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ILranupyemsie pesyiabTarsl ocBoeHuss OOII

Kon

PesynbpraT oOyuenus

Pl

[IpumeHsTh TIIyOOKHE MaTeMaTU4YeCKHUe, €CTECTBEHHOHAY4YHBIE, COIMAIbHO-
DKOHOMHYECKHE U TpodecCHOHANbHBIE 3HAHWUA B OOJACTH DHEPro- W
pecypcocOeperaroiuyx mpoleccoB B XUMUYECKOM TEXHOJIOTUH, He(PTEXUMUU U

OMOTEXHOJIOTUH

P2

CTaHOBUTH U peliaTh MHHOBAIMOHHBIE 33]]a41 TPOU3BOJICTBEHHOI'O aHAIIN3a U
MIPOCKTUPOBAHHUS, CBSI3aHHBIE C CO3/aHUEM M IEepepabOTKON MAaTepuaioB C
UCIOJIb30BAHUEM MOJICIMPOBAaHUSI OOBEKTOB U IMPOLIECCOB XMMHYECKOU
TEXHOJIOTUU, HEPTEXMMUU W OHOTEXHOJOTUU C YYETOM MHUHUMHU3AIMNU

AHTPONOT€HHOTO BO3ACHCTBUS HA OKPY>KAIOIIYIO CPENy.

P3

PaspabarbiBaTh M NMPOCKTHPOBATH HOBBIC TEXHOJIOTMYECKHE IPOIECCH Ha
OCHOBE MaTeMaTHYECKOI'O MOJICITUPOBAHHUS, IPOCKTHPOBATh U MCIIOJIb30BaTh
DHEPro- M pecypcocOeperaroiiee 000pPyJIO0BaHNE XHUMHUYECKOW TEXHOJIOTHH,

HepTEeXUMUU U OMOTEXHOJIOTUH

P4

[IpoBOINUTH TEOPETHUECKUE U HKCIIEPUMEHTAJIbHBIE UCCIEIOBAaHUS B 001acTH
pa3pabOTKH U ONTUMHU3ALNN TEXHOJIOTHUECKUX MTPOLIECCOB U CUCTEM C MO3ULUIM

JHEPro- U PecypcocOepeKeHUs

P5

BHenpate u©  3KCIUTyaTHpOBaTh COBPEMEHHOE  BBICOKOTEXHOJIOTUYHOE
o0opyaoBaHue, 0o0ecrneyuBaTh €ro BBICOKYIO 3(()EKTUBHOCTb, COOJIIONATH
OpaBuUjia OXpaHbl 310pOBbS U 0E€30MacCHOCTH Tpyla Ha HPOU3BOJICTBE,

BBITIOJIHATH TPEOOBAHUS 10 3AIUTE OKPYKAIOIICH CPEIbI.

P6

JleMOHCTpUpPOBATh IITyOOKHE 3HAHUS COITMAIBHBIX, ITHUECKUX U KYJIbTYPHBIX
ACIMEeKTOB MHHOBAIMOHHON MPOQPECCHOHATBHON NESITEIbHOCTH, 3aHUMAaThCs

Nearorndeckom AesaTelIbHOCThIO B cpepe MpodecCHOHaIbHOTO 00pa30BaHuUs.

P7

®opmynupoBaTh, pa3pabaTbiBaTh W PEANTU30BBIBATH METOAbl PELICHHUS
Hay4HO-UCCJIEIOBATEILCKUX 3a7a4, B 00JacTH pecypcoddHEKTUBHOCTH U
UHXUHUPUHTAa  HedTerazonepepadaThiBalONMX W HEPTEXUMHUUYECKHUX

MMPOU3BOACTB MPCACTABJIATL U 3allIMIIATh PC3YJIbTAThI




HpOBOI[I/ITB BCC cCTaavn IPOCKTHPOBAHUA C MHCIIOJIB30BAHUCM MCTOI0B

MAaTeMaTUYCCKOro MoACINPOBAHUA, KOMMCPUYCCKUX CUMYJIATOPOB U ITAKCTOB

P8 | mpuknaanpix mporpamm, B o0jmactu  pecypcodPPEKTUBHOCTH H
MHKUHUPUHTAa  HedTerazomnepepadbaThlBalOIUX U HEPTEXUMHUECKUX
MIPOU3BOJICTB
PazpabatpiBaTh y4yeOHO-METOIUYECKYIO JOKYMEHTAIUMIO, CTaBUTh HOBBIC

- nabopaTopHble pabOTHI, MPOBOAWTH MPAKTHYECKUE 3aHATHA 110 TEME,

pecypcoddHEeKTUBHOCTH U MHKUHUPHUHTA HedTerazonepepadaThIBaAIOMIUX U

He(l)TeXI/IMI/I'-IeCKI/IX IMPON3BOACTB




Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepannn
denepanbHOE rocy1apCTBEHHOE aBTOHOMHOE 00Pa30BaTENbHOE YUPEXKICHUE
BBICIIIETO TTPO(ECCHOHAILHOTO 00pa30BaHUS
«HAIIMOHAJIBHBIN UCCJIEJJOBATEJBCKHI
TOMCKHWHN NOJUTEXHUYECKWI YHUBEPCUTET»

[lkona  WH)KEHEpHas LIKOJIa IPUPOJIHBIX PECYPCOB
Hanpasienue noaroToBku (CrenuagbHOCTh) «DHEPro- U pecypcocbeperaromiye mpouecchl B
XUMHUYECKON TEXHOJIOTUU, HEPTEXUMUU U OUOTEXHOJIOTUN

Otnenenne mxkonbl (HOLL) —— XuMHYeCKOW MHKEHEPHUH

YTBEPX/AIO:
PykoBoautens OOIL
Cambopckas M.A.

(IMonmuces)  (Hara) (®.1.0.)

3AJJAHUE
HAa BbINIOJIHEHHE BbIIIYCKHOH KBAJIN(PUKALNOHHOI padoThl
B dopwme:

Maructepckoii qucceprauuu

(bakanaBpcKoil paboTHI, AUIIOMHOTO MIPOEKTa/paboThl, MATUCTEPCKOM IUCCEPTALINH)

CryneHty:

I'pynna DPUO

2KM71 PsibxoBoit Harasnibe Uropesne

Tewma paboThL:

MoaenupoBaHue MPoHeccoB 00€3BOKMBAHUA U 00€CCOTMBAHNUS NTPU MPOMBICJIOBOM
NMOAr0TOBKE He(hTH

VTBepiKAeHa IPUKA30M AUPEKTOpa (1aTa, HOMEp) 1132/c ot 13.02.2019r.
CpoK c1a4d CTYIGHTOM BBITIOJTHEHHOH paboThI: 30.05.2019r.
TEXHUYECKOE 3AJIAHUE:

Hcxoanblie 1aHHbIE K padoTe
(Haumenosanue 06beKma UcCIed08aHUsL ULU
NPOEKMUPOSAHUL; NPOUZBOOUMENLHOCTb UL
Hazpy3Ka, pedxicum pabomol (HenpepvleHbill,
NepuUoOUHecKUll, YUKIUYECKUl U m. 0.); 8UO CbiPbs

uzoenuro unu npoyeccy; ocobvle mpebdo8aHus K Hequu
0COOEHHOCMAM PYHKYUOHUPOBAHUS (IKCIIYAmAayuiL)
o0b6vexma unu uzoenus 6 niane be3onacnocmu
IKCHAYAMAYUY, 6IUAHUA HA OKPYIHCAIOWYIO CPEDY,
OHEP203ampPamam,; SKOHOMUYECKUll anaus u m. 0.).

Du3uxo-xumudeckue CeouUcmeda Hequu; npoyeccsl u
unu mamepuan usoenus, mpebdo8aHus K nPOOYKmy, mexnoJjiocusl yCmaHO6KU npo.fl/lblC]lOGOZZ no02omosKu

NPOEKTHPOBAHUIO U Pa3PaboTKe U mexamusm  npoyecca  00e380X4CUBANHUS

(ananumuyeckuii 0030p NO AUMEPAMYPHBIM
UCTOYHUKAM C YEbI0 8bIACHEHUS. O0CMUNCEHUL
MUPOBOL HAYKU MEXHUKU 8 PACCMAMPUBAEMOT 00€38024CUBAHUSL u obecconusanus

obnacmu; NOCMAHOBKA 3A0ayU UCCIEO08AHUS, np0MblC]ZO60L7 noo20mogKe Hequu.

NpoeKmupo8anus, KOHCMPYUPOBAHUsL, COOePIAICAHUE 2 Obbekmbl U Memodbl UCCAeO08a s
npoyeoypsl UCCIe008aHUA, NPOEKMUPOBAHUS, ’ ’

KOHCIMPYUpo8anust;, 00CyicoeHue pe3yibmamos
8bINONHEHHOU pabombl; HAUMEHO8aHUe

Ilepevens nogaexamux uceaegosanuio, | 1. Jlumepamypnouii 0630p; Texnonozuueckue ocHogul

Bompocos obecconueanuss Hepmu 6 INEKMPUYECKOM HoJe.
Obopydosanue. Memoouku pacuema npoyeccos




OONONHUMENLHBIX PA30€N08, NOONEHCAUUX
paspabomke; 3axknoyenue no pabome).

5.
6.

Hepmsanas IMYNIbCUSA Mamonmosckoeo
MeCmopo*CcOeHUsl, MexXHOI02UYeCcKas cxema
VCMAHOBKU NPOMBLCTI080L NOO2OMOBKU Hemu.
Mamemamuueckoe mooenruposanue
Pacuemut u ananumuxa;
3.1 Onucanue mamemamuyeckoii mooenu,
3.2 Mooepnuzayus mooenu u npocpammul pacuema,
3.3 Ilpogedenue uccnedosaHull BIUAHUS
MEXHONIOSUNECKUX NAPAMEMPO8 HA Npoyecc
06e3800cu8aHusl U 0becconusanus  Heghmu
Mamonmoeckozo mecmoposcoenus u aHau3
pe3yrbmamos;
DQunancoeswiil MEHeOHCMEHM,
pecypcoappexmusrHocms u pecypcocoepedicenue;
Coyuanvhas omeemcmeeHHOCMb,
3axniouenue.

Ilepeyenrb rpapuyeckoro Mmarepuaa

(c moyHvIM yKazaHuem o0A3amenbHbIX Yepmedicell)

Texnonozuueckas cxema, UCXo0OHble OaHHble - 1.
Mamemamuueckas mooenv — 1 i;
Peszynomamot nposedennozo ucciedosanusi — 3 1.

(c ykazanuem pazoenos)

KOHcy.]'IbTaHTI)I o pasaejiam BLIHyCKHOﬁ KBaJ’[H(l)HKaIIHOHHOﬁ paGOTBI

Paznen

KoHcyabTaHT

U pecypcocOepekeHIe)

«DUHAHCOBBI MEHEKMEHT, PecypcodPPeKTHBHOCTh

Kpununpina 305 BacuibeBHa

«ComnmanbHasi OTBETCTBEHHOCTD)

CotHukoBa AHHa AJIEKCaHAPOBHA

MNHOCTpaHHBIN S3BIK

MaxkapoBckux Anekcanjipa BukropoBHa

JlaTa BbI1a4u 3aJaHMA HA BbINOJIHEHHE BbINYCKHOM 11.03. 2019 r
KBAJTH(UKANMOHHOI PadoThI MO JTUHEITHOMY rpaduky R '
3ananne BT PYKOBOJHUTENb:
JL0JIKHOCTh [0d (0] Vaenast crenenr, Moanucy Jara
3BaHHE
o K.T.H.,
JloueHT Moiizec Onbra E¢prumoHa 11.03.2019r.
JOLIEHT
3a11aH1/Ie IIPUHAI K UCIIOJTHCHUIO CTYJCHT:
I'pynna DPUO Hoanuck Jara
2KM71 Ps6koBa Hatanes Uropesna 11.03.2019 .




_ 3AAHME JUISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHHUE»
Crygnenry:
I'pynna DPUO
2KM71 Ps6xoBoii Haranse Uropesne
p
IIkona NP Ortnenenne mkoasl (HOL) XHMHYECKOH HHKEeHEePUH
18.04.02 Duepro- u pecypcocOeperarome
637 POBEHD Maructparyp Hanpasienue/ p P ypu p Hl
oGpazoBann . CTCUHATLHOCTS MPOLIECCHl B XUMUYECKON TEXHOJIOTUH,
" He(TexuMun U OMOTEXHOJIOTUHU

Hcxoanbie naHHble K pasaeny «PHHAHCOBBLIM MeHEIKMEHT, pecypco3(p(PeKTHUBHOCTH H
pecypcocOepekeHne»:

1. Croumocth pecypcoB HayqHoro uccienoanus (HIN):
MaTepUabHO-TEXHUUYECKUX, JHEPIreTHYECKHUX,
(bMHAHCOBBIX, HTHPOPMAIIMOHHBIX M YEJIOBEUECKHX

bromker 3arpar HUW cocraBmser 229332,52
pyOneit

2. HopMbl U1 HOpMATHBBI PACX0JI0BaHHS PECYPCOB

OTYHKCIICHUS HA COIHAIbHBIC CTyXO0bI 27,1%
coctapisor: 10328,4 pyOuneii.

Hepeqeﬂb BOIIPOCOB, NOJJIC/KAINMUX HCCICTOBAHUI0, IPOCKTHPOBAHHUIO paspaﬁoTKe:

HTU

1. OueHka KOMMEPYECKOT0 1 MHHOBAIIMOHHOTO MOTEHIIHAIA

[TepcnektuBrocts HUP cpennsis.

3aKYIOK

2. TlnmarupoBanwme npomuecca ynpasienus HTU: ctpykrypa u
rpaduK IpOBEAEHUs, OI0KET, PUCKH M OPTAHU3ALI

CocraBiieH KaJCHIapHBIN IUTaH-TpaduK
npoBenenuss HUWP. PacmmanmpoBan  Oromxer
MIPOCKTA.

3. OmpenencHue pecypcHOH, (HPHHAHCOBOH, SKOHOMHUIECKOM
3¢ PEKTHBHOCTH

CpaBaurenbHas 3(dekTuBHOCT  pa3paboTKH
cocrtasuia 1,086

Ilepevenb rpaduuecKoro MaTepPHAaIa (c TOYHEIM yKa3aHUEM 0613aTeTbHEIX YepTeskei):

. CerMeHTHpOBaHI/Ie PbIHKaA

. Jnarpamma McukaBbl

. OreHKa KOHKYPEHTOCTIOCOOHOCTH TEXHUUCCKUX PEIICHUN

. I'padux nposenenns u 6romxer HTU

Opranu3anoHHasl CTPYKTypa NMPOeKTa

4. Crenens TOTOBHOCTH HAYYHOTO MPOEKTA K KOMMEPIHATH3AINN
6. Orenka pecypcHoii, (pMHAHCOBOI 1 FKOHOMUYECKOiT ddpexTuBHOCcTH HTU

‘ JaTa BbI1auu 3a1aHusA JJIA pa3jiesia no JuHeiHoMy rpaduxy ‘

3agaHue BbI1aJ KOHCYJIbTAHT:

‘Y4enasi cTeneHs,

J0/KHOCTH (1% (0] - Moanucey JlaTa
Kpununeina 3os
Jouent K.T.H.
BacunbeBHa
3ajaHne NPUHSAJ K MCIIOJHEHUIO CTY/ICHT:
I'pynna ®UO Moamucs Jara
2KM71 Ps6koBa Hatanbst ropeBHa




3AJJAHUE JIJISI PA3JIEJIA
«COLUAJIBHASI OTBETCTBEHHOCTb»

CryneHry:
'pynna DPUO
2KM71 PsioxoBoit Haranbe UropesHe
Hxona UHIIIP Otnesienne mkoabl (HOILI) XuUMHYeCKO# HHKEeHePUH
18.04.02 DHepro- u
ecypcocOeperaroriye mporecchl B
Yposens, MarI/ICTpaTypa HanpasJienne/cneuuajbHOCTh peeyp o p m pon
obpasoBanus XHUMHUYECCKOHU TCXHOJIOI'MH, HC(bTeXI/IMI/II/I
1 OMOTEXHOJIOTHH

I/ICXOZ[HLIC AAaHHBIC K pasaejry «ConuajabHasi OTBETCTBEHHOCTD |

cpenbl

1. Ommcanne pabodero mecra (paboueii 30HHI,
TEXHOJIOTHUECKOTO MPOIiecca, MEXaHUIECKOTO
000pyoBaHuUs1) Ha IPEAMET BOSHUKHOBEHUS:

— BpEIHBIX NPOSBICHUN (AKTOPOB MPOU3BOICTBEHHON

(MeTeoycIIOBUS1, BpEHbIE BEIIECTBA, OCBEILCHHUE, [IIyMBl,
BUOpAINH, 3JIEKTPOMArHUTHBIE TI0JISl, HOHU3UPYIOIINE
W3JITYICHU)

— OTACHBIX NPOSIBICHUH (PaKTOPOB MPOU3BOACTBEHHON
cpenbl (MEXaHHYECKOH IPUPOIBI, TEPMHIECKOTO
XapakTepa, JIEKTPUUECKOH, MOKAPHOU U B3pbIBHOU
TIPUPOIBI)

— HEraTHBHOTO BO3EHCTBHUS HA OKPYKAIOIIYIO IIPUPOAHYIO
cpeny (atmocdepy, rugpochepy, 1urochepy)

— Upe3BBIYAWHBIX CUTYalUi (TEXHOT€HHOTO, CTUXHHHOTO,
9KOJIOTMYECKOTO M COIIMAIBHOTO XapakTepa)

OOBEKTOM HCCIEIOBaHUS SBISIETCS TIPOIec
00e3BOKMBaHHA U 00€CCONNBaHUS HEPTH.
OKcnepuMeHTalIbHAs 9acTh PadOTHI BeJlach Ha
I[IK. PaGoyee w™ecTto — CTaIlOHAPHOE,
000pyI0BaHHOE KOMIIBIOTEPOM.

Pabouass 30Ha - ayumuTopus, KOTOpas
000pyIOBaHHAsI CHCTEMaMH OTOILICHUS,
KOHAUITUOHHUPOBAHUA BO3ayXa u
C€CTECCTBCHHBIM u HNCKYCCTBCHHBIM
OCBCILICHHUEM.

Ob6nacth MIPUMEHEHUS -
HedTenepepadaTpBatoLIas
HPOMBIIIJICHHOCTb.

10 TCMC

2. HepequL 3daKOHOAATCJIbHBIX U HOPMATHUBHBIX TOKYMCHTOB

Hepeqeﬂb BOIIPOCOB, MOAJICKAINMUX UCCIICA0BAHUIO,

MPOEKTHPOBAHMIO H Pa3padoTKe:

1.IIpaBoBBIE M OpraHU3AIMOHHBIE BOIPOCH 00ECICYSHUS

6e3omacHocTH:

— cHenuanbHbIe (XapakTepHBbIe AT IPOSKTHPYEMOH
paboueii 30HBI) IPaBOBbIE HOPMBI TPYIOBOTO

3aKOHO/aTEIbCTBA;

— OpraHu3alMOHHbIE MEPONPHUSITHUS IPU KOMIIOHOBKE

paboueii 30HBI

K  HOpMaTWBHBIM  aKTaM, pEryJHpYIOIINAM
BOIIPOCBHI OXPaHbl TPyda, B IEPBYK O4YEpEnb
otHocuTtcsi  TpymoBoit  komekc  Poccuiickoi
ODenepanun. s obecrieueHus 6€30MacHOCTH Ha
pabouem MecTe HEOOXOIUMO PYKOBOJICTBOBATHCS
CaHUTAapHBIMU HOpPMaMW HW TMpaBUIIAMHU. I[J'IH
CHIDKEHUSI BPETHOTO BO3IEHCTBUS XMMHYECKHX
(akTOpoB pabOTHUKAM IMPOMU3BOJICTBA BBIJAETCS
MOJIOKO THTheBOe B KommuectBe 0,5 nuTpa 3a
CMEHy JuIi  BBIBEJCGHHS W3  OpraHm3Ma
TOKCHUYECKHX BEIIECTB.

I'OCT 12.1.038-82

I'OCT 12.1.045-84

I'OCT 12.2.003-91

I'OCT 12.2.061-81.

CIT1 60.13330.2012

CanlluH 2.2.1/2.1.1.1278-03

CaulluH 2.2.4.548-96,

CanlluH 2.2.4.1191-03,

CanlluH 2.6.1.1015-01;

CanlluH 2.2.2/2.4.1340-083;

CanlluH 2.2.4/2.1.8.055-96, wuHCTpyKuMs TI0
oxpane Tpyzaa npu padote Ha ITK

2. HpOI/ISBO,HCTBCHHaSI 0€e30IaCHOCTD:

2.1 B mOpou3sBOJACTBEHHOH cpeae M MpH
MIPUMEHEHUN BBIUHCIIUTENIHON TEXHUKN




a. Amnanu3 BBISIBJICHHBIX BpEAHBIX (hakropoB
MPOEKTUPYEMO TMPOU3BOACTBEHHONW CpEIbl B CIEAYIOIIEH
ITOCTIEIOBATENbHOCTH:

— (m3HKO-XUMHUYECKas INPHPOJAa BPEIHOCTH, e€ CBA3b C
pa3pabaTbIBaeMOii TEMO1i;

— neiictBHe (hakTOpa Ha OPraHHM3M YeJIOBEKa;

— DpHBEACHHE JONYCTHMBIX HOPM C  HEoOXOAHMMOi
Pa3MEpPHOCTBIO  (CO  CCBUIKOM Ha COOTBETCTBYIOLIMIA
HOPMaTHBHO-TEXHUYECKHH JTOKYMEHT);

— IpeaJyiaraéMble CPeJCTBA 3allUThI

(cHauana KOJUIEKTHBHOU 3aIINTHI, 3aTeM -
WHJIMBHyaJIbHbIE 3aIIIUTHBIEC CPEJICTBA)
b. Amnanus BEISIBIICHHBIX OTIaCHBIX (hakTopoB
NIPOEKTUPYEMOM  NPOU3BENEHHOW cpeapl B CIEAYIOLIEH
MIOCJIEI0BATENLHOCTH

— MEXaHWYECKHE ONACHOCTH (MCTOYHHKH, CPE/ICTBA 3AIINTHI;

— TEePMHYECKHE OIAaCHOCTH (MCTOYHUKH, CPEIICTBA 3AIIHTHI);

—  3IEeKTpo0e30MacHOCTh (B T.4. CTATHYECKOE AIEKTPHUECTBRO,
MOJIHHE3alIUTa — HCTOYHHUKH, CPEJICTBA 3aLIHTHI);

M0XapOB3PHIBOOE30MACHOCTh  (IPUYHMHBI, MPOPHUIAKTHUECKHIE
MEpONPUATHS, TIEPBUUHBIE CPEACTBA MOKAPOTYIICHHU)

BEPOSATHO BO3JCIHCTBUE CICAYIOIIUX BPEIHBIX
(hakTopoB:

— OCBellIeHHe

- myMm;

—  DJIEKTPOMATHUTHBIE U3TYUCHHS,

— MHUKpPOKITUMAT,

— BpEIHbIC BEIECTBA,;

— 3PUTENFHOEC HANPSKCHUE,

— MOHOTOHHOCTb TPY/OBOI'0 MPOLECCa;

— HEPBHO-3MOIIMOHAJILHBIC IEPETPY3KH;

2.2 Bpemnele BemecTBa. Ha  ycraHOBKe
obecconrBaHus U 00€3BOKUBAHUS MIPUCYTCTBYIOT
BpEIHBIC BELIECTBA TAKHE, KaK:

— CepoBOAOPO,

— aMMHaK,

— OKHCh YTJIeposa,

- MDA,

— Tapsl He(YTETIPOAYKTOB U T.JI.

Cpencrsa 3aLINTHI: XJIOITYaTOOyMaXKHbIE
KOCTKOMBI, 3allIUTHBIC OYKH, OOTHUHKU KOXXaHBbIC,
nepyaTK GUIBTPYIOIINE IPOTUBOTA3bl, KacKa.

K onacHbIM pakTOpaMm OTHOCSATCS:

— TOPIOYECTD, B3PBIBOOIIACHOCTh u
TOKCHYHOCTh BEIIECTB, INPHUMEHIEMBIX U
MOTy9aeMbIX HA YCTaHOBKE;

— HaJW4YUe JJIEKTPOTEXHUUYECKUX YCTPOMUCTB
BBICOKOTO HaIIPSDKCHNS;

MPEBLINICHUE TOKCUYHBIX BEIICCTB B BO3AYXE
paboueii 30HBL

3. Dkosornyeckasi 0€30M1aCHOCTb!

— 3almTa CeNUTeOHOH 30HBI

— aHanm3 Bo3jeicTBUA 00bekTa Ha aTMocdepy (BHIOPOCHI);

— aHanu3 Bo3zeicTBUs 00bekTa Ha ruzpocdepy (cOpock);

— aHanu3 Bo3zeicTBUs 00beKTa Ha iutocdepy (0TXO0bl);

— paspabortaTh pemeHHus M0 00ECIEeYeHUI0 KOJIOTHUECKON
OesomacHocTH co cchuikamu Ha HTJl mo oxpane
OKpYXKalomIel cpepl.

OCHOBHBIMHU ~ 3arpsI3HUTEISIMH  aTMOc(epsl Ha
IMPOU3BOJACTBE ABJIAIOTCA:

— CepoBojgopon;

— Awmwmmuak;

— Oxkcup yranepona(Il);

— VYrneBonopoasl.

— Tlapsr HEPTEPOXYKTOB
[oBpImieHUst  9KOJNOTHYECKOH  0e30macHOCTH
MOKHO IOCTHTHYTH ITyTeM CHIDKEHUS BBIOPOCOB
BO BpEMs JKCIUTyaTally 3a CYET HCIIONb30BaHUS

YILy4ILEHHBIX GUIBTPALIMOHHBIX u
OYHUCTUTEIIBHBIX ~ COOPYXCHMM,  yBEIUYCHMS
CropaHMsi TOpPHYMX KOMIIOHEHTOB, C IIOMOIIBIO
CIIeIUAJIbHBIX (bopcyHok B TOIIOYHBIX
YCTpOIHCTBaXx, HCIIOJIb30BAHUE apoB

HE(TENPOAYKTOB B KAaueCTBE CHIPhS B JAPYIHX
HE(PTEXMMHYCCKIX TIPOLIECCAX;

PaboTaromuii KOMITBIOTEp YMEHBIIAET BIAKHOCTh
Bozayxa. Kommiekryromue ITIK Ha 90% cocrost
W3 XHMHKAaTOB, OIIACHO BO3JCHCTBYIOIIMX Ha
9KOJIOTHIO. Hcnonb3oBanue MaKyJIaTypbl
103BOJISIET SKOHOMHUTH APEBECHHY.

