TOMSK TOMCKUN
POLYTECHNIC MNONMUTEXHUYECKUN
UNIVERSITY IR YHVBEPCUTET

MwnHWCTEpPCTBO HayKM 1 Bbiclero obpa3sosaHmAa Poccuinckon ®egepauun
benepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpasoBaTefnibHoOe yypexkaeHune Bbicliero obpasoBaHuA
«HaumoHanbHbIN nccnefoBaTeNbCcknii TOMCKUIM NONUTEXHNYECKUI YHUBEpPCUTeT» (TT1Y)

[[Ixona — MHxkeHepHas miKojia SAEPHbIX TEXHOJIOTHUNA

Hamnpasnenue noarorosku — 14.04.02 «SnepHbie pu3nka U TEXHOJIOTHUK»
[Tpoduns — M30TONHBIE TEXHOJIOTUH U MaTEPHAIILI

Otnenenue mkonsl (HOLL) — Otnenenve saepHO-TOIIMBHOIO IIMKIA

MATUCTEPCKASA JTUCCEPTALIUA

Tema pa6oTsl

MoaeaupoBaHue npouecca CHHTe3a B BO3AYIIHOM MJia3Me OKCHIHbBIX KOMIIO3U UM VISl

AUCHIEPCHOHHOTI'0 HJIyTOHHﬁ-TOpl/IEBOFO AACPHOIro TOIVIMBA

VK 621.039.543:661.8'02:66.011:533.9

CryneHt
I'pynna [025(0) Moanuch Jara
0AMS1 3ary3uH Mibs IOpseBnu
PykoBoautens BKP
Jlo/zKHOCTH DdUO YueHasi cTeneHb, Hoanmucy Jara
3BaHHe
Jonent OATI A.Tl'. Kapenrun K.(.-M.H.

KOHCYJIBTAHTDI 110 PA3JAEJIAM:
o pazneny «PuHAHCOBBIA MEHEIKMEHT, pecypcorhHEKTUBHOCTh U PECypcocOepereHUE»

JloJzKHOCTH DdUO Yuenasi cTeneHb, Hoanucy Hara
3BaHHe
Honent OCT'H N.B. Kamyk K.T.H.
ITo pasacily <<COI_[I/Ia.]'ILHa}I OTBETCTBECHHOCTL))
JloJzKHOCTH DdUO Yuenasi cTeneHb, Hoanucy Hara
3BaHHE
Accucrent OATL] T.C. I'oronieBa K.(b.-M.H.
JONMYCTUTH K 3AIINUTE:
PykoBoaurens OOII o uo YuyeHnasi cTeneHs, Moanucek Hdara
3BaHHE
Jonent OATL] JL.U. opodeena K.(.-M.H.

Tomck — 2020 r.




INJIAHUPYEMBIE PE3YJIbTATBI OBYYEHMUS 110 OOII

Kopg
pe3yJabTaTa

PesyabsTaT 00yuenuns
(KoMIeTeHIIUM)

IlpodeccnonajbHbie KOMIETEHIUH

P1

[IpumenATH riryooKue, MaTeMaTHYECKHE, €CTECTBECHHOHAYUHBIE,
COLIMAJIbHOOKOHOMHMYECKHE U MpOo(ecCHOHANbHbIE 3HAHMS JUISl TEOPETUYECKUX U
9KCIEPUMEHTAJIbHBIX MCCIEAOBAHUM B OO0JIACTM TEXHOJIOTUH $JI€PHO-TOIIMBHOTO
IUKIa, (QU3UKA KHHETUYECKUX SIBICHUH, METOIOB pa3leleHUs XKHUIKUX M Ta30BBIX
cMecei, H30TOMHBIX TEXHOJIOTUH B MAaTepHAJIOB B MTPO(ECCHOHAILHON AEATEIbHOCTH.

P2

CraBuUTh U pelIaTh MHHOBAIIMOHHbIE MHKEHEPHO-(QPU3NYECKUE 3a/1a4M, PEaT30BbIBATh
MPOEKTHl B 0O0JacTM M30TONHBIX TEXHOJOTMH W  MaTepUaloB, MOJIy4EHUs
BBICOKOUMCTBIX  BELIECTB, MepepadOTKH, yTWIM3alUMU U 00e3BpeKUBAHUS
IIPOMBIIIJIEHHBIX OTXOJOB.

P3

CO3HaBaTB TCOPECTUICCKUC, (1)I/IBI/I‘I€CKI/I€ 1N MaT€MaTH4YC€CKHUEC MOJCIIN, OIIMCBhIBAIOIINC
SABJICHHUA W 3aKOHOMCPHOCTU B 007aCTH HM30TOITHBIX TEXHOJOTUH U MaTcpurajos,
MIpOBOAWUTE HCCIICAOBAHUA B obnactu PasaCICHUA MOJICKYIIIPHBIX W HW30TOITHBIX
CMGCGﬁ, MOJIYYCHUS BBICOKOYHCTEIX BCUICCTB.

P4

Pa3pabarbiBaTh HOBbIE QJITOPUTMBI M METOJbl pacyera KacKaJoB IJIs pa3JelieHus
MOJIEKYJISIPHBIX M HW30TOMHBIX CMeECEH, 3KCITyaTHUpOBaTh, MPOBOIUTH HCIBITAHMUS,
MOHTaK U HACTPOWKY COBPEMEHHBIX (PM3NUYECKUX YCTAHOBOK U YCTPOMCTB.

P5

OHGHI/IBaTI) HepCHeKTI/IBLI paSBI/ITHH ﬂ)IepHOﬁ 0Tpacnp1, aHaJ'II/IBI/IpOBaTI) pa}I[I/IaHI/IOHHI)Ie
PUCKM U CIIEHapUHM NOTEHLHAIbHO BO3MOXHBIX aBapuii, pa3pabarbIiBaTh MeEphI IO
CHIDKEHUIO PHUCKOB M OOECIEUEHHUIO0 SICPHONM W paJAMAlMOHHONW 0€30MacHOCTH
PYKOBOJCTBYSCh 3aKOHAMU W HOPMATHBHBIMH JOKYMEHTAaMHU, COCTaBIISATh IKCIIEPTHOE
3aKJIIOYCHHE.

P6

Pa3pabarbiBaTh U BHEIPSITH HOBBIE BU/BI MPOIYKIIMN U TEXHOJIOTUN, TPOEKTUPOBATH U
OpraHW30BBIBATh MHHOBAIIMOHHBIN OM3HEC, GopMUpoBaTh 3PPEKTUBHYIO CTPATETUIO U
aKTUBHYIO TIOJIMTUKY PHUCK-MEHEPKMEHTAa Ha NPEINpUATUH, HPUMEHATb METOJIbI
OIICHKM KayecTBa M pEe3yJbTaTUBHOCTU Tpyla II€pCOHAaa, MPUMEHATh 3HaHUE
OCHOBHBIX TOJIOKEHHIl MaTEeHTHOTO 3aKOHOJATeNIbCTBA M  aBTOPCKOrO IpaBa
Poccuiickoit @enepanuu.

P7

[[eMOHCTpI/IpOBaTI) FJ'IY6OKI/IC 3HAHHA COLOHAJIbHBIX, OTHYCCKUX U KYJIbTYPHBIX
ACIICKTOB MHHOBAI[MOHHOU HpO(l)GCCHOHaHBHOfI JCATCIBbHOCTH, HUCIIOJIBb30BAaThb
COBPEMCHHBIC JOCTHIKCHHA W IICPECAOBBIC TCXHOJIOTHMH IIOJIYYCHUSA W IIPHUMCHCHUIA
I/I3OTOHHO-MO,Z[I/I(bI/II_[I/IpOBaHHI)IX MaT€purajoB B HpO(l)eCCHOHaHBHOfI JACATCIbHOCTH.

P8

CaMOCTOSTEIILHO YUYHUTBCA U HEMIPEPBIBHO IMOBLIIIATH KBaJ'II/I(l)I/IKaI_II/IIO B TCUCHHC BCCTO
Iepruoaa HpO(bCCCHOH&JIBHOfI JACATCIIBHOCTH.

P9

AKTUBHO BJa/IeTh MHOCTPAHHBIM S3BIKOM Ha YpOBHE, IMO3BOJISIONIEM paboTaTh B
WHOSI3BIYHOM cpefie, pas3pabarbiBaTh JOKYMEHTAIMIO, IPE3EHTOBATh PE3YNbTaThI
podecCHOHABHOM JIeSTENbHOCTH.

P10

O¢ddexTrBHO paboTaTh UHAMBHAYAJbHO M B KOJUICKTUBE, JEMOHCTPHUPOBATH
OTBETCTBEHHOCTh 3a PE3y/lbTaThl PabOThl U TOTOBHOCThH CJIEIOBAaTh KOPHOPATUBHOM
KYJIbTYpe OpraHu3aluu.




TOMSK TOMCKUNNA
POLYTECHNIC NONMUTEXHUYECKUN
UNIVERSITY INBMB YHUBEPCUTET

MWHWCTEPCTBO HaYKM 1 Bbiclero obpa3soBaHmA Poccuinckon Megepauun
denepanbHoe rocyaapcTBeHHOE aBTOHOMHOE
obpasoBaTesibHOe yypexkaeHune Bbicliero o6pasoBaHuA
«HaumoHanbHbIN nccneqoBaTenbcknii TOMCKUI MONUTEXHNYECKNIA YyHUBEpcUTeT» (TI1Y)

[Ixona — MHxkeHepHas miKoaa SAEPHbIX TEXHOJIOTHUNA

Hanpasiienne nonrorosku — 14.04.02 «SnepHbie Gu3nKka U TEXHOJIOTHN
[Tpoduns — M30TONHBIE TEXHOJIOTUU U MaTEPHAIILI

Otnenenue mkonsl (HOLL) — Otnenenve saepHO-TOIIMBHOIO IIUKIA

YTBEPXJIAIO:
PykoBoaurens OOII

JLU. dopodeera
«__ » 2020 .

3AJJAHUE
HA BbINOJIHEHUE BBINYCKHON KBAJTH(PUKANMOHHOH padoThI
B dopwme:

MAarucTepCKON JUCCEPTALMHI

CryneHnry:

I'pynna DOUO

0AMSI1 3ary3un Winbs KOpbeBnu

Tema paboThI:

MOI[GJ'II/IpOBaHI/Ie Imponecca CUHTE3a B BOB,Z[yn.IHOﬁ I1J1a3M€ OKCHUAHBIX KOMHOSHHHI;'I JJIA
JUCIICPCUOHHOTI'O HHYTOHHﬁ'TopHCBOFO AACPHOT'O TOILIMBA

YTBepxkaeHa IPUKA30M JUPEKTOpa (1aTa, HoMep) Ne 62-51/c ot 02.03.2020
Cpok cayu CTyIEHTOM BBITIOJTHEHHOM paboThI: 25.05.2020
TEXHUYECKOE 3AIAHUE:

Hcxoanble JaHHbIE K padoTe

OOBbeKT uccieoBaHus: MPOLECC MIA3MOXUMHUYECKOTO
CHUHTE3a HAaHOPA3MEPHBIX OKCHIHBIX KOMIIO3UIUI IS
JTUCTIEPCUOHHOTO  TUTYTOHUH-TOPHUEBOTO  SIIEPHOTO
TOIUIMBA. YCIIOBUSI MPOBEACHUS PACUYETOB: IaBIICHUE
0,1 Mlla, wuntepBan Ttemneparyp 3004000 K,
MaccoBbI€ A0IH Bo3aylIHoro Temionocutens 0,1-0,9.
Hcnonszyemoe obopynoBaHue: nabopaTtopHbIit
riasMeHHbld cteHy «[lma3MeHHbI Moaynh Ha 0Oase
BBICOKOYAaCTOTHOro  reHepatopa BUI'8-60/13-01»,
TpyOka [luTo.




IMepeyennb mopIesKANMX HCCIETOBAHUIO,
NMPOEKTHPOBAHUIO U Pa3padoTKe
BOIIPOCOB

[Tpu pa3zpaboTke MarucTepcKoi AUCCEPTAH TOJHKHBI
OBITb PACCMOTPEHBI CIEAYIOLUE BOIPOCHL:

1.
2.

3.

4.

5. Uccrenosanue

0630p OCHOBHBIX METOJIOB
HaHOPa3MEPHBIX MOPOLIKOB.
Pacyer mnoxkaszareneidi TOpPHOYECTM M COCTABOB
BOJITHO-OPTAaHUYECKUX HUTPATHBIX PACTBOPOB.
TepmoarHaMudeckoe MOJCIUPOBAHUE TIpoliecca
MOJyYEHHS] OKCUIHBIX KOMITO3UIIMKA B BO3YLIHOMN
I1a3Me u ompeneneHue PEXKUMOB,
o0ecreyrBaronINX UX MOJIy4YeHUE.

[ToaroroBka miaa3MeHHOTO CTEHAA IS TPOBEACHHUS
AKCIIEPUMEHTAJILHBIX HCCIICIOBAHUM, TOJTYyYECHUE
HaHOPa3MEPHBIX MTOPOIIKOB OKCHIHBIX
KOMTIIO3HUIINH.

MOJTYYEHUS

OCHOBHBIX  (DPU3MKO-XUMHYECKHUX
CBOWCTB ITOJIYYEHHBIX ITOPOIIKOB.

KOHch'IbTaHTbI 110 pa3aejiaMm BLIHyCKHOﬁ KBaJII/I(l)I/IKaIIHOHHOﬁ paﬁDTI)I

Pazpen Koncyabranr
PacueTHas yacTthb Homnent OATI] Kapenrun A.T.
DKCIepUMEHTAIbHAS YacTh Honent OATII Kapenrun A.T.
O®unancoBeii  mMeHemkMeHT, | Jouent OCI'H Kamyx U.B.
pecypcodhPeKTUBHOCTD u
pecypcocOepekeHne
ConmansHas otBeTcTBeHHOCTh | Accuctent OSATII I'oronesa T.C.

I[aTa BbIJA4Y4 3a1aHUA HA BBINNOJIHECHUE BbIHyCKHOﬁ

. . 12.03.2020
KBATU(PUKANMOHHOK padoThI N0 JMHEHHOMY Ipaury
3ananue BbIIAJ PYKOBOAUTEIb:
Jlo1KHOCTH ouo VYuyeHasi cTeneHb, Moanucey Jara
3BaHHe
Houent OATIL] A.T'. Kapenrun K.(.-M.H. 12.03.2020
3ajaHne NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna (01700} Moanucek Hara
0AMS1 N.IO. 3ary3un 12.03.2020




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBIN MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHHUE»
Crynenry:
I'pynna [0
0AMS1 3arys3un Uinbs IOpbeBuu
I koaa NATII Otaenenue mkoabl (HOLD) OATI
Yposenn o0pa3oBanust Marucrparypa Hanpasienne/cnenuajbHOCTh 14.04.02 «ﬂIleprle
(bU3HKa U TEXHOJIOTHI

Ncxonnsle qannble K pa3aeny «PHUHAHCOBBIM MEHEIKMEHT, pecypcod(pHEeKTUBHOCTD U

pecypcocOepexeHne.

1. Cmoumocmo pecypcog nayunozo ucciedosarnus (HH):

mamepuailbHOo-mMexXHUYeCcKux, IHepecemudecKux,
d)uHaHCO@blx, qu)OpMaquOHHblx Uu yeioeevyecKkux

[Ipy npoBeneHHM UCCIEAOBAHUNA  HCTIONB3YeTCS
MaTepuallbHO-TeXHUYeckass 0Oaza HU TIIY, B
UCCIIEIOBAaHUM  3aJCHCTBOBAaHBl 2  YeJOBEKa:
PYKOBOJUTEND U UCTIOHUTENh

2. chwzwyemaﬂ cucmema HaﬂOZOO6JI09iC€H1/lﬂ, cmaeKku

HANl0208, OI’I’l‘lLlCJleHuLZ 0uc1<0Hmup06aHuﬁ u erdumoeaHuﬂ

OTunclieHys BO BHGGIOI[)KGTHLIG (l)OH}lLI COCTaBJIAKOT
30 %

IlepeyeHb BONMPOCOB, MONJIEKALMX HCCIETOBAHUIO, IPOEKTHPOBAHUIO U Pa3padoTKe:

1. Ouel-ma KOMMepUeCKo2co nomeHyuala u nepcnekmueHocmu

nposedenus HU

- TloreHnmanbHbIe MOTPEOUTENTH PE3YIHTATOBR
HCCIIETIOBAHNS;

- AHaJ’[H?; KOHKypeHTHI)IX TEXHHUYCCKHUX pemeHHﬁ;

- Marpuna SWOT-ananus.

2. Dopmuposanue niana u epaguxa paspabomxu HU

dopmupoBaHue m1aHa u rpaduka pa3paboTku:
- CocraBieHue epeyHs 3Tanos, padoT;

- Onpenenenue Tpya0eMKOCTH padoT;

- Pa3paborka rpaduka npoeaenus HU.

3. Cocmaenenue 610031cema HAYUHBIX UCCIE008AHULL

dopmupoBanue Orokera 3aTpaT Ha  HaydHOE
HCCTICIOBaHKE:

- MarepuanbHble 3aTpaThl;

- 3aTpathl Ha criero0opyIOBaHNUE;

- 3apabotHas maTa (OCHOBHAS U JOMOJTHUTENbHAS);
- CtpaxoBble OTYHCIICHUS,

- HaknanHelie pacxonpl.

4. Oyenxa pecypchoil, (puHancogou, 61001cemnot
agppexmusnocmu HA

Omnpenenenue IoKa3aTelen: (uHaHCOBOM
3¢ PeKTUBHOCTH, pecypcoaddextiuBHOCTH, U
MHTErpaibHON 3 heKTHBHOCTH.

Hepeqeﬂb Fpaq)l/l'-leCKOFO MAaTEPHUAJIA (c mounvim yrazanuem obs3amenvHblx yepmediceii)

1. Oyenka xoHKypeHMOCNOCOOHOCMU MEXHUYECKUX peluleHUl

2. Mampuya SWOT
3. Ipagux nposedenus u 610dxcem HU
4. Ocnognvle noxazamenu d¢hpexmusnocmu HA

\ JlaTta BbI1auM 3a1aHu4 JJIs1 pa3jieia 1o JuHeiiHoMy rpaduky \ 12.03.2020
3agaHue BbIIAJ KOHCYJIbTAHT:
JloJzKHOCTH DdUO Y4eHasi cTelleHb, Hoanuch Jara
3BaHHUeE
Jonent OCT'H N.B. Kangyk K.T.H. 12.03.2020
3agaHne NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna DPUO Hoanuch Jara
0AMSI1 3ary3uH Winesa IOppeBuu 12.03.2020




3AJAHUE JUISI PA3JIEJIA
«COLUMAJILHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna 1025 (0)
0AMS1 3ary3uH Uibs IOpbeBuu
I koaa NATII Otaenenune (HOILL) OATIL
YpoBenb o0pazoBaHus MaFI/ICTpaTypa Hanpasienune/cnienuajabHOCTh 14.04.02 «51 JIEpHBIE
(hU3MKA U TEXHOJIOTHI

Tema BKP:

MopaeaupoBanue nMpoiecca CHHTE3a B BO3AYUIHOM IJIa3Me OKCHIHBIX KOMMO3UIUIA 115
JUCIEPCHOHHOI0 MJIYTOHUI-TOPUEBOr0 TONJIUBA

I/ICXOIIHLIC JAaHHBIEC K pasaejay «COIII/Ia.T[])Haﬂ OTBETCTBEHHOCTDb)>:

1. XapakTepucThKa 00BbEKTa UCCIICIOBAHUS
(BemecTBO, MaTepua, Mpuodop, aIropHUTM,
METOJIMKa, pabouast 30Ha) U 00JIaCTH €ro
IIPUMCHCHUA

OOBEKT UCCIIeIOBAHUS — BOJTHO-OPTAHUYECKUE
HuTpaTHble pacTBopsl (BOHP) Ha ocHOBE BOARI,
HUTPATOB coJieil camapusi, iepHs, MarHus U
OpPraHUYECKOT0 KOMITOHEHTA (aIleToHa).

[IpoBeneHo TepMoIHAMUYECKOE MOIETUPOBAHNE B
nporpammHoM obecriedernn T ERRA mporiecca
uta3MeHHoi nepepadotkr BOHP, obecnieunBaromero
MPSAMON CUHTE3 TOIIMBHBIX KOMITO3UIIUH JJIsI
IIJIYTOHUI-TOPUEBOr0 TOIJIUBA.

[lepeuens BOPOCOB, MOIEKAIINX HCCIETOBAHUIO, TPOSKTUPOBAHUIO U pa3paboTKe:

1. IlpaBoBble H OPraHU3alMOHHbIE BONPOCHI
o0ecreuyeHHs 0€30MACHOCTH:

CTeIaNIbHBIC (XapaKTepHbIC MPHU IKCILTyaTaI[uH
00BEKTa HCCIEIOBAHMSI, POCKTUPYEMON paboUeii
30HBI) MTPABOBBIC HOPMEI TPYIOBOTO
3aKOHOJIATENILCTBA;

OpraHU3aIMOHHBIC MEPOIPUATHS MTPU KOMITOHOBKE
paboueii 30HBL

TpynoBoit kosekc Poccuiickoit
®denepanuu ot 30.12.2001 N 197-D3
(pen. ot 27.12.2018).

CanlluH 2.2.2/2.4.1340-03.
I'uruenmuaeckue TpebOBaHUA K
MIePCOHATBFHBIM AJIEKTPOHHO-
BBIYHCIUTENHHBIM MallliHAM H
OpraHu3aluy PabOTHI.

2. IIpou3BoacTBeHHAs1 0€30MACHOCTD:

2.1. Ananu3 BEISBICHHBIX BPETHBIX U OMMACHBIX (PAaKTOPOB
2.2. ObocHOBaHWE MEPOIPHUATHH 10 CHIKEHUIO
BO3JICHCTBUA

Bpennrie u onacubie (paKTOpHhI:

BPEIHbIC BEIIECTBA;

OTKIIOHEHHUE M0Ka3aTeleH
MHUKPOKJIIMATA;

IPEBBILICHUE YPOBHS IIyMa;
MOBBIILICHHBIN YPOBEHb
3JIEKTPOMArHUTHOT'O U3JTy4eHHUS;
HEJIOCTaTOYHAas! OCBELICHHOCTD
paboueii 30HEHI;
MICUXO(PU3NOTIOTHIECKHE;
MOPAKEHNE JICKTPHUYECKUM TOKOM.

3. OkoJornyeckas 0€30MaACHOCTh:

aHaJu3 BIMSHUS 00bEKTa U IIpoliecca
MCCIIEIOBAHHUS HAa OKPYKAIOLIYIO Cpeny;

4. be30nacHOCTb B YpPe3BbIYANHBIX CUTY ALMUSX:

Bosmoxnabie UC npu skcrtyatanuu
MPOEKTUPYEMOTr'0 PELICHUS:

BO3TOpaHUE;
BO3/IEICTBHE BPETHBIX BEIECTB.

Haubonee tTunnunas YC: Bozropanue.




‘ JlaTa Bel1auM 3aaHus 15 pa3aesia no JuHeidHomMy rpadpuky

12.03.2020

3aaa}me BbIAAJI KOHCYJbTAHT:

Jo1KHOCTH DPUO Yuenasi cTenenn, MMoanucey Jara
3BaHHe
Accucrent OATL] T'oronesa Tarbsina K.(.-M.H. 12.03.2020
CepreeBHa
3azlalme IMPUHAJ] K HCITOJJHCHUIO CTYACHT:
I'pynna oUo IMoanucek Jara
0AMS1 3arysun Wibs FOpresry 12.03.2020




Pedepar

BreinyckHas kBanupukanumonHas padora: 122 crtpanuusl, 27 pucyHkos, 20
TabsnLl, 65 UCTOYHUKOB, 8 MPUIOKEHUH.

KiroueBsie cnoBa: 1uia3ma, IMIIa3MOTPOH, BOJHO-OPTaHUYECKHE HUTPATHBIC
pacTBOpPBI, MIA3MOXMMHUYECKUN CHHTE3, OKCHUIHBIC KOMIIO3WIIMU, JHCIIEPCHOHHOE
AJIEPHOE TOTUIHBO.

OOBEKTOM HCCNeOBaHUs SBISETCS TMPOIECC IIa3MOXMMHUYECKOTO0 CHHTE3a
HaHOPa3MEPHBIX OKCUIHBIX KOMITO3HUIIUN JIJISI AUCTIEPCHOHHOTO TUTyTOHUI-TOPHEBOTO
SJIEPHOTO TOTIJIMBA.

Ilenp paboTBl — WUCCIEIOBaHWE TMIpolecca IUIA3MOXHMMHYECKOTO CHHTE3a
HaHOPAa3MEPHBIX OKCHUIHBIX KOMITO3HMIIUN JUTS TUCTIEPCUOHHOTO Ty TOHHI-TOPHEBOTO
saepHoro torauba u3 BOHP.

B mpormecce uccnenoBaHWil MPOBOIMIMCH. pacdeT IOKa3aTeledl ToprovecTH
BOJTHO-OPTaHUYECKUX HUTpaTHBIX pactBopoB (BOHP), coxepkamiux pacTBOpHI
JENSIIIUXCS METAUIOB (IUTYTOHMM, TOpPHI) U MeTayul MaTpullbl (MarHuii), a Takxke
OpPraHUYECKUH  KOMITOHEHT (alleTOH); TEePMOJMHAMUYECKOE MOJCIUPOBAHHE
npolecca IIa3MOXUMUYeckol mepepabotku pactBopoB BOHP u ycranosnenue
3aKOHOMEPHOCTEH BIUSHUS MAacCOBOM JOJIM TUIA3MEHHOTO TETUIOHOCHUTENSI Ha COCTaB
00pa3yroImxcs MPoIyKTOB B Ta30BOM M KOHJICHCUPOBAHHBIX (pa3ax.

B pesynbrare wuccienoBaHUsA: OMNpENETICHbl ONTUMAJBHBIE TI0 COCTaBY
pactBopel BOHP, o0ecneunBarommux ux 3SHEProdPpGeKTUBHYIO IUIa3MEHHYIO
nepepadoTKy.

OO6nacTb MPUMEHEHUS: PE3yIbTaThl UCCICAOBAHUN MOTYT OBITh NMPUMEHEHBI
JUIsE  co3maHus  OHEpProdGPEeKTUBHOTO W DKOJOTMYECKHM  0e30MacHOro
MIa3MOXMMHYECKOTO CHHTE3a HAHOPA3MEPHBIX OKCHIHBIX KOMIIO3UIUN  JIIA

AUCIICPCHOHHOIO HHYTOHHﬁ-TOpHeBOFO TOIIJINBA.



Onpenesienus

B wmarucrepckoy aguccepralMM  IIPUMEHEHBI  CIENYIOIIME TEPMUHBI C
COOTBETCTBYIOILIUMH ONPEACIICHUAMU:

IJIa3Ma: HOHU3UPOBAHHBIM Ta3, COCTOAIIMNA M3 CBOOOJHBIX DSJIEKTPOHOB,
IIOJIOKUTEIIBHO W OTPULATENIBHO  3apsDKEHHBIX  HMOHOB,  HEUTPAIBHBIX U
BO30Y>KJICHHBIX aTOMOB WJIM MOJIEKYIL.

IU1a3MOTPOH: YCTPOMCTBO, NPEAHA3HAYECHHOE I TCHEPUPOBAHMUS I1J1a3MBl.

AUCIIEPCHOHHOE SAePHOE TOIUIMBO: BHUJ SACPHOIO TOIUIMBA, B KOTOPOM
YacTUIBl JENSIIErocs MaTepuana paBHOMEPHO paclpeesieHbl 10  00beMy
HeJIeIISIIerocsi MaTepraia (MaTpuma).

30J1b: CTa0MIIbHAS B3BECHh KOJTOMIHBIX YACTHI], PABHOMEPHO PaCIpeIeICHHBIX
B JKUJIKOCTH.

HU3LIAas TeIUIoTAa CrOpaHMs: KOJMYECTBO BBIJACIMBIICHCS TEIUIOTH IIPU
IIOJTHOM CTOPAaHUM MaccOBOM (AJis1 TBEPABIX M KMJKHUX BEILIECTB) MM 0OBEMHOM (1S

F&3006p33HI>IX) CAHNHUIIBI BCIICCTBA.



O0o03HaYeHHs U COKpPALLCHHUS

JAT — nucniepCuOHHOE SIAEPHOE TOIUIUBO.

TBIJI — TenI0oBbIACTAIONNANA 3JIEMEHT.

TBC — TennoBsiaenstonias coopka.

BOHP — BogHO-OpraHn4eCcKuil HUTPaTHBINA PacTBOP.
OK — oxcugHas KOMIO3ULIHKSL.

BU®II — BeicOKOYACTOTHBIHN (haKeIbHBIN MIa3MOTPOH.
OSIT — orpaboraBiiiee si7epHOE TOILIUBO.

I'TK pemerka — rpaHEEHTPUPOBAHHAS KPUCTAJUIMUECKAs! pEIIETKA.

OILIK pemeTka — 00bEMHO-IIEHTPUPOBAHHAS KPUCTAJIIMYECKAs pellieTKa.

LWR — Light-water reactor (1erkoBoaHbIi peakTop).

BBJP — B0/10-BO/ISTHOM SHEPreTUUECKUM peaKTop.

MOX-tomuBo — Mixed-Oxide fuel (cmernanHoe oKcHIHOE TOILIMBO).
IMF — Inert Matrix Fuel (ToruimBo ¢ mHEpTHOM MaTpHIIEH).

MO — nporpammHOe obecrieueHue.
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BBenenue

B kadecTBe sEpHOrO TOIUIMBA B AaKTHUBHBIX 30HaX HEKOTOPBIX BHUIOB
PEaKTOpPOB HCHOJIB3YEeTCS TOIUIMBO JUCIHEPCHOHHOTO THma. B TakoM TOmIMBE
nemsmmecs: mMatepransr (U, U, Pu®) B Buge rpaHyiMpoBaHHBIX OKCHIHBIX
KOMITO3ULIUH (MUKpOCc(Ep) pa3MeIatoTcsl B MAaTPULE U3 HEJEISAIIMXCA MaTepHUaioB
(Metami, craB, Kepamuka, rpadur). B kauecTBe MaTpuilbl TakkKe MOTYT OBITh
ucronszoBarsl U?® u Th*¥? ux crumasel u coequHenns. I7aBHOE NPEHMYIIECTBO
JUCIEPCUOHHOTO SEPHOrO0 TOIUIMBA IO CPABHEHUIO C OJHOPOJHBIM SIAEPHBIM
TOIUIMBOM — O3TO TOBBIIIEHHAs paJudallMOHHAs CTOMKOCTb MpHU JJIUTEIbHOU
SKCIUTyaTalluk TB3JIOB. BpIcOokas paauMalnMoHHAsh CTOWKOCTh JUCIEPCUOHHOIO
TOIUIMBA OOECIEeUnBaeTCd €ro CTPYKTYpodH, B KOTOPOW MPOAYKTHI JIE€NEHUS
JIOKANMM3YIOTCSl B TOTUIMBHBIX YaCTUIAX WJIM OKOJo HMX. Kaxknas wactuna siiepHoro
TOIUIMBA, JMCIEPrUPOBaHHAs B TOIUIMBHON KOMIIO3UIIMM, MPEICTaBISET COOOMU
MHUKPOTB3JI, B KOTOPOM pOJIb OOOJIOUKH, CAEpKHUBAIOIIEed OOBEMHBIE H3MEHEHUS
CepJCYHMKA, BBINOJHAET MaTpula. Pa300UIEHHOCTP NPOIYKTOB JAENEHUS U
HETIPEePHIBHOCTh MaTPHIIbI MPEAOTBPAIIAIOT MMOBPEXKICHUE cepleuHKa TBAa [1].

JIMCIIEpCUOHHOE  SiAGpPHOE TOIUIMBO IPH JJIMTEJIBHOM HCHOJIb30BAaHUU B
peakTopax OTJIMYaeT BbICOKAs paJAMallMOHHAs CTOMKOCTh. B cBsi3u ¢ 3TUM
JUCIIEPCUOHHOE TOIUIMBO HAIUIO IIMPOKOE MPUMEHEHUE B HCCIEN0BATENbCKUX U
MaTepUaNIOBEUYECKUX PEaKTOpax, a TaKKe B SACPHBIX YCTAHOBKAaX CHELHAIBbHOTO
Ha3HAYEHHUs, JUIsI KOTOPBIX XapaKTepPHbl TIOBBIIIEHHBIE IUIOTHOCTH JEJICHUH,
MOIIIHOCTY DYHEPrOBBIIEIECHNS U TeMIlepaTypbl. B mocienHee BpeMs BO3HHUK e€IIe
OJIMH CTUMYJ JUJIsl pa3paOOTKH U MPUMEHEHHs TOIUIMBA JUCIIEPCUOHHOTO TUIA. JTO
CBA3aHO C HEOOXOJMMOCTBIO CHWKEHHUS HAKOIUICHHBIX 3allacoB OPYKEWHOIo H
SHEPreTUYECKOro TUTYTOHUS.

Llensro JTAHHOU paboTHI ABIISIETCSA WCCIIEIOBAHUE rporecca
IUIa3MOXMMHYECKOTO CHHTE3a HAHOPA3MEPHBIX OKCHJHBIX KOMIO3UIMUN s

JUCIIEPCUOHHOTO IUTYTOHUH-TOPHUEBOTO sijiepHOro ToruinBa u3 BOHP.
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[locTaBnenHas uenb TpeOOBaia PEIICHHS CIEYIOIINX 3a/1a4

® poBeCTU 0030p OCHOBHBIX METOJOB MOJYYEHHS] HAHOIIOPOLIKOB;

® [IPOBECTH pacueT mokaszareneil roproyectu u cocrtaBoB BOHP, copepxkamux
PacTBOPHI JENSAIMIMXCA METAIIOB (IUTyTOHUMA, TOPHUl) U METaJul MaTpUILIbl (MarHui), a
TaK)K€ OPraHUYECKHUI KOMITIOHEHT (alleTOH);

® [POBECTH TEPMOJMHAMUYECKOE MOJACIUPOBAHUE TMPOLECcCa MOJTYyYEHUs
OKCUJHBIX KOMMO3UIMH B BO3AYIIHOM IUIa3M€ U  ONPEIAEHUTh  PEXKUMBI,
o0ecreynBarolye X MojJyuyeHue;

® [IOJArOTOBUTH IUIA3MEHHBIA CTEHJ I MPOBEACHHUS HSKCIEPUMEHTATbHBIX
UCCJIeIOBAaHUM, TOJIYYUTh ONBITHBIE TAPTHH 00Pa30B MOPOIIKOB,;

® HCCJIICAOBATH OCHOBHBIC @HBHKO-XHMH‘IGCKHG CBOMCTBA IMOJIYYCHHBIX

OPOUIKOB.
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1 O630p uTEpaTYpPHI

1.1 CaoiicTBa TOpUS U €r0 COeIMHEHU

B cocTtaBe mpupogHOro TOpHs MPUCYTCTBYIOT JBa H30TOma. MaTepUHCKUM
msorornr Th**? — HoNroxXuByIIHil O-HCTOYHHUK, IEPHOJ MOTYpACIafa KOTOPOTO paBeH
1,39-10"° mer. Houepunmii m3zotom Th?*® (o-HCTOYHHMK), KOTOPBIH HAXOAUTCS B
PaBHOBECUU C H30TOIOM Th*?, nepuoj nonypacnana cocrtasiuger 1,91 roma. Ilo
3HAYCHHSIM TICPUOJIOB MOJypaciaaa JaHHBIX H30TOIMOB, MOYKHO CJEJIaTh BBIBOJ, YTO
kommuectBo Th*?® HesHaunTenbHo.

