MunucrepcrBo o0pa3oBanusi 1 Hayku Poccuiickoii @enepannu
(benepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTEJIbHOE yUPEkKAECHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIBHBIN UCCJIEJJOBATEJbCKHUI
TOMCKHWH NOJUTEXHUYECKUI YHUBEPCUTET»

[Hkona UnxxeHepHas 11koJia IPUPOJIHBIX PECYPCOB

Hampasnenue moarorosku 18.04.02 DHepro- u pecypcocOeperaronme mpouecchl B XUMHUIECKON
TEXHOJOTUH, HeQTeXUMHUH U OMOTEXHOIOTHH

Otnenenue mkonsl (HOLL) xumuueckoi MHKEHEpUH

MATUCTEPCKASA JTMCCEPTALIUSA

Tema paboTsl

MogenupoBaHue npolecca KarieoOpa3oBaHus IpU IPOMBICIOBOM MOArOTOBKE HEPTH

VK 622.276.8; 532.529.6-047.58

CryneHt
I'pynna [g7(0] Ioanucp Jarta
2KM61 Edumona Enena I'ennanpeBHa
PykoBoaurens
JloKHOCTH (0115 (0] Yuenas cTeneHs, Moanucey JlaTa
3BaHHUE
JlomeHT Moiizec Ombra K.T.H
EdumoBHa JIOLIEHT
KOHCYJIbTAHTHDI:
I[To pazneny «@UHAHCOBBIN MEHEIKMEHT, pecypcod(HEKTUBHOCTL U PECypcocOEpeKeHUE)
JomKHOCTD (1% (0] Yuenas creneHb, Moanucey Jara
3BaHUE
JloueHT Kpununeiaa 3o4 K.T.H
BacunnbeBHa JTOIIEHT
o pazpeny «CounasibHasi OTBETCTBEHHOCTbY
JlokHOCTH (1% (0] Yuenas creneHs, Moanucey JlaTa
3BaHHUE
Accuctent Aspeea Mpuna
HMBanoBHa
JOIIYCTUTD K 3AIIINTE:
PykoBoaurenn OIl DdPUO Yuyenas creneHb, Toanucn Hara
3BaHHUE
«ITporecchl u anmaparsl Cambopckas K.T.H
XHUMHYECKOH Mapuna JOIICHT
TEXHOJIOTHUH) AmnaronneBHa

Tomck — 2018 1.
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Ilnanupyembl pe3yabTaTbl 00ydenusi no OOII

Kon PesynbTaT 00ydeHus (BBIMTYCKHUK JOJKEH OBITh TOTOB)

pe3ynbTara

Pl OcymecTBIATh KPUTHUECKHUI aHAIA3 TIPOOJIEMHBIX CUTYaITUN
Ha OCHOBE CHCTEMHOTO ITOX0Ia, BRIPa0aThIBaTh CTPATETHIO
JICVICTBHI

P2 OcymecTBIATh yIpaBiIeHUE MIPOSKTOM Ha BCEX ATArax ero
KU3HCHHOTO 1TUKJIA

P3 Opranu3oBbIBaTh U PyKOBOAUTH pabOTON KOMAaH/IbI,
BbIpa0aThIBATh KOMAaHIHYIO CTPATETUIO JIJIsl JOCTHKEHUS LIETTU

P4 [IpuMeHATH COBpeMEHHBIE KOMMYHHKATUBHBIE TEXHOJIOTHH B

TOM YHUCJIE HA UHOCTPAHHOM (-bIX) SI3BIKE (-aX) JJIst
aKaJIeMUYECKOro U Mpo(ecCHOHaTBLHOTO B3aUMOICHCTBUS

PS5 [IpoBOIMTH aHANU3 U YUYUTHIBATh Pa3HOOOpa3He KYJIbTYp B
ITPOLECCE MEKKYJIBTYPHOTO B3aUMOJICUCTBUS
P6 OnpenensTh U peaqTu30BbIBaTh IPUOPUTETHI COOCTBEHHON

ACATCIBHOCTH, p33pa6aTBIBaTB CITOCOOBI €€
COBCPIICHCTBOBAHMS HA OCHOBC CaMOOIICHKH

P7 dopMynupoBaTh, pa3padaThiBaTh U PEAIU30BLIBATH METOIbI
pElIeHUs] HayYHO-HCCIISIOBATEIbCKUX 3a/1a4, B 00J1acTh
pecypcorbHEKTUBHOCTH U MHKMHUPUHTA
HedTerazonepepadaThIBAIOIIUX U HEPTEXUMHUECKUX
IPOU3BOJICTB MPEJCTABIATH U 3alTUIIATH PE3YIbTaThl

P8 [IpoBOIUTH BCE CTAAMU NPOEKTUPOBAHMS C MCIIOIE30BAHUEM
METOJIOB MaTeMaTUYECKOTO MOJICIIMPOBAHNS, KOMMEPUYECKUX
CUMYJIATOPOB ¥ IMMAKETOB MPHUKIATHBIX MPOTPaMM, B 00J1acTH
pecypcodPpHEeKTUBHOCTH U MHXUHUPUHTA
HedTerazonepepadaThIBAIOMINX U HEPTEXUMUYECKUX
MIPOU3BOJICTB

P9 Pa3pabatbeiBaTh yueOHO-METONYECKYIO JOKYMEHTALHUIO,
CTaBUTb HOBBIE JIAOOPATOPHBIEC PAOOTHI, TPOBOIUTH
IPAKTUYECKUE 3aHATHS TI0 TeMe, PecypcodPhHEeKTUBHOCTH U
WHXUHUPHUHTA HedTerazonepepadaThIBAIONIINUX U
HEe(DTEXUMUYECKUX TIPOU3BOJICTB

P7 dopMynHupoBaTh, pazpadaThIBaTh U PEATU30BBIBATH METO/IBI
peIIeHUsT HAyYHO-HUCCIIeIOBATENIbCKHX 3a71ad, B 0071acTh
pecypcodPpHEeKTUBHOCTH U MHXUHUPUHTA
HedTerazonepepadaThIBAIOIIUX U HEPTEXUMUIECKUX
IPOU3BOJICTB MPECTABJIAThH M 3alTUIIATh PE3YIbTaThI




MunucrepcrBo o0pa3oBanusi 1 Hayku Poccuiickoii @enepannu
denepanbHOE rocy1apCTBEHHOE ABTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHHE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJBCKHI
TOMCKHWH NOJUTEXHUYECKUI YHUBEPCUTET»

[IIxona UHkeHepHad IIKOJIa IPUPOIHEIX PECYPCOB

HampaBnenne mnoaroroBku (cmemuanpHOcTh) 18.04.02 DHepro- u pecypcocbeperaronime
IPOIIECChI XMMHUYECKON TEXHOJIOTHUU, HEPTEXUMUU ¥ OUOTEXHOJIOTUU

Otnenenne mkoibl (HOLL) xuMuyeckoi HHKEHEPUH

YTBEPXAIO:

PykoBogutens OIT

Cambopckas M.A.
(IMoamnucek) (Hata) (®.1.0.)

3AJTAHUE

HA BBINOJHEHNE BBIITYCKHON KBATH(PUKAIMOHHON padoThI

B dopwme:

Marucrepckoit ruccepTanuu

Crygnenry:

(OakanaBpcKOit pabOThI, AUIIIOMHOTO IIPOEKTa/PaboThl, MATUCTEPCKOM AUCCEPTALIUM)

I'pynna

ouo

2KM61

Edumooii Enene 'ennagpeBue

Tema paboThI:

MopenupoBaHue mporecca Kamieoopa3oBaHus
IPY IPOMBICIIOBOW TIOJTOTOBKE HEPTH

(mara, HomED)

YTBepkaeHa npukazom aupekropa | 1631/c ot 13.03.2018 r.

BBITIOJITHEHHOU PabOTHI:

Cpoxk cnauu CTyJ€HTOM 31.05.2018r.

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie nanHbIe K padore
(HauMeHOBaHHME OOBEKTa HCCIENOBAaHUS WIH
MIPOEKTUPOBAHUS;  MPOM3BOIUTENILHOCTh  HJIM
Harpy3ka; pexuM paboThl  (HEeNpepbIBHBIH,
MEePUOANYECKUH, IIMKINIESCKHUHA U T. J1.); BUI CHIPbsI
WA MaTepHai U3eNus; TpeOOBaHUs K POIYKTY,
W3JIETINI0 WJIH TIPOIeccy; ocoOble TpeOOoBaHUS K
0COOEHHOCTSIM (hyHKIMOHMPOBAHUS
(9KcIuryaTanuu) OOBeKTa WM HM3ACNUs B IUIaHE
0C30MaCHOCTH  JKCIUTyaTallld, BIWSHUS — Ha
OKPY)XaIOLIYI0 cpeny, JHEpro3arparam;
9KOHOMHMYECKHH aHAJN3 U T. 1.).

DU3HNKO-XUMHUYECKHE XapPaKTCPUCTUKHU HC(I)TI/I;
IponeCcCbl M TEXHOJOTHUA YCTAaHOBKHU HpOMI:ICJ'IOBOfI
IIOATOTOBKU He(l)TI/I

Ilepeuennb MOAJIeKALMX
HCCJIeJOBAHMIO, TPOEKTHPOBAHUIO

1 pa3padoTKe BONPOCOB

(aHamuTHYEeCKUH  0030p IO  JHUTEpaTypHBIM
HCTOYHHUKAM C ICJIbIO BBIACHCHHA ﬂOCTl/I)KSHI/If/i
MHPOBOM HayKW TEXHHKH B paccMaTpHBaeMOH
00J1aCTH; IIOCTAHOBKA 3a7aud MCCIIEIO0BaHUS,

1. JlutepatypHsiii 0030p; Teoperuueckne OCHOBHI Mpoliecca
OTZAENEHHUs BOABI NPH MPOMBICIOBOM NOATOTOBKE HE(TH,
METOJIMKH pacyeTa AUaMeTpa Kareib BoAbl B HeTH.

2. OODBEKTH M METO/IbI HCCIICIOBAHMS;

BononedrsHast sMysbcHs, MaTeMaTHIECKOE MOJEINPOBAaHUE,
TEXHOJIOTHUECKUE PEIKUMBL.

3. Pacuersl 1 aHAINTHKA;

3




MIPOEKTHPOBAHUS, KOHCTPYHPOBAHHUS;
coJiepxKaHHe MIPOLIELYPHI HCCIeI0BaHuS,
MIPOEKTHPOBAHUS, KOHCTPYHPOBAHHUST;

00CyXIeHHEe Pe3yNbTaTOB BBIIIOJIHEHHON paboTHI;
HaUMCHOBAaHHE  JONOJHUTENBHBIX  Pa3JeloB,
MOIVIeXAMMNX ~ pa3paboTKe;  3aKIIOYEHHE 10
paborte).

3.1 OnucaHue MaTeMaTHYEeCKOM MOJIEIIH;

3.2 MeTtoauky pacdera TuamMeTpa Kareib BOJIBI;
3.3 MoaepHHu3alys IPOrpaMMBbl Pacyera;
34 Uccnenosanue BIIUSTHUS TEXHOJOTHUECKUX

[apaMeTPOB M aHAJIU3 Pe3yJIbTaToB;
4. OuUHAHCOBBII MEHEIKMEHT, pecypcod3((HeKTHBHOCTh M

pecypcocOepexeHue;

5. COHI/IaHLHaﬂ OTBCTCTBCHHOCTD,

6. 3axmroueHue.

Ilepeuenn rpaguyeckoro

MaTepuaJia
(c TOYHBIM yKa3aHHEM 00s3aTEIIbHBIX YepTEexKeil)

HUcxonueie nanurie-1 .

Metoauku pacueta kaneinp — 1 Ji;
Pe3ynbTaThl MPOBEIEHHOTO UCCIEIOBAHUS — 3 1.

(c ykazaHueM pazesioB)

KoncynbTaHThI 0 pa3aenaM BbITYCKHON KBAJIH(UKAIIMOHHOH padoThI

Paznen

KoncyabTanr

duHaHCOBBLIN MEHEIHKMEHT

Kpunuipina 3os1 BacuibeBHa, K.T.H, JOLEHT

COHI/IaHBHaﬁ OTBETCTBCHHOCTbH

AgpneeBa Mpuna MBaHoBHA, AaCCUCTEHT

WMHOCTpaHHBIN SI3bIK

CoicknHa AHHA AJIeKCaHIPOBHA, K.(DUII.H.

JdaTa BbIIaYM 3aJaHusi Ha BbINoJHeHue BbinyckHol | 12.02. 2018 r.
KBAJIN(PUKAMOHHOM padoThI 110 JUHEITHOMY IpaguKy
3aanue BbLIAJI PYKOBOUTEJIb:
JomxkHocTh D®UO Yuenas Moanucn Jara
cTeneHb,
3BaHHUE
JoueHt Moiizec Onbra EpumoBHa K.T.H., 12.02.2018
JIOLICHT
3auaﬂne HpI/IHH.]I K UCITOJTHCHHU IO CTyIleHT:
I'pynna DPUO Hoanuch Jara
2KM61 Edumona Enena I'ennanpeBHa 12.02.2018




_ BAJAHUE JUIS PA3JEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHMUE»
CryneHry:
I'pynna DPUO
2KM61 Edumona Enena ['ennanpeBHa
IIkoJa HIIIIP Otpenenne XHMMHUYeCcKO# HHKEeHEePHH
YpoBeHb Marucrparypa Hanpasiaenune/cnenmmanbrocts | 18.04.02  DHepro- wu
o0pa3oBaHus pecypcocbeperarorue
MPOLECCHl B XUMUYECKOU
TEXHOIIOTHH,
HEPTEXUMUU u
OMOTEXHOJIOTHHU

pecypcochepekeHne»:

Hcxonnbie naHHble K pasgedy «@PHHAHCOBBIM MEHEIKMEHT, pecypcod(p(PeKTHBHOCTL U

1. Croumocts pecypcoB HayuHoro uccnemoBanus (HU):
MaTepHallbHO-TEXHUYECKUX, YHEPreTHYECKUX, (PMHAHCOBBIX,
MH(OPMAIMOHHBIX M YEJIOBEYECKUX

bromxker 3atpatr HU cocraBmser 380970,3 pyodiei

2.  Hopwmbl 1 HOpMaTUBBI PaCX0OJ0BaHHUS PECYPCOB

OruncneHus: Ha CoIMalbHBIE CIayxk0bl 27,1%
coctaBisor: 34619,4 pyoGuneii.

IMepeyens BONMpoCOB, MOIJIEKANIMX HCCIET0BAHNIO, TPOEKTHPOBAHMIO N pa3padoTkKe:

1. Ouenka KOMMEPYECKOIo NIOTEHLIMAA,
NIEPCIEKTUBHOCTHU U allbTepHATUB nposeneHus HU ¢ nosunuun
pecypco3dHEeKTUBHOCTH U PeCypcocOepeIKeHHs

IlepcniektuBHocts HUP cpennss.

2. IlnanupoBaHue u (GopMHUpOBaHHE OOKETa HAYYHBIX
HCCIIETOBAHMI

CocraBieH KaJleHJIapHbIi IUIaH-rpauK NPOBEICHUS
HUP. PacruianupoBaH 010JPKET NPOEKTA.

3.  Onmnpenenenue pecypcHO#t  (pecypcocOeperaroieii),
(UHAHCOBOM, OFOKETHOW, COIMATBHON M IKOHOMHYECCKOU
3¢ (GEKTHBHOCTH UCCIICTOBAHHUS

CpaBHuTeNbHAS 3¢ GEKTHBHOCTD pa3paboTKu
cocraBuia 1,086

Hepeqeﬂb rpaquecxoro MATEPHUAJIA (c TouHbIM YKa3aHHeM 0053aTeIbHbIX YepTesKeii):

CerMeHTHpPOBAaHUE PBIHKA
Huarpamma HcukaBel

I'padux mposenenus u Oromxer HTU

Nougk~wphE

Opranu3anMoHHas CTPYKTypa MPOeKTa

OreHKa KOHKYPEHTOCTIOCOOHOCTH TEXHUUECKUX PEIICHHA
CreneHb TOTOBHOCTH HayJHOT'O MPOCKTa K KOMMEPIIHATH3AIUN

OrneHka pecypcHOHU, pHHAHCOBOW 1 SKOHOMUYECKOH apdextusHOCTH HTU

‘ JaTa BbI1auu 3a1aHusA JJIA pa3jiesia no JuHelHoMy rpaguxy ‘

3agaHue BbI/1aJ KOHCYJIbTAHT:

JloKHOCTD (1% (0] Yuenas crenens, Moanucey JlaTa
3BaHHUE
JlonieHT Kpunnisina 3os KaHIuaaT
Bacunnesna TEXHUYIECKUX
HayK
3aiaHue NPUHSJ K MCIIOJTHEHUIO CTYAEeHT:
I'pynna DO Moanmucs Jara
2KM61 Edumona Enena ['ernanpeBHa




3ATJAHWE JUUIA PA3IEJIA
«COLMAJIBHASI OTBETCTBEHHOCTb»

WHAWBUAYaIbHBIC 3aIIUTHBIEC CPE/ICTBA).
1.2. AHanu3 BBISIBICHHBIX ONACHBIX (PaKTOPOB MpH
pa3paboTKe U IKCILTyaTallud MPOSKTHPYEMOTO PEIICHHS

CryneHry:
I'pynna 1027 (0]
2KM61 Edumooii Enene 'ennanpeBne
HIkoJ1a NP Otaesienue XumMHuuyecKkou
HHKeHepPUH
YpoBenb Maructpatypa | HanpaBiaenue/cnenmaabHoctb | 18.04.02 Duepro- u
o0pa3zoBaHust pecypcocOeperatoniue
MPOLECCHI B
XUMUYECKON
TEXHOJIOTHH,
He(DTEXUMHUH U
OMOTEXHOJIOTHH
Hcxoanbie n1anHble K pazaeay «CounajabHasi 0TBETCTBEHHOCTDY |
1. XapakTepuctruka 00beKTa HccleT0BaHus (BEUIECTBO, OOBEKTOM  MCCIEIOBAHHUS  SIBIISIETCS
Matepuai, Ipudop, alrOpUTM, METOAKKA, pabouasi 30Ha) | fporiece 00€3BOKUBAHUS U
1 00J1aCTH ero IPUMEHEHUS oGecconmMBaHms HeTH.
OKcliepUMEHTallbHAasE ~ 4acThb  pabOThI
Benacb Ha IIK. PabGouee wmecto -
CTallMOHAPHOE, 00opynoBaHHOE
KoMIbloTepoM.  Pabouas  30Ha -
ayoquToOpHs, KOTOopas o0opynoBaHHas
CHCTEMaMHU OTOIICHUS,
KOHJIUIMOHUPOBAHUS BO3/yXa u
€CTECTBEHHBIM u HCKYCCTBEHHBIM
OCBEILICHUEM..
ObnacTb IPUMEHEHHUS —
HedTenepepabaTbIBaroIas
MIPOMBIIIEHHOCT.
Hepeqeﬂb BOIIPOCOB, MOMJIC/KAIUX UCCICA0BAHUIO, TIPOCKTUPOBAHUIO U paspaﬁoTKe:
1. IlpousBoacTBeHHAas1 6€30MACHOCTH 1.1 B nOpou3BOACTBEHHOW cpene W mpH
1.1. AHanu3 BBISBICHHBIX BPEIHBIX ()aKTOPOB IIPH NPUMEHCHUN uBH‘IHCHHTCHBHOﬁ TEXHUKU
pa3paboTKe U IKCILTyaTalluH IPOSKTHUPYEMOro pelieHuss | BEPOATHO  BOACHCTBHC  CICAYIOWMX  BPEAHBIX
B CJIEIYIOLIEH TI0CIIE0BATENLHOCTH: (axropos:
— (U3UKO-XUMHYECKas TIPHPOJIAa BPETHOCTH, €€ ?HC;;I,HGHHG
CBsI3b C pa3padaTbIBaeMON TEMOI; ) Z)J'ICK”,FpOMaFHI/ITHBIe WAy e HHS;
- nericTBue (hakTopa Ha OPraHU3M YEIIOBEKa; - MHKpOKIIHMAT,
- NPUBEICHUE JOIYCTUMBIX HOPM C HEOOXOAUMOM - BPEIHBIE BEIIECTBA;
Pa3MepHOCTHIO (CO CCBUTKON Ha COOTBETCTBYIOIINI - 3PHUTENBHOE HAMPSIKEHHE;
HOPMaTHUBHO-TEXHUYECKHUN JOKYMEHT); - MOHOTOHHOCTB TpyAOoBOro
- npejiaraeMble Cpe/ICTBa 3alllUTh; fiporecca,
- (cHauana KOJUIEKTHBHOM 3alIMTHI, 3aTEM — . HEPBHO-IMOLHOHATEHEIC
HepErpysKy;

1.2 Bpennsie BemecrBa. Ha ycraHoBke

. o0ecconuBaHusi " 00€3BOKUBAHUS
B CIIEYIOIIEH MOCIIeI0BATETHbHOCTH:
IIPUCYTCTBYIOT  BpEIHBIE  BEIIECTBA
- MEXaHHYECKHE OIIACHOCTH (MCTOYHHKH, CPEICTBA
SAITTEL TaKue, Kak:
- CEpOBOJIOPO,




- TEPMUYECKHE ONAaCHOCTH (MCTOUHHUKH, CPEACTBA
3aIlUTHI);

- AIEKTPOOE30MaCHOCTh (B T.4. CTATHIECKOE
AEKTPUIECTBO, MOITHUE3AIINTA — UCTOYHHKH, CPEJICTBA
3aIIUTHI);

- MOKapOB3PHIBOOE30MACHOCTD (PUYHHBI,
MpOoPUIAKTHUECKIE MEPOIIPUSATHS, IEPBUYHBIC CPEICTBA
MTOKapOTYIIEHIS).

- aMMHaK,

- OKHCB yIiepona,

- MDA,

- napbl HeQTEPOIYKTOB H T.1I.
CpencrBa 3aIUTHL: XJIOTYaTOOyMayKHBIE
KOCTIOMBI, 3aIlUTHBIE OYKH, OOTHHKU KOXKaHEIE,
nepyatky GUIbTPYIOINE IPOTHBOT a3k, KacKa.

K onacHbIM dakTopaM OTHOCATCS:

- TOPIOYECTh, B3PHIBOOIIACHOCTD U

TOKCUYHOCTH BEIIECTB NPUMEHSIEMBIX W

MOJTy4aeMbIX Ha YCTaHOBKE;

- HaJIMYUe 3JIEKTPOTEXHUYECKUX

YCTPOMCTB BHICOKOTO HAIPSDKEHHUST;

- NpeBbINICHHE TOKCHYHBIX

BEIIIECTB B BO3yXe paboyeil 30HEI.

2. JKoaoruveckasi 6e30MacHOCThb:

- 3aIuTa CenMTeOHON 30HBI

- aHaIM3 BO3/eicTBHA 00BEKTa Ha aTMOochepy
(BBIOpOCHI);

- aHaIM3 BO3eiCcTBHS 00BeKTa Ha Tuapochepy
(copochr);

- aHaJM3 BO3JCHCTBUS 00beKTa Ha TuToChepy
(oTxompl);

- pa3paboTaTh pemieHus 1Mo 00CCIICUCHHIO
AKOJIOTMYECKOM Oe3omacHocTH co cchuikamu Ha HT/] o
OXpaHe OKpYKaroUIleil cpebl.

OCHOBHBIMU 3arpsA3HUTCIAMU

aTMOC(i)CpI)I Ha IMPOU3BOACTBE ABJISIFOTCS:

- CepoBonopon;

- AMMHUax;

- Oxcup yriepona(ll);

- YrneBonoposl.

- [Mapsr HedTETPOAYKTOB
[ToBBILIEHUST ~ DKOJOTHYECKOH  GE30MacHOCTH
MOJXKHO JOCTHTHYTh IyTE€M CHHKCHHS BBIOPOCOB
BO BpEMs DKCIUTyaTaI[MH 3a CUCT HMCIIOJh30BAHUS

YIIYUYIICHHBIX q)HHLT'paL[I/IOHHLIX u
OYHUCTUTCIBbHBIX COOpy)KeHI/II\/'I, YBCJINYCHUA
CTOpaHud TOpPHOYUX KOMIIOHCHTOB, C IIOMOILIbBIO
CIICIMUATIBHBIX (I)OprHOK B TOIIOYHBIX
YCTpOﬁCTBaX, HCIIOJIb30BAHUEC napoB

He()TENPOJIYKTOB B KAuecTBE CHIPbS B IPYTUX
He()TEXHUMHYECKHX MPOLeccax;

PaboTaromuii KOMIIBIOTEP YMEHBIIAET BIAXKHOCTh
Bo3ayxa. Kommnekryromue IIK Ha 90% cocrosr
W3 XHMHKATOB, OINACHO BO3JEHCTBYIOIIMX Ha

9KOJIOTHIO. Hcnonb3oBanue MaKyJIaTypbl
TMO3BOJIACT OKOHOMUTH JIPCBECCUHY.
Bo3HukHOBEHME 4qC, TpeOyroLmx
oOcrieueHue AIIEKTPO- u
M0KapOB3PHIBOOE30MACHOCTH Ha
paboueM Mecre.

3. Be3onmacHOCTH B Ype3BbIYAMHBIX CHTYAIUSIX: [Tepeuens Bo3MoxkHBIX YC :

- nepeveHsb Bo3MOKHBIX UC 1ipu pa3paboTke u - Tmosap;

9KCIUTyaTalluy MPOSKTUPYEMOTO PEIICHNUS; - B3DBIB;

- BbI6Op Hanbonee TunmyHoH YC; - PO3JIUB  MPOAYKTOB/KOMIIOHEHTOB

- pa3paboTKa MPEeBEHTUBHBIX Mep MO TIPON3BOJICTBA;

npexynpexiaenuo YC; Just obecriedenust 0e30MaCHON IKCILTyaTAlUH

- pa3paboTKa JISHCTBHUI B pe3y/IbTaTe BO3HUKIIICH YCTAaHOBKH  NPEAyCMOTPEHa  pal[MOHAIbHAs

UC u Mep 1Mo TUKBUIAIUH €€ TOCIICICTBHIMA. TEXHOJIOTMYECKAas CXeMa C  KOMIIJIEKCHOM

aBTOMAaTH3allMell TEeXHOJIOIMYEeCKOro Ipolecca,
TMO3BOJISIIOIAsT 00ECIIEYHUTh €ro HEIPEPBIBHOCTD U
CTaOMITEHYTO paboty 000pyI0BaHMS.
IIpenycmotpeHo OTKJIIOUEHUE
JIEKTPOOOOPYIOBAHUSI CO IIMTA ONIEPaTOPHOIA.

