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Cnoco6bl MHULMNPOBAHUA XUMUYECKUX PeaKLun

A+B —> AB

CornacHo TpanVILwIOHHoVI XUMHNN CKOPOCTb XUMUNYECKOMN
peakunn onpegendertca KOHLI,eHTpaLl,VleM KOMIMOHEHT NA n NB:
V =k x N, xN 1)
A B
MaKDOCKOHVl‘-leCKaﬂ KOHCTAHTAa CKOPOCTU kA,B—)AB 3aBUCUT OT
OasBlieHnA U TeMnepaTtypbl ras3a u onpegendeTtcqa sMnnpn4eCcku

A,B—>AB A,B—>AB

CornacHo KBaHTOBOM XMMWM CKOPOCTb XMMWYECKOW peakuunn
mexay monekynamu A n B ¢ obpasosaHnem npogykta AB paBHa
CYMME CKOpPOCTEN XMMWYECKUX peakumn mexay uactuuamu
Haxo4saWMMNCA B OTAENbHbIX KBAHTOBLIX COCTOSAHUAX:

\Y = 1%

AB—>AB 2: AB;—>AB, (2)
nHgekcamu i, j, k — o0B60O3HayeHbl KBaHTOBbIE COCTOSIHUSA
(BpawatensHble, KornebarternbHble, 3NEKTPOHHbIE)

B3anmopgencTayowmnx monekyn A u B n npogykta AB. B cBoto
oyepedb MUKPOCKOMUYECKME CKOPOCTU XUMWUYECKUX peakuunmn
onpenensitoTcsl COOTHOLLEHMEM:

_ i i
VaB,>aB, = UXOpap ,aB ¥ NaxNg 3)

B kOTOpOM: v - CKOPOCTb OTHOCUTENBHOIO ABWMXKEHUSA YacTul, O
— ceyeHune peakumm; N, Ngl — 3aceneHHOCTU COOTBETCTBYHOLLMX
KBaAHTOBbLIX COCTOSIHUMN.

Cnocobbl 3aceneHmA:

TepMM‘-IECKMﬁ. 3aceneHne KBAHTOBbIX YPOBHEW OCYLLECTBAAETCA Nepenaden
SHEpPruM OT BHELIHEero MCTOYHWKa uYepes3 noctynaTtesnbHble cTeneHn cBoboabl vacTuy,
NyTeEM MX CTO/IKHOBEHUA Mexay coboi. PacnpeneneHne 3aceNeHHOCTeEN YpPOBHEN
onpeaenaeTca cornacHo popmyne bonbumaHa.

QD OTOHHDbIN. 3aceneHne KBaHTOBbIX YPOBHEW OCYLLECTBAAETCA MyTEM MNOINOLWEHUA

cBeTa. HayanbHoe pacnpegeneHue 3acefeHHOCTEN onpenenaerca nornoweHnem
$OTOHOB.

3neKTpOHHbIﬁ U MOHHDbIN. 3aceneHne KBaHTOBbIX YPOBHEMN OCyLLecTBAAETCA

nytTem CTO/IKHOBEHWA 3/IEKTPOHOB NN NOHOB C YaCTUUaMW ras3a. HauanbHoe
pacnpeaeneHune 3aceneHHocTen ypOBHEVI onpenenaeTtca ce4eHnem B3aMMO,£I,el\;1CTBMF|
9/1IEKTPOHOB C YacCTuuaMum rasa.

B xonogHoi nnasme BO3OYXKAEHbI (3aceneHbl) BHYTPEHHME CTENEHU
cBob60oabl aTOMOB U MOJIEKY/Z, HO a3 XONOAHbIN, NOCTynaTesibHble
cteneHn csobogbl MMeKT TemnepaTtypy, O/M3KYyH0 K KOMHATHOW.
CamMu 3N1EKTPOHbI HAaNPAMYIO NPAKTUYECKM He FpetoT ras.
[MosTOMy 06paTHblE XMMMUYECKUE PeaKLUN 3aMOPOKEHDI.