4.be30nacHOCTb B Ype3BBIYANHBIX CUTYAIMAX:

— mnepedeHb BO3MOXKHBIX YC Ha 00beKTe;

— BBIOOp Hambonee TunmgHOH UC;

— pa3paboTKa MPEBEHTHBHBIX Mep IO MPEAYNIPEKICHNIO
(0K

— pa3paboTka Mep MO HOBBIIICHUIO YCTOMIMBOCTH OOBEKTa
K mannoi YC;

— paspabotka JeiicTBuii B pe3ynbrare Bo3Hukmeid YC u mep
1O JIMKBUJAIMHU €€ MOCIEICTBUM

BozaukHoBenne UC, TpeOyromux obecredeHue
3JIEKTPO- U T0KAPOB3PHIBOOE30MIACHOCTH Ha
pabodem mecre.
Iepeuens Bo3moxHBIX UC:

—  Toxap;

— B3pBIB;

— po3nuB

MIPOU3BOJICTBA;

HpOHYKTOB/KOMHOHCHTOB




Jns  obecnieyennst 0e30MacHOM SKCIUTyaTaLUH
YCTAaHOBKM  TPEAYCMOTPEHA  paIMOHAJIbHAs
TEXHOJIOTHYECKass  CXeMa C  KOMIUICKCHOM
aBTOMATH3alMEH TEXHOJIOTHYECKOTO IIpoIlecca,
MO3BOJISAIOIIAsT 00ECTIEYNTh €r0 HENPEPHIBHOCTD U
cTabmpHy0 paboTy 000pyIOBaHHUS.
[Ipenycmotpeno OTKJIIOYEHHE
3IEKTPO00OPYOBAHUS CO LIUTA ONEPATOPHOM.

\ JlaTa BpI1a4u 3aiaHus VIl pa3jiesia 1no JuHeiiHoMy rpaguky

3ananue BbIIaJ KOHCYJIbTAHT:

J0KHOCTH (1% (0] Yuenas crenens, Moanuch Jara
3BaHHUE
CoruukoBa AHHA
Accucrenr
AJeKkcaH/IpoBHA
3aiaHue NPUHSJ K MCIIOJTHEHUIO CTYIeHT:
I'pynna (0] 7 (0] Hoamuch Hdarta
2KM71 Ps6xoBa Hatanes Uropesna




PE®EPAT

Beinmycknas kBanudukannonnas pabora 110 c., 33 pwuc., 27 Tabn., 47
WMCTOYHUKOB, 3 TIPHIL

KittoueBbie cnoBa: BOJOHEPTSIHASI SMYIIbCHS, JEIMYIIBraTop, MaTeMaTHYECKOE
MOJICTTUPOBAaHUE, IPOMBICIIOBAS MTOATOTOBKA HEPTH, 00€3BOKHBAHHIE, 00ECCOTMBAHUE.

OOBEKTOM HCCIIECNOBAHUS SIBISIOTCS HEPTSHAS SMYIbcUs MaMOHTOBCKOTO
MECTOPOXKICHHSI, TEXHOJIOTMUYECKas CXeMa YCTAaHOBKH IPOMBICIIOBOM MOATOTOBKU
He(TH.

Lenbto qaHHON pabOTHI SBISETCS: UCCIIEIOBAaHUE TMPOIIECCOB 00E3BOKMUBAHUS
U 00eccoMuMBaHUS TIPU TPOMBICIIOBOM MOATOTOBKM HEPTH MaMOHTOBCKOIO
MECTOPOXKACHHS C MPUMEHEHHEM MOJIEITUPYIONIEH CUCTEMBI.

JIJist TOCTH>KEHUS 1€ TOJDKHBI OBITh PEIIEHbI CIIETYIOIINE 3aauH:

—  aHaJM3 TEXHOJOTUU MPOMBICIOBOMN MOATOTOBKH HeTU MaMOHTOBCKOIO
MECTOPOKICHHUS;

—  00paboTKa 3KCIEPUMEHTAIbHBIX JIaHHBIX;

—  pa3paboTKa pacyeTHOW CXEMBbI U MOJCPHU3AIUS TPOrPAMMBI PacUeTa;

—  TPOBEJICHHUE MCCIICIOBAHUN BIIMSHUS TEXHOJIOTMUYECKHX MapaMeTpoB Ha
MIPOIIECCHI 00E3BOKUBAHUS M 00€CCOTMBAHUS TTPH MTPOMBICIIOBOM MTOATOTOBKE HE(TH C
MPUMEHEHUEM MOJICTIUPYIOIIEH CUCTEMBI.

B mpomecce paboThl BBINOTHEH aHANU3 TEXHOJOTUH MaMOHTOBCKOTO
MECTOPOXKACHHSA, 00pabOTaHbI  AKCIIEPUMCHTAIbHBIC  JaHHBIC,  BBITOJTHCHBI
WCCJICIOBAHMS BJIMSHUS TEXHOJIOTMUYECKHX IMapaMeTpoB: TEeMIEpaTyphl M pacxoja
HeTH Ha TIpPolecChl OO0E3BOKMBAHHWSA M OOCCCONMBAHUS TIPH IMPOMBICIOBOM
MOATOTOBKE HE()TH C MPUMEHEHUEM MOJICTUPYIOIICH CHCTEMBI.

OO6snacTh MPUMEHEHUS: HA OCHOBAHUM aHAJIM3a MPOBEIECHHBIX UCCIEIOBAHUIM
MOTYT OBITh JaHbl peKOMEHAAIMU 10 A(PGEKTUBHOMY MPOBEJACHUIO MPOIIECCOB
paszieieHus BOJOHE(PTSHBIX 3IMYIbCUN, PE3yIbTaThl HCCICIOBAHUA MOTYT OBIThH
MIPUMEHEHBI B TIPAKTUKE Pa0OT YCTAHOBOK MTPOMBICIIOBOM MOATOTOBKY HE(DTH, a TAKKE

B y4eOHOM MIPOIIECCE MPH BBIMIOJHEHUH JIAOOPATOPHBIX U KYPCOBBIX padoT.
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DKOHOMHUYECKAs 3HAUNMOCTH pa6OTBII aHaJIn3 MCPCICKTUBHOCTH IMTPOBCACHUS
HAayYHBIX I/ICCJ'IGI[OBaHI/II\/II ImoxKasaja, 4To pa60Ta CUMTAETCS 3HAUMMOMN C O3

(dbuHaHCOBOH U pecypcHON A(DPEKTUBHOCTH.
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OBO3HAYEHUSA U COKPAILIEHUSA
L{ITITH — 1iex moAroTOBKY U MepeKaduku HePTH
VIIH — ycraHoBKa NOATOTOBKH HEPTHU
VIICB — ycTaHOBKa IpeBAPUTEIHHOTO cOpOCca BOJIbI
VIIOI" — ycTraHoBKa mpeABapUTEIbHOIO 0TOOpa raza
KCY — koH1eBas cenapalioHHasl yCTaHOBKa
PBC — pe3epByap BepTUKAIBHBIN CTAIBHON
OI" — snekTpoaeruapaTop
HJIC — HedTsaHbIE TUCTIEPCHBIE CUCTEMBI
ITAB — noBepXHOCTHO-aKTUBHBIE BEIIECTBA
VYTIIH — ycTaHOBKa TOBapHOU MOJATOTOBKH HEPTH
CI' — cenapaTop ra3oBblii
MC — Moaenupyroias cucteMa
HUOKP — nayuno-uccienoBaTeIbCK1e U OMBITHO-KOHCTPYKTOPCKUE PabOTHI
HTH — Hay4yHO-TEXHUYECKOE UCCIIETOBAHNE
HUP — nayuno-uccnenoBarensckas pa3padoTKa
NCP — uepapxuueckas CTpyKTypa padoT
[TJIK — npenesbHO J0omyCcTUMAast KOHLIEHTPALUA
CU3 — cpeacTBa MHAWBUIYATLHOM 3aIIUTHI
CBUY u3nyudeHune — CBEpXYaCTOTHOE U3IIyUEHNE
OMMU — 31€KTPOMArHUTHOE U3TyUYEHHE
OBM — 371eKTPOHHO-BBIYUCIUTEIbHBIE MAITUHBI
OMII — 351eKTpOMarHuTHOE MOJIE

UC — ype3BbluaiiHasi CUTYyaIus
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BBEJIEHUE

C yBeIMYEHHEM IIUTENBHOCTU SKCIUTyaTallid MECTOPOKJICHUS YBEIUYHBAETCS
U OOBOJHEHHOCTh HEPTH U pPAHO WM TMO3JHO He(PTsAHAs CKBaXXMHA HAYMHACT
MPOU3BOIUTH BCE OONBIIMK MPOLEHT BOAB.. HeoOXoAuMo yAaauTh 3Ty BOAY IMyTEM
AeTUpaTaluy UM 00eCCOTUBaHUSI.

VYXe [aBHO CTaHIApTHOM NPAKTUKOW SIBISETCI COOTBETCTBUE He(PTH
TpeOOBaHUSAM, YTOOBI COIEp)KaHNE IPUMECEH M BOJbI OBLIO CHIKEHO JI0 3HAUCHUS, HE
IPEBBIIAIOIIETO YCTAHOBJIECHHBIA HEOOIBIION MPOLIEHT J0 TOTO, KaK HE(PTH MOCTYIIUT B
CUCTEMY TPYOOIIPOBOJHOIO TPAHCIIOPTA JIJIs HOCIEAYIOIEN OCTaBKH Ha 3KkcnopT. Takoe
CHIW)KEHUE COAEpKaHWsi HEoOXOJMMO Kak i MUHUMHU3ALUU  [OBPEXKICHUM
TpyOoIpoBoJa U 00OpYyIOBaHUs, HapUMeEp, B pe3yibTaTe KOPpPO3UU U aOpa3sMBHOTO
M3HOCA, TaK M i1 MUHUMHU3AIUU SKOHOMHUYECKHUX IOTEPb, BO3HHUKAIOIIUX MPHU
TPAHCIIOPTUPOBKE U OOpabOTKE HE HEPTSIHBIX KOMIOHEHTOB. XOTsS TpeOOBaHMS
BapbUPYIOTCS B 3aBUCUMOCTH OT MECTHOCTH U He(TernepepadaThIBAIOIINX 3aBOJIOB, B
Oo0IIMX TEXHUYECKUX YCIOBUAX IMPOMHUCAHBbl MOKAa3aTeId MacCOBOW JOJU BOJbI U
MeXaHU4eCKuX npumeceit [1].

C TeueHueM BpeMeHH OOJiee OCTPO CTAHOBHUTCS MpoOjeMa MOATOTOBKU HE(PTH.
Haunbonee nelicTBEHHbIM CIIOCOOOM SIBIISIETCS BO3ACHCTBUE HA HEPThH AJIEKTPUUECKOTO
noyisi. B cBOro odepenp Maremarnueckassh MOJENIb I03BOJISIET POTHO3UPOBATH
3¢ (PEeKTUBHOCTD pa3eneHust BOJIOHE(DTIHON IMYIIbCUU.

Hayunas nosusna pabomei: MoAepHU3aLMs MaTeMaTHMYECKOHM MoAenu W
aganTamus e€ K TEeXHOJOTMU KOHKPETHOTO MECTOPOKIEHHUS, a TAKKE KOPPEKTHPOBKA
MpOrpamMMBbl pacyeTa MpoLecCOB 00E3BOKMUBAHUS U 00ECCOIMBAHUS MPU MTPOMBICIOBOM
MOATOTOBKA HE(PTH, TpOorHo3upoBaHue IGOHEKTUBHBIX PEKUMOB HJisi TMPOBEIACHUS

IIpoHeCCoOB OTACICHHA BOAbI.
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1 JUTEPATYPHBI OB30P

OMyNbCUU CHIPON HEPTH U BOJIBI MO’KHO BCTPETUTH Ha MHOTHX 3Talax: BO BpeMs
OypeHusi, 100BIUU, TPAHCTIOPTUPOBKH U MepepabOTKH ChIPO HEPTH, a TAK:KE BO MHOTUX
MeCTaX, TaKUX KaK YIJIE€BOJOPOIHBIC TUIACTHI, CKBAKWHBI, HA3€MHBIE COOPYXKECHHUS,
TPaHCIOPTHBIE cHUCTeMbl M HedTemnepepabarbiBaromye 3aBojabl. Boma wimm paccon
O0OBIYHO COMPOBOXKIAIOT CHIPYIO HEPTH BO BpeMsl €€ u3BieueHus u3 miacta. KonnyectBo
BOJHOM (ha3bl, COMPOBOXKAAIOMIEH HE(PTh, MOXKET BapbHpPOBAThCS OT ciena 0 OYEHb
OOJNBIIOTO MPOIIEHTa OT Bcel J100bIBaeMOW KUAKOCTH. WM3-3a eCTEeCTBEHHOTO
NPUCYTCTBUSL SMYJIBraTOPOB OOJbINas 4acTh BOAHOW (hasbl, moiydyaeMoil ¢ HedTblo,
AMYJIBTUPYETCS B HEM, 00pa3ys cTaOUIIbHbIE 3MYJIBCUU TUIIA BOAA B HEPTH.

Yacte BOABI, Ha3zbiBaeMasi CBOOOJHOM, JIETKO OTAENSAETCS OT ChIpOH IO
JCHCTBHEM CHIIBI TSHDKECTH, MOKa CKOPOCTh JKUIAKOCTH JOCTaTOYHO Maja. OcTaBmascs
no0bIBaeMast Boia TECHO CBsI3aHa C ChIpOM HEPTHIO B (OpME IMYIBCHUH, T.€. CTAOMIBHOM
JAHUCIICPCHH MEITKUX Kamelb OJHOM KHUKOCTH B ApYyrou [2].

DOMynbCcHs MOKET OBITH OTpeseNieHa KaK Helpo3payHasi, TeTeporeHHas cuctemMa
U3 JIByX HecMeluBawmommxca >kujnkux ¢a3z (Hedtb u Boma), rae oxHa u3z ¢as
AUCTIEpTUpOBaHa B APYrod B BHJE Kamelb MHUKPOCKOMMYECKOTO WU KOJUIOMIHOTO
pa3Mepa. Cy1iecTByeT J1Ba BUJa MPOCThIX SMYJIbCHl: He()Th B BoJE M BoJa B HE(TH, B
3aBHCHMOCTH OT TOT0, Kakas (pa3a coaepkuT karuid. bojee pacnpocTpanena aucnepcus
BOJIbI B HE()TU. DMyJIbcHM TUIA HEPTH B BoAe 00pa3yroTcs uzpeaka. OHM Ha3bIBAIOTCS
«OOpaTHBIMUY» B HE(TSIHON TTPOMBITIIIEHHOCTH.

OMyNbCUH, TOMYYEHHBIC TPHU TMEPEMEIINBAHUU YHCTHIX HECMEIINBAIOIIUXCS
KHUJKOCTEH, OUeHb HECTAOWJIbHBI U OBICTPO pacmajaroTcsi Ha o0ObemMHbIe (Pa3bl. Takue
AMYJIBCUU MOTYT ObITh CTAOMIIU3UPOBAHBI IyTEM J0OaBIEHUS TOBEPXHOCTHO-aKTUBHOTO
MaTepuasa, KOTOPBIN 3alIUIIAeT BHOBb OOPA30BaHHbBIE KAIUTH OT MIOBTOPHOTO CIUSHUS.
OMynbraTop MpelacTaBisieT co0oil MOBEPXHOCTHO-aKTHBHOE BELIECTBO, KOTOPOE
CIIOCOOCTBYET OOpa30BaHUIO JMYJIbCHM W CTA0WIM3allMd 32 CUYET COYCTAHUS
MOBEPXHOCTHOW AaKTHMBHOCTH M BO3MOXKHOTO OOpa30BaHHs CTPYKTYpbl Ha TPaHHIIC

pazzaena.
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1.1 IlpeanochblIKKU MPOLECCOB 00e3BOKMBAHUA U 00€CCOTMBAHUA

Boga nucneprupyetcst B BUie MEIKUX Kamesb B ChIpOil HePTH, a O0JbIIas YacTh
COJIEN pacTBOpSIETCS B Karuisix BoAbl. I[0CKOJIBKY BOJA SIBIISIETCSI COJIEBBIM HOCHUTENEM,
TEPMHHBI 00€3BOXKHBaHHE U 00€CCONMBAHUWE MCHOJB3YIOTCS KaK CHHOHHMBIL.
Haxonnenne noBepXHOCTHO-aKTUBHBIX MOJIEKYJ MU HEOPTaHUYECKUX TBEPABIX YACTULL U3
HEOUHUIIEHHOTO MaTepuasa Ha rpaHuIle pa3jena HeTh-BoJla MPUBOJUT K 00pa30BAHUIO
MEXaHWYECKM TIPOYHOM, IKECTKOW, BASKOYIPYIrOM 3aCTOMHOW IUIEHKH, KOTOpas
IPOTHBOCTOUT KaruieoOpasoBanuto [2,3]. [loaToMy JeaMyNbrUpOBaHHE SIBJISCTCS
BAKHBIM TPOMBIIUIEHHBIM MPOLECCOM, IJIABHBIM 00pa3oM, HCIOJb3YEMbIM IS
yAalleHusT BOABI M coyiel u3 cbipod Hedtn. Ha cerogHsmHuil AeHb CyIIECTBYET
HECKOJIbKO METOJIOB JJIsl YJIyULICHUs pa3/iejeHHs] 3MYJIbCUNA BOAa B HEPTH, TAKUX Kak
no0aBlIeHHEe XUMHUYECKOTo Aeamyibraropa [4], perynupoBka pH [5], rpaButanmonHoe
WM LIEHTPOOEXKHOE ocaxieHue [6], puibTpanus [ /], HarpeBaHUE U 3JIEKTPOCTATHUECKOE
nesMyasruposanue [8, 9].

Pazpymienne 5MynbCHM  SBISIETCA MHOTOCTAAUWHBIM MPOLIECCOM, KOTOPBIN
MOXET NPOUCXOJUTh U3-3a IMOJABJICHMS WIA YCWICHUS OJHOIO W3 SBICHUH,
ONpEeNeNsomuUX CcTaduiIbHOCTh. [Ipomeccsl 00€3BOXKMBaHUS MpPEAHA3HAYEHBI IS
YBEJIMYEHUS] CKOPOCTHU TIEPBOM CTAJMH; BCE OHU CBA3AHBI C (PU3MUECKUMHU U3MEHEHUSIMH,
TaKMMHU KaK HarpeB, KOTOPHIA yMEHBIIIAET BSI3KOCTh BHEIIHEH (pa3bl U, B HEKOTOPOU
CTENIEHU, YBEJIMUMUBAET PA3HUILY B IJIOTHOCTU MEXKY )KUAKOCTIMU. Jpyrum puznueckum
sabdexTom sBIAETCS BBEIEHUE OOJBIIOTO KOJIWYECTBA BHYTPEHHEW (a3bl, KaK MpHU
ONPECHEHUH, HAITPUMEDP, IJI1 YMEHBILIECHHS CPETHETO PACCTOSHUS, IPOMIEHHOTIO KaXK 101
Karuieu, Ipexkae 4eM OHa COIPUKOCHETCS ¢ Apyrou. [[ns yBennyeHns: BEpOATHOCTU WIN
CKOpPOCTH KOHTAaKTa W/WIM pa3Mepa Karejlb TaKKe€ MOTYT HCIOJIb30BAaThCS CUJIBL,
OTJINYHBIE OT €CTECTBEHHOW CHJIbI TSKECTH: MCKYCCTBEHHAS T'PAaBUTALMs C MOMOIIBIO
neHTpudyrupoBanus [5], KamwuisspHBIE CHJIBI B OCAJOYHBIX (uibTpax [6] wim
3JIEKTPOCTATUYCCKHE CHITBI B AJIeKTpoaeruapaTopax[7].

Metozn 3JeKTpOCTaTHYECKOTO JE3MYJIBIUPOBAHMS SBJISETCS OAHUM M3 CaMbIX

3 (PEKTHUBHBIX M CaMBIX IPOCTBHIX METOJIOB pa3/elICHHS. DJICKTPOCTATUUECKUE CHIIBI
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BBI3BIBAIOT CIIMSIHUE MEJIKUX Karellb BOJBI M X POCT B 00Jie€ KPYITHBIE KaIlid, KOTOPHIE
3aTe€M JIETKO MaJar0T MOJ ICWCTBHEM SJIEKTPOCTATHUECCKUX CHJI WA CUJIBI TSKECTH [ 8-
11].

OT10oT 3¢ (HEKTUBHBIN TPOIECC AEAIMYILIUPOBAHUS MOXKET OBITh JOCTUTHYT C
MOMOIIBIO TIOCTOSTHHOTO, IIEPEMEHHOT0 U UMITYJIbCHOTO TMOJI€H MOCTOSIHHOTO TOKA.

Paznuunbie MexaHu3Mbl ObUIM MPEUIOKEHBI JI0 CUX IOp, U HECKOJbKO
mapamMeTpoB OBUTM HM3yYCHBI JJIi OLICHKH YPOBHS pasneneHus. l3-3a MHOXecTBa
napamMeTpoB, KOTOpble HEOOXOJUMO UCCIIEN0BaTh, HAmpuMep, paboyue yCIIOBUS
(HampsiKeHUe, 4acToTa, TeMIepaTypa) U CBOMCTBA 3MYJbCHM (ILIOTHOCTb, BSI3KOCTb,
pa3Mep KarmuiM BOAbl, OOBOJHEHHOCTH), IIOJHOE YpaBHEHHUE CKOPOCTH, KOTOpPOE

YUUTBHIBAET BCE 3TU (HaKTOPHI, elie He ObLIO MPEICTaBIeHO [2].

1.2 Knaccudukanus MeTo 0B pa3pylieHUus1 IMYJIbCHIi
1.2.1 Xumuvecknii MeTo]

XUMUYECKUI METOJ MOApa3yMeBaeT MoJl CO00M MPUMEHEHHE AEIMYJIbraropa.
JIeaMyNbIUpYIOIINE XUMHUYECKHAE BEIIECTBA AHAJIOTUYHBI 3MYJbraropam (TO €CTh OHH
MMOBEPXHOCTHO-aKTUBHBI). J[eaMyIbraTopbl UMEIOT YETHIPE OCHOBHBIX JCHCTBUS:

1. BeiTecHeHHE W/WIIM HEUTpanM3allvds SMYJIbraropa, yXKe HaXOJSIIerocs Ha
MMOBEPXHOCTH pa3jielia Kamneib.

2. O®nokynsauus. OHM JOJDKHBI HEUTpPaIM30BaTh JIIOObIE OTTAJIKUBAIOIIME
ANEKTPUUECKHUE 3aPsIbl MEXKY PACCESTHHBIMHU KaIlJIIMU U, TAKUM 00pa3oM, MO3BOJIUTH
KaruisiM CONPUKAcaThCsl.

3. Cnusnaue. OHU JTOJDKHBI TO3BOJISATh MAJICHBKUM KarejabKaM OOBEAUHSATHCS B
Karuid, 10CTaTOYHO OOJIBINNE, YTOOBI OCECTh; ITO TPEOYET, UTOOBI TUICHKA, OKPYKAroIIas
1 CTaOUIIM3UPYIOIIas Karneiabku, Oblia pa3pylleHa.

4. CmaumBanve. OHU JOKHBI TPEAOTBpaniaTh (U3NYECKOe OJIOKUPOBAHHE
KOQJIECIICHIIMM MEJIKMX YaCTHUIl Ha TPAHUILIEC pa3zelia Kaneb.

Teopuu neWCTBUS N1€IMYJIBraTOPOB HEMOJHBI. OHU HE MOTYT OOBSICHUTH

KpalHIOI0 CHenu()UIHOCTh PA3THYHBIX TUIIOB XMMHUKATOB B KAaKOW-TMOO KOHKPETHOU
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cMmecH ceipoit Hedtu. Tem He MeHee, 1Ba 000011eHNs BepHBL. Bo-1iepBbIX, 3 PexTuBHBIC
J€3MYJIbraToOpbl HMEIOT BBICOKYIO MOJIEKYJSIPHYIO MaccCy, CPaBHHUMYIO C Maccoi
npupoanbsix ITAB. U, Bo-BTOpBIX, €CJIM OHU HCIIOJIB3YIOTCSl B KaUECTBE IMYJIBraTOPOB,
OHU UMEIOT TEHJICHIIMIO BBI3bIBATh AMYJIbCUU, IPOTHUBOIOIOKHBIE TIO TUITY.
TpaauunonHas TEOpHst O TOM, IOYEMY AEIMYJIbIaToOphl paboTaloT, 3aKIF0YAETCS
B TOM, YTO JEOMYJIBraTop «HEHTpalM3yeT» HMyJbraTop; APYTUMH CIOBaMH, IS
paspyluieHusl 3MYJIbCHH TpeOYyeTcs XHUMHUYECKOE BEIIECTBO, KOTOPOE OOBIYHO [JaeT
oOpaTHyto dMyJbcHio. [Ipyroe oObsICHEHHE COCTOUT B TOM, YTO J€IMYJIBIaTop JenacT
IJICHKY, OKPY>KaIOIIYI0 Karliio BOJIbI, OUeHb jkecTko. Korna kxarist Hedtu pacmmpsiercs
IIpU HArpEeBaHHM, IJICHKA pa3pbIiBaeTCs. B KauecTBe albTepHATHBBI, €CIH XUMHUYECKOE

BCIICCTBO IIPUBOJAUT K COKPAICHUIO IINICHKHU, JIJIA pa3pbiBa IIJICHKH HC Tpe6y€TC5I HarpcBs.

1.2.2 'paBUTALIMOHHOE OCAKIECHHE

['paBuUTallMOHHOE OCAXJACHHUE OOBIYHO JOCTUTaeTCs] B OTHOCHTEIHHO OOJBIINX
pe3epByapax [Jisi XpaHEHUsl, OTCTOMHHMKaxX U T.I., B KOTOpPhIX oOecreurnBaeTCs
HEO0O0XO0IMMOE BpEMSI TTOKOSI.