4. HpaBOBBIe nu OpFaHI/BaHHOHHLIe BOl'lpOCLI
odecneuyeHHus 0€30IACHOCTH:

K  HOpMmaTuBHBIM  aKkTaM, peryJUpYIOIIHM
BONPOCHI OXpaHbl TpPylda, B IEPBYH OdYepenb
otHocutcss  Tpynosoil  konmexkc  Poccuiickoit
Denepanun. st obecrieuenns 6e30mMacHOCTH Ha
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BBEAEHHUE

B pesynbTaTe ANUTENbHOTO SKCIUTyaTHPOBaHUS HE(PTAHBIX MECTOPOKACHUN
OOBOJIHEHHOCTb HE(TH, MOCTYNAIOUIEH HAa CTAaJUI0 MOJATOTOBKH, 3HAYUTEIIBHO
yBennuuBaeTcsi. Kpome Toro, HoBbIIIEHHOE COAEPKaHUE B HEPTH COJIEH METAIJIOB,
MEXaHUYECKUX MpUMecei (4acTHIbl IJIMHBI, MECKa, META/VIOB W HW3BECTHSKA),
ac(aJbTeHOB M CMOJ, SBISAIOMIUXCS MPUPOJHBIMU SMYJIbraTOpaMH, Hapsay C
BBICOKON OOBOJAHEHHOCTBIO IPUBOJUT K 00pa30BaHUIO 0CO00 CTOMKUX dMYJIbCUH,
KOTOpBIE TPYAHO MOAIAIOTCS pa3iencHuIo. Mi3meHeHue coaepxaHusi B HE)TH BOJIbI
IPUBOJUT K HM3MEHEHHIO (PU3MKO-XUMUYECKUX CBOMCTB, YTO, B CBOIO OYEPE/b,
OPUBOJUT K HEOOXOJMMOCTH PEKOHCTPYHPOBAHMSI TEXHOJOTMUECKHX CXEM MU
KOPPEKTUPOBKE TEXHOJOTMYECKHX IIapaMETPOB OCHOBHBIX allllapaToB IMpolecca

MOATOTOBKHU HE(PTH.

Jnsa obecrieyeHust TpeOOBAHUN, NPEIBABISIEMBIX K TOBapHOM HedTH,
HEOOXOIMMO MPOU3BOAUTH TiyOoKoe o0e3BokuBaHue. Hambonee s¢dexTtuBHOE
UCCJIEIOBAaHNE XMMHKO-TEXHOJIOTHUECKHUX IMPOILIECCOB BO3MOXHO C MPUMEHEHHUEM
MOJICJMPYIOIINX CUCTEM, OCHOBY JUISI KOTOPBIX COCTAaBIISIIOT (PU3UKO-XUMHUECKHE
3aKOHOMEPHOCTH  mpoTekaHuss  mpoueccoB.  Co3gaHWe  KOMIIBIOTEPHO-
MOJICJIMPYIOIIEH CHCTEMBI Mpoliecca KarieoOopa3oBaHUs MO3BOJISIET MPOU3BOIUTH
OLIeHKY (P PEeKTUBHOCTH MPOBEACHUS Tpoliecca 00e3BOKMBAHUS MPU U3MEHEHUH
CBOMCTB M COCTaBa UCXOJHOIO ChIPbs, @ TAK)KE MPOU3BOAUTH ONEPATUBHBIN MMOUCK
HAWIYy4IIUX TEXHOJOITMUYECKUX IapaMeTpoB IPOBEICHUS Mpoliecca.

Takum oOpazoM, B HacTodllee Bpemsl mpodiiemMa MOATrOTOBKM HEPTH Ha
IpPOMBICIIaX MPHOOpeTaeT Bce OOJIBIIYIO OCTPOTY M aKTYallbHOCTb.

Hayunast HoBU3Ha paOoThI: pa3paboTKa METOJIMK pacueTa pa3Mepa Karesb U
yueTa BIMSIHUS TEXHOJIOTHYECKMX NapaMeTPOB Ha MPOLECC Karieoopa3oBaHus pu
MIPOMBICIIOBOM TMOATOTOBKE HE(PTH, MOJEPHH3AIMSI MaTEeMaTHUYECKONH MOJAETH U

MporpaMMbl pacuera mpolecca.
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1 JIMTEPATYPHBIA OB30P

Cpenu MHOXECTBa BOMPOCOB, CBSI3AHHBIX C COXPAHEHUEM MPUPOIHBIX
OoraTcTB B HETAHON MHIYCTPHUH, BOIIPOC Pa3pyIICHUS BOAOHE(PTIHON IMYIbCHH
CUMTAETCS] OJHUM M3 CaMbIX BaXXHBIX. BoJOHE(TSHBIE SMyJIbCUH, BCEraa
COCTABJUIM OAHY W3 HAmOOJIee CEpPhE3HBIX MNPOMBICIOBBIX NOTEPh. C ILENbIO
U3BJICUCHUS TMPOAYKTa TOBAPHOTO KadyecTBa W C IMEJbI0 TIPEIOCTaBICHUS
BO3MOKHOCTH HE(TENPOBOJAHOM MepeKauku He)TU HEOOXOJUMO yAANATh BOAY W3
HE(QTAHBIX IMYIBCH.

[ToBbIIeHHE COAEP)KaHUS BOJBI B OMYJIbCUSAX OKA3bIBAET 3HAUUTEIHHOE
BIIMSIHUE HA WX PEOJIOTMUECKUE XapaKTepucTuku. MccienoBanue peosoruueckoro
MOBEJACHUSI AIMYJbCUM HEOOXOAMMO Il  yBENIMYEHUS dSPPEKTUBHOCTU TMPHU
XpaHCHUH, TPAHCITIOPTUPOBKE U MepepaboTKe MOA00HBIX cucTeM [1].

BropsiM 3HaunM (pakTOpoM 00€3B0KMBaHUS HE(YTU B PETMOHAX €T0 100BIYN
CUMTAETCS 3HAUUTEIbHAs CTOUMOCTh TPAHCIIOpTa OaiutacTa-miacToBoi Boabl. [Ipu
yBeIMYEHUH OOBOTHEHHOCTH HE(PTH HA 15 MPOIEHTOB, TPAHCTIOPTHBIE PACXO/IbI TPH
Ka)XI0W IepeKkadke, BO3pacTaroT B cpeaHeM Ha 3-5% [2].

Hedtp U3 CKBaXuUHBI, COIEPKUT B CBOEM COCTaBE ILJIACTOBYIO BOIYy (B
CBOOOJHOM WJIM 3MYJbIUPOBAHHOM COCTOSIHUM), COJCPIKaIlyl0 pa3inyHbIe
MUHEpaibHble coiu -xyopucTthli Hatpuii NaCl, xmopucteiii kanbiuii CaCl2,
xynopucteiii Marauii MgCl2, a Tak ’xe MeXaHW4YeCKHe MPUMECH. DT COJIU
MOBBIIIAIOT  KOPPO3MOHHYIO  AKTUBHOCT W B CIEICTBUU  3aTPYIHSIOT
TPAaHCIIOPTUPOBKY U JANbHEHIIYIO0 TIepepadoTKy. MexaHudeckrue IpuMecH U COJn
0e3 MpensITCTBUN OTJIaratoTcsi B HEOOJBIIMX MECTax, MOBOPOTax, U3rudax, cyxas
KUBOE CEUECHHUE TPYOOK, YTO 3HAUUTEIBHO YXYIIAET MpOLecC TEIUIoNnepeaadyu B
o0opynoBaHuU. MexaHMUYeCKHe MPUMECH W COJIM He(PTH OCTAIOTCA B TSIKEIOM
ocTaTke nepepadboTku HeTH, yxyias e€ cBoiicTBa. B coctaB HeTH Takke BXOAAT
paznuyHble ra3bl, Takue kak CH4, C2H6, C3HS8, C4H10, H2S, CO2.

Ncxomas u3 nepeurcieHHOro BhIIIE MOXKHO C/IeIaTh BBIBOJI YTO, HEOOXOMMO

OTIACIATH OT Heq)TI/I IJIAaCTOBYIO BOJBI U COJIU, B YCIIOBUAX ITPOMBICJIA. CoBMecTHO ¢
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BOJIOHM, IIpU 00€3BOKMBAHHUM, U3 HE(PTH yNAJSIOTCS PACTBOPEHHBIC B HEM COJM U
MEXaHUYECKHUE NPHUMECH, KOTOPbIE BBI3BIBAIOT KOPPO3HMIO, a TAaKXKE 3aCOpPEHUE
TpyOONpOBOOB U anmnapaTtoB. Ha mpoMeicie u3 HePTH ynanseTcss OCHOBHAsI Macca
BOJIbI, COJIEM M MEXAaHWYECKUX IIPUMECEU, U TPAHCIIOPTUPYETCS Il AAIbHEUIIEN
nepepaboTKu He(PTH yxKe ¢ coliep:kaHnueM Bobl He Bbilie 1-2 %. Ho uner renaeHnus
K CHWXEHMIO 3Toil HOopMmbl 10 0,5 % , 4rOo sBIsieTcst Oojiee PKOHOMUYECKU U
TE€XHOJIOTHYECKH BBITOIHBIM.

[Ipu u3BneueHun HEPTU OHA CMEIIMBAIOTCS C TUIACTOBOM BOJIOM, 00pa3ys
BOJOHEPTIHYIO dMYyJIbcui0o. CBOMCTBA BOMOHEDTSIHON dMYJIBCUU U €€ CTOMKOCTh
HalpsIMyl0 3aBUCAT OT crnocoba A00bYM HEPTH U YCIOBUM SKCILUIyaTaluu
HE(PTSHOTO MECTOPOXKICHUSI.

[logrotoBka HedTH Ha mNOpoMBICIAX A JajJbHEHIIEro TpaHCIOpTa
ocymiectBisiercst corniacio 'OCTy P 51858-2002, npusenénnomy B Tadi. 1. Ilo
CTEICHHU TIOATOTOBKH HE(PTh pa3aenstoT Ha rpymmsl 1-3 [5].

Tabmuua 1 — @usnko-xuMuyeckue cBoiictBa ToBapHoit HegTu o 'OCT.

Hopma st rpynimbt
HaunmenoBaHue nokazaTteist
| I1 11
MaccoBasg 101 Bojbl, % He 0oee 0,5 1,0 1,0
MaccoBasi KOHIIEHTpalus
XJIOPUCTHIX COJICH, MI/IM3, He 100,0 300,0 900,0
Ooitee
MaccoBast 10JIs1 MeXaHUUECKUX 0.05
npumecei, % He Oonee ’
JlaBiieHrE HACBIIIICHHBIX TAPOB,
66,7 (500)
kIla (MM.pT.CT.) HE Oomee

1.1 ®u3uko-xuMu4ecKue CBOMCTBA HeQPTAHBIX IMYJIbCHI

TepMI/IH OMYJIbCHS) TIPOU30UICII OT JIATUHCKOTO emulgeo - «JOHTb»,

IMOCKOJIBKY O)IHOﬁ M3 TICPBBIX HM3YYHIIM OMYJIBCHIO MOJIOKA, B KOTOpOI\/’I Karujim
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KMBOTHOT'O HUpa HaxoAsaTcs B oObeMe BOAbl. B nuTeparype MOXHO HaWTh
JOCTATOYHO MHOT'O Pa3JIUYHBIX ONPEIEICHUIN MOHATUS SMYJIbCHH.

OMynbCcHsi - 3TO TETEpOreHHass CHUCTEMA, COCTOsIas U3 JIBYX
HECMELIMBAIOIINXCS KUJIKOCTEH, OJJTHA U3 KOTOPBIX (Ha3bIBaeMasi BHYTPEHHEN MU
nvcriepcHol ¢aszoif) pacnpeesieHa B Ipyrou (BHeHeH ¢daze Wiu JUCIepCUOHHON
cpe/ie) B BHJIE MEJIKUX Karesb (riooy:) [1].

Hedrsanbie sMynbcun MONUAUCIEPCHBI, T.€. B HUX COAEPXKATCA TIOOYIIBI
Pa3IMYHBIX Pa3MepOB. DOMYJIbCUU SBISIOTCS TPYOOJUCIIEPCHBIMU CHUCTEMaMHU C
pasmepamu 9acTul npuMepHO oT 10—1 MKM u BbIlIe, KOTOPBIE MOYKHO BU3YaJIBHO
HaOJII0AaTh MPU OMOILIM ONITUYECKOr0 MUKpockomna. Hanbosee pacnpocTpaHeHbl B
IPUPOJIE U YIOTPEOUMBI B TEXHUKE 3MYJIbCUH, 0Opa30BaHHbIE BOJOW U KaKOH-JIN00
OpPTraHUYECKOM KUIKOCTHIO [6].

CylecTBYIOT MHOIO pa3jMYHBIX THUIIOTE3 O MEXaHU3Me O00pa3oBaHUs
smyiabcu. B Poccum ¢dyHmaMmeHTanbHBIE HCCIEAOBAaHUS IO MEXaHU3MY
oOpa3oBaHUs AMYJIbCUH MNPOBOAUIUCH akanemMukoMm I[ILLA. PebGunmepom u ero
mkoJsioif. OOpa3zoBaHHe AMYJIbCHUM HMPOUCXOAUT HE B IIACTOBBIX YCJIOBMSIX, a B
pU3a00MHON 30HE WM B CKBa)KHMHE, MPUYEM MHTEHCHUBHOCTH 00pa3oBaHUs HX B
Pa3HBIX CTAUAX IKCIUTyaTallui HEPTH HEOJMHAKOBA.

B cootBercTBHM ¢ mnpuHsATON Kiaaccupukanumeit [11] reTeporeHHbBIX
JUCIIEPCHBIX CUCTEM HE(TAHBbIE SMYJIBCHM MOJPA3IENSAIOTCd HAa TPU OCHOBHBIE
IPYNIBI (TUTIBI):

Ilepsas zpynna - obpatHas smynbcus (B/M) - Boga B Hedtu. Conepkanue
aucnepcHo ¢asbl (BoAbl) B JMCIEPCUOHHON cpene (HedTH) Takoll 3MyJIbCUU
MokeT MeHATbcs OT 0,1 10 97 %. CBoiicTBa HEDTIHONW IMYITBCUU ITOW TPYMIIHI
HaMpsIMyl0 BIUSIOT Ha MPOLECC A0O0bYM He(TH, BHYTPUIIPOMBICIOBBINA CcOOp,
cenmapanuio (OTAENEHHWE Taza) M BHIOOP TEXHOJOTMM M almapaTrypbl AJis
nesMyibcarn HehTr [1].

Bmopas zpynna - npsimas smyinbeust (M/B) - HedTh B Boge. Takast amynibcust
B OCHOBHOM 00pa3yeTcsi B IIpOLECcCce pa3pylIeHUs] OOpaTHBIX AMYJIbCUH, T. €. IPU

o0Oe3BokeBaHuu HedTu. HedTsiHas sMynbcUs MPSMOro THUIA MO CPAaBHEHUIO C
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IMYJIbCHE OOpaTHOro THUIlIa B OCHOBHOM MAaJIOKOHIIEHTpHUpOBaHHbIE. CBOMCTBA
3TOW TPYNIbl 3MYJIbCUNM YYHUTHIBAIOT NMPHU pa3pabOTKE TEXHOJIOTHH OYUCTKU U
HOJIFOTOBKU HEPTEIPOMBICIOBBIX CTOUHBIX BO/I.

Tpemwvsa cpynna - 3T0 MHOXECTBEHHas sMmyisibcus. Ha mpaktuke B 95%
IpOLEHTaX CIIy4aeB BcTpedaroTcst aMmyibeun thna B/H. Pexe Bcex Bcrpeuaercs
AMYJIbCUSl TPETHETO THUIA - MHOXKECTBEHHAsl dMYJbCHsl. Takas SMyJbCcUs OOBIYHO
MMEET BBICOKYIO KOHUEHTPALMIO PA3JIMYHbIX MEXaHUYECKHUX ITPUMECEN.

OnHOHM M3 BaXXKHEMIUX XapaKTEPUCTHK 3MYJIbCUU SIBIISIETCS IUCIIEPCHOCTh
YacTHUL BOJBI.

OMyJIbCHH C pa3MepaMy YacTHLL:

dx=0,1-20 MKM - MEIKOAUCIIEPCHBIE

dx=20-50 MKM - cpeHeTUCIIEPCHBIC

dk=50-100 MKM - TpyOOIUCTIEPCHBIC

. dk=< 0,1 MKM — KoiongHbIe<%13-%-34%>

Karmu mucneprupoBannoit Boasl uMeroT auamerp 0,1-1000 mxm. Kaxnas
Karig BOJbI OKpY)KeHa OO0O0JIOUKOM, KOTOpasi MPEACTaBIISeT COOOWM KOHIICHTpAT
BBICOKOMOJICKYJISIPHBIX BEIIECTB HE(PTH: CMOJBI, acdaibTeHbl, MEXaHHUYECKHE
npuMmecu. Hannuue CoJbBaTHOrO CJOS CO3/a€T 3alllUTHYI0 O0OJOYKY U
MPEISITCTBYET CIUSHUIO KaIlellb BOABI JaX€E ITPU CTOJIKHOBEHUMU.

BaxxHbIM CBOMCTBOM 3MYJIBCHI SBJISETCS UX YCTOMYMBOCTH K PACCIOEHHUIO,
10J1 KOTOPOW TOHUMAIOT BpeMsi, HEOOXO0IMMOE JIJIsl TTOJIHOTO Pa3IeICHHS SMYIbCUU
OTCTauBAHUEM. JTO CBOWCTBO XapaKTEPU3YETCS KMHETUUYECKOM M arperaTuBHOMN
YCTOMYUBOCTBIO.

Kunemuueckas  (ceOumenmauuonHas) YCmouyueocms-  CIIOCOOHOCTH

CUCTEMBbI TPOTUBOCTOSTH OCEAaHUIO (BCIUIBIBAHUIO) MO IEUCTBUEM APXHUMETOBBIX
CHII.
Ky=1/Wc
Ora YCTOMYHUBOCTH HPSIMO [IpONOPLUHOHATIEHA BSI3KOCTHBIM
XapakTEepPUCTHKaM He(TH, 00paTHO MPONMOPIUOHATBHA Pa3HOCTH IJIOTHOCTEN BOIBI

1 He()TU U KBaJIpaTy paguyca d3TUX YaCTHII.
17



AepecamusHnas_ycmouuugocmsb- CIOCOOHOCTh TI00YN AucnepcHOi (a3bl

IIPU CTOJIKHOBEHMHM JIPYT C IPYTOM COXPAaHATH NEPBOHAYAIBHBIA pa3Mep.

Koanecyenyus- mpouiecc ciusiHUSL TJIOOYJ TPU CTOJKHOBEHUH IPYT C

JIPYTOM.

Drokynsayus- clvnaHue rao0yi ¢ 00pa30BaHUEM arperara.

CymHOCTh COBPEMEHHOIO MOAXOJAAa K MPOLECCY NPeIBAPUTEIBbHOU
IIOATOTOBKH 3MYJIBCHU U PACCIIOCHUIO 3aKJIK0YAETC B MAKCUMAIIBHOM CHUYKEHHHU €€
arperaTUBHOM Y KWHETUYECKON YCTOMYMBOCTH IEPE]] IPOLECCAMU OTCTAMBAHUS.

K ocHOBHBIM (hakTOpaMm, OIpPEAeSIONIMM YCTOWYHBOCTh 3MYJIbCUU
OTHOCSITCS:

1. Cpennuii aumamerp dacTull Bojabl. YeM MeHblIE IuaMeTp, TeEM
MeJUIeHHee OHa Oyner oceiaTb B Macce He(TH, TeM YCTOWYMBEE 3SMYJIbCHUA,
CJIEIOBATENIbHO, JJI1 CHU)KEHUS YCTOMYMBOCTU 3MYJIbCHM HEOOXOIUMO CO3IaTh
ycioBus A1 3(HEKTUBHON KOAJIECHEHIUH.

2. Bpewms xu3nu smynscun. Uem Ooubliie MpOXOAUT BPEMEHU C MOMEHTA
o0Opa30BaHMsI SMYJIbCUH, TEM TOJIIIE COJbBaTHasi 00O0J0UKA BOKPYT Karellb BObI,
YTO MPENATCTBYET KOAIECIIEHIIUN Kaleb.

Bonbiiryo posbs urparoT ruipoIMHaMUYeCcKoe BO3/I€UCTBHUE HA TIOTOK HEPTH.
Uem Oonbiie HepTh MOABEpPraeTcss TaKUM BO3JCHCTBUSM, TEM YCTOWYHBEE
samyJbeus. Hampumep, 4nciio HacocoB, 3a/IBHXKEK, JUTMHA U PO uiIs TpyOonpoBoaa
U T.J.

3. ®Du3MKO-XMMHYECKHE CBOMCTBAa HE(PTH M COCTaB IMYJIBTUPOBAHHON
BOJbI (IJIOTHOCTh, BSI3KOCTh M COCTaB AMYJbratopoB). CieayeT y4uThIBaTh, 4TO
pa3HOCTh MJIOTHOCTU BOJABI M HEPTHU BO3PACTAET C YBEIUUCHUEM TEMIIEPATYPHI, T.K.
MJIOTHOCTh HE(TU U3MEHSIETCS 3HAYUTENBHO CUIIbHEE, YEM IIOTHOCTD BOJIBI.

CKOpOCTh OCaXXJI€HHS YBEJIMYMBAETCS MPU CHUKEHHUH BSA3KOCTH. {7151 3TOrO
HY’KHO yBEJIMYMBATh TEMIIEPATYPY.

4. Temneparypa sMmynbcuu. C MOBBIIIEHUEM TEMMEPATypbl U3MEHSETCS
COCTaB M TOJIIIMHA COJIbBATHOIO CJIOS BOKPYI Kalejib BOJbI M 3a CYET 3TOro

YCTOMYHUBOCTH dMYJIbCUN CHUKAETCH.
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1.2 Cnoco0b1 pa3pynieHusi BOAOHePTAHBIX IMYJIbCHIA

CtaOWIbHOCTh BOJOHE(PTSHBIX SMYJIbLCUM MOXHO paccMaTpUBaTh Yepe3
cienyrouuit ananus. OTHOCUTEIbHAS CIOKHOCTD Pa3IeJICHUS SMYJIbCUH B IBE (pa3bl
SBIISIETCS. MEPOM ero crabminbHOCTH. O4eHb CTaOWIbHAs SMYJbCUS M3BECTHA Kak
KECTKast SMYJIbCUS U CTEIICHb €¢ CTAOMIIBHOCTH 3aBUCHUT OT MHOTHX (hakTopoB [9].

COOTBETCTBEHHO, MOXHO JIy4llle MOHMMAaTh peUIeHUuEe MpodieM W,
CJIEIOBATEIBHO, IPOIIECC 00PaOOTKH, €CIH YUECTh CleayIoImue (HaKTophI:

1. BsizkocTh HEQTH: pa3aesieHne Jaerye 1isi HU3KOBSI3KOM HeTIHOU (as3bl.

2. [InotHOCTH MeXmy HeTsHOW M BomHOU (aszamu: Jlydmiee pasaencHue
HaOr01aeTCsl, Mpu OOJIBIION pa3HUIIE.

3.IloBepxXHOCTHOE HATSKEHUE MEXITY ABYMs dazamu (4TO CBSI3aHO C THUIIOM
AMYJIbTUPYIOIIETOCS areHTa): pa3feleHHI0 CHOCOOCTBYET, €Clu 3Ta CHJa
MOHIKAETCS (TO €CTh YMEHbIIIEHHE MEK(Pa3HOTO HATSKEHUS).

4. Pa3mep Karelsb pactblJICHHOW BOJBI: 4YeM OOJIbIlie pa3Mep Karelb BOJbI,
TeM OBICTpEE MPOIIECC €€ OTACIICHHUS.

5. IlpoueHT aucrnepcHOW BOABI: HaJIM4We HEOOJBIIOrO IMpPOLEHTa
COJICp>KaHMsI BOJbI B HEPTHU TPU YCIOBUAX TYpOYJIECHTHOCTU TMPUBOJUT K
00pa30BaHUIO BHICOKOAMYJIBIUPOBAHHOM cMecu. Karmm BoJibl TOHKO pa3zesieHbl U
UMEIOT HHU3KYIO BEPOSTHOCTh MPHUCOCTUHATHCS U 0Opa30BBIBaTH OOJee KPYITHBIE
YaCTHUIBI.

6. COJIEHOCTB 3MYJIbITHPOBAHHOM BOJBI: BBICOKOE 3HAYEHUE COJIEHOCTH BOJIBI
npUBEAET K ObICTpoMy pasjaeneHuio ¢a3 u3-3a 0ojee BBICOKOW pa3sHOCTU
IJIOTHOCTEN MeX a1y HE(TIHOM U BOAHOH (ha3amu.

Hanuune B onmHOW M TOM ke HepTH KameneKk AMYJIbCUHM C Pa3InYHBIMH
CBOMCTBaMH 3aLIUTHBIX IJIEHOK U Pa3HOUN AUCTIEPCHOCTHIO 3HAUUTEIBHO OCIIOKHSET
crioco0bI ux paspyuieHus. [I[puxonuTcs NPUMEHITh KOMOMHUPOBAHHBIE CITOCOOBI C

HCIIOJIB30BAHUCM HAIpCBAHMA, Ha60pa ACOMYJIBI'aTOPOB H JJICKTPHUYCCKOI'0 IIOJIA

[7].
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[TonmxeHne MPOYHOCTH CTAOUIU3HUPYIOMICH IJIEHKH MOXHO JOCTUTHYTH
MEXaHUYECKUM pa3pylIeHHEeM €€ Mpu (QUILTPOBAHUHU AMYJIbCUH M TPUMEHEHUHU
JedIMynbraTopoB. s cOnmKeHus Karelb SMYJIbCUM MOXKHO HCHOJIb30BaTh
IEeHTPU(YTUPOBAHUE WM BO3JEHCTBUEC HA SMYJIBCHUU DJIEKTPUUYECKOTO TIOJIS
MIEPEMEHHOT0 TOKA BEICOKOTO HAMPSIKEHHUS.

Bce cymectByronme MeTOAbI pa3pylieHUs] BOJOHE(PTIHBIX AMYIbCUN
JIETIATCS HA CJIIEAYIOIME OCHOBHBIE TPYIIIBL:

1. MexaHn4eCKre METO/IBI.

2. Tepmuueckne METOIBI.

3. XMHYECKUE METO/IBI.

4. DnekTpuveckue MeTo sl [6].

Mexanuueckue memoowi

K atuM MeTomam OTHOCATCS CIOCOOBI JIeTEHUS] SMYJIbCUM €CTECTBEHHBIM
MyTEM WM e ¢ IPUMEHEHUEM MEPOIPHUATHH, CITOCOOCTBYIONIUX MEXaHUYCCKOMY
pa3pylIEHUIO OPOHUPYIOLIEH 000JIOUKH.

Bononedtsinas smynbcus SBIsSETCS BeChbMa CTOMKOW CHCTEMOM, W, Kak
MPaBUJIO, MO JICUCTBUEM OJIHOW TOJBKO CHJIbI TSDKECTH HE pacciauBaercd. s eé
paspylieHus TpeOyrTCs ONpeacICHHbIE YCIOBUSI, KOTOPhIE CIIOCOOCTBOBANIM OBl
CTOJIKHOBEHMIO W KOQJICCIEHIIMM Kamelb BOJbl, a TaK K€ MOCJICAYIOIIIEMY
paszesieHuo 1ByX ¢as

K mexannueckuMm croco6aM 00€3BOKMBAHHS HE(PTH OTHOCSTCS CIIOCOOBI
pa3zesieHus SMYJIbCUH, B KOTOPBIX UCIIOIB3YyeTCs JeicTBUE GU3NIECKUX (DAKTOPOB.
K HUM OTHOCSITCS CHIIBI TPaBUTALIMU, [ICHTPOOEIKHBIE CHUJIBI M CBOMCTBA KUAKOCTEN
MPOXOIUTH Yepe3 (PUIbTPHI.