BasoBble NpMHLMNbI HEPAaBHOBECHOMU, YNPaBASAEMOU, XON1I04HOU N/1Ia3MOXUMUU
(Ha npumepe peakumn A+B<—>AB)

Kak (l)OpMMpVETCFI XUMUYECKUN dKTUBHAA XON104AHAA NJ/ia3Md

Monekyna A dDYHKUMUA pacnpeneneHus Monekyna B
CxemMbl TEepmMmoB ANMMeKTpoOHOB MO Heprmsim CxeMbli TEepmMmoB
E, aB CuHrnerol o5 - Tpunnetsi (¢P39)
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YnpaBnsaemas nna3amoxmmMmus

3l1eKTpOHHbII7I Ny4o0K nogasa CBer3BYKOBaﬂ CTpyA rasa Mnasmoxmmuuyeckue peakunuu

MpoAaykKTbl:
mmmmm) C0M Ha NOBEPXHOCTH

mmmsm) HoBble XMMUYECKUEe coeaUHEeHUs

\ |_7 S, mmmmm) BbicOKOYUCTBIE marepuanbl
ONeKTPOHHaA NyLWKa : X0N04HAA NN33Ma
Connosoit 610K A

BHelwHee 3/m none

None NnNOTHOCTU ra3a B peakrope

/ /




OcobeHHOCTM NpUMEeHeHnA meToaa
npu ocaXaeHum GyHKLUOHANbHDbIX
cnoes



OcCHOBbI ra30CTPYMHOro ninasMoxumMmm4yeckoro metoga ocaxaeHus nrneHok (GJ-EBP CVD)

B cpaBHeHuUn ¢ RF PECVD

BaKyyMHas 3 .
Kamepa @ Monekyna @ 3NEeKTPOH u JUOHHLIU
(P..T.) nepeHoc Yacmu

aHon
nognoxka

XMMHYEeCKH aKTUEHARA
HepaBHOBECHAaA NnaimMa

BaKyyMHas bl

— reseparop
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P, T,
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(P.T.)
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HENTPENEHIE MOMSEYTIEL, CBEpXIBYROBOH ;
BOAGYHIEHHEIE “ECTHL, FA30-NNAIMEHHLIA
AXMMHYECKH aKTHBHAA _____,.-—' ETOQMHHBIR SNEKTROHE naToK
HepaBHOBeCHaA NNaiMa —
& caapxirayKoacmM Momoke
| NoanNoKKa |,
| Harpesarens |

 30Ha akmueauyuu u obnacms ocax0eHusi coeMeuweHbl.
HesHauuTenbHble U3MEHEeHUs B 30He aKTUBaLMM CUITbHO BIIUSAIOT HA Ka4eCcTBO
rorny4aemblx CroeB.

* [Jocmaeka akmueupoeaHHbIXx Yacmuuy, K NooJsIoXKe onpeodesisiemcsi
npoueccamu dughgpy3uu.

He)kenaTenbHble CTOIKHOBEHMA B Fa30BOM d>a3e NPUBOAAT K o6pa303aHmo BblICOKOAMNC-
NEPCHOro nopoLlKa.
Monekynbl (bOHOBOI'O rasa B/IMAKOT Ha NPOoLECChbI B obnactm OocCaxKaeHwunA.

9TO NPUBOAUT K OrPaHNYEeHUI0 CKOPOCTEN ocaXaeHusa (He 6onee 1-3 A/cek).

Kak cneacrtene orpomHblie rabapuTbl YCTAaHOBOK U
BbICOKMe 3aTpaTbl Ha 060pyaoBaHue .

Ba3oBbiMM 3neMeHTaMu MeToaa ABMNAKTCA:

. ONeKMpPOHHbIU My4oK

. Csepx3syKkosasi cmpysi

. OrneKkmpoHHO-y4YKosas ria3ma 8 ceepx38yKO80M IMOMOKe

910 0bOecneunBaeT
YCTOMNYMBOCTb, BOCNPOM3BOAMMOCTL M KOHTPONMPYEMOCTL NpoLecca.

Bpemsa gocTtaBku 4YacTuvy K NOANOXKe MeHbLUue Ha 3 nopsaaka.

Ctpys 3awmiiaeT 30Hy ocaxaeHusi oT Mmonekyn ¢hoHoOBOro rasa.

MeTtop MoxeT ob6ecneumBaTb OYeHb BbICOKME CKOPOCTU OCaXXAeHMUA (a0
100 A/cek).

Kak cneacrteune MaJ'IOI'aﬁapMTHbIe YCTaHOBKU U Hebonbwue

3aTpaTbl Ha OGOpVAOBaHI/Ie (MeHbLKMe B pa3bl MIHBECTULMOHHbIE
B/IOXKEHMA).




