂ/ KOHH‘IGCTBCHH&H);

* BO3MOXHBIE OOJIACTH HCIOJIb30BaHUS pe-
3YJbTATOB 3KCIICPTU3BI;

¢ CpPOKH IIPOBCACHUS SKCIICPTU3DI,

¢ HaJINM4YUC UMCHOHMIUXCSA PECYPCOB U BO3MOK-
HOCTH IIPUBJICYHCHHUA SKCIICPTOB.

OOBeKkTaMu IKCTIEPTHOTO aHallM3a SBISIOT-
Csl XapaKTepUCTUKHU (DAKTOPOB, a MPOBOAUMOE
HKCIIEPTHOE OIICHMBAHME JOJDKHO oObecredn-
BaTh y4€T HEONPE/IeICHHOCTH, CBA3aHHOU C Ba-
PHATUBHOCTHIO OOCTAaHOBKHU TIPH BBHITIOJTHEHUH
Meponpusatuii [ICKC u BO3MOXHOCTBIO peau-
3allMM Pa3JIMYHBIX CLEHAPUEB Pa3BUTHUS ITHUX
nporpamm. J{Jisi IpakTUYECKOro UCIONb30BaAHUS
chopMupoBaHa mpoleaypa MOTydeHHsI KCIIePT-
HbIX MHEHHMI B XO/I€ OLEHKH PUCKOB C BbIJEJIE-
HUEM CIIEAYIOIIUX TPy 33134 (puc.2).

dopmupoBaHue
BAPHAHTHBIX OKCIepTHOE OLEHUBAHKE
ClieHapueB |:> BEPOSTHOCTH BapHaHTHBIX
Pa3BUTHS YCIOBHUHA CLICHAPHCE DOpMHUPOBAHUE
BBITTOJTHEHUS U yTOYHEHHE
IIpOTpaMM OKCcHepTHOE OLICHUBaHHE HepEeYHs
CO3J1aHNA :> XapaKTEePHCTHK (aKTOPOB <:| (hakTOpOB pUCKa
KOCMUYECKUX pucKa
CPEICTB @
VicxomHble TaHHBIC IS
OxkcnepTHOE v DkcrnepTHOE
OLICHHUBaHUE Kommiekc OlIEHUBAHHE
YPOBHS aJIrOpUTMOB BA>KHOCTH JTAIlOB
TOTOBHOCTH |:> ] OIIEHKH U < <::| (cocTaBHBIX
IpeNpUATHH K KOPPEKTHPOBKH vacreit/
BBITIOJHCHHIO noKasarenei MEpOTpHATHII/
MEpOTPUATHH PHCKOB IPOCKTOB)
IIPOTPaMMBI x
pacuera Hokasareneil puckoB ﬁ
ﬁ Amnanus
moTpeOHOCTEH B
OKcIlepTHOE OLICHUBaHNE <:| pe3ymbTaTax
B)XHOCTHU BHJIOB PHCKa KOCMHYECKOR
JIeSITeTbHOCTH |
KOCMHUYECKHX
ycayrax

Puc.2 — Cmpyxmypa 3a0au sxcnepmno2eo ananusa npu oyenxe u Koppekmuposke 3uavenuii noxazamenei puckog IICKC

Breigenum Teneps (akTophl PHCKOB, KOTO-
pble MOTYT HEMOCPEJACTBEHHO BIIMATH HAa peaju-
3amuio IICKC. K HMM OTHOCSTCS 3KOHOMHYE-
CKHE, HKOJIOTUYECKHE, HAYYHO-TEXHUYECKHE U
TEXHOJIOTUYECKHUE, MEKTyHApOAHO-TIPABOBbIE U
KaJIpOBBIE.

Torna B mporecce GOpMHPOBAHUS U yTOU-
HeHUs TabmuI] (PaKTOPOB PUCKOB, BIUSIONINX HA
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peamuzanuio [ICKC, crieayeTr BbIAEIUTH dTalbl
COCTABJIEHHUS CIIMCKA KOMIIETEHTHBIX 3KCIIEPTOB
JUIS yJacTusl B pa3paboTKe MepeyHs HeraTUBHBIX
(bakTOpOB U MOJATOTOBKM AHKET JJISl 3alIOJHEHUS
ux skcnepramu. Kpome toro, cienyet pacnpene-
JIUTH pelIacMble B TEUEHHE YKA3aHHOTO MpOLieC-
ca 1o rpynnam:
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1. 3agaym MOArOTOBKHM MCXOIHBIX JAaHHBIX AJIS
OLICHNMBaHUs PUCKOB:

* (¢opmMHpOBaHUE U YTOUHEHHUE MepedHs (ak-
TOPOB PUCKA;

* ¢opmMHpOBaHHE BApUAHTOB PA3BUTHUS YCIIO-
Buii BemonHenus [ICKC;

* aHanu3 noTpeOHOCTEH B pe3yibTarax Koc-
MUYECKOH AESITEIbHOCTH;

2. 3ajauyu SKCIEPTHOM OLIEHKH, KOTOpBIE penla-
I0TCSA JUI pacueTa MoKa3areae pucKoB:

*  OILICHMBAHME BEPOSTHOCTEN BapUaHTOB pa3-
putus [ICKC;

*  OIICHMBAHME BEPOATHOCTEN BO3HUKHOBEHUS
(akTOpOB PUCKOB M HEOIATOMPUATHBIX MOCIIEA-
cTBUll npu BeinosiHeHnu meponpusatuid [ICKC;

* OICHMBAaHME YPOBHEH TOTOBHOCTH IIpEN-
MPUSTUI-UCIIOIHUTENEH K BBIIIOJHEHUIO MEPO-
npusituid [ICKC;

*  OLICHMBAHME BaXXHOCTHU Pa3JIMYHBIX PHUCKOB
s popMupoBaHHUs 00OOIIEHHOTO IMOKa3aTes
puckoB peanuzanuu [ICKC;

*  OLEHHMBAHHE BAXKHOCTH 3TANoOB (COCTABHBIX
qyacTeil/MeponpusITUil/IpoeKToB)  ans  odec-
neyeHust noTpeGHoCcTel B pe3yabraTrax KocMHUYe-
CKOM JESITEIbHOCTH.

[IpumeHuTENPHO K 3aJa4e OLIEHKH PHUCKOB
peanuzauuu [ICKC ucnonb3zoBaHue BapuaHTOB
CLICHApUEB TIO3BOJISET MPOAHAIU3UPOBATh BO3-
MOXHOCTH MpPOSIBICHUS] Pa3lIWYHbIX KOMOWHa-
Uit (akToOpoB, AECTAOMIM3UPYIOMIUX MPOU3-
BOJICTBO KOCMHUYECKOW TEXHMKH, U 00ECHeuuTh
y4YeT MX BIMSHMS Ha PUCKH BBIIIOJHEHUS MEPO-
npustuii [ICKC. Hanbonee pacnpocTpaHeHHBbIH
noAXoA K (OpMUPOBAHMIO BAPHAHTOB Pa3BUTHS
ycnoBuit BeinonHeHus: [ICKC BkitovaeT cieny-
OLLUE JTAIIbI.

1. BbIOop KIIIOUYEBBIX XapaKTEPUCTUK U COObI-
TH.

2. TeHepauus KIIOYEBBIX JAETEPMHUHHPOBAH-
HBIX CIICHApUEB — ONPENEIICHHBIX COYETaHWUU
COOBITHH, YPOBHEH 3HAUEHUH KITIOYEBBIX XapaK-
TEPUCTUK U TUHAMUKU MX U3MEHEHUS (HATUYHe
CaHKIMH Ha MOCTaBKYy 2J€MEHTHON 0a3bl U Ma-
TEpUasoB; Kypc BaJIIOTHL; 00beM OHOKETHBIX
CPEJIICTB U T.IL.).

3. OueHKa BEpOATHOCTH MHO)KECTBA CLIEHAPU-
€B.

4. Ecnu HaOop cuieHapueB AUCKPETHBIH, TO UC-

MOJIb3YETCSI BEPOSTHOCTHBIN PsiJi, T CyMMa Be-
posSITHOCTEM Bcerna paBHa enuHuiie. OCHOBHOM
3a/1auell TaHHOTO dTamna SBJSIETCS ONpeeTeHUe
KOJTMYECTBEHHBIX 3HAYEHHH BEPOSTHOCTEH B
psny. Jns ee pelieHust uCnoib3yt0T METO/IbI Te-
OpHUU TIPUHATHUS PEIICHUN B YCIOBUSIX HEOIpe-
JICIIEHHOCTH.

5. Ecam ectb cucrema NpearodyTeHud OIHHMX
CIIEHapueB APYTrUM B rpynne u3 N cleHapues,
TO HKCIOJB3YETCs CIEAYIOIIasl CXxeMa MOoCIeo-
BaTEeNILHOTO OMpEeNeHUs] TOUYCUHBIX 3HAYCHHIA
BEPOSITHOCTEH ClIEeHapHEB.

CornacHo cucteme yOBIBAIOIIETO MPEATo-
yreHus N aJbTEepHATUB HAUIy4yIIMM 0Opa3oM
OTBEYAET CHCTEMa CHWKAIOMIMXCS MO MPABUITY
apudmeTHueckoii mporpeccuu Beco OunidepHa:

C2N-i+1)

_ Z1.N
P v ! :

(1.1)
rJe [ — MOPSAJKOBBI HOMEp aJbTepHATUBHI (Ba-
PHAHTHOTO CLIEHAPHUs);

P, — BEPOATHOCTD i-i AILTEPHATHBBI (BAPUAHT-
HOTO CLIEHapus).

[Tpu 5TOM cucteme 6e3pa3nuUHbIX APYT ApY-
ry N cleHapHbIX allbTePHATUB COOTBETCTBYET
Ha0Op paBHBIX BecoB DuiidepHa:

pi=Ni=1.N (1.2)

U3 (1.1) BugHO, uTOo Beca dumibepHa — 3T0
panroHaIbHbIE IpoOU, B 3HAMEHATENIe KOTOPBIX
CTOMT CyMMa apu(MeTndyeckoil mporpeccuun N
YJICHOB TEpPBBIX UWICHOB HATypaJbHOIO psjia
c maroM 1, a B yucnutene — yOpiBarolie Ha |
ANIEMEHTHI HaTypajbHOro psifa, or N 1o 1 (Ha-
npumep, 3/6, 2/6, 1/6, B cymme equnnia). Takum
oOpa3om, npennoureHue no POumbepHy BbIpa-
*KaeTcs B yObIBAaHMM HA EIMHHUILY YHUCIUTEINS
panroHaIBHON IpOOH BECOBOrO KOA(pduIneHTa
6osee cnaboil clieHapHO! aJIbTepHATUBBI.

Jlnst TOoro, 4yToObI ONpENeNTUuTh HAOOp BECOB
OumbepHa A CMEIIAHHOW CHCTEMBI TPEAro-
YTEHUI OHUX CLIEHapHeB JPYTUM, KOrjaa Haps-
Ny C IPEANOYTECHUSIMU B CUCTEMY BXOJAAT OTHO-
HIeHUs1 Oe3paszianuusi, HeOOXOIUMO ONpeNeNsITh
YMCITMTENH 7, PAlIHOHAIBHBIX IPOOEH (paHru) mo
PEKYPCHUBHOM cxeme:

(1.3)

ry=1,i=N..2,

i

ne by = F
JRURS N o
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rae Fi — i-s clieHapHas albTEepPHATUBA B MOJIHOM
rpyTIe HECOBMECTHBIX CIICHAPHEB, & CHMBOJIBI «
>» U «=» OTpaxkaroT MPEANOYTeHNE OJHUX ClIe-
HapHEB JAPYTUM U O€3pa3Inuue COOTBETCTBEHHO.

[Ipn sTOM cymMMma TMONYYEHHBIX YHUCIIUTE-
Jeil sBisieTcss OOIMMM 3HAMEHATelneM Jpooeit
OumbepHa:

2 (1.4)
p;=r./K

(1.5)

CHCI[yeT 3aMCTUTD, qTo COOTHOIIICHUA

(1.3) — (1.5) B monHON Mepe COOTBETCTBYIOT
gacTHbIM ciydasM (1.1) u (1.2). Ecnu B cuctemy

BXOIAT TOJBKO OTHOILLIEHHUS MPEANOYTEHUS, TO
BBITIOJIHAETCSL:

r.=Lr =r+1,K=1+2+_.+N=N(N+1)/2 (1.6)
4T0 coorBeTrcTByeT (1.1).

B npyrom ciyuae, ecnu B cUCTEMY OTHOIIIE-
HUU CIIEHAPHUEB BXOIAT TOJIBKO OTHOIIEHUS 0e3-
paznuuusi, TO:
ro=Lr =r,K=1+1+.+1=N, (1.7)
4YTO OAHOBPEMEHHO coOTBeTCTBYET (1.6) u (1.7).

Jns wimoctpanuu B Tabnuiy 1 cBeaeHbI
npoou dunidepHa A BCeX CMENIAHHBIX CUCTEM
OTHOILEHUI npeanodYTenus npu N=2...4.

3HayeHust BecoB DumbepHa st BCEX CMe-
HIaHHBIX CUCTEM OTHOLIEHUH MPEANOYTEHUS IPU
N=2..4

Taoaumna 1
® @ Y2 12 D P,
F, ~ F, 12 12 - -
2
F }F, 2/3 13 - -
F ~F, ~F, 1/3 13 13 -
F }F2 ~ F, 2/4 1/4 1/4 -
3
F = F,; F, 2/5 2/5 1/5 -
F | F,}F, 306 2/6 116 .
F~F, ~F,~F, 1/4 1/4 1/4 va
F }F2 ~F, ~ F, 2/5 1/5 1/5 1/5
F ~F,} F,~F, 216 2/6 16 16
F ~F, = F, } =F, 2/7 2/7 2/7 177
4
F}F,}F,~F, 3/7 2/7 1/7 17
F =~ F} F} F, 38 28 218 1/8
F ~ F,} F,} F, 3/9 3/9 2/9 1/9
Fl}Fz}F3 }F4} 4/10 3/10 2/10 1/10

Ecnu xe Ha®op cueHapueB HENPEpBIBHBIM,
TO WX MHOXECTBO HECUETHO, M HEOOXOAUMO
HCIIOJIb30BaTh BEPOSTHOCTHBIE PACHPEIEIICHUS
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JAHHOTO pOAa BapHAHTOB CLIEHAPUEB 3aKIIIO-
YaeTcsi B OMNPEAEICHUH MAaTEMaTUYeCKUX OXKH-
JAHUW W AUCTIEPCUM KIIFOUEBBIX XapaKTEPUCTHUK
ycioBuit BeimonHeHus [ICKC. Ona MoxeT ObITh
pellieHa Ha OCHOBE CTaTHCTUYEeCKOW HHQOpMa-
LMY 1O NMPEAIIECTBYIOIINM IEPUOIaM BbITIOJIHE-
HUS TIPOTPaMMBbI MO0 HA OCHOBE IKCIEPTHOTO
OIICHUBAHUS.

Pe3yabrarhl 1 HX 00Cy:KIeHHE

B cBoro ouepenb, CTPYKTypy AOCTUKEHUS
noTpeOHOCTEN B pe3ylbTarax KOCMUYECKOW Je-
STEJIbHOCTU NIPEJICTABUTh B BUJIE UEPAPXUU TTPO-
€KTOB M MHIUKATOPOB (pHC. 3). DTO MO3BOISET
JUIS aHAJIKM3a MOTPEeOHOCTEN B pe3ybTraTax Koc-
MUYECKOH JIeITEIbHOCTH U KOCMUYECKUX YCITy-
rax MpUMEHSATh METOJ aHAJIU3a UePAPXUH.

[exs mporpaMMBI CO3/1aHAS KOCMAYECKAX
CPEZICTB — peanm3aysi MOTPEeOHOCTH B
KOCMHYECKOI IeATeNbHOCTH H YCIyrax

Wunukarop 1 Wunukarop 2

Wnnukarop 3

Wnnukarop n Wnnuxarop N

MpoekT 1 Mpoekr 2 MpoekT 3

MpoekT 4

see | [poekTk | oee seo | MNpoekTK

Puc.3 — Hepapxuueckas cmpykmypa uHOUKamopos u npoeKmos npozpammbl CO30AHUsL KOCMUYECKUX CpeOCcmne

Merton aHain3a uepapxuil Mpu aHaIU3e IMo-
TpeOHOCTEl B pe3yiabraTax KOCMHUYECKOW Jesi-
TEJIBHOCTH UM KOCMMYECKUX yCIyrax Npe/cTaB-
JsieT co0ol KOMIUIEKCHYIO CXeMy aHalu3a |
MOJIETUPOBAHUS MHOTOKPUTEPUAIBbHOM 3a7aun
COCTOSAIIECH U3 CIEAYIOUIMX OCHOBHBIX ATAIOB!

1) cTpykTypH3alus IeJeBbIX WHAMKATOPOB
U Gpopmanu3anus cBsA3el MeXAy HUMU;

2) CTPYKTypH3alHsi MPOEKTOB MPOrpaMMbl
JUTS KQ)XKJIOTO 11eJIEBOr0 MHIUKaTopa U (hopmau-
3alus CBSI3e MeXly HUMH,

3) ompexneneHue 3Ha4€HUH 00O0OIIEHHOTO
pHCKa BBITOJIHEHHSI TPOrPaMMBI;

4) cuHTe3 peIlaloUIero IMpaBuia A BbI-
YHUCJICHUSI PUCKOB JIOCTHIKEHMS IIeNIeBBIX IMOKa-
3aTeneil MmporpaMMmbl CO3JaHHMS KOCMHMYECKHX
CPEICTB;

5) cuHTe3 pelaroIero npaBuiIa JUisl BbI-
YHCJICHUSI PUCKA BBIMOJIHEHHSI IPOTPaMMBbI CO3-
JTaHUS KOCMUYECKUX CPE/ICTB B IIEJIOM.

Ha srane 1 mnpumeHseTcss MeTox Imomap-

HBIX CpaBHEHHM. lleneBble MHIMKATOPBI CpaB-
HUBAIOTCS IONAPHO B OTHOLIEHUU HUX BIIMS-
HUS Ha JOCTMD)KEHHE OOLIel Lenu peanu3aiuu
IICKC. B pesynbrare cpaBHeHHS (OpMHpPYET-
csl KBajparHas marpuua D = [dﬁ] HopsiiKa m,
rae dij — OLIEHKa CTENEHHM IPEBOCXOICTBA IIe-
JIEBOTO MWHAMKAToOpa [ HaJ LEJeBbIM WHIU-
KaTopoM j OTHOCHUTEJIBHO LEIM pealn3aluu
IIPOrpaMMBbl  CO3JJaHUsI KOCMHYECKUX CPENCTB
(m — KONnMUYEeCcTBO 2JIEMEHTOB UEPAPXUN).

3HAa4YEeHHsI OLICHOK dij OIIPENEIISAIOTCS JKC-
IIEPTOM, KOTOPBIH MTOCIIEI0BATEIBHO CPABHUBAET
LIEJIEBBIE NHANKATOPHI M BBIHOCUT CYXAECHHUE OT-
HOCHUTEJIBHO IPEUMYILIECTBA OAHOTI0 MHANKATOPA
Ha/1 IPYTUM I10 BIMSHUIO HA IOCTHKEHUE 001Iei
LEJIN.

Pesynbrarsl cpaBHEHMSI, TO €CTh 3HAYEHUS dl.j
, BBIp@KAIOTCS B (PyHAaMEHTAJIbHON I1Kaje (Ta-
Onuua 1.2), npuHATON Npu NPOBEIEHUH CPaBHE-
HUH JIByX NPEIbsBICHUN B METOJE aHAIU3a He-
papxuii, npennoxenHon T. Caaru.
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Tabmuma 1.2 — @dyHagaMeHTAIbHAs IIKAJa CPABHEHHS IPEBOCXOACTBA OJHOIO LEJEBOro

HHIMKATOPA HAJl APYTUM

CreneHb NpeBocxoacTBA d@/‘ Wurepnperauns (00bsiCHEHNE)
1 PaBHast 3HAUMMOCTD IIEIEBBIX HHANKATOPOB
3 Crnaboe (yMepeHHOE) MPEBOCXOCTBO
5 CunbHoE (CyIIecTBEHHOE) PEBOCXOACTBO
7 OueHb cIIBHOE (OYEBUIHOE) TIPEBOCXOACTBO
9 AbconmoTHOE (MaKCUMaIbHO BO3MOKHOE) MTPEBOCXOCTBO
2,4,6,8 IIpomerxyToYHBIE (KOMIPOMHCCHBIE) YPOBHU

Takum 00pa3omM, MaTpuila MOMAPHBIX CpaB-
HeHu D = [dﬁ] (dbopMupyeTcs Ha OCHOBE dJie-
MEHTOB TaONuIel 1.2 U sBiseTcss 00paTHO-CUM-
METPHUYHOM, TO €CTh

(1.8)

YactHbIM ciaydaeM Bbipakenus (1.8) sBis-
€TCs1 PABEHCTBO dji=dj=1, KOTOPOE BbIpaXkaeT yc-
JIOBUE PAaBHO3HAYHOCTHU CPAaBHUBAEMBIX LIETIEBBIX
WHJUKAaTOPOB OTHOCHUTENIBHO LEIU pealn3aluu
MIPOrpamMMBbl CO3/IaHUS KOCMUUYECKUX CPEJCTB.

Torna, dopmanuzaius cBs3edl Mexay Ie-
JeBBIMH HWHIUKATOpaMH OyIeT 3aKIo4aThbCs B
ONpEeNEICHUN UX MPUOPUTETOB, KOTOPHIE OMpe-
JIEJSI0T BKIIAJ 1€JIEBOTO MHIMKATOpa B JOCTH-
JKeHre OoOIIel Lenu pealu3alud TPOrpaMMBI
CO3/1aHUsI KOCMUYECKUX CPEACTB. 3HAUECHUE Be-
JUYUHBI BKJIaJa 7S i-TO LEJIeBOro MHAUKATopa
MOJKET OBITh BBIYHCIIECHO 10 OpMYIIe:

w.

1

= m

z J (1.9)
J

i=1
OO00O01ICHHAsA OlIEHKA 3HAYEHUN BEIUYUH
BKJIQJIOB IIEJIEBBIX WHAMKATOPOB B JIOCTIIKCHHE
oOrIel ey peam3alui IporpaMMbl CO3IaHUS
KOCMUYECKHX CPEJICTB ONPEICIISAETCS B COOTBET-

CTBHH CO CJICYIOLINM BBIPAKCHUEM

2w
=
w,(f)

W, =

i

, (1.10)

M
M=

1 i

~
u
i

e w, (f) — OllEHKa BKIIaJia i-ro LEJIE€BOrO WH/IM-
KaTopa, MoMyuyeHHas OT f-T0 HKCIepTa, BBIYUCIISA-
€TCs B COOTBETCTBUU C BbIpaxkeHuem (1.9).
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3HayeHHe BKJIAJa IOKa3bIBAET HACKOJIBKO
TOT WJIM WHOW LIEJIEBOW MHAMKATOP BaXEH IS
noctuxenus: obmeit nenn peanuzanuun [1CKC,
YTO SIBJSIETCS OCHOBOM Ul OLIEHMBAaHUS 0000-
IIIEHHOT'O PUCKa Pean3alliy IPOrpaMMBI.

CrpykTypu3anus NpoeKTOB IPOrpaMMBbl IS
Ka)XXJIOTO LIEJIEBOr0 MHAMKAaTopa M (opmanusa-
1Sl CBSA3€HM MPOBOAMTCS B J[Ba 3Tala: ONperc-
JIEHUE IEPEYHs NPOEKTOB MPOTPaMMBI, BIIHAIO-
X Ha JIOCTM)KEHHE LIEJIEBOTO0 MHAMKATOpa U
YCTaHOBJIEHHE BKJIaJa Ka)IOro MpOEKTa B JI0-
ctikeHue 1enesoro nuaukaropa IICKC. Ilpu
9TOM, E€CTECTBEHHO, IPHUBIIEKAIOTCS IKCIEPTHI,
KOTOpBIE MONApHO CPABHUBAIOT MPOEKTHI 110 MX
BJIMSIHUIO Ha JIOCTH)KEHUE LIEJIEBOTO MHAMKATO-
pa ¥ Ha 3TON OCHOBE ONPENENAETCS 3HAYCHHE
IIPUOPUTETA J-TO IPOEKTA Wpﬁ’ JUISL TOCTHKEHUS
LIEJIEBBIX MHJMKATOPOB INpPOrpamMMbl pa3BUTHUS
KOCMHYECKHUX CPEICTB.

BoiBoABI

OmpeneneHne 3HAYEHHH PUCKOB BBIMOJI-
HEHUSl KaXJIOW MPOTrpaMMbl MPEAIoaraeT Hc-
NOJIb30BaHUE Pa3paOOTaHHOW Ha TPEIBIIYIINX
sTanax paboThl METOAUKH OLEHKH 0000IIEHHOTO
PHCKa BBITOIHEHUS KQXKI0TO /71-TO MEPOTIPHSTHSI
(OKP) npoexra R ©.

Ha ocHoBe MeToma SKCHEPTHOH OICHKH,
AHAJOTUYHO TPEIBIIYIIEMY JTaIly, ONpeIeNseT-
cs1 3HaueHue npuoputera W ¢ m-ro meponpus-
THSI, BXOJSIIETO B IPOEKT MPOTPaMMBbI Pa3BHTHSI
KOCMHUYECKUX CPEJCTB Ha OCHOBE CTPYKTypHU3a-
IIMM MEPOTIPUATUI U ONPEIENICHUs] CTETICHH UX
BIIMSTHHSL HA BHITIOJTHEHUE MTPOEKTa (pHcC. 5).
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MpoekT k

Meponpuatune 1

Meponpuatue 2

oo Meponpuatne M

ﬂ\

ﬂ\

%\

Cy11 CH12 [eee] CY 1S, Cy21 C422

CY 1S, CYM1 (| CHM2

CH 1Sy

Puc. 5 — Hepapxuueckas cmpykmypa peanuzayuu npoekma

C ydeToM mNpencTaBIICHHBIX BBILIE HEpap-
XUH, ONpe/IeJICHHBIX 3HAaY€HUI BETMYMHBI BKJIA-
noB W @ meponpusTUil U 3HAYEHUH BETUYUHBI
BKJIQJIOB [IPOEKTOB Wp(’) (B cootBercTBHH C (1.7))
pemiaroniee MpaBwiIo JJIsl BBIUUCIEHUS PHUCKOB
noctkeHus neneBbix nokazarenei [ICKC nme-
€T BU/I:

M,

Sy

m=1

Pi
6) _ (i)
RO =>w".

p=l1

J (1.11)

Torma 00OOIIEHHBI PUCK BBIOJIHEHUS
[ICKC B 1iesiom npeicTaBuM B BUJIE:
I
R=30 R

i=1

(1.12)

rje / — KOJIMYeCTBO LIEJIEBBIX MHINKATOPOB, Xa-
PaKTEPU3YIOLIUX BBIIIOJHEHUE MPOTrPaMMbl CO3-
JaHWsI KOCMUYECKUX CPENICTB.

[IpumeHeHne mpeAcTaBIEHHBIX MOJENEH U
MOJIXO/IOB HAIIJIO CBOE Pa3BUTHE B pa3paboTke
COOTBETCTBYIOLIUX AJITOPUTMOB Ul IPOrpPaMM-
HOW 00pabOTKU pPEe3yJabTAaTOB IKCIIEPTHBIX OIle-
HOK; KpoMe TOro, paspaboraHa 0aza JIaHHBIX
IVl XpaHeHHsT 00pabOTaHHBIX PE3YyIbTaToOB IO
paznuusbM npoektaM u [ICKC. B nepcnekruse
MPEeNoaraeTcsi MaclITaOMpOBAHUE TOTyYeH-
HBIX PELIEHUI Ha APYTUE OTPACiIU POMBIIIIECH-
HOCTH.
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MPHTH 68.39.15-7K

AYBLIIIAPYAIIBLIBIK AJTKAIITAPBIHIAFBI dKEM-IIOITEPII KAUTA BOJIYI
ABTOMATTAHABIPYAbI JAMBITY IIEPCIIEKTUBAJIAPBI

ZHANYS A.B., RAMAZANOYV N.S., TURSYNBAY N.F.
Kasaxcrxuii Aepomexnuueckuti ynueepcumem um. C. Cetighynnuna

Anoamna: Man wapyauvlivlesl el XAIKbIH KYHObI HCIHE HCOAPbl KAOPUSTbL MAMAK, OHIMOepiMeH
(cym, em, JHCYMbIPMKQ JHcaHe M.0.) KaMmamacslz ememin SIKOHOMUKAHbIH 63eKMi calaiapulibly OIpi
oonvin madwvinaowl. Byoan 6acka, Man wapyausblivlabl KaCINOPbIHOAPbL HCeHil OHEPKICIN OHIMOEPIH,
OHbIY [WiHOe asK KUim, Kuim, mama, sxcuhas dxcone ap adamea Kaxcemmi 632e 0e 3ammap CUsKmol
myprepin 0aublHOAY2a WUKI3am ubl2apaobl.

Aybln wapyausblivl2blibly 0CIMOIK WAPYAUbLIbIZbL CANACHL YIUIH OP2AHUKATILIK MbIHAUMKbIUMAD
OHOIpeminiH e YMbIMNa2an HoH. Aman aumxanod, Kazipei manoa mMai wapyaulblivlebl OHIMIHIY
KOJleMiH apmmulpy, Kypoeli caivimoap MeH YaieCmiK ublblHOapobl OApbIHWA A3AUMKAH Ke30e Ke3
Keneen MemMieKemmiy ayblil Wapyaublibiebl YIlin anamoblk Macene Oonvin ecenmeineoi.

Kasipei socazoatioa eHimoinikmiy ecyiniy 6acmol haxmopvl Mal Wapyaublibl2blHOA a8mMoMAmman-
O0bIPYObl, MEXAHUKANAHOBIPYObl, SHEpeUsi YHeMOeUmin JHcaHe 0acKka 0a UHHOBAYUSIBIK KAPKbIHObL
MEXHON02UANAPObI eH2I3Y KEePex.

Man wapyawbineiebl-aybin wapyaubliviebl OHOIPICIHIY eHOeK Wblebihbl ome KON O0N2aHObIKMAH,
Mal Wapyaublibl2blH0azbl OHOIpIiCMIK npoyecmepoi aemomMammaHnobipy HcoHe MexaHUKaiIaHoblpy
CanacviHOazvl 2bLILIM MeH MEeXHUKAHbIY 3aAMAHAYU JHCemicmikmepin natoaiavy Kaxcemminiel
mywiHOaliovl. Byn 6agvim — man wapyaublivlebl KeuleHi KaCinopblHOAPbIHbIY MUIMOLLIZIH apmmblpy
MAKCAmvlHOA AUKbIH JHCIOHE DACHIM.

Kekenecen npoyecmepdi asmomammanowvlpy, cOOaH Kelid 06ackKapyobly asmomammanOblpuli2aH
acytienepin (AXK) xonoana omweipein, O6apnvix 6HOIpicmi KeuleHOi asmoMammauovlpy — ayblil
WAapy aublLIbI2bl  CANACLIHOARbL  bIILIMU-TNEXHUKANLIK Npocpecmiy Hezizel bagvimmapbinbly 0Oipi
bonaowl.

Maxanaoa gpepmanst 6acKapyoviy a8mMoMammarObIPLLIZAH HCYlleNepine Wory MeH 6a20apiamansiy
JHCOHE annapammulk MOOENiH 23ipiey Kapacmvlpbliaobl. YCbIHbLIbIN OMbIP2aH 0a20apramansiy
kammama Arduino mukpoxonmponiepinoe 6apivix Mooy1boepoi OipblHeaAll A8MOMAMMAHObIPLLIZAH
acytiece Oipikmipy yuin Konoanvliaovl. ConviMen Kamap, ol gepmadagsl asvik b6epyoi baxviiayaa
APHANIRAH, JHCACAKMANEAH KYPblIgbl 03 Ke3e2iHO0e A0aMHbIH HCYMbIC Npoyecine acepin azaumaobi.
Kacinopvinnwiy backapy xypulieviiapsl Arduino niamanapvinoa opvinoanaowl. Man wapyauiliviel
Gepmanapvin asmomammanovipy Oyeinei KyHi e3exmi macene O0Nbin Omulp, OUMKeHi wemenoik
Gupmanapmen ocvl amangan eHimoep KYHul a3z 6onvin mabwlimaiiovl. Conovikman ipi gpepmanap
YWin eana emec, opma Hemece WagblH epmanap yulin oe Konailivl KyHsl 6ap omaHoblK aHAI02Mbl
0atibIHOAYObIH KAJNCemminiel Opacaw 30p.

Tyitinoi ce3oep: ipi Kapa man, ipi Kapa mMandsl a3blKMAaHObIPY, A36IKMAHObBIPY, MEXAHUKAIAHObIDY

KYpanoapwl, apanacmulpeblid-mapambliumap, Mai a3vlebl CIMAHYUACHl, MEeXAHUKAIAHObIDY, CYm
OHOIpICI, JHceKe a3blKMAaHObIPY, aybll WUAPYAUlbLIbIRbIH A8MOMAMMAHObIDY
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INEPCHEKTHUBBI PASBBUTHUSI ABTOMATHU3AIIMU PACIIPEJIEJTEHUS KOPMOB
HA CEJBbCKOXO3SMCTBEHHBIX XO3SAMCTBAX

Annomayusn: Hu 015 koeo He cekpem, 4mo HCUBOMHOBOOCHEO ABNIACMCA OOHOU U3 BANCHEUUUX OM-
pacueti SKOHOMUKU, obecnevusarouyeli HaceieHue CImpansl YeHHbIMU U 8blCOKOKALOPUUHBIMU NPOOYK-
mamu nUManust (MOL0Ko, Msco, atya u m.o.). Kpome moeo, scusomnogooueckue npeonpusimus 6biny-
cKarom cvipve 078 U320MOBACHUSL NPOOYKYUU Ne2KOU NPOMBIULIEHHOCIU, 8 MOM YUCLe MAKUX 61008,
Kax 00y8b, 00excoa, mKaHv, medev u opyaue npeomemsl, He0OX00uMble O KAAHCO020 Yel08eKd.
He cmoum 3abvieamv u 0 mom, umo ceibckoe XO34UCmE0 Npou3sooum opeanudeckue yO0oopeHus
015 ompacau pacmenueeoocmed. Ilosmomy ysenuuenue 06veM08 HCUBOMHOBOOUECKOU NPOOYKYUU
AGNACMCS  BANCHOU Yeablo U 3a0ayell Ol CelbCKO20 XO3AUCMmea 00020 20cyoapcmea  npu
MUHUMUZAYUU KANUMATBHBIX GTIOMHCEHULL U YOCTbHbIX 3AMpPam.

B cospemenHbIx yCa08Usax 2nagHbM (aKmopom pocma npou3go0umeIbHOCmu A615emcs 6HeopeHue
ABMOMAMU3AYUU, MEXAHUIAYULU, IHepeocOepecawux U Opyeux UHMEHCUBHBIX UHHOBAYUOHHBIX
MEXHON02ULL 8 HCUBOMHOBOOCTIEE.

TlockonbKy HCUBOMHOBOOCBO MO CENbCKOE XO35UCMB0, KOMOpoe umeenm O4eHb MHO20 mpyoo-
3ampam, 803HUKAem HeoOX00UMOCHb UCNOTb308AHUSL COBPEMEHHBIX OOCIMUNCEHUT HAYKU U MEXHUKU
6 obnacmu agmomMamu3ayuu U Mexanu3ayuu nPou3800CMEEHHbIX NPOYECCO8 8 HCUBOMHOBOOCHEE.
Jannoe nanpasnenue a6715emcs 04e8UOHBIM U NPUOPUMENMHBIM 6 YelaX NosbluleHUs dPpexmus-
HOCTU NPEOnPUSMULL HCUBOMHOBOOUECKO2O KOMNILEKCA.

Asmomamuzayusi 0moOenbHbIX NPOYeccos, a 3amem KOMNIEKCHAS A8MOMAmu3ayus 6cex Nnpous-
800CME C NpUMEHEHUeM asmomMamusupo8anHvix cucmem ynpagienus (ACY), sensemcs 0OHuUM u3
OCHOBHBIX HANPABLEHUL HAYYHO-MEXHULECKO20 NPOSpecca 8 00NACHU CelbCKO20 XO3AUCMEA.

B 0annou cmamve paccmampugaemcs 0030p a8MoMamu3upOSaAHHbIX CUCEM YNPASIeHUs. (hepMmoil u
paspabomxa npocpamMMHOU U ANNAPAMHOU MOOeaU. DMo npoepammHoe obecneyerue UCnoab3yemcs
6 Muxpoxoumponnepax Arduino ons unmezpayuu 6cex mooyneu 8 eOUHYI A8MOMAMUUPOBAHHYIO
cucmemy. Kpome moeo, on npednasnaven 0nis KOHMPOJsL 3a NOCMABKOU KOPMO8 HA ¢hepme, umo, 8
€B010 04epeds, CHUdCaem elusHUe Yeroseka Ha paboduil npoyecc. Obopydosarue ynpasierus npeo-
npuamust 6yoem bINOAHAMbCA Ha naamax Arduino. Aemomamusayus HCUBOMHOB0OYECKUX pepm
HA Ce2OOHAWHUL OeHb BT AKMYAIbHOU NPOOIeMOll, MaK KAk NpooyKyus, npeocmasieHHas
UHOCMPAHHBLIMU upmamu, He sAensemcs Hu3Kou. Tlosmomy cywecmsyem ocpomHas nompeoOHoCns
8 U320MOBIEHUU OMEYECMBEHHO20 AHAN02A C NPUEMAEMOU CIOUMOCIBIO He MOIbKO OJisi KDYNHbIX
Ghepm, HO U 0151 CPeOHUX UNU HeDOTLUUUX pepMm.

Kniouesvie cnoea: kpynnuviii poeamuiii CKOm, KOpMIEHUE KPYRHO20 PO2amo20 CKOmMdA, KOPMYUIKU,
cpeocmea Mexanu3ayuul, cmecumenu-pacnpeoenumen, KOpMosas CManyus, MeXanusayus, Mo104Hoe
nPoOU3600CcmM80, UHOUBUOYANbHOE KOPMIIEHUE, ABMOMAMU3AYUS CEbCKO20 XO3ANUCMEA

PROSPECTS OF DEVELOPMENT OF AUTOMATION OF DISTRIBUTION OF
FORAGES ON AGRICULTURAL FARMS

Abstract: It is no secret that animal husbandry is one of the most important sectors of the economy,
providing the population with valuable and high-calorie food (milk, meat, eggs, etc.). In addition,
livestock enterprises produce raw materials for the manufacture of light industry products, including
such types as shoes, clothing, fabric, furniture and other items necessary for each person.

Do not forget that agriculture produces organic fertilizers for the crop industry. Therefore, increas-
ing the volume of livestock products is an important goal and task for the agriculture of any state
while minimizing capital investments and unit costs.
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In modern conditions, the main factor of productivity growth is the introduction of automation, mech-
anization, energy-saving and other intensive innovative technologies in animal husbandry.

Since animal husbandry-agriculture has a lot of labor, there is a need to use modern achievements
of science and technology in the field of automation and mechanization of production processes in
animal husbandry. This direction is obvious and priority for the purpose of increase of efficiency of
the enterprises of a livestock complex.

Automation of separate processes, and then complex automation of all productions with application
of the automated control systems (ACS), is one of the main directions of scientific and technical pro-
gress in the field of agriculture.

This article discusses the review of automated farm management systems and the development of
software and hardware models. This software is used in Arduino microcontrollers to integrate all
modules into a single automated system. In addition, it is designed to control the supply of feed on
the farm, which in turn reduces the human impact on the workflow. The control equipment of the en-
terprise will be run on the Arduino. Automation of livestock farms today is an urgent problem, as the
products presented by foreign firms, is not low. Therefore, there is a huge need to manufacture a do-
mestic analogue with an acceptable cost not only for large farms, but also for medium or small farms.

Key words: cattle, feeding cattle, feeders, mechanization means, mixers-distributors, feed station,

mechanization, dairy production, individual feeding, automation of agriculture

Introduction

Milk animal husbandry is one of the main
branches of agricultural production. However, for
a number of reasons, first of all, the high priority
of milk prices and requires significant state
support for all that is necessary for its production.
Currently, technological and technical space-
planning solutions of some farms are outdated
and do not meet modern requirements, which
justifies the need for modernization and
technical re-equipment of farms. General trends
in the development of technology indicate the
prospects of animal husbandry in the use of
automated processes, which includes changing
the existing systems of distribution of feed.
Improving existing feed distribution systems will
result in significant savings, especially for small
farms, while increasing efficiency. Now in many
agricultural enterprises the big role is played by
various mechanisms and the machines providing
uniform giving of forages, and also improving
quality of forages. One of these mechanisms
can be called feeders designed to automate the
feeding process.

At the present stage of development of
automation technologies, equipping agricultural
enterprises with computer equipment will
increase productivity and reduce costs, which also

applies to the livestock industry, which in recent
years has become a significant breakthrough in
the implementation of information solutions.

Main part

Full feeding of dairy cows is the key to
their high productivity and high-quality milk.
According to the composition of cows in modern
complexes, the system of automated feeding
process is often used. This will reduce the labor
intensity of production, improve the efficiency
of keeping cows and eliminate the impact of
human factors on productivity. With the help
of such systems, as a rule, the feeding process
will be balanced and qualitative, the control of
the diet is carried out constantly, since food and
nutrition negatively affect the health of animals.
Advantages of automated feeding:

* obtaining a real amount of feed, taking into
account the individual productivity of each cow;

* reducing the consumption of expensive
concentrated feed, as in the normal distribution
of some parts of the feed remain without
weathering. (due to saliva loss on feed , cows do
not eat one after the other);

* prevention of theft and loss of feed (up to
25%));
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* reducing the cost of milk by redistributing
feed and increasing cow productivity;

* provision of feed 6-8 times a day in
accordance with the normal physiological needs
of animals;

* prevention of cow diseases such as ketosis,
acidosis, rumen atony, etc.

Cattle feeding is a mechanized process that
accounts for up to 40% of total farm labor. [1]

Currently, there are three main approaches
to the organization of automated feeding: feed
stations, automated feeding network, robots-feed
distributors. The choice of method depends on
the type of animal maintenance, for example,
the use of feeding stations is possible only with
loose content, the automated feeding network
is suitable only for tethering, and transmitting

robots can be used both for animals and for non-
contact content. [1]

1. Operation of feed stations-used for feeding
cattle without a leash. The use of feeding stations
will improve the efficiency of feeding due to
the possibility of choosing a diet for animals. In
addition, food drinks in small quantities, which
increases the absorption of useful nutrients and
trace elements. Thanks to careful planning of
the feeding process, rationalization of feeding is
carried out, which ensures the saving of nutritious
feeds. Feed stations allow you to keep track of
cow parameters using manual or automatic
programming. In addition, the use of feed
stations will allow efficient distribution of fertile
feed, thereby increasing the overall productivity
of the gross herd and milk yield from each cow.

Picture 1 — operation of feed stations [3]

2. Automatic feeding line installation-used
to feed the cow when tying. The automatic line
of feeding of cows allows to feed each cow sep-
arately thanks to which cows receive the correct
balanced food rich in vitamins and useful micro-
elements. In accordance with the needs of ani-
mals-for each cow is developed a separate diet,
which has a positive effect on its productivity. In
addition, the use of daily norms of cows is di-
vided into 6-8 times per meal, which has a pos-
itive effect on the development of animals and
contributes to the normalization of the digestive
system of animals. Thus, the use of automated
feeding will improve the efficiency of dairy com-
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plexes-properly organized feeding process will
ensure stable replenishment of high milking and
weight. In addition, the rationalization of cattle
feeding reduces the cost of production, which
will increase the efficiency of production

3. The robot of distribution of the concen-
trated forages-is applied both for feeding of the
animals containing on a leash, and at loose con-
tents. The robot moves through a cow in a mono-
rail. Provides the most accurate distribution of
concentrated feed and accurate dosage in accor-
dance with the selected diet. Loading of the con-
centrated feed distribution robot and mixing of
various feed elements is fully automatic. There
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Picture 2 — installation of automatic feeding line [3]

are several versions of the feed transmitter - the
feed transmitter can spread on one side (left or
right) or spread the feed mixture on both sides.
Distribution of concentrated feed-the use of a
robot allows for the most efficient feeding pro-

cess - thanks to careful mixing of feed and the
development of a diet, cows receive a balanced
diet rich in vitamins and minerals. The advantage
of the feeding robot is low energy consumption..

Picture 3 — concentrated feed distribution robot [3]

As a result of the need for technical
modernization of farms, the government of
Kazakhstan has launched various programs aimed
at the development of agriculture, in particular,
animal husbandry. Currently, special attention is
paid to the formation of farming. For example,
currently, guided by the main provisions of the
national project “Digital Kazakhstan”, there were
trends in the revival, stabilization and financial
recovery of many farms. Main provisions of the
national project currently under way:

* use of modern and advanced technologies
and technical means to ensure mechanization

and automation processes;

*use of high-performance animals (Holstein,
black-and-white, etc.) with high genetic potential;

* use of full-fledged optimally-balanced feed
additives;

* attraction to work of highly qualified
specialists [4].

With the development of all branches of
agriculture, the importance of automation and
mechanization of animal husbandry increases:
this is facilitated by further technical progress,
the emergence of new equipment in farms. As a
result, automation reduces the cost of production
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and improves its quality.

For automation, the introduction of
information solutions is particularly beneficial,
for example, equipment for dairy farms operates
in a stable electricity and a relatively small
area. Information solutions help to increase the
number of cattle, increase labor productivity,
introduction of progressive methods of keeping
and fattening cattle.

Modern automation knows many things:
recognizes each cow on the “face”, determines
the productivity of milking, calculates a separate
“diet” for animals, etc. Each generation in
the livestock management scheme should be
combined into a common system and this is the
main requirement for information solutions in
agriculture.

Electronic computers have long been used
in the agricultural and industrial complex. But
in recent years their capabilities in the field of
information processing and mobility has led to
intensive development. This will make it possible
to widely use equipment and software products
in the livestock industry of the country.

They are aimed at ensuring profitability of
production, reducing cash costs and ensuring
a high level of product quality. Therefore, the
market has acquired foreign suppliers and
manufacturers of software products for the

agro-industrial complex, which have long and
successfully carried out such work in Europe.

The most popular foreign products include:

Information solutions “Westfalia Land tech-
nik”. The German company offers high technolo-
gies in the dairy industry: automation of milking
and cooling technology, feeding and herd man-
agement. There are also solutions for small rumi-
nants (goats and sheep) );

Information solutions “Fullwood”. One
division of this English company specializes in
software in the dairy industry;

Information solutions “DeLaval”. It is
a Swedish company, part of the Tetra Laval
Group (known as Tetra Pak) - one of the leading
manufacturers of equipment and software
solutions for dairy processes;

But foreign companies often offer expensive
solutions, so the work on creating a domestic
analogue is an important solution for livestock
farms in the country. [5]

Summaries of automation of the feeding of
cattle: the distribution of feed on cow-based rail
and truck load of Fodder warehouse where the
feed is in turn the trolley over the rails will give
feed large horned cattle in the vertical direction.
The process will be controlled by the Arduino
Uno microcontroller. The following equipment
is required to create a model:

Ne Component Quantity
1 Cart 70x70x55 MM 1
2 Rail 380x28x15 mm 1
3 Screw 2
4 Bunker 1
5 Electromotor 2
6 Arduino Uno Platform 1
7 Engine driver for L298N 1
8 Servodrive 9g SG90 1
9 Trailer 2
10 Electric motor box 1
11 Thetransferbelt 1
12 Belt roller 1
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13 Pulley 1

14 Wire >10
15 Wood screw >10
16 Bolt >10
17 Locknut >10

18 ABS plastic (white)

1

19 ABS plastic (red)

1

The main component in the development
of the model is the Arduino Uno platform.
Arduino Uno is a device based on ATmega328
microcontroller (datasheet). It includes all
the items needed for convenient operation of
the microcontroller: 14 digital inputs/outputs
(including 6 can be used as PWM outputs), 6
analog inputs, a 16 MHz quartz resonator, a
USB connector, a power connector, an internal
cell programming switch (ICSP) and an output
button. The Arduino Uno offers a number of
possibilities to communicate with a computer,
another Arduino, or other microcontrollers.

Description:

* Microcontroller: ATmega328;

* Working voltage: 5V,

" .
P =

[ =

* Supply voltage (recommended): 7-12V;

* Supply voltage (limit): 6-20V;

* Digital input / output: 14 (of which 6 can
be used as PWM outputs);

* Analog revenues: 6;

* Maximum current of one output: 40m;

* Maximum output current: 50m;

* Flash memory: 32 KB (ATmega328),
including 0.5 KB used bootloader;

* SRAM: 2 KB (ATmega328);

* EEPROM: 1 KB (ATmega328);

* Clock frequency: 16MHz;

* Length: 68.6 mm;

* Width: 53.4 mm;

* Weight: 25g.

Picture 4 — Arduino Uno microcontroller [6]

One of the main components in the
development of the model is the trolley and rail
printed with ABS plastic material on a 3D printer.
In the SolidWorks software complex, Which
is a software complex of the computer-aided

design system designed to automate the work
of an industrial enterprise at the stages of design
and technological preparation of production,
providing the development of products of any
degree of complexity and purpose.
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Picture 5 — Picture of trolley and rail on the side

Picture 6 — Picture of truck and rail on top side

Summing up, we can assume that the work tion, will accelerate the introduction of automat-
on the creation of such small projects aimed at ed feeding in livestock farms.
the digitalization of agriculture, namely automa-
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NUMERICAL SIMULATION OF FOUNDATIONS OF FREEZING SOIL

ZHUSSUPBEKOV A.Z., TLEULENOVA G.T., OMAROYV A.R.,
TANYRBERGENOVA G.K.

Eepasutickuii Hayuonanouwiii ynueepcumem um. JI.H. I'ymunesa

Abstract: Issues of freezing soil, frost heaving are difficult complex processes. Quantifying soil
deformations associated with frost heaving and thawing is a challenge for geotechnical engineers.
Changes in temperature affect influence of physical and mechanical properties of soils. This paper
presents the dependencies of foundation settling on load using Plaxis 2D. The results of the models
of the stress-strain state of the base were compared in the winter and summer periods. Changes in
the settlement of pile foundations in seasonally freezing soils are insignificant and do not affect the
bearing capacity. The purpose of this work is to compare the results of the calculation of the vertical
settlement of a pile foundation by the finite element method of Plaxis 2D. A numerical analysis was
carried out using the Finite Element Method (FEM) in the geotechnical program Plaxis 2D, which
shows of change settlement of buildings in the seasonally freezing soil. The design in the program
corresponds to the real data of the object.

Key words: foundations, freezing soil ground, numerical simulation, temperatures, geotechnical
properties of soils

MAY CBIMJBIK KATATBIH TONBIPAKTAFBI IPTETACTAPIBI
CAHJBIK MOJEJILAEY

Anoamna: Tonvipaxmbuiy Kamysl, as30bl WOblp Macenenepi Kypoeni npoyecc peminoe ecenmeni-
HeOi. AA30b1 WOSbIPMEH JHCaHE MONbIPAKMbL epimyMeH OAUIAHbICTbL MONbIPAKMbIY 0ehOoPMAYUACHIH
CanoblK 6azanay 2eomexHuKaIblK UHMCEHeplep YiH Maybl30bl Hacenenep 60abin Kapacmuipblidobi.
Tonvipakmuly ¢husuka-mexaHuKanvlk Kacuemmepiniy o32epyi memnepamypanvlk acepine Oauiau-
vicmol. Maxanaoa Plaxis 2D xemecimen apmypii socykmeme acepinen ipezemacmvly omuvlpyvl bepin-
een. JKa3z sucone Koic kezinoe M0OenvOiH KepHeyieH2en-0ehopmMayusiaHean #a20aioa natoa 6on2am
Homuoicenepin manoay. Kaoa ipecemacmapuvinoly MayculmovlK Kamvin KAIaH Monvlpakmapoazsl uio-
2ViHiY ©32epyi wamanvl dcane kemepy Kadiiemine acep emnetioi. Kymvicmoiy maxcamot Plaxis 2D
bazoapnama apxwlibl COHbL deMeHmmep 20iCiMeH KONOAHbIN, Ka0d ipeemAacblHblY MiK Ue2iHOICIH
ecenmey KesiHOe nauoa 6012aH MYAHCLIPLIMOAPLIH canvicmulpy. Bazoapnama ouzaiinel 00vekminiy
HAaKmul Maiimemmepine catikec Keneoi.

Tyuinoi coszoep: ipeemacmap, MONLIPAKMbL KAMbIPY, CAHOLIK MOOeNboey, memnepamypd,
MONBIPAKMbIY 20MEXHUKANbIK Kacuemmepi

YUCJIEHHOE MOJAEJIUPOBAHUE ®YHIAMEHTOB
B IIPOMEP3AIOIIUX 'PYHTAX

Armomauuﬂ: BOl’lpOCbl npomepsanusl cpynmda, MOpPO3HO2O0 NYYEHUs A6IAIOMCA CIOHCHBIMU npoyec-
camu. Konuuecmeennas OYEHKa Oeqbopmauuu SPYHMOB, CBA3AHHbIX C MOPO3HbIM nydenuem u om-
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Mausanuem pyHma seIsiemcst CLOHCHOU 3a0adeti OJis 2e0MeXHUYeCKUX UHceHepos. Mamenenue mem-
nepanypHo20 pexrcuma 61usiem Ha Qu3UKo-mexaHuyecKue ceotcmea 2pyHmos. B amoii cmamve npeo-
CMABIEHbL 3A8UCUMOCTIU OCAOKA (PYHOAMEeHmMOo8 om HazpysKu ¢ nomouwbto Plaxis 2D. Pezynibmamol
Mooenetl HanpsNCeHHO-0ePOPMUPOSAHHO20 COCMOSIHUSL OCHOBAHUSL CDAGHUBANUCH 8 3UMHULL U JIen-
HUl nepuoosl. Mzmenenus 0caoka c8auHblx (h)yHOAMEHMO8 8 Ce30HHONPOMEP3AIOUUX SPYHIMAX HE3HA-
YUMENbHbL U He GIUSAIOM HA HeCYuyio cnocobrocmo. Llenvto 0annot pabomel A6751€mesi CpasHeHue
PE3YIbMAmMo8 pacuema 6epmuKaIbHO20 0CAOKA C8AUHO20 (YHOAMEHMA MEMOOOM KOHEYHBIX dNeMEH-
moe 6 npocpammuom obecnevenuu Plaxis 2D. Yucnennwitl ananuz 6vii npoeder ¢ UCnoIb308aHUEM
Memooa koHeunvlx snemenmos (FEM) 6 ceomexnuueckoil npoepamme Plaxis 2, komopas nokaswiea-
em u3MeHeHUe 3ACelleHUsl 30aHULL 8 CE30HHO-MeP3IbIX 2pYHmMax. J{uzaiin 6 npocpamme cOomeencme)-
em peanvbHbiM OAHHLIM 00beKma.

Knrwoueswie cnosa: ¢pynoamenmul, npomepsanue cpyHma, 4ucienHoe Mooeiuposanue, memnepamypa,

2eomexHuyeckue ceolUCmada cpyRma

Introduction

Numerical modeling is widely used in the
field of geotechnical calculations at present, al-
lowing to solve complex problems. The relevance
of applying the finite element method (FEM) is
the ability to solve complex problems and the
simplicity of performing numerical calculations
in comparison with analytical methods.

In this paper presents of these studies of de-
termine the bearing capacity of pile foundations
in numerical modeling using the geotechnical
characteristics of the soil in seasonally freezing
and in the summer periods.

To simulate the problem, it is necessary to
determine the initial data, which can be divided
into two groups: these are engineering-geological
conditions and the parameters of the foundations.

The determination of the settlement of foun-
dations in seasonally freezing soils is one of the
main tasks for the design engineer. Analysis of
pile foundations in various ways, which are di-
vided into numerical and analytical. Existing
standards allow calculating the bearing capaci-
ty of pile foundations in the field. As a result of
the tests, it is possible to obtain real precipitation,
load action according to ASTM, GOST stand-
ards. Plaxis 2D is intended for complex calcu-
lations of the stress-strain state and stability of
geotechnical objects for various purposes by the
finite element method in a flat problem. This pro-
gram allows you to solve geotechnical problems
in construction, and also shows the development
of building sediments in freezing soil. The popu-
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larity of FEM lies in the ability to solve complex

problems, the ability to simulate different cases

of pile loading.

As a source of data for numerical modeling,
the construction site of the seaport “Prorva”,
Western Kazakhstan was used.

To simulate the task, it is necessary to deter-
mine the source data, which can be divided into
two groups:

1. Engineering and geological conditions of the
studied construction area (general param-
eters, geometric contour, boundary condi-
tions, soil characteristics).

2. Parameters of pile foundations (data set on
material, foundation characteristics).

The interaction of the foundation and soil

of numerical modeling

The main way to model structures in modern
geotechnical calculations by the finite element
method is to model elements of a flat structure.
The numerical solution of the problem was devel-
oped using the “top-down” technology. The pa-
rameters of the geotechnical situation are shown
in figure 1.

