MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii ®@enepanuu
®denepalibHOE TOCYAAPCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE YUPEKICHHUE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHUM MOJIATEXHUYECKA YHUBEPCUTET»

[[Ixona MHxxeHepHas KoJa TPUPOIHBIX PECYPCOB

Hamnpasnenue noarorosku 18.04.02 DHepro- u pecypcocOeperarme mpoecchl B XUMHUYECKOU
TEXHOJIOTUHU, HEPTEXUMHUHU U OMOTEXHOJIOTH

Otnenenne mkoiisl (HOLL) OTaenenrne XuMudeckoi HHKCHEPUH

MATUCTEPCKASA TUCCEPTALIUA

Tema pa6oTsl

MOJEJMPOBAHHUE MPOIIECCOB NEPBUYHOM NOJAIOTOBKU HE®TH

V]IK 622.276.8-047.58

CryneHt
I'pynna (025 (0] IMoanuch Jara
2KM61 Mansix Kpuctnaa AHaronseBHA
PykoBourens
Jlo/zKHOCTH DdUO Yuenast cTeneHb, Ioanucn Hara
3BaHHue
Ky3pmenko Enena
Jouent K.T.H.
AnaTtonneBHa
KOHCYJIbTAHTHI:
ITo pazneny «DUHAHCOBBIM MEHEIKMEHT, PeCYpPcod(DPEeKTUBHOCTE M PECYpCOCOCPEIKESHUECH
JloJzKHOCTH DdUO Yuenasi cTeneHb, Hoanucy Jara
3BaHHUE
Kpununpina 3os
Jouent K.T.H
BacunbeBHa
ITo pazgeny «CounaibHas OTBETCTBEHHOCTbY
JloJzKHOCTH DdUO Yuenasi cTeneHb, Hoanucy Hara
3BaHHUe
ABneesa lpuna
Accucrtent P
HBaHoBHa
JOITIYCTUTD K 3AILIUTE:
PykoBoautean OOII (017 (0] Yuenas crement, Moanucy Jara
3BaHHUe
Cambopckas MapuHa
JlomeHT K.T.H
AnatonneBHa

Tomck — 2018 r.




MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii @enepannu
GbenepanpHOE TOCYJapCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE

BBICIIIETO 00pa30BaHuUs

«HAITMOHAJIbHBIA UCCJIEJOBATEJIbCKUM

TOMCKHUM MOJIATEXHUYECKA YHUBEPCUTET»

[Ixona UHxeHepHasd 11K0JIa OPUPOIHBEIX PECYPCOB

Hamnpasnenue noarorosku 18.04.02 DHepro- u pecypcocOeperarmme mpoecchl B XUMHUYECKOU
TEXHOJIOTUHU, HEPTEXUMHUHU U OMOTEXHOJIOTH

YpoBenb 00pa3oBaHus_MarucTparypa
Otnenenne mkosisl (HOLL) OTaenenre XuMudeckor HHKCHEPUH
[lepuon BeImonHEeHUs: oceHHUM / BeceHHU cemectp 2017/2018 yyebHoro rona

dopma npeacTaBiaeHus pabOTHI:

MATUCTEPCKASA TUCCEPTALIUSA

(bakamaBpckast paboTa, IUIUTOMHBIA TPOEKT/paboTa, MarucTepcKast IICcepTarus)

KAJEHIAPHBIV PENTUHT -IIJIAH

BbINIOJIHEHH S BbIITYCKHON KBATU(PUKANMOHHOMN padoThl

‘ Cpok c/1ayM CTYy/IEHTOM BBITIOJIHEHHOM pabOThI:

| 28.05.18 r.

Jara Ha3anmue pasnena (monyas) / MakcuMaJbHbIH
KOHTPOJIAA BHJI padoThI (McciIeI0BAHUS) 6as1 pazzaesa (MoayJist)
01.11.2017 | JlutepatypHbIii 0030p 15
01.12.2017 OOBEKT ¥ METOMBI MCCIIECIOBAHMS 20
01.02.2018 | Pa3paboTka MaTeMaTHYECKOH MOIEIH 20
01.04.2018 | IIpoBemeHHEe pacyeTOB HA MATEMATHUECKON MOIEIIH 15
DuHaHCOBEIA MEHEIKMEHT, pecypcoddpPeKTHBHOCTE U
10.05.2018 JDMEHT, pecypeodda 15
pecypcocOepekeHne
20.05.2018 CoumanpHas OTBETCTBEHHOCTE 15
CocTaBul IPENoaBaTeib:
JloJzKHOCTH DdUO Y4eHasi cTeneHb, Hoanuch Jara
3BaHUe
Ky3bmenko Enena
JlomeHT K.T.H.
AnartonneBHa
COTI'JIACOBAHO:
PykoBoautean OOII DdPUO YyeHasi creneHb, Ioanucn Jara

3BaHHUE

JlomeHT

Cambopckas MapuHna

K.T.H
AHaToJILeBHA




IIJTAHUPYEMBIE PE3YJIBTATBI ObYUEHUS 110 OOII

Kon
pe3yJabTara

Pe3ynbTaT 00ydyeHus (BBITYCKHUK JIOJKEH OBITh TOTOB)

Ilpogpeccuonanvnvie Komnemenyuu

P1

[IpumensaTs rTayOOKHME, MaTeMaTHYeCKHUe, eCTeCTBEHHOHAay4HEBIE,
COLIMAJIbHO-DKOHOMHYECKHE U MPO(EeCCHOHANIbHBIE 3HAHUSI B 00JIaCTH
HEPro- M  pecypcocOEeperarpmux  MpoLecCOB  XUMUYECKON
TEXHOJIOTUH, HEPTEXUMUU U OMOTEXHOJOTHH B MPOdeCCHOHATBHOM
NeSTeIIbHOCTH.

P2

CraBuTh H peuiaTb HHHOBAIITMOHHBLIC 3aJda4d IIPOU3BOIACTBCHHOTO
aHalin3a, CBA3aHHBIC C CO3JaHUCM H Hepepa60TI<017I MaTCpUalIoOB C
HCITIOJIB30BAaHUCM MOACIMPOBAHUA 00BEKTOB 151 mpoueccoB
XUMHUYECKOU TCXHOJIOTHUH, He(bTeXI/IMI/II/I 1 OMOTEXHOJIOTUH C Y4CeTOM
MUHUMU3AIUNU AHTPOIIOTCHHOTO BOB)ICﬁCTBHSI Ha OKpPYXaroulyro

cpeny.

P3

Pa3pabaTeiBaTh HOBBIE TEXHOJIOTHYECKHE TIPOLIECCHI HAa OCHOBE
MaTeMaTHYEeCKOTO MOJICTUPOBAHUS, MPOSKTUPOBATh U HCIOJIb30BaTh
SHEPro- U pecypcocOeperatonie 00OpyAOBaHHE XUMUYECKON
TEXHOJIOTUHU, HEQTEXUMHUU U OMOTEXHOJIOTHH.

P4

[IpoBoaUTH TEOpETUUYECKHE M DKCIEPUMEHTAIbHBIE HCCIEAOBAHUS B
o0nacTu pa3pabOTKH U ONTUMU3AIUU TEXHOJIOTHYECKUX MTPOLIECCOB U
CUCTEM C TIO3UIIMHU YHEPTo- U pecypcocOepexeHusl.

P5

BHenpsaTe U 9KCITyaTHPOBAaTh COBPEMEHHOE BBICOKOTEXHOJIOTHIHOE
obopynoBanue, oOecrneurBaTh €ro BBICOKYIO A()PEKTHBHOCTD,
coOJrro1aTh TIpaBUJIa OXPaHBI 3/I0POBBS M OE30MACHOCTH TpyAa Ha
IPOU3BOJICTBE, BBIMIOJNHATH TPEOOBAHUS IO 3alIUTE OKPYKAIOMIEH
CpPE/IBL.

Obuwexynomypnsle KomnemeHyuu

P6

JleMOHCTpUpOBaTh TJIyOOKHME 3HAHUS COIMAIbHBIX, ITUYECKUX H
KyJTbTYpHBIX  aQCHEKTOB  WHHOBAIMOHHOW  MPOQECCHOHATHLHOMN
JEATEITBbHOCTH.

P7

CaMOCTOSTENbHO YUYUTHCS U HETIPEPHIBHO MOBBIMIATH KBATH(PUKAIIHAIO
B TEUCHHE BCETO Neproja NpohecCHOHATBHOMN NeITeTbHOCTH.

P8

AKTHBHO BJIaJ€Th MHOCTPAHHBIM SI3IKOM Ha YPOBHE, MO3BOJISIOLIEM
paboTaTh B WHOS3BIYHOW cpefe, pa3pabarhiBaTh JTOKYMEHTAIUIO,
IIPE3EHTOBATh PE3YJIbTaThl MPO(HECCUOHAIBHOMN AESTEILHOCTH.

P9

O¢ddextuBHO paboTaTh WHAWBUAYAIBHO W B KOJUICKTHUBE,
JEMOHCTPUPOBATh OTBETCTBEHHOCTHh 3a pe3yibTaThl pPabOTBI U
TOTOBHOCTH CJIEAOBATh KOPIOPATUBHOM KYJIbTYpE OpPraHU3aIUU.




MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii ®@enepanuu

®denepalibHOE TOCYAAPCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE YUPEKICHHUE %
BBICIIIETO 00pa30BaHuUs

«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
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TOMCKHUM MOJIATEXHUYECKA YHUBEPCUTET»

[Ixona UaxeHepHas 11KoJIa IIPUPOIHEIX PECYPCOB

Hamnpasnenue noarorosku 18.04.02 DHepro- u pecypcocOeperarme mpoecchl B XUMHUYECKOU

TEXHOJOTHH, He)TEXUMUN M OMOTEXHOJIOTH

Otnenenne mkoiisl (HOLL) OTaenenrne XuMudeckoi HHKCHEPUH

YTBEPX/IAIO:
PykoBoaurens OOII

Camb6opckas M.A.
(Mata) (®.1.0.)

(IToxmuce)

3AJIAHUE

HA BbINOJIHEHHE BBINYCKHON KBAJIN(QUKALMOHHON padoThl

B dopwme:

Marucrepckoi auccepranuu

(bakamaBpckoi paboThI, IUIIOMHOTO MPOEKTa/paboThl, MArUCTEPCKON TUCCEPTALIIN)

CryneHry:

I'pynna

(0700}

2KMeé61

Magbix Kpucrtune AHarojibeBHe

Tema paboThr:

MonenupoBaHue NpoueccoB MEPBUYHON MOATOTOBKU HeQTH

YTBepkeHa NpuKa3oM JUpeKTopa (1ara, HoMep)

or 13.03.18 r. Ne 1651/¢c

Cpok cauul CTy/IEHTOM BBITIOJTHEHHOM paboThI:

28.05.18 1.

TEXHUYECKOE 3ATAHHUE:

Hcxonnble JaHHbIE K padoTe

(HauMeHOBaHUe 0OBbEKMA UCCAeO08AHUS UM NPOEKMUPOBAHUSL,
nPOU3EOOUMENLHOCTb UNU HAZPY3KA,; pexcum pabomel
(HenpepbiBHbILl, NEPUOOUYECKUL, YUKTUYECKUL U M. O.); 6UO0
CHIPLA UL MAMepual usoeius, mpebosanus K npooykmy,
usoenuio unu npoyeccy,; 0codvie mpebosaHus K 0CO6eHHOCMAM
dyHKyuoHUposanus (IKChaIyamayuu) 0ovekma ui u3oenus 8
niane 6e30NACHOCMU IKCRIYAMAYUU, SIUAHUS HA
OKPYIACAIOULYIO CPeQY, IHEP2O3AMPAMAM, IKOHOMUUECKULL
aHauz u m. 0.).

O0beKkT HMcciIeI0BaHUSI — KOMIUIEKCHBIE YCTaHOBKHU
HEPBUYHOMN MOArOTOBKU HE(PTH;

Bua ceipbsi — 1UIacTOBBIE HE(PTH MECTOPOXKICHUI
3anaanoit Cubupw,

Metoa HCCJIeI0BAHUA -
MOJIETTUPOBaHUE

MaTEMAaTHYCCKOC

Ilepeuyens moaieKAMMX HCCIETOBAHMIO,
MPOEKTHPOBAHMIO M pa3padoTke
BOIIPOCOB

(ananumuyeckuii 0630p no AUMEPAMYPHLIM UCHIOUHUKAM C
Yenvio GblACHEHUs OOCIUICCHUTI MUPOBOL HAYKU MEXHUKU 8
paccmampugaemotl 0oracmu; NOCMAaHO8KA 3a0a4u
uccnedosanus, NPOeKMupoSanus, KOHCMpYyupoBanus,
cooepaicanue npoyedypsl UCCIe08aAHUS, NPOEKMUPOBANUSL,
KOHCMPYUpo8aHus, oocyicoenue pesyibmamos 6binoIHeHHOU

AHaguTHYecKHil 0030p:

Knaccugukarus Bo1oHeQTAHBIX SMYIbCHIA U CIIOCOOBI
UX  pa3pylLIeHHS, O0COOEHHOCTH  TEXHOJIOTUH
NepBUYHOM  TMOJATOTOBKM  He(dTH, o0OOpymoBaHUe
YCTAaHOBOK  TEPBUYHOW  MOJATOTOBKM  He(TH,
COBPEMEHHbIE  CYIIECTBYIOIIME  TEXHOJOTUH |
anmaparbl NEpBUYHON MOJIrOTOBKM HEe(TH, HOBEHIIME
pa3pabOTKM M HUCCIEAOBaHUS B 0OOJIacTH

4



pabomvl; HAUMEHOBAHUE OONOJIHUMENLHBIX PA30e108, MOI[GJII/IpOBaHI/IH HpOHeCCOB HepBI/I‘IHOI\/‘I [OJICOTOBKU

noonedcawux paspabomxe, 3axuoueHue no pabome).
HEPTH.

IMocTanoBKa 3a/1a4M MCCIeI0BAHUS;

Onucanue npouexypbl UCCIeT0BAHUA;
O0cyxkaeHne pe3yJIbTATOB BINOJHEHHOH PadoThl;
3akJ0ueHue no padore

KOHchILTaHTbI 110 pa3aejiaMm BbII[yCKHOﬁ KBaJIH(l)HKaHHOHHOﬁ paﬁoTbI

(c yrazanuem pazoenos)

Paspen Koncynbranr
DOuHAHCOBbIH MEHEIKMEeNT, Kpununsina 3osa BacuibeBHa
pecypco3pPeKTUBHOCTH u
pecypcocoepexenne
ConnanbHasi OTBETCTBEHHOCTh Asjeesa Hpuna UBanosna
Pa3znea BKP na auruamiickoM ChickuHa AHHA AJIeKCaHIPOBHA
AI3bIKE

HaszBanus pa3aejioB, KOTOPLIC HOJIKHbI ObITh HANHCAHbI HAa PYCCKOM M HHOCTPAHHOM

AI3bIKAX:

1. JJUTEPATYPHBIN OB30P

JaTa BpI1a4u 3aIaHUS HA BbINOJIHEHUE BHINYCKHOM 15.01.18
. . .01.18 r.
KBATU(PUKANMOHHOM padoThI N0 JUHEHHOMY Ipaury
3agaHue BbIIAJ PYKOBOAMTEJb:
JloJzKHOCTH DdUO Yetas crenent, Hoanucy Jara
3BaHHUe
Jdouent OXU UILIIIP Ky3bmenko E.A. K.T.H, JOIEHT 15.01.18 r.
3ajaHne NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna ouo Moanucek Hara
2KMé61 Maabix K.A. 15.01.18 r.




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBIN MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE»
Crynenry:
I'pynna [0
2KM61 Maneix Kpuctune AHaTtonbeBHE
M koaa NIIITP OTtaenenue mkoabsl (HOL) OT/1eneHne XUMUYECKOH
HHKEHEPUH
YpoBeHsb 00pa3oBaHusl | Marucrparypa Hanpasienune/cnenuajabHOCTh 18.04.02 DHepro- u

pecypcocOeperarolye Iporeccrl B
XAMHYECKOI TEXHOJIOIUH,
HE(PTEXHUMHUHU U OMOTEXHOJIOTH

Hcxoaubie nanHblie K pasgeny «PHHAHCOBbIH MEHEIKMEHT, pecypcod(p(peKTHBHOCTH U
pecypcochepeskeHne»:

1. Cmoumocmo pecypcog nayunozo ucciedoganus (HHU):
MAMepuanbHO-MeXHUYECKUX, IHEPLETNUUECKILX,
PUHANCOBBIX, UHDOPMAYUOHHBIX U YEIOBCUCCKUX

broooicem sampam HU cocmaensiem 121975pyo6nei

2. Hopmbul u Hopmamuesl pacxo008anus pecypcog

Omuucnenuss Ha coyuanvhvie cayocovr 27,1%
cocmasnsiom: 21635 pyoneii.

IlepeyeHb BONMPOCOB, MOJJIEKALIMX HCCIETOBAHUIO, IPOEKTHPOBAHUIO U Pa3padoTKe:

HTH

1. Ouel-ma KOoMmMepUuecKoco U UHHO6AYUOHHO20 nomenyuaila

Tepcnexmusnocmo HUP cpeonsis.

3AK)YNnoK

2. ITnanuposanue npoyecca ynpaenenus HTH: cmpykmypa u
epadux nposedeHus, 61004cem, PUCKU U OPAHU3AYUL

Cocmasnen kaneHOapHblil NIAH-2PApUK nPosedenUs
HUP. Pacnnanuposan 6100dcem npoexma.

aghpexmusnocmu

3. Onpeodenenue pecypcHol, PUHAHCOBOU, IKOHOMUYECKOT

cocmasuna 1.

Cpasnumenvhas 3¢ ghexmusnocms pazpabomku

Hepeqeﬂb rpa(]m'{eCKoro MaTEPUAJIA (c mounviv ykazanuem oba3amensHbix yepmesicetl):

ok wnE

Juacpamma Hcuxasa

Huuuuaﬂumuuﬂ npoekma

I'pagux nposedenus u 6r0dscem HTH

Memoowsr kommepyuanuzayuu pesyromamos HTH

HOmeHL{LlaJlebl@ nompeéumeﬂu pe3yibmamoes uccnedo8aHus

Oyenka pecypcnotll, punancosot u skoHomuueckou d¢hpexmusnocmu HTU

‘ JlaTta BbI1auM 3a1aHu4 /151 pa3jieia 1o JuHeiiHoMy rpaduky

| 01.03.2018

3agaHue BbI/IaJ KOHCYJIbTAHT:

JloJzKHOCTH

OUO

YyeHasi cTeneHb,
3BaHue

Hoanuch Jara

HouentOCI'H

Kpunuupina 3os
BacuineBHa

K.T.H.,JOLIEHT

01.03.2018

3az[a}me NPUHAJ K UCIIOJTHCHUIO CTYAECHT:

I'pynna

®uo

Hoanucy Jara

2KM61

Maunbix Kpuctuna AHaTosibeBHA

01.03.2018




3AJAHUE JUISI PA3JIEJIA

«COUUAJIBHASA OTBETCTBEHHOCTDb»

CryneHty:
I'pynna DPUO
2KM61 Mansix Kpuctune AHaTOIbEBHE
M koaa NIIITP OTtaenenue mkoabl (HOLD) OT/1eneHne XUMUYECKOH
HHKEHEPUH
YpoBeHs o0pa3oBaHus | Marucrparypa Hanpagnenue/cnenuaabHocts | 18.04.02 Duepro- n

pecypcocOeperaroiye Iporeccsl B
XAMHMYECKOH TEXHOJIOIUH,
HE(PTEXHUMUHU U OMOTEXHOJIOTH

Hcxoanble JaHHbIE K pasaeiny «COIII/Ia.]'lI)Haﬂ OTBETCTBEHHOCTDb)» .

1. Onucanue pabouezo mecma (padoueit 30Hbl, MEXHONOZUUECKO20 NPOYECCa,
MEXAHUYECKO20 000py008aAHUs) HA NPEOMen 803HUKHOGECHUS:
—  BPEOHBIX NPOSGIEHUT PaKMOPO8 NPOU3600CMEEHHOU CPEbl
(Memeoyciosus, 6pednble 6eulecmaa, oceeujeHue, Wymsl, GUOpayul,
INEKMPOMACHUMHbLE NOJIS, UOHUSUPYIOWUE U3TLYYEeHUsL)
—  ONACHBIX NPOosAGIeHUL PaKmMopos NPOU3BOOCMEEHHOU CPedbl (MEXAHUYECKOT
NPUPOObL, MEPMUYECKO20 XAPAKMEPA, INEKMPULECKOU, NONCAPHOL U 83DbIEHOL

npupoowvt)

—  He2amusHO20 8030€UCMBUsL HA OKPYICAIOUYIO RPUPOOHYIO

cpedy (ammocghepy, eudpocghepy, rumocghepy)

- llp€36bllla12Hblx cumyauuﬁ (MGXHOZGHHOZO, cmuxudHoeo, JKOoJ1I02U4eCcKo2o u
CoyuaibHo2o xapakmepa)

Obvexmom ucciedosans
A67IAEMCS YCMAHO8KA
nepeuuHOl N0020MOBKU
nepmu (VIIH).

Pabouee mecmo unocenepa-
onepamopa npeocmasisiem
€000l KoMnviomep, CMoJi, Ha
KOmopom pacnojloxcen
KOMRblomep, npunmep, wKaghol
¢ OoKymenmayueu u
CNpAaeoyHoll Iumepamypou, a
mMaxice NUCbMEHHbLI CIOJIbL.
Knasuamypa u manunynamop
muna "wmviuw" pacnonodscervl
Ha cmone. Mmeiomes obviunble
CMYIbsL ¢ Hepe2yaupyemol
CNUHKOIL.

Obnacmo npumeneHust —
Hepmenepepabamuleaiowast
NPOMBIULIEHHOCTD.

Ilepeyennb BOPOCOB, MOMJIEKANMX HCCTETOBAHNIO, TPOEKTHPOBAHMUIO U pa3padoTKe:

1.1. Ananuszeviaenennvixepeonvixpakmopos npupazpabomie u
IKCHIYAMAUYUURPOEKIMUPYEMOZOPEUEHUABCIE0YIOUCTINACIC006AMENTbHOCTU:
—  QUBUKO-XUMUYECKAANPUPOOABPEOHOCHIU, eECE53b C
paspabamuléaemolumemot;

—  Oelicmsuehakxmopa Ha OPeaHU3IMUEN08eKd;
—  NpusedeHuedonyCmuMbix HOpMC

Heo0X00UMOUPAIMEPHOCTIBIO (COCCHIIKOUHACOOMEEMCMEYIOUULIHOPMAM

UBHO-MEXHUYECKULL OOKYMEHN);
—  npeodnazaemvlecpedCmaeasauiumol,

—  (CHAuANAKOANEKMUBHOU 3aUumbl, 3amem—
UHOUBUOYATTbHBLE3AUWUMHBIECDEOCBA,).

1.2. Ananu3zeviaenennvixonacHvIxaxkmopos npupaspabomse u
IKCHILYamayuunpoeKmupyemozopeuteHuABCae0yIouelinocie006amenbHoCmu:

- MexaHuquKueonaCHocmu(ucmo YHUKU, cpedcmeammum bl,

a. B npouzeodcmeennoii
cpede u npu npumMeHeHuu
BbIYUCTUMENTLHOU IEXHUKU
8epOSAMHO 8030elicmsue
CREOVIOUUX BPEOHBIX
¢axmopos:

-Omxnonenue noxasamenetl
MUKPOKIUMAINA 8 ROMEUJeHUU,
-Heoocmamounas
ocseujeHHoCmy,;
-Tlosvluennvlil ypogeHs uiyma,
-Tlosvluennvlil yposeHts
NEKMPOMASHUTNHBIX USTYYEeHULL
-DusuuecKue nepecpysKu;
-Hepeno — ncuxonoeuueckue
nepezpysKu.

-Bpeonvie eeujecmesa, maxue
KaxK:

—  MepMU4ecKueonacHoCmu(UCmoYHUKU, CpeoCmeasauumot); -bensor,
91eKMPOOE30NaACHOCMb (M. 4. CMAMUYECKOeIeKIMPUYeCcmeo, MOTHUe3auuma— - JMUIeH,
UCTNOYHUKU, CPeOCMBA3auUmbl) -9munOen3oi,;

-cepo6odopoo;
-AMMUaK;
-0KCUO yenepooad.




s 3augumul ucnonv3yiom:
XJI0NYamoOymMadicrvle
KOCMIOMbl, 3aUUMHbLE OYKU,
OOMUHKU KOJCAHbIE, NEPYAMKU,
nPOMUB02a3bl, KACKA.

1.2 K onachuim paxkmopam na
VIIH omuocam:

-20piouecmy,
83PbIBOONACHOCTND,
MOKCUYHOCMb BeUieCms,
UCTIONb3YEeMbIX HA YCIMAHOBKE,
-HaU4Ue dNeKMpOmMexHU4ecKux
YCMPOUCME 8bICOKO20
HAaNPsIICeHUs1,

-KOpoOmKoe 3aMblKanue,
-cmamuieckoe
NEKMPULECmso;

-npesvlienue MOKCUUHbIX
sewecms 6 6030yxe paboue
30HbL.

CanlluH 2.2.4.548 — 96, TOCT
12.1.013-78, 'OCT 12.0.003-
74, CanlluH 2.2.4.1191 — 03,
CanlluH 2.6.1.1015 — 01,
CanlluH 2.2.2/2.4.1340 — 03,
CanlluH 2.2.4/2.1.8.055 — 96,
UHCMPYKYUSL NO OXpane mpyod
npu pabome na I1K.

2. DKon0ZUUeCKAABE30NACHOCHL:
—  3auumacenumeoOHoOlU 30Hbl
—  aHanu3 6030eticmeusloobekma Ha ammocghepy (8blopocel);
—  auaau3 eo3delicmeusiodbvekma Ha euopocgepy(copocst);

—  auanu3 8o30elicmeusiodvekma Ha aumocgepy(omxoovl);
paspabomamuvpeuienus no 00eCneueHUrIKON0UYeCKOUDE30NACHOCTU CO CCOLIKAMU
HaHT]] nooxpaneoxkpyacaroueticpeobi.

OcHogHbIMU 3a2pA3HUmMETAMU
ammocghepuvl Ha npou3soocmese
AGNAIOMCA:

-Ceposo0opoo;

-Avmmuax;

-Yene600opoowi;

-Okcud yenepooa.

Hns nogviuenus ypogHsa
9KON02UYECKOll He30nacHocmi
cnedyem yayuuums
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OUUCTNUMETbHBIE COOPYIHCEHUS,
nPO8OOUMb OHUUCTKY CTNOYHBIX
600, 01 YMUIU3AYUU
Heobx00uUMo nposooums
3aX0poHeHUe HA CNeYUATbHBIX
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—  guibopraudoreemunuunot 4C;

—  paspabomxanpeeeHmusHbIxMep
nonpeodynpexcoenuio 4C;

Bosuuxnosenue 4C,
mpebylouux obecneuenue
9NeKmpo- u
nOACaApoB83pbIB0DOE30NACHOCU
Ha pabouem mecme.

Iepeuensv sosmodncnuix YC:




umep noauKeuoayuueé nocieOCmaull.
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cmabubHyo pabomy
obopyoosanus. Taxoce
npedycMOmpeno OmKoYeHue
91eKMpPo060OPY006aHUsL CO
wuma onepamopHoll.

4. IIpasosvie
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—  OpP2aHU3AYUOHHbIEMEPONPUAMUSL NPU KOMN 0H06K€pa60‘l€1/730H bl.
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OXpaHvl mpyoa, 8 nepeyio
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PE®EPAT

BreinyckHasa kBanudukannonsas padora 103 c., 18 pucynkos, 18 tabmun, 50
HMCTOYHUKOB.

KitoueBble citoBa: MaTeMaTHUeCKOe MOJICITUPOBAaHNE, IEPBUYHAS TTOTOTOBKA
HedTH, 00€3BOKMBAaHNE BOJOHEPTIHON AIMYIBCUH, IIEKTPOIETUIPATOP.

Ilens paboThl — pa3paboTka MaTEMaTHYECKOW MOJCIH 3JICKTPOJETHApPATOpPa
JUTSL BKJTIOYCHUS B MOJICIHPYIONIYI0 CHUCTEMY IPOIECCOB TNMEPBUYHON IMOATOTOBKHU
He(TH.

B amanuTHUeckoM pasjene paccMOTpeHakIacCH(PUKANUs BOAOHE(PTIHBIX
OMYJIbCHH, CIIOCOOBI MX pa3pylICHUs, CYIICCTBYIOIIME anmaparbl, MIPUMEHIEMbIC Ha
NPOMBICIIC IS pPa3ACiiCHUs BOJOHC(TSIHOW SMYIIbCHH, TOCICIHUE pa3pabOTKH B
00JJaCTH MaTeMaTHYECKOr0 MOJCIIMPOBAHUS IPOILIECCOB TEPBUYHONW IOJATOTOBKHU
HedTH.

B  okcnepuMeHTaJbHOW  YacTH  OMMCaHa  MaTeMaThdeckas  MOJEJNb
AIEKTPOAETHUIpATOPA, KOTOpas peann3oBaHa npu MOMOIIU S3BIKA
nporpamMMmupoBanust Python wu mpoBepeHa Ha aJeKBaTHOCTh IO JaHHBIM C
JEUCTBYIOIIECH YCTAHOBKH.

