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IInanupyemsie pe3yabraThl 00yuyeHus mo OOII

Kon
pe3yJbTara

Pe3yabrar 00y4yeHus
(BBIMYCKHUK J0J17KeH OBbITH I'OTOB)

IIpodeccnonanbHbIe KOMIIETEHIIUT

P1

[IpumeHsTh TIIyOOKHE, MaTeMaTHYECKHE, EeCTECTBEHHOHAYYHbBIC, COLUAIBHO-
9KOHOMHYECKHE M MNpOo(EeCCHOHAIbHbIE 3HAaHUS JUISI TEOPETHUYECKUX U
HKCIIEPUMEHTAIBHBIX HCCIICAOBAHUI B 00JACTH TEXHOJIOTHI SAEPHO-TOIUIMBHOTO
LUKJIA, PU3UKY KHHETUYECKUX SBJICHUH, METOAOB pa3eieHUs KUIKUX U ra30BbIX
cMecel, M30TOMHBIX TEXHOJIOTMH M MarepuajioB B MNpodecCHoHaIbHOM
JESITCIIBHOCTH.

P2

CraBuTh n peuiaTtb HWHHOBAIIMOHHBIC I/IH}KeHepHO'(bI/ISI/I‘ICCKI/Ie 3aJa4u,
PCAIN30BbIBATh IIPOCKTHI B 001aCTH HM30TOIHBIX TEXHOJOTUH U MaTcpuraioB,
MMOJIYYCHHA BBICOKOYHNCTBIX BCIICCTB, Hepepa6OTKI/I, yTUji3anuu u
06G3Bp€)KI/IBaHI/I$I IMPOMBIINIJICHHBIX OTXOJ0B.

P3

COS,Z[aBaTb TCOPECTUYCCKHUC, (1)I/ISI/IIIGCKI/I6 n MAaTEMATHYCCKUC MOJCIIN,
OIMUCBIBAIOIIHNEC ABJICHHUA U 3aKOHOMCPHOCTHU B 00J1aCTH M30TOIMHBLIX TEXHOJIOTHH U
MaTCpHaJIOB, ITPOBOJUTL HCCIICAOBAHUA B obnactu pa3aciICHUA MOJICKYJIAPHBIX U
HN30TOITHBIX CMGCCﬁ, MOJIYy4CHHA BBICOKOYHMCTHIX BCUICCTB.

P4

PaBpaGaTbIBaTb HOBBIC aJITOPUTMbI U MCTOJbI pacd€Ta KAaCKaA0B IJIs pa3dCICHUA
MOJICKYJIAPHBIX U U30TOITHBIX CMGCGfI, OKCILTYaTupOBaTh, MIPOBOJUTHL HUCIILITAHUA,
MOHTAaXX U HaCTpOﬁKy COBPCMCHHBIX (I)I/ISI/I‘IGCKI/IX YCTAHOBOK 1 YCTpOfICTB.

P5

OueHuBaTh MEpPCHEKTUBBI  Pa3BUTHUSI  AJIEPHOM  OTpaciu, AaHaJIU3UPOBATH
pajiMalMOHHBIE PHUCKM M CIEHAPUU IOTEHLHAJIbHO BO3MOJXKHBIX aBapuii,
pa3zpabarbiBaTh MEphl 110 CHWKEHUIO DPHUCKOB U OOECHEYEHHUIO SJIEPHOM WU
pagualMoHHONM Oe30MacHOCTH PYKOBOJCTBYSCh 3aKOHAaMH W HOPMAaTHBHBIMU
JIOKYMEHTaMH, COCTABJISITh DKCIIEPTHOE 3aKJIFOUCHHE

P6

PaspabatbiBaTh W BHEIPSITH HOBBIE BUIBl TMPOAYKIMU W  TEXHOJOTHH,
IPOEKTUPOBAaTh M OPraHMU30BBIBATH WHHOBAI[MOHHBIM Ou3HEC, (OPMUPOBATH
3G(HEeKTUBHYIO CTpaTerHi0 M AaKTHUBHYIO TMOJHTHKY pPHCK-MEHEIKMEHTa Ha
npeanpusaTu, NPpUMCHATL METO/JIbl OLICHKHU Ka4€CTBAa W PE3YJIbTATHUBHOCTU Tpyda
NepCOoHaNla, MPUMEHATh  3HAHME  OCHOBHBIX  IOJIOKEHUW  MATEHTHOTO
3aKOHOJIaTEJIbCTBA U ABTOPCKOTO0 MpaBa Poccuiickoit denepanuu.

P7

JleMoHCTpHpOBaTh TyOOKHE 3HAHUS COLMAIBHBIX, ITUYECKMX M KYJIbTYPHBIX
aCMEeKTOB HMHHOBALMOHHONW MNPO(ECCHOHANBHOM JeSTENbHOCTH, HCII0JIb30BATh
COBPEMEHHBIE JTOCTUKEHUS U IEPEJOBBIE TEXHOJOIUU MOIYYCHUSA U IIPUMEHEHUs
M30TONMHO-MOJU(UIIMPOBAHHBIX MaTepUaIOB B MPO(ECCUOHATLHOM e TEIbHOCTH

P8

CaMOCTOSTEIPHO YYUTHCS U HEMPEPHIBHO IMOBBINIATh KBATM(UKAIUIO B TCUCHHE
BCEro Tneproia mpodheCcCHOHATBHON IS TEIBHOCTH.

P9

AKTUBHO BJIaJIeTh MHOCTPAHHBIM SI3bIKOM Ha YpOBHE, IO3BOJIAIOLIEM paboTaTh B
MHOSI3BIYHOM cpejie, pa3zpabaThiBaTh JOKYMEHTAIMIO, MPE3EHTOBATh PE3yJIbTaThl
npodeCCHOHATILHOM 1€ TeIbHOCTH.

P10

O¢pdexkTnBHO paboTaTh HHIMBUAYATBHO W B KOJUIEKTHUBE, JIEMOHCTPUPOBATH
OTBETCTBEHHOCTb 32 PE3YJbTaThl padOThl U TOTOBHOCTH CJIEIOBATh KOPIOPATUBHOM
KYJIbTYpE OpraHu3aluu.
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Crygnenry:
I'pynna DPUO
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Tema paboThI:

ABTOMaTH3aIMA NOITY4YEHHUS TOBAPHOTO Jiecopbara ypaHa Ha COPOLMOHHO-1€COPOIIMOHHON
konoHHe C/IK-1500 ¢ npumeHeHneM npoToyHOro aHaauTuyeckoro npudopa CPB-1H

(nupexTopa) (marta, HOMep)

YTBepkaeHa NPUKa30M IPOPEKTOpa-IUPEKTOpa Ne 62-51/c ot 02.03.2020

‘ Cpok c/1auM CTYy/IEHTOM BBIITOJIHEHHOM pabOThI: ‘

TEXHUYECKOE 3AJIAHUE:

Hcxoanbie naHHbIE K padoTe

3ananue. JIutepaTypHble HCTOUHUKY TI0 nepepadoTke
IIPOJYKTUBHBIX  PacTBOPOB ypaHa, METObI
OIIPENIETICHUS CONCPKAHUS YPaHAa U HUTPAT-UOHOB.

Ilepedyens nmoasexammMx MCCaeI0BAHUIO,
NPOEKTHPOBAHMIO U Pa3padoTke
BOIIPOCOB

1. O630p aUTEpATYPHI.

2.Pazpabotka MeETOoaa JKCTIpecc-aHaIn3a
KOHIIGHTpAllMK ypaHa MO HEPreTUYECKUM CIEKTpam
XapaKTePUCTUIECKOTO PEHTTEHOBCKOTO M3TyUeHNS,;
3.Pazpabotka MeTozaa JKCIpecc-aHaau3a
KOHIIGHTpAllUd HUTPAT-HOHOB M0 JHEPTreTUYCCKUM
CIIEKTPaM PacCeIHHOTO PEHTI€HOBCKOTO U3ITyUEHHUS,
4.IlpoBenenne mpombilUieHHBIX ucnbiTanud [TAIT u
3aImyCcK B IPOMBITINICHHYIO SKCIUTYaTaIlnIo;

5. DKOHOMHUYECKHIA pacuer.

6.0xpaHa Tpy/a U TeXHUKA 0€30TIaCHOCTH.

7. BeiBoabI. 3aKIIOUCHHE.

KoHCyJIbTaHTBI 10 pa3e/iaM BbINYCKHOM KBAJIH(PHKALMOHHON padoThI




Paznen

KoncyabTant

Onucanue o0LEeKTA MCCIAeI0BAHAM

1H

[TpoTounslii ananuTHueckuii mpudop CPB-

Ananuz IMOJTYYCHHBIX JaHHBIX

Houent OATLI, x.¢.-m.H. JLU. lopodeena

duHAHCOBBIM MECHEIKMEHT,
pecypcodhHEKTUBHOCTD U
pecypcocOepekeHne

JlonieHT oTaeneHus: ColMallbHO-TYMaHUTAPHBIX HAYK,
K.T.H. Kamyk 1.B.

COHI/IaHBHaﬁ OTBETCTBCHHOCTbH

Accucrent OSATL, x.¢.-m.H. ['oronesa T.C.

YacTs Ha THOCTPAHHOM SI3BIKE

Crapumii mpenojaBareib OTAEICHUS HWHOCTPAHHBIX
s13p1KOB CMupHOBa Y. A.

HasBanus pa3aejioB, KOTOPbLIC TO/I’KHBI ObITh HANIMCAHBI HA HHOCTPAHHOM fI3bIKE:

Republic of Kazakhstan.

Introduction. Chapter 1. Analysis of modern technologies of the uranium mining industry of the

JaTa BbI/Ia4u 321aHUS HA BbINOJIHEHHE BBINTYCKHOM
KBAJIN(UKAIMOHHOM padoThl 110 JMHEITHOMY IpaguKy

12.03.2020

3agaHue BbI1aJ PYKOBOJAUTEb:

JIoJKHOCTH DdPUO

Y4eHasi cTeneHs,
3BaHHe

Ioanuch JaTa

Honent OATI] JLU. lopodeera

K.(p.-M.H.

38}13]—[1/16 IMPHHAJ K UICIIOJTHEHUIO CTYACHT:

I'pynna

[g700]

Hoanuch JlaTa

0AMS1 TpoernazoB Crenan BanepbeBuu




3AJTAHME JUISI PA3JEJIA
«®UTHAHCOBBI MEHEJ’)KMEHT, PECYPCOJ®®PEKTHUBHOCThH

U PECYPCOCBEPEXXEHHUE»
CryneHry:
I'pynna PO
0AMS1 Tpoernazos Crenan BanepreBuu
IIxoaa VAT OTtnenenue Illkoaa OsTL
YpoBeHb Maructparypa | Hanpapjenue/cnenuaiabHocth | 14.04.02 «Snepusie husuka u
o0pa3zoBaHusn TEXHOJIOTHID

pecypcocoepexenne:

Hcxoanbie 1anHble K pasgeny « DUHAHCOBBIM MEeHeIKMEHT, pecypcodppeKTHBHOCTD U

MaTepUaIbHO-TEXHUUECKUX, SHEPIreTHYECKUX,
(buHAHCOBBIX, UH(OPMALIMOHHBIX U YEIOBEUECKUX

1. CroumocTb pecypcoB HayuHoro uccienosanus (HU):

CTouMOCTh  MaTepHabHBIX ~ pPECypcoB U
CIELHATIbHOIO O00O0pYJOBaHUS OIpEAENeHbl B
COOTBETCTBHUHM C PHIHOYHBIMH LIeHaMU T. ToMmcka
TapucHbIE CTaBKM HUCIIONHUTENEH OMpeAeTeHBI
mraTHeIM pacnucanuem HU TITY

2. HopMbI 1 HOpMaTHBBI pacX00BaHUS PECYypCOB

HopMa amopTH3allMOHHBIX OTYMCICHUH Ha
crienansHoe 000pyIoBaHNe

3. Hcnonbk3yemas cuctemMa HaJOrooOJIOKEHHS, CTAaBKH
HAaJIOTOB, OTYUCIICHUH, TUCKOHTHUPOBAHUS U
KpEIUTOBAHUS

Otuuncienus Bo BHeOwKeTHBIC (oHabl 30 %

Ilepedyens BOMpocoB, MOJIEKALIUX UCCIETOBAHUIO, TP

0EeKTHPOBAaHMIO H pa3padoTke:

1. AnHanmm3 KOHKYpEHTHBIX TexHndeckux pemenuit (HI)

AHanm3 ¥ oreHKa KOHKypeHTocnocodnoctn HU.
SWOT-ananus.

2. ®opmupoBaHue IIaHa U rpaduika pa3paboTKH U
BHeApenus (HN)

Onpenenenue CTPYKTypbl BblmonHeHuss HU.
Onpexesnenue TpyaoeMKocTH padboT. PazpaboTtka
rpaduka MpoBeieHNsI HCCIIeI0BAHUSI.

3. Cocrasnenue OrpxeTa HHXeHepHoro npoekta (HI)

Pacuer OromxerHOI ctonmoctr HU

4. OrueHka pecypcHOM, (PMHAHCOBOH, OI0PKETHOM
spdextuBHOoCcTH (HHN)

WuTterpanbHblii QUHAHCOBBIN MTOKA3aTEb.
WHTerpanbHblil NoKa3aTenb
pecypcodhHeKTUBHOCTH.

WuTerpanbHblii mokazaTelb 3QPEKTUBHOCTH.

Ilepeyens rpagpuyeckoro Mmarepuaia

1. OreHka KOHKYPEHTOCIIOCOOHOCTH
2. Matrpunia SWOT
3. OueHka NepcrneKTUBHOCTH HOBOT'O MPOTYKTa
4. TI'paduk pa3paboTku u BHeapeHus VP
5. bromxker UII
6. OcHoBuble nokazarenu 3pdexruHoctn UIT
‘ JaTa BbInauu 3aianus 1J18 pa3jesia no JuHeiiHoMy rpauky 12.03.2020
3anaHne BbIIAJT KOHCYJbTAHT:
HJo/xHOCTH DOUO Yuenas IToanucn Jdara
CTelNeHb,
3BaHMe
Houent Kamyk Upuna BagumosHa K.T.H
JIOLIEHT
3agaHue NPUHSAJ K HCTIOJHEHUIO CTY/ICHT:
I'pynna DPUO Hoanuck Jara
0AMS1 Tpoernazos Crenan BanepreBud




3AJAHME JIJISI PA3JIEJIA
«COLMAJBLHASI OTBETCTBEHHOCTDb»

Crygnenry:
I'pynna 1027 (0]
0AMSI Tpoernazos Crenan BanepreBuy
HIkoua NATHI Otaenenue (HOII) OATIL
YpoBenn Marwuctparypa Hanpasienue/cnenuan | 14.04.02 «Snepusie
o0pa3oBaHusi bHOCTH (bu3MKa U TEXHOJIOTHI
Tema BKP:

ABTOMATH3AIUA NOJYYEeHHS] TOBAPHOTIO JecopdaTa ypaHa Ha COPOLMOHHO-/1eCOPOIIHOHHOM
koJI0HHe C/IK-1500 ¢ npuMeHeHneM NPOTOYHOro aHaauTu4eckoro npudoopa CPB-1H

Hcxonnble nannble K pazaeny «CounanbHasi 0TBETCTBEHHOCTb) !

1. XapakTepucTrka 00beKTa UCCIICI0BAHUS
(BerIecTBO, MaTepHal, MPUOOp, aAITOPUTM, METOTUKA,
pabodvasi 30Ha) ¥ 00JIACTH €T0 MPUMEHEHUS

[IpoTouHbIil aHAIUTUYECKHUI TTPUOOP
Ha OCHOBE PEHTTeHO(IYOPECIIEHTHOTO
SHEProJIUCIEPCUOHHOTO
cnekrpomerpa CPB-1H npennaznauen
JUISL OIIPEJIEIIEHNS] MACCOBBIX
COJIepKaHUM ypaHa U HUTPAT-UOHOB B
TEXHOJIOTHYECKUX IMOTOKAX
ypaHo100bIBAIOIIUX KOMITAHUH.

HepequL BOIIPOCOB, IMOAJICKAIINX NUCCIICAOBAHUIO, IIPOCKTUPOBAHUIO U pa3pa60TKe:

1. IlpaBoBblie U OpraHu3aliiOHHbIE BONPOCHI

ol0ecrieyeHusi 0€30MACHOCTH:

— cHeuuanbHble (XapakTepHbIE IMPH SKCILTyaTalluu
00BEKTa UCCIIEJOBaHMsI, IPOSKTHUPYEMOI paboueit
30HBI) IIPABOBbIE HOPMBI TPYAOBOIO
3aKOHOJATEIbCTBA;

— OpraHM3allMOHHBIE MEPONPUSITHS TP KOMIIOHOBKE
paboyeii 30HBI.

- CanuTapHble TUTUEHUYECKHE
TpeOOBaHUS IO OOECIICYCHUTO
panuannonHoi 6e3omnacHoct» CII
COTOPE 2019, OCII 72/84
(OcHOBHBIE caHUTapHbBIE TPaBUIIA
paboThI ¢ paIMOAKTUBHBIMU
BEILLECTBAMU U IPYTUMU UCTOYHUKAMHU

noHu3Mpyroumx n3nyyenuit), CanlluH
2.2.2/2.4.1340-03;

2. IIpou3BoaACTBeHHAsI 0€30MIACHOCTD:

2.1. AHanu3 BBISIBJICHHBIX BPEIHBIX U OMACHBIX
(dakxTopoB

2.2. O00CHOBaHUE MEPONPUITUN IO CHUKEHHIO
BO3JICUCTBUSA

- TIPEBBILIEHNUE YPOBHSA IIYMa;
- HEJIOCTaTOYHAsI OCBEIEHHOCTD;

- OTKJIOHEHHE II0Ka3aTeae
MHUKPOKJIMMATa,

- IOBBILLIEHHBIN YPOBEHB
JJEKTPOMArHUTHBIX ~ W3JIy4YECHMUII;

- BO3JICHCTBUE HOHU3UPYIOLLIETO
HU3ITYUECHHUST;

- ncuxoduznonorndeckue GakTopsr;
- TOPAXKECHUE DJIECKTPUUECKUM TOKOM.

3. DkoJjornyeckasi 6e30acHOCTb:

- aHaJM3 BO3/eCTBUS Ha ruapochepy
u utochepy;
- 3aIIMTa OKPY>KAIOIEH CPEbL.

4. be3onacHOCTH B Ype3BbIYAHBIX CUTYyalUAX:

— BBIOOp W OMIMCAHNE BO3MOXHBIX
YPE3BBIYANHBIX CUTYAIIHI;




— aHanu3 Hanbonee BeposaTHon YC
BO3HHKHOBEHHE MOKapa Ha pabouem
MecTe;

— MEpHI U MOPSIOK JICHCTBUN BO BpeMs
YycC.

‘ JlaTta BbI1auM 3aJaHUA /ISl pa3ena 1o JUHeHHoOMY rpaduky ‘ 12.03.2020

33[[31-[1/[6 BbIAAJ KOHCYJIBTAHT:

Jlo/KHOCTH dUO Yuenas Moanucek Hara

CTeNeHb,

3BaHue

ACCHUCTEHT I'oronesa Tarbsina K.(}.-M.H.

CepreeBHa
3agaHue NPUHAJ K UCIIOJHEHUIO CTYIeHT:
I'pynna PHUO IHoanuce Hara
0AMSI1 Tpoernazos Crenan BanepbeBuu




PEDOEPAT

Brimmycknas kBanudukanmonHas pabora BkirodaeT B ceos: 119 crpanun, 44
Ta0auIbl, 21 pUCYHOK, 26 OMOIMOTEUHBIX CChUIOK, 33 hopMybl, 1 mpHIIOKEHUE.

KiroueBbie cnmoBa: cOpOLMOHHO-AECOPOLIMOHHAS KOJIOHHA, COPOIMOHHO-
HalopHasi  KOJIOHHA, JIECOPOMPYIOUIUMN  pacTBOp, PEHTTeHO(ITYyOpPECICHTHBIN
CHEKTpalbHBIA aHaIW3, YpaH, HUTPAT-UOHBI, MPOTOYHBIN aHATUTUYECKUN TPHUOOD,
CTIIEKTPOMETP.

OOBEeKT uCclIeloBaHUs: TMPOTOYHBIM aHATUTUYECKUA TPUOOpP HA OCHOBE
cnektpomerpa CPB-1H.

Llenp paboThl: pa3paboTka MeTona SKCIpecc-aHaan3a U y3JI0B MPOTOYHOTO
aHAJIMTUYECKOT0 Mprubopa JIsl ONpeAesICHUs] KOHIIEHTPAIIMK YpaHa U HUTPAT-UOHOB B
TBIDKYIIEMCS TEXHOJOTHYECKOM ITOTOKE, a TaKKe IPOBEACHUE IPOMBIIIICHHBIX
UCIIBITAaHUH MPOTOYHBIX aHATTUTUYECKUX MPUOOPOB.

[IpoBoauics mo100p ONTUMANBHBIX YCIOBUN MPOBEICHUS IKCIIPECC-aHaTN3a
ypaHa B TEXHOJIOTHYECKOM IMOTOKE, UCCIEA0BaHA BO3MOKHOCTH onpeaeneHuss PCOA
METO/IOM KOHIIEHTPAIIMU HUTPAT-UOHOB B ABUKYIIIEMCS TEXHOJIOTHUYECKOM MOTOKE.

B pesynbprate uccnenoBanus ObUTH pa3paboTaHbl: METOBI IKCIPECC-aHATN3a
ypaHa W HUTPAT-UOHOB B JIBIDKYIIUXCS TEXHOJIOTMUECKUX IMOTOKaX, pa3paboTaHbI
y37bl TPOTOYHOTO aHaNUTHYECKOro mnpubopa. [IpoBeaeHb MNPOMBINIIICHHBIC
UCTIBITAaHUS ~ MPOTOYHBIX AHAJUTHYECKUX MPUOOPOB Ha  YPaHOIOOBIBAFOIIMX
npeanpusaTusx Pecnybnuku KazaxcraH.

CrerieHb BHEIPEHUS: BHICOKAS.
O6uacTb npuMeHeHus: 100b14a ypana meroaom [1CB.

DxoHomuYeckas 3 (HEKTUBHOCTL/3HAUMMOCTD PA0OTHI: BBICOKASI.



INEPEYEHB YCJIOBHBIX OBO3HAYEHUI
BP — BrIleNnaunBaOMIMi pacTBop
JP — necopOupyroniuii pacTBop
MJI — MaTOYHHUK JOHACHIIICHUS
MC — MaToyHUK copOLUU
ITAII — npoTOYHBIN aHATUTUYECKHUI TPUOOP
IIP — nponyKTHUBHBIN pacTBOP
IICB — noa3eMHOE CKBaXXMHHOE BBILIEIAYMBAHHE
PC®A — peHTreHOCIIEKTpaIbHbIN (IIyOpEeCLEHTHBIN aHAIN3
CAK — copOunroHHO-1ecopOIIMOHHAs KOJIOHHA
CHK- copO1rioHHO-HanopHas KOJIOHHA
T/ — ToBapHBIil necopOat

LIIIP — iex nepepaOOTKU MPOTYKTUBHBIX PACTBOPOB
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BBenenue

B nacTosiiee BpeMs 3aTpaThl Ha nepepabOTKy MPOJYKTUBHBIX PacTBOPOB [0
TOBApHOTO pereHepara COCTaBISET 3HAUYUTEINBHYIO JI0JII0 B CEOECTOMMOCTH ypaHa.

O¢ddexTuBHOCTH  COPOIIMOHHOTO  M3BJICUEHHUS ypaHa M3  PAacTBOPOB
ONPENIEIIAECTCS CTEIEHBIO €T0 U3BJICUEHUS HA AaHUOHUT, MAaKCUMAaJIbHBIM HAaCHIIIEHUEM
[0 ypaHy W3 pacTBOpa JAHHOTO XUMHUYECKOTO COCTaBa, KMHETUKOW MPOLIECCOB
copOIuu W JecopOIuu, amnmapaTypHbIM O(QOpPMIICHHEM TMpoIecca, YCIOBUSIMU
necopOIMM ypaHa W LEJIbIM PAIOM JAPYTUX (PU3MKO-XUMHUYECKUX MapaMeTpoB,
KOTOpPBbIE HEPa3phIBHO CBSI3aHbI MEXAY COOOMl M OKa3bIBalOT COOTBETCTBYIOILEE
BIIMSIHUE HA TEXHOJIOTMYECKUM MPOLIECC U3BJICUCHUS U KOHLICHTPUPOBAHUS ypaHa.

Oco00 BaxxHas POJb MPUHALICKUT JECOpOlMU ypaHa C HACBHIIICHHBIX
aHUOHUTOB. O(PEKTUBHOCTb HUTpPATHOM JecopOuMM ypaHa OO0YyCIIaBIMBAETCS
BBICOKOM  CEJIEKTUBHOCTHIO TIOTJIONIEHUS HUTPAT-UOHOB HoHUTamMu. Crocob
JnecopOIMu  OompeNiensieT CTeNeHb €ro KOHIEHTPUPOBAHHS U TEXHOJOTHIO
nocienyroneil  nepepabOTKH  ypaHOBBIX  pPACTBOPOB € LB  IMOJTYYEHUS
BBICOKOYMCTOM TOTOBOM NPOAYKLIMH. HemocTtatok TEXHOJIOTMYECKOro mpouecca
HUTPATHOM JecOpOIMU B CYIIECTBYIONIEM BapUaHTE BBIPAKEH B OTCYTCTBUHU
TEXHUYECKON BO3MOXXHOCTH aBTOMATH3aLIMM IMPOIECCA, BCIEACTBUE OTCYTCTBUS
METOJ]a AaBTOMATUYECKOr0 OIEPATUBHOTO KOHTPOJSL COJIEPKAHUSI ypaHa U HUTpaT-
MOHa B TOBapHOM jecopOare, B MATOYHUKE JOHACHIIICHHUS U JECOpOUpYIOLIEM
pacTBOpe, UTO MPUBOAUT K JHIIHEMY cOpoCcy ypaHa B OOOpPOTHBIE PacTBOPHI U
NPEBBIIICHHE HOPM pacxoja aMMHA4YHOW CEeJIUTPhl Ha JAECOpOIMIO, a TakKxke,
JIOTIOJITHUTENIbHBIE PacXobl Ha MOBTOPHYIO MEepepadoTKy (copOiuio, aecopOIHio).
Kpome TOro, aBTOMAaTHYECKH OSKCIPECCHBIM KOHTPOJb HUTPAT-UOHOB IpHU
JEHUTPALMU COPOEHTA, MO3BOJIUT ONTUMHU3UPOBAThH PACX0]l CEPHOM KUCIIOTHI.

JIns u3MepeHHs] KOHIEHTpAlUMU BEIIECTB B TEXHOJOTMYECKOM IIOTOKE C
WCIIOJIb30BAaHUEM  TMPOTOYHOTO  AHAIMTUYECKOTOo  Tpubopa  MpUMEHSETCS
PEHTTEeHOCIICKTPaIbHBIN (PIyOpEeCIIEeHTHBIN aHaIu3, OCHOBAHHBINA HA TOM, YTO KaXKJIbIN

XUMHUUYECKUN 3JIEMEHT HUMEET CIICKTp M3JIy4YCHUSI, XapaKTepHBIfI TOJIBKO OJIsI HECIO
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(xapaktepuctuiyeckoe wusiydeHue). CraemoBaTenbHO, 10 XapaKTEPUCTHUCCKOMY
CHEKTPY U3TyUCHUSI MOYKHO OIIPEIEIIATh DJICMCHTHBIN UJTM aTOMHBIN COCTaB BEIIECTRA,
a TI0 WHTECHCHUBHOCTH JIMHHHA XapaKTEPUCTUYECKOTO H3IIyYEHHUs — KOHIIEHTPAIIUIO
aTOMOB JIAaHHOTO 3JieMeHTa [27].

AKTYaJIbHOCTh PadoThl OOYCIIOBIICHa TEM, YTO, B HACTOSIICE BPEMS IS
ONpe/eNieHNs] KOHIIEHTPAlMM YpaHa W HHUTPATOB HCIOJIB3YIOTCS TPaJAUIIMOHHBIC
MEKTPOXUMHUYECKAE METOJbI, PEaJTU30BaHHBIE B CTAIIMOHAPHBIX JIAOOPATOPHBIX
YCIIOBUSIX M KaK CJE/ICTBUE TPeOYIOIIe 3HAUYNTENBHBIX 3aTpaT BPEMEHH C MOMEHTA
otOopa mpoOkI J0 MOTYyUYECHUS PE3yibTaTa.

[Ipy »TOM TpamWIIMOHHBIE METONBI HE JHUINCHBI, B M3BECTHOW Mepe,
HEJOCTAaTKOB, KaK IO METPOJIOTHYECKUM XapaKTCPUCTHKaM, TaK M B CIOKHOCTHU
peali3alny.

[ToaToMy pa3paboTka MeTolla IKCIpEcC-aHaiM3a MacCOBOW JOJU ypaHa U
HUTPATOB HETIOCPEJACTBEHHO B TEXHOJIOTMYECKOM MOTOKE SIBJIIETCS aKTyaJIbHOM.

Hayunasi HOBM3HA paboThl 3aKiO4yaeTcs B pa3pabOTKe HOBOTO METOJa
HKCIIPECcC-aHaIN3a HUTPATOB HETIOCPEICTBEHHO B TEXHOJIOTMUYECKOM MOTOKE.

IIpakTHyeckasi 3HAYUMOCTH PaOOTHI 3aKIFOYACTCS B TOM, YTO TOJyYCHHUE
JAaHHBIX O KOHIICHTPAIIMN YpaHAa W HUTPATOB HEIMOCPEICTBEHHO B TEXHOJOTHYECCKOM
MOTOKE MO3BOJUT aBTOMATU3UPOBATH MPOIIECCHI COPOITUU U I€COPOIINH, B YACTHOCTH
JIO3UPOBKY pacxoja PeareHTOB, YTO CHU3UT SKOHOMHUYECKHE 3aTpaThl, CBSI3AHHBIC C
MOBBIIIICHHBIM PACXO0JIOM PEarcHTOB M YMEHBIIHWT WX BJIMSHHAE HAa OKPYKAIOIIYIO
Cpemy, CHHU3WUT pPacxoJbl HAa BBIMOJHEHHE XHUMHYECKUX AaHAJIM30B pPACTBOPOB Ha

COACPKAaHHUC B HUX HUTPATOB.

14



I'maBa 1. AHaau3 COBpPEMEHHBIX TEXHOJOTMH YypaHOH00bIBaIOIIEH
npombinieHHocTH Pecnyosmmkn Kazaxcran

1.1 Texnouaorus IICB (moa3eMHOro cKBa;KHHHOTO BbIIIEJIAYUBAHUS)

TexHoJIOrusl CKBaXKMHHOTO TTOA3€MHOTO BBIIICIAUUBaHUS pa3padaThiBacTCs
c Havana 20 Beka M B JaHHBI MOMEHT BPEMEHHU SIBJIIECTCS OJHOM M3 HamOoliee
MEPCIEKTUBHBIX TEXHOJOTUN MOOBIYM ypaHa U psja JPYrUX METAIOB (3010Ta,
MeM, peHus, CKaHaus, MoiuOaeHa u jap.). Merox [ICB [28] npu nmoObrve ypana
ABIIeTCsl 0oJiee BBITOJHBIM U yoOHBIM. JloObiua ypana metonom [ICB Benércs ¢
cepeaunsnl 20 Beka. Jloyist OObIYM ypaHa METOJIOM MOJ3EMHOTO BBIIICIAYUBAHUS B
MUpPOBOM MacmiTadbe coctapisgetr 25%. Haubomnbiee npuMeHeHue MeTosl o0pen B
Kazaxcrane, Y36ekucrane u CILIA, npakTudecku Bcs J00bIUa ypaHa B 3TUX CTpaHaX
Benérest meronoM [ICB [1]. Haumnas ¢ 2009 roma Kazaxcran sBIseTCs MEPOBBIM
JUAEPOM 10 JoObIYe MpUpoAHOro ypaHa. HannonansHbeIM oniepaTopoM PecyOnmku
KazaxcTtan mo UMIIOPTY—3KCIOPTY ypaHa sBISETCS AKIMOHEPHOE OOIeCcTBO
«HannonaneHass aromMHass kommanusi «Kazatommpomy. Bce ypaHoBBIE
MECTOPOXKIACHUS KOMIAHWUW TPUTOAHBI JUISI JKOHOMHYECKH dS(PPEeKTUBHOU U

HauMEHee HKOJIOTUUECKHU BpeaHou 1o0buu merogom 11CB.

M3Bneyenne ypaHa NPOUCXOAUT € IMOMOIIBIO CHCTEMBI TEXHOJIOTMYECKUX
CKBa)KUH, KOTOpPbIE OOBENMHSAIOTCA B TEXHOJOTMYECKHE sueiku u Onoku. Yepes
HarHeTaTeJIbHbIe CKBAXMHBI TOCTYMAET BbIIIENadynBaromid  pactsop BP,
COJIEp KaIlMil peareHThl, CIOCOOHBIE PacTBOPATh MUHEpaibl ypaHa. B pe3ynbrate
(U3UKO-XUMHUYECKOTO B3aMMOJICHCTBUS YPaHOBBIX MUHEPAJIOB c
BBIIICJIAYMBAIOIIMMHY ~ peareHTaMd B TOJ3EMHOM TOPU30HTE oOpa3yeTcs
coAepKallMid ypaH MNPOAYKTHMBHBIM PAacTBOpP, KOTOPBIM 3aKauMBACTCA HaA
MIOBEPXHOCTh TOCPEICTBOM CHCTEMBI OTKayHbIX CKBaXWH. B mponecce
nepepaboTKU MPOJTYKTUBHOTO PAacTBOpa M3 HETrO M3BJIEKAETCA ypaH, a OCTaBIINECs
MAaTOYHBIE PACTBOPHI AOYKPEIULIOTCS BBILIEIAYNBAIOIIAMY PEAreHTAMHU U CHOBA
NOJIAIOTCSI B HArHETaTeNIbHbIC CKBAKMHBI B KadecTBe pabouero pactBopa [2].

[TonzemMHOE BhIIIEIAYMBAHUE KAaK HOBBIM, MPOTPECCUBHBIA METOJI B HACTOSIIEE
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BpeMs IIMPOKO mpuMensiercss B Kazaxcrane mpu g00biue ypana. OTOT METO[ 3a
KOPOTKOE BpeMs TMpOIIeNT BCE CTaAWM HUCCIENOBaHUM, pa3paboTKu U
MIPOMBIIIUIEHHOT'O BHEJIPEHUSI YPAHOJOOBIBAIOIIUX HIPEIMPUATUAX PECITYOIUKH.

Texnomornyeckuit nukn n06bran ypana meronom I[ICB B Pecmybnuke
KazaxcTaH BKIIIOYAET CIEYIOUIUE B3aMMOCBSI3aHHBIE TEXHOJIOTHYECKUE MTPOLIECCHI:
MOJI3€MHOE BBIIIEIAUYMBAHUE ypaHa, COpOIMOHHOE W3BieueHue ypana u3 [IP u
IpOIECC JIecOpOIMM ypaHa C HAaChIIEHHOTO copOeHTa. B coorBercTBHH CO
CIIOHBIM XUMHUYECKUM COCTaBOM MPOAYKTHBHBIX PACTBOPOB M HEBBICOKUM
COJIEp>)KaHUEM TIOJIE3HBIX KOMIIOHEHTOB HauOoJyiee TNpUEMIIEMBI BapUaHT UX
nepepaboOTKu — COpOLMOHHBIE METOJbI, KOTOPbIE OCHOBAaHbl Ha HUCIOJIb30BAaHUU
MOHHOTO OOMEHa.

1.2 HouHHbIii 00MeH

WNouuspiii 0OMeH Hamén MmUpoKoe NMPUMEHEHHUE B TEXHOJOTHUSX JOOBIYH U
OYKCTKH ypaHa [3].

HNoHoOOMEHHBIE MPOUECCHl ISl TUIPOMETAILIYPruu ypaHa B PecmyOunnke
Kazaxcran mMmeror ocoboe 3HAu€HHUE, I7I€ OHU MPUMEHSIOTCS B OOJBIIMHCTBE
TEXHOJIOTUYECKHUX TMpolieccoB a00buu. IIpakTuyecku BO Bcex NPOU3BOACTBAX
MOHOOOMEHHAsI TEXHOJIOTHSI O00ECIEYHBAET IMOATOTOBKY BOJBI IS TEXHUYECKUX
HYXK]l 1 OUYHUCTKY KUJKUX PaIMOAKTUBHBIX OTXOJIOB.

B ruapomeraitypruu ypana, o0COOCHHO MpH miepepadboTKe pya CO CPeIHUM
¥ HEOOJBIIINM COJIEPI)KAaHUEM ypaHa, MPUMEHSIIOTCS Pa3HbIE CXEMBbI, BKIIFOUAIOIIINE
MOHHBIN 0OMEH.

W3BneueHnne ypaHa TPOU3BOAMTCS KakK U3 PACTBOPOB M IYyJbII,
MOJIYHArOIIUXCsl TIPU  BBIIIEIAYMBAHUKM PyJl Ha 3aBOjE, TaK M W3 PacTBOPOB
MO/I3€MHOTO BBILIEIAUYMBAHUS YPaHa U3 PYAHBIX [JIACTOB, @ TAK)KE U3 IIAXTHBIX BO/I,
00pa3yoImUXCs Npu J00bIYE YPAHOBOM PY/IbI.