Topuii oTnuyaercs OT ypaHa TEM, YTO OH SIBJISETCS BOCIPOM3BOJISIINM
MaTepUaIOM B TEXHOJOTHH YPaH-TOPUEBOrO IMKIIA, @ HE JCIISIIAMCS.

Th?32(n,y) - Th?3 — Pa?3? - U233, (1)

Haxomsich B syiepHOM peaktope, Th®*? [OIIOMAeT TEIUIOBbIC HEHTPOHEL,
npeBpaiasck B u3oton Th?33, xoTopslil B cBOIO ouepenb MpeTepreBaeT f-pacnai U

TpeBpalaeTcs B NpOTaKTUHUNA Pa?33,

B nanpHenmieM NPOTAaKTUHUN TaKXKe
npetepresaeT f-pacnan u npespamaerca B U233, U233 gpnsercs MCKycCTBEHHBIM
JOEISAUUMCS U30TOIIOM, TOJIy4a€MbIM B YPaH-TOPUEBOM LUKJIE, aHATIOTUYHO HU30TOIY
Pu?3° B ypaH-nIyTOHHEBOM LIUKJIE.

YucTeiii TOpH TIpPEACTaBISICT COOOM CepeOPHUCTBIM MeTasl, 00JamaroIIi
OleckoM W KOBKOCThIO. [lOBbIIIEHHAs peaKIMOHHAsA CIOCOOHOCTh SIBISIETCS
OTJINYUTEIILHOW 0COOCHHOCTBIO TOpHUs. B3auMoaeicTBys ¢ IpyruMu MeTaiaMu, eMy
JIETKO yAaeTcsi o0pa3oBbIBaTH CIUIaBbl. TOpHl CO3MaeT MPOCThIE IBTEKTUYECKUE
CUCTEMBI C YPAHOM M XPOMOM.

Topuit o0namaer yMEpEeHHBIMH 3HAYCHUSAMH CEUCHUN pACCEeSTHHS W
MOTJIOIICHUST TCIUIOBBIX HEUTPOHOB, 7,56 0 m 12,6 coorBercTBeHHO [2]. ITo cBOMM
CBOWCTBaM TOpUM HanmoMuHaeT IMiuyroHnii u ypan. Ilpu 100 °C ero
TETUTONPOBOIHOCTh cocTaBisier 37,6 Bt/(M-°C), a mpu 200 °C — 38,9 Bt/(M-°C).
3HaueHue kodpdUiMeHTa JIMHEHHOTO pacmupeHus: cocrasisier 11 — 12:10° rpag”.
3HaueHWe TEIMJIONPOBOJHOCTH TOpPUA BbIIe, a KO3(DPUUUEHT JIMHEHHOTO

paclIMpeHust HUKE, YeEM y TUTYyTOHUA U ypaHa. biaromapst 3Tomy B TOPUEBOM TOTUIMBE
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paboTalolIero peakropa BO3HUKAIOT MEHBIIME MEXaHUYECKHE M TEepMUYECKUE
Hanpspkenus. Topuih umeer I'LIK pemerky (mapamerp pemerku — 0,5986 Hw,
moTHOCTH — 11,72 r/eM”) pu KoMHATHO# Temmeparype n OLK pemerky (mapamerp
pemetku — 0,414 uMm, mmotHocts — 11,1 r/em’) B ciydae, Korja TeMmrepaTrypa BbIIe
1400425 °C. Temnoemkocts Topus nipu 25 °C coctapnsiet 27,47 xJlx/(Monb K).

Ha Bo3nyxe cepeOpucras MOBEPXHOCTh TOPUS UMEET CBOMCTBO TYCKHETb,
dbopmupyetcst ToHkas 3amuTHas mwieHka. [Ipu 250 °C Toputo cBOMCTBEHHA 3aMeTHAs
CKOPOCTb OKHCIJICHMS, C BO3PACTAHHEM TEMIIEpaTypbl CKOPOCTh YBEIUYMBAECTCS.
WuTepmeTaimuyeckue  COCAMHEHUS  TOpuUsA, a  TaKkkKe  MeTaTMYeCKUn
TOHKOM3MENBYEHHBIH TOpUW 00Jadal0T CBOMCTBOM MNUPOPOPHOCTH, TO €CThb
CIIOCOOHBI CaMOBO3TOPaThCsl HAa BO3JAYXE, B pe3yjbTaTe 4Yero oopasyercs JHOKCH]L
TOpHUS.

I'uapunet Topust (ThH; u ThyHis (mmm ThH375)) oOpasyrotcst B pesynbrate
B3aMMOJICHCTBHS TOPHUS C BOJOPOJOM IPH BBICOKMX Temmeparypax [2]. ThH;
dopmupyercst npu 600-650 °C, xorma Ha KOMITAKTHBIM METAJUTMYECKUN TOpUH
JIEHUCTBYET BOJOpPOA TMOJA JaBJIEHUEM, IMpU d3TO Bo3pactaer oOwveM. [locne
yYMEHBIICHHUsT TemmnepaTypsl 10 3HaueHuit 250-320 °C mpoucxXoauT BOJIOPOIHOE
HaChIIIEHHE U 00pa3yeTrcst Melkuid mopomok ThyHis. B ciyyae HarpeBanus 1o Oosiee
BeICOKUX Temmeparyp, Beimie 700 °C, ThH; mmccommmpyer. Ilpu 700-800 °C B
BaKyyMe IIPOUCXOUT MOJHOE yJajIeHHe BOIOPOIa.

OoOpasoBanue HuTpugoB Topus ThyN3 (kenreiii) muw ThN (KopHyHEBBIN)
IPOUCXOJUT B PE3yJIbTaTe B3aUMOACHCTBUS METAILNTUYECKOTO TOPHUS C aMMHAKOM.
Taxxe HUTPUIBI TOPHSI MOTYT OOpPa30BBIBATHCS MPU HATPEBAHUHM TOPHS B a30THOU
atMoctepe a0 3HaueHWi Temmepatyp, npesbimarommx 800 °C [2]. B wnHeptHo
atMocepe no 3HaueHus temreparypbl 1730 °C ThyNj3 sBisercs yCTOWYHBBIM
noyryTopHbiM HUTpugoMm. [lpu temmeparypax 2630+30 °C mpoucXoauT TIaBICHHE
MoHoHUTpHA Topus ThN. AMMuak oOpasyeTcs myTeM pa3ioKeHHUSI HUTPUIOB TOPHUS
BOJIOM.

Topuit B3aMMOJEHCTBYSI C TajJOreHaMHu CIOCOOCTBYET OOpa30BaHUIO COJICH
tuna ThX,. TIpu KOMHATHOW TemIeparype B3auMOJCHUCTBYeT ¢ (TopoM, a mpu
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HarpeBaHuu — ¢ apyrumu ramoreHamu, Hampumep (Cl, Br). Touku mnaBneHus u
KHUIIEHHSI, a TAK)KE MPOYHOCTh TaJOr€HUA0B TOPHUs yObIBAIOT OT (TOpHUlia K HOAUAY.
Bce ramorenuibl pacTBOPUMBI B BOJI€ U TUTPOCKONUYHBI (CIIOCOOHBI K MOTJIOUIEHUIO
BOJISIHBIX MTapoB) Kpome ThF,.

IIpy xOMHaATHOM TEMIIEpATYpEe TOPUM MEIJICHHO KOPPOAUPYET B BOJE.
3HauuTENbHAs! KOPPO3Usl TOPUS BOZHUKAET B BOASHOM mape npu temneparype 170 °C,
KOTOpasi CONPOBOYKIAETCS YaCTUUHBIM pa3pylieHueMm. TemnepaTypHsiid pocT 10 350
°C compoBoxkaaercss OBICTPOM KOppO3WeH, B pe3ylbTare KOTOpOW 00pa3yroTcs
auokcu Topust ThO,, a TakkKe BBIJCIISICTCS BOJOPO/I.

IIpy KOMHATHOW Temmeparype B CEPHOM, a30THOM M IIABUKOBOM KHUCIOTax
KOppO3Usl TOpUS MPOTEKAET MEJIEHHO. A30THAsI KHCJIOTa CIIOCOOCTBYET MacCUBAIlUU
NOBEPXHOCTH TOpHS, IJIABUKOBAasi KHUCJIOTAa BHOCHUT BKJIaJ B (OpMUpOBaHHE Ha
MOBEPXHOCTH 3aIMTHON IJIeHKU ¢ropuna topus. HeGompioe mnobGaBieHUE HOHOB
¢Topa B A30THYIO KHCIOTY BBI3BIBAET OBICTPOE PACTBOPEHHE, JyUIIUM
pacTBOpPUTENEM SIBIISIETCSl COJISIHAs KHUCIIOTAa. BONpekn WMHTEHCHMBHO MPOTEKAIOIIEH
peakuuu pacTBOPEHHs TOpUsl, HauboJee BEPOSTHBIM SBJISETCS TOT (DAKT, YTO 4YACTh
Topusi OylIeT OCTaBaTbCA B BHJIE TBEPIOTO OCTaTKa B (GopMe THUAPATUPOBAHHOTO

okcuaa Topus [2].

1.1.1 {uoxcua Topus

Cpenu OKCUAHBIX COCIMHEHU, KOTOpbIE 00pa3yeT TOPUil MOKHO BBIJCIHUTH
morookcua ThO u auokcun ThO,. Haubospimee pacnpocTpaHeHHE UMEET JUOKCH]T
topust ThO,, oH ABJIsSIETCS MPUPOTHBIM MaTEPHAIIOM, KOTOPBI 001a1aeT KyOHIecKon
MoAU(pUKAMEH KPUCTAIITUIECKON CTPYKTYphl. JlMOKCHAy TOpHsi HECBOWCTBEHHO
JIETKOE TEPMHUYECKOE PaA3JIOKEHUE, TeMIepaTypa IuiaBieHus npumepHo pasHa 3000
°C. B HOpManpHBIX YCIIOBUSX IUIOTHOCTH JMOKCHJIA UMEET 3HaueHue paBHoe 11,39
r/em®. TeImnoeMKoCTb THOKCHIA topus mipu 25 °C cocrasiser 61,74 xJx/(monb K).
Cpennuii k03hdUIMeHT IHHeiHOro TemoBoro pactmmperns 9,1-10° K™ (20-1000
°C).
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VY nuokcuja TOpHs B 3aBUCMMOCTH OT CIOCO0a MOJydYEeHHUS MOXKET OBbITh KaK
KpUcTajiinueckas, Tak u amoppuas ¢opma. Ilpu 350 °C B Bakyyme B pe3ysibrare
MPOKAJIMBAHUS THIPOKCUA TOPUS 00pa3yeTcs NUoKcua aMop@Hoi popMel. Jnokcus
TOPHSL KPUCTAIUTHYCCKOi (POPMBI, IOTHOCT KOTOPOTO MPHMEpHO paBHa 9,7 r/cm’,
MOXHO TIOJIYYUTh pa3jiokeHueM rujpokcuna npu temmeparype 1050 °C, a Taxke
pa3noKeHHeM OKcaljlaTa Wi HuTpaTta npu temneparype 750 °C.

XuMHYeCKasi ~aKTHMBHOCTb JHOKCHJA TOpHUS  OIpEAeNsieTcs] PeXKUMOM
TepMUUeckoi 00paboTku. JInokcua, ™OABEprHYTHIA cnabol MpoKajke Mpu
temneparype He mnpebimatonieit 600 °C, MoXeT ¢ J0CTaTOYHOM JIErKOCThIO
pacTBopATbCs B Kuciotax. OpHako, eciu MpoKalka JUOKCHIA MPOBOAWIACH IMpU
0oJiee BBICOKMX TeMIIepaTypax, TO paCTBOPUTh €ro CTaHOBUTCS cioxkHee. [Ipu 25 °C
pacTBOPUMOCTh B CEPHON KHUCJIOTE paBHA 2 MI/iI B OJHOHOPMAJILHOM pacTBOPE
H,SO,, B asornoii kucimore — 0,6 mr/n B omHoHopmanbHOoM pactBope HNOs3, B
coistHoit kucaore — 0,5 mr/n B omHonopmanbHoM pactBope HCI [2]. Taxe mpu
BBICOKOM TemmepaType TpaauLMOHHass oO0paboTka KOHLEHTpUpoBaHHOU HySO4
MOKET okazaThcs OesycmerntHoil. Bomubrit pactBop HNOg3, comepxkamuii 0,01-0,05

MOJIB/JT TTaBUKOBOU KucnoThl HF, yacto mpumensiercs st pactBopenus ThO,.

1.1.2 HutpaTtsl TOpusi

Hutpar Ttopust sBisiercss camoil u3BecTHOM ero conbio. OHa 00pazyeT
KPUCTAJIOTUPAThI, KOTOpble conepkar a0 12 momnekyn Boasl. OT cmocoba
BBICYIIMBAHUS HUTPATa U YCJIOBUH €0 BBIJAEICHUS 3aBUCUT YKCIIO MOJIEKYJI BOJIBI.
CoctaB paBHOBecHOU TBepaol ¢asbl HuTpara umeet Bux | N(NO3),-5H,0, koTopsrii
cooTBeTcTBYeT WHTepBany KoHieHTpamuii HNOj3; 1-54% [2]. [lenrtarmapar
MpeAcTaBisieT coOOW OOJblIME MPO3pavyHble KPUCTAIIbI, 00pa30BaBIIHMECS ITyTEM
KPpUCTAJIM3AllMM W3 a30THOKHCIOro pacTtBopa. Takke €eCTb BO3MOXHOCTb
0o0pa30BaHus MOXOKUX KPUCTALIOB, HO HETPO3PAYHBIX. ITO MPOUCXOTUT B CIyUae,
koraa kouneHntparus HNO3 B pacTBope, 13 KOTOPOTO MPOBOAUTCS KPUCTATITH3AIINS,
MeHee 1 % (Hampumep, Boja).
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Beicka3piBatoTcsi mpeanoniokeHus [2] o cymecTBOBaHUM KpPUCTAJUIOTHIpATA
Th(NO3)4-5,5H,0. HarpeBanue xkpucramuioruapara jgo temmeparyp 125-150 °C
OpPUBOAUT K OOpa3OBaHMIO OCHOBHOM CONM C  XHMHYECKUM  COCTABOM
ThO(NO3),°0,5H,0. UYwcTelii JUOKCHI TOpHS MOJYYaeTCs MPH JajbHEHIIEeM
HarpeBaHuu 10 Temneparypsl 360 °C.

Hutpar Topuss Th(NO;3); Xxopomio pacTBopseTcsi B  OpPraHUYECKHX
pacTBOPUTENSAX. TMPOCThIE U CJIOXHBIE JPUPHI, KETOH, CHUpTh. CylecTByeT
BO3MOKHOCTh TPOBEJCHUS TOHKOW OYUCTKH COJIEW TOpHsSl OT PEIKO3eMEIbHBIX
DJIIEMEHTOB M3 BOJHBIX PAaCTBOPOB METOJOM OKCTPAKIMHU, TaK KaK PEIKHE 3eMITH
KOHIICHTPUPYIOTCS B BOJIHOH (a3ze.

Hutpar Ttopus mnpenctaBiser co0oii OeclBETHbIE KPUCTAIUIBI, CIIOCOOHBIC
pacTBOPSITHCS B BOJIE ¢ 00pa3oBaHUEM KpucTauoruapara. MoJsipHas Macca HUTpaTa
cocrasmsier 480,05 r/Moub, mIoTHOCTH 2,80 r/cM’. CormacHo [3] HETpaT TOpHs HMeeT
CJIeAYIOIINE 3HaUYECHUsI PACTBOPUMOCTH B Bojie (Tabiuia 1).

Ta6auma 1 — PactBopumocts Th(NO3), B Boje

t, °C PactBopumocts, /100 r
-1,5 9,9
-4,0 25,0
-6,0 49,2
-9,0 69,5
-15,0 91,2
-25 125,7
-43,5 177,8
-22 179,3
0 185,7
10 187,3
20 190,7

1.2 CBoiicTBa ILIyTOHMSI M €r0 COeIMHEHU

[InyToHnii mpexacTtaBusiercss coOOW MeTalll € SIPKUM  cepeOpucTo-0eabimM
nBeToM. TemrepaTypa miaBieHust paBaa 639,5 °C, remneparypa kunenus — 3235 °C.

HaxosxxeHue B onpeaeacHHON MOIU(pUKAIIUY BIMSET Ha MHOTHE CBOKWCTBA METaJlIa.
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3
3HaueHus1 IJIOTHOCTU IUTYTOHMS M3MEHSIOTCA B AuanazoHe ot 19,8 mo 16 r/em’.
AnnoTpornHbeie MOIU(PUKAMY TUTYTOHUS IPEACTABIICHBI B TabauLe 2.

Tabauma 2 — AjoTponHble MOIU(GUKAMNA METATNYECKOTO TUTYyTOHHUS [4]

Temneparypa PazHoBUIHOCTH
IInoTHOCTS, .
Monuduxanus e ¢dazoBoro KPUCTAJTUYECKOU
nepexona, °C pELIeTKH
a’ 19.8 122 [IpumuTHBHAA
MOHOKJIMHHAS
8 177 207 00bEMHOIICHTPUPOBAHHAS
MOHOKJIMHHAS
y 171 315 IpaHeIeHTPUPOBAHHAS
opTopoMOnUecKas
o 15,9 457 'K
5 16.0 470 00bEMHOIICHTPUPOBAHHAS
TeTparoHaJibHas
€ 16,5 639,5 OLK

239
Cormacio [2] w3orom Pu UMEET CIIeNyIoIHNe sAIepHO-PU3NIECKHEe
napamMeTpel i TEIUIOBOM oOyiactu  3Heprum  HelTpoHnoB E=0,0252 »3B:

MHKpOcedeHue Jesenus (of) — 74213 6, muxpoceuenue 3axpara (o) — 27143 0,
MHKpOCEUY€EHHE TIornomenus (o, = of + o.) — 101314 6, cpennee uncno HEHTPOHOB

Ha oaHO nenenue (v) — 2,88+0,009, cpenHee YMCI0 HEUTPOHOB HA OJTHO MOTJIONICHHE
(V59) — 2,10940,007. Jinst nzotona Pu**': 0,=1007+7 6, 0,=368+8 6, 0,=137549 6,
v=2,93610,012, v,4= 2,149+0,014.

1.2.1 Inokcux nJayTOHUsA

[TnyTonmit obpasyer cnenyromue okcuasl. PuO, Pu,0O; m PuO,. Opnnaxo,
nuokcun TurytoHus PuQ; siBnsercs Hanbonee BaXXHBIM OKCUAOM IUTyTOHMS. J{nokcun
IUTyTOHHSI UCIOJb3yeTcsl B cMemaHHOM okcuJHoM (MOX) ToruBe ais sSiIEPHBIX
peaktopoB. Croco6 momydenust PUO; oka3piBaeT BIWMSHHE Ha IBET JAHOKCHUA,
KOTOPBIM MOXET ObITh KOPHUUYHEBBIM WJIM JKEITO-3€JEHbIM. Temneparypa IMaBJICHHs
nunokcuaa 2400 °C, mnotHOCTh paBHa 11,46 r/eM®, THI KPUCTAJUIMYECKOW PEIIECTKA —
'K [4].
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ITpu Temneparypax Bbie 1500 °C B BBICOKOM BakyyMme (JaBiI€HHE COCTABIISIET
10°° mm PT.CT.) TMOKCHJI IUTYTOHHUS pa3jiaraeTcs 0 MoayTopHoro okcuaa PuyOs.

Jluokcua  MIyTOHUSA, NOJOOHO  JUOKCHIAM TOpUS W ypaHa, He
BOCCTaHAaBJIMBAETCA JIO MeETaula BOAOPOAOM. B ropsuux KHUCIOTaX JIHOKCH]
pacTBopseTca ¢ TpylaoM. JIMOKCHIl TUIyTOHUS, TOJBEPKEHHBIM MPOKATUBAHUIO MPU
temreparype npessimaronieii 500 °C, cTaHOBUTBhCS XMMHUYECKU 00Jiee€ MHEPTHBIM U
MPaKTUYECKU HE pacTBopsieTcss B kuciorax. [Ipu temmepatype 200 °C 85-100 %

oprodochopHas KucaoTa SBIASETCS OJHUM U3 JTYUIIUX PACTBOPUTEIICH.

1.3 TonauBo A5l «CAKUTAHUSD» TTYTOHHUS

s Boennbix neneit B CCCP u CIHIA Obimo mpousBeneno 6osiee 250 TOHH
OpYKEHHOTO TUIYTOHUS, cofiepxariero npuMmepao 93 % Pu®®. Yacts s10r0 TUTYTOHMS
B rocsiegHee BpeMs Oblna mpuszHaHa u3obirouHoi: CIIIA u Poccust qoroBopmiince ero
yTHIN3UpoBaTh [6]. KpoMe Toro, u3 siiepHbIX pEakTOPOB €KETOJHO BBITPYKAIOT J0
10 ThIC. TOHH OTpaboTaHHOTO simepHoro ToruBa. K 2020 roay ero Hakornutcs 10 450
ThIC. TOHH [7]. 13 Haumbosiee pacmpoCTpaHEHHOTO BOJ0-BOASHOTO peakropa LWR
MOIIHOCTBIO 1 I'BT 311. €XKeroHo BRITpYy»KaeTcsi 0KoJIO 23 TOHH aKTUHHIIOB, a 32 CPOK
cyxO0bl peaktopa (~ 40 ner) mx HakammBaeTcss npumepHo 900 Tomn [8]. B
oTpabOTaHHOM siIepHOM ToIuBe octaetcs 97% Tsokenvix MmertamwioB (U, Pu),
IPUTOIHBIX JIJIS TOBTOPHOTO HCIHONb30BaHUsA [5]. OmgHa TOHHAa OOIYyYEHHOTO
AJIEPHOTO TOIUTMBA cO cpeaHuM Beiropanuem 40 I'Bt-cyT./T comepxutr O0Koi0

2510 kr mIyToHuss u 1,5 kr npyrux

YETBEPTU NEPBOHAYAIBHOIO KoiuuectBa U
TPAHCYPAHOBBIX 3JIEMEHTOB, B OCHOBHOM HENTYHUs, aMEpULIUS W KIOpUsd, U
3HAYUTEIBHOE KOJIUYECTBO JOJITOKUBYIIUX HYKIINJIOB.

[Ipo6nema w30BITKA TUTYTOHUS W HAKOIJICHUS BBICOKOAKTHUBHBIX OTXOJOB
SAEPHBIX  PEAKTOPOB  CBsS3aHAa TaKXe C IOTEHUHAJIbHBIMH  OMACHOCTSIMH
pacpoCTpaHECHUS SACPHOTO OPYKHS U IKOJIOTHIECKON 0€30MaCHOCTHIO.

[Ipeanonaranock, 4YTO MporpaMma pa3BUTHUSL PEAKTOPOB Ha OBICTPHIX

HEUTPOHAX MO3BOJUT PEUIUTh MPOOJIEMY JIMIIIHETO ILTyTOHUS, HO B HACTOSIIIIEE BpeMs
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3Ta MporpaMma He BbINOJHEHa. MHorue peakTopbl Ha ObICTpbiX HeWTpoHax (BH)
OCTaHOBJIEHBI, B Halllel cTpaHe paboTaeT ToibKko oauH peakTop BH-600.

Jpyroii myTh CHM)KEHHS 3alacoB IUTYTOHMS 3aKJIIOYAETCS B HCHOJIb30BAHUHU
perenepupoBaHHoOro Pu B peaktopax LWR B BHzie cMeCH OKCHAOB YpaHa U IITyTOHHUS
(MOX-tormmuBo). OHAKO JaKke IpHU MAaCCOBOM IEPeXo/ie Ha TaKoe TOILIMBO 3ajaya
COKpaIIEHHUs 3aMacoB IUIYTOHUS HE PelIaeTcs, TaK Kak nepepadoTka Pu”® B LWR, B
TOM YHCJIE U C YACTUYHOW 3arpy3Koil akTMBHOW 30HBI peakTopoB MOX-TOmnuBowM,
COIPOBOX/IaeTCs HAKOIUIEHHEM TuTyToHus [8, 9].

B cBsi3u ¢ 3TUM B psiie CTpaH MPOBOASTCS MCCIENOBaHUS IO pa3paboTke
TOIUIMBA SAJIEPHBIX PEAKTOPOB HA OCHOBE IUTyTOHUS B BHUJAE JUCIEPCUOHHOU
KOMIIO3MIIMK ¢ Oe3ypaHoBoi (MHepTHOM) MaTtpuieh (Inert Matrix Fuel — IMF) [10].
3HauuTeNBHBIM HMHTEpec K pa3paborke TormnuBa IMF, Hapsany ¢ ymeHbIIEHUEM
3aracoB IUTYTOHHUS, BbI3BAH U BO3MOKHOCTBIO MOJYYEHUSI OTPaOOTaHHOTO SIACPHOTO
TOIUIMBA, MPEIHA3HAYCHHOTO ISl 3aXOPOHEHMSI ¢ HE3HAYUTENIBHBIM COJIEpKAHUEM
aKTUHUJIOB U JIOCTHKEHUEM OoJiee TITyOOKOr0 BHITOPAHUSI.

OcHoBHO uHTEepec npu pazpaborke TorumBa IMF kacaeTcst qucnepcroHHBIX
KOMITO3UIMK KepaMHKa-MeTaJll (cer-met), KepaMHYEeCKUX TBEPABIX pacTBOpoB (Me,
Pu)O,, xoMmo3uiuii KepaMuka-KkepaMuka (cer-cer) U KOMIO3MIMHA MeTaJlI-MeTaJll

(met-met).

1.4 OcHoBHBbIE TPeOOBAHUS K MAaTepHaJaM MATPHUUbI JUCIEPCHOHHOIO

AJEPHOro TOIVINBA

OIHMM U3 KOMIIOHEHTOB JUCTEPCHOHHOW TOIUIMBHOW KOMITO3HUIIUM SIBJISCTCS
HeNemsAmuicss  maTepuan  (MaTpuiia), KOTOPBI  OOECIeUYMBAET  BBICOKYIO
paaUaIMOHHYI0 CTOMKOCTh TAKOTO THUIA S/ICPHOTO TOTUIMBA.

B nepByto ouepenp Matepuan MaTpUIlbl JOJDKEH UMETh HAUMEHbIIIEe 3HAaUCHUE
MONIEPEYHOT0 CEUYEHHUS IOTJIONIEHUS TEIUIoBeIX HelTpoHoB [1, 5, 11-13]. Takxke
MaTepuaa MaTPUIIbl IOJKEH YIOBJIETBOPATH CIACAYIONIUM TPEOOBAHUSIM

® UMETh BBICOKYIO TEMIIEPATYPY IJIABICHUS,

24



® €ro TeMIONPOBOJHOCTH JIOJKHA OBITH XOPOILIEH;

e OBITh COBMECTUMBIM C TOIUIMBHOW KOMIIO3ULMEN U MATEPUATIOM O0O0JIOUKHU;

® He NoABeprarbcs (pazoBbIM MNPEBPALIEHUSM B IMANA30HE padOUnX TEMIIEPATYp;
e 001a1aTh BBICOKUMH MEXaHUYECKUMH CBOMCTBAMU;

® OBbITh YCTOMYMBBIM B YCIOBUSX PEAKTOPHOTO 0OTyUYEHUSI.

Kpome TOro, marepman Marpunbl JTOJKEH COXPAHATH CBOM CBOMCTBA B
YCIIOBUSX JIMTEIBHOTO 3aXOPOHEHUS IPU OTKPHITOM TOIUIMBHOM LMKJIE M XOPOLIO
pacTBOPATBCS B A30THOM KHUCJIOTE€ MNPHU 3aMKHYTOM TOIUIMBHOM Iukie. [lpu
pa3paboTKe TOIUIMBA, MPEIHA3HAUEHHOTO ISl «COKUTaHMs» TUTYTOHUS, Yallle BCEro B
KaueCTBE MATEPUAJIOB MATPHULBI, HCIOJB3YIOTCA KEpaMHUYECKHE MaTepuajbl B

OCHOBHOM OKCHJIHOI'O THIIA.

1.4.1 MaTtepuaj MHEPTHOMH MATPHUIILI HA OCHOBE OKCH/Aa MATHUS

Cornacuo [14] momepeuHoe ceYeHHUE MOTJIOMICHHUS TEIUIOBBIX HEHTPOHOB Y

26 2
marauss paBHo 7,010 cm”.

DTO 3HAYUT, 4YTO JaHHBIA Martepual He Oyner
MOTJIONIaTh HEUTPOHBI B TOW CTENEHM, YTOOBI MOMEIIaTh TpeOyeMol IKCITyaTalluu
JTMCTIEPCUOHHOTO SIIEPHOT0 TOIUIMBA C MAaTPUIIEH B BUJIE OKCHJIa MarHusl.

B Tabmuie 3 mpuBeneHbl (U3MKO-MEXaHHYECKHE CBOMCTBA OKCHAA MAarHHS.
JlaHHbIE O TIOBEICHMHM MaTepuajia MaTPHIlbl B KOHTaKTe C OOOJIOYKOW, BOJOW M
a30THOM KHCJIOTOH IMOKa3aHbl B Tadmure 4.

TemnepaTypa miaBiaeHHUs OKcuaa MarHus coctaBisgeT 2827 °C, yto sBIgeTCS
XOpOIIIMM TTOKa3aTejaeM, TaK KaK JaHHBIM mapamMeTp OYeHb OJIM30K K TeMIepaType

TUTABJICHUS JTHOKCHa ypaHa [15].

Ta6mwma 3 — OcHoBHBIE (U3NKO-MexaHndeckue cBoiicta MgO [14]

CaoiicTBa:

Temnepatypa miuasnenus, °C 2827
JlaBneHue mapa, MM pT. CT ~10" (1727 °C)
TemmonpoBogHoCTH, BT/(M-K) 20,0 (500 °0);

5,0 (2000 °C)

Monyns HOpmanbsHOUM ympyroctun E, | 295,20-219,68
I'Tla (298-1573 K)
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[Iponomxenue Tabnuub 3

Mopyns cnpura G, I'Tla 113,76-35,31
(573-1673 K)

Koapdumuent Ilyaccona 0,36-0,47
(298-1373 K)

Tabauma 4 — CoBMeCTUMOCTD OKcHa Maruus [16]

KoHTakTHOE BemecTBo Xapakrep B3aUMOJECHCTBUS
CoBMecTUM TpU TEMIEPATYPE HIKE
Kene3o (obomouka TBIIA) P o patyp
1100 °C
Bona OO0pa3oBaHue ruIpPOKCHIA
HNO; PacTBOopeHME C HEBBICOKOW CKOPOCTHIO

[Tpou3BOACTBO OKCHIA MATHUS MOKHO pa3/eliuTh Ha JIBa CIIOco0a: «CyXon» H
«MOKpBIi». K TepBOMy OTHOCHUTCS TPOU3BOJICTBA M3 MarHe3nTa, a KO BTOPOMY
IPOU3BOJCTBO OKCHJA MarHus U3 xjopuaa wmaraus (Oumodurta), KOTOpPHIC
peanu3oBaHbl B NMPOMBIIUIEHHOM MaciinTadbe B Poccuiickoit @enepainuu. ChIpbeBbIC
MaTEepHAIIbI JUIsl «CYXOTO» CItoco0a MPOU3BOACTBA MarHe3un JAOOBIBAIOT B OTKPBITHIX
Kapbepax WIM B MOA3EMHBIX maxtax. [locine noObuM KyCcKHM MarHe3uTa U3Meab4yaroT
U TPOU3BOJAT MEPBUYHYIO 00pabOTKY, JJIS 3TOTO MCHOJB3YIOT 000pYyJOBaHUE JIA
apoOnenuss U (pakUMOHUPOBaHUS. J[JIs MOATOTOBKM MarHe3WTa WCIOJIb3YIOT
TSOKENBIA TiaM. Tak Kak B ChIpb€ MOTYT OBITh pa3iu4Hble MPUMECH, €T0
npoMbIBalOT. Takke, 4TOObl HM30aBUTHCA OT COCAMHEHHM jKele3a, MPUMEHSIOT

MAarHMTHYO CENapaLuIo.

1.5 PeakTop BBOP ¢ Tommmusom PuO,—ThO,

B pabote [17] B kadecTBe mpmmMmepa paccMoTpeH peaktop BBDP-1000 ¢
tormBoM (Th, Pu)O, Ha ocHOBe opyxeitHOro IuTyTOHUSA. [IpUHUMANOCH, YTO
wrytonuii-topueBsie TBC wmcrnonb3ytorcss B 1/3 akTHBHOW 30HBL. Bce OCHOBHBIC
XapakTepucTuku o0biyHOrOo BBOP coxpaHsanuch, 3a HCKIIOYEHHEM TOTO, YTO
HampapiAONIMe  TpyObl  MBJ0B  CUCTEMbl  YOpPABIEHUS W 3alllUThl U
aUCcTaHuuoHupyomme pemerkn TBC npuHMManuch LUPKOHMEBBIMH, a HE
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cranbHpiMU. BBOP-1000 ¢ Takoi 3arpy3koi aKTMBHOW 30HBI €XETOJHO PACXOAYET
355 Kr OpyXeWHOro IUTYyTOHHUS, B TO BpEMs KaK PEaKTop ¢ 3arpy3koil 1/3 30HBI
CMEIIaHHbIM YpaH-TUIyTOHUEBBIM TOmIMBOM — Bcero 270 kr. Ilocne BbIrpy3ku
toruBa BbiropanueM 40 MBt-cyr/kr B TBC ¢ miyronumem ocraercs 1/3 ero
NEPBOHAYAIILHOTO Kon4yecTBa. B cocraBe miuytonuss B Beirpyxkaembix TBC (Th,
Pu)O, 6yxer meree 30 % “°Pu. TakuM 0Gpa3oM, yxe MOCIE OJHOTO UK PAGOTHI B
TaKOM PEaKTOPE BECh 3arPY>KEHHBIN IUIyTOHUN yTPAYUBAECT OPYKEMHOIO Ka4y€eCTBO.

BapuanT peakropa ¢ mosiHo#t 3arpyskoit (Pu, Th)O, morpebisier exeromHo
1220 kr opyXeHHOTO IUIYTOHUSA, PEAKTOP C YaCTUYHOM 3arpy3kod — 354 Kr Takoro
iyToHus. Exeronnple OanaHChl MEXIY BBITPY’KaeMbIM U 3arpyxkaembiM Pu
coCTaBISIIOT —758 u —88 Kr, cOOTBETCTBEHHO. C ATOM TOYKU 3PEHUSI PEAKTOpP C
nojHoi 3arpy3koit (Pu, Th)O,-rorunBa siBisieTcst 3 (eKTHBHBIM BhIXKHraTeeM Pu.