O6nactb  NpUMEHEHMS:  MOJENb  MOXET  HCIOJb30BaThCS  TPHU
POTHO3UPOBAHUM MPOIECCOB MOATOTOBKY HEPTH Ha MPOMBICTIAX W MPOCKTUPOBAHUU
HOBBIX 00BEKTOB MOJATOTOBKH HE(TH.

B pasnmene «®uHAHCOBBIM MEHEIKMEHT, pecypcoddPeKTUBHOCTE U
pecypcocOepexeHrne» MPOBEICH aHadnu3 SKOHOMHUYECKON 3(D(PEKTHBHOCTH JTaHHOTO
WHBECTUIIMOHHOTO TIPOEKTA.

B paznene «CorumanpHasi OTBETCTBEHHOCTHY» OBLUTH PACCMOTPEHBI BOMPOCHI
TEXHUKH O€30MacHOCTH, pa3pabOoTaHbl MEPONPHUATHS TIO0 OXpaHe TpyAa U
OKPY’KAIOIIEH CpEBbI.

JlunimomHasi paboTa BBINOJHEHAa B TEKCTOBOM peaakrtope Microsoft Office

Word 2016.
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BBEJAEHHUE

B Hactosiiiee Bpemsi HeTsHbIE MecTOpoXaeHUss Poccuu uctomarorcs u
cojiepkar B cebe OoJbIIoe KOIMYECTBO MHUHEPATM30BAHHOM BOJbI, YTO BHI3BHIBAECT
KOPPO3UI0 TPyOONMpPOBOJOB U OOOPYIOBaHUS M HEOOXOAWMOCTh W30aBJICHUS OT
Oayacta nmpu nepexkavyke 1o MarucTpajibHbIM He(TEnpoBOIaM.

Bce texHonmornueckue MOyJid MOJATOTOBKUA HE(PTH HA MPOMBICIAX COJEPHKAT
0JIOKM 00e3BOKMBAHUSI W, MPHU OOJBIION MUHEpaIU3alMK IUIACTOBBIX BOJ, OJOKU
obeccoyiuBaHusl.

Bona naxonurcest B miiactoBod He)TU B DMYJIBIUPOBAHHOM COCTOSIHWU, U, B
3aBUCUMOCTH OT €€ CBOWCTB, g 00€3BOXKMBaHUS HepTH TpeOyeTcs pa3nyHOe
COUYETaHHE METOJIOB JIeIMYJIbIupoBaHus. Ha mpoliecc pa3pymieHus: SMyabCUM BIUSET
MHOXECTBO (DaKTOPOB: THIl SMYJLCHUH, TeMIepaTypa, naBiieHue, PH cpeasl, BUI u
KOHIICHTPAIHS IeaMyJibratopa u npyrux[1].

Brnusinue Bcex 3TuX (pakTOpoOB Ha MpOLECC pa3/ieNeHus HEPTH U BOIbI MOKET
OBITh M3Y4YEHO C TOMOIIBI0 METOJa MaTeMaTH4YeCKOr0 MOJCIUPOBAHUSA, TJIE
pe3ynbTaTtoM OyIeT BBICTYNaTh BO3MOXKHOCTh TMPOTHO3MPOBAHUSA IPOLIECCOB
NEPBUYHON MOATOTOBKH HE(TH B MPOMBIIUICHHOCTH Ha peajbHbIX 00BEKTaX U MpPH
NPOEKTUPOBAHUU HOBBIX OOBEKTOB, & TAKXKE OMpeIeNieHne ONTHUMAIbHBIX YCIOBUU
IIPOBEJICHUS MPOIIecca, B 3aBUCUMOCTH OT (PU3UKO — XUMHUECKUX CBOUCTB HEPTH.

B nacrtosimiee Bpemss B Poccun He co3maHa maTeMaTthyeckass MOJENb st
ONMMCAHMS SBICHUM pa3pylmieHUs BOJAOHE(PTSHBIX OMYIbCHUA TOA JEHCTBUEM
AIEKTPUUYECKOTO TIOJIS.

[ToaTOMy mepCrneKTUBHON 00JacCThI0 MCCIENOBAHUS SIBISETCS COCTABJICHHE
MaTEeMaTUYeCKOM MOJENH TPOIECCOB CO3JaHUsl M pa3pylieHus BoaoHeDTIHOU
AMYJICUU TOJ JEUCTBHEM DJJIEKTPUUECKOTO MOJS JJI JajJbHEWIIEro BHEAPEHUS B

MO/ICJTUPYIONIYI0 CUCTEMY MPOIECCOB MEPBUYHOMN MOJATOTOBKU HEPTH.
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1 OB3OPJIUTEPATYPbI

1.1 Jeamyabcanmsi BOXOHEe(PTAHBIX IMYJIbCHIA

N3Bneuennass coipas HEPTb COJAEPKHUT Tra3, BOJY, COJIM, MEXaHUYECKHE
npumMecu U T.4. ColsIMU, KOTOPBIE YacTO MPUCYTCTBYIOT B ChIPOU HE(PTH, SBISIIOTCS
XJIOPUIBl KaJbIUsl, HATPUS M MarHus. OTH COJM MOTYT BBI3bIBATH CEPbE3HBIC
poOJIeMbl, TaKHE KaK KOPPO3HUs TPYOOIPOBOIOB U 00OPYA0BaHUS, UX 3aTPSI3HCHUS U
OTpaBJICHUE KaTalM3aTOpPOB Mpu Mocieayromied mnepepadborku Hedtu. [losTomy
celpasi HedTh, U3BJICUCHHAS U3 CKBAXWH, TMOJBEPraeTcs MpeBapUTEIbHON
MOJTOTOBKE: O0ECCOIMBAHMM U OO0E3BOKMBAHWUU. OTH MPOIECCHl TMPEICTABISIOT
c000¥i MPOMBIIICHHBIC MPOIECCH yIAJIICHHUS BOJOPACTBOPUMBIX COJICH U3 HEPTIHOTO
notoka. OCHOBHOM IIEJIbIO TTPOIIECCOB IEPBUYHOMN MOJATOTOBKH SBJISIETCS JOCTHKEHUE
JOCTaTOYHOM YHMCTOTHI MPOJyKTa, KOTOpoe periaameHtupyerca no 'OCT 51858 —
2002. OOBIYHO YyCTAaHOBKA A OOECCONMBAHUS TPEACTABIICT U3  ceOs
MIOCJIEIOBATENIPHO YCTAHOBJICHHBIE CEMapaTop W OTCTOMHUKH, TJe HedTh M BOJA
pa3AesoTCs MO ACHCTBUEM CUJIBI TPABUTAIIMOHHOTO OCAXICHUS. TakKe dMYJIbCUIO
JOTIOJTHUTENIBHO TPOMBIBAIOT MOTOKOM IPECHOW TOpsiYel BOABI, JJII TOT'O YTOOBI
COJIM, TIPOPEArupoOBaJid C BOJOM, M 3aT€M OTACIIINCH OT HePTIHOTrO Moroka. Jlis
pa3zielIeHus] YCTOMYMBBIX AMYJIBCUN WM MPU OOJIBIION 0OBOJHEHHOCTH HCIIOIB3YIOT
SJICKTpUYECKUK TOK. Ilog ero pAelcTBHEM MOJIEKYJBI BOJBI  MOJSIPU3YIOTCH,

KOAJICCIUPYIOTCA U 110 HeﬁCTBHeM CHJIBI TSAXKCCTH OCCOAIOT M OTACIIAKOTCA OT He(i)TI/I

[2].

1.2 Knaccudukanus BogoHePTIAHBIX IMYJIbCHI

DOMYIIbCUST — 3TO CMECH JIBYX HECMEIITHBAIOIIMXCS C KUIKOCTBIO KUIKOCTEH,
OJTHAa M3 KOTOPBIX TUCIEPrUpOBaHA KaK OYEHb MaJICHbKHE KarelbKH B JPYrod U
CTaOMIM3UPOBaHA IMYJIBTUPYIOMUM areHTom[3].

Bononedrtsiabie a3Mynbcuu ObIBAIOT TPEX TUIIOB.
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Omynbscus nepBoro tuma (H/B) — mnpsmas smynbcus, rie B KayecTBe
nucriepcHOM (ha3bl BRICTYMAOT Karuii HETU (HEMOJspHAsk )KUJIKOCTh), a B KaUeCTBE
JUCIEPCUOHHON cpenbl — BoAa (MOJSpHAs XUAKOCTh). Takas SMyJIbCUS TaKkKe
Ha3bIBaeTCs ruApoUIbHOMN (pucyHoK 1).

Omynbeus Broporo tumna (B/H) — smynbeust oOpaTHOro THMa, rae Kariu BOJbl
— nucnepcHas ¢daza, Hed)Th — JIHUCHEPCUOHHAs cpena. Takas SMYJbCHUS TaKkKe
Ha3bIBaeTcsa ruApodoOoHoN(pucyHok 1).

9MyJIBCI/I$I MHOXXCCTBCHHOT'O THUIIA — OMYJIbCHA, TIC B KPYITHBIX KaIlJIsAX He(bTI/I

o0pa3yroTcs MeaKue Kaneiabku HedTH [4].

MOT'yT O6p3,30B]':>IBaT]':>C$[ MCJIKHC FJIO6YJIBI BOIbl WJIM B KPYIIHBIX KaIlIIX BOIbI
. v '

Pucynok 1 — Dmynbcuu BTOPOro ¥ IEPBOTO TUIIOB

OMyJIbCUU TPEACTABISAIOT CO00M MeTacTaOMIIbHBIE CHUCTEMBI, OOBIYHO
oOpasyronuecss B TPHUCYTCTBUA MOJIEKYJT TIOBEPXHOCTHO-aKTUBHBIX BEIIECTB,
aM(puPMIBHBIX TOJIMMEPOB WU TBEPABIX 4YacTHUIl. M3BECTHO, YTO OTHOCHUTEIHHBIN
Oamanc THUAPOGUIBHBIX M JTUNOGUIBHBIX CBONCTB 3THX 3MYJIbraTOPOB SBISETCS
HanOoJIee BAXKHBIM IMApaMETPOM, OTIPECIISIFOIINM TUIT SMYJIBCHUU: SMYIHCUH HEPTH B
Boae (H/B) mpenmodtuTenbHO MOTy4YarOT C MOJEKYJIaMH, KOTOPHIE SBIISTFOTCS
JOBOJIBHO THIPO(HILHBIMH, TOT/a Kak Boga B HedTH (B/H) smynbcun npousBoastes

B IIPUCYTCTBUH TUAPOPOOHBIX MOJICKYIT [3].
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1.3 IlpyuuHBbI BO3HNKHOBEHHS 3MYJIbCH I

[IpoGnema BeIEIEHUS BOABI U3 JOOBITOM HEPTH CYIIECTBYET TaKKE JAaBHO
KaK CyIllecTByeT He(TsHas NpOMBIIUIEHHOCTh. B Hawane pa3BuTus HeDTSIHOU
MIPOMBIIJIEHHOCTH Mpo0JieMa pa3eneHusl BOJbl Obljla pellleHa MyTeM OTCTauBaHUS
CBOOOJHOM BOABI M3 He(PTH B OTKPBITBIX pe3epByapax WM siMax, a OCAaJOK
YTWIN3UPOBAJIH, KaKk MpaBuio, myTeM cxuranus. He mpouuio u cronerus, kak ObUI10
0OHapy’KEHO, UYTO «U» (0CaJ0K) MPEACTABISIET COOOM AMYIBCUIO CHIpON HEeTH U
BOJIbI, OTKYJIa MOXKET OBbITh U3BJICUYEHO 3HAYUTEIHHOE KOJUYECTBO YII€BOJIO0POIOB.

[lon smynbcusMu cbipoil HEPTU MBI UMEEM B BUAY 3MYJbCUU THIA BOJA B
HEe(TH, TOCKOJBKY OOJIBIIMHCTBO AMYJIbCHM MPEACTABISIOT COO0M ATOT. XOTS
AMYJbCUU HEPTH B BOJE TaKKe OOpa3yloTCs U BCTPEYAIOTCS B MPOMBIIIICHHOCTH,
OHHM, KaK MPaBUJIIO, pa3pelIatoTCcsl TaKUM e 00pa3oM, Kak u smynbcuu tuna B/H, 3a
UCKJIIOYEHHEM  TOTO, 4YTO  3JEKTPOCTATUUECKHE  OYUCTUTEIM HE  MOTYT
UCNOJIb30BaThesl Ha 3Mynbcusix H/B. OOpazoBanue smysibcuu mpu JoObue HedTH
SIBJISIETCS] OUEHb JIOPOTOCTOSIICH ONepaTHBHOM poOieMoii[3].

OMynbcun Chlpoil HepTH 00pa3yroTcsi, Korna He(pTh M COJISTHOW pacTBOp
KOHTaKTHPYIOT APYT C APYrOM, IMOJ BIUSHUEM IEpEeMELIMBaHUs U B NPUCYTCTBUU
SMyJbraropa WIM Je3Myjbraropa. VHTEHCUBHOCTh CMEIIMBAaHMS U HaJIU4ue
SMyYJIbraTopa UMEIOT OCHOBHOE 3HAu€HHuE Il 00pa3oBaHUs SMyJbcUH. B mpouecce
100bIYM HEPTH MMEETCS HECKOJbKO MCTOYHHUKOB TepeMemuBaHus (pucyHok 2). K
HUM OTHOCST: IBW)KCHHME IIOTOKa 4Yepe3 TOpHYK Mopoay, nepdopamnun/Hacocshl,
POXOJ 4epe3 TpyOOIlpoBOJ; KIamaHOB, (PUTUHIOB M JApOCCENeH, MOBEPXHOCTHOTO

000pyAOBaHUs, Ta30BBIX My3BIPHKOB H T.]I.
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PI/IcyHOK 2 — HpI/IHIII/IHI/IaJIBHaSI CXE€Ma II0TOKa CBIpOﬁ He(l)TI/I N3 CKBAa>XHNHbI B

pe3epByapbl

[Ipy HeKauyeCTBEHHOM pa3JeeHUHd BOJOHE(DTAHBIX AMYIbCUH, MOTYT
BO3HHKATH CJICAYIOIINE TPYAHOCTH [5]:

e  VYBenWueHWE CTOMMOCTH TIEPEKAYKH WA TPAHCTIOPTHPOBKH HE(TH IO
TpyOOIIPOBOAY WJIH TAHKEPOM, COOTBETCTBEHHO.

e  Koppo3us HacocoB, TpyO, MEPETOHHBIX KOJIOHH (M3 — 33 CYIICCTBOBAHUS
HMOHOB XJIOpHUJa B BOJHOH (haze).

e  OrtpaBneHue KaTaau3aTopoB HePTenepepadoTKu.

1.4 MeToasbl pa3pyuieHusi BOAOHe(PTAHON IMYJIbCHHA

Jleomymnbcarus mpencTaBisieT co00i CIOXKHBIA MPOIECC, TaK KaK IMYJIbCUU
HEe(DTAHBIX MECTOPOXKIICHUW TMPEACTABISAIOT CO0O0W, B TMPHUHIUIE, CIIOXHBIC,
CTaOWJIbHBIE  KOJJIOMJIHBIE  CYCIICH3WH, COJEpJKallue JOucrepcHyro  ¢asy,
OUCIEPCUOHHYIO CpEeAy W SMYJbIHPYIOIIME areHTbl, KOTOpbIE B OCHOBHOM
MPUCYTCTBYIOT Ha FPpaHMIIe paszena (a3 Boja — Boja.

O(dekTuBHBIA  MyTh  JEIMYJIBIUPOBAHUS  JIOJDKEH  MUHUMH3UPOBATH

CTaOMIJIBHOCTD HCHCBOfI OMYIJIbCHH, YTO IIPUBCACT K PA3ACICHUIO HCCMCIINBAIOIINXCA
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¢a3. MeTonbl 1eIMyIErUPOBAHIS OOBIYHO MOAPA3CISIIOTCS Ha TPU BUAA, TAKHE KaK
MEXaHUYECKUE, TEPMHYCCKHE,  DJICKTPUUECKHE ¥  XUMHYECKHE  METOJIBI
pazaenenusi[2].

Mexanuueckasn deamynvcayus

Brirouaer B cebe TpaBUTAIlMOHHOE OCaXJEHHE, IEHTPU(DYTUpPOBaHUE,
daoramnuto, GuIbTpalKio, MEMOPAHHOE pa3/ieiicHUE, YIbTPAa3BYKOBOE pa3ieliCHHE.

Tepmuueckas deamynvcayusi.

BrimroyaeT mojgorpeB 3MyJbCHU, OTCTAMBaHUE W TPOMBIBKY He(TH TOpsUcH
Bojol. Kak mpaBuio, MpUpOCT TeMIlepaTypbl OOECIEYMBACT CHUKCHUE BS3KOCTHU
He(TAHON (a3bl, yaydmiaeT pacxoXIACHHUE MEXIy He(TSHOH M BOJHOH (azamu,
yBEJIUYMBAECT KOJUYECTBO CTOJKHOBEHMM Kamedb U OOBIYHO  ocladiser
CTAOMJIM3UPYIOIIYIO TJIEHKY, OKPYKAIOIIyt0 Kaneabku. OqHako ckopocTh nuddysun
achaabTCHOB K TPaAHUWIC YBEIWYWMBACTCS TIPH TOBBINICHUW TEMIICPATyphl B
pe3yibTaTe CHIKCHHUS BI3KOCTH ChIpoit HedTH [6].

Dnekmpuueckas 0esmMynbCayus.

Bxirouaer B cebst 00paGOTKy BOJOHE(PTIHOW SMYIBCHUU B DJIEKTPUUECKOM
10JIe MMOCTOSIHHOTO WMJIM MEPEMEHHOTO TOKa. DIIEKTpUYECKas J1eIMYJIbCcAlHsl OOBIYHO
CUMTAETCA BBITOJIHOM C TOYKHU 3pEHUS MOTPEOJICHUS SHEPTUM IO CPABHEHUIO C
APYTUMH MOJIXOJaMHU, TAKMMU KaK HarpeB Wi neHTpudyrupoBanue [7]. Mexanuszm
JIEIMYIbCAIMA  MOXKHO TPEJCTaBUTh CIEAYIOINIMM 00pa3oM: TOojA JCHCTBUEM
AIIEKTPUYECKOTO TIONIS  KameJdbKh BOABI  TOJSPHU3YIOTCSA, BBITATUBAIOTCS  C
paspyiieHrueM OpOHUPYIOMUX 000J04YeK. 3aTeM MO JIEWCTBHEM DIICKTPUUYECKOTO
OJIsl IEPEMEHHON MPOMBIIIJIEHHON 4acTOThI U BBICOKOTO HampsbkeHus (15 — 44 kB)
MOBBIMAETCS d(PPEKTUBHOCTh U CKOPOCTh MX CTOJKHOBEHMWIA, a 3aT€M M CKOPOCTH
OCaXJICHHS, B Pe3yJIbTaTe Yero o0pa3yercs oTaeabHas BogHas ¢a3za [8].

Xumuueckas oesmynvbcayusl.

[IpencraBnser coboit 00pabOTKy BOAOHE(PTIHOW IMYIbCUH XUMHUYECKUMHU
peareHTaMu, KOTOpBI€ CIIOCOOCTBYIOT CKOpEHIeMy pa3pyIIeHUI0 OpPOHHUPYIOIEH

000JIOYKH.
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Jnst  noctwkeHus 3(P(EKTUBHOrO pasfeleHus: HEeoOXOAMMO COOII0aTh
cleayronue 3tamnbi[2]:

1) B smynbcHio HEOOXOIUMO TO00ABUTH JOCTATOYHOE KOJIHYECTBO TOYHO
MOI00PAaHHOTO XUMHUKATA.

2) HeoOXoaumo TIONHOE TMEPEMENIMBAHUE XUMHUYECKOTO BEIIECTBA C
SMYJILCUEM.

3) Jlns ycKOpeHUWs pas[elieHUusT WIM TOJHOTO Pa3pylICHHs] SMYJIbCHH
MOJKET MOTPpeOOBaThCSI HATPEBAHHUE.

4) JlomkHO OBITH COOJIFOJICHO HEOOXOJAMMOE BpeMsi MpeObIBaHUS B
ammapaTax Ui 00€CTIeYeHHsI OCaXICHHUS AeIMYIbIUPOBAHHBIX Karlellb BOIBI.

OmHaKO B MPOMBIIUICHHOCTH HCIIOJIB3YIOT COYETaHUE ITUX CIIOCOOOB IPYT C
APYroM CHCTEM C IIeNIbI0  YIYYIIEHUS JeCTa0WIM3allid  AMYIbCUH  J0

YJIOBJICTBOPUTEIBHBIX ypoBHEH [9].

1.5 IMyabraTopsl v 1e3MYJbraTopbl HEPTAHBIX IMYJIbCHI

C siBjeHHEM MOBEPXHOCTHOTO HATSKEHUS Ha TpaHulle pasnena (a3 cBs3aHO
obOpazoBanue sMmynbcuid. IloBepxHocTHO — akTuBHBIC BemecTBa (I[IAB) wumerot
CIIOCOOHOCTh CHUXATh 9TO MOBEPXHOCTHOE HATSHKEHHUE. ITO MOKHO OOBSICHUTH TEM,
yto nobamieHHoe [TAB m30upaTensHO pacTBOpseTcs B OAHON M3 (a3 AMCIEPCHOM
CUCTEMBI, KOHIIEHTPUPYETCA U 00paszyeT ajcopOIMOHHBIN cioi - TieHKy [IAB nHa
rpanuiie pazzaena ga3. YBEIUUSHUIO TUCTIEPCHOCTU TUCTIEPCHOM (a3bl CmocoOCTBYET
CHI)KCHHE TIOBEPXHOCTHOTO HATSDKCHHS Ha TpaHuile pasnena (a3, a MpemnsTCTBHIO
KOAJIECIICHIIMN Karelb BOABl CIOCOOCTBYEeT 00Opa3oBaHME aJCOPOIIMOHHOTO CIIOS -
CBOEOOPA3HOTO MAHIUPS HA TIOBEPXHOCTH TI00YII.

OMybraTopsl — 3TO BEIMIECTBA, KOTOPHIE CIMOCOOCTBYIOT OOpPa30BaHUIO U
CTAaOWIM3AINK AMYIIbCHH, a JIEAMYIBraTOpbl — 3TO BEIIECTBA, KOTOPHIC Pa3pyIIaloT
MOBEPXHOCTHYIO aJICOPOITMOHHYIO TUICHKY CTOWKHX 3MYJIbCHi [8].

OMynbpratopamMu 0OOBIYHO BBICTYTAIOT MOJISIPHBIE BENECTBA He(PTH, Takue, KaKk

aC(i)aJ'IBCHBI, CMOJIBI, aC(I)aHLTOFeHOBBIC KHCJIOTBI U UX aHTUAPUIABI, COJIN Ha(I)TeHOBBIX
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KHCJIOT, @ TaKXe pa3jM4yHble OpraHuyeckue npumecH. B oOpazoBaHMM CTOMKHX
AMYJbCUA MNPUHUMAIOT Yy4YacTUE TAaKXKE pA3JIMUYHbIE TBEPAbIE YIIEBOAOPOIBI -
napadunsl U uepesuHsl HePTed. Tunm oOpasyromieiicss MyJIbCUU B 3HAUYUTEIBHOU
CTENEHU 3aBUCHUT OT CBOMCTB OMYyJbraropa: 3SMYJIbratopsl, 00Jagaroue
ruapopoOHBIMU  CBOMCTBaMHU, oOpasyloT »smyinbcuto THna B/H, To ectb
ruapodoOHYI0, a SMYJIBraTopbl TUAPOPUIbHBIE — THAPOPUIBHYIO 3MYJIBCUIO THUIIA
H/B.

B pesynbrare AeiicTBUS nedMyNbraropa Ha MOBEPXHOCTH TIJIOOYNT BOJBI
oOpasyeTcsi TUAPOPUIBHBIA aACOPOIIMOHHBIN CJIOH co cinabod  CTPYKTYypHO-
MEXaHMYECKOW MPOYHOCTHIO, TO €CTh MPOUCXOIUT AecTabuinu3anusi BOAOHEPTIHON
smynbcud. OOpa3oBaBIIMECs W3 CTOMKUX HECTOMKHE 5SMYJIbCHUU 3aT€M JIETKO
KOAQJIECIUPYIOT B KPYITHBIE I100YJIbI BOJBI U OCAXKAAIOTCS U3 JTUCTIEPCUOHHON CPEeJbl
(Hedtn). UmeHHo cTagus necTaOWIn3aIiiu SIBISETCS JIMMUTUPYIOIIEH CyMMapHBIN
nporecc 00e3BoxkuBaHug U obecconnBanust HepTH. OHA COCTOUT, B CBOIO OYEPE.lb,
U3 JBYX 3Taros [2]:

®  JIOCTaBKM Jed3MyJbraropa Ha TOBEpPXHOCTb OJMYJbCHHU, TO €CTh
TPAHCTIIOPTHOM CTauu, SBJstoEencs 1udPy3nOHHBIM TPOLIECCOM;

e  pa3pylieHUs OpOHHpYIOIIEH 000J0YKH, 00pa30BaHHON AMYIBIaTOPOM
He(TH, WM KHHETHYECKON CTaIUU.

K coBpeMeHHBIM AedMyJIbraropaMm MPEabSBISIOTCS CIEAYIOIINE OCHOBHBIC
TpeOOBaHUS:

® OHU JOJKHBI 00JIalaTh MaKCHMaJIbHO BBICOKOW €IMYIBIUPYIONICH
AKTUBHOCTBIO, OBITH OMOJIOTMYECKH JIETKO pa3iiaraéMbIMU (€CJIM BOJIOPACTBOPUMEIE),
HETOKCHUYHBIMH, JICIIEBbIMU, TOCTYITHBIMU;

e HE JOMKHBI O00JanaTh OAKTEPUITMAHOW AaKTUBHOCTHIO (OT KOTOPOW
3aBUCUT 3P(HEKTUBHOCTH OMOJIOTUYECKOW OYMCTKU CTOYHBIX BOJ) U KOPPOJIUPOBATH
METAaJLJIbI.

N3 oTedecTBEHHBIX MapoK J€AIMYJIBIaTOPOB MpPUMEHSIOTCS JlumpokcaMuH
(Kazanboprcuntes), CHIIX (HUWuedptexumnpom), Peamnon (Maxpomep), AUH

(Pakera), AM (Catypn), HeBon (Mkap), MUKAIIl (Xummnpom), Peanon ND, UII
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(Hamop), npu 3ToM 3HauuTeNbHas 108 A(QPEKTUBHBIX I€IMYIbraTOPOB 3aKyINaeTcs
y 3apyOexHbIx upm [10]. D10 Toproseie mapku ucconbBan (Knapuanr), Cemapoan
(Beiikep ITerpomnaiit), emynbdep (Toxo Kemukaic), Kemenuke (Aii-cu-aii)[11].

1.6 Texnosioruueckasi cxema coopa M NOAroTOBKU He(pTH HA MPOMBICJIe

Jist 1o0bluM M TOATOTOBKM He(TH Ha MPOMBICIE OOBIYHO HCIONb3YETCS
IIEHTpaJIM30BaHHasi cucremMa cOopa u mnoAroroBku HedpTtu (pucynok 3). U3
HECKOJIbKUX CKBOXXUH He(PTh coOupaeTcss Ha aBTOMATU3UPOBAHHBIE T'PYIIOBHIE
3amepHble ycTaHoBKU (AI'3Y), rae nmpou3BOAUTCS ydeT KOJIMYECTBAa MOCTYHMHUBIIETO
oO0beMa He(dTH, a TakkKe MPOU3BOJAT NpPEABAPUTEIbHBIN cOpPOC BOJBI, OTAEIEHHUE
MEXaHMYECKUX TpUMECe U TMOMyTHBIX HEMTAHBIX Ta30B, KOTOPbIE 3aTeEM
OTIPABISIIOT Ha rasornepepadarbiBalolIMii 3aBoj. Jlanee MOTOK HampapisieTcs Ha
neHTpanbHblii  myHKT cbopa (LIIC) mo cOGopHOMYy KOJIEKTOpY. Y CTaHOBKH
NEepBUYHONW MOAroTOBKM HepTH M BoAbl pacnoiaratorcs Ha LIIC. ObGopynoBaHue,
KOTOpPOE€ HCHOJIb3yeTCs sl MPOLIECCOB O0ECCOIMBAHUS M 00€3BOKHMBaHUS HepTH

Ha3bIBACTCSl YCTAHOBKOM 1O KoMIUIeKCHOM moaroroBke HedTu (YKIIH).
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Pucynok 3 — Cxema cOopa 1 mOATOTOBKH MPOAYKITUU CKBaKUH Ha HE(PTIHOM
npomeicie: 1 - HedTsHas CKBaXWHA; 2 - aBBTOMAaTU3UPOBAHHBIE TPYTTIOBBIC 3aMEPHBIE
yctanoBku (AI'3Y); 3 - nosxkxumnast HacocHas ctanuus (JJHC); 4 - yctanoBka

OUYHCTKU IJIACTOBOM BOJBI; 5 - YCTAaHOBKA MOATOTOBKU HEeTH; 6 -

22



ra30KOMIIpecCOpHasi CTaHIUs; 7 - LEHTpalbHbIA MyHKT cOopa HeTH, ra3a U BOABI; 8

- pe3epByapHbIN HapK

[ToaroroBnennass HedTh, MOCIE MPOXOXKICHHUS Yy3Jla ydyeTa U KOHTPOJI,

HaIpaBJIACTCS B PE3epBYyaphbl IS XpaHEHHs] TOBapHOM HE(PTH, MOCJIE Yero — B

MarvucTpaibHbIN TPYOOTIPOBO/I.