COpoc cBOOOAHOM BOABI MpEAHA3HAYEH JUIS YAAJICHUS TOJIBKO OOJIBIIOrO
mporieHTa cBoOoaHOM BoaBl. CBOOOMHAS BOAa - 3TO BOJA, KOTOpash NMEPEHOCUTCS B
MIPOU3BOIMMOM IOTOKE, HO HE AIMYJIbrupyeTcs B HedTtu. CBOOOIHASI BO/IA JIETKO OCEIACT
MeHee uyeM 3a 10-20 muHyT.

COpoc BOABI YACTO UCIIOIB3YETCS B COUCTAHHUH C IPYTUMH METOJAaMHU B KQ4eCTBE
MpEeBAPUTENILHOIO JTama WM MepBOro nJTama yaaideHus Bojabl. Ceipas HeDTh,
BBIXOJS1IIas U3 pe3epByapa, MOKeT coaepkarb oT 1 10 30-40% >MyIbrupOBaHHON BOJIBI.
OTH YCTPOWCTBAa MOTYT MCIIOJIB30BaTh WJIM HE HCMOJIb30BaTh MEPETrOPOAKU IS
HaIMpaBJICHHOTO MOTOKA Yepe3 YCTPOIMCTBO, a MHOT/IA MCIO0JIb30BaTh KOAJIECIUPYIOLINE
IJIACTUHBL. YacTO 3TO TOJBKO OTCTOMHHKY IMOJ AABJIEHUEM C PETYJIHPYIOIINM KIIallaHOM
YpOBHSI BOJBI M KjanmaHoMm cOpoca. Boma ymansercss rpaBUTAllMOHHBIM pa3/ieliCHUEM.
VY nanenue cBOOOAHOW BOJBI TEepes Mojaueid SMyJIbCUU B HarpeBaresib ¢ MOJAOTPEBOM

OKOHOMMUT 3HAYUTCJIIBHOC KOJNMYCCTBO TOILJIMBA. HarpeBaHHe HCHY)I(HOﬁ BOABI - 9TO HC
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TOJIBKO OecIiojie3Has TparTa TCIlJIa, HO U HArpeTasd BOJAa MOKCT HAKHUIIATh UJIN Tpe60BaTB

AO0POTIUX XUMHUKATOB AJIA MPCIOTBPAIICHUA O6p330BaHI/I$[ HaKH!IIH.

1.2.3 DaekTpocTaTu4eckas 0opadoTka
['paBUTAallMOHHOE OCaXJEHHE NPUBOJUT K OYEHb MENJICHHBIM CKOPOCTSIM

OCCOaHuA, YTO AOKA3bIBACT 3dKOH Croxkca.
2
V. = Pe DO 1 Pu
oc. — 1q ., -9

rae Py, Ps — IWIOTHOCTh KaIUId BOABI M HedtH, kr/M%; Do — muameTp Karmm, M;Qg —
YCKOPEHHE CHIIBI TSKECTH, M/C%; 1 — IMHAMHYECKas BA3KkocTh Hedrr (ITa-c).

Mosekyna BOJbI SIBISETCS HOJSIPHOM, CJEIOBATEIbHO, JIEKTPUUYECKOE I0JIe
YCUJIUBAET CIUSHUE Kalellb BOJbI, PACCESIHHBIX B CHIPOW HEPTH, ABYMs MEXaHU3MaMH,
KOTOpBIE JCHCTBYIOT OJTHOBPEMEHHO.

1. Kammam Boibl MOTYT IPUOOPETATh CyMMAapHBIH 3apsi MPSIMBIM KOHTaKTOM C
3apsSOKEHHBIM  DJIEKTPOJIOM WM KOHBEKTHBHBIM IIEPEHOCOM 3apsiia C 3JEKTpoja
OpraHu4ecKoil azoi.

2. DIeKTpUYECKHe TpaJueHThl MOJSPU3YIOT KaIlUld BOJbI, BBIPABHUBAs
NEPBOHAYAJIBHO CIIy4aillHO OPUEHTHUPOBAHHBIE MOJISIPHBIE MOJEKYJIbl BOJbl C BHEIIHUM
MOJIEM U TIepepacIpenensis OABUKHBIC 3apsSKCHHBIC YaCTUIIBI BHYTPH Karleib.

[Tpu nprMeHEeHUHN FNEKTPOIETUAPATOPOB MOMKHO CAENATh CIEAYIOINE BBIBOIBI:

1. CkopocTh TaJCHHS YBEIMYMBACTCS C YBEJIMUYEHHWEM pa3Mmepa Kalid Hu
HATNPSDKEHHOCTH AJIEKTPUIECKOTO TOJIS;

2. CuJibl CONPOTUBIIEHUS WM THIPOJUHAMUYECKHE HAMIPSHKEHNS YBEJIMUUBAIOTCS
KaK KBaJ[patT pa3Mepa Kariu 1 SIEKTPUYECKOTO MO,

3. OTu ruApoAMHaMUYECKUE HAPSDKEHUS OTPAaHUUKBAIOT pa3Mep Karliu, KOTopast
MOJKET CYILIECTBOBATH B IOJIE;

4. MakcuManabHO AOMYCTUMBIN pa3Mep Karuld YMEHBINACTCS MPH YBEIHUYECHUHU

QJICKTPHUYCCKOT'O ITOJIA;
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1.3 ObopynoBanue AJis1 3JIEKTPOOOE3BOKUBAHUS

['myGokoe 00e3BOKMBAaHME TMPEIoaraeT ONTUMH3AINI0 TPUMEHEHHUST YeThIPEeX
METOJOB, a HMEHHO: BBEJCHHME [eIMYJIbraTropa, BpeMs YAEp)KaHUS, TEIJIO U
AIIEKTPOCTATUYECKOE TOJIE IS MOJIyYEeHUs TOBApHON HEPTH.

ObecrnieueHre BpeMEHU yAEepKaHUs U HarpeBaHUuEe OObIYHO 0OXOJATCS ACIIEBIIE,
YeM BBEJICHUE JI€AMYJIBIaTopa U CO3JIaHUE IEKTPOCTATUUECKUX Mosiel. [leamymbrarop
MCIIOJIB3YIOTCSl TOYTH B KaXJIOM CIIyYae.

Jlydmieli mpOMBINUIEHHON NPAKTHKOW SBISIETCSI NPUMEHEHHUE 3JIEKTPUUYECKOTO
MoJIsI C MEPEMEHHBIM TOKOM JUIsl HENpephIBHOW Jedopmalnuu Kameiab, W IONbITKA
VIYYIIUTh UX CTOJKHOBEHHS B AMYJbCHUH, YTOOBI MOCTENEHHO YBEJIMYMBATH CPEAHUIN
JUaMETpP BOJSHBIX Kamnenb. TakoW y3el Ha3bIBaeTCs 3IEKTPOAETUAPATOPOM.

DIEKTPOAETUAPATOP XOPOILIO 3aPEKOMEHI0BAJ ce0s B HEPTEra30BbIX MPOLECCax;
OJIHAKO, (pu3MuecKkue SBICHUS, KOTOpBIE YIPABISAIOT €ro IOBEACHUEM, €IIe HE
ITOJIHOCTBIO IOHSATHI.

[IpumMeHeHne 3JIEKTPUYECKOro MOoJIg JUIsl CHHKEHUS CTA0MIBHOCTU AMYJIbCUN
BOJIa B HEPTH U, CIEIOBATENIbHO, AJIs1 YIYUIIECHUs pa3ienacHus (a3 sBIsSeTCs 0COOEHHO
s dexkTuBHBIM Onaronaps 3>¢GGdEeKTy NOSIPU3ALMKN Kamejib, KOTOPbIA CHOCOOCTBYET
MPUTSHDKEHUIO U, CIIE0BATEIBHO, KOAJECUEHIUH.

Hcronb30BaHuE AIEKTPUYECKOTO MOJS UMEET HEKOTOPHIE OTPaHUYEHHUS], [IOTOMY
YTO M30BITOYHOE HANPSHKEHHE MOKET Pa3pylUuTh Karuid, 00pazyss MHOXKECTBO MEIKUX
Karesb ¥ BbI3bIBasi IPOTUBOMOIOKHBINA 3 (EKT yIydeH!s: CTaOMIbHOCTH MYJIbCUU.

DNEeKTpOoAETuAPaTOp pabOTaeT ¢ MEPEMEHHBIM WIH MOCTOSIHHBIM TOKOM. Korna
UCIIOJIb3YETCs IEPEMEHHBIN TOK, AeOopMallMsl Kalljld MEHbIIE, YEM MPU UCIIOJIb30BAHUU
IIOCTOSIHHOTO TOKa. TeM He MeHee, IuTeparypa MpOAEMOHCTPUPOBAJIa IPEBOCXOIHbBIE
XapaKTEPUCTHUKU ITPU NTepeMeHHOM Toke [10].

B swmreparype paccmaTpuBarOTCS ~KHHETHKA  AJEKTPOKOAIECUEHLUUH U
OTIpE/ICTISAIONINE TapAMETPhI, TAKUE KaK MPUIIOKEHHOE 10JIe, CBOMCTBA KUAKOCTH, (hopMa
Karid 1 TedeHue. Takxke, moapoOHO 00cyxkaatoTcss HebmaronpusTHbie 3 PeKThl, Takue

KaK 06p330BaHI/Ie O 1 4aCTHUYHOC CIIMAHUC.
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Ananus JIMTCPATYPhL IIOKAa3bIBacCT, qTo HUCIIOJIB30BaHUC HMITYJIbCHBIX
QJICKTPHUICCKHX MOJIC MOCTOSIHHOTO U NEPEMCHHOI'0 TOKa IMPCANIOYTUTCIBHCC
IIOCTOSIHHBIX TMOJIEH MOCTOSHHOTO TOKa JIIA 3(1)(1)€KTI/IBHOI‘;1 KoaJICCOCHIIMH, HO BI)I60p
ONTUMAJIBHOM YaCTOTHI IOJIS aripuopu BCC €IS HCBO3MOKCH U TpeGyeT HﬁHBHGﬁHJHX
HCCHCHOB&HHﬁ. HCKOTOpLIC HCIAaBHUC HCCICAOBAHHA IIOMOITIA IIPOACHUTL BaAKHBIC
ACIICKTHI IIpOoHcCCa, TAKUC KAaK YaCTHYHAA KOAJICCUCHINA U HC KOAJICCLHCHIIN . C IIPYFOﬁ
CTOPOHBI, HCKOTOPLIC KIIIOYCBLIC ABJICHUSA, TAKHC KaK pa3spblB TOHKHUX INJICHOK H
O6p8,30BaHI/I€ ueneﬁ, A0 CHUX IIOp HCACHBI. HGIIaBHO ObLIH MMPCAJIOKCHBI HCKOTOPLIC
KOHCTPYKIMHU BCTPOCHHLIX JJICKTPOKOAr'YJIATOPOB, OAHAKO C OI'PaHUYCHHBIM YCIICXOM:
HEAACKBATHOC 3HAHHC OCHOBOHOHaFaIOH_Ieﬁ Cl)I/I3I/IKI/I BCC €II€C HC IIO3BOJIACT ITOM
TCXHOJIOTUH IIOKHHYTDH C(bepy OMIIMPpHU3Ma U IMOJHOCTBIO PAa3BHBATLCA B TOﬁ, KOTOpad

OCHOBaHa Ha CTPOrol HayYHOU METOIO0JIOTHH.

1.3.1 DyiekTpoCcTaTHYECKAS CHJIA IPUTSKEHUA MEXKIY KATLIAMHA

MexaHu3M KOaJeClEeHIIMU JBYX Kamellb B MPUCYTCTBUU 3JIEKTPUYECKOTO MOJIS
BKJIIOYAaeT B ce€O0sl TpU OTHENbHBIX dTana. l[IpuaoXkeHHOe JIEKTPUYECKOE II0JIe
MOJISIpU3YeT WHAUBUAYAIBHYIO Kallllo, W Kaxaas Karulsl JEHCTBYET Kak JUIOJb C
WHIYUMPOBAHHBIMU TIOJIOKUTEIbHBIMA M OTPUUATEIbHBIMUA 3apsaMd  Ha JABYX
MOJSIPHBIX ~ KOHNAX. /JIUMojap BBIPABHUBAETCS B  HANPABICHUH IPUIOKEHHOTO
anekTpuueckoro  monas. [lepBblii  3Tam  ANEKTPOKOANECUEHUMU  MPEIoaraet
B3aUMOJICMCTBME JBYX Kaleidb 3a CYET MPUTHKEHUS MEXKIy IOJIFocCaMHu
MIPOTHUBOIIOJIOKHON MOJIIPHOCTH. B O0onpIIMX mpenenax pasieneHus: pa3iudyHble CUJTIbI,
JNEUCTBYIOUIME HA KaIUIl0, MOTYT OBITh JJIEKTPOCTATUYECKOM CHIIOM, CHIION
COTIPOTHBIICHUS U TPABUTALIMOHHOM CUJION (eciu Karuiu siBisitoTes rpyosiMu ). Korna ase
Kallld JBWXKYTCS HABCTpPEdy JpYyr Jpyry, HpU HEOONBIIOM pPAaCCTOSHUU MEXIY
IIPOMEKYTOUHBIMU TPAHSIMHU Kalellb CYLIECTBYET IPOMEKYTOUYHAs IUIEHKA CpPelbl
KUAKOCTH. BTOpOHl 3Tanm >3J€KTpPOKOANECHEHIIMM BKIOYAET CKATUE >KHIKOCTH Ha
rpaHuile TOHKOW 1meHku. [lo Mepe npuOIMKEHUs Kamnenb TOJIIMHA TUICHKU

YMCHBIIACTCA. Ha TPCTBCM JTAIIC, KOI'Ja INVICHKA CTAHOBUTCA OYCHDb TOHKOﬁ, COBMCCTHOC
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JNEUCTBUE DJIEKTPOCTATHUECKUX M MOJEKYJSIPHBIX CUJI pa3pyllaeT IUIEHKY, MO3BOJISS
JIBYM KaIUIsIM CIIUTHCSI BMECTE.

Ecnm kammm HecyT NOpUCYIIME 3apsiibl, «MUTPHUPYIOMIAs KOAJECIECHUIUS
BO3HHMKAeT B pesynbrare aekTpodopesa (Williams and Bailey, 1986). B omnom u3
NEPBBIX UCCIEAOBAHMIM dIeKTpoKkoanectieHnu, Berg et al. (1963) oOHapyxunu, uyTo 115
JIBYX 3aKpEIUICHHBIX Kalelb CKOPOCTh KOaJeCUEHIMU Oblla MNpOoNnoplMOHaIbHA
HaIpPSHKEHHOCTH MPUJI0KEHHOIO 3JIEKTPpUYECKOro mojisi. CymecTByeT U MHOTO JPYTHUX
napaMeTpoB, KOTOPBIE MOTYT BJIMATh Ha CHIIY MPUTSKEHUS MEKIY KOAUIECIUPYIOIIUMHU
KalyIsiIMUA. DTO PAacCTOSIHME MEXAY KarulAMH, pa3Mep Kareib, UCKaXeHHe (POpMbl H
CBOMCTBA JKUJKOCTH, TaKME€ KaK IMPOBOJAMMOCTb, IUAJIEKTPUYECKas MPOHULIAEMOCTD,
BA3KOCTb, MeX(a3zHoe HaTsDkeHue U T.4. llocienyromue — UCCIEeIOBaHUS
ANEKTPOKOAECUEHIUN ObLIA COCPEIOTOUEHBI HA 3THX MapaMeTpax, UX ONTUMH3ALUY U,
CJIEI0BATEIIbHO, YCKOPEHUH IpOLEcca.

Bnusnue paznenenuss Ha QopMy Kamui 4, B CBOIO Ouepeib, Ha CKOPOCTb
ANIEKTPOKOANIeCeHIIMU OblI0 TeMol MHorux uccienoBanuii (Latham and Roxburgh,
Atten, Atten et al., Raisin et al.). ITockonbKy »JIeKTpOCTaTHYECKas CHJIAa MEXITY
COCEIHUMH KaIIIMH HaXOJIUTCA Ha HEOONBIIOM PACCTOSHHUH, YTOOBI JBE KaIlJld MOIJIH
MPUTATUBATHCA M OOBEIUHSTHCS, OHU JIOJDKHBI HAXOAMTHhCS B Mpejernax auarna3oHa,
KOTOPBIN OmpenesnsieTcs KOMOMHAIIMEH MTPUIIOKEHHOTO TIOJISI, pa3Mepa Karid U CBONCTB
KUAKOCTU. B 3MynbcuM MeXKamelbHOE pa3fesieHHE ONpPEeNeNsieTcs COACpXKAaHUEM U
pasmepom aucnepcHoit ¢assl ([Tanuenkos, Bunorpanos).

Onenka (hakTHYECKOM Pa3HOCTH  DAJEKTPUUYECKUX  IMOTEHIMATIOB  MEXAY
BEJIYIIMMH MOJIOCAMH JIBYX MNPUOIMKAIONIMXCS Kaneidb BO BHEUIHEM 3JIEKTPUYECKOM
noysie Oblla pemarmmuM (GakTopoM B pacyeTax djeKTpokoaneciieHuuu. OaHaKo
HACTOSIIIME MOJENHU JUIsl OLIEHKU CHJIbI AJIEKTPOCTATUYECKOTO B3aMMOACHCTBUS MEXKY
JBYMs KaIlJIIMU OCHOBAaHbI Ha MPUJIOKEHHOM H3BHE JIEKTPUUECKOM TOJIE.

Jlebopmarsi u arperainus Kareib B OMYJIbCHU H3MEHSET BS3KOYIPYTHE
CBOWMCTBA, TaKuW€ KAK CBOWCTBA TeEKydeCTU. JleTanbHbI aHAIU3 JABWXKEHUA U

B3aMMOJECHUCTBUSA JABYX Kallellb, MaJarolIMX B CIIOKOMHOW CpeAe, MapaJuleIbHOU U
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NePICHIUKYIIPHONH ~ MPHJIOXKEHHOMY  BHEIHEMY  [OJIF0, ObLI  BBIMOJIHEH
IKCIIEPUMEHTAIBHO, a Takxke gucienHo (Chiesa et al., 2005). MccnenoBanue Obu10 Oosiee
cOKyCHpPOBaHO Ha IHMPKYJSIHUU TMOTOKA, IHIONSAX M TPaAHEHTaX TOBEPXHOCTHOTO
HATSDKEHUS. AHAIM3 TOKa3al, YTO BBIPAKEHUS ISl COMPOTUBIICHHS, TUIABYYECTH H
OCaXKJICHUS TUICHKH, IPUMEHUMBIC [T TBEP/IBIX YACTHUII, HE Ja0T TOUYHBIX PE3yJIbTaTOB
JUIST B3aMMOJICHCTBHUS JIBYX Karlellb M3-3a2 BHYTPCHHUX MOTOKOB, a TaKXe W3MCHCHHUSI
MOBEPXHOCTHOTO HATSDKEHUS B MPHUCYTCTBUU 3JEKTpudeckoe mosie. OIHOBpEMEHHOE
BJIMSTHUE TUIPOAMHAMUKH H 3JICKTPHUYCCKHUX HANPSDKEHUI Ha TIapy Kareidb ObLIO H3y4YeHO
(Raisin et al., 2011). OHu peATOKUIIN IKCTIEPUMEHTAITEHYIO YCTAHOBKY TSI TeHEPAIUU
napbl He3apsHKEHHBIX Kallellb, MOMEIIECHHS MX B TIOTOK M MPUMEHEHHSI dJICKTPUUECKOTO

IIOJIA I U3YUCHUS JICKTPOIruAPOINHAMNYCCKHUX BSaHMOﬂGﬁCTBHﬁ.

1.3.2 ®opmbl cJMBAIOIINXCH KaleJb

HenocpenctBennusiit 3(PexT, KOTOPBIM Karuisl MNPOSBISET MPU HPUIOKECHUH
AIEKTPUUYECKOTO MOJIs, - 3TO Aedopmaius GopMbl. J[Be OJIU3KO PaCiONOKEHHBIE KAl
B DJIEKTPUUYECKOM TIOJIE MPOSBISIOT JAedOpMaIINIO, KOT/Ia AJIEKTPOKANMILIIIPHOE YHCIIO
aBisieTcst OonbmM. [Ipyu ManbIx 3HaUEHHUSIX AePopMaris MOXKET HAOI0JaThC TOJIBKO
Ha BEAYUIUMX TIOJIIOCAX KOAIECIMUPYIONIMX Kamenb. Takas nedopmarust sBIsieTCs
pPE3yNbTAaTOM CHJIBHOTO DJEKTPUYECKOTO TMOJS MEXIY MEePEeTHUMU KPOMKaAMU ABYX
Karemnb U, CIeA0BaTeIbHO, BRICOKOW TUIOTHOCTH 3apsana. Kams MoxeT Takxke 1mokasarb
NEPEIHIO U 33JHIOK0 aCHMMETPUUYHYIO J1ehopMalinio, KOTJa OHA HaXOJUTCs OJIM3KO K
noBepxHocTu anektpoaa (Imano and Beroual, 2006). Hanuuue kanenr B
HEMOCPEACTBEHHOM OJIM30CTH OT DJIEKTPOJOB HE TOJHKO BHI3BIBACT AePOpMAIUIO, HO U
AKpaHUPYET BHYTPEHHHUE KaIlJIM B OMYJIbCHUHU.

YucnenHo Obu1a HcciieioBaHa aegopmalius AByX UJI€aIbHO TPOBOSIIINX Kamneilb
OJTHOPOJIHOTO pa3Mepa B OJJHOPOIHOM 3JIEKTpUuecKkoM rosie. [Ipu 60abInX paccTOSTHUIX
Kalid HE B3aWMOJICHCTBYIOT NIPYT C JAPYroM U AePOpMHUPYIOTCS, KaK OJHA Karisi B
anekTpudeckoMm mose. M3ydeHa nedopmanus W KOAJIECICHIUS JIBYX 3aKpETUICHHBIX

IPOBOJAINMUX KaAIICJIb B JJICKTPHUYCCKOM IIOJIC. PGSy.TIBTaTI)I C HCIIOJIB30BaHHECM
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ACUMIITOTHYECKUX M YUCJICHHBIX METOJOB TOKA3aJId, YTO ISl OJIM3KO YAEPKUBAEMBIX
Kareab OAHOPOJHOTO pa3Mepa MPOUCXOANT CliMsgHUEe. B ogHOpOIHOM TOJIe, KOT/1a Karliu
OJIMHAKOBOTO pa3Mepa BBIPOBHEHBI 1O BEPTUKAIU C DJJIEKTPOHAMHU, KAaIUId MOTYT
B3aMMOJICIICTBOBATh TOJILKO TOTJA, KOTJIa OHU HAaXOMAATCA B IMpeaeNiaX KPUTHYECKOTO
pasnenenus. Ecnu kammm HaxXomsTcs Najeko APYr OT Apyra, OHU NPHUTATHBAIOTCSA K
AJIEKTpOJaM H3-3a 3€pKajJbHBIX 3apsnoB Ha sinektpose (Bjorklund, 2009). bsiio
MIPUBEICHO TEOPETUIECKOE U IKCIIEPUMEHTAIBHOE UCCIIeIOBAHUE BIUSHUS JICKTpoAa Ha
dbopMy W KoalleCHEHIMIO Kamenb. Karuis Oimke K JJIeKTpOay pacTATUBAETCS
aCUMMETPUYHO U3-32a AucOanaHca dIeKTpUIecKux cuil. BpeMs koHTakTa IByX CBOOOIHO
MO/IBEIICHHBIX U 3aKPEIJICHHBIX Kallelb B AJIEKTPUUECKOM MoJe ObuIo n3ydyeHo Raisin et
al. (2011). Bpems koHTakTa 0OpaTHO MPOMOPIMOHAILHO HAYAIBHOMY MaKCHMaJIbHOMY
AIIEKTPOCTATUYECKOMY JaBJICHHIO. Tarke m3ydeHa AedopMaiiisi BOJOBO3IYIIHBIX U

BOIIOHG(bT}IHBIX HOBerHOCTCﬁ B SJICKTPUYCCKOM IIOJIC.

1.3.3 Cunia conporuBJieHUs

Korna nBe mnpubnmxkaromuecs Kaluld HAaXOIATCA Ha JIOBOJBHO OOJBIIOM
PACCTOSIHUM, CUJIA CONTPOTUBIICHUS IPOTUBOICUCTBYET ABUKEHHUIO.

Tem He MeHee, B cilydyae OBHKEHUS KaIllld B BSI3KOM cpele (akThyeckas cuja
COTIPOTHBIICHUS, UCIBITHIBAEMAas Karied, HUXKE H3-3a LTUPKYJSUU MO0 00€ CTOPOHBI
uHTEepdeiica.

ConpoTHBiIEHHE JBWKCHHMIO  KOAJIECHUPYIOUIMX  Kameilb Ha  OOoNbIIuX
pPacCTOSHUAX pa3leleHHus O0O0YCIIOBIEHO, INIABHBIM 00pa3oM, CHJION COINpPOTUBIICHMS,
TOT/Ia KaK IPYU 3TOM OHA ONPEIEIAETCS CUIION YTOHBIICHUS IUIEHKU. Crjla HCTOHYEHHUS
IUJIEHKH - 3TO CUJa, O0YCIJIOBJIEHHAs IPEHUPOBAHUEM MTPOMEKYTOUHOHN KUAKON TIICHKU
MEXKAY CIMBAOIMMUCS KaIJIIMMU.

IIpy  OTCYTCTBHM  JJIEKTPUYECKOTO TIOJISI CUJIa HCTOHYEHHUs  IUICHKH
YBEIIMYMBACTCS C YMEHBIIECHUEM BA3KOCTU CPEIbl. Y BEIMYEHNE CUIIbI MOKHO OTHECTH K
YBEJIMYECHUIO OTHOCUTEIBHOM CKOPOCTH Karellb Ha yObIBarolie Bs3kocTH cpefbl. [Ipu

MPUIIOKCHNUU JBJICKTPUYCCKOI'O II0JIA JHIIOJIbHAA CHJIa MCKAY INCPCIHHMHN KPOMKaMH
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Kareyb MPOTUBOCTOUT CHJIC UCTOHYEHUS TICHKHA. D((EKT BSI3KOCTH YMEHBINAETCS 10
Mepe NpUOIKEHHS Kareidb JApyr K Jpyry H TOJMHOCTBIO HKCUYE3aeT B Hadale
KoajecueHuu. [IpucyTcTBrE MOBEPXHOCTHO-AaKTUBHBIX BEIIECTB CUIILHO U3MEHSET CUITY
CONPOTHUBJICHUS ITyTEM 00pa30BaHUS 3aCTOUHBIX IIJICHOK.