Peakrop ¢ uactuuno# 3arpyskoii TormBoMm (Pu, Th)O, yMmeHbIaeT 3amacsl
IUIyTOHWS, B TO BpeMs Kak peakTop ¢ wyactuyHod 3arpyskoit (Pu, U)O,
nepepabaTeiBacT OpyXeWHbII PU B »HepreTMueckuii, HE YyMEHbIIas HX IO
KoJm4yecTBy. BhIrpyxeHHblii PU u3 peakropoB ¢ Th comepXHT CYIIECTBEHHO
MEHBIIEe KOJTHIECTBO ~>"PU, 10 CPABHEHHIO ¢ OTPAGOTABIIAM TOILTMBOM IITATHOTO
peakTopa u peaktopoB ¢ (Pu, U)O,-torumsowm [17].

OneHKu XapaKTepUCTHK O€30MaCHOCTH peakTopa IMOKa3blBaIOT HEOONIbIIYIO
pa3Hully, IO CPaBHEHHUIO C OOBIYHBIM CMEIIAHHBIM YPAaH-TITyTOHHUEBBIM TOILJIUBOM,
npu TOH ke cxeMme 3arpy3ku. /st koMmneHcanuu 3pPeKToB peakKTUBHOCTH FOJIUTCS Ta
K€ CHCTeMa CTEp)KHEH, KOTopasi HMMeEEeTCsS B MCXOJHOM pEaKTOpe C YpPaHOBBIM

TOIINIMBOM.

1.6 MeToabl MOTy4YeHHs] HAHOMOPOIIKOB: JOCTOMHCTBA U HEJOCTATKH

1.6.1 3oab-renb MeTO

30J1b-T€Nb TMPOIIECC TMPEACTABISAET COOOM TEXHOIOTHIO MTOTYUYSHHS JUCTIEPCHBIX
YacTHUI[ ¢ MpeoOpa3oBaHUEM KOJUJIOMJIHOM CHUCTEMbl Ha OJHOM M3 CTaJMil mpoliecca.

10T MCTOA HCIIOJB3YCTCA A4 H3rOTOBJIICHHUA OKCHIOB MCTAJLIIOB, 0CcOOEHHO
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okcunoB kpemHusi (Si) u tutana (Ti). Ilpouecc BkiIrouaeT B cels MpeBpaileHHe
MOHOMEPOB B KOJUIOMJHBIH pacTBOp — 30Jb (CTaOWiIbHAas B3BECh KOJUIOMIHBIX
YacTUIl, PABHOMEPHO PACHPE/ICICHHBIX B KUJIKOCTH). Takxe 30Jib BHIMIOIHSIET POJIb
MpeAIIeCTBeHHUKAa i1 reis. [enb  TpeacTaBiasieT MOPUCTYI0 TPEXMEPHYIO
HETMPEPBHIBHYIO KUJKYIO (pa3y, KOTopas OKpyXaeT U MOAJACPKUBACT HENPEPHIBHYIO
dazy xuakoctu. YacTo oOpa3zyeTcss KOBaJCHTHBIMU CBSI3SIMU MEXK]Y 30JI5IMHU YaCTHUII

[18]. O6pa3zoBanue reins U3 KOUIOMIHOTO pacTBOPa MPEICTABICHO Ha PUCYHKE 1.

Pucynoxk 1 — IIponecc o6pa3oBanus reis U3 KOJUIOMIHOTO pacTBOpa

«3051b» (KOJUTOMAHBIA PAcTBOP), IMOCTEIICHHO IEPEXOJUT B rejcoOpa3HyIo
IByX(}a3Hyl0 CHCTEMY, B KOTOPOH MPUCYTCTBYET >KUIKas U TBepaas Qasbl.
Mopdonorus nByxda3Hoi CUCTEMBbI MEHSAETCS OT JUCKPETHBIX YACTHI] 0 CIIOIIHBIX
noJMuMepHbIX ceTeil. OObeMHast 1015 YaCTHll, B Cliydae KOJUIOUIa, MOKET TPUHUMATh
HACTOJBKO HM3KO€ 3HA4YeHHE, YTO IS yIydlleHus TreacoOpa3HbIX CBOMCTB
OPUXOJIUTCA YIAIATh 3HAYUTEIBHOE KOJUYECTBO JKUAKOCTH. IlomoOHbIii 3ddekT
MOET OBITh JOCTUTHYT pa3HbIMH criocoOamu. CaMblil TPOCTOM METOJl COCTOWT B
TOM, 9YTOOBI JaTh YacTUIAM AHCHEPCHOW (pa3bl, HAXONAIIMMCS IO/ BIUSHUEM
[EHTPOOESKHBIX CHJI WIU TPABUTAIMOHHOTO TOJIA, OCECTh B KHAKOCTH WIIU Tas3e, a
3aTeM CJIUTh OCTaBIIYIOCS XHUAKOCTh. [l yckopeHus mporiecca paszzaeneHus (a3
TaK)Ke€ MOYKHO MCIIOJI30BATh IIEHTPU(PYTUPOBAHUE.

st ymanmeHus ocTaBIIeicss >KUIKoW (a3el TpeOyeTcss MpOoIecc CYIIKH,
KOTOPBIN OOBIYHO CIMOCOOCTBYET 3HAYMTEIHHOW YCaJKe W YIUIOTHEHHUIO YAaCTHIL.
CKOpOCTh yJaleHHs paCTBOPUTEINS OMPEEISIET IIOPUCTOCTD TEIIs.

JInst ynydmieHus CTPYKTYPHOW CTaOWJIBHOCTH M TOJJCPKKE ajJbHEHIIEero

mpolecca MOJUKOHCHCAIMM Heo0XoauMa TepMHuecKas o0pa®oTka (MM Iporecc
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o0xwura). 3a CYET 3TOr0 MPOUCXOJUT OKOHUYATEIBHOE CIIEKaHUs, YIUIOTHEHUE U POCT
3epHa.

OaHuM 13 TPEeUMYIIECTB MCIOJIb30BaHMS 3TOM TEXHOJOTHUHU MO CPABHEHMIO C
Oonee TPaAUIIMOHHBIMHU METOJAMU TIOJYYEHHMsS] HAHOYACTHI[ SIBJISETCA TO, YTO
YIUIOTHEHUE JTOCTUraeTcs MpH ropasno 0ojee HU3KOM TeMIiepaType, YeM B JIPYTrux
MeTo 108 [19].

[lo TexHomoruu 3051b MOXET OBbITh JHOO HAHECEH Ha MOMJIOXKKY IS
(dopMUpOBaHUS IUIEHKH, MOMEIIEH B MOAXOISUINN KOHTeWHep TpeOyeMol (opMbl
(HampuMep, s TOJYyYEHHUS MOHOJUTHOM KEpaMHUKH, CTEKOJ, BOJIOKOH, MEMOpaH,
asporesieil) M HCIOIB30BATHCA ISl CHUHTE3a MOPOILKOB (Hampumep, Mukpocdep,
HaHocdep).

Bo3MOXHOCTH anbHEHIIero pa3BUTHs 30J1b-TeJb Mpoliecca MPEeACTaBICHbl Ha

pUCYHKE 2.

Pacreop
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PucyHok 2 — Bo3M0XHOCTH JaJIbHEMIIETO Pa3BUTHUS 30JIb-T€Ib MPOIEcca

307b-TeNb MPOLIECC SIBIAETCS JEUIEBBIM U HU3KOTEMIEPATypHBIM METOJIOM,
KOTOPBIM TMO3BOJISIET TOYHO KOHTPOJMPOBATH XMMUUYECKUW COCTaB MpoaykTa. Jlaxe
HEOOJBIITNE KOJMYECTBA JICTUPYIOIIMX NPHUMECEH, TaKuX KaK OpraHUYEeCKHe
KpacUTEIIl U PEIKO3EMEJIbHbIE JJIEMEHThI, MOTYT ObITb BBEJIEHBI B 30]Ib U B
pe3yNbTaTe PaBHOMEPHO AUCTIEPTUPOBAHBI B KOHEYHOM TpOAyKTe. OH MOXET OBITH
MCIIOJIb30BaH Mpu 00pabOTKe U MPOU3BOJICTBE KEPAMHUKHU B KaUeCTBE Marepuasia aJis
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JUTHS TI0 BBIIABISIEMBIM MOJIEISM WM B KauyeCTBE CPEICTBA IS TPOU3BOJCTBA
OYeHb TOHKHX TUICHOK OKCHJIOB METa/UIOB Pa3IUYHOTO0 Ha3HA4YCHHSA. Matepuabl,
MOJIYYCHHBIE W3 30JIb-TEJsl, WMCIOT INMUPOKUN CIIEKTp TNPHUMCHCHHS B ONTHKE,
DIIGKTPOHMKE, JSHEPreTHUKe, KOCMOce, OHWoceHcopaxX, MeauluHe (Hampumep,
KOHTPOJIMPYEMOE BHICBOOOXKICHUE JIEKAPCTBEHHOTO CPEJICTBA), XpoMaTorpaduu.

HNHTepec kK paHHOMY METOAY MOXHO MpOCIHeIuTh enie B cepeaune 1800-x
rOJI0B, KOT/Ia OBLJIO OOHAPYXKEHO, YTO THAPOJIA3 TETPAITUIOPTOCHIIMKATA B KHUCIBIX
YCIIOBUSX MPUBOJIUT K 00pa3oBanuio SiO, B BUAC BOJIOKOH U MOHOJIMTOB.

Cxema ToJTy4eHHUs] HAHOTIOPOIIIKOB € MTOMOIIBIO 30J1b-T€JIb METO/Ia, HAYMHAS OT
MOJIYYCHHSI UCXOIHBIX PACTBOPOB M 3aKaHUYWBAs CIICKAHUEM 3aroTOBKH, OIKMCaHA Ha

pucyske 3 [20].

Hoﬂyqem{e pacTBOPOB HCXOJHBIX BELIECTB

|

l'[onyquMe 3014 (I'H,ElpOJ'[HS COJIEH MW aNKOKCHII0B, OCakICHHE)

l

l'lepeson 3014 B I'€lb (cymka, HCIIOJIB30BAHHE CMELIHBAKIIHXCA
U HECMELITHBAKOIIUXCA OPraHH4YeCKHX KHAKOCTEIH)

yd N

DopMHPOBAHHE 3aTOTOBKH CyIlKa rpaHyJ reJis
l TepmooOpadoTka rpanyn
Cy1ka ¢ HCTIONB30BaHHEM

XHMHYECKHUX PEareHTOB, \li

KOHTPOIHPYIOLHX CYLIKA DopMHPOBEHHE 3aTOTOBKH
CyIka 3aroToBKH
CriekaHne 3aroTOBKH y

CnexkaHue 3aroToBKH

Pucynoxk 3 — Drtanbl mojydeHHsI HAHOTIOPOIITKOB 30J1b-T€JIb METOI0M

1.6.2 I1.1a3MeHHBIH MeTOo/

[Ima3MeHHBIE TPOIECCHl MOTYT TPOTEKAaTh MPU aTMOCHEPHOM JaBICHUU H

HCIIOJIB30BATh JJICKTPOOHCPIuio, I10JIy4acMyr0 OT HMCTOYHHKOB IIOCTOAHHOIO,

MEPEMEHHOT0 TOKAa WJIM PaguoydacToTHOro uznydenus. Ha pucynke 4 mokasaHsl 1Ba
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pPa3TUYHBIX THIA YCTPOWCTB, TMPUMEHSIEMBIX IS CHHTE3a TMOPOIIKa C
HCIIOJIBb30BAHUEM 3JICKTPOIHEPTUH MIEPEMEHHOTO MJIH MOCTOSTHHOTO Toka [21].

B o0oux ciydasx murazma roput MEXIy ABYMS KOAKCHATBHBIMH JJICKTPOIAMHU.
BeigyBaeTcss W3 CHCTEMBI MOIIHBIM Ta30BBIM IIOTOKOM. OTOT Ta30BBIA ITOTOK
BEITIOJIHSACT JIBE OCHOBHBIC 3aJadyM: OH SIBJISCTCS MCTOYHMKOM Ta3a Ul TUIa3MbI
(u1azMoo0pa3yronuii ra3) U NpeaoTBpalllaeT IeperpeB JJIEKTpoaoB. B ciyuae
MOIIIHBIX CHCTEM MOXET TIOTpeOOBaThCS JOMOJHUTEIbHAS CHCTEMa BOJSHOTO

OXJIAXKIICHHUS.

iasma

. .//////A\\\\\\‘ . TpeKypcop

[MUTaHUe

NMUTAHUE

peKypcop

Pucynok 4 — JIBa Tuna nojgauu npexkypcopa B Ijiazmy

JIlBa ycTpoiicTBa IS CHHTE3a IIIa3Mbl HM300paKeHBl Ha pHCYHKEe 4, B
3aBUCUMOCTH OT MOJa4yd MpeKypcopa. B Takux cucTteMax MOTYT HUCIOJIb30BaThCS
TBEpJIble MPEKYPCOPHI (B BUJIE MOPOIIKA) WU KUJKUE (B BUIE pacTBopa). B cioydae
OCEBOI MOJIauu MPEKYpPCOpa, OH 3aCACBHIBAETCS B CUCTEMY KOAKCHUAJIbHBIM T'a30BbIM
notokoM. [logaua npekypcopa co CTOPOHbBI, HEMOCPEACTBEHHO B IJIa3MEHHOE IJ1aMs,
B OOJBIIMHCTBE CJIy4YaeB, MPUMEHSETCS TOJNBKO TPH TMOJYYCHUH JUCIEPCHBIX
nopowkoB. Temneparypa B mina3me kpaiiHe Bbicokas (Beimie 4000 K). Ilpu sToii
TEMIIEpaType BCE METAUIBl U OOJBITMHCTBO OKCHJIOB MCTIAPSIOTCS WIIH, IO KpaiHEeH
Mepe, pacmiaBistoTca. CrneqoBaTeabHO, MOCKOIBKY MPEKYpCcOp B 3HAUYUTEIBHOU
CTENEHU UCIMAPSAETCs, MPAKTUYECKU HE BO3HHUKAET MPOOJIEM C pa3MEPOM YaCTHUIl WU
Kanenb. B miuasme 4dacTHilbl ABMXKYTCS XAaOTHYHO M B HANpaBI€HUM MOTOKa rasa.

[TosToMy, Kak ¥ B JIFOOOM JIPYroM a’po30JbHOM IIPOIECCE, CYIIECTBYET BBICOKAs
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BEPOSITHOCTh CTOJIKHOBEHMSI YacTHI] U OOpa30BaHUs KJIACTEPOB WM arjoMepaToB.
BepositTHOCTh 00pa3oBaHMs arjioMepaToOB 3HAUUTENBHO CHUXKAETCS MPU OBICTPOM
OXJIaXJEHUN ras3a cpas3y IOCJ€E BBIXOJA U3 30HbI peakuu. [IpoekTnpoBKa 3TOM 30HBI
OXJIAXIEHUS UMEET PELIAIOIIee 3HAUEHUE [T Ka4yeCTBA NPOAYyKIMHU. OXnaXIaromun
ra3 BBOJMTCS B CUCTEMY PaJIMAIBHO WJIM AKCUAJIBHO MPOTUBOMOJIO0KHO HAMPABICHUIO
JIBWKEHHS IOTOKA. Pe3koe oxJtakIeHNe yaydlIaeT KaYeCTBO MPOAYKTA.

[locne cuHTE3a cinenyeT dTam rameHds Wind 3akainku. Kpome Toro, kpaiiHe
BXXHO PELHUPKYJIUPOBATh TeXHOJOTrHYeckui rasz. [Ipumepom, rie 3To HEOOXOIUMO,
SIBJISIETCSI CUHTE3 HUTPUAOB, TN€ JISI a30TUPOBAHUS HCIOJB3YIOTCS CMECH YUCTOIO
a30Ta WJIM a30T-aMMHaK, a B cllydae CHHTe3a KapOujaa Merajmia B OOJBIIMHCTBE
CIy4yaeB B KaueCTBE Tra3a-HOCHUTENSI HCHOJb3YEeTCS AaproH. 3a4acTyr SBISETCSA
HEJIOCTAaTKOM TO, YTO IJIA3MOTPOHBI IEPEMEHHOTO UJIU MOCTOSIHHOT'O TOKA CKJIOHHBI K
PEAPACIIONOKEHHOCTH  MPOU3BOACTBA  TOJBKO  CUJIBHO  arJIoOMEpUPOBAHHBIX
MOPOIIIKOB.

HuskoreMnepaTtypHbI€ M1a3MEHHBIE MTPOLECCHI BCET/1a CBA3aHbI C CHCTEMAaMU C
NOHMW)KEHHBIM J1aBJI€HUEM. B JaHHOM KOHTEKCTE HHU3KOTEMIIEpaTypHbIE CUCTEMBbI
ONPENEIAOTCS KaK CUCTEMBI, B KOTOPBIX UCIIONB3YIOTCS TemnepaTypbl Huxke 1000 K.
B »Tux cucremax mnuTaHue mojaercs JUOO OT pPaAHMOYacTOTHBIX, JUOO OT
BBICOKOYACTOTHBIX UCTOYHUKOB NMUTAHUS. DU3NKA UCIIOIB30BAHUS PAIMOYaCTOT WU
MUKPOBOJIH B HEKOTOPOW CTEMEHU OoTindaercs. YToObl MOHSTH BIUSHUE YACTOTHI,
HEOOXOIMMO U3YYHUTh NEpeiauy dHEPruu 3apsHKEHHBIM YacTHUIIAM B KOJIeOaTeTbHOM
anekTpuyeckoM mnone. Ilockonbky Macca 3JEKTPOHOB B HECKOJBKO ThICSY pa3
MEHBIIIE MAacChl MOHOB, JJIEKTPOHAM TEPEeaacTCsl B HECKOJBKO THICSY pa3 OoJiblie
SHEPrMH 10 CPABHEHUIO C DJHEpruer, nepenaBaeMor uoHaMm. Kpome Toro,
paanovyacToTHass CHUCTeMa paboTaeT € 4YacTOTaMH BIUIOTh JO METareproBOro
Jana3oHa; MHUKPOBOJIHOBBIE CHCTEMBI HAXOJATCS B JHWANA30HE THTrarepll.
CrnenoBarenbHO, B MUKPOBOJIHOBOI CHUCTEME 3HEpPrusi, nepenaBaeMasi 3apsyKeHHbIM
YacTUIaM, Ha IIECTb MOPSAKOB MEHbILE, YEM B PaJUOYaCTOTHOM CHUCTEME. ITO
OJIarompuATCTBYET HU3KOTEMIIEpATypHBIM cHUcTeMaM. B o0oux ciydasx 1urazma He

HaxXOIUTCA B TCIINIOBOM PABHOBCCHH, «TCMIICpATypa» OSJCKTPOHOB 3HAYUTCIBHO
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BbIIIE, YEM y HMOHOB WJIM HEWUTpalbHBIX YacTHll. TakuMm o0pa3oMm, «TemiepaTrypa
peakuumn» MpeacTaBiIsieT co0Oil cpeaHee 3HAUEHHE, ONPENEICHHOE Ha BBIXOJE W3
IUTa3MEHHOM 30HBI [22].

Curyanus B 1ja3Me MHAas: B HEM MPUCYTCTBYIOT CBOOOHbBIE AIEKTPOHBI, HOHBI,
JUCCOLIMMPOBAHHBI Tra3 W  MOJIEKYJBI-NIPEIUICCTBEHHUKH B JIONOJHEHUE K
HEUTpaJIbHBIM BUJaM Tra3a. [lo3ToMy CTOJKHOBEHUS MEXIY 3apsDKEHHBIMU U
HE3apsHKEHHBIMU — YacTUIIAMM  OTPaHUYMBAIOT  JUIMHY  CcBOOOJHOro  mpobera
3apsKEHHBIX YaCTHULl, YCKOPEHHBIX B AJIEKTPUUYECKOM MoJie. DTO BIUSET HA Neperavy
HHEPrUr YaCTHUIIAM.

B panuodacToTHBIX cUCTeMax H3-3a KOPOTKOHM UIMHBI CBOOOAHOro mpobera
AJIEKTPOHOB SHEPTHUs FJIEKTPOHOB HAXOAMUTCS B AMaNa3oHEe HECKOJIbKUX 3B, Torna kak
HHEPrus DJIEKTPOHOB B MHUKPOBOJHOBOM IUJIa3ME€ HAXOJUTCS B Juana3oHe KiIB.
DJNEKTPOHBI C SHEPTHE BCEro HECKOJIBKO 3B MOTryT mpucOoeAuHATHCS K TOBEPXHOCTH
YaCTHII, 3TO OTJIMYAETCS B CIIy4ae AJIEKTPOHOB, OOTaThIX dHEPIHEH, MOCKOJIbKY OHU
MOHU3HUPYIOT dacTulbl. [loaToMy B paaMo4yacTOTHBIX CHCTEMAax y4YacTBYIOT
OTPULIATENIBHO 3apsKEHHBIE YACTHUI[bI, TOTAA KaK AJEKTPUUYECKUHN 3aps]l 4acTUIl B
MUKpPOBOJIHOBBIX CHCTeMax TOJIOKUTENbHBIA. B o00oux ciayyasx B Xopoliem
NpUOTMKEHUH DJIEKTPUYECKUN 3apsi/i YaCTHI] JIMHEWMHO BO3PACTaeT C YBEIUYCHUEM
auametpa dyactuil [21]. VYBenuyeHue 3apsaa  4yacTHI[ C  YBEJIMYHBAIOIIMMCS
IUaMETPOM HMEET CEpPbE3HbIE TIOCIEACTBUS [Ji1 MPOLECCOB KOATryJSLMU H
arjioMepaluu 4Yactull. YacTuibl C OJUHAKOBBIMHU 3JEKTPHUUYECKUMH 3apsaamMu
OTTAJIKUBAIOTCA Jpyr OT aApyra. llockonpKy 3apsig 4acTHll YBEJIMYHMBAETCA C
YBEJIMYCHUEM JUaMeTpa YacTHIl, YACTHIbl C OOJBIIMMHU JHAMETPaMU OTTAJIKHBAIOT
Apyr Apyra 0oJjblle, YeM YacTULbl ¢ MEHBIIMMU JUaMeTpaMu. DTO OTPAaHUYUBACT
oOpa3oBaHue Oojiee KpYNHBIX 4YacTHIl M o0Opa3oBaHue arjiomepaToB. MHbIMEU
CJIOBaMHM, B XOPOLIO CIIPOCKTUPOBAHHON HU3KOTEMIEPATYPHOU IUIA3MEHHOUN CUCTEME
JUIsL CUHTE3a HAHOYACTHUII, MOJYYaroT YacTHIbl C Y3KHM CIEKTPOM paclpeIeiaeHus

pa3MepoB YACTHII.
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2 PacueTHas 4acTh
2.1 Pacyer moka3artejieli TOPIOYeCTH BOJHO-OPTraHUYECKHUX HHUTPATHBIX

PacTBOpPOB

XKunkue KOMIO3UIUY, 3HAYCHHS] HHU3IIUX TEIUIOTBOPHBIX CIIOCOOHOCTEH
KOTOPBIX cocTaBisieT He MeHee 8,4 MJx/kr, sBistoTcs roprounmu [23].
Jus  onpeneneHuss  HU3IIEH — TEIIOTBOpHOM  cmocoObHoctn  BOHP

UCII0JIb30BAJIOCHh YpaBHEHUE [24]:

p _ (100-W-4)-Q§  25W
Qu = 100 100 ’ (2)

TAc Qg— HHU3OIasd TCIUIOTBOpPHAA CIIOCOOHOCTh roproucro KOMIIOHCHTA B

coctae BOHP, MIx/kr; A u W — conepkanre HETOprOYrX BEIEeCTB U BOAbI, %0; 2,5
— KO3 QUIMEHT ydeTa CKPBITON TeII0Thl ucnaperus Boabl pu °C, MJIx/kr [24].

B Tabnuie 5 mpuBeaeHbI 3HAYCHHUS HU3IIEH TEILUIOTBOPHOM CIOCOOHOCTH QF
BbIOpAHHBIX TOPIOYMX KOMIIOHEHTOB B coctae BOHP.

Ta6J11/111a 5 — Ilokazarenu TOPIOYCCTH I'OPIOYUX OPTaHNYCCKHUX BCIICCTB

BemiectBo
[Tapamerp ALeTOH
Q5 , MJIx/kr 31,54
TBCH])ILL[KI/I! K 254
TcaMosocnn., K 738

Pe3ynbTaThl MpOBENICHHBIX PACUECTOB HUBIICH TEIJIOTBOPHOM CIIOCOOHOCTH
BOHP, Bxitouamommx OpPraHMYeCKUil KOMIIOHEHT (aueToH), NpPEeACTaBICHBI B

tabmune b1 (I[Ipunoxxenue b).

2.2 TepMonnHaMu4ecKoe MOAeJMPOBaHUE MpoLecca MIa3MOXHMHUYECKOM

HCpCpﬁﬁOTKI/I BOAHO-OPTraHUYE€CKUX HUTPATHBIX PACTBOPOB HA OCHOBE all€cTOHA

TepMOaAMHAMUYECKOE MOAECIUPOBAHUE MPOBOJAUTCA C UEIBIO OINPEACICHUS
PaBHOBECHOTO COCTaBa MPOAYKTA, MOJYYEHHOTO B PE3yJIbTaTe IIA3MOXHUMUYECKON

nepepadorku BOHP. JIns pacuera TepMOJWHAMHYECKUX CBOMCTB M COCTaBOB (a3
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cucteM ¢ (a30BbIMU M XUMUYECKUMHU TipeBpatieHusimu npumensiercsa 110 « TERRA»

[25]. Pacuersr Obum mpoBeaenbl mpu Temmepatypax (3004000 K), nmaBiaeHuu

6 . . .
(0,1-10° Ila), W3MeHEHMH 3HAYEHHM HCXOAHOW MACCOBOM JOJHM IIJIA3MEHHOTO

TerioHocuTens (Bo3ayxa) B matepsaie (0,1-0,9) [26, 27, 28].

PaBHoOBecHBIE COCTaBbl, IIOJYYCHHBIC B pPE3YyJbTAaTC TCPMOJHMHAMHNYCCKOIO

MOJICJIMPOBAHUS Mpolecca IuiazMoxuMuyeckord nepepadborku BOHP Ha ocHoBe

aleTOHa, MPEACTABIICHBI HA pUCYHKaX 9—14.
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Pucynok 5 — PaBHOBECHBIN COCTaB OCHOBHBIX MPOYKTOB IMJIa3MEHHOM

nepepabotku pactBopa BOHP-1 B koHeHcupoBanHo# (hasze:

MacCOBBI€ JIOJIM IIa3MEeHHOro TeroHocutenst 69 % (a) u 70 % (6)
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Pucynox 6 — PaBHOBECHBIN COCTaB OCHOBHBIX MPOJAYKTOB TUIa3MEHHOM

nepepadoTku pactBopa BOHP-2 B koHneHCHpOBaHHO# dase:

MacCOBBIC JIOJIM IUTa3MEeHHOro Terionocutens 69 % (a) u 70 % (0)
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Pucynok 7 — PaBHOBECHBIN COCTaB OCHOBHBIX MIPOJYKTOB TIa3MEHHOM

nepepabotku pactBopa BOHP-3 B koHieHcHpoBaHHOI da3e:

MacCOBbI€ JIOJIM TUTa3MEHHOTO TeruioHocutelst 69 % (a) u 70 % (6)
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Pucynok 8 — PaBHOBECHBIN COCTaB OCHOBHBIX IIPOJYKTOB TIa3MEHHOM

nepepadoTku pactBopa BOHP-4 B koHneHcHpoBaHHO# dase:

MacCOBBIC JIOJIH TUTa3MEeHHOTro TerioHocutens 69 % (a) u 70 % (6)
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Pucynok 9 — PaBHOBeCHBIN COCTaB OCHOBHBIX MIPOJYKTOB TIa3MEHHOM

nepepabotku pactsopa BOHP-5 B koHieHcupoBaHHO# da3e:

MacCOBbI€ JIOJIM TUTA3MEHHOTO TeruioHocutels 68 % (a) u 69 % (6)
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Pucynok 10 — PaBHOBECHBII COCTaB OCHOBHBIX MPOYKTOB IJIa3MEHHON

nepepadoTku pactBopa BOHP-6 B koHneHcupoBanHoit dase:

MacCOBBIC JIOJIH TUTA3MEHHOT0 TerioHocuTtens 68 % (a) u 69 % (6)
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Pucynok 11 — PaBHOBECHBII COCTaB OCHOBHBIX MPOYKTOB IJIa3MEHHOU

nepepabotku pactBopa BOHP-7 B koHeHcupoBaHHOI ¢a3e:

MacCOBbI€ JIOJIM TUTa3MEHHOTO TeruioHocutens 69 % (a) u 70 % (6)
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Pucynok 12 — PaBHOBECHBII COCTaB OCHOBHBIX MPOYKTOB IJIa3MEHHON

nepepadoTku pactBopa BOHP-8 B koHnencupoBanHoii dase:

MacCOBBIC JIOJIH TUTa3MEeHHOTro TerioHocutens 69 % (a) u 70 % (6)
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Pucynok 13 — PaBHOBECHBII COCTaB OCHOBHBIX MPOYKTOB IJIa3MEHHOU
nepepabotku pactsopa BOHP-9 B konnencupoBanHoil dase:

MacCOBbI€ JIOJIM TUTa3MEHHOTO TeruioHocutelst 69 % (a) u 70 % (6)
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Pucynoxk 14 — PaBHOBECHBIN COCTaB OCHOBHBIX MPOIYKTOB IJIa3MEHHOM
nepepabotku pactBopa BOHP-10 B konneHncupoBanHoii dase:

MacCOBBIC JIOJIH TUTa3MEHHOTO TertutoHocutens 69 % (a) u 70 % (6)

AHanu3 paBHOBECHBIX COCTAaBOB MPOYKTOB TIa3MeHHOM niepepabotku BOHP
C cojiep)kaHHMeM areToHa (puc. 5-14) cienyer, 4To Ipu MaccoBOM JoJie Bo3ayxa 69 %
(pucynku 5-8, pucynku 11-14) u npu MaccoBoii noiie Bo3ayxa 68 % (pucynku 9, 10)
OCHOBHBIMHU TIPOAYKTaMH B KOHJECHCHPOBaHHBIX (pazax sBistoTcs okcuasl ThOy(c),
PuO,(c) u MgO(c), xoTopeie 00pa3yroT TpeOyemble OkcuaHble Kommoszumuu OK-

1+OK-10. Ilpu stom Takxke obpaszyetcs yriepona C(c), comepkaHue KOTOPOro pe3Ko
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BO3pacTaeT MpU CHMXKEHUM MAacCOBOM J0aM Bo3ayxa MeHee 68 %. IloBbimeHue
MaccoBoil onu Bo3ayxa ¢ 68 % no 69 % (pucynku 10, 11), ¢ 69 % no 70 %
(pucynku 69, pucynku 12—-15) u Gosiee He MPUBOAUT K oOpazoBaHuto yriepoaa C(c)
W HE WM3MEHSET COCTaB LEJEBBIX MPOAYKTOB. JlambHElIlee IMOBBIIEHUE MACCOBOU
oy Bo3ayxa cBeiie 70 % NpuBEAET JHIIL K YMEHBIICHUIO COJIEPIKAHUS IEIEBBIX
MPOJIYKTOB U CHUYKEHHIO TPOU3BOAUTENBHOCTH JAHHOIO MpoIiecca.

Jlanee  ObLIM  MPOBEAECHBI  pacyeTbl  HHEpro3arpar Ha  MPOLECC
M1a3MOXMMHYECKOTO0 CUHTE3a B BO3YIIHOM I1a3Me | Kr 1eNeBbIX MPOAYKTOB B BUJIE
okcuaHbix kKoMmmosuiuii OK-1+OK-10. Pe3ynbrarel pacueToB »HeEprosarpar Ha
npolecc Iuia3MeHHoil mepepabotku pactBopoB BOHP Ha ocHoBe aretoHa

npuBeieHbl B Tabnuiie Bl (mpunoxenue B) u Ha pucynke 15.

160
140

=¢=—BOHP-10

—@—BOHP-9

—#—BOHP-8

=>é=BOHP-7

—¥=BOHP-6

~®—BOHP-5
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BOHP-3

500 1000 1500 2000 2500 BOHP-2
T, K BOHP-1

Pucynok 15 — VY nenpHbIe HEpro3aTparhl Ha MPOIECC TUNIA3MOXUMUYECKOTO CHHTE3a

OKCHJIHBIX KOMITO3ULIMI 13 pactBopoB BOHP Ha ocHoBe arieToHa

W3 ananm3a mONYYEHHBIX NAHHBIX OMPENENEHBI YCIOBHUA, 00€CIEeUNBAIOIINE
mpu  Tuta3MeHHOM  mepepaboTke pactBopoB BOHP nHa ocHOBe aretoHa,
MAaKCHMAaJIbHBIA BBIXOJ LEJIEBBIX IMPOAYKTOB IMPU MHUHHUMAJBHBIX JHEPro3arparax.

Takoit pesynprar gocturaercs npu <1500 K npu nnasMoXMMUYECKOM CHHTE3€

kommosunuu OK-10 «95 % (9,5 % PuO,+85,5 % ThO,)-5 % MgO».
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3 DKcnepUMeHTAJNbHAS YaCTh

3.1 JlabopaTopHbIii CTeH/ 1Jisl MPOBeAeHNUsI UCCIIeJ0BAHNM

DKCHepUMEHTANIbHbIE HUCCIEIOBaHUs Tpolecca cuHTe3a ToruBHbIX OK B
BO3JIYIIHO-TUIA3MEHHOM TIOTOKE MPOBOJMUIIUCH MPHU HCIOJb30BAHUM JTAOOPATOPHOIO
creHaa «IlnasMeHHBIH MOTYNIb Ha 0a3¢ BRICOKOYACTOTHOTrO reHeparopa BUI'8-60/13-
01», npencrasinennom Ha pucynke 'l (ITpunoxxenue I'1) [29, 30].

B cocraB mia3sMeHHOro CTeHJa BXOJIUT BBICOKOYACTOTHBIN TE€HEpaTop C
paboueii yactoroir 13,56 MI'nm m konebarenpbHOW MomHOCThIO g0 60 kBt [31].
['enepupyemasi >Heprusi nepenaercs OT HEro Ha OXJaXJAaeMbli BOJON MeTHBIH
anekTpos BU®D-mnazMoTpoHa, depe3 paspsAaHYI0 KaMepy KOTOpOro IMpoJlyBaercs
iazmooOpazytonuii ra3 — Bo3nyx. CpenHeMaccoBas TeMmIiepaTypa BO3JYIIHON
1a3MeHHON cTpyH, reHepupyemoir BU®d-mnasmorponomM, He mpessimaer 4000 K.
Ksapresas tpybka (mmuna — 0,86; amamerp — 0,05 M) BBINIOJHSET (PYHKIIUIO
pa3psIHON KaMephl I1a3mMoTpona [32].