Tepmuueckue memoonl

Tepmudeckuit cioco0 paspyiieHrs BoIOHEDTIHON dMYJIbCUM OCHOBaH Ha
UCIoJIb30BaHuM Teruta. [Ipu HarpeBanuu BoIOHE(DTIHON AMYIbCUM TIOHUKACTCS €€
BSI3KOCTh, COJIbBATHasi O0OJIOYKA PACIIMPSIETCS U pa3pyllaeTcs, a Karid BOJbI
KOAJIECIUPYIOT JIPYr C ApyroM. BHuU3y oTcramBaercs Boma, HaBepXy — HE(Tb.

JlaHHBIN TIpoLiecC NPOUCXOAUT B PE3EpBYapax-0TCTOMHUKAX IPU TEMIEpaType 10
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70°C, HO BCTpeUYarOTCs 3MYJIbCUH, KOTOPbIE HE pa3pyaroTcs naxe npu 120°C. B
TaKOM CJIy4ae MOJb3YIOTCS APYTHMMH METOJaMaMH pa3pyLICHUs AMYJIbCHA WA
IPOBOJAT Ipoliecc Mpu 0oJiee BHICOKMX TEMIEPATypax, HO C TepMEeTH3alueil s
n30exxanue morepb Jerkux (Qpakumii. K Hemoctatkam TepMHUYECKUX CIOCOOOB
pa3pyLIeHHs IMYJIbCUN CIEAYET OTHECTH CIEAYIOLIEe: IOBBIIICHUE TEMIEPATYPBI
YBEJIMYUBAET JIaBJICHUE HACBIIIEHHBIX MapOB OCOOEHHO JIETKUX (hpakuuil HEPTH.
[ToaToMy [71s1 UCKITIOUEHHSI BO3MOKHBIX MTOTEPh HE(PTEMPOIYKTOB OTCTON BEIYT MO/
JABJICHUEM, YTO B CBOKO OYEpEIb BEACT K YIOPOXKAHUIO KOHCTPYKIMHU B CBS3HU C
0oJbIIEN METAIIOEMKOCTBI0. KpoMe Toro, K HelocTaTKaM TEPMUYECKUX METOOB
OTHOCSATCS TTOTE€PU 3HAYUTEIIBHOTO KOJIMYECTBA TEILIA C IPEHUPYEMOM BOJIOM.

CaMbIM CyIIECTBEHHBIM HEJJOCTaTKOM TEPMUUECKUX CIIOCOOOB pa3pyIlIeHUs
AMYJIbCUM SIBJIIETCA TO, YTO HE BCE 3MYJBCUU MOTYT OBITh Pa3pyLIEHbl STUMHU
cnocobamMu. B Takux yclnoBHSX KOaJeCUMPYIOT TOJBKO KpPYIHBIE Karliy,
IPUCYTCTBYIOIIME B MEHbIIEM KosmuecTBe. IIpexnae Bcero, 3T0 OTHOCHTCS K
AMYJIbCUSIM HE(PTH BOCTOYHBIX paiioHOB Poccum, aucnepcHas BonsgHas (asza
KOTOpPBIX HMMEET Ha CBOEH IIOBEPXHOCTH OYEHb IPOYHYIO aJCOPOIIMOHHYIO
000JI0YKY 3MYJIBIaTOPOB.

Xumuueckue memooni

XuMUYecKkuil crnocod paspylIeHNus OJUH U3 CaMbIX PACIIPOCTPAHEHHBIX, HA
JAaHHBI MOMEHT. Mcnosb3yemble I JTOro BEIMIECTBA — JAEOMYJIBraTOPhI
BBITECHSIIOT COJBBATHYIO O00OJIOUKY, JTMOO pacTBOpSIOT €€, Omaromaps 4emy
aMyJibCcUsl paspyuiaercs. B mocnenHee BpeMsi HanOosee MIMPOKO MPUMEHSIOT
J€AIMYJIbraTopbl THIA HEHMOHOTE€HHBIX MOBEPXHOCTHO-aKTHBHBIX BEHIECTB (Ha
OCHOBE OKHCEW 3TWUJIEeHAa U MPOMNHIEHA), KOTOpPhIE CHOCOOCTBYIOT OOpPAa30BAHUIO
AMYJIbCUM, MPOTUBOMOJOXKHBIX MO THUMY paspyliaeMbiM. [Ipu conprukoCHOBEHUH
TaKUX SMYJIbCUH HX AMYJIBIHPYIOMIAas CIHOCOOHOCTh Mapalu3yeTcsl, U AMYJIbCHUS
paccianBaeTcsl.

O} peKkTUBHOCTh XMMHUYECKOIO METOAA  pa3pylIeHHs HSMIbCUU B
3HAYUTEIBHOM CTEIEHN 3aBUCUT OT BUJIA, IPUMEHSIEMOTO 1€3MYJIbIaTopa, KOTOPhII

BBIOMpAETCsS HAa OCHOBE CHEIMAIbHBIX J1a00paTOPHBIX UccienoBaHui. Uem paHbliie
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JIEAIMYJIBraTOp BBOJUTCS B OOpPa30BAaBIIYIOCS CMECh HE(TH W BOJIBI, TEM JIerde
MIPOUCXOMIUT NalibHEHIIee pa3aeneHue amyiabcun. Kpome toro, mist 3¢ GHeKTHBHOTO
paszzeneHuss HSMYJIbCUUM HEJAOCTATOYHO OJHOTO BBEJCHUS  JI€IMYJbIaTopa,
HEOOXOMMMO O0EeCreYnTh MAaKCUMaJIbHBIM KOHTAaKT €ro ¢ oOpabaTbiBaeMOi
IMYJIbCUEH. DTO JOCTUTACTCS MHTEHCHUBHBIM TMEPEMEIIMBAHUEM U IOJOTPEBOM
AIMYJIbCUM, WJIH OPOIICHHEM OOBOIHEHHON HEPTH KOHIIEHTPUPOBAHHBIM PACTBOPOM
J€AIMYJIbraTopa Mo BCEl MOBEPXHOCTH €€ 3epKaja B pe3epByape-0TCTOMHUKE.

dnexmpoxumuyeckuti Cnocoo

[Ipu momamanuy HEPTIHONW IMYIBCUU B DJIEKTPHUYECCKOM IIOJI€ YACTHUIIHI
BOJIbI TOJISIPU3YIOTCS W HAYMHAIOT JBUTAThCA B OMNPEACICHHOM HalpaBJCHUU,
CTaJIKUBASICh JIPYT C IPYTrOM, YKPYIHSACH.

MexaHn3M UX B3aUMOJEHCTBUS ITOKA3aH HA PUCYHKE 1.

Pucynok 1 — Tlonspuzamnus kamnenb BOJHOPOJHOM DJJIEKTPUUYECKOM TOJIE
HanpsHkeHHOCThIO E ¢ pa3Hoi mosisipHOCTHIO (a 1 0)

1.3 I'mapoannaMuyeckue Kanjieodpa3oBaresu (KOajJeCeHTOPbI)

Ha ycranoBky noaroroBku nedgtu (YIIH) moctymaer smynbcusi, pazmep
Kareiab BOJBI B KOTOPOM COCTaBIISIIOT HECKOJIBKO MKM. Takue Karii Helab3si 0CaauTh
3a TEXHOJOTMYECKH NPUEMIIEMBIA IIPOMEXYTOK BpeMeHH. Ilostomy mnpen
MPOLIECCOM OTCTaMBaHUsI HEOOXOAUMO BBITIOJIHATH ONEPALMU MO MTPEABAPUTEILHON
KOAJIECIIEHIIUU Kalesb BOABI 10 pa3MEPOB, 00ECIIEUNBAIOLIUX TPEOYEMYIO CKOPOCTh
pPacCI0eHUs SMYJIbCUU.

IIpakTrka IIPOMBILITIEHHOU IIOArOTOBKH IoKasaia, 4TO

KOMMYHHKAIIMOHHBIE TPYOOIPOBOIbI MEXYy CHIPHEBBIMH HAaCOCaMU U OTCTOMHOMN
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anmapaTtypbl BBITOJHSIOT HEKOTOPHIE TEXHOJIOTHYECKHE (YHKIHUH, T.C. HApSAy C
TPAaHCTIOPTUPOBAHUEM DMYJILCUN, 3Ta OMYJIbCUS TMOABEPraeTcs TIIyOOKOMY
pa3pylICHHUIO 32 CYET IMOCJIEA0BATEIbHOIO MPOTEKAHUsS MPOLECCOB APOOJICHUS U
custHUsL Kanenb. OmHako JUIMHA W JIUaMeTp ATUX TPYOOTPOBOJOB MOXKET HE
COOTBETCTBOBATh ONTUMAJbHBIM 3HaueHUsM. [lodToMy pacueTHble pelieHus 00
YIJIMHEHUU TPYOONPOBOJOB U U3MEHEHHIO UX JMAMETPOB MOXKET CIIOCOOCTBOBATH
YIIYYIICHUIO KauyecTBa 00€3BOKMBaHUs He()TH (COKpaIeHHEe BpeMEHH TPeObIBAHMUS
B oTCTOMHMKaX) [23].

Aspoodunamuueckue kanieobpazosamenu NMPeIHAZHAYEHBI 1JI pa3pyLICHHS
OpoHMPYIOMKX 000JI0UEK Ha KAIUISIX BOABI, KOAJIECIEHIINN Kareilb U pa3/IeiIeHHs
noToka Ha aBe (a3pl. B 3THX anmaparax cldsHHE Kamellb IPOUCXOJUT
HETMOCPEICTBEHHO B TMOTOKE HE(TH; Ha CTEHKAaX KaruieoOpazoBaTeneil WM Ha
BCTPOCHHBIX TUAPOMPHUIIBHBIX BJEMEHTaX IM0J BO3JACHCTBHEM TYpOYJIECHTHBIX
ITyJIbCaLIU K.

Paznuyaror o0beMHbIE U TpyOUaThie KarmieoOpa3oBaTeIH.

o ObvemHnvlll kanieobpazosamenv. B TAKUX annaparax CTOJIKHOBEHUE U
KOaJIeCLEHITUs TII00YI BOABI JOCTUTAETCS ITyTEM BBOJIa OMYJIbCHH B ariapar yepes
COILIa, HAMIPaBJIEHHBIE TIOJT PA3JIMYHBIMU YTIIAMU PYT K IPYTY, WA TypOyIu3aiue
MOTOKa, MEXaHUYECKUMH WIN JPYTUMU CPEJICTBAMH.

o Tpybuamvie annapamul KOHCTPYKTUBHO BBITIOJHSIOT U3 MMAKETOB TPYO
pa3TUYHON JUTMHBI U AUAMETPA.

B nuHEHHBIX KaruieoOpa3oBaTeIsIX MPUMEHSIIOTCS B HEKOTOPBIX CIydasx
IIEHTPOOEKHBIC 3aBUXPUTEIM TOTOKOB, WHOTJA BKJIIOYAIOT BCTPOCHHBIE
TJIACTUHYATHIE WIIH TPYOYaThie SJIEMEHTHI.

Llocmouncmea ob6wvemubix annapamoas:

e  JIOCTATOYHO BBHICOKAsl IPOU3BOAUTEIHLHOCTH;

e  CPaBHHUTEJIBHO HEOOJBIITUE PA3MEPHI;

e HHU3Kasd METAJUTIOEMKOCTD;

e  BO3MOXHOCTh HMX HCIOJB30BaHMSI KaK aBTOHOMHBIX arlapaTroB, a

TAKKC KaK BCTPOCHHELIX B OTCTOMHUK JJIEMCHTOB,
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e BO3MOXHOCTh UX MCIHOJIb30BAHUS HA TEXHOJIOTMYECKHX ILUIOMIAJKaX B
CTECHEHHBIX yCIOBUSIX.

Jlocmouncmea mpyouamuix annapamos:.

e BO3MOXXHOCTh UCIIOJIb30BaHUS KaK KOQJIECCIIUPYIOIIUE amlapathl, TaK U
B KaueCcTBE KOMMYHUKAIIMOHHBIX JIMHUU MEXKIY TEIIOOOMEHHONW U OTCTOMHOM
anmnapaTrypoiu, MexJly OTCTOMHHKaMHU MEPBOM M MOCIEAYIONINX CTYIEHEH, MEXIy
OTCTOMHUKAMU U pe3epByapaMu TOBAPHBIX MAPKOB U T.1.

1.4 MeToauku pacyeToB MNPOIECCOB Ppa3pylleHHs] BOAOHE(PTAHBIX

IMYJIbCU

[Ipn mpOMBICIOBOM MOATOTOBKE HEPTH I pa3pyLICHHUs] BOJOHEDTIHBIX

BMYJ'IBCI/Iﬁ I[O6aBJISII-OTC5I CIICOHUAJIbHBIC BCIICCTBA - ACOMYJIbI'aTOPHI.

Jlist onvicaHusi MacCOOOMEHHOTO MpoLecca TOBEAEHUE AeAIMYJIbraTopa Ji0
Karelb MJIaCTOBOU BOJIbI OyJIeM CUUTATh, UTO B MOTOKE CYIIECTBYET JUHAMUYECKOE
paBHOBECHE MEXKY KOAJIECIICHIIUEH U POOICHUEM Karleb.

B pesynbraTe npoOieHus Kamelb, KOTOpble 00pa3oBalMCh NPH CIHUSHUU
Karelb IJIaCTOBOM BOJIBI U JIEIMYJIBIaTOpPa, B MOTOKE YBEIMUUBACTCS OOIIEe YHCIIO
Karelyb ¢ Je3MYJbraTopoM, MpU 3TOM OOIIee YKCIO Kamledb B €IUHHIE 00beMma
OCTAETCs MOCTOSIHHBIM.

BeposTHOCTh KOAJIECUEHIINY WK 100 CTOJIKHOBEHUN PACCUMTHIBAIOT KaK:

N-N,

N 1)
rae N - olmiee 4uciao CausHuM (YMCIo Kamnenb); Np- YUCIO Kamenb (CIUSHHM) ¢
pPacTBOPOM AE3MYJIbraTopa.

CkopocTh npoliecca JOBEACHUS peareHTa 10 Karelb BOJbI:
dN N - Np

@ N @

& .
rime ¥ - 4gactp OT O6IHCFO quciia, CTOJIKHOBCHHMHM KaIlCJIb 3aKaHYHWBAIOIMUXCI

Koasecienimeii, ? - obiee YHCIIO CTOIKHOBEHHIA.
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c ¥ ©)

rae K¢ - KOHCTaHTa KOaJIeCICHIINH,

VpasHenue (3) IOKA3bIBAET, YTO TOJIBKO Y4aCTh CTOJIKHOBEHHUM KaIlelb
3aKAHYMBACTCA KOAJECUCHIUEN. 3HaueHHE KOHCTAHTBI KOAIECIEHIUU 3aBUCHT OT
BpEMEHHM CTapeHHs HE(TAHOM IMyIbECHH.

YeM paHbIIE B MOTOK OyIET BBOJUTHCS AEIMYIBIATODP, TEM BHINIE OyaeT
snayenne K (K=1-10).

de NF‘
R @)

)
Llenpro pacyeToB MpOLECCOB pa3pyILICHUS SMYJIBCUM SIBIISIETCS ONPEACICHUE
KOHEYHOH 00BOIHEHHOCTH. YpaBHeHue, OIMCHIBAIOIIIEE U3MEHEHUE

OOBOJTHEHHOCTH dMYJIbCHHU 3aITUCHIBACTCS aHAIIOTUYHO YpaBHEHUIO (4).

dW

Po_ W Wo
a0 ey ©)

)
rae W - o0bemMHas 10315 I1acTOBOM BOJbI B HEQTH; W) - 00beMHAas 10JIs IUIaCTOBOU
BOJBbI B HEPTH C PEarceHTOM.
YpapHenue (5) UMeeT aHATUTHUECKOE PEIICHHUE CIICIYIOIIEro BUA:

1 =1+b_wp”J-e_5k't

(6)
Wp Weg

)
Jlns  ompeneneHus: 4YacTOTHI CTOJKHOBEHHS Kaleldb B TypOyJIEeHTHOM
AMYJILCUOHHOM MOTOKE CJI€JIaeM MPEATNOI0KEHHE, YTO CKOPOCTh JIBUKECHHUS Karellb
IUIACTOBOM BOJABI M pacTBOpa Je3MYJIbraTopa COBMANaeT C BEIMYHMHON CKOPOCTH
MyJIbCAIIUHN TUCTIEPCUOHHON CPEIBI.
Hcxons u3 3TOro, 4acTtora CTOJIKHOBEHHUS Karellb IOJ BO3AECHCTBHEM
TypOyJICHTHOM MyJIbCALIMK MOXKET ObITh PaCCUMTAHA CIAEAYIOIIUM 00pa3oMm:

9=(4J‘T-Il-d-52)% (7)
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Y - ycpennenHas TypOyJICHTHAS CKOPOCTbH IMYJIbCAITHI; N - YHCIIO KaIlelbh B CIUHUIIC
00BeEMa;
d - cpeaumii JuamMeTp Kareb.

Ecnu uncno kamenb BBIpA3WTh Yepe3 KOHICHTPAITUIO TUCTIEPTUPOBAHHOM
dasel (W) u cpeqauit quametp kanenb (d), To 171 pacdeTa 4aCTOThl CTOJIKHOBEHUS

KaIlCJIb II0J BO3HCﬁCTBHCM Typ6y.IIeHTHI)IX HYJII)C&HI/Iﬁ IMOJIy4acTCsa CIICAYromias

dbopmymna:

p=|24-w- 2 (8)

HeycroituuBas smynbcusi — AByx¢azHasi JUCIEPCHAs] CUCTEMA, COCTOAIIAS
U3 IBYX B3aMHO HEPACTBOPUMBIX KUIKOCTEH TaK, YTO OJHA U3 HUX pacIIpelielicHa
B BHMJAC KallelleK, Ha TOBEPXHOCTH KOTOPBIX OTCYTCTBYKOT IIPOYHE
CTaOMIM3UPYIOLINE 0OOIOUKH.

HeycroituuBas smyinbcust oOpa3yeTcs Ipu TypOYJEHTHOM NEepeMEIINBAaHUU
MKUIKOCTU U CYHIECTBYET TOJIBKO B TypOYJIEHTHOM MOTOKE.

B nokoe B HEYCTONYMBON dMYJIbCUH HACTYNAET COCTOSTHUE TUHAMUYECKOIO
paBHOBECHS MEXAY MpPOLUECcCaMHd KOAIECHEHIIMM U JApOOJEHUS, KOTOPOMY
COOTBETCTBYET OIPEICIICHHbINA CPEIHUN AUAMETP Kallellb.

N3meHenue pexxuma JBUKEHUS I0TOKA IPUBOJAUT K CABUTY JUHAMUYECKOTO
PABHOBECUS M UBMEHEHHUIO TUCIIEPCHOCTH HEYCTOMUYMBOW dMyibCuH. [Ipu 3TOM npn
epexone K JaMUHAPHOMY pPEXHUMY TEUEHMS IIPOUCXOIUT  PpaCCIOCHUE
COCTABIISIFOLIUX dMYJIbCHIO KUIKOCTEH.

1.5 IloBepXHOCTHO-AaKTHBHbBIE BellecTBa- AE€IMYJIbIraToPbI

BOJAOHE(PTAHBIX IMYJIbCUI

Ocobast cTOMKOCTh BOAOHEPTSIHBIX dMYJIbCUII 00€CTIEUNBAETCS B YCIOBHUU
cTabuim3anuy 3a CuYeT HaJIW4yus Ha TrpaHule paszaena ¢a3 Boga-HEDTH

aJICOp6HI/IOHHO-COJ'IBBaTHOFO CJIOA.
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BemectBa, cmocoOHble  CTaOWIM3UPOBATH  3IMYJIBCHH, HA3BIBAIOTCSA
smysabraropamu. OHU conepkarcsi B HE(PTH MU TMPEACTaBISAIOT COOOH CMOJIBI,
ac(anbTeHbl, HAPTEHOBbIE KUCIIOTHI, KpUCTaUIbl MapaduHa, a TakKe TBEP/bIE
MUHEpAJIbHbIE YaCTHIIBI: TIECOK, TIMHA, CyIb(QHI Kee3a u Apyrue. B mmactoBoi
BOJIE€ TaK)KE€ MPUCYTCTBYIOT IMYJIbIaTOPhI B BUJIE€ COJIEH U KUCIIOT.

Crioco6HOCTh 00pa3oBbIBaTh 53MYJIBbCHUM IpUCYLIAa BCEM HEPTAM, HO
CIOCOOHOCTh HMX K SMYJIBIMPOBAHUIO JAIEKO HE OJWHAKOBA, TaK, HaIpUMED,
HNOBBIUIEHHOE COJEPKAHUE MOJSPHBIX KOMIIOHEHTOB IPUBOAMUT YBEJIUYEHUIO
CTOMKOCTH 3MyJbcud. Takum o0pa3oM, CTOMKOCTh MapaHOBBIX He(dTEl MEHbIIIE,
yeM Ha(TeHOBbIX. [IOBBIIEHHAs MUHEpalIM3alUsl TAKXKE MOBBIIIAET CTOWKOCTb
00pa3yroIIuXCsl AMYJIbCUH.

Pa3nenenne HePTAHBIX IMYIBCUH 3aKITIOYAETCS B pa3pyLICHUN CTPYKTYPHO-
MEXaHUYECKOTO Oapbepa Ha MOBEPXHOCTH Kamenb. Pa3pymuTe 3Ty 000J0UKY
MOKHO BBEJCHHEM B CHCTEMY BELIECTB, OOJIaJarouIMX O0oJiee BbIPAKECHHBIMU
MOBEPXHOCTHO-AKTUBHBIMU CBOMCTBAMM, YE€M IPUPOJHBIE AMyJbratopbl. Takue
BEILECTBA HA3BIBAIOTCS peareHTaMu-1eaMysbraropamu. Mexanusm aeiicteus [1AB
3aKJII0YaeTCsl B KOHLEHTpPAlMM HUX Ha MOBEPXHOCTH pasnaena a3, BbI3bIBAs
CHM)KEHHUE IMOBEPXHOCTHOIO HATsDKEHMs. [10BEpXHOCTHAs aKTHMBHOCTh pearcHTa-
NeaMybraTopa JOKHA OBITh MHOTO  BBIIE TOBEPXHOCTHOM aKTUBHOCTU
IPUPOAHBIX IMYJIBIaTOPOB.

Knaccudukanus IIAB omnpegensieTcst 3apsaoM €ro HOHU3HPOBAHHOM
ruapopoOHON yacTu. Ecnu opraHMdeckuii MOH 3apspKeH OTPUUATENBHO, TO 3TO
AHHMOHHOE BEIECTBO, €CIIH MOJIOKUTEIILHO — TO 3TO KaTHOHHOE BeriecTso [13].

1. AmnwmonaktuBHbie [IAB muccomuupyor B Bojge ¢ oOpa3oBaHHEM

OTPULIATEIBHO 3apsSKEHHBIX TOBEPXHOCTHO-AKTUBHBIX HOHOB.
RCOONall RCOO™ + Na*

2. KaTnoHOakTHMBHBIE BeIIECTBA IMPH JIUCCOLMAIIMU B BOAE 00pa3yroT

IMOJIOZKUTCIIBHO 3aPsA’KCHHBIC IOBCPXHOCTHO-AKTUBHBIC HOHEIL.

RNH,-HCITO RNH; +CI°
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3. Hewonorennsie [IAB npakTudecku He 00pa3yrOT B BOJHOM pPacTBOPE
WOHOB.

4.  Awmdonutasie [TAB 00pa3ytoT B BOAHOM pacTBOpPE B 3aBUCUMOCTH OT
ycioBuit (PH, pactBoputens W T.A.) WM aHUOHAKTUBHBICE U KAaTHOHOAKTHUBHBIC
BEIIECTBA.

5. Breicokomonekynspasle  (momumepHsie) IIAB  Bwimensitorcst B
OTIICTPHYIO TPYNIy W COCTOSIT W3 OOJIBIIOTO YHCJIA TOBTOPSIIONIUXCS 3BEHBEB,
KaXKJI0€ U3 KOTOPHIX UMEET MOJISIPHBIE ¥ HETIOJISIPHBIE TPYIIIIHI.

JleomyneraTopbl, TpUMEHSIEMbIE ISl pa3pymieHuss HEDTSIHBIX SMYIIbCHMA
JOJDKHBI YIOBJICTBOPSATH CICAYIOMIUM OCHOBHBIM TPEOOBAHUSIM:

1. beictpas murpamus depe3 o0beéM HedTsHON (a3pl K MOBEPXHOCTHU
paszzaena (a3, rae oH T0JDKEH MPOU3BECTH JCHCTBHUE TIO pa3pyLICHUIO OpOHUPYIOIIIX
000JI0YEK Ha KAIUISAX IMYJIIMPOBAHHON BOJIBI.

2. CnocoOHocTh K Quokymsiiuu. JleaMmynbprarop AoDKeH o0Jaaath
CIIOCOOHOCTBIO OOecrneunBaTh MPUTSHDKEHUE APYT K APYry M COJIMKEHUE Kamlenb
BOJIbl. B mTore oOpa3ytorcs OOJbIINE CKOTUICHUSI Kaleslb BOJbI, BBITIISISAIINE O/
MHUKPOCKOITIOM, KaK CTyCTKH, aCCOIMATHI.

3. MakcumanbHOE CHUKEHUE MPOYHOCTH CTPYKTYPHO - MEXAHUYECKUX
aJICOPOIIMOHHBIX CJOEB Ha TpaHHIle pasfena (a3, obsierdeHue KoaJeCICHIUU.
[Tocne ¢uokynsnuu mi€HKa 3Mysbraropa Bcé emieé octaércst cruionrHoi. Cuiibl
GbIOKYIAIMHA MOXKET OBITh HEAOCTATOYHO, YTOOBI BHI3BATH KOAJIECIICHITUIO Karleb.
OpnHako B OOJBIIMHCTBE CIIYyY4aeB JIEIMYJIBIaTOpP BBI3BIBACT pas3phbiB IJICHKA Ha
MTOBEPXHOCTH Karejb, 4TO JAaET HAYaJIo MPOIecCy KoaaeCeHITUN. Pa3phiBbl TUIEHKH
B cocTaBe (hJIOKYJ IPUBOISAT K YBEJIMUCHHUIO pa3Mepa Kareb.

4, CwmauuBaHue TBEPABIX YacTUIl. JleamMynbraTopsl, MpeaHa3HAYCHHBIC
JUISL  pa3pylICHHUS OSMYJIbCUH, CTaOWIM3UPOBAHHBIX OOJBIIUM KOJIMYECTBOM
MEXaHUYECKUX TPHUMECEH, JOJDKHBI HW3MEHSITh CMadyMBaeMOCTh TOBEPXHOCTH
TBEPIBIX KOMITOHEHTOB M 0OCCIICUMBAThL MX IMEPEXO0J] C MOBEPXHOCTH paszfena (a3

BHYTPb KallCJIb BO/IbI.
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5. Boicokas  3pdexktuBHOCTb.  DPGEKTUBHOCTH  J1€IMYJIBIATOPOB
XapaKTepu3yeTcs HMX pacxofoM, KadyeCTBOM IMOArOTABIMBAaeMONl He(TH, WU
COJIEp’)KaHUEM B HEHMl BOJABI U MEXAHMYECKUX MPUMECEH, OCTATOUHBIX XJIOPUCTHIX
CoJiell, MHUHUMaJbHBIMM TEMIIEPATypOH HarpeBa MW MNPOAOJKUTEIBHOCTHIO
OTCTauBaHUs HEPTH.