HedopMupyeMocTh KOQJIECHUPYIOIMIMX Kallelb WUrpaeT pEIIarollyl0 poJib Ha
CTaJuy APCHUPOBAHUS TUICHKH KoaslecieHITUU. [Ipy 4rCIIeHHOM HCCIIeIOBAaHUM CIIUSTHUS
JBYX Karellb B TEKy4Yed 3MYJIbCMU B OJIHOPOJHOM 3JIEKTPUUYECKOM IMOJIe MPUILIA K
BBIBOJIy, YTO CKOPOCTh JJICKTPOKOAJECICHIIMM 3aBUCUT OT JaedopMaliuyd BEAYIIUX
MMOBEPXHOCTEH, IBUKECHUS KAIUIM U JpeHa)ka MJICHKU MEXy KamisiMu. Bpemst KoHTakTa
JUIsl OJIU3KO PaCIOJIOKEHHBIX OYE€Hb MAJICHBKUX Karellb ¢ BBICOKUM KOA((PUIIMEHTOM
BSI3KOCTH OOJIbIIIE 10 CPaBHEHHIO ¢ JAe(OPMUPYEMBIMU KaIUIIMU OOJIBIIETO pa3Mepa.
NHnyurpoBaHHbI W3BHE MOTOK KUJKOCTH TAaKXKe OMPEACISIET CKOPOCTh MCTOHUYECHUS
meHkd. CIuB IJICHKW 3aHUMAaeET OOJIbIlle BPEMEHH, U, CICAOBATEIbHO, BPEMS CIIUSHUS
nonbie. OqHaKo BpeMs CIUSHUSA YMEHBIIACTCS ¢ YBEIUUYEHUEM AJIEKTPOKAMMILISIPHOTO
qyucia. DKCIEPUMEHTAIIbHbIC HAOIIOACHUS MTOKA3bIBAIOT, YTO YMEHbIIICHUE MeK(azHOTro
HATSKEHUSI B OTCYTCTBUE AJIEKTPUYECKOTO MOJISI MOKET MPOTUBOCTOSATH KOAJIECIICHIIUH,
MOCKOJIbKY OoJibllivie Je(opMaivii MNPEensTCTBYIOT HUCTOHYEHHUIO IIeHKU. OJHAKO B
MIPUCYTCTBHM DJICKTPUUYECKOTO TIOJISA TOBBIIICHHAS JedopManus MPU yMEHBIICHUH

MeX(pa3HOT0 HATSHKEHUS CTIOCOOCTBYET CIIUSHUIO.

1.3.4 Pa3pbIB TOHKO# IJIEHKHU

COnmxaromnecss Karjid CoJepkKaT IUICHKY JKUAKOCTH CPEIbl MEXIYy HuX
nepeaqHuMu rpaHsiMu. [1o mepe npuOIMKeHUs Kaneiab TOJIIMHA TJIEHKH HEMPEPHIBHO
YMEHBIIIAETCS 3a CUET CKaTus Ha rpanwuile. [Ipu ganpHeleM YyMEHbIIEHUH TOJIIIUHBI
IJICHKA MOJICKYJISIPHBIE CUJIbI HAUMHAIOT UrpaTh CBOK poiib. Cuna Ban-gep-Baanbca
MIOMOTa€T YMEHBIIUTh TOJIIUHY, B TO BPEMS KaK JIByXCJIOMHOE OTTAIIKUBAHUE MBITAETCS
pa3nBUHYTH Karuii. HecTaOMIbHOCTh TJICHKHM MOYKET BO3HHKHYTH M3-32 TEPMHUYECKUX /
MEXaHUUYECKUX yIapOB WJIM HAJIMYMS MIPUMECEe Ha TpaHMIle pas3fiea, YTO MPUBOJUT K

Pa3pyLICHUIO TUIEHKH, Pa3AeIISIioIen JBE KaIllu.
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Korma nBe kamim HaxomATcss Ha KPUTUYECKOM PACCTOSHUM JpPYyr OT Apyra,
MUKPOCKOIIMYECKH TOHKAas TUICHKA, pa3eNsdomias WX, MOXET ObICTpO pa3opBaThCH,
IOCJIE YEro IPOUCXOAUT CIUSHUE Kamnenb. B nuteparype ObLI NPEMJIOKEH Pl
MEXaHU3MOB pa3pbiBa IVIEHKU 1 MOCIIEYIOUIETr0 CIUSIHUS ABYX Karenab. OiHa U3 TUIIOTE3
IPENoJaraeT, YTo IUVIEHKa pa3pyliaeTcs, KOrjaa 3JEKTPUUECKOE 0JI€ TONEPEK MIEHKU
JOCTUTAET JUANEKTPUYECKOM MPOYHOCTH NIpU paspyuieHuu cpenned ¢assl (Pearce,
1953). [ipyrast — 4TO MPUYHHON pa3pbiBa IUICHKH SBJISIETCS] HCKPOBOH pa3psa. Ha ocHoBe
aHaJIM3a YKCIEPUMEHTAJIbHBIX IaHHBIX OBLJIO I0Ka3aHO, YTO KOAJIECLIEHLIMIO BbI3bIBACT HE
AUDJIEKTPUUECKUid mpo0oil, a JAMHAMHUYECKash HEYCTOWYMBOCTH pasfena Boja-HE(Th,
BBI3BaHHAs 3JIEKTPUUECKUM MoJieM. Jlpyras runoresa Iriiacur, 4To, KOrja NpUII0KEHHOE
AJIEKTPUYECKOE T10JI€ BETUKO, MOHBI B TUCIIEPCHOM (pa3e MPOTATUBAIOTCS Yepe3 TPAHULLY
paznena. My, 94To KoaJleCUEHIMs BKIIOYAET B C€0s1 HENIPEPBIBHOE CO3/IaHUE, Pa3pbIB U
IIEPECTPOMKY MEXMOJIEKYJISIPHBIX CBSI3¢ Ha JBYX KOHTAKTHBIX ITOBEPXHOCTSIX.
[IpOTHBOIOIOKHO 3apsKEHHBIE KaIUIM MPUTATMBAIOT JIPYr Apyra, HO CIWSHHE WIN
OTTAJIKMBAHUE 3aBHCHUT OT yIJia, KOTOPBIA OHU 00pa3yroT npu KoHTakTe. CormacHo [21]
ANEKTPUYECKAsk CHJIA U CUJIa MMOBEPXHOCTHOTO HATSKEHUS ONPEIEIAIOT KOAIECICHIIMIO.
Korna anexrpruueckas cuia ciadee, 4eM CHila IOBEPXHOCTHOTO HATSKEHNUS, KallsId MOTYT
CIIUTBCSA, B TO BpeMsl Kak Oosiee CUibHAsl 3JEKTpUYECKas CHJIa MOMKET NPUBECTH K
OTCTYIUIEHUIO Kallellb Iociie UX KOHTakTa. OJHAKO HBIHEIIHWE TEOPUH HE MOTYT

yOeIuTeNnbHO OOBSICHUTHh MEXaHU3M pa3pbiBa TOHKOM MIJICHKH.
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4 ®PUHAHCOBBI MEHEJI)KMEHT, PECYPCOY®®EKTUBHOCTH 1
PECYPCOCBEPE/KEHUE

Cno’KHOCTh TEXHOJIOTHH Pa3pylIECHUsI BOJOHEPTAHBIX IMYIbCUN 3aKITI0YAETCS B
HEO0OXOJAMMOCTH OJHOBPEMEHHOTO Y4Ye€Ta MHOKECTBA IapaMEeTPOB, MEHSIOLIUXCS B
nuHamMuke. K HUM OTHOCSTCS Kak pacxoi BOJOHE(TSIHOW SMyJbCUH, CTENEHb €€
OOBOJTHEHHOCTH, TEMMEPATYPHBIA PEXKUM, THUI JAEIMYJIbraropa, TaK U KOJUYECTBO
MO/IABAEMOI MPECHOM MpPOMBIBHOW BOAbl. M3MeHeHuwe copep:kaHusd B He(TH BOJAbI
OPUBOJUT K M3MEHEHHIO €€ (PU3MKO-XMMHUYECKHUX CBOWCTB, YTO, B CBOIO OYEpE.lb,
NPUBOJAUT K HEOOXOAUMOCTH PEKOHCTPYHPOBAHUS TEXHOJIOTMYECKUX CXEM U
KOPPEKTUPOBKE TEXHOJOTMYECKMX I[apaMEeTpPOB OCHOBHBIX allapaTroB IMpolecca
noArotoBku HeTH. [loaTOMY HccnenoBaHnE BIMAHNS TEXHOJIOTHYECKUX TApaMeTPOB Ha
KaueCTBO MOJATOTOBKM TOBAapHON HE(THU ABIIAETCS BEChbMA aKTyaJlbHBIM.

JInst uccnenoBaHusl XMMUKO-TEXHOJIOTUYECKHUX IPOLIECCOB B HACTOSILEE BPEMS
JOCTATOYHO LIMPOKO MIPUMEHSIOTCS MAaTEMAaTUYECKUE MOJIETN, OCHOBaHHbIE Ha (PU3UKO-
XUMHUYECKUX 3aKOHOMEPHOCTAX MPOTEKaroluX npoueccoB. Co3naHne MaTeMaTHYeCKON
MOJIETIM  AJIEKTPOJIETHApAaTOpa IO3BOJIAET MPOU3BOJIUTH OLEHKY 3(PQPEKTUBHOCTH
MIPOBEICHMS Tpolecca 00E3BOKMBAHKS U 00ECCOIMBAHUA MPU M3MEHEHUU CBOMCTB U
COCTaBa MCXOIHOIO CBIPBS, @ TAKXKE MPOU3BOIAUTH ONEPATHBHBIM NMOMCK HAMIIYYIIHX
TEXHOJIOTHYECKHUX [TapaMeTpOB MPOBEAECHUS IIpoLecca.

O6ocHOBaHUE 11€71€CO00PA3HOCTH MOJCIUPYIONIEH CHUCTEMBI, KOTOpas OyJler
OTBeYaTh (PUHAHCOBO-IKOHOMHUYECKU-PECYPCOIPIEKTUBHBIM TPEOOBAHUSIM SIBIISIETCS
uenaplo  pazgena  «DOUHAHCOBBIA ~ MEHEIKMEHT,  pecypcod(p(eKTUBHOCTb U

pecypcocOepekeHEY.

4.1 IlpeanpoeKTHbIA aHAJIH3
4.1.1 IloTeHUMANBLHBbIE OTPEOUTEIN PE3YJbTATOB UCCJIEI0BAHNS
Jnsa anamm3za moTpeOuTenel pe3yibTaToB  MCCIAEAOBAHUS  HEOOXOAUMO
paccMOTpEeTh 1IeJIEBOM PBIHOK M NPOBECTH €ro cermMeHtupoBaHue. Ilo pesynpraTam
MPOBEJEHHOTO0 CErMEHTHPOBAHUS pPbIHKAa ObUIM OINpeAeNieHbl OCHOBHBIE CETMEHTHI, a

TaKe BBIOpaHbl HanOoJIee OaronpusaTHbie (pUCyHKe 21)



Bun ycnyru

[Tpodunb
[IpoekTupoBanue MoHUTOPHUHT Ontumuzanus
Hedrexummueckas Q
IIpoMbIUIeHHBIH ¢

Pucynok 21 — Kapra cerMeHTHpOBaHHS pbIHKA YCIyr MO pa3padoTKe

MOACIUPYIOHNINX CUCTCM:

HU TIIY

HedrenoOriBaronue kKoMnaHuu

> HUIIU

Takum 00pa3om, HamOoJiee OJArONPUATHBIM CETMEHTOM M HalpaBICHUEM JUIS
uccien0Banus ObUT BBIOpAaH MOHUTOPHUHT IpoIecca NepepadoTKu B HE(PTEXUMUUECKON
OTpaciu.

OcHOBHBIE noTpeduTeNnu — He(dTeno0bIBatOIIME KOMIIaHWUH,
HedrenepepabdarpiBaromue 3aBoan, HUIN.

Otpaciib npuMeHeHus: HeTsIHAsE TPOMBIIIEHHOCTb.

OCHOBHBIMM CETMEHTAaMU JAHHOTO pPBIHKA SBJSIOTCS KpPYIHBIE W CpEIHUE
KOMIIaHUM He(PTAHON mpomblnuieHHOCTU. CienoBaTeNbHO, Hanbosee MepcrneKTUBHBIM
CErMEHTOM B OTpaciisix HeTerazoq00bruu U HeTerazonepepadoTKu st POpMUPOBaAHUS
crpoca SIBJISIETCSI CErMEHT HE3aBUCHMBIX KPYIHBIX U CPEeIHHX HE(PTeI100bIBAIOLINX

KOMITaHUWH.

4.1.2 lnarpamma Ucukasbl
[locTpoeHue nauarpaMmbl TPUYUHBI-CIEACTBUA MCHKaBbl 3aKkiIoyaeTcs B
(hopMyIHpPOBKE MPOOJIEMBI, SABISIONMICHCS 00BEKTOM aHajin3a, U BBISBICHUH (haKTOPOB,

BIIMSIONINX HAa O0BEKT aHaiu3a. JlmarpaMma CTpPOHMTCS IOCIEAOBATEILHO OT (haKTOPOB
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00J1ee BBICOKOTO YPOBHS K (hakTopam Oosiee HU3KOro ypoBHsl. [Tpu 3ToM kax b1t hakTop
0oJiee HU3KOTO YPOBHSI Oy/IET SBJIATHCS CIEACTBHEM IO OTHOIICHUIO K MpuyuHe Oosee
BBICOKOT'O YPOBHSI.

[IpyunHHO-CEACTBEHHAass auarpamMma VcukaBel 111 JAHHOTO — Ciydas
npencraBiieHa Ha pucyHke 22. Kak BugHO Ha Auarpamme, ObUIA BBISIBICHBI (DaKTOPBI,
OpUBOJSAIIME K TMpoOJeMEe HEMOJHOIO MCCIEIOBAaHUSA: METO/bl, 00OpyAOBaHHUE,
WCIIOJTHUTEIb U MaTepUaIbI.

B ¢opmupoBanun mnpoOieMbl ydacTByeT TakoW (akTop Kak HCIOJHUTENb.
Bxurouenue nanHoro (aktopa CBS3aHO C BBICOKUMHU TPEOOBAHUSMU, NMPEABIBIIEMbIMU
K HEMIOCPEJICTBEHHOMY Pealin3aTopy MPOEKTa, TaK Kak OT KBaTM(UKAIIMA MAarUCTPaHTa U
€ro TEOPETUYECKUX U MPAKTUUYECKUX 3HAaHUHM 3aBUCUT PE3YJIbTAT BBIIIOJHEHUS MPOEKTA.

CyliecTBeHHYI0 pojib B (POpMHUpPOBAHUU TMPOOJIEMBI HIPaET TEXHOJOTHUSA
MOJIETTUPOBAHUS U Takue (PakTophl, Kak 000OpynOBaHUE U MaTepuaibl. Tak, Halpumep,
KOMIIBIOTEPHBIE MPOrpaMMbl sl pabOThl W aHaluM3a HUMEIT OoJbllylo 0a3y
WH(POPMAIMOHHBIX JAaHHBIX, HO PE3yJbTAaThl MCCICAOBAHUS HE MPUMEHUMBI IS BCEX
MECTOPOKICHUM M CO3JAal0T ONpEesIeHHble HEyq00CTBa Mpu padboTe ¢ pacuyEeTHHIMU
JaHHBIMHU, TaK KaK TMpPU WU3MEHEHUU TEXHOJIOTUH MpOoIecca MPUXOAUTCS BBHIMOIHITH
MOBTOPHBIN AKCIEPUMEHT, YTO IPUBOJAUT K DHEPro- W TpyAo3aTpaTaM HCIOIHHUTEIS,
MPOU3BOISIIETO UCCIIEI0OBAHUE.

[IpumeneHrne MeToAa MaTEMaTHUYECKOTO MOJCIUPOBAHUS TpeOyeT TOYHBIX
pacyeToB M 00OpabOTKM SKCIEPUMEHTAIBHBIX JaHHbIX. HemnpaBunbHas o0paboTka
JAHHBIX BEJET K CHUKEHUIO 3(PPEKTUBHOCTHU MPOLiecca MOAEITUPOBAHUS.

BHenpenne wmoaenupyroomeid CHCTeMbl WMEET KaK TOJOXKHUTENbHbIE, TaK H
oTpuliateabHbie MOMEHTHI. C OJHOW CTOPOHBI, 3TO oOecredeHue OoJiee BBICOKOMN
3¢ (hEeKTUBHOCTH TPOM3BOJCTBA TpPyAa, a C JAPYrodl - YBEIWYCHHE Harpy3Kd Ha
paboTatonMx B CBSI3W C HHTEHCHU(UKaLUEH MPOU3BOJCTBEHHOW [EATEIbHOCTH MU

CHeU(PUUIECKUMH YCIOBUSMHU TPYAQ.
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HCHIOJIHUTEJIb OBOPYJIOBAH

HecmnocoGHOCTE OLIEHUTH
aJIEKBATHOCTb MOJTYUEHHOM
MOJEIIHN

Marucrpan

\ \ OTcyTCTBME HaBbIKa

rnybokoe 3HaHue paboTbl co cneu. MO
TEOPeTUYECKUX

KomnbioTep

Hwuskas MouiHocTh

Heo0xoauMocTh ycTaHOBKH
MHO’KECTBa IIPOrpaMM

Bricokas croumMocTb
MIPOTPaAMMHOTO 00eCTICUCHHS

mnporieccopa
OCHOB npougecca pou P
MojaeaupoBaHue mpouecca
00€3BOKMBAHUS U
Bribop naubosnee oGecconnBanns Hedru B AT
HCpCHCKTI/IBHbIX JaHHBIX
AHaJIM3 JIUTEPATYPHBIX
HCTOYHHUKOB
MHO0K€eCTBO
METOJIUK PACUETOB HeoBX0ANMOCTb DuHAHCHI
npopaboTku 6onbworo
obbema nHbopmauum OTcyTCTBHe
MaTtemaTH4ecKoe Bpewmst (buHaHCHpOBaHUS
MOJIeJTHPOBAHNE OrpaHUYeHHOCTD MPOCKTA
BO BPEMCHHU
CI0XHOCTB B
HEMPEACKASYEMOCTE - NMETOQIBI MATEPUAJIBI

pacueTos

Pucynox 22 — [IpuunHHO-CJI€ICTBEHHAS TUarpaMma
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4.1.3 OueHka rorTOBHOCTH NMPOEKTAa K KOMMeEPUHUAIH3aANUU

3aBepmieHreM pa3pabOTKH  O0BEKTa

MOJCIUPOBAHNA W CO3AAHUA

MaTEMaTHYECKOM MOACIIH ABJECTCA IIPAKTUYICCKOC IMPUMCHCHHUC HA HCﬁCTBymmeM

INPOMBIIUIEHHOM ~ OOBEKTE.

HCO6XO,ZIHMO MpCaACTaBUTb e€ B BHAC KOMMCPUYCCKOI'O IIPOCKTA.

JUis  OCyLIECTBIEHMsI peaau3alud pa3paboTKu

Ta6J'II/IHa 5 — bnank OOCHKH CTCIICHU I'OTOBHOCTHM HAYYHOI'O IIPOCKTA K

KOMMEpIHATU3aluu
Crenenb YpoBeHb
Ne NpOpa0OTAHHOCTH|  MMEIOLIUXCS
Haumenosanmue N
n/n HAy4YHOT'O 3HAHHUM y
MPOEKTa pa3paboTuuka
1 OmnpeneneH UMEIOLIMICS Hay4HO- 4 4
TEXHUYECKUH 3aJ1e
Ornpenenenpl NEPCIEKTUBHBIE
5 HAIPaBIICHUST KOMMEPIUATU3aIuU 4 3
HAyYHO-TEXHHUYECKOTO
3azena
OmnpeneneHbl OTpaciu U TEXHOJIOTUN
3. |(TOoBapwl, yCIyTH) JJIsl IPEATIOKEHUS 4 5
Ha PBIHKE
Omnpenenena ToBapHas gpopma
4. |HAYYHO-TEXHWYECKOTO 3aj]esia s 4 3
IIPEICTAaBIICHUS HAa PHIHOK
5 OrnpeneneHsl aBTOPHI U ) 5
OCYIIECTBJICHA OXpaHa UX MpaB
5 [IpoBeneHa olieHKa CTOUMOCTH 5 4
" |MHTEIUIeKTYaJbHOW COOCTBEHHOCTH
. [IpoBeneHbl MAPKETUHTOBBIC 1 5
" |uccnenoBaHus PHIHKOB COBITA
Pazpabotan OuzHec-miaH
8. |koMMepuManu3auuy Hay4YHOU 1 2
pazpaboTku
9 OmnpeneneHsl MyTH TTPOJIBIKCHHUS 3 5
" |Hay4HO# pa3pabOTKK Ha PHIHOK
10 Pa3zpaborana ctparerus (¢popma) 3 4
" |peanu3anuu HayqHOM pa3paboTKu
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[TpopabGoTaHbl BOIPOCHI
11. [MEXIYHApOAHOTO COTPYAHUYECTBA U 1 2
BBIXO0/1a Ha 3apYOC)KHBIN PHIHOK

[TpopaGoTaHbl BOIPOCHI
WCITOJIB30BAHUS yCITYT
HHDPACTPYKTYPHI MOIICPIKKH,
TIOJTyYEHUS JIbTOT

12.

[IpopabGoTanbl BOIPOCHI
13 (buHaHCHpOBaHUS

KOMMeEpITHaINu3alui HayTHOU
pa3paboTku

NmeeTcs komaHa st
14. [KoMmMepluHanr3aluyl Hay4YHOR 2 2
pa3paboTKu

15 [TpopaboTan MexaHU3M peanu3auu

Hay4HOI'O MPOEKTa
HUTOI'O BAJIJIOB 35 o1

OneHka TOTOBHOCTH HAy4YHOTO TMPOEKTa K KOMMepIuanu3anuu (Win
YPOBEHb UMEIOIIMXCS 3HAHUH Y pa3paboTuuKa) onpenesnsercs no GopMmyiie:
chM =X b;, 1)
e bey, — cyMMapHoe KoM4ecTBO 0aioB M0 KakKI0My HarpasieHuto; b; — Oan
10 1-My ITOKa3aTelto.
[To uToram cTeneHu TOTOBHOCTH HAYYHOTO MPOEKTa K KOMMEPIHAIN3AINN
Beyw = 35. IlepcrneKTMBHOCTL Hay4HOW paspabOTKU OKasajach CpeaHed. ITo
BBI3BAHO  HEJOCTATKOM  (PUHAHCUPOBAHUS, HEOOXOAUMOTO  00OpyIdOBaHUS,
KBaJIM()ULMPOBAHHBIX CIIELUAIUCTOB, a TaKXe CIpoca Ha JaHHBIA NMporykT. Jlis
MOBBIIICHHSI TIEPCIIEKTUBHOCTH CIIEAYET MPOBOIUTH JOPAOOTKY HAYIHOTO TIPOEKTA.
B cBoio ouepenb ypoBeHb UMEIONIMXCS 3HAHUN y pa3paboTurMKa HaxOJUTCS B

nuarna3oHe 45-59, 4To TOBOPUT O MEPCIEKTUBE BbIILIE CPEAHETO YPOBHSI.
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4.1.4 MeToabl KOMMEPIHAIN3ANMUU Pe3YJbTATOB HAYYHO-TEXHUYECKOTO
HCCJIeJOBAHNS

Jist  obecrieyeHHs KOMMEPUYECKOW OTAaud OT pealu3aluud IpoeKTa
BO3MO>XHO MPUMEHEHNE TAKUX METOJ0B KOMMEPIIUATU3AINN HAYYHBIX Pa3pabOTOK
KaK TOPTOBJIA MAaTEHTHBIMU JIMUEH3USAMH, MEpenadya HOoy-Xay, HWHXXUHUPUHT,
dbpaH4aif3uHT, Opranu3aiusi COOCTBEHHOTO MPEANPUSITHS U T.I.

B kauectBe MeTO1a KOMMEPUHAIN3AUN JAHHOW MAaTEMaTHYECKOW MOJIEIN
BBIOpaH MPOEKTHBIN WHXKUHUPUHT. AHAJIU3 PbIHKA, MPOBEACHHBIN paHee MoKasall,
YTO JIJIL JAHHOTO MPOEKTA LEJEeBbIMU MOTpeOUTENsIMU (3aKa3uyuKamMu) BBICTYIAIOT
He(drenooObiBatomme komnanuu U HUIIW, mpu 3TOM BBIOOp WHKUHUPHUHIA B
KaueCTBE METOJAa KOMMEPIMAIU3AlMU [IO3BOJIUT MPOCLUPOBATh PE3YyJIbTAThI
UCCJIEIOBAHNSI HAa AHAJIOTMYHBIE MPOLECChI, a TaKXE I03BOJUT HCIOJIb30BATh
paboTy B KauecTBe MIA0JIOHA, MTOCIEA0BATEILHOCTH OMPENCIICHHBIX ONEpaIfi JIst
BBITIOJTHEHUS HCCIIEIOBAHUIN APYTUX MPOLIECCOB.

Takum o0pa3oM, WHXWHUPUHT, B JIaHHOM CJydae, peaju3yeTcs IMyTeM
3aKJIOUCHHMS JIOTOBOpAa HA  OCYUIECTBICHHE W3YyYEHHS] W  ONTUMHU3ALUU
IPOMBINUIEHHOTO TMporecca. CTOpPOHOW KOHCYJbTaHTOM BBICTYNAE€T HAY4YHO-
UCCIIeIoBaTeNbCcKasl TpyIa HAaydyHOM opraHuzanuu (yHUBEpCUTET, Kadeapa).
3aka3uyuk  MpEICTaBI€H B JIMIE  NPOM3BOJCTBEHHON  OpraHu3anuu

(HedTenoObIBaroIasi KOMIIAHUS, TPOCKTHBIM HHCTUTYT).