Yepes peaktop u BUD-mna3MOTpoH OCYIIECTBISIETCS MPOKayKa BO3AyXa MpHU
MOMOIIY BBICOKOHAMIOPHOTO BBITSKHOTO BEHTUJIATOPA. 3aKpyTKa MOCTYMAIOIIETO B
paspsaHyI0 KaMepy TOTOKa BO3JlyXa OCYIIECTBIISIETCS HMIIEIIEPOM, KOTOPBIN
PacroioKEeH B y3lie BBOJA, PACIOJIOKEHHOM Ha BXOJle B IJIa3MOTpoH. [locrosiHHas
BXOAHas Iomanes ummnemiepa (S,.) cocraBuger 0,0025 M. Nmnennep peaktopa
CHaOXXeH mUOepoM, C TOMOIIBI0 KOTOPOTO PETYIHPYETCs BXOJHAsA ILJIOMIAIb
ummetepa (S,,,) B auanasone ot 0 10 1650 cm?.

PaGoTarommii peakTop SBIAETCS WMCTOYHUKOM 3arpsi3HSIONIMX BEIIECTB,
HalpuMep MOHOOKCHIBI yrliepoJa M a30Ta, JHOKCHABI a30Ta W CEPbl H
YIII€BOAOPOAbL. JlJI1 KOHTPOJISI UX COAEPKAHMS B OTXOISAIIMX Ta3aX MCHOJb3YIOTCA
ra3zoaHajau3aTop M MpPoOOOTOOPHUK. 3HAYEHUS CKOPOCTEH BO3AYIIHOTO IOTOKA B
BU®-mnasmorpone u rasoxone (muamerp — 0,25 M, mnomans (Sy,) — 0,05 M%)

u3MepsroTcs Tpyoko# [Tuto.
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N3mepenue temmnepaTypbl ropeHus aucnepruposanHeix BOHP B peaktope
OCYIIECTBIISIETCSI OECKOHTAKTHBIM CIIOCOOOM I10 JTMHUU MOTJIOUIEHUS] 00pa3yIoIIerocs

CO;, mpu mOMOIIU BBICOKOTOYHOTO IdpoBoro mupomerpa IPE-140/45

3.2 OnpeneneHue pacxoaa IIa3Moo0pasylliero rasa 4yepes3 pa3psiiHylo

kamepy BU®-miazmorpona

Pacxon Bo3ayxa depes BO31YyXOBOJ OIMpeAeseTcsl ¢ noMolbio Tpyoku Iluto

(pucyHoKk 16).
pVv3/2
PCT N
[ I'3A-«Quintox» KM 9106
[ Pn pV2/2=Py-Pc:
J
S

Pucynok 16 — CxeMa ompejieiieHus: pacxojia Bo3yXa B BO3yXOBO/IE C IIOMOIIIIO

TpyOku Iluto

TpyOka IIuto wu3MepsieT Hamop, co37aBacMblii HaOETalIIHM IMOTOKOM
BO3/yXa 10 cieayromieii hopmyie [33]:

pv: _

f:__Pl'I_PCT' (3)

2

rne B, — nonHoe nasnenue, Ila;
P.. — cratnueckoe nasnenue, [1a;

p — IUIOTHOCTH BO3AyXa npu temmneparype T, Kr/M>;

& o
f = pT — Harmop, co3JaBacMbIii HAOETaOIUM TOTOKOM BO31yXa.

N3 dpopmyner 3 onpenenseTcss CKOPOCTh HAOETAFOIIETO IMMOTOKA

V= [@F. (4)
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Jlanee paccuuThiBaeTCsi 0OBbEMHBIN (MJIM MACCOBBIN) pacxoj BO3Jyxa udepe3

BO3J1YXOBOJ 1O popMyI€:

Q

=S5V,

rae S — miomnangb MMOMNCPEYHOTO CCUCHUA BO3AYX0OBOJA.

I'padpuxu

3aBUCHMMOCTH  HaAIlopa,

Q)

cO3a1aBacMbIM Ha6eI‘aIOHII/IM ITIOTOKOM

BO3/lyXa, OT BEJIMYMHBI BXOJHOM IulomaAM IubOepa peakTopa IPUBEIEHBI Ha

pucynkax 17, 18.
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Pucynok 17 — BaustHue BXOHOM MIIOIIAIN UMIIEIJIEpa peakTopa Ha HaTop,

COS,ZI&B&GMLIIZ Ha6eFaI-OHII/IM IMTOTOKOM BO3AYIITHOI'O TCINIOHOCHUTCIIA B Ira30X0J€

400,00

350,00

300,00
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200,00

150,00
0,05

0,07 009 0,11
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Pucynok 18 — BiausiHre BXOHOM IIIOINIAIM UMIIEIUIEpa peakTopa Ha Harop,

CO3/1aBaeMblil HAOErarouMM MOTOKOM BO3AYIIHOT'O TEIIOHOCUTENS B pa3psiAHOM

kamepe BUD-mazmoTpoHna
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B rabmuuax /{1 u [12 (Ilpunoxkenue /1) mpuBeAeHBI pe3yabTaThl U3MEPECHUN
pacxonoB Bo3ayxa uepe3 raszoxonq U  BUd-masmorpon. Ilo  pesynbraTtam
MOJIYYEHHBIX JaHHBIX ObLIU MOCTPOCHBI rpaduku pacxoja miazmMoo0pa3yIollero ra3a
(Bo3nyxa) uepe3 BUD-mnazmorpoH (Qy;), a Takke BO3AYLUIHOTO TEIIOHOCHUTENS
gyepe3 1a30x0/ (Qx;) B 3aBUCHMOCTH OT BEJIMYMHBI BXOJIHOW IJIOMAAN HMMIIEIIEpa
peakTopa. BiusiHMe BXOJHOW TUIOMIAAN WMIIEJUIEpa PEaKTopa Ha MacCOBBIA PacXo

Bo3ayxa yepe3 BUD-mna3MoTpoH 1 ra3oxo/1 mpeacTaBiieHo Ha pucyHkax 19 u 20.
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0,15 <
£ 0,14
= \
- 0,13
=
0,12 ®
0,11
N
0,10 T T T T T 1
0,05 0,07 0,09 0,11 0,13 0,15 0,17
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Pucynok 19 — BausitHue BXOHOM TUIOIAAN UMITEIJIEpAa PEAKTOpa Ha MacCOBBIN

pacxoj mia3mMooopasyroiiero rasa uepes BUD-mnazmMoTpon

1,22
1,20
o 1,18
2 1,16
F1,14
[
C112 .
1,10 /
1,08 T T T T T 1
0,05 0,07 0,09 0,11 0,13 0,15 0,17

2
Sumn’ M

T

Pucynoxk 20 — BausitHue BXOHOM TUTOIIAAM UMIIEIIJIEpa PEaKTOpa Ha MaCCOBBIN

pacxod BO3AYHIHOT'O TCINIOHOCUTCIIA YCPC3 Ia30X0 ]
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3.3 Pacuer pacxoaa rasza yepes peakrop

g pacdera pacxoza BO3Ayxa YeEpe3 PEaKkTOp HCIOIb30BAJIOCh CIEAYIOILIEE
BBIpAKECHUE:
Qp = erz[ — Qnrps (6)
rae Qp — pacxoj BO3AYIIHOTO TEIJIOHOCUTEIIS Yepe3 PeakTop, Kr/c;

Qrx; — Pacxo/ BO3AYLIHOTO TEMIIOHOCUTENIS YEPE3 Ta30X0/, KI/c;

Qntp — pacxon miazmMooOpaszytoniero raza yepe3 BUD-mna3MoTpoH, Kr/c.

B Tabaumne /I3 (Ilpwiokenue J]) mpuBefcHBI pe3ysbTaThl pacdyeTa pacxoja
BO3/lyXa 4epe3 peakTop.

B pesynbraTe pacyeToB MOJyde€HAa 3aBUCUMOCTH PACXOJIOB BO3JYIIHOTO
TEIUIOHOCUTEJNSI Yepe3 pPeaKkTop IUIa3MEHHOTO CTEHJla B 3aBHUCHUMOCTH OT BXOJHOMU
wioniaau uMmmnesiepa peakrtopa. C MOMOIIBI0 MOJYYEHHBIX JTaHHBIX OBUT MOCTPOEH
rpaduK 3aBUCHMOCTH pacxojia ra3a yepe3 peakTop OT MIomaau mubdepa, KOTOPHIM

npecTaBieH Ha pucyHke 21.

1,15

0,90 T T T T T 1
0,05 0,07 0,09 0,11 0,13 0,15 0,17

2
SHMH’ M

Pucynok 21 — BausitHue BXOHOM TUIOIIAAN UMIIEIJIEpAa PEAKTOpa Ha MacCOBBIN

pPacxod BO3AYHIHOI'O TCINIOHOCUTCIIA 4CPE3 Ia30Xxo0a
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[TonyueHHast 3aBUCUMOCTH MO3BOJISIET 32 CUET U3MEHEHHS UOEepOM BXOIHOM
IUIOLAAN HMIIEJUIEpa peakTopa OCYHIECTBISATh IUIABHYIO PEryJUMpOBKY pacxoja

BO3JIYIIIHOTI'O TEIJIOHOCUTEIS UePE3 PEAKTOP U IIIa3MOTPOH.

3.4 PacyeT OCHOBHBIX TeXHOJIOTHYECKHUX MAPAMETPOB YCTAHOBKHU

Pe3ynbTaThl pacueTa OCHOBHBIX TEXHOJOTHMUECKHUX MapaMeTpPOB YCTAaHOBKU
npuseaeHbl B Tabmuie E1 (Ipunoxenwue E).
I[Ipu pacuere TEXHOJOTMYECKUX  TMapaMeTpoB  pabOThl  YCTAHOBKH
UCITOJIB30BAJIUCH CIIEAYIOIINE COOTHOIIEHUS.
MorHocTs, notpedssemas BUI™ oT nmpoMbliieHHON ceTu:
Py =1,U,, kBT, (7)
rae I, — Tok aHopa, A;
U, — HampsDKEHHUE Ha aHOJIe TeHEePaTOPHOU JlaMIibl, KB.
MonHocTh, BbIIENSIEMass Ha pa3WYyHBIX y3/laX yCTaHOBKM  (aHOJ
reHEepPaTOPHOM JaMIIbI (a), CeTOYHAass MHAYKTUBHOCTH (C), AJIeKTpo (3), Kopmyc (K)):
Pi = ml-CAti . 4,186, KBT, (8)
/i€ M; — MacCOBBIN Pacxo OXJIaXKIAIOUIeH BObI, KI/C;
C — TerI0eMKOoCTh BOJbI, KKaj/kr-°C,
At; — U3MEHEHHE TeMITEpaTypbl OXJIAXKIAOIIEH BOBIL, °C.
Mormnaocts BUD-pa3psina paccuuThiBaizach 1o Gopmyiie:
P, =Py — (P, + P. + P,), xBr. 9)
MOIIHOCTh TIIIa3MEHHOM CTPYH €CTh Pa3HOCTh MEXAY MOIMHOCThIO BUD-
pa3psia U MOIIHOCTBIO, BBIACIISIIONIEHCS Ha KOPIYCe MIa3MOTPOHA:
F.r = B, — K, xBr. (10)

OHTaNBINS TIJIa3MEHHOW CTPYH:

H=H,+ i =L kJIK/KT, (11)

p

Qn

rae Hy — sHTanenus razoBoil cMecu npu temieparype 300 K;
Q. — MaCCOBBII pacxo]1 MIa3Mo00pa3yIoIIero rasa, Kr/c.
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Koapumment nonesnoro aeiictsus BUD-nnazmoTpoHa:

n= (‘;—) 100, %. (12)

p

VY cTaHOoBOUHBIN KO3 (ULUEHT MOJIE3HOr0 ACHCTBUS IIIa3MEHHOTO CTEHAA:

n= (‘1’3—) - 100, %. (13)

0

TemnepaTypy MiIa3MEHHOW CTpPyH OMNpeAeisieM C IMOMOIIbI0 TpadUuyecKou
3aBUCHUMOCTH DJHTAJIBIIMM BO3JyXa OT €ro TEeMNEPATypbl, NPEIACTABICHHOM Ha

pucynke El (mpunoxxenue E).

3.5 IlnasMmoxumuyeckasi nepepadoTka Mo/ieJIbHBIX PACTBOPOB

Jlns uccnenoBaHuss BO3MOXKHOCTH MPOBEACHUS TTpollecca CMHTE3a TMOPOIIKOB
BBICOKOHM CTETEHHW JIUCIEPCHOCTH B BO3YITHON BBHICOKOYACTOTHOM TuTazMe B (opme
TOMOTE€HHBIX [0 COCTaBY TUIYTOHUN-TOPUEBBIX OKCHJIHBIX KOMIIO3HUIIUN OBLIO
IPOBEACHO IKCIEPUMEHTAIBHOE U3YUEHHUE MPOLECCa HAa MOJEIBHBIX a30THOKUCIIBIX
pacTBOpax € HCNOJIb30BaHUEM HMMHUTATOpoB. [ moaroroBku pactBopoB BOHP
ucnojibp3oBauch conu  HuTpata camapus (SmM(NO3);-6H,0)) Bmecto HuTparta
wrytonus, nutpata 1epus (Ce(NO3)3:6H,0)) BMecTo HUTpaTa TOpHs, a TaKKe COJIb
autpata Maraus (MQ(NOs),'6H,0)) mist oOpa3zoBaHHs MATpHIBI B BHAE OKCHIA
marausi B coctaBe OK. Ucmonp3oBanue camapusi OOBSCHSETCS TE€M, 4YTO OH
HaXOAMUTCS B OJHOW TPYIIE MEePUOAUYECKON TaOIUIIBI C TUTYTOHUEM, a B PacTBOpax
(dbopMUpYET CIIOKHBIE HOHBI, CXOAHBIC 10 CBOMCTBAM C JACIAIIAMCS SJIEMEHTOM.

B kadecTBe roproyero OpraHMYeCKOro KOMIIOHEHTAa HCMOJb30BaJICS allETOH.
Oto oO0BsAcHsEeTCS Tpemsi (akTopaMu: BBICOKOW TEIIOTBOPHOM CIMOCOOHOCTHIO,
BBICOKOM B3aUMHOM PACTBOPUMOCTBIO, & TAKKE TOCTYITHOCTBIO.

Bnayasne rotoBuiIcs ¢ UCIOIb30BAaHUEM NUCTUIMPOBAHHON BOABI (1 J1) BOAHBIM
HutpaTHbiii pactBop (BHP) u3 HHUTpaTHBIX cojield METauiOB W CMELIMBAICS C
OpraHMYecKuM KoMmImoHeHToM (3 1) ¢ mnonydeHnnem pactBopa BOHP.
IIpeaBapurenbHo moarotroBiieHHble pacTBOpsl BOHP mnopaBanuch ¢ MOCTOSSHHBIM

pacxomom (300 n/4) Ha mucnepratop 1 (pucyHok I'1) u manee B qucrnieprapoBaHHOM
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BUJIE MOCTYNAIHU B PEAKTOP, TJ€ B MpoIecce nepepadOTKU B BO3AYIIHO-TIA3MEHHOM
IIOTOKE OCYIIECTBIUICS TUIA3MOXUMHUUYECKUI CHUHTE3 MPOCThIX U cnoxHBIX OK mpwu
temneparype  T,>1000°C.  Konrpons  Temmeparypel T,  ocymecTBiscs
BBICOKOTOYHBIM ITU(POBBIM UH(ppakpacHbM nupomerpoMm 14 (IPE 140/45) no nunuun
norjionieHuss auokcuaa yriepoaa. Ilocime peakTopa mbUIe-mapora3oBasi CMECh
MocTyrnajga Ha IEHTpPOOeKHO-0apOOTa)KHbIE amnmaparbl y3Jia «MOKPOW» OYHCTKHU
OTXOJSIIUX Ta30B 8, TJI€ MPOUCXOUIIO €€ PE3Koe OXJIaxAeHUE (3aKajika) 000POTHOM
TexHojoruyeckoi Bonoi (OTB) ¢ momydyeHreM BOJHBIX CYCIIEH3UH U3 MOJTYYEHHBIX
OK. OuuieHnble OTXOJAIINE Ta3bl 3a0MPaUCh BBICOKOHAMIOPHBIM BBITSKHBIM
BEHTWJISITOPOM M BbIOpachiBasiuCh B atMocgepy. llomyueHHble BOJHBIE CYCIEH3UU
OK momemanu B €MKOCTM W3 HEpKaBewollew crand, oTOupanu mnpoObl s
ONpENENICHUs] TPAHYJIOMETPHUUYECKOTO COCTaBa CYCIIEH3UM METOJIOM Ja3epHOMU
mudpakuuu (JIII). 3atem Bogubie cycnien3un OK oTcTamBaiu, MOJy4eHHbIE OCAIKU
OTIENSUTH, (PUIBTPOBAIM U NMPOKATUBAIU B TedeHue 20 MUHYT npu Temrepatype 120-
150 °C. B Ttabmume X1 (Ilpunoxkenue ) mnpuBeaeHbl COCTaBbI M PEKHMBI
nepepaboTku pactBopoB BOHP, pusuko-xumudeckue u TEXHOJOTUYECKUE CBOMCTBA
IIOJIyYEHHBIX IPOCTBIX M CIJIOXKHBIX OKCHJHBIX KOMIIO3ULUH, MOJEIUPYIOIINX B
BO3yIIHO-IUIA3MEHHOM IIOTOKE IuIazMoxumudeckoro cuHrte3 OK mus mimyToHuMid-

TOPHUCBOI'0O JUCIICPCUOHHOI'O AACPHOTO TOILJIMBA.

3.6 AHA/IM3 MOJIyYeHHBIX pe3yJbTaTOB

UccnenoBanusi MOPQOIOTUUECKHX, CTPYKTYPHBIX, KPUCTAUIMYECKUX M
TEXHOJIOTMYECKHX CBOWCTB mopomkoB OK mpoBoawin Ha 0aze aHAIUTHYECKOIO
obopynoBanus LlenTpa komnekTuBHOTrO nonb3oBanuss HOULl HMHT WUIIHIIT TITY
(3140 — HayuHo-00pa3oBaTelIbHBIN WHHOBAIIMOHHBIN IIeHTp «HaHOMaTepuanbl u
HaHoTexHoJioruny», denepanbHoe TOCYJapCTBEHHOE ABTOHOMHOE 00pa30BaTelbHOE
yupexaeHUe BbIcIIero oopa3zoBanus «HarmoHnanbHbIi ucciaeqoBaTenbckuii ToMckuit

MOJIUTEXHUYECKUN YHUBEPCUTET ).
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J{ns onpenenienust rpanyinomerpudeckoro cocrara yactul OK B momy4eHHBIX
BOJIHBIX CYCIIEH3USAX HCIOJIB30BAIM METOA JazepHod audpakiuu (Meron JIJI),
peann3oBanublii Ha iprOope SALD-7101 (Shimadzu, SAnonwus). st conmocTaBieHus
C peXUMaMu U JAPYTMMH CBOMCTBAMH MOPOIIKOB HMCIOJb30BAJIM KOJIMYECTBEHHbBIN
pe3ysibTaT B BHUJAE MEIWAHHOIO 3HAYEHHUS IMOJIYYEHHOTO pACIpEEeIeHHs, PaBHOIO
IIUPOKO TMPUMEHSIEMOMY B TPOU3BOJACTBE TEXHUYECKOMY mapaMeTrpy «Dso».
[lockonbKy HCHOJIB30BAHHBIA METOJ TMO3BOJIIET OMNPENETUTh pa3Mep YacTull B
CyCIIeH3UU (B3BECH), HE3ABHUCHUMO OT UX CTPYKTYPHOI'O CTPOEHUS, BKItOUas KECTKUE
arjioMepartbl, A3TOT PE3yJbTaT HUCIOJB30BAIM JUIsl  ONpENENeHUsT CTEeNeHU
arjioMepanuu ucciaeayeMbix nopomkon OK.

Bennuuny ynenbHOM MOBEpXHOCTH Hcciienyembix mnopoikoB OK oreHuBamu
meroaoMm bpynayspa-Ommera-Tennepa (bOT-ananu3) na npubope Copou-M (3A0
«META», Poccust). [lonyueHHble JaHHbIE IEPECUNTHIBAIM B pa3Mep YaCTUII, UCXOIS
U3 MPEANOIO0KEHUs 00 UX chepruyecKoil TeOMEeTpHH.

Pentrenodazoseiii ananmms (PDA) uccnenyemsix nopomkoB OK mpoBoauin Ha
perrreHoBckoM audpakromerpe XRD-7000 (Shimadzu, Snonus) ¢ npuMeHEHHEM
CTaHAApTHOM  0a3bl JTaHHBIX KPUCTAJUIMUECKUX CTPYKTYp HEOPraHUYECKHX
matepuanoB PDF-4, B cBOOOIHO pacmpocTpaHseMOM MpOrpaMMHOM OO€CleueHUun
PowderCell mo amroputmy PurBenbma s MOJHONPOGHIBHOIO — aHalIn3a
peHTreHoBckux audpaxkrorpamm. Ompenensuin ¢pa3oBbiii coctaB mopommkoB OK,
napaMmeTpbl KPUCTAIIMYECKON CTPYKTYpbl OOHApY>KEHHBIX (a3, a TaKkKe CpeaHue
pasMmepsl oOnacteit korepentHoro paccesius (OKP, xpucrtamnuroB). OTHomeHHE
nocieaHux Kk pasmepy yactunpr OK mno pganneiMm BOT-ananusza xapakrtepusyer
MOpP(QOJIOTUIO W Pa3BUTOCTh MOBEPXHOCTH YACTUI[ U MOXKET OBITh BBIPAKEHO
KOJIMYEeCTBEeHHO Kod(ddumumenTom rurpockonuunoctd K: ¢opma wactum, s
KOTOPBIX 3TOT KOX(P(GUIIMEHT MEHbBINEC WM MPUOIMKACTCS K €IUHHIe, OIM3Ka K
paBHOOCHOM; KO3(PIUIIMEHT OOJNbIIE SIUHUIIBI XapaKTePHU3yeT YaCTUIIBI C PA3BUTOU
MOBEPXHOCTHIO W/MIW C BHYTPCHHHMH TOpaMu; KOI(DPUIIMEHT MEHBINE €IHHHIIBI
XapaKTEepU3yeT IUIOTHBIE ariioMepaTthbl, COCTOSIINE M3 HECKOJIbKHX KPHUCTAJIUTOB.

CreneHb arioMCpupoOBaHHOCTH TaKHX YaCTHUI KOJIHMYCCTBCHHO XapaKTCPHU3YCT
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kod(ppunment arnomepanuu Q, BeIUYMHA KOTOPOTO OMPENENSEeTCS KaK OTHOIICHHE
pasmepa vactun, OK (meron JIJI) x pasmepy OKP (konnyecTBO KpUCTA/UIUTOB Ha
JMHEHHOM ToniepedHoM pazmepe dactuilbl OK).

Ha pucynke 22 npejacraBieHa xapakTepHasl THCTOIpaMMa paclpeeseHus mno
pasmepam uyactuil BoaHou cycmeHsun OK-2 (merox JIJI), momydeHHO# Tmipu

nepepabotke pacteopa BOHP-2.
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Pucynok 22 — XapakTepHas rucrorpamMmma pacripe/iesieHus: o pa3MepaM 4acTull

(armomepatoB) noporika OK-2

Yactunpl BogHou cycnien3un OK-2 xapakTepusyroTcst JOCTATOYHO HIUPOKUM
pacmpeneineHueM 10 pa3MepaM, OJM3KUM K MOHOMOJAQJIBHOMY. XapaKTepHbIC
BEJIMYMHBI MEJIMAHHBIX 3HAUCHUN pacipeieNIeHUs] YacTHIL JiexaT B Auana3oHe oT 2 10
90 mxM. Cpennee 3HaueHue pasmepa yacTul] Dsg cocTaBiser 9,9 Mkm.

Ananu3z pentrenorpamMm oopasna nopoika OK-2 mocie POA nokassiBaeT, 4To
OCHOBHBIM IIPOAYKTOM IPOOKI IMOPOIIKA SIBISIOTCS eiaeBbie okcuanl mepus (Cey03),
camapus (Sm,03) u maraus (MgO).

XapakrepHoe COM-m3o0pakeHue CHUHTE3WpOBaHHOTO Tmopomka OK-2

MIPEICTaBICHO HAa pUCYHKE 23.
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Pucynok 23 — Xapaktepanoe COM-u300paxenue MOp(oaorudeckoit CTpyKTyphbl

yactuil nopoiika OK-2

Anannz COM-u300pakeHns MOATBEPXKIAeT JOCTATOYHO IIMPOKUI IHAana3oH
pa3MepoB  YACTHUI], HaJUM4Me pPa3IuuHbIX (a3, MeJIKUX IUIOTHBIX YaCTHII.
Mukpockonus MoKa3bIBaeT, 4yTo (popma 4acTuil, B OCHOBHOM, OKpYTJIas.

Benuuuna yneneHoit moBepxHoctd (Meton BOT) cocraBuma 11,1 M2/T.
[lonyyeHHoe 3HaYeHHE YICIBHOW TOBEPXHOCTU MEPECUUTHIBAIIOCH B pa3Mep
KPUCTAITUTOB, UCXOJI U3 MPEIINONIONKEHU 00 ux cepudeckoir reomerpun. Takum
o0Opa3oM, pazMep KpUCTAJUTUTOB, onpeaeneHnbiii mo bBOT, cocrapnser 86 HM.

CBoiicTBa IpeccyeMOCTH, HallICHHBIE 110 pe3ybTaTaM MPECCOBAHUS MOPOIIKA
OK-2, uMeroT xapakTepHble A OOJBIIMHCTBA OKCHIHBIX MAaT€pUaJIOB 3HAUYCHMUS:
MOPOLIOK MPUHAJIEKUT K 4 TPYIIIE CIOAKHOCTU IPECCOBAHUS.

Takum 00pazoM, MPOU3BOACTBO M3 ITOTO MOPOIIKA KEPAMUUECKHX TaOJIETOK
BO3MOHO TPHU HMCIOJIb30BAHUHM CEPUHHO BBITYCKAEMOro O0OpYIOBaHUA W TIpecc-
dhopM U3 yIIIepoAUCTON HHCTPYMEHTAIBLHOM CTaJIH.

[IpeccoBanme mopomka OK-2 mpoBOAMIOCH B CTalbHOM IMJIMHIPUYECKOM
npecc-popme amamerpom 10 mMm mox maBinenuem 400 MIla ¢ mocnemyromum
CIIEKaHUEM IOJIYyYEHHBIX TPecCOBOK pu Temneparype 1300 °C.

XapakrepHas Mukpodortorpadus criedeHHOW kepamukud u3 mopomka OK-2

MpUBEACHA Ha pUCyHKe 24.
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Pucynok 24 — XapaktepHaass MUKpodoTorpadus CriedeHHOW KEpaMHUKH U3 ITOPOIITKa

OK-2

Ha pucynkax 25-27 mokazaHo BiusiHue copepxkanusi matpuisl (MgO) nHa
pasmep udactuir OK B Bogubix cycnensusix (meroxa JIJI), yaenbHOM MOBEPXHOCTH U

pa3Mepa KpUCTAJUTUTOB B cocTaBe moiydeHHbIX nopomikoB OK (B2 T-ananus).
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Pucynok 25 — Biusinue conepskanust Matpuiiel (MgO) Ha pasmep yacTuil B

moyueHHbIX BogHbIX cycrien3usx OK (merox JIJI) mpu 0=0,1; 0,2 n 0,3
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Pucynok 26 — Bnusinue conepxanus matpuisl (MgO) Ha ynenbHy0 MOBEpXHOCTh U

pasmep kpuctamuToB B coctaBe nmopoiinkoB OK (BOT-ananu3) npu 0=0,1 u a=0,3
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Pucynok 27 — Bnusaue coneprkanus matpuiisl (MgO) Ha pasmep KpUCTaIMTOB B

coctaBe nmosyueHHbIX mopomikos OK (B2T-ananu3) npu 0=0,1 u 0=0,3

W3 ananu3a pe3ynbTaToB, IPEICTABICHHBIX Ha pUCYHKAX 24-27 u tabmuie XK1,
(npunoxenue XK) crienyer:
e yBenuueHue maccoBoil Jonu matpuubl (MgO) ot 10 % no 30 % B coctaBe OK
«Smy03-Cey03-MgO» (npu 0=0,1), MPUBOAUT TIPH MOCTOSTHHOM PAacXOie BOIBI Ha
3akanky OK (2,8 kr/c) u wactore mucnepraropa (50 I'm) x camxkenuto pazmepa OK

nocie YMO ¢ 9,4 mxm 1o 7,4 mxm (Meton JI/I). [Ipu 3ToM ynenbHas HOBEPXHOCTD
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OK yBennuuBaercs ¢ 7,9 M°/r 1o 11,2 M/, a pasmep kpuctauToB B yactuuax OK
camwkaetcs ¢ 110 um 1o 86 um (BOT-ananu3).

e yBenuueHue maccoBoil qonu mMatpuibl (MgO) ot 10 % mo 30 % B coctaBe OK
(mpu 0=0,2), mpuBoAUT Npu yactote Auctepraropa 50 I'u k camxkenuro pazmepa OK
nociae YMO ¢ 12,3 mxm 710 6,6 MM (MeToa JIJT).

e yBenuueHue maccoBoil qoiu matpuibl (MgO) ot 10 % mo 30 % B coctaBe OK
(npu 0=0,3), Taxxke NpUBOIUT Npu yactote aucnepraropa 50 I'u k o6pazoBanuio OK
nocie YMO ot 7,4 no 7,5 mxm (meton JIJI). Ilpu stom yaenbnast moBepxHocth OK
yBeIuuuBaercs ¢ 9,5 M°/r mo 11,9 M, a pa3Mep kpuctauutoB B yactuiax OK
ymenbiaercs ¢ 90 um 1o 80 um (BOT-ananus).

W3 cpaBHUTENBHOTO aHamW3a JAHHBIX MO (PU3MKO-XMMHUYECKUM CBOMCTBAM
(pucynku 36-38, tabnuma XK1) momydeHHBIX HaHopa3MmepHbix mnopoimkoB OK-1,2,3
(mpu 0=0,1) u OK-7,8,9 (mpu 0=0,3) MOKHO MPEANOJIOKUTh, 4TO ¥ Toporkun OK-
4,5,6 (mpu a=0,2) moyry4eHHbIE MPU BO3AYIIHO-TUIA3MEHHOU IIepepadoTKe PacTBOPOB
BOHP-4,5,6 taxxe OynyT HaHOpa3MEPHBIMH.

Takum o6pa3om, B pe3ylbTare MPOBEIEHHBIX HMCCIEIOBAaHUN YCTAaHOBJICHBI
3aKOHOMEPHOCTH BIMAHUS cocTtaBa pacTtBopoB BOHP, wactoTel nucnepraropa,
pacxona OTB (3akanku) Ha TpolEeCC TUIa3MEHHOM MmepepaboTKHU TUCTIEPTUPOBAHHBIX
pactBopoB BOHP wu ompenenensl pexumbl, 00€CleUMBAOIMIUE B BO3AYIIHO-
IJIa3MEHHOM TOTOKE IJIa3MOXMMHUYECKHI CHUHTE3 HaHOpa3MepHbIX cloxkHbIX OK ¢
BBICOKUMH (bUBUKO-XUMUYECKIMHU U TEXHOJIOTUYECKUMU CBOWCTBaMHU,
YIIOBJIETBOPSIONIMMU TPeOOBAaHUSAM K JUCIEPCUOHHOMY IUIYTOHHI-TOPUEBOMY

SAJIEPHOMY TOILIUBY.
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4 DUHAHCOBBIM MEHE/IKMEHT, pecypcod(ppeKTUBHOCTD "
pecypcocoepexenmne

4.1 OuneHka KOMMEpPYECKOro MOTEHUHAJA M  IEePCHeKTHBHOCTH
NPOBEACHUS HAYYHBIX HCCICIOBAHUN € MO3ULUMH pecypcod(pPeKTUBHOCTH H
pecypcocoepexeHust

4.1.1 IloTreHUMAJIbHBIE MOTPEOUTEIH Pe3yAbTATOB HCCIAEAOBAH U

B nanHOli HayuyHO-UCCIEIOBAaTEIBCKOM paboTe paccMOTpeHa BO3MOXKHOCTH
MJIa3MOXUMHUYECKOTO CHUHTE3a HAHOPA3MEPHBIX CIOKHBIX OKCHIHBIX KOMIIO3UIIMIA.
HuzkoremnepatypHas mia3Ma HaX0AUT TPUMEHEHHUE B Pa3IMYHBIX 001aCTAX HAYKU U
TEXHUKA — B YACTHOCTH TakKas IJla3Ma HMCIOJb3YETCSA JJIs MOJYYEHHUSI TUCIEPCHBIX
MOPOITKOB (B TOM YHKCJIE HAHOIOPOIIKOB), JJis TMEepepabOTKU Pa3TUYHBIX BUOB
OTXOJIOB: PAaJMOAKTUBHBIX OTXOJIOB, OTXOJOB IMPOM3BOJCTBA OPTraHUYECKUX
pacTBOpuTElIEH, OTXOJOB  BOJAOOYUCTKM M  T.A. Takke TIpu  MOMOUIU
HU3KOTEMIIEPAaTYpHOU  IUIa3Mbl  OCYILECTBIISIETCA  HAHECEHWE Ha  U3JACIUs
TYTOIUIABKUX, YIAPONPOYHBIX W APYrMX MOKphITUHA. HU3KOoTEMIEepaTypHas muia3zma
UCIIONIB3YETCS TaK K€ Ui MOHM3alUM MpoO0 B MacC-CIEKTPOMETPUUYECKUX
uccie0oBaHuAX. Bece 3TH mpoliecchl SBISIOTCS BBICOKOTEXHOJIOTHYHBIMU U TPEOYIOT
TOYHOTO KOHTPOJISI TEXHOJOTMYECKUX MTapaMeTPOB IUIa3MEHHOM CTpyH (TemIeparypa,
KOHIICHTpalKsi MOHOB W JJICKTPOHOB M Jp.). IloaToMy MeTOabl IMAarHOCTHUKHU
UCITONIB3YIOTCS Ha KaKJIOM TPEANPHATHH, KOTOpble paOOTar0 B BHINIE ONMHMCAHHBIX
001aCTX.

MOXHO TPHUBECTH HECKOJIBKO MNPUMEPOB 3aMHTEPECOBAHHBIX B 3TOHU
pa3paboTKe MpeaTPUITHI:

e AO «Cubupckuii XUMUYICCKHI KOMOHWHATY
e JIAO «HoBocmuOupckwHii 3aBOJT XUMKOHIICHTPATOBY;
e [TAO «MamuHOCTPOUTENBHBIN 3aBOJY.
Henbto pazaena «PUHAHCOBBINA MEHEIKMEHT, pecypcod3(PPEeKTUBHOCTD U

pecypcocOepeKeHUe» SBISETCS SBISETCS MPOSKTUPOBAHUE M CO3/IaHUE
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KOHKYPEHTOCTIOCOOHBIX Pa3pabOTOK, TEXHOJIOTUH, OTBEYAIOIINX COBPEMEHHBIM
TpeOOBaHUsM B 00J1aCTU pecypcodPhHEKTUBHOCTH U PECYPCOCOCPEIKECHHUS.