XapaktepHass OCOOCHHOCTh YpPaHCOJEpKAIUX Py — CIOXKHBINM COCTaB,
BKJIIOUAIONINN HApsy ¢ YpPaHOM W JIPYTHE LIEHHbIE KOMIIOHEHThI — IIBETHBIE U

pPCAKHC MCTAJJIBI: 30JI0TO, MOJ'H/I6I[eH, MCIb W AOp. HOBTOMy KOMIIJICKCHOC
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MCIIOJIb30BaHUE CHIPhS — OJIHO U3 BAKHEUIIINX HAITPABIECHU HAYYHO- TEXHUYECKOTO
mporpecca y Hac B CTpaHe u 3a pyoexkom. K HacTosmemy BpeMeHu pa3paboTaHbl U
MPOJOJDKAIOT  COBEPIICHCTBOBATHCS TEXHOJOTHYECKUE CXEMbl COBMECTHOTO
W3BJICUEHUS W3 PYJl ypaHa, BaHaaus, MonubOaeHa W Ap. B TexHolormueckux
HEMOYKaxX TOJYYEeHHs] ITHX DJIEMEHTOB BaXKHOE MECTO 3aHUMAIOT COPOIIMOHHBIE
nepesiesbl, ¢ TOMOIIBIO KOTOPBIX TNPOBOIST M3BICUEHUE, pa3lelieHue |
KOHIICHTPUPOBAHUE psia BJIEMEHTOB. AmmnaparypHoe OQOpMIICHHUE U MyTH
COBEPILIEHCTBOBAHMSI TAKUX MPOIIECCOB aHAJIOTUYHBI MPoIleccaM U3BJICUCHUS ypaHa
U3 pyAHeIX MatepuasnioB. OOpasymoliumecs Ha  pa3iMuHbIX  Mepeaesiax
TUAPOMETAJUTYPTUUECKOTO TPOU3BOJICTBA COpPOCHBIE BOJABI MOTYT OYMIIATHCS
MOHHBIM OOMEHOM M0 pa3IndHbIM cxeMaM. K HacTosiiieMy BpeMeHu J1Jisl IPOIEeCCOB
OUYUCTKHU CTOYHBIX BOJ pa3paboTaHo 3HAUYUTEIIHHOE YUCIIO
BBICOKOTIPOM3BOJIUTEIILHBIX ~ HMOHOOOMEHHBIX  amnlapaToB,  YUYHUTHIBAIOIIMX
cnenupuKy TakKux Mepeaeios.

BaxxHyto poib HMOHHBIM OOMEH NHpHUOOpEN B TEXHOJOTHYECKOM LIHMKJIE
JTO0OBIYM ypaHa METOJOM ITOA3EMHOTO CKBaKUHHOTO BbIenaunBanus. s 1P ¢
MaJIbIM COJICp’KaHUEM TOJIE3HBIX KOMIIOHEHTOB OoJjiee MpUEeMJIEMbId BapUaHT MX
nepepaboTKi — COpPOIMOHHBIE METOJ/bl, KOTOpPhIE OCHOBAaHbI Ha TEXHOJOTHUHU
MOHHOTO OOMeEHa.

CopO1ust ypaHa u3 KapOOHATHBIX Cpell JOCTATOYHO IUPOKO MPUMEHSIETCS B
YpaHOBOW MPOMBINIJICHHOCTH. YpaH B KapOOHATHOW cCpelie HAaXOJIUTCA B BHJIC
TpukapOonartHoro anuonHoro kommiekca [UO,(COsz)s]*, koTopslii pocTaTognHo
ahPexkTUBHO cOpOUpYETCs CHIBHOOCHOBHBIMM aHMOHUTamMu AM, AMII, AB-17,
BII-1An, [Hayskc-1, AmOepnutr IPA-400 u np. CepHOKHCIOTHBIM CHOCO0
BBIIIEJIAYMBAHUS YPAHOBOTO ChIpbS C J00AaBKOM HEKOTOPOTO KOJIMYECTBA
okucnuTener (mpu atMochepHOM aBICHWUH, B aBTOKJIABaX MPHU TOBBIIIEHHOM
JIaBJICHUH, TMOJ3EMHOE BBIIIECIIAYMBAHUE U3 PYJl HA MECTE 3aJIeTaHusl) SBISETCA
CaMbIM PacIpOCTPaHEHHBIM METOJOM MEPEeBOa ypaHa B pacTBOp. A HaxO0XXJICHHUE

ypaHa B CEPHOKHCIION cpelie B KaTUOHHOW W aHMOHHOW (opmax, cO3JaeT, Kak
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OTMCYAJIOCH BBIIIC, XOPOHIMC MPCAIIOCBIIKA IJIsA COp6LII/IOHHOF0 HU3BJICUCHUA U

KOHLIEHTPUPOBAHMSI ypaHa U3 MMyJIbIl U pacTBOPOB. JlecopOius ypaHa npOBOAUTCS

PaCTBOpaMHU XJIOPpHU A UJIKM HUTPATA HATPHA.

[TpuHIMTIMaTBEHAS TEXHOJOTHUYECKAsl CXeMa COpOIMU ypaHa MpejcTaBicHa

Ha pucyHke 1.

OTtpereHeprupoBaHHBIN
HOHUT

\4

CopOrust

!

ITomsemuoe
BBIIIEIIAYNBAHUE

ypaHa

IIponyKTUBHBIN pP-p

OcBetnennsiii [1P

\4

A 4

A

ypaHa

HacrpimeHnusin
AOHUT

Bo3ssparsslii p-p

A

OtcrauBaHue

I1P

Ocanok

A 4

OTMEBIBKa

HJIOB

Honur

[IpompactBOp

A 4

OtcrauBaHue

1P

Ocset. p-p

Ocanok

v

A 4

Perenepanus
HACBIIIEHHOTO
HOHUTA

OTtpereHeprupoBaHHBIN
MOHUT 4

A 4

OrcTanBaHue

OunbTpanus

OcgeTiL. p-p

Ocanok

A 4 \ 4

3axopoHeHHe
paanOaKTHUBHBIX
OTX0JI0B

Pucynox 1 - [IpuniiunuansHas TEXHOJIOTUYECKASI cCXeMa COpOIMY ypaHa

HOHHUTOM H3 INPOAYKTHUBHBIX PACTBOPOB MMOA3CMHOI'O BBIIICTIAYNBAHUA

OnpenensiomumMu  (akTOpaMu TEXHOJOTHH COPOIMOHHOTO HW3BJICYCHUS

YpaHa ABJIOTCA €ro KOHICHTpANUsA B MCXOJHOM PACTBOPC, 4 TAKIKC HAIIMYNUC U
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KOHIIEHTpAIUsl aHHMOHOB, OKAa3bIBAIOLIUX JECOpOUpyIoIlee BIUSHUE — CyIb(aThl,
HUTPATHI, XJIOPHUIbl. AHATUTHUYECKUIA KOHTPOJb JAaHHBIX MapaMETPOB B PEKUME
pEaIbHOTO BPEMEHH, ISl TEXHOJIOTUYECKOTO TIpoIecca COPOIUU SBIISETCS BaKHOM
3a1a4eu.

1.2.1 UoHooOMeHHBbI€e aninapaThbl

Cronb MHOTOOOpa3HOMY MNPUMEHEHHIO MpoIllecca MOHHOTO OOMEHa BO
MHOTOM  CIIOCOOCTBOBaJI OOJBIION BBIOOP HMOHOOOMEHHBIX MAaTepUaloB C
Pa3sTUYHBIMHU (DPU3HKO-XUMHUYECKHUMH CBOWCTBaMH. [IpaBUIBHBIA BBIOOpP TOTO WIIH
WHOTO MOHOOOMEHHOTO MaTepuaja - 3TO MEPBBIA 3Tall PEHICHUS KOMIUIEKCHOU
3aJa4d  CO3/IaHMsA HOBOTO WJM  YCOBEPIICHCTBOBAHHWE  CYIIECTBYIOIIETO
TEXHOJIOIMYECKOIo Ipolecca HOHHOTO 0OMEHa.

Opnnako 3ppekTuBHOE NPUMEHEHUE MOHHOTO OOMEHa HEBO3MOXXHO U 0e€3
UCIIOJIb30BaHUSI COBPEMEHHOW BHICOKOMHTEHCUBHOW anmnaparypsl.

s OCYIIECTBIICHUS Pa3HOPOAHBIX oreparui, TpeOyercs
COOTBETCTBYIOIIEE KOJIUYECTBO EIWHUI] OOOPYIOBAHMS, COCAMHEHHBIX MEXKITY
co0oit TpyOompoBogamMu JjIsl TIEpEeMENICHUs] MOHUTa W PacTBOpa M3 amrmapara B
anmapat. J[pyrumM HEIOCTaTKOM SBIIETCS TO, YTO €CJIHM TEpeMelleHHuEe HOHWTA
BHYTPU KOJIOHHBI MPOMCXOJAUT CIUIOUIHBIM IJIOTHBIM IOTOKOM C MHUHHMAaJbHBIM
HapylIeHUEM MapajUIeIbHOCTH  OTAEIbHBIX CJI0OEB HMOHUTA (Ko3(dduumeHt
nepeMenMBaHus OJU30K K HYJIO), TO BHE KOJIOHHBI MPU TIEpErpy3Ke U3 ammapaTa B
anmnapaT MOHUT MOJBEPraeTcsi MHTCHCUBHOMY MEPEMEIINBAHNI0. DTO MPUBOAUT K
UCKOKEHHIO (POHTA HMOHOOOMEHHOIO TMpoIecca, K YBEIMYEHHIO BBICOTHI
HKBUBAJICHTHOW TEOPETHUYECKON CTYNEHW MOHHOTO OOMEHa, APYTUMHU CIIOBAMHU K
cHIKEeHNIO0 d(dexkTuBHOCTH HMOHHOTO oOMeHa. OgHUM U3 MyTeH MOBBIIMICHUS
MPOW3BOAUTEILHOCTH  SIBUJIOCH TPUMEHEHHE anmaparoB ¢  TOOYEepPEIHBIM
NBIKEeHUEM (a3 KOPOTKOIMKIWYHOU (prutbTparmeit. Takum oO6pa3om, pa3padoTka
pexxuMa COpOIMM C KOPOTKMM (PHIBTPOLMKIOM (YTO SIBISIETCS, IO CYTH,
OpUOIMKEHUEM K PEXUMY HJI€aJbHOM JUHAMHMKK COpOIMH) TMO3BOJIMJIA

CymeCTBCHHO YMCHBIINTH CAWMHOBPCMCHHYIO 3arpy3Ky HMOHHUTA WM OPraHU30BATb
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MPOBEICHHE BCETr0 IHMKJIAa  ONeparuii  COPOIMOHHOTO  W3BJIICUEHUS U
KOHLIEHTPUPOBAHMSI YpaHa U3 UCXOJIHOTO pacTBopa B oaHoM arrmapate — CJIK.
1.2.1.1 Copouuonno-aecopounonnas kojonna (CIAK)

CopOrmonno-aecop6imonnas koionHa (CK) Obia pazpaborana rpynmoi
uHxeHepoB LlenunHoro ropuo-xumuueckoro komobunara (LII'XK) mis npouneccon
U3BJICUCHUE METallla U3 OCAHBIX MPOJYKTUBHBIX PACTBOPOB. I JTaBHBIM OTJIMYUEM
COpPOLIMOHHO-AECOPOLIMOHHON  KOJIOHHBI B OTJIMYUU OT PEreHepalMOHHBIX
anmnapaToB HACTOSIIETO BPEMEHHU, 3TO OoJjiee OOraThlii TOTOBBIA MPOIYKT —
toBapHbIi necopOat (T]). B ToBapHOM AecopOare KOHLIEHTpAIMs ypaHa HAPSIMYIO
3aBHCHT OT COJICp>KaHUs ypaHa B paCTBOPE Ha BXOJI€, MPEEIIbl TOTOBOTO JAecopbara
or 70 mo 150 r/mm®. CogmepkaHue ypaHa B TOBapHOM JAecopbare HpeBBLIMIAET
COJIep)KaHUE ypaHa B HachIeHHOM copOeHTte. CTeneHb KOHIEHTpupoBaHus U u3
ITP B T/l moxxet nocturath 1000 u Goiee.

B koyioHHEe WOHHBIA OOMEH OCYIIECTBIISIETCS B YCIOBUSX JUHAMHUKH
copOLIMM B pEXKUME UACATHLHOTO BBITECHEHHS (a3 (BbICOTAa SKBUBAJICHTHOMN
TEOPETUUYECKOW CTYNEHU paBHA TOJyTOpa JAMaMEeTpaM 3€pHA CMOJbI, YTO
o0ecrneunBaeT OKOJIO THICSYH CTYIIEHEH HOHHOTO 0OMEHa B METPOBOM CIIO€ CMOJIBI).
Takue ycioBus paboOThl KOJIOHHBI 00ECIIeUunBal0 MaKCUMaJbHYIO (P(GEeKTUBHOCTD
(OTTU3KYIO K TEOPETUUECKOW ) MOHOOOMEHHBIX TTPOIIECCOB.

B mporecce paboTel anmapara COpOSHT MPOXOIUT MOCIEIOBATEIHLHO P
30H, COOTBETCTBYIOIIUX CJEAYIONUM MpoleccaM (10 X0y CMOJIbI) PUCYHOK 2:
JIOHAChIIIeHUE (CopOIMs ypaHa U3 pereHepara); perenepaius (aecopOuus ypaHa co
CMOJIBI); OTMBIBKA OT jJiecopOeHTa (JIecopoupyroiiero pacteopa) [4].

Hacermenne copbeHTa Ha craguu COpOIMU U3 MPOJYKTUBHOTO PacTBOpa
COOTBETCTBYET KOHIICHTpAIlMU ypaHa B pacTBOpe, KOTOpas, Kak MpaBWJIO, Mala,
coctapisisi ipu 3tom 20-30 % monHON 0oOMeHHOUM eMKkocTu copbOerTta. [lpwu
TPaJAMIIIOHHOM CIOCO0€ JecopOmuu KOHIIEHTpalMs ypaHa B JecopOare,

COOTBCTCTBCHHO, TOXXC MaJia.
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Tpaucnopmu bl pacmeop

Ompezenepuposannwiit copoenm ¢ CHK Mamounuk
/ copoyuu
H N 3azpyzounwiit
Lot L GyHKep HaACLIENH020
copbenm us copbenma
CHK
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/ Kucioma
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(Pezenepanus
copbenma)
Copoenm
Hpooyxkmuenuit
pacmeop )/
Hecopoam
Tosapnuti
odecopoam

Pucynok 2 - Cxema notokoB padounx pacTBopoB B kojonHe CIK

[Ipu perenepammu copOenta B CJIK HachIllieHHBI Ha CTaauu COpPOIHH
COPOEHT MOCTYMaeT B 30HY JOHACHIINICHUS, TJA€ MPOUCXOAMUT JIOMOJHUTEIHLHOE
HACBIIIIEHNWE CMOJIbI 32 CUYET COpOLMM ypaHa M3 4acTu jecopOaTa, pa30aBJICHHOTO

ucxonubiM [1P. Jlonackimenne copOeHTa yBETUIMBAET €r0 €MKOCTh U MO3BOJISET
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MOBBICHTH KOHIICHTPAIIMIO YpaHa B JecopOaTe M COOTBETCTBEHHO YMEHBIIHUTH €TO
0o0BeM TP 3aIaHHON MPOW3BOAUTEIBHOCTH O ypaHy. JIOHACKHIIIICHUE TTO3BOJISET
ucnosb3oBaTh 80-90 % mnoaHON OOMEHHON €MKOCTH COpPOEHTa, YTO MOBBIIIAET
ko2 PUIIMEHT WCTHOAB30BaHMs CMOJBI. Hanmwume omepanuu  JOHACHIICHUS
COCTAaBJIISIET I1aBHOE MpeuMyniecTBo anmapara CAK.

[Tocne noHackhillieHUs: COPOEHT MPOXOIUT 30HY «KOHIIEHTPUPOBAHUSY,
KOTOpasi SIBJIAETCS MEPEXOJHON 30HOM MEXITYy 30HaMH JIOHACHIIIEHUS (COpOIMun) U
30HOW pereHepauud. KOHCTPYKTHBHO 3TOM 30HE COOTBETCTBYET HUKHSS 4acThb
amnrapara, BBIOJHEHHAs B opMme Topa. 37ecCh COPOEHT U pacTBOp (pereHepar)
MPOXOJSAT TOUYKY MaKCHUMaJIbHON KOHILIEHTPAIMM ypaHa Kak B COPOEHTE, TaKk U B
pactBope. 13 310l TOUKHM MPOU3BOJAT OTOOP TOBAPHOTO Jecopbara.

B mpouecce nanmpHeiiero MOpoOJBMXKEHUS IO ammapary  cMoJia
MOCJIEIOBATEIBHO MPOXOAUT 30HBI JECOPOIMU U OTMBIBKHU, TJI€ COOTBETCTBEHHO
MPOUCXOIUT JecopOlmsl ypaHa ¢ copOeHTa W €ro OTMbIBKa OT JecopOeHTa —
pereHepanus CMOJIbI.

OTMBIBOYHBIN PacTBOP, COAECPKALTUN OTMBITHIA JECOPOEHT, MPOJABUTASICH
HaBCTpEUy CMOJI€ B 30HY pEreHepaliu, CMEIIMBACTCS C KOHIEHTPUPOBAHHBIM
pacTBOpoM JecopOeHTa (HampuMep, CEpPHOM KHUCIOTOM TMpU CEPHOKHUCIION
pereHepanuu), KOTOPbIi MOJAaeTCsl B HarHETAIOMUNA TPYyOOTPOBO/ 103UPOBOYHBIM
HacocoM. KonauyecTBO  OTMBIBOYHOM  BOJIBI  COOTBETCTBYET  KOJHUYECTBY
JIeCOpOUPYIOILIEro pacTBOpa 3aJaHHOTO COCTaBa.

OTMBITBIA  COpPOEHT pasrpyXkaercsi B pas3rpy304yHbIii OyHKep, OTKyna
TpaHcnoptupyercs Ha copOuuto B CHK (copO1LrOHHO-HAOPHYIO KOJIOHHY).

B kononnax CJIK copOeHT nepeaBuraeTcsi Mpy MOMOIU CKAaTOTO BO3AyXa
(MTHEBMOUMITYJIbCA) MTPOTUBOTOKOM JBIKEHHUIO PACTBOPOB U MPOXOJIUT HECKOJBKO
30H. Cxema 30H MpoIliecca J1ecOpOIMOHHOr0 KOHIIeHTprupoBaHus B koonne CJIK-

1500 noka3zaHa Ha pUCyHKeE 3.
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Pucynok 3 — Cxema 30H copOIMOHHO-AecOopOIMonHoN KojoHHBI CJIK —
1500

B npoMBIIIIeHHBIX YCIIOBUSIX MOKa3aTesIMU MPOIecca, KpOME BPEMEHU U
CTENIEHU  JecopOmmMM  dJIeMEeHTa, SBISICTCS  JIOCTHKEHHUE  MaKCUMAalbHOM
KOHLEHTpALMUA U3BJIeKaeMoro 3jiemMeHTa B T/[. TeXHOJIOrn4eCKuMu yCIOBUSIMUA U
napamMeTpaMH Orepaluy J1ecOpOIMOHHOTO KOHIICHTPUPOBAHUS ypaHa B ammapare
CIK — 1 500, onpenensitouiuMu 3¢(HEKTUBHOCTh BEICHUS TMpOIEcca, SBISIOTCS

napamMeTpsbl, OITMCAHHBIC HUXKC:
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— 00BEM IIEPErpyKaeMoro aHMOHUTA, M>/;
xonuentpamusa U B T]I, r/nm3;
xonuenTpanusa U B matounuke nonaceimenus (MJ1) , r/am®;
xoHuenTpamus NOsz-uonos B JIP, r/am?;

— Boixon TH, M%/u;

— BpeMsl 1eCOpOLIMOHHOTO KOHIIEHTPUPOBAHUS, Y;

KoHTposib mapameTpoB, KpOME COAEpKaHUS YypaHa M HUTPAT-HOHOB,
OCYHIIECTBJISIETCS. € TMOMOIbI0 cTaHgapTHeix npudopoB KUIIuA. Kontponsb
coJlep KaHMsl ypaHa U HUTPAT-MOHOB MMEET COBEPIICHHO HMHYIO CHENUu(UKy, TeM
CaMbIM MCKJII0Yasi BO3MOXXHOCTh UCIIOIb30BaHUA CTaHAAapTHBIX MprbdopoB KMITHA.
KouTtpons Beaércst B J1a0opaTtopuul MPEANpPHUATUHS, MOITOMY HET BO3MOKHOCTH
noyueHust KoHieHTpauuu U u HUTpaT-uoOHOB B PEKUME PEaTbHOTO BPEMEHHU.

1.2.1.2 CopOunonno-nanopHas kosonHa (CHK)

CopOuusi ypaHa u3 TMPOAYKTHBHOTO pacTBOpa OCYIIECTBISETCS B
COpOLMOHHBIX HamopHbIX KoysioHHax Tuna «CHK — 3M» Ha CHUIBHOOCHOBHOM
AHUOHHT CO COPOCOM MAaTOYHMKA COPOIMU B IECKOOTCTOMHHK BBIIIEIAUUBAIOIIETO
pactBopa. CopOLIMOHHO-HANIOPHAs KOJIOHHA KOHCTPYKIIMOHHO BBITIOJIHEHA U3!

- IWIMHIPUYECKOTO KopIyca (MaTepHall BBIOUPAETCs ¢ y4ETOM XMMHUYECKOM
CTOMKOCTH K arpeCCUBHBIM TEXHOJOTHUECCKUM PACTBOPaM);

- BEpXHEro yCTPOMCTBA JIs IpeHaxa;

- EMKOCTH JIJ1s1 cOOpa MaTOYHHKA COpOIINH;

- CJIMBHOTO BBIXOJIa JIJIs1 PACTBOPOB,

- [pUCNOCOOJIEHUS BBOJA NPOAYKTUBHOIO pPAacTBOpa C KOHYCHBIM
pacrpeaeanuTeIeM BBOJHOTO MOTOKA;

- YCTPOMCTBA 7151 BHITPY3KU HACBIIIEHHOM HOHOOOMEHHON CMOJIbI;

- HaropHOTro OyHKepa AJisl 3arpy3KH pereHepupOBaHHON CMOJIBI.

Copoumonnoe u3Bneuenne ypana B CHK — 3M npoTekaet B ATMHAMUYECKOM
pexuMe, Mpy KOTOPOM Uepe3 HEMOABMKHBIN CI0M copOeHTa PUuiIbTpyeTcs: pabounid

MOTOK PacTBOpa. YpaH, CONEPKAIIMICS B MMPOYKTUBHOM PacTBOpe, PUKCUPYETCS
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Ha aKTHBHBIX OOMEHHBIX HOCHTpAX B IIOpax AHUOHHUTA, B PE3YJIbTATC HOHHOI'O

0OMEHa, IPOTEKAIOIEr0 [0 XMMHYECKOH PEeaKIHu:
2 (RaN)27(SO4) % + [(UO2) ?* (SO4)3%T* = (RaN)4*[(UO2) #*(SO4)s*]* + 2S04*
«CHK — 3M» npeCcTaBIseT anmnapar I0IyHEPEpPhIBHOTO IIPUHIMIIA AEHCTBHS

U TIPEJICTaBIICH HA PUCYHKeE 4.

3a 'Py3Ka HOHHUTA

v

Caus S
PacTBo [MTopaua
> TPaHCIPPTHOTO areHTa

Pucynok 4 — [IpotuBoTounslii anmapat tuna «CHK — 3M»
Amnmapar «CHK — 3M» sBnsgercs HanbOonee NPOCTHIM HOHOOOMEHHBIM
arrmapaToM  NPOTUBOTOYHOTO, MOJIYHEIPEPBIBHOIO  JIEUCTBHUSL. CHK-3M

MUINHAPHUYICCKAasA C€MKOCTb C HWKHHM PpacCHpCaACIMTCIICM pacCTBOpa, BCPXHHUM
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JIpeHaxxeM U OyHKepOoM Jid XpaHEHHs 3amaca aHHUOHWTA. ATMMapaT 3arojIHEH
aHHMOHUTOM, PacTBOpP (PHIIBTPYETCS 4yepe3 ero cioil cHu3y-BBepx. llepuoanuecku
Mo/Iadyy pacTBOpa MPEKpallaloT U 4YacTh aHMOHHUTA MEepeKauuBaroT IpiaudToM Ha
JIPYTYIO ONEPALHI0, TAKOE K€ KOJIMYECTBO AHMOHUTA IEpETEeKaeT U3 OyHKepa B
BEPXHIOIO 4acTh anmaparta. Marepuan amnmapara— U3 HEpKaBEIOIIEH CTalu MapoK
12X18H10T, 10X17HI3M2T.

Hacpimennsiii  copbeHT u3 OydepHo EMKOCTH HaIpaBiseTcs Ha
noykperienue u aecopouuto B koionny CIK. [lns meperpy3ku HachIIIEHHOTO
copbenTa u3 kojgoHH CHK — 3M ucnones3zyerca ruipoTpancnopT. ' uaporpancnopt
HACBIILIEHHON CMOJIBI TIO3BOJISIET CHU3UTh MEXaHUYECKUN N3HOC AaHUOHUTA, a TAKKE
IOJIYYUTh TPAHCIIOPTHBIA PacTBOpP, IMO3BOJSIOIIMA B IOCIEIYIOLIEM OTIEIUTh
AHUOHUT OT OCHOBHOTO KOJMYECTBA MEXAaHUYECKMX dacThll. B KaudecTBe
TPAHCTIOPTUPYIOLIETO pacTBOpa ucnonb3ytoTest BP. Jlecopbuus ypaHna mpoucxoaur
C JOHACBIIIEHHOTO COpOEHTa B 30HE HUTPATHOW aecopOuuH, T€ B 3Ty 30HY
noAa€Tcs UCXOAHBIN necopOoupyroniuit pactsop JP.

MaToyHUKH COpOIMM BBIBOJSATCS Yepe3 IPEHAKHBbIE KAacCEThl B BEPXHEU
yactu koJioHHbl. Conepkanue ypana B MC He 6omee 3 mr/i.

HNanee MC nanpaBnsitoTcsi B neckoorctoiHuk BP. BP — rnmaBHasi Touka
KOHTpPOJISI Ha TPOU3BOJCTBE, MOKa3bIBaromas Oezynpednocts padoter LIIIP u
onpeensonias CKBO3HOU ko3¢ duiieHT uznieueHus ypana B LIIIIIP.

1.2.1.3 ¥Y3es npuroroBjeHus aecopoupyromiero pacrsopa (JAP)

JecopOupyromiuii pacTBOp rOTOBUTCS HA OCHOBE MaTOYHUKOB JIEHUTPALIUU
C LEJIBbI0 IKOHOMHH UCII0JIb3yEeMOr0 XMMHUYECKOT0 peareHTa (AMMUaYHOM CEJIUTPHI),
OHM JO0 YKPEIUBIFOTCA KOHUEHTPUPOBAHHBIMM HHUTPATHBIMU  pacTBOpaMH.
KoHuenTpupoBanHble HUTpaTHblE pacTBOphl noctynatoT B LIIIIIP ¢ otaensHOTO
npousBoAcTBeHHOro nomenieHuss — CCP u npurotoBistoTcs MyTeM pacTBOPEHUS
aMMHUAYHOU CEJINTPBI.

MaTo4HMKM  JEHUTpalMd W3  OPUEMHOM  €MKOCTH  HACOCHBIM

000pyI0BaHUEM TI0 TEXHOJIOTHYECKOMY TpyOonpoBoy nmocrynatoT Ha y3ea CCP B
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HAKOMUTENbHBIN Oak. M3 HaKOMUTENbHOTO 6aKa pacTBOP CIMBAETCA B PEAKTOP AJIS
IIPUTOTOBJIEHUS TOYKPEIUIIONIETO PACTBOPA, Ky/1a TAK)KE IMOCTYNAET pACTBOPEHHAS
NH4NO:s.

Cyxoit pearentr NHsNO;, moctynaromuil ¢ MIOM@AAKd KOHTEHHEPHOTO
XpaHEHHUsI, TIOJJAETCs Ha y3ell 3arpy3ku yepe3 TpyOy-teuky pactBopeHHass NH4sNO;
MONajgacT B PEAKTop sl MPUrOTOBJIEHUA, HaceimeHHoro JIP. B peaktope,
000OpyZIOBaHHBIM TIEPEMEIIMBAIONIUM YCTPOMCTBOM, B TE€UEHWHM 2 + 3 4YacoB
rOTOBUTCS HACBIILIEHHBIH 110 HUTPAT — MOHAM pacTBop ¢ KoHeHTpamueit NOz™ = 200
-+ 300 r/am>. [OTOBAT HACHIIEHHBIN pacTBOp 7 = 8 pa3 B cyTku (3 + 4 pasa aHem, 4
Houbi0). Ha ogun 3amec yxomut 6 memkoB NH4sNO3z wm 3 Torrst NH4sNO;3. U3
€MKOCTH IPUTOTOBJIEHHBIN HACBIIEHHBIA 110 HUTPAT — MOHAM PacTBOP, C IIOMOIIIBIO
HAcoOCOB, MOCTynaer B Oak HakonuTenb. Jloykpemnenusid /[P mo HUTpaT HOHY
(xonuentpanus NO;z = 200 + 300 r/mm®) u3 Gaka HAKOIMMTENS IIOCPEACTBOM
HacoCHBIX arperatoB Hampasisierca B LIIIIIP B OydepHyro emkocTs u mpowns
IpeIBapUTENbHO Yepe3 TermooOMeHHukH mogaroTces Ha anmapatel CIAK — 1 500.
I'otoBeiit [IP pacTBOp MMEET CHEAYOIINN XUMUYECKUN COCTAB:

—  KOHIIEHTpauusi HUTpar-uoHoB = 100 /M,

—  KHCJIOTHOCTH =~ 25 r/am°.

[IpuroTtoBneHne AecOpOMPYIOLIErOo pacTBOpa CONPSDKEHO C  PSAOM
HEKOTOpBIX TMpobieM. Ilpu pacTBOpeHMHM aMMHAYHOW CENUTPbl MPOUCXOAUT
CUJIBHOE TOIJIOIIEHHE TEIIA, YTO 3HAYUTENIBHO 3aMeIsAeT pacTBopeHue. [loaromy
JUIsL TIPUTOTOBJICHUS! HACBHIIIEHHBIX PACTBOPOB HUTpaTa aMMOHMSI OCOOEHHO B
3UMHEE BpeMsl IPUMEHSETCS] HArpeBaHue, MPHU 3TOM TBEPOE BEMIECTBO 3aChINAETCS
HEOOJNbIIMMU TOpUUSIMH. B CBA3M 3TUM, TEOPETUYECKH pacCcUUTaHHas
KOHLIEHTpAalUsi HUTPAT-UOHOB HE COOTBETCTBYET PEAJIbHOM KOHLEHTPALMH B
purotoBiieHHOM JIP. TIOCTOSIHHBIM aHAMUTUYECKUM KOHTPOJIb KOHLIEHTPALUU
HUTPAT-HOHOB [O3BOJIAT HOPMHUPOBAaTh pPAacxoJ AaMMHAYHOW CEJUTPHl Ha

JeCOpOITHIO.
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Ananu3 paboThI y3JI0B U anmapaToB NMepepadOTKU MPOTYKTUBHBIX PACTBOPOB
MOKa3aJl, YTO KOHTPOJb COJCPKAHWsS ypaHa ¥ HUTPAT-MOHOB BO MHOTHX
TEXHOJIOTUYECKUX LIETOYKax SBISETCA TMPUOPUTETHBIM [apaMETpPoOM. ITO
CBUJIETEIIBCTBYET O TOM, UYTO HEOOXOJUM YHUBEPCAIbHBIM METOJl OMPEACIICHUS
BBIIIEYKa3aHHBIX KOMIIOHEHTOB CO CJICYIOIIMMHU OCHOBHBIMU KPUTEPUSIMHU:

- BO3MOKHOCTb U3MEPEHHUS HETIOCPEICTBEHHO B MIOTOKE;

- IOJTy4YE€HUE PE3YJIHbTATOB B KOPOTKOE BPEMSI.

T.x. pabora omnMcCaHHBIX Y3JI0B M alapaToB UHUKJIMYHA UM HMEET
TEXHOJIOTUYECKYIO CBS3b, KOHTPOJIb COJIEPKAHUU ypaHa W HUTPAT-MOHOB Ha
KOKJIOM M3 YYacTKOB IMepepadOTKA TMO3BOJIMT aBTOMATU3UPOBATh padoTy
BBIIICYTTOMSIHYTHIX.

PaccMoTpyM OCHOBHBIE METO/BI OMPEACIICHUS KOHIICHTpAIIMU YypaHa U
HUTpAT UOHOB.

1.3 MeToabl onpejieieHus COIEPKAHUSA YpaHa

1.3.1 XumMuuyeckue MeToabI

[Ipo10KUTENEHOCTh XMMHUYECKOTO aHajin3a KIACCHYECKUMU METOJdaMHU
XUMHUHU COCTABJISICT MHOTHE Yachl, W, KaK TPABWIO, 3HAYUTEIBHO MPEBBIMIACT
JUTMTEIbHOCTh ~ TEXHOJIOTUYECKUX  TpoileccoB. B pesynmprare  TEXHOJOTH
OPEANpUATAS HE MMEIT JIOCTaTOYHO HWH(OpMANu il KOPPEKTHPOBKH
MPOU3BOJICTBEHHBIX MPOIIECCOB, a (DYHKIIMU 3aBOJICKOM J1a00paTOpUu CBOJSITCS K
aHaJIM3y KOHTPOJIS KaueCTBa TOTOBOM NMPOayKIuu [5].

[To XMMHYECKUM METO/1aM, MOXKHO CKa3aTh, YTO XUMHUUIECKUE METOIBI — 3TO
OOIIECTPUHATHIC METOBI, U OHH HE PUMEHUMBI JIJTS aHAJIN3a B IIOTOKE.

1.3.2 ®usuyecKkue METOAbI

CoBpemeHHble  (U3UYECKHE  METOABl  OMpEACICHUS  COACpKaHUs
PaJMOAaKTUBHBIX BEIIECTB OCHOBAHBI HA PETUCTPAIIUU O-, 3- U Y — U3ITyUICHHM.

duznyueckre METOJbI, B OTINYUE OT XUMHUUYECKUX U (PU3UKO-XUMUYECKHUX,

XapaKTEepU3yTCA BBICOKON BOCITPOU3BOANMOCTBIO U JEHIEBU3HOM.
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K ¢usuueckum metogam MOXKHO OTHECTH METO]l FaMMa-CIIEKTPOMETPHH,
METOJ CHEKTPATBHOTO ONpEEIICHHUS, PEHTTeHOA0COPOIIMOHHBIN U
PEHTreHO(IIyOPECLIEHTHBIN aHaTH3.

1.3.2.1 PenTreHoadcopOIHOHHBIA METO/

NHTEeHCUBHOCTD, MPOIIEIUIETO Yepe3 SYEHKY PEHTIC€HOBCKOTO H3YYEHMUS,
o0paTHO MPONOpIHMOHATbHA KOHIIEHTPAIIMK YpaHa, IPUCYTCTBYIOIIETO B pacTBOPE.
NHTEHCUBHOCTh  PEHTIC€HOBCKOTO  M3YYEHHMS  ONPEHENSeTCs  CIEAYIOLUM
ypaBHEHUEM, B HM3BECTHOM CMBbICIIE AHAJIIOTMYHBIM ypaBHeHUIO byrep-JlamOepT-
bepa B 00BIYHOI ONTUYECKOMN CIIEKTPOCKOIIHH:

I = IjeHr? (1D
rae: | — MHTEHCHMBHOCTh NPOLIEAIIET0 4YEpe3 CIOM pacTBOpa PEHTIEHOBCKOTO
u3nydenusi, lp — HavalbHasg WHTEHCUBHOCTH W3IIYYEHHs, U— KOIPPUIIUEHT
TOTJIOIEHUS, CM2/T, p — IJIOTHOCTB, I/cM®, { — TOJIIIMHA CIIOS PACTBOPA, CM.

Meron peanu3oBaH Ha KoHIeHTpaToMmepax «Kapat», pazpadotanusix TOO
«YM3-Unxunupunry. KoHueHTpaToMep mNOpelHa3HAYeH [Js HENPEPhIBHOTO
U3MEPEHUsT MacCOBOM KOHIEHTpauuu mnoje3Horo kommnoHeHta (IIK) B
TEXHOJIOTUYECKHUX PacTBOpax (IMysbIax), aBTOMAaTHYECKON 00paboTKH U3MEPEHHOU
uH(OpPMAIMU U BBIBOJOM pPE3YyJbTaTOB €€ 00padOTKU B BHUJIE YHU(PUIIMPOBAHHOTO
BBIXOJIHOTO CUTHaja MOCTOSIHHOTO Toka mmoc 4, mmoc 20 MA (4...20 MA) u B
udpoBoM Buje — Ha andaButHo-1bposo KKU unaukartop.

K HemoctaTkaM AaHHOTO METOJAa MOXKHO OTHECTH Y3KMH  JIMama3oH
u3Mepenuit. HiwkHuii npejen nuamna3oHa U3MEpeHU# g KOHIIEHTpatomepa 2,5
r/nm3, a Bepxamii cocrasnser 100 /v [6].

1.3.2.2 PeHTreHocneKTpaJbHbIH (p1yopecleHTHBIN aHAIU3

Pentrenocnektpanbubiii  piyopectienTHeIt  MeTon aHamu3za  (PCDA),
OCHOBAHHBI Ha M3YyYEHUU CHEKTPOB MCITYCKAHHUS PEHTICHOBCKOIO HW3Ty4YEHUS
aTOMaMH UCCJENYEMBIX 3JIEMEHTOB, MOJIYYWJI JOBOJIBHO IIMPOKOE MPUMEHEHUE B

7a00paTOpHON ¥ 3aBOJICKOM TPAKTUKE OMNPEACNICHUS KAadeCTBEHHOTO U
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KOJIMYECTBEHHOTO COCTaBa BEIIECTB B J0ObIBAIOUIe U mepepadaThiBaroIeit
IPOMBIIIEHHOCTH.

OcHoBHble goctomHcTBa PC®DA, Takue Kak, HSKCIPECCHOCThb, MIUPOTa
aHAJIMTUYECKOTO JMara3oHa, MPOCTOTa MPOOOMOATOTOBKH, BBICOKAs TOYHOCTH
aHanM3a, NPOCTOTa OOCITY)KMBAHHUS PEHTTEHOCHEKTPAIbHBIX YCTAHOBOK M
OTHOCHUTEJIHHO HU3Kasi CTOMMOCTh aHaJIN3a, IeJaloT ero HauboJee MepCrneKTUBHBIM
aHAJIMTUYECKUM METOIOM /ISl aHaIU3a OOJIBIITMHCTBA MPOTYKTOB.