Based on the materials of engineering and
geological surveys, 5 engineering and geological
elements have been identified in the geological
and lithological section of the construction site.

Figl presented Initial data of the pile foun-
dation. Soil 1 — Silty, slightly organic, calcare-
ous, layer thickness 0.5 m. Soil 2 — Sand, silty,
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calcareous, layer thickness 4.0 m. Soil 3 — Clay,
silty, calcareous, layer thickness 4.0 m. Soil 4
— Sand, silty, calcareous, layer thickness 4.0 m.
Soil 5 — Clay, sandy, calcareous layer thickness
5.0 m. Soil 6 — Clay, silty, calcareous, layer thick-
ness 5.0 m. Geological conditions of construc-
tion site. Frost heaving swelling achieved 10 cm
in Atyrau region site “Prorva”. The depth of soil
seasonally freezing soil is 1 m [1, 2, 3]. Figure
1 presents the initial data of the pile foundation.
Leader boreholes were made in construction site.
Leader drilling allows piles to plunge vertically
to a certain depth by reducing the drag that oc-
curs during driving pile. Wells were made by two
methods: without excavation and excavation soil
ground. Piles consist of two segments with a sec-
tion of 40 cm % 40 cm with a length of the lower
segment 16 m and the upper segments 11.5 m.
The head of the lower segment and the lower part
of the upper segment had metal plates that had
connecting and locking mechanisms. Piles are
covered with anticorrosive material (bituminous)
and marked with transverse lines every 25 cm.
Depth of pile driving was 23 m.

Create of Finite Element (FE) design
schemes in Plaxis 2D used the initial data and
parameters, corresponding to real conditions of
field experiments. In Fig 1. presented modeling
of soils at the base of the foundations was used
Mohr — Coulomb elastic-plastic model, which
required the introduction of the following ba-
sic parameters: modulus of soil deformation E,
Poisson’s ratio v, adhesion ¢, and skin friction
angle ¢. Changes in the physical and mechani-
cal properties of soils in the wibnter and summer
were introduced separately.

The numerical calculation is made taking
into account step by step. In the case of loading
the foundation, the load gradually increased ac-
cording to the program. Clay soil modeling was
carried out by assigning the appropriate pres-
sure. A grid of finite 12 nodal elements was gen-
erated automatically by Plaxis 2D. To obtain a
high-quality picture in the areas near the pile, the
finite element mesh was crushed. After generat-
ing a grid of elements, the initial stress state was
simulated from the self-weight of the soil [1-4].
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Fig 1. Initial data of the pile foundation

Fig 2. presented of pile model of FE. It should
be noted that the precipitation in the picture of
the stress-strain state of the soil shows changes in
the properties of the soil in winter and summer.

The applicable version of Plaxis 2D allows
you to use only a linear of color scale. In this
regard, due to the large difference between the
minimum and maximum shear deformations, it
turned out to be impossible to display them si-
multaneously in the same figure.

The pile foundation is symmetrical about the
vertical axis, in the design scheme only half of
the area of the soil mass and the pile foundation
were considered. The design scheme was auto-
matically divided into triangular finite elements.
The number of element types considered is 5.
The calculation consists of 5 steps and will be set
in the Staged construction mode. Figure 3 shows
the contours of the complete displacement of
soils under static bidirectional and pressing loads
for models.
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Fig 2. General view of the design model

The sequence of layers of the soil mass is
presented in Figure 2. The piles were calculated
in a symmetric setting.

Research method

The Plaxis 2D calculation program allows
you to perform calculations in stages.

Field tests of pile foundations by the static
method were carried out according to the pro-
gram, in accordance with the requirements of
Kazakhstan, American standards. In this prob-
lem, to simulate the foundation settlement, it is
necessary to perform a calculation. Plaxis 2D has
a step-by-step procedure for automatically incre-
menting the load. In the Plaxis 2D program, the
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pile foundation load data was introduced using
the static method.

Various testing methods and processing of
the results were applied to evaluation of bearing
capacity of pile foundations. Field tests of piles
with a static load make it possible to determine
the level of pile settlement depending on the ap-
plied load.

The engineers developed a program and test
procedure that contains information about the
maximum force transmitted to the structure, the
load distribution step, which should be 10% of
the pile weight. The customer determines the
number of products for soil testing by piles, plac-
es of their driving. At a future pile field, a group
of piles is driven in zones corresponding to the
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worst, most unfavorable conditions or places
where failures occurred during of diving piles.
The installation of a loading structure, a set of
equipment for the transmission of forces is being
carried out. Figure 3 shows the deformed foun-
dation meshes.

Deformations of frozen soil lead to the move-
ment of foundations in the winter period under
the influence of external load on the surface of

soil. The stress-strain state of the base affects the
amount of frost heaving of the soil.

The movement of soil in winter is character-
ized by the swelling of soil ground.

The calculation results in Plaxis 2D is an iso-
pole sediment foundation are shown in Figure 3
and Table 1. Table 1 Results of bearing capacity
of pile foundations in freezing and non-freezing
soils

K X
% X
%N
614
1

Fig 3. Results of bearing capacity of pile foundations in freezing and non-freezing soil ground

Calculation Bearing capacity, kN Settlement, mm
Vertical load 3278 23 mm
FEM (in winter time) 3275 22 mm
FEM (in summer time) 3278 25 mm

Using the methods of numerical simulation
of Plaxis 2D, the bearing capacities of reinforced
concrete driving pile foundations were studied at
a load of piles is 3278 kN, 3275 kN in accord-
ance with the project. Pile upsetting results are
compared in winter and summer. Precipitation of
reinforced concrete piles is within 25 mm.

Conclusion

Numerical modeling allows you to deter-
mine the behavior of pile foundations in season-
ally freezing soil ground. Thus, it was found that
the obtained data results can be applied in prac-
tical work of evaluation of the interaction of pile
foundations in seasonally freezing soil.
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AHAJIN3 PABOTHI YCTPOUCTB C YI3BUMOCTBIO BADUSB
3YEBA E.A.
Kazaxcxuii Hayuonanvuwiii ynusepcumem um. anb-Dapadu

Annomayusn: Jlroooe ezaumooeticmeue USB-ycmpoiicmea ¢ KOMRbIOMEPOM 0CyuWecmensaemcs ¢ no-
MOWbIO MUKPOKOHMPOIIEPA U, YmMoObl OH MO2 OCYWecmeums Oeticmeus, 8 e20 COOCMBEHHOU ClIy-
AHCEOHOU NAMAMU XPAHUMCA YAPABGIAIOWUL KOO, K KOMOPOMY 00bIUHbLI NOTb308aMeNb 00CMYNA He
umeem. Kaswcooe yempoiicmeo USB exnrouaem 6 ceOs uun Konmpoiiepa, Komopbulii MOJCHO nepenpo-
SPAMMUPOBAMb € NOMOUBIO HEOONLULO2O PUULECKO20 U NPOSPAMMHO20 8030eticmaus. Tym u 6o3nu-
Kkaem nousmue «yazeumocmov BadUSBy. [lockonbky 0annas yeposa pabomaem ¢ npocpammHo-anna-
pamuotl peanuzayueli. MUKPOKo008, onachocmyv yeposvl BadUSB evicoxa. Tax kak eil nodgepaiceHvl
6ce onepayuonHvle cucmemsl cemeticmea Windows, Linux, Macintosh, mo 3awuma om smotl yepo3svl
ocnodicHena. Ml cmandapmmvle MAHUNYIAYUU ¢ NEPEYCMAHOBKOU ONEePAYUOHHOU CUCTHEMbL, KOMOPbLe
ABGNAIOMCI YHUBEPCATbHBIM peleHuem 0 OOTbUUHCIMEA YA36UMOCTElU, He CHOCOOHbL «8bLIEYUMNbY
Komnvlomep, 3apadxcenHuviii Hocumenem BadUSB. B oanuoii pabome npugedeno onucanue u pazoop
pabomul ckemuell npu co30anuu ycmpoucmea ¢ yazeumocmoto BadUSB, npusoosimces ozmoonchvle
Memoobl 3aUiUmsl.

Kniroueswvie cnosa: BadUSB, 6e3onacnocms ycmpoticme, noie3udas Hazpyska, yazeumocms, Ducky
Script

ANALYSIS OF WORK OF DEVICES WITH BADUSB VULNERABILITY

Abstract: Any interaction of a USB device with a computer is carried out using a microcontroller and
so that it can carry out actions, a control code is stored in its own service memory that the normal
user does not have access to. Each USB device includes a controller chip that can be reprogrammed
with a small physical and software impact. This is where the concept of “BadUSB vulnerability”
arises. Since this threat works with software and hardware implementation of microcodes, the danger
of the threat of BadUSB is high. Since all operating systems of the Windows, Linux, Macintosh family
are subject to it, protection against this threat is complicated. And standard manipulations with the
reinstallation of the operating system, which are a universal solution for most vulnerabilities, are not
able to “cure” a computer infected with BadUSB media. In this paper, a description and analysis
of the work of sketches when creating a device with a BadUSB vulnerability is given, and possible
methods of protection are given.

Key words: BadUSB, device security, payload, vulnerability, Ducky Script
BADUSB COMKECIHIH KYPBLIBICHI ’)KYMBICBHIH TAJIJIAY

Anoamna: USB KypbiizbiCbiHbly KOMAbIOMEPMEH Ke3 KeleeH 63apd apeKemi MUKPOKOHMPOJIep
APKbLLIbL JiCy3e2e ACbIPbLIAObL JHCIHE 01 apeKemmepoi icKe acvlpy2a MYMKIHOIK Oepedi, backapy
KOObl KATbINMbl NAUOAIAHYUWbIHbIY KObl HCemNeumin 63iHiY JiceKe KblaMem Kepcemy HdoblHOA
cakmanaovl. Opoip USB KypulievicblHOA KilukeHe QUIUKATLIK HCaHe DA20apiamManblK acepmer Kama
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bazoapnamananamoln KoHmponiep duni 6ap. byn scepoe «BadUSB ocandvigvly myciniei naiioa
oonaosi. Ocel Kayin-Kamep MUKpOKoOOmMapowly 6a20apiamansli JHeaHe annapammoly KamMmamdacol3
emyimen ocymoic icmeeendikmet, BadUSB kayni scozapvl. Windows, Linux, Macintosh moovinuiy
bapnvlx onepayusnblK Jcylienepine OAbIHbIUMbL DONRAHOBIKMAH, OCbl KAYINMeH KOpaay Kypoeii.
Kenmeeen ocanovixkmap ywin ambedan wewiim 601vin mabwbliamuli ONepayusivlk JCyleni Kauma
opHamymeHn cmanoapmmol manunyiayusiap BadUSB meduacvimen 3apapnanzan komnviomepoi
«emoell armaiovy. Ocel maxanraoa BadUSB ocanovizel bap Kypuliebiibl KYpy Ke3iHoe 3CKU30epoiy
HCYMBLCLIH CUNAMIMAY HCIHE MATOAY HCIHE KOPEAYOblH bIKMUMAT 20icmepi KelmipineeH.

Tyiiinoi cezoep: BadUSB, kypwinevl kayincizoiei, natioansl scykmeme, ocanovizvl, Ducky Script

[Ipu MopenupoBaHUM cCUTyaluyd 1O JEW-

ctBusiM ys3BumMocT BadUSB paGotel mpoBo-

JSITCSL TIO9TAIHO:
1. Co3nanue ycTpoHCTBa C YSI3BUMOCTBIO
BadUSB [1].

2. HpOBO,Z[I/ITCH HCCJICAOBAHUC CICHAPUCB

BO3MOXHOCTeW arak dyepe3 USB-yctpoiicTso,
MoauduuupoBanHoe ¢ mnomomibio DuckyScript

[2].
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3. Co3nanme ckerueii (Payload) u 3arpyska

ux Ha USB-ycrpoiictBo. B mpornecce paboTs
OBbUIO CO3/1aHO U OTJIAKEHO MHOXKECTBO paboUmnX
CKeTueil, CIMCOK HEKOTOPBIX CKeTYeH ¢ PyHKIIH-
MM 3arpy3Kd U IEpexoia B NEHCTBYIOLIUHN pe-
JKUM ITPOUJUIIOCTPUPOBaH Ha pucyHke 1. Ha pu-
CYHKE 2 TP€ACTaBIJIEHbI JIUCTUHIY HEKOTOPBIX U3
HuX. [l HAISIAHOCTH HUYKe OyyT IpesicTaBie-
HO OIKCaHMe U pa3oOpaHa paboTa 3TUX CKeTUEeil.
[Tpu 3TOM OyayT OrOBOpPEHBI BO3MOXKHBIE METO-
JIbl 3AIIUTHI U J1IaHa OIIEHKA UX A3PPEKTUBHOCTH.

\'payloads/8 CopyDesktopToF.txt ||296

Run Payload | Downlead File ||| Delete Payload

|'payloads/6 Matrix txt

IDisplay Payload Contents Size in Bytes||[Run PayloadJPJownload FileJPJelete Payload
/payloads/0 Openlpg txt 141 Run Payload H Download File ||| Delete Payload
'payloads/l HelloWorld txt 292 Run Payload ﬂ@
\'payloads/2 ColorHelloWzlomaliM||789 Run Payload H @
\'payloads/3 LockUser.txt 1644 Run Payload ﬂ@
\'payloads/4 Elka txt 2694 Run Payload ﬂ@
\'payloads/5 CloseAllApps. txt 698 Run Payload ﬂ @
\'payloads/7 TimerMSG. txt 762 Run Payload ﬂ@
[[[Pourioaa e [ Delte Payioad |
]

1136

Run Payload | Downlead File ||| Delete Payload

Puc. 1 — Cmpanuya co cnuckom nepgvix 8 3azpyacennvix ckemueii na USB-ycmpoiicmeo
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Puc. 2 — Jlucmuneu cxkemueii na BadUSB-ycmpoiicmee
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IIpumep nepBbiii. Ataka Ha Windows

K HOyTOyKy C oOmepanmoHHOH CHCTEMOit
Windows nonkitouaercs ¢aemka. Yepes3 Heko-
TOpOE BpeMs ONepalMOHHasl CUCTeMa ITOKa3bl-
BaeT pa3IMYHbIE HEKOHTPOIUPYEMBIE MOIb30-

BaTeJeM, CHJALIEM 3a KOMIIBIOTEPOM-KEPTBOM,
cooOuieHus (pucyHok 3), yaanss ¢aiinsl u kara-
JIOTH, KOTIUPYS U nepemernas 00beKThl, BHIBOAS
nceBorpaduKy B OTAEIBHBIX OKHAX, OJIOKUpYS
MI0JIH30BAaTENsl M HAKOHEL], [Iepe3arpyKaeTcs.

Y |

- B n Qaiin  Mpaeska Dopmar Bua Cnpasxa C
AL UGN,
W

I will lock your computer.

md.exe - C:\L AppD.

CoobuweHwe or Windows 09.03.2019 10:35

Passwords were chaged successfully!!!

Puc. 3 — Hexonmponupyemule nonvb3o8amenem 0eliicmsus na KoMnviomepe-icepnse

[TonknroueHHOE YCTPOMCTBO 3MYJIMPOBAIIO
USB-knaBuarypy AJs 3alycka CKpHIITa, KOTO-
pBI JaBajg CHUCTEME OIPENCIICHHBIE KOMaH/bI
Ha I10Ka3 BCETO, IIPOU3BOI HEKOHTPOJIIUPYEMBbIE
JENCTBUS NI0JIb30BaTeNeEM. AJITOPUTM TAKOB, UTO,
noiay4uB Joctyn k HOyTOyky, BadUSB co3naer
Ha MamuHe bat-haiiibl, KOTOpbIE camo3aryc-
katorcss B cucreme. IIpm nHammuuu HHTepHera
BO3MOXKHO CKauarb M3 CETU JOINOJIHUTEIIbHBIC
KOMIIOHEHTBl U YCTAHOBUTb HMX Ha KOMIIBIO-
Tep-kepTBy [3].

JUns 3amuThl OTHAHHOIO CLEHApus JAcH-
CTBEHHBIM OBLIO ObI IPOJYMaTh U OPraHU30BATh
Oenblil M uepHBId cnUcOK goBepeHHbIX USB-
YCTPOMICTB (XpaHsAIIMICA HA JIOKAJIbHOW Mallu-
HE), a Ha CaMOM KOMIIBIOTEPE MPOINCATh CLIEHA-
pHil IPOBEPKHU MPUHAJIEKHOCTH BCTABIISIEMOTO
00OpyI0BaHUS K TOMY MJIM MHOMY CIHCKY. U,
€CIU B DPE3yapTare IPOBEPKU IOAKIIOYAEMOE

USB-ycTpoiCTBO NPUHAUICKUT K YEPHOMY CIIH-
CKY WU JaHHOE YCTPOMCTBO HE HAXOJUTCS HH B
OIHOM U3 CITUCKOB, TO OHO OJIOKHUPYETCS, €CIH
MHOE HE yKa3aHo B cucteMe. Ho TyT ClIoKHOCTB
B TOM, YTO U YCTPOMCTBO M3 OENIOro CIHcKa MO-
KET OBITh 3aPaYKEHO U TOT/A IIPU TaKOM MOAXO0/IE
pasrpaHUueHHE IO CIUCKAaM JieNiaTh OeccMBbIC-
JICHHO.

He Bce aHTHBHPYCHI pearvpyroT OIMHA-
KOBO. JTO 3aBUCHT OT €r0 HAacTPOEK U TPaBHIL.
Ecnu ckpunt 3arpyaer 4ro-To, TO aHTHBHPYC
JOJDKEH JTO 3aMETHTh W CPearupoBarh, €CIH
TOJIBKO 9TO HE CHCTEMHAasl YTHIIUTA, HAIPUMED,
IUISL yIAJIEHHOTO yrmpasieHus. Bot, Hanmpuwmep,
y AVG Antivirus, Comodo AntiVirus McAfee
VirusScan Enterprise npoxyMaH moaxoi, mo3Bo-
JISTFOIIMHA OJIOKUPOBATh 3aITyCK CKPHUIITOB U yCTa-
HOBKY HOBBIX TPHJIOKEHH.
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IIpumep BTOpOIi. ATaka Windows ¢ me-

JIbI0 KOMIIPOMETALUM MPOTPAMMHOI0

o0ecneyeHus

Ectb nBa HOyTOyKa C ONEpanMOHHBIMH CH-
cremamu Windows u Linux Debian, mogkiroueH-
Hele Kk Uutepuery. K Windows nonkitouaercs
Hakonutenab. OH Pa3sMOHTHPYETCsl uepe3 HeKo-
TOpOE BpeMs. B onpeneneHHbli M0ab30BaTelieM
Debian MOMEHT BpeMeHH MOSBISIETCS OKHO 3aITy-
cKka KoHcoinu B Windows, psiioM NMpHUBEEH CIH-
COK (paiiloB Ha PTOT MOMEHT B ONEPALMOHHON
cucteme (PUCYHOK 4a), 4TOOBI ObLITIO BUIHO, YTO
CO3JAJIUCH (halIIbl, KOTOPBIX HE OBUIO 10 BCTABKU
Hakonurens B Windows.
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Puc. 4a — IMoasnenue oxkua 6 Windows u koncoau,

Co3nannble (hailiibl 3ayCKalOTCs, yepe3 He-
KOTOpO€ BpeMsI OKHO KOHCOJIM caMo co0oil 3a-
KPBIBAETCS, U IMPOUCXOAUT CAMOYHMUTOKECHHE
BBIIICYOMSIHYTHIX (aifiyioB (pucyHOK 40).
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Users
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Puc. 46 — Camoynuumodicenue @aiinos u 3axkpvimue KOHCOAU
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Ha FTP-cepsep uepe3 cets MHTEpHET OCy-
HmiecTBIsIETCs mepefaya JaHHbIX ¢ Windows-
CHCTEMBI He3aMETHO JJIs 1oJib3oBarens. B Linux
JUIsL TIPOBEPKU pe3yabTara CKauMBAaKOTCS U OT-
KkpbiBatoTcst ¢ FTP-xpanunuiia HykHble (aiiisl
¢ unpopmarmeit o cucreme Windows u ommca-
HUEM YCTAaHOBJICHHOIO B HEW IMPOrPaMMHOIO
o0ecriedyeHHss 1 BCEMHM HACTPOHKaMH CHCTEMBI
(pucyHOK 95).

JARVIS
Microsoft Wi Ultimate

ck 1 Build 7601

ed.
Model 42 Stepping 7 Genuinelntel]
), 6/4/2018

Isysinfo. txt]

Puc. 5 — Yacmv yKpaodeHnHvix OaHHBIX ¢ ONUCAHUEM

Windows-cucmemuol

Wudopmanueil o HacTpoikax M 3HaAHHEM
YCTAHOBJIEHHOTO MPOTrPAMMHOIO 00ecreueHHs
Ha onepanuoHHol cucreme Windows Moxer
BOCIIOJIB30BaTbCsl  3JIOYMBILIJIEHHUK B LEJIAX
UCIIOJIB30BAHUS CYLIECTBYIOIIUX YSA3BUMOCTEH
JUISL HAaJIEHHOTO CIIMCKA IPOrpaMM WM CO37a-
HUs NPOTPAMMHBIX 3aKJIAJO0K JJIsi KOHKPETHBIX
Bepcuil mporpaMM. OnKcaHue CKPUITOB U3 BBI-
IIeyKa3aHHbIX (ailyioB MOKa3aHO HAa PUCYHKE 6.

23 View - fifth bat

[ File Edit View Help
@ECHO OFF

ol C:\

systeminfo >> sysinfo.bd
path == sysinfo.ba

net user >> sysinfo.bd
net share >> sysinfo.bd arc

23 View - ftp_coms.tut

File Edit View Help

open 192.168.0.107
darc

net localgroup >> sysinfo.bd pEISS-NDI'd
tasklist >> sysinfo.tbd lcd *C-"
ipconfig fall >> sysinfo.bt ¥

ftp -i -s:fip_coms.bat put sysinfo txt
del sysinfo.td disconnect
del ftp_coms.bd ;

del fifth.bat quit

Puc. 6 — Yacmw cooeporcanus cozoannvix paiinos ¢ Windows
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Kak BapmaHT aHTHUBUpYyCa, KOTOpPBIH MO-
XKeT 3a0JOKHpOBaTh HCIOJHEHHE MPOU3BOIb-
HOTO KoJia MOTyT ObITh Avira Anti Vir Personal,
McAfee Application Control, AVZ. Ho octaercs
eIlle OJUH acleKT ONMMChIBAeMO NpoOiIeMsl, Ka-
caeMblil OJIOKUPOBAHUS PACTIPOCTPAHEHHS ITEpe-
nauu nHpopmanmu yepe3 FTP-cepsep.

IIpumep Tperui

Peanuszanus ycrpoiicTBa [Uid nepexsara
JIMYHOH uHpopMannu

K xommerorepy noxkmrouaerca USB-
ycTpoiictBo. C TOYKM 3pEeHHs IM0JIb30BaTels
HUYEro B cucreMe He mpoucxoaut. Ho co cro-
POHBI YETI0BEKA, MBITAIOIIETOCS IPOBECTH ATaKY,
(rien-ycTpoiCTBO MOJKIIOYAETCS K TEKyIlen
CETH U B UTOIE IPU BBOJIE HEKOTOPBIX JAaHHBIX
HUYETO HE MTOJ03PEBAIOIINM M0JIb30BATEIEM OHU
NEPENAIOTCS  3JI0yMBIIUIEHHUKY, B YaCTHOCTH
npoucxonuT noamena B Opayzepe URL-angpeca
U MIepexBaTa CBSI3KU JIOTHH/TIapOJib, BBEJICHHBIMU
0oOMaHyTBIM TOJIb30BaTeaeM. MeHI0 HacTpOHKH
JUISL 3TOTO IIPEJCTABICHO HA PUCYHKE 7.

Welcome Domain: ouraccesspoint.com
Welcome Page On: fwelcome

Site] Domain: [fakesite1.com

Sitel Page On: .Ilugin

Site2 Domain: fakesite? com

Site2 Page On: 'fsi;gn-i-n -

Site3 Domain: [fakesite3.com

S1te3 Page On: Jfauthenticate

Catch All Page On: /user/login

Puc. 7 — Onyuu Hacmpoek 8 mouxe 310y MblUIEeHHUKA
(getikosvie dannvie, cHupghep)

OOBbIUHBIN AaHTUBUPYC HE OTpEarupyert, Tak
KaK C €r0 TOYKH 3pEHUs, IOAKIIIOYCHHUE eIIe OfI-
HOTO CeTeBOro MHTepdeiica, MycTh U IMYIUPO-
BaHHOe USB-ycTpoiicTBOM, HE SIBISIETCSI yIpO-
30i1. CriaceT 6JIOKMpPOBAHUE I10 KJIACCY YCTPOICTB

(3ampeT Ha YCTAaHOBKY HOBBIX CETEBBIX WHTEp-
¢eiicoB), HO, K coxayeHuto, coBpemeHHble OC
MOKa HE PAcIoiaratoT COOTBETCTBYIOIICH (yHK-
[IMOHAILHOCTBIO. B KauecTBe pemieHus: MOXKHO
npemnoxuth McAfee Device Control, ymerormii
ornpenensTh He Toiabko 1D, koToporo y MHOrmx
YCTPOMCTB MOXKET He ObITh MO0 OH OyIeT He
YHHUKAQJIBHBIM, HO TaKXKe U KJIacc.

BriBoabI

N3o6perenne texnomormun USB  3Hauun-
TENbHO YNPOCTWIO XHM3Hb, CTaHAAPTH3UPOBAB
B3aUMOZEHCTBUE MEXIY YCTPOMCTBAMH U KOM-
MBIOTEPAMH U YMEHBIINB KOJINYECTBO MTOPTOB Ha
KOpITyCE€ KOMIIBIOTEpA, OAHAKO TakKas CTaHJIap-
TU3alUsl OTKPbUIA BO3MOXKHOCTB Ul aTak THIIA
Bad-USB, »skcnmyatanus KOTOPBIX —SBISIETCA
aKTyaJbHOU. lccrnenoBaHue HaHHOW TEMBI —
npeamer oocyxaenuss PhD-pabotsl. B paborax
[1], [2] u Tekymias — ObLTM PacCMOTPEHBI BO3-
MOJKHBIE BEKTOPBI aTaK M aHAJIN3 UX BIHUSHUA Ha
II0JIb30BAaTENEN, OIHAKO IPOAEMOHCTPUPOBAH-
HBIE€ CIIOCOOBI BO3ACUCTBUS Ha KOMIBIOTEPHYIO
CUCTEMY HE SBIISIOTCS MCUEPIIBIBAIOIIMMHU U BCE
€I1le OCTAeTCs Lesas MIesa BO3MOKHOCTEN IS
3JI0yMBILIUIEHHUKOB. B Oyaymiem a3ty mpobie-
My MOXHO OyJIeT yCTpaHHTbh, a MOKa BCE, YTO
OCTaeTCsl — ATO OBITH OIUTETHHBIM U HE UCTIONb-
30BaTh HeusBecTHble USB-ycrpoiicTBa, 00s3a-
TEJNBHO HCIOJb3Yys OMNOJIHUTEIbHBIE MEpHI 3a-
muThl. CaMbIM IPOAYKTUBHBIM OyIeT co3JaHue
IIPOrPaMMHO-AIIAPATHOTO CPEACTBA, OTCIIEKH-
BAaIOLLIETO U OTCEKAIOLIEr0 3aJaud KOMIIpOMeE-
TallMM JAaHHBIX M KeJe3a IoJib3oBarens (3aaad
BadUSB). Xotst 66U10 1 aHOHCHUPOBAHO, YTO 3a-
mura ot atak BadUSB nosiBunace B Kaspersky
Endpoint Security 10 [4], B oOHOBNIEHNM OT 7 1e-
kabps 2015 rona u 3ammrTHele pemenust Dr.Web
c 11-it Bepcum [5] 3ammumaror ot BadUSB-
YSI3BUMOCTH JUIsl YCTPOMCTB, HMMHUTHUPYIOLIUX
kiaBuatypy. K coxaneHuro neMHTecThl Mokasa-
JIM, 4TO ATO TaK, TOJIBKO B OTPAaHUYEHHOM KpYTy
3a1au.
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VIIK 62-50
MPHTH 55.69.01

METOIUKA YITPABJIEHUSA HAAEXKHOCTBIO TEXHUYECKUX CUCTEM
IIYTEM YIAYYHIIEHUA EE PEMOHTOIIPUT'OAHOCTH

KYBAEB K.E., BAUIIIOJIAHOBA K.C.
Kasaxckuu Hayuonanvusiili ynugepcumem um. anb-Dapadbu

Annomayusn: Bvissienvl u npoaHaiu3upo8ansl paxmopwl, Hapsoy ¢ PEMOHMONPUSOOHOCHbIO, Onpe-
oensiioujue HadeHCHOCMb MeXHUUECKol cucmemvl. Mcciedosano enusnue pemMoHmonpuecoOHOCmu Ha
HAOENHCHOCMb MexXHUYecKou cucmemvl. Hegvlcokas peMOHmMonpueooHoCms 67emcs 00HOU U3 npu-
YUH MO2o, Ymo nocmynaruwue 8 NoOPaz0eNeHus U Y4acmKu MawuHbl mpeoyom 4acmslx 0CMaHo-
80K OISl 3aMeHbl HeOONI208EUHbIX ILEMEHMO8, PeYIUPOSKU U YCmpaneHus omkasos. Paspabomana
MemoOuKa YnpagieHusi HA0eHCHOCHbIO MEeXHUYECKUX CUCmeM Nymem VIYYUeHUs ee PeMOHMONpU-
2oonocmu. Ilpoananuzuposansl cyujecmeyroujue Memoosbl OYeHKU PEMOHMONPUSOOOCU CUCTEM U
NPeoodceHa YCOBEPUEHCIMBOBAHNAS MEMOOUKA YNPABTIEHUS HAOEHCHOCTNBIO MEXHUYECKUX CUCHeM
nymem YIyyueHus ee peMoHmonpueoOHOCmu, UCNOb3Ys meoputo epaga. Ilonyuen u eseden noxasa-
menb €, HA36aHHBLU (PAKMOPOM COBEPUIEHCMEA.

B npoyecce ucnonvzosanus mexnuueckoi cucmemvl nompebumens Hecem Oonbuiue YObIMKU U3-3d
0mMKa308. Dmo npexcoe ce2o npsamvie 3ampamvl HA YCMPAHeHUue camoeo OmKaza u yoolmxu om npo-
cmost omkazaeuiell mexHuxu. Haoexcrnocmo cucmemvl 6 obwjem ciyuae onpeoensiemcsi 001208e4HO-
CMubio, 6E30MKAZHOCMbIO, PEMOHMONPULOOHOCBIO U COXPAHHOCMbIO.

Hepeoko 0na 3amenvl Obicmpo usHawusarowe2csi 3neMeHma HeooXo0uMo noumu NOIHOCMbIO Pa3-
Oupame cucmemy, Hapywlas 83aumocssisu y3nos u oemaieu. Credo8amenvHo, cepbesHble KOHCMPYK-
MueHble HeOOCMAMKU MEXHUKU BbI3bI8AI0M DONbLUIUE 3aMPambl paboye2o 6pemMenu U MamepuaibHbIX
Pecypcos npu ux UCnOIb3068aHUU NOMPEOUMENIMU.

B npeonacaemoii memoouxe yuumvieaemcs mexHonocuyeckas nocied08ameibHOCmyb pazo0pouHblX
pabom npu KAanUMaibHOM pemMoHme, UCHONb308AHUE YIMBEPHCOCHHBIX MEXHUUECKUX HOPM 8PeMeHU HA
pasbopHo-coopounvie pabomoi.

Peszynomamul pannux ucciredosanuii agmopos noKazvlearom, 4mo mexHoL02udecKuti npoyecc pazoop-
KU cucmem npu pazbopke Ha 31eMenmyl 3aKayaem @ cebe 7 yposHell 00CMYNHOCMU, d 08UeaAmes
Ha oemanu — 4. Ha nokazamenu peMoHmonpucoonocmu cyuwecmsenHoe 6iusHue oKasvleaenm ypogeHs
oocmynHocmu 3nemenmog cucmemvl. Ha ocrnosanuu smoeo danee npeonazaemcs 63aumoyeazamy
noKa3amenb HAOEHCHOCMU 2NEMEHMO8 CUCMEMbL C YPOGHEM UX OOCMYNHOCHU.

Knrwoueswvie cnosa: pevonmonpucoOHocms, meopusi HA0EHCHOCMU, meopusi 2pagos, hakxmop cosep-
weHcmea, noKazameinu pemMoHmonpuco0OHOCmu

TEXHUKAJBIK )KYAEJEPIIH CEHIMJILIITTH, OHBIH ’)KOHJIEYTE
KAPAMIBIJIBITBIH APTTBIPY APKbBIJIBI BACKAPY 9JICI

Anoamna: TexHUKAIbIK HCYUEHIH HCOHOEY HCAPAMOBLILIZLIMEH KAMap CEeHIMOLNICIH aHbIKMAUMbIH
Gaxkmopnap  auKkbiHOANLIN,  MALOAHObL.  TexXHUKANLIK — JCyueHiy  ceHimOinicine  dHcoHOey
AHCAPAMOBLIBIZBIHBIY dCepi 3epmmendi. KoeHoeyee HcapamovliblKkmsly momenoeyi benimuenep meH
yuackenepee Kelin mMycemin MAWUHALAPObIY Y3AKKA JHCAPAMCHL3 dNeMEHMMeEPIH ayblCmbipyobl,
MOKmMan Kauyobl HCOObL pemmey YUiiH Hcui moxmayosbl maian ememin cebenmepoiy Oipi 6ovin
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maowviiadsl. TexHUKanvlK scyiienepoiy CeHIMOINI2IH, OHbIY HCOHOEY2e HCAPAMOBLIbIZbIH HCAKCAPY
HCONOApbL apKbLILL bacKapy a0icmemeci 23ipieHOi.

Kyiienepdin sconoey rHcapamoblivlebli 0A2ANAYObIH Ka3ipal 20icmepi manioaHObl HCaHe MeXHUKATbIK
Jcytienepoiy ceHiMOiniein  6acKkapyoa OHbIH JHCOHOEY HCAPAMObBLIbIZbIH 2pagmap MmeopusiCulH
AHCAKCApmy AHCONbIMEH HCeminoipineeH 20icmemeci YeolHbLIObL. JKemindipy pakmopsl Oen amanamolH
& KOpCemKiui anblHbIN eHei3in0i.

Texnukanwix scytieni natioanany ypoicinoe akaynapea 6aiiaHblCmbl MYMblHYUlbl YIKeH UbleblHOapea
ywvipaiovl. Byn ey anovimen axayivlkmol J#o02a KemKeH WbIRbIHOAP HCIOHEe ICMeH UWbIKKAH
AHCabOBIKMbIY MOKMAN KalyblHaH O0namuvlH wwieblnoap. Kainwvl scazoaiioa, scytieHiy ceHimoiniel
Y3aKMbLIbIKKA, MYPAKMbLILIKKA JHCIHE Kayincizoikke Oauianvlcmul 601a0bl.

Kobine moszearn snemenmmi ayvicmulpy yulin KOMnOHeHmmep MeH 6oauexmepoiy 03apa 6QIaHbICbIH
Oy3bin, JcylieHi monvieviMen Oenuekmey Kasxcem. [lemex, mexnHono2ua0azel Kypoeui Kemuinikmep
MYMBIHYUBLIAP NAUOAIAHRAH Ke30e JICYMbIC YAKblmbl MeH MAmepuaioblK pecypcmapobiy YiKeH
WUBIELIHBIH MY ObIPAObI.

Amanean a0icmeme KypoOeni dcoHOey Ke3iHOe Oonuexmey HCYMblCMAapbiHbly MeXHOLOSUSLIbIK
pemminicin, benuexmey JdcaHe KYpacmuipy VaKblmvlHa OeKimineen mexHuKaiblk CmaHoapmmapobl
KONOaHyObl ecKepeoi.

Asmopnaposiy anoviyevl 3epmmey Hamuoicelepi KopcemkeHoel, bonuexmey KesiHoe dcyienepoi
Oonuexmey mMexXHONOUSNBIK NPOYeci Koucemimoinikmiy 7 Oeneellin, an Oenulekmepee apHAalaH
Koszanmibluumsl — 4 Oeneeulin Kammuowl. Kyiienix snemenmmepOiy KoajcemimOiniKk OeHeeli
MYpPaKmolivlk Kepcemkiwumepine aumapivikmai acep emedi. OcbiHbly He2i3iHOe JHCYUeniK
anemMeHmmepoiy CeHIMOLIIK KOpcemKiumepin o1apobly KOIHCeMiMOLIIK Oeneellimer O6atianblcmulpy
YCHIHBLIAOMI.

Tyiiinoi ce3oep: sconoeyze HcapamoblLiblK, CEHIMOLIIK Meopusicyl, epaghmap meopuscol, Hceminoipy
Gaxmopnapul, dHconoey2e HapamobLIblK KOpcemkiumepi

METHODS OF MANAGEMENT OF TECHNICAL SYSTEMS RELIABILITY BY
IMPROVING EFFICIENCY

Abstract: Identified and analyzed factors, along with maintainability, determining the reliability
of the technical system. The influence of maintainability on the reliability of a technical system is
investigated. Low maintainability is one of the reasons that entering the units and sections of the
machine require frequent stops to replace short-lived elements, adjust and eliminate failures.

A technique for managing the reliability of technical systems by improving its maintainability has been
developed. The existing methods for evaluating the maintainability of systems are analyzed and an
improved technique for managing the reliability of technical systems by improving its maintainability
using the graph theory is proposed. The indicator ¢, called the perfection factor, is obtained and
introduced.

In the process of using the technical system, the consumer suffers large losses due to failures. This is
primarily the direct costs of eliminating the failure itself and losses from the downtime of the failed
equipment. The reliability of the system in the general case is determined by the durability, reliability,
maintainability and safety.

Often, to replace a wearing element, it is necessary to almost completely disassemble the system,
disrupting the relationships of components and parts. Consequently, serious design flaws in technology
cause a large expenditure of working time and material resources when used by consumers. The
proposed methodology takes into account the technological sequence of dismantling work during
overhaul, the use of approved technical standards for time for dismantling and assembling.
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The results of early research by the authors show that the technological process of disassembling
systems when disassembling into elements comprises 7 levels of accessibility, and the engine for
parts - 4. The level of accessibility of system elements has a significant impact on maintainability
indicators. Based on this, it is further proposed to interlink the reliability indicator of system elements

with the level of their availability.

Key words: maintainability, reliability theory,
indicators.

Beenenue

Teopust HaEKHOCTU J1a€T HAM METOJbl HE
IOPOCTOM KOHCTaTallMM IOJIOMOK, cOope mare-
puasoB 00 OTKazaX, a CHCTEMaTHU3alMH ATHUX
(akTOB, MPOrHO3UPOBATH M YIPABIATH BO3-
MOXHBIMHM HEHCIIPaBHOCTAMHU. B ob1em ciydae
MOSIBJICHWE OTKa30B KaK COOBITHE HOCUT CITy-
YaiiHbI XapakTep. B cBoel mpakTuyeckon nes-
TENBHOCTU KKl NHKEHEPHO-TEXHUYECKUU
pabOTHUK CTAIKUBACTCS C TOM WIIM HHOM MOJIOM-
koi. I ocoOeHHO OoublMe OpraHW3aluOHHBIE
TPYIXHOCTH MOSIBIIIOTCSI, €CIU BBIXOJAT U3 CTPOSI
T€ JETAJIN U Y3JIbl, 3AMEHUTH KOTOPBIE TPYLOEM-
k0. Ho, mpuMeHsist METObl TEOPUU HAJIEKHOCTH,
MOYKHO TPOTHO3UPOBaTh U YMEHBIIUTh UX TPY-
JOEMKOCTb.

TexHHUYecKkoe CpecTBO COCTOUT U3 MHOXKE-
CTBa JIEMEHTOB, Ka)/bli M3 KOTOPHIX TauT B
cebe OMmacHOCTh MOJIOMKH, TPUBOJSIINN K OTKa-
3y Bcel cuctemsl. Kpome Toro, paznuyHble geTa-
JI HE OJIMHAKOBBI 110 CTOUMOCTH B COOTBETCTBUH
C TPYAOEMKOCTBIO MX HW3TOTOBIIEHUS, IpPHUME-
HseMbIe MaTepuaibl U Apyrue Gpaxkropsl. B arom
Y HY)KHO MCKaTb IPUYMHBI YCIOBHOIO JEJIEHUS
JJIEMEHTOB CHUCTEMBI HAa «OTBETCTBEHHBIE» M
«HEOTBETCTBEHHBIE» XOTs, C TOUKH 3pEHUS Ha-
JEKHOCTH, MPU NOJOMKE U TE€X, U IPYIHMX MBI
MMEEM JIEJI0 C OTKa30M. DTO CBHUJIETENBCTBYET O
BBICOKOM OTBETCTBEHHOCTH Ka)KJI0TO JIEMEHTA.

Cucrema B TEOpUHU HAAEKHOCTH TO3BOJISAET
COBMECTHOE JieiicTBHE 00BEKTOB, MpeIHA3HAYCH-
HBIX JUIsl CAMOCTOSITEJIBHOTO BBINIOJIHEHUS 3aaH-
HbIX (yHKIMHA. B Hage)XKHOCTHOM OTHOLICHHU
KOHCTPYKLIMIO M3JEIHsl KaK CHCTEMY CIEIyeT
NpeACTaBUTh B BUJE ONOK-cxeMbl. [Ipuuem co-
€IMHEHUE OTJENbHBIX AIEMEHTOB CHUCTEMBI MO-
XKeT OBITh MOCIE0BAaTEeIbHBIM WIN Mapalljielb-
HBIM " VV.

graph theory, perfection factor, maintainability

[Ipy KOHCTPYHMPOBaHMM TEXHUYECKOH CH-
CTEMbI B3aIMHOE BIIUSTHHE JIEMEHTOB CHCTEMBI
C Pa3HBIMHM pEeCypcaMy U TPYAOEMKOCTSIMH HX
3aMeHbI Ha UX JIOCTYTHOCTb ONpEAEIsieT Halexk-
HOCTb CHCTEMBI B IIEJIOM.

He B MeHbIleil cTeneHu OIpeensonMu
Ha/IeKHOCTh COBPEMEHHON TEXHUYECKOU CHUCTe-
MBI SBJISIIOTCSI €€ PEMOHTONPUTOJHOCT. B cBs-
31 C 3TUM HaMHM IOCTaBJIEHA LIeJIb HA YBEIHYe-
HUE HAJC)KHOCTU TEXHUYECKOH CUCTEMBI IyTeM
YIy4IIEHUs €€ PEMOHTONpPHUrogHocTH. Mcxoas
U3 TOCTaBJIEHHON Lenu cpOopMyIMpOBaHBI Clie-
JYIOLINE 3aJa4uu:

1) npoananu3upoBaTh (AKTOPHI, HApsILYy C
PEMOHTONPUTOTHOCTBIO, BIUSIOIINE HA HaJEkK-
HOCTb TEXHHUUECKOU CHCTEMBI;

2) uccnenoBarh BIUSHHE PEMOHTONPHUTON-
HOCTHU Ha HaJIeKHOCTh TEXHUYECKON CUCTEMBI;

3) pa3zpaboTaTh METOAMKY YHpaBJICHUS Ha-
J€KHOCTBIO TEXHUYECKUX CHUCTEM IyTeM YIyd-
IICHUs] €€ PEMOHTOIPUTOTHOCTH.

AKTyalnbHOCTh M M3YYEHHOCTb BOIpOCA.
[ToBbllIeHHEe HANEKHOCTH TEXHUUECKUX CH-
CTeM aKTyaJbHO Bcerna. JToi mpobieme Io-
CBSIIIICHO MHOTO paboT uccrnemoBateneit [1-12
u 1p.]. AHanu3upys JaHHbIE U Apyrue padoTsl,
POCT HAJEKHOCTU CUCTEM SBISIETCS ONHOW M3
BEAYIIMX 33/7a4 MHIYCTpUU. B cBA3M ¢ pocTom
aBTOMOOMJIBHOTO TpaHCIOpPTa Uil 3TOM OT-
paciu BONPOC HAJEKHOCTH HaubOosiee BakKeH.
VYBenuueHue 3Ha4eHUs] HaIeKHOCTH MALIUH [IPH
UX TPOEKTUPOBAHMM U M3TOTOBJIEHUU TOBOPHUT
O CTaTUCTMYECKUX TaHHBIX, IJI€ PacXoAbl Ha
nojJiep’)kaHue UX B pabOTOCHOCOOHOM COCTO-
SHUU HENpepbIBHO pacTyT. Esxeromnslie more-
pH SKOHOMUKH, CBSI3aHHBIE C OOCIYKHBaHUEM
U PEMOHTOM TEXHHYECKHX CPEICTB 3a MEpPHOA
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9KCIUTyaTallud, B HECKOJIBKO pa3 MPEBBIIIAIOT
UX TEepBOHAYAIbHYIO0 CTOMMOCTb. Hu3kuii ypo-
BEHb HAJIC)KHOCTH TPAHCIIOPTHBIX CPEACTB Cy-
IIECTBEHHO CHIKACT WX INPOU3BOAUTEILHOCTh
U3-3a MpocToeB B peMoHTe. Kommbrorepusanus
KOHCTPYKIMIA CHCTEM M yCHUJIEHHE TpeOOoBaHMM
K HUM TpPHUBEIH K TOMY, YTO HpoOieMa MOBbI-
IIEHUS MX HAJEeKHOCTU Mpuodperna Oonblioe
3HaueHWe. AHaJIM3 XapakTepa M NPUYUH OTKa-
30B 0a3upyeTcsl Ha IIyOOKUX 3HAHUAX (puznue-
CKOHM IpUpPOJBI UX BOSHUKHOBEHMS U Pa3BUTHA,
T.. 3HAHUM WHXEHEPHO-(PU3NYECKHX OCHOB
HasiexKHOCTH. [Ipolecchl, MpUBOASIINE K MOTE-
pe cucTteMbl pabouero COCTOSHUS, BKIHOYAIOT
B ce0si yCTaJOCTHOE pa3pylIeHHe, M3HAILINBaA-
HHE KOHCTPYKIHMOHHBIX MaTepHaJIOB, KOPPO3UIO
u crapenue. Ilpu sKkcruryaTtanMu TEXHUYECKUX
CHCTEM TMOJaBIIsAIONIee OOJIBIIMHCTBO JeTanen
JIOCTUTAIOT MPENIETBHOTO COCTOSIHUS M3-3a U3HO-
ca. OOpaboTka Takoil MH(OpMAIMK MO3BOJISIET
OLIEHUTh YpPOBEHb (PaKTHUECKOH HAJEKHOCTU
TOM MJIM MHOW MOJEIN TEXHUYECKOH CUCTEMBI,
arperara, y3jia, JIeTajld, BbISIBUTh cia0ble MecTa
B KOHCTPYKLIUH, pa3paboTaTh KOHKPETHbIE MEPO-
OPUATHS 110 TOBBIIICHUIO HAZEKHOCTU M ONTH-

MU3AIUNA CUCTEMBI MOAAEPKAHUS TEXHUYECKUX
cpencTB B pabouem coctossHu. MHbopMmarus o
HAJEKHOCTH 00palaThiBaeTCs METOJAaMU MaTe-
MaTHYECKON CTAaTUCTHKH IO IOKA3aTelIsiM, OIle-
HHUBAIOMIAM OTIENbHBIE CBOHCTBA HAIEKHOCTHU
(6€30TKa3HOCTh, JTOJNTOBEYHOCTh, PEMOHTOMPHU-
TOMHOCTh U COXPAHSEMOCTh) U CHUCTEMHBIMU
MOKa3aTeNsIMH, OLIEHUBAIOIIUMH HECKOILKO €€
CBOICTB oiHOBpeMeHHO. Obecneuenne HeoOxo-
JTUMOTO YPOBHS HAJIEKHOCTHU SIBISIETCS OJTHOM U3
OCHOBHBIX 3a7a4 TEXHHYECKUX CHUCTEM BayKHOI
COCTaBJISIONICH OOIIEeH CUCTEMBI 00€CIICUCHHUS
HaIEKHOCTH.

AHanu3 GaxTopoB, HapsALy C PEMOHTONPU-
TOJHOCTBIO, BIMSIONINX Ha HAAEKHOCTHL TEXHHU-
YECKOM CUCTEMBI

B mporiecce ucnonp30BaHus CUCTEM MOTpe-
outens HeceT OOJbIINMe YOBITKM M3-32 OTKa30B.
DTO TpekKe BCETO MPSMBIE 3aTPaThl HA YCTPaHe-
HUE CaMOT0 OTKa3a M YOBITKH OT MPOCTOSI OTKa-
3aBieit cucteMbl. Hasie:kHOCTh B 0011IeM citydae
OTIpE/ICTISIeTCS JIONITOBEYHOCTHIO, O€30TKa3HO-
CTBIO, PEMOHTOMIPUTOTHOCTBIO M COXPAHHOCTHIO

(puc. 1).

HanexxHoCTh cUCTEMBI

JOJITOBEYHOCTD 0€30TKa3HOCTh

PEMOHTOIIPUTOJHOCTD COXpaHsACMOCTb

Puc. 1 — Cocmasasarougue nHadexncHocmu

KonnuecTBeHHO peMOHTONPUTOIHOCTH OI1e-
HHUBACTCS PSAAOM KOMIUIEKCHBIX M YaCTHBIX I10-
Kazateneil U Ko3((UIMEHTOB, KOTOpbIE OyIyT
paccmoTpenbl  Hike. CrenyeT TOXYepKHYTb
OLIMOOYHOCTh OTOXJIECTBICHUS HAIEKHOCTHU C
6e30TKa3HOCThIO. 1160 cucTemy, 6€30TKa3HO pa-
0O0TaroIyI0 B TeUeHHE HEOOJNBIIOr0 MPOMEKYT-
Ka BPEMEHHU, Hellb3sl Ha3BaTh HA/IC)KHOM, TaK KaK
He oOecrieuynBaeTCs APYrou Mmokasareib — J0J-
TOBEYHOCTh. Takoe MOJOKEHHE, BHIMMO, B3Si-
TO U3 JIPyTUX OTPACiedl TEXHUKH, TIe UMEIOTCS
HEBOCCTAaHABIIMBAEMbIC CHCTEMBI, KOT/Ia TIePBHIii
OTKa3 O3HayaeT KoHel. KonnmyecTBeHHas OLleHKa
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JIOJITOBEYHOCTH MAILMHBI BBIPAXKAETCSI B TeX-
HUYECKOM pecypce MM Cpoke ciykObl. Yacto
9TH NOHATHUS CMEIIMBAIOT, YTO HEIOIYCTHUMO.
TexHUuecKkuil pecypc MalluHBI, y3/1a U arpe-
rara — CyMMa HHTEPBAJIOB BpeMeHH Oe30TKa3-
HOU paboThl 32 BeChb MEPUO IKCILTyaTalluu 10
paspyLIeHMs] WIN IPYroro NpeaesbHOro COCTOs-
HUs. CpoK CITy’>KOBl — KaJIeHAapHast MPOAOIIKH-
TEIBHOCTh 3KCIUTyaTallMy MAIIMHBI O TOTO XK€
coctosiHus. OTCrO/1a CIIEAYET, YTO J1BE€ MAILUHBI,
MMEIOLINE OJUHAKOBBI TEXHUYECKHUH pecypc
IIpY pa3Hoi rof0BOM 3arpy3ke, OyayT UMETh pa3-
JIMYHBIE CPOKH CITYKOBI.
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PeMOHTONPHUIOAHOCTH TEXHMYECKUX

cucTeM

[Ipu mpOEKTHPOBAHUU CUCTEMBI KOHCTPYK-
TOPBI 3a4aCTyIO0 CTPEMSTCS TOJIBKO K obecreue-
HUIO pab0TOCIIOCOOHOCTH U BBIMOJIHEHUS 3a1aH-
HOW TEXHOJIOTHH pabOThI TEXHUUECKON CUCTEMBI.
[Tpu 3TOM Maso ynensercss BHUMaHUs ya00CTBY
HKCIUTyaTallii, MPUCHOCOOIEHHOCTH K TEXHH-
YeCKOMY OOCITYKMBaHHUIO U PEMOHTY. B cBsi3u ¢
YeM CHCTEMBI JUIUTENIEHOE BpeMs IPOCTAUBAIOT.
BennuuHa mpocToeB MO TEXHUYECKUM MPUYH-
HaM BeJIMKa U IOCTUTraeT B HacTosIee Bpems 25-
35%, a ¢ yuetoM BpeMeHu peMoHTOB — 40-60%
pabouero Bpemenu [2-9].

HeBbicokast peMOHTONPUTOJHOCTh SIBIISIET-
Csl OHOW W3 MPHUYMH TOTO, YTO MOCTYMAIOIINE
B TO/Ipa3/ieJIeHNs] U Y4aCTKU CHCTEMBI TPeOyroT
YaCThIX OCTAHOBOK JIJIsl 3aMEHBI HEIOJTOBEYHBIX
AIIEMEHTOB, CMa3KH, PEryJTUPOBKU YCTpaHEHHUs
oTKa30B. Hepeako 11 3aMeHbI OBICTPOM3HALIH-
BAaHUIO 3JIEMEHTa HEOOXOIMMO MOYTH TOJIHO-
CTBIO pa30UpaTh CUCTEMY, Hapyllas B3aUMOCBsI-
31 y3710B U aetaneil. CrenoBarenbHO, Cephe3HbIe
KOHCTPYKTHBHBIE HEIOCTATKU CUCTEMBI BbI3bIBA-
10T OOJIbINIME 3aTparhl pabodyero BpeMeH! U Ma-
TepUaIbHBIX PECYpPCOB MPU UX HCHOIb30BAHUU
MOTPEOUTEAMHU.

PeMOHTOIIPUTOTHOCT CUCTEMBI — MOHSTHE
mupokoe. OHO MpeycMaTpuBaeT UX MPUCTIOCO-
OJIEHHOCTD K MPEIYIPEKACHUIO, HAXOKICHUIO U
yCTpaHEHHI0 paboyuM KakuX-IH0O HEucrpas-
HocTel. C 3TOH 1ebl0 B KOHCTPYKIMM MaIIUH
HEOOXOIMMO BBOJUTH 3JEMEHTHI MOCTOSHHOTO
JUarHOCTUPOBAHMUS TEXHUYECKOTO COCTOSHHS
BCEX CHCTEM, TaKMe HalpuMep, Kak yKa3aTelu
JTaTYMKOB, TEMIEpATyp Maciia U BOJIbI, JaBICHUS
U TI0100HBIE yCTPOUCTBA OCOOCHHO BasKHBI IS
HOBBIX CHCTEM.

IToxa3aTesin peMOHTONPHUIOIHOCTH

CymiecTByeT cieyromas 3aBUCUMOCTb ISt
OLIEHKHU MPUCTIOCOOIEHHOCTH CUCTEMBI K TEXHHU-
YECKOMY OOCITYKUBAHHUIO:

r'== 9)
rae T' — nokasarens MpUCIOCOOIEHHOCTH CUCTE-
MBI K TEXHUUECKOMY 00CITy>KHBaHUIO;

T — oOmas TpyIOeMKOCTh TEXHHYECKOTO
00CITy>)KUBaHMS;
W — HapaboTKa 3a LUK 00CTyKMBaHUS.

Haubonee pacnpocTpaHeHHBIMU TOKa3are-
JISIMU PEMOHTOTPUTOHOCTH SIBIISIFOTCS: CPEIHEE
BpEMSI BOCCTaHOBIICHUsI KOA((UIIMEHTAa TOTOB-
HOCTH U K03(pPHIIMEeHTa TEXHUIECKOTO HCTIONb-
30BaHMs. OHU CPaBHUTEIBHO JIETKO OIpEAeIis-
FOTCSI M HATJISATHBI.

Cpennee Bpems Boccranosnenus (T,) Mox-
HO OIPEAENIUTh Ha OCHOBE CTaTUCTHUYECKUX JIaH-
HBIX HaOTIOEHUH:

T. = 1 n_ )
A n =i=1 TBE; (10)
i€ N — KOTUYECTBO OOHAPYKEHHBIX U YCTPaHEH-
HBIX HaOTIOIEHUH OTKA30B;
T,, — Bpems, 3aTpa4e€HHOE HA OTHICKAHUE U yCTpa-
HEHHUE 1-TO 0TKa3a.

Jng momydyeHus JOCTAaTOYHOW JOCTOBEP-
HOCTU 3HAYEHUS PEKOMEHIYETCsl MPOBECTH He-
CKOJIbKO HaOIOCHUM, TaK Kak ()aKTOPBI OPTaHU-
3aIl[MOHHO-TEXHUUYECKOTO XapaKkTepa BHOCST Cy-
IIECTBEHHOE PacCeUBaHUE B pe3ylIbTaThl HAOIIO-
nenuii. KonnuecTBEeHHO BETMYMHY pPacCEeUMBaHUsA
OMPENEIIEMOT0 MMOKa3aTelisi MOKHO OLIEHUTh €T0
JUCTIEPCUEN U CPEHUM KBaJIpaTUYHBIM OTKJIO-
HEHUEM.