JlocTimkeHune 1enu odecrneynBaeTcs pEIIeHHEM 3a1a4:

® OIICHKAa KOMMEPUYECKOTO TMOTEHIMala ¥ TMEPCIeKTUBHOCTH TPOBEACHUSA
HAYYHBIX HCCIIEAOBAHU;

® TUIAHWPOBAaHWE HAYYHO-UCCIIEIOBATENBCKUX PadoT;

e ompejeneHne OI0KeTa UCCIIeI0BaHMS,

e ompeneneHue (¢GuUHAHCOBOM 3(PPeKkTUBHOCTU, pecypcodPPEeKTUBHOCTH, U

UHTETpaibHOU 3P PEKTUBHOCTH.

4.1.2 AHanu3 KOHKYPEHTHBIX TeXHMYECKHX PpelleHuid ¢ NO3ULIHUHU

pecypcod3dPeKTUBHOCTH U pecypcochepeKeHus

Ananus KOHKYPEHTHBIX TeXHUUYECKUX pelieHuit c MO3UIIUH
pecypcodPpheKTUBHOCTH U pecypcocOepeXeHusi TIO3BOJISIET TPOBECTU OIEHKY
CpPaBHUTENBHON 3(P(HEKTUBHOCTH HAYYHOW Pa3zpabOTKU U ONMPENEIUTh HalpaBiIeHUs
st ee Oyayuiero mnoBbiieHus. llenecooOpa3sHo MPOBOAWTH [TaHHBIA aHANIHU3 C
TIOMOII[BIO OLIEHOYHOM KapThl (Tabnuma 6).

Jlnst cpaBHEHUs BBIOpaHBI JIBa METOJA IMOJYYEHHUs AUCTIEPCHBIX TMOPOIIKOB:
I1a3MOXUMHUYECKUN (MCCIEAyeMbIi HAMH) U 30JIb-T€Jb METOJ. 30JIb-T'€b IPOIIECC
— TEXHOJIOTUSl MaTepHalioB, B TOM YHCIE€ HAHOMATEPHAJIOB, BKIIOYAIOIIAs
MOJIyYEHHUE 30J11 C MOCIEAYIOIIUM NEPEBOJIOM €ro B Iellb, TO €CTh B KOJJIOUIHYIO
CHUCTEMY, COCTOAIIYK) W3 JKUJAKOWM JHCHEPCUOHHOW Cpelbl, 3aKIOUYCHHOU B
MPOCTPAHCTBEHHYIO  CETKY, OOpa30BaHHYI0  COCJUWHUBIIMMHCS  YaCTULIAMH

TUCIIEpCHOM (ha3bl.
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Tabmuua 6 — OneHouHas KapTa JUisl CPaBHEHHMS KOHKYPEHTHBIX TEXHMYECKHX

pelLIeHuin

BasLisl KonkypeHTo-
Kpurepun onenku Bec kpurepus CIIOCOOHOCTB

By | B | Ky | Kg

1 2 3 4 5 6

TexHuuyeckue KpUTepUun OLIEHKU pecypcodPPeKTUBHOCTU

1. TIpon3BOANTENHLHOCTH 0,2 5 4 1 0,8
2. Y100CTBO B OKCIUTyaTalu 0,05 5 3 0,25 | 0,15

3. HagexxHOCTD 0,1 5 5 0,5 0,5
4. YpoBeHb 1yma 0,05 3 5 | 015 | 0,25

5. be3onacHocTh 0,1 5 5 0,5 0,5

DKOHOMHYECKHE KPUTEPUH OLIEHKH d()PEKTHBHOCTH

1. DHeprocOepexeHue 0,4 4 4 1,6 1,6

2. IlotpeOHOCTH B pecypcax 0,1 5 3 0,5 0,3

Wrtoro 1 32 | 29 | 45 4,1

W3 mpencraBieHHOW TaOMUIIBI MOXKHO CJeNaTh BBIBOJ, YTO o0a mpoiiecca
onMHAKOBO A((}EeKTHBHBI, HO BCE K€ 30Jb-T€Th METOJ HEMHOTO YCTYIaeT
TUIa3MOXuMHIIeckoMy. OCHOBHOM aKIIGHT JeNIaeTCsl Ha pa3HUIlE MPOU3BOIUTEIHHOCTH
3THX JBYyX TmpomeccoB. I[lodToMy ¢ TOYKM 3peHHS TPOW3BOJAUTEIBHOCTH
UCCJIEAYEeMbIi HAMH METOJI TIOJyYCHHUsT HAHOMOPOIKOB Oonee 3 exTuBHbIN. Takxke
HEOCITOPUMBIM  TIPEUMYIIIECTBOM BBIODAHHOTO HaMH TIpoIlecca SBISICTCS  €T0

yI0OCTBO B 3KCIUTyaTalluu, TpeOyIoliee HAMHOTO MEHBIIIE CPEJICTB U BPEMEHHU.

4.1.3 SWOT-ananus

SWOT - Strengths (cwibHble cTOpoHBI), Weaknesses (cimaOble CTOPOHBI),
Opportunities (Bo3moxkHoctu) u Threats (yrpo3sl) — TpencTaBiseT CcoOOU
KOMIUIEKCHBI ~ aHalM3 Hay4YHO-HCCleoBaTelibckoro mpoekta. SWOT-ananu3
NPUMCHSIOT JIUIs WCCJICIOBAaHUS BHEIIHEH W BHYTPEHHEH cpeabl mpoekra [34].

Matpunia SWOT mnpencrasiena B tadimie M1 (ITpunoxenue ).
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[To pesynpratam BbimosHeHus SWOT-aHanu3za MOXHO cAenaTh BBIBOJ, YTO
CUJIbHBIE CTOPOHBI TPOEKTA, TAKUE KaK HU3Kasl c€0€CTOMMOCTD MJIa3MOMOAaBISIOIINX
100aBOK, IKOHOMUYHOE HCMOJIb30BAHUE AJIEKTPOIHEPTUH, KOMIAKTHOCTh, MPOCTOTA
MOHTa)XKa M JKCIUTyaTallud yYCTAaHOBKH, OJaroTBOPHO BIHUSIOT HA BO3MOXKHOCTH TIO
YCOBEPILICHCTBOBAHUIO IUIA3MEHHOW YCTAHOBKA W TOSIBICHUIO JOMOJIHUTEIBHOTO
CIIpOCa HAa HAHOPA3MEPHBIE OKCHUJIHBIE KOMIIO3ULUM [JI1 IUIYTOHHI-TOPHUEBOTO
AIEPHOTO LUKJIA.

CuiibHBIC CTOPOHBI TPOEKTAa HUBEIUPYIOT yrpo3bl. Huskas cebecTonmMocTh
IUIa3MOMOIABISIOMIUX JT00ABOK, SKOHOMUYHOE HCIOJIb30BaHUE AIIEKTPOIHEPTUH,
KOMITAKTHOCTbh, MPOCTOTAa MOHTaXa M DKCIUTyaTalldd YCTAaHOBKHU CIIOCOOCTBYIOT
YMEHBIIEHUIO BEPOSITHOCTM BO3HUKHOBEHMSI TaKUX Yrpo3 Kak OTCYTCTBHUE
(¢bvHAaHCUpOBaHUS M  CIOpoca Ha  IUIA3MEHHYIO  TEXHOJOTHIO  MOJYy4YCHUS
HaHOTIOPOIIKOB.

HeuzyueHHOCT, MeTOJa, CIO0KHOCTM B €r0 pa3BUTHUH, a TaKXKe HHU3Kas
aKTYyaJbHOCTh UCCJIEAOBAaHUN YCIOXKHSIIOT PEATN3alN0 BO3MOKHOCTENW MPOEKTA, YTO
OPUBOAUT K TPYIHOCTSM YCOBEPUIEHCTBOBAHUS YCTAHOBKH M MaJlOd BEPOSATHOCTH
NOSIBJIEHHUS TOTIOJTHUTEIBHOTO CIIPOCa HA MPOAYKIHIO.

CnaOble CTOPOHBI TNMPOEKTa YCHUJIMBAIOT Yrpo3bl. HewsydeHHOCTh MeTona u
HU3Kas aKTyaJIbHOCTh MOTYT OTPHUIATEIBHO CKA3aThCS HAa pealu3allid IJIa3MEHHOIO
METO/a MOJY4YEHHUsI HAHOIMOPOILIKOB B HAayYHO-HCCJIEAOBATENbCKONW JEATEIBHOCTH U

MPUBECTH K OTCYTCTBHUIO CTIpOca U (PMHAHCUPOBAHMS.

4.2 Il1aHupoBaHUe HAYYHO-HCCJIEI0BATEJIbCKUX PadoT

4.2.1 CTpykTypa padoT B paMKaxX HAYy4YHOI0 MCCJIeIOBAHUS

Tabnuua 7 — [lepeyenp 3TanoB padoT U pacnpeesieHre UCIIOJHUTEEH

OcHOBHbIE 3Tallbl No Conepxxanue padbot JlomxHOCTB
pab WCTIOJTHUTEIS
Nzyuenue [Toxbop u n3ydeHne MaTepruagoB
Y 1 AOOP I p HUcnonnurens
JUTEPaTyPHI 110 TEME 1o TeMe
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[Iponomkenue Tabnuibl 7

5 Bri0op HanpaBneHus PykoBonuterns,
N3yuenue MCCJIENOBAHUN VCTIOJIHUTEIIb
JUTEPATYPHI IO TEME 3 Kanennapnoe mianupoBanue PykoBonurens,
paboT 1Mo Teme WCIIOJTHUTEb
MopaenupoBaHue
PykoBoaureis,
4 TEXHOJOTMYECKOT0 Tpolecca Ha
VCIIOJTHUTENb
MonenupoBanue I1K
rpouecca u IIpoBenenue
POt POBEA PykoBoaureis,
AKCHEPUMEHTATIbHBIE 5 AKCIEPUMEHTAIIBHBIX
" VCIIOJTHUTENb
UCCIIEN0BaHUS UCCIIENOBAaHUN
6 Ananu3z u oopabotka PykoBoauTernb,
MIOJIYYEHHBIX PE3YyJIbTATOB VCTIOJTHUTENb
7 Onenka 3¢ peKTUBHOCTH PykoBoauresnb,
MOJIYYEHHBIX PE3YyJIbTATOB VCIIOJTHUTENb
Obobmenue 1 oueHKa g OdopMIiIeHHE MOACHUTENBLHOM -
pE3yIbTATOB RATICKH CIIOJITHUTCJIIb
9 [ToaroroBka K 3amiure Hcnonnurens

4.2.2 Onpenenenue TPYA0€eMKOCTH BbITIOJTHEHUS PadoT

TpynoBble 3aTpaThl B OOJBIIMHCTBE CiIy4asx OOpa3ylOT OCHOBHYIO YacCTb
CTOMUMOCTH Ppa3paOOTKH, TOITOMY BaKHBIM MOMEHTOM SBIISETCS OIpeesieHne
TPYJOEMKOCTH padOT KaXKI0r0 U3 YYACTHHKOB HAYYHOTO UCCIICTOBAHMUS.

TpynoeMKOCTh  BBIIOJHEHHS  HAy4YHOTO  MCCIEJOBaHUS  OLEHUBAETCS
AKCHEPTHBIM IYTEM B YEIOBEKO-IHSIX W HOCUT BEPOSTHOCTHBIM Xapakrep, T.K.
3aBUCUT OT MHOXECTBA TPYIHO YYUThIBaeMbIX (akTopoB. [lisa ompeneneHus

0’KHJIAeMOT0 (CpedHEro) 3HAY€HUs TPYJOEMKOCTH t ; HMCIOJB3YETCSA CIEMYIoIast

dbopmymna:
3t . +20 .
t minl + maxl

0Kl 5 1

(14)

rae U, — oxugaeMas TPyIOEMKOCTD BBIOIHEHHUS i-0i pabOTHI YeIL.-1H.
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t

mini - _ MHHUMAJILHO BO3MOXHAas TPYAOEMKOCTb BBITIOJHECHHUS 3aaHHOW I-0if
paboThl (ONTUMHCTUYECKAs OLIEHKA: B MPEAINOJIOKEHUH Hanboliee ONaronpusTHOTO

CTE€YEHHS 0OCTOSTENBbCTB), YeH.-IH.;

tmaxi — MaKCHMaJIbHO BO3MOJKHAs TPYJOSMKOCTh BBITIOJHCHHS 3aJaHHOU I-OW

paboThI (meccuMucTUUECKas OIICHKA! B MPEINOJIOKEHU N HauOosee
HEOJIaronpUATHOTO CTEYEHUSI OOCTOSITENHCTB), YEJI.-/TH.

Ucxons u3 OKH]J1aeMOM TPYJAOEMKOCTH pabor, omnpeensieTcs
NPOJOJDKUTENIBHOCTh  KaKJOW paboTel B pabodynx JHAX 7, Yy4YUTHIBArOILas
NapajuieIbHOCTh  BBIMIOJIHEHUS Pa0OT HECKOJbKUMHU HCHOJHUTENAMHU. Takoe
BbIUKCIIEHUE HEOOXOIMMO JJi1 0OOCHOBAHHOI'O pacyeTa 3apa0OTHOW IJIaThl, TaK Kak
yIEIbHBIAM BEC 3apIuiaThl B OOIIEH CMETHOW CTOMMOCTH HAYYHBIX HCCIIEIOBaHUU

COCTAaBJISIET 0KO0JIO 65 %.

T, =2 (15)

rae Tpi — NPOJIOJDKUTENBHOCTD OHOM paboThl, pad. JH.;
tomi — OKHJ1aeMasi TPYI0EMKOCTh BBITIOJIHEHUSI OHOW paOOThI, YeJl.-1IH.

qi — YUCJIICHHOCTH I/ICHOHHI/ITGHGﬁ, BBIITOJHAOIMKUX OAHOBPCMCHHO OJJHY U TY KC

paboTy Ha TAaHHOM JTarle, Yel.

4.2.3. Pa3paboTka rpadguka npoBeJeHUsI HAYYHOT0 UCCJIeIOBAHNUS

Huarpamma ['aHTa — TOpU30OHTAIBHBIN JIGHTOYHBIN TPaQUK, HA KOTOPOM PaOOTHI
[0 TEeME  MNOPEACTABISIIOTCA  NPOTSDKEHHBIMM  BO  BPEMEHH  OTPE3KaMH,
XapaKTepU3YIOIMUMHUCS JaTaMU Hadalla ¥ OKOHYAHUS BBIMOJTHEHUS JAHHBIX PadoT.
BpemeHHble mokaszaTenn NPOBEAECHUS HAYYHOIO HCCIENOBAHUS W KaJEHIAPHBIN
1aH-rpaduK MPOBEACHUS HAYYHOTO UCCIIEIOBAaHUS TIpeIcTaBieH B Tabnumax M2, U3

(ITpmnoxenne N).
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s ynoOGcTBa mocTpoeHus rpaduka, JIUTEIBHOCTh KaXKJI0ro M3 ATarnoB padboT
u3 paboumx AHEH cleayeT MepeBecTH B KajeHAapHbie THU. (s 3Toro Heobxoaumo

BOCIIOJIB30BAThCS cleaytoiei popmMynoii:
Txi - Tpi ) kxan ) (16)
rie Tii— MPOJOKUTEIBHOCTD BBIMOJIHEHHUS I-i paOOThI B KAJICHIAPHBIX THSX;
T\,i — TPOIOIKUTEIIFHOCTD BBITIOJIHEHUS I-if pabOTHI B pabodnX THIX;

Kyar— KOO DUIIMEHT KaJICHTaPHOCTH.

KoadpummenT kanennapHocTH onpeaensercs 1no cieayrouiei popmye:

T

— Kajl

k‘“‘“_TK T —T (17)

an BBIX np

Tac TKaﬂ — KOJIMYCCTBO KaJICHIAPHBIX JIHCfI B Troay,

T — KOJIMYCCTBO BBIXOAHBIX }IHeﬁ B Troay,

BBIX

T,, — KOJIMYECTBO NPa3THUYHBIX JIHEH B TOLY.

PaccuntanHbie 3Ha4YeHUS B KaJICHOIApPHBIX OHAX IIO K&)K,I[Oﬁ pa60Te TKi

H€O6XO,III/IMO OKPYTJIMTH A0 LECJI0T0 YrCia.

365
k., =——=1,48.
Kal = 365-104—14 ’

4.3 bromxeT HAYy4YHO-TeXHUYeCcKoro ucciaeaopanusi (HTH)

IIpu nnmanupoBanuu Oromxkera HTU nmomkHO OBITH 00€CIEUYEHO TOJHOE H
JIOCTOBEPHOE OTPAXKEHUE BCEX BUJOB PAacXOJOB, CBA3AHHBIX C €ro BBINOJHEHHEM. B
npouecce popmupoBanus Oromkera HTU ucnonp3yeTcs crnemyromias TpynmupoBKa
3aTpar Mo CTaThsIM:

e martepuasibHble 3aTpaTtel HTU;

® 3aTparbl Ha CrieluanbHOE 00opyaoBaHuE TUISt Hay4HBIX
(3KCIIEpUMEHTANBHBIX) PAOOT;

® OCHOBHas 3apa0OTHas IIaTa UCIOJIHUTENEH TEMBI;

® JOIIOJHHUTCJIbHAA 33p360THa$I I1aTa UCIOJIHUTEICH TEMBbI,
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® OTYHUCJIEHHUS BO BHEOIOKETHBIE (DOHIBI (CTPaXOBbIE OTYUCIICHHUS);

¢ HaKJIaAHBIC paCXO/bl.

4.3.1 Pacuer matepuaiabnbix 3aTpat HTHU

PacueT maTepuanbHbIX 3aTpaT OCYIECTBISETCS MO CIENYIOIe popMmye:

m
3M :(1+kT)'ZI—I| 'Npacxi ' (18)
i=1
rire m — KOJIUYECCTBO BHUJIOB MATCPHATIBHBIX pPECYypCOB, HOTpe6J'I$I€MBIX npu

BBITIOJTHEHUW HAYYHOTO UCCJICT0OBAHHUS,

Npacxi — KOJIMYECTBO MaTEPHANBHBIX PECYpCOB I-TO BHAA, IUIAHHPYEMBIX K
HCIIOJIb30BAHHUIO [IPH BBIIIONHEHHH HAYYHOTO HCCIEIOBAHMS (IUT., KT, M, M° H T.JL.);

I[; — meHa mpuoOOpeTEHUsT €AUHMIIBI I-TO BHJA MOTPEOIAEMBIX MaTepHATbHBIX
pecypcos (py6./wt., py6./kr, py6./m, py6./mM° 1 T.1.);

K7— KO3 GUIMEHT, YUUTHIBAOIINIA TPAHCIIOPTHO-3arOTOBUTEIILHBIC PACXO/IBI.

Tabmuma 8 — MarepuanbHbIe 3aTpaThl

3aTpaThl Ha
Ilena 3a en.,
HanmenoBanue | KonuuecTBo 5 MaTepualbl,
Py (3w, pyo.
Hwutpar uepus
Ce(NOy)s I xr 15000 15000
Hwutpar
caMapus 1 kr 8400 8400
SM(NOs)s
AnieToH 10 n 82 820
Hwutpat maruus
Mg(NOs)s 1 xr 500 500
Hroro 24720

4.3.2 Pacuyer 3arpar Ha cHneuMajJbHOe O000pPYAOBaHHE IJA HAYYHbIX

(3KcnepMMeHTAIBLHBIX) padoT

B JaHHOM  pa3acjc BKIIOYCHBI  3aTpaThl, CBA3aHHBIC C HOKYHKOﬁ

obopynoBaHHs, KOTOpoe HeoOxoauMo st paboTel. CTOMMOCTH JAHHOTO
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0o0OpyAOBaHUs OIpeAeseTca IO Mpaic-ITUCTy WIM OOroBapuMBaeTcs B IpoLecce

3aKIIIOYCHHA 10roBopa.

Tabnuua 9 — CroumocTs 000pyAOBaHUS

HaumeHnoBanue [Ipumeuanne | KonuuectBo | llena 3a 3aTpatsl Ha
enl., mMaTepuansl, (3,,),
pyo. pyo.

Peueparop | pyr g-60/13 1 474000 474000
BBICOKOYACTOTHBIN
Hoytbyk ASUS

XE50CC 1 25990 25990
[TpunTep Kyocera FS-

1020MFP 1 17200 17200
Uroro 517190

CroumMocTh 00OpYJOBaHMsSI, MCIOJIB3YEMOTO IMPH BHITIOJIHEHUN KOHKPETHOTO
HTHU n umeromerocs B TaHHOW HayYHO-TEXHUYECKOW OpraHU3allMH, YUYATHIBACTCS B
KQJIbKYJISILIUU B BUJIE aMOPTU3ALIMOHHBIX OTYUCIICHUN :

CtouMOoCTb - Nyeis 517190 - 20
A — JAHEHU UCIIbITAHUA — — 9446’4 6,
Cpok cay6bI - 365 3-365 by

4.3.3 OcHoBHas1 3apa0OTHAs MJIATA HCIOJHUTEJIeil TeMbl

Crathst  BKJIIOYaCT  OCHOBHYIO  3apaboTHYI0  Iiaty  paOOTHHKOB,
HETMOCPEICTBEHHO 3aHAThIX BbimojsHeHHeM HTU, (Bkirouas npemuu, JOIJIATHI) U

JOTIOJTHUTEIIBHYIO0 3apaboTHYIO miaty [35]:
33H = 30CH + 3,HOI'[ 1 (19)
rae 3,cx — OCHOBHAs 3apaboTHas 1UIaTa;
30n — OTIOTHHUTENBHAS 3apaboTHas miata (12-20 % ot 34c)-

OcHoBHas 3apaboTtHas miata (3oe;) PYKOBOAHUTENsS (JTabOpaHTa, MHXKEHEpa) OT

npeanpusaTus (MpU HAAUYUKU PYKOBOAUTENS OT MPEANPHUATHS]) PACCUUTHIBACTCS IO

caeayouien popmyne:
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3001-1 - 3;{1—1 ) Tp ’ (20)
r7e 3ocx — OCHOBHas 3apa0O0THAas IiaTa OAHOTO pabOTHHUKA;
T, — OpoAOIKHUTENBHOCT PAabOT, BBIIONHAEMBIX HAYyYHO-TEXHUUYECKUM
paboOTHUKOM, pad. IH.;
3.m— CpeaHeaHeBHas 3apa0boTHas 1iaTa paboTHHKA, PYO.
CpennenneBHas 3apaboTHasI TUIaTa PaCCUUTHIBACTCS IO hopMyJie:
_3,M
m F )

a

3 (21)

rje 3, — MECSYHBIN JOJKHOCTHOM OKJIaa paboTHUKA, pyo.;

M — konu4ecTBO MecAIeB paboThl O€3 OTITyCKa B TEYEHUE T0J1a:

npu otirycke B 24 pab. gus M =11,2 mecsia, 5-g1HeBHas Heems;

npu otnycke B 48 pab. nueit M=10,4 mecsiia, 6-1HEBHASI HEETS;

F. — neicTBUTENbHBINA T00BOM (PoHI pabodyero BpeMeHH HAyYHO-TEXHUYECKOTO
nepcoHasna, pad. JH.

Ta6muma 10 — bananc pabodero BpeMeHH

[Tokazarenu pabouero BpeMeHU PykoBoaurens|criomHuTe1H
Kanenmapnoe uucio nHe 365 365
KonnuecTBo Hepabounx qHen

- BBIXOJHBIE JTHU 104 104

- Tpa3gHUYHbIC THU 14 14
[ToTepu paboyero BpemMeHu

- OTIYCK 48 24

- HEBBIXOIBI 10 OOJIE3HU S S
JleficTBUTENBHBIN T0/10BOM (OHI pabouero BpeMeHu 199 223

MecsuHbIi TOKHOCTHOM OKJIa] paOOTHHKA!
3, =3 -A+k, +k,)-k (22)

rae 3;. — 3apaboTHas maaTa mo TapudHOi cTaBke, pyo;
Knp — mpeMuansablii ko3¢ durment, pasuslii 0,3 (T.e. 30% oT 3,);
K, — ko3 dunueHT gomiat U HagdaBok coctaiseT npumepro 0,2 —0,5;

K, — paitoHHbIH K03 uinenT, pasuslii 1,3 (it ToMcka).
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Tabmuua 11 — Pacuér ocHOBHOM 3apaOOTHOM IMJIaTh

3re Kip | Ki | Kp 3 3 T, Bocn,

pyo. pyo pyO. |pab. nH. pyo.
PyxoBogutens| 33664 |0,3|0,2|1,3|65644,8 | 3430,7 | 28,8 98804,2
Wcnomaurens [13396,59( 0,3 | 0,2 | 1,3 | 26123,4 (1312,03| 79,4 104175,2
Htoro 3o 202979,4

4.3.4 lonoiHUTEJIbHAA 3apa00THASA IJIATA MCIIOJHUTEJIEH TeMbI

Pacuer nomomHUTENBHONW 3apa0OTHOM IUIATBI BEIETCSA IO CICAYIONICH
dbopmyie:
BAOH = kaon " Bocu (23)
rae ko; — KOOQPUIMEHT TONOIHUTENBHON 3apaOOTHOM ILIATHL.

Tabnuma 12 — Pacuér nonomHUTEIBLHOM 3apa00THOM TIaThI

Bocw, | Kaon | non,

pyo. pyo.
PykoBonurens | 98804,2 | 0,14 | 13832,6
Ucnomuurens [104175,2| 0,14 | 14584,5
Hroro 3, 28417,1

4.3.5 OTtunciieHnsi BO BHEOI/:KeTHBIE (DOHABI (CTPAXOBbIe OTYMCJIECHHUSA)

BenwunHa oT4mcieHUH BO BHEOIOMKETHBIC (DOHIBI OMPENEISICTCS UCXOMs U3
cieayromie GopMyIb:

313He6 - kBHe6 ) (3001{ + 3 (24)

I[Ol'[) ]
e Kpwes — KOB(DOHIMEHT OTUYMCIACHUN Ha YIUIATy BO BHEOIOKCTHBIC (HOHIBI
(mercuoHHbIN GHoHA, POHT 003aTEIHHOTO MEAUIIMHCKOTO CTPAXOBAHUS U TIP. ).

Tabmuma 13 — OTuucieHuss BO BHEOIOKETHBIC (hOHIBI

3001{, 3non, kBHeG 3BHe6,

pyoO. pyo. pyo.
Pykoomurens | 98804,2 | 13832,6 | 0,3 | 33791,04
Ucnonaurens | 104175,2 | 145845 | 0,3 | 35627,91
Hroro 3,6 69418,95
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4.3.6 Haksiagnble pacxoabl

HaxnanHble pacxo/ibl yYUTHIBAIOT MIPOYHUE 3aTpaThl OPraHU3allid, HE TOMaBIINe
B TpEIBIIyIIAE CTaThbU pPACXOJOB: Tled4aTh M KCEPOKOMMPOBAHHE MaTepUalIOB
WCCIICJIOBAHMS, OIUIaTa YCIYT CBS3H, SJIEKTPOIHEPTHH, MOYTOBBIE M TenerpadHbie
pacxo/ibl, pa3MHOKEHUE MaTEpUAJIOB U T.I.

OKCIIEpUMEHTAJIbHBIE MCCIENOBAHUSA MPOBOAMINCH 20 ITHEN MO OJHOMY 4acy,
MOIITHOCTh yCTaHOBKU 35 kBT1/uac. 3aTpaThl Ha BIIEKTPOIHEPTHIO PACCUUTHIBAIOTCS
o ¢opmyse:

Con = Uyn * P - Fog, (25)
rae L,; — Tapud Ha TPOMBIIIIEHHYIO 3JIEKTPOIHEPTHIO;
P — MmomHOCTh 0060pyHOBaHus, KBT;
Fos — BpeMst UCTIOIB30BaHUSI 000PYyIOBAHUS, .

Tapudp Ha TPOMBINUICHHYIO JJEKTpOodHepruro s «HammoHambHOTO
UCCJIeI0BATENBCKOTO TOMCKOTO MOJMMTEXHUYECKOTO YHUBEPCHUTETA» COCTABISIET 5,8
py0. 3a 1 kBt u.

C,; = 5,8-35-20 = 4060 py6.
3arpaThl Ha BOJOCHA0KEHUE:
Cs =L - Q- Fog, (26)
e L[, — Taprd Ha mpoMBIILIeHHOE BofocHabkerue (24,66 py6 3a 1 M°);
Q — pacxoz BOJbIL, M;
Fo6 — Bpems ucrosib30BaHusi 000pyAOBaHUS, Y.
C; = 24,66 -1,8- 20 = 887 py6.

3arparbl Ha NPUOOpPETEHHE JIHULEH3UMOHHOTO MPOTPaMMHOIO oOecreueHus
TERRA coctaBmmu Cpg = 2038 py6Jien.

Benuuuna 3aTtpaT Ha aIMUHUCTPATUBHBIE PAOOTHI:

Cpap = (4060 + 887 + 2038) - 0,16 = 1117,6 py®.

Haxmangneie pacxosr:

Bpan = Coy + C5 + Cpp + Cppo + (cymma cTaTeit 1 + 5) - 10 %, (27)
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3, = 4060 + 887 + 1117,6 + 2038
+ (24720 + 9446,4 + 202979,4 + 28417,1 + 69418,95) - 0,1
= 41600,79 py6.

4.3.7 d@opmupoBaHue OKW/IKeTa 3aTPaAaT HAYYHO-HCCJIEA0BATEIbCKOIO

NpoeKTa

PaccunTannas BenuuMHa 3aTpPAT HAYYHO-HCCIIEIOBATEIbCKON pabOTHI (TEMbl)
ABJISIETCS] OCHOBOM 11 (popMHpoBaHUs Or0/IKETa 3aTpaT MPOEKTa.

Tabnuua 14 — Pacuer Orokera 3atpat HTU

HaumenoBanue ctateu Cymwma, py6. | Ilpumeuanue
1. Marepuanbnbie 3atpatsl HTU 24720 ITynkr 1.3.1
2. 3aTpaThl Ha CTIEIMAIBHOE
000pyAOBaHUE JIs1 HAYUYHBIX 9446,4 [Tynkr 1.3.2

(9KCIEpUMEHTAJIbHBIX) paboT

3. 3aTparbl IO OCHOBHOM 3apaboOTHOM
IJIaTe UCIOJTHUTENIEH TeMBI

202979,4 [Tynkr 1.3.3

4. 3aTpaThl IO JOTIOJIHUTEIBHOM

3apabOTHO TUTaTe UCTIOJIHUTEIICH 28417,1 [Tynkr 1.3.4
TEMBI

5. OTuncieHus BO BHEOIOKETHBIE 69418.95 Myskr 1.3.5
boHIBI

6. Haknagubie pacXosl 41600,79 [Tynkr 1.3.6
/. bromxer 3atpatr HTU 376582,64 CymmMma cT. 1- 6

4.4 Onpenenenne pecypcHoil (pecypcocOeperaoiueii), ¢uHAHCOBOM,

0101:keTHOM 3P PeKTUBHOCTH UCCTETOBAHUS

Onpenenenne  3QPEKTUBHOCTH  MPOUCXOJUT HA  OCHOBE  pacyeTa
WHTETPAJbHOTO TOKazaTenss A(G(EKTUBHOCTH HAydHOro uccieaoBanus. Ero
HAaXOXJCHUE CBS3aHO C OMNPEACIICHHEM JIBYX CPEIHEB3BEIICHHBIX BEIMYWH:
dbunancoBoM dPpPekTrBHOCTH U pecypcodPHEKTUBHOCTH.

WuTerpaiibHbIN (PUHAHCOBBIN MMOKA3aTeNlh pa3pa0d0TKH onpeaessercs kak [35]:

67



II/II'IC.i — chi ) (28)

¢uup —
cI)max
HIIC.I . < .
7€ lgyyyp — MHTETPANIBHBII (PUHAHCOBBI TOKa3aTeNnb pa3padoTKy;
®,,; — CTOMMOCTb i-T0 BapUaHTa UCTIONHEHHS;

®,0x — MaKcHUManbHasi CTOMMOCTHh HCIIOJMHEHHUS HAYYHO- HCCIEI0BATEIbCKOTO
npoeKTa (B T.4. aHAJIOTH).

Tabnuua 15 — 3HaueHust HHTErpaIbHbIX (PMHAHCOBBIX MOKa3aTeseil pa3paboTKu

Ucn.1 | Ucn.2

Ignel |1 0,6

WNuTerpanpHblii mokaszarenb pecypcod(PeKTUBHOCTH BAPUAHTOB HCIIOJHEHHS

00BeEKTa HCCIICAOBAHUA MOXHO OIIPCACINUTDL CICAYIOIINM 06p330M:

Ly = z a; - by, (29)

rae [,; — MHTerpanbHbli NokasaTenb pecypcodddeKTHBHOCTH s i-ro BapHaHTa
UCTIOJTHEHHS pa3paboTKu;

a; — BecoBOM K03((HUIUCHT I-TO BApUAHTA UCTIOIHECHUS pa3pabOTKH;

b, blp — OampHas OIEHKA I-r0 BapWaHTa HCIOJHEHHUS  Pa3pabOTKH,
yCTaHABIMBACTCS SKCIIEPTHBIM ITyTEM 110 BRIOPAHHOM IIKaJIe OlCHUBAHUS;

N — YUCIIO MTApaMETPOB CPABHEHUSI.

Tabnuna 16 — CpaBHuTENbHAs OICHKA XapaKTEPUCTHUK BAPUAHTOB HCIIOTHEHUS

MIPOEKTA
OO6mbekT uccnenoBanusi | BecoBoii koaddunment mapamerpa | Mcn.1l | Hcn.2

Kputepun

1. IIpon3BOIUTEIHLHOCTD 0,2 5 4
2. DHeprocOepexeHmne 0,5 5 3
3. HagexxHocTh 0,2 5 4
4. MarepranoeMKOCTh 0,1 5 3
NTOI'O 1

Lyyen1 =5°02+5:05+5-02+5-0,1=5,
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Ip—yenz =4-02+3-05+4-02+3-0,1=34.

Hcxonst U3 MOTYyYEHHBIX PE3yIbTaTOB, MOXKHO CJENaTh BBIBOJ, YTO HAYYHO-
TEXHUYECKOE HCCIeqoBaHne OyaeT pecypcodpdeKTHBHO MpH MEPBOM BapHaHTE
WCTIONTHEHHsI ~ MpOeKTa, T.6. NPH  BBICOKOW  TPOU3BOAUTEIBHOCTH |
3HEProdP(HEeKTUBHOCTH MPOEKTA.