B ocHoBe mpuHIIUIIA CIEKTPOMETPA JICKUT PEHTTEHOBCKAs (PIIyOpeCICHITUS
aTOMOB BEILECTBA, BO30yK/Iaemasl MEPBUYHBIM PEHTICHOBCKUM H3JIyYEHHEM B
npo0e ¢ NOCIEIYIOUIMM pPa3joKEHUEM B CHEKTp. VICTOYHHMKOM NEepBHYHOIO
PEHTT€HOBCKOTO M3JIy4E€HMsI SBIIIETCS PEHTIEHOBCKas TpyOka. IIntanne
PEHTI€HOBCKOM TPYOKHU OCYIIECTBIISIETCS BEICOKOBOJIBTHBIM UCTOYHUKOM ITHTAHHUS.
JInst co3maHMsl ONTUMAIBHBIX W T'€OMETPUYECKH BOCIPOM3BOAUMBIX YCIOBUN
BO30YXKICHMsI, TEPBUYHOE H3ITYyYCHHE PEHTICHOBCKOM TPYOKM HaIpaBisieTCs C
NOMOIIPIO  KOJJIMMUPYIOIIMX  YCTPOMCTB Ha  aHAIM3UPYEMBIM  oOpasew.
PenTtrenoBckast (hayopecLeHIusl aTOMOB aHAJIU3UPYEMOTo 00pasiia HapaBIseTcs ¢
MOMOILbIO KOJUIMMHUPYIOIIUX YCTPONCTB Ha BXOJHOE OKHO MOJYNPOBOJAHHKOBOTO
JETEKTOpa, Mpeodpa3yeTcss UM B DIIEKTPUUYECKUE CUTHAJIbI, MPONOPLUOHAIBHBIC
SHEPruM JAaHHOTO (IYOPECIEHTHOrO M3iydeHus. Jlajgee cCUrHajbl YCHUIMBAIOTCS
3apsAI0YYBCTBUTEIIBHBIM TPEAYCUIIUTENEM W (POPMUPYIOTCS B IHEPreTUUYECKUN
CIEKTP C MOMOUIBIO MTPOLIECCOPa CIEKTPOMETPUUYECKUX UMITYJIBCOB.
PentrenoBckas TpyOka, KOUIMMHPYIOUIME YCTPOMCTBA WU MOJYIPOBOIHUKOBBIN
JIETEKTOP PACIOJIOKEHBI B U3MEPUTEIILHON KaMepe, KOTopasi IPeICTaBIsIeT co0on
MAacCCUBHBIA OJIOK U3 aJIOMMHMS C 3alIUTONH OT PEHTI€HOBCKOTO H3JIY4YECHHS, U
BKJIIOYAET B ce0s BCe T€ 00JIACTH, B KOTOPBIX PACHpPOCTPAHSETCS U3IyYEHUE U
pa3Memaercs KIOBeTa C NpoOoi wim crutomHod oOpazerr. C  MOMOIIBIO
MPOTrPaMMHOTO  OOECIIeUeHHUsI  CIEKTpOMETpa  MPOU3BOIUTCA  00paboTKa
MOJIYYEHHBIX OT aHaJU3UPYEMOro oOpaslia CIEKTPOB M OMNpEeeICHUE MacCOBOM

JIOJIA BJIEMEHTOB C MIOMOIIBIO IPAIyHPOBOYHBIX XapaKTEPUCTHK [7].
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1.4 Metoabl onpeae/ieHls HAITPATOB

1.4.1 Cunekrpodoromerpust

CnextpodoromeTpust — METO/I, OCHOBaHHBIN Ha
M3YUYEHHUH CIIEKTPOB MOTJIONIEHUs B yibTpaduonaetoBoit (200—400 um), BugumMon
(400—760 uM) um wuHbpakpacHoW (>760 HM) oOnactax crektpa. OcCHOBHas
3aBUCUMOCTb, H3ydyaeMasi B ClIeKTpo(hOTOMETPUHU, — 3aBUCUMOCTh HHTEHCUBHOCTHU
MOTJIONMICHNUs (KaK TpaBUJIO HM3MEPSETCS ONTHYECKas IUIOTHOCTh - Jorapudm
CBETOMNPOIYCKaHUs (T.K. OHA 3aBUCUT JIMHEMHO OT KOHIEHTpAIMH BEIIECTBA)
NaJaroEero CBeTa OT IJIMHBI BOJHBI.

[IpuHnMnuanpHasg cxema JIF0OOro CHEKTPabHOTO Tpubopa (PUCYHOK 35)
COCTOUT U3 TPEX OCHOBHBIX YacTei: OCBETUTENHHOM |, cieKTpaibHOM (ONTHUYECKOMN)

I, u mpuemuo-peructpupyromieit 1.

1 MOHOXpPOMATOp

Pucynox 5 - [IpuniiunuanbHas cxema CIeKTpaIbHOTO Mpudopa

CHekTpoCKONMMYECKHUe METOJIbl MOJIUMHSAIOTCA 3aKkoHy byrepa- JlambGepra-
bepa, kOoTOpbBIN TIacuT, YTO MEXKIY OCIA0JICHMEM WHTCHCUBHOCTU H3yUYCHMUS,
KOHIEHTpALIMEN TIOIVIOLIAOMIETO BEIIECTBA W TOJIIMHOM CJOSl pacTBOpa

CymECTBYCT KOJIMYCCTBCHHAS 3aBUCHUMOCTD, BhIpaXKarolasicCsa YPaBHCHHUCM!

= 1lp~ 107¢¢ (2)
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rae lp — MHTEeHCUBHOCTH CBETOBOTO MOTOKA, MAJAIOLIET0 Ha pacTBop, | —
MHTEHCUBHOCTH CBETOBOT'O MIOTOKA, MPOIIEAIIET0 Yepe3 pacTBOp, | — ToIuHA C10s
pacTBopa, noruoniaroniero cBer, C — KOHIIGHTpallus BeEIllecTBa B PAacTBOpE, € —
KO3 GUIUEHT MPOMOPIMOHATBHOCTH, 3aBUCSIIMNA OT JIJIMHBI BOJIHBI MaJAIOLIETO
CBETa, IPUPO/Ibl PACTBOPEHHOTO BELIECTBA U TEMIIEPATYPhl pacTBOPA.

OCHOBHBIM HEJ0CTaTKOM 3TOTO METO/la  SIBISIETCS daxr,
YTO pa3IUYHbIe CIEKTPO(OTOMETPHI JAIOT 3HAYUTENIbHbIE OTKIIOHEHHS 110 BETMYHHE
MOTJIOIIEHUS JIJIS1 OJTHOTO M TOTO %€ CTaHAAPTHOTO pacTBOpa. ITOMY CIIOCOOCTBYET
0O0JBIIIOE YUCIIO CIYYaHBIX MOTPEIIHOCTEH, BOSHUKAIOUINX MPU MPUTOTOBICHUN
aHAJIM3UPYEMBIX PACTBOPOB, 3a CYET HEMOJHOTHI TEPEBO/a OMPEACNIIEMOTO
KOMIIOHEHTa B (OTOMETPUPYEMOE COEIMHEHHUE U BIUSHUS I[OCTOPOHHUX
KOMIIOHEHTOB, TOTPEIIHOCTEH KOHTPOJIBHOTO OIBITa, HAIUYHEM «KIOBETHOW»
HOTPEIIHOCTH, TOTPEUTHOCTH YCTAHOBIICHUS HYKHOW JJIMHBI BOJIHBI U Jp. [loaTomy
OOBIYHO OTHOCHUTENIbHAsl MOTIPEUIHOCTh CIEKTpodoTomMeTpudeckux (poro- u
KOJIOPUMETPUYECKUX) METOJUK COCTABJISIOT B cpeaHeM okoio 20 - 25 % (xots
npuOOpHas MOTPEHTHOCTh (oToMEeTpa He mpeBbiiiaet 1 - 2%). DTo nenaeT JaHHbIH
METO/I TIOJTHOCTHIO HEMPUTOIHBIM JJIsI PEIICHHSI TOCTABIEHHOU B paboTe MpoOIeMbl
[8].

1.4.2 ®awopumerpust

Omoopumerpusi  (JIIOMUHECUEHTHBIM  aHaluM3) —  ONpeleieHue
KOHIIEHTPAIIMH BEIIECTBA 110 UHTEHCUBHOCTH (PIIFOOPECLICHIINN, BO3HUKAIOLIEH MpU
OOJy4eHHH BeUIeCTBa YIbTPadUOIECTOBBIMU JiydaMu. [IpW COOTBETCTBYIOIINX
YCIOBUSIX OTUM TMYTEM MOXHO OOHApYXHUTh HaTUYMe HUYTOXXHBIX KOJHYECTB
BellecTBa. JIIOMUHECUEHTHBIH aHaiu3 JAEJNUTCS Ha MAaKpOaHaIU3 — TpuU
HAOIOJICHUN HEBOOPY)KCHHBIM TJ1a30M, W MHKpOaHalIHW3, KOTJa HaOo/IeHue
POU3BOJUTCS MPHU MOMOIIKM MUKPOCKOTIA.

[Ipumenenue GayopuMeTpUH 3aTPYIHSETCS CII0KHOCTHIO BBINOJIHEHUS
ATOM METOJAMKH M JOPOTOBU3HOM HEOOXOAMMOTro JaOOpaTOPHOTrO O00OpPYAOBAHUS.

OnyopumMeTprss HECMOTPSI HAa BBICOKHME IOKa3aTelyd HAAECKHOCTH W3MEPEHHU U
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OOJIBIIION MOPOr YYBCTBUTEIBHOCTH, HE CMOKET PEIIUTh MOCTABJICHHBIX 3a]a4
BBUJy CBOECH HEMPUMEHUMOCTH HEMOCPEJCTBEHHO B MOTOKE M3-3a CIIOXKHOCTHU B
IPUTOTOBIICHUH MTPOOBI ¥ BpeMeHU u3Mepenus [9].

1.4.3 IoTeHuoMeTpust

B ocHOBe MOTEHIIMOMETPUYECKUX HW3MEPEHHUH JIEKUT 3aBUCUMOCTD
PAaBHOBECHOTO  MOTEHIMANa JJEKTPoJa OT AaKTUBHOCTU  (KOHIEHTpPAIIUH)
omnpenenseMoro uoHa. s u3MepeHuil HeOOXOUMO COCTABUTh T'aJIbBAHUUYECKUN
AJIIEMEHT U3 MOAXOSAIIET0 MHIUKATOPHOTO DJIEKTPOAA M JIEKTpojJa CpaBHEHUS, a
TaKke UMETh MPUOOp Il U3MEPEHUsSI MOTEHIIMAla WHIUKATOPHOTO 3JIEKTPOJia B
YCJIOBUSX, OJM3KUX K TEPMOJIMHAMUYECKUM, T. €. 0€3 O0TBOJIa 3aMETHOTO TOKA OT
raJIbBAaHUYECKOTO AJIEMEHTA MPU 3aMbIKAHUH 1ICTIH.

Paznuyaror  mpsMyr0 M KOCBEHHYIO  TMOTEHUUOMETPUIO,  WIIU
MOTEHIUOMETpUUECcKoe TUTpoBaHue. CymecTByeT JBa METOJAa MPUMEHEHUS
HUTPAT-CEJIEKTUBHBIX 3JEKTpoaoB. OAWMH METOJ OCHOBAaH Ha IOCTPOEHUU
AMIIUPUYECKOTO  TPaJUPOBOYHOTO  rpaduka  3aBUCUMOCTH  DJIEKTPOJHOIO
MOTEHIIMAIA OT KOHIIEHTPAIIMY HUTPATa WK HA IIOCTPOCHUH ITOM K€ 3aBUCUMOCTHU
B NoJytyJorapuMuyeckux KoopAuHaTax. B mocinemneM ciyuyae ajisi onpeaesieHus
NO?* ucnone3yroT JMHEHHYH 3aBUCUMOCTh IIOTEHIMana oOT Jorapudma
konnenTpamun NO¥. DnekTpogoM cpaBHEHUS OOBIYHO CIYKHT KaJlOMENbHBIA
anektpon [10].

K HenmocTaTkaMm MOTEHIIMOMETPUUECKOTO CIIOCO0a OTHOCSTCS:

— IIpumeHeHue CI0KHOM B MPOU3BOJICTBE U OOCITYKUBAHUU amlllapaTyphl;

— HeobxomumMocTh npuderath K O0JIBIIIOMY YHCITY OTCUETOB Ha OIOpETKE U
Ha U3MEPUTEIHLHOM TIPUOOpE;

— HeycToitunBoCTh B HEKOTOPHIX CIIydasX TOTEHIMAJIa WHIAKATOPHOTO
AJIEKTPOJA WM K€ CIMIIKOM MEIJICHHOE YCTaHOBJIEHHWE €ro MpeaebHOro
3HAYCHUS.

Metoxn nOpsiMOKM TMOTEHUUOMETPUM JOCTATOYHO IMPOCT U IKCIPECCEH,

MMO3BOJICT IMPOBOAWTH H3MCPCHHUEC HCIOCPCACTBEHHO B IIOTOKE, OJHAKO CO
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BPEMEHEM DJIEKTPOJ] TEPSET CBOIO YYBCTBUTEIBHOCTD, «3a0MBACTCS», YTO TPEOyeT
€ro OYMCTKH. MeToJ TUTPUPOBAHMS, HE MO3BOJIAET MPOBOJUTH HU3MEPEHUE B
pexume on-line.

[Ipy »TOM TpagUIIMOHHBIE METOALI HE JIMIICHBI, B H3BECTHOM Mepe,
HEJIOCTAaTKOB, KaK MO METPOJIOTUYECKUM XapaKTEPUCTUKAM, TaK U B CIIOXKHOCTHU
peanu3anuu.

1.4.4 PenTreHocneKTpaabHbIi (pJIyOpecleHTHBIN aHAIU3

OnHuMm w3 cymiecTBeHHbIX HenoctatkoB PCDA  meroma, HU3Kas
YyBCTBUTEIHHOCTh MIPH aHAJIHM3€ JISTKUX 37eMeHToB (0T Li 10 Ne) u orcyTcTBHE
BO3MOKHOCTH OIPENENIEHUsI BOAOPO/Ia U3-3a OTCYTCTBHS AHAIMTUYECKUX JIMHUWA B
00JaCTH PEHTreHOBCKOTO W3MyudeHusa. Jljig Jerkux -dJIeMEHTOB TIJIaBHBIMU
MPUYUHAMH SIBJISIFOTCSI:

- HU3KUM BBIXO]T (DITyOpECIEHITNN;

- HE3HAYUTEIbHAs TyOrHA CJI0s, B KOTOPOM (hOPMHUPYETCSI pEHTTEHOBCKAS
bayopecueHIus;

- 3HAYUTEJIBHOE MOTJIOMIEHUE XapPAKTEPUCTUUECKOTO U3ITYUYEHHUS BO3LYyXOM
U BJIEMEHTaMu Ipuoopa.

OnHako, onpeneneHue ¢ moMoibio PCOA mMaccoBoit 1071 COCAMHEHUI U3
JETKUX PJIEMEHTOB B O0BEKTE aHaIN3a, 0€3 UCTIOJIb30BaHMs BAKYyMHOM YCTaHOBKH,
BO3MO>KHO 10 OTHOIIICHUIO BEJIMUUH UHTEHCUBHOCTEH KOT€PEHTHO U HEKOTEPEHTHO
pacCesTHHBIX U3IyYEeHHM, 32 CUET UX 3HAYUTEIBHBIX OTIUYHI, B OCOOCHHOCTH IS
JIETKUX 3JIEMEHTOB.

B pabGore [11] Oblia BrepBbIC IMOKa3aHa BO3MOXKHOCTH OIPEICICHHUS
cootHomennss C/H B HedpTenpoaykTax TMO OTHOIICHHWIO HWHTCHCHUBHOCTEH
KOTEPEHTHO ¥ HEKOTEPEHTHO PACCEIHHOM XapakTepucTuyeckon Lo auHuuM
BOJIL()PAMOBOTO aHOA PEHTICHOBCKOM TpyOKu. Brusinue HeOombIHX KormuecTB N
U S, 4aCTO MPHUCYTCTBYIONINX B HEPTENPOAYKTaX, YIUTHIBAIOCH MIPU OMPEICTICHUN

9THUX JJICMCHTOB APYIHMH MCTOAAaMM.
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[Ipoananu3upoBaB OCHOBHBIE METOBI VISl OTIPEICIICHUSI ypaHa U HUTPAT-
MOHOB MOKHO 3aKJIIOUHTh CIIEAYIOIIee:

- oTIpe/ieNieHUe ypaHa peHTIeHOITyOpECIIEHTHBIM METOOM MOYKHO CUUTATh
oOImenpu3HaHHbIM T.K. 3TOT METOJ IIMPOKO pPACHpOCTpaHEH B AaHAJIHWTHKE,
UCKJTIOYCHHEM OyJIeT H3MEPEHHUE HEMOCPEACTBEHHO B TIOTOKE;

- ompeneneHue HUTparoB MerogoM PCDA umMeeT COBEpILEHHO APYTYIO
KapTUHY, B CBSI3M HU3KOW YyBCTBUTEIHLHOCTHIO METOJ/A MPHU OMPEICICHUH JICTKHX
DJIEMEHTOB, HET BO3MOXXHOCTH HCIIOJh30BaTh XapaKTEPUCTUUIECKOE H3ITydeHHE
OTIPECISIEMBIX JJIEMEHTOB, OJIHAKO OTHOIICHHE KOTEPEHTHO M HEKOTCPEHTHO
pacCesHHBIX  HW3JIYYCHHH  TO3BOJIIET  ONPENEATh  KOHIETpAIluu  JIETKHX
KOMITOHEHTOB.

Takum oOpazoMm 0030p AUTEpPaTypHBIX HCTOYHUKOB TOKA3bIBAET, YTO
PEHTICHOCIIEKTPANIbHBIN (IIyOPECIIEHTHBIN METO/1 aHAJTN3a MOXKET OBbITh YCIIEITHO
UCIIOJI30BAaH MPU aHAJIM3€ KOHIICHTPAIIM ypaHa U HUTPAT UOHOB B JIBHKYIIUXCS
TEXHOJIOTUYECKUX PACTBOPAX YPaHOMOOBIBAIONINX MpeanpusTuii. J[ins 3Toro
HE0OX0MUMO pa3paboTaTh METOJ JKCIpecc-aHalli3a W Y3JIbl anmaparypbl Jis
U3MEPCHHsI COJCpKAHUS ypaHa M HUTPAT-HOHOB B JIBIDKYIIIEMCS TOTOKE C

MOMOILBIO PEHTTEHO(ITYOPECLIEHTHOTO aHAIM3A.
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I'masa 2. Pa3pa0doTka MeToJa 3KCIpecc-aHAJIN3a U y3JI0B annaparypbl
JJIS1 ompeieIeHNs] KOHIEHTPAllUM YPAHA M HUTPAT-HOHOB B YPAHOCOAEPKALIMX
pacTBopax

2.1 Pa3zpaGoTka MeToa IKCIpecc-aHAJIN3a YPAHA B T€XHOJIOTHYECKOM
noroke ¢ nomMomL10 PCOA

J11st pa3paboTKH SKCIpecc-MeTo/1a ONPEIEICHHUS ypaHa B TEXHOJIOTUYECKOM
MOTOKE  HCIIOJIb30BaH  PEHTTEHO(IYOPECHEHTHBI  AHEProaUCIIEPCUOHHBIN
cnektpomerp CPB-1H npoumsBoactBa kommanun TOO  «TexHOAHamury,
PecnyOnnka Ka3zaxcran. B taGnuue |1 npuBeneHbl TEXHUYECKHUE XapaKTEPUCTUKU
cnektpomerpa CPB-1H.

Tabnuua 1 — Texaudeckue xapakrepuctuku criekrpomerpa CPB-1H

No HaunmenoBanue napamerpa Hopma
1 Jlnamna3oH omnpeaessieMbIX JJIEMEHTOB, C BaKyyMupoBaHueM oopasma | ot Na go U
2 Jlnana3zoH n3MepsieMbIX cofepkaHuil, % or n-10%
’ 10100
3 Bpewmst ananuza oiHo# npoOsl, cex, He Ooiiee 600 (60-600)
4 AnmnaparypHas HOTpelHOCTb CIIEKTPOMETpa, He bolee, % 1
5 DHepreTuyeckoe paspeueHue aerekropa 1t Ko-nuaun Mn npu
3arpy3ke 10000 umri/c, He 6oiee, 5B 135
4 JlnanaszoH n3MepsieMbIX YHEPrui, k3B ot 1 go 32
5 MOUIHOCTb 3KCIO3UIIMOHHOM 103bI PEHTTEHOBCKOTO U3ITyYeHHUs, HE
oonee, MK3B/4:
- Ha pacctosiHuM 0.1M OT MOBepXHOCTH pudopa 1,0
- Ha pacctostHuM 1.0 M 0T ;11000#1 ToukK pudopa 0,3
6 YacroTta Toka nmuTaroei cetu ' 50+1
7 BBICOKOBOJIBTHBIN HCTOYHHMK MUTAHUS 0OECTIeUnBaeT s
PEHTI€HOBCKOM TpYyOKH
HanpsbkeHue U kB, He Gonee 45
TOK TpyOku MA, He Oojee 0.5
8 I"aGapuTHBIE pa3Mepbl OCHOBHOTO MOJTYJIsI, HE OoJiee, MM 340%280%340
9 Macca cnektpomerpa CPB-1H, e 6omnee, kr 15

JI1st yBeMUeHUs 4yBCTBUTEIIBHOCTH aHAIN3a B PEHTTeHOMITyOPECIIEHTHOM
cnexkrpomeTpe CPB-1H xapakTepucTHYecKoe U3JydeHrue ONpeiesiieMoro 3JIeMEHTa

B036Y)I<)18,CTC$I INCPBUYHBIM U3JIYUCHHUEM peHTFeHOBCKOﬁ TPY6KI/I C UCIIOJIB30BAHUEM
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TPEXOCEBOM TE€OMETPUM CO BTOPUYHOM MUIIEHBIO. ['eomeTpus u3mMepeHun

CXEMaTUYHO MOKa3aHa Ha PUCYHKE O.

Pucynok 6 — Cxema TpexoceBor reOMETpUN U3MEPEHNS

[Ipyu TpexoceBoll TE€OMETPUU U3IIYYEHHE PEHTTEHOBCKOM TpYOKH
BO30YXKJaeT XapakTEepUCTUUYECKOE MW3JIyYeHHE MaTepualla MHUILICHH, KOTOpOe
UCIIOJIB3YeTCsl NI BO3OYXKJIEHUSI 3JIeMEHTOB TpoObl. [lo JaHHBIM pa3IUyHBIX
MCTOYHUKOB, TAKOE BO30YKI€HHE NPOOBI MO3BOJIAET MOTYUYUTh MOPOT OOHAPYKEHUS
~10% %. CylecTBEHHBIM HENOCTATKOM sBJIsAeTCS Hu3Kasg 3(QPEKTHBHOCTE
npeoOpa3oBaHus M3-3a CHIKEHUS T'€OMETPUYECKON 3(PQPEKTUBHOCTH W BIMSHUS
b (HEKTUBHOCTH BO30YXKIEHUS MUIIEHU. PerieHreM MoXKeT ObITh yBEJIMYEHUE
HaMpsHKEHUST U TOKa Ha BBICOKOBOJBTHOM HMCTOYHUKE MUTAHUSI PEHTTCHOBCKOM
TpyOKe.

Jnana3zon uzmepsieMbix 3Hepruil cnekrpomerpa CPB-1H ot 1 1o 32 k3B,
nosToMy OyZieM aHaJIM3UPOBATh HHTECHCUBHOCTHU ypaHa no L-cepuu (Tabnuua 2).

B kayecTBe Marepuana BTOPUYHONW MMILIEHU UCTONb3yeM MosnbaeH Mo
[15], T.k. sneprust K-cepun Mo 6osbiie suepruu L-cepun U. Jlns apdexTuBHOTO
BO30YXKICHHUSI MHIIECHH TOPMO3HBIM H3JIYyYCHHEM PEHTTEHOBCKOW TpPYOKH,
HaIpsHKEHUE Ha aHOJE TPYOKH JIOJDKHO OBITh BBIMIE Kpas MOTJIONICHUS dJIEMEHTa

BTOPUYHOI MullieHu B 1,5-2 paza. [{ns Mo sHeprus kpast norjiomenust iuaui K-
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cepun paBHa 20 k3B. CnenoBarenbHO, HANpsHKEHUE HA BBICOKOBOJBTHOM
MCTOYHHKE nuTaHus Tpyokn U=35kB.
Tabmuua 2 - DHEpruM W OTHOCUTENIbHbIE WHTEHCUBHOCTH OCHOBHBIX

JIMHUM PEHTIeHOBCKOro m3nyuenus K- u L-cepuit miist ypana

JIunus Ilepexon Oueprus, kKaB*
(KoHEI — HayYaJIo) Vpan (%)**
Kal K—Ls 98,44 (100)
Ka2 K—Lz 94.66(61.9)
Kpi K—Ms3 111,31(22,0)
Kp3 K—Mz 110,43(11,6)
Kp2 K—N2,3 114,34; 114,57 (12,3)
Lal L3—M5 13,62(100)***
La2 L3—M4 13,44 (10)
Lp2 L3-N5 16,43 (20)
LL L3—Mi 11,62(1-3)
Lpi L2—MA4 17,22 (50)
Lyi L2—N4 20,17(1-10)
Lp3 Li—Ms3 17,45 (1-6)
Lp4 Li—M?2 16,58 (3-5)

Hcnonp30BaHre TPEXOCEBOM F€OMETPUU YMEHBIIAET MOJIE3HYIO 3arPy3Ky
PETUCTPUPYEMOTO  XapaKTEPUCTUUYECKOTO  HM3JIY4YEHHs, TMO3TOMY s €€
YBEJIMYEHHMS], yBETMUMBAaEM 3HaUeHHe Toka TpyOku a0 1=0,5MA. ITpu BeIOpaHHBIX
napameTpax HampsHDKeHHUS U TOKa TpyOkH, skcro3utus 120 cekyna obecrnednBaet
CTATUCTUYECKYIO JJOCTOBEPHOCTh MHTEHCUBHOCTH MTHKOB.

CoryiacHO  TEXHOJOTMYECKOMY  perJIaMeHTy  Ha  IepepaboTKy
IPOLYKTHBHEIX PaCTBOPOB, AUanas3oH onpeaenenns U, r/nm® Ha pacCMOTPEHHBIX
HAaMHM JTalax W3BjedeHus OyneT Haxoautcs B uaTepsane 0,001 r/am3(MC) -100
r/am3(TT). Ucnone3yemass HAMH TPEXOCEBAsi TEOMETPHS MTO3BOJIMT 3HAYMTEIBHO
YBEJIMYUTh TOPOTHM UYYBCTBUTEIBHOCTH METOJA aHaliM3a 3a CYET CHIDKCHUS
ypoBHEW (oHa W U3OMpaATENbHOCTH BO30YKIECHHUS AaTOMOB ONPEIEISIEMBIX
AJIEMEHTOB MATEPHAIIOM BTOPUYHON MUILICHH.

BaxxabiMm MoMeHTOM OyJIeT omnpe/iesieHne BhICOKMX KOHIICHTpAIMi ypaHa
B TEXHOJOTUYECKHX pacTBopax. [[ns 3Toro mpoBeaém wu3mMepeHue oO0pas3iioB

CpaBHEHUS C U3BECTHBIM cojiepkanreM U B nuanaszone ot 35 r/mv® 1o 100 r/mms.
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JIns mOCTpOEHMsI TPagyupOBOYHOM KPHUBOM HM3MEPSEM JHEPIreTHYECKUE
CIIEKTphl 00pa3l0B CpaBHEHHs TOBapHOro necopbara ypaHa. B rtabmune 3
IIPUBE/ICHBI KOHLIEHTPALUK ypaHa B o0pa3ax CpaBHEHMUSL.

Tabnuma 3 — O6pasibl CpaBHEHUS

Ne ob6pasna Conepxanne U,r/n

0OC-1 35,1

0OC-2 40,2

0OC-3 49,9

0C-4 60,1

OC-5 79,8

OC-6 81,3

OC-7 84,9

OC-8 91

0C-9 100,4

Ha pucynke 7 wu300pakeHbl SHEPreTHUYECKHE CHEKTPbl H3MEPEHHBIX
oOpa3uoB cpaBHeHUs. IHTeHCUBHOCTH L-nuHuil ypana (BblaesieHbl) peo0aagatoT

Ha CTICKTpE.

T T T T T T T T T T T T . u
i w P 0 1000 120 w0 1% 1800 00
Karan: 608 Vrencmerocts: 547 Kanans

Pucynox 7 — Ciektpsl 00pa3iioB CpaBHEHHS

CtpouM TpagyrpOBOYHYIO KPUBYIO, COMOCTABIISAS 3HAYCHHS COJCPIKAHHM
ypaHa B 00pa3iax CpaBHEHHsS W IUIOMIAJd TUKOB ypaHa Ha DJHEPTeTUYECKHX
CIeKTpax wu3MepeHHBbIX oOpasmnoB. [Ipu mocTpoenun rpaduka 3aBUCUMOCTH
IUIOMIAAN MMHKA ypaHa OT KOHIIGHTpAIlMd ypaHa MPH MacCOBOM COJECpKaHWUU B
pactBope 6mm3kum k 100 /v u Gostee, SKCIIEpUMEHTAIbHAS KPUBAs 3aBUCHMOCTH

HE JIMHEWHA U 3HayeHue Kod(PulMeHTa HAKJIOHA JOBOJILHO Majo, YTO YKa3bIBaeT
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Ha HU3KYK YYBCTBUTEIBHOCTH aHanm3a. [IpuumHON cioy>XUT OoJblliasi BEIWYWHA
abdexra camomornomeHus dayopecueHnuu. g yd€ra camormoriiomeHus B
POrpaMMHOM OOECIIEYeHUH MpUOOopa HUCIONB3YETCs] METOJ| «CTaHIapT-(hoHay,
YYUTHIBAIOIINN W3MEHEHHE MATPHIBl C TIOMOIIBI0 BEIWYUHBI HEKOTEPEHTHOTO
paccesiHUsl XapaKTEepUCTUYECKOrO0 W3JyYeHHs] Marepuaia BTOPUYHONW MUIICHH B
npooe.

Ha pucynke 8 n300pakeHbl IB€ TPpalyHpOBOYHBIE KPUBBIE C UCTIOIH30BAaHHEM
MeTona «cTaHmapT-¢oHa» (kpuBas 2) u 06e3 Hero (kpuBas 1). B Tabmume 4
NPUBEICHbl PACCUMTAHHBIC 3HAYCHHS KOHIEHTpPAIllMsA ypaHa C HUCIOJIb30BaHUEM
MeTOoJia «CTaHAapT-GpoHa» U 0€3 Hero.

HeoOxoaumo oOpaTuth 0c000€ BHUMAHUE HAa 3TOT MOMEHT, B CBS3H C TEM, UTO
NOTOKM OynyT aHaM3UPOBATHCS B PEXKHME pPEATbHOTO BpeMEHH, 3P(EKTHI
W3MEHEHHUS] MATpHUIIbI H3MEpsieMoro oOpas3na OyayT BHOCHTH 3HAUYUTEIHHYIO

IMOTPCIIHOCTD IIPHU pacqéTe KOHIOCHTPAIIUH.

40 <
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Pucynok 8 — ['panynpoBOYHBIE KPUBBIE
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Tab6muna 4 — Paccuntannble 3Hauenus U, 1/1

Ne o6pasna Conepxanne U,r/n Kpupas-1 Kpuas-2
OC-1 351 28,36 34,76
0C-2 40,2 40,17 40,35
OC-3 49,9 54,99 50,41
0OC-4 60,1 66,21 59,25
OC-5 79,8 74,08 69,85
OC-6 81,3 79,31 79,47
OC-7 84,9 85,97 86,38
OC-8 91 88,55 90,06
0C-9 100,4 92,32 99,43

Hcexons u3 MHCTPYKUMH IO ONPEACIIEHUIO ypaHA PEHTIEHOCIEKTPaIbHBIM
¢iyopectieHTHBIM  MeTosoM [12], TOYHOCTH oOmIpeAeNcHUsT B IUAra3oHax

COCTaBJIACT.

-0t 0,01 r/mm® 10 0,1 T/0M° — He Gonee 7 oTH.%;

- ot 0,1 r/am® no 100 r/am3— He Gonee 5 oTH.%.

[TomyuenHbie pe3yabTaThl CBUIAETENBCTBYIOT O TOM, YTO JaHHAs METOJUKA
u3Mepenuit ypana PCOA meTonom npurojHa Jijisi UCTIONIb30BaHMS.

KoncTpykTHBHBIE 0COOEHHOCTH cnektpomerpa  CPB-1H pu
UCTIONIb30BAaHUU  TPEXOCEBOM TEOMETPUH  TMOAPA3yMEBAIOT  HCIOJIB30BaHUE
PEHTIEeHOBCKOM TpyOkn ¢ OokoBeiM aHogoMm (bX-15). Ilo 3asBiIeHHBIM
XapaKTepUCTUKaM TPOU3BOJUTEN JaHHAs TpyOka HMeEEeT OOJIbIINK pecypc
paborocniocooHocT. OAHAKO OMNBIT JKCIUTyaTallMid JaHHBIX TPyOOK Ha
MIPOM3BOJICTBE MPHU PEIICHUH JPYTHUX aHATMTUYECKUX 3a/ad, Mokasal oOpaTHoe.
Tak>xe BHOCUT poJib MaTepuan aHona tpyoku bX-15 - W. Ananutudeckue JIuHAA
W rniexxat B 00J1aCTH JIMHUIN aHATU3UPYEMBIX DJIEMEHTOB.

Hcnonbs3oBanne mnpoBepeHHON BpeMeHeM TpyOku moaudukanuu bX-10
(anon mpocTpenbroro Tumna [14]) B ciektpomerpe moaenu CPB-1H npu tpexocesoit
Ire€OMETPUU HECET pAJ KOHCTPYKTHBHBIX CIIOKHOCTEH, KOTOpPHIE K TOMY XK€
YCIIOKHAT PEMOHT M TEXHHUYECKoe 00cmykuBanue. [loatomy B ciekrpomerpe CPB-
1H ¢ tpyOkoii Mmogudukanuu bX-10 ncrnonp3yeTcs npsimasi TeOMETpHsI.

Jlnst ananuza OOJBIIMX COJEP)KaHUM B JAHHOM Cllydyae KapTHHA He

MEHSIETCSI, OJTHAKO 3arpy3Ka IMOJIE3HOT0 U3JIyYeHUs TIPU MPSIMON reoMeTpuu OyaeT
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3HAYUTENbHO OOJIbLIIE, TMO3TOMY ONTHMAaJbHBIE HAMpsDKEHHWE MW TOK Ha
PEHTI€HOBCKOM TpyOKe HYKHO OyneT NpUHMMaTh WHIWBHUIYAIbHO IS KaXJOW
aHAJIMTUYECKOMN 3aJ1auu.

Hpyras cuTyanuss OOCTOMT € aHaJM30M HH3KHX cojaepxkaHui. Jlns
BO30YXKICHHSI XapaKTEPUCTHUUECKOTO M3JIyYE€HUs 3JIEMEHTa MpoObl, HEOOXOIUMO
HNEPBUYHOE H3JIyUEHUE C DHEPIrUed HECKOJbKO OOJbIIEH 3HEPruM €ro Kpas
NOTJIOIIEHHS. 3HAYUT, Ta KOMIIOHEHTA U3JIyYE€HHS] PEHTT€HOBCKOM TPYOKH, SHEPTHUs
KOTOPOW HIKE Kpast IOTJIOIIEHHUS OIIPEAEISIEMOTO 3JIEMEHTA, IBISIETCS MELIAIOIIEH,
TaK Kak, pacCeMBasiCh Ha Mpole, OHa yBEIMYUBAET (DOH B aHAJTUTHYECKOU 00JIaCTH.

I'maBHbI criocod cHuxkeHus GhoHa - MPUMEHEHUE (PUIIbTpALIU IEPBUYHOTO
u3nydyeHusi. Crnocod 1mo3BosieT CHU3UTh OPOTU OOHAPYKEHUS SJIEMEHTOB, TaK Kak
npy QUIbTpalMyd NEPBUYHOIO HM3IIYYECHHs] CHIKEHHE (DOHA MPOUCXOJUT MHOTO
ObICTpEE CHIKEHMS HWHTCHCHUBHOCTM aHAJUTUYECKOM JIMHUM, a 3HauuT,
YBEIMYHUBAECTCS KOHTPACTHOCTD AHAJTUTUYECKUX JINHUM.

Ha pucynke 9 wuszoOpaxensl crnekTpsl ¢ conepkanuem U — 5 1/

o | 1 \ e g ——
NV M T O I S et Rty g

Pucynox 9 — 1. DHepretudeckuii criektp ypana (koutentparus U — 0.005
r/nm®) 6e3 punbTpa. 2. DHEpreTHUecKuii crnekTp ypana (konuentpanus U —0.005
r/nm®) ¥ ucnonb3oBanreM ZN GUILTPA.