Cornmacio ['OCTa ko3¢ ¢duimeHT roTos-
Hoctu (K)) onpenenser BEpOATHOCTL TOTO, YTO
CUCTeMa WM €ro 3JeMeHTHI OyneT paboTocmo-
COOHBI B TMPOU3BOJIHHO BBIOPAHHBIH MOMEHT B
MIPOMEKYTKAX MEXAY MIAHOBBIMH TEXHUYECKH-
mu obcnyxkusanusmu [10]. 3nasenne K rmpu
YCTAaHOBUBILIEMCSI PEKUME PadOThI OMPEIEIISIOT

M3 CJIICAYIOIICTO BhIPAKCHUS .
_ T
S M.
3

(11)
rae T — napaboTka Ha OTKa3.

HapaboTka Ha OTKa3 ycTaHaBIMBaeT IOJIIO
BpeMeHH 0€30TKa3HOI paboThl MAIIUHBI B CyM-
MapHOM BpPEMEHH UCIPAaBHON pabOTHI U yCTpa-
HEHUS OTKa30B. OTOT TOKa3aTellb, SBISACH
00001IeHHBIM TIOKa3aTeNeM HaJIeKHOCTH, KPOME
TOTO, OIICHHBAET PEMOHTONPUTOIHOCTh — TMPH-
CIOCOOJIEHHOCTh MAaITNH K OTBICKAHUIO U YCTPa-
HEHUIO OTKA30B.

KoadpunmeHT TeXHUYECKOro HCIONIb30Ba-
nust (K) sBisercs nanbosee MOIHBIM TTOKa3are-
JIEM PEMOHTONPUTONHOCTH. KonmmuecTBeHHO OH
OTIpe/IeTIsieTCsl OTHOILIEHHEM CyMMapHOW Hapa-
OOTKHM MAaIlIMHBI B IMHHUIIAX BPEMEHH 32 paccMa-
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TPHUBAEMBIN MTEPHUO]T FIKCIUTyaTAIIMH K CYMME ITOH
HapaOOTKU BPEMEHH TMPOCTOCB HA TEXHUYCCKOM
00CITy’)KUBAaHMU U PEMOHTE (C Y4eTOM yCTpaHe-
HUS OTKa30B):

K = tc_l:w
m o ;
tc_l:w + Lo + tpc.w

(12)

e t, — CyMMapHas HapaOoTKa U3AENus 3a Te-
puoJ HAOMIOCHHSI B Yacax;

t — BpeMs IPOCTOEB HA TEXHUYECKUX OOCITyKH-
BaHMIX B yacax;

t .y — BPEMs IPOCTOEB HA PEMOHTE.

Bennuuna koo puunenta K 3apucur ot mo-
KaszaTelleld CpeJHEero BPEMEHU BOCCTAHOBIICHUS
T, n koo punmenrta rorosroctn K .

Meronuka ynpaBieHHs] HAJI€KHOCTBIO TEX-
HUYECKUX CUCTEM IyTEM YIYUIIECHUS €€ PEMOH-
TOMPUTOTHOCTH

AHanu3 u3BeCTHbIX MeTonuK. [Ipu pemonTe
M 3aMCHE HEIOJTOBCYHBIX DJIICMCHTOB MAIIIMHBI
HEn30eKHBI HEKOTOphIe OaiacTHble PaOOTHI:
gacTUyHasi pa30opKa CUCTEMBI C HapyIICHHEM
B3aMMOPACTIOJIOKEHUSI U PErYIMPOBKH CHUMAE-
MBIX Y3JIOB; MMPOMBIBKA JI€TaJH, 3aMeHa HEe0J-
TOBEYHOTO dJIEMEHTa, cOOpKa 3aHOBO M BOCCTa-
HOBJICHUE HapyUIEHHOW pEeryiupoBKH, CMa3Ka
CONPSKEHUN PA3IMYHBIX JETAJICH.

Kak BuanM, W3 MepeyuclIeHHBIX Omeparuit
TOJIBKO TPEThsl — HEMOCPEICTBEHHAs 3aMEHa He-
JOJITOBEYHOTO 3JIeMEHTa onpasjana. OcTanibHbIe
MIPEJICTABISIIOT CO00M Tak Ha3bIBaeMbI 00bEeM
0amnacToBeIX paboOT, B 3HAYUTENHHOW CTere-
HU 3aBUCSIIUNA OT KOMIIOHOBKH Y3JIOB B MalllH-
HE U JeTajedl B y3jaxX, TO €CTh UX JOCTYIHO-
CTU. DJEMEHThl B MAalIMHE UMEIOT Pa3IMYHYIO
JOCTYIMHOCTh. 3aMeHa OIHHX — HETPYIOeMKa,
IpyTUx — TpeOyeT MHOTO AOMOTHUTENIbHBIX Jeii-
CTBUM, HETIOCPEJCTBEHHO HE CBSI3aHHBIX C 3aMe-
HOWM OTKAa3aBILIEH JeTalu WIH y3Ja.

CrnenoBarenbHO, A€Tald B y3Jlax, a y3Jbl B
MalllMHE MMEIOT Pa3JIMYHbI YPOBEHb JOCTYIa
B 3aBUCHMOCTH OTTOTO, Kakoi o0beM mpeiBa-
PUTENBHBIX padOT MOXKHO paccuuTaTrh MO TPEM
BapHaHTaM.

[lepseii Bapuanr [11]:

EJ’ Q; i

F,=—12t 1
P E}_ Q;F_I_q;F (13)

152

rae Q;p — cpeaHee 3HaYCHUE CTOMMOCTH, COOT-
BETCTBYIOIIIEE 3aTparaM Tpyaa, SHEPTUH U Mate-
pHaoB, TPEOYIOIIMXCS ISl BBEACHUS B CHCTEMY
CMEHSIEMBIX KOHCTPYKTHBHBIX W BO300HOBIIsIC-
MBIX HEKOHCTPYKTUBHBIX 3JICMEHTOB;
qZf Cpe/iHee 3HAUEHHE CTOUMOCTH, COOTBETCTBY-
foriee 00beMy OaIaCTHBIX PadOT MPHU TEXHUYE-
CKOM OOCITy)KMBaHWH, PEMOHTE WIJIM 3aMEHE He-
JIOJITOBEYHBIX KOHCTPYKTUBHBIX 3JIEMEHTOB;
F | — k09 QUIHEHT PEMOHTONPHIOAHOCTH.
Bropoii Bapuant [12]: — mo yacTHOMY KO-
3 PUIHEHTY PEMOHTOIPUTOJHOCTH BHEUIHETO
J0CTyna:

[
__ mp 3
K,y = 0= (14)
sp
rae K;; — koo durmenT BHEIIHETo 10CTya;

L., — cpeaHee BpeMs, 3aTpauMBaeMOE Ha CHi-
TUE AETallell U y3JI0B, 3aKPbIBAIOLINX JOCTYI K
y3]Iy € OTKa3oM (TpeaBapuTesibHas pa30opka),
MUH;

t. —cpenHee BpeMsl, 3aTpayMBacMoOe Ha IIOCTa-
HOBKY J€TaJIEll M y3JI0B, 3aKPbIBAIOIINX JTOCTYII
K y3ly C OTKa3oM (3aKJtouuTenbHas cOopka),
MUH;

t,; — cpenHee BpeMs YCTpPaHEHHs OTKa3a, MUH.

[TpeoOpaszoBaB nepByto hopmyiny myTem Je-

JICHUS] YMCIUTENS] M 3HAMEHATENsl Ha BEJTUYUHY
[= v

Q:, monyunM TpeTuii BapHaHT OLEHKH CHCTe-

1
MBI ITO PEMOHTOIIPUTOAHOCTHU

. 1
1+ E.:" ':jr_:::;I

]

Fy

(15)

rae q ;g — TpUBEJEHHAs BeJIMYMHA 0aIaCTHBIX
pador.

[Ipennaraemass Meronuka. 3A€Ch YUYUTHI-
BAa€TCsl TEXHOJOTUYECKasi MOCIeI0BATEIbHOCTD
pa300poYHBIX PabOT MpPU KAMHUTAILHOM PEMOH-
T€, WCIOJb30BAHUE YTBEPKIACHHBIX TEXHUYEC-
KX HOPM BpeMEHH Ha pa30opHO-COOpOUYHBIC
paloThI.

Pe3ynbrarel HamMX paHHUX HCCIEAOBAHUM
[5,6] moOKa3bIBAIOT, YTO TEXHOJIOTUYECKHUM IpO-
1ecc pa30opKu cUCTeM Tpu pa3bopke Ha die-
MEHTBI 3aKJIo4aeT B cebe 7 ypoBHEH TOCTYITHO-
CTH, a ABUTaTeNs Ha aetanu — 4. Ha nokasarenu
PEMOHTOINPUTOAHOCTH CYUIECTBEHHOE BIIMSHHE
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OKa3bIBACT YPOBCHbL MJOCTYIIHOCTH JJICMCHTOB
CUCTCMBI. HpI/Iqu IMMOKa3arejyib pPEMOHTOIIPUTOA-
HOCTHU YyXyAHIA€TCA C pOCTOM YPOBHSA HOCTYyIIA.
Ha ocHoBanum 3T0TO Hajee npeajiaracTcs B3au-
MO YBA3aTh MMOKAa3aTCJib HAAC)KHOCTHU 3JICMCHTOB
CHUCTCMBI C YPOBHEM UX NOCTYITHOCTH.

I[JISI OLCHKKU COBCPHICHCTBA KOHCTPYKIMU
CUCTCMBI IIpU NPOCKTHUPOBAHUH HIIN ,Z[OpaGOT-

K€ KOHCTPYKIIUU €€ DJIEMEHTOB CIIEAyeT B3auMO
yBsI3aTh (DAKTOPHI, BIUSIONINE HA PEMOHTOIPU-
TOIHOCTH CHCTEMBI. 3J€Ch ClelaHa IIOIBITKA
CBSI3aTh YPOBEHb UX HAJICKHOCTH C YPOBHEM JI0-
CTyIla, PECypCOM U TPYIOEMKOCTH 3aMEHBI dJIe-
MEHTOB CHCTEMBI, BIUSIONIMX HA PEMOHTOIPH-
TOAHOCTH (Tabm. 2).

Tabnuna 2 — B3aumMocBsi3b JOCTYITHOCTH, PECYyPCOB U TPYI0E€MKOCTH 3aMEHbI JJ1eMEHTOB

CHUCTEMBbI
YpOBEHb TOCTYITHOCTHU HJIEMEHTOB TexHuueckuil pecypc 3JIEMEHTOB TpynoeMKoCTh 3aMEHBI 2JIEMEHTA
cuctemsl, I- V CHCTEMBI, T€X-4ac CHCTEMBI, YelI-4yac

I MP, T,

I MP, T,
III MPIII TIII
v MP, I,

v MP,, T,

MeTtonuka mperycMaTpuBaceT «pa3MEeCTUTHY»
AIIEMEHTBI CUCTEMBI IO YPOBHSIM JOCTYIHOCTHU
(I-V) ¢ yuerom pecypcoB (MP-motouac) u tpy-
noemkoctu 3amenbl (T). Kak mokasanu Hamm
UCCIIEIOBaHUS, 3Ty NMPOOJIEMY MOKHO PEIINUTH C
MIOMOIIBIO TeOpuH rpados.

OCHOBOTIOIOXKHUKOM TEOpUHU TpadoB sB-
nsercsi Marematuk Jleonapn Diinep (1707-
1783). CormacHo CBOOOJHOM SHIIMKJIONEINN
Bukunenuu, teopust rpadoB — paszen AUCKpeET-
HOM MAaTeMaTUKH, W3y4arolluil CBOWCTBA Ipa-
¢oB. B obmem cMmeicie rpad mpencraBisercs
KaK MHOXXECTBO BepIIMH (y3J10B), COEIMHEH-
HbIX péOpamu. Teopust rpadoB HAXOIUT TNpH-
MEHEHHE, Hampumep, B TeOMH(OpMAIIMOHHBIX
cucremax (I'MC). CymectByrone uid BHOBb
IIPOEKTUPYEMBIE [IOMa, COOPY)KEHHUs, KBapTa-
Jbl M T.II. paCCMAaTPUBAIOTCS KaK BEPUIMHBI, a
COEIMHSAIOIIUE UX JIOPOTH, WHKEHEPHBIE CETH,
JUHUU DJIEKTpolepesadyl U T.I. — Kak pédpa.
IIpuMeHeHne pa3nMUYHBIX BBIUYMCICHUM, MTPOU3-
BOJMMBIX Ha TakoM rpade, mo3BOJISET, HalpH-
Mep, HaWTH Kpardalimuii o0be3THON MyTh WU
OmKkaiuil IpoyKTOBBIN MarasuH, CIIaHUPO-
BaTh ONTUMAaJIbHBII MapIIPyYT.

CornacHo JTaHHOU METOOUKE, HanOosee

COBEpIICHHBIM Oy/IeT CUMTAThCsl TaKOe pacro-
JIO’)KEHUE Y3JIOB B MAIllMHE U JIeTajiel B y37ax,
IpH KOTOPOM 3aMeHa OBICTPOM3HAIIUBAIOIIETO-
Csl DJIEMEHTa HE TMOBJIEYET 3a Co00M pa3doopKy U
cOOPKY APYTUX C BHICOKOM HAJC)KHOCTHIO UITH BO
BCSAKOM cllydae, OONbIliel, 4eM y paccMaTpHuBac-
MOT0 y371a WX JeTaju.

JIns KOMMYECTBEHHOM OLIEHKU COBEPILEH-
CTBa KOMIIOHOBKH OT/EJILHOTO 3JIEMEHTA MpeJ-
Jaraercs ToKaszareib & Ha3BaHHBIA (aKTOPOM

COBCPUICHCTBA:
AN
i cos@-vA=+1,
b

(16)

n

IJI BCEY CUCTEMBL: ¢ = Z £y
i=1

1€ N — KOJIMYECTBO Y3JIOB.

AHanu3upys NpUBEICHHYIO0 METOJIUKY, MOX-
HO BHJETh, 4TO TIpU & < ( HAXEKHOCTH ITOIO
3JIEMEHTA HEJJOCTaTo4Ha, a ¢, > 0, Torxa Hajex-
HOCTh aKaJeMUYecKu HeompapnaHa. Hambonee
COBEpIIICHHOH Oy/IeT MaIlInHa C e=0.

Hcnonb3ys 3Ty METOAMKY, MOYKHO KOJIMYE-
CTBEHHO OIIPEAEINTh, HACKOJIBKO HAJO0 IIOBbI-
CUThb HAJNEKHOCTb KOHCTpYKUMH. JlaHHas Me-
TOAMKA OLIEHKM COBEPIIEHCTBA KOHCTPYKLHH
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https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
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MMO3BOJISICT BBIABUTH JJICMCHTBI (,Z[CT&JII/I, y3J'ILI)
CHUCTEM, TpeGymmHe MEpBOOYCPCAHOIO ITOBBI-
mIeHUd UX YPOBHA HAACKHOCTH. 3,Z[CCL MOXXHO
BUACTH, YTO IO HNPHUYHHC HEAOCTAaTOYHOM HOJ-
TOBCYHOCTH KaKUX-JTHOO HMECHHO JeTanei Yy3JIOB
pacTyT OajtacTHbIC pa6OTBI, a CJICJ0BaTcJIbHO,
OKCIUTyaTallUOHHBIC PaCXObl. KpOMe TOTO, OTOT
npuHOUI ¢ OHpCHCHCHHOﬁ TOYHOCTBIO II03BO-
JSI€T TMPOTrHO3UPOBATL HAACKHOCTH 3JICMCHTOB
CKOMIIOHOBaHHOM MaIllMHBI HA CTAaIUHU €€ MMPOCK-
TUPOBAaHUH.

BriBoabI

1. BoisiBlieHBI W TIpOaHATH3UPOBAHBI  (PaK-
TOPBI, HAPSATY C PEMOHTONPUTOIHOCTHIO, HA Ha-
NEKHOCTh TEXHUYECKON cucTeMbl. B mporecce
UCTIOJIB30BaHMSI TEXHUYECKOW CUCTEMBI MOTpe-
OouTens HeceT OONbIIHME YOBITKA M3-32 OTKA30B.
DTO TpeXkAe BCEro MmpsiMble 3aTpaThl HA yCTpa-
HEHHE CaMOro OTKa3a M YOBITKH OT MPOCTOs
OTKa3aBIIeH TeXHUKH. HaaeKHOCTh CHUCTEMEI B
o0ImieM ciydae OmpeAemnsieTcsl T0JITOBEYHOCTHIO,
0€30TKa3HOCTbI0, PEMOHTONPUTOMIHOCTBIO U
COXPaHHOCTBIO.

2. UccnenoBaHo BIHMSIHME PEMOHTONPUTOM-
HOCTH Ha HAAEKHOCTb TEXHUYECKOM CHUCTEMEL.
HeBbicokasi peMOHTONPUTOTHOCTH SIBISIETCS O~
HOM M3 MPUYHH TOTO, YTO MOCTYMAIOIINE B MMOJ-

pazaeneHusi, TpeOyOT YaCThIX OCTAHOBOK JIJISI 3a-
MEHBI HEJIOJITOBEYHBIX 3JIEMEHTOB, PETYIUPOBKU
yCTpaHeHus1 0TKa30B. Hepenko s 3aMeHbI ObI-
CTPOM3HAIIUBAIOIIETOCS dIIEMEHTa HEO0OXOIMMO
MOYTH MOJTHOCTHIO pa30upaTh CHCTEMY, HapyIIas
B3aUMOCBSI3M y3710B U AeTaineil. CienoBareiabHo,
Cepbe3Hble KOHCTPYKTHUBHBIE HEAOCTATKU Ma-
IIMH BBI3BIBAIOT OOIBIIHME 3aTpaThl paboOYero
BPEMEHH M MaTepUaIbHBIX PECYpPCOB MIPH UX HC-
MOJIb30BAaHUH MTOTPEOUTEIISIMHU.

3. Pa3paborana MeToauKa MOJETHPOBAHHUS
YOpaBIEHUS HA/IeKHOCThIO TEXHHYECKUX CH-
CTEM MyTEM YIYYIICHHUS €€ PEMOHTONPUTOIHO-
ctu. [Ipoananu3upoBaHbl CyIECTBYIOLINE METO-
JIbl OLIEHKM PEMOHTONPUTOAOCTH TEXHUYECKOU
CHUCTEMBbl U TPEIJIOKEHA YCOBEPIICHCTBAHHAS
METOJIMKA YIPaBICHHS HAJC)KHOCTHIO TEXHUYEC-
KHX CHCTEM MyTEeM YJIy4YlIECHUsl €€ PEMOHTONPHU-
roxaocTd. [Tonmyuen u BBEeH MOKa3areb &, Ha-
3BaHHBIN (JAKTOPOM COBEPIIICHCTBA.

4. TlogHumaeTcs BOIIPOC MPOEKTHOM reome-
TPUU TEXHUYECKOW CUCTEMBI.

5. TexHnueckne CUCTEMBI OyIyIIEro MOK-
Hbl OBITh MaKCHMaJbHO MPUCTOCOOTIECHHBIMU
K YCIIOBUSIM JKCIUTyaTalldd C MHHUMAaJIbHBIMU
U3JIeP)KKAMHU, ONTHUMAJIbHOM JIOJITOBEYHOCTHIO,
U PEMOHTONPUTOTHOCTHIO MAJOIIYMHBIMH H
0€30TKa3HBIMH.
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OYHKIOUOHAJMMN3ZALOUA U MOJNPUIINPOBAHUE YTVIEPOAHBIX
HAHOMATEPHAJIOB HA OCHOBE I'PA®EHA

KYIAUBEPTEHOBA P.M.2, CYTYPBEKOBA I'K.!, HYPJIBIGAEBA A.H.
’KAHTAPBAEBA C.M.2, BAUBA3APOBA D.A.2,

IJlabopamopust npeobpazosanus Mamepuanos u NPUKIAOHOU GU3UKuU,
Hayuonanvnas nabopamopus Acmana, Hazapbaes Ynueepcumem
’Tapasckui eocyoapcmeennwiil ynusepcumem umenu M.X. [lynamu

Annomauus: I pagen mooicem 6vimo QyHKYUOHATUIUPOSAH PASTUYHBIMU SPYRRAMU amomo8. B oannoii pabo-
me paccmampusaemcs Haubonee u3y4eHHbIl Memoo XuMu4eckou QyHKyuoHanu3ayuy — oxucietnue. B meuenue
pAOa 1em NOCMOSIHHO CO8EPULEHCMBYIOMCSL PA3IUYHbIE MEeMOObl CUHme3d epagena, 0 obecneuenus boiee
be30nacHvIX U dPGHexmusHbIX arbmepHamue. Xoms ussieyeHue epagena memooom Xammepca a6isiemcs 00-
HUM U3 Capeuuux mMemooos, mem He MeHee, OH SGIAeMCs OOHUM U3 Hauboiee noOX00AuuUx Memooos Os
obpazosanus 0ovemHoeo epagena. I papen mosicem Oblms noryUeH 8 BUOE BOCCMAHOBIEHHO20 OKCUOA 2paghu-
ma, uHo20a Maxdice Ha3bleaemoco OKCUOOM epaghena. Dp@dexmuenocms 3moeo npoyecca OKUCIeHUs MOICHO
OYeHUMb NO GeUYUHE OTMHOULEHUSL Y2NlepO0/KUCIOPOO NOTYVUEeHH020 epaghena. B 0annotl pabome npedcmasien
cunmes u Qusuxo-xumuveckuii anaiuz 'O u BI'O. I'O OvLn nonyuen ¢ ucnois3o08anuem MoouGuyuUposanHo2o
memooda Xammepca, samem nonyuennviti 'O 6v11 NOOGEPSHYM XUMUHLECKOMY 80CCIMAHOBIEHUIO C UCTIONb30-
sanuem monocudpama auopasuna. 1O u BI'O umenu pasnuunyio mopgonozuio, kauecmeso, yHKYUOHATbHbLE
epynnul. Ungpaxpacnvlii ananuz noxasan Haiuuue 0OUIbHbIX KUCTOPOOCOOEPHCAUUX DYHKYUOHATLHBIX 2PYNTI
6 10 no cpaenenuto ¢ BI'O. Pesynomamul ananuza nokazanu, ymo 1O 6vin ycnewino okucien uz epaguma,
moeda kax BI'O ovin a¢pgpexmusno eoccmanognen usz 10.

Knrwouesvie cnosa: oxcuo epaghena, goccmanosiennulii okcuo epaghena, epagpum, UK-cnexmpockonus

I'PA®EH HETI'T3IHAEI'T KOMIPTEKTI HAHOMATEPHUAJIJIAPIbI
OYHKIUAJTAHABIPY )KOHE MOAUPULIUPIIEY

Anoamna: [pagen apmypni amomoap modvimern QyHKYusLIaHObIpuLIaovl. Byn ocymvicma 6i3 XUMusivly
DyHKYUAIAHOBIPYObIY ey Ken 3epmmenzer 20ici momvley ypoici KapacmuipvlizaH. bipnewe dwcvlioap
botiviHa epaghendi cunmeszoeyoiy Kayincis dcane muimoi HCoN0aApblH AHLIKMAYEA APHANAH bLILIMU-3epImmey
arcymvicmapul yremi ocemindipinyoe. I pagenoi Xammepc adici 60tbiHwa cuHmes0ey JHCObl ey al2auKbl
Jlcone ey muimoi adicmepiniy 0ipi. I pagen momvikcvizoanzan epagum oxcudi mypinde curmesoenedi,
Ketide oHbl epager oxcudi den me amaiiovl. Tomwigy npoyeciniy muimoiniein mysineen epagheHHiy Komipmex
/ ommex KamuviHacyl apKulivl bazananadsi. byn socymvicma 'O scane TI'O cunmesi men usuka-xumusiviy
manoaywvl oepineen. I'O mooupurayusnanean Xammepc a0ici botivinwa cunmesoenodi, mysineen 1 O euopasun
MOHO2UOPAMBIHBIY KOMELIMEH XUMUSILIK MOMbIKChI30an0bipulaosl. 1O scane TI'O mopgonocuscei, canacul,
DYHKYUOHANObI monmapviMer epexuienenoi. Hnuppaxvisvin cnekmpocKonusivly manoay Hamudicenrepinen
TI'O-men canvicmuvipzanoa, 1 O-niy ommexmi QyHKYUOHALObI MONMAapulHbly Konmiei atkbinoanovl. Keibip
Quzuxa - XUMUANLIK Manoay Kopelmulnovicvinan, epagum I'O-ne commi momwigvin, an anvinzan IO muimoi
momulKCui30anovipbiavin 11O my3ineeni anvlkmanoul.

Tyitinoi co3oep: epaghen oxcudi, momuwigcvizoanean epagen oxcuoi, epagum, UK cnekmpockonuacsl
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FUNCTIONALIZATION AND MODIFICATION OF CARBON
NANOMATERIALS BASED ON GRAPHENE

Abstract: Graphene can be functionalized by various groups of atoms. In this paper, we will consider the
most studied method of chemical functionalization - oxidation. Various graphene synthesis methods have been
continuously improved over the years to provide safer and more effective alternatives. Although Hammers
extraction of graphene is one of the oldest methods, it is nevertheless one of the most suitable methods for
the formation of bulk graphene. Graphene can be obtained as reduced graphite oxide, sometimes also called
graphene oxide. The efficiency of this oxidation process can be estimated by the carbon / oxygen ratio of the
obtained graphene. In this paper, the synthesis and physicochemical analysis of GO and RGO are given.
GO was obtained using the modified Hammers method, then the obtained GO was chemically reduced using
hydrazine monohydrate. GO and RGO had different morphology, quality, functionalized groups. Infrared
analysis showed the presence of abundant oxygen-containing functional groups in GO compared with RGO.
The results of the analysis showed that GO was successfully oxidized from graphite, while RGO was effectively

reduced from GO.

Key words: graphene oxide, reduced graphene oxide, graphite, IR spectroscopy

Beenenue

Bonbiioit uHTEpeC K M3ydeHUIO (DYHKIHO-
HaJIbHBIX CBOMCTB OKCHAA rpadeHa, 00ycaoBiIeH
TE€M, YTO OH SBJISIETCSl MEPCHEKTUBHBIM Mare-
pUaJoM I MHOTMX OTpacied HHIYCTpHH,
MMEET BBICOKMI KOMMEpUECKMHM IOTEHIHal,
BBICTYIIa€T B KAu€CTBE CBIPbS JUIS IOJyYEHUs
camoro rpadena. Okcun rpadena, mpeacTapis-
oIl coboi ciydallHBIM 00pa3oM pacrpese-
JICHHBIE M0 TOBEPXHOCTH MOAJIOKKH HEOOIbIIINE
OCTPOBKH rpadeHa ¢ Sp2-rudpun3upoBaHHBIMU
CBSI3MH, OKpY>KE€HHbIEe OOMIMPHBIMH 00JIACTSI-
MU C Sp3-CBS3iMH, (YHKLIHMOHAIM3UPOBAHHBIE
KHCJIOPOIOCOAEPIKAIIMMHU TPYIIaMu (3MOKCU-
HBbIe, THIPOKCUJIbHBbIC, KapOOHHIBHBIE W Kap-
OokcunbHbIe) [1]. st mIMPOKOTO HCIONIB30Ba-
HUS OKcHJa rpageHa Tpedyercs, B TOM YUCIe U
IPOBEIEHNE €ro BOCCTAHOBIIEHUS 10 TpadeHa
[2,3]. TepmooOpaboTKa SBISETCS OMHUM U3 dP-
(DEeKTHBHBIX CIIOCOOOB BOCCTAHOBJIEHHUSI OKCHJIA
rpadeHa, B pe3ylbTare KOTOpOl yaaeTcs 3Ha4yM-
TEJIBHO CHU3UTH COIAEPIKAHUE KUCIOPOAOCOAEP-
JKalluX TPyNI B OKCHIE TpadeHa U JaeT BO3-
MOKHOCTb YIIPaBJIEHUs IIUPUHOMN 3anpeIEHHON
30HBl B IIMPOKOM DJHEPreTHYECKOM HHTEpBaJIe
oT OnmxHero yneTpaduoneToBoro 1m0 HHppa-
KpacHoro auamnasoHa [3]. Hecmorps Ha 3Haum-
TEJbHBIE YCIIEXU B PA3BUTUU METOJOB IOIyYe-
HUs rpadeHa u okcuaa rpadeHa, JOCTUTHYTHIE
B IIOCJIETHUE TOJIbl, CO3JAaHNE TEXHOJIOIMH BOC-

MIPOU3BOJMMOr0 (OPMHUPOBAHUS Marepuana Ha
Pa3IMYHBIX NOMJIOKKAX MO-NPEXKHEMY OCTAETCA
HEpELICHHOW 3a1adeil. TexHomornueckue orpa-
HUYEHUSI UMEIOLINXCS METOJOB IOJy4YEHUs rpa-
(deHa UM He MO3BOJISIOT MOJTYYaTh OJMHOYHBIE
CJIOM YTJIEPOJHBIX aTOMOB OOJBIION TUIOLIAIN
[4], umu MpUBOAAT K OOpa30BaHMIO Marepuasa
C MO3aW4YHOHM CTPYKTYpOM, COCTOALIEH U3 B3a-
UMHO pa3BepHYTHIX Melkux (okosno 20—30 nm)
¢parmenToB [5]. OgHMM M3 NEPCHEKTHBHBIX
croco0OB MoOMy4eHus: rpadeHa, Mmo3BOJSIONIEr0
IIPEOIOJIETh YKAa3aHHbIE OIPAaHUYEHUS, SIBIIAETCA
METOJ, XMMHYECKOTO PacCIlEIIEHUs] TPUPOJHOTO
WIA TUPOIUTUYECKOTO rpaduTa, KOTOPBIA yxke
COZIEP)KUT B CBOEH CTPYKType rpadeHoBbIC JH-
cThl [6]. BO3BMOXXHOCTh TIpUMEHEHUsI TOA00HO-
r0 pacUIeNIeHNusl ONpPEAEseTCs CIOCOOHOCThIO
rpaduTa K MHTEPKATMPOBAHUIO. DTOT MpoIecc
IIPUBOAUT K YBEIMYEHUIO PACCTOSHUS MEKIY
rpad)€HOBBIMU CIIOSIMU B CTPYKType Tpadura
U B JlabHEHIIEeM K ero okucieHuto. Haubomee
pacnpoCTpaHEHHBIM  METOIOM  XMMHYECKOTO
pacuiernieHust rpauTa SBIsSeTCs €ro OKUCIEHUE
B JKMJIKOM CpE€JIE ¢ MOMOIIBIO0 IIEpMaHIraHara Ka-
JMsl, TIPUBOASIIEe K 0Opa30BaHUIO OKCHJIA Ipa-
¢ura [7]. Oxcupn rpadura (ruapooKuch rpadu-
Ta, rpaUTOBAs KUCJIOTA) HE UMEET IMOCTOSTHHOTO
COCTaBa, ¥ P MAKCUMaJIbHOW CTENIEHU OKHUCIIE-
HUS ero OpyTTo-hopMyia MOXKET BapbUpOBATh B
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npezenax or C,0 no COH, t.e. npescrasiser co-
oot (C, )x(COH)x—1, rne 0 < x < 1. Oxcuna rpa-
(uTa COCTOUT U3 CTOMOK OKUCIEHHBIX rpadeHo-
BBIX JIMCTOB, 110 00€ CTOPOHBI U MO KpasiM KOTO-
PBIX HAXOAATCSA KUCIOPOJCOAEPIKAIINE TPYIIIIbI.
JleiicTBue ynbTpa3ByKOBOH 00pabOTKM Ha OKCU
rpaduTa NPUBOAUT K OOPA30BAHUIO OKCHJIA Tpa-
¢dena [8]. Oxcun rpadena obpasyeT ycTondH-
BbI€ JIUCHEPCUHN B TUAPODUIBHBIX PacTBOPUTE-
JISIX, JIETKO BOCCTAHABIIMBACTCS, YACTUYHO TEPSIS
KHUCJIOPOJICOepKalle TPYIIbl TpPU Harpese,
MHTCHCUBHOM OCBELICHUM WJIHM TpU JACUCTBUH
XMMHUYECKUX BOccTaHOBUTENeH. B pesynbrare
BOCCTAHOBIIEHUsI OKcHJa rpadeHa oOpasyercs
rpadeH. ITo OOCTOSATENBCTBO OTKPHIBAE€T BO3-
MOXHOCTh TOJy4YeHHs Tpa)eHOBBIX IJICHOK Ha
JOOBIX CMAauMBAEMBIX BOJOH IMOJUIOKKAX ITyTeM
OCaKJCHUS IJICHOK OKcHJa rpadeHa U3 BOIHBIX
CYCIIEH3MH M MOCJIENYIOUIET0 BOCCTAHOBIIE-
Hus. Cienyer OTMETHTh, YTO OMYOJMKOBaHHbIE
pe3ysbTaThl MCCIEOBaHUM, BBIMOJHEHHBIX B
nenom psage pador [9,10], yka3piBaroT Ha Ha-
JMYUE CYIIECTBEHHBIX OTPaHUYCHMH, IMpersT-
CTBYIOIIMX CO3JAHUIO TEXHOJOTMU MOIYYECHHUS
rpadeHa 1o BbIIIE OOCYKIAEMOM TEXHOJOTHH.
BaxHbIM TpensTCTBHEM Ui BOCHPOH3BOAMMO-
ro mosydyeHus rpadeHa sBISeTCs HEOJHOPO[-
HOCTb CHHTE3MpyeMoro okcujaa rpadena. J[ns
peleHus JaHHOM 3ajauu HeoOXoaumo obecrie-
YUTh YCJIOBUS MPEIEIbHOTO OKHCICHUS TpaduTa
U KOHTpOJISi 00pa3oBaHMs B YeIIyMKax OKCHAA
rpadeHa MHOTOYHCIIEHHBIX JE(EKTOB YIIepo-
HOTO CJIOsI, CBSI3aHHBIX CO CMEHOW rHOpuau3a-
MM yIIIeposa ¢ sp” Ha sp® MPU B3aUMOJICHCTBUH
¢ kucinopogoM [9]. CrnenoBarenbHo, yKa3aHHbIE
00CTOSITENBCTBA CYIIECTBEHHBIM 00pa3oM Orpa-
HUYMBAIOT BO3MOXKHOCTH HCIOJIb30BAaHUS OKCH-
na rpaduTa Ipy noayyeHuu rpadena Juist CTpyk-
TYp JEKTPOHHBIX Mpubopos [11]. B HacTosmee
BpeMsl OKCHJ rpadeHa MoiaydaroT OKUCIEHUEM
rpaduTa U3BECTHBIMU XOPOIIO OTPaOOTaHHBIMU
Meronamu: bpomnu [11], Iraynenmaiiepa [12]
u Xammepca [13], mpuyem nocnenHuil crnocod
u ero MoauduKkanuu SBISIOTCS Hambosiee pac-
npocTpaHeHHbIMU. OOCyXJ1aeMble METOJbI I10-
3BOJIAIOT MOJyYaTh 00paslibl OKCUaa rpadeHa ¢
pa3NUYHBIMU (QU3UUECKUMHU apaMeTpaMH 13-3a
Pa3NUYHBIX KOHIEHTpAIMH 1ePEeKTOB.
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I'O u BI'O nmetrot pa3Hble CBONCTBA IO CPaB-
HeHMIO ¢ TpaduroM u rpadenom. 'O saBnsercs
okcuaHOM opmoii rpadena [14], rne kucaopon
BBOJUTCS B Ipad)eH MOCPEACTBOM XUMUYECKOTO
okucnenusa. Kpome toro, 'O onuceiBaercs kak
CUJIBHO OKCUI€HUPOBaHHBIH, C TNPUCYTCTBHEM
MHOTHX KHCJIOPOJCOAEPKAIIMX (YHKINOHAIb-
HBIX TPYMI, TaKUX KaK AMOKCHIHBIE, T'MIPOK-
CWIbHBIE, KapOOHWJIbHbIE M KapOOKCHIIbHBIE
IpyNIbl B €70 OCHOBHOMU IIOcKOCTH [15]. Takum
o0pa3om, pU HAJIMYUU 3TUX (YHKIHOHAIBHBIX
rpymn ['O cranoBuTCs ruipoPUIBHBIM, 4TO 0OEC-
NeyuBaeT Jydliee Mexda3Hoe B3auMOIEHCTBHE
C MOJISIPHBIMM IOJMMEPHBIMU MAaTPHULIAMM IS
YIAYUYLIEHUs] MEXAHUYECKUX M IIIEKTPUYECKUX
CBOMCTB AJI pa3iaM4YHbIX NpuMeHeHU. O1HaKo
¢bynkumonanuzanus kuciaopoaa Ha 'O cHmxaer
AIIEKTPONPOBOAHOCTH, U 03TOMY I'O cTaHOBUT-
Cs1 MEHEE MPEANOYTUTENBHBIM JUISI TPOBOASAIINX
KOMIIO3UTOB Ha OCHOBe mnonumepoB. BI'O co-
JIEPKHUT MEHbIIIee KOJTMYECTBO (DyHKIIMOHATU3HU-
POBAHHBIX KHCIOPOJOM IPYIII [0 CPAaBHEHUIO C
'O, xoTOpble MOTYT OBITH CHHTE3UPOBAHBI MPH
XUMHUYECKOM M TEPMHUYECKOM BOCCTaHOBJIIEHHH.
OnHako TepMHUECKOE BOCCTAHOBIEHHE TpeOyeT
OONBIINX 3aTpPaT, TaK KaK BOCCTAHOBIICHHE MPO-
BOJIUTCSI IIPU BBICOKMX TEMIIEpATypax, MOITOMY
XMMHUYECKOE BOCCTAHOBIIEHUE SBISETCSA TpEa-
MOYTUTENILHBIM JJIs1 OOJBIIMHCTBA HCCIIeI0BaTe-
neu [15].

B »TOll cTathe MBI IPOIEMOHCTPUPOBAIU
cure3 'O u BI'O u ux HekoTopble (PU3HKO-XU-
MUYECKUE UCCIIEIOBAHNUS.

Lenbto naHHOM pabOoTHI ABISETCS MOTyYSHHE
00pa3noB okcuja rpadeHa 1 BOCCTAHOBIEHHOTO
okcuga rpadeHa U XxapakTepu3aus KOMIUIEKCOM
METOOB (PU3UKO-XMMHUYECKOro aHanuza. Jlns
JOCTH)KEHUHU ITOW LIEJIU IOCTABJIEHBI CIENYyIO-
e 3anadu: 1) momydenue 'O u BI'O; 2) usy-
YUTh HEKOTOPbIE (PU3UKO-XMMHUYECKHE CBOMCTBA
nosyueHHbIx 'O u BI'O.

JKCNEePUMEHTAJIbHAN YaCTh

Meroauka mnoJy4eHus1 OKcuaa rpade-
Ha. Okcup rpageHa ObUT IPUTOTOBIIEH C MTOMO-
b0 MOJU(HUIIMPOBAHHOTO METOAa Xammepca.
NaNO, (0,5 r) pactBopunu B H,SO, (23 mn) ¢
MOMOIII0  MHTEHCHBHOTO  IE€pEeMEIINBaHUs.
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3arem 100aBnsIM TpaguUTOBBINA mopomok (1 )
B pactBop NaNO, B H,SO,, oxnaxknas npu 3tom
B siefsHoU Oane. [locie TmarenbHOrO mepeme-
IMBaHusg MewIeHHo nobasnsimm KMnO, (3 1)
B pactBop B TedeHHe 30 MHUH., MOAJAEPIKUBAs
TeMneparypy pactsopa Huwxke 40°C. [lanee npo-
BOJWIM PEAKLUI0 OKUCJIEHMsS NPU 3HEPTUUHOM
nepememnBanuy npu 35°C B teuenue 12 4, yto
NPUBOIUT K OOPa30BaHHIO BSA3KOH CYCHEH3UH.
K mony4eHHOH CycneH3un MEJIEHHO NpUINBa-
JIM IEMOHU3HUPOBAHHYIO BONy (46 MiT), IpU 3TOM
coxpaHsisi TeMieparypy pactsopa Huxke 20°C ¢
HCIIONB30BaHueM JieasgHoli Oanu. Ilocne sToro,
MHTEHCUBHO IE€pEMEINBas, MPUINBAIN B pac-
TBOP CIEAYIOUIYIO MOPLHIO I€UNOHU3UPOBAHHOM
BoJIbI (140 MIT) ¥ MEIICHHO KaIUIIMH JTOOABIISIIN
H,O, (2,5 M) 10 BBIIENEHHS My3BIPHKOB Iasa.
[Tonmy4eHHBIN KEITOBATO-KOPUYHEBBIM PacTBOP
okcuaa rpaguta npomsiBaiu 10% pactBopom
HCI u nenoHU3MpOBaHHOM BOIOM 10 TOCTHXKe-
Hus pH pacTBopa paBHBIM 7. 3aT€M 3TOT pacTBOP
MOJIBEpPrajii YJIbTPa3ByKOBOW 00paboTKe B Teue-
Hue 30 MUH 0 pacciiauBaHMs OKCHa rpadura
B okcun rpadena (GO). B pesynbrare nomyuen-
HBII pacTBOp HEeHTpudyruposanu npu 3500 06/
MuH B TedeHuH 40 muH. IIpurorosieHHsli pac-
TBOp okcuza rpadena (GO) BeliepKUBaIu B Ba-
KyyMHOM I1e4H.

ITosryyeHne BOCCTAHOBICHHOIO OKCHAA

rpagena

Komnnougnyto cycneH3uto okcuia rpageHa B
JIEMOHU3UPOBAHHOU BoAe (3 MI/MII) MOMyYaiu C
MOMOIIBIO YIIbTpa3BykoBoii BaHHbI (Fisherbrand
11201) B Teuenne 3-x yacoB. 3aTeM K CyCIIEH3UU
J00aBIIsIIM MOHOTHIpAT TuapaszuHa (98%, Sigma
Aldrich) (3 mr I'O na 1 pu). [lomy4ennsrit pac-
TBOP MEPEMEIINBAIIN € IOMOLIBI0 MEXaHUUECKOM
Memanku npu 80°C B teuenue 12 vacoB u 310
IIPUBEJIO K OCAXKJIEHUIO YEPHOTO MOPOIIKAa BOC-
CTaHOBJIEHHOTO OKcuja rpadena. I[locne oxmax-
JIEHUs] 10 KOMHATHOW TEMIEpaTyphl MOPOIIOK
¢bwibTpoBany uyepe3 (QUIBTP CO CTEKJISHHBIM
¢uibTpoM (cpenHuil pazmep Mop) ¢ MOCIEayko-
et cymkoit npu 150°C B Teuenue 10 yacos.

JIMcThl BOCCTaHOBJIEHHOTO OKcHJa Tpade-
Ha (BI'O), B oTiiuune ot 1MCTOB OKcuaa rpade-
Ha, SBJSIOTCS THAPOGOOHBIMU C OTPAHUYEHHON

BOJHOM JHUCIIEPTHPYEMOCTBIO U JIETKO 00pazyroT
HeoOpaTHMble arjoMeparbl A 00pa3oBaHMSA
rpadeHa B BOIHBIX pacTBopax. [IpeBocxomHas
mucneprupyemoctb 'O no cpaBHenuto ¢ BI'O
o0ycClIOBlIeHa TPHUCYTCTBUEM HOHU3UPYEMBIX
kucnoTHbIX rpymni B ['O. Kak B nincrax I'O, Tak n
B BI'O nonun3zanus kapOOKCHIIBHBIX TPYII B IEp-
BYIO O4€pENlb OTBETCTBEHHA 3a HAKOIUICHHBIH 3a-
psa, Ho Ha auctax ['O npucyrcTBue GeHoIbHBIX
U TUAPOKCWIBHBIX TPYINII B HENOCPEICTBEHHOU
0M30CTH OT KApOOKCHIIBHBIX IPYTII CTAOMIN3H-
pyeT KapOOKcHUIaT-aHUOH, YTO JAaeT MPEBOCXOI-
HYIO0 IUCIIEPTUPYEMOCTD B BOAE.

CrabwibHOCTh BOAHBIX Aucrnepcuii (14 cy-
TOK) IOKa3bIBAET, YTO JUCIEPCHUU IIIEKTPOCTA-
TUYECKH CTAaOMIM3UPYIOTCS 32 CUET HAKOTICHUS
3apsijia, BO3HUKAIOIIETO JTMOO BCIEACTBHE MPO-
TOHUPOBaHUS (PYHKIMOHAIBHBIX TPYIIIL, IPUCYT-
CTBYIOIIMX Ha 3aKPEIJICHHBIX IOJIOCTAX, JINOO
MOHU3ALUHU TUAPOKCUIIBHBIX TPYIIL.

Habnronaemas aucneprupyeMocTb B BOAE
O3HAYaeT, YTO HAJIMYUE TMIPOKCHIIBHBIX TPYIII
ocTaeTcsl mpuBs3aHHbIMU K JuctaMm BI'O u no-
CTYIHO JJIsi BKJIIOUEHUS HETIOJIIPHBIX MOJIEKYII.
Kpome Toro, miockue MoieKysbl MOTYT IPUIH-
narh K TuApo(oOHBIM SP*-IIIaCTHIPSIM Ha JIUCTAX
BIO.

Takum 00pa3om, HaJuue PyHKIIMOHATBHBIX
rpynn Ha nosepxHocTH auctoB BI'O no3sosmsier
MOIU(PHUIHPOBATH TOBEPXHOCTH U JOTIOTHUTEb-
HO YBENUYUTH TUAPO(GOOHOCTH, UCTIONB3YS T'H-
npohoOU3UpYOIIKEe BEIIECTBA B OHOM JUCIIEP-
TUpPyEMOM B BOJI€ MarepHualle, 4To OJHO3HAYHO
noaTBepkaaercs nanHsiMu MK-cnexrpockonuu.
Ha pucynke 1 mpencrasnen UK-cnekrp oxcu-
na rpadeHa, MoJyuYeHHBIH ¢ TOMOLIbI0 METOo/a
XammMmepca.
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ComacHO MMeEOIUMCS B JIUTEPAType JaH-
HbIM [14-16], mon0CH MOMIOUIEHUS B TUANIa30HE
BOTHOBBIX ymcen 3000 — 3500 cm™! moxHO TIpH-
nycarh BaJICHTHBIM KoJiebaHusM cBsazeir O—H.

[Tonocy mormomienust npu 870 cm' B UK-
CHeKTpe okcuaa rpadeHa (pUKCHpoOBaIM TaKxke
U JIpyTHe aBTOpHI (CM., Harpumep, padoty [18])

M 9Ta I0JIOCAa XapakKTepHa Il BHEIUIOCKOCT-
HbIX Konebanuit C—H rpymnmsl B apomatnieckoM
xouble. [Tonocy mornomenus mpu 1571 e cko-
pee BCero MOKHO OTHECTH K J1e(hOpMallOHHBIM
konebanusiM C—O cBsazedl. OnHAaKo OTHECEHUE
ATO MOJIOCH! TOIVIOIIEHHUS B JINTepaType oOHa-
py»xeHo He Obl1o (Tabnuua 1).

Ta6amnua 1 — OrHecenue nmoJsioc UK cnexkrpoB okcuaa rpadena

Yacrora, cm’! Cps3b/(pyHKIHOHA/ILHAA TPYNIIIA Ccblika
3381 Banenrnsie xonebanus O—H caazeit [14-15], [20-22]
1644 an;:g;:;;eﬁige6aHHﬂC:O_Kap60HI/IJ'II>HOI7IprHHBI,,E[e(i)opMaLII/IOHHLIe [17], [22.23]
1145 C—OH xapOoxcuipHast rpymmna [19], [21, 22]
1028 Banentnsie konebanns C—O cpszeit [18], [21, 22]
870 C—H cBs3u apoMaTH4eckoro KomibLa [17], [20, 22]
571 Jedopmarmonnsie konebanus C—O csi3eit
PesyabTarnl

Xapakrepuszauus cuHTe3upoBannoro I'O
n BI'O. Hamu cuHTE3MpoBaHbl JIMCTBI OKCH-
na rpadeHa 1Mo MOAU(PHUIHMPOBAHHOMY METOILY
XaMmMmepca U NpOBeJIeHa XapaKTepu3alns Mare-
pHuaa ¢ IOMOILBIO CKAHUPYIOLIEH 3JIEKTPOHHOM
Mukpockonuu (COM) u sHEproaucrnepcuoHHOM
peHTreHoBckoi cnekrpockornuu (OPC).

Oxcun rpageHa ObUl aHANIU3UPOBAH C IO-
MOILIBIO YHEPrOAUCIIEPCUOHHON PEHTTEHOBCKOM
cnekrpockonuu (OPC) s onpexneneHus sie-
MEHTHOTO cocTtaBa. Ha pucynke 3 B u r u3obpa-
eHbl pe3ynbrarsl OPC aHanusa, a Ha pUCyHKax
3a u 6 mokazaHa MopQoiIorus okcuja rpagena
710 ¥ 1I0CJI€ BOCCTAHOBJIEHUS, UCCIIEIOBAHHBIE C
nomotsio COM. Ha COM-n300paskeHHUsIX YETKO
BUJIHBI IByMepHbIe (2D) ciou rpadeHOBBIX OK-
cuzoB. Kak u o)xnanock pasmep JIMCTOB OKCHIA
rpadeHa BapbUpoBajicsa B Auanazone 2-10 MKM.
B nanpHelineM TuCThI rpadeHa UCIOIb30BATUCH
C LEJIBIO TOJIyYeHHs cynepruapopoOHOro Mar-
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HUTHOTO MaTepuayia Ui pas3lieleHus HepTH U
BO/JIBI.

ITo pesynbraram OPC ananuza okcujaa rpa-
(eHa W BOCCTAHOBIEHHOTO OKCHJa TpadeHa
MOXHO 3aMETUTh, YTO IPH BOCCTAHOBICHUH
OoKcuJa TpadeHa ¢ MOHOTHIPATOM T'HIpa3HHa
snemMeHThl Nau Si ObUIH MOJTHOCTHIO0 BOCCTAHOB-
nenbl. Cofiep:kaHue yriaepoja B BOCCTaHOBIIEH-
HOM OKCH/JIE TpadeHa yBEIUIHIOCh, a KHCIOPOJ
YMEHBIIMJIICS.

Kommepueckn AOCTYNMHBIA OKCHA TpadeHa
amepukaHckoil ¢upmbel GrapheneSupermarket
[23] conepxut 79% yrnepona u 20% xuciaopo-
na. OcraBmmiica 1% ckopee Bcero npuHauaje-
XKUT Bogopony. Ilomydennsie nmo Moauduuupo-
BaHHOMY MeTOJy XaMmMepca CBEXHE 00pasLbl
okcuga rpagena conepxanu 55,10% yrnepona u
40,81% kucnopona [24]. Ecau npocymMmMupoBarhb
9TH AaHHbIE, TO cyMMa nonydaercst Mmenee 100%.

3TO CBSA3aHO C TEM, YTO B peabHOM 00pasiie
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3 A — COM-usobpascenus oxcuda epaghena
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3B — Pesysmamer IPC ananusa oxcuda epagena

OCTAIOTCS TEXHOJIOTUYECKUE IIPUMECH, KOTOPBIE
TPYIHO YJAJIUTh B IPOLECCE MPOMBIBKH JUCTHII-
JMPOBAaHHOW BOJOM, MOCKOJIBKY TaKUE NPUMECHU
MOTYT HaXOAWUTHCSA B 3aKPBITBIX IOpax OKCUAA
rpagura.

OnHako nocse pacciaoeHus: okcuaa rpadeHa
U TOCJICAYIONIETO LEHTPU(YTHPOBAHUS MOXKHO
IyTEM Psa NOCIIEN0BATEIbHBIX OCAKICHUM T10-
Jy4YUTh Oosiee YMCThIA MaTepual. AHaIU3 Mpej-
CTaBJICHHBIX JAHHBIX MIO3BOJISET CAENIATh 3aKIIIO-
YeHHUe, YTO COCTaB OKCHAOB Ipadura, rpadena,
a TaKKe BOCCTAaHOBJIEHHOIO OKcuaa rpadeHa
SIBJIIIOTCS IEPEMEHHBIMH, 3aBUCSIIUMU OT MHO-
rux (akropos. [1o 3Toii mpuuMHE >7IEMEHTHBIN
COCTaB HEOOXOAMMO 3HATh JJIsl KaXKJIOM MapTuu,
KOTOPYIO IPEANOIaraeTcsi UCIoab30BaTh B TEX-
HOJIOTUYECKOH IIETIOUKE.

3B — Bocemanosnennwiii oxcuod epagena
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3I' — Bocemanosnenviii oxcuo epagena

3akinouenne

B 3axmoueHrne HEOOXOIUMO OTMETHTb, YTO
I'O u BI'O 6putn ycnemno nosiydensl. ['O Obin
MOJY4YEeH C HCHOJIb30BaHHUEM MOIU(HUIIMPOBAH-
HOro MeTtona Xammepa M C HCIHOJIb30BaHUEM
MoHoruzapararuapasusa 'O Obl1  BOCCTaHOB-
nen po BI'O. CpaBuenus pesynsraroB COM
u OPC mexny I'O u BI'O nokaszanu, yro 'O u
BI'O Opumn ycnemHo cunTe3upoBanbl. Ha m3o-
opaxennsx COM I'O u BI'O nokazanu oTindu-
TeJbHbIE MOP(HOJIOTHH. DTH YHUKAIbHBIE CBOM-
CTBa, KOTOpbIMH oOnagaoT rpadur, 'O u BI'O,
MOTYT OTKPBITH BO3MOYKHOCTH JUISl YIOBJIETBO-
peHUsl MOTPEOHOCTEH B PA3IMUYHBIX OOJACTAX
IIPUMEHEHHUS.
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HNEPCHEKTHUBBI U OCOBEHHOCTH PA3BPABOTKH YAT-BOT KAK TIPOCTOM
U YIOBHBINA CIOCOB NOJYUYEHUSA UH®OPMAIIUU

CATUTOBA I''K., MYXAMEJ’KAHOBA I'.C.
AO «Ynusepcumem Hapxos»

Aunnomauyuna: B cmamve paccmampusaemcs 00uH u3 Hauboiee YOOOHbIX Cnocob6o8 0vbiICMpo2o
U KaA4eCmeeHHO20 NONYYeHUs HeoOXOOUMOU UHDOpMAayuU NOCPeocmsom Ouaioea Noab308amels
¢ uam-6omom. B dannoti cmamve agmopwi onucaniu KomyenmyauivHylo cxemy pabomel yam-6oma
«AnmaTexay. Paccmampusaromes niamgopmol u cepsucsl 0Jist Ux Co30AHUL U UHMESPAYUL C MECCeH-
Odrcepamu u npunoxcenusmu. Paspabomana npoepamma wam-ooma «AnmaTexa» na base eneune2o
API. Pazpabomannulii ancopumm no360asiem MeHOBEHHO 8eCTiL NOUCK U OMBEYamb HA PeleBaHMHble
gonpocwvl uz 6azvl sHanutl. OnucanHas npoyeoypa cOpmuposKu 0meemos, YO081emeopsouux noib-
308ameisi Ha e20 3anpoc, BKIYAem 6 cebs NOUCK NO meMamukre, NOUCK N0 MAKCUMATIbHOMY CO8NA-
OeHUIO CI08 8 BONPOCAX, NOUCK NO KOHMAKMHBIM OAHHBIM. DMO NO360IUNLO YAPOCMUMb €XHCCOHEEHBLE
pymunHble 3a0aqu, makue Kaxk noayderue ungopmayuu 06 yciyeax KCK, o konmaxmmuvlx 0anuwix
pabomuuKos, 0 mapughax Ha yciyeu, 0 npagax u 0053aHHOCMAX UIeH08 KOHOOMUunuyma. IasHwim
oocmouncmeom wam-ooma «AimaTexay a61s1emcs 603MONCHOCb COBMEUeHUsT 6CeX (DYHKYUL Ha
naameopme 00HO20 Meccenodcepa. Aemopul, UCCLE008a48 PLIHOK UCNONb308AHUS 4am-O0mos8 8
Kaszaxcmane, npuuiiu k 861600y, umo 8upmyaibHbie NOMOWHUKU (4am-00mbl) NOAb3VIOMCs OOTbUUM
CRPOCOM U 8 COBPEMEHHOM unmepHem mapkemunze. OHLAUH KOHCYTbMAHMbL €CMb HA MHOUX CAli-
Max, 6 MecceHodcepax, d 8 0COOEHHOCMU: 8 UHMEPHEN MA2A3UHAX U NIOWAOKAX No npedocmasie-
HUIO Kakoeo-1ubo pooa yciye. Hx enasuotl 3a0aueii a61s1emcs npedocmagieHue 0CHO8HOU UHgopma-
yuu nocemumensim. B amoii cmamve asmopuvl npeocmasuiu Mexanusm QYHKYUOHUPOBAHUsL 4am-00-
MO8, ANOPUMM UX CO30AHUS U NOCMAPAIUCL OMBEMUMb HA 80NPOC. 0TI 4e20 OHU HYHCHbL Ou3Hecy?

