MunucrepcTBo o0pazoBanusi U Hayku Poccniickoii @enepaunu
denepanbHOE rocy1apCTBEHHOE aBTOHOMHOE 00Pa30BaTENbHOE YUPEXKICHUE
BBICILIET0 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWHN NOJUTEXHUYECKWI YHUBEPCUTET»

HNuctutyt — UHCTUTYT NPUPOHBIX PECYPCOB
Hanpasnenue noarorosku — 18.04.02 «3DHepro- u pecypcocOeperaronme mporecchl B XUMUYECKOM
TEXHOJOTUH, HeDTeXUMHUH U OMOTEXHOIOTHHY, TPOhUIb MOArOTOBKH «IIpoliecchl u anmapaTsl
XUMHYECKON TEXHOJIOTUH
Kadenpa — XuMuueckor TEXHOJOTHH TOIIMBA U XMMUYECKOW KHOSPHETHKHU

MATUCTEPCKASA JTUCCEPTALIUA

Tema paGoThbl

MozenupoBaHue nporeccoB 00e3BOKUBaHUSA U 00€CCOTMBAHUS
MIPH IPOMBICIIOBOW IOJTOTOBKE HEPTH

VJIK 622.276.8:665.622.4-047.58

CryneHt
I'pynna ®.1N.0. Iopmuce Jarta
ojoryxuHa Kcenus BnagumupoBHa
2KM5A 3 K B
PykoBogurens
JI0JKHOCTD ®.N.0. Yuenan crenent, Moanuce Jlata
3BaHHUE
Houent xadenper XTT u Moiizec Onbra K.T.H., TOLEHT
XK UITP EdumoBHa S
KOHCYJBbTAHTBI:
I[To pazneny «@UHAHCOBBIN MEHEIKMEHT, pecypcor(h(HEeKTHBHOCT U pecypcocOepeskeHUE
JomxHocTh D.N.0. Yuenan crenent, Moanuch Jara
3BaHHUeE
JlouieHT Kadeapsl Kpununisina 3os
K.T.H., JTIOIICHT
MEHEPKMEHTA BacunneBna
ITo pazpeny «ConpaibHasi OTBETCTBEHHOCThY
JI01KHOCTD ®.1.0. Yuenan crenent, Moanucn Jara
3BaHHUEC
Accucrent kadeapol
(benp Hemmosa Oxbra
9KOJIOTHH U 0€30I1aCHOCTH aCCHUCTEHT
AnekcaHipoBHa
JKU3HENIEATEIIHHOCTH
JOIIYCTUTDB K 3AIIIUTE:
. YyeHasi cTeneHb,
3aB. kadenpoii ®.N.0. SBaNMe Ioamuce Jarta
IOpeeB Ero
XTT u XK UITP PbEB ETOP K.T.H., TOTEHT
MuxaiaoBud
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3amiaHupOBaHHbBIE Pe3YJIbTAThl 00y4YeHHS 10 PorpamMme

Pe3ynabTaThl 00yueHus

B3.b.2.1-2
T'ocynapcrBennas
HUTOroBasi aTTeCTANMSA

O0o3HaueHue

Conep:xxanue

MID | BKP

Ilpogheccuonanvuvie komnemenyuu

P1

[TpumeHsaTh 6a30BbIC MaTEMaTHYCCKUE, €CTECTBCHHO-
Hay4YHbBIE, COITUATEHO-)KOHOMUYECKHE U CTIeIIHaIbHBIE
3HaHUA B IPO(ECCHOHANBHON NesTeTbHOCTH

P2

ITpuMeHsTh 3HAHUS B 00JIACTH SHEPTO- U
pecypcocOeperaroimx nporeccoB XUMUUECKON TEXHOJIOTHH,
HE(PTEXVUMUHU ¥ OMOTEXHOJIOTHH IS PEIICHHS
MPOM3BOJCTBEHHBIX 33724

P3

CraBUTh U pemaTh 33Ja4 MPOU3BOJICTBEHHOTO aHAIN3A,
CBSI3aHHBIC C CO3JIAaHUEM U MepepabOTKON MaTepHAaIOB C
HCTOJIb30BaHUEM MOJICTHPOBAHHS 0OBEKTOB U MPOIIECCOB
XUMHYECKOM TEXHOJIOTUH, HEPTEXUMHUU U OHOTEXHOJIOTUH

P4

[IpoekTUpoBaTh U KCIIOJIB30BaTh SHEPTo- U
pecypcocbeperaromiee 000pyIOoBaHNE XUMUIECKON
TEXHOJIOTHH, HEPTEXUMUH U OMOTEXHOJOTUH

P5

HpOBOI[I/ITb TCOPETUYCCKHUEC U SKCIICPUMCHTAJIbHBIC
WCCIIEIOBAHUS B 00JIACTH SHEPTO- U pecypcocOeperarommx
MPOIIECCOB XMMHYECKOM TEXHOJIOTUH, HEQTEXUMHUU U
OMOTEXHOJIOTUH

P6

OcBauBaTh U HKCILTyaTUPOBATh COBPEMEHHOE
BBICOKOTEXHOJIOTHYHOE 000pyJ0BaHUE, 00ECIIeUnBaTh Ero
BBICOKYIO 3()()EeKTHUBHOCTB, COOIIOATh IPaBUJIA OXPaHBI
3/10pOBbs U 0€30MaCHOCTH TPyJa Ha POU3BOJICTBE,
BBITIOJTHSATH TPEOOBAHHUS T10 3AIIUTE OKPYKAIOIIEH CPE/IBI.

OouiexynvmypHsle KOMnemenyuu

P7

JleMOHCTpHPOBaTh 3HAHUS COLUAIBHBIX, STHUECKUX
KYJIETYPHBIX aclleKTOB MPOeCCHOHANBHON IeATETFHOCTH

P8

CaMOCTOATENILHO YYUTHLCS U HEMTPEPHIBHO MOBBIIATH
KBAJTH(PHUKAIINIO B TEUEHHE BCETO MEPHUO/IA
po(heCCHOHAIBHOM JIEATEIIbHOCTH.

P9

Brnagers HHOCTPaHHBIM S3bIKOM Ha YPOBHE, O3BOJISIOIIEM
pa3pabaThIBaTh JOKYMEHTAIUIO, IPE3EHTOBATH PE3YIbTATHI
npodecCHOHANBHON AESTENTbHOCTH.

P10

3(1)(1)6KTI/IBHO pa6OTaTB WHAWBUAYAJIBHO U B KOJUJICKTHUBE,

JAEMOHCTPUPOBATH OTBETCTBEHHOCTL 3a PE3YyJIbTAThI pa6OTI)I n

COTOBHOCTb CJIEIOBATh KOPIOPATUBHOUN KYIbType
OpraHU3aInN




Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepannn
denepanbHOE rocy1apCTBEHHOE aBTOHOMHOE 00Pa30BaTENbHOE YUPEXKICHUE
BBICILIET0 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

HNuctutyt — UHCTUTYT NPUPOHBIX PECYPCOB
Hanpasnenue noarorosku — 18.04.02 «3DHepro- u pecypcocOeperaronme mporecchl B XUMUYECKOM
TEXHOJOTUH, HeDTeXUMHUH U OMOTEXHOIOTHHY, TPOhUIb MOArOTOBKH «IIpoliecchl u anmapaTsl
XUMHYECKON TEXHOJIOTUUY
Kadenpa — XuMuueckor TEXHOJOTHH TOIIMBA U XMMHUYECKON KHOSPHETHKHU

YTBEPXIAIO

3aB. ka. XTT

E.M. FOpneB
« » 2017 .

3AJIAHUE
HA BBINOJIHEHHE BBINYCKHOM KBAJIN(PHUKANMOHHON padoThl
B dopwme:
‘ Marucrepckoi quccepranuu
(bakanaBpcKoii pabOTHI, UIUIOMHOTO MPOEKTa/PabOThI, MATUCTEPCKON JUCCEPTALIUH)

Crygnenry:

I'pynna D.N.0.
2KM5A 3onotyxuHoil Kcennu BiagumupoBue

Tema paboThI:

MonenupoBaHue MPOIECCOB 00E3BOKUBAHUS U 00ECCOTUBAHMS
IIPH IPOMBICIIOBOH MOATOTOBKE HEPTH
YTBepxkaeHa MpUKa30M JUPEKTOpa (1aTa, HOMEP) ‘ 5.04.2017 r. Ne2422/c

Cpok cmauu CTYJIEHTOM BBITIOJHEHHON paOOThI: ‘ 1.06.2017r.

TEXHUYECKOE 3AJIAHUE:

Hcxonnbie naHHbIE K padoTe TexHonoruueckas cxema
(HaumeHosanUe 00BEKMA UCCAEO0BANUSL UTU DNeKTpoAeruapaTop
NPOEKMUPOBAHUS, NPOU3BOOUMETILHOCHIb
UU HASPY3Ka, pexncum pabomol
(HenpepwvlieHblll, NEPpUOOUYecKuUll,
YUKIUYeCKUll u m. 0.), 8U0 Cblpbs Ul
Mamepuan uzoenus, mpebosanus K
npoOyKmy, uz0eauro Uiy npoyeccy,; ocoodwvle
mpebosanus K 0CO6eHHOCMAM
ynKyuonuposanus (Axcniyamayuu)
o0bvexma uau u3oenus 8 niaHe
be3onacHocmu IKCAAYAMAayul, 61UAHUSA HA
OKPYIHCAOWYIO CPEDY, IHEP2O3AMPAMAM,
9KOHOMUYECKUL AHAU3 U M. O.).

TexHOoIOrnYecKre pexuMbl




Ilepeyennb moaJIexaMX
HCCJIeIOBAHNIO, TPOEKTUPOBAHUIO

1 pa3padoTKe BONMPOCOB
(ananumuueckuii 0630p NO AUMEPANYPHBIM
UCMOUHUKAM C Yebi0 GbIACHEHU
00CIUCEHUN MUPOBOTI HAYKU MEXHUKU &
paccmampusaemoti 001acmu; NOCMaHo8Kd
3a0auu uccnedo8ans, NPOEeKMupOSaHus,
KOHCMPYUPOBAHUSA, COOEPIUCAHUE
npoyeoypuvl UcCcied08anusl,
NPOEKMUPOBAHUsL, KOHCTNPYUPOBAHUSL,
06cydHcOenue pe3yIbmanos 8blNOIHEeHHO
pabomvl, HAUMEHOBAHUE OONOTHUMETbHBIX
Ppaszoenos, noonexcawux paspabomre;
3aK0ueHue no pabome).

1. JluteparypHblii 0030p.

TexHONMOrMYeCKHe OCHOBBI M MEXaHU3M IIpoliecca
00€3BOKMBAaHUSA W OOCCCOIMBAHHUS B 3JCKTPHUCCKOM
none. OOopynoBanue. MeETOIMKH pacueTa IPOIEeCCOB
00€3BOKMBaHKMS M 00eccoluBaHusg. MexaHu3M BIIHSHHS
JEIMYIIbraTopa Ha MPOIECC pa3pylIeHUs] BOJAOHE(DTIHBIX
AMYJIbCUU.

2. OOBEKTHI U METOBI UCCIIENOBAHUT.

3. PacueTsl 1 aHAIUTHKA.

PaspaboTka wMeTroawku pacueTa pa3mepa Karmelb B
AJICKTPUYCCKOM I10JIC ¥ YU€Ta BIMSHHS JIeAMY/IbraTopa Ha
MPOLECChl  OTACTCHHUS BOJBI B JIETPOACTHUIAPATOPE.
[TpoBeneHUe HCCICIOBAHUN BIMSHHUS TEXHOJIOTHUCCKUX
mapaMeTpoB  Ha  MPOIecChl  00E3BOKMBAaHUA U
00ecCoMBaHUs B AJICKTPUYCCKOM II0JIC ¢ TPUMEHECHUEM
MaTeMaTHYCCKON MOICIIH.

4. OUHAHCOBBINM MEHEHKMEHT, pecypcod3ddeKTUBHOCTD U
pecypcocOepexeHue

5. ConpanbHast OTBETCTBEHHOCTD

Ilepeyenn

MaTtepuaja (c
obsa3amenvHbIX yepmesicell)

rpaguyeckoro
MOYHbIM  YKA3aHuem

[Ipe3enTanus

(c ykazanuem pazoenos)

KOHchIbTaHTbI 1Mo pasaejgam BbIl'[yCKHOﬁ KBaJII/I(l)I/IKaIII/IOHHOﬁ paﬁoTLI

Pasznen

KoHncybTant

DduHaHCOBBLI MEHEIHKMEHT

Kpunuipina 3ost BacunbeBHa, K.T.H, JOLEHT

COI_II/IaJ'IBHaH OTBCTCTBCHHOCTDH

HewmmioBa Osnbra AnekcaHIpoBHa, aCCHCTCHT

WMHOCTpaHHBIN SI3bIK

CricknHa AHHa AJIeKCaHIPOBHA, K.(DUILH.

Ha3panusi pa3aesioB, KOTOpbie J0LKHbI ObITh HANMMCAHBI HA PYCCKOM M HMHOCTPAHHOM
sI3bIKAX: pazoen | — pazoeneHue 6000HePMAHBIX IMYNbCULL

JlaTa BbI1a4M 32JaHUS HA BBINOJTHEHHE BBINTYCKHOM
N N 13.03.2017
KBAJTH(UKAIMOHHOMH padoThI 10 JHHEHHOMY rpauky
3agaHue BbI1aJ PYKOBOAUTEIb:
Yuenas
Jlo1zKHOCTB D.N.0. CTeneHb, Iloanucek JlaTa
3BaHue
Houent xadenpsr XTT Moiizec Omnbra
1 XK TTIP EdumosHa K.T.H., TOLIEHT 13.03.2017
3agaHue NPUHAJ K MCNIOJHEHUIO CTYIeHT:
I'pynna D .N.0. HHoanuck Hara
2KM5A 3onoryxuHa Kcenus BnagumuposHna 13.03.2017




3AJAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHE/UKMEHT, PECYPCOY®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE)
CryneHnry:
I'pynna D.1.0.
2KMSA 3osotyxuHoit Kcenun BnagumupoBHe

HucruryT [puponusix Pecypcos Kadenpa XTT u XK

Yponem, MaFI/ICTp HanpaB.ﬂeﬂne/cneunam,nocn, 3Hepr0_ u pecypcocGeperaIOHlHe

obpasonans ITPOLECChI B XUMHYECKOUN
TCXHOJIOI'UH, He(l)TeXI/IMI/II/I u
OHOTEXHOJIOTHH

Hcxoaublie n1anHble K pa3aeny «DUHAHCOBbIH MEHEIKMEHT, pecypcodGPeKTUBHOCTDH U

pecypcochepekeHne»:

1. Cmoumocmw pecypcos nayunozo uccredosanus (HH): Cmoumocms pecypcos cocmagensem: 7443,45 pybneil.
MAMeEPUATLHO-MEXHUUECKUX, IHEPLEMUYECKUX, IIhanosass  cebecmoumocms — pecypcos — HAy¥yHO2O
DUHAHCOBLLX, UHPOPMAYUOHHBIX U HELOBCYUECKUX uccredosanust cocmasuna: 191561,1 pybeil.

Omuucnenuss  Ha  coyuanvhvie  cayocovr  30%

2. Hopmbl u Hopmamuenl pacxoo0o8anus pecypcos cocmasasiom: 35627,46 pyéueil

Hepeqeﬂb BOIIPOCOB, MOAJIC/KAINUX UCCIICTOBAHUIO, IPOCKTHUPOBAHUIO U pa3paﬁoTKe:

1. OMQHKG KOMMepUueCKo2co U UHHO8AYUOHHO2O nomernyuaia

HTH Ilepcnexmusnocmo HUP cpeonss.

2. Ihanuposanue npoyecca ynpasienus HTH: cmpykmypa

Cocmaenen kaneHOapHwlil NIAH-2PAPUK NPOEEOeHUs.
u epaghux npogedenus, OIOHCem, PUCKU U OP2AHUZAYUSL

HUP. Pacnnanuposan 61002cem npoekma.

3aKYNnoK
3. Onpeoenenue pecypchoti, punarcogou, sxoHomuueckol | CpasHumenvras 3¢gexmusHocms paspabomru
aghpexmusrocmu cocmasuna 1,086

Hepeqeﬂb rpa(]mqecxoro MaATEPHUAJIA (c mounvim yrasanuem obszamenvhbix uepmedicell)

. Ceamenmuposanue pvlHKa

. Oyenka KOHKYpeHmMOCnoCOOHOCMU MEXHUYEeCKUX PeuleHutl

. [uacpamma Ucukagol

. Cmenenb 20moHOCMU HAYYHO20 NPOEKMA K KOMMEPYUATUZAYUU

. I'pagux npogedenus u 6r0dxcem HTHU

. Oyenxa pecypcnotl, punancogoil u sxonomuyeckou sgppexmusnocmu HTH

~NOoO Ok WN

. Opeanusayuonnas cmpykmypa npoekma

\ JlaTa BblIa4u 3aaHHA U1 Pa3/esia 1o JHHeHHOMY rpaguKy \

3a)lalme BbI1aJ1 KOHCYJbTAHT:

JlokHOCTD D.U.0 Yuenast crenens, Moanucn JlaTa

3BaAHUEC

OIICHT Kadeapbl Kpununpiaa 3os
Hlou benp PHIHI K.T.H., JOLEHT
MEHEKMEHTa BacunbeBHa
3aaHue NPUHSJ K MCIIOJHEHUIO CTY/IEHT:

I'pynna D.N.0. Iloanuck Jara

2KM5A 3onoryxuHa Kcenus BnagumupoBHa




3AJTAHUE JIJISI PA3JIEJIA

«COIUAJIBHASA OTBETCTBEHHOCTDb»

CryneHnry:
I'pynma ®.1.0.
2KMSA 3onotyxunoit Kcenuu BiianumupoBne
HucturyT IIpupoansix Pecypcos Kadenpa XTT u XK
Yposenn MarucTp Hanpas.ienue/ DHepro- u pecypcocOeperarIme mporecchl
06pa303aﬂnﬂ CNIeUAJIBbHOCTD

B XUMHUYECKOW TEXHOJOTHH, HE(PTEXUMHU U
OHOTEXHOJIOTHHA

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

1. XapakTepuctuka oObeKTa
Hccaea0BaHus (BEIIECTBO,
MaTepHa, mpudop, alropuTMm,
MeTOoJIuKa, paboyast 30Ha) U
00JacTH ero MpUMEHEHHUs

ObOvekmom uccied08anust AGIAIOMC 600OHeDMsHbIE IMYTbCUL
VCMAHOBOK NPe08apumenbHol No020MOosKU Hepmu Mecmopo*cOeHull
Cubupu, memoo uccied08aHUs — MAMEMAMUYECKOe MOOETUPOBAHUE.
Paboma nposoounace ¢ ucnonvzoeanuem IBM ¢ nabopamopuu
kageopwr XTT u XK.

Ilepeyens BOMpoCoB, MOJIEKA

IIUX MCCJIeTOBAHUIO, MPOEKTHPOBAHUIO H Pa3padoTKe:

1. Ilpou3BoacTBEHHAA
0e30macHOCTH

1.1. Ananuz 6peonvix u ORACHBIX PaAKMOpPo8, KOMOPble MONCEM
€030amb 00bEKM UCCIe008AHUSL.

1.2. Ananuz 8peonvix u ORACHBIX YAKMOPO8, KOMOPbIEe MOZYM
B03HUKHYMb HA paboyem Mecme npu NPoeeoeHUU UCCIe008AHUIL.
1.3. ObocHosanue meponpuamuil no 3awume UCCIe008ames om
Oelicmaust ONACHBIX U 8PEOHBIX (PAKMOPOS.

2. JKoJIornYecKas
0€30MacHOCTDL

2.1. Ananus enuanus 06veKma uccire008anUs Ha OKPYIHCAIOUWYIO

cpeoy.
2.2. Obocrosanue Meponpusmull no 3aujume OKpysicaroujell Cpeovi.

3. Be3onmacHOCTEL B
Ype3BbIYAIHBIX CHTYAIIUAX

3.1. Ananuz eeposamuoix UC, xomopbvie Modcem uHUYUUpo8ams
00beKm Ucci1e008aHull.

3.2. Obocrosanue meponpusmuil no npeoomspaweruro 4YC u
paspabomka nopaodka deticmsus 8 ciyyae gosHuxnogenust 4C.

4. IIpaBoBble 1
OpraHu3alHOHHBIE BOMPOCHI
o0ecreyeHHus 0e30MaACHOCTH

4.1. CneyuanvHule (xapaxmepHovie 0 npoeKmupyemotl paboyei
30HbL) NPABOBbIE HOPMBI MPYOOB020 3AKOHOOAMENbCNEA.

4.2. Opeanuzayuonnvie Meponpusmus npu KOMnoHoeKke padouell
30HbL.

\ JaTa BblIa4u 3a1aHus JJIA Pa3/iesia 1o JUHeHHOMY rpaguKy \

33}13HI/I€ BbIJ1AJ KOHCYJbLTAHT:

JI0JKHOCTD ®.1.0. Yuenas crenens, Hoanuck JlaTa
3BaHHUE
AccucreHT Kadeapbl
HemioBa Omnbra
HKOJIOTHU U OE€30MaCHOCTH ACCHCTEHT
AJlekcaHIpoOBHA
KU3HEJESATEIIbHOCTH
3agaHue NPUHAJ K HCIIOJHEHUIO CTYICHT:
I'pynna D.N.0. Ioanuce Jara
2KMSA 3onoryxuHa Kcenus BnagumupoBna




PE®EPAT

Brinmycknas kBanudukanuonsas padora cogepxut 142 c., 36 puc., 27 tadum.,
83 ncrounuka, 3 NpUI0KCHUSI.

KimroueBbie  cnmoBa:  obecconmBaHHe, 00€3BOKMBAaHUE, MPOMBICIOBAS
NOArOTOBKA HEPTH, MaTeMaTHYecKoe MOJETUpoBaHHe, He(Th, OSMYIbCHS,
ANEKTPOACTUAPATOP, DIEKTPOKOATECIICHIIHS.

OOBEKTOM UCCIICIOBAHUS SIBIITIOTCS BOJIOHE(DTSHBIC AIMYIIbCHU.

Metonom rccae1oBaHus SBISIETCS METO/I MAaTEMAaTHYECKOTO MOCITUPOBAHHS.

I{ennpro maHHO#M pabOTHI SABIACTC:

—  Ilowuck u pa3paboTka HOBBIX METOJIMK pacyeTa mpouecca 00ecconrBaHus
1 00€3BOKMBAHMS,

— PazpaboTtka 3aBuCHMMOCTEH, YYMTBHIBAIOUIMX BJIMSHHE BHEUIHETO
AIEKTPUYECKOTO MOJIS U AE3MYJIbraTopa Ha MPOBEAECHUE IPOLIECCa;

— Pa3paboTka 3aBHCHMOCTEW, YYUTBHIBAIOIIMX BIMSHUE HU3MEHEHUS
TEMIIEpaTypbl WM  JAPYI'MX  TEXHOJOTMYECKHX  [apaMeTpoB  Ha  IPOIECC
AIIEKTPOKOAJIECUEHIINN;

— MogepHuzanuss  mporpaMMbl  pacyeTa  mporecca B OOBEKTHO-
OPHEHTUPOBAHHOU cpejie mporpammupoBanus Delphi;

—  IIpoBeneHue nccneqoBaHUil BIMSHUS TEXHOJOTHMYECKHX NTApaMETPOB Ha
nokasareiqM Impouecca obeccolMBaHMs W O0€3BOXKHBAaHUS C NPUMEHEHHUEM
MaTEeMaTUYECKOM MOJIEIHN ISl Pa3JINYHBIX HE(DTIHBIX MECTOPOKICHUH.

B npouecce paboTsl HailieHbl U 00pabOTaHbl HKCIIEPUMEHTAIbHBIE JTAHHbIE,
NoJIy4eHbl (YHKUIHMOHAJIbHBIE 3aBUCUMOCTH pacyeTa pa3Mepa Kareiab U BIUSHUA
JIeaMYJbraTopa, KOTopble ObUIM BHEJIPEHBI B MATEMAaTUYECKYIO MOJIENb U IPOrpaMMy
pacyera, MpPOBEIEHbI HUCCIEIOBAHMS BIUSHUSA TEXHOJOTMYECKUX MapamMeTpoB Ha
nmokasaTelqM Imporecca oOeccolMBaHMsi W OOE3BOXKHBAHUS C MPUMEHEHHEM
MaTeMaTUYeCKON MOJEIIH.

Pa3zpabGoTtanHast MoJieb U TporpaMMa pacyeTa MOryT ObITh MUCIIOJIb30BaHbI JJIs

HCCICOAO0BaHU:A ITpouccca OTACICHUA BOAbI B OJICKTPHUYCCKOM I10JIC U IIPOTHO3UPOBAHHNA

HauOoJsee 3 (PEKTUBHBIX PEKUMOB paOOThl YCTAHOBKH.



OmnpenesieHusi, 0003HaYEHUsI, COKPALLICHUS, HOPMATHBHBIE CCHLIKH

B HaCTOSIIHCﬁ pa60Te HCIIOJIB30BAHbI CCHIIKK Ha CICAYIOIIHNC CTAHAAPTHI:

OCT 39-225-88 — Boga st 3aBoiHEeHUST HEPTSIHBIX MIacToB. TpeboBaHus K

Ka4yeCTBY.
I'OCT P 51858-2002 — He1b. OO1IME TEXHUYECKHE TPEOOBAHUSI.
B nannoit paboTe ucnoab30BaIMCh CIEAYIONINE COKPAIICHUS:

BE-1 — 6110k emKocTH

B/H — sMynbcus Tna «Boja B HehTH»

BUII — BBICOKOBOJIBTHBI HCTOYHUK MUTAHUS

I'OCT — MexrocynapCcTBEHHBIN CTaHAAPT

JluH — equanna cuisl B cucreme CI'C, 1 qun = 10° H.
JIHC — noxuMHasi HacOCHas CTaHIU

NBH — uCTOYHUK BBICOKOTO HANPSIKEHUS

NIIM — ucrounuk OecniepedoiiHoro nuranus (ot auri. IMP)
NCP — uepapxuueckas CTpyKTypa padot

KEO — ko3¢ urmeHT ecrecTBEHHON OCBEIICHHOCTH
KCY — koHueBas cenapaniioHHasi yCTaHOBKA

H/B — smynbcus Tuna «HeTh B BOAE»

HU — Hayunoe uccnenoBanue

HU TIIY — HannonanbHBIN HCCIeA0BATEILCKUN TOMCKHN MOIUTEXHUUECKUHN
YHUBEPCUTET

HUOKP — nayuHo-uccieoBaTeIbCKUe U OMBITHO-KOHCTPYKTOPCKUE PaOOTHI
HUIIN — Hay4yHO-HCCIEN0BATEIBCKUNA U TPOEKTHBIM HHCTUTYT
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HII3 — HedrenepepabaThiBatonnii 3aBOJ

HTH — Hay4yHO-TEXHUUECKOE UCCIENOBAHNE

ITAB — noBepXHOCTHO-aKTUBHOE BEIIECTBO



[TJK — npenensHO gomycTumasi KOHLIEHTpaIus
ITK- nnepcoHabHBI KOMITBIOTEP

[1O — nporpamMmmHOe obecrieueHue

IITh — neus TpyOUaTas G0uHas

ITya3 — eqununa quamudeckoit Bs3koctu B cucreme CI'C, 1 Ilyas =

PBC — pe3epByap BepTUKAIBHBIN CTAIBHON

P® — Poccuiickas @enepanus

C-1 — cemnapatop

TOC — tpexdasnblii cenaparop

VYIIH — ycraHoBKa NOATOTOBKH HEPTH

VYIICB — ycTraHOBKa NpeBapuTENHLHOTO cOpoca BOIbI
XT — Xurep-Tpurep

XTT n XK — xumuueckasi TEXHOJIOTUS TOTUIMBA U XUMUYECKasi KWOEpPHETHKA
YC — upesBbluaiiHasi CUTyalus

OBM — 371eKTpOHHO-BBIUMCIUTEbHAS MAIIIMTHA

OI" — anekTpoernapaTop ropu30HTAIBHBIN

DJII" — anekTpoaeruapaTop

AC — alternating current

DC — direct current

Delphi — Borland Delphi 7

IFT — Mexdaznoe moBepXHOCTHOE HATSKEHUE
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BBEJAEHUE

B pesynbraTe NIUTENHRHOTO SKCIUTyaTUPOBAHUS HE(PTSIHBIX MECTOPOXKICHHUIMA
OOBOJIHEHHOCTh HE(PTH, TOCTyMarome Ha CTaJAWI0 TOATOTOBKH, 3HAYUTEIHHO
yBennuuBaercs. Kpome Toro, moBbIlIEeHHOE coepKaHHE B HETH COJICH METaJIOB,
MEXaHUYECKUX TpUMeced (YacTHIbl TJIMHBI, TeCKa, METaUIOB W W3BECTHSKA),
ac(aJbTEeHOB U CMOJI, SIBISIONTUXCS IPUPOTHBIMU IMYJIBTaTOPaMH, HapsSAy C BEICOKOH
OOBOJIHEHHOCTBIO TPUBOJUT K OOpPa30BaHUIO OCOOO CTOWMKHX 3MYJBbCHHA, KOTOPHIC
TPyAHO moamaroTcs pasaencHuto [1].  V3MeHeHume copepkanHus B He(pTH BOIBI
MPUBOJAUT K HW3MEHEHUIO (PU3MKO-XUMHUYECKHX CBOWCTB, YTO, B CBOIO OYEpE/b,
OPUBOJAUT K HEOOXOJUMOCTH PEKOHCTPYUPOBAHUS TEXHOJOTHMYECKHX CXEM H
KOPPEKTUPOBKE TEXHOJOTUYECKHX IMapaMeTpOB OCHOBHBIX alapaToB Ipoliecca

MOATOTOBKHU HE(DTH.