HanpaBneHus Begywmxcs paspadboTok

3apava

OcaxpgeHue cNoéB KpeMHusa ana
TOHKOMNNEHOUYHbIX CONTHEYHDbIX
3/1eMeHTOoB

OcaxpgeHue CNoEB KpeMHusa ana
aHOA,0B IMTUN-UOHHDIX
aKKyMynaTopos

OcaxaeHue Npo3payHoro

nposoaAwero nokpbitua ZnO:Al

OcaxkaeHue cnoés yrnepoaa

OcaxpgeHue aNUTaKCUasibHOro
KpemHua

OCHOBHOM 3KCNEpPUMEHTa/IbHbIA pe3ynbTaT

[JOCTUIHYTbI  PEeKopAHble  CKOPOCTM  OCaXAEeHWA  CcnoeB  COBCTBEHHOrO
NONYNPOBOAHMKA Ha YpOBHE 5 HM/CeK, NosyyYeHbl CIOU KPEMHUS C Pa3NYHOMN
KPUCTaNINYECKOM CTPYKTYPOM OT aMOPPHOM A0 MUKPOKPUCTAN/INYECKON.

[locTUrHyTa yaenbHas pa3psagHas eMKOCTb Ha nepBom uukae 3200 mAu/r npu
TeopeTmyeckorr emkoctm 4200 MAY/r. Mpu KUCNONb30BaHMWU MOANOMKEK U3

YINepoaHbIX HAaHOTPYOOK KO/MMYECTBO LUMKNOB 3apAn-paspAsd YBEAUYMIOCh B 8
pas.

MonyyeHbl NpoBoAALLME NNEHKM C yAE/bHbIM conpoTusneHmem 5x10-3 Omecm un
C KoapPULMEHTOM NPONYCKAHUA BUAMMOrO cBeTa Ha ypoBHe 80%.

MonyyeHbl cnom pasynopasoYeHHOro rpaputa ¢ NpoBOAMMOCTbIO Ha yposHe 100
S/cm.

[OCTUIHYTbI CKOPOCTU OCaXKAEHMA Ha YPOBHe 15 HMm/cek.

Unnioctpauua pesynbrata
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OcobeHHOCTM NpUMEeHeHnA meToaa
NPU NONAYYEHUN XUMUNYECKUX

NPOAYKTOB
(ManoTtoHHaXXHaA razoxumums)

™  foka 6onbwoe rMpou3800cmMeo0 3anycKaemcs, OHO yXce MOpPasbHO U SIKOHOMUYECKU ycmapeso



MpHUMN CTPYNHOW NTAa3MOXMMMNYECKOMN TEXHOSTOMU NOJNTYYEHNUA XUMUYECKMX NPOAYKTOB
Ha NpuMepe norny4YyeHnsa MeTaHona

B HacTtoAlWee Bpema TexHoNOrua
nepepaboTKku yrneBoaopoaoB BKAKYAET
B cebs obna3arenbHylo cTaguio
nepepaboTkKM UCXOQHOrO CbipbA B
CUMHTEe3-ra3s 7 nocneaylouee
NPoOu3BOACTBO U3 HEro Heobxogumbix
NPOAYKTOB.

Mpn 3TOM CTOMMOCTb YCTAHOBKM MO
NPOW3BOACTBY CMHTE3-ra3a COCTaBAsAeT
nopsaaka 60%* cymmapHoM cTommocTu
3aBOAa NO KOHBEPCUM NMPUPOAHOrO rasa
B *KMAKOe TONAMBO.

OCHOBHble HanpaBaeHUsa
MOAEPHMU3aLUN COBPEMEHHOM
TEXHONOIrnu:

1.Mpamaa nepepaboTKka NpUpPOAHOro M
MNONYTHOrO ra3a B JXXWAKue UAuU
rasoobpasHble TOBapHbie NPoAyKTbl 6e3
cmaoduu noay4yeHUs CUHMe3-2asd.

2. Co3paHMe KOMNAKTHbIX MOAYNbHbIX
YCTAaHOBOK HenocpeacTtBeHHO Ha mecTax
£06b14uM 1 NnepepaboTKM CbipbA.

* KypbaTtos H. W., 3aiiues A. K. KoHBepcua npupoaHoro
rasa B Xuakoe tonameo. KypHan «loTteHuman», 2002.
Ne3, c. 27.