6. bBonee BrIcOKasi MOBEPXHOCTHASA AKTUBHOCTh, YEM Y CTA0MIIN3UPYIOIINX
AMYJIbCUIO KOMIIOHEHTOB. MaKkCUMalIbHOE CHHYKEHHUE TTOBEPXHOCTHOTO HATSKEHUS
Ha rpaHule paszaena (a3 JoIHKHO 00ecneunBaTbesl IPU OTHOCUTENBHO HEOOBIINX
pacxonax IesMyJbraropa.

7. OtcyTcTBHE B3aUMOJACHCTBUS C KOMIIOHEHTaMH IUIACTOBBIX BOJ C
o0pa3oBaHHEM OCAaJIKOB.

Hapsgy ¢ »TumM  gesMynbraTopbl  JOJDKHBI  OBITh  JICIIEBBIMH,
TEPMOCTOMKUMH,  TpaHCHOpPTaOeldbHBIMU M o0JazaTe  OMNpeAeNIeHHOU
YHUBEPCAIBHOCTHIO, T.€. Pa3pyLIaTh AIMYJIbCHH PA3JINYHBIX MECTOPOKICHUN.

Teopernyecku nesIMyIbraTop MOXKET ObITh 3(P(EKTUBHBIM TOJBKO JUIS
OJTHOM OIpENIeICHHON AMYJIbCUH, UMEIOIIEH CTPOroe COOTHOILEHUE KUAKUX (a3,
3aJJaHHYI0 CTEIEHb JHUCIEPCHOCTH, OIPEIECICHHOE KOJUYECTBO 3MYJbraTopa
HEM3MEHHOro cocraea. (ClenoBaTrenpbHO, THII JI€3MYJIBraTopa B IMpoLEcce
pa3paboTKu HEPTIHOTO MECTOPOXKIEHUS JODKEH KOPPEKTHPOBAThCS IO MeEpe
U3MEHEHMS COCTABA SMYJIbCUN U UX (PU3NYECKUX CBOMCTB.

EAMHCTBEHHBIM  JJOCTOBEPHBIM  CIIOCOOOM  MOA0Opa  ONTHMAJIbHOTO
JIeAIMYJIbraTopa SBJIIETCS OSKCIEPUMEHTAJIbHAs MPOBEpPKa AEIMYJIbIHUPYIOLIEH
CIIOCOOHOCTH Ha MOJIENBHOMN dMynbcuu. KpoMe Toro, coBpeMeHHbIe MpEeANnpUITHS
OTJIAIOT NPEANOYTEHUS] HEMOHOTE€HHBIM JE€3MYJIbraTopaM, TaKk KakK OHHU HMMEIOT

CJICIYIOIINE IPEUMYIIECTBA, 10 CPABHECHHUIO ¢ HOHOTCHHBIMU (Ta0:1.2).
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Tabmuma 2 — CpaBHuTeNlbHas XapaKTEPUCTHKA HOHOTEHHBIX U

HCHMOHOI'CHHBIX JICOMYJILIaTOPOB

HoHoreHHslli 1e3MyIbraTop HenoHorennsiii 1esamynbraTop

1. Ilpu B3aumoneiictBuu ¢ miactoBoi Bogoil |1. He B3aumoaeicTByIOT ¢ paCTBOPEHHBIMU B

00pa3yrT MaJIOPACTBOPUMBIEC OCAJIKU IJIACTOBOM BOJIE COJISIMHU M HE 00pa3yroT
(CaS04-2H20, Fe(OH)z u ap.); TBEPBIX OCAJIKOB;
2. SIBnsoTCS SMYIBraTopaMH SMYJIbCHIA 2. 1IpUMEHSIOT HCKIFOYUTEIBHO IS
tura H/B, 4T0 BeneT K MOBBIIIICHHOMY paspyuienus sMynbcui Tuna B/H, v onn
coJiepKaHuI0 HePTH B OTJEIICHHOM BOJIE; He 00pasyroT pu 3ToM sMmynbenn H/B;
3. Bombmiol yaenbHBINH pacxo/; 3. Maunblii yneiapHbIA Pacxo;

O06magar0T XOPOIIMMH MOIOIITHMH
CBOWCTBaMH U CMBIBAIOT CO CTEHOK TPYO U
o0opynoBaHus He(PTIHBIC IJICHKH,
00HaXXaIOT MOBEPXHOCTH METAJLNIA,
KOTOpast O] ICHCTBUEM TIIACTOBOM BOJIBI
MOYET HHTCHCUBHO KOPPOJIHPOBATh.

B HACTOAIICC BPEMs HauOoJIbIIIEES INPUMCHCHUC HaAIUIMX CJICAYIOIMINUC

PCArcHTbI-ACOMYJILI'aTOPLI:

HmnopTHBIe OTteyecTBEHHBIC

— Cemnapoisl - Baker (CIIIA) — Peamnon - «Makpomep» (Bmagumup)
— Hucconsansl - Clariant AG — JHeBoH - «Mkap» (Yda)

(Cepmanmst) — UKAII - Xummnpowm (Yda)
— IlporamuTtsl - Buna (I'epmanust) — Hedtenon/l - «Xumeko - TAHI»
— Kemenukc - ICI (Mocksa)

(BenukoOputanms) — CHIIX — HUHHuedTenpomxum (Kazans)
—  Jeomynbsdepst - TOHO (fnonus) | — Peanon U®, UIT, UK - «Hanop» (Kazans)
— JHaydake - Dow Chemical — JIUH#I - «I[Ipoton» (Kazaus)

(SInonms) — Pexoa, UnTeke - «Xumrexno» (Kazanp)
— Kpomnakc - Komicro (Xopsarust)

1.6 Meroauku pacyera pa3MepoB KarmeJib

[Ipu pacuere mporiecca kamieoopa3oBaHus TJIABHBIM (PaKTOPOM, BIIASTFOIITIM

Ha 3(QGEKTUBHOCTb MPOTEKAHUsI AAHHOTO Mpoliecca, SBJISETCS CPEAHUN TuaMerp
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Kar BojAbl B 3myJdibcud. CoriacHo 3akoHy CTOKcCa yBEIMYEHHUE HCXOIHOTO
auaMeTpa B JIBa pas3a TO3BOJHT TOBBICUTH MPOU3BOJUTEILHOCTh YCTAaHOBKH B
qeThIpe pasa. [IpenBapuTenbHOe YKPYITHEHNE Kallelbh SMYJIbLCHUU TEpE] BBOJIOM €€ B
OTCTOMHUK MO3BOJISICT 3HAYUTEIHHO COKPATUTh KOJIMYECTBO OTCTOMHUKOB HE(DTH H,
CJIEIOBATENLHO, OYJIET MMETh 3HAYUTEIIbHBIN SKOHOMIYECKHA A (DeKT.

JIJ1s1 9TOM TIeNT Ha MPOMBICIIAX MPUMEHSIOT IeIMYIIbCATOPHI, TPOMBICIIOBBIC
TpyOOTIPOBOBI—KATIICOOPa30BATENIN NI €EMKOCTHBIE KaIrieo0pa3oBaTEIH.

Pacyer cpegHmx pa3MepoB Kameilb BOJbI B TPYyOOINPOBOJAE SIBISETCA
CIIO’KHOM 3a/1a4ueii, B CBSI3U C MHOTO(aKTOPHOCTHIO Mpoliecca. Hannuue B smynbcuun
OTIPEIECTIEHHBIX CTA0OMIN3ATOPOB, UX CBOMCTBA M KOJMYECTBO OMPEACISAIOT YCIOBHS
paspymieHusi ¥ (QOpMUPOBAHUS Kameib. AHAJIUTUYECKH YYECTh BIUSHUE
CTaOMIIM3aTOPOB OSMYJIbCHUH 0O€3 TPHUBJICUCHHUSI AKCIICPUMCHTAIBHBIX JTaHHBIX
MPAKTUYECKA HEBO3MOXKHO, TIOITOMY OOJBIIMHCTBO MpejjiaraeMbix GopMmyn s
pacdeTa CpeJIHEero TMaMeTpa Karnejib HOCUT SMIUPUYECKUM T TTOTYyIMITUPUYECKUN
XapakTep.

B xone ananutuueckoro 0630pa JUTEpATypbl ObLIM HAWJIEHBI 6 METOAMK
pacuera CpeHero pazMepa Kamneib BOJOHEPTSIHONW SMYIbCUHU, BCE OHU TIPUBEICHBI
Hwke B Tabmure 3 [7].

Tabmumna 3 — MeTtoauku pacdyeTa MaKCHMaJIbHOTO JUaMeTpa Karliu.

| al® +0,7p, - u®7 - 608 9)
dmax = 43,3 - u24 . Re01.,01 Py I 0,5
CM H H
1 g G o5 [1+ 0.7 (uy - u/0)7] (10)
- Ue Pc u?5
11 s, 0 D% (11)
d= zﬁ(k_—/%)m
3/5
v d=2< o ) _(D-pc)z/5  y-6/5 (12)
K.pc Px
V d= 22-0 (13)
DPc- Uz
6/7 14
VI o ona <pc>1/7 1 20 (14)
’ Px CRIZS D
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rae  dmax — MakcUMaJbHBIA AMAMETP YCTOMYUBBIX Kalleib, M;

0 — [MOBEPXHOCTHOE HaTsbkeHue, H-m;

WUy, Wy — IMHAMHUYECKAs! BI3KOCTh BOJIBI U HE()TU COOTBETCTBEHHO, [1a-c;
U — IMHEWHAast CKOPOCTh TIOTOKA, M/C;

Vey — KHHEMATHUECKast BI3KOCTh CMECH, M

Py — TUIOTHOCTH HETH, KI/M;

Re — kpurepuii Pelinonbca;

c=43 — sMnupudecKuii K03 GUITUEHT;

U, — BA3KOCTb JUCIIEPCHOM (a3l [la-c;

K;=0,4 — x03()pHUIHENT CONPOTUBIIEHHS;

U — kpuTnyeckas CKOpoCTh MOTOKA.
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2 OBBEKTHBI U METO/JAbI HCCJIIENJOBAHUA

O0beKmom OAHHO020 UCCTe006AHUA SIBIIIOTCS IMPOTCCChI HpOMBICHOBOﬁ

IHOATrOTOBKH HC(l)TI/I, OMYJbCHH C PaA3JIMIYHBIMHU CI)I/I3I/IKO-XI/IMI/I‘-IGCKI/IMI/I CBOMCTBaAMH

(Tabnuia 4).
Tabnuia 4 — ®U3UKO-XUMHUYECKHE CBOMCTBAMU BOAOHE(DTAHBIX IMYJIIBCHIA.
[TnoTHOCTL HEDTH [InoTHOCTH BsizkocTh HedTH
OMYJILCUU JUHAMHUYECKas,
Ilya3

1 780 920 0,021000

2 807 869 0,033305

3 827 864 0,086616

4 834 917 0,034477

Memooom uccnedosanus SIBIACTCS MATEMATUYECKOE MOJAEITUPOBAHUE
UccnenoBanue BIMSHUS TEXHOJIOTMYECKUX IMapaMETPOB Ha MPOIIECC
KarieoOpa3oBaHus ObLIO BBIMOJHEHO C MPUMEHEHUEM MAaTeMaTHYECKOW MOJIEIH,
pa3paboTaHHOM Ha Kadenpe XMMHUYECKOW TEXHOJIOTMHM TOIUIMBA M XUMHUYECKOU
kuOepHeTukn HanmoHaasHOTO MCCieIoBaTeNbCKOro TOMCKOTO MOJIUTEXHUYECKOTO
YHUBEPCHUTETA.
Hwxe mpuBeieHbl OCHOBHBIE ATAIlbI pacyeTa Mo JaHHON MOJIEIH.
Pacuem maccoobmennoii cekyuu
Paccuntaem rupouHaMHUYECKUE MapaMeTphl TOTOKA.
OO0bemMHasi CKOPOCTh MOTOKA (AMYJIbCUM), BBIXOJAIIETO U3 OJIOKa cernapaiuu
paccuuThIBaeTCs Mo Gpopmyre:

GS

U=3600-p,

(15)

rae GS - pacxon cMecH Ha BbIXOJie U3 OJI0OKa cemapaliiu, Kr/yac;
U — 06beMHas CKOPOCTh MOTOKA, M/c.
3Has 00BEMHYIO CKOPOCTh SMYJIBCHH, MOYKHO PACCUUTATh JIMHEHHASI CKOPOCTh

IIOTOKaA.
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U

Y — 16
3.14-D%/4 (16)
rae D — qmameTp MaccoOOMEHHOMW CEKITNH, M;
Up — nmuHelHas CKopocTh MOTOKa, M/C.
Yucno Pelinonbaca B MaccOOOMEHHOM CEKITNH TI0 (hopmyIie:
Re=Uo-D.—Pu_ (17)

101"
Pacuem xunemuxu maccoobmena.
Bpewms nportekanus mpoiiecca MmaccooOMeHa onpezensercs mo gpopmyie (18),
C yueToM Toro, 4ro W, — KoauuecTBO B He()TU BOABI, 00OrallleHHONW peareHTOM B

pe3yJiibTaTe MacCOOOMEHHBIX MPOIecCOB — 3aaeTcst 00b1aHO 0,999 :

1n(1/0'999_1w )
W-Wp

t=
W uo

_KC W'di'loo
| Re P

rae Wy - KOJIM4eCTBO IIEPBOHAYAIILHO BBEIEHHOTO PACTBOPA PEareHTa B 00bEMHBIX

(18)

eIMHUIIAX 110 OTHOUICHHUIO K 00IIeMy 00beMy IMYJIbCHH;
K. - koHCcTaHTa 3()(PEKTUBHOCTU CTOJKHOBEHHIA;
dep - CpemHMIA AUaMETp Karenb, M.
Up — IMHEMHAsE CKOPOCTh ITOTOKA, M/C.
dopmyna wu3MeHeHHs O00BEMa IKUAKOCTH, TMIOJNyYUBIICH pEareHT |

CYLIECTBYIOIIEH B MOTOKE B BUJIE KalleJlb, UMEET CJICAYIOIINN BU/I:

W, _ 1 | (19)
w L Y e
1+ e IR
WpO

rae W, - 4actb 0OBOJHEHHOCTH, NPEICTABICHHAs PAaCTBOPOM pPEarcHTa, O0OBEM.
JIOJIH;

W — 06BotHEHHOCTh HETH, 00BEM. JT0JIH;

W0 — KOTMYECTBO NEPBOHAYAIIBHO BBEJEHHOI'O PACTBOPA peareHTa, 00.10J1u;

Re — uncno Peiinomnpaca;

K. — xoHcTaHTa 3 PpekTUBHOCTH CTOIKHOBeHUH, 00b1yHO 3a1aetcs 0,0001 ;
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dep — ImameTp Kamens BoAbI B He(TH, 00pabaThiBaeMOil B MACCOOOMEHHOM CEeKIIUH,
M;
Uo — JIMHEWHAsi CKOPOCTh MIOTOKA B MACCOOOMEHHOM CEKITNH, M/C;
t — BpeMs npoTekaHus Iporecca, C.

Pacuem koanecyupyrouieil cekyuu.

JIuHeHass CKOPOCTh TOTOKA B KOAJICCIUPYIOUIEH CEKIIMH OMpPEesieTCs 0
dbopmye:

U

g

3142
4

U, = (20)
rie U, — nuHeliHast CKOpOCTh IOTOKa, M/C;
U - 06beMHast CKOPOCTb TI0OTOKA, M°/C;
d; - TMamMeTp KoaeCUPYIOMIEH CEKITUH, M.
Yucno PeitHobICa B KOAIECUUPYIOIIEH CEKIIUU:

_ U2°D2'pn

p,-0.1 (21)

Re,

TJIE Py - IVIOTHOCTH HE(TU Ha BBIXOJIE M3 OJIOKA Cemapalyu, Kr/m>;
L, - BA3KOCTh 3MYJIbcHH, [lyas.

Pacuem kunemuku npoyecca KoanecyeHyuu.

Koaddumment typoynentHoit nudy3un onpeaensercs no popmyie:
0.0033.d,-U,

rae U; — nuHelHasi CKOpoCTh MOTOKA B KOAJIECIIUPYIONICH CEKINU, M/C;

D

(22)

d; - TMamMeTp KoaeCIUPYIOMIEH CEKITUH, M;
Re; — uncno Pelinonbca.

Takum o00pazom, mo pa3paboTaHHOW Mojenu (OCHOBAaHHOW Ha METOJIUKE
TpoHOBa) MOXXHO paccUMTaTh TEPBBIE JIBE CTYIEHU Mporiecca 00e3BOKUBAHUS
Hedptu. Ha mepBoil cTynmeHW 3aBepIIaloTCsl MacCOOOMEHHBIE TMPOIECChl U
paspylieHue OpOHUPYIONIUX 000JOYEK, HAa BTOPOM - YKPyHHEHHE Karelb [0

3a/IaHHBIX Pa3MEPOB.
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3 PACYETBI U AHAJIUTUKA

[Ipouecc o00e3BOKHMBaHUS MpPU MPOMBICIOBOM MOATOTOBKE He(PTH
BKJIIOYAET CTa/IUU KaruieoOpa3oBaHus U oTcTanBaHus. D¢ (HEeKTUBHOCTH Ipolecca
OTCTaMBaHMS Ha YCTaHOBKaX MpoMbIcioBor moarotoBku HedTtu (YIIH)
HANPSMYIO 3aBUCUT OT 3(hPEeKTUBHOCTHU TpoIiecca KaraeoopasoBaus. UeM nyurie
MpOIIENI MPOUECC KOAIMCIEHUMWHA Karelb BOJABI, TEM JIyYllle IIPOWUIET
orcrauBanue. [loaToMy BaxkHO 3HaTH 00 dPGHEKTUBHOCTH BIUSHUS Pa3IAYHBIX
TE€XHOJIOTHYECKHX MTapaMeTPOB Ha MPOLIECCHI OT/IEIECHUS BOBI.

Lenpro maHHOM paboTHI SBISETCA MOMCK METOAMK pacuera Ipolecca
KarieoOpa3oBaHUsl M NPOBEICHUE HCCIEHOBAaHUS BIUSHUSA TEXHOJIOTMYECKUX
[IapamMeTPOB, C HOMOIIBIO MATEMATUYECKOU MOJIEIH.

B nureparypHBIX HCTOYHHMKAX NPENJIOKEHO MHOYKECTBO METOIUK,
MO3BOJISIIOIIMX MPOU3BOAMTH pPACUET CPEJHEro JMaMeTpa Karelb BOJAbl B
BOJIOHE(TAHOM dMYJIbCUU.

B nanHoii pabote Obutu BeIOpanb! 6 MeToauk (I-VI) [7].

Tabnuna 5 — MeToauku pacueTa MakKCUMaIbHOTO JUaMeTpa Karuiu.

| al® +0,7p, - u®” - g8
dmax = 43,3 - > T o1 .
u®* - Re? "Vem 'PH'HHO’
I P oS [1+ 0.7 (- u/0)®7]
uc - pc . u2.5
Il g o 0.4
d=2v2 —
\/_(k . pC) u1,2
(AV4 d=2( o >3/5.(D'pc)2/5 _u_6/5
Kepe Px
220
V d=
pC . U2
VI N &/7
d =0,18D <—°> -
Px u [Py D

C YU4€TOM JaHHBIX METOAUK ObLIIa MO,Z[I/I(l)I/II_[I/IpOBaHa MaTEMaTH4YCCKas1

MOJIeNb Tpolecca Karuieoopa3zoBaHus. beul pazpabotaH 00K MporpamMmbl Ha



anroputMuueckoM si3bike Pascal (Ilpunoxenue B). [{ns ontumu3zanuu paboTsl ¢
MaTeMaTHYeCKON MOJebi0 Obla pa3paboTaHa mporpaMma pacuera mporecca
Karjaeo0pa3oBaHUs B OOBEKTHO-OPUEHTUPOBAHHOW Cpelie MPOrpaMMHUPOBAHMUS
Borland Delphi 7. Ha puc.2 — npencraBiena 0001049ka MporpaMMBI.

Kpome Toro, B MaTemMaTHUeCKyl0 MOJENb Oblja BBEJEHA 3aBUCUMOCTD
IUIOTHOCTHU U BSI3KOCTU HEPTSIHOU dMynbcuu oT Temnepatypsl (I[Ipunoxenue B).

C mnpumMeHeHMEM MaTEeMaTUYECKOM MOJEIM M MOAECPHHU3UPOBAHOU
IpOrpaMMbl pacyeTa ObUIM BBIIIOJHEHbI HCCIIECJOBAHUS BIMSHHUE Pa3INYHbIX
TEXHOJOTHUECKHUX apaMeTPOB Ha MPOLECC Karjaeo0pa3oBaHus B BOJOHEPTIHON

SMYJIbCUMU.

BHe,ﬂ,l‘lTe 3HaYeHWe cpeHerc AMaMeTpa Kanenb BoAbl U KONMUMYECTBO pacTBOpa peareHTa

Aanee HAXMUTE KHOMKY pacieT, M KHOMKY pe3ynbTaThl
BeequTe cpenHwi ouameTp Kanenb BoAb Ha Bxode U3 YCJIOBUS

856015
20

10E-08 22608 Z7E0E 3EE0E E2E-06

B66.70406
400000 BeeouTe KONMUECTBO PACTBOPA peareHTa.? Macc

15 0,002
0.0866069342392489 Pacuert {Peaynbratbl |

0.00656
0 Briak b G HEMAYECKES BASKOCTS SMUTbCAM KUHEHMETHHECKER

0.1139023878973%5 137312856 864167E 5
927,19443513752
TNoseps s

0z 0
10,1174793025%82 0 133847536295381

0.0001

10
56559,202277 4684 10,2862314671121

i oroka
aca Terneparupa
"

158.70912913247 150.04927024752

Pucynok 2 — Inanorosoe okxo Delphi.
3.1 HccaenoBanue BJIHAHUS TeMIepaTypbl Ha BXoJe Ha

MAaKCHUMAJIbHBIA AUAMETP KallJId BOJABI.

Ha puc. 3 — 5 mnpuBeneHbl pe3ylnbTaThl HCCIEIOBAaHUS BIUSHUSA
Temrnepatypbl cMecu B uaTepBaie 15 — 40°C Ha MakcUManbHBINA IUaMETp Karelb

BOJIBI (TI0OTHOCTBIO HeTH 827 Kr/m3, pacxoae 400000 kr/uac)
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430
425
420
415
410
405
400
395

[nameTp Kanam, MKm

390

385
10 15 20 25 30 35 40 45

TemnepaTypa, °C
PI/ICYHOK 3 — 3aBHCHUMOCTH MaKCHUMAaJILHOI'O AraMeTpa Kalllli OT
TeMrepaTypsl o metoauke |.

170

168 .P_______.________.,__—_——4r—————-4r--——-—c

166

2 164
s
s 162
=
—y
2 160
o —0— |
o 158
s Il
2 156
=)

154

152

150

10 15 20 25 30 35 40 45
TemnepaTtypa, °C
PI/IC}/HOK 4 — 3aBI/ICI/IMOCTB MAaKCUMAJIbBHOI'O JHaMCTpa KallllIh OT

temnepaTtypsl o metoaukam |1-l11.
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S
S 6 [ ° ® ® ® ® o— IV
o
) ——V
S 4
S VI
Sy
2
0
10 15 20 25 30 35 40 45
Temnepatypa, °C
PI/ICYHOK 5 — 3aBI/ICI/IMOCTB MAaKCUMaJIbHOI'O JUaMCTpa Kalllii OT

TemMriepaTypsl o Mmeroaukam 1V-VI.

Kpome Toro, npu JaHHBIX YCIOBUSX, B TOM XK€ UHTEpBAJE, MPOBEIACHBI
UCCIIEOBaHMs 3aBUCUMOCTH HJIOMHOCHMU U 6A3KOCHMU OT TEMIIEPaTYpBhI.
Pe3ynbTaThl JaHHBIX UCCIIEOBAaHUN TPUBEACHBI HA PUCYHKAX 6 — 7

880

870

mn 860
=
=
* 850
0
G
g 840 =—@— NN0THOCTb HeDTH
g —@— N/10THOCTb IMY/TIbCUA
= 830
820 .\‘\’\0\‘\‘
810
10 15 20 25 30 35 40 45
TemnepaTypa, °C
PI/ICYHOK 6 — 3aBUCHUMOCTH IUIOTHOCTH He(i)TI/I n OMYJIbBCHUH OT
TCMIICPATYPHI.
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BAskocTb, Myas

10 15 20 25 30 35 40 45
TemnepaTtypa, °C
PucyHok 7 — 3aBUCUMOCTB BA3KOCTU HEPTH OT TEMIIEPATYPHI.
Jlanee nucciie1oBalIv BIUSHUAE TEMIIEPATypbl HA MAKCUMAJIBHBIA THAMETP
KaIlJIM M0 KaXAO0W U3 METOJIMK JUIsl SMYJIbCUM C pa3HbIMU (PU3UKO-XUMUYECKUMU
cBoiicTBamu. Pe3ynbraTel mpencraBieHbl Ha pucyHkax 8 — 13. HccnenoBanus
npoBoawirck npu pacxoae 400000 kr/gac.

1200

1000 w

s
x
S 800
: ,__.__-o——-o—-—'—"—"'_"
=
c
T 600 —@— 780Kr/m3
o
'%3 —@—807kr/m3
400
© 827kr/m3
o
200
0
10 20 30 40 50

TemnepaTtypa, °C

Pucynok 8 — 3aBUCHMOCTh TuaMeTpa Karuid OT TeMIIEpaTyphl 7S pa3HbIX

AMYJIbCUH 110 MeTOAUKE |.
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190

=

s

E 180

e —@— 780Kr/Mm3
o

'g 175 —8—807kr/m3
S —@— 827kr/M3
S|

165

10 20 30 40 50 60
TemnepaTtypa, °C
Pucynox 9 — 3aBucuMOCTh TMaMeTpa Karuid OT TEMITepaTyPhI TS Pa3HbIX
AMYJIbCUH 110 MeToauke 1.

170

s 166
x
s
< 164
=
¢ 162 —@— 780Kr/m3
o
'q;) 160 —8—807kr/m3
S —@— 827kr/M3
o 158

154

10 20 30 40 50 60

TemnepaTtypa, °C

Pucynox 10 — 3aBucuMOCTh nuaMmeTpa Karjid OT TeMIlepaTyphl IS

pa3HBIX dSMyJbcuid Mo Metoauke 1.
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10 20 30 40 50 60

Temnepatypa, °C

Pucynok 11 — 3aBucMMOCTh AuaMeTpa Kamid OT TEMIIepaTyphl IS

pa3HBIX dSMYJIbCUi 1Mo Metoauke V1.

././././0//‘

60

vl
o

=
x
S 40
s
@
x 30 —@— 780Kkr/m3
o
& .__.__.-—-0—"’—.'—-.—_‘ —@— 807kr/m3
=
g 20 —@— 827Kr/m3
:[ Kr/m
10 —o—o—0—0—0—0—0
0
10 20 30 40 50 60

TemnepaTypa, °C

Pucynox 12 — 3aBucuMOCTh JMaMeTpa Karjid OT TeMIlepaTyphl IS

Pa3HBIX SMYJILCUN 1O METOUKE V.
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ﬂmaMeTp Kanan, MKm

N N
(e)] ~

!\)
(6]

10 20 30 40 50 60

TemnepaTypa, °C
Pucynox 13 — 3aBucHMMOCTH aMaMmeTpa KaIlld OT TeMIIepaTyphl IS
pa3HBIX dSMYJIbCUi 1Mo Metoauke V1.