Jist  obecniedyeHust TpeOOBaHM, MPEABSIBISIEMBIX K TOBapHOM HedTH,
HEO0OXO0IMMO NIPOU3BOIUTH TIIyOOKOE 00e3BOkMBaHKE. JlaHHas mipoleaypa Hanbosiee
3p¢deKkTUBHA TpPU BO3IACHCTBUM HAa OSMYJbCHUIO D3JEKTPUUYECKOrO IOJIA, YTO
TEXHOJOTMUECKH OCYLIECTBIsIETCST B 3jekTpoaeruaparopax. Ho skcmiryaranus
AIIEKTPOJICTUIPATOPOB CBSI3aHA C OMPENEICHHBIMU TPYAHOCTSMHU, TaK KakK JaHHBIC
anmapaThl YyBCTBUTEIbHBI K U3MEHEHUIO (DU3UKO-XUMUYECKUX CBOIMCTB M BEITUYMHE
ooBogHeHHocTH HedTu [2]. Hambomee »ddexTuBHOE wHCCIETOBAaHUE XUMHUKO-
TEXHOJOTMYECKHUX IMPOLIECCOB BO3MOXKHO C MPUMEHEHHUEM MOJAEIUPYIOLIUX CUCTEM,
OCHOBY JJIsI KOTOPBIX COCTaBIISIOT (PU3NKO-XUMUYECKUE 3aKOHOMEPHOCTH MTPOTEKAHUS
npoueccoB.  Co3gaHue  KOMIBIOTEPHO-MOJETUPYIOIIEH  CHUCTEMbl  PabOThI
AJIEKTPOJIETHIpaTOpa MO3BOJSET MPOU3BOAUTH OLEHKY 3(P(PEKTUBHOCTH MPOBEACHUS
nporuecca 00e3BOKUBaHUS PU U3MEHEHUH CBOMCTB M COCTaBa MCXOJHOTO ChIPbS, a
TaK)Ke MPOU3BOAUTH OTIEPATHUBHBINA OUCK HAWITYUIIUX TEXHOJOTHIECKIX TTapaMeTPOB
TIPOBEICHUS MpoIiecca.

Takum o0pa3om, B HacTosiiee Bpemsi TpoOsiiemMa MOATOTOBKH HedTH Ha
IPOMBICIIaX MPHUOOPETAET BCE OONBIIYIO OCTPOTY U AKMYAIbHOCHD.

Hayunas nosusna pabomui’: pazpaboTka METOJUK pacyeTa pazMepa Kareib U

ydu€Tta ACOMYJIbraropa Ha IHIponecC OTACICHHA BOJAbLI B JJIICKTPUYCCKOM IIOJIC,
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MOJIEpHU3AIMSl MaTEMaTHYEeCKOM MOJIeTM M TOporpaMMmbl pacuera mpoiiecca
00e3BOKMBaHUSI W 00€CCONMBAaHUS B DJIEKTPUYECKOM TI0JIE€ MPHU ITPOMBICIOBOM

MOATOTOBKE HE(PTH.
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1 JUTEPATYPHBI OB30P
1.1 Texnonoruvyeckue NpeanOChHLIKU MpPoLecca
00e3B0KMBAHNS U 00€CCOIMBAHUA

Jlo6b1ya yncToi HepTH — TMpoLecc, BOZMOXKHBIN TOJIBKO Ha PAaHHUX CTaJAUAX
pa3paboTku MecTopoxaeHus. Kak TOJNbKO €CTECTBEHHOE AaBJiCHHUE, MOJ eHCTBUEM
KOTOPOro HE(Th BEIXOJUT U3 CKBAKWHBI HA TOBEPXHOCTH, M1aJ1a€T, CHIXKEHHUE SHEPTUU
I1acTa KOMIEHCUPYIOT HCKYCCTBEHHO, C TTOMOIIBIO 3aKauKh KaKoro-imbo padbodero
areHta. OJIMH U3 CaMbIX PACIPOCTPAHEHHBIX areHTOB — IMPECHasi BOJIa, KOTOPYIO
HArHeTaloT B IUIacT oy aaBiieHueM a0 160—180 armocdep [3]. B pe3ynbraTe BMecTo
JIETKO  pa3feNsieMbIX  YIIEBOAOPOAHBIX  (pakuMii U3 IUIacTa H3BJIEKAETCS
ra30’KUAKOCTHAs CMECh, COCTOALIAasl U3 IMOMYTHOTO HE(TSAHOTO rasa M >KUIKOCTH,
BKIIIOYaronieil B ce0sd HePTh U Boay. YacTh HEPTH U BOJBI HAXOAUTCA B CBOOOHOM
COCTOSIHMM, YaCTh — B BHUJIE UX CMECU — BOJIOHEPTSIHON IMYJIbCHUH.

Cucrema nojiepaHHsl IJIACTOBOTO JABJIEHUS pPabOTAeT MO 3aMKHYTOMY
LUKIIy: [IOCJ€ M3BJIEYEHHUS TOJTOBAapHas BOJA BHOBb 3aKauMBaeTcsd B IUIACT. Takou
IOJIXO/] TIO3BOJISIET HE TOJIBKO COKPATUTh Pacxo] paboyero areHTa, Ho ¥ 3HaUUTEIbHO
CHHM3WTbH HArpy3Ky Ha OKpyxkawirywo cpeny [4]. OnmHako MOBTOPHOE HCIOIB30BAHHE
MOJITOBAPHOM BOJBI TPEOYET CEPbE3HBIX YCUIIMM SISl €€ OUUCTKHU.

OMyIbrupoBaHHass B TOATOBapHOM Bojae HePTb M HalIWyue B HEH
MEXaHUYECKUX TPUMECEH BBI3BIBAIOT PE3KOE CHIDKEHHE MPUEMHUCTOCTH Kak
IPOAYKTUBHBIX, TaK M MOMNIONIAIOIMUX IUIACTOB, TO €CThb YMEHBLIAETCA UX
BO3MOYKHOCTH MpUHUMATh paboumii areHT. COriiacHO OTpacjaeBOMY CTaHIAPTY,
YCTaHaBJIMBAIOIIEMY OCHOBHbIE TpeOOBaHHA K KadeCTBY BOJbI [JIsl 3aBOJHEHHUS
HE(TAHBIX IUJIACTOB C YYE€TOM [POHULAEMOCTH KOJIJIEKTOPOB, COJAEp)KaHUE
HEPTENPOIYKTOB B MOATOBAPHON BOJIC HE IOJDKHO MpeBbiiath S0 mr/i [5].

OnpeneneH  TrocCTaHIAPTOM M MAKCUMAJbHO  JIONYCTHUMBIA  YPOBEHb
comepkanusi BoAbl B ToBapHoW HedTu. CorjacHo 3TuM TpeOoBaHUSM, HE(DThH
CUMTAETCS] KOHJIMUMOHHOM [IJI1 TMOCTaBKM Ha JalibHEWINyI0 mepepadoTKy Ha
HedTenepepabaTsiBaroIe 3aBObI, €CJIM COJIepKaHNEe B HEH BOABI He npeBbimaeT 0,5

% [6]. I eciu HA HOBBIX MECTOPOXACHUSX NOOUThCs oroBopeHHbIX ['OCTom 0,5%
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BOJBI B HE(TH HECIIOKHO, TO YeM CTapIllie MECTOPOXKICHUE, TeM OOJbINe yCHUIIHA
TpeOyeT OT He(PTSIHUKOB MPOLIECC MOATOTOBKU HEPTH.

Taxxxe TOCToM cTporo peraaMeHTHPOBAHO COJICPKAHUE B HEPTH XIOPUCTHIX
coJeii - He 6osee 40 mr/i [6]. OcoObie TpeOOBaHMS IO COJCPKAHUIO B TOBAPHOUH HEPTH

XJIOPUCTHIX cojeii 000CHOBAHEBI TCM, UTO IIpU THAPOJIN3C XJIOPUIOB Canu Mg JaxKe

IIPY HU3KOM TeMIiepaType oOpa3yeTcs cossiHas kuciaora. Hanbombiiei crnocoOHOCThIO

K rugponusy obmagaer MQCL,. I'mapomus MQCI, nporekaer mo criexyromum

ypaBHEeHUsIM [7]:
MgCl, + H,0 - MgOHCI + HCI,
MgCl, +2H,0 —» Mg(OH), + 2HCI.

ITpu Hammuumu H,S, oOpasyromerocs B pe3ysbTaTe PasiokKeHHUs: CEPHUCTBIX

COCMMHCHUA He()TH, U B COUYETAHWU C KHUCJIOTOH MPOMCXOIUT CHIIbHAS KOPPO3MS
armapatypsi [7]:

Fe+H,S—>FeS+H,,

FeS +2HCI — FeCl, + H,S.

XJopua >kene3a TEPEeXOJUT B BOJHBIA PacTBOpP, a CEPOBOJOPO] BHOBH
pearupyer C KeIe30M.

YcTaHOBJIEHO, YTO CHUKEHUE KOHIeHTparuu coieit B Hedtu ¢ 40-50 mo 3-5
Mr/aM°e I03BOJISET YBEIHYUTh MEKPEMOHTHBIH TPOOET YCTAHOBKH IIPAMOIi IIEPErOHKH
Heptu ot 100 mo 500 cyrtok u Oosiee. Kpome TOro, MpoOUCXOIUT yMEHBILICHHUE
KOPpO3HWH amnmapaTypbl, CHIDKEHHME pacxo/Ja Karajau3aropa B KaTaTUTHUYECKUX
mporieccax, yiIydlIeHHe KayecTBa ra30TypOMHHBIX M KOTEIBHBIX TOTUIMB, KOKCOB U
outymos [8].

[Tocne TOro Kak MPOAYKIIMIO CKBAXWUH TMOJHSIM Ha TIOBEPXHOCThH, €€
HANPAaBISIOT B CUCTEMY cOopa U moAroToBku. [Ipobiema 3akitoyaeTcsi B TOM, 4TO U3
HEe(DTAHBIX CKBAXHUH J0OBIBAETCA HE 4HcTast He(Th, a cMech HE(TH, BOIBI U Ta3a ¢
HEOOJIBIITUMHU MPUMECSIMH JPYTUX BEIIECTB M TBEPAbIX yacTull. CojpaepkaHue BOJIBI B
CKBOKMHHOW JKHMJIKOCTH, B OCOOCHHOCTH Ha 3aBEpIIAIONIEH CTaIWU DKCIUTyaTalluu

MECTOPOXKICHHI, MOXKeT qocturath 80% u 6osee [9]. DTo cuIbHO MUHEpaATN30BaHHAS
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cpena, criocoOHast BEI3BATh OBICTPOE pa3pyllieHre TPYO U Ha3eMHOTO 000PY/TIOBAHHUS 32
cuetr kKopposud. [locTymaromue ¢ HePThIO U3 CKBOKHHBI TBEPABIC YACTHUIIBI, TAKKE
IPHUBOAT K YCKOPEHHOMY H3HOCY obopymoBanus [9, 10]. ITomyTHbIi He(TSIHOM a3, B
CBOIO OYepe/b, MOXKET OBITh MCITOJIb30BaH KaK ChIPhe W TOILINBO [11].

[lepBoHaYaJIbHO TA30KUIKOCTHAS CMECh U3 TJIACTa MOCTYMAeT Ha JI0KUMHBIE
HACOCHBIE CTAHIIMU C YCTaHOBKaMu npeasaputeiabHoro copoca Boasl (JJHC ¢ YIICB),
I7Ic ¢ TIOMOIIBIO CEMapaTOpOB TPABHUTAIMOHHBIM METOJIOM OTACISIFOT TIOMYTHBIH
He(TAHOM ra3, KOTOPHIN OTIIPABIIIETCSA Ha ra3onepepadarbiBaromuii 3asoa [11, 12].

OcraBmasics >KAIKOCTh, COCTOAMAs W3 HEPTH, BOIBI W IMYJILCHH,
OTHPABJISETCA Ha JalbHEUITYI0 MOATOTOBKY. OHA MPOBOAUTCA MO0 B OTCTOMHUKAX,
1160 B pe3epByapax, Jin00 B KOMOMHHUPOBAHHBIX anaparax, rje JeHCTBYET OCHOBHOM
MPOIIECC — TPABUTAIMOHHBIN OTCTOM, OCHOBaHHBIN Ha TOM, YTO HE(PTH Jerye BOJbI U
MIOCJIE ONPE/ICTICHHOTO BPEMEHU BCILJIBIBACT.

CaMblif CJOXHBIM 3Tan MOATOTOBKM HEPTH — OUYHUCTKA BOJOHE(DTIHOMN
OMYJBbCHH, CMECH M3 BOJBI M HE(TH, KOTOPHIE B OOBIYHOHN Cpejie HE CMEIIMBAIOTCS.
Haxongiuecs B SMyJIbCHH MEXaHUYECKHUE PUMECH, CMOJIBI M acPaibTeHbl 00pa3yloT
BEIICCTBA, KOTOPBIC CBS3BIBAIOT HepTh W BoAy [13], TO ecTh KamenbKy BOJIBI
00BOJIaKUBaET CBOeOOpa3Has OpOHHUpYIOIas 000JI0UKa U3 MEXTIPUMECEH, KOTopasi He
MO3BOJISIET € CIMBAThCS M OCENaTh BHU3. DTO OOpaTHAasi dMYJIbCHUSI THIA «BOJA B
HedTu» (puc. 1). UtoObl pa30uUTh OPOHUPYIOMIUMA CIOW MPUMEHSIOTCS TAKUE METOIBI,

KaK I10/1a4ya PearcHTOB-1e3MYJIbraTOPOB U TeIIoBas 00padboTka [14].
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OBPATHAA 3MYNILCHA

MPAMAR IMYNILCHA

3MYNIbCHA C BPOHWPYIOLLWUM CNIOEM

Pucynok 1 — Turnsl smynbcuit

[lepexos Ha AKCIUTyaTaIlMIO MECTOPOKICHUIN Ha MO3IHEN CTaIuu pa3pabOTKu
COTNPOBOXKJIA€TCSI  JIOTIOJHUTEIbHBIMA ~ MEPONPUSITUSIMHU, B TOM  YHCIE
MPEANOIAraloIMMU BO3/IEUCTBUE HA MIACT XUMUYECKUMU, TEPMUUECKUMU U JIPYTUMHU
peareatamu [15]. B aTOM ciy4ae co3maroTcs yCIOBHS ISl BOSHUKHOBEHUS TPSIMOM
AMYJIbCUU THNA — «HE(PTh B BOJE», KOTJa OpoHHUpyolas 000J0YKa W3 Macel
00pa30BbIBAETCS BOKPYT Kareiab He(QTHU U TOXKE HE MO3BOJSET UM CIUTHCSA. DMYJIIbCUS
«HedTb B BOJIE» JOCTATOYHO YCTOWMYMBA, U JOBECTH IOJTOBAPHYIO BOAY JIO
COOTBETCTBHS TPEOOBAHUSM CTaHJAPTa KA4eCTBA OUYEHb TPY/IHO.

[ToaroTosnennast He(Th HANIPABIISIETCS B Pe3epPByaphl TOBAPHOTO MapKa. 3aTeM
4yepes3 TOJI0BHYI0 HACOCHYIO CTaHIIUIO OHA MOJIAEeTCs B MarucTpaabHbI HEQTEPOBO/]
JUIS TabHEHINEH ToCTaBKM moTpeduTensM. UTo KkacaeTcs IOATOBAPHOM BOJIBI,
o0OpasoBaBIlIeiiCs B IIPOIIECCe MOATOTOBKHM HE(PTH, OHA TaK)Ke MOABEPTaeTCs YAaICHUIO
Kareab He(h)TH, MEXaHHUECKUX MTPUMECEH, THAPAaTOB OKUCH JKene3a u coneit [15, 16].
Tonbko mocne TayOOKON OYHCTKH €€ WCIHOJIB3YIOT JUIsl JaTbHEHIIEero 3aBOIHCHUS

HEe(TAHBIX IJIACTOB WIH YTUIU3UPYIOT.
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1.2 Knaccudukanust MeTo10B pa3pyuieHusi BOAOHeQTAHBIX IMYJIbCHI

Cpenu 3HAYUTEIHHOTO KOJMYECTBA CYHIECTBYIOIIUX METOJOB pa3AeieHUs

BOJOHE(PTSIHBIX AMYJIbcHM Hanbosee >PEGEeKTUBHON cuMTaeTcs Takash TEXHOJOTHUs

00€3BOKMBaHUS, TpPH KOTOPOM OCYIIECTBIIETCS HaumOojee TOJMHBIA Habop

UHTEHCUPUUIMPYIOMUX (AKTOPOB OJHOBPEMEHHO IPHU JOCTHKEHUU HAUMEHBILINX

MaTepUaIbHbIX 3aTPAT B TEUEHUE OTBEAEHHOTO JUISl 3TUX II€JIEH TEXHOJIOIMUECKOIO
Bpemenu [17].

MexanusM 00€3BOKMBaHMS M oOeccoiuBaHUs He(PTH OCHOBBIBAETCS Ha
MeXaHHU3Me pa3pylieHus BOJOHEe(DTIHBIX IMYIbCcHl. B mporecce neamynbcanmu Boja,
pacmipesneneHHas B HE(QTIHOM CJIO€, OTACNSAETCS, B PE3yJIbTaTe 4Yero MPOUCXOIUT
CHIDKEHHE OOBOJHEHHOCTH HE(PTH M Kak CJEICTBUE €€ OOIIed MHUHepaIu3aluu.

Mexanu3m paspyuieHus: HeTSIHBIX dIMYIbCUI COCTOUT M3 HECKOJIBKHUX CTaauil (puc.

2):
— | otam — COyaAapCHUC TUCIICPIHPOBAHHBIX YaCTHII,

— Il aTanm — KoanecueHIys, CIUIHIE YAaCTHUI] B KPYITHBIC TTIO0YIIHI,

— Il aTanmn — ocaxxaeHue yKpynHUBILIKXCS YaCTULl 1 00Opa30BaHUE CIUIOLIHBIX

OTACJIBHBIX CJIIOCB BOJbI U He(l)TI/I.

CJIOKYITALIAA - KOANECLEHLMSA -
CNUNAHUE YKPYTTHEHVE CEMAPALIUA -
PA3OENEHUE

_ k ‘ .

Pucynok 2 — Ctaauu pa3pyiieHus: BOJOHEDTIHBIX IMYJIbCUN
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JIJis OCTHKEHUST HAMITy4YlIero pe3ysbTaTa 00ecCOMMBaHMs U 00€3BOKUBAHHUS
AIMYJIbCHS TOJKHA OBITh arperaTuBHO HEYCTOMYMBOM. OOBIYHO BBIAEISETCS 4 TPYIIIbI
METO/IOB, CITOCOOCTBYIOIIUX Pa3pyIICHUIO BOAOHEDTAHBIX dMyIbcuit [18]:

- MexaHnyeckue METObl, BKIIOYAIOINE B ceOs:

a) ['paBuTaninoHHOE OTCTAaMBaHUE, KOTOPOE NMPUMEHUMO K CBEKUM, JIETKO
pa3pylIuMbIM 3MYJIbCUsM. [Ipu rpaBUTAIIMOHHOM OTCTO€ HE(PTHh BBIAECPKUBAETCS B
pe3epByapax ONpeIeI€HHOE BPEMsl, B TEUEHHE KOTOPOrO UIYT MPOLECCHI KOATYJIALINU
Karejab BOJbL: YKPYIHUBLIMECS TSDKEJIbIE KAl BOABI IO IEHCTBUEM CHUIIBI TSKECTU
OCEJIal0T Ha THO U CKAIUIMBAKOTCS B BUJE CJIOSI IOJATOBAPHOU BOJIBI.

0) Taxxke K MEXaHMYECKMM METOJaM OTHOCUTCA UEHTpU(YTHpOBaHUE,
3aKJIIOYAIOIIEECs B BO3ACHCTBUM Ha AIMYJILCUIO HEHTPOOEKHBIX CHJI, 32 CUET KOTOPBIX
IPOUCXOANT OTACIICHUE MEXAHWYECKUX TNpUMeceil HepTH, a TaKKe pacCIOCHHE
AMYJIbCUH; B IPOMBILIUIEHHOCTH JaHHBIA METOJ] IPUMEHSETCS PEIKO.

- XUMHYECKHME METOAbl OCHOBaHbl Ha BO3ICHCTBUM Ha 3MYJIbCHIO
MOBEPXHOCTHO-aKTUBHBIX BewecTB (ITAB) — neamynbraropoB. MeTo 1 HCIOIb30BAHUS
pEareHToB — 1EIMYJIbFaTOPOB 3aKIIF0YAETCSI B TOM, UTO PEareHT BBOJAUTCS B AIMYJIbCHIO,
MOJIBEPraeMylo pa3pylIeHUI0, U TEPEeMEIINBAETCS C HEl, Mocie Yero co3aroTcs
yCIOBUSL JUIsl BbIAETCHUS BOABI U3 HEPTH MyTeM OTCTauBaHUSA. DPPEKTUBHOCTD
JAHHOT'O METOJ1a B 3HAYMTENIbHOM CTENEHH 3aBUCUT OT BUIA IPUMEHIEMOI0 peareHTa

- DIeKTpUYecCKHe METOJbl pa3lejeHHs] MPAKTUYECKH OCYIIECTBHMBI C
WCIOJIb30BaHMEM JIBYXCTaAUMHOrO mpouecca. Ha mepBoll cragum B YacTUYHO
00€3BOXEHHYI0 He(DTh BBOAMUTCS OMPEICICHHOE KOJIMYECTBO MPOMBIBHON BOMBI AJIS
BBIMBIBAHHUS COJIEH U Tiepexoja HEPTH B dIMYJIBCHIO, YTO 00OECTIEYUBAET JOCTATOYHO
HU3KYIO TPOBOJUMOCTb CpENbl, IOCJIE€ 4YEero MNepexoisiT KO BTOPOM CTaguu —
MPUMEHEHUIO DJIEKTPOKOAIECICHIIMM, KOTJa JEeUCTBHEM JIIEKTPUUECKOTO TOJIs
NPOUCXOIUT pa3pyiieHue obpaszoBasiieiics smyinbcud [19]. Tlpu momamaxum
HE(TAHOM OSMyJIbCHUM B TEPEMEHHOE JJIEKTPUYECKOE TIOJ€ YaCTUIBI BOJBI
IpUOOPETAIOT 3apsii U HAYMHAIOT KOJeOaThCs, CTAIKUBAsACh APYT C APYroM, 4TO

MIPUBOJIUT K MX CIUSHUIO, YKPYITHEHHIO U 00s1ee OBICTPOMY pacCIOeHHIO ¢ HEDTHIO.
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- OgHuM M3 COBPEMEHHBIX CIIOCOOOB O00E3BOKMBAHMS HE(PTU SBISETCS
TepMHUUECKas WM TerjaoBas o00paboTka, KOTOpas 3aK/II0YaeTcsi B TOM, YTO
00e3BOXHMBaeMyI0 He()Th MpeABApPUTEIHLHO HArpeBaloT Mmepea oTcTauBanueM. Harpes
BBI3BIBACT OCIA0JCHUE OpOHUPYIOMHUX OOOJOYEK OSMYJIbCHU U CHOCOOCTBYET
KOQJICCIICHIIMU MEJIKUX Karesb Bojbl B Oonee kpymHble [20]. Kpome Toro, Harpes
CIIOCOOCTBYET CHIDKEHHUIO BSI3KOCTH HE(PTETIPOTYKTOB, UTO CIIOCOOCTBYET YCKOPEHHUIO
IpOoIECcca OCAXKICHUSI.

Tak kak pasaeneHne BceX KOMIIOHEHTOB BOJOHE(DTSIHOW IMYIBCHUH TTPOXOTUT
B HECKOJBKO ATaloB, Ha KaXIOM U3 HUX MOTYT OBITh HCIIOJIb30BAHBI Pa3IUYHbIC
KOMOMHHPOBAHHBIE TEXHOJIOTHH.

O¢dPexTUBHOCTD pa3fesieHuss SMYJIbCUH 3aBUCUT OT MHOTMX (DaKTOpOB,
OCHOBHBIMH M3 KOTOPBIX SIBJISIOTCS: TJIOTHOCTh HE(PTH M BOJABI, TaK KaK pa3HUIIA
IUIOTHOCTEN JKUAKOCTEH, KOTOPBIE COCTABJSIOT AMYJBCHUIO, SBIISIOTCS JABIXKYIIEH
CIWJION TpaBUTALIMOHHOTO pa3ZelieHus; BA3KOCTb JKUAKOCTEH, COCTaBISIOLINX
IMYJIBCHIO; TUIOMIAAh TOBEPXHOCTH OTCTAWBAHUS, Pa3MEpP YaCTHI] AUCTIEPCHON (a3bl,
TaK KaK CKOPOCTb OC@XJEHUs Kalld JAUCIEepCHOM (a3bl  yBEJIUUYMBACTCS

IIPOIOPITMOHAIILHO KBaApaTy ee auamerpa [21].

1.3 [IpumeHeHne 1eIMYJIBIATOPOB /ISl pa3pyLIEHUs IMYJIbCHI

Oco0ast CTOMKOCTh BOJOHE(MTSIHBIX AMYJbCUA OOECHEYMBAETCS B YCIOBUU
CTaOWIIM3aIMK 3a CUET HAJIM4YUS Ha TpaHulie pa3zena (a3 Boga-uepTh aicopOLUOHHO-
COJILBATHOTO cJios [22].

BemectBa, crnocoOHble — CTAOWJIM3UPOBATH  3MYJIbCHUHM,  Ha3bIBAIOTCA
smyiabraropamu. OHU cojepkaTcsi B HePTH U MPEACTaBIAIOT CcO00Ml CMOIIBI,
acanbTeHbl, Ha(QTEHOBBIC KHCIOTHI, KpHUCTAJUIbl MapaduHa, a TakXKe TBEpIAbIC
MHUHEpaJbHbIC YACTHIIBI. MECOK, TJIMHA, CyabGHua jxeie3a u apyrue [22, 23]. B
IUIACTOBOM BOJIE TAK)K€ MPUCYTCTBYIOT SMYJILIaTOPbl B BUJE COJNEH U KUCIIOT.

CnocoOHOCTh  00pa30BBIBaTh AMYJIbCUU TPUCYIIa BCeM HePTIM, HO
CHOCOOHOCTh MX K HMYJIbI'MPOBAaHHUIO JaJIeKO HE OJMHAKOBA, TaK, Hampumep,

MOBBIICHHOC COACPIKAHUC IIOJAPHBIX KOMIIOHCHTOB IIPUBOJAWUT YBCIWMYCHHIO
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CTOMKOCTH 3MYJbCUU. TakuM 00pa3oM, CTOHKOCTh MapaUHOBBIX HEPTEHl MEHbIIIE,
yeM HapTeHOBbIX. [lOoBbIIEHHAs MUHEpaNU3alks TaKXKe MOBBIIIAET CTOHKOCTD
00pa3yoIuXxcs SMyJbcuii [22, 24].

Pa3znenenrie HEPTIHBIX IMYIbCHI 3aKIIOYACTCS B PAa3pyIICHUU CTPYKTYPHO-
MEXaHHYECKOTO Oapbepa Ha MOBEPXHOCTH Kareib. Pa3pylmuTs 3Ty 000JI09KY MOYKHO
BBEJICHUEM B CHCTEMY BEIIECTB, 00JIa1al0MuX 00Jiee BHIPAKCHHBIMU MTOBEPXHOCTHO-
AKTUBHBIMH CBONCTBaMH, YeM NpPUPOAHBIE SMynbraropel [25]. Takue BemecTBa
HA3bIBAIOTCS peareHTaMu-nesMybraropamu. Mexanusm neiicteust [1AB 3akmouaeTcs
B KOHIEHTpAallMd MX Ha TIOBEPXHOCTH pasnena (a3, BbI3bIBaS CHUKCHHE
IOBEPXHOCTHOrO HaTshkeHUs [22, 26]. IloBepxHOCTHAs aKTUBHOCTH pearcHTa-
J€3MYJbraTopa JOJKHA ObITh MHOTO BBILIE TOBEPXHOCTHOW aKTUBHOCTHU MPHUPOIHBIX
IMYJIBIaTOPOB.

Knaccupukauus IIAB onpenensiercs 3apsiioM  €ro HOHU3MPOBAHHOMN
rusipopobHoit yactu. Ecnm opraHuueckuil MOH 3apspKEH OTPULATENbHO, TO 3TO
AHMOHHOE BEIIECTBO, €CIIH MOJIOKUTEIILHO — TO 3TO KATHOHHOE BemIecTBO [27].

1. Amnmonaktusable I[IAB nuccouuupyor B Boxe ¢ 00pazoBaHuEM

OTPULIATENBHO 3aPSKEHHBIX TOBEPXHOCTHO-AKTUBHBIX NOHOB.
RCOONa & RCOO™ + Na“*

2. KaTnoHOakTHBHBIC BeEIIECTBA MPH AWCCONMAMA B BOJE OOpPa3yrOT

MOJIOKUTEIIBHO 3aPSKEHHBIE IOBEPXHOCTHO-AKTUBHBIE HOHBI.
RNH, - HCl 2 RNH; +CI~

3. Hewonorennsie [IAB mpakTtudyeckn He oOpa3yrOT B BOJHOM pPacTBOpE
VOHOB.

4.  Awmcdonutasie [IAB 00pa3yioT B BOJJHOM PacTBOpE B 3aBUCUMOCTH OT
ycinoBud (pH, pactBoputens W T.A.) WIA AHUOHAKTHBHBIE U KAaTHUOHOAKTHUBHBIE
BEILECTBA.