Knrwoueswie cnosa: ungpopmayus, meccenooicep, menecpamm, 6om, npunodxcerue, ouanoe, Mnmepnem,
yuebHble 3aHAMUS

AKIAPAT AJTYIABIH OHAM )KOHE BIHF AWJIBI TOCLII PETIHJE YAT-BOT
KYPACTBIPY EPEKIIEJIIKTEPI

Anoamna: Maxanaoa uam-6om «Armamexy apKwiivl NAUOAIAHYUBLIAPEA OUANO2 HCYPRI3Y, KaAdHCem-
mi aknapammul me3s JHcaHe 0l anyOblH eH bIHealllbl 20icmepi Kapacmuipuliadvl. bByn makarada as-
mopaap yam-6om «AamaTexa» HCYMbICHIHbIY MYACLIPBIMOAMATBIK CXeMACbIH cunammaovl. Onapovl
KYPY dicone mecceHocepiep MeH KOCHIMULAIAPMeH UHMe2Payusay yuin niamgpopmaniap meH cep-
sucmep kepcemineen. Coipmiwi API 6asacvinoa uam-6om «AnmaTlexay b6azoapramacst xacaniobi.
O3iplleHeeH aneopumm OLiM KOPbIHAH KAXCemmi CYpaKkmapea siceoell xHeayan izoeyee dcaHe mace-
nenepoi weutyee MymMKiHOix bepedi. IlatioananyubiHbly cypayblHa KaHAAMMAaHObIPAMbIH JHCAyan-
mapowvl cypuinmayobly CURAMMANIZAH PICIMI MAKbIPbIN OOUbIHULA [30€) 01, CYpaKmapoaesl co30epoin
bapviHwa catikec Kenyi OotbiHwa i30ey0i, batlianvic depekmepi OoUbIHWA 130ey0i Kammuovl. Byn
JKKX xvizmemmepi mypanvl, Kbizmemxepiepoiy OAulanblc 0epekmepi mypaisl, Kelamemmep mapu-
pmepi mypanvl, KOHOOMUHUYM MYulelepiHiy KYKbIKMapbl MeH MiHOemmepi mypaivl aknapam auy
cusakmsl KyHoenikmi Kypoeni minoemmepoi dicenindemyee 6on1aovl. Yam—o6om «ArmaTexa» 6acmol
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APMBIKUWBLILIZLL OIp MecCceHOxdcep Naam@popmacublHoa 6apvlk, GYyHKYUAIaposl OIpikmipy MyMKIiHOI-
2i bonvin mabwinaosl. Aemoprap Kazaxcmanoagvl uam-6ommapovl naudaiany HapvlblH 3epmmell
OMBIPLIN, BUPMYALObl KOMeKwinep (vam-bommap) Kazipei 3aMaHbl UHMEpHem MapKemuHeme oe
Y7IKeH CYPAaHbiCKa ue 0e2er KopulmulHovliea Kendi. OHaalin Keyeculinep KonmezeHn caummapod, mec-
ceHOdiceprepoe, acipece: unmepHem OyKeHOepOe dicoHe Kanoau 0a Oip Kblzmem MypiepiH YCblHy
ananoapuvinoa oap. Onapoviy bacmel MiHOemi Keryuinepee Hezizei aknapam oepy 601vln maodwvliaosl.
Byn maxanaoa aemopnap wam-6ommapoviy Hcymuic icmey MeXaHu3MiH, o1apovl KYpy aieopummin
Kapacmuipaowi.

Tyuinoi ce3dep: aknapam, mecceHoicep, meiespamm, bom, Koceimuia, ouanoe, Mnmepnem, oxy ca-
baxkmapwl

PROSPECTS AND FEATURES OF THE DEVELOPMENT CHAT-BOT
AS A SIMPLE AND CONVENIENT METHOD OF OBTAINING INFORMATION

Abstract: the article discusses one of the most convenient ways to quickly and efficiently obtain
the necessary information through the user's dialogue with the chatbot. In this article, the authors
describe the conceptual scheme of the chat-bot “Almateka”. Platforms and services for their creation
and integration with messengers and applications are considered. Developed program chat bot
“Almateka’ based on the external API. The developed algorithm allows you to instantly search and
answer relevant questions from the knowledge base. The described procedure for sorting answers
that satisfy the user to his request, includes search by subject, search for the maximum match of words
in questions, search by contact information. This made it possible to simplify daily routine tasks, such
as obtaining information about KSK services, contact details of employees, tariffs for services, the
rights and obligations of condominium members. The main advantage of chat—bot “Almatea” is the
possibility of combining all functions on one platform messenger. The authors, having studied the
market of using chatbots in Kazakhstan, came to the conclusion that virtual assistants (chatbots) are
in great demand in modern Kazakhstan Internet marketing. Online consultants are on many sites,
messengers, and especially in online stores and sites to provide any kind of services. Their main task
is to provide basic information to visitors. In this article, the authors presented the mechanism of
functioning of chatbots, the algorithm of their creation and tried to answer the question: — why do
business need them?

Key words: information, messenger, telegram, bot, application, dialogue, Internet, training sessions

Kazaxcranckue 6I/I3HCC-COO6H_ICCTB8. B IIO-  JOBCYCCKasa MOACJb ITOBCIACHUA pa6OTLI yaT-00-

CJICOHUC TOAbI CTAJIN AKTUBHO BHCAPATH yaT-00-  TOB.
Tbhl B KaUCCTBC KOMMYHHKAIIUHU C II0JIB30BATC- Yar-00TaMH HAa3bIBAIOT CIICIUAJIBHBIC IIPO-
JIsIMHU CC€THU I/IHTepHeT. Bnarozlapﬁ JAaHHOMY HMH-  T'paMMBbI, KOTOPBIC OCYHICCTBIIAOT HWMUTAILIHUIO

CTPYMEHTY, MOSIBUJIACh BO3MOXXHOCTb B PEKUME
online ObICTPO MONTy4aTh OU3HEC-TIPETIOKEHHS
B TNPOM3BOACTBEHHOHN cdepe u chepe ycuyr. B
OCHOBY OBICTPOTO pacrpoCTpaHeHUs 4ar-00TOB
JIETIIM UCTIOJIb30BaHME MECCEHKEPOB U COLHU-
albHBIX ceTed (Hampumep, Telegram, Viber,
Facebook, BKonTakre). ¥ monbp3oBareneii comu-
aJIbHBIX CETEH OOJBIIYI0 CUMIIATHIO BhI3BAJIA Ye-

YCJIOBCUYCCKOI'O 06]].ICHI/ISI, OCPEACTBOM TCKCTA
wim roioca. Takum 06pa30M, OHHU BCAYT AHUAJIOT
C IOJB30BaTCIEM (HCCKOHBKI/IMI/I IOJIb30BaTCIIA-
MI/I), HCIIOJIb3YH HCKyCCTBCHHLIﬁ HUHTCIICKT, BbI-
TIOJIHAA UX Tpe60BaHI/ISI, OTBCYasA Ha 3alIpOChl UJIN
Ppa3BJICKasd CBOUMH OTBETAMU. COBpeMeHHBIC HUH-
CTPYMCHTBI CO3MaHU 4aT-00TOB MMO3BOJISIIOT UM
BBICTYIIATH B POJIM BUPTYaJIbBHOI'O CO6CCCI{HI/IKa,
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MOKa3bIBasi BBICOKYI0 MHTEJUIEKTYaJIbHOCTB: IO-
BTOPSIIOT ¥ BOCIIPOU3BOIAT NMUCHMEHHBIN HAabOp
3HAKOB YEJIOBEKA, IPEJOCTABIIAIOT OTBET HA 3a-
JlaHHbIe ercTBus [1].

OTH yHKUIMOHAJB! YaT-00TOB MPUBJIEKIN U
Ou3Hec-CTPYKTypbl. MHOTHE KOMITAaHUH YBUIEIIN
B HMX BO3MOKHOCTb TPOJIBM)KEHHSI CBOETO OM3-
Heca. X akTMBHOE IEHCTBUE HAa KAa3aXCTaHCKOM
peiHKe Hadanoch ¢ 2016 roma. Ilonb3oBarenu
MOOWJIBHBIX MPUIIOKEHUI BBIMOIHAIOT 3aJa4H,
HE BBIXOJS M3 MECCEHKEPA, U HCIOJIb30BAHUE
4aT-00TOB MOMOTarT UM B 3ToM. o craructu-
yeckuM JaHHbIM B Mupe ¢ 2016 roma yucio
M0JIb30BaTENe MOOMIIBHBIX IPUIIOKEHHI COCTa-
Buio 1,58 mwnmapaa yenosek. Ilo nporuosam,
k 2021 roxy sta uugpa Bozpacret 10 2,48 MIp/.
YeNoBeK (PUCYHOK 1).

Puc. 1 — Konuuecmso nonvzosameneti MOOUTLHOLO NPULONCEHUSL
ons 0bmena coobwenusimu no cemy mupy ¢ 2016 no 2021 200

(6 munnuapoax)

Bospactanme komuuecTBa MOIb30BaTENeit
MOOUJIPHBIX TPHUIOKEHUN TMPHUBEIO K POCTY
yar-00toB B OusHece. Takue 4yar-O00Thl Haje-

JICHBl COBPEMEHHBIMU TEXHMYECKHMMH U (DyHK-
IIUOHAJBHBIMH TIApaMETPaMH, YTO TPEBPATHIIO
YeJIOBEKO-MAIIMHHOE B3aUMOJICHCTBUE B WJI-
JIO3UI0 PEAJbHOTO YEJIOBEYECKOrO OOIEHHUS.
OmnpeneneHuo 4aT-00T TMOBIUSIN AHTIUHCKHE
CJIOBa, KOTOpbIE 0003HaYaI0T: «to chat» — Henmpu-
HY>KJIEHHBIA pasroBop B cetu MHTepHeT, «bot»
(robot) — cokparieHHO poOOT, U3 KOTOPBIX CIIe-
JIyeT, 4TO 3TO MHCTPYMEHTHI, OCYIIECTBISIOIIIE
KOMMYHUKAIIUU C TOJIb30BaTENIIMU IO OMpee-
JICHHOMY CLIEHApHIO.

Yar-60Thl BBICTYIHIN KaHAJIOM MPOABIKE-
HUS U YaCThl0 PEKJIAMHOM KaMIaHWU KakK JUIsl
KpPYMHBIX OPEHIOB, TaK U IS CTAPTAIlOB.

WuTepdeiic yaT-00TOB TO0CTATOUHO MOHSATEH
Y MPOCT. ANTOPUTM UX PAOOTHI CTPOUTCS HA OC-
HOBE 3apaHee 3arpyKEeHHbBIX Ta0JI0HOB, 3aIIOMU-
HAHUU CIIOB, BBEICHHBIX CAMUM TI0JIH30BaTEIEM,
Y OTBETa HA COOTBETCTBYIOIIHI 3a1poc.

PabGora yar-00TOB HauMHaeTcs C MpueMa
COOOIIEHNST U €ro CEeMaHTUYECKOTo aHajH3a.
Takum 00pa3oM OH HaXOAWT C TIOMOIIBIO METO-
noB API yBegomiieHre 0 HOBOM COOOIIIEHUH, T10-
Jy4aeT U3 Hero HeoOXoauMyr HH(OpPMAIHIO, B
OCHOBHOM Takyto Kak ID-monb30Barenst u TeKCT
COOOIIIEeHHsI, OTIIPABIISIET 3aIPOC HA MOUCK HYX-
HOM mH(popMaluu B 0azy JaHHBIX, TEHEPUPYET
OTBET U OTIIPABISET €ro 0OOpaTHO Ha CEpBep Co-
[UAJILHOU CETH.

Yar-00Thl CO3JAIOTCSL 10  ONPE/IETICHHO-
My aJTOPUTMY, MOATOMY OHU OTBEUAIOT TOJHKO
Ha (ukcupoBaHHble ¢pa3sl. B HUX (QyHKIMS
caM0OOy4eHHUs MTOKa HE peaTn30BaHa.

KonnenrtyansHast cxema paboTsl 4ar-60Ta
MIpe/ICTaBICHA Ha PUCYHKE 2.

Omnpaska
3anpoca &

VBeaoM.1eHHE 0
Cc000IeHNN

50 Ilonck Ha a3b1Ke SQL

‘ Heo0X0UMOIi CTPOKH B

Ta0IHIEe H TeHepanust
OTBETA

Omnpaska
omeema &
duanoz

Ionyuenune
M0JIL30BaTeJIeM OTBETA
0T 4aT-00Ta Ha 3anpoc

Puc. 2 — Aneopumm pabomwl yam-6oma

B anropurme paboTel yar-00Ta HEBO3MOXK-
HO IPENyCMOTPETh BCE BEPOATHBIE BOIPOCHI U
OTBETHI NPH OOIIEHUH C PEATHLHBIM IOJIb30BATE-
JieM, TI03TOMY HEeoOXOIUMO KypupoBaHHE OOTa
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paspabotunkoMm. DyHKIMOHAIBHBIN OIOK pas-
paboTku TpedyeT BhIOOpa OMPENEICHHOTO SI3bI-
Ka nporpammupoBanus. Cpeau pa3paboTIYMKOB
HauOosee MOMyIIPHBIMU SBISIIOTCS SI3BIKU TIPO-



OU3UNKO-MATEMATHUYECKHUE U TEXHUYECKHUE HAYKH

rpammupoBanus: Java Script, PHP, Python, C++,
C#[2].

B Hacrosimiee Bpemst B CeTH TMOSBISIOTCS
BCEBO3MO)KHBIE KOHCTPYKTOPBI, C IOMOIIbIO KO-
TOPBIX 3aKa3uWK CaM MOXXET CO3/aTh KOHCYIb-
TaHTa ¢ (QyHKIUSAMH Bompoc-oTBeT. Ha ceron-
HSIIHUH JI€Hb MECCEHKEPBI SBISIOTCS CAMBIMU
MOMYISIPHBIMU TIPOTpaMMaMi JIE OOIIEHUSI B
COLIMAJIBHBIX CETSX.

Telegram Bor — 3T0 mporpamma, KoTtopas
B3aUMOJICHCTBYET C MPUIIOKEHUEM I0JIb30BaTe-
a5 uepe3 API (anm. application programming
interface), momy4yaeT OT HETo JJaHHBIC U 3aMPOCHI
U NpeodpasyeT UxX B MOJIE3HYIO Ul Hero HHQop-
marmio. J[nst coznanus 6ota cienyer BOCHONb-
30BaThCsl yCIyraMH BCTPOEHHOTO IOMOIIHUKA
— Oora «BotFather», kotopblii HEOOXOAUM IS
peructpanuu 6ota B «Telegram». Kpome toro, ¢
MIOMOIIBIO0 HETO BO3MOXKHO J100aBUTH OINMCAHHE,
BCTaBUThH aBaTap, U3MEHHUTH KIFOY JUIS MOTyYe-
HUSL M OTIPaBIICHHUsS] COOOIIEHUI NMpH MOMOIIU
BotAPI.

HccnenoBaB pbIHOK MCIIOIB30BAaHUS YaT-00-
ToB B KaszaxcraHe, aBTOpBI MPHIILIN K BBIBONY,
YTO 4aT-00THI peIIaloT MHOXKECTBO Pa3HbIX 3a/1a4
(pa3BiedeHus1, MpOCTOe OOIIEHHE, MEUIIMHCKIE
KOHCYJIBTAllUW, KYJTMHApHbIE YCIIyTH, CO3JaHHe
KOHTEKCTHOM peKJiaMbl, paclio3HaBaHUE peueBOn
TOHAJIBHOCTH U KaK arores — PelIeHUs CIIOAKHBIX
3aj1a4, OPHEHTUPOBAHHBIX Ha MOJAECPIKKY KIIMEH-
Ta).

Manybof|

Global search rasults

HexoTopble 4ar-00Tbl MOTYT HCHOJIB30BaTh
JaHHbIe, HaXOAALIMECS B OTKPBITOM IedaTH,
OCTaJIbHbIE HCHOJIB3YIOT JaHHbIE KOHKPETHBIX
KOMIIaHUU WK JJaHHBIE, TPE0CTABISIEMbIE TOJb-
KO 10 JnieH3uu. [loaToMy, BaKHO OnpeneanTh
KTO HECeT OTBETCTBEHHOCTH 3a MPEIOCTaBIICH-
Hy!0 uHpopmaruio. T.e. OT HAOIHAEMOCTH UH-
¢dopmanuu U GyHKIMOHAIBHOM paboThl yaT-00-
Ta, a TAaKXKe OT JMajora ¢ mojIb30BaTeIeM Ha Ipa-
BOBOI OCHOBE 3aBUCHT CO3JaHHE BUPTYaJIbHOTO
00beKTa. DTO JaeT BO3MOXKHOCTH B Oymayiiem
pacupuTh cdepy UCIOIb30BaHUS 4aT-O00TOB B
00pa3oBaHUH, SKOHOMHKE, HayKe.

Hlupokoe pacrnpocTpaHeHUEe CpeaAu Mpo-
IPaMMHO-TEXHUYECKUX CPEJICTB B MECCEHJIKe-
pax MoJIy4drId MOOMIIbHBIE KOMMYHHUKAIIUOHHbIE
YCTPOWCTBA C YCTaHOBJIEHHBIM HPOTPaMMHBIM
obecnieuenueM B cpene Murepuer Microsoft Bot
Framework.

Jns  co3maHust 4yar-00Ta B MECCEHJKe-
pe «Telegram» HEOOXOOMMO MPOU3BECTH pe-
THCTPALMI0. DTO BBINOJHIETCS C IOMOILBIO
kHOmKM «Start Messaging». [lanee B mpesio-
JKEHHOM CIIMCKE CTpaH HEoOXOIMMO BBIOpaTh
«Kazaxcran», BBeCTH HOMEp CBOEr0 MOOMIIb-
HOTrO TenedoHa, UTHOPUPYS KOJ M HaXaThb Ha
¢dnaxok «V» B BepxHEM IpaBoM yriy. B oreer
BbI nonyuynte CMC-cooO1ieHns ¢ yHUKaIbHbIM
kozoM ntoctyna. [lociie BBoja Kosa He0OX0IuMO
HaXaTh Ha KHOMKY «V» (pucyHok 3) [3].

Narxoz Volunteers flura eonoHTepoe HAPXO3

Pinned message

" httpsivkcomiwall-171317713_7

@ i@ Qiwi Banauc 'l-;q
@Qiwi_manybot

M ‘& Manybot

@Manybot

«{ Manybot
@Manybotz

o manybot

@manybots

g2 e@ WELCOME TO. B §
g B

«{ Manybot &
@manyhottt 2 /-/gr‘
/

JLoBpo noxanoeats! & Xenaelb y3HaTb O HAC MAK O HOBLIX
npoekTax? Torga 3axogi 8 MEHHD naun XXM HA KAPTUHKY &

Narxoz Volunteers J/lura BonoHTepoe HAPXO3 pinned «https://vk.com/w...»

";_"" -

' Channel photo updated

o

JOIN CHANNEL

Puc. 3 — Oxno pecucmpayuu
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Jlns  nmoGaBieHUss HOBOro 0OTa HMMeEETCs
kHomKa «JloGaBuTh». Kaxaplii 00T B MecceH-
mkepe «Telegram» HaunHaeT cBOKO paboOTy ¢
KOHKPETHBIM TI0JIb30BaTEIeM M0 WHHUIUATHBE
caMoro moJjb3oBarens. J[ias Toro, 4roObl HavyaTh

paboTy ¢ 00TOM, HEOOXOAMMO BBECTU €TI0 UMS
(marmpumep, AnmaTexa) B TIOHUCKOBYIO CTpPO-
Ky B «Telegram» u Hammcarh KomaHfy /start.
[Tepexonum B (@BotFather, Ha)xuMaeM KHOMKY
Start 1 BBoguM KomMaHy/newbot (pucyHoK 4).

=

— M. bot .
=  Manybot X Anybo Q [ :

Global search results Manybot NomozxeT Bam co3AaTh cBoero 6oTa. C NOMOLLLK

I"Jr' Manybot Bbl CMOXeTe paccelnate COOSLIJ,EHIAH NONB20EaTENAM

@ @ Qiwi Banawc " 6073, CO343EATE CEON KOM3HAL! 1 Kpacnesie MeHH.
~.  @Qiwi_manybot
Ytobel gobaenTe ceoero nepeoro BoTa, MCNONL2YATE KOMaHAY
« Manybot /addbot. 214
@manybottt .‘
4 JobBaenTs HoBOrO B0Ta <5y v
@ Manybot
@ @Manybot MepeliguTe K @BotFather. ANA 3TOMO HAXMUTE Ha Mo UMA, 3
notom 'Send Message', ecni 3To noTpebyeTca.
« Manybot a CozaaiTe Hoeoro G0Ta y Hero, A 3Toro BHYTpW @BotFather
WNENONL3YATE KOMaHAy 'newbot’ (CHavana Bam HyxHO ByaeT
o @Manybotz NpUAYMaTs Ha3BaHUE, OHO MOXET BbiTh Ha PYCCKOM; MOTOM HYXHO
NPYAYMaTe BaLUy CCEUIKY, OHA 40/XHA ObITh Ha aHIIMACKOM 1
- manybot 0BA3aTeNLHO 3aKaHYMBATLEA Ha 'bot, HanpuMep 'NewsBot).
@manybots g CronupyiiTe API TOKEH, KOTOPSIA BaM BolAacT @BotFather
Bozepawaitecs obpatHo B @Manybot n npuwanTe

No messages found CKOMUPOEaHHEIT API TOKEH B OTEST Ha 370 coofilueHne,

f ckon vupoBan ToKeH

OTmeHa

Puc. 4 — @paemenm dobasnenus Hosoeo boma 6 meccenodicepe « Telegramy»

BBoaum ums Gorta, kotopoe OymeT oToOpa-
JKaThCsl MPH MOUCKE M TEXHUUECKOe MMs 0OTa,

Manybot

aQ o :

ANoHaenTe HoBOrO HoTa 12:14 v

=  Manybot b4

L;i ﬁ MepeAgute Kk @BotFather, A 3700 HAXMWTE Ha €70 UMA, @
noTtom 'Send Message', ecni 370 noTpefyeTca.
a Co3gaiite Hosoro OoTa y Hero. [nA 3Toro BHyTpW @BotFather
WcnonsayliTe KoMaHLy 'newbot’ (CHauana Bam HyxHo Byaet
NpYAYMaTs Ha3BaHKe, OHO MOXeT DbiTh Ha PYCCKOM; NOTOM HYXXHO
NPpUAYMaTE BaLLY CCBIKY, OHa A0NXHE BEiTh Ha aHMAMACKOM 1
00A3aTenLHO 3aKaH4MBaTLCA Ha 'hot’, Hanpymep ‘NewsBot').
CronupyiiTe APl TOKeH, KOTOPEIA BaM BelaacT @BotFather
Bo3epawaiitecs oBpatHo B @Manybot v npruwanTe
CKOMMPOBaHHEIA APl TOKEH E OTEET Ha 3T0 cooBLeHue,

Global search results
@ i@ Qiwi Banakc
. @Qiwi_manybot
« Manybot

@manybottt

1@ Manybot
@Manybot

L T —narnmn lh

7

« Manybot

® 'ﬂanybo‘“ 582776146 : AAHaINDaTeBCHCT1_risk8RuveqizIBbAHQC

TokeH gnA @Con_01_bot npnHATL

« manybot

@manybots MocneaHmii war.

Mo messages found

1 HanuwuTe napy cnoe o @Con_01_bot. Yro GygeT genate Baw 6ot1?

N ncnone3yiite /skip, utofiel NPONYCTUTE 3TOT LWar.

MponyctnTb

Puc. 5 — @paemenm nonyuenus API-moxen
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Jlanee HEOOXOMMMO MPOU3BECTH OIEPAIHIO
MpUBS3bIBAaHUS 0a3bl JaHHBIX K 4ar-00Ty. MBI
co3zanu 4atT-00t ¢ Ha3zBaHUeM «AnmaTeka » ans

M bot
Manybot ) -a_ny ©

Global search results

OOILEHNsT KBapPTUPOCHEMIIIMKOB C Pa0OOTHUKAMH
KCK (pucynox 6).

WM NCnonkL3yiTe /skip, YToBbl NPONYCTATE 3TOT War.

(=% & QiwiEanaHc b
. @Qiwi_manybot N
N\
LD = Manybot

@manybottt

@ Manybot

@Manybot

« Manybot

@Manybotz
« manybot
@manybots

o messages found

Yrobel HACTPOWTE aBTONOCTUHI W3 VK, Twitter, YouTube, XK unu
nwoBoro gpyroro RSS noToka ncnons3yliTe KOMaHgy /autoposting,

Bonpoce! Kk KCK rAAMaThb!

Mozapaennem! BOT CO34aH W HACTPOEH.

anI’ﬂECMTE CEOMX MOANMCHWKOE NPUCORVMHWTECA K BALLIEMY GOTY!
AnA3tToro OTNPAaEbTE UM CCEINKY Ha Ballero GoTa:

Y1obbl 0TNPaBNATE CO0BLLEHWA BHYTPY B0Ta MCNonb3yiTe
KOMaHgy /newpost,

Ho6aeuTe Hoeoro GoTa

OTI'IpaBHTb HOBOE CUUGLL[EHHE nognucyrKam

Momowb

WHcTpykuymn

Puc. 6 — @paemenm cozoanus uam-6oma «AnmaTlexay

Takum o6pa30M, ABTOpaMU BBIABJIICHO, YTO
TJIaBHBIMU MMPEUMYIICCTBAMUA CO30aHUA yaT-00-
TOB SABJIAKOTCA: COKpAIICHUC BPCMCHU pa60TLI
COTPYAHUKOB, KPYITIOCYTOUHAs pa60Ta C KJIIMCH-
TaMH, COKpallCHUC (I)I/IHaHCOBBIX CpCACTB Ha
CO3JaHneC NpOorpaMMHOIO O6CCH€‘I€HI/IH, YMCHb-

LIEHWE pacxofoB Ha peKjaMmy, HWHTEHCHBHOE
IIPUBJICYEHNUE KIIMEHTOB MTOCPEICTBOM JIOCTaBKU
noje3Hol HHpopMaIM, PEeKOMEHIAIMH HYX-
HBIX CTaTel, NOJy4YEeHUE MTHOBEHHOTO OTKJIMKA,
COKpAIIIEHUE BPEMEHU OXKHUIAaHU.
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PEAJIM3AIIMA UHTEJUIEKTYAJIBHOI'O AHAJIM3A TAHHBIX TIOKA3ATEJEA
IATOBUJIHOM KEJIE3bI

YBAJIMEBA U.M., UCMYXAMEJIOBA A.M.
Bocmouno-Kaszaxcmanckuii cocyoapcmeennulii mexnudeckuti ynusepcumem um. /. Cepuxbaesa

Annomayusn: B cmamve npeocmasneno onucanue u npumenenue memooa kiacmepusayuu K-means
071 3a0a4u AHAIU3A MeOUYUHCKUX nokazamenei. Onucamnvl pe3yibmamvl IKCHEPUMEHMATbHO2O
UCCe008AHUSL NPUMEHEHUS UHCMPYMEHMAIbHO20 CPeOCmea peanu3ayuss UHMeLIeKmydaIbHO20
AHANU3a OAHHBIX NPU OUACHOCMUKe 3a00]1e6aHUll WUMOBUOHOU dcenesbl. Memod kiacmepusayuu
A67151emcsi OOHUM U3 Haubonee dPDeKmusHbvlx Memooos8 npu aHaIuze OAHHbIX C YemKOU U CKPbIMOoUl
3a8UCUMOCTBIO.

Knrouesvle cnosa: xnacmepmwiii anaiuz Oanuwix, k-means, obpabomra OAHHBIX, AHAIU3A MeOU-
YUHCKUX NOKazamenel, cucmema no00epHcKU NPUHAMUSL peuleHUll, UHMELEeKMYAlbHO20 aHAIU3

IMPLEMENTATION OF INTELLECTUAL ANALYSIS
OF THYROID GLAND INDICATORS

Abstract: The article describes and applies the K-means clustering method to the problem of analyzing
medical indicators. The results of an experimental study of the use of the tool for data mining in
the diagnosis of thyroid diseases are described. The clustering method is one of the most effective
methods for analyzing data with clear and hidden dependencies.

Key words: cluster data analysis, k-means, data processing, analysis of medical indicators, decision
support system, intellectual analysis

KAJIKAHIIA BE3 KOPCETKIIITEPIHE 3UATKEPIIK TAJLJAY KACAY

Anoamna: Makanada meouyunanvlx kepcemxiuimepoi manoay minoemi yuin K-means kniacmepney
AO0ICIHIY CUNAMmMamacsl Hcone KOAOAHbICHI mypanvl aumvliadvl. Kankawwa Oesiniy aypyrapvin
ouazHocmuxanay Ke3inoe oepexmepoi 3ussmKepiiK manoayobsl JHcy3eze acvlpyobly ACNANMbIK KYPAIblH
KOIOAHYObl IKCHEePUMEHMMIK 3epmmey Homuoicenepi cunammanean. Knacmepney 20ici Hakmol dicomne
JHcacvipvin mayenoi depekmepoi manoay KesiHoe ey muimoi 20icmepoiy Oipi Oonvin mabwviiadvl.
Eybexme xanxamwa 6e3iniy aypynapvii OUaAZHOCMUKALAYOA Wewim KaOblioayobl Koaoay icyueci
yuwin K-means kiacmepusayusanay He2izinoe Mblcal KelmipileeH.

Tyiiinoi ce3oep: xnacmepinik Oepexmepoi manoay, k-means, oepexmepoi onoey, MeOUYUHATbIK
Kepceminimoepdi manoay, wewim Kadowvlioayovl Koioay Hcyueci, 3usmrepiix maioay
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Beenenue

B HacTosee Bpems n3-3a 6071611010 00beMa
JAHHBIX B CUCTEMaX METUIIMHbBI CTAHOBUTCS BO3-
MOKHBIM HCIIOJIb30BaHUE KOMIUIEKCHBIX METOZIOB
IpOrpaMMHOM 00paOOTKU JaHHBIX IS TIOAJEPK-
KU MPUHATHUS PEIIEHUH B CIOKHBIX MPOOIEMHBIX
cutyauusix. TpeOyercss cosznaHue TMOKOH CH-
CTEMbI, BBUJIy CUJIBHOI I€TepOreHHOCTH Cpe.Ibl
(pasuble (hOpMBI OTUETHOCTH, POpMATHI Paiiios,
UTEPATUBHBIA MpoIecc paboThl C MAIMEHTOM),
KOTOpast HO3BOJIUT 3(h(HEKTUBHO pabOTaTh B OIH-
CaHHBIX ycloBHAX. PaccmarpuBaercsi mporecc
noctpoeHus U ucrnois3zoBanus CIIIIP Ha ocHoBe
KJIACTEPHOTO aHaJN3a JaHHbBIX, @ IMEHHO METO-
noMm k-means. BrisBienue u aganraius npuem-
JIEMOTO MOJX0AA JJIsl aHaJIM3a MHOTOMEPHOM Me-
JUIHUHCKON MH(OpMalMu — HempocTas 3ajaya.
B nacrosiiee Bpemst 3a001€BaHuUs IIUTOBUIHOM
KeJe3bl SBISIOTCS OJHUMH M3 CaMbIX PacIpo-
CTpPAaHEHHbIX B MHpE IO JaHHbIM BcemupHoi
opranuzanuu 3apaBooxpanenus (BO3) [1,2]. B
paboTe HCIOIB30BATUCH METONBI Kiaccu(uka-
IIUM, JIOKa3bIBAIOLINE CBOIO COCTOSATEILHOCTD
IpU MOCTPOCHUU CUCTEM MOJEPKKU MPUHITHS
pemenuii B menuiune. [Ipeno6paboTka g1aHHBIX
3aKJIrovagach B 6a30BOM OUMCTKE JaHHBIX M KJla-
CTEepHU3alMH JaHHBIX MeToJI0M k-means.

Lenvio uccnedosanus ABNsETCS IPUMEHEHUE
MHTEJUIEKTYaJIbHOTO aHaJIM3a JaHHBIX TIOKa3aTe-
Je UIMTOBUIHOW KeNe3bl C HCHOJIb30BaHUEM
IPOTrPaMMHOTO CPEACTBA.

3a0auu uccnedosanus: onucarb OCHOBHBIE
MIOKAa3aTey IIUTOBHUIHON JKelle3bl; IPOBECTH 00-

30p MPEAIIECTBYIONIMX UCCIEAOBAHMI; ONKUCcaTh
aJIrOPUTM peanu3alud METoJa KiacTepu3aluu
K-means; peanu3oBath 3KCrIEpUMEHTAIbHBIE HC-
CJIe/IOBAHUA.

Onucanne nokasarejeil MU TOBUIHOK

JKejie3bl

T'opMOHBI TIUTOBUAHOMN KEJI€3bl — OUOIOTH-
YEeCKHU BBICOKO aKTHBHBIE BEIIECTBAa, 00pa3yro-
Fecs: B MIMTOBHUIHOM JKene3e u runoduse, pe-
TYJIUPYIOIIUE MPOIECChl OOMEHa )KUPOB, OETKOB
U YIJIEBOJOB, (DYHKIUIO CEpIEUYHO-COCYAUCTOM
CUCTEMBI U KEITYA0YHO-KUILIEYHOTO TPAKTa, IICH-
XUYECKYIO U MOJIOBYIO JAESATEIBHOCTD.

C nomo1pio aHaau3a KpOBU HA TOPMOH M-
TOBHJIHOM K€JIE€3bI MOXKHO OIPEAEIUTD ITOBbILIE-
HA WJIU CHUKEHA BBIPA0OTKA TPUHOATHPOHUHA,
TUPOKCUHA U TUPEOTPOIHOTO TOPMOHA, YTO 03-
HauaeT HapylieHne (QyHKIUU MIUTOBUIHON XKe-
ne3bl. CylIecTBYIOT CIEAYIOIIHE JIBa COCTOSIHMUS,
CBSI3aHHOE C MOBBIIICHUEM WIW ITOHIKEHHEM
MPOAYKUMH TOPMOHOB IIIUTOBUIHOM 7KEJIE€3bI:

- TUNEPTUPEO3 (TUPEOTOKCUKO3) — COCTOs-
HHUE, CBSI3aHHOE C MOBBILIEHUEM ITPOLYKIUHU TOP-
MOHOB IITUTOBHUIHOM KEJIE3HI;

- TUIIOTUPEO3 — COCTOSIHUE, CBSI3aHHOE CO
CHUKEHHMEM ITPOYKIIUM TOPMOHOB LIUTOBUTHOU
JKeJIe3bl.

OCHOBHBIE ITOKa3aTeNN, BXOIAIINE B aHAJIN3
KPOBH Ha TOPMOHBI IIIUTOBUHOM KEIE3bI, ITPE-
CTaBJICHBI HA pUCYHKE 1.

IMokazaTeel MATOBHIHOI jKefle3bl

1 1

AHTHTeIa K
TTC T3 croGonabIi T4 cBoSogHBLT AHTHTETA K Tgﬁ;?g;??;?
(TIPeOTPOIHELT (TpHo ITHpOHAE (THPOKCI{EI THPeOTTO0VIIIHY THOa
TOPMOH) cBOGOTATH) CROOOTHEII ) (AT-TI) p——
€ QHTHTeNA)
T Hopmansaere HopmansHere o el 51
M3 . e i Se— OPMATEHEIE OpMATEHELe
JHAUEHTIA: JHAYEHIIS: SHAUEHTIA:
7 2,6-57 9,0-22.0 ; _
0.4-4,0 MEx/t 0 - 18 Ex/nor. < 5,6 Ex. /v,
IIMOIE/TL. IIMOIE/TL

Puc. 1 — HopmamuesHnvie snauenus nokazamenel wumosuoHou dHcenesvl
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HOpMaJ'H:HBIe SHAQYCHU KOHLICHTpAalIuu rop-
MOHOB B KPOBH MOT'YT HCCKOJIBKO OTJINYAaTbCA B
3aBUCHUMOCTH OT na6opaTopHoro METOod4a, I10Jia 1
BO3pacCTa MnanuCHTa, IMO3TOMY Bpady-oHIOKpPHU-

HOJIOTY CJIelyeT OpUEHTHUPOBATLCS Ha pedepeHc-
HbIE 3HAUEHUs, yKa3aHHbIE B OjaHke jJaboparo-
pHH.

Tabumnna 1 — 3HayueHne U3MEHEHHUI B aHAJIM3€e KPOBH HA TOPMOHBI IIIMTOBUIHOM KeJie3bl

INoka3arens T3 cBoGOAHBIIH T4 cBoGoaHBII TTr
l'unoTupeos nepBUYHBIM CHIUKEH WK B HOpME CHIDKEH WM B HOpMe [NoBbIeH
l'unoTtupeos BTopuyHbIL CHuxeH CHuxeH CHuxeH
l'uneprupeos [ToBbimien [loBbIIeH CHuxeH
AYTOMMMYHHBIH UITH TOJOCTPBIN Bo3mokHO coueTaHue TUpeouUTa

[ToBbltieH [ToBbltieH
THUPEOUTUTHI C THIIO- WJIH THIIEPTHPEO30M

B kadyecTBe aTpuOyTOB MOTYUYEHHBIX JAHHBIX
BBICTYIIAIOT CJIEAYIOLIUE TOKA3ATENN:

* UCIIBITAHKE Ha noroueHue T3-cMoubl;

* O0IIMH TUPOKCUH CHIBOPOTKH, U3MEPSIEMBIN
M30TOIIHBIM CMEIICHUEM;

* 00U TPUHOATUPOHUH CHIBOPOTKH;

* 6azanpHBIA THpeoTponHbIil ropmoH (TSH),
W3MEPEHHBIN paJUOVMMYHHBIA aHAJIN3;

* MakcUMajbHas aOCONIOTHAs pa3HHILAa 3Ha-
yenuss TSH nocne nabexkuun 200 MukporpamMm
TUPEOTPOIIUH BHICBOOOKIAIOIET0 TOPMOHA IO
CPAaBHEHMIO K OCHOBHOMY 3HAUEHHUIO.

O030p npeamIecCTBYIONIUX UCCIIE10BAHMI

B 3aBucumMocTu OT 11e511 NpUMEeHEeHUs, Ipe-
METHOU 00JIacTH, IpeTHa3HaYeHHSI 0a3bl 3SHAHU,
dbopMaToB mpeAcTaBIeHUS 3HAHUN U TMPUHSATHE
JTUATHOCTUYECKUX PEIIeHuN pa3paboTaHbl pas-
JUYHBbIE CHUHTE3bl METO/OB, IMPUMEHSEMbIE B
CIIIIP.

CornacHo [3] BBIAETSAIOT CeAYIOLINE UCTOY-
HUKW 3HaHui ans npoekrtuposanus CIIIIP: or
DKCIEPTOB  (CMEUHUATNCTOB AHAIWTHUKOB); U3
MPOTOKOJIOB JIMarHOCTUYECKUX UTIP; U3 JOKY-
MEHTAIBHBIX HCTOYHHKOB OTKPBITOW WH(MOP-
Maru (KHUTH, WHCTPYKIIMH, MHTEPHET); 0a3bl
JTAHHBIX; PE3yNbTaThl JIA0OPATOPHBIX HCCIENO-
BaHUU (BKJIIOYash KIMHUYECKUE HCIBITAHUS) U
MPUMEHEHNE OINPOCHUKOB; CTATUCTUYECKUE U
UH(POPMAITMOHHO-aHATTUTUYECKUE OTUYETHI; pe-
3yJIbTaThl MMUTALMOHHOTO MOJIEIUPOBAHUS U
BBIYMCIIUTENBHBIX IKCIEPUMEHTOB; PE3YJbTaThl
uccienoBanus (o0cienoBaHus) 00ObEKTa, BKIO-
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4yasi MOHUTOPHHT.
JUist co3naHusl KIMHUYECKH MPUEMIIEMO-
ro JAMAarHOCTHUYECKOTO IMpoIecca MEIUIMHCKHE
0a3pl 3HAHWM JOJDKHBI 00JaiaTh CIEIYHOIUM
(byHKLIHOHATIOM:
— o0pabarbiBaTh Kak OOBEKTUBHYIO, TaK M
CYOBEKTHBHYIO HH(POPMAIHIO;
— (YHKUMOHUPOBATh MPU PA3IUYHBIX CTEMEHIX
HEOIPEIeICHHOCTH;
— (hopmupoBaTe peKOMEeH AU JUTS JIUL, TPUHU-
MaroIluX PeleHHs;
— yKa3bIBaTh PUCKU U MO BO3MOXXHOCTH TOCTEI-
CTBHSI IPUHATHS TOTO MM MHOTO TUarHOCTUYEC-
KOT'O TIOCJIE/ICTBHS;
— IIPY PELICHUH KJIACCU(PUKALMOHHBIX AUArHOC-
TUYECKHX 3aJa4 PyKOBOJCTBOBAaThCS KaK MpPUH-
[IUIaMHU JI0Ka3aTeIbHOW MEIUIUHBI, TaK U TEO-
pueii «UepHoro nedens» [4];
— 001a1aTh CIOCOOHOCTHIO K THOCEOJIOTHYECKOM
U CEMaHTUYECKOW MOJM(UKALNU 1O Mepe MOA-
TBEP>KACHUS/ONPOBEPKEHHUST CPOPMUPOBAHHBIX
pelieHuni (crmocoOHOCTh K CaMOOOYUEHHUIO).
[IpuHIUMNMATBFHO HOBBIM IOJXOAOM B pe-
IIEHUU KIMHUKO-IUarHOCTUYECKHX 3a/1ad OTIIH-
Yal0TCsl TaK Ha3bIBa€Mble TMOPUIHBIE CUCTEMBI,
OCHOBaHHbIE Ha COYETAaHHM METOJIOB BBIBOJA IO
npeLeieHTaM U IpaBuiaM, KOTOpbIE MPeICTaB-
nensl B pabore KOqun B.H. [5]. Cucrtema, onu-
CaHHas B €ro padoTax, M03BOJISET OCYIIECTBIATh
Je4eOHO AMAarHOCTHYECKUH MPOLECC B YCIOBUSIX
nepunuTa BpeMEHH U PecypcoB, Korga OOBEKT
HE OMHKCaH MOJHOCThI0. HOBU3HA JaHHBIX CHC-
TEM 3aKJII0YaeTCs B BO3MOKHOCTH HHTETPAIIUH
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3HaHUI O MpenIMeTHON 00JacTH, MOyYeHHBIX
MeToJlaMH KJlacCU(UKALMU U KJIacTepU3aluy, B
MEXaHM3M BBIPAOOTKU PEIICHUs] MO IMpaBUIIaM,
00bEIMHSAS ATH JBa MOJIXO0AA.

Cy1ecTByoImne CUCTEMbI OJAECPKKHU NPU-
HATHA BpaueOHbIX pemenuit (CIITIBP) Bxiro-
4aloT B ce0s Crenualn3upOBaHHBIE MEIUIUH-
ckue 0a3bl JaHHBIX, OuOIMOrpadguueckue HH-
(hOpMaLIMOHHO-TTIOMCKOBBIE CHCTEMBI, CHCTEMBI
00pabOTKH METUIIMHCKUX JTaHHBIX U T.1. [6].

B pabote Karesa B.A. [7] pemaercs Bompoc
HanOonee 3¢p¢pexrtusHoit CIIIIP, npumensemoit
B TPaKTUKe Bpada-xupypra. OYyHKIMOHAIBHO
HanOojee BOCTPEOOBAHHBIMM M3 3TOTO MHO-
JKECTBA MpEAJIaraéMbIX IPOTrpaMM  SIBIISIOTCS
CIITIBP, opueHTMpOBaHHBIE HA KOHKPETHBIN
«QIEKTPOHHBIN» 00pa3 MalueHTa, OCHOBAHHBIN
Ha COBOKYIHOCTH KJIMHUKO-TA00PATOPHBIX JaH-
HbIX. JlaHHBIA BHJ CUCTEM SBJISETCS NMPUHIIM-
NUAJIbHO OTIMYHBIM OT JPYIMX MEIUIMHCKUX
UH(QOPMAILIMOHHBIX CHUCTEM, HOCSIINUX, HalpH-
Mep, oOyyaromuii WM CHIPaBOYHBIM Xapakrep.
CymectBytomne wmozenu CIIIIBP  Bkitouator
B cebs Takke OoJiee YCIOKHEHHbIE HaIlpaBie-
HUS, B OOJIbILIEH CTENEHN OPUEHTHPOBAHHBIE HA
AITOPUTMH3ALMIO JIEHCTBUS Bpaya HA OCHOBE
1abIoOHHBIX Mojienielt 3aboneBanuii. HyxxHo 0T-
METHUTh, YTO B pabOTe OTMeYaroTcs THOpHIHBIE
CUCTEMBI.

[TepBbiMu  paboTamH,  TOCBSALICHHBIMU
JAHHOW TEeMAaTuKe, MOCIYKWIM HCCIEJOBAHMS
Van Ginneken (2001), S.Y. Ji (2009), W. Chen
(2010), P. Davaluri (2011), xoTopsie BIEpBBIC
pa3paboTany U IPUMEHHIN CHUCTEMY MPUHSATHIH
pemieHnii B 00JIAaCTH TMOBPEXKJICHUN OPraHOB
Ta3a, YePEMHO-MO3TOBBIX TPaBM, MOBPEKICHUM
IPyQHOM KJIETKH, a TAKXKE y AIUEHTOB B COYETA-
HUM ¢ TpaBMoi. OTHUM U3 Ba)KHEHIIMX HaAIpaB-
nenuit B oonactu npumenenus CIINIBP B xupyp-
TUH ABIISIOTCSA TAKUE aCEKThl, KAK MHTEHCUBHAS
TEpanus U HEOTIOXKHAsI MEIULMHCKAs TOMOIIIb.
Oco0eHHO 3apeKOMEHI0BaNIU ce0sl CyIIEeCTBYIO-
I1€ B XUPYPIUU CUCTEMBI IOAIEP/KKH IPUHATHUS
BpaueOHBIX PpEIICHUH, NpeAHa3HauYeHHbIE IS
BBIMOJIHEHHUS 3aad 10 JuddepeHInaTbHOMY
NOJXOAY K JMAarHOCTHUKE M JIUEHUIO, IT03BOJISIO-
1€ MPOU3BOJUTH OLIEHKY KIMHUYECKUX MPOsIB-
JICHUH pa3IMYHOIrO poja UHTPa aOJOMHHAIBHBIX

katactpod. Pan HaydHbIX HcciaenoBaHUil ObLIH
MOCBSIIEHBl M3yYEHUIO BO3MOXKHOCTEH HCKYC-
CTBEHHBIX HEWPOHHBIX CETEH B IPOTHO3HMPOBA-
HUU HMCXOJI0B OCTpPOro naHkpearura (MupoHoB
IL.H., 2011), TMarHOCTUKHA M HMCXOJIOB OCTPOTO
xonenuctuta (Kopenesckuii H.A., 2009) [8,9].

B pabGore O.H. Yomos, C.B. bonrosa u
N.NM. Manakuna [10] paccmarpuBaercs
JpesoBunHas kiacrepusauus. Merton apeBo-
BUJIHOW KJIaCTEpU3ALMU IPESyCMaTpUBAET pas-
JIMYHBIE IPaBUJIA HEPAPXUUECKOTO OOBETNHEHHS
B CJIEYIOIINE KIIACTEPHI:

— MPaBUJIO «OJAMHOYHOM CBS3M»;

— MPaBUJIO ITOJIHBIX CBS3€i»;

— MPaBWIO «HEB3BELIEHHOIO IONApHOIO Cpel-
HETOoY;

— «B3BELICHHOE IONIAPHOE CPETHEEY;

— «HEB3BEIICHHBIN IIEHTPOUIHBII;

— «B3BELLICHHBIN LIEHTPOUTHBIN;

— «metop Yopaax» [11].

O¢phekTUBHOCTh NPUMEHEHUs MPEICTaB-
JICHHBIX TPAaBUJI HOPMHUPOBKH U KIacCU(DUKAIIIH
3aBUCHUT OT XapakTepa pacHpelesieHus UCXOA-
HBIX JIaHHBIX, B CBS3M C 3TUM pa3yMHO IIpOBe-
CTH KJI1acCU(UKAIHIO C UCIIOIb30BAaHUEM PA3HBIX
KOMOMHAIMI HOPMHUPOBOK M MPaBUII KiIacCUH-
Kallu¥ U BBIOpaTh HAWJIYYIIH BapUaHT.

WHTennekTyaabHbIMH CHCTEMaMM  SIBISIOT-
Csl KOMIIBIOTEPHBIE CUCTEMbI, UMUTUPYIOLINE U
YCWJIMBAIOIUE I103HABATEIIbHYIO JEATEIbHOCTD
yesioBeka. OHU UMEIOT CIIEIYIOIIYI0 apXUTEKTY-
py: UC = Pemarens 3anaud + (6a3a ¢gaktoB + 6a3za
3HaHUi) + KOMQOPTHBIA HHTepdEic A MOJb-
3oBarens. JlaHHasg apXWUTEKTypa IpeIOKEHa B
crarbe lllecrepuukosa O.I1., ITankparosa E.C.,
Aradonosa M.A., Bunokyposa JI.B., ®unn B.K.
[12].

OmnpeneneHHas Tpynna HayyHbIX HCCIENO-
BaHui [13-15] nanpaBiena Ha pa3paOoOTKy WH-
(OpMaLIMOHHO-aHAIUTUYECKOW CHUCTEMBI IS
JIMarHOCTUKU aHEMUH.

Hacrosimee wuccnenoanue [13] mocssiie-
HO CO3[aHUI0 MH(OPMAIMOHHO-aHATUTUYECKOM
CUCTEMBI OIPEIEIICHUS BHJIOB aHEMHUHU, OCHO-
BaHHOM Ha JUarHOCTUYECKOM METOJE, KOTOPBIH
MIO3BOJIUT YTOUHUTH U CKOPPEKTHPOBATh Ha3Ha-
YEHHOE JIEYEHUE, a TAK)KE ONPENEIUTh CTAIUIO
3aboneBanus. Paspaborannas cuctema o6paboT-
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KU pPe3ylIbTaToB OMOXMMHUYECKOTO aHajIn3a Kpo-
BU TO3BOJIUT PACCUUTATh aOCOMIOTHOE (M OTHO-
CUTENIbHOE) OTKJIOHEHUE OT HOPMBI TIO TOMY HJIN
MHOMY T10Ka3aTellI0 U BBISIBUTh JMHAMHUKY 3THX
M3MEHEHHUH, COCTaBUTh IEPEYEHb BO3MOMXHBIX
NPUYMH YBEJIUYEHUS UM YMEHBIICHUS 3HAYSHUS
KOMITOHEHTOB U TIOKa3aTeliell OMOXUMUYECKOTO
aHanu3a KpoBu. Cuctema J10J’KHa UMUTHPOBATH
MPOLIECCHl MBIIIJIEHUSI 3KCHEpPTa, JTaHHBIE MPO-
LECChl MOTYT HAJEKHO JOCTHYb JUATrHOCTHYEC-
KOM OT/IEIMMOCTHU MyTEM aHaIN3a MaTTEPHOB.

B pabote [14] omucanbl 0COOEHHOCTH TO-
cTpoeHus: 0a3 MEIMIMHCKUX 3HAHHM, TOKa-
3aH MpUMEp MOCTPOEHUs MPABWI U peau3a-
MM JIOTUYECKOTO BBIBOJA B TAKUX CHCTEMax.
[IpencraBnena ob1mas cxema MOCTPOCHUST MEIH-
IUHCKUX JKCHEPTHBIX CUCTEM ISl JUATHOCTH-
k1 aHemuu. [IpeacraBieHsl 3Tanbl MOCTPOEHUS
0a3bpl MEIMIIMHCKHUX 3HAHUH U TIPUMEpPHI HaIKCca-
HUS JJIOTUYECKUX MTPaBUJL.

Paccmorpennass B pgaHHOM crarbe [15]
WHTEJUIEKTyaJbHasl CHUCTEMa, peau3yrouas
DSM-paccyxenue, ucCHoib3yercs s pe-
HIEHUS! aKTyaJlbHOM 3aJaud IMPOTHO3UPOBAHUS
pa3BUTHUS caxapHOro auabera y OOJBHBIX XpO-
HUYECKUM MNaHkpeatutoM. Meron DSM — st0
METOJlT AaBTOMATUYECKOTO TE€HEPUPOBAHUS TH-
nore3. dopmanuzyer cxemy MpaBIONOAOOHOTO
U JIOCTOBEPHOIO BbIBO/A, Ha3biBaeMyro DSM-
pacCyKJIEHUEM.

Hcnonb3oBanne DSM-paccyxnenuit u is-
DSM 065110 aBTOMAaTU3UPOBAHHOMN MOAIEPIKKOM
TEKyIIUX WCCIeA0BaHUM, Omaromapss KOTOPBIM
OBLITM OTKPBITHI HOBBIE 3HAHUS — dIMITUPUUYECKUE
3aKOHOMEPHOCTH, KOTOPBbIM HAy4YWJIach KIMHH-
4yeckas MHTEpIIpeTalus, MO3TOMY OHU MOTYT
OBITH BKITIOUEHBI B 0a3y 3HAHUI MHTEIUICKTYallb-
HOM cuctemsl [16-18].

AJITOPUTM peaju3auuy MeToa KJacTe-

pu3zauuu k-means

Knacrepuzauust — 310 pasjesnieHue MHOXKe-
CTBAa BXOJIHBIX BEKTOPOB Ha TpyHIbI (KJIAcTe-
pBl) MO CTENEHM «CXOXKECTW» Jpyr Ha Jpyra.
Anroputm  k-means (k-cpennux) pasOuBaer
MHO)KECTBO 3JIEMEHTOB BEKTOPHOTO IMPOCTPaH-
CTBa Ha 3apaHee HM3BECTHOE YHUCIIO KJIacTEepOB
k. JleiicTBue ajropuT™Ma TakoBO, YTO OHO CTpe-
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MUTCSI MUHUMH3HPOBATH  CpEIHEKBAJApaTuy-
HO€ OTKJIOHEHHE Ha TOYKaX Ka)JIOro KiacTepa.
OcHoBHas ujest 3aKJI0YaeTcs B TOM, YTO Ha Kax-
JIOW UTepaly IMEepPEeBBIYUCISIETCS LEHTP Macc
JUISL KQXKJI0TO KJIacTepa, MOJYyYeHHOTo Ha Mpebl-
JyLIeM I1are, 3aTeéM BEKTOPHI pa30MBalOTCs Ha
KJIacTepbl BHOBb B COOTBETCTBHU C TE€M, KAKOM
U3 HOBBIX LIEHTPOB OKazaJcs OInxke Mo BHIOpaH-
HOU MeTpHKe. AJITOPUTM 3aBepIIaeTcsi, Korjaa Ha
KaKOH-TO MTEpaluy He MPOUCXOIUT W3MEHEHUS
KJIaCTEPOB.

JlelicTBUE anropuTMa TakoBO, YTO OH CTpe-
MUTCSI MUHMMH3HMPOBaTh CyMMapHOE€ KBajpa-
TUYHOE OTKJIOHEHHE TOYEK KIJIACTEPOB OT IIEH-
TPOB ATUX Ky1acTepos (1):

V=3* Yoxesi (i)’ (1)

rie k — 9ucenno Kinactepos, S, — Mony4eHHbIE Kiia-
crepsl, 1 = 1,2,3,....k, a 1, — HEHTPBI Macc Bcex
BEKTOPOB X M3 KJ1actepa S..

[To amamoruu ¢ METOAOM TJIABHBIX KOMIIO-
HEHT IEHTPHI KIACTEPOB HA3BIBAIOTCSA TaKXkKe
[JIaBHBIMA TOYKaMH, & CaM METOJ Ha3bIBaeTCA
METOJIOM IaBHbIX Touek [19] m BkitOUaeTcs B
00IIYI0 TEOPHIO TJIaBHBIX O0BEKTOB, 0OecTedn-
BAIOIUX HAWIYYIIYIO allIPOKCUMAIUIO JaHHBIX
[20].

Meton K-cpenHux ocHOBaH Ha pa3ieleHUN
MHOYKECTBa HaOMIOIeHUH X Ha K Ki1acTepoB, KOTO-
pbI€ IOKAThbHO MHHUMHU3UPOBAHBI OTHOCUTEIHHO
paccTOsTHUS MEXTy HHPOPMAIIMOHHOM TOUYKOW U
HeHTpoiaoM kinactepa. LleneBas yHkius anro-
pUTMa mpescTaBieHa (2):

=Y Y bl &)

R=1 xRy

T [, — 3HaYE€HHEe LEHTPON Ia.

LeneBast GyHKIMA SBISETCS JOKAIbHO MH-
HUMM3UPOBAHHOW JUIsI KaXKJIOTO KJIacTepa, uTo
O3HAYaeT, YTO KaxJasi ToYKa U3 Habopa JTaHHBIX
HaXOAWTCS HAa MHUHUMAJIBHOM pPACCTOSHUM OT
LEHTPOHIa Ki1acTepa, K KOTOPOMY OHa OTHOCHUT-
cs1 [21]. Beibop cooTBeTCTBYIOIIETO Ki1acTepa /i
TS 3aJIaHHOM TOYKH X, B IPOLIECCE PAOOTHI ajro-
puTMa 00yCIIOBIEHO HEpaBEeHCTBOM (3):

llx; — w17 = min{|lx, — u, 7}, 3)
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WNudopmanmoHHoil Touke OyAeT HMpPUCBOEH
TOT KJIacTep, LIEHTPOMI KOTOPOTO JIEKHUT Haubo-
Jee OJIU3KO K paccMarpuBaeMoii Touke [22].

