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PE3YJIbTbI OBYYEHUA I10 OOII

Kon
KOMITETEHIIHHN

Pe3yasbTarsl ocBoenuss OOII (koMneTeHuM)

Y}mBepcaJmHme

VK(Y)-1

CriocoOeH OCYIIEeCTBIATh KPUTUICCKUN aHaIH3 MPOOJIEMHBIX CUTYalluii Ha OCHOBE
CHCTEMHOT'0 IOJX0/1a, BEIPA0ATHIBATh CTPATETHIO JCHCTBUI

VK(Y)-2

Cnoco0eH ynpaBisiTh IPOSKTOM Ha BCEX ATAIAX €r0 KM3HEHHOTO ITHKIIA

VK(Y)-3

Crioco0eH opraHu30BEIBaTh M PYKOBOJIUTH PabOTOHM KOMaH/IBI, BEIpaOaThIBasi KOMaHIHYIO
CTPATETHIO UL JOCTH)KSHHUsI IOCTaBJICHHOM IIeIN

VK(Y)-4

Crioco0OeH MPUMEHSATh COBPEMEHHbIE KOMMYHHUKATHBHBIC TEXHOJIOTHH, B TOM YHCIIC Ha
HWHOCTPAaHHOM (-BIX) SI3BIKE (-aX), IJIS aKaIeMHIeCcKOTo U Mpo(ecCHOHAIEHOTO
B3aUMOJEHCTBUS

VK(Y)-5

Crioco0OeH aHAMM3UPOBATh M yUYUTHIBATh pPa3sHOOOpa3ne KyIbTyp B Iporecce
MEXKYJIbTYPHOI'O B3aUMOJICHCTBHS

VK(Y)-6

Cnocoben OIPCACIIATh U PCAJIN30BbIBATH IPHUOPUTCTHL CcOOCTBEHHOM JACATCIPHOCTHU U
CII0COOBI ee COBCPUHICHCTBOBAHMS Hd OCHOBC CaMOOLICHKHU

Oo6menpodeccuonajbHbIe

OITK(Y)-1

CnocobeH GopMynrpoBaTh LENN U 3312491 HCCIICAOBAHUS, BBIONPATh KPUTEPUH OLICHKH,
BBISIBJIATh IPHOPUTETHI pEIICHNs 3a1a4

OITK(Y)-2

Crioco0eH MPUMEHSATh COBPEMEHHBIC METO/IbI UCCIICIOBAHMUS, OLICHUBATE U MIPEACTABIIATh
PE3yJIbTAThI BBIMOJIHEHHON paOOTHI

OITK(Y)-3

Cnocob6eH o(popMIIATh pe3yNbTaThl HAYYHO-HCCIIE0BATENBLCKOM NEITEILHOCTU B BUJIE
cTarei, JOKJIaJ0B, HAyYHBIX OTYETOB U MIPE3EHTAIUN C HCIIOJIb30BAHUEM CUCTEM
KOMITBIOTEPHOM BEPCTKH M MAKETOB O(UCHBIX MPOrpaMm

ITpodeccuonanbHble

TIK(Y)-1

Cnoco0eH ucnonb30Bath (pyHIaMEHTAIbHBIE 3aKOHBI B 00bEME JOCTATOUHOM ISt
CaMOCTOSTEILHOIO0 KOMOWHHPOBAHHUS M CHHTE3a HOBBIX HJICH, TBOPYECKOT'O CAMOBBIPAYKCHHUS

TIK(Y)-2

CnocobeH co3/1aBaTh HOBBIE METO/IbI PACUETa COBPEMEHHBIX (hM3MYECKUX YCTAHOBOK U
YCTPOHCTB, pa3pabaThiBaTh METOBI H IIEPCIIEKTHBHBIC TEXHOJIOTHU

TIK(Y)-3

Cnocoben co31aBaTb MaTCMaTUICCKUEC U (1)I/ISI/I‘ICCKI/IG MOJACIH, ONUCBIBAOIINE MPOLCCCHI U
SIBJICHUSA B pa3JCJIMTCIIbHBIX KaCKaaax, YCTAHOBKAaX Pa3JICJICHUA U TOHKOH OYUCTKH BC€IICCTB,
nepepa60TKH u 0663Bp6)KI/IBaHI/IH ITPOMBIIJICHHBIX OTX010B

TIK(Y)-4

Cnocoben OLCHUTD IEPCIICKTUBBI Pa3BUTUA ﬂ,ﬂepHOfI OTpaciiv, UCI10JIb30BATh eé
COBPEMCHHBIC JOCTHIKCHUS U IEPCAOBLIC TCXHOJOTMH B HAYYHO-HUCCJIICAOBATCIbCKUX pa60Tax

TIK(Y)-5

CrocoOeH caMOCTOSITENILHO BBIITOIHATE OKCIICPUMCHTAJIbHBIC U TCOPETUYCCKHUC
HCCICAOBAHMS I pCIICHU HAYUHBIX U TPOU3BOACTBCHHBIX 3a/1a4 ¢ UCITIOJIb30BAHUEM
COBPCEMCHHBIX HpI/I60pOB JJI1 HAYyYHBIX I/ICCJ'ICI[OBaHI/Iﬁ 1 MaTCMAaTUYCCKUX METOJOB pacyeTa

TIK(Y)-6

Croco0eH MpoBECTH pacyeT, KOHIENTYAIbHYI H IPOSKTHYIO Pa3paboTKy COBPEMEHHBIX
(U3MYECKUX YCTAHOBOK M IPUOOPOB

TIK(Y)-7

Crioco0eH GpopMyIHpOBaTh TEXHUYECKUE 3aIaHUS, UCIIOIb30BaTh HH(POPMAIIHOHHEIC
TEXHOJIOTHH U TAKEThI MPHUKJIAAHBIX IPOTPAMM IPH MPOSKTHPOBAHUH M PacyeTe (PH3UUCCKUX
YCTaHOBOK, MCIIOJIb30BATh 3HAHUS METOJIOB aHaJIM3a SKOJIOr0-3KOHOMHYECKOU

3¢ (GEKTHBHOCTH IPU POSKTUPOBAHUH U PEATU3AIIHH [TPOCKTOB

TIK(Y)-8

Crioco0eH K 00beKTHUBHOMY aHAJN3y TEXHUYECKUX U PacueTHO-TEOPETHUECKUX Pa3paboToK,
pEIIeHH ¥ MPOEKTOB, YUETY MX COOTBETCTBHS TPEOOBAHISIM 3aKOHOB B 007aCTH
MIPOMBIIINICHHOCTH, SKOJIOTHH, TEXHUYECKOH, paJlMalliOHHO U siepHOi 6e3011acHOCTH,
JPYTHM HOPMATHBHBIM aKTaM Ha POCCUMCKOM M MEKITYHApPOJHOM YPOBHE, IOATOTOBUTh
SKCHEPTHOE 3aKIF0YEHHE

TIK(Y)-9

T'oToBHOCTE K npenonaBaTenbcxoﬁ JACATCIBbHOCTHU 110 OCHOBHBIM 06pa30BaTCJ’ILHLIM
InporpamMmMam BBICHICTO 06pa3OBaHI/I${ 1 JOIIOJIHUTCJIBHOI'O HpO(i)CCCI/IOHaHI)HOFO o6pa303aHI/15{

(A10)

TIK(Y)-10

Cnocoben pa3pa6aTLIBaTB IJIaHbI U IPOrpaMMbI OpTraHU3allun HHHOBaHI/IOHHOfI
ACATCIIBHOCTU, OCYIICCTBJIATh TEXHUKO-OKOHOMHUYECKOC 000CHOBaHNE WHHOBAIIlMOHHBIX
IIPOCKTOB, YIPABJIATH IMIPOTrpaMMaMi OCBOCHUA HOBOH MPOAYKIIUN U TEXHOJIOTHUH
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degepanbHoe rocygapcTeeHHoe aBTOHOMHOE
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HnxeHepHas IKOJA sIEPHBIX TEXHOJIOTUI
Hampasnenue nonrorosku 14.04.02 SnepHas hu3uka u TEXHOJIOTUU
OtzaeneHue s11€pHO-TOILTUBHOTO IIMKJIA

YTBEPXIAIO:
PyxoBonutens OOII
Bupses JIL.T.
(IMommuce)  (Mara) (®.11.0.)
3AJJAHUE
HA BBINOJIHEHHE BBINYCKHOM KBAJIN(PUKAIMOHHON paboThl
B dopwme:
MarucTepCcKOM IUccepTalnuy
CryneHry:
I'pynna (015 (0
0AMI1 Munénoky Pomany AHaTonbeBuuy

Tema paGoThI:

TOIIJINBa

IInamennas yTuim3anust OpraHuvdCCKUX OTXOAOB ITOCIIC Hepepa60TKH 0Tpa60TaBmer 0 AACPHOI'O

VYTBepkaeHa NpUKa3oM AUpeKTopa (1ara, HoMep) ‘ Ne 27-77/C ot 27.01.2023

Cpok cauu CTYJICHTOM BBITIOJTHEHHON paOOThI:

TEXHUYECKOE 3AJIAHHUE:

Hcxoanble nanHble k padoTe 1. 3ananue;

2. HAYYHO-TEXHUYECKHE UCTOYHHUKH TI0 TEME
«PUREX-mporeccy;

2. HAyYHO-TEXHHUYECKUE UCTOYHHUKH I10
yTuimM3anuu Tpudbyrungocdara,

3. [IporpammHoe obecrieueHue « T erray.

pa3padoTKe BONPOCOB TpubyTridochara;
3. Pacuer noka3zareneii roprouectu BOK;

mazMenHod yrunuzanuu OOIT OAT;
5. aHAJM3 TOJTYYEHHBIX PE3yJIbTAaTOB.

Ilepeyenn moaJeskammx 1. 0630p nuTepatypsl o Teme «PUREX-mporeccy;
MCCJIEI0BAHMIO, IPOEKTHPOBAHUIO H 2. 0030p  yMTepaTyphl O  YTHJIM3ALUH

4.  TepmoaMHaMHYECKH  pacuer  mpolecca




Ilepeyennb rpaguyeckoro marepuajia I'paduxu:

1. YopouenHas cxema nplopeKc-Ipouecca;

2. BriusiHue Temreparypsl Ha paBHOBECHBIM COCTaB
MPOAYKTOB YTWJIM3allMM B BO3JYLIHOW IUIa3Me
tonsko OOIT OAT mpu maccoBoi goJie BO3ayxa
80%;

3. BausiHue temneparypbl Ha paBHOBECHBIN COCTaB
MPOAYKTOB yTHJIM3alMKU B BO3ayiHOM miazme OOII
OJIT B Buae komnosuiuun BOK npu maccoBoit one
Bo31yXxa 65%;

4. BnusiHue TeMIieparypbl Ha PaBHOBECHBIN COCTaB
IPOAYKTOB YTHJIM3ALMH B BO3ylIHOH m1azme OOl
OAT B Buge xomnozunun BOHK mpu maccoBoit
noiie Boznyxa 65%:;

KoHcyJbTaHTBI O pa3jeaM BbIIYCKHOM KBAJM(PUKAIMOHHOK padoThl

Paznen KoncyabTant

DOUHAHCOBBIA MEHEPKMEHT, Houent OTaeneHus coluaibHO-
pecypcoahHeKTHBHOCTD U pecypcocOepekeHne | TyMaHMTapHBIX HayK, K.3.H. CrnubiHa JILFO.

Jouent OTneneHus si1epHO-TOIIIMBHOTO

CorunanbHast OTBETCTBEHHOCTD
I nukia, K.1.H. [lepenepun HO.B.

I[aTa BbIJA4YM 3a1aHUSA HA BbINIOJIHECHHUE BblﬂyCKHOﬁ 27.01.2023
KBATU(QUKAIMOHHOM PadoThI 10 JUHEHHOMY rpauky R

3a)lalme BbIJAAJ PYKOBOAUTE/Ib:

JlomxHocTh DdUO YuyeHnasi cTeneHb, 3BaHNe Iloanucek Jara

JHouent OATL] Kapenrun Anexcanap

VSITII TITY Tpuropbesny K.¢.-.H., touent

3aiaHue NPUHSAJ K MCIIOJTHEHUIO CTYAEHT:
I'pynna DOUO Hoanuce Jara

0AMI11 Munénok Poman AHatonseBnu




MuHuCTEpCTBO HAYKH U BbicIIero odopasosanusi Poccuiickoii @enepaunu
denepabHOE TOCYAAPCTBEHHOE AaBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE BBICIIIETO
00paszoBaHUs
«HAIIMOHAJIBHBIY UCCJIEJIOBATEJIbCKHI
TOMCKHM NOJJUTEXHUYECKU YHUBEPCUTET»
[ITxona MHxeHepHas KOJa SIEPHBIX TEXHOJIOTUI

Hamnpasnenue noarotoku 14.04.02 Snepras dhusnka U TEXHOJIOTUU
Otnenenne mkoibsl (HOL) Otnenenue siaepHO-TOMIMBHOTO UK

dopma npeacTaBieHus: pabOTHI:

MarI/ICTepCKaﬂ Juccepranusa

KAJIEHJIAPHBIN PEUTUHI -TIIVIAH
BBINIOJIHEHHS BBIIIYCKHOI KBaTH(QUKAIMOHHOH padoThI

‘ Cpok ciauM CTy/IEHTOM BBIIIOJIHEHHOM pabOThI: ‘

Hara Ha3sBanue pa3zgena (Moay.s) / MaxkcumaJsibHbIIi
KOHTPOJIsA BUJI paboThl (MCCIe0BAHNS) 0an1 pa3aena (MoayJis)
27.01.2023 | O630p nuteparypsl o Teme «PUREX-mipouiece» 10
15.03.2023 | O630p nuteparypsl no nepepadotke Tpudyrundocdara 5
20.03.2023 Pacuér IIOKa3aTesen fOpeHHﬂ Ppa3IM4HBIX o5
BOJTHO-OPTAaHMYECKUX KOMIIO3UIIUI
10.05.2023 | AHanu3 u 00001IeHNE MTOIYYEHHBIX Pe3yIbTaTOB 20
16.05.2023 OUHAHCOBBIII MEHEKMEHT, pecypcodPPEeKTUBHOCTh H 15
pecypcocOepexenne
18.05.2023 | CouuanbHas OTBETCTBEHHOCTD 15
26.05.2023 | OdopmiieHNE TOSCHUTEIILHOMN 3aTUCKH U PE3CHTAITUN 10
COCTABUII:
Pykosoauresnr BKP
JloJzKHOCTH [01% (0] Yuenas crenenb, Moanuch Hara

3BaHUE

Houent OATI] UATIH | Kapenrun Anexcanap K.(b.-M.H.,

TITY I'puropseBuu JIOLIEHT
COI'JTACOBAHO:
PykoBoaurteas OOII
JomKkHOCTD (0115 (0] ‘Y4eHasi cTeneHs, Moanucey JlaTa
3BaHHE
ITpodeccop OATL] Bunses Jmutpuit J.T.H.,
VAT TITY I'ennanpeBUY npodeccop




PEDEPAT
Marucrepckas auccepTarus BkiarodaeT B ceOs: 104 crpanutisl, 25 Tabmmibl,
S PUCYHKOB, 32 IUTEpaTypHbIX UCTOUYHUKOB, | MIPUIIOKEHUE.

KiroueBbie cnoBa: OAT, opranudeckue OTXOJbl, BOJHO-OpPraHHYECKas
KOMITO3HIIMSI, BOJHO-OPTaHWYECKasi HUTpAaTHast KOMIO3uLus, yrunuszanus Thd.

OOBEKTOM HCCENOBaHUS SIBISETCS IPOLECC BO3AYIIHO-IIJIA3MEHHOU
YTWIA3aUU OPraHUYeCKUX 0TX010B nepepadotku OAT.

[enb pabOTHI ABIIAETCS OLIEHKA BO3MOKHOCTH 3()(PEKTUBHON YTHIIN3ALIUU B
BO3JIYIIIHOM IJIa3M€ OpraHnyeckuii otxooB nepepadorku OAT.

Cozmanne  3amkHyTtOoro  SATL[, KOTOpBIM MO3BOJIET  MOCTABIATH
orpaborasiuee sgepHoe Tomwmeo ¢ ADC, nepepabaThiBaTh €r0 U U3BJIEKaTh 2°Pu n
238, mpomsBoauTh Ha MX 0cHOBE MOKC-TOmmBo 1 nmoctasisaTh ero Ha ADC, 6bLI0
nepBoil B mMupe mHunuatuBod Poccun. Ilpu mepepabotrke OAT mo-mpexHemy
BO3HHMKAIOT TOPIOYME OTXOAbl B BHUAE 3KCTPAr€HTOB, HCIOJIB30BAHHBIX [
n3Bieuenns 2°PU u 238U, nns koTophIx He cymecTByeT 5P ()EKTHBHBIX TEXHOIOTHIA
nepepaboTku. B cBs3u ¢ 3TUM, 1enb JaHHOW pabOThl 3aKIIIOYAETCs B OIICHKE
3¢ (}eKTUBHOCTH Tpoliecca MPSMOM IJIa3MEHHOM YTWIM3alUUU OPTraHUYeCKHX
orxo10B niepepadotku OAT.

B pamkax paboTel HEOOXOOUMO BBIMOJHUTH CIEAYIOIIUE 3aJadyu:
MPOAHAM3UPOBATh  PA3JIMYHBIE METOJAbl YTWIM3alUMU TOPIOYUX  OTXOOB
nepepabotku OST, omnpeaenuTs ONTUMANbHBIE COCTaBbl TOPIOYUX BOIHO-
OpPraHMYEeCKUX KOMIIO3UlIIUM, ocHOoBaHHbIX Ha OOIl OAT, u onpenenuthb
HaWJIy4ylIue pexuMbl mpoiecca miuazmMeHHond yrtunuzamuu OOIl OAT B ¢gopme

HaunoOoee MOoAXO AN X BOAHO-OPTaHNYCCKUX KOMHO3HHHﬁ.
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O0o3Ha4YeHNs U COKPaALLICHUS

ATL — saepHbI TONMIMBHBIN UK,

OST — oTpaborasiiee siiepHOE TOILIUBO;

PAO — panuoakTUBHbBIE OTXO/IbI;

OOII OAT — oprannueckre 0TX0Ibl IepepaboTKH 0TPaOOTABIIETO SAESPHOTO
TOILIMBA;

HOIT OMAT - wnHeopranwdeckne OTXOABI TEpepadOTKH OTpabOTaBIIETO
SJICPHOTO TOIJIMBA,;

Th® — tpubyrundocdar;

I'XB]I — rexcaxnopOyTaaueH;

BOK — BogHO-Oprannyeckas KOMIO3HUIIMS;

BOHK — BoHO-OpraHnnyeckas HUTpaTHasi KOMITO3UIIUS;

TBDJI — TeNI0BRIACIIAIONIAN DJIEMEHT.
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BBenenne

Co3nanue 3aMKHYTOM sIIEpHOM TOIJIMBHOM IUKJA - 3TO WHHOBALIMOHHBIN
MpOEKT, KOTOopbi Poccust mepBoil B mupe peanusyer. OH NMpeaycMaTpUBAET HE
TOJIBKO MepepaboTKy OTPabOTaBLIETO SAEPHOrO TOILUIMBA, HO U M3BJIeYcHUE 2°Pu n
238, mpomssoactBo Ha ux ocHoBe MOKC Tommsa u ero nocrasky Ha ADC. Dto
MO3BOJIAET YTHIIN3UPOBATh BCE BUIBI PAJUOAKTUBHBIX OTXOJ0B, MOJIy4asi IIPU 3TOM
IPOJIYKThI, KOTOPbIE MOKHO JJIATEIbHOE BpeMsl XpaHUTh. OJIHaKO B Mpolecce
nepepabotkn  OAT oOpasyroTcss He TOJNBKO oOTXoAbsl TmepepadoTku OT,
BKJIFOYAIOLINE NPOMYKTHI AeieHus 2>°U, HO M OPraHMYecKue OTXObI IIepepaboTKu
OAT, xoropble SBISAIOTCS OBIBIIMMU B YINOTPEOJEHUM HKCTpareHTamH JJis
u3Bieuenus uz OST 2°Pu u 28U,

Obecnieuenre 0e30MacHON MU3HM Ha 3€MJIE B YCIOBUSX HHTEHCUBHOIO
pa3BUTHS aTOMHOW OJHEPreTUKU TpeOyeT pelieHuss mpobiieMbl mnepepaboTKu
OpraHMYEeCKUX OTXOJIOB, KOTOpas HAXOJUTCS Ha IIUPOKOM OOCYKIIEHUH B
MPABUTEJILCTBEHHBIX, HAYYHBIX U OOIIECTBEHHBIX KPyrax MHOrux ctpaH. OJHaKoO
HACTOSIIIEE BpeMsl HE MPeoCTaBisieT dOPEKTUBHBIX TEXHOJIOTUH JJIS 9TOTO.

PamnoaktuBabeie otxonpl ADC u OMT o6mamatoT  pa3IduyHBIMU
ocobennoctsimu. Ilocne mepepabotku OAT MOXKHO TONYYUTH HOBOE SIIEPHOE
MOKC-TomiuBo, 4To AenaeT ero neHHsM npoaykrom. C apyroi croponsi, PAO
ABJISIETCSA CTEU(UUECKUM TUIIOM OTXOJIOB, KOTOpPhIE MOTYT OBITh 00€3BpPEKEHBI
TOJBKO IyTEM [JIMTEIBHOTO XpaHEHWsS ISl paclaia CoJEepKalUXCsi B HHUX
PaAVOHYKIIUIOB.

Jlo7g M30TONOB IIyTOHUA U ypaHa 2°U B oGiydennom Ha ADC smepHOM
TolmBe He IpesBbimaer 3%, a ocraneHele 97% cocraBmsior 28U m
CHUHTE3UpOBaHHbIHA muyTonui 2°Pu. Ha nepsom sTane nepepabotku otxomsl OST
6e3 ypaHa W  IUTyTOHHUS,  SBISAIONIMECS  CIIA0OKOHIIEHTPUPOBAHHBIMHU
BOJTHOCOJIEBBIMU PACTBOPAMH METAJIJIOB, COAEPKAT MHOYXKECTBO HEPAJANOAKTUBHBIX
npoaykToB (P33, MonubneH u npyrue), a Takke KOHCTPYKI[MOHHBIE MaTepHalibl

(LMpKOHMUIA, XKeNle30, HUKEIb, XPOM, MApraHell U Apyrue). Belnenenne HEKOTOPBIX
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U3 HUX, HAl[pUMeEP, IIEHHBIX U 0JIarOPOTHBIX METAIOB, MOKET OBITh MOTCHIIMAIEHO
MHTEPECHBIM I TAJIbHEUIIIETO UCTIOIb30BAHUA.

N3roToBieHue MpoIyKTOB M3 OTPAOOTAHHOTO SACPHOIO TOILIMBA SIBIISETCA
TPYIOEMKHUM MPOLECCOM, KOTOPBIM TpeOyeT OOJBIIOTO KOJWYECTBA BPEMEHU U
sHepruu. Kpome Toro, cymectByromass TEXHOJOTHS HE NPEeayCMaTPUBAET
BO3MO>XHOCTH TOBTOPHOTO  HCIOJIb30BAHUSI IEHHBIX METaJUIOB, KOTOpbIE
00pa3yloTcs B pe3ysibTaTe nepepaboTKU OTXO/I0B.

OnHako MUCHOJIb30BAHHUE BBICOKOTEMITEPATYPHOM MJIaA3MbI MOXKET PELIUTh 3TY
npoOJieMy, TaK Kak MO3BOJISET 3HAUUTEIIBHO YBEJIMUYUTH KOHIICHTPAIUIO YHEPTUH B
PEAKTOpPE MO CPABHEHHIO C JAPYTrUMH MeToAaMu. [Ima3MeHHass TEXHOJOTHUS TaKKe
uMeeT BbICOKMM sHepretuueckuit KIIJ[, koTopblii 00ycClOBIEH HE TOJBKO
3 PEeKTUBHBIMU UCTOYHUKAMU MUTAHUS, HO U COKpAIICHUEM KOJIMYECTBA CTaIUM B
Ipolecce MOJIy4YeHHus: MaTepualioB. Bee 310 Aenaer npou3BOACTBO NPOAYKTOB U3
OTpabOTAHHOTO AJIEPHOTO TOILIMBA OoJiee APHEKTUBHBIM U SKOHOMUYHBIM.

B xone uccnemoBanus ObUT M3Yy4YeH MPOLECC YTUIM3AIMUA OPTaHUYECKUX
OTXOJIOB, TIOJIYYeHHBIX B pesyinbrare nepepabotkun OMAT. [lns  sToro
WCMOJIb30BAINCh ~ TOPIOYME  BOJAHO-OPTaHMYECKHME U BOJIHO-OPraHUYECKHE
HUTPATHBIC KOMITO3HUIINH, KOTOPBIE ObUIH ONITUMAJILHO TOI00paHbI IO COCTaBY IS

MIPOBENICHUSI TPOIlecca TIa3MEHHOM YTHUIIN3aluu B aTMocdepe Bo3Tyxa.
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1 IIsropexc-nponecc (PUREX-npouecc)

[lepepaboTka BBICOKOPATUOAKTHUBHBIX BEHIECTB — O3TO CJIOXKHBIA U
Joporocrosiuil nporecc. Ha cerogusmHuil 1eHb caMbIM IIUPOKO MPUMEHSIEMbIM
METOJIOM SIBJISIETCS MBIOPEKC-TIPOLIECC, BKIIOUaromMii pactBopenne TBOJIoB B
a30THOM KUCJIOTE U TIOCIEAYIOIIee OUUIICHHE PACTBOPA.

Jlist monmy4yenus yucThix coeauHeHnit U u Pu ucnonb3yroTcst crienuanbHble
METO/IbI, KOTOPBIE MO3BOJIAIOT BBIJCIUTh UX U3 MPOIYKTOB JIEICHUS U IJIEMEHTOB
obosouku. [Tocne atoro auokeun mryronus PuO; ucnonb3yercs 17 U3rOTOBICHUS
HOBBIX CEpJCYHUKOB, a ypaH JMOO M1 MPOU3BOJCTBA CEPAECYHUKOB, JHUOO IS
oboramenus >*U [1].

[lepepabotka TBOJIoB TpeOyeT BbIAEPKKU B CIEHUANBHBIX XPaHUJIMILAX B
TEUEHUE HECKOJBKHUX JIET, MIOITOMY 3TOT MPOLECC TPEeOyeT TEpIeHUss U 0coO0ro
nonxoja. Eie ogHoit npoOiemoit siBnsieTcst nepepaboTka U 3aXOpPOHEHHUE OTXO/I0B,
KOTOpBIE€ HE MOTYT OBITh IIOJIBEPTHYTHI pEreHEepalluy.

Takum o0pa3om, mpoiecc nepepaboTKH BbBICOKOPAJIMOAKTHUBHBIX BELIECTB
IpeJCTaBIsieT COOOM CIIOKHYI0O M MHOTOTpPaHHYIO 3ajady, KoTopas Tpedyer
HanOoJiee BHUMATEJIbHOTO U OTBETCTBEHHOT'0 MOJIX0/1a.

B mnocnennee Bpemsi, B CBSI3U C YCOBEPIICHCTBOBAHHMEM TEXHOJOTUH
pa3fiesieHusl, BO3HHUK MEXIyHAapOJIHBI MHTEpeC K H3BJICUCHUIO AKTUHHUIOB U3
OTpabOTaBIIETO SACPHOTO TOIUIMBA. [ 3TOro yxe HECKOJbKO IECATUIIETHM
YCIIEIIHO TPHUMEHSETCS MBIOPEKC MPOLIECC, KOTOPBIM MO3BOJISET INepepadoTaTh
MOTEHIIMATBHO IICHHBIE YpaH U ITyToHUH. C TeYeHHeM BPEMEHH TOT MpOoIiecC ObLI
COBEPILIECHCTBOBAH M aJaNTUPOBAH i1 0OpabOTKM TOMIMBA C 00Jie€ BBICOKUM
BBITOPAHUEM, A TAK)KE METAJNTHYECKOTO M OKCHJIHOTO TOTLIMBA, C LEJIbI0 YMEHBIIUTh
KOJIMYECTBO LIUKJIOB SKCTPAKIIMU PACTBOPUTENIEM U 00pa30BaHUE OTXOJIOB.

Hosreie npennoxenus:

- OHMM U3 IPEUMYILECTB MBIOPEKC Mpoliecca SIBISIETCS TO, YTO OH CIIOCOOEH

s pexTrBHO 00padaTHIBATh PA3IMYHbBIC TUIIBI SEPHOTO TOILIMBA.
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- Jlns Toro uToObl YMEHBIIUTH BIWSHHUE SACPHON DHEPIeTHKUA Ha
OKPYXAIOIIyI0 Cpeay, HEOOXOIUMO TMOCTOSSHHO COBEPIICHCTBOBATH M Pa3BUBATH
TEXHOJIOTUHU NepepabOTKU AIEPHOTO TOILIUBA.

- [lepepaboTka oTpabOTaBIIETO SAISPHOTO TOTUTHBA SBISICTCS BAXKHOW 9aCThIO
BCETO MpOIIecca MPOU3BOJICTBA AIEKTPOIHEPTUH U3 SIACPHBIX HCTOYHUKOB.

B KOHTEKCTE COBPEMEHHBIX 9KOJOTMYECKUX BBI30BOB BCE 00Jiee aKTyalbHbIM
CTAHOBUTCSI BONPOC MEPepabOTKH OTXOJOB OT SAJIEPHOU SHepreTuku. MmeHHO
MOATOMY pa3pabOTKa M COBEPIICHCTBOBAHUE TEXHOJIOTHM pa3JeieHUs SIBISETCS
OJIHOM M3 BaXKHEUIIIUX 3a7a4 sl MEKTyHApOJHOTO cooOiecTBa. [Ipropekc mpoiiecc
BBIJICTISICTCS  Cped HUX CBOed HA(PPEKTUBHOCThIO W  YHUBEPCAIBHOCTHIO,
MO3BOJISIONIEH 00pabaThiBaTh Pa3IMYHbIE TUIIBI siIEPHOTO ToruMBa. HeoOxommmo
MOCTOSTHHO pab0TaTh HAJl YIYUYIIIEHUEM 3TOr0 Mpoliecca, YTOObl OH cTaj enie Oosee
3¢ (HEKTUBHBIM U IKOJIOTHYECKH OE€30MTACHBIM.

Hogelimue uccnenoBanus v pa3paboTku B 00JacTh 00pabOTKU BOJHOTO
TOIJIMBA TOCBSIIEHBI COBEPIICHCTBOBAHUIO TMBIOPEKC-TIpoIlecca U pa3padoTKe
TEXHOJIOTWI pa3leNieHuss MIaAImMX akTUHHI0B. Ocob0oe BHUMaHHUE YJEseTcs
MPUMEHEHUIO HOBBIX  OJKCTPareHTOB M  HCMOJIb30BAHUIO  OJIHOIUKIIOBBIX
TEXHOJIOTUYECKHX CXEM OJKCTpPaKIMU PACTBOPHUTEIIEM U  IEHTPOOEKHBIX
KOHTaKTOpPOB. BHepeHHne TakuxX MepeoBhIX MbIOPEKC-TIPOIECCOB B OYyIyIIMX
3aMKHYTBIX TOIUIMBHBIX [MKJAX SBISIETCA KJIIOUEBOM 3anadeil. biaromaps
MPOU3BEJCHHBIM  JOCTIKEHUSM, TMPOIECCh 00pabOTKM BOJHOTO  TOILIMBA
cTaHOBATCS Oosiee A (PEKTUBHBIMU, CTOUMOCTh YCTAHOBOK CHIIKAETCS, & 00BEMBI
00pa3yroIIUXCsl 0TXOJI0B YMEHBIIIAIOTCS.