5.  Breicokomonekynspuble (moaumepHsie) [IAB Bblaensitorcs B OTIETbHYIO
IPYMILY U COCTOSIT U3 OOJIBIIOTO YKCia MOBTOPSIOUINXCS 3BEHbEB, KAXK/10€ U3 KOTOPBIX

HMCCT MOJIIPHBIC U HCIIOJIAPHLBIC I'PYIIIIBI.
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Jleamyneratopbl, NPUMEHSEMbIE IS pa3pymIeHus HEPTIHBIX IMYIbCUN
JOJKHBI YJIOBJICTBOPSTH CJICIYIOIIMM OCHOBHBIM TpeOoBaHusM [28]:

1. bBsictpas murpaims yepe3 00béM HedTAHOI (ha3bl K MOBEPXHOCTH pazjeia
¢as3, rae oH JOMHKEeH MPOU3BECTH ICUCTBUE M0 pa3pyIICHUIO0 OPOHUPYIOMIUX 000JI0UYEK
Ha KaIlJIsiX 3MYJIbIMPOBAHHON BOJIBI.

2. CnocoOHocTh K Guokymsuud. Jlesmynbratop AoDKeH o0Jaaarh
CIOCOOHOCTBIO 00ECTIeUNBATh MPUTHKEHUE IPYT K APYTY U COMMKEHUE KATesb BOBI.
B wurore o0Opa3yiorcs Ooiibllii€ CKOIUICHUS Karelb BOJbI, BBIMVISAAIINAE O]
MHUKPOCKOIIOM, KaK CTyCTKH, aCCOIMATHI.

3.  MakcuManbHOE CHIDKEHHE TPOYHOCTH CTPYKTYPHO - MEXaHHUYECKHX
aJICOPOIIMOHHBIX CIOEB Ha rpaHuIle pazaena ¢a3, odnerdenue koanecueHuu. [locme
bnoxkynsauuu i€HKa 3MyJibraropa Bc€ ene octaérest criomHon. Cuiibl QIOKyISIUNA
MOKET OBITh HEJOCTATOYHO, YTOOBI BBI3BATh KOAJIECICHIMIO Kareidb. OIHAaKoO B
OOJBIIMHCTBE CIy4aeB JEAMYJbraToOp BBI3BIBAET Pa3phiB IJIEHKH HA MOBEPXHOCTU
Karemnb, 4yTo AaT HAvajlo MPOIEcCy KOoaleClIeHUWU. Pa3phIBbl MIEHKM B COCTaBe
(bI0KYI TPUBOAST K YBEIIMUYEHUIO pa3Mepa Karelb.

4. CwmauuBaHue TBEPIABIX YacTHIl. [[edMyIbraTophl, MpeaHa3HauYeHHbIC IS
pa3pyIIeHUs SMYJIbCUH, CTAOMIN3UPOBAHHBIX OOJIBIITNM KOJIMYECTBOM MEXaHUUECKUX
puUMecel, TOJDKHBI U3MEHSATh CMAaYMBAEMOCTh MOBEPXHOCTH TBEPIBIX KOMIIOHEHTOB
U 00ecreunBaTh UX MEePEXo 1 ¢ MOBEPXHOCTH pasena (pa3 BHYTpPh Kanesib BOABIL.

5. Beicokas 3¢ (HEKTUBHOCTD. OddexkTuBHOCTD JI€AIMYJIBIaTOPOB
XapaKTEPU3yeTCsl WX PacxXxojoM, KadyeCTBOM IIOATOTAaBIMBAaeMON HEPTH, WIH
collep)kKaHUEM B HEW BOABI U MEXaHWYCCKUX MPHUMECEH, OCTaTOYHBIX XJIOPHUCTHIX
cojiel, MUHUMAJIBHBIMU TEMIIEPaTypoll HarpeBa U  MPOJOKUTEIEHOCTHIO
OTCTauBaHUs HEPTH.

6. bBomee BhICOKasi MOBEPXHOCTHASI AKTUBHOCTh, Ye€M y CTAOMIIM3UPYIOIIUX
IMYJIBCUIO KOMITIOHEHTOB. MakCcUMaIbHOE CHIDKEHHE TIOBEPXHOCTHOTO HATSKEHUS Ha
rpa"uiie pasnaena (a3 J0DKHO OO0ecreuruBaThCS MPU OTHOCUTEIHHO HEOOJBIINUX

pacxoaax ACsMyJibraTopa.
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7. OTcyTcTBHE B3aUMOJEWCTBUS C KOMIIOHEHTAMH IUIACTOBBIX BOJ C
o0pa30BaHUEM OCAIIKOB.

Hapsiny ¢ aTiuM 1eaMynibraTopbl J0KHBI OBITH JICIIEBBIMU, TEPMOCTONKUMU,
TpaHCHOpPTAa0ENbHBIMU M  00JIaaTh OMNpPEAEICHHON YHUBEPCAIbHOCTHIO, T.€.
pa3pylaTh SMYJIbCUH PA3JIUYHBIX MECTOPOXKICHUIA.

Teopernyecku 1eIMynbraTtop MOXKeT ObITh 3(HEKTUBHBIM TOJIBKO ISl OAHOM
OTIpEIEeNICHHON 3MYJIbCUH, UMEIOIIEH CTPOroe COOTHOIICHHE KUIKUX (Da3, 3aJaHHYIO
CTEIIEHb JUCIEPCHOCTH, OMNPEAECICHHOE KOJUYECTBO H3MYJIbraTropa HEU3MEHHOTO
coctaBa [29]. CremoBaTenbHO, THI JAeIMyJIbraTopa B Tpolecce pa3padoTKu
HE(DTAHOTO MECTOPOKIAEHUS JOJIKEH KOPPEKTUPOBATHCA 0 MEPE U3MEHEHHSI COCTaBA
IMYJIbCUM U UX HU3HUUECKUX CBOUCTB.

EAMHCTBEHHBIM  JTOCTOBEpPHBIM  CHOCOOOM  1OAOOpa  ONTHUMAJIBHOIO
NEAIMYJIbraTopa SIBJIIETCA  OKCIIEPUMEHTAJbHAs IPOBEpKa JI€3MYJIBIUPYIOIIEH
CHIOCOOHOCTH Ha MOJENbHOM 3Mynbcuu. Kpome TOro, coBpeMeHHbIE NpEaIpUsTUs
OTJAIOT MPEANOYTEHUS HEHMOHOTCHHBIM JE€AMYJbraTopaM, TaK KakK OHU HMEIOT
ClIEyIOIMEe TPEUMYIIECTBA, IO CPABHEHHUIO C HIOHOTEHHBIMU (Tab1.1).

Tabnuua 1 — CpaBHUTENbHAS XapaKTEPUCTUKA HOHOT€HHBIX U HEMOHOT€HHBIX

ACOMYJIbI'aTOPOB

HoHoreHHslii 1eaMybraTop Hewnonorennslii 1eamynsratop

1. Ilpu B3ammMOAEHCTBHH C IUIACTOBOM Bofoi  |1. He B3aMMOIEHCTBYIOT C PaCTBOPEHHBIMH B

00pa3yroT MaJlopacTBOPUMBIE OCAJIKH MJIACTOBOM BOJIE COJIIMH M HE 00pa3yroT
(CaS04-2H20, Fe(OH)3z u ap.); TBEP/IBIX OCAJIKOB;

2. SIBISIOTCS SMyJBraTopamu SMyJbcuii Tuna | 2. [IPUMEHSIOT HCKIFOUHTENBHO IS
H/B, 4To BefeT K MOBBIIIEHHOMY paspyiienus smyiabcuit Tuna B/H, u onu He
coJiep>KaHuI0 He()TH B OTIEIICHHOM BOJIE; 00pa3yroT npu 3ToM 3myibcun H/B;

3. Boubmiol yenpHBIA Pacxor; 3. Maublii yienbHBIA Pacxor;

O06nagar0T XOPOIIUMU MOIOIIIMMHU
CBOMCTBAMH M CMBIBAIOT CO CTEHOK TPYO U
000pyoBaHUs HEPTIHBIC TUICHKH,
00HaXKAIOT MOBEPXHOCTH METaJIa, KOTOpast
OJT A€HCTBUEM IIJIACTOBOU BOJEI MOXKET
MHTEHCUBHO KOPPOAUPOBATh.
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B HaCTOAICC BPEM HauOoIbIIEe IMPUMCHCHUC HAIIIJIN CJICAYIOIIHUC PCArCHThI-

neamynbratops [30, 31]:

HUmnopmuvie Omeuecmesennule
— Cemapossl - Baker (CIIIA) — Peamnon - «Maxpomep» (Bnagumup)
— Jucconsans - Clariant AG (I'epmanust) — JeBoH - «Ukap» (Yda)
— IIporamutsr - Buna (I'epmanust) —  UKAII — Xumnpom (Y da)
—  Kewmenukc - ICl (Benukobpuranus) — Hedrenon/l - «Xumexo - TAHI »
—  Jeamynbdepst - TOHO (Snonus) (Mocksa)
— Jaydakc - Dow Chemical (SImonus) — CHIIX — HiHuegpmenpomxum (Kazanp)
— Kponakc - Komicro (Xopsarus) — Peanon N®, UII, UK - «Hanop» (Kazann)

— JUHB#I - «Ilpomon» (Kazanp)

— Pexon, UnTekce - «Xummexno» (Kazans)

1.4 Mexanu3M npouecca 00e3B0:KUBAHUS U 00€CCOJIUBAHUS B

IJNIEKTPHYECCKOM I10JI€

C rex mop kak B 1911 r. 6b11 IpeAsioKeH NEPBBIN anmnapat AJis SJIEKTPUIECKOTO
pa3iesieHus SMYJIbCUM 00paTHOTO TUIIA, FJIEKTPOACTUAPATOPHI 3aHSIU MPOYHOE MECTO
B HedTenoObIBaroell U HedTenepepadaThIBAIOIICH OTPACsAX MPOMBIIIJIEHHOCTH,
JIOKa3aB, YTO AJICKTPUUECKHUE TOJIS SBISIOTCA HamboJjiee MOUTHBIM U 3(P(HEKTUBHBIM
CPEICTBOM TJIyOOKOTO 00€3BOXMBaHUSI M oOecconuBanusi HedTU. OCHOBHBIMU
MPEUMYIIECTBAMH DJIEKTPOJCTUAPATOPOB TMepe] OOBIYHBIMU TEPMOXUMHUYECKUMU
OTCTOMHUKAMH, B KOTOPBIX pazfierneHue (a3 BOAOHEPTIHBIX dMYJIbCUI MTPOUCXOIUT
HEYIPaBJIIEMO €CTECTBEHHBIM IIyTEM IMOJ JEHCTBUEM TIPaBUTALMOHHOW CHIIBI U
TpeOyeT MPOJOIKUTEIHHOTO BPEMEHH, SBIISIOTCS MPUHYIUTEIbHAS KOATICCIICHITUS U
YKPYITHEHHE Kallellb AMYJIbIMPOBAaHHONW B HEe(PTH BOABI, B pe3yjbTaTe KOTOPOTO
BO3pPACTAlOT KaK CKOPOCTh OTMACJICHHS BOJBI, TaK U TJIyOMHA OOE3BOXKHBAHUS U

obecconuBanus Hedru [32].

I[JII/ITGJIBHOCTB occaaHuA KaIllClib IO I[GﬁCTBHGM CHJI TAKCCTU BAPbUPYCTCA B

3HAUMTEIBHBIX NIpesenax. B nepByo ouepeab OHa 3aBUCUT OT pa3Mepa Karelb BObI.
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Tabnuia 2 — 3aBUCHMOCTh BPEMEHH OTCTOS Karlellb OT paauyca Kariu [33]

Pagnyc, mxm EctecTBennsbIil oTcTon OTCTOM1 B 3JIEKTPUUECKOM I10J1€
1 912 gacoB 2 qaca
10 10 gacoB 45 MUHYT
20 2,5 gaca 15 MmunyT

3akoH CTokca sl yCIOBHM HECTECHEHHOW I'PAaBUTALIMOHHON CEAMMEHTALUU
cepuueckux Kamenb JAucHepcHoW (azbl pa30aBlEeHHBIX OOpATHBIX AMYJIbCUN

3arrchiBaeTCs Kak [32]:

2 r 0

I7ie @, - CKOPOCTb OCAKACHHUS Kalleslb BOJIbI,
0 - YCKOpeHHE CBOOOTHOTO MaICHUS;
pP,, P, - IIOTHOCTb BOJBI U HE(PTH, COOTBETCTBEHHO;
I - paanycC Kariu,
1) - TMHAMUYECKasl BI3KOCTh HEPTH.

Takum oOpa3zoMm, eciii OT Pa3HOCTH IUIOTHOCTEH BOABI M HE(DTU U BSI3KOCTHU
HEe(TH CKOPOCTh 3aBUCUT JIUHEHWHO, TO OT pajuyca Karejb OHa 3aBUCUT KBaIPATHUYHO,
TaKUM 00pa3oM, 3a7a4a BO3AEHCTBUS HA IMYJIBCUIO 3JIEKTPUUECKUM IOJIEM COCTOUT B

MAaKCHMAaJIbHOM YKPYITHEHUU KalleJlb SMYJIbIMPOBAHHOU BOJBI.

[loctynass BO BHeELIHEE »JJIEKTPUYECKOE II0JIe, Kaluld BOABl B HEPTH
NOJISIPU3YIOTCS U 1€(POPMUPYIOTCS B AJUIAIICOMIBI BpAIllEHHs, OPUEHTUPOBAHHBIC
OOJIBIIIMMH OCSIMU B HalPaBJICHWH CHJIOBBIX JIMHUH moiist [34]. B pesynbTare Mexmay

COCCAHHUMM KaIllIsIMHW BO3HHUKAIOT CHJIbI JUIIOJIb-AUIIOJIBbHOI'O IIPUTAKCHUAA:

6s-E*-r® r
F :——:—6 -Ezorz- J— , 2
oun d4 & (dj ()

rac & - JU3JICKTpUYCCKaAs ITPOHUIACMOCTDb Heq)TI/I;
E - HaIIPAKCHHOCTh BHCHIHCTO 3JICKTPHUYICCKOI'O ITOJIA;

I' - paanyc Karmnelb;
25



d - paccTostHE MEXTY IEHTPAMH KaIleJlb.

I{I/IHOJII)-I[I/IHOJILHI)IG CUJIbl B3aMMHOI'O IIPHUTKCHUA ABJIAIOTCA OCHOBHBIM

(baKTOPOM, O6€CHC‘-II/IBaIOHII/IM cOJIMKEeHHE Kalleab BOJAbI 1 UX KOAJICCIICHIUIO.

[Ipy cCTONKHOBEHWW IUIIONEH oOcia0ieHHbIe aedopManueld 000JI0UKH
Pa3phIBAIOTCS, YaCTHIIBI CIMBAIOTCS, YKPYIHSIIOTCS U OCEIAIOT MOJ JCHCTBHEM CHJI

soxectH (puc. 3) [35].

-4 . )
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Pucynok 3 — Cxema BO3I€MCTBUSA SJEKTPUUECKOTO OIS HA AMYJIBCUIO: a — 0e3
HaJIOXKEHUS MOJIS; 6 U 8 — DMYJILCHUS B DJICKTPUUECKOM I10JIE€ TPU CMEHE MOJISPHOCTH

AJIEKTPOJIOB
[Tporiecc aIeKTpOKOAIECIICHIINN BKJIFOUaeT B ceOst Tpu ctaauu (puc. 4) [36]:
1. Tlonspuszanus kanenb U UX AeQopMalius B SJUTUIICOUIBI BPAIIICHNUS,

2. TpancmnoptHas ctaausi - CONMKEHUE Kalenb MO JACWCTBUEM TUMOJIBHBIX CHII
IPUTSDKEHUST 10 PAacCTOSAHMM, HE NPEBBIIAIOIINAX PagdyC JIEUCTBHUA

MOJIEKYJISIPHBIX CUJI IpUTsKeHUs: BaH-n1ep-Baansca-Jlonaona (~ 500 am);

3. CoOCTBEHHO aKT KOAJECIIEHIINN Kalelb; TIPH 3TOM €CJITU CTaauu | u 3 sBISIOTCS
OBICTPOTEYHBIMU, TO CTaAMsl CONMKEHUS Kallelib B BA3KOU Cpejic UHEPIIMOHHA U

TpeOyeT 3HAYNUTEIILHO OOJIBIIIETO BPEMECHH.

[Ipomecc »nEKTPOKOANECHEHIIMA HOCUT BEPOSITHOCTHBIA, CTATUCTHUYECKUU
XapakTep, U ero 3pGHEeKTUBHOCTh 3aBUCUT OT BBINOJIHEHUS Psifia YCIOBHUHM, OJTHAKO B
J000M Clydyae aKkCMOMOM SIBIISIETCA YCJIOBUE MPEIBAPUTENBHOTO YCTPAHEHUS
CTPYKTYPHO-MEXaHWYECKOTO Oaphepa, T. €. JecTabmiu3anuul OpOHUPYIOIINX
000JI0YEK Ha KarligX BOJIbI BO3JIEUCTBUEM MPABUIBLHO MOAOOpPaHHOTO () (PEKTUBHOIO

nesmyibsraropa [37].
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PI/ICYHOK 4 — Bimsanaue QJICKTPOMArHvMTHOI'O ITOJISA HA JUITIOJIb BOJbI

OgHuM M3 KIIOYEBBIX YCIOBHM 3(()EKTUBHON KOAJNECLUEHIIMH SIBISETCA

ONTUMaJIbHasA HAIIPAKCHHOCTDL 3JICKTPUYCCKOTO ITI0JIA, oIpcacisieMasl COOTHOICHUEM

[38]:

(3)

rae E, - HanpsXeHHOCTb SIEKTPHYECKOTO IIONS, PaspyLIAIONIETO KAILIK BOJIBI
JTAHHOTO pajinyca;
A - KOHCTaHTa IJisi JAHHOM ASMYJbCUHU (3aBUCUT OT KOHIIEHTPALMU

IMYJIbCUN): ISl oguHOYHOM Karu A=380, a mpu KOHIEHTpauuu >myibeun 5, 10 u

20% BenuunHa A cooTBEeTCTBEHHO paBHa: 382, 391 u 403;

o - K03(pPUuueHT Mex(a3HOTO HATSKEHUS MTPU OTCYTCTBUHU BHEIIHETO

DIIEKTPUICCKOTO ITOJIS;
£ - TMRJICKTPHYECKAs IPOHUIIAEMOCTh HEPTH;
I' - paanyc Kariu BOIBIL.
B anekrpomermapaTopax JODKHO —BBITOJNHATBCA —yciaoBue E < EKp, B

IMPOTUBHOM CJIy4dac HCO6XOI[I/IMO h1%(s0) YMCHBUINTL HAIIPSKCHUC, TMOAaBACMOC Ha

3JIEKTPO/IbI, THOO YBEIUYUTH paccTosHue Mexay Humu [39, 40].

[IpeBblieHHE  HANPSOKEHHOCTH  TMOJS  MPUBOAUT K  BJIEKTPUUYECKOMY

JVCIIEPTUPOBAHUIO KAlelb BOJbI C MOABICHUEM MENBYANIINX "OCKOJIKOB'"; €CIU ¥kKe
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HaNpsZKCHHOCTh CYIICCTBCHHO HHWIKC OHTPIMEU'IBHOIZ, BCPOATHOCTL KOAJICCHCHINH
MHOTOKPATHO CHMKACTCA BCIICACTBUC PC3KOTO ocJiabieHus JUIIOJIBHBIX CHJI

nputsokenus [39, 40].

N3 Beipakenus (3) siCHO, 4TO TIPU DJIEKTPOOOPAOOTKE B TPaJIUIIMOHHBIX
IEKTPOJETHIPATOPAX ECTECTBEHHBIX HE(MTSIHBIX DSMYJIbCUH, KOTOpHIE BCEra
MIOJIUTUCTIEPCHBI, ONTUMAJILHOCTh HAMPSOKEHHOCTH TIOJIST MOXET OBITh oOecriedeHa

TOJIBKO ISl HEKOTOPOM y3KOM (hpakivu Karneiab BOJbI.

1.5 ObopynoBaHue 1Jis1 NPOBeIeHUSA YIEKTPOO0OE3BOKMBAHUSA

Hcroprueck B TEXHUKE 3JIEKTPOJIECIMYJIbCAIUM HEPTH CPOPMUPOBAIHCH 2
HaIlpaBJICHUS pa3BUTHSL: KOMITAKTHBIE YCTPOMICTBA, Ha3bIBAEMBIC
anekTpokoanecuepamu [41], B (yHKIHMIO KOTOPBIX BXOJUT TOJIBKO YKPYITHEHHE
nucnepcHo  (a3pl HEQTAHBIX HSMYJIbCHM € TOCIEAYIOUIUM TIpaBUTALIMOHHBIM
pasneneHueM ¢a3 B OTCTOMHOM ammapaType, U OObEMHbIE 3JIEKTPOIAETUIPATOPHI, B
KOTOpbIX 00a 3TuUX mpouecca oObenuHeHbl. [lo TemM wiM WHBIM NOpUYUHAM
IIOBCEMECTHOE PACIPOCTPAHEHHUE IMOIYYWIM MMEHHO 3JIEKTpOJeruaparopsl. B
HACTOSIIIEE BpPEMsSI POCCUUCKHM TapK 3JIEKTPOAECTUAPATOPOB B MOJABISIOIIEM
OOJIBILIMHCTBE IPEICTaBIICH TOpPU30HTaJIbHBIMH ANEKTPOJAETUAPATOPAMHU
OTEYECTBEHHOIO Mpou3BoiAcTBa 00beMoM 63..200 M3 a ma page HII3 - eme u
MOPAJIbHO U (PU3UYECKU YCTAPEBIIMMHU IIAPOBBIMU AJIEKTPOJAETHAPATOPAMH 00BEMOM
600 M3 pa3pabOTKK NIEPBOIi OIOBMHBI IPOILIOro cTojeTus [42].

Takum o00pa3oMm, pa3iIuyaroTCcsl TpPU TUINA KOHCTPYKTHUBHBIX pEUICHUI
anmnapaTroB, HMMEIOIIMX pa3JIMYHbIE TEXHOJOTMYECKHE TMapameTpbl, KOTOpHIE
CXEMaTH4YHO NPEJICTABIECHbI HA pUC. 5:

1. Illapossri snexrpoaeruaparop V = 600 m%; P = 6-7 atm.;
2. BepTuKanbHbIH HMIMHAPHYECKHii snekTpoaeruaparop V =30 m3; P =16 arm.;
3. TOpH30HTANBHBIN HUIMHAPUYECKH dnekTpoaeruaparop V = 160 m3; P = 16

aTM.
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PucyHok 5 — KOHCTpyKIIMH 2JIEKTPOAETHIPATOPOB

Paccmotpum TOJIBKO XapaKTEPUCTUKU TOPU30HTANIbHBIX
anekTponeruaparopos (puc. 6). Kak mnpaBmiao, 3T0 ammapatsl € HWKHUM
pacnpeieIEHHbIM BBOJIOM ChIPbsl TIOJT CJIOM MOATOBAPHOM BOJBI M BEPXHUM BBIBOJOM
TOBapHOU He(TH Yepe3 cOOPHBIN KOUIEKTOp. DieKkTpoaHas cucreMa (1, 2 Ha puc.5)
peJICTaBIsIeT cCOOON MOTEHLIUAIbHBIN U 3a3€MJIEHHBIM TOPU30HTAIbHBIE PELLIETYAThIE
CTaJIbHBIE AJIEKTPOJbI, KOTOPHIE MOJBEIIEHBl TOPU30HTAIBHO APYr HAJI APYrOM U
UMEIOT (hOpMY IPSIMOYTOJIBHBIX 3aHUMAIOIINX BCE ceueHune paM. PaccrosiHue Mexay
aneKkTpoaaMu — 25-40 cM, MUTAIOTCS OHU OT JIBYX TpaHC(HOPMATOPOB MOIIIHOCTHIO TIO

50 kBt [42, 43].

Pucynoxk 6 — Cxema snexTpoieruaparopa

B OI' smynbcust mpoxoauT 4depe3 Tpu 30HBI 00paboTku. B mepBoii 30HE
AMYJIbCHUS TIPOXOAUT CJIOM OTCTOSIBIIEWCS BOJbI, YPOBEHb KOTOPOU IOIEPKUBACTCS
aBToMatnuecku Ha 20-30 cM BbIlIE pa3gaTOUYHOrO KOJJIEKTOpa. B 3TOii 30HE ASMybcus
MOJBEPraeTcsi BOAHOM MPOMBIBKE, B pe3yJIbTaTe KOTOPOH OHA TEPSET OCHOBHYIO Maccy
M1aCTOBOM BOAbI. O0€3BOXKEHHAS SMYJILCHUSI, IBUTASICh B BEPTUKAILHOM HaIlPaBJICHUU
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C HEOOJIBIIION CKOPOCTHIO, TTOCIIEI0BATEIHLHO TOABEPTaeTCs 00paboTKe CHAvYaIa B 30HE
c1a00il HANpPsHKEHHOCTH 3JIEKTPUYECKOro MoJid (BTOpas 30HA), MEXIYy YpPOBHEM
OTCTOSIBIIEWCA BOJAbI W HIDKHUM DJEKTPOJOM, a 3arTéM B 30HE CHJIbHOM
HANPSHKCHHOCTH, MEXIy 000MMHU dJIeKTpoiamu [44].

AHanu3 NOKa3bIBaeT, YTO 3TUM alaparaM MPUCYII Psii KOHCTPYKTUBHBIX U
TE€XHOJIOTMYECKUX HEIOCTAaTKOB, CEPbE3HO OrPAaHMYMBAIOUIMX WX 3(P(HEKTUBHOCTD,
YKOHOMUYHOCTH U 0€301MaCHOCTb.

IlepBoe, 4TO HEBO3MOXXHO HE OTMETUTbH, - 3TO MEXKDIEKTPOJHBIE IPOOOH,
HEU30Ee)KHbIE TMPU HUCIOJIB30BAHUU METAJUIMUECKUX DJIEKTPOJOB. MexaHH3M 3TOTO
SIBIICHUST XOPOIIIO U3BECTEH U 00YCIIOBIICH ACHCTBHEM TUAIIEKTPO-(POPETUUECKUX CHIT,
BTATUBAIOUIMX  MOJSAPU30BaHHbIE  Kalld  BOJAbl B O0JACTH  JIOKAJIbHBIX
HEOJTHOPOJHOCTEH AIIEKTPUYECKOTO TIOJII C TOBBIMICHHOW HANpPSHKEHHOCTBIO U
BBICTPAUBAIOLIUX MPOBOJAIIME LENOYKM U3 Kamenb Boabl. Ilpouecc mportekaer
CIIOHTAHHO W HEYIPABJIIEMO BIUIOTh J0 KOPOTKOTO 3aMBIKaHUS JIEKTPoJoB [45].
VIMeHHO TOATOMY 3TH JIEKTPOJAETUAPATOPHI KpaitHE KPUTHYHBI K KOHIIEHTPAIIUH BOJIBI
B AMYJIbCUH, TOCTYNAIOLIEH B MEXKIIEKTPOAHOE IPOCTPAHCTBO.

BaxHOU XapaKTEpUCTUKOW BJIEKTPOAETUAPATOPA SBIIAECTCS CTENEHb OXBAaTa
o0pabaThiBaeMON SMYJIBCUU AJIEKTPUUECKUM TOJIEM (MJIM 00BbEeM DJIEKTPUUYECKOTO
noiist) [46], onpenensromas JINTEIBHOCTh MPEOBIBAHUSA €€ B I0JIC, KOTOpas JI0JKHA
ObITh  jgocTtaToyHa g 3(Q(EKTUBHOIO  OCYLIECTBICHHS  OTHOCHTEIIBHO
IPOAOKUTEILHON TPAHCIOPTHOM CTa/lMU MpoIiecca 3JIEKTPOKOAJIECIIeHIIMA. Mexay
TeM, Hampumep, B a3iekTpoaerunapatope II'-160, oO0beM 3JIEKTPUUECKOTO OIS
coctaBisieT okosio 8% olOuiero odbema ammaparta, a JJIMTEIbHOCTh 00padOTKU
SMYyJIbCUM B TIONIe - 4YyTh Oonee 7% oOmero BpeMeHH €€ MpeObIBaHUS B
anexTpozaeruaparope [47].

Cepbe3HbIM HEAOCTAaTKOM CYIIECTBYIOIIMX 3JIEKTPOJAETUIPATOPOB SIBISETCS
HECOBEPIICHCTBO KOJIJIEKTOPOB BBOJIa CHIPbs, MPHUBOJAIIEE K BO3HUKHOBEHHIO B
anrmaparax IUPKYJISIHOHHBIX MOTOKOB U TypOyneHTHOCTH [47, 48], cymiecTBeHHO

yXyaarmux mpouccc OTCTOA B HUX.
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K HecoOMHEHHBIM HENOCTaTKaM 3TUX allapaToB CIEAYyeT OTHECTH TaKKe
OTCYTCTBHE BO3MOKHOCTH OTJIEJIBHOIO BBIBOJA MPOMEXKYTOUYHOI'O CJIOSI IO MEPE €ro
HAKOIUJICHUS! U OTCYTCTBUE CHUCTEMbl Pa3MbIBa W yJaJ€HUs JOHHBIX IIJIAMOBBIX
OTJIOKEHUH 0€3 0OCTaHOBKH 3JeKTpoaeruaparopa [49], uto ocoOeHHO aKTyaabHO MPH

ACOMYJIbCAlluN He(bTeﬁ C BBICOKUM COJACPKAHNCM MCXAHNYCCKUX HpHMeceﬁ.