WuTerpanbHblii  mokazaTenb  d(PGEKTUBHOCTH  BAapHAHTOB  HCIIOJHEHUS
pazpabotku (I, ;) ONpeAeNsieTcss Ha OCHOBAHMM WHTErPAJIbHOrO IOKa3aTels

pecypco3PdeKTUBHOCTH U MHTETPAIIBHOIO (PMHAHCOBOIO MOKa3aTess o Gopmyiie:

I I
“p—ucnl ucnl “p—ucn2 HUcn2
IHGLI IHCHl rlncnz IHCHZ HT.A. (30)
$unp $unp

CpaBHEGHHE WHTETpaJbHOTO  TOKa3aTels A(P(PEKTUBHOCTH  BapHAHTOB
UCIIOJTHEHUST Pa3pabOTKH TO3BOJUT ONPEACIUTh CPABHUTCIBHYIO 3()PEKTUBHOCTH
npoekta (Tabmuma 17) u BeIOpaTh Haumbojee 1eaecooOpa3Hbli BapHaHT W3

pesIoKeHHbIX. CpaBHUTENbHAS S3)PEKTHBHOCTL NPOEKTa (Ip):

Incnl
Bep = 7 (31)
ucn2
Tabmuma 17 — CpaBauTenbHas 3QPEKTUBHOCTD pa3pabOTKH
No IToxa3zarenu Hcn.1 | Ucn.2
/i
1 | UaTerpanbHbIi (hMHAHCOBBI 1 0,6
TOKa3aTeNnb pa3paboTKu
2 WNuTterpanbHbIit [OKAa3aTeb 5 3,4
pecypcodrhEeKTUBHOCTH pa3pabOTKH
3 WNuTterpanpHbIit [OKAa3aTelb 5 5,7
3 GEeKTUBHOCTH
4 | CpaBHUTENbHAS 3h(HEKTUBHOCTH 1 0,87
BAapUAHTOB MCTIOTHEHUS
BbiBoabI MO pa3aeny
[Tpu BBIIIOJIHEHUU pasnena «DuHaHCOBBIN MEHEI>KMEHT,

pecypcodPheKTHBHOCTh U pecypcocOepexeHne» MaruCTepCKol AUCCcepTaruy ObUIH
BBISIBIICHBI MOTPEOUTENH pE3yJIbTaTOB HcciaeaoBanusi, cpeau KOTopbix AO «CXKy,
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I[TAO «H3XK» n I[TAO «MamnHOCTPOUTENBHBINA 3aBOMI», COCTABICHA OLEHOYHAs
KapTa JJi1 CPaBHEHHUs KOHKYPEHTHBIX TE€XHUYECKUX pemieHuil u nposeaeH SWOT-
aHanu3. B paMmkax T1IaHUPOBAaHMS HAYYHO-UCCIEAOBATENBCKOW paboOThl  ObLI
COCTaBJIEH NEpEYeHb ATANOB pabOT M pachpelesieHue HCIOJHUTENeH, pa3paboTaH
rpa@uK TPOBENEHUS HAY4YHOI'O HCCIEAOBAHUS M KaJeHAApHbIM IUIaH-TpauK
(ITpunoxenune U). Ilpu dopMupoBanuu OrIKeTa TPOEKTAa ObUIM PACCUUTAHBI
MaTepHalibHbIE 3aTpaThl, 3aTpaThl Ha CHEUUaIbHOE OOOpYJOBaHUE, OCHOBHAs U
JIOTIOTHUTEIbHAS 3apa00THBIE IJIAThI UCIIOJHUTENEH, OTYMCIICHHUS BO BHEOIOIXKETHbIE
(GoHIBI U HAKIAAHBIE PACXO/bI, TAHHBIE CTATbU PACXOAOB MPUBEJAEHBI B Tabnuie 14.
bromxer mnpoekta coctaBuin 376582,64 pyoOmneii. Ilpu ouenke 3¢ deKTUBHOCTH
UCCIIEIOBaHUs OBLIM  pacCUMTaHbl HMHTErpajbHble (UHAHCOBBIM IMOKa3aTeib
pa3paboTKH, ToKa3aTeab pecypcodddEeKTUBHOCTH pa3pabOTKM ¢ TOKa3aTelb
sbdextuBHOoCTH (Tabnmuua 17). Mcxoas W3 NOMYyYEHHBIX pPE3yJIbTaTOB, MOKHO
c/ieNiaTh BBIBOJ, UTO HAYYHOE MCCleIoBaHUE OyneT pecypcoddHEeKTUBHO MpPU NIEPBOM
BapUAHTE MWCIOJHEHUS IPOEKTa, T.€. IPU BBICOKOW IPOU3BOAUTEIBHOCTH U

3Heprod(PpGheKTUBHOCTH MPOEKTA.
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5 COHI/IaJII:HaSI OTBETCTBCHHOCTD

[enbro BBITIOTHEHUS BRITYCKHOU KBanudukamonHoit padbotel (BKP) sBnsiercs
MO/JICJIMPOBAHUE MPOLIECCA CUHTE3a B BO3YIIHOM IJIa3ME€ HAHOPAa3MEPHBIX OKCUIHBIX
KOMIIO3MIUN I TUTYTOHUM-TOPUEBOTO AUCTIEPCUOHHOTO SIAEPHOTO TOILIHUBA.

B oskcnepumentansHoit uyactu BKP  Obulo  mpoBeneHO  TepMOAMHAMUYECKOE
MOJICIUPOBaHUE  Tpollecca IUIa3MEHHOW mepepaOOTKU  BOJAHO-OPTaHUYECKUX
HuUTpaTHeIX pacTBopoB (BOHP), oOecneunBaromiue npsMoll CHUHTE3 B BO3AYIIHOU
IJIa3M€ TOIUIMBHBIX KOMIO3UIIMK ISl TUIYTOHHM-TOPUEBOTO JAUCIEPCHOHHOTO
torunBa. [lo ero pesynbratam ObUIM OTNpEJEICHBI ONTUMAJbHBIE YCIOBUS IS
OpPaKTUYECKOM  peanu3aluu  [poliecca:  MacCoBblE  JIOJM  pacTBoOpa U
iazmooOpasyloniero rasa, pabouass Temmeparypa, JaBlieHHE U  yJeJIbHbIe
SHEPro3aTparhl.

Breimmonnenne BKP npoBoaunoch B oTaenenuu sigepHo-TorumBHoro nukna (OSATL)
NnxenepHoit mikomsl siaepHbix TexHosmorui (MATI) ToMckoro moauTeXHUYECKOTO
yHuBepcurTera. sl BBINOJHEHUS JKcrepuMeHTanbHOM vyactu BKP B kauectse
paboyero Mecra HCHOJB30BAJICA KOMIBIOTEPHBIN cToil ¢ OBM, cooTBercTBYyIOIIEE
nepudepuitnoe o0opyaoBaHHEe (MOHUTOp, KJIaBUATypa, MBIIIb) U IMPOTPaAMMHOE
obecneuenue (Microsoft Word, Microsoft Excel, TERRA). IloTeHumaabHbIMK
MOJIb30BATENSIMU ~ PE3YNbTaTOB  HccienoBanus saBmsiorcss  AO  «Cubupckuit

xumudeckuit koMouHaT» U [TAO «MammHOCTPOUTEIIBHBIN 3aBOY.

5.1 IIpaBoBbIe U OPraHU3aALMOHHbIC BONMPOCHI o0ecneyeHus 0e30MaCHOCTH
5.1.1 CnenuajbHble (XapakrepHble 1Js pa0ouyeil 30HbI HMCCJIeI0BATEJIs1)

NMPaBoBbie HOPMbI TPYJA0BOI0 3aKOHOIATEJIbCTBA

OCHOBHbBIE TOJOXKEHUSI MO OXpaHE TpyJa H3JI0XKEHbl B TpyqoBOM KoJEeKce
Poccuiickoit @enepanuu [36]. B a3TOM gOKyMeHTE ykKa3aHO, YTO OXpaHa 3A0POBBS

TpyIdIIuxcs,  oOecrieyeHne  O€30MacHbIX  yCIOBHH  TpyAa,  JUKBUAALUSA
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npodecCHOHaTbHBIX 3a00JICBaHWA M TMPOU3BOJCTBEHHOTO TpPaBMAaTHU3Ma SIBIISIIOTCS
OJTHOM M3 TJIABHBIX 3a00T rOCyAapCTBa.
Cornacno TpymoBomy kojaekcy Poccuiickoit deaepaiuu Kaxasliii pabOTHHUK

UMeeT TIPABO Ha:

e pabodee MeCTO, COOTBETCTBYIOIIEE TPEOOBAHUSIM OXPAHBI TPY/a;

e 00s3aTeIbHOE COIMAIBHOC CTPAaXxOBaHWE OT HECYACTHBIX CIIydacB Ha
MIPOU3BOJICTBE U MPO(PECCHOHATBHBIX 3a00JICBaHUM;

® T[IOJyYeHUE JOCTOBEPHOW HMH(pOpManuu OT pabOTOJATEINsI, COOTBETCTBYOIIMX
TOCY/IapCTBEHHBIX OPraHOB M OOIIECTBEHHBIX OpraHU3alHMi 00 YCIOBHSIX U OXpaHE
TpyJa Ha pabodyeM MecTe, O CYIISCTBYIONIEM PUCKE TIOBPEIKIACHUS 3I0POBbS, a TaK¥Ke
0 Mepax 0 3allluTe OT BO3JICUCTBHS BPEIHBIX U (MJIM) OMACHBIX MPOU3BOJACTBECHHBIX
¢bakTOpoB;

® OTKa3 OT BBHINOJIHCHHS PAabOT B Cllydac BO3HMKHOBEHUS OIMACHOCTH IS €O
’KU3HU U 3]I0POBbsI BCJICICTBHE HAPYIIICHUS TPEOOBAaHUI OXPaHBI TPY/a;

e o0ecreyeHne CpeACTBAMH WHIMBUIYATbHOW M KOJJIEKTMBHOM 3alllUTHI B
COOTBETCTBHHM C TPEOOBAHUSIMHU OXPAHBI TPYJA 32 CUET CPEICTB paboTonaTess;

e oOyueHue Oe€30MacHBIM METOJaM M TpHUeMaM TpyJa 3a CUYeT CpEeACTB
paboTomarerns;

® JIMYHOE YYacTHE WJIM Y4acTHE Yepe3 CBOMX IPEACTABUTENCH B PaCCMOTPEHUU
BOIIPOCOB, CBSI3aHHBIX ¢ oOecrieueHueM O0e30MacHBIX YCIOBUHM Tpyda Ha ero pabouemM
MECTe, M B pAacCieOBaHUU TPOUCIICAIIETO C HUM HECYACTHOTO Ciy4as Ha
MIPOM3BOJICTBE WM MPO(ECCHOHATBLHOTO 3a00JICBaHNS,

® BHEOUCPEAHOW MEIUIMHCKUN OCMOTP B COOTBETCTBUU C MEAUIIMHCKUMU
PEKOMEHJAIUSIMU C COXPAaHEHHEM 3a HUM MecTa paloThl (JIOJDKHOCTH) U CPETHETO
3apaboTKa BO BpeMsl MPOXOKACHHS YKa3aHHOT'O MEIUIIMHCKOTO OCMOTPA;

® TapaHTUU U KOMIICHCAIINH, YCTAHOBJIEHHBIE B COOTBETCTBUHM C HACTOSIIIHUM
KOJIEKCOM, KOJUIEKTUBHBIM JIOTOBOPOM, COTJIAIICHUEM, JIOKATHHBIM HOPMATHUBHBIM
aKTOM, TPYIOBBIM JIOTOBOPOM, €CIM OH 3aHSIT Ha paboTax ¢ BpPEAHBIMU U (WJIM)

ONACHBIMH YCIIOBUSIMU TPY/a.
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B tpymoBom konekce Poccuiickon Penepauuu rOBOPUTCS, YTO HOPMaJIbHAsI
MPOIOKUTEILHOCTh paboyero BpeMeHU He MOKET MpeBbiiath 40 4acoB B HENEIIO,

paboronarens 00s3aH BECTU y4€T BPEMEHHU, OTPAOOTAHHOTO KaXK/IbIM PA0OTHUKOM.

5.1.2 Opranu3auMoOHHbIe MEPONPUATHS NPH KOMIIOHOBKe padoyeil 30HbI

ucciaeaoBsaTeia

Pabouee mecto npu padote ¢ [IK n10mKkHO COCTaBIsATh HE MEHEe YeM 6 M’ [37].
Beimosinenue skcnepumentanbHoil yactu BKP mposommnocs B ayautopun 001b
yaeGHOro Koprryca Ne 10 TITY. O6mas miommans ayauropun 140,4 m°, mo 23,4 M° Ha
onHoro omeparopa DBM, 4TO COOTBETCTBYET TMTHEHUYECKUM TPEOOBAHUSIM MpHU
pabote ¢ OBM.

[IpocTpaHCTBO AJIsI HOT JOJKHO COOTBETCTBOBATH CIEAYIOIIMM IapaMeTpam:
BBICOTA MPOCTPAHCTBA JiJIsi HOT He MeHee 600 MM, pacCTOsTHUE CHUJEHbS 10 HUKHETO
Kpasi paboueii moBepxHocTr He MeHee 150 MM, a BeicoTa cuaenbs 420 mm [38].

Tak >xe mpemaycMOTpeHbl cileayrolue TpeOOoBaHUS K OpraHu3alud padouero
mecta mnonb3oBatensa [IOBM: koHcTpykmms pabodero cryna (Kpecia) IOJKHA
obecrieunBaTh MOJJICpKAHUE pallMOHAIBLHON pabodeit mo3wl mpu padore Ha [IDBM
NO3BOJISATh U3MEHATHh O3y C LEJNbI0 CHUMKEHUSI CTATUYECKOTO HAIPSHKEHUS MBIIII
HMICHHO-TUIEUeBOM OOJACTH M CIMHBI IS MPEAYNPEKACHUS PA3BUTHS yTOMIICHUS.
Tun pabGouero crtyna (kpecna) cieayeT BBIOMPATh C y4E€TOM POCTa IMOJIb30BaTES,
XapakTepa U MpoI0HKUTEILHOCTH padboThl ¢ [I9BM. Pabounii ctyn (kpecio) 1omkeH
OBITH MTOTBEMHO-TTIOBOPOTHBIM, PETYJIUPYEMBIM 110 BHICOTE M yTiiaM HAKJIOHA CUICHBS
U COUHKH, a TaKXe€ PACCTOSHUIO CHMHKH OT IEPEIHEr0 Kpas CUICHbs, MPU ITOM
pPETYNHpOBKA  KaXJOro MmapaMerpa JObKHa  OBITh  HE3aBHCHMOM,  JIETKO

OCYIIECTBIISIEMON U UMETh HaJIexkHYI0 pukcarwmro [37].

73



5.2 IIpousBoacTBEeHHAS 0€30MACHOCTH
5.2.1 AHa/u3 BpPeAHBIX U ONACHBIX (AKTOPOB, KOTOPbIE MOXKET CO31ATh

00BLEKT HCCJIe0OBAHUSA

OOBEKTOM  HCCIENOBAaHUSA  SIBISIOTCA  BOJHO-OPraHUYECKHE HHUTPATHBIE
pactBopbl (BOHP) Ha ocHOBe BOABI, HUTPATOB COJIEH caMapusi, Iepus, MarHus u
OpraHMYecKOro KOMIIOHEHTa — alleTOHa, M MPEACTABIAIOT CcOo0O0W BpeaHbIe
XHUMH4YecKue BemiecTsa [38].

XVMMHUYECKHE BELIECTBA HAXOAATCA B ONPEACIICHHOM (DU3UYECKOM COCTOSTHUM
1 00JaJal0T TaKUMH CBOWCTBaMHU, KOTOpBIE MPH B3aUMOJCHCTBUM C OPraHU3MOM
YeJI0BEKA MPUBOAAT K IIOBPEXKIACHUIO LEJIOCTHOCTH TKAHEW OpraHusma Wiu
HapylmIEHUI0 €ro HOpMajdbHOro (QyHKUMOHHMpOBaHMs. (CTeneHb OMacHOCTH
XUMHUYECKHX BELIECTB CBsA3aHA C NYyTSAMU HUX MONAJaHUs B OPraHU3M 4YeEJIOBEKa,
KOTOpBIC IOJAPA3AECIA0T Ha CICAYIOLIHUE IPYNIIBI IPOHUKHOBEHUS: 4Yepe3 OpraHbl
AbIXaHUus  (MHTQIALUOHHBIM  TyTh); 4epe3  JKEIyJOYHO-KHIIEUHBI  TpakT
(mepopanbHbI MyTh); Yepe3 KOXKHbIE MOKPOBBI U CIHU3UCTbIE 0OO0JOUYKH (KOXKHBIH
MyTh); Yepe3 OTKPBITHIC PAHBI IPU MPOHHUKAIIUX paHeHUsX [38].

CornacHo [39] anleToH, HUTpPATHI COJIel camapHusi, HEPHUsl U MarHusi ClioCOOHbI
BBI3BATh PA3JPaKCHUE KOXKHBIX IIOKPOBOB U IJ1a3.

OnacHOCTP W BPEAHOCTb  BO3ACHCTBHUS  Ta30BBIX  KOMIIOHEHTOB,
3arpsi3HAIOIIMX BO3JyX HIpHUMecell, Ha OpraHu3M pabOTaOIEro 3aBUCAT OT HUX
KOHIICHTPAI[MH U TOKCHYHOCTH, TO €CTh XMMUYECKHX CBOWCTB JaHHBIX ra3oB [38].
AnetoH — nerydass XKUAKOCTh. lIpu IpOaOIKUTENTBHOM BABIXaHMM NApoOB alETOH
HAaKaIUIMBACTCs B OpPraHU3ME, BbI3bIBAs COHJIMBOCTH U  TOJIOBOKPYIKCHHE.
OtpaBneHue aneTOHOM BO3MOKHO IPH BIBIXaHUMM IApOB B KOHIEHTPALUH,

npessinatomeii [IJ[K, kotopas cocrasmsier 200 mr/m® [40].
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5.2.2 AHaaM3 BpeAHBIX M OHNACHBIX (PAKTOPOB, KOTOpbIE MOILYT

BO3HUKHYTH Ha paﬁoqu MECTE IIPHU NIPOBECACHUH I/ICCJIeIlOBaHI/Ii/i

Pabota mo BhIMONHEHUIO 3KcriepuMeHTanbHO yactu BKP nmpoBoaunace npu

IIOMOIIIM NIEPCOHAIBHOTO KoMIbioTepa. [Ipy ero ucnosib3oBaHUM MOTYT BO3SHUKHYTH

pa3nuYHbIE BpEJHbIE W ONacHble (AKTOPhI, KOTOpbIe MNpuBeAeHbl B Tabmauue 18.

Ob6ecrnieueHne KOMGOPTHBIX YCIOBUU TpyAa B 3HAUUTEIBHON CTENEHHU OKa3bIBACT

BIIMAHUC HA TIPOUIBOAUTCIBHOCTL Tpyda W CHUHXCHHUC HpO(I)eCCI/IOHaJIBHBIX

3aboneBanuii [41].

Tabnuua 18 — Bo3aMoxkHbIe OnacHbIE U BpeIHbIE (PaKTOPbI

dakTopsl

HOpMaTI/IBHBIG JOKYMCHTDI

1.OTKIIOHEHHE
moxKasareJiei
MHUKPOKJIMMAaTa

2.IlpeBbllieHne  ypOBHS
nryma

3.I1oBbIIEHHBII
ypOBEHB
AJIEKTPOMArHUTHOTO
U3JTyYCHUS

4 HepocratouHas
OCBEIIIEHHOCTh paboueit
30HBI

5.Ilopaxenue
AIEKTPUUYECKUM TOKOM

CanlluH 2.2.2/2.4.1340-03.
CaHHTapHO-3MTHIEMHUOIOTHICCKUE
IIpaBWJIa ¥ HOPMATUBBI «I HTUEHUYECKUE
TpeOoBaHus K EPCOHATBLHBIM
AJIEKTPOHHO-BBIUUCIUTETLHBIM
MalIuHaM ¥ OpraHu3aiuu paboTh».
CanlluH 2.2.1/2.1.1.1278-08.
['uruennueckue TpeOoBaHMUS K
€CTECTBEHHOMY, HCKYCCTBEHHOMY U
COBMENIEHHOMY OCBEIICHUIO XUJIBIX U
0OIIIECTBEHHBIX 3IaHUIA.

CH 2.24/2.1.8.562-96. I1llym Ha
pabounx MecTax, B IOMEHICHUSIX
KWJIBIX, OOIIECTBEHHBIX 3JaHUN W Ha
TEPPUTOPUU 3aCTPOUKHU.

CanlluH 2.2.4.548-96. I'uruennueckue
TpeOoBaHUS K MUKPOKJIUMATY
MIPOM3BOJICTBEHHBIX TTOMEIIICHUIA.

'OCT 12.1.038-82 CCBT.
OnexTpo0e30MmacHOCTb. [IpenenbHO
JOMYCTUMBIE ~ YPOBHU  HANPSKCHHM
IPUKOCHOBEHMSI ¥ TOKOB.

CIT 52.13330.2016. EctectBeHHOE u
HCKYCCTBEHHOE OCBEIIICHHUE.
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IIpu mnpoBeaeHuM padOT, CBA3AHHBIX C TEOPETHUYECKUM HCCIEAOBAHHUEM,
BAXHYIO pOJb TaKXKe UIrpaeT IUlaHUpoBKa pabouero wmecra. OHa J0JDKHA
COOTBETCTBOBATH MPaBUJIaM OXPaHBI TPYyJa U yIOBIETBOPITH TPEOOBAHUAM YA00CTBA
BBITIOTHEHHST paOOThI, SKOHOMUH YHEPTHH U BPEMEHH WHKEHEpPa.

OCHOBHBIM JOKYMEHTOM, ONPEICIAIOIUMM YCIOBUS TpyAa Npu padoTe ¢
[19BM, saBusercs CaunlluH 2.2.2/2.4.1340-03 «l'uruenuyeckue TpeOOBaHUS K
MEPCOHAIBHBIM AJIEKTPOHHO-BBIUMCIUTEILHBIM MAIllUHAM M OPTaHU3AlHH PaOOThHI».
B mpaBuiax yka3aHbl OCHOBHBIE TPeOOBaHUS K MOMEIICHUSAM, MUKPOKIUMATY, ITyMY
M BHOpalnuH, OCBEUICHUIO TIOMEMICHHH U pabodymx MecT, OpraHu3alud |
000pyI0BaHUIO pabOYNX MECT.

CornacHo [42] 3HauuMbIM (U3HMYECKUM (PAKTOPOM SIBISETCA MHUKPOKIMMAT
paboueil 30HBI (TeMIlepaTypa, BIAXHOCTb M CKOPOCTb JBHXKCHHSI BO3yXa).
TemmepaTypa, OTHOCUTENIbHAS BIAYKHOCTh M CKOPOCTh JIBM)KCHHSI BO3/lyXa BIUSIOT Ha
TEIUI0O0OMEH M HEOOXOAMMO YUYUTHIBATH UX KOMIUJIEKCHOE Bo3jeicTBue. Hapyienue
TEII000MEHA BBI3BIBAET TEIIOBYIO THIIEPTEPMHULO, HIIU TIEPETPEB.

OnTuManbHble HOPMBI TEMIIEPATYPbl, OTHOCUTEIBbHOW BIAXXHOCTH M CKOPOCTHU
JBWD)KEHUS BO3JyXa IMPOU3BOJCTBEHHBIX IOMELIEHUN Isi paboT, NMPOU3BOIUMBIX
CUS M HE TPeOYIOIIUX CHUCTEMAaTHYECKOro (PM3NYECKOro HamlpsKeHUus (Kareropus
Ia), mpuBeneHsl B Tabnuie 19, B coorBerctBuu ¢ CanlluH 2.2.2/2.4.1340-03 u [42].
Tabmuma 19 — Hopmbel TemriepaTypbl, OTHOCHUTEIBHOW BIIAXXHOCTH M CKOPOCTH

JIIBUKCHUS BO31yXa

CxopocTb
Kareropus OTHOCUTENBHAS
Temnepartypa, JBUOKECHUSA
Ilepuon roga | TsKECTH o BJIQYKHOCTh
C o BO3AyXa, HE
pabot BO31yXa, % Somee M/
X 0JIOTHBIN Ia 2224 4060 0,1
Teruisii Ia 23+25 4060 0,1

HcTtounnkamu cBeTa MOI'yT OBITh KakK CCTCCTBCHHLBIC, TAK M HMCKYCCTBCHHLIC
O0OBEKTHI. EcTecTBeHHBIM HNCTOYHHUKOM B IIOMCIICHHUN CIIYXXHUT COJIHIIC,
HCKYCCTBCHHBIMU ABJIAIOTCA JJICKTPHUUYCCKHC JTAMIIOYKH. HpI/I HHHTGHLHOﬁ pa60Te B

YCIOBHAX HGHOCT&TOHHOﬁ OCBCHICHHOCTH W IIPpHM HAPYIICHHHN APYIrUX I1apaMCTpPOB
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CBETOBOW CpeJIbl 3pUTEIIBHOE BOCHPUSTHE CHUKACTCS, Pa3BUBACTCS OJIU30PYKOCTb,
00JIe3Hb TJ1a3, MOSBISIOTCS TOJIOBHBIC OOJIH.

ITo HopmaTuBy [37] OCBELIEHHOCTh HAa MOBEPXHOCTH CTOJIa B 30HE pPa3MEIICHHUS
pabouero gokymeHTta nomkHa ObiTh 300-500 k. OcBelieHre HE JOJHKHO CO3/7aBaTh
OJIMKOB Ha TOBEPXHOCTH 3KpaHa. OCBEIICHHOCTh MOBEPXHOCTH JKpaHa HE JOJIKHA
obITh O0J1ee 300 JiK.

AKYCTUYECKHN IIYyM SIBJIIETCS OJHUM M3 Pa3Ipa)KUTEJIEH OpraHu3Ma 4eIoBEKa
Ipu JJIMTEIBHOM BO3J€MCTBUU. [IpM HmIyMOBOM BO3AEHCTBUM y4YallaeTcsl MYJIbC,
JbIXaHHWE, TIOBBIIIACTCS apTepUalibHOE [IaBJICHHE, BO3HUKAIOT TOJIOBHBIE OO0JIH,
ocJIa0JisIeTCsl BHUMAHHUE U 3aMEJUISIOTCS TICUXUYECKUE PEaKIMu, YTO B KOHEUYHOM
UTOTE€ MPUBOJIUT K CHUKEHUIO PAOOTOCIIOCOOHOCTH YeTOBEKa.

[IIym MoxeT co3maBaThCcsi pabOTaONUM O00O0pYyJAOBaHUEM, YCTaHOBKaMU
KOHJUIIMOHUPOBAHMS BO3/1yXa, OCBETUTEJIbHBIMU NpUOOpaMU JTHEBHOTO CBETa, a
Tak)ke TPOHUKATh W3BHE. JlJIs KaTeropuu TsxkecTH paboT la ypoBeHp Iyma Ha
pabouem MecTe TpyAsIIerocs He A0JbKeH npesbimath S0 J16 [43].

[Ipu BemmonHeHun BKP OCHOBHBIMH HCTOYHUMKAMHM 3JIEKTPOMArHUTHOIO
msnydeHus: (OMMU) sBnsrorcs cucteMublii 0ok [I9BM u 3kpaH BUIEOMOHHUTODA.
Kak u mrym, snexrpomarautHoe mnosne (OMII) cBouM BO3neHCTBHEM MOXKET OBITH
OPUYMHON YYAIIEHHOTO IYJbCa, JbIXaHWs, MOBBIIICHUS apTEPUAIBLHOIO AABJICHUS,
BO3HMKHOBEHUS TOJOBHBIX 00J€il, ociablieHuss BHUMaHUS W 3aMEIJICHUS PEaKIIHH,
9YTO CHIKaeT OOIIyl0 paboTOCIOCOOHOCTh YeinoBeka. B coorBercTBHH ¢ [37]
HanpsbkeHHocTh OMII Ha paccTositHun 50 €M BOKPYr 3KpaHa MO 3JIEKTPUYECKON
COCTaBIIAIOIICH TOJDKHA OBITH HE Ooiee:

B auamna3oHe 4yactotr SI'n—2 kl': 25B/Mm;
B auamna3oHe 4yactoT 2k '1—400 kI'1: 2,5B/Mm.
[110THOCTH MAarHUTHOTO MOTOKA JOJIKHA OBITH HE OoJee:
B nuamna3oHe gacToT SI'm—2 xI'm: 250uTm;
B nuana3oHe 4acTtoT 2kl 1—400 xI'm: 258Txa
Ha omepatopa 9BM Takike BO3IEUCTBYIOT MCUXO(U3NOTOTUUECKUE OMACHBIC U

BpEJHbIE MPOU3BOJCTBEHHBIE (pakTOpbl. OHU JensATCAd HA: PU3MYECKHUE MEePEerpy3KU
77



(cTaTyeckue, NTUHAMUYECKHE) U HEPBHO-TICUXUYECKUE NEPEerpy3Ku (yMCTBEHHOE
NepeHanpsbKeHre, MOHOTOHHOCTh TPYy/Aa, SMOLIMOHANIbHBIE Tieperpy3ku). [lpu padote
c [I9BM dusuyeckre neperpy3kd BbI3BaHbl paboyedl MO30M M MOBTOPEHUEM
CTEPEOTUITHBIX PAOOUYMX JBUKEHUM, a HEPBHO-TICUXUYECKUE — HAMPSHKEHHOCTHIO
TpynoBoro npoiecca [38].

OmnacueiM (akTopom 1ipu padote ¢ [I9BM u nepudepuiinpiM 060pynoBaHueM
SBJISIETCS. TIOPAKEHHE DJIEKTPUYECKUM TOKOM. Mcxoass W3 aHaiam3a COCTOSTHUS
NoMeIlleHus, padodyee MECTO WHXKEHEepa, 3aHMMAIOIIErocsl TEeOPEeTHYECKUMU
UCCJICIOBAaHUSAMHU, TIO CTEIICHH OMACHOCTH MOPAXKEHUS DJICKTPUIECKUM TOKOM MOKHO
OTHECTH K KJIacCy NMOMEIEHUI 0e3 MOBBIIIEHHOW ONaCHOCTH.

[TopaskeHue AMEKTPUYECKUM TOKOM MOXKET MPOU30UTH B CICIYIONIUX CIydasX:

® TIpU HEMOCPEJCTBEHHOM MPUKOCHOBEHUH K TOKOBEAYIIUM YacTsIM BO BpPEMs
pemonTa [I19BM;

® TP TMPUKOCHOBEHHMH K HETOKOBEAYIIUM 4YacTSIM, OKa3aBIIUMCS IO
HanpsDKeHHEM (B cllydae HapyIleHus N30Js UMK TokoBeAymux yacteit [I9BM);

® [IpU IPUKOCHOBEHHH C TI0JIOM, CTEHAMH, OKa3aBIIMMHUCS 110]] HANIPS)KEHUEM;

® [pU KOPOTKOM 3aMBIKAHHUH B BBICOKOBOJIBTHBIX OJIOKaxX: OJIOKE MUTaHUSA U
OJI0Ke THCILICHHOM pa3BépTku [44].

[Ipoxonss 4epe3 OpraHusM, HIEKTPUUYECKHI TOK BBI3BIBAET TEPMUUYECKOE,
ANEKTPOJIUTHYECKOE M OWoJiormueckoe jAeicTBue. TepMmuyeckoe JeHCTBHE
BBIPAXKAETCS B 0KOTaX OTAEJIbHBIX YYACTKOB T€Jla, HArPEBE KPOBEHOCHBIX COCYJIOB U
HEPBHBIX BOJIOKOH. OJEKTPOJUTHYECKOE JEUCTBUE pa3jiaraeT KpOBb U JIPyTHE
OpraHMYeCKHe >KUIKOCTH, BBI3bIBAs 3HAYMTENbHBIE HapyImIeHUs UX (U3UKO-
XUMHUYECKUX COCTaBOB. buoiiornyeckoe AEHCTBHE MPOSBISIETCS B pa3apakKeHUU U
BO3OY)KJICHUM OJKMUBBIX TKaHEH OpraHuW3Ma, YTO MOXET COIMPOBOXKIATHCS
HEMPOU3BOJIbHBIM CYAOPOKHBIM COKPAILIEHUEM MBIIII, B TOM YHCIIE€ MBIIIIL CEPALIA U
JIETKHUX.

3HaHue AOMYCTUMBIX JJISl YEJIOBEKA 3HAYEHUN TOKAa U HAIMPSKEHUS! MO3BOJISET
MIPaBUJIBHO OLICHUTH OMACHOCTH MOPAXKEHUSI U ONPEEIUTh TPeOOBAHUS K 3aIIUTHBIM

MCEpaM OT MOPAXKCHUA DJICKTPUICCKHM TOKOM.
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I'OCT 12.1.038-82 ycraHaBIMBaeT IMpPEIEIbHO JONYCTUMBIE YPOBHH
HanpsOKEHUH ~ MPUKOCHOBEHHMS M TOKOB,  MPOTEKAOIIMX  Yepe3  Telo
yenoBeka (tabmuma  20). Ilog HanpsbkeHHMEM  NMPUKOCHOBEHHS — TTOHUMAETCS
HaNpsOKEHUE MEXTY ABYMS TOYKAMH IIETH TOKa, KOTOPHIX OJHOBPEMEHHO KacaeTcs
yenoBek. Hopmbl ipeHa3HaYeHBI A1l IPOSKTUPOBAHUS CITIOCOOOB U CPEICTB 3aIUTHI
OT TIOpaXCHHsI DIEKTPUYECKHMM TOKOM JIIOACH TMpU UX B3aUMOJCHCTBUU C
aNeKTpoycTaHOBKaMU. OHM  COOTBETCTBYIOT IPOXOXJACHUIO TOKAa dYepe3 Telo
YeJI0BeKa Mo MyTH pyKa-pyKa WK pyka-Horu [45].

Ta6JII/II_Ia 20 — HpGI[GJIBHO AOIMYCTUMBIC 3HAUCHUA HAIIPAKCHUA COIMPUKOCHOBCHUA U

CIJIBI TOKa
HauGompIue 10myCcTUMbIC 3HAUCHUE
Pox n yacTtoTa TOKa
Unp, B Ih; MA
ITepemennniii, 50 I'n 2 0,3
ITepemennniii, 400 ' 3 0,4
[TocTostHHBIHM 8 1,0

CraHgapT npeaycMaTpuBaeT HOPMBI JIJISl DJIEKTPOYCTAHOBOK MPU HOPMAJIBHOM
(HeaBapuifHOM) pexuMme uX pabOThl, a TakkKe MpPH aBapPUMHBIX PEKUMAX
IIPOU3BOJICTBEHHBIX M OBITOBBIX DJIEKTPOYCTAHOBOK.

JUist w1, BBIMOJMHSIOMIMX pabOTy B YCIOBHUSX BBICOKOW TeMMEparypbl M
BJIQXKHOCTU (OTHOCUTENIbHASI BIAXKHOCTH Ooubiie 75%), 3TU HOPMBI JOJDKHBI OBITh

YMEHBIIIEHBI B TPU pasa.