JIns pa3BUTHS HOBBIX TEXHOJIOTUW SIIEPHOW HDHEPre€TUKUA CTPEMHUTEIBHO
NPUXOJUTCS TPUHUMATh HOBBIE M3MEHEHHUSI TEXHOJOTHYECKOM CXEMBbl. YKe
MPUMEHEHHBIC U3MEHEHUSI BKIIIOYAIOT CHIDKCHHE KOY(DPHUIIMEHTOB J1€3aKTUBAINH
MIPOJYKTOB JCJICHUS, a TakKe COBMecTHyIo mepepabotky U/Pu u coBmecTHyIO
necopbuuto Pu/Np. Ho pa3BuTHe HE CTOMT Ha MECT€, U HOBBIE YJIy4IICHUS

HaIlpaBJ€Hbl HA pEUIEHUE JPYrux MpoOJieM, TaKWX Kak YCTOWYMBOCTh K
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HEPACIIPOCTPAHEHUIO M CKUTAHHUE  BTOPOCTENEHHBIX  aKTHHHUIOB,  0O€3
HEeOIaronpusITHOTO BO3JICHCTBUS HA MPOJIYKTHI [2].

OnHUM U3 UHTEPECHBIX TOCTUKEHUH, MOTBEPKAAOIINX 3TO HAIIPABJICHUE -
JIEMOHCTpALIHS s pexTuBHOCTH UCIIOJB30BaHUS MPOCTBIX
KOMILJIEKCOOOpa3zoBarenei TuapoKcaMoBoi KucioTsl B otaenenud U ot Np u Pu.
DTOT MOAXOA MOXKET OBbITh MPUMEHEH HE TOJIbKO B SIICPHON SHEPIreTHKE, HO U B
JIPYTUX WHAYCTPHAIBHBIX OTPACISAX, TIe HEOOXOAMMO BBIACIUTH OMPEICICHHBIC
BEIIECTBA U3 CMECH.

Cnenyer 3aMeTuTh, YTO JaHHAs TEXHOJOTHUS HE peEmIaeT BceX MpoodieMm,
CBS3aHHBIX C SACPHON DHEPTEeTUKON, HO SBIIACTCS BAKHBIM IIaroM Ha TMYTH K
co3ganuto Oornee AGhPEeKTUBHBIX W ycTOMUMBBIX pemieHud. Heobxomumo
POAODKATh MCCIETOBAHMS M SKCIIEPUMEHTHI, YTOOBI JOCTUYhL 00Jiee 3HAYUMBIX
pe3yabTaTOB B 3TOU 00JIACTH.

VYmpoieHHas cxema noropeKc-Tpoliiecca npuBeieHa Ha pucyHke 1.1.
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Pucynok 1.1 — Ynpoiiennas cxema npropeKkc-rnpouecca

1.1 Pa3paboTka npoueccoB Purex u Me:KIyHAPOAHBII ONBIT

CIIIA B kxoHIE

KpymHOMAacIITaOHOW mepepaboTKOM TUIyTOHMSI M TOIUIMBA.

1940-x rOmOB CTajlM OYEHb AaKTUBHO

3aHUMATbCA

Jlo pazpaboTku

nporecca Purex ncnonb3oBanu Metoa ocaxaeHus pocdarta BUCMyTa, KOTOPBIN ObLI
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BecbMa Heyno0eH U HedpekTuBeH. 3aTeM ObUTH BBEACHBI B JIEWCTBHUE MPOLECCH
IKCTpakIuu pactBoputeneM. I[Ilpumenenue mnporecca Redox u Butex Obuio
pacmpoCcTpaHEHO Ha pa3HbIX TEPPUTOPUSX, HO OHU OBICTPO YCTYHWIH MECTO
nporeccy Purex [3].

[Ipouiecc Purex mo mpaBy 3acityuil MHOXECTBO MOJOKUTEIbHBIX OLICHOK B
00JIaCTH XUMHUU M XMMHUYECKOM TEXHOJOTUU. bbUIO MoKa3zaHO, YTO 3TOT MPOIIECC
o0namaeT psaoM TMPEUMYIIECTB TMEpell aHAJIOTMYHBIMH 10 XapaKTepUCTUKaM
IpoLEeccaMl U CETOJIHA OCTaeTCsl JOMUHHPYIOIIEH TEXHOJIOTHEW mepepaboTKu
AIEPHOTO TOIUIMBA. Ero 3amuTHBIE CBOMCTBA 3aCIy>KMBAIOT BBICOKOM OLIEHKH Yy
npodeccuoHanoB U 00ecrneynBalOT 0e30MacHOCTh B pabOTe C  SAEPHBIMHU
MaTepHuaiaMH.

He cMoTps Ha MHOXECTBO NpPEUMYIIECTB, NMPHU HCIOJIB30BaHMU IpoIlecca
Purex BO3MOKHO BO3HMKHOBEHHE HEKOTOPBIX MpOOJIEeMHBbIX cuTyauui. [lostomy
paboTa ¢ siIepHbIM TOIUIMBOM BCET/1a MPEACTABIIAET ONPEIEICHHBIN PUCK U TpeOyeT
BBICOKOM KBaJM(DUKAIMU U O€30MACHBIX TEXHOJIOTHH.

PacnionoxeHHbIii B mpUpoAHON 30HE 3aBOJ 1O mepepadoTke Purex — a1o
oco0oe MecTo, OoOBeauHsIoNEee B ce0e MHOXKECTBO OOBEKTOB, HYXHBIX IS
yCTOWUYMBOM paboThl. B rooBHOM 3aBo/ie 0TpabOTaHHOE TOTLJIMBO MPEBPAIIACTCS B
pactBop HNO3, He0OX0IMMBI 17151 €r0 XMMHUYECKOI0 pa3zesieHus: ¢ IPUMEHEHUEM
9KCTpakTopoB. [lomyueHHbIe OTAETBHBIE HUTPATHBIE MPOIYKTHI 1ajie€ MOTYT OBITh
WCITOJIB30BAHBI JIJIS1 IPOM3BOJICTBA TBEP/IBIX OKCHUIHBIX MaTEPUAJIOB.

Kpome rosioBHOro 3aBoja, Ha TEPPUTOPUM OpPraHU30BaHAa OOIIMpPHAs
UH(PaACTPYKTypa, KOTOpasi UMEET 3HAYUTENIbHOE 3Ha4YeHHe sl paboThl 3aBOJA.
OpHUM U3 BaXXHBIX OOBEKTOB SIBIIAETCS CUCTEMA, IPeIHa3HAYCHHAs /71 00pabOTKH
TBEP/BIX OTXO/I0B, BO3HUKAIOIINX B PE3yJIbTATE OIEpaIyii Mo nepepaboTke.

Oco0yto pob B apceHalie CPeJICTB 3aBOJIa UTPAIOT CUCTEMBI JIJIsl 00pabOTKH
KUJKUX W Ta3000pa3HbIX CTOKOB. X HE0OXOAMMOCTh OOBICHSETCS TEM, YTO B
npoliecce nepepadboTKH BBIAEISIOTCS PA3IMYHbIE BUJIBI OTXOJIOB, TPEOYIOIIMUX

cneruuyueckor 006paboTku. 3aBoj Mo mepepadoTke Purex — 3TO MMEHHO TOT

17



CJIyJaii, Korja BCe HEOOXOaUMOe ISl YCTOWIMBOM paboThl 00BEKTa BKIIFOUYECHO B
SANHYIO XapaKTePUCTUKY, MOITBEPKIAIONIYIO €T0 YKCIIEPTHOCTh U 3HAYUMOCTb.

[TepepaboTka OKCHUIHOTO TOIJIMBA — OAMH U3 KITFOYEBBIX MPOIECCOB, KOTOPHIi
MIOMOTAET TIOJYYUTh IEHHBIE 3JIEMEHTHI, UCIIOIh3YEMbIC B MPOU3BOCTBE SACPHOMN
SHEpruv. B mpolioM apyrue CTpaHbl TOXKE UMEIH OMNbIT nepepabotku Purex B
pazmuHoM MaciTabe — CIIA, 'epmanus, Poccus, bensrus, Uuaus [1][2][4].

OmHuUM U3 KIIFOYEBBIX JTAMOB MEPEPabOTKH SIBISIFOTCS ITUKIIBI DKCTPAKIIAH
pacTBOPUTENIEM, KOTOPbIE MOMOTAIOT OTACIUTh U OYUCTUTh YpaH U IUTYyTOHUU OT
OCTAIbHBIX 3JeMEHTOB. [l onTUMU3amuu mporecca OBLIM  TPEIPUHSATHI
OTIpE/ICIICHHBIC ITIaTH, TAKUE KaK COKPAIICHHE KOJUYECTBA ITUKIIOB, UCTIOJIb30BAHHE
OECCOJIEBbIX PEareHTOB M BHEAPECHUE PAHHETO OTICICHUS TUIYTOHHS OT ypaHa.
Taxoke, OblIa MCTOJB30BaHA HOBAs TEXHOJIOTHS KOHTAaKTHOTO OOOPYIOBaHUS —
UMITYJIbCHBIE KOJIOHHBI BMECTO CMECUTENICH-OTCTOHUKOB.

[ToaTOoMy, G1arozapst ONBITY MHOTHX CTPaH U TEXHOJIOTUYECKOMY MPOTPECCY,
nepepaboTKa OKCHUIHOTO TOIUIMBa craja Oosiee 3((PEKTUBHOW M IKOJOTUUYECKU
0e30macHOM.

B BenukoOpuranuu Ha miomaake British Nuclear Group B Cemnaduinme
MPUMEHSIOTCSI HOBBIE METOJIbI TIepepad0TKH OKCHAOB. OJIUH U3 MIPUMEPOB TAKOTO
MOJIX0/Ia - YCTAaHOBKA IO TEPMHUECKOU mepepaboTke, KOTopas UCIOJIb30Baia TPU
IIUKJIa DKCTPAKIIMYA PACTBOPUTEIEM. JTa TEXHOJIOTHYECKAs CXeMa OTJIMYAeTCS OT
Oonee paHHUX METOJIOB MepepaboTKH Ha 3aBojae Magnox, e HCIOJIb30BAIHCH
YeThIpE IUKJIA ¥ TIO3IHEE pa3ielicHuE.

M3MeHUINCh TaKKEe HCIOIb3YEMbIE pPEarcHThl: BMECTO COJICH Kene3a H
HUTpUTA HaTpus Ha twiomaake B Cemnaduige HCMIOIB3YIOT peareHTh 0e3
conepkanus coseit, U(IV) u razoo0pa3nbix okcuaoB azota (NOX). JlaHHBIM TOAXOT
103BoJIsIeT 2P EeKTUBHEE U3BJICKATh IIEHHBIE KOMIIOHEHTHI U3 OKCHJIOB.

Tepmuueckass mepepaboTka SBISETCS OJHUM W3 METOAOB TMepepadoTKu
AJIEPHBIX OTXOJIOB, KOTOPHIN MOJIy4aeT Bce OoJiblliee pa3BUTHE B MHUpe Oyaroaaps

cBoeil addexTuBHOCTH M Oe3omacHOCTH. HecMoTps Ha mpenMmyIiecTBa JaHHOTO
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METO/1a, BOTIPOC MepepadOTKU SACPHBIX OTXOJIOB OCTACTCSA aKTyaJIbHBIM U TPEOyeT
0osee riayO0KOro NCCIe0BaHMS U Pa3BUTHS.

Hcrnonb3oBaHre UMITYJILCHBIX KOJIOHH JIJIsl TOTOKOB C IJTYyTOHUEM - 3TO OAHH
U3 croco6oB yny4mieHus 3pPeKTUBHOCTH TTepepabOTKH SISPHOTO TOTINBA. Takxke
paszenuTenbHas YCTaHOBKA MOKET ObITh MHTEIPUPOBAHA C IPYTMMHU OIEpaIUsIMU,
YTO MO3BOJIIET YIIPOCTUTH U YCKOPUTH Mpoliecc nepepadbotku. [IpumedarenbHo, 4To
Thorp mepepabaThiBaeT 0OOTAIIEHHOE OKCHIHOE TOIUIMBO C 00Jiee BBICOKHM
BBITOPAaHUEM U3 YCOBEPIIEHCTBOBAHHBIX ra300xJaxaaemMbix peakTtopoB (AGR) u
nerkoBoiHbIX peakTopoB (LWR). D10 oTnuyaercs ot 60Jiee HU3KOTO BHITOpaHUs,
KOPOTKOTO OXJIAXKJCHHS W €CTECTBEHHOro oOoramieHus TorumBa Magnox Ha
METaJUIMYECKOM ypaHe, UTO SIBJIAETCA €Ille OJHUM WHTEPECHBIM ACTIEKTOM B ATOM
obnactu [1] [2] [4]. PaccmoTpuM HEKOTOpPBIE MOAPOOHOCTH FTOTO MpoOIlecca.

NMiiynbCHBIE KOJOHHBI MPEACTABISIOT CO00M Ha0Op MHJIMHIPUYECKUX
KOJIOHH, 3allOJIHEHHBIX TpaHyJlaMH MOAXOAsIIero Marepuana. Kepamudeckue
IMIAPUKU WA METAUTMYECKUE IMapbl HMCTOJB3YIOTCS JJII PacCEeMBaHUS ITOTOKA
TOTUTMBA U TEHEPAIlMU UMITYJIBLCHOTO JIaBJICHUSI, KOTOPOE MEePEMENTUBACT ¥ OUUIIACT
NOTOK. B pesymnbTaTe 3TOro mporiecca mpouCcXoauT cenaparus IIyTOHUS U IPYTUX
IEHHBIX TPOAYKTOB. JIpyrumMu cioBaMu, HUMIYJIbCHBIE KOJOHHBI OTIMYAOTCS
BBICOKON 2(PPEKTUBHOCTHIO B 00pabOTKE MOTOKOB C IUIYTOHHEM, Oiarojaps
WCITOJIB30BAHUIO CIICIMAILHOTO MaTepualia U TeHEPAIlMH HWMITYJIBCOB BBICOKOTO
JIABJICHUSI.

[Ipeanonoxxum, YTO TOTOK XKeje3a COMCPNKHUT HEOOIBIIOe KOJUYCCTBO
30710Ta. PasnmenuTenpHas yCTaHOBKA MOXKET HCIIONIB30BAThCS, YTOOBI Pa30UTh
JKEJIe30 Ha YaCTH U BBIIEUTH 30J10TO. TOYHO TaK)Ke€ UMITYJIbCHBIE KOJOHHBI MOTYT
WCITOJIB30BAThLCS JJIS CeTapaliiy TUTyTOHUS U IPYTUX TIPOIYKTOB B TIOTOKE, T/Ie OHU
coziep KaTcsi B HEOOJIBIIIOM KOJIMYECTBE. B 00111eM, Y HCTIOIB30BaHMS UMITYJIBCHBIX
KOJIOHH €CTh MHOTO MPEUMYIIIECTB JJI MPOIecca NepepadOTKH SAEPHOTO TOTIINBA,

KOTOPBIC CTOUT YUUTLIBATH IIPHU pa3pa60TKe HOBBIX MCTOJHK B 3TOM 00JIaCTH.
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1.2 YcoBepuieHcTBOBaHHas1 pa3padoTka npoueccoB Purex

Pa3paboTka HOBBIX TEXHOJOTHMYECKHX IMPOLECCOB SBISIETCS KIFOUYEBBIM
KOMITOHEHTOM JIJIs YJIy4llIeHUs mepepaboTKU TOITMBA Ha BOJAHONU OCHOBE, 0COOEHHO
B KOHTEKCTE 3HAYMMOCTH MCNOJIb30BaHus akTuHUI0B U, Np u Pu. Mcnosb3oBanue
AKCTPAKIMKM pacTBOpUTENeM Purex mokaszaio CBOIO BBICOKYIO 3((HEKTUBHOCTh U
HAJISKHOCTh B DKCIUTyaTallid, YTO MOAPa3yMeBaeT HEOOXOAUMOCTh JalbHEHIIEeTo
YCOBEPIICHCTBOBaHMsI W Momudukanuu  mporecca. Takum — oOpaszom,
HEO0OXOJMMOCTh TOJIHOTO KOHTPOJS HaJ aKTHMHHIAMH B paMKax OJHOTO IIMKJIa
DKCTPAKLMKM  SABJISAETCS KPA€YroJbHbBIM KaMHEM IIpU  pa3pabOTKE HOBBIX
TE€XHOJIOTHYECKHUX PEIICHHM.

K Tomy e, BaxHO oOecneuuTh T'MOKOCTh MHpoIlecca, 4TOObI OH MOT
NPUMEHATHCA JUISl IIUPOKOTO CHEKTPa UCXOAHBIX MAaTEPHAIIOB, HA KOTOPBIX OyIEeT
MPOBOJUTHCA TiepepaboTrka. HeoOXoaumo yduThIBaTh, YTO JIJIi KAYECTBEHHOTO
npoiiecca nepepadboTku, crenudukanuu npoaykra s noroka U MOKHBI ObITH HA
BBICOKOM YPOBHE.

DTO MOKa3bIBAET, YTO Pa3pabOTKa HOBBIX TEXHOJOTUYECKUX MPOLECCOB IS
nepepabOTKX TOIJIMBA HA BOJHOM OCHOBE SIBJIIETCS OJHUM U3 CaAMbIX aKTyaJIbHbIX
U MEePCIIEKTUBHBIX HAMPAaBIICHUN B cpepe SHEPreTUKU U HKOJIOTHU. B Toxke Bpems,
TaKHe MPOoIIeCChl HEM30EKHO JTIOJKHBI OBITh COOTBETCTBOBAThH BHICOKUM CTaHAapTaM
U TpeOOBaHMIM K KauyecTBY nponaykuuu. [ToMumo 3toro, mpu pa3zpaboTKe HOBBIX
MPOIIECCOB BaKHO YYUTHIBATH BO3MOXKHOCTh UX MPUMEHEHUS B IIHUPOKOM CIIEKTPE
pecypcoB, 4YTO CHEJTaeT HOBYIO TEXHOJOTHIO 0oJiee YHUBEpPCAJIbHOU W
HKOHOMUYECKHU I (HEKTUBHOM.

[Tonmy4yeHue J€rko OYMINAEMOro MNPOAYKTa W CTOKOB C HCIIOJIb30BAaHHEM
kuHeTHdecku ObIcTpbIX peareHTOB «CHON» [5] B KOJBIEBBIX HEHTPOOEHKHBIX
KOHTaKTOpax - 3TO BaXKHAs 3ajJlaya, KOTOPYIO HYKHO PEIIUTh KaK MOXKHO ObICTpee.
Panee mis sTon nemm ucnosib3oBanu Hemenkud mnpouecc IMPUREX, kotopsrit
MoKa3aJl 3aMeTHBIA Tporpecc B  pa3pabOTKe TNEepeoBOM  MepepadoTKH
TEXHOJIOTUIECKHUX cxeM [6]. Ero menpio ObUIO MOJTy4YEeHHE MPOOIYKTOB BBICOKOM

YHUCTOTHEI.

20



YroObl 1OOUTHCS KEJIaeMOro pe3ynbTara, HEOO0XOAMMO MPOBOAUTH
VCCJIEIOBAHMSI M SKCIIEPUMEHTHI, YTOOBl HAlTH Hawitydiuue pewmeHusa. OIHO u3
TaKUX PELIEHUI - UCIOJIb30BaHUE KMHETHUECKH ObICTpBIX peareHToB «CHONY,
KOTOpbIE 00ECTeunBalOT OBICTPOE U IPPEKTUBHOE pPearupoBaHUE B KOJBIEBBIX
LEHTPOOEKHBIX KOHTaKTOpax. biarogaps 3ToMy mpoueccy MOXKHO IOJIyYUThb
MUHUMAaJIbHBIE OOBEMBI JIETKO OYHINAEMOTO IMPOJIYKTa U CTOKOB, UTO SIBJISETCS
BaXHBIM (PaKTOPOM, OCOOCHHO MpHU pa3pabOTKe MEPEOBBIX TEXHOIOTHUECKUX
CXEM.

JUist TOro 4toObl MOMYYUTh MPOAYKTHI C BBICOKOM YHCTOTONM U HW3BJIEYb
aktuHuAsl TRU, Hy»XHO MeToauueckd MNpopadoTaTh BCE ATallbl Mpoliecca u
YUUTBIBaTh BCE BO3MOXKHbBIE (PAKTOPBI, BIMSIIOIINE HA Ka4eCTBO MpPOAyKTa. BaxHo
NOMHUTb, YTO Ka&XJIblil Mporecc TpedyeT HWHAMBUAYAJIbHOTO TMOAXO0da H
IOCTOSIHHBIX YJIyYIICHUH.

B npoMblinieHHbIX MaciiTadax CylniecTByeT 3HaUUTEIbHBIN YCIEIIHbBIN OIBIT
HKCILTyaTalMK MbIOPEKC-TIPOLIEcCca, KOTOPbIA OCHOBAH Ha MCMOJIb30BAHUH BBICOKOM
CTENIEHU OCBETJICHHS CBhIPbsi B COYETAHWU C OYEHb BBICOKON TEXHOJIOIMYECKOU
CXEMOM HACBHIIICHHUSA. JTO MO3BOJISIET JOCTUTAaTh OYEHb BBICOKMX 3HaueHuu DF
IIPOJYKTOB JEJEHUS B IEPBOM KOHTAKTOpe. B HacTosee BpeMst paccMaTpuBaeTcs
NOTEHUUAIBHO TOJIe3HAss MHHOBAIMS - KOMILJIEKCOOOpa30BaHUE, KOTOPOE MOKET
3aMEHUTh BOCCTAHOBUTENbHOE yaaneHue Np u Pu ¢ ucnonb3oBaHuEM MPOCTHIX
T'HJIPOKCAMOBBIX KHUCJIOT. B 3TOM ciydae mnpomecc MokeT ObITh emie Ooiiee
3 PEeKTUBHBIM U IKOJIOTHYECKU Oe3omacHbIM. KpoMe Toro, BaXkKHO OTMETHUTh, YTO
NbIOPEKC-TIpoIece o01aaaeT OOJbIION UCTOPUUYECKON 0a301 3HAHUMN, UTO SBJISICTCS
BaXXHBIM ()aKTOPOM IPU €r0 UCIOIB30BaHUU B MPOMBILIUICHHBIX MacIITadax.

Pa3paboTka HOBBIX TexHOJIOTHM perupkyisiunu aktuHuoB TRU B AFC u
peakTopax TokoyieHusl [V sBIS€TCS KIIOYEBBIM BOMPOCOM B 00JIACTU SIAECPHOU
sHepreTUku. JlanmpHelliee YCOBEPIIEHCTBOBAaHHE IIpollecca HUMeEET OOJbIIoe
3HaYE€HUE, I0ATOMY BHUMAHHUE CIELMAIMCTOB BCEer1a (POKyCUPYETCs Ha BO3MOKHBIX

crioco6ax ero ymyumenus [7-11].
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OnHOMl W3 OCHOBHBIX TMPOOJIEM OCTAeTCA OTIEICHHE TPEXBAJICHTHBIX
aKTUHUOB OT JIJAHTAHOUJIOB MPU 00pabOTKE BOJBI. ITO CIOKHASI M BayKHasl 3aj1a4a,
JUJISL peIIeHUsT KOTOpOoM TpeOyeTcs pa3paboTka HOBBIX IKCTPAreHTOB.

BaxHO OTMETHTB, YTO CYIIECTBYET MHOMXECTBO PAa3JIMYHBIX IOJXOJ0B K
YIAYYIICHUIO TIpolecca peuupkyisanuu aktuHuaoB TRU. Hekotopeie U3 3THX
MOAXOJI0OB BKJIIOYAIOT MCIOJIb30BAHME HOBBIX TEXHOJIOTHH, pa3paboTky Oosee
3G ()EKTUBHBIX METONOB O0OpaOOTKH BOIBI W CO3/IaHHE HOBBIX MAaTEPHAIOB C
MMOMOIIbI0 HAHOTEXHOJIOTUH.

Kpome Ttoro, pemienue mpoOsieMbl OTACICHUS aKTUHUAOB OT JAaHTAHOUJOB
MOKET UMETh IIUPOKHE NMTPUMEHEHHS B PA3TUYHBIX OTPACIAX, BKJIKOYAs] MEAULUHY
Y MOPOU3BOJICTBO JJICKTPOHUKHU. [loaTOMY yiydlieHue mpouecca perupKyJIsuuu
akTuHUIO0B TRU mMeeT ocoOeHHO BakHOE 3HAUEHHE UIST OOIIECTBA U DKOHOMUKH B

OCJIOM.
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2 Cnoco0b1 yruuzanuu Th®

CymiecTByeT HECKOJIBKO BapHAHTOB HCIIOIB30BAaHUS CIIELHAIM3HUPOBAHHBIX
MUKPOOPTaHU3MOB JUISl PA3NIOKEHUsI HEPTSIHBIX 3arpsi3HEHUN, HAPUMEP, MOXKHO
CMEIMBaTh TpyaHopasznaracmbeie ThD [12] ¢ BOAHBIM pacTBOPOM MHHEPATBHBIX
coJjieil. D10 OBICTPBIA U 3DPEKTUBHBINA CIOCOO, KOTOPHIM MO3BOJSET 0OECIECYUTH
MUKpPOOpraHU3MaM BC€ HEOOXOAMMbIE 3JIEMEHTHI IS sKu3HenesTeabHocTH. Emne
OIMH BapuMaHT - OYUCTKAa YIVIEBOJOPOJOB CHELHAIBHBIMUA  IITAMMaMH
MHUKPOOPTraHU3MOB, KOTOPbIE CIIOCOOHBI OBICTPO PACILEIUIATH JIETKO pa3jlaracMble
BeliecTBa. B 000M  ciiydae, MUKPOOMOJIOTMYECKHII CcMOCO0  OYUCTKHU
YIIEBOAOPOAOB SBISETCA OJHUM W3 HamOoliee MEpPCIEKTUBHBIX HANpaBlICHUN
UCCIJIEJOBAaHUM B 00JIACTH SKOJIOTHH.

B nporecce ouncTku HEPTIHBIX 3arpsI3HEHNN MUKPOOHOJIOTUYECKHI CI1Ooc00
C 100aBJIEHUEM YIJIEBOAOPOJOB U CHEIUAIBHBIX MUKPOOPTaHU3MOB OTIMYHO CeOsI
3apeKoMeHI0Baj. Hampumep, B cCIEUUaIbHBIX YCIOBHMSX CMECh BBOJIUTCA B
Rhodococcus sp., Candida sp. Pseudomonas stutzeri u apyrue MUKpOOpraHU3MBI.
Abspanus obecriedynBaeT ONTUMAIbHOE BO3/IEUCTBUE Ha 3aTPSA3HEHHYIO CPELy.

Ho He ToabKko 3TO0 Aenaer MUKPOOHOIOTHYECKU crioco0 MpUBIIEKATETbHBIM
JUISl MCIIOJIB30BaHUSL B OKPY’KAIOWIEH cpene. B ucciienoBaHusX, NPOBENCHHBIX Ha
OKeaHe, ObLIO JI0Ka3aHo, YTO OOABJICHHUE ITUX CIEIUPUISCKUX MUKPOOPTaHU3MOB
3aKj1aabIBaeT OCHOBY Juist Oosee ueM 80% OYuCTKH OT HEQTAHBIX 3arps3HEHUM.

Bbonee Toro, npumeHeHre MUKPOOHOJIOTHYECKOTO CIOC00a MpeaoTBpaIiaeT
JAJIbHEUIIEE OTPABIICHUE OKpYXarllerd cpeasl. Ha mpOTUBOMOIOKHOM KOHIIE
TEXHOJIOTUYECKUX MPEUMYIIECTB JICKUT OXPAHHBbI 3HAK OE€30MacHOCTH U
HKOJIOTUYECKU YHCTOE PELICHUE - METOJ HEe TpeOyeT UCIOIb30BaHUS XUMUUYECKIX
peareHToB. JTO MO3BOJSET COXPAHATH OE30MACHOCTH ISl OKPY’KAIOIIEH Cpenpbl,
TOOUTHCSI YMUCTON U 3JI0POBOM IKOJIOTHUECKOU CPEJIbl M 00ECTIEYUTh IKOJIOTHICCKU
YCTOMYUBYIO DHEPTHIO.

YTunuzanus OTX0J0B, cojepamux Tepmobapudeckoe TominBo (Thd),
ABJISIETCSA CEPBbE3HOM 3a/1a4€i, C KOTOPOM CTaJIKUBAIOTCA MHOTME IPOMBIIUICHHBIE

komiianuu. Ho cam npouecCc OYUCTKH HE HpOCTOﬁ - PE3yabTaTbl IMMPOBCACHHOIO
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XMMHUUYECKOTO aHah3a I[oKa3zalu, 4To pasfnoxeHue THD HeBo3MOXKHO 0€3
YIIEBOJIOPOAHOM KHUAKOCTU. TeM He MEHee, HAlUTHUCh CIOCOObI, KaK CIPAaBUTHCS C
TOM TPoOIEeMOil - OTBETOM CTall0 HCIOJIb30BAaHUE MUKPOOHOJIOTHYECKOTO
paznoxenud. [Ipaktnueckn nonHoe pasnoxenne cmecu Th®D ¢ yrneBomopogamu
MIPOUCXOUT IIPU MTOMOIIH YTIEBOAOPOAOOKHUCISIONINX MUKPOOPTaHU3MOB.

CymiecTByeT HECKOJIbKO croco0oB yTtuwimuzanuu Th®, HO BbIAEISAIOTCS
CpEICTBAa PAa3J0KEHUsA, KOTOpbIE OTJIMYAIOTCS CBOMM COCTAaBOM W METOJI0M
nevictBus. CHauana MPOUCXOAUT COOp ¥ TPAaHCHOPTUPOBKA OTXOJIOB K
CHEelUalbHbIM YCTAHOBKAM, II€ MPOUCXOAUT MPOLECC Pa3IOKEHUS MPU MTOMOIIH
MUKpPOOPTraHU3MOB. DTOT METOJI CUUTAETCS OJHUM U3 HambOosee 3(P(PEeKTUBHBIX U
0e30macHbIX, TaK KaKk He TpeOyeT UCIOIB30BAHMS OMACHBIX XUMUYECKUX PEareHTOB
WM BBICOKMX TEMIIeparyp. OTO MO3BOJISIET NPOBOAUTH yTwiu3anui Thd
0€30IaCHBIM U SKOJIOTHYHBIM CITIOCOOOM.

buonornyeckne MeToAbl YTUIM3AlMU TBEPABIX OBITOBBIX OTX0J0B (ThD)
CTaJIM OYEHb MOMYJIIPHBIMU B IOCIIEAHUE AecATUIeTHs. CieluanucTbl pa3padoTanu
HECKOJIbKO METOJIOB M TEXHOJIOTHM, KOTOPBIE MO3BOJISIIOT Ooisiee 3(PhEeKTUBHO U
0e30macHo U30aBIATHCA OT OTXO0MA0B, coaepxkamux Th®d. Ho ogun u3 crnocobos
BBIJIETISIETCS. OCOOEHHO - OH TPEAIojaraeT HCIOJIb30BAaHWE BOJHOW Cpenbl ¢
YTJIEBOJIOPOJOOKHUCIISIIOIIMMU  MUKPOOPTaHU3MaMH, MUHEPAJIbHBIMU COJIIMU U
yrieBogoponamu (Cg-C3p B KauecTBE CpeAcTBa pasioxeHus. MMEHHO Takoi
KOMITO3UIIMEH TOCTUTAETCS MaKCUMaIbHO 3P dekTuBHOE 00e33apaxkuBanne ThD.