Hanpumep, Ha onHoM u3 Mecropoxiaenuit 3anagHoi Cubupu brox YIIH
npejcTaBisgeT co00i MOCIeI0BaTENbHO YCTAHOBICHHBIE allapaThl, I€ IPOUCXOIUT
pasjiesicHre Ha BOAHYIO M He(TsHYIO (a3l (PUCYHOK 4).

ToeapHan HedTe B MaMMCTpansHLIn

’—vKoreanan Hedrenposoa
Moarosapwan Boga
AnTr nTe Ha BKHC |
I @m nTe-10
1

®BA

- i ) — 1 D
]

L
—(_= |

Hedpts ¢

npomsicna By

PucyHok 4 — TexHosornueckas cxema yCTAaHOBKU MEPBUYHON MOJTOTOBKHU
Hedtu: HI'C — nedrerazossrii cemaparop, YCTH —ycTaHoBKa cenaparimoHHast
TpyOHas HakioHHas1, OI" — oTcToliHuK ropu3oHTanbHbIl, [ITh-10 — neus TpyOuaTas
omounas, KCY — konneBas cemapannonHasi ycranoBka, PBC — pesepByap
BEepTUKaIBHBIN cTanbHOM, BPX — 010k pearentHoro xo3siictsa, I[TIITIN — momanka
MoAroToBKMU ToruBHOrO raza, ®HJ[ — gaken nHuzkoro nasnenus, @B/ — dpaken

BbIcOkoTO naBneHus, BKHC — 61o4Has kycToBasi HACOCHAsi CTaHITUS
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Ilepen mepBoOi CTymeHBIO cemapalud B TOTOK HedTH mojaaeTcs
nesmynbratropa u3z Omnoxka BPX. 3arem HedTh momagaer B YBC, rae yacTuyHO
oTaenstorcs raszpl oT ra3zoHedTsHoll cmecu. llocne YBC HedTsHOM mnOTOK
HaIpaBisieTcs B HeTera3oBblil cemaparop, Ajisi 0oJjiee MOJHOTO OTIAEICHHUS Ta3oB.
[Tocne yero HepTh OTHPABISAIOT B YCIIOKOUTEILHBIN HEPTEOABOASIINI KOJUIEKTOP.
[locne kosnexkTopa HEPTh MOJAIOT B HAKJIOHHYIO YCTaHOBKY JUJIi OKOHYATEIbHOTO
OTJEJeHUs] Ta30B, pAcTBOpPEHHBbIX B HedTu. OTaenuBHIyIOCS OT Tra3a HePTh
MOJIOIPEBAIOT B MEYax W OTHPABISIOT Ha MOcieAyoliee 00e3BOKUBAHUE, TO €CTh B
oTcToiiHuKU. OHU TPEJCTABISAIOT COOOM TOPU3OHTAIbHBIE €MKOCTHU, /i€ He(TsSHas
OMYJIbCUSI PABHOMEPHO paclpelesieHa MO0 BceMy ammapary. B OTCTOMHuKe
IPOUCXOAUT OCAXKIECHUE KaIlellb BOJbI MOJ IEUCTBUEM CHIIBI TSDKECTH. Tskenas Boaa
OCaXJAeTCsl K HU3y ammapara, a HeQTb OTBOAAT BepxoM. [locie orneneHus BOAbI
HEe(Th OTHPABISIOT HA OKOHYATEIBHYIO CEMapalyio OT Ta30B, KOTOpPbIE MOTJIHU
o0Opa3oBaTbcs BCIIEACTBUE HarpeBa 3Mmyibcud. [lociae moiHOoro otaeneHus: oT ra3oB

He(Th MonaaaeT B pe3epByapsl ToBapHoi Hedtu [12].

1.7CymiecTByronue TeXHOJI0TuM U 3(P(PeKTUBHbIEC ANNAPATHI NEPBUYHOM

MOATOTOBKHU He(pTH

Jlns 006e3BOKMBaHUSI U O0ECCOIMBAHUSI CTOMKHUX AMYIBCHUN HEIOCTATOYHO
MIPUMEHSTh TOJBKO KIIACCUYECKHUE METOJbl pa3/elIeHUs, KOTOpPbIe, KaK MpPaBUIIO, HE
OKa3bIBAIOT HUKAKOTO BO3JIEHCTBUSA HA IMYJbCUIO. JIJIs perieHus TaHHON MpoOIeMbl
CYIIECTBYET TEXHOJIOTHSI O0pabOTKM O3MYyIbCMU Ha MEHTpUdyre B YCIOBUAX
MHOTOKpPAaTHO YCUJICHHOM CHJIBI TSDKECTH. A Ui OJHOBPEMEHHOW 3aJ1a4u
00€3BOKMBAHUS W YIAJICHUS MEXaHWYECKUX TMpuUMeced U3 HEPTH UCHOIB3YIOT
Tpex(dazHbie IEHTPUGYTH, KOTOPHIE 00€CTICUNBAIOT 3TO B OJIMH JTaIl.

Hewmernkas xkommanus Flottweg SE BeImyckaer TpuKaHTEpHBIE NEeHTpUDYTH
Flottweg nns pasnmenenust tpex ¢a3 Flottweg(KUIKOCTh - KHUIKOCTH - TBEPIOE

BeniectBo) [13]. DTo yerpolicTBO oOecnieunBaeT pas3zeiicHue Tpexpas3HbIX CMecei, To
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€CTh IMOJIyYEHHE JBYX HECMEIIMBAEMbIX JXUIAKMX (a3 U oJHON TBepAOW Qa3bl

(pucyHOK 5).

BeIxon TAXeNoi KMAKOCTH
107 JaBJIeHNeM

P e ————

Tlopaua
CBIPbA

Beirpyzra TEEpOBIX E€MECTE BrIxop merkoit JXHUAKOCTH

Pucynoxk 5 — IpuHnumn aeicTBus TpukaHTepHO# nentpudyru Flottweg

LlenTpudyra rOpH3OHTaIbHAS KOHHWYECKAs IIHEKOBAas HEMPEPHIBHOTO
JICUCTBHS COCTOMT W3 IWIMHIAPO — KOHHMYECKOro OapabaHa, BpaIAIONIETOCS CO
CKOPOCTBIO B HECKOJIBKO THICSY OOOPOTOB B MHHYTY W CO3AIOIIETO IICHTPOOESIKHOE
YCKOpEHHUE, KOTOPOE BIMSCT Ha HAXOMSIIUNCA BHYTpU OapabaHa MPOIYKT, BBI3BIBAsS
MHOTOKPAaTHO YCHJICHHBIA mporecc cequMmeHTanuu [14]. MexaHudueckue MpPUMECH,
OCAXKJAIOIMECs TaKUM ITyTeM, OKa3bIBalOTCA Ha CTeHKax Oapabana, oOTKyna
coOUparoTCs W TPAHCMOPTUPYIOTCS BHYTpeHHUM ImHeKoM. lllHek Bpamaercs 4yTh
ObicTpee OapabaHa © JBUTaeT OCAXKJICHHBIE MEXaHUYECKHME TMPUMECH 4epes
KOHUYECKYI0 YacTh, TJ€ MPOWCXOAWT HMX OCYIICHHE, a 3aTeM BBITPYKaeT HX W3
Oapabana. CKOpOCTh BpallleHHs] IITHEKa TMOACTPAWBACTCI AaBTOMATHYECKH, B
3aBUCUMOCTH OT 3arpy>XEHHOCTH LEHTpU(Yru TBEpAbIMHU BeliecTBamMu. Bmecte ¢
STUM B IIWJIMHJIPUYECKOW YACTH TMPOUCXOIUT PA3CICHHE >KUIKOCTEH MO Pa3HOCTH
IJIOTHOCTEH: Oosiee JeTKuil HePTEMPOAYKT BCIUIBIBAET K CEPEaWHE, W TEPETUBOM
BEITEKaeT W3 OapabanHa, a Ooyiee TsKenmass BOJHAS YacTh CTPEMHUTCS K CTEHKaM
OapabaHa W BBITPYXKAETCS dYepe3 CHEIHAIBHOE PETYyJIUPOBOYHOE YCTPOMCTBO —
umriesuiep. Mmmennep wim AUCK paszaeneHus ¢as, TMO3BOJISIET HEMOCPEICTBEHHO B
npoiiecce padoThl LEeHTpU(yru 0e3 ee OCTAHOBKU PEryJMpoBaTh T'PAHUILY pasjelia

da3 Mexay BOAOHM M HE(THIO, 3a CUET YEro 3HAYMTENBbHO YJIYyYIIaeTcs KadecTBO
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paszensieMbIX KuAKocTed. ['opu3oHTanbHas TpUKAHTEpHas LEHTpuUdyra mo3Bosser
NOCTUTaThb TAaKOro JK€ KadecTBa pa3lNeNIeHHs, KAaK W TpPHU HCHOJIb30BAHUU
BEPTUKAJIBHBIX CENAapaTOpPOB.

Ho nnsa paspenenuss yCTOWYMBBIX, TPYAHOPA3AEISIEMBIX A3MYJIbCUNU CIIEAYET
MPUMEHSATh COBOKYIMHOCTh HECKOJBKHX CIOCOOOB 00pabOTKHM, TaKMX Kak
bu3HYCCKUH, TEPMUYCCKUIN U XUMHUeCKUi [14].

Komnanus npennaraeT KOMIUIEKCHBIM MOAXOJ K PEIICHUIO TaHHOW 3aJayH,

npeaiiaras TCXHOJOIuro pasacICHUA, IPEACTABJICHHYIO HAa pPUCYHKE 6.

NYNbT YNPaBnesns

FT \?, 2MKOCTb ANRA BOAKOA (haaut
{4 —
e “ P Boakan aza
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AN TeepAoR pass

nepenus TONNOODMAHHUK
— = Y TpaKcnoprep
nap ANnA Teepaoh Gaan
P - Hacoc
=, A
—> .
1 OUNLTP rpyGoN ONMCTEM
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Pucynok 6 — TexHonorudeckas cxema nepepadoTku HeTIHON IMYITbCUN

BononedTsinas sSMynbCUsi HanpaBseTCsS B HAKONMUTEIbHBIE €eMKOCTH, T]I€ OHA
MpeABApUTEILHO HAarpeBaeTcsi M CMEIIMBAETCA C XUMHUYECKUM PEareHToOM
(mesmynbpratopom). 3aTeM dIMYIbCUS MPOXOAUT GUILTP TPyOO0i OUUCTKH, TIOCIIE YETO
HaIpaBisieTcsl B TerooOMeHHUK, HarpeBasichk a0 80-90°C. Ilomorperas smynbcus
noctymnaer B TpukaHTepHyro neHTpudyry Flottweg. Taxke B ammapatr momaercs
pactBop (JIOKyJsiIHTA (MOJUANEKTPOIUTA), T/I€ CMEIIMBAaeTCs ¢ 3Myibcuen. Takum

oOpa3oM, Ha TpuKaHTepHOW meHTpudyre Flottweg nmpoucxoauT noaHOE pa3ieiieHne
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BOZIOHE(TSIHOW SMynbcuM. JlaHHasg ycTaHOBKa H»KcIulyatupyercss B Kaszaxcrane.
[lepepaboTanHblii HEPTENPOAYKT MMEET IMOKazaTeld KadecTBa s |-ro kiacca, y
KOTOpPOTO COAepx)aHue BoAbl B mpoaykre cocrasiser 0,5% mac., a coaepkaHue
couieit He npesimaet 100 mr/i.

ABTOp B cBoeil pabore [15] mpemnaraer  yCOBEPIICHCTBOBAHHYIO
KOHCTPYKIMIO HEPTErazoBOro CcemapaTropa, YTO COKpPaTUT YHUCIO CTyNeHen
cemapalMi W obecneyuT TayOOKoe U OBICTpOE CHW)XEHHE KOHLIEHTpaluu
PacTBOPEHHOI0 Tras3a B JKUJIKOCTU. MojepHu3alus KIACCUYECKUX CernapaTopoB
OCYHIECTBIISIETCSl MyTeM J00aBlieHHWss B KOHCTPYKIMIO afmapaTta YiIbTpa3ByKOBOMH
NOJIKK.  ABTOp  YTBEpXKJAaeT, 4YTO  JEHCTBUE  AKyCTHYECKHMX  KoJieOaHUM
yJIbTPa3BYKOBOI'O JlMara3oHa oOecreunBaeT TIiyOOKyI0 Jerasaiuio. YCTpOHCTBO

NpEe/ICTaBIICHO HA PUCYHKE 7.
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Pucynok 7 — YcoBepiieHCTBOBaHHAS KOHCTPYKIHS HE()TETa30BOT0
cenaparopa:l — eMkocTh ¢ He(pThIO, 2 — IITYIIEP BBOJA, 3 — reHepaTop, 4 — UCTOUHHK
KoJIeOaHus, 5 — HAKJIOHHBIH jkeJI00, 6 — KatuIeoTOOMHUK, 7 — Ta30COOPHHUK, 8 —

ITYLEp BbIBOJA

HedrerazoBas cmechr 2 momaeTcss B 3aKpbITYI0O €MKOCTh ¢ HepThio 1.
VYbpTpa3ByKoBbIie KOJeOaHus GopMupyroTcst B renepatope 4 ¢ wactoroir 50 — 100xI 1
u Oompine. DNEKTpUUeCKHe Koiie0aHus MpeoOpa3yroTcs B YIbTPa3BYKOBHIE B
pe3ynbTate paboThl U3ITydaTels KojieOaHusi 6, KOTOPBIE BIOCIEACTBUU MIEPEIAIOTCS B
AKTUBHYIO KUJIKYIO CpPeAy Yepe3 HAKJIOHHBIM kea00 5. 3a cyeT moABEMHOM CHUJIBI U

CUI TIIOBCPXHOCTHOI'O HATAKCHHA, MAJICHBKHC IIY3BIPbKM TIa3a CIHIIAK0TCA B
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y3bIpbKU OoJbllIero pa3Mepa. BeinenuBmuiics ra3 codupaercs B ra3ocOOpHUKE 8,
MPOX0JA Yepe3 KaruieoTOOMHUK 7, a JAerasupoBaHHas He(DTh yAalseTcd U3 ammapara
yepe3 mrynep BeiBoaa 10.

D¢} dexTuBHOCTD cemapaluuy 3aKJI0YaeTcs B IOAayde YIbTPAa3BYKOBBIX BOJH
MoJ CJI0M HEPTH U JONOJHUTEILHOM NEpEeMEIINBaHUN HEPTEra3oBoi CMeCH U3 — 3a
JIBUKEHUS yIbTPa3BYKOBBIX BOJIH.

Jnst nosbliieHUst 3(G(EKTUBHOCTH pa3JCNCHUS] 3MYJIbCUU HUCIOJIB3YIOT
onounble yHupuMpoBaHHble oTcToHMKM HepTH (BYOH) pazpaborkun HIIII
«Kontake» [16]. Anmapar umeeT KOpIyC CO WITyLEpaMd BBOJA JIMYJIbCUU 7,
MaTOYHUK C mep(opupoBaHHBIMU MaTpyOkamMu 4 M IITYLEpbl BBIBOJA BOJBI 6
NPUCOEUHEHBI K MITYLIEPY BhIBOJIa HePTH 3, a TakKe IITYyIEep peryisTopa pasiesna
da3 2. Buytpu kopmyca BAOJb €ro OCH HaxoAuTcs KopoO 13 ¢ mpomosbHBIMU
NEepEeropofKaMu [jIsi PaBHOMEPHOTO pachpeseneHus o0e3BokeHHOM HedTu. B
HIKHEHW 9acTh OOKOBBIX CTEHOK 3TOTr0 Kopoba U meperopoAok 11 cyiecTByroT OkHa
8 1 9. Hag HMMU pacnosio’keHa cUCTeMa paclpeieIUTEbHbBIX JTOTKOB 14. DTH IOTKH

YCTaHOBJICHBI HA MOJIBUKHBIX OaJKaxX B BUJE YTOJKOB (PHUCYHOK 8).

n

Pucynok 8 — Konctpykius 6;109HBIX YHUDHUIIMPOBAHHBIX OTCTOMHUKOB

HedTH

PazpaboTka anmapaTtoB BeneTCs WHIWBHUIYAIBHO JJISI KOHKPETHBIX YCIOBHUH
AKCIUTyaTalluv, CBOMCTB ChIpbsi M TpeOyeMbIX MMapaMeTPOB MOJATOTOBKU HEPTH.
Haunbonee npencraBUTEIbHBIN OMNBIT MPOMBIIIJIEHHON 3KCILTyaTalldd OTCTOMHUKOB

BYOH nonyuen B OAO «OpenOypruedth» u «Camapanedrerasy.
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Crnenyer yka3aTh Ha BBICOKHME MOKa3aTelIM KadyecTBa APEHAXXHOM BOJIBI MO
COJICp’)KaHUIO JUCIEPTUPOBAHHON HE(PTH, KOTOPOE M3MEHSETCA B Y3KUX Mpejenax
(10-80 wr/m). DTO MAOCTUTHYTO 3a CYET TOrO, 4YTO TMPH HCIIOJIb30BAHUH
TUAPOCTATUYECKOTO PACIpeeIUTENs MOMYTHO JOObIBaeMas BOJla BBIJIETSETCS B JBE
craauu [16]:

®  HEMOCPEACTBEHHO B  KOpoOe; pacueTHOe BpeMms  MpeObIBaHUs
MOCTyMaromel >KUJIKOCTH B KOTOpoMm coctaBisier 1,5-2,5 wmun. (MOpsieBckas,
bapunosckas YIICB);

e 10 Bced Momaau MexdasHOM MOBEPXHOCTU MPU HU3KUX CKOPOCTAX
ortoka okoiyio 0,6-1,0 MM/c, B TO BpeMsi KaKpe3yJbTUPYIOIIAsi CKOPOCTh JIBUXKEHUS
BOJBI B amnmapaTre K IITylepaMm ee BbiBoga cocrtabisgeT 10-20 mMM/c mpu BpeMeHH
3aJICP’KKH €€ B BOJHOM o0beme ammapara 15 muH. (bapunosckas Y CIIB).

CoriacHo wucciegoBaHusM, 1ociie orcToMHuKoB bBYOH kommuyectBo
arperaTMBHO YCTOMYMBOM 5SMynbcuu B HedTu cHuxaercs a0 2,3-8,5%, dto
NOBBIMIACT 3P (HEKTUBHOCTH pabOTHI OCJIEAYIONMICH CTYIIEHH - 00€CCOTMBaHUsI HEPTH.
Jt10 00yCIIOBIIEHO 0COOEHHOCTAMHU KOHCTPYKLUH TUAPOCTATUYECKOTO
pacrpenenuTens, KOTopas MpeaycMaTpUBAET HE TOJIBKO paccpeioTOYEHUE H
pPaBHOMEPHOE pacIpe/iesieHne SMYJIbCHH M0 BCel Mex(]a3zHOW MOBEPXHOCTH, HO H
KOAQJIECUEHTHYIO MOATOTOBKY 3MYJIbCUU K PAa3JIENICHUIO B PE3yJIbTATE MHOTOKPATHOM
CMEHBI HANpPaBIICHUS JBUKECHHS TIOTOKOB U CO3JaHUS B HUX JIOKAJIbHBIX BO3MYIIECHUN
HETMOCPE/ICTBEHHO B BOJHOM 30HE, YTO OOECIEYMBAETCS YCTPOMCTBOM B KOpoOe
CIIEIIUAJIBHBIX TICPETOPOJIOK U pedep.

IMoaroroBka Tskenoit Hepru (mwiotHocts 0,917 r/cm®) peanusoBaHa Ha
Panaesckoit YIIH B otrcroitnukax BYOH-I'-200. BpeMs «3aiep>XKn» >KUIAKOCTH B
OTCTOMHUKAaX cocTaBisger 1,7 4, 4TO OBUIO YCTAHOBJIEHO MpaKTUYeCKH. B 3Tux
YCIOBHSIX OCTaTOYHOE cojaepkaHue Boasl B Hedtu paBHO 0,2-0,7%.Cremyer
o0paTUTh BHUMaHHUE HA COJIEP)KAHUE XJIOPHUCTHIX COJIEH B 00€3BOKEHHOW HE(DTH, KaK
Ha Tnokazatenb A(pdekTuBHOCTH paboThl oTcToiiHUKOB. Ilpu 3KcmyaTanuu
orctoiinnkoB BYOH B HOpManbHOM peknuMe B 00€3BOKEHHON HEPTH CONEPKUTCS OT

334 1o 415 Mr/11 XJIOPUCTHIX COJEH.
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B pesynbraTe, MOXHO caenaTh BBIBOJ O TOM, 4TO 3Kcruryatauus bYOH
3¢ (PEeKTUBHO Ha YyCTaHOBKax MpEeJBAPUTENBHOrO cOpoca BOABI U TIITyOOKOTO
00€e3BOKHUBaHUS HEPTH.

st pa3znenenus BsI3KMX He(Teil BO3MOXKHO MPUMEHEHHUE YIIbTPa3BYKOBOTO
KOaJeCIIEHTOpa, KOTOPbI 00ECIEeUUT CBEPXTOHKOE AMCIEPrUPOBAHME, YBEIUUUBAs
Mex(pa3Hyl0 TOBEpXHOCTh BemecTB. Ho mnpuMmeHeHuwe yibTpa3ByKa pexe
UCIIOJNIb3yeTCd B HeTErazoBOil MPOMBIIIJIEHHOCTH BBUIY CBOEH M30MPATENbHOCTH.
JUIst OCTHKEHUS TOJIOKUTENBHOIO pe3yJsibTaTta, HEOOXOJUMO TOYHO MOA00paTh
napaMmeTpbl, Takhe KakK 4YacToTa, aMIUIUTyla, HMHTEHCUBHOCTb K KaXKIOMY
OTPEJICTICHHOMY COCTaBY ChIPbS.

B pabGore [17] aBTOppl MNpOBENM MTPOMBICIOBBIE HCIBITAHUS IO
00€3BOKUBAHUIO CBEPXBA3KON He(PTH AIIAIBYUHCKOTO MECTOPOXKIEHUS, UCTIONb3Ys
yIIBTPa3BYK (PUCYHOK 9).

) 06 e3poKeHHan
maH.1 Tepm.1 g CBH

Y3TA-3/30-0 ?

| ¥3TA-3/30-0
0-1
3MynbCeKuA TOH ) j

CBH c4.1 T | Bona

-

c4.3

Y3K-1, 2, 3

Pucynox 9 — CxemMa MujaoTHON yCTaHOBKH JJII 00€3BOKUBAHUS CBEPXBA3KOM
HePTH ¢ IpUMEHEeHHEM yabTpa3Byka: O -1 — otcroitank, Y3TA-3/30-O —
yIbTpa3BykoBoit komruieke «bymnasay, Y3K-1, 2, 3 — ynpTpa3ByKoBbIe

KoajnecueHTopsl, TOH — TepmMoaieKTpruiecKkuil HarpeBaTelb

VYcranoBka paboTtaia B JABYX peXKHMax: C yIbTPa3BYKOBOW 00pabOTKOH
sMynbcuM B oTcTOMHUKE O — 1 1 BeIHOCHBIX KoanecueHTopax Y3K — 1, 2, 3. IlepBblii
BapUaHT pabOThI MpPeyCMATPUBAECT HAIMYKE YIbTPa3BYKOBbIX KoMIUIekcoB Y3TA —

3/30-O «bynaBay ¢ acroroit 30 k' m akycTrudeckoi momHocThiO 720 BT. BMecTe ¢
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yIBTPa3BYKOBOM OOpaOOTKON 3MYJIbCHUM TPOUCXOAUT OTCTAMBAHHE SMYJIbCUHM B
orcroiinuke npu temneparype 85 — 90°C B teuenue 1 — 10 uvacoB. B pesynbrate
yBEIMYEHHE YENbHONM aKycTHueckoi momuoctd n0 10 Br/aM® cokpamaer Bpems
o0e3BoxuBaHusI HeTH B 2 pa3a (¢ 4 10 2 yacoB) a0 coaepkanus Boabl 1,0 % [17].

I[Ipyu wucmonb3oBaHUM BTOPOTO  BapuaHTa dAMYJbCHS  TOCTyHaeT B
yibTpa3BykoBol koanecuentop Y3K-1, 2, 3, ¢ wacroroin 20, 30, 50 kI
COOTBETCTBEHHO, yJENbHOH aKycTHdeckoi MomHocThio — 20-100 Br/mm® u
MHTEHCUBHOCTBIO BO3jeiicTBus 1-5 Br/cM?, rie mpoucxomur o6paboTka SMyI5CHU B
TedyeHuu 1 — 5 MuUHyT, 3atem HamnpasinseTcs B O-1 nis nanbHeiero orctanBanus. B
pe3yibTaTe aBTOPhI BBISICHWIHU, uTO NpH yactore 30 k['11 cokpamaer Bpems ¢ 4 10 2
4acoB MOCJEAYIONIEro OTCTauBaHus sl 00e3BokuBaHus Hedtu a0 1% wmac. Ilpu
00paboTKe SMYJIbCMU B T€UEHHE | MUHYTHI B YJIBTPa3BYKOBOM KOAJIECIIEHTOPE C
gacToTtoi kosnebanuit 50 kI'1; cokparnaer BpeMsi OTCTauBaHUS 0 COJIEPKAHUS BOJIBI B
Heptu 0,5% wmac. B 1,7 paza, a npu oOpaboTke B T€YeHUH 5 MUHYT — B 2,5 pasa.
Pa3paboTanHast TEXHOJOTHSI TO3BOJISIET IMOJIy4YaTh HE(PTH COOTBETCTBYIOLIWE 1-0if
rpymIe KayecTna.

VYasTpazBykoBas 00paboTka Takke ObUla HccienoBaHa B pabore [18] Ha
AMYJBCUIO TENTaH — BoJa. [Ipu moMoIu yibTpa3ByKOBOTO T€HEPATOPa C EMKOCTBIO C
paboueit umcroroi — 35 kl'm, momHOCTBIO TeHeparopa — 50 Bt uccrmemoBamu
3aBUCUMOCTH KOJIMYECTBA OTAEIUBIICHCS BOJIBI OT BpEMEHU MPEOBIBAHMS B armapare
c mobaBieHHEM JedMynbratopa. B pesynbrare MCCIeNOBaHWN aBTOPHI MPHIILIH K
BBIBO/IY, 4YTO OoJiee uTenbHas 00paboTKa yIbTPa3ByKOM TOPMO3UT TMIPOIECC
paspyliieHus BoJOHEPTIHBIX dMybcuil. [Ipu 06paboTke ynpTpa3BykoM B TeueHun 10
MUHYT HaOI01aeTCsl MHTEHCU(UKAIUS TTPOIIecca pa3pyIIeHUs SMYIbCHH.

[ToMmuMoO ynbTPa3BYKOBOM OOpaOOTKM AMYJIBCUN CYIIECTBYET MarHUTHAas
oOpabotka. MarauTtHas o00paOOTKa J>XHUIKOCTEH IIMMPOKO TPUMEHSETCS, HO He
CYIIECTBYET METOJHMKHU MOAOOpa TEXHOJIOTUHM W MPOMBINIJICHHOTO 00O0pYyIOBaHMS.
[ToaTomy anist pa3paOOTKH HOBOTO MPOMBIILIEHHOTO 00OPY/IOBaHUS U TEXHOJOTUM
MPOBOJSIT KCCIEIOBaHUS B J1TA0OpATOpUAX, TlI€ MOAOUPAIOT OCHOBHBIE MapameTphl

MardmMTHOI'O IIOJIA AJIA BO3HCﬁCTBHH Ha Ty WX HHYIO 3MYIIBCHUIO. Ha Pa3aciIICHUC
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BOJIOHE(TAHBIX IMYJILCUH B MAarHUTHOM I0OJIE€ BIUSIET MarHUTHAsE BOCIPUUMYHUBOCTD
OTJICJIbHBIX KOMIIOHEHTOB HE(TU U BOJBI, B PE3yIbTaTE UEro, BO3HUKIIAS PA3HOCTh
MOTEHLMAJIOB IPUBOAMT K PACCIOCHHUIO CUCTEMBI.

['unoreTnyecku, Ha CTaAuM, € MPOUCXOJUT IPABUTALMOHHOE pa3feeHHE
¢da3, ucCnonb3ys CBEPXCUJIBHBIX MATHUTHBIX [OJIEH, MNPUBEAET K pPAa3ACICHUIO
SMYJbCUM W3 — 3@ BBITAIKUBAHUA HEPTIHON ¢a3bl, Kak Oojee CHIBHOIO
JMaMarHeThKa Mo CpaBHEHUIO ¢ BOJOH. TO ecTh, yCOBEpLIEHCTBOBATH MOCIEIHION
CTaJIMIO MpoIIecca IeIMYIbCAIIUMH MOXKHO C UCIIOJIB30BaHUEM MarHuTHOro moJis [19].