Ecnu mepeunciieHHBIE BBINIE HEIOCTATKH SIBISIOTCA TEXHUYECKUMHU WIIH
TE€XHOJIOTMUYECKUMHU, TO CJIEAYIOIIMM HOCUT NPUHUUIHUAIBHBIN, KOHLENTYaJbHBINA
XapakTep, a UMEHHO - HECOTJIACOBAaHHOCTh KOH(PHUTYpallMU SJICKTPUUECKOTO MOJIA U
pexXHUMa 3JIEKTPOOOPAOOTKU SMYJIBCUU C TMHAMUKON OJHOBPEMEHHO IMPOTEKAIOIIUX
IPOLECCOB KOAJECLUEHIUN Kalleldb BOJbl B MEXDJIEKTPOJHOM IPOCTPAHCTBE U HUX
rpaButanonHor cenpuMentanuu [50]. CyTh ee 3akifodaeTcss B TOM, YTO, C OJIHOM
CTOPOHBI, B IIPOLECCE BEPTUKAJIBHOTO BOCXOSAIIETO JABMXKCHHUS OMYJIbCUU
KOHIICHTpAIusi BOABI B HEH MOHOTOHHO CHIDKAeTCs, a JUCHEPCHOCTh Karelib
BO3pacTaeT, ¢ JPYroil - CpefHssl HAMPSHKEHHOCTHh AJIEKTPUYECKOTO TOJISI OCTaeTCs
Hem3meHHo# [50]. BenenctBue atoro ycnosue (3) ONTHMAaTbHOCTH HAMPSKCHHOCTH
noJist 17151 3P PEeKTUBHON KOAJIECHEHIIMA HEM30EKHO HAPYIIAETCS U BBICOKOIUCTIEPCHAs
4acTh Karelb BOJbI, HE CKOAJIECLUPOBAB, YHOCUTCS C MOTOKOM He(pTH W3 ammapara,

CHWKas TIyOUHY JI€IMYJIbCAIlUH.

Upes3BbIluaiiHO BaXHBIM  (AaKTOPOM, BIUSIOMUM Ha A()PEKTUBHOCTD,
HAJEKHOCTh M 0€30MacCHOCTh JKCIUTyaTallid 3JEKTPOJETUAPATOPOB, SBISIOTCA
XapaKTEPUCTHKU MPUMEHSEMbIX BBICOKOBOJIBTHBIX MCTOYHMKOB mutanus (BUII). B
3aBUCUMOCTH OT pa3MEpPOB  DJIEKTPOAECTUAPATOPOB, (PUBHKO-XUMHUECKUX H
anekTpodusnyeckux CcBOUCTB cbipbsi BUII nomkHbl 0051a1aTh MOIIHOCTBHIO U
BBIXOJIHBIM HaIPSDKEHUEM IEPEMEHHOTO WM MMOCTOSIHHOT'O TOKA, JOCTaTOYHBIMU JJIS
CTaOMJIBHOTO ~ TOAJIEpKaHWs B amnmapare  HeoOXOAUMOW  HampsHKEHHOCTU
AIIEKTPUYECKOTO TOJsl, BO3MOXKHOCTBIO YIOOHOTO MEPEKIIIOUEHUSI BBIXOAHOTO
HampsHDKeHUs, OBITh HEKPUTUYHBIMU K PE3KUM U3MEHEHUSM TOKa Harpys3KH,
rePMETUYHBIMU U B3pbIBO3aIMILIEHHBIMU [40]. Mexny TeM, Ha 3JIEKTPOAETUAPATOPAX

psiga TpeAnpusTH 70 CUX TOp YycTaHoBleHBl yctapemme BUII OM66/35 u
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OM66/20, skcrmyaTanusi KOTOPbIX B MPHUHIIMIIE 3alpelleHa, MOCKOJbKY OHU He
ABJISIFOTCS B3PBIBO3AIIMIIEHHBIMU. EqMHCTBEHHBIE B3phiBO3auuieHabie BUIT mis
ANEKTPOAECTUAPATOPOB, KOTOPBIE B COCTOSIHUM MPEMJIOKUTH OTCYECTBEHHAS
IPOMBIIIICHHOCTH, - 3170 UIIM 25/15 u UTIM 15/15 [50]. Omnako stim BUII Taxske

HPUCYI PAAJ] CYIIECTBEHHBIX HemocTaTkoB [50]:

- OYEBHUJHO, HHU3KAs MOIIHOCTh, YTO JelaeT HedIPHEKTUBHBIM HUX
HCIIOJIb30BAHUE Ha AJEKTpojieruapaTropax Oosbinoro odosema (31-100, 160, 200) u

IIPU JEIMYIbCAIIMH BEICOKOIJIEKTPOIPOBOIHBIX KAPOOHOBBIX HE(TE;

- HENOCTaTOYHas  TepPMETUYHOCTh, MNPUBOAAIIAS K  yXYALICHHUIO
TUAJIEKTPUYECKUX CBOMCTB TPaHC(HPOPMATOPHOTO Macia U HEOOXOIUMOCTH €ro YacTOM

3aMCHBI;

- HHU3KOE€ KayeCTBO M3TOTOBJIECHMS, IPUBOJSIIEE K YACTHIM MEKBUTKOBBIM
npo0osIM M BBIXOJIaM U3 CTposg OOMOTOK TpaHcpopMaropa; HEOOXOAUMOCTb

ucnonap3oBanus AByx MIIM Ha KaXI0M 3IEKTPOAETUAPATOPE;
- HEJOCTaTOYHO BBICOKOE MaKCHUMaJIbHOE BbIXOJIHOE Hampsbkenue (15 kB);

- WMIYJILCHBIM XapakKTep BBIXOJHOTO HAMPSHKCHHUS, YTO CHUXKAET
3 PEKTUBHOCTh TMpoIlecca KOAJCCIEHIIMM Kalellb BOABI B HePTH W 3a4acTyro

IMPHUBOAUT K UX AUCIICPTHUPOBAHUIO,

- HEOOXOAMMOCTb MCIIOIb30BaHUSI BBICOKOBOJIBTHOIO BBICOKOYACTOTHOIO
ka0ens 15 coeaguHeHus: MIIM ¢ mpoXoAaHbIM U30JISITOPOM AIIEKTPOAETHIPATOPa, YTO
OPUBOJUT K TPYAHOCTSIM €ro MPOKJIAJAKH MOJ OTKPHITHIM HEOOM, YaCThIM IPOOOsSM
ka0ensi, ero BXOJAHOIO M BBIXOJHOIO PAa3beEMOB M IMOCTOSHHOW 3aBHCHUMOCTHU OT

npousBoauteneit UIIM;

- CJIOKHOCTH HaCTpOﬁKH M 4aCTBIC BBIXOAbI U3 CTPOs 0JI0KOB YHpaBJIICHUSA

HNCTOYHHUKAaMH ITUTaHUA.

OdeHp BaXHBIM C TOYKM 3pEHMsSI KadecTBa 3Kciuryatauuu Ol sBisercs
IIPUMEHEHUE B UX KOHCTPYKLMH HAACKHBIX Y3JIOB BBOJA BBICOKOI'O HAIIPSDIKEHHUS, a
TaKXe TOJBECHBIX U MPOXOAHBIX H30JITOpoB [51]. K coxanieHuto, BbITycKacMble

pOCCHfICKHMH IMPOU3BOAUTCIIIMU  HM30JEATOPBI HM3IOTABIIMBAIOTCA W3 BTOPHUYHOIO
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¢dTopormacTa U 4acTo BBIXOIAT U3 cTposA. [Ipu mpoOoe moIBECHBIX H30JATOPOB HA
KOpPIYC MPOUCXOIAT KOPOTKOE 3aMbIKAHME U OTKJIIOYEHUE HaIpSOHKEHUs Ha
AJIEKTPOJIaX, 4YTO CHMIXKAeT dS(PPEeKTUBHOCTH pPabOTBl  BJIEKTPOJErHApaTOpa.
JlnarHoctrka, oOCIeJOBaHUE U PEMOHT H30JIATOPOB CBSI3aHbI C pa3repMeTU3aluei,
IOJIFOTOBKOM K IPOBEJEHUIO ra300MACHBIX padOT U OCTAHOBOYHBIM PEMOHTOM. Taxxke
TPYAHOCTH BO3HUKAIOT TIPH 3aMEHE 4YacTO BBIXOMSIIET0 H3 CTPOs y3Ja

BBICOKOBOJIbTHOTO BBO/a TpaHncGopmaTopoB UIIM u BEICOKOBOJIBTHOTO KaOels.

Henmocratkom 351eKTpOAernaIpaTopOB CTApOro THUIMA TAKKE SABISETCS HHU3Kas
aBTOMaTH3alldsl anmnaparoB. Bo MHOruMX cily4asx NIpPOCTO OTCYTCTBYIOT JIOKaJIbHBIC
CUCTEMBl  aBTOMAaTH3allMH, II03BOJSIIOIIME  KOHTPOJIMPOBATH W YIIPABIATH
B3aMMOCBSI3aHHBIMH TEXHOJOTMYECKUMHU U 3JIEKTPUYECKUMH MapaMeTpaMu, TaKHUMHU,
KaK YpPOBEHb BOJHOW MOIYIIKH, HAJIAYUE Ta30BOM IIANKH, BEJIMYMHA TOKAa U
HanpspkeHus u ap [36]. B pesynbraTe 00CITyKUBAFOIIHNA IEPCOHAN HE MOXKET OIICHHUTD
IPUYMHY BO3HUKAIOIIMX HAPYLIEHUWA pEXUMa U, COOTBETCTBEHHO, CBOEBPEMEHHO
OPUHATH Hajajexamue Mepbl. CHMOTOMAaTUYHO IMOATOMY, YTO MPU TAKOM OOIIMPHOM
IIEpEYHE HEIOCTATKOB OTEYECTBEHHBIC IPOU3BOAMTENM JIIEKTPOAETUAPATOPOB HE
TOJIBKO HE Jal0T HUKAKWX TEXHOJIOTMYECKUX TapaHTUW, HO W HE OIPEACIISIOT
KPUTEPUEB UX MPUMEHUMOCTU B YCIOBHSIX KOHKPETHBIX O0OBEKTOB. Takum oOpaszom,
BBIOOpY MOTpeOUuTenell 3TOM MPOAYKUHUU MpPeAsiaraeTcsi €IMHCTBEHHBIM MapaMeTp -

pa3Mep KopIryca 3JIeKTpOoJeruapaTopa.
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2 OBBEKTBI U METO/JbI UCCJIIEAJOBAHUSA

OOBexTOM HJAaHHOT'O HCCICAOBAHUA ABJIAIOTCA ITPOLCCCHI 00€3BOKMBAHUS U

o0eccoMBaHus, FICKTPOIECTHAPATOP, TEXHOJIOTHS MTPOMBICTIOBOM TOJTOTOBKH HEe(TH

MCCTOpO)KI[CHI/Iﬁ CI/I6I/IpI/I HpI/IHHI/IHI/IaJII)HaSI TCXHOJIOTHUYCCKAasd CXCMa YCTAHOBKHU

IpUBEIECHA Ha puUcC. /.

t=15°C
P=0,490 MIla t=30°C
=2°C P=0,310 MITa
” =30°C
P=0,860 MI1a | .
. e =30°C P=0,150 MI1a S ¢t =30°C

/ P=0,012 MITa
= =35°C
e = i P=0,005 MITa
S

—t C1

XT @) ‘

KCy
. XT O — XT (D
L4 c1 ‘— =45°C

“ P=0,279 Mlla

XT (@) — XTI ‘-—-

t=39°C L XT @D l_
P=0,232 MIla J

Ccy
ITnacrosas Key PBC ToaroToBneHHAA
Heds — Heds
C-1 -
| KCy
— XT F t PBC

PucyHok 7 — IIpuHuunuanbsHas TEXHOJIOIMYECKas CXeMa yCTaHOBKHU
[TapameTpsl anmapaToB YCTAaHOBKM MOJTOTOBKU HE(TH, MPUBECHBI B TaOM. 3.

Tabnuma 3 — [apameTps! anmapaToB YCTAHOBKH MOJATOTOBKH HEPTH

Anmapar | O6bem, m° Pamnyc, m Huametrp BH, M | Bricora mex.daz, M
TOC 200 1,7 0,41 0,8
AT 200 1,7 0,41 0,7
XT() 96 1,5 0,41 1,0
XT(I) 96 1,5 0,41 1,0
PBC 5000 11,38 0,41 1,5

CerIpas HeQTh U3 TUIACTA TTOCTYIAET B CENapaTop MepBOM CTYNEHH, JaBJICHUE B

cemaparope noaaepxkuBaerca Ha ypoBHe 0,8 MIla, rue BblaenseTcs ra3 mnepBou

CTyleHu cemapanuu. Jlanee u3 cemapatopa mepBoil CTyneHn HedTh pa3aesseTcs Ha

Tpu moToka. I[lepBelii MOTOK momaeTcss B Tpex(dasHbld cemapartop, Te 3a cyeT

ﬂaHBHeﬁMCFO CHMKCHUA MOaBJIICHHUA BBIACIACTCA OCTaBIIMICS Ta3 | OTACIACTCA

riactoBas Boja. JlaBienune B Tpexdaznom cemaparope 0,5 Mlla. [lanee nedtsinas

AMYJIbCHS TI0JIa€TCs Ha MeYb, I1e nogorpenaercs a0 30 oC.
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[loTok mocie meur CMEMMBAETCA C MPECHOM BOAOW M IIOCTYHAeT B JBa
napajuieIbHO paboTaIOUIUX AMEKTPOAETHIPATOPA Il 00ECCOIMBAHUS U JATBHEUILIErO
obe3BoxuBanus. [Iponecc obecconrBanust HEPTH PpEKOMEHAYETCS IPOBOJIUTH B OJHY
CTyIEHb C TTTyOOKMM 00e3BOKMBaHHEM. BTopoil moTok moctymaetr B Xutep-Tpurep
IEPBOM CTYNEHH, a TPETUHM ITOTOK IOCTyNaeT B Xurep-Tpurep BTOPON CTYIICHH, TJE
npu pasineHun 0,279 Mlla, npoHCXOIHUT OTIOEIEHUE OCTaBLIErocs Ta3a W
npenBapuTensHoe o0Oe3BokuBaHue. [lanee o00e3BokeHHAss HE(PTh CMEIIUBACTCS C
HEPBBIM MOTOKOM, TIOCTYNAET Ha KOHLEBYIO cenapanuoHHyto yctaHoBky (KCVY), rae
npu gasienuu 0,012 MIla u Temmeparype 30°C mpoHMCXOOUT OKOHYATENbHAS
nerazanus. 3 KCY nved1h camoTekoM neperekaeT B ToBapHbiil pesepByap (PBC) u
Jlajiee HaCOCOM OTKAaYMBAETCsl B HEPTETPOBO/I.

B kauyecTBe MCXOIHBIX NAaHHBIX IIPU IPOBEICHUHM PACUETOB HMCIIOJIB30BaHA
uHpopMalusl O pacxojax IMOTOKOB, COCTaBE M XapaKTepUCTHKaX He(pTH M rasza
OJTHOKPATHOTO pa3ra3upoBaHUs C YCTAaHOBKHU IOATOTOBKM HE()TU MECTOPOKACHUN
Cubupu (Tad:m. 4).

Tabnuna 4 — KoMnoHeHTHbIE cOCTaBbl HE(TH, ra3a OTHOKPATHOTO

pasra3upoBaHus U MJIACTOBOU HEPTH

KomrioneHTHbI11 Conepxanue, % mon.
coctas Hedro l'a3 [TnacToBas HedTh
Mertan 0,24 69,02 43,97
OtaH 0,41 13,53 8,81
[Tpomnan 1,09 8,44 5,74
N3o00yTan 0,51 1,53 1,16
H- byTan 1,88 3,31 2,79
N3onenTtan 2,18 1,00 1,43
u-IleHran 2,57 1,08 1,63
['excan + 91,12 0,79 33,61
N> 0,00 1,28 0,86
CO; 0,00 0,02 0,00

35



VcnoBus IMPOTCKaHus NPOLCCCOB MMOATOTOBKHA HG(I)TI/I B PAa3JIMYHBIX allIiaparax

IpUBEAECHBI B Ta0. 5!

Tabnuua 5 - YciaoBus mpoTeKkaHus MPOIECCOB B anmaparax

OOBOJTHEHHOCTD Ha
Anmapar Masnenue, Mlla | Temneparypa, C BBIXOZE, % MACC.
TOC 4,9 15 2,47
Xurep-Tpurep 0,8 44 2,63
o4Ar 1,32 30 3,06
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4 ®PUHAHCOBBI MEHEJI)KMEHT, PECYPCOY®®EKTUBHOCTH 1
PECYPCOCBEPE/KEHUE

CH0KHOCTb TEXHOJIOTUH Pa3pyLICHUs BOLOHEPTIHBIX IMYJIbCUH 3aKIH0YaeTCA
B HEOOXOJMMOCTH OJIHOBPEMEHHOI'O yY€Ta MHOKECTBA MapaMETPOB, MEHAIOIINXCS B
nuHamuke. K HUM OTHOCATCS Kak pacxol BOJOHEPTSHOW SMYJIbCUH, CTEHEHb €€
OOBO/JIHEHHOCTH, TEMIIEPATYpHBIA PEXHUM, THUIl JAE€IMYJIbraTopa, TaK U KOJIUYECTBO
M0JIaBaeMoil MpecHOW MPOMBIBHON BoAbl. M3MeHeHue conep:kaHus B HEPTH BOJBI
OPUBOJUT K U3MEHEHHIO €€ (PU3MKO-XMMHUYECKHUX CBOMICTB, UYTO, B CBOK OYEPE/b,
OPUBOJUT K HEOOXOJUMOCTH PEKOHCTPYHMPOBAHMS TEXHOJIOTHUECKHX CXEM H
KOPPEKTUPOBKE TEXHOJOTMYECKHX I1apaMeTPOB OCHOBHBIX allapaToB Ipolecca
noaroroBku Hedtu. [ToaTomy HccienoBaHre BIUSAHNSA TEXHOJIOTHYECKUX TapaMeTPOB
Ha KayeCTBO MOJTOTOBKU TOBAPHON HE(PTH SBISETCA BECbMA aKTyaJIbHBIM.

JUIst uccneoBaHms XUMUKO-TEXHOJIOTHYECKHUX IPOLECCOB B HACTOSIIIEE BpEMS
JNOCTATOYHO IIMPOKO NPUMEHSIOTCA MAaTeMaTU4YEeCKHUE MOJENIM, OCHOBAHHBIE HA
(U3UKO-XMMHUYECKHX 3aKOHOMEPHOCTAX IMpoTeKarmux mnporeccoB. Co3naHue
MaTEMaTUYeCKOM MOJENN AJIEKTPOAETHAPATOpa IMO3BOJIAET NPOU3BOJIUTH OLIEHKY
3 PEeKTUBHOCTH TPOBEJEHUS Mpoliecca OO0E3BOXKUBAHUS W OOECCONMBAHUS TMPU
U3MEHEHUM CBOMCTB M COCTaBa MCXOJHOTO CBhIPbS, a TaKXKe NPOU3BOJIUTH
ONEPAaTUBHBIA TOMCK HAWIY4YIIMX TEXHOJIOTMYECKUX I1apaMeTPOB MPOBEICHUS
nporuecca.

O6ocHoBaHHE 11€7eCO00Pa3HOCTH MOJCITUPYIOIICH CUCTEMBI, KOTopas OyaeT
OTBEYaTh (PUHAHCOBO-IKOHOMHUYECKU-PECYPCOI(PPEKTUBHBIM TPEOOBAHUAM SIBIISETCA
uenbto  pasnena  «DUHAHCOBBIM  MEHEIKMEHT, pecypcodPeKTUBHOCTh U

pecypcocoepexeHne.

4.1 IlpennpoeKTHbINA aHAIH3
4.1.1 IloTeHUMANBbHBbIE NOTPEOUTEIN PE3YJbTATOB HCCJIEI0BAHUS
ITo pe3ynbpraTamMm NpoBEACHHOTO CETMEHTHPOBAHUS PhIHKA OBLIN OMPEIeICHbI

OCHOBHBIE CEIMEHTHI, a TAK)KE BHIOPAaHBI Hanboiee OaaronpusTHeie (puc. 34)
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—
Xunsecuii “ %%

Pucynok 34 — Kapra cerMeHTUpOBaHHMsI PhIHKA YCIIYT IO pa3padoTKe
MOJICTTUPYIOIINX CUCTEM:
HedrenobsiBaro

B e [ ©

Takum oO6pazom, HarOosee OJaroNpPUATHBIM CETMEHTOM M HANPABICHUEM JIJIS

_

UCCIIeJOBaHMsI ObUT BBIOpaH MOHUTOPUHT Ipoliecca nepepaboTKu B HEPTEXUMUYECKOM
OTpaciH.

OcHOBHBIE noTpeOuTeNH — He(Te100bIBAIOIIHE KOMIIaHUH,
HedTenepepabdarsiBaronye 3aBoasr, HUITN.

OTpaciib npUMeHeHUs: HePTsHAS TPOMBIIUIEHHOCTb.

OCHOBHBIMM CEIMEHTAMM JIAHHOI'O PBIHKA SIBJIAIOTCS KPYIHBIE M CpPEIHUE
KOMIaHUH He(TAHOUM IpoMbIlIeHHOCTH. CiieoBaTenbHO, Hanbosee MepCrneKTUBHBIM
CErMEHTOM B OTpacisiXx HedTerazonodeiun ©u  HedrerazonepepabOTKu A
dopMUpOBaHUS CIIpOCa SIBISIETCSI CETMEHT HE3aBUCHUMBIX KPYHHBIX M CPEIHUX

HeTe100BIBAOIINX KOMITAHUM.

4.1.2 AHA/IU3 KOHKYPEHTHBIX TEXHMYECKHUX PelIeHUi ¢ MO3UINHU
pecypco3¢deKTUBHOCTH U pecypcocOepexeHust
JleTanbHBIN aHATM3 KOHKYPUPYIOIINX Pa3paboTOK, CYIIECTBYIONIUX Ha PBIHKE,
HEOOXOJMMO TPOBOJIUTh CHUCTEMAaTHYECKH, TTOCKOJbKY PBIHKH TpPEObIBAIOT B
MOCTOSTHHOM JIBMKEHUM. Tako aHajiu3 MOMOTaeT BHOCUTh KOPPEKTHUBBI B HAYYHOE
WCCJIEIOBAaHNE, YTOOBI YCIICITHEEe MPOTUBOCTOSNTH CBOUM COMEpHUKaM. BaxHo

PEATMCTUYHO OLICHUTh CHJIbHBIE U CJIa0ble CTOPOHBI pa3pad0OTOK KOHKYPEHTOB.
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AHajaM3  KOHKYPEHTHBIX  TEXHHYCCKHX  PEHICHHH  C  TIO3UIUH
pecypcoddHEeKTUBHOCTH W PECypCOCOEPEKEHUs TO3BOJISIET TIPOBECTH OICHKY
CpaBHUTEIHHON 3(PPEKTUBHOCTH HAYYHOU Pa3paOOTKH W OMPEISIUTh HAIpPaBICHUS
TSl €€ OyMyIIero MOBBIIICHHUS.

Tabnuma 8 — OueHouHas KapTa Jjisi CpaBHEHUSI KOHKYPEHTHBIX TEXHUYECKUX

peteHuit (pa3padboToK)

Bec Basibt Konkypenro-
Kpurepun ouenku KpuTe- CIOCOOHOCTH
pust by | Byt | b | Ko | Ky Ko
1 2 3 4 5 6 7 8

TexHn4yeckre KpUTEPUH OLCHKHU pecypcodpPeKTHBHOCTH

1. IToBbIIEHNE TPONU3BOIUTEILHOCTH 0,15 4 3 2 0,6 0,45 0,3
2. Y100CTBO B OKCILTyaTaluu 0,05 3 3 3 0,15 | 0,15 0,15
3. DHEPro3KOHOMHUYHOCTh 0,08 5 4 4 0,4 0,32 0,32
4. HanexHOCTh 0,08 5 3 3 0,4 0,24 0,24
5. Be3omacHocTs 0,1 5 5 5 0,5 0,5 0,5
6. [IpocToTa sKkcruTyaTaum 0,05 4 3 3 0,2 0,15 0,15
IKOHOMHUYECKHE KPUTEPHHU OlleHKHU d(PPeKTUBHOCTH

1. KonkypeHTocrnocoOHOCTh MPOJIYKTa 0,11 4 3 3 0,44 | 0,33 0,33
2. YpoBeHb MPOHUKHOBEHUS HA PHIHOK 0,05 1 2 2 0,05 0,1 0,1
3. llena 0,08 4 4 3 0,32 | 0,32 0,24
4. lIpennonaraemMblii CPOK 0,07 4 4 4 028 | 028 0,28
IKCITTyaTaIruu

5. GuHaHCHpPOBaHUE HAYYHOUN 0,08 3 5 0,24 0.4 0,32
pa3paboTKu

6. Cpok BbIX0J1a HA PHIHOK 0,05 4 4 4 0,2 0,2 0,2

7. Hanuuue ceptudukanuu 005 1 3 3 005 | 0.15 015
pa3paboTKu ’ ’ ’ ’

HUroro 1 3,83 | 3,59 3,28
['ne b - PXTY um. [1.1. Menneneena, by, - Uuctutyt npo6iem HedTH 1 raza

PAH, r. MockBa

MaremaTuyeckue MOJENM TIpoiiecca 00€3BOKHUBaHUS HEPTU C YUETOM
paznuYHBIX GopMyIT yuéTa AuamMeTpa Karelb HE UMEET KOMITbIOTEPHOU pean3allii,
YTO SIBJISICTCS BECKMM MTPEUMYIIIECTBOM HaIllel Hay4YHOU pa3paOOTKH.

AHann3 KOHKYPEHTHBIX TEXHUUECKUX PELIEHUH ONpENeieTcs o Gopmylie:
rie K — KOHKYpPEHTOCIOCOOHOCTh HAyuHOM pa3pabOTKU UM KOHKYPEHTA;

Bi — Bec mokazaress (B JOJISAX €IUHHUILIBI);
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b — Gann i-ro mokasarens.

[TomyuenHble 3HaU€HUSA TOBOPAT 00 3(P(HEKTUBHOCTH HAYYHOM pa3pabOTKu U
MO3BOJISIIOT OIPENENIUTh HANpaBlIeHUs JUIs ee Oyayllero MOBBIIICHUS: CIeIyeT
YBEJIMYUTh YPOBEHb IPOHUKHOBEHHS HA PBHIHOK M TMOIYYUTh CEPTHUHUKALUIO

pa3paboTKwu.

4.1.3 Iuarpamma Ucukasbl
[TocTpoenue nuarpamMmbl NPUYUHBI-CIEACTBUS VIcHKaBbl 3akiro4yaeTcss B
dbopMyIHpOBKe MPOOIEMBI, IBISIOMICHCS 00BEKTOM aHAJIN3a, ¥ BBISBIICHUN ()aKTOPOB,
BIIMSIONINX Ha 00BEKT aHaM3a. JlmarpaMma CTpOUTCS MOCIIE0BATEIBHO OT (haKTOPOB
0osiee BBICOKOTO YPOBHA K (pakTopaM Oosee HU3KOro ypoBHs. [Ipm 3TOM Kaxkabli
dbakTop 0OoJiee HU3KOTO YPOBHSI OYJET SBJISITHCA CJIEACTBHEM IO OTHOIICHHUIO K

IMPUYIHNHC 0oJiee BLICOKOTO YPOBHA.

METO/IbI OBOPYJTOBAHUE

HEOOXOIMMOCTh YCTaHOBKH

MHOKECTBA IIPOTPaMM, BBICOKAsi CTOUMOCTD
IpOTPaMMHOTO oOecTiedeHus

BBIOOp Hauboee
MEePCHEKTUBHBIX TaHHBIX
Ananus

Mamemamuueckoe JIUMEPAMYPHBIX

Moodeauposanue . UCMOUHUKO8
CTORHOCTE I HEOGXOHMOCTS HHU3Kas MOIITHOCTH
HETPEeICKa3yeMOCTh MHOKCCTBO npopaboTKH rpotieecopa
pacyeToB METOAMK pacueTa GobIoro oobeMa MOJIEJUPOBAHUE
uHpOpMaUK IPOIIECCA
HeCOCOBHOGTE »0OBE3BOKUBAHUSA U
OBECCOJINBAHUS

OLICHUTH
AICKBATHOCTH

HOJY4YeHHOH MOAENH  OTPaHUYEHHOCTh
Mazucmpanm BO BPEMEHH

HE®TH B AT

rirybokoe éaHI/Ie
OTCYTCTBHC HaBbIKa

TCOPECTHUYCCKUX OCHOB 6 o OTCYTCTBHUE
npouecca PaboTRI €O Crett. (dbuHaHCUPOBaHUS
UCIOJHUTEID MATEPHAJIBI npoexTa

Pucynok 35 — IIpyunHHO-ClIeICTBEHHAsA TUarpaMMa

[IpuunHHO-CcnencTBEHHAass aAuarpamMma lcukaBel 11 JaHHOTO — cliydas

npexacraBieHa Ha puc. 35. Kak BUAHO Ha guarpamme, ObUIM BBISIBICHBI (DAKTOPHI,
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NPUBOMASININAE K MPoOJeMe HEMOJHOTO WCCIEAOBAHMS: METOAbI, 00O0pYyIOBaHHUE,
WCITOJTHUTEITh U MaTEPHUAIIBI.

B dopmupoBanuu mpoOiembl ydyacTByeT Takod (akTop Kak HCIIOTHUTENb.
Bxmrouenne  manHOro  (paktopa  CBSI3aHO C  BBICOKUMH  TpeOOBaHMSIMH,
NPEAbIBISIEMbIMA K HETOCPEACTBEHHOMY pealn3aropy IMpOeKTa, TaK Kak oT
KBAIM(PUKALMA MAaruCTPaHTa U €r0 TEOPETUUYECKUX U MPAKTHUECKUX 3HAHUN 3aBUCUT
PE3YNbTAT BBHITOTHEHUS TIPOCKTA.