[lepBonavyasibble  MeTonbl  yTwiau3auuu Tb® TpeGoBasm  BBICOKOM
TEMIIepaTypbl U MPUMEHEHHE HEe(TENPOAYKTOB JUIsl TOCTHKEHUS MPUEMIIEMOIO
pe3ynbTaT, HO Teleph BCe U3MEHWIOCHh Onarojaps OuonornyeckuM meroaam. He
HY>)XHO TPETh OTXOJAbl JO BBICOKMX TEMIIEpaTyp, UYTOOBl YTHJIM3UPOBATH HUX B
HacTosimiee  BpeMs. BaXHO  HMCHONB30BAaTh  CPEACTBO  PA3JIOKEHUS  C
JOTIOTHUTEIPHBIMA KOMITOHEHTaMU. JTO TO3BOJSET 00e3BpexuBarh ThbD npu
temneparype ot 15 mo 30 °C. bonee Hu3Kas TeMmneparypa W OTCYTCTBUE
HEOOXOJMMOCTH B HEPTENpPOAYKTaxX JAENaloT OHOJOTHYecKHil MeTon Ooree

HKOHOMUYECKHU IPPEKTUBHBIM U TUII0AJUIEPTEHHBIM.
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B nHacrosmee Bpemss MuKpoOHosormueckuii pasnokenuss ThD sBusercs
caMbIM 3(P(HEKTUBHBIM CIIOCOOOM OYMCTKH 3arpsi3HEHHBIX Mo4B. CyTh TaHHOTO
METO/1a 3aKJIIo4aeTcs B 100aBjieHuu B cMech Th® BOJIHOTO pacTBOpa MUHEPAIbHBIX
coJiel, KOTOphIE HEOOXOIUMBI JIJIS KU3HEICATSILHOCTH MUKPOOPTaH3MOB. Kpome
TOoro, B cMech Takxke pgoOapmstorcss Rhodococcus sp. Rhodococcus maris,
Rhodococcus erytropolis, Candida sp. Pseudomonas stutzeri, a Takxke
YIIICBOIOPOIHAS KUAKOCTD [13].

[Iporiecc MHUKPOOMOIIOTMYECKOTO PA3NIOKEHUS JIOJDKEH MPOBOJUTHCA B
YCIIOBHSIX a’pallid. DTO CBA3aHO C TEM, YTO MUKPOOPTaHW3MbI, OTBETCTBEHHBIC 32
pas3ioxeHune, Hy>KJal0TCs B JOCTYTIE KUCIOPO/Ia AJIsi CBOCH KU3HEEATEIBHOCTH.

Takum o00pa3oM, HCIOIB30BaHHE MHUKPOOUOIOTHYECKOTO PA3IIOKEHHS C
n00aBJICHUEM YTJICBOJOPOIHON JKUIKOCTH W MHUHEPAIBHBIX COJICH SBISETCS
3G ()EKTUBHBIM CIIOCOOOM OYHUCTKHU 3arpsi3HEHHBIX TMOYB U TMO3BOJISIET JOCTUYH
BBICOKOM CTETIEHH OYMCTKHU 32 OTHOCUTEIILHO KOPOTKHI MEepro BpEMEHH.

Kenanne 00e3BpenuTh OTXO0HbI, coaepxkamue TpudyTtuindochar (ThD),
MPUBOJUT K HCIOIB30BAHUIO PA3JTUYHBIX METOJIOB OYUCTKUA. OJHUM W3 HUX
ABJIIETCS MHUKpoOHoJiornyeckoe pasnoxenue Th®, kotopoe oTiMyaercs
3 PEKTUBHOCTHIO B CPaBHECHMH C JPYrUMH MeToaamu. Takxke, HE0OXO0auMO
OTMETUTH >kHujKodazHoe okucieHue Th®d, KoTopwlii, B CBOIO oOYepedb, TOXKE
aBisieTcs 3PGeKTUBHBIM METOIOM o0e3BpexkuBanus. Ho, eciau B cMech 100aBUTH
YTIEBOJOPOIHYIO KUIKOCTh, paznoxenue ThD mpoiaeT 3HaUUTENbHO OBICTpee U
MIPAKTUYECKH MMOJTHOCTHIO 32 CYET MHUKPOOPTAHM3MOB, YTO JIeJacT JAHHBIA METOJ
eme Oosnee d(PPEKTUBHBIM U MEHEE 3aBUCUMBIM OT HEe(TSIHBIX 3arps3HeHuil. B
UTOTE, BEIOMpAs METO 00E3BPEKUBAHMS, HEOOXOAUMO YUUTHIBATH HE TOJIBKO €TO
3 PEeKTUBHOCTD, HO U YCIIOBUSI, B KOTOPHIX OH OYJIET UCIIOIb30BaThCH.

CymectByeT 3¢ ()EKTUBHBIN CTOCOO OYMCTKU OTPAOOTAHHOTO DKCTPAreHTa Ha
ocHOBe Th® OT mpOoayKTOB TMAPOJIM3a U UTTPUS - MPOLECC NPOMBIBKHA BOJHBIM
pactBopoM 1menoud. [Ipexzae dYem BbIOpaTh KOHKPETHBIM METOJ OYUCTKH,
HEO0OXOIMMO Y4eCTh Psijl GPaKTOPOB, TAKUX KAaK TUI U KOJIMYECTBO OTXO/I0B, HATNIHE

CHeuaIbHOro 000pyAOBaHUS U JIp.
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JIns mpoBeleHHsT MPOIECCa OYUCTKHM, BOJHBIA PacTBOp ILIEJIOYU JOJKEH
COJIepKaTh B CBOEM COCTaBe dTuiieHauaMmuHTeTpaanerar Na (1) u kapboHar mienouun
MeTtajula B KoHueHTpamuu 0,6-0,8 MOJIb/ M3, IIpouiecc mpoBOAUTCS TpHU
temmneparype okoiio 20 °C npu 00beMHOM COOTHOIIEHUH OPTaHUYECKON U BOJIHOM
da3z ot 1:1 g0 2.

YcnenHocTh  MCMHOB30BAHKS JAHHOTO METOJIa OYHMCTKH JUIsl OTXOJIOB,
coaepxkamux Th®, mo3BossieTr paccMaTpuBaTh €ro Kak OJIMH M3 BO3MOKHBIX
BapUAHTOB MPU BHIOOPE METOJ0B OYHCTKU. HeoOX0IMMO yUnThIBATh KOHKPETHBIC
YCIIOBHUSI TPUMEHEHUS, 4YTOObl TapaHTUpPOBaTh A(P(PEKTUBHOCTH OYHCTKH U
COOTBETCTBHE TPEOOBAHUSAM OE30MACHOCTH.

Kpome ToOro, cimemyer mpuHMMaTh BO BHHMAaHHUE, YTO IIOCJE IpoIlecca
OYMCTKM KOHIIEHTpAaLUs LIENOYM JOJKHA ObITh He Menee 0,6-0,8 mons/mve. B
cllydyae HEJOCTAaTOYHOM KOHIIGHTPAllMd MOTYT BO3HUKHYTh TIPOOJEMBI C
00pabOTKOW OTXO/I0B IaTbHEHIITUMU METOIAMH.

Merton oOe3BpexuBanus Th®D nmeeT CBOM HEAOCTAaTKU B HCIOJIb30BAHUU,
MOCKOJIbKY TIPU €ro MPUMEHEHHH BO3HHUKAET HEOOXOJUMOCTh B YTHIIMU3AIUU
KUJKUX TOKCHUYHBIX OTX0/10B. HecMoTps Ha 3TO, criocoO ObLI HailfieH, U Tenephb
ucnoias3yroTcs pactBopbl NaOH wnn KOH ¢ MHOrOaTOMHBIM COUPTOM KUPHOTO
psina Cs-Cg, KOTOpBIE TOMOTAIOT MPEOJI0IETh 3TU MPOOJIEMBI.

PexoMeHTyeTcss MCMOIb30BaTh OTXOAbl KCHJIMTA B KAYECTBE MHOTOATOMHBIX
CIUPTOB, YTOOBI TOJYYHTHh >KETAaeMbI pe3ynbTar. JlJiss 3TOro HEoO0XO0auMO
MIPOBECTU PEIKCTPAKIIUIO TOJAKUCIUTENIEM JI0 BBINAJACHUS OCaKa, KOTOPHIN 3aTeM
OTJICJISIOT.

Hanee BBogsaT NaOH unu KOH B peskcTpakTop 10 UCXOAHOM KOHIIEHTpalun
¥ BO3BpAIlAIOTCS B HA4Yajlo Mpoliecca pereHepanuu. Takum o6pazoM, TPOUCXOIUT
noJiyueHue OoJiee O€30IMAaCHBIX M IKOJOTUYECKU YUCTHIX MPOIAYKTOB 0OpabOTKH
TH®.

OTOT MeToj 00€3BpEeKMBaHUS CTAHOBUTCS Bce 0oJjiee BOCTPEOOBAaHHBIM B
COBPEMEHHOM MUPE, MTOCKOJbKY MO3BOJIIET HE TOIbKO YTUIU3UPOBATh OTXO/IbI, HO

N TOJY4YUTb IIOJC3HLIC TIPOAYKTHI  JIA I[.':UIBHCﬁHICFO HUCIIOJIB30BaHHUS B
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MPOMBIIUICHHOCTH. OH Takke CIOCOOCTBYET YIYUIICHUIO OKOJOTHYECKOMN
CUTyallMH, 4TO SIBJIAETCS OJJHUM U3 aKTyaJbHBIX BOIIPOCOB B HAIIEl COBPEMEHHOI
KU3HU.

Ob6e3BpexrBaHne 0TPaOOTaHHBIX 3KCTpareHToB Th®d - BaxkHast mpobiema, ¢
KOTOPOM CTaJKHUBAKOTCSI MHOTHE MPOMBIIUICHHbIE NpeanpusTus. CylecTByOmuni
METOJI pereHepaluu, XoTb 1 3((HEKTUBEH, HE JIUIIEH HeAOCTaTKOB. OJIMH U3 HUX -
OOJIBIIION pacXo/l MIEI0YH, UCTIOIB3YEMOM JIJISl TOU 1IENH.

N300peTeHne OCHOBaHO Ha WJEU MPUMEHEHHUS aHOJIHOTO M >KHAKO(a3HOTO
okucinenus. Ilpomecc KXuako(}azHOro OKHCIEHHS MPOBOJUTCA MPHU IMOMOIIH
OKUCIIUTENIbHOM  CHUCTEMBI, BBIPAOATHIBAEMON  JIEKTPOXUMHUYECKUM  IyTEM
MPOMYCKAaHUsI IOCTOSIHHOTO TOKa 4Yepe3 CEpHOKUCIOTHBIM pactBop ThHO.
[110THOCTB TOKA JoIbkHA ObITH B auamnaszoHe oT 0,1 mo 1 A/cm?. Takum o6paszom
o0e3BpekuBaHue IKCTpareHToB Th® MoxkHO Oy1eT MPOBOIUTH 3HAYUTENILHO O0JIee
3 PEKTUBHO U YKOHOMHO.

CToUT OTMETUTH, YTO MPUMEHEHUE FTOT0 METO/Ia 00€3BPEIKUBAHUS TOMOKET
COKPAaTUTh BPEIHOE BO3JICUCTBHE OTPAOOTAHHBIX IKCTPATCHTOB Ha OKPY>KAIOIIYIO
cpely. OTO B CBOI OYEpPEIb MOXET MOBBICUTH IKOJOTMYECKYH0 0O€30MacHOCTb
MPOU3BOJICTBEHHBIX MNPEANPUITUI U NPUBECTH K YMEHBIICHUIO 3KOJOTMYECKHUX
PHUCKOB.

HoBoe wu300peTeHne OTKpHIBA€T HOBBIE BO3MOXKHOCTH B  001acTu
o0e3BpekUBaHUsl OTPaOOTaHHBIX dKCTpareHToB Th® u gaeT Hagexmy Ha TO, YTO B
OyaylieM TPOMBIIIJICHHbIE TPEANPUATHS CMOTYT CTaTh Oo0Jiee IKOJIOTUUYECKH
0€30MacHBIMH.

B mporecce obecnieueHuss ONTUMAaNbHOW pPabOTHl CHCTEMBI, HEOOXOAMMO
YUUTHIBATH BEIOOP KOHLEHTPAIIMU CEPHOM KUCIOTHI B tuarna3one ot 30 go 70 mac.%.
OT0 OOBSACHAETCS TEM, YTO HEOOXOAUMO OOECMEeYUTh HU3KOE JaBJIEHHWE MapoB
PaCTBOPUTEIIS, YTO SIBISICTCS BAKHBIM YCIIOBHUEM JIJIsi ONTHUMAIBHOW pabOTHI BCel
cuctembl. Kpome Ttoro, Onaromapst aTomy mpoieccy, Tb® u mpomexyTouHble

MNPOAYKTBI €I'0 OKMCJICHUA HAXOAATCA B alllaparce B BHUJAC 5MYJIBCHUHU B PACTBOPC
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CEpPHOM KHCJIOTBHI, YTO SIBJISIETCS BAKHBIM ATalmoM B 00pabOTKe OTpabOTaHHBIX
CMECEH.

Ho cerognst Mbl XOTHM MpPeICTaBUTh HOBOE M300peTEHHE, KOTOPOE TTO3BOJIUT
00e3BpeanTh OTpaboTaHHbIM 3KcTpareHT Th® mpu moMomy HOBOW TEXHOJOTHH
aHOJIHOTO U XKUAK0(ha3HOTO OKUCIeHus. Vcnonp30BaHne JaHHOTO METO/A SBIISIETCS
Oosnee 0G€30MacHBIM U SKOJOTUYHBIM JJI OKpPYXAloled cpeibl, YTO JAeNaeT €ro
0oJee MpeaOYTUTENbHBIM B UCIIOJIb30BaHUU. KpoMe TOro, Takoi moJIxoJl MOXKET
CHU3UTHh pPAacXOJbl Ha pEreHepaluio BEIeCTBa, 4YTO, O€3yCIOBHO, SIBISETCS
JIOTIOJIHUTENIbHBIM TPEUMYIIECTBOM JAHHOIO METOJIa U TO3BOJISIET 3KOHOMUTH
CpeacTBa npeanpusitys. B utore, Mbl MOXXEM CUUTATH JAHHOE U300pPETEHUE HOBBIM
CJIOBOM B HayKe W HAJICEMCS Ha €ro yCHelIHOe TPUMEHEHHUE B Oy IyIIEM.

B wuccnenoBanun [14] ObulM omMcaHbl HIOAHCHI MPOBEAEHUS Mpolecca
okucienus: Th®. UtoOwl n30ekaTh HAKOIJICHUS MPOMEKYTOUYHBIX MEPOKCHIHBIX
COEJIMHEHU, TTPOoIIeCC HEOOXOUMO MPOBOAUTH MpU TeMiiepaType He Huxe 10°C.
Tem He MeHee, ClelyeT TaKKe€ YUUThIBATh, YTO MPOLECC HE JOJIKEH MPOBOAUTHCS
npu Ttemreparype Bbime 70°C, MOCKOJIBKY 3TO MOXET BBI3BaTh 00pa3oBaHUE
ra3000pa3HbIX COEAMHEHUN U YHOC HEMPOPEarupoBaBIIMX BEIIECTB U3 PEAKTOPA.

CymiecTByeT allbTepHATUBHBIA METOJ TITyOOKOT0 XKUIKO()A3HOTO OKUCIECHUS
Tb®, KOTOpBIii OCHOBBIBAETCS Ha HCIOJIL30BAaHUU  Oe3auapparMeHHOTO
ANEKTPOIU3epa. ITOT METOJ MO3BOJIAET T€HEPUPOBATH OKUCIUTENIBbHYIO CUCTEMY
AIEKTPOXUMUYECKH, YTO JA€T BO3MOXKHOCTh JECTPYKTUPOBATH OTJEIbHbIE
dbparmeHnTsl MosieKysibl Th®D, okucHsis MX Ha aHOJIe U B 00BEME AJIEKTPOJIUTA.

NHTepecHO OTMETUTH, UTO Oe3auadparMeHHBIN 3JIEKTPOIU3Ep SBIACTCS
Oosree O6e3omacHbIM U 3P (HEKTUBHBIM B HUCIOJIb30BAHUH. ITa TEXHOJIOTHS 00J1amaeT
BBICOKOM  CTEMEHbIO KOHTPOJS W  MO3BOJISIET H30ekarh  0Opa3oBaHUs
MPOMEXKYTOUYHBIX COEJUHEHHUM, KOTOpPblE MOIYT HEraTUBHO TIOBJIUSTH Ha
OKpyXaroiyto cpeny. OHa Takxke TMO03BOJisieT Oojee TOYHO peryaupoBaTh
napameTpbl Ipollecca OKHUCIEHHs, 4TO JeJaeT ero Oosiee MNpeacKazyemMbiM U

CTaOUJIbHBIM.
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[Ipouecc oxucienuss Th® sBIAETCA BaXHBIM 3TallOM B XHMUYECKUX
peaknusx. /[ BEIOOpa MOAXOSIIET0 METO/1a MPOBEACHUS Mporecca Heo0X0IUMO
YUUTHIBATh Psii (AKTOPOB, TaKUX KaK TeMIlepaTypa, HaIW4YUe HEOOXOIUMBIX
MHCTPYMEHTOB U PECYPCOB, a TAK¥K€ MPOLECC-OPUEHTUPOBAHHBIC LIEIIH.

HeoOxoaumocTh — ynydilleHHS TPOLIECCOB  XMMHUYECKMX pPEaKIud U
MpEeIOTBpPAICHUS BO3MOXKHOCTU 0Opa30BaHUSl 3aCTOMHBIX 30H 3aCTaBIsET
oOparath BHUMaHue Ha Y pexTuBHOE iepemenmmBanue. OCOOEHHO aKTyaIbHO 3TO
P MCIIOJIb30BAHUU KUJKUX PATUOAKTUBHBIX OTXOJOB, TAKUX KaK OTpabOTaHHBIHI
skcTpareHT — ThO.

Jlis  Ge3onmacHoro 3axopoHeHus orpaboranHoro Thb® cymectByer
CHEIUATIbHBIA METOJ, TMPEAyCMATPUBAIONINN 3IMYIIUPOBAHUE OTXOJOB C
KapOOHATHO-IIEJIOYHBIMUA OTXOJaMHU, TMOJYYEHHBIMU Ha CTaJUH pereHepanuu
HKCTpareHTa. DTO IMO3BOJISIET HE TOJIBKO M30€KaTh BO3MOXKHOTO 3arps3HEHUS
OKpYXaloIlel Cpeibl, HO U MOBBICUTH 3(PHEKTUBHOCTH UCTIOIH30BAHUS PECYPCOB.

KapOonatHo-1ienounass 00paboTka U ojieaT HATpUsl CYUTAIOTCS OJHUMHU M3
HanOosiee d(PGEeKTUBHBIX CMOCOOOB YTWIHM3AIMU PATUOAKTUBHBIX OPraHUYECKHUX
OTXOZI0OB B Ouosiornyeckoi cpene ooOutanHus. YToObl AOCTUYD MPABUIHHOM
AIMYJIbCUH, HYKHO YUYUTHIBATH COOTHOIIEHHE KOMIIOHEHTOB M JI00ABISATH OJeaT
HATpPUS WJIM €ro CMECh C H30aMHJIOBBIM W/WIM HM300YTHJIOBBIM CIHUPTOM B
OTPEICICHHOM KOJIMYECTRE.

[IpumeHsieTcss  OomMCaHHBIA ~ CIIOCOO  3aXOPOHEHHS  OTPAOOTAHHOTO
PaIMOaKTUBHOIO OJKCTpareHTa B TJIyOOKO 3ajieraroliue TMOJA3€MHbIC IIJIacThI-
KOJIJIEKTOPBI. DTO MO3BOJISIET 00ECIICUUTh 3alIUTYy OKPYKAIOIIEH CPeIbl OT OIMMACHBIX
BO3JCHUCTBUN.

Kpome Toro, HeoOXOAMMO TOCTOSHHO COBEPIIECHCTBOBAaTh METOJbI
YTHJIM3AIUU PAANOAKTUBHBIX OTXOJIOB U MPOBOJUTH MCCIIECIOBAHUS IO pa3pabOTKe
HOBBIX TEXHOJIOTWUM M TOJXOJA0B. Benp Hama o00f3aHHOCTP — HE TOJBKO
HCIIOJIb30BaTh TMPHUPOJHBIE PECYPChl, HO M 3a00TUTHCA O MX COXPaHEHUH JIsl

OyIyIIMX MOKOJICHUH.
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[Ipu 06paboTke OTXOAOB HEOOXOAWMO YYUTHIBATH MHOTO (PAKTOPOB IS
obecrieuenus 3¢ extuBHON paboTocmocodHOCTH. OUH U3 KITFOYEBBIX MOMEHTOB -
CO3/IaHUE€ HMYJbCUHM, KOTOpas Oyner OOBEAMHSTh BCE KOMIIOHEHTHI OTXOJOB.
Cutyanust 3aBHCUT OT Pa3lUYHBIX (AaKTOPOB, CPEAM KOTOPBIX OOBEMHBIC HOJH
M30aMIJIOBOTO W/WJIM N300yTHIIOBOTO CIIUPTA, KOTOphIe cocTaBistoT 0,3 00. yacrtei,
U KapOOHATHO-IIEJIOYHBIX OTXOJI0B, KOTOpbIE COCTaBIAOT 9 00. yacteil. Kpome
TOTO, BAXKHYIO POJIb UTPAET HAJIMYHUE oJieaTa HATPHS, I/ KapOOHATHO-IIETOYHBIX
OTXOJI0B, KOTOpoe JOJKHO cocTaByATh 100. Bce 3TH KOMIIOHEHTHI CHOCOOHBI
00pa3oBaTh SMYJIbCHIO, KOTOPYIO B CBOKO OYEPEb MOKHO HarHETaTh B MIyOMHHBIH
I1acT-KOJJIEKTOp. Takoi MEeTOJl OTTECHEHHSI OT YCThbS CKBa)XMHbI KapOOHATHO-
IIEJIOYHBIMH OTXOJJaMHU SIBJISIETCS 00JIe€ SKOHOMUYHBIM U 3(P(PEKTUBHBIM CIIOCOOOM.

C nenbto obOecrnieueHHs] OE30MACHOCTH KU3HM YEJIOBEKA M COXPAHEHUSA
OKpyXXarIlled  cpeipl  CymecTByeT A(QQEKTUBHBIA  CIOCO0  YTHIM3AIUU
PAAUMOAKTUBHBIX OpPraHUYECKUX OTX0A0B. OH NO3BOJSET yNANATh OTXOIbl M3
OMOJIOTUYECKOM cpefbl, MPU STOM sBIsAETCS Oe30omacHbIM M 3(P(HEKTUBHBIM.
HccnenoBarenyn NOCTOSHHO pPa3BUBAIOT M COBEPLIEHCTBYIOT 3TOT METOX IS
JaTbHEUIIEeTO YIYUYIIEHUs MPoIecca U TOro, YToObl 00€30MacUTh KU3Hb HAIIEro
o01iecTna.

B coBpeMEHHBIX TEXHOJOTMYECKHX CXE€Max 3KCTPaKLHUU OTpabOTaBLIETO
AJIEpHOrO TOIIMBA Ucnoib3yercd Th® B cMecu ¢ pa3InyHbIMU pa30aBUTENISIMU OT
JETKUX JI0 TSDKEIBIX C OTPAaHMYCHHOM CIIOCOOHOCTBIO K JUCCOIMAId. Takoi
MOJAXO0J1 MO3BOJIAET 3(PPEKTUBHO HU3BIEKATH YUCThIE KOMIIOHEHTBHI M3 CMECH JUIsl
JanbHeWmen yruin3anuu. [[puMeHeHne JaHHOM TEXHOJIOTMHA MOKET MPUBECTH K
HAKOIUJIEHUIO MPOAYKTOB PpA3JIOKEHUS DJKCTPAreHTa, 4YTO MOXKET HapyIlNTh
HOPMAaJTbHBIN XOJ1 KCTPAKIIMOHHOTO Tporiecca [15].

brooprannyeckne oTXo/Abl B COBPEMEHHOM MUPE MPEACTABIISIIOT CEPHE3HYIO
HKOJIOTUYECKYIO MpolaeMy. YTUIU3alus PaJuOAKTUBHBIX OPraHUYECKIX OTXOJ0B
ABIIIETCS HEOOXOOUMBIM IIAaroM B OOpbO€ 3a COXpaHEHHE NPUPOABl U KU3HU
yenoBeka. Croco0 yTuan3aiuu, KOTOpbI IPUMEHSETCS B Hallle BpeMsi, OOJIbIle He

ABJIIACTCA HOBBIM, HO B IIOCJICAHCC BPCMs HAIICI HOBBIC oOnacTu IIPUMCHCHUA,
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0Cc00eHHO B c(hepe MPOCKTUPOBAHMS ATOMHBIX JJICKTPOCTAHIMH. Ba)kKHO OTMETHT®,
YTO HAyYHBIC M TEXHOJIOTMYECKHE pa3pabOTKH B 00JIACTH YTHIIM3AIIMH OCTATKOB
SJIEPHOTO TOILJIMBA FAPaHTUPYIOT 0€30MaCHOCTh TAKOIo MpoIiecca.

CymiecTByeT 0JHa BakHasl poOsieMa, KOTOPYIO HENb3s UTHOPUPOBATH MPU
ucnonbzoBanun ['XB]l B kadectBe pa3baButens. Pedb uueT HE TONBKO O €ro
KOPPO3MOHHBIX CBOMCTBAX, HO M O BIMSHUH HAa OKpPYXarlly cpexy. Hampumep,
npu  ucnonb3zoBanun  I'XBJl, pamguonn3  cnocoOCTBYET  BBLACIICHHIO
XJIOPCOJIEPKALIMNX KUACIIOT, KOTOPBIE YXKE MOCJIE KOHTAKTa C BOJOW MOTYT IIPUBECTH
K TUAPOJM3Y W JPYTMM ONACHBIM SIBJICHUSAM. Ecin TOpUHATE MEpPHI
MPEIOCTOPOKHOCTHA, TO MOKHO CHHU3UTh BEPOSTHOCTH KOPPO3MOHHBIX MPOILIECCOB
npu ucnonb3zoBanun ['XbBJl B pazbaButensx. K mnpumepy, MOXHO NPUMEHSTH
CIIEHUAJIBHBIC 3AIUTHBIE ITOKPBITUSA, KOTOpbIE COKpamarT KOHTakT ['XBb/[ c
METaJUIMYECKUMHU TOBEPXHOCTSIMU. Kpome Toro, CymiecTBylOT U Jpyrue Ooliee
Oe3omacHble aJIbTEPHATUBBI pa30aBUTENICH, KOTOpbIe HE SBISIOTCS HACTOJIBKO

arpeCCUBHBIMU U HE BBI3BIBAIOT MIPOOJIEM C KOPPO3UECH.
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3 IIpakTHYecKasi 4acTh

3.1 Pacuer nokasareJieii ropro4ecTH BOJHO-OPraHMYEeCKUX KOMITO3H M

Ucnons3yemsbie At uzdbuparenbuoro uspnedeHus uz OSAT ypana u miryToHus
opranmdeckue otxoapl mocie nepepadotkun OSAT (OOIT OSAT) B Bume ObIBIINX B
ynoTpebsieHnn  dKcTpareHta  (TpuOytmwidocdhar) u  ero  pazdbaBuTens
(rexcaxopOyTaaueH) UMEIOT ciieayromiuii coctan [16, 17]: Th® — 30-40 %, ' XB]]
— 60-70 %. OctaBmuecs mociie MEPBOro SKCTPAKIIMOHHOTO IMKiIa 0e3 ypaHa H
IUTYTOHUSI HeopraHudeckue oTxojsl (paduuar) nocne nepepadotku OAT (HOIL
OST) B Bume ci1aOOKOHIICHTPUPOBAHHBIX BOJAHOCOJIEBBIX PACTBOPOB METAJIIOB
UMEIOT CJICAYIONINE MoJenbHbIN cocTaB [16, 17]: HNO3 — 18,0%, H20 — 81,43%,
Fe — 0,07%, Mo — 0,1%, Nd — 0,11%, Y — 0,06%, Zr — 0,058%, Na — 0,04%, Ce —
0,039%, Cs — 0,036%, Co — 0,031%, Sr — 0,026%.

Tb® wumeer cnenyrone xapakrepuctuku: dopmyna: (C4HgoO)3PO,
MoJiekyssipHas Macca — 266,32, Tyen = 144 °C; Troenn = 175 °C; Teamosoenn = 345 °C
[18].

Husryro TemioTBOpHy 0 CIOCOOHOCTH BOJHO-OPTaHUYECKON KOMITO3UIIMH Ha
ocaoBe OOIT OAT onpenensm o ypaBaenuto [19]:

_(100-W - A)Q°  2,5W
- 100 100 '’

Q/ (3.1)

rac QS — HHU3MIad TCINIOTa CTOpaHuAa OPTraHNYCCKOT'0O KOMIIOHCHTA B COCTABC BOJHO-

opranuueckoi kommno3unuu, KJx/kr; W u A — maccoBasi 107151 BOJIbI U HETOPIOUMX
KOMITOHCHTOB B COCTaBE KOMIIO3UIIUH COOTBETCTBEHHO, %0; 2,5 — 3HAUCHUE CKPBITON
TeII0Thl ucnapenus Boabl npu 273 K, kJx/Kr.

TpeboBanue nqocTrxkeHUs 3HaueHus nokaszaTtens QP > 8,4 MJIx/Kr 11 Toro
YTOOBI CMECh CUHMTAIACh TOPIOYCH, SBIISICTCS 3aBBIIICHHBIM JJIS OOJBIIOTO YHCIIA
UCITOJIB3YEMBIX B TMPOMBINUICHHOCTH KOMITO3MIIMHM, COJEPKAIUX TOPIOYHEC

KOMIIOHCHTHI C HU3KNMHN 3HAa4YCHUAMU Q: , HO C BBICOKOM

KapoHpoOnu3BOJUTCIIBHOCTBIO. bonee 0OBEKTHBHBIM ITOKa3aTeJIEM Tropro4cCTH
BOI[HO-OpFaHI/I‘IeCKOﬁ KOMIIO3UIIMH  ABJISICTCA aI[I/Ia6aTI/I‘IeCKaSI TEMIICpATypa

ropenust (T,,), KOTOPYIO olleHnBau 1o dpopmyite [19]:
32



OK —OK_OK

T :(100—00K)Qf+v C , (3.2)

@0 100v

TIE Vox MaccoBas JoJis okuciautens (Bosnayxa), %; Cox — TEIIOEMKOCTh

okucnurens, kJDx/(xr-K); t,. — Temmneparypa okuciurens, K; v — ynenpHas

PaBHOBECHAsA TEMJIOEMKOCTh BOK,

kJx/(kr-K).

IMPOAYKTOB IIa3MEHHOMN YTUJIN3alun

[IpoBenen pacuer QP; pa3aMUHBIX BOJAHO-OPraHMYECKUX M  BOJHO-
opraHnyeckux HuTpaTHbix kommno3unuii Ha ocHoBe OOIIl OAT m HOII OMAT u
onpeiesieHbl onTuMalbHble 1o coctaBy komnosuiind BOK u BOHK, umeromue T,
~ 1500 K u obecnieunBaromme ux 3HeprodhPeKTUBHYIO0 TUIA3MEHHYIO YTHIIA3ALUIO
B BO3JIYIIIHOM IIJIa3Me:

- coctaB BOK: (50% OOII OAT (17,5% Th® : 32,5% I'XBJ]) : 50% Bona);

- coctaB BOHK: (50% OOII OAT (17,5% Th® : 32,5% I'XBM) : 50% HOII
OAT).