MeTtaHon
(v gpyrme npoayKTbIi)

OKucauteno
[a3 Ha peuukn
3neKTpoHHas nofava ofnacTe nogeona or6op U o
: Cbipbsi  MOLHOCTY OT BHEWHETO  pasfeneHne B KayecTBe OCHOBHbIX 6/IOKOB CTPYMHOTO
P \ a"e'“'””a"*"mm o PonykTos NNa3MOXMMUYECKOTO meToaa
T I / MCNONb3YETCSA XONOAHbIMA NNa3MOTPOH U
_ ¢ I_ %E peakrop.

A | /? \ y pWKam\ \ —> Cbipbe nNoaaétca Ha nepepaboTKy B BUAE
5 NONbIiA 2 4 - 'HeTpankHLIe MONeKynbl, "mm CBepx3syKosou CprvM’ oA4HOBpPEMEHHO
| wamon | B 'BOIOYKAEHHBIE HaCTULBI, | ke obecneuynBas ra3oBbii 3aTBOP U bbiCcTpoE

] [ % £ " BTOPUYHBIE 3NEKTPOHbI —_— o

7777773 | 77 /_ N o — yaaneHune npoayKToB peaKkuun.
7 ’ I— S NN\ UHnumauma  peakumu npon3soAMTCA
— e nocpeacTBoOm 3/1IeKTPOHHO-NYYKOBOU
3]19I(Tp0HHbIﬁ Gorlnoaoﬁ rasopasi XMUMNYEeCKHN aKTUBHanA nna3Mb| c Hano)KEH MEM BHeu.lHMX

nyy4yoK 6ok cTpysa HepaBHOBeCHas nnasma <
e ceepxseykonM nomoxke AINEKTPOMarHUTHbLIX NoNEen.
XonoaHbIA / B pe3ynbrate obecneumBatloTcs BbiICOKUE
NNAasmMmoTPOH AKTMBau,Mﬂ BTopuuHble CKOPOCTU  NPOTEKAHUA npouecca B
B Nnasme peakumm KOMMNAKTHOM NPOTOYHOMN cucteme.
t~10°cek t~103cek



HanpaBneHus Begywmxcs pa3padboTok
MmMa3daMmeHHad ra3oxXmMnA

CuHTE3 cunaHosB

NMonyyeHune
NONIMKPUCTANINYECKOro
KpeMHUA CO/IHEYHOro
KayecTtBa

KoHBepcua teTpaxaopupa
KpemHus (SiCls) B
TpuxnopcunaH (SiHCl3)

KoHBepcua npupoagHoro
rasa B *Xugkue
yrnesoaopoabl

MpeanoskeH cnocob nNpPAMOro noay4YeHMa MOHOCWJIaHa U3
METaNNIYPruyeckoro KpeMHusa B naasme Bogopoaa U MeTaHa

Mony4yeH KPeMHUMN CONHEYHOrO KayecTBa C 3HeprosaTpaTtamu
Ha ypoBHe 50 KBTeu/Kr ns moHocmnaHa, ¢ KoappuumeHTom
nepepaboTkn cebiwe 50%

OcyuwiecTtBneHa NNA3MOXMMMUYECKAA peakuus C
KoapoduumeHTtom nepegena Ha yposHe 30% B OAMHOYHOM

LUuKne

[OCTUrHYTa BbICOKAsA CENEKTUBHOCTb MOAYYEHMA METaHONA
(Ha ypoBHe 80%) npW  OKUCAUTENIBHOWN  KOHBEPCUMU
NPMPOAHOro rasa

-
_—




[MpunoxxeHus

OcobeHHOCTM NPUMEHEHMA MEeTOAa NPU NOJYYEHUN XMMUYECKMX NPOAYKTOB
(ManoToHHa)KHaA ra3oxmmus)



CHs+e > C + 2H> Npunoxexne 1
nony4vyeHue H2

BapuaHTbl NOABOAKN BHELIHEN MOLLHOCTU:
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KoadhdhnumeHT pasnoxeHnsa metaHa (%)

Hdonsa Bogopoaa B pa3noxeHnn metaHa (%)

Mpun 6ecknucnopoaHOn KOHBEPCUK B XOZIOAHOMU N1a3me MOJIEKY/1Ibl MeTaHa PacnagatoTca Ha
aTOMapHbIW yrnepoga n Ase MOJIeKY/ibl BOAOPOAaA.