B cratbe [20] mpoBoawiM HCCIEIOBaHUS HAa HCKYCCTBEHHO CO3JIaHHOM
AMYJbCUU C JT0OABIEHHEM pa3HbIX TUIIOB Jesmyinbraropa. Ilpomnecc orcrauBaHus
BOJOHE(DTSIHON IMYJILCUU MPOBOJUIN MpU KOMHATHOUM Temmeparype 22 ‘C B yeThIpex
OTCTOMHUKAaX, B KOTOPBIX pa3pylIEHUE OMYJIbCHUM MPOUCXOJUT B peE3yJbTare
pa3IMYHBIX MEXaHM3MOB. Tak, B oOTcTOWHUKE Nel mpoMCXOAUT paspylieHue
OMYJbCUUA TpU J00aBICHUHM JAedMyjbraropa, B OTcToMHHKe No2 — coueraHue
XUMHYECKOTO METOJIa U MATHUTHBIX CHJI (MCTOUYHUK HAXOJUTCS MO/ OTCTOMHUKOM), B
orctoiiHnKe Ne3 — coueTaHWe XHUMHYECKOrO0 METOJa M MAarHUTHBIX CHJI (MCTOYHHK
HaXOJUTCS HaJ OTCTOMHUKOM), B OTCTOMHUKE Ned — TakKe COUeTaHUE XMMHUYECKOTO
METOJa U MarHUTHBIX CHJI (MCTOYHUK HAXOJHUTCS BOKPYT OTCTOMHMKA). B pe3ynbrare,
aBTOpPbl  OTMETWJIM,  YTO  KaXAbId  JI€3MYJbraTop  MpOSIBISET  pa3HbIC
neaMyabrupytone cBoiictea. [lpu qo0aBieHUH MCTOYHHWKA MArHUTHOTO TOJISL TIOJ
OTCTOWHHKOM W JnobaBneHun naesmyneratopa (CHIIX, 4315, LML 4312)
HaOJIIOIANIOCH JIydiliee 00€3BOKHUBAHUE IMYIbCUH, a TIPU PACIIONIOKEHUH HUCTOYHHKA
HaJl OTCTOMHUKOM M TIpH nobaBnenun aesmyisraropa (Pexopa 118, Jlampon 4202,
Pearion 4B) Taxke wnHabmiomaercs TMOJNIOKHUTENbHAS TUHAMUKA OO0E3BOKUBAHUS.
JlaHHbIC pe3yabTaThl TOBOPAT O TOM, UTO JJIsl JOCTIKEHU Tpedyemoro 3ddekra mpu
WCIIOJIb3BAOHUM MAarHUTHOTO TOJS HEOOXOIMMO IS KaXJOW WHIWBUIYATbHOU
AMYJILCUU MOA00paTh COOTBETCTBYIOIIMM JEAIMYIBraTop SKCIEPUMEHTAIbHBIM
nyteM. Ho nmaHHble wuccneqoBaHUS TakXkKe IOKAa3bIBAlOT, 4YTO BO3JEHCTBUE
MAarHuTHOTO MOJIs U JA00aBIICHUE AEAIMYJIbIaTopa JAeT MOJIOKUTEIbHBIE PE3YJIbTaThl

Ha IPOLECC OTCTAMBAHUSA AMYJIBCHHM B NEPBbIE MUHYTHI IPOBEACHUS MpoLEcca. ITO
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OOBSACHSAETCS CUHEPTHM3MOM HCIIOJIb30BAaHUS XUMHYECKOTO M MArHMUTHOIO METOJIOB
neamyibcaruu [20].

Jlist mpouecca aeamMyibcallii HeoOXoaumMa IiacToBasi BOAa, KOTopas T0JKHA
ynoBieTBopsaATh TpedoBanusiM OCT 39-225-88 «Boma mis 3aBojmHeHUs HEDTIHBIX
mwiactoB». KauecTBO MOATOTOBKM BOJBI MOMKET OBITh JOCTUTHYTO 3a CYET
MPUMEHEHUSI HOBBIX TEXHOJOTHM, a TakKe TOBBIMECHUS 3PHEKTUBHOCTU
UCTIOJIb30BaHMs CYIIECCTBYIOIIEIO0 000pya0oBaHus. ABTOpbl B CBOcit crtathe [21]
NOJIHUMAIOT BONPOC O KayecTBE MOJATOTOBKM IIJJACTOBOW BOJABI Uil 3aKayku B
cucremy III1[I. /lanHyto mpoOiieMy aBTOPBI PEIIAIOT, UCIOIL3Ys KOAJECIHPYIOIIHE
aJeMeHThl B cucTemMe. OMBITHO — MPOMBICIOBBIE UCTIBITAHUS YCTAHOBKU MPOBOAMIIN
Ha YIICB «boratsipeBckasi» AO «Camapa — HedTeras», B Xolie KOTOPHIX ObUIU
BBISIBJICHBI 3aBUCUMOCTH 3()PEKTUBHOCTH PabOTOCIIOCOOHOCTH YCTAaHOBKH OT
pasnMUHBIX 3HaYeHHil mpoumssoxutenasHocTH (o 800 mo 400 M3/cyT). Takxke ObLIO
BeIsiBIIeHO conepxkanne OHIT u KBY B xumuko — anamutudeckoi yrabopatopun. B
pe3ysbTaTe aHajdu3a BBIICHUIOCH, YTO KOJMYECTBO HEPTEHPOIYKTOB Ha BXOJE
coctaBisio okono 400 wmr/m, a Ha BBIXOJE CHIDKAJIOCh C YMEHBIICHUEM
IPOU3BOJIUTEILHOCTH. ABTOpaMH OblIa BBISBJICHA 3aBUCHMOCTH CTETIEHH OYHUCTKHU
BOJBI, KOTOpas ONpENeNsieTcss KOHICHTpanue HePTEnpOAyKTOB Ha BBIXOJE
yctanoBku [21]:

y = 12247716,35 - x %28, (1.2)

Hcnonp3yss MOJNy4EHHYIO 3aBUCHUMOCTh, aBTOpaMd Oblla  IOJIy4€Ha
paboTOCIIOCOOHOCTh YCTAHOBKM MpPH MPEAETBbHO JOMYyCTUMON KOHLIEHTPALUU
He(dTenponykToB B oumieHHON Boxae (40 mr/m). B pesynbrate misi coOmromeHus
YCJIOBUM KadyecTBa MPOU3BOAUTEIBHOCTh YCTAHOBKM HE JIOJDKHA TIPEBBIIATH

470m%/cyT.

1.8MaremaTuyecKoe MOJeJTHPOBaHHe TPOIECCOB MOATOTOBKH He()TH HA

MPOMBICJIC
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Ha xadenpe xumuueckoit TEXHOJOTUH TOIJIMBA U XUMUYECKOU KUOCPHETUKH
Obl1 pa3paboTaHa MareMaThyeckas MOJENb, KOTOpas ONMCHIBAET MPOLIECCHI
OTCTAaUBaHMs TOJ JEHUCTBUEM CHJIBI TSKECTH, C YYETOM CKOPOCTH CTECHEHHOIO
OCaXJIECHUSA, a TaKKE DOMIUPUYECKHMX W  MOJYIMIUPUYECKHX YPaBHEHMSX,
ONMKCHIBAIOIIMX  (PUBUKO-XMMUYECKHE CBOMCTBA MAaTEPUABHBIX IOTOKOB Kak
(YHKIIMY TEXHOJIOTUYECKHUX TApaMeTpoB mpoliecca o0e3BoxkuBanus Hedtu [24].

B none TsxecTy Ha ocearonIyto (BCIUIBIBAIOIIYIO) YACTHILY JEHCTBYIOT:

® Pa3HOCTH CHJIBI TSKECTH U TObEMHON CHIIBI ApXHMe/ia:
g 3
AF—T-d “Ap (1.2)

rae Ap — pa3HOCTh IUIOTHOCTEM YaCTHUIBI U OKPYKAIOIIEH CPEJIbI;
d — nuameTp yacTHIIBI,
g — YCKOpeHHe CBOOOIHOIO IaIECHHS.

® CuJia CONPOTUBIJIEHUS CIUIOMIHOMN cpenl (20):

Fo=Co-——— P, (1.3)

rae &, - KoOpGUIHUEHT THIPABINYECKOTO COMPOTUBIICHHUS CIUIOLUIHON Cpebl

JIBMOKCHHUIO B HEM OJITMHOYHOM YaCTHUIII;

o — CKOPOCTh JBHKEHHUSI OJMHOYHON YaCTUIIbl OTHOCUTEIBHO CIUIOUIHOM
Cpelbl;

pPe — IUIOTHOCTH CIUIOIIHOW CPEJIBL.

® CHJIa KOHBEKIIMOHHBIX TOKOB B CIIJIOIIHOW CpeJIE.

JlomycTuM, 4TO TemriepaTrypa BO BCEX TOUKAX OTCTOMHHMKA OJIMHAKOBA, TOT/AA
KOHBEKIIMOHHBIE TOKHA OTCYTCTBYIOT. [Ipy MOCTOSSHHOM CKOPOCTH JBUKECHUS YaCTHUIIbI
B CpeJie:

AF =F (1.4)

4
& Reg = 3 An (1.5)

rae Reo — kputepuii PeliHonbca:
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a)O.d.pc

Re, = | (1.6)
T K
e — TUHAMUYECKas BSI3KOCTb CIUIOLIHOM Cpe/bl;
Ar — xputepuii Apxumena;
d*>-g p,—p.
Ar = —=. =2 (1.7)

Ve Pe
o — IIIOTHOCTb JUCTIEPCHOM (pa3bi;
Ve — KHHEMATUYECKAs BA3KOCTh CIUIOLIHOM CPEBI.
B ycloBHSX CTECHEHHOrO OcCaxaAeHHs (BCIUIBITHS) YacTHl], T.€. TpHU
B3aUMOJICHICTBUM MEXJy 4YacTHIAMH, HMeeM aHalorudHo (ypaBHeHue 1.5)

paBeHCTBO:
, 4
£, -Re’ :§Ar, (2.8)

rae (» - KOd(PGUIHMEHT TUAPaBINIECKOTO0 COMPOTUBICHUS JJIs JUCTIEPCHOM
(a3bl B AMYJIbCUU;
Rey — kputepuit PeliHonb/ica B yCIOBHSIX CTECHEHHOTO MTOTOKA.
OKCNEepUMEHTAILHBIMU UCCJIEI0BAHUSMH TIOKa3aHO, YTO CKOPOCTH OCEIaHUS
YaCTHI[ B YCIOBUSIX CBOOOJHOTO OCaXKJEHUS W CTECHEHHOTO IIOTOKA CBSI3aHbI

COOTHOIICHHUCM .

a)%)o :(1_(0)4,7’ (1.9)

TI€ (oo — CKOPOCTh OCAXICHHS YaCTHUI[BI OTHOCUTEIHHO CILIONIHOM Cpebl B
YCIIOBUSX CTECHEHHOTO TIOTOKA;

@, — CKOPOCTh CBOOOTHOTO OCAXKJCHUS YaCTHIIBL;

@ — oOBeMHas oIS AUCTIEPCHOM (ha3bl B CUCTEME.

JlomycTuM pacmpeneneHue Kameidb BOJAbI B HE(TH TIOCHE 3armoTHEHUS
OTCTOIHWKAa paBHOMEpHO. CremoBaTeNIbHO, OOBOJHEHHOCTh SMYIBCHH B JIFOOOM
CEYCHHH €€ OJWHaKoBa ©W paBHa B. OTHOCHTENbHas CKOPOCTh CTECHEHHOTO

OCaXXICHHS YaCTHII BOJIBI JuamerpoM i paBHa [24]:
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[woo j - (1.10)
o, )
rac dmax — MaKCHUMaJIbHBIN pa3sMeEp 4aCTHUIIbI.
2
®,; B 2

(P, —prc) g (1=B = 1=

(¢]

Takum o6pazom, mo (1.27) MOXHO paccuuTaTh CKOPOCTH CTECHEHHOI'O
OCaXJICHUS Karejb BOJbI C yU€TOM U3MEHEHUSI 00OBOJHEHHOCTH SMYJIBCUHU TI0 BBICOTE
OTCTOMHUKA.

PaccmoTpennas maTemarnyeckasi MOJIeNb MPUMEHUMA JIJISL TTPOIIECCOB, TJIe HE
UCITIOJIB3YETCS AJICKTPUUYECKAs JIeIMYJIIbCaIlMs, TaK KaK MpoIiecc o0pa3oBaHusl TI100yII
BOJIBI U MX MOCJEAYIOIIee OCeaHue MO JEHCTBUEM CHUJIIbI TOKA MPEACTABISIET COO0OH
CJIOKHBIH MTPOLIECC JJISI CO3JAaHUA MAaTEMATUYECKOW MOJIETN AJIEKTPOAETUIPaTOpA.

AHaNUTUYECKU pacyeT MPOLECCOB pa3pyLIECHUsS W B3aUMOJCHCTBUSA Karelb
BOJIBI B HEPTH B DJIECKTPUUECKOM I10JIE€ BO3MOKEH TOJBKO JJIsi OTPAaHUYECHHOTO YHCIia
CIIy4aeB.

NMeHHO 1O03TOMY 4YHCIEHHOE MOJEIUPOBAHUE IPOLECCOB CO3AaHUS H
paspyiieHus dMYIbCUN B IIEKTPUUECKHUX MOJSAX SBISETCS MEPCIIEKTUBHON 00JaCThIO
UCCIIEJOBAHUN.

[Tpu uccnenoBaHuM MOJIETH AIEKTPOMArHUTHOTO PA3JIeICHHs BOJOHEDTIHBIX
aMyJlibcuil B pabote [22] oco0oe BHMMaHHE YACNAETCS BOMPOCY O pPACIPEICICHUH
MoJisi CKOPOCTHM BOJHOM (a3pl, MOTOMY UYTO HMEHHO OHAa TOJA JACHCTBUEM
anekTpodopesa MorydaeT yCKOpeHrne. ABTOp MpejiaraeT MaTeMaTHYeCKyl0 MOJIEITh

JBUKCHUS BOAHOU (Da3bl B IMIMHAPHUYECKOM KoHAeHcaTope (1.12):

ov ov 3k c 0(ecE?)

— V—=———v
pBat+pB or anr +2 or

, (1.12)

IJ€ P —IJIOTHOCTH BOJIBI, KI/MS;

U —CKOPOCTh BOJISTHOM (ha3bl, M/C;
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t —HE3aBUCUMBIE IEPEMEHHBIE 110 IPOCTPAHCTBY U BPEMEHH,;
—paauyc Kaneiab BOIbI, M;

E —HanpsKeHHOCTb 3JEKTpUYECcKOro nois, B/m;

¢ —00beMHasi KOHIIEHTpalus BOJHOM (a3bl.

B pesynpratre wHccinenoBaHWM  aBTOpP  JI€NACT  CHEAYIOIIME  BBIBOJBDI:
Jorapu(MUYECKUNA XapaKTep paclpeaesieHHs] HalPSKEHHOCTH 3JIEKTPUUECKOro MOJIs
OOBSCHAET OCOOEHHOCTH pacIpe/ielieHuss CKOPOCTH HaOirogaemMble B 00J1acTH
BHYTPEHHEN CTEHKH KOHIEHCATOPa, TAK)KE YCTAHOBJIEHHOE PACIPENECIEHUE CKOPOCTU
npenoiaraeT HaKoIIeHHe BOAHOM (Da3bl OKOJIO BHEIIHEH CTEHKH YCTaHOBKM, HO HE
y CaMO#l CTEHKH, a C KpallHE MEIJICHHBIM JIBUKEHHEM K HEM.

[Ipo6nema 00€3BOKUBAHUS BOJIOHE(PTSIHBIX AMYJIbCUI TaKke
paccMaTtpuBanach aBTopamu B pabote [23], rae MCHoJb3yeTcsi BBICOKOYACTOTHOEC
ANEKTPUUYECKOE MOJIsI, KOTOPOE MOXKET BO3/IEMCTBOBATH HA AMYJIBCHIO C COAEPIKAHUEM
Boabl OKkoyio 90%. B pabore chopmynupoBaHa maTemMaTHdeckas MOJEIb B BUIE
CUCTEMBbl ypaBHEHUH Uisi OOOCHOBAHMSI MEXaHM3Ma pa3pylieHUs BOJOHEPTIHOU
AMYJIbCUU, ONUCAHUS PEKUMOB MPOBEIAEHUS MPOLECCA, a TAKKE MPOTHO3UPOBAHUS

pe3yabTaTOB B 3aBUCHMOCTH OT CBOMCTB cpen [23]:

v, ov, ov, 3kcv, . ¢ 9(g.E?)

Por T PUr STt P = — e T (1.13)
v, v, ov, 3kcv,
va_vt'l'pvvra_l;'i'pvvza_vz == 47::3 — PvY, (1.14)
_ a(gcgé)
o = e, (1.15)
dc Do dc dc dc 10
=t () DS s v S (rar +aPD ) +
9 aT
5((0@ +a£)D 5), (1.16)
q =200 F12 ) = —ln (1.17)
p, = poc, pd = const, (1.18)
pr = pf(1 —c),pp = const, (1.19)
ps = Pr + Py, (1.20)
=c(1—c)+c-c,ds =241 —c)+ch, (1.21)
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Ny = 1Mo exp(—yAT), (1.22)
1-c
g =¢€5" e’](c ), (1.23)
rne v, f, S —MHAEKCHI, OTHOCSIUECS K BOJE, HE(TH U CMECU COOTBETCTBEHHO,
AT =T — Ty, T —temnepaTypa SMYJIbCHH,
T, —nepBoHavalibHAsI TEMIIEPATYPA IMYIbCUH,
q —TUIOTHOCTh PaCTpeIeICHHbIX HICTOYHUKOB TEILIA,
E

ar, ap —napameTpbl TepMoanddy3un u snexrTporepmoanddysumu,
p}’, P —UCTUHHBIE MIOTHOCTH HeCYyIIEeH U AUCIIEpPrUpOBAHHOM (a3,

E —Hanps»KeHHOCTh JCKTPUICCKOTO TOJI,

£y —DJIEKTPUYECKas MIOCTOSTHHAS,

¢, tg8; —OTHOCUTEIbHAS TUDICKTPHYECKas MPOHUIIAEMOCTh W TAHI'€HC yIJia
JTUDJICKTPUYCCKHUX TTOTEPh CMECH He(PTH U BOIBI,

1o —TepBOHAYaIbHAs BI3KOCTh HEPTH,

Y —KOO(QQOUIIUCHT, YUYUTHIBAOIINNA 3aBUCUMOCTh BSI3KOCTH HEPTH OT
TEeMIIepaTypHl,

Ps, Cs, Ag —TUIOTHOCTD, yIeJbHasl TEIUIOEMKOCTh M TETUIOMPOBOIHOCTh CMECH
He(TH U BOJIBI,

U —pa3HOCTh MOTEHITMAIOB MKy OOKJIaIKaMH KOHJCHCATOPa,

71, T, —PaInychl BHYTPEHHETO W BHEITHETO OOKJIAI0K KOHICHCATOPa,

¢ —00beMHasi KOHIICHTpAIUs TJI00YI BOJIBI,

D —xoaddunment nuddysnoro nepemMemnBaHusl.

B pesynbrare ObUIM TOJYyYEHBI TpaQuUKHU paclpeesieHus] KOHIEHTPAIMU
Kareb BOJBI U TEMIIEPATyphl MEXIy BHEITHUM PaJNyCcOM BHYTPEHHEHW OOKIAIKU U
BHYTPEHHEHW pagnycoM BHEIIHEW OOKIAAKU KOHJIEHCATOpa B Pa3IMYHBIE MOMEHTHI
BpeMeHU. BBUIO yCTaHOBIIEHO, YTO KPWBBIC PACIPEACIICHUS KOHIICHTPAIIMU Karelb
BOJIbI B pa3JIMYHbIE MOMEHTHI BPDEMEHHU MaJIO OTIWYAIOTCS JIpYT OT Apyra. K momeHTy
Bpemenn 10 ¢ mporecc mepepacupeneneHusl Kamelb BOJBI B IMPOCTPAHCTBE
MPAKTUYECKNA 3aBEPINACTCS, TOTJa KakK TeMmIeparypa SMYJIbCHH B pe3yJbTaTe
BO3JICHCTBHS MPOJIOHKAET PACTH.
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Jlanee ObUIM MPOBENEHBI OLIEHOYHBIE pacyeTbl IP(HEKTUBHOCTH PACCIOCHHS
sMynbcuu. KoHCTaHTa Koaryiasiuu, KOTOpPAs XapaKTEpU3yeT NPOLECC YKPYIHEHUs

‘IaCTI/II_[, BBOAUTCA HpI/I HAJIOKCHUU Ha BMYHBCI/IIO BHCIITHECT O BHCKTpI/I‘-IeCKOFO T10JI41,
3

M

— [23]:

C

91808 184V

K(V,w) = — E )
( W) (vV vw) 1-9, ppg

(1.24)

rae V; —o0beM 00JIbIoi Karum,

Vy, Uy, —CKOPOCTh OCelaHusi OOJbIION M MaJeHbKON Kareidb, KOTOphIE

onpezenstorcs no popmyne Ctokca:

2
v 0) = [ 2y, (1.25)

6mn,(r,zt) 9.l
rae V,; —o0beM Kamnelnb, MHIEKC | OTHOCUTCS K MaleHbKOH Karle,
g —YCKOpEHHE CBOOOIHOIO MaieHus,

Pp —Pa3HOCTB IIIOTHOCTEN BOJIBI U HE(TH,
d.o . .
g1 = (5) , D, d —nauamMeTpsl 60IBIION 1 MaJICHBLKON Kalleb,

A —k03¢pHUIMEHT, KOMIEHCUPYIOMUKA 3aBBIIIICHHOE 3HAYCHUE CHIIBI JIUIIOJIb
— JIHUIOJILHOTO B3aUMOJICUCTBUA.

Ji1st pacyeTa BpeMeHH, 3a KOTOPOE YUCIIO Karellb yMEeHbIIIaeTcs B 2 pas3a:

2

ty(r,z,t) = KW WN(rzt)

(1.26)

rae N(r,z,t) —duciio Kamnenb B €UHULIE 00BbEMA.
A uuciio Kamenb B e€IMHHUIE 00beMa KOHIEHCATOpa PpPacCUUTHIBAIIM,

UCTIONB3YS clieayromyto hopmyy (1.27):

N(r,z,t) = X225, (1.27)

g

rae c(r, z, t) —oO0beMHast KOHIEHTPALUs KaIelb BOIbLI B OMYJIbCHU.
Jlanee nns pacuera JUHAMHKH PACCIOCHUST SMYJIBCUM  BBIYHUCISIOTCS
WHTErpajbHbIE 3HAYCHUS KOJIMYECTBA Kallellb BOJbl B 3MYJIbCUM B HAYaJbHBIA W

TeKYH_II/Iﬁ MOMCHT BPCMCHHU. 3aTCM PE3YIbTAThI IOACTABIIAIOT B BBIpa)KeHI/IC:
V(t0 = (1 —75)-100%, (1.28)
0
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rae Ny v N, —HaudanbHbBIM U TEKYIIH MOMEHTBHI BPEMEHH COOTBETCTBEHHO.

B pesynbraTe aBTOpHI CAEnaiM BBIBOJ O TOM, 4YTO pPACHPEACIICHUS
KOHLEHTpalMM Kamneib BOJbl W TEMIEpAaTypbl NPHUOJMU3UTEIBHO OJMHAKOBBI IIO
BBICOTE KOHJIEHcaTopa. PaccioeHne »MyJbCMM HAYMHAETCS C BEPXHEHW 4YacTH
KOHJIeHcaTopa.  CpaBHEHHME  TEOPETHYECKMX  PACYeTOB  C  M3BECTHBIMU
DKCIEPUMEHTAIBHBIMIA  HCCIIEIOBAHMS  IOKA3bIBa€T  XOpOLIee  KAaYeCTBEHHOE
COBIIQJICHUE PACUETHBIX U SKCIIEPUMEHTAIbHBIX TAHHBIX.

B nacrtosimee Bpemss B Poccum He co3maHa maTeMarthyeckas MOJENb IS
ONMMCAHMS SBJICHUM pa3pylieHus BOAOHEPTAHBIX OSMYJIbCUU TOJ JAeHCTBUEM
ANEKTPUUYECKOTO TOJIA.

[ToaTOMy mepcrneKTUBHON 00JacTbI0 MCCIEOBAHUS SIBJISIETCS COCTAaBJICHHE
MaTEMaTUYECKOM MOJENd TPOLEeCCOB CO3JaHusl M pa3pyllieHus BOAOHE(TIHON
AMYJIbCUU TOJ JAEUCTBHEM DIJIEKTPUYECKOTO MO IS JajJbHEWIIEro BHEAPEHUS B

MOJIETTUPYIOIIYIO CUCTEMY MPOIECCOB EPBUYHON MOATOTOBKU HEDTHU.

1.9 SI3pik mporpammvupoBanus Python

Jist peiieHuss pa3lIWYHBIX MaTEeMaTUYeCKUX MpoOJieM, BO3ZHUKAIONIUX B
WH)XCHEPUHU, CYIIECTBYET MHOXECTBO PAa3JIMYHBIX BAapUAHTOB MPOTPAMMHOTO
oOecrieueHust UIsl MOTYyYEHUSI TOUHOTO WM MPUOIU3UTEIHLHOTO PEIICHHUS.

Hekoropeie mporpammusie npoaykTsl, Takue kak COMSOL wmmm ANSYS,
OYeHb YAOOHBI NIJISl TOJI30BATENS, HO OHU CKPBIBAIOT OOJIBIIYIO YacTh JIEMEHTOB
BBIYHUCIICHUN OT MOJIH30BaTEIIS.

Eme oama HaOop MpOrpaMMHBIX TPOAYKTOB MJIsS PEIICHHUS HWHXKEHEPHBIX
3a/lady — 3TO MaTeMaTUYeCKHe MporpaMmHble nakerol, Takue kak MATLAB,
Mathematica niun MathCAD[25].

OTH TaKeThl AT MOJIB30BATEN 0 OOJIbIIEe KOHTPOJIS HA/ BHIYHCICHUSIMH, HO
OHM Takxke TpeOyroT Oosee CHEeUUATU3UPOBAHHBIX 3HAHUM, YeM MPOrpaMMHOE

obOecrieueHre MOACIMPOBAHMS ITPOLIECCOB, OMMCAHHOE PaHEE.
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OTU MaTeMaTH4YeCKUe TaKeThl MPOrpaMMHOr0 OOECHeyYeHUs, BEpOSTHO,
SBJISIIOTCS. HAauboJiee MOMyISIPHBIMU.

Y HHX €CTh OJWH TJaBHBIA HEAOCTATOK — OHU MOTYT OBITH JIOBOJBHO
JOPOTUMH, OCOOEHHO €Clid TPeOYIOTCS pa3iudHble MOAACpKUBAIOIINE OUOIUOTEKH U
JOTIOJTHUTEIIbHBIE TTAKETHI.

KoneunbIM BapuaHTOM [JIi BBIUUCIUTEIIBHOTO PEIICHUS TEXHUYECKUX
npoOJieM SIBJISIETCS. TPOCTO HAIMUCaTh CBOM COOCTBEHHBIM KOMITBIOTEPHBIM KOJ Ha
OTHOCHUTEJIBHO HHU3KOYpOBHEBOM s3bike, TakoM Kak FORTRAN wmu C ++.K
COXXAJICHWIO, JTOT BapHaHT TpeOyeT 3HAYMUTEIbHBIX CHCIUAIbHBIX 3HAHUMU.
Hanucanue HU3KOYpOBHEBOTO KOMIBIOTEPHOTO KOJa TAaKXKE€ MOXKET OBITh OYEHb
CIIO)KHBIM M OOBEMHBIM, KOTJIa OIIUOKH B KOJI€ TPYAHO HACHTU(DUIIMPOBATH H3-3a
HESICHBIX co00IIeHni 00 omuoKax. B pe3ynbraTe TpatuTcs 00iblasi 4acTh BpEMEHU
Ha TIOMCK ONIMOOK B KOMIBIOTEPHOM KOJE, a HE Ha W3y4YCHUE BBIYUCIICHUU U
pa3pabOTKH aJrOPUTMOB.

He cymectByer wupeanbHOro pemieHus MnpoOjJeMbl BbIOOpa ONTHUMAIbHOU
KOMIIBIOTEPHON cpeAbl il OOydYeHHUs BBIYMCIUTENBHBIM METOJaM pelIeHUs
TEXHUYECKUX 3a7ad. Tem He MeHee, S3bIK mnporpammupoBanusi Python wumeer
MHOKECTBO IpeumyIiects [25]:

1) On HaxomuTcs B CBOOOZHOM J0CTyIe W paboTaeT Ha OOJBIIUHCTBE
OCHOBHBIX KOMIIBIOTEPHBIX OIMEPAIMOHHBIX CUCTeMax, Takux kak Windows, MacOS
u Linux.

2) Y 3TOro NporpaMMHOrO TIPOAYKTa €CTh OTPOMHOE KOJUYECTBO
JIOTIOTHUTENBHBIX ~ OUOJIMOTEK, KOTOpPBIE TaKXKe SBISIOTCA OCCIUIaTHBIMU U
00aBIISIOT BO3MOXXHOCTH BBIYHCIMTENbHON Marematuku. Hampumep, Omubmmoreka
Numpy npenocraBisier Python B03MOXKHOCTH, aHaJOTMYHBIE BO3MOXKHOCTSM
MATLAB.

3) DTO MHTEPNPETUPYEMBIN SA3BIK (OMPECIICHHBI HUXKE) U TPOIIe, ObIcTpee
JUTs1 pa3pabOTKU HOBBIX AJITOPUTMOB, YEM CKOMITHIIMPOBAHHBIC SI3BIKH.