3.2 HccaenoBanue BJINAHUSA pacxoaa AeaIMyJibratropa Ha

MAaKCHUMAJIbHBIA AUAMETP KaIlJIh BOJbI.

Crnenys W3 MexaHW3Ma BIMSHHUS JI€IMYJIbraTopa, ¢ TMOBBIIIEHUEM €ro
pacxoja mpoIecCchl KOAIECIEHIINN U OTCTauBaHUs MpoTeKaioT 3PdekTuBHee. B
JAHHOM  KCCIIEJJOBAaHUU TPOBEJCHBI  MCCIEAOBAaHUS  BJIUSHUSA  pacxoja
xumudeckoro peareara B uaTepBasie 0,0015 — 0,003 macc% Ha MakCHUMaJIbHBIN
auaMeTp Karu Bojwl, mpu pacxoae 400000 kr/4. Pe3ynbraThl IpUBEICHBI HA

pucynkax 14 — 16.
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s
x
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E —0— |
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2 100
= ——\/
S|
50 \ —e—VI
0 &= —e —3 —e
0,0014 0,0016 0,0018 0,002 0,0022 0,0024 0,0026 0,0028 0,003 0,0032
Pacxog peamynbratopa, macc%
Pucynok 14 — 3aBucuUMOCTh JaMamMeTpa KaIljld BOABI OT pacxoja

JIeAIMYJIbraTopa JJisi SMYJIbCUH C TIIOTHOCTHIO HehTH 807 Kr/m3.

1000
900
800
700
600
500 —@— 780Kr/m3

400 —8—807kr/m3

OnameTp Kanam, Mkm

/

300 —0— 834kr/m3
200
100

0
0,0019 0,0021 0,0023 0,0025 0,0027 0,0029 0,0031

Pacxopg, feamynbratopa, macc%

Pucynok 15 — 3aBucuMOCTh AMameTpa Kaljid BOALI OT pacxoja

ACOMYJIbraTopa JJis pa3HblX SMYJIbCUHU 110 MCTOIUKE l.
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100
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50 780kr/m3
40 807kr/m3
30 834kr/m3

ﬂmaMeTp Kanan, MKm

20
10

0
0,001 0,0015 0,002 0,0025 0,003 0,0035

Pacxon aesmynbratopa, macc%

Pucynox 16 — 3aBucMMOCTh auamMeTpa Karuid BOABI OT pacxoja
JeAIMYJIbraTopa JJisi pa3HbIX SMYJIbCUU IO MEeTouKe V.
3.3 UccienoBanne BJIAMSTHHUS PacxoAa dMYJIbCHH HA MAaKCHUMAJIbHbII

AUAMETP KaIlJIh BOJAbI.

N3 nutepaTypsl H3BECTHO, 4YTO S(PPEKTUBHBIMU JUIsI OTCTAUBAHUS
sBIsIOTCS Karmm pazmepom 200 — 400 mxm. Kak mokasanu uccrnenoBanus [8] mst
IMYJBCUN C Pa3IMYHBIMU (DU3UKO-XUMUYECKUMHU CBOMCTBAMU MPU OJHUX U TEX
KE YCJIOBHUSAX, MAKCUMaNbHBI JHaMeTp Kaluld BOABI HE BCErnaa SBISIOTCS
3¢ (HEKTUBHBIMU JJISI OTCTAUBAHUS.

[TpoBeneHsI UCCieIOBAHUS BIUSHUSA PAcX0/1a BOJOHEPTIHOM SMYIIbCUH B
uaTepaie 150000 — 500000 kr/yac Ha MaKCUMaJIbHBIA TUAMETP KaIlJld BOJBI.

PesynbpTaThl uccnenoBanuil mpuBeAeHBI HAa pucyHkax 17 — 19.

45



600

500

s
Z 400
s
s —0— |
|y
2 300 11
o
= WY}
s
T 200 ——V
=)

—0—V|

100

100000 150000 200000 250000 300000 350000 400000 450000 500000 550000

Pacxop, Kr/uac

Pucynok 17 — 3aBucMMOCTbh JuaMeTpa Kamid BOALI OT pacxoja, s
SMyJIBCHH € IIIOTHOCTBIO Hedtr 807 kr/Mm>, ipu Temmeparype 20°C.

[TokazaHo, 4TO pa3mMepsl Kamneib, paccuuTanHbie o Metogukam 1V — VI,
IpU JTaHHBIX YCIOBHSIX SIBIAIOTCA HE 3(P(GEKTUBHBIM. bbUTH BBITIOIHEHBI
UCCIIeIOBaHMs ¢ yBenudeHueM temmepatypsl g0 50 °C (puc. 25 — 28).
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90000 140000 190000 240000 290000 340000

Pacxopa, Kr/uac

Pucynok 18- 3aBucuUMOCTH JuameTpa Kaluld BOJBI OT pacxopa, IS

SMYJILCUH ¢ IIIOTHOCTBIO HeTn 780 kr/M3, mpu Temneparype 50°C.
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Pucynox 19- 3aBucMMOCTh auaMeTpa Karuld BOABI OT pacxoja, s

aMyJibcuM 1o Metoauke V, npu temmnepatype S0°C.
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4 ®UHAHCOBBIN MEHE[)KMEHT,
PECYPCOO®P®EKTUBHOCTDBb U PECYPCOCBEPEKEHUE

OpnHoll M3 OCHOBHBIX 3aJa4 XWUMHYECKOW TEXHOJIOTMHM TOIUIMBA SIBJIAETCS
co3faHue BBICOKOA((PEKTUBHBIX MPOIECCOB MPOMBICIIOBON MOJATOTOBKH HEPTH U
COBEPILIEHCTBOBAHHUE YK€ JAeHCTBYIOIMX. OJHUM M3 TaKUX MPOLIECCOB SBIISETCS
OTJIeJICHUE TIACTOBOM BOJbI. Llenb maHHOrO mpoliecca COCTOUT B 00€3BOXKHBAHUU
He(DTU W OTHENECHUSI MPUMECEH 10 MUHUMAJIbHBIX 3HAUYCHUN, 00€CIEeUNBAIOIIETO
TpaHCTIOPT HEPTH MO MarucTpaibHOMy HedTenpoBoay 0Oe3 KOppo3uu U
MOBPEXJICHUN TPYO, a Tak ke HePTenepeKkauynBaroero 000py10BaHus.

BaxxabiM TpeOoBaHnEM 00€3BOKEHHOM HE(DTH ABIISIOTCS CONEPKAHUE BOJIBI
U npuMeceil B mpoiykre. B pesynbraTe OTAENEHUS IUIACTOBOW BOJBI MPOJIYKT
JOJDKEH cooTBeTcTBOBaTh TpeboBanusM ['OCT 2477-65 no conep:kaHuio BOAbI U
['OCT 1534-42 no coaepKaHUIO CONEH.

3amauell ABISIETCS UCCIENOBAHME MPOLECCAa OTACIICHMS IUIACTOBOM BOJIBI
IIPU IPOMBICIOBOM MOATOTOBKH HE()THU MECTOPOKIECHUH C IENIbIO TPOTHO3UPOBAHUS
¥ TOBBIIICHUS 3()PEKTUBHOCTH C TOYKHA 3PEHUS HKOHOMHUKH TPEANPHUATUS U
pecypcocOepekeHus Ha IEHCTBYIOIIENH yCTaHOBKE.

JUIst TaHHOTO HCCIIeOBaHUsl OBLIM MCIOJIb30BAHbI MPOrPAaMMbl PACUETa,
pazpaboTanHbie Ha Kadenpe xumuueckod TexHojoruu TorumBa HU  TITY.
[TosryueHHbIE B XO/1€ UCCIEIOBAaHUS PE3yJbTaThl OyIyT YYTEHBI IPU MPOBEIECHUU
ONTUMM3ALUHU PAOOTHI JAHHON YCTaHOBKH.

O06ocHOBaHHE 11€71€CO00Pa3HOCTH MOJICTUPYIOIIEH CHUCTEMBI, KOTOpas
OylIeT OoTBe4aTh BCEM TPEOOBAHUSM SIBJISIETCS 1EJbl0 pazaena «DUHAHCOBBIN

MEHEKMEHT, pecypco3(PEeKTUBHOCT U pecypcocOepeKeHUEN .
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4.1 OuneHKa KOMMEpPYECKOr0 MOTEHHHAJIA W MePCHeKTHBHOCTH
NPOBeeHUS HAYYHBIX HMCCICJ0BAHMH C MO3ZULUM pecypcod(PPeKTUBHOCTH H

pecypcocoepeskeHust
4.1.1 IloreHuMAaJIbLHbIE OTPEOUTEH PE3YJIbTATOB UCCJIE0BAHUSA

IIo pe3yjibTataM  IPOBCACHHOI'O  CCITMCHTHPOBAHHA  PBIHKA ObLIN

OIIpCACICHBI OCHOBHBIC CCTMCHTBI, 4 TAKIKC BBI6paHI>I Hanooce 6JIaFOHpH5{THBIC

(puc. 20)

Bun ycnyru

[Mpoduns

[IpoekTupoBanue MoHuTOpUHT Onrumuszanus

Hedrexumuueckuit

)
XUMUYECKHH %/

Pucynox 20 — KapTta cerMeHTHpOBaHUS PhIHKA YCIYT 0 pa3paboTKe

% U TITY

Takum oOpa3zoMm, Hanbosiee OIATONPUATHBIM CETMEHTOM U HAIpaBJICHUEM

[IpoMbI1UIEHHBIH

MOACIHUPYIOMINX CUCTCM!

HedrenobsiBaro
HUIIN

.

mc KOMIIaHHNH

JUISL  UCCIeoBaHUS ObUT BBIOpAH MOHUTOPHUHI TMpollecca MepepadOTKU B
He(TEXUMUYECKON OTpaCTH.

OcHOBHBIE noTpeduTeNH — He(dTen00bIBaAIOIINE KOMIIaHUH,
HedTenepepabdarsiBaroniue 3aBoasr, HUIIN.

OTtpaciib npuMeHeHus: HePTsHAs TPOMBIITUICHHOCTb.

OCHOBHBIMM CETMEHTAMH JIAaHHOTO PBIHKA SIBJISIIOTCSI KPYITHBIE M CpPEHUE
KOMITaHUM  HEPTIHOW  mpombinuieHHOCTH.  CrnepoBaTenbHO, — HamOoJee

NCPCIICKTUBHBIM CEIrMCHTOM B oTpacisax He(l)TCFa30)IO6BI‘H/I )51
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HedrerazonepepaboTkn  isi  GOPMHPOBAHUS  CIpOca  SBISETCS  CETMEHT
HE3aBHCHUMBIX KPYITHBIX U CPEIHUX He(PTE100bIBAIONTINX KOMITAHHH.

4.1.2. lnarpamma UcukaBbl

[TocTpoeHne awarpaMMbl TMPUYHHBI-CIEACTBUS VICHKaBBI 3aKIIOYaeTCs B
(GopMymupoBKe TPOOIEMBI, SBISIONICHCS OOBEKTOM aHalW3a, W BBIIBICHUH
(aKTOpOB, BIUSIOMINX HA OOBEKT aHAU3a. JJnarpaMma CTpOUTCS TIOCIIEAOBATEIBHO
oT (QaxTopoB 60Jee BHICOKOTO YpOBHsA K (hakTopam Oosiee HM3KOTO ypoBHS. [Ipu
ITOM KaXIblil (akTop Oo0Jiee HU3KOTO YPOBHS OYHIET SIBISATHCS CIEICTBHEM IIO

OTHOILICHHIO K PUYKUHE 00JI€€ BHICOKOTO YPOBHSI.

METOIbI OBOPYIOBAHHE
A N ~ "\ He 08X OFIMOCTB YCT2HOBKH
N EbI0Op Haibonee \ MHOKecTBa nporpa.\ny" BBICOKaA CTOHMDCTD
N\ MepPCrneKTHEHBIX JaHHBI \\ // mporpanevHor o obecreueHiA
\ Anarus  \ Kavnvromep /
Mamemamuuecroe \ / Aumepamypruix ~ L
Modeauposanue  \ 4 UCNOYHUKOE
X // / AN : R —— \\ HI3KaA MOLUHOCT b
CTOXKHOCTD 1/ - Ne N ik \_ nmpoueccopa
HenpeacKasyeMocTh MHOKECTEO N npopaboTxu \\
pacueTos METOAMK pactera \\ Gonpuroro obpemza N NONYYEHUE
N\ MH opMALII N\ ‘
‘, K\ L. HEAZIEKBATHOM
/4 HeCTI0CO0HOCTh i
OLEHIT B Boiin_” MOJEN MPOLIECA
A 0 eKBATH OCTD KAMJIEOBPA30OBAHNA
/ MOTYUEHHOI MOJeM!  OTpPaHIMeHHOCTh
‘\Ia;ucr:gpanm Z BO BpeMeHM /Punancwl
rayGoxoe Sarme OTCYTCTEMNE HaBbIKa /.
TEOPETIMECKIK OCHOB - o OICyLCrEne
/ P paborsl co areu. IT P T——
HCIOIHHTE T MAIEPIA. LB npoexra

Pucynox 21 — IlpuunHHO-ClI€ICTBEHHAS TUarpaMma

[IpuumHHO-CIEACTBEHHAsT aAuarpamMMa VcuWkaBel 1Jisi JaHHOTO CITydast
npencrasiena Ha puc. 30. Kak BuaHO Ha quarpamMme, ObUTH BBISIBIICHBI (haKTOPHI,
NPUBOJAIIME K MPOOJeMe HETMOJIHOTO HCCIEAOBaHUs: METOAbI, 000pyaOBaHUE,
WCITOJTHATEITh U MaTEPHAIIBI.

B ¢opmupoBanuu npo6iembl ydacTByeT Takoi (PaKkToOp Kak UCHOJHUTEIb.
Bxnrouenue  mgaHHOrO  (pakTOopa CBSI3AHO € BBICOKMMH  TPEOOBAHHSAMH,

NPEABSABIAEMBIMU K HEMOCPEACTBEHHOMY pEaM3aTopy IMPOEKTa, TaK Kak OT
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KBATM(PUKAIIMA MAruCTPaHTa M €Tr0 TEOPETHUYECKUMX M MPAKTUYECKUX 3HAHUUN
3aBUCUT PE3YJIbTAT BBIMOJHEHUS IPOEKTA.

CymiecTBeHHYIO poJib B (DOPMHUPOBAHUU TMPOOJIEMBI UTPAET TEXHOJIOTHS
MOJEIUPOBAaHUS W Takue (aKTophl, Kak O0OpyJAOBaHWE M MaTepuaibl. Tak,
HaIMpuMep, KOMITbIOTEPHBIE TPOTPAMMBI JUIsl padOThl U aHAJIU3a UMEIOT OOJIBIIYIO
0a3y MH(QOPMAIMOHHBIX JAHHBIX, HO PE3YyJbTaThl UCCICAOBAHUS HE NMPUMEHUMBbI
JUTSI BCEX MECTOPOXKICHHUM M CO3JAI0T OINpECICHHbIE HEYI00CTBa MpU padoTe ¢
pacyeTHBIMU TAHHBIMU, TaK KaK IPU U3MEHEHUH TEXHOJIOTMH IIPOLIecca MPUXOIUTCS
BBITIOJTHSATH MOBTOPHBIN AKCIIEPUMEHT, YTO MPUBOJUT K SHEPro- U TpyJo3aTrparaMm
WCIIOJTHUTEIS, TPOU3BO/IAIIECTO UCCIEIOBAHUE.

[IpumeneHnre MeToga MaTEMATUYECKOTO MOJCIUPOBAHUS TPEOYET TOUHBIX
pacyeToB U 00pabOTKHU 3KCIEPUMEHTAIBHBIX JAaHHBIX. HemnpaBuibHas oOpaboTKa
JTAHHBIX BEJIET K CHIKEHUIO 3(P(EKTUBHOCTH IMpoIiecca MOIEITUPOBAHMUS.

Braeapenue monenupyromeid CuCTeMbl UMEET KaK MOJIOKUTEIbHbBIE, TaK U
oTpuliaTesibHbie MOMEHTBI. C OJTHOM CTOPOHBI, 3TO oOecreueHrne 0ojiee BHICOKOM
(G (HEKTUBHOCTH MPOU3BOJICTBA TPYJa, a C JIPYroll - yBEJIMYEHHE HArpy3KH Ha
paboTarolMX B CBSI3M C MHTEHCU(UKAIIUEH MPOU3BOJCTBEHHOM AESATEIHLHOCTH U
crenupUIeCKUMH YCIOBUSIMHU TPY/A.

4.1.3 OneHKa roTOBHOCTH MPOEKTA K KOMMePIHAIU3ANNU

3aBepiieHueM  pa3pabOTKu  O0O0BEKTa MOJEIMPOBAHUS U CO3JIaHUS
MaTeMaTHYECKON MOJENH SIBISIETCSA MPAaKTUYECKOe MPUMEHEHNE Ha JeHCTBYIOIEM
NPOMBIIUIEHHOM 00bekTe. JlJI1 OCyIIECTBICHHS peanu3aluu  pa3padoTKu

HEO0OXOJIMMO MPEJCTABUTH €€ B BUIE KOMMEPUYECKOTO MPOEKTA.
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Tabmuua 5 — brnaHK OLIEHKM CTENEHH T'OTOBHOCTHM HAay4HOrO IPOEKTa K

KOMMeEpLIUaIn3anuu
Crenenb YPOBCHE
Ne MMEIOLIUXCS
HaumenoBanue popabOTaHHOCTH .
n/m 3HAHUH y
HAy4YHOTO MPOEKTa
pa3paboTunka
1 OnpeneneH UMEIOIUNCT HayYHO-TEXHUYECKHUI 4 4
3a1en
OmnpeneneHpl MepCeKTUBHBIC HATPABICHHUS
2. KOMMEpPIIHATU3aIH HAYYHO-TEXHUYECKOTO 4 3
3ajena
3 OmnpeneneHsbl OTpaciau U TEXHOJIOTUU (TOBapHI, 4 5
] yCIIyTY) 7151 NPEUI0KEHMS HA PhIHKE
4 Omnpenenena ToBapHas (opMa Hay4HO- 4 3
TEXHUYECKOTO 3aJeJ1a JIJIsl PECTABICHUS HA PHIHOK
5 OmnpeieneHbl aBTOPBI U OCYILIECTBICHA OXpaHa UX 5 5
paB
6 [IpoBeneHa oreHKa CTOMMOCTH HHTEJUICKTYaJIbHON 5 4
' COOCTBEHHOCTH
7 [TpoBeneHBI MAPKETUHTOBBIC UCCIICIOBAHUS 1 9
' PBIHKOB COBITa
5 Pa3paboran Ou3HEC-TIIIaH KOMMEPITUATA3AIHH 1 5
' Hay4yHOU pa3paboTKu
9 OmnpeneneHsbl MyTH TPOABMKCHUS HAYIHOM 3 5
' pa3paboTKU HA PHIHOK
10 Pa3zpaborana ctparerus (hopma) peanu3anuu 3 4
' Hay4yHOU pa3paboTKu
11 [IpopaboTaHbl BOMPOCHI UCIIOIB30BAHUS YCIYT 1 2
WHOPACTPYKTYPHI TTOJCPIKKH, TTOJYICHUS JTbTOT
12 [TpopabGoTanbl BOmpochl (PMHAHCUPOBAHUS 1 4
' KOMMEpUMAIN3allii Hay4YHO! pa3paboTKu
13 Nwmeetcs komaHaa A7 KOMMEPIHATU3alUN 5 5
Hay4YHOU pa3pabOoTKu
14, [IpopaboTan MexaHU3M peanu3alii HayqYHOTO 5 4
MIPOCKTA
HUTOI'O BAJIJIOB 34 49

OneHka TOTOBHOCTM HAyYHOTO TPOEKTa K KOMMEpUHaTu3aiuu (Wiu

YPOBEHb UMEIOIINXCSI 3HAHUH y pa3padoTuuKa) onpeensercs mo Gopmyiie:
EcyM = ZEi 1 (23)

rae beyw — cymMMmapHOe KOM4ecTBO OaJIJIOB IO KaX10MY HalpaBlIEHUIO;

bi — 0ayu1 o I-My rmokasaresio.
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ITo uroram creneHy roTOBHOCTH HAYYHOT'O MPOEKTa K KOMMEPLIHAIA3AIUT
Beyw=34. [lepcieKTHBHOCTH Hay4yHOU pa3pabOTKK OKa3alach CpeaHENH. DTO BBI3BAHO
HEJI0OCTATKOM (dbuHaHCHpOBaHUS, HE00XOIUMOI0 o0opy0BaHUs,
KBAJIM()UIIMPOBAHHBIX CIIELUATINCTOB, a TaK)Ke CIpoca Ha JAAHHBIN NMpoAykT. Jlis
MOBBIIICHUS IEPCIIEKTUBHOCTH CIIEYET MPOBOAUTH 10PAOOTKY HAYYHOTO MPOEKTA.
B cBow ouepenb ypoBeHb MMEIOIIMUXCS 3HAHMM Yy pa3pabOTyuMka HAXOAUTCS B
nuanasone 45-59, 4To roBOpUT O MEPCHIEKTHUBE BBILIE CPETHETO YPOBHS.

414  Metoabl  KOMMEPHHAJIMU3AUMUH  Pe3yJbTATOB  HAY4HO-

TEXHUYICCKOI'0O HCCJICJ0BaAaHUA

Jlns  oOecrnieyeHUsT KOMMEPUYECKOM OTAauu OT peaju3aluud MPOeKTa
BO3MO>KHO IIPUMEHEHHUE TaKUX METO/I0B KOMMEPLMAIU3allMU HAyYHBIX pa3pad0ToOK
KaK TOPIOBJIA MATEHTHBIMU JIMLIEH3USMH, Neperada HOy-Xay, WHKUHUPHUHT,
(dpaHyali3uHT, OpraHU3alus COOCTBEHHOTO MPEANPUATHS U T. 1.

B xauecTBe MeTO/1a KOMMEPIMAIA3AUUN JAHHON MaTeMaTHYECKONH MOJEIH
BBIOpaH MPOEKTHBIN MHKUHUPUHT, AHAJIN3 pbIHKA, IPOBEACHHBIA paHee MOoKa3all,
YTO JIJIs1 JAaHHOTO MPOEKTA LEJIEBBIMU MOTPEOUTENIMHU (3aKa3uuKaMH) BbICTYHAIOT
He(drenooObBatomme komnanuu u HUIIM, npu sTOoM BBIOOp HMHKMHHUpPUHTA B
KAueCTBE METOJa KOMMEPLHAIU3ALMK TO3BOJIMT MPOEUUPOBATh PE3YJIHTATHI
VCCJIEIOBAHNSI HA AHAJIOTMYHBIE MPOLECCHI, a TAK)XE I103BOJUT HCIIOJIb30BaTh
paboTy B KauecTBe 11a0JIOHA, MMOCIEI0BATEILHOCTH ONPEIECIEHHBIX ONepalui aJis
BBIIIOJIHEHHS HCCIIENOBAHUM IPYTUX IPOLIECCOB.

Takum 00pa3oM, MHXUHHUPUHT, B JAHHOM CIly4ae, peaiu3yercs MyTeMm
3aKJIIOYEHUS] JOrOBOpa Ha  OCYUIECTBICHUE HW3YYEHUS U  ONTUMH3ALUU
IIPOMBINUIEHHOrO TMporecca. CTOpPOHOM KOHCYJBTAaHTOM BBICTYIIA€T HAY4YHO-
uccleoBaTeNibckas TpyIllia HaydHOM opraHu3anuu (yHUBEPCUTET, Kadeapa).
3aka3unK  MNpEeACTaBI€H B JMIE  NPOU3BOJACTBEHHONM  OpraHu3aluu

(HedTenoObIBaroIas KOMITAHUS, TPOCKTHBIM HHCTUTYT).
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4.2 NanumManusi NpoeKTa

['pynna mnpoueccoB HWHULMALKAM COCTOMT M3 IHPOLECCOB, KOTOPHIE
BBITIOJIHAIOTCSL  JIJIT  ONpENENICHUsT HOBOIO TMpoeKTa WM HOBOM  (a3bl
CYILIECTBYIOLIEro. B paMkax mpoueccoB MHUIMALMU ONPEIEISI0TCS U3HAYAIbHbIE
HeaM W CoJAep)KaHue U (PUKCUPYIOTCS H3HAYaIbHbIE (PUHAHCOBBIE PECYPCHI.
Onpenensitorcsi BHYTPEHHUE W BHEIIHUE 3aUHTEPECOBAHHBIE CTOPOHBI MPOEKTA,
KOTOpbIe OyAyT B3aMMOJCWCTBOBATH M BIHUATH HAa OOLIMI pe3ylbTaT HAYYHOTO
MIPOEKTA.

Tabnuia 6 — 3anHTEpeCOBaHHbBIE CTOPOHBI TPOEKTA

3anHTEpECOBAHHbBIC
CTOPOHBI IIPOCKTA
Hayunoe oObeannenue
Kadenpsl (CTYICHTHI,

O)KI/II[aHI/IH 3aUHTCPCCOBAHHBIX CTOPOH

OcBoeHMe MPUHIMIHAIEHO HOBOM (111 HAYYHOM TPpyIIIbl) 001acTh
MCCJICIOBAHUS U MOJICTTUPOBAHUS

MIPENO/IaBaTEIIN )
[Toxy4nTh TOTOBBIN MPOrPAMMHBIN MIPOAYKT ISl PETyTHPOBAHHS
HedrenobriBaromue TEXHOJIOTUIECKUX MapaMeTPOB Mpolecca 00€3B0KUBAHUS U
KOMITAaHHU obecconuBaHus HEPTH, CIOCOOCTBYIOIIETO ONTHMHU3AINH U
MOBBIIICHUIO SHEPTO- U PECYPCOCOEPEKEHUS
[MoxyanTs Moaens nporecca 00€3BOKUBAHUS U 00ECCOTMBAHUS
HUTIH He(TH;

Pa3BuTh M yKpenuTh CBSI3U ¢ HAYYHbIM 00beIMHEHHEM Kadeaphl
JUISL JAJIbHEWIITNX COBMECTHBIX pa3paboTOK

Tabnuua 7 — Llenu u pe3ynpTaT mpoekTa

Pa3paboTka MaTeMaTHUe€CKON MOJIENH U IPOrPaMMHOTO MPOIYKTA C
LIEJIbIO PETYIMPOBAHUS TEXHOJIOIMUYECKUX TapaMeTpoB Mpoliecca
00€3BOKMBaHUs U 00ECCOIMBAHUS HEPTH MPH €€ TPOMBICIIOBOM

MOJIrOTOBKE

Llenn npoekra:

OxumaeMsble

PeAYIIBTATHL IPOCKTA: I'oToBBIN MONYNB pacyeTa IpoLecca;

AJIEKBaTHOCTb PE€3yJIbTATOB;
VYHHUBEpCATbHOCTD [T pa3IMYHbIX YCIOBUM MPOBEIEHHS ITPOLECCa;
ITpoctora pazpaboranHoro unrepdeiica

Kputepuu npuemku
pe3yibTara MpoeKTa:

TpeboBanue:
TpeboBanus k P
e3y/IbTATY IPOEKTA: CranmapTr3anys TOTOBOTO MPOAyKTa. Perucrpamus mporpaMMHOTO
P ] MPOJYKTA.