Ha pucynke 9 criektp oT oHOM U TOH e MpoObl ¢ UCTOJIb30BaHUEM ZN-
bunpTpa u 0e3 Hero. g ompeneneHus HU3KUX COACpPX)AHUN (QUIBTpaIUs

NEPBUYHOTO U3TyUYeHUs OysieT 00s13aTeIbHBIM MOMEHTOM.
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2.2 Paspaborka MeTOoAa IKCIpPeCC-aHAJIN3a HUTPAT-MOHOB B
TEXHOJOTMYECKOM MOTOKe ¢ nmoMombi0 PCDA mno BeJMYHHEe KOTePEeHTHO M
HEKOI'ePEeHTHO PaccesiHHbIX M3JIy4YeHUil

B pabote [16] mpoBemeHo comocTaBicHHE aHATUTHUSCKAX BO3MOXKHOCTEH
JIBYX PEHTI€HOBCKUX METOJIOB aHAIM3a JIETKUX JIEMEHTOB B TSKEJIOW MaTPHIIE: IO
WHTEHCUBHOCTU JIMHUU ¢uyopectieHTHOro crekrpa (PDA) u mo cooTHoIIeHHIo
MIMKOB KOMIITOHOBCKOI'O U P3JIEEBCKOTO PACCESHUS - HA IPUMEPE CUCTEMBI HKEIJI€30-
yriepoj B auara3oHe KoHueHTparui yriepoaa 0,03...1,4 mac.%. O6a merona
JAIOT JJI OTOM CHCTEMBbl NPUMEPHO OJIMHAKOBBIC TMpeJeibl OOHapyKeHUs
0,03...0,07 mac.%. B POA npu Manoil ”"HTEHCUBHOCTH (POHOBOI'O CUTHAJIA y1aJI0Ch
MOJIYYUTh BEICOKYIO KOHIIEHTPAIMOHHYIO 4yBCTBUTEIbHOCTh M=(1/1()-(01/0C) =75
%/mac.% u obecrieunth TOUHOCTh u3Mepenuit £0,025 mac.%. s usmepeHus mno
COOTHOIIICHHIO MTMKOB PACCESIHUS MOJTyYeHa KOHIIEHTPAIMOHHAS YyBCTBUTEILHOCTh
1,86%/mac.% (teopetmueckas - 2,05), modTOMy I TOJYYEHHUS TOYHOCTH
msmepenuii 0,024 mac.% Heo6X0aMMO HAOMpPaTh B KaXIOM M3 IINKOB He MeHee 107
UMIL., 4TO TpeOyeT BpemeHu u3mepenus Ha Si (Li) - merexrope 500...1000 c. Pe3koe
TOBBINICHUE KOHIICHTPAITMOHHOW YYBCTBUTEIBHOCTH METOAA C YMEHBIIICHUEM
ATOMHOTO HOMEpa JIETKOTO JJIEMEHTAa OTKPBIBACT XOPOIIHME MEPCHEKTUBBI IS
aHaju3a Bojopoaa, st koroporo m = 10...100 %/mac.%, a npeaen oOHapyKeHUs
BOZIOpO/Ia B MeTaiIax - ~10-4 mac.%.

B pabGore [13] moka3aHa BO3MOXHOCTh MPSIMOTO KOJUYECTBEHHOTO
PEHTI€HOCIIEKTPAJIBLHOTO OMNpEeNeNieHUsl YIJepoAa, BOAOPOJAa M KUCIOpoAa B
OpraHUYECKUX COEAMHEHMSIX, COCTOSIIIMX M3 3THX DJEMEHTOB. [lns mopneneit
OpPTraHUYECKUX COCTUHEHUW OBUTM PAcCUUTaHbl WHTEHCUBHOCTH KOTEPEHTHO W
HekorepeHTHO paccesHHbix JuHM CuKa u PdKa, mpoBenena rpagyupoBka u
OLICHEHBI TMOTPEIIHOCTUA OINpPEIETIEHUS COJIEPKAHUM YKa3aHHBIX 3JIEMEHTOB.
OKCHepUMEHTAIbHBIE  HCCIIEIOBAaHUS OBUIM TPOBEACHHI HA TMOPTATUBHOM

peHTreHoBckoM  criektpomeTpe  «Crnektpockan  MaKC-GVy».  IlomydeHnsl
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YAOBJIETBOPUTEIbHBIC OCTaTOYHbIE MOTPEIIHOCTH IpagyupOBOYHBIX
XapaKTePUCTHK.

NuTtencuBHOCTH KOTE€PEHTHO u HEKOT'€PEHTHO
PACCESIHHBIX XapaKTEPUCTUUECKUX JTUHUN TMEPBUYHOTO U3ITyUYCHUS, ONpEIEsieMble
AJIEMEHTHBIM ~ COCTAaBOM  aHAJIM3HPYEMOTO  Marepuana, MpPONOPHUHUOHATbHBI
OTHOUIIEHUIO COOTBETCTBYIOUIUX MACCOBBIX U depeHITnaNbHbIX KOIDPUIIMEHTOB

pacCCiaHusg K MaCCOBBIM KOB(i)(bI/IHI/ICHTaM ocja0JIeHus:

dcrf‘g
]9 = [°9 2iCi—gg (3)
— 10 cg( 1 4 1 )
Hm sing sin¥
y.C da’ilc
nc _ nc =#-i4do
I =1y" =g (4)
Hm 4 Hm

sing  sin¥
Tac Ci - COACPIKAaHUA COCTABJIAIOIINX Hp06y 3JIEMCHTOB,

I m I"® - MHTCHCUBHOCTH KOTEPEHTHO M HEKOT'CPEHTHO pPACCESHHOTO

W3JTy4YCHUS;

dO'ng do'l-nc

)51
an an

- MaccoBble AuddepeHiuanbabie KO3POUIUEHTHI pacCcesTHUsS

KOI'CPCHTHOI'O M HCKOI'CPCHTHOI'O HM3JIYUCHHA COOTBCTCTBCHHO 3J3JICMCHTOM 1 B

AJIEMEHTapHBIN TelecHbIi yrou dQ moja yriom paccesaus © = 90°;

Um ¥ m"°-MaccoBbie KO3 UIMEHTH OcaabieHnss MpoOoi KOTepPEHTHOTO

(MepBUYHOI0) U HEKOT€PEHTHOTO PACCESTHHOTO U3IYyYEHUsI COOTBETCTBEHHO;

10 1 10" - mocTostHABIE KOA(DPUIIMEHTHI, HE 3aBUCSIINE OT COCTaBa MPOObI

Ip XS
nc — ync — 0
(IO _IO -

R2 '

lo— WHTEHCUBHOCTH TEPBUYHOTO H3IYUYCHHUS, S — TUIONIAMb

obpasna, R — paccrossHue 10 T1eTEKTOpA).

MaccoBsblii auddepeHuuanbHblii KO3PEGUIUEHT pacCcesHHUs] KOI€pEeHTHOTO

U3ITydeHus ObLT pacCUHTaH 1mo Gopmyrie:

—
~

an a

dok deaT
0

[Z(e~9 +0,12)]2, (5)
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deO'T .2 2
e —— =7 (14 cos<6)/2
Z - aTOMHBII HOMEp XUMHUYECKOTO JICMEHTA,
g =5,91/Asin(©/2)Z~1/3- apryment mmnst aromMHOro hopM-haxropa F.

Maccossliit quddepentnanbHbiil KO3 PUIMEHT paccesHUs HEKOT€PEHTHOTO

u3JIydeHus ObL1 paccunuTtad no gopmyse[18]:

dgHK N deO'KNT _ _s5p
do ~ dn Z(l e )! (6)
L =5 () (G- sine)
rae ——— =7 ™ . + 7 sin<@ ), (7)

o — KJIaCCUYECKMI pajuyc SJIEKTpoHa, paBHbIA 2.82 - 103cm, Ay m As —
JJIMHEI BOJIH EPBUYHOTO M PACCESHHOTO (POTOHA, COOTBETCTBEHHO,
221 .
m*Sln(@/Z)

v = 7 napameTp aroMHoro gopm-dakropa F

Paccuntannsie KO3(1)(1)I/IL[I/ICHTBI IMOTJIOMCHUA N PACCCAHNA JIA 9JICMCHTOB,

BXOOAIIHUX B COCTAaB TCXHOJOTHMYCCKOI'O pacTBOpPa, IIPpCACTABJICHEBI B Ta6J'II/I]_Ie 5

Tabmuua 5 - JuddepenuuanbHbie MaccoBble KOA(UIMEHTHl pacCesHUs
ds®9/dQ u ds"/dQ (cm?/rxcp*) u ocnabuenus pn®™ u pm"® (cM?/r) npy yriie paccesHus

90°

KoaddutnmenTs ZnKa

H N @) S U
do®/dQ 0,000721434 | 0,00957181 | 0,011932426 | 0,036103849 | 0,353341788
de"/dQ 2,28E-02 8,88E-03 8,53E-03 6,57E-03 2,07E-03
Hm 0,385 6,171 9,483 79,71 265,92
Hm™ 0,391437448 | 6,274183101 | 9,641561878 | 81,04280263 | 270,366354
Koadduunentst CdKa

H N @) S U

do®/dQ 0,000343892 | 0,001566805 | 0,001878233 | 0,005201083 | 0,075129556
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[Iponomkenue Tabauibl 5

da"/dQ 0,021749935 | 0,010716428 | 0,010628225 | 0,009727232 | 0,004205057
Hm 0,393 0,465 0,627 4,388 79,497
um" 0,410627191 | 0,4858566 0,65512277 | 4,584814539 | 83,06267125

N3 Tabmuubl S5 cineayer, YTO TOTJIOLIEHHE MA/IalOIIET0 U3ITyYEHHUs
MIPOUCXOIUT B OCHOBHOM aToMaMHu ypaHa. KoapuimeHTs! mornomeHus u3ny4eHus
aTOMOB IIMHKA W KaJgMUs aTroMaMHM YypaHa Ha JBa TMOpSJKa MPEBBIIIAIOT
K02 PUIIMEHTHI TMOTJIOMICHUSI ATUX M3ITyYCHUN aToMaMu a3oTa. AHaJoru4yHas
KapThHa HaOM0aeTcs U 7151 KOd(PPUIMEHTOB KOT€PEHTHOTO PaCCESHUS.
CoBepiieHHO WHasg cuTyalust A Kod((PUIIMEHTOB HEKOTepeHTHOIrO
paccesiaus. J{ns nuznydenus atomoB 1uHKA (Ezn= 86303B) u kagmust (Ecq=231063B)
KO3 PULIEHTBI

paccesaHuds i aTOMOB  JICTKUX 3JICMCHTOB H3 COCTaBa

TEXHOJIOTUYECKOTO pacTBOpa Ha nopsiIoK  Oosbiie, 4eM KOod(DPUIIMEHTHI
HEKOTE€PEHTHOI'O PACCEesIHUS aTOMaMU ypaHa.

Otcroga MOXHO CJeJaTh BBIBOJ, YTO HMHTEHCUBHOCTh HEKOTE€PEHTHOIO
paccessHus OyneT ONpeneNsTbCS KOHIICHTpAlMeW JIETKUX  DJIEMEHTOB B
TEXHOJIOTHYECKOM PacTBOpPE, a, CIEAOBATEIbHO, KOHIEHTPALIMEH a30Ta, BXOIAILETO
B COCTaB HUTPAT-HOHOB.

JIJist IOATBEPKIEHUST TEOPETUUYECKUX BBIBOJIOB MO JaHHBIM Tabmuil 5,6 u
dbopmynam 3,4 1 ObLTM pacCUUTaHbl UHTEHCUBHOCTH PACCEIHHOTO M3JIYyUYCHHS OT
00pa3lioB pacTBOPOB C M3BECTHBIM COJIEP)KAHHMEM BCEX KOMIIOHEHTOB, KOTOpHIE
npuBeieHbl B Tabmuie 7. CocTtaB UCCIEAYEMBIX PACTBOPOB B TaOIHIIE 6.

Tabnuua 6 - CocTaB HCClIEyeMbIX paCTBOPOB

Ne o6pazma NOg, r/n U, r/n H2SOq4, r/n
1 36.40 0.99 24.00
2 39.10 1.67 22.10
3 42.20 1.70 23.00
4 44.00 1.79 22.80
5 52.10 1.13 19.90
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[Iponomkenue Tabauibl 6

6 53.00 0.95 22.30
7 58.90 1.03 22.10
8 59.70 1.39 19.20
9 62.10 1.28 19.60
10 64.40 1.46 22.30
11 67.60 1.40 19.60

Ta6J'II/IHa 7 - TGOpeTI/I‘IGCKI/I PaCCHUTAHHBIC OTHOIICHHWA HHTCHCHUBHOCTH

HCKOT'CPCHTHO PACCCAHHBIX H3Hy‘leHHﬁ 4aTOMOB IIMHKa U KaJAMH

Cu, v/ Churpar, Howmep mpo6si(criekTpa) OTHoleHne
— UHTCHCUBHOCTEN HE
KOTEPEHTHO PaCCESIHHBIX
U3JIy4eHuii aToMoB ZN 1
Cd

0.99 36.4 16093506.spe 16.98055

1.67 39.1 17092108.spe 16.98184

1.7 42.2 17091212.spe 16.9857

1.79 44 17091206.spe 16.98711

1.13 52.1 17092103.spe 16.98785

0.9 53 16093511.spe 16.99149

1.39 59.7 17092005.spe 16.99371

1.03 58.9 17091205.spe 16.99621

1.28 62.1 17092107.spe 16.99594

1.46 64.4 16093505.spe 17.00211

1.4 67.6 17091211.spe 17.00073

IIo JaHHBIM Ta6J'H/II_IBI 7 ObLIH IMOCTPOCHBI 3aBHUCHUMOCTH OTHOIICHMA

WHTECHCUBHOCTEU OT KOHIOCHTPAIWKU HUTPATOB.
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Pucynok 10 - 3aBHCMMOCTH OTHOIIEHWS WHTEHCHUBHOCTEH HEKOTEPEHTHO
paccessHHBIX M3ydeHHi aToMOoB ZN 1 Cd OT KOHIIEHTPAI[UK HUTPATOB.

PacueTHble JaHHBIE allIPOKCUMUPYIOTCS YPABHEHHEM MPSIMOM C KPUTEPUEM
amexatHocTd R? =0.94, 4T0  MOATBEP’kIAET BHIBOJ O TOM, YTO HEKOT€PEHTHOE
paccesHHE NPOUCXOAUT IMPEUMYIIECTBEHHO Ha aToMax JIETKUX JJIEMEHTOB, B
YAaCTHOCTH Ha aToMax a3oTa. llo3TOMy MHTEHCHBHOCTH PAaCCESIHHOTO M3IIy4ECHUS
OyZAeT mponopuroHaibHa KOHIEHTPAILUH a30Ta.

DKcnepruMeHTalIbHAsI TPOBEPKa TEOPETUUYECKUX BHIBOJOB ObLIa BBHIITOJIHEHA
Ha peHTreHoduyopecieHTHoM crnektpomerpe Ttuna CPB-1 (Momenu CPB-1H,
npousBoacTBO TOO «TexnoAnanuty, Kazaxcran).

JIist ucnibITaHUi OBLUTM TOATOTOBJIEHBI UCKYCCTBEHHBIE PACTBOPHI OJIM3KHE
10 COCTaBY K TEXHOJIOTHYECKUM (Tabnmia 8).

Tabnuua 8 - CoctaB TexHosnoruueckoro pacrsopa LITTITP

Ne | HaumenoBanue DU3NYECKUE XAPAKTEPUCTUKN | XUMHUYECKU COCTAB
n/n | pacTBopa V,eM3 | Mppa,T | p, m TDS, U, NOs-, | Hz80s, | SO,
r/cM3 TDS, r/om3 /M3 r/oM3 r/mM3 r/mM3
r
1 | decopGupytommii | 50 515 | 103 | 026 | 528 | 18 | 637 158 14.4
pactBop /1P

DKcnepuMeHT ObUT MPOBEACH MPHU CIEAYIONINX YCIOBUSAX U3MEPEHUM:
AHOJl peHTIreHOBCKOU TpyOkHu —A(g, HallpsKeHHEe Ha pEHTTeHOBCKOM TpyOKke

42 xB, Tox anoga 500 MxA, sxcro3urus 300 c.
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B kauecTBe BTOPUYHON MHIIEHH HCIIOIB30BANIACH TUIACTHHA U3 ZN, CTEHKU
KaMepbl paccesHust oOkineeHel ¢omero w3 Cd. Takum oOpasom, Ha
3apETUCTPUPOBAHHBIX YHEPTETUYECKHUX CIEKTPaX MOKHO BUAETh TUKU PACCETHHOTO
nm3nyueHuss aromoB Cd m Zn (pucyHok 11) B HU3KOIHEPTETHYECKOW OO0JIACTH
CIIEKTpa, CPETHEHN U BBICOKOIHEPTETUYECKOM.

Jnist yCTaHOBJICHUSI ypaBHEHUS CBS3U MPEATOIaraiy, YT0 HHTEHCUBHOCTh
paccessHHOTO U3JY4YCHHUS 3aBUCUT OT KOHIICHTPAIIUY HUTPATOB.

Cnos = F(Ikgiflncgi) (8)
['ne lyg, Inkg-MHTEHCUBHOCTH KOT'€PEHTHO U HEKOTEPEHTHO PACCESTHHOTO

U3JTY4CHUS I-TOM SHEPTHH.

<[> 23000 ‘

ng9p Zn Ag Cd

zn Ag Cd
Cd
08 Cd

0.7
0.6
0.5
0.4

0.3

0.2

01r

Ay L 4 .V

300 500 1500 2100
4.418 13.252 22.087 20,921

M raHana
E.raB

L 09014202 zpe 09014202 zpe

Pucynok 11 - DHepreTwyeckwii CHEeKTp OT oOpasma pacTBopa ¢
KOHIIEHTpaluen HuTpaToB 20 M/ M°.
Jlns pacdyeta KOHUEHTPAUUM HUTPATOB HCIHOJI30BAJIMCH YACTHBIE CIy4au

00111er0 YpaBHEHUS CBSI3H:

J J

i#]j J
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rae lj - VHTEHCUBHOCTM KOT€PEHTHO W HEKOIE€PEHTHO PACCESIHHBIX
U3JTy4eHHU aTOMOB IMHKA U KaJAMHUsl, Rj - ©X OTHOLIEHUS.

KoaddurmenTs ypaBHEeHUSI HAXOIAT IO UHTEHCUBHOCTSIM, U3MEPEHHBIM OT
o0pa3lioB C M3BECTHBIM COJEPKAHMEM HUTPATOB, METOJOM MHOKECTBEHHOU
perpeccun.

PerpeccuonHblii aHaNM3 ycTaHaBIMBAET (OPMBI 3aBUCUMOCTH MEXKIY
CIIy4yallHOW BEJIIMYMHOM (3aBUCUMOM) M 3HAYEHUSIMH OJHOM WM HECKOJIbKUX
MEPEMEHHBIX BEJIMYUH (HE3aBUCHMBIX), IPUYEM 3HAUYCHUS MOCICAHUX CUUTAIOTCS
TOYHO 3a/JlaHHBIMU. Takasi 3aBUCUMOCTb OOBIYHO ONPEAENSICTCS HEKOTOPOH
MaTeMaTUYECKO MOAENbI0 (YpaBHEHHUEM PErpeccuu), cojepkaiieil HECKOJIbKO
HEHU3BECTHBIX IapaMeTpoB. B XoJe perpecCMOHHOrO aHalv3a Ha OCHOBaHUU
BBIOOPOYHBIX JAHHBIX HAXOMST OIEHKH JTUX [apaMeTpPOB, OINPEIEISIOTCS
CTATUCTUYECKUE ONIMOKM OLIEHOK WM TPAHUIIBI JIOBEPUTEIBHBIX HHTEPBAJIOB U
MIPOBEPSETCSI COOTBETCTBUE (aJ€KBATHOCTD) MPUHITON MaTEeMAaTUYECKOW MOJICIIH.

B Ttabnuue 9 mpeacTtaBieHbl NaHHBIC, MOJYYEHHBIE C HCIOJIb30BAaHUEM
yYpaBHEHMUS CBSI3U 9.

[IpeacraBieHHble B TAONUIIE S5 PE3YIbTATHI MO3BOJISIOT CAENIATH CIEIYIOLIUE
BBIBO/IbI:

1. YpaBHeHUE CBSA3U OMUCHIBAECT 3aBUCUMOCTh U3MEHEHUS] MHTEHCUBHOCTHU

paccestHus NPy U3MEHEHUH KOHIIEHTPAIlUd HUTPATOB B PacTBOPE.

2. [ToBTOpsieMOCTh (CTENEHb OJIM30CTU APYT K APYTY pPE3yIbTaTOB IEPBOM U
BTOPOIl Cepuu, U3MEPEHHBIX OJHUM M TEM € OIMEepaTopoM Ha OJHOM
o0OpyZOBaHUM B TMpeaenax KOPOTKOro IMPOMEXYTKa BpPEMEHH)
YAOBJIETBOPUTEIbHAS.

3. Bocnipon3zBoguMocTh (CTeneHb OMU30CTU JIpYr K JpYry pe3ysbTaToB
MIEPBOM U TPETHEN CEPUU, U3MEPEHHBIX Pa3HBIMU ONEPATOPAMHU HA OJTHOM
o0OpyZIOBaHUU  4Yepe3  3HAUUTEIBHBIM  MPOMEXKYTOK  BPEMEHH)
yIOBJIETBOPUTEIIbHAS.

4. CtaHgapTHOE OTKJIIOHEHHUE S He IpeBbImaeT 6 I/aM°,
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Tabmuua 9 - /laHHbIe, TOTYYEHHBIE C UCIIOJIB30BAHUEM YPAaBHEHUS CBA3U 9.

Pacuetnas W3mepennas | Msmepennas | M3smepennas | cpemnee u3 | CpemHEKBaApaTHIHOE
koHueHTpaius | Ha CPB-1B8 | Ha CPB-1 Bo | Ha CPB-1B | Tpex OTKJIOHEHHME, S, I/am>
NOs, r/am® nepBoi BTOpOI TpeTben HU3MEpEeHU
cepuu cepuu cepuu
20 19.8564 18.9061 23.4845 20.749 1.708506323
20 19.6678 21.7627 19.7318 20.38743 0.842479318
20 18.4755 18.7087 18.39 18.52473 0.116641252
20 17.4879 20.0194 20.0097 19.17233 1.031506244
20 23.2727 18.9448 20.7216 20.9797 1.538284972
40 40.4 40.8203 41.178 40.79943 0.275361184
40 41.3516 39.3879 37.5786 39.43937 1.334329207
40 42.9696 33.1272 46.0819 40.72623 4.781766594
40 44,9884 36.1406 42.6242 41.25107 3.239213838
40 40.3261 43.3231 45.8957 43.18163 1.971055638
60 61.4547 60.381 68.1997 63.34513 2.996941863
60 56.7711 62.2742 57.3381 58.79447 2.140301416
60+ 60.3783 62.5734 59.9322 60.9613 0.99972524
60 62.2222 53.85 64.374 60.14873 3.931481401
60 59.7966 61.4983 58.6742 59.9897 1.005447888
80 72.6812 82.8792 81.6834 79.08127 3.941961721
80 80.672 72.4299 79.871 77.65763 3.213821487
80 79.7712 78.0081 74.6901 77.4898 1.824262929
80 84.1541 73.2265 86.8325 81.40437 5.096645174
80 73.1493 81.5677 81.0401 78.5857 3.334323332
99.9 105.008 96.5463 100.7772 5.98332545
99.5 101.158 99.637 100.3975 1.075509414
97.5 103.094 95.3852 99.2396 5.450944755
95 86.0206 92.4703 89.24545 4.560626607
100 100.861 95.8435 100.37 08.8451 99.5507

Takum o00pa3om, pe3ylbTaTbl TEOPETUYECKUX M IKCIEPUMEHTAIBHBIX

I/ICCJIe,Z[OBaHI/Iﬁ IMoKa3aJIn BO3MOZKHOCTb OIIPCACICHHUA KOHIOCHTPpAIWKW HHUTPATOB B

TCXHOJOTHYCCKUX pPACTBOpAX YPAHOBOI'O IIPOU3BOACTBA IMI0 HWHTCHCHBHOCTAM

PACCCAHHOTO U3JTYUCHMU.
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2.3 Pa3paGoTka y3/10B NPOTOYHOI0 AHAJIMTUYECKOr0 Nmpudopa A
onpe/eeHNs] KOHIEHTPAIUU YPAHA U HUTPAT-UOHOB

[IpoTtounbie aHamUTUYECKUE MPUOOPHI, pa3paOOTaHHBIE U BBIMYCKacMbIe
TOO «TexHnoAHanmut» (pucyHok 12) B mocienHee BpeMs HAlUIA MIHUPOKOE
pUMEHEHUE Ha ypaHo00bIBatoX npeanpustusx Pecnyonuku Kazaxcran.

[IpoTouHbIii aHANUTUYECKUN MPUOOp MpeaHA3HAYEH HJisi IKCIPECCHOTO
KOJIMYECTBEHHOTO OMpPENEeNICHUsI COoAepKaHusi (MacCOBBIX JI0J€H) XUMHYECKUX
AJIEMEHTOB B TEXHOJOTUUECKUX PAaCTBOPax.

B ocHoBe mnpuHmMna JEWCTBUS CHEKTPOMETpPa JIEKUT PEHTTEHOBCKas
dbayopeciieHIus aTOMOB BEIIECTBA, BO30YyKJaeMas MEPBUYHBIM PEHTIEHOBCKUM
U3ITyYeHHEM B IIPOOE C MOCIEAYIOMUM PA3I0KEHUEM B CIIEKTP.

HNcTouyHMKOM  MEPBUYHOTO  PEHTTEHOBCKOTO  MBJIYYEHUS  SBJISICTCS
peHTreHoBckas TpyOka. [luraHue pEHTTeHOBCKOW TPYOKH OCYIIECTBISETCS

BBICOKOBOJIBTHBIM UCTOYHUKOM IINTaHUA.

Pucynok 12 — IIpoTouyHbIi aHAIUTHYECKUI TIPUOOD
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2.3.1 IlepBuyHoe u3JIyYeHHE PEHTTeHOBCKOM TPYyOKM U ero
npeodpasoBaHue

J11st co3anusi NIEPBUYHOIO TOTOKA (DOTOHOB Pa3HbIX YIHEPTUM MOMAAIOIINX
Ha poOy B MPOTOYHON KIOBETE B MPUOOPE YCTAaHOBIICHA PEHTI€HOBCKas TpyOKa ¢
aHOJIOM U3 BoJb(pama, BTOpUYHAS MUILIEHb W3 MOJUOJEHA, Kamepa OOKJeeHa
dbonbproif u3 kaamusa. Takum oOpazom, ¢ TpoOOH B3aUMOACHCTBYIOT (POTOHBI C
SHEPrusiMH, NpeAcTaBIeHHBIMU B Tabmuiie 10.

Tabmumna 10 — Dueprun GoToHOB

Ne Oueprus, k3B OtHocuTenbHASL | JTUHUS nepexon
n/n UHTEHCUBHOCTh
1 2.473 0.52083 Moy ps L1-M3
2 2.455 0.36979 Moyps L1-M2
3 2.394 0.90041 Moy L2-M4
4 2.293 0.81599 Moy L3-M5
3) 17.477 0.54795 Mogaq K-L3
6 17.372 0.28658 Moggo K-L2
7 19.606 0.14137 Mogpq K-M3
8 9.815 0.45167 W3 L1-M3
9 9.522 0.30849 Wipa L1-M2
10 9.670 0.82146 Wip1 L2-M4
11 8.396 0.71869 Wi a1 L3-M5
12 23.169 0.53706 Cdga1 K-L3
13 22.980 0.28518 Cdga1 K-L2
14 26.090 0.14769 Cdgpy K-M3
15 26.055 0.00000 Cdgps K-M2
16 3.401 0.53135 Cdyps3 L1-M3
17 3.366 0.32412 Cdkpa L1-M2
18 3.316 0.85397 Cdgpy L2-M4

2.3.2 IIpo600TOOPHUK U U3MepUTEIbHAs TYeiKa

O0beM U3MEpPUTENBHON SYEHKU OTIENEeH OT BHEIIHEH Cpelbl MJICHKaMH,
MPO3PAYHBIMU JIJIs1 PEHTI€HOBCKOTO M3My4yeHus. ToMIMHA TUIEHKH BBIOUpAETCs U3
YCIJIOBHSI MAaKCUMAJIBHOTO MPOXO0KICHUS U3IYyYEHUsT PETUCTPUPYEMON dHepruu. B
Cllyyae aHaliu3a Ha HUTPAThI, pabOYMMU SHEPTUAMH (B OTJIMUMM OT aHalM3a Ha
ypaH) SBJISIOTCS KaK BBICOKHME, TaK M CpPEeJIHHME W HHM3KHE »Hepruu. Ilostomy B
MOJICPHU3UPOBAHHOM MPUOOPE MUCIOIb30BAHBI MIJICHKA MEHbIIIEH TOJIIIUHBI.

Ha pucynke 13 nzo0paxén 610K U3BMEPUTEIIHHBIX SUEEK.
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Pucynok 13 - 3meputenbHble sS;TMEUKU

Peanpubie mpoObr mmss POA — 310 cioil BemiecTBa ToJMIMHOWM M. B
UJICATbHOM CIIy4ae HCCIeAyeMylo IpoO0y MOKHO MpPEJICTaBUTh, KaK OJHOPOIHBIN
MaTepuaj, B KOTOPOM PaBHOMEPHO IO BCeMy OOBEMY pacHlpeesieHbl aTOMBI
ompenensieMoro ayeMmenta. Ha pucynke 14 mpeacraBieH mpoOOOTOOPHUK,
BpE3aeMblii B TEXHOJIOTMUECKHH TpyOONpOBOA € TOMOIIBIO  (PIIAHIIEBBIX
COCMHEHMH, O0eCneunBarOUi pPaBHOMEPHBI OTOOp TPOOBI MO CEYCHHIO

TpyOOTIPOBOA.

Pucynok 14 - [Ipo600TOOpHUK C UBMEPUTENHHOM STUEHKOM
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HecoMHEHHBIM JOCTOMHCTBOM aHaJIM3a C HCIOJb30BAaHHEM MPOTOYHOTO
npudopa SBISIETCS TOT (PAKT, YTO BBIMOIHIETCA aHAINU3 00JIBIIOr0 00bEMa MPOOkI U
B UTOTE MBI IIOJyYaeM pe3yibTaT OT MPEACTABUTEIBHON POOBI.

Ucnonezys ¢opmyny (10) MOKHO MOCUMTATh TOJIIMHY aHATU3UPYEMOU

HpO6I>I I CTAODMOHAPHOTO CiIy4dasd.

4.61

uMo  pU
sing  sing Ppacrs

do, = (10)

doo - TOJIIIMKMHA HACBIIIICHHOI'O CJIOA,

uM° — maccoBslit ko3 puuueHt ocnabnenus Mo

U

1~ — maccoBbii kKo umreHT ocinabnenus U

Ppacrs — IWIOTHOCTH pacTBOpa
O0BEM aHanIM3MpyeMor MpOOBI ST CTAllMOHAPHOTO CiIydas MOXKHO
paccuuTarthb 1o ¢opmye (11):
V=d,XS§ (11)
V — 00BbEM KIOBETHI;
d o - TOJIIMHA HACKIIIEHHOTO CJIOS.
S-monmaak OKHA U3MEPUTEIBHON STYCHKH.

Ta6nuna 11 - [lonyueHHble JaHHBIE ISl CTAIIMOHAPHOTO METO/a

Ao Ppacrs t S \

0.0467 2 r/em® 300 ¢ 9.08 cm? 0,42 cm®

Tabnuua 12 - [TonydyenHsle JaHHBIE 711 TIPOTOYHOTO METO/IA

Ao Ppacs t Y moToka \Y/

0.0467 2 r/em® 300 ¢ 500 cm/c 18681 cm®

Takum obOpazom, ucxoas w3 o0bEMaA aHAIU3UPYEMOW MPOOBI aHAIM3 HA

IIPOTOYHOM IIPUOOpE SABIAETCS 00JIee IPEACTABUTEIIBHBIM.
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I'maBa 3. IlpoBeaeHMe NPOMBINUICHHBIX HCHBITAHMA W BBOA B
IKCIIYATALMIO IPOTOYHBIX AHAJIUTHYECKHX IPUOOPOB HA YPAHOA00BIBAKOILIIUX
npeanpustusax Pecnyosmku Kazaxcran

3.1 3anyck npoTo4Horo anajaurudeckoro npudopa CPB-1H Ha yuacrke
necopouum ¢ CIAK-1500

B npOMBIIIIEHHBIX YCIOBUSX MOKA3aTEJSIMU MPOLECCA, KPOME BPEMEHH U
CTETICHH JECOpOIMU  BJIEMEHTa, SBISETCA  JOCTIDKEHHE  MaKCHUMAalbHOMN
KOHLIEHTpauuu u3BiekaeMoro aemeHTa B T/I. TeXHOIOrM4eckuMu yCIOBHSIMHU U
napamMeTpaMH oIlepaluu 1ecCOpOLUOHHOIO KOHLIEHTPUPOBAHMS ypaHa B almapare
CIK — 1 500, onpeaesnsitomiumu 3¢ (HEKTUBHOCTh BEACHUS MpoOIEcca, SIBISIOTCS
IapameTpbl, ONIUCAHHBIEC HUXKE:

— 00BEM IEPETPYKAEMOTO AHUOHUTA, M/4;

koHneHTparus U B T/, r/mM°;
xoHueHTpamua U B MJ1, r/nve;
xoHuenTpaius NOs-uonos B JIP, r/oqm?;

— Boxon T/, M%/u;

— BpeMsl 1eCOpOLIMOHHOTO KOHUEHTPUPOBAHUS, Y;

[Iporounsiii anamutnueckuit npubop IIAIl mo3BONSET NPOBOAUTH
JKCIIPECC-aHaAIN3 Ha COAECP/KAHNE ypaHa B TEXHOJOTHYECKUX pacTBOpax B OHJIAWH-
pexume. [lpumenenue ITAIl Ha naHHOM ydacTke M3BIEYEHHSI CIOCOOCTBYET
OTIpE/IENICHUIO IBYX OCHOBHBIX MapaMeTpoB: coiepxanue ypana B T/] (Ha BbIxone
U3 KOJIOHHBI), cofiepkanue ypaHa B M/ (B «XBOocTax KOJIOHHBI»).

ITocTOSIHHBIN KOHTPOJIb JAHHBIX [1ApAMETPOB I103BOJISET:

- BECTH TE€XHOJIOTHIO U3BJICYEHUS COTJACHO NMPEANUCAHHBIM CTaH1apTaM;

- CHHU3WTH Harpy3Ky Ha aHAIMTUYECKYIO TA0OPATOPHIO;

- TNPOBOJUTH  TEXHOJOTMYECKHE  HUCHBITAHUS  MPOU3BOJCTBEHHOIO
000pyI0BaHUS;

- YMEHBUIUTH 3aTpaThl HA AHAIMTHUYECKUI KOHTPOJb BBIIIECYHOMSHYTHIX

napaMeTpoB.
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VYCTaHOBKA U MOHTaX MIPOTOYHOIO aHATTUTUYECKOTo prudopa (prucyHoK 15)

B LIIITTP TOO «IT «OpTtanbik»:

Pucynox 15 — ITAII na yuactke necopouuu TOO «/IIT«OpTansik»

OmHUM U3 OCHOBHBIX MPEUMYIIECTB MPOTOYHOTO aHATTMTUYECKOTO TTprdopa
CPB-1H 5T0 BO3MOXXHOCTH MOCJEAOBATEIHPHOIO aHajan3a IIECTH IMOTOKOB. JIiIs
OTIEPaTUBHOIO KOHTPOJS KOHIETpAllMd ypaHa TpuOOp ObLT MOJIKIIOYEH K
CJIEIYIOIMM TEXHOJOTUYECKHUM JIMHUAM y4acTka jaecopoimu kononH CJIK-1500:

- MATOYHUK AgoHackienus M/ mosunms 109/1;

- ToBapHbii fecopoat T/l mozunusa 109/1;

- MaTOYHHMK AoHackimenus MJI mo3umms 109/2;

- ToBapHbIi necopoat T/l mozunus 109/2;

- MATOYHUK AoHackIenus MJ] mo3unms 109/3;

- ToBapHbIil necopbat T/l mo3zunms 109/4.

Ha pucynke 16 BbIBOJ pe3ynbTaToB KoHIeHTparuu U mr/m B MaTOYHUKE

JOHackIIeHus, ¢ paboyero monutopa IIAIl B oneparopckoit LITTIIP.
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Pucynox 16 — BeiBox pesynbraroB I[TAIl Ha pabouem MoHUTOpE

I[J'ISI OOCHKHN TOYHOCTH IIOJYYACMBIX PC3YJIbTATOB B TCUCHHH HCCKOJBKHX

CMCH IICPHOAHNYCCKH OT BCCX IIOTOKOB OT6I/IpaHI/ICB HpO6BI pacTBOpPOB JIA

onpenesieHus KoHueHtpamuu ypana B T/ u M/ B xumudeckoit jabopatopuu.

B Ttabmume 13 mnpencraBiieHbl pe3yiabTaThl aHAIW30B, IOJTY4YCHHBIE B

XUMHUYECKOH JTa0OpaTOPUH U HA MPOTOYHOM AHAJIUTUYECKOM ITpHOOpeE.

Tabnumna 13 - CpaBHEeHUE pe3yIbTaTOB, MOJIYYCHHBIX B XUMHUYECKOU JabopaTopuu

1 Ha IIPOTOYHOM aHAJIMTHYECKOM IIPUOOpe

Ne npoOsl1, Bpemst Pesynbrarsl Pesynbprarel Pesynbprarel Pesynprarel
orbopa XUM.aHaIN3a ananmu3za [TAIl | xum. ananuza U | ananuza [TAIT U
Us T, r/am® | UB T/, /o | 8 MJI, r/nm® B MJI, r/nm°
no3. 109/1 no3. 109/1 no3. 109/1 no3. 109/1
30.11.2019 12:00 81.47 80.64 1.40 1.38
30.11.2019 15:00 74.35 74.87 1.25 1.21
30.11.2019 17:00 69.45 68.91 1.88 1.85
30.11.2019 19:00 59.12 59.49 1.50 1.51
30.11.2019 21:00 65.73 66.41 1.48 1.44
30.11.2019 23:00 88.35 87.53 3.6 3.52
31.11.2019 01:00 74.35 75.12 2.5 2.48
31.11.2019 03:00 72.34 72.19 2.94 2.91
31.11.2019 05:00 69.45 70.24 1.83 1.79
31.11.2019 07:00 70.69 69.97 1.63 1.65
31.11.2019 09:00 74.00 73.25 2.75 2.71
31.11.2019 11:00 64.08 63.88 2.80 2.69
31.11.2019 13:00 53.74 55.13 3.64 3.66
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[Tponomxenue TadauIbl 13

31.11.2019 15:00 59.12 58.49 3.5 3.51
31.11.2019 17:00 58.7 57.51 2.5 2.44
31.11.2019 19:00 38.86 40.10 1.95 1.96

N3 wuWHCTPpYKIMM 1O ONPENENICHUI0 ypaHa PEHTIEHOCHEKTPAIbHBIM

(bayopeciieHTHBIM METOJIOM, TOYHOCTh ONIPE/ICTICHUS B TUANIa30HAX COCTABIISIET:
-0t 0,01 r/nm3 10 0,1 /oM — He 6onee 7 oTH. %,
- ot 0,1 /am® mo 100 r/mm® — He Gomee 5 oTH. Y%.