Ilon oOyueHuem anropuT™Ma IMOHUMAET-
Cs HaXOXJIEHUE IEHTPOUIOB KIIACTEPOB MpHU

nomornu (4): L
RN o
P x,l = )

Ilocne dero onTumuzanus LEHTPOUIOB
IIPOUCXOIUT P TOMOLIN TOOYEPETHOTO BHIYHC-
neHus HepaBeHcTBa 3 U popmysbl 4. HeoOxoanmo
OTMETHUTH, YTO HAXOXKJACHHUE TII0OAILHOTO ONTH-
MaJIbHOTO pelieHus Juis anroputma K-cpeanux
spisieTcss NP-nioiHON ipo6aemMoi.

Ecnu npennonoxuTte, 4T0 MHOXKECTBO LIEH-
TPONJIOB KIIACTEPOB {1, }— , IPUHAIEKUT MHO-
JKeCTBY X, TOrna 3ajada KiacTepu3alliu Ha3bl-
Baetcs K-ycpenHeHHOM.

bbimu BBISIBIEHBI ClIEAYIOUIUE TMPEUMYIIe-
CTBa aJropUTMa KilacTepUu3aluu:

* B KauecTBe  METPHUKHU
EBKIIMI0BO paccTosHUE;

* YKCIO KJIACTEPOB 3apaHee HE H3BECTHO U
BBIOMpPAETCS MCCIIE0BATEIeM 3apaHee;

* KaueCTBO KJIACTEPU3ALH 3aBUCUT OT IIEPBO-
HAYaJIbHOTO pa3OueHusl.

Knaccuueckuii  BapuaHT moApa3yMeBaeT
CITy4JaiHBIN BBIOOP KIACTEPOB, YTO OUEHBb YACTO

HCIOJIB3YCTCA

I_ HcrmmiTamie Ha rortomerre T3-cMonbl. (B ITpoIeHTax)

SBIISTIOCh MCTOYHHMKOM TorpemHocTH. Kak Ba-
pPHUAHT pelieHus] He0OXOANUMO MPOBOAUTD HCCIIe-
JIOBaHUS 00bEKTa st O0Jiee TOYHOTO Onpeene-
HUS [IEHTPOB HAYaJIbHBIX KIIACTEPOB.

Peanu3anust JKcepuMeHTAIbHOTO

HCCJIeI0BAHUS

B uccnenoBaHuM mpuMeEHsIICS METOJ Kiac-
cuukarmu k-means. VcxomHble maHHBIE UIS
NPOBEICHUS SKCIEPHUMEHTa OBbUIM TMOIYYEHBI C
caiita archive.ics.uci.edu. Jlns mpemoOpaboTku
JAHHBIX HCIOJIB30BAJICSI METOT OYMCTKH JIAHHBIX.

Hccnenyemass BbIOOpKa cocrosiia M3 Tpex
rpyni. [pynmbl, OOJBHBIX THIIEPTEPUO30M, CO-
ctaBuin 35 4yenoBek, runorepuo3zom 30 yero-
BEK M HOpMaJIbHBIE MMoKa3zatenu y 150 denoBexk.
[lpn oOyuenum xinaccuduKaropa MOCIECTHSIS
rpynma Obljla CONOCTaBIICHA C KIIACCOM «3J10pO-
BbIe». [ pyrnma koHTposs Obiia chopmMupoBaHa 3
150 yenoBek. ['pymma KOHTpPOIS comOCTaBUMA C
Ipynmoil OONBHBIX O MMoKa3arensMm 4 u 5, onu-
CaHHBIX BBIIIE.

Knaccudukarop 611 TOCTPOEH € MOMOILBIO
nporpammbl Deductor [23].

bbuti BBIOpaHbl OCHOBHBIE TIOKA3aTENN TOp-
MOHOB IIIMTOBHUIHOM JKele3bl. KoaudyecTBo maH-
HBIX - 215, Wcronp3yeMble NOKa3aTenu Mpel-
CTaBJICHBI Ha PUCYHKE 2.

] OOIIHIT THDOKCHH CHIBOPOTKH

b ]IBME}JHE‘MIBIﬁ IT30TOIMHBIM CMSTISHH M croco. T4-CB06O,[EHBII71

e OOIII TPHIIOATHPOHIH CHIBOPOTEH

* II3MEPEHHEI pagioMMyHO aHamTs. T3-ceoGoMHEIT

.

wad  GA3ANIBHELR THPEOTPOIHEIF ropMoH (TSH)

* I3MePeHHBIIT PAJIONMMYHHEIT agais il TTT

MaKCIHMATTREHAS adCOMIOTHAS pasHITIa sHateHa TSH mocme HHBeKII
200 MIKpOTpaMM THPeOTPOITH-BEICBOGOATAROINETO TOPMOHA 110
CPABHSHIIO K OCHOBHOMY 3HAUSHIIO.

Puc. 2 — Ucxoonvle oannvle ucciedosanus

BLIIJ.Iey1(a3aHHLIC MoKa3aTeau 3a00JIeBaHMI
IIUTOBUIHON KeJe3bl HCIOJIB3YHOTCS [JISA BBISAB-
JICHUS CKPBITBIX 3aKOHOMepHOCTeﬁ MCIKAY IMOKa-
3aTelIsIMU IIUTOBUIHOM JKEJIe3bl U OMpeaACIAOT

OTHOUIEHUE TOKa3aTelied K 3yTUPeo3y, TUIMOTH-
peo3y Ui runeptupeosy [24].

[Tocne 3arpy3ku naHHBIX ObUTAa MpOBEIEHA
OYHCTKA TAHHBIX (PUCYHOK 3).

175



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Nel (52), 2020

T T e
N ot o 3 8 R

Taresh

EEEEEEL R R

122 g

22
Classamrioue 2324 25 g5 7 e
- 28

Fhr

i
= mﬂz”‘l%?alseum Ty

23‘56

3

Puc. 3 — Muocomepnas ouaepamma noxazamenei TTI, T3 — c60600Hb11l

HpI/IMeHCHI/IC MCTOZa KJIIaCTCpU3aluu € Io-
MOIIBKO aJIrOpUTMa k-means. 33}1&‘{3 KJ1acCTe-
pusann OpUMCHACTCA Ui aBTOMATUYCCKOI'O
p3.36I/IeHI/I$I 9JICMCHTOB HCKOTOPOI'0 MHOKCECTBA
Ha TpydIibl B 3aBUCHUMOCTU OT CXOXKCCTH HX
CBOMCTB. I[aHHaH 3ala4a BBIMIOJHACT IMPEABapU-
TCJIbHYIO IMOATOTOBKY MAHHBIX IJIS JaJbHEUIIIero
aHanM3a KaXJ0M BBISIBICHHOM T PYUIIBL B OTACIIb-

2 1

HocTH. OIHUM U3 HauboJsee pacpoCTPAHEHHBIX
Y TIPOCTHIX aJITOPUTMOB KJIaCTEPU3AIUU SBISICT-
csl anropuT™ k-means. 3TOT alfOPUTM OCHOBaH
HA ONTHMH3AIMM CYMMBI KBaJIpaToOB B3BEIICH-
HBIX OTKJIOHEHHH KOOpAMHAT OOBEKTOB OT IICH-
TPOB UCKOMBIX KJIACTEPOB.

Knacrepuzanust mo mokasartenisiM IIATOBHI-
HO Kele3bl (PUCYHOK 4).

| 0 Hroro
g 150 { 69,8%) 35 ( 16,3%) 30 ( 14,0%)

o5 oxasare [ B3 R
[® 9.0 basal

thyroid-stim

ulationg | 3aumocTs |00,0% 100,02 |1 00.0%
[# 9.0 total serum

triodothyro

nine 3HauMMOCTS 100,0% 100,0% 100,05 || 100.0%
[® 9.0 Total Serum

thyroxin

3HaHMMOCTS 93.8% 100,0% 100,02 || 100,0%

Puc. 4 — Ipoghuru kracmepos noxkazameneil WumosUOHOU Jicene3vl
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W3 pucyHka 2 BHJIHO, UTO CyIIECTBYET TPHU
knactepa 3710 0,1, 2. Tenepp HYKHO OIIPENEINUTH
KaKOM M3 KJIaCTEPOB OTHOCUTCS K HOPME U KaKHe
K TUIIOTEPUO3Y U TMIIepTHpeo3y. Pa3BepHyB Kax-
Il KjacTep (pUCYHOK 5 U 6), MOKHO YBUIETH
JIOBEpUTENIbHBIN MHTEPBaJ, KOTOPBIA OTBEYAET
3a HOpMY I1OKa3aTeled NUTOBUIHON KEIE3bl.

C nomompro Tabmuisl 1 MOXKHO pacmos-
HaTh KaXIbI KJacTep B OTIENbHOCTU. Tak K
IpUMepy KJacTep MOA HOMEPOM 2 sBIsAETCS
KJIACTEPOM HOPMBI, JUIsl BCE 3HAUEHUS] HAXOAST-
Csl HAMHOTO OJMKe K JIOBEPUTEIBHOMY HHTEp-

Bany. KonmuecTBo 3ammceil kimacrepa HOMeEp
2 cocrasmser 150 3ammceit u3 215. Knacrep
noji HoMepoM 1 sBiseTCs KiIacTepoM, OTHO-
CSAIIMMCS K TUIEPTUPEO3y, TaK KaK 3HAueHUE
TTT unu GazanbHOTO THPEOTPOMHOTO TOPMOHA
(basalthyroid-stimulating hormone) cHukeHO
OTHOCHUTEIILHO IOBEPUTEIHHOTO HHTEPBAJIA, B TO
Bpemsi kak 3HadeHune T4 (total serum thyroxin)
u T3 (total serum triidothyronine) moBbIIIEHBI.
[Tocnennuit knacrep Homep 0 OTHOCUTCS K T'H-
MIOTEPUO3Y.

HWroro

floBepHTensHLI
WHTEpSan

Cpeatee
CTaHaapTH. oTKA.
| CraraapTH, oumb.

= 9.0 total serum
triodothyro
nine

1.317741471

3HauMoCTe

0,4577069543
003737161633

= 9.0 Total Serum
thyroxin

floBepHTENbHBI
WHTepsan

|Cpearee
‘CTNBD‘I'H. QaTKA,

CranaapTH. ownb.

3HAYMMOCTE

OosepuTensHei
wHTEpEan

Cpearee

CTAHASPTH, OTKA.

H 100,0%

1.737279786
(.386653384
00315701166

938%

9.210282438
1.466455053

CTaHAapTH. oumb. 0.1197358803

30 ( 14,0%)

| RERERES 2o

M 100,07 || 100,0%

1283871945
10,40433514 5587183209
1899683516 0.3810431414

M 100,07 || 100,0%

1.061919261
0.3213214043

1.047243009
1.21940723
0.2081174519

2881285161

4,233000578
1.554708452

2050300307
1.221154105

02627936926 005866681952 00832820187
I 1000 H 100,05 [N 100,03
-
.................................... -
—
17638727 3,639895056 9905091592
2 96054357 1157775382 4322547935
05004242131 02113796978 0.2947953224

Puc.5 — Pezynomamul npumenenus ancopumma K-means ons kracmepusayuu noxasameneil wumogUOHOU Jcenesvl

3akiarouenue

[To pesynbraraM JaHHOTO HCCIIEIOBAHUS
MOYKHO CJIeaTh BBIBOJ, YTO METOJ| KJIacTepHu3a-
UM k-means MoxeT ObITh HCIIOIB30BAH JJIsl aHA-
JM3a JaHHBIX MTOKa3aTelel.

B pesynbprare npuMeHeHUs aaropuTMa Kia-
crepuzanuu k-means 6butn chOpMUpPOBaHBI TPU
KJlacTepa, KOTOpble OTBEYaroT 3a TOPMOHBI I~
TOBUIHOM kene3bl. 215 nokazanuii 69,8% 3anu-
MaloT 3anucu B konuuectse 150 ¢ HauMeHbIINM

OTKJIOHEHHEM OT HOPMBI MOKa3aTesied IUTOBU/-
HOM kene3nl, 16,3% oT o0Iero uncia 3amnuceit
770 35 3anuceii ¢ runeprupeo3om u 14,0% 3aHu-
MaoT 3anucu B konnuecTtBe 30 ¢ THIOTUPEO30M.
Merton knactepuzanuu k-means ObUT UCTIONB30-
BaH Ui (JOPMHUPOBAHUS KIACTEPOB, B PE3Yib-
TaTe KOTOPHIX OBLTH TOTYYEHBI TPU OCHOBHBIX
KJIacTepa, OTHOCSIIUXCA K TOPMOHAM LIUTOBU/-
Hoii xxene3nl T3, T4 u TTI.

177



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Nel (52), 2020

178

10.

11.

12.

13.

14.

15.

JIMTEPATYPA

Cronspos C.A., banesn B.A., [lonosa M.U. JluarHoctrka XpoOHU4ECKOTO OCTEOMHUEUTA KO-
CTel KOHeuHOCTel Ha (POHE ero MECTHBIX THOWHBIX OCJIOKHEHHH B HECTIEIATU3UPOBAHHBIX
7e4eOHO-TPOPUIAKTHIECKUX YUPEXKICHUAX. BEeCTHUK MEIUIIMHCKOTO HHCTUTYTa «PeaBusy.
BAK. —2017. — Ne3. - C. 44 - 47.

BO3, OHUCE® u MKBMP, ornenka HapymieHu#, CBI3aHHBIX C ASPUIIMTOM iHoAa, U KOH-
TPOJIb 3a UX yCTpaHeHueM. PyKkoBOACTBO [Isl pyKOBOAUTENEH MporpaMm. —IpeTbe U3gaHue
(o6noBneHME OT 1 centsOps 2008 roga) nara mybomukamuu: 2007 roxa. — C. 98.

b.A. KoO6puHckuii. IHTenekTyanbsHble 1 HH(QOpMAIIMOHHBIE CUCTEMBI B MEIUIIUHE: MOHUTO-
PHHT U MOJJIEP’KKA MIPUHATHUS pelieHuid: cOopHUK cTtareil. — M., bepaun: lupekrop-meaua.
—2016.-C. 529.

HOaun B.H., Kaprios JI.LE., AGpamos B.}O. Buas! npu3zHakoB u ux poib B AuddepeHunpona-
HUU KJIACCOB IPH OIIEHKE HE MOIHOCThIO onmucanHoro oowekra. Tpyast UCIT PAH. Tom 28.
Beim. 3. —2016 . — C. 231-240. DOI: 10.15514/ISPRAS-2016-28(3)-14.

I'.P. 3apunosa, FO.A. bornanosa, O.B. T'anumos, B.A. Karaes, I .M. bukkunnna. CoBpeMeHHbIE
MOJIETT CHCTEM TOAAEPKKU NPUHATHS Bpaue€OHbIX PELICHUN B XUPYPrUYeCcOl MpaKTHUKE CO-
crostaus npobnembl. @PI'BOY BO «bammkupckuil rocynapcTBeHHbIH MEUIIMHCKUN YHUBEp-
curer» Munszapasa Poccuu. — 1. Ya.

JlutBun A.A., Pe6poBa O.}O. Cucrembl NOAJIEPKKU MPUHATHS PELICHUN B TUATHOCTUKE U
JIeYeHUH ocTporo nankpearuta. [Ipobiaemsl 310poBbst 1 sxonoruu. —2016. — C. 10-17.
KaraeB B.A., 3apumnona I.P., bornanosa F0.A. Bo3aMoxkHOCTH NIpUMeHEHHsI WH()OPMAIINOH-
HBIX TEXHOJIOTUW B PYTUHHOM MEIULMHCKOW MpaKTUKEe MEIUUMHCKUN HU3AaTeIbCKUM TIOM
«Wuaunnmarusan, 2017. — C. 104.

Kopenesckuii H.A., Cunnussiit I'.B., Poquonos JI.C., ['oBopyxuna T.H., Imutpuena B.B.
Maremaruueckue Moaenu quddepeHnnaibHoi TMarHocTuku GopM nuenonedpura ais sKc-
NEPTHBIX CUCTEM Bpaueil-yposoroB. MeauuuHckas texauka, 2019. — N 6. — C. 48-50. bubu.
13 na3zs.

Muponos I1.1., JlyrdapaxmanoB W.M. CoBpeMeHHBbIE IyTH MPOrHO3UPOBAHMS Pa3BUTHS
cericuca y OONBHBIX TSKEIBIM OCTPBIM MaHKpeatuToM. [Ipakrudeckass meaununa. — 2016.
- C.21-24.

E.H. Bennckas, A.B. Mensenes, E.JI. Muxos, O.B. Taceiiko. [Ipumenenue MeToa0B Hemapa-
METPUUECKOTO0 MOJEIMPOBAHMS B PELLIEHUH 3a/1a4 HKOJIOTMUYECKOT0 MOHUTOPHHra. BecTHUK
Cubl'AY. —Tom 17. —Ne 1. —2016. — C. 10-18.

bornanosa H0.A., 3apunosa I'.P., Kataes B.A., 'anumos O.B. DkcniepTHbie cUCTEMBI B TIPO-
THO3MPOBAHUM OINEPALMOHHOTO pUCKa MpU Hambosiee paclpoOCTPAHEHHBIX XUPYPTrHUECKUX
BMmerarenbcTBax. BAK. Bpau u nunpopmanmonnsie Texnonoruu. —2017. —C. 40-48.
[ecrepaukosa O.I1. O npUMeHEHNN UHTEUIEKTYaIbHOM CUCTEMBI IPOTHO3UPOBAHUS Pa3BH-
TUs 1uadeTa y 00JIbHBIX XPOHUYECKUM MaHKPEeaTUTOM. MIHTEeNIeKTyalbHbIN aHaI13 TaHHbIX.
—-2016.-C. 61-71.

VYeanuesa .M., bensrunosa C.A., UcmyxamenoBa A.M. Informational and Analytical System
to Diagnose Anemia // Proceedings of the Fourth International Conference on Engineering &
MIS 2018 - ICEMIS ’18. doi:10.1145/3234698.3234716

bensrunoBa C.A., YBamueBa .M., McmyxamenoBa A.M. Decision Support System for
Diagnosing Anemia. / 2018 4th International Conference on Computer and Technology
Applications (ICCTA 2018), Institute of Electrical and Electronics Engineers Istanbul.
—-2018.-C. 211-214.

VYeanmueBa .M., MambipbaeB O.)K., bensrunoBa C.A. Development of expert system on



OU3UNKO-MATEMATHUYECKHUE U TEXHUYECKHUE HAYKH

16.

17.

18.

19.

20.

21.

22.

23.

24.

based the algorithm for medical diagnosis. International Scientific and Practical Conference
«Computer science and applied mathematics». — Anmartsl, Kazaxcran. —2017. — C. 274-283.
@®unn B.K. OBpuctruka oOHapyKeHHs SMIUPUUYECKHX 3aKOHOMEPHOCTEH M NMPUHLIMIIBI WH-
TEJIJICKTYaJIbHOTO aHalu3a JaHHBIX. // VICKyCCTBEHHBIN MHTEIEKT W MPHUHATHE PELICHUM.
—2016.—C. 3-19. DOI 10.14357/20718594180311.

@unn B.K. O knacce ICM-paccyxneHuil, HCIONb3YIOMNX U30MOP(PH3M MTPABUI UHIYKTUB-
HOTO BbIBOAA // ICKYCCTBEHHBIM MHTEIIIEKT U puHATHE perneHuil. —2016. —Ne 3. — C. 48-61.
®enoroBa M.A. TeXHOIOIMM UCKYCCTBEHHOIO MHTEIJIEKTA MPH MPOTHO3UPOBAHUU P eK-
TUBHOCTU KOMaHIHOW paOOTHI: OTIBIT, TPOOIEMBI M MEPCIIEKTUBBI MPAKTUYECKUX UCCIIeI0BA-
Huil. Hayunsnii pesynsrar. BAK. — T.5. — Ne2. —2019.

H. Yamashita, S. Matsuura, H. Suzuki. OueHka raBHBIX TOU€K MHOTOMEPHOTO OHMHAPHOTO
pacripesiesieHus! ¢ UCTIOIb30BaHUEM JIorapupMuyecKoi TuHeHoi moaenu. Communications
in statistics — simulation and computation. V. 46. —2017. — C. 1136-1147.

C. Mangzei, L. Schleupnerand R. Heinze. [IpomsiiieHHOCTS 4.0 B MEX/TyHapOIHOM KOHTEK-
cre. OCHOBHBIE KOHLETILINH, pe3yabTarsl, TeHAeHuu. — bepiaun: VDE uzn. GMBH, -2016.
Preeti Arora, Deepali Dr., Shipra Varshney. Ananu3z anroputma k-means u k-Medoids ams
6onpmux naHHbIx. Procedia Computer Science. V. 78. — 2016. — C. 507-512.

Bo Yang, Xiao Fu, Nicholas D Sidiropoulos, Mingyi Hong. K apy»ecTBeHHBIM IpOCTpaHCTBAM
K-means: onnoBpemenHoe riryookoe obOydenue u kinactepusamus. [CML’17: Proceedings of
the 34th International Conference on Machine Learning. — V. 70. — 2017. — C. 3861-3870.
Marco Cap0, Aritz Péreza, Jose A. Lozanoab. O¢ddexruBnas annpokcumanus k-means kia-
CTepU3aIuio s MaccuBHBIX MaHHBIX. Knowledge-Based systems.V.117. -2017.—c.56-69.
Alickovic, E. &Subasi, A. J Med Syst. MenunuHckasi cuctemMa MOAEPKKH MPUHSATHUS pe-
IIEHUH 7151 IMarHOCTUKH CepJIeuHON apuTMHH ¢ ucrnonb3oBanueM DWT u kiaccudukaropa
ciydaifHbIX JecoB. — 2016. https://doi.org/10.1007/s10916-016-0467-8

179



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Nel (52), 2020

VIIK 537.534
MPHTH 29.19.04

COMPUTER SIMULATION OF PARTICLE- SOLID SURFACE INTERACTIONS
UMAROYV F.E.!, DZHURAKHALOV A.A.2, RASULOV A.M.3, YADGAROYV L.D.*

'Kazakh-British Technical University, Kazakhstan, ?University of Antwerpen, Belgium
‘Ferghana Polytechnical University, Uzbekistan
‘Institute of lon-Plasma and Laser Technologies, Uzbekistan

Abstract: In this work the peculiarities of the some processes (ion scattering, sputtering and
implantation at channeling conditions as well as nanoclusters deposition and thin film growth)
accompanying the particle-solid surface interactions has been investigated by different computer
simulation methods (binary collision approximation, molecular dynamics,embedded atom model
potential, energy minimization method).The scattering and sputtering processes at 0.5-5 keVArand
Ne ions grazing bombardment of Si(001), SiC(001), Cu,Au(001), Ni(100) and Cu(100) surfaces and
their possible application for the surface diagnostics and modification have been studied by computer
simulation in binary collision approximation. lon implantation at normal as well as at glancing
incidence is carried out by computer simulation in binary collision approximation. Profiles of the
distribution of channeled ions at implantation have been calculated depending on crystal lattice
type, kind of ions and their energy. It has been shown that the channeling of low-energy ions through
thin single crystal metal films can be used to determine the sort and adsorption site of light atoms
adsorbed on a clean rear surface. It is shown that for paraxial part of a beam the main contribution
to the total energy losses comes from inelastic ones. It has been established that the energy losses of
ions transmitted trough thin crystal and depth profile distributions depend on width of the channel
and mass ratio of colliding atoms. The deposition of bi-metallic Ag Co, nanoclusters on Ag(100)
surface and thin film growth have been studied at the atomic scale by means of classical molecular
dynamics simulation. It was shown that the embedded atom model potential may be used successfully
Jor studying of Ag Co  nanocluster deposition on Ag(100) surface at the slowing down energies
(0.25 eV — 1.5 eV per/atom). The adsorption of fullerene C,, onto the surface and edges of defect-free
graphene was studied by computer simulation within the framework of classical molecular dynamics.
The computer model of a single defect-free C_, fullerene was built by the energy minimization method
using the second-generation Brenner potential (REBO) and the cohesive energy of each carbon
atom in the fullerene was determined. It was established that the fullerene is better adsorbed on the
armchair edge of graphene and worst on the its “corner” atoms.

Key words: ion scattering, sputtering yield, layer-by-layer sputtering, ion implantation, ion channel-
ing, metal and semiconductor single crystals, profile of distribution, computer modeling and simula-
tion, nanoscale materials, clusters deposition, thin film growth, fullerene, graphene, adsorption

KOMIOBIOTEPHOE MOJIEJITMPOBAHUE B3AUMOJAENCTBUNI
YACTUHA-TIOBEPXHOCTbDB TBEPAOI'O TEJIA

Annomayua: B pabome ¢ nomowbto paziuiunbix Memooo8 KOMNbIOMEepHO20 MOOEIUPO8anus (npu-
OnudHCeHUe NAPHLIX CMOIKHOBEHULl, MONEKYIAPHAS OUHAMUKA, NOMEHYUAL MOOenu 6CMPOEeHHO20
amoma, Memoo MUHUMUZAYUU IHEPSUL) UCCIe008aHbl OCOOEHHOCIU HEKOMOPbIX NPOYECcCO8 (UOHHOE
paccesmue, pacnvlieHue, UMHIAHMAYUS 8 YCI08UAX KAHANUPOBAHUA, A MAKHCe 0CAXdCOeHUe HAHO-
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KAACMEPO8 U POCH MOHKUX NIEHOK), CONPOBONCOAIOWUX 83AUMOOCLICEUE YACTIUY C NOBEPXHOCNBIO
meepooeo mena. Ilpoyeccyl pacceanusn u pacnwvlieHus npu CKoab3aujell UOHHOU boMbapouposke no-
sepxrnocmeii monokpucmanios Si(001), SiC(001), Cu Au(001), Ni(100) uCu(100) uonamu Ar*u Ne*
¢ snepeuamu 0.5-5 k3B u ux 603modicHoe npumeneHue 0 OUACHOCIMUKU U MOOUpuKayuu nosepx-
HOCTU UCCIEe008aHbL KOMNBIOMEPHBIM MOOETUPOSAHUEM 8 NPUOTUNCEHUU NAPHBIX CIOTKHOBEHUIL.
Honnas umnnanmayus npu HOPMAIbHOM U CKOIb3AUjeM NAOeHUU HA NOBEPXHOCMb UCCLE008AHA
8 NPUOTUINCEHUU NAPHBIX COIKHOGeHUl. Hcciedosansl npoguiu pacnpedeneHus KaHaiupOo8aHHbIX
APU UMRIAHMAYUU UOHOS 8 3A8UCUMOCIIU OM MUNA KPUCTNATIUYECKOU PEeUemKy, COpma UOHO8 U UX
anepeuu. Tlokazano, ymo KaHAIUPOBAHUE HU3KOIHEPLEMUUECKUX UOHO8 CKBO3b MOHKUE MOHOKPUC-
ManiudecKue Memaiiuyeckue nieHKU MONCHO UCNONb308AMb Ol ONPeOeleHUs COPMA U MeC Adco-
PoOuuu 1eckux amomos, adcopoUpOBAHHbIX HA MBLILHOU NOBEPXHOCMU NIEHKU. YCMAHO8IeHO, Ymo
0715 NAPAKCUATILHOU 4aACTU NYYKA OCHOBHOLL 6KAAO 8 NOJIHble NOMePU SHepeUU 6HOCAM Heynpyeue
nomepu. YcmaunoeieHo, ymo nomepu dHepeull UOHO8, NPOUEOUUX MOHKUE KPUCAIbL U Npodhuiu
pacnpeoenenust no 2ryOuHe 3asUcsim om WUPUHbL KAHAA U COOMHOWEHUS MACC CIMATKUBAIOWUXCS
uacmuy. Ocadcoenue nanoxknacmepos Ag Co na nosepxnocme Ag(100) u pocm monxou nienxu
UCCLEe008AHbL 8 AMOMHOM MACULMAOEe MEemOoOOM KIACCU4ecKoll MoaeKysapHoul ounamuxu. Iloxkasawo,
YMmo mMemoo NOMEHYUAL MOOeIU BCMPOEHHO2O0 AMOMA MOICHO YCHEeUIHO UCNONb308amb 01 UCCTle-
dosanus ocadicoenus nanoknacmepos Ag Co na nosepxrnocmo Ag(100) npu snepeusx ocadicoenus
(0.25 eV — 1.5 oBna/amom). Adocopouus gynnepena C , na noeepxrnocme u kpas, c606001H020 om Oe-
pexmos epaghena, ucciedo8ana KOMNbIOMEPHBLIM MOOETUPOBAHUEM 8 PUMKAX KAACCUYECKOU MONEK)-
asapHou ouHamuxu. Komnviomeprnas mooensb 00H020 c80000H020 om deghekmos (hyriepera nocmpoe-
HA MemMOOOM MUHUMUZAYUU IHEP2UL C UCTIONb308AHUeM nomenyuana bpennepa emopoeo noxkonenus.
Onpedenenvl sHepeuU ces3u Kaxic002o amoma yanepooa 8 Qyiiepene. Ycmanogieno, umo gyiiepen
Jydue aocopoupyemcs Ha Kpae Kpecia cpagena u Xymxce — Ha 20 «Velosblxy» amomax.

Kniwouesvie cnosa: uonnoe paccesnue, Kosgguyuenm pacnviieHus, NOCIOUHOE PACNbLIeHUe, UOHHAS
UMNIAHMAaYusi, UOHHOE KAHAIUPOBAHUEe, MOHOKPUCTAIbL MEMALL08 U NOTYNPOBOOHUKOS, Npoghuiu
pacnpeoenenust, KOMNbIOMeEPHOe MOOeTUPOBAHUE, HAHOPAZMEPHBLE MAMEPUATbL, OCAMCOEHUE KIAC-
mepos, pocm MOHKUX NIeHOK, (hylLieper, epagen, aocopoyus

BOJIINIEK - KATTbI JIEHEHIH BETI O3APA OPEKETTECYI
KOMIIBIOTEPIIK MOJAEJIBAEY

Anoamna: Komnviomepnix moodenvoeyoiy apmypii 20icmepin KONOAHY apKbulLibl (COKMbIbICYObIH
AHCAKBIHOAYBL, MONEKYIANbIK OUHAMUKA, €H2I3LIceH amom MOOENIHIY NOMEHYUAIbl, IHePIUSIHbI
MUHUMUZAYUAAY 20ici) Kellbip npoyecmepdiy epexuienikmepi (WLOHOAPObIH WAWBIPAYbL, WAULBIPAY,
KAHAIU3AYUS HCALOAUBIHOA UMNILAHMAYUS, COHBIMEH KAMap HAHOKIACMepOiy MYHOACHL JHCIHE HCYKA
KabulKmuly 6cyi) 3epmmeneodi, bonuiekmepoiy Kammol bemimeH aceprecyimer oipee xcypeoi. Si (001),
SiC (001), Cu,Au (001), Ni (100) scone Cu (100) scarevis kpucmanoapbvirvly Oemmepin Colpbin
uoHoapmer bombanay KesiHoe waublpay dcane wiawvlpay npoyecmepi sicone 0,5-5 k3B snepeusco
bap Ar + owcone Ne + uonoapuvl apkwvlivl 01apobl OUASHOCMUKALAY VULH KONOAHY HCIHe OemKi
MOOUDUKAYUALAD HCYN COKMBIZBICYObL HCAKBIHOAM) Ke3iHOe KOMNbIOMEPIIK M00enboey apKblibl
anblKkmanovl. Kaneinmul scone Hewvladicolmansvl bemretioe2i UOH UMNIAHMAYUACHL HCYT COKMBIEbICY
HCAKBIHOAYBIHOA 3epmmendi. Mmnianmayus ke3inoe dcibepiiemin uoH0apovly mapaiy npo@uivoepi
KpUCManovlk mopovly MypiHe, UOHOAPOblY MYPIiHe JHCIHe 01apObly IHEPIUACHLIHA OAUIAHbICIb
Kapacmulpoliovl. Temen sHepeusivl UOHOAPObIH HCYKA OIp KPUCMALObl Memaii NIeHKaLap apKblibl
Mapanyvii, NIeHKaHuvly apmivl OemiHe ao0cOpOYUSIAHEAH JHCeHIT amomMoapobly MYPIH JHCIHE
aocopoyuAnbIK yuackenepin oavxayza donamuiHobiebl kepcemineen. CayneHiy napakcuanovl oeuici
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YUliH SHEPSUSHBIH JHCOLATYbIHA He2i32l emec yaec KocamvlHobiewvl 0inindi. JKyka kpucmanoap men
mepeyoikmiy mapany npoghunboepiner omemin UOHOAPOLIH IHEPSUSL HCORALYbL KAHATIObIH eHIHE JHCIHE
coKmuleblcamblit 6o1UeKmepoiy MAccably KAamvlHACkina Oaunanvicmol exendiei kopindi. Ag Co
Hanoxnacmepuepiniy Ag (100) 6emine mycyi dcane HcyKa KaOLIKMbLH OCYT KAACCUKATBIK MOLEK)IAbIK
OuHamuka 20icimer amomovix macwmaoma sepmmendi. OpHaAMbLIZAH AMOM MOOENIHIY bIKMUMAT
mooeni Ag Co, nanoxnacmepnepininy Ag (100) 6emine mynovipy snepeusicoinoa (0,25 9B - 1,5 2B/
amom) OpHANACYbIH 3epmmey YWiH Commi KOIOAHbLIA alamblHObIbl Kepcemindi. Kiaccuxanvik
monexynanvix ounamuxa aacvinoa C ) gpyrnepeninin akayvl jcox epagenniy bemxi scane gcueinoei
aocopoyuscyl  KOMNbIOMepIiK Mooenvoey apkvlivl 3epmmendi. bip axaywr 6ap ¢yinepenniy
KoMnvlomepik mMooeni ekiHuii OybiHObl bpennep nomenyuanrvin naioaiaHa Omulipsin, SHEPSUsIHb
azaumy ofconvimen dcacanzan. Dyunepenoei apoOIp KOMIpmex amoMblHbY OAUIAHLICMbIDYUIbL
9HepeUACHL AHbIKMANAobl. Dyinepen epaper KpecioiapbiHbly wemine HcaKcol a0coOpOYUsIAHAMbIHb
JHCOHE OHBIY «OYPLILUIMBIKY AMOMOAPbLIHOA HAWAD eKeHOI2iHe KO3 HCeMmKI3OIK.

Tyiiinodi ce30ep: uoHOAPObIH WAUBIPAY b, UWAUBIPAY KOIDDuYUeHmi, Kabammbl wawvlpay, UoH-
ObIK UMNIAHMAYUS, UOHOBIK KAHAIUZAYUS, MEMANOAPObIY HCIHE HCAPMBLIAT OMKIZIUMIY JHCANEbL3
Kpucmanoapbul, mapamy npopuisboepi, KoMnviomepiik Mooenivoey, HAHOKOCNA Mamepuaioap, Kiac-

mepoiy myHoacol, HCyKa KabblKmolH ocyi, ¢yinepen, epagen, aocopoyus
POLH MY ¥K K Vi, pyuiep P /4

1. Introduction

The ion scattering, sputtering, implantation,
nanoclusters deposition and thin film growth
processes has been the subject of both scien-
tific investigations for a long time and recent
rapid developing thin film- and nanotechnolo-
gies. These processes underlie such well known
methods of surface science as Ion Scattering
Spectroscopy (ISS), Ion Beam Analysis (IBA),
Secondary lon Mass-Spectrometry (SIMS), and
Ion Beam Modification of Materials (IBMM).
Arguably, surface science has been the primary
origin of nanoscience and nanotechnology: af-
ter all a distinguishing feature of nanostructures
is the dominance of their surfaces and interfaces
over their volume”. Over a period of five dec-
ades starting in the mid 1950s, surface science
evolved by studying increasingly complicated
types of surfaces, many properties of which are
inherently nanoscale in one dimension, culmi-
nating in the study of structures with nanoscale
sizes in two or three dimensions, i.e. nanowires,
quantum dots, etc. Just as surface science re-
quired a panoply of new or adapted techniques
to measure the important properties of extended
surfaces, nanoscience also will benefit from nov-
el and adapted techniques (Fig.1). It is also clear
that, just like surface science, nanoscience must
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be a multi-technique field of research, in which
different techniques jointly lead to the required
information and understanding in order to enable
further progress [1].

ISS method is based on correlation between
the defect type, the blocking angles of the reflect-
ed beam and the energy and angular distributions
of the scattered particles, which allows the deter-
mination of the defect type and its surface con-
centration [1-5].Thus, the detection of scattered
ions provides a powerful tool for surface analy-
sis that is exclusively sensitive to the outermost
atomic layers [6].

The sputtering process, underlying SIMS
method, has been the subject of both scientific
investigations for a long time and recent rapid de-
veloping micro- and nanotechnologies. Processes
such as plasma etching and sputter deposition
that involve ion bombardment at relatively low
(~100 eV) ion energies are widely used in semi-
conductor processing [7]. Tough, sputtering and
surface modifications of single crystals are wide-
ly studied, there are not sufficient data in the
case of grazing incidence. However, using glanc-
ing-angle ion bombardment for surface modifi-
cation rather than conventional near-normal inci-
dence ions allows expanding the energy range up
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Figurel. The historical evolution of surface science toward nanoscience in terms of types of materials studied, roughly exhibiting the
increase of complexity over a period of about 50 years. Many technological drivers of the field are listed above the central arrow,
while scientific disciplines that have contributed to its success are listed below the central arrow [1].

to ~ 10 keV and has the advantages of reducing
damage (such as crater formation) and preferen-
tially removing surface asperities [8] leading to
flat surfaces. This is due to the peculiarities of
sputtering processes at grazing incidence [9].

Ion implantation, underlying IBMM meth-
od, has become a very important technique for
modifying surface and impurity doping of semi-
conductors [10-12]. This process lead to change
of a profile of composition and structure of the
subsurface layers. Channeling of low-energy ions
in metal and semiconductor single crystals offers
the opportunity to create the method of local ion
implantation in ultra thin film nanotechnology
and surface nano-engineering. Therefore, rang-
es, energy losses and profiles of distribution of
low-energy ions channeling in crystals have re-
ceive considerable experimental and theoretical
interest [13-15]. The study of the deposition of
bi-metallic clusters of the nanosize is motivated
by their expected electrical, magnetic and optical
properties and the primary question is to know
the extent to which properties of free clusters are
preserved in a functional environment. It is well
known from both experiment [16] and modelling
[17] that clusters slowing down at supersonic ve-
locities do not fragment upon impact. Whether
they remain intact or undergo restructuring upon
impact is still an open issue that merits attention.

In particular, the question to know to which ex-
tent clusters retain their original characteristics
needs an answer when the clusters are considered
as possible building blocks for transferring their
specific properties to the macroscopic scale. The
unique possibilities of fullerene are broadened
when fullerene is combined with other atoms and
molecules, and end of fullerenes are of special in-
terest when additional atoms, for example, alkali
metal ones, are in the inner cavity of fullerene.
However, the practical application of fullerenes
and end of fullerenes in nanoengineering is due
to the question what substrate will be used for
fullerene structures. Such substrates can be the
surfaces of silicon carbide crystals, silicon, dia-
mond and graphene that, in view of miniaturiza-
tion, is more successful since its thickness is one
atomic layer[18].

2. Computer simulation methods

The simulation used in our calculations to
construct the trajectories of the particles scattered
by target atoms is based on the binary collision
approximation [19] with two main assumptions:
(1) only binary collisions of particles with
target atoms or between two target atoms are
considered; and (2) the path which a projectile
goes between collisions is represented by
straight-line segments (Fig.2). For the description
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of the particle interactions the repulsive Ziegler-
Biersack-Littmark potential [20] was used. The
inelastic energy losses were regarded as local
depending on the impact parameter and included
into the scattering kinematics. Elastic and
inelastic energy losses have been summed along
trajectories of scattered ions. The inelastic energy
losses € (E, p) were regarded as local depending
on the impact parameter p and included into the
scattering kinematics. These losses have been
calculated on the basis of Firsov model modified
by Kishinevsky [5] and contain direct dependence
on impact parameter.

The expressions for the ion E, and recoil E,
energies after binary collision taking into account
inelastic losses can be written as follows [21]:

E = (14+w)? E  (cosh, + ()2 — sin’6) ),
E, = u(1+p)2 E, (cosO. + V() — sin®0 (1)

where f = [1 — (I+p) /ue(E;,p) /E; 6, and 6, -
the angles of ion and recoil scattering in the
laboratory system of coordinate; E; — initial
energy of impinging ion; p-impact parameter and
p=m, /m,.

In order to consider simultaneous collisions
of an particle with the atoms of the adjacent
chains, the procedure proposed in [22] was used.
The inclusion of the thermal vibrations assumed
that the target atoms oscillated independently
of one another, and their deflections from the
equilibrium position are subject to the normal
Gaussian distribution.

Figure 2. Scheme of the binary collision approximation [22]

Sputtering [20-22] has been simulated in
184

the primary knock-on regime. Only the primary
knock-on recoil (PKR) atoms ejected from first,
second and third layers have been considered.
The presence of planar potential energy barrier on
the surface was taken into account. The number
of incident ions is 4x10*. Each new particle is
incident on a reset, pure surface. The incident
particles and the recoil atoms were followed
throughout their slowing down process until
their energy falls below a predetermined energy:
25 eV was used for the incident particles, and the
surface binding energy was used for the knock-
on atoms. The calculations were performed on
the crystals comprising up to 120 atomic layers.
The simulations were run with the crystal atoms
placed stationary at equilibrium lattice sites.
The initial energy of incident particles was
varied from 0.5 to 5 keV, an angle of incidence y
counted from target the surface was 0-90° and an
azimuth angle of incidence & realized by rotating
the target around its normal and counted from
the <100>direction was 0-180°.

For the study of Ag Co_ cluster deposition
on Ag(100) surface we use molecular dynamics
(MD) calculations with the numerical integration
algorithm suggested by Swope algorithm [23] in
order to integrate the equations of motion. The
basic parameter responsible for MD simulations
reliability in solids is the interatomic potential.
To describe equilibrium properties of solids
correctly, it is necessary to use a many body
potential. In respect to metallic and bimetallic
systems, the potentials based on the second
moment approximation of the tight binding
model [24, 25] and on the embedded atom method
(EAM) [26, 27] are currently used. In the present
work the potential proposed by Johnson [28] and
based on the EAM model is used for description
of the process studied. In order to select the best
suitable form for the potential to study Ag-Co
systems, several test calculations (comparison of
the repulsive part of the potential with screened
Coulomb potentials, comparison of the thermal
mean squared displacements which may be
predicted from the potential with experimental
values) have been performed. It is established
that using the potential proposed by Johnson
satisfactorily describes the thermal mean squared



OU3UNKO-MATEMATHUYECKHUE U TEXHUYECKHUE HAYKH

displacements versus the temperature. In Fig.3
the lattice parameters of Ag crystal versus the
temperature determined in present calculations
using Johnson potential as well as determined

experimentally in [29, 30] are presented. The
difference between calculated and experimental
values of lattice parameters are less than 1%.
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Figure 3. Lattice parameters in Ag vs. temperature. Calculations (Calc) have been performed by MD and experimental values
measured by AIPH [29] and Rothery & Reynolds [30].

Threetypes of calculation for Ag Co_cluster
slowing down processes have been performed. In
the Ag Co_ cluster the Co atoms which are in the
centre of cluster are covered by Ag atoms.

In the first type of calculation the Ag Co_
cluster with two different sizes and atom
concentrations (Ag,Co,, and Ag, Co,.) are
deposited on a Ag (100) surface at energies
from 0.25 eV to 1.5 eV per atom. The substrate
has a size 98.8Ax98.8Ax49.4A which consists
of 27648 atoms. The slowing down of a cluster
is followed for 150 ps in order to track possible
thermally activated processes. Each impact is
repeated 10 times in the same conditions of
incidence, but selecting the impact points and
cluster orientations at random, in order to mimic
a monodisperse cluster beam.

In the second type of calculation the Ag Co
clusters with n = m (where n = 100, 250, 500,750,
1000, 1250 and 1500) are deposited on an Ag
(100) surface at energies of 0.25 eV per atom for
studying the size dependence and the Ag, Co,
cluster is deposited on an Ag(100) surface at
energies from 0.25 eV to 1.50 eV per atom for
studying the energy dependence. The slowing
down of a cluster is followed for 150 ps. The

substrate has a size 148.2Ax148.2Ax98.8A which
consists of 124416 atoms.

In the third type of calculation the Ag Co_
clusters with n = m are deposited on an Ag (100)
surface at energies of 0.5 eV per atom for the
studying the thin film growth processes. In this
case the Ag Co_ clusters with number of atoms
200, 500, 1000, 1500, 2000, 2500 and 3000 are
deposited consequently with randomize choosing
the next cluster from mentioned list of clusters.
The slowing down of each cluster is followed for
150 ps and then next one. The substrate has a size
148.2Ax148.2Ax98.8A which consists of 124416
atoms.

Inall cases the calculation has been performed
at room temperature with taking into account the
periodic boundary condition on two dimensions
and the electron-phonon coupling [31].

The computer model of a single defect-free
C,, fullerene was built by the energy minimization
method using the second-generation Brenner
potential (REBO) well describing the carbon
structures [32].A computer model of “infinite”
defect-free graphene was constructed; this model
was intended for consideration of fullerene
adsorption on graphene surface. For that purpose,
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a rectangular graphene section with 112 carbon
atoms was taken [33].

3. Results and discussion

3.1. Investigation of the dynamics of changes
of the Cu,Au(100) surface in the course of
ordering by low energy ion scattering

Cu,Au(100) single crystal exhibits an
order-disorder phase transition into the bulk at
T, = 663 K. This bulk transition is first-order.
Theoretically it is predicted that the transition at
the surface is of a different type than in the bulk
[34,35]. The transition at the surface has been
intensively studied in recent years, including
by TOF-ISS method [36,37]. In [37] has been
shown how the order-disorder transition modifies
the atomic sequences in atomic rows, then
changing the double-scattering conditions. The
atomic row effect exhibits remarkable features in
small-angle ion scattering from a single crystal
surface of complex composition when the rows
in certain crystallographic directions consist
of alternating atoms of different species. In
this section Cu,Au(100) alloy surface has been
investigated with low energy ion scattering at
temperatures below and above the bulk order-
disorder transition temperature [38].

At temperatures T > T all lattice sites are
populated uniformly by atoms of both species,
while at lower temperatures nonuniform
occupation of sites by atoms of different species is
typical. Note that <100> rows contain either only
Cu or only Au atoms, whereas in the <110> rows
the Cu and Au atoms alternate. Fig.4,a presents
ovals depicting the dependence of the energy
of scattered Ar” ions with initial energy E; = 5
keV on the scattering angle 0, which consist of
quasisingle (QS) - 1 and quasidouble (QD) - 2
scattering branches. Shown in the bottom panel
are the corresponding angular distributions of
ions scattered from <I110> rows in the Au(100),
Cu(100) and Cu,Au(100) planes. The dashed
ovals correspond to the Au atoms, the chain
one to the Cu atoms, and the solid oval with a
characteristic break (3) to a row of alternating Cu
and Au atoms. In the case of a mixed row the
oval has an unusual shape in that the QD branch
is replaced by quasitriple - scattering (3) from a
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sequence of Au-Cu-Au atoms with the principal
deflection from the Cu atom which results in
considerable energy losses. The QS- and QD-
scattering occur in this case primarily from Au
atoms. The angular distribution contains in the
region corresponding to the break in the oval
an additional maximum and exhibits a dramatic
broadening. The maximum appears as a shoulder
at vy = 15° grows with increasing grazing angle
and exceeds in height at y = 19°the maxima at the
limiting scattering angles. As follows from the
calculation, the additional maximum comes from
the rainbow effect associated with the enhanced
scattering close to the shadow-cone boundary
of the Au atom toward the nearest Cu atom in a
narrow impact parameter region along the row.
Fig.4,b shows also the scattering ion energy
versus the scattering angle ovals and the
corresponding angular distributions, however,
in this case, in the alternating sequence of atoms
one of them, either Au or Cu occurs twice in
succession. Both the energy ovals and the angular
distributions are seen to vary dramatically. It
is shown when two neighbour atoms belong to
the same species, the characteristic break (3)
transforms into an additional ovals which lies
lower than the principal one and corresponds to
QS- and QD-scattering from a pair of Cu atoms.
To this oval correspond two additional maxima
in the angular distribution. A similar pattern is
also observed in the case when two Au atoms
adjoin one another in a mixed row. The relative
height of the additional maxima was found to
depend on the number of neighbour atoms of the
same species in a row. Increasing the number
of neighbouring identical atoms up to three or
more results in an increase of the corresponding
additional maxima in the angular distribution.
Note, that the shape of the energy oval and
the interval of possible scattering angles are
retained, whereas relative height of the maxima
at the limiting scattering angles decrease. The
characteristic structure of the angular distribution
with the number of maxima is retained also
when thermal vibrations of atoms in the alloy are
included. Thus, a comparison of the angular and
energy distributions of ions scattered from the
surface of an alloy in the process of ordering with
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similar distributions for pure targets made up of
the alloy components permits a conclusion that
two or more neighbouring atoms in an alternating

sequence are of the same species. The results
obtained can be used to study a short-range order
in an alloys undergoing ordering.

CAWindows\system32\cmd.exe - C\Users\Windows\AppD:

Figure 4. (a) Ovals of Ar* ion energy dependence on scattering angle 0 and angular
distributions at scattering from <110> atomic rows on Cu(100)-chain curve;
Au(100)-broken curve, and Cu Au(100)-full curve; (b)-same dependencies
for cases where one of the alloy atoms occurs twice in the row.

3.2. Determination of adatom sort and
adsorption sites on single crystal surfaces
by ions channeling through thin films
Determination of the equilibrium adsorption
sites of atoms adsorbed on crystalline surfaces
and initial stages of adsorption is a fundamental
problem in surface physics. In [39] was the first to
propose for the determination of the adsorbed site
of D atoms adsorbed on the rear (100) surface of
a thin Ni single crystal, 800 keV He" ions which
channel trough the sample. The adatoms were
detected by monitoring the yield of the D( *He,p)
*He reaction. In the present section we propose
for the determination of the adsorption site and
sort of light adatoms on the rear surface of a thin
crystal to use interaction with these adatoms
of low energy ions of mass m  greater than the
adatom mass m,, which channelling through
the crystal. For m> m,, there exist a limiting
angle 0, = arcsin (), where p = m /m,, which
leads to the rainbow effect in scattering, i.e.,
enhanced reflection that results in the appearance
in the angular and energy distributions of
transmitted ions of characteristic peaks useful

for diagnostics purposes. In order to improve the
usefulness of the angular and energy distributions
of transmitted particles for diagnostic purposes,
it can be recommended to also employ, besides
the rainbow effect, the flux peaking phenomenon,
i.e., a spatial redistribution of the channeling
particles in the transverse channel plane, which
produces an increase of the flux in the central
part of the channel and its sharp decrease on its
periphery [40]. The sort and adsorption site of
the adatoms are determined from the rainbow
effect in the angular distributions of transmitted
particles caused by their interaction with adatoms
above the rear surface of the crystal [40, 41].

The trajectories of 1+5 keV He* and Ne* ions
channeling in thin (Az = 100-+500A) Ni(100) films
were computer simulated in the binary collision
approximation using the universal Biersack-
Ziegler-Littmark potential and with the inclusion
of elastic and inelastic energy losses. For ions
emerging out of the rear side of the crystal, one
calculates the coordinates of the emergence points
projected on a plane perpendicular to the channel
axis, the total scattering angle (the angle between
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the initial and final ion directions), and the final
ion energy. Next, one calculates the interaction
of the transmitted ions with the adsorbed atoms
residing in various positions relative to the
channel axis and at given heights h with respect
to the rear surface of the crystal. The adatom
sort and adsorption site are determined from a
comparison of the angular distributions of the
transmitted ions with or without adatoms present
onthe crystal surface (Fig.5,a,b). Fig.5,a illustrates
the possibility of using the channeling effect to
detect the adatom adsorption site above the rear
crystal surface along the principal axes. Fig.5,b
shows schematically the changes in the angular
distribution of the redistributed transmitted flux
caused by the ion interaction with the adatoms.
We readily see that the presence of a peak in the
angular distribution at the limiting scattering
angle permits the identification of the adatom
sort. Thus, the present method is efficient only
when m < m,, i.e., when the adatoms are lighter
than the channeling ions.By choosing properly
the ion energy and crystal thickness, one can
obtain angular distributions with the main peak
corresponding to the limiting scattering angle.

Figure 5. (a) The possibility of using the channeling effect
to detect the adatom adsorption site above the rear crystal
surface along the principal axes, and (b) The changes in the
angular distribution of the redistributed transmitted flux

caused by the ion interaction with the adatom

This is illustrated in Fig.6, showing angular
distributions of 1 keV Ne® ions channeling

188

through thin (Az = 100A) Ni(100) films along
<100> in the (a) absence and (b) presence of
adatoms of carbon and (c) oxygen located at the
channel center at a height h = 0.9A above the rear
crystal surface, which were calculated for T=0 K.
The presence of adatoms affects noticeable the
distributions in that they shift toward scattering
angles 0 = 0, , their main peaks corresponding
to rainbow scattering (0, = 35° for carbon and
0, = 50° for oxygen). As essential advantage
of this method lies in its capability of detecting
of very light adatoms, such as hydrogen and
deuterium. Thickness of the film, channeling
direction and particles energy have influence
only on the magnitude of these maxima, but
not on their positions. Thus. this method allows
discrimination between the isotopes of an
adsorbed element. Similar arguments are valid
also for close isotopes of carbon and oxygen.
Thus, when m > m,, the angular distributions of
transmitted ions allow a correct determination
of the adatom sort. The film thickness is not a
critical factor in this technique, and it can be
taken thicker if one increases correspondingly
the initial energy of ions.

It is thought that rapid progress of the
nanostructures physics and ultra-high vacuum
technology allow to obtain in near future single
crystal films only a few hundred Angstroms
thick with clean entrance and exit surfaces and
well ordered adsorbate structure on them. It was
shown that the magnitude of main maximum at
0 = 0, depends on the height h of the adatom
above the crystal surface. For the case Ne® —
Ni(100) + O, film thickness (Az = 100A), and E,
= 1 keV, maximum occurs at h = 0.9A, which is
in agreement with the experimental value [42].
The sensitivity of the angular distributions of
transmitted ions to shadowed adatom positions
which do not correspond to the channel center
in the given direction can be revealed by
varying the direction of particle channeling. The
accuracy with which the adatom adsorption site
with respect to the unit cell in the transverse
plane of the channel can be determined, is
evaluated as ~ 0.1A. An experimental test of this
technique would permit a realistic evaluation of
its capabilities.
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Figure 6. Angular distributions of 1 keV Ne* ions channeling
trough thin Ni(100) films in (a) absence and

(b) presence of adatoms of carbon and (c) oxygen.

3.3. Ag Co_ cluster deposition on Ag(100)

surface

When the initial energy of Ag, Co,, cluster
is very low (0.25eV/atom) it is deposited on the

Ag(100) surface without any penetration. The
snapshots of the deposition of 0.25¢V/atom
Agl91Col0 cluster are presented in Fig.7a. Note
that initially (before deposition) the cluster was
an ideal truncated octahedron. It is seen that
the bottom part of the cluster has been more
deformed. In this case the cluster edges have been
aligned with <110> surface direction (Fig.7b).
In the many impacts investigated, the main
morphological features observed are a re-faceting
of clusters and an inter-facial alignment with
<100> and <110> substrate surface directions.
By systematic 3-dimensional visualization of the
slowing down of the clusters, it is found that the
small cluster truncated octahedral morphology
is indeed fully destroyed by the impact at all
energies investigated. Simultaneously to the
epitaxial accommodation with the substrate,
new facets are formed with {111} and {100}
orientations. These facets induce alignment with
<100> and <I110> surface directions, leading to
a markedly polygonal cluster-substrate interface,
often in the form of a half truncated octahedron.
At the highest energies considered however,
because of the partial implantation of the clusters,
such accommodation with surface rows is more
difficult and no polygonal aspect of the interface
1s observed.

Figure 7. Snapshots of 0.25eV/atom Ag,, Co,, cluster deposition (front and top side view).

At the low energies considered (no more
than 1.5 eV per atom), the cluster penetration, if
any, is only partial (Fig.8a). Co is always found
regrouped into one cluster surrounded by a layer
of silver. When it penetrates, the cluster displaces
Ag atoms from the substrate with the consequence
of the formation of add-atoms (Fig.8b, c).

The fraction of cluster atoms with final

positions below the substrate surface is close
to linearly increasing with the slowing down
energy. With increasing the slowing down
energy the cluster has been more deformed: its
size is expanded along the substrate surface and
its height becomes smaller.

It was found that, at keeping all other incident
conditions constant, the deformation of the cluster
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is determined by the orientation with which it
impacts on the surface. If cluster impacts with its
smallest face (of {100} orientation) or with edge
oriented parallel to the substrate surface, it is less
deformed and penetrates more than otherwise.