4) MHorue OHOJIMOTEKN paHee CKOMITMIMPOBAHHBIX aJlTOPUTMOB MOTYT OBIThH

uMnoptupoBanbl B Python, uto no3Bossier oueHs ObICTPO U A3HPEKTUBHO BHIYUCIISITS.
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2 OBBEKT U METOAbI UCCJIEJOBAHUA

Ha cragmsx moarotoBkn HeTH HEOOXOAMMO TMPOBOIUTH IPOIECCHI
oOecconmmBaHusi W 00€3BOKMBaHUA. [IpUMEHEHHE SJIEKTPUYECKOTO TIONS TIPH
I'PAaBUTAIIMOHHOM OCQXJICHHHM BBI3BIBAET OOpa3oBaHUE ITUIOJISAPHBIX MOMEHTOB
BHYTPH Kameilb BOJBI, YTO TPUBOJUT K HMX OTHOCHUTEIBHOMY IMPHUTSKCHUIO H
nociuenaymmneMy ciausauo. COOTBETCTBYIOIIEE YKPYIHCHHE pa3Mepa Karelb
YCKOPSCTHX  OCaXJCHHWE, 4YTO  O0OecleunBaeT HMHTCHCH(UKAMIO  OOIIero
00€3BOXKUBaHHUS.

DNEKTPOAETUAPATOPBl — OTO  ammapaTbl, B  KOTOPOM  IPOUCXOIUT
I'PaBUTAIIMOHHOE OCAXJICHHE BOJABI B HETH B MPHUCYTCTBUU JJICKTPUUYCSCKOTO TIOJIS.
O0o001eHHas KOHCTPYKIIMS TIpUBeIcHa Ha pucyHke 10.

Brexon Hed T

=

O T e e e e e e e e e e OnexTpoaKTHEHAA
30Ha

A T T e e e e e e e e e
2

30Ha
MIpeIBapHUTEIIBLHOTO

1 OCaKICHHA

N —

CMeCHTENbHEI | ]
KJIarnaH Brmxon Boms!
Bxon
SMYIbECHH —

IIpecHas Boma

Pucynok 10 — Yopomennas cxema /I

1 — MaTOYHUK TSI pacripeesieHus BOJOHEPTIHON IMYITBCUH, 2 — DIEKTPOIBI

[lepen monaueit B D/II" HedTAHAS SMYIBCUS MPEIBAPUTEIIHHO CMEIITUBACTCS C
MIPECHOM BOJOM Yepe3 CMECUTEIBbHBIN KIIANaH, IS BBIACICHUS COJIEH, pACTBOPEHHBIX
B Hedtu. Ilpm mnDpoXoXKIEHUM Yepe3 CMECUTEIbHBIM KiIamaH MMEET MECTO

KaruieoOpa3oBaHUE C HEKOTOPBHIM PacIpeieICHUEM Pa3MepOB Karedb.
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PactBopenHas npecHoi Bofoil HeTsHas 3Mynbcusa noctynaetr B DI yepes
pacHpenenuTeNbHOe YCTPOUCTBO Ul OCAXKIAEHU Kalellb BOABI MO JACHCTBUEM CHUI
TsokecTd. Ha mpoMbliuieHHON npakTuke KoHCTpyKuus D11 obecrieunBaeT 1BHKEHUE
BBEPX IIPU JIAMUHAPHOM PEXUME.

OJI" umeet nBe pabouue 30HBI: ME€pBasi MO XO4y dMYJbCUU 30HA — 3TO 30HA
[IPEABAPUTEIBHOIO OCAXKICHUS, II€ HUMEET MECTO IPEABAPUTEIBHOE OCaXICHUE
KPYNHEUIINX Kanenb BOAbl. D()PEKTUBHOCTh 00E3BOKUBAHMS B ATOW 30HE 3aBUCHUT
OT HA4YaJlbHOI'O pacCIpeleeHUus pa3MepoB Kallellb W3 CMECUTEIBHOIO KIIallaHa.
Bropas 30Ha — 3TO 371€KTpOaKTUBHAsA 30HA, I'1€ UMEET MECTO OJHOBPEMEHHO CIIUSHUE
Karelb 3a CYET JECUCTBUSA JIEKTPUYCCKOIO IOJA U UX OKOHYATEIBHOE OCaXIACHUE 3a
CYET CHUJIBI TSIKECTH.

O6e3BoxkeHHast He(PTh YXOAUT BEPXOM, a OCAXKIACHHAS BOJAa OTBOJAUTCS CHHU3Y.

MeronoM  uWCClelOBaHMA ~ HACTOSIIE  paboThl  SBISIETCS  METOJ

MATCMATUYICCKOT'0O MOICIIMPOBAHUA.
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5 ®UHAHCOBBIMMEHEXKMEHT, PECYPCO3®®EKTUBHOCTD
N PECYPCOCBEPEXEHUE

Jlauuplii  paszgen  JWIJIOMHOW — paboOThl  MOCBSIIEH  OOOCHOBAHUIO
1[€JeCO00Pa3HOCTH CO3/IaHMsI MaTeMaTUYeCKOW MOJeNH O00€3BOXKMBaHUA HEPTH B
JIEKTPOAETUIAPATOPE.

BoinosiHeHHe BBIMYCKHOM KBaJM(DPUKALMOHHON pabOThl MPOBOAWIOCH B
Wnxenepuoit mkone npupoansix pecypcos (UILIIP) Tomckoro IlonurexHuyeckoro
VYuusepcutera (TIIY) B oTAeneHMH XUMHYECKOW WHXKeHepuu. BeimyckHas
KBaJM(UKALMOHHAs padoTa 3aKirodanach B pa3pabOTKe MaTeMaTHYECKOH MOJAENIN
IpOIIECCOB MEPBUYHON TMOATOTOBKM HedTH Ha mpomeiciie, KoTtopas Obuia
peain3oBaHa C HCIOJb30BaHHWEM HporpamMmmHoro mnpoaykra Python. O6nacts
npuUMeHeHHs — HedTenepepadbaTbiBaroNIasi MPOMBIIIIEHHOCTD.

OCHOBHBIMM CPEJICTBAMH JUIsl BBITIOJIHEHUS BBITYCKHOM KBaTU(UKALMOHHON
paboThl ABISUINCH NEPCOHAIBHBIM KOMIIBIOTEP M JIOKAJIbHASL BBIYUCIUTEIbHAS CETh C

BBIXOJOM B I/IHTepHeT.

5.1 IlpeanpoeKTHBI aHAIU3

5.1.1 IloreHuMaNbHbIE MOTPEOUTEIN PE3YJbTATOB UCCJIEI0OBAHMS

Jlns ananu3a motpeOuTeneld pe3ysNbTaTOB MCCIICAOBaHUS HEOOXOIUMO
pPaccMOTpPETh LIENEBOM PHIHOK U MTPOBECTU €r0 CErMEHTUPOBAHUE.

IleneBoii PBIHOK — CETMEHTBHI PBIHKA, Ha KOTOPOM OyAET MpOaaBaThCs B
Oynymem paspaboTka. B cBOw odepenp, CETMEHT PhIHKA — 3TO OCOOBIM 0OpazoM
BBIJICJICHHAS YacTh PBIHKA, TPYMIBI MOTPEOUTEICH, 00IaTaroNuX ONpeaeICHHBIMH
o0IUMU TTPU3HAKAMH.

CermeHTHpOBaHUE — ATO pa3/eliCHUE MOKyNaTeaeld Ha OJHOPOHBIE TPYIIIbI,
U1 KaXIO0M M3 KOTOPBIX MOXKET MOTPEOOBAThCA OMpEACICHHBIM ToBap (yciyra).

MoxHO TpUMEHATH reorpaduueckuii, aemorpaduueckuii, TOBEACHYECKUI U HHBIE
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KPUTEpUU CETMEHTHPOBAHHs pPBIHKA NOTpeOHTENeH, BO3MOXXHO MPUMEHEHHE HX
KOMOWHAIIMKA C WCMOJB30BaHMEM TAaKUX XapaKTEepPHCTHUK, KaK BO3pacT, IO,
HAI[MOHATBHOCTh, OOpa3oBaHWE, TIOOMMBIC 3aHATHS, CTWIb KH3HHU, COIMAJbHAs
MPUHA]ICKHOCTD, Tpodeccusi, ypOBEHb JOXO/Ia.

Ha pucynke 18 mnpencraBieHa kapTa CErMEHTHUPOBAHMS PbIHKA O BHIY
OKa3bIBaEMOM YyCIYI'M C TPUMEHEHHEM MaTeMaTHYecKOoW MoJeNu Ipolecca

HepBH‘IHOﬁ IIOATOTOBKH He(l)TI/I.

Bun ycnyru
TTotpeGurens [Iponaxa OkazaHue ycayr no ITponaxa }
IPOrpaMMHOTO UCCIIEIOBAHUIO U TPEHUPOBOYHOMU
MPOJTyKTa ONTUMU3AIIHU BEpCUH
Kpynusie HIT3
Cpennue HIT3
Mansie HIT3
OO6pazoBarebHbIC
YUpEKICHUS
[IpoexTHbIE
OpraHu3alu

Pucynok18 — Kapra cermeHTHpOBaHUS

- pupma A

- pupma b

Ha Pucynke 18 mokaszaHo, Kakue HUIIM HAa PHIHKE YCIYT MO MPUMEHECHHIO
MAaTEMaTHYECKOW MOJIENI HE 3aHSIThl KOHKYPEHTaMH WIH T€ YPOBEHb KOHKYPEHIIMU

HHU3O0K.
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5.1.2 Imarpamma Ucukasa

Juarpamma npuunHbl-ciaeactBus Mcukapsl (Cause-and-Effect-Diagram) - aro
rpadudeckuii MeToa aHanu3a W (HOPMUPOBAHUS MPUUNHHO-CIIEICTBEHHBIX CBS3CH,
WHCTPYMCHTAJILHOE CPEACTBO JUISI CHCTEMATHUYECKOTO OINPEACIICHUS TPUYHH
po0JIeMbl U MOCIEAYIOIIETO IPaPUIECKOro MpeJaCTaBICHUS.

OO01acTh MPUMEHEHUS TUATPAMMBbI:

BrisiBIeHe TPUYUH BOSHUKHOBEHHUS MPOOJICMBI;

AHaNMu3 U CTPYKTYPUPOBAHKE MPOIICCCOB HA NIPEINPHUATHH;

OreHKa MPUIMHHO-CJICACTBEHHBIX CBS3EH.

Jlns mocTpoeHuss aAuarpaMmbl HY)KHO 0003HauuTh mpobiemy. I[Ipobiema
NEPBUYHON TIOJITOTOBKM HE(PTH 3aKIIOYaeTCS B JOCTHIKCHHUU TPeOyeMOro KadecTBa
HedTH, KoTopoe pernamentupyetcs OCTom.

3areM BBISBIAIOTCS (PAKTOPBL/TPYNIbl (HAKTOPOB, BIMSIONIME HA OOBEKT

a"Hammza. B JaHHOM CJIy4ac BbIACJICHBI CJIICAYIOIIHUC (I)aKTOPBI, BIMAIONINC HaA

npoOJeMy:
o TIepCOHAIT;
o 0o0opy10BaHUE;
o CBIPbE, MaTEPHAITBI, KOMIUICKTYIOIIHC;
o TEXHOJIOTHS MTPOBEICHUS padoT;
o yCIIOBUS TPY/A;
o JIOTIOJTHUTENIbHBIE XUMUYECKUE PEAreHTHI.

BrisiBneHHbIe (haKTOPHI MMOABOIAT K CTPEIKAM JTUATPAMMBbI IEPBOTO YPOBHSI.

[Tonyuyennas auarpamma McrukaBbl npuBeneHa B IpUiloKeHuu b.
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5.1.3 MeToabl KOMMepPUHATH3AUMN Pe3yabTATOB HAYYHO-TEXHHYECKOI 0

HCCJICAJ0BAHUA

[Ipu xoMMepIMan3aluyu HAYYHO-TEXHUYECKUX pa3paboToK mpojaasel] (a 3To,
KaK TpaBWIO, BIaJeNell COOTBETCTBYIOIMIMX OOBEKTOB  HMHTEJJIEKTYyalbHOM
COOCTBEHHOCTH), MPECIENYET BIIOJHE ONpPEAENEHHYIO Ielib, KOTOpas BO MHOI'OM
3aBUCUT OT TOrO, KyJa B MOCJEAYIOIIEM OH HaMEpeH HalpaBUTh (MCIOJIb30BaTh,
BJIOKUTh) TIOJIYYEHHBIH KOMMepueckuid 3¢d@dext. DTo MOXKeT OBbITh MOIyYeHHE
CpPEeICTB JUIsl TPOAOKEHHS CBOMX HAy4YHBIX MCCIEIOBAaHUW U pa3paboToK
(monmydyeHue (QuHAHCUPOBAHMS, OOOPYIAOBAHUS, YHHKAIbHBIX MAaTEpUANIOB, NPYTUX
HAyYHO-TEXHUYECKUX pa3pabOTOK U T.A.), OJHOPA30BOE MOJy4YeHUE (PUHAHCOBBIX
PECYPCOB JUIsl KaKUX-TUOO Iesield Win JJIsl HAaKOIUIEHUs, 00ecrneueHrne MOCTOsTHHOTO
npUTOKa (PUHAHCOBBIX CPEJICTB, a TAKKE UX PA3TUYHBIC COUCTAHUS.

Jlist mpoJBMIKEHUSI TOBapa Ha pbhIHKE HEOOXOAMMO TMPAaBHIBHO BBIOPATh
METO]l KOMMEpIHaTU3allUH.

Pa3zpaboTannas maTemaTuueckasi MOJIeIb AJIEKTPOJETHUAPATOPA TTO3BOJIUT:

® ONTHUMHU3UPOBATH JACHCTBYIOIINE TEXHOJIOTMUYECKUE TIPOU3BOJICTBA;

® U3YYUTh 3aBHCHMOCTH OCTaTOYHON OOBOJHEHHOCTH OT Pa3IMYHbBIX
dakTopoB (TemrepaTypa, JaBi€HHE, HaudajdbHas OOBOJHEHHOCTh, BSA3KOCTh U
IJIOTHOCTh HEPTH U T.1.);

® YCOBEPIIECHCTBOBATh UMEIOIINECS TEXHOIOTUUECKUE TPOU3BO/ICTBA;

® BHEJIPUTh COBEPIICHHO HOBYIO  TEXHOJOTHIO B  JCHCTBYOLIEE
IIPOU3BOJICTBO.

[ToaTOMy A1 TAHHOTO MPOTPAMMHOTO MPOAYKTA MOAXOAUT MHKHHUPUHT. OH
MpeanojaraeT MpPeJOCTaBICHHEe HAa OCHOBE JIOTOBOpa WH)XHHUPHUHTA OJHOU
CTOPOHOM, UMEHYEMOU KOHCYJIBTAHTOM, APYTOM CTOPOHE, UMEHYEMOM 3aKa3uMKOM,
KOMITJIEKCA UJTH OTEJIbHBIX BHJIOB WHKCHEPHO-TEXHUIECKUX YCITYT.

Takoe COTPpyAHMYECTBO TMO3BOJMUT TMOCTOSIHHO HCCIIEIOBATh JAHHYIO
npoOjieMy ¥ BHEIPATh HOBbIE pa3pabOTKH, TaK Kak MOJydeHue (PUHAHCOBBIX

pecypcoB OyIeT MOCTOSTHHBIM.
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5.2 UHunuanus npoexrTa

I/IHI/ILII/IaI_[I/IH IMPOCKTa COCTOUT H3 IPOLECCOB, KOTOPLIC BBIIIOJHAIOTCA IJIs

HOBOI'O IIPOCKTa WU HOBOH CTaguu ITPOCKTA. I[JISI 9TOro OnpeaAcIAOTCA Ha4YaJIbHBIC

1eNu, coaepkaHue, PUKCUpYIOTCs pecypchl. Takke ONpenensitoTcss BHYTPEHHUE U

BHCINHHUC 3aMHTCPCCOBAHHLIC CTOPOHLI IIPOCKTA. 3aI/IHTCpeCOBaHHBIe CTOPOHBI

npoekTa 0ToOpakeHsbl B Tabnuie 3.

Tabnuua 3 — 3auHTEepecoBaHHbBIE CTOPOHBI TPOEKTA

3auHTEepECOBAHHbBIC
CTOPOHBI IPOEKTA

O)KI/II[aHI/ISI 3daMHTCPCCOBAHHBIX CTOPOH

HUA TITY, ULLIIP,
OTIEJICHUE XUMUYECKOUN
VHKECHEPUU

Peanuzamnusa maTreMaTH4eCKOM MOJEIHU C
JNAJIBHEUIIIEW BO3MOXKHOCTBIO MTPOBEICHUS
HUCCIIeJOBAaHUM HA HEU

B tabnune 4 mnpeacraBieHa uH@OpMalMA O UEISIX MPOEKTa, KPUTEPHUAX

JOCTHIXKCHMUA ueﬂeﬁ, a TaKXKC Tp€6OBaHI/ISI K pE3yJibTaTaM IIPOCKTA.

Tabnuna 4 — 3anHTEepecoBaHHbBIE CTOPOHBI TPOEKTA

Llenun mpoexra

Coznanre MaTeMaTu4ecKoi MoJIenu
AIIEKTPOACTUIPATOPA

OxupaemMblie pe3yJabTaThl

IPOEKTa

I'oToBas MmaTeMaTuueckas MOACIIb,
pCaIn30BaHHAaA C IIOMOIIBIO A3bIKA

IIPOTPAMMHUPOBAHUSA

Kpurepun npuemku

pe3yJibTaTa MpoeKTa

OyHKIMOHUPYIOIIAs MaTeMaTHIeCKas MOJIEIb,
KOTOpasi aIcKBaTHO OIMKCHIBAET MPOLIECCHI,
MPOUCXOSIIUE B IEKTPOAETUAPATOPE TIPU

paszieneHu BOIOHE(DTAHON IMYIbCUA

TpeOGoBaHus K pe3ynbTaTy

POEKTA

AJIEKBaTHOCTb MO/JIETU, BOBMOKHOCTb
MCIIOJIb30BAHUS HA JEHUCTBYIOIIEM
MIPOU3BOJICTBE, YHUBEPCAIBHOCTH (T.€.

BO3MOXXHOCTb YUYCCTb BIIMAHHUC PA3JIMIHBIX

(baKkTOpOB, TAKUX KaK TeMIEpaTypa, 1aBICHUE U

T.J.)
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Pabouas rpymma npoekta oroopakeHa B Tadmaule 5.

Tabnuua 5 — Pabouas rpymnmna npoekra

®UO, ocHOBHOE

Tpynosarparsl,
MECTO paboThI, Ponb B mpoekre OyHKIMH
q
JOJIKHOCTD
Ky3pmenko Enena
AnatonbseBHa, HU KoncynbTupoBanue,
TIIY, noneHt PyxoBoaurens olpeaeeHue 3a1ad,
90
OTJIEJICHUS MPOEKTA KOHTPOJIb
XUMHUYECKOU BBITIOJTHCHMUSL.
uwxenepuu UIITIP
AHnanus
JUTEPATYPHBIX
VCTOYHUKOB,
Mansix Kpructruna
Ucnonxurens no pa3zpaboTka
AHaTonbeBHa, 490
IIPOEKTY MaTeMaTH4eCKON
ctyaeHt rp. 2KM61
MOJEIH,
IPOrpaMMHUPOBAHUE
, OKCIIEPUMEHTHI.
Kpunuipina 304 Koncynetupyer
BacunbeBna, HU PykoBonurens BBIIIOJIHEHUE
TIIY, otnenenue IIPOEKTA [0 pa3ieny paszena
COIMAIBHO — «Pecypcoaddexrurn | «Pecypcorpdextun 2
TyMaHUTapHBIX OCTh U (PTHAHCOBBIN HOCTb U
Hayk IHAII, MEHEKMEHT) (UHAHCOBBIH
JOLIEHT MEHEKMEHT

68




[Iponomkenue TabIULbI O

KoncynpTupyet
PyxoBonurens
AsneeBa Upuna BBITIOJIHEHUE
MPOEKTA MO pa3aeIy
NBanogHa, pasnena 2
«CoumnanbHas
ACCUCTEHT «CornuanpHas
OTBETCTBEHHOCTh
OTBETCTBEHHOCTH»
CrickuHa AHHa
PykoBonurens KoncynsTupyer
AJleKCaHIpOBHa,
MPOEKTA pazjena BBHITIOJTHEHUE
JOLEHT OTJICJICHUS 2
BKP na anrnumiickom paznena BKP na
WHOCTPAHHBIX 5
S3BIKE AQHTJIMICKOM SI3BIKE
SI3IKOB
HUroro: 586

OrpaHuyeHusi MpoeKTa — 3TO Bce (PAKTOPBI, KOTOPHIE MOTYT MOCIYXHUTh
OTpaHUYECHHUEM CTETIEHH CBOOOBl YHACTHUKOB KOMAaH/ bl IIPOEKTA, a TAKKE «TPAHUIIBI
OpoeKTa» - TMapaMeTphl NpPOeKTa WM €ero NpoJayKTa, KOTOopble He OyayT
peaNM30BaHHBIX B paMKax JaHHOro mpoekra. B Tabnume 6 mpuBeneHBI
BCEBO3MOYKHBIE OTPAHUYEHHUS HAYYHO — TEXHUUECKOTO MCCIICIOBAHUSI.

Tabmuma 6 — OrpanudeHus MpoeKTa

Ne Orpannuenus /
dakTop
JOTTYIIICHUS
1 bromxer npoekra —
2 HcTounuk ¢hmHaHCHpOBaHUS -
3 Cpoxku npoekta 01.02.2018 — 08.06.2018 r
4 JlaTa yTBepXaeHuUs IIJIaHa
IR 01.02.2018 r
yIPaBIEHUS TPOCKTOM
JlaTa 3aBepIiieHus: MPOEeKTa 08.06.2018r
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5.3 IlnanupoBaHue ynpaBJjeHUs] HAYYHO-TeXHHYECKHM MPOEeKTOM

5.3.1 Pa3zpaboTka rpaduka npoBeeHUust HAYYHOI0 HCCJIeI0OBAHUS

B nanHOM pasznene cocTaBleH IepedeHb JTaloB U paboT B paMKax

IMPOBCACHNA HAYYHOI'O MCCIICAO0BAaHM:A, ITPOBCACHO paCIIpCACIICHNC HWCHOJIHUTEIICH I10

BUuJaM pabot. IlpuMepHbIil MOpsIIOK COCTaBICHUS 3TANOB M paboT, pacmpeneieHue

HWCHOJIHUTENICH 1O JaHHBIM BHJaM pa60T IMPUBCACH B Ta6JII/IHe 1.

Tabnuua 7 — [lepeueHs 3TanoB, paboT U pacrpeneacHre HCIOIHUTENEH

No JlomxHOCTB
OCHOBHBIE ATaIBI Conepxanne pabot
pab WCTIOJTHUTEIIS
Pa3paboTtka CocraBiieHHE U YTBEPKICHHE TEXHUYECKOTO
1 PykoBourens
TEXHUYECKOTO 3a/TaHUsI 3a/laHus
Br16op HanpaBieHus PykoBonurens,
2 Br100op HanpaBieHus ucciaeaoBaHUH
HUCCIIEIOBAHUI Marwuctp
3 Kanennaproe mnanupoanue padoT o reme | PykoBoaurtens
W3ydenue nureparypbl: Ha3HaYCHHE
mpolecca, UCcCiaeI0BaHUE COBPEMEHHBIX
4 pon ’ A P . Marwuctp
METOJIOB JIJIsl peajn3alui MaTeMaTHYecKoi
MOJETN
5 PazpaboTka MmaTemMaTH4YeCKOI MOIeTH Marwuctp
6 [TpoBepka Moienu Ha afieKBaTHOCTh Maructp
Onenka 3pGeKTUBHOCTH MOTYYEHHBIX
7 H b ya Marwuctp
pe3yabTaToB
Omnpenenenue nenecooOpazHOCTU
8 PykxoBoautens
nposenenus OKP
OGOBIIEH e 1 OLICHKA 9 CocraBieHne MOsICHUTENFHOM 3aUCKH Maructp
pe3ynbTaToOB
IIpogedenue OKP
OQopMIIeHHE 0TYETA HO 10 [ToaroToBka K 3amyre AUIIOMHON pabOThI Maructp
HP (KOMHHCKI)aKP 11 3amuTa AUMIOMHOM paboThI Maructp,
JOKYMEHTAITUH 110 ) PYKOBOJIHTEND

70




Onpeoenenue mpyooemKkocmu 8bINOJAHEeHUsL pabom.

TpyaoeMkocTh paboT ompeaensercs No CyMMe€ TPYJOEMKOCTH 3TaloB H
BUJIOB pa0OT, OLIEHUBAEMBIX SKCIEPUMEHTAIBHBIM ITyTEM B YEJIOBEKO-IHAX U HOCHUT
BEPOSATHOCTHBIM XapakTep, T.K. 3aBUCUT OT MHOYKECTBAa TPYAHO YUHUTBIBAEMBIX
(akTOpOB, MO3TOMY MPUMEHSIOTCS OLIEHKH MUHUMAJIbHO BO3MOXHOU TPYJOEMKOCTH
BBINIOJIHEHUS OTHENBHBIX BHAOB paboT - tmin, MaKCUMaJbHO BO3MOXHOW -

tmax,0’)KHITaeMO€ 3HAYEHUE TPYJTOEMKOCTH — 1,y paccunThIBAETCS MO (POpMYyII:

Btrini + 2l
t0>1<i = 5 ) (51)

st ynoOcTBa mMoOCTpoeHUs rpaduka, IMTEIBHOCTh KaXKJIOTO W3 ITAIloB
paboT U3 pabouyux JHEH MepeBesi B KajaeHAapHbIe THU. [[J1s1 7TOro BOCIOJIB30BAIHCH
dbopmyoii:
T = Tpi 'km ) (5.2)
rie Txi— MPOJODKUTEILHOCTD BBITOJHEHHS I-i paOOThI B KAJICHAAPHBIX JTHSIX;

Tpi — IPOIOIDKUTENILHOCTD BBIMTOIHEHUs -1 pabOThI B pab0UnX JHSX;

kKaJ'I Kyar—KO3(HUITHEHT KaJCHIaPHOCTH.

KoaddunmeHT kaneHagapHOCTH onpeneseTcs o cieayromei Gopmyse:

T, 365

k= W ~148
w T 7 7 365-104-14 O3

1p

rae T, — KOJMYECTBO KaJICHIAPHBIX JHEU B rOAY;

T — KOJIMYECTBO BBIXOJHBIX JTHEH B TONY;

BBIX

T,, — KOJIMYECTBO NPA3JHUYHBIX JHEH B TOLY.

Pesynprartsl pacuera qnurenpsHOCTH BbinoaHeHUs dtanoB HUP npencrasien B
pUJIoKeEHNU B.
Ha ocHOBaHuM NaHHBIX, MPEACTABICHHBIX MPUIOKEHUU B, ObLI cocTaBieH

KaJleHaapHbId ian-rpaduk nposeaeHuss HUP npeacrasnennsiii nmpunoxennu I
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5.3.2 BromKeT HAYYHOr 0 MCCJIeI0BAHUS

[Ipu mnanupoBanum Oromxera HTU nomkHo ObITH 00ecreyeHO MONHOE U
JOCTOBEPHOE OTPa)KEHUE BCEX BHIOB PACXOJOB, CBSI3aHHBIX C €0 BBINMOJHEHHEM. B
npouecce GopmupoBanus Oromxera HTU ucnons3yercs cnenyroniasi rpynnupoBKa
3aTpar Mo CTAThsIM:

e MarepuanbHble 3atparsl HTU;

* 3arpaThl Ha  CHOEUAJIbHOE  OOOpyIOBaHWE s HAy4YHBIX
(9KCTIEpUMEHTAIBHBIX) PAOOT;

*  OCHOBHas 3apabOTHas IJIaTa UCIIOJHUTENCH TEMBI,

*  JIOTIOJIHUTENbHAS 3apa0OoTHAs TUIaTa UCTIOTHUTEIICH TeMBI;

*  OTYHUCJICHHS BO BHEOIOKETHBIC (DOH/IBI (CTPaXOBBIE OTUUCIICHHUS);

*  HaKJIAJHBIE PACXOJbI.

Pacuem mamepuanvuvix 3ampam HTHU.

]_—[aHHaﬂ CTaTbsd BKIIHOYACT CTOUMOCTBH BCCX MATCPHAJIOB, UCIIOJIB3YCMBIX IIPH
pa3paboTKe MPOEKTa:

- HpI/I06peTaeMLIe CO CTOpPOHBI CBIPBEC H MATCPHUAJIBI, HCO6XOIH/IMBIG JJI51
CO3JaHUS HAYYHO-TEXHUYECKOM IPOIYKIIUH.