3.2 TepMoaMHaAMHMYeCKHIl pacyeT npouecca IVIa3MEHHOM YTHIM3ALMU
OOI1 OAT

C ucnosib3oBaHuEM JTMLIEH3MOHHOM nporpaMMbl « TERR Ay Obu1H npoBeeHbI
TEPMOJIMHAMHYECKHE PacyeThl PABHOBECHBIX COCTABOB MPOJYKTOB YTHUJIM3ALMH B
Bo3aymHOM mnasme Tosnbko OOIT OMAT. Pe3ynbraThl pacueToB NpPHUBEICHBI Ha

pucyHke 3.1.
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Pucynok 3.1 — BiausiHue Temneparypbl Ha paBHOBECHBIN COCTaB MPOTYKTOB

yTUIW3alKUKU B BO3yIHOM m1azMe Tojibko OOIT OSAT npu maccoBoit goiie

BOo3ayXxa 80%.
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N3 ananuza rpadmkoB Ha pUCYHOK 3.1 cieayer, 4To mpH Temreparypax 1o
1600 K ocHoBHBIMU TIpOTyKTaMu B ra3oBoi ¢ase sBirsitorest No, CO, u HCI (. 3.1a),
a B KoHaeHcupoBanHou ¢asze (3.1 6) — H3PO,4(C) u He3HaunTeIbHOE KOJUYECTBO
yriaepoaa B KoHaeHcupoBanHou (aze C(C). Ha pucynkax 3.2 m 3.3 npuBeneHBI
pe3yNbTaThl PAcueTOB PAaBHOBECHBIX COCTAaBOB IMPOJIYKTOB YTHIM3AIMH B

Bo3aymHOM mnazme OOIT OAT B Buae komnosunuii BOK 1 BOHK.
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Pucynok 3.2 — BousiHue TemnepaTypbl Ha paBHOBECHBIN COCTAB IPOIYKTOB

ytunuzanuu B Bo3ayirHo# miazme OOIT OAT B Buae komnosuiinu BOK npu
MAacCOBOM J10J1€ Bo3ayxa 65%.

N3 ananuza rpadukoB Ha pucyHke 3.2 cieayeTr, YTO MPU MacCOBOM J0Jie
Bo31yxa (65%) u temrepatypax 10 1600 K ocHOBHBIMU MPOAYKTaMU TIJIa3MEHHOMN
yrunuzanuu OOIT OAT B Buge komnoszuiuu BOK B ra3zoBoit (daze siBisitorest Na,
H.O u HCI (3.2a), a B koHAeHCcHpoBaHHOH (a3e (3.20) — B OCHOBHOM, MPOCTHIC U
CIIO’KHBIC OKCHBI MeTasutoB, BKmouatomue Ca0(c), CaCOs(c), MgCOs(c) u np. u

HE3HAYMTEIIbHOE KOJMYECTBO YIIepo/ia B KOHIeHCHpoBaHHOM (a3ze C(C).
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Pucynox 3.3 — Bausinue Temnepatypbl Ha paBHOBECHBIN COCTaB MPOTYKTOB
yrunusanuu B Bo3aymHou miasme OOII OAT B Bune komnosnunun BOHK npu
MaccoBOH J10j1€ Bo3ayxa 65%.

N3 ananuza rpadukoB Ha pucyHke 3.3 cieayer, 4TO MPU MacCOBOM J0Jie
Bo3ayxa (65%) u temnepatypax 10 1600 K ocHOBHBIMU IIPOJIYKTaMU I1JIa3MEHHOM
yrunuzanuu OOIT OSAT B Bume xommosunuu BOHK B razoBoi ¢daze Taxke
sBistorest Na, H,O n HCI (3.3a), a B konaeHcupoBanHO# (ase (3.30) — B OCHOBHOM,
NpOCThIE M CIOXKHBIE OKCHIbI MeTauioB, Bkmouaronme CaO(c), CaCOs;(c),
MgCOs(C) u ap. ¥ HE3HAYMTEIBHOE KOJMYECTBO YIIIEPOAa B KOHICHCHPOBAHHOM
daze C(C).

C yd4eroM TOJy4YEHHBIX PE3yJIbTaTOB MOTYT OBITh PEKOMEHJIOBAHBI ISt
MPaKTUYECKON pean3alii NpoLecca ClIeayIolue yCIOBUs:

o coctaB kommno3uiuu: (50% OOIT OAT (17,5% Thd : 32,5% I'XB)) :
50% Bopna / (50% HOIT OAT);

o MaccoBoe oTHoleHue ¢az: 65% Bozayx : 35 % BOK / BOHK;

o temneparypa: T = 1500+£200 K;

° yAeNbHBIE YHEPro3aTpaThl Ha mporecc: Dy = 3,5 MJx/kr.

35



3AJAHUE JIJISI PA3JIEJIA
«®PUHAHCOBBII MEHEJKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE»
CryneHnry:
I'pynna DdUO
0AM11 Munénky Pomany AHarosibeBUYy
xona AT Ornesenne mkoabl (HOLI) OosITL
YpoBeHb 00pa3oBaHus Marucrtparypa HanpasJ/ieHue/cnenuajJibLHOCTh 14.04.02 sInepHble
(hu3uKa U TEXHOJIOTHH

Hcxoaublie n1anHble K pa3aeny «DUHAHCOBbIH MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U
pecypcocoepekeHne»:

1.

Cmoumocms pecypcos Hayunozo ucciedosanus (HH):
MAMEPUATLHO-MEXHUYECKUX, IHEPLEMUYECKUX,
PUHAHCOBLIX, UHPOPMAYUOHHBIX U UETIOBEUECKUX

BromxeT npoekra — He 6os1ee 400000 pyo., B
T.4. 3aTPaThI 10 OIUIaTe Tpy/a — He Ooiee
100000 py®6.

HA02086, omtmcxzeHuﬁ, ()MCKOHMHPOGGHM}I u erdumoeaﬂuﬂ

2. Hopmwvi u nopmamususl pacxodosanus pecypcos Paitonnsrit koadduipenT o ropoaa ToMcka
paseH 1,3. [IpemuanbHbIi K03 uitnert pasexH
0,3.

3. Hcnonvsyemasn cucmema HAN0200010HCEHUS, CIMABKU Koa¢pdununeHnTt oTunciaeHnit BO BHEOIOKETHBIC

dounsi- 30,2%

IMepeyens BONMpoOCOB, MOIJIEKANIMX HCCIET0BAHNIO, TPOEKTHPOBAHMIO N pa3padoTKe:

agppexmusnocmu

1. Oyenka xommepueckoeo u UHHOBAYUOHHO2O NOMEHYUAA 1. Ananu3 u OleHKa KOHKYPEHTOCTIOCOOHOCTH

HTHU HH;
2. SWOT -ananms.

1. Paspabomxa ycmasa HayuHO-MEXHUYECKO20 NPOEKMA 1. Llenu u pe3ynbTaT NPOEKTa;

2. OpraHu3aloHHas CTPYKTypa MPOEKTa;
3. OrpaHuyeHust U IONYIICHHs IPOEKTa.

2. IInanuposanue npoyecca ynpasienus HTU: cmpyxmypa u | PopMupoBaHue niaHa u rpadyka pazpaboTKu:
epaghux nposedenus, 61004cem, pUCKU U OpeaHu3ayus opranusauus pabor HU; onpenenenue
3akynox CTPYKTYpHI paboT; pa3padboTka rpaduka ['aHTa.

®dopmupoBanue OromKeTa 3aTpar Ha HU:
MaTepualibHbIe 3aTpaThl; 3apaboTHAas 1U1aTa;
OTYHCIICHHSI BO BHEOIOJUKETHBIEC (DOH/IBI.

3. Onpedenenue pecypcroii, unancoeotl, IKOHOMULECKOL 1. Omnpenenenye MHTErpasbHOrO (PMHAHCOBOTO

MoKasareys pa3paboTKy;

2. OmnpeneneHne HMHTErPAIBHOTO MOKa3aTels
pecypcodpekTHBHOCTH pa3pabOTKH;

3. OrmpeneneHue HWHTETPAIbHOIO ITOKa3aTeINs
3} PEKTHBHOCTH;

4. Ouenka abcomnrotTHOH 3¢ dexrrBHOCTH HU.

Hepeqeﬂb rpa(])mlecxoro MAaTEePHUAJIA (c mounvim yrazanuem 06s3amenvHbIX yepmedicetl):

OO WN P

. Ceamenmuposanue pvinka

. Oyenka KOHKYPEeHmMOCNoCoOHOCMU MEXHUYECKUX peuleHUll
. Mampuya SWOT

. Uepapxuueckas cmpykmypa pabom

. Jluaepavmma I'anma

. Kanenoapuwiii nnan-epagux nposederus HayuHo20 ucciedo8anus

‘ JarTa Bbla4u 3aaHu JJIA Pa3jesia no JHHeHHoOMY rpaguxky

3aganue BbIAAT KOHCYJBbTAHT:

JIoJIKHOCTD ®UO Vuenas crenens, Moanuck JlaTta
3BaHUE
nouest OCI'H
Counpiga JIro6oBs IOpeeBHA K.3.H.
[LIBATI TITY P
3aaHue NPUHSJ K MCTIOJTHEHUIO CTYAEeHT:
I'pynna [0)7 (0] Moanuch Harta
0AMI11 Munénokx Poman AHaToiseBHY
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4 DuHAHCOBbIN MEHEe’KMEHT, pecypcod(p(PeKTUBHOCTH "
pecypcocdepe:xeHue

Llenpro MaHHOTO pa3jernia SBISETCS OLEHKAa pacdera IMpollecca BO3AYIITHO-
IUTA3MEHHON YTHIIM3AIMK papuHATOB B BHUJAEC OPraHMYECKHUX OTXOJOB IIOCTE
nepepaboTku oTpadoTaBmiero sigepHoro tormauBa (OOIl OMAT) ¢ mo3unuu
pecypcodhPEeKTUBHOCTH U KOHKYPEHTOCITOCOOHOCTH.

JIns MOCTHKEHUSI TTOCTABIICHHOW 1€MW HEOOXOJHMMO PEUIUTh CIEAYIOIINE

3a/1a4u:
1. Onpenenuthb MOTCHIIUAIIBHBIX noTpeouTeneit pEe3yJIbTaTOB
WCCIICIOBAHMS.
2. [IpoBecTr aHAN3 KOHKYPEHTHBIX TEXHUYECKUX PEILICHUIA.
3. Bemonuute SWOT-ananu3: onucaTh CUJIbHBIE M Clla0ble CTOPOHBI

IIPOCKTA, BEIABUTH BO3MOKHOCTH U YI'PO3bI IJIA pCaJIn3allii IIPOCKTA.

4, OueHuTh  CTENEHb  TOTOBHOCTH  HAay4YHOW  pa3paboTKM K
KOMMepITHaTH3aIlNH.
S. [TocTpouTh KalleHIapHBINA MIaH-TpadUK TPOBENCHUS PadOT HAYYHO-

HCCJIEIOBATEIILCKOTO MPOEKTA.

6. PaccunTath 010/ KET HAYYHOTO HCCIICIOBAHUS.

7. OnpenenuTs pecypcHyo, (MHAHCOBYIO, OIOJKETHYIO, COIIMAIBHYIO U
HKOHOMUYECKYI0 3(DPEKTUBHOCTH UCCIICIOBAHMUS.

B pabGore HeoOxomuMo JaTh KOMIIEKCHOE OINUCAaHWE W aHau3
(VMHAHCOBO-2KOHOMHYECKMX aCIEKTOB BBIMTOJIHCHHOW pPa0OThI, O H3yYEHHUIO
MpOLIECCA CUHTE3a B BO3IYIIHOM IUIa3ME OKCUIHBIX KOMIIO3UIMKA, U OLICHUTH
MOJIHBIE 3aTpaThl Ha HCCIEAOBaHHE (MPOEKT), a TaKXKe JaTh MPUOIMHKCHHYIO
HPKOHOMHYECKYIO OIICHKY PE3yJIbTaTOB €€ BHEIPCHHS. DTO B CBOI O4Yepeb
MO3BOJIUT C MTOMOIIBIO TPATUITMOHHBIX TOKa3aTeiel 3(pHEKTUBHOCTH WHBECTHUITUI

OLIEHUTh YKOHOMHUYECKYIO 11€J€CO00Pa3HOCTh OCYIIECTBICHUS PAOOTHI.

37



4.1 llpeAnpOeKTHBIN aHATU3

4.1.1 IloreHuMaNbHbIE OTPEOUTEH Pe3YJIbTATOB HUCCJIEI0BAHUSA

B mpouecce HamucaHuss Maructepckod amccepTanuy ObUIM ONpeeieHb
NOTEHIMATbHBIE TOTPEOUTEN PE3yIbTATOB Hccae0BaHusl. K HUIM MOXHO OTHECTH
WHBECTUIIMOHHBIE KOMIIAHWHW, YaCTHBIX MHBECTOPOB, HAYYHO-HCCIIEOBATEIBCKUE
UHCTUTYTHI. 715 aHanu3a noTpeduTesneil HeoOX0AUMO PACCMOTPETD 1I€JIEBOM PHIHOK
Y IPOBECTH €T0 CETMEHTHUPOBAHUE.

IleneBoli pBIHOK — CETMEHTHI PbIHKA, Ha KOTOPOM OYIET MpOoJaBaThCs B
Oyaymiem pa3paboTka.

CerMeHT phIHKAa — TpyNmbl NOTpeOUuTese, o0aagarommux onpeaeIeHHBIMU
OOIIMMHU MTPU3HAKAMHU.

CerMeHTHpOBaHUE — pa3/eeHHE MOKYyIaTeIe Ha OAHOPOAHbBIE TPYIIIbL, AJIs
Ka)KI0M U3 KOTOPBIX MOXKET MOTPeOOBAaThCSI ONPEIEICHHbII ToBap (ycayra).

B 3aBucuMocTH OT Kareropuu norpedureneil HeoOXOJUMO HCIOIb30BaTh
COOTBETCTBYIOILIME KPUTEPUHU CETMEHTUPOBAaHUS. [[151 KOMMEpUeCKUX OpraHu3aluii
KPUTEPUSMU CETMEHTUPOBAHUS MOTYT OBITh: MECTOPACIOJIOKEHHE, OTpacilb,
BbIITycKaeMas npoaykuus. g Gu3sndyeckux Jul KPpUTEPUSIMH CErMEHTHPOBAHUS
MOTYT OBITh: BO3PACT, HAITMOHAJILHOCTh, 0Opa30BaHuUE.

CermMeHTHpOBaTh PBIHOK YCIYr MOXHO IO CTENEeHH NOTPeOHOCTH
UCIIOJIb30BAaHUSI ~ pEe3ylbTaTOB  IPOBEICHHBIX  HMCCienoBaHuUW.  Pe3ynbrarhl

CErMEHTHPOBAHUS MPEJCTaBICHBI B Ta0uIe 4.1.
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Tabmuma 4.1 — CerMeHTHpOBaHHE pPBIHKA YCIYr 10 YTHJIM3AIUH

PaANOAKTUBHBIX OTXOA0B

Bo3znymno-mnasmennas yrunuzanus OOIT OAT

HHUMN, 403058
HCCIICIOBATEIILCKHUE IIPOU3BOJACTBECHHBIE
LEHTPHI OoTpaciiv

AToMHasA
MIPOMBIILICHHOCTh

CuibHas

[ToTpeOHOCTH

Kax BunHO u3 Tabnuipl 4.1. cuabHas 3aMHTEPECOBAHHOCTH B MPOBEIACHHOM
paboTe y aTOMHOM MPOMBINUIEHHOCTH. Mcmosib30BaHUE JaHHOW TEXHOJIOTUU B

9KCIIOPTEC HE MMPCAYCMOTPCHO.

4.1.2 AHanu3 KOHKYPEHTHBIX TEeXHHYECKHX pelleHUuil ¢ No3uIun
pecypco3¢deKTUBHOCTH U pecypcocOepexeHust

AHaian3  KOHKYPEHTHBIX  pEIIEHUH  TO3BOJISIET MPOBECTH  OLEHKY
CpaBHHUTENHHOU 2 (HEKTUBHOCTH HAYIHOH pa3pabOTKH U ONPENETUTh HAITPABICHHUS
JUTst e OyAyIIEero MOBBIIICHHUS.

B nannoit pabote paccmotpen mporecc yruinzanuu OSAT B Bo3mymiHo#
mia3Me B BHUAE BOJHO-OPTaHMYECKUX HUTPATHBIX PACTBOPOB, BKIIIOUAIOIIMX
OpraHMYecKuil KOMNOHEHT (¢), a B KaueCcTBE KOHKYPEHTa BbIOpaH TPaJUIIMOHHBIHI
tepmuueckuit Meto yruimzanuu OOIT OAT (k).

[IpoBeneM JnaHHBIM aHalW3 C TOMOUIIBIO OIIEHOYHOM KapThl, KOTOpas
npuBeeHa B Tabmuie 4.2.

[To3unmst pa3pabOTKM M KOHKYPEHTOB OLICHHBAETCS MO MATH OalIbHOM
mkane. Beca nmokazaresneil B cyMMe TOJKHBI COCTABIATSH 1.

AHanu3 KOHKYPEHTHBIX TEXHUYECKUX PELICHUH onpeensiercs no Gpopmyie:
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K=>B 5, (4.1)

rae K — KkoHKypeHTOCTIOcOOHOCTh HAyYHON pa3paboTKu WM KOHKypeHTa; Bj — Bec

noka3zates (B JOJsIX eAUHHMIIB); bj — 6amt i-ro mokasarers.

Tabmuua 4.2 — OueHouHas KkapTa JUisl CpPaBHEHHMS KOHKYPEHTHBIX

TEXHUYECKUX pelleHni (pa3paboTok)

Bec basnb KonkypeHTocnocoOHOCTh
Kputepuu onenku
KpUTEPHSI By B, Ky K,
TexHUYecKHE KPUTEPUH
1. Ckopoctb pacuéra 0,5 4 3 2 15
2. IIpocToTa MoHUMaHMs MOJIETH 0,1 3 4 0,3 0,4
3. HanexHocTh MOIEIH 0,05 4 3 0,2 0,15
4. CX0OUMOCTBh MOJEIN 0,03 4 4 0,12 0,12
5. AJanTUBHOCTH METOA 0,02 4 4 0,08 0,08
JKOHOMHYECKHE KPUTEPHH

1. 3arpaTsl Ha pa3paboTKy 0,18 5 4 0,9 0,72
2. [Ipenmonaraemplii CpoK 0.04 5 4 0.2 0.16
IKCIUTyaTaIH

3. ®uHaHCUpOBaHHE 0.08 5 1 0.4 0.08
pa3paboTaHHOTO METO/1a

Hroro 1 4,2 3,21

BaxapIMu MmokazatensiMu SIBJSIOTCS: 3aTpaThl Ha pa3padotky (0,9 u 0,72
Oayia); ckopocTh pacueta (2 u 1,5 6anna); npocrora nonuManus moaenu (0,3 u 0,4
Oaia).

MeHee BaKHBIMU KpUTEPHUSIMU OBLTH BBIOpaHbI: ananTuBHOCTH Mojaenu (0,08
u 0,08 6amna); punancupoBanue pazpadborantoro meronaa (0,4 u 0,08 6anna).

[IpuBeneHHBIN aHaMW3 NOKA3bIBAET, YTO MPOBEACHHBIA pacueT SABJISACTCS

ONTHUMAIBLHOU JJIs UCITIOJIB30BAHUA B IIPAKTHUYCCKUX LCIIIX.

40



4.1.3. SWOT-anaaun3s

SWOT —

Hay49YHO-HCCJIICAO0BATCIILCKOTO

Ipe/ICTaBISCT

co00M

IIPpOCKTA.

SWOT-ananu3

KOMILIEKCHBIN aHaim3

IMPUMCHAIOT JIIA

WCCIIC/IOBaHSI BHEIITHEW M BHYTpEHHEH cpesl mpoekTa [20, 21].

CocraBnena matpuiia SWOT-ananu3za (tadbmuna 4.3).

Taomuna 4.3 — SWOT-ananu3

CujibHbIE CTOPOHBI PO
eKTa:

Cl. AxTyanpHOCTb IIpo€
KTa.

C2. [IpumeHneHue coBpe
MEHHOTO 000PYIOBaHHS
Ha CTaJuM pacyera

C3. BropxkeTHoe puHaHC
MpOBaHHUE.

C4. Ilonyuyenue
pPEe3yIbTaTOB BBICOKOU
TOYHOCTH.

C5. BOo3MOXHOCTB ON'TH
MH3ALHUHA PACUETHON
MOJIETIH.

Ci1a0ble CTOPOHBI MIPOEKTA:
Cal. OrpanndyeHHOE IPUMEHEHUE
KOHKPETHOW MOJICIH.

Cn2. Tpebyercs
JKCIIEPUMEHTAILHOE
IOJITBEPK/ICHUE PE3YJIbTATOB.
Cn3. 3aKkpbITOCTh NIPOrPAMMHOTO
Koja.

Cn4. OrpanuyeHHbIN Kpyr
norpeoureneil.

CnS. OrpannyeHHbIe BO3MOKHOCTH
pacuéra (TOJIBKO st
OTpeieNIEHHBIX KOMIIOHEHTOB).

Bo3moxknocTH:

B1. Ucnons3oBanue MoaelTn
JUISL UCCITETOBAHU .

B2. Paciimpenue
BO3MOKHOCTEN PaCUETHON
MOJIETIN.

B3. Bo3moxkHOCTH
HCCIIEA0BAHUS PA3TUYHBIX 11O
coctary OOII OAT.

B4. JlononHUTENbHBIN CIIPOC
Ha pe3yJIbTaThl HCCIICIOBAHUA.

Yrpo3sbr:

V1. Huzkuit cupoc co CTOPOHBI
NPEATPUATHI.

VY2. BeposTHOCTB pa3paboTKu
MOI00HBIX PACUETHBIX
MOZEJIEH IpYyTrUMU
OpraHU3alMsIMH.

V3. CH0XHOCTh B
MIPOJIBMXKCHUH MOJICTTH CPeIn
KOHCEpPBATUBHO HACTPOEHHBIX
NpEINPUITHI

V4. Pa3paboTka HOBEHIIIHX
MOJIETIEN pacyeTa.
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B tabnume 4.4 npencraBieHa MHTEPAKTUBHAS MaTPHIlA MPOEKTa, B KOTOPOM
MMOKa3aHO COOTHOIIIEHUE CUIIBHBIX CTOPOH C BO3MOKHOCTSIMU.

Tabnuua 4.4 — InTepakTUBHAs MaTpuUlla IPOEKTa

BosmoxHocTH CunbHBIE CTOPOHBI MPOEKTA
MPOEKTA Cl C2 C3 C4 C5
Bl + - + + +
B2 + - - + +
B3 + + - + +
B4 + - + + +

B wMarpume mepecedeHHS CHIBHBIX CTOPOH W BO3MOXXHOCTECH HMMEET
OTIPENICNICHHBIM Pe3yJIbTaT: «+» — CHJIBHOE COOTBETCTBHE CHJIBHON CTOPOHBI U
BO3MOXKHOCTH, «-» — cliaboe cooTHoIIeHUE, «0» — €CIM €CTh COMHEHHS B TOM, YTO
MOCTABUTD «+» WU «-».

B  pesympraTte cocraBiena wutoroBas  wmatpuinia  SWOT-ananusa,

npejacTaBiieHHas B Tadaune 4.5.
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Taomuna 4.5 — SWOT-ananus

CujibHBbIE CTOPOHBI IPOEKTA:
Cl. AxTyanbHOCTb IIPOEKTA.

C2. IIpumeHeHre COBPEMEHHOTO
000py/0BaHUs HA CTaUU pacyeTa
C3. bromketHoe (hMHAHCHPOBAHHUE.
C4. IlonyuyeHue pe3ysbTaToB
BBICOKOH TOYHOCTH.

C5. Bo3MOXXHOCTb ONTUMHU3ALIUU
pacuéTHOI MOJIeTH.

Ci1a0ble CTOPOHBI MIPOEKTA:
Cal. Orpann4yeHHOE IPUMEHEHU
€ KOHKPETHOH MOJIEJH.

Cn2. TpeOyercs
IKCIIEPUMEHTAIILHOE
MIO/ATBEPIK/ICHUE PE3YJIbTATOB.
Cin3. 3aKkpbITOCTh MPOrPAMMHOIO
KoJa.

Cn4. OrpannyeHHbIN Kpyr
norpeOuTenei.

Cin5. OrpanuyeHHbIE BO3MOYXKHOC
TU pacy€Ta (TOJIBKO AJIs
OTpeIeIEHHBIX KOMIIOHEHTOB).

Bo3moskHOCTH:

B1. Ucnons3oBanue
MOJEIIH

JUISL IICCIICIOBAaHUM.
B2. Paciiupenue
BO3MOXKHOCTEH
pac4yE€THOW MOJENH.
B3. Bo3MoxHOCTB

1. ITonHOe obOecrnieueHre ycnoBuil s
CO3aHMSI U TPUMCHECHUS MOJICITH JIJIS
pacuéToB.

2. [TosBnenne OMOIHATEIHLHOIO
cripoca U (pHAHCUPOBaHMS,
00€eCIeYEeHHbIX aKTYalIbHOCThIO
TEMATHKH U UCIOJIL30BAHUEM
COBPEMEHHBIX PACUETHBIX MOJICIICH.

1. HeoOxonumo
JKCIEPUMEHTAIBHOE
MOATBEPKIECHUE, YTO BO3MOKHO
peanu3oBaTh B YCIOBHSX By3a.
2. 3aKpBITOCTh pacYETHON
MOJIEJIA HE OTPAKAeTCs Ha
TOYHOCTHU PE3YJIbTATOB.

3. Kpyr norpebuTteneii MOXXHO

UCCIIEIOBaHMS 3. BeICOKast TOYHOCTh MOIY4aeMbIX YBEJIMYUTH C IOMOIIBIO
Pa3IMyYHbIX IO pe3yJIbTaTOB pacyera paclpeaeeHusl | yBEeIMYEHUs KOIMYeCcTBa
cocraBy OOII OAT. | KOHLEHTpauuii O CTYNEHIM JJIEMEHTOB.

B4. MO3BOJISIET TOBBICUTH CIIPOC Ha

JIONOITHUTEIBHBII pac4y€THYIO MOJEIb

CIpOC Ha

pE3yJIBTaTHI

UCCIIEIOBaHMUSI.

Yrpo3ssr: 1. Buenpenue pa3padotku B HayuyHble | 1. Co3maHue mo0OHbBIX MoJIemei

V1. Huzkwuit cipoc
CO CTOPOHBI
MPEATPUITHI.

V2. BepostHOCTb
pa3paboTKu
MOTI00HBIX
PacUY€THBIX MOJENEH
IpYTUMH
OpraHu3aIUsIMU.
V3. CH0XHOCTh B
TIPOIBUKCHHIH
MOJEININ Cpeau
KOHCEpPBAaTUBHO
HaCTPOECHHBIX
NpEINPUITHI

V4. PazpaboTtka
HOBENIINX MOJEIEN
pacuéra.

LEHTPbI U HHCTUTYTHI TO3BOJIUT
YBEJIMYUTH 00XBAT MOJIb30BaTeNeil u
3aMHTEPECOBAHHOCTD MPEATIPUITHH.
2. brarogaps BO3MOXHOCTSIM
pacy€THOM MOJIENN U
CBOEBPEMEHHOMY (PMHAHCHPOBAHUIO
MIPOJBUKEHHE HAa PHIHOK MOXKET
CTaTh YCIEIIHBIM.

3. Tak kak cyniecTByeT BO3MOXKHOCTb
ONTUMM3ALMHU PACUETHON MOAEIIH U
paciipeHus BbIoopa U30TOIOB, TO
9TO MO3BOJIUT KOHKYPUPOBATH C
HOBEHIINUMHU pa3zpaboTKaMHu.

4. JlonionHUTEIBHOE
(hMHAHCHPOBAHUE TTO3BOJIUT
MIPOJIBUHYTH PACYETHYIO MOJIEb Ha
PBIHOK.

JpYrUMU OpraHU3alusAMU MOXKHO
PELIUTDH C TOMOIIBIO
BO3MOKHOCTEH PacUE€THON
MOJIeJIN, KOTOPBIX HET Yy
KOHKYPEHTOB.

2. HecosepiueHcTBa
pa3pabOTaHHOU MOJIETH MOYXHO
PELIUTh C TOMOILBIO
ONITHMH3AIMH MOJCIH MO
Tpebyemblie coctaBbl OOIT OST.
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Takum o6pazom, BemoaHUB SWOT-aHanm3 MOXKHO cieiaTh BBIBOJ, YTO HA
JAHHBI MOMEHT MPEUMYIIECTBA MPOBEJACHUS JalbHEUIIUX padoT B 00JacTu

mwiazMenHol nepepadorku OOIT OST conocTaBUMBI € €ro HEA0CTATKAMH.

4.2. Maunuanusi NpoeKTa

VY cTaB HAyYHOTO MMPOEKTAa MATUCTEPCKOM pabOThI JOHKEH UMETh CIIETYIONIYIO
CTPYKTYDY:

1. Lenu u pe3yapTar NpoeKTa.

[TpuBenem uHpopmaIuio 0 3aMHTEPECOBAHHBIX CTOPOHAX MPOEKTA, UEPAPXUU
LEJIEV MPOEKTA U KPUTEPUSIX JOCTHUKECHUS LIEIICH.

[Ton 3aMHTEpECOBAHHBIMM CTOPOHAMH NPOEKTAa MOHUMAIOTCS JIMIA WJIU
OpraHu3allii, KOTOPhIE€ AKTUBHO YYacCTBYIOT B IMPOEKTE WU MHTEPECHI KOTOPHIX
MOTYT OBITh 3aTPOHYThl KakK TIOJIOXKUTEIbHO, TaK M OTPHUIATEIBHO B XOJE
UCIIOJIHEHUSI WJIM B pe3yibTaTe 3aBepileHus npoekrta. HWMudbopmammio 1o
3aMHTEPECOBAHHBIM CTOPOHAM MPOEKTA MPEeCTaBUM B TaduIe 4.6.

[IpeacraBum uHbopmaluio 00 HepapXuu IeJed MPOeKTa W KPUTEpUs

OCTHOKEHUS 1iejierd B Taoune 4.7.
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Tabnuna 4.6 — 3anHTEpeCOBaHHBIE CTOPOHBI ITPOEKTA

3aI/IHTepeCOBaHHBIe CTOPOHEI ITPOCKTA O}I(I/I,Z[aHI/IH 3aMHTCPCCOBAHHBIX CTOPOH

Hcnonb30Banue pe3yabTaTOB MOACIUPOBAHUS JJIS
HUN YBEJIUYECHUS IIPOU3BOAUTEILHOCTH IUIA3MEHHON

ycTaHOBKHU Ha 6aze BUD-mazmMoTpoHa

Cozanue Hay4HbIX OCHOB T€XHOJIOTHH IS
Komnanuu atoMHOM
9HEeprodHPeKTUBHOM BO3TYITHO-TITIA3MEHHOM
MIPOMBIIIIJICHHOCTH
yrunuzauuu OAT

HOHy‘IeHI/Ie MaKCUMaJIbHON TOXOJHOCTHU B

YacTtHble HHBCCTOPLI
3aBUCHMMOCTH OT BJIOXCHHUU

Ta6nuna 4.7 — Lenu u pe3ynabTaThl IPOEKTa

MOI[CJII/IPOBaHI/Ie H HUCCICOAOBAHUC IIPpOoLCCCa BOSI[yn.IHO-HJIBBMGHHOﬁ

[lenun mpoekra:
yruimzauuu OAT B Buge pacrsopos BOHP.

Oxunaemple Co3nmanue HAyIHBIX OCHOB  JHEProd((PEeKTUBHOW  TEXHOJOTUH
pe3yabTaThl BO3IyIIHO-TIIa3MeHHOM yrunu3aruu OST B BO3AyIIHOM 71a3Me B BUIE
MPOEKTA: ONTUMAaJBHBIX MO COCTaBY AMCHEPrupoBaHHBIX pacTBopoB BOHP.

Kpurepun npuemxn
Hayunbie ocHOBBI 3HeproadhexTrBHON TexHoMoruu yrunuzauuu OAT.

pe3yibTaTa mpoeKTa:

TpebGoBanus k OKCHepUMEHTAJIbHOE  TOJATBEP)KIEHHE  Ipolecca  BO3AYIIHO-

pe3yabTaTy npoekra: | miazMeHHor yruinzanuu O T Ha mogenbHbIX pactBopax BOHP.

