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TEXHUYECKOE 3AJJAHHUE
1o pa3paboTke MOy 15 BEIYHC/ICHHS KHHETHKH XHMUYeCKAX MPOLECCOB MOA3eMHO-
CKBAKHHHOTO BbIIEIAYHBAHUA yPaHa

1. OcuoBanue A5 npoBeaeHus pador

[ToBbieHne dphekTuBHOCTH OTpabOTKH MecTopoxaeHuH ypana werojom [ICB hHa
OCHOBE KOMILJIEKCHOTO TNpPHMEHEHHs COBPEMEHHBIX TreOMH(MOPMAIMOHHBIX CHCTEM JUls
MPOEKTHPOBAHUS TEXHOTOTHUECKHX OJIOKOB M fYEEK IaeT BO3MOXKHOCTH U CYINECTBEHHOIO
CHHYKEHHS ceDecTOMMOCTH TOOBIUM U IOBBILIEHHS €€ KauecTBa.

C 2015 roma B TOO «HMBT» Bemercs pa3paboTka IPHKIIAJAHOTO [POTPAMMHOIO
obecneuenns (IT10) no pacyery 3-X MEpHOW THAPOJAHMHAMIYCKON MOJENH npolecca N00buHU
nonesnoro komnonenta Metonom 11CB. conepxauiero:

e Mojyilb MMIOPTA BBIXOIHBIX PACYETHBIX [JaHHBIX M CO3/aHHA PACUYCTHOM CETKH,
PeIOCTABIIS IO

- WMIOPT CKBWKWHHBIX JIaHHBIX (KOOPAMHATHI, THII CKB&KHUHBIL, PACIONIOKEHHE
GUILTPOB, HAaMMEHOBAHHME CKBAXHHBI) C TEKCTOBOro (aiinma, 0asbl JAHHBIX «ATOMIEO»
wH(pOPMAITHOHHON cucTeMbl «PyaHHKY,

- uMIopT (GHILTPANHOHHBIX W MUHEPAJOTHYECKHUX CBOMCTB MOPOIBI (TUTOIOrHUSCKHH
UM, KO3QQUIMEHT PUILTPALIME W KOHUEHTpalKMs ypana) ¢ TeKCToBoro (aina, 6asbl IaHHBIX
«AToMreo» HHMOPMAIMOHHON cucTeMbl «PyaHUK?;

- UMIOPT JaHHBIX 0 JeGUTaxX B 3aBHCMMOCTH OT THIIA CKBKMHBI C TEKCTOBOTO (aiina,
6a3bl AaHHBIX «ATOMIreo» HHGOPMALIMOHHOH cHcTeMBl «PyIHHKY

- BO3MOXKHOCTB CO3[aHHA CTPYKTYPHPOBAHHOW, PEryIspHOH TPEXMEPHOH pac4eTHOH
CETKH M0 3a/[aHHBIM KOOPIHHATaM;

e PacueTHBI MOIYyIb, NO3BOJISIOUIMH Ha y3Jax PacyeTHOM CETKM M0 CKBaKHHHLIM
JAHHBIM, TPOBOAHTL 3-X MEPHYK) HHTCPIOSALMIO OCHOBHBIX — (PUIBTPALMOHHBIX M
MHHEPAIOrHUECKUX CBOMCTB PYIOBMEIIAIOIIMX [OPOA, TAaKMX, Kak JIMTONOTHYECKHH THII
Mopo/ibl, K03QGUIMEHT QUibTPALUK KU COLEPIKAHUE ypaHa.

o [IporpaMMHblil MOAYIb MO MOJEIMPOBAHUIO THJIPOJMHAMUKH [polecca J100bIuK
nosie3Horo komnonenTa meroioM IICB, B koTopoM peain30BaHbI CIIEIYONIHE BO3MOKHOCTH:

- pacdyeT pacrpelclicHMS J4BJEHHs B MacTe MCXO[d M3 JaHHBIX KoddduuneHTa
bunbTpanuu U 1eGUTOR;

- BBIOOp TPaHUYHBIX YCIOBUH Mexly ycaoBusmu Helmana v Jlnpuxie B 3aBUCHMOCTH OT
FEONIOTHUECKHX W THAPOr€OJOTHUECKHX OCOOEHHOCTEH BBIOPAHHOrO UL MOZEIHPOBAHMA
y4acTka pabort;

- BLIOOp METO/Ia pacyeTa JaBIeHHUs! (SBHBIH, HeABHBIT).

[lpu 3TOM, HHTEpBa] YCTAHOBKH (UIBTPOB TEXHOJOTHUYCCKHUX CKBAXKHUH MPOMHCHLIBACTCH
BPYUHYIO MM TyTeM HMiopra. JlaHHble pe3yJabTaThl I[IPOBEICHHOH HMHTEPIOJIALNH
BH3YAIM3UPYIOTCS rpahMueCcKUM PEJIAKTOPOM B 3-X MEPHOM BHJE B MiaHe X-Y 10 BLIOpaHHOH
7 xoopmuHare M B paspese X-Z wid Y-Z mno BbiOpanHbiM Y win X KOOpAHHATAM
COOTBETCTBEHHO.