Pacuet MAaTCPUAJIBHBIX 3aTpaT OCYIMICCTBIIACTCA 110 CJ]GI[yIOHleﬁ @OpMyHe:

3y = 1+ kT) ’ Z:ﬁl I; 'Npacxif (54)

rae M - KOJMYECTBO BUIOB MaTEPHABHBIX PECYPCOB, MOTPEOIAEMBIX IPH

BBIIIOJIHCHUH HAYYHOI'O UCCIICIOBAHM,

Npacx i— KOJMYECTBO MATEPHANIBHBIX PECYPCOB 1-TO BHIA, IIAHUPYEMBIX K

HCIIOJIB30BAHHIO IIPH BBIIIOJHCHHWH HAYYHOI'O UCCIICIOBAHUA (H_IT., KI', M, M2

U T.J.);

Il; — nena nmpuoOpeTeHus: SAMHMIIBI i1-TO BUIA MOTPEOIIEMBIX MAaTEPHATBHBIX
pecypcoB (py6./mT., py6./kr, py6./M, py6./M? 1 T.11.);

kr — xodpduMeHT, YYUTHIBAIOMINN TPAHCIIOPTHO-3aTOTOBUTEIHHBIC

pacxonasl. TpaHCOPTHBIE pacxoabl MPUHUMAIOTCS B ipeaenax 15-25% ot croumoctu

72



MaTepuayioB. MarepuanbHbIe 3aTpaThl, HEOOXOMWMBIE I JAaHHOW pa3paboTKu
3arcanbl B Tadauie 8.

Tabnuua 8— MatepuanbHble 3aTpaThl

En. KommaecTBo Lena 3a equawmIy, pyo 3arpartsl, 3 , pyo
HaumenoBanue | 11,
v, | UCIL | UCIL. | MCIL. | UCII. | UCIIL. | UCIL. | UCIIL. | UCIIL. | UCIL
1 2 3 1 2 3 1 2 3
Bymara yII 2 2 2 200 250 270 400 500 540
Pyuka T 3 3 3 30 50 70 90 150 210
@i — kapra | mT 1 1 1 500 700 | 1000 | 500 700 | 1000
Hroro, ThIC. pyo. 990 | 1350 | 1750
3ampamuwi Ha cneyuaibHoe 0bopyodosarue 01 HAYYHbIX

(3KCnepuUMeHmanibHslx) pabom

B nmaHHyrO CTaThlO BKIIFOYAIOT BCE 3aTpaThl, CBS3aHHBIE C MPUOOPETEHHEM
CTCIIHATTLHOTO 00OopyIOBaHUS (mpubopoB, KOHTPOJIbHO-U3MEPUTEIbHOM
amnmapaTypsbl, CTEH/IOB, YCTPOWCTB U MEXaHH3MOB), HEOOXOUMOTO JIJIsl TTPOBEICHUS
paboT mo koHKpeTHOW Teme. IIpu mpuoOpeTeHNU CriernoOopya0BaHUs HEOOXOIUMO
y4ecThb 3aTpaThl 1O €ro JOCTaBKe W MOHTaxy B pasMepe 15% ot ero nensl. Bee
pacyeTsl Mo MPHOOPETEHHIO CIEeo00pyIoBaHUS U 000PYJ0BaHUS, WUMEIOIIETOCS B
OpraHu3aliy, HO HCIOJB3yeMOro I KaKIOTO HCIIOTHEHUS KOHKPETHOW TEMBI,

CBOJSATCS B TaOymiy 9.
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Tabnuua 9— IlepBoHayanbHash CTOMMOCTH CHENOOOPYAOBaHUS JJII HAYYHBIX

paboTt
3aTpathl Ha
En. Komunuectso Ilena 3a equnuIy, pyo crenodopynoBaHue,
HaumenoBanue | 11, 3enen> PYO
M. | UCII. | UCIL. | UCII. | UCIL. | UCIL. | UCII. | UCIIL. | UCIL VCIL3
1 2 3 1 2 3 1 2 '
KomnsroTep T 1 1 1 30000 | 32000 | 35000 | 30000 | 32000 | 35000
[TpunTep T 1 1 1 7000 | 10000 | 9000 | 7000 | 10000 | 9000
[IporpammHuoe
obecrnieueHue
MicrosoftOffic | T 1 1 1 3399 | 3399 | 3399 | 3399 | 3399 | 3399
e
[IporpammHuoe
obecrnieuyeHue
Python (B mT 1 1 1 0 0 0 0 0 0
CBOOOTHOM
JOCTYTIE)
Hroro, ThIC. pYO. 40399 | 45399 | 47399

Jlist ydera CTOMMOCTH JI@HHOTO TMPOTPAMMHOTO OOECIEYEHHUSI C y4eTOM
BPEMEHU UCIIOJIb30BaHUs, IIPOM3BEIAEM pacueT aMOPTHU3ALMOHHBIX OTYUCICHHM.
YuureiBas, 4YTO CPOK MOJIE3HOI'O WCHOJIb30BAHUS COCTaBJISIET S JIET, MOYKHO

paccuMTaTh:

_100%

5 et

N, = 20% — rozoBasg HOpMa aMOpPTU3aALUH,

N; = C - N, — exXerojJiHasi CcyMMa aMOPTH3al1H,

Nl"
NcllvI =—2 exeMmecCAd4YHad CyMMa dMOPTHU3aAlUH.
12 Mecs1eB

CTOI/IMOCTB I10 CTAaThEC COCTABUT:.
C =N n, (5.5)
rac n — KOJIM4eCTBO MecCALeB, KOrJa MCII0JIb30BaJICA IPOAYKT.

B nanHoMm citydae n cocraBiseT 4 MecAna.
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Tabmuna 10— PacueT OromkeTa 3aTpaT Ha MPUOOPETEHUE CHELIOOOPYAOBAHUS

IUTSL HAYYHBIX paboT

HaumenoBanue En. KonunuectBo 3aTpathl Ha
Van Creno0opyR0Banys, 3 ey,
pyo
UCII. | UCII. | UCII. | UCIL.1 | UCIL.2 | UCIL3
1 2 3
T 1 1 1 2000 | 2133,3 | 2333,3
Kommbrorep
T 1 1 1 466,7 | 666,7 600
[IpunTep
[Tporpammuoe T 1 1 1 226,6 226,6 226,6
obecrnieueHue
MicrosoftOffice
[IporpammuOe mT 1 1 1 0 0 0
obecrnieuenue Python (B
CBOOOJTHOM JIOCTYTIC)
2693,3 | 3026,6 | 3159,9
Hroro:

Ocnosnas 3apa60nfmaﬂ NaAama_UCnoJIHUme el memboil.

OcHoBHas 3apabotHas 1uiata pykoBoautens (ot TIIY) paccuuTsiBaeTcs Ha
OCHOBaHUU OTpacieBOM omiaTel Tpyna. OtpacneBas cucteMa ormiatel Tpyaa B TITY
npearnosaraeT CaeAYIIMN cocTaB 3apabOTHOM IJIATHI:

1) oknan — onpenensercs npennpustueMm. B TIIY okmansl pacnpeneneHsl B
COOTBETCTBHH C 3aHMMAaeMbIMH JODKHOCTAMH. JloteHT - 28900 pyO, MarucTpant —
1854 pyO.

2) CTUMYJMpPYIOIIME BBIIUIATBI — YCTAHABIMBAIOTCS  PYKOBOJUTEIEM
noapasneneHut  3a  d(QQPEKTUBHBIA  TPyHA, BBHIMOJHEHWUE  JIOMOJHHUTEIBHBIX
00s13aHHOCTEH U T.JI.

3) uHbIE BBIILIATHI; pallOHHBIN KO3 duireHt. 1,3.

3, N = Okuag - k, = 28900 - 1,3 = 37570 py®.
3, AP = Okag, - k, = 1854 -1,3 = 2410 py®.
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CpensenneBHas 3apabOTHasI TUIaTa PaCCUUTHIBAETCS IO hOpMyJie:

3, °UHT M 37570 - 10,4
3 JIOUEHT _ M — L = 1068 pyb6;
AH F, 366 by

3 MarucTp _ 3MMaFHCTp M _ 2410-10,4
. E, 366

= 68,5 pyo,

3y — MECSUYHBIN JOJKHOCTHOM OKJaja paOOTHUKA, PYO.;

M — xonu4ecTBO MecsIeB paboThl O€3 OTIyCKa B TEUCHHUE I'0/Ia: IPU OTIYCKE
B 48 palb. queit M=10,4 mecsitia, 6-1HEBHAS HECIS;

Fn — neiictButensHbIi TOMOBOM (GoHA pabouero BpEeMEHHW HAYYHO-
TEXHUYECKOTO MepcoHaja, pad. aH. (tadmura 11).

Tabnuua 11 — bananc pabodero BpeMeHH

IToka3aTenn padoyero BpeMeHu HUcnoanurens PykoBoauTeab
KanennapHoe uucio guei 128 128
KomnuuectBo Hepabounx JHEH: 42 63

BBIXOJHBIC U IIPA3AHUYHBIC THH

[ToTepu pabouero BpemeHu — —
- OTITYCK

- HEBBIXOIBI 110 OOJIE3HU

JleCTBUTEIIbHBIN rOI0BOM bonx 86 65

pabodero BpeMeHH

OcHoBHast 3apaborHas 1wiata (3ocu) PYKOBOAUTENS OT MPEANPHUATHS (IIpU
HaJU4Yuu PYKOBOAMUTENS OT TMPEANPUATHSI) PACCUUTHIBAETCS IO CIEAYIOLIEH
dbopmyie:

Boc T = 30N T, = 1068 - 65 = 69420 py®6.

MarucTp — 3

3ocu AHM‘“”CTP . Tp = 68,586 = 5891 py6
3ocz — OCHOBHAS 3apa0O0THAs IUIaTa OAHOTO PaOOTHHUKA,
9
T, — OPOAOKUTENHHOCTH PAOOT, BBIMOIHAEMBIX HAYYHO-TEXHUYECKUM

pabOTHUKOM, pad. JIH.

3an = 3o T 3;(011! (56)
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r71€ 3ocu — OCHOBHAS 3apaboOTHAs IJ1aTa;
30n — OTIOJIHKUTEbHAs 3apaboTHas miaTa (12-20 % ot 3ocu).
3.7 T = (15% - 69420) + 69420 = 10413 + 69420 = 79833 py6.
3oy P = (15% - 5891) + 5891 = 884 + 5891 = 6775 py6.

Otuucnenus: Bo BHEOIOKETHBIE (DOHJIBI (CTPaXOBbIE OTUUCIICHUS).

Benuuuna otuncneHuil BO BHEOIOKETHBIE (OHIBI OMPEAEIsSeTCS UCXOIs U3
cieayroiieit GopmyIb:

Bumes = Kames " (3ocn + 3on); (5.7)

r71€ Kunes — KOO PUIIMEHT OTUYMCICHUN HA YIUIATy BO BHEOIOJKETHbBIE (POHJIBI
(nencuonubit ponna, ¢GoHA 00S3aTETLHOTO0 MEIUIIMHCKOTO CTPAaxOBaHUA M TIP.).
27,1%.

Banes’ T = 27,1% * 79833 = 21635 py6.
Bennuyuna HakIaaHBIX pacXo/10B ONpEIEseTcs Mo Clenytomieil popmye:
Buaxn = (Cymma crateit 1 +5) - kyp

rie Kup — K03 QUIMEHT, YIUTHIBAIOIINN HAKIAIHBIE PACXOIBI.

Bennuuna xoa¢uiirenTa HakJIaJHbIX pacxoa0B npuHsaTa 16%.

Omnpenenenue OroKeTa 3aTpaT Ha HAYYHO-UCCIIEIOBATEIBCKUM TMPOEKT IO
Ka)XJIOMY BapHaHTy UCIIOJTHEHUS MPUBECH B TabuIe 12.

Tabmuma 12 — Pacuér 6romxkera 3atpar HTU

CymmMma, pyo.
HanMmenoBanue ctatbu Ten 1 Ven 2 o3
1. Marepuanshusbie 3atpatel HTU 990 1350 1750
2. 3atpathl Ha crienuanbHOe 000pyI0BaHUE
JUIS HaYYHBIX (9KCIIEPUMEHTAIBHBIX) 2693,3 3026,6 3159,9
pabor
3. 3arpaThl IO OCHOBHOM 3apabOTHOM maTe 69420 69420 69420
HUCIIOJIHUTENENH TEMBI
4. 3arpatbl IO JOTOJHUTEIHHON 3apaboTHOM 10413 10413 10413
[LIaTE UCIIOJIHUATEIEH TEMBI
5. Ortuucnenus Bo BHEOOKETHBIE (DOHIBI 21635 21635 21635
6. Haknagable pacxo/ibl 16824 16935 17020
7. bromxer 3arpar HTU 121975,3 122779,6 123397.,9

77



5.4 Onpenesienne pecypcHoil (pecypcocOeperaromeii), ¢puHAHCOBOI,

OI0/1’)KeTHOM, COLMAJIBHON U IKOHOMHUYECKOH I(PPEKTUBHOCTH UCCIACAOBAHUS

5.4.1 Ouenka cpaBHUTENbHOM 3¢ (PeKTUBHOCTH HCCIETOBAHUS

Omnpenenenue  3PGHEKTUBHOCTH  MPOUCXOAUT HA  OCHOBE  pacuera
UHTErpAJIbHOTO  mokazaTesss d3(PQGEeKTUBHOCTU Hay4dyHOro wucciefoBanusa. Ero
HAaXOXXJICHHE CBS3aHO C OINpEJENIEHUEeM JIByX CPEIHEB3BCIICHHBIX BEIUYUH:
¢buHancoBoi 3P hekTUBHOCTU U pecypcodPHEeKTUBHOCTH.

WNuterpanpubiit  mokazarenb  (QuHaHCOBOM  3(P(DEKTUBHOCTH  HAYYHOTO
UCCJICIOBaHUS IMOJYy4YalOT B XOJI€ OIEHKH OoJKeTa 3aTpaT TpeX BapUaHTOB
UCIIOJTHEHUSI HaydHOro wuccienoBanust (tabnuma 12). Jlnsg sToro HauOOJIBIINMA
MHTETPAJIbHBIA TTOKa3aTeNlb peaanu3aliil TEXHUYECKON 3aJjauyu NMPUHUMAETCS 3a 0azy
pacuera (Kak 3HAMEHATENh), C KOTOPHIM COOTHOCUTCS (DMHAHCOBBIE 3HAYECHHS TIO
BCEM BapHaHTaM UCIOJIHEHHUS.

WNuTerpanbHblil pUHAHCOBBIN MMOKa3aTeNlb pa3pabOTKU ONpEEsIeTCs Kak:

, D, ;
i _ O 5.8
o = s (5.8)
e Iggb‘ — UHTErpAIbHBIA (PUHAHCOBBIN MTOKa3aTeb pa3pabOTKH;

®,,; — CTOMMOCTB i-ro BapuaHTa UCTIONHEHHS;

D, 0x — MAKCUMAaJIbHASI CTOUMOCTH UCTIOTHEHUS HAYYHO-HCCIIEIOBATEIHCKOTO

MpoeKTa (B T.4. aHAJIOTH).

® 121975
ey - Pl - = 0,98;
P T D, 123398
@ 122780
ez - P2 - = 0,99;
P T O, 106378
jena _ Py _ 123398

bunp - =1
@, 123398
HOqueHHaH BEIINYMHA HHTCT'PaJIbHOI'O (I)I/IHaHCOBOFO ImoxKasaTteciia
pa3pabOTKU OTpa)kaeT COOTBETCTBYIOIIEE YMCIECHHOE YBEIMYEHHUE OIOJKETa 3aTpar

pa3paboTku B pazax (3HaueHWe OoJbllle E€IUWHUIIBI), JTUOO0 COOTBETCTBYIOIIEE
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YHCIEHHOE YJEUICBICHHEe CTOMMOCTH pa3pabOTKh B pa3zax (3HAYCHHWE MEHBIIEe
€UHULIbI, HO OOJIBIIIE HYJIA).

WHTerpanbHblil mokazatenb pecypcodrhHEeKTHBHOCTH BapUaHTOB MCIIOIHEHUS
00BEKTa HCCIEAOBAHUS MOKHO ONPEIEINUTD CIEIYIOIUM 00pa3oMm:

Ly =X a; b, (5.9)

rae I,; — uHTerpanbHbI mNokKasatenb pecypcodPPEeKTHBHOCTH s i-ro
BapHaHTa MCIIOTHEHHS pa3paboTKu;

a;— BecoBol K03 UIMEHT I-Tr0 BapuaHTa UCTIOJIHECHUS pa3paboOTKH;

b; — OampHas OIEHKA I-r0 BapuWaHTa HUCIOJHEHUS Pa3pabOTKH,
yCTaHABIMBACTCSI SKCIIEPTHBIM ITyTEM IO BHIOPAHHOM ITKaJie OlEHUBAHUSI.

Pacyer mHTErpanmpHOro mokazatens pecypcoddHEKTHBHOCTH MPOBOAMUTCS B
Tabnuue 13.

Tabnuua 13— CpaBHuTeNnbHas OIEHKAa  XapaKTEPUCTUK  BapUAHTOB

HNCITIOJIHCHUS ITPOCKTA

OO0BEKT UCCIIET0OBAHUI BecoBoit HUCII.1 | UCIIL.2 | UCIIL.3
kodpurmeHT
napaMmerpa

Kpurepuu

1. AnexkBaTHOCTEH MOJIEIIH 0,1 4 4 5
2. Y1006CTBO B 3KCILTyaTaIluu 0,2 4 3 5
3. YHHUBEPCAILHOCTh 0,01 5 5 4
4. YHu(uuupoBaHHOCTh 0,24 5 5 3
5. IIpocToTa UCIIOIB30BAHUS MOJCITH 0,25 4 4 4
6. CKOpOoCTh pacyeToB 0,2 5 5 4
HUTOT'O 1 4,45 4,25 4,06

Lyycna =01-4+0,2-4+40,01-5+0,24-5+0,25-4+0,2-5 = 4,45;
Ip.VICH.z =01-44+0,2-3+0,01-54+0,24-54+0,25-4+0,2-5 = 4,25;
Ip.I/ICH.3 =01-54+02-54+001-44+0,24-34+0,25-44+0,2-4 = 4,06.
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WurterpaneHplii  nokazatenb 3()@PEKTUBHOCTH BAPUAHTOB  HUCIIOIHEHUS
pa3pabOTKH  ONpenensieTcss Ha  OCHOBAaHMM  MHTETPAJIBHOTO  IOKa3aTells

pecypcoddPEeKTUBHOCTH U UHTETPATILHOIO (PMHAHCOBOIO MOKa3aTels no Gopmye:

I i
Iycni = %: (5.9)
unp
Lyycna 445
Iycny = B — = = 4,54;
JICIT = 0,98
Lyycnz 425
Iycriz = e = = 4,29;
172~ 0,99
I 406
_lpucns 406
II/ICH.3 = II/ICH.3 = 1 = 4‘,06
Gunp

CpaBHEHHE WMHTETPAJIbHOrO  TOKaszarels J(PGEKTHBHOCTH  BapHaHTOB
UCIIOJTHEHUST Pa3pabOTKH TO3BOJUT OIPEACINUTh CPAaBHUTEIBbHYIO 3(()EKTUBHOCTH
npoekta (Tabmuma 14) u BeIOpaTh Haubojee 1eaecooOpa3HbIi BapHaHT U3

npenioxeHHbIX. CpaBHUTENbHAS () (HEeKTHBHOCTD PoeKTa (Dcp):

= — = = (0,94.
e Iycna 4,54
_Iycnz 406 0.95

P T Tiens | 429

Tabmuma 14 — CpaBauTenbHas 3QGEKTHBHOCTD pa3pabOTKH

No
[Toxazarenu NCIL1 | UCIL2 | UCIL3
/1
1 HHuTerpanbHbIil (PUHAHCOBBIN MOKA3aTEIb 0,08 0,99 1
pa3paboTKu
2 HNHTerpanbHpIi moKa3aTenb 4.45 4,25 4.06
pecypcodeKTHUBHOCTH pa3pabOTKu
3 | MaTerpanpHbIi okazaTenb 3G HEKTUBHOCTH 4,54 4,29 4,06
4 CpaBHutenbHas 3pGHEeKTUBHOCTh BAPUAHTOB 1 0,94 0,95
UCIIOJIHEHUS

B xone BbINIONHEHUS [OaHHOTO paszfena ObUIM OmpeaeiacHbl (UHAHCOBBIM

MoKa3aTeiab pa3paboTKu, MoKazarelib pecypcoddPEeKTUBHOCTH, HHTErPATbHBIN
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nokasarenb 3(Q()EKTUBHOCTH M, HA OCHOBAHUU CPaBHUTEIBHOW 3(PEKTUBHOCTU

BapHUaHTOB UCIIOJHCHUS, OIITUMAJIbHBIM OBLI BBI6paH BapUaHT UCITOJTHCHUA 1.
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6 COHUAJIBHASA OTBETCTBEHHOCTb

JlaHHbIpa3 eI ANIIIOMHONPaOOTHITOCBAILEHUCCIEJOBAHUIOONTUMAIIBHBIXYC
JIOBUUTPYIauHKEHEpa — IPOrPaMMHUCTA.

B kauecTBe 00BEKTa UCCIIEOBAHUS BBICTYNAIOT paboyee MECTO MHKEHEPA —
oreparopa U IOMeILIEHUE, B KOTOPOMOHOHAXOIUTCS.

BoinosiHeHHe BBIMYCKHOW KBaJM(PUKALIMOHHON paboThl MPOBOJIUIOCH B
Wnxenepuoit mkone npupoaubix pecypco B(MIIIIP) Tomckoro Iomutexuuueckoro
VYuusepcutera (TIIY) B oToeneHHMM XUMHUYECKON HWHXeHepuH. BolnyckHas
KBaJM(pUKALMOHHAs pabdoTa 3aKjIIoyanach B pa3padoTke MaTeMaTUYECKOW MOJEIH
NpOLECCOB MEPBUYHON MOJATOTOBKH HE(PTH HAa HMpOMBbIcie, KoTopas Oblia
pealn3oBaHa ¢ MCIOJB30BaHHEM TMporpamMMHoro mpoaykra Python.
OO6nacTh npuMeHeHUs — HedTenepepadbaTbIBatOIIas MPOMBIIIIEHHOCTb.

OCHOBHBIMM CpEICTBaMU JJIsl BBIIIOJIHEHUS BBITYCKHON KBaJU(pUKALIMOHHOM
paboTHI SBISUIMCH NEPCOHAIBHBIA KOMIIBIOTED U JIOKAJIbHAs BBIYMCIUTENbHAS CETh C

BbBIXO0OM B I/IHTepHeT.

6.1 Ilpon3BoacTBeHHAas1 6€30MACHOCTH

[IpousBoacTBeHHass ~ 0€30MacCHOCTh  OMpEACNAeTCS  KaK  KOMILIEKC
MEpPOTIPUATUN MO 00ECIeYeHUI0 0e30MaCHOCTH B CIy4ae BO3HHKHOBEHHS OMACHBIX
($akTOpOB W BKIIOYAET B ce0s AJIEKTPOOE30MacHOCTh, OE30MACHYIO0 DKCIUTYaTaIlUIo
o0opynoBaHusi,  0Oe30macHOE€  MPOTEKAHWE  TEXHOJIOTHYECKHUX  TPOIECCOB,
0e30macHOCTh MepeMENIeHUs TPY30B M 0€30MacHOCTh MEPEMENICHHs TepCcoHaNa 1Mo
TEPPUTOPUU MIPEATTPUSATHUS.

[TIpu skcmmyatanuu yctaHoBku mnoarotoBku Hedtu (YIIH) cymectByror
CJIETYIOIINE OMMACHOCTH ISl pabOTAOIINX:

e Hanuume B cucreme OOJBIIOTO KOJIMYECTBA JIETKOBOCILUIAMEHSEMBIX
HeTenpoyKTOB (0€H30J1, ATUJIEH, TOJIUAIKUIOEH30IbI, 3TUIOEH307);

L Hannuwne B cucteme BBICOKHX TCMIICPATYP U OABJICHUA,
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e  Hanuuue BbicOKOro HanpsikeHus B anekTpoceTsx (380 u 6000 B).

e  HeoO0XxoauMoCTh OOCITYKMBaHUS 3alOPHON apMaTypbl, PacIOIOKEHHOM
Ha BBICOTE.

[ToaToMy B TmoOcCiemHee BpeMs CTAaHOBHUTCS aKTyaJbHBIMH  BOIIPOCHI,

Kacaroluecs: 0€30MaCHOCTHU KU3HEAEATEIbHOCTH TPYIALIUXCA.

6.2 AHa1M3 OMACHBIX M BPEeIHbIX IPOM3BOJACTBEHHBIX (PAKTOPOB

HaubGonee Bpeanble MNpou3BOACTBEHHbIE (HaKTOpPhl (MOBBILIEHHAS WU
NOHM)KEHHAs TeMIlepaTypa Bo3ayxa padodeil 30HbI, MOBBILIEHHbIE YPOBHH LIymMa U
BUOpalMK Ha paboueM MecCTe, HeJOCTAaTOYHAasi OCBEIIEHHOCTh pa0OUYMX 30H, B3PHIBBI,

TIOKaphl U JIP.) MOTYT BO3HUKHYTH MPU 00CTYKUBAHUH TEXHOJIOTMYECKOTO MpOoIecca.
6.2.1 Bpeanble BenecTBa
B TaGimie 15 mpencraBiieH nepeueHb BPEIHBIX BEIIECTB M KJIACC OMMACHOCTH
CYIISCTBYIOIIUX TPH  IEPBUYHOM  MOATOTOBKHM HedTH, cormacio [OCT

12.1.0076[37]. Bpenubsie BemiectBa. Kiaccubukanums u oOmue TpeOOBaHUS

0€30MaCHOCTH.
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Tabnuia 15 — XapakrepucTrka BpeIHbIX BEIIECTB

HaumenoBanue

BelIeCrBa

Beanunna
INAK B
BO3/1yXe

paboueii

30HBI, MI/M°

Kiaace

OITaCHOCTH

XapaKTepHCTmca TOKCHYHOCTH

CepoBogopon

10

Ouenb ToKCcHYeH. Brpixanue Bo3ayxa ¢
HEOOJIbIINM COJIEP)KAHUEM CEPOBOAOPOIA
BBI3bIBAET FOJIOBOKPY)KEHHUE, TOJIOBHYIO 00JIb,
TOIIHOTY, a CO 3HAYUTEIIbHON KOHIEHTpALUEN
IIPUBOJIUT K KOME, CyAOpOraM, OTEKY JIETKUX U

JaXE K JICTAJIbHOMY UCXOdY.

AmMMuak

20

AMMmuak omaceH npu BabIxaHuu. [Ipu octpom
OTpPABJICHUH aMMHAKOM TIOPaXKaIOTCsI ri1a3a u
JIBIXaTeIbHBIC ITYTH, PU BRICOKUX
KOHIICHTPAIIAX BO3MOXEH CMEPTEIIbHBIN
ucxo/. BeI3bIBaeT CUIbHBIN Kalllesb, YYIIIbE,
MIPU BBHICOKOM KOHIICHTPAIIMH ITAPOB —
B0o30Oyxaenue, open. [Ipu koHTaKkTe ¢ KOKeH —

Krydas 00Jb, OTEK, OKET C My3BbIPSMHU.

Oxkcupg
yriepoa (11)

20

YrapHbIii Ta3 OYEHb OIACEH, TaK KaK HE UMEET
3armaxa ¥ BBI3BIBACT OTPABJICHHUE U JIAXKE CMEPTh.
[Ipu3Haku oTpaBlIeHUS: TOJIOBHAS 0OJIb U

TOJIOBOKPYKEHHUE; OJIbIIIKA, YYaIIEHHOE
cepaueOueHre, Meplianue rnepes riazamu,
MOKpACHEHHUeE JIUIa, 0011as ciabocTh, TONTHOTA,
B TSDKENBIX CIIydasx CyJOpOTH, IOTePs

CO3HaHMA.

B

IMPOU3BOACTBCHHBIX

IIOMCIICHUAX

HCIIOJIB3YIOT AIllITCUYKH,

YKOMIIICKTOBAHHBIC MCAUWKAMCHTAMHU, IJI1 OKa3aHUA HepBOﬁ I[OBp.’:l‘-IC6HOﬁ ITOMOIITH.
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Kaxnoro paOoTHMKa WM MOCETUTENS] MIPOU3BOJCTBA 0OECHEUYHUBAIOT
CIeAYIOMUMU cpeAcTBaMu UHAuBHUAYyanbHOM 3amuTsl o [OCT 12.4.011-89, T'OCT
12.4.103-83,I'OCT 12.4.111-82.

®  TOJIOBHI (Kacku);

® OpraHoB  JbIXaHus  (M30JUPYIOIIME  JbIXaTelbHBIE  amNmaparsl,
MPOTUBOra3bl, peCIUPaTOPHI);

®  JIMIA U OPraHoB 3peHus (JULEBbIC UIUTKHU, 3allUTHbIE ouku Thma JI12-
80, mpo3pavHbIe FKPaHbI);

®  KOXHU PYK (3alIUTHBIC NIEPUYATKHU, paboune pyKaBUIIbI);

L4 I[JBI 3dlIUTBI KOXHU PYK MNPUMCHAIOT 3alIUTHBIC PYKABUIbLI, MAa3uW H

nactel 1o ['OCT 12.4.068.

6.2.2 MexaHH4YeCKHe OMMACHOCTH

Jlist Toro 4toObl 3aIUTUTH CeOs OT TpaBM Ha MPOU3BOJCTBE, PaOOTHUKHU
CTPOro COOJIOJAI0T BCE MHCTPYKIIMH IO 3KCIUTyaTaliuu 000pyAoBaHUs, BCE MpaBuiia
NOBEJEHUS HAa MIPOU3BOACTBEHHON ILTIOMIAAKE.

Bo BpeMs HaxoxkA€HUsT B OMACHOM 30HE HCIOJIb3YIOT 3aUIUTHYIO OAEXKIY,
NEpPYATKU, OYKHU, KaCKY.