2. OpranuzaimoHHasl CTpyKTypa NpoeKTa.

OnpenenuM y4aCTHUKOB pabodeil Tpynibl JAHHOTO MPOEKTa, POJIh KaXKI0TO
YY4acTHHKA B JaHHOM IPOCKTE, a TakXe (YHKIIUH, BBITOJIHICMBIC KAKIbIM W3
YYaCTHHKOB M HMX TpPyAo3aTpaTbl B mpoekrte. IlpeacraBum 3Ty mHGOpMAIMO B

tabnure 4.8.
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Tabnuma 4.8 — PabGouas rpynmna npoekTa

No DdUO, Ponb B mpoekTe OyHKIMU TpynozaTpaTsl
/i OCHOBHOE MECTO qac.
paboThI, TOHKHOCTD
Hayunebrit
Kapenrun A.T'., KoncynbTanuu no 0CHOBHbIM 1
2 PYKOBOJIHUTEIH 60
TIIY, noneHT BOIPOCAM TEMBI
(HP)
MoaenupoBanue u
N UCCJIeI0BaHKE MpoIecca
Munénok P.A., A pon WUcnonaurenb
1 yrmsanuu OAT B 493
TITY, maructp N 1)
BO3/IyILIIHOM IJ1a3Me B BUJIE
pactBopo BOHP
HUTOT'O: 553
3. OI‘paHI/I‘-ICHI/IH " JOIIYIICHUA ITPOCKTA.
OrpannueHuss MpoeKTa — BCE€ (PAKTOPbl, KOTOPHIE MOTYT MOCTY>KUTb

OTpaHUYECHHEM CTENEHU CBOOOJBI YYACTHUKOB KOMAaHJZBl TPOEKTa, a TaKXKe
«TPaHUITBI IPOEKTA» — IMapaMeTPhl MPOEKTA WM €r0 MPOAYKTa, KOTOPhIC HE OyayT
peanu30BaHHBIX B paMKaxX JaHHOTO Tpoekta. IlpemcraBum 3Ty mHOpMaIuio B
tabaune 4.9.

Ta6nuna 4.9 — OrpanudeHus NpoeKTa

daxrop OrpanuueHus/ TOMyIIEHUs
3.1. Bromxer npoekTa, pyo. He 6omee 400 000
3.1.1. Mcrounuk ¢puHaAHCUPOBAHUS TITY
3.2. Cpoku mpoeKTa: 4 mecsma
3.2.1. JlaTa yTBep:KIeHUS IUIaHA YIIPaBJICHUS IPOEKTOM 01.02.2023
3.2.2. JlaTta 3aBepIeHUs ITPOCKTA 21.05.2023

Takum oOpa3oM, YCTaHOBJICHBI 1€ M PE3yJIbTAThl MMPOEKTA, PACCMOTPEHA
OpraHu3allMOHHAsI CTPYKTypa MPOEKTA, ONpEeSIeHbl OTPAaHUYCHUS U JTOMYIICHUS

MPOEKTA.
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4.3 Il.1annpoBaHue yNpaBJieHUs HAYYHO-TEXHUYECKUM MPOEKTOM

4.3.1 Uepapxudeckasi CTPYKTypa padoT IPpoeKTa

Jiist BeIoSTHEHUsT paboThl hopMupyeTcst paboyasi Tpynia, B COCTaB KOTOPOU

BXOJUT HayuHbIi pykoBoautesb (HP) u ucnonmuurens (). Ilocne yero, B pamkax

IMPOBCACHUA HAYYHOI'O HCCIICAOBAHUA BBIIIOJIHACTCA pPAd OCHOBHBIX J3TallOB,

npeCTaBIeHHBIX B TabuIe 4.10.

Ta6nuna 4.10 — Ilepedens 3TanoB, padbOT U pacnpeeeHue UCTIOTHUTENEH

OcHOBHBIE 3TaIbl Ne Coneprxanue padoT JIOJIKHOCTB
pabd WCTIOJTHUTEIIS
PaspaGoTka 1 CocraBnenue u yT]fep)KI[eHI/Ie 3a/1aHus 11, HP
MarucTepcKoi AuccepTaluu
TEXHUYECKOTO
2 Kanennapuoe mianupoBanue padboT 1o Teme U, HP
S 3 W3yueHne MaTepraioB 1o TeMe nu
Br16op 4 CpaBHUTENBHBIN aHAIU3 METO0B YTHJIN3ALUU "
HaIlpaBJICHUS OosAT
HCCIIEI0BAHU I 5 Br160p MeToa BBIMOTHEHUS PaOOTHI u, HP
Pacuer  mnokasareneldi  roproouyecTd  BOJHO-
OpraHMYECKHUX HUTPATHBIX PAacTBOPOB HA OCHOBE
OAT, BriIIOUAKOUUX OPraHUYECKUl KOMIIOHEHT
(aTaHo, arieToH). OnpeneneHne ONTUMATBHBIX 110
coctaBy pactBopoB BOHP. Tepmoamnamuueckoe
Teopetnueckue u g | MOZIETMpOBaHHe NpOUecca  YTHIH3ALUH OAiT B 1 HP
DKCIIEpUMEHTaIbHbIE BO3JYIIHOW IIa3Me B Buae pactsopoB BOHP. ’
UCCIIEIOBaHMS BbeiOop onTUMaNbHBIX YCIOBUH  yTHIM3ALUU.
HccnenoBanue pexuMoB pabOThl YCTaHOBKH Ha
6aze BU®-murazmoTpoHa. DKCIEPUMEHTAIHLHOE
MOJTBEP)K/IEHUE IMOJIyUEHHBIX pe3yJbTaTOB Ha
MoJEenbHbIX pacTBopax BOHP.
7 AHanmm3 pe3yabTaToB pabOThI U, HP
O6obmetric 1 8 CocraBieHue otyera 1o padbote ", HP
OLICHKA pe3yJIbTaTOB

4.3.2 KoHTpOJIbHBbIE COOBITHS NIPOEKTA

B pamkax mnmaHupoBaHHS HAay4YHOTO TIPOEKTa HEOOXOJMMO TOCTPOHTH

KaJIeHIapHbId rpaduk mnpoekta. KaneHgapHbIM TJlaH TPOEKTa MPEACTaBICH B

tabimre 4.11.
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Tabmnua 4.11 — KanennapHslii m1ad npoekra

Kon
pabo
TBI

HasBanue

JnurensH
OCTb, THU

[ara
Havaja
pabot

Jlata

OKOHYaHUusA
pabot

Cocrtas
YYaCTHUKOB

CocraBienne u
YTBEPKJICHUE 3a/1aHUS
MarucTepcKoun
JUCCePTAIHT

01.02.2023

02.02.2023

HP

Kanennapnoe
TUTAHUPOBAHHE
pabort 1o Teme

03.02.2023

07.02.2023

HP, U

N3yuenne Marepuaios 1o
TeEME

14

08.02.2023

22.02.2023

CpaBHUTENBHBIN aHATTU3
METO/IOB YTHJIM3ALUH
OoiAT

24.02.2023

01.03.2023

Br16op metona
BBITTOJIHEHHS pabOTHI

02.03.2023

10.03.2023

HP, U

Pacuer roKaszareJeu
TOPIOYECTH BOJIHO-
OPTraHWYECKUX HHUTPATHBIX
pacTBOPOB  Ha  OCHOBE
O4IT, BKJITFOYAIOIINX
OpPraHUYEeCKHII KOMIIOHEHT
(aTaHom, alleTOH).
Ornpenenenue
ONTUMAIBHBIX O COCTAaBY
pacTBOpPOB BOHP.
TepmoanHaMuueckoe
MOJIEJIMpOBaHUE Ipoliecca
YTUIIU3aL WA OoiAT B
BO3AYIIHOW IIa3M€ B BUE
pactBopoB BOHP. Bribop
ONTUMAIbHBIX  YCIIOBUM
YTUIIU3ALINH.
UccnenoBanue pexumMoB
paboThl ycTaHOBKH Ha 0aze
BU®-nmna3zmoTpoHa.
OKCIEPUMEHTAIBHOE
MOATBEPKIECHUE
MOJIYYEHHBIX PE3YJIbTaTOB
Ha MOJIEITBHBIX pPacTBOpax
BOHP.

28

11.03.2023

09.04.2023

AHanu3 pe3yJbTaToB
paboThI

30

10.04.2023

10.05.2023

CocraBiieHie oT4yera 1o
pabore

10

11.05.2023

21.05.2023
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Huarpamma ['anTa — TN cTONOUYATHIX AMArpaMM (THCTOrPaMM), KOTOPBIH
UCIIOJIB3YETC Ul WUIIOCTPALUM KAaJICHJApPHOIO IIIaHA IIPOEKTa, Ha KOTOPOM
paboTel MO TEME€ NPEJCTABISIOTCS MPOTSIKEHHBIMU BO BPEMEHU OTPE3KaMH,
XapaKTepU3YIOIMIMMHUCS JaTaMHU Hayaia 1 OKOHYaHUS BBIIIOJIHEHUS JAHHBIX paloT.

I'paduk cTpoutcs B Buae Tadbauupl 4.12 ¢ pa3dbuBKoil Mo MecsALaM u JIeKaaam
(10 nHeit) 3a meproJ BpEMEHM BBIIIOJIHEHUSI HAYUYHOTO IpoekTa. [Ipu aTom paboTsl
Ha Tpaduke cleayeT BBIACIUTh PA3IUYHON INTPUXOBKOW B 3aBHUCHMOCTH OT
UCIIOJTHUTEIIEH, OTBETCTBEHHBIX 3a TY WIH UHYIO padoTy.

Tabmuma 4.12 — Kanengapsbelii 1UIaH-TpauK MPOBEICHUS HAYYHOTO

HCCIIEIOBAHN

HpOI[OJI)KI/ITCJII)HOCTI) BBITIOJIHCHMUA pa6 oT

T,

Ne Bun pabot Hcnonnurenu ®espans | Mapr | Anpesns | Man | MioHb

KL T3 12131213 [1]2[3 (1] 2

CocTaBiieHue u
YTBEpKACHHE
1 3aJaHus HP 2 'JS

MarucTepcKoi
JUCCePTALIHU

Kanennapnoe
2 IJIAaHUPOBAHUEC HP, " 4
pabort 1o Teme

N3yuenue
3 | MarepuayoB 1o 14| 14
TeMe

CpaBHUTENBHBIN
aHaJIN3 METO/I0B
4 YTUJIN3ALNUN u S .
oAT

Br16op metona
5 BBINIOJTHEHUS HP, U 8
paboThI

Pacuer
oKa3arelie
TOPIOYECTH -
6 BOJIHO- 41 28
OpraHU4YeCKHUX

HUTPATHBIX
pacTBOpoOB

Ananuz
7 pe3yJIbTaTOB nu 30 -

paboThI

CocraBiieHue
8 OTYeTa I10 4 10
pabore

Y- HP -
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Takum o00pa3zom, MOCTPOEH IUIAH YIPABJICHUS HAyYHBIM IPOEKTOM,
OTpe/ieNIeHbI BUBI pabOT, YCTAHOBJICHBI ATl HAUaja U OKOHYaHUS pabdoT M COCTaB

Y4aCTHHKOB.

4.4 Broa:KeT HAYYHOT 0 UCCJIeJ0BAHUS

[Tpu nmnanupoBanum Oroxera HTU nomxHO OBITH 00€CIIEUYEHO IMOJHOE U
JIOCTOBEPHOE OTPaKEHHUE BCEX BUIOB PACXO0B, CBA3aHHBIX C €T0 BBIMOJHECHHEM. B
npouecce popmupoBanus o0roxeta HTU ucnone3yercd cienyromnias rpynnupoBKa
3aTpaT 10 CTAThsIM:

1. Marepuansi;

2. 3arpaThl Ha OIUIATy TPyJa paOOTHUKOB;

3. OruucieHus BO BHEOWOKETHBIC (POH/IBL;

4. Cneuo0opya0BaHKE IJI1 HAYYHBIX U KCIIEPUMEHTAIBHBIX PadoT;

5. Ilpoune mpsiMble pacXoJibl;

6. Hakmamubie pacxoibl.

JlaHHBIE PAcXOJbl OTHOCATCS K MPSIMBIM 3aTpaTaM, BEJIMYUHY KOTOPBIX, KaK
MPaBUJIO, CJEAYET OMNPEACNATh MNPSMbIM CUYETOM, OTO 3aTpaTrhl, CBI3aHHBIC
HEMOCPEJACTBEHHO C  BBINOJIHEHHEM  KOHKPETHOTO  HAyYHO-TEXHHUYECKOTO
HCCIICIOBAHUSI, OCTANBHBIC 3aTPAThl PACCUNUTHIBAIOTCS KOCBEHHBIM CIIOCOOOM, 3TO

3aTpaThl Ha COIep>KaHUEe OOIETEXHUYECKUX CITYKO.

4.4.1 Pacuetr MaTepHaJbLHBIX 3aTPAT

Bce pab6otsr g1t BKP npoBoaunuck Ha miia3MaTpoHe U Ha KommbroTepe. B
KaueCTBE MAaTEPUAIBHBIX 3aTpaT OyAyT MPEICTaBJICHBI 3aTpaThl HA OPraHUYECKUN
KOMIIOHEHT ISl TOATOTOBKH MOJAENbHBIX pactBopoB BOHP. Marepuanbhbie
3aTpathl, HEOOXOIUMBIE TSl JaHHOU pa3paboTKH, 3aHOCITCS B Tabnuiy 4.13.

Tabnuna 4.13 — MarepuanbHbie 3aTPaThI

HanmMeHnoBanne matepuaioB Ilena 3a en., pyo. Komn-Bo CymmMma, pyo.
AnietoH 60 250 1. 15000
[TepcoHabHBIN KOMITBIOTED 45000 1 45000
Wroro: 60000 pyO®.
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Takum oOpa3zom oOm@ass cymMMa MaTepHalbHBIX 3aTpaT g JaHHON

pa3paboTtku coctaBmia 60000 pyOeii.

4.4.2 Pacuer aMmopTU3aliu 000py10BaHUS

Pacuér amopTH3anuu NpOU3BOAUTCS Ha HaXOAsIIEecs B HCIHOJIb30BAaHUU
obopynoBaHue. B UTOroByr0o CTOMMOCTb NpOEKTa BXOASAT OTYUCIEHHS Ha
aMOPTHU3AIMIO 32 BpPEMS HCIOJIB30BAaHUS OOOpPYIOBAaHUS B CTaThbe€ HAKIATHBIX
pacxoJioB.

Bce paborel g BKP npoBoaunuck Ha IUIa3MEHHOM Mojaysie Ha 0ase
BbICOKOUacTOTHOTO reHepaTopa BUI™ 8-60/13-01 1 Ha mepcoHaIbHOM KOMITBIOTEPE.

Tabnuua 4.14 — 3aTpatsl Ha 000pyAOBaHKE

Cpok OO6mas
Koi- Llena equHMIBI
HaunmenoBanme ITOJIE3HOI'O CTOUMOCTDb
No BO, o0opyIoBaHus,
O60py,Z[OBaHI/IH HUCIIOJIBb30BAaHHA, O60py,Z[OBaHI/I$I,
IIT. pyo.
JeT pyo.
1 Hepcomarbibtii 1 3 45000 45000
KOMIIBIOTED
Hroro: 45000 py®6.
Pacyet amopTH3anuu mpoBOAUTCS CIACAYIOUIMM 00pa3oM:
Hopwma amopTtuzaumu paccuutsiBaeTcs no popmyie 4.3:
1 4.2
p ol (42)
n
rzie N — CPOK MOJIE3HOIO UCIIOIb30BaHNUS, JIET.
AMopTH3anus paccuutbiBaercs 1no gpopmyse 4.4:
_H,-a (4.3)

A

m,

12
rjae M — uroroas cymMma, ThiC. pyoO.;
M — BpeMs UCIIOJIb30BAHUS, MEC.
PaccuntaeM amMOpTH3aIUIO IS IEPCOHAIBHOTO KOMITBIOTEPA, C YIETOM, UTO
CPOK TOJIE3HOTO UCTIOIB30BaHUs 3 Toja:

H, =%=
n

A

=0,33

Wk
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OO0myro cymMMy aMOpPTHU3AIMOHHBIX OTYUCICHUN HAXOIUM CJIEIYIONTUM
oOpazom:
[lepcoHaIBHBIM KOMIIBIOTED:

_H,-M 03345000

4 4= 4950 py6.
12 12 by
CYMMapHBIe 3anaTI)I aMOpTI/ISaHI/IOHHBIX OTHHCHGHHﬁ:
A= 4950 py6.

B nmanmHOM pa3zmene mnpoBeAeH pacu€T aMopTH3aUuMu O00OpYIOBAHMSL.
AmopTuzanus s TEPCOHATIBHOTO KOMIBIOTEPA, C YUYETOM, YTO CPOK MOJIE3HOTO
ucrosib3oBanusi 3 roja coctaBuia 0,33, a oOmas cymMMa aMOpPTH3allMOHHBIX

otuuciieanit 4950 pyoieil.

4.4.3 OcHoBHas 3apadoTHAS MJIATA UCHIOJHUTEEH TeMbI
CraTbsi BKJIIOYAET OCHOBHYIO 3apa0OTHYIO IIaTy paOOTHUKOB (BKJIIOYas
MIPEMUH, JIOTIATHI) ¥ IOTIOJIHUTEIBHYIO 3apa00THYIO TIJIATY:

C,, =3, +3

s (4.4)
rnae 3oc: — OCHOBHAS 3apaboTHAs 1U1aTa;
30n — IONIOJTHUTEIIbHAS 3apabOTHAs TJIaTa.

OcHoBHas 3apaboTHas IUIaTa HAYYHOTO PYKOBOJMTENSI PACCUUTHIBAETCS HA
OCHOBAHHUHU OTpacyieBOM omiarel Tpyaa. OtpacneBas cucteMa omiatel Tpyaa B TITY
MpenoiaraeT Cleayonui CocTaB 3apab0THOM TIIATHI:

1) Oxnan — onpenensercs npeanpusatuem. B TITY oxnaasl pacnpenesieHsl B
COOTBETCTBUM C  3aHUMAaeMbIMU  JOJDKHOCTSIMH, HalpUMeEp, ACCUCTEHT,
CT. MIpenoiaBaTelib, JOLEHT, Ipodeccop.

2) CTumynupymooIIHe BBILIATBI — YCTAaHABIMBAKOTCS PYKOBOIUTEIEM
nonpasaeneHuil  3a  3(G(EKTUBHBIA  TpPyHA, BBIIOJHEHHE JIOMOJIHUTEIbHBIX
oOs3aHHOCTEW W T.h. JlomonaHUTENbHAs 3apa0oTHas IJlaTa BKJIIOYAET OIUIaTy 3a

HEmpopaOoTaHHOE BpeMs (O4YepeqHOM U y4eOHBIM OTMYCK, BBIIOJTHEHHUE

roCyapCTBEHHBIX 00SI3aHHOCTEH, BbITUIATa BO3HATPAXKICHUH 3a BBICIYTY JIET U T.I1.)
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u paccuuthiBaercs ucxoas u3z 10-15% ot ocHOBHOM 3apabOTHON MIIaTHI,

pabOTHHUKOB, HEMTOCPEACTBEHHO YYACTBYIOIIHNX B BBITOJIHCHUE TEMBI [22]:

Zson = Koon = Zoen (4.5)
rzie 3xon — IOMOJIHUTENbHAS 3apa00THAs TU1aTa B pyOssix;
Knon — K03(ppuImueHT HOMOTHATETEHOMN 3apIUTaTHI;
3ocu — OCHOBHAs 3apabOTHAs 1iata B pyOJsix.
OcHoBHas 3apaboTHas IIaTa PyKOBOJMTESI pacCUunuThIBaeTCs [22]:
Boen =T pa " Fons (4.6)
7€ 3ocn — OCHOBHAS 3apaboTHAs IJIaTa OJJHOTO paOOTHHUKA;
Tpas — TPOJOKUTENBHOCT PA0OT, BBIMOJHAEMBIX HAyYHO-TEXHUYECKUM
pabOTHUKOM B pabOUUX JHSIX;
3— CpellHeTHEBHAs 3apa00THAas Tu1aTa pabOTHHKA B pyOIIsX.
CpenHemHeBHas 3apab0THAs IJIaTa pacCUUThIBaeTCs Mo Gopmyde [22]:
_3BuM 4.7)

3 :
OH Ta

rjae 3,, — MECSUHBIN JOJDKHOCTHOM OKJIaJl paOOTHHKA, PYO.;

M — konmmyecTBO MecsIeB paboThl 0€3 OTITyCKa B TEYEHHUE TO/a:

T, - NeHCTBUTENBHBIN TOAOBOM (OHI paboyero BpEeMEHM HAyYHO-TEXHHUYECKOTO
nepcoHaia, pad.a. (tadmumna 4.15).

Tabnuua 4.15 — bananc pabouyero BpeMeHu

IToka3zatenu pabodero BpeMeHH HP n
Kanenmapuoe uucio qaei 365 365
KonnuecTBo Hepabouux aHEH (BBIXOIHBIE,
Mpa3/HUKH): 66 66
-BBIXOJTHBIC/TIPA3THUIHEIC.
OTnycK/HEBBIXO/IBI TT0 OOJIE3HH 56 48
JlelicTBUTENbHBIN T010BOM (oH pabouero 243 251
BpPEMCHH

HcronauTeb BO BpeMs HAMKMCAHHUS JUIIOMAa €XKEMECSYHO TI0JTydaeT
BosHarpaxaenue B pasmepe MPOT 13890 py6. OcHoBHasi 3apa®oTHasi muiarta

HAay4YHOI'o pYKOBOAUTCIA PACCUHUTHLIBACTCA HAa OCHOBAHHHA OTpaCHeBOﬁ OIlIAaThI
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Tpyna. OtTpaciieBasi cucTeMa OIUIaThl TPyJAa MPEANOoJaraeT CIEAYIOIIUN COCTaB
3apa0O0THOM TJIATHI:

® OKJIa/l — OIIPEACIISIETCS IPEAPUSITUEM;

®CTUMYJIUPYIOIIME  BBIJIATBI —  yCTAaHABIMBAIOTCS  PYKOBOAMUTEIEM
noapasneneHut  3a  3(GGEKTUBHBIA  TPyZA, BBINOJHEHUE JOMOJTHUTEIHHBIX
00s13aHHOCTEH U T.11.;

e foTUIaTa 32 pabOTy BO BPEAHBIX YCIOBUSIX TPY/IA;

®OIIEpATUBHAS IIPEMHSL.

Jlns pacuéra MECSYHOro JOJKHOCTHOIO OKJaga pabOTHUKA MPUMEHSIETCS
dopmyia [22]:

3,=3,k, (4.8)
rie 3o« — 3apaboTHas TUIaTa 1o okjiany, pyo.;
K; — paitoHHBII KO3 GUIMEHT, paBHBIH 1,3.
PykoBoauTenemM IaHHOM Hay4YHO-HCCIIEIOBATEIBCKOW PAOOTHI SIBISETCS

noueHt MATHI Tomckoro moJMTEXHUYECKOrO yHHBepcutera ¢ okinaaoM 35000
pyOaeii. Pacuét ocHOBHOM 3apab0OTHOM MIaThl MpUBEAEH B Tabnwmie 4.16.

Tabnuua 4.16 — Pacuér ocHOBHOM 3apaOOTHOM TJIAThI

Hcnonaurenu 3ox> PYO. 3u, PYO. 311> PYO. Tpas» 1 3ocu»> PYO.
HP 35000 45500 2240 8 17920
nu 13890 18057 863 63 54369
Uroro 3, 72289 py0.

3arpaThl MO JOIMOJHUTEIbHON 3apabOTHOI IIaTe€ HMCHOJHUTEIEH TeMbl
YUYUTBIBAIOT BEJIWYMHY NPEIYCMOTPEHHBIX TpyaoBbIM Koaekcom P® nommar 3a
OTKJIOHEHUE OT HOPMAJIBHBIX YCJIOBUM TpyAa, a TAKXKE BBIIUIAT, CBS3aHHBIX C
obecricueHUEM rapaHTUH 1 KOMIICHCAITHA.

JlomonHuTENbHAS 3apaboTHA 11aTa paccuutbiBaeTcs ucxoas u3 10-15 % ot
OCHOBHOM 3apa0OTHOW IUIaThl paOOTHUKOB, HEMOCPEICTBEHHO YYACTBYIOIIHMX B
BBITIOJIHEHUH TEMBI.

[TpumeM k03hGHULIMEHT AOMOTHUTEIBHON 3apabO0THON MIaThl AJi1 HAYYHOTO

pykoBoauTens paBHbIM 15 %. Pe3ynpTaThl pacu€éTa OCHOBHOU M JOMOJIHUTEIBHON
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3apabOTHOW TIUIAThI HCIIOJIHUTEICH HAYYHOTO WCCIICAOBAaHUS IPEACTABICHBI B
tabnuie 4.17.

Tabmuma 4.17 — 3apaboTHas I1aTa HMCIOJIHHUTEICH HCCIIEI0BATEIbCKON

paboThI
3apaboTHas 1uiata HP "
OcHoBHas 3apruiata 17920 54369
JlomotHUTEIBHAS 3apILIaTa, pyo. 2688 8155
3apruiata UCIOHUTEIA, PYO. 20608 62524
Hroro no crarbe Csp, pyo. 83132 pyo.

Takum o0pazom B paszfene paccuuTaHbl 3aTpaThl Ha OIUIaTy Tpyla
UCIIOJIHUTENIEH  HAyYHO-TEXHUYECKOIO0  MCCleNOoBaHMs. 3apaboTHas  IuUiaTa
pykoBoautens — 20608 pyO, a ucnonnurens — 62524 py6nei. CymmapnHas

3apaboTHas I1aTa ucnoyiHuTene cocrasmia 83132 pyOnei.

4.4.4 OTunciaeHusi BO BHeOKOAKeTHbIe GOHIBI

BenuunHa oT4yrcieHuit BO BHEOIOKETHBIC (POH/IBI ONIPEAESETCS UCXOI U3
crneayroniei hopmyis [22]:
3ies =Ko - (3ocu +3{)0n)’ (4.9)

6H

1€ Kpnes — KOIPOHUIIMEHT OTUMCICHUN HA YIJIATy BO BHEOIO/KETHBIC (HOHJIbBI
(neHcuoHHbI  (oHI, GOHA 0053aTENIBHOTO MEIUIIUMHCKOTO CTPAaxOBaHUSI W
colralibHOE cTpaxoBaHue). Ob1mas craBka B3HOCOB cocTaBisieT 30,2%.

Kosddumment ortuucnenuii Ha ymimaTy BO BHEOIOHKETHBIC (DOHIBI
COCTaBIISIET:

k. ..=0,302

6HeO

Takum oOpa3oM OTYMCIIEHHS BO BHEOIOKETHbIE (DOHIBI OT 3aTpaThl Ha

OIUIATy TPYy/Aa PYKOBOJUTEIISI BRIYUCIISIFOTCS CIIEIYIOIAM 00pa3oM:

3 =0,302- 20608 = 6223 pyo.

Otuncienns BO BHEOWKeTHBIE (DOHABI OT 3aTpaThl Ha OIUIATy TPy/Aa

HUCIIOJTHUTEIA BBIYUCIIAIOTCA CIICAYIOIIHUM 06p330M:

3 =0,302-62524 =18882 pyb.
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B pesynbraTte pacy€ToB ObLIN ONpeneeHbl OTYUCIICHUS BO BHEOIOKETHBIE
GoHIIBI OT 3aTpaT Ha OIJIaTy TpyAda PYKOBOAUTENS M HCIOIHHUTENS, IPU TOM UYTO
KO3 PHUIMEHT OTYUCICHUHN Ha YIIaTy Bo BHEOOKkeTHbIE (hoHbI cocTaBuia 0,302.
JInst pyKOBOIMTENS, OTUMCIEHUS cocTaBuiu 6223 pyO., a s ucnonHutens 18882

pyouIs.

4.4.5 Haksiagable pacxo/bl

B aHHYI0 CTaThIO BXOJAT PACXOABI HA COIEPKAHUE almapara yIupaBJICHUs U
oOIIEeX035MCTBEHHBIX Cciyk0. Ilo 3TOW cTarbe y4YWUTHIBAIOTCS OIUIaTa TpyAa
aJIMUHUCTPATUBHO-YIIPABICHYECKOTO IIepCoHaa, COJIEp/KaHHE 3/1aHHM,
OPI'TEXHHKM WU XO3. MHBEHTAaps, aMOPTU3allMs MUMYILECTBA, PACXOABI IO OXpaHe
Tpy/ia ¥ MIOATOTOBKE KaapoB [22].

Pacuer HakyagHBIX PacX0A0B BEJETCS MO Cclieayrolel hopMyie:

C._.. =k

HAaKn HAaKn

-(cymma crareit 1-6), (4.10)
r1e Kyax,; — KOOGOUIMEHT HaKIIaIHBIX pacXxoaoB, paBHbIi 0,16.
HakuanHbie pacxobl COCTaBST:

3., = (25105+15000 + 204950 +83132) - 0,16 = 52510 pyo.

4.4.6 ®@opMupoBaHue OI0IKETA 3aTPAT UCCJIEI0BATEIHCKOI0 MPOEKTA

Ha ocHoBanuu MMOJYUYCHHBIX JaHHBIX II0 OTACIBbHBIM CTAaTbiAM 3aTpar

COCTaBJISIETCS KaJIbKYJIS LU TUIAHOBOU ce0ecTOMMOCTH HAy4YHO-
MCCJIeIOBATENLCKOTO MPOEKTa, MpUBEACHHAs B Tabmuiie 4.19.
Tabnuua 4.18 — I'pynnupoBka 3aTpaT 1o CTaThIM
Cratbu
Amoptu | Coipbe, | OcHo | Jonomanu | Otuucnen | Wroro 6e3 | Haxnanu Hroro
3aiUsl | MaTtepu | BHas | TeJbHas us Ha HaKJIaIHBIX bIe Oro/pKeTHAS
aJIbl 3apal | 3apabOTH | COIMAIIbH | PacXOJ0B | pacXoidbl | CTOUMOCTh
OTHasl | as Iiata | bie HyXIbl
iara
4950 15000 | 72289 | 10843 25105 114687 52510 167197
pyo. pyo. pyo. pyo. pyo. pyo. pyo. pyo.

56




B wutore 6IOI[)K€THaH CTOMMOCTb HAYYHOI'O HCCICAOBAHHA COCTAaBHIIA

167197 py6ueit.

4.5 Omnpenesienne pecypcHoil (pecypcocOeperamoiuneii), (pUHAHCOBOW,
OI0/IKE€THOM, COUAIBbHON M IKOHOMUYECKOH I(PPeKTUBHOCTH UCCJIEI0OBAHMS

WNHuTerpanbHblil mokazaTesb pecypcodPPeKTUBHOCTH BAPUAHTOB UCIIOJTHEHHUS

00BEKTa MCCICIOBAHUS MOXXHO ONPEACUTh 1Mo dopmyne | :Za]. ‘b, e -

WHTETPaJbHBI  TIOKa3aTredb pecypcodddeKTUBHOCTH IS I-T0  BapuaHTa

UCITOJIHEHHSI pa3pabOTKU;d; — BECOBOM KO3(PPUUMEHT 1-T0 BapHAHTA HCHOJHEHUS

paspabotku; bf

,bP— Ganpmas omenka i-ro BapmaHTa HCTOTHEHHS pa3pabGOTKH,
YCTaHABJIMBAETCS IKCIEPTHBIM IyTEM 110 BEIOpaHHOH IIKaJie OLIEHUBAHUS.

Pacuer wuHTerpampHOro mokxaszatens pecypco3(p(eKTUBHOCTH JaHHOTO
UcclieloBaHus mpeacTaBieH B Tabuune 4.19. B kauecTBe aHajora BBICTyHaeT

UCITIOJIb30BaHUE TuTa3MeHHOM nepepadoTku Ha npeanpusaTuu OI YT «'XK».