CymiecTBeHHYI0 poOJib B (DOpPMUpOBAHMM TPOOJIEMBI HUIPAET TEXHOJIOTHS
MOJICTUPOBAHUS U Takue (PaKTOPhI, Kak 000pyI0BaHNE U MaTepualbl. Tak, Hapumep,
KOMITBIOTEPHBIE NPOrpaMMbl JUIsi padOThl M aHAlM3a HMMEIT OoJbplIyo 0asy
MH(OPMAITMOHHBIX JAHHBIX, HO PE3YJIbTaThl UCCIICIOBAHUS HE MPUMEHHUMBI JIJIsl BCEX
MECTOPOXKICHUA U CO3JAI0T OTNpeAesieHHbIe HEey100CTBa MPpU paboTe ¢ pacueTHBIMU
JAHHBIMH, TaK KaK MPU W3MEHEHUU TEXHOJIOTHH MpOollecca MPUXOAUTCS BBITIOIHSTH
MOBTOPHBIN 3KCIEPUMEHT, YTO MPUBOJUT K SHEPTO- U TPYl03aTpaTaM HCIIOTHUTEIS,
MIPOM3BOISIIETO UCCIIEIOBAHUE.

[IpumeHeHrne MeTo/la MaTEMaTHYECKOTO MOJEIUPOBAHUS TPEOYyeT TOUHBIX
pacueToB M 00pabOTKM SKCIEPUMEHTAIbHBIX JaHHBIX. HempaBuiibHasi oOpaboTka
JTAHHBIX BEJIET K CHIKEHUIO 3(PPEKTUBHOCTH TMpoIiecca MOIEITUPOBAHMUS.

Buenpenue Mmojaenupyoome cuUCTeMbl MMEET KaK TMOJIOKHUTENbHbIE, TaK W
oTpuliatesibHbie MOMEHTh. C OJHOM CTOpPOHBI, 3TO obOecreyeHue 0oJiee BBICOKOM
(b (HEKTUBHOCTH TPOU3BOJACTBA TpyAa, a C JAPYrod - yBEIMYECHHE HArpy3Kd Ha
paboTaImUX B CBSI3M C WHTEHCHU(UKAIMEH MPOU3BOJICTBEHHON NEATCIHHOCTH H

Cl'IeL[I/I(l)I/I‘ICCKI/IMI/I YCIIOBUSAMM TpYJda.

4.1.4 OneHKa rOTOBHOCTH MPOEKTA K KOMMePUHMAJIN3aLMU
3aBepiieHueM — pa3pa0OTKU  OOBEKTa  MOJCIUPOBAHUS W CO3JAHUSA
MaTEMaTUYECKOW MOJICTN SBISICTCS] MPAKTUYECKOe MPUMEHEHHE Ha JICWCTBYIOMIEM
MIPOMBITIUICHHOM 00BeKTe. [|J1s1 OCYIIeCTBIACHUS peann3aluy pa3padboTKu HEOOXO0MMO

MPEJACTAaBUTh €€ B BUJIE KOMMEPYECKOTO MPOEKTa.

68



Tabmuua 9 — bnaHK OIIEHKHM CTENEHW TOTOBHOCTH HAy4YHOIO IPOEKTa K

KOMMepLIUaIn3anuu
YpoBeHb
Ne Crenen I/IMCI:OH_[I/IXCSI
i HaumenoBanue npopaboTaHHOCTU —
HAy4YHOTO MPOEKTa paspaGoTamKa
1. OnpeniesieH UMEIOIIMIICA HayYHO-TEXHUUYECKU I 4 4
3a1en
Omnpe/eneHbl MepCeKTUBHEBIC HATPABICHUS
2. KOMMEPIHATU3alUN HayYHO-TEXHHUECKOTO 4 3
3azena
3. Omnpenenensl 0Tpaciu U TEXHOJIOTUU (TOBaphl, 4 5
YCIIyTH) AJIsl IPEUIOKEHUS Ha PhIHKE
4. |Ompenenena ToBapHasi popma HayYHO-TEXHUIECKOTO 4 3
3a/1ena JJis PeJICTaBICHUS Ha PHIHOK
5. | OmnpezneneHbl aBTOPBI U OCYLIECTBICHA OXPaHa UX 5 5
npas
6. | IIpoBeneHa oLeHKAa CTOMMOCTH MHTEIUIEKTYalIbHON 5 4
COOCTBEHHOCTH
7. | IIpoBeneHbl MAPKETHHTOBBIE UCCIICOBAHMS PHIHKOB 1 )
cObITa
8. Pa3paboran 6u3Hec-1IaH KOMMEPIUAIU3AINH 1 5
HAy4YHOU pa3paboTKu
9. OmnpeneneHsl MyTH TPOABIKEHUS HAYYHOU 3 5
pa3pabOTKH Ha PHIHOK
10. Pazpaborana crparerus (popma) peanuzanuu 3 4
Hay4YHOU pa3paboTKu
11. [IpopaboTaHbl BOMPOCH! UCMIONB30BAHUS YCIYT 1 5
UHGPACTPYKTYPHI MOICPIKKU, TOTyYEHUS JIIOT
12. [TpopabGoTanbl BOonpoch! (PMHAHCUPOBAHUS 1 4
KOMMEPIMATU3AIUN HAYIHOU Pa3pabOTKH
13. NwmeeTcs komMaHa 11T KOMMEPIIHATU3AIAN 5 5
HAy4YHOU pa3paboTKu
14. [IpopaboTan MexaHU3M peanu3alui HayqYHOTO 5 4
MPOeKTa
NUTOI'O BAJIZIOB 34 49

OneHka TOTOBHOCTH HAyYHOTO MPOEKTa K KOMMEpLIHAIN3aluK (U YPOBEHb

UMEIONTUXCSl 3HAaHUH y pa3zpaboTurka) onpeensercs no GopmyJe:
chM = ZBi ' (38)

rac Ecy.w — CYMMAapHOC KOJINYCCTBO 0aJIOB IO KaXXIOMY HallpaBJICHUIO,
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b — 6ain o i-My Toka3aTeno.

[lo utoram cremneHu TOTOBHOCTH HAYYHOT'O MPOEKTa K KOMMEpIUATH3AINH
Beyw=34. IlepcrieKTUBHOCTh HAYYHOU pa3pabOTKU OKa3anach CpeaHel. JTO BBI3BAHO
HEJ0CTaTKOM ¢duHaHCHpOBaHMUS, HEOOXOUMOTO o0opyaoBaHus,
KBaJM(HUIMPOBAHHBIX CIEIMATUCTOB, a TAK)KE CIpoca Ha AAHHBIA TpoaykT. s
TIOBBIIIIEHUS TIEPCIIEKTUBHOCTH CJIEIyeT MIPOBOIUTH I0PadOTKy Hay4YHOTO IpoekTa. B
CBOIO OYepeb YPOBEHb UMEIOIIMXCS 3HAHUH y pa3paboTunKa HaXOIUTCS B TUATIa30HE

45-59, 4TO TOBOPUT O MEPCHEKTUBE BBIILIE CPETHETO YPOBHSI.

4.1.5 MeToabl KOMMEPUUAIM3AUMHA Pe3yIbTATOB HAYYHO-TEXHHUYECKOI 0
HCCJIeJOBAHNS

Jliist oOecrieyeHus: KOMMEPUYECKOW OTAa4M OT peaju3aliy IPOEKTa BO3ZMOKHO
MPUMEHEHUE TAKUX METOJ0B KOMMEPIIMAIU3AIIMN HAYYHBIX pa3pab0TOK KaK TOPTOBIIS
NMATEHTHBIMU  JIMIEH3USAMU, T[epeflaya HOy-Xay, WHXUHUPHUHT, GpaHYai3uHT,
OpraHu3alys COOCTBEHHOTO MPEANPUATHUS U T.1.

B kauecTBe MeTOmAa KOMMEpPIMANIU3ALNKN JaHHOW MAaTEMAaTHYECKOM MOJIENn
BBIOpAH MPOEKTHBIM MHKUHUPUHT, AHAIIN3 PhIHKA, TPOBEICHHBIN paHee MOKa3all, YTo
JUISL JTAaHHOTO TIPOEKTa IIeJIEBBIMH MOTpeOutensMu (3aKka3uvKamMu) BBICTYIAIOT
HedrenoopiBaronme komnanuu 1 HUTIU, mpu 5ToM BEIOOP MHKUHUPUHTA B KAYE€CTBE
METO/1a KOMMEPLUUAIU3ALMH [TO3BOJUT MPOEUUPOBATh PE3YyIbTaThl UCCAEAOBAHUS HA
aHAJIOTUYHBIC TMPOIIECCHl, a TaKXKE IMO3BOJIUT HCMOJIB30BaTh PabOTy B KayecTBE
mabyioHa, TOCJIEIOBATEIbHOCTH OINPEACICHHBIX ONEpaluii sl  BBIIOJHEHUS
UCCJIEIOBAHUN IPYTUX MPOLIECCOB.

Takum o00pa3oMm, WHXUHHPUHT, B JaHHOM CJy4ae, peaqu3yeTcsi IyTeM
3aKJIIOYEHUs  JOTOBOpAa HAa  OCYIIECTBICHME M3YyYeHHMS M ONTHUMH3ALUU
NPOMBIIIEHHOTO Tiporiecca. CTOpPOHOW KOHCYJIBTAHTOM BBICTYHAeT HAY4YHO-
UCCIIeoBaTeNbCKasl TpyINa HaydHOW opranu3anuu (yHUBepcuteT, Kadempa).
3aka34yuK MpeCTaBIICH B JIMIIE MPOU3BOJACTBEHHOM opranu3aiuu (Hedreno0pIBaroIas

KOMITaHHsI, POCKTHBIA HHCTHUTYT).
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4.2 Muunuanus npoeKra
I'pynma mnpolieccoB HWHUIMALIMM  COCTOMT M3  MPOIECCOB, KOTOPHIC
BBITIOTHSIOTCS JIJIS1 OIIPEICIICHUST HOBOT'O MPOEKTA UM HOBOM (pa3bl CYIIECTBYIOIIETO.
B pamMkax nporeccoB HHUITUAIIMN OMIPEACIISIOTCS N3HAYATIbHBIC 1IEU U COJEepKaHue U
(bUKCHUPYIOTCS M3HaudalbHbIe (PMHAHCOBBIE pecypchl. OnpenesnstoTcss BHYTPEHHHUE U
BHEIIIHUE 3aMHTEPECOBAHHBIE CTOPOHBI MPOEKTa, KOTOPhIe OyAYT B3aMMOJICHCTBOBATH
U BIIUATH HA OOILIUNA pE3yJbTaT HAYYHOTO MPOEKTA.

Tabnuua 10 — 3auHTepecoBaHHbIE CTOPOHBI TPOEKTA

3anHTepecoBaHHBIE CTOPOHBI
O:xuaHns 3aNHTEPECOBAHHBIX CTOPOH
NPOEKTA

Hayunoe o0bequnenue kagenpsl | OcBoeHHE MPUHIUIAATBHO HOBOW (U151 HAYYHOM TPYIIIIHI)
(cTyneHTBl, IPEro1aBaTelIn) 00JIaCTH UCCIIEIOBAHUS I MOJICIIMPOBAHUS

[TosnyuuTh TOTOBBIN MPOTPAMMHBIN TPOAYKT JIJIS
PETYJIMPOBAHKS TEXHOJOTHYECKUX TTapaMeTPOB Iporiecca
HedrenooOriBaromue KoMImaHuu 00e3BokuBaHUsI 1 oOecconuBanus Hedtu B D/IT,
CIOCOOCTBYIONIETO ONTUMHU3AINY U TIOBBIIICHUIO YHEPTO- U

pecypcocOepereHus

[TonyuuTs MOzENH TIpOIIecca 00E3BOKMBAHUS U
HIATTH obecconuBanus HepTu B D/T;
Pa3BuUTh U yKpEenuTh CBS3U C HAYUYHBIM 00bETUHEHUEM

Kadeapsl A JaNbHEHIIIMX COBMECTHBIX Pa3padoToK

Ta6nuna 11 — enu u pe3ynbTaT IpoeKTa

Pa3paboTka MaTemMaTHUECKON MOJIENH U IPOrPaMMHOTO MPOIYKTA C
LEJIBIO PETYIMPOBAHUS TEXHOJIOIMYECKHX TapaMeTpOB Ipoliecca
e npoexra:

00e3B0O’KMBaHUS M 00€CCONMBaHUs HEPTU B DIEKTPOIETUIPATOPE MPH

€C HpOMLICJ’IOBOﬁ IOoArOTOBKE

Oxunaembie ['oTOBBIN MOAYNE pacyeTa npouecca, NPOXOoAsIIero B
pe3yabTaThl IPOEKTA: 3IEKTPOAETUAPATOPE

AJIEKBAaTHOCTbH PE3YJIBbTATOB;
YHUuBEpCANBHOCTD ISl pa3JIMYHbIX YCIOBUI MPOBEAECHHUS MTPOLIECCA;
[TpocroTa pa3paboTanHoro unrepgeiica

Kpurepun npunemkn
pe3yJIbTaTa MPoeKTa:

Tpeod .
TpedoBanus k peooBaHue

CranpmapTuzanys roToBoro npoaykra. Perucrpanus nporpaMMHOTo

€3yJIbTATy NpoeKTa:
Pesy y1p MPOJYKTA.
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4.2.1 Opranu3aliuOHHAsA CTPYKTYpPa MPOEKTA

Tabmuua 12 — Pabouas rpynmna npoekTa

Ne ®HO, 0cHOBHOE MeCTO pPadoThl, p Tpyno3atparsl, 4ac.
0J1b B MIPOEKTE
n/n MO0JIZKHOCTh (3a IV cemectp)
Moiizec Onbra Ebumosna, HU TITY, Koopaunupyer
1 norneHT kadenpel XTT u XK, NEATEILHOCTD 568
PYKOBOAMTEIH POEKTA YYaCTHUKOB IIPOEKTA

3onoryxuHa Kcenus BinagumuposHna,
Beinomnnser ornensHbIe

2 HU TI1Y, kadenpa XTT u XK, 1200
paboThI 1O MPOEKTY
MarucTpaHT

HUTOI'O: 1768

4.2.2 OrpanuyeHusi v A0MylIeHUs MPOEKTA
OrpannyeHuss TPOEKTa — 3TO Bce (DAKTOPHI, KOTOPHIE MOTYT TMOCITYXHTh
OTpaHUYCHHEM CTETIEHH CBOOO bl YHACTHUKOB KOMAaH/IbI IPOEKTA, a TAKKE «TPAHUIIBI
MPOEKTa» - TapaMeTpbl TMPOEKTAa WM ero NpoAyKTa, KOTOpble HE OyayT

p€ajin30BaHHBIX B paMKax JaHHOT'O IIPOCKTA.

Tabmuma 13 — OrpannyeHust IpoeKTa

dakTop Orpann4eHust/10myuieHust
broxeT npoekra OTtcyrcTByeT
Hcrounnk hprHaHCUPOBAHUS OtcyTcTBYeT
Cpoku npoekTa: 9.01.2017 - 31.05.2017
JlaTa yTBEepKACHUS TUTaHA YIIPABICHUS 12.02.2017
MIPOCKTOM
JlaTta 3aBepiiieHus nNpoeKTa 31.05.2017

4.3 IlnanupoBaHue ynpapjeHUs HAYYHO-TEXHUYECKHM MPOEKTOM

4.3.1 Ilnan npoexkra

Tabnuna 14 — KanengapHblil TUTaH MPOEKTA
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Kon CocTaB y4aCTHHKOB
Jdaurean Hara Jlara
padoThI Ha3Banue HOCTb, HAYajla | OKOHYAHHU (PHO
(u3 ot 1 DAGOT OTBETCTBEHHBIX
HCP) b pa P HCITOJTHUTEIICH )

CocraBnenue Moiizec O.E.
1 TEXHUYECKOT'O 3aJaHUs : 9.01.17 12.01.17 3onoryxuHa K.B.
2 JluTeparypHbIii 0030p 31 13.01.17 | 5.02.17 3onoryxuHa K.B.
3 Teopernueckuii anaiu3s 14 6.02.17 | 19.02.17 3onoryxuHa K.B.
ITocTtanoBka 3amaun 3onoryxuHa K.B.

4 UCCIICI0BAHUS 14 2002171 5.03.17 Moiizec O.E.

Pa3pabotka nporpamMmbl
5 pacuera u MoBeicHue 35 6.03.17 9.04.17 3onotyxuna K.B.
pacueToB

Onenka 3¢ (heKTUBHOCTH 3onoryxuna K.B.

6 MOJIYYCHHBIX PacueToB 18 100417 27.04.17 Moiizec O.E.

Odopmnenue
7 JOIIOJIHATEILHBIX 17 28.04.17 | 14.05.17 3onoryxuna K.B.
pa3zesoB
Odopmrenue oTuera,
8 IPE3CHTALNUU U 17 15.05.17 | 31.05.17 3onoryxuHa K.B.
pa3aaToOYHBIX MaTepHAalIOB
HToro: 150

s nannoit HUP Be1OpaH nuHelHbli rpaduK IUIAaHUPOBAHUS, TaKk Kak padoTa
BBITIOJIHSETCSL MOCJIEOBATENIbHO, OHA XAapaKTEPU3YETCS CPABHUTENIBHO HEOOJBIINM

KOJIMYCCTBOM I3TAIIOB U OTHOCHUTCA K IIPOCTHIM.
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Tabmuma 15 — Kanenamapusriit man-rpaduk nposenenus HOKP o teme: «MoaenupoBanue mporeccoB 00e3BOKUBAHUS

1 00€CCOIMBaHHUS Ipu HpOMBICJIOBOﬁ IIOATOTOBKE HC(bTI/I»

- - PykoBogutenn

Maructpant

Kon IIpoomKUTETHFHOCTH BHITTOTHEHHS paboT
pabot T
Bl Bug pabor Ucnonaurenu K;.J'I - SluBapn ®deBpain Mapt Arnpens Maii
(u3 P
UCP) 1 2 3 1 2 3 1 2 2 2
1 CocraBnenue PykoBoautens 4
' TEXHUYECKOTO 3aaHus Maructpast
2. JlurepatypHsrit 0030p Marwucrtpast 31
3. Teopermueckuit anamm3 Marwucrtpast 14
4 ITocTanoBKa 3a1auun PykoBogurens 14
' HCCIEAOBAHUS Maructpast
PazpaboTka nporpamMmbl
p porp PykoBogurens
5. pacdera ¥ MoBe/IeHre 35
Maructpast
pacueToB
6 Onenka 3ppeKTHBHOCTH PykoBogutens 18
' MOJTyYEeHHBIX PacyeToB Maructpast
Odopmnenne
7. JIONIOJIHUTEIBHBIX Maructpast 17
paszesoB
Odopmienne otyera,
8. MPE3CeHTAINU 1 MaructpaHt 17

pasaaTovYHbIX MaTCpPUAIIOB
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4.3.2 BroaKeT HAYYHOI'0 HCCJIeI0BAHUS
Pacuer crouMOCTH MaTepHaIbHBIX 3aTpaT MPOU3BOJUTCS IO JEHCTBYIOLIUM
IpelcKypaHTaM WM JOTOBOPHBIM IIeHaM. Pe3ynbTaThl 10 JaHHOM CTaThe 3aHOCSTCS B

Tadi. 16.

Ta6muua 16 — Pacuer 3aTpat Ha cbIpbe, MaTepHalbl, KOMIUIEKTYIOIINE U3EIIUS
U TIOKYITHBIE TTOJTy(pabpuKaThl

No HaumenoBanue Ennnaunna Pacxon Ilena 3a Cymma,
/T 3aTpar U3MEpEHUI SAUHUILY, PYO pyo

1 bymara yII. 2 270 540,00

2 drnemr kapTa IIIT. 1 610 610,00

3 Pyuku IIIT. 3 45 135,00

g | Kapmpumi e 1 3200 3200,00

pUHTEPA

5 Di1.3Heprus KBT*u. 1200 2,17 2604,00

Bcero 3a maTepuasl 7089,00

TpaHCOPTHO-3arOTOBUTENBHBIE pacXosl (5%) 354,45

Uroro no cratbe Cy, 7443,45

Tabmuua 17 — Pacuer 3arpat no cratbe «CrieriobopyioBaHue NIl HAYYHBIX

pabot»
No
i HanmenoBanne o00pyoBaHus Kom-Bo CroumocTs, pyo.
1 [1K nmu [19BM 1 25000,00
2 I1O Microsoft Office 1 3399,00
3 ITO Pascal ABC 1 3933,85
4 I1O Borland Delphi 7 1 8549,82
Hrtoro 40882,67

Hcnons3oanne 110 Borland Delphi 7 mpowusBoaumiock B TedeHue cpoka
BBITIOJIHEHUS TaHHOM Hay4dHOU paboThl B |11 u IV cemectpe u coctaBmiio 9 mecsiies (¢
ceHTsi0pst 2016 mo wutonp 2017). JIns ydera CTOMMOCTH JIaHHOTO MPOTPaMMHOTO
o0ecrieyeHrss C Y4YeTOM BpPEMEHHM HCIOJNb30BaHMS, IPOU3BEIEM  pacuer
aMOPTHU3ALMOHHBIX OTYUCICHUN. YUYUTHIBas, YTO CPOK IOJIE3HOIO HCMOJIb30BaHUS

JaHHOI'O IpOAYKTa COCTaBJISACT 5 JIET, a ICpBOHadYaJIbHasd CTOUMMOCTL IIO JAaHHBIM



UHTEPHET-PECYPCOB cocTaBisieT 56999 pyOneil, MOXKHO NPOU3BECTH CIEAYIOLINE
pacueTsl:

100%
Tooosas nopma amopmuzayuu = 100% =20%

S tem

Eosrcecoonasn cymma amopmuszayuu =56999 pyo6 - 20% =11399,8 pyo

11399,8 pyo
12

Eoscemecaunasn cymma amopmusayuu = =949,98 pyo

C yd4eTroM HCHOJB30BaHHUSA MPOTPaMMBlI B TEUCHHE 9 MeCSIEeB, CTOMMOCTh
nagHoro 10 coctaBiger:

Cmoumocms no cmamve 4 =949,98 py6 -9 =38549,82 pyoneu.

Cratbst «OcHOBHasi 3apabOTHas IUIATa» BKJIIOYAET OCHOBHYIO 3apabOTHYIO
aTy pabOTHHUKOB, HEMOCPEJICTBEHHO 3aHSTHIX BBIOJHEHHEM MPOEKTa, (BKIIOYAs
MPEMUH, TOTIJIAThI) U JOMOJIHUTEIBHYIO 3apaO0THYIO ILIATY.

an = 3ocn + 30 (39)

on !
rae  3,c, — OCHOBHAS 3apabOTHAs Ij1aTa;
3p0n — JOTIOTHUTENIbHAS 3apaboOTHAs TIIaTa.
OcHoBHas 3apaboTHas miata (3,.,) pyKoBoauTens (j1abopaHTa, HH)KEHEpa) OT

npeanpuaTus (Mpyu HATWYUU PYKOBOJUTENS OT MPEANPHUSATHS) PACCUUTHIBACTCS IO

cienyrolieit hpopmyie:

30 =30, T pa6 ! (40)
rne  3oc, — OCHOBHAs 3apabOTHAas IIaTa OJHOTO paOOTHHKA;
T, — TPONOIKHUTEIBHOCTh pPabOT, BBIMOJHAEMBIX HAYYHO-TEXHUYECKUM
pabOTHUKOM, pad. JIH.;
3ou— CpeIHEAHEBHAS 3apa0b0THas T1aTa paboTHHKA, PYO.
CpennenneBHas 3apabOTHasl IIaTa pacCUUTHIBAETCS 10 hopmylie:
3, =2, (41)
FO

rae 3, — MECSYHbIN JOJDKHOCTHOW OKJIaJ pabOTHHKA, PYO.;

M — xonm4ecTBO MecsIeB paboThl 0€3 OTITyCKa B TEYEHHUE TOIa:
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npu oTirycke B 24 pab. nus M =11,2 mecsia, S-nHeBHAs HEACIS;

npu oTirycke B 48 pab. nueit M=10,4 mecsia, 6-1HeBHAS HEACIIS;

Fo — nelicTBUTENBHBIN TO10BOM (POH]T pabodyero BpeMeHH HayYHO-TEXHUYECKOTO

nepcoHana, pad. IH.

Ta6muna 18 — bananc pabodero BpemeHu ojiHOro ucnoyautesnss HAP

Iloka3aTenn padboyero BpeMeHun HUcnonnurenr | PykoBoauresb
Kanennapnoe uncno nuei 150 71
KonuvecTBo Hepabouux HEN S) 25

- BBIXOJIHBIC JIHU - 20
- Tpa3JHUYHbIEC THU 5 5
HomunanpHbIi GoHA pabodyero BpeMeH! 145 46
[Totepu pabouero BpeMeHU
- OTIIyCK - -
- HEBBIXOJIbI 110 OOJIE3HU - -
OddextuBHbiii PoHT pabouero BpeMeHH 145 46
MecsuHbIi TOJKHOCTHOM OKJIaJ] paOOTHHKA!
3,=3,-(k, +k,)-k,, (42)
rie 35 — 6a30BBIN OKIIA, PYO.;
k, — paiionnsbIif K03 durenT, paBueiid 1,3 (s Tomcka).
Pacuér ocHOBHOM 3apaboTHOM TIaTHl TPUBEAEH B Ta0I. 12.
Tabmuua 19 — Pacuér ocHOBHOM 3apaOOTHOM TJIATHI
WcnionauTenu % kp = I T Soon
pyo. pyo pyo. pa0. aH. pyo.
PykoBoautens 36800 | 1,3 | 47840 2347 46 107962
MaructpaHt 1750 | 1,3 | 2275 111 145 16095
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JlononHuTeNbHAS 3apaboTHAs TUIaTa paccuuTbiBaeTcs ucxoas uz 10-15% or

OCHOBHOM 3apa0OTHOI TIaThI:

Boon = Koo " Jen (43)
rae 3, — JONOJIHUTENbHAs 3apaboTHasl 11arta, pyo;
K,,, — K03(ppULINEHT NOTIOIHUTENBHON 3apIlIaThl;
3., — OCHOBHas 3apa0oTHas I1ara, pyo.
Ta6muma 20 — 3apabdoTtHas miata ucnojguurenein HTU
3apaboTHas 1uata PykoBoaurenn Maruncrtpant
OcHoBHas 3apruiara 107962 16095
JlononHuTeNbHAS 3apIliaTa 10796,2 1609,5
Hroro no cratee Cy, 118758,2 17704,5

CraThs «OTUMCIICHHUS Ha CONMAJIBHBIC HYXXAbD» BKIIIOYACT B ceOsT OTYHCIICHHS BO

BHEOIO/KETHBIC (DOH/IBI:

C Heb = k@neﬁ ) (3 + 360n )’ (44)

6 OCH

rae Kges — KOI(DPHUIMEHT OTYMCICHHI HaA YIUIATY BO BHEOIOMKCETHBIC (DOHIBI
(nencuoHHbIN HoH, HoH 00s13aTETLHOTO MEAUIIMHCKOTO CTPaXOBaHUs U IIp.).

PaccunthiBaeM oTumcieHus Ha conranbHble HY ) AbI (30 %):

C.__ =0,30-(107962 +10796,2) = 35627, 46 pyé.

6HEO . pyK

4.3.3 Oprann3anmMoHHas CTPYKTYpPa NMPOEKTa

Hcxoms w3 pekomenmauuii [57] BbIOpaH TPOCKTHBIA  BapuaHT

OpraHU3allMOHHON CTPYKTYPBI MPOEKTA.
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PykoBonuTens nmpoekra

Komanma mpoexra
(HayuHOE 0OBEIMHEHUE
CTYJEHTOB U
MperojaBarenei

kaddeapsr)

ens TIpoext Peanuzanus 3aBepiiieHue

Pucynox 36 — I[IpoekTHast cTpyKTypa MpoeKTa

4.4 OueHka CpaBHUTEJIbHOM d(PPeKTHBHOCTH HCCIETOBAHNUS
Onpenenenne  3¢G(EKTUBHOCTH  MPOMCXOAUT HA  OCHOBE  pacuera
WMHTErpaJIbHOTO  TMOKa3aTenss A(@PEeKTUBHOCTH HayyHOro wucciegoBanus. Ero
HAaXOXKJCHUE CBSA3aHO C OIpPEACICHUEM [BYX CPEIHEB3BEIICHHBIX BEIUYHH:
(¢uHaHCOBOM 3P(HEKTUBHOCTH U pecypcorP(HEKTUBHOCTH.

NuTerpanbHbiii ((MHAHCOBBIN MOKa3aTeNb pa3pabOTKU OMPEAesIeTCs Kak:

@

I = cp—pl (45)

max

rae |£ — UHTETPaIbHBIN (PUHAHCOBBIN MOKA3aTeNb Pa3padOTKy;

®,; — cTonMOCTH I-TO BapHaHTa UCTIOTHEHHS;
@®nax —  MakKCUMallbHasi ~ CTOMMOCTh  HWCIIOJHEHHS  Hay4HO-

HCCIIEIOBATENLCKOTO MPOEKTA (B T.4. aHAJIOTH).