TTepBUUHBIMH JIAHHBIMH ISl [IPOBEJIEHHSI UHTEPIONAIMH OCHOBHBIX (QHIILTPALMOHHBIX
XapaKTCPUCTUK SIBISIFOTCS reodu3Myeckre HMCCIE/0BaHUs, NPOBEIEHHBIE B PasBEIOYHBIX M
TEXHOJIOIHUCCKAX CKBAKMHAX, @ TAKKe [EONOrMuecKas M UIporeoiornueckas WHGOpMaliu
BLIOPAHHOTO ydacTKa paboT. Pe3ynbraroM NpoBEACHHS THAPOANHAMHUYCCKOTO MOJICIHPOBAHHS
SBJISIETCS: M0JIe paclipe/Ie/ieH|e I'H/POIMHAMHICCKOro Haropa B Npe/enax BblOpaHHOro




reOMETPHUYECKOTO KOHTYPA | MOJie pacipelie/ieHHe AeHCTBUTENBHON cKOpocTH QUIbTPauMHK (JINHHHU
TOKa).

e Moayab M0 BH3yalM3alld¥ MCXOJIHBIX JAHHBIX M [OJYYCHHBIX pPE3yJbTarToB B BHIE
pa3pe3oB (Mo X, Y ¥ Z ocsiM), OJIOKOB, KPUBBIX JIMHUH pacTeKaHHs BbIICIaYHBAIONICTO pacTBOpa, U
T.0. IlpeaycMoTpena BO3MOXHOCTL KOHGMIYPHPOBAHMS LBETOB M IOPOroB JereHisl, (oHa
orobpaxkeHHsi, 3axBata cHuMKa a1 coxpanenus JPEG pucyHKoB, HMIIOPT IPOH3BOJILHBIX
KOHTYPOB C TEKCTOBBIX (paisIoB.

e Moayie 3KCmopTa JaHHBIX A XPAaHEHHS MMOJIYUEHHBIX Pe3yNILTATOB C BO3MOMKHOCTBIO
JKCIIOPTa Pe3yJIbTATOB MOJEMPOBAHUA, B pAcOpOCTPaHEHHBIX (QopMmaTax, COBMECTHMBIX C
JPYrHMH BU3yasiuzatopamu (Hanpumep, TecPlot 360®).

Takum obpazom. B pazpaborannom [1110 coznan 3-x MepHBIA HHTEPNONALMOHHBIH MOILYNb
OCHOBHBIX (DHIIBTPALMOHHBIX XapPAKTEPUCTHK PY/OBMEIIAIOIINX MOPOA B Mpejenax BbIOpaHHOTO
reoOMeTPMUYECKOr0 KOHTypa [0 TOYEYHBIM B IUIAHE JI@HHBIM M HHTErPHPOBAH MOIYJb pacyeTra
FHPOJMHAMHKH, B KOTOPOM Ha OcHOBe pazpabotaHHO#N 31) reosorn4eckod MOJIEIH MIPOU3BOINTCH
pacyer JiaBJIeHus, TMHHI TOKa B NJIacTe N0/ AeHCTBUEM CETH CKBAKHH.,

Ucnonssyst texyiiee [MI10 MoxHO 3HAYUTETBLHO OOJNErYWTH BBIYMC/EHHS, CBI3AHHBIE C
KHHETHKOH XHMHMYECKHMX MPOLECCOB BhINENAYHBAHNUS ypaHa CEpHOH KHCIOTOH., DTOro MOKHO
JIOCTHYL 3a CUET YIPOLICHHUS 3a/1a4 JI0 OJIHOMEPHBIX PacyYeTOB BJOJIb KAKIOW M3 JIMHHH TOKOB,
nosnyueHusix B I1110.

Mojiysib  BBIYMCICHMST KUHETHKM  XMMMYECKMX  [POLECCOB  BbILICIAYMBAHUA  [acT
T0JIb30BATEJII0 BO3MOKHOCTE 3()(PEKTHBHOIO MOHHTOPUHIA PACX0Ja CEPHOH KMCIOTHI HA Kaa0H
U3 3aKAUHBIX CKBAKHH M OTCJCKWBATE MOJICJBHYIO KOHLEHTPALMIO YypaHa MIH APYTrHX
KOMIIOHEHTOB B JI000i Touke oObema ['PM ¢ TOYHOCTHIO, OINpEACNAEMOH pasMepoM SUYCHKU
MOJIESILHOM ceTkH. Tem cambIM, paHee co3AaHHbIi MMAPOAMHAMHUYECKHH MOJIENb U TUIAHUPYEMBIH K

CO3JaHUIO MOJIY/JTh XHMHUECHX peakitMid OyIAyT MpeacTaBiaTh coboi MOJHYIO MOJElNk Tpolecca
[ICB.