JlanHple pe3ynbTaToB aHaim3a ypaHa B T/l m MJ[ (tabmuma 13) He
MPEBBIIAIOT JIOMYCTUMBIX PACXOKICHUH.

Ha ocHOBE BBILIENIEPEUYUCIEHHOTO MOYHO YTBEPXKAATh O MPUTOAHOCTH
MCIIOJIB30BaHUs MPUOOpa MpU PElICHUN TJAHHOW aHAIUTUYECKOM 3a/1auu.

3.2 3anyck npoTo4YHOro anaauTu4ieckoro npuoopa CPB-1H Ha yuactke
copouuu ¢ CHK-3M

[IpoayKTHUBHBIE PAaCTBOPHI C TEOTEXHOJOTUYECKOTO TOJISI TMOCTYMAalT B
€MKOCTH MPOAYKTUBHBIX PACTBOPOB, TNI€ MPOUCXOAUT MPEABAPUTEIBHBIN OTCTON
KpyIHOU (hpakiuu MEXaHUYeCKUX B3BECEH U yCpeHEHHE KOHIEHTpAllUU ypaHa B
pacTtBope. 3aTeM OCBETJIIEHHbIE pacTBOPHI [IP mogaroTCsa B HUKHIOKO YacTh KOJIOHH
CHK-3M, 3amoyiHeHHBIX COpOEHTOM, Jisi M30MparenbHON copOuuu ypaHa. [lpu
MPOXOXKJIEHUU PAcTBOpa 4epe3 CIOM COpOeHTa, MPOUCXOIUT cOopOIUs ypaHa U
bunbTpanys pacTBOpa OT OCTABIINXCSI MEXaHUYECKHX B3BECEH.

B xononnax CHK-3M maTtouHuku cCOpOITMU BBIBOJSTCS B BEpXHEH 4acTH
koJioHHbI. Conepkanue ypana B MC ne 6osiee 3 mr/i. Jlanee MC HanpaBiisitoTcs B
neckoorctorHuk BP. BP — rmaBHas TOuyka KOHTpPOJIA Ha IIPOU3BOACTBE,
nokasbiBatonias Oezynpeunocts padotel LIIIIP u onpenenstomas CKBO3HON
koddurmenT u3snedenus ypana B L{IITIP.

[ToctostHHBIN AHAIIMTUYECKU U KOHTPOJIb HENOCPEICTBEHHO B
TEXHOJIOTUYECKOM TMOTOKE Ha JaHHOM Y4YacTKe MPOU3BOJICTBA, MO3BOJUT BECTH

KOHTPOJIb «IIPOCKOKOB» ypaHa B OHJIAWH pPEXHME, YTO B CBOIO ouepeab Oyner
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CIOCOOCTBOBATh AaBTOMATH3allMK CcOpOIMU U obecreyeHU0 3(HPEeKTUBHOCTH
U3BIICUCHMS.
VYcraHOBKa M MOHTaX HPOTOYHOro aHajmuTudeckoro mnpudopa CPB-1H

(pucynok 17) B LIIIIP na yuactke «Catemut-2» TOO «CIl«HKaii»:

Pucynox 17 — ITAII na yuactke copouuun TOO «CIl«ukaii»

B xone mpoMBIIIICHHBIX WUCTIBITAHUHN ISl OIIEHKA TOYHOCTH TOJTy4aeMbIX
pe3yJbTaTOB B TEUEHHH HECKOJBKMX CMEH IMEPUOAMYECKH OT BCEX IMOTOKOB
oTOUpaNNCh MPOOBI PACTBOPOB MJIsi OMpeeeHUsT KOHIeHTpanuu ypana B MC B
XUMHUYECKOU Jlaboparopuu. B Tabnune 14 npeactaBieHbl pe3yibTaThl aHATIU30B,
MOJIy4YeHHbIE B XHMMHUYECKOW J1a0OpaTOpud U Ha MNPOTOYHOM aAHAJUTHYECKOM

npuodope.
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Tabmuua 14 - CpaBHeHuE pe3yJbTaTOB, IOJIYYEHHBIX B XHMHYECKOU

71a00paToOpUU U HAa MPOTOYHOM AHAIUTHYECKOM IpUOope

Neo ipo0sI1, Bpemst or6opa | Pe3ynbrarhl Xum.aHam3a Pesynbrarer ananmza [TAIT U B

U B MC, r/nqm® MC, r/nm®

no3. 1X-9 no3. IX-9
16.02.2020 13:00 0.001 0.0010
16.02.2020 16:00 0.001 0.0011
16.02.2020 18:00 0.001 0.0011
16.02.2020 20:00 0.001 0.0011
16.02.2020 22:00 0.002 0.0019
16.02.2020 00:00 0.002 0.0022
17.02.2020 02:00 0.001 0.0010
17.02.2020 04:00 0.001 0.0011
17.02.2020 06:00 0.001 0.0011
17.02.2020 08:00 0.001 0.0010
17.02.2020 10:00 0.002 0.0021
17.02.2020 12:00 0.001 0.0012
17.02.2020 14:00 0.001 0.0010
17.02.2020 16:00 0.001 0.0011
17.02.2020 18:00 0.002 0.0019
17.02.2020 20:00 0.003 0.0031

Hcxoas u3 MHCTPYKIMM MO ONpPEAETICHUI0 ypaHa PEeHTI€HOCHEKTPaIbHbIM
(GiyopecleHTHBIM METOAO0M, JOMYCTHUMbIE PACXOXICHHUS B JAHHOM HHTEpBaje
conepxkanuii ypana (0,001 r/am3 — 0,01 r/nm®) cocraBnsror He Gonee 22 oTH.%.
Jlanubie pesynbpTaToB aHanusza ypaHa B MC (tabnmuna 14) He NpeBBIIAIOT
JIOTTYCTHMBIX PaCXOKICHUH.

Ha ocHOBe BHINIETIEPEUNCICHHOTO MOXKHO YTBEPXAAaThb O MPUTOTHOCTU
UCIOJIb30BaHuUs MpUOOpa MpHU PEeLIeHUH TaHHOW aHaTUTUYECKOH 3a1auu.

3.3 3anyck npoTo4HOro anajauTuyeckoro npuoopa CPB-1H na yuactke
NPUIrOTOBJIEHHUS 1eCOPOUPYIOIIIEro pacTBoOpa

Ha CAC pacTBOp amMMuadHON CEIUTPBI C BBICOKUMHU KOHIIEHTPAUUSAMH IO
HUTPAT-MOHOB B PEAKTOpax pacTBOpeHUs M OydepHONH EMKOCTH TOTOBHUTCS Ha
OCHOBE TEXHUYECKOW BOJbI, MJIM MAaTOYHUKOB (PMIIBTPAIMH C TIpecc-(pUIbTpOB, WK
MATOYHUKOB JICHUTPAIIMU TyTeM JOYKPETUICHUSI pACTBOPOM aMMHAYHOMN CEJTUTPHI B

3aBHCHMOCTH HEOOXOJMMOTO OajaHca MeTajljia 1 HUTpaT-uOHOB.
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IIpu npowmeinuieHHbix ucnbiTanusax B LIIIIP pynauka «CeBepHblii
Xapacan» TOO «bailiken-U» B KkauecTBE aHaIU3UPYEMbIX TOTOKOB IS
MaKCUMaIbHOU 3((HEKTUBHOCTH pabOTHl MPOTOYHOTIO aHAJUTHUYECKOTO Mpubopa
(pucyHOK 18) UCIIONB3YIOTCS CIEAYIONNE TEXHOJIOTUIECKNE TMHUN (PUCYHOK 19):
y3€Jl TPUTOTOBJIECHUS JAECOPOUPYIOLIEr0 pacTBOpa - JIMHUS JECOPOUPYIOIIErO
pactBopa [P (ompenenenue NOs, U), nauHus MaroyHuka geHutparuu MJI
(ompenenenne NOs, U), mHHS ¢ TPUTOTOBICHHBIM MaKCUMAIBHO HACHIIICHHBIM

Hutpatamu pactsopoM (ompenenenue NOs, U).

Pucynok 18 — ITAII Ha y3ne npurorosnenus /I[P
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Pucynok 19 — TexHosornyeckue JIMHUM y371a IpUrotosieHus /P

B nanpHeiieM Ha mpuOop ObLIN MOIaHBI TOTOKH PACTBOPOB, KOHIIEHTPALIUS
DJIEMEHTOB B KOTOPBIX OIpEAeNsiiach aBTOMATHYECKH dYepe3 OIpeaeaEHHbIN
IPOMEXYTOK BpeMeHH. Pe3ynbTaThl 0TOOpa)kaauch Ha 3KpaHe U (PUKCUPOBAINCH B
naMsITH KOMITbIOTEpa orepaTopa CMEHBI.

JUis OLIEHKHM TOYHOCTH MOJYy4YaeMbIX pe3ysbTaTOB B TEUEHHUU BCEX CMEH
NEPUOANYECKU OT BCEX MOTOKOB OTOMPAIUCH MPOOBI PACTBOPOB I ONPEAETICHUS
KOHLIEHTpAallMu ypaHa U HUTPAT — MIOHOB B XUMHUYECKOU jabopaTopuu. B Tabmuue
15SnpencraBieHbl pe3ynbTaThl aHAJIN30B, IOJIYYSHHbBIE B XUMUYECKOU J1a00opaToOpuu

Y Ha MMPOTOYHOM aHAIUTHUYECKOM MPUOOpE.
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Tabmuua 15 - CpaBHEeHHE pe3yIbTaTOB, IOTYYEHHBIX B XUMUYECKON

71a00paTOpUU U HA IPOTOYHOM aHATUTHYECKOM IpUOope

No ipo0wl1, Bpemsi | Pe3ymibTaThl Pe3ynbTaThl Pe3ynbTaThl PesynbTatel
orbopa XUMHYECKOTO ananmu3za [TAII xumuyeckoro | ananuza [TAII
anammza U, r/qv® | U, o/om® a"amm3a NOs, NOg, r/mm®
/oM
30.09.2019 12:00 0.86 0.95 | - -
30.09.2019 15:00 2.10 211 | - -
30.09.2019 17:00 2.30 2.37 | - -
30.09.2019 19:00 1.80 1.39 57.9 (40.5) 43.4208
30.09.2019 21:00 2.00 1.84 40.1 40.416
30.09.2019 23:00 0.48 (0.71) 0.70 (0.70) 44.6 40.8342
01.10.2019 01:00 1.10 1.03 31.4 39.0271
01.10.2019 03:00 0.24 0.18 19.0 (20.7) 24.6861
01.10.2019 05:00 0.22 0.23 31.4 (27.3) 26.7177
01.10.2019 07:00 1.30 (0.77) 0.78 (0.79) 45.5 37.4186
01.10.2019 09:00 1.20 0.99 50.0 40.9261
01.10.2019 11:00 3.80 3.58 39.3 (38.0) 37.6009
01.10.2019 13:00 3.90 (2.5) 2.44 (2.5) 40.7 42.3746
01.10.2019 15:00 3.50 1.83 42.2 43.8378
01.10.2019 17:00 3.30 (1.8) 1.84 (1.84) 41.8 46.8449
01.10.2019 19:00 0.80 0.86 37.2 40.611
01.10.2019 21:00 0.72 0.68 29.4 34.933
01.10.2019 23:00 1.90 1.75 35.6 44.8034
02.10.2019 01:00 1.40 1.21 33.5 39.7782
02.10.2019 03:00 1.40 1.32 47.1 41.9309

*[Ipumeyanue: B CKOOKax pe3ysbTaT MOBTOPHOTO aHAJIHN3A.

Ilo manHbIM pesynbTaTam, B cootBeTcTBUU ¢ PMI' 63-2003 «Ilokazarenn

TOYHOCTH,

IMIpaBHUJIBHOCTH,

MMPpCHHU3NOHHOCTHU

METOIUK

KOJIMYCCTBCHHOI'O

XUMHUYCCKOTO aHaJIu3a. M@TOI[BI OLICHKHN)», OBLIH paccunuTaHbl MOTPCITHOCTH

OIIPpCACIICHUA KOHIOCHTPAIWKU HHUTPATOB HA IIPOTOYHOM AHAIIMTHUYCCKOM an60pe.

Pe3ynbTaThl OIIEHKH MOTPEIIHOCTH MpeICTaBIeHbI B Tabnuiax 16 — 21,
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Tabnuna 16 - McxonHbie JaHHbBIE [0 OLIEHKE COJIEPKAHUS dJIEMEHTA

ATTECTOBAHHOE [TorpemnocTsh Pe3ynbTat equHUYHOrO
O6o3HaueHue SHAYCHIE arrecroBaHHOro |  Ne aHanmmsa, Mr/ame.
00 Cin(r/ M33 3Ha4YeHus ,Ao, | CEpHUH.
m{I/ A (r/mm3) Xmi1 XmiN
1 42.3746 38.7207
2 40.416 43.1433
AC-01 40.8000 2.0000 3 40.8342 37.294
4 39.0271 40.2736
5 40.9261 41.7759
1 39.7782 37.4695
2 33.9 31.9
AC-02 35.8000 2.0000 3 37.4186 35.3412
4 36.6 33.4008
S) 34.933 33.5241
1 43.8378 44,9895
2 46.8449 45.8294
AC-03 43.8000 2.0000 3 41.9309 44.264
4 43.4208 40.821
5 44,611 48.512
1 24.6861 27.0839
2 27.30000 28.50000
AC-04 25.5000 2.0000 3 24.8000 25.2915
4 26.5000 24.7000
5 24.8000 21.1000

Tabnuma 17 - Pe3ynbTaThl OIEHKH MOKa3aTeNs TOBTOPSEMOCTH dJIEMEHTA

Ne Pe3yabTar eAMHMYHOTO
pesyabTara aHaan3a, %.
ejl.
anaiisa Xmiz XmiN X Sj”‘ 1 (max) Gumatin C .. T
1 42.3746 | 38.7207 | 40.5477 | 6.67549261
2 40.4160 | 43.1433 | 41.7797 | 3.71908265
3 40.8342 | 37.2940 | 39.0641 | 6.26650802 | 0.375 | 0.841 | 1.8867 | 5.2263
4 39.0271 | 40.2736 | 39.6504 | 0.77688113
5 40.9261 | 41.7759 | 41.3510 | 0.36108002
6 39.7782 | 37.4695 | 38.6239 | 2.66504785
7 37.4186 | 35.3412 | 36.3799 | 2.15779538
8 33.9000 | 31.9000 | 32.9000 | 2.00000000 0.396 | 0.841 | 1.6083 | 4.4549
9 36.6000 | 33.4008 | 35.0004 | 5.11744032
10 34.9330 | 33.5241 | 34.2286 | 0.99249961
11 43.8378 | 44.9895 | 44.4137 | 0.66320644 | 0.511 | 0.841 | 1.7255 | 4.7798
12 46.8449 | 45.8294 | 46.3372 | 0.51562013
13 41.9309 | 44.2640 | 43.0975 | 2.72167781
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14 43.4208 | 40.8200 | 42.1204 | 3.38208032
15 44.6000 | 48.5000 | 46.5500 | 7.60500000
16 24.6861 | 27.0839 | 25.8850 | 2.87472242
17 27.3000 | 28.5000 | 27.9000 | 0.72000000
18 24.8000 | 25.2915 | 25.0458 | 0.12078612 | 0.562 | 0.841 | 1.5608 | 4.3234
19 26.5000 | 24.7000 | 25.6000 | 1.62000000
20 24.8000 | 21.1000 | 22.9500 | 6.84500000
Tabmuua 18 - Pe3yapTaThl OUEHKH MPEUU3HOHHOCTH 3JIEMEHTOB
Ne PesynbraThl aHanm3a, % Sm GRn GRn GR GRm Rrm
Xml Xm2 Xm3 Xma Xm5 Xm max | min Tabi.
1 40.5477 41.7797 39.0641 39.6504 41.3510 40.4786 1.6350 0.80 0.87 1.715 1.6350 4.5290
2 38.6239 36.3799 32.9000 35.0004 34.2286 35.4265 2.3577 1.36 1.07 1.715 2.3577 6.5309
3 44,4137 46.3372 43.0975 42.1204 46.5500 44,5037 2.1672 0.94 1.10 1.715 2.1672 6.0032
4 25.8850 28.2000 25.0458 25.6000 22.9500 25.5362 2.0660 1.29 1.25 1.715 2.0660 5.7229
Tabnuna 19 - Pe3ynbTaThl OLIEHKH MTOKa3aTeNs NPaBUILHOCTH
Ne Cnm m Aom Ieml Sm tm tnaen Aem Uom Un
1 | 40.30 | 40.4786 | 2.00 | 0.1786 | 1.1342 | 0.142 | 2.780 | 2.4719 | 1.00 | 1.5370
2 | 35.80 | 35.4265 | 2.00 | 0.3735 | 2.1870 | 0.247 | 2.780 | 2.9660 | 1.00 | 2.2715
3 | 43.80 | 44.5037 | 2.00 | 0.7037 | 1.9503 | 0.486 | 2.780 | 2.8363 | 1.00 | 2.0920
4 | 25,50 | 25.5362 | 2.00 | 0.0361 | 1.8809 | 0.025 | 2.780 | 2.8000 | 1.00 | 2.0405
Ta6numa 20 - Pe3ynbTaThl OLEHKH MTOKa3aTessl TOYHOCTH
NQ Cm ORmM ocm Am URm Um U
1 40.3000 1.6350 1.1213 3.8858 1.6350 1.5370 4.4881
2 35.8000 2.3577 1.3988 5.3732 2.3577 2.2715 6.5479
3 43.8000 2.1672 1.3269 4.9807 2.1672 2.0920 6.0243
4 25.5000 2.0660 1.3067 4,7914 2.0660 2.0405 5.8075

Takum o0pa3om, B pe3ysbTare MPOBEIACHHBIX MCCIEAOBAHMIN pa3paboTaH

MCTOJ| 3KCIPECC-aHalIM3a KOHLOCHTPAOWHW HUTPAT — HMOHOB B TCXHOJOTHYCCKHX

pacTBOpax ypPaHOBOIO MPOMU3BOJCTBA CO CIEAYIOIMMH METPOJIOTrHYECKUMU

XapaKTEPUCTHKAMMU:

Tabnuma 21 — 3HadyeHus oka3aTeyaeld TOYHOCTH pe3yJIbTaTOB aHaIu3a

ITokazarens
O06o03Hauenue . IMoka3aTenn TToxasarens ouHOCTH
OIpPEIENsIeMOro Z[I/IaneVBOH M3MepeHnH nogTopsiemocty, | MPCUHM3HOHHOCTH, B "
MaccoBO# KoHIeHTpauu, C (P=0,95, n =2),
JJIEMEHTa o, ORr
7 A *
NO3 ot 20,00 mo 100,00 BKIIFOU. 1.88 6.53 5.37

*COOTBETCTBYET PaCIIUPEHHON HEONPEICICHHOCTH PE3yIbTaTOB aHAJIHM3a

I yPOBHS foBepwst, pumMepro, P=0,95 un koaddunnenra oxsara k=2,
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I'maBa 4. ®OuHAHCOBBIII MEHEIKMEHT, pecypco3(PPeKTUBHOCTH

U pecypcocOepexenmne

BBenenue

OCHOBHOI1 3aauell JaHHOTO pasjiena SBJISAETCS OLIEHKA MEPCHEKTUBHOCTU
pa3paboTKu U IJIaHUpOBaHUE (PUHAHCOBOM M KOMMEPYECKON IIEHHOCTH KOHEYHOTO
poayKTa, npeayiaraemoro B pamkax HU. KomMepueckas 1ieHHOCTh omnpeiensieTcs
HE TOJILKO HAIMYKMEM 00Jie€ BHICOKUX TEXHUUECKUX XapaKTePUCTUK, HO U TEM, OyJIeT
JU TPOAYKT BOCTpeOOBaH Ha pPHIHKE, KakoBa OYyJET €ro IeHa, Kakoil Oroker
HAy4YHOTO HCCIICIOBaHUS, Kakoe BpeMsi OyJeT HEOOXOAMMO JIsi IPOJIBHKEHUS
pa3pabOTaHHOTO MPOAYKTA HA PHIHOK.

JlaHHBIN pa3zesn, npeaycMaTpUBaeT PACCMOTPEHUE CIEAYIONINX 3a/1a4:

— OreHKa KOMMEpPYECKOT0 NOTEHIIMAIAa Pa3paboOTKH.

— IlnanupoBaHue HAyYHO-UCCIEIOBATEIBCKON pabOTHI;

— Pacuder Gro/KeTa HAyYHO-HCCIIEIOBATEIBCKOM pabOThI;

— Omnpenenenue pecypcHol, (puHaHCOBOH, OOMHKETHON A(PhEeKTUBHOCTH

UCCJIEIOBAHUS.

Ilens paboThl — omHMcaHue BHEAPEHHUS TMPOTOUYHBIX aAHATUTUUYECKHUX
npuOOPOB MPHU TMOJYYEHHUU TOBAPHOTO JecopbaTa ypaHa B ypaHOIOOBIBAIOIIUX
komnanusax Pecnyonuku Kazaxcran. B kauecTBe uccienyeMoro MeTojia, BhICTyIaeT
METOJI PEHTTeHO(ITYOPECIICHTHOTO YHEPTOAUCIIEPCUOHHOTO aHalu3a COJIePKaHUs
ypaHa U HHUTPAT-MOHOB B TE€XHOJOTMYECKUX PACTBOpax B OHJAWH pexume. s
NOBBIIIEHUS 3P (HEKTUBHOCTH U3BJIEUECHHS ypaHa HEOOX0IMMO MPOaHAIU3UPOBATH U
PEIINTh BCE TEXHUUECKHUE U aHATUTUYECKHUE TTPOOIIEMBI ITPH BHEIPEHU U MMPOTOYHBIX

aHAJTUTUYECKUX MPUOOPOB.
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4.1 OuneHka KOMMEpPYECKOr0 IMOTEHIHMAJAa W MNEePCHeKTUBHOCTH
NpPOBeJACHUS  MCCIeJOBAHUN ¢  mo3uuuM  pecypcodGpGeKTUBHOCTH
U pecypcoclOepexeHus

4.1.1 AHaIu3 KOHKYPEHTHBIX TEXHMYECKHUX pelIeHuil

B mporiecce paboThl paccMaTpuBalioCh BHEAPEHHE MPOTOYHOTO MpUOOpa,
I7Ie OCHOBHBIM KOHKYPEHTOM BHEJIPEHUS ObLT TPAJIUIMOHHBIN XUMUYECKUN METO/]
aHalM3a ONpPENEJICHUs BBIIICYKAa3aHHBIX KOMIIOHEHTOB (COAEp)KAaHHS ypaHa H

HI/ITpaT-I/IOHOB) B TCXHOJIOTHYCCKHUX ITIOTOKAax.

JleTanpHbIN aHaIU3 HEOOXOAUM, JIJISl TOTO YTOOBI OMPEEIIUTh JOCTOMHCTBA
Y HEJIOCTaTKH KaXKJI0T0 U3 METOIOB.

BapuanTt 1 — peHTreHo(1yOpECIEHTHBII aHalu3 B TOTOKE;

BapuaHT 2 — XUMHAYECKUI aHAJINU3.

JIaHHBI aHAIN3 TPOU3BOAUTCS C NPUMEHEHHEM OLIEHOYHOW KapThl,
IpUBEICHHON B Tabmuie 22. DKCIepTHas OLIEHKAa MPOU3BOJUTCS MO TEXHUYECKUM
XapaKTepUCTUKaM U SKOHOMHUYECKUM IOKa3aTessAM 1o 5 OanbHOM mikane, rae 1 —
HanOosIiee HU3Kas OICHKa, a 5 — HanOoee cuiabHasg. OOmMii Bec Bcex MoKa3aTeineu
B CYMME JIOJIKEH COCTaBJIATH 1.

Tabmuma 22 — OueHoyHass KapTa [Uisi CpPaBHEHHS KOHKYPEHTHBIX

TEXHUYECKUX PEIICHUN

Kpurtepuu ouenku Bec Banasl KonkypeHntocnoco0HOCTH
KpuTepus Bap. 1 Bap. 2 Bap. 1 Bap. 2
1 2 3 4 5 6
TexHuveckne KputTepuu oueHku 3¢ dexTuBHOCTH
ITepedyeHb N3MEPSIEMBIX XUMHYECKHIX HJIEMEHTOB 0,1 5 3 0,5 0,3
JlMana3oH u3MepsAEMBIX KOHIIEHTPAIMI 1 0,1 5 5 0,5 0,5

HIDKHHUH TIpeen oOHapyKeHUs

To4YHOCTH (IIOTPENIHOCTD) H3MEPEHHUIA 0,1 4 4 0,4 0,4
Bpems aHanu3a (3KCIPECCHOCTD) 0,2 5 1 1 0,2
besonacHoctb 0,1 5 4 0,5 0,4

JKOHOMHUYECKHE KPUTEPUH OlleHKH 3(PheKTUBHOCTH

CTOMMOCTB OJTHOTO aHAJIN3a 0,14 4 2 0,56 0,28
TIpemoaraeMBlit CpOK SKCILTYaTalHH 0,16 3 4 0,48 0,64
ComyTCTBYIOIINE 3aTPAThl METO1a 0,1 5 3 0,5 0,3
Hroro 1 36 26 4,44 3,02
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Pacuer koHKypeHTOCTTIOCOOHOCTH, onpeensieTcs o Gopmyie:

K=YB-b,

(12)

rae K — KOHKypeHTOCIIOCOOHOCTh MpoekTa; B; — Bec mokaszareinst (B JOJISX

enquHuLbl); b; — Oann mokasarens.

HpOBCIIeHHLIfI dHaJIN3 KOHKYPCHTHBIX TCXHUYCCKUX pGHIGHI/Iﬁ ITOKa3aJl, 4ToO

1o HamboJiee BaKHBIM KpUTCpUusAM, BHCAPCHHUC IIPOTOYHOI'O AHAJIUTHYCCKOIO

npubopa HECET PpsA NPEUMYLIECTB IS

ypaHOI[O6I>IBaIOH_[eM MNPpCAIIPUATHH.

4.1.2 SWOT-anaau3s

AHAJINTHYCCKOTI'O

KOHTpOJIA Ha

SWOT-ananu3 npuMEHSIOT ISl MCCIICIOBaHUs BHEIIHEH W BHYTpPEHHEU

Cpeabl MPOEKTA.

SWOT - Strengths (cumpHBIC cTOpoHBI), Weaknesses (ciaObie CTOPOHBI),

Opportunities (Bo3moxkHOcTH) U Threats (yrposbl) — TmpeACTaBIsSeT CcOOOM

KOMILICKCHBIM aHaJIN3 HAay4YHO-HCCJICI0BATCIbCKOTO ITPOCKTA.

Tabmnma 23 — SWOT-ananus

Strengths (cuibHbBIE CTOPOHBI)
S1. Bosnbliol mnepedeHb ONpeesieMbIX
AJIEMEHTOB;

S2. Hmskuii mopor  oOHapyXeHUS
3JIEMEHTOB;

S3. DKcmpeccHOCTh METOA;

S4.  JlemieBuW3Ha — aHajgu3a  JaHHBIM
METOJIOM;

S5. B0O3MOXXHOCTb BKIIFOUEHHSI B CUCTEMY
aBTOMATU3ALIMY;

Weaknesses (c1adbie

CTOPOHBI)
W1 Hanmawme
KBaTU(QUIIIPOBAHHOTO
MepcoHana npu
00CITy)KNBaHWH;
W2. OtcyTcTBHE
BO3MOXKHOCTH aHasm3a
JIETKUX 3JIEMEHTOB o
XapaKTePUCTUUECKIM

UCTIONB3Ys pAacCesTHHOE M3IIyYeHHE;
02. Hcnonb3oBaHHE pPE3yJIbTATOB
UCCIENOBAaHUH AN pEIICHHs
AQHAINTHYECKUX 3aJad He TOJBKO
JUIsl ypaHo1o0BIBaIOIIEH 0Tpaciy;

S6. BriBog nHpopmanuu MO0 | JIMHUAM 3THX 3JIEMEHTOB;
KOHLEHTpaluu B pexume peaibHoro | W3. OrpaHuueHHBIH CpOK
BpPEMEHH; CITYKOBI PEHTIeHOBCKON
S7. AKTyanbHOCTb MeToJa npu | TpyOKu.
OIIPEEIIEHNH COAEPKAHUS HUTPAT-HOHOB.
Opportunities (B0O3MOKHOCTH)
O1. BosmoxxHocTs ananmu3a apyrux | 01020304S1S2S354S5S6 - | 01W2 -  npomomkatk
NErKuX KOMITOHEHTOB B | MCIIONB30BATh OIBIT W HApabOTKH NPH | poBoMTH YKCICPHUMEHTHI U
TEXHOJIOTHYECKHX pacTBopax | MPOMBIIUICHHON OKCIUTyaTalliH, | yccreqoBaHus Ul aHAJIN3A

YUYUTBIBAKO BCE CUJIbHBIC CTOPOHBI METO/1A,
JUI1 YBEJIMYCHUS PbIHKA BHEAPCHUS.

COJIEpKaHUS JIETKUX
3JIEMEHTOB MIPUMEHSIS
pacCesHHOE U3IyYEHUE.
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0s. IToBbIIeHUE ponu
ABTOMATH3aLUK  AHAIUTHYECKOTO
KOHTPOJIS ypaHo100bIBAIOIIETO
MPOU3BOJICTBA;

O4. [Ipumenenne HayYIHBIX
HCCIEeOBAaHUH B 3apyOeKHbBIX
KOMITAHHUSAX;

O5. Bbonbmioe yBenudeHue crpoca
Ha ypaH Ha MUPOBOM pBIHKE.

Threats (yrpo3sr)
T1. Bonbiioe cHWXeHHE CIIpoca Ha
ypaH Ha MUPOBOM DBIHKE;
T2. BsegeHue IONOJHUTENLHBIX
TOCY/IapCTBEHHBIX TpeOOBaHMI K
cepTuUKaINU I yCTPOWCTB C
NOHHU3HUPYIOIINM H3ITy4CHHUEM;

T1S4 — npu CHMKECHUU CIIpOca Ha ypaH,
BO3HHMKHET HEOOXOJMMOCTH YBEINUCHHS
3¢ GEKTHBHOCTH u 9KOHOMUU
MIPOM3BOJICTBA M JOOBIYM ypaHa, 4TO B
CBOIO OYepelb MOXET CHAenaTh MPOIYKT
HAIIIETO IPoeKTa OoJree BOCTPeOOBAaHHBIM.

T3WIW2W3 -  cnabsle
CTOPOHBI HAIlIEro IPOEKTa
SBISAIOTCA OOUMMH U s
KOHKYPEHTOB, T.K. 3TO 001111e
IpoOIeMBI

PEHTTeHO(ITYOPECIICHTHOTO

T3.  Hcmomp3oBaHWE  CXOXHX SHEPTrOANCIIEPCHOHHOTO
TEXHOJIOTHI W pa3pabok, a TakKe aHanuza. Hameil 3agaueit
CHHKCHUC CTOUMOCTH Ha 6y,I[CT YCOBCPUICHCTBOBAHHNC
COOCTBEHHYIO MPOYKLHUIO y TEXHUUYECKHUX
KOHKYPEHTOB. XapaKTECpUCTUK, a TaK¥XKC
VOPOIEHHUE  OKCIUTyaTaluu
000pyI0BaHUSI.
Tabnuua 24 — CBsi3b CUIIBHBIX CTOPOH C BO3MOKHOCTSIMHU
S1 S2 S3 S4 S5 S6 S7
01 + + + + + + -
02 + + + + + + -
03 + + + + + + -
04 + + + + + + -
05 - - - - - - -
Tabnuna 25 — Csi3b c1abbIX CTOPOH ¢ BO3MOKHOCTSIMU
w1 w2 W 3
01 - + -
02 - - -
03 - - -
04 - - -
05 - - -
Tabnuua 26 — CBsi3b CUIIBHBIX CTOPOH C YTpO3aMu
Sl S2 S3 S4 S5 S6 S7
T1 - - - + - - -
T2 - - - - - - -
T3 - - - - - - -
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Tabnuma 27 — CBs3b cl1abbIX CTOPOH C YIpo3aMu

W1 W2 W 3
T1 - - -
T2 - - -
T3 + + +

Hcxons U3 pe3yabTaToB MPOBEAEHHOTO aHAIN3a, CICAYeT 3aKII0YUTh, YTO
CHJIbHBIC CTOPOHBI MPOEKTa MPEOoOIaatoT HaJl yTPO3aMHi U CIa0BIMH CTOPOHAMU
nmpoekTa. B HEKOTOpoW CTemeHW Yrpo3bl MOTYT CTaTh IOJOKHUTEILHBIMHU
BO3MOXHOCTSIMU 7151 ipoekTa. [lmogoTBopHas pabota Haja ci1aObIMU CTOPOHAMH U
BO3MOYKHOCTSIMH TIO3BOJIUT YKPEIIUTH CBOW MO3UIIUN B OTHOIIIEHUH KOHKYPEHTOB.

4.2 IlnaHupoBaHNe HAYYHO-UCCJIEI0BATEILCKUX PadoT

4.2.1 Ctpykrypa padoT B paMKax HAYYHOI0 HCCJIeIOBAHUA

Kommiekc npeamnonaraeMbix paboT BKIIOYAET B ceOsI CSAYIONINE 3a/1a4H:

*  ONpEeAeNUTh CTPYKTYPY paboT B paMKaxX UCCIEAOBAHMUS,

*  ONpPEACIUTh YIaCTHUKOB KaXKJI0W paOOTHI;

*  YCTAHOBUTH MPOJIOJDKATEIHLHOCTH padoT;

*  TMOCTPOUTH rpaduK MPOBEACHUS OTIEIBHBIX ATANIOB HUCCIICIOBAHUS.

JIis  BBIMOJIHGHWs JIAHHOTO —HCCienoBaHus  (IpoekTa) HeoOX0IuMOo
chopMupoBaTh pabouyl0 TPYIIY, B COCTaB KOTOPOW BXOJSAT PYKOBOAMUTENIb H
urxkeHep. s kaxaoi W3 3alIaHUPOBAHHBIX PabOT, HEOOXOIMMO BHIOpAThH
VCITOJIHUTEIIS 3TOU pabOTHI.

Pa3paboTanHblii CHOMCOK 3a7ad W TPOU3BOJAUMBIX pPabOT, B pamKax

MPOCKTUPOBAHMSI, a TaKKE PpACIPEACIICHHE HCIIOJHUTEICH 1Mo ATUM pabdoTam,

IIPEJCTaBIICH B BUE TaOIHUIIHI 28.

Tabnuna 28 — Crincok Mpou3BOAMMBIX 33/1a4 ¥ padOT U UX UCTIOTHUTEITU

OcHoBHbIE 3Tanibl |Ne pad Conep:xanue pador JosxHOoCTH
HCTIOJTHUTEJIS
Pa3zpaboTka
CocraBiieHHE U yTBEPKICHHE
TEXHUUYECKOTO 1 PykoBoautenn
TEXHUUYECKOTO 3aJaHUs
3aJlaHus

71



PykoBogurens

2 Br16op HampaBieHus uccaea0BaHUN

Nuxenep
Br16op HamnpaBienus
. [Tox6op u u3ydeHrne MaTepuaIoB Mo
UCCIIeIOBaHUI 3 Wuxenep
TeMe
Kanennapnoe mianupoBanue padbot
4 Aap p p PykoBoauTenn
110 TIPOCKTY
5 IIpoBeneHne TEOPETUYECKUX

pac4eToB M 000CHOBAHUH
HpOBeI[CHI/Ie OIIBITHBIX MCIBITAHUN U
9KCIIEPHMEHTOB Wmxenep
ConocraBieHue pe3ysibTaToB
7  |9KCIIEPUMEHTOB C TEOPETHUECKUMU H
MMPAKTUYICCKUMU NCCICIOBAHUAMUA

TeopeTnyeckue u
IKCIIEpUMEHTANbHbIE| 6
UCCIIeTIOBaHUS

O6o006menne u 8 Ornenka 3¢ ()eKTUBHOCTH TTOTYIESHHBIX PykoBonurens
OLICHKA Pe3yJIbTATOB pe3yabTaToB Wnxenep
KouTposns u KoHTpoJ1b KauecTBa BBIMOJIHEHHUS
KOOPIMHUPOBAHUE 9 NPOEKTa M KOHCYJIbTUPOBAHUE PykoBoaurens
HPOEKTA UCTIOJHUTEIIS

Onenka 3 eKTUBHOCTH
10 MPOU3BOJICTBA M TPUMCHCHHUS Wuxenep

Pa3pabotka TexHu-
MIPOCKTUPYEMOTO U3/ICIIUS

YECKOU
JTOKYMEHTAIH U 11 TexHUKO-9KOHOMUYECKHE PACUEThI Wmxenep
NPOEKTUPOBAHHE =
CocraBieHue NosCHUTEIbHON
11 Nuxenep
3aITUCKU

4.2.2 OnpenesieHue TPYJ10eMKOCTH BbINOJHEHUsI padoT U pa3padoTka
rpaguka npoBeaeHus

OcHOBHasl 4YacTh CTOMMOCTH pa3pabOTKU MPOEKTa COCTAaBISIETCS U3
TPYAOBBIX 3aTpaT, MOITOMY Ba)XKHO OMPEACIUTh TPYAOEMKOCTh paboT Bcex
YYaCTHHKOB pa3pabOTKU MPOEKTA.

Hecmotpst Ha TO, 4TO TPYAOEMKOCTh 3aBHCHUT OT TPYJHO YUHTHIBAEMBIX
napaMeTpoB, T.€. HOCUT BEPOSITHOCTHBIA XapakTep, €€ MOXKHO OIpeAeIUuTh

AKCHEPTHBIM TYTEM, B «UeJNOBEKO-AHAX». OxkumgaemMoe (cpeaHee) 3HAUYEHUE

Tpynoemkoctu 1, onpenensiercs mo popmysie:

to:»ci - 3tmini _gz.tmaxi ’ (13)
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rae L. — MHHHMaJIbHO BO3MOXKHOE BPEMs BBIIOJHEHMS ITOCTABJIEHHOM
3a/1aud  UCIHOJHUTENEM (SBJISIETCA ONTUMUCTUYHOM OLICHKOW: MpHU yJIauHOM
CTEYEHHH OOCTOSATENBCTB), Yel-AH.; L. — MaKCHMMaJbHO BO3MOXKHOE BpeMs

BBITIOJIHEHUS ITOCTaBJICHHOM 3aga4u HCIIOJIHHUTCIIEM (HBJ’ISIGTCH MECCUMHUCTHUYHOU
OHCHKOI?Ii IIp1 HCYAAYHOM CTCUCHHUU O6CT05ITGJ'II>CTB, YCJI.-aH.