9.2.3 O6ocHOBaHME MEPONPUSITHII 0 3a1UTE MCCJIeA0BATENS OT AeiiCTBUSA

ONACHBIX U BPeAHbIX (aKTOPOB

Bce pabotrsl ¢ BOHP nomxHBI mpOBOAUTHCS C MCIOJIB30BAHUEM MPUTOUYHO-
BBITSDKHOW BEHTWJISIIMM BJAld OT OTHA M HMCTOYHHUKOB HCKpooOpa3zoBaHus. B
MPOU3BOJACTBEHHBIX  YCIOBHUSIX JOJDKHAa ObITh  COOJIIOAEHA  TepMEeTH3alus
o0OpymOBaHMs, alapaTroB, TMPOIECCOB CIMBAa H HAJWBa I HWCKIIOYCHUS

3arpsi3HEHUs BO37ayXa pabodeil 30HBI Tapamu ameTona. llpm otbGope mpoo,
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MPOBEACHUN aHajdu3a W OOpalleHMHu B NPOLIECCE MPOU3BOJICTBEHHBIX ONEpanuid
NPUMEHSIOTCA  WHIUBHAYaJIbHBIE CPEACTBA 3alIUTHl [0 HOPMAaM  BbIJAAYU
CHEUUaJbHOM OAEXKIbl, CHEUHATbHOW OO0yBM UM JPYTHX CpPEACTB 3aIUTHI,
YTBEPKICHHBIM B YCTaHOBJICHHOM Topsiake [40].

[Tomemienua nns skcrnyatauuu [I9BM  nomKHBI MMETh €CTECTBEHHOE H
UCKYCCTBEHHOE ocBemienue. [lnomans onHoro pabodero Mecrta MOIb30BATENSA
I[I19BM ¢ BunpeoaucmielinpiM TepmuHaioM (BJIT) Ha 0a3ze 31eKTpOHHO-Ty4eBOM
Tpyoku (DJIT) nomxkHa cocTaBidATh HE MeHee 6 M, a s BJIT Ha 6Gase MmIOCKOro
JUCKPETHOTO dKpaHa (KUAKOKPUCTAITUYECKUM, TUIa3MEeHHBIN) 4,5 M [37].

PabGoumne cronwl crnemyeT pasMmeniaTh TakuM o6Opa3zoMm, uyToOsl BT Obuin
OpPUEHTUPOBAHBl OOKOBOW CTOPOHOW K CBETOBBIM IPOEMaM, YTOOBI €CTECTBEHHBIN
CBET TNajajd MPEUMYLIECTBEHHO clieBa. Takke KakK CpeACTBO 3allUThl s
MUHUMU3AIUHI BO3AEHCTBUS (PaKTOopa ciienyeT yCTaHOBKa MECTHOTO OCBEIEHUS U3-32
HEJ0CTaTOYHOM OCBEIICHHOCTH, OKOHHBIE MPOEMBI JIOJDKHBI OBITH 00OOPYIOBaHbI
pEryIUpyEMBIMU YCTPOUCTBAMU THUIIA: JKAJIFO3H, 3aHABECEH, BHEIITHUX KO3BIPHKOB.

Ecnu nmomenieHrne He COOTBETCTBYET BBIIIEONMCAHHBIM HOPMaM, TO 3TO BIEYET
3a co0O¥M yXyIIIeHHE 30pPOBbs pabOUYMX MU KakK CIEACTBHE YXYAIIEHHE paboyero
npoiiecca.

Jlist oGecriedeHust yCTaHOBIEHHBIX HOPM MUKPOKIMMATUYECKUX MTapaMETPOB U
YUCTOTHI BO3AyXa Ha pabOYMX MECTaX U B MOMEUICHUSX MPUMEHSIOT BEHTUIISIUIO
[46]. OOmeoOMeHHasT BEHTH/ISAIUS HCIIOIB3YETCSA IS 00ECIEUCHHs B MOMEIICHHUIX
COOTBETCTBYIOILIETO MHUKpOKIMMarta. llepuoandeckn [OMKEH BECTHUCh KOHTPOJb
BJIAJKHOCTHM BO3/yXa. B jleTHee BpeMs pU BBICOKOW YIMYHOM TeMIEpaType AOJIKHBI
HCIIOJIb30BAaThCS CUCTEMbl KOHAUIIMOHUPOBAHHS.

Pannatopsl AOMKHBI YCTAaHABIMBATHCS B HUIIAX, IPUKPBITHIX JEPEBIHHBIMU
WM MeTajuimdeckuMu pemietkamu. [lpu 3ToM TemmepaTypa Ha MOBEPXHOCTH
HarpeBaTeNbHBIX TPUOOPOB HE AOMKHA mpeBbimath 95 °C, d9T0OBl HCKIIOYHTH
npuropanue mpuH [47].

B uccnenoBaTtenbCKuX ayauTOPHUSX UMEIOT MECTO LIYMbI Pa3IMYHOrO POja,

KOTOPBIC ICHCPHUPYIOTCA KaK BHYTPCHHHMHU, TdK 1 BHCIIHUMHA UCTOYHHUKAaMHU IIYMOB.
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B paccmarpuBaeMoM ciydae BHYyTPEHHUMHU HCTOYHUKAMHU IIYMOB SIBJIIIOTCS pabouee
o0opyAoBaHHE, & UMEHHO MEPCOHAIbHBIM KOMIIBIOTEP, MPHUHTEP, BEHTHJIALIMOHHAS
CHUCTEMA, a TAKXKE KOMIIBIOTEpHAs TEXHUKA APYTUX HHKECHEPOB, HAXOISAIIHUXCS B
aynutopuu. Ilpu Bo3MoxuoMm mipeBbiiennu [IJIY myma [48] mepomnpusatus 1o
3alIUuTe OT ILIyMa JOJDKHBI IPENyCMaTpUBaTh 3BYKONOIVIOLIAKOLIME KOHCTPYKIIUU
(3ByKOmoOrjomaromue o0JUIOBKH, MITYYHbIE MOTJIOTUTENN), aKYCTUYECKUE IKPaHbI,
DIYLIIATENN [IyMa B CUCTEMaxX BEHTWISLUMM W KOHJIUIMOHUPOBAHUA Bo3ayxa. [lns
YMEHBIIECHHS 1IyMa, MPOHUKAIOLWIETO0 CHApYX U IOMEILICHHUS, CIEAYET yCTAaHOBUTH
YIIOTHEHHS 110 MIEPUMETPY MPUTBOPOB JiBepelt 1 okoH [49].

[Tpu npeBbimenun [1AY DOMU [37] BO3MOXHBI CIAEAYIOITUE MEPHI 3aIUThI:
YBEJIMUEHUE PACCTOSIHUS MEXIy HcTouyHMKOM OMMU m paboueit 30HOHM, ycTaHOBKa
OTPAXKAIOIIUX WM TOIJIOMIAIIIUX YKPAHOB, KOHCTPYKTUBHOE COBEPIICHCTBOBAHUE
0o0OpyAOBaHUS C LETbI0 CHIDKEHHUSI MCIHOJb3yeMblXx ypoBHeH OMMU, oOmei
noTpedIIsieMOi U U3JTy4aeMOi MOIITHOCTH 000PY/TI0BaHUS.

Hau6onee s dextuBHBIE CpefcTBa NMPEeAyNPExKACHUS YTOMICHUS TpU padoTe
Ha IPOM3BOACTBE — O3TO CPEACTBA, HOPMAIM3YIOIIME aKTUBHYIO TPYAOBYIO
JesTeNbHOCTh YenioBeka. Ha (oHe HOpMallbHOrO MpOTEKaHUs MPOU3BOJICTBEHHBIX
IPOIIECCOB OJIHUM M3 BAKHBIX (PU3MOJIOTHYECKUX MEPOIPHUSTUN MPOTUB YTOMIICHHS
ABIIACTCS TPABWIBHBIA PEXKUM Tpyda W OTAbIXa. [ yMmeHbIIeHUS (PU3NUECKHX
HArpy30K OpraHu3Ma BO BpeMs paboThl peKOMEHAYETCS MCIIOIb30BaTh CIEIUATBHYIO
MeOelnb C BO3MOXHOCTBIO PETYJIMPOBKH TIOJ] KOHKPETHBIE AHTPOIIOMETPUYECKUE
JaHHBIC, HAIPUMED, SproHoMudHoe kpecio [50].

CrerneHp OMacHOro BO3JEHCTBHSI HA YEJIOBEKA AIEKTPUUYECKOTO0 TOKA 3aBHCHUT
OT poJa W BEIWYHHBI HANPSOKEHHUS U TOKA, YaCTOThI JJIEKTPUUYECKOTO TOKa, MyTH
IIPOXOXKACHUS TOKA 4Yepe3 TEIO 4YEIOBEKa, IPOJOLKUTEIBHOCTH BO3IEUCTBUSA Ha
OpraHu3M 4YeJIOBEKa, YCIOBUU BHEIIHEN CPEIbI.

OCHOBHBIMH MEPOINPUATUSIMU [0 3aIMIUTE OT MOPAXKEHUS BJIECKTPUUYECKUM
TOKOM SIBJISIFOTCSL:
o0ecrieyeHne HEAOCTYIMHOCTH TOKOBEAYIIMX 4YacTed MyTéM HCIOJIb30BaHHS

M30JISLMH B KOpITycax 000py/I0BaHMUS;
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® TMPUMCHEHHUE CPEJICTB KOJUIGKTHBHOM 3aIIUTHI OT TIOPAXKEHHUSI TCKTPHUECKUM TOKOM;
® JCMOJIb30BaHME 3alIUTHOTO 3a3€MJICHMs, 3alIUTHOTO 3aHYJIEHUs, 3allUTHOTO
OTKJTFOUCHUS;
® JCIIOJIb30BaHKUE YCTPOUCTB OecniepeOoiiHoro muranus [51].
Texnudeckue ciocoObl U CpeCcTBA MPUMEHSIOT Pa3JeNbHO WM B COUYCTAHUU
IpYyT C IPYroM TakK, 4ToObl 00ecreunBanach ONTUMAaJIbHAS 3alIUTa.
OpraHu3alMOHHBIMA MEPOIPHUITUSIMHU IO DIICKTPOOE30MACHOCTH SIBJISFOTCS
MEPUOJUUCCKUE W BHEIUIAHOBBIC WHCTPYKTXKHU. [lepHOAMYECKH WHCTPYKTAXK
IOPOBOJIUTCS  BCEMY  HEIJICKTPOTEXHUYECKOMY  MEPCOHATY,  BBIMOIHSIOIMIEMY
clieAylomye paboThl: BKIIOYEHHE M OTKIIOYEHHE HIIEKTPONpuOOpoB, yOOpKa
NIOMEIICHU BOJHM3U DJIEKTPOLIUTOB, PO3ETOK W BBHIKIIOYATeNe W T. 1. Bech
HEDJICKTPOTEXHUUECKUH TIEpCOHANl JIOJDKEH OBITh aTTeCTOBaH Ha  IEPBYIO
KBaTU(PUKALMOHHYIO  TPYyNIy TO  3yekrpoOe3omacHoctd.  llepuommueckuit
MHCTPYKTAX MPOBOJMUTCS HE MEHEE OHOTO pas3a B TOI.
BHerniaHOBBIN MHCTPYKTaXX MPOBOAUTCS PYKOBOJHUTEIEM IMOAPA3ACICHHS MPH

BBCACHHUHU B 3KCINNTYaTallO HOBOTO TCXHHUYCCKOT'O 3JI€KTpOO60py,Z[OBaHI/I5L

5.3 Dkosiornueckas 0€30MaCHOCTh

5.3.1 AHaau3 BO3MOKHOI'0 BJHAHHUA O0BLEKTA WHMCCJIEeIOBAHUA HA

OKPY:KAIIIYIO Cpeay

B nanmHoMm mompasnene paccMmarpuBaeTcs xapaktep BoszaeictBus BOHP nHa
OKPY’KaIOLIyIO Cpexy.

[Ipu mpakTHyueckoil peannzalnuu npouecca miasMeHHon nepepadorku BOHP
O0BEKT HCCIEOBAHUS MOYKET OKa3bIlBaTh HETATUBHOE BIUSHHE HA OKPYIKAIOIIYIO
Cpemy 3a CUeT BbIIeNIeHUs B aTMocepy: OKCHIa yriepoia, TMOKCUIOB a30Ta, CEPhl U
yraepona. Beigensemple ra3oo0pasHble BEIIECTBA € COJAEPKAHHEM  YIIIepojia
OTHOCATCS K 4 Kjaccy OIaCHOCTHM — MaJlOONACHBIE BENIECTBA, JUOKCHUIBI CEPbI U
a30Ta OTHOCATCS K 3 KJIacCy OIACHOCTH — yMEpPEeHHO omacHble [52]. Iy 3amuThl

atMoc(epbl OT BHIOPOCOB Ha MPEANPUSATUIX UCIOIB3YIOTCS LUKIOHBI, CKpyOOEpHl,
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pasnuyHble BUABI Hacaqok U GunbTpoB [53]. BausHue Ha ruapocdepy u nurochepy

B BUAC C6p003. KUAKUX U TBEPABIX OTXOJ0B OTCYTCTBYCT.

5.3.2 AHayu3 BJMSIHUSA MPOIECCA UCCIeI0OBAHUS HA OKPY:KAIOUIYIO Cpeay

[Ipouecc uccnenoBanus MPOBOJIMUICS B ayJUTOPUH C UCTIOIb30BanueM [19BM.
B namHOM cnydyae BIMSHHE Ha OKPYKAMOIIYIO CpPeay HIPOUCXOIUIO Ha JTame
NIPOU3BOJICTBA M TIOTPEOJICHUS DJICKTPOIHEPTUU, a TaKKe IMPU TPOHM3BOJACTBE H
YTHJIN3AIUN BEIYUCTUTCIIBHON TEXHUKH.

DHepreTuka BIUSET Ha Bce c(epbl OKpyXaromiehd cpeabl. DJICKTPOCTAHIIMH
3arps3HAIOT atMocdepy (moTpediieHue KHUCIOopoja, BHIOPOCH MapHUKOBBIX Ta30B,
BJarM W TBEPABIX 4dYacTwil), ruapochepy (morpeOiieHHEe BOJABI, CO3JaHUE
MCKYCCTBEHHBIX BOJOXPaHUJIMII, COPOCHI 3arpsA3HCHHBIX M HATrPETBIX BOJ, JKHUIKHX
0TX0J10B) U JIuTocdepy (MoTpediieHne NCKOMaeMbIX TOTUIMB, U3MEHECHHE JIaHamadra,
BBIOPOCHI TOKCHYHBIX BeliecTB) [54]. CHibkeHHE 3arps3HEHHUS BO3MOXHO 3a CYET
COBEPIIEHCTBOBAHUS 000PY0BAHUS MPOU3BOSIIETO SJIEKTPOIHEPTHUIO, IPUMEHEHUS
0oyee HIKOHOMHMYHBIX W PE3YJIbTATUBHBIX TEXHOJOTUH, HCHOIb30BaHUS HOBBIX
METOJIOB TOJIYYEHUS! JJIEKTPOSHEPTMH M BHEJIPEHUS COBPEMEHHBIX METOIOB U
CIIOCOOOB OYMCTKHU U 00€3BPEKUBAHUS OTXOJI0OB MPOoU3BocTBA. Kpome Toro, qanHas
npobjeMa JO/DKHa pemaTrbess W 3a cuéT dA(PPEeKTUBHOrO W DKOHOMHOIO
UCIIOJIb30BAHUS DJIEKTPOIHEPTUU MOTpeOUTENIMU. ITO UCIOJIb30BaHUE OoJee
SKOHOMHUYHOT'O 000pyHOBaHUsA, a Takke 3(PEHEKTUBHOTO pekKUMa 3arpy3kd STOTO
o0opyoBaHUs, COOJIOJICHHE IPOU3BOACTBEHHOW JUCHUINIMHBI B paMKax
MPABWJILHOTO WCIIONB30BAHUSA JJIEKTPOIHEPTUU. B COBPEMEHHBIX KOMITBIOTEPAX
MOBCEMECTHO  WCTOJB3YIOTCS  PEKHUMBI €  TMOHWKEHHBIM  MOTpeOJIeHneM
AJIGKTPOIHEPTUHU TIPH JUTUTEIIHHOM TIpocToe [55].

Bpennoe Bo3aeiicTBHE Ha OKPYKAIONIYIO CpPeIy OKa3bIBae€T IMPOHU3BOACTBO
KOMITJIEKTYIOIUX COBPEMEHHBIX KOMIBIOTEPOB 1 nepudepuiinoit Texanku. Kabdemnm,
MOAKIIOYaeMble K  JJIEKTPOHHBIM  YCTPOWCTBAM,  W3TOTABIMBAIOTCA W3

nonuBuHuiIxinopuaa (I1BX), KoTopelif NpakTUYECKHM HEBO3MOXHO MPABUIHHO
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YTWIN3UPOBaTh. B pe3ynbraTe cTapblii MaTepuan OKa3bIBAaeTCs OOBIYHO HA CBAJIKE C
orxogamu. CBaJKM M XUMHYECKHE 3aXOPOHEHHMS 3arpsA3HAIOT MCTOYHUKHU BOJBI.
EnuncTBeHHBIM ciocob npaBmwiibHO yTuin3upoBath [IBX 3akitodaercs B ToM, 4TOOBI
OTIIPaBUTh €r0 B LIEHTP OMNACHBIX OTXO0JI0B [56]. Penko3eMenbHble METaIbI
UCIIOJIB3YIOTCSl TIPU CO3/IaHUM JUCIJIEEB MOHUTOPOB (MTTpUM, TepOui, €BpOmHii),
MOIIHBIX ~ MarHuTOB  JUJISI  JKECTKMX  JUCKOB M  JUHAMUKOB  (HEOJHM),
aKKyMyJlsTOpoB (JlanTaH). OpgHako  J00bIYAa  PEAKO3EMENBHBIX  HMCKOMAeMBbIX
IPOBOLIMPYET BHIOPOC B aTMOC(eEpy CIEAYIOIMMX 3arpA3HAIONINX BEUIECTB: THOKCU
Cepbl, OKCUJ YTIepoJa, JUOKCU a30Ta, HEeOpraHU4ecKas Mbulb, TBEPHbIE (QTOPUIBI,
¢Topucteiii Bomopon [57]. I'mapocdepa mnpu NPOU3BOACTBE pPEIKO3EMEIBHBIX
METAJUIOB 3arpsA3HSACTCA CTOKaMH, B KOTOPBIX NPUCYTCTBYIOT METaIbl U UX
COCIMHEHHUS, a TakXKe MaTepuanabl B QopMe cycneH3uu. Jlpyrue BemiecTsa,
NOMAIaloIIUe B BOAY B 3HAUMUTENBHBIX KOJMYECTBAX — 3TO XJIOPHUIbI, QTOPHUIBI U
cynb(darbl. YMEHbIICHUE YPOBHS 3arpsA3HSIONIUX BEIIECTB JOCTUTAETCS MTPU TTOMOITU
BOJIOOYMCTHBIX U 3JIEKTPOJUAINU3HBIX YCTAaHOBOK, Ojarogaps KOTOPBIM BO3MOKHO
IIOBTOPHOE HUCIIOJIBb30BAHUE JXUIKUX OTXOJOB IPOU3BOACTBA. I IpenoTBpalleHus
BBIOPOCOB B aTMoc(epy HCHONIB3YIOTCS LEHTPOOEkKHBbIE CHCTEMAa M MOKpBIE

cKkpy00epsI [58].

9.3.3 O0ocHOBaHMEe MEPONIPUATHH 10 3aLUTE OKPY KAIOUIel cpeabl

PanvonanbHOE€  WCMONB30BAaHWE  KOMIIBIOTEPHOM  TEXHHKH  TIO3BOJISIET
JOCTUTHYTh MaKcUMyMa 3(P(GEeKTUBHOCTH €€ TPUMEHEHHs, a TakKe CHH3UTh
BO3JICIICTBUE Ha OKPY’KaIoIIyt0 cpeny. PeMonTHO-TIpOMIAKTHYECKOE
o0CIy>KMBaHHWE TEXHUKH MPEAYyCMATPUBAET CIEAYIOMNE PaObOTHI:

® OUHCTKY OT MbUIM BHYTPEHHUX 00BeMOB 0JiokoB muTanus [I9BM, yctpoiicTB
HE3aBUCUMOTO TIMTAaHUS C TOCIACAYIOIUM WX TECTUPOBAHUEM, DKPAHOB
BUJICOMOHHUTOPOB, PETyIUPOBKY, HACTPONKY M CMa3Ky BEHTUJISITOPOB.

® [IPOBEACHUE JUATHOCTUKH U JTOKAIU3ALNS HEUCIIPABHOCTENW YCTPOUCTB;
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e T[IOJIHOE TECTUPOBAHHE ONMEPATUBHOTO 3amoMHHaroIero ycrpoiicrea (O3Y) u
BBISIBJICHUE HEUCIIPABHBIX MOJYJICH;

¢ peMOHT OJOKOB THUTAaHUS C 3aMEHOW HEUCIPABHBIX JJIIEMEHTOB W
MOCJIEAYIOLIEN PETYJIUPOBKOM;

® PEMOHT NMPUHTEPOB M CKAaHEPOB, BUJICOMOHUTOPOB, HaKomuTenei [59].

[Ipy oTCyTCTBHM BO3MOXHOCTH pPEMOHTa W TOBTOPHOTO MCIOIB30BAHUS
TEXHUKA TMOAJCKHUT YTUIU3AUWU. Y TUIU3AlUs KOMIBIOTEPHOTO O0OpYyIOBaHUS
OCYIIIECTBIISIETCSI MO  CHEIHUAIbHO pa3padOTaHHOW cXeMe, KOoTopas JIOJDKHA
COOJTFO/IATHCSL B OpTaHU3AIHIX:

e (Co3maHue KOMHCCHH, 3a7ada KOTOPOW 3aKJIF0UaeTCsl B MPUHATUHU PEIICHUN TI0
CIIUCAHUIO MOPAJILHO yCTapeBIIeH WIN He pabouel TEXHUKH.

e Pa3paboTka mpuKaza O CHUCAHWHM YCTPOWCTB. [[s1 TpoOBeIeHUs AKCIEPTHU3HI
NPUBJIEKAETCS KBATU(PUITUPOBAHHOE CTOPOHHEE JIUIIO WIIM OpTaHU3aIlHsl.

e (CocraBjicHHE aKTa YTHIU3allMH, OCHOBAHHOTO Ha Pe3yJIbTaTaX TeXHUYECKOTO
aHanM3a, KOTOPBIA MOATBEPKIAET HETOAHOCTh OOOPYIOBaHUSA JUIsl JalbHEHIIETro
IPUMEHEHHS.

o dopmupoBaHue NMprKaza Ha yTUIU3AIHIO.

e VTunuzamus OprreXHUKH, OCYIIECTBIAEMas ClIeUaTN3UPOBAHHON (PUPMOH.

[Tocne odopmiieHns Bcex HEOOXOAUMBIX TOKYMEHTOB, KOMITbIOTEPHAsI TEXHUKA
BBIBO3HUTCS CO CKJIajia Ha repepadaThiBaromyo ¢adpuky. Bece momyueHHBIE B X0J1€
nepepaboTKN MaTepuabl BTOPUYHO UCIIOIB3YIOTCSA B PA3TUYHBIX MPOU3BOICTBEHHBIX

nporieccax [60].

9.4 be30nacHOCTb B Ype3BbIYAHMHBIX CUTYALMAX

B nanHoM paszene npoBOAUTCS aHAIU3 HanboJiee BEPOATHBIX YPE3BhIUYANHBIX

curyanuii (UC), HCTOUHHKOM KOTOPBIX MOXKET MOCIYKUTh OOBEKT UCCICIOBAHUS U

HCIIOCPCACTBCHHO CaM IIPOUCCC UCCIICAOBAHMA.
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YC npencraBisier co0oil  0OCTAaHOBKY Ha  ONPEACIEHHOM  TEppUTOpUH,
CJIOKUBILYIOCS] B p€3yJIbTaTe€ aBapUH, OIACHOTO MPUPOJHOTO SIBICHUS, KAaTacCTPOQHI,
CTUXUHHOTO UM MHOTO O€ICTBUS, KOTOPbIE MOT'YT MOBJIEYb MJIM MOBJIECKIHN 32 COOOM
YeJ0BeUYeCKUEe >KEPTBbI, YIIepO 300pOBBIO JIIOAECH WIM OKpyKarouiehd cpene,
3HAYMTENIbHbIE MAaTepUAJIbHbIE MTOTEPU U HApPYUIEHUE YCIOBHUM JKU3HEAEATEIbHOCTU
moaen [61].

[Ipenympexnenne YC — 3TO KOMIUIEKC MEPONPUATHMN, MIPOBOJAUMBIX
3a071aroBpEMEHHO M HANpaBJIEHHBIX HAa MAaKCUMaJIbHO BO3MOXKHOE YMEHBIICHUE
pUCKa BOBHUKHOBEHHMS YPE3BbIYAHHBIX CUTYALM, a TAKKE HA COXPAHEHUE 310POBbSA
JI0JIeH, CHIPKEHUE pa3MepoB yilepOa OKpyX arollle cpee U MaTepualibHbIX MOTEPh
B CJIy4ac WX BOSHMKHOBEHUs [62].

JlukBumanuss YC — 3T0 aBapuiiHO-CIlacaTtelibHble U JIPYTHE€ HEOTIOXKHBIC
paboThl, MPOBOJMMBIE TP BO3HUKHOBEHWU YPE3BBIYAHHBIX CHUTyallMd W
HaIpaBJCHHbIE HA CIACEHME >KM3HU U COXPAHEHHME 370pPOBbs JIIOJCH, CHI)KEHUE
pa3MepoB yuiepOa OKpyXKarolled cpeie U MaTepuajbHBIX IMOTEpPb, a TaKXKe Ha
JOKAJIM3ALMIO 30H YPE3BbIUANHBIX CUTYaAILUH, IPEKpalleHNUE TEMUCTBHS XapaKTEPHBIX
JUTS HAX OTMMAacHBIX (pakTopoB [62].

bezonmacHocTs B upe3BblyaiiHbix  cutyauusx (BUC) —  coctosiHue
3alUIIEHHOCTH HACEIeHUs, OOBEKTOB HSKOHOMUKH U OKpYXKAIOUIEH Cpeasl OT

OITACHOCTEH B Upe3BbIYAHHBIX cuTyarusax [61].

9.4.1 Anaau3 BeposaTHbIXx YC, KOTOpBbIE MOXKET HHUIMHUPOBATH O00bEKT

HCCJIe10BaAHUM

O6bexTom uccinenoBanus spisitoTcs BOHP, B coctaBe KOTOPBIX MPUCYTCTBYET
nerkoBociaMmensromuiics aneroH. [Ipu padore ¢ BOHP nanbonee BepositapiMu UC
SBJISIFOTCS BO3TOPAaHUE U, KaK CIIEJICTBUE, BO3JIECHCTBUE BPEAHBIX BELIECTB, TAKUX KaK
MOHOOKCH]T yriepojaa W auokcup yriepoaa [39]. BosnelicTBue maHHBIX Tra3oB
BBI3BIBAET YAYIIbE U CIOCOOHO MPUBOJUTH K JieTaabHoMYy ucxoay. IIJIK MoHookcua

yraepoga cocrasisier 20 Mr/m°, a muokcuaa yriepoxa — 300 mr/m® [63]. PaGoTst
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OOJIZKHBI IIPOBOAUTHCS C HCIIOJIB30OBAHUCM HpI/ITOqHO-BBITH)KHOI\/'I BCHTHUJIAIWUK BAAJIN
OT OTHA U MCTOYHHKOB I/ICKpOO6p330BaHI/I$I. CpeI[CTBa 3alIUTBI OPraHOB AbIXaHUs B

aBapUUHBIX CUTyalusX — npoTuBoras Mmapku A wiau bK® [40].

5.4.2 Anaimn3 BepossiTHbIX UC, KOTOpBIe MOI'YT BOBHUKHYTh Ha padodem

MecTe NMPHU NPOBeAeHUN UCCJIe0BAHNH

NccnenoBanust IpOBOIWINCH C UCIIOJIB30BAHUEM IIEPCOHATBHOTO KOMIIBIOTEDA,
IPU AKCIUTyaTalii KOTOPOTrO BO3MOKHO BO3ropaHue. B cCOBpeMEHHBIX KOMIBIOTEPAX
OYEHb BBICOKAs TUJIOTHOCTh pa3MEIICHUS 3JIEMEHTOB JJICKTPOHHBIX CHCTEM, B
HENOCPEJCTBEHHON OJIM30CTU JpYyr OT Jpyra pacrnojaraloTcss COeAMHHUTENIbHbIE
IPOBOJIa U KOMMYHUKAITMOHHBIE Ka0enu. [Ipu mpoTekaHuu MO HUM DJICKTPUYECKOTO
TOKAa BBIJICTSACTCS 3HAYUTEIIBHOE KOJMYECTBO TEIUIOTHI, UYTO MOKET MPUBECTU K
MOBBIIICHUIO TEMIIEpaTyphl OTAEIbHBIX y3JI0B 0 80-100 °C. IIpu 3TOM BO3MOXXHBI
OIUIABJICHUE U30JSILUM COECIMHUTENIBHBIX TPOBOJIOB, UX OTOJIEHUE U, KaK CIEACTBHUE,
KOPOTKOE  3aMBIKaHUE, COINPOBOXKIAEMOE HCKPEHHEM, KOTOpO€ BeIeT K
HEJOMYCTUMBIM TEpPErpy3KaM 3JIEMEHTOB 3JIEKTPOHHBIX cxeM. IleperpeBasich, OHU

CTrOparoT ¢ pa30pbI3rUBaHuEM UCKp [64].

9.4.3 O6ocHoBaHMe MeponpuATHil Mo npegorspamenuro YC u pazpadorka

nopsiika aeiicTBUs B cj1y4yae BO3HUKHOBeHusi UC

Ucxons w3 [65] moxkapHas mnpoduiIakTHKa OOECIeYrMBaCTCsA: CHUCTEMOM
MPEAOTBPAILECHUS MOKapa; CUCTEMON MPOTUBOMOKAPHON 3allUThI; OPraHU3aMOHHO -
TEXHUYECKUMU MepornpusdtusMu. K MepaMm NpedoTBpallleHUsl MOoKapa OTHOCSITCS:
MIPUMEHEHHUE CPEJCTB 3aIUTHOIO OTKIIOYEHUS BO3MOKHBIX HCTOYHUKOB 3aropaHus
(3aImMTHOTO  3aHyJEHWs); TNPUMEHEHHE  HMCKPOOE30MmacHOTO  O0OpYAOBaHWS;
BBITIOJIHEHUE MPaBWI (MHCTPYKIIMIL) MO MOKApHO O€30MaCHOCTH.

K mepam npoTHBOMOXKapHOW 3alllMThl OTHOCSITCA: NMPUMEHEHUE MOXKAPHBIX

W3BEIIATEIIEH; CpEICTB KOJUJIEKTUBHOM (yctpoiicTBa BEHTUJISLIUU 51
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KOHJUIIMOHUPOBAHUS BO3[yXa, 3HAKH O€30MaCHOCTH) M WHIWBUIYAIbHOW 3aLUTHI
(omexnma cnenualibHas 3allUTHAs!, CPEICTBA 3aLIUThl OPTaHOB JbIXaHUs) OT (HaKTOPOB
noxkapa (Imiams M HCKpbI, TOBBIIICHHAs TEMIIEpaTypa OKpYXalolWehd cpessl,
MOBBIIIEHHAs KOHUEHTPALUMsI TOKCUYHBIX IPOIYKTOB TOPEHUS, NBbIM, IOHWKECHHAS
KOHLEHTpAIUsl KHUCIOPOJa); CUCTEMbl aBTOMATHYECKOW IMOXKApPHOW CHUTHAIHM3ALUU;
MTOPOIIKOBBIX UJIU YTJIEKUCIOTHBIX OTHETYILIUTEIEH.

IIpu oOHapyx’eHHM BO3ropaHUs HEOOXOIHMMO COOOLIUTH 00 ATOM PYKOBOJUTEINIO,
NO3BOHUTh B MOXKapHYyI0 oxpaHy mno teineony 01, 101 unmm 112, npuctynuth K
dBaKyalluu JIIOAEH M MaTepUAbHBIX LEeHHOCTel. TylleHwe opraHusyercs
NEPBUYHBIMU CPEACTBAMHU C MOMEHTa oOHapy>keHusi moskapa. [locTpanaBmumM npu

mozkape obecrieunBacTCs CKOpass MCOAUIIMHCKAA IMOMOIb.

BbiBOaBI 11O pa3aeny

[Ipu BeImosmHeHnu pasnena «ComuanbHas OTBETCTBEHHOCTHY» MaruCTEpPCKOM
JTUCcepTalluid OBUIM PACCMOTPEHBI  CIIEIUATIbHBIE IPABOBBIE HOPMBI TPYIOBOTO
3aKOHO/IATENIbCTBA M OpPTraHU3allMOHHBIE MEPONPUITHS TMPU KOMIIOHOBKE paboueit
30HBI HCCIIEIOBATENS, KOTOPBIE PETYIUPYIOTCS TPYIOBBIM KoOJeKcoM Poccuiickoii
®deneparun u CanlluH 2.2.2/2.4.1.1340-03. [IpoBeaeH aHamu3 OCHOBHBIX BPEAHBIX U
omacHbIX (PaKTOPOB, CPEIM KOTOPHIX: BpEIHbIC BEIIECTBA, OTKIOHCHHUE TTOKa3aTeaei
MUKPOKJIUMaTa,  MPEBBINICHWE  ypOBHSA  IIIyMa,  TOBBIIICHHBIH  YPOBEHB
AIIEKTPOMArHUTHOTO M3JIyYCHHS, NMCuXodu3noiaorndeckue (pakTopsl, HEAOCTATOUHAS
OCBEIIEHHOCTh paboveil 30HbI, TOPAKCHHUE ICKTPUUSCKUM TOKOM. [IpoBeneH anamus
BIIMSAHUSA OOBCKTA W TMPOIECCa MCCICIOBAHUS Ha OKPYKAIOMIYIO CPEIy, a TaKkKe
PacCMOTPEHBI MEPOIPHUATHS 1O TMpeaoTBpaliecHui0 Hambojee BepostHou UYC:

BO3ropaHusi Ha paboueM MecTe.
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okcuaHbix Kommosummii «PuO,-ThO,-MgO» B BO3AyHIHO-IIIIa3MEHHOM IIOTOKE M3
nucneprupoBaHHbiX pactBopoB BOHP, Bkitouaroniux camapuii (BMeCTO IUIYTOHUS) U
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YTO TUTa3MEHHas TepepadoTKa AUCTeprupoBaHHBIX pacTBopoB BOHP B BO3mymiHO-
[JJa3MEHHOM TOTOKE TO3BOJSIET OCYHIECTBIATH IJIA3MOXUMHUYECKUM CHUHTE3
HAHOPA3MEPHBIX IMOPOIIKOB OKCHIHBIX KOMITO3UIIMA C BBICOKUMHU (PU3UKO-

XUMHYECKUMH U TEXHOJIOTHUECKMMHU CBONMCTBAMHU.
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3aKJII0UYeHHe

Pe3ynbTaThl MPOBEEHHBIX HCCIENOBAHUNA MOTYT OBITh HCIOJB30BaHbI IS
co3naHusi AHEProdPGeKTUBHONW TEXHOJOTHUHU IUIA3MOXMMHUYECKOTO CHHTE3a U3
JIUCTIEPTUPOBAHHBIX BOJHO-OPTaHUYECKUX HUTPATHBIX PACTBOPOB HAHOPA3MEPHBIX
OKCHJHBIX KOMMO3UIMKA Ui JAUCIEPCUOHHOTO IUTYTOHUU-TOPUEBOTO SIEPHOTO

TOIIJIMBA.
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Introduction

Nuclear fuel of uranium dioxide enriched in isotope uranium-235 has several
significant drawbacks: low thermal conductivity, high brittleness, a tendency to
crack, short use cycle, limited resource of uranium-235 isotope, etc. [1-2]. This
caused a slowdown in the development of nuclear energetics and led in recent years
to abandon it in a number of countries.