2. llean ¥ HcxoaHble JaHHBIE [UIS IPOBeIeHHS padoThl

Llenw HHP. _

Llenpro co3anust MOyl XUMUUECKHUX PEaKlMi ABJIAETCS 3aBEPLUCHUE MOJEILHOIO IaKkera
Julst M3ydenust Texnosiorudeckux npobnem [ICB mytem cozanus KOMIUIEKCHBIX MOJEIICH.

Pa3paboTka MOJyJiss MaccorepeHoca MojJe3HOoro KOMIIOHEHTA JUIsl TEXHOJIOIHYeCKHX OJIOKOB
[P IKCILIYyATAIIMH I'€OTEXHOJIOIHYECKOrO NOJMIoHa MECTOPOXKIAEHHS ypaHa ¢ nocaeayroued 3D
BU3yalM3aluel NOJyYeHHbIX pe3ylibTatoB. Paspaborannas Moae/b J10KHA ObITh HHTEIPUPOBAHA C
umetoinnmes B TOO «MBT» TITTO (ITporpaMmHbiM MOJLYyJIEM 110 MOAETHPOBAHMIO THAPOJAHHAMHKH
npolecca T00BIMH M0JIe3HOro kKoMmoHenta MetooM 11CB).

Hexoonwvie oannvie

[lakeT cOCTOMT M3 ABYX CHUMYJSITOPOBR — I'MJIPOJIMHAMMKH W XUMUYECKUX peakuuii. [lepsrrii
CUMYJIITOP 3aKOHYEH B CBOCH OCHOBe, HO JaoinkeH ObiTh JopaboTaH nyrem JlodapjieHus
BO3MOYKHOCTEH:

- IOCTPOCHUS Pa3pe3oB 110 TEXHOJIOTHYECKUM U Pa3BeI0YHbIM CKBAXKHHAM,

MCXO/IHBIMH  JIAHHBIME  SIBJISIIOTCS CKBAXKMHHBIC JaHHBIE B BHJE BEPTHKAIBHBIX OTPE3KOB
coAepKaniue:

1. Koadduuuenrom dpunbrpainu;

2. KonueHTtpauuio ypasa.

Take HCXOJIHBIMH JIAHHBIMU SIBIIAIOTCS

1. Cpennue neOUThI 110 BPEMEHH Ha Kaxu/I0H U3 CKBAXKHH:

2. KonueHnTtpauuy cepHO# KMCA0Th] B BBILIENAUHBAKOLIIEM PACTBOPE HA KAXKIAON M3 CKBAKHH,

3. JlaHHble 110 paclpe/ie/iCHUIO ypaHa B MEKCKBAKHHHOM IMPOCTPAHCTBE YHOPANLOUYEHHbIE
BHYTPH CTPYKTYPHPOBAHHOM pery/sipHOii ceTkH, nony4yeHnHsle nocpeacrrom H110;

o



4. PacrpefieieHHe JIaBjieHHs B IUIACTe  YIOPSNOYEHHBIE BHYTPH CTPYKTYPHPOBAHHOH
peryJsipHoii ceTku, nomydentsie nocpesctsom IT10;
5. JIMHHH TOKA PacTBOPA OT 3aKAYHBIX K OTKAUHBIM CKBAXXHHAM.

Texuuueckne xapakrepucruku cymecrsyiomero IO

[IporpaMMHbIe TEXHOJIOTHH pa3paboTKH

OcHOBHOH sI3bIK pa3paboTKH Microsoft C#

Cpena pa3paboTku Microsoft Visual Studio 2013

[Tnardopma Windows 8. 8.1., 10, 64 ©6ura, .NET
Framework Bepcun 4 1 BbilIC

TexHonorust BU3yalnsauuu OpenGL, 6ubmuorekn  OpenTK,  Tao
Framework

XpaHeHue JJaHHbIX Microsoft SQL Server Compact Edition,
TEKCTOBbIi J

Arnnaparsbie TpeOOBaHHUs

ITporieccop Intel Core 15 u no3z/Hee
OmnepaTuBHAs NaMsITh 8 ['0 u BoILIE
Buneokapra GTX 450 (uiM aHalOrHuHble OT APYIHX

BeHjopoB, nojaepikusaomux  OpenGL
BEpCcHH 3.3) UM HOBEE

CroGojHoe npocTpaHcTBo Ha kecTkoM | He menee 10 I'6

JTUCKE

Mo/IyTb XHMHYECKHX PEAKLHH JOJDKEH Y4HTBIBATH HE TOJILKO COOCTBEHHO B3aMMOICHCTBHA
YPaHOBBIX MHHEPANOB, HO U cocTaBsiomx ['PM koMIonenTos ¢ KUCI0TOH. KoHeuHbIMH LesMH
CO3/1aHUs MOJLYJISI SIBJISIFOTCSA:

