MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii ®@enepanuu
denepanbHOE rOCYyIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeNIbHOE YUPEIKICHHUE
BBICHIETO MPO(ECCHOHATEHOTO 00pa30BaHHUS
«HAITMOHAJIBHBIA NCCJIENOBATEJbCKUM
TOMCKHUM MOJIATEXHUYECKA YHUBEPCUTET»

[IIxosia H)KE€HEepHas NIKoja IPUPOIHBIX PECYPCOB
Hamnpasnenue noarorosku 18.04.01 XumMuueckast TEXHOJIOTUS
Otnenenne mkoiisl (HOLL) OTaenenrne XuMudeckoi HHKCHEPUH

MATUCTEPCKASA JUCCEPTALIUA

Tema padoThl

MaremaTnyeckoe Mo/IeJTHPOBAHNE MPOLECCOB MPOMBICIOBOI MOATOTOBKE HeTH

V]IK 622.276.8:519.876

CryneHt
I'pynna DOUO Hoanuck Hara
2JIMO02 3aitiieBa Onbra FOpreBHA
PykoBoautens BKP
Yy
JomxHoCTH DdOUO Henast Cretenb, IMoanucnh Hdara
3BaHMe
JlotieHT Moiizec Onbra EdmmoBHa K.T.H.

KOHCYJIBTAHTBI 110 PA3JAEJIAM:

[To pazneny «®uHAHCOBBIA MEHEIKMEHT, pecypcorhHEeKTUBHOCTh U pecypcocOepexeHIe)

YuyeHnas creneHb
JomxHoCTh D®UO ? MMoanucek Hdara
3BaHHue
JlomeHT Prixakuna TaTesina ['aBpunoBHa K.3.H.
[To pazneny «ConuanbHasi OTBETCTBEHHOCTh
YuyeHnas creneHb
JomxHoCTH D®UO ? MMoanuck Hdara
3BaHHue
JoneHT Ceunn AHapel AnekcaHApOBUY K.T.H.
JONMYCTUTH K 3AIIIUTE:
PykoBoaurenn Yuyenas creneHn
y o Onl'[ ®UO N ? Moanuck Jara
ITpodeccop NBamkuna Enena Hukonaesna I.T.H.

Tomck — 2022 ¢




3amiaHupoOBaHHbIEC Pe3yJbTAThl 00yUeHHs 110 00pa30BaTeJbHOM IporpaMmme

«XHMMHYeCKAas TEXHOJIOIUsI TOILIMBA U ra3a»

(nanpasyenue noAroroBku 18.04.01 «Xumuueckasi TeXHOJIOTH DY)

Ko xomnerenunun
CyYoC

HaumenoBanue komnerenuuu CYOC
(caMoCTOSITEIbHO YCTAHABJIMBAEMOI0 00Pa30BaTEILHOTO CTAHAAPTA)

YHusepcaiabHble (0011eKYJIbTYPHbIE) KOMIIETEHIMHU

VK(Y)-1

CriocoOHOCTH OCYIIECTBIIATH KpUTUUECKUM aHaIN3 MPOOIEMHBIX
CHTYyalluii HA OCHOBE CHCTEMHOTO TOAX0/1a, BEIPAOaThIBATh CTPATETHIO
JEUCTBHUS

VK(Y)-2

CrocoOGHOCTh YIPABIISITH TPOEKTOM Ha BCEX ATAarax ero >KU3HEHHOTO
IAKJIa

YK(V)-3

CriocoOHOCTh OpPraHU30BBIBaTh U PYKOBOAUTH PaOOTON KOMaH/bI,
BBIpa0aThIBasi KOMAHIHYIO CTPATETHIO JIISl TOCTHKECHHUS TIOCTaBICHHON
TeTTH

VK(Y)-4

CriocoOHOCTh MPUMEHSITh COBPEMEHHbIE KOMMYHHKAaTUBHbIE TEXHOJIOTHH,
B TOM YHMCJI€ Ha THOCTPaHHOM(BIX) A3bIKe(ax), Ui aKaJeMHUECKOTo 1
Ipo(eCCHOHATBHOTO B3aUMOJIEHCTBUS

VK(Y)-5

CriocoOHOCTh aHANM3UPOBAThH M YUUTHIBATh pa3HOOOpa3ue KyiabTyp B
Ipolecce MEKKYIbTYPHOTO B3aUMOJIEHCTBUS

VK(Y)-6

CriocoOHOCTh OIPENENATh U PEATU30BBIBATH TPHUOPUTETHI COOCTBEHHOM
JEeSITENIbHOCTH U CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLIEHKH

Oo0menpodeccnoHabHbIe KOMIIETEHIIUT

OIIK(V)-1

['0TOBHOCTH K KOMMYHHUKAIIMU B YCTHON M MUCbMEHHOM opmax Ha
PYCCKOM U MHOCTPAHHOM SI3bIKaX JUISl pEIICHUS 3aa4
npodeccuoHaNbHOM e TeIbHOCTH

OIIK(V)-2

['0TOBHOCTH PyKOBOJIUTH KOJJIEKTUBOM B chepe CBOEH
npodeccuoHanbHOM e TEIbHOCTH, TOJIEPAHTHO BOCTIpUHUMAs
COILIMAIbHBIE, ITHUYECKUE, KOH(PECCUOHAIBHBIE U KYJIbTYPHBIE pa3Iudus

OITK(Y)-3

CriocoOHOCTH K MpodecCrOHANBHOM SKCITyaTallid COBPEMEHHOTO
000pyn0oBaHus U IPUOOPOB B COOTBETCTBHH C HANIPABICHUEM U
npodunemM moaroToBKu