3aBucMMOCTb yaenbHbIX 3Hepro3aTpart OT pacxoa rasa Ha pasnoXeHue MeTaHa u

nony4vyeHue Bogopoaa (3/1eKTPOHHO-MYYKOBas MOLLHOCTE)

[TpunoxeHue 2.
nony4yeHue H2

1000 |

OHeprosaTparThbl,
kBT*yac/ m3 (Ha pa3noxeHne MeTaHa)

XonopHbIi NNasmMoTpoH
HalLW gaHHble
nogBoa MOLLHOCTU TOJTIbKO
OT Ny4Ka 3J1eKTPOHOB

10 /

MonyyeHue Bogopona

.

MpoToYHbIN

nnasmaTpoH N
(80-120 kBT) Pacxog meTaHa,
H.N1/MUH
1 |

1 10 100 1000 10000
H.11/MUH

0,06 0,6 6 60 600

H.Mm3/yac

Mpu yBennuyeHnUm pacxoaa rasa yaesibHble 3Hepro3aTpaTtbl pe3Ko

YMEHbLUAKTCA, NPUBANKAACL K NPOMbILIIEHHO NPUeM/1IeMOMY YPOBHIO.

Cnocob nonyyeHums
BOAOpOAA

YpenbHblii pacxog,
TennoTbl Ha
aHAOTEpMUYECKUE
peakuuu

KO Ha Kr H,

YpenbHblii pacxop,
Tenno0Tbl Ha
aHAoTepmMmuyeckue
peakuuun
KBT*4 Ha m3 H2
npu
HOPMaJibHbIX YCNOBUAX

CH4+2H20~> CO2+4H2

No6oyHbIV NpoaykT CO2 34 987 0187
C+2H20 > CO2+2H2

no6oyHbIV npoaykT CO2 67 958 1170
CHs> 2H2+C

noboyHbI NpoayKT C 18 922 0;47
2H20 > H2+0,502+H20

no6ouHbIi npoayKT 02 214 268’4 5’36
DNIEKTPO/IN3

(POCATOM) - 4’0_4’2




CHMXXeHMe yaenbHbIX 3Hepro3arpar npuv Na3aMmoXMMMYeCKON KOHBepcumn MpunoxeHve 3:

MeTaHa nyTemMm noaBoAa BHELUHeu MOLLUHOCTMU nony4vyeHue H2
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NMoaBogumas MOLLHOCTbL OT BHeLwlHero nons, BT

MpunoxeHune BHeLWHEro Noas K 31eKTPOHHO-NYYKOBOM niasme NpuBoauT K
CYLLLeCTBEHHOMY CHU}KEHUIO 3Hepro3aTpaTt Ha npoLecc

15



MpuHUMN CTPYMHON NNA3MOXUMMNYECKOU TEXHONOIMMU NOJTy4YeHUs Mpunoxexue 4:

XUMMUYECKUX NPOAYKTOB (Ha npumMepe nonyyeHns MetaHona) MOITYHEHWE XMAKOCTN B Nnasme

8NEKTPOHHas noja4ya  obnactb nogsoga or6op u 10 -
nyw Chipbsl  MOLIHOCTY OT BHEILHEr0  paspeneHve ]
aneKTPOMArHUTHOMO NI MPOAYKTOB .
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My4oK Gnok Cprf-l HepaBHOBECHas nna3ma
e CGGPX36YKOGOM nmomoke
XonopHbi | o
NAa3MOTPOH | 10 100 1000
AKTUBauua BTtopuuHble MowHocTs, Bt
B nfasme peakuum
t~10° cek t~ 103 cek

KoadduumeHT npeobpasoBaHma B }KMUAKOCTb PacTeT C
yBe/IMYyeHMem noasoaMMoin MOLLHOCTH




Bo3geucrteue nnasmbl Ha NPUPOAHLINA ra3

(6esokncnuTenbHasi KOHBEPCUA)

OKkucnurtenbHasa KOHBepcuUs

[MpunoxeHue 5

8,00E07 7]
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12,047 nponaxon




OcobeHHOCTM NpUMEeHeHnA meToaa
npu padnHNPOBAHUN MATEPUANOB



PacdhmHupoBaHne matepmuanoB. CpaBHeHUue ¢ GnnxanliMm aHanorom

Si—99,9995%, LleHa — 15 $/kr.