- peLICHUE 3aa4H OTCIEKNBAHNS KOHIEHTPALMH ypaHa B pacTBOPE,

- pelleHHe 3a71aukl BO3HMKHOBCHMS KOJIbMATALMM MPH PA3HBIX KOHLEHTPAIMSX KMCIOTBL B
BP,

- pacueT OCTATOYHOrO Ypana B HeJIpax Ha 3a4aHHbIH MOMEHT BpeMeHH oTpaboTkn biioka.

HenocpenctBenso st nobwsatoix  nofpasaenenuit  HAK  nawbosee  nonesubiMu
cBoifcTRAMHM nakera Mozemuposanus npouecco [ICB BunaTes cnejyroume:

- 3Hasl MOJEIbHBIE (BBIXOJIHBIC) XapakTEPHCTHKH OTpabOTKH KOHKPETHOro Osioka B BHIC
YBOJIIOLMK KOHIEHTpauy ypana B [P npu 3azaHHOM JeOHTE M KOHIEHTpaluu kucnorhl B BP.
CTAHOBWTCS BO3MOYKHBIM TIPEATIONArath MpUuuHbl HetTaTHol paboTel Oioka 13-3a:

--- - HECOOTBETCTBHS NIPOCKTHBIX J1OMTOB (PAKTUUCCKUM,

--- - HejoydeTa KucjaotoeMKkocTH I'PM M CBS3aHHBIX ¢ HUM THIIOB KoNbMaTtalui (npexue
BCEro, FMIPOOKUCIIaMU Keesa (3+),

- - HEONTHMAIbHBIX HMHTEPBAJIOB NOCAIKH (HIBTPOB, C UEM MOMKET OBITH CBH3AHO

3aKOHTYPHOE pacTeKaHWe W I'paBHTallMOHHAs MHI'palysi, MOABICHHE HE3aKUCJICHHBIX YYACTKOB H
3aCTOMHBIX 30H B pas3pese H 110 JaTepalid.

PaspaGorka  mMaTtemMaTHuecKoii  MojeH  KHHETHKH  XHMHYECKOro  mpomnecca
BbILICAYHBAHNIS

Tpebyerca paspaboTika MaTeMaTHYECKOH MOIENM KMHETHKH XHMHMYECKOrO BLILIEIATHBAHH

ypaHa U3 MOpOJbl, B JOMONHEHHE K CYLIECTBYIOUMM I€0CTATUCTHUECKAM W MHAPOJHHAMHHECKHM
MojensiM. B kauecTBe BXOAHBIX [IApaMeTPOB B MoJiesn OyayT:

® JIMHWUH TOKAa, BJ0JIE KOTOPLIX HEeOOX0/AMMO BLIUMC/ISITE KWHHETHKY TITpolecca;

”
]



® KOHIIEHTpPAIlMs ypaHa, U3BECTHAs BAOJb KaXI0H JTMHHH TOKA.
B kadecTBe pearcHTa HEOOXOIMMO B3ATh CepHYIO KHCHOTY (HS5040)). B Monene jomkHo
YUHTBIBATHLCA Pa3loKEeHHE KHUCIOTRI Ha MOHB! M BhILIETIAYHBAHKUC YpaHa HOHOM BOJIOPOJA 110 CXeME!

HyS0,, & 2H* | + SOF, (1)
Fe(OH)3 +3H* = Fe3* + H,0 (2)
U0, + 2(Fe®t); & UDZ* +2Fe*, (3)
UOs, + 2H* = UO3*, + H,0, (4)
UOZ* + 3502~ = [U0,(S0)5] )

Ha GonesmuHceTBe MecTopoxkaeHuii Kazaxcrana, py/ibl B OCHOBHOM COCTOAT H3 ypaHWHHUTA W
KodduHuTa. YpaHOBBIE py/bl B OCHOBHOM HAXOIATCS B BHJE IISCTH H HUETHIPEX BAJICHTHBIX
COCAMHEHHUIA, BLIIIENAUHBAHME KOTOPBIX ABJIACTCS CIOXHBIM M TPYJLOEMKHM mHpoueccoM. OmnbnIT
NOKa3blBACT, 4yTO OOJblIAs YacTh ypaHa He BhIe’aduBacTcs W octaercsi He J00bIThIM. [losToMy,
HE0OX0IMMO HCITONIB30BAHUE OKHCIUTENEH At A00bIYM OCTATOUYHOTO YETHIPEX BaJICHTHOTO ypaHa.
KOTOPOE [O3BOJIMT YCKOPHTH MPOIECC BbILLEIAYUBaK W TEM CaMbIM [OBBICUT OOLIMH ypOBEHb
100b1un. OOBIMHO B KAueCcTBE OKHCJIMTEIS HCIOJL3YIOT JKene3o (3+) B BHAE OYHMILEHHOTO
cyJb(ara, BMECTE ¢ JIMOKCHIOM Mapranua, uin Ges Hero. IlosTomy, HEOOXOMMMO YUECTh BIMSHHE
NHUPOJIIO3UTA M JKeje3a Ha CKOpPOCThb peakuuH. PaxkT Toro, 4YT0 CKOPOCTH PACTBOPEHHS
HIECTUBATEHTHOrO M YETBIPEXBAICHTHOrO YypaHa OTIMYAIOTCHA, NO/DKEH OBITH TAKKE YUTEH B
MO/ICIIH.