Ha ocHoBaHMM pacueToB OKHUIAEMOU TPYIOEMKOCTH paboT, HEOOXOIUMO

OTIPEe/IETUTh IPOIODKUTENIBHOCT KaXJ0H paboThI B pabodnx JHAX T,

Tpi ZO?JT’ (14)
Fﬂe qi — KOJINYCCTBO I/ICHOHHI/ITGHGI\;I, OJHOBPCMCHHO BBIIIOJIHATOIINX

ITOCTABJICHHYIO 3aJ1a4y, Yell.

Huarpamma I'anTa siBisierca HanOonee yJOOHBIM M HAIJISIAHBIM CIIOCOOOM
npejcTaBieHus rpaduka npoBeieHus padoT.

Huarpamma ['anta mnpencraBisieT coOOW OTpPE3KH, pa3MEIICHHbIE Ha
TOPU30HTAJIBHOM IIKajge BpeMeHH. Kaxaplii OTPE30K COOTBETCTBYET OTAEIIBHOU
3amade WM nojszazade. Hagamo, KoHel M JuiMHA OTpe3Ka Ha IIKAJIe BPEMEHU
COOTBETCTBYIOT Ha4Yaly, KOHILY U JUIMTEIbHOCTH 33]1a4U.

st moctpoenust rpaduka ['aHTa, ciemyeT, MJIUTEIBLHOCTh KaXIOW W3
BBITNIOJIHAEMBIX paboT U3 paboUYnX JHEH nepeBecTy B KaJleHaapHble AHU. J{Js 3Toro
HE00XO0AMMO BOCIOJIb30BaThCs CIAEAYIOMIEH (POpMyIIOH, 115 KaXKI0T0 UCIIOJIHUTENS

pacuCThI IPOU3BOAATCA HHANBHUAYAJIbHO!:

Ki. pyK = Tpi ) kk‘lL’l ' (15)
Ki.UHIIC = Tpi ' kmﬂ 1 (16)

rae K., — kanengapHslit Ko3(pQHUIHEnT.

Kanennapuslii ko3¢ duirieHT onpenensercs no gopmyse:

T
k — Kan ’ 1 7
o TKafl - stzx - Tn ( )

p
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.
S 18
Kajl.UHMC T _ T _ T ( )

Kan B8bIX np
rae T, — oOllee KOIMYECTBO KaJEHIAPHBIX THEN B romy; I, — obimee

KOJIMYECTBO BBIXOJHBIX JHEH B TOJY; Tnp — o0111ee KOJIMYECTBO MPa3THUYHBIX JHEH

B TOJIY.

Pacuer TPYAOCMKOCTH U IIPOITOJIKUTCIbHOCTH pa60T:

t _ 3tmini + 2tmaxi 19
0o1CT 5 ) ( )
tOJICi
T = - (20)

Pacuer xanenmapHoro ko3 uIMenTa i NATHIHEBHOW paboucii Hemenm
(pabouast HeneIst HHXKEHEPA):

— Tmu ( 2 1)

KaJ1.UHIIC -|- | —T _T )
Kan 6blX np
Pacuet xanengapHOUN NpoJOKUTEIHLHOCTH BBITIOJIHEHUS! PAOOTHI:

T :Tpi ) kkaﬂ ' (22)

KiL.UHOIC
Pacuer kanengapHoro ko3gpuuuenTa Jisl eCTUIHEBHON padoyueil Helenu

(pabouas Henemnst pyKOBOIUTEIS):

T
k = 23
Kan.pyK TKM _ T _ Tnp ( )

B8blX

Pacuer xanengapHON NpoJOKUTEIHLHOCTH BBITIOJIHEHUS! PAOOTHI:

T = Tpi ) kKa/l ' (24)

Kil.UHHC
Bce MOJYUYCHHBIC 3HAYCHUA B KAJICHAAPHBIX OTHAX OKPYIJIAKOTCS 10 OCIJIOTO

YHUCIIa, a 3aTeM CBOJATCA B Ta0uIly 29
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Tabnuma 29 — Bpemennble nokas3aTenu NpOeKTUPOBAHUS

Hazsanue
paboThI

TpynoémkocTs pabot

tmin,
qeJI-1HUu

tmax,
yell-IHA

%mh
ye-IHU

JluTensHo
CTh
pabot B
pabouunx
JTHSIX

T .
pl

JlnmutensHo
CTh
pabot B
KaJICHJIapH
BIX
JTHSIX

Ki

TCJIb

PykoBoau
Nnxenep

TCJIb

PykoBonu
Nuxenep

TEJIb

PykoBoau
Nnxenep

TCJIb

PykoBonu
Nuxenep

TCJIb

PykoBonu
Nuxenep

CocraBienue u
YTBEPKICHUE
TEXHUYECKOIO 3aJaHus

N

(¢,

TN

Bri0op HampaBieHus
WCCJICIOBAHNMN

1,8 2,4

0,9 1,2

[TonGop u u3y4enue
MaTepuasIoB 10 TeMe

2,4

2,4

Kanenngapuoe
TUTAHAPOBaHUE padoT MO
HPOCKTY

1,4

1,4

[IpoBenenue
TEOPETUUECKHUX PACUETOB
1 000CHOBaHUH

3,8

3,8

[IpoBeneHHE ONBITHBIX
WCTIBITAHUHN 1
9KCIIEPUMEHTOB

10

8,8

8,8

13

CorrocTaBiaeHUE
pe3yIbTaTOB
9KCTIEPUMEHTOB C
TEOPETUIECKUMHU U
MPaKTUYIECKUMU
HCCIIEJOBAHUSIMHA

4.4

4,4

Onenka 3 QeKTUBHOCTH
HOJYYSHHBIX PE3yJIbTaTOB

2,8 3,4

1,4 1,7

KonTtpons xagecTna
BBITIOJTHEHUS TTPOEKTA U
KOHCYJIETUPOBaHHUE
WCTIOJTHUTEIS

3,8

3,8

Onenka 3pPeKTUBHOCTH
MPOU3BOICTBA U
MPUMEHEHUS
MIPOEKTUPYEMOTO HU3IEIHS

10

14

11,6

11,6

17

TeXHUKO-2KOHOMHUYECKHE
pacueTsl

12

14

12,8

12,8

19

CocraBiieHue
HOSICHUTEIHLHOU
3aIMCKHA

13

14

13,4

13,4

20
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[locne pacueta u cBeAeHHs B TaOMMIly BpPEMEHHBIX IOKa3aTesen

IIPOEKTUPOBAHMSI, HA OCHOBE IMOJYYEHHON TaOMUIbl CTPOMUTCS auarpamma ['aHTta

(Tabmuma 30).

Ta6muma 30 — Jluarpamma ["anTa

T [IpomomxuTensHOCTH paboT
Kl'
Ne Buj pa6ot Ucn besp Mapt anp Mait
KaJl.
ITH. 1 2 1 2 3 1 2 2
CocraBieHHe U yTBEpKACHHIE
1 | TeXHHYECKOTO 3aJlaHus, Hcnl ]
YTBEpIKICHUE TUTaHA-TpadrKa ”
Bei00op HanpasieHus Hcnl
4
2 | uccnenoBanuii
Hcm2 .
IToxbop u uzydenue
3 P i Hcn2
MaTepuajoB Mo TeMe
Kanennapnoe nianupoBanue
4 Ucnl
pabot mo mpoexTy Z
[IpoBeneHrEe TECOPETUICCKUX
5 N Hcn2
pacuyeToB u 000CHOBAHUI
[IpoBeneHue onbITHBIX
6 | ucnblTaHuii u Hcm2 -
IKCIIEPUMEHTOB
ComnocraBieHue pe3ylbTaToB
9KCTIIEPUMEHTOB C
; TEOPETUUCCKUMHU U —
MPAKTHYECKUMHU cn
HUCCIIEIOBAHUSIMU -
Onenka 3¢ dexTuBHOCTH Hcenl 7
8 | momydeHHBIX pe3ynbTaTOB .
Hcm2 -
KoHnTposnb kauectBa
BBITIOJIHEHHUS NIPOEKTA U
9 p Henl
KOHCYJIbTHPOBaHKE @
HCTIOJTHUTENS
Onenka 3¢ dexTuBHOCTH
10 | mpousBoacTBa u mpumeHenus | Hcm2
IIPOEKTUPYEMOTO M3IENHS _
TeXHUKO-KOHOMHYECKUE
11 Hem2
pacdeTst -
CocraBiieHue
12 . Hcn2
MOSICHUTCIIBHOU 3alITMCKHU _

Ilpumeuanue:

7
— Hcen. 1 (Hay4HBIid pyKOBOAUTEID), . — Hem. 2 (uxenep)
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Ta6nuna 31 — CroaHas TabnuIa MO KaJeHIApHBIM JHSIM

KonnuectBo guei
OO0111ee KOJIMYECTBO KaJleHJAPHBIX JHEH JIJIs1 BHITIOJIHEHHS paOOThI 121
OO1ee KOIMYECTBO KaJCHAAPHBIX JTHEH, B TEUSHUE KOTOPBIX paboTal 81
WHXXCHEP
OO611ee KOJIMYECTBO KaJeHIAPHBIX JTHEH, B TEUEHHUE KOTOPHIX padoTal 17
PYKOBOIHUTEIH

B pesynprare BhIMONHEHHS TOApaszaena ObLT pa3paboTaH IUIaH-rpadux
BBITIOJIHEHHSI STamoB paboT Il PYKOBOAUTENS U WHXKEHEpPa, MO3BOJISIOIIUI
OLICHUTh U CIUIAHUPOBATh pabodee BpeMsl UCIOJHUTENEH, a TaKkKe PAcCUUTaHO
KOJIMYECTBO JHEH, B TEUEHHE KOTOPBIX padOTaNl KaXK bl U3 UCIIOJHUTENEH.

4.3 BroaxeT HAYYHO-TEXHHYECKOIr0 HCCJIeJOBAHNS

[Ipn nnanvpoBaHWM OFOJKETA HAYYHOI'O HCCIEAOBAHUS JOJHKHO OBITh
o0ecreyeHo MOJIHOE U JI0CTOBEPHOE OTPAKEHUE BCEX BUAOB IUIAHUPYEMBIX 3aTpaT
(pacxo0B), HEOOXOAUMBIX ISl €TO BHITOTHCHUSI:

—  MaTepHualibHbIE 3aTPaThl;

— 3arpaThl Ha  CHEHUAJIbHOE  O0OpyIOBaHHME Il  HAyYHbBIX
(9KCTIepUMEHTABHBIX ) padoT;

—  OCHOBHas 3apa0oOTHAas IUIaTa UCTIOJTHUTENEH TEMBI;

—  JIONOJIHUTEJIbHAS 3apa00THAs IIaTa UCTIOJIHUTENECH TEMBI;

—  OTYHUCJIEHUS BO BHEOIOKETHBIE (DOHIBI (CTPaxOBbIE OTYUCIICHHUS);

—  HakJaJHbIE PacXOpbl.

B mpomecce dopmupoBanus — OwomKeTa, I[UIAHHUPYEMBIE  3aTpaThl

IPYIIIHPYIOTCS TIO CTATBSM.

431 Pacyer MaTepHMAJbHBIX 3aTPaT  HAYYHO-TEXHHYECKOI'0
HCCJIeOBAHUS

B 3Ty craTeio BKIIOYAIOTCS 3aTpaThl Ha TMPHUOOPETEHHE BCEX BHUIOB
MaTepHaoB, KOMIUICKTYIOIIUX HW3JIETUH U Toy(padpuKaToB, HEOOXOIUMBIX JIJIs
BBITIOJIHEHHUST pa0OT 1O JaHHOH TeMe. KoaudecTBO MOTPEOHBIX MaTepHaTbHBIX

IICHHOCTEH OIPEeeNISIeTCs TI0 HOPMaM pacxoa.
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Pacuer ctouMocTy MaTepUANIbHBIX 3aTPAT MPOU3BOAUTCS MO ACHUCTBYIOIIUM
NPEICKypaHTaM WJIM JOTOBOPHBIM ILIEHaM. B CTOMMOCTh MaTepHanbHBIX 3aTpar
BKJIFOYAIOT TPAHCIOPTHO-3ar0TOBUTEIbHBIE pacxoibl (3 — 5 % oT ueHsl). B aTy xe
CTaThIO BKIIIOYAIOTCS 3aTpaThl Ha OQOpPMIICHHE TOKyMEHTAlWU (KAHILETISPCKUE
MPUHAIIICKHOCTH, TUPAKUPOBAHUE MaTepuasoB). Pe3ynabTaThl 1m0 JaHHOUM cTaThe

3aHOCATCA B Tabnuiry 32.

Tabnuma 32 — matepuanbHbIe 3aTPaThI

HaumeHoBaHue MaTepuaioB Ilena 3a ejn., pyo. Kou-Bo, en. Cymma, pyo.
KOMIUTEKT KaHIEIIPCKUX 637,00 1 637,00
NPUHAISKHOCTEH

Kaprpumxk 11 mazepHoro 974,00 1 974,00
IPUHTEPA

bymara oducnas popmar A4 224,00 1 224,00
Hroro: 1835,00

Ilensl pPUHATBI HA OCHOBAHUM MPANC-IMCTA IMOCTABIIMKA MATEPHAIIOB:
https://bizcom.kz/, https://abdi.kz/.

4.3.2 CunenuajbHoe odopynoBanue ISt HAYYHBIX
(AKCIIepUMEHTAJIbHBIX) PadoT

B nmaHHy0 cTaThio BKJIIOYAIOT BCE 3aTpPaThl, CBA3aHHbIE C MPUOOPETEHUEM
WIM WCIHOJI30BAaHUEM CIIELHUAIBHOTO 000pynoBaHus (MpUOOPOB, KOHTPOJIBHO-
U3MEPUTENIbHOM anmaparypbl, CTEHJ0B, YCTPOICTB U MEXaHU3MOB), HEOOXOIUMOTO
JUIs TpOBEAEHUA paboT Mo KOHKpeTHOM Teme. OrmpeneneHue CTOMMOCTU
crenoOOpyI0BaHUsl WM €r0 HCIOJb30BaHUS MPOU3BOAMUTCS MO ACHCTBYIOIIUM
IIPENCKypaHTaM, a B PAIE CIIy4aeB IO JOTOBOPHOMU LIEHE.

4.3.2.1 Pacyer aMOpTH3aLMU CTIEHHAJIHLHOT0 000PYA0BaAHUS

Pacuér amopTuzauuu NpoW3BOAUTCS HA HAXOJSIIEEeCs B MCIOJIb30BAaHUU
o0opynoBanue. B UTOroByro CTOMMOCTH MpPOEKTa BXOJAT OTUYMCICHHS Ha
aMOPTHU3AIIUIO 32 BPEMsI HCTIOJIb30BAHUS 000PYI0BAHMUS.

Pacyet amopTH3annu mpoBOAUTCS CIACAYIOUIIM 00pa3oM:

Hopwma amoprtusanuu:

H =%, (25)
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I'aAc n— CPOK IIOJIC3HOI'O UCIIOJIb30BAHHA B KOJIMYCCTBE JICT.

AmopTtuszanus:
g Ha (26)
12
rae 4 — uToroBasi CyMMa, ThIC. py0.; m — BpEMs UCIIOJIb30BaHUs, MEC.
Tabnuna 33 — 3aTpatsl Ha 000pyIOBaHKE
5
5 = o = I~ o
B - 8 = g a X < 8 3
= g g 2|5 £ | 888 | % 58S =
2 : 2 5|z 8|5 | T | Fg*® 3
= o
£ ¢ R g z
g
CrnexktpomeTp
1 PEHTTeHO(DITYyOPECUEHTHBIA | 1 0.5 17 | 4655172.00 32974.14
trrna CPB-1
2 | Hoyrbyk Acer Extensa 1 35 25 | 37141.00 2708.20
2510
3 Ipunrep HP LaserJet 1022 | 1 1.2 20 8103.00 162.06
Hroro: 35844.40
4.3.3 OcHOBHasi U JIONOJHUTEIbHAS 3apa0oTHAS MJIATA UCTIOJIHUTEJIel
TeMbI

B naHHOM paznene paccuuThIBaeTCs 3apa0OTHas IUIaTa WHXKEHEpa H

PYKOBOJIUTEISI, TOMUMO 3TOTO HEOOXOAMMO pacCUUTATh PACXObl MO 3apabOTHOM

IJiaTte, OMPENCNIeMbIE TPYJIOEMKOCThIO MPOEKTa M JCHUCTBYIOLIEH CHUCTEMOMU

OKJIaJa.

OcHoBHas 3apaboTHas miara 3,, OJHOro pabOTHMKA PACCUMTHLIBAETCS II0

cienyrwlieit hopmyie:

361—! :30H.T

p 1

(27)

rae 3, — cpenHenHeBHas 3apaboTHas 1U1ata, pyo.; I, — IPOAOIKUTEILHOCT

paboT, BHITIOTHAEMBIX pAOOTHUKOM, pald.IH.

CpennenneBHas 3apabOTHAs MJIaTa PACCUUTHIBAETCA 10 hopMyIie:
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Jlist mecTuIHEBHOM paboyeit Hemenu (padoyast HeJesi PyKOBOAUTEIIN):

_3.M
OH F() ’

(28)

rae 3, — IOJDKHOCTHOM OKJIaj paboTHHUKA 3a Mecal;, F, — nelicTBUTENbHEbIH
rojoBoii ¢oHa pabodyero BpeMEHH HCHOMHUTENEH, pad.nH.; M — KOJIMYECTBO
Mecs1IeB paboThl 6€3 OTIyCKa B TEUEHHE T0/1a.

—  IIpu OTIycKe B 28 pad. qJHA — M =11,2 Mecsla, S-1HeBHas padoyas

HEJEs;

—  IIpu oTIycke B 56 pab. qHel —As =10,3 Mecsiia, 6-1HeBHas padouas

HEJEs;

Jlnst nsaTuiHeBHOM paboueit Hepenu (pabovasi Hees HHKEHEepa):

3= 29)
HOH)I(HOCTHOP'I OKJIazJ pa6OTHI/IKa 3a MECALL:
Jns pykoBoauTENSA:
3,=3,.-A+k, +k)k, (30)
J{nst uHXKeHepa:
3,=3, (L+k, +k)k,, (31)

rne 3,. — 3apaboTHasi mmarta, coriacHo TapudHoil craske, py0.; K, —
npeMuanbHbI Kodpduiuent, pasen 0,3; K, — kosdduuuenT gomnar 1 HanoaBoK,
pasen 0,2; K, — paitonnstit koadduuuent, pasex 1,3.

Tabnuna 34 — bananc pabo4ero BpeMeHU UCITOJTHUTENCH

IToxa3aTenn paboyero BpeMeHH PykoBoauresnb HNuzxenep
Kanennapnoe uucio nueu 366 366
KonmuecTBo Hepabounx JHEH 66 120
- BBIXOJHBIC JHU M NPA3JHAYHBIC THU

[ToTepu pabovero BpeMeH! 56/- 28/-
- OTHYCK

- HEBBIXOIBI IO OOJIE3HU

JeiicTBuTEeNnbHBIN T010BOM (OHJ pabodero BpeMeHH 244 218
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Tabnuma 35 — Pacuet ocHOBHOM 3apaOOTHOI MIaThl UCIIOTHUTENEH

Ucnomuurenu

HU 3mc’ py6 kﬂp kb kp BM’ py6 3()H’ py6 Tp’ pCl6()H 300H’ py6

PykoBoautens | 26300 0,3 0,2 1,3 51285 | 2165,9 11 23824.,9
Wmxenep 17000 0,3 0,2 1,3 33150 | 1703,1 60 102186
Uroro: 126010,9

JlononHuTenbHAas 3apaboTHAas 1aTa onpeaensercs no Gopmyse:

JIJ1st pyKOBOAUTEIA:

300;'1 = kdon .30071 :23824990915:357397 py6
s nHxkeHepa:
300n :kdon '30011 :1021860:15:15327:9 py6

rae K, — Ko3(hUIHeHT onoTHUTENBHOM 3apaboTHOM MIaThl (Ha CTaAuN

IIPOEKTUPOBAHUS MPUHKUMaeM paBHbIM (,15).

4.3.4 OTunc/jieHus1 BO BHeOIOMKeTHbIE (hOHABI (CTPAXOBbIE OTYMCJICHNS)

OTtuucnenus Bo BHEOIKETHBIE (POHIBI onpeaesisieTcs o hopmylie:
Jns pykoBoaurens:

3106 = Koes Bon +3,,) =0,3:(23824,9+3573,7)=8219,6 py6.

6Hed
Jlna nHxkenepa:

3H€6: 8H€6(3 +3

[ OCH don

)=0,3:(102186+15327,9)=35254,2 py6.

rne K., — kKoopduIMeHT oTuMcieHMil Ha yHIaTy BO BHEOIOIKETHBIE

dounpl (meHcuoHHblt Goua, pornq OMC um comnumansHOe crpaxoBanue). OOrias
ctaBka B3HOCOB cocTaBiisieT B 2020 roay — 30% (ct. 425, 426 HK P®).

4.3.5 HakuagHble pacxoabl

HaknanubiMu pacxoiamMu yYUTBHIBAIOTCS MTPOUYME 3aTPAThl OPraHU3aluy,
TaKHE KaK: I1e4aTh U KCEPOKONMUPOBAHUE MMPOEKTUPOBOYHBIX JOKYMEHTOB, OIljIaTa
YCIIYT CBSI3H.

HaxnaaHbie pacxo/pl B LIEIOM:

3 wae=(cymma crateit 1-5) -0,2=(1835+35844.40+126010,9+18901,6+43473,8) -0,2=45213,1
pyo.
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rae K, — koo duuueHT, y9UThHIBAIONINI HAKIIAAHbIC PacXo/bl. Benuunna
Kod¢uimeHTa npuHUMaeTcs pasHoii 0,2.

4.3.6 brokeTHast CTOMMOCTD

Ha ocHOBaHMM TMOJY4YEHHBIX MAAaHHBIX IO OTAEIBHBIM CTaThIM 3aTpar

cocrapisiercs Oroxker HU o ¢popme, mpuBeaeHHoi B Tabauie 36.

Tabnuua 36 — 'pynnupoBka 3aTpar 1o cTaThsiM

CraTbu 3aTpaT
1 2 3 4 5 6 7 8
OcHoBHas JlomoHuTENBEHAS Oriucnenus Hroro 6e3 Hroro
CrIpbe, Ha Haxmanneie
3apaboTHast 3apaboTHAs HAKJIaIHBIX OrouKeTHAs
MaTepHanbl | AMOpTH3aIUsA CoLMaIbHbIE pacxobl
iaTa miaTa pacxonoB CTOUMOCTh
HYKJIbI
1835 35844.40 126010,9 18901,6 43473,8 226065,7 45213,1 271278,8

4.4 OnpenejieHne pecypcHoii (pecypcocoeperarwomieii), ¢uHaHCOBOI,
O0I017KETHOM, COMATBLHOM M IKOHOMHYECKOM IPPEKTUBHOCTH UCCICIOBAHMS
4.4.1 UnTerpajbHblil NoKa3aTeab GUHAHCOBOM I(PPEeKTUBHOCTH

WNurterpanbHpiii  mokaszatenb (QuHAHCOBOM 3(PGHEKTUBHOCTH HAYYHOTO
UCCJIEIOBAHMS TIOJMyYalOT B XOJ€ OLEHKA OJKEeTa HECKOJbKMX BapHAHTOB
WCIIOJHEHUS HAyYHOro HccieAoBaHus. J[s 3Toro HamOOJbIIWA HHTETPaJIbHBIN
nokazaTteib pealM3alii TEXHUYECKOW 3ajjaui IpUHUMaeTcs 3a 0a3zy pacuera (Kak
3HAMEHATeJIb), C KOTOPBIM COOTHOCATCA (PMHAHCOBBIE 3HAYEHHUSI [10 BCEM BapUaHTaM
VICIIOJIHEHUS.

NurterpanbHbiii GUHAHCOBBIN TTOKa3aTeIb Pa3pabOTKU ONPEEseTCs KakK:

o

uen.i pi

= (32

max

I HCIL1
bunp

rae — MHTErpajJbHbIN (PUHAHCOBBIN MOKa3aTeNb pa3pabOTKU;

®,i — crouMoCTH I-TO BapraHTa UCTIOTHEHHUS;
Dax — MaKcUMaJIbHasg CTOUMOCTD HUCIIOJTHEHUS HAay4HO-

HCCIICA0BATCIBLCKOTO ITPOCKTA.
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[TomydyeHnHnass BenWYMHA HMHTETPATHHOTO  (PUHAHCOBOTO  IMOKa3aTess
pa3pabOTKHN OTpakaeT COOTBETCTBYIOIIEE YHCICHHOE YBEIMUEHNE OI0KEeTa 3aTpat
pa3paboTku B pazax (3HaueHHWE OOJIbIlIe E€IUHUIIBI), JIMOO COOTBETCTBYIOIIEE
YUCJICHHOE YJEIIEBICHUE CTOMMOCTH pPa3paboTKH B pa3ax (3HAUYCHUE MEHBIIE
SIUHUIIBI, HO OOJIBIIE HYJIA).

B cBsizu ¢ Tem, 4TO pa3paboTKa MaHHOTO HAYYHOTO HWCCIEAOBAHUS MMEET

TOJIBKO OAHO HCITIOJIHCHHUE, TO

@

uen.i pi

durp

=271278.8/271278=1

max

4.4. 2 HTerpaibHbIil NOKA3aTEb Pecypco3(pPeKTUBHOCTH

Heobxoaumo mpousBecTd OILIEHKY pecypcoddHEKTUBHOCTH IMPOEKTa,

OTIpEICISIEMYIO TTOCPEICTBOM pacyeTa WHTErPATLHOTO KPHUTEPHS, IO CIEAYIOIICH
bopmyie:

| = a. -n.

pi Z i bl’ (33)

| . a. o
rae: ” —uHTerpajibHbIi MoKa3zaTenab pecypcodpHEeKTUBHOCTH; ' —BECOBOM

KOd(PGULIMEHT TPOEKTa; b, _ OanpHas OIIEHKAa IPOEKTa, YyCTaHaBJIMBaeMasl
OTIBITHBIM ITYTEM IO BRIOPAHHOM IIKaJie OICHUBAHMUS.

PaccraBnsiem OGasibHBIE OIIEHKH M BeCOBbIE KOA(D(DHUIIMEHTHI B COOTBETCTBUU
C MPUOPHUTETOM XapaKTEPUCTHK MPOCKTA, PACCUNTHIBAEM KOHEYHBIA HHTETPATTBHBIN

MOKa3aTelib U CBOJUM MOJIyYCHHBIC PE3YJIbTAaThl B TA0OMILy 37.
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Tabmuma 37 — CpaBHUTENTBHAS OIICHKA XapaKTEPUCTHK TIPOSKTA

Kpurepuun Becosoii banbnas ouenka HU
koa(purueHT
1. ToyHocTh aHanIM3a 0,2 4
2. CTabuiIbHOCTh pabOTHI 0,2 5
3. DKCIpeccHOCTh 0,3 5
4. PeMOHTONIPUTOIHOCTH 0,2 5
5. IlpocToTa 3KCIUTyaTaluu 0,1 4
Uroro: 1

Pacyet nHTErpanbHOro nokasatesns sl pa3padbaTbIBa€MOro MPOEKTa:
lp1= 0.2:4+0.2-5+0.3-5+0.2-5+0.1-4=4.7

4.4.3 NHTerpajbHblil mokazaresib 3(pGeKTHBHOCTH
WuTerpanbHbiil okazaTenb 3(pPEeKTUBHOCTUA ONpEeNsieTcs Ha OCHOBaHUU
WHTErPAJIbHOTO  TOKazatenss  pecypcodPPEeKTUBHOCTM U WHTErPajibHOTO

(bHUHAHCOBOTO TTOKa3aTes 1Mo hopmylie:

L e 471207

ucnl — ucn.l

punp
Ta0Onmuna 38 - CBogHas Tabiuna IoKasarejei OLICHKH
pecypcod3pheKTUBHOCTH
Ne
IToxasarenun HHN
n/n
1 WuTterpanbHblil prHAHCOBBIN OKa3aTeb pa3padoTKu 1
2 WuTerpanbHblil Moka3aTenb pecypcodPPeKTUBHOCTH pa3paboTKu 4.7
3 WuTterpanbHblil moka3aTens 3¢ dexTuBHOCTH 4.7

B pesynbrare BBIMOJHEHHS W3HAYAJIBHO CHOOPMYIMPOBAHHBIX Iieen

pasaciia, MOKHO CACJIATh CICAYIOININEC BEIBOABI:
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- dHaJIu3 KOHKypeHTOCHOCO6HOCTI/I IMoKa3all, 4YTO Hay4YHOC NCCJICIOBAHUC T10

HanboJiee BaKHBIM KPUTEPUIM UMEET Al MPEUMYILECTB;

- MpU MNPOBEICHUU IUTAaHUPOBaHUS ObUT pa3paboTaH IUIaH-TpaduK
BBITIOJIHEHHSI STaloB paboOT Il PYKOBOAUTENS U WHXKEHEpPa, MO3BOJISIOIIUI

OLOCHUTDL U CINIAHUPOBATH pa6oqee BpEMA HCHOHHHTeHeﬁ;

- COCTaBJICH 6IOI[)K€T, HOBBOH)II-OHIHIZ OIOCHHUTL HAYYHOI'0 HCCICOOBAHMNA,

KOTOpbIe cocTaBisiioT 271278,8 pyo.;

- CpaBHEHHE MWHTErpaJbHBIX I[OKa3zareiae 3(PQPEKTUBHOCTH MO3BOJIET
NOHATh W BbIOpaTh Haubosee 3(P(EKTUBHBIN BapUaHT PELICHUS MOCTaBICHHON
TEXHUYECKON 3aJaud C MO3UIUU (PUHAHCOBOM M pecypcHOU 3(PPEKTUBHOCTH.
Texnuueckoe pemieHue, paccmarpuBaecmMoe B HIM He mMeeT MHBIX BapUaHTOB
WCIOJIHEHU S, TOOTOMY BapUaHT PEIICHUS TEXHUYECKOMW 3a/1aun, onucanHbii B HU,

C Mo3uIU (MHAHCOB U PeCYpCcOB 2P HEKTUBEH.
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I'naBa 5. ConnajibHasl OTBETCTBEHHOCThH

BBenenue

B [aHHOW MAarucrepckoil HOHMCCEpPTAlMM NPUBEICHBI JAaHHBIE IO
MIPOMBIIJICHHBIM JKCILTyaTallHOHHBIM HCHOBITAHUSAM C YYETOM BO3MOYKHOCTEU
IPOTOYHOTO AHATUTHYECKOro MpuOopa HAa OCHOBE PEHTTEHO(IYyOPECIEHTHOTO
cnexktpomeTpa CPB-1H. [IpoTouHblif aHaMUTHYECKUI PUOOP MCHIOIB30BANICS IS
OMPEICTICHHS B PEKUME PEATHHOTO BPEMEHU KOHIICHTPALINI ypaHa U HUTPAT-UOHOB
B TEXHOJOTMYECKHUX TMOTOKaxX ypaHomoObiBaromux kommanuii AO HAK
«Kazarommipom». PaboTel mpoBOAMIINCH B TEYECHUH HECKOJBKHUX JIET HA Pa3HbIX
npeanpuatuax, Takux kak TOO «CII «Hukaity, TOO «baiiken-U», AO
«CIl«Axbacray», Takxke pabOThl MO HCCIAEAOBAHHUIO MPOBOJIUINCH B HAYYHO-
uccnenoBarenbekoit tadbopatopun TOO «TexHOAHATUTY.

B paznene conuanbHON OTBETCTBEHHOCTH IUIAHUPYETCS MPOBECTH AHAIIN3
(bakTOpoB MPOU3BOACTBEHHOM CpElbl W TPUHATUS PEUICHUN IS YIy4IICHUS
ycioBul Tpyaa. s yero OyayT npoaHaIu3upOBaHbl BPEIHBIE U ONIaCHbIE (PaAKTOPHI
MIPOU3BO/ICTBA.

5.1 IlpaBoBble ¥ OpPraHU3aAlMOHHBbIE BOINPOCHI oO0ecHeYeHUs
0e301acHOCTH

5.1.1CneunajibHble IPABOBbIe HOPMbI TPYI0BOI'0 3AKOHOAATEIbCTBA

K pabote co criekTpoMeTpoM JOMYyCKarOTCs JIUIa, HE MoJIoxke 18 JieT u He
UMEIOIIME TPOTUBOMOKA3aHUM [JIsi paboOT ¢ HCTOYHUKAMHU HOHU3ZUPYIOIIETO
W3JIyYEHUs, MPOIIEANINE CIEeIUAIbHBII BBOAHBI MHCTPYKTaX M UHCTPYKTaX IO
Oe3omacHocTH TpyAa Ha pabouem Mmecte. [[ns onmepaTopoB He HMKE 2 TPYIIIBI
JIONyCKa, MJii PEMOHTHOTO TMepCcOoHalla - He Huxke 4 Trpynmnsl JOmyckKa Mo
anekTpode3onacHocTu. IIpu pabore co CIEKTPOMETPOM HEOOXOIMMO COOIIOIATh
obmme tpedoBanuss mo CanutapubiM npaBwiaMm [20] u HOpMam «CaHuTapHBIC
TUTUCHUYECKHE TPEOOBAaHMS 1O 00ECIIEYEHUIO paauaiuoHHoi 6e3omacHoctuy CII

COTOPB 2019 [17] a Takxe OCII 72/84 (OcHOBHBIC CaHUTApHBIE MPaBUIIA PAOOTHI
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C pPaJMOAaKTHUBHBIMM BEUIECTBAMU M JIPYTUMH HMCTOYHUKAMH HOHHU3UPYIOLIUX
u3nydenui) [18].

Cornacuo CanlluH 2.2.2/2.4.1340-03 [19] npu paboTe Ha mepcOHATHLHOM
KOMIBIOTEPE ONPECIAIOTCS CIEAYIONINEe TPEOOBAHNUSA:

1. K paGore Ha mnepcoHalIbHOM KOMIBIOTEPE JOMYCKAIOTCA JIMIA,
npouienue oOydeHHe O€30MacHbIM METOJAAM TpyZAa, BBOJHBIA HHCTPYKTAX,
NEPBUYHBIA UHCTPYKTaX Ha pabodyeM MecTe;

2. PaboTHuk 00s13aH:

- BBIMOAHATE TOJMBKO Ty paboTy, KOTOpask ONpeiesieHa ero J0JHKHOCTHON
WHCTPYKLMEM;

- ConepxaTh B UMCTOTE pabouee MeCTo;

- CobOurogaTh Mephl MOKAPHOM OE30M1aCHOCTH;

-  CoOmomaTh pexXuM TpyAa MW OTAbIXa B 3aBUCUMOCTH  OT
IIPOJOJKATEIBHOCTH, BUJ1a U KATETOPUH TPYIOBOM JESTEIBHOCTH.

3. JmurensHOCTh paboueil cMeHbl He 6osee 8 1 (480 MuH);

4. YcTaHOBIIEHHE 2 PETJIAMEHTUPOBAHHBIX MIEPEPHIBOB, YUUTHIBAEMBIX IIPU
YCTaHOBJICHMH HOPMBbI BBIPAOOTKHU: IIUTENbHOCTBIO 20 MUH uepe3 1 — 2 4 mocne
Hayajga CMEHBI, JUTUTEILHOCTHIO 30 MUH IIPUMEpPHO Yepe3 2 4 IMocje 00eaeHHOTO
NIEpPEPHIBA;

5. OOeneHHbIN NepepbIB JIUTEILHOCTHIO HE MeHee 40 MUH MPUMEPHO B
CEpelMHE CMEHbI. PeriiaMeHTHpOBaHHBIE IEPEPHIBBI TOJKHBI UCITOJIB30BATHCS IS
aKTUBHOTO OTAbIXA U JIEYEOHO-MIPOPUIAKTUUECKUX MEPOIIPUATUI U TPOLEAYD.

[Tpu 12 yacoBoii paboueli CMEHE periIaMeHTUPOBAHHbBIE TIEPEPHIBBI TOJKHBI
yCTaHaBIMBATHCS B MEpPBbIe § 4YacoB pabOThl aHAJOTMYHO NepepbiBaM IpH 8-
4acoBOW pabouel cMeHe, a B TeYeHHE TocIeHUX 4 4acoB pabOoThl, HE3aBUCUMO OT
KaTeropuu U BUJa padoT, KaX bl Yac MpOAOKUTEIBHOCTRIO 15 MUHYT.

Bunbl TpyIoBO#l AEATENBHOCTH pa3lesAroTcs Ha 3 rpynmsl: rpymma A -
paboTa Mo CUMTHIBAaHUIO MH(GOPMALIMK C SKpaHa KOMIIbIOTEpA C MPEABAPUTEIbHBIM

3ampocoMm; rpymma b - pabora mo BBoay mH(opMmaiuu; rpymnmna B - TBopueckas
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paboTta B pexxume auanora ¢ KomnbsiorepoM. [Ipu BeimonHeHuu B TeueHue padoueit
CMEHBl pabOT, OTHOCAIIMXCS K pa3HbIM BUIaM TPYJOBOW JAEATEIBHOCTH, 3a
OCHOBHYIO pa0OTy C KOMITBIOTEPOM CJIeIyeT IPUHUMATh TaKyl0, KOTOpasi 3aHUMaET
He MeHee 50% BpeMeHHU B TeueHue paboueil CMEHbI Ui pabouero JHs.

J1J1st BUZIOB TPYIOBOM I€SITEIBHOCTH YCTAaHABIMBACTCS 3 KATETOPUH TSHKECTH
Y HaIPSKEHHOCTH pabOThl ¢ KOMIIBIOTEPOM, KOTOPBIE ONPEAEISIOTCS: ISl TPYIIIbI
A - 10 CyMMapHOMY YHCITy CYMTBIBAEMbIX 3HAKOB 32 pab04YyI0 CMEHY, HO HE Ooiiee
60 000 3HaKOB 3a CMEHY; JJIsl TPYIIIBI b - M0 CyMMapHOMY YHCITY CYUTHIBAEMBIX WIIHA
BBOJIMMBIX 3HAKOB 3a pabouyio cMeHy, HO He Ooiiee 40 000 3HaKOB 3a CMEHY; JUIs
rpynmnsl B - mo cymmapHOMY BpeMEHHU HETIOCPECTBEHHON pabOThI ¢ KOMIIBIOTEPOM
3a pabouylo CMEHY, HO He OoJjiee 6 4 32 CMEHY.