54




4.2.1 Opranu3anMOHHAs CTPYKTYPA NMPOEKTA

Tabnuma 8 — PaGouas rpymnma mpoekra

Ne | ®UO, ocHOBHOE MeCTO pabOTHI, Tpynozarpartsl,
Posib B mpoekte
/o IOJKHOCTD yac. (3a 2 rona)
Moiizec Onbra E¢pumosna, HU
1 TIIY, nomeHT OTIeICHH Koopaunupyer aestenbHOCTh 90
XUMUYECKON MHKEHEPUHU YYaCTHUKOB ITPOEKTA
MHIITP, pykoBOAUTEIL TPOCKTA
Edumona Enena ['ennanbeBHa,
2 HU TIIVY, oTrneneune BeimonnaseT otnensHbIe paboThI 490
XUMUYECKON MHKEHEPUHU 10 TIPOEKTY
NIIIIP, maructpant
Kpunuipina 3ost BacuibeBHa, Koopaunupyer BbllonHeHnE
3 HU TIIVY, oTtneneune pazzaena 2
COLIMAJIbHO-TYMAHUTAPHBIX HAyK «PecypcorpdexTHBHOCTD U
IIUII, noueHT (bMHAHCOBBI MEHEKMEHT)»
4 AgpeeBa Mpuna MBaHoBHa, Kogggggfﬁzg)?;:;s:ae:ﬂe 2
accuctent, HU TIIY
OTBETCTBCHHOCTD)
5 CrickuHa A. A. nouent, HU Koopaunaupyet BoloaHeHue 2
TITY paszena Ha HHOCTPAHHOM S3BIKE

HUTOI'O:

586

4.2.2 Orpanu4eHus ¥ J0NYyIICHUS NPOEKTA

OrpanuueHus MpoekTa — 3TO Bce (PAKTOPBI, KOTOPHIE MOTYT TOCITYKUTh

OI'paHUYCHUCM CTCIICHH CBO6OI[I>I Y4aCTHHUKOB KOMAH/BI IIPOCKTA, a4 TaKKC

«TpaHUIbl TPOEKTa» - MapaMeTpbl MPOEKTa WIH €ro NPOoAyKTa, KOTOpbIE HE OyIyT

PCAIM30BAHHBIX B paMKaX JAHHOTI'O IIPOCKTA.

Tabmuma 9 — OrpaHnyeHus MPOCKTa

®dakrop OrpaHuydeHus/10MyIIeHNs
bromkeT npoekra OtcyrcTBYyeT
Ncrounuk punancupoBanus OtcyTcTBYyeT

Cpoku mpoekTa:

9.09.2016 - 08.06.2018

[aTta yrBepKaeHus IIaHa yIpaBICHUs
IIPOEKTOM

13.09.2016

I[aTa 3aBCPUICHUSA IIPOCKTA

08.06.2018
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4.2 IlnanupoBaHue HAYYHO — HCCJIEI0BATEJIbCKUX padoT
4.2.1 Ili1an mpoekTa

B pamkax miaHUpOBaHHS HayYHOTO MPOEKTA ObLT MOCTPOCH KalleHIAPHBIN
rpaduk npoekTa B Buze Tadbmuipl (Tadmuia 10)

Ta6muma 10 — KanenpapHblii 11aH IPOEKTa

Cocras
Koz [Hara YYaCTHUKOB
pador Hazpanmue Anureneu | Jlara nadana OKOHYAHUS (®H1O
bl (U3 OCTb, THU pabor
pabor OTBETCTBEHHBIX
HCP) .
HCTIOTHUTEIICH )
ITomyyenue
3aJaHus U Moiizec O.E.,
1. COCTABICHILE 1 09.09.2016 09.09.2016 Edpumosa E.I"
m1aHa paboT
N3yuenne
2. TEXHOJIOTHH 101 09.09.2016 19.12.2016 Edumosa E.T".
nporecca
3. Paborac | 151 20.12.2016 | 20.05.2016 | EdmumosaE.T.
JTUTEPATyPOI
Pacuer BnusHusA
OCHOBHBIX
4 TEXHOJOTHYECKHU 92 05.09.2017 05.12.2017 Moiizec O.E.,
X MapaMeTpoB Ha Edumosa E.I".
3¢ PEeKTUBHOCTH
nporiecca
5, Obpadorka 62 05.12.2017 | 05.02.2018
pe3yJIbTaTOB Edumona E.T".
Odopmienue
6. TaOJIHUIL JaHHBIX, 28 06.02.2018 06.03.2018 Edumona E.T".
rpaduKoB
7. Obeyxcerue 31 07.03.2018 | 07.042018 | MoisecO.E,
pe3yJIbTaTOB Edumona E.T".
Odopmiienue
8. MOSICHUTEITLHOM 12 08.04.2018 20.05.2018 Edumona E.T".
3aMUCKU
Pa3pabotka
9. MPESCHTAIIH 1 11 20.05.2018 | 31.05.2018
pa31aTo4HOro E¢umona E.T".
Marepuaa
Wroro: 586

Hns nmannoit HUP BeiOpan nuHEHHBIH rpaduK MIaHUPOBAHUS, TAaK Kak
paboTa BBITIOJNHACTCA TIOCJENOBATEILHO, OHA XapaKTepU3yeTCs CPAaBHUTEIHHO

HEOOJIBIIMM KOJIMYECTBOM ATAIIOB M OTHOCUTCS K IIPOCTBIM.
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Tabnuua 11- Kanennapusiii mnan-rpadukx nposenenus HMOKP o Teme.

[IpoaomKUTEeTPHOCTH BRITIOTHEHHUS PaboT

2016 2017 2018
Kon
paboTHI o
a3BaHHe 2 "
(3 S1&|al&lal8| |2 ElE&|&|&|a|8 |48
< <
HICP) TlE Y8 |&|8|L|E|E|®|g|8|g|8 8L |E
= = 3 b i 5 p= E = = e ) b = 5 b=} E =
8| | 2| &|& | & < g8 |3 | = | &8 % | & s
1 [Tonyuenue 3aganus u
' COCTaBJIeHHE TUTaHa paboT
2. W3yueHne TEXHOIOTHY mporiecca
3. Pabora c mutepaTypoit
Pacuer BIUSIHHS OCHOBHBIX
4, TEXHOJIOTHUECKHUX TapaMeTPOB Ha
3¢ HeKTUBHOCTH Ipolecca
5. O0paboTKa pe3yIbTaToOB
6 Odopmienue TabIUI] JaHHBIX,
' rpadukoB
7. Ob6cy>xaeHue pe3yIbTaToB
8 OdopmiieHHEe TOSICHUTEIILHOM
' 3aIMCKH
9 Pa3pabotka npezeHTanuu u
' pa3naToOYHOro MaTepHualia
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4.3 broa:keT HayYHO-TeXHH4YecKoro ucciaenosanus (HTH)
4.3.1 Pacuer matepuajbHbix 3atpaTr HTHU

Pacuer crouMoCTH MaTepranbHbIX 3aTPaT MPOU3BOIUTCS IO AEUCTBYIOIIUM
IIPENCKYPAHTAM WJIM TOTOBOPHBIM [IEHaM. Pe3ybTaTsl 10 JaHHOM CTAaThe 3aHOCSTCS

B Ta0i. 12.

Ta6muna 12- MarepuanbHbIe 3aTpaThl.

TaGmuua 13 — Pacuer 3aTpart 1o crarbe «Crnerno0opyoBaHue AJIs HAyUHbIX

pabot»

No

W HaumenoBanue O60py,ZIOBaHI/IH Kon-Bo CTOI/IMOCTB, pY6
1 ITK wiau [IBM 1 25000,00
2 ITO Microsoft Office 1 3399,00
3 1O Pascal ABC 1 3933,85

4 1O Borland Delphi 7 1 8549,82

Hroro 40882,67

Hcnons3oanue 10 Borland Delphi 7 mpousBoauiock B TeueHune cpoka
BBITIOJIHEHUS TaHHOM Hay4yHOU paboTsl B Il u IV cemecTpe u coctaBumno 9 mecsiies
(c cents6pst 2017 mo urons 2018). J{nst yyeta CTOMMOCTHA JAHHOTO IPOrPAMMHOTO
o0ecrieyeHrss C y4Ye€TOM BPEMEHHM UCIOJb30BaHUS, IPOU3ZBEAEM pPacyeT
aMOPTHU3ALMOHHBIX OTYUCIICHUN. YUUTHIBAsI, YTO CPOK IMOJE3HOTO HCIIOIb30BAHUS

JaHHOI'O IMPOAYKTa COCTABJISACT 5 JIET, a I€pBOHAYAJIbHAasd CTOMMOCTL IO JaHHBIM
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Ne i/m HaumenoBanue | KonuuecTBo Ilena 3a ef., 3aTpaThl Ha
pyo MaTtepuabl, pyo
1. bymara ¢ 1000 1,5 1500
MeYaThIo
2. Pyuka 5 30 150
3. Onemr.kapTa 1 500 500
Uroro: 2150 pyo.




WHTEPHET-PECYPCOB coCTaBiseT 56999 pyOneill, MOKHO NPOU3BECTH CIIEIYIOLIUE

pacyeTs:

100%

l'ooosas nopma amopmuzayuu = —— = 20%
S nem

Eoicecoonasn cymma amopmuszayuu =56999 py6 - 20% =11399,8 pyo
11399,8 pyo
2

=949,98 pyo

FEorcemecsaunas cymma amopmusayuu =

C y4eToMm HUCIOJIb30BaHUS MPOTPAMMBI B T€UEHHE 9 MECSIEB, CTOMMOCTD
nagHoro 10 coctaBiger:

Cmoumocms no cmamoe 4 =949,98 pyo -9 =8549,82 pyoseii.

4.3.2 OcHoBHas 3apa0oTHAsS MJIATA UCHIOJHUTE el TeMbI

Cratbst «OcHOBHAas 3apaboTHas TUIaTa» BKIIOYAET OCHOBHYIO 3apa0OTHYIO
aTy pabOTHUKOB, HEMTOCPEACTBEHHO 3aHSTHIX BBHIMIOJHEHUEM MPOEKTa, (BKIHOYAs
IPEMUH, JIOTUIAThI) U IONOJHUTEIBHYIO 3apa00THYIO ILJIATY.

C3n = 306H + 3()

(24)
rae 3ocs — OCHOBHAs 3apaboTHAasI MJIaTa;
3 0n — JAOTIOJTHUTEIbHAS 3apa00THAs TJ1aTa.
OcHoBHas 3apaboTHas 1aTa (3oc) pyKOBOaUTENS (JTabopaHTa, HHKEHEPA)
OT TIpeaAnpuATHs (MIPU HATMYUU PYKOBOAMTEINS OT MPEANPHSITHS) PACCUUTHIBACTCS
0 cleayromiei hopmyie:
3o =3 T

) pas (25)

rae 3ocs — OCHOBHas 3apa0OTHAas IJiaTa OJHOTO PaOOTHHKA;

T, — NpPOIOIKUTENBHOCTh PabOT, BBIMOJHAEMBIX HAYyYHO-TEXHHUYECKUM
pabOTHUKOM, pad. IH.;

3w — CpeIHeHEBHAS 3apa0oTHas T1aTa paboTHHKA, PYO.

CpennenHeBHas 3apabOTHAs MJIaTa PaCCUUTHIBACTCA 10 hopMyIie:

3, =2, (26)
F@

rae 3y — MECSYHBIN JOJKHOCTHON OKJIaa pabOTHHKA, pYyO.;
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M — Konmr4uecTBO MecsIeB paboThl 0€3 OTITyCKa B TEYEHHUE TOa:

npu oTnycke B 24 pab. nua M =11,2 mecsiia, 5S-1HeBHas HEOENs;

npu otmycke B 48 pad. queit M=10,4 mecsiia, 6-1HeBHAs HEES;

F, — neiictButensHBI TroM0BOW (OHA paboyero BpeMEHH HAyYHO-
TEXHUYECKOTO TIepcoHasia, pad. JiH.

Ta6muna 14 — bananc pabodero BpeMeHu ojiHOro ucnoyiautesss HAP

[TokazaTenmu pabouero BpeMeHu Ucnonnurens | PykoBoauTens
Kanennapnoe uncno naei 639 142
KomuuectBo Hepabouux ngHEW 1ipu 194 50

IIECTUHEBHOM paboueil Hepene
(BBIXOJIHBIE JTHU + Mpa3JHUYIHBIC THH )

HomunaneHuseiii poua padboyero BpeMeHu 445 92

[ToTepu pabGouero BpeMeHu
- OTIYCK - -

- HEBBIXOBI 110 00JIE3HU - -

OddextuBHbiii PoHT pabodyero BpeMeHH 445 92

MecsuHbIi TOJKHOCTHOM OKJIaJ] paOOTHHKA!
3,=3,-(k, +k )k, (27)
rae 3 — 0a30BBIi OKIad, pyo.;
K, — palioHHBIN KO3 uIMeHT, paBHbIi 1,3 (1 Tomcka).

Pacuér ocHOBHOM 3apabOTHOM MIaThl NPUBEAEH B Ta0I. 12.

Tabmuua 15 — Pacuét ocHOBHOI 3apaO0OTHOM TJIATHI

361 3M; 3;[11; Tp, 3OCH,
Hcnonnutenu Ky
pyoO. pyo pyo. pab. IH. pyo.
PykoBoautenb 28900 | 1,3 | 37570 | 963,3 92 88623,6
MaructpaHt 1854 |13 | 2410 61,8 445 27510

JlonoyiHUTENNbHAS 3apaboTHAs TJ1aTa paccuuThiBaeTcs ucxonas uz 10-15% or
OCHOBHOU 3apa0OTHOM TUIATHI:

3, =k, -3 (28)

oon oon ocH !
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rae 3, — JONOJHUTENbHAs 3apaboTHasd IuIaTa, pyo;

K, —K03(pQUIMEHT AOMOIHUTENBHOMN 3apILIaThL;

oon

3 — OCHOBHas 3apaboTHas IIaTa, pyo.

oc

Tabmuma 16 — 3apaboTtnas mata ucnonuurenein HTU

3apaboTHas rara PykoBogutens Maructpasr
OcHoBHas 3apruiaTta 88623,6 27510
JlonoyiHUTENbHAS 3apIliaTa 8862,4 2751
Hroro no cratee C,, 97485,96 30261

CraThsl «OTYUCIICHUS HA COLMAIIBHBIC HYXK/IBD» BKIIFOYACT B C€0s OTUUCIICHUS
BO BHEOIOKETHBIE (DOH/IBI:

C

6HeO

r71€ Koo — KOO QHUIIMEHT OTYMCIICHHI Ha YIIATy BO BHEOKODKETHBIC (POH/TBI

=k

6HEO

(B + 300n)» (29)

OCH

(nencuoHHbIN HoH, HoH 00s13aTEILHOTO MEAUIIMHCKOTO CTPaXOBaHUs U TIp.).
PaccunThiBaeM oTUMCIECHUS HA COLIMANIbHBIE HYKIBI (27,1%):
Cires = 0,271(97485,96 + 30261) = 34619,4 py6

PGBYJ'IBTaTI)I pacducTta 3aTrpaT Ha IPOBCACHHC HCCICAOBAHHA CBCICM B

Tabnuiy.
Tabmuua 17 — Cmera 3aTpaT Ha BBINOJHEHUE HAYYHO—MCCIENOBATEIbCKOU
paboThI
Cratbu 3atpar 3arpatsl, pyo
CeoIpbe, MaTepuabl, MOKYITHbIE U3/IETHS U 2150
nostygabpuKaTel
CrnennanbHoe 000pynOBaHUE AT HAYYHBIX 40882,67

(3KCTIepUMEHTANIbHBIX) PaboT

3apaboTHas Tu1aTa 116133,6

OTyucieHus Ha COLIMAIIbHBIE HYK/IbI U 346194
HaKJIaHBIE PACXObI

HTtoro 380970,3
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4.3.3 Opranu3aluOHHAsl CTPYKTYPa NMPOEKTa

BrIOpaH npOoeKTHBIN BapUaHT OPraHU3ALUOHHON CTPYKTYpPBI MPOEKTa (PHC.

6.1).

PykoBogutens npoekra

Komanna mpoekra
(nay4HOE OOBEAMHECHUE
CTYJICHTOB U
npenojaBareen

kaddeapor)

Lens IIpoekt Peanuzanus 3aBepiieHue

Pucynox 22 — IIpoekTHasi CTpyKTypa MpOeKTa

4.4 OueHka cpaBHUTEJIbHOM 3P (PeKTUBHOCTH M CCIeTOBAHUS

Onpenenenne 3PQPEKTUBHOCTH MPOUCXOJUT HA OCHOBE pacuera
MHTErpaJbHOTO TOKa3zaTensd 3(PQEeKTUBHOCTH HAyYHOro uccienoBanus. Ero
HaXOXKJEHUE CBSA3aHO C ONPEIEICHUEM JIBYX CpPEIHEB3BEIICHHBIX BEJIWYUH:
dbuHaHCOBOM 3PHEKTUBHOCTH U pecypcorhHEKTUBHOCTH.

NurterpanbHbiii GUHAHCOBBIN MTOKA3aTeNb Pa3pabOTKU ONPEeseTCs KakK:

-y
Idn”‘;P = 1)) : ! (30)

max

rne | — uHTerpanbHbI GpUHAHCOBBIN TOKA3aTENb Pa3paboTKy;

®,i — cTOUMOCTH I-TO BapHaHTa UCTIOJTHCHHUS;
®max —  MakCUMajbHas  CTOMMOCTh  HWCIIOJIHGHHSI  HAy4YHO-

MCCJIEI0BATEIHLCKOIO MPOEKTA (B T.4U. aHAJIOTH).

[TomydyeHHass BenWYMHA HMHTETPAIBHOTO  (DMHAHCOBOTO  IMOKA3aTeIs
pa3paboTKu OTpakaeT COOTBETCTBYIOIIEE YHCICHHOE YBEIMUEHHE OI0[)KEeTa 3aTpar
pa3paboTKM B pa3ax (3Ha4YeHHE OOJbIIE EIUHMIIBI), JUOO COOTBETCTBYIOIIECE
YHCIIEHHOE YCIICBICHNE CTOMMOCTH pa3pabOTKH B pa3ax (3HAYCHHE MEHBIIE

CAMHHUIIBI, HO OOJIBIIE HYJIA).
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Tabnuma 18 — 'pynmupoBKa 3aTpaT 1Mo CTaThsIM aHAJIOTOB Pa3paboTKu

5 I g 2
0 <

2 8x08| EE |E : 2,

] o) = T a, ) > < =~ A < A

o ol § s B O S T 3 e =t < Q 25
i =222 | E5k 5 S ol 23
* EEES | 222 | ¢ Sz 2 & =z

S S ol ER | 35 2 s g =

B o S ==l < 2 = ©

= 5 8 R 0 B o E =3 S o T &

£ = = 3 'm F 5 = 5 3] = & £ 8 ° o

5 < s 225 | ER = = = B & S 3

H
= 2 0 o R O o = ?: o > = O
& SEKE S5 & S 5 ~ ©
2 35 > 2 ) = =
B OESR| OS2 | B 3 i
= i | O o

CroumocThb 2150 40882,67 648294 193256,4 2604,0 1049299
pa3paboTKu

Amnagor 1 2500 40882,67 648294 193256,4 2604,0 1049999
Amnajor 2 3750 40882,67 648294 193256,4 2604,0 1052499

NuTterpansubiii GUHAHCOBBIN MTOKa3aTEIb pa3padOTKU ONPEACIISIETCS KaK:

o _ Dpi _ 1049299

_ _ = 0,982
¢~ @ 105499

p DPpi 1049999
b= = = 0,992
Doy 1052499
@i 1052499
h=—-= 000

¢ @b, 1052499 L
[TomydyeHHass BeJIMYMHA  MHTETPAIBHOTO  (UHAHCOBOTO  IMOKA3aTeJs
pa3pabOTKH OTPa)KaeT COOTBETCTBYIOIIEE YHCICHHOE YCIICBICHHE CTOMMOCTHU
pa3pabOTKH B pa3bl.
NuTerpanbHblil MokazaTesb pecypcodPPeKTUBHOCTH BAPHAHTOB UCIIOTHEHHUSI

00BEKTa UCCIAEAOBAHUS MOKHO ONPEAEIHUTD CAEAYIOIHUM 00pa3oMm:

I :Zn:aibia S Fo :Zn:aibip ] (31)
i=1 i=1

I .
rae  — MHTErPAJIbHBIN MOKa3aTellb pecypcod(PeKTUBHOCTH BApUAHTOB;

a o .
I — BecoBOM KOA((UILIMEHT 1-TO MapaMeTpa;
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b2, b”— OayibHas OLIEHKA 1-TO MapaMeTpa Ui aHaJlora u pa3paboTKH,

YCTaHABIIMBACTCS AKCIIEPTHBIM ITyTEM IT0 BEIOPAHHOM IIIKaJIe OIICHUBAHWS,
N — YUCIIO MapaMeTPOB CPABHEHUSI.
Pacyer umHTErpasbHOrOo Mmokasareias pecypcodddEKTHBHOCTH IPHUBEACH B
taba. 19.
Tabmuma 19 — CpaBHUTenIbHAs OIEHKA XapaKTEPUCTUK BapHaHTOB

HCIIOJIHCHHUA IIPOCKTA

OO0BeKT
uccaenio- Becosoit Texymmit Amnajor Amnajor
p al a2
BaHUs | KO3 UIMEHT HpoeKT I 1 15 2 15
rapamerpa
Kpurepun
1. AJIEKBaTHOCTE 0.3 5 15 4 1,2 5 15
pa3paboTku
2. 0,2 4 08| 4 |o08| 4 |og
YHu(UUUpPOBaHHOCTD
3. IIpoctora 0,26 5 13 5 13 4 1,0
IIPUMEHEHUS 4
4. YHUBEpCAIBHOCTD 0,24 3 Oé7 3 0é7 3 O;
43 4.0 4.0
HUTOI'O 1 17 5 16 5 16 5

WNurterpanbubiii mokaszarenb 3G@exkTuBHOCTH pa3paboTku (1), ) U aHamora

punp

(15.,) oTpenensieTcs Ha OCHOBaHUH MHTETPaIbHOTO MoKa3ares

pecypcoddHEeKTUBHOCTH ¥ MHTETPAIbHOTO (PHAHCOBOTO MOKa3aTess o (hopmyre:

p
|q§uﬂp—'—m— 4,32 — 4,399
1) 0,982
1% 4,02
|4 —m _ D% 4052
punp |a1 0,992
2 1% 406

7 — 4,060
dunp M “2 = 1000

CpaBHEHME MHTErPALHOTO MoKa3arens 3QPEeKTUBHOCTH TEKYLIErO MPOeKTa
¥ aHAJOrOB TMO3BOJIMT OIPEACNIUTh CPABHUTENbHYIO 3((PEKTUBHOCTH MPOEKTA.

CpaBuurenbHas 3QPEeKTUBHOCTD MTPOCKTA:
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= sy _ 4399 =1,086
P11 4052

Gunp

IP
= 4399 g3
P12 4,060

unp

rae  Oep — cpaBHUTENbHASA () (HEKTUBHOCTD IPOEKTA;
p I .
|” — nHTErpaNbHBIi IOKa3aTeab Pa3pabOTKH;

Ia

m
Tabnuma 20 - CpaBautenbHas 3pGEeKTUBHOCTH pa3pabOTKU

5 I/IHTGI‘paJII)HHﬁ TEXHUKO-DKOHOMMYECKHM MMOKa3aTelIb aHaIora.

Ne
) [Tokazarenu Amnaror 1 Amnaror 2 Pa3pabotka
n/m
HHTerpanbHblii GUHAHCOBBIN MTOKA3aTEIb
1 0,992 1 0,982

pa3paboTku

WHTerpanbHbIi MoKa3aTesb
2 4,02 4,06 4,32
pecypcordHeKTUBHOCTH pa3padOTKH

WHTerpanbHbIi TOKa3aTelb
3 4,052 4,060 4,399
3¢ (HEeKTHBHOCTH

CpaBHutenbHas 3 (HEKTUBHOCTD
4 P be 1,086 1,083

BApHUAHTOB UCIIOJIHCHUA

B pesynbTaTre mpoBenaeHHON pabOThl Obla CHPOEKTUPOBAHA M CO3J/IaHA
KOHKYPEHTOCTIOCOOHAs pa3paboTka, OTBEYAlONas COBPEMEHHBIM TPeOOBaHUSM B

obsactu pecypcodpHeKTUBHOCTH B PECYPCOCOCPEIKCHUSI.
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S COUMAJIBHAA OTBETCTBEHHOCTbD

DKcrepuMEHTalIbHAs YacTh MAarucTepCKOM paboThl OCYIIECTBISIACH Ha
nepcoHabHOM  KoMmmbioTepe (nmanee IIK) mpu  pabGore ¢ pasnmuyHbBIMU
IPOrPaMMHBIMH 00€CIICYCHHSIMU B OT/ICTICHIUH XUMUIECKON HH)KeHEepHH TOMCKOTO
MOJIMTEXHUYECKOT0 yHUBepcuteTa. Pabouast 30Ha npeactasisieT cOO0M ayIUTOPHIO,
00OpYy/IOBaHHYIO CHCTEMaMH OTOIUICHHS, KOHAWIIMOHUPOBAHUS BO3AyXa W
€CTECTBCHHBIM M MCKYCCTBEHHBIM OCBEIICHHEM. Takke B ayJUTOPUH HAXOIUTHCS
anTeyka IMEepBOM METUIIMHCKON MOMOINM, YTJIEKHUCIOTHBIA OTHETYIIUTENb IS
TyIIeHUs Mmokapa. Pabodee MecTo — cranimoHapHOe, 000pyI0BAHHOE KOMITBIOTEPOM.

5.1. IIpousBoacTBeHHAst 0€30MIACHOCTH

PaGota 3a mepcOHAJIbHBIM KOMIBIOTEPOM PETYIHUPYETCS TEXHHUKOU
0e30MacHOCTH TPEANPUATUS U TpeOyeT coOMoAeHUs MpeanucaHHbix HOopM. [lpu
BBINIOJIHEHUH paboT Ha nepcoHanbHOM kKommbiotepe (IIK) cormacho I'OCTy
12.0.003-74 “CCBT. OmacHbie u BpeIHBIC IPOM3BOJICTBEHHBIE (haKTOPHI.
Knaccudukanuys™ MOTyT UMETh MECTO ClIeyIoIe (PaKkTOphI:

- OCBCILICHHE

- IyMm;

- JJIEKTPOMAarHWTHBIC U3ITyUCHHUSI,

- MHUKpOKJIHMMAT,

- BpEIHBIC BEIIECTBA,;

- 3pUTEIBHOC HANPSIKCHUE;

- MOHOTOHHOCTBH TPYJIOBOTO IIPOIIECCa;

- HEPBHO->MOITMOHAJIbHBIE TIEPETPY3KU;

5.1.1 Anauu3 BpeaHbIX (PAKTOPOB HA padoyemM MecTe

C 30 urons 2003 r. BBeaeHbl HOBble CaHUTAPHO-3MUIEMHOIOTHYECKUE
npaBuina CanlluH 2.2.2/2.4. 1340-03 “I'uruenuyeckue TpeOOBaHUSA K
NEPCOHAIBHBIM AJIEKTPOHHO-BBIUMCIUTEIbHBIM MAIlIMHAM U OpraHu3aluu paboThl”.