P?BPRGOTKR YHCJIEHHOI MOAEJH KHHETUKH XUHMHYECKOro nmpouecca BblIlleJIAYHBAHH S

Ha ocHose wMareMaTHUeCKOH MOJeNM JOJ/KHA OBITH [10CTPOEHA 4YHCJICHHAs MOJe/b
XMMHUECKHX MPOIIECCOB BhIICIAUUBaHMs. B pazpabaTbiBacMOM MOJYJi€ JIOJDKHA MCIOJIB30BATLCS
CYLIECTBYIONIAs pacyeTHas (peryispHas W CTPYKTYpMpOBaHHas) CeTKa. BbluuCIeHHs JOJDKHDI
TPOU3BOIMTLCS B BHJE Psia OJIHOMEPHBIX 3ajad Asl Kax/0#, MOCTPOCHHOH C MCMONBL30BAHMEM
FUAPOAMHAMHYECKOTO CHMYJISITOPA, JIMHUM TOKA, YUMTBIBASl CTAllMOHAPHOCTH 3a/1a4d. Pe3ynpraThl
YUCJIEHHOTO MOJETHPOBAHUS JIOJUKHEI COXPAHSITHCS B MACCHBAX 0OBLEKTOB JIMHUH TOKA.

PazpafoTka QYHKUHOHAJAA, /OMNOJHHTEJILHBIH MOIbL30BATEILCKUIT  uHTepdeiic u
BHE/JPEHHE B NPOrPaMMHbIH KOMILIEKC

[Mpouseenenne pacuero ¢ nomouibto  [IITO  K0mWKHO MPOMCXOIMTH B - CIEAYHOIICH
[oCJe/10BaTeNbHOCTH:
cO3/laeTcs pacueTHas CeTKa;

2. BBIYHCIIAIOTCS MCOJIOTHUCCKHE NTapaMETPhl B y3JIaX CETKH,

3. BBIYMCIISIFOTCS TH/POJIMHAMUYECKHE 1TapAMETPhI B y3J1aX CETKH;

4. BLIMUCIISIIOTCS JIMHMM TOKA PAcTBOPaA OT 3aKa4YHbIX K OTKAYHBLIM CKBAXKHHAM,

5. BLIYMCIIACTCA pacrpejie/ieHHe XHMHUYECKMX KOMIIOHEHTOB (PacTBOPEHHBIH MOJIC3HbIH
KOMITOHEHT, peareHT, TBepAblH MUHEPA) B/IOJIb JIMHUAH TOKA Ha 38JaHHBIH MOMEHT BPEMCHH.

B nonb3opatensckuii uHTepdeiic momkHa ObITh jgobaBnena (opma s BBOJA BXOJIHBIX
napaMeTpoB ISl pacueta XHMHYECKHUX peakiii. Popma 10JDKHA HMETH Clie/lyIoNHe MoJs:

® BpeM,

—

® TOYHOCTH BBIYUCIICHHS (Pa3MEPHOCTB CETKH BJOJIL THHHH TOKA),
e ii3HAUANIBHAS KOHIIEHTPAIMA KHCIIOTEL
Jlns ynobersa, momkHa ObiTh jo0asiena dopma, cojepkaiias rpaduk pacrpeneseHus

KHUCJIOTHI, TOJIE3HOIO KOMIIOHEHTa M OCTATOYHOro MHHEpalla BAOIb JIMHUHA TOKa Ha InpuMmepe
pPHCYHKA, MOKa3aHHOTI'0 HHIKC.
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3D Bu3yanuzalus pe3ysibTaToOR BRIMHC/IEHHS JO/IKHA NTPEIOCTARIISTh BOBMOXKHOCTh!

* 0TOOpaXKeHUs KOHIEHTPALMH PeareHTa B0Jb KaxX 10 JIMHUK TOKa;

® 0TOOpaXKeHHS KOHIEHTPALHH PACTBOPEHHOIO MUHEpaJIa BJI0JIb KAXKIOH JTMHUH TOKA;

¢ 0TOOpaXKeHUs] KOHIIEHTPALMH OCTATOUHOTO (TBEPIOr0) MUHEpAa BAOJIb KXKIOH JIMHUK
TOKa.