B ciyyae wmexaHWuecKkoil OIMACHOCTH, PAOOTHHUKH JOJKHBI KaK MOKHO
ObIcTpee Ha HeEe cpearupoBaTh M TPUHATH BCE HEOOXOAMMBICE MEpHI IS €€

YCTpaHEHHUS.

6.2.3 D1eKkTP06E30NaACHOCTH

JIns1 mpoTekaHusi OECPEPHIBHOTO TEXHOJIOTMYECKOT0 Mpolecca He0OX0AUMO
o0ecreuuTh €ro 3JeKTPo0e30MacHbBIM O000pYAOBaHUEM, CO3/1aTh OJIAroNpHUsSTHBIC
YCIIOBHS TPYyIa JJIs YEJIOBEKa, CBA3aHHOTO C dJIeKTpudecTBOM [43].

OCHOBHEIEC OIIaCHOCTH, O6YCJ'IOBJ'IeHHBIe QJICKTPHUICCKUM TOKOM:
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1. OnacHOCTh HaNpPSKEHUS] TPUKOCHOBEHUS — IIPU MIPUKOCHOBEHUH YEJIOBEKa
K HEU30JIMPOBAHHBIM TOKOBEIYIIMM YaCTSIM JJIEKTPOYCTAHOBOK, HAXOJSAIIUXCS O]
HaIpsHKEHUEM.

2. OnacHOCTb HamNpsDKEHUS Mepexoja — NPU MPUKOCHOBEHHHM YEJIOBEKa K
HETOKOBEAYIIUM METAUTMYECKUM YacTsIM DJJIEKTPOYCTAHOBOK, HAXOJSIIUXCS IOJ
HaIpsHKEHUEM.

3. OnacHOCTh TOKOB KOPOTKOT'O 3aMbIKaHUSI.

[Ipu  HapymieHMW  mpaBWw  JIKCIUIyaTallid  WIA  HEUCIPABHOCTHU
AIEKTPOOOOPYIOBAHUS BOSHUKAET OMACHOCTH BO3JACHCTBHS JIEKTPUUYECKOTO TOKA Ha
YeJioBeKa. JEeKTpoOe30MmacHOCTh o0ecrneunBaeTcsi B COOTBeTCTBUM C [44] wu
OTHOCHUTCS K 0CO00 OTacHOU KaTeropuHu.

B cootBerctBuM ¢ TpeOoBaHusmu [45], IS 3alIUTBI  CTATUYECKOTO
AIIEKTPUYECTBA 00OpPYAOBaHUE 3a3eMIIIOT, paboune MecTa CHaOXalT PEe3MHOBBIMU

KOBpUKaMH.

6.2.4 TepMuuyeckue oNacHOCTH

HcTOUHNKOM TEPMUYECKON OITACHOCTU B COOTBETCTBUU C

PJI 153-34.0-03.702-99 Ha  JgaHHOM  TPOHU3BOJCTBE  SIBIISIOTCS
TEIJI000MEHHOE 000pYI0BaHKE, TPYOOIPOBOIHbIE MarucTpany, a Takxke neun [1TH,
B KOTOPBIX TPOXOJUT CropaHue TomyTHOTO HedTaHoro rasza. Hapymienue
TePMETUYHOCTH 00OPYAOBaHMUS, PUBOJIUT K MOIYICHHUIO 0KOTOB.

Jiist 3ammThl pabodnx oT TepMUYecKoi omacHocTd B cootBeTcTBUU ¢ [[OCT P
53010-2008, wuzonmupyrOT TpyOHBIE OOBSI3KM, YCTAHOBICHHBIE PSJIOM C pabouuM
MECTOM oOIiepaTopa.

Taxxe A1 3aMUTH UCTIONB3YIOT HHIUBUIYATBHBIC CPEACTBA 3aITUTHI:

®  JIMIIEBHIC IIUTKH, 3alTUTHBIC OYKH, IPO3PAYHBIC SKPAHBI;

®  3aNIUTHBIC IEPYATKH, paboure PyKaBHUIIHI,

L4 cregoaciKaa, KaCka.
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6.2.5 IloBbIIEHHBII YPOBEHb MPOU3BOACTBEHHOH BUOPAllUM U IIIyMa

Nctounuku BubGpanuu: Hacochl, HEHTpUyru u np.

Jlommyctumbie HOpMBI BHOpanuu mnpu padboTe B HACOCHOM cocCTaBistOT 60-
7516. Jns ocnabnenus kosebaHUM TPUMEHSIIOT BUOPOracUTENN U BUOPOU3OJIATOPHI.

bopsba ¢ mymomM u BUOpaUMSIMH BEAETCS B OCHOBHOM IOCPEICTBOM
CO37aHUsl YCJIOBMM YMEHBIIEHUS UX BO3JCHCTBUS Ha OpraHu3M 4eJOBeKa.
Hcnonb3ytoT ABe Tpynmnbl 1ist 00pbOBbI:

®  KOHCTPYKTMBHO-TEXHOJOTMYECKHE - K OTOM TIpynme OTHOCHUTCS
UCIIOJIb30BaHME CMa3Kd, 3aMeHa 3yOuaThiX I[epefady MeTaNIMYecKUX 4YacTei
000pyA0BaHUS TIACTMACCOBBIMHU, UCIIOJIH30BAaHUE KIIMHOPEMEHHOMN Mepe1ayn;

®  aKyCTMYECKHE: HCIOJIb30BAHME 3BYKOMOTJIOMIAIOIINX MaTepuasos,
3BYKOU3OJIMPYIOIINE KAOMHBI, & TAKKE TITYIIUTEIH.

HopMupytonmumMu XapakTepucTUKaMH TMOCTOSHHOTO IllymMa Ha pabodux
MeCTaxX SBISIIOTCS YPOBHU 3BYKOBBIX JIaBJIEHMH B OKTaHOBBIX mojiocax 78 nbA co
cpennereomeTpuyeckumMu dactoramu 500 I'm. A HOopmupyromuii ypoBeHb 80 nBA.

CrnenoBarenbHO, ypoBeHb Ityma cootBeTcTByeT 'OCT 12.1.003 — 83.

6.2.6 Iloka3aTeid MUKPOKJIMMATA HA padoyeM MecTe

OCHOBHBIMH  MMapaMeTpaMH  MHKpPOKJIMMATa  SABJISIETCA  TeMIlepaTypa,
OTHOCHUTEJIbHAS BIIAXKHOCTh U CKOPOCTh BO3AyXa. MHUKPOKIMMAT OKa3bIBAET BIUSHUE
Ha  CaMOYyBCTBHME  YEJIOBEKa, €ro  TPYIOCIHOCOOHOCTh W  MPOTEKaHUA
dusznonornyeckux TmporeccoB. JlIs  OIEHKH METEOyCIOBHH B TMOMEIIEHUIX
MPOU3BOAAT M3MEPEHHS TEMIIEPATYpPhl, BIAXXHOCTH, 3albUICHHOCTH, CKOPOCTHU
NBWKEHHST Bo3nyxa.Pe3ynbrarsl u3MepeHus cpaBHUBaIOT ¢ HopmartuBamu ['OCT
12.1.0005-88 uCanlluH 2.2.4.584-96 [38].

Boinonusiemast pabota OTHOCUTCSI K KaTeropuu la, st KOTOpod OmpeaessitoT
ONTUMAJIBHBIE W JIONMYCTUMBIE TPAHULBI OCHOBHBIX ITapaMETPOB MHUKPOKJIMMATA,

KOTOpBIC IpHUBEICHBI B Ta0ymIie 16 [8].
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Tabnuma 16 — JlomycTumMble mapaMeTpbl MUKPOKJIMMATa Ha pabodyeM MecTe

Ckopoctb
Temmneparypa Bo3nyxa, C Temmepa | OrHocure JBUKEHUS
BO3]lyXa
[Tepuon Karerop typa /IbHad
rona 13 pabor MOBEPXHO | BJIAXKHOCT
Hmxe Brmme crei, b BO3/yXa, B B
ONTUMAIBHOTO, | ONTUMAJIBLHOT tC 0% t<ton: {05t
tom‘ 0: tOl'IT
X 00 1HBIN la 20,0-21,9 24,1-25,0 19,0-26,0 15-75 0,1 0,1
Tenubrii la 21,0-22,9 25,1-28,0 20,0-29,0 15,75 0,1 0,2

Cucrtema oTOIJIEHUsI JTOJDKHA OOECleurBaTh JOCTATOYHOE, MOCTOSHHOE H
PaBHOMEpPHOE HAarpeBaHUs BO3AyXa B MOMEIICHUSIX B XOJIOJHOE BPEMS I0jia, a TAKKE
0€30MacCHOCTh B OTHOIIEHUH MMOKAPOB U B3PBIBOB. ONTUMAIBHON SIBISETCS BOJSIHAS
CHUCTEMa OTOIUICHUSI, KOTOpas SIBJISIETCS] TUTMEHUYHOW, HaJEXKHOM B AKCILUTyaTalluH,
TpeOyroIIeii MUHUMYM 3aTpaT Ha OOCIIy>XKHMBaHHE, U O0OECIEYMBAECT BO3MOXKHOCTH
pEeryJIMpOBaHUs TEMIEPATYPhl B ITUPOKUX MpeEIeiax.

Jos

MpCAI0KCHA UCKYCCTBCHHA BCHTUJIATIWA NI KOHIUITUOHUPOBAHHC.

oOecrieyeHus: TpeOyeMoro MHUKPOKJIMMATa BO3AYIIHOW  Cpeibl

6.2.70cBelIeHHOCTH padoyero Mecra

OcBeménHocts Ha pabouem mecte coctaBimsieT 300...500 naxmo I'OCT P
55710 - 2013, anga moMemieHHWid, B KOTOPBIX SKCIUIYaTUPYIOTCS TEPCOHAIIbHBIE
KOMIIBIOTEPBl M BUACOAWCILUIEMHBIE TEPMHHAJIBI, 750 nx gns paGOTHUKOB
BBIYMCIUTEIBHBIX IEHTPOB. HeoOXoauMo orpaHuurMBaTh MPsIMYyIO OJECTKOCTH OT
WCTOYHHMKOB OCBELIEHHUS, MPHU 3TOM SIPKOCTH CBETALIUXCS IMOBEPXHOCTEW B IMOJE

2
3peHuss He nomkHa npeBbmmate 200 km/m°.  SIpkocTh OIWMKOB Ha JKpaHe
BUJICOJAUCIUICHHBIX TEPMHUHAJIOB U NEPCOHAIBHBIX KOMIBIOTEPOB HE IpeBnimaeT 40

KI[/MZ, a APKOCTb IIOTOJIKA, IIPHU IIPUMCHCHHUKU CHUCTCMBI OTPAKCHHOI'O OCBCHICHUS, HC

npesbimaet 200 ka/mM2, uto coorBeTcTByeT napamerpam FOCT P 55710 — 2013.
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6.2.811cuxopuznueckue GakTopsbl

Cornacno I'OCT 12.0.003-74 ncuxodusuueckue (HakTopbl YCIOBHO MOMKHO
pasnenuTh Ha pU3NUECKHe (CTaTUYECKUE U TUHAMUYECKUE) U HEPBHO — MCUXUYECKUE
neperpy3ku. K HepBHO — TICHXMYECKUM TNEperpy3kamM OTHOCAT YMCTBEHHOE
NepeHanpsKeHne, YMOLMOHAIbHBIE TEPErPy3KHU, MOHOTOHHOCTh TPY/Ia.

[TockosibKy OCHOBHBIM KaHajioM mosiydeHuss umHpopmauuu ot [IK sBasercs
MOHHTOP, TO HEN30EKHO YBEIIMUMBACTCS] HArPY3Ka HA 3pUTEIIbHYIO CUCTEMY.

Benymumyu KOMIOHEHTaMu TPYI0OBOTO Ipoliecca Mpu paboTe Ha KOMITbIOTEpe
Ciy’)KaT OAHOOOpa3Hble MHOTOKPAaTHO TOBTOPSIOIIMECS HArpy3KM Ha BEpXHHE
KOHEYHOCTH M MOCTOSTHHOE 3PUTENIbHOE HANpsKEHUE, OCOOCHHO MPHU HEOOXOIUMOCTH
MOTOPHO — 3pUTEJIBHOM KOOpJAWHAIIMM, a TakKe HEPBHO — O3MOLMOHAIBHOE
HANpPSOKEHUE, CTPECCHI, CBSI3aHHBIE C OTBETCTBEHHOCTHIO 33 PEILIEHUE BBIMOIHIEMBIX
3ajay.

[looatomy mnpu pabore 3a KOMIBIOTEPOM PEKOMEHIYETCS YCTpauBaTh
nepepriBbl.  PernaMmeHTupyemblie MepepbiBbl  MPOAOIKUTENBHOCTRIO 20-30 MHHYT,
SBJISIOIINECS COCTABHOW YacCThIO PEKUMOB TPYZa, YCTAaHABIMBAIOTCS Yepe3 Kaxple 1-

2 yaca 1ocJe Hayalla CMEHbI U uepe3 2 yaca mociie 00eIeHHOTO TIepephIBa.

6.4 DkoJornueckast 0e30MaACHOCTDH

[TonroToBKa HEPTH — 3TO MHOTOCTATUHHBIN TPOIECC, KOTOPHIN BKIIOYAET B
ce0s1 00e3BOKMBaHKE U 0OeccouBaHne HeTH.

[lonrotoBka HedTH HE ABIAETCS OE30TXOJHBIM TMPOIECCOM. IKOJOTHUS
MOATOTOBKM HedTH BKIOYaeT B ce0s mpoOieMbl 3arpsi3HeHHe aTMOoc(epsl,

ruapocdepsl U TUToChepsI.
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6.4.1 Anaau3 Bo3jaeiicTBHs pa3padoTKku HA Ouochepy

JI71s1 IPOMBINLICHHBIX OOBEKTOB M MPOU3BOJICTB, COOPYKEHUH, SIBISIOIIUXCS
MCTOYHUKAMHU BO3JICHCTBUS HA cpeay OOWUTaHMS U 370pOBbE  UEIOBEKa,
YCTaHABIIMBAIOT CJICAYIOIINE OPUEHTUPOBOYHBIC Pa3Mephl CAHUTAPHO — 3aIUTHBIX
30H:

®  TIPOMBIIIJIEHHBIH OOBEKT MO TepepadboTke HE(PTH OTHOCUTCS K MEPBOMY
kjaccy onacHocty - 1000 m.

Tak xe B Tabnuue 17 mnpeacraBlieHbl PEKOMEHAYEMble MUHHMAJIbHBIC
PacCTOSIHUSI OT MAaruCTPAIbHBIX TPYOOTIPOBOIOB /IS TPAHCTIOPTUPOBAHUS HEPTH.

Tabmuma 17 —  PexkoMeHmyeMble  MHHUMAJbHBIE  PAcCTOSHUS  OT

MarucTpajibHbIX TPyOONpOBOAOB il TpaHcnoptupoBanusi Heptu mno CaunlluH

2.2.1/2.1.1.1200-03

Paccrosinue B M npu q1uamMerpe Tpyod, MM
JJIeMeHTBbI 3aCTPOMKHU
o 300 300-600 600-1000 | 1000-1400
I'opona u mocenku 75 100 150 200
OTenpHbIE MAJIO3TAKHBIE KUJIALIA 50 50 75 100
['uapoTeXHUYECKHE COOPYKEHUS 300 300 300 300
Bonozabopsl 3000 3000 3000 3000

6.4.2 Bo3aeiictBue Ha aTMoc(hepy

OCHOBHBIC UCTOYHUKH 3arpA3HEHUS MPU MOJATOTOBKE HEDTHU — ITO BBIOPOCHI
BpEAHBIX BemiecTB B atMochepy ¢ dakena. Ilpu cxuranuu momyTHOro He(TIHOTO
raza Ha (akemax BBICOKOTO M HHU3KOTO JaBIIeHHS B atMocdepy BBIOpachIBaeTCs
00JIBIIIOE KOJTUYECTBO 3arps3HSIONINX BemiecTs [42]:

e  Jlwokcun a3ora;

e  VYruepon uepHbIl (caxa);

e  Okcuna yriaepona;

e  Meran;
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e  bensamnupes.
Tabmuma 18 — IlpenensHo  gomyctumbie  koHueHTpauuu  (ITJK)

3arpsi3HSIONIMX  BEIIECTB B aTMOoc(epHOM BO3Jyxe HaceleHHbIXx MmecTnol'H

2.1.6.1338 — 03[50]

Besmunna IJIK, mr/m®
HaumeHoBanue Kaacce
®opmyaa MakcuMaIbLHO Cpenne
BelllecTBA OMACHOCTH
pa3oBoe CyTOYHOE

Beson CesHs 0,3 0,1 2
Xiop Cl, 0,1 0,03 2
Oxcup yriepoja CO 5 3 4
CauHnen Pb 0,001 0,0003 1
JInokcu cepol SO, 0,5 0,1 3
JInoKCuHBI C12H14C1u02 - 0,5 mr/m® 1
Oxcun azora NO2 0,085 0,04 2

C menmpl0 OXpaHBl BO3IYIIHOTO OacceiiHa, BBITIONHSIOT —CJCIYIOIIHE
TEXHOJIOTUUECKHUE MEPOTPHUATHS, OOECIeUNBaOIINEe MHUHUMAIbHBIE BEIOPOCH B
aTMocdepy:

"  YCTaHABJIMBAIOT TPYOHBIC PACHIUPUTENHN Ha (aKeIHbHOM Ta30IlpOBOJEC C
ICJIbI0 MCKITIOUCHUS CTOPaHUs KHUIKHX (QPAKIUi YTIIeBOJIOPOAOB Ha (hakere;

" qmepes mojadei ra3a Ha (pakel, UCIONMB3YIOT OUYUCTKY ra3a OT TOKCHUIHBIX

BEIICCTB Ha aOCOPOIIMOHHBIX YCcTaHOBKaX [43].

6.4.3 Bo3aeiictBue Ha rugapocdepy

JlaHHOE TIPOM3BOJICTBO OKa3bIBaCT HETaTUBHOE BIMSHUE Ha ruuapocdepy,

OCHOBHBIM HCTOYHHMKOM OIIACHOCTH OJIA Oprncanmeﬁ Cpcabl, B JaHHOM CJIydac

SABJIAROTCA
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e3arpsi3HEHHbIE CTOKHM Ha ycTaHOBKe moAarotoBku Hedtu (YIIH) meperonku
o0pa3yloTcs 3a CYEeT KOHJEHCALMHM HACBIIEHHOTO BOJASHOTO Mapa, HCIOJIb3yeMOro
JUTSL TpoTiapku 000pyI0BaHUs, TUOO MPHU OTTpy3Ke HEPTH.

Jlist mpeioTBpalieHys onajgaHusl BpeIHbIX BEIIECTB B BOJOEMBI 3a MPEIEIIbl
MIPOU3BOICTBEHHOM ILIOIIAIKH, IPEAYyCMATPUBAIOT:

e  (OOBasioBaHUE IIOLWAA0K, IJI€ BO3MOXKEH Pa3JiiB MPOAYKTA;

e  JlpeHaxkHble €MKOCTH isi cOOpa BO3MOXHBIX PO3JIMBOB IMPOJIYKTA H
3arpsi3HEHHUS.

CrouHble BOABIKAHAIM3ALUHU MTPOXOIAT MEXAaHUYECKYIO OUYUCTKY U JOOUUCTKY

Ha OMOJIOTMYECKUX OYUCTHBIX COOPYKEHUsIX 3aBona [44].

6.4.4 Bo3neiicrBue Ha auTochepy

Ha naHHOM mpoOW3BOACTBE OCYIIECTBISETCS €XKErOIHBIN IJIAHOBBIA PEMOHT
000OpyZOBaHUSI M YUCTKA TPYOONPOBOIOB, PEAKTOPHBIX YCTPOMCTB M KOHTAKTHBIX
MOBEPXHOCTEM OT NUIaMa, KOTOPBIA HEOOXOAMMO YTWJIM3UPOBATh. Y THIIW3AIUS
JAHHBIX OTXOJOB OKa3bIBa€T HETATUBHOE BIMAHME Ha autochepy. i yrunmuzanuu
IPOBOJIAT 3aXOPOHEHHE HAa CIEUHUANIbHBIX MOJIUTOHAX JJII IPOMBIIUIEHHBIX OTXO/I0B.

JIns  Kaxmoro TUHa  OTXOJOB  CYIIECTBYET ONpPEACIICHHBIM  Crocob
ob6e3BpexxuBanus u yruinuzanuu mo ['OCT 3.1603-91, yTo mo3BosseT HAMMEHBITUM

o0pa3oM HEraTHBHO BO3JICMCTBOBATH Ha JIUTOCHEPY.

6.5 be3onacHOCTH B Ype3BbIYAHMHBIX CUTYALMSAX

6.5.1 Anaan3 Bo3MOKHBIX YC

Meponpusitusi, TpOBOJAUMBIE BO BpeMs YpPE3BbIYAWHBIX CUTYyalMil (aBapwuii,
CTUXUIHBIX O€ICTBUI, BOCHHBIX KOH(MIUKTOB), MPEICTABISIOT COOOW MPOBEIACHUE
criacaTelibHbIX pabOT M HEOTJIOKHBIX aBapUMHO-BOCCTAHOBUTEIBHBIX Pa0dOT B oyare

nopaxenus [38].
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IIpy BO3HUMKHOBEHMM aBapUMHOW CUTyallUd TEXHOJOTMYECKUN IIEPCOHAN
JOJDKEH HEMEJJIEHHO COOOIIUTh 00 aBapHilHOW CUTyalluu NUCTETYepy, HayadbHUKY
YCTAHOBKM M TMPUHATH COOTBETCTBYIOIIME MEPhI 10 JIMKBUAALWM aBapUHU,
pykoBozcTBysch "[lnmanom nokanuzauuu aBapuiinbix curyaruit” (IJTAC).

Bo  wu3bexanue  oTpaBieHUS ~ SAOBUTHIMHU  TapaMH  HEOOXOAUMO
BOCIIOJIB30BaThCSl MPOTHUBOTa3aMU, KOTOPbIE HaXOASATCA Ha BUJIHOM MecTe paboyero
MIOMEILICHUS.

JI1s1 MCKITIOUEHMST BO3MOYKHOCTU HECUACTHBIX CIIy4aeB MPOBOJSAT 00YUYEHUE U
POBEpPKa 3HAHUM paOOTHUKOB, TpeOOBaHUN 0€30MACHOCTH TPyJa B COOTBETCTBUU C
[39].

Tunuunoit YC nnsa HeDTEXUMHUUECKOTO MPOU3BOJACTBA SBISETCS TMOXap, 3TO
0o0yCaBIMBACTCS IIUPOKUM CIIEKTPOM TOPHOYHMX BEIIECTB, MCIOJIB3YEMBIX B
MIPOU3BOJICTBE.

JIMKBUAANMs MOCIEACTBUI upe3BbIvaiiHoi curyaruu [40]

CnacarenpHble M JpyrHe€ HEOTJOXKHbIE pabdOThl B oOyarax IMOPaKEeHUs
BKJIFOYAIOT:

e  pa3BeIKy ouara I[OpaXeHus, B pe3yJbTaTe KOTOPOW MOJIYy4aroT
WUCTUHHBIE JaHHBIE O CJIOKUBIIEHCS OOCTaHOBKE, OMPEIENsIIOT 00beMbl padoT,
YTOUHSIOT CIIOCOOBI BEJICHHS CIIacaTeNIbHBIX U aBapUMHBIX paboT, pa3padaThIBAIOT
IUIaH JTUKBUAAUM nocieactsui UC;

o MIOMCK M OCBOOOKJEHUE W3-TIOJI 3aBAJIOB IOCTPAJIaBIINX, IBAKyaIHIO
JIIOJIEN U3 OMACHBIX 30H U OKa3aHHUE UM IIEPBOM MEIUIMHCKON ITOMOIIH;

e  JIOKaJIM3alMIO U TYIIEHUE MOXKapa;

e  caHWTapHyl0 00paboTKy mrojel, oOe33apakMBaHUE TPAHCIIOPTA,
TEXHUYECKUX CHUCTEM, 3[TaHHUI, COOPYKEHUI U IPOMBIIIIEHHBIX 00BEKTOB.

BoinonHeHue cmacaTenbHBIX W APYTMX HEOTIOXKHBIX pPabOT MPOBOAST
CHEIUATbHO OOYYCHHBIMU CIIACATEIHbHBIMHA (DOPMUPOBAHHUSIMU U3 YKCTIA PAOOTHUKOB
MIPOMBIIIJIEHHOTO 00BbEKTa (MOApa3/iesIeHUs TPaXKJaHCKOH 000POHBI 00BHEKTA).

Ha psine mpeanpusituii CyniecTBYIOT TaKUe BUABI padOT WM YCIOBUS TPYAA,

IpU KOTOPBIX pPabOTAIONIMK MOMXKET MOJYYUTh TpPaBMY WM HHOE BO3JCHCTBHUE,
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onacHoe s 310poBbs. Emie Oosiee onmacHble yCIOBUS IS JIOAEH MOT'YT BOZHUKHYTh
IpU aBapusxX M NpPH JHMKBUJALUMUU HMX MOCHEACTBHM. B 3THUX ciywasx ajid 3auiuThl
YeJIoBeKa MPUMEHSAIOT CPEACTBAa MHIMBHAYyalbHOW 3amuThl. WX wHcnonb3oBaHue
IOJDKHO —obOecreuuBaTh MakcHUMalbHyr Oe3omacHocTh. Homenknatypa CU3
BKJIIOYAET OOIIMPHBIM TepeYeHb CPEJCTB, MPUMEHSEMBIX B MPOU3BOACTBEHHBIX
ycnoBusax (CHU3 nmoBceJHEBHOTO UCIIOJIb30BAHU), @ TAKXKE CPEJICTB, UCIIOJIb3yEMBIX B
ype3BbluaiiHbIX cutyanusx (CU3 kpaTKoBpeMEHHOro HCMob30Banus). B mocinennux
CIIy4astX MPUMEHSIOT MPEUMYIIECTBEHHO M30JUPYIOLIUE CPEICTBAa UHMBUyaIbHON

sanuTel (MCU3) [41].

6.6I1paBoBbIe U OPraHN3alMOHHBbIE BONPOCHI 00ecreYeHus1 0e30MaCHOCTH

B cootBeTcTBUM ¢ [48] KaX bl YEIOBEK MMEET MPABO Ha TPYJ B YCIOBUSX,
OTBEYAIONIUX TPEOOBAHUSIM 0€30MaCHOCTH U TUTHEHBI, U TIPAaBO Ha OXPaHy 3/I0POBBSI.
A B cooTBeTCTBUM ¢ M. 5 ['€HEpaJIbHOrO COTIAIIeHUs MEXAY OOIIEepOCCUUCKUMU
00beTMHEHUSIMH TIPOQCOIO30B, OOIMIEPOCCUMCKUMH O0BbEIMHEHUAMH padoToaaTenei
u [IpaButenpctBOM Poccuiickoit deneparuu Ha 2014 - 2016 roast [49] obecnieueHue
0€301aCHOCTH JKU3HU U 370pOBbsSl PAOOTHUKOB B MPOIIECCE TPYIAOBOHN JEATEILHOCTH
SBIISIETCS OJAHUM U3 HAIIMOHAIBHBIX IPUOPUTETOB B IEISIX COXPaHCHUS
YEJIOBEUYECKOI0 KalluTaja U pacCMaTPHUBAIOTCS B HEPa3PBHIBHOW CBSA3W C peElICHHUEM
3a7a4 M0 yJYUYIICHUIO YCIOBUM U OXPaHbl TPY/a, MPOMBIIIJIEHHOW U SKOJOTMYECKON
0e301acHOCTH.

[IpaBuiIbHOE pacTONOKEHWE M KOMIIOHOBKA pabouero mecra, oOecleueHHe
ya0OHOH TO3BI M CBOOOJBI TPYIOBBIX IBHM)KCHHH, HCIIOJIB30BAaHHE O0OPYIOBaHMS,
OTBEYAIOMICTO  TPCOOBAaHMSM  JPrOHOMHUKM W MHXXCHEPHOW  IICHMXOJIOTHH,
oOecrieunBaoT Hambosiee A(G(PEKTUBHBIA  TPYAOBOW MPOIECC, YMEHBIIAIOT
YTOMJISIEMOCTh M TIPEAOTBPAIIAIOT OMACHOCTh BO3HUKHOBEHHUS MPO(ECCHOHATBHBIX
3a00JIEBaHMUIA.

ITpu OpraHHM3aliH IIPOM3BOJICTBEHHOTO mporecca YYHTBIBAIOT

AHTPOIOMETPUUECKUE U TCUXO(U3UOIOTUUECKHE OCOOCHHOCTH YeJOBEKa, €ro
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BO3MOKHOCTH B OTHOUICHHHM BEIMYUHBI YCWJIHHA, TeMIla W PUTMa BBIOJHIEMBIX
ornepauuii, a TaKKe aHaTOMO-(U3HOJIOTHYECKUE Pa3IUYUs MEXKIY MY>KUMHAMU U
KCHITUHAMH.