Tabmuma 4.19 — CpaBHuTenbHas OICHKAa XapaKTEPUCTUK BapHAHTOB
HCIIOJIHEHUS IIPOEKTA
Kpurepii Becosoit koapdurnment | Texymmii AHaror
napameTpa POCKT
1.DKOHOMHUYHOCTb 0,15 4 3
2.Y 100CTBO B 3KCILTyaTaluN 0,15 5 4
3. 3aKpBITOCTb MOTYYAEMbIX JAHHBIX 0,15 4 4
4. JlocTynHOCTB 0,1 5 4
5. HamexxHOCTB 0,25 4 4
6. 3aTpaThl Ha pa3pabOTKy 0,2 4 3
Hroro 1 4,25 3,65

|,=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 .,

NHuTterpanbHbiii (pMHAHCOBBIM TOKa3aTedb Pa3pabOTKU OMpeAessieTcs To

D. .
bopmye |, =—",rn1ed; — CTOMMOCTb I-r0 BapHaHTA HCHOIHCHUS; Dpygy—

max

MakKcuMaJibHasi CTOUMMOCTh ucnoaaerauss HTHU.
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D, _312572_ a0
? @ 350000 !
@, _180000 _ . ¢

a __ a

" @ 200000

max

WNurerpanbubiii  mokazarenb S(PQGEKTUBHOCTH BAapUAHTOB  HUCIOJHEHUS

pa3paboTKu (I;HHP) 1 aHajora (I;HHP) ompeesiieTcsl HA OCHOBAaHUU UHTETPAJIbHOTO

nokasarelis pecypcodPGeKTUBHOCTH U UHTETPAIbHOTO (PMHAHCOBOTO MOKa3aTess

pla_a

1o (1)0pMy.TIaMI¢qu :é1 Id)unp _E-
I
I£unp__E:4’25:4’77;
10,89
== =4
177 0,9

CpaBHEHHE MHTErPATLHOTO MoKa3arens 3PPEeKTUBHOCTH TEKYLIEro MPOeKTa

Y aHAJIOTOB MO3BOJIUT OMPEIETUTh CPABHUTENBHYIO Y(PPEKTUBHOCTH MPOEKTA.

CpaBHutenbHasg 3(Q(EKTUBHOCTh MPOEKTa oOmpenenserca 1o ¢Gopmyse

P

_ qun

9, = Y (rabmuua 4.20).
p

Tabnuua 4.20 — CpaBautenbHast 23QHEeKTUBHOCTH pa3pabOTKU

ITokaszarenu AHanor Pa3pabotka
WuTerpanbHblil moka3aTenb pecypcodPPeKTUBHOCTH 365 4.5
pa3pabOTKU M aHAJIOTOB ' ’
WuTerpanbHblil mokaszarenb 3GEeKTUBHOCTH 4 477
BapHUaHTOB UCIOJHEHUS pa3pabOTKU U aHAJIora ’
CpaBHuTenbHas 3PPEKTUBHOCTh BAPHAHTOB 109 112
VICTIOJTHEHUS ' ’

Ha ocnoBe pacdu€ta HHTCTPAJIBHOTO IIOKA3aTCII C OIPCACIICHHUCM JIBYX

CPEIHEB3BEILICHHBIX BEJINYMH: (dbuHaHCOBOM 3¢ (HEeKTUBHOCTH 51

pecypco3hHEKTUBHOCTH HAyYHOTO HCCIEIOBAHUS MOXKHO ClIeJaTh BBIBOJ O TOM,
YTO pa3zpabaThiBaeMblii IPOEKT siBiIsieTcs Oosee 3¢ (HeKTUBHBIM BAPUAHTOM PEIICHUS

MOCTaBJICHHOM 3aJlavui 110 CPaBHCHHIO C IIPCATTOKCHHBIM aHAJI0I'OM.
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4.6 BpBoabl 1o  pasgeny  «@HUHAHCOBBIM  MEHEIKMEHT,
pecypco3(ppeKTHBHOCTDH U pecypcochepe:keHne

1. Pe3ynpTaToM TMpPOBEACHHOIO aHajIN3a KOHKYPEHTHBIX TEXHUYECKUX
PEIICHUI SBIISIETCS BHIOOP OTHOTO M3 BAPUAHTOB PEAM3alliN METOA YTHIIH3AIIUN
OST, kak HauOoisiee MPEANOYTUTEIBHOTO M PAlMOHAIBHOTO, MO CPAaBHEHUIO C
aHaJIOroOM;

2. OmpeniesieHbl  CUJIbHBIE W CJIa0ble CTOPOHBI TPOEKTA, BBISIBICHBI
BO3MOXKHOCTH W YIpO3bl JUIsl peanu3anuu mnpoekrta. Beimmomnen SWOT-ananus
MIPOEKTA;

3.B mpormecce mmaHupOBaHUS HAYyYHO-HCCIEAOBATEIBCKOTO IPOEKTa
MOCTPOEH IUJIaH YIPABJICHUS HAay4YHBIM TMPOEKTOM, OMpeAesieHbl BUIBI PaboT,
YCTaHOBJICHBI JaThl HAYaJIa 1 OKOHYAHHS padOT U COCTaB yUYaCTHUKOB,

4. OueHka CTENICHU TOTOBHOCTH Hay4YHOU pa3zpaboTKu K
KOMMeEpIMaIu3allui ToKa3aja CPEeIHUNA YPOBEHb, KOTOPBIM MOXKHO IOBBICUTH
nmyTeM OoJiee IeTaIbHOTO UCCIIEOBAHUS KOMMEPUECKON COCTaBISIONIEH MPOCKTA;

5. CocraBiieH OrOJKET MPOSKTHUPOBAHUS, MTO3BOJISIONIUNA OIEHUTD 3aTPAThI
Ha pean3aIiio MpoeKTa, KOTopbie cocTaBisoT 167197 pyo.;

6. Ouenka ¢ pekTHBHOCTH HCCIIeIOBaHUS nokasaa, 4TO
pa3pabaThIBaeMblii MPOEKT sIBIsETCS Oosiee d(PPEKTUBHBIM BaPUAHTOM PEIICHUS
MOCTaBIICHHOW 3aJ]a4M M0 CPABHEHUIO C MPEJI0KEHHBIM aHATIOTOM.

7.Onuenka abcomrotHoil sddexktnBHocTH HM mokazanma, 49To mMpPOEKT
aBisieTcss d(PQPEKTUBHBIM C TOUYKH 3pPEHUS 11eJIECOO0OPA3HOCTH WHBECTHPOBAHUS

JIEHE)KHBIX CPEJICTB, CO CPOKOM OKYMaeMoCTH 2,85 roja.
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3AJAHUE JIJISI PA3JIEJIA
«COILAAJILHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna DPUO
0AMI11 Munénky Pomany AHarosibeBUUy
Ilxona VST Otaenenue mkoJabl (HOLL) OSTL
Yposenn Maructparypa HanpagJjienune/cnenuajibHOCTh 14.04.02 Flneprnie
o0pa3zoBaHus (hU3MKa U TEXHOJIOTUU

Hcxoanblie JaHHBIE K pasaeiny «COIII/Ia.]ILHaH OTBETCTBEHHOCTD) .

1.Onucanue  paboueco
B03HUKHOBEHUA:

mecma

Ha

npeomem -

BPEIHBIX MIPOSIBICHUI ¢axTopoB
MIPOU3BOICTBEHHOMN cpensl (MeTeoycnoBus,
OCBEILICHNE, ITYMbI, BUOpALUH, JJICKTPOMarHUTHbIC
TI0JIsT, HOHU3HUPYIOIINE U3ITyUCHNU);

- OIAaCHBIX MIPOSIBIECHUI
IIPOU3BOJCTBEHHOU cpensl (MexaHH4ecKoi
IIPUPOJIBI, TEPMHUUYECKOTO XapakxTepa,
3IEKTPUUYECKOMN, TO’KapHOI U B3PBIBHOW MPUPOABI);

(akxTopoB

2.1lepeueny  3aKoHOOAMENbHLIX U
OOKYMEHMO8 no meme

HOpMAMUeHblX —

TpeOOBaHUS OXpaHbl TPyAa MpH paboTe Ha
BUY®-nna3mortpoHe;

- 3JIEKTPOOE30MaCHOCTb;

- 0XkKapO-B3PHIBOOE30MACHOCTD;

— XHMHUYECKas 6€30MacHOCTb.

Hepeqeﬂb BOIIPOCOB, MOAJC/KAINUX UCCICTOBAHUI0, IPOCKTHPOBAHUIO U paspaﬁoTKe:

1. Ananus 8bIS16TICHHbBIX 8PEOHbIX @axmopos - nerictBre (pakTopa Ha OPraHU3M YeJIOBEKa;
npoelcmupyeMoﬁ npouseodcmeeHHoﬁ Cpe()bl — MpUBEJECHUE JIOIyCTUMBIX HOpM C
HEOOXOIUMOW pa3MEpHOCTBI0 (CO CCBUIKOM Ha
COOTBETCTBYIOILUN HOPMAaTUBHO-TEXHUYECKUI
JOKYMEHT);
- npeJiaraeMbie cpencTaa 3aIIUTHI
(KOJIJIEKTUBHBIC U MHAUBHTYyalIbHBIE).
2. Ananuz 8bIA6/IEHHbIX ONACHBIX gaxmopos - 3JIEKTP00OE30MacHOCTh (TPUUMHBI, CPEICTBA
npoeKmupyemol npou38e0EHHol cpeobl 3aIUTHI);
- MOKapO-B3pHIBOOE30NACHOCTh  (MIPUYUHBI,
npOQHIAKTHUCCKUE  MEPOIPHUATHS, TEPBHYHBIC

CpeICTBa MOXKAPOTYLIEHNUS).

‘ JaTa Bbl1a4u 3a1aHUsA JJIA Pa3fesa 1no JUHeHHOMY rpaguky ‘

3aganue BbIAAJ KOHCYJBbTAHT:

JomxHocTh DOUO Yuenas crenens, MMoanucs Jdara

3BaHHe

Houent OATLI [Tepenepun IOpuit
K.T.H.

VAT TITY Bragumuposua

3aaHue NPUHSAJ K MCIIOJTHEHUIO CTYAEHT:
I'pynma ®UO Hoanucn Jara
0AMI11 Muuénok Poman AnatonseBu4
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5 CounanbHasi 0TBETCTBEHHOCTh

[lenpto BBITIOJIHEHUSI BBIMYCKHOM KkBanudukanuonHoit padotsl (BKP)
ABJISIETCA TEOPETHUYECKOE HCCIECIOBAHUE MPOILIECCAa YTUIM3AUU OPraHUYECKHUX
OTXOJ0B nepepadoTKu 0TpaboTaBIIETO AIEPHOTO TOIJIMBA B
BO3JIYIIHO-TIIa3MEHHOM cpefe. B paboTre mpoBOAMTCS HM3Yy4YEHHE YTHIM3AIUU
BO3YIIHOM IJIa3ME OKCUIHBIX KOMITO3UIUH.

Brmonnenne BKP npoBoaunoce B OTAENEHUH SIAEPHO-TOIIIMBHOTO LIMKJIA
(OATH) MWuxenepHoit mkosbl sigmepHbix TexHonorudt (MATIL) Tomckoro
MOJIMTEXHUYECKOTO YHUBEpcuTeTa. st BeimonHeHus Teoperndeckor yactu BKP B
KauecTBe pabovero MecTa MCIOJIb30BaJICs KOMIIBIOTEPHBIA CTOJ C NEPCOHAIBHOMN
AJIEKTPOHHO-BBIUUCIUTEIHHOM  MAIIMHOW, COOTBETCTBYIOIee mepudepuiinoe
obopynoBaHue (MOHUTOpP, KJIaBUATypa, MBIIIb) W MOpOrpaMMHOE OOECleueHHE
(Microsoft Word, Microsoft Excel, TERRA). PacdeTsl NpOBOAUINCH B Ay TUTOPUN
No 001 A xopmyca Ne 10 TIIV.

B pazgene paccMOTpeHbl OMAacHBIE U BPEIHbIE (PAKTOPBI, OKA3bIBAIOIIHE
BJIMSHUE Ha IPOLIECC MCCIIEI0BAaHUS, PaCCMOTPEHBI BO3ACHCTBUS MCCIELyEMOTO
00BEKTa Ha OKPYKAIOWIYIO CpEey, MPaBOBbIE M OPraHU3alMOHHBIE BOMPOCHI, a

TAKK€ MEPONPUATHS B UPE3BBIYANHBIX CUTYaILIUSX.

5.1 IlpaBoBble ¥ OpraHu3alMOHHbIC BONPOCHI oO0ecreYeHUus
0e3o0macHOCTH

5.1.1 IIpaBoBbIe HOPMBbI TPYAOBOTI'0 3AKOHOAATEJIbCTBA

OCHOBHBIE TOJOKEHUS IO OXPAHE TPYAA HU3JI0KEHBI B TPYyIOBOM KOJEKCE
Poccuniickon ®Pepepanuu. B 3TOM OOKyMEHTE yKa3aHO, 4TO OXpaHa 310POBBS
TpyIsdIuxcsi, oOecreyeHue O€30MacHbBIX  YCIOBUM  Tpyla, JIMKBUJALUS
poecCHOHANBHBIX 3a00JIEBaHUI W MPOU3BOJICTBEHHOTO TPaBMAaTU3Ma SIBIISIOTCS
OJTHOM W3 INIaBHBIX 3a00T rocyAapcTBa.

Cornacuo TpynoBomy koaekcy Poccuiickoit denepaiiuu, Kaxaplii pabOTHUK
MMEET MPABO HA:

1) paGodee MeCTO, COOTBETCTBYIOIIIEE TPEOOBAHUSIM OXPaHbI TPY/Ia,;
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2) o00s3aTeIbHOE COITMAIIBHOE CTPAaXOBaHHWE OT HECUACTHBIX CIydyacB Ha
MIPOU3BOJICTBE U MPOGECCHOHATBHBIX 3a00JICBAHMIA;

3) momyuyeHWe  JOCTOBepHOW  wH(popmamuu  or  paboTomares,
COOTBETCTBYIOIIUX TOCYAapCTBEHHBIX OPraHOB M OOIECTBEHHBIX OpraHu3aluii 00
YCIOBUSIX W OXpaHe TpyAa Ha paboyeM MecTe, O CYIIECTBYIOIIEM pPHUCKe
MOBPEXJICHUS 3/I0POBbSI, @ TAKXKE O MEpax IO 3alIUTe OT BO3JIEUCTBUS BPEIHBIX U
(1K) OomacHBIX MPOU3BOICTBEHHBIX (DaKTOPOB;

4) oTKa3 OT BBIMOJIHEHUS padOT B CITydae BOZHUKHOBEHHS OTIACHOCTH JUTS €T0
KU3HU U 370POBbsI BCIEACTBUE HAPYIIEHUS TPEOOBAHUN OXpaHbI TPYAa;

5) obecrnieueHre cpecTBAMH MHIMBUIYaJTbHOW W KOJUICKTHBHOM 3aIHUTHI B
COOTBETCTBHUH C TPEOOBAaHUAMH OXpaHbl TpyZa 3a CUET CPEACTB paboToAaTENs;

6) oOydyeHume O€30macHBIM METOJaM M IpHEeMaM Tpyla 3a CUeT CPEJICTB
paboTomarens;

7) NWYHOE YydYacTHE WM Yy4yacTUE 4epe3 CBOUX IIpEJCTaBUTENCH B
pPaccMOTPEHUH BOTIPOCOB, CBSI3aHHBIX ¢ 00ecreueHreM 0e30TacHbIX YCIOBUN Tpyia
Ha ero paboyeM MecTe, U B pacciieJOBAaHUM MPOMUCILEIIIEr0 C HUIM HECYaCTHOTO
Cily4as Ha MPOU3BOACTBE UK MPOdeCCHOHAIBHOTO 3a00JI€BaHMUS;

8) BHeouepeHOW MEIUIIMHCKUIT OCMOTP B COOTBETCTBUH C MEIUIIMHCKUMHU
PEKOMEHIAlUSIMU C COXPAHEHHEM 3a HUM MecTa padoThl (JOKHOCTH) U CPETHETO
3apaboTKa BO BpeMs MPOXOKACHHS YKa3aHHOTO MEIUIIMHCKOTO OCMOTPA;

9) rapaHTU¥ U KOMIICHCAIMH, YCTAHOBIICHHBIC B COOTBETCTBUH C HACTOSIIAM
Koaexcom, KOMIIEKTUBHBIM JIOTOBOPOM, COTJIAMIEHUEM, JTOKATbHBIM HOPMATHBHBIM
aKTOM, TPYJOBBIM JOTOBOPOM, €CJIM OH 3aHSAT Ha pabdoTax C BPEIHBIMU U (WJIH)
OITACHBIMU YCIIOBUSIMH TPYy/a.

Cornmacio TpynoBoMy koaekcy Poccuiickoii ®enepaiuu HOpMalibHas
IPOAOKUTEILHOCTh pabovyero BpeMeHH He MOKET NMpeBbIaTh 40 4acoB B HEAECIIO,

paboromarenb 00s3aH BECTH yU€T BPEMEHH, OTPAOOTAHHOTO KaXIbIM PaOOTHUKOM

[23].
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5.1.2 Opranu3anoHHbIe MEPONPUSTHS PU KOMIIOHOBKe pado4eil 30HbI
nccJie0BaTeis

Becy mepconan 00si3aH 3HaTh W CTPOro COOJIOAATh TMpPaBUJIAa TEXHUKH
6e3omacHocT. OO0yUYeHne IepCcoHaIa TEXHUKE 0€301TaCHOCTH M ITPOU3BOACTBEHHOM
CaHUTApHUH COCTOUT U3 BBOJHOTO MHCTPYKTAKAa U MHCTPYKTa)Ka Ha pabouyeM MecTe
OTBETCTBEHHBIM JIUIIOM [22].

PanmonanpHasi TUIaHUpPOBKa paboyero MecTa MNpeaycCMaTpUBAeT YETKUH
HOPSAZOK U MIOCTOSHCTBO pa3MELIeHHsI IPEIMETOB, CPEJICTB TPY/Ia U TOKYMEHTALIUH.
To, uTo TpeOyeTcs AJid BBIMOJIHEHUSI padOT yalle JOHKHO pacloliaraThCs B 30HE

JICTKOM JIOCATaeMOCTH pab0overo MpocTpaHCcTBa, Kak MMOKa3aHo Ha pucyHke 5.1 [25].
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PucyHok 5.1 — 30HBI 1OCSATaEMOCTH pyK B TOPU30HTAIBHON INIOCKOCTH: a — 30HA
MaKCHUMaJIbHOW JOCATAeMOCTH PYK; O — 30Ha 10CSATAEMOCTH MaJbLEB NpU
BBITSIHYTOM PYKE; B — 30HA JIETKOM AOCATAEMOCTH JIAJJOHU; T — ONITUMAJIbHOE
MPOCTPAHCTBO JJIs TpyOOi pyuyHOH pabOThI; I — ONTUMAJIBLHOE NPOCTPAHCTBO ISt

TOHKOUM py4YHOU pabOTHI

OntumanbHOE pa3MEIICHHE NPEAMETOB TpyJa U JIOKYMEHTAIlMd B 30HAX
JOCSITAEMOCTH PYK: TUCIIIEH pa3MeniaeTcs B 30He a (B LIEHTPE); KJIaBUATypa — B 30HE
/1, CHCTEMHBIN OJIOK pa3meriaeTcs B 30He O (clieBa); MPUHTEP HAXOAUTCS B 30HE a
(cipaBa); TOKyMEHTalUsi — B 30HE JIETKOM OCATaeMOCTH JIaJJOHH — B (clieBa) —
JUTEpaTypa U JOKYMEHTAIMs, He00XouMas mpu padboTe; B BHIBMKHBIX SITUKAX
CTOJIa — JINTEpaTypa, HE UCMOJIb3yeMas TOCTOSIHHO [25].

[Ipy npoeKTMpOBAaHMKM MUCBMEHHOIO CTOJIa JOJIKHBI OBITh YYTEHBI

cieayromue TpeboBaHus. BeicoTa paboueil MOBEpXHOCTH CTOJIA PEKOMEHIyETCs B
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npenenax 680-800 wmm. Bricora paboueil MOBEpPXHOCTH, HA KOTOPYIO
YCTaHABJIMBAETCS KJIaBUATypa, ToKHA ObITh 650 MM. Pabounii cTos 10KEeH ObITh
mpuHoid He MeHee 700 Mm u jnmuHOM He MeHee 1400 Mm. JIOMKHO HMMEThCA
MPOCTPAHCTBO JIJIs1 HOT BhIcOTOM HE MeHee 600 MM, mupuHoi — He meHee S00 MM,
rIIyOMHON Ha YpOBHE KOJieH — He MeHee 450 MM U Ha ypOBHE BBITSIHYTHIX HOT — HE
MeHee 650 MmM. PabGouee kpeciio JOKHO OBITh MOABEMHO-TIOBOPOTHBIM U
PEryIMpPyEMBIM IO BBICOTE M YIJIaM HAKJIOHA CUJEHbS U CIIMHKH [25].

Monutop noikeH OBbITh pacrhojoKEH Ha YPOBHE IJIa3 oOmeparopa Ha
pacctostauu 500-600 mm. CornacHo HOpMam, yroi HaOII0I€HUs B TOPU30HTAIbHOU
IJIOCKOCTH JOJKEH ObITh He Ooisiee 45 rpaaycoB K HOpMalH 3KpaHa. Jlydie eciu
yron o03opa Oynmer cocrtaBinarh 30 rpamycoB. Kpome Toro, goimkHa OBITH
BO3MOYKHOCTh BBIOMpAaTh YpPOBEHb KOHTPACTHOCTU U SPKOCTHU H300paKEHHUs Ha
skpane [25].

JloymKHa IpelycMaTpUBaThCS BO3MOKHOCTD PETYJIMPOBAHMSI dKpaHa:

- 10 BBICOTE 13 CM;

—  no HakJIoHy OT 10 10 20 rpagycoB OTHOCUTEILHO BEPTUKAIIH;

— B JICBOM M ITPaBOM HampaBJieHUsX [25].
[Ipu omHOOOpa3HON YMCTBEHHOUW paboTe, TpeOyromield 3HAYUTEILHOTO HEPBHOTO
HaIpspKeHUs: U OOJIBIIOr0 COCPENOTOUEHHUS, PEKOMEHIAYETCS BhIOMpAaTh HESIPKUE,
MaJOKOHTPACTHbIE I[IBETOYHBIE OTTEHKH, KOTOPbIE HE pPACCEMBAIOT BHHMAaHHE
(MaJIOHACBIIIEHHBIE OTTEHKH XOJOJHOTO 3€J€HOro Wi roiyooro 1nseroB). [lpu
pabore, TpeOyrolel ”THTEHCUBHON YMCTBEHHOM MM (PU3MUYECKON HANPSHKEHHOCTH,
PEKOMEHIYIOTCSI OTTEHKM TEIJIBIX TOHOB, KOTOpBbIE BO30YXKIAIOT AaKTHUBHOCTH
yenoBeka [25].

B ayautopuu Ne 001 A xopmyca Ne 10 TITY cobimtoiena koMmoHoBKa paboueit

30HBI HccienoBarens [25].

64



5.2 Ilpou3BoacTBeHHAsI 0€30IACHOCTH

5.2.1 AHayu3 BpeIHbIX H ONACHBIX (PAKTOPOB

HpOHSBOI[CTBCHHBI@

YCJIOBHUA Ha pa6oqu MCCTC

XapaKTepU3yrTCs

HAJIMYUEM OIACHBIX W BpEAHBIX (PAKTOPOB, KOTOPHIE KIACCU(DUIUPYIOTCSA IO

rpyiiam OJICMCHTOB.

HCI/IXO(i)I/IBHOJIOFI/ILICCKI/IC.

buzndeckue,

XUMHUYCCKHUC, 6I/IOHOI‘I/I‘{€CKH6,

B Tabnune 5.1 mpencraBieHbl ONacHbIe U BpeaHbIEe (PaKTOPHI B COOTBETCTBUU

¢ mpoBoAuMOit padoroit B aynuropun NeOO1A.

Tabmuma 5.1 — OmacHble 1 BpeaHble pakTophl [25]

dakTophl

HOpMaTI/IBHBIC JAOKYMCHTBI

1. OTKJI0HEHME TTOKA3aTENEH
MUKpPOKJIUMATa

CanlluH 2.2.4.548-96. ®usnyeckue HakTopsl
IIPOU3BOJICTBEHHOM cpeibl. [ urnennyeckue
TpeOOBaHMS K MUKPOKIUMATY IMPOU3BOICTBEHHBIX
noMerieHui [26]

2. IToBBIIIEHHBIN YPOBEHb
AIEKTPOMAarHUTHOTO
U3JIy4ECHUS

I'OCT 12.1.006-84 CCBT. DOnekTpoMarHuTHbIE
noJist paguoyactot. O6mme TpedoBaHus
oe3onacHocTH [27]

3. HepocrarouHas
OCBEIICHHOCTh paboueit
30HBI

CanlluH 1.2.3685-21. 'urnennueckne HOPMaTUBBI
U TpeOoBaHUs K 00eCIIeUeHUIO0 0€30IMacCHOCTH 1
(vn) 6e3BpEIHOCTH JJIsI UesIoBeKa (DAKTOPOB
cpenpl ooutanus (ot 28 suBaps 2021 r. Ne 2) [24]

4. IIpeBpiieHnE ypOBHS
nryma

CH 2.2.4/2.1.8.562-96. lllym Ha pabo4nx MecTax,
B TIOMEIIEHUX KHIIBIX, OOIIECTBEHHBIX 3IaHUI U
Ha TEPPUTOPHUHU 3aCTPOiKH [28]

5. llcuxoduznonornueckue
dakTopsl

CII 2.4.3648-20
CaHUTapHO-3MHUIEMUOJIOTHYECKHE TPEOOBAHUS K
OpraHU3aIysIM BOCITUTAHUS U OOY4YEHUs, OTAbIXA U
03JIOPOBJICHHS JETEU U MOJIOJICIKH : YTB.
MuHucTepcTBOM tocTtuliiy Poccuiickon

denepammu ot 18.12.2020 Ne 61573 [25]

6. Ilopaxxenue
AIEKTPUUECKUM TOKOM

I'OCT 12.1.038-82 CCBT. 21eKkTp0o0e3011acHOCTb.
[IpeaenbHO AOMYCTUMBIC YPOBHHU HANPSKCHHMA
IPUKOCHOBEHHS ¥ TOKOB [29]

7. I102kapOB3pBIBOOIIACHOCTD

HIIb 105-95. Onpenenenune kateropuit
ITOMEILEHUN U 3JaHNH 110 B3PBIBOIOKAPHOU U
nokapHoi omacuocta [30].
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Ha paGortHuka maGoparopum, mpoBozsiiero pacdetsl Ha [I9BM, moryt
BO3/ICIICTBOBATH CJENyIOMINE (PAKTOPHI:

—  (uBHYECKHe: TeMIepaTypa U BIAXHOCTh BO3IyXa, IITyM, CTATHIECKOE
DJIGKTPUYECTBO, D3JEKTPOMAarHUTHOE TIOJ€ HU3KOW YacTOThI, OCBEIIEHHOCTH,
HAJTNYHE U3ITyICHUS;

—  ncuxodusnonorndeckue: (uMUeckas Ieperpyska (craTmdeckas,
JTUHAMHUYECKasi), HEPBHO-TICUXMUYECKUE TMEPEerpy3Ku (YMCTBEHHBIC TIEpErpy3KH,
Meperpy3KH aHAIM3aTOPOB, MOHOTOHHOCTh TPY/Aa, SMOIMOHATIBHBIC TEPETPY3KH)
[24].

buonornyeckne m XMMHYECKHE BPEIHBIE TPOU3BOJCTBCHHBIC (DAKTOPHI B

aynuropun NeOO1A oTcyTCTBYIOT.

5.2.2 OO6ocHOBaHMe MePONPUSITHI MO 3alUTEe HCCIAeI0BATENS OT
AefCTBUSA BPEAHBIX U ONIACHBIX (DAKTOPOB

B cooTBeTCTBMM ¢ OCHOBHBIMH TpPEOOBAHUSIMHU K TOMEIICHUSIM JIsI
skcrryatauuu [I9BM OHM HOJDKHBI MMETh €CTECTBEHHOE M HCKYCCTBEHHOE
ocsemienue. [lnomans Ha omHO pabodee mecTo monb3oBarenei [I9BM nmomkHa
COCTaBIIATH HE MeHee 6 M? [25].

5.2.3 OTk/I0HeHHe MOKAa3aTe el MUKPOKJIUMATA

Bo3nyx paboueili 30HBI (MUKPOKJIMMAT) MPOU3BOJCTBEHHBIX MOMEIICHHMA
ONPEACISAIOT CIEAYIOIINE MapaMeTpbl: TEMIIEpaTypa, OTHOCUTENIbHAS BJIAXKHOCTbD,
CKOPOCTh  JIBUKEHUS OnrtumanbHbie

BO3ayXxa. 3Ha4YCHUA

XapaKTePUCTHK
MUKpPOKJIMMAaTa YCTAHABJIMBAIOTCSI B COOTBETCTBUM ¢ [26] W TIpUBEICHBI B
tabmurie 5.2.

Tabnuma 5.2 — OnTumanbHbIC TapaMeTPhl MUKPOKIIMMATA B IOMEIICHUN

o OTtHOCHTeNbHAS CKOpOCTh JBUKCHHUS
[Tepuon rona Temneparypa, °C o
BIIQXKHOCTb, % BO3/IyXa, M/C
XONMOTHBIN U TEPEXOTHBII 23-25 40-60 0,1
Temubrit 23-25 40 0,1
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Cucrema OTOIJIEHHUS JOJKHA OOECredYnBaTh JOCTATOYHOE, MOCTOSIHHOE U
paBHOMEPHOE HarpeBaHWE BO3AyXa. B TOMEMICHUSX ¢ TOBBIIMICHHBIMU
TpeOOBAHUSIMU K YUCTOTE BO3/yXa JIOJKHO UCIOJIb30BATHCS BOASHOE OTOIICHHUE.
Jlnst obGecriedeHus] yCTAaHOBIIGHHBIX HOPM MHUKPOKIMMATHYCCKUX TapaMeTpOB U
YUCTOTHI BO3/yXa Ha pabo4MX MECTaxX U B MOMEHICHUSX MPUMEHSIOT BEHTUIISLIUIO
[26]. [TapameTpbl MuKpoOKJIIMMaTa, B HCHOJb3yeMou jadopatopuu Ne 001A-10
yuebHoro kopmyca TIIY, peryaupyrorcsi CUCTEMON IIEHTPaIbHOTO OTOIUICHHUS], U
UMEIOT CJICIYIONTUE 3HaUCHU: BIKHOCTh — 40 %, CKOpOCTh ABMKEHUS BO3TyXa —
0,1 m/c, Temneparypa — 20-23 °C.

K  ™MepompusitusiMm 1O  O3JOPOBIEHUIO  BO3AYLIHOW  Cpenbl B
MPOU3BOJCTBEHHOM  TOMENICHUM  OTHOCSTCS:  MpaBWJIbHAs ~ OpraHu3alus
BCHTWISAIIMA W  KOHAWIIMOHUPOBAHUS BO31yXa, OTOIUICHHUE ITOMCUICHUH.
BeHTunanus MOXXET OCYHIECTBISTHCS ECTECTBEHHBIM M MEXaHUYECKUM IYTEM.
OnTuMmasnbHasi KpPaTHOCTh BO3AYXOOOMEHAa B IIPOM3BOJICTBEHHBIX IMOMEIICHUSIX
HaxXOJUTCSA B JOCTATOYHO IMHMPOKHMX Tpenenax: oT 3 mo 40 pa3 B gac [31]. B
UCIIOJIb3yeMOW  J1abopaTOpUU  YCTAHOBJIEH  BBICOKOHATNOPHBIM  BBITSKHOM
BeHTUIATOp Mapku BP-12-26-4 mpomssomurensHocthio Q =2400 — 4400 m%/gac.
O6bem 1abopaTopun COCTABIISIET:

V=a-b-h, (5.1)
V=6M-12m - 7M=504M".

JlaHHBI BEHTUIIATOP 00ECTIEUMBAET CIEIYIOLIYI0 KPaTHOCTh BO3/TyXO00OMeHa

(BO) B nabopatopuu:
Q
BO ==, 5.2
S 52
BO  2400+4400 —48+87.