TpeGoBanust CaHMTApHBIX TPaBUJI PACHPOCTPAHSIOTCA HA BBIYUCIUTENIBHbBIE
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AJNIEKTPOHHBIE  [U(POBBIE  MAIIWHBI ~ TMEPCOHANBHBIE U TIOPTATUBHEIE;
nepudepruIecKue yCTPOHCTBA BRIYNCIUTEIBHBIX KOMITJIEKCOB (MPUHTEPHI, CKAHEPHI,
KJIABUATYPY, MOJIEMbl BHEILIHUE); YCTPONCTBa OTOOpa)xkeHus HHPOpMaLUU
(Buneoaucteiinpie TepmuHansl — BJIT) Bcex TUMOB, yCIOBUS U OpPTraHU3ALMIO
pabotsl ¢ [I9BM u HanpapiieHbl Ha IPeIOTBpaIlieHIe HEOIAronpUsTHOTO BIUSHUS
Ha 3/I0POBbE YEJIOBEKA BPEAHBIX (PAKTOPOB MPOU3BOACTBEHHOMN CPEbl U TPYIOBOTO
nporecca nipu padore ¢ [IDBM. Paboume mecra ¢ ucnonp3oBanueMm [1OBM u
MOMEIICHHS JJI1 UX DKCIUTyaTallid COOTBETCTBYIOT TpeOoBaHUsAM CaHUTapHBIX
MPaBUIL
YpoBeHb 31eKTpoMarHuTHBIX 1osieit (OMIT) u MITKOTO PEHTIEHOBCKOTO
W3IIYYEHUS

Cornacuo CanlluH 2.2.4.1191-03. «OnekTrpoMarHuTHBIE TMOJSA B
MIPOU3BOJICTBEHHBIX YCIIOBHUSX» MPHU HAIPSKEHHOCTH JJIEKTPUYECKOTO IOJSI B
nvanasoHe B quarna3one yactoT b ' - 2 kI 't 1 B quanasone yactot 2 kI 11 - 400 xI'11
BPEMEHHBIE JOMMYCTUMBIC YPOBHHU 3JIEKTPOMArHUTHOTO TIOJIST COCTaBIOT 25 B/M 1
2,5 B/M cooTBeTCTBEHHO. MOIIHOCTh HKCIO3UIIMOHHOW /1036l  MSTKOTO
PEHTTEHOBCKOTO M3My4YeHHs B Jr000# Touke Ha paccrosHuu 0,05 M oT ’Kkpana u
KOpITyca BUACOAUCIUICHHOTO TepMuHaa He npesbinaet 1 mx3s/4 (100 mxP/4).

[TonmrocThIO M36€kaTh BozaeiicTBust OMIT [I9BM neBozmoxHO0. HO MOXKHO
MAaKCUMAJIBHO CHHU3UTh ATO BO3JeHCTBUE. Mephl CHMKEHUS NHTEeHCUBHOCTH OMII
COCTOSIT B PAallMOHAIIBHOM pa3MelleHun padounx Mect - coceanuit [1K HaxomguTcs
Ha pacctostHuu 1,5 M, 0ocoOeHHO ero OOKOBbIe M 3ajHUE CcTeHKHU. OTaenka
MOMEIIEHUsI mpefcTaBieHa AUPOY3MOHHO-OTPAXKAIOIMIMMU — MaTepuajaMu ¢
3aJlaHHbIMU KO3 dulinenTaMu oTpakeHus. K Tomy ke yMeHbIlleHne U3Ty4eHus B
HUCTOYHUKE JIOCTUTaeTCsl 3a CYET NPUMEHEHHUS COTJIACOBAHHBIX HArpy30K u

MOTJIOTUTEIICH MOIITHOCTH, IPEOOPA3YIOIINX SHEPTUIO U3TYyUEHHUS B TETIOBYIO.

YpoBeHb aKyCTHUECKOT0 IIIyMa U BUOpaIUU

Mym, kak paszgpaxatonuii ¢GakTop, OKa3bIBAECT HEOIATONPHUATHOE
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BO3/ciicTBIEe Ha opranu3Mm uenoseka. Ilpu pabore ¢ [IK Bo3MOXHO mosBIEeHHE
HEPBHOT'O HAMpsDKEHUA U CHUXKEHHE paborocmocoOHocTH. McTouHukM myma -
IIPOLIECCOP KOMIIBIOTEPA, JIEKTPOJIAMIIBI, CACTEMBI BEHTWIALIMA U OTOILICHHUS.

B cootBerctBun ¢ CH 2.2.4/2.1.8.562-96 «lllym Ha paboumx Mmecrax, B
NOMEILEHUSAX KWIbIX, OOIIECTBEHHBIX 3[JaHUN M Ha TEPPUTOPUM 3ACTPOUKM,
ypOBEHB IlIyMa Ha pabouem mecte nosb3oBareneil [IK He npesbiaer 3Hauenuit 50
nbA. B momemieHusIX BCeX THIOB 00pa30BaTENIbHBIX YUYPEKIECHUH, B KOTOPHIX
sKkcruryaTupytorcss [19BM, ypoBeHb BHOpanuu HE NPEBBIIIAET JOMYCTUMBIX
3HayeHU. Pabouee MecTo HE MMEET COOCTBEHHBIX MCTOYHUKOB BUOpAIlUH, HO
UCIIBITHIBAET OOIIETEXHOJOrnYeckne Bo3aencTBUs. (CleoBaTeNbHO, COIIACHO
KJaCCU(pUKAMU 1O HCTOYHUKY BO3HUKHOBEHHUs BHOpauuu, padodee MeECTO
otHocutcst K Kareropuu 3 u Tumy B. /[ cHMKeHHS] ypOBHS 3ByKOBOTO TABIECHUS
Ha pabouyMx MecTax UM MecTax IIOCTOSHHOrO NpeObIBaHMs JIOAEH B
IIPOU3BOJICTBEHHBIX U 0O0I11eCTBEHHBIX 3/IaHUAX UCITIOJIB3YFOTCS
3BYKONOIIOMIAIOIIME KOHCTPYKIMHU, TaKh€ KakK 3BYKOIOIJIOIIAIOMIAs OOJUIIOBKA,
KOTOpast pa3MeIaeTcs Ha IOTOJIKE U CTEHAX MTOMEIIEHUM, SKpPaHbl, U3TOTOBJICHHBIE
U3 CIUIOLIHBIX TBEPJIBIX HIMTOB, OOJIUIIOBAHHBIX 3BYKOMOTJIOIIAOIINM MAaTEPUATIOM.

Ocaelienue Ha pabodyem mMecTe

Ocobast pob OTBOAUTHCSI KOHTPOJIO MO OOECIICUEHHIO JOJKHOTO YPOBHS
ocBemieHuss pabodero mecta. I[OCKOJIBKY MECTOM MpOBEIEHUS padOT SABISETCS
NOMEIIEHUE, TO BO3HUKAET HEOOXOJUMOCTh MAaKCUMAIbHOIO MPUOIHKEHUS
OCBEIICHMS K €CTECTBEHHOMY COJIHEYHOMY, YTOOBI N30€KaTh CHUKEHUS 3pEHUS U
NOBBIIICHUE yTOMIIIEMOCTH paboTHHKa. Jlig obecnedeHus: HOPMHPYEMBIX
noKa3aTesieldl OCBEIIEHHOCTH OO0ECreueH IOCTOSHHBIN KOHTPOJIb HCIPaBHOCTU
OCBETHUTEIIBHOTO 000PYI0BaHUS U €r0 3aMEHA, B CIIy4ae HEHCIPAaBHOCTH.

PaGouuii cTon ycTaHOBIEH TakUM O00pa3oM, 4YTOOBI CBETOBOM IOTOK
HaIpaBJICH ClieBa OT pabOTHHKA.

Cornacuo CHull 23-05-95 «Hopwmbl nmpoektupoBanus. EcTtecTBeHHOE U

HCKYCCTBCHHOC OCBCIIICHUCY, B TIOMCHICHUAX IJIA SKCILTyaTalluu IIK OpraHn30BaHO
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€CTECTBEHHOE OCBEIICHUE YePe3 CBETOMPOEMbI, 00ecriednBaromee K03 hUIIUEeHTHI
ectectBeHHOM ocBelleHHOCTH (KEO) He Huxe 1.5%. NckyccTBeHHOE OCBENIEHUE
MPEACTaBICHO KOMOMHUpOBaHHOU cuctemoil. [lockonbky monutop IIK Takxke
SBJISIETCA UICTOYHUKOM CBETA, TO B LIEJISIX CHUYKEHHS MEPIIAHUS IKpaHa yCTaHABIICHA
gactota kajpoB 60 't gy JKKU-moHUTOPOB.

CornacHo mnyHKTy 6.15 nmma obecrieueHuss HOPMHPYEMBIX 3HAYeHUU
OCBEIIEHHOCTA B MOMENIEHUAX JJIsl ucnoiab3oBanus [IOBM mnpoBoauTcs uncTka
CTEKOJI OKOHHBIX paM M CBETWJILHUKOB HE peXe JABYX pa3 B roj W MPOBOJAUTCS
CBOEBpPEMEHHAs 3aMEHA MEePETrOPEeBIINX JIAMII.

MukpoknuMar Ha pabounx Mectax, 00opynoBanHbix [I9BM

[Tox TepMUHOM «MUKPOKIMMAT» MOHUMAETCSI COBOKYITHOCTh HECKOJIBKUX
OMacHbIX (PAKTOPOB - TemIepaTypa OKPYXaloIIeH Cpelbl, BIAXHOCTh BO3AyXa U
CKOPOCTb JABUKEHUS Bo3ayxa. OTKIOHEHUE JaHHBIX IMOKa3aTeIe OT HOPMBbI BIUSET
rJIaBHBIM 00pa3oM Ha OCYIIECTBJIICHHE TEIJIO00OMEHa OpraHu3Ma C OKpYKarollen
cpenou.

Ha pabGounx wmectax mnonb3oBateneir [IK obGecrnedenbl onTuManbHbIC
napaMeTpsl MuKpokiaumara B cootBerctBuM ¢ CanlluHom 2.2.4.548-96
«'urnennveckue TpeOOBaHUS K MUKPOKIUMATY MPOU3BOICTBEHHBIX TTOMEIIICHUI .
CornacHO TaHHOMY JOKyMeHTy, pabora ¢ [IK oTHOCHTCS K KaTreropuu TAKECTU
pabot la (paGoThl ¢ MHTEHCUBHOCTHIO dHepro3aTpar a0 120 kkan/a (mo 139 Br),
MPOU3BOJAMMBIC CHUJII U COMPOBOXKIAIONIUECS HE3HAYUTEIbHBIM (DU3UIECKUM
HanpspbkeHueM). Mcxons w3 JaHHOW KiaccuduKaluy, TeMIieparypa BO3JyXa B
XOJIOMHBINA TIeproa Toma He Oosee 22-24°C, B Terumblii mepuon roma 23-25°C.
OTHOcuTeNbHAs BIAXHOCTH cocTaBisieT 40-60%, CKOPOCTh IBUKEHUS BO3AyXa —
0,1 M/cnsis X0JIOJHOTO U TEIIOTo MepUoja roja.

[lcuxoduznueckne BpeHbIE U OMACHbIE (aKTOPHI.

Cornacho T'OCT 12.0.003-74. CCBT «OmnacHble ©  BpeAHBIC

MpOU3BOJICTBEHHbIE  (pakTophl. Kiaccudukarus» CymecTBYIOT — CIEayroUIne

NCUX0(PU3NOIOTHIECKUE OTTACHBIE U BPEIHbBIC TTPOU3BOICTBEHHBIC (DAKTOPHI:
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®  CTAaTHYECKHUE MEPETPY3KU;
®  JIMHAMHYECKHE.

®  YMCTBEHHOE ITEpEHANPSHKCHHUE;

e  MOHOTOHHOCTbH TPYJa;

Pa6ora na IIK compoBoXkaaercs NOCTOSSHHBIM UM 3HAYUTEIbHBIM
HanpspKeHueM (PyHKIUN 3pUTEeILHOTO aHAIn3aTopa. PaccTpoiicTBO opranoB 3peHust
PE3KO YBEIMYUBAETCS NPU paboTe O0JIee YETHIPEX YACOB B JCHbD.

HepBHo-sMonmoHanibHOEe HampspbkeHue npu padore Ha IIK Bo3Hukaer
BCJIEICTBUE AePUIMTa BpEMEHH, OOJBIIOr0 00beMa M IUIOTHOCTH HMH(OpMAINH,
0COOEHHOCTEN AManoroBoro pexxuma ooduieHus yenoseka u [1K, orBeTcTBEHHOCTH
3a Oe3ommbouHOCT, HH(popMaruu. [lpogomxurensHas paboTa Ha JUCILIEE,
OCOOEHHO B JMAJIOrOBOM PEKHUME, MOXKET MPUBECTU K HEPBHO-3MOLMOHAIBHOMY
NIEPEHANPSDKCHUIO, HApYyLICHWIO CHA, YXYJILIEHUIO COCTOSHHMS, CHUXCHUIO
KOHLIEHTpallui BHUMaHUSA U pabOTOCIOCOOHOCTH, XPOHUYECKON TOJIOBHOW 00N,
HOBBILIEHHON BO30YJMMOCTH HEPBHOM CHCTEMBI, IEIPECCUU.

Kpome TOro, mpu NOBBIILIEHHBIX HEPBHO-TIICUXUYECKUX HArpy3kax B
COUYETaHUU C JPYTUMU BPEIHBIMU (PaKTOpaMH MPOUCXOAUT “BBIOPOC” U3 OpraHu3Ma
BUTAaMUHOB M MHUHEpaJIbHbIX BeulecTB. [Ipum pabore B yCNOBHUSIX MOBBIILIEHHBIX
HEPBHO-3MOLMOHANBHBIX M (PU3NYECKUX HArpy30K TMIOBUTAMUHO3, HEIOCTATOK
MHUKPO3JIEMEHTOB U MUHEpaJbHBIX BEUIECTB (OCOOEHHO Kelie3a, MarHus, CeJIeHa)
yCcKOpsieT U 00OCTpsieT BOCHPUHMMYHMBOCTb K BO3ACMCTBHIO BPEIHBIX (DaKTOPOB
OKpYXalolleld U MPOU3BOJICTBEHHOW Cpelbl, HApYyIIaeT OOMEH BEIIECTB, BEAET K
V3HAIIMBAHUIO U CTAPEHUIO OPTaHU3Ma.

[loBbIlIEHHBIE CcTaTMUECKHE HArpy3ku y modib3oBarened [IK mpuBomsT k
*anobaM Ha 0ol B CNMHE, IIEWHOM OT/AENE MO3BOHOYHMKA M pykax. M3 Bcex
HEJI0MOTaHuM, 00yCIOBICHHBIX pab0TOM Ha KOMIBIOTEPAX, Yallle BCTPEUAIOTCS TE,
KOTOPBIE CBSA3aHbI C UCMOJIH30BAHUEM KIIABUATYPHI. .

JIis  CyIIECTBEHHOTO YMEHbIIEHUS OO U HENPHUSATHBIX OILIYIIEHUH,

BO3HMKAIOMUX y mojb3oBareneit [1K, HeoOxomuMbl yacTeie mepepsiBbl B paboTe U
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ynobHoe paboyee MecTOo, 4TOOBI HMCKIIOYATh HEYAOOHBIE TO3bI U JITUTEIHHOE
HapsOKESHUE.
5.1.2 AHau3 BpeIHBIX U ONACHBIX (PAKTOPOB, KOTOPbIE MOKET C03/1aTh

00BEeKT HCCJIe0BAHNSA

TexHonorMuecKass yCTaHOBKA IOATOTOBKM HE(TH SIBISETCS B3PBIBO- U
MIOXKapOOTacHBIM 00beKTOM. [IpuMeHseMble Ha yCcTaHOBKE peareHThl 00JagaroT
TOKCUYHOCTBIO U SIBJISIIOTCS] OMACHBIMU JIJIS 3I0pPOBbS UeNoBeka. BpeaHoe BiusHue,
OKa3bIBaeMoe He(TernpoAyKTaMH Ha OpPraHU3M YeJIOBEKa MPH CUCTEMAaTHYECKOM
CONPUKOCHOBEHWH C HUMHU WIM BJbIXaHWE HUX TMapOB, MOXET MPHUBECTH K
npod3abosieBaHUsIM M OTPABJICHUAM. AHAIU3 NPUYUH I0KAPOB, B3PHIBOB H
HECYACTHBIX Clyyasix Ha HedrenepepadaThIBaAIOIIUX NPEANPUITUAX MTOKa3bIBAET,
YTO B MOJABJISIONIEM OOJBIIMHCTBE OHU BO3HUKIIM M3-3a HECOOI0IeHU Tpaduka
IUTAHOBO-TIPEAYIPEIUTENBHOIO PEMOHTA, M3-32 OTKJIOHEHUS TEXHOJIOIMYECKOIo
peXuMa, a 3a4acTyl0 M3-3a HE3HAaHUS WM TpyOoro HapyuleHUs TEXHUKHU
0€30I1aCHOCTH.

BPGIIHBIC BCIICCTBA

CeipbeM mporiecca siBIsieTcsl HeTera3oBoIsiHasl CMECh, MOCTYMaoMas 13
(doH1a CKBaXHH U COZiepKallias B CBOEM COCTaBe IIMPOKUNA CIIEKTP yTI€BOJOPO/IOB,
a Tak»Ke yrIeKHUCIIbIi ra3, CepoBOAOPOI, OKCUJI a30Ta, BOAY U PACTBOPEHHbBIE B HEM
MUHEpaJIbHBIE COJIH.

OnacHble U BpeIHbIE CBOMCTBA Tra30KUAKOCTHOW Cpelbl 00YCIOBJIECHBI €€
TOKCHUYHOCTBIO U XUMUYECKON arpeCCUBHOCTBIO OT/AEIBHBIX KOMIIOHEHTOB, & TAKKE
CHIOCOOHOCTBIO MPOHUKATh B 3aKPBIThIE IMOJOCTH M MPOCTPAHCTBA, 3JaHUS U
COOPY’KEHHUS, CKAIUIMBATHCS B PA3JIMYHBIX YIIYONEHUSX U PACHpPOCTPAHITHCS Ha
00JbILIME PACCTOSIHUS U TJIOLIAAN MO BO3IyXY, 3eMJI€ U BOJIHOM MOBEPXHOCTH.

Kpome TOro, Ha mnpomsbiciiax NPUMEHSIOT IIUPOKUN CHEKTP JpYrux

XUMHUUYECKUX BEIIECTB (JI€IMYJIbIaTOPhl, HHTUOUTOPHI KOPPO3UHU, METAHOJ U JP.).
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B tabn. 21 npuBenensl xapakrepuctuka, [IJIK 1 kiacc omacHOCTH NpUMEHSEMBIX
Ha YIICB Bemects, cornacHo 'OCT 12.1.007-76 «CCBT. Bpeansie BeriecTBay.

Ta6mumna 21 — Xapakrepuctuka, [1JIK u k1acc onmacHOCTH BelecTB

[IpenenpHO MOTyCTHMAs
KOHIIEHTPALHUS BEIIECTB B
Ne | Haumeno| Arperatnoe | Kiacc XapakTepucTuka HerTpan !
BO3/1yXe padoyeil 30HbI
BaHHE COCTOSIHHE | OIIACHOCTH TOKCUYHOCTH
MIPOU3BOJICTBEHHBIX
MOMEIEeHHH, MI/M°
1 Hedtp | xumkocTh 3 TOKCUYEH 300
Hedtano
2 U(b ras 3 TOKCHUYEH 300
1 ra3
Heamynb
3 JKUJIKOCTh 3 TOKCHYEH 5
raTophbl
Hedremr
4 ¢ JKUAIKOCTh 4 TOKCUYEH 300
JIaMBbI

Hedtp 1 O0IBIIMHCTBO MNPOAYKTOB €€ MEpEepadOTKHU SIBIISIOTCS HEPBHBIMU
a1aMy, 00JaJaloIMMU HApPKOTHYECKUM JEHCTBHEM U MOPaKAIOIMMU TJIaBHBIM
o0pa3oM ILEHTPAJIbHYI0 HEpPBHYIO cucTteMy. OHHM MOBBIIIAIOT BO30YJIUMOCTh
YeJOBEKa, BBI3BIBAIOT TOJOBOKPYKEHHUE, CepJlieOueHue, CaadoCcTh, IMOTEPIO
co3Hanus. Hedtb, monagas Ha Koxy, 00€3)KUPUBAET U CYLIUT €€.

HedrsHoit ra3, momajgas B OpraHu3M, OKa3bIBaeT (PU3MOJIOTHYECKOE
nercTBre, 001U XapakTep KOTOPOro HAIIOMUHAET ONbSHEHHUE.

JleaMynbraTopel OKa3bIBalOT CIA0OBBIPAXKEHHOE MECTHO-pa3pakaroliee
NeicTBUe, 001alaloT KyMYJISITABHBIMU CBOMCTBaMH, aJJIEPTE€HHBIM JEHCTBUEM,

pasapakaroT AbIXAaTCIIBHBIC IIYTH U CIIU3UCTLIC 000JIOYKH TJIa3.

OmnacHeble 1 BpeHbIE PaKTOPbI

Tabnuua 22 — OnacHble U BpeAHble (PAKTOPHI MPH BBHIMOIHEHUH padOT Ha

YIIH

Hctounuk dakxropa
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daktoper mo ['OCT 12.0.003-74 «CCBT. OmnacHbie u
Hanmenosanne BpEIHBIC MPOU3BOACTBEHHBIC pakTopbl. Kiaccuduxamms.
pabot
Bpennsie OmacHble

1. Ot6op  mpoO | 1. IloBp1IEHHAS 1. IloBBIIEHHBI YpPOBEHB
IMYJIbCHUH; 3ara30BaHHOCTbH BO3/YXa ; HANPSDKEHHUS B DJICKTPUYECKOM
2. IlpoBenenue 2.  Hepmocrarounas e B DJICKTPOJBHUrATEINISAX
UCIIBITAHHS C | OCBEIIICHHOCTH; HaCOCOB;
no0aBIIcHHEM 3. TloBbllIeHHBIN YPOBEHD
IeIMYIIbraTopa; IrymMa v BUOpaIuu.
3.  U3amepenue 4.  Tlcuxodusnueckue
TEXHOJIOTHYECKHUX daxTopsI
apamMmeTpoB
YCTaHOBKH.

5.1.3 O06ocHOBaHMe MepPONPUSITHI MO 3alUTE HCCIAEAOBATENS OT

HeﬁCTBHH OIMaCHBLIX U BPE€AHBbIX (l)aKTOpOB

Bo3zneiicTBue omacHBIX ¥ BpeAHBIX (DAaKTOPOB BO3ZMOXKHO TIIpH paboTe Ha
YCTaHOBKE MOJTOTOBKU HE(PTH. METO/IbI 3aIIUTHI OT BBIICYTOMSIHYTHIX BPEIHBIX
(haKkTOpOB ClieayIOLIHE.

PaboTa ¢ BpeAHBIMU U OTTACHBIMU XUMHYECKUMHU PEAKTHBAMU MPOBOJAUTCS B
CHEIUATN3UPOBAHHBIX TIOMEIICHUSX, OOOPYIOBAaHHBIX BBHITSHKHBIMH ITKadamu.
Kaxxp1ii paOOTHUK WK TTOCETUTENh IPOU3BOICTBA 00ECIICUYNBACTCS CIICTYIOIITUMHU
CpeICTBaMH 3alUThI: TOJIOBBI (KAacKW); OPraHOB JbIXaHUS (M30JHPYIONIUE
JBIXaTebHBIC aIapaThl, MPOTHBOTA3bl, PECIIMPATOPHI); JINIIA U OPTAaHOB 3PEHUS
(JIM1IeBBIC IIUTKH, 3aIIUTHBIC OYKH, MPO3PAYHBIC dKPAHbI); KOXKHU PYK (3alUTHBIC
nepyaTky, paboure pyKaBHUIIbI).

- ammapaThl U 00OpyJOBaHUE, SBISIFONTUECS HNCTOYHUKOM HWHTEHCHBHOTO
BBIICJICHUS 3aPsIIOB CTATUYECKOTO AIEKTPUUECTBA JIOJDKHBI OBITH 3a3€MJICHBI;

- 7151 ocnabyieHUs] TEHEPUPOBAHUS 3aps0B CTATUYECKOTO DIIEKTPHUUECTBA,
JIETKO BOCIIJIAMEHSIOIINECS KUIKOCTH CIIEIYET TPAHCIIOPTUPOBATH TPYOOIIPOBOIaM

C HC BBICOKMMH CKOPOCTAMH, OI'PAHHMYCHUC KOTOPBIX 3aBHCUT OT CBOMCTB

KUJKOCTH, TUAMETpa U IJIMHBI TPYOOIIPOBOIA;
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- 3allUTa TEXHOJOTMYECKHMX YCTAaHOBOK, OT DJJIGKTPUYECKOH U
3JIEKTPOMArHUTHOW MHAYKIIMU U 3aHOCA BBICOKUX MOTEHIIMAIOB Yepe3 Ha3eMHbIE U
MOJ3EMHBbIE METAJUIMYECKHEe KOMMYHHUKanuu. OT NpsIMBIX YJIapOB MOJHUMN
COOPY>KEHHUS 3aIUIIAI0TCS CIIEIUAIbHO YCTAHOBICHHBIMU MOJTHUEOTBOAMH.

J11st TOoro, 4TOOBI U30€KATh TEPMUUECKUX MOBPEXKICHUN TIPU IKCILTyaTaIlu
TEXHOJIOTUYECKHX TeYel HEOO0XOIUMO CIEAUTh 3a TOKA3aHUSIMH KOHTPOJBHO-
U3MEPUTENbHBIX TPUOOPOB, BECTH BU3YyaJbHBIA KOHTPOJb 32 COCTOSHUEM PaOOThI
neyu. /[Bepiipl kamep B mpoliecce paboThl MEUU 3aKPbITHI.

Bce oOopynoBanue, TpyOOmpOBOJABI M apMmaTypa, pPacloJIOKEHHBIC B
MOMEIIEHNN W TOABEPralonIfecss HarpeBaHUio, O0eCleueHbl YCTPONWCTBaMH,
IpeJOTBPalIAlOIMMUA UM OTPaHUYMBAIOIIMMU BbIIEJIEHUE KOHBEKLIIMOHHOTO WJIH
JYYUCTOTO Teria (TETIOM30JSIus, YKPAaHHUPOBAaHUE, OTBEJACHHE Temia U T.1.);
TEeMIEpaTypa NOBEPXHOCTU U30JIALMU He npeBbimaet 45 °C.

['opsiune MOBEpXHOCTH OOOPYIOBaHUS U TPYOOIIPOBOAOB C apMarypoil,
pacCIOJIOXKEHHBIX BHE IMOMEIICHHS, B MECTaX BO3MOXKHOTO CONPHUKOCHOBEHHUS C
HUMH 00CITy>KHBAIOILEr0 MIEpCOHala UMEIOT TEIJIOBYIO U30sA1MI0. TemnepaTypa Ha
ITOBEPXHOCTH M30Js1nK He npespimaet 60 °C.

Ecnu Tenion3omisiuo ocylecTBUTh HEBO3ZMOXKHO, TOPSIUYI0 MOBEPXHOCTh
orpaxaaercs. Begercs HaOm0JeHHE 3a YCTAHOBJIEHHBIM DPEXUMOM pPalOTHI,
MOJITOTOBKA K OCTAaHOBKE M PEMOHTY OOOPYIOBAaHHS BBITIONHSIOTCS B CTPOTO
YCTaHOBJIEHHOM TEXHOJIOTMYECKOM MOPSIKE.