4.2 Uauuuanus npoeKrTa
I'pynma mnpoueccoB MHULMAIMM  COCTOMT M3 TIPOLIECCOB, KOTOPBIE
BBIMIOJIHAIOTCS Ui ONpENENeHUs HOBOIO TMpOEKTa WM HOBOM  (ha3bl
CYILLECTBYIOLIEro. B paMkax NmpoueccoB MHUIMALMYU ONPEACIISAIOTCS N3HAYAIbHBIC
HeMM U CoAepX aHHe M (PUKCUPYIOTCS HW3HAuYalbHbIE (DMHAHCOBBIE PECYPCHI.
OnpenensroTcsi BHYyTPEHHUE W BHELIHUE 3aMHTEPECOBAHHBIE CTOPOHBI IMPOEKTA,
KOTOpble OyAyT B3aMMOJEWCTBOBATh M BIUATH Ha OOUIMH pe3yJbTaT HAYYHOTO

MPOEKTA.
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Tabnuia 6 — 3auHTEpECOBAaHHBIC CTOPOHBI MMPOCKTA

3auHTEepECOBaHHbIC
CTOPOHBI TTPOCKTA

O)I(I/I,Z[aHI/ISI 3aMHTCPCCOBAHHBIX CTOPOH

Hayunoe o0benuHeHNE
Kadeapsl (CTYACHTHI,
IIPETI0/1aBaTEeIIH )

OcBoeHMe TPUHIUITHAIIBHO HOBOM (J171s1 HAYYHOM
IPYIbI) 00JIACTH UCCIICIOBAHUS U MOJEIUPOBAHUS

HedrenepepabaTriBato
e KOMITAaHUU

[1oay4nTh rOTOBBIN TPOTPAMMHBIN MPOLYKT JUIS
PETYIUPOBAHUS TEXHOJIOTHUYECKUX apaMeTPOB
nporecca 00e3B0KUBaHMs 1 00€CcCoNrMBaHus HE()TH B
ST, crtocoOCTBYIOMIETO ONTUMHUBAITIH U
HOBBILIEHHUIO SHEPTO- U PECYPCOCOEPEHKEHMUS

HUIIN

[Monmy4uuTh MoOJIENb TIpOIiecca 00C3BOKUBAHUS U
obecconuBanus Hedtu B D/II;
Pa3BUTh M YKPENHUTD CBSA3HM C HAYYHBIM 00 TUHCHUEM

Kadeapsl 17151 JaTbHEUIIUX COBMECTHBIX pa3pabOTOK

Tabnuna 7 — llenu u pe3ynapTat npoekta

[enn mpoekra

Pa3paboTka MaTeMaTH4E€CKON MOJIENH U TPOIPaMMHOTO
IPOAYKTA C IIEJIbI0 PETYIUPOBAHUS TEXHOJOTUYECKUX
[IapaMeTpoB Ipolecca 00e3BOKUBAHUS U
oOecconrBaHusl He(PTU B AIEKTPOJECTUAPATOPE MPU €€
ITPOMBICIIOBOU MOATOTOBKE

OxunaaeMpie
pe3yJIbTaThl MIPOEKTA

['oTOBBIN MOYJIB pacueTa nporecca, MPOXOAAILIEro B
3JIEKTPOAECTUAPATOPE

Kpurepun npuemkn
pe3ynbTara IpoeKTa

AJIEKBaTHOCTh PE3yJIbTaTOB;
YHUBEpCATBLHOCTD IS PA3TMYHBIX YCIOBHM
TIPOBECHMSI POIIECCa;
[IpocToTa pazpaboranHoro unrepdeiica

TpeboBanus k
pe3yabTaTy IpoeKTa

TpeboBanue:

Cranpaptu3anusi rOTOBOTO NMPOAYKTa

Perucrpauust nporpaMMHOT0 IPOAYKTa
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4.2.1 Opranu3alMOHHAs CTPYKTYPAa MPOEKTa

Tabnuma 8 — PaGouas rpynma nmpoekra

0)4(0)
Neo ’ Tpymnosar.,
OCHOBHOE MECTO paboThl, Ponsp B mpoekre
n/n Jac.
JIOJIKHOCTD
Moiizec Onwra Edpumosna, HU
Koopaunupyer
TIIY, noueHT oTACICHUE
1 . NEeSATETHPHOCTh YIACTHHUKOB 90
xumuueckon nuxkenepuun UIIIIP,
MPOEKTA
PYKOBOJIUTEIb MPOEKTA
Ps6xoBa Hartanes Uropesna, HU
. BrInonHsAeT OTaeabHbIE
2 TIIY, oTnenenre XUMUYECKON 5 490
a0OTBHI IO IPOEKT
nwxkenepun UIIIIP, maructpant : P Y
Koopaununpyer
BBITIOJTHEHUE
Kpunnueina 305 BacuibeBHa,
azzena
HU TIIY, ornenexnue P
3 «PecypcoaphekTUBHOCTh 2
COI[MATILHO-TYMaHUTaPHBIX HAYK
u
I, noueHT .
(rHaHCOBBIN
MEHEIKMEHT)
Koopaunupyet
CorHukoBa AHHa P by
BBITIOJTHEHUE
4 Anekcangposna, HU TITVY, 2
pazaena «CouuanbHas
ACCHCTEHT
OTBETCTBEHHOCTh
Koopaunupyet
5 MakapoBckux AJlekcaHapa BBIIIOJIHEHUE 5
BukTtopoBHa paszesia Ha ”HOCTPAHHOM
SI3bIKE
HUTOI'O: 586

4.2.2 OrpaHn4eHus U JOIMYIICHUS IPOEKTA

OrpaHuyeHusi MPoOeKTa — 3TO Bce (PAKTOPBI, KOTOPbIE MOTYT MOCITY>KHUTh

OI'paHUYCHUCM CTCIICHH CBO60I[BI YYaCTHHUKOB KOMAHJIBI IIPOCKTA, ad TaKXKC

«T'paHUObI IPOCKTA» - IapaMCTPhI IMMIPOCKTA WK €TO0 IMPOAYKTA, KOTOPBIC HE 6y,21yT

PCaAIN30BaHHLIX B paMKax JaHHOT'O IIPOCKTA.
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Tabmuma 9 — OrpannyeHus mpoexTa

daxTop Orpanuuenus/ TOMyIIEHUS
broxer nmpoekra OtcyTtcTByeT
Hcrounnk ¢prHaHcupoBaHuUs OtcyTcTBYyeT
Cpoxku npoekTa: 1.02.2019 - 31.05.2019
JlaTa yTBepKACHUS IJIaHA YIIPABICHUS IPOESKTOM 9.02.2019
JlaTa 3aBepiieHus MpoeKTa 31.05.2019

4.3 IlnanupoBaHue ynpaBJieHUs HAYYHO-TEXHHYECKUM MPOCKTOM

I'pynna  mpomeccoB  IUIAHMPOBAaHUSA ~ COCTOMT M3 IIPOLECCOB,
OCYILIECTBISIEMBIX JIJIsl ONPEIEIICHNUs OOIIETO CO/Iep:KaHus paboT, yTOUHEHHS LieJei
U pa3pabOTKH MOCIEIOBATEIbHOCTH JEUCTBHMA, TPeOyeMbIX ISl JTOCTHKEHHS
JTAaHHBIX LEJICH.

[Inan ynopaBieHHsT Hay4YHbIM HPOEKTOM JIOJDKEH BKIIOYATh B ce0s

CICAYIOIIHC 3JICMCHTBI:

4.3.1 KoHTpOJIbHBIE COOBITHS MPOEKTA
OcHOBHBIE KOHTPOJIbHBIE COOBITUS pa3pabaTbIBa€MOro
MCCIIEI0BATENBCKOTO IIPOEKTA U UX CPOKU IPEICTABJIECHbI B Ta0IHLIE 6.

Tabmuma 10 — KoHTposasHbIE COOBITHS MTPOCKTA

Pesynbrar
Ne KonTtponsHoe .
Jata (oaTBEPKAAFOIIIHIA
n/m coObITHE
JIOKYMEHT)
[Tonyuenue 3ananust v 1.02.20109-
1.
COCTaBJICHUS IJIaHa pabOT 9.02.2019 Orier o mane padote!
5 Nzyuenne Teopernueckux | 10.02.2019- Order
' MaTepUaoB 10.03.2019
. 11.03.2019- .
3. PaboTa c nmutepatypoii 18.04.2019 JluteparypHsiii 0630p
4 3KC?]ZHEII;;6T{22HZEIBCIMH 19.04.2019- O
| P 7 22.04.2019 et
JTaHHBIMA
Oo6padoTka u oocyxnaenne | 23.04.2019-
5. Ortuer
pe3yJabTaToOB 28.04.2019
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Brimonuenue
6. PKOHOMITECKOI 1 29.04.2019- [MosicHUTEbHAS 3aIUCKa
AKOJIOTUYECKOI OIIEHKHU 9.05.2019
MIPOEKTa
Odopmiienne oTuera u
pa3paboTka 10.05.2019- | TIpesenTauus, pa3gaToUHbII
7.
IIPE3CHTAI[MOHHOTO 31.05.2019 Marepual
MaTepuaia

4.3.2 Ilian npoekTa

B pamkax muiaHMpoBaHHs HAyYHOI'O MPOEKTa ObUI MOCTPOEH KaJeHIAPHBIM

rpaduk npoekta B Buje Taduib (Tadmuma 12)

Tabnuua 12 — KanenaapHblil TU1aH MPOEKTa

» S &
= = @ 3
Q Q S
= |8 2 2 Ex
o 0 A e, = T R 2
~ = = < ~ H H o
\: = Q =] am 8 O H
< 2 < = = 5o B
g ) 0 =N T > /M E
¥} S 5 I S n 5 3
P T O & s © =
o, = s o E O o
= = Q
= = lij( S o = =
Z ~ = o)
1 CocraBieHue TEXHUYECKOTO 71 10219 | 7.02.19 Moiizec O.E.
3aJIaHus
I1
2 OCTAHOBIA SAAAHH 2 | 7.02.19 |10.02.19 | Psckosa H.H.
WCCIICTOBAHUS
3 JlutepaTypHsliii 0030p 28 | 11.02.19 | 11.03.19 | Psbxosa H.H.
4 Teopernueckuii aHanus 19 | 12.03.19 | 1.04.19 | Psa6kora H.N.
Pa3zpaboTka mporpamMmbl
5 pacuera U NpoBeJICHHUE 15| 2.04.19 | 17.04.19 | Psa6koBa H.N.
pacyeToB
6 Ouenka >3(hPpeKTUBHOCTH 12 | 18.04.19 | 30.04.19 Moiizec O.E.
IIOJIYYEHHBIX Pacue€TOB Ps0xoBa H.W.
7 | ObopmIICHHe IONOTRUTEILHEX | 7 | 4 o5 19 | 180519 | PagKosa HLIL
pas3/ienon
Odopmrenue oTyeTa,
8 | mnpesenrtamuu u pazgarounsix | 11 | 19.05.19 | 31.05.19 | Ps6koBa H..
MaTepHaIOB
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Hnsa nannoir HUP BeiOpan nuHelHbld rpaduK MJIaHUPOBAHUS, TaK Kak
paboTa BBINOJHAETCA IOCIEI0BATEIbHO, OHA XapaKTEPU3YEeTCS CPaBHUTEIBHO

HEOOJIBIITUM KOJIMYSCTBOM JTAIIOB ¥ OTHOCHUTCS K IIPOCTBIM.
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Ta6nuna 13 — Kanennapueiit minan-rpaduk nposeaenus HUOKP no teme

1 00eCCOMMBaHUS MTPHU TPOMBICIIOBOM TTOJITOTOBKE HEDTH

. «MO,Z[CJII/IPOBB,HI/IC mpoueccoB 00e3BOKMBaHUS

Kon T [Ipoa0KUTENBHOCTD BBIIOJHEHUS padoT
paboTHI Bun pabot Hcnonaurenu © dbesp. MapT anpeib Mai
(13 UICP) LA o T3 123123123
1 CocraBieHue TeXxHu4ecKkoro 3ai1anus | PykoBoaurtens 7
2 [TocTaHoBKa 3a/1a4M UCCIIEI0BAHUS Maructpanr 2
3 JlutepatypHsliif 0030p Maructpant 28
4 TeopeTnuecknii aHAINA3 Maructpant 19
5 Pa3paboTtka nporpaMMsl pacyera u Marnctpant 15
IPOBEJICHUE PACUE€TOB
6 Onenka 3(ppekTUBHOCTH MONTYYEHHBIX | PykoBoguTenb 12
pE3yabTaTOB MaructpaHt
7 OdopmiieHre 10MOTHUTEIBHBIX Marucrpast 17
pazzenoB
3 OdopmiieHne oT4eTa, MPEe3eHTAUN U Marucrpast 11
pa3gaTOYHBIX MaTEpUAIOB

- PykoBoaurenp

-- MaructpaHt

Ha ocHoBe Tabmnuiie 13 ObLT MOCTPOEH KajeHIapHbli MmiaH-rpaduk (Tadbmuma 14) mo JIMTeNbHOCTH UCIIOIHEHUS padoT B

paMKax HAy4YHO-HUCCICAOBATCIbCKOI'O ITPOCKTA C p8,36PIBKOI>'I 10 MeciaIam 3a I€Cpruoa BpEMECHHN JUIIJIOMUPOBAHHA.
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4.3.3 BrogxeT HAYYHOT0 MCCJIeI0OBAHUSA
Pacuer cTromMocTH MaTepuanbHBIX 3aTpaT MPOU3BOJIUTCS TO JCHCTBYIOIIUM
NpecKypaHTaM WM JOTOBOPHBIM IieHaM. Pe3ynbTaThl Mo JaHHOU cTaThe 3aHOCATCS B
tabnume 14.
Tabnuma 14 — Pacder 3arpaT Ha ChIpbe, MaTEpHUAIIbl, KOMIUICKTYIOIIUE U3ICITUS

U TIOKYITHBIE TTOTy(habpuKaThl

Ennnuna

HaumenoBanmne isMepenii Kon-Bo | Ilena 3a enunuiy, pyo. | Cymma, pyo.
bymara yII. 2 270 540,00
®da1 kapTa IIIT. 1 610 610,00
Pyuxu IIIT. 3 45 135,00
Kaprpma nits . 1 3200 3200,00

IpUHTEpA

Di1.3Heprus kB1*y 1200 2,17 2604,00
Bcero 3a MmaTepuansi 7089,00
TpaHcmopTHO-3aroTOBUTEIBHBIE pacxosl (3-5%) 345,45
Hroro no cratee Cy 7443,45

Tabmuua 15 — Pacuer 3arpat no crathe «Crierio6opyioBaHue NIl HAYYHBIX

pabot»
No HaumenoBanue Kon-Bo enunuly OO11as CTOUMOCTD
n/m 00opyAOBaHUS 00opyaOBaHUS o0opyaoBaHus, ThIC.pyO.
1 | I[IK wnu [IDBM 1 25000,00
2 | I1O Microsoft Office 1 3399,00
3 | IIO Pascal ABC 1 3933,85
4 | T1O Borland Delphi 7 1 8549,82
Hroro 40882,67

Ucnons3zoBanne 10 Borland Delphi 7 mpousBomunocs B TeueHHE CpOKa
BBITIOJIHEHUS JTaHHOM Hay4yHOU padoTsl B I1I u IV cemectpe u cocraBmiio 9 mecsiies (¢
ceHTsi0pst 2018 mo wutonp 2019). JIns ydera CTOMMOCTH JIaHHOTO IMPOTPaAMMHOTO
o0ecrieyeHrss C Y4YeTOM BPEMEHHM HCIOJb30BaHMS, TMPOU3BEIEM  pacuer
aMOPTHU3AIIMOHHBIX OTYUCICHUH. YUUTBIBAasl, YTO CPOK TOJE3HOIO HCIOJIb30BAHUS

JAHHOTO TPOAYKTa COCTaBJsIET 5 JIET, a MepBOHAaYalbHAas CTOMMOCThH IO JaHHBIM
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UHTEPHET-PECYPCOB cocTaBisieT 56999 pyOneil, MOXKHO NPOU3BECTH CIEAYIOLINE
pacueTsl:
['ogoBasg HopMa amopTu3anuu = —— = 20%
5 net
ExxeroaHas cymma amopTu3anuu = 56999 py6 - 20% = 11399,8 py6

11399,8 py6
12

C YUYCTOM HCIIOJIB30BAHUA IIPOIrpaMMBbl B TCUCHHUC 9 MCCALICB, CTONMOCTD

Exxemecda4yHad cyMMa aMOpPTU3aLUU = = 949,98 py6

nanHoro [10 cocraBnsier:
CtoumocTsb no ctatbe 4 = 949,98 py6 - 9 = 8549,82 py6

Cratbst «OcHOBHas 3apa0oTHas TUIaTa» BKIIOYAECT OCHOBHYIO 3apaboOTHYIO
maTy pabOTHUKOB, HEMOCPEICTBEHHO 3aHATBHIX BBITOJTHCHHEM IPOCKTa, (BKIFOUAs
MIPEMUH, JIOTUIAThl) U IOMOJHUTEIBHYIO 3apa00THYIO IIJIaTy.

Csn = Cocn + Crons (2)

r71€ 30cn — OCHOBHASI 3apab0THAs TUIATa; 350n — AOMOJHUTENIbHAS 3apab0THAS TIIaTa.

OcHoBHas 3apaboTHas mata (3ocs) PYKOBOAUTENS (JTaOopaHTa, MHKEHEPA) OT
npeanpuaTus (Mpyu HATUYUM PYKOBOJIUTENS OT MPEINPHUSATHS) PACCUUTHIBACTCS TIO
cienyroieit hopmyie:

Boeu = 3,&1{ ) Tpa6’ 3)
r1e 3ocn — OCHOBHAS 3apa00THAs Tu1aTa 0OJHOTO pabOTHUKA; Tpas — MPOIOIKUTETHHOCTD
paboT, BBIMOJHAEMBIX HAYYHO-TEXHUYECKUM paOOTHUKOM, pad. 1H.; 3m —
CpeaHeHEBHAs 3apa0oTHas T1aTa paboTHHKA, PYO.

CpennenneBHas 3apabOTHasI MIaTa paCCUUTHIBAETCS 110 (hopMyJie:

3,,'M
B = G- (4)

rie 3, — MECSYHBIN JTOJDKHOCTHOM OKJIa] paboTHUKA, py0.; M — KOJIMYECTBO MECSIICB
paboThl 6€3 OTITycKa B TEUEHHUE rojia:

npu otycke B 24 pad. qus M =11,2 mecsiia, 5-1HeBHas HEENs;

npu oTirycke B 48 pabd. nueii M=10,4 Mecsiia, 6-1HEBHAs HEJCIS,
F. — nelcTBUTENbHBIA TOMO0BOM (oHA padodyero BpEeMEHH HAyYHO-TEXHUYECKOIO

nepconana, pa. JIH.
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Tabmuma 16 — bananc padodero BpemeHu ogHoro ucnoauautens HAP

[Tokazarenu pabouyero BpeMeHu PykoBomurens | Maructpant
Kanennapnoe uncno naei 365 365
KonuyectBo Hepabouux nHen
- BBIXOJHKIC JHHU 44 48
- Tpa3IHUYHbIC THU 14 14
[ToTepu pabouero BpeMeHu
- OTITyCK 56 28
- HEBBIXOJbI 1O 00JIE3HU - -
JleficTBUTENBHBIN r010BOM (hOH pabOyero BpeMeHu 251 275

MecsuHbIi TOJKHOCTHOM OKJIa paOOTHHKA!

3 = 35 - (kup + ko) - Ky, (5)

rne 3s — 0as3oBbli okian, pyo.; k, — palionHslil ko3¢ ¢uuueHT, paBubiid 1,3 (s
TomMmcka).
Pacuér ocHOBHOM 3apabOTHOM TJIaThl TPUBEAEH B Tabmie 17.

Tabnuua 17 — Pacy€t ocHOBHO# 3apabOTHOM TIAThHI

Ucnonuutenu | 3s, pyo. Kp 3w PYO | 3, py0. | Tp, pad. oH. | 3ocu, pYO.
PykoBogutens | 36664 1,3 | 47663,2 | 2126,8 16 34028,8
Maructpantr | 26300 1,3 | 34190 1392,5 85 118362,5

JlomonHuTENbHAS 3apaboTHAs TuIaTa paccuuThiBaeTcs ucxons u3 10-15% or

OCHOBHOM 3apa0OTHOM TUIATHI:

(6)

ko3 puLrieHT

3;(011 = kaon " Bocu

rie 3n — JAONOJHUTENbHAs 3apaboTHas 1arta, pyo; ko —

JONOJTHUTENBHOH 3apILIaThl; 3.c; — OCHOBHAs 3apa0oTHas I1ata, pyo.
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Tabnuna 18 — 3apabotHas miara ucnoauuteneit HTU

3apaboTHas 1iara PykoBogutens Maructpasr
OcHoBHas 3apruiaTa 34028,8 118362,5
JlonoJiHUTENIbHAS 3apIljiaTa 4083,5 14203,5
Hroro o cratee Cyy 38112,3 132566

CTaThsl «OTYUCIICHUS HA COLMAIIbHBIC HYXKJIBD) BKIIFOYAET B ceOsl OTUMCIICHUS
BO BHEOIOKETHBIE (DOH/IBI:

Chues = kBHe6 ) (30CH + 3;[011)1 (7)
€ Kgnes — KOIPOUIIMEHT OTYMCICHHWM HaA YIJIaTy BO BHEOIOKETHBIC (DOHIIBI
(mencuonHbId (HoHA, GOHT 00s3aTEIHHOTO METUIIMHCKOTO CTPAXOBAHUS U TIP.).

PaccunThiBaeM OTYHCIICHHUS Ha COILMAIbHBIC HYX bl (27,1%):
Cones.pyx = 0,271 - (34028,8 + 4083,5) = 10328,4,
Pe3ynbTaThl pacuyeTa 3aTpaT Ha IPOBEACHUE UCCIICIOBaHUS cBe/ieM B Tabmuiry.

Tabmuma 19 — CMmera 3aTpar Ha BBINOJHEHUE HAYYHO—MCCIIEIOBATEIHCKON

paboThI
Cratbu 3aTpar 3aTpartsl, pyo.
CrIpbe, MaTepuabl, TOKYITHBIC W3ICITHs
7443,45
1 o1y haOpUKaTHI
CrnennanbHoe 000pyI0BaHUE IS
40882,67
Hay4YHBIX (PKCIIEPUMEHTAIBHBIX) paboT
3apaboTHas 1u1aTa 170678
OTurclieHHs Ha COIMATbHBIC HYXIBI U
10328,4
HaKJIaJIHbIE PACXO/Ibl
Nroro: 229332,52

4.3.4 Oprann3anMoHHas CTPYKTYpPa MPOEKTAa
Ucxons u3 pexomenganuii [ 1] BIOpaH MPOEKTHHINA BapUAHT OpraHU3aIMOHHOMN

CTPYKTYPBI ITPOEKTA.
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PyroBOOHTE B NpOCKTa

KomaHnaa npoekTa
(HayuHoe obLeHHEeHHE
CTYASHTOB H
npenojaearenei

kathe nper)

Lens IlpoexT Peamizamusa JaeeplueHHe

Pucynox 23 — IIpoekTHast CTpyKTypa MpOEKTa

4.3.5 Marpuua oTBeTCTBEHHOCTH
Matpuiia OTBETCTBEHHOCTH (POPMHUPYETCSI C ILENBI0 paclpesiesieHus 3a/au
MEXy y4aCTHUKaMH TpoekTaMm (Tabmuiie 20).

Tabmuma 20 — MaTpuira 0TBEeTCTBEHHOCTH

PykoBoaurenn
DTamnbl NpoeKTa MaructpaHt
MIPOEKTa

VYcranoBieHue npoodeMbl U 3a71a4, COCTaBICHUE 0 i
TEXHUYECKOTO 3aJaHus

JIuteparypHsiii 0630p C 41
IIpoBenenue pacueron C n
AHanu3 NOJIy4EHHBIX TAHHBIX C 14
Odopmienue pe3ynbTaToB C O

CreneHb yd4acTHs B TIPOSKTE MOXKET XapaKTEPU30BAThCS CIICTYHOIIUM
obpazom:

1. Omseemcmeennsiii (O) — U110, OTBEUAIOIIIEE 32 PEATMU3AIINIO TaTa MPOEKTa
Y KOHTPOJIUPYIOIIEE €ro XO/I.

2. Ucnonnumens (M) — nuno (nuiia), BRIMOTHSOMKE paOOTHl B paMKax dTara
IIPOEKTA.

3. Vmeeporcoarowee nuyo (V) — U0, OCYIIECTBIAIONIEE YTBEPXKICHUE

pE3yJABTATOB 3Tara NpoeKTa (€CIM 3Tal NPeayCMATPUBAET YTBEPKICHUE).
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4. Coenacyrowee nuyo (C) — nu1o, OCyHIECTBIAIONIEE aHAIN3 PE3yJIbTaTOB
MPOCKTAa M YYaCTBYIOIIEE B MPUHATUU PEIICHUS O COOTBETCTBUM PE3YIhTAaTOB 3Tara

TpeOOBaAHUSIM.

4.4 Onpenesienne pecypcHou (pecypcocoeperarouueii), GuHaAHCOBOI, OI0IKETHOI,
COLUAJILHON M IKOHOMHUYECKON I(PPEeKTUBHOCTH UCCICAOBAHUS
4.4.1 Ouenka cpapHUTENbHOU 3G (PeKTUBHOCTH HCCIeJ0BAHUS
Onpenenenue  A(PPEKTUBHOCTH  MPOMCXOAMT HA  OCHOBE  pacyera
MHTErpaJIbHOTO  TMOKa3aTenss A(Q@PEeKTUBHOCTH HAyyHOro wuccinefgoBaHus. Ero
HAaXOXKJEHUE CBS3aHO C OINPEACICHUEM [BYX CPEIHEB3BEIICHHBIX BEIUYUH:
dbuHaHCOBOM 3 (HEKTUBHOCTH U pecypcodrhPEeKTUBHOCTH.

NuTterpansubiii GUHAHCOBBIN MOKa3aTEIb pa3padOTKU ONPEACIISIETCS KaK:

b p (8)

e [,® — uaTerpanbHbIi GUHAHCOBBIN MOKa3aTelb pa3pabOTKy;

®,; — CTOUMOCTB 1-TO BapHaHTa UCIIOJHEHHUS;

®max — MaKCHMaJIbHas CTOMMOCTH HCITOJIHCHHSI HAYYHO-HCCIICIOBATEIHCKOTO
poeKTa (B T.4. aHAJIOTH).

[Tomy4yeHHast BeIMYMHA HHTETPATLHOTO (PMHAHCOBOTO IMOKA3aTeNs pa3pabOTKH
OTpa)kaeT COOTBETCTBYIOIIIEE YMCICHHOE YBEINUYEHUE OI0/KeTa 3aTpaT pa3paboTKH B
pazax (3HaueHue OOJIbIlIE EAUHUIIbI), JHUOO COOTBETCTBYIOIIEE YHUCICHHOE
YACIICBIICHUE CTOMMOCTH pPa3pabOTKM B pa3zax (3HAUYCHWE MCHBIIIEC CIWHMIIBI, HO
OOJBIIIE HYJIS).