Figure 8 shows the maximal penetration
depth of the incident clusters (Fig.8a) and the
height of the layer formed by substrate atoms
above the surface (Fig.8b) as functions of the
incident energy. The distinction is made between
the penetration of each of the elements forming
the incident clusters. The results are averaged
over ten independent slowing downs at each
energy and the standard errors on the mean are
given. Not surprisingly, the maximal penetration
is a monotonically increasing function of the
incident energy and it is limited to 4 atomic
layers for the largest cluster. The smallest cluster
does not penetrate two layers, in the average, at
the highest energy considered.

Figure 8 (a,b,c). Snapshots of the Ag301Co0285 cluster

deposition of for two slowing down energies.

The largest cluster systematically penetrates
deeper than the smallest one. Systematically as
well, Co, initially surrounded by Ag atoms has
less penetration than Ag and still remains sur-
rounded by its silver shell. Except for the small-
est cluster with incident energy lower than 0.5
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eV/at, Co and Ag atoms are always found at
least one layer deep in the substrate. This sug-
gests that, in real experiments, substrate damage
would be particularly difficult to avoid. Part of
the induced damage can be appreciated in Fig.
9b where it is shown that displaced Ag atoms
form layers around the cluster which height, in
the average, is also an increasing function of the
incident energy.
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Figure 9. Maximal penetration (a) and mean height of the step
around the clusters (b) as functions of the slowing down energy.
In Fig.9a, dark squares represent the results for Ag in the small
cluster, dark circles for Ag in the big clusters, open circles for
Co in the small clusters and open squares for Co in the big
clusters. In Fig.9b, circles provide the results for the small
clusters, squares for the big clusters.

Above, the characteristics of single clusters
impacting on the Ag(100) surface have been
discussed. By low energy cluster deposition it
is possible to synthesised nanostructured layers
with specific properties. For this aim the Ag Co
clusters with n = m have been deposited on a Ag
(100) surface at energies of 0.5 eV per atom.

3.4. C, fullerene adsorption on graphene

surface

It was obtained that the C, fullerene
adsorption on graphene surface can be realized
by different ways; below are given only 5 ones
with indication of their name, if any [31].

DInteraction of one atom of fullerene with
one atom of graphene (C-ATP).
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IT) Interaction of fullerene hexagons and
graphene (C-RING).

II) Interaction of two neighboring atoms of
fullerene and two neighboring atoms of graphene
(BRI).

IV) Interaction when the center of fullerene
hexagon is located over the graphene atom
(C-RING2).

V) Interaction of two nearest non-
neighboring atoms of fullerene and two nearest
non-neighboring atoms of graphene.

The geometrical characteristics of adsorbed
fullerene which were obtained by analyzing the
results of computer simulation by the above 5
ways of adsorption are given in Table I.

Table I — Geometrical characteristics of fullerene C adsorbed on graphene surface

Ways of adsorption
I 11 111 v v
C-ATP C-RING BRI C-RING2
Radius, averaged, A 3.60 3.61 3.60 3.61 3.60
Radius, maximal, A 391 3.98 3.91 3.88 3.88
Radius, minimal, A 3.53 3.50 3.50 348 347
Ratio of maximal radius to 1.108 1.137 1.117 1115 1.118
minimal one

Since the radius of free fullerene C is
equal to 3.60 A and its spherical symmetry leads
to the fact that the values of its maximal and
minimal radii are equal to each other and their
ratio is 1 then, according to Table I, as a result of
adsorption the spherical symmetry of fullerene
C,, is violated and this violation of symmetry
depends on a way of adsorption on graphene
surface.

The binding energies and the adsorption
distances for adsorbed fullerenes C, were also
obtained; they were compared with available
experimental and theoretical results. It was
experimentally obtained in [58] that the binding
energy of fullerene C,  and graphene is equal
to 0.85 eV and the least distance between the
fullerene C,, atoms of and graphene ones is
equal to 2.9 A which can be considered as a
measurable experimental value of the adsorption
distance. In [31] by three first-principles methods
PBE, PBE-D2 and optB86b the binding energy
and the adsorption distance were obtained for the
adsorption ways from I to IV; the geometrical
changes in adsorbed fullerene C, are not
presented in that paper.

The computer models of fullerene C , and
nano-graphene were used to study fullerene
adsorption on graphene edges. Three variants
of fullerene adsorption on graphene edges were
considered (Figure 10):

Figure. 10. Visual representation of interaction of fullerene C,,
adsorbed on 1) the middle of the zigzag edge of nano-graphene,
2) the middle of the armchair edge of nano-graphene and 3)
edge “corner” atom of nano-graphene. These visual pictures

are obtained with the program Amira 2.2.
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1) Fullerene is adsorbed on the middle of the
zigzag edge of nano-graphene;

2) Fullerene is adsorbed on the middle of the
armchair edge of nano-graphene;

3) Fullerene is adsorbed near a “corner”
atom of nano-graphene with the cohesion energy
of 2.9 eV.

In all these variants of adsorption it was sup-
posed that the geometrical center of fullerene is
in the plane in which nano-graphene is located.
After the initial arrangement of defect-free fuller-
ene and nano-graphene was set by the method of
energy minimization, the binding energy of ad-
sorbed fullerene with graphene was obtained, as
well as other results presented in Table II.

Table II — Characteristics of fullerene C ad-
sorbed on graphene edges

Variant number of adsorption on 1 2 3
graphene edge

Binding energy, eV 2.0 2.6 0.4

Fullerene radius, averaged, A 3.60 | 3.61 3.60

Fullerene radius, maximal, A 396 | 403 | 3.84

Fullerene radius, minimal, A 3.52 ) 324 3.52

Ratio of max radius to min one 1.125 1.244 1.091

From Table II it follows that the fullerene
is better adsorbed on the armchair edge of na-
no-graphene and worst on the “corner” atom of
nano-graphene. The binding energy for adsorp-
tion on the nano-graphene edge can be almost
twice as large as the highest binding energy of
adsorption on the graphene surface and stronger
deformation of the fullerene shape is observed.

Conclusion

The following conclusions one can draw on
the basis of the conducted researches:

- A comparison of the angular and energy
distributions of ions scattered from the surface of
an alloy in the process of ordering with similar
distributions for pure targets made up of the
alloy components permits a conclusion that two
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or more neighbouring atoms in an alternating
sequence are of the same species. The results
obtained can be used to study a short-range order
in an alloys undergoing ordering;

- It was shown that the sort and adsorption
site of the adatoms one can determined from the
rainbow effect in the angular distributions of
transmitted channeled particles caused by their
interaction with adatoms above the rear surface
of the crystal. The accuracy with which the
adatom adsorption site with respect to the unit
cell in the transverse plane of the channel can be
determined, is evaluated as ~ 0.14;

- It was shown that the EAM potential
proposed by Johnson may be used successfully
for studying of AgnCom cluster deposition on an
Ag (100) surface at the slowing down energies
(0.25 eV - 1.5 eV per/atom).

- It was found that the characteristics of
deposited Ag-Co clusters are significantly
modified by the slowing down conditions. The
Ag,, Co,. cluster preserves their inner structure
better than the smaller one, but the core-shell
structure may be degraded. The slowing down
energy may be used to monitor the penetration
—and hence the pinning- of the incident clusters.

- It was determined that in order to preserve
the initial state of cluster either the low incident
energy (<0.25 eV/atom) or comparatively big
clusters (where number of Co atoms more than
250) should be used. In order to enhance the
epitaxy it is useful to use the comparatively high
energy.

- It was obtained that the C_fullerene
adsorption on graphene surface can be realized by
different ways. The geometrical characteristics
of fullerene C adsorbed on graphene surface
were obtained.

- It was established that the fullerene is better
adsorbed on the armchair edge of nano-graphene
and worst on the “corner” atom of graphene. The
binding energy for adsorption on the graphene
edge can be almost twice as large as the highest
binding energy of adsorption on the graphene
surface and stronger deformation of the fullerene
shape is observed.
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YIK 004.9, 004.5, 004.41/.42, 004.43
MPHTMU 50.41.25

CUCTEMA BU3YAJIU3AIIMU CEPIEYHO-COCYJIUCTHIX MATOJIOT UM
B PAMKAX TPEHUPOBOYHOI'O NPUJIOKEHUA BUPTYAJILHON
PEAJIBHOCTHU

IOM A.]1.!, TAMHEKO E.A."?, MITAJIAKOBA M.T.!, JAMHEKO P.A .2

'Meotcoynapoonwiii ynugepcumenm uH@GOPMAyUOHHBIX MEXHONOUL
2Uncmumym npukiaoHbix HAyK U UHQOPMAYUOHHBIX MEXHONO2ULL

Annomayusn: Jlannas cmamesi NOCEsAWEHA meme UCNONb308AHUS GUPMYATIbLHOU PedalbHOCIU 8
obnacmu MeOUYUHCKO20 00pazosanus u ee npooiemam. Asmopwvl coenanu 0630p Ha cywecmsyruue
NPOEKMbL U UYUULU NPAKIMUKY NPUMEHEHUs. SOt MEXHOL02UU CPeOU Y4aAUUXcs MeOUYUHCKUX WIKOT,
VHUBepcumemos u Opyeux OpeaHu3ayuil, Ces3aHHbIX CO 30pasooxpanenuem u obpazosanuem. buvino
PazpadbomaHo npUnoACceHUe ¢ UCNONb30BAHUEM MEXHOLO2UU BUPMYATbHOU PeATbHOCMU, NO360IAI0Ulee
BU3YATUZUPOBATL CEPOCUHO-COCYOUcmble namonozuu. B kauvecmee niamgpopmol paspabomxu OvL1
evioparn ueposoii osudicox Unity 3D. Ocnosnou ¢hynkyuonan 6vin nanucan na CH#. [paghuueckue
mooenu cozdasanuce npu novowu 3DsMAX. B kauecmee ycmpoticmea upmyanvHOU peaibHOCmU
UCNONB306aAUCH OuKU supmyanvholl pearvHocmu Oculus Rift. B cmamve paccmompen npoyecc
Pazpabomku  npeoCmasieHHO20 NPULOANCEHUs, €20 (OYHKYUOHAL, a MaKdice NoIb308AMeNbCKUll
unmepaeiic.

Knroueswie cnosa: supmyanvhas peanoHocms, 3D-moodenuposanue, Unity3D, C# (CSharp), meouyuna

BUPTYAJI/Ibl HAKTBIJIBIKTbBI OKbITY APKbIJIbI KAPANOBACKYJISAPJIBIK
MATOJOTUSAJIAPABI BU3YAJIU3AIIUSAIAY KYHECI

Anoamna: Byn maxana MeOuyuHanvlx OLIIM CaldCbIHOARbL 8UPMYANObl UWUBIHOLIKMbL KOLOAHYEA
JHCOHe OHBbIH NpOONEeMANApblHA — APHANEAH. Aemoprap Konoauwlcmazvl Hco0aiapovl  Kapan
WBIKMbL JHCoHE OEHCAYIbIK Cakmay MeH Oilim Oepyee OauIaHblcmbl MeOUYUHALIK MeKmenmepoe,
VHUBepcumemmepoe Hcane 6acka yubimoapoa ocbl MexXHON02UANAPObIH NAUOAIAHBLLYbIH MALOAObL.
Bupmyanovr wisbinovlk mexHono2uiceli Koi0ana omuipsin 6A20apramaiblk HcACaKmama ireacanobl,
Ol ACYPEK-MAMBIP NAMONOSUALAPLIH BU3YATUIAYUALAY2A MYMKIHOIK myowipaodwl. Unity 3D otivin
KO32an1mKblbl 0amy niamgopmacsl peminoe mayoanowvl. Hezizei ¢hynkyuonan C # -0e dcasviiear.
I'pagpuxanvik mooenvoep 3IDSMAX xkemecimen dcacanovl. Bupmyanovl wblHObIK KYpaivl peminoe
Oculus Rift supmyanovt wsinOvIK Ke3i10ipici KondaHuliovl. Makanada YcwbinblizaH KOCbIMUMAHbIY
oamy npoyeci, ouviy YHKYUOHAIObIEbI, COHOAU-AK NAUOAIAHY UL UHMEPDelCi CUunammanzaH.

Tyiiinoi ce3dep: supmyanovt wwvinovik, 3D moodenvoey, Unity3D, C # (CSharp), meouyuna

VISUALIZATION SYSTEM OF CARDIOVASCULAR PATHOLOGIES WITHIN
THE TRAINING APPLICATION OF VIRTUAL REALITY

Abstract: This article is devoted to the use of virtual reality in the field of medical education and its
problems. The authors reviewed existing projects and analyzed the application of these technologies
among medical schools, universities and other organizations related to health and education. A
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software application was developed using virtual reality technology, which allows visualization of
cardiovascular pathologies. The Unity 3D game engine was chosen as the development platform.
The main functionality was written in C #. Graphic models were created using 3DsMAX. As a virtual
reality device, Oculus Rift virtual reality glasses were used. The article describes the development
process of the presented application, its functionality, as well as the user interface.

Key words: virtual reality, 3D modeling, Unity3D, C # (CSharp), medicine

BBenenue

CeromHst TpynHO cebe NpeACTaBUTh HaIly
XKU3Hb 0e3 WH(POPMAIIMOHHBIX TEXHOJIOTHA.
OHu cTanu Ba)KHOM YacCThIO HAIIEH MOBCEIHEB-
HOM >KM3HH, 3HAUUTENIBHO YIPOIIasi HEKOTOPHIE
ee MOMeHTHIL. bonee Toro, maHHas MHTErpaus
ycunuBaercs AeHb oTo AHs. C passutuem UKT
MBI [TOJTy4aeM JOCTYII K Bce OoJiee yBeIHMUNBaI0-
HIEMYCSl YUCITy HOBBIX CPEICTB, KOTOPBIE YCKO-
PSAIOT, YIEHICBIIAIOT U JIeJat0T 0oiee yIoOHBIMH
HEKOTOpBIC €XeIHEeBHbIe mporecchl. OmaHON U3
HOBEWIIINX TEXHOJOTHI pa3pabOTKU SBISETCS
BUpTyasibHas peanbHOCTh (VR), renepupyemas
C TIOMOIIIbIO KOMITBIOTEpA TpEeXMepHasi cpena, B
KOTOpPOM TMOJB30BaTEeNhb MOXKET B3aUMOJIEHCTBO-
BaTh, MOJTHOCTHIO WJIM YACTUYHO TMOTPYXKAsICh B
HEE.

TexHOIO0ruN BUPTYAIbHON PeatbHOCTH MPH-
MEHSIIOTCS BO BCeX c(epax 4eIoBEYECKOU Jes-
TETHHOCTH — 00pa30BaHue, peKiiaMa, MapPKETHHT,
TYypU3M, MY3€H U T.1.

B wMemumuHe mnpuMeHeHWE BUPTYaIbHON
pearbHOCTH — 3TO HE TONBKO CIIEJIOBAHUE CO-
BPEMEHHOMY MOJIHOMY TPEH]Ly, HO M KU3HEHHAas
HEOOXOAMMOCTh. JlaHHAsE TEXHOJOTHS CII0C00-
Ha O0ecmeuuTh Oe30MacHyl0 M IKOHOMUYECKU
3¢ (heKkTUBHYI0 00yUalolyo Cpefy, TJe CTyAeH-
THI-MEJMKH MOTYT MPAKTUKOBATh peasbHbIC Ha-
BBIKM ¥ MaHUMYJSAIH. OHU MOTYT COBEpIIaTh
OoIMOKM 0O€e3 BCIKUX IIOCIENCTBHI, He 005Ch
OPUYUHUTH BpeJl MAIUEHTY, B TO BpeMsi KaK MX
npernoiaBaTeii  MOTYT CKOHIEHTPHUPOBATHCS
Ha Tmporiecce 0O0yueHus, a He Ha COCTOSHUU Ia-
IIUCHTA.

JlanHast cTarhs TOCBSIIEHAa pa3paboTke
IPOrPaMMHOTO TIPUJIOKEHUSI C HMCIOIH30BAHU-
€M TEXHOJOTHUU BUPTYaJIbHOM peajbHOCTH, KO-
TOpOE TO3BOJSIET BU3YaTU3UPOBATH CEPIACUHO-
COCYJIUCTBIE TTATOJIOTUH.
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OcHoBHas 4yacTh

JlorosniHeHHass U BUPTyallbHAsl PEAJbHOCTH
o0pemny CBOIO MOMYISIPHOCTh He Tak JaBHO. Ho
KaK MJesd OHU BO3HUKIN B KOHLE 60-X ronos.
[TepBast Teopust Obl1a 00 UCKYCCTBEHHOH peab-
HOCTU M mpoliemax ee cozfanus. [lozxke mos-
BUJIACh KOHLENIUS JOINOJIHEHHOW peaJbHOCTH
(AR), xoropas mo3Bojsla HE BOCCO3]aBaTh, a
o0oraiarh CyIecTBYIOIIYIO pealbHOCTh UCKYC-
CTBEHHbIMH 00BbekTamMu. OIHUM M3 OCHOBOIIO-
JIOKHUKOB BHUPTYaJbHOW pPEaJbHOCTU SIBISAETCA
Tomac A. @epuecc III. 1o u3obperarennb, nuo-
HEp BUPTYyaJbHOW peanbHOCTH. OH BHEC Cylle-
CTBEHHBIN BKJIaJ B Pa3BUTUE TEXHOJIOTMH YEJIO-
BEKO-KOMITbIOTEPHOT0 HHTEp(eiica, 3a 3TO OH I0-
Tyuu 3BaHMe «aenymka VRy. Tak sxe Tomac A.
®epuecc I nepBbIM peAIOKUIT UCTIOJIB30BATh
VR B BoennsIx nensax [1]. Jpyrum genoBekom,
CYILLIECTBEHHO MOBJIMSABIINM Ha pa3Butue VR sB-
asiercs XyAokHUK [[pBun OM. OH OblT HepBbIM
YeJI0BEKOM, CO3JaBUIMM HABUTALMOHHBINA BUP-
TyaJIbHBIA MUP. BUpPTyalbHBIN Typ BHYTPH 3TOTO
MUpa IM03BOJIMII YBUIETH YLl TOPO/A B Pa3HBIX
pexxumax. Ero naen aktyaiabHbl U ceidac, oTo-
My KaK HaBUTallMs B BUPTYaJbHOM MHUpPE OYEHb
HOMYJIsIpHA U BOCTPEOOBaHA U MTOMOTAET JIIOASIM
¢ ¢usnyeckumu 3aboneBanusMu [2]. Hecmotps
Ha TO, YTO MEPBbIE 3aUaTKU JAHHBIX TEXHOJIOTHH
Obutn paszpabortansl eme B 1960rr., robdansHOe
BHUMaHue VR mnosyudnna rnocie npeacTaBieHus
mupy Oculus Rift. Ero cosnarenem sBusiercs
u3o0perarens [lanmep Jlaku. iMeHHO ¢ mpuxo-
JIOM Ha PBIHOK 3TOr0 YCTPOMCTBa BHUPTyaslbHas
peasibHOCTb IepecTaia ObITh TEXHOIOTHeH Jae-
koro Oymymero. [ maBHoit nensto [Tanmepa Jlaku
ABJIIETCSL Pa3BUTHE TEXHOJOTMU M €€ paclpo-
CTpaHEHHE Ha YPOBHE UCIOIb30BAaHUS cMapT(ho-
HOB [3].



OU3UNKO-MATEMATHUYECKHUE U TEXHUYECKHUE HAYKH

Kak yxe Obul0 HamucaHO BbIIIE, Mpodiema
OTCYTCTBHUSI XOPOILEr0 BU3YyaJIbHOTO W IPAKTH-
YeCKOro y4eOHOro marepuaina CyIIeCTBYeT H
OTrpaHUYMBaET BO3MOKHOCTHU CTYJEHTOB ¥ MOJIO-
JBIX crenuaancToB. Bo MHOrom sta mpobiema
CBSI3aHA C OTCYTCTBHEM JI0BEPHSI K BUPTYaJIbHBIM
uHCTpyMeHTaM. JItonu Be€ emié 60sTCs TeXHOIO-
ruid. ITpu 31OM 3(PPEeKTUBHOCTD TAaKUX MHCTPY-
MEHTOB pacTteT ¢ rogamu. Heckonpko uccieno-
BAaHMM JTOKA3bIBAIOT, YTO OIBIT, KOTOPBIA OBLI
nojyd4eH Onaromapst ucnoiab3oBaHnio VR u AR,
ABJIIETCS. PABHBIM PEAJILHOMY.

[loaroroBka  MEIUIMHCKUX/XUpPYpruyec-
KHMX TPOLENYp YacTO SIBISIETCS CIOXKHOW 3aja-
yeid, TpeOylomel BBICOKOTO YPOBHS BOCHpUS-
TUSl KOTHUTHUBHBIX U CEHCOMOTOPHBIX HaBBIKOB.
MenunuHckoe oOydyeHHe Ha MpakTHKe ObLIOo
OOMIETIPUHATBIM METOJOM Ha TNPOTSHKEHUH Be-
KOB, OJJTHAKO CETOHSI UCIIOJIb30BaHUE UHTEIICK-
TyaJbHbIX CHUCTEM W/WIU CUMYISATOPOB BUPTY-
aJIbHOM peaJbHOCTH CTaJI0 IIUPOKO paciupocTpa-
HEHHOU aJIbTEPHATUBOM.

MHorue  MenuuUuHCKHE  00Opa3oBareib-
Hble y4dpexJeHus pa3pabaTbiBalOT COOCTBEH-
HbI€ KOMIUIEKCHl TPEHAXEPOB, IO3BOJSIOLINX
CTYIE€HTaM TpeHupoBarbcs. Takke HIIMPOKO
U3BECTHBI Takue TIIAaTGOpPMBI M TPHUIIOKE-
Hus kak Epocrates, Medscape, Touch surgery,
Orcanhealth 1 MHOXeCTBO IpyTuX.

Hanpumep, Epocrates [1] mo3Bosser Tepa-
NEeBTaM U JIPYTMM MEIUIMHCKUM DPaOOTHUKAM
ONpEACIUTh JT03UPOBKY IpEnaparoB, UX B3au-
MOJIEHICTBUE, y3HABaTh HOBOCTH MEAMIIMHCKOTO
Mupa. Takxke NpUIOKEHHE IIOMOraeT OIpeje-
JUTHh AWArHO3 HA OCHOBE MMEIOIIUXCS JIaHHBIX.
[Tpunoxxenue conep>kUT 00JbII0H 00BeM HHPOP-
MallM1 U3 aBTOPUTETHBIX UCTOYHUKOB. Medscape
— OHJIalH-TUTIaTGOpMa I Bpauel, NalueHToB U
Bcex MmenpaboTtHukoB [2]. [To3BonsieT MOMYYUTH
no00PKY HOBOCTEH, cTarei M Mpodue JaHHBIE
C IIOMOILBIO MEPCOHAIM3UPOBAHHOIO MOJAXOAA.
Touch surgery — npunoxenue, coaepxariee 60-
nee yeM 200 Xxupyprudeckux cuMyssinui no 14
cnenuanuzanusm [3]. [lons3oBaTenb MOXKET Mpo-
BECTHU «OIEpALMIO» B UHTEPECYIOIEM €r0 OT/Ie-
JIe C HaIVIS,AHOM AEMOHCTpPALUel U TOUYHBIM OIU-
canueM Bcex jeiictBuil. Orcahealth mo3Bomsier
M0JIH30BATENSAM y3HATh OOJbIIE O TOM, YTO MPO-

HCXOJIMT 3a CTeHaMH KIMHUK [4]. B Teuenue B3a-
UMOJICUCTBUS C MPUIOKEHUEM JIFOU TOTy4aroT
aKTyaJbHYI0 WHGOpPMAIMIO O TOM, YTO MPOUC-
XOJIUT B TPOIIECCE JICUCHUS WM 00CIeTOBaHUSI.
Urposas dopma ymyuinaer Mmoib30BaTENbCKUI
onbIT. Takke cyliecTByeT pasjien, IJe €CTh BO3-
MOXXHOCTb 33J[aBaTh BOMPOCHI, HA KOTOPbIE OTBE-
TST peasibHbIe Bpauu. MeauIIMHCKUuEe pabOTHUKHI
MMEIOT BO3MOXKHOCTH OOIIEHHSI ¢ KOJIEraMH CO
BCETO CBETA.

Puc. 1 — Cmpoenue cepoya

JlaHHBIE TPOEKTHI YK€ HCIOJBb3YIOTCS pas3-
JUYHBIMH MEIUIIMHCKUMU U 00pa30BaTeNbHbI-
MU YUPEXKJICHUSIMHU U YK€ NEMOHCTPUPYIOT J10-
BOJILHO XOpOILIKE MOKa3zareau. MHOrue u3 HuX
WCIIONB3YIOTCSL B OCTONEPALIMOHHBIN MEpUO B
LeJsIX peaduIuTaIuH.

Tak, B [5] aBTOpHI caenanu aHamu3 U 0030p
Ha CYIIECTBYIOUIME MPOEKThl HCIOIb30BAHUS
VR B Menuuuue u xupypruu. OHU Omnpenenu-
JM, YTO 3Ta KOMOMHAIMS 00JagaeT OTPOMHBIM
MOTEHIIMAJIOM HMMEHHO B KayecTBE Y4eOHOTO
MoCcoOusl, MOCKOIBKY MO3BOJIIET H3y4YaTh CTpoOe-
HUE YEJIOBEUECKOIr0 Tejla BO BCEX, JIaXKE CaMbIX
MeJKuX Aetansix. B [6] OblT co3maH MpoeKT, Ko-
TOPBIM TOMOTAeT MEIUIIMHCKAM pPabOTHHKAM
TPEHUPOBATH CBOM HABBIKH ITyTEM BU3YyaJU3aLlMI
Y TECTUPOBAHUSI BHYTPHU NpUIOKeHUs. Tak, Ha-
MpUMep, MOJIb30BaTeNId MOTYT B MOAPOOHOCTSAX
M3Y4YUTh COCTABHBIE YacTH Yepena, IMOIYyYUTh
pasznuuHy0 HHQOpPMAIMIO, KOTOpas 3aTeM MO-
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&KeT ObITh MpuMeHeHa B pabote. Co3narenu [7]
MIPECTABISIOT BUPTYAIbHYIO lbTEepHATUBY JUIS
pabOTHUKOB, OOyyaromMxcs cromaronoruu. Mx
MIPOEKT SIBIISIETCS ICHIEBOM, HO HE MeHee d(hdek-
TUBHON aJIbTEPHATUBON CIELUAIbHBIM amnmnapa-
TaM JJIs pa3BUTUS MPAKTUUYECKUX HABBIKOB. [§]
— 9TO CHCTEMa, MO3BOJISIOIIAS OTTOYUTH CBOE
MacTepCcTBO pabOTHUKAM HEOTIOKHOM MOMOIITH.
Omna npejaraeT MHOXX€CTBO MHCTPYMEHTOB ISt
00y4eHHs U MO3BOJISIET CHU3UTH 3aTPaThl HA IO-
BbIILIEHHE KBAJTU(PHUKAIUU TIEPCOHAA.

Bce nmeromecst Ha JaHHBI MOMEHT pabo-
ThI MO)KHO pa3/ienTh Ha ABe Kareropuu. [lepsas
KacaeTcss npuMeHeHus VR s pealuinta-
LIMOHHBIX HYKJ, BTOpas KacaeTcsi 0O0ydyeHHs
nepconana. Ilocme oO3HaKOMIIEHHSI CO BCEMH
TUMHU CTaThsIMH JIETKO MOHATH, YTO BUPTYailb-
Hasl peaJlbHOCTh KaK MHCTPYMEHT OOyYeHHs SB
JSieTCs OHOM U3 yYIINX, a IIIaBHOE JOCTYITHBIX
texHojorud. E€ wucronmb3oBanue >QeKTuBHO,
JIeIlIeBIIe, YeM HKCILTyaTallus CrieuaIn3upOBaH-
HOTO yueOHOro 0060opynoBanus, u 6osee Gezomnac-
Ha KaK Ui CTYJEHTOB, TaK U JJis nmauueHToB. Ho
HEMAaJIOBAYKHBIM SIBIISIIOTCSI TOKA3aTEH IOJIb3bI
OT MPaKTHUYECKOrO MCHOIb30BaHUs. KiroueBbiM
CBOWCTBOM BHPTYaJIbHOM pealbHOCTU SBISET-
Csl TIOTPY’>KEHHUE I0JIb30BaTeNeil B BUPTYaJIbHYIO
cpeny. OHO MO3BOJSIET cO3/AaTENsAM, Pa3paboT-
YHKaM M BCEM, KTO CBsI3aH C 3TOM TEXHOJIOTHEN,
CO3[1aBaTh MHTEPECHbIE CpeJlbl, KOTOpbIe OyayT
BOCTIPUHSTHI YEJIOBEYECKUM MO3IOM KaK HAacTO-
A11Me, AeUCTBUTEIbHbIE. JTa (QYHKIHS MpUMe-
HSETCSI BO MHOTHUX Ppa3IMYHBIX CHUTyalUsX.
Camas BaxxHas 4acThb VR —3T0 TO, YTO ONBIT, KO-
TOpPBIH OyJeT MOTy4eH B Hell, Oy/eT peabHbIM, a
PUCKH OyAyT CBEAECHBI K MUHUMYMY IO CpaBHe-
HUIO C HACTOSIIUM IporieccoM. Hampumep, mo-
JIOZI0M ¥ HEOTBITHBIN XUPYPT MOXKET COBEPIIUTD
OLIMOKY, KOTOpasi MOXKET CIIPOBOIIMPOBATH HEMH-
HyeMbI€ MOCJIEACTBUS Ul 30POBbsI MallUEHTA.
Tem He MeHee, TPEHUPOBKA HABBIKOB — Ba)kKHasl
YacTh CTAHOBJICHHUS MOJIOJBIX CIHEIHMAINCTOB,
MIOTOMY YTO TOJBKO TaK OHU CHIOCOOHBI 0OpECTH
HEoOXoIuMble 3HaHUS U OombIT. VR nomyckaer
COBEpILIEHHE OIIMOOK, HO 0€3 Kakux-Iubo pu-
CKOB JUJISl 37I0POBbSI M JKU3HU PEATBHBIX JIOJCH.
Takum 00pazoM, MOJIOJON CIIEUAUCT MOTyda-
€T HeOOXOIMMbIE 3HAHMUS, M XOJ] HACTOSILEH ore-
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paru OyaeT JUIsl HETO He HOBBIM COOBITHEM, a
y’Ke OTpabOTaHHOH CUTYaIHeH.

Haubonee pacrnpocTpaHeHHBIM HEIOCTAT-
KOM TIPUBEICHHBIX 37I€Ch TIPOEKTOB SIBISETCSA TO,
YTO MHOTHE U3 HUX HE MPOXOJIAT peaabHOTO JITH-
TeIbHOTO TecTUpoBaHUs. OOBIYHO MX peaybHas
3¢ hEKTUBHOCTD MPOSBIISLETCS B CIIOCOOE TECTH-
pPOBaHUS MPUIOKEHUS KOHTPOJBHOUM TPYIIIOH,
KOTOpasi MOKET OBITh JTF000r0 pasmepa, 10 wim
100 genoBek. ITO HE MO3BOJISET CAENIATh OObEK-
TUBHYIO OLIEHKY 3()QEeKTUBHOCTH TPHUIIOKEHHUS,
MOTOMY YTO PE3YJIbTaT MOXKET OKa3aThCs MPOCTO
CTAaTHUCTUYECKUM.

Takum 00pa3oM, MPOEKTHI C HCIOIB30Ba-
HUEM TEXHOJIOTMH BHUPTYaJbHOW peaTbHOCTH
MOMOTalOT OyAyIIMM BpauaM OTTa4MBaTh CBOU
3HAaHUS W HABBIKH, IOJy4aTh CAMYIO aKTyalb-
HYI0 HH(OPMAIIHIO O TOM, YTO TIPOUCXOANT B Me-
TUITMHCKON cepe Bo BceM mupe. AKTyalbHBIC
JaHHBIE ¥ BO3MOXXHOCTH OOMEHA OIBITOM C 3a-
PYOEKHBIMH KOJIJIETAMU — 3TO BEPHBIH MYyTh K
VAYUYIICHUIO METUITUHCKONW CUCTEMBI MUPA U Ha-
Iei cTpaHbl B YaCTHOCTH.

Hcnoab3yemble TeXHOJIOTHH

Peanu3anust mporpaMMHOTO TPHIIOKEHUS
OCHOBaHa Ha MHTErPaIllMM MEXIy OYKaMHU BUp-
tyanbHOll peanbHOCcTH Oculus Rift 1 urposeim
kKoM Unity Game Engine [9].

B kauecTBe MHCTpyMeHTa pa3pabOTKHU ObLI
BbIOpaH wurpoBoi naBWxkoK Unity, momaepxu-
BAIOIIMK HA CErOJHSIIHUMN IeHb OOMbIIOE KOJIH-
4yecTBO MardopM u OUOIMOTEK A pa3paboTKu
3D-urp. Penaktop Unity uMeeT npocToi, Jerko
HacTpauBaeMblii Drag&Drop untepdeiic, coc-
TOSIIIMKA W3 PAa3IMYHBIX OKOH, Ojaromapsi yemy
MOYHO TMPOU3BOAUTH OTIAJIKY UIPhI IPSIMO B pe-
naxkTope. JBUKOK MOAAep KUBAET SI3bIK POrpaM-
mupoBanus C#. @uznueckue pacuéTsl MPOU3BO-
it puzndeckuit 1Bmxkok PhysX or NVIDIA.

B kauecTBe cpencTBa BUPTyalbHOU peajib-
HOCTHU ObUTH BEIOPAHbI OUKH BUPTYAJIbHOMN peasib-
HoctH Oculus Rift [10]. O oGnagaroT TakuMH
CBOWCTBaMHM, KaK BBICOKOE Kau€CTBO KapTHHKH,
XOpouunii 3P PeKT norpyx’eHus, uaeanabHbli Tpe-
KUHT TOJIOBBI U TeJa, MO3BOJSIONIMMU TEPEHO-
CHUTb TOYHBIE ABMKCHHS, COBEPILICHHbIE B Peajlb-
HOM MHp€, B BUPTYaJIbHbBII MUD.
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OcHoBHOW (yHKIIMOHAN ObUI HANKMCaH Ha
C#. I'padmyeckue MOJENH CO3ABAIUCH MIPH TI0-
mou cpeasl 3dsMAX.

Pa3pa0oTka nporpaMMHOI0 NpUJIOKEHHSA

Ha nanHbIii MOMEHT NPUIIOKEHUE TTPENCTAB-
JsieT u3 ceds CLeHy ¢ ceplueM, BHEIIHUH BU
KOTOpOro OlM30K K aHaromMuueckoMy. ITomumo
cepAlla CleHa CHa0XXeHa I0Jb30BATEIIbCKUM
uHTEepdeiicoM, KOTOPBINA MMO3BOJISET C HUM B3au-
MOJEUCTBOBATE. MEHIO NPUIIOKEHUS COLEPIKUT
OKHO C OIMCaHMEM COCTOSHHM cepjia, Heo0Xo-
JUMBIX JIUarHOCTUYECKUX AHAJIU30B U PHUCKOB,
KOTOpBIE CBSI3aHBI C OJHUM U3 TpEX 3aboseBa-
HUM, B KAYECTBE YETBEPTOrO COCTOSIHUSA CepALa
NPUBEACH 3/10pOBBIA OpraH. DTH 3a0ojeBaHMA
IIPE/ICTABIICHBI NTAHEIbI0 BHU3Y OKHA W IIPU Ha-
KATUM KaXJOW M3 HUX CEpALE HAUMHACT [(BU-
rathCsi B COOTBETCTBUU C (PU3HOIOTHYECKHUMHU
JTaHHBIMU. Takke MEeHseTCsl 3ByK cep/leOneHus
U IIOBEPXHOCTH CAMOT0 CepALa.

B nmpunoxenun uMeercs BO3MOXKHOCTb pac-
CMOTpeTh cepaue B paspese. [Ipu BriroueHuun
OJHOTO M3 YETBIPEX COCTOSHHUNW MOXHO YBH-
JETh ABWKCHUE MBIIILEBL. PaccMoOTpeTs cepale B
paspese M LIEJTMKOM MOKHO Ha PUCYHKE 2 U pu-
CyHKe 3.

HcC: 85 yasposhuunyry

Puc. 2 — Ckpunwom npunoosicenusi: cepoye yeaukom

ucc: 78 yaapos/unsyry
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Puc. 3 — Ckpunuwiom npunoogicenus: cepoye 6 paspese

Pasmep cMonennpoBaHHOrO cepaua yao-
OeH Ui TOJb30BaTeNs, TaK Kak IO3BOJISET
paccMOTpeTh YacTH CEpAlla BO BCEX AETAIAX.
AHuManus MHOKap/a BKJIIOYaeT B ce0sl He TOJb-
KO PEaJIMCTUYHbIE IBMIKEHUS CAMOW MBIIIIBI, HO
U KJIAIlaHOB, W Ipeacepaui. B coBOKymHOCTH
aHUMalMsl, 3ByK U TEKCTYypbl MOJEIH NPENCTaB-
JSIOT cO00M yIoOHOE M HATIISTHOE TOco0ue JIs
I10JIb30BATEIICH.

3akJ/oueHue

B paGore mokazaHo, 4TO COBPEMEHHBIE TEX-
HOJIOTUW MOTYT MPUMEHSTHCS U OBITH TOJIE3HBI-
MU Be3zie. Bompoc B ToM, 4TOOBI BEIOPATh MOIX0-
JSIIHI cIoco0 caenaTh 3To. Bee mpoekTsl, KoTo-
pbie OBUTH COBMECTHO HCCIIEAOBaHBI, MOKA3aIH
XOpoliue nokaszarenu. ABTopamu Ob110 pazpado-
TaHO MPOTrPAMMHOE MPUIIOKEHUE, TIO3BOJISIOIIEE
BU3YaJIU3HPOBATH.

ABTOpBl NT0Ka3biBalOT, 4uTo AR u VR mo-
JIe3HBI HE TOJIBKO B cpepe pasBlieueHuid, HO U B
oOpazoBanuu. OHM pelaroT MpoodaeMy BU3yalb-
HBIX aCMEeKTOB HEBUANMBIX MPOIECCOB. B 3akito-
YeHHE CJeIyeT MOHUMATh, YTO HCIIOJIb30BaHUE
VR 1151 BU3yanu3anuu cepeuHbIX 3a00IeBaHMIA
MIOMOXKET XUPYpraMm B 00pa30BaHUM U MPAKTHKE.
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YUCJTEHHBIE DOKCIIEPUMEHTBI 1O HIOABOPY CXEM ITAPAMETPU3AIIUHN
MHUKPO®U3NUYECKHUX MPOIECCOB KJIMMATUYECKON CUCTEMBI
B PEI'MOHE HEHTPAJIbBHASA A3UA

IOHUYEBA H.P.!, BOCTAHBEKOB K.A.2, AINMMOBA A.H.2, BATKOBCKAS U.C.!

'HUnemumym un@opmayuoHHbIX U 8bIYUCTUMETbHBIX MEXHON02U
’Cambaes ynusepcumemi

Annomayusn: C yenvio 8bl00pa cxemvl NApamMempuzayuy MUKpO@DU3UYECKUX npoyeccos u npoyeccos
8 NOSPAHUYHOM clloe ammocepvl 8 pecuone LlenmpanvHoil A3uu nposedensvl pacuemsl pasHOCMU
HAOI0O0AEMbIX U MOOETUPYEMbIX MEMeOPOL0UYECKUX NAPAMEMPOB O 4-X KIUMAMUYECKUX Ce30H08
3a 2000-2016 200vb1. Jlannvie Habn0OeHUll, HAx00awuecs 8 c60600HOM 0OCHyne, 3aUMCIEOBAHb
uz enobanvhvix apxueoe Memeoponocuueckoeo Oguca Benuxkoopumanuu u nabopamopuu
npunogepxHocmuou euoponozuu Ilpuncmonckoeo ynusepcumema CILIA. Ipanuunvle u HauanvHble
VCOBUSL OISl PECUOHANbHOU KIUMAMUYECKOU MOOenu 3a0d8aluct HA OCHO8e HAOOpA OAHHBIX
peananuza ERA-Interim. Pezynvmamvl YucieHHbiX SKCHEPUMEHMO8 NPeoCmAasiensl 6 Guoe Kapm
CPeOHeMHO20NIemHell Ce30HHOU UMEHYUBOCMU NPU3EMHOU meMnepamypbl Ha YpoeHe 2 M U 0CAOKO8
6 npedenax oomena llenmpanvhas Aszus. Paccmompenvt mpu kombuHayuu cxem MuKpo@u3uKu u
NOZPAHUYHO2O CNIOSL: OOHOMOMEHMHAs cxema Mukpoguzuxu Tomncona, ucnoavsyowas 5 Kiaccoe
2UOpOMemeopos8 8 COUeMAanu ¢ 08yMs cxemamu nocpanudnozo cios ammocgepot (YSU u MYJ) u
cxema WRF Single Moment ¢ 6 knaccamu euopomemeopos 6 covemanuu co cxemoti YSU. [lonyueno,
Ymo OaHuvle MOOETUPOBAHUS. C UCTONL30BAHUEM CXeM NApAMempusayuu Oas NOSPAHUYHO2O ClOs
MYJ PBL u muxpoghuzuxu Thompson nyuwe, uem opyeue, co2nacyromecs ¢ OaHHbIMU HAOI00eHUll 3a
0CAOKaMu u memnepamypoil NPU3EeMHO20 CJLOS.

Knrwouesvie cnosa: xiumam, usmeHeHue KiUMamad, MOOEIUPOSAHUE, CXeMbl NApaAMempuzayul,
npuzemHas memnepamypd, ammocgepnvie 0caoKu

NUMERICAL EXPERIMENTS ON THE SELECTION OF PARAMETRIZATION
SCHEMES OF MICROPHYSICAL CLIMATE SYSTEM PROCESSES
IN THE CENTRAL ASIA REGION

Abstract: In order to select a parameterization scheme for microphysical processes and processes in
the atmospheric boundary layer in the Central Asian region, the difference between the observed and
simulated meteorological parameters was calculated for 4 separate climatic seasons for 2000-2016.
Publicly available observational data is borrowed from the global archives of the Meteorological
Office UK and the Near-Surface Hydrology Laboratory at Princeton University USA. The boundary
and initial conditions for the regional climate model were set on the basis of the ERA-Interim reanalysis
data set. The results of numerical experiments are presented in the form of maps of the mean annual
seasonal variability of the surface temperature at the level of 2 m and precipitation for the Central
Asia domain. Three combinations of microphysics and boundary layer schemes are considered: the
Thompson one-phase microphysics scheme using 5 classes of hydrometeors in combination with two
atmospheric boundary layer schemes (YSU and MYJ) and the WRF Single Moment scheme with 6
classes of hydrometeors combined with the YSU scheme. It was found that simulation data using
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parametrization schemes for the MYJ PBL boundary layer and Thompson microphysics are better
than others in agreement with the data on precipitation and surface layer temperature.

Key words: climate, climate change, modeling, parameterization schemes, surface temperature,
precipitation

OPTAJIBIK A3USI ATMAFBIHIAFBI KJIMMATTBIK KYHEHIH
MUKPO®U3UKAJBIK MPOLIECTEPIIH TAPAMETPU3ALIUSI CHI3BACBIH
TAHJAY BOMBIHIIA CAH/IBIK DKCIIEPUMEHTTEP

Anoamna: Opma A3us auma2vblHOAebl AMMOCHEPAbIK ulekapa KabamvlHOdesbl npoyecmepoiy Heane
MUKPODUIUKATILIK npoyecmepoiy napamempienoipy cvizdoacvin mayoay maxcamoinoa 2000-2016
AHCHLIOAPEA aApHANaH 4 KIUMAMmulK Ke3eH YuliH OAKbLIAH2AH JHCIOHE MOOEeNbOel2eH Memeoponocu-
SANBIK napamempiep apacblHOAebl AublpMAubLIblK ecenmeyiepi scypeizindi. baxwvinay oepexmepi
Hcannvlea Koncemimoi ¥avlOpumanusi Memeoponocusiivlk KeHCeCiHiy HcahaHOblK MypazamulHaH
arcone [Ipuncmon yHugepcumeminiy 6emmix 2uOpOIOSUANBIK 3ePMXAHAOAH ANbIHObL. AUMAKMbIK KU~
mMammulK MOOenbOiy wekmik nen bacmankwl wapmmapel ERA-Interim peananuz manimemmepiniy
Hezizinoe bencinenodi. Canovix skcnepumenmmepoiy Hamudcenepi Opmanvix A3us domen wiecinoezi
HCAYBIH-UAUUBIHHBIY 2M 0eH2eUIHOe2l HCIHE HCAYbIH-ULAUUBIHHBIY OPMAULA HCHLTOBIK MAY CLLMObIK, 63+
2epiciniy kapmacel mypinoe YcviHvlizan. Mukpogusukanvly dcane wekapanvly Kabam coiz6aiapbi-
HbIY YUl KOMOUHAYUSCHL KAPACMbIPLLIAObL: eKi amMochepanviy wekapa KabamviHbll Cbl30aACbiMeH
(YSU owcone MYJ) cuopomemeopnapoviy 5 knaccoln Konoanamolt, ToMnconHvly 0ip MOMeHmmi mu-
Kpogusukanvix cvizoacst sxcone YSU cvizbacvimen bOipee euopomemeopnapoviy 6 kiaccvimen WRE
Single Moment cviz6acvi. MYJ PBL oicone Thompson muxpogu3uxacwinsly wekapaiac xabamol-
HbIH napamempiey cbl30a1apvlH KOJIOAH2AHOARbL MOOeIbOey MaliMemmepi bacKkaiapeda Kapaamoa,
MUiMOI dicoHe OAKbLIAYObIH HCAYBIH-ULAUUBIH MEH Jicep KaDamvlHblY meMnepamypacsl mypaivl Oepex-
mepee calkec ekeHOiei aHbIKmManobl.

Tyitinoi co30ep: kaumam, KiumMammoly 632epyi, MOOenboey, napamempiey cbl30aniapbl, xcep 6eminiy
memnepamypacsl, Aammoc@epanvik HayblH-UlaUbIH

BBenenune

KonnuecTBeHHast oleHKa Oymymux KiIuma-
TUYECKUX HM3MEHEHMH, a TaKXe€ COOTBETCTBYIO-
IIMX TOCIEACTBUI SABISETCA aKTyaJbHOW 3aia-
4yell Ipu COBPEMEHHBIX M3MEHEHHX KIuMaTa U
PHUCKOB, BBI3BAHHBIX 3TUMHU U3MEHEHUSAMU. J[1s
peleHust 3aa41 MPOrHO3HBIX OLIEHOK OymayIInX
napaMeTpoB KJIMMara HEOOXOAMMO MCIIOIb30-
BaTh YHUCIIEHHOE MOJEIMPOBaHME KJIMMaTH4ec-
KOM CHCTEMBI C IMOMOIIBIO TIIOOATBHBIX KIUMa-
TUYECKHUX MOJIETICH, 0CHOBOI KOTOPBIX SBIISIOTCS
100aMbHbIE MOJIENTN O0IIeH IUPKYIISLIUN aTMOC-
(epsb! 1 okeana [1].

[moGanbHble U pErHOHAJBHBIE THAPOIUHA-
MHUYECKHE MOJENU SIBJSIOTCS OJHUM U3 OCHOB-
HBIX MHCTPYMEHTOB JUIsl M3Y4YEHUs HW3MEHEHHH
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KJIMMaTa TI0Jl BO3JEHCTBMEM aHTPOIOTEeHHBIX
U TpUpoIHbIX (akropoB. ImobanbHbIE MOJe-
au o0mel HMPKYISAUUU aTMochepbl U OKeaHa
(MOLIAO) ucnonb3yrorces JUIst U3y4eHus Mpoli-
JIOTO M TEKYyILIEro Kjiumara, Ha UX OCHOBE IO-
JY4YeHbl TPOEKIUH OyIyIluX KIMMaTHYECKUX
m3meHeHnii. MOLJAO nOCTOSSHHO COBEpILIEHC-
TBYIOTCS, JOTIONHSIOTCS PA3IUYHBIMH MOMYJIs-
MU, UX IPOCTPAHCTBEHHOE pa3pelIeHne B HACTO-
sl1ee BpeMsl elle HeA0CTaTOYHO JJIsi KOPPEKTHO-
ro ONHMCAHUS PErHOHAIBHBIX OCOOCHHOCTEH
aTMOC(EpHBIX TPOILIECCOB, CBA3AHHBIX C HEOJ-
HOPOAHOCTSIMU TOJCTHJIAIOIIEH IOBEPXHOCTH,
TaKUX Kak oporpadus, XapakTepUCTUKU MOYBBI
U PACTUTEITHHOCTH, OYE€PTAaHUSI OEpPeroBbIX JIH-



OU3UNKO-MATEMATHUYECKHUE U TEXHUYECKHUE HAYKH

HUM ¥ T.0. [ ycTpaHeHHs! 3TUX HEIOCTAaTKOB
IpY MOJAETUPOBAHUU PErHMOHAIBHOIO KJIMMAara
OPUMEHSIOT ME30MacCIITa0HbIe THAPOAWHAMHU-
YyecKHe MOJIeNH, UMeroIue 6oiee BBICOKOE Mpo-
CTPAaHCTBEHHOE pa3pellieHHe U YYUTHIBAIOIIHE
JIOKaJbHbIE KJIMMATooOpasyoume (aKTopsbl.
VYcoBepiIieHCTBOBaHWE MOJIeNel KinMmara Tpe-
Oyer dopmynupoBaHUs 0ojiee TOUHBIX MOJEIeH
KOHKPETHBIX (PU3MUYECKUX MPOLIECCOB, OIpese-
JSIFOIIMX TUHAMUKY KIMMaTH4eCKOM CUCTEMBI.
PernonanbHoe MojeIMpOBaHUE KIMMara
COCTOUT B UHTETPUPOBAHUN PETHOHAIBHON KITH-
matuueckoil moaenu (PKM) ¢ ucnonb3zoBanuem
Ha OOKOBBIX TpaHMIAX 00JACTU HCCIEIOBAHUS
BBIXO/IHBIX JAaHHBIX IIOOAJIBHBIX KJIMMaTH4ec-
KUX Mojenei. PernonanbHas KiumaTruueckas
MOJIEITb JUUIsl BHIOPAaHHOTO JJOMEHA UCCIIe0BaHUN
TpeOyeT HaCTPOEK IMyTeM BapbUPOBAHMS IMITU-
puueckux kod3(duuueHToB B cxemax mMmapame-
TpPHU3allUK, HCIONB30BAHUS PA3JIMYHBIX CXEM,
OIUCBHIBAIOUINX ~MHUKPO(PHU3UKY, OCOOCHHOCTH
MOACTUIIAONIEH MTOBEPXHOCTH, MOTOKH KOPOTKO-
BOJTHOBOM 1 AJTMHHOBOJIHOBOM pagualuy 1 T.II.

O0nacThb nuccienoBaHust

UucneHHbsle pacyeThl MPOBOAUINCH IS
nomena llentpanbHoil A3uM, ONpeaeNeHHO-
ro Hay4Hoil rpymmoii Science Advisory Team
(SAT). Teppuropusi BHIOpaHHOTO peruoHa 00-
[IMpHA, TPOCTHPAETCS HA THICSYU KUIOMETPOB
no EBpaszum, comepkuT OONbLIOE KOJIHMYECTBO
pek u 03€p. PenbeHOCTH MOBEPXHOCTH U3MEHSI-
€TCsl OT BBICOKUX TOp 10 HU3MEHHOCTEH, Jexa-
[IMX HIKE YPOBHS Mopsi. BkitouaeT HECKOIBKO
KITUMATUYECKUX 30H, BHYTPHU KOTOPBIX MPHUOIH-
3UTENHHO OJTHOPOJHBIN KIMMAT MO BCEH UX TPO-
TSHKEHHOCTH.

Marepuajbl 1 METOAbI

OpnHoll W3 1enel YMCIIEHHBIX SKCIIEPUMEH-
TOB SIBISETCS OILICHKA TOTO, HACKOJBKO MOJIEIb
aJIEKBaTHO OTPaXaeT MPOLECCHI, IPOUCXOISALINE
B arMoc(epe, Ha cyIlle ¥ BOIHOMN MOBEPXHOCTH,
IIPU UX B3aUMHOM BIIMSIHUM, ONPENEICHUE BO3-
MOJKHBIX TIPUYMH BO3HUKAIOIINX OMIMOOK, a TaK-
K€ OrpaHuYEHUs MoJieNn. Pe3ynbraTel Ha3eMHBIX
HAOTIOEHU HUCTIONB3YIOTCS sl BepudUKauu
MOJIENIH, & MOAECIMPOBAHUE, B JATIbHEUILIEM, 1103~

BOJISIET IIOJIyUNUTh XapaKTEPUCTUKH CPEN JUIsl He-
W3YyYEHHBIX CUTYaLHil.

Pe3ynprarhl YNCIEHHBIX YKCIEPUMEHTOB 110
nof0oOpy cXeM mapaMeTpu3aludl MHKpPOPHU3H-
YECKUX IIPOLECCOB U MPOLECCOB B MOIPaHUY-
HOM clioe arMocdepsl, HaUIy4IIUM 00pazoMm
OIHCHIBAIOIINE KOMIIOHEHTBl KIMMAaTU4YECKON
cucteMbl B pernoHe LlenTpanbHOl A3sum, npen-
CTaBJIEHBI B BUJIE€ KapT CPEIHEMHOTOJIETHEN ce-
30HHOW M3MEHYMBOCTH NPU3EMHOM TeMIlepary-
pBI ¥ aTMOC(EPHBIX 0CAAKOB. bbUN paccunTaHbl
U MPOAHAIM3UPOBAHBl PA3HOCTH HAOIIOAEMBIX
U pacyeTHBIX IMOJIEH s 4-X OTAEIBHO B3STHIX
KJIIMMaTHYECKUX CE30HOB. B KauecTBe AaHHBIX
HaOMIOZICHUH MCIOIb30BAIMCH JIBA TI00ATBHBIX
apxuBa: JaHHble Meteoponornyeckoro Oduca,
BemukoOpuranuss (CRU - Climatic Research
Units), ¢ MNpOCTPaHCTBEHHBIM pa3pelieHUueM
0,5°[2]; nanHbIe TAOOPATOPHU TIPHITOBEPXHOCT-
HOM ruaposiornu [IpMHCTOHCKOrO YHHMBEpCUTE-
ta CIIIA, ¢ npocTpaHCTBEHHBIM pa3pelICHHEM
0,25° [3]. I'paHn4HbIC 1 HAYATBHBIC YCIOBHS JUIS
pErHOHAIBHON KIMMAaTHUYECKOM MOAenu 3aja-
BAJIMCh Ha OCHOBE HAbOpa AAHHBIX MOBTOPHOTO
ananmu3a ERA-Interim.

[TonGop mapaMeTpoB BBINOIHSIICA IS pe-
THOHAJIBHOM  KiImuMarudecko Moxpenmun WRF
(Weather Research and Forecasting), sBisto-
Hieiicst CHCTEMOM 111 IPOrHO3MPOBAHMSI ITOTO/IBI
U MOJICTTUPOBAHUS aTMOC(EPHBIX IPOLECCOB,
NPUTOIHAS KaK JUIsl ONEPaTHBHBIX, TaK U JUIA
uccienoparenbckux uened. Monens WRE nipen-
CTaBIsIeT cO00# cucTeMy B3aUMOJICHCTBYIONINX
MOJyJNeii: MOAy/b, 00€CTIEUNBAIOLIHI TOATOTOB-
Ky HauaJbHbIX M IPAaHUYHBIX JaHHBIX. CHcTeMa
apisiercs 3(PPEeKTUBHBIM HHCTPYMEHTOM JUIS
pa3pabOTKN METOZ0B aCCUMMIIALIMU JJAaHHBIX, I1a-
pameTpu3alMM MIPOLECCOB MOACETOUYHOIO Mac-
mraba, MPOrHo3a Morojibl U MOJAEIMPOBaHUS pe-
THOHAJLHOTO KiuMmarta [4-7].

PaccmatpuBaroTcst Tpu pasiUyHBIX BapHaH-
Ta 3aaaHus napamerpos moaenu WRE:

(1) muxpodpuszuka WSM6 B kOMOMHALIUU C
YSU PBL cxemoii norpaHu4HOro Cj05;

(2) xomOuHaius CXeMbl TUIAHETapHO-
ro norpanuyHoro cios MYJ PBL B couera-
HuM ¢ Mmukpodusukoir Tommcona (Thompson
microphysics);
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(3) Mukpodusuka, 4To U B BapHaHTE 2, HO
napaMeTpsl MOTPAHUYHOTO CIIOSI 3aHAr0TCS IO
cxeme YSU PBL.