504
Takum o00Opa3oM YCTAHOBJIEHO, YTO MHKPOKJIMMAT B HCIOJIb3yeMOU

aynutopun NeQO1A xopmnyca Ne 10 TITY cooTBeTCTBYET ONTUMAaNIbHBIM YCIOBUSAM

paboTtsr [31].
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5.2.4 IloBbIlICHHBIH YPOBEHb 3JIEKTPOMATHUTHOTO M3JIy4eHHS

DJEKTPOMarHUTHOE M3JIy4YeHHE — PaCHpOCTPaHAIONIEECs B MPOCTPAHCTBE
BO3MYIIECHUE (M3MEHEHHE COCTOSHUS) OJIEKTPOMArHUTHOro moisst. BYD-
IUIa3MaTpOH TMHTAETCS OT TeHEepaTopa BBICOKOYACTOTHOrO ToKa. ['eHepatop
MOJIHOCTBIO 3KpaHupoBaH. [IpenenbHo JomycTuMas BEIMYMHA 3EKTPOMArHUTHOTO
BO3JICUCTBHS OT YCTAHOBKH Ha 4YesioBeka cocTanisieT MeHee 0,2 MxTun. 3To 3HaueHue
BXOJUT B JOIYCTUMBIN MOPOT CTPOTUX CAHUTAPHBIX HOPM 3JIEKTPOMArHUTHOTO
u3aydenus [27].

DOKkpaH u cucrteMHble Onokn OBM 1pou3BOAST 3JIEKTPOMArHUTHOE
uznydeHue. OCHOBHas €ro 4YacTh TMPOUCXOAWT OT CHCTEMHOTO OJioka u
Bujieokabens. HanpsykeHHOCTh 3J€KTPOMarHUTHOTO TOJs Ha paccTosHuu 50 cm
BOKPYI' 9KpaHa IO DJJIEKTPUYECKOW COCTaBISIONICH IOJDKHA COOTBETCTBOBATH
JIONTYCTUMBIM YPOBHSIM IapaMETPOB JICKTPOMArHUTHOTO MoJis (Tabmuia 5.3) [27].

Tabnuna 5.3 — JlonmycTrMbie ypOBHH IMapaMeTPOB JIEKTPOMATHUTHOTO OIS

HaumeHnoBanue napameTpos Bennunna gomyctuMoro

YpOBHSI

HanpsixkenHocTh Juamazon gactot 5 I'm —2 xI'1g 25 B/m

JJIEKTPOMArHuTHOro nong | JIuamazon vactot 2 kI'ip — 400 2,5 B/m
Kl

IImoTHOCTH MArHUTHOTO Hwnana3zon yacror 5 I'm —2 kI'11 250 uTn

MOTOKA Huamazon yactot 2 kI — 400 25 uTn
Kl

Cy1iecTBYIOT CeAYIOIUE CIIOCO0bI 3aUThl 0T DMII:
—  YBEJIMYEHHUE PACCTOSIHUS OT UCTOYHMKA (IKpaH JO0KEH HAXOAUTCS Ha
paccrosiHuy He MmeHee 50 M OT MoJab30BaTeNs);
—  TPUMEHEHHE TPUIKPAHHBIX (PUIBTPOB, CHEIUATBHBIX HIKPAHOB W
JIPYTUX CPEACTB MHINBUAYAJIBHOW 3aLUTHI [27].
Takum obpazom ycranoBieHo, uto B jabopatopuu Ne 001A—10 yuebHOTO
kopnyca TIIY  ypoBEHb JJIEKTPOMAarHUTHOIO HM3JYYEHUS COOTBETCTBYET

CaHMTapHBIM HOpMaMm [27].
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5.2.5 HepocrarouHasi 0CBELICHHOCTH padoveid 30HbI

YTOMIISIEMOCTh OPTaHOB 3PEHUS MOXKET OBITh CBSI3aHA KaK C HEJOCTATOYHOM
OCBEIICHHOCTBIO, TAK U C YPE3MEPHOUN OCBEIIEHHOCTHIO, a TAKKE C HEMPaBUIbHBIM
HaIlpaBJICHUEM CBETA.

Cornmacio [24] B nabGopatopuu, Tlie MPOUCXOAMUT TEPUOAUYECKOE
HaOJIOZICHUE 3a XOJOM IIPOU3BOJACTBEHHOrO TIpoliecca NpHU TOCTOSHHOM
HAaXOXXJICHUU JIIOJed B TOMEIICHUH OCBEIIEHHOCTh NPU CHUCTEME OOIIEero
OCBEINICHUS He ToJbKHA ObITh Hike 300 JIk.

[IpaBWIbHO CIIPOEKTUPOBAHHOE U BBIMOJHEHHOE OCBEIIECHUE 00ECIeUnBacT
BBICOKMH  ypOBE€Hb  pabOTOCHOCOOHOCTH,  OKa3bIBAET  IOJIOKHUTEIBHOE
MICUXOJIOTUYECKOE JICWCTBHME Ha 4YeJNOBEKA U CIHOCOOCTBYET TMOBBIIICHUIO
IIPOU3BOIUTEIILHOCTH TpyAa [24].

Pacuér o01ero PaBHOMEPHOTO MCKYCCTBEHHOTO OCBEILEHUS
TOPU30HTAJIBLHOM paboyell MOBEPXHOCTH BBITIOJIHSIETCS METOJOM Ko3(dduimenTa
CBETOBOTO IMOTOKA, YYUTHIBAIOIIIUM CBETOBOW MOTOK, OTPAXEHHBIM OT MOTOJKA H
cteH. Jlnuna padodero nmomernieHust 4 = 6 m, mupuna B = 6 M, Beicota H = 3,5 m.
Bricora paboueit moBepxnoctu Hag mosom h, = 1,0 M. Cornacuo [24] Heo6X01uMo
co37aTh OCBEIIEHHOCTh HEe HiKe 150 JIK, B COOTBETCTBHH C Pa3PsAI0M 3pUTEIIbHON
paboTHI.

[Tnomaar paboyero NoMemeHUs:

S=A4-B, (5.3)
rae A — qiuHa, M; B — mipuna, M.
$=6-12=72 m".
Koaddumment orpakenuss cBekenoOEIECHHBIX CTEH ¢ OKHaMM, 0€3 IITOp

p. =50 %, cBexenodbenennoro moronka o, =70 %. Kospduument 3amaca,

y‘-II/ITBIBaIOH_[I/Iﬁ 3arpA3HCHUC CBCTUJIbHUKA, JJIA HOMeH_IeHI/Iﬁ C MaJIbIM BBIACJIICHHUECM

neu paBeH K, =15. KospdunuenT HepaBHOMEPHOCTH 171 CBETOJHOIHBIX JIEHT

Z=11.
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Bribupaem cBerommonsr Varton 9w, cBeTOBOW MOTOK KOTOPHIX paBeH
@, =2900 JIm.

Bribupaem cBeTwibHHKM €O cBetoguonamu Tuma Diora LPO. Otor
CBETWJIBHUK HUMEET JBE€ CBETOAMOIHBIC JIEHThl MOILIHOCTBIO 9 BT kaxnas, ninuHa
CBETWIbHUKA paBHa 1260 mm, mmpuHa — 124 mMwMm.

WHTerpanbHbIM KPUTEPUEM ONTHUMAJIBHOCTH PACIOJIOKEHUSI CBETHJIBHUKOB
SBIISIETCSL BEIMYMHA A, KOTOpas Ui CBETOJMOJHBIX CBETUJIHBHHKOB C 3allUTHBIM
pacceuBateneM Jiexxut B auanazone 1,1-1,3. Ilpunumaem A = 1,1, paccrosiHue
CBETUJIBHUKOB OT IepeKprITus (cBec) h, =0,5 m.

Bricota cBeTunapHHMKA HaJ paboydeil MOBEPXHOCTBIO OIpENeseTcs IIo
bopmyie:
h=h,-h, (5.4)
rae h, — BBICOTa CBETMIILHHMKA HAJl ITOJIOM, BBICOTA IIOJIBECA, hp _ BBICOTa pabouei
MMOBEPXHOCTH HaJ TIOJIOM.
HanmMenbimas momyctumasi BEICOTA MOABECA HAJ TIOJIOM IS JIBYXJICHTOBBIX

cBeTuibHUKOB Diora: h. = 3,5 m.

Bricota cBeTunpHUKA HaJ paboueil MOBEPXHOCTHIO OMPEACNSIETCS 10

bopmyie:
h=H-h -h =35-1-0,5=2m. (5.5)
N3 popmyibr
@7:(E-S-K3-Z) (5.6)
J N-7

rine E — MmuauManbHas HopMUpOBaHHAs OCBelIeHHOCTh; K3 = 1,5 — xoaduruent
3arnaca, YYUTBHIBAIOIIUI 3arpsi3HEHHE CBETHJIBHUKA, HAMYUe B aTMocdepe JbIma,
IBLIH; I— KO3 GHUIHUEHT UCIOIB30BaHUs CBETOBOI'O MIOTOKA; N — KOJIMYECTBO JIaMII B

CBETHJILHUMKE; @D, — CBETOBOM IIOTOK OJIHOM JIAMIIBI, HAXOJIHUM YUCIIO CBETOAUOAHBIX

neat N

_(ES°K,-2)
D,1
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1] ompenessieM yepe3 UHACKC MOMENIeHHs o Gopmyre:

(a-b) 612

i = = =2. (5.8)
h-(a+b) 2(6+12)

KO3(1)(I)I/IHHGHT HCIIOJIB30BaHH CBCTOBOI'O IIOTOKA, MOKa3bIBAIOIINN KaKasi
qaCTb CBCTOBOI0O IIOTOKa JaMII IIOIIaJgacT Ha pa60qy10 IMOBCPXHOCTDL, JJIA

CBeTWIBHMKOB THIa Diora co cBeroguogHbiMu JeHTamMu 1pu  p,, =70 %,
p. =50 %u unnexce nomemenus i =2 pasen 17 = 0,52,

Torna

_(E-S-K,-Z) 300-72-15-11
D, 2900-0,52

N

=23 6 JeHr.

[IpuHMMaeM KONMMYECTBO CBETOMUOMHBIX JIeHT 12. IIpu 3ToM mosywaercs 6
CBETUJILHHUKOB, T.€. 2 psA/la MO 3 CBETUJIbHUKA.
[ToTpeOHBINM CBETOBOM MOTOK CBETOIMOIHBIX JIAMIT:

> - (E-S-K,-Z) 300-72-1,5-11
! N -7 23,6-0,52

=2904 JIm.

W3 ycrioBuii paBHOMEPHOCTH OCBELICHMS ONIPEAEIIAeM paccTossHus L, u

L
3 ]
L, u ?Zno CIEAYIOIIUM YPaBHEHUSM:
2 | L
6000=L1+§-L1+2-124, L, =3451 mm, §=1150 MM; (5.9)

6000=2-L2+§-L2+3-1260; L, =832 mu, %=277 MM (5.10)

Ha pucynke 5.2 n300pakeH 1jiaH TOMEIICHHs ¥ pa3MEIICHHS CBETUIILHUKOB

co cBeToAuoAHbIMU JeHTamu Jlabopatopun Ne 001 A—10 kopnyca TITY.
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Sy

8§32

¢

PucyHok 5.2 — Ilnan nomenieHus: U pa3MelieHus: CBETUILHUKOB CO

CBCTOOMOOHBIMU JICHTaAMM

Jlenaem pOBEPKY BBITIOJIHEHHS YCIOBUSL:

10% < Lu=P) 10006 <20 %:

10

(P =P.) 10006 = (2304=2856) 15400150

710

(5.11)

CHGI[OBaTeJIBHO, H€O6XOI[HMI)Iﬁ CBETOBOM IIOTOK HE BBIXOOUT 3a IMPCACIIbI

TpeOyemMoro auamna3oHa. MOITHOCTb OCBETUTEIBHON YCTAHOBKHU IOJYUYHIIACh:

P=12-9=108 Bm.

PacuéTHO€ KOIMYECTBO CBETUJILHHMKOB COOTBCTCTBYCT YCTAHOBJICHHBIM B

nomeniennn 001 A—10 kopmyca TITY.

5.2.6 IIpeBbllIeHUE YPOBHSI LIIyMAa

[IIym yxXyamarT yCIOBHsS TpyAd, OKa3bIBAKOT BPEOHOE BO3JICHCTBUE Ha

OpraHn3M 4YCJIOBCKd, 4 MMCHHO, Ha OpIraHbl ClIyXa WM Ha BCCb OPraHHU3M YCPC3
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LEHTPaJbHYI0O HEPBHYIO cucTeMy. B pesynbrare 3TOro ocnabisercs BHUMAaHUE,
YXYAIIA€TCSl MaMsITh, CHIDKACTCS PEaKIMsl, YBEIUYHBACTCS YHCIIO OMIMOOK MpH
pabore. lllym moxkeT co3nmaBarbesi paboTaronMM 000PYJOBAaHUEM, YCTAHOBKAMHU
KOHJIUIIMOHUPOBAHUSI BO3JyXa, OCBETUTEIBLHBIMU MPUOOpaMu JHEBHOTO CBETA, a
TaK)ke NMPOHUKaTh W3BHE [28]. B Hamem ciyyae MCTOYHHMKOM IIymMa SIBISIETCA
OTKaYMBAIOLIMKA KOMIIPECCOpP. YPOBEHb LIymMa KoMipeccopa MeHee 55 nbA, 4to
COOTBETCTBYET CaHUTapHBIM HopMam [28]. Illym Ha paGodyem mecTe MOXKET OBITh
BbI3BaH padoroit OBM. Yposens myma 3BM nexut B npenenax 30-40 n1bA, uyto
TaK)X€ COOTBETCTBYET HOpMaM.

[Iym sBisiercs oOmeOuomornueckum pasapaxurene. Illym oxa3biBaeT
BIIMSIHUE Ha CIYXOBOM aHaIM3aTop, ACHCTBYET HA CTPYKTYpPbI FOJIOBHOTO MO3ra,
BBI3BbIBAsl CIBUTM B Pa3IMYHBIX (PYHKIMOHAIBHBIX cHUCTeMax opranusma. [llym
MOXET CO31aBaThCs paboTarmum 000py0BaHUEM, yCTaHOBKaMU
KOHJIUITMOHUPOBAHUS BO3/yXa, OCBETUTEIbHBIMU MPUOOpPAMU JHEBHOTO CBETa, a
TaK)xe MpoHUKaTh u3BHE. [Ipu BbimonHeHun padotel Ha [IDBM ypoBenb myma Ha
pabodeM MecTe He JOJDKEH npeBbimarh S0 1bA.

Boiaenstor cneayromme HeOaaronpusiTHble BO3JEHCTBUSA 1IyMa HA OpTraHUu3M
YEJIOBEK: CHIDKEHHE PAa300pPUYMBOCTH PEUM; HEMPHUSTHBIC OINYIICHUS; pPa3BUTHE
YTOMJICHUSI, CHIJKEHUE NPOU3BOJUTEIBHOCTH TpPYJa; IMOSBICHUE [IYMOBOM
MaTOJIOTHH.

B Tabmuue 5.4 npuBeaeHB HOPMBI YPOBHS IIymMa MPH PA3IUYHBIX BUIAX
padot [28].

Tabnuua 5.4 — HopMaTuBbl ypoBHS LIyMa MPHU pa3iuvHbIX BUAAX padboT

MakcumanbHO JOIMYCTUMBIN ypoBeHb IiyMa (1bA), B
nosiocax ciegayronux okras (I'm)

Hayunas pabora,
pacueTsl, 86| 71| 61| 54| 49| 45| 42| 40| 38| 50
KOHCTPYUPOBaHHUE

Odwucsl,

93| 79| 70| 68| 58| 55| 52| 52| 49| 60
nabopaTopuu
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B aynutopun Ne 001 A kopryca Ne 10 TITY ypoBenb nryma He npebimaet 50
nbA [28].

5.2.7 llcuxopusnonoruyeckue GakTopbl

TpynoBasi nedaTenbHOCT, PAOOTHUKOB  HEMPOM3BOJCTBEHHON  cepbl
OTHOCHUTCSI K KaTeropuu padoT, CBSI3aHHBIX C MCIOJIb30BAHUEM OOJIBIINX 00HEMOB
uHbOpMaIK, C IPUMEHEHUEM KOMIIBIOTEPU3UPOBAHHBIX PA0OUUX MECT, C YACTHIM
OPUHATHEM OTBETCTBEHHBIX pEIICHUH B YCIOBUSAX JeduuuTa BpPEMEHH,
HEIMOCPEICTBEHHBIM KOHTAKTOM C JIFOJbMHU Pa3HbIX THIIOB TEMIIEpAMEHTA U T.J1. ITO
0OyCIJIOBJIMBAET BBICOKHI YpOBEHb HEPBHO-TICUXWYECKOM MEPErpy3KH, CHUKAET
(YHKIIMOHAJIBHBIX Ha aKTUBHOCTb LIEHTPAJIbHOM HEPBHOW CUCTEMBI, MPUBOAUT K
pPaccTpOMCTBAM B €€ IeATEIIbHOCTH, PA3BUTHSI YTOMJIEHUS, IEPEYTOMIIEHUS, CTPECCY
[28].

Haubonee a3 dexTuBHbIE CpeicTBa NPEAYPEKACHUS yTOMICHUS IpU padboTte
Ha TPOU3BOJACTBE — 3TO CPEIACTBA, HOPMAIMU3YIOIIME AaKTHBHYIO TPYAOBYIO
JeSTeNIbHOCTh uenoBeka. Ha (hoHe HOpManbHOTO MpOTEKaHUs MPOU3BOICTBEHHBIX
MIPOLIECCOB OJTHUM M3 BaXKHBIX (PU3NOIOTMUECKUX MEPONIPUATUIA IPOTUB YTOMIIEHUS
SBJISICTCS IPABUJIBHBIN PEKUM Tpy/ia ¥ OTabIxa [24].

B aymutopun Ne O00lA kopmyca Ne 10 TIIY HepBHO-ICUXHYECKHE

neperpy3ky He BOSHUKAIOT B CBSI3U C OTCYTCTBHEM MOHOTOHHOCTH TpyJa [24].

5.2.8 DyekTpode30nacHOCTh

PaGouee momeleHHEe MO OMACHOCTH MOPAKEHUS DJICKTPUUYECKUM TOKOM
MO>KHO OTHECTH KO 2 KJIacCy, T.€. 3TO IOMEIICHHE 0€3 MOBBIIICHHON OMTACHOCTH U3-
32 BO3MOXXHOCTH OJHOBPEMEHHOI'O TMPUKOCHOBEHHMS 4YEJIOBEKa K HMEIOIIUM
COCOMHEHUE C 3€MJIEM METAJUIOKOHCTPYKUMSAM 3HAaHUM, TEXHOJOTHMYECKUM
amnmnaparaM, MEXaHu3MaM U T.II., C OJJHOW CTOPOHBI, U K METAJUIMYECKUM KOPITycam
3IIEKTPOOOOPYI0BaHMS — ¢ Apyroi [29].

Cy1miecTByeT OIaCHOCTh 3JIEKTPONOPAKEHUS B CAEAYIOIIHUX CIyYasx:
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— TPU HEMOCPEICTBEHHOM MPUKOCHOBEHWH K TOKOBEMYIIMM YacTSIM BO
BpEMs PEMOHTA;

— TIpH NPUKOCHOBEHWU K HETOKOBEAYIIMM YacTsIM, OKa3aBIIUMCS O]
HanpspKEHUEM (B cllyyae HapyIICHUS U30JIAIMHA TOKOBEIYIIUX YacTeh);

— TpH TPUKOCHOBCHWH C TIOJIOM, CTCHAMH, OKa3aBIIUMHUCS TIOJ
HaNPSOKEHUEM;

—  TPU KOPOTKOM 3aMBIKaHHH B BEICOKOBOJIbTHBIX OJIOKaX: OJIOKE TUTAHUS U
OJI0Ke qUCIIICHHOM pa3BépTku [29].

CremneHb OMACHOTO BO3JCHCTBHUS JIEKTPHUECKOTO TOKAa Ha OPTaHU3M
YeJI0BEKa 3aBUCHT OT:

— poJa ¥ BEIMYMHBI HAMPSHKCHUS U TOKA,;

—  YaCTOTHI ANEKTPUIECKOTO TOKA;

— IIyTH MPOXOXKICHHSI TOKA Yepe3 TEJIO YeIIOBCKa;

—  TPOJOJKUTEIHLHOCTH BO3JCHCTBHS HA OPTaHU3M YEJIOBCKa,;

—  yCIIOBHWi BHEIIHEH cpessl [24].

DJeKTpUUYECKHd  TOK  OKa3plBaeT  HA  4YEJIOBEKA  TEPMHYECKOE,
SJIEKTPOJIMTHYECKOE, MEXaHNIECKOE U OMOJIOrHUecKoe Bo3zeicTBre [29].

Tepmuueckoe BO3AEHCTBHE TOKa TMPOSIBISETCS B OXKOrax, Harpese
KPOBCHOCHBIX COCYJIOB W JIPYTHIX OPTaHOB, B PE3YJIbTATE YETO B HUX BO3HHKAIOT
(GyHKIIMOHAITBHBIE paccTporicTBa [29].

DNEKTPOIIUTUYECKOE IEHCTBHE TOKA XapaKTEPUIYETCs Pa30KEHUEM KPOBU U
JIPYTHX OpPraHWYeCKHX JKHJKOCTEH, 4YTO BBI3bIBACT HApyIIEHUSA HX (U3HKO-
XUMHYECKOro cocrasa [29].

MexaHn4decKkoe NEHCTBUE TOKa MPOSIBISICTCS B IMOBPSXKICHUSIX (pa3phbIBe,
paccioeHMM W Jp.) pa3IUYHBIX TKaHEW OpraHu3Ma B pe3yibTare
3IIEKTPOAMHaMU4Ieckoro 3ddexra [29].

buonoruueckoe aelicTBHe TOKa HA YKUBYIO TKaHb BBIPAKACTCS B OMACHOM
BO30YXKICHHMM  KJIETOK W  TKaHEW  OpraHuM3Ma,  COINPOBOXKIAFOIIEMCS
HETPOU3BOJIBHBIMU CYJOPOYKHBIMHA COKDAICHUSMH MBI, B pe3yibprare Takoro

B036Y)KI[CHI/ISI MOXKCT BO3HHMKHYTb HAPYIICHHUC MW JAXKC IIOJIHOC IIPCKpAIICHUC
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JeSITEeTLHOCTH OPTaHOB JIBIXaHUs U KpoBooOpamienus [29].

OCHOBHBIMU MEPONPUATUSMU TO 3AIIUTE OT MOPAKEHHUS AIEKTPUUECKUM
TOKOM sIBJITIOTCS [29]:

— ofecrieyeHre  HEJOCTYNTHOCTH  TOKOBEAYIIMX  dYacTe  MyTéM
MCITIOJIb30BAHUS U30JISIIMU B KOpPIycax 000pyI0BaHUS;

— TPUMEHEHHUE CPEACTB  KOJUICKTUBHOM  3alllUTBI OT  MOPaKEHHS
AIIEKTPUIECKUM TOKOM;

— HCIOJIb30BaHUE 3allMTHOTO 3a3€MJICHMS, 3alUTHOTO 3aHYJICHUS,
3aIIUTHOTO OTKJIIOYEHHUS;

—  HCIOJIb30BaHUE YCTPOUCTB OecriepeOOMHOr0 MUTAHUS.

OpraHu3alluOHHBIMU MEPOIPUATUSAMH IO JIEKTPOOE30HNaCHOCTH SIBIISIOTCS
NEPUOANYECKAE ¥ BHEIJIAHOBBIE HMHCTPYKTaXHU. [lepmoandeckuii MHCTPYKTax
IPOBOAUTCA BCEMY HEINEKTPOTEXHUYECKOMY IMEPCOHANLY, BBINOJIHSIOLIEMY
cileqyomuye paboThl: BKJIIOUYEHHWE U OTKIIIOUEHHUE HIIEKTPONpPUOOpOB, yOOpKa
NOMEIICHU BOJM3HM 3JEKTPOILIMTOB, PO3ETOK M BBIKIOYaTeNled W T. 1. Bech
HERJIEKTPOTEXHUUECKU TMepcoHal JO/HKEH ObITh aTTECTOBAaH Ha IMEPBYIO
KBATU(UKAIMOHHYIO TpyImy 1o 23yekTpode3onacHocTu. [lepuoanueckuii
UHCTPYKTaX MPOBOAUTCS HE MEHEE OJHOTO pa3a B rof [29].

BHennaHOBBI HMHCTPYKTaXX MPOBOJUTCS PYKOBOJIUTENEM MOJpa3iesiCHUs
IIPU BBEJICHUU B IKCILTyaTaI[MI0 HOBOTO TEXHUYECKOTO 3JIEKTPOOOOPYAOBAHHUS.

[To anexrpobeszonacHoctr aymutopus Ne 001A kopmyca Ne 10 TITY

oTHOCUTCS K 2 Kkiaccy [29].

5.2.9 llo:xapHas 1 B3pbIBHAsI 0€30MACHOCTH

B 3aBECHMMOCTH OT XapaKTEPUCTUKH HCTIOIB3YEMBIX B POM3BOICTBE BEIICCTB
U WX KOJWYECTBa, MO TOXAPHOM W B3PHIBHOM OIACHOCTH ITOMEIICHUS
noapazaenstorcs Ha kareropum A, b, B, I', JI [30]. Tak xak nomermnieHue
7a00paTOpUH MO CTEIICHH I0’KapO-B3PHIBOOITIACHOCTH OTHOCHTCS K Kateropuu B,
T.e. K TOMEIICHUSM C TBEPABIMA CTrOPAIONMMHU BEIIECTBAMH, HEOOXOIUMO

MPEAYCMOTPETh P NPODUIAKTUUECKIX MEPOTIPUITHA.
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Bo3zmoskabie npuunabl Bosropanus [30]:

— paboTa ¢ OTKPBITOM AMEKTpoanmapaTypoi;

— KOPOTKHE 3aMbIKaHHsI B OJIOKE TIUTAHUS;

- HECOOJTI0ICHHE TTPABUJI TIO’KaPHOU 0€301MaCHOCTH;

— HAJIMYHE TOPIOYUX KOMIIOHEHTOB.

Haubonee onacHbIM ¢ TOYKM 3pEHHS MOXKAPHOM 0€30MacHOCTH BEIIECTBOM,
IPUMEHSEMBIM B pa0boTe, SBISETCS TaHOJI.

Bce paboTel ¢ amneToHOM JOJDKHBI TPOBOJUTHCS C HCIOJIB30BAaHUEM
NPUTOYHO-BBITSDKHOW ~ BEHTWISIIIMM  BJAQJIA OT OFHY W WCTOYHHKOB
HUCKPOOOpa30BaHMUS.

JIist TyHIeHHs TOPSIIIero aleToHa MPUMEHSIOT TTOPOIITKOBBIE OTHETYIIUTEIH,
cpeacTBa OOBEMHOTO TyHIeHHS (MHHAMAJbHAs OTHETYIIAIIas KOHIICHTPAIUS:
yriaekuciaoro raza — 29 % (mo oO6wvemy), azora — 43 % (mo o0Bemy),
nubpomteTpadTopaTana — 2,1 % (1mo o6beMy), Mecok, acOECTOBOE OJESIIO U MEHY
[30].

Meponpusatus 100  NOXapHOW  MNpPOPUIAKTUKE  pA3AENAIOTCS  Ha:
OpTraHU3aIMOHHBIC, TEXHMYECKHUE, IKCIUTyaTallMOHHbIC U pexuMHbIe [ 30].

OpraHu3allioOHHBIE ~ MEPOTPHUATHS  NPEIyCMATPUBAIOT  TPABHILHYIO
IKCIUTyaTaIli0 000pYyI0BaHUS, MPAaBUIBHOE COJEp)KAaHUE 3AaHUNA U TEPPUTOPHUH,
MPOTUBOIIOKAPHBIA ~ MHCTPYKTAX  paboyumx W CIOyXKammx, oOydeHue
IPOM3BOJICTBEHHOTO IME€PCOHANIa MPaBHJIaM MPOTHBOIIOKAPHON OE30MacHOCTH,
W3JJaHie UHCTPYKIINH, IJIAKaTOB, HaJTMUKe 1iaHa sBakyanuu [30].

K TexHHYECKUM MEPOTIPUATHIM OTHOCSTCS: COOJTIO/ICHHE IIPOTUBOIIOKAPHBIX
NIPaBUJI, HOPM TIPU IPOCKTUPOBAHUM 3JIaHHA, IPU YCTPOUCTBE JCKTPOIPOBOIOB U
00OpyIOBaHUs, OTOIUICHHUS, BEHTUJISIIUN, OCBEIEHUS, NPABIILHOE pa3MEIICHUE
obopynoBaHus [24].

K peXuMHBIM  MEpPONPUSTHSIM  OTHOCATCS, YCTAHOBJICHHE TPaBUJI
opranumzaluu  pabor, ©  CcOOJIOJeHHEe  NPOTHUBOMOXKApHBIX  Mep.  Jns

IIPEAYNPEKICHNUS] BOSHUKHOBEHUS N10Kapa OT KOPOTKUX 3aMBIKAaHUM, ITEPErPY30K U
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T. JI. HEOOX0TUMO COOJTIOZICHHE CIICIYFOIINX MPaBUII ToKapHOU Oe3onacHocTH [32]:
- UCKIIIOUeHHE  o0pa3oBaHUsi Troproued  cpeabl  (TepMeTu3alus
000pyZ0BaHUs, KOHTPOJIb BO3IYIIIHOM Cpe/ibl, pabouasi U aBapuiiHasi BEHTUJISLINA);
- npaBUiIbHAs 3KCIUTyaTauus o0OpyaoBaHUs (IIPAaBUIBHOE BKJIIOYEHUE
o0OpylOBaHUSI B CEThb DJJEKTPUYECKOIO MHTaHUsA, KOHTPOJb Harpesa
o0opy10BaHUS );

- NpaBUIBHOE COJAEpKAHUE 3HaHUM U TEPPUTOPUN (MCKIHOYEHUE
o0pa30BaHUs HCTOYHHMKA BOCIUIAMEHEHHS - MPEAYNPEXKIACHUE CAMOBO3TOPaHUS
BELIECTB, OTPAaHNYEHUE OTHEBBIX paboT);

- oOy4deHue MIPOU3BOICTBEHHOI'O nepcoHasa paBujIamMm
MPOTUBOIOKAPHOU 0€30MacCHOCTH;

- W3JIaHUE NHCTPYKUMH, TUIAKATOB, HAJIMYMUE TUIAHA SBAKYAIINH;

- cOOJII0/IEHNE MPOTUBONOKAPHBIX MPABUII, HOPM IIPHU IPOECKTUPOBAHUH
3MaHUM, MpPHU YCTPOMCTBE AJIEKTPONPOBOJOB M OOOPYAOBAaHUSA, OTOIUICHUS,
BEHTUJISILIUU, OCBEIICHMUS;

— paBUIbHOE pa3MeIleHHe 000Py10BaHNUS;

— CBOEBPEMEHHBIN MPOPHUIAKTUYECKUN OCMOTp, PEMOHT M UCIBITAHHE
0o0opy10BaHUS.

[Ipy BO3HMKHOBEHMHM TIOXKapa COOOIIUTH PYKOBOJUTENIO, OpraHam
IPOTUBOMNOXKAPHOI O€30MaCHOCTH MPENNPUATHSI U IPUCTYIUTH K TYLIEHUIO MOXkapa
OTHETYIIUTEIIEM.