NurterpansHbiii GUHAHCOBBIN MTOKa3aTEIb Pa3padOTKU ONPEACIISIETCS KaK:

®,; 1915611

P = = = 0,982

¢ P, 195076,1

. ®,; 1935761 0992

¢ @, 1950761
@, 195076,1

I E = = 1,000

¢~ @, 1950761
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[TomyuenHasi BeIMYMHA UHTETPajIbHOTO (PMHAHCOBOTO MOKa3aTels pa3padoTKu
OTpa)kaeT COOTBETCTBYIOIIEE UMCICHHOE YJNEUIEBICHHE CTOMMOCTH pPa3pabOTKU B
passl.

WuTerpanbHbiil oKa3aTens pecypcodPPeKTUBHOCTH BapHAHTOB UCTIOTHEHHUS

00BeKTa HNCCIICAOBAHUA MOKHO OIIPCACIUTD CICAYIOIINUM 06p330M:

L, =Zn:a,.b;’ . =Zn:a[b,.”
i=1 =1

: ! (9)
r1e Im — MHTerpabHbIi oKa3aTelb pecypcodHEKTUBHOCTH BAPUAHTOB;
i — BecoBOU KOA(D(PUITUEHT 1-TO TapameTpa;
bi* , b — OampHas oleHKa i-ro mHapameTpa JUIs aHajgora W pa3pabOTKH,

YCTaHABJIMBACTCSI AKCIIEPTHBIM ITyTEM I10 BEIOPAHHOM IIKajie OICHUBAHUS;
N — 9HCII0 TApaMEeTPOB CPABHCHMUS.
Pacder wuHTErpampHOro Imokasareins pecypcod(pdEKTUBHOCTH TPUBEICH B
tabnure 21.

Tabnuua 21 — CpaBHHUTENbHAS OLIEHKA XapaKTEPUCTUK BAPUAHTOB UCTIOTHEHUS

IpoeKTa
Ho Becosoit Tekymuii | Ananor | AHanor
Kpurepun KOO HILHEHT MIPOEKT 1 2
napameTpa
1. AnekBaTHOCTh pa3pabOTKu 0,3 5 4
2. YHUPUIUPOBAHHOCTh 0,2 4 4 4
3. [IpocToTa mpuMeHEHUS 0,26 5 5 4
4. YHUBEPCATLHOCTh 0,24 3 3 3
UTOI'O 1 17 16 16

1.:=5*0,3+4*0,2+5*0,26+3*0,24=4,32
Amnanor 1=4*0,3+4*0,2+5%0,26+3*0,24=4,02
Amnanor 2=5%*0,3+4*0,2+4*0,26+3*0,24=4,06
WuTerpanbHbiil nokaszatenb 3¢dekTuBHOCTH pa3paboTKu (lgusp’) M aHasora
(lpurp?) OTIpENEIAETCS Ha OCHOBaHUHU MHTETPAJIbHOTO MoKa3ares

pecypcoddHEeKTUBHOCTH M MHTETPAIBHOTO (PMHAHCOBOTO MOKa3aTes mo hopmyie:
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I p Ia
I p —_m Ia _'m
punp I p s dunp Ia
@ g
P 432 _ = 4,399
ourp ~ () 982
21 = 402 _ = 4,052
burp () 992
22 = 406 _ = 4,060
éuHp ™ 1 000

CpaBHeHI/Ie HHTCTPAJIBHOI'O ITIOKA3aTCJIA 3(1)(1)CKTI/IBHOCTI/I TCKYIICTO IIPOCKTA U
AHAJIOTOB  IIO3BOJIMT OINPCACIIUTL CPAaBHUTCIbHYIO B(i)q}CKTI/IBHOCTL IIPpOCKTA.

CpaBHurenbHasa 3QpPEeKTUBHOCTD MTPOEKTA!

3ep = ———1,083

rae D¢ — cpaBHUTENbHasd 3((eKTUBHOCTh NpoekTa; [, — MHTerpanbHbIN
nmokaszareib pa3paboTku; I, — HHTerpaabHbIH TEXHUKO-2KOHOMUYCCKHM TTOKa3aTeIb
aHasora.

Tabnuua 22 - CpaBHuTenbHas 3 PEKTUBHOCTH pa3paboOTKH

No
i [Tokazarenn Amnanor 1 | Ananor 2 | Pa3pabGotka
1 WHuTerpanbHblil (pUHAHCOBBIN 0,992 1 0,082
NoKasaTellb pa3padoTKu
5 HNHTerpanbHbli oKas3aTesb 4,02 4,06 4,32
pecypcodpHeKTUBHOCTH pa3pabOTKu
3 WMHTerpanbHbli oKa3aTesb 4,052 4,060 4,399
3 peKTUBHOCTH
4 CpaBuurenbHas 3QPEeKTHBHOCTD 1,086 1,083
BAPUAHTOB UCIOJHEHUS
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B pesynbrare mnpoBeaeHHON paboThl ObLIa CIPOEKTHpPOBAHA W CO3JaHa
KOHKYPEHTOCTIOCOOHasi pa3pab0TKa, OTBEYArOIIasi COBPEMEHHBIM TPEOOBAHHSIM B

obJsactu pecypcodPpHeKTUBHOCTH B PECYPCOCOEPEIKCHUSI.
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5 COIUAJIBHASA OTBETCTBEHHOCTD

DKcrepuMeHTallbHAs YacThb MAarucTepcKkoil paboThl OCYIIECTBISIAChH Ha
nepcoHanbHoM KoMmibtoTepe (naiee I1K) npu pabore ¢ pa3nuyHbIiMU NPOrpaMMHBIMU
00eCreueHUsMH B OTJICTICHUN XUMUYECKOW HH)KeHEpHH TOMCKOTO MOIUTEXHHUECKOTO
yHUBepcuTeTa. Pabouas 30Ha mpeacTaBisieT coOOM ayAMTOPHUIO, 0O0OPYIOBAHHYIO
CUCTEMaMHU OTOIUICHUS, KOHJUIIMOHHUPOBAHUS BO3JyXa M €CTECTBEHHBIM U
HCKYCCTBEHHBIM OCBelleHHEM. Takke B ayJIUTOPHUH HAXOAMTHCS amnTeuyKka MEepBOU
MEJUIIMHCKOM TIOMOUIHM, YIJIEKUCIOTHBIM OrHETYHIUTENb [ TYIICHUS MoXKapa.

Pabouee mecTo — crarimoHapHOE, 000PYTIOBAHHOE KOMITBIOTEPOM.

5.1 IlpaBoBbIe U OPraHU3aNMOHHbIE BONPOCHI 00ecrevyeHus1 0e30MacCHOCTH
5.1.1 CnenmnanbHble (XapaKTepHbIe 1JIs1 IPOeKTUPYeMOoii paboueil 30HbI)
NPaBoOBbi¢ HOPMbI TPYA0BOI'0 3AKOHOAATEIHCTBA

JIJist  BBITIOJIHEHUS 3aJja4yll COXPAHEHUs JKU3HU U 370pOBbi pabOTHHUKA,
COIJIaCHO TMpHUKa3y, MpU MOCTYIUIEHUH Ha paboTy MPOBOAUTCS MEIOCMOTP, C LENbIO
IIPOBEPKHU 310pOBbs KaHauaara Ha coorBerctBue. CornacHo Ilpunoxennro, N1
JAHHOTO JOKYMEHTa, BO BpeMs padOThl MPOBOJATCSA IUIAHOBBIE MEIOCMOTPBI C
y4acTHEeM Bpadeil W MpoBEACHUEM JTa0OPATOPHBIX HMCCIEIOBAHUM, NIJISI BBISBJICHUS
BO3/ICICTBUS BpEIHBIX (PAKTOPOB M BEPOSATHOCTU Pa3BUTUS MPO(PECCHOHANBHBIX
3a0oneBaHui. [l coxpaHeHUs: U MOAEp>KaHUs 310POBbsl PAOOTHUKOB, TPUMEHSIOT
KOMIUIEKCHbIE Mepbl. OHUM BKJIIOYAIOT B €05l CpeACTBAa MHAMBUIYAbHOM 3alllUTHI,
KOTOpble  OOECIEeYMBAIOT  MEXAHMYECKYI0, TEPMUYECKYI0, XUMHUYECKYI0 U
AIEKTPUYECKYIO O€30MacHOCTh, @ TaKK€ COIJIACHO JOKYMEHTY, IJisi CHUKEHUS
BPEHOTO BO3JCUCTBHUS XUMUYECKUX (HaKkTOpoB (969 KOMIOHEHTOB) pabOTHHKaAM
BBIJIAETCSI MOJIOKO MUThEBOE B KosnyecTBe 0,5 muTpa 3a CMEHy JUisl BBIBEJICHUS U3
OpraHM3Ma TOKCHYECKMX BEIIECTB (BO3MOXHA 3aMEHA MOJIOKA PaBHOLICHHBIMU
npoaykramu, cornacHo IIpunoxkenuto N1 wnum ke neHexxknas Bbiata). CornacHo
BBITIOJTHSIETCS OecIIaTHAs BbIJaua CMBIBAIOIINX U (KMJIK) 00€3BPEKUBAOIINX CPEICTB

()KI/II[KOG U TBCPAOC MbLIO, OYHUINAIOIMIKWE U BOCCTAHABIMBAIOIINUEC KPCMbI U T.I[.), cClin
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BBITIOJIHEHUE  OOSI3aHHOCTEH  paOOTHWKA CBS3aHO C  JIEHCTBUEM  OMACHBIX

POU3BOJCTBEHHBIX (PAKTOPOB, TEMIIEPATYPHBIX YCIOBUH U 3arpsi3HEHUH.

5.1.2 Oprann3zaunoHHble MEPONPUATHA NPU KOMIIOHOBKe padoyeii 30HbI
HCCJIeI0BAHNS

Kaxnpii rpaxaanud PO uMmeer mpaBo Ha TPYyZ B YCJIOBHSX, OTBEUYAIOIIHUX
TpeOOBaHUSAM OE30MACHOCTH M TUTHEHBI, U Ha OXpaHy 370POBbs, MPUBEICHHBIM B
Koncturyuuu Poccuiickoit @enepauu.

YnoOHas 1mo3a ® CcBOOOIAa TPYIOBBIM JIBIDKCHHSIM  OOECIEYMBACTCS
NpaBUJIBHBIM PACIIONOKEHUEM U KOMIIOHOBKOU pabouero mecrta. Kpome storo, npu
UCIIOJIb30BaHUU  00OPYAOBAaHUS, OTBEYAIOIIETO TPEOOBAHUAM DJPrOHOMHUKU U
WHXEHEPHOW TICUXOJIOTMH, TPYAOBOM MPOLECC CTAaHOBHUTCS  A(DPEKTUBHEM,
YMEHBIIAETCS YTOMIISIEMOCTh M IPEJOTBPAIIAETCS ONACHOCTh BO3HUKHOBEHMSI

npodeCCUOHANIBHBIX 3a00JICBaHMI.

Pucynox 24- [lpaBuibHOE MOJ0KEHUE TTPU pabOTE 32 KOMITBIOTEPOM.

5.2 IlpousBoacTBeHHas1 0€30MACHOCTH
PaGota 3a TepCOHAIBHBIM KOMIBIOTEPOM  PETYIHPYETCS  TEXHUKOM
0€30MacHOCTH MpEeANnpusATUs U TpeOyeT CcOoOMIoACHUS NpeanucaHHbIX HOpM. llpu
BBITIOTHEHUHU paboT Ha nepcoHanbHOM KoMmIbtoTepe (1K) cormacuo 'OCTy 12.0.003-
2015 «CCBT. OnacHbie U BpeHbIE MPOU3BOACTBEHHbIE PakTopbl. Kinaccudukamms»

MOTYT UMETh MECTO CIEAYIONIHE (PaKTOPHI:
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— HEYJOBJETBOPUTEIbHBIE MUKPOKIMMATUYECKUE YCIOBHS Ha paboueM MecTe
— IIIyM B IOMEUICHUU
— HEIOCTaTOYHas OCBELIEHHOCTh Ha paboueM MecTe
— TIIOBBILICHHAs Harpys3Ka Ha 3peHHE
—  HaIpsDKEHUE BHUMAHWS U UHTEIUIEKTyaJIbHBIC HAIPY3KU
— JUIMTENbHAs CTaTM4eCcKas Harpy3ka U MOHOTOHHOCTb Tpy/Ja
—  DJIEGKTPOMAarHUTHOE U3Jy4EHUE MOHUTOPA
— DJIEKTPOCTATHYECKUM 3aps]l Ha SKPAHE MOHUTOPA
— BO3MOXKHOCTb ITOPAKEHHUS DIEKTPUUECKUM TOKOM.
[Ipoananusupyem ocHOBHBIE (PaKTOPBI paboyeli 30HbI Ha MPEIMET BBISBICHMUS

WX BPEIHBIX MPOSBICHUM.

5.2.1 AHa/1u3 BpPeJAHBIX U ONACHBIX (PAKTOPOB, KOTOPbIE MOKET CO31aTh 00bEKT
uccJie10BaHusA

TexHomornyeckass ycTaHOBKa IOJATOTOBKM HE(QTH SBISIETCS B3PbIBO- U
MOKapoomacHbIM 00beKTOM. [IpuMeHseMble Ha YCTAaHOBKE peareHThl 00IagaroT
TOKCUYHOCTBIO U SABIISIIOTCS OMACHBIMHU ISl 370OPOBBS YeloBeka. BpeaHoe BhnusiHueE,
OKa3plBaeMoe He(TenpoAyKTaMH Ha OpraHM3M YeJOBeKa IpHU CHCTEMaTUYECKOM
CONPUKOCHOBEHWHW C HUMH WM BIbIXaHWE WX T[apOB, MOXET TPUBECTH K
npod3abosieBaHUsIM UM OTpPaBICHUSAM. AHaIM3 MPUYUH [O0XKApOB, B3PHIBOB U
HECYACTHBIX Cy4asx Ha HedTenepepaOaThIBAIOIIMX MPEANPHUATHIX MOKa3bIBAET, YTO
B MOJABJSIOMIEM OOJIBIIMHCTBE OHM BO3HUKIM H3-3a HECOOJIOJEHUs rpaduka
IUTAHOBO-TIPEAYIPEIUTENIBHOIO PEMOHTA, H3-32 OTKJIOHEHHUS TEXHOJOTHYECKOIrO
pexrMa, a 3a4acTyl0 H3-3a HE3HaHWsS WIM TpyOoro HapyIICHHs TEXHUKH

0€30I1aCHOCTH.

Bpeonvie sewgecmea
CeippeM mporiecca sBISICTCS He(TEera3oBOJsHAs CMECh, MOCTyMaromas u3

(dboHIa CKBAXKUH U COZIepkKallasi B CBOEM COCTABE IIUPOKUI CIIEKTP yTIE€BOAOPOIOB, a
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TaKKe YTIEeKUCIbIA ra3, CEpoBOJAOPOJA, OKCHJ a30Ta, BOJly U PACTBOPEHHbBIE B HEMl
MUHEPAJIbHbIE COJIH.

OnacHble ¥ BpeAHbIE CBOWCTBA Ta305KUJKOCTHON cCpelbl OOYCIOBIIEHBI €€
TOKCUYHOCTBHIO U XMMUYECKOW arpeCCUBHOCTBIO OTAEIbHBIX KOMIIOHEHTOB, a TaKXe
CIIOCOOHOCTBIO TMPOHUKATH B 3aKpBIThIE MOJOCTH W MPOCTPAHCTBA, 3JaHUS U
COOPY’KEHHUS, CKAIUIMBAThCA B PA3UYHBIX YIIYyOJNEHUAX U PaCIpPOCTPAHATHCS Ha
OOJBIINE PACCTOSHUSA U TUIOIIAIAH MO BO3YXY, 3€MJIE U BOJHOW TOBEPXHOCTH.

Kpome TOro, Ha mpoMBICIIAX NPUMEHSAIOT MIHUPOKUM CIEKTp APYTUX
XUMHUUYECKUX BEIIECTB (JI€IMYIIbraTOPbl, UHTUOUTOPHI KOPPO3UU, METAHOI U AP.).

B Ttabmume 21 mnpuBenensl xapaktepuctuka, [I/IK m kmacc omacHOCTH
npuMensieMbix Ha YIICB Bemects, cornacio 'OCT 12.1.007-76 «CCBT. Bpennbie
BEILECTBAY.

Tabnuua 21 — Xapakrepuctuka, [1JIK u kiacc onacHOCTH BEIIeCTB

) X ™
= < < =
Q —
S " 3 == = 2 B @8 E &
= c2 2| 82 | §££8¢8¢87
am < N
/M Q @] ¥a| 1) m
ol C S E < E« = 5 E % o = S E
& 5 s 8 | 5| 2E 32522 55
= a2 3} = 9 2 ? = £ 3 2 g
= =5 g 3] S X =5 E£3¢& 85 8§
< < © S o O EF 235 &8 = ¢
= 2 27 =5 %8¢
/M = B
1 Hedts Kuakocts | 3 | TOKcHueH 300
2 | Hedranoii ra3 I'a3 3 | TOkcHYeH 300
3 | Hesmynbraropsl | XKuakocts | 3 | TOKCHYEH 5
4 Hedrenuramer | XKugkocts | 4 | TOKCHYEH 300

Hedtp 1 GONBIIMHCTBO MPOAYKTOB €€ MEpPepadOTKU SIBISIOTCS HEPBHBIMU
a1amMH, 00JaJalolMMU HAPKOTHUYECKUM JEHCTBHEM U MOPAXKAIOIIUMU TJIABHBIM
o0pa3oM IeHTpaIbHYyI0 HEPBHYIO cucTeMy. OHH MOBBHIIAIOT BO30YIMMOCTh YETIOBEKA,
BBI3BIBAIOT T'OJIOBOKPYXKEHHE, CepJilieOueHHEe, ClIadoCTh, OTepo co3HaHus. HedTs,
nonajas Ha KOoxy, 00€3)KUPUBAET U CYIIIUT €€.

HedrsHoii ra3, monamasi B opraHu3M, OKa3bIBaeT (PU3NOIOTHIECKOE JIEHCTBHE,

oOI1IMii XapaKTep KOTOPOTO HAIIOMUHAET OIbsHEHUE.

53



JleoMynpraTopel  OKa3bIBalOT —CIA0OBBIPAKEHHOE MECTHO-Pa3/Ipakaromiee
neicTBue, 00J7JaMal0T KyMYJSITUBHBIMH CBOMCTBAMH, aJUNICPTEHHBIM JICHCTBHEM,

pa3apaxkaroT AbIXAaTCIIBHBIC ITYTU U CIIM3UCTHBIC 000JIOYKH TJIa3.

Onacnvie u 8pednvie hakmopwl

Tabnuua 22 — OnacHble ¥ BpeHbie (haKTOPBI IPU BbITIOJIHEHUU paboT Ha YIIH

HcTtounuk akropa

HaHMeIgOBaHHe ®axropsl o 'OCT 12.0.003-74
pabot Bpenusie OnacHeie

1.  Ot6op mnpo6| 1.  IloBbimeHHas 1. TToxxapoB3pBIBOOIIACHOCTh
AMYJIbCHH; 3ara3oBaHHOCTb BO3/yXa; | MaTEpPHAJIOB;
2. [IpoBenenue | 2. Henocratounast | 2. [lOBBIIIEHHBIA YpPOBEHb
WCTIBITAHUS C | OCBEIIIEHHOCTH; HaIPSHKCHUS B
no0aBiieHUEM 3. TloBbIllIEHHBIN YPOBEHD | AICKTPUUECKOM 1IeTH B
JEIMYJIbraTopa; rymMa u BUOpamuu. ANEKTPOABUTATENSIX HACOCOB;
3.  Usmepenue 4. [lcuxoduznueckue | 3. [ToBeiIeHHAs
TEXHOJIOTUYECKHUX dakTopsl TeMIiepaTypa IOBEPXHOCTHU
napameTpoB 000pyaOBaHUS.
YCTaHOBKH

5.2.2 AHa/1u3 BpPEIHBIX U ONMACHBIX ()AKTOPOB, KOTOPbI€ MOTYT BOBHUKHYThH Ha
padoyeM MecTe NMPHU NPOBEASHUU UCCIeT0BAHUN

Vposenv snekmpomacnumnolx nonei (IMII) u maecko2o peHmeeHo8cK020 U3NyUeHUs.

CanlluH 2.2.4.1191-03. nmojst B

CornacHo «INEKTPOMArHUTHbIE

IIPOM3BOACTBEHHBIX YCIIOBUSAX» IPU HAINPSHKEHHOCTH AJIEKTPUYECKOTO I0JIA B
nuana3zoHe B auara3oHe 4actotT S I'1r - 2 kI'1 m B imanasone yactotT 2 kI - 400 kI'11
BPEMEHHBIE JIOMYCTUMbIEC YPOBHU 3JIEKTPOMArHUTHOTO TIOJISI COCTABJISIOT 25 B/M 1 2,5
B/M cooTBeTCTBEeHHO. MOIIHOCTH SKCIMO3UIIMOHHONU J03bI MSTKOTO PEHTI€HOBCKOTO
u3ydeHus: B Jo0oi Touke Ha paccrosHud 0,05 M OT 9KpaHa W KOpmyca
BUJICOIMCILICHHOTO TepMuHaia He npesbimaet 1 Mx38/4 (100 mxP/q).

[MTonmuocTer0 H30exkater Bo3nercTeust DMII [ID9BM ueBo3zmoxuo. Ho MoxkHO

MaKCUMAJIbHO CHU3HUThH 3TO BO3JeWcTBUE. Mepbl CHUXKEHUS MHTeHCUBHOCTH OMII

COCTOSIT B pallMOHAJIBLHOM pa3MelieHnu pabouux MecT - cocenuuii [1K Haxoqutcs Ha
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pacctostHuM 1,5 M, 0cOO€HHO ero OOKOBBIE M 3agHue CTeHKH. OTaenKka OMEIICHUS
npejacTaBieHa  AUPPY3MOHHO-OTPAKAIONIUMH ~ MaTephajlaMd  C  3aJJaHHBIMH
KoddduimeHTaMu oTpakeHus. K ToMy ke yMCHbBIIIEHHE M3JIy4YCHHS B HMCTOYHHUKE
JOCTUTAETCS 3a CYeT IPHMCHCHHUS COTJIACOBAHHBIX HArpy30K W IOTJIOTHTEICH

MOIODHOCTH, Hp€O6p3.3y10HII/IX OHCPIUIO U3JIYYCHHA B TCILNIOBYIO.

Yposenv axycmuueckoeo wiyma u ubpayuu

Hlym, kak pasgpaxamomuid  (akTop, OKa3blBaeT HEOIAronpusTHOE
BO3JlelicTBHE Ha opranu3M uenoBeka. IIpu padore c¢ I[IK BO3MOXHO mnosiBiIeHHE
HEPBHOTO HANpPSDKEHUsT U CHIKEHHE pPaboTocnocoOHOCTH. MCTOYHMKHM IIyma -
IIPOLIECCOP KOMIIBIOTEPA, JIEKTPOJIAMIIBI, CACTEMBI BEHTHIISILIUM U OTOIUICHHUS.

B coorBerctBun ¢ CH 2.2.4/2.1.8.562-96 «lllym Ha pabouumx MecTax, B
MOMEILEHUAX KHUIbIX, 00IIECTBEHHBIX 3JaHUI U Ha TEPPUTOPHUH 3aCTPOUKH», YPOBEHb
myMa Ha pabouem Mecte monb3oBateneit 1K He mpesimaer 3naduenuit 50 n1bA. B
NOMEIICHUSIX BCEX THUIIOB  OOpa30BATENbHBIX  YUPEKIAEHUH, B  KOTOPBIX
skcruryaTupytorcss [I9BM, ypoBeHb BuHOpaluu HE MPEBBILIACT JIOMYCTUMBIX
3HaueHuid. Pabodyee MecTo HE HMMEET COOCTBEHHBIX HCTOYHHMKOB BHOpaluu, HO
UCHBITBIBACT OOIIETeXHOJOrHueckue Bo3aelcTBua. ClieoBaTeabHO, COTJIACHO
KJ1acCU(PHUKAIMY IO UICTOYHUKY BO3HUKHOBEHUS BUOpaIluu, pabouee MECTO OTHOCUTCS
k Kareropuu 3 u Tuny B. J{ns cHuXeHUs: ypoBHSI 3BYKOBOI'O JIaBJICHUS Ha pabO4mX
MeCTaX M MeCTax IIOCTOSHHOIO TpeObIBaHUS JIIOJel B TNPOM3BOJACTBEHHBIX U
OOILIECTBEHHBIX 3AaHUSIX HMCHOJB3YIOTCS 3BYKOIOIJIOMIAIONIME KOHCTPYKIMHU, Takue
KaK 3BYKOIOIJIONIAtOIIasi OOJMIIOBKA, KOTOpas pa3MeIaeTcsi Ha MOTOJKE M CTeHax
MOMEILEHUH, 9KpaHbl, U3TOTOBJICHHBIE U3 CILIOIIHBIX TBEPABIX IIUTOB, 0OJUIIOBAHHBIX

3BYKOIIOTJIOINAOIIUM MaTCpHraIOM.

Ocsewenue na pabouem mecme
Ocobast posib OTBOAMTHCS KOHTPOJIIO MO OOECHEYEHHUIO IOJKHOTO YPOBHS
ocBelieHus: pabodero mecta. Ilockonmpky MecToM mpoBeneHHUs pabOT SBISETCS

IIOMCIICHUE, TO BO3HHKACT H€O6XOJII/IMOCTB MaKCHUMAJIBHOTI'O HpI/I6J'II/I)K€HI/I${
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OCBEIICHHSI K €CTECTBEHHOMY COJIHEUHOMY, YTOOBI M30€KaTh CHIDKCHHS 3PEHUS U
MOBBIIICHUE YTOMJISIEMOCTH  paboTHWKa. Jlms  oOecnedeHWs HOPMHPYEMBIX
noKasaTesied OCBEUICHHOCTH OOECHEYeH TIOCTOSHHBIM KOHTPOJb HCHPaBHOCTU
OCBETHTEIIBHOTO 000PYIOBAaHUS U €r0 3aMEHa, B CJIy4ae HEHCIIPABHOCTH.