)1]151 BU3YaJIU3alllH 3HAYSCHUN KOHICHTPAalMKH MHHEPaia MOJKHO HCIIOJIL30BATL [IBETa 110
MPUMEPY Ha PUCYHKE HUKE.

EH

Pucynox | — PacnipesienieHust Wiid KOHLUEHTpALMHK: a) JaBJIeHUsl B TuacTe, b) ypaHoBoi py/ibl,
C) CEPHOMH KHMCIIOTHI , d) 100BIBAEMOI0 NOJE3HOT0 KOMIIOHEHTA B/10J1b JINHUH TOKOB

OyHKIHOHAN BU3YAlIH3allMK JI0/DKeH ObITh pazpabotan Ha TexHosoruu OpenGL. B nanenu
MHCTPYMCHTOB JIOJIKHBI OBITH COOTRETCTBYIOUIME KHOIKH YIIPABIEHUS BU3yalU3allueil pe3yisTaTos
BBIUMCIICHHSI KHHETHKH XHMHYECKHX 1polleccoB (0ToOpaKkeHHue, YBeTHUeHHe, KPYYEeHHE U T.J1.).



3. Dranst HUP:

Iman 1:

1.1 JlopabGoTKa rujipoiMHaMMYECKOr0 CUMYJISTOpa IyTeM N00aBIEHH s BOSMOKHOCTEN!

- MOCTPOCHHUS PA3Pe30B 110 TEXHOJIOTHYECKUM H Pa3BEIOYHBIM CKBAKHHAM,

1.2 Co3ganue MOIYJ/ISl KHHETHKH XMMHUECKHX peaKIHii:

1.2.1 PazpaboTka MaTeMaTH4ECKOH MOJICIH KMHETHKH XMMHUECKUX pEaKIMid, yUHThIBAIOIIEH
B/IMSIHHE OKUCIIUTENEH

1.2.2 Pa3paboTka 4icIICHHON MOJIeTH BJIOJIb JIMHUI TOKa, 0TpaboTKa ¥ Bepu(UKaLus.

1.2.3 Pazpabotka (pyHKIMOHATA MOJIYJIs /Ul pacyeTa (uIbTPALMOHHBIX W MacCOOOMEHHBIX
XapaKTEePUCTHK IPH 3KCIUTyaTanuu Mectopoxkaenuit meronom I1CB:

- pazpaboTka wuHTepdelica ¢ rpapEKaMH KOHLEHTpaUMi peareHTa, MHHepala WU
PacTBOPEHHOrO MUHEpaa BJIOJIL THHUNA TOKA

- paspabotka 3D Busyanmzaumu pesynptatoB mnocpeactsom OpenGL ¢ anemenTamu
YIpapicHus Ha MaHeIH HHCTPYMEHTOR

1.3 Moayllb KHHECTHKH [10 MOJE/IMPOBAHHUIO PCaKLMil KHCIOTBI ¢ MaTepuanom ['PM,
MO3BOJISIIOUIME OTCIIEKHUBATD:

- KOHUEHTPALHIO YpaHa 110 JIMHUAM TOKa B HeIpax,

- KOHIIGHTPALIUIO OCTATOUHON KUCJIOTBI B HEJ(pax,

- IMHAMUKY PACTBOPEHHOTO KM OCTATOYHOTO ypaHa B [’ PM Onoka uiu ero Jactu.

Iman 2: ,

2.1 PazpaboTka uHTepdeiica juis BBO/IA BXOIHLIX MAPaMCTPOB 110 PEAKIMAM, YUaCTBYIOUIMM B
KOHKPETHOM MECTOPOXICHHH M Ul BBOJA KOO(DQULHEHTOB CKOPOCTEH peakUuid Ui KaKIO0H n3
peaxKimii.

2.2 Pazpaborka uHTep@eiica nocTpoeHus rpah HKOB H3MEHEHUA KOHLEHTPALIMH:

- nmpoxyktuBHOro pactsopa (11P),

- BeIInesiauuBatontero pacteopa (BP).

- TBepaoro MuHepana (TM).

2.3 PaspaGotka 3D BuzyasiMzalid npoiiecca Bbiliie/iaunBanus ypana metoom [1CB.

2.4 Pazpaborka 2D Bu3yanusaudd Ha OCHOBE 3) BbIUMCIECHHH BJIOJIb TOPH3OHTANLHBIX
CPE30OB, BJIOJL BEPTHKAIBHBIX CPE30B, IOCTPOCHHBIX Y€PE3 CKBAKHHBI.