[Tpu BO3HUKHOBEHUH aBapUHOMN CHTyannu Heooxoaumo [32]:

— COOOUIUTH PYKOBOACTBY (I€KYPHOMY);

— MO3BOHUTH B COOTBETCTBYIOIIYIO aBapuiiHyto ciayx0y wiu MUYC mo
tenedony — 112;

- NPUHATH MEPHI 110 JTUKBUIALUU MTOCIEICTBUI aBapyu B COOTBETCTBUU

C UHCTPYKLIUEH.
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5.3 be3onacHOCTh B aBAPUIHBIX U YPe3BbIYAIHBIX CUTYyalUSAX

ABapuiiable u upesBblyaiiHble cuTyauun (ACnYC) — o0cTaHOBKAa,
CJIOKMBIIASICA Ha OMNPENEIICHHOW TEPPUTOPUM B PE3yJbTATe aBAPUU, OIMACHOTO
IPUPOJTHOTO SIBICHUS, KaTacTpO(dbl, CTUXUIHOTO MM MHOTO OENCTBHUS, KOTOpas
MOKET IMOBJIEYb 32 COOOW YEIIOBEUECKHE KEPTBBI, yIIEpO 30POBBIO JIOACH WU
OKpY)KalOIEl MPUPOJHOW CpEeNe, 3HAYUTEIbHbIE MAaTEepUANIbHBIE IIOTEPU H
HapyLIEHUE YCIOBUMN KU3HEEATEIbHOCTH JIFOJIEH.

PaccMoTpeHbl aBapuiiHble W 4Ype3BBIYANHBIE CHTyalud, METOAbl UX
IPEIOTBPAICHHS M TUKBHIAIIUH ITOCIICCTBUH (Tabimma 5.5).

Tabmuma 5.5 — ABapuiiHble W 4Ype3BbIYAWHBIC CHUTYallMU, METOJAbl HX

npcaoTBpaliCHUA 1 JIMKBU AN HOCJIGI[CTBI/Iﬁ

ACu4C Mepsl npegorBpaienus ACu4C Mepbl 110 TUKBUIALUN
nocneactsuit ACudC

HpOBCI[eHI/Ie BBOJHOI'O U ITIOBTOPHOI'O

TpaBmupoBanue (uepe3 6 Mec.) MUHCTPYKTaxa; BbI130B cKOpOit METUIIMHCKOM
B pe3yJibTaTe Cozpanue CUCTEM MPeyIpeKIeHUs nomornu (ten. 030, 112);
MaJeHus ¢ MaJIeHUN; OxkazaHue nepBoi NOMOLIU
BBICOTBI Cobmoiate TpeboBaHUs 6€30MaCHOCTH MOCTPAIaBIIEMY

IIPU BBIIIOJHEHUH pabOT Ha BBICOTE
IIpoBenenue BBOIHOTO U IOBTOPHOTO
(uepes 6 Mec.) HHCTPYKTaxa;

VY nap Tokom ConepxaHue SHEPreTUYECKUX CETeH B

HCIIPABHOM COCTOSIHUM

BbI30B CKOpOI MEIUIIMHCKOU
oMot (ten. 030, 112);
Oxa3anue nepBoi MOMOLIN

IIOCTPAIaBIIEMY
[IpoBeneHne BBOJHOTO U IOBTOPHOTO Bb130B nokapHo# CitykObI 1
(uepe3 6 Mec.) MUHCTPYKTaxa; cnacareneit (ten. 112);
Tosxap CobutoieHne TEXHOJIOTUYECKUX BpI30B CKOpO METUIIMHCKON
PEXKUMOB IIPOU3BOJICTBA; ITOMOIIIH
Coznanue ycioBui A 3BaKyaluu Oxa3aHue nepBoi MOMOLIN
IepcoHala IIOCTPA/IaBIIEMY
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5.4 BeiBoasbl no pasaeay «CouuajbHasi 0OTBETCTBEHHOCTD)

B nmaHHO# riiaBe IpoBECH aHAN3 BPEIHBIX U OIMACHBIX (PAKTOPOB, KOTOPHIC
MOTYT BO3HHKHYThH Ha pabo4yeM MecTe MPH MPOBEICHUHN MCCICIOBAHNNA:

— MUKpOKIHMAT [24];

- rym [28];

- 3JIEKTPOMArHuTHOE u3nydenue [27];

— OCBECIICHHOCTH [24];

- ncuxodusuonornyeckre Gaxkropsr [24];

— anekTpobe3onacHocTh [29];

- nosxkapo-B3peiBoOe3onacHocTs [30, 32].

[Tomemenne Ne 001 A xopmyca Ne 10 TITY oTHeceHo:

- 0 3JICKTpOoOe30MmacHOCTH — K 2 Kiaccy [29];

- 110 T0’Kapo-B3pbIBoOE30macHoCTH — K Kateropuu B [30, 32].

Taxxe paccMOTpeHbI BO3MOXKHBIC aBapUITHBIC M YPE3BBIYAMHBIC CHUTYaIIWH,

MCTO/JbI UX MPCAOTBPAIICHUA U JTUKBUAALUN HOCJ'ICI[CTBHfI.
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BoiBOABI

1. B pabote mpoBeneH neranbHbId 0030p M aHAIW3 CYIIECTBYIOIIUX
CIIOCOOOB YTHJIM3AIIUK TOPIOYUX OTXOJOB MepepadOTKU OTPadOTABIIETO AJIEPHOTO
torumBa. [1o ux pe3ynpraraM peKOMEHJIOBaH MPOLECC IUIA3MEHHOM yTUIU3AllUN
I'OIT OAT B BuAE roproyrx BOJIHO-OPTaHUYECKUX KOMITO3UIIHM.

2. [IpoBenén pacy€r TIOKas3aTesed TOPEHHUS Pa3JIUYHBIX BOJHO-
oprannueckux kommnosunuii Ha ocHoBe OOIIl OMAT. Ilo pe3ynbraTaMm pacueToB
PEKOMEHJOBaHbl  CIEAYIOLIAE  ONTUMAJbHBIE COCTABbl TOPIOYMX  BOJHO-
OPraHUYECKUX KOMIIO3UIIUM, UMEIOIINE aquadaTUYECKyl0 TeMIepaTypy TOpEeHHs

~1500°C u obecrnieunBarOIIME HKOJIOTUUECKU O€30MACHYIO YTHJIM3ALMIO JTaHHBIX

OTXOJOB:

o - coctaB BOK: (50% OOII OAT (17,5% Th® : 32,5% I'XBH) : 50%
Bona);

o - coctaB BOHK: (50% OOII OAT (17,5% TB® : 32,5% I'XB) : 50%
HOII OAT).

3. [IpoBeneH pacdy€T pPaBHOBECHBIX COCTABOB MPOAYKTOB ILIa3MEHHOU

YTUJIN3AUUU  TIOJYYEHHOW ONTUMAIBHOM II0 COCTaBy BOJHO-OPTaHUYECKON
komno3umu Ha ocHoBe OII OAT u I'OIl OAT B mimpokom Anana3zoHe TeMmepaTryp
Y MacCOBBIX J0JIEl BO3AYIIHOIO IJIA3MEHHOIO TETIOHOCUTES, a TaK)KEe MTPOBEICHA
OLICHKA YJAEJIbHBIX 3HEPro3aTpar Ha mpolecc ux yruiuzauuu. [lo pesynpraram
pacyeToB PEKOMEHIOBAH CIEAYIOIIAM ONTUMAIBHBIM PEXUM IS IMpolecca X
YTUIN3ALUU B BO3AYIIHOM IJIa3Me:

o coctaB kommo3uiuu: (50% OOIT OAT (17,5% Thd : 32,5% I'XB)) :
50% Boga / (50% HOII OAT);

o MaccoBoe oTHoleHue asz: 65% Bozayx : 35 % BOK / BOHK;

o temneparypa: T = 1500+200 K;

° yAeNbHBIE PHEPro3aTpaThl Ha mporecc: Dya = 3,5 MJx/kr.
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Designations and abbreviations

NFC - nuclear fuel cycle;

SNF - spent nuclear fuel;

RW - radioactive waste;

OW SNF — organic waste from spent nuclear fuel reprocessing;
IW SNF - inorganic waste from spent nuclear fuel reprocessing;
TBPH — tributyl phosphate;

HCHB — hexachlorobutadiene;

WOC - water-organic composition;

WONC - water-organic nitrate composition;

FE - fuel element.

87



Introduction

The creation of a closed nuclear fuel cycle is an innovative project that Russia
Is the first in the world to implement. It provides not only for the processing of spent
nuclear fuel, but also for the extraction of 2°Pu and 2%U, the production of MOX
fuel on their basis and its supply to nuclear power plants. This makes it possible to
dispose of all types of radioactive waste, while obtaining products that can be stored
for a long time. However, in the process of SNF reprocessing, not only SNF
reprocessing wastes are formed, including °U fission products, but also organic
SNF processing wastes, which are used extractants for the extraction of 2°Pu and
2381 from SNF.

Ensuring safe life on Earth in the conditions of intensive development of
nuclear energy requires solving the problem of processing organic waste, which is
widely discussed in government, scientific and public circles in many countries.
However, the current technology does not provide efficient technologies for this.

Radioactive waste from nuclear power plants and SNF have different
characteristics. After processing spent nuclear fuel, it is possible to obtain new
nuclear MOX fuel, which makes it a valuable product. On the other hand, radioactive
waste is a specific type of waste that can only be neutralized by long-term storage
for the decay of the radionuclides contained in it.

The proportion of plutonium and uranium #°U isotopes in nuclear fuel
irradiated at nuclear power plants does not exceed 3%, while the remaining 97% is
238 and synthesized plutonium 2%Pu. At the first stage of processing, SNF waste
without uranium and plutonium, which are weakly concentrated water-salt solutions
of metals, contain many non-radioactive products (REE, molybdenum, and others),
as well as structural materials (zirconium, iron, nickel, chromium, manganese, and
others). The isolation of some of them, for example, valuable and noble metals, may
be potentially interesting for further use.

Making products from spent nuclear fuel is a labor-intensive process that

requires a lot of time and energy. In addition, the existing technology does not
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provide for the possibility of reusing valuable metals that are formed as a result of
waste processing.

However, the use of high-temperature plasma can solve this problem, since it
allows a significant increase in the energy concentration in the reactor compared to
other methods. Plasma technology also has a high energy efficiency, which is due
not only to efficient power sources, but also to a reduction in the number of stages
in the process of obtaining materials. All this makes the production of products from
spent nuclear fuel more efficient and economical.

In the course of the study, the process of disposal of organic waste obtained
as a result of spent nuclear fuel processing was studied. For this, combustible water-
organic and water-organic nitrate compositions were used, which were optimally
selected in composition for carrying out the plasma utilization process in an air

atmosphere.
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1 Purex process (PUREX process)

The processing of highly radioactive substances is a complex and costly
process. To date, the most widely used method is the purex process, which includes
the dissolution of fuel elements in nitric acid and subsequent purification of the
solution.

To obtain pure U and Pu compounds, special methods are used that allow them
to be isolated from fission products and shell elements. After that, plutonium dioxide
PuO; is used to manufacture new cores, and uranium is either used to produce cores
or to enrich 2%U [1].

The processing of fuel rods requires holding in special storage facilities for
several years, so this process requires patience and a special approach. Another
problem is the processing and disposal of waste that cannot be recycled.

Thus, the process of processing highly radioactive substances is a complex
and multifaceted task that requires the most careful and responsible approach.

Recently, in connection with the improvement of separation technologies,
there has been an international interest in the extraction of actinides from spent
nuclear fuel. For this, the Purex process has been successfully used for several
decades, which allows processing potentially valuable uranium and plutonium. Over
time, this process has been refined and adapted to treat higher burnup fuels, as well
as metallic and oxide fuels, to reduce solvent extraction cycles and waste generation.

New offers:

- One of the advantages of the Purex process is that it is able to process various
types of nuclear fuel efficiently.

- In order to reduce the impact of nuclear energy on the environment, it is
necessary to constantly improve and develop nuclear fuel processing technologies.

- Reprocessing of spent nuclear fuel is an important part of the entire process
of generating electricity from nuclear sources.

In the context of modern environmental challenges, the issue of processing
waste from nuclear energy is becoming increasingly relevant. That is why the

development and improvement of separation technologies is one of the most
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important tasks for the international community. The Purex process stands out
among them for its efficiency and versatility, allowing it to process different types
of nuclear fuel. It is necessary to constantly work on improving this process so that
it becomes even more efficient and environmentally friendly.

The latest research and development in the field of aqueous fuel processing is
dedicated to the improvement of the Purex process and the development of
technologies for the separation of minor actinides. Particular attention is paid to the
use of new extractants and the use of single-cycle technological schemes for solvent
extraction and centrifugal contactors. Implementing such advanced Purex processes
in future closed fuel cycles is a key challenge. Thanks to the advances made, hydro-
fuel processing processes are becoming more efficient, the cost of installing WOC
is being reduced, and the amount of waste generated is being reduced.

For the development of new technologies of nuclear energy, new changes in
the technological scheme are rapidly having to be accepted. Changes already
implemented include reductions in fission product deactivation factors, as well as
U/Pu coprocessing and Pu/Np codesorption. But development does not stand still,
and new improvements are aimed at solving other problems, such as resistance to
non-proliferation and combustion of minor actinides, without adversely affecting
products [2].

One of the interesting achievements confirming this direction is the
demonstration of the efficiency of using simple hydroxamic acid complexing agents
in the separation of U from Np and Pu. This approach can be applied not only in
nuclear power engineering, but also in other industrial sectors where it is necessary
to isolate certain substances from a mixture.

It should be noted that this technology does not solve all the problems
associated with nuclear power, but is an important step towards creating more
efficient and sustainable solutions. It is necessary to continue research and

experiments in order to achieve more significant results in this area.
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1.1 Purex process development and international experience

The United States in the late 1940s became very active in large-scale
processing of plutonium and fuel. Prior to the development of the Purex process, the
bismuth phosphate precipitation method was used, which was very inconvenient and
inefficient. Then solvent extraction processes were put in place. The use of the
Redox and Butex process was widespread in different territories, but they quickly
gave way to the Purex process [3].

The Purex process has rightfully earned a lot of accolades in the fields of
chemistry and chemical engineering. This process has been shown to have a number
of advantages over processes of similar characteristics and remains the dominant
nuclear fuel reprocessing technology today. Its protective properties are highly
appreciated by professionals and ensure safety in working with nuclear materials.

Despite the many benefits, some problems may arise when using the Purex
process. Therefore, working with nuclear fuel always presents a certain risk and
requires high qualifications and safe technologies.

Located in a natural area, the Purex processing plant is a special place that
combines many facilities necessary for sustainable operation. At the main plant,
spent fuel is converted into a solution of HNOg3, which is necessary for its chemical
separation using extractors. The resulting individual nitrate products can then be
used to produce solid oxide materials.

In addition to the main plant, an extensive infrastructure has been organized
on the territory, which is of great importance for the operation of the plant. One of
the important objects is a system designed for the treatment of solid waste resulting
from processing operations.

Systems for the treatment of liquid and gaseous effluents play a special role
in the arsenal of the plant's facilities. Their necessity is explained by the fact that in
the process of processing various types of waste are released that require specific
processing. The Purex processing plant is exactly the case when everything
necessary for the sustainable operation of the facility is included in a single

characteristic confirming its expertise and significance.
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Reprocessing of oxide fuel is one of the key processes that helps to obtain
valuable elements used in the production of nuclear energy. In the past, other
countries have also had the experience of processing Purex on a different scale -
USA, Germany, Russia, Belgium, India [1][2][4].

One of the key steps in reprocessing is the solvent extraction cycles, which
help separate and purify uranium and plutonium from the rest of the elements.
Certain steps were taken to optimize the process, such as reducing the number of
cycles, using salt-free reagents, and introducing early separation of plutonium from
uranium. Also, a new technology of contact equipment was used - impulse columns
instead of mixer-settlers.

Therefore, thanks to the experience of many countries and technological
progress, the processing of oxide fuel has become more efficient and
environmentally friendly.

In the UK, the British Nuclear Group site at Sellafield is using new oxide
processing methods. One example of this approach is a thermal processing plant that
used three solvent extraction cycles. This process scheme differs from earlier
processing methods at the Magnox plant, which used four cycles and a later
separation.

The reagents used have also changed: instead of iron salts and sodium nitrite,
the Sellafield site uses reagents that do not contain salts, U(IV) and gaseous oxides
of nitrogen (NOX). This approach makes it possible to efficiently extract valuable
components from oxides.

Thermal processing is one of the methods of processing nuclear waste, which
is increasingly developing in the world due to its efficiency and safety. Despite the
advantages of this method, the issue of nuclear waste processing remains relevant
and requires deeper research and development.

The use of impulse towers for plutonium streams is one way to improve the
efficiency of nuclear fuel reprocessing. Also, the separation plant can be integrated
with other operations, which makes it possible to simplify and speed up the

processing process. Notably, Thorp processes higher burnup enriched oxide fuels
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from advanced gas cooled reactors (AGRs) and light water reactors (LWRS). This is
in contrast to the lower burnup, short cooling and natural enrichment of uranium
metal Magnox fuel, which is another interesting aspect in this area [1] [2] [4]. Let's
look at some details of this process.

Impulse columns are a set of cylindrical columns filled with granules of a
suitable material. Ceramic balls or metal balls are used to disperse the fuel flow and
generate an impulse pressure that agitates and cleans the flow. As a result of this
process, plutonium and other valuable products are separated. In other words, pulse
towers are highly efficient in processing plutonium streams due to the use of a
special material and the generation of high pressure pulses.

Assume that the iron stream contains a small amount of gold. The separating
plant can be used to break the iron apart and strain out the gold. Likewise, pulse
columns can be used to separate plutonium and other products in a stream where
they are present in small quantities. In general, the use of impulse columns has many
advantages for the nuclear fuel reprocessing process, which should be considered

when developing new techniques in this area.

1.2 Advanced Purex process development

The development of new technological processes is a key component for
improving the processing of water-based fuels, especially in the context of the
significance of the use of U, Np and Pu actinides. The use of Purex solvent extraction
has shown to be highly efficient and reliable in operation, which implies the need
for further improvement and modification of the process. Thus, the need for
complete control over actinides within a single extraction cycle is a cornerstone in
the development of new technological solutions.

In addition, it is important to ensure the flexibility of the process so that it can
be applied to a wide range of raw materials on which processing will be carried out.
It must be taken into account that for a quality processing process, the product

specifications for the U stream must be at a high level.
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This shows that the development of new technological processes for
processing water-based fuels is one of the most relevant and promising areas in the
field of energy and ecology. At the same time, such processes must inevitably meet
high standards and requirements for product quality. In addition, when developing
new processes, it is important to consider the possibility of their application in a
wide range of resources, which will make the new technology more versatile and
cost-effective.

Obtaining an easily cleaned product and effluents using kinetically fast CHON
reagents [5] in ring centrifugal contactors is an important task that needs to be solved
as quickly as possible. Previously, the German IMPUREX process was used for this
purpose, which showed significant progress in the development of advanced
processing of technological schemes [6]. His goal was to obtain products of high
purity.

To achieve the desired result, it is necessary to conduct research and
experimentation to find the best solutions. One such solution is the use of kinetically
fast "CHON" reagents, which provide a fast and efficient response in ring centrifugal
contactors. Through this process, the minimum volumes of easily cleanable product
and effluents can be obtained, which is an important factor, especially when
developing advanced process schemes.

In order to obtain high purity products and extract TRU actinides, it is
necessary to methodically work through all stages of the process and take into
account all possible factors that affect the quality of the product. It is important to
remember that each process requires an individual approach and continuous
improvement.

On an industrial scale, there is considerable success in operating the Purex
process, which is based on the use of a high degree of clarification of the raw material
in combination with a very high saturation process scheme. This makes it possible
to achieve very high fission product DF values in the first contactor. A potentially
useful innovation is currently being considered, complexation, which can replace

the reductive removal of Np and Pu using simple hydroxamic acids. In this case, the
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process can be even more efficient and environmentally friendly. In addition, it is
important to note that the Purex process has a large historical knowledge base, which
Is an important factor when it is used on an industrial scale.

The development of new technologies for the recycling of TRU actinides in
AFCs and generation 1V reactors is a key issue in the nuclear power industry. Further
improvement of the process is of great importance, so the attention of specialists is
always focused on possible ways to improve it [7-11].

One of the main problems is the separation of trivalent actinides from
lanthanides during water treatment. This is a complex and important task, which
requires the development of new extractants.

It is important to note that there are many different approaches to improve the
TRU actinide recycling process. Some of these approaches include the use of new
technologies, the development of more efficient water treatment methods, and the
creation of new materials through nanotechnology.

In addition, the solution to the problem of separating actinides from
lanthanides can have wide applications in various industries, including medicine and
electronics. Therefore, improving the recycling process of TRU actinides is of

particular importance for society and the economy as a whole.
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2 Ways to dispose of TBPH

There are several options for using specialized microorganisms to decompose
oil pollution, for example, hardly decomposable TBPH [12] can be mixed with an
aqueous solution of mineral salts. This is a fast and effective way that allows you to
provide microorganisms with all the necessary elements for life. Another option is
to purify hydrocarbons with special strains of microorganisms that are able to
quickly break down easily degradable substances. In any case, the microbiological
method of hydrocarbon purification is one of the most promising areas of research
in the field of ecology.

In the process of cleaning oil pollution, the microbiological method with the
addition of hydrocarbons and special microorganisms has proven itself excellently.
For example, under special conditions, the mixture is introduced into Rhodococcus
sp., Candida sp. Pseudomonas stutzeri and other microorganisms. Aeration provides
optimal impact on the polluted environment.

But not only this makes the microbiological method attractive for use in the
environment. In ocean studies, the addition of these specific micro-organisms has
been proven to provide the basis for more than 80% oil remediation.

Moreover, the use of the microbiological method prevents further
environmental poisoning. At the opposite end of the technological advantages lies a
security seal and an environmentally friendly solution - the method does not require
the use of chemicals. This helps to keep the environment safe, achieve a clean and
healthy environment and provide sustainable energy.

Disposal of waste containing thermobaric fuel (TBPH) is a major challenge
faced by many industrial companies. But the purification process itself is not simple
- the results of the chemical analysis showed that the decomposition of TBPH is
impossible without a hydrocarbon liquid. However, there were ways to deal with
this problem - the answer was the use of microbiological decomposition. Almost
complete decomposition of a mixture of TBPH with hydrocarbons occurs with the

help of hydrocarbon-oxidizing microorganisms.
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There are several ways to dispose of TBPH, but degradation agents are
distinguished, which differ in their composition and mode of action. First, the waste
Is collected and transported to special installations, where the decomposition process
takes place with the help of microorganisms. This method is considered one of the
most effective and safe, as it does not require the use of hazardous chemicals or high
temperatures. This allows TBPH to be disposed of in a safe and environmentally
friendly manner.

Biological methods for the disposal of municipal solid waste (TBPH) have
become very popular in recent decades. Experts have developed several methods
and technologies that allow more efficient and safe disposal of waste containing
TBPH. But one of the methods stands out in particular - it involves the use of an
aqueous medium with hydrocarbon-oxidizing microorganisms, mineral salts and Cs-
Cso0 hydrocarbons as a means of decomposition. It is this composition that achieves
the most effective disinfection of TBPH.

The original disposal methods for TBPH required high temperatures and the
use of petroleum products to achieve acceptable results, but this has now changed
thanks to biological methods. It is not necessary to heat the waste to high
temperatures in order to dispose of it now. It is important to use a decomposition
agent with additional components. This allows TBPH to be rendered harmless at
temperatures between 15 and 30°C. The lower temperature and no need for
petroleum products make the biological method more cost effective and
hypoallergenic.

Currently, microbiological decomposition of TBPH is the most effective way
to clean up contaminated soils. The essence of this method is to add an aqueous
solution of mineral salts to the TBPH mixture, which are necessary for the vital
activity of microorganisms. In addition, Rhodococcus sp. is also added to the
mixture. Rhodococcus maris, Rhodococcus erytropolis, Candida sp. Pseudomonas

stutzeri, as well as hydrocarbon liquid [13].
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The process of microbiological decomposition must be carried out under
aeration conditions. This is due to the fact that the microorganisms responsible for
decomposition need access to oxygen for their vital activity.

Thus, the use of microbiological decomposition with the addition of
hydrocarbon liquid and mineral salts is an effective way to clean contaminated soils
and allows you to achieve a high degree of cleaning in a relatively short period of
time.

The desire to neutralize wastes containing tributyl phosphate (TBPH) leads to
the use of various cleaning methods. One of them is the microbiological degradation
of TBPH, which is more efficient than other methods. Also, it should be noted liquid-
phase oxidation of TBPH, which, in turn, is also an effective method of
neutralization. But if a hydrocarbon liquid is added to the mixture, the
decomposition of TBPH will be much faster and almost completely due to
microorganisms, which makes this method even more efficient and less dependent
on oil pollution. As a result, when choosing a neutralization method, it is necessary
to take into account not only its effectiveness, but also the conditions in which it will
be used.

There is an effective way to purify the spent TBPH-based extractant from
hydrolysis products and yttrium - the process of washing with an aqueous alkali
solution. Before choosing a specific cleaning method, a number of factors must be
taken into account, such as the type and amount of waste, the availability of special
equipment, etc.

To carry out the purification process, an aqueous solution of alkali must
contain ethylenediaminetetraacetate Na (1) and metal alkali carbonate in a
concentration of 0.6-0.8 mol / dm3. The process is carried out at a temperature of
about 20 °C at a volume ratio of organic and aqueous phases from 1:1 to 2.

The success of this treatment method for wastes containing TBPH allows it to
be considered as one of the possible options when choosing treatment methods.
Specific application conditions must be taken into account to ensure cleaning

efficiency and compliance with safety requirements.
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In addition, it should be taken into account that after the cleaning process, the
concentration of alkali should be at least 0.6-0.8 mol/dm?3. In case of insufficient
concentration, problems may arise with the processing of waste by further methods.

The TBPH decontamination method has its drawbacks in use, since its
application requires the disposal of liquid toxic waste. Despite this, a method has
been found, and NaOH or KOH solutions with a Cs-Cg fatty polyhydric alcohol are
now used to help overcome these problems.

It is recommended to use xylitol waste as polyhydric alcohols to get the
desired result. To do this, it is necessary to re-extract with an acidifier until a
precipitate forms, which is then separated.

Next, NaOH or KOH is introduced into the re-extractor to the initial
concentration and returned to the beginning of the regeneration process. Thus, safer
and more environmentally friendly TBPH processing products are obtained.

This method of neutralization is becoming more and more in demand in the
modern world, since it allows not only to dispose of waste, but also to obtain useful
products for further use in industry. It also contributes to the improvement of the
ecological situation, which is one of the topical issues in our modern life.

Disposal of spent TBPH extractants is an important issue faced by many
industrial plants. The existing method of regeneration, although effective, is not
without drawbacks. One of them is the high consumption of alkali used for this
purpose.

The invention is based on the idea of using anodic and liquid phase oxidation.
The liquid phase oxidation process is carried out using an oxidizing system
generated electrochemically by passing direct current through a TBPH sulfuric acid
solution. The current density should be in the range from 0.1 to 1 A/cm?. Thus, the
neutralization of TBPH extractants can be carried out much more efficiently and
economically.

It should be noted that the use of this method of neutralization will help reduce

the harmful effects of spent extractants on the environment. This, in turn, can
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improve the environmental safety of manufacturing enterprises and lead to a
reduction in environmental risks.

The new invention opens up new possibilities in the field of disposal of spent
TBPH extractants and gives hope that industrial enterprises can become more
environmentally friendly in the future.

In the process of ensuring optimal operation of the system, it is necessary to
consider the choice of sulfuric acid concentration in the range from 30 to 70 wt.%.
This is due to the fact that it is necessary to ensure a low vapor pressure of the
solvent, which is an important condition for the optimal operation of the entire
system. In addition, thanks to this process, TBPH and intermediate products of its
oxidation are in the apparatus in the form of an emulsion in a solution of sulfuric
acid, which is an important step in the processing of spent mixtures.

But today we want to present a new invention that will allow us to neutralize
the spent TBPH extractant using a new anodic and liquid phase oxidation
technology. The use of this method is safer and more environmentally friendly,
which makes it more preferable to use. In addition, this approach can reduce the cost
of substance regeneration, which, of course, is an additional advantage of this
method and saves the company's money. As a result, we can consider this invention
as a new word in science and hope for its successful application in the future.

The study [14] described the nuances of the TBPH oxidation process. To
avoid the accumulation of intermediate peroxide compounds, the process must be
carried out at a temperature not lower than 10°C. However, it should also be taken
into account that the process should not be carried out at a temperature above 70°C,
as this may cause the formation of gaseous compounds and entrainment of unreacted
substances from the reactor.

There is an alternative method for deep liquid phase oxidation of TBPH,
which is based on the use of a non-diaphragm cell. This method makes it possible to
generate an oxidizing system electrochemically, which makes it possible to destroy
individual fragments of the TBPH molecule by oxidizing them at the anode and in

the bulk of the electrolyte.
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It is interesting to note that the non-diaphragm electrolyser is safer and more
efficient to use. This technology has a high degree of control and avoids the
formation of intermediate compounds that can adversely affect the environment. It
also allows more precise control of the parameters of the oxidation process, which
makes it more predictable and stable.

The TBPH oxidation process is an important step in chemical reactions. A
number of factors need to be considered in selecting the appropriate process method,
such as temperature, availability of the necessary tools and resources, and process-
oriented goals.

The need to improve the processes of chemical reactions and prevent the
possibility of formation of stagnant zones makes it necessary to pay attention to
effective mixing. This is especially true when using liquid radioactive waste, such
as spent extractant - TBPH.

For the safe disposal of spent TBPH, there is a special method that involves
the emulsification of waste with carbonate-alkaline waste obtained at the stage of
extractant regeneration. This allows not only to avoid possible environmental
pollution, but also to increase the efficiency of resource use.

Alkaline carbonate treatment and sodium oleate are considered to be among
the most efficient methods of disposal of radioactive organic waste in biological
habitats. To achieve the correct emulsion, you need to take into account the ratio of
components and add sodium oleate or its mixture with isoamyl and / or isobutyl
alcohol in a certain amount.

The described method of disposal of the spent radioactive extractant in deep
underground reservoirs is used. This allows you to protect the environment from
hazardous influences.

In addition, it is necessary to constantly improve the methods of disposal of
radioactive waste and conduct research on the development of new technologies and
approaches. After all, our duty is not only to use natural resources, but also to take

care of their preservation for future generations.
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There are many factors to consider when handling waste to ensure efficient
operation. One of the key points is the creation of an emulsion that will combine all
the components of the waste. The situation depends on various factors, among which
the volume fractions of isoamyl and / or isobutyl alcohol, which are 0.3 vol. parts,
and carbonate-alkaline waste, which is 9 vol. parts. In addition, the presence of
sodium oleate, g/l of carbonate-alkaline waste, which should be 100, plays an
important role. All these components are able to form an emulsion, which in turn
can be injected into a deep reservoir. This method of pushing away from the
wellhead with carbonate-alkaline waste is a more economical and efficient way.

In order to ensure the safety of human life and preserve the environment, there
Is an effective way to dispose of radioactive organic waste. It allows you to remove
waste from the biological environment, while being safe and effective. Researchers
are constantly developing and improving this method to further improve the process
and keep our society safer.

Modern spent nuclear fuel extraction process flowsheets use TBPH mixed
with various diluents ranging from light to heavy with limited dissociation ability.
This approach makes it possible to efficiently extract pure components from the
mixture for further disposal. The use of this technology can lead to the accumulation
of decomposition products of the extractant, which can disrupt the normal course of
the extraction process [15].

Bioorganic waste in the modern world is a serious environmental problem.
Disposal of radioactive organic waste is a necessary step in the struggle to preserve
nature and human life. The method of disposal that is used today is no longer new,
but has recently found new applications, especially in the design of nuclear power
plants. It is important to note that scientific and technological developments in the
field of disposal of nuclear fuel residues guarantee the safety of such a process.

There is one important issue that cannot be ignored when using HCHB as a
diluent. It is not only about its corrosive properties, but also about the impact on the
environment. For example, when using HCHB, radiolysis promotes the release of

chlorine-containing acids, which, after contact with water, can lead to hydrolysis and
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other hazards. If precautions are taken, the likelihood of corrosive processes can be
reduced when using HCHB in diluents. For example, special protective coatings can
be applied that reduce the contact of HCHB with metal surfaces. In addition, there
are other safer thinner alternatives that are not as aggressive or cause corrosion

problems.
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