Pabounii cToN ycTaHOBIIEH TAKUM 00pa30M, 4TOOBI CBETOBOM MOTOK HAMPABIIEH
cieBa OT pabOTHHUKA.

Cornacio CHull 23-05-95 «Hopwmbl npoextupoBanusi. EcrecTBeHHOE U
HMCKYCCTBEHHOE OCBELIEHUE», B TOMEUIEHUAX s Kciuryatauuu [IK opranuszoBaHo
€CTECTBEHHOE OCBEIICHHE 4Yepe3 CBETONMPOEMBI, obecreunBaroiiee KodhUIUEHTHI
ectectBeHHOM ocBenieHHOCTH (KEO) He Hmxke 1.5%. McKyccTBEHHOE OCBEIIEHUE
MPEACTaBICHO KOMOMHHpOBaHHOW cuctemoil. [lockonbky MouuTop IIK Takxke
SBJISIETCS UCTOYHUKOM CBETA, TO B LIEJISIX CHIKEHHUSI MEPIIAHUsI dKpaHa yCTaHOBJICHA
yactoTa kajapoB 60 I'u mis JKKM-moHUTOPOB.

CormacHo mnyHKTy 6.15 s oOecriedeHuss HOPMHUPYEMBIX 3HAaYEHUU
OCBECIIICHHOCTA B MOMEMICHUAX sl ucnojb3oBanus [[DBM mnpoBomutcss umcrtka
CTEKOJI OKOHHBIX paM M CBETHJIBHUKOB HE PEXKE NBYX pa3 B TOJ U MPOBOIUTCSA

CBOCBPCMCHHAs 3aMCHaA IICPCropCBIINX JIAMII.

Muxkpoxaumam na pabouux mecmax, ooopyoosarnvix IIIBM

[Tox TEepMHHOM «MHKpPOKJIMMAT» IOHMMAETCS COBOKYITHOCTH HECKOJIBKHX
OIMacHBIX (DAaKTOPOB - TeMIlepaTypa OKPYKAOIIeH Cpelbl, BIAKHOCTh BO3IyXa U
CKOpPOCTh JIBIKEHUS BO3Ayxa. OTKIOHCHHE JaHHBIX IMOKa3aTesied OT HOPMBI BIIHSICT
IJIaBHBIM 00pa30oM Ha OCYIIECTBJICHHE TEIIOOOMEHA OpraHM3Ma C OKpY’Karolen
CpEIION.

Ha pabounx wmecrax mnonb3oBareneid I[IK oOecrnedensl onTUMaibHbBIE
napamMeTpel MHKpokiumara B cooTBerctBum ¢ CanlluHom  2.2.4.548-96
«['urnenndeckue TpeOOBaHMS K MHUKPOKIMMATY IMPOU3BOJICTBEHHBIX MMOMEIICHU.
CornacHo JaHHOMY JOKyYMeHTY, paboTa ¢ IIK OTHOCHTCS K KaTeropuu TsHKECTH padoT
la (paGoThl ¢ WHTEHCHUBHOCTBHIO H3Hepro3arpar a0 120 kkam/a (mo 139 BrT),

MNPpOU3BOAUMBIC CHAA W COIIPOBOXAAIOHNIMCCA HC3HAYUTCIbHBIM (1)I/IBI/IIICCKI/IM
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HampspkeHueMm). Mcxonss w3 maHHOW KiaccH(pUKAMK, TeMIeparypa BO3AyxXa B
XOJIOMHBIM Tmepuoa roga He Oonee 22-240C, B Terbli mepuon roaa 23-250C.
OTHOcHUTeNbHAS BIAKHOCTH cocTaBisieT 40-60%, ckopocTh nBrkeHus Bo3ayxa — 0,1

M/c AJI1 XOJIOJHOI'O U TCINIOTO I€pruoaa roaa.

lcuxoguszuueckue pednvie u onacuvle haxmopwl
Cormacuo T'OCT  12.0.003-74. CCBT «OmnacHele W  BpEIHbIE
IPOM3BOACTBEHHBIE  (akTopbl. Kraccupukanus»  CymIECTBYIOT — CIEIYIOIIHE

HCI/IXO(I)I/ISI/IOJIOFI/I‘ICCKI/IC OITaCHBIC U BPCAHBIC ITPOU3BOACTBCHHLBIC q)aKTOpBII

CTaTUYECKUE TIEPETPY3KU;
— JIUHAMHYECKHUE;
— YMCTBEHHOE IIEpEHANpPSHKECHHUE;
— MOHOTOHHOCTb TPY/Ja;

Pabota na [1K conpoBoxaaeTcsi IOCTOSSHHBIM U 3HAYUTEIbHBIM HAIIPSKEHUEM
(GYHKIUI 3pUTENBHOrO aHalInW3aropa. PaccTpoilcTBO OpraHoB 3peHHs] PE3KO
yBEJIMYUBAETCS MpU padboTe 0osiee YeThIPEX YacOB B JCHb.

HepBHo-3MouMoHanpHOE HampsbkeHue npu padore Ha I[IK  Bo3Hukaer
BCIEACTBUE neduimra BpeMeHU, OONbIIOro o0beMa M IJIOTHOCTH HH(POPMAIINH,
0COOEHHOCTEN AMaNoroBoro pexxuma ooieHus yenoBeka u 11K, oTBeTrcTBeHHOCTH 32
6e3omubouHoCTh HHPOpManuu. [IpogomkuTenbHas paboTa Ha AUCIIEE, OCOOCHHO B
IUAJOrOBOM  PEXHUME,  MOXET  MNPHUBECTM K  HEPBHO-3MOIMOHAIIBHOMY
NEpPeHANpPsHKEHUIO, HAPYIICHWIO CHA, YXYALIEHUID COCTOSIHUSA, CHUXEHUIO
KOHIIEHTpAllUd BHHUMaHHA M pabOTOCIMOCOOHOCTH, XPOHMYECKOM TOJIOBHOW O0IIH,
MOBBIIIEHHON BO30yIMMOCTH HEPBHOM CHUCTEMBI, AETPECCUH.

Kpome Toro, npy NOBBIIEHHBIX HEPBHO-TICUXUYECKUX HATPY3KaX B COUETAHUU
C IPYTUMU BpeIHBIMU (haKTOpaMU MPOUCXOTUT “BHIOPOC” U3 OpraHu3Ma BUTAMUHOB U
MUHEpalbHBIX BemiecTB. Ilpu paboTe B YCIOBUSX TMOBBIIICHHBIX HEPBHO-
SMOLIMOHAIBHBIX M (U3WYECKUX  HAarpy30K TUIOBUTAMHUHO3, HEIOCTATOK
MHUKPO3JIEMEHTOB W MUHEPAJIBHBIX BEIIECTB (OCOOEHHO »eje3a, MarHus, cejieHa)

YCKOpPSIET U 00OCTpsieT BOCHPUHMMYMBOCTH K BO3JICUCTBUIO BPEAHBIX (PAKTOPOB
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OKpYXaloIel W MPOU3BOJCTBCHHOW Cpeibl, HAapymaeT OOMEH BEIECTB, BENET K
W3HAIUBAHUIO U CTAPECHHUIO OPTaHU3Ma.

[ToBBIIIIEHHBIE CTaTUYECKHWE HArpy3KH y moib3oBateneid [IK mpuBomsaT k
xanobam Ha OonM B COHMHE, IIEHHOM OT/AENE MO3BOHOYHHMKA M pykax. M3 Bcex
HEJIOMOTaHUH, 00YCIOBIEHHBIX pa0OTON Ha KOMIIBIOTEpaX, Yalle BCTPEYAIOTCS Te,
KOTOPBIC CBSA3aHBI C HCIIOIH30BAHUEM KJIABUATYPHI.

JIIst  CyIeCTBEHHOTO YMCHBIICHHUSI OOMM W HEMPHUSATHBIX ONIYIIEHUH,
BO3HUKAOIUX y mojib3oBaTenel [1K, HeoOXoauMbpl YacThie MepephiBbl B padoTe U
ynoOHOoe pabouee MecTo, 4YTOOBI HMCKIIIOYaTh HEYMOOHBIC MO3BI M JJTUTEIHHOE

HaIpsHKECHHUE.

5.2.3 O6ocHOBaHNe MEePONIPUATHII 110 3a1I[UTE HCCIEA0BATEIs OT AeiicTBUA
ONACHBIX U BPEeAHBIX ()AKTOPOB

BoznelictBue onacHbIX M BpeAHBIX (DaKTOPOB BO3MOXKHO IIpU paboTe Ha
YCTAHOBKE MOATOTOBKM He(dTH. METOJbl 3allUThl OT BBIICYMOMSHYTBIX BPEIHBIX
(bakTOpOB ClieyIONIHeE.

PabGota ¢ BpeaHBIMH ¥ OMACHBIMH XMMHUYECKUMH PEAKTUBAMU MPOBOIUTCS B
CHEIUATM3UPOBAHHBIX TOMEIIEHUAX, OOOPYJOBAHHBIX BBITSHKHBIMU — IIKadamu.
Kaxapiii paOOTHUK WJIM MOCETUTEIh MPOM3BOACTBA OOECIIEUMBACTCS CIEAYIOIIUMU
CpPEACTBAaMM 3alllMTHI: TOJIOBbl (KacKW), OpPraHoOB JbIXaHUsl (M30JUPYIOLIUE
JbIXaTeNbHBIE allapaThl, MPOTUBOra3bl, PECHUPATOPHI); JIUIA U OPTraHOB 3PEHHUS
(JiMLeBbIE IIMTKH, 3AIIUTHBIE OYKH, MPO3PAUYHbIE IKPaHbl); KOXKH PYK (3aLIUTHBIC
NepyaTKy, paboure pyKaBULIbI).

— amnmapaTtbhl U 00OpyJOBaHHE, SIBISIOMIMECS MCTOYHUKOM HHTEHCHUBHOTO
BBIJICJICHUS 3aPsII0B CTATUYECKOTO ANEKTPUUECTBA JIOJKHBI OBITh 3a3€MJICHBI;

—  JJI4 OcJIa0JeHus] TEHEPUPOBAHUS 3aPSAI0B CTATUYECKOIO AJIEKTPUUYECTBA,
JIETKO BOCIUTAMEHSIOIINECS KUAKOCTHU CJIeyeT TPAaHCIOPTHUPOBATh TPYOOIPOBOAAM C
HE BBICOKMMH CKOPOCTSIMH, OTPAHHMYEHUE KOTOPBIX 3aBUCUT OT CBOWMCTB KUJIKOCTH,

JMaMeTpa U JIJTUHBI TpyOOIIPOBOIa;
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—  3allUTa TEXHOJIOTMYECKMX  YCTaHOBOK, OT  JJEKTPUYECKOM U
AIIEKTPOMATrHUTHON MHIAYKUMU M 3aHOCA BBICOKMX MOTEHIMAIOB Y€pe3 HA3eMHbIE U
MOA3EMHBIE METAJUIMYECKMEe KOMMYHHMKanuu. OT OpsIMBIX yAapOB MOJIHHM
COOPY>KEHUS 3alIUIIAI0TCS CIIEHUAIIBHO YCTAHOBIEHHBIMA MOJIHUEOTBOIAMH.

Jl5is Toro, 4ToOBI N30€KaTh TEPMUUECKUX MOBPEKACHUNA MPHU IKCIUTyaTaIlHH
TEXHOJIOTUYECKUX TIe4el HEeoOXOAMMO CJEAWTh 3a IOKAa3aHUSMU KOHTPOJIBHO-
WU3MEPUTEIBHBIX NPHOOPOB, BECTU BU3YaJbHBIM KOHTPOJb 32 COCTOSTHUEM pPabOTHI
neuu. /[Bepubl kaMmep B npouecce paboThl €YU 3aKPbITHI.

Bce oOopynoBanue, TpyOONpoBOJIbI © apmarypa, pacrojiO)KCHHbIE B
NOMEIICHUH M  TOJBEPrarolIfecss HarpeBaHuio, OOECleUYeHbl YCTPOWCTBAMH,
IPENOTBpALIAOIMMU WM OTPAaHUYMBAIOLIMMU BBIIEJICHUE KOHBEKIIMOHHOIO WIA
JYYUCTOTO Teria (TEIUION3O0JISIUS, SKPaHUPOBAHHE, OTBEACHUE TeIia U T.1.);
TEMIIEPATypa MOBEPXHOCTH M30JsUKMH He npesbimaet 45 °C.

['opsiune moBepxHOCTH 000pYyAOBaHMS M TPyOONpPOBOIOB C apMarypoi,
pPacoJIOKEHHBIX BHE MTOMEIIEHUS, B MECTaX BO3MOKHOTO CONPUKOCHOBEHUS C HUMH
0OCIIy’)KMBAIOIIEr0 IEpCOHaja MMEIOT TEIUIOBYI0 H30JsIIMI0. Temmeparypa Ha
MOBEPXHOCTH M30JsiuuK He npessbimaet 60 °C.

Ecnu Teniaou3ossuui0 OCYIIECTBUTh HEBO3MOXHO, TOPSYYIO MOBEPXHOCTH
orpaxaaercs. Bexaerca HaOmofeHHEe 3a YCTAHOBJICHHBIM PEXHUMOM pabOTHI,
MOATOTOBKAa K OCTAaHOBKE W PEMOHTY OOOpYAOBaHHUS BBIMOJHSIOTCA B CTPOIO

YCTAaHOBJICHHOM TCXHOJOTHYCCKOM IIOPAIKE.

5.3 Dkosornueckasi 6e30MacHOCTH
5.3.1 AHaJIu3 BO3MOKHOT0 BJIUSAAHUSA 00BEKTA MCCIEIOBAHUS HA OKPYKAKOLILYI0
cpeny
[Tpu sxcrmyaTanuy TEXHOJIOTUYECKOTO 000pYA0BaHUS IO TOATOTOBKU HEPTH
yepe3 HEIIOTHOCTH 3alOpHO-PETYIUPYIONIEH apMaTypbl U JbIXaTEJIbHbIC KJIalaHbl
€MKOCTEH BBIACIISIETCSI HEOOIBIIIOE KOJIMYECTBO JIETKUX YTJIEBOJAOPOIOB.
[Ipu cropanuu raza Ha dakene OyAyT BBIIETATHCS B aTMOC(Epy: OKCHJIBI a30Ta

" yrjicpoaa, caxxa v yriicBoaopOoIbl.
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B nensax npexynpexxaenus 3arpssaenus armocdepst (CanlluH 2.1.6.1032- 01.
«['uruennyeckue TpeOOBaHUS K OOECIEUEHHUIO KadecTBa aTMOC(EpHOro BO3IyXa
HaceleHHbIX MecT»), Ha YIICB mnpeaycMoTpeH psal  MEpONpUSTUH  TIO
PEIOTBPAICHUIO aBAPUUHBIX BEIOPOCOB BPEIHBIX BEIIECTB B aTMOCHEPY:

—  TI0JIHasg repMeTH3allis CUCTEMbI cOOpa U TpaHCIopTa HePTH;

—  CTONPOIEHTHBIM KOHTPOJIb IIBOB CBAPHBIX COCAMHEHUM TPyOOITPOBOIOB;

—  3amuTa o00pyJ0BaHUsl OT KOPPO3UU

—  OCHAILEHHWE MNPEeJOXpPAaHUTEIbHBIMHM KJIAallaHAMH BCEW amnmaparoB, B
KOTOPBIX MOKET BO3HHKHYTh JIaBJIICHHE, IPEBBIIIAIONIEE pPACUYETHOE, C YYETOM
TpeOoBanuil «lIpaBunm ycrpolicTBa M 0e30macHOM HSKCIULyaTallUM COCYZOB,
paboTaromumx oy gaBieauem» (ITb 10-115-96).

Just 3amumtel  ruapochepsr (I'OCT  17.1.3.06-82 «Oxpana mnpupoJbl.
['unpocdepa. O6mue TpeboBanus K oxpane noazemMubix Boa», 'OCT 17.1.3.13-86
«Oxpana npupoasl. ['uapocdepa. O0mue TpeOOBaHMS K OXpaHE MOBEPXHOCTHBIX BOJ
oT 3arpsisHeHMil»), Ha YIICB npegycmarpuBaeTcsi repMeTU3MpOBaHHas CHCTEMa
BOJOCHA0XEHUSI M BOJIOOTBEACHMS, MCKJIIOYAIOWIAs IONAaJaHue 3arps3HIIOUIUIX

BEILECTB B MMOJ3€MHBIE BOJIbI U B IOYBY ITPU HOPMAJIbHOUM paboTe 000py10BaHHUS.

5.3.2 Ananu3 BausiHus ucnoJib3oBanus IIK Ha okpy:karomyro cpeay

Jliist obGecrniedeHns SKOJOTUYECKON 0e30MmacHOCTH, npu ucnosibzoBanuu 1K u
nepudepun, CcraeayeT NpHOOpPeTaTb TEXHUKY, TIOJHOCThIO COOTBETCTBYIOIIYIO
cranaapty TCO99, a Takxke yTUIU3UPOBATH, B COOTBETCTBUU CO BCEMH MPABUIIAMH,
BCE KOMIUIEKTYIOIINE, MTOCIe UCTIONb30BaHus. [lepepaboTka BTOPUYHOTO CHIPHS, Ta€T
BO3MOXXHOCTh COXPaHSATh MPUPOJHBIE pecypchl W A(PPEKTUBHO UCIOJIH30BAThH
MaTepuasbl, KOTOPBIE YK€ OTCIYyX WU CBOE. IJTO Kacaercs He Toibko [IK m
KOMITJIEKTYIOIUX, a TAK)Ke OyMaru, JIOMUHECIICHTHBIX JIAMIT U JIP.

OTxonpl B BUJE MakyJaTypbl, JIIOMUHECIIEHTHBIX Jlamn U nepudepuun 1K B
00s3aTEIPHOM TIOPSIJIKE CHAIOTCSI B CIICIUANBHBIE aKKPEAUTOBAHHBIC IIEHTPHI

YTUIIN3alluu.
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5.4 be30nacHOCTH B Ype3BbIYAHMHBIX CHTYALMAX
5.4.1 O6ocHoBaHue MeponipusiTuii mo npeaorspamenno YC u paspadorka

NOpsiAKA JAeficTBUSA B cjiy4yae BO3HUKHOBeHuss YC

[Toxxapnast 6e3omacHOCTh o0ecrieunBaercs coryacHo [pukazy MUYC PO ot 18
uionsa 2003r.N313 «O6 yrBepxknenun I[IpaBun mnokapHOW O€30MaCHOCTH B
Poccuiickoii ®eneparun (ITII6 01-03)» cucreMoil mpemoTBpalieHUs MoXapa H
cUCTEeMOM mokapHOi 3amuThl. Ha Bcex o00bekTax (IMOMENICHUSX) pa3MelleHb
TaOJIMYKU C yKa3aHUEM HOMepa TenedoHa BbI30Ba MOXKAPHOW OXpPaHbI, KPOME TOTO
pa3MElIEH CXEMAaTUYHBIN IUIaH S3BAaKyallMd JIOAEH NpPHU IOXKape; JOMOJHUTEIBHO
pa3paboTaHa HWHCTPYKIUSA, OMNpenensiomas ACHCTBUS TepcoHala B ciydae
BO3HUKHOBEHUS 04ara BO3rOpaHMUs.

B ciydyae BO3HHMKHOBEHHE IOXKapa Ha MPOU3BOACTBE C Y4acTUEM OOBEKTa
UCCJIEIOBAHMS, HEOOXOJUMO OINOBECTHTh O CIYYHMBIIMMCS PYKOBOJCTBO OOBEKTA,
HE3aMEIJIMTEIbHO BbI3BATh IITATHBINA OTPS MOXKAPHOU CIIYKObI U CKOPYIO IMTOMOILIb.
[IpoMbIIUIEHHAs] YCTAHOBKA IIPY 3TOM BBIBOJUTCS Ha CHW)KEHHE ITPOU3BOAUTEIBLHOU
MOIIHOCTH, OCTaHOBKY.

HeiictBus ob6cnyxuBanus rnepcoHana YIIH B aBapuifHbIX cUTyanusx
HaIlpaBJICHBI:

—  Ha CIIAaCEHME JIIOJIEH, HAXONSIIMXCS B ONACHOM 30HE INpPHU ABAPUH U
OKa3aHue IepBOM ITOMOILIYU ITOCTPAAABILINM;

—  Ha JIOKAJM3AIMI0 aBapuii, OTKIIOUYEHHE aBAPUUHOTO OOOPYIOBaHUS U
npudOpPOB;

— Ha NPUHATHE MEp MO CHWKXEHUIO BO3MOXHBIX IOCIIEACTBUN aBapuil
('OCT P 22.0.01-94. bezonacHoctsh B UC. OCHOBHBIE TIOJIOKEHHS. )

K uyuciny Takux MepOnpHUsTHHA MOMKHO OTHECTH: CTPOroe coOJoJeHue
CHELMATIbHBIX Mep 0€30MacHOCTH; OpraHU3aIUs ONOBEIIEHHUS PYKOBOISIIET0 COCTaBa,
dbopMUpOBaHU W  HACEJEHMs, CIeUHagbHas TMOJArOTOBKA U  OCHAIEHUE

dhopMUpOBaHUIA; OKa3aHUE METUITMHCKON TTOMOIIM MOCTPA/IaBIIHM.
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B paGOqu IIOMCIICHUAX Ha 00BeKTax HaxXOAnuTCs HHBCHTAPb
HpOTHBOHO)KapHOP'I 6630HaCHOCTI/I, SIMUK C IMECKOM, INIaH 3BaKyalluW IIPU I10Kapce,

TesedOHBI MOKAPHOH CITyKObI, COOJIIOIaTh PETJIaMEHT TEXHUKH 0€30MacHOCTH.

3aKJII0YeHNe

B xone BbIONHEHUs pasnesia Marucrepckonl auccepranuu «CoununanbHas
OTBETCTBEHHOCTHY, OBLITH JJAaHBI XapaKTEPUCTUKH OOBEKTA UCCIICOBAHUS, 00JIaCTh €TI0
npUMeHEeHUsl. BBISBIECHB OCHOBHBIE BpeJHBbIE (AKTOPHI MpHU MPOU3BOACTBE H
AKCIUTyaTanuu 00beKTa ucciaenoBanus. [I[puBeneHb OCHOBHBIE CPEICTBA 3AIIUTHI.

[IpoBeneH ananu3 3arpsi3HEHUN OKpPYKAIOIIEH Cpelbl, BO3ACHCTBUE 00BEKTa
Ha OKPYXAaIOIIyI0 Cpelly, pa3padoTaHbl pelIeHUs: MO0 OOECIEUCHHUIO YKOJIOTHUYECKON
0€30IacCHOCTH.

Taxxke, B maHHOW paboTe MpeAcTaBieH mepedeHb BO3MOXHBIX YC mpu
pa3paboTKe M IKCIUTyaTUPOBAHUHM OOBEKTA MCCIEIOBaHU, pa3paboTaHbl EHCTBUS B
pe3yabTare BO3HUKHOBEHUs HanOosiee TunuaHo YC.

PaccMmoTpensl mpaBOBbIE W OpraHU3allUOHHBIE BOIPOCHI OOECIEeYEHUs
0€30MacHOCTU TPYa.

[Ipu BBIMOTHEHUH JUCCEPTAIIMU COOJIIOTAIOTCS BCE MTPABOBBIE M OPTaHU3AIMOHHBIC

HOPMBI, paOOTHUK 00€CTICUeH CPEeICTBAMU 3aITUTHI OT BPEIHBIX (PAKTOPOB.
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INTRODUCTION

Among the many issues related to the preservation of natural wealth in the oil
industry, the question of the destruction of oil-water emulsion is considered one of the
most important. Water-oil emulsions have always been one of the most serious
commercial losses. In order to extract a product of commercial quality and in order to
allow oil pipeline transfer of oil, it is necessary to remove water from oil emulsions.

Increasing the water content of the emulsions has a significant effect on their
rheological characteristics. The study of the rheological behavior of emulsions is
necessary to increase the efficiency during storage, transportation and processing of
such systems.

The second significant factor in the dehydration of oil in the regions of its
production is considered to be the significant cost of transport of ballast-formation
water. With an increase in the water content of oil by 15 percent, transport costs for
each transfer increase by an average of 3-5%.

Oil from the well contains in its composition stratal water (in free or emulsified
state), containing various mineral salts: sodium chloride NaCl, calcium chloride CaCl,,
magnesium chloride MgCl,, as well as mechanical impurities. These salts increase the
corrosivity and, as a result, hamper transportation and further processing. Mechanical
impurities and salts without obstacles are deposited in small places, turns, bends,
narrowing the living section of the tubes, which significantly impairs the process of
heat transfer in the equipment. Mechanical impurities and salts of oil remain in the
heavy residue of oil refining, deteriorating its properties. The composition of oil also
includes various gases, such as CH4, C,Hs, C3Hs, C4Hi0, H2S, and CO,. Based on the
above, we can conclude that, it is necessary to separate from the oil formation water
and salt, in the conditions of the field. Together with water, when dehydrated, salts and
mechanical impurities dissolved in it, which cause corrosion, as well as clogging of
pipelines and apparatus, are removed from the oil. In the field, the bulk of water, salts
and mechanical impurities are removed from the oil, and the oil is transported for
further processing with a water content not exceeding 1-2%. But there is a tendency to

reduce this rate to 0.5%, which is more economically and technologically profitable.
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Physico-chemical properties of oil emulsions

The term “emulsion” is derived from the Latin emulgeo - “milked”, since it was
one of the first to study a milk emulsion in which droplets of animal fat are found in a
volume of water. In the literature, you can find many different definitions of the
concept of an emulsion.

An emulsion is a heterogeneous system consisting of two immiscible liquids,
one of which (called the internal or dispersed phase) is distributed in the other (external
phase or dispersion medium) in the form of small droplets (globules).

Oil emulsions are polydisperse, i.e. they contain globules of various sizes.
Emulsions are coarsely dispersed systems with particle sizes from about 10—1 pm and
above, which can be visually observed with an optical microscope. Most common in
nature and used in the technique of an emulsion formed by water and some organic
liquid.

There are many different hypotheses about the mechanism of formation of an
emulsion. In Russia, fundamental research on the mechanism of formation of
emulsions was conducted by academician P.A.Rebinder and his school. The formation
of an emulsion occurs not in reservoir conditions, but in the bottomhole zone or in the
well, and the intensity of their formation in different stages of oil exploitation is not
the same.