2.5 Pazpaborka anumanuu asuwxenus [P, BP, TM sions cpesos.

2.6 Bueapenune GpynkuroHana B CyLLECTBYOUIMHA NPOrPaMMHLIA KOMIIJICKC.

4, OcHoBuble TPpedoBanus K BbinogHenno HUP:
Obsa3aTenbHBIMK TPeOOBAHHUAMH ABJISAIOTCH:

® HAJHYHUE JAUIUIOMHMPOBAHHLIX CIEHHAIHCTOB B Cq)CpC MCXaHWKH JKHJIKOCTH KW rasoB H
BBIUHCIIMTEJIbHBIX HAYK;

° HaJIMYHEC ABTOPCKHUX CBHJIETENIBCTB, [OATBEPIKIAIOMIMX ONBIT padoThl B pazpaborke
MPOTrPaMMHBIX MOAYJEH reoNOrHUeCKOro MOIEIHPOBAHHS,

e HaIUuHe ABTOPCKHX CBHJIETENBCTB, TMOITBEPIKIAIOUIMX ONBIT paboThl B pazpaborke
NPOrpaMMHBIX MOJYJICH MOCTPOEHHUS JIMHHI TOKA PacTBOPOR;

® HaJIMYyHME CcheuuaiucToB, 00Ja/alouMX oNnbIToM paboTbl ¢ HHGOPMALMOHHOH CHCTEMOH
«Pymuk»y AO «HAK «Kazatomnpom» (3HaHue CTpyKTYphl 0a3bl JaHHBIX «ATOMIEO» JIs
OCYLICCTBIICHUSI MMIIOPTa J@HHbBIX, HEOOXOAUMBIX /sl IOCTPOCHHS MOJEICH I'MAPOJMHAMMKH H
maccornepeHoca);

® HanuuKe CepTU(UIIMPOBAHHBIX CHIELHANNCTOB B cepe paspaboTku Oa3 AaHHBIX.



5. TlepeuecHb HAVYHO-TEXHHYECKOH M APYroii AOKVMEHTALHH, NpPeAbLIBJAAECMbI 110
OKOHYAHUHU paboT

[To oxonuanuu pabot Mcrnonuuresb npeAcTasseT 3aKasuuky:

e 3aKJIHOUUTENBHBIA OTUYET (Ha OYMaKHOM M 2JIEKTPOHHOM HOCHTENIE);

e [IPE3CHTAIKIO O BBIMOJIHEHHOH paboTe (Ha 2JIeKTPOHHOM HOCHTEIE);

o Cumynstop Bepcud 2.0, roToBblil K anpodaimi B yCJIOBUAX pealibHOrO MPOU3BOACTBA Ha
9JIEKTPOHHOM HOCHTEJIE; KOJIHMYECTBO | 1IT.

* TTox cumynsitopoM Bepeun 2.0 monumaercst - TIporpaMmHbId KOMIIEKC [0 H3BJICUCHHIO
MOJNIE3HOr0 KOMIIOHEHTA MPH OJKCIUTyaTalliH Te0TeXHOJIOTHUecKoro rnoiaurona merogom [1CB
(MpPOrpaMMHBIH MOJIyJIb MaccollepeHoca I0JAE3HOr0 KOMIIOHEHTA JUIS BBIYHCIICHHS KHHCTHUKH
XHMHYECKHX MPOLECCOB BbIllleJIauMBaHKs BAOJb JHHUI TOKA, MHTErPHPOBAHHBIH ¢ JCHCTBYIOIIUM
MPOrpaMMHBIM MOJYJIEM [0 MOJEIHPOBAHMIO THUAPOJAMHAMMKM Opouecca A00bIYM I10JE3HOT0
komroneHTta metonoM [ICB).

e Pykosojctso mnonb3oBarens lIporpaMMHOro KOMILIEKCA [0 HW3BJIEYEHMIO MOIE3HOTO
KOMIIOHEHTA MPH IKCIUTYyaTAlMH Fe0TeXHOIOTHYECKOro nojurona metojaoM HCB (nuctpykuus) (na
OYMa)KHOM H 3JI€KTPOHHOM HOCHTEIIE).

e VYcranoska [lporpaMMHOrO KOMILIEKCA MO HM3BJIEUEHMIO [OJIE3HOI0 KOMIOHECHTA IMIpH
IKCIUTyaTallMKd reoTexHojornyeckoro noaurona meronom [NCB juig TecTupoBanus v OTHanKKW Ha
A00eHBIX npeanpusTiax AO «HAK «Kazaromnpom».