B 3aBucuMoOCTH OT KaTeropuu TPyAOBOH JAEATETLHOCTH U YPOBHS HArpy3Ku
3a pabouyio CMeHy IpH paboTe ¢ KOMIIBIOTEPOM YCTAHABIMBAETCS CyMMapHOE
BpEeMs periIaMEHTHPOBaHHBIX TiepepbiBoB (Tadmuma 39).

Tabmuma 39 - CymmapHoe Bpemsi periiaMeHTHPOBAaHHBIX TEPEPHIBOB B
3aBUCUMOCTH OT TPOJOJIKUTEIBHOCTA pabOThl, BHUJIa W KaTErOPUU TPYIIOBOM

ACATCIIbHOCTH C KOMIIBIOTCPOM

Kareropus VYpoBeHb Harpy3Kku 3a pabodyio CymMMapHO€e BpeMsi perjiaMeHTHPOBaHHBIX
paloThI CMEHY IIpU BUAaX padoT NePEPHIBOB, MUH.
rpynma A, rpynna b, | rpymnmna B, 4 npu 8-4acoBoit npu 12-gyacoBoit
KOJI-BO KOJI-BO CMeHe CMEHe
3HaKOB 3HaKOB
I 1o 20 000 o 15000 1o 2 50 80
| 10 40 000 10 30 000 1o 4 70 110
i 0 60 000 10 40 000 7o 6 90 140
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5.1.2 OpraHu3anuOHHbIe MeEPONPHUATHS NPH KOMIIOHOBKe padouei
30HBI

AHanu3 ycioBuil TpyJa B JJaOOpaTOPHUHU SIBJISIETCS OJTHOM U3 OCHOBHBIX 3a/]1a4
opranmzanuu  pabodyero  mecra. Cornacao CanlluH 2.2.2/2.4.1340-03
OpraHu3anysi pabouero Mecra 3aKIIYaeTcs B BBINOJIHEHUHU psia MEPONPUATHH,
00eCneunBaOIIMX palMOHANbHBIE W Oe30macHbIi  TPYJNOBOM IHpolecc, MU
3¢ (deKTUBHOE UCHOIB30BaHUWE OpPYAUNA U TPEAMETOB TpyAa, UYTO TOBBIIIAET
IPOU3BOAUTENBHOCTh M CHOCOOCTBYET CHUKEHHUIO YTOMIISIEMOCTH PabOTAIOILIHX.
Ya0o0HOe ¥ panuOHAIBHOE PACHOJOKEHHE OpPraHoB YIPABIEHUSA MO3BOJSET
VCKJIFOUUTD JIMIIHUE IBUKECHHUS.

PaGoune mecta onepaTopoB BBINOJHSEM TaKXKE C Y4eTOM TpeOOBaHUM
TEXHUYECKOU ICTETUKH:

- IUIAaHUPOBKa pabouero Mecra u30aBiseT padOTalOMUMX OT JUIIHUX U

YTOMUTEIBHBIX TPYAOBBIX JBHXKEHHUH, U 00€CTieunBaeT yA00HYI0 pabodyro Mo3y;

- paboyee MecTO O0ECrne4yeHO MHCTPYMEHTAMH W IPHUCHOCOOJICHUSIMH,
HEO0OXOAMMBIMH J1J151 padOTBhI, a TAKXKE ISl TMYHOM 0€30MacCHOCTH; BOJIM3H pabovero
MEeCTa YCTAaHOBJICHBI SIIIMKU WU IIKA(QBl A1 XpaHEHUS MHCTPYMEHTA U JIMYHBIX
BEIICH;

- pabouee MECTO B COOTBETCTBUU C CAHUTAPHBIMM HOPMaMH OCBELIEHO U
IIPOBEHTWJIMPOBAHO, IOCTOSIHHO COZAEPKUTCA B YUCTOTE, HE 3aXJAMJIEHO, HET
XA0THUYHOTO XpaHEHNE UHCTPYMEHTA U MAaTEpPUAJIOB.

Pabouee MecTo MHXKEHEpa — KOHCTPYKTOPA JI0JKHO OTBEYATh TPEOOBAHUAM
K OpraHu3aii 1 000pyI0BaHUIO PabOYUX MECT C KOMIIBIOTEPOM JIJIsi B3POCIIBIX
noJsib3oBateneit B coorBercTBuu ¢ Canllun 2.2.2/2.4.1340-03:

1. BwicoTa paGodeil MOBEpXHOCTH CTOJAa MJisi B3POCIBIX IOJIb30BaTENCH
JIOJbKHA peryaupoBaTbess B mpegenax 680 - 800 mMm; mpu OTCYTCTBUM TaKoOM
BO3MOXXHOCTH BBICOTa paboyeil MOBEPXHOCTU CTONA JAOJDKHA COCTaBIATH /25

MM.
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2. Pabouwnii cTon J0MKEH UMETh TPOCTPAHCTBO JIJIs1 HOT BBICOTOM HE MEHEe
600 mm, mmpuHOM — He MeHee 500 MM, TTyOMHOM Ha YpOBHE KOJICH - He MeHee 450
MM U Ha YPOBHE BBITSHYTHIX HOT — HE MeHee 650 MM.

3. KoncTpykius pabodero cTysia J0JKHA 00eCIeunBaTh:

- LIMPUHY U TIIyOMHY MOBEPXHOCTHU cUeHbs HEe MeHee 400 mm;

- IOBEPXHOCTb CUJICHBS C 3aKPYIJICHHBIM MIEPEAHUM KpaeM;

- BBICOTY ONIOpHOU MoBepXHOCTU clUHKU 300 + 20 MM, IIUPHUHY - HE

Menee 380 MM U paanyc KPUBU3HBI TOPU3OHTAIBHOM MII0CKOCTH - 400 MM;

- YroJl HaKJIOHAa CIHUHKH B BEPTUKAJIBHOW IIOCKOCTH B mpenenax + 30
rpaaycos;

4. KiaBuatypy clie1yer pacrojaraTb Ha HOBEPXHOCTH CTOJIA HA PACCTOSIHUH
100 - 300 MM oT Kpas, OOpalleHHOTO K I0JIb30BaTEINI0, WM Ha CICIHATBHOM,
peryaupyemMoil Mo BbICOT€ paboyedl MOBEPXHOCTH, OTACIICHHOM OT OCHOBHOM
CTOJICIIIHUIIBI.

Coznanue OMaronpusTHBIX YCIOBUH TpyAa W IpaBUiIbHOE O(OpMIICHHE
pabounx MecT, UMEET OOJIbIIOE 3HAUYCHUE, KaK JJIg OOJErYeHus Tpyaa, Tak U JJis
MOBBIIIEHUS  €r0  MPUBJIEKATEIIBHOCTH,  TOJIOKUTEIBbHO  BIHMSIONIEH  Ha
MPOU3BOJIUTEIILHOCTH TPYya.

5.2 IIpodeccnonaibHas cOUMATbLHAA 0€30MIACHOCTH

5.2.1 AHayu3 BpeHbIX H ONACHBIX (P)AKTOPOB KOTOPbIE, MOKET CO3/1aTh
00BbEKT HUCCJIeI0BAHUS

O0BeKTOM HCCIIEIOBAHUS ABJISIETCS AHEProJIUCTIIEPCUOHHBIN
pentrenodiyopectieHTHbIN cniekTpoMetrp Mozaenn CPB-1H. B ocHoBe mpuniuna
CIIEKTpOMETpa JICKUT PEHTIeHOBCKas (IyopeclEHIusT aTOMOB BEIECTBA,
BO30y’K/1aeMasi IEPBUYHBIM PEHTTCHOBCKUM H3JIYYCHHEM B MIPOOE C TMOCIETYIOITIM
pa3ioKeHreM B CHEKTp. MICTOYHMKOM MEPBUYHOTO PEHTTEHOBCKOI'O H3JIYUYEHUS
SBJIIETCSI  PEHTTEHOBCKas  TpyOKa. [lutanne pPEHTTEHOBCKOW  TPYyOKHU

OCYHIECTBIISACTCA BBICOKOBOJIbTHBIM HCTOYHUKOM ITUMTAHUA.
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J11st co3aHus ONTUMAIIBHBIX ¥ TEOMETPUYECKU BOCTIPON3BOUMBIX YCIOBHIMA
BO30YXKICHHSI, TIEPBUYHOE H3ITYUCHHE PEHTICHOBCKON TPYOKM HaIpaBisieTCs C
MOMOIIbIO  KOJUTMMUPYIOIIUX  YCTPOMCTB Ha  aHANM3UpPyEMBI  oOpasell.
PentrenoBckas (hiyopecleHIusl aTOMOB aHAJTU3UPYEMOTo 00pasiia HampaBIseTcs ¢
MOMOIIBIO KOJUIMMHUPYIOIIUX YCTPONUCTB Ha BXOJHOE OKHO MOJYNPOBOJIHUKOBOTO
JIETEKTOpa, Mpeodpa3yeTcsi UM B JJEKTPUUYECKHUE CUTHAJIbI, MPONOPLIHUOHATBHBIC
SHEPrUM JAHHOTO (IYOPECHEHTHOrO H3iydeHus. Jlamee cUTHANbl yCUIUBAIOTCA
3apsAI0YyBCTBUTEIILHBIM TPEAYCHUINTENeM U (POPMUPYIOTCS B IHEPreTUUYECKUN
CTIEKTP C IOMOIIBIO MPOIECCOPa CIIEKTPOMETPUIECKIX UMITYIIBCOB.

PentrenoBckas TpyOKa, KOJUIMMUPYIOLIHE YCTPOWCTBA U
MOJIYITPOBOTHUKOBBIN JIETEKTOP PACIOIOKEHBI B U3MEPUTEIHHOU KaMepe, KoTopas
MpEACTaBIsAeT CO00M MacCHUBHBIM OJIOK W3 QJIIOMHHUS C 3alllUTOM  OT
PEHTI€HOBCKOTO M3JIy4YE€HMs, U BKJIIOYaeT B ceOsi Bce Te 00JacTH, B KOTOPBIX
pacnpoCTpaHsAETCsl U3JIyUYEHUE U pa3MEILaeTcsl KIoBeTa ¢ MpoOOW WM CIJIOUIHON
obpazer]. C MOMOIIBI0 MPOTPaMMHOTO 00€CIIeYeHHsI CIIEKTPOMETpa MPOU3BOIUTCS
00paboTKa MOJTYYEHHBIX OT aHAIMU3UPYEMOTO oOpasiia CIEKTPOB U OMpe/ecHHUE
MacCOBOH JOJH 3JIEMEHTOB C IIOMOIIBIO TPATyHPOBOYHBIX XaPAKTEPUCTHK.

JIist uaeHTuUKaIy MOTEHIMANBHBIX (pakTopoB ObLT Hcnonb3oBan ['OCT
12.0.003-2015 «OmacHble ¥  BpeIHBIE  MPOU3BOACTBEHHBIE  (DAKTOPHI.
Knaccudukanus». IlepedeHb BO3MOXHBIX OMNACHBIX W BPEAHBIX (DAKTOPOB,
XapaKTEePHBIX I 00BEKTa UCCIICA0BaHUS IIpecTaBlieHbl B Tabmuiie 40.

Tab6numa 40 — OnacHele U BpeiHbIe (GaKTOPbl 00bEKTa UCCIICTOBAHUS

Ne dakrtop HopmatuBHBIE JOKYMEHTBI
1 Bo3zaeiicTBue MOHU3UPYIOIIETO HPB-99/2009, CIT COTOPB 2019
W3ITy9ICHUS
2 [TopaxeHnne 3MEeKTPUUECKUM TOKOM I'OCT 12.1.038-82 CCBT.
DIeKTpOoOE30MaCHOCTh
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5.2.2 AHanu3 BpeIHBIX H ONACHBIX (AKTOPOB KOTOpPbIE, MOIYT
BO3HHUKHYTH NPHU NPOBeJIeHUM UCCJIe0BAHUI

Jlig uneHTu(UKaluy NOTEHIUAIBHBIX (akTopoB ObL1 nucnosb3oBad ['OCT
12.0.003-2015 «OmacHple W  BpeaHbIC  MPOU3BOACTBEHHBIC  (DAKTOPHI.
Knaccudpukanus». IlepedyeHb BO3MOXKHBIX ONACHBIX M BpEeAHBIX (HAKTOPOB,
XapaKTEepHbIX JUIs IPOBEACHUS UCCIIEOBaHMs IPEACTaBIEHbI B Tabnuie 41.

Tabnuma 41 — OnacHble U BpeaHble (PaKTOPBI, KOTOPHIE MOTYT BOSHUKHYTh

IIpu IIpOBCACHUN I/ICCJ'ICIIOBaHI/If;I

Ne daxrop HopmaTtuBHBIE TOKYMEHTBI

1 | [IpeBbilieHUE YpOBHS LIyMa TpebGoBaHMs K YPOBHIO IlIyMa Ha
pabouux MecTax v MPOU3BOJICTBEHHOMN

BI/I6paI_[I/II/I YCTaHABJIMBAKOTCA COTJIIACHO

CH 2.2.4/2.1.8.562-96.

2 | HegocraroyHas oCBEUIEHHOCTD CI152.13330.2016 EcrecrBeHHOE 1

HCKYCCTBCHHOC OCBCIICHHC.

3 | OTkioHEHNE TOKa3aTenen CanlluH 2.2.4 — 548 — 96 'urueanueckue
MUKPOKJIMMATa TpeOOBaHUS K MUKPOKIIUMATY

IMPONU3BOJACTBCHHBIX HOMGHIGHI/II\/’I.

4 | [loBBbIIIEHHBIH YPOBEHB Canllnn 2.2.4.3359-16 CanurapHo-
AIIEKTPOMAarHUTHBIX U3Ty4eHHUH AIUIEMUOJIOTHYECKHE TPEOOBAHUS K

¢uznyeckuM ¢pakTopaMm Ha pabOYUX MECTax.

5 | [leuxodusmnonornyeckue HakTopsl P 2.2.2006-05 I'nruena tpyzna. PykoBoacTBO 1o
TMTHEHUYECKOH OlleHKe (pakTopoB paboueit
cpelbl U TpyAoBoro npouecca. Kputepuu u
KJaccu(uKanus ycloBUil Tpyaa.

6 | Bo3aelicTBre HOHH3UPYIOIIETO OCII 72/84, CIT COTOPB 2019 CaunlluH

U3IIy4eHUS 2.6.1.2523-09, Hopwmbl paguaiimoHHON
oe3onacaoct HPE-99/2009

7 | [TopaxeHuEe ANEKTPHUECKUM TOKOM I'OCT 12.1.038-82

CCBT. DnekTpo06e30macHOCTb.
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5.2.3 OOocHOBaHHWe MepPONPHUSATHI MO 3alIUTE HCCAEI0BATENSA OT

JeCTBUA ONMACHBIX U BpeIHbIX (aKTOpOB
MeponpusaTusaMH IO 3alIUTE UCCIEAOBATENS OT JEHUCTBUSL OIACHBIX U

BpPEAHBIX (DaKTOPOB SBISIOTCS OPraHU3AIMOHHBIE MEPbl B COOTBETCTBHHU C
OCHOBHBIMHU TPEOOBAHUSIMU HOPMATUBHBIX IOKYMEHTOB:

1. [Ipesbimenue ypous myma. lym u BuOpamus yxyamarT YCIOBUS
TpYJa, OKa3bIBAIOT BPEAHOE BO3JCHCTBUE HA OPraHU3M YEJIOBEKa, a WMMEHHO, Ha
OpraHbl cllyxa U Ha BECh OPTaHW3M 4Yepe3 LEHTPAJIbHYI0 HEPBHYIO cHCTEMY. B
pe3ynbTare 3TOro OciadiigeTcsi BHUMAaHHE, YXYALIAETCS MaMATh, CHHXKAETCA
peakiysl, yBEeIMYUBAECTCS YUCI0 OmMOOoK npu padore. Illym moxker co3paBaThes
paboTarouiM 000pyAOBaHUEM, YCTAaHOBKAMU KOHAMIIMOHUPOBAHUS BO3/yXa,
OCBETHUTEJIbHBIMU TPUOOpPAMU JTHEBHOI'O CBETAa, & TaKK€ NPOHUKATh H3BHE.

Hlym pabodero cocTOsHHUS PEHTTEHO(DIYOPECLIEHTHOTO CIIEKTPOMETpa U
YPOBHHU IllyMa Ha pabouMX MecTax IO0JIb30BaTelIed NEepCOHAIBHBIX KOMIIBIOTEPOB
[21] He nomkHBI TpeBBINATH 3HAYCHW, yTBepxaA¢HHBIX CH 2.2.4/2.1.8.562-96.
PabGouas 30Ha cooTHOCHTCS ¢ Karteropueid 3 tum «B» komdopt cormacHo ['OCT
12.1.012-90 CCBT. Ilpu 3Ha4Ye€HUAX BBIIIE CAHUTAPHBIX HOPM CIEKTPATHHBIX
nokasareneid BHUOPAlLlMOHHOW Harpys3ku Ha oreparopa HE00X0UMO
npeaycMoTpeTh cpenactBa KouiekTuBHOM (CK3) u wHAMBHIyaIbHOM 3alllUTHI
(CH3). K CK3 THOcATCA: yCTpaHEHHME MNPUYMH IIymMa WIA CYIIECTBEHHOE €ro
ocnabjieHMe B MCTOYHHMKE OOpa30BaHUs; H30JSLUS HCTOYHUKOB IIymMa OT
OKpY’)Karoliel cpeabl CpeiACTBaMH 3BYKO- U BHOpPOHM3OJALMHM, 3BYKO- U
BUOPOTIOTIIONICHUS; IPUMEHEHHE CPEACTB, CHIKAIOIINX IIIYM U BUOPALIMIO HA ITYTH
UX paclpocTpaHeHus. B kauecTBe MaTepraia MOXKHO HCIOJIb30BaTh MUHEPAJIBHYIO
BaTy, THUIICOKAPTOH, CTEKJIOBaTy, 0a3albTOBYIO BaTy, JAPEBECHOE BOJIOKHO,
BcrieHEeHHbIN nonudTuieH u Ap. K CU3 - nprumMeHeHne 3aluTHBIX CPEICTB OPraHOB

cllyXa: HaylIIHUKH, Oepyliu, aHTU(OHBI.

2. HenocrarouHast OCBEIIEHHOCTh. YPOBEHb OCBEIICHHOCTH, Ha pabouem

mecte [22], D0mKEeH COOTBETCTBOBATH YCIOBUSAM PA0OTHI M OBITH ONTUMAJBHBIM
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1o sipkocTH. CBETOBOU CHEKTP JIOJKEH MAKCUMAJIbHO COOTBETCTBOBATH THEBHOMY
OCBEILIEHUIO, TAK KaK OHO ONTUMAIbHO COOTBETCTBYET YEIOBEUECKONU (DU3HUOIOTHH.
O4eHb BBICOKMI  YPOBEHb OCBEIICHHOCTH, TAK €, KaK M HEJAOCTATOYHBIN,
OPUBOJUT K OBICTpOMY YyTOMIIeHHIO 3peHus. OcBelleHHe JOMKHO  OBbITh
pPaBHOMEpHBIM Ha BCEHl IUIOmaau paboyero MecTa, Tak Kak Mpu MepeHoce B3IIIsiia
c 00Jiee OCBEILIEHHBIX HA MEHEE OCBEILIEHHBIE YYaCTKU paboyero Mecta u Hao0opoT
IPOUCXOJUT MOHMKEHHUE OCTPOTHI 3PEHMSI HA JIOCTATOYHO JOJTHI MPOMENKYTOK
BpeMeHU. TpeOoBaHHS K YPOBHIO OCBEIIEHHOCTH B TIPOU3BOJICTBEHHBIX
IOMEIIEHUsIX yTBepkaeHbl cBogoM mnpasui CII 52.13330.2011 EcrectBennoe u
UCKYCCTBEHHOE ocBenieHne. Hopma ocBem€HHOCcTH 1adopatopuil  Hay4yHO-
TEXHUYECKUX, TEPMUYECKUX, buznuecKux, CIIEKTPO- rpauyecKux,
CTHIIOMETPUYECKUX,  (OTOMETPUYECKUX,  MHUKPOCKONHBIX,  PEHTTEHOBCKHX,
PEHTTEHO- CTPYKTYPHOTO aHalii3a, MEXAHUYECKHUX, pPAJTUOU3MEPUTEIbHBIX,
JIEKTPOHHBIX YCTPOUCTB cocTaBisieT He MeHee 400 JIK.

JInsi TpOM3BOACTBEHHBIX IOMEIICHUN BCEX HA3HAYEHUW NPUMEHSIOTCS
CUCTEMbI 00I1Iero (PaBHOMEPHOIO WIM JOKAJIU30BAaHHOTO) U KOMOMHUPOBAHHOTO
(obmiero ©  MECTHOro) oOcBelleHHs. BpiOOp Mexay paBHOMEPHBIM H
JOKAQJIM30BaHHBIM  OCBELIEHUEM  MPOBOAMTCS C  Y4YETOM  OCOOEHHOCTEH
IPOM3BOJCTBEHHOIO MPOLIECCa U pa3MELIEHUS] TEXHOJOTHYECKOro 000pya0BaHUs.
Cucrema KOMOMHUPOBAHHOIO OCBEILEHUS MPUMEHSIETCS ISl MPOU3BOJICTBEHHBIX
MOMEIICHU, B KOTOPBIX BBHIMIOJHAIOTCS  TOYHBIE  3pUTEIBHBIE  PaOOTHI.
[IpumMeHeHne OJHOrO MECTHOI'O OCBEILECHHUS Ha padOYMX MECTAaX HE OMYCKAeTCs.
VYyuteiBasi ocoOeHHOCTH mponecca paboTel Ha crnekTtpomerpe Tuna CPB (ne
TpeOyeTcst OCBELIEHUs Ui MPOBEACHUS padOT BBICOKOM TOYHOCTH) BO3MOXKHO
NPUMEHEHUE CXEMbI OOIIEro PaBHOMEPHOTO OCBEICHHUS.

3. OTkjoHeHUWE  TOKa3aTelied  MHUKpPOKIUMara.  MHKpPOKIMMATOM
IIPOU3BOJCTBEHHBIX IOMEIICHUI - HAa3bIBAlOT METEOPOJIOTMYECKUE YCIOBUSA
BHYTPH TOMEIICHUH. DTH YCIOBHS ONPEASNSIOTCs AeicTByromuM [23] Ha

OpraHU3M 4YeJIoBeKa psiioM (GakTopoB. B 3TOT psim BXOAAT TeMIiepaTypa Bo3ayxa,
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BJIQXKHOCTb, CKOPOCTh JBH)KCHMSI BO3AyXa U TEIUIOBOE M3NMyuyeHHe. Tak ke Ha
MUKPOKJIMMAT BIUSET Ha0op (u3nueckux (pakTopoB, OKA3bIBAIOIINX BIMSHHUE Ha
COCTOSIHUE YeJIOBEKa. OTO TEIJIOOOMEH YeJOBEKa C OKpYXalollehd cpefao u
dakTopsl, OTIpEICTISIONIHE CaMOYYBCTBHE. Takue bakTopsI KaK
paboTOCOCOOHOCTh, 30pOBbE M NPOM3BOJUTEIBHOCTH Tpyda. lleperpes
OpraHM3Ma HacTynaeT TMpU BBICOKOM TemmepaType BO3JyXa U BBICOKOM
OTHOCHUTEIFHOW BJIAKHOCTH, KOTOPBIE COMPOBOXKIAIOTCS HU3KOW MOJIBUKHOCTHIO
BO3IYIIHOM Maccbl. CHMIITOMaMu TEperpeBa SBISIIOTCA — YydallleHUE MyJibCa,
OILIyIIIEHUE CIa00CTH, CUILHOE TOTOOTACICHUE, YBEINUCHHE TeMIepaTyphl Tena,
WHOT/A TOJOBHasg 0onb. llepeoxnmaxkneHne opraHu3Ma BO3HUKAET MPH HATHYUHU
HU3KOM TeMmeparypbl BO3/lyXa W BBICOKOW BIIAYKHOCTH B COUYETAHUM C BBICOKOU
MOJIBIDKHOCTBIO ~ BO3IYIIHOM Macchl. [lpu HacTymuieHHMM TepeoXJIaxXaeHUs
CHIDKAETCsl TeMIeparypa Tela, MPOUCXOJUT CYXKEHHE KPOBEHOCHBIX COCYJIOB,
BO3HUKAIOT cOoM B paboOTe CcepAeyHO-COCYAUCTOM cucTeMbl. CaHUTapHBIMU
HOpPMaMH{, YCTaHOBJIEHHBIMU [JIi TPOU3BOJCTBEeHHBbIX momemeHuit (CanlluH
2.2.4 — 548 — 96 I'uruenndeckue TpeOOBaHUS K MUKPOKIMMATY MPOU3BOICTBEHHBIX
MOMEIICHHU)  yYTBEPKICHBI  ONTHMAJIbHBIE H  JOMYCTUMBIE  HHTEPBAJIBI
TEMIIEpaTypbl BO3[lyXa, OTHOCHUTEIHbHON BIAXHOCTH M CKOPOCTH JBUKEHUS
BO3JIYIIHBIX Macc. HopmaTHBBI YCTaHOBJIEHBI C YYETOM TSHKECTH BBITIOJIHIEMOU
paboThl U BpEMEHH rojia.

B Tabmume 42 oTpakeHbl Hamboyiee  ONTUMAJIbHBIC  KIMMATHYCCKUE
mapaMeTpsl B MPOW3BOJCTBEHHBIX MOMEMICHUSX MAJII KaTerOpUH JIETKUX padoT.
K TakoBbIM OTHOCSTCS pPaOOTHI, KOTOpPHIE BBHIMOJTHSIIOTCS CHUIS W HE TPeOyrOT
BBICOKOT'O (DU3MUECKOT0 HAPSKEHUSI.

Tabnuna 42 - OnTuMaabHBIE KIMMATHUYECKUE TTapaMETPhI

[Tepuon roga Temneparypa ,°C OtHocuTenbHas BIaxHOCTh | CKOPOCTh JBW)KEHUS
BO3IyXa, % BO3/yXxa, M/c, He Oomee

X0JI01HBII 22-24 40-60 0,1

Teérubiit 23-25 40-60 0,1
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4.  OCHOBHBIMU HCTOYHUKH 3JIEKTPOMArHUTHOTO H3ITYYECHUS B JIAHHOU
pabote aBisI0TCA cucteMHbIi 670k [I9BM 1 skpan Buneomonurtopa. Bozaeiicteue
AJIIEKTPOMArHUTHOTO TIOJISI MOYKET CTaTh MPUYMHON YHaIIEHHOTO MyJbCa, AbIXaHus,
MOBBIIICHUS APTEPUATBHOTO JIABJICHWS, BO3HUKHOBEHHS TOJOBHBIX OOJIEH,
ocia0yieHHs BHUMaHug U 3amemsieHust peaknuu. B coorBerctBum ¢ CaunlluH
2.2.2/2.4.1340-03 [24] HanpsuKEHHOCTH 3JIEKTPOMATHUTHOIO OIS HA PACCTOSHUH
50 cM BOKpPYT 3KpaHa Mo 3JIEKTPUUECKOIN COCTaBISIONIEH JOJIKHA ObITh HE OoJee: —
B nuana3one yactoT 5 I'-2 kI'1: 25 B/M; — B nnanasone yactot 2 kI'n-400 xI'11: 2,5
B/M. I111O0THOCTH MarHUTHOTO MOTOKA JOJIKHA OBITH HE 00Jiee: — B IMaNa30He 4YacTOT
S T'u-2 xl'm: 250 vTm; — B amamazone uvactor 2 kl'n-400 kl'1: 25 wTn Ilpwm
JUIMTEILHOM ©W MOHOTOHHOW pabore 3a I[IDBM paGoTHHKH HEHU30EXHO
CTAJIKHUBAIOTCSI C HEPBHO-TICUXWYECKUMHU TE€pPErpy3KaMH, CBS3aHHBIMH C
HaNpspKEHHOCTBIO  TPYAOBOTO  IPOIECCA, BO3HUKAIOIIUMU OT YMCTBEHHOTO
NepeHanpsbkeHsl, B TOM YKCIIE BBI3BAHHOTO HH(DOPMAIMOHHOW HArpy3Koi;
MOHOTOHHOCTBIO TPYZa, SMOILIMOHAIBHBIM MEpeHanpsiKeHueM. {1 MUHUMU3AUU
JENCTBUS JaHHOTO (haKkTopa HEOOXOIMMO COOJIOIATh PEXKUM TPyAa U OTAbIXa

5. Ilpu mmurenvHOM M MOHOTOHHOW pabore Ha I[IOBM paboTHuKH
HEU30€KHO CTAIKUBAIOTCS C HEPBHO-TICUXUUYECKUMH MEPETPy3KaMu, CBSI3aHHBIMHU C
HaMpsHKEHHOCTBIO TPyAOBOro mpoiiecca [25], BO3HHMKAIOMIUM OT YMCTBEHHOTO
NepeHanpsoKeHusl, B TOM YKCJIE BBI3BAaHHOTO WMHGOPMAIIMOHHON Harpy3Ko,
MOHOTOHHOCTBIO TPYZa, IMOIIMOHAIBLHBIM MEpeHanpsiKeHueM. s MUHUMU3AUU
JENUCTBUS TaHHOTO (haKTopa HEOOXOIMMO COOIOIaTh PEKUM TPYIa U OTAbIXA.

6. BozaeiicTBUEe HOHU3UPYIONIIETO U3TydYeHUs. MICTOUHMKOM NEPBUYHOTO
PEHTTC€HOBCKOTO W3IyUYEHUS B CIEKTPOMETPE SBISETCS PEHTTCHOBCKas TpyOKa.
[TuTanre peHTreHOBCKOM TPYOKH OCYIIECTBIISIETCS BRICOKOBOJIBTHBIM UCTOYHUKOM
nutanus. Hapymenun TexHUku Oe30MacHOCTH IMpH padOTe Ha CIIEKTpOMETpE, a
TaK)ke HECOOJIO/IEHUN MPABHII DKCIUTyaTallud CIIEKTPOMETPA, MOXKET MPUBECTU K

00JIyYEHHUIO PACCESTHHBIM MOHU3UPYIOIINM U3TyYEHUEM.
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['maBHas 11€71h paAMAIIMOHHON 0€30MAaCHOCTH — OXpaHa 3I0POBbS JIOJEH OT
BPEIHOTO BO3ACHCTBHUS HOHHU3UPYIOUIETO H3IYYCHHsS] IyTeM COOJIOICHUS
OCHOBHBIX TMPHUHIMIIOB M HOPM paJuallMOHHOW Oe3omacHOCTH. [ JaBHBIM
JOKYMEHTOM 110 paJualMOHHON O0e30macHOCTH TMpU OpraHu3aiuu padbor ¢
UCTOYHUKAMU HOoHU3Mpytomux wusnydyenuit sisiercs OCIT 72/84 (OcHoBHbIE
CaHUTapHbIE TNpaBWwiIa pabOThl € pPAJAUOAKTHUBHBIMH BEIIECTBAMH U JAPYTUMH
VMCTOYHUKAMU MOHU3UPYIOIIHNX U3IIyYECHHM).

Jist  obecniedeHust paJudallMOHHON 0O€30MacHOCTH TMpPU  HOPMAJIbLHOM
DKCIUTyaTalliM ~ MCTOYHHUKOB  HMOHU3HMPYIOUIETO  HM3IY4YEHUST  HEOO0XOIUMO
PYKOBOJICTBOBAThCA  CHCAYIOIIMMU  OCHOBHBIMU  TpuHUUNamMu. [IpuHiun
HOPMHUPOBAHUSA — HEMNPEBBIIICHUE AOMYCTHUMBIX MPEIEIOB UHIWBUAYAIbHBIX 103
00Jy4eHus TpaxJaH OT BCEX UCTOUYHMKOB MOHU3HUPYIOLIEro u3iydeHud. [TpuHmun
00OCHOBaHUSl — 3allpellleHue BCEX BUAOB JIEATEIBHOCTH IO UCIIOJIB30BAHUIO
MCTOYHUKOB HOHU3HUPYIOIIETO H3JIYyYEHHs, IpPU KOTOPBIX MOJy4YEeHHas s
YyeloBeKa M 0O0IlecTBa IMOJb3a HE MPEBBIIIAET PUCK BO3MOXKHOTO Bpena,
MPUYUHEHHOTO JOMOJIHUTENbHBIM OONMyueHueM. [lpuHIun  ontumuzanum  —
NoJAJIEp)KaHUE HAa BO3MOXXHO HHM3KOM M JOCTH)KMMOM YpPOBHE C YYETOM
HPKOHOMHYECKUX M COIMAIBHBIX (PaKTOPOB MHAUBUAYAIBHBIX 7103 OOTyUYEHUS U
qrciia 00Jy4aeMbIX JIUL, TPU UCTIOIB30BaHUU JTHOO0T0 UICTOYHUKA HOHU3UPYIOLIETO
u3nydeHus. J{nss 0OOCHOBaHMS pacXoJOB Ha paJMAlMOHHYIO 3alllUTy MpHU
peanu3alMy TMPUHIUNA  ONTUMHU3AIMH  Tpejjiaraer, 4ro  oOJydeHue B
KOJUIEKTUBHOM 3((eKkTruBHON n03e B 1 yen./3B mpuBoguT K motepe 1 yen./roga
YKU3HU HACEJICHUS.

[Ton BIMAHMEM HWOHUBHMPYIOWIETO U3IYyYEHUST B OPraHU3ME MOKET
MPOUCXOJUTh TOPMOXKEHUE (PYHKIIMM KpPOBETBOPHBIX OPraHOB, HapylUIEHUE
HOPMAaJIbHON CBEPTHIBAEMOCTH KPOBH U YBEIMYEHUE XPYINKOCTH KPOBEHOCHBIX
COCY/OB,  CHIDKEHHE  COINPOTUBISIEMOCTH  OpraHu3Ma  HH(EKIHMOHHBIM
3a0oneBaHusIM U Jip. HeoOXoaMMO NMPUMEHATH 3aUUTHBIE MEPbI, KOTOPbIE AOKHBI

npcaoTBpamiaTb paalOaKTUBHOC 3arpsA3HCHUC BO3/yXd, ITOBCPXHOCTU pa60q1/1x
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MOMEILEHUH, KOXKU U OJeXK bl IepcoHana. /i 3Toro CymiecTByIOT AOMYCTHMbIE
YPOBHHU 103, KOTOPBIE MOXET MOJYyYUTh YEIOBEK. YPOBHU DA3ACIAIOTCS B
COOTBETCTBUHM C KaTEropueil Mo HopMaM paJralnoHHOM 6e3onacHocTh. [lepconan
(rpymma A) - guuoa, paOoTaromuMe € TEXHOTEHHBIMHM  MCTOYHHUKAaMU,
MOHU3UPYIOUIMMH U3Ty4€HUEM, WM HaXOSAIIMECs 10 YCIOBUSAM paboThl B cdepe
ux BozneiictBusa (rpymnma b). Hacemenue - Bce nmma, BKiIIOYasi mepcoHall BHE
pabotsl. [Ipenensl momycTUMBIX 103 A7 MepcoHaia rpynn A u b npuBeneHsl B
tabmnurte 43.

Tabnuua 43 — npeiesnbl JOMYCTUMBIX 103

HopMmupyemsblie BennanHbI [Ipenenst 103

[Tepconan rpynmsr A Hacenenue

DKBUBaJICHTHAs 1034 20 M3B 1M3B

OKBUBaJICHTHAS J03a 3a 1oJ

B xpycranuke 150 M3B 15 M38
B xoxe 500 Mm3B 50 M3B
B xuctax u cronax 500 Mm3B 50 M3B

[Ipenensl 103 U TOMYCTUMBIE YPOBHHU ISl IepcoHana rpymmsl b paBusl 1/4
OT rpynnbl A. 3Ha4eHUsT MPOEKTHOW MOIIMHOCTH 5SKBUBAJEHTHOM JO3BI JUIS
CTaHJIAPTHOM MPOIOJKUTEIBHOCTH NPEObIBaHUS B TOMEILIEHUSIX U HA TEPPUTOPUIX
NepcoHaNia U HaceJleHusi mpuBeneHsl B Tabmwuie 44  (cormacHo CaHuUTapHO-

TUTUEHUYECKUM TPEeOOBaHUSM 0 00ECIIEYSHUIO PAANAIIMIOHHON O€30MaCHOCTH).

Tabmuma 44 — MOUIHOCTH SKBHUBAJICHTHOW J103bl MCHOJIB3yeMOU Mpu

IMPOCKTUPOBAHNH 3alIUTHI

Kareropus Hasnauenune nomemenns | IlponommkurensHocts | [Ipoexktupyemast
00 Ty4aeMbIX JTHUI] OO6nyuenus, 4/Tont MOIITHOCTb
TI03BI, MK3B/4

TTocTosgunHOE 700 6,0

['pynna A | npebbiBaHue

Ilepconan Bpemennoe npeGbiBaHue 850 12
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[Tomenienue opranuzanuu 2000 1,2
I'pynna b | u canuTapHO-3aIUTHON
30HBI II€ HAXOJUTCS

nepcoHan rpynms! b

Hacenenue JIro6oe napyroe 8800 0,06

[IOMEILEHUE U TEPPUTOPUS

PaboThI ¢ 3aKpHITHIMU HCTOYHUKAMHU MPEIIO0JIAratoT:

- olpejieieHue TpeOOBaHUN K Pa3MEILICHUIO U 000pYA0BAaHUIO TOMEIICHUH;

- HCII0JIb30BAaHUE CUCTEMBI CTaTHUECKHUX (000pyJ0BaHUE, CTEHBI) OAPHEPOB.