Jiang et al. «Electron beam candle melting for removal of P from ra3OCprVIHbIIZ naamMoxXumMmmyecKknm MeTon
molten Si» Materials Research Innovations. 2011. VOL 15. NO 6. 406.
Electron beam gm QNEeKTPOHHasA
\ - nywka . —>
Qil diffusion ¢
m npomMmexyToyHas
. OoTKayka Q
Observation a%
window Rotary pump o J 1
- BaKyymHasi \ N N -
'," Kamepa —>
f C - -
R Molten KonbLieBoe
/silicon oil diffusion conno nexTpoHo
/-L rasosas o
CTpys
i ed Si(mer)
X ater-coo \ /
Cooleg Cu crucible ’EOE peakTop /
watcfco Q::)
Rotary pump __>
4 5 -
coolingwater P ~ 107 TOpPP P~ 1Topp

OcHOBHbIE npemmyuiecrtsa Hallero metoaa.

* MeHee mMyboKMt ypoBeHb BaKyyMa B PeaKLIMOHHOM KaMmepe, CBA3aHHbIN C MCMOb30BaHWMEM ra3oBoro 3aTBOPa, YTO CYLLLECTBEHHO
COKpalllaeT KaK 3aTpaTbl Ha OTKaYHOe BakyymHoe obopyaoBaHue, Tak U TpeboBaHUA K KOHCTPYKLIMOHHbIM MaTepmnaiaM camo
YCTaHOBKY;

*  BO3MOXHOCTb YyNpaBAeHUsA, KOHTPOAA U MoaMdUKaLumM npolecca pabMHNUPOBAHMA 3a CYET NPOoBeAeHUA NNa3MOXMMUYECKUX
peakuuin, nyTem BBeAEHNA He0bX0AMMbIX BELLECTB B MPOLLECC B BUAE CTPYU, MOMMUMO UCNAPEHNA N NepennaBKmM matepuana

ANNEKTPOHHbIM NYYKOM;
() * Bblno/HEHME NONHOro KOMMJ/IEKCA OYUCTKU KPeMHMUA C UCNOSIb30BaHUEM O4HOTUMHOMO 3/1eKTPOHHO-MYYKOBOro O60py,CI,OBaHI/IFL9



HanpaBneHus Beaywmxcs pa3pabdboTok

Nnjia3dmMmeHHad ra3oxmnMmnd

Ouunctka metannos

NMonyyeHue
NONNKPUCTANSINYECKOTrO
KpeMHUA CONHEeYHOro KayecTsea
U3 MeTannypru4yeckoro

Ha nabopaTopHO-3KCNepMMEHTasIbHON YCTaHOBKE MpOBeAeH
PAL, JKCNEPUMEHTOB NO  pPadUHUPOBAHUIO  PA3INYHbBIX
Bewects. Hanpumep, npu paduHUPOBAHMK MOAENIbHOM
cmecn (Cu — 96,7 %, Ag — 2,6 %, Zn — 0,7 %) uuctoTa
KOHEeYHOro NpoAaykKTa no meau coctasuna 99,996%.

C MCNo/1Ib30BaHMEM 3N1IEKTPOHHO-MYYKOBOTo paPpUHUPOBAHUA,
N1a3MeHHOro OKMUC/IeHUA 7 HanpaB/leHHOM
nepekpucTannnsaumn, nNoAAep)KMUBAEMON  3/1eKTPOHHOM
MyYKOB YAaNOCb CYLWIECTBEHHO CHU3UTb KOHLIEHTPALUM
npuMecel B MeTaNypPruyeckom KpemMHUN.




Pe3lome

[TpoeKTbl Ha 6a3e X0No0AHOW NAa3mMbl



[MpoeKTbl MO MUKPO3INEKTPOHUKe Ha 6a3e XonoaHOM Nnasmbl

[a30CTPYUHDBIN NN1a3MOXMMUYECKUN MeToA

MonyyeHne XMMmunyeckux
NPOAYKTOB

Bosblume pacxobl paboymx rasos
~ 1000 m3/yac (10 000 n/MuH)

MoHocunaH. Si Ha, 5N
Auetunen C2H2

dtuneH CaHa

Bopopoa (Hz2), 9 N

OcaxpeHue cnoes u
o06paboTka noBepxHOCTEU

Manble pacxoapbl paboymnx rasos
~ 10 n/MmunH

KpeMHUN CONHEYHOrO U 3/IEKTPOHHOTO
KayectBa n3 MOHOCWUJ1aHA

OcaxkgeHne meTaninvyecknx cnoes

TpaBneHue KpemHuA

OcaxaeHne HUTPUAa KPeMHUS

MN1a3MOXMMUYECKOE OCaXKAEHNE
6apbepHOro AM3N1EeKTPUYECKOro cion

PaduHunposaHue n
oboraweHne matepmanos

CpeaHue pacxoabl yAaNsieMblX ra3os
~ 50 n/muH (P~ 1 Topp)