C uenplo OIEHKHM TOYHOCTH BOCIIPOU3BE-
JEHUSl TapaMeTPOB KIMMATUYECKOH CHCTEMBI
monenbto PKM mpoBenieH aHaiu3 pa3HUIBI TIO-
Jeil MPU3EMHOM TeMIlepaTypbl MEXIy JaHHBI-

mu HaOmonenuit u3 apxuBa CRU u pacueramu
o moaenu WRF ¢ rpaHuYHBIMU U HauaJabHBIMU
ycnoBusMu ERA-Interim 11 Belleyka3zaHHBIX
CXEM IapaMeTpU3aluy JJI1 3UMHETO, OCEHHErO
1 JIETHETO NIEPUOA0B. Pe3ynbrarel IPOBEIEHHOIO
aHa/IM3a MpPEeACTaBIEHbl HAa pUCyHKax 1-3.

6 ) cxema napamempusayuu 3

Puc.1 — Pasnuya pacuemnoii u nabniodaemoti cpednemnozonemuetl npuzemnoui memnepamypot (2000-2016 22.)
6 3UMHUL Nepuoo (0ekabpb, siHeaps, Gespain)
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6 ) cxema napamempuzayuu 3

Puc. 2 — Pasnuya pacuemnoti u nadbnooaemoli cpeOHemuozonemuell npusemuon memnepamyput (2000-2016 2e.)
6 ocenHUll nepuood (cenmsaopv, okmaOPb, HOAOPb)
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6 ) cxema napamempuzayuu 3

Puc. 3 — Paznuya pacuemnotl u Hadbmoodaemoil cpednemuo2onemueil npuzemuou memnepamypol (2000-2016 22.)
6 JlemHuil nepuoo (UoHb, UKL, A82YCh)
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Pe3ynbrarsl n 00cyx1eHune

[l Bcex MpOBENEHHBIX YHMCIEHHBIX JKCIIe-
PUMEHTOB C Pa3IM4YHBIMU CXEMAMHM ITapaMeTpu-
3allMM TIOJIyYEHO IIPEBBIIIEHUE TEMIIEPaTyphl
INPU3EMHOTO CJIOS (TIOJIOKUTENBHON Pa3HOCTH
pacyeTHBIX U HAOMIOAAEMBIX JAaHHBIX) B 3UMHUI
nepuon Ha 2-3°C B ceBEpHBIX pErMOHaxX paccma-
TPUBAEMOIO J0OMEHAa. BO3MOXHO 3Ta cuTyanus
BbI3BaHA TEM, 4YTO JaHHble peaHanuza ERA-
Interim, KOTOpBIE UCHIONB3YIOTCS B KaUECTBE Tpa-
HUYHBIX YCJIOBHI Ul PETMOHAIBHOM MOJIEINH,
camH 10 ceOe 3aBBIIIAI0T TEMIIEpaTypy MpPH3eM-
HOTO CJI0S1 B 3MMHUI IIEPUOL.

OTO CBSI3aHO C TEM, UYTO B XOJIOAHOE BpPEMS
rojia, KOrja 3eMHas IOBEPXHOCTh MOKphITA CHE-
T'OM, MEHSIETCsI anbOe0 ISl JUITMHHOBOJIHOBOM U
KOpPOTKOBOJIHOBOM pajiialliy, a 3TU MPOLECCHI K
HACTOSIIEMY BPEMEHHU HE CTOJIb XOPOIIO HU3y4de-
Hbl. [lombITka mapaMeTpu3anuu 3TOrO MpoLEec-
ca, mpeanpuHATas B padore [8], He mpuBena K
3HAYMMOMY YMEHBUIEHUIO Pa3HULBl PACUETHBIX
Y U3MEPEHHBIX TEMIIEpaTyp. 3aBbIILIEHHAs MPH-
3€MHasl TEMIIepaTypa B TOPHBIX pailloHax CBs3a-
Ha C TEM, YTO TaM IPAKTHUYECKH OTCYTCTBYIOT
HA3€MHbIE METEOPOJIOTMUECKHE CTAHILIUU, Clle-
JIOBATENIbHO, HE MPEJICTABISIETCSI BO3MOXKHBIM B
HACTOAIIee BpeMs MOJIYYUTh OOBEKTUBHYIO WH-
(dopmalrio Ha OCHOBE HAOIONATEIHLHOM CETH.
OT0 TaKKe 0OBACHAETCS U BBICOKOM M3MEHYNBO-
CThIO oporpaduu (pe3KUM U3MEHEHHEM BBICOTHI
B TOPHBIX paiioHax), a TaKXK€ MHTECHCUBHBIMU
KOHBEKTHUBHBIMHU TIpolleccaMu ¢ 00pa3oBaHHEM
obnaunoctu. Kak BuiHO U3 puc. 1, B XOJIOAHBIN
CE30H HaWIy4lllee COOTBETCTBHUE PACUETHBIX U
HaOI0AaeMbIX 3HAUYEHUH MOIY4YeHO B YHCIIECH-
HOM DJKCIIEPUMEHTE C MCIIOJIIb30BAHUEM CXEMBI
napameTpu3anuu 3 (IKCIEPUMEHT 3).

B oceHHull 1 BECEHHMI NEPUOJ TAaKXKE Ha-
OmromaeTcs TOJNOKUTENbHAsE pa3HHIA pacyueT-
HBIX W HaONIOfaeMbIX TeMIeparyp A CXeM
napaMerpusauuu 1| u 2, B MEHbBIIEH CTEIEHM.
[Ipumenenne cxeMbl apameTpu3aluu 3 Mo3Bo-
JIUJIO TIOJTYYMUTh Hanbosiee yIOoBIEeTBOPUTEIbHBIHI
pe3ynbTar (puc.2).

[ netHero nepuoja HauIydIllee COOTBET-
CTBHE MOJIEIbHBIX PacyeToB U JAAHHBIX HaOII0-
JEHUI IOJy4YE€HO MPH HCIOJIb30BAaHUM CXEMBI
napaMeTpu3anuu 2.

Pesynbrarel MogenupoBaHus Ha OCHOBE pe-
THOHAJIBHON KIIMMAaTHYECKON MOJEIIN COITOCTaB-
JIeHbI C HA0OPOM JIaHHBIX HAOIIONEHUH Ui ce-
30HHOM CPEIHEMECSYHOU TEMIIEpaTyphl BO31yXa
n ocaakoB. Takxke MPOBEIEHO CTAaTUCTHUYECKOE
CPaBHEHUE PE3YyIbTaTOB YHUCIICHHBIX JKCIIEPHU-
MEHTOB C JaHHbBIMM U3 HaOopa HaOIIOIEHHH
CRU, paccuutanbl  cpeIHEKBaJIpaTudyecKas
omrOKa U KOA(PPHUIUEHT KOPPESAILUH ISl BCETO
noMeHa llenTpanbHas A3ust M TpeX €ro mojaJo-
MEHOB.

Cy6nomensl ObLTM BBIOpaHBI Ha OCHOBE
KJIaccu(UKauK KiIuMara, IpeaioxKeHHO! B pa-
6ote [8] u mpeacTaBnensl Ha pucyHke 4. [lepBoiit
MIOJJIOMEH — OTO TEPPUTOPUS C BIAXKHBIM U XO-
JIOJHBIM KOHTMHEHTAJIBHBIM KJIIMMAaTOM Ha 3aIa-
ne EBpombl U CyxuM, O4€Hb XOJIOJHBIM Cy000-
peanbHbIM KJIMMAaTOM B CPEIHUX U BOCTOYHBIX
paitfonax Cubupckoro miaro. Bropoii cybnomen
IpeCTaBisieT co00i CyXyl0 CPEAHEHIMPOTHYIO
IIyCTBIHIO U CTEIlb, T.€. 3aCYLIJIUBBIN U IOJIy3a-
CYLIIMBBIM KiIuMar B cepenuHe LleHTpanbHOU
A3zun. Tpetuii mogaoMeH oxBaTbiBaeT | 'umanan
u Tuberckoe maTo M MpencTaBiIseT KIUMaT BbI-
COKOTOPBSI.

CpaBHEHHE MAaHHBIX IOBTOPHOIO aHaJIN3a
ERA-Interim u pe3ynbTaroB pacyeToB C MOMO-
mpro PKM nokasanu, 4To Mozenb Jydlle BOC-
IIPOU3BOAUT II0JI€ TPU3EMHOM TEMIIEpaTyphl,
0COOEHHO B CEBEPHOI 4YacTW JIOMEHa B XOJOJ-
HBIH nepuoa. Pacdersl o pernoHaabHOM KIMMa-
TUYECKOM MOJIENH 1atoT Oosiee HU3KHE MOJIs TEM-
nepaTyp, 4eM JlaHHble HaONIOIeHUIl B TeueHHe
BCEX CE30HOB BOKPYI NOPHBIX U BBICOKOTOPHBIX
obOnacrei, Takux kak ['mmanau u miaro TuOera.
OTKJIOHEHHUsI pacyeTHOM NPU3EMHON TeMIepa-
TYpBI OT HaOIIOAAEMOM, BUIMMO, ONPEACTISIOTCS
TEM, YTO BXOJHBIE JJAHHBIE IIOBTOPHOTO AHAJIM-
3a ERA-Interim yxe comep:kar OmIMOKH, YTO B
CBOIO OYepe/lb CBSI3aHO C OYEHb peKoi HalIto-
JaTeJIbHON CEThIO0 B TOPHBIX paliOHaX M OTCYT-
CTBHUEM HAJEKHBIX JAHHBIX. B NIpyrux wactsix
JIOMEHA pEeruoHalbHas MOJENb KiIuMara JaeT
Jy4lINe Pe3yibTaThl 10 OTHOIIEHUIO K JTaHHBIM
HaOMI0ZIeHNH 32 TeMIIepaTypoii, 4eM JJaHHbIE T10-
BTOPHOI'O aHaJIN3a.
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IIpoBeneHO CpaBHEHHE CpPEAHMX MHO-
TOJIETHUX CE30HHBIX 3HAUEHUN MPU3EMHOU
temneparypsl Bo3ayxa (2000-2016 rr) s
BCE  TEPPUTOPUM  MCCIEAYEMOIO  JIOMEHa

(tTabn. 1) mo naHHBIM apXWBOB HAOIIOACHUN
CRU u [IpuHCTOHCKOTO YHHBEpPCHUTETA, pEeaHa-
m3a ERA-Interim u pesynsraram pacyeToB IO
PKM WREF.

Kak BugHO u3 Tabmuiel 1 permoHambHas

MOJIellb KITUMara jaeT Ooiee ONM3Kue 3HaUe-
HHsI TEeMIIepaTypbl BO3IyXa Ha YPOBHE 2 M, MO
CPaBHEHHIO C HAOJIOJaeMBbIMHU AHHBIMH, YE€M
pesynbrarel peananu3a ERA-Interim amst Bcex
ce30HOB roja. O01ast HeBsi3Ka [UIsl yCPEAHCHHON
10 IOMEHY MHOTOJICTHEH TeMITepaTypbl BO3/1yXa,
PACCYMTAHHON MO MOJCIH U HAOIIOICHHSIM, HE
npessitraet 2,0°C.

Puc. 4 — Pacnonosicerue noodomenos 6 domene Llenmpanvras Azus

Tabauna 1 — CpenHue MHOroJIeTHHE 3HAYEHHUS] TEMIIEPATYPhI BO3AyXa 10 MOAEJIAM M JaHHbIM

Ha0JIIONeHHI
CpeﬂHI/IC MHOT'OJICTHHUEC C€30HHBIC 3HAYCHU
Mopnenu 1 HaOTONEHHS npusemHoit Temnepatypsi (°C), (2000-2016)
3uma Becna Jlero Ocenb
ERA-Interim -3,44 7,98 20,27 8,61
PKM WRF (ERA, exp 2) -8,13 5,36 19,51 5,65
CRU -7,38 6,76 19,52 6,92
Prinston Univ. -7,68 6,09 19,12 6,70

Jlist OLIEHKM TOYHOCTH BOCIPOU3BEICHUS
BHYTPUTOIOBOM HM3MEHUYHUBOCTH TEMIEPaTyphl
BO3AyXa OBUIM pPacCUMTAHBI CpeIHEMECSIYHBbIC
3HAYEHHS O MOJEISIM M JaHHBIM HaOIrOIeHHH
¢ 2000 o 2016 rT.

I[J'IH TpEX NMOAAOMCHOB Ha OCHOBC CpCIHC-
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MecAYHbIX 3HaueHui 3a nepuoxn 2000-2016rr
paccuMTaHbl MHUHHMMAaJbHblE, MaKCHUMaJbHbIE
U CpelHUe TeMIlepaTypbl MPU3EMHOTO CJIOS MO
JTAHHBIM HAOMIOCHUH M YMCICHHBIX SKCIEepH-
MEHTOB. Pe3ynbprarsl pacyeToB NpUBEACHBI B Ta-
Onuue 2.
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Ta6auna 2 — Pe3yJbTarhl pacyeToB U JaHHbIE HAOIIOEHUI TeMIepaTypbl BO31yXa, OCPeAHeH-

HbIX 32 nepuog 2000-2016 rr.

Ilon- nomen MunumaneHas Temneparypa, K MakcumanbsHas Temneparypa, K Cpennsist Temrieparypa, K
Obs Expl Exp2 Exp3 Obs Expl Exp2 Exp3 Obs Expl Exp2 Exp3
248 241 242 245 285 297 297 296 276 272 273 274
2 251 249 250 252 299 302 302 301 281 279 279 280
3 255 242 242 242 280 280 280 280 268 263 264 265

W3 nanHbIX TabaMI1IbI 2 BUIAHO, YTO B IEPBOM
NOJJOMEHE MOJENb Ha 3-5 rpalycoB 3aHUXKACT
MUHUMAaJIbHBIE TEMIIEpaTypbl 10 CPaBHEHUIO
¢ HaOMI0AaeMbIMHU, 3aBBIIIAET MaKCHMaJIbHBIE
temneparypel Ha 11-12 rpamycoB, a cpenHue
3HAYEHMsI 3aHMKAeT Ha 2-4 rpagyca 1o cpaBHe-
HUIO ¢ HaOmoneHusMu. Bo BropoM mongomene
paccunTaHHbIE MAaKCUMaJIbHbIE 1 MUHUMAJIbHBIE
TEeMIIEpATypbl OTIINYaOTCs Ha 1-3 rpamyca ot us-
MEPEHHBIX, OTIMYNE CPEIHUX 3HAUEHUH HE IIpe-
BbImaeT 1-2 rpagycoB. B Tperbem mopnomeHe
3HAYUTEIIBHBIE PA3JINYUS TTOIYUYEHBI TOJIBKO IS
MUHUMAaJIbHBIX TEMIIEPATYP.

Crnenyer OTMETUTDH, YTO MOJIEIbHBIE pacye-
TBI co cxemoi mapamerpusanuu (Exp3) myure,
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Jlis Tpex TMONJOMEHOB Takxke ObLIM pac-
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MHUHAJIOCh, CBSI3aHO C BHICOKOW oporpaduieckoit
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HA/ICKHBIX JaHHBIX HAOIIONEHUH.

Uay]
# ¥z OBITurSLELE
i 30
b
EE il
Ei- i =
gi 28
it
§ 50
i
& e

40 250 260 ] 140 190 o]

2-09
a4

300
1 s M A 2 Y A T Y
290 I i \ l 2 l | . 3 | — |
]
AN AV AN ANANAVANAVAVANANARANAYANANDY
=
H
e B Ry BT EY Y EYT Y Y I T ETEEEEERYTEYEE R
g/ ABTAVATAYRIATA'ATAIATAIRIATAIAYA
g 260 3 B = i o 1 (] 1 1 ] T T
Iy YUY VHYV YV UUYY Y Y VY
2 -
£ 240
g
2
o
X
£
K]

2000-01
2000-08
2001-03
2001-10
2002-05
2002-12
2003-07
2004-02
200,

200

2005-11

-

SR SPHAEH

2007-08

IRCTEDHARHT 2

20048-10
2009-12
2010-07
201102
2011-09
2012-04
201211
2013-06
201401
2014-08
2015-03
2015-10
20146-0

2016-12

wabnm gemn

Puc. 6 — Cpeonemecsunas memnepamypa 6030yxa no OAHHbIM HAOTIOOEHULL U YUCTEHHbIX IKCNEPUMEHMO8 6 n000oMeHe |
(2000-2016 22.)

209



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCHUTETA, Nel (52), 2020

y=12181x-63.303
R*=0.8775

18

¥7 L3008 59047
e - #0978
150

T Py e e, e, R

Temnepatypa so3ayia, 2, °K,
aIKcnepmMent 1
o
3

250 310

Puc. 7 — Koppensayus pacuemnoii u Habarooaemoll memnepamypuvl 6030yxa 8 noooomere 2

310

E..suu -

™ 290

]

=

E:-zau l

a 270

m

o

Ezso—

o

& 50

[~

E zap -

~ E = T e T e = O ¥ T I =5 T ¥ T e = T ¥ T T T ¥ T O = O i T T A e O = O T O O =3
o o oo oo o o oo oo 0o oo oo o o oo oo o oo
e R R R R P EE R T R
o o o o o o o o o o0 0 0 0 o A = - o < 4 4 4 A -~
o o o o o o000 o0 o000 oo o000 0o o0 0o0og
s T I I I I I I I I I I I I A B B B B B )

datel

— AN EHHMA 3K NEpUMEHTL

Puc. 8 — Cpednemecsiunas memnepamypa 8030yxa no OaHHbIM HAOTIOOEHUT U
YUCTIeHHBIX IKCNEpUMeHmos 6 noooomere 2 (2000-2016 ze.)

y=11639x-51.147
R* =0.8643

Temnepatypa sosayxa, 2 m, °K,
e

Towme Ty magyms, 36, K,

%5 = T T r " T v . 235 : : : : : : : :
245 50 5% M0 28§ 20 ITS 1m0 IS 245 250 255 260 265 270 275 280 285

Tesmnepatypa soigyns, I e, 'K, isfioosrees Temnepatypa Bo3ayxa, 2 m, °K, madmrogers

Puc. 9 — Koppensayus pacuemnoii u Habrarooaemoll memnepamypuvl 6030yxa 8 no00omeHe 3

. 285

5‘_ 280

™ 275 +

g 270

B

%265 [ [

B oo L | I 1] | |

g Iy \J/

£ 255 — v

E 250 ’ ’ v v

=

S s Vv y V \

E 245 ¥ . i —

=

240 T TN T ul
= 0 Mo ;LN NO T =W e 0mMmOo WL NN DT - W 0m o ;noN
o o o4 o4 00 OO0 40 00 0O 4 04 00 00 A 00 o000 A0 o
éé.lu.lcr'ur'un'\g'g'u'\d\lbrl.ri.oboho'\o'\c':.lc.lcr'ur'un'\q'réu'\d\tbtb
o o o o o o o o oo oo oo o o0 A A A A 4 4 4 4 A4 A 4 A
[= = R = o o = I = = = = = = o = = = = = = = = === == === =]
M NN N NN NN NN NN NN NN NN NN NN NN N NN N NN
Natel
= Ha0AgEHHA IRCNEPUMEHT 1 FRCMEPUMEHT 2

Puc. 10 — Cpeonemecsiunas memnepamypa 6030yxa no OaHHbIM HAOTHOOEHUT U YUCTIEHHBIX IKCHePUMEHNO08 8 NOOJOMeHe 2
(2000-2016 22.)

210



OU3UNKO-MATEMATHUYECKHUE U TEXHUYECKHUE HAYKH

Ha pucynkax 11-14 naHo cpaBHEeHueE pa3Ho-
CTH CpPEIIHUX MHOTOJIETHUX OCAaJKOB 3a MEPHOJ
2000-2016 rr. mo AAaHHBIM MOJEJIHUPOBAHUS U
HaOMroeHuit uid 3 cxeM napameTpuzanuu. Jis
BCEX CE30HOB, UCKJIIOUAs JIETO, IPOCIIEKUBACTCS
MIPEBBIIIEHUE PACCUUTAHHBIX OCAJKOB HAaJ Ha-
OromaeMbIMHM B 3amaJIHBIX U CEBEPHBIX YaCTAX
uccieayeMmoit reppuropun. B To sxe Bpems otme-
YaeTcsl UX HeoydyeT Ha Iore, UCKIIoYast FKHYIO

oo

-

4acTh pEruoHa a3uarckux myccoHoB (I'mmanan
U JIpyTUe TOpHBIC paiioHbl). PacueTsl ¢ MCONb-
30BaHMEM CXEMbl 3 TOKAa3bIBAlOT JYUYIIUH pe-
3yJIbTaT MO CPABHEHHIO CO cXeMaMu 1 u 2, npu
STOM pa3HMIA CO CXeMOM 2 He3HauuTelbHa. B
HEKOTOPBIX CIydasX BO3HHMKAIOT aHOMAaJUU Ha
CEBEPHBIX U BOCTOUHBIX I'PAHUIIAX JIOMEHA, YTO,
BEPOSITHO, CBSI3AHO C HEJAOCTATOYHON LIMPUHOU
penakcaluoOHHOM 30HBI.
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8) cxema napamempuzayuu 3

Puc. 11 — Paznuya pacuemnuvlx u Hadmo0aemvix cpeoHeMHo20IemHux ocaokog (mm/cym) (2000-2016ee.)
6 3UMHULL Nepuoo (Oekabpw, iHBAPYL, (hespans)
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6) cxema napamempusayuu 2
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8) cxema napamempusayuu 3

Puc. 12 — Paznuya pacuemHuix u HAOn00aembix cCpeOHeMHO20NemHUX 0caokos (mm/cym) 3a (2000-2016¢ee.)
6 8eceHHUll nepuod (Mapm, anpeiv, Mati)

212



OU3UNKO-MATEMATHUYECKHUE U TEXHUYECKHUE HAYKH

8) cxema napamempuzayuu 3

Puc. 13 — Paznuya pacuemnvix u Habniooaemuslx cpeoHemMHo2oiemnux ocaokos (mm/cym) za (2000-201622.)
6 iemHuil nepuoo (UIoHb, UIOTb, AB2YCM)
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8) cxema napamempuszayuu 3

Puc. 14 — Pasnuya pacuemuuix u Hadniooaemvix cpeOHemMHO20NemHuUxX ocaokos (mm/cym) 3a (2000-2016 z.)
6 oceHHUll nepuod (cenmsops, OKMAOPL, HOSIOPb)
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B TedyeHue oceHu, BECHBI M 3UMBI MOJEIb
JAeT 3HAYUTEJIBHOE IIPEBBIIIEHUE OCAJKOB B
TOPHBIX pallOHaX M PETMOHE a3UaTCKUX MYCCO-
HOB. [IpoTuBONIONOKHAS CUTYyalUs HAOIIOHaeTCs
B JIETHUH Tepuoa. DT0 OOBSACHSETCA TeM, UTO
CPEIHEUIMPOTHBIE LUKJIOHBI JIETOM clabee U
pesxe, nmpeolagaioT ceBepHble (PPOHTHI, MPOUC-
XOIUT CHM)KEHUE TEMIIEpaTypbl M T'PaJUEHTOB
JaBiieHust HajJ EBpoa3sHaTcKuM KOHTUHEHTOM M
BO3CHCTBHE Ha IOJKHO-a3MAaTCKOE MYCCOHHOE
MIOHMKEHUE.

JUis IeTHEro BpEMEHM OCaJIKHM, pacCUUTaH-
HbI€ 110 MOJIEJIH, 3aBBILICHbI HA OOJbIEH YyacTu
UCCJIEyeMOT0 IoMeHa. VX 3HaUUTeIbHOE 3aBbl-

LIEHHUE MPOCIEKUBAECTCA B apUAHBIX M MOJya-
PUIHBIX palloHaX, a TAK¥KE BO BIAXKHBIX FOXKHBIX
4acTAX JOMeHa. /{151 CeBEpHBIX U I0KHBIX YacTeu
MPOCIIEKNUBAETCA HE3HAUUTEIIBHOE ITPEBBILLICHUE
JAHHBIX MOJICJIBHBIX PACUYE€TOB OTHOCHUTEIIBHO
HaOJIIOTaEMBIX.

B Ttabmuiie 3 maHBl CpeAHEMHOTOJIETHUE
CE30HHBIE 3HAUECHUS OCAJKOB, PACCUMTAHHBIC
JUISL UCCIIEyeMOro peruoHa no jgaHHeiM PKM,
peananmuza ERA-Interim u qaHHBIM HaOMIOICHUIA
CRU wu IlpuncroHckoro yHuBepcurera. BuaHo,
YTO JAHHBIE PETHMOHAIIBHOM MOZENH JIydlle CO-
[JIaCYIOTCS C JAaHHBIMU HaOIFOACHUI 110 CpaBHE-
Huto ¢ Habopom ERA-Interim.

Ta6auna 3 — CpeqHeMHOro0JIeTHHE 0CAAKH 10 JAHHBIM MoOJiesieil U Ha0II01eH Uil

CpeIHEeMHOTOJIETHHE CE30HHBIC 0CAIKH (MM/CYTKH)
JlanHbIe MoJieNel U HaOroIeHn i Suma Becra Teto Ocern
PKM WRF 1,29 1,57 2,30 1,69
ERA-Interim 0,31 0,45 0,82 0,45
CRU 0,74 1,09 2,30 1,26
Priceton Univ. 0,92 1,51 2,02 1,30
OmnOka CPCAHCMHOTIOJICTHUX 3HAYCHUU Takum 06pa30M, o pe3yjibrartaM 4YHuCJICH-

0CaJIKOB, PACCUMTAHHBIX 110 PETMOHAIBHOW MO-
Jenu, He npesblmaer 1,5 Mm/cyTku. B tabnune
4 mpuBEIEHBI CTATUCTUYECKHE XapaKTePUCTUKH,
MOJTYYEHHBIE 110 MOZIETBHBIM pacueTam JJIs pas-
JIMYHBIX MTOJZIOMEHOB.

Koppensiuuss Mexay DaHHbBIMH HaOirofe-
HUI 1 MOJETBHBIMHU pacueTaMu JIsl pa3IndHbIX
CXEeM IMapaMeTpU3aluH He CTOJIb BHICOKA KaK JUIs
NPU3EMHON TeMrepaTypbl Bo3ayxa. s moa-
JoMeHa | B 3uMHMI nepuoja Hauiyyllee cooT-
BETCTBHE TNPOCIESKNUBACTCS C AAHHBIMU SKCIIe-
pumenta 3 (mapmerpusanust Thomson+YSU).
PernonanbHass MoOAETb  YAOBJIETBOPUTEIHHO
BOCIIPOM3BOJUT JIETHUE OCAJKH B MOIJIOMEHE 2.
B nernee u 3uMHee BpeMsi KOApHHUIMEHT Koppe-
nsauuu Bapsupyeres ot 0,82 no 0,94. Ilognomen
3 OXBaTBIBAET TOPHYIO M BBICOTOPHYIO TEPPUTO-
pun. 3aech 6onee HU3KKUE KOIPPUIHMEHTHI KOp-
peNsUN MOXKHO OOBSICHUTH OTCYTCTBHEM Ha-
JSKHBIX JIaHHBIX HAOMIONEHUM M HENOJIHOTOM
¢bu3nueckoil KapTUHBI, MPOUCXOAAIINX B BBICO-
KOTOPHBIX paiioHax MpPOLECCOB, a TAKXKe CIOXK-
HOCTBIO UX MaTeMaTu4eCcKoro OMUCaHUs.

HBIX DKCIIEPUMEHTOB MOXHO CJEJIaTh BBIBOJ O
TOM, YTO BapuaHT C HCIOJIb30BaHUEM KOMOU-
HallUA CXEMbl IUIAHETAPHOIO IOTPAaHUYHOIO
cios YSU PBL B coueranuu ¢ MUKpO(DU3UKON
Tomncona (Thompson microphysics) sBisiercs
HaunOoJee NPeAnoYTHTEIbHBIM JJIS MOJICTUPOBa-
HUs KJIMMaTa B Ipejenax AoMeHa LlenTpanbHon
Asun. Crnenyer OTMETUTb, YTO PE3YIbTaThl C
MIPUMEHEHHUEM TOH e MUKPOPHU3UKH, HO CO CXe-
MO} IapaMeTpu3aluy IMOorpaHu4Horo ciuosd MYJ
PBL omnnyarorcs HE3HAUUTEIIBHO.

BpiBOABI

[IpoBeneHo TectupoBaHue CIOCOOHOCTH
monenn WRF BocripousBenenus HaOM01aeMbIX
MapaMeTpoB KIMMAaTHYECKOM CHCTEMbI, TaKHX
KaK TemIeparypa MpUIIOBEPXHOCTHOTO CJOs
BO3/lyXa Ha YPOBHE 2 M U OCAaJIKOB B Mpejenax
nomena llenTpanbHas A3usi. OlieHKa CE30HHOU
KIIMMATOJIOTUA BBIOPAHHOTO pPETrHOHA BBIMOJ-
HEHa U1 TPAJAMIMOHHBIX CE30HOB Tofa (3MMma,
BECHa, JIETO, OCeHb). B KauecTBe HAYaNbHBIX U
TPAHUYHBIX YCIOBUM ISl pETMOHATIbHON MOAEIIN
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Taoanna 4 — Ce30HHBIE CTATHCTHYECKHE MTOKA3ATEJIN

Ce30HbI IToka3zarenn ﬁl i:;;n WREF (expl) | WREF (exp2) | WRF (exp3)
[Monnomen 1
3uma CucremMaTH4ecKoe OTKIIOHECHHE -0,53 0,33 0,35 0,30
Koppensius 0,61 0,88 0,94 0,93
Becna CucremMaTH4ecKoe OTKIIOHECHHE -0,57 0,53 0,55 0,54
Koppensius 0,81 0,76 0,84 0,81
Jleto CucremMaTH4ecKoe OTKIIOHEHHE -1,41 0,09 1,04 0,98
Koppensust 0,86 0,88 0,92 0,89
Ocenb CucremMaTu4ecKkoe OTKIIOHEHHE -0,53 0,70 0,71 0,69
Koppemnsimust 0,89 0,91 0,92 0,91
[Monnomen 2
3uma CucremMaTu4ecKkoe OTKIIOHEHHE -0,19 0,48 0,57 0,57
Koppensust 0,90 0,82 0,94 0,91
Becna CucremMaTu4ecKkoe OTKIIOHEHHE -0,31 0,53 0,53 0,31
Koppemnsust 0,81 0,70 0,81 0,83
Jleto CucremMaTu4ecKkoe OTKIIOHEHHE -0,65 0,52 0,41 0,40
Koppemnsiust 0,79 0,85 0,90 0,93
OceHb CucremMarnuecKkoe OTKJIOHEHHE -0,27 0,43 0,37 0,32
Koppensus 0,81 0,71 0,87 0,86
[Tonnomen 3
3uma CucreMaTn4ecKoe OTKIOHCHHE 0,22 0,64 0,44 0,39
Koppensmus 0,67 0,61 0,62 0,59
Becna CucreMaTn4ecKkoe OTKIOHCHUE 0,45 0,8 0,83 0,78
Koppensmus 0,72 0,61 0,67 0,69
Jlero CucremMarnuecKkoe OTKJIOHEHHE -2,3 1,1 -1,4 -1,2
Koppensmus 0,79 0,71 0,70 0,70
OccHb CucreMaTH4ecKkoe OTKIOHCHUE -0,72 0,47 1,32 0,98
Koppensus 0,76 0,64 0,74 0,72

knumara 3a nepuos 2000-2016 rr. ObLTH HCTIONb-
3oBaHbl JaHHble ERA-Interim peananmsa.
[TpoBeneH psia YMCIECHHBIX YKCIEPUMEHTOB
Ha BBICOKOTIPOU3BOIUTEIHHOM BBIYHCIUTENb-
HOM KJIacTepe JUIsi TECTUPOBAHUS Pa3TUYHBIX
CXeM MapaMeTpUu3au MUKPOPHU3UKU U MIPOLIeC-
COB, TIPOUCXOSIIUX B IOTPAHUYHOM CIIO€ C IIe-
JbI0 BBIOOpA TaKOW CXEMBI, KOTOpasi HAUTYYIIHM
00pa3oM BOCIPOU3BOIUT OCHOBHBIE XapaKTEpH-
CTHKH KIuMara. PaccMOTpeHbl Tpu KOMOMHALIUN
cXeM MUKPO(HU3UKU U MOTPAHUYHOTO CIIOS: OJI-
HOMOMEHTHas cxeMa MHuKpodusuku TommcoHna,
UCTIOJIB3YIOIIAs 5 KIacCOB THAPOMETEOPOB (BozIa
B 00JIaKaxX, OCaJKH, JIe] B 00JIaKax, CHET U CHEX-
Hasi KpyIa) B COYETaHUS C ABYMS CXeMaMH TO-
rpanuuHoro ciost armocdepsl (YSU u MYJ) u
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cxema WRF Single Moment ¢ 6 knaccamu Tu-
JIPOMETEOPOB B coueTaHuu co cxemont Y SU.

N3 ananmza pe3ynbTaToOB MOJEIHPOBAHUS C
WCIIOJIb30BAaHUEM PETHOHAIBHOM KJIMMaThyec-
kot monenmu WRF ciienyer, uro moaens ageksar-
HO OIMHCHIBAET aTMOC(epHbIe MPOIECCHI KIMMa-
TUYECKOTO MaciTada U KOTUIeCTBEHHO BOCIIPO-
M3BOJUT MPOCTPAHCTBEHHO-BPEMEHHbBIE BapHa-
1uu (MHOTOJIETHHE, CE30HHBIE, BHYTPUTOIOBHIC)
OCHOBHBIX IMapaMeTPOB KIMMaTHYECKOM CHCTe-
Mbl. VckitoueHue cocTaBisitoT palloHBI C OpoO-
rpadUYeCcKUMHU HEOTHOPOAHOCTSIMU — TOPHBIE U
BBICOKOTOPHBIE PAOHBI, YTO MOKHO OOBSICHUTH
PENKOCTHIO HAOTIONATEILHOM CETH.

OCHOBBIBasICh HA MOJTYYEHHBIX pE3yJIbTaTax,
MOXKHO CJIelaTh BBIBOJ O TOM, YTO JaHHBIE MO-
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JIeNMPOBaHMS C MCIIOJIBb30BAHUEM CXeM napame- Tuueckas moxenb WRF ¢ momobpanHbIME cXe-
Tpu3auuu A norpanuyHoro ciost MYJ PBL u mMamu mapaMeTpu3anuy MOXKET OBITh HCIIONB30-
mukpo¢uszukn Thompson mydie, yem Apyrue, BaHa JUIsl MOAEIMPOBAHUS MPOEKIMH Oyayiiero
pPacCMOTPEHHBIE B HACTOSALIEM HCCIEAOBAHMM, KIMMara Ha TEPPUTOPHUU AoMeHa lleHTpanbHas
COIVIACYIOTCS C JAHHBIMU HAOMIONEHHH 3a ocaa-  A3us JUId Pa3IMYHBIX CLIEHAPHEB COJEpiKaHUs
KaMH U TEMIIEPATYpOil IPU3EMHOTO CJIOSL. MApHUKOBBIX Ta30B B aTMocdepe.

Cnenyer OTMETUTbH, YTO YMCIIEHHAs KJIMMa-

baaropapuocTu

JlanHast paboTa BBINIOJIHEHA MPH MOJIEP’KKE TPAHTOBOTO (PMHAHCUPOBAHUS HAYYHBIX MPOEKTOB
KH MOH PK NeAP05135848 «MogenupoBanue Oyayiiero knumara LlenTpanbHoil A3uu B pamkax
mexayHaponnoro npoekta CORDEX (COordinated Regional climate Downscaling EXperiment)».
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IINTAHUPOBAHUE U OITUMU3ALUA PABOT C HCIIOJIBb30BAHUEM
NHCTPYMEHTA IIVTAHUPOBAHUA “PRIMAVERA”

OMAPOB T.)K., TAUKYJIAKOBA I".C.
Buicwas llxona busneca, Anmamol Menedsicmenm Yuueepcumem

Annomayua: Cmamos noceéaujeHa u3y4eHuro U UCNOIb308AHUI0 HA NPAKMUKE COBPEMEHHbIX UH-
CMPYMEHmMO8 NAAHUPOBAHUS U ONMUMUIAYUYU NPOEKMOS, ONUCAHUE WA208 NAAHUPOBAHUS U ONMUMU-
3ayuu npoekma u3 1u4Ho20 onvima. Onuceléaromcs ocHognvle yHKkyuu npozpammel « Primaveray,
ucnonvzosasuiuecs Ha Gazax NIAGHUPOBAHUs U BbINOJIHEHUS NPOEKmd, KOmopbvle CnocoOCmeo8anu
ycnexy 0aHHO20 NPOEeKma, UsmMepsaemozo C1edVIoWUMU noKa3amensaimu: 6e30nacHocms, 8pemMeHHble
pamku, 6100dcem u 8biCOKOe Kauecmeo vinoaHenus. Ilpoyecc naanupoanus nomoeaem KanicooMy
NOHAMb U pA306PAMbCA 8 CYUHOCMU 3a0al, C Y4emom nepcnekmusbl i paxmopos HeonpeoenréHHo-
cmu, umobwl paspabomams nianvl npedynpeoumenvHvix meponpusmuil. OCHOSHbLIMU KII0Ue8bIMU
npeumMyuwjecmeamu UCnOIb306aHUsL NPOSPAMMbL NAAHUposanus «Primaveray sensiemcs: cuudicenue
PUCKOB CPbl8A CPOKOS BbINOIHEHUSI NPOEKMA, CHUNCEHUE PUCKOS8 NO NPEBbIUEHUIO 3ampam, ¢ gdex-
MUBHOe NIAHUPOBAHUE U YRpasieHue pabomamu npoeKma, ONMuMu3ayus ynpasienus 6cemu pecyp-
camu npoekma, Yémroe npeocmasierue 0 mekywem cmamyce u xooe pabom, Kpumuieckue pabomal
npoeKkma, no KOMopviM HeoOX00UMO NPUHANL KOPPEKMUPYIOUuUe Mepbl U HANPAasums pecypchbi.

Knrwouegvie cnosa: nianuposanue, onmumuzayus, niaH, npoyecc, npoexm, Primavera, zpagux,
BpeMEeHHbLE PAMKU, KAYeCE0

«IITPUMABEPA» 7JKOCITAPJIAY K¥PAJI/Ibl KOJITAHY APKbIJIbI
JKYMBICTAPJBI ’KOCHAPIAY )KOHE OHTAUJIAHIBIPY

Anoamna: Maxana dcobanapovl dHcocnapiay MeH ONMUMUSAYUALAYObIH 3AMAHAYU KYPAIO0apblH
3epmmeyee JHcaHe NPAKMUKATLIK NAUOANAHY2d, JHceKe Madicipube DOUbIHuA HCOOAHBL HCOCNAPAAY
JHCIHE OHMAUTAHOBIPY KAOAMOAPLIH CUNAMMAY2a apHanean. « Primavera» 6azdapramacuvinwiy nezisei
@DYHKYUALAPLL AUKLIHOANRAH, 01D HCOOAHBL HCOCNAPAAY HCIHE ICKe ACbIpY Ke3eHiHOe NaudalaHbll-
2aH, 0CblL HCOOAHBIH commi OOYbIHA bIKNA emKeH, KelleCl KopcemKiuimepmen euenedi. Kayincizoix,
Mmep3im, 010dcem JHcaHe IcKe acbipyobly dHcoeapsl canacwl. «Primavera» oswcocnapnay 6agoapia-
MACbIH KONOAHYObIH Hezl3el 0acmvl apmulKUbLILIKIMAPbL: HCOOAHBIY MEP3IMIHe CallKeC Keamey KaAyniH
azavimy, wuleblHOapobl Acblpd NAUOALAHY KAYNIH A3aimy, HCOOAIbIK HCYMbICIbL MUIMOL HcoCnapiay
Jcone backapy, bapivik HcodbanblK pecypcmapovl 6ackapyovl OHMAUIAHObIPY, HCYMICMbIY KA3Ip2i
Hcagoativl MeH 6apulcbl Mypanbl HAKMbl MYCIHIK, HCOOANBIK HCYMICHbIY MAHBIZ0bLIbIZbL, O YULIH
mysemy wapaniapvli Kadwliody JHcaHe pecypcmapobl OAblmmay Kaxicen.

Tyiiinoi ce3dep: sxcocnapnay, OHMAatlanovIpy, HOCnap, npoyecc, xiooa, Primavera, kecme, mepsim,
cana
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PLANNING AND OPTIMIZATION USING PLANNING TOOL

Abstract: The article is devoted to the study and practical use of advanced tools for planning and
optimization of projects, description of project planning and optimization steps from personal expe-
rience. The main functions of Primavera program are described, which were used during the project
planning and implementation phases, which contributed to the success of this project, as measured
by the following criteria: safety, time frame, budget and high quality of implementation. The main key
benefits of using planning software “Primavera” are as follow: reduces the risks of schedule over-
run, reduces the risks of project cost overrun, allows effectively plan and manage project activities,
optimizes management of all project resources, gives exact understanding of project status and work

progress, indicates project critical path where corrective actions are required.

Key words: planning, optimization, plan, process, project, Primavera, schedule, period, quality

Beenenue

YBakaeMbIil YUTaTENb, OTBETHTE IMOXKATYU-
CTa Ha CIEAyIOUMHA OaHaJbHO TOBCEIHEBHBIN
BOIIPOC: 33 CKOJBKO BPEMEHHM MOXHO OBICTPO
NoMeHATh 4 Kojeca Ha BalieM aBromoouie?
Mmuorue ontumMucTsl oTBeTAT 20 MuHyT, 40 Mu-
HYT, JpyTH€ MECCUMUCTBI CKaXyT Napy 4acos,
€cJI TIOBe3€T U He Oy/ieT ouepeu Ha MOCTy IIN-
HOMOHTaxa. OTBET: B CpeIHEM, IPU XOPOULIO
CIUIAHUPOBAHHOM M ONTHMHU3UPOBAHHON pabo-
T€ MEXaHUKOB (Gopmyiabl 1 Ha 3T0 yxomuT 2,5-
3 cekyHapbl, pekopa — 1,9 cekyHIbl. A CKOJBKO
YHAET BPEMEHU Ha CTPOMUTENLCTBO AoMma B 200
k8/M? B 2005 romy komaHIa BOJIOHTEPOB W3
CIIIA ycTaHOBHIM MUPOBOM PEKOPI IIPHU CTPOU-
tenbcTBe goma B 200 KB/M, MOCTpOUB €ro 3a 3
gaca 26 MUHYT. JlJI1 TOCTMXKEHHS JAHHOTO pe-
Kopzia morpedoBanoch 2 roja JeTaJbHOTrO Ia-
HupoBaHusi 1 800 BOJOHTEPOB, HY U, KOHEUHO,
KOMaHJIHas Bepa U JIyX B TO, 4TO, Ka3anoch OBbl,
HEBO3MOXKHOE BO3MOXHBIM. /lanee B 3T0M cTarbe
UCCIIENyeTCsl, KaK NMPUMEHEHHE WHCTPYMEHTOB
JIETaJIbHOTO TUIAHUPOBAHUS, & UMEHHO IIPOrpam-
Mbl «lIpumMaBepa», mOMOraeT OCHOBATEIBHO
CIUIAaHUPOBATH OTPOMHBIN 00BEM PabOTHI BIUIOTH
IIOMHMHYTHO, YTO HE IOJ CUJIYy YEJIOBEYECKOMY
MO3T'y Ha JaHHBII MOMEHT. B kauecTBe npumepa
IIpUBEy WUIOCTPALMIO U3 JIMYHOTO OIBITA pa-
OOTHI ¢ JAaHHOM MpOrpamMMoi, KoTopasi oMoriia
IPEINPUATHIO 3HAUUTENIBHO ONTUMHU3HPOBATH
BpeMs BBIMOJHEHUSI MPOEKTA, YIYyUIIUTh Kade-
CTBO pabOTHI U COKPATUTh 3aTPaThl, TEM CaMbIM
YAOXKUTBHCS B pAMKH BBIICIICHHOTO OO/KETA.

[Iporpammuoe oGecneuenue «lIpumasepa»

SBIISIETCS TMPOAYKTOM KoMIaHuM Primavera
Systems Inc, kotopas B 2008 roxy 6bu1a mpuood-
petena koproparueit Oracle. [Iporpamma gaér
BO3MOKHOCTh CO3/1aBaTh M OTCJIEKUBATH BBICO-
KOOOBEMHBIE TMPOEKTHI, HCIONIB3Ysl OCHOBHBIC
AIIEMEHTHI YIpPaBIEHHUS TMPOEKTaMUu: Tpaduk,
pecypcsl U 3arpaTthl. KpynHble KOMIIaHUM TIOJTY-
YaloT OTPOMHYIO MOJIb3y, NMPUMEHSSI TaKUe WH-
CTPYMEHTHI IJIaHupoBaHUs. Bo-nepBbix, co3na-
Basi rpaMKU U I€TaIbHO TUIAHUPYS KaXKIABIN 1I1ar
MPOEKTa, BBl yOexkmaaerech B TOM, 4TO Tpodec-
CHUOHAJIbHbIE HABBIKU JIIOJICKMX PECYPCOB COOT-
BETCTBYIOT TpeOOBaHMIM IMPOeKTa. BO-BTOPHIX,
uMest JIIOJICKUE PECYPCHI ¢ HEOOXOAMMBIMU TIPO-
(heccHoHAbHBIMH HaBBIKAMH, KOTOPBIE MPOBE-
PAIOT KaXIbli mar paboTel B rpaduke, Bl Oy-
JIeTe YBEpEHbI, YTO HMeEroIascs uH(popmanus
SIBIISIETCS. HAJIEKHOM, YTO, K PUMEpY, AABICHHUE
JUISl TUAPOUCHIBITAHUSL PACCUMTAHO MPaBUIIBHO,
MaKCHUMAaJIbHO JOIMyCTUMast KOPPO3Hsl TPyOOoIpo-
BO/Ia HE MPEBBIIIAECT ONPEACICHHOIO 3HAUYCHUS,
TEM caMbIM B JaJbHEUIIEM Bce 3TH (aKTOPHI
CIIOCOOCTBYIOT MPAaBWJIBHOMY MPUHSTHIO pellie-
HUSL.

Haunnasg ¢ 2014 roga MHe BbIIajia BO3MOX-
HOCTb HauyaTh MPOLECC IUIAHUPOBAHUS U OINTH-
MHU3alUHA KamUTAIbHOTO PEMOHTA Ta30TypOUH-
HeIx anekTpocraniuit (['TOC). W3 ombita mpe-
JBIIYIINX JIET KanuTalbHbId peMoHT Ha ['TOC
MPOBOJWJIM B TeueHue 2-3 MmecsueB. B3sB Ha
BOOPY>KEHHE U PUMEHSISI Ha IPAKTUKE IJTAHUPO-
BaHME KamuTalabHOro peMoHTa ¢ «[IpumaBepay,
TaK’K€ COBMECTHO OCYILECTBISS  IOATOTO-
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BUTEJIbHBIE MEPOMPUATHUS, YIAIOCh JTOOUTH-

Csl BBICOKHX IOKa3aTeled, yIOKHUBIIUCH B 21

JICHb, BBITIONHSS aHAJIOTHYHBIE O0BEMBI PadoOT.

V3HayanbHO OMpeNenii KITFUYEBbIX JIONeH U3

Pa3HbIX TUCIUILIMH U KOJIJIETUATIBFHO OMpPEeiH-

U Bpemsi, TpeOyeMoe sl TOJHOW MOATOTOBKU

K MPOBEJICHUIO KAMUTaIBLHOTO peMoHTa. Hauanu

co3/1aBaTh rpauK MpoeKTa ¢ Hylls, IpUBIEKas U

paccMmarpuBasi ¢ KIIOUYEBBIMU JIMIIAMU KaXKIbIN

mar mpoekrta. [IporpamMMa mo3BosseT mocieno-

BaTeNIbHO CBSA3aTh OOJBIIOE KOIUYECTBO PadoT,

npesaras 4 Buia IpUBsSI3KUA padoT:

1. FS (FinishtoStart) — 3aBepuieHue OoxHOW U
CTapT MOCIEAYIOIeH paboTHI.

2. SS (StarttoStart) — cnenyromas pabora He
MOKET HauaThCsl MOKa HE Havalach IMpeJbl-
aymras pabota, roBopsi TpoIe, 18e padboTh
HAUYMHAIOTCS OJHOBPEMEHHO.

3. FF (FinishtoFinish) — crnenyromas pabota
HE MOJKET 3aKOHUUTHCS ITOKa HE 3aBEPLIUTCS
IpebLIyIIas.

4. SF (StarttoFinish) — cnenytomas pabora He
MOXET 3aBEpPIINTHCS NTOKAa He HAUHETCS Tpe-
JBLTYIIAS.

Bech muianupyemslii 00bEM pabOT BHOCHT-
csl B TpaduK, IETaIbHO PACTIUCHIBACTCS KaXKIbIN
I1ar B 3aBUCUMOCTH OT TPeOOBaHMsI pyKOBOACTBA
1o Jietaau3anuy. B npouecce ruiaHupoBaHus U
BBICTpPaMBaHUs MTOCIEI0BATEIbHOCTH paboT Mpo-
rpamMma BU3YaJIM3HUPYET IIETOYKy paboT B BHJE
auarpaMMmbl ['aHTa, HaAmIsSAHO IOKa3biBas BCIO
MOCIIEIOBATEIBHOCTh BCEX 3aIUIAHUPOBAHHBIX
pa6or [1; 113]. Jlanee B kaxkayio paboTy rpa-
¢duka 3akiaanbIBaeTCs JUIMTENBHOCTh BBITIOIHE-
HUsSl paboOTHl U TpebyeMble pecypchbl, UCXOS U3
HAWIYYIIUX U HAUXYAIIUX CLEHApUeB, BIOMpast

Act | Russian Description Original February
D Duration ITETs[s[M TTwlTTFTs]S[M{TwW]T]F[s[Su]TTw(T]
[o]ofofofofofa]ofa oo o oo ofofofo o]ofa i
= (5T-6.7 Starting Diesel Replacement Main Schedule 21d:
- GT-6.7 Starting Diesel Replacement S00h Oh
+ Milestone S00h 0h
-1 Work list scope 500h 0h
B Starting Diesel Replacementi3amena CTapToBoro [lusens | s00n[1-Feb el  on
[ Elecrtcal Disassemble Snexrpuka [lemoHTax m 1-Feb- 0h
JemonTam cTapTepa CTapToBoro gu3Iens §h | 1-Feb- 2-Feb oh J
JeMOoHTa# 0CBEWeHna 12h 2-Feb- 2-Feb Oh
| Instruments disassemble /KHMHA [lemoHTax -
JeMOoHTa# CONEHOMGHBIX KNANaHoe B KONUYeCTEE 4 wT h 2-Feb- 2- Fet
[leMOHT 3% MMNYNbCHLIX TRYOOoK 6h 2-Feb- 3-Feb th
OemonTax JB kopoGokn w TpyGHOI 06BA3KM 5h | 3-Feb- 3-Feb Oh
OemonTa conedonga 20 FL-1 5h | 3-Feb- 3-Feb Oh
OemonTax conedonga 20 TV-1 5h | 3-Feb- 3-Feb Oh
OemonTax JB-1 4 n TpyGHoi oBBaztm 5h 3-Feb- 4-Feb Oh
JeMOHTa# GaTYHKOE CKOPOCTH 5h 4-Feb- 4-Feb Oh
[emoHTaxa knanana VS-1-1 u npuneranwei ofesstm 5h 4-Feb- 4-Feb
[ Diassembe attached implements [lemonTax HaBecHOro oBoOpyAOBAHNA m
MacnaHble TONNHBHLIE W BO3AYLWHLIE GUNETRA 12h &-Feb- 5 Fet
TonnuBH.Iit Hacoc 6h | 5-Feb- 5-Feb oh
YeTpoicTED WHOro W pErynup ofopoToE 6h | 5-Feb- | 5-Feb oh
MacnaHble ¥ TONNWEBHbIE TRYGONpoBOgL W WLNAHTH 20h | 5-Feb- &-Feb Oh
MNaHens npubopos 5h | B-Feb- &-Feb Oh
Craptep 6h | 6-Feb- |6-Feb oh
MywwTens 12h B-Feb- 7-Feb Oh
Mechanical Disassembe /Mex [lemoxTam [
Mechanical Reassembe /Mex MoxTam I o
Reassembe attached implements /MoHTax HaBecHOro o60pyA0BaHHA T
Instruments reassemble /KHMuA MoxTax
MoHTa# knanasa VS-1-1 W npunerawwei oGeszkm 19-Feb 20-Fe
MoHT &% GaTYMKDE CKOPOCTH 5h | 20-Feb 20-Fe Oh
MonTa# JB-14 u TpyBHoil 06BAzIM 5h | 20-Feb 20-Fe Oh
MonTa# conesonga 20FL-1 5h | 20-Feb 20-Fe Oh
MonTa# coneHonga 20TV-1 6h | 20-Feb|21-Fe oh
MonTa# JB kopoGkn u TpyGHoi obBazkm 5h 21-Feb 21-Fe Oh
MoHT a3 uMnynecHbX TpyGok 6h |21-Feb|21-Fe oh
MOHT &% CONeHOMGHBIX KNanaHos B KONWYeCTEE 4T 5h 21-Feb 21-Fe
I Electrical reassemble /3nextpuka Moxtam
MoHT 8% oCBEWEHHA 12h 21 Fet 22 Fe Uh
MoHTa# cTapTepa CTapTOBOM0 AUIEna 12h | 22-Feh | 22-Fe oh
I 71b4ﬂb M:-n.h JP 16-0333.1 - 3ameHa w.TapchBoro ,qus:-nn ! Starlln_; Diesel Ins
319540 PM works MNP Pacoms: e|  n]
819540 ETL PM Activities/PaboTbl Beinonsaemsie 3TI1

Puc. 1 —I'paghux pabom c omobpasicenuem Kpumuyeckoeo nymu npoekma
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cpeanue 3HaueHus. IToctpouB rpaguk Bcex 3a-
IUITAHUPOBAHHBIX Pa0OT, B KOTOPOM MPAaBUIBHO
BBICTPOEHA IOCJIEN0BAaTEIbHOCTh U JIOTHKA pa-
00T, a TaKke 3arpy>KeHbl HEOOXOIUMBIE pecyp-
cbl, nporpamma «IIpumaBepa» mokaxet, 1 Bbl
CaMU CMOXETE ONPEACINTh CaMyI0 JJIUTEIbHYIO
10 BpeMEHH paboTy, Ha3bIBAEMYIO KPUTHUECKUM
nyTém npoekTa. B cdepe ynpasnenus npoexra-
MU KPUTHUYECKHUM ITyTEM Ha3bIBAIOT MOCIIEA0BA-
TEJIbHOCTBH/LIENIOYKY paboT MpoeKTa OT Hayajia
70 €€ 3aBeplICHMs], TMO3BOJAS ONPENEIIUTh Cca-
MYIO JUIMTENIbHYIO paboTy mpoekra. Jpyrumu
CJIOBaMU, KPUTUYECKU ITyTh [TOKA3bIBAET CAMOE
BO3MOYKHOE KOPOTKOE BpPEMSI, 32 KOTOPOE MOKHO
3aBEPLIUTH IPOEKT.

[Tocne toro, xak OyneT ompenenéH KpUTH-
YeCKH MyTh MPOEKTa, HEOOXOIUMO CKOHIICH-
TPUPOBATbCS U TPHIOKHUTH BCE HEOOXOAUMBIE
yCWJINS 110 €r0 ONTUMM3AlUH, TIIATEIBHO IUIa-
HUPYsl NI0CJIE10BaTEIbHOCTD U JIOTUKY. [loka3aB
rpaduK MpoeKkTa KOMaHjAe Ha OOJBIIOM MPOEK-
TOpe, B KOMaH/ie HauHETCs1 OypHOE 00CYXIeHHe
[0 ONTUMU3ALNN KPUTUYECKOTO U OKOJOKpHU-
TUYECKOTO IyTH. B XOz€ BBINOIHEHUS MPOEKTa
KPUTUYECKUI MYTh MOXKET MEHSThCS, TaK Kak

Crapt

O6opypoeaHue #1

JdemoHTax

MHcnekumua wn
PemoHT

OHTaM

Ob6opynosaHue #2

KpwuTuyeckuit nyTb NpoekTa coctaensaer 21 geHsb

BO3MO)KHO pabOTHl MOUIYT OBICTpEe, YeM OXKH-
Janoch paHee Onmarofapsi paHHEMY IUIAHHUPOBA-
HUIO WJIH K€ HA000POT.