[Toy4yeHHast BeJIMYMHA HHTETPATLHOTO (PMHAHCOBOTO MOKa3aTeNsl pa3paboTKu
OTpa)kaeT COOTBETCTBYIOIIEE YHCIICHHOE YBEIMUCHHUE OIOKETa 3aTpaT pa3paboTKu B
pa3ax (3HaueHWe OOJIbIlIE EIUHUIIBI), JUOO COOTBETCTBYIOIIEE YHCICHHOE
YJICIIEBIICHUE CTOMMOCTH DPa3paboOTKH B pa3ax (3Haue€HHWE MEHbBIIE CIUHMIIBI, HO

OOJIbIIIE HYJIS).
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Tabnuma 21 — 'pynnupoBKa 3aTpaT 1Mo CTaThsIM aHAJIOTOB Pa3paboTKu

o

BapuaHT ucrnonHeHus
Amnariora
u3zenus U nosypadbpuKaTel

ColIpbe, MmaTepualsl (3a BEIUETOM
BO3BPATHBIX OTXOJIOB), TIOKYITHEIC
HayYHBIX (IKCMIEPUMEHTATbHBIX)
pabot
OcHoBHasl 3apab0THasI TUIaTa
3arpatThl Ha SJEKTPOIHEPTHUIO,PYO
Hroro miaHoBast ce0eCTONMMOCTh

CrieruanbHOE 000pYyTOBAaHUE TS
OT4HCICHNS HAa COIMAITBHBIC HYKIBI

CromMocTs | ) 1ae | 40882.67 | 107962,00 | 3562746 | 2604.0 | 1915611
pa3paboTKu
Amnajor 1 6500 | 40882,67 | 107962.00 | 35627.46 | 2604.0 | 193576.1

Amnanor 2 8000 |40882,67 | 107962,00 | 35627,46 | 2604,0 | 195076,1

WNuTerpanbHbiil GpMHAHCOBBIN MOKa3aTelh pa3paboTKU ONpeesseTcs Kak:

D .
o Pu 1915611 _ ) 500
@ 1950761
D .
a_ Pu _ 193576.1 _ 0 o0,
@ 195076,1
[OR
o P _195076,1 4 (oo
@ 195076,1

[Tomy4yeHHast BeTMYMHA UHTETPAIBHOTO (DMHAHCOBOTO MOKa3aTels pa3padOTKu
OTpa)kaeT COOTBETCTBYIOIIEE UMCICHHOE YJEUIEBICHHE CTOMMOCTH pPa3pabOTKU B
passl.

WuTerpanbHbiil okazaTesb pecypcoddPeKTUBHOCTH BAPUAHTOB HCIIOIHEHUS

00BbEKTa UCCIIEIOBAHUSI MOKHO ONIPEACIIUTH CICAYIOIMMUM 00pa3oMm:

I, = Zn:aibia N FES Zn:aibip ) (46)
i=1 i
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rae M — WMHTETrpajbHBIA TMOKa3zaTesb pecypcodDPeKTUBHOCTH BapUAHTOB,

| — BeCOBOI KOX(PHULHUEHT i-TO apaMeTpa;
b?, b’ — OanbHas OLEHKA 1-r0 mapameTpa JUid aHajora U pa3paboTKw,
YCTaHABJIMBAETCS HKCIEPTHBIM IyTEM 10 BEIOpaHHOM IlIKaJIe OLICHUBAHUS;
N — 4KCII0 MapaMeTpPOB CPABHEHHS.
Pacuet unTerpanpHoro nokasatens pecypcoddpGeKTUBHOCTH MpUBEIEH B Ta0J.
22,
Tabmuua 22 — CpaBHUTENBHAS OLIEHKA XapaKTEPUCTHK BapUAHTOB

HCIIOJIHCHHA IIPOCKTA

OO0OBeKT .
HCCIIETOBAHMS Becosoit Texymmit Amnanor Amnajor
K023 GUIHEHT poeKT i L 18t 5 132
Kpurepun rnapaMmeTpa
1. AIeKBaTHOCTH 03 5 15 4 12 5 15
pa3paboTku '

2. YHUDUITMPOBAHHOCTD 0,2 4 0,8 4 0,8 4 0,8
3. IIpoctoTa 0,26 5 13 5 13 4 1,04

NPUMEHCHUS
4. VHMBEPCATLHOCTD 0,24 3 0,72 3 0,72 3 0,72
UTOTO 1 17 4,32 16 4,02 16 4,06

WNurerpanbubiii mokazarenb d¢dekTuBHOCTH pazpadotku (I

bup) W @HAJIOTa

(15.) OTpeensieTCs Ha OCHOBaHUU UHTETPATILHOTO MOKa3aTes
pecypcoddHEeKTUBHOCTH ¥ MHTETPAIbHOTO (PHAHCOBOTO MOKa3aTess no Gopmyre:
1P 4,32
Ly = 5 =——>=4,399
|, 0,982
1< 4,02
q“bfm o-=———-=4,052
"1y 0,992
192 4,06
;iﬂp =0 =—"—+-=4,060
l,~ 1,000
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CpaBHeHHE MHTErpajbHOrO Mmokasarens 3Q()EeKTUBHOCTH TEKYIIEro MpoeKTa U

AHAJIOrOB  IIO3BOJIMT OIPCACIUTbL CPAaBHUTCIBbHYIO

CpaBHurenbHas 3QPEeKTUBHOCTD MTPOEKTA:

I p
5, =-toe -394 e
|2 4,052
I p
i 4398y 00
P12 4,060

punp

rae 9 — cpaBHUTENbHAS Y3P(EKTUBHOCTD IPOEKTA;

|? — nHTEerpaNBHBIN MOKa3aTeNb Pa3padoTKH;

Ia
ma

Tabmuua 23 - CpaBHutenbHas 3 (PEKTUBHOCTD pa3pabOTKU

3¢ (PEKTUBHOCTH TPOCKTA.

- I/IHTerpaJIBHBIﬁ TEXHHUKO-PKOHOMMYECKHM MMOKa3aTe/Ib aHalora.

Ne
i [lokazaremu Amnanor 1 | Ananor 2 | Pazpabotka
1 WNHuTerpanbHblii (PMHAHCOBBII 0,992 1 0,982
MoKa3aTesb pa3padoTKu
5 WuTerpanbHblil HOKa3aTelb 4,02 4,06 4,32
pecypcod3pheKTUBHOCTH pa3paboTKu
3 NHTerpanpHbIN MOKA3aTeNb 4,052 4,060 4,399
aPekTUBHOCTH
4 CpaBHurenbHas 3pPEeKTUBHOCTD 1,086 1,083
BapUAHTOB UCTIOJTHEHMUS

B pesynbraTe mnpoBeneHHON paboThl OblIa CHPOEKTUPOBAHA M CO3/aHA

KOHKYPEHTOCTIOCOOHAasT pa3paboTKa, OTBEYAIOIIash COBPEMEHHBIM TpEeOOBAaHUSIM B

obsactu pecypcodpHeKTUBHOCTH B PECYPCOCOCPEIKCHUSI.
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5 COOUAJIBHAA OTBETCTBEHHOCTbD

OgHuM M3 HAlMOHAIBHBIX MPUOPUTETOB JJII COXPAHEHHUS YEIOBEYECKOTO
KaruTana siBisieTcsa obecrneueHue 6e30MacHOCTH KU3HU U 3710POBbsSI paOOTHUKOB BO
BpeMs TPpYIoBOM nesrenbHocTH [58]. st aToro Tpedyercs MOCTOSIHHOE YIIy4IlIeHHE
YCJIOBUHM U OXpaHbl TPY/a, SKOJOTHUYECKON U MPOMBIILICHHONW 0€30MacHOCTH.

CoOTBETCTBYIOLIME KOHTPOJIUPYIOLIME OpraHbl, a MMeHHO: [IpaBUTENHCTBO
P®, denepanbhas ciayxba mo Tpyay u l'ocymapcTBEHHbIE HMHCHEKIIMH Tpyaa
o0ecrneunBaloT COOII0ICHUS TPEOOBAHUN OXPAaHbI TPY/la HA MPEANPUATHUAX.

Hecmotpss Ha 3TO, TpeOyercss MOCTOSIHHOE COBEPIICHCTBOBAHUE CHCTEMBI
CTpPaXxOBaHHsA OT HECYACTHBIX CIy4yaeB Ha IPOU3BOJACTBE, MpOo(ecCrOHAIbHBIX
3a00J1eBaHUM.

OOBEKTOM  HCCEeIOBaHUS  SIBISETCS YCTAaHOBKAa IOATOTOBKH — HEPTH
MectopoxaeHnii Cubupu. HedregoObiBaroliee nNpeapusiTue€ OTHOCUTCS K OTpaciisaiM
IPOMBIIUICHHOCTH,  KOTOPbIE  MPEIACTABISAIOT  NOTEHIUAJIBHYIHO  ONACHOCTb
IPOM3BOJCTBEHHBIX OTPaBJICHUN U 3a00JIeBaHMI pabOTaAIOLIMX, TaK Kak B Mpoliecce
TpyJa MPUXOJUTCS CONPHUKACATHCA C BEIIECTBAMHU, HMEIOIIMMU T€ WU HWHBIE
TOKCHYECKHE, OTPABJISIIOLIME, IOKapo- M B3PBIBOOINIACHBIE CBOMCTBA. IloaTomy,
COOJIIOJIEHNE OCHOB 3aKOHOJATEIbCTBA [0 OXpaHe Tpylda, MpPaBUIl TEXHUKU
0€30MacHOCTH, CAHUTAPUU U TUTHEHBI 00€CIeUUT O€30MaCHOCTh TPYASIIIUXCS.

B nmaHHOM Dpaszzene pacCMOTPEHBI BONPOCHI, CBSI3aHHBIE C OpraHU3aluen
pabouero mecrta oOcCHIyKUBaroUero nepconana ycraHoBku YIIH, paboraromiero c

BpCIAHBIMH BCIICCTBAMMU.
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5.1 TPOU3BOJACTBEHHAS BE3OITACHOCTD
5.1.1 Anaju3 BpeIHbIX U OMACHBIX (PAKTOPOB, KOTOPHIE MOKET CO3ATh
00beKT HCCIeI0BAHUS

TexHonorMUYecKass yCTaHOBKA MOJITOTOBKH HE(PTH SBISCTCS B3pPBIBO- U
MOXKApOOTaCHBIM 00beKkTOM. [IprMeHseMble Ha YCTaHOBKE pPEareHThl 00JaJaroT
TOKCUYHOCTBIO W SIBJSIFOTCSL OMACHBIMU ISl 3I0POBbsI YeioBeKa. BpemHoe BriusiHuME,
OKa3bIBaeMoOe He(TEenpoayKTaMH Ha OPraHW3M YEIOBEKa IPH CUCTEMAaTHYCCKOM
CONPUKOCHOBCHWM C HUMH WM BJIBIXaHUE HX I1apOB, MOXET MPUBECTH K
npod3abosieBaHUSAM M OTPABJICHUSAM. AHANM3 TPUYUH TIOKAPOB, B3PHIBOB U
HECUACTHBIX CIIydasx Ha HedTernepepadaThIBAIONINX MPEANPUITHIX TTOKA3bIBACT, YTO
B TOAABISIONIEM OOJBIIMHCTBE OHM BO3HUKIM H3-32 HECOOMIoJeHHs rpaduka
TUTAHOBO-TIPEAYIPEAUTEIHPHOTO PEMOHTA, W3-32 OTKIOHEHUS TEXHOJIOTHYECKOTO
pexnMa, a 3auacTyl0 U3-3a HE3HaHHWsS WM TrpyOooro HapylmeHHs TEXHUKH
0€30I1aCHOCTH.

Bpeonvie éeuwgecmea

CeippeM mporiecca sBISETCS He(TEera3oBOJsHas CMECh, MOCTyHarouas H3
dboHIa CKBaKWH U COJIepKallasi B CBOEM COCTABE IIUPOKUIN CIIEKTP yTIEBOJOPOIOB, a
TAKXK€ YIJIEKUCIIBIA ra3, CEpOBOJOPOJ, OKCHUJ a30Ta, BOAY U PACTBOPEHHBIE B HEWU
MHHEPAJIBbHBIE COJIU.

OnacHble ¥ BpeAHBIC CBOWCTBA Ta30KUJKOCTHON cpenbl OOYCIOBIICHBI €€
TOKCUYHOCTBHIO U XUMHUYECKON arpeCCUBHOCTBHIO OTIEIbHBIX KOMIIOHEHTOB, a TAKKE
CIIOCOOHOCTBHIO TPOHUKATH B 3aKPbIThIE TIOJIOCTU W TPOCTPAHCTBA, 3/IaHUS WU
COOPY)KEHHS, CKAaIlIMBAaThCA B PA3UYHBIX YIIYyOJEHUSX U PACIPOCTPAHATHCS Ha
OOJBIIME PACCTOSHUS U TUIOLIAAM 1O BO3IYXY, 3€MJI€ M BOJAHOW MOBEPXHOCTH.

Kpome ToOro, Ha mnpomeiCciax TMPHUMEHSIOT I[MAPOKUH CHEKTP JIPYyrux
XUMHUUYECKUX BEIECTB (JI€IMYIIbraTOPhl, UHTUOUTOPHI KOPPO3UHU, METAHOJ U JP.).

OCHOBHBIMM HMCTOYHHUKAMH BPEIHBIX [JI 3J0POBbS 4YEJIOBEKA IMPOIAYKTOB

ABJIAIOTCA:
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1. Bwxjomnsl ra3000pa3Hbix HEPTEMPOIYKTOB OT JBIXATEIBHBIX KJIATIAHOB
pPE3€pPBYapOB U APEHAKHBIX EMKOCTEM;
2. Bpixjomnsl pacXogHONW EMKOCTH JIEIMYJIbraTopa.
B T1abn. 24 upuBenensl xapaktepuctuka, I[IJIK u xkmacc omacHocTu
npuMenseMbix Ha YIICB Bemects [59, 60, 61]:

Ta6muma 24 — Xapakrepuctuka, [1JIK u ki1acc onmacHOCTH BelecTB

IpeneabHo gomycTHMASI
Ne ArDeraTHoe Knace |XapakrepucTuka| KOHIEHTpPalMs BellecTB B
® |Hammenosanue| " P ONMACHOCTH| TOKCHYHOCTH BO3/IyXe padoueii 30HbI
n/n COCTOsIHME
[59] [60] MPOU3BOACTBEHHBIX
nomeutenuu, mr/m [61]
1 Heds KHUJIKOCTb 3 TOKCHYEH 300
2 | HedrsHoii ra3 ras 3 TOKCHYEH 300
3 |desmynbratopsl| >KUIKOCTb 3 TOKCUYEH 5
4 | Hedremmamsl | KHIKOCTH 4 TOKCHYEH 300

Hedtp 1 GONBIIMHCTBO MPOAYKTOB €€ MEpepabOTKU SIBISIOTCS HEPBHBIMU
a1amMu, 00JaJarolMMU HAPKOTHUYECKUM JEHCTBHEM U TMOPAXKAIOIIUMU TJIABHBIM
0o0pa3oM IeHTpaIbHYI0 HEPBHYIO cucTeMy. OHU MOBBIIIAIOT BO30YIMMOCTh YEJIOBEKA,
BBI3BIBAIOT T'OJIOBOKPYXKEHHE, cepJilieOueHHe, cliadoCcTh, MOTepto co3HaHusi. HedTs,
Momaasi Ha KOy, 00€3KUPUBAET U CYIIIUT €e.

HedrsHoii ra3, monamasi B Opranu3M, OKa3bIBaeT (PU3NOIOTHUECKOE IEHCTBUE,
oO11IMii XapaKTep KOTOPOTO HAIIOMUHAET OMbSHECHHUE.

JleamyneraTopbl  OKa3bIBAIOT  CIA0OBBIPAKEHHOE MECTHO-pa3apakaroliee
nercTBue, OoO0JaaloT KYMYJISITUBHBIMM CBOWCTBaMH, aJUIEPIE€HHBIM JCHCTBHUEM,
pa3IpaXkaroT AbIXaTeIbHbIC MTyTH U CIU3UCTHIC 000JIOUKH TI1a3.

Onacnvle u pednvie paxmopwl

Tabnuua 25— OnacHele U BpeiHble (haKTOPhI IPU BeINOIHEHUHU padboT Ha YIIH

HcTtounuk dakropa

®akrtopsl o 'OCT 12.0.003.74 [60]

HaumenoBanue pabot

Bpennsie ‘ OmnacHele
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1. Ot6op npod 1. IloBblmeHHas 1. ITo’kapoB3pbIBOONIACHOCTH MAaTEPHUAJIOB
IMYJIbCUH; 3ara30BaHHOCTD [59, 60];

2. IlpoBenenue BO31yxa [61]; 2. IloBbIIICHHBIN YPOBEHB HAIIPSKEHUS B
HCIIBITAHUS C 2. Henocrarounas 3JIEKTPUYECKOM LIETH B
no0aBIeHUEM OCBEIIEHHOCTS [62, 9JIEKTPOJBUTATEIIAX HACOCOB [66,
JIEIMYJIbIaTopa; 63]; 67];

3. Hsmepenue 3. TloBbImeHHBIH 3. [loBbIICHHAs TEMTIEpaTypa
TEXHOJIOTUIECKHUX ypoBeHb 1iyma [64] u MIOBEPXHOCTH 000PYIOBAHHUS.
apaMeTpoB BUOpanuu [65].

YCTaHOBKH.

5.1.2 AHa1u3 BpPeAHBIX U ONACHBIX (PAKTOPOB, KOTOPbIe MOTYT BOBHUKHYThH Ha
paboyemM MecTe NPHU NMPOBeIEHUN UCCIeI0BAHUMT

padoyeM MecTe NPH NMPOBEACHUU UCCIAeT0BAHUN

PaccmoTpuM HOpMBI W OTpaHWYCHHS, TPUMEHHMBbIC K HauOOJee BaKHBIM
dbakTopam IpPOU3BOJICTBA.

Tosviwennas 3aeazosanHocms 8030yxa

HUcnonb3dyemoe  coipbe  (HepTh) SABIAETCS CMEChIO  YIJIEBOJIOPOJIOB
MIPEACITBHOTO U aPOMATHYECKOTO PsAJa, @ BCIIOMOTATEIILHOE BEIIECTBO (JIEIMYIIBIaTop
Ha OCHOBE MeETaHOJIa) OOJaJalomMii TOKCHUYECKUMH CBOMCTBAMH, HMECIOIIMMU
ycranoBinennble [IJIK. TlepepabaTthiBaemasi HedTh OTHOCHUTCS K  KJaccy
MaJIOCEPHHUCTHIX.

Tokcukonornyeckas XapakTeprCTHKa BEIIECTB B COOTBeTCTBUH C [59, 60, 61]
npuBezeHa B Tab. 24.

Ipomviuinennoe oceewjeHue

C Touku 3peHus 6€30MacHOCTH Tpya 3pUTelbHAs CIOCOOHOCTh U 3PUTEIIbHBIN
KOoM(OPT upe3BbIYaitHO BaKHBI. OYEHh MHOTO HECUACTHBIX CIIy4aeB MPOMCXOAMT U3-
32 HEYJOBJIICTBOPUTEIIPHOTO OCBEIICHUS WU OIIMOOK, CHENaHHBIX pado4yuM, TIO
MPUYUHE TPYAHOCTU PACIIO3HABAHUS TOTO WM HWHOTO TMPEaMeTa WM OCO3HAHUS
CTCTIICHU PUCKa, CBA3AHHOTO C 00CITy)KHBAaHUEM CTAaHKOB, KOHBEHEPOB, TPAHCTIOPTHBIX

CpCACTB. Cser CO3J1aCT HOPMAJIbHBIC YCJIOBUS IJIA pr,[[OBOﬁ ACATCIBbHOCTH.
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HenocratouHoe  ocBelleHHWE  BBI3BIBAET  3PUTENBHBI  JUCKOMQOPT,
BBIPKAIOIIMIICS B OIIYIIEHHWH HEYyJ00CTBAa WJIM HANPSHKEHHOCTH. JlMrensHOe
npeObIBaHUE B YCIOBHUSX 3PUTEIBHOIO JUCKOM(OpTa MPUBOAUT K OTBJICUYEHUIO
BHHUMAaHMsI, YMEHBILIEHUIO COCPEIOTOYEHHOCTH, 3pUTEILHOMY U 00IIEMY YTOMIICHUIO.
Kpome co3nmanusi 3puTenbHOro KoM@opTra CBET OKa3blBa€T Ha 4YEJIOBEKa
IICUXOJIOTHYECKOE, ¢uznonoruueckoe " ACTETUYECKOE BO3JICHCTBHE.
HeynosneTBopuTenbHas OCBEIIEHHOCTh B pado4eil 30HE MOXKET SBJIATHCS MPUUUHOU
CHWDKEHMS IIPOU3BOJNUTEIBHOCTH M Ka4eCTBa TPYAA, ITOIYYCHHUS TPABM.

[IpaBuibHOE OCBEIIEHHE TOMEIEHUI U Pa00UNX MECT — OJIMH U3 TJIaBHEHIIINX
AJIIEMEHTOB OJAronpusTHbIX yciIoBHM Tpyna. [lpm npaBUIBbHOM  OCBELIEHUU
NOBBIIIAETCS MPOU3BOAUTEIBHOCTh TPYJa, YJIYYIIAIOTCS YCJIOBHUS O€30MaCHOCTH,
CHIDKAeTCs YTOMIIIEMOCTh. Hawmimydmme yciioBus [Uisi IIOJHOTO 3pPUTEIBHOTO
BOCIIPUSTHSI CO3JIACT COJTHEYHBIN CBeT [63].

ITo mpuHIMITYy OpraHU3aluy IIPOU3BOACTBEHHOE OCBEILCHUE MOAPaA3IEIIAeTCs
Ha: €CTECTBEHHOE — OCBEILICHUE NIOMEIICHUN €CTECTBEHHBIM CBETOM, MPOHHUKAIOIINM
4yepes3 CBETOBBIE IIPOEMBI B HAPYKHBIX OTPaXKAAXOIINUX KOHCTPYKIMAX, HICKYCCTBEHHOE
—  OCBCIICHHME,  CO3[aBa€MOE UCTOYHHKAMU  HCKYCCTBEHHOIO  CB€Ta, U
COBMEUICHHOE — OCBEILEHHUE IIPY KOTOPOM HEAOCTATOYHOE 110 HOPMAaM €CTECTBEHHOE

OCBEIICHHUE JIOTIOTHSIETCS HCKYCCTBEHHBIM [63].

OH_IYHICHI/IC 3PCHUS ITPOUCXOJUT IO BOSHCﬁCTBHCM BUIHUMOTI'O U3JIYYCHUA CBCTA,

KOTOpOE€ TIPENCTaBIACT COOOW DIEKTPOMATHUTHOE U3JIYYCHUE C JUJIMHOW BOJIHBI

0,38...0,76 MxM. UyBCTBHUTENBHOCTH 3pPEHUS MAKCHUMAJIbHA K JJIEKTPOMArHUTHOMY

W3JIYYEHUIO ¢ INIMHOM BOJIHBI 0,555 MKM 1 yMEHBIIAETCA K TPAHHULIAM BUAMMOTO CIIEKTPA.
Tlogviuennwiti yposeHs uiyma u eubpayuu Ha pabouem mecme

B nomelneHusax ¢ BHICOKMM YpOBHEM OOLIEro myma, kakum sigisiercss YITH,
MCTOYHMKAMU ILIYMOBBIX IIOMEX MOIYT CTaTbh BEHTWIALMOHHBIC YCTAaHOBKU WIIN
nepudepuitnoe obopynoBanue. JMTenbHOE BO3IEHCTBUE ITUX IIIYMOB OTPUIATEILHO

CKa3bIBAIOTCs Ha SOMOIOMOHAJIbHOM COCTOSHHH IICPCOHAIA.

I[OHYCTI/IMI)IC YPOBHU 3BYKOBOI'O JaBJICHUA JIJIA pa6OTI>I B IIOMCHICHHAX
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na6opaTopHI”4 U 3a MyJbTaMH YIIPABJICHHUA IMPOU3BOACTBCHHBIMHU HHUKJIAMH CJICAYCT

IPUHUMATh B COOTBETCTBUHU C Ta0J. 26

Tabauia 26 — JlomycTuMblie ypOBHHU 3BYKOBOTO JaBiicHUS [64]

MeECTO

Buna tpynosoii
nesiTeJIbHOCTH, padouee

YpoBHu 3ByK0BOro AaBjenusi L B 1b B OKTaBHBIX

M0JI0CAX YACTOT CO CpeiHereoMeTpu4eCKUuMH
gacToraMu B I'nx

63

125

250

500

1000 | 2000

4000 | 8000

YpoBHHU
3ByKa
L4 B 1BA

yIpaBiIeHUS

OUKJIaMH1

PaGoTa ¢ nOBBIICHHBIMU
TpeOOBaHUSIMHU K
nporieccaM HaOIIIOICHHS
U JIUCTAHIMOHHOTO

IMPONU3BOJACTBCHHBIMUA

91

83

73

70 68

66 64

75

BI/I6paHI/IH BBI3BIBACT B OPraHU3MC YCJIOBCKAa MHOI'OYMCIICHHBLIC PCAaKINH,

KOTOpbIE SIBIISIIOTCS MPUYUHON (PYHKIIMOHAIBHBIX PACCTPOUCTB TepudepuitHon

HEPBHOW CHUCTEMBI, CYCTaBOB, KpoBU (TpomObl). BpemHnoe BozneiicTBHE BUOpaiuu

BBIPpAKACTCA B BHUAC ITOBLIMICHHOI'O YTOMJICHUA, TrOJIOBHOM 60JII/I, Oouecli B CyCTaBax

[65].

lloxcapoesspvisodesonacrHocmo

OCHOBHBIMH  B3PBIBO-

H I10KapOOITaCHbIMH,

BpCAHBIMHX W TOKCHYHBIMHU

BCUICCTBAMHU, HaAXOAAIMIMMHUCA B IIPOU3BOJACTBEC, SABJIIAIOTCA HG(l)TB n HOHYTHBIfI

He(TIHOW  ras3,

XUMHUYECKHEC

pEareHThl,

HECOUYHUIIICHHBIC

I1J1aCTOBBIC

BOJBI.

B3psiBomoskapHbie CBOMCTBA HE(TH, Ta3a U peareHTOB MPUBEICHbI B Tabnule 27.

Tabmuua 27 —  B3pbIBONOXKApOONAcHbIE  XAPAKTEPUCTUKH  CBHIPbA,
MMOJIYIPOAYKTOB, U BCIOMOTATEJILHBIX BEIIECTB
Kuace KonnenTpannoHHbIi
Temneparypa, °C npeneJ
Hanmenosanne | O o oo ! B3pbIBaeMoOCTH, %0
BeLlecTBa no FOCT Camo- ’
- 12.1.007- Bocmia- amo y y
Benbimku BOCILIA- Hwxnuii | BepxHuii
76 [60] MEeHEeHMSsI
MeHeHusl
Hedrts 3 -18 ... +15 - 200...300 - -
Homyrseit 4 . - 535 6 135
He(TsIHOM ra3
Jleamynbrarop 3 +25...427 - - - -
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llosvluiennviti yposeHb HANPANCEHUS 8 DIeKMPUUECKOU Yenu

[Ipu mnepexkauke HeDTH MOTYT HAKAIUIMBATHCS 3apS/bl CTATUYECKOTO
AIIEKTPUYECTBA HAa MOBEPXHOCTH TPYOOMPOBOJOB, €MKOCTEH, pe3epByapoB. Takue
pa3psibl B OINPEIEICHHBIX YCIOBUSIX MPEICTABISIOT OMACHOCTh KAaK HMCTOYHUKHU
AIEKTPUUYECKOTO Pa3psaaa U 3aKUTAHUS TOPIOYNX KUIKOCTEW U ra3oB.

Bo wuzbexanue mNOpakeHHs] OJICKTPUUYECKUM TOKOM OOCTY>KHUBAIOIIETO
NEPCOHAJIa YCTAHOBKHU MCIOJIb3YETCS 3a3€MJICHUE TEXHOJIOTUYECKOTO 000pYyI0BaHUS
[66]. J1:st mpeoTBpalieHus MOMaaHKst OTIePaTOPOB YCTAHOBKH I1O]1 HAPSKCHUE TTPH
00CITy>KMBaHUH JEKTPOIUTUIPATOPOB MPETyCMOTPEHA aBTOMaTHUECKast OJIOKUPOBKa
BXOJIHBIX JBEpEe Ha IUIOLIAAKE SJIEKTPUUYECKUX TPAHCPOPMATOPOB KaXKIAOTO U3
ANEKTOPOAUTUIPAaTOpOB. IIpM OTKpBIBAHMM [BEPU CHHUMAETCS aBTOMATUYECKHU
HaIPsHKEHUE C 3JIEKTPOAECTUAPATOPOB.

llosvluennas memnepamypa nogepxHocmu 060py008aHUs.

B mporecce skcrutyaTtaliid yCTaHOBOK TOJTOTOBKM HE(TH HUMEETCS PHUCK
TpaBMUpOBaHUsI  OOCIYKMBAIOUIErO0 TIEpCOHAja OT BBICOKOW  TeMIIEpaTyphl
MOBEPXHOCTU TPYOOIPOBOJOB M 0O0OpYyIOBaHUS, OOPA3yIOIIUXCS BCJIEICTBUE HE
TEPMETUYHOCTH U HEUCTPABHOCTU 000pyaoBaHus. OMacHbBIMU MECTAMU SIBJISIOTCS
Me4yu, B KOTOPBIX COKUTaeTCs TOIUIMBHBIN ra3, HarpeBaeTcs mocrynaromas HepTh co

ckBaxxuH 110 50 °C u BhIILIE.

5.1.3 Ob6ocHOBaHHE MePONIPUSATHI MO 3alIUTE UCCIEA0BATENS OT AeiiCTBUS
ONACHBIX M BPeJIHBIX (PAKTOPOB

Bo3zaeiicTBue omacHbIX M BpeOHBIX (DaKTOPOB BO3MOXKHO TpU paboTe Ha
YCTaHOBKE MOATOTOBKA HePTH. MeTobl 3alUThl OT BBIMICYTOMSHYTHIX BPEIHBIX
(hakTOpOB ClIEayIOIIHE.