«3akazunkK» «Menoanuresby
TOO «MHeTuTyT BLICOKHX TEXHOJIOTHI»
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KAJEHAAPHBIN ITJIAH
Ha MpOBe/IeHHe PadoT 10 JOrOBOPY HA TEMY:

Pa3paﬁonca MOYJIAl BLIYHCJICHHA KHHETHKH XHMHYCCKHX MPOLECCOB NMOA3€MHO-
CKBAKHHHOTO BhIIC/IAYHUBaAHHUNA

CroumocTh
Cpoxku PesyaeTarel  paGoThbl
HaumenoBanue U OCHOBHOE padoThI, TEHTe
BBINOJIHEHUS i (npoaykuus), BHU]
coaep:kanue paborTsl (% x poros.
(mecsn, rox) O0TYETHOCTH
1eHe)
Oman I:
I.1 JlopaboTka TI'HAPOJMHAMHYECKOTO
CHMYJISATOpA nyTeM J00aBIeHUS
BO3MOKHOCTEH:
- MIOCTPOEHHUS paspe3os 1o
TEXHOJOIMYECKHM W pa3BeI0YHBIM
CKBaKHHaM,
1.2 Co3ganue MOIyNs  KHHETHKH
XHMHYECKHX pPeaKiuii:
1.2.1  Pazpaborka  maTeMarHuecKoi

MOJIEJIH KHHETHKH XUMHYECKUX PEaKI[Hii,
YUHTBIBAIOLIEH BIHSHHE OKUCIIUTENICH
1.2.2 Pa3zpaboTka 4YHCIIEHHOH MO/JIEIH
BIOJIb JIMHHH  Toka, oTpaboTka H
BepH(HKALIHS.

1.2.3 Paszpaborka (yHkimoHama MOYJIs
Juts  pacdera  (pMILTPALMOHHBIX M
MacCOOOMEHHBIX  XapaKTEPUCTHK  IIpH
OKCILTYaTallud MECTOPONJICHHH MeTo/I0M
[ICB

- paszpaboTka uHTepdeiica ¢ rpaduxamMu
KOHILIEHTpAlMi peareHTa, MHHepasa u
pPacTBOPEHHOr0 MHHepasa BJOJb JHHHH
TOKa

- paspabotka 3D  BH3yamM3alMu
pesynbTatoB nocpencteoM OpenGL ¢
3JEMEHTAMK  YIpPaBJIeHHUS Ha [aHeIH
HHCTPYMEHTOB

| Monyns KUHETHKH no
MOJIEJIHPOBAHMIO PEAKIMH KHCIOTHL C
MaTepHaioM ['PM, O3BOJISIIOIITHH
OTCJIEKUBATL:

- KOHLIEHTPALIMIO YpaHa M0 JIMHUIM TOKa
B HeJpax,

- KOHLIEHTPALMIO OCTATOYHOW KHCIIOThI B
HeJlpax,

- JIMHaMHMKy  pacTBOPEHHOI0 U
ocrarouyHoro ypana B I'PM Onoka wumm
€ro 4acTH.

90 nuel ¢ naTkl
3aKJIIOUEHUS
JIOTOBOpA

IIpomedicymoynuiii
omuem.
Komanouposka

2. Acmana, J[30 AO
«HAK
«Kazamomnpom»




Iman 2:

2.1 Paspabotka unrtepgetica s BBOIa
BXOJHBIX IlapaMETPOB IO PeaxiusM,
YUaCTBYIOMIHM B KOHKPETHOM
MECTOPOKACHHU H JUTST BBOJIA
KO3 GULIMEHTOB CKOPOCTEH peakiuil 1is
Ka)KI0H M3 peakiui.

2.2 Paspabotka untepdeiica nocrpoeHus
rpa)MKOB M3MEHEHUS KOHIICHTPAIHIA:

- IpoAyKTUBHOTO pactBopa (I1P),

- BbIlIeJIaunBaroLero pacreopa (BP), 90 smelt ¢ marhi 3axnovyumenvrelil
- TBepAOro MuHepana (TM). SonibANES  AmTa omuem.
2.3 Paszpaborka 3D Bu3yanuzanmu Komanouposra ¢

BBITTOJTHEHHBIX

npolecca BBILIC/IAYM BAHUA aHa 2. Acmana, I30 AO
PO, = P padot 3a | aran A

metoaoM 11CB. «HAK

2.4 Pazpaborka 2D Busyanimsanuu Ha «Kazamomnpom»
ocHoe 3D BBIUHCTCHHH BJ10JIb
FOPHU30HTAIBHBIX Cpe3os, BA0Jb
BEPTHUKANBHLIX  CPE30B, MOCTPOEHHBIX
4yepes CKBaKHHBL.

2.5 PazpaboTka aHUMAIW¥ JIBHIKEHHS
[TP, BP, TM Bnoan cpesos.

2.6  Bueapenwe  QyHkuMoHala B
CYLIECTBYIOUIHH [IpOrpaMMHBIH
KOMILIIEKC.

«3aKa3zunk» «HMenoaHHUTEIbY
TOO «MHCTHTYT BBICOKHX TEXHOJIOIHil» « »
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