BreiBob: B pazziene 3KOJOTMYECKOW 0e30MacHOCTH PACCMOTPEHO BIMSIHUE
MpOLIECCANePBUYHON MOATOTOBKM HE(PTH Ha OKPYXKAIOLUIYyI0 Cpely U IepcoHal, a
TaKk)K€ MPUHATHE PEIICHWH, HalpaBiICHHBIX HAa WX 3alUTy, TaK KaK B IOCJIEIHEE
BpeMsi  CTaHOBUTCA  aKTyaJIbHbIMH  BONPOCHI,  Kacawliuecs 0e30macHOCTU
KUZHEJEATEIbHOCTH TPYIAIIUXCS.

B pesynbTaTe ucciienoBaHusl BBISIBIEHO, YTO padodyee MECTO HHKEHEpa —
orepaTopa Ha yCTaHOBKE MEPBUYHOMN MOJTOTOBKE HE(PTH MOJHOCTbIO COOTBETCTBYET
BCeM TpeOoBaHUsIM O€30MacCHOCTH MO oxpaHe Tpyaa. [lomemenue u MecTo
yIIOBJIETBOPSIET BCEM HOPMATUBHBIM TpeOoBaHusiM. Kpome Toro, nerictBue BpeaHBIX
U OMacHbIX (PaKTOPOB CBEJIEHO K MUHUMYMY, T.€. MUKPOKJIMMAT, OCBEIICHUE, IIyM,
BUOpALMS U 3JEKTPOOE30MaCHOCTh COOTBETCTBYIOT TPEOOBAHUSAM, MPEABIBICHHBIM B
COOTBETCTBYIOIIMX HOPMATUBHBIX JOKyMeHTaX. OTHOCUTENBHO BoIpoca 00
HKOJIOTHYECKON 0€30MacHOCTH MOKHO CKa3aTh, YTO JESITENbHOCTh IMPOM3BOACTBA
CTPOTO PETyIUPYETCsl, YTOOBI M0 BO3MOKHOCTU CHHU3UTh WM M30€KaTh HAaHECEHUS

Bpe/ia Ha OKPYIKAIOIIYIO CPEy.
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SAKIIOYEHUE

JlanHasi qurioMHasi paboTa MOCBSIIEHA MAaTEMaTUHYECKOMY MOJIETUPOBAHUIO
MPOIIECCOB TEPBUYHOM moarotoBku HedpTu. Ha ocHoOBe muTepaTypHOoro o0630pa
CAeJlaH BBIBOJ O TOM, YTO D3JEKTPOOOECCONMBAHHE IIUPOKO MCIOIB3YETCS B
TEXHOJIOTUM  TMPOMBICJIOBOM  MOATOTOBKM  HE(PTH, a  COOTBETCTBYIOIIECH
MaTEMaTUYECKON MOJIEIM B OTE€UYECTBEHHOW JUTepaType He npeacrasieHo. [loaTomy
aKTyaJIbHOW 3ajaueil sBhsiercs pa3paboTKa MOJENH  AJIEKTpooOeccoIuBaHus,
yuuThIBatONed (PU3NKO — XUMHUYECKHE CBOWCTBA HBMYJIbCHH, KOHCTPYKTHUBHBIC
OCOOCHHOCTH amnmapara, peKMMHbBIC TapaMeTPhl U BIUSHUE JICKTPUIECKOTO TOJIS.

B pesynprateananuza uwHGOpMAlUM, TMPEJICTABICHHOW 3apyOCKHBIMHU
UCCJIeI0BATEISIMHU, ObL1a pa3zpaboTraHa MaTeMaTu4ecKas MOJIEITh
ANEKTPOAECTUIPATOPA, A€ YUTCHO BIUSHUE DJIEKTPUUYECKOTO MO Ha KOAIECICHIUIO
U CKOPOCTh OCAXKJCHUS Karelb.

Marematudeckass MOeNb ObUIa NMPOBEPEHA HA aJ€KBAaTHOCTH C IOMOIIBIO
JAHHBIX, TOJIYYEHHBIX C JIEUCTBYIOLIEH YCTaHOBKUM. B pesynbTaTe mNpOBEpPKH
MaTeMaTU4ecKasi MOJIENb MoKa3ajia XOPOIIYI0 CXOAUMOCTh C 3KCIEPUMEHTATIbHBIMU
JAaHHBIMHM, 4YTO JIeTA€T BO3MOXKHBIM €€ UCIOJIb30BaHUE B JaJbHEHUIIEM s
UCCJIEIOBAaHUMN, a TaKkKe I MPOTHO3MPOBAHUSA MPOLIECCOB MOATOTOBKM HEPTH Ha
NPOMBICIIAX U TPOEKTHUPOBAHWU HOBBIX OOBEKTOB IMOATOTOBKA HEPTH B COCTaBE
MOJICIIUPYIOIIEH CUCTEMBI TTPOIIECCOB MEPBUYHOM MOATOTOBKH HEPTH.

B pasnmene «®uHAHCOBBIM MEHEIKMEHT, pecypcoddPeKTUBHOCTE H
pecypcocOepexeHre» OOOCHOBaHa IEJIeCOO0Pa3HOCTh CO3JaHUsl MaTeMaTH4YeCKOU
Mojenu 00e3BOKHBaHUS HE(DTH B dJIEKTpoAETUApaTope u paccuntan Oromker HTU.
A Taxke ObUTM ompeneneHbl (PUHAHCOBBIA IMOKa3aTeNbh pPa3pabOTKH, IMOKA3aTelb
pecypcodPpheKTHBHOCTH, MHTETPATbHBIN TTOKa3aTeah 3P(HEKTUBHOCTH.

B paznene «ComumanpHasi OTBETCTBEHHOCTHY» OBUTH PACCMOTPEHBI BOIMPOCHI
TEXHUKU O€30MacCHOCTH, pa3padoTaHbl MEPOINPUATUS 1O OXpaHe Tpyaa H

OKPY’KAIOIIEH CPEBI.
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Demulsification

Ipunoxenue A

CryneHr
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2KM61 Mansix K.A.
PyxoBoaurens BKP
J1OJKHOCTD )5(0) YuyeHas cTeneHsb, Ilonnuce Jara
3BaHHUE
JlouieHT Ky3bmenko E.A. K.T.H.

Koncynprant-nuareuct OTaeneHuss MHOCTpaHHbIX s13b1k0B LIIBUII

JlomxHOCTB 014(0) VYuenas crenenb, | [loamuck Hara
3BaHUE
JlonieHT CoickuHa A A. K.(.H.

104



1.1 Demulsification of water-oil emulsions

The extracted crude oil contains gas, water, salts, mechanical impurities, etc.

Salts, which are often present in crude oil, are the chlorides of calcium,
sodium and magnesium.

These salts can cause serious problems, such as corrosion of pipelines and
equipment, their contamination and poisoning of catalysts during subsequent oil
refining.

Therefore, crude oil extracted from wells is subjected to preliminary
preparation: desalination and dehydration.

These processes are industrial processes for the removal of water-soluble salts
from the oil stream.

The main goal of the primary preparation processes is to achieve sufficient
purity of the product, which is regulated in accordance with GOST 51858-2002.

Typically, the desalination plant is a sequentially installed separator and
settling tanks, where oil and water are separated by gravitational sedimentation.

Also, the emulsion is further washed with a stream of fresh hot water so that
the salts react with water and then separate from the oil stream.

An electric current is used to separate stable emulsions or for large water cuts.

Under its action, water molecules are polarized, coalesced, and gravitationally

settle and separate from oil [2].
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1.2 Types of water-oil emulsions

An emulsion is a mixture of two liquid-immiscible liquids, one of which is
dispersed as very small droplets in the other and stabilized with an emulsifying agent
[3].

Water-oil emulsions are of three types.

Emulsion of the first type (O / W) is a direct emulsion, where oil droplets
(non-polar liquid) act as dispersed phase, and water (polar liquid) as the dispersion
medium. Such an emulsion is also called hydrophilic.

An emulsion of the second type (W / O) is an inverse type emulsion, where
water droplets are a dispersed phase, oil is a dispersion medium. Such an emulsion is
also called hydrophobic.

An emulsion of the plural type is an emulsion where small water globules can
form in large drops of oil or small droplets of oil form in large droplets of water [4].

Emulsions are metastable systems, usually formed in the presence of
surfactant molecules, amphiphilic polymers or solid particles. It is known that the
relative balance of hydrophilic and lipophilic properties of these emulsifiers is the
most important parameter determining the type of emulsion: oil-in-water emulsions
(O / W) are preferably obtained with molecules that are fairly hydrophilic, while

water in oil (W / O) emulsions are produced in the presence of hydrophobic

molecules [1].
N '
D 0' . 9

Y

0., @ 0 {
Fig. 1 — (a) Water-in-oil emulsion (b) oil-in-water emulsion
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1.3 The emulsion problem

The problem of separating water from produced crude oil is as old as the oil
industry itself. At the beginning of the oil industry, the water separation problem was
handled by settling the free water from oil in open tanks or pits and the sludge (an
intermediate phase between clean water and clean oil) was disposed of, ordinarily by
burning. It was not more than a century ago that attention was drawn to the fact that
“sludge” is an emulsion of crude oil and water, and that substantial amount of
merchantable oil can be recovered from the emulsion. By crude oil emulsions, we are
referring to water-in-oil (W/O) emulsions because most emulsions are this type.
Although oil-in-water (O/W) emulsions also form and are encountered in the
industry, they are generally resolved in the same way W/O emulsions are resolved,
except electrostatic treaters cannot be used on O/W emulsions. At the time when
crude oil and water are leaving the wellbore of an oil well, tight w/o emulsions can
form due to the turbulence in the choke valve at the wellhead. The formation of
emulsion during crude oil production is a very costly operational problem. It occurs
when hydrocarbon and formation water in the reservoir and in production pipes are
extremely mixed under shear/turbulence, and in the presence of surface active agents.

The continuous phases of these emulsions depend on the water to oil ratio, the
natural emulsifier systems contained in the oil, and the origin of the emulsion. The
emulsifiers are complex chemically, and they come in different shapes and sizes. As
new oil fields are developed and as production conditions change in older fields,
there is a constant need for new, effective demulsification methods. The emulsion
must be separated before the crude oil can be accepted for transportation, to meet the
residual salt and water content quality criteria for a delivered crude oil. The water
content must be less than 1%.

Crude oil emulsions form when oil and brine come into contact with each
other, with the influence of sufficient mixing, and in the presence of an emulsifying
agent or emulsifier. The amount of mixing and the presence of emulsifier are critical

for the formation of an emulsion. Several sources of mixing are available during the
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process of crude oil production, a factor frequently referred to as the amount of shear.
These include: flow through reservoir rock, bottom-hole perforations/pump, flow
through tubing; flow lines, and production headers, valves, fittings, and chokes,
surface equipment, gas bubbles released because of phase change etc. as indicated
with letters A to F in Fig. 2 [1].
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Fig. 2 — A schematic diagram of crude oil flow from the reservoir to the

storage tanks

A variety of difficulties may arise when the water is coproduced with crude
oil, including (but is not confined to):

*The cost of pumping or transporting the water through pipeline or by tanker,
respectively.

*The corrosion of pumps, pipes, production facilities, and downstream
distillation columns (due to the existence of chloride ions in aqueous phase).

*The necessity for installation of supplementary equipment to produce export-
quality crude oil.

*The poisoning of downstream refinery catalysts.

*The problems pertaining to improved crude oil viscosity due to small
dispersed water drops in the crude oil.
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1.4 Methods of destruction of water-oil emulsion

Demulsification is an intricate process as oilfield emulsions are, in principal,
complex, stable liquid-liquid colloidal suspensions comprising of dispersed/internal
phase, continuous/external phase, and emulsifying agents basically present at the oil-
water interface. An effectual demulsifying route must thus be capable of
annulling/minimizing the stability of targeted emulsion, leading to separation of
immiscible phases. Demulsification techniques are generally classified into three
categories, i.e., chemical, biological, and physical treatments. Physical
demulsification includes gravitational settling, centrifugation, pH adjustment, thermal
treatment (conventional heating, microwave irradiation, and freeze/thaw), flotation,
filtration (adsorption and coalescing filters), electrical demulsification (electro-
coalescence), membrane separation, ultrasonic, inertial, and orthokinetic (shear flow).
However, physical treatments of emulsions have often been employed in conjunction
with other (physical, chemical, or biological) separation methods to establish hybrid
systems in order to improve the destabilization of emulsions up to satisfactory levels.

In this paper, it is attempted to overview the most commonly employed
demulsification methods (i.e., chemical, biological, membrane, electrical, and
microwave irradiation) by discussing the effective factors involved in contribution to
improving their efficiency for separation of emulsions. The rest of demulsification
techniques mentioned above are not included here.

Chemical demulsification.

Stable emulsions are formed only when emulsifying materials are present.
Immiscible liquids can be separated by omission, variation, or neutralization of the
emulsifying agents. In this respect, appropriate chemicals with demulsifying
characteristics particular to the crude oil to be treated are added to deliver rapid, cost-
effective, and adaptable separation of emulsions. This concept is correspondingly
applicable for the treatment of O/W emulsions. Thousands of patents and articles
have focused on the feasibility of numerous chemical substances for destabilization

of various emulsions in petroleum industry.
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Attainment of efficient chemical demulsification approaches for the
separation of W/O emulsions relies on the implementation of the following steps:

(1)Sufficient amount of an aptly chosen chemical must be added to the
emulsion.

(2)Complete mixing of the chemical with the emulsion must be done.

(3)Enough heating may be necessary to accelerate the separation of or
completely break the emulsion.

(4)Adequate residence time in containers must be allocated to enable settling
of demulsified water droplets.

Membrane demulsification.

Exploitation of membrane separation process for oily wastewater treatment
has been triggered since 1973. The uniformity of the permeate (treated water) quality
irrespective of influent variations, absence of extraneous chemicals, high separation
efficiency, useful for separation of micron and submicron droplets, compact setting,
and lower energy cost than thermal treatments are perceived as the main benefits of
membrane treatment. Nonetheless, high capital costs for very large effluent volumes,
fairly low permeate flux, fouling and degradation of polymeric membranes during
function, and their sensitivity to polar and chlorinated solutions are the constraints to
the wide-ranging membrane applications. In membrane demulsification, the core
emphasis has been given to optimization of permeate flux and separation efficiency
as well as minimization of membrane fouling.

Membrane filtration processes involve rejection of some components in a
solution by the membrane. Prior to reaching the steady state, the convective flow of
these components oriented toward the membrane surface is larger than that caused by
diffusion backflow directed to the bulk solution. As a result, build-up of the rejected
components occurs at the membrane surface. This recognized phenomenon is
regarded as concentration polarization bringing about several negative impacts on
membrane operations, such as increase in osmotic pressure, decline in

transmembrane flux, and variations in rejection properties. Low transmembrane
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pressure (TMP) and slow flow rates of the emulsion passing across the membrane are
the grounds for the formation of concentration polarization

As such, it is necessary to increase the backward transport of solute to the
bulk solution by some ways so as to reduce this build-up at the membrane surface.
The most common means of tackling this difficulty is to configure the membrane
module in a way that the flow of feed solution is tangential to the surface of
membrane; the flow can be either turbulent or high-shear-stress laminar.

Ultrafiltration (UF) and reverse osmosis (RO) have been found effective for
treatment of soluble oil emulsions. In addition to high oil rejection capacity, these
types of membranes have good performance in rejection of total organic carbon
(TOC) and reduction of chemical oxygen demand (COD) and total surface charge
(TSC) from the O/W emulsions. Outwardly, microfiltration (MF) membranes have
more frequently been used for resolving O/W emulsions than W/O emulsions, while
porous glass membranes have more often been exploited to treat W/O emulsions than
wastewater. Demulsification by the use of ion-exchange resin membrane was also
proposed several decades ago.

Electrical demulsification.

Electrical demulsification is generally considered advantageous from the
perspective of energy consumption as compared with other demulsification
approaches, such as heating or centrifugation, in addition to ecological validity.
However, the drawback of this process is formation of fine secondary droplets during
the coalescence, making it more burdensome to separate the produced smaller water
drops. This effect is turned out either due to imposing too high electric field on the
WI/O emulsion, or when the dispersed aqueous drops have been enlarged too much.
There are two competing processes to determine whether these secondary droplets are
formed; one is necking as a result of droplet deformation due to electric field, and the
other is pumping of the content of the water drops into the oil phase, which is driven
by the IFT of the droplet liquid; the ratio of electrical stress energy required for the
former process to the energy needed for the latter one, introduced by the product of

Weber and Ohnesorge dimensionless numbers, has been reported to be a useful tool
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for optimization of the design of electro-coalescers with regard to liquids
characteristics, exerted electric potential, and electrode structure and geometry.

The technologies and mechanisms associated with electrostatic enhancement
of coalescence of W/O emulsions have already been reviewed by researchers.

The destabilization efficiency of W/O emulsions subjected to alternating
current (AC) electric field is dependent upon various factors including temperature,
shear rate, water fraction, oil characteristics, emulsion residence time, and the
features of electric field applied (such as field strength, duration, waveform, and
frequency). It has been observed that elevating temperature, strength (voltage),
duration, or frequency of the imposed electric field leads to noticeably enhanced
dehydration performance of W/O emulsions. However, demulsification productivity
of such emulsion substantially changed with different waveforms in declining order
of square, sinusoidal, and triangular.

The optimum frequency is typically influenced by the dielectrics, the
rheological and electrical characteristics of dispersed phase, and the droplet size of
emulsion. Primary size of droplets in an emulsion significantly affects the optimum
frequency of an electric field exerted for emulsion separation. In this respect, non-
homogenized emulsions containing bigger droplet size require much lower optimal
frequency to be demulsified in comparison with homogenized emulsions having
small, narrowly distributed dispersed droplets. The frequency magnitude may
prominently depend on the electric field strength; the choice of optimum frequency is
particularly essential at low voltages. However, with regard to the increase of droplet
diameter during the dehydration process of crude oil emulsions and variation of
optimum frequency of an electric field with droplet size, Zhang et al. discovered that
in the case of varying frequency, an appropriate selection and combination of
frequencies resulted in improved dehydration performance of the pulsed direct
current (DC) electric field in comparison with the most effective (optimal) frequency
when it was kept constant.

In contrast to large voltages, large frequencies do not usually influence on

increment in droplets distortion and emulsion resolution. The droplets may not even
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have adequate time to respond to rapid variations in alternating current at too high
frequencies, giving rise to formation of shorter chains of drops. Crude oil emulsions
are far more rapidly (and perhaps irreversibly) flocculated when subjected to certain
electric field voltage due to greater number of droplets and hence lower distance
between them, leading to reduction in emulsion viscosity. That is why low
concentrated emulsions typically undergo laminar or turbulent flow by internal
mixing to initially aid in approaching of droplets and forming chains. The crude oil
viscosity, principally owing to its paraffinic content and asphaltene, is a dominant,
representative factor in evaluation of crude oil electrostatic dehydration and desalting
efficiencies as it reflects both chemical (paraffinic content, asphaltene, and metal,
such as Fe and Ni, fractions) and electrical (crude oil conductivity) effects of the
crude oil samples in all bench, pilot-plant, and industrial scales. The oil viscosity of
W/O emulsions under electric field affects the coalescence rest time of water
droplets. The higher the oil viscosity, the longer the coalescence rest time; this is
because the impact velocity of the falling water drops in high-viscosity oil is lower
than that in low-viscosity oil.

Contrary to W/O emulsions, electrical demulsification has seldom been
exploited to destabilize O/W emulsions. Utilization of high electric field to O/W
emulsions undeniably initiates the electrolysis of both the aqueous phase and the
electrodes, resulting in the contamination of chemicals existing in the emulsion.
Voltages higher than optimum voltage for breaking O/W emulsions may also trigger
their re-emulsification. Conversely, high electric field has commonly been applied to
demulsify W/O emulsions because low electric field proves ineffective for their
separation.

Efficiency and effect of electrostatic coalescence of O/W emulsions are
dependent on type and concentration of their chemical constituents (such as oil,
electrolyte, and surfactant used as emulsifier) and water content. Ichikawa et al.
employed a low external electric field (1-10 V cm—1) to demulsify some model O/W

emulsions and discovered that:
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*Increasing the electrolyte concentration or decreasing the ionic surfactant
concentration enhanced the electrical demulsification.

*O/W emulsions stabilized by a nonionic polymer surfactant were not
electrically demulsified since they are stabilized by steric effects caused by the
adsorption of polymer molecules on the surfaces of droplets but not by the
electrostatic interactions developed from the surface charges of emulsion droplets.

*Dense O/W emulsions (low water content) were quickly demulsified,
whereas dilute (high water content) emulsions were demulsified solely near an
electrode after being compacted by electrophoresis of the oil droplets, indicating that
the reciprocal contact of the drops across the thin intervening water phase is crucial
for an instant demulsification.

Varied mechanisms have been described for the electrostatic separation of
W/O emulsions. An external electric field can promote the coalescence not only
between the dispersed droplets, but also between droplets and interface. In general, a
three-step coalescence mechanism is introduced: approaching of dispersed droplets,
interfacial film thinning, and ultimately film rupture leading to coalescence of
droplets. The overall governing step is often the film thinning process which is
appreciably improved applying an effectual electric field. Other mechanisms
proposed are chain formation of droplets, formation of intermolecular bonds, dipole-
dipole coalescence, electrophoresis, dielectrophoresis, random collisions, and
electrorefining. Besides optical microscopy and coalescence measurement
techniques, electrical conductivity is considered as a useful tool to distinguish the
water droplets coalescence from their chain formation when subjected to high voltage
gradients, as related to the crude oil-water interfacial rheological features;
incompressible oil-water interface hampers the droplet-droplet coalescence and
establishes chains of water droplets (high conductivity), yet compressible interface
contributes to an efficient coalescence followed by marginal conduction. Rayat and
Feyzi have recently proposed a modified thermodynamic model introducing dipole-
induced dipole attraction force in electrical demulsification of W/O emulsions, taking

into account both water droplet size and the adsorbed layer thickness of asphaltenic
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film around the water globules, and found it to be a more realistic model which could
predict the electrical field strength, required for emulsion breakup, remarkably lower
than that of the unmodified model which considered the dipole-dipole interactions
irrespective of mutual induction, as evaluated in an earlier report. Both AC and
pulsed DC modes of electric field entail induced dipoles on the water drops, resulting
In attraction and coalescence between contiguous droplets [2].

The most underlying force for stabilization of charged oil droplets in water is
the double layer force produced by the overlap of diffuse electric double layers of the
proximate droplets. The strength of this force is measured by the concentration of
lons present in water plus the surface charge densities of adjoining droplets. The
mechanism of electrical demulsification of O/W emulsions stabilized by anionic
surfactant(s): migration of surface ions takes place under an external electric field in
order to minimize the electrostatic potential gradient brought about by the electric
field. As a result, the surface charge density at the right side of the biggest droplet,
which is vertical to the applied field direction, becomes the lowest. As the decrease in
surface charge density lessens the height of potential energy barrier, a small droplet
close to the surface with the least surface charge density is firstly fused with the
largest droplet. Fusion of the small drops further enlarges the volume of the biggest
droplet. The charge density on the right hand of the biggest droplet is thus more
reduced. Decrement of the surface charge density diminishes the potential barrier and
speeds up the coalescence process. The imposed external field consequently
demulsifies the emulsion.

Thermal demulsification.

Thermal demulsification involves heating the emulsion, settling and washing
the oil with hot water.

Typically, the temperature increase provides a reduction in the viscosity of the
oil phase, improves the discrepancy between the oil and water phases, increases the
number of droplet collisions, and usually weakens the stabilizing film surrounding

the droplets.
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However, the rate of diffusion of asphaltenes to the boundary increases with

increasing temperature as a result of a decrease in the viscosity of the crude oil.

1.5 Emulsifiers and demulsifiers of oil emulsions

All crude oils, whatever their origin contains certain characteristics which
would likely make them emulsifiable. For emulsions to form, three conditions must
be satisfied. These conditions are (a) the two liquids forming the emulsion must be
immiscible, (b) there must be sufficient agitation to disperse one liquid as droplets in
the other, and (c) the presence of an emulsifying agent.

For an emulsion to form, the system must have the presence of water (brine),
crude oil and sufficient agitation. documented that the formation of emulsions
requires; differences in solubility between the continuous phase and the dispersed
phase, the existence of intermediate agents having partial solubility in both phases
and the presence of an energy source or sources, sufficient enough to mix the phases.

Also, of paramount importance are the types of emulsifying agents or simply
called emulsifiers. Emulsifiers are associated with the produced crude oil. Since the
nature and compositions of crude oils vary so widely, there exists also a great variety
of crude oil emulsifiers. To formulate concentrated stable emulsions, either oil-in-
water or water-in-oil type, a third substance is required apart from the two liquids.
This substance is called an emulsifying agent, or simply an emulsifier. The nature of
the emulsifying agent determines what type of emulsion forms. Thus, the lastingness
(known as stability) of the emulsion is dependent upon the rigorousness of the
agitation and upon the emulsifying agents.

However, in a sizable number of cases, it is believed to be colloidal asphalt,
which includes all asphalts and similar substances which occur in colloidal dispersion
in crude oil. Since the nature and compositions of crude oils vary so widely, there
exists also a great variety of crude oil emulsifying agents. These emulsifiers include
asphaltic materials, “resinous substances, soluble organic acids, particles in the

ocean, particles found in crude oils including waxes and asphaltenes, particles found
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in sea water including suspended sediments, dissolved surfactants which accumulate
at the water/oil interface including metallic salts, organic acids, organic bases and
organometallics, and other tiny particles of solids, including products of corrosion of
the equipment involved or particles of the producing formation, in case of wells
completed in unconsolidated sands and sandy shales, are also the emulsifying agents
contributing toward stability of the emulsions.

Evidently, an emulsion with higher emulsifier concentration requires larger
concentration of chemical demulsifier for treatment. Appropriately, the emulsions
formed during chemical EOR as a tertiary oil recovery process need a higher amount
of demulsifier (normally hundreds of ppm, or even more in extreme circumstances)
than those gained from primary and secondary oil recoveries as clarified in Section 1.
As a result, too little demulsifier may not break the emulsion produced from chemical
EOR, while overdosing demulsifier would result in the emulsion re-stabilization.
However, the hydrophilicity or lipophilicity and molecular weight of a demulsifier
are the determining factors in identification of its optimum dosage for breaking an
emulsion. Equally, if an alkaline additive, for instance, increases the hydrophilicity of
asphaltenes in a W/O emulsion through ionization effect, lesser amount of an
efficient hydrophilic demulsifier for achievement of an optimum formulation in
which separation rapidly occurs is required; likewise, demulsifying surfactants with
too low molecular weight (MW < 4000) are unable to resolve the W/O emulsion with
low dosages (300400 ppm) regardless of their hydrophilic/lipophilic affinities.
Additionally, separation vessel dimensions may influence the optimal demulsifier
dosage, owing to their impact on the contact time between emulsion and separator
and/or on fluid dynamics. For example, it was evidenced that larger bed height of a
coalescing separator improved the oil removal efficiency of an O/W emulsion due to
the provision of longer contact/retention time. In terms of fluid dynamics effects,
regions of high shearing, for example, can cause drops to come closer together and
enhance their collision probability, resulting in decrease of the demulsifier

concentration required to achieve the minimum emulsion stability [1].
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Most commercial demulsifiers employed to rupture the W/O emulsions are
soluble in oil. The interfacial activity of the oil-soluble demulsifiers is dominated by
the diffusion rate from the bulk phase to the interface plus the adsorption obstacle at
the oil-water interface. In specific cases, some oil-soluble demulsifier components
can be dissolved (partitioned) into the dispersed phase (water droplets in the case of
W/O emulsions); this process is referred to as “partitioning,” which is distinguished
as a key factor in demulsification mechanism. The partitioning/distribution
coefficient, defined as the ratio of demulsifier concentration in the aqueous phase to
that in the oil phase, is markedly affected by temperature, hydrocarbon phase
polarity, and electrolyte content in water. The partitioned demulsifier components in
the droplet phase can vigorously influence the oil-water dynamic interfacial
characteristics, such as the IFT gradient or the Marangoni-Gibbs stabilizing effect. In
order to accomplish a quality performance for destabilizing a generic emulsion, a
demulsifier primarily dissolved in the continuous phase should hold the following
properties:

(1) The demulsifier has to be able to partition into the dispersed phase.

(2) The demulsifier concentration in the droplet must be adequate to
guarantee sufficient diffusion flux to the interface.

(3) The interfacial activity of the demulsifier must be sufficiently large to
suppress the IFT gradient as well as the Marangoni-Gibbs stabilizing effect, thereby
expediting the film drainage and thinning rate and enhancing coalescence.

A partitioned demulsifier increases the static/dynamic interfacial activity and
submits a high adsorption rate to the interface while efficiently reducing the film
dilatational modulus together with dynamic film/interfacial tension, yielding a
supreme demulsification performance. Hence, without demulsifier partitioning, the
demulsifier is unable to effectively diminish the film dilatational modulus, owing to

its lack of adsorption on the film interface.
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158 np.savetxt("track_time.txt", track_time, fmt="%6.67", delimiter= ) 136600 1.0 2.714e+85 B.486274 #.85108
o return € 14@.800 1.9 2.988e+85 @.483936 ©.43323
1L 156.808 1.6 1.519e+85 8.482315 0.48037
153 Conc = ecoa(@.2) 160.202 1.2 1.264e+85 2.481179 ©.14800
ig‘; 170.808 1.8 9.923c+84 8.4808378 8.26400 v
v | Konconb IPython = MHypHan ucTopim
foctyn: RW Kowey ctpokm: LF Kogupoexa: UTF-8 Crpoka: 140 CronBew: 25 [Mamate: 48 %
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