PaboTa ¢ BpenHBIMU U OMACHBIMU XMMHYECKUMHU PEAKTUBAMH MPOBOAUTCS B
CHEIUATN3UPOBAHHBIX TIOMEIIECHUSX, OOOPYJIOBAHHBIX BBITSHKHBIMU — IKa(daMHu.
Kaxxp1ii paOOTHUK WM TOCETHTENb MPOM3BOJCTBA 0OCCTICUMBACTCS CICAYIOIIUMH

CpPEACTBaMM 3alllUTHI: TOJIOBbI (KacKW); OpPraHOB JbIXaHUsS (M30JIMPYIOIIHE
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JBIXaTeJbHBIC ammaparhl, MPOTHUBOTA3bI, PECIHUPATOPHI); JUIA U OPraHOB 3PCHHUS
(JTMIIeBBIC IIWTKH, 3aIUTHBIC OYKH, MPO3PAYHBIE DKPaHBI); KOXKH PYK (3aIIUTHBIC
nepyaTku, paboune pyKaBHIIbI).

CoOumrosieHre HEOOXOIMMOTO YPOBHSI OCBEIICHHSI, B COOTBETCTBUU C [62],
OpPraHM30BaHO IyTEeM  €CTECTBEHHOTO  OCBEIICHHUS  Yepe3  CBETONPOEMBI,
oOecrieunBaroniee kodPduirentsl ectectBeHHOM ocBenieHHocTH (KEO) He Hmke
1,5%. [ns obecrieueHuss HOPMUPYEMBIX IOKa3aTeNIel OCBEIICHHOCTH HEOOXOIUM
MOCTOSTHHBIA KOHTPOJIb UCTIPABHOCTH OCBETUTEIHLHOTO 000PYIOBAHISI U €TO 3aMeHa, B
cllydyae HEUCIPaBHOCTH.

JIJIsi CHWKEHUs YpOBHS 3BYKOBOTO JABJICHUS Ha pa0OYMX MECTax M MECTax
MOCTOSIHHOTO MpeObIBaHUs JIIOJIE B MPOU3BOJCTBEHHBIX U OOIIECTBEHHBIX 3aHUSIX
OOBIYHO  HWCIOJB3YIOT  3BYKOIIOTJIOIIAIOIINE  KOHCTPYKIIMH,  TaKHe  Kak
3BYKOIOIJIONIAIONIAsl 00JIMIIOBKA, KOTOPYIO CIIEIyeT pa3MellaTh Ha MOTOJIKE U CTEHaX
MOMEIICHH, YKpaHbl, U3TOTOBJICHHBIC U3 CILIOIIHBIX TBEPABIX ITUTOB, OOJUIIOBAHHBIX
3BYKOITOTJIOMIAIOIIMM MaTepHraiioM [67].

JUist 3amuThl OT Pa3psOoB CTAaTUYECKOTO DJIEKTPUYECTBA JIOJDKHBI OBITh
NIPOBEJICHBI CIIeayoIIre MeporpusTus [68]:

- amnmapaThl U 00OpyIOBaHHE, SIBISIONIMECS HWCTOYHHUKOM HMHTEHCHUBHOTO
BBIICJICHUS 3aPsIIOB CTATUYECKOTO AIEKTPUUECTBA JIOJDKHBI OBITH 3a3€MJICHBI;

- Uil ocialJeHus] TeHEPUPOBAHMs 3apsIOB CTATHUYECKOTO JIJIEKTPUYECTBA,
JIETKO BOCTUIAMEHSIIOITUECS KUIKOCTH CIENYyET TPAaHCIOPTUPOBATH TPYOOIIPOBOIAM C
HE BBICOKMMH CKOPOCTSIMH, OTPAaHUYCHHE KOTOPHIX 3aBHUCUT OT CBOWCTB YKHIKOCTH,
JMaMeTpa U JIJTUHBI TpyOOIIPOBOIA;

- 3amMTa  TEXHOJIOTMYECKUX  YCTAHOBOK, OT  DJIEKTPUUYECKOH |
AJIEKTPOMArHUTHOM WHIYKIIMA M 3aHOCA BBICOKHMX TOTCHIIMAJIOB Yepe3 Ha3eMHBIC H
MOJ3EMHBIE METAUIMYECKHE KOMMYHHKanuu. OT TMNpsMBIX yAapoOB MOJHHM
COOPY’KEHUS 3alUIIAI0TCS CTICIIMAIIBHO YCTAHOBIIEHHBIMU MOJIHUEOTBOIAMH.

Jlist Toro, 4ToOBl M30€KaTh TEPMUUYSCKHUX MOBPSKICHUA TPH SKCILTyaTallHH

TEXHOJOTMYECKUX IIeueH HGO6XOI[I/IMO CICOIUTb 3a IIOKa3aHUsIMHU KOHTPOJBbHO-
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WU3MEPUTETFHBIX TPUOOPOB, BECTH BU3YAIbHBIM KOHTPOJbL 32 COCTOSHUEM pPaOOTHI
neun. JIBepubl Kamep B mpoliecce paboThl EYH AOJIAKHBI ObITh 3aKPBITHI.

Bce o0OopynoBanue, TpyOOmpoBOJABI M apMarypa, paclojioKEHHbIE B
MOMEIICHAN ¥ TIOJIBEPralolIiecs HarpeBaHUI0, JIOJDKHBI OBITh  00ECIICUEHBI
YCTPOMCTBaMM, TMPEJAOTBPAIIAIOIIUMUA WA  OTPAaHUYUBAIOUIMMH  BBIJCICHHUE
KOHBEKIIMOHHOTO WJIM JIyYHUCTOTO TeTIa (TEIIOU30JIAIHS, IKPAaHUPOBAHKE, OTBE/ICHHUE
TeIUIa U T.J.); TEMIIepaTypa MOBEPXHOCTU U30JISIIIUU HE JOJKHA npeBbimath 45 °C.

['opsiure TMMOBEPXHOCTH OOOPYJAOBaHUA U TPYOONPOBOJOB C apMaTypou,
PACIIOJIOKEHHBIX BHE TTOMEIIEHHUS, B MECTaX BO3MOXKHOI'O COIPUKOCHOBEHUSI C HUMU
00CITy>KMBAIOIIET0 MepCcoHaa A0JKHBI UMETh TEIJIOBYIO U30JsALMI0. TeMieparypa Ha
MTOBEPXHOCTH M30JISIIIMU HE JOJDKHA IpeBbiath 60 °C.

Ecnu temnou3osiiuio OCyIeCTBUTh HEBO3MOXKHO, TOPSUYI0 IMOBEPXHOCTH
HE0OX0oauMO orpaauth. HeoOxomumo BecTH HAOMIOJEHHWE 3a YCTaHOBJICHHBIM
pPeKUMOM pabOThl, MOJATOTOBKA K OCTAHOBKE W PEMOHTY OOOPYIOBaHHUS JTOJDKHBI

BBIIIOJIHATBCA B CTPOTO YCTAHOBJIICHHOM TCXHOJIOTHMYCCKOM ITOPSIKE.

5.2 9KOJOI'NMYECKAS BE3OITACHOCTb

5.2.1 AHayu3 BJIMSIHUA 00bEKTA UCCIeA0BAHUS HA OKPYKAIOILYIO Cpeay

Bo3snetictBue HeTSIHOM MPOMBITIIIEHHOCTH Ha OKPY’KAIOITYIO CPEy
00yCJIOBJICHO:

- 3arpsi3HeHHEeM aTMoc(depbl BBIOPOCAMU BPEIHBIX BEILIECTB;
— cOpocoM 3arpsiI3HEHHBIX BOJ B TIOBEPXHOCTHBIC U IMOA3EMHBIC BOJABI, Ha
penbed MeCcTHOCTH;
— u3MeHeHHe JaHamadTa B pe3yiabTaTe 3eMJISTHBIX padoT, BEIpyOKa JIECOB,
3arpsA3HCHHE MMOYBBI HEPTEIPOTYKTAMU;
- aBapUIHBIMH pa3IuBaMu HEPTH.

[Ipu sKkcmuTyaTaliii OMAacHBIX MPOU3BOIACTBEHHBIX OOBEKTOB 3arps3HEHUE

aTMoc(depbl TPOUCXOJIUT B PE3YyJIbTATE BBIICICHHUS:
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- IeTKUX (hpaKuil yriaeBo10poA0B H3-3a pa3repMeTU3aluy TEXHOIOTHIECKOTO
o0opynoBaHUs (CKBaKUHBI, CEapaToOphl, EMKOCTH, HACOCHI);

- POJIYKTOB CrOpaHus MOMYyTHOro HePTsHOTO ra3a ((axesn, KoTeabHas);

- HEOOJBIIOr0 KOJWYECTBA JIETKUX (pakuuii XUMHUYECKUX PEareHTOB
(MHTUOUTOPBI KOPPO3UH, AEIMYIIBIATOPHI).

Kpome »storo, Ha Bcex cramusix pador Ha YIICB B armocdepy Oynyt
BBIJICTISITHCS 3arPS3HSIONINE BEIIECTBA OT MEPEABMKHOTO TPAHCIIOPTA.

[Ipu skcuTyaTaiii TEXHOJIOTHYECKOTO 000PYI0BaHMsI IO MOJTOTOBKH HeTH
4yepe3 HEIUIOTHOCTH 3alOpHO-PETYNHPYIOMIEH apMaTypbl U JbIXaTeNbHbIC KIIalaHbl
€MKOCTEH BBIACISAETCS HEOOIBIOE KOJTMUECTBO JIETKUX YTIICBOIOPOIOB.

IIpu cropanuu rasa Ha ¢akene OyyT BBIIEIATHCS B aTMOC(hEPY: OKCHJIBI a30Ta

U yriepoja, caxka, yriieBoJ0pOo/abl U OeH3(a)MUpeH.

5.2.2 O0ocHOBaHMe MePONIPUATHIA MO 3aIIUTE OKPYIKAIOLIEi cpeabl

B mensx mnpemynpexaeHus 3arps3HeHus atmocdepsl [69] wa VYIICB
OPEeIyCMOTPEH PsiA MEPONPUATHI MO NPEeJOTBPALICHUIO AaBapUHHBIX BBIOPOCOB
BpE/IHBIX BEIIECTB B aTMOc(hepy:

- IOJIHAsl TePMETU3ALIMS CUCTEMBI cOOpa M TpaHCHOpTa HEPTH;

- CTOTIPOLICHTHBIN KOHTPOJIb ILIBOB CBAPHBIX COCAMHEHUN TPyOOIIPOBOIOB;

- 3aIIMTa 000PYIOBAaHUS OT KOPPO3UU;

- OCHAILIEHHUE NPEIOXPAHUTEIBHBIMY KJIAIIAHAMU BCEH almnaparoB, B KOTOPBIX
MOKET BO3HUKHYTh JaBJICHHE, MPEBBIIIAIONIEE PACYETHOE, C y4eTOM TpeOOBaHUMI
"[IpaBun yctpoiicTBa M 0€30MAaCHOM AKCIUTyaTallMd COCYJIOB, PaOOTaoMUX TOJ
nasieauem" [70].

Jns  3amurel  tuapocdepsr [71, 72] wa VYIICB npemycmarpuBaetcs
repMETU3MPOBAHHAs CUCTEMa BOJOCHA0KEHMSI U BOJOOTBENCHUS, HCKIHOYArOIas
NONAaHKE 3arpsI3HSAIOIINX BEIIECTB B MTOA3EMHBIE BOABI U B IOYBY IPYU HOPMAJIBHOM

pabote o0opy10BaHUS.

92



C 1enbI0 UCKITFOUEHUS 3arpsI3HEHHS TTOYBBI, TPYHTOBBIX BOJ [72, 73]
IIPEAYyCMATPUBAIOTCS CIEAYIOLIINE MEPOIIPUATHS:

—  pasMeuleHue Bcex pesepByapoB Ha miomaake YIIH B camocrostenbHON
30HE, YCTPOWCTBO WHAMBUAYAIbHbIX OOBaJOBAHMUN, pACCUUTAHHBIX Ha
THIPOCTATUYECKOE JaBJICHUE CTON0A KUIKOCTH BHICOTON HE MeHee, 4yeM Ha 0,2
M BBILLIE YPOBHSI paCU€THOT0 00bEMa pa3IMBILEHCS KUIKOCTH;

—  IUTAaHMPOBKA TEPPUTOPUU BHYTPH OOBAJIOBAHUS;

—  YCTPOWCTBO B ITOHMKEHHBIX MECTAaX JOKIACHPUEMHBIX KOJIOALEB, YEpe3
KOTOPBIE OCYILIECTBIISIETCS] COOP 3arpsi3HEHHBIX MPOU3BOJICTBEHHO - JI0K]IEBBIX
CTOKOB B KaHAJIN3ALMOHHBIE CETH;

—  pa3MenieHue (QPYHKIMOHAIBHO TEXHOJIOTMYECKUX OJIOKOB MO CTENEHU
BPETHOCTH BBIJEISAEMBIX BEIIECTB U KATETOPUM MOKAPHOM OIIACHOCTH C YYETOM

PO3BI BETPOB.

5.3 BE3OITIACHOCTbD B UPE3BBIUAVMHBIX CUTYALIUSIX

5.3.1 Ananu3 BeposTHbIXx UC, KOTOpbIe MOKeT HHUIIMUPOBATH 00bEKT
HCCJIeI0BAHUI

[IprunHBl ~ BO3HUKHOBEHMS  aBapUMHBIX  CUTyallud W HEMNOJAJO0K
TEXHOJIOTUYECKOT0 MPOIecca MOKHO YCIOBHO OOBEIMHUTD B CIEAYIOIIHNE TPYIIIbI.

Otka3sl (HemonaaKu) 000pyI0BaHUS BO3HUKAIOT MPHU MPEKPAIICHUH T01auu
YHEPropecypcoB (ANEKTPOIHEPTUH, TOITUTMBHOIO Ta3a), IPU KOPPO3UU 00OPYIOBAHMS
U TpyOOmpoBOJOB. ABapuM TakK€ MOIYT BO3HMKHYTh IHPU MEXaHHYECKHX
HNOBPEXACHUAX U TeMIEpaTypHbIX Aedopmanusx odopynoBanus. Ilpu nposeneHuu
pa3IMYHBIX PEMOHTOB CKB@)XHHBI BEJIMKAa BEpPOSITHOCTh BHIOpOCA IJIACTOBBIX
GroNI0B, KOTOpBIE XapaKTEPU3YIOTCS MOXapo- M B3pBIBOOMACHOCTHIO. [lpu
ONpeNenEHHOW KOHIIEHTPAlUd M BO3HUKHOBEHUM WCKPEHUS B HEUCIPaBHBIX
AIIEKTPUYECKUX MPUOOpax, Ta30BO3IYIIHAs CMECh B3pbIBaeTcs. B3pbiBoomacHas
KOHIICHTpAIUsl BO3HUKAET B PE3YyJIbTaTe BbIACIICHUS OOJBIIOrO KOJIMYECTBA Ta3a U
OTCYTCTBUU CMEHBI BO3JIyIIIHOM MacChl B 3TOM 00J1aCTH.
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OmmboYHbBIE NEUCTBUS MEPCOHANIA MPEACTABISAIOT HAHOONBIIYIO OMACHOCTh
IIPY ITyCKE M OCTAaHOBKE OOOPYAOBAHUS B CBSI3U C 3aIOJTHEHUEM HIIN OMTOPOKHEHUEM
anmapaToB ONAacHbIMM BellecTBaMH. B ciyyae oOIIMOOYHBIX JEHCTBUM MOXKET
MPOU30MTH pazrepMeTusanusi 000pyI0BaHUs U, KaK CIEICTBUE, KPyITHOMACIITaOHas
aBapus.

VYcraHoBka MOKHA OBITH OCTAHOBJIEHA ABApPUMHO MO IUIAHY JIMKBHIALUAU
aBapuHy B CIydae MPEeKpalleHUs OIauu 3JICKTPOIHEPTUH, ChIPhS, BOJIbI, IPHU MOXKape,
pa3pylIEeHHH KOMMYHMKAIIM U anmnapaTroB, a TaKXKE B CIy4ae aBapuu HA COCEIHEM
00BEKTE, KOTOpask MPEJICTABISIET YTPo3y I LieXa.

K paGoram Ha ycTaHOBKE IOIYyCKAlOTCs JIMIAa HE MOJIoXKe 18 JieT, mpoieaime
B YCTaHOBJICHHOM TMOPSAKE MEIOCMOTp, OOydeHue | HHCTpykTax. I[locie
IIPOXOKJICHUS CTaXUPOBKM Ha pabodyeM MecTe OOCIYKMBAIOIIMI IMEPCOHAN CHAET
HK3aMeH Ha JIOMYCK K CaMOCTOSITEIbHOU paboTe.

[Ipouiecc MOATOTOBKM U TEpeKayku HE(PTH OCYIIECTBIAETCS B 3aKpPHITOU
CUCTEME, I03TOMY OCHOBHBIMHU 33Jja4aMH 0OCITY>KMBAIOILIETO MEPCOHANA SABJISIFOTCS:

- HE JIOMYCKaTh pa3repMeTu3aiii 000pyA0BaHUS 1 KOMMYHUKAIIUN;

- BECTHM TEXHOJIOTMUYECKUM PEXKUM B COOTBETCTBUU C YTBEPKIACHHOM
TEXHOJIOTUYECKON KapTOW YCTaHOBKU;

- HENpPEephIBHO M0 IMOKa3aHUAM NPUOOPOB MyTeM 00XoJa W BU3YaJIbHOTO
OCMOTpa KOHTPOJIUPOBATH COCTOSIHUE OOOpYAOBaHHWS, KOMMYHHUKAIUWA, apMaTyphl,
CAJIbHUKOB HaCOCOB, Pa0OTY rOPEJIOK Meueid U COCTOSTHUS CBAPHBIX IIIBOB PE3EPBYAPOB;

- B paboTe pPYKOBOJCTBOBATHCS JEUCTBYIOIUIUMU HWHCTPYKLUMSAMU TIO
0e30MacHOCTH Tpy/a Mo BUAaM padorT;

- MpPU BO3HMKHOBEHUM HEMOJIAJIOK HEMEIJICHHO NPUHSATH MEphl ISl HX
yCTpaHEHUsI ¥ MPEIOTBPAILCHUS aBapUii;

- KOHTPOJHMPOBATh  HMCOPABHOCTh  3a3eMJICHHS ~ OOOPYIOBaHUA |
AIEKTPOYCTAHOBOK;

- KOHTPOJUPOBATh UCTIPABHOCTH MOJTHUE3AIIUTHI 000PYA0BaAHUS,

- CJICOUTD 3a HOpMaJII)HOfI OCBCIICHHOCTBIO pa60qu MCCT,
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- HC OOITYCKaTh 3arpOMOKACHUS ITPOXOA0B U JICCTHHUIIL,

- HEMEJIEHHO JIMKBUAUPOBATH 3aMa3y4YE€HHOCTh 000PYI0BAHUS U TEPPUTOPHUH.

5.3.2 O6ocHoBaHMe MeponipuaTHii o npeaorspameduio YC u pazpadorka
NMOPsiAKA IeficTBUSA B cJiyyae BOSHUKHOBeHHs YC

[loxxapnast ©e3omacHOCTh oOecliedyuBaeTcs corjiacHo [74] cucremoit
MpeAOTBpallleHUsI MOoXKapa M CUCTEeMOM NokapHOoW 3amuThl. Ha Bcex oObekTax
(mOMeIleHUsAX) pa3MelleHbl TabJIMYKU € yKa3aHHMeM HoMepa TelieoHa BbI30Ba
MTOYKAaPHOW OXPaHbI, KPOME TOI'0 Pa3MEIIECH CXEMAaTUYHBIN TJIaH 3BaKyalliy JI0JIEN pU
NOXKape; JOMOJHUTENBHO pa3paboTaHa WHCTPYKLMS, OINpeAestonas AeicTBUs
[IepcoHaja B CIy4yae BOSHUKHOBEHMs O4ara BO3rOpaHus.

Cornacno Cratbe 11 [75] ycTaHOBIIEH U BBINOJIHAETCS 3aIPET HA KYPEHHUE BHE
OTBEJICHHBIX Ha JTO moMelleHusAx. IlockonbKy psSaoM ¢ pabouyuM MECTOM
UCIOJIb3YIOTCSI XUMUUECKHE BELIECTBA, TO OIPE/EIIECH MOPSI0K UX XpaHEHUs U YOOpKHU
0TX0/10B. B cOOTBETCTBUY € TPEOOBAHUSIMU MOKAPHON OE30MACHOCTH M OXPaHbI TPYa,
IPOBOAUTCA PETYJISAPHBIA HHCTPYKTAX U MPOBEPKA 3HAHUI 110 TEXHUKE 0€30M1aCHOCTH
Ha pabodyem mecte. OOBEKThI OCHAIICHBI IEPBUYHBIMH CPEACTBAMU MOKAPOTYILICHHUS:
OTHETYIIUTENH, JIONATHI, AIUKH C IECKOM, aCOECTOBBIE OfesIa.

B ciydyae BO3HHMKHOBEHHE MOKapa Ha MPOM3BOACTBE C y4acTHEM OOBEKTa
UCCJIEIOBAHMS, HEOOXOJUMO OINOBECTHTh O CIYYMBIIMMCS PYKOBOJICTBO OOBEKTa,
HE3aMeUINTEIbHO BBI3BATh LUTATHBIA OTPSI MOKAPHOM CITY>KOBI U CKOPYIO ITOMOILb.
[IpOMBIIIUIEHHYIO YCTaHOBKY TIpU 3TOM CIEAYET BBIBOJWTh HA CHUKEHHE
IIPOU3BOJIUTEIIBHON MOIITHOCTH, OCTAHOBKY.

HeiicTBus obcyxuBanus nepcoHana YITH B aBapuiiHbIX cUTyaIusX TOKHBI
OBITh HAIIPABJICHBI:

- Ha CITACEHME JIFOJEH, HAXOAAIIUXCS B OIIACHOW 30HE IIPY aBapUHU U OKA3aHUE
IEPBON TOMOIIY MMOCTPAIABIINM;

- Ha JIOKQJIM3AaIMI0 aBapui, OTKIIOUYEHHE aBAPUUHOTO OOOpYyAOBaHUS H

IPUOOPOB;
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- Ha MIPUHSITHAE MEP TI0 CHIDKEHUIO BO3MOXKHBIX TIOCIIECTBHIA aBapuid [76, 77].

K umcnmy Takux MepONpHUSTHII MOXKHO OTHECTH: CTPOTOe€ COOI0eHUE
CHELMATIBHBIX Mep 0€30IIaCHOCTH; OpraHU3alisl ONIOBEILEHUS PYKOBOISIIETO COCTaBa,
(GopMHpOBaHMI M  HACEJEHUsS; CHENHAIbHAs MOATOTOBKA M  OCHAILECHHUE
(opMUpPOBAaHUI; OKAa3aHNE MEAUIIMHCKON TOMOIIM [TOCTPAJAABIINM.

B pabounx mnomemieHusXx Ha OOBEKTaX JOJDKEH HaxXOJUThCS WHBEHTAPb
IPOTHUBOIIOKAPHON 0E€30MaCHOCTH, SAIIMK C MECKOM, IUIAH ABaKyallUHd MpHU MOXKape,

TenedOHBI MOKAPHOH CITykO0bl, COOIOIaTh PETJIaMEHT TEXHUKU O€30IaCHOCTH.

5.4 ITPABOBBIE U OPTAHU3AIIMOHHBIE BOITPOCHI OBECIIEYEHUSA
BE3OITACHOCTHA
5.4.1 CneunanbHble (XapaKTepHbIe IJIs1 MPOeKTUPYeMOoii paboueil 30HbI)
NpaBoOBbie HOPMbI TPY/I0BOI'0 3aKOHOAATEIHCTBA

Jliist oOecrieueHrss 6€30MacHOCTH KU3HU U 3[I0POBbsl pAOOTHUKOB B MPOLECCE
BBITIOJIHEHUS TPYJOBOM JEATEIBHOCTH MPUMEHSETCS KOMIUIEKC MEp, COJepKalliuid
MIPaBOBBIC, CONUATLHO-Y)KOHOMHYECKHUE, OPTraHU3alIMOHHO-TEXHUUECKHIE, CAHUTapHO-
TUTUCHUYECKHE, JiIeueOHO-pOdUIaKTUIECKUE, pEaOWIUTAIIMOHHbBIE U WHBIC
mepornpustus [78].

OOGecrnieueHre OXpaHbl 3J0POBbSI W YCIOBUU TpyJia, COOTBETCTBYIOIIMX
TpeboBaHUSIM 0€30MaCHOCTH, N310KeHBI B CTaThe 37 [79] 1 ABAAIOTCS HE3BIOIEMBIMU
npaBamu rpaxaad. Ha ocHoBanuu Konctutyuuun P® OGasupyercs psiag 3aKOHOB U
HOPMATHBHBIX aKTOB, YTOYHSIOMIUX M PACHIUPSIONIAX TOHATHE OXPaHbI M 3aIUTHI
Tpyna.

3HauYMMBIM JOKYMEHTOM siBiisieTca TpynoBoil konekc [80], oxBaTbIBaIOMIUN
BOIMIPOCHI OT TPABOBOTO BO3HUKHOBEHUSI TPYAOBBIX OTHOIICHHS, N0 JCTAIBHOTO
pacCMOTpEHHsI TPYIAOBOTO JOrOBOpA, BPEMEHM OTIbIXa U MNpodeccuoHaTbHOU
MOATOTOBKM PaOOTHHKA, OXpaHbl TPYyHAa, pa3pericHUs TPYIOBBIX CIIOPOB W T..
Cornmacao [I'maBe 35 [78] mus oOecrmedeHHsT KOHTpOJS 3a COOMIOAEHHEM Ha

NPEANPUATUIX MEP 110 OXpaHE TpyAa U 340POBbsl pAOOTHUKOB, CYILIECTBYET Pl CIIYKO
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— (emepanbHbIC U OPTraHbl UCIIOTHUTEIBHON BJIACTU CyOBEKTOB PD, a Takke opraHsbl
MECTHOTO caMoympasiieHus. ['ocyaapcTBEeHHbIA HAaA30p 32 UCIOJIHEHHEM TPYIOBOIO
3aKOHOAATENbCTBA W HHBIX HOPMATUBHBIX TNPABOBBIX AKTOB, OCYIIECTBISIOT
['enepansHblil npokypop Poccurickoit denepanuu ¥ NOAYUHEHHBIE €EMY IPOKYPOPHI B
COOTBETCTBUM C (eaepaibHbIM 3akOHOM. Kpome TOro, HEMOCpeACTBEHHO Ha
npeanpusasTan  corsiacHo  [80]  yIOJTHOMOYEHHON  OpraHu3alued  MpPOBOJUTCS
COLIMAJIbHAs OLIEHKa YCJIOBMI TpyJda. Bo3MOXHO co3naHMe Ha NpeanpusTUd
BHYTPEHHUX KOMHCCHM UJIM KOMUTETOB Ha 6a3e mpodcoro30B.

[IpaBoBoii  mokymMeHT [81]  KOHKpETHM3HpPYET  MpaBOBbIE  ACHEKThI
B3aMMOOTHOIIICHUN paboTonareneidi W pabOTHUKOB B 0OJIACTM OXpaHbl TpyJla
(rapanTuu, mnpaBa M OOA3aHHOCTH PAOOTHUKOB; OO0S3aHHOCTU padoToAATEINeH;
MIOJIHOMOYHSI OPTaHOB TOCYJApPCTBEHHOM BJIACTH B O0JACTH OXpaHbl TpyAa W T.1.).
Cratbsa 8 [81] rimacur, uto paboyee MECTO JIOJDKHO COOTBETCTBOBATH TPEOOBAHUSIM
OXpaHbl TpyJla W OBITh 3AIMIIEHHBIM OT BIMAHUS BPEIHbIX U (WJIM) OMACHBIX
IIPOU3BOICTBEHHBIX (PAKTOPOB U €€ OpraHru3alus JOJKHA COOTBETCTBOBATH IIPABOBBIM
HOPMaM, a TaKXe aHTPOIIOMETPUUYECKUM, COIHAIbHBIM, NICUXO(PU3UUECKUM JTaHHBIM
pabotHuka. Kpome Toro, paboTHUK I0KEH ObITh TPOUH(POPMUPOBAH 00 YCIOBUSIX U
OXpaHe Tpy/a Ha pabo4yeM MecTe, O CYIIECTBYIOLIEM PUCKE MOBPEXKICHUS 37J0POBbs, a
TaK)K€ 0 MEepax 10 3alIUTE OT BO3AECHCTBUS BPEIHBIX JIA ONTACHBIX IPOU3BOICTBEHHBIX
daxTopos [82].

CoxpaHeHue KU3Hb U 3/J0pPOBbSl paOOTHUKA SABIISETCS IPUOPUTETHOM 3a1a4eil.
J171s1 €€ BBINONIHEHMS TPU MOCTYIJIEHUU Ha pabOTy MPOBOAUTCS MEIOCMOTP, C LIEIbIO
IIPOBEPKH 370POBbs KaHAMIaTa HA cOOTBEeTCTBUE. B cooTBercTBHM ¢ [IpunoxkeHnem
N1 pgaHHOTO JOKYMEHTA, ISl BBISBICHUS BO3JICUCTBUS BpEAHBIX (HAKTOPOB U
BEPOSITHOCTH Pa3BUTHUSL MPOPECCUOHAIBHBIX 3a00JIEBaHUM, MPOBOASATCS IJIAHOBBIC
MEAOCMOTPHI C y4aCTHEM Bpayeil v MPOBEICHUEM JIA0OPATOPHBIX MCCIIEAOBAaHUH.