JloGaBnsiss B rpaduk MmIard HauXyAlIMX
CIICHapHeB, Bbl Oy/eTe yBEepeHbI, YTO JIIOJICKUE
pecypchbl 3alUIaHUpOBaHbBl Ha pabOTHI, BEPOST-
HOCTb TOSIBJIEHHUS KOTOpBIX cylecTByeT. Hivke
Ha PHCYHKE KpacHbIM ILIBETOM IIOKa3aHa IIO-
CJIeZIOBaTeIbHOCTh CaMOM JUINTENbHOW pabo-
Thl IIPOEKTA C HYJEBBIM 3allaCOM BPEMEHH, TaK
Ha3bIBAEMbIM KPUTHUYECKUM IIyTEM IpPOEKTa. Y
“Primavera” ecTb (pyHKIIMH 1O BBIPABHUBAHUIO
HA3HA4YE€HHBIX PECYpPCOB, KOIJAa Pecypchl Iepe-
IPYXEHbI 0 BceMy npoekty. JlanHas (yHKuus
110 BBIPAaBHUBAHUIO PECYpPCOB IO BCEMY IPOEK-
Ty Upe3BbIYANHO M0JIE3HA, €ClIU Bbl miianupyere
OCYILECTBUTH OOJIBIION 00BEM paboT C IpuUBIIE-
YeHHEM OOJIBIIOr0 KOJIMYECTBA JIOJCKUX PECyp-
coB. BrlpaBHMBaHHE pecypcOB HE 3aTparuBaeT
paboThl KPUTUUECKOTO MYTH B CBSI3U C HYJIEBBIM
3aracoM BpEMEHHU. BbIpaBHHBaHHME pecypcoB
OyzeT 3aBUCETh OT BBICTaBIEHHBIX Bammu mpu-
oputeToB Ha paboThl. Hike mpuBenéH camblit
IIPOCTOM MpUMEp BBICTABIEHUS IPUOPUTETOB U3
MPAKTUKU:

3asepLueHne

Puc. 2 — Ilpumep svicmpausanus npuopumemos

Ipumep: O6opynosanue #1 — Bbl 3HaeTe,
910 OyAeT BBITIOTHATHCS OONBIION 00BEM pa-
00T M mpucBanBaeTe €My BBICOKHI MPUOPHUTET.
Ob6opynoBanue #2 — MIaHUPYIOTCS HEOOJbIINE
paloThl U MPUCBAMBAETCS HU3KUH IPUOPUTET.

Pesyabrar: Opurama ciecapeil mpucry-
IUT K JIEMOHTaXy HEepBOro o0OpymOBaHMS, IO
3aBEPIICHUM KOTOPOIO MEPEUIyT Ha JEMOHTAXK
BTOPOIr0 000pYyAOBaHMs, MO3BOJIUB CIEIYIOLICH
Opuraze pPEeMOHTHHUKOB (y3KHX CIELHATUCTOB,
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Puc. 4 — I'ucmoepamma 3aepy3xu nocie 8bipagHUBaHUs PeCypcos

CBapIIMKOB) HayaTh pabOTHl MO HMHCIEKIUH U
pPEMOHTY IepBoro obopynoBanus. bpurana cie-
capeif, 0CBOOOAMBIIMXCS OT IEMOHTaka BTOPOTO
00opyIoBaHus, IEPEUIYT K COOpKE MEPBOTO 000-
PYIOBaHUS C BBICOKUM IMPHOPUTETOM, OTIIOXKHB
cOOpKY BTOPOTO 00OPYIOBAHHSI B CBSI3U C HU3KOU
CPOYHOCTBIO BO3BpaTa 000pyJIOBaHUs B paboTy.
Takum o0Opa3oM, maHHas (YHKLIHS IO3BOJSET
YIpPaBIATH U BBIPABHUBATH JIFOJICKHE PECYPCHI 10
Mepe UX MPUOpPUTETHOCTH. M3 rucTorpaMmsl Xo-
pOILIO 3aMETHO 3HAYMTEIBHOE Mepepacipenee-
HUE PECYPCOB MOCJE BBHIPABHUBAHUS PECYPCOB:
70 BbIpaBHMBaHMs MUK jpocturan 800 yenoBek
Ha y4acTKe, MOCJIe BHIPABHUBAHMS MUK KOJIWYE-
cTBa Tpebyemoro nepconaina nokasan 400 yeno-
BeK. OCHOBHBIMM 3arpy’KeHHbIMU THAMHM (TIHK)
IIPOEKTa sABIAOTCA 8 U 15 uncna.

[To 3aBepuieHMM CTaJuU TJIAHUPOBAHUS U
ONTUMH3AIMH, HEOOXOIUMO OyaeT YTBEpAMTH
rpaduK IUTAHUPYEMBIX pPAa0OT C KIIFOYEBBIMU
JHMILIaMU/aKIIUOHEPpaMHU MIPOeKTa U 3a(uKCUpo-
BaTh IeJIeBOM TpaduK, Ha3HauUuUThH «baseline»
WIN TIO-TIPOCTOMY 3aMOpo3uTh rpaduk. Llerne-
BOM TpauK CONEPKUT BCE 3aINIAaHMPOBAHHBIE
paboThl MPOEKTa, KOTOPbIe OBUIM COINIACOBAHBI
Ha CTaJMU IUIAHUPOBAHUS M SABISETCS OTIIPAB-
HOU Toukoi. DUKCUpOBaHKE 1IENEBOrO rpaduka
MO3BOJIIET KOMaHe U3MepATh 3PPEKTUBHOCTD U
IPOTpecc BBIMOJIHEHUS PadOT ¢ W3HAYAIbHBIMU
OXHJIAHUSIMH.
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3aBepiiuB (a3bl TIAHUPOBAHUS U ONTUMH-
3allUy MPOEKTa, CaMO€ BpeMs MOKUHATh TUIObI
OT MpojieNaHHON padoThl, T.K. UMEHHO (ha3a uc-
MOJTHEHUS MTOKAXKET, KaK XOPOIIIO WK ci1abo moj-
roTOBWJIaCh KOMaHJa. B mporiecce ucnogHeHus
pabot HeoOXoauMo OyneT OOHOBISATH MPOTpecc
BBINOJIHEHHBIX PadoT 32 CMEHY, 3a CYTKU — 3TO
Oyzner 3aBHCETh OT TpPeOOBaHUS PYKOBOACTBA
npoekTa. B Moeli mpakTuke mporpecc BbINOIHE-
HUS paOOT OOHOBIISIICS, BHOCWIICS B IPOrpaMMy
U TIEPECUUTHIBAJICS HETIPEPBIBHO, M Kakable 12
YacoB MpPEIOCTABISUICS OTYET PYKOBOJACTBY O
X0JIe TPOBEACHUS PA0OT, UCXOs U3 MOCIEIHUX
0oOHOBIIEHUH U aHanM3a npoekra. CornacHo oT-
gyéra 2018-2019 roxa c caiita Planning engineer.
net KOMITaHUs, KOTopasi momoraer paborojare-
JSIM  YOPABIATh BO3HATPAXKACHUEM COTPYIHU-
KOB, a COTpYAHHMKaM IOHMMaTh HMX ILIEHHOCTb
Ha pBIHKE TPYHa, TO CpeIHss 3apaboTHas miara
MH)KEHepa 110 IUIAaHUPOBaHMIO BTOPOil KaTeropuu
¢ ombiToM pabotsl ot 5 1o 10 ner B CILA co-
craBisieT 6458 1o1apoB, aHAJIOTMYHAs TO3ULIUS
B O0benHEHHBIX ApaOCKUX DMHUpaTax COCTaB-
nsiet 4 025 nonnapos.

ITo Kaszaxcrany Takasi CTaTUCTHKa OTCYyT-
CTBYET Ha JIaHHBIK MOMEHT [2]. AHanu3 o npo-
rpecce BbINOJIHEHHUsT paboThl OyzneT B OoublIen
CTETIEHH 3aBUCETh OT TOUHOCTH BBEIEHHBIX JaH-
HBIX B rporpammy. [1o 3aBepIieHun cMeHsbl, rpa-
(UK 1omKeH ObITh OOHOBIEH, IEPECUNTAH U BbI-
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Data Date: 30-Jun-2019
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2-Senior Planning Engineer ( 5- 10 Years of Experience) 6458 2
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1-Junior Planning Enginesr [ 2- 5 Years
of Experience |

2-Serior Planning Engineer ( 5- 10
Years of Experience)

3-Planning Manager { <10 Years of
Experience)
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2-Senior Planning Engneer | 5- 10 Years of Experience) 14907 bl
l—Jnited Job Titke “Pa... B2 5
B - || o | sbem
4025 49

Puc. 5 — Cmamucmuka no cpeonemecsunou sapabommnou nname Hndicenepa no niaHupo8anuio

paBHEH 110 pecypcaM. Ilocae 3Toro uHkeHep mno
TUTAHUPOBAHMIO IPUCTYTAET K aHATIU3y rpaduka,
BBISIBIISISL ITPOOJIEMBI, OTCTaBaHUS U MPEAOCTaB-
JIs151 TIOJIHBIN OTYET PyKOBOZCTBY, KOTOPOE Ha OC-
HOBAHUU NPEJICTaBICHHBIX JAHHBIX U ONbITa Oy-
YT NPUHUMATh pereHus. 3-3a MacirabHOCTH
npoekTa OBbIBae€T TaKOe, YTO KIIOUEBbIEC JIOIU
HAaxOJATCS B YAAJICHHBIX MECTaX, VISl OTOTO CIIy-

Yasg MOXHO BBICBIJIATH OTYETHI MO TOYTE WIIH
’Ke BOCIIONIb30BaThesl (PpyHKIMENH «webpublishy,
KOTOpast TMO3BOJISIET MyOJIMKOBAaTh BCE OTYETHI U
rpaduku ¢ [IpumaBepsl Ha callT NpeANPHUATHS B
PEKUME OHJIANH.

3a0maroBpeMeHHbI Tpolecc JeTalbHOTO
IUTAHUPOBaHMS OOeCIeunBaeT paHHEe BOBIIEYE-
HUE BCEX 3aMHTEPECOBAHHBIX JIUI], YTO IPUBOIUT
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K 00IIeMy BHUMAaHUIO, CO3JJAaHUIO CHHEPTeTHYeC-
KOii pabodeil cpeibl U ONITUMU3UPOBAHHOMY HC-
MOJIb30BAHUIO pecypcoB. MIHCTpYMEHTHI TUIaHU-
pOBaHUS JAOT BO3MOXKHOCTH COamaHCHUPOBAThH
OM3HEC-TIPUOPUTETHI W TOTPEOHOCTH 3aBOJA,
MPAKTHYECKHE PEUICHHSI XPOHHUECKHX MPOOIIeM,
KOTOPbIE UICTOPUYECKU TOJAPHIBAIIN YCIIEIIHOCTh
MIPOBE/ICHUSI KAalTUTaIbHBIX PEMOHTOB.

Kak ckazan Enbacel, B cBOeM TNOCIaHUU
2014 romy, crTparernyeckoe IJIaHUPOBAHHE B

XXI Beke siBisIeTCS MpaBUIIOM HOMEP ofuH. 1100
HUKaKo# BeTep He Oy/eT MOMyTHBIM, €CIH CTpa-
Ha He 3HAeT MapIIpyTa U TaBaHU OpUOBITHS [4].
KnroueBbIM pecypcom 000ro MpoU3BOJCTBA
ABJIIETCSL BPEMS, IPUCYTCTBYIOIIEE B 3a/1a4€ OIl-
TUMU3UPOBAHHOTO IJIAHUPOBAHUS B Pa3IUYHbIX
unocracsix. Mpl CMOXKEM BBINIOJIHATH OOJIbIIIE
MPOEKTOB, 3TOT APPEKT HEMOCPEACTBEHHO OT-
pasuTCcs Ha Pa3BUTUU PECIYOIMKH U MO3BOJUT
HaM BoWTH B 30 caMBbIX pa3BUTBIX CTpaH MHpA.
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APPLICATION OF DATA ANALYSIS METHODS IN
HUMAN RESOURCE MANAGEMENT

UVALIYEVA 1., ABYLKASSYMULY B., VAYS Yu.
D. Serikbayev East Kazakhstan state technical University

Abstract: The paper describes a model for managing the employee motivation within the quality
management system of an organization in the context of human resource management frameworks
that consider the organization’s employees as both the resource and inner consumer. The expediency
has been justified for the identification of the employees’ personal values for further establishing the
motivation processes within the Quality Management System.

Key words: human resource management, data analysis, management model, motivation system,
identification of personal values, prevailing personal values, QMS, motivation program

INPUMEHEHHUE METOJOB AHAJIN3A TIAHHBIX B YITPABJIEHUU
YEJIOBEYECKUMMU PECYPCAMMU

Annomayusn: B cmamve onucana mMooens YnpagieHus momusayueti pabomHuKog 6 cucmeme me-
HeONCMEHMA Kauecmea npeonpusimusi 8 KOHmeKcme napaoueMvl YApasieHus 4eio8edecKumu pecyp-
camu, paccmampusaroujeli NePCoOHAN OpeaHu3ayuu 0OHOBPEMEHHO 8 Kauecmee pecypcd U GHYmpeH-
Heeo nompebumens. OOOCHOBAHA Yeneco0OPaA3HOCHb UOeHMUDUKAYUU NEPCOHATLHBIX YeHHOCHell
PAbOMHUKOB 0151 hOPMUPOBAHUSL MOMUBAYUOHHBIX NPOYECCO8 8 CUCEME MEHEONCMEHMA Kauecmed
npeonpusmusi.

Knroueswie cnosa: ynpasnenue uenogeueckumu pecypcami, MoOeib YnpasieHus, anaiu3 OaHHbIX, MO-
MUBAYUOHHAS CUCMEMA, UOECHMUPDUKAYUSA NEPCOHALHBIX YeHHOCMEll, OOMUHUPYIOWUE NePCOHAlb-
nole yennocmu, CMK, momusayuonuas npoespamma

AJIAM PECYPCTAPBIH BACKAPYJIA JEPEKTEPII
TAJIJJAY DAICTEPIH KOJJAHY

Anoamna: Makanaoa xvizmemkepiepoi 6ackKapy napaoueMdacvl KOHMeKCMiHOe2i KICINOPbIHHbIH
cana meHeodcMeHmi JHcytiecinoe Kbizmemkepiepoi bIHMAalaHObIpyObl OACKApy MOOeli CUNAmmanaH,
O]1 YUBIMHBIH Kbl3aMemKepiiepin pecypc peminoe oe, iuKi mymuiHyuivl peminoe Kapacmuipaovl. Kacin-
OPBIHHBIY CANA MEHeONCMeHmi Jcylecinoe MOMUBAYUANbIK npoyecmepoi Kaiblnmacmolpy VudiH
Kblamemrepiiepoit dceke KYHObLIbIKMAPbIH AHbIKMAYOblH OPbIHObLIbIEbL 021e10eHOI.

Tyitinoi co30ep: adamu pecypcmapovl backapy, depekmepoi manoay, 6ackapy Mooeui, MOMUSAyUusIblK Hcyiie,
JHceKe KYHOBLILIKMAapObl ColikeCmeHOIpy, bacvim dcexe Kynowvlivikmap, CMIK, momusayusanwix bazoaprama
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Introduction

The efficient management of human resource
processes within the Quality Management Sys-
tem (QMYS) today involves their development and
functioning in accordance with the human re-
source management frameworks. However, from
the date this conceptual approach has been orig-
inated and till now, there is no agreed opinion in
both scientific literature and HR practice regard-
ing development of processes for HR staffing and
management [1].

The analysis shows that they still do not al-
ways use human resources in the most efficient
and reasonable manner when designing and op-
erating a set of quality management systems.
Meanwhile, production enterprises have suffi-
cient opportunities to identify defects of their
QMS, systematically and thoroughly study the
actual economic effects of investments spent on
their creation and implementation.

The modern HR management within the
Quality Management System (QMS) is carried
out in the context of the human resource man-
agement frameworks that consider the employees
as, on one side, the most critical specific resource
determining the success and competitiveness of
an enterprise, and, on the other side, an inter-
nal consumer of the Incentive System (salaries
and benefits, career advancement, training pro-
gramme, significance and prestige value of the
work) that is offered to the employees for high
quality and productive labour [2].

The following issues hold a specific place
among the theoretic and methodical problems
of managing the motivation models within the
QMS:

* Considering the QMS motivation process
from the internal consumer’s perspective —
employees;

* Development of simple but statistically
valid procedures for determining the prevailing
personal values and the appropriate motivation
methods for the work force;

+ Identification of strategies for selecting the
motivation programme providing that there is/
there is not opinion consistency among the work
force.

Thus, it seems appropriate:

226

* to develop a process model “Employee Moti-
vation Management”;
* to identify a technology for identification of
the employee’ personal values;
* to determine the prevailing personal values;
+ to justify the strategy for selecting the moti-
vation programme providing that there is/there is
not opinion consistency among the work force.
Following this approach, KAZ Minerals
Aktogay [4] has implemented the process of
“Employee Motivation Management” within the
QMS. Particularly, we have studied the personal
values and motivating factors of employees of the
Engineering Department.

Process model “employee motivation

management”

The process model “Employee Motivation
Management” [3] clearly identifies the providers
and consumers of the motivation processes, their
input and output parameters, as well as perfor-
mance and efficiency indicators, provision of re-
sources for such processes and development of
the controlling documents.

The provider of motivation processes is an
enterprise that is willing to create conditions
as “reward expectations” (salaries and benefits,
career advancement, training programme, Sig-
nificance value of the work) for the employees
for their labour potential, high quality and effi-
cient labour, and the employees are considered
as the internal consumer of such conditions. The
extension of agreement between employees’ ex-
pectations in regard to the reward system and
capabilities of the enterprise determines the em-
ployees’ satisfaction with their own work activi-
ties, on one hand, and competitive growth of the
enterprise by means of motivated and competent
employees capable for high quality and efficient
labour, which allows to create products that meet
requirements and expectations of consumers, on
the other [5].

Therefore, the development of a motivation
programme focused on inciting the employees
for high quality labour in accordance with the
process under consideration shall be based on
both the enterprise’s capabilities and requests of
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the internal consumers, i.e. their personal values
that need to be identified.

Thereby, it seems appropriate to develop
methods for identification of the employees’ per-
sonal values and motivating factors, which will
allow for both identification of the prevailing
personal values of the employees, and establish
directions for the motivation programme that
meets the employees’ requirements and expecta-
tions. The proposed procedure and methods for
identification of the employees’ personal values

and selection of the corresponding motivation
strategy can be described as follows.

The Questionnaire comprises 190 pairs of
statements corresponding to 20 organizational
values (Tablel). A sufficiently large questionnaire
material (190 pairs of compared statements) that
is offered to the respondents will ensure high va-
lidity of the used research tool. This is evidenced
by the reliability figures (adjusted reliability fac-
tor by Spearman—Brown) and validity, which ap-
peared to be statistically significant.

Table 1 — The organizational values and corresponding statements

Organizational values

Corresponding statements

. Managing authorities

Opportunity to influence other people or the course of events

2. Standard activities Standard activities and implemented procedures

3. Deadlines for the obligation fulfilment Deadlines to fulfil the obligations

4. Performance Exact compliance of the activity results with the targets
5. Comfortable working conditions Convenient and comfortable working conditions

. Professional advancement

Opportunities for professional advancement

. Social status

Opportunism to maintain self-concept

8.

Loyalty of informal group

Support of friends

9

. Loyalty of management

Support of management

1

0. Involvement in management

Proximity to the manager

1

1. Enterprise’s customs

Declared principles and values of the enterprise

12. Personal safety

Maintaining personal safety, good standing

13. Prospects and potential attainments

Availability of development prospects within the enterprise

14. Responsibility for the deliverables

Responsibility for the deliverables within the authority

15. Career

Career opportunities

16. Financial interests

Opportunities to receive the due material remuneration

17. Creativity and inventions

Opportunities for creativity and inventions in the working place

1

8. Job enrichment (work expansion)

Improving professional skills

19. Opportunities for higher earnings

Opportunities to obtain higher-paid employment

20. Fairness (transparency) of the material remuneration

Opportunities to receive the remuneration based on the deliverables

The way this questionnaire works is based on
the method of complete paired comparison. An
employee is offered to choose one of two values
(alternatives) with the same number (Table 2).

For this purpose, he/she compares pair statements
in the left (A) and right (B) column and choose
the one he/she can sacrifice or neglect.
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Table 2 — Questionnaire

Should I make a choice, I can neglect...

Alternatives

B

1 | The scope of my duties

The opportunity to influence other people or the course of events

2 The deadlines to fulfil my obligations

The workload negotiated previously

The opportunities to receive the due material

3 . The fulfilment by others of their obligations
remuneration
188 | The routine course of events in the enterprise Involvement in the “inner circle” (a part of the manager’s team)
189 | The scope of my duties The opportunities to obtain higher-paid employment
190 | My principles The enterprise's customs, declared principles and values

This approach is based on the statement that
it is hard for a person to decide what matters for
him/her. However, he/she knows for sure what
does not.

Calculation of each employee’s score for

every value

The obtained scores are recorded in the table
for further statistical processing based on the
well-known statistical criteria [6]. The data of
one testee form one raw, data on one value form
one column.

The employee’s values shall be ranked. The
first rank is the highest and corresponds to the
value with the lowest number of points (R = 1).
The value with the highest number of points is
considered as the least important and assigned
with rank R = n, where n — a number of values
studied (R = 20).

If a testee consider several values to be
equal, than they are assigned with the same rank
like sum of the alternative places with their inline
arrangement divided by their number (1):

3
R =4

j (1)
Where R, — a rank of several equal values; i —
places of values with their inline arrangement; k
— a number of equal values; n — total number of
values studied.
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The factor of weight (g) for every value
is determined from the proposed questionnaire
material by formula (2):

m —S,

1

&= 05m (n-1)

@

where m —number of members of the work group;
n — number of values; S, — sum of the rankings
R of the group members for every value, which
is calculated by formula (3):

s, =3R,
Jj=1

Highly critical (prevailing) group values are
determined (g’) by formula (4):

€)

r 1
> —
n

g )
where n — number of values.

The type of employee’s motivation intended
to meet their prevailing values to be determined.
For this purpose, you need determine what type of
motivation the prevailing values revealed belong
to (Table 3) [7]: motivation focused mainly on
the job depth; motivation focused mainly on the
social significance of the job; motivation focused
mainly on the material significance of the job;
motivation focused mainly on the balance of
various values.
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Table 3 — Types of motivation and corresponding values

Type of motivation

Focused on the job depth

Interesting and meaningful job

Professional development

2. Standard activities

6. Professional advancement

3. Deadlines for the obligation fulfilment

13. Prospects and potential attainments

4. Performance

17. Creativity and inventions

14. Responsibility for the deliverables

18. Job enrichment (work expansion)

Focused on the social significance of the job

Career

Social status and safety

1. Managing authorities

5. Comfortable working conditions

9. Loyalty of management

7. Social status

10. Involvement in management

8. Loyalty of informal group

15. Career

11. Enterprise’s customs

12. Personal safety

Focused on the material significance of the job

Labour compensation and other material benefits

16. Financial interests

19. Opportunities for higher earnings

20. Fairness (transparency) of the material remuneration

Development of the motivation

programme

The development of the motivation
programme requires to define to what extent
the employees agree on the group values, i.e.
to determine the consistency of their opinions.
When conducting this exercise, there are two
possible scenarios and their consequences:

The work group members’ opinions are
consistent, so a single motivation programme to
be developed for this group;

The work group members’ opinions are
not consistent, and there are employees whose
results of the value appraisal differ enormously
to the others, which necessitates the development
of individual motivation programme for them.

To assess the consistency of opinions of the
work group members, the Kendall’s coefficient
of concordance (consistency) shall be deter-
mined (4):

z 2
2 (S —8)
m
m2(n3—n)—m > Tj

o 4

Here S, — the sum of ranks of the group members
for every value studied (5):

m_n

s,=133r =%§Sl- —0,5m(n+1)

nooyia

)

Where m — number of the group members;
n — number of values studied; 7— index of
sameness, which is calculated by formula (6):

EDNCED
J=1 (6)
Where 1~ number of same ranks of j-th group
member; u — number of groups with same ranks
of j-th group member.
The Kendall’s coefficient of concordance
assume a value in the range 0 < W < 1 and is
calculated by formula (7):

2 i(si -8)?

W= i=1 -
m*(n® —n)—mZT/.
?)

The consistency of opinions of the group

shall be considered as acceptable when value W
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> 0,6, is statistically significant with confidence
probability of P =1 - a.
Significance of W value is assessed against the
criteria x* by formula (8):

X=Wmm-—1)>x>(1-a)

Where W — coefficient of concordance; m — num-
ber of work group members; n — number of val-

ues studied; f — number of degrees of freedom.

Ifx* > x? (1 — a)f, where f= (n — 1) —number
of degrees of freedom, then the coefficient of
concordance W is statistically significant.

Ifthe consistency of the work group members
is acceptable and statistically significant, then the
motivation programme shall be developed based

on the prevailing values revealed.

If the group members’
not consistent, then we need to identify the
employees with the opinions different to the
others’. For this purpose, we need to calculate
the Spearman’s rank correlation coefficient for
the individual employees’ ranks and mean ranks
of other employees.

opinions

arc

The rank correlation coefficient (p) is determined
by formula (9):
6Z(Ri _E(i) )2
pzl_(nsljn)705iT ’
T ©9)
Where R, - the ranks of given employe;
R, — mean ranks of other employees; n — number
of values studied; m — number of experts;
T - index of sameness.

p < 0,5 means that the ranks of given
employee cannot be correlated with general
ranks of the group, which makes necessary to
study his prevailing value guides and develop an
individual motivation programme.

Simulation exercise

Table 4 shows the results of the personal
value analysis completed for employees of the
Engineering Department Calculation of weight
and group value coefficient showed the following
result: the statistically significant (prevailing)
values of the Engineering Department employees
shall correspond with the inequality g 1> 0.05.

Table 4 — Value ranks and their statistical processing

Mo of group valuation. n T
merher @ nl n! | n¥ | nd | nd né [ n7 | nf nd nld [ nll nll | nl3 | nld ( nld | nlé | nl7 | ni | nl® | a0 ’
1 [1] 11 12 14 10 13 3 16 E] 1 18 20 13 1 7 1 ] [1] 4 2 -
2 Q 10 12 14 10 18 3 19 1 0 17 El 13 13 5 4 11 16 g [ =
3 1 11 1% 10 12 16 [] 18 E] [} 17 0 13 & | 1 1% 13 & 1 -
4 1 10 | 12 13 14 [H] E] 17 3 2 20 ] 14 ] 1 1] 11 19 ] [] -
5 1 & 11 12 7 16 5 15 4 3 1% 19 10 13 0 0 [ 0 Fi 1 -
[3 4 10 12 14 10 18 3 19 0 0 17 15 13 g 2 1 T 16 5 [ =
] 4 | 12 17 B 14 o 16 2 ] 18 15 10 5 [1] 1 1 19 1 2 =
Ranled values
1 1 11 11 14 10 16 | 65 | 17 6,3 1.4 13 20 13 13 3 1.3 El 19 3 4 12
2 1.3 05| 13 13 | 105) 19 4 20 E] 1.3 18 el 14 113 G ] 12 17 g T 12
3 23 10 14 18 11 15 | 65 | 17 5 1 18 0 125 @ 4 23 1% 12,5 [} [E] 18
4 i3 11 13 13 18 15 | 65 | 17 63 5 20 H 14 10| 33|15 12 1% & [} 1%
] 33 El 13 14 10 17 § 16 T [ 183 183 12 13 15 | 135 1] 0 k] 35 18
] ] 115] 13 15 | 11,5) 1% 5 20 1.5 1.5 18 16 14 10 4 3 B 17 T ] 12
T ] 10 14 18 11 13 | 15| 17 33 T 12 18 12 & 13 | 55 13 0 34 13 1%
Diata on the statistical processing of estimates

3 i 28 73| 92 [ 109 | BO | D19 | 3B | 124 33 45 (1275 | 1075 | 91,5 | &84 (283|195 | 8F | 1245 | 455 id -
S-:g 4TS5 |05 ) 185|355 | 635 | 455 35 | 505 -385 | A% 34 34 18 [ 105 45 | 54 | 105 | 51 -28 -37.5 -
£ 008 (003|004 (002)005) 002008001 008 | 00F | 001 002 | 004 004 (008 ) 00%) 004 001 007 | 0,08 -
TE T 11~ aE [ [-
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In Table 4, the prevailing values of the
employees, marked with “+”, comprise:
authority (g, = 0.08); social status (g, = 0.08);
loyalty of management (g, = 0.08); involvement
in management (g = 0.09); career (g, = 0.08);
financial interest (g, = 0.09); opportunities for
higherearnings (g,=0.07); fairness (transparency)
of the material remuneration (g, = 0.08).

The determination of the type of motivation
has revealed that the motivating factors for the
Engineering Department employees are the
social (particularly, focus on career) and material
significance of the job.

For the development of the motivation
programme, the Kendall’s coefficient of
concordance assume a value in the range
0 < W < 1. The consistency of opinions of the
group members has shown the following result:

336008 ,04

_ = 0.86
390264

Significance of W value is assessed:

X2 =086-7(20 —1) = 11438 > y2 45 o = 10.7

Thus, the obtained data are statistically significant.
The prevailing personal values of the employees
are material and career values.

The results showed that development of indi-
vidual motivation programme for QMS of KAZ
Minerals Aktogay is unnecessary since the opin-
ions of the Engineering Department employees
is consistent and statistically valid [8].

Conclusion

The proposed methods for identification of
the employees’ personal values and motivating
factors allow for both identification of the
prevailing personal values of the employees
(and improve the data reliability), and establish
directions for the motivation programme
that meets the employees’ requirements and
expectations.
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IOBUJIEMHBIE JATHI U IEPCOHAJINU

DPAPU PAXPUEBHUY YMAPOB

@apun axpueBnd YMapos poawics 12 su-
Bapsa 1945 rona B . Yupuuk TamrkeHTCKoi 00-
nactu Y30ekckoit CCP. OkoHUMI C OTIMYUEM
UH)XeHepHO-(pu3ndecknii (akynasreT TamrkeHT-
CKOTO TMOJIMTEXHUYeCKoro nuetutyTa (1967 ) u
acnupanTypy MHcTuTyTa s5eKTpoHMKH AKaze-
mun Hayk Y36ekckoit CCP (1971 r.). Juccepra-
LIMY Ha COUCKAHME YYEHOH CTENEHM KaHIuara
(1975 r.) u nokropa (1992 r.) pusuko-maremaru-
4yecKux Hayk no cnenuanbHoctd 01.04.04 — du-
3UYecKasi HIEKTPOHMKA 3aIUTHII HA (PU3UIECKOM
¢dakynsrere MI'Y umenn M.B. JlomonocoBa
(Mocksa, Poccus). B 1994 rogy mpucBoeHo
yueHoe 3BaHHMe npodeccopa no kadenpe «Ddu-
3U4YECKasl AJIEKTPOHMKA U MUKPOIJIEKTPOHHBIE
npubops» TamkeHTckoro IlocygapcTBeHHOTO
TEXHUYECKOTO YHUBEPCUTETA.

BocnuraHHuK U3BECTHOM BO BCEM MHpE Ha-
YUHOM IIKOJIBI O (PM3UUECKON AIEKTPOHUKE aKa-
nemuka Y.A. Apudosa Ymapos @.®D. ¢ 1967 no
1993 rr. npopaboran B MHCTUTYTE AIEKTPOHU-
ku Axanemun Hayk PecnyOnuku Y30ekuctaH B
JOJDKHOCTSAX MIIAJIIETO, CTapIIero U BEAYLIETO
HAy4YHOI'O COTPYAHMKA, a TAK)KE YUEHOIO CEKpe-
Tapsi UHCTUTYyTa. HayuHble MHTEpECH OTIINYAIOT-
Cs IIUPOKUM CHEKTPOM U CBS3aHBI ¢ (PyHIaMEH-
TaJbHBIMHU TIpoOneMamMu (PU3HUKH, TUATHOCTHKH
U MOIU(UKALUU TTOBEPXHOCTH TBEPAOIo Tella U
TOHKHX IIJICHOK M MOJIEJIMPOBaHMs (HU3NUECKUX
npoueccoB Ha IBM. CoBmecTHO € Koiieramu
pa3BUTBI TEOpPHUSl pacCEsTHUS aTOMOB U HOHOB
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K 75-JIETHIO CO JJHA POJKAEHHA U 50-JIETHIO
HAVYHO-IIEJAT OTHYECKOH U OPTAHU3ALTHOHHOH
JEATEJIBHOCTH

CPEIHUX U HU3KUX SHEPTUI TOBEPXHOCTHIO KPUC-
TaJJIOB, UCCIICIOBAHBI MPOIECCHI PACTIBUICHHS 1
KaHAJIMPOBAHKsSI HA MOBEPXHOCTH KPUCTAIUIOB U
TOHKHX TUICHOK. Pa3BUTHI TeOpeTHUECKHE MOIe-
JM U METOJBI KOMITBIOTEPHOTO MOJIEIUPOBAHHUSI
MPOIIECCOB PACCEsIHUsS, PACIbUICHUS U KaHAJH-
pPOBaHUs aTOMOB ¥ MOHOB Ha PEaJIbHBIX TIOBEPX-
HOCTSIX M B MPHUIIOBEPXHOCTHBIX CIIOSX TBEPIIO-
r0 TeJa U MOKPHITHIX. Pa3BUTHI HOBBIE METOIIBI
JUATHOCTUKU, MOAM(DHUKAIUU U KOHTPOJS dlie-
MEHTHOTO COCTaBa, CTPYKTYpbl U COCTOSIHHS
MOBEPXHOCTEH OJHO- M MHOTOKOMITOHEHTHBIX
KPHUCTAJUIOB METAJUIOB U MOJIYIIPOBOIHHUKOB, aK-
TyaJbHbIC /I COBPEMEHHOM UMILIAHTAIIMOHHOM
METAJUTyPTrUH, TOHKOIJICHOUHOW TEXHOJOTHH,
MUKPO- U HAHOTEXHOJIOTHH.

ABTOp (COBMECTHO C KOJUIETAMU U
yueHuKamu) umeet 6osiee 350 HaydHBIX TPYIOB,
OMyOJIMKOBAaHHBIX KaK B HAllleH CTpaHe, Tak U
3a pybexxom, B ToM uucie 10 monorpaduii u
cOOpHUKOB TpyaoB U 40 cTaTeil B aBTOPUTETHBIX
MEXKIYHApPOIHBIX  HAy4YHBIX  JKypHalIax ¢
BBICOKUM HMMITAKT-(PaKTOpOM, B TOM YHCJIE B
Nucl. Instr. & Meth. in Phys. Res., Rad. Effects
& Defects in Solids,Applied Surface Science,
Surface and Interface Analysis, Vacuum,
Radiation Effects, IEEE, Surface Review and
Letters, Surface and Coatings Technology.
CoaBrop MoHorpaduu, ONMyOJUKOBAaHHOH B
MexXyHaponHoM u3natenscTe Elsevier Science
Publishers B.V. “Atomic Collisions on Solid



Surfaces”, 1993, North-Holland, 664p., a Taxxe
YeThlpeX INaB B TEMAaTH4YEeCKHX MOHOTrpadusx
MEXIyHapOIHBIX u3nareascTB: Nova Publishers
u Intech Publishers. MoHorpaduu, nzgaHHble
¢ coaBropamu B 2017-2019 rr.: “Radiation-
stimulated Bulk and Surface Effects in
Materials”, Almaty, “Qazaq University”, 2017,
194pp.; “Radiation-stimulated Bulk and Surface
Effects in Materials”, USA, Middletown, DE,
2018, 233p; “Radiation-thermal Effects in the
single-and multi-component Materials”, Almaty,
KazNPU named after Abai, 2019, 303pp.

Hayunbie wuccnenoanus D.0. VYmaposa
HOJTYYMIIM MUpOBoe npusHaHue. O6 3TOM CBU-
JIeTEIbCTBYIOT CCHUIKM Ha €ro Hay4HbIe CTaTbH,
BU3UTHI B 3apyOeKHbIE HayYHbIE LIEHTPHI, O0Ib-
I10€ YUCIIO MPUITIAILIEHUH Il y4acTus ¢ JOKJIa-
JaAMH B OT€UECTBEHHBIX U 3apYOEIKHBIX HAyUHBIX
KOH(epeHIUAX. 3a MoCIeHUue ToAbl UM c/iela-
HBl JIOKJIAJbl Ha PA3IUYHBIX MEXITyHApPOIHBIX
koH(pepenuusx B ['epmanun, @pannun, Uranumy,
Anrnuu, Asctpum, lIBenuun, [Janun, CIIA,
Erunte, Typuuu, Poccuu. VYaenser Oombinoe
BHUMAaHUE TOJITOTOBKE MOJIOABIX yueHbIX. Ilox
€ro pyKOBOJCTBOM IIOJITOTOBIIEHBI 3 JOKTOpa M
5 KaHAMJATOB (PU3UKO-MATEMAaTHUECKUX HayK,
4acTh M3 KOTOPHIX paboTaeT B 3apyOesKHBIX
HayYHBIX LIEHTPAX.

B 1993-2003 rr. pab6oran B I'KHT Pecmy-
OnMKM Y30€KHCTaH U 1O COBMECTHTEIbCTBY
npodeccopom B HanmoHaabHOM yHHBEpCHUTETE
V36exucrana u TamkenTckoM ['ocyrapcTBeHHOM
TEXHUYECKOM YHHBEPCHUTETE, a TAaKXKe 3aBeAylo-
UM J1abopaTtopueil SMHUCCHOHHOM 3JIEeKTPOHU-
ku HUU npuxnaguoit ¢pusukn HammonansHOTO
yHHMBEpcHUTeTa Y30eKucTaHa.

B 2003 rogy mepeexan ¢ ceMbe Ha MCTO-
puueckyto ponuny — PecryOnuky Kaszaxcran.

B 2003-2004 y4ye6HOM romy paboTain 3aBeayro-
muM Kadeapoii BeICIIEeH MaTeMaTuku U (pU3NKH
AJIMaTHHCKOTO TEXHOJOTUYECKOIO YHUBEPCUTE-
ta. C 2004 rona no Hacrosiiee BpeMsi paboTaeT
npodeccopom B Kazaxcrancko-bpuranckom
TEXHUUYECKOM YHUBEpCHUTETE. SIBIsS€TCS DHTY-
3uacToM (uznyeckoro oOpa3oBaHUS. YIenseT
MHOT'O BHUMaHUS MEJAarornyeckon AesITeIbHOC-
TH. YnuTaemple TUCHUIUIMHBI — (DU3KKA, OCHOBBI
HAHOTEXHOJIOTMH ¥ HAHOTEXHOJIOTUN U HaHOMa-
Tepuasibl. BHOCHT 3HaUNTENbHBIN BKJIAJ B BbIC-
1iee 00pa3oBaHUe Ha YHUBEPCUTETCKOM YPOBHE.
ITonb3yeTcst 3aciayXEHHBIM YBaXXEHHEM CpEAU
IIPENO/IABATENEN U CTYIEHTOB YHUBEPCUTETA.

Bener 60sb11y10 HayYHO-OPTaHU3AIOHHYIO
paboty. SIBIsieTcst  WIEHOM:  PEIKOJJIETUH
xypHana «BectHuk KBTVY», Cosera bazoBoro
¢axynpTera, auccepranuoHHoro coseta Ph.D.
B Kaszaxckom HaunonansHOM yHHBepcuTeTe
uMenu anb-®Papabu, mnpencemarenem [AK B
Kazaxckom Hanuonansaom Ilenarornueckom
yHuBepcuretre uMeHu Abas. [lomnepkuBaer
KOHTaKThl C HaydyHbIMM IieHTpamu B Poccum,
V36ekucrane, CIIA, Tepmanuu, [lanum,
benbrumn.

[Ipu3HaHuem HayuyHBIX 3aciyr mpodeccopa
@.®. Ymaposa saBisiercs u3dpanue ero B 1996
Tomy JelCTBHTENbHBIM wieHOM Hpro-Hopk-
ckoii Axanemun Hayk, a B 2009 rogy — neii-
CTBUTEJIbHBIM WieHOM EBponeiickoil AkanzeMun
EcrectBennsix Hayk. Unen AwmepukaHckoro
HanooOmectsa ¢ 2011 roga u «Yenosek roga
2000» (Amepuxanckuii buorpaduueckuil uH-
crutyt). Harpaxnen Ilouetnbsimu I'pamoramu
I'KHT Pecnybnuku Y36exucran, MOH PK, AO
«KBTY» u AO «Ka3zMymnaiil'a3» Pecny0Onuku
Ka3axcras.

Konnexmue AO “KBTY” u peokonnezusa scypnana “Becmnux KBTY” cepoeuno noszopae-
aaem npogheccopa @apuoa Paxpuesuua Ymaposa c 75-nemnum 1wouieem u rxnceaaem OaapHell-

wux meopuecKux ycnexoe.
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Aonpranmukosa I A.

AOGbKacsIMyIbl b.

AmnnpoexoBa A.O.

AxbacoBa A./l.

AmumoBa A H.
Aurrrei0ait A.

Awmupxanos b.C.

Atanos C.K.

Axar I''b.

Baiibazaposa D.A.

baiixamyposa M.O.

Bbanmomanosa K.C.

bexrenos H.A.

becrepekos V.

Bonbicoek A.

Bocranbekos K.A.

bpxxanos P.T.

Bbpumxanosa C.C.

CBEJEHUA Ob ABTOPAX

K.I.H.,, CT.IOpenojasarenb, Ka3axCkuil  arpoTeXHUYECKUU
yauBepcuteT uM. C. Ceiidymmmna, . Hyp-Cynran

MarucTpant, Bocrouno-KazaxcTtanckuii — rocynapCTBEHHBIN
TexHuueckuil yausepcureT uM. J[. Cepukbaena

K.X.H., JIOLICHT,
uM. anb-Dapadu

Kazaxckuit HammoHanpHbIE ~ YHUBEPCUTET

I.T.H., T1podeccop, MexayHAPOTHBIH
yHuBepcuteT uM. X.A. SlcaBu

Ka3aXCKO-TYPELKAN

nokrop PhD, Cor0GaeB ynuBepcuteri

PhD-poxTopaHnT,
uM. anb-Dapadu

Kazaxckuii HanuoHaJIbHBI ~ YHUBEPCUTET

JIOKTOPAHT, Kazaxckuit HaumonanbsHbri

uM. anb-Dapadbu

YHUBEPCUTET

I.T.H., npodeccop, EBpasuiickuii HaunonanbHblil yHUBEpCUTET
uM. JL.H. I'ymunesa, r. Hyp-Cynran

MAarucTpaHT, IOxno0-Ka3zaxcranckuii rOCy/IapCTBEHHbIN
yHUBEpcUTET UM. M. Ay’30Ba
MarucTp, CT.IpenoaaBareib, Tapa3cKuil ToCydapCTBEHHBIN
yHusepcuteT uM. M.X. Jlynatu
PhD-nokropant, Kazaxckuii  HamumonanpHblii  arpapHblit

YHHUBEPCHUTET

n.9.H., npodeccop, Kazaxckuit HarnmoHanbHBIM yHUBEPCUTET
uM. anp-Papabu, wieH-koppecnoHaeHT Poccuiickoit akameMun
€CTECTBO3HAHHUS

I.X.H., podeccop, Tapasckuii ToCyIapCTBEHHbIH yHUBEPCUTET
uM. M.X. Jlynaru

I.T.H., npocdeccop, HOxno-Kazaxcranckuil rocymnapcTBEHHBIN
yHUBepcuteT uM. M. Aya3oBa

K.T.H., gnoneHt, IxHo-Ka3zaxcranckuii rocynapCTBEHHBIN
yHuBepcuTeT uM. M. Ays3oBa

nokrop PhD, CorGaeB ynuBepcuteri

K.T.H., Tmpodeccop, axkagemuk MAWH, Kacnwmiickuii

rOCYIapCTBEHHBIH YHUBEPCUTET TEXHOJIOTUM U WHKWHUPHUHTA
umM. III. EcenoBa, . Akray

nokTtopaHT, KocraHaliCKuii TrOCylapCTBEHHBI YHUBEPCUTET
uM. A. baiitypcbiHOBa
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Baiic 1O.

Burkosckas U.C.

I'arapuna JLI.

JHaitneko E.A.

[Haiineko P.A.

Hapmenbaena A.C.

Jxomaprosa I11.A.

Jxymaranuesa A.M.

Jxypaxanos A.A.

Epraesa A.b.

EcenraeBa A.A.

Ecumona O.A.

Kanric A.B.

JKonmaramoberosa B.P.

XKymabaii b.2K.

Kycynbekos A.K.

3yesa E.A.

HNBaxuenko A.Il.

Nnamaxosa M. T.

K.T.H, Bocrouno-Kazaxcranckuili rocynapcTBEeHHbIH TeXHHUYEC-
kuii yauepcuteT uM. J[. CepukbaeBa

K.(p.-Mm.H., BHC, UHCTUTYT MHGOPMAIIMOHHBIX U BBIYMCIUTEIb-
HBIX TEXHOJIOTHI

O.T.H., Tnpodeccop, HamumoHanpHBII  HCCIENOBATEILCKUN
yausepcutetr « MO Ty, . 3enenorpan, Poccus
PhD, MIPOPEKTOP, Mex1yHapOIHbIN YHUBEPCUTET

UH(GOPMAITMOHHBIX TeXHOJIOTUH, NHCTUTYT NMPUKIAAHBIX HAYK U
UH(GOPMAITMOHHBIX TEXHOIOTUN

MHC, WHcTuTyT NpUKIAAHBIX HayK M MHPOPMAIMOHHBIX
TEXHOJIOTHH

A.X.H., JIoueHT, Tapa3ckuii TrOCyNapCTBEHHBIH YHUBEPCUTET
nMm. M.X. Jlynaru

n.T.H.,, npodeccop Kazaxckmit HarnmoHanbHBIA YHHBEPCUTET
uM. anb-Dapadbu

MarucTp, Cr.OpenoaaBaresb, Kazaxckuii ArpoTexHUYECKHUM
yausepcureT uM. C. Ceiidynnuna, . Hyp-Cynran

1.¢.-M.H., mpodeccop, yHuBepcuTeT AHTBepIieHa, benbrus

JIOKTOPaHT, Kazaxckwuit HanmonanbHbii YHUBEPCUTET
uM. anb-Dapadbu
JIOKTOPAHT, HOxHo0-Kazaxcranckuii rOCyapCTBEHHBIN

yHHUBepcuTeT M. M. Ay33oBa

K.X.H., goueHT, Kazaxckuii HannoHanbHBIMI yHUBEPCUTET
umM. anb-Papabdbu
PhD, cropenonaBarens, Kazaxckuiéi ~ ArpoTexHUYECKHA

yauBepcuteT uM. C. Ceitdymuna, . Hyp-Cynran

JNOKTOpaHT, EBpasuiickuii  HaunoHaibHBIN

M. JI.H. ['ymuneBa

YHUBEPCUTET

MarucTpaHTt, MexxX1yHapOoJHbIM Ka3aXCKO-TYPELKUN YHUBEPCUTET
M. X.A. SlcaBu

I.T.H., ipodeccop, EBpasuiickuii HanmoHaIbHBIA YHUBEPCUTET
uMm. JI.H. I'ymuieBa

PhD-noxropanr, MAarucTp, Kazaxckuii HanmonanbHbeii

YHHUBEpCHUTET UM. anb-Dapadu

PhD, npodeccop, AO «Kazaxcrancko-bpuranckuii TexHuueckuit
YHUBEPCUTET

K.T.H., H.0. accoll.npodeccopa, MexayHapOIHbIi YHUBEPCUTET
MH(OPMAIIMOHHBIX TEXHOJIOTUN
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HNcemyxamenosa A.M.

Kanrap6aesa C.M.

Kemen6exkosa M.U.

Kepumkynosa M.2K.

Ky6aes K.E.

Kynaiibeprenosa P.M.

Kynaxanosa A.C.

Ksigpipanuena A.

Kasuzxanosa b.K.

Kymapranuesa C.111.

Maxkanosa JI.K.

Macanumosa b.K.

Mycabekos K.b.

Myxamemxanona I.C.

Hamnpos K.C.

HazapGexoBa A.H.

Hudontos H0.A.

Hypnnnnaesa P.H.

Hypxururosa A.T.

Hypneibaesa A.H.

JIOKTOPAHT, Bocrouno-Ka3zaxcranckuii  rocyaapCTBEHHBIM
TexHnueckuii yausepcuteT uM. J1. CepukOaeBa

MarucTp, CT.IpEeNnoAaBareib, Tapa3CcKuil ToCyaapCTBEHHBIN
yHusepcuteT uM. M.X. Jlynatu
MarucTpant, Tlapa3ckuii TOCYHApPCTBEHHBIM  YHHUBEPCHUTET

M. M.X. Jlynaru

K.X.H., 1.0. gorneHTa, Kazaxckuii HammoHaabHbI YHUBEPCUTET
uM. anb-Dapadu

Axagemuxk MAU, k.T.H., 1.3.H., wieH-kopp. Poccuiickoii akanemun
ectecTBOo3HaHUs, Tnpodeccop, Kazaxckuii HanmoHanbHbII
yHUBEpCUTET UM. anb-Dapabu, aupexrop LlenTpa nHHOBaNIU

PhD-noxtopant, Tapa3ckuii TOCYyIapCTBEHHBIM YHHBEPCHUTET
um. M.X. Jlynaru

CT.IpenoAaBareib, Tapa3CKuil TOCyAapCTBEHHBIH YHUBEPCUTET
M. M. X. Jlynaru

PhD-nokropant, HOxHo-KazaxcTaHckuii — rocynapcTBEHHBIH
yHHuBepcuteT M. M. Aya3oBa
MaructpanT,  Kazaxckuii  HamuoHanbHBIA ~ YHHUBEPCUTET

M. anb-Dapadu

K.X.H., JIOIICHT,
uM. anb-Dapadbu

Kazaxckuii HauuoHanbHBI — yHUBEPCUTET

Maructpant, VHHOBaLMOHHBIN EBpasuiiCcKuii YHHUBEPCUTET,
r. [TaBnonap
K.X.H., JOLEHT, Tapa3ckuidi TOCYIapCTBEHHbIH YHHUBEPCUTET

um. M.X. Jlynaru

I.X.H., mpodeccop, Kazaxckuit HarmoHanpHBI YHUBEPCHTET
uM. anb-Dapadbu

CT.IIpCoAaBareiib, YHUBCPCUTCT «HapX03»

I.X.H., mpodeccop, Ixuo-Kazaxcranckuii rocymapCTBEHHBIN
yHuBepcuteT uM. M. Ays3oBa

MarucTpant, Tapa3sckui
M. M.X. Jlynaru

TOCYJIJapCTBEHHBI  YHUBEPCUTET

I.T.H., ipodeccop, Cankr-IleTepOyprckuii rocynapcTBEHHBIN
MOPCKOM TEeXHUYECKUN YHUBEPCUTET

K.X.H., 1.0. TIpodeccopa, MexxmyHapOIHBIA Ka3aXCKO-TYPEIKUMA
yHuBepcuteT uM. X.A. SlcaBu

Maructp, Tapa3ckuil roCyaapCTBEHHBIM YHUBEPCUTET
uM. M.X. Jlynaru

PhD, n.x.H., nouent, Tapa3ckuii rocy1apcTBEHHBI YHUBEPCHUTET
um. M.X. Jlynatu
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77

Omapos A.P.

Omapos T.2K.

Opazramm /1. T.

ITa3srnoBa .T.

[Terpoxuuxuii /.B.

[Terpomasnosckuii U.

Pamaszanos H.C.

Pacynos A.M.

CaruroBa [.K.

Camuesa X.P.

Caunosa ["'A.

CarueB H.b.

Cmrocaps B.B.

Cyrypo6ekosa I'K.

Taimikymnakosa [.C.

Tansipbeprenosa K.

Tukebaes T.A.

Tneynenosa I T.

Tneyos A.C.

Tneyosa C.T.

noktop PhD, cr.npenonaBarens, EBpasuiickuii HannoHaabHBIH
yHusepcurer uM. JI.H. 'ymuniea

MarucTpant, AamMaTel MeHEI)KMEHT YHUBEPCUTET

MaructpanT,  Kaszaxckumii  HamumoHanbHbIA ~ YHHUBEPCUTET
uM. anb-Dapadu

JIOKTOPAHT, IO>xH0-Kazaxcranckuii rOCylapCTBEHHBIN
yHuBepcureT uM. M. Ays3oBa

BHC, HauumoHanbHBII  UCCIEOOBATEIBCKUNH  YHUBEPCUTET

«MHUIT», . 3enenorpan, Poccus

I.T.H., Tmpodeccop, Poccuiickuii XUMHUKO-TEXHOJIOTUICCKUN
ynusepcuret um. J[.11. Menneneesa, . Mocksa

maructp,  Kaszaxckuii ~ ArpoTexHHYeCKHii
um. C. Celipynnuna, . Hyp-Cynran

YHUBEPCUTET

n.¢.-m.H., npodeccop, Depranckuii [lonurexHUYECKUl MHCTH-
TyT, Y30€KUCTaH

CT.pernojanareib, ynusepcurer «Hapxos3»

K.T.H., JOILICHT,
M. M.X. Jlynatn

Tapa3ckuii TroCylapCTBEHHBI YHUBEPCUTET

I.T.H., npodeccop, 'HC, MexayHapoaHbIil Ka3aXCKO-TypeLKuil
yHuBepcuteT uM. X.A. SlcaBu

Maructpant, AO
YHUBEPCUTET

«KazaxcraHcko-bpUTaHCKMI  TEXHUYECKHI

K.T.H., JOLIeHT, HallnoHaJIbHBIN HCCIIEA0BATEIbCKUI YHUBEPCUTET
«MUDT», . 3enenorpan, Poccus

n.x.H., CHC, HamumonansHas naboparopus Acrana, HazapOaes
YHuBepcurer

JIOLEHT, AnMarbl MEHEIKMEHT YHUBEPCUTET
MarucTp, CT.IpenoaaBarenb, EBpasuiickuii HannoHanbHbIN
yHusepcureT uM. JL.H. I'ymunesa

PhD, accucrenr-npodeccop, AO «Ka3zaxcrancko-bpuranckuii
TEXHUYECKUHA YHUBEPCUTET»

CT.IIpenojaBarenb, EBpasuiickuil HanmoHanbHBIM YHUBEPCHUTET
nMm. JI.H. I'ymuneBa

npodeccop, Oxno-Kazaxcranckuit rOCY/IapCTBEHHbIN
yHuBepcureT uM. M. Ays3oBa
K.T.H., JomneHt, FxHo-Kazaxcranckuii rocynapcTBEeHHbBIN

yHHMBepcHUTeT UM. M. Ay330Ba
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84
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86

87

ToxmaramOeros H.

Tonemes A.T.

Typcein6aii H.®.

VYBanmuesa .M.

Ymapos ©.OD.

o 1./1.

[lomak A.A.

[Hopmanos T.C.

Ounuesa H.P.

SAnrapos U..

PhD, wu.o.mouenta, Kazaxckuii HanuoHanbHBIH YHUBEPCHUTET
uM. anb-Dapadu

Maructpant, Ka3zaxckuil ArpOTeXHUYECKHH  YHHUBEPCHUTET
uM. C. Ceitdynuna, r. Hyp-Cynran

MarucTp, cr.apernoaaBarenb, Kazaxckuii ArpoTexHHUYECKUn
yausepcureT uM. C. Ceiidynnuna, . Hyp-Cynran

PhD, nouent, Boctouno-Kazaxcranckuii TocynapcTBeHHbIN
TexHuueckuii yausepcuteT uM. JI. CepuxOaeBa

n.¢.-m.H., npodeccop, AO  "Kazaxcrancko-bpuranckwmii
TEXHUYECKUN yHUBEPCUTET"

MHC, MexayHapoaHblii yHHBEPCUTET HH(POPMAIIMOHHBIX
TEXHOJIOTUH

K.T.H., ipodeccop, Tapa3ckuil rocynapcTBEHHbIH YHUBEPCUTET
um. M.X. Jlynaru

JIOKTOPAHT, Kazaxckuit HanvonaneHb1i YHUBEPCUTET
uM. anb-Dapadbu

K.T.H., goueHt, BHC, HWHctutyT UHQOPMAIMOHHBIX H
BBIYMCIIUTEIIbHBIX TEXHOJIOTUN

.¢.-M.H., IHCTUTYT MOHHO-TIJIA3MEHHBIX U JIA3€PHBIX TEXHOJIO-
ruii Akagemun Hayk Pecryonuku Y30ekuctan



KASAKCTAH-BPUTAH TEXHUKATBIK YHUBEPCUTETIHIH,
XABAPUbICBbI

HERALD
OF THE KAZAKH-BRITISH TECHNICAL UNIVERSITY

BECTHUK
KASAXCTAHCKO-BPUTAHCKOIO TEXHUYECKOIO YHUBEPCUTETA

OTBeTCTBEHHbIN 3a BbIMYCK EcbepreHos [locbim BekTeHOBMY

PepakTopbl Hanabaesa Ancapa KacbimbekoBHa
CapgraHoBa Onbmupa AbByoBHa

KomMmnbloTepHbI an3anH AsasbaeBa 3apuHa KosybekoBHa

KomnbloTepHas BepcTka EnemaHoBa [aHa KanpkenbgbleBHa

MognucaHo B nevatb 17.03.2020 r.
Tupax 300 3k3. PopmaT 60x84 1/16.
Bymara tun. Yu.-u3g.n. 15 3akas Ne143

Pepakums xxypHana «BecTtHuk KBTY» He HeceT OTBETCTBEHHOCTbL 3a COAepXKaHue
nyonukyemblx ctaten. CogepxaHnsa ctaTen LenuMkomM npuHagnexaT aBTopam,
N pasMeLLatoTCa B XXypHarne UCKIYMUTENbHO Nog X OTBETCTBEHHOCTD.

N3paHne KaszaxcTtaHcko-bpuTaHCKoro TeXHMYecKoro yHnBepcuTeTa
N3patenbckun ueHTtp KBTY, Anmatsl, yn. Tone 6u, 59
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