5.2 Dkosiornueckasi 0€30IaACHOCTH
5.2.1 Anaau3 BJUsIHUSI 00bEKTA HCCJIEIOBAHNUS HA OKPYKAKOILYIO CPeLy

[Ipu sKcmlyaTanuu TEXHOJIOTHYECKOTO OOOPYIOBaHUS MO TMOJATOTOBKH
He()TH Yepe3 HEIUIOTHOCTH 3allOPHO-PETYIHPYIONICH apMaTyphl M AbIXaTCIbHBIC
KJIallaHbl EMKOCTEH BBIIEIISICTCS HEOOJIBIIIOE KOJIMUECTBO JIETKUX YTIEBOIOPOJIOB.

[Ipu cropanuu raza Ha dakene OyayT BBIACIITHCS B aTMOC(hepy: OKCUIBI

a30Ta M yriepojia, caxa U yriieBOJI0POIbI.
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B nensx npenynpexnaenus 3arpsizaenust atmochepst (CanlluH 2.1.6.1032-
01. «'uruenndeckue TpeOOBaHUS K 00ECIIEYSCHUIO KaueCcTBa aTMOC(hEepHOTO
BO3]lyXa HaceleHHbIX MecT»), Ha YIICB npeaycMoTpeH psjl MeponpusTUid 1o
PEIOTBPAICHUIO aBAPUUHBIX BEIOPOCOB BPEIHBIX BEIIECTB B aTMOCHEPY:

- MIOJIHAs TEPMETHU3ALIMS CUCTEMBI cOOpa U TpaHcHopTa HEDTH;

- CTOIIPOLIEHTHBIN KOHTPOJIb IIBOB CBAPHBIX COCTMHEHUN TPYOOIPOBOIOB;

- 3a1uTa 000py1I0BaHUS OT KOPPO3UH;

- OCHAIICHWE MNPEJOXPAHUTEIBHBIMU KJIAlAHAMM BCEH amnmaparoB, B
KOTOPBIX MOXKET BO3HHMKHYTH JaBJICHHE, MPEBBIMIAIONIEE PACUETHOE, C Y4ETOM
TpeOboBanuii "IlpaBun ycTpoilcTBa W 0€30MacCHOM HKCIUTyaTallu COCYJIOB,
pabotaromux mox aasienuem” (ITb 10-115-96).

Hnsa 3ammtel tuapochepsr (I'OCT 17.1.3.06-82 «OxpaHa mnpHUpOJIBI.
['unpocdepa. OOume TpedoBanus K oxpaHe moa3eMusix Boa», [OCT 17.1.3.13-86
«Oxpana npupoasl. I'uapocdepa. OOure TpebOBaHUA K OXpaHE MOBEPXHOCTHBIX
BOJ OT 3arpsasHeHui»), Ha YIICB mnpexgycmarpuBaeTrcsi repMeTH3UpOBaHHAs
CUCTEMa BOJOCHA0XEHUS W BOJOOTBEIEHUS, MCKIIOYAOLIas IOIMaJaHue
3arpsI3HSAIONINX BEUIECTB B MOA3EMHBIC BOABI M B MOYBY MPH HOPMAJIbHOUN padboTe
00opy10BaHUS.

5.2.2 Ananu3 Bausinusi ucnogab3oBanus IIK Ha okpy:kaomryio cpeay

Jlns obGecrieueHust SKOJIOTMYEeCKON 0€30MacHOCTH, Mpu ucmnoiab3oBanuu 11K
u nepudepun, clieayeT MpuooperaTh TEXHUKY, MOJHOCTHIO COOTBETCTBYIOIIYIO
cranaapty TCO99, a Takke yTUIU3UPOBATh, B COOTBETCTBUM CO BCEMU MPABUIIAMH,
BCE KOMIUICKTYIOIIUE, MOCe UCMoJib3oBaHus. [lepepaboTka BTOPUUHOTO CHIPHS,
JTA€T BO3MOXKHOCTh COXPAHATh MPUPOJIHBIE pecypchl U 3((HEKTUBHO HUCIIONIH30BAThH
MaTepualibl, KOTOPhIE yXKe€ OTCIYXHIM CBOE. DTo Kacaercs He Toibko IIK u
KOMITJIEKTYIOIIUX, a TAK)Ke OyMaru, JIOMUHECIICHTHBIX JIAMIT U JIP.

OTX0/pI B BUJIE MaKyJIaTyphl, TIOMHUHECIICHTHBIX JlaMIl u niepudepun 11K B
00s13aTeIbHOM TMOPSJKE CAAIOTCS B CHEIUAJbHBIC AKKPEIUTOBAHHBIC IIEHTPHI

YTUIIN3BOWH.
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5.3 be3onacHOCTh B Ype3BbIYANHHBIX CHTYAI[USIX

5.3.1 O6ocHoBanue wMeponpusituii mno mnpenorspameHuro YC wu

pa3padoTKa nmopsiAKa AeMCTBUs B ciiy4ae BOSHUKHOBeHust YC

[ToxxapHas 6e3omacHOCTh oOecnieunBaercs cornacHo Ilpukazy MUC P® ot
18 urons 2003r.N313 «O6 yrBepxaenuu [lpaBun mokapHoil Oe30macHOCTU B
Poccuiickoit ®deneparuu (I1I16 01-03)» cuctemMoit mpenoTBpallieHUsl Mokapa U
CHUCTEMOW TOKapHOHM 3ammTbl. Ha Bcex 00bekTax (MOMEMIEHUAX) pPa3MEIICHBI
TaOJIMUKH C yKa3aHUEM HoMepa TenedoHa BbI30Ba MOXKAPHOU OXpaHbl, KPOME TOTO
pa3MeIlEeH CXEeMaTUYHbIM IUIaH 3BaKyalluy JIIOJEH MpHU MOoKape; AOMOTHUTEIBHO
pa3paboTaHa WHCTPYKLUS, ONpenenstomas ACHCTBUS IepcoHalla B  CIy4ae
BO3HUMKHOBEHUS O04Yara BO3rOpaHHsl.

B ciyyae BO3HMKHOBEHHE MOKapa HA MPOU3BOJCTBE C YYaCTUEM OOBEKTa
UCCIIEJOBaHMsI, HEOOXOIMMO OINOBECTUTh O CIYYUBUIMMCS PYKOBOJCTBO OOBEKTA,
HE3aMEeIJIMTEIBHO BbI3BATh IITATHBIN OTPSI/I OKAPHOU CITYKOBI U CKOPYIO TTOMOIIIb.
[IpomblliIeHHAs] yCTAHOBKA ITPU TOM BBIBOJIUTCS HA CHUYKEHUE TPOU3BOAUTEIbHON
MOIIIHOCTH, OCTAHOBKY.

HeiictBusa obOcnyxuBanua nepcoHana YIIH B aBapuiiHbIX cuUTyalusx
HaIlpaBJICHBI:

- Ha CIIaCEHMWE JIOJACH, HAXOMISAIIMUXCS B OMACHOW 30HE MNpPU aBapuHu H
OKa3aHHE MEePBOM NOMOIIY OCTPAJaBUINM;

- Ha JIOKaJM3allMi0 aBapui, OTKJIIOYEHUE aBapUHHOTO OOOpYJOBaHUS U
npuOOpOB;

- Ha IPUHSATHE MEP TI0 CHUKEHUIO BO3MOXKHBIX nocnenctsuit aBapuit (I'OCT
P 22.0.01-94. Bezonacuocts B HC. OCHOBHBIE TOJOKEHUS.)

K 4ucny Takux MeponpusiTudi MOXKHO OTHECTH: CTPOroe COOJIoeHHE
CHEeLMANBHBIX Mep O€30MacCHOCTH; OpraHM3alMsl OIOBEIICHUS PYKOBOJISLIETO
coctaBa, (OPMHUPOBAHWUN U HACEJICHUS; CHEIHaIbHAsI MOJATOTOBKA W OCHAIICHHE

dbopMUpOBaHUIA; OKa3aHUE METUITMHCKON TTOMOIIM MOCTPA/IaBIINM.
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B paboumx momemieHUsX Ha OOBEKTAX HAXOAWTCS  HWHBEHTAph
MIPOTHUBOIIOKAPHON 0€30MMAaCHOCTH, AIIMK C MIECKOM, TIJIaH BaKyalluy TIPH TOXKape,
TesedOHBI MOKAPHOU CITyKObl, COOJIIOIaTh PETJIaMEHT TEXHUKH 0€30MacHOCTH.

5.4 IlpaBoBble ¥ OpPraHM3alHOHHbLIE BONPOCHI oOOecrevYeHus:

0e301macHoOCTH

5.4.1 ChneunuajbHble (XapakTepHble /Jsl NPOEeKTHPyeMoOi padouei

30Hbl) MMPaBOBLIC HOPMBI TPYAOBOI'0 3aKOHOAATECJIbCTBA

JIist BBIMOTHEHUS 3a7a4d COXPAHEHHUS XU3HU U 3]I0pOBbsl PAOOTHHKA,
COTJIaCHO TIPUKa3y, IPH MOCTYIUICHUH Ha PabOTy MMPOBOIUTCS MEIOCMOTP, C IEITBIO
MPOBEPKU 3I0pOBbs KaHauaaTa Ha coorBeTcTBHE. CoriacHo [Ipunoxenuro, N1
JTAHHOTO JIOKYMEHTa, BO BpeMsi pabOTbl MPOBOJSTCS IUIAHOBBIE MEIOCMOTPHI C
y4acTHEM Bpadell M MPOBEACHUEM JTA00PATOPHBIX MCCIICIOBAHUMN, JIS BBISIBICHUS
BO3JICUCTBUS BPEAHBIX (PAKTOPOB M BEPOSITHOCTU Pa3BUTHUSL MPOGHECCHOHATHHBIX
3a0oneBanuil. [l coxpaHeHUs W TOAJEPKAHUS 370pPOBbS PAOOTHUKOB,
MPUMEHSIOT KOMIUIEKCHBIE Mephl. OHHM  BKJIIOWalOT B ce0s  cpeacTBa
WHIUBUIYyAIbHOM  3alllUThl,  KOTOpble  OOECIEeUMBAIOT  MEXaHUYECKYIO,
TEPMUYCCKYIO, XUMHUYECKYIO M DJIEKTPUUECKYIO0 0€30ITaCHOCTb , a TaK K€ COTJIACHO
JIOKYMEHTY , NIl CHIKEHUS BPEIHOTO BO3ACUCTBUS XUMUYECKUX (hakTopoB (969
KOMITOHEHTOB) pabOTHUKAM BBIJIAETCSI MOJIOKO MUThEBOE B KonnyecTBe 0,5 muTpa 3a
CMEHY /I BBIBEJCHHS M3 OPraHM3Ma TOKCHYECKHX BEIIeCTB ( BO3MOXKHA 3aMeHa
MOJIOKA PaBHOIICHHBIMH MpOayKTaMu, cornacHo Ilpumoxkennio N1 umm ke
neHexHast Beimuiata). CorjlacHO BBITIOJTHSICTCS OecIiiaTHas BbIJada CMBIBAIONIUX U
(wnu) o0e3BpPEKUBAIONIUX CPEACTB (PKUJKOE M TBEPJOE MBLIO, OYHUIIAIOIINE U
BOCCTaHABIIMBAIOIINE KPEMbI U T.J.), €CJIM BBITIOJIHEHHE 00s13aHHOCTEN pabOTHHKA
CBSI3aHO C JCHCTBHEM OITACHBIX IMPOU3BOACTBEHHBIX (PAKTOPOB, TEMIICPATYPHBIX

YCJIOBHUM U 3arpsI3HEHUN.
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5.4.2 OpraHu3alliOHHbIe MEPONPHUSITUS NPH KOMIOHOBKe padouei

30HBI

Kaxnpii rpaxnanna PO nMeer npaBo Ha TpyA B YCIOBHAX, OTBEYAIOLINX
TpeOoBaHUSM 0€30MaCHOCTU U TUTHEHBI, U HAa OXpaHy 3/J0POBbs, PUBEIACHHBIM B
Koncturyuuu Poccuiickoit @enepamuu.

VYnobHas mno3a u cBoOOJa TPYAOBBIM JIBJKEHUSIM OO€cneunBaeTcs
MPAaBUJIbHBIM PACOJIOKEHUEM U KOMIIOHOBKOU pabouero mecta. Kpome storo, npu
UCIIOJIb30BaHUU OOOpY/IOBaHUs, OTBEUAIOLIETO TPEeOOBaHUSM 3PrOHOMHUKH U
WH)XKCHEPHOW TICUXOJIOTUH, TPYIOBOM mporecc CTaHOBUTCS 3(PEeKTUBHEH,
YMEHBIIAETCS YTOMIIIEMOCTh M MPEIOTBPAIIAETCS ONACHOCTh BO3HUKHOBEHUS

npodeCCUOHANIbHBIX 3a00JICBaHMI.

Pucynox 23- [IpaBunbHOE MOJ0KEHUE MPU pabOTE 32 KOMITBIOTEPOM.

3aKJIIOUYCHUE

B xoxe BhImonHEHUS pasjena Maructepckoit nuccepraruu «CoruaibHast
OTBETCTBEHHOCTh», OBUTH JJAaHBI XapaKTEPUCTUKU 00BHEKTa MCCIEIOBAHUS, 00IaCTh
€ro NMpUMEHEHHUs. BBISBICHBI OCHOBHBIE BpeaHbIC (haKTOPBI MPHU TPOU3BOJICTBE H
AKCIUTyaTauu 00beKTa ucciaenoBanus. [IpuBeneHb OCHOBHBIE CPEICTBA 3AIUTHI.

[IpoBenen ananu3 3arpsi3sHEHUN OKPY KarOIIEH Cpeibl, BO3ACHCTBHE 00bEKTa
Ha OKPY’KaIOIIYIO Cpey, pa3padoTaHbl PEIICHHSI IO 00ECTICYSHHUIO AKOJIOTUYECKON

0€30I1aCHOCTH.
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Takxxe, B JaHHOW paboTe MpeAcTaBieH mnepedeHb BO3MOXKHbIX YC mpu
pa3paboTKe U SKCILUTyaTUPOBAHUU OOBEKTa UCCIEIOBAHMUsI, pa3pab0TaHbl AEUCTBUA
B pe3yJbTaTe BOSHUKHOBEHMs HanOosee tunnyHon YC.

PaccMoTpeHbl NpaBOBbIE M OpPraHU3ALMOHHBIE BOIPOCHI OOECIECYEHUS
0€30I1acCHOCTH TpyAa.

[Ipy BBINOJHEHUM JUCCEPTALlMU COOJIIONAIOTCA BCE IPABOBBIE U
OpraHU3alMOHHbIE HOPMBbI, pAOOTHHUK O0ECIIEYEH CPEICTBAMHU 3aLIUTHI OT BPEIHBIX

(haxkTopOoB.
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3AK/IIOYEHUE

[Iponykmuss  HepTemOOBIBAIONIMX  CKBOXHUH  MPEACTaBISET  CcOOOM
BBICOKOJICTIEPCHYIO AMYJIBCUIO Kamesb IMIACTOBOW BOJbI, B3BEUICHHBIX B HE(PTH.
[InacToBas BoJa B 3HAUUTENILHOM CTENIEHN MUHEpaIu30BaHa xjopuaamu Na, Mg u
Ca (mo 2500 wmr/m comeki maxke mpu Hamuuuu B Hedtm Bcero 1% Bompl),
BBI3BIBAIOIIMMH OBICTPYIO KOPPO3HIO ammapaToB M KOMMYHUKAIIMM, MOBBIIIECHUE
pPacxoJI0B Ha MEPEeKauKy, CHU)KEHHE KaueCTBa MOTy4yaeMbIX He(pTepOoayKTOB U T.1.
s paspyuieHus: SMyJIbCUM U yAaleHUs U3 He(TU BOABI M COJe Heobxoauma
CTa/iusl IPOMBICIIOBOM TOJITOTOBKH.

B Hacrosiee BpemMs NOpH  HUCCIACAOBAHUUM XUMHUKO-TEXHOJIOTHUYECKHUX
npoueccoB 3(H(PEKTUBHO UCIOJIB3YIOTCS MaTEMAaTHUECKUE MOJIEIH.

Ha «kadenpe Xumudeckoil TEXHOJOTMM TOIUIMBA U XHUMHYECKOU
KHOEpHETUKH pa3paboTaHa MaTeMaTU4YecKas MOJEIb Ipoliecca Kamieoopa3zoBaHus,
MO3BOJISIONIAS YYUTHIBATHh BIIUSHHE TEXHOJIOTMUYECKUX IMapaMeTpoB Ha MPOIECC
KarieoOpa3oBaHUs MPU MPOMBICIOBOM MOATOTOBKE HEPTH.

AHanu3 nuTepaTypHbIX HCTOYHHKOB MOKA3aJl, YTO CYIIECTBYET JOCTATOYHO
OOJIBIIIOE KOJIMYECTBO METOJMK pacyeTa JuaMeTpa Karesb BOJbl B BOJOHE(PTIHBIX
samynbcusix. B nanHoit pabote st uccnenoBanuii Obutd BeIOpaHsl mecTsb popmy( |-
VI). C yueToMm JaHHBIX METOAMK ObliIa MOJICPHU3UPOBAaHA MaTEeMAaTHYCCKash MOJICIb
U mporpamma pacdeta. [[ns ontuMuzanuu paboThl C MAaTEMaTHYECKON MOJENBIO
ObLIa pa3paboTaHa mporpaMMa pacyeTa mnpoiecca Karmieoopa3oBaHusi B 00bEKTHO-
OpUEHTHUPOBaHHOM cpejie mporpammupoBanus Borland Delphi 7.

C wucnonb30BaHWEM JaHHOW MOJAENH ObUIM TPOBEICHBI HCCIEA0BaHUS
BIIMSIHUSI TEXHOJIOTUYECKUX TTapaMEeTPOB Ha MaKCUMAaJIbHBIN JTUaMETp Kallesib BObI
OMYJbCUH, C TEIbI0 HaXOXACHHS dS()PEKTUBHOTO pEKUMA IS TPOBEICHUS
MPOLIECCOB KOAJIECLEHIIMU U OTCTauBaHUS.

HccnenoBanue BIUSHUSA TEMIEPATyphbl HA MAKCUMAJIBHBIN JUAMETP Kareib
BOJIbI JJIsl SMYJIBCUU C TUIOTHOCTHIO HedTu 827 kr/m3, npu pacxozae 400000 kr/gac

nokazanu (puc. 3 — 5), 4To MpH YBEIMYCHUU TeMIIepaTypsl B uHTepBaie 15 — 50 C,
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MaKCUMAJIbHBIA JMaMeTp Karuik pacteT. Tak, HampuMep JIUaMeTp Karelb,
paccunTaHHbIi 10 MeToauke | yenmmuuaercs ot 390 1o 425 Mxm. Takke noka3aHo,
YTO TPU C POCTOM TEMIEPATyphbl BA3KOCTh M IUIOTHOCTh YMEHBIIAIOTCS, YTO
COTJIACYEeTCA C IUTEPATyPHBIMU TAHHBIMHU.

Pe3ynbTaThl HcclieOBaHUS 3aBUCUMOCTH TUIOTHOCTHM U BSI3KOCTH OT
TEeMIIepaTyphl Ha pUC. 6 — 7 MOKA3bIBAIOT, YTO BS3KOCTh U INIOTHOCTh YMEHBIIAIOTCS
C YBEJIMYEHUEM TEMIIEPATYPBI, YTO COIJIACYETCS C JINTEPATYPHBIMU JaHHBIMH.

BnusHue Temneparypbl Ha JUaMETpP Kareilb, PACCYUTAHHBIX 0 Pa3IMYHBIM
METOJMKAM JIJII SMYJIbCUH C Pa3HBIMH (DU3UKO-XMMUYSCKUMU CBONCTBAMU
npenctaBieHo Ha puc. 8 — 13. IlokazaHo, 4TO ¢ yBEIWYEHHEM TEMIIEpaTyphl
MaKCUMAaJIbHBIA JUaMeTp KaIllJld pacTeT, a TaK K€ BUAHO, YTO 4YeM OoJibie
IJIOTHOCTB AMYJIbCUU HE(PTH, TEM MEHbIIIE MAKCUMAJIbHBIA pa3Mep KaIlliu.

UccnenoBanust  BIMAHUS ~ pacxojla  XMMHYECKOTO  peareHTa  Ha
MaKCUMaJIbHBIA JHaMeTp Karuid Bojbl, mpu pacxoae 400000 kr/u (puc. 14 — 16)
MOKAa3bIBAIOT, YTO MPU MOBBIIIEHUH pacxoja Ae3MYyJbraTopa, AMAMETpP Karlld
ymenbinaetcsi. Hanpumep, no meroguke Il nuamerp xarm ymensmiaercs ot 220
10 75 MkM. Tak e BUAHO, YTO JJIsl SMYJIBCHHU C Pa3HBIMU CBOMCTBAMH, I€HCTBUE
JIe3MYJIbraTopa Mo Pa3HbIM METOJIMKAM pa3ianyHoe. Tak, Mpyu U3MEHEHUH Pacxojia
nesMyJibraTopa, mo MeroaukaM | u V amameTpbl Kamenab AJis Pa3HbIX IMYJIbCUN
3HAYUTENIFHO OTJIMYAIOTCA APYT OT Jpyra, a JUIsl BCEX OCTaIbHBIX — JUHAMHUKU
W3MEHEHHS pa3MEePOB Kameilb MPaKTHUYeCKH He HaOmo1aeTcs. BaKHO MOMHHTB, YTO
XUMHUUYECKUW peareHT OYeHb JOPOTOH, MOITOMY C TOUKH 3PEHUS] SKOHOMHUKH, HE
1[€J1€CO00Pa3HO MOBBIMIATH €TI0 PACXO/I.

UccnenoBanust BIMSIHUS — pacxoja BOJOHE(MTSHOW  OMYJIbCHU  Ha
MaKCUMaJIbHBIA THAMETP KaIlIu BOJbI MpUBEAEHBI HA puc. 17 — 19 mokassIBatoT, 4YTO
no MeToAuke | parMoHalbHO MPOU3BOJIUTH PACUETHI TSI OOJBIIUX PACXOOB
450000 — 500000 xr/gac, mo metoauke Il — I11- 200000 — 300000 kr/gac. Pa3zmepsi
Kareib, paccuuTanHbie 1o MeToaukam |1V — VI mpu TaHHBIX YCIIOBUSIX SBIISIOTCS HE

b EeKTUBHBIMU NI JajdbHEHIero ocaxaeHus. UtoOsl chopMHUpOBaTh Karliu C
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00BIIMM JUAMETPOM ObliIa yBennueHa temieparypa ¢ 15 1o 50 °C. B pesynbrare
MPOBENEHHBIX HCCIEJOBAaHUN MOXXHO PEKOMEHJOBATh MPOBOAWTH PACUETHI
pa3MepoB Karielb JIs MOTOKOB ¢ HeOoabmuMu pacxoaamu:150000 — 200000 kr/gac
o MeToauke V, HO Mpu NOBBILIEHHON Temneparype- 45 — 50 C. MakcumaiibHbIN
JMaMeTp KaIlIu, paccurTaHHbIi 1o MeToaukam |1V, VI okazasncs He 3¢ heKTUBHBIM,
MIOSTOMY JTaHHBIC METOJIUKH JIJIsl pACUETOB HE peKOMeHytoTes (puc. 18).
Pe3ynbrarel, moaydeHHBIE C HCHOJIB30BAHUEM JIAHHOM MAaTEMaTUYE€CKOU
MOJIEJIM, XOPOIIIO COTJIACYIOTCS KaK ¢ TEOPETUUECKUMU, TaK U C TIPEICTaBICHHBIMU
B JIUTEpAType SKCIEPUMEHTAIBHBIMH JaHHBIMH O TIPOIECCE KaruieoOpa3oBaHus,
CIIEIOBATENIbHO, JlaHHAs MOJETh MOXKET WCIIONIb30BAThCA ISl HUCCIIETOBAHMS
mpoiiecca OTCTauBaHusl He(TU ITPU MPOMBICIIOBOM MOJATOTOBKE U MTPOTHO3UPOBAHUS

0osee 3pHEeKTUBHBIX PEKUMOB PAOOTHI.
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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 treatment 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.

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.
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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 is 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.

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
91



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.

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.
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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
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.
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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 the 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
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.
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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.

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
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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 e  Agitation e Gravity
e  Heating e Coalescing settling
plates e Heating
e  Electric field e  Centrifugation
o Water
washing
e Filtering
e  Fibrous
packing
e  Heating

° Retention
time

e  Centrifugation

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.
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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.

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
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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.

1) 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.
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2) 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.

3) 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
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
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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.

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
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
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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
iIs 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
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
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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.

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
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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,
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.
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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.

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.
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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.
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®dparmMeHTHI KO/1a pa3padoTaHHOIl MPOrpaMMbl pacyeTa

{Pacuer maccoOMeHHOIi ceKLIUU }

procedure TForm1.Button1Click(Sender: TObject);
begin

{F**F**[lepecuer (HU3NKO-XMMHUECKHUX MapaMETPOB C YUETOM HOBOI
OOBOTHEHHOCTH * * ***
{IImoTHOCTB,KI/M3 }

rn1l:=rg*(1-w)+(rw*w);
rnl:=rn11+(0.001828-rw*0.000532)*(tem-20);

MM:=(44.29-rg)/(1.03-rg);

bkv:=0.0000424*MM+0.00682;
tkv:=0.0000000102*exp(1.8*In(MM))+0.00518;
vznt:=vzn/10*((Exp(bkv*(0.9*0.101)))/exp(tkv*(tem-20)))*10;
rnt:=rg+(0.001828-rg)*0.000532*(tem-20);

{¥****Pacuer MaKCUMaJIbHBIX AUAMETPOB*****}
DMAX1:=43.3*((exp(1.5*In(SIG))+0.7*VZW*(exp(0.7*In(U2*100)))
*(exp(0.8*In(S1G)))))/
(exp(2.4*In(U2*100))*exp(0.1*In(RE1))*exp(0.1*In(VZEMK*10000))
*RG1/1000*(exp(0.5*In(VZN))));

D3:=D2*100;

Edit10.Text:=FloatToStr(D3);

Kf:=0.4;
A:=EXP(3/5*In(sig*0.001/Kf/Rg1));
B:=exp(2/5*In(d3*rg/rn));
X:=exp(-6/5*In(U2));
dmax2:=2*A*B*X;

A:=exp(1/7*In(Rg/Rn));
B:=sqrt(2*SI1G*0.001/Rn/d3);
dmax3:=0.18*d3*A*exp(6/7*In(1/U2*B));
dmax4:=2.297*sig*0.001/0.2/rg*exp(0.4*In(d3))/exp(1.2*In(u2));
dmax5:=43*exp(1.5*In(S1G*0.001))*(1+0.7*exp(0.7*In(VZW*U2*10
00/SIG)))/
(VZN*RG1*exp(2.5*In(U2)));
mm:=exp(5*In(vzn))*u2*u2*u2/d3/rg/exp(4*In(sig*0.001));
{ Dd1:=exp(0.4*In((1-0.2)*(1-0.863*exp(0.15*In(mm)))));
Dd2:= exp(0.6*In(rg1))*exp(1.2*In(u2));
dmax6:=1.4*exp(0.6*In(sig*0.001))*exp(0.4*In(d3))/(dd1*dd2);
Dmax7:=22*sig*0.001/rn/u2/u2;

end
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