IIpoBeneHne cepur DKCIIEPUMEHTOB C  HCIIOJIB30BAHUEM HCTOYHHKOB
MOHU3UPYIOMIET0 M3JIYYEHHS JOIMYCKAETCS TOJBKO IO ONUCAHUAM  MOPSJIKOB
npoBeneHus n3MepeHuii. K mpoBeneHnIo SKCIEpUMEHTOB IOy CKAIOT MOCIIE:

- 00s13aTEJIBHOTO TNPEABAPUTEIBHOIO M MEPUOJUYECKOIO €XKETOIHOTO
MEJIUIUHCKOTO0 OCMOTPA;

- o0yueHusl IpaBuiiaM O€30MACHOTO BEACHMs pabOT M MpaBUiIaM JUYHON
TUTHCHBI.

NHucTpykTaxk u mpoBepka 3HaHUI 0€301MaCHOCTH PadOTHI ¥ TUYHON TUTUEHBI
IPOBOASATCS 10 Hayana paboT M MEPUOJAMYECKH HE PEKe OJTHOTO pas3a B MOJIT0/a.
Pe3ynpTaThl MpOBEPKHU 3HAHUS WHCTPYKUUH PETUCTPUPYIOTCS B CHELUATBLHOM
KypHaie.

Otaen paaualMOHHON 0€30MaCHOCTH JOJKEH MPOBEPUTH MEpe]] HauajaioM
HKCIIEPUMEHTOB KOMIUJIEKC 3alllUTHBIX MeponpusThii B Jadopatopusx. 0060 Bcex
HapylIeHUsX B pabore 00OpyAOBaHHS, HECOOTBETCTBHUM HHIWBUIYaJIbHBIX
CPEIICTB 3aIlUThI, NPEIBABIAEMbIM K HUM TPEOOBAHUSAM COTPYIHUKHU OOS3aHBI
HEMEJICHHO JOKJAIbIBaTh PYKOBOAUTEIIO padoT.

7. TlopaxkxeHue 3IEKTPUYECKUM TOKOM. DJIEKTPOOE30MacHOCTh — CHCTEMa
OpPraHW3allMOHHBIX W TEXHUYECKUX Meponpusathii [26] w  cpencts,
00eCreurBaIIMX 3alIUTy JIIOJed OT BPEAHOIO U OMACHOTO BO3ACHCTBUS

QJICKTPUICCKOTO TOKa, 3J'ICKTpH‘ICCKOﬁ AYyTrd, DBJICKTOMAaroHuTHOTO IIOJA M
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CTaTHYECKOTO BJIEKTpUYECTBA. be3omacHOW Mg 4YenoBeKa SBISECTCS BEIWYMHA
nepeMeHHoro Toka — 10MA, moctostHHOTO — S0MA, Ge3omacHoe Hanpspkerue 12B.

[Ipy nOpoBeneHMM KOMIBIOTEPHBIX HCCIENOBAHUN  HCHOJB30BAJIaCh
arnraparypa, MATaHue KOTOPOM OCYIIECTBISIETCS OT CETU C HampsbkeHuem 220B.
O6opynoBanue 1a00paTOPUM ABJISETCS HU3KOBOJIBTHBIM. [10 HANMMUKIO MTPU3HAKOB
ANEKTPUYECKUX OMACHOCTEW — MOMENIEHUE OTHOCUTCS K KaTErOpUU MOMEIIECHUN €
MOHWYKEHHOW OMACHOCTHIO. J{JIs mMpenoTBpallleHHs BBIX0/1a U3 CTPOS. KOMITbIOTEPOB
BCJICJICTBUE OPOCKOB HANPSDKEHUSI MUTAIONIEH CeTH, a Takxke, AJid oO0ecredeHus
COXPAHHOCTH [JIaHHBIX MPU  aBapUTHOM  OTKJIIOUEHUM  CETH,  [UTAHUE
OCYILECTBIISIETC 4epe3 MCTOUHMK Oecriepeboitnoro nutanust UPS. Cnexkrpomerp
tunia CPB-1 Taxke mnwuraercs ot cetu 220B uyepe3 craOuiamzaTtop ceTEBOTO
HaIpPsDKEHUS, a TAaKXKe Yepe3 UCTOUYHUK OecriepeOOMHOro MuTaHusl.

AHalIN3 OMACHOCTU DJJIEKTPUYECKUX CETEH MPAKTUYECKH CBOJIMUTCS K
ONPEICJICHUIO 3HAUYCHHS TOKA, MPOTEKAIOIIETO Yepe3 TEJIO YEIOBEKAa B PAa3IMUYHBIX
YCJIOBUSIX, B KOTOPBIX MOJKET OKa3aThCAd YEJOBEK IMIPU  OAKCIUTyaTalluu
aneKTpuyeckux cerer. [Ipy TpPOXOXKIAEHUU DJIEKTPUUYECKOTO TOKA 4YEpe3 Telo
YyeJoBeKa MOTYT BO3HUKHYTHb TMOBPEXACHUS opraHusma. JleiicTBue Toka Ha
OpraHu3M 4YeJIOBEKa MOXKET ObITh MECTHBIM M oOmmM. OOmiee (pediaekTopHoe)
MOpPaKEHUE - DJICKTPUUYECKUN yaap, MPEACTaBISET IS YeJOBEeKa HauOOJIBIIYIO
OMacCHOCTh: HapyliaeTcsi paboTa IEHTPaTbHOW HEPBHOW U CEPACHYHO-COCYIUCTON
CUCTEM, YTO MPUBOJIUT K GUOPHILIISAIMN U MApalIndy CEep/Iia, a TAaK)Ke K OCTAaHOBKE
JbIXaHusl. XapakTep W MOCIEACTBUSI MOPAKECHUSI 3aBUCAT OT BEJIMYUHBI, YACTOTHI
U IIyTH TPOXOXKIEHUS TOKA; MPOJAOKUTEIBHOCTU BO3JeHCTBUS. CBOEBPEMEHHO
OKa3aHHas TNOMOIIb IPU TMOPAXKEHUH TOKOM TMO3BOJSIET COXPAHUTh >KU3Hb
noctpaaasmieMy. [loaToMy moMoIns O/bKHA OBITH OKa3aHa HemeieHHO. [lpu
OKa3aHWM TIEPBOM TIOMOIIM TIOCTPAJABIIETO HEOOXOJUMO OTCOSAUHUTH OT
TOKOBEYIIEH YacTH, OJJHOBPEMEHHO 3allMinas ce0s OT OMAaCHOCTH KOHTAKTa C
TOKOBOJIaMH. B mepByr0 ouepepr Haao OTKIOYUTHL TOK. Ilpum jerkux

MMOPAKECHUSAX IOCTPAJABIIECTO CJEAYyeT BBIHECTM HA CBEXUM BO3ayX. Eciu
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AbIXaHHUC OYCHBb PE3KOC U CYIAOPOIKHOC, HGO6XOI[I/IMO CACIaTb HMCKYCCTBCHHOC
JABbIXaHHC. HpI/I OCTaHOBKC JAbIXaHHWA u OTCYTCTBUU ITyJibCa JACIar0T
HCKYCCTBCHHOC  JbIXaHHC U HGHpHMOi’I MacCax ccpala. 3areM HGO6XOI[I/IM3
rocimMTaJm3anus.

Bo usbexanue TpaBMatusma CieayeT, COOMIOAATH CIEAYIOIINE TPaBHIa;

1) HomxHa OBITh M3y4y€HAa WHCTPYKIUS MO SKCIUTyaTalldy ammapaTyphl.
[lepen kaxabpIM BKIIOUEHHEM MPOU3BOJIUIICS OCMOTpP paboydero Mecra;

2) O6pamare 0co00¢ BHUMAaHHE Ha TOCIEAOBATEIIBHOCTh BKIIOUCHUNA M
BBIKJIFOUCHUS [MUTAHUS OTCIIbHBIX Y3JIOB;

3) Bce y3I1bl BEIYMCIUTENBHOTO KOMILIEKCA JI0KHBI OBITh 3a3€MJICHBI YEpE3
KOHTYp 3a3€MJICHUS;

4) KonTyp 3a3eMiieHUs NEPUOJAUYECKU MPOBEPSETCS HA DBICKTPUUECKOE
CONPOTUBJICHUE.

5.3 JDkoJsiornueckasi 0€30MaCHOCTh

5.3.1 AHanu3 BIMSHUA 00bEKTA UCCJIEJOBAHNS HA OKPY/KAIOILYI0 Cpeay

OxpaHa OKpyKarollel cpelpl - KOMIUIEKCHass mnpobiemMa u Haubonee
aKTUBHOW (OpPMOHN ee pelieHusl SBISETCS COKpAIlleHHE BPEIHBIX BHIOPOCOB
MPOMBIIUJICHHBIX TMPEANPUATAN 4Yepe3 TMOJHBIM Tepexol K Oe30TXOAHBIM WU
MaJIOOTXOJHBIM TEXHOJIOTUSAM MPOU3BOJACTBA. B HallleM ucciaeqoBaHUU OCHOBHYIO
poJib  3aHUMaeT peHTreHodayopecueHTHbli  cnektpomerp Tuma CPB-1.
CrnexTpoMeTp OKa3bIBaIOT BJIMSHHUE Ha OKPYXKAIOUIYI0 CpeAy MOTpedJieHreM
ANEKTPOIHEPTUH, HATMYHUEM PEIKO3EMENIbHBIX METAJIJIOB B CBO€M KOHCTPYKIUH, a
TaKKe HEOOXOIUMOCThIO MPABUILHON pa3iesibHOW yTwin3anuu. Takke HEe CTOUT
00XOAUTh CTOPOHOM MOMEHT IMPOM3BOJICTBA BBINICYIIOMSHYTOTO OOOPYIOBaHMUS,
KOTOPBIN HECET B ce0e 3HAUMTEIIbHYIO HArPy3KY Ha IKOJIOTHIO OKPYKAIOIIEH CPEeIbl.

5.3.2 AHAJIN3 «KU3HEHHOT0 HHUKJI2» 00beKTAa UCCJIeI0BAHMS

OrneHka J>KM3HEHHOTO IMKJIA MOXXET OBITh OIpeeieHa, KaK METO],
M3YYaloONIMi SKOJIOTMYECKUE aCIMeKThl W IMOTEHIMAJIbHOE BO3JACHCTBHE OOBEKTa

HCCIICAOBAHUA UKW IMTPOUCCCOB B TCUCHUEC BCEI'O €TI0 JKU3HCHHOI'O IIMKJIA, HAYMHAsA C
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JIOOBIYM CHIPHEBBIX MATEPUANIOB, MPOLECCOB MPOU3BOJACTBA, /10 yTuiauzanuu. Ha

pucynke 20 mokazana oO1iasi cucreMa XKHU3HEHHOTO [IUKJIA.

| |
Oxpyxaomas cpeaa DHepreTHyeckue Jpyrie npHpoaHsie
, pecypcesl pecypcesl .
| |
\ 4 |
Bcee npoueccsl, H BHABI
TIPHPOIHBIE PeCYPCh AeATeNIbHOCTH, CBA3AHHBIE )
(Kak ChIpbe) | CANIHEHHBIM LHKIOM |—— KOHEHHOE ynanenne __p, I
CHCTeMBI TPOAYKILHH

| 4

\ BoiGpocht Omxonet  COpocst
+ L | /

—

Pucynox 20 - Konrenmus o1ieHKr )XKU3HEHHOTO IUKJIA MMPOTYKITHH
AHanu3 «GKMU3HEHHOTO IHMKJIa» PEHTTeHO(MIYOPECIICHTHOTO CIIEKTpOMETpa
MO’KHO pa30UTh Ha HECKOJIBKO JTAIOB:
1. [Ipou3BoACTBO OOOPYAOBAHMUS:
- WCTOJIb30BaHUE B KauyeCTBE CHIPbS KOHCTPYKIIMOHHBIX METaJUIOB,
PEIKO3eMENTbHBIX METAJIJIOB M MPOYHNX MaTEPHAIIOB;
- TIOTpeOeJIeHNe PHEPropecypcoB, a TaKkKe JPYTUX COIMYTCTBYIOIIUX
MIPOU3BOJICTBY PECYypCOB (BOJAOCHAOXKEHHE, TETUIOCHAOKEHUE U JIP.);
- peanuzanusi 0OOpYAOBaHHUS KOHEYHOMY MOTpeOUTEnto (BHIOPOCH B
atmocdepy, norpedenenre I'CM u ap.).
2. DKCILTyaTanusi 000pyI0BaHHMS:
- moTpeOeIeHrE PICKTPOIHEPTHH.
3.Ytunuzauus 000pya0BaHUS:
- OTXO/IBI.
5.3.3 O6ocHOBaHME MEPONIPUATHI 110 3aIUTE OKPY:KAIOLIEH Cpeabl
Hcxons w3 aHanm3a BIUSHUS CIIEKTPOMETpPA Ha OKPYKAIOIIYIO Cpeay U

aHaJIn3a <GKU3HCHHOI'O HUKJIa» CIICKTPOMCETpPA CIICAYCT OTMCTUTh!:
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- Ha armocdepy, Kak o00JacThb BO3JCHCTBUS, OKAa3bIBAET BIMSHHE
DHEpPromnoTpedsieHne W CONMYTCTBYIOUIME  DHEPrOpecypchl  MPOU3BOJICTBA
CIIEKTPOMETpa U CBs3aHHBIE C HUM BBIOpOCHI B arMmochepy, a Takke
3aJIeiCTBOBAHHAS PY MTPOU3BOACTBE U pPeaIn3allH JJOTUCTHKA.

- Ha JuTochepy MOXKET OKa3blBaTh 3HAUYUTENILHOE BIMSHUE YTHIM3ALUA
000pyZ0BaHUs C HAPYIICHUEM NPENUCAHHBIX HOPM.

B kxadectBe 000CHOBaHUI MEPOIPHUATHI MO 3aIIUTE OKPYXKAIOUIEH Cpesbl
CJeyeT yKa3aTh Ha CIIEIYIOIINE MOMEHTHI:

- OpranuzoBaTh MNPOU3BOJICTBO O0OOPYAOBaHUSA C COOJIIOJCHUEM BCEX
HKOJIOTUYECKUX HOpM. Mcronap30BaTh B MPOU3BOACTBE COBPEMEHHBIE PEIICHUS 10
3aIlATE U OXpaHe OKpYKarolen cpensl. [Ipu peanu3anuu Heroab30BaTh JOTUCTUKY
C HAUMEHBUIUM BIUSHUEM Ha HKOJIOTHIO OKPY’KAIOIIEH CPEebL;

- IIppuHuMaTe Mepbl M TEXHUYECKHUE PELICHHS IPU INPOU3BOJACTBE IS
CHIDKEHUS SHEPronoTpedsieHns: 00bEKTa UCCIEIOBAHNUS;

- [Ipn yrunuzanuu OOOpYAOBaHMS  3aKJIOYaThb KOHTPAKTBl €
OpraHU3alMsIMU, OCYIIECTBIISIOIIMMU pa3/ieidbHbIN COOp OTX0/10B, KOTOPBI B CBOIO
ouepeb 00eCEeYUT IKOHOMUYHOE HCIOJIb30BAHWE MATEpUAIOB IPH MOBTOPHOM
UCITIOJIb30BAHUHU.

5.4 be3onacHOCTH B Ype3BbIYANHBIX CUTYALUAX

5.4.1 Ananu3 BeposaTHbIXx YC, KoTOopbie MOryT BO3ZHMKHYTH IIPH
HCCJIeI0BAHUN 00bEKTA

CambiM pacnpocTpaneHHbIM BuaoM YUC sBisiercs nosxkap. [lox moxkapom
MOHUMAIOT HEKOHTPOJIMPYEMOE TOpEHHE, MPUUUHSIONIEE MaTepUalbHbIA yHIepO,
BpeJ JKU3HHU M 3JI0POBBIO JIIOJIEH, HHTEpecaM o01ecTBa, rocyaapcTBy. [Ipuunnbl
BO3HMKHOBEHHUSI TMOXapa »JJIEKTPUUECKOTO0 XapakTepa: KOPOTKOE 3aMbIKaHUE,
NEpPErpy3Ku IO TOKY, CTAaTUYECKOE 3JIEKTPUYECTBO U T. I.

DKcIuTyaTanys KOMIIBIOTEPHOM TEXHUKHU U J1a00paTOpHOro 00OpyIOBaHUS
COMpSKEHA C OMACHOCTHIO B BHUJE PA3IMYHOIO pPOJAA BO3TOPAHHUM, TOITOMY

nokapHass 0€30mMacHOCTh MpU padOTe € KOMIBIOTEPOM O4YeHb BakHa. [loxkapHas
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0e30macHOCTh pyU paboTe€ Ha aBTOMATHU3MPOBAHHOM pabO4YeM MecTe omeparopa
IpPELyCMaTpUBae€T  OCTOPOKHOCTh IPH  OOCITYXMBAIOIIMX, PEMOHTHBIX U
npo(UIaKTHYECKUX padoTax, TaKk Kak BO BpeMs TakuX padOT MCHOJIb30BaHHUE
pa3IMYHBIX CMAa304YHBIX MAaTE€pHUAJOB, JIETKOBOCILUIAMEHSIOMIMXCA KUAKOCTEM,
IIPOKJIAJIOK, BPEMEHHBIX 3JIEKTPOIPOBOJOK KpalHE ONACHO, KaK U IPOBEACHUE
Nallku M YUCTKUA OTHENbHBIX Yy3J0B U jeraneil. M30exkaTh NONOJHUTENBHOM
MO’KAPHON OMACHOCTH MOMOXET COOJIFOJIEHHE COOTBETCTBYIOIIMX MEpP IMOKapHON
pOPUIAKTHKHY.

5.4.2000cHoBanne MeponpusaTHii mno mnpegorsBpamenurw YC wun
pa3padoTka nopsiika AeMcTBUS B CJay4yae BOSHUKHOBeHUus YC

Jna ueneit  oOecneyeHHs MOXApHOM  OE30MACHOCTH, 3KCILTyaTalus
CHEKTPOMETpPA CBsi3aHa C HEOOXOJMMOCTBIO MPOBEIEHUS OOCIYKHBAIOIIUX,
PEMOHTHBIX M MPOQPUIAKTUYECKUX PaloT.

[ToxxapHast mpoduIaKkTUKa — KOMIUIEKC OPTaHU3allMOHHBIX U TEXHUYECKUX
MEpONpUATHNA, HAMpPABIECHHbIX Ha o0ecreyeHue O€e30MacHOCTH JIOACH, Ha
IPENOTBpPALICHUE [10XKapa, OrPAaHUYEHUE €ro PACIPOCTPAHEHHMs, a TaKKe Ha
CO3JaHH€ YCJIOBHM ISl YCIEIIHOTO TYUIEHUs MoKapa. Ycrnex 00phObl ¢ MOKapoM
BO MHOT'OM 3aBHCHUT OT €0 CBOEBPEMEHHOT0 OOHAPYKEHUsI U OBICTPOTrO MPUHATHUS
MEp MO €ro OrPAHUYECHHUIO U JJUKBUIAIMU. B cilyyae aBapuiHOW CHUTYaIlMU, a TaKKe
OOHapy>KeHUH KaKOW-TMOO0 HEUCIPABHOCTH, CO3JAlOLIEd yrpo3y omeparopy,
HEOOXOJMMO OCTaHOBMUTbH MpOBEACHUE paboThl. PykoBoauTens OJKEH OBITh
M3BEIIEH O TMpeKpalleHu padoTbl B CBA3M C AaBAPUUHBIM  COCTOSIHUEM
YCTaHOBKH. 3anpemaercs 3amyckaTh YCTaHOBKY JO YCTPaHEHHUS  BCEX
HEUCHpaBHOCTeW. B cimyuyae Bo3ropaHusi UM B3pbIBa HEOOXOIWMO OTKJIIOYHTH
MO/Iauy 3JIEKTPOINUTAHUSA, BBI3BATh MOXKAPHYIO OXpPaHy U JEMCTBOBATH COIJIACHO
IUIaHy JUKBUAALMHU aBapuil. (11 TyIIEHHs MOXKAPOB HCIOJIb3YIOTCS BO3AYyXO-
MEXaHU4ecKas NI€HAa, YIVIEKUCIBIM Tra3, a Takke TaJoruIpUpPOBAaHHBIE
yraeBofopoabl. Tak Kak OCHOBHas ONAcHOCTb — HEUCIIPaBHOCTh

AIEKTPOIPOBOJIKM, TO TMPH TMOXKape HEOOXOJUMO HEMEIICHHO O00eCTOYUTH
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JJIEKTPOCETh B TOMEIIEHUH. [TaBHBIA pPyOMIBHHK JOJDKEH HAXOAWUTHCA B
JIETKOJOCTYITHOM MecTe. /[0 MOMEHTa BBIKJIIOUEHHS PYOWISIbHMKA, O4ar Mokapa
MOXHO TYIIUTh CYXHM TI€CKOM WM YTJEKUCIOTHBIMU OTHETYIIUTEISIMHU.
OMHOBPEMEHHO C O3TUM HEOOXOAUMO COUTH IUIaMsi, OXBATHUBIIEE TOPIOYHUE
MpPEAMEThI, PACHOJIOKEHHbIE BOJIM3U TMPOBOJHUKOB. BOmoil W XUMHYECKUMU
MEHHBIMU OTHETYUIUTEJSIMU TOPSAILYIO 3JIEKTPOIPOBOJKY CIEAYET TYIIUTh TOIBKO
TOTJ1a, KOrja oHa Oyner ooectoueHa. [I[py BO3HMKHOBEHMHM MOXKapa OO0S3aHHOCTH
0 €ro YCTPAHEHHIO JOJDKHBI OBITH YETKO PACIPEEICHbl MEXAY pabOTHUKAMU
J1ab0paTopuH.

JUtst nokanu3aluyMyd WM JUMKBUAALMM 3aropaHusi HAa HA4YaJbHOM CTaauH
UCIIOJIB3YIOTCSI TIEPBUYHBIE CpEJCTBA IOKApoTyweHus. IlepBuuHble cpencTa
MOKAPOTYIIEHUSI OOBIYHO NPHUMEHSIOT 10 HPUOBITHS MOXKAPHOM KOMaHIbl. B
OOIIECTBEHHBIX 3HAHMUSIX U COOPYKEHHUSX Ha KaXJAOM JTaXe JIOJKHO
pa3Memarbcsl HE MEHEE JBYX IIEPEHOCHBIX OrHeTymmTesned. OTHeTymuTenn
CIIelyeT pacrnoJiaraTh Ha BUIHBIX MECTaX BOJIU3M OT BBIXOJOB M3 MOMELICHUH.
Pa3menieHue nepBUYHBIX CPEACTB MOKAPOTYLIEHUSI B KOPUIOPAX, MEPEX0aax He
JOJKHO MPENATCTBOBATH 0€30MaCHOM ABaKyallUH JIIOJIEH.

311aHue TOJKHO COOTBETCTBOBATh TPEOOBAaHUS MOXKAapHOM OE30MMacHOCTH,
a UMEHHO, HaJIU4YME OXPAHHO-TIOXKApPHOW CHUTHAJIM3alM{, I[UIAaHA 3BaKyaluu
(pucyHOK 21), MOPOIIKOBBIX WJIM YTTIEKHCIOTHBIX OTHETYIIMTENIEH C MOBEPEHHBIM

KJIEUMOM, TabJIMYEK C yKa3aHUEM HaMpPaBJICHUS K BBIXOJY.
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Pucynok 21 — Ilnan sBakyanuu npu noxape u apyrux YC u3 moMemnieHuit

BTOPOTO 3TaXa

BoiBOABI

B nanHoM paznene ObLIM pacCMOTPEHBI HEOOXOJIUMBIE TMPABOBBIE WU
OpraHM3alMOHHBIC BOMIPOCHI 0OECIIEUCHUsT OE30MMaCHOCTH, U3yUYCeHBI HEOOXO0IUMbIC
MPaBOBBIC JOKYMEHTHI B  KOTOPBIX PErIAMEHTHUPYIOTCS  YCIOBHS — TpPYIa,
HEO0OXOMMbIC HHCTPYKIIUHA TI0 pabOTe CO CTHCIUATBHBIM 000PYI0BAHHEM, a TAKIKE
TUTUCHUYECKUE TPEOOBaHUS K OpraHu3alny padboThl. Takke mpoaHaIM3UupPOBaHbI U
BBISIBJICHBI OIACHBIE W BpeAHbIe  (DAKTOpPHI TPOM3BOJICTBEHHOW  CPEJBI.
OO00CHOBaHBI MEPONPHUATHS TIO 3aIUTE HCCIEIOBATENS OT OMACHBIX W BPETHBIX
dbakTopoB. PaccMOTpeHO BIMSHHE BCETO JKM3HEHHOTO IMKJIAa OOBEKTa
WCCJICIOBAHMS HAa OKPYXAIOIIyi0 cpefay. Takke OBLIM PacCMOTPEHBI BO3MOYKHBIE
Ype3BbIYAHBIC CUTyallMd TIpU pabOoTe Ha CIEKTPOMETPE U MEPCOHATHLHOM
KOMITBIOTEpPE TOBe/eHWe B HuX. [IpuBeNeH IUTaH HdBaKyalluu TMpU TOXKape Hu
JIPYTUX YPE3BBIYANHBIX CHUTYyaIUsAX W3 ITOMEIICHUS, B KOTOPOM ITPOBOJIUIIUCH

paboTEHL.
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BoiBOABI

1. PaccMOTpEHBI CyIIECTBYIONINE METOIBI ONIPEACIICHUS COACPKAHUS ypaHa
U HUTPAT-UOHOB U 000cHOBaH BbIOOp PCDA ananmza, yuyuThiBasi €ro OCHOBHbBIE
MIPEUMYIIECTBA: JKCIPECCHOCTh, SKOHOMUYHOCTH M BO3MOXHOCTh HM3MEPEHUS
HEIMOCPEJICTBEHHO B TEXHOJOTUYECKOM MOTOKE.

2. Pa3zpabotan MeTon  OSKCIpecc-aHalvd3a KOHIEHTpAallMk ypaHa B
JBIDKYIIEMCS TEXHOJOTUYECKOM IMOTOKE C WCTOJIB30BAHMEM METO/a «CTaHIapT-
¢dboHay, YUYUTHIBAIOIIMM CaMOTIOTJIONIEHUE (IIYOPECIICHIIMN B U3MEPSIEMOM MOTOKE
M0 BEJIMYMHE HEKOTEPEHTHOTO pPACCEeSHUS, BBHIOPAHBI ONTHUMAIBHBIC YCIOBHS
m3MepeHUs: Upeurpyoin = 39KB, lpenrpysia=00MKA, t,:,=120 cek.

3. PazpaboTtan MeToj sKcrpecc-aHaIN3a KOHIICHTPALMU HUTPAT-UOHOB IO
WHTEHCUBHOCTSM KOT€PEHTHO M HEKOTCPCHTHO PACCESHHBIX H3JIYYCHHH aTOMOB
nuHka (Ezp= 86303B) u xamgmusa (Ecg= 231063B). OTHOIIIEHHS WHTEHCUBHOCTEU
KOTEPEHTHO U HEKOTEPEHTHO  PACCESIHHBIX  HW3JIYYCHHH  ompesensieTcs
KOHIICHTpAIMel a30Ta, BXOAIIETO B COCTaB HUTPAT-HOHOB.

4. C muenpl0 aBTOMAaTHU3aIlMU TPOLIECCOB cOpOIMM U JAecOopOIuu B
YPaHO0OBIBAIOIINX MPEANPHUATHSIX TIPOBEICHBI MPOMBINIICHHBIC HcTbITaHus [TATT
Y 3aIyCKU MPUOOPOB B IKCILTYATAIMIO MPU PEIICHUU CIAEAYIOMNX aHATTUTUYECKUX
3asay:

- anamm3 cogepxanwus (U, 1/m) B TexHomorndeckux morokax CJK-1500;
- ananu3 coaepxkanus (U, r/m) B TexHonornyeckux norokax CHK-3M;
- anaym3 coaeprxanus (U, r/m, NO3, /1) B TEXHOIOTHYECKUX TTOTOKAX y3J1a

HPUTOTOBJICHHS IECOPOUPYIOIIETO PacTBOpA.

107



3akiiroueHue

B nanHoil paboTe paccMOTpEHBI aKTyaldbHBIE BOMPOCHI OMPEICIICHUS
MacCOBBIX COJAEpXaHUM ypaHa U HUTPAT-MOHOB B TEXHOJIOIMYECKHUX IOTOKaX
YPaHOOBIBAIOLIErO MTPOU3BOACTBA.

BbIsiBIEHO, 4TO OJHMM M3 NEPCHEKTUBHBIX HANpaBlIeHUH B o0nacTu
AHAJIMTUYECKOIO0 KOHTPOJIS YPAaHOBOI'O IPOU3BOJCTBA SIBISIETCS OIpPEAEICHUE
COJIEp)KaHUsl ypaHa M HUTPAT-HOHOB B TEXHOJIOTMYECKUX PACTBOPAX B PEKUME
pEaIbHOTO BPEMEHHU.

[IpuMeHeHre NPOTOYHBIX aHATUTHYECKUX NPUOOPOB B YPaHOA0OBIBAIOLIUX
NPEANPUATUIX TO3BOJIMT aBTOMATHU3UPOBATH IMPOLIECCHl COPOIMU M JecopOLuHu,
CHU3HUT DKOHOMHUYECKHUE 3aTPaThl, CBI3aHHBIE C IIOBBIIIEHHBIM PACX0JI0M PEarcHTOB
Y YMEHBUIUT UX BIUSHUE HA OKPYXKAIOLIYIO CPEY, CHU3UT PACXObl HA BBITIOJHEHUE

XUMHNYCCKHUX aHAJIIU30B paCTBOPOB HAa COACPKAHNC B HUX YpaHd H HUTPATOB-NOHOB.
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Introduction

Currently, the cost of processing productive solutions to commercial
regenerate is a significant share in the cost of uranium.

The efficiency of sorption extraction of uranium from solutions is
determined by the degree of its extraction on anion exchange resin, the maximum
saturation of a given chemical composition in uranium from a solution, the kinetics
of sorption and desorption processes, the hardware design of the process, the
conditions for uranium desorption, and a number of other physicochemical
parameters that are inextricably linked and have a corresponding effect on the
technological process of extraction and concentration of uranium.

The desorption of uranium from saturated anion exchangers plays a
particularly important role. The efficiency of nitrate desorption of uranium is
determined by the high selectivity of the absorption of nitrate ions by ion exchangers.
The desorption method determines the degree of its concentration and the
technology for the subsequent processing of uranium solutions in order to obtain
highly pure finished products. The disadvantage of the nitrate desorption process in
the current version is expressed in the absence of the technical ability to automate
the process, due to the lack of a method of automatic operational control of the
content of uranium and nitrate ion in a commaodity desorbate, in a stock solution of
saturation and a desorption solution, which leads to an excess discharge of uranium
into working solutions and excess consumption rates of ammonium nitrate for
desorption, as well as additional costs for re-processing (sorption, desorption). In
addition, automatic express control of nitrate ions during denitration of the sorbent
will optimize the consumption of sulfuric acid.

To measure the concentration of substances in the process stream using a
flow-through analytical instrument, X-ray fluorescence analysis is used, based on
the fact that each chemical element has a specific radiation spectrum characteristic

(characteristic radiation). Therefore, the elemental or atomic composition of a
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substance can be determined from the characteristic radiation spectrum, and the
atomic concentration of a given element from the intensity of the characteristic
radiation lines [27].

The relevance of the work is due to the fact that, at present, traditional
electrochemical methods are used to determine the concentration of uranium and
nitrates, which are implemented in stationary laboratory conditions and, as a result,
require a considerable investment of time from the moment of sampling to obtaining
the result.

Moreover, traditional methods are not without drawbacks, both in
metrological characteristics and in the complexity of implementation.,

Therefore, the development of a method for determining the mass fraction
of uranium and nitrates directly in the process stream is relevant.

The scientific novelty of the work lies in the development of a new method
to measure nitrates in the process stream directly.

The practical significance of the work lies in the fact that obtaining data on
the concentration of uranium and nitrates directly in the process stream will allow
us to automate the processes of sorption and desorption, in particular the dosage of
the consumption of reagents, which will reduce the economic costs associated with
increased consumption of reagents and reduce their impact on the environment,
reduce the cost of performing chemical analysis of solutions for the content of

nitrates in them.
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Chapter 1. Analysis of modern technologies of the uranium mining
industry of the Republic of Kazakhstan

1.1 The in-situ recovery (ISR) technology

The in-situ recovery technology has been developed since the beginning of
the 20th century and is currently one of the most promising technologies for the
extraction of uranium and a number of other metals (gold, copper, rhenium,
scandium, molybdenum, etc.). The ISR method [28] for uranium mining is more
profitable and convenient. The extraction of uranium by the ISR method has been
going on since the mid-20th century. The share of uranium mining by the ISR
method on a global scale is 25%. The method has found the most application in
Kazakhstan, Uzbekistan and the USA, almost all uranium mining in these countries
is carried out by the ISR method. Since 2009, Kazakhstan has been the world leader
in natural uranium mining. The national operator of the Republic of Kazakhstan on
import-export of uranium is the National Atomic Company Kazatomprom Joint-
Stock Company. All uranium deposits of the company are suitable for cost-effective
and least environmentally harmful extraction using the PSV method.

Uranium is extracted using a system of technological wells, which are
combined into technological cells and blocks. Through injection wells, a leach
solution containing reagents capable of dissolving uranium minerals enters.
As a result of the physicochemical interaction of uranium minerals with leaching
reagents in the underground horizon, a productive solution containing uranium is
formed, which is pumped to the surface through a system of pumping wells.
In the process of processing the productive solution, uranium is extracted from it,
and the remaining stock solution are further fortified with leaching reagents and
again fed into injection wells as a working solution. The ISR method as a new,
progressive method is currently widely used in Kazakhstan for uranium mining. In
a short time, this method went through all stages of research, development and

industrial implementation of uranium mining enterprises of the republic.
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The technological cycle of uranium mining by the ISR method in the
Republic of Kazakhstan includes the following interrelated technological processes:
underground leaching of uranium, sorption extraction of uranium from productive
solution and the process of desorption of uranium from a saturated sorbent. In
accordance with the complex chemical composition of productive solutions and the
low content of useful components, the most acceptable option for their processing is
sorption methods, which are based on the use of ion exchange.

1.2 lon exchange

lon exchange is widely used in uranium mining and purification
technologies.

lon exchange processes for uranium hydrometallurgy in the Republic of
Kazakhstan are of particular importance, where they are used in most mining
processes. In almost all industries, ion-exchange technology provides the
preparation of water for technical needs and the purification of liquid radioactive
waste.

In the hydrometallurgy of uranium, especially in the processing of ores with
medium and low uranium content, different schemes are used, including ion
exchange.

Uranium is extracted both from solutions and pulps obtained by ore leaching
at the plant, and from solutions of underground leaching of uranium from ore strata,
as well as from mine waters generated during the extraction of uranium ore.

A characteristic feature of uranium-containing ores is a complex
composition, including, along with uranium, other valuable components - non-
ferrous and rare metals: gold, molybdenum, copper, etc. Therefore, the integrated
use of raw materials is one of the most important areas of scientific and technological
progress in our country and abroad. To date, technological schemes for the joint
extraction of uranium, vanadium, molybdenum, and others from ores have been
developed and continue to improve. An important place in the technological chains

of obtaining these elements is occupied by sorption redistributions, with the help of
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which extraction, separation and concentration of a number of elements are carried
out. The hardware design and ways to improve such processes are similar to the
processes for extracting uranium from ore materials. Wastewater generated at
various stages of hydrometallurgical production can be purified by ion exchange
according to various schemes. To date, a significant number of high-performance
ion-exchange apparatuses have been developed for wastewater treatment processes
that take into account the specifics of such conversions.

lon exchange has acquired an important role in the technological cycle of
uranium mining by the method of underground well leaching. For productive
solutions with a low content of useful components, sorption methods that are based
on ion exchange technology are a more acceptable option for their processing.

Sorption of uranium from carbonate media is widely used in the uranium
industry. Uranium in the carbonate medium is in the form of the tricarbonate anionic
complex [UO; (COs)s]a-, which is rather efficiently sorbed by the strongly basic
anion exchangers AM, AMP, AV-17, VP-1Ap, Dauks-1, Amberlite IPA-400, etc.
The sulfuric acid method of leaching uranium feedstock with the addition of a certain
amount of oxidizing agents (at atmospheric pressure, in autoclaves at elevated
pressure, underground leaching from ores at the place of occurrence) is the most
common method of converting uranium into solution. And the presence of uranium
in the sulfuric acid medium in cationic and anionic forms creates, as noted above,
good prerequisites for the sorption extraction and concentration of uranium from
pulps and solutions. Uranium desorption is carried out with solutions of chloride or
sodium nitrate. The basic technological scheme of sorption of uranium is presented

in Figure 1.
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Figure 1 - Schematic diagram of the sorption of uranium by ion exchanger
from productive solutions of ISR method.

The determining factors in the technology of sorption extraction of uranium
are its concentration in the initial solution, as well as the presence and concentration
of anions that have a desorbing effect - sulfates, nitrates, chlorides. Analytical
control of these parameters in real time for the sorption process is an important task.

1.2.1 lon exchangers

The diverse application of the ion exchange process was largely facilitated

by a large selection of ion exchange materials with various physicochemical
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properties. The right choice of this or that ion-exchange material is the first stage of
solving the complex task of creating a new one or improving the existing ion
exchange process.

However, the effective use of ion exchange is impossible without the use of
modern high-intensity equipment. To carry out various operations, an appropriate
number of pieces of equipment is required, interconnected by pipelines to move the
ion exchanger and the solution from the apparatus to the apparatus. Another
disadvantage is that if the ion exchanger moves inside the column in a continuous
dense flow with minimal violation of the parallelism of individual ion exchanger
layers (the mixing coefficient is close to zero), then the ion exchanger is intensively
mixed outside the column when overloaded from the apparatus into the apparatus.
This leads to a distortion of the front of the ion exchange process, to an increase in
the height of the equivalent theoretical stage of ion exchange, in other words, to a
decrease in the efficiency of ion exchange. One of the ways to increase productivity
was the use of devices with alternating phase motion with short-cycle filtration.
Thus, the development of a sorption regime with a short filter cycle (which is, in
fact, an approximation to the regime of ideal sorption dynamics) made it possible to
significantly reduce the one-time loading of the ion exchanger and organize the
entire cycle of sorption extraction and concentration of uranium from the initial

solution in one apparatus - sorption-desorption column (SDC).
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