MeTannndyeckum antommumn (Al, 7N)

BblcOKOUMCTbIN UMHK (Zn, 7N)

MONNKPUCTANTNYECKUN KPEMHUIN
CONHEYHOrO KayecTsa 13

MeTannyprmyeckoro Si

KoHeuHble pesynbtate: IEXHOJIOTUU U MOAYIbHOE OGOPVAOBaHMe
[MpaKkTnyeckme pesynstaTol: KOHTpaKTbl ¢ KoMNaHUAMU TK POCATOM: «®I'YMN NXK», AO «TB3/1», MAO «H3XK»



MpoekTbl Ha 6a3e xonogHOW Nnasmbil

(Siw,SiCla)

1. lNony4veHue SiH4 no peakynu:
Si02+CH4—>SiH4+CO2 (SiO2 aspocun ynctbit Pocatoma).

B3ameH:
SiO2+KoKc—>Si+CO2 (rpomaaHble neun — LLlenexos, Poccua).

2. Nepepen SiH4 B Si conHeyHoOro m
3NEKTPOHHOro KayecTsa

-

U

4. OcaxxpeHune cnoes P-I-N
CTPYKTYPbl TOHKOMAEHOYHbIX
CO/NTHEYHbIX 91EMEHTOB Ha
rMbKon noanoxKKe

>

/

JlenTmoTuB:
1. YnobcTtBO B NpUMEHEHUM.
2. [ewesBun3Ha.

\

3. PaduHMpoBaHue Si meTannypruyeckoro
B Si CO/IHEYHOTrO KayecTBa:
3.a. Yepes ncnapexue;
3.6. MNepennas B TUMNeE.

)

-

U

5. AHoabl (a2 BO3MOXKHO, KaToAbl
Al203 Ha Al yepe3 okucnenmne Al
(O2 unn NO2)

N

)




MpoeKTbl N0 CONHEYHOW 3HepreTnke Ha 6ase Xono4HoOM NNa3mbl

B coBpemeHHOM Munpe, B KOTOPOM XOPOLLIO Pa3BUTa MHPPACTPYKTYPa U HaBbIKM
NPeTBOPEHUA 3HAHNN B TEXHO/IOTUU, AENCTBYET NPABUIO:

«lMoka 6oabwoe npou3so0cmaeo 3anycKaemcs, OHO yxce
MOPAsbHO U 3KOHOMUYECKU ycmapeso».

B 6opb6e C 3STUMU HKECTOKUMU peannammn, B TEXHONOTMAX OCHOBAHHbIX HA (I)M3VIKO-XVIMVI‘-I€CKMX npespawieHnAxX
HEO6XO,£I,I/IMO pe3roe ysesindyeHune CKOpOCTeVI XUMNYEeCKUX peaKu,m‘/'l.

3Ty BO3MOXHOCTb 0becneunBaer XonoaHasAa, HepasHoOBeCHAA MNJjiadmMad.

AKTUBaAUMA B N1a3me pe3KOo YBE/IMYMBAET CKOPOCTU XMMUYECKUX PeaKkLUMi.
OAHWUM U3 BApPUAHTOB peann3aunm naasmoxmmmnm ABASETCA ra3oCcTPYMHbIN NA1a3MOXUMUYECKUN METOA,



MaTepVIaJ'IbI NMnoAaroToBJ1EHDI.

llapadytanHoBbiM PI .,

LlyknHbim B.T., KoHcTaHTnHOBBLIM B.O.

KOHTaKThI:

[ MaBHbIN HAYy4YHbIW COTPYOHUK, HAYYHbIW PyKOBOOAUTENDL HanpaBneHns
O.¢.-m.H. WapaoytamHos Paeentb [a3n3osuy
+7 953 766 45 79

Pykosogutensb [1poekTHoro odpuca LleHTpa TpaHcdepa TeXHOnornm
[opwkoB EBreHnn BanepbeBud
+7 913 722 48 89
gorshkov@itp.nsc.ru

®PIrbYH NHctutyT Tennodpusmkm nm. C.C. Kytatenagse CO PAH
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