Application of plutonium-239 and thorium-232 isotopes does not require
expensive isotope enrichment and makes it possible to create ultra-small (up to 10
MW) and small (up to 100 MW) power plants in remote and inaccessible regions.
These power plants can be used in mines and quarries. Therefore, a promising line is
the creation of dispersive nuclear fuel in the form of fuel oxide compositions that
include fissile metal oxides (plutonium, thorium) distributed in a matrix with high
thermal conductivity and low neutron absorption.

Dispersive nuclear fuel is characterized by the absence of direct contacts
between fuel particles due to their uniform distribution in the matrix and has the
following advantages [2-9]: high thermal conductivity and mechanical properties,
high burnup of fissile materials, radiation resistance and strength, localization of
fission products in the fuel, etc. Due to its advantages, dispersive nuclear fuel can be

used in a nuclear reactor for a long time.

Methods for producing dispersed powders for nuclear fuel

Sol-gel process

The sol-gel process is a technology for producing dispersed particles with the
conversion of colloidal system at one of the stages of the process. This method is
used for the fabrication of metal oxides, especially silicon (Si) and titanium (Ti)
oxides. The process involves the conversion of monomers into a colloidal solution
(sol), which is a precursor for the gel. Sol is a stable suspension of colloidal particles

in a liquid. The gel is a porous three-dimensional continuous network that surrounds
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and supports a continuous liquid phase. As a rule, the gel is formed by covalent bonds

between sols of particles. The process of gel formation is shown in figure 1.
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Figure 1. The process of gel formation from a colloidal solution

Stages of obtaining nanopowders using the sol-gel method:
e obtaining solutions of source materials;
¢ obtaining sol (hydrolysis of salts or acloxides, deposition);
e conversion of sol into gel (drying process, the use of miscible and immiscible
organic liquids);
e workpiece formation;
e chemical drying, controlled drying;
¢ sintering of the workpiece [10].
The sol gradually transforms into a gel-like two-phase system containing both
a liquid phase and a solid phase. The morphology of the system varies from discrete
particles to continuous polymer networks. The volume fraction of colloid particles
may be so low, therefore it is necessary to remove a significant amount of liquid to
improve the gel-like properties. There are several ways to achieve these properties.
However, the simplest method is to allow the particles of the dispersed phase to settle
in the liquid or gas phases under the influence of a gravitational field or centrifugal
forces. The remaining liquid must be drained off. It is possible to accelerate the phase
separation process using centrifugation.
The drying process is necessary to remove the remaining liquid phase. This
process significantly contributes to shrinkage and densification of particles. The rate

of liquid removal is ultimately determined by the gel porosity.
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Further heat treatment (roasting) is required in order to promote
polycondensation, to improve mechanical properties and structural stability. Final
sintering, densification and grain growth are obtained through heat treatment.

The sol-gel process is a cheap and low-temperature method that allows you to
control the chemical composition of the product. Even small amounts of dope
additives, such as rare-earths elements and organic dyes, can be added into the sol
and, as a result, equally dispersed throughout the final product. Materials obtained by
sol-gel are used in optics, electronics, electrical energy industry, space, medicine (for

instance, controlled release pharmacologic agent), chromatography.

Plasma-chemical synthesis

Plasma-chemical synthesis is based on thermal decomposition, denitration of
aqueous solutions of metal salts and subsequent conversion to oxide powders in a
plasma flow. The essence of the plasma-chemical method lies in the fact that the
dispersed solution flow is mixed with the plasma flow [11]. The scheme for
processing solutions in a plasma-chemical reactor (figure 2) includes the following
stages:

e mixing solution drops with a high-temperature gas (plasma) to the evaporation
temperature;

e solvent evaporation;

e heating, thermal decomposition of dissolved substances with the formation of
the target product;

e quenching of reaction products.

Such staging is conditional, as part of the processes proceeds independently of
each other. Sprayed solution by a spray nozzle is fed into the mixing zone 1 of the
reactor (figure 2), where it is mixed with plasma jets. As a result of intercomponent
heat exchange in zone 2, the solution drops are heated to the boiling point by the
plasma and the solvent is removed from the solution. In zone 3, the dehydrated salt is

heated to the temperature of the onset of thermal decomposition, then the salt
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decomposes to oxides. The temperature of the generated particles is close to the
temperature of the gas flow. A two-phase flow containing the target products in the
form of solid particles distributed in the gas phase is removed from the reactor. If it is
necessary, the flow is quenched in zone 4. Further, the system is fed to separation and

purification.

Raw materials Plasma-generating gas

vy

Refrigerant

———————— -

Powder

\J

Figure 2. The scheme of the solution processing in a plasma-chemical reactor

The process of plasma-chemical synthesis of dispersed oxides is a multistage
and includes:
e spraying a liquid precursor with the formation of polydisperse drops in the
reactor volume;
e movement of drops in a gaseous heat-exchange flow;
e heating and evaporation of drops, which is accompanied by diffusion and
crystallization of a metal salt in the drop volume;
e thermolysis of the salt with the formation of a microporous structure of the
metal oxide;
e sintering this structure with the formation of a solid particle of a specific
morphology [12].
The advantages of plasma-chemical synthesis of metal-oxide compounds from
optimal water-organic nitrate solutions include [9]: low specific energy consumption,
one-step process, high speed process, homogeneous distribution of phases with a

103



given stoichiometric composition, the ability to actively influence on the size and

morphology of particles.

The main properties of plutonium oxides

Plutonium forms three oxides, such as PuO, Pu,O5; and PuO,.

Plutonium monoxide PuO is a black crystal with a metallic sheen and face-
centered cubic lattice. The density of plutonium monoxide equals 13,9 g/cm®. This
compound is rapidly oxidized in air, exhibits pyrophoricity and it is readily soluble in
HCI.

Plutonium monoxide is obtained by reducing plutonium dioxide with barium at
1250 ° C. An oxide film is also formed by heating plutonium metal to 300 °C in
vacuum (~10* mm Hg).

Pu,O3 has two crystalline modification: o-Pu,O3; (hexagonal lattice) and p-
Pu,05 (cubic lattice). The densities of the modifications are 11,47 and 10,2 g/cm® for
o u 3 respectively. The melting point of the substance is 2085 °C.

There are two techniques for producing Pu,Os:

e calcination of PuO, on tantalum or iridium fiber at 1800 °C (thermal
dissociation of PuOy);

e reduction of PuO, with metallic plutonium at 1500 °C followed by vacuum
distillation of excess metallic plutonium.

Pu,O3 is pyrophoric in air at 1900 °C. It takes several days for coarse-cristalline
Pu,O3 to oxidize in air to plutonium dioxide PuO..

Plutonium dioxide PuO, is the most important plutonium oxide. Plutonium
dioxide is used in mixed oxide (MOX) fuel for nuclear reactors. Depending on the
production method, it may have a yellow-green or brown color.

PuO, has face-centered cubic lattice. The density of plutonium dioxide equals
11,46 g/cm®. The melting point is 2400 °C.
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Dioxide is the most stable plutonium oxide. It can be obtained by calcining
virtually any plutonium salt, regardless of plutonium oxidation rate in the starting
compounds (peroxide, nitrate, oxalate, etc).

Besides, PuO; is formed by burning plutonium or calcining its lower oxides,
hydride, nitride, and carbides.

Attempts to obtain higher plutonium oxides by heating PuO, at 400 °C and an
oxygen pressure of 70 atm. or by calcining in a stream of ozone at 800 °C did not
succeed.

PuO, decomposes to Pu,O; in high vacuum (10° mm Hg) at temperatures
above 1500 °C.

As well as ThO, and UO,, plutonium dioxide is not reduced by hydrogen to
metal, and it is also difficult to dissolve in hot acids. Calcined PuO2 (at temperatures
above 500 °C) is chemically more inert and almost insoluble in acids. One of the best
solvents is 85-100% H3PO, at 200 °C [13].

The main properties of thorium dioxide

Thorium dioxide is one of the most important compounds in thorium
technology. Thorium dioxide is a white powder with a density of 9,7 g/cm®. The
melting point is 3050 °C. The boiling point is approximately 4000 °C.

Thorium dioxide can be obtained by calcining thermally unstable thorium
compounds (hydroxide Th(OH),, peroxide Th,O-, nitrate Th(NO3),, etc), as well as
by burning metal thorium in air (~1000 °C).

Depending on the temperature of the preparation, thorium dioxide may be
crystalline or amorphous. Amorphous one is obtained by calcining a hydroxide or
peroxide at 350-400 °C, however, crystalline one can be obtained at higher
temperatures. The chemical activity of the compound depends on the calcination
temperature. If thorium dioxide is obtained at temperatures below 550-600 °C, it is
readily soluble in acids. If it is calcined at higher temperatures, ThO, dissolves much

more difficult. The reason for this effect is a more perfect crystal lattice.
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Active thorium oxide can be obtained by pyrohydrolysis (in superheated water
steam) of chloride and nitrate at 700 °C, sulfate at 800 °C, tetrafluoride at 1000 °C.
The decomposition of oxalate at 600 °C produces the most chemically active thorium
oxide.

Thorium dioxide finds practical application mainly in the manufacture of high-
quality ceramics, due to the fact that it does not deteriorate upon contact with
aggressive molten metals (including with uranium and plutonium). t is also used for
metallothermic production of metal thorium:

ThO, + 2Ca - Th + 2Ca0. (1)

Thorium dioxide is isomorphic with UO,, PuO,. As compositions with them, it
Is indispensable in the manufacture of MOX fuel for the reproduction of uranium-233
[13].

Methods for producing magnesium oxide for a dispersive fuel matrix

Table 1 shows the thermal neutron absorption cross sections. For magnesium,
this value is 7,0-10% cm™. This means that this material will not absorb neutrons to
the extent that prevents the required operation of dispersive nuclear fuel with a matrix
in the form of magnesium oxide.

Table 1. The thermal neutron absorption cross sections

Element | Neutron absorption cross section, 107 cm™
Carbon 3,7-107
Nitrogen 1,9
Oxygen 2,010
Magnesium 7,0-107
Aluminum 0,24
Zirconium 0,18
Silicon 0,16
Beryllium 10-10°

The melting point of magnesium oxide is 2852 °C, which is a good indicator, as

this parameter is very close to the melting point of uranium dioxide [14].
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There are "dry" and "wet" methods for the production of magnesium oxide.
The first method includes production from magnesite, the second one involves the
production of magnesium oxide from magnesium chloride (bischofite). Both methods
are implemented on an industrial scale in the Russian Federation. Raw materials for
the “dry” production method are mined in open pits or in underground mines. After
mining the magnesite pieces are crushed and primary processed using equipment for
grinding and fractionation. Heavy slurry of cuttings is used to prepare magnesite. The
raw material may have various impurities, so it is washed. Magnetic separation is
used in order to get rid of iron compounds.

Some well-known industrial methods for producing magnesium oxide are
based on deposition of sparingly soluble hydroxide using alkaline reagents and
subsequent roasting to a state of magnesium oxide. The main and most affordable
reagent is calcium hydroxide. The main difficulty of magnesium hydroxide
deposition and its separation from the solution is obtaining a precipitate in colloidal
dispersive form. Another problem is the difficulty of obtaining a pure product that
does not contain impurities of iron, manganese, non-ferrous metals, boron and other
compounds.

There is also another way to obtain pure magnesium oxide. It consists in the
precipitation of magnesium hydroxide from seawater using sodium hydroxide as a
precipitant. The disadvantage of this method is the high cost of the reagent, which is

added to the precursor solution in excess [14].
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Conclusion

In this paper, a literature review of the methods for producing dispersed
powders for nuclear fuel was carried out. The sol-gel process and plasma-chemical
synthesis were considered. Both technologies are effective, but the plasma-chemical
one is the most promising due to its advantages. The main properties of dispersive
nuclear fuel materials such as magnesium oxide, thorium and plutonium dioxides are

considered.
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IIpuioxenue b

Tabmuma b1 — Pesynbrathl pacueToB HU3IIEH TerioTBopHO ciocoOHoct BOHP Ha ocHoBe alieToHa, HEOOXOUMBIE JIJIsl IOJTYYEHUS

OK «PuO,—ThO,—MgO»

Cocras pactBopa BOHP p
CocraB OK Ne PUOz(N03)2'6H20, Th(N03)46H20, Mg(N03)26H20, HQO, CgHeo, Mﬂ);l(’/KF
% Macc % Macc % Macc % Macc % Macc
OK-1 «50 % (5 % PuO,+45 % ThO,)-50 % MgO» BOHP-1 0,908 9,801 31,292 28 30 8,762
OK-2 «55 % (5,5 % Pu0,+49,5 % ThO,)-45 % MgO» BOHP-2 1,050 11,337 29,614 28 30 8,762
OK-3 «60 % (6 % PuO,+54 % ThO,)-40 % MgO» BOHP-3 1,207 13,039 27,754 28 30 8,762
OK-4 «65 % (6,5 % Pu0,+58,5 % ThO,)-35 % MgO» BOHP-4 1,383 14,937 25,680 28 30 8,762
OK-5 «70 % (7 % PuO,+63 % ThO,)-30 % MgO» BOHP-5 1,580 17,067 23,353 28 30 8,762
OK-6 «75 % (7,5 % PuO,+67,5 % ThO,)-25 % MgO» BOHP-6 1,803 19,473 20,724 28 30 8,762
OK-7 «80 % (8 % PuO,+72 % ThO,)-20 % MgO» BOHP-7 2,057 22,213 17,730 28 30 8,762
OK-8 «85 % (8,5 % Pu0,+76,5 % ThO,)-15 % MgO» BOHP-8 2,348 25,362 14,290 28 30 8,762
OK-9 «90 % (9 % PuO,+81 % ThO,)-10 % MgO» BOHP-9 2,687 29,019 10,294 28 30 8,762
OK-10 «95 % (9,5 % PuO,+85,5 % ThO,)-5 % MgO» BOHP-10 3,085 33,317 5,598 28 30 8,762
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Tabauma Bl — Pe3yabTaThl pacueToB sHepro3aTtpat Ha noixydenue u3 BOHP na ochoBe arnierona OK «PuO,—ThO,—-MgO»

IIpuioxenue B

OK-1 «50 % (5 % PuO,+45 %
ThO,)-50 % MgO»

OK-2 «55 % (5,5 % PuO,+49,5
% ThO,)-45 % MgO»

OK-3 «60 % (6 % PuO,+54 %
ThO,)-40 % MgO»

OK-4 «65 % (6,5 % Pu0O,+58,5 %
ThO,)-35 % MgO»

T, K Zok, Zok, Zok, Zox,

I Mmacc. y I Macc. un k, Macc. Sy h, Macc. Sy

KJIK/KT o MJIx/xr | kJK/Kr o MJIx/xr | kJxK/KT oH MJx/kr | &JK/KT o M/Ix/kr

300 0 0,04706 0 0 0,04773 0 0 0,04847 0 0 0,0493 0
500 210 0,04706 4,46 230 0,04773 4,82 260 0,04847 5,36 280 0,0493 5,68
1000 920 0,03041 30,25 940 0,03197 29,4 970 0,0337 28,78 990 0,03563 27,79
1500 1670 0,03041 54,92 1690 0,03197 52,86 1710 0,0337 50,74 1730 0,03563 48,55
2000 2500 0,03039 82,26 2520 0,03195 78,87 2530 0,03368 75,12 2550 0,03561 71,61
2500 3870 0,02725 142,02 3880 0,02879 134,77 3890 0,03053 127,42 3900 0,03247 120,11
3000 | 6794,4 | 0,01103 615,99 6783,1 0,01317 515,04 6770,6 | 0,01555 435,41 6756,6 0,0182 371,24

OK-5 «70 % (7 % PuO,+63 %

OK-6 «75 % (7,5 % PuO,+67,5

OK-7 «80 % (8 % PuO,+72 %

OK-8 «85 % (8,5 % PuO,+76,5 %

ThO,)-30 % MgO» % ThO,)-25 % MgO» ThO,)-20 % MgO» ThO,)-15 % MgO»
300 0 0,05184 0 0 0,05292 0 0 0,05245 0 0 0,05382 0
500 250 0,05184 4,82 250 0,05292 4,72 240 0,05245 4,58 250 0,05382 4,65
1000 980 0,03901 25,12 970 0,04153 23,36 930 0,04302 21,62 930 0,04621 20,13
1500 1730 0,03901 44,35 1720 0,04153 41,42 1670 0,04302 38,82 1660 0,04621 35,92
2000 2540 0,03899 65,14 2520 0,04151 60,71 2470 0,04299 57,46 2460 0,04619 53,26
2500 3830 0,03577 | 107,07 3810 0,0383 99,48 3800 0,03989 95,26 3780 0,0431 87,7
3000 | 6685,9 | 0,02193 | 304,87 | 6627,8 0,0254 260,94 | 6553,2 | 0,02836 231,07 6490,1 0,03276 198,11

OK-9 «90 % (9 % PuO,+81 % | OK-10 «95 % (9,5 % PuO,+85,5

ThO,)-10 % MgO» % ThO,)-5 % MgO»
300 0 0,0554 0 0 0,05727 0
500 240 0,0554 4,33 240 0,05727 4,19
1000 920 0,04993 18,43 910 0,05429 16,76
1500 1640 0,04993 32,85 1630 0,05429 30,02
2000 2440 0,0499 48,9 2420 0,05426 44,6
2500 3740 0,04684 79,85 3700 0,05122 72,24
3000 | 6403,2 | 0,03787 | 169,08 | 6311,6 | 0,04387 143,87
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IIpuioxenue I'
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Pucynok I'l — JIabopaTtopnsiit ctenn «Ilna3mennsiii Moaysnb Ha 6aze
BBICOKOYAaCcTOTHOTO renepaTopa BUI'8-60/13-01»:

1 — nucneprarop, 2 — BU®-paspsn, 3 — BUD-ma3mMoTpoH; 4 — MEIHBIN 3JIEKTPOI, S5 —
KOpITYC; 6 — KOAaKCHAJIbHBIN BBIBOJ; 7 — UMIIEIUIEP PEAKTOpa; 8 — y3es1 «MOKPOii»
OUYUCTKHU OTXOJAIINX Ta30B; 9 — BEITSHKHON BeHTHIISITOp (BP 12-26, Ned), 10 —
BO31yX0BoJ, 11 — razoananuzarop «Quintox» KM 9106, 12 — npo6ooTdéopHuk; 13 —
3aIIUTHBIA KOXKYX nupomeTpa, 14 — nmupometp IPE 140/45, BUI' — BhICOKOYAaCTOTHBIN

reaepaTop BUI'8-60/13-01.
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Tabmuma J[1 — Pe3ynbratsl n3mMepeHuii pacxojia Bo3ayxa uepes razoxos 6e3 yzna spoja I1I" (Tpy6ka 50/300 mm)

Ipuioxenue /|

No SI/IMH PHF) MBap Pnr VHr Qnr
- 3xn cM° 1 2 3 4 5 6 7 ITa Mm/c M/c Kr/c M/a

1 3x10 | 1650 2,33 2,37 2,35 2,40 2,39 2,41 2,38 236,86 19,86 | 0,990 | 1,19 | 3575,02
2 3x8 1320 2,39 2,41 2,48 2,47 2,48 2,51 2,43 |24455| 20,18 | 1,009 | 1,21 | 3632,60
3 3x6 990 2,09 2,14 2,00 2,16 2,10 2,09 2,10 |209,09| 18,66 | 0,933 | 1,12 | 3358,88
4 3x4 660 2,03 2,06 2,07 1,97 2,07 1,96 1,94 | 200,82 | 18,29 | 0,914 | 1,10 | 3291,86
1 3x10 | 1650 2,47 2,44 2,52 2,46 2,48 2,50 2,49 | 247,26 | 20,29 | 1,014 | 1,22 | 3652,64
2 3x8 1320 2,35 2,37 2,42 2,38 2,39 2,33 2,38 |236,72| 19,86 | 0,992 | 1,19 | 3573,94
3 3Xx6 990 2,15 2,25 2,12 2,24 2,28 2,29 2,24 221,76 | 19,22 | 0,961 | 1,15 | 3459,21
4 3x4 660 1,96 1,93 1,96 1,94 1,92 1,89 1,94 |192,85| 17,92 | 0,896 | 1,08 | 3225,83
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Tabnuma J[2 — Pesynbratsl n3mepenuit pacxona Bo3ayxa uepe3 BUDII 6e3 y3na Beoaa I1I" (Tpy6ka 50/300 mm)

No SI/IMH PHF) Mba Pnr VHr QHr

- 3xn cM° 1 2 3 4 5 6 7 ITa M/c M/c Kr/c M/a
1 3x10 | 1650 | 1,75 | 1,79 | 180 | 1,78 | 1,79 | 1,78 | 1,80 | 177,89 |17,21| 0,089 0,11 | 322,22
2 3x8 | 1320 | 2,11 | 2,12 | 2,19 | 2,10 | 2,20 | 2,11 | 2,14 | 213,22 | 18,84 | 0,097 0,12 | 352,76
3 3x6 990 283 | 2,78 | 2,81 | 2,83 | 2,80 | 2,79 | 2,80 |279,73 2158 | 0,112 0,13 | 404,05
4 3x4 660 3,62 | 3,56 3,6 3,57 | 3,56 | 3,61 | 3,58 | 357,50 (24,40 | 0,126 0,15 | 456,78
1 3x10 | 1650 | 1,79 | 1,75 | 182 | 1,89 | 1,82 | 1,88 | 1,80 |181,60|17,39| 0,091 0,11 | 325,55
2 3x8 | 1320 | 2,15 | 2,19 | 2,15 | 2,10 | 2,09 | 2,12 | 2,17 | 213,22 | 18,84 | 0,098 0,12 | 352,76
3 3Xx6 990 233 | 237 | 235 | 242 | 2,41 | 2,37 | 2,41 | 237,29 19,88 | 0,103 0,12 | 372,14
4 3x4 660 331 | 3,35 | 3,31 | 3,37 | 3,29 | 3,35 | 3,32 [331,86|2351| 0,122 0,15 | 440,09
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Tabnuia /I3 — Pe3ynbratsl H3MEpeHU pacxo/ia Bo3ayXa uepe3 peakTop

S I'azoxon BUDII Tu p Qp
Ne 3xn cm? P, Mbap | Py, I1a K?/’c Pcp, mbap | Par, ITa | Q, xr/c | °C kr/M° | Kkr/c
1 3x10 | 1650 2,38 236,86 | 1,19 1,78 177,89 0,11 1,09
2 3x8 1320 2,45 24455 | 1,21 2,14 213,22 0,12 21 | 1.2009 1,09
3 3Xx6 990 2,10 209,09 | 1,12 2,81 279,73 0,13 ’ 0,99
4 3x4 660 2,01 200,82 | 1,10 3,59 357,50 0,15 0,95
1 3x10 | 1650 2,48 247,26 | 1,22 1,82 181,60 0,11 1,11
2 3x8 1320 2,37 236,72 | 1,19 2,14 213,22 0,12 21 | 1.2009 1,07
3 3Xx6 990 2,22 221,76 | 1,15 2,38 237,29 0,12 ’ 1,03
4 3x4 660 1,93 192,85 | 1,08 3,33 331,86 0,15 0,93
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IIpuioxenue E

Tabnuua E1 — 3HaueHus TEXHOJIOTHYECKUX MMapaMeTPOB YCTAaHOBKHU

BUY®DII

U Po T S
NQ Ia; A IC1 A o ’ o}:[r’ ’2 Ppl PCTI Ql‘ll“! H: TCTp1

xB kBt ¢ oM kBT kBT Kr/C KJx/Kr K n, %
1 3 1,2 | 57 17,1 29,8 3x10 8,43 8,36 0,11 378,03 375 99,149
2 3 1,2 | 57 17,1 30,6 3x8 8,40 8,33 0,12 371,07 375 99,147
3 3 1,2 | 57 17,1 31,3 3x6 8,19 8,12 0,13 360,55 350 99,125
4 3 1,2 | 57 17,1 31,7 3x4 8,29 8,22 0,15 354,23 350 99,136
1 13512 625 | 219 33,6 3x10 11,14 | 11,04 0,11 403,05 400 99,142
2 | 35]12 ]| 64 22,4 34,3 3x8 11,38 | 11,23 0,12 395,77 400 98,741
3 13512 | 64 22,4 34,6 3Xx6 11,17 | 11,03 0,13 382,11 375 98,717
4 135|112 | 65 22,8 351 3x4 11,11 | 10,94 0,15 372,13 375 98,495
1 4 12 | 6,5 26,0 37,8 3x10 12,82 | 12,58 0,11 417,36 425 98,137
2 4 12 | 6,7 26,8 38,1 3x8 13,50 | 13,26 0,12 412,97 400 98,231
3 4 12 | 69 21,6 37,9 3Xx6 14,10 | 13,88 0,13 403,30 400 98,475
4 4 12 | 7,0 28,0 36,8 3x4 14,53 | 14,34 0,15 394,41 400 98,685

117



OHTanbnus, KJHK/Kr

15800
14800 /
13800

12800 /
11800 ‘/

10800 /
9800 /

8800 /-
7800 /,
6800

5800

4800
/

3800 /
Poa

2800 /
1800 /

800 WM

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500

Temneparypa, K

Pucynok E1 — 3aBUCHUMOCTB SHTAJIBIINU BO3AYXa OT €TI0 TEMIIEPATYPBI
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IIpunoxenue K

Ta6muia K1 — CoctaB u pexxumsl niepepadoTku pactBopoB BOHP, ¢husznko-xumMmudeckre u TeXHOJOTHUECKHUE CBOMCTBA MOTYyUYEHHBIX

OKCHIHBIX KOMHO3HHHI>1, MOJCIUPYIOMHMX B BO3AYHIHO-IIJIA3BMCHHOM ITOTOKC IJIa3MOXUMHNYCCKOTO CHHTE3 OKCHUIHBIX KOMHO3HHHﬁ JJIA

HHYTOHHﬁ-TOpHeBOFO AUCTICPCUOHHOTO AICPHOIO TOIIJINBA

Pexxumel

Jlazepnas

OxcuaHas KOMITO3ULINAS Cocras BOHP nepepadoTKu nudpakius Bangaﬂm
BOHP OK
Ce(NO Sm(NO Mg(NO
No Cocras OK Ne -6(H203,)3 .6(|_|203:)3 ~%$—IZO?)3 0SgHGO, fo, Qors, Dso, 32, Duet,
o o/ o oMacc. | I'm Kr/c MKM M°/T HM
o= Sm203/(Sm203 + CGzOg) =0,1
1 81 % Cey03-9 % Smp03-10 % MgO BOHP-1 267,9 28,7 160,3 62,2 50 2,8 9,4 7,9 110
2 72 % Ce03-8 % Smp03—-20 % MgO BOHP-2 238,1 25,5 320,5 60,2 50 2,8 9,9 11,2 86
3 63 % Cey03—7 % Smp03—-30 % MgO BOHP-3 208,3 22,3 480,8 58,4 50 2,8 7,4 - -
o= Sm203/(8m203 + Ce203) =0,2
4 72 % Ce03-18 % Sm,03-10 % MgO BOHP-4 238,1 57,4 160,3 62,2 50 2,8 12,3 - -
5 64 % Ce;03-16 % Sm,03-20 % MgO BOHP-5 211,6 51,0 320,5 60,3 50 2,8 9,8 - -
6 56 % Ce03-14 % Sm,03-30 % MgO BOHP-6 185,2 44,6 480,8 58,4 50 2,8 6,6 - -
o= Sm203/(Sm203 + Ce203) =0,3
7 63 % Cey03-27 % Sm,03-10 % MgO BOHP-7 208,33 88,0 160,3 62,2 50 2,8 7,4 9,5 90
8 56 % Cey03-24 % Sm,03-20 % MgO BOHP-8 185,18 76,5 320,5 60,3 50 2,8 7,5 11,9 80
9 49 % Ce;03-21 % Sm,03-30 % MgO BOHP-9 162,04 67,0 480,8 58,4 50 2,8 7,4 - -
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Ipuioxenue U

Tabonuua N1 — SWOT-aunamus

CuiibHBIC CTOPOHBI

Cia0bie CTOPOHBI

HAYYHO- HAYYHO-
HCCJIe0BATEIbCKOI0 HCCIIeI0BATEIBLCKOT0
NnpoeKTa: MPoOEeKTAa:
Cl. Huskas | Cal. HewnsyueHHOCTB
ce0ecTOUMMOCTh MeTOJa U CJIOKHOCTU B
TJ1a3MOTIOIABIISFOIITUX €ro pa3BUTHH.
00aBOK. Cn2. Huzkas
C2. DKOHOMMYHOE | AKTyaJIbHOCTh
UCIIOJIb30BaHHE UCCIIEIOBAaHUN.
AIEKTPOIHEPTUH.
C3. KoMnakTHOCTB
YCTAaHOBKHU
C4. TIlpoctora MOHTa)xka
YCTAaHOBKH U
AKCIUTYaTaIlusl.
Bo3moxkHocTu: W3 nannoit xomOunHarmu | B CBOIO oyepenb
B1. [TosiBeHue | BUTHO, UYTO CYIIECTBYET | HEU3YYEHHOCTh METO/Ia, a
JNOTOJIHUTENBHOTO CIIPOCa | BOBMOKHOCTh ~ CO3JAHUSA | TAKKE HU3KAast
Ha HOBBIN IIPOJIYKT. YCOBEPIIEHCTBOBAHHON M | aKTYaJbHOCTb MOXKET
B2. SKOHOMHYECKHU BBITOJHON | BHECTHU MHOT'O
VY coBepuieHCTBOBaHUE YCTAaHOBKH 0 | TPYIHOCTEH Mpu paboTe ¢
YCTaHOBKH. MOJIyYEHU IO YCTaHOBKOM U pa3paboTke
HAaHOPa3MEPHBIX HOBBIX IIPOEKTOB.
OKCHUIHBIX KOMIIO3UIINI.
¥Yrpo3bi: [IpoBens ananu3 cunbHbIX | Hem3yyeHHOCTh  MeTOA,
V1. OTcyTCTBHE | CTOPOH U YIPO3, BHUAHO, | CIIOKHOCTh €TI0 Pa3BUTHS
(buHaHCHPOBAHUS. YTO BBIIICYKA3aHHBIE | U HU3KAsl aKTYaJlbHOCTb
V2. OrcyTcTBHE CHpoca | CUIbHBIE CTOPOHBI | MOTYT IPUBECTH K
Ha TEXHOJIOTHIO. IPOEKTa MOTYT | OTCYTCTBHUIO
CYIIECTBEHHO TOHU3UTH | PUHAHCUPOBAHUS u
MPOLICHT yIpo3 | cipoca Ha TEXHOJOTHUIO
VCCIICIOBAHUSI. POU3BOJICTBA.
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Tabnuia U2 — BpemenHble ToKa3aTeau IPOBEACHUS HAYYHOTO UCCIIECIOBAHUS

HasBanue pabotet | TpynoéMmkocTs paboT = JmarensHOCTh | JIMUTENBHOCTD
o pabort B pabort B
toin, | tmax, | Lo, = | pabounx QHAX,  KaJE€HIAPHBIX
yeqa- | 4yeil- qyeJ- g T . JHSX,
AHK | THH JTHU 5 P! :
~ KI
Honbop musyseme 4, | 16 | 136 | p 13,6 20
MaTepuaoB Mo TEME
Bri6op HalpaBleHAd | 8 6.2 P. U 3.1 5
UCCJIEOBAaHUN
Kanennapuoe
IUIaHUpOBaHue padbor | 2 4 2,8 P, U 1,4 2
o TemMe
MonenupoBanue
TE€XHOJIOTUYECKOTO 20 25 22 4 22 33
npouecca Ha [1IK
[IpoBenenue
AKCTIIEPUMEHTAIBHBIX | 25 30 27 P, 1 13,5 20
HCCIJICJOBAaHUN
AnHanu3 u 00paboTka
MOJTYYEHHBIX 11 15 126 | P, U 6,3 9
PE3YJIbTaTOB
Onenka
3 PEeKTUBHOCTH 7 12 9 P. U 4.5 7
MOJTYYE€HHBIX
PE3YNIBTATOB
Odopmiienue
MTOSICHUTEIIBHOU 6 11 8 4 8 12
3aMMUCKU
Iloaroroska k 5 10 7 1 7 10
3aIuTe
Hroro: 108,2 28'1;//1749’ . 118
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Tabnuia U3 — Kanenaapuslii mian-rpaduk NpoBeeHUS HAYYHOTO UCCIIEIOBAHMS

g [TpoTOIKUTEIIEHOCTD BBITIOJIHEHUS paboT
No K
bagor Bug pa6ot VicnomuuTens | oo SIHBapp depaib Maprt Arnpenb Wronb
H 2 1 2 3 2 3 2 1 2
[TonOop u usyueHue
1 Wcnosautens | 20
MaTEPHAJIOB 110 TEME
2 Br16op Hanpasienust | PykoBoauresns, 5
HCCIICIOBAaHU M HCTOJIHUTENb
Kanengapnoe
PykoBoautens,
3 IUTAHUPOBAHHUE PpadboT 2
WCITOJTHUATEITh
10 TeMe
MoaenupoBanne PYKOBOHTEND
4 TEXHOJIOTHIECKOTO YK | 33
WCITOJTHUATEITh
npouecca Ha [1IK
TIposenenne PykoBoaurens
5 AKCIIEPUMEHTAIIbHBIX YK 120
. WCIIOJIHUTENb
UCCIIeIOBaHUMN
Ananu3 u 00paboTka
PykoBoautens,
6 MOTYYCHHBIX 9
WCIIOJIHUTENb
pe3yNIbTaTOB
OneHka
7 3¢ exkTUBHOCTH PykoBoautens, 7
MOJTy4E€HHBIX WCIIOJIHUTENb
pe3yNIbTaTOB
Odopmaenue
8 MOSICHUTEILHO M HUcnonuurens | 12
3aMHUCKH
9 [Toaroroska k 3anure | Mcmoaautens | 10

— PYKOBOJIUTEITH

. — UCHOJHUTEND
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