In accordance with the accepted classification [11] of heterogeneous dispersed
systems, oil emulsions are divided into three main groups (types):

The first group - inverse emulsion (V / M) - water in oil. The content of the
dispersed phase (water) in the dispersion medium (oil) of such an emulsion can vary
from 0.1 to 97%. The properties of the oil emulsion of this group directly affect the
process of oil production, field production collection, separation (gas separation) and
the choice of technology and equipment for oil demulsification.

The second group - direct emulsion (M / V) - oil in water. Such an emulsion
is mainly formed in the process of destruction of inverse emulsions, i.e., during the

dehydration of oil. Oil emulsion of the direct type as compared with the reverse type
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emulsion is mainly of low concentration. The properties of this group of emulsions are
taken into account when developing the technology of purification and preparation of
oil field wastewater.

The third group is a multiple emulsion. In practice, emulsions of B / H type
are found in 95% percent of cases. The rarest emulsion of the third type - the multiple
emulsion. Such an emulsion usually has a high concentration of various mechanical
Impurities.

One of the most important characteristics of the emulsion is the dispersion of
water particles.

Particle size emulsions:

— Ok =0.1-20 um - finely dispersed

— dkx = 20-50 microns - medium dispersed
— dx = 50-100 microns - coarse

— dxk=<0.1 um — colloidal

Droplets of dispersed water have a diameter of 0.1-1000 microns. A shell,
which is a concentrate of high-molecular substances of oil, surrounds each drop of
water: resins, asphaltenes, and mechanical impurities. The presence of the solvation
layer creates a protective shell and prevents the merging of water droplets even in a
collision.

An important property of emulsions is their resistance to delamination, which
is understood as the time required for complete separation of the emulsion by settling.
This property is characterized by Kinetic and aggregative stability.

Kinetic (sedimentation) stability is the ability of a system to resist sinking
(floating) under the action of Archimedean forces.

Ky=1/Woc

This stability is directly proportional to the viscosity characteristics of oil,

inversely proportional to the difference between the densities of water and oil, and the

square of the radius of these particles.
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Aggregative stability is the ability of the globules of the dispersed phase to
maintain their original size when colliding with each other.

Coalescence is the process of merging globules when colliding with each other.

Flocculation - sticking of globules with formation of the unit.

The essence of the modern approach to the process of preliminary preparation
of the emulsion and separation is the maximum reduction of its aggregative and kinetic
stability before the processes of settling.

The main factors determining the stability of the emulsion include:

1. The average particle diameter of water. The smaller the diameter, the
slower it will settle in the mass of oil, the more stable the emulsion, therefore, to reduce
the stability of emulsions, it is necessary to create conditions for effective coalescence.

2.  Emulsion lifetime. The more time passes since the formation of the
emulsion, the thicker the solvation shell is around the water droplets, which prevents
the coalescence of the droplets.

A large role is played by the hydrodynamic effect on the oil flow. The more oil
Is exposed to such effects, the more stable the emulsion. For example, the number of
pumps, valves, pipeline length and profile, etc.

3. Physico-chemical properties of oil and the composition of emulsified
water (density, viscosity and composition of emulsifiers). It should be noted that the
difference between the density of water and oil increases with increasing temperature,
since the density of oil changes much more than the density of water.

The deposition rate increases with decreasing viscosity. To do this, the
temperature has to be increased.

4. Emulsion temperature. As the temperature rises, the composition and
thickness of the solvation layer around water droplets changes and, as a result, the

stability of the emulsions decreases.

Ways of destruction of water-oil emulsions
The stability of water-oil emulsions can be viewed through the following

analysis. The relative difficulty of separating an emulsion into two phases is a measure
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of its stability. A very stable emulsion is known as a hard emulsion and the degree of
its stability depends on many factors.

Accordingly, it is possible to better understand the solution of problems and,
therefore, the processing process, if we consider the following factors:

1. Oil viscosity: separation is easier for the low viscosity oil phase.

2. Density between oil and water phases: better separation is observed, with
a large difference.

3. Surface tension between two phases (which is associated with the type of
emulsifying agent): contributes to the separation if this force decreases (that is, a
decrease in the interfacial tension).

4.  Size of water droplets: the larger the size of water droplets, the faster the
process of its separation.

5. Percentage of dispersed water: the presence of a small percentage of water
content in oil under the conditions of turbulence leads to the formation of a highly
emulsified mixture. Water droplets are finely divided and have a low probability of
joining and forming larger particles.

6. Salinity of emulsified water: a high value of salinity will lead to a rapid
separation of the phases due to the higher density difference between the oil and water
phases.

The presence in the same oil of emulsion droplets with different properties of
protective films and different dispersity significantly complicates the methods of their
destruction. It is necessary to apply combined methods using heat, a set of demulsifiers
and an electric field.

Reducing the strength of the stabilizing film can be achieved by mechanical
destruction of it when filtering the emulsion and the use of demulsifiers. To bring the
emulsion droplets closer, you can use centrifugation or high voltage alternating-current
electric fields applied to the emulsions.

All existing methods of destruction of oil-water emulsions are divided into the
following main groups:

1. Mechanical methods
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These methods include methods of dividing emulsions in a natural way or using
measures that contribute to the mechanical destruction of the reservation shell.

The oil-water emulsion is a very stable system, and, as a rule, under the action
of gravity alone is not stratified. For its destruction certain conditions that would
contribute to the collision and coalescence of water droplets, as well as the subsequent
separation of two phases are required.

Mechanical methods of oil dehydration include methods of emulsion
separation, which use the action of physical factors. These include gravity forces,
centrifugal forces and the properties of fluids to pass through filters.

2. Thermal methods

The thermal method of destruction of water-oil emulsion is based on the use of
heat. When the oil-water emulsion is heated, its viscosity decreases, the solvation shell
expands and collapses, and the water droplets coalesce with each other. Water is settled
beneath, oil is above. This process occurs in settling tanks at temperatures up to 70 °C,
but there are emulsions that do not break even at 120 °C. In this case, use other methods
of destruction of emulsions or carry out the process at higher temperatures, but with
sealing to avoid loss of light fractions. The disadvantages of thermal destruction
methods for emulsions include the following: increasing the temperature increases the
saturated vapor pressure of especially light oil fractions. Therefore, in order to exclude
possible losses of oil products, sludge leads under pressure, which in turn leads to a
higher cost of construction due to greater metal intensity. In addition, the disadvantages
of thermal methods include the loss of a significant amount of heat from the drained
water.

The most significant drawback of thermal methods for breaking emulsions is
that not all emulsions can be destroyed by these methods. In such conditions, only
coarse droplets present in smaller quantities coalesce. First of all, this refers to oil
emulsions of the eastern regions of Russia, the dispersed water phase of which has on
its surface a very strong adsorption shell of emulsifiers.

3. Chemical methods
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The chemical method of destruction is one of the most common now. The
substances used for this - demulsifiers force out the solvation shell, or dissolve it, due
to which the emulsion is destroyed. Recently, the most widely used demulsifiers of the
type of non-ionic surfactants (based on ethylene oxide and propylene), which
contribute to the formation of emulsions, the opposite type of destructible. At contact
of such emulsions their emulsifying ability is paralyzed, and the emulsion stratifies.

The effectiveness of the chemical method of destruction of emulsion largely
depends on the type of the used demulsifier, which is selected on the basis of special
laboratory studies. The earlier the demulsifier is introduced into the resulting mixture
of oil and water, the easier it is to further separate the emulsion. In addition, for the
effective separation of the emulsion it is not enough to inject the demulsifier, it is
necessary to ensure maximum contact with the treated emulsion. This is achieved by
intensive mixing and heating of emulsions, or irrigation of watered oil with a
concentrated demulsifier solution over the entire surface of its mirror in the tank-sump.

4. Electrochemical method

When ingested oil emulsion in an electric field, particles of water become
polarized and begin to move in a certain direction, colliding with each other, enlarging.

The mechanism of their interaction is shown in Figure 1.1.
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Figurel.l - Polarization of droplets of a uniform electric field of strength E

with different polarities (a and b)

Hydrodynamic droplet formers (coalescentors)
An emulsion arrives at the oil treatment plant (OTP), the size of water droplets
in which is several microns. Such drops cannot be precipitated within a technologically
acceptable period. Therefore, before the process of settling, it is necessary to perform
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operations on preliminary coalescence of water droplets to sizes that provide the
required rate of emulsion separation.

The practice of industrial preparation has shown that the communication
pipelines between the raw pumps and the settling equipment perform some
technological functions; that is, along with the transportation of emulsions, this
emulsion undergoes deep destruction due to the successive processes of crushing and
merging of droplets. However, the length and diameter of these pipelines may not
correspond to the optimal values. Therefore, the calculated decisions on the elongation
of pipelines and changes in their diameters can contribute to improving the quality of
oil dehydration (reduction of the time spent in sumps).

Aerodynamic droplet formers are designed to destroy the reservation shells on
water droplets, coalesce droplets and separate the flow into two phases. In these
devices, the fusion of droplets occurs directly in the flow of oil; on the walls of droplet
formers or on embedded hydrophilic elements under the influence of turbulent
pulsations.

There are volumetric and tubular droplets.

—  Bulk dropping agent: in such devices the collision and coalescence of
water globules is achieved by introducing the emulsion into the device through nozzles
directed at different angles to each other, or by flow turbulization, by mechanical or
other means.

—  Tubular apparatuses are structurally made from packages of pipes of
various lengths and diameters.

In some cases, linear droplet formers use centrifugal flow swirlers, sometimes
incorporating embedded lamellar or tubular elements.

Advantages of volumetric machines:

—  rather high performance;

—  relatively small size;

—  low metal consumption;

76



—  the possibility of using them as autonomous vehicles, as well as elements
built into the sump;

—  the possibility of their use on technological platforms in cramped
conditions.

The advantages of tubular apparatus:

— the ability to be used both as coalescing devices and communication lines
between heat exchangers and settling equipment, between settling tanks of the first and

subsequent stages, between settling tanks and tanks of goods parks, etc.

Surface-active substances - demulsifiers for oil-water emulsions

The special stability of oil-water emulsions is provided in the condition of
stabilization due to the presence of an adsorption-solvate layer at the interface of the
water-oil phase.

Substances capable of stabilizing emulsions are called emulsifiers. They are
contained in petroleum and are resins, asphaltenes, naphthenic acids, paraffin crystals,
and solid mineral particles: sand, clay, iron sulfide, and others. Emulsifiers in the form
of salts and acids are also present in the formation water.

The ability to form emulsions is inherent in all oils, but their ability to emulsify
is far from the same, for example, the increased content of polar components leads to
an increase in the stability of the emulsion. Thus, the stability of paraffinic oils is less
than naphthenic. Increased mineralization also increases the resistance of the resulting
emulsions.

The separation of oil emulsions is the destruction of the structural-mechanical
barrier on the surface of the droplets. It is possible to destroy this shell by introducing
into the system substances with more pronounced surface-active properties than natural
emulsifiers. Such substances are called demulsifier reagents. The mechanism of action
of surfactants is to concentrate them on the interface, causing a decrease in surface
tension. The surface activity of the emulsifier reagent should be much higher than the

surface activity of natural emulsifiers.
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The classification of surfactants is determined by the charge of its ionized
hydrophobic part. If the organic ion is negatively charged, then this is an anionic
substance; if positive, then this is a cationic substance.

— Anionic surfactants dissociate in water to form negatively charged
surface-active ions.

RCOONa —» RCOO™ + Na*

—  When dissociated in water, cationic substances form positively charged
surface-active ions.

RNH, - HCl - RNH3 + Cl~

— Non-ionic surfactants practically do not form ions in agueous solution.

—  Ampholytic surfactants are formed in an aqueous solution depending on
the conditions (pH, solvent, etc.) or anionic and cationic substances.

— High molecular weight (polymeric) surfactants are separated into a
separate group and consist of a large number of repeating units, each of which has polar
and nonpolar groups.

The demulsifiers used for the destruction of oil emulsions must meet the
following basic requirements:

— Rapid migration through the volume of the oil phase to the interface,
where it should produce the effect of destroying the reservation shells on the drops of
emulsified water.

—  The ability to flocculation. The demulsifier must have the ability to
provide attraction to each other and the convergence of water droplets. As a result,
large accumulations of water droplets are formed, which look like clots, associates
under a microscope.

—  The maximum reduction in the strength of the structural - mechanical
adsorption layers at the interface, facilitating coalescence. After flocculation, the
emulsifier film is still solid. Flocculation forces may not be enough to cause the
coalescence of the droplets. However, in most cases the demulsifier causes the film to

break on the surface of the droplets, which gives rise to the process of coalescence.
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Tears of the film in the composition of floccules lead to an increase in the size of the
droplets.

—  Wetting solids. The demulsifiers intended for the destruction of emulsions
stabilized by a large number of mechanical impurities should change the wettability of
the surface of solid components and ensure their transition from the interface to the
inside of water droplets.

— Highefficiency. The effectiveness of demulsifiers is characterized by their
consumption, the quality of the prepared oil, or the content of water and mechanical
impurities, residual chloride salts, the minimum heating temperature and the duration
of oil settling.

— Higher surface activity than of emulsion stabilizing components. The
maximum reduction of the surface tension at the interface should be achieved with
relatively low costs of the demulsifier.

— Lack of interaction with components of formation waters with the
formation of precipitation.

Along with this, demulsifiers should be cheap, heat-resistant, transportable, and
have a certain universality, i.e. destroy emulsions of various deposits.

Theoretically, the demulsifier can be effective only for one specific emulsion
having a strict ratio of liquid phases, a given degree of dispersion, a certain amount of
emulsifier of unchanged composition. Consequently, the type of demulsifier during the
development of an oil field should be adjusted as the composition of the emulsions and

their physical properties change.

The mechanism of the process of dehydration and desalting in an electric field
Since the first apparatus for electrically separating reverse-type emulsions was
proposed in 1911, electric dehydrators have taken a firm place in the oil-producing and
oil-refining industries, proving that electric fields are the most powerful and effective
means of deep dehydration and desalting of oil. The main advantages of

electrodehydrators over conventional thermochemical clarifiers, in which the
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separation of oil-water emulsion phases occurs uncontrollably in a natural way under
the action of gravitational force and require a long time, are forced coalescence and
coarsening of water emulsified in oil, as a result of which both water separation rate
and depth increase dehydration and desalting oil.

The duration of sedimentation of droplets under the action of gravity varies
considerably. First of all, it depends on the size of the water droplets.

If the speed depends linearly on the difference between the densities of water
and oil and the viscosity of oil, then it depends quadratically on the radius of the
droplets, so the task of acting on the emulsion with an electric field is to maximize the
emulsified water droplets.

Entering into the external electric field, water droplets in oil are polarized and
deformed into ellipsoids of rotation, oriented by large axes in the direction of the field
lines. As a result, the forces of dipole-dipole attraction appear between adjacent drops.

Dipole-dipole forces of mutual attraction are the main factor ensuring the
convergence of water droplets and their coalescence.

When the dipoles collide, the shells weakened by the deformation are broken,

the particles merge, become larger and settle under the action of gravity (Figure 1.2).

Figure 1.2 - Diagram of the effect of the electric field on the emulsion:
a - without applying the field; b and ¢ - emulsion in an electric field when
changing the polarity of the electrodes

The process of electrocoalescence includes three stages:

—  Polarization of droplets and their deformation into ellipsoids of rotation;

—  Transport stage - approach of droplets under the action of dipole attractive
forces to distances not exceeding the range of the molecular attractive forces of Van
der Waals-London (~ 500 nm);
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— Actually an act of coalescence drops; Moreover, if stages 1 and 3 are
fleeting, then the stage of approaching drops in a viscous medium is inertial and
requires much more time.

The process of electrocoalescence is probabilistic, statistical in nature, and its
effectiveness depends on the fulfillment of a number of conditions, however, in any
case, the condition of preliminary elimination of the structural-mechanical barrier, that
IS, destabilization of the reservation shells on water droplets by the action of a properly

selected demulsifier, is an axiom.

Equipment for electric dehydration

Historically, two directions of development have been formed in the electro-
emulsion technique of oil: compact devices, called electrocoalescers, whose function
iIs only the enlargement of the dispersed phase of oil emulsions with subsequent
gravitational phase separation in settling equipment, and bulk electrohydrators, in
which both these processes are combined. For one reason or another, the electrode
dehydrators have become widespread. Currently, the Russian fleet of electric
dehydrators in the overwhelming majority is represented by horizontal electric
dehydrators of domestic production of 63 ... 200 m?, and at a number of refineries -
also morally and physically obsolete spherical electrohydrators with a capacity of 600
m? developed in the first half of the last century.

Thus, there are three types of design solutions for devices that have different
technological parameters, which are schematically presented in Figure 1.3:

—  Spherical dehydrator V = 600 m?; P = 6-7 atm.;

—  Vertical cylindrical electrode dehydrator V = 30 m3; P = 16 atm.;

—  Horizontal cylindrical electrode dehydrator V = 160 m®; P = 16 atm.
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Figure 1.3 - Constructions of electric dehydrators

The characteristics of horizontal dehydrators should only be considered. As a
rule, these are apparatuses with lower distributed input of raw materials under the layer
of produced water and upper withdrawal of commercial oil through a collection
collector. The electrode system is a potential and grounded horizontal lattice steel
electrodes, which are suspended horizontally above each other and have the shape of
rectangular frames occupying the entire cross section. The distance between the
electrodes is 25-40 cm, they are powered by two transformers with a power of 50 kW.

The emulsion passes through three treatment zones. In the first zone, the
emulsion passes a layer of distilled water, the level of which is maintained
automatically 20-30 cm above the dispensing manifold. In this zone, the emulsion is
subjected to water washing, because of which it loses the bulk of the produced water.
Dehydrated emulsion, moving in a vertical direction at low speed, is sequentially
processed first in the zone of weak electric field strength (second zone), between the
level of settled water and the lower electrode, and then in the zone of strong tension,
between both electrodes.

The analysis shows that a number of design and technological flaws that
seriously limit their effectiveness, efficiency and safety characterizes these devices.

The first thing that cannot be noted is the interelectrode breakdowns that are
inevitable when using metal electrodes. The mechanism of this phenomenon is well
known and is due to the action of dielectrophoretic forces, which draw in polarized
water droplets in the region of local inhomogeneities of the electric field with an

increased intensity and build up conducting chains from water droplets. The process
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proceeds spontaneously and uncontrollably up to a short circuit of the electrodes. That
Is why these electrodefactors are extremely critical to the concentration of water in the
emulsion entering the interelectrode space.

A serious disadvantage of the existing dehydrators is the imperfection of the
collectors of the input of raw materials, leading to the occurrence of circulation flows
and turbulence in the apparatus, significantly worsening the process of sludge in them.

The undoubted disadvantages of these devices should also be attributed to the
inability to separate the intermediate layer as it accumulates and the absence of a
system for erosion and removal of bottom sludge deposits without stopping the electric
dehydrator, which is especially important when demulsifying oils with high content of
mechanical impurities.

Extremely important factor affecting the efficiency, reliability and safety of
operation of electric dehydrators are the characteristics of the used high-voltage power
sources. Depending on the size of the electric dehydrators, the physicochemical and
electrophysical properties of the raw materials of high-voltage power supplies, they
must have the power and output voltage of alternating or direct current sufficient to
stably maintain the required electric field strength in the apparatus, the ability to easily
switch the output voltage, to be uncritical to sudden changes in current loads, sealed

and explosion-proof.

Conclusion
The only reliable method of selecting the optimal demulsifier is an
experimental test of the demulsifying ability on a model emulsion. In addition, modern

enterprises prefer non-ionic demulsifiers.
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MNPUJIOKEHHUE 2

Tabnuna 2.1 — ViccnenoBanue BAMSHUS TeMIIEpaTypbl Ha TUaMETp Karuid Ha

Bxoje B TOC npu pacxoze coipoii amynbeun (W = 70%) 6,23 mun.1/ro.

t=45°C | t=50°C | t=55°C | t=60°C | t=65°C | t=70°C

Dmax, cM 0,5039 0,5173 0,5309 0,5444 0,5581 0,5718
Wi, %0 2,4811 2,1161 1,8144 1,5625 1,3507 1,1715
Conu, mr/n 561,04 | 478,78 410,76 353,98 306,22 116,74
lviac, M 51,75 52,06 52,37 52,68 52,98 53,27
lcoan, M 90,57 95,41 100,44 105,68 111,11 116,74

Tabmuua 2.2 — MccnenoBanue BIMSHUS TEMIIEPATyphl HA IUAMETP Kallld Ha

Bxoze B Ol nipu pacxone cbipoit amynbcunt (W = 70%) 6,23 MIIH.T/TOA.

t=45°C | t=50°C t=55°C t=60°C t=65°C t=70°C
Dmax, cM 1,336 1,453 1,573 1,699 1,832 1,973
Wk, % 2,4801 | 1,0103 0,6001 0,3783 0,2456 0,1621
Comu, Mmr/n | 560,82 | 227,98 135,46 85,46 55,53 36,69
lviac, M 21,57 22,4 23,25 24,12 25,02 25,94
lcoan, M 21285,8 | 29745,22 | 41029,48 | 55997,01 | 75900,43 | 102391,1

Tabmuna 2.3 — VccnenoBanue BIUSHUS TEMIIEpAaTypbl HA IUAMETP Karluid Ha

Bxoze B PBC npu pacxoze coipoit amynscuu (W = 70%) 6,23 maH.T/TOA.

t=45°C | t=50°C | t=55°C | t=60°C t=65°C | t=70°C
Dmax, cM 1,26 1,379 1,462 1,556 1,682 1,816
Wik, %0 2,4791 0,5325 0,2442 0,1196 0,0568 0,028
Comnu, Mr/n 564,08 120,74 55,36 27,13 12,91 6,36
lviac, M 21,29 25,84 28,85 31,32 31,34 26,77
lcoan, M 18466,9 | 54669,57 | 103791 | 187337,6 | 340042,8 | 467584
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Tabnuna 2.4 — UccnenoBanue BausiHUS TemnepaTypsl nogorpesa B bKII na
auaMeTp Karm Ha Bxone B O mpu pacxoxpe ceipoid smyiscun (W = 70%) 6,23

MIIH.T/ToA. TeMrepaTypa Bxoja Ha ycTaHOBKY 45 °C

t, °C 45 50 55 60 65 70
W, % 2,4801 1,6104 1,3247 1,1291 | 0,9804 | 0,8616
COJIU, MI/] 560,82 363,41 298,75 254,51 | 220,51 | 194,08

Tabnuna 2.5 — UccnenoBanue BausiHUS TemmepaTypsl nogorpesa B bBKII na
auaMeTp Karik Ha Bxoje B O mpu pacxoxae ceipot smynbeun (W = 70%) 6,23
MiH.T/ToA. TemmepaTtypa Bxoaa Ha yctaHoBKy 50 °C

t, °C 50 95 60 65 70
W, % 1,0113 0,8682 0,7568 0,6665 0,5914
COJIH, MT/T 227,98 195,85 170,69 150,28 133,33

Tabnuna 2.6 — VccnenoBanue BiusHus Temneparypsl nojgorpeBa B bKII na
auaMeTp Karm Ha Bxone B O mpu pacxoxme ceiport amynbcun (W = 70%) 6,23

MJIH.T/ToA. TemnepaTypa Bxoja Ha ycTaHOBKY 55 °C

t, °C 55 60 65 70
W, % 0,6001 0,5284 0,4686 0,4181
COJIN, MI/1 135,46 119,26 105,76 94,34
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HPUJIIOXEHMUE 3

Tabnuna 3.1 — MccnenoBanue BiusHUS pacxoma ceipoid amynbenu (W = 70%)

Ha JrameTp Karu Ha Bxoje B TOC.

2 2 2 2 2

S ¢ S 3 S 3 S 3 S ¢

o & & = b & 5 = b &

™~ o S = N = DN © =

w3 € = € = € = € 3

O O O O ©)
Dinax, CM 0,6706 0,5905 0,5444 0,5032 0,4663
Wisn, % 0,9083 1,2607 1,5625 1,9331 2,3918
Comu, mr/ | 205,46 285,42 353,98 438,33 542,9
lyiac, M 52,27 52,52 52,68 52,83 52,98
lcoans M 152,05 121,56 105,68 92,52 81,55

Tabnuna 3.2 — MccnenoBanue BiussHUS pacxoza ceipoii amynbenn (W = 70%)

Ha JTUaMCTp KaIllIl Ha BXOJC B or.

2 2 2 2 2

S ¢ S ¢ = S ¢ =

o = & 8 b & &b & & 8

™~ T - N T oz © T

"3 € 3 € 3 € 3 3

O O ©) O ©)
Dinax, CM 2,219 1,893 1,699 1,52 1,354
W, % 0,1064 0,2254 0,3783 0,6556 1,2263
Comn, mr/n | 24,02 50,91 85,46 148,21 277,6
lyac, M 29,96 25,21 24,12 23,1 22,14
loa, M| 162500,09 | 85771,84 | 55997,01 | 3639455 | 2343575
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Tabnuna 3.3 — MccnenoBanue BiusHUS pacxoma ceipoid amynbenu (W = 70%)

Ha JuaMmeTp Karuu Ha Bxojne B PBC.

® ® 2 ® >
S ¢ S 3 S 3 S 3 S ¢
o = & & b & & & & 8
~ oz O T N = < = © T
T 9 3 T 3 T 3 % s
) ) ) ) O
Dumax, CM 2,018 1,729 1,556 1,395 1,239
W,,.., % 0,0163 0,0525 0,1196 0,2955 0,9679
Couu, MI/1I 3,71 11,92 27.13 67,06 219,99
lyac, M 26,28 29.6 31,32 28,52 25,03
| oa, M 360435,32 | 386183,03 | 187337,58 87249 36989,53

Tabnuna 3.4 — VccnenoBanue BiusHUS pacxoza ceipoit amynbeun (W = 70%)

Ha nuametp Kamiu ¢ nogorpeBoM B BKIT nepen OI'. TemnepaTypa BXxoJa Ha yCTAaHOBKY

55 °C
G=6,43*10"9 muH.T/TOX
t, °C 55 60 65
W, % 1,1217 0,6556 0,4089
COJIN, MI/1 253,53 148,21 92,51

Tabnuna 3.5 — MccnenoBanue BiusHUSA pacxoza ceipoit amymnbenn (W = 70%)

Ha nuametp karu ¢ nogorpesom B bKII nepen OI'. TemnepaTypa Bxoaa Ha yCTaHOBKY

55 °C
G=6,63*10"9 muH.T/TOX
t, °C 55 60 65 70
W, % 2,8061 1,2263 0,7046 0,4347
COJIH, MI/JI 636,74 277,6 159,49 98,46
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