OIIK(Y)-4

['0TOBHOCTH K UCITOJIB30BAHUIO METOJOB MAaTEMAaTHUYECKOTO
MOACIIUPOBAHUA MATCPUAJIIOB U TCXHOJIOTHYCCKUX ITPOLECCOB, K
TCOPCTUUCCKOMY AHAJIN3Y U 3KCHCpHMCHT8.JIBHOI>i IMPOBEPKE
TCOPCTUYCCKUX THIIOTE3

OIIK(V)-5

['0TOBHOCTS K 3alUTe 00BEKTOB HHTEIICKTYAJIbHOW COOCTBEHHOCTH M
KOMMEPITHATU3AIMH [TPaB HAa 00 BEKTHI MHTEIUICKTYaTbHON
COOCTBEHHOCTH

IIpodeccuonanbHble KOMIETEHIUT

TIK(Y)-1

CrniocoOHOCTh OPraHN30BBIBATH CAMOCTOSITENIBHYIO U KOJUIEKTUBHYIO
HAY4YHO-HMCCIIE0BATENbCKYIO paboTy, pa3pabaThiBaTh IJIAHBI U




ImporpamMmsl IMPOBCACHUSA HAYUIHBIX I/ICCJIGI[OBaHI/If/'I U TCXHUYCCKUX
pa3paboToK, pa3pabaTeiBaTh 3adaHUS JUIS UCTIOJHUTENICH

I'oTOoBHOCTB K OUCKY, 00pabOTKe, aHATHM3Y M CUCTEMAaTU3allUN HAyYHO -

IK(Y)-2 TEXHUYECKOHM MH(OPMAIMH IO TEME UCCIIE0BAaHUs, BEIOOPY METOIMK U
CPEZCTB PELICHHS 3a/1a91
CriocoOHOCTH UCHOJIB30BATH COBPEMEHHBIE TPUOOPHI U METOIUKH,
MK(Y)-3 OpPraHM30BBIBATH MPOBEACHUE YKCIIEPUMEHTOB U UCIIBITAHUHN, TPOBOJIUTH

uX 00pabOTKy U aHAIU3UPOBATH UX PE3YJbTATHI

I[OHOJIHI/ITCJILHLIC l'lpO(l)eCCI/IOHaJII)HI)Ie KOMIICTCHIIUHA

(l'lpO(l)eCCI/IOHa.TIbHI)Ie KOMIIETCHIIUH, YCTAHOBJICHHBLIC yHI/IBepCHTeTOM)

JIIK(Y)-1

T'oToBHOCTE K PEIICHHUIO HpO(l)eCCI/IOHaJ'II)HBIX MMPOU3BOACTBCHHBIX 3a1a4
— KOHTPOJIIO TEXHOJIOTHYECKOT0 Mpolecca, pa3paboTKe MapaMeTpoB
IIPOBEACHUS TEXHOJIOIMUYECKOT0 IIpoliecca, pa3padoTKe TEXHOJIOIMUECKUX
pacxoaHbIX KO3 (UIIMEHTOB ChIPbsl U MAaTEPUAJIOB, SHEPIrOPECYPCOB, K
BbIOOPY OCHOBHOT'O M BCIIOMOT'aT€JILHOTO 000py10BAHHUS

TITK(Y)-2

CrocoOHOCTH HUCITOJIF30BAThH MATEMATHUECKIE MOJIEIN U ITAKETHI
MPUKIAAHBIX TPOTPAMM JUIsl ONTMCAHUS U TPOTHO3UPOBAHUS PA3ITMYHBIX
SIBJICHUU

JIIK(Y)-3

CnocoOHOCTE IMPOBOANUTH TCXHOJOTUYCCKUE U TCXHUYCCKHUE PACUYCTHI 10
IIPOCKTaM, TEXHUKO-KOHOMHYCSCKHI aHAJIN3 IIPOCKTa

JUIK(Y)-4

CrocoOGHOCTh pa3padaThiBaTh y4eOHO-METOAUUECKON TOKYMEHTAIIUH IS
peam3anyu 00pa3oBaTeIbHBIX MTPOTPAMM




MunncrepcrBo o6pazoBanusi 1 Hayku Poccniickoiit @enepanun
denepanbHOE rOCYyIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeNIbHOE YUPEIKICHHUE
BBICHIETO MPO(ECCHOHATEHOTO 00pa30BaHHUS
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHUM MOJIATEXHUYECKA YHUBEPCUTET»

[IIxosia H)KE€HEepHas NIKoja IPUPOIHBIX PECYPCOB
Hamnpasnenue noarorosku 18.04.01 XumMuueckast TEXHOJIOTUS
Otnenenne mkoiisl (HOLL) OTaenenrne XuMudeckoi HHKCHEPUH

YTBEPXJIAIO:
PykoBoaurens OOII

E.H. UBamikuna
(ITonmucws)  ([ata) (®.1.0.)

3AJJAHUE
HA BbINOJIHEHNE BbINYCKHON KBAJIN(PUKAIMOHHON padoThI
B dopwme:

Marucrepckoi 1uccepTanuu

(GakanaBpckoit pabOTHI, AUTNIOMHOTO IPOEKTA/paboThl, MATUCTEPCKOI AUCCEPTALIUM)

CryneHnry:

I'pynna DPUO
2JAM02 3aniueBa Onbra FOpreBHa

Tema paboTsr:

MarteMaTu4ecKkoe MOJeJTUPOBAHME MPOLECCOB MPOMbICJI0BOI MOATOTOBKU HepTH

YTBepxkaeHa TPUKA30M JTUPEKTOpa (1aTa, HOMep) Ne 28-93/c ot 28.01.2022

Cpok c/1auu CTