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MuHuCTEpCTBO HAYKH U BbicIiero oopasosanus Poccuiickoit @enepanuu
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHUE
BBICIIIETO 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

[Ixona — MmxeHepHas NIKOJIA SAEPHBIX TEXHOJIOTUNI

Hamnpasnenue noarotosku — 14.03.02 «SnepHbie Gu3nka U TEXHOIOTUN

Otnenenue mkomnsl (HOLL) — Otnenenue saepHO-TOIMBHOIO LMK

BAKAJIABPCKAS PABOTA

Tema padoTsl

Cunres B BOBHYHIHOﬁ Ij1a3sMe U UCCICA0BAaHUEC OKCHUAHBIX KOMHO3HI.[PII>1 «OKCHUO HEOANMA-OKCHU

caMapusd - OKCUJ Maruusi»

YJIK 66.01:533.9:661.865'02

CryneHt
I'pynna (0] 700} Moanuce Jara
0A6/1 Anapee JImutpuii BuktopoBuu
PykoBogurens
JoKHOCTD (1% (0] Yuenasi cTeneHb, Moanuch Jata
3BaHHUE
ITpodeccop OATL] A.T'. Kapenrun K.(b.-M.H.,
WATII JOILICHT
KOHCYJIBbTAHTBI:
ITo pazneny «®UHAHCOBBIN MEHEIKMEHT, pecypcod(d(HEKTUBHOCTH U PECYPCOCOEPEIKCHHE)
JloKHOCTD (1% (0] ‘Y4enasi cTeneHs, IMoanuch JaTa
3BaHHUE
Houent OCT'H HIUII E.C. Kucenena K.3.H.
ITo pazneny «CoruanbHasi OTBETCTBEHHOCTB)
JlokHOCTH (1% (0] ‘Y4enasi cTeneHs, Toanuch JaTa
3BaHHUE
Accuctent OSATL] T.C. T'oronesa K.(b.-M.H.
VATII
JONMYCTUTD K BAIIINUTE:
PykoBoaurens OOIT DdPUO Yuenas creneHb, Ioanucn Jata
3BaHHUe
Jonent OATL] UATII JL.LU. Topoeena K.().-M.H.

Tomck — 2020 r.
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IINTAHUPYEMBIE PE3VJIbTATBI OBYUEHM A 110 OOIT

Kon PesynbTart 00yuyeHus TpeGoBanus
pe3yJbTarta (xoMmeTeH M) ®T'OC, kputepuen
u/nau
3aHHTEPECOBAHHBI
X CTOPOH
OO01meKyJIbTYpHbI€ KOMIIETEHIUH

P1 JleMOHCTPHPOBATh KYJIbTYPY MBIIIJICHUs, CIIOCOOHOCTH K 00001meHut0, ananu3y, | TpeboBanus ®I'OC
BOCTIPHATHIO HH(POPMAIHH, TOCTAHOBKE LIETH U BHIOOpY myTei ee moctmwkenus; | (YK3.,4,5, OIIK-2).
CTpEeMJIGHUsI K CaMOpPa3BHUTHIO, TOBBINIEHHIO CBOEGH KBAIM(QHUKALUH U
MacTepcTBa; BIaJICHHUE OCHOBHBIMH METOJAMHM, CIHOCOO0aMH U CpPEACTBAMH
TONMYYCHUs, XpaHCHUs, NepepaboTKH WH(POPMAIK, HABBHIKH paboOTHl C
KOMITBIOTEPOM KaK CPEICTBOM YIIpaBJICHHUs HH(POpMAaIe; crrocoOHOCTh pabOTHI
¢ nHpopManyeil B TI00aTbHBIX KOMIIBIOTEPHBIX CETAX.

P2 Cr1ocoOHOCTB JIOTHYECKH BEPHO, apTyMEHTHPOBAHO U SICHO CTPOUTH yCcTHYIO U | TpeboBanus OI'OC
MUCbMEHHYIO PeYb; KPUTHYECKH OIICHUBATH CBOM JOCTOMHCTBA M Hemoctatku, | (YK-2-5, OTIK-2).
HaMe4aTh IyTH W BBIOMpATh CPEACTBA Pa3BUTHSA JIOCTOMHCTB M YCTPAHCHHUS
HEJIOCTATKOB.

P3 T'0TOBHOCTHIO K KOOTIEpAIIHH C KOJIIeTaMH, paboTe B KOJUISKTUBE; K opranu3amuu | Tpebosanns OI'OC
paboTHI MaJIbIX KOJIEKTUBOB UCIIOJIHHUTENEH, IIIaHUpoBaHuo padoTsl nepconana | (Ykl, YK- 2, YK-3,
u (OHIOB OIUIaTHl TPYyJAa; T'CHEPUPOBATH OpTraHHM3alMOHHO-ymnpaBieHueckux | YK-4,0I1K-2, 3,
pellleHns] B HECTAHAAPTHBIX CHTYAalMsIX M HECTH 32 HHX OTBETCTBEHHOCTh; K | IIK- 6, 19-23).
pa3paboTke OIEepaTUBHBIX IUIAHOB PAOOTHI IMEPBUYHBIX IPOHM3BOICTBEHHBIX
MOApPA3ACIICHUM; OCYIIECTBICEHUIO W  aHAIW3y UCCJENO0BATENIbCKON U
TEXHOJIOTUYECKOH JIeSTEeNbHOCTH Kak O0ObEeKTa YNpaBieHHs, OCO3HaBaTh
COILIMANBHYI0 3HAaYMMOCTh CBOEH Oynymeil mpodeccun, o01amaTh BBICOKOH
MOTHBAIMEH K BBINOJHEHHUIO MTPO(ECCHOHAIPHOMN NESITEIbHOCTH

P4 YMeHHe UCTONB30BaTh HOPMATHBHBIC TIPaBOBBIE JOKYMEHTHI B cBoeil | Tpebosanns OI'OC
JISATSIIBHOCTH; MCIOJIb30BaTh OCHOBHBIC IMOJIOKCHHS M METOAbl conuanbHbIX, | (OK-4,  OIIK-1-3,
TYMaHUTAapHBIX H 5JKOHOMHUYECKHX HayK Tnpu pemeHnn commaipubix wu | [IK-1, TIK-5, k-7,
npo¢eCCHOHANBHBIX 3a/1a4, aHAIN3UPOBATh COLMALHO-3HaYNMbIe Tipobiemsr u | [1k-8, [Tk-9, T1K-10,
MIPOIIECCHI. IK-11, TIK-17, TIk-

19,1Mk-20,1TK-21).

P5 Bnagets 0qHUM U3 MHOCTPAHHBIX S3bIKOB HA YPOBHE HE HUXKE PA3rOBOPHOTO. Tpebosanuss OI'OC

(YK-4,5, OIIK-2,
I1K-6)

P6 Bragers cpeacTBaMM  CaMOCTOSITENIBHOTO,  MeToAuYeckd  mpaBumibHOro | Tpebomanus ®PI'OC
HCIIOJIb30BAaHUsI METOJ0B (DU3MUECKOr0 BOCIHUTAHUS M yKperuieHus 3moposes, | (YK-7, 8, OIIK-3,
TOTOB K JIOCTIDKEHHIO JOJDKHOTO YPOBHS (H3MUecKo# moaroToBinenHoct mis | [TK-12).
obecrieueHus! MTOJHOIIEHHOH CONMaIbHOM U MPO(eCcCHOHATIbHON IESITENBHOCTH.

OobmenpodeccuoHabHbIE

pP7 Hcnonp30BaTh OCHOBHBIE 3aKOHBI CSCTECTBCHHOHAYYHBIX nucnuiuiiH B | Tpeboanus OI'OC
MpoQeCCHOHANBHON NesITeIbHOCTH, NPUMEHATh MeTonsl MaTtemartmueckoro | (YK-1, 2, OIIK-1,
aHaM3a W MOJEJIHMPOBaHUsS, TeopeTuueckoro U akcnepumentansHoro | [1K-2,3,4,5, 6,7, 10,
HCCIIEIOBAHUS. 11,14,).

IIpodeccuoHabHbIe KOMNIETEHIIUH
P8 Brnaners OCHOBHBIMM METOAAMH 3alUTHl NPOM3BOACTBEHHOro nepcoHana u | Tpebosanus PI'OC

HaceJIeHUsT OT BO3MOXKHBIX IIOCJIEJICTBHH aBapuif, KaracTpod, CTHXHHHBIX
6encTBuii; 1 OBITH TOTOBBIM K OIIEHKE SAEPHON M PaANallMOHHON 0€301aCHOCTH,
K OIICHKE BO3JICHCTBHS Ha OKPYKAIOLIYIO CPEy, K KOHTPOJIO 32 COOMOCHUEM
HKOJIOTHYECKOW O€30MacHOCTH, TEXHWKH O€30MacHOCTH, HOPM W TIpaBHII
[IPOU3BOJCTBEHHONM CaHWUTAapUM, IOXApHOH, paJUalMOHHOM U  sAJEpHOH
6e3omacHOCTH, HOPM  OXpaHbl TPyAa; K  KOHTPONIO  COOTBETCTBHUS
pa3pabaTblBa€MbIX MPOEKTOB M TEXHWYECKOH JOKYMEHTAI[MHM CTaHAapTaM,
TEXHHYECKUM YCIIOBHSM, TPEOOBAHMSIM O€30MaCHOCTH M JIPyTUM HOPMATHBHBIM
JOKyMEHTaM; 3a  COOJIOJJEHHEM  TEXHOJOTMUECKOH  JUCHUIUIMHBI U
00CITyKMBaHHUIO TEXHOJIOIMYECKOTO 000pPYIOBaHMS ; M K OpraHU3alny 3aIlnuThl
00BEKTOB MHTENJIEKTYaJIbHOW COOCTBEHHOCTH M PE3YJIbTATOB HCCIICAOBAHUN U
pa3paboTOK Kak KOMMEPYECKOH TalHbI MPEANIPUATHS; U TOHUMaTh CYIHOCTb U
3HaueHHe MHGOpPMalMM B Pa3BUTHU COBPEMEHHOr0 HMH(MOPMAIIOHHOTO

(YK-7, 8, OIIK-3,
TK-2, 4,6, 8, 11, 12,
14,17, 18, 20).




o01ecTBa, CO3HaBaTh OMACHOCTH M YrpO3bl, BO3HHKAIOUIME B 3TOM IpoLecce,
coOmoaaTh OCHOBHBIE TpeOOBaHWS WHGPOPMAIMOHHOW OE30TAaCHOCTH, B TOM
YHCIIe 3aIIUTHI TOCYIapCTBEHHOHN TalHbI).

P9 YMeTh MpOu3BOIUTH pacueT W MPOSKTHPOBAaHUE NeTalieil u y3imoB nmpudopoB u | Tpebosanns OPI'OC
YCTaHOBOK B COOTBETCTBHM C TEXHHYECKHUM 3aJaHueM c wucnoip3oBaHueMm | (YK-1,2,8,  TIK-2,
CTaHIAPTHBIX CpPEACTB AaBTOMATH3allMM MPOSKTHPOBAaHWS; paspadaremBartk | 5,6, 7, 8, 9, 10, 11,
NPOEKTHYI0 W  pabouyl0 TEXHHUYECKYI0 JOKyMeHTaiuioo, odopmierue | 20).
3aKOHYCHHBIX MPOEKTHO-KOHCTPYKTOPCKUX pabor; MIPOBOAUTH
NPEeIBapUTEIBHOTO  TEXHUKO-DKOHOMHYECKOTO  OOOCHOBaHHMS  IPOEKTHBIX
pacueToB YCTAHOBOK U IPUOOPOB

P10 ['oTOBHOCTH K 3KCIUTyaTalluM COBpEeMEHHOro ¢usnyeckoro obopynoBanus u | Tpebosanus PI'OC
npuOOpoB, K OCBOGHHIO TEXHOJIOTMYECKUX INpoleccoB B xoae noarotoBku | (IIK-4, 14, 15, 16,
NPOU3BOJICTBA HOBBIX MaTEPHAJIOB, NPHOOPOB, YCTAHOBOK M CHCTEM; K Hajajake, | 21, 22).

HacTpOWKe, pEryJIMPOBKE U ONBITHOM MpoBepKe 000pyJOBaHHS U MPOTPaAMMHBIX
CPE/CTB; K MOHTaXXy, HaJlaJIKe, UCTIBITAHHUIO U Cllaue B 3KCIUTyaTalUIO OMBITHBIX
00pa3noB mprudOpoB, yCTAHOBOK, Y3JIOB, CHCTEM U JICTaJIeH.

P11 Crioco6HOCTB K OpraHu3aluu METPOJIOTHYECKOI0 obecmieuennst | TpeboBanus OI'OC
TEXHOJIOTHYECKUX IMPOIECCOB, K MCIIONB30BAHAUIO TUIOBHIX MetonoB kKontpomst | (ITK-11, 12, 13, 20,
KauecTBa BBIYCKaeMOM MPOAYKIMK; U K OLCHKE MHHOBALMOHHOTO MOTeHIMana | 21, 22).

HOBOH NMPOAYKIIHH.

P12 CriocoOHOCTh WCHONB30BaTh WHPOPMAIMOHHBIE TEXHOJOTHH Ipu pa3pabortke | Tpebdoanus OI'OC

HOBEIX YCTaHOBOK, MaTepuaioB u mpubopoB, Kk cObopy wu amammy | (YK-2 OIIK-1, IIK-
HHGOPMAIMOHHBIX HMCXOJHBIX JAHHBIX Ul MPOEKTHpoBaHus mpubopoB u | 1,2,4,5,6,7, 8).
YCTaHOBOK; TEXHHYECKHE CpEJCTBAa OIS M3MEPEHHsS OCHOBHBIX IapaMeTpoB
00BEKTOB HCCIIEIOBaHMs, K TOATOTOBKE IAaHHBIX Ul COCTaBIEHUS 0030pOB,
OTYETOB U HAYYHBIX IyOJIMKAIMH; K COCTaBJICHHIO OTYETa MO BHIITOJHEHHOMY
3aJJaHuIo, K YUYaCTHIO BO BHEJIPCHUH PE3YJIbTATOB MCCIIEIOBAHUN U pa3paboToK;
U TIPOBEJCHHUA MaTeMaTH4eCKOT0 MOJAEIMPOBAHUS INPOLECCOB U OOBEKTOB Ha
06aze CTaHIApTHBIX TAKETOB ABTOMAaTH3MPOBAHHOTO IPOCKTUPOBAHUS U
HCCJIEJOBAHUMN.

P13 YMeTh TOTOBUTH HMCXOIHBIC IaHHBIC IS BBIOOpa M 0O0OCHOBaHUS HaywyHO- | Tpebomanms OI'OC
TEXHHYECKAX W OpraHW3allMOHHBIX peIIeHHH Ha OCHOBe 3koHoMuueckoro | (OIIK-1,2, TIK — 1,
aHaJIM3a; MCIOIb30BaTh HAYYHO-TEXHUUECKYIO HH(pOPMAIHIO, OTedecTBeHHbIH u | 5, 10, 11, 13, 20, 21).
3apyOEXHBII OIBIT IO TEMATHKE HCCIIE0BAHMUS, COBPEMEHHbIE KOMIIBIOTEPHBIE
TEXHOJIOTUM W 0a3bl JaHHBIX B CBOEH NpeIMeTHOH 001acTH; M BBHINOJIHSTH
paboThl IO CTaHOAPTHU3ALMKM M TOJrOTOBKE K CePTH(RUKAIMU TEXHHYECKUX
CPEICTB, CHCTEM, POIIECCOB, 000PYIOBAaHHUS U MaTEPHAJIOB.

P14 ['oToBHOCTH K TpOBEICHHI0 (HU3MYECKUX OKCIHEPUMEHTOB 10 3anaHHOM | Tpeboanuss OI'OC
METOJIMKE, COCTABJICHHIO OMUCAHWS MPOBOAUMBIX HcciemoBanuii u amammsy | (I1IK-3, 8, 7, 10, 11,
PE3yJIbTaTOB; aHAJM3Y 3aTPaT M PE3yJIbTATOB JEATEILHOCTH NIPOU3BOACTBEHHbIX | 14, 16 , 18, 22).
MOpa3IeNIeHHH; K pa3paboTKU CII0COO0B MPUMEHEHHUS SIEPHO-IHEPTeTHIECKUX,

IUIa3MEHHBIX, JlazepHblX, CBU W MOIIHBIX WMITyJbCHBIX YCTaHOBOK,
3JEKTPOHHBIX, HEHTPOHHBIX u MPOTOHHBIX IIyYKOB, METO/I0B
9KCIEPUMEHTAILHON (HM3MKH B PEUICHUH TEXHUYECKHX, TEXHOJOTMYECKUX M
MEJMIMHCKHX ITPo0IIeM.
P15 CrnocoGHOCTh K MPUEMKE M OCBOSHHIO BBOJMMOT0 000pyJ0BaHus, cocraBiennio | Tpebosanus OI'OC

MHCTPYKIMA MO 3KCIUTyaTalmd OOOpYIOBaHHA W MPO- IPaMM HCIBITAHUH; K
COCTaBJICHUIO TEXHWYECKOW JOKyMeHTanuu (rpadukoB paboOT, MHCTPYKLHH,
IUIAaHOB, CMET, 3asBOK Ha MaTepualisl, 000py10BaHKE), a TAK)KE yCTAHOBICHHOMN
OTYETHOCTH TI0 YTBEP)KICHHBIM (popMam; M K OpraHU3aIiH paboumx MecCT, uX
TEXHHYECKOMY OCHAIICHUIO, Pa3MEIIEHHUIO TEXHOJIOTHIECKOro 000py10BaHHS

(YK-1, 2, 3, 6, 8,
OINK-3 IIK-5, 6,9,
12, 13, 14, 15, 16,
19, 20, 21, 22, 23).
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BBICILIET0 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

[Ixoma — ukeHepHas MIKOJIA AAEPHBIX TEXHOJOIUH

Hampasnenue noaroroBku (cnenuanbHocTh) — 14.03.02 «SnepHble hU3HKA M TEXHOIOTHI

Otnenenne mkoibl (HOLL) — OTaenenue siepHO-TOILNIMBHOTO UK

YTBEPXAIO:
PykoBonurens OOII
JI.U, dopodeeBa
« __ » 2020 r.
3AJJAHUE
Ha BbINOJIHEHUE BBIMYCKHOI KBAJIM(UKANMOHHOIH padoThl
B dopwme:
OakagaBpCKOH PabOTHI
CryneHry:
I'pynna DPUO
0A6/1 AnpnpeeBy JImutputo Bukroposuuy
Tema paboThI:

Cunres B BOS}IanHOfI 1a3Me U UCCICAO0BAaHUEC OKCHUHBIX KOMHO3I/IHI/II\/JI «OKCHJI HEOJUMA-OKCH T

caMapus - OKCUJ Mardus»

YTBepkaeHa NpuKa3oM AUpPEKTopa (1ara, HoMep) ‘ Ne 59-84/C ot 28.02.2020 .
Cpok ciauul CTyIGHTOM BBITIOJIHEHHOM pabOTHI: ‘ 25.05.2020
TEXHUYECKOE 3AJIAHUE:

Hcxoanbie nanHbIe K padore

1. UccnenoBarh BIUSHUE MapaMETPOB BO3AYLIHOU
miasmbl  BU®-pa3psia  Ha CUHTE3  OKCHJHBIX
KOMIO3UIIMN «OKCHJ HEOJWMa-OKCHUJl caMapus -
OKCHUJT MarHus». JKCIEPUMEHTAIIbHO MOJIYYUTh
00pa3mpl TMOPOIIKOB W HCCIEIOBaTh WX (PU3MKO-
XHUMHUYECKHE CBOMCTBA.

MPOEKTHPOBAHHUIO "
BOIIPOCOB

Hepeqeﬂb nmoaJjiexkalmux uCCjaeaI0BaHuI0,

pa3padorke

1. O630p u aHaMU3 CIOCOOOB MOIYYEHUS OKCUIHBIX
KOMIIO3HUIIUHI.

2. Onpenenenre coCTaBOB BOJHO-OPTaHUYECKUX
PacTBOPOB, BKJIIOYAIOIIUX OPraHUYECKUN KOMIIOHEHT
1 00eCeurBaOIINX UX YHEProdhHEeKTUBHYIO
nepepaboTKy.

3. TepmoguHaAMUYECKUN paCYET U ONTUMH3ALIMS
Mpoliecca CUHTE3a B BO3IYIIHOU IJ1a3M€ OKCHIHBIX
KOMITO3HITHI TpeOyeMoro cocTana.
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4. ViccnenoBanre U ONMTHMH3ALINS PEKUMOB PAOOTHI
MJIA3MEHHOT'O CTE€H/1a Y TIOJIyYeHHUE MOPOIIKOB
OKCHUJHBIX KOMITO3UIUH.

5. UccnenoBanne (pU3NKO-XUMUIECKIX CBOMCTB
MOJIyYE€HHBIX TTOPOIIKOB.

6. BeiBo1bI 110 pabore. 3akiiroueHue

KoncynbTaHThl 0 pa3aenaM BbITYCKHON KBATH(UKAIMOHHONH padoThI

Pa3nen

KoncyabTtant

PacueTnas yactb

Houent OATL UATII A.I'. Kapenrun

DKCcnepuMeHTaIbHas 4acTh

Houent OATL UATII A.I'. Kapenrun

pecypcorhPeKTHBHOCTD

pecypcocOepexeHne

dunaHCcOBBIN MEHEJP)KMCHT,

)51

nouedt OCI'H HIUII E.C. KuceneBa

ConmanpHas OTBETCTBEHHOCTD

accuctenT OATL UATI T.C. IN'oronesa

Jdara  BblIaYM  3aJaHUsT Ha  BbINOJHEHHE  BbINYCKHOMH 17.01.2020

KBATU(PUKAIMOHHOM PadoThI 10 JHUHEHHOMY rpauky

3aganue BbIAAJ PYKOBOAUTEC/Ib:

JonKHOCTD (1% (0] Yuenasi cTeneHb, Moanuch Jata
3BaHHe
Honent OATL UATII | Kapenrun Anekcaniap K.}.-M.H.,
FpnropLeBHq JOLCHT
3aganue NPUHAJT K HCIOJHCHUI0 CTYAECHT:
I'pynna [0d7 (0] Hoanuck Hara
0A6/ Annpees Imutpuit Bukroporuu




3AJIAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE»

Crygnenry:

I'pynna DPUO

0A6/] AnpgpeeBy Imutputo BuktopoBudy
Ixogaa NATIL OT1aejieHHe  IIKOJIbI O}IT]_[
YpoBenb od6pazoBaHus BaKanaBp Hanpasaenune/cnenuanabnocts | 14.03.02 H,I[epHLIe q)HgﬂKa

Y TEXHOJIOTHHU

Hcxonnpie paHHble K pasgeny «@DHHAHCOBBI MEHEIKMEHT, pecypcodhdeKTuBHOCTE H
pecypcocOepexeHue:

1. Croumocts pecypcoB Hay4Horo uccienoBanus (HI):
MaTepHalIbHO-TEXHMYECKHX, SJHEPTeTHUECKNX, (PMHAHCOBBIX,

CTONMOCTD
CIIELIMAIILHOTO

MaTepHallbHBIX
obopynoBaHus

pecypcoB u
OTpE/ICTICHbl B

I/IH(I)OpMaLII/IOHHLIX 1 4CJIOBCYCCKUX

COOTBETCTBHH C PHIHOUHBIMH IIeHaMHt T. ToMcka.
TapudHble CTaBKM HCHONHUTEIEH OIpEICICHBI
mTaTHeIM pacnucanuem HU TITY.

HaJIOT' OB, 0T‘II/ICH€HHI>1, JVCKOHTHUPOBAHUS U KPSAUTOBAHHNSA

2. HopMBbI 1 HOpMATHBBI PACXOIOBAHHS PECYPCOB Hopma  aMOpTH3aLMOHHBIX  OTYHCIEHHMH  Ha
crenuaibHoe 000pyI0BaHHE.
3. Hcrmonp3yemasi cucTeMa HaJloTOOOJIOKEHUS, CTABKU Otuncnenus Bo BHeOomKeTHBIE (oHIB! 30 %

Ilepeyennb BOMPOCOB, MOMJIEKANIMX HCCJIET0BAHNIO, TPOEKTHPOBAHNIO U pa3padoTKe:

1. Ananm3 KOHKYpEHTHBIX TexHUIeckux pentennii (HN) Pacder KOHKypeHTOCTIOCOOHOCTH
SWOT-ananms
2. d®opmupoBaHHe IUIaHa U rpaduka pa3padoTKH U Omnpenenenne  CTPYKTypsl  BbimoiHeHuss HU.
BHeapenus (HN) Omnpenencaue TpymoeMKocTH pabotr. PaspaboTka
rpaduka NpoBeICHHs HCCIICTOBAHUSL.
3. Cocrapnenne OromxeTa HHKeHepHOTO Ipoekta (HI) Pacuer GromxerHoi ctommoctrt HU
4. OreHka pecypcHOi, pUHAHCOBOIL, OI0KETHOM OmnpeneneHue:  MHTETPAbHOTO  (DUHAHCOBOTO
s dextuBroctu (HN) MOKa3aTes, HUHTETPATBHOTO MoKa3aTest
pecypcodhhekTuBHOCTH, HHTErPAILHOTO
nokasaresst 3ppeKTHBHOCTH.
Hepeqeﬂb rpa(]mquKoro MATECPHUAJIA(c TounbIM yKazaHHEM 00A3aTEbHBIX YEPTEKeH )
1. Ouenka koHKypeHTOCTIOCOOHOCTH HI
2. Matpuiia SWOT
3. Jmarpamma 'anrTa
4. Bromxer HU
5. OcHoBHbIe TOKa3aTenn dpdexTuBHocTH HU
\ JaTa Bbl1a4u 3aJaHuA U1 Pa3/esia no JHHeHHOMY rpaguky ’
3aIlaHl/le BbIAAJ KOHCYJIBTAHT:
JoKHOCTH [%(0] Yuenas crenens, TMoanuch JaTa
3BaAaHHUE
Houent OCTH | KuceneBa Enena CranuciaBoBHa K.D.H.
IIBUII JOIICHT
33}13HI/IG NPUHAJT K HCIOJJHCHUI0 CTYAECHT:
I'pynna DPUO Hoanuch Hara
0A6/] Annpees [Imutpuit BuktopoBny




3AJTAHME JUISI PA3JEJIA
«COIIAAJIBHAS OTBETCTBEHHOCTE»

CryneHry:
I'pynna ouo
0A6/1 AmnppeeBy JImutputo Buktoposuuy
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Pedepar

Breimycknas kBanmupukanuonHas pabora 94 crpanunsl, 23 pucyHKa, 23
tabmuipl, 21 ucrounuk, 30 popmyi.

KiroueBbie ciioBa: BBICOKOYACTOTHBIM (pakenbHBIA pa3psia, miazma, BUD-
IJIa3MOTPOH, BOJHO-OPTaHUYECKUN HHUTPATHBIA pPACTBOpP, YPaH-ILTyTOHHEBOE
TOIUJIMBO, JUCIIEPCUOHHOE SIIEPHOE TOILINBO.

OOBEeKTOM HCCNeOBaHUs SBISETCS MPOLECC MIa3MOXMMHYECKOTO CHHTE3a
OKCHJIHBIX KOMITO3UIMI ISl IAEPHOTO TOIUIMBA YPAH-TUTYTOHUEBOTO LIUKIIA.

Lens  pa®oTel —  MOAENMpPOBAaHUE M  HCCIENOBAaHUE  Ipoliecca
IIa3MOXMMHUYECKOTO CHHTE3a OKCUAHBIX KOMIO3UUMN I SAEpPHOrO ypaH-
IUTyTOHUEBOTO TOIUIMBA.

B npouecce wuccienoBaHui MPOBOAMIIMCH: pPacyeT IOKA3aTelNed TOpeHUs
pasnmuuHbix 1o coctay BOHP na ocHoBe CHP; TepmonnHamuyeckue pacueTsl
npolecca IIa3sMOXUMHAYECKOT0 CUHTE3a OKCHIHBIX KOMITO3ULIAN caMapus U HEOJuyMa
n3 BOHP B Bo3nymiHo# ma3me; u3mMepeHue TermioGu3nyeckux U ra3oJuHaMUUeCKUX
napaMeTpoB BO3YIIHO-IJIA3MEHHOTO MOTOKAa MpU padoTe IMIa3MEHHOro CTEHAa Ha
0aze BUD-mna3moTtpoHa.

B pabote ObLM ompeaeneHbl COCTaBbl CMELIAHHBIX BOJAHO-OPTaHMYECKHUX
HUTPATHBIX PAacTBOPOB, BKJIIOYAIOIIME HEOAUM, CAMAapUid M MaTPUYHBI MaTepuanl
(MarHumii), a Takke peKUMbl UX NEpepadOTKH, 0OecreunBarolue NpsMO CUHTE3 B
BO3JYIIHOM  IUIa3ME€  TOIUIMBHBIX  KOMIO3MLMH Uil  ypaH-IUIyTOHHEBOIO
JMCIIEPCUOHHOTO TOTIMBA.

O6nacTb TNPUMEHEHHUs: Ppe3yJbTaThl TMPOBEAEHHBIX TEOPETUYECKUX U
AKCIIEPUMEHTAJIbHBIX MCCIEIOBAaHUNH MOTYT OBITh HCIOJb30BaHbl JJIsI CO3/JaHUs
HEProd(HEeKTUBHON TEXHOJOTMHM IUIA3MOXMMUYECKOTO CHHTE3a TOMOTEHHBIX

OKCHIHBIX KOMHOSHHHﬁ JJI1 IUNTYTOHUCBOT'O SIZICPHOT'O TOILIMBA.



Onpenesienus

IIna3mMa — 4YacTUYHO WM TOJHOCTHIO HMOHHU3UPOBAHHBIA Tra3, OOpa30OBaHHBIA W3

HEUTpaAIbHBIX aTOMOB (WJIM MOJIEKYJT) U 3aps>KEHHBIX YaCTHUI] (MIOHOB U AJIEKTPOHOB).

BU®-mi1a3MOTPOH — yCTPOWCTBO JUIsI TEHEPUPOBAHUSA IIOTOKOB BO3IYLIHOM

HCpaBHOBCCHOfI IIJ1a3MBI.

Ina3MoxuMmuyeckuii CHHTE3 — XUMUYCCKUN METO/T MTOJTyUeHHUST BRICOKOIUCTIEPCHBIX
MOPOIIIKOB HHUTPUJOB, KapOUIOB, OOPHUIOB W OKCHJAOB, 3aKIIOYAIOIINICST B
MPOTEKAaHUU PEaKIMM B HU3KOTEMIIEPATypHOW IUIa3Me BAAIM OT PAaBHOBECHS IpHU

BBICOKOI CKOPOCTH 00pa30BaHMUs.

HanoaucnepcHsbIii NOPOLIOK — OPOILIOK, pazMep Beex dacTul] Kotoporomenee 100

HM.

CxaHnpywumas 3JIeKTPOHHASI MUKPOCKOIUS — CIIOCO0 MOTy4YeHUs1 H300pakeHus ¢
BBICOKMM  IIPOCTPAHCTBEHHBIM  pa3pelICHUEM, OCHOBAHHOE HA  IIPUHLUIIE

B3aI/IMO,Z[CI>'ICTBPISI QJICKTPOHHOI'O IIY4YKa C UCCIICAYCMBIM 00BEKTOM.

IIpocBeunBawmasi JJEKTPOHHAS  MHMKPOCKONUSI — CHOCOO0  MOJy4YEHHUS
U300paKeHMsl yJIbTPATOHKOTO o00paslia MyTEM MpOIyCKaHUs 4Yepe3 Hero Iydyka

DIIEKTPOHOB.

PentrenogasoBpiii aHAIM3 — METOJ MCCIIECIOBAHUS CTPYKTYPHBIX XapaKTEPUCTUK
MaTepuaia mpu MnmoMomu Audpakiud PeHTTeHOBCKUX jydeil. bBOT-ananu3z — meron
MaTeMaTUYECKOro OmucaHus (U3UYECKON aJIcOpOIMU, OCHOBAHHBIM Ha TEOPUH

MOJIMMOJIEKYJIIPHOM (MHOTOCJIOWHO#) a1copOITnu.



O00o3HaueHNs U COKpalIeHUS

bIT-ananm3 — meTo, npeaioxkeHHbld bpynayspom, Ommurom u Tamiepom.

BU®-pa3psiig — BRICOKOYACTOTHBIN (paKeIbHBINA pa3psi.
BU®-n1a3M0TPOH — BEICOKOYACTOTHBIN (PaKeTbHBIN IJIa3MOTPOH.
BYI'— BBICOKOYACTOTHBIN TEHEPATOP.

BCK — BoIHO-CcOJIEBAs KOMIO3UIIH.

BCOK — BogHO-cOneoprannyeckas KOMIIO3UIIHS.

BOHP — BOgHO-OpraHWYECKUI HUTPATHBIN PacTBOP

II9M — npocBeunBaronas dJIEKTPOHHAS] MUKPOCKOIIHS.

P®A — pentreno¢a3oBblii aHaIu3.

CHP — cmeceBoil HUTPATHBINA PacTBOP

CIM — ckaHupyromas 3JeKTPOHHAST MUKPOCKOTIUS
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Beenenue

K sBHBIM mpeumyIecTBaM MPUMEHEHHUS HU3KOTEMIIEpaTYpHOU TIa3Mbl IS
CHHTE3a CJIOKHBIX OKCHUIHBIX KOMITIO3UIIUI U3 TUCTIEPTUPOBAHHBIX CMECEBBIX BOAHBIX
HUTPATHBIX PACTBOPOB CIEAYET OTHECTU: OJHOCTAIUIHOCTBH; BBICOKYIO CKOPOCTbH
00pa3oBaHMs COEIMHEHHIT; BO3MOKHOCTh aKTUBHO BJIHSTH Ha pa3zMep U MOpP(HOIOTUI0
YaCTUL; KOMIAKTHOCTb TEXHOJOrM4eckoro oOopyaoBaHus. OnHAaKO IUIa3MEHHas
nepepaboTka TOJBKO CMECEBBIX BOJHBIX HHUTPATHBIX pPacTBOPOB Tpedyer
3HAYUTENIBHBIX SHEpro3arpar (10 4 MBT1-4/T) 1 He TO3BOJISIET MTOTyYaTh B OJJHY CTa/IUIO
OKCHJIHbIE = KOMITO3UIIMM  TpeOyeMoro  CTEXHOMETPUYECKOTO  cocTaBa  0e3
JIOTIOTHUTEIHHOTO BOJOPOJHOTO BOCCTAHOBJICHHS.

CylllecCTBEHHOE CHIDKEHHE SHEpro3arpar MOXKET ObIThb JOCTUTHYTO B
BO3/YITHO-TIA3MEHHOM TOTOKE TIPHU  IJIa3MOXUMHUYECKOM CHHTE3€ CIIOXKHBIX
OKCHJIHBIX KOMITO3MLUHN (BKJIFOYAIOMMX OKCHUIbl P30 m Marpuily M3 TYroIiaBKUX
OKCHJIOB METAJUIOB C BBICOKUM KOI(P(GUIUMEHTOM TEIUIONPOBOJHOCTH) U3
JTUCTIEPTUPOBAHHBIX BOJHO-OPTaHUYECKUX HHUTPATHBIX PACTBOPOB, BKIIIOYAIOIINX
OpPraHUYECKUN KOMIIOHEHT (CHUPTHI, KETOHbl M Jp.) U MMEIOMMUX HU3IIYIO
TEIJIOTBOPHYIO cIOCOOHOCTh He MeHee 8,4 M /[x/kr. I1nasmenHas nepepaboTKa Takux
pactBopoB BOHP mnpusomut x cHmwkenuto (mo 0,1 MBt-u/T) ynenpHOro pacxoja
PHEPruM Ha HX 00paboTKy, 3HAUUTENBHO YyiIydllas MPOU3BOAUTEIHLHOCTD
TUTa3MEHHOTO 000PYI0BaHMsI, a TaKKe 00ECIICUNBAET YCIOBUS B MIIa3MOXUMUYECKOM
peakTope Uil IPSAMOIrO CHHTE3a B BO3IYIIHOM IUIa3Me HAaHOPA3MEPHBIX CIIOXKHBIX
OKCHJIHBIX KOMIIO3HUIIMA C paBHOMEPHBIM (Da30BBIM paclpeneeHueM, BBICOKOU
TETUIONPOBOAHOCTHIO, a TAKIKE CTEXUOMETPHUEH.

BrnepBbie mpearaercsi NpUMEHUTH MOCHE IJIa3MOXHMHUYECKOTO pPEaKTopa
OXJIAXKJIEHHE (3aKajKy) B LEHTPOOEKHO-0apOOTaXXKHBIX anmaparax MpOJyKTOB
IUIa3MOXUMHUYECKOTO CHUHTE3a JJIsl yNpaBieHUs] (PU3UKO-XUMUYECKUMHU CBOMCTBAMHU
MOJTy4Yae€MBbIX MOPOIIKOB CIOXHBIX OKCHUAHBIX KOMMO3HMIMNA (pa3Mep U MOPQOIOTHUs

YacTHI, yAeJIbHAsl IOBEPXHOCTh, IPAHYJIOMETPUUECKHUM 1 (a30BbIil COCTaB).
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1 O630p uTEpPaTYpPBI
1.1 MeToabl MOJy4YeHHs MOPOIMIKOB OKCHAHBIX KOMIIO3H M
1.1.1 Ilna3MeHHBIH METOA MOJY4YeHHsI JUCTEPCHBIX MOPOIIKOB

[Tna3MeHHBIC TPOIECCHl MOTYT MPOTEKAaTh MPU aTMOC(HEPHOM MaBIICHUU U
WCIMOJIb30BaTh JJICKTPOAHEPIUI0, IOJYyYae€Myl0 OT HCTOYHUKOB IMOCTOSIHHOTO,
MIEPEMEHHOr0 TOKAa WM Paguo4yacToTHOro m3nydeHus. Ha pucynke 1 moka3zaHsl ABa
Pa3JIMYHBIX TUIA YCTPOUCTB, MPUMEHSIEMBIX JJIsl CHHTE3a MOPOIIIKA C UCIIOIb30BaHUEM
AJIEKTPOIHEPTUHU TIEPEMEHHOIO MJIU TTOCTOSHHOTO ToKa [1].

B 060oux cnydasix miaa3zma ropuT MEXAY ABYMsI KOAaKCHAIbHBIMU 3JIEKTPOJaAMHU.
BrinyBaercss W3 CHUCTEMBI MOIIHBIM Ta30BBIM ITOTOKOM. OTOT Ta30BbId MOTOK
BBITIOJIHSAET JBE OCHOBHBIC 3aJlayd: OH SBJISCTCS HMCTOYHMKOM Trasa s IIa3MBbl
(urazmMoo00pa3yroluii ra3) W MpPeNoTBpalllaeT IeperpeB 3IeKTpoAoB. B cmydae
MOIITHBIX CHCTEM MOXET IIOTPeOOBAThCA JOIMOJHUTENbHAs CHCTEMa BOJISTHOTO

OXJIaXKACHH .

IsMa

~

- —~——
~ ~—
. - b ' npexkypcop

- rai “~——al ‘
Hranue
NMUTAHNEe

npexkypeop

Pucynok 1.1 — J[Ba Tuna nogauu npexypcopa B 1iazmy
JIBa ycTpoicTBa IIsi CHHTE3a IIa3Mbl H300paKeHBI Ha pucyHke 1, B
3aBUCUMOCTH OT TOJauu Mpekypcopa. B Takux cucremax MOTYT HCIOJIb30BaTHCS
TBEpJIble TPEKYPCOpHI (B BHUJIE€ MOPOIIKA) WIH XKHUIKKE (B BUIE pacTBopa). B ciydae
OCEBOM MMO/JaUM MPEKypcopa, OH 3acachlBa€TCsl B CUCTEMY KOAKCHUAJIbHBIM Ta30BbIM

IIOTOKOM. Honaqa IMpCKypcopa CO CTOPOHBI, HCTIOCPCACTBCHHO B INIA3MCHHOC IIJIaAM:,
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B OOJIBIIIMHCTBE CJIy4aeB, MPUMEHSIETCS TOJBKO MPU TMOJYYEHUU JAUCHEPCHBIX
nopoiikoB. Temneparypa B mnasme kpaiiHe Bbicokast (Bbimie 4000 K). Ilpu sToit
TEeMIIepaType BCE METAJIbl U OOJILIIMHCTBO OKCHUIOB UCHAPSIIOTCS WJIH, MO KpalHen
Mepe, paciaBisitores. CrlenoBaresibHO, MOCKOJIBKY IMPEKYpPCOp B 3HAYUTENIbHOU
CTEIICHU HCHapsAeTCs, MPAKTUYECKH HE BOHUKAET MPOOJIEM ¢ pa3MepoM YacTHI] WK
Karenb. B mia3sme yacTUIbl ABMKYTCS XAaOTUYHO W B HAIPaBICHUHU IMOTOKa Trasa.
[ToaToMy, KaKk u B J000M JIPYroM a’poO30JbHOM IPOLIECCE, CYHIECTBYET BBICOKAS
3BEpOSATHOCTh CTOJKHOBEHHUS YacTHUI] U 00pa30BaHMs KJIACTEPOB WIIM arjioMepaToB.
BepostHocTh 00pa3oBaHUsl arjioMepaToB 3HAYMUTEIBHO CHIKACTCS TPU OBICTPOM
OXJIQXKJICHUH Ta3a cpa3y IMOCie BbIXOJa U3 30HbI peakuuu. [I[poekTupoBKa 3TON 30HBI
OXJIQXIEHUS UMEET PEeIIaoNIee 3HAYEHUE I KauyecTBa MpoAyKIuU. OXJaxJaronii
ra3 BBOJUTCS B CUCTEMY PaJIMAJIbHO WJIM AKCUAJIBHO MPOTUBOIIOIO0KHO HAPABICHUIO
JBH>KCHUS TTOTOKA. Pe3k0e OXJIaKIeHHE yIydIllaeT KadyeCTBO MPOAYKTa.

[Tocne cuHTE3a clieqyeT 3Tal rameHus Win 3akajiku. Kpome toro, kpaitHe
BAKHO PEIUPKYIMPOBATh TEXHOJOTHUECKUU Ta3. [Ipumepom, rae 3o HE0OXO0AMMO,
ABJISIETCA CUHTE3 HUTPUIOB, € JJIsl a30TUPOBAHUS HCMOJb3YIOTCA CMECU YHCTOTO
a30Ta WIM a30T-aMMHAK, a B Clly4ae CHHTe3a KapOuaa MeTaia B OOJBLIIMHCTBE
CIIy4yaeB B KaueCTBE Tra3a-HOCHUTENS HCIOJb3yeTCsl aproH. 3a4acTylo SBISETCA
HEJIOCTATKOM TO, YTO MJIa3MOTPOHBI IEPEMEHHOTO UJIM MOCTOSIHHOTO TOKA CKJIIOHHBI K
NPEAPACOIOKEHHOCTH  MPOU3BOJCTBA  TOJIBKO  CHUJIBHO  arjloMEpUPOBAHHBIX
MOPOIKOB.

HuszkoremnepaTypHbie T1a3MEHHBIE MPOIECCHl BCEra CBS3aHbl C CUCTEMaMU
C TOHWXEHHBIM JaBJiecHHWEM. B JaHHOM KOHTEKCTE€ HHM3KOTeMIIEpaTypHbIC CUCTEMBI
OMPENIENAIOTCA KaK CUCTEMBI, B KOTOPBIX UCIOJB3YIOTCA TemnepaTypsl Hike 1000 K.
B »sTux cucremMax mnuTaHHME TMOJAeTcs JUOO OT PaJMOYacTOTHBIX, JUOO OT
BBICOKOYACTOTHBIX UCTOYHUKOB NMUTaHUA. PU3HMKA UCIIOIb30BaHUS PAIUOYACTOT WU
MUKpPOBOJIH B HEKOTOPOW CTETEHH OTIAUYaeTCs. UTOOBI MOHSATH BIWSHHUE YaCTOTHI,
HEO0OXO0JIMMO U3YyUYUTh NEepeaady dHEPruu 3apsiKEHHBIM YacTUIlAM B K0JIEOATEIIbHOM
aneKTpuyeckoMm mnode. [lockoabky Macca 3J1EKTPOHOB B HECKOJIBKO ThICSIY Pa3 MEHbIIIE

MacCCbl HOHOB, JJICKTpOHaM IEPCAACTCA B HECKOJILKO TBICAY pa3 0obIIe OHCPIruu 110
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CPaBHEHUIO C YHEPIUEH, IepegaBaecMor noHaM. KpoMe Toro, paino4actToTHas cucrema
paboTaeT ¢ YacTOTaMH BIUIOTH JIO METrarepLoBOrO IWAaIa30Ha; MHKPOBOJHOBBIE
CUCTEMbl HAxXOoIATCs B auamna3zoHe rurarepl. CriemnoBaTenbHO, B MHUKPOBOJHOBOM
CUCTEME DJHEprus, nepeiaBaemas 3apsOKCHHBIM YacTUIIAM, HAa IIECTh MOPSIKOB
MEHbIIIE, YeM B  PaJMOYacCTOTHOM  cucTeMe. OITO  OJaronpusITCTBYET
HU3KOTEMIIEpATypHbIM cHucTeMaM. B 00oux ciydasx mmjia3Ma HE HaXOJUTCS B
TEIJIOBOM PAaBHOBECHH; TEMIIEPATYPa» ANEKTPOHOB 3HAYUTEIILHO BBIIIIE, YEM Y HOHOB
WIM HEUTpaJIbHBIX YacTull. TakuM 00pa3oM, «TeMreparypa peakium) MpeICcTaBIseT
co0oli cpeHee 3HaUeHUE, OTIPE/ICIICHHOE Ha BBIXO/E U3 MJIa3MEHHOU 30HBI [2].

Cutyanus B 1j1a3mMe UHasl: B Hel MPUCYTCTBYIOT CBOOOIHBIC 3JIEKTPOHBI, HOHBI,
JUCCOUMUPOBAHHBIM Ta3 M  MOJIEKYJBI-IPEUIECTBEHHUKN B  JOMNOJHEHHE K
HEUTpadbHBIM BHUAaM Ta3a. [lo3TOMY CTOJIKHOBEHMSI MEXIY 3apsSyKEHHBIMH M
HE3apsHKEHHBIMU — YacTUIIAMU  OTPAaHWUYMBAIOT  JUIMHY  CBOOOAHOTO  mpobera
3apsSHKEHHBIX YaCTHUI, YCKOPEHHBIX B AJIEKTPUYECKOM I0JI€. DTO BIUSET HA Mepeaady
HSHEPIUU YaCTHUIAM.

B pamnodacToTHBIX cHcTeMaxX HM3-3a KOPOTKOW JJIMHBI CBOOOAHOTO TpoOera
AIIEKTPOHOB SHEPTHS AJIEKTPOHOB HAXOAUTCS B AUANa30HE HECKOJIbKUX 3B, Torna kak
SHEPrusl 3JIEKTPOHOB B MHUKPOBOJIHOBOW IUIa3ME€ HAaxXOAMUTCS B JMana3oHe Kd3B.
DIEKTPOHBI C SHEPTUEN BCETO HECKOIBKO 3B MOryT IpUCOEANHATHCS K TOBEPXHOCTH
YaCTHUIl; 3TO OTIUYAETCS B CIy4yae AJEKTPOHOB, OOTaThIX dHEPrUeH, OCKOJIBbKY OHU
MOHM3UPYIOT dYacTulbl. [losToMy B paaMo4acTOTHBIX CHCTEMAx Y4acTBYIOT
OTPULIATENILHO 3apsHKEHHBIE YACTHIBI, TOT/A KaK DJEKTPUUECKUU 3apsii 4YacTHIl B
MUKPOBOJIHOBBIX CHCTEMax TMOJOXHUTEIbHBIM. B 000uX ciyudasx B XoOpolliem
MPUOIMKEHUN DJICKTPUUECKHUM 3apsii YaCTHUI[ JIMHEHHO BO3PACTAET C YBEIMYCHUEM
JMaMeTpa YacTHuIl. YBEJIMUYCHHE 3apsja YacTHUI] C YBEJIUYUBAIOIIUMCS JUAMETPOM
MMEET CEePbE3HBIE MOCIEACTBUS ISl MPOLECCOB KOATYJISIUUA U arjoMepanuy 4acTHll.
YacTulbl ¢ OJUHAKOBBIMU JIEKTPUUECKUMU 3apsSaMU OTTAIKUBAIOTCS IPYT OT Jpyra.
[TocKoJbKY 3apsii 4aCTHUIl YBETUYUBACTCS C YBETUUYEHUEM JIMaMETpa YACTHUII, YACTHIIbI
Cc OONBITUMHU JUAMETPaMH OTTAJIKHUBAIOT JPYr Jpyra OOJbIIe, YeM YacTHIBl C

MCHBIIMMHU JHAMETpaMH. 210 OTpaHHUYHBACT o6pa303aHHe Ooiee KPYIIHBIX 9aCTHUIl U
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oOpa3oBaHue arjomepaToB. VHBIMEH cloBamMH, B XOpOILO CIPOEKTUPOBAHHOMN
HU3KOTEMIIEPATYPHOU IIJIa3MEHHOM CUCTEME I CHUHTE3a HAHOYACTHI], MOIYy4aroT

YJACTHUIIBI C Y3KUM CIIEKTPOM paclpeAesieHUs] pa3MepOB YaCTHII.
1.1.2 3oab-rejib npoiece

300b-Te€Nb  TpOLlIECC  MPEACTAaBISET COOOM  TEXHOJOTHIO  TMOJIY4YEHUS
JUCTICPCHBIX YaCTHUII C TPeoOpa30BaHUEM KOJUIOMIHON CUCTEMBI Ha OJTHOM M3 CTaHid
mporecca. IJTOT METOJ, HCIOJIb3YeTCS ISl W3TOTOBIEHHUS OKCHIOB METAILJIOB,
ocobenHo 27 oxcuaoB kpemuus (Si) m tutana (Ti). [Ipomecc Bkitouaer B ceds
MIPEBpAIICHHE MOHOMEPOB B KOJUIOMJHBIA PacTBOp — 30Jb (cTaOWibHAs B3BECH
KOJUIOMJHBIX YAaCTHIl, PAaBHOMEPHO paCHpeNelCHHBIX B JKHUIKOCTH). Takke 30J1b
BBITIOJIHAET pOJIb MPEAUIECTBEHHUKA Mg refs. ['enb mpeicTaBisieT MOPUCTYIO
TPEXMEPHYIO HEMPEPHIBHYIO KHUIKYIO (hazy, KOTOpas OKpPYKAaeT W TMOJACPKHUBACT
HEMpEPhIBHYIO a3y KUAKocTU. YacTo o0pa3yeTcsi KOBAJICHTHBIMU CBSI3SIMH MEXKITY
3omsamu vactuil [3]. OOpa3oBaHue reis U3 KOJUIOMIHOTO pacTBOpa MPEACTaBICHO Ha

PHUCYHKE 2.

Pucynox 1.2 — Ilpouecc oOpazoBaHus rejisi U3 KOJUIOUIHOTO
pacTBopa

«305b» (KOJUIOUJHBIM PACTBOpP), TMOCTEIICHHO MEPEXOJUT B TeIeo0pa3HyIo
IByx(a3Hyl0 CHUCTEMY, B KOTOpPOW TMPUCYTCTBYeT JKHJAKasg U TBepaas (assbl.
Mopdonorus nByxda3zHoi CUCTEMbI MEHSAETCSI OT IUCKPETHBIX YaCTHI JO CTUIONTHBIX
MOJIMMEPHBIX ceTeid. OObeMHas A0S YaCTHII, B CIIydae KOJIJIOU]1a, MOYKET MPUHUMATh
HACTOJBKO HHU3KOE 3HA4Y€HWEe, YTO [JIs YJIY4IICHUS Tejaeo0pa3HbIX CBOWCTB

MPUXOAUTCS YIAIsATh 3HAYUTEIHLHOE KOJIWYECTBO >XKHAKOCTH. I[lomoOHbIM 3ddekT
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MOKET OBITh JOCTUTHYT Pa3HbIMU crioco0amu. CaMblii IPOCTOM METO/ COCTOUT B TOM,
9TOOBl JaTh YaCTUIIAM JUCHEPCHOW (asbl, HAXOMSAIMIMMCS TI07] BIHSHUEM
HEHTPOOEKHBIX CUJI WIM TPABUTAILIMOHHOTO TOJIA, OCECTh B JKMJIKOCTU WJIM Tase, a
3aT€M CIIUTh OCTaBUIYIOCS XUAKOCTb. JI7si ycKopeHus mporecca pasaeneHus ¢as
TaK)k€ MOXHO HUCIIOJIb30BaTh IEHTPU(YTUPOBAHKE.

Jlist ypanenus ocrtaBieics >KUIKOW (a3pl Tpedyercs Mpolecc CYIIKH,
KOTOpPBI OOBIYHO CIIOCOOCTBYET 3HAUMUTEIHHON YyCaaKe W YIUIOTHCHHIO YaCTHII.
CKOpOCTh yIaneHus pacTBOPUTEIIS OMPEAEISIET TOPUCTOCTD TEIs.

Jnst ynydileHus CTPYKTYPHOM CTaOMJIBHOCTH M TOAJACPKKE MalIbHEHIIETo
npoIiiecca MOJUKOHIeH AUl Heo0xoauMa TepMuyeckast 0o0padortka (uiau nporecc 28
o0xwura). 3a CYET ITOTO MPOUCXOJIUT OKOHYATEIHLHOE CIIEKaHUsl, YIJIOTHEHHE U POCT
3epHa.

OnHUM W3 OPEUMYIIECTB UCIIOIb30BAHUS ITOM TEXHOJIOTHUH O CPABHEHHIO C
Oonee TPAAUIIMOHHBIMU METOJIAaMHU TIOJIYYEHHS HAHOYACTHI[ SBJISETCS TO, YTO
VIUIOTHEHUE JOCTUTaeTCsl MpU ropa3jao 0ojiee HU3KOW TeMIleparype, 4eM B JIPYrux
MeTOI0B [4].

[To TexHONOTUM 30Jb MOXKET OBITh JMOO HAHECEH Ha TMOJJIOXKKY s
dbopMHpoBaHUs TUICHKH, MOMEIIEH B MOAXOMSIINNA KOHTEHHEp TpeOyemoil (hopmbl
(Hampumep, NI TOJy4YeHUS MOHOJIMTHOM KEpaMHUKH, CTEKOJI, BOJIOKOH, MEMOpaH,
a’poresiei) M HMCHOJIB30BATHCS JJIsI CHMHTE3a IMOPOIIKOB (Hampumep, MUKpocdep,
HaHocdep).

Bo3MoxHOCTH AanbHEHIIIEro pa3BUTHS 30J1b-T€JIb MPOIEeCcca MPECTaBICHBI Ha

pucyHke 3.
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PI/ICYHOK 1.3 — Bo3aMoKkHOCTH IIEU'II)HCI?IIHCFO Pa3BUTHA 30JIb-T'CIIb IIPOHICCCa

30J1b-T€JIb MPOIECC SBISAETCA NEUIEBBIM M HU3KOTEMIIEPATYPHBIM METOAOM,
KOTOPBIM MO3BOJISIET TOYHO KOHTPOJMPOBATh XMMHUUYECKHI COCTaB Ipojykra. Jlaxe
HEOOJIbIIME KOJIMYECTBA JIETUPYIOIIMX MpPUMECE, TakuX KakK OpraHu4yecKue
KpPaCUTEIH U PEKO3EMEIIbHbBIE 3JIEMEHTBI, MOTYT OBITh BBEJICHBI B 30JIb U B PE3YJIbTATE
pPaBHOMEPHO TUCHEPTUPOBAHBI B KOHEUHOM NpoaAyKTe. OH MOXKET OBITh UCIIOJIb30BAaH
npu 00pabOTKE W MPOM3BOJCTBE KEPAMUKHM B KayecTBE MaTepualia JJjsl JUThs IO
BBIIUIABJISIEMBIM MOJIENSIM WIIM B KAYECTBE CPEJICTBA ISl IPOU3BOJICTBA OYEHb TOHKUX
IJIEHOK OKCHJIOB METAJUIOB PAa3IMYHOr0 HazHaueHWs. Marepuasbl, NOJyYEHHbIE U3
30J1b-T€JIsl, HMEIOT IIMPOKUA CHEKTP NPHUMEHEHUS B OITUKE, DJJIEKTPOHUKE,
PHEpPreTHKe, KOcMoce, OMoceHcopaX, MeIuLuHE (HampuMmep, KOHTPOJIUPYEeMOe
BBICBOOOJK/ICHHUE JIEKAPCTBEHHOTO CPeJICTBA), XpoMaTorpaduu [5].

WNHTepec K JaHHOMY METOAY MOKHO IpocieauTh eme B cepeauHe 1800-x
roJioB, Korga Obulo 0OHapyXEHO, YTO THAPOJIU3 TETPAdTUIOPTOCUIIMKATA B KHUCIIBIX
YCJIOBUSIX MPUBOJIUT K oOpazoBanHuio SiO2 B BUJE BOJOKOH U MOHOJUTOB. Cxema
MOJIYYEHHUS] HAHOTIOPOILKOB C MOMOILBIO 30J1b-T€JIb METOA, HAUMHASL OT MOJYyYEHHUS

UCXOHBIX PACTBOPOB M 3aKaHYMBAs CIIEKAHHEM 3ar0TOBKH, OIKMCcaHa Ha pucyHke 4 [6].
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Pucynox 1.4 — Dtansl mogyyeHUs HAHOMOPOIIKOB 30J1b-T€JIb METOI0M
1.1.3 BoccTaHoBJIeHHE OKCU/IOB YpaHa

B mpoliecce BOCCTaHOBJIEHHSI OKCUJIOB YpaHa BOCCTAHOBUTESIMU BBICTYIAIOT
ra3pl. B npumep MOXHO IPUBECTU BOAOPOL:
U,0, +2H, - 3UO, +2H,0
JlaHHas peakuus SBIAETCS MHOTOCTAUMHOM:
u,0o,»U,0,-»...-»U,0,->...-»U,0,>UO,+X—>UO,
MakcuMalIbHOM TEMITEpATypOM AAHHOTO mporecca MOXHO NpuHATh 650 °C,
T.K. BBIIIE JaHHOW TEMIIEpaTypbl CKOPOCTh MPOTEKAHMS PEAKIMU HE BO3PaCTaerT.
BoccranoButenem MOXKET BBICTYIUTH pa30aBieHHBIN Boopos B Bujme Hy : N =1 : 4,
[Iporiecc BOCCTAaHOBJICHUSI MOXKHO TIPOBECTH 1O JaHHBIM peakuusim (ripu 650°C):
Uuo,+H, - UO, +H,0
uo, +CO— U0, +CO,

Peakiusi BOCCTaHOBIEHUS! TPUOKCUAA ypaHa 00s3aTEbHO MPOTEKAET uepes

POMEKYTOUHYIO cTaauio oopasoBanus UsOg v TMMHUTUpPYETCS 3TOM cTaauei [7].
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1.1.4 TepmoJn3 ypaHMITPUKAPOOHATA AMMOHMS

Hpouecc TCpMOJIM3a IMPOBOAUTCA B OTCYTCTBHM BO3yXd, B 3TOM CJIy4dac

ypaHI/IJITpI/IKap60HaT AMMOHMN:A pa3J1aracTcsa 110 PCAKIIUU:
(NH,),| U0, (CO;), | > U0, +4NH, +3CO, + 2H,0

Ha BTOpOIf cTanuu aMmmMuak v NpoOAYKTHI €T0 Pa3I0KEHUs UCTIOIb3YIOTCS IS
BOCCTaHOBJICHHS TPHOKCHAA ypaHa. [Iponiecc mpoBoauTcs mpu temmeparype 350-450
°C ¥ IpOXOJUT CIAEAYIOUIYIO CEPUIO PEAKIIUNA:

3UO,; +2NH, - 3UO, +3H,0+ N,
3UO,; +2NH, - 3UO, +3H,0 + N,
2NH, > N, +3H,
Uuo,+H, - UO, +H,0
B ciuywae, xorma TemmepaTypa pacTeT OBICTpO TMpU  HarpeBe

ypaHuiaTpukapooHata aMMmoHus Beiie 450 °C npoTekaeT ciaeayronias peakius:

(NH,),| U0, (CO;), | > U0, +2N, +5H, +3CO, +3H,0

B nonyuennom UO; coaepxkanne U (IV) cocrasisieT okosio 96%, a U (VI)
cocrapisieT He MeHee 4%. KonnuecTBo MpoIyKTOB MPSAMBIX U CTYNEHYATHIX PEaKIIUn
3aBUCHUT OT CKOPOCTH HarpeBa W croco0a aera3anuu. BakHO 3HATh, YTO 0OBEMHBIC
KPUCTAJUTBl U BITXKHBIE KPUCTAIUIBI YPAHWITPUKApOOHATA aMMOHHUSI HE MOTYT OBITh
HEMEJJICHHO HarpeThl 10 HEoOXOoauMol KoHeuHoW Ttemmeparypol (650-750 °C).
Crnoco0 oCylecTBISIOT B TpyOuyaTOM 3akphITOM TMEeUYM WIA Bpallaroiencs

TOPHU30HTAILHON TPYOYaTO# Mmeun, UMEFOIEH MOABMKHBIN ol [8].
1.2 Oxcua HeoAMMA: CBOMCTBA M MOJIyYeHH e

Oxcupn Heonuma Il - Nd,O3 - GuHapHOE HEOpraHUYECKOE COSTMHEHUE MeTallia
Heoauma u Kuciopoaa ¢ popmysioi Nd2Os, roay0oBaTo-(hHoaeTOBbIE KPUCTAILIBI, HE
pacTBOpSAETCS B BOJIC.

®dusnueckue cpoiictBa. Oxcua Heoauma (I11) oOpasyer rosayGosaro-

(b10JIeTOBBIE KPUCTAIUTBI HECKOJIBKUX KPUCTALTUISCKAX MOTUDUKAITNNA:
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o a-Nd;O3; - xyOuveckass CHHTOHHS, pOCTpaHCTBeHHas rpynma | a3, mapameTpsr
saeiiky @ = 1,1140 um, Z = 16, cymectByeT nipu Temmneparype Hmwke 600-850 °C.

o [B-Nd;O3; - rekcaronanbHas CHHIOHHS, IPOCTPaHCTBeHHas rpymma P 3ml,
napameTpsl saeiikn a = 0,3831 am, ¢ = 0,6008 am, Z = 1, cymecTByeT mnpu
temmnepatype Boire 600-850 °C.

IMosyuyenne. Heoqum OKHCH TOMy4aeTcsl IMyTEM HarpeBaHUs HEoauMa Ha
BO3/yXe, B pe3ylbTaTe Yero OH O4YEeHb OBICTPO okucisercs. [lpu HarpeBaHuu OH
pearupyer ¢ a30TOM, TaJIOTeHAMH, CEPOH, BOJOPOIOM B IPYTHMH HEMETaJIaMHU.

Oxcua HeoArMa TaKKe MOMY4YaloT paszlio’KeHHEM THUAPOKCHIA, HUTpATa WM

OKCajiaTa HECOJuMa.:

2Nd(OH),__300-1000 °C _ ,Nd,0, +3H,0

4Nd(NO,),___780°C_ {2Nd,0, +12NO, +30,

Nd,(C,0,),__800°C (Nd,0,+3CO, +3CO

HutpaTt Heoauma - HeOpraHWYeCKOe COETUHEHHE, COJIb HEOAMMa M a30THOM
kucinotel ¢ ¢dopmynaorr  NdA(NOs);, ¢uoneroBsie  kpuctamibl.  OOpasyer
kpuctaimioruapatsl coctaBa Nd(NO3);-nH,O, rme n =4 u 6.

Kpucrammoruapar coctaBa NA(NO3);:6H,O ob6pasyer kpacHo-(hHo0IETOBbIC
KPUCTaUIbl TPUKIMHHOW CHHIOHUH, MPOCTPaHCTBEHHas Tpymma Pl, mapaMeTpsr
stueiikn @ = 0,9307 um, b = 1,1747 um, ¢ = 0,6776 M, a = 91,11°, B = 112,24°, y =
109,15°, Z = 2. PactBopsieTcs B BOjE, dTaHOJIE, alleTOHE. PacTBOPUMOCTh HUTpaTa
HeoIMMa 6-BOJIHOTO B Bojie ipuBeaeHa B Ta0uie 1.1. [9]

Ta6nuna 1.1 — PactBopuMOCTh HUTpaTa HEOAMMA 6-BOJTHOTO B BOJIE

Nd(NO3);s-6H,0
t,°C S, /100 r BoasI Ts. ¢.
0 127 a6
15 136 a6
25 153 a6
50 185 B6
67,5 305 B6
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1.3 Oxcua Marumsi: CBOMCTBA H MOJIyYeHHe

dopmyna XUMHYECKOTr0 COeMHEeHNs okcuaa maruus — MgO, npeacrapiseT u3
cebst mopomiok Oenoro nBera. OKCHUJT MarHus B KPUCTAUNIMYECKOM BHAE Majo
pacTBOpUM B BOJE M MPAKTUYECKH HE BCTYHAeT B PEAKIMIO C KUCIOoTaMH. B
MOPOIIKOOOPa3HOM BHUJIE NMPU B3aUMOJICUCTBUM C KMCIOTaMU PACTBOPSAETCA B HUX, a
IIpY B3aUMOJICHCTBUU C BOAOW 00pa3zyeT ruapokcu. [1oxkapo- u B3ppiBoOE30MACEH.

dusznyeckue cBoiicTBa. JIerkuid, pBIXJBI MOPOIIOK OEIoro IBETa, JIETKO
BIIUTHIBa€T BOJy. Ha 3TOM CBOHCTBE OCHOBAaHO €ro MPUMEHEHHE B CIIOPTHUBHOM
TMMHACTUKE: HAHECEHHBIN Ha JIaJJOHU CIIOPTCMEHA, MOPOIIOK MPENOXPaHSIET €ro OT
OIMMAaCHOCTH COPBAThCS C THMHACTHUYECKOTO CHapsiaa. Temmeparypa ruiaBieHus - 2825
°C. Temnepatypa kunenus - 3600 °C. ITnotHocTE=3,58 r/cMm®.

XuMHuueckre cBoiicTBa. Pearumpyer ¢ pa30aBiI€HHBIMH KHUCIOTaMH C
00pa3oBaHHEM COJICH, TIOXO - C XO0J0oaHOW Bomo, obpazys MQ(OH),. C ropsueii
BOJIOM pearupyerT JIydilie, peakiys ujaetT

MgO + 2HCI — MgCl, +H,0O
MgO + H,0 — Mg(OH),

[Tomyyenue. Okcuj MarHus TOJIYYarOT O0KHUTOM MHUHEPAJIIOB MarHe3uTa |
JOJIOMUTA.

CaCO,; + MgCO, - Mg + Ca0 + 2CO,
MgCO, - MgO + CO,

Hutpar marams (marnueBas cemutpa - MQ(NOs3)2) B OOBIYHBIX YCIOBHSIX
MPEACTaBIIAET COOOM TBEPOE BEMIECTBO OEI0ro BETa KPUCTAIIMYECKON CTPYKTYPBHI.

[Tonyuenue. be3BoaHBIN MarHusi HUTpAT MOIY4YalOT B3auMojercTeueM Mg ¢
N2O4 ¢ mocnenyronum oterienueM N2Oa, rugpaTtupoBansbiii - peakuueit MgCO;
n MgO c paz6asinernem HNOs. ['ekcaruapar - ucxogHoe coeAMHEHUE TIPU CUHTE3E
MgO oco0oif YHMCTOTBI, HHUTPATOB JAPYIHX METAIOB, a TakKXe pPa3JIoKEHUU
COeIMHEHU MarHug. PacTBopuMOCTh HUTpaTa MarHusi 6-BOJHOTO B BOJE

npezcrasiacHa B Tadsumie 1.2 [10].
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Tabnuna 1.2 — PactBopuMOCTh HUTpaTa Maruus 6-BOJHOTO B BOJE

Mg(NO3),-6H,0, /100 r BobI
t, °C S Ts. ¢.
-10 23,3 b (i
-20 38,1 *
-30 49,7 *
-18 61,3 9+6
0 64 6
10 70,1 6
20 73,3 6
25 75,1 6
30 77,3 6
40 81,2 6
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2 PacyeTHast 4yacTh
2.1 Pacuer moka3zaresieli TOPHYECTH M COCTAaBa BOJHO-OPTaHHMYECKHX

HUTPATHBIX PACTBOPOB

KunkuMu TOpOYMMH  KOMIIO3UIUSIMH CUMTAIOT KOMIIO3UIIMM C HU3IIEH
TEIUIOTBOPHOM CIOCOOHOCTBIO Qyp > 8,4 M/k/kr. Hu31mas TennoTBopHast CHocoOOHOCTh

BOJHO-OPTaHUYCCKUX HUTPATHBIX PaACTBOPOB OIIPCACIIAIACH IO YPABHCHHIO!

» (100-W-A)-Q 25 W
_ _ , 2.1
Qu 100 100 (21)

rae Q) — HU3MIAs TEMIOTBOPHAs CIIOCOOHOCTH FOPIOYEro KOMIIOHEHTa, MJIk/KT;
W — coneprkaHue BOJbl,
A — HEeropro4nx MUHEpPaJIbHBIX BEIIECTB B KOMIO3UIHNH, %0;
KoadduimenT 2,5 yauThIBaeT CKphITYIO TEIUIOTY UcnapeHus Boabl ipu 0 °C, M /Ix/kr.
Kuaxue KOMIO3UIMKU MOTYT CTAaHOBSTCSI TOPIOYMMHU IPU TOCTUKEHUU HU3LIEH
TeMIOTBOPHO# criocobHocTH QF >8,4 MJI/KT.
B tabnune 2.1 npuBeaeHbl 3HaUYCHUS] HU3IIEH TETUIOTBOPHOM criocoOHOCTH QF
Pa3IUYHBIX OPraHUYECKUX BEIIECTB.

Tabnuma 2.1 — ITokazarenu roproUecTd OPraHuIECKUX BEIIECTB

Mapamerp BemecTtso
Mertanon | OtaHon [Iponanon byranon ALleTOH
Q5 , MJIx/kr 19,95 26,80 31,38 33,47 31,54
Tacnsmman K 284 285 285 302 254
T camorocnn., K 658 619 673 618 738

B xauecTBe roproyero KoMmoHeHTa Obu1 ucoap30BaH aeToH (C3HgO), T.x. on
o0JlajaeT  BBICOKOW  TEIJIOTBOPHOM  CIIOCOOHOCTBIO, BBICOKOM  B3auMHOM
PacTBOPUMOCTBIO C BOOHBIMH PACTBOPAMHU, @ TAKXKE JIETKOW JIOCTYITHOCTBIO.

Pe3ynbTaThl MpOBENEHHBIX PACYETOB HU3IIEH TEIIOTBOPHOM CHOCOOHOCTH
BOJIHO-OPTaHWYECKUX HUTPATHBIX pPAacTBOPOB camapus, HEOAMMa W MarHuf,

BKIIIOYAaIrOIInX OpFaHI/I‘-IeCKI/Iﬁ KOMITIOHCHT, ITPCACTABJICHBI B ITPHUIIOKCHHUHA A.
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2.2 TepMoanHAMU4YeCKO€e MO/IeJIMPOBAHUE MPoIecca MIA3MOXUMHYECKOi

nepepadorku pacrsopos BOHP

TepmoanHaMU4YeCcKUE  pacyeTbl  PABHOBECHBIX  COCTABOB  IIPOJIYKTOB
MIa3MeHHON mepepaboTku  pactBopoB BOHP mpoBeneHbl ¢ HCMONBh30BaHUEM
JUIEH3UOHHON  NporpaMMbl  TEPMOJIMHAMHUYECKOTO0  pacyera cocraBa (a3
MPOU3BOJIbHBIX TreTeporeHHblx cucreM «TERRA». Pacuersl mpoBeneHwsl mpu
atmocdeprom nasienuu (0,1 MIla), B mupokom nuamazone temmepatyp (300-4000
K) 1 MaccoBbIX [0J¢# BO3ayIIHOTO 1a3MeHHoro TertoHocutens (10-90 %),

Ha pucynkax 2.1-2.6 mpencraBieHbl XapaKTepHbIe PaBHOBECHBIE COCTAaBBI
IPOAYKTOB M1azmoxumudeckoro cuaresa OK u3 pacrsBopoB BOHP Ha ocHOBe anieTona

npu o = Sm/( Sm+Nd)=0,1.

o4 Macdoa 003z MECIEMEOEC)

Hd2030c)

0.3t
0.0zt
0.0+
0.015
0.015

0.0og
0.0og

FEmZ030c)

, R S :

0 200 1600 1100 g T K 1] 800 1500 E'rEIEI g T K

p=0.1 HNa p=0.1 HMNa

a) 0)
Pucynok 2.1 — BiausiHue Temneparypsl Ha paBHOBECHBIN COCTAaB KOHJIEHCUPOBAHHBIX
POJIYKTOB TIa3MeHHOM nepepadboTku pactBopa BOHP-1 Ha ocHOBe anieToHa mpu

MaccoBoii J071e Bo3ayxa 68 % (a) u 69 % (6): (MgO — 5 %)
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nniz MaC 3041

Nd 2030

0o+
0018
0.oog
MgOdc
SOy T onoa,,
5 , e ’\,b“'“%w
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a)

Mac . 3oA

0031
Nd203(c)
0.0zt
0.016
0.008 MgOtes
Sm2030c) Y
D b
0 800 1500 7400 00 T, K

6)

Pucynok 2.2 — BiausiHue Temneparypbl Ha paBHOBECHBIN COCTaB KOHJIEHCUPOBAHHBIX

MPOAYKTOB IJIa3MeHHOM nepepadboTku pactBopa BOHP-2 Ha ocHOBe anieToHa mpu

MaccoBoH 0Je Bo3ayxa 68 % (a) u 69 % (6): (MgO — 10 %)

Mac .30

0025

002 HdZ03(=2
0.015

0.01

MgOdc
0.005
Sm2030=)
Cicy
I:I o
1] gan 1800 1400 3200 T. K
a)

00z  MAEShnac
0016
0oz
0.008

Mg0icy

0.004

Sm203c)
0

0 200 1600 400 3200 T. K

6)

Pucynok 2.3 — BiusiHue TemnepaTypbl Ha paBHOBECHBII COCTaB KOHACHCHPOBAHHBIX

MIPOIYKTOB TuTa3MeHHOM 00paboTku pactBopa BOHP-3 Ha ocHOBe anerona npu

MaccoBoH j0j1e Bo3ayxa 68 % (a) u 69 % (6): (MgO — 15 %)
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Pucynoxk 2.4 — Bausinue Temnepatypbl Ha paBHOBECHBIN COCTaB OCHOBHBIX

MPOAYKTOB TIa3MeHHOM 00paboTku pactBopa BOHP-4 Ha ocHoBe aiieToHa npu

MaccoBo# fo7e Bo3ayxa 68 % (a) u 69 % (0): (MgO — 20 %)

D 0125 Mac . A0AK
NdzZ2030ch
o
Mg
00075
0005
n.00zs
Sm203(c)
0 Cich
o
1] 200 1800 2400 3200 T. K
a)

Mac .J0AH

0.0125
Nd 203z
0.01
MgOic
0.007%
0.005
0.0025
Sm2030c)
0
1] £00 1600 2400 300 T. K

6)

Pucynok 2.5— Bnusinue Temnepatypbl Ha paBHOBECHBII COCTaB KOHACHCHPOBAHHBIX

MIPOJIYKTOB TIa3MEeHHOM niepepadoTku pactBopa BOHP-5 Ha ocHoBe arieTona npu

MaccoBoit noje Bozayxa 68 % (a) u 69 % (6): (MgO — 30 %)
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Pucynox 2.6 — BiausiHue Temneparypbl Ha paBHOBECHBIN COCTaB KOHJIEHCUPOBAHHBIX
MIPOIYKTOB TIIa3MEeHHOM niepepadoTku pactBopa BOHP-6 Ha ocHOBe areToHna npu

MaccoBo# Jo71e Bo3ayxa 68 % (a) u 69 % (6): (MgO — 50 %)

W3 ananv3a paBHOBECHBIX COCTaBOB IMPOIYKTOB IUIa3MEHHOW MepepadOTKH
pactBopoB BOHP na ocHoBe anerona (puc. 2.1-2.6) ciemyert, 4To pu MaccoBoii J0J1e
Bo3nyxa 69 % OCHOBHBIMHU MPOJYKTaMU B KOHICHCHUPOBAHHBIX (hazax SBISIIOTCA
okcuabl SM,03(c), Nd20s(c) m MgO(c), koTopsie 00pa3yroT TpeOyeMble OKCHIHBIC
kommnosuiuu OK-1+0K-18. ITpu aTom Takke obpaszyercs yriaepoa C(c), cogepkanue
KOTOPOTO PE3KO BO3pPACTACT MPU CHUXKEHUM MACcCOBOM J10JM BO3ayxa MeHee 69%.
[ToBblllIeHHE MAacCOBOM 07U BO3ayxa ¢ 69% u OoJjiee HE MPUBOAUT K 00pa30BAHUIO
yraeposa C(c) u He U3MEHSIET COCTaB IIeNIEBbIX MPOAYKTOB. JlanbHeilliee moBbIIICHIE
MacCOBOW J1OJM BO3ayxa cBbIlIe 69% npuBENET JUIIb K YMEHBIIEHUIO CONEP/KAHUS
IEJIEBBIX MPOIYKTOB U CHUKEHUIO TPOU3BOAUTEIILHOCTH JAHHOTO MpoIiecca.

Jlanee  OblTM  TPOBEACHBI  pacueThl  HHEProzarpaT Ha  MPOIECC

IIJIa3MOXUMHNYCCKOI'O CHHTEC3a B BOS}IYIHHOﬁ mIasmMe B BUIAC OKCHIHBIX KOMMO3UIIUKN

OK-1-18.
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Pucynok 2.7 — Y nenbHbIe 3HEpPro3aTparhl Ha MPOLECC TIa3MOXUMHYECKOT0 CHHTE3a

okcuHbIX koMno3unuii OK-1+6 u3 pacreopoB BOHP-1+6 npu 0=0,1

1200

1000
800
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=
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400 MgO 20%, BOHP 10
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T, K
0
0 500 1000 1500 2000 2500 3000 3500

Pucynok 2.8 — Y nenbHbIe 3HEpPro3aTparhl Ha MPOLECC TIa3MOXUMHUYECKOTO CHHTE3a

okcuaHbIX koMnozuuuii OK-7+12 u3 pacteopos BOHP-7+12 mpu a=0,2.
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Pucynok 2.9 — Y nenbHbIe 3HEpPro3aTparsl Ha MPOLECC TIa3MOXUMHYECKOT0 CHHTE3a

okcuHbIx koMmnozuuii OK-13+18 u3 pactsopos BOHP-13+18 npu 0=0,3

Tabnuna 2.2 — Y aenbHbIe SHEPro3aTpaThl HA MOIyYeHHE | KT OKCUIHON KOMITO3UIIUU

«SmM;03-Nd;03-MgO» nipu paznuunbIX 3HaYeHUsIX oo = SM/( Sm+Nd)

BOHP Z ayﬂ, MH)K
BOHP-1 (0=0,1) 0,0374 87,97
BOHP-2 (0=0,1) 0,03336 101,62
BOHP-3 (0=0,1) 0,02705 123,84
BOHP-4 (0=0,1) 0,02397 140,59
BOHP-5 (0=0,1) 0,01979 176,35
BOHP-6 (0=0,1) 0,01516 225,59
BOHP-7 (0=0,2) 0,03746 87,83
BOHP-8 (0=0,2) 0,03258 107,73
BOHP-9 (0=0,2) 0,03654 96,61
BOHP-10 (0=0,2) 0,024 140,42
BOHP-11 (0=0,2) 0,01979 171,30
BOHP-12 (0=0,2) 0,01626 199,26
BOHP-13 (¢=0,3) 0,03751 87,71
BOHP-14 (0=0,3) 0,03134 105,93
BOHP-15 (0=0,3) 0,0271 123,62
BOHP-16 (0=0,3) 0,02401 140,36
BOHP-17 (¢=0,3) 0,01981 171,13
BOHP-18 (¢=0,3) 0,01516 225,59
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[To pe3ynbpraraM MPOBEACHHBIX PACUETOB MOTYT OBITh PEKOMEHIOBAHBI
CIICAYIONINE ONTHMAIbHBIC YCIOBUS JUIS IpOIecca IUIA3MOXUMHUYECKOTO CHHTE3a
OKCHJIHBIX KOMITO3UIIMK TpeOyemoro coctaBa u3 pactBopoB BOHP: maccoBas moss
BO3JIYITHOTO TIJIA3MEHHOTO TEIJIOHOCUTENs He MeHee 69 %; pabouas Temmeparypa

15004200 K.
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3 DKkcnepuMeHTAIbHASA YaCTh

3.1 Onucanue IKCIePUMEHTAILHOI ycTaHOBKM BU®-1a3maTpona

HccnenoBanust mpouecca IUIa3MEHHOM NepepadOTKU JUCIEPTUPOBAHHBIX
BOJIHO-OPTaHUYECKUX HHUTPATHBIX PACTBOPOB METAUIOB B BO3AYIIHO-IIJIA3MEHHOM
MOTOKE MPOBOJWINCH HA IJIa3MEHHOM cTeHae Ha 6a3ze BUD-mnazmorpoHoMm, cxema

KOTOPOTO IIPEACTABIEHA HAa pUCYHKE 3.1.

nu

Pucynok 3.1 — Cxema mia3meHHOro cTeHaa Ha 6aze BUD-miazmoTpoHa:

1 — mucnepratop, 2 — BU®D-pa3psan, 3 — BUD-nna3zmorpon; 4 — MenHbId
ANEKTPOM, 5 — KOpHyc; 6 — KOAKCUaIbHBIN BBIBOJ; 7 — UMIIEIJIEP PEAKTOpa; 8 — y3el
«MOKPO» OUHCTKHU OTXOJISAIINX Ta30B; 9 — BbITsKHOM BeHTU sTOp (BP 12-26, Nod), 10
— BO3yX0BoJ, 11 —razoananuzarop «Quintox» KM 9106, 12 — npo6oot6opHuk; 13 —

3aIUTHBIN KOXKYX tupomerpa, 14 — mupometp IPE 140/45, BUI' — BbICOKOUACTOTHBIN

reaepaTop BUI'8-60/13-01.

BpicOKOYACTOTHBIN TOK MOJAETCS OT BBICOKOYACTOTHOTO reHepaTopa uepes 30
KOAKCHUAJIbHBIN BBIBOJI 6 K 3JIEKTPOy 4, BHIMIOJHECHHOMY U3 MEIIU U OXJIaXIaeMOMY
BOJIOM. DIIEKTPO]I KOHCTPYKIIMOHHO pacnoiiaraercsi B BUD-miazMoTpone 3, KOTOpbIi
HEIMOCPEICTBEHHO TeHEPUPYET MIIa3MEHHYIO CTPYIO (CpeHEMAcCOBask TEMIIepaTypa ~
4000 K). ITnazmenHas cTpysi TOPUT BHYTPHU pa3psiAHON KaMephl INIa3MOTPOHA, KOTOpast

M3TOTOBJIeHa U3 kBapieBoro crekia (d = 50 mMm, 1 = 860 mm). MoiHbI# BEHTHIISATOD 9
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IIPOU3BOAMT  OTKAa4yKy BO3AyXa Yepe3 TIa30xoJ U3  CIEAYIOIIUX  Y3JIOB
IJIa3MOXMMHUYECKON ycTaHOBKU: BUD-111a3MOTPOH 3 ¥ TIIa3MOXUMHAYECKUI PEAKTOP.

Han mnna3zMOXMMUYECKHM pEeakTOpOM pacrojiaraeTcsl MMIeIiep, KOTOPbIN
2
UMeeT MPONYCKHYIO IuIomaab S =25 cM”. KOHCTpYKIIMOHHO UMIIEIIIEp HEO0XO0AUM

JUISL OCYILECTBIICHHSI 3aKPYTKM BXOJHOIO IOTOKA, KOTOPBIM MPOKAYMBAETCSA 4Yepes3
peaktop. Hag ummnemiepoM HaxoauTcss mmbep 7, MO3BOJSIOIUN KOHTPOJIUPOBAThH

pacxo]l MpOKavyMBaeMoro BO3ayXa. BxonHas 1uiom@aas peakTopHoro muodepa S

mub
perymupyercs B unTepBane 0-1650 cm®. JIns KOHTPOIS KOHIIGHTPAIMH BPETHBIX

razoo0passsix BeniecTs (Hanpumep, CO, NO, NO, ) B oTXxoaa1mmx razax uCIoab3yeTcs

razoaHanuzarop 11, cHaOxeHHBIM MpoOOOTOOpHUKOM 12. JIONMOMHUTENBHO MpHU
NOMOIUIM Ta30aHaiu3aTopa u Tpyoku [IuTo BO3MOXKHO ONpenensTh TAKUe MapameTphbl
BO3JIYIIIHOI'O TNIOTOKA, KaK HAIop, CKOPOCTb U pacxon. [[is KOHTpoJsd Temueparypsl
BO3YIIHO-IUIA3MEHHOTO IIOTOKA B IUIA3MOXMMHYECKOM DPEAKTOPE HCIOJIb3YETCs

OECKOHTAKTHBIN nupomeTp 14.

3.2 OnpenesieHue pacxo0B Bo3ayxa yepe3 BUD-mia3MoTpoOH U razoxos

Bennuunna pacxoja BO3AYUIHOTO IUIa3MEHHOTO TEMJIOHOCHUTENS 4Yepe3
KBapLEBYIO Pa3psAIHYI0 KaMepy IJIa3MOTPOHA, a TAKXKE Yepe3 ra30X0Ji BEIYMCIIUINCH
pu oMot Tpyoxu Iuto.

TpyOxka IIuto u3zmepsier Hanop f, KOTOPBIM CO37a€TCs MOTOKOM Tas3a, U

3HAYCHUC OAaHHOI'O Hallopa 0T06pa>1<an001> Ha JUCINICC Ia30aHaIn3aTopa. H3BecTHa

dbopmyna:

V2
f:(p2 )_p _p,, (3.1)

rae P, — nonHoe nasnenue, Ila;

P.. — cratnueckoe nasnenue, Ila;

f_(PVY)

— Hamop, Co3aBacMblil HaOerarIUM MTOTOKOM BO3/1yXa,;

p — IIIOTHOCTH BO3AyXa Ipu Temmnepatype T, kr/m°.

35



Ckopoctb Haberaromiero notoka V Oyner BelpaxeHa u3 Gopmysl 3.2, Kax:

5

0,
M
P

V= (3.2)

Koneunoe 3HaueHne OOBEMHOIO pacxoJa BO3JyXa Yepe3 BO3AYXOBO/I
HAXOJUTCS 1O popMyJIe:

Q=S-V (3.3)
rae S — MIomaab MONePEeYyHOro CEYSHHsI BO3IyX0BO/A.

Hamnop naberaromiero notoka Bo3ayxa uzmepsics Tpyokou [luro npu pazHoit
BXOJHOM IUIOIIAM HMIEJUIepa peakTopa, KOTopas peryjJupoBaiach IyTeM
MEPEKPBITUS IMUOEPOM CErMEHTOB UMIIEIUIEpa peakTopa.

Ha pucysnke 3.2 nokazaHo BIMsHUE BEJIMYUHBI BXOIHOM TIJIOMIAIN UMIIEIIepa
peakTopa Ha MAacCOBBIM pacxo] BO3AYLUIHOTO TEIJIOHOCUTENSI 4Yepe3 pa3psIHYyIO

kamepy BU®D-miazmorpoHa.

017
0,16 -
r

0,15 -
o014 |
|
x |
g 013 - [

1 i T

0,12 -

0,11 -

0,10

500 700 900 1100 1300 1500 1700 1900
Sy 1074m?

Pucynox 3.2 — BiusiHue BeTMYMHBI BXOIHOM TUTOIIAAN UMIISIJIEpa peakTopa Ha
MacCOBBIM Pacxo] BO3AYIIHOTO TEMJIOHOCHUTEIIS Yepe3 pa3psaaHy0 KaMepy
BUY®-nnazmorpona

N3 ananusa mosydeHHOTO Tpaduka cleayer, YTO YBEIWYCHUE BXOIHOU
IUIOIIAIA  MMIIEJJIEPA PEAKTOpa NPHUBOAUT K CHWIKEHHIO MAcCOBOIO pacxoia

m1a3Moo0pasyroiero raza (Bo3myxa) uepes3 paspsanyto kamepy BUD-mazmoTpona.
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Ha pucynke 3.3 moka3aHo BIMSHHAE BETUYHUHbBI BXOAHOHN IUIOIIAIN UMIIEIIIEPa
peakTopa Ha MAacCOBBIH Pacxoj] BO3AYIIHOTO TEIJIOHOCHUTENS Yepe3 Ira30Xxoj] Mocie

y3J1a «MOKPOM» OYUCTKU PEaKTopa.
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1,24 - T
1,22 -

120 | I I
1,18 T l
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1,12 -
1,10

—
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Pucynok 3.3 — I'paduk 3aBucMMOCTH 00BEMHOT0 pacxoja Bo3ayxa 4epe3 ra3oxo OT
IUTONIA/IM UMIIEITIEpa peakTopa

N3 ananuza mosydeHHOro Tpaduka cleayeT, YTO YBEIWYCHUE BXOIHOU

TUTOIIAIA UMITEJIepa peakTopa MPUBOINUT K YBEIMUEHUIO MACCOBOTO PAcX0/la BO3IyXa

yepe3 ra30Xxo/ Mocje y3Jjia «MOKPO» OUUCTKH peakTopa.

3.3 OnpenesieHue pacxoja raza peakrop

UtoObl paccudMTaTh pacxoj] BO3AyXa 4Yepe3 pPeakTop ObUIO HCHOJIB30BAHO

BBIPAKECHUE:
QP = erﬂ - QHTP (34)

3 .
rae Q, — pacxojl BO3AYIIHOTO TEINIOHOCUTENS Yepe3 peakTop, M” / ¢

3 .
Qrxy — PacxoJ BO3IYLIHOrO TEMIOHOCUTENS Y€PE3 Ta30X0, M™ / C;

3
Qup — Pacxon miaazMoobpasyromero rasa yepe3 BUd-nnasmorpon, m” /¢

Ha PUCYHKC 3.4 moka3aHo BIMSHUE BEIUYNHBI BXOI[HOﬁ Iomaan uMIICJICpa

peaKTopa Ha MacCOBBIN PAacXO0/1 BO3AYIIHOTO TEIUIOHOCUTEIIS Yepe3 PEaKTop.
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Pucynok 3.4 — MzmepeHnue pacxoia Bo3ayxa B peakTope

[losnyueHHble TpauuecKre 3aBUCUMOCTH IO3BOJISIOT IMyTEM H3MEHEHMUS
BXOJHOW TIUIOMIAAN WMIIEIUIepa peakTopa OCYIIECTBISATh IUIABHYIO PErYIHPOBKY
pacxo/a BO3IYIIHOTO TEIUIOHOCUTEINS 4Yepe3 PeakTop U IIa3MOTpoH. JlaHHBIE IS

nocTpoeHus rpadukoB 3.2-3.4 npuBeACHBI B IPUIIOKEHUHU A.

3.4 UccnenoBanue pe;kuMoB padorbl BUD-miasmaTpona

brumn paccunTaHbl MOTEPU TEMIOBOM MOIIHOCTM Ha TEIUIOHANPSIKEHHBIX
anemeHTax BY-reHeparopa, KOTOpBIE OXJIaXKIAIUCh BOJOW (aHOJ Te€HEPATOPHOM
JaAMIIbl, CETOYHAs MHAYKTUBHOCTH), U BUD-mmazmorpoHa (9JEKTpOJ, KOPMYC) M
onpeesieHbl Terodgu3ndeckre napamerpsl miazMendoro crenaa (KII, suranbmnus,
TeMIlepaTypa BO3AYITHOW TUIa3MEHHOW CTpyu W Jp.). PacueTHbie COOTHOIICHUS

NIpEaCTaBIICHBI HUXKE.

P=IU (3.5)
rae |, — aHoOnHBINA TOK, A;
U, — HanpspbKeHUe Ha aHOJE FeHEPaTOPHOM JamIibl, KB.
TerutoBast MOIIHOCTB, paccenBaeMasi Ha aHOAE T€HEPATOPHOU JIAMIIBI:
P,=m,-C, -At, -4,186 kBt (3.6)

rae M,— MaccoBBIM pacxoj BOABI, KI/C;
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CIO — U3MEHEHHE TeMIepaTyphl oxJaxaaroiien Boasl, °C;

At, — TerioeMKoCTb BOJbI, KKa/kr-°C.

1o 310l %€ popmysie pacCUUTHIBAEM TEIUIOBYIO MOIIIHOCTh PACCENBAEMOI Ha
CETOYHOM UHAYKTUBHOCTH, JIEKTPOJE KOPILyCe IIa3MaTpoHa.
Momrnocts BU®-pa3psina paccunuTsiBaiach o Gopmyiie:

Ppagp =P,—(P,+P.+P,), kBr (3.7)

MoOIHOCTE IJIa3MEHHOM CTPYH ONPENEISIETCS KAk pPasHOCTb MEKIY
MOIIHOCTBEI0 BUD-pa3psaa 1 MOIIHOCTBIO, PACCENBAEMOM Ha KOPITyCe IIJ1a3MOTPOHA!

P, =P . — P XKBT (3.8)

P - pasp

OHTANBNNS TJIA3MEHHOMN CTPYH:

P
H.=H +$, kJ5K/KT (3.9)

T 0
r

rae H, —sHTanenus razosoi cmecu npu remueparype 300 K;
Qpr — MaccoBblii pacxoz M1a3M000pa3yoLIEro ra3a, Kr/c.

KoadpuumenT nonesnoro aeiicreust BUD-mma3moTpoHa:

P
Mo =| =2 |-100, % (3.10)

pasp
Y cranoBouHbIN KOA(hOUIIMEHT MOJIE3HOTO ACHCTBUS MIIa3MEHHOTO CTEH/IA!
PCTp 0,
Mg =| — [-100, % (3.11)
0
[Tomy4yeHHsie nmaHHBIE TpUBEAEHBI B mpuiokeHun b. Pexum pabotbl
M1a3MOTPOHA MOA0UpATICd TakKuM 00pa3oM, YTOObI TeMmIeparypa IUIAMEHHON CTpyH
Obula HE MEHbIIE TEMIEpPaTypbl BOCIUIAMEHEHHsS TOpPIOYEro KOMIIOHEHTa

nepepadarsiBaeMoro pactsopa BOHP.
3.5 MeToauka npoBeieHNsi IKCIIEPUMEHTOB

Jlns moarotoBku pactBopoB BOHP ncnonb3oBanuch coaum HUTpaTa HEOAMMaA
Nd(NO3)3-6H,0, nutpata camapuss SM(NOs3)3:6H,O, a Taxke HUTpaTa MarHus

Mg(NOs3),:6H,0 miist oOpa3zoBaHus MaTpUIlsl B BUJIE OKCHJia MarHus B coctaBe OK.
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N3HayanbHO TOTOBWJICS C KMCHOJIb30BAHHEM NUCTHJIMPOBAHHON Boabl (1 1)
BOAHBIA HUTpaTHBIN pacTBop (BHP) 13 HUTpaTHBIX CoNiell METaNIOB U CMEIINBAJICA C
arietoHoM (3 1) ¢ nmomyyenueM pactsopa BOHP. IlpeaBapurtensHo moaroToBICHHBIE
pactBopbl BOHP nmonmaBammcek ¢ mocrostHabM pacxonom (300 i1/4) Ha qucnepraTtop u
Janee B IUCIEPrupOBAHHOM BHUJIE MOCTYAIN B PEaKTOp, I/i€ B IIpoliecce nepepadoTKu
B BO3/YIIHO-IUIA3MEHHOM IMOTOKE OCYIIECTBIISUICS IUIa3MOoXuUMu4eckuil cuare3 OK
npu temneparype T,>1000 °C. Konrpons Ttemmneparypsl T, ocymecTBisics
BBICOKOTOYHBIM 1HGpOoBeIM HHppakpacHeiM mupoMerpoM (IPE 140/45) mo nuHUM
noryionieHns Auokcuaa yruepona. Ilocnme peakTopa mbuIe-mapora3oBasi CMECh
MOCTyIaja Ha LEHTPOOekKHO-0apOOTaXKHbIe ammapaThl y3jda «MOKPOI» OYUCTKH
OTXOJSIIMX Ta30B, IJ€ MPOUCXOAWIO €€ PE3KOe OXJIaXIeHue (3aKanka) o00OpOoTHOM
TexHoJiornueckor Bogon (OTB) ¢ nmoslydeHreM BOJIHBIX CYCHEH3HH U3 MOJYYEHHBIX
OK. OuuiieHHble OTXOAAIIME Ta3bl 3a0UPATUCh BBICOKOHATIOPHBIM BBITSHKHBIM
BEHTUJISITOPOM U BbIOpackIBasiuCh B atMocdepy. [lonyuennsie Bogusie cycnenzun OK
MOMEIIAJI B EMKOCTH U3 HEP KaBEIOIIEH CTalM, OTOMpAIN MPoObI AJIi ONpPEAEIICHUS
I'PaHYJOMETPHUYECKOTO COCTaBa CYCIIEH3UM MeTojoM JiazepHou audbpakmuu (JIJT).
3atem BoaHble cycrneHzun OK oTcramBanu, MOJYYEHHBIE OCAAKH OTIEIISUIH,

bunbTpOBaANM U poKauBayK B TeueHue 20 MunyT npu temrepatype 120-150 °C.

3.5.1 HccaenoBanue  (U3NKO-XUMHUYECKHUX  CBOMCTB  OKCHIHBIX

KOMITO3HUIIU I

UccnenoBanust MOp(OTOTUYECKUX, CTPYKTYPHBIX, KPUCTALUIUYECKUX U
TEXHOJIOTUYECKUX CBOMCTB mopomkoB OK mpoBoaunau Ha 0a3ze aHaIUTHYECKOrO
obopynoBanus L{entpa kosuektuBHOro nosibzoBanus HOULl HMHT UITHIIT TITY
(Hayuno-oOpa3oBaTenbHBIi ~ MHHOBAIIMOHHBIM  1ieHTp  «Hanomarepmansl u
HAaHOTEXHOJNOrun», PenepanbHOE TOCYJAPCTBEHHOE aBTOHOMHOE 00pa30oBaTEIbHOE
ydpexaeHue BbIcIero oopa3zoBanus «HarmoHanbHbIN nccneaoBaTenbekuit ToMCKHi
MOJIUTEXHUYECKUN YHUBEPCUTET? ).

st onpeneneHusl TpaHyJIOMETPUUECKOTO cocTaBa BOAHBIX cycneH3ud OK

UCIIONB30BaM MeTon JjasepHoil nudpakuuu (JIII), peanuzoBanHbli Ha mpuOOpe
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SALD-7101 (Shimadzu, Snonus). [ns comocTaBieHus ¢ pexuUMamMu U APYTUMHU
CBOMCTBaMH IOPOLIKOB HCIIOJb30BAJIM KOJMYECTBEHHBIM pe3yiabTaT B BHJIE
MEMAHHOTO  3HAYEHHUS  IOJYYEHHOTO  paclpeiesieHHs, pPaBHOTO  IIHUPOKO
IPUMEHSEMOMY B NIPOU3BOJICTBE TEeXHHUYECKOMY mnapamerpy «Dso». Ilockoisbky
MCIIOJIb30BAHHBIM METO/I TO3BOJISIET ONPESTUTh pa3Mep YacTHI] CYCIIeH3UU (B3BECH),
HE3aBUCUMO OT UX CTPYKTYPHOTO CTPOEHHS, BKIIIOUasl JKECTKUE ariioMeparbl, 3TOT
pPE3yNbTAaT UCHOJB30BAIN JJISI ONPENEIICHUS CTENEHH arjioMEpali UCCIEI0BaHHbIX
MOPOIIIKOB.

Bennuuny yAenbHONM MOBEPXHOCTH HCCIAEAYEMBIX IOPOIIKOB OLEHUBAIU
MetonoM bpynayspa-Ommera-Temnepa (bOT) na npubope Copou-M (3A0 «METAY,
Poccust). IlomyueHHble AaHHBIE MEPECUUTHIBAIIA B pa3Mep YACTUL, HUCXOIsA U3
MPEANOJIOKEHNS 0 UX C(PepruyecKoil TEOMETPHUHU.

Pentrenodazossiit ananus (POA) ucciexyemorx nopoikoB OK nmpoBoauiu Ha
pentreHoBckoM audpakromerpe XRD-7000 (Shimadzu, Snonus) ¢ npuMeHeHHUEM
CTaHAAPTHOM 0a3bl JaHHBIX KPUCTAUIMYECKUX CTPYKTYpP HEOPraHUYECKHX
matepuanioB PDF-4, B cBOOOIHO pacrpocTpaHsieMOM NPOrpaMMHOM OO€CTIieueHUU
PowderCell mno amropurmy PurtBenbna s mNOJHONPO(UIBHOTO — aHajau3a
peHTreHoBcKux nudpakrorpamm. Omnpeaensian ¢a3zoBelii coctaB mnopomkos OK,
napaMeTpbl KpUCTAJUIMUECKON CTPYKTYpbl OOHapyKeHHbIX (a3, a Takke CpelHue
pa3mepsl obnactelr korepeHtHoro paccesHus (OKP, kpuctamiuro). OTHOIIEHUE
NOCIeAHUX K pa3Mepy dvactull no aaHHbiM BOT xapakrtepusyer Mop¢oJiorvio u
Pa3BUTOCTh TMOBEPXHOCTH YACTUL W MOXET OBITh BBIPAKEHO KOJIMYECTBEHHO
koa(pduimentom rurpockonuyHoctd K: ¢dopma wyacTuu, ans  KOTOPBIX 3TOT
KOA(D(PUIIMEHT MEHBIE WIM NPUONIKAeTCd K EAWHHIE, OMU3Ka K PaBHOOCHOI;
K03 puieHT 0obllie €AUHUIBI XapaKTePU3YyET YACTUIIBI C PA3BUTON TOBEPXHOCTHIO
W/WIU C BHYTPEHHUMH TOpamu; KOd(D(PUIMEHT MEHbIIEe €IWHHUIIBI XapaKTepu3yeT
IUIOTHBIE arjoMepaTrbl, COCTOSILAE W3 HECKOJbKMX KpUCTALIMTOB. (CTeneHpb
arJIOMEpUPOBAHHOCTH TAKUX YACTUI[ KOJIMYECTBEHHO XapakTepu3yeT KOod(PQPUUMEHT

arsioMepaunu Q, BeJIMUMHA KOTOPOTO OMPENEAETCS KaK OTHOILICHUE pa3Mepa YaCTHIl
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no pesynabratam JIJI k pasmepy OKP (kKoqnuecTBO KpPUCTAUIMTOB Ha JIMHEHTHOM
MONEPEYHOM Pa3MEPE YACTHULIBI).

W3 ananuza pe3ynbTaToB, NMPEICTABICHHBIX B NpHiIokeHUH B ciemayer, 4ro
npu pacxoae OTB 2,8 kr/c Ha 3akanky OK um wactore 35 I'm mucmepraropa mpu
yBenuueHre maccoBoid nonu Marpuiel (MgO) ot 5 % no 50 % B coctaBe OK (npu
0=0,1), momydeHHslx u3 pactBopoB BOHP-1,2,3,4,5,6 mpuBOIUT K CHHXEHHUIO
pazmepa oopazyromuxcs yactuil OK ¢ 10,2 mxm g0 4,3 mxm (meton JI/I). [Ipu stom
ynensHas nosepxHocts OK-1,2,3.4,5,6 yeennuupaerca ¢ 10,1 M%/r go 21,0 M?/r, a
pa3mep yactuil cHuxaercs ¢ 79 am g0 38 am (b2 T-ananus).

YBenuuenue MaccoBoit goau matpuilbl (MgO) ot 5 % 10 50 % B coctae OK
(mpu 0=0,2), nonydyenHslx u3 pactBopoB BOHP-7,8,9,10,11,12 Takyke mpuBOIUT K
CHIDKEHHIO pa3zMepa oOpasyromuxcs yactun, OK-7,8,9,10,11,12 ¢ 12 go 5,3 MM
(meton JINT). Ilpu aToM yaensHas nosepxHocts OK yBenuuupaercs ¢ 10,0 m%/r 10 12,6
M?/T, a pasMep YacThI CHuxaeTcs ¢ 79 um 10 63 um (BOT-ananus).

VYBenunuenune MaccoBoit gonau matpuilbl (MgO) ot 5 % n0 50 % B coctaBe OK
(mpu 0=0,3), nomyueHnnbix u3 pactsopoB BOHP-13,14,15,16,17,18 Takxke npuBoIuT K
CHIKEHUIO pa3Mmepa obpasyrommuxcs yactun OK-13,14,15,16,17,18 ¢ 7,8 1o 4,7 mxm
(meton JIJT). Ilpu stom ynensHas nosepxHocTh OK Takxke ymeHpmaercs ¢ 15,2 M%/r
1o 11,9 m¥r (BDT-ananus).

XapakTepHasi TMCTOpaMMa paclpejesieHus M0 pa3MepaM YacTHl] BOJHOMN

cycnen3uu OK-4 (meton JIJ]) npencraBinena Ha pucyHke 3.5.

C—',‘ %)

m

Morrmized Partchs Amost (Dum)
» @ -
= & 1) 5

=] o =1
OS] Pursok Amont

——eannt NNt RN
] 10 L] 1

Particie Disnter Lam)

Pucynok 3.5 — I'ucrorpamma pacnpeiesieHus o pa3MepaM 4acTUll BOAHOU
cycnensuu OK-4
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Hccnegyemble BOAHBIE CYCIIEH3UM XAPAKTEPU3YIOTCS JTOCTATOYHO LIMPOKUM
pacnpeiesieHIeM 10 pa3Mepam, pacipeeseHue A1 YacTUl BogHoH cycnen3un OK-4
MMeEeT JBa JOCTATOYHO BBIPAKEHHBIX MakcuMyMma (6 MKM u 45 MKM). XapakTepHbie
BEJIMYMHBl MEIMAHHBIX 3HAuYeHUW pacnpenenenus dvactun st OK-4 nexar B
nuanazone ot 1-95 mkm. Cpennee 3HaueHwe pasmepa vactull Dsg qis OK-4
cocTaBiseT 9,4 MKM.

AHanmM3 pEHTTreHOTpaMM OOpas3IoB TOPOIIKOB Tocie mpoBeaeHuss PDA
MOKAa3bIBA€T, YTO OCHOBHBIMHU IMpojyKTamu Mpod mopomkoB OK-23 sBustoTcs
neneBbie okcuapl Heoguma (Nd203), camapust (Sm203) u marausa (MgO). Cpennuit
pasmep OKP miis mpo6 moporka OK-4 pasen 92 uwm.

COM-u300paxkeHue CUHTE3UPOBAHHBIX TOpomkoB OK-4 mpencraBieHo Ha

pucyHke 3.6.

Pucynox 3.6 — COM-u3o6pakeHre Mop(hoIorudeckoil CTpyKTypbl YaCTHIT IIOPOIITKA
OK-4
Ananmuz COM-u3o0pakeHnil MoATBEPKIAET JOCTATOUYHO IIMPOKUHN AUana3oH
pa3MepoB YACTHUIL, HATUYKE PA3TUUHBIX (a3, MEJIKUX IUIOTHBIX YaCTULl. MUKPOCKOMHS
MOKAa3bIBAET, YTO (DOpMa YACTUIl — OKPYTIIAsL.
Bennuuna miomaau yaensHon moBepxHocTu 1o metoay bOT nmns mpod OK-
23 cocrasmia 15,3 M%/r. Ilosy4eHHbIe 3HAYEHUS TUIOIIAIU IEPECUMTHIBAIIMCH B PA3MeEp
YaCTHII, UCXOJISI U3 TIPEATIONOKEHUS 00 UX chepudeckoit reomeTpuu. Takum oOpa3om,
pasmep vactuil, onpenenennubiii mo bOT, ayist OK-4 coctaBnseT 53 HM.
HacbimHast mioTHOCT uccieayeMbix mpo0d mopomikos onpenensiiack mo 'OCT

27801-93 u nna OK-4 cocrasuna 0,441 r/cm®. CBoiicTBa peccyeMOCTH, HaiiIeHHbIE
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M0 pe3yJbTaTaM IMPECCOBAHUS MOPOIIKOB, UMEIOT XapaKTepHBIC NJisi OOJBITUHCTBA
OKCHIHBIX MaTE€pPHAJIOB 3HAUYCHHUS: YIIoTHsIeMOocTh mopotka OK-4 cocraBmser 0,091;
MOPOIIKY MPUHAIICKUT K 4 TPYIIE CI0KHOCTU MTPECCOBAHUS.

Takum 00pa3om, MPOU3BOACTBO U3 ITHX MOPOIIKOB KEPAMUUYECKHUX TaOJIETOK
BO3MOYKHO TPU HMCIOJb30BaHUM CEPUMHO BBITYCKAaEeMOTO OOOpYIOBaHUS U Tpecc-
dbopM U3 YIIEpOAUCTOW HHCTpyMEHTalIbHOU cTanu. lIpeccoBaHue MNOPOIIKOBBIX
MaTepHaOB IMTPOBOIUIOCH B CTATBHON IMTMIMHAPUYIECKOH mpecc-hopme nuamerpom 10
MM noa nasiaeHuem 400 Mlla ¢ mociaeayommuM ClieKaHUEM MOJYYEHHBIX MTPECCOBOK
npu temneparype 1300 °C. MukpodoTtorpaduu crieueHHOM KepaMUKU MTPUBEICHBI HA

pucynke 3.7.

Pucynox 3.7 — Mukpodortorpaduu crieueHHoN kepaMuku u3 noporikoB OK-4
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4 DuHAHCOBbINI MEHEeIKEeMEeHT, pecypcodpPeKTUBHOCTH U

pecypcocdepe:xeHue

B  Hacrosimee  Bpemsi  MEPCHEKTHMBHOCTh  HAYYHOTO  MCCIIEIOBaHUS
OTIpeeIsIETCS] HU CKOJBKO MAacCIITa0OM OTKPBITHS, OICHHTh KOTOPOE Ha TEPBBIX
JTamax >U3HEHHOTO IHKJIA BBICOKOTEXHOJOTHYECKOTO U pecypcodPheKTUBHOTO
NPOJIyKTa OBIBAET JOCTATOYHO TPYJIHO, CKOJBKO KOMMEpPYECKOM IEHHOCTHIO
pa3paboOTKH.

OneHka KOMMEpPYECKON IEHHOCTH (MOTEeHIMana) pa3pabOTKU SIBISETCS
HEO0OXOIMMBIM YCIIOBHUEM IPH IMMOMCKE UCTOYHUKOB (DMHAHCHPOBAHUS JIJIS TIPOBEICHUS
HAyYHOTO HCCIEAOBAaHUS W KOMMEPIHAIU3ANNKN €T0 PE3yJbTaTOB. DTO BAXKHO IS
pa3pabOTUMKOB, KOTOpBIE JOJDKHBI TPEACTABISATH COCTOSSHUE U TEPCIEKTUBBI
IIPOBOJAMMBIX HAYYHBIX MCCIEAOBaHUU. Yepe3 TaKyro OLEHKY YYEHBIM MOXET HAUTH
napTHepa  JUIA  JabHEWIEro  TPOBEIECHHUS  HAYYHOTO  MCCIEIOBaHUA,
KOMMeEpIMaINu3allui Pe3yJIbTaTOB TAKOTO UCCIIEIOBAHUS U OTKPBITUS OU3HEcA.

B o011em, L[EJIbIO paszzena «DUHAHCOBBIN MEHEI)KMEHT,
pecypcodPheKTUBHOCTP M PECypcocOepekeHHE»  SBISETCS  ONMpeAccHUE
MEPCTIICKTUBHOCTH U YCIIENTHOCTH HAYYHO-HCCIICOBATEIHCKOTO MTPOEKTa, pa3paboTka
MEXaHU3Ma YTPABICHUS U COMPOBOXKICHUS KOHKPETHBIX MPOCKTHBIX PEIICHUN Ha
JTane peaau3aiui.

JlocTmkeHre e 00eCeYMBaeTCs PEIICHUEM 3a/1a4:

® OIICHKa KOMMEPUYECKOrOo IMOTEHIMala U MEPCHEeKTUBHOCTH IPOBEICHUS
HAyYHBIX UCCIICIOBAaHUM;

® OMpeeiCHUE  BO3MOXKHBIX  allbTEPHATHB  TPOBEJACHUS  HAYYHBIX
HCCIICIOBAHMH, OTBEYAIOIIMX  COBPEMEHHBIM  TpeOOBaHUSIM B oOylactu
pecypcoddHEeKTUBHOCTH B peCypcocOepeKeHuUs,

® TJIAaHUPOBAHHME HAYYHO-HCCICAOBATEIIBCKUX PadoT;

e ompejclieHUe  pecypcHo  (pecypcocOeperarorieil), (huHAHCOBOM,

OIOHKETHOM, COIMMAIbHON U AKOHOMHYECKOU d(DPEKTUBHOCTH UCCIEIOBAHUS.
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llenp pa3mena — KOMIUIGKCHOE ONHMCAaHME M aHalu3 (PUHAHCOBO-
HPKOHOMHYECKHX aCIEKTOB BBIMOJTHEHHOW paOOThI, O U3yUEHHUIO TIPOIIecca CHHTE3a B
BO3JIYIIHOM TJTa3Me OKCUIHBIX KOMIO3UIIM. B paboTe HE00X0MMO OIIEHUTH MOJHBIE
3aTpaThl HA UCCIIEIOBAHUE (IIPOEKT), a TAKXKE JaTh MPUOIMKEHHYI0 SKOHOMUYECKYIO
OILICHKY pPEe3yJIbTaTOB €€ BHEJIPEHHUS. DTO B CBOIO OuYepeAb IMO3BOJUT C MOMOIIBIO
TpaJMIIMOHHBIX MMOKa3aTeneil 23pheKTUBHOCTH UHBECTUIINI OLIEHUTh 9KOHOMUYECKYIO

1eJIeCO00Pa3HOCTh OCYIIECTBICHHS PaOOTHI.

4.1 OneHka KOMMEPYECKOIr0 TMOTEHIHAJA M MNEePCHeKTHBHOCTH
NPOBEACHUS HAYYHBIX HCCJIEIOBAHMH € NO3MUUM PecypcodPPeKTUBHOCTH U

pecypcocoepeskeHunst
4.1.1 AHaJIU3 KOHKYPEHTHBIX TEXHUYECKUX pPelleHuil

JleTanbHbIN aHAIN3 KOHKYPUPYIOIINX Pa3pabOTOK, CYIIECTBYIONIUX Ha PBIHKE,
HEOOXOJMMO MPOBOJUTh CHUCTEMATHYECKH, TIOCKOJIbKY PBIHKM MpPeObIBAIOT B
IIOCTOSIHHOM JBW)KEHUHU. TakoW aHajau3 IOMOTAaeT BHOCUTH KOPPEKTUBBI B HAYyYHOE
UCCIIEIOBAaHUE, YTOOBI YCIICIIHEE MPOTUBOCTOSTH CBOMM COIMEpHUKaM. BaxHo
PEaTUCTUYHO OLICHUTH CUJIbHBIC U CJ1a0ble CTOPOHBI pa3pabOTOK KOHKYPEHTOB.

[TokazaTenu OIEHKM KadecTBa M TMEPCHEKTUBHOCTH HOBOW pa3padOTKu
noaOuparoTCs MCXOAS W3 BBIOPAHHOTO OOBEKTAa MCCIEJOBAaHUS C YYETOM €ro
TEXHUYECKUX ¢ OKOHOMHUYECKUX OCOOCHHOCTEM pa3pabOTKH, CO3MaHHUS W
KoMMepImanu3zanuu. OnpeaeneHsl CleIyoIne TEXHUYECKUE KPUTEPUH OLICHKH :

e Bpemss  Hapa®OTKM  JaHHBIX —  TEXHUYECKHE  XapaKTEPUCTUKHU
BBIUYHCIIUTEIBHBIX TEXHOJIOTHUM.

e [lomMexoyCTOMYMBOCTh — CIIOCOOHOCTh YCTPOMCTBA BBIMOJIHATH CBOU
(GYHKIIUY TIPU HAJTUYUHU TTIOMEX.

e MOOHUIBHOCTh — BO3MOXHOCTh TEPEBMKCHUSI YCTAHOBOK JIsi pabOTHI B
Pa3IMYHBIX MECTAX.

e [lorpeOHOCT, B pecypcax NaMITH — TEXHUYECKHE XapaKTECPUCTUKU
BBIYHUCIIUTEIBLHBIX TEXHOJIOTHIA.

e Haymuue 0TXOA0B — YUCTOTA IPOU3BOJCTBA.
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e [IpocToTa B 3KCIUTyaTalli — y100CTBO B UCIIOJIb30BAHHH.

e Haymmuue noporocrosiero o00py1oBaHusl — BO3MOXKHOCTb UCIIOJIb30BaHUs
COBPEMEHHOT'O0 00OPYIOBAHHSL.

e [loMMMO TEXHHYECKMX KpPUTEPUEB OLIEHKU pecypcodpPpexTuBHOCTU
OIpENIENIEHbl TAKKE U SKOHOMUUYECKHUE KPUTEPUHU OLIEHKHU:

e KOHKYpEHTOCHOCOOHOCTh NPOAYKTA — COOTHOLIEHUE JOCTOUHCTB U
HEJOCTAaTKOB Pa3JIMYHBIX CIIOCOOOB OOECHEUEHUs, C IOMOIIBI0 IOJYYEHHBIX
MaTepuagoB U 0OBEKTOB, TOYHOM IMAarHOCTUKHU B JIy4EBOM TEpaIruu.

e CTOMMOCTh peanu3aldd MpPOeKTa — OLEHKAa (PUHAHCOBBIX 3aTpaT Ha
peanu3anno NpoeKTa.

e TpyaoeMKOCTh — KOJIMYECTBO BPEMEHH, 3aTPAYMBAEMOr0 Ha MIPOU3BOJICTBO
€IMHUIIBI TPOTYKITUH.

e DOuHAHCHUPOBAaHUE HAYYHOU pa3pabOTKU — MOJAJEP>KKA rOCYJapCTBOM HWJIU
WHBECTOPaMH.

B Ttabmuue 4.1 npuBeneHa OLEHOYHAs KapTa CpPaBHEHUS KOHKYPEHTHBIX

TEXHUYECKUX PEIICHUM.

AHanu3 KOHKYPEHTHBIX TEXHUYECKUX PELICHUN onpeensieTcs no Gpopmyre:
K=>B,-B, (4.1)

rae K — KOHKypeHTOCITOCOOHOCTh HaydHOH pa3pabOoTKU W KOHKYPEHTA,
Bi — Bec mokazarens (B TOJSAX €AUHUIIBI);

Bi — 6amn i-ro okazares.
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Tabmuma 4.1 — OneHouyHash KapTa A CPaBHEHUS KOHKYPEHTHBIX TEXHUYECKHX
peteHui (pa3paboTok)

Bec BaLiLt KonkypenrocnocooHo
CTh
Kpurepum ouenkn KpUTEpH Bap.
s Bap. 1 | Bap.2 | Bap. 3 | Bap. 1 | Bap. 2 3
1 2 3 4 5 6 7 8
TexHnyeckne KPUTEPUH OLIEHKH pecypco3PPpeKTHBHOCTH
BpeMms HapaOOTKH JaHHBIX 0,04 3 4 1 0,12 0,16 0,04
IToMexoyCTOMYMBOCTH 0,02 3 4 3 0,06 0,08 0,06
MoOWILHOCTE 0,01 5 3 5 0,05 0,03 0,05
YpoBeHsb nryma 0,2 3 4 4 0,6 0,8 0,8
[ToTpeOHOCTH B pecypcax 0,03 5 3 9 0,15 0,09 0,06
aMsATH
Hannuue orxonos 0,01 5 3 5 0,05 0,03 0,05
IIpocroTa B HKCIUTyaTaIlIuu 0,13 5 3 1 0,65 0,39 0,13
Hanuuune noporocrosimero 02 4 3 5 08 06 1
000pyTI0BaHUS ’ ’ ’
IKOHOMHYECKHE KPUTEPHH OLeHKHU 3(P(PeKTHBHOCTH
KoHKypeHTOCTIOCOOHOCTh 0,07 5 4 3 0,35 0,28 0,21
Llena 0,15 5 5 5 0,75 0,75 0,75
q)I/IHaHCOBa;SI 3G HEKTUBHOCTD 0,08 4 5 5 0,32 0.4 0.4
Hay4yHOU pa36paboTKu
TpynoemMKocTh 0,06 4 5 1 0,24 0,3 0,06
Hroro 1 51 46 40 4,14 3,91 3,61

[Tonyuennsie maHHbie B Tabmuie 4.1 MO3BOJISIOT TOBOPUTH O TOM, YTO
uccleoBanue BIsgeTcs 3PPEeKTUBHBIM, TaK Kak 00ecrieurBaeT MPUEMIIEMOE KaueCTBO
pesynbratoB. JlanbHeilliee WHBECTHPOBAHUE JTAaHHOW pa3pabOTKH MOKHO CUMTATh
nenecoodpasubiMu. [IpoBeeHHbIM aHAIM3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHUM

MOKa3aJl, YTo BapuaHT ycTpoiicTBa Nel sBisercst Hanbosee mpeanouTUTEIbHBIM.
4.1.2 SWOT-ananu3

SWOT - Strengths (cunpHbie cToponbsl), Weaknesses (ciaOble CTOPOHBI),
Opportunities (Bo3moxxHOocTH) U Threats (yrpo3sl) — TPEACTaBISIET COOOM
KOMIUUIEKCHBIA ~ aHAJIM3 HAay4yHO-UCCleAoBaTelbckoro mpoekra. SWOT-ananus
MPUMEHSIOT JIJIS1 ICCIICIOBAHUS BHEITHECH W BHYTPEHHEH CpEJIbl MPOCKTA.

SWOT-ananu3 3aki1t04aeTcs B ONMMCAHUN CHITBHBIX U C1a0bIX CTOPOH MPOEKTA,

B BBISIBJICHUU BO3MOKHOCTEH U YIpo3 A1 pe€ain3aiuu IPOCKTa, KOTOPLIC ITPOABUIINCH
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WM MOT'YyT IOABHUTBLCA B €ro BHEIIIHEH cpeac. HHTepaKTI/IBHaSI MaTpuga AAaHHOI'O

HAyYHO-UCCIIEI0BATEILCKOTO MMPOEKTA MpeICTaBlIeHa B Ta0biwuie 4.2.

Ta6nuna 4.2 — laTepakTUBHAsI MaTpHIlA IPOCKTA

Bo3MOKHOCTH CunbpHbIE CTOPOHBI IPOEKTA
IIPOEKTa Cl o o3 o
B1 + + + +
B2 + + + +
B3 + + + +
B4 + + + +

B wMarpune mnepecedueHus

CWJIBbHBIX CTOPOH H BO3MOKHOCTEH

HUMECT

OHpCIIeJIGHHBIfI pPE3YIIbTaT: «IIIHOC» — CHIIBHOC COOTBCTCTBHC CHJIBHOM CTOPOHBI U

BO3MOXHOCTHU, «KMHUHYC» — ci1aboe COOTHOIIICHHE.

B pesymbrate Obuta coctaBieHa wutoroBas wmatpuna SWOT-ananmsa,

npejcTaBiieHHas B Taonuie 4.3.

Taomuma 4.3 — SWOT-ananus

CunbHble CTOPOHBI HAYYHO-

HCCIeT0BATEILCKOI0
MPOEKTA:

Cl1. OnxHOCTaIUMHOCTD
nostyyenust JAT;

C2. HesricOKag CTOUMOCTBH
nepepaboTKH CHIPHSL.

C3. I'omorennoe
pacnpezaeneHue $a3 B MPOIyKTe
C 3alaHHBIM

CTCXUOMCETPHUICCKHUM COCTABOM.

C4. BO3MOXHOCTH AaKTHBHO
BIUATH HAa MOP(OJIOTHIO YACTHII.

C5. Hamnume Heo0X0IMMOTrO
000pyIOBaHUS TISI TIPOBEIICHUS

WCTIBITAHU I npejiaraeMon
TEXHOJIOTHUH.
Cé. KommakTHOCTh

HEO00XO0JMMOr0 000PYI0BAHNS.

C7. Manenbkuii CPOK
MOJIYUYEHHUs] PE3yJIbTaToB IpH

Ciabbie CTOPOHBI HAY4YHO-
HCCIe0BATEIbCKOI0 MPOEKTA:

Cal. OrtcyrcTBUE
Hay4IHOH pa3paboOTKH.

MpoTOTHIIA

Ca2. OTcyTCTBHE y MOTEHIHUATBHBIX
norpedureneil KBannpUIMPOBAHHBIX
CTICIIHAJIICTOB.

Ca3. OtcyTcTBHE MHXUHUPUHTOBOM
KOMITaHUH, CIIOCOOHOW TMOCTPOHTH
MIPOM3BOJCTBO MO/ KITIOY.

Cn4. Pabora ¢  MOAEIBbHBIMH
KOMITO3ULIUSAMHU.

Cans. Bombmioe KOJHWYECTBO
BO3MOKHBIX BapHaHTOB
KOMIIO3HUIINH.
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MIPOBEICHUH Hay4YHOTO
UCCJIEJOBAHNS.

Bo3moxkHocTH: Pe3yabTarbl aHaiu3a | Pe3yabrarsl aHa/Iu3a
HHTEPAKTHBHOMN MATpHUbl | HHTePAKTHBHOM MaTpPHIbI

Bl1. VYBenmuuenwe 0TX0IOB p . pui P . pH
npoexta mnoJeil «CuiabHble | npoekTa nojeii «Cialdblie CTOPOHBI

SIIEPHOTO TIPOU3BOJICTRA.

B2. YMeHbleHHe KOJIHYECTBA

CTOPOHBI U BO3BMOYKHOCTH»:

U BO3MOKHOCTH»:

ypana-235 1. JAT, nosyyeHHoe | 1. IloBblmieHue crpoca Ha JaHHYIO
' TUIa3MOXUMHYECKHM CHHTE30M, | MPOAYKIHMIO  O0ECIeYnuT  MIPUTOK
B3. IlosBneHue | coBeplieHHEE  HCIONB3YEMOTO | KaJpOB.
JOTIOJIHUTEJIBHOTO crpoca Ha | ceiiwac ST.
N 2. Hcnons3oBanue Hay4YHO-
HOBBIH ITPOAYKT.
2. Poccus o0NazaeT | UCCIEAOBATENbCKOTO  MOTEHIHAa
B4. IloBbllieHHE CTOUMMOCTHU | CpaBHHUTEIHHO Hebompmumu | TITY MIO3BOJIUT nogo0paTh
KOHKYPEHTHBIX Pa3paboToK. 3amacaMu ypaHa-235, Io3TOMy B | HEOOXOIUMYIO KOMIIO3HLIHUIO.
HeanekoM 0 eM
BS. Hcnone3oBaHue Hay4dHO- H6 yﬂgm
HE00X0A1MO eT
HCCIIEI0BATEIBCKUX jl ya
. MEHSITh/yCOBEPIIEHCTBOBATD
noctmxkenuit TITVY. Y p
WCIOJIB3YIOIIYIOCS TEXHOJIOTHIO
npoussoactea AT.
3. B cnyuae ycmexa ygnactcs
nepepaboTarp 4acTh
3aXOpPOHEHHOTO TOILTUBA.
4. [Ipu OJIaroNpUSATHOM
packiiazie CTaHeT BO3MOXHBIM
CTPOUTCIIBCTBO AACPHBIX
SHEPrOyCTaHOBOK  YETBEPTOIO
TIOKOJICHUSL.
Yrpo3sr: PesynbTarsl a”Hagm3a | Pe3yabTaTsl aHa/Iu3a
HHTEPAKTHBHOM MaTpHUbl | HHTePAKTHBHOM MaTpHIbI
Y1. Pa3Butas KOHKYpPCHIIHS p . pHIL p . pHIt
npoekta mojaeil «CuibHBIE | MpoekTa moJiel «Ciadble CTOPOHBI
TEXHOJIOTMH IPOU3BOACTBA.
CTOPOHBI M YIPO3bI»: U YIPO3bI»:
¥Y2. OrtcyrcrBHE chpoca Ha . .
1. KauectBennnle | 1. OtcyTcTBHE naHHON, HOBOW B
HOBBIC TEXHOJOTHN
IPOH3BOCTEA npeumyinectsa HoBoro JIAT | cBoeM poae, pa3pabOTKU MOXKET
' CO3J1AI0T XOpOILYI0 | 00EpHYTHCS MPOBaoM 0€3 TOIHKHOTO

¥Y3. Heynaua skcriepyMeHTa.

Y4. HecBoeBpemennoe
¢uHaHCOBOE OOEcTeyeHue.

KOHKYPEHILMIO HUCIOIb3YEMbIM
Merojiam npousBoacTBa AT.

2. Takue QaxThl, KaKk HeXBaTKa
ypaHa-235 u HEOOXOAMMOCTH
COKPAIIEHHSI OTXO0B MPOILIBIX
nert, o0ecrevar cupoc Ha HOBBIE
TEXHOJIOTMH Ipon3BoacTea AT.

3. Hamuume o6opynoBaHus,
HE00XO0INMOTO CBIPBA,
MHOKECTBA Pa3INYHBIX
KOMITO3UILIMI o0emaT

MPOJIOJDKEHUE JKCIIEPUMEHTA B
cllydyae HEyJIaud C OTAEIbHOM
KOMIIO3UIIMEH WIM B Cllydyae
NpeKpaIeHus
(UHAHCUPOBAHUSI.

(buHaHCUpPOBaHUSL.
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Takum oOpa3oMm, Ha OCHOBE PE3yJIbTATOB aHAJIW3a JIAHHOW MAaTPHUIIEI MOYKHO
C/IeJIaTh BBIBOJI O TOM, YTO TPYIHOCTH U MIPOOJIEMBI, C KOTOPHIMH TaK WJIM HHAYE MOYKET
CTOJIKHYThCS JaHHBIM HCCIICIOBATCIBCKHA MPOCKT MOXHO OYyJEeT pPelIuTh 3a CUeT
UMEIOIINXCS CUIIBHBIX CTOPOH pa3pabOTKH.

W3 Marpuipl BHUIHO, YTO CHJIBHBIMH CTOPOHAMH IIPOCKTa SIBJISTFOTCS:
onHOCTaAMHOCTh ToimydeHus JISIT, HEBbICOKash CTOMMOCTBH IepepabOTKH ChIPHS,
TOMOTEHHOE pacrpeneiicane (a3 B MPOAYKTE C 3aJaHHBIM CTEXHOMETPUYECKHUM
COCTaBOM, BO3MOJKHOCTh AaKTHBHO BIHATH HAa MOPQOJIOTHIO YAaCTHIl, HaJIHYHC
HEOOXOJMMOro O00OpyJOBaHUSA JJIsI TPOBEICHHUS HUCHBITAHWN MpesjiaracMoit
TEXHOJIOTUH, KOMIAKTHOCTh HEOOXOIUMOTO OO0OpYyIOBaHUS, MAJCHBKUNA CpPOK
MOJTYYEHHUsI pe3yJIbTATOB IIPH MPOBEJACHUU HAYIHOTO HUCCIIETOBAHUS.

CnabbiMH K€ CTOPOHAMH SIBIISTIOTCS. OTCYTCTBHE WIPOTOTHIA HAyYHOH
pa3paboOTKH, OTCYTCTBHE Yy IMOTCHIMAIBHBIX IMOTpeOUTEIeH KBaMM(MUIIMPOBAHHBIX
CIEIUAJINCTOB, OTCYTCTBHE HWHXXMHUPHUHITOBOM KOMIIAHWH, CIIOCOOHOM ITOCTPOUTH
MPOU3BOJCTBO TOJ] K04, paboTa C MOJACITBHBIMH KOMITO3HIMSIMH, OOJIBIIOE

KOJIMYCCTBO BO3MOJKHBIX BAPHUAHTOB KOMHOBHHHﬁ.

4.2 TlnanupoBaHue HAY4YHO-MCCIIeI0BaTeIbCKUX PadoT

4.2.1 CTtpykrypa padoT B paMKaxX Hay4YHOI'0 UCCJIeI0BAHUS

[Ipu opranuzanuu npouecca peaan3alud KOHKPETHOrO MPoeKTa He00X0AUMO
pallMOHANIbHO TUIAHUPOBATh 3aHSATOCTh KAXJOTO M3 €ro Y4YaCTHUKOB U CPOKH

IMPOBCACHUA OTACIBbHBIX pa60T.

B 1aHHOM TIyHKTE€ COCTaBJISIETCS TOJIHBIM TepeYeHb MPOBOJAMMBIX pabdoT,
ONPENIENAIOTCA UX UCHOJHUTENN U pallMOHAIbHAS MPOI0IKUTENBHOCTh. HarsnHbiM
pe3yJbTaTOM IUIAHUPOBAHUSI Pa0OT SIBISETCS CETEBOW, JMOO JMHEWHBIN rpadux
peanuzanuy npoekTa. Tak Kak 4YhcJIo UCIIOJIHUTENECH PeKO MPEBHIIAET ABYX (CTENEHb
pacnapayiyieIMBaHUs BCErO KOMIUIEKCAa pabOT HE3HAYUTENbHA) B OOJIBIIUHCTBE
CIy4yaeB MPEANOYTUTEIIBHBIM SIBJISIETCS JIMHEWHBIM Tpaduk. g ero mocrpoeHus
XPOHOJIOTHYECKHU YIOPSIIOYEHHBIC BHIIIICYKa3aHHbBIC JTAHHBIC JOJDKHBI OBITH CBEJICHBI

B TaOJUILy TUTIA IPUBEIECHHON HUXKE
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Tab6muma 4.4 — Ilepeuens pabot

Otan paboThl Wcnonaurenu
[TocranoBka 1eneit u 3a1ad, NOoJTy4eHUE
PykoBoauTenb, HHXEHEP
MCXOJIHBIX JIAHHBIX
CocraBieHue 1 yreepxkaeHue T3 PykoBoauTesnb, HHKEHEP
[TonGop u U3ydeHNe MaTepHaIOB TIO
PykoBogurens, HHXKEHED
TEMaTHKe
Pa3paboTka kajeHaapHOro mnjiaHa PykoBouTeNb, HHKEHED
OO6cyXIeHre JTUTepaTyphl PykoBouTenb, HHXXEHEp
Pa3paboTtka Mmozgenu PykoBouTelNb, HHKEHEP
OrnpezesieHne aleKBaTHOCTH MOJICIN PykoBouTenb, HHXXEHEp
W3ydeHue pe3ynbTaToB HUHXEHEP
Odopmienue pacueTHO-MIOICHUTEIILHON
WHXXEHEP
3aMHUCKH
Odopmnenue rpadhuueckoro Marepuana WHXXEHEP
IloaBenenue uToros PykoBoauTenb, nHXKEHED

B naHHOM TOAMYHKTE COCTAaBJICEH IOJHBIA IEpeYeHb IPOBOJUMBIX pPabOT
ncnoaauteaeh. M3 tadbmuisl 4.4 MOXXHO cIelaTh BEIBOJ O TOM, YTO OOJbIIAs YacTh

pabOThI MIPUXOAUTCS HA MHXKEHEPA.
4.2.2 Onpeaenenue TPy10eMKOCTH BbINOJIHEHHsI padoT

Pacuer nmpoOKUTETLHOCTH 3TANOB padOT MOKET OCYIIECTBIATHCS ABYMS
METOJAMH:

® TEXHUKO-3KOHOMHYECKHM;

® OIBITHO-CTATUCTUYECKHUM.

[lepBplii mpUMEHSAETCA B  CiydasX HaJIW4yusg JIOCTATOYHO Pa3BUTOMN
HOPMATUBHOM 0a3bl TPYJOEMKOCTH IIAHUPYEMBIX MPOIIECCOB, YTO B CBOI OYEpEIb
00yCJIOBJIEHO MX BBICOKOM MOBTOPSIEMOCTHIO B YCTOWYMBOM oOcTaHOBKE. Tak Kak
WCITOJIHUTEIh PA0O0THI 3a4acTyI0 HE PacIojiaraeT COOTBETCTBYIOIMMUA HOPMATUBAMH,
TO MCIIOJIB3YETCA OIBITHO-CTATUCTUYECKUNA METOJ, KOTOPBIA PEaau3yercs IBYMs
crocobamu:

® aHAJIOTOBBLIN;

® DKCIIEPTHBIM.

AHanoroBelii crnoco0 MPHUBJIEKAET BHEIIHEW MPOCTOTOM M OKOJOHYJIEBHIMU
3aTpaTaMu, HO BO3MOYKEH TOJIBKO IPHU HAJIMYUU B 1oJie 3peHus ncnouHurenss HUP ne

YCTapeBILIETO aHaJora, T.€. MPOEKTa B LIEJIOM WJIM XOTs Obl €ro ()parMeHTa, KOTOPhIi
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0 BCEM 3HAUYMMBIM MapameTpaM HaeHTu4eH BbinoiHsemond HUP. B GonbmmncTBE
CJIy4a€B OH MOJKET IPUMEHATHCS TOJIBKO JIOKAIBHO — JUISl OTAEIIBHBIX JJIEMEHTOB.
DKCHEepTHBIA CHOCOO HCHOJIB3YETCSl MpPU  OTCYTCTBHM  BBIIIEYKa3aHHbIX
UHPOPMAIIMOHHBIX ~ PECypCOB M  TPEAINojiaraeT TeHepaluio  HEeoOXOIUMBIX
KOJIMYECTBEHHBIX OIICHOK CIELUUAINCTaMU KOHKPETHOM MpenMeTHOW oO0jacTy,
ONUPAIOIIMMHCS HAa UX NMPOQPECCHOHANBHBINA ONBIT U 3pyaunuto. s onpeneneHus

BEPOSTHBIX 3HAUYCHUH TTPOIOJDKATEITLHOCTH padoT tox mpumensercs Gpopmyna:

3t .+ 2t
tox :%, (4.2)

rae tmin — MUHUMAaJIbHASI IPOJOJKUTEIHLHOCT pabOTHI, JH.;
tmax— MaKCUMaJIbHasI MPO0JDKUTEIIBHOCTh paOOThI, JTH.;
torob— HarOoJiee BeposATHAS POAOIKUTEIBHOCTh pabOThI, JTH.

Ha ocHOBaHMHM pacueToB OXKUIAEMON TPYJOEMKOCTH paboT, HEOOXOIUMO

OIIpCACINUTD ITPOTOJDKUTCIBHOCTD Ka)KIIOﬁ pa6OTI>I B pa60q1/1x JHAX Tp .

T, = loe (4.3)

rae tomi — o)kKuaeMasl TPyI0eMKOCTb BBITTOJTHEHHSI OJTHOM pabOTHI, YEII.-JIH.

qi — KOJIM4YECTBO HCHOHHHTGHGﬁ, OIHOBPCMCHHO BBLIIMOJHAIOMHX ITOCTABJIICHHYTO

3a/1a4y, 4el.

[To Bcem pabGoTam pe3ynbTaThl pacuera MpoI0KUTEILHOCTH B pab0UYuX JTHSIX

npejcTaBieHbl B Ta0auIe 4.5.
4.2.3 Pa3zpadorka rpaduka npoBeieHls] HAY4YHOI0 UCCIEAOBAHUS

Pacuer MNPOAOJIKUTCIIBHOCTH OJOTalla B KaJICHAAPHBLIX OHAX BCEACTCA II0

bopmyie:
= (4.4)
TKAJI - TB[I - THZ[
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rae Txan — Kanenaapabie 10U (Tran = 365);
Tgy — Berxoanbie qau (T = 104);
Try — npasgauunsie gau (T = 14).
[Tomy4yeHHbIC 3HAYCHUS B KAICHIAPHBIX JHSIX OKPYTJISIOTCS JIO IEJIOTO YHCIIa,
a 3aTeM cBoATCS B (Tabiuity 4.5).

Ta6muma 4.5 — BpeMeHHbIe OKa3aTeIn MPOSKTUPOBAHUS

TpynoémkocTs paboT JmurenbHocT | JIMUTENIBHOCTD
b pabot B

pabot B KaJICHAapHBIX

pabounx JTHSIX

IHSIX )
HazBanue T K

paboThI pi

tmin, tmax, Lo,
qeI-THA qen-aHU qen-aHU

PykoBoau
TEIb
Nnxenep
PykoBoau
TEJb
Nuxenep
PykoBoau
TEJb
Nnxenep
PykoBoau
TEJb
Nuxenep
PykoBoau
TEIb
Nuxenep

[TocranoBka
meiae W 3ajad,
HOJTy4eHUE 2
HCXOJHBIX
JTAHHBIX
CocraBrnenue u

8
yTBepxkacHue T3
3HaKOMCTBO c
MIPUHITUTIOM
paboThI 10
o0opynoBaHus
[Tox6op u
H3yHeHIe 2 | 3| 4 | 7 28|46 14| 23 | 21| 34
MaTepUaJOB IO
TEMaTHKe
Pazpabotka
KaJIeHIapHOTO 6 - 8 - 6,8 - 134 - 5 -
iaHa

Obeyxnenue 8 |15 12|18 96 |162 48| 81 71| 12

JUTEPaTyphI
Paspaborka 6 | 8 10| 14 76 |104 38| 52 56| 77
MOJIEIH

Onpenenenne
aJIeKBaTHOCTH 4 4 6 8 48 | 56 | 24 5,6 3,6 8,3
MOJIEITH

W3yuenue 2 4 4 8 28 | 56 14 2,8 2,1 4,1

pe3yIbTaTOB

-
SN
w

N
0

18 114 09 | 21| 13

- 14 - (116 - 11,6 - | 17,2
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[locne pacyera u cBeaeHus B TaOMUIly BPEMEHHBIX I[OKa3aTesei
POEKTUPOBAHUSA, Ha OCHOBE MOJYYCHHOW TaONMIBI CTpOUTCS Auarpamma ['aHTTa,

KOTOpas npejcTaBieHa Ha pucyHke 4.1.

n 1des
21 ¢eB
12 map
1anp
21 anp
11 mait
31 mait

MocTaHoOBKa Lenei 1 3agay,...
CocTtaBneHue u yteepxaeHue T3
3HaKOMCTBO C NPUHLUMMOM PaboTbl... —
Moabop v nsyyeHne matepunanos no...

Pa3paboTka KaneHaapHoOro niaHa
O6cyKaeHne nuTepaTypsl

PaspaboTka moaenu
OnpeaeneHune ageKkBaTHOCTU MOAENN
M3yueHune pesynbTaTos

OdopmneHne pacyeTHO-MOACHUTENbHOM. .
OdopmneHune rpadpuyeckoro matepuana
MNoageneHne UToros

B NHxkeHep PykoBoanteno

Pucynok 4.1 — Jluarpamma ['antra
Huarpamma ['anTra mpeactaBisieT cOOOM THIN CTOJOYATBHIX JUATPAMM,
KOTOPBIN UCITONB3YETCS ISl MIUTFOCTPALK KAJIEHIaPHOTO IIaHa TPOEKTa, HA KOTOPOM
paboTbl MO TeMe MPEACTABISIIOTCA NPOTSKEHHBIMM BO BPEMEHHU OTPE3KaMH,
XapaKTEPU3YIONIMMUCS JaTaMU Havyalla 1 OKOHYAHUSI BHITIOJTHEHUS TAHHBIX pa0oT.

Ta6nuna 4.6 — CBogHas TabnMIa 10 KaJeHIAPHBIM JHAM

KomnyectBo nHei
OO611ee KOJMYECTBO KaJCHIAPHBIX JTHEH JJIsl BHITIOJHEHUS pabOThI 106
OO111ee KOIMYECTBO KaJeHAAPHBIX JHEH, B TEUEHHE KOTOPBIX paboTat 86
WHXXEHEP
Ob111ee KOJIMYECTBO KaJE€HAAPHBIX JHEH, B TEUEHUE KOTOPBIX padboTai 44
PYKOBOJMTEIb

B pesynbrare BBINOJHEHUs Moapas3fena ObUl pa3paboTaH IUIaH-TpapuK
BBITMIOJIHEHMSI ATAOB paboT JIsl PYKOBOAMUTENS U MHXKEHEPA, TO3BOJISIIOIINIA OLIEHUTh
U CIUIAaHUPOBATh paboyee BpeMsl UCIOTHHUTENCH, a TakKe PAacCUUTAHO KOJIUYECTBO

JTHEH, B TEUCHHE KOTOPHIX pabO0Tall KK/IbIN M3 UCTIOJHUTETEH
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4.3 BrogxeT HAY4YHO-TeXHUYecKkoro uccienopanus (HTH)

[Tpu mnanupoBanum Owmomkera HTU momxHO OBITH 00€creyeHO MOJIHOE H
JIOCTOBEPHOE OTPAKECHHE BCEX BHUIOB PACXOJI0OB, CBA3aHHBIX C €r0 BhIMOJHEHHEM. B
nporecce GopmupoBanus Oromrera HTU ucnoneiyercs crnemyromias rpynmnupoBKa
3aTparT MO CTAThsM:

e Marepuaiisl;
e 3aTpathl Ha OIJIaTy Tpy/Ja paOOTHUKOB;

e OrtuuciieHUs] BO BHEOIOHKETHBIE (POH/IBI;

CrniennoOopyoBaHuE AJIl HAYYHBIX M 9KCIIEPUMEHTAIbHBIX padoT;
e [Ipouune npsiMble pacXo.bl;
e HakiiagHble pacxo/bl.

Crateu 1-6 OoTHOCATCS K MPSIMBIM 3aTparaM, BEITUYMHY MPSIMBIX 3aTpaT, Kak
IIPABWJIO, CIEAYET ONPEACNATh NPSAMBIM CYETOM, 3TO 3aTpaThbl, CBS3aHHBIC
HEIIOCPEACTBEHHO € BBIINOJHEHUEM  KOHKPETHOIO  HAyYHO-TEXHHUYECKOTO
UCCJIEIOBAHMSI, OCTaJbHBIE 3aTPaThl PACCUUTHIBAIOTCS KOCBEHHBIM CIIOCOOOM, 3TO

3aTpaThbl Ha Co/iepKaHUe OOLIETEXHUYECKUX CITYXkO.
4.3.1 Pacuetr MmaTepuaJIbHbIX 3aTPaT

Bce pabotel qyisi BKP npoBoauivch Ha Iia3MaTpoHE W Ha KoMIlbioTepe. B
Ka4eCTBE MAaTEpUANIbHBIX 3aTpaT OyAyT MPEACTaBICHBI 3aTpaThl Ha Oymary s
npuHTepa Gopmata A4, KapTpHK A TPUHTEPA, alleTOH, HHUTpPAT camapws
Sm(NO,),.MatepuanbHble 3aTpaThl, HEOOXOAWMBIE IS JaHHOM pa3pabOTKH,
3aHOCATCS B TaOmuIty 4.7.

Tabnuua 4.7 — MatepuanbHbie 3aTPaThl

HanmenoBanune matepuasion Ilena 3a en., pyo. Kon-Bo Cymwma, pyoO.
Bywmara mist mpunaTepa hopmara A4 250 1 ym. 250
Kaptpumk 11s mpuHTEpa 1550 1 . 1550
Aueron 70 2,5 m. 175
Hurpat camapuss Sm(NO ,),. 8400 2,5 kr. 21000
Wroro: 22975 py0.
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Taxum 06pa3om ob11ast cyMmma MaTEpUaIbHBIX 3aTPaT 7Sl TaHHOU pa3pabOTKU
cocraBuia 22975 pyOneit. Camblii TOPOTOCTOSIIIMNA MaTepHal — HUTpPAT caMapws,
HEO0OXOJIMMOE KOJIMYECTBO KOTOpPOTro 2,5 Kr, npu IeHe 3a eaunuiy 8400 pyonei.
OO011ast cymMmma Bcex MaTeprasoB, 3a UCKIIOUYEHUEM HUTpaTa camapus cocTaBisieT 1975

pyouIei.

4.3.2 Pacyer amMopTM3anuM OOOPYAOBAHUA JJS1 IKCIEPUMEHTAIbHBIX

pador

Pacuér aMOpTHU3alluy IIPOMU3BOJHUTCA Ha HAXOIAIICCCA B HCIIOJIB30BAHHUHU

o0opynoBanue. B HUTOroByl0 CTOMMOCTh TMPOEKTa BXOASAT OTYHUCICHUS Ha
aMOPTHU3aIMI0 32 BpeMs HCIOJIb30BaHUS OOOPYJOBaHHS B CTaThbe HaKJIAJHBIX
pacxo/ioB.

Bce pabotel qmsi BKP npoBogmnnch Ha miiasMEHHOM MOAyJe Ha Oasze
BbICOKOUAcTOTHOTO TeHeparopa BUI' 8-60/13-01 u Ha nmepcoHAIbHOM KOMITBIOTEPE.

Ta6numa 4.8 — 3atparsl Ha 000pyAOBaHUE

No HaumenoBanue Kon- Cpox Henst OO6mmas
000pyI0BaHUS BO, MIOJIE3HOTO € IMHHIIBI CTOMMOCTh
IIT. | MCTOJIb30BaHus, | 000pyHAOBaHUs, | 00OPYIOBaHUS,
Jer pyo. pyo.
1 [Ta3MeHHBINH MOIYITH 1 15 10000000 10000000
Ha Oaze
BBICOKOYACTOTHOTO
re"epatopa BUI 8-
60/13-01
2 IlepconanbHbIN 1 3 45000 45000
KOMITBIOTEP
Hroro: 1045000 py6.
Pacuet amopTu3aiuu npoBOIUTCS CIACTYIOIIUM 00pa3oM:
Hopma amopTuzaruupaccunteiBaetcs mo gopmyie 4.5:
1 (4.5)

1€ N — CPOK IIOJIC3HOI'0 UCMOJIb30BAHMSA, JICT.

AMopTH3anus paccuuTbiBaeTcs 1mo hopmyse 4.6:
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H, M (4.6)
12

rae U — utoroBasi cymma, ThIC. pyo.;
M — BpeMs UCIIOJIb30BaHUS, MEC.
PaccuntaeM amMOpTU3aLKIO MJIa3MEHHOIO MOJYJIA Ha 0a3e BHICOKOYaCTOTHOTO

reaepaTopa BUI" 8-60/13-01, yunThiBasi, 4TO CPOK IMOJIE3HOTO UCIIOJIB30BaHUs 15 jer:

HA:1=i=O,06
n 15

PaccuntaeM amMmopTH3aLMIO JIJIS IEPCOHAIBHOIO KOMITBIOTEPA, C YYETOM, YTO

CPOK ITIOJIC3HOI'O UCITIOJIb30BaHUA 3 roaa.

H =

A

=0,33

1
n

Wik

OOmyr0o CyMMy aMOPTH3aIMOHHBIX OTYHCICHHA HaXOIUM CIICTYIOIIUM
oOpazom:
Moayib Ha 0a3e BeICOKOYacTOTHOTO reHeparopa BUI™ 8-60/13-01

H,-U 0,06 -10000000
A= m=
12 12

4= 200000 py6.

[IepcoHanbHBIN KOMIIBIOTED:

_HA-I/I.m_O,33-45000
12 12

A

4= 4950 pyb.

CyMMapHbI€ 3aTpaThl aMOPTU3ALHOHHBIX OTUYHUCIICHHI:

A =200000 + 4950 = 204950 pyo®.

B nmanHoM pasjgene mpoBeleH pacdy€T aMopTHU3aldu O00OpYAOBaHUS IS
HKCIIEPUMEHTAJIBHBIX PA00T. AMoOpTH3auMs [JIs IMUIa3MEHHOTO MOJyJis Ha 0ase
BbICOKOUacTOTHOTO reHeparopa BUIT 8-60/13-01, yuuThiBas, 4TO CPOK IMOJE3HOTO
ucrnonb3oBanusi 15 mer cocraBwia 0,06, a obmas cymMMa amMOpTU3AIlMOHHBIX
oruucienuit 200000 pyOGrneit. AMopTH3aus s MEPCOHATBHOTO KOMIIBIOTEpA, C

y4€TOM, 4TO CPOK MOJIE3HOT0 UCTIOIb30BaHus 3 roja coctaBuia 0,33, a oOmas cymma
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aMOPTH3allMOHHBIX  oTunMcieHuit 4950  pyOunei. CymMapHble  3aTpaThl

aMOPTH3AIMOHHBIX oTYuCIeHn — 204950 pybiei.

4.3.3 3arpaThpl Ha OIJIATY TPYAA HCHOJHHUTEIeld HAYYHO-TEXHUYECKOIo

HCCJIeA0BaAaHNA

CraTbsi BKJIIOYAET OCHOBHYIO 3apa0OTHYIO IUIATy paOOTHUKOB (BKJIHOYAs

MIPEMUH, JIOTUIAThl) U IONOJHUTEIBHYIO 3apa00THYIO ILJIaTy.

C317 = 3OCH + 3() (47)

on !

r1ie 3ocx — OCHOBHAS 3apaboTHAs TU1aTa;
3 on — JIOTIOJTHUTEbHAS 3apa0OTHAs TJ1aTa.

OcHoBHasi 3apaboTHasi MJIaTa HAyYHOTO PYKOBOJUTENS PACCUMTHIBAETCA Ha
OCHOBaHUHU OTpacieBOM OIaTel Tpyaa. OtpacneBas cucrema omiarsl Tpyaa B TITY
MpenoiaraeT Cleayonui CocTaB 3apad0THOM MIIATHI:

1) Oxuag — omnpenensiercs npeanpustueM. B TITY oknaabl pacnpenencHb B
COOTBETCTBMM  C  3aHMMaeMbIMH  JOJDKHOCTSMH,  HalpuMeEp,  aCCUCTEHT,
CT.IpenoAaBaTeb, TOLEHT, Mpodeccop.

2) CrTuMymupyloline BBIIUIATBI — YCTAHABJIMBAIOTCSA PYKOBOJUTEIIEM
noApazaeiaeHuit  3a  A(O@PEKTUBHBIA  TPyJ, BBIMNOJHEHUE  JIOMIOJTHUTEIBHBIX
oOs3aHHOCTEM U T.A. JlomomHuTenbHas 3apaboTHas IjIaTa BKIIOYAET OIUIATY 3a
HerpopaboTaHHOE BpeMs  (OuepeaHOM ©  Y4eOHBI  OTIYCK, BBHINIOJHCHUE
roCyJIapCTBEHHBIX 00sI3aHHOCTEM, BBIIJIaTa BOZHATPAXKICHUM 3a BBICJIYTY JIET U T.I1.) U
paccunTbiBaeTcs ucxoas u3 10-15% ot ocHOBHOM 3apaOOTHOM TIaThl, pAOOTHUKOB,

HCTIOCPCACTBCHHO YYAaCTBYIOIIMX B BBINOJIHCHUC TCMBI:

3

don

=K

don

-3

ocH !

(4.8)

rnae 3xon — JOMOJIHUTENbHAS 3apab0THAs TUIaTa B pyOsIsx;
Kron — K03 dULIMEHT JOTIOTHUTEIBHON 3apIIaThl;
3ocu — OCHOBHas 3apa0oTHas 1u1aTa B pyoJisx.

OcHoBHas 3apabOoTHAs MJIaTa PyKOBOJUTENS PACCUUTHIBAETCS MO (opMyIIe:
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=T

ocH pab )

3, (4.9)

r7ie 3ocx — OCHOBHAS 3apaboTHAs IJ1aTa OJJHOTO paOOTHUKA;

Tpas — IPOJOIKUTENBHOCTD Pa0OT, BBIMOIHAEMBIX HAYyYHO-TEXHUYECKUM PAOOTHUKOM
B pabo4MX JTHSX;

3 — CpeaHeqHeBHAS 3apa0oTHAs 1iaTa pabOTHUKA B pyOIIsX.

CpennenneBHas 3apa00THasI I1aTa paccuuThiBaeTcs no ¢popmyie 4.10:

3, M (4.10)
3&11 = !
T
0
rae 3,, — MECSIYHBIN TI0JDKHOCTHOM OKJaa paboTHUKA, pyo.;
M — KonM4ecTBO MecAleB paboThl O€3 OTITyCKa B TEUEHUE T0/1a:
T, - neicTBUTENBHBIM TOAOBOM (OHJ paboyero BpPEMEHH HAyYHO-TEXHHUYECKOIO
nepcoHaia, pad.H. (Tabnwuma 9).
a) nmpu oTmycke B 56 pald.IH. KOJMYECTBO MecsIeB paboThl 0e3 OTIycKa
cocrasisier M = 10,1 mecsiia ipu S-gHEeBHOM paboueil Henere,
0) npu otmycke B 48 pal.nH.KOJIMYECTBO MecCSLEB pabOThl 0e3 OTIycKa

cocrasisier M = 10,4 mecsiia npu 6-1HeBHOM paboyeil Henene.

Ta6nuna 4.9 — bananc pabodero BpeMeHH

ITokazarenu pabodyero BpeMeHu PykoBogurens WNuxenep

Kanennapnoe uncno nuei 365 365

KonnuectBo Hepabounx AHEN (BBIXO/IHBIE, 118 118
MIPa3aHUKH):

-BBIXOJTHEIC; 104 104

-pa3AHUYHBIE. 14 14

OTnyck 48 28

JeiicTBuTenbHbIN rooBoi hoxa padoyero 218 232

BpEMEHU

WHxeHep BO BpeMs HAIMMCAHUS TUTIIIOMA €KEMECTIHO TOJTyIaeT CTUTICHIUIO B
pasmepe 2400 py06. OcHoBHas 3apa0oTHas IIaTa HAYYHOTO PYKOBOJIUTEIS
paccuuThIBacTCS HAa OCHOBAHHWM OTPACieBOW oruiatel Tpyaa. OTpacieBas cuUcTema
OIUIATHI TPY/Ia MPEATIONaraeT CISAYIOIINI COCTaB 3apa00THOM IJIaThI:

¢ OKJIaJd — OoIIpPCACIIACTCA IPCAIIPUATUCM,
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® CTUMYJMPYIOUIME BBIIUIATBI —  YCTAHABIMBAIOTCA  PYKOBOJUTEIEM
noApazfaeneHuit  3a  3OQPEKTUBHBIA  TPyJ, BBINOJHEHUE  JIOMOJTHUTEIBHBIX
00s13aHHOCTEH U T.11.;

e joruiaTa 3a paboTy BO BPEHBIX YCIOBUSX TPY/A;

® OIepaTUBHAS MTPEMHUSI.

Jlnisa pacu€ra MECSYHOTO JODKHOCTHOTO OKJIaja pabOTHUKA MPUMEHSETCS
dbopmyna:
3,=3k, (4.11)

OK 3

rie 3o« — 3apadoTHas TuIaTa 1o okjiany, pyo.;
k;— paiioHHBII KO3 GUIMEHT, paBHbIi 1,3.

PykoBoauTeneM JaHHOW HAy4YHO-HCCIIEIOBATEILCKOM palbOThl  SABISETCS
noueHt MATHI TomckKoro mnojJMTEXHUYECKOTO yHHUBepcutera ¢ okiagom 35000.
Pacuét ocHOBHOI1 3apab0THOM MuIaThl puBeAEH B Tabnuie 4.10.

Tabnuna 4.10 — Pacu€t ocHOBHO# 3apaO0OTHOM TUIATHI

Ucnonaurenu 3ox> PYO. 3u> PYO. 31> PYO. Tpa6, H 3ocus PYO.
PykoBonurenn 35000 45500 2170 8 17360
Wnxenep 2400 3120 140 63 8820
Htoro 3,4 26180 py0.

3arpaThl 1O JOMOJHUTENHHON 3apabO0THOM IJIaTe€ WCIOJHUTENEH TeMbl
YUYUTBIBAIOT BEJIMYMHY IPEIyCMOTPEHHBIX TpynoBeIM Koaekcom P® nmormmar 3a
OTKJIOHEHUE OT HOPMAaJbHBIX YCJIOBUW TpyJad, a TaKXK€ BBILIAT, CBA3AHHBIX C
obecricueHUEM TrapaHTUH ¥ KOMIICHCAIIHA.

JlonoyiHuTENbHAS 3apa00OTHAs IJ1aTa paccuuThiBaeTcs ucxos uz 10-15 % ot
OCHOBHOW 3apa0OTHOW IJIaThl PAOOTHHUKOB, HETMOCPEJCTBEHHO YYACTBYIOIIUX B
BBITIOJTHEHUU TEMBL.

[Tpumem k03hUITMEHT AOMOTHUTEILHON 3apaOO0THOM MUIATHI JJISI HAYYHOTO
pykoBoauTensi paBHbIM 15 %. Pe3ynbTaThl pacuéra OCHOBHON U JTONMOJHUTEIBHOM

3apa0OTHOM MJIAThI UCTIOIHUTENIEH HAYYHOT O UCCIIEIOBAHUS ITPEICTABICHBI B TAOIHIIE

4.11.
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Tabnuna 4.11 — 3apaboTHas T1aTa UCTIOTHUTENEH HCCIeA0BaTENbCKOM paboThI

3apaboTHas maTa PykoBogurens WNuxenep
OcHoOBHas 3apruiata 17360 8820
JlononHuUTENbHAS 3apIuIaTa, pyo. 4397 1323
3apruiata UCIOJHUTEIA, PYO. 21757 10143
Hroro no cratbe Cap, pyo. 31900 py0.

Takum o0Opa3oM B pa3zzmene paccUMTaHbl 3aTpaThl HA OIUIATYy Tpyna
UCTIOTHUTENICH  HAayYHO-TEXHUYECKOTO  HCCeloBaHus.  3apaboTHas  Ioara
pykoBomutens — 21757 py0, a umkenepa — 10143 py6neit. CymmapHast 3apaboTHas

riaTa ucroiaHutenei cocrtabmwia 31900 pyOnei.
4.3.4 OTuuciaeHus1 BO BHeOKW/I:KeTHbIe (OoHIbI

Benuunna otunciiennii BO BHEOIOKETHBIE (DOHJIBI OMPEACIISICTCS UCXOAs U3

cieayromieit hopMyJb:

3 = ksHe6 ) (3ocy + 3()011)’ (412)

eHneb

rae Kewes — KO3G(UIIMEHT OTUMCICHWM Ha yIulaTy BO BHEOIOKETHBIC (DOHIIBI
(meHcuoHHbIN PoH, HOHA 003aTEIHHOTO MEAUIIMHCKOTO CTPAXOBAHMS M COITUATILHOE
cTpaxoBanue). O01as crtaBka B3HOCOB coctaBisieT B 2020 roay - 30% (ct. 425, 426

HK P®).

Koadduruent otuncnenuii Ha ymiaTy Bo BHEOIOKETHbIE (POH]IBI COCTABIISCT:

k .=0,302

6HeO

Takum 0OpazoM OTYMCIICHHS BO BHEOIOXKETHBIE (POHIIBI OT 3aTPaThl Ha OILJIATY

TPpy/la PyKOBOJIUTEJIS BBIUUCIISIOTCS CIETYIOIIUM 00pa3oM:

3

6Heb

=0,302-21757 = 6571 pyO.

Otunciienns BO BHEOIODKETHBIE (DOHIBI OT 3aTpaThl Ha OIUIATy TpyAa

WH)KEHEPa BBIUMCIISIOTCS CIASTYIONIUM 00pa3oM:

3. =0,302-10143=3063 py6.

B pesynbrare pacu€ToB OBUIM OMpEEICHBl OTUUCICHUS BO BHEOIOKETHHIE

dboHABl OT 3aTpaT Ha OIUIATy TPyJa PYKOBOJIUTENS U HMH)KEHepa, MpU TOM YTO
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KOA(pGUIIMEHT OTUMCICHUN Ha yIulaTy BO BHeOromkeTHble GoHasl coctaBun 0,302.

JI1st pyKOBOAMTEIIS, OTYUCIICHUS cOCTaBUIN 6571 pyo., a mys umxerepa 3063 pyous.
4.3.5 HakiaaHble pacxo/bl

B naHHy10 cTaThio BXOAST Pacxobl HA COJIEpKAHUE alliapara yupaBieHUs U
o01IeX03sMCTBeHHbIX cnyk0. I[lo 2TOM crTaTbe YYMTHIBAIOTCS OIUIaTa Tpyla
aJIMUHUCTPATUBHO-YIIPABICHUYECKOTO MEPCOHAIA, COJIEPKAHUE 3/IaHUI, OPITEXHUKH U
X03. UHBEHTAaps, aMOPTHU3allUsSI UMYIIECTBA, PACXO/bI IO OXPaHE TPYJa U MOATOTOBKE
KaJIpOB.

Pacuer HaknagHBIX pacX0A0B BEAETC MO cienytoumei hopmyre:

C.,.=k

HakK HakK

-(cymma crareit 1-6), (4.13)

7€ K0y — KOOPPUIMEHT HAKIIAAHBIX pacxoa0B, paBHsiii 0,16.

HaKJ'IaI[Hble pacxoabl COCTABAT:

3 =(9634+ 22975+ 204950 + 31900) - 0,16 = 43113 py6.

Ha ocHOBaHMM MONYyYEHHBIX MAHHBIX 1O OTJAEIBHBIM CTAaThsIM 3aTpar
COCTaBJISICTCSl KaJbKYJSALMS TutaHOBOM cebectoumoctd HU (Ha3BaHue Tembl) 1O
dbopme, npuBeieHHOM B Tabnuie 4.12.

Tabnuna 4.12 — ['pynnupoBKa 3aTpar Mo cTaThsiM

Crarbu
Amoptu | Ceipbe, | Ocno | Jomomuu | Otuucnen | Wrtoro 6e3 | Hakmanu Hroro
3amMsl | MaTepu | BHAs | TeJbHAsS WS Ha HAKJIaTHBIX BIC OropKeTHas
aJbl 3apab | 3apaboOTH | COLMANbH | PACXOJOB | PacxXoibl CTOUMOCTD
OTHAs | as TuiaTa | ble HYXJIbI
miara
204950 | 22975 | 26180 5720 9634 269459 43113 312572
pyo. py6. | pyb. pyo. pyo. pyo. pyo. pyo.

B urtore 0romxeTHast cTouMOCTh coctaBuia 312572 pyOneit. B 3Ty ctouMocThb
BXOJISIT: aMOPTU3ALIMs, CTOUMOCTD ChIPbsi, MaTepUaIoOB, OCHOBHAs 3apaboTHas IJiaTa,
JOTIOJTHUTENbHAs 3apa00oTHasi [JlaTa, OTYMCICHHMS Ha COLUAIbHBIE HYXAbl H
HaKJIaJHblE pacxojibl, KoTopble coctaBunu 43113 pyOneit npu kodpdunmente

HaKJIaaHbIX pacxooB 0,16.
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4.4 OnpenesieHue pecypcHoi 3¢ (peKTHBHOCTH IPOEKTA

WuTerpanbHbiil Moka3atens pecypcodPPeKTUBHOCTH BapUAHTOB UCTIOTHEHHUS

00BbEKTa UCCICIOBAHUSI MOYKHO ONIpeACuTh 110 dhopmyie 4.14:
. :zai b, (4.14)

rae lp; — MHTErpalbHBIA MOKa3aTelb Pecypcod@PEKTUBHOCTH Ul i-r0 BapHaHTa
UCTIOJTHEHUSI pa3pabOTKu;
a; — BeCOBOM KOA((PUITMEHT 1-r0 BapuaHTa UCTIOJHECHUS pa3pabOTKU;
bf‘,bf’ — OasibHAs OIICHKA 1-TO BapHaHTA MCIIOJHEHUS! pa3pabOTKH, YCTaHABIIUBACTCS
OKCIIEPTHBIM ITyTEM I10 BRIOPAHHOM IIIKaJIe OICHUBAHMUSI.

Pacuer wuHTerpasibHOrO TOKazarens pecypcoddPEKTUBHOCTH  JTAHHOTO
UCCIICTOBaHMsI TIpeIcTaBiieH B popme Tabmuim 4.13.

Tabmuna 4.13 — CpaBHuTenbHAsI OIEHKAa XapaKTEPUCTUK BApUAHTOB HCIIOJHEHUS

IIPOCKTAa
Becosoii Texymuii
Kpurepun KO3QPUIHEHT Amnanor 1 | Ananor 2
POEKT
napamerpa
1.Cnoco6cTByer
POCTYITPOU3BOAUTEIEHOCTH Tpyna 0,15 4 3 3
M10JIb30BATENS
2.Y106¢cTBO B AKCILTyaTaI[H
(cooTBeTCTBYET TpeOOBaHUSIM 0,15 5 4 2
noTpeduTenei)
3. [ToMexoyCcTONYMBOCTH 0,15 4 4 2
4. DHeprocbepexeHne 0,1 5 4 3
5. Hagexxnocth 0,25 4 4 4
6. MarepuaaoeMKOCTh 0,2 4 3 4
Hroro 1 4,25 3,65 3,15

|,=015-4+0,15-5+0,15-4+0,1-5+0,25-4+0,2-4=4,25
l,,=015-3+0,15-4+0,15-4+0,1-4+0,25-4+0,2-3=3,65
l,,=0,15-3+0,15-2+0,15-2+0,1-3+0,25-4+0,2-4=3,15

NuTerpanbHbiii GpMHAHCOBBIN MOKa3aTeb pa3pabOTKU ONpPEnesaeTCs Kak:
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(4.15)

o B

¢ 1
cpmax

Trac Cpi — CTOUMOCTBH i'FO BapI/IaHTa HUCIIOJTHCHU A,

Dy 0 — MAKCUMaNbHasE cTOUMOCTh ucniosinenuss HTU (B T.4. ananorn).

. @, 312572
? @ 350000

max

o @, 180000
| 6 = = =0,9
@_. 200000

max

oo _ Py _ 300000 _,

? @ 300000

max

WNHTterpanbHblii  moKkaszatesb 3()QPEKTUBHOCTH BApHAHTOB  HMCIOJHEHUS

p

pa3zpadotku (I duip

) U a”ayiora (Igqu) OMpeNeIIIeTCs Ha OCHOBAHWU MHTErPAIBHOTO

nokaszarens pecypcod(p(HEeKTUBHOCTH M MHTETPAIBHOTO (PMHAHCOBOTO ITOKA3aTels 10

dbopmymnam:
oo te (4.16)
Gunp I p
¢
a Ia
= (4.17)
¢
I
10— BBy gy
17 0,89
ol 365,
127 0,9
I;uup _2 = E = 3’15
12 1
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CpaBHeHHE UHTETPaIbHOTO MOKa3aTens 3PPEKTUBHOCTH TEKYIIETO MPOEKTa U
aHaJIOTOB TIO3BOJIUT OIPEIEIUTh CPABHUTENBHYIO 3PPEKTUBHOCTH MPOCKTA.
CpaBnautenbHas 3¢ HEeKTHBHOCTH MpoeKkTaonpeaesiercs o gopmye 4.18:

I = punp (418)

cp I
p

Tabnuna 4.14 — CpaBuutenbHas 3h(HEKTUBHOCT pa3pabOTKH

ITokazarenn Amnanor 1 | Ananor 2 | Pa3pabotka

WHTerpanbHblii TIOKa3arenb pecypcodPPeKTHBHOCTH

3,65 3,15 4,25
pa3pabOTKU U aHAJIOTOB
WHTerpanbHbIi 1OKa3areb 3P PEKTUBHOCTH 4 315 477
BapHaHTOB UCIOJHEHUSPa3padOTKHU U aHAJIOTa ’ ’
CpaBHUTEIbHAS 3P PEKTUBHOCTD BapUaHTOB

1,09 1 1,12
HUCIIOJIHCHUA

Ha ocHoBe pacuera HMHTErpajJbHOTO IOKa3aTesi C OMNPEIENICHUEM JIBYX
CPEIHEB3BEILICHHBIX BEJINYVH: (uHaHCOBOM 3¢ exkTuBHOCTH U
pecypcodPhEeKTUBHOCTH  HAYyYHOTO  HUCCIAEJOBAHUS MOXHO  3aKJIIOYUTh  UTO,
CpaBHUTEJIbHAS OLIEHKA TEKYILEro MPOEKTa BhIIIE JPYTUX aHAJIOTOB.

B pesynbrare BBINONHEHMS H3HAYAIBLHO CPOPMYITUPOBAHHBIX 1IEJIeH pasjiena,
MOJKHO CJIeNaTh CJIeIyIOIINe BHIBOBI:

1. Pe3ynbTaToM MpPOBEACHHOIO aHaiM3a KOHKYPEHTHBIX TEXHHUYECKUX
peleHui SBJSIETCST BBHIOOP OJHOTO W3 BAapUAHTOB peall3allid yCTPOMCTBA, Kak
HauboJee MPeArnoUYTUTENBHOIO U PallMOHAIIBHOTO, [0 CPAaBHEHUIO C OCTaIbHBIMU;

2.1lpu mpoBeneHuu TUTaHUpPOBaHMS ObuT  pa3paboTaH  MIaH-TpaduK
BBITNIOJIHEHMSI ATANOB padoT JUIsl PYKOBOAUTENS U UHXKEHEPA, TO3BOJISIFOIINNA OLIEHUTh
W CIJIaHUpOBaTh pabodee BpeMs WCHOIHUTENEH. bbumm omnpeaenens: oo6Iiee
KOJIMYECTBO KaJCHAAPHBIX JHEH JUisl BBIMOJHEHUS padboTel — 106 maHel, oOiiee
KOJIMYECTBO KAJICHIAPHBIX JTHEH, B TCUCHUE KOTOPBIX paboTas nHxkeHep — 86 u obriee
KOJIMYECTBO KaJICHJIAPHBIX AHEH, B TEUEHUE KOTOPBIX paboTal pyKOBOAUTEND — 44;

3. CocTaBiieH OOKET MPOSKTUPOBAHUS, TTO3BOJISIONINN OIEHUTh 3aTPaThl HA
peanu3aIuio MpoeKTa, KOTOPhIe COCTaBIsAOT 312562 pyo.;

4. Tlo daxty onenku 3pdexruBHoctu NP, MokHO caenath BBIBOJIBI:
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e 3HayeHHe MHTErpajbHOro (uHaHcoBoro nokasarens UP cocrasnser 0,89,
YTO SBJSICTCS TIOKaszareleM Toro, uro KWP sBisercss ¢uHAHCOBO BBITOAHOW, IIO
CPAaBHEHUIO C aHAJIOTaMU;

e 3HaueHHME UHTErpajbHOrO TMoOKa3aTens pecypcosddextuBHoctu MP
cocTasisiet 4,25, o cpaBHenuto ¢ 3,65 u 3,15;

e 3HaueHHe UHTEeTpaIbHOro nokasareins 3gdexkruBHoctr P cocrasnser 4,74,
no cpaBHeHuto ¢ 4 u 3,15, u sBngercs Haubosee BBICOKHM, YTO O3HAYAET, YTO
TEXHUYECKOE perieHue, paccmarpuBaemoe B UP, sBisieTcs Hanbosee 3¢ GeKTUBHBIM

BapHaHTOM HCIIOJTHCHHUA.
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5 CounajibHas OTBETCTBEHHOCTH

B paborte mpoBomuTcs M3ydeHHE Mpolecca CHHTE3a B BO3AYIIHON IUTa3Me
OKCHJHBIX KOMIIO3MIIMH JIJISl SIIEPHOTO TOIUIMBA ypaH-IUIyTOHHUEBOTO IHKJIA.
Pe3ynbTaThl IPOBEACHHBIX UCCIIEAOBAHUI MOTYT OBITh HCIIOJIb30BaHBI IIPH CO3IaHUH
pecypcoddPeKTHBHON IJIa3MEHHON TEXHOJOTMU IS CO3/IaHUS MATPHII, IS
JMCIIEPCHOTO SAJCPHOTO TOIUIMBA, KOTOPOE MOXKET UCIIOJIB30BAThCSA B PEAKTOpax Ha
OBICTPBIX HEUTPOHAX.

DkcnepuMeHThl TpoBoamiHch B 10 kopmyce TOMCKOTo MONMMTEXHUYECKOTO
YHUBEPCHUTETa, TIPH OSTOM UCIOJb30BAJCSI IUIA3MEHHBIH MOIYylnh Ha 0ase
BBICOKOYAacTOTHOTO reHepatopa BUI™ 8-60/13-01.

B pasmene paccMOTpeHBI OmacHble U BpPEAHBIE (PAKTOPBI, OKAa3bIBAIOLIHE
BIMSIHAE Ha TIPOIIECC WCCIIEAOBAHUS, PACCMOTPEHBI BO3ICHCTBUS HCCIEAYEMOTO
00BEKTa Ha OKPYKAIOIILYIO CPEy, IPABOBBIC M OPraHU3AIMOHHBIE BOPOCHI, a TAKKe

MCPOIIPUATHUA B LIpC?;BI)I‘IE\,I‘/IIHI)IX CUTyallusiax.

5.1 IlpaBoBbIe U OPraHU3aLMOHHBIEC BONPOCHI 00ecneYeHus1 0e30MacHOCTH

5.1.1 CnennajibHble (XapakTepHble Uil padodeil 30HbI MCCJIeA0BaTeJIs1)

NpaBoOBble HOPMbI TPY/IOBOI0 3aKOHO/AATE/IbCTBA

OCHOBHBIE TIOJIOKEHHS 10 OXpaHE TPyJa H3JI0XKEHbl B TpynoBOM KoIEKce
Poccuniickoit @enepanun. B 3TOM AOKyMEHTE yKa3aHO, YTO OXpaHa 3J0pPOBb
Tpyasmuxcsi,  oOecrieueHne  0O€30MacHbIX  YCJIOBUM  TpyJa,  JIMKBHUJIALUS
npodecCHOHANBHBIX 3a00JIEBaHUN U MPOU3BOJACTBEHHOTO TpaBMaTH3Ma SIBISIOTCA
OJTHOM W3 TJIaBHBIX 3a00T rocyaapctaa [11].

Cornacao TpynoBomy kozaekcy Poccuiickoii deneparun Kaxapiii pabOTHUK
MMeEeT IIPaBo Ha:

e paboyee MECTO, COOTBETCTBYIOIIEE TPEOOBAHUSIM OXPaHbI TPY/Ia;

e 00s3aTE€bHOE COIMAIIBHOE CTPaxOBaHME OT HECYACTHBIX CIy4yaeB Ha

IIPOM3BOJICTBE M PO ECCHOHATBLHBIX 3a00JICBaHUIA;
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® IOJIyYCHHE JOCTOBEPHOM uHbopMaIuu oT paboToaaTens,
COOTBETCTBYIOIIMX TOCYIapCTBEHHBIX OPraHOB M OOILICCTBEHHBIX OpraHu3anuii 00
YCIIOBUSIX U OXpaHE Tpy/ia Ha paboyeM MECTE, O CYIIECTBYIOLIEM PUCKE IOBPEKICHUS
3I0pOBBS, a TAKXKE€ O MEpax I0 3alIUTe OT BO3AECUCTBUS BPEAHBIX U (MJIM) OMACHBIX
IIPOU3BOJICTBEHHBIX (PaKTOPOB;

® OTKa3 OT BBINOJIHEHMs padOT B CIyyae BOZHUKHOBEHHUS ONACHOCTHU ISl €r0
YKU3HU U 370pOBbsI BCIECIACTBUE HAPYILLIEHUS TPEOOBAHUN OXpaHbl TPYAa;

e o0ecrmedyeHre CpeACTBAMHM HHAWBHUIYaTbHOM M KOJJIEKTUBHOM 3alllUTHI B
COOTBETCTBHUH C TPEOOBAaHUAMH OXpaHbl TpyZa 3a CUET CPEACTB paboToAaTeNs;

e oOyueHue O€30MACHBIM METOJaM U IpUeMaM TpyJa 3a CUYeT CpPEeICTB
paboToarens;

e JIMYHOE YyYyacTU€ WIM Yy4YacTHE€ 4Yepe3 CBOUX IMpEACTaBUTENE B
PaccMOTPEHHUH BOIIPOCOB, CBSI3aHHBIX C 00ecredeHrneM 0e301acHbIX YCIOBUH TpyAa Ha
ero paboueM MecTe, U B pacciieIOBaHUH MPOUCHIEANIEr0 ¢ HUM HECYACTHOIO CiIydast
Ha MPOMU3BOJICTBE WM MPOPECCHOHATHLHOTO 3a00JICBaHNUS,

® BHEOYEPEIHON MEIULUHCKHI OCMOTP B COOTBETCTBHHM C MEIULUHCKHUMHU
PEKOMEHJAIUSIMUA C COXPAHEHHEM 3a HUM MecTa paloThl (JIOJKHOCTH) U CPETHETO
3apaboTKa BO BpeMs MPOXOKIEHUS YKA3aHHOTO MEIULIMHCKOTO OCMOTDA;

® TapaHTUH U KOMIICHCALUH, YCTAHOBJIEHHBIE B COOTBETCTBUM C HACTOSLIUM
KonexkcoM, KOJIEKTHBHBIM JOTOBOPOM, COIVIAIIEHHWEM, JIOKAIBHBIM HOPMAaTHBHBIM
aKTOM, TPYAOBBIM JOTOBOPOM, €CIIM OH 3aHAT Ha paboTax ¢ BPEAHBIMU U (WJIH)
OIACHBIMHU YCIIOBHUSIMH TPYyAAQ.

B tpynosom konekce Poccuiickon denepanuu roBOPUTCs, YTO HOPMaJbHAs
IPOAOKUTEIHLHOCTh paboyero BpeMeH! He MOXKET MpeBbIaTh 40 4acoB B HEAECIIO,

paboTroaarenb 00s13aH BECTU y4€T BPEMEHH, OTPAa0OOTAHHOTO KaXIbIM PAOOTHUKOM.
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5.1.2 Opranu3auMoHHbIe MEPONPUSITHSI IPH KOMIIOHOBKe padoueil 30HbI

uccjaeaoBarTreis

PaHI/IOHaHBHaﬂ IIJIaHUPOBKaA pa60qero MCCTa IMpPCAyCMATpUBACT YETKUM
MNOopsAAOK U IMOCTOSAHCTBO pasMCHICHHA IIPEAMETOB, CPCACTB Tpyda U NJOKYMCHTALIUU.
TO, qTo Tpe6y€TCSI JJIA BBIITOJTHCHUA pa60T qame OOJDKHO pacliojiaratbCia B 30HC

JIETKOM JTocsiraeMOoCTH paboyero MpoCcTPaHCTBA, KaK M300pakeHO Ha pUcyHKe 5.1,
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Pucynok 5.1 — 30HbI JOCATaeMOCTH PYK B TOPU30HTAIBHOMN IIJIOCKOCTH: A -
30Ha MAKCUMAJIBHOM J1OCATaEMOCTH PYK; O - 30Ha JOCATa€MOCTH NaNbLEB NIPU
BBITSIHYTOM PYKE; B - 30HA JIETKOW JOCATaeMOCTH JIAJIOHU; T - ONTUMAJIbHOE
MPOCTPAHCTBO JIs TpyOOl pyuyHOU pabOThI; 1 - ONTUMAIIbHOE IPOCTPAHCTBO IS
TOHKON py4HOU padOTHI.
OnTuManbHOE pa3MeIleHHE MPEeAMETOB TpyJda M JOKYMEHTallUd B 30HAX

JOCATAEMOCTHU PYK:

® JHCIUICH pa3MeniaeTcs B 30He a (B IIEHTPe);

e KJIaBHATYypa - B 30HE T/]I;

® CHCTEMHbII OJI0K pazMeniaeTcs B 30He O (cieBa);

® TIPUHTEP HAXOJUTCS B 30HE a (CrIpaBa);

e JUTEpaTypa M JTOKyMEHTaIlUsl, HeOOX0oAuMas mpu paboTe HaXOAUTCS B 30HE
JIETKOM 0CSATaeMOCTH JIaJJOHU - B (CIIeBa);

® B BBIIBIDKHBIX SIIIMKaX CTOJIA - TUTEpaTypa, He UCTIOIb3yeMasi TIOCTOSTHHO.

[Ipu BBIOOpE paboyero mMecTta, a UMEHHO MUCbMEHHOI'O CTOJIa JOJIKHBI ObITh

YYTEHBI ClIeyIolue TpeOOBaHUs, KOTOPhIE TIPeICTaBlIeHbI B Tabmuiie 5.1.
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Tabmuma 5.1 — TpeboBaHusT K OCHAIIEHUIO pabOYero MECTa, MPEeIyCMaTPUBAIOIIETO

JIUTENRHYI0 padoTy 3a [1IK

[lupuna paboyero crona Ot 80 no 140 cm

BricoTa pabouero crosna 75 cm

I'myObuna pabodero crosa Ot 60 1o 80 cm

PaccTosiHue ot 11a3 10 MOHUTOpA Ot 50 o 60 cm

PaccTosiHMe Ki1aBUaTyphl OT Kpasl cToJIa Ot 10 10 30 c™m

Cunenue JIomKHO TO3BOJIATH PETYJIUPOBKY IO BBICOTE,

MOBOPOTY U YTy HAKJIOHA CIIMHKH (PeryJupoOBKU
JIOJDKHBI OBITh HE3aBUCUMBIMU JIPYT OT Jpyra)
IIpocTpancTBo A1 HOT [Mupuna ot 30 cMm, rnyouna — ot 40 cM, ¢ yriaom
Haks0Ha 10 20 rpaaycoB

MoHUTOp J0KEH OBITh paCIoNIOKEH Ha YpOBHE TIJIa3 oleparopa Ha

paccrosiHuu 500-600 mm. CoriiacHO HOpMaMm, Yrojl HaOIIOACHUS B TOPU3OHTAIILHOMN
IUIOCKOCTH JIOJKEH OBITh He Oosiee 45 rpaLycoB K HOpMalu 3KpaHa. Jlyuiie eciau yroi
o030pa Oyzaet coctaBisath 30 rpamycoB. Kpome Toro, momikHa ObITh BO3MOXKHOCTD
BBIOMPATh YPOBEHb KOHTPACTHOCTH M SIPKOCTH M300paxkeHUs Ha SKkpane [12].

Taxxe momKHA TpPEeAyCMaTPUBATHCS BO3MOXKHOCTH PETYIHMPOBKH JKpaHa
MOHHTOPA:

® 110 BBICOTE 13 CM;

® HAKJIOH OTHOCUTENBHO BepTukamu 10 - 20 rpagycos;

® B JICBOM U MPABOM HANpaBICHUSIX.

B cnyuae ecnm pabota oneparopa npeanosiaraeT 0JHO0Opa3Hy0 YMCTBEHHYIO
pabotry, KoTopas TpeOyeT 3HAUUTETHLHOTO HEPBHOTO HAMpPSDHKEHUS W OOJBIIOrO
COCPENOTOUYECHHS, TO JYUIlIe BCETO BHIOMPATh HESIPKHE, MAJTOKOHTPACTHBIEC I[BETOBBIC
OTTEHKH (CJIa00HACHIIIEHHBIE OTTEHKH XOJIOJHOTO TOJIY0OT0 WM 3€JI€HOTO IIBETOB),
KOTOpbIe He ocialmustioT BHUMaHue. Eciu pabora TpedyeT OOJbIIONH yMCTBEHHON U
bu3nYeCKO HAMPsHKEHHOCTH, TOT/IAa CJIeAyeT MCIOIb30BaTh 0oJiee TEIIble OTTEHKH,

KOTOPBIC CITOCOOCTBYIO MOBBIICHUIO KOHIICHTpauy BHUMaHus [13].

5.2 IIpousBoacTBEeHHAsI 0€30MIACHOCTH
5.2.1 AHayu3 BpeIHBIX H ONACHBIX ()AKTOPOB

JIist mpoBeneHUsT JKCIEPUMEHTOB B pal0OTe€ WCHONB3YETCS TUIa3MEHHBIN

MOJTIyJIb Ha 0a3e BBICOKOYAcTOTHOTO TeHeparopa BUI' 8-60/13-01.
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[Ipou3BoACTBEHHBIE  YCIOBHA  Ha  MECT€  BBINOJIHEHHUS  PabOTHI
XapaKTepU3YIOTCSl HAIMYUEM OIACHBIX U BPEAHBIX (PAKTOPOB, KOTOPHIE MO MPHUPOJE
BO3HUKHOBEHUS JEIIATCS Ha CIEAYIOLINE TPYIIIBL:

e (¢usnyeckue;

® XUMHUYECKUE;

® TICUXO(PU3NOJIIOTUYECKUE;

e OMOJIOTMYECKHUE.

OmnacHsle U BpeiHbIe (PaKTOPbl, KOTOPbIE MOT'YT BO3JI€HCTBOBATh HA IIEPCOHA
IIpU MIPOBEJICHUH dKcTiepuMenTa 1 pabote Ha [I19BM, npusenens! B Tabmuie 5.2.

Tabnuna 5.2 — Bo3MokHbIE ONaCHBIE U BpeHbIE (PaKTOPHI

HOpMaTI/IBHI)IG JOKYMCHTBI

DakTopsl

DKCTEepUMEHT
Pacuyers! Ha [IK

1. Orcnonenne CanlluH 2.2.4.548-96. 'uruennueckue TpeOOBaHUS

roKasareseun + | + o

K MUKPOKJIMMATy MPOU3BOJCTBEHHBIX IOMEIIEHU.
MUKPOKJIMMATa
2. IloBbILIEHHBIN YPOBEHB I'OCT 12.1.006-84 CCBT. DnexTpoMarHuTHbIE MO
3JIEKTPOMArHUTHOTO + | + | pagnouactot. O0mre TpedoBaHus 0€3011aCHOCTH.
W3ITy4eHus

CanlluH  2.2.1/2.1.1.1278-03.  T'uruenuveckue
3. HepocraTounas

. TpeOOBaHUSI K E€CTECTBEHHOMY, HMCKYCCTBEHHOMY U

OCBEIIEHHOCTh paboyeit + |+

COBMEILIEHHOMY OCBEILEHUIO JKHJIBIX u
0OIIeCTBEHHBIX 3JIAaHHH.

CH 2.2.4/2.1.8.562-96. Illym Ha pabouux MecTax, B
+ | - | IOMEIIEHHUsAX KHUIbIX, OOUIECTBEHHBIX 3JaHUN U Ha
TEPPUTOPUU 3aCTPONKHI

CanlluH 2.2.2/2.4.1340-03. «'urnennueckue
5. Ilcuxodusnonornyeckue TpeOOBaHUS K  MEPCOHAJBHBIM  AJIEKTPOHHO-
(hakTophI BBIUUCIUTENbHBIM ~ MalllMHaM ¥ OpraHu3aluu
paboThI».

I'OCT 12.1.038-82 CCBT. D2nexTpo0e30rmacHOCTb.
+ | + | [lpenenpHO [OMYyCTHMMBIE YpPOBHU  HampsKEHUI
IIPUKOCHOBEHUS U TOKOB.

30HBI

4. IIpeBblllIeHUE YPOBHS
nryma

6. I[lopaxenue
AIIEKTPHYECKUM TOKOM

K ncuxonorudyecku BpeaHbiM ¢akTopam, BO3JEHCTBYIONIUM Ha IMEPCOHAI,
MO>KHO OTHECTH:

® HEPBHO - YMOLMOHAJIBHBIE NIEPETPY3KH;
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® YMCTBEHHOE HaIPSKEHUE;
e (usnyecKue Neperpy3KH.
buonoruueckue W XUMHYECKHWE BpEIHBIC TPOU3BOJCTBEHHBIE (HAKTOPHI

OTCYTCTBYIOT.

5.3 O6ocHOBaHUE MePONPUSATHIA M0 3al[UTe HCCIeI0BaTeIsl OT JeicTBUS

BPEAHBIX M OIMACHBIX (l)aKTOpOB

B cooTBeTcTBUM C OCHOBHBIMH TpEeOOBAaHUSMHU K TOMEUICHUSM ISt
skcrtyaranm [I9BM u BU®-nnazmarpona (CaunlluH 2.2.2/2.4.1340-03) onu
JOJDKHBI MMETh €CTECTBEHHOE M HMCKYCCTBEHHOE ocBelleHue. Ilnomans Ha ofHO

pabouee MecTo nonb3oBateseil [IDBM 101kHa COCTaBIAThL HEe MeHee 6 M2,

5.3.1 OTkJIOHeHHe MoKAa3aTeieil MUKPOKJIMMATA

Bo3nyx paboueil 30HBI (MUKPOKJIMMAT) MPOU3BOJICTBEHHBIX MOMEIICHUN
ONPENEIAIOT CICAYIOUME IMapaMeTphl: TEMIEPATypa, OTHOCUTEIbHASA BIIAXKHOCTD,
CKOPOCTh  JBIKEHHMS Bo3Ayxa. OnTuUManbHble U JIONYCTUMbBIE  3HAYEHUS
XapaKTepUCTUK MUKPOKJIMMAaTa YCTAHABJIMBAIOTCS B COOTBETCTBUU C HOPMaMu M
MPUBEICHBI B TabuIIe 5.3.

Tabnuna 5.3 — OnTuManbHBIC U IOMYCTUMBIEC TApAMETPhl MUKPOKINMATa

[Tepuon rona Temneparypa, °C OTtHOCUTENBHAS CKopocCTh JBUKEHUS
BIIAYKHOCTB, % BO3/yXa, M/C
X OJIOTHBIHI u 23-25 40-60 0,1
IIEPEXOTHBII
Ternii 22-24 40 0,1
OTKJIIOHEHHE TOKa3aTeNell MUKPOKJIMMAaTa OT HOPMBI HE  BBI3BIBAET

MOBPCXKACHUN WM HApYMICHUH COCTOSHHUS 3I0pOBbS, HO MOXXET INPUBOJHUTH K
BO3HUKHOBEHHIO OOINMX MW JIOKAJIBHBIX OIIYIICHHH TEIIOBOro auckoMdopra,
HANPSDKEHUI0 MEXaHM3MOB  TEPMOPCTYIISLMH, YXYIIICHUIO CaMOYYBCTBHS U
MOHIKEHHUIO Pa0OTOCTIOCOOHOCTH.

Jiis oOecriedeHHsl YCTAHOBJICHHBIX HOPM MHUKPOKIMMATHYCCKUX MapaMeTpPOB
¥ YUCTOTHI BO3AyXa Ha pabodMx MecTax M B MIOMEIICHHUSIX MPUMEHSIOT BEHTUIISAIHIO.

O6HICO6MCHH8,SI BCHTUJLIOWA HCIOJB3YCTCA  AJIA oOecricucHUs B IMOMCIICHUAX
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COOTBETCTBYIOILIETO MMKpOKJIMMarTa. llepmoamdeckn MOKEH BECTHUCH KOHTPOJb
BJI&KHOCTBIO BO31lyXa. B ieTHee BpeMs IIPH BBICOKOW YJIIMYHOW TEMIIEPATYPE AOJIKHBI

MCIIOJIb30BaThCSl CUCTEMbI KOHIULIMOHUPOBAHMSL.
5.3.2 IloBbIlLLIEHHBII YPOBEHb 3JI€KTPOMATHUTHOTO U3JIy4YeHHs

OIEKTPOMarHuTHOE M3JIyYEHHE - PACIPOCTPAHSIOUIEECS B IPOCTPAHCTBE
BO3MYILIEHUE (M3MEHEHUE COCTOSHUS) 3JIEKTPOMAarHuTHOro noss. BU®-ma3marpon
IIATAETCSI OT TEHEPATOpa BBICOKOYACTOTHOIO TOKA, W SBIAETCS MCTOYHUKOM BU-
u3irydeHus. ['eHeparop noJHOCTBIO SKpaHUpoBaH. [IpenenbHo nonycrumas BeaM4rHa
AIIEKTPOMArHUTHOI'O BO3JAECHCTBHS OT YCTAaHOBKHM Ha 4YeJIOBEKa cocTaBisieT MeHee 0,2
MKTn. OTO 3Ha4eHHE BXOAUT B JOMYCTUMBIA IOPOT CTPOTMX CAHUTAPHBIX HOPM
AJIIEKTPOMArHUTHOI'O U3JIyYEHHUS.

OKkpaH U cucTemMHble Onokn DBM Takke NpOU3BOJIAT 3JIEKTPOMArHUTHOE
uznyyeHue. OCHOBHAs €ro 4acTh IPOUCXOAMUT OT CUCTEMHOTrO OJI0Ka U BUAECOKaOEIIs.
Harpske€HHOCTh 3JEKTPOMArHUTHOTO MOJI HA paccTossHuU 50 cM BOKpYT DKpaHa 1o
AIEKTPUUYECKON COCTABJISIONICH 10 KHA COOTBETCTBOBATh Tabsuile 5.4.

IIOBBILIEHHBI YPOBEHBb JJIEKTPOMArHUTHOTO WU3JyYEHUS MOXKET HETAaTHUBHO
BIIMATH Ha OPraHU3M YEJIOBEKA, & UMEHHO NPUBOAUTH K HEPBHBIM pPacCTPOMCTBAM,
HapYyLICHUIO CHA, 3HAYUTEIbHOMY YXYALLEHUIO 3pUTEIbHON aKTUBHOCTH, OCJIA0JIEHUIO
UMMYHHOU CHCTEMBI, pACCTPOMCTBAM CEpACYHO-COCYIUCTON crcTeMbl [14].

Tabnuua 5.4 — JlonycTrMble ypOBHH MAPaMETPOB 3JIEKTPOMArHUTHOTO MO

HaumenoBanue napametrpon Benuunna JIOITyCTUMOTO
YPOBHS
HanpsixeHHOCTD Junanazon yactor 5 I'm -2 kI’ 25 B/m
3JIEKTPOMArHUTHOTO oA | JInama3on yactoT 2 K[ty — 400 xI'1g 2,5 B/m
IInorHocte  marnurtHOro | uamazon yactot 5 I'm —2 kI’ 250 5HTn
MOTOKA Junanazon yactot 2 kI'y — 400 xI'1t 25 °HTn

Cy1iecTBYIOT CIEAYIOIUE CIIOCOOBI 3aUThl 0T DMII:

® YBEIMYEHUE PACCTOSHHUS OT UCTOYHUKA (PKpaH JOJDKEH HAXOIUTCA Ha
paccrosiHuy He MmeHee 50 M OT MoJab30BaTeNs);

® MPUMEHEHUE MPUIKPAHHBIX (UIBTPOB, CHEIUAIBHBIX SKPAHOB U JAPYTHX

CPEACTB MHWBUAYAJTbHON 3aIUTHI.
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5.3.3 HegocTtaTtouHas 0CBEIIEHHOCTh padoyeii 30HbI

YToMIIsieMOCTh OPraHOB 3PEHUSI MOXKET OBITh CBSi3aHA KaK ¢ HEJAOCTATOYHOM
OCBEIIEHHOCThIO, TAK U C YPE3MEPHON OCBEIICHHOCTHIO, a TAKKE C HENPaBHJIbHBIM
HaIpaBJICHUEM CBETA.

[To nHopmatuBam (CanlluH 2.2.1/2.1.1.1278-03. I'uruennyeckue TpeOOBaHUs
K ©CTeCTBEHHOMY, MCKYCCTBEHHOMY M COBMEIIEHHOMY OCBCIICHHIO >KHIBIX M
OOIIECTBEHHBIX 3/IaHUI) OCBEIICHHOCTh HA MTOBEPXHOCTH CTOJIA B 30HE Pa3MEIICHUS
pabouero gokymeHTta jaokHa ObITh 300-500 k. OcBelnieHre HE JOJDKHO CO3/1aBaTh
OJINKOB Ha MOBEPXHOCTHU 3KpaHa. OCBENICHHOCTh MOBEPXHOCTU AKpaHA HE JIOJDKHA
obITH O0tee 300 nk [15].

SApKOCTh CBETHIIBHUKOB OOIIETO OCBEIIEHUS B 30HE YIJIOB U3myueHus ot 50 10
90° ¢ BepTUKaJIBIO B TPOAOJIBHON U MOMEPEYHON TIIOCKOCTSX JIOJKHA COCTaBJISITh HE
oomee 200 km/m, 3alIUTHBIA yTrOJ CBETWJIBHHKOB JOJDKEH OBITh He MeHee 40°.
Koaddunment 3amaca (K3) m1s OoCBETUTENBHBIX YCTAaHOBOK OOIINETr0 OCBEIIECHUS
JIOJKEH MIPUHUMAThCs paBHbIM 1,4, KoaddunmeHT mynbcaiuu He JOJKEH MPEeBbIIIaTh
5%.

HckyccTBEeHHOE OCBENIEHHE B TMOMENIEHUSX i dkcmuryaraiua [19BM
JTIOJIKHO OCYIIIECTBIISITHCS:

®  CHCTEMOM OOIIEro paBHOMEPHOT'O OCBEIICHUS.

B npou3BOACTBEHHBIX U aIMUHUCTPATUBHO-OOIIECTBEHHBIX MOMEIIEHUSX, B
CITy4asix PEeUMYIIECTBEHHOM paOOThI C TIOKYMEHTaMU, CIEAYET NPUMEHSTh CUCTEMBbI:

e  KOMOMHHMPOBAHHOTO OCBEIICHUS (K OOIIEMY OCBEIICHHUIO TOMOJIHUTEIHHO
YCTaHABJIMBAIOTCS CBETUIIbHUKH,

®  MECTHOTO OCBCILCHUS, TpeAHA3HAYCHHBIC JUIi OCBEIICHUS 30HBI

PacoJIOKEHHS TOKYMEHTOB).
5.3.4 IlpeBbllIeHNe YPOBHS LIyMa

ym, sBAsISICH 00111€0MOIOTMYECKUM PA3ApaKUTEIIEM, OKA3bIBAET BIUSHUE HE
TOJIBKO Ha CIIyXOBOM aHaIM3aTop, HO JAEHCTBYET HAa CTPYKTYpPHI I'OJOBHOTO MO3ra,

BbI3bIBasA CIABUI'M B PaA3JIMYHbIX (I)YHKHI/IOHH.JIBHBIX CUCTEMax OpraHu3Mma. CpCI[I/I
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MHOTOYHMCICHHBIX MPOSIBICHUI HEOJAronpUsATHOIO BO3ACHCTBUS IIyMa Ha OPraHU3M
YeI0BeKa BBIACIAIOTCS: CHIDKCHHE Pa300pYMBOCTH PEYUM, HEMPHSITHBIC OIILYIICHHUS,
pa3BUTHE YTOMIICHHS M CHIDKECHHE MPOU3BOIUTEIBHOCTH TPY/IA, MOSIBJICHUE [ITYMOBOM
natojiorud. B Haimem cioydae MCTOYHHKOM IIlymMa SIBJISIETCS OTKAuMBAIOIIHMH
KOMIIpeccop. YPOBEHb IllymMa KoMmIpeccopa MeHee 65 nb, 4To cOOTBETCTBYET
CaHMTapHBIM HOpMaMm [16].

B tabmmuiie 5.5 npuBeaeHb HOPMBI YPOBHS ITyMa IIPU Pa3InIHbIX BHIaX paboT.

Ta6nuna 5.5 — HopmaTuBbl ypoBHS IITyMa IPH pa3IMvHBIX BUIaX padoT

MaxkcuManbHO JOMYCTUMBIN YpOBeHb 1iyMa (ab), B DOKBUBaJCHTHbBIE
nosiocax cienyronux okras (I'm) YPOBHU  IIIyMa,
nbA
Hayunas 86| 71| 61| 54| 49| 45| 42| 40| 38 50
pabota, pacuersl,
KOHCTPYHPOBaHUE
Oducs, 93| 79| 70| 68| 58| 55| 52| 52| 49 60
nabopaTtopuu

5.3.5 lIcuxopusnosoruyeckne PaxkTopbl

[lcuxodu3nonaornyeckue OnacHble M BPEIHbIE MPOU3BOACTBEHHBIE (PAKTOPBHI,
Nenarcs Ha: (U3NYECKUe Meperpy3ku (CTaTudeckue, TUHAMHYECKHE) M HEpPBHO-
NCUXUYECKUE Teperpy3ku (yMCTBEHHOE MepeHanpsKeHue, MOHOTOHHOCTh TpY/a,
AMOIIMOHAIIbHBIE EPETPY3KH).

TpynoBas nesareiabHOCTh pAOOTHUKOB HEIIPOU3BOJICTBEHHOU CEepbl OTHOCUTCS
K KaTeropuu padoT, CBA3aHHBIX C UCIOJIb30BAHUEM OONBIINX 00bEMOB HH(POPMALINH,
C MPUMEHEHHUEM KOMIBIOTEPU3UPOBAHHBIX PAOOYMX MECT, C YaCThIM MPUHATHEM
OTBETCTBEHHBIX pEIICHUH B YCIOBUSAX ACPHUIMTA BPEMEHHU, HEMOCPEICTBEHHBIM
KOHTAaKTOM C JIIOJIbMH PAa3HBIX THUIIOB TEMIIEpaMEHTa U T.J. JTO 0OYCIOBJIMBAET
BBICOKHI YPOBEHb HEPBHO-TICUXUYECKON MEPErpy3KH, CHUKAET (PYHKIIMOHAIBHBIX HA
AKTUBHOCTh LIEHTPAJIbHOM HEPBHOM CHCTEMBI, MPUBOAUT K PACCTPOMCTBAM B €€
NesATEeIbHOCTH, PA3BUTHS YTOMIICHUS, IEPEYTOMIICHHUS, CTPECCY.

Haunbonee ¢ dexTrBHBIE CpecTBa MPEIyPEKACHUS YTOMICHHS TIpH paboTe
Ha TMPOU3BOJICTBE — OTO CPEACTBA, HOPMAIM3YIOIIUE AaKTUBHYIO TPYIOBYIO

NesATeILHOCTh ueioBeka. Ha ¢doHe HOpMaibHOTO MPOTEKAHMS MPOW3BOJICTBEHHBIX
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IPOLECCOB OAHUM M3 BAXKHBIX (PU3UOIOTUYECKUX MEPONPHUSTUI MPOTHB YTOMIICHUS
SBIISICTCS TPaBWIbHBIA pexuMm Tpyna u otasixa (CanlluH 2.2.2/2.4.1340-03.
«['uruennyeckue TpeOOBaHUS K TEPCOHAIBHBIM 3JIEKTPOHHO-BBIUMCIUTEIbHBIM

MalllMHAM ¥ OpraHu3aiuu padoThI»).
5.3.6 IlopakeHnue 3JIeKTPHYECKHUM TOKOM

Paboyee momerieHue MO OMACHOCTU TMOPAKEHHS HIICKTPHUECKUM TOKOM
MO>KHO OTHECTH KO 2 KJIacCy, T.€. 3TO MOMEIIeHNEe 0€3 MOBHIIICHHON 0MacHOCTH U3-3a
BO3MO>KHOCTH OJTHOBPEMEHHOT'O ITPUKOCHOBEHUS Y€JIOBEKAa K UMEIOIIUM COEIUHEHUE
C 3eMJIel METaNIOKOHCTPYKIMSAM  3[aHHi, TEXHOJOTHUYECKUM  araparam,
MEXaHW3MaM W T.M., C OJHOW CTOPOHB, M K METALIMYECKHUM KOpIycam
3JIEKTPOOOOPYI0BaHuS - ¢ Apyroi [17].

CymiecTByeT OMacHOCTh AIIEKTPOTIOPAKEHUS B CICAYIOIINX CITydasx:

® IIpU HEMOCPEICTBEHHOM NIPUKOCHOBEHUHU K TOKOBEIYIIIUM YacTSIM BO BpeMs
PEMOHTA;

® IpU TPHUKOCHOBEHHUH K HETOKOBEAYIIMM YacTsIM, OKAa3aBIIUMCS TIOJ
HanpspKEeHUEM (B clTydae HapyIIeHUs! U30JIAIMHA TOKOBEIYIIUX YacTeh);

® [IpU NPUKOCHOBEHHUH C IIOJIOM, CTEHAMHU, OKa3aBIIMMHUCS MOJ] HAIIPSKEHUEM;

® IIpU KOPOTKOM 3aMbIKaHUHU B BBICOKOBOJIBTHBIX OJIOKax: OJIOKE MUTAHUS U
0JI0KE TUCTIIIEMHON pa3BEPTKH.

CreneHp 0acHOTO BO3JEHCTBUS IIEKTPUYECKOTO TOKA HA OPIraHU3M YEJIOBEKa
3aBHCHUT OT:

® poOja ¥ BEJIMYMHBI HAMIPSHKCHUS U TOKAQ,

® YaCTOTHI JIEKTPUUECKOTO TOKA;

® IIyTH IPOXOXKJCHUS TOKA Yepe3 TEJIO UeIOBEKa,

® TPOAOKUTEIBHOCTH BO3/ICUCTBUS HAa OPraHU3M YEJIOBEKa;

® YCJIOBUM BHEIIHEU CPEIbI.

DJNeKTpUYecKuid  TOK  OKa3blBaeT  HA  4YeJIOBEKa  TEPMHUYECKOE,

QJICKTPOIUTHICCKOC, MCXaHUYCCKOC U OMOJIOTrUYECKOE BOSHCI;'ICTBHG.
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Tepmuyeckoe BO3IEUCTBHE TOKAa IIPOSIBISAETCS B 0XKOrax, Harpese
KPOBEHOCHBIX COCY/JOB M JIPYTHX OPraHOB, B pPE3YyJbTaTE€ YEro B HUX BO3HHUKAIOT
(yHKIIMOHAJIbHBIE PACCTPONCTBA.

DNEKTPOIIUTUYECKOE IEUCTBHE TOKA XapaKTEPHU3YeTCs Pa3ioKEHUEM KPOBHU U
JIPYTUX OPraHWYECKUX JKUAKOCTEH, YTO BBI3bIBAECT HApylIeHUs UX (U3MUKO-
XUMHUYECKOTO COCTaBa.

MexaHuueckoe IEWCTBHE TOKa NPOSBIAETCS B NOBPEKICHUAX (pa3pbIBE,
paccioeHMM W JAp.)  pa3idMuYHbIX ~ TKaHEd  OpraHu3Ma B pe3yJbTaTe
AIEKTPOJUHAMUYECKOTO 3 (PeKTa.

buonornyeckoe nelcTBUE TOKA HAa JKUBYIO TKaHb BBIPAXKAeTCS B OMNACHOM
BO30YKJICHUM KJIETOK M TKaHE opraHu3Ma, COpOBOXKAAIOIIEMCS HEMTPOU3BOJIbHBIMU
CYJOPOXHBIMH COKpAaIEHUsIMA MbIIII. B pe3ynpTaTe Takoro BO30YXKIEHHS MOMKET
BO3HUKHYTh HapylICHHE M JaXe IOJHOE MPEKpaIlCHUE JEeATEIbHOCTH OpPraHOB
JBIXaHUS U KPOBOOOPAIICHHUS.

OCHOBHBIMM MEPONPUATUSAMU MO 3aAIIUTE OT MOPAKEHUS IIEKTPUUECKUM
TOKOM SIBJISIFOTCSL:

e oOecreueHrne HeTIOCTYITHOCTH TOKOBEAYIUX YacTe MyTEM UCIOIb30BAHHUS
M30JISIUU B KOpIycax 000pyI0BaHUs;

® PUMEHEHUE CpPEICTB  KOJUJIEKTUBHOM  3alIMTBl  OT  MOPaKEHUS
IIEKTPUYECKUM TOKOM;

® UCIIOJIb30BAaHWE  3AllUTHOIO  3a3€MJICHMS, 3alIUTHOrO  3aHYyJIECHUS,
samuTHOro otkimoueHus (TOCT P 12.1.019-2017);

® HCITOJIb30BAaHUE YCTPOMCTB OecriepeOoitHOrO MU TaHUS.

TexHuueckue crnocoObl U CPEACTBA MPUMEHSIOT pa3/ieIbHO WM B COYETAaHUU
JPYT C IPyroM Tak, 4To0bl 0OecrneurnBaiach ONTUMAIbHAs 3aIUTA.

OpraHu3alliOHHBIMU MEPONPUITUAMU IO 3JIEKTPOOE30MacCHOCTU SIBIISIOTCA
NEePUOJIMYECKUE M BHEIUIAHOBBIE WHCTPYKTaXH. lleproandeckuil HHCTPYKTaX
IPOBOJUTCS  BCEMY  HERIEKTPOTEXHUYECKOMY  IE€PCOHANLY,  BBIIOJHSIOLIEMY

cienyrone padoThl: BKIIOUEHHE U OTKIIOUEHHE BJIEKTPONpuOOpoB, yOOpka

78



MOMEIIEHUI BOJMU3M HIIEKTPOIIMTOB, PO3ETOK M BBIKIIOYaTenedl u T. A. Bechb
HEDJIEKTPOTEXHUUECKU TEepCOHan JOJDKeH OBITh aTTeCTOBaH Ha  MEPBYIO
KBaJIM(PMKALIMOHHYIO TPYIIITY 110 3JIeKTpoOe3onacHocTy. [leproauuecknii MHCTpYKTax
IIPOBOJUTCS HE MEHEE OJTHOTO pas3a B TOJ.

BHeIIaHOBBIN HHCTPYKTAXK IIPOBOJUTCS PYKOBOJMTEIIEM ITOAPA3IEICHUS IIPU

BBCJICHHH B SKCIUTyaTallMI0 HOBOT'O TEXHUYECKOTO AJICKTPOOOOPYI0BAHUA.
5.4 Jkogorudeckas 0e30MaCHOCTDb

B pabote mpoBoauTcs M3ydeHHE Mpolecca CHHTE3a B BO3AYLIHOM Iuia3me
OKCHJIHBIX KOMIIO3ULIHN ISl IIEPHOTO TOIUIMBA YPaH-TUTyTOHHEBOTO KA. [Ipu aTom
UCITIOJIb3YETCs MJIa3MEHHBIA MOJIyJIb Ha 0a3e BhICOKOYAacTOTHOro reHeparopa BUI' 8-
60/13-01 u [I9BM.

Binugaue  skcruryatauud  O0OpYJOBAaHMS HA  OKPYXAIOLIYI0  Cpedy
MuHUManbHO. Hanbomnpimmii Bpen oT HUX B paboTe — MOTpedsIeHne 3IEKTPOIHEPTHH.
[19BM u BUD-mna3maTpoH He TPOU3BOIAT BEIOPOCOB BPEHBIX BEIIECTB, HE CO3/IAI0T
U3ITyYEHHsI, CIIOCOOHOTO HAPYLIUTh 3KOJIOTHUECKYIO0 0€30MacHOCTh Npupoabl. OJIHAKO
UX TMPOU3BOJACTBO W YTUIM3aLMs COCTABIIAIOT CEpbe3Hylo Mpobinemy. Tak, mpu
npousBoactee  [[OBM  u  1pyrux  yCTpOWCTB — HMCHOJIB3YKOTCS — TSKEIIBIE,
IEJIOYHO3EMENbHBIE METallbl, PTYTh, IUIACTUK U CTEKJIO, 4YTO 0e€3 OJKHOU
YTUIU3allUd 1O OKOHYAaHWU CIyXObl MONajaeT B MPUPOAY M OCTaeTcsi B HE
nepepabOTaHHOM BHUJI€ OT BEKa JI0 MOJYTOpa ThICAY JIET.

Meponpusitus, TO3BOJSIOIIME COXPAHATh SKOJOTHYECKYI0 O€30MacHOCTb
HaxXoJIsCh Ha paboyeM MecTe:

e [IpaBunbHas yrwmmsauus I[IOBM wu 1pyrux cucrem, a Takxke UX
KOMIUIEKTYIOIIHNX;

e lcrnonb3oBaHue sHEProcOeperaroux JaMii;

e lcrnonb3oBaHuEe aKKyMYJISITOPOB BMECTO COJIEBBIX OaTapeek.

CHmKEeHUE YpPOBHS 3arpsA3HEHUs] OKPYXKAlOLIEW Cpeabl BO3MOXHO 3a CYET
oonee 3(pGHEKTUBHOTO M IKOHOMHOTO HCIIOJIB30BAHUS DJIEKTPOIHEPTUU CaMUMU

HOTpC6I/ITeJI}IMI/I. DTO HCIIOJIB30BaHKUE 00JIee IKOHOMHYHOTO O60py,Z[0BaHI/I}I, a TaKiKC

79



3¢ (HEKTUBHOTO pEeKUMa 3arpy3Ku 3TOT0 oOopyaoBaHus. Cro/la TakKe BKIIFOYACTCS U
COONIOICHHE  TPOW3BOJCTBEHHOW  MUCIUIUIMHBI B paMKaX  IPaBUJIBHOTO
MCITIOJIb30BAHUS AJIEKTPOIHEPTUH.

N3 3TOro MOXHO clenaTh NPOCTOM BBIBOJ, YTO HEOOXOAMMO CTPEMUTHCS K
CHI)KEHUIO SHEPronoTpelsieHus, TO eCTh pa3padarbiBaTh MU BHEAPATh CHUCTEMBI C
MaJbIM SHEPronoTpeOIeHUEM, OTBETCTBEHHO OTHOCUTHCS K YTUIIM3ALMK Pa3IMYHBIX
YCTPOMCTB, T.K. OHM MOTYT pa3jiaraThCsi B OKPYXKaIOILIEH cpeie OT JECATKOB IO COTEH

JCT.

5.5 be30onacHOCTh B Ype3BbIYAHHBIX CUTYALMAX
5.5.1 Ananu3 Tunnynoit YC npu nposBeeHun nuccie0BaHUsA

Upespbluaitnas cutyamuss (YC) — oOcraHOBKa, CJIOXKHUBIIAsCS Ha
OIPEJEIICHHOW TEPPUTOPUU B PE3YyJIbTaTE aBapHH, OIACHOIO INPHUPOJHOTO SIBJICHUS,
KaTacTpo(bl, CTUXUWHOTO WJIM UHOTO OEICTBUSA, KOTOpas MOXKET MOBJEYb 33 COOOMU
YeJI0OBEUYECKHE JKEPTBBI, yIIEpPO 340POBBIO JIIOACH WM OKpYXarolled npupogHOn
cpelne, 3HAUYUTENIbHbIE  MaTepualibHble TMOTEPHU W  HAPYUICHHE  YCIIOBUU

JKU3HEAESTSIIbHOCTH JIFOACH.

[Ipu mpoBenennn uccienoBanus Hanbosee BepossTHOM UC siBnsieTcs moxap.
[Toxap B paboueM TMOMEIICHUH MOXXET BO3HMKHYTh BCIICJICTBUE MPUYUH

HCIOJICKTPHUUCCKOI'O M SJICKTPHUYCCKOI'O XapaKTepa.

K mpuuriHaM HEIJIEKTPUYECKOTO XapakTepa OTHOCSTCS —XajaTHOE |
HEOCTOPOXKHOE oOOpaiieHrue ¢ OrHéM (KypeHue, ocTaBjieHHe 0€3 MpucMoTpa
HarpeBaTeNIbHBIX MPUOOPOB).

K mpuymHaMm 3JIeKTpUYECKOro XapakTepa OTHOCSITCS:

®  KOPOTKOE 3aMBbIKaHHE;

®  Meperpyska IpoBOIOB;

®  HCKPCHWE;

L4 CTAaTUYCCKOC DJICKTPHUYICCTBO.
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PexxuM  KOpOTKOro 3aMblKaHUsi — TOSIBJIEHUE B peE3yJbTaTe PE3KOTo
BO3pACTaHUsl CHJIbI TOKA, AJIEKTPHUYECKUX HCKpP, YACTHI[ PACIUIABIEHHOIO MeETalla,
ANEKTPUYECKON TYT'H, OTKPBITOrO OTHS, BOCIUIAMEHUBIICUCS N30SI,

[IprunHBI BO3HUKHOBEHUSI KOPOTKOTO 3aMbIKAHUS:

®  OHIMOKHU IPU MPOEKTUPOBAHUM;

e  CTapeHUE WU30JIALMY;

®  YBJIQKHEHUE U30JIALNHY;

®  MEXaHUYECKHUE MEPErpy3KHu.

[ToxapHast OmacHOCTh MPH MEeperpy3Kax — Ype3MepHOE HArpEBAHUE OTACIBHBIX
AJIIEMEHTOB, KOTOPOE MOXKET MPOUCXOIUTH MIPHU OLIMOKAX MPOEKTUPOBAHUS B Cllydae

JJIMTCIIBHOTO IPOXOKACHMA TOKA, ITPCBLIIIAIOIICTO HOMUHAJIBHOC 3HAYCHUC.

5.5.2 O6ocHoBanne MeponpusiTuii no npeaorspameduro YC u nopsiaox

AeHCTBUM B ciIy4yae BOSHMKHOBeHus1 UYC

[TosxapHasi 6€30MacCHOCTh MOMEMICHUS JOJKHA O0ECTIeUYMBATHCS CHUCTEMaMHU
OpeIOTBpalleHUs] [oKapa M MPOTUBONOXKAPHOM  3alMTBl, B TOM YHUCIE
OpPTraHMU3aIMOHHO-TEXHUYECKUMHU MEPOTPUATHSIMHU.

[loxxapHas 3ammra JOJDKHA OOECIeYMBaThCs TMPUMEHEHHEM  CPEACTB
MOKapOTYyIIEHUS, a TaKKe NMPUMEHEHHUEM aBTOMAaTHYECKUX YCTAHOBOK IO>KapHOU
curHaiu3sanuu [18].

JIOTKHBI OBITH IPUHSTHI CIEAYIOLINE MEPHI TPOTUBOMOXKAPHON O€30MMaCHOCTH

e obOccrieueHrne 3G(OEKTUBHOTO yAaJICHUS JbIMa, T. K. B IIOMCIICHHSX,
UMEIOIINX OPTITEXHHUKY, COJACPKUTCS OOJIBIIOE KOJIMYECTBO TUTACTUKOBBIX BEIIECTB,
BBIICTISIOLINX MTPU TOPEHUH JICTYYHUE SITIOBUTHIE BEUIECTBA U €KUM JbIM;

e o0ecrnedyeHre NIPaBUWIbHBIX MyTeH IBaKyalluH;

® HaJIMYWe OIHETYILIMTENIEN U ITI0KAPHOW CUTHAIU3AlUH;

e COOIOICHHE BCEX TIPOTUBOMOXKAPHBIX TPEOOBAHUI K CHCTEMaM OTOTIICHUS
¥ KOHIUIIMOHUPOBAHUS BO3IyXa.

PaGouee momemienne ~ JOMKHO ~ OBITH  00OPYJOBAaHO  TMOKAPHBIMU

H3BCIIATCIIIMHU, KOTOPLBIC ITO3BOJISAIOT OIIOBECTHUTDL ,Z[C)KypHLIﬁ nepcoHal O IoxKape.
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BriBegeHue roieid U3 30HbI MOXKapa JOJIKHO MPOU3BOJUTHCS MO TUIAHY 3BaKyallUH.
[Tnan ’Bakyarnuu MpeAcTaBisIeT cO00M 3apaHee pa3paboTaHHYIO CXeMy, Ha KOTOPOM
yYKa3aHbl IyTH 3BaKyallud, HBAaKyal[MOHHbIE W ABAPUWHBIC BBIXOJbI, YCTAHOBJIICHBI
MpaBuiia MOBEACHUS JIFOAEH, MOPANIOK U MOCIEI0BATENLHOCTD ICMCTBUM B YCIIOBUSX
YPE3BBIYANHON CUTYALUH.

CymecTtByer MNOpPSAOOK JEHCTBUM M MpaBuia MOBEACHUS B  CIydae
BO3HUKHOBEHUS MOXKapa:

1) HeszamemmuTelbHO MO3BOHUTH B aBapuitHyto ciry:x0y wim MUC (112);

2) TlocTaBUTH B M3BECTHOCTH PYKOBOJCTBO (JICKYpPHOTO);

3) [To BO3MOYKHOCTH TPHHATH MEPHI JUIA dBaKyallMHl JIIOJICH W Mephl IS

TYILIEHUS MOXkapa.

B nmanHoMm pazjene paccMOTpEeHBI BOMPOCHI COLMATBHON OTBETCTBEHHOCTH, K
KOTOPBIM OTHOCSITCSI TIPaBOBbIE M OpPraHU3AIMOHHBIE BOMPOCHI 0OecreueHus
0e30macHOCTH, MPOU3BOJICTBEHHAsI 0€30MacHOCTh, PKOJIOTHUYEcKash 0e30MacHOCTh, a
Takxe 6ezonacHocts B UC.

B mepBoil yactu paszgena pacCMOTPEHBI CIEUHUAIbHBIE IMPABOBBIE HOPMBI
TPYAOBOTO 3aKOHOJIATEILCTBA U OPTraHU3ALMOHHBIC MEPONPUSATUS MPU KOMIIOHOBKE
pabodei 30HbI HCCIIeTI0BATENS.

B mnonpasznene «IlpousBoacTBeHHass O€30MAaCHOCTb» MPOBEACH aHAJIHU3
BpPE/IHbIX U OMacHBIX (haKTOPOB, KOTOPHIE MOTYT BOZHUKHYTh Ha pado4yeM MecCTe Mpu
MPOBEJAECHUN HCCIEIOBAHUM, TaKXE NPUBEICHBI MEPONPUATHS IO CHUKEHUIO
BO3JICHCTBUSI OMACHBIX U BpeIHBIX ()aKTOPOB HA UCCJICIOBATEISI.

B uwactu «Okonoruyeckas O€30MACHOCTb» MPOBEAECH 0030p BO3MOKHOTO
BIIMSHUSL MPOIIECCA HCCIICIOBAHUSI HAa OKPYXAIOIIYIO CPEdy, TaKkKe PacCMOTPEHBI
MEPBI 110 3aIIUATE OKPYKAIOLIEH CPEIBI.

B 3axmouurtenbHOM wyacth pasngena  «be3onacHOCTh B UPE3BBIYAMHBIX
CUTyallMsaX» MPOBEICH aHaJIU3 BEPOSITHOU upe3BbiuaiiHon curyauuun (YC), koTopas
MOXET BO3HMKHYTh Ha pa0odyeM MecTe NpH MPOBEICHUH HCCIIECIOBAHUN, MOMHMO
ATOTO MPUBEAEHBI MEpPONpUATUA MO npeaoTBpaiieHno YC u nopsaok AecTBUNA BO

BpeMs Bo3HHKHOBeHus: YC.
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BoiBoabI

1. B pe3ynbrare NpOBEACHHBIX PACUETOB YCTAHOBJIEHBI 3aKOHOMEPHOCTH
BJIUSIHUS OPraHMYECKOr0 KOMITOHEHTa (alleTOHa) Ha MOKa3aTesld roproYecTd BOJIHO-
OpraHUYEeCKUX HHUTPATHBIX PACTBOPOB cCaMapHs, HEOJUMa, MAarHus U ONpPEIEJICHBI
coctaBbl pacTBopoB BOHP, uMmeromue HM3IIYI0 TEIUIOTBOPHYIO CIIOCOOHOCTH ~§,4
MJIx/kr n obGecnieunBaroiiyie 3HeprodPPeKTUBHBIA CUHTE3 OKCHJIHBIX KOMITO3UIIUN
«OKCH/JI CaMapusI-OKCUJ HEOUMAa-0KCH MarHus».

2.1lo pe3ynpTaTaM TEPMOJMHAMHUYECKOTO MOJEIMPOBAaHUSA Ipoliecca
IIa3MEeHHOM nepepaboTku pactBopoB BOHP B mmpokoM auamnazoHe temmeparyp
(300+4000) K ycTaHOBJIEHBI 3aKOHOMEPHOCTH BIUSHUS MacCOBOM JTOJIM BO3AYIIHOTO
TEIUIOHOCUTENSI Ha COCTaB O00pa3yloIIMXCsS MPOAYKTOB M OIPENEIeHbl YCIOBUS,
o0ecreunBaroOIIMe B BO3MYIIHOW IJIa3Me CUHTE3 OKCHIHBIX Kommosuimii «Nd,Os-
Sm,03-MgO»: maccoBas 105 Bo3ayxa He MeHee 69 %; temneparypa 1500200 K.

3. B xoze 3kcniepuMeHTalIbHBIX HCCIIEA0BAaHUN ONPEEIIEHbI PEKUMBI paOOTHI
IJIa3MEHHOTO cTeHja Ha 0aza BUD-mia3morpona, obecneunBaromue 3(h(PpeKTUuBHYIO
MJIa3MEHHYIO TepepabdO0TKy IHUCTIeprupoBaHHBIX pacTBopoB BOHP B BO3mymiHo-
IJJa3MEHHOM MOTOKE: MoIHOCTh BUD-pa3psana — 14,5 kBt; pacxox pactsopa BOHP
— 300 n/4; pacxoxa Bo3ayxa — 1,2 Kr/c; yactoTa BpamieHus: potopa nucrepraropa — 50
['11; pacxoy BOIbI Ha «3aKaJIKy» OKCHIHBIX KOMITO3UIIMH — 2,8 Kr/C.

4. OcyuiecTBieH IUJIA3MOXMMUYECKHM CHHTE3 OKCHAHBIX KOMIO3UIUN B
BO3AYILIHO-TUIA3MEHHOM TOTOKE W3 JHCHEPrUpoBaHHBIX pactBopoB BOHP wu
UCCJEIOBAHbl UX (PU3MKO-XMMHUYECKHE CBOMCTBA. Y CTAHOBJIEHBI 3aKOHOMEPHOCTU
BJIUSIHUS MAacCOBOM JOJIM MAaTpUlbl (OKCHUJ MarHusl) Ha IUIOHIaAb YAEJIbHOU
noBepxHocTH U pasmep nonydaemblx OK. [TokazaHo, 4TO Mpu MOCTOSHHOM pacxoie
BOJIBI Ha «3aKanky» (2,8 kr/c) u uacrote aucrepraropa (35 I'n) yBenuueHue MaccoBoOu
nomr MgO B coctaBe OK «Nd;03-Sm;03-MgO» ot 5,0 mo 50 % mpu a=0,1-0,3
IPUBONT K YBEIMYEHHUIO YAEIbHOM noBepxHocTr nopomkos OK ¢ 10,0 M*r no 21,0

M2/T 1 yMEHBIIECHHUIO pa3Mepa KpucTaumroB B coctase OK ¢ 79 Hm 10 38 Hwm.
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3akJIloueHue

Pe3ynbTarhl NpoBENEHHBIX HMCCIEAOBAHUNH MOTYT OBITh HCIIOJIb30BAHBI IS
co3laHus  SHEpProdPGEeKTUBHON  TEXHOJOTMHM  IUIA3MOXMMHYECKOTO  CHHTE3a
HAaHOPA3MEPHBIX  OKCUAHBIX  KOMIIO3MLIMM U3  JUCIEPTUPOBAHHBIX  BOJHO-
OpraHUYECKUX HUTPATHBIX PaCTBOPOB HEOAMMA, caMapus U MarHus, a TaKKe APYyIrux

PEAKO3CMCIIbHBIX, PCAKHNX U PACCCAHHBIX MCTAJIJIOB.
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IMPUJIOKEHHUE A

Tabmuma Al — Pacuer cocraBa pactBopoB BOHP 1-6, umerommx Q.P, = 8,4 M/[x/Kr, 15 MIIa3MOXUMHYECKOTO CHHTE3a TPEOYEMBIX OKCHJIHBIX

kommosuiuiit «SM203-Nd203-MgO» mpu 0=0, 1

CocTaB OKCUIHON

KOMITO3UIINH

Coctas BOHP

anbda 0.1

Comb, %

SM(NO3)3-6H20

Nd(NOs3)3-6H0

Mg(N03)26H20

H20,%

Anteton,%

Qup

Aneron

Hons
BOHP

OK-1

9,5%—Sm203;
85,5%-Nd,0s3;
5%-MgO

2,982084561

27,4216492

7,873042596

31,72322364

30

38,28

31,72

8,67

0,7

OK-2

9%-Sm203;
81%- Nd,Os3;
10%-MgO

2,301952802

21,16752256

12,83010331

33,70042133

30

36,30

33,70

8,62

0,7

OK-3

8,5%-Sm,0s;
76,5%-
Nd203;15%-
MgO

1,834364689

16,86783322

16,23806453

35,05

30

34,94

35,06

8,59

0,7

OK-4

8%-Sm203;
72%- Nd,Os3;
20%-MgO

1,493153013

13,73023376

18,72494589

36,05

30

33,95

36,05

8,56

0,7

OK-5

7%-Sm203;
63%- Nd,Os3;
30%-MgO

1,028526072

9,457773767

22,11132497

37,40

30

32,60

37,40

8,53

0,7

OK-6

5%-Sm203;
45%- Nd,Os3;
50%-MgO

0,515358328

4,738958599

25,851488

38,89

30

31,11

38,89

8,49

0,7
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Tabmuma A2 — Pacuer cocraBa pactBopoB BOHP 7-12, umeromux QxP, =~ 8,4 MJX/Kr, IS TUTA3MOXMMHYECKOTO CHHTE3a TPEOYyEeMBIX OKCHIHBIX

kommo3unuit «Sm203-Nd203-MgO» nipu 0=0,2

CocTraB OKCHIHOMI
KOMIIO3ULIUU

Coctas BOHP

anbda 0.2

Counb, %

Sm(N03)3-6H20

Nd(NO3)s-6H,0

Mg(N03)2-6H20

H20, %

Aneron,%

Qup

AnetoHn

Hons
BOHP

19%-Sm;0s;
OK-7 | 76%- Nd,Os;
5%-MgO

4,06

32,12

5,37

28,45

30

38,26

31,74

8,67

0,7

18%—Sm203;
OK-8 72%- Nd2O3;
5%-MgO

3,38

26,74

9,43

30,45

30

36,29

33,71

8,62

0,7

17%—Sm203;
OK-9 68%- Nd,O3;
15%-MgO

2,85

22,52

12,61

32,02

30

34,93

35,07

8,66

0,7

16%—Sm203;
OK-10 64%- Nd,O3;
20%-MgO

2,42

19,13

15,17

33,28

30

33,94

36,06

8,56

0,7

14%-Sm,0s;
OK-11 | 56%- Nd,Os;
30%-MgO

1,77

14,00

19,04

35,19

30

32,59

37,41

8,53

0,7

10%-Sm,0s;
OK-12 | 40%- Nd,Os;
50%-MgO

0,95

7,54

23,92

37,59

30

31,10

38,90

8,49

0,7
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Tabnuma A3 — Pacuer cocraBa pactBopoB BOHP 12-18, umeromux QuP, = 8,4 MJI/KT, AT TUTA3MOXUMHYECKOTO CHHTE3a TPEOYEMbIX OKCHIHBIX

kommo3uiuit «SmM203-Nd203-MgO» nipu 0=0,3

CocTraB OKCHIHOMI
KOMIIO3ULIUU

Coctas BOHP

anpda 0.3

Comb, %

Sm(N03)3-6H20

Nd(NO3)s-6H,0

Mg(N03)2-6H20

H20,%

AntetoH,%

Qup

Anerton

Hons
BOHP

28,5%-Sm,Os;
66,5%- Nd,Os;
5%-MgO

OK-13

6,35

29,31

5,59

28,75

30

38,25

31,75

8,67

0,7

27%—Sm203;
63%- Nd,Os3;
10%-MgO

OK-14

5,25

24,22

9,76

30,77

30

36,28

33,72

8,62

0,7

25,5%-Sm,Os;
59,5%- Nd;Os;
10%-MgO

OK-15

4,40

20,29

12,98

32,33

30

34,92

35,08

8,58

0,7

24%-Sm;0s3;
56%- Nd;0s;
20%-MgO

OK-16

3,72

17,15

15,55

33,58

30

33,93

36,07

8,56

0,7

21%-Sm;0s;
49%- Nd,Os3;
30%-MgO

OK-17

2,70

12,47

19,39

35,44

30

32,58

37,42

8,53

0,7

15%—Sm203;
35%- Nd,Os;
50%-MgO

OK-18

1,44

6,66

24,15

37,75

30

31,10

38,90

8,49

0,7
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HNPUJIOKEHUE b

Tabmuma b1l — M3mepenue pacxoa Bo3ayxa 4epe3 ra3oXxo/]

Py,

Ne Swan pv2/2 Pep
3xn Cm? 1 2 3 4 5 6 7 mbap

1 3x10 1650 2,64 2,66 2,66 2,56 2,52 2,57 2,61 2,60
2 3x8 1320 2,56 2,54 2,5 2,48 2,49 2,48 2,49 2,51
3 3X6 990 2,41 2,36 2,42 2,39 2,4 2,41 2,37 2,39
4 3x4 660 2,25 2,29 2,24 2,3 2,25 2,29 2,28 2,27
1 3x10 1650 2,66 2,56 2,6 2,55 2,57 2,63 2,64 2,60
2 3x8 1320 2,56 2,48 2,5 2,53 2,44 2,51 2,53 2,51
3 3x6 990 2,42 2,37 2,35 2,4 2,39 2,41 2,32 2,38
4 3x4 660 2,27 2,23 2,3 2,32 2,27 2,25 2,33 2,28

Tabmuna b2 — 3MepeHune pacxoioB Bo3llyxa uepes Imia3mMaTpoH
Prr,

No Sumn pv2[2 Pep
3xn Cm? 1 2 3 4 5 6 7 mbap

1 3x10 1650 2,23 2,21 2,24 2,3 2,19 2,26 2,28 2,24
2 3x8 1320 2,41 2,43 2,56 2,42 2,47 2,52 2,51 2,47
3 3X6 990 2,57 2,67 2,66 2,65 2,61 2,64 2,55 2,62
4 3x4 660 3,57 3,6 3,51 3,57 3,63 3,65 3,67 3,60
1 3x10 1650 2,19 2,25 2,21 2,23 2,27 2,28 2,22 2,24
2 3x8 1320 2,42 2,43 2,54 2,47 2,41 2,51 2,53 2,47
3 3X6 990 2,58 2,63 2,65 2,59 2,6 2,62 2,63 2,61
4 3x4 660 3,57 3,6 3,63 3,53 3,55 3,61 3,54 3,58
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Tabnuna b4 — M3mepeHue pacxoia Bo3ayxa B peakTope

Ne S ["a3oxo7 BUDIT T p Qp
Pcp, Prr, Q, Pcp, P, Q,

3xn Cm? | mBap Ila KI/C mbap ITa kr/c | °C | kr/m3 KI/C

1 3x10 | 1650 | 4,01 | 399,94 | 155 2,24 223,76 | 0,12 1,43
2 3x8 | 1320 | 3,09 | 307,65 | 1,36 2,47 246,69 | 0,13 21 | 1.2009 1,23
3 3x6 990 2,88 | 286,71 | 1,31 2,62 261,36 | 0,13 ’ 1,18
4 3x4 660 2,67 | 266,63 | 1,27 3,60 358,92 | 0,15 1,11
1 3x10 | 1650 | 4,02 | 401,08 | 1,55 2,24 222,90 | 0,12 1,43
2 3x8 | 1320 | 3,11 | 310,21 | 1,36 2,47 246,54 | 0,13 21 | 1.2009 1,24
3 3x6 990 2,89 | 287,85 | 1,31 2,61 260,64 | 0,13 ’ 1,18
4 3x4 660 2,68 | 267,48 | 1,27 3,58 356,50 | 0,15 1,12
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Tabmuma b5 — [Tony4yennbpie 3HaYCHUS TP MPOBEICHUN UCCIICOBAHUS U ONITUMHU3AINH PEKUMOB Pa0OTHI MIIA3MEHHOTO peakTopa Ha 6aze BUD — mma3marpoHa

AHOJIl Cetka DIIEeKTpO. Kopmyc

I, | Uy, Tar, S, Ma, Pa, me, | dTc, Pe, Tc, m,, |dTo, | Ps, | To, | Mgy, | dTkn, | Pxn, | Tkn,
Ne | A | kBt | Po,xkBt | °C cM® | kr/c | dTa,°C | kBt | To,°C | xr/c | °C kBT °C kr/c | °C | kBt | °C Kr/c °C kBr | °C
1 3 |57]| 171 34 | 3x10 | 0,244 7,5 7,65 | 18,4 | 0,066 | 4,3 1,18 12,3 10,119 | 4,1 | 2,05 | 14,7 | 0,057 1 0,238 | 11,9
2 3 |57 | 171 | 34,6 | 3x8 | 0,244 75 7,65 | 18,4 | 0,066 | 4,3 1,18 12,3 10,119 | 4,1 | 2,05 | 14,7 | 0,057 1 0,238 | 11,9
3 3 |58]| 174 | 357 | 3x6 | 0,244 7,6 7,75 | 18,5 | 0,066 | 4,3 1,18 12,3 10,119| 42 | 2,1 | 14,8 | 0,057 1 0,238 | 11,9
4 | 3 |58)| 174 | 36,6 | 3x4 | 0,244 7,6 7,75 | 18,5 | 0,066 | 4,3 1,18 123 10,119 | 4,2 | 2,09 | 14,8 | 0,057 1 2,38 | 11,9
1 (35|58| 20,3 | 37,3 | 3x10| 0,244 8,5 8,67 | 19,4 | 0,066 | 3,7 1,02 11,7 10,119 | 4,9 | 2,45 | 15,5 | 0,057 1 0,238 | 11,9
2 |35]58]| 20,3 | 36,8 | 3x8 | 0,244 8,5 8,67 | 19,4 | 0,066 | 3,8 1,05 11,8 | 0,119 | 49 | 2,45 | 15,5 | 0,057 1 0,238 | 11,9
3 |35]63]| 22,05 | 36,5 | 3x6 | 0,244 8,4 8,57 | 19,3 | 0,066 | 4 1,1 12 10,119 | 4,9 | 2,45 | 15,5 | 0,057 1 0,238 | 11,9
4 35|65 | 22,75 37 3x4 | 0,244 8,6 8,77 | 19,5 | 0,066 | 4,1 1,13 12,1 10,119 | 51 | 2,55 | 15,7 | 0,057 1 0,238 | 11,9
1|4 |65 26 37,8 | 3x10 | 0,244 9,3 9,49 | 20,2 | 0,066 | 3,6 0,99 116 | 0,119 | 54 | 2,7 | 16 | 0,057 1 0,238 | 11,9
2 | 4 |67 | 26,8 38 3x8 | 0,244 9,4 9,59 | 20,3 | 0,066 | 3,5 0,96 115 | 0,119 | 55 | 2,75 | 16,1 | 0,057 1 0,238 | 11,9
314 (69| 276 | 379 | 3x6 | 0,244 9,6 9,79 | 20,5 | 0,066 | 3,3 0,91 11,3 |0,119| 56 | 2,8 | 16,2 0,057 | 0,9 |0,214|11,8
4 | 4 7 28 36,8 | 3x4 | 0,244 9,6 9,79 | 20,5 | 0,066 | 3 0,83 11 0,119 | 5,7 | 2,85 |16,3|0,057| 0,8 |0,191 | 11,7
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Tabmuia b6 — Onpenenenue remmepaTypsl BO3AYITHOM IIa3MEHHOM cTpyH U ycranoBoyHoro KI1J] ycranoBku

BU®DII

Ne X Ua, kBT Po, Tur, °C S, Perp, Qur, KI/C H., xJI/Kkr Terp, °C Pp, kBT N

A ’ kBT ol cM? kBt e P 1P P %
1 3 5,7 17.1 34 310 5,737 0,11 354 350 5,98 %6
2 3 5,7 17,1 34,6 3x8 5,737 0,12 349 350 5,98 96
3 3 5,8 17,4 35,7 3%6 5,885 0,13 344 350 612 | 961
4 3 5,3 174 36,6 3x4 5,884 0,15 338 340 612 | 961
1 3,5 5,8 20,3 37,3 3x10 7,682 0,11 372 375 7,92 97
2 3,5 5,8 20,3 36,8 3x8 7,654 0,12 365 375 7,89 97
3 3,5 6,3 22,05 36,5 3x6 9,451 0,13 370 375 9,69 97,5
4 3,5 6,5 22,75 37 3x4 9,82 0,15 365 375 10,1 97,6
1 4 6,5 26 37,8 3x10 12,34 0,11 415 425 12,6 98,1
2 4 6,7 26,8 38 3x8 13,02 0,12 411 425 13,3 98,2
3 4 6,9 27,6 37,9 3x6 13,67 0,13 402 420 13,9 98,5
4 4 7 28 36,8 3x4 14,15 0,15 393 400 14,3 98,7
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INPUJIIOXKXEHUE B

Tabmuma b1 — CocraB u pexumsl nepepadotku pactBopoB BOHP, ¢u3nko-xuMuyeckne M TEXHOJOTUYECKHE CBOMCTBA TMOMYYEHHBIX MPOCTBIX U CIIOKHBIX
OKCHJIHBIX KOMITO3HUIIMI, MOJIEIMPYIOIIMX B BO3AYITHO-IJIA3MEHHOM ITOTOKE MJIA3MOXUMHYECKUN CUHTE3 YPaH-TIIyTOMEBOI0 JUCIIEPCUOHHOTO JIEPHOr0 TOILJIMBA

Jlazepnas ITapameTpst
Cooran OK Cocras BOHP Pe>1<1/1M1;;3 I(I)GII_)I;paGOTKI/I - (bgi?‘m BSTgEanm npecgollzaﬂm
No Nd(NO3z)s SM(NOs3)3 Mg(NOs) | CsHeO, % fo, Qore, Dso, S, Dbet, | Puacy | Puacy
- -6H,0, r/n -6H0, r/n | -6H0, r/n Macc. T'a Kr/c MKM M/T HM | r/em® %
o= NdzOg/(NdzOg‘F Sm203) =0,1
OK-1 (85,5% Nd,03-9,5% Sm,03-5,0% MgO) BOHP-1 278,7 30,3 80,1 63,3 35 2,8 10,2 - - 0,442 | 59
OK-2 (81,0% Nd»05-9,0% Sm,03-10,0% MgO) BOHP-2 264,0 28,7 160,3 62,3 35 2,8 9,2 - - 0,410 | 55
OK-3 (76,5% Nd,03-8,5% Sm,03-15,0% MgO) BOHP-3 2494 27,1 240,4 61,3 35 2,8 8,3 14,8 54 0,429 | 5,7
OK-4 (72,0% Nd,03-8,0% Sm,03-20,0% MgO) BOHP-4 234,7 25,5 320,5 60,3 35 2,8 9,4 15,3 53 0473 | 64
OK-5 (63,0% Nd,03-7,0% Sm,03-30,0% MgO) BOHP-5 205,4 22,3 480,8 58,4 35 2,8 8,5 16,7 48 0,458 | 6,1
OK-6 (45,0% Nd,03-5,0% Sm,03-50,0% MgO) BOHP-6 146,7 15,9 801,3 55,0 35 2,8 4,3 21,0 38 0,456 | 6,1
o= NdzOg/(NdzOg + Sm203) =0,2
OK-7 (76,0% Nd,03-19,0% Sm,03-5,0% MgO) BOHP-7 2477 60,6 80,1 63,4 35 2,8 12,0 10,8 73 0,384 | 51
OK-8 (72,0% Nd,05-18,0% Sm,03-10,0% MgO) BOHP-8 234,7 57,4 160,3 62,3 35 2,8 8,2 11,1 72 0,382 | 51
OK-9 (68,0% Nd,03-17,0% Sm,03-15,0% MgO) BOHP-9 221,6 54,2 240,4 61,2 35 2,8 6,7 14,5 56 0,417 | 5,7
OK-10 (64,0% Nd,03-16,0% Sm,03-20,0% MgO) BOHP-10 208,6 51,0 320,5 60,3 35 2,8 5,0 13,0 76 0,463 | 7,6
OK-11 (56,0% Nd,03-14,0% Sm,03-30,0% MgO) BOHP-11 182,5 44,6 480,8 58,4 35 2,8 6,7 16,1 63 0,480 | 8,2
OK-12 (40,0% Nd,03-10,0% Sm,03-50,0% MgO) BOHP-12 130,4 31,9 801,3 55,0 35 2,8 53 12,6 59 0,431 | 57
o= NdzOg/(NdzOg+ Sm203) =0,3
OK-13 (66,5% Nd,03-28,5% Sm,03-5,0% MgO) BOHP-13 216,8 90,9 80,1 63,4 35 2,8 7,8 11,0 - - -
OK-14 (63,0% Nd,03-27,0% Sm,03-10,0% MgO) BOHP-14 205,4 86,1 160,3 62,3 35 2,8 57 11,2 - - -
OK-15 (59,5% Nd,03-25,5% Sm,03-15,0% MgO) BOHP-15 193,9 81,3 240,4 61,3 35 2,8 52 9,9 - - -
OK-16 (56,0% Nd,03-24,0% Sm,03-20,0% MgO) BOHP-16 182,5 76,5 320,5 60,3 35 2,8 4,6 11,9 - - -
OK-17 (49,0% Nd,03-21,0% Sm,03-30,0% MgO) BOHP-17 159,7 67,0 480,8 58,4 35 2,8 47 16,8 - - -
OK-18 (35,0% Nd,03-15,0% Sm,03-50,0% MgO) BOHP-18 1141 47,8 801,3 55,0 35 2,8 4,7 11,9 - - -
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