HemanoBaxHo pa3BuTHE HOpPMATHBHOW 0a3bl oxpaHbsl Tpyna B PO u B
MEXIYHApOIHOM Kitoue. Tak HOKyMEHT [82] SBIAETCA MEXKroCyJapCTBEHHBIM

CTaHdapTOM, U COACPKHUT IIPAKTHUYCCKHC PCKOMCHIAAIWH, IMPCAHASHAYCHHBIC IJIA
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HCIIOJIb30BaHUs BCEMH, HAd KOT'O BO3JIOKCHA OTBECTCTBCHHOCTD 3a YIIPABJICHHUC oxpaHoﬁ

TpyJa.

5.4.2 Oprann3aumoHHble MEPONIPUATHA NMPU KOMIIOHOBKe padoyeii 30HbI

Kaxnpii rpaxknannH PO mMeeT nmpaBo Ha Tpy[ B YCIOBHSX, OTBEYAIOIINX
TpeOOoBaHMsIM 0€30IaCHOCTH U TUTHEHBI, U Ha OXpaHy 310poBbs [79].

YaobHas mo3a W cBOOOJA TPYNOBBIM JBMXKEHHMSIM 00€CIIEUMBACTCS
IIPaBUJIBHBIM PACIIONIOKEHUEM U KOMIIOHOBKOW pabouero mecta. Kpome atoro, mpu
UCIOJIb30BaHUU  00OPYAOBAaHUSA, OTBEYAIOIIETO TPEOOBAHUAM DJPrOHOMHUKU U
MH)XCHEPHOW IICHXOJIOTMH, TPYIAOBOM Ipoliecc CTaHOBUTCH  3(pPexTuBHEH,
YMEHBIIAETCS YTOMJISIEMOCTh M TPEJOTBPAIIAETCS OMNACHOCTh BO3HUKHOBEHUS
npodeCCHOHANIBHBIX 3a00JICBaHUM.

[Ipy HempaBUIBHOM TMOJOKEHUE Tejla COTPYJHHMKAa Ha pabodyeM MecTe
BO3HHMKAET OBICTpasl CTAaTUYECKasl YCTaJOCTh, CHMXKAETCS KAayeCTBO U CKOPOCTh
BBITNOJIHAEMON paboThl, peaklys Ha ONacHOCTh. B kauecTBe onTUMalIbHON paboueit
103bl MPUHUMAETCS 1103a, IPU KOTOPOM PaOOTHUK HE HAKIIOHSETCA BIEPEN CBBIIIE
10...15°.

[Tpu pabote, yBelIMYUBAETCS Harpy3ka Ha MBIIIIBI HUKHUX KOHEUHOCTEH, U,
TEM CaMbIM, IPOUCXOJUT yBEIWYECHUE sHepro3arpar Ha 6...10 % 1mo cpaBHEHMIO C
cuasguuM nojoxxkenuem. Ho npu padote cujsi, MOTyT BO3HUKHYTh 3aCTOMHBIE SIBJICHUS
B OpraHax Ta3a, 3aTpyJHCHHE padOThl OPraHOB KpoBoOOpareHus u apixanus [83].

Taxxe, s BepHOM opraHu3aluM Ipolecca, HEOOXOAWMO YUYUTHIBATH
NCUXO(PU3NOIOTHIECKHE OCOOEHHOCTH YeI0BEKa.

CymiectBeHHOE BiMsIHUE Ha 3(PQGEKTUBHOCTh pabOTHl OMEpaTopa OKA3bIBAET
IPaBWJIbHBIN BBIOOp THIA U pa3MelleHne MyIbTOB yIpaBieHus npouecca. [Ipu stom
HEOOXOJMMO YYUTHIBATh, YTO B TOPHU3OHTAIILHOM IUIOCKOCTH 30Ha o0030pa 0e3
MOBOPOTA rojIoBhI cocTarisieT 120°, ¢ moBopoToM — 225°; oNTUMAaNIBHBIN YroJ1 0030pa

M0 TOPU3OHTAIN 0e3 moBopoTa rojoBbl — 30—40° (momyctumbiii 60°), ¢ TOBOPOTOM —
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130°. JomycTumblii yroia o030pa MO TOPU3OHTAIM OCHU 3peHus cocrtasisieT 130°,
ontuMaibHbIH — 30° BBepx u 40° BHU3 [83].

Pacnionoxkenue mnpuOOpPHBIX TaHENEeH JOJKHO OBITh TaKOBBIM, YTOOBI
IJIOCKOCTH JIMIEBBIX YAaCTe MHAMKATOPOB HAXOJWJIMCH NEPNEHAUKYJSIPHO JIMHHUIM
B30pa oOIepaTopa, a HEOOXOJUMBbIE OPTaHbl YIPaBICHUS HAXOIWINCh B Ipenaenax
nocsiraeMoctd. HaumbOosiee BaKHbIE OpraHbl YIpaBl€HUs CJeAyeT pacroJiaraTh
CIEpENIH U CIIpaBa OT OIepaTopa.

JIJist Tydiero OT/iAWYUsl OPTaHOB YIPABJICHUS, OHU JIOJDKHBI UMETh Pa3HYIO
dbopMy U pa3mep, a TakKe OBITH OKpAIIICHBI B pa3HbIC I[BETA TUOO UMETh MAPKUPOBKY.
Jnst OpICTpOro ympaBieHUsI pblyaramu, HeoOXOAUMO, YTOObI OHU MMEIH PYKOSITKU
pa3aM4HONl (OpPMBI, YTO IO3BOJISIET YHPABIATH IPOLIECCOM, HE OTpPbIBas IJa3 OT

paboTHI.
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INTRODUCTION

Oil producer material is superfine emulsion of water drops, suspended in the
oil. The main characteristics of water-in-oil emulsions depending on oil field,
particularly, is a volume of water phase and saturation of the water by dissolved salts.
In addition, an oil emulsion contains mechanical impurities, hydrogen sulfide, iron
sulfide, fragments of formation, and other admixtures in some concentrations.

Mined emulsion has a property to grow old fast (within hours), that is exhibited
in forming of so-called “reserving” mantles on the water drops, which rise emulsion
stability to disintegration manifold. It is obvious, that in such a state it is impossible to
refer the well production to the refinement (fast corrosion of devices and utility lines,
poisoning of extremely expensive catalysts, impossibility of production qualitative oil
productions etc.), as well as pipe (high viscosity of emulsion in comparison with
anhydrous oil, expenses on ballast transit, big heat capacity when heating). Therefore,
necessary oil treating stage to its refinement foregoes ingress of oil to Petroleum
refinery. While increasing quantity of oil fields transferring to the late development
stages (characterized by a high water cut and mineralizing of well production as well
as wide involving overweight carboxylic oils in a field development), oil treating
problem gets sharper and more actual. Because of forming extremely high stable
emulsions, which is more serious in comparison with the quality specifications of
separator oil becomes tough.

The problem of effective primary oil treating has become more important for
the last 10 years, because of the gradual depletion of oil reserves. It is noted that the oil
from such depleted oil fields has high water and salt content. These characteristics of
water-in-oil emulsions can influence the quality of oil products, besides it can damage
pipe-lines and equipment. The development and application of new methods of oil
treatment can solve the problem.
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Emulsions

An emulsion is a heterogeneous liquid system consisting of two immiscible
liquids with one of the liquids intimately dispersed in the form of droplets in the second
liquid. An emulsion is distinguished from a simple dispersion of one liquid in another
by the fact that, in an emulsion, the probability of coalescence of droplets on contact
with one another is greatly reduced because of the presence of an emulsifier, which
inhibits coalescence. Such inhibition is not present in dispersion.

The stability of the emulsion is controlled by the type and amount of surface-
active agents and/or finely divided solids, which commonly act as emulsifying agents
or emulsifiers.

The matrix of an emulsion called the external or continuous phase. The portion
of the emulsion that is in the form of small droplets is called the internal, dispersed, or
discontinuous phase. The emulsions considered in this work consist of crude oil and
water or brine produced with it.

In most emulsions of crude oil and water, the water is finely dispersed in the
oil. The spherical form of the water globules is a result of interfacial tension (IFT),
which compels them to present the smallest possible surface area to the oil. This is a
water-in-oil emulsion and is referred to as a "normal” emulsion. The oil can be
dispersed in the water to form an oil-in-water emulsion, which is referred to as an
"Inverse" or "reverse" emulsion.

Emulsions are sometimes interrelated in a more complex form. The emulsion
may be either water-in-oil or oil-in-water to begin with, but additional agitation may
cause it to become multistage. If it is a water-in-oil emulsion initially, a water-in-oil-
in-water emulsion can be formed if a small volume of the original water-in-oil
emulsion is enveloped in a film of water. It is also possible to form multistage
emulsions in an oil continuous phase. Multistage emulsions usually add appreciably to
the problem of separating the emulsion into oil and water. The more violent the

agitation, the more likely multistage emulsions are to form.
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How Crude Oil Emulsions Form

The three conditions necessary for the formation of an emulsion are:

1) the two liquids forming the emulsion must be immiscible;

2) there must be sufficient agitation to disperse one liquid as droplets in the

other;

3) there must be an emulsifying agent present.

Crude oil and water are immiscible. If gently poured into the same container,
they will quickly separate. If the oil and water are violently agitated, small drops of
water will be dispersed in the continuous oil phase and small drops of oil will be
dispersed in the continuous water phase. If left undisturbed, the oil and water will
quickly separate into layers of oil and water. If any emulsion is formed, it will be
between the oil above and the water below.

When considering crude oil emulsions, water-in-oil emulsions are usually
concerned because most emulsions are this type. Oil-in-water emulsions are
encountered in some heavy oil production. Oil-in-water emulsions are generally
resolved in the same way as water-in-oil emulsions, except electrostatic treaters cannot
be used on oil-in-water emulsions.

The agitation necessary to form an emulsion may result from any one or a
combination of several sources:

1) the bottom hole pump

2) flow through the tubing, wellhead, manifold, or flow lines

3) the surface transfer pump

4) pressure drop through chokes, valves, or other surface equipment.

The greater the amount of agitation, the smaller the droplets of water dispersed
in the oil. Studies of water-in-oil emulsions have shown that water droplets are of
widely varying sizes, ranging from less than 1 to about 1,000 um. Emulsions that have
smaller droplets of water are usually more stable and difficult to treat than those that

have larger droplets.
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Crude oils vary widely in their emulsifying tendencies. Some may form very
stable emulsions that are difficult to separate, while others may not emulsify or may
form a loose emulsion that will separate quickly. The presence, amount, and nature of
an emulsifying agent determine whether an emulsion will be formed and the stability
of that emulsion. If the crude oil and water contain no emulsifying agent, the oil and
water may form a dispersion that will separate quickly because of rapid coalescence of
the dispersed droplets. On the other hand, if an emulsifying agent is present in the crude
oil, a very stable emulsion can be formed.

If an emulsion is not treated, a certain amount of water will separate from the
oil by natural coalescence and settling because of the difference in density of oil and
water. Unless some form of treatment is used to accomplish complete separation,
however, there probably will be a small percentage of water left in the oil even after
extended settling. The water that remains in the oil will be in minute droplets that have
extremely slow settling velocities. They will be widely dispersed so that there will be

little chance for them to collide, coalesce into larger droplets, and settle.

Emulsifying Agents

Emulsifying agents are surface-active compounds that attach to the water-drop
surface and lower the oil/water IFT. When energy is added to the mixture by agitation,
the dispersed-phase droplets are broken into smaller droplets. The lower the IFT, the
smaller the energy input required for emulsification — i.e., with a given amount of
agitation, smaller droplets will form.

There are many theories on the nature of emulsifying agents in crude oil
emulsions. Some emulsifiers are thought to be asphalt in oil and are strongly attracted
to the water. They are barely soluble in oil and are strongly attracted to the water. They
come out of solution and attach themselves to the droplets of water as these droplets
are dispersed in the oil. They form thick films that surround the water droplets and
prevent the surfaces of the water droplets from contacting, thus preventing coalescence

when the droplets collide. Oil-wet solids-such as sand, silt, shale particles, crystallized
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paraffin, iron, zinc, aluminum sulfate, calcium carbonate, iron sulfide, and similar
materials that collect at the oil/water interface can act as emulsifiers.

Most but not all crude oil emulsions are dynamic and transitory. The interfacial
energy per unit of area in petroleum emulsions is rather high compared with familiar
industrial emulsions. They are therefore thermodynamically unstable in the sense that
if the dispersed water coalesced and separated, the total free energy would decrease.
Only the presence of an emulsifier film introduces an energy barrier that prevents the
“breaking” or separation process from proceeding.

The characteristics of an emulsion change continually from the time of
formation to the instant of complete resolution. This occurs because there are numerous
types of adsorbable materials in given oil. Also, the adsorption rate of the emulsion and
permanence of location at the interface may vary as the fluid flows through the process.
Furthermore, the emulsion characteristics are changed as the liquid is subjected to

changes in temperature, pressure, and degree of agitation.

Effect of Emulsion on Viscosity of Fluids
Emulsions are always more viscous than the clean oil contained in the
emulsion. The ratio of the viscosity of an emulsion to the viscosity of the clean crude

oil in oilfield emulsions depends on the shear rate to which it has been subjected.

Prevention of Emulsions

If all water can be excluded from the oil, it is produced and/or if all agitation of
well fluids can be prevented, no emulsion will form. Exclusion of water in some wells
is difficult or impossible, and the prevention of agitation is almost impossible.
Therefore, production of emulsion from many wells must be expected. In some
instances, however, emulsification is increased by poor operating practices.

Operating practices that include the production of excess water as a result of
poor cementing or reservoir management can increase emulsion-treating problems. In

addition, a process design that subjects the oil/water mixture to excess turbulence can
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result in greater treating problems. Unnecessary turbulence can be caused by over-
pumping and poor maintenance of plunger and valves in rod-pumped wells, use of
more gas-lift gas than is needed, and pumping the fluid where gravity flow could be
used. Some operators use progressive cavity pumps as opposed to reciprocating, gear,
or centrifugal pumps to minimize turbulence. Others have found that some centrifugal
pumps can actually cause coalescence if they are installed in the process without a
downstream throttling valve. Wherever possible, pressure drop through chokes and

control valves should be minimized before oil/water separation.

Methods Used in Treating Crude Oil Emulsions
Three basic steps usually are required to separate a crude-oil/water emulsion
into bulk phases of oil and water.

Step | — Destabilization. An emulsion is destabilized by counteracting the

stabilizing effect of the emulsifier. The tough skin or film surrounding the dispersed
water droplets must be weakened and broken. This is usually accomplished by adding
heat and/or a properly selected, interfacially active chemical compound to the
emulsion.

Step 2 — Coalescence. After the films encasing the dispersed droplets are

broken, the dispersed droplets must coalesce into drops large enough to settle out of
the continuous phase of oil. This usually is accomplished by imposing a period of
moderate agitation or by subjecting the destabilized emulsion to an alternating electric
field. This will increase the dispersed droplets contacting rate. Thus coalescence will
increase, resulting in larger droplets.

Step 3 — Gravity Separation. A quiet period of settling must be provided to

allow the coalesced drops to settle out of the oil because of the difference in density
between the water and oil. This is accomplished by providing a sufficient residence
time and a favorable flow pattern in a tank or vessel that will allow the coalesced drops

of water to separate from the oil.
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Another way of stating the general emulsion-treating procedure is that to

resolve a crude-oil/water emulsion into bulk oil and water, three things must be done:

1) to increase the probability of coalescence of dispersed water droplets on
contact

2) to make the rate of contact of dispersed water droplets high without creating

high shear forces

3) allow the liquids to settle quietly so that they can separate into bulk phases

of oil and water.

All the incidental variables, such as selection of proper chemical, rate of
chemical injection, treating temperature and pressure, oil and emulsion viscosity, flow
rate, vessel design, vessel size, and fluid levels, are controlled to execute these three
steps in the quickest and most economical manner.

An emulsion-treating unit or system will use one or more of the further
presented methods to aid in destabilizing, coalescence, and/or settling. In this paper
methods with using electrostatic field to coalescence and necessarily preceding to
them, methods of chemical and heating destabilization will be discussed.

Destabilization Coalescence Gravity Separation

e Chemical o Agitation

Gravity settling

e Heating o Coalescing plates Heating

o Electric field Centrifugation
o Water washing

o Filtering

o Fibrous packing

o Heating

. Retention time

J Centrifugation
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Chemical Demulsifiers

Certain chemical compounds are widely used to destabilize and to assist in
coalescence of crude oil emulsions. These are referred to as dehydration chemicals or
demulsifiers. This treatment method is popular because the chemicals are easily applied
to the emulsion, usually are reasonable in cost, and usually minimize the amount of
heat and settling time required.

The chemical counteracts the emulsifying agent, allowing the dispersed
droplets of the emulsion to coalesce into larger drops and settle out of the matrix. For
demulsifiers to work, they must:

1) be injected into the emulsion

2) intimately mix with the emulsion and migrate to all of the protective films

surrounding all of the dispersed droplets

3) displace or nullify the effect of the emulsifying agent at the interface.

A period of continued moderate agitation of the treated emulsion to produce
contact between and coalescence of the dispersed droplets and a quiet settling period
must exist to allow separation of the oil and water.

Four actions are required of a chemical demulsifier:

Strong attraction to the oil/water interface. The demulsifier must have ability
to migrate rapidly through the oil phase to reach the droplet interface where it must
counteract the emulsifying agent.

Flocculation. The demulsifier must have an attraction for water droplets with a
similar charge and bring them together. In this way, large clusters of water droplets
gather, which look like bunches of fish eggs under a microscope.

Coalescence. After flocculation, the emulsifier film is still continuous. If the
emulsifier is weak, the flocculation force may be enough to cause coalescence. This is
not true in most cases, and the demulsifier must therefore neutralize emulsifier and
promote rupture of the droplet interface film. This allows coalescence to occur. With
the emulsion in a flocculated condition, the film rupture results in growth of water drop

size.
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Solids Wetting. Iron sulfides, clays, and drilling muds can be made water-wet,
causing them to leave the interface and be diffused into the water droplets. Paraffins
and asphaltenes can be dissolved or altered by the demulsifier to make their films less
viscous, or they can be made oil-wet so that they will be dispersed in the oil.

Heating

The use of heat in treating crude oil emulsions has four basic benefits:

1) Heat reduces the viscosity of the oil, resulting in a greater force during
collision of the water droplets. In addition, the reduced oil viscosity allows the water

droplets to settle more rapidly through the less viscous oil.

2) Heat increases the droplets molecular movement. This aids in coalescence
through increased collision frequency of the dispersed-phase droplets.

3) Heat may deactivate the emulsifier (e.g., dissolving paraffin crystals) or it
can enhance the action of treating chemicals, causing the chemical to work faster and
more thoroughly to break the film surrounding the droplets of the dispersed phase of
the emulsion.

4) Heat may also increase the difference in density between the oil and the
water, thus accelerating settling. In general, at temperatures below 180°F, the addition
of heat will increase the difference in density. Most light oils are treated below 180°F;
thus, the effect of heat on gravity is beneficial. For heavy crudes (below 20°API),
which are normally treated above 180°F, heat may have a negative effect on difference
in density. In special cases, increased heat may cause the density of water to be less
than that of oil.

Electro coalescence
The small water drops dispersed in the crude oil can be coalesced by subjecting
the water-in-oil emulsion to a high-voltage electrical field. When a nonconductive
liquid (oil) containing a dispersed conductive liquid (water) is subjected to an
electrostatic field, the conductive particles or droplets are caused to combine by one of

three physical phenomena.
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1)

2)

3)

The water droplets become polarized and tend to align themselves with the
lines of electric force. In so doing, the positive and negative poles of the
droplets are brought adjacent to each other. Electrical attraction brings the
droplets together and causes them to coalesce.

The water droplets are attracted to an electrode because of an induced
electric charge. In an AC field, because of inertia, small droplets vibrate at
a greater distance than larger droplets, promoting coalescence. In a DC
field, the droplets tend to collect on the electrodes, forming larger and larger
droplets until eventually they settle by gravity.

The electric field tends to distort and thus to weaken the film of emulsifier
surrounding the water droplets. Water droplets dispersed in oil subjected to
a sinusoidal alternating-current field will be elongated along the lines of
force as voltage rises during the first half-cycle. As they are relaxed during
the low-voltage portion, the surface tension pulls the droplets back toward
spherical shape. The same effect is obtained in the next half of the
alternating cycle. The weakened film is thus more easily broken when

droplets collide.

Whatever the actual mechanism, the electrical field causes the droplets to move

about rapidly in random directions, which increases the chances of collision with other

droplets. When droplets collide with the proper velocity, coalescence occurs.

If the quantity of water in the oil is large, there is a tendency for the formation

of a chain of charged water particles, which may form links between the two electrodes,
causing short-circuiting. This is referred to as “chaining” and has been observed in
emulsions containing 4% or less water. The short-circuit releases a burst of electrical
energy that immediately causes this chain of water particles to become steam. The
resulting explosions sound like popping popcorn. If chaining occurs, the voltage
gradient is too large (i.e., the electrical grids of the electrostatic treater are too close

together or the voltage is too high) for the amount of water being handled. Small
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amounts of gas breaking out of solution may also create sufficient turbulence and

impede the coalescing process.

Electrostatic fields

Desalting is simply the washing of crude oil with fresh water to remove soluble
salts. Although several ancillary benefits such as reduction of suspended solids in the
oil and phenols in the wash water may be obtained, the primary objective is salt
removal. Changes in the oil production and refining industries in recent years have
made the desalting process more difficult and yet much more critical to the success of
downstream operations. These changes include the use of flash dehydration in some
production fields, chemical stimulation of oil reservoirs, the production of lower
quality crude oils, and the employment of more complex processes utilizing salt-
sensitive catalyst systems in the refineries.

Although the desalting process consists of three primary steps — injection of
wash water, contact between the wash water and the soluble salts, and separation of the
aqueous phase — most of the installed hardware is involved in the phase separation step.
Phase separation can again be divided into three steps— coagulation (destabilizing the
dispersion), flocculation (drop growth), and sedimentation of the enlarged dispersed
drops. Coagulation results when the chemical environment of the dispersion is
favorable for its progress; although this is a fascinating subject, it will not be further
discussed here. Flocculation may be accomplished by chemical forces, physical forces,
or the two in combination. Chemical flocculation is the most common means of water
treatment, but the usual sludge by-products render it undesirable for oil processing. The
flocculation tool of choice in desalting applications has been the electrostatic field, and
it is the development of this technique, which will be addressed here. The final step,
sedimentation, is a function of the fluid flow regime within the process vessel. This is
another interesting subject, which will not be pursued in this discussion.

The beneficial effects of electrostatic fields upon separation rates of two-phase

dispersions were noted at the turn of the century. The early investigators worked with
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both AC (alternating current) and DC (direct current) fields for the removal of
particulates in gas streams and found definite advantages in the use of DC fields in
these applications; however, when they turned their attention to two-phase liquid
dispersions, DC fields were quickly abandoned because of corrosion produced by
sustained unidirectional electrical currents. In an AC field, the rapid reversal of the
current causes the chemical reaction to be reversed before the corrosion products can
be removed from the reaction site by diffusion; therefore, no net corrosion is observed.
Corrosion considerations have limited the application of pure DC fields to niches where
the continuous phase consists of low conductivity, refined products rather than crude

oils.

AC

The attractive force produces coalescence of water drops in an AC field. It is
important to note that the attractive force is due only to the dipolar separation of charges
within each drop and that no net charge exists on any of the drops. Consideration of
this equation helps elucidate the strengths and weaknesses of the AC electrostatic field.
The large exponents show that drop size and interdrop distance have the most
significant effects on the attractive force. Therefore, large drops which are relatively
close together are the most likely to be coalesced by the field. The AC field is most
effective at the two points in the desalter where large drops exist in close proximity;
namely, the inlet dispersion with its high water content, and the water-rich dispersion
at the oil/water interface. Its efficacy in reduction of residual water in the effluent oil
is much reduced since the water drops in this area are small and widely separated. It
should be noted that the magnitude of the attractive force could also be increased by
an increase in field gradient; however, the beneficial aspects of this strategy are limited
by electrostatically induced instability of the drops at high field gradients.

Alternating current fields possess a high level of water tolerance. As drops align
in an electrostatic field, it becomes much easier for an arc path to develop by

progressing from drop to drop in a “daisy chain” effect. Such arcing immediately
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discharges the electrostatic field and can seriously degrade performance. Because of
the rapid reversals of field direction in an AC field, such arcs are quenched at each
reversal allowing chances for the process to “heal” the arc path as larger drops settle
out of the arc zone.

Crude oil intimately mixed with the dilution (wash) water is introduced into the
desalter vessel near the oil/water interface. The electrostatic field acts upon the
dispersed water coalescing it into drops which are large enough to settle out of the oil
stream. The oil with its residual water then enters the electrode zone where the
increased field gradient furthers the coalescence process. The rapid reversal of the field
direction precludes electrostatically induced drop migration; therefore, for coalescence
to occur, the drops must be brought into proximity by diffusion or flow mechanisms.
Indeed, most of the improvements in AC desalting over the years have involved
schemes to lengthen the retention time of the oil within the electrode zone. This has
been done by increasing the number of charged electrodes from one to two or three,
use of vertically hung plate electrodes, and modifying the flow path to achieve
horizontal flow between the electrodes. All of these configurations provide enhanced
performance, but none of them address the fundamental problems related to

coalescence of small, widely spaced drops.

DC

Direct current fields produce drop polarization and alignment in the same
manner as AC fields; however, their sustained unidirectional nature also produces drop
migration allowing the electrostatic field to enhance the coalescence of the small,
widely spaced drops. Additionally, drops in a DC field can acquire electrostatic charges
as they closely approach the electrodes. These net charges greatly increase the
electrostatic forces experienced by the drops, thereby promoting coalescence.
Unfortunately, these benefits were previously unavailable for crude oil desalting

because of corrosion considerations.
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AC/DC

The electrical connection method allows the production of an AC field in the
zone beneath the electrodes while a DC field is produced between adjacent electrodes.
The positive and negative electrodes are charged on alternate half-cycles of the line
voltage, yet are never powered by the transformer at the same time. Direct current
discharge is therefore limited to the capacitively stored charge on the electrodes while
the electrode array presents an AC field to the shell of the vessel, which militates
against corrosion. Such an arrangement utilizes the water tolerance of the AC field as
well as its effectiveness in treating the water-rich zones at the inlet and the oil/water
interface, and utilizes the drop migration and drop charging abilities of the DC field to

achieve maximum water removal.

Pulsed AC/DC

Most conventional electrostatic oil dehydration systems achieve protection of
the electrical power supply by use of 100% reactance transformers. An internal reactor
produces a voltage drop in series with the primary winding of the transformer, which
limits the power to the transformer windings. Although this scheme provides excellent
protection, it also limits the utility of the electrical system in times of process upset.
An alternate scheme uses an electronic controller to sense the load being drawn and to
adjust the power to the transformer by using silicon controlled rectifiers (SCRs) to
switch the power on and off rapidly so that very short bursts of high power are
interspersed with “off” periods.(4) The transformer is thus maintained within its heat
dissipation rating. This controller differs in action from a 100% reactor in that power
is reduced because of time rather than by limitation of maximum voltage. Short bursts
of high intensity energy are applied to the emulsion with duration of the pulses limited
to maintain an average power output within the rating of the transformer. Recent
research has shown that much of the coalescing action of an electric field occurs during
the rapid change of voltage with time (high dV/dt) during an electrical pulse. Therefore,
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much of the coalescing ability of the electric field is preserved during this pulsing

action and enhanced by its ability to sustain the maximum voltage.

Electrostatic Coalescing Treaters

Electrostatic treating can be used in either vertical or horizontal emulsion
treaters by including electrical grids in the settling or coalescing sections. Figs. A.1
show how grids can be installed in the horizontal treaters.

Two grids of electrodes typically are installed in electrostatic emulsion treaters.
One is wired to a source of electric current and the other is grounded. The emulsion
flows between these electrodes, which are charged with a very high voltage. The
electrodes are installed in the vessel to provide a final stage of coalescence to the
emulsion after it has already been treated to near pipeline quality. In the design of Fig.
A.1, the up flowing oil passes the “hot” electric grid, which is usually steel or stainless
steel rods or bars spaced 4 to 6 in. apart.
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Figure A.1 - Typical horizontal electrostatic emulsion treater with vertical
flow
This grid is stationary and hangs from multiple electric insulators. AC current
Is wired to this grid from an external single-phase transformer. The "cold" electric grid
is mounted directly above the hot grid and is adjustable from 2.5 to 12 inches. from the
"hot" grid. The normal operating spacing between the two grids is usually from 4 to 6

inches.
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Coalescing takes place between the oil/water interface and the hot grid, as well
as between and above the grids. The oil continues vertically to the outlet collector pipe
with small calibrated holes in the top of the pipe to ensure uniform distribution. The
electric section has no oil/gas interface. All gas must be removed of the heating section.

The greater the voltage gradient, the greater the forces causing coalescence.
Experimental data show, however, that at some voltage gradient the water droplets can
be pulled apart and a lighter emulsion can result. For this reason, electrostatic treaters
are normally equipped with a mechanism for adjusting the voltage gradient in the field

so that the optimum can be obtained.

CONCLUSION

Experimental and field data have shown that the most effective method for
primary oil treatment is the methods, which combine chemical treating of the water-
in-oil emulsions with the use of an electric field. The investigations which compare
and evaluate optimal combinations of chemical demulsifiers considering the effect of
different types of electric fields are of great importance. The DC (direct current) field
nowadays is not used for desalting process because of corrosion of equipment produced
by sustained unidirectional electrical currents. The AC (alternative current) field is
widely employed by the oil producer. Its efficacy in reduction of residual water in the
effluent oil is much reduced since the water drops are small and widely separated. It
should be noted that the magnitude of the attractive force could also be increased by
an increase in field gradient; however, the beneficial aspects of this strategy are limited
by electrostatically induced instability of the drops at high field gradients. Finally, the
pulsed AC/DC field is the most promising, but now only experimental data are

obtained, and no field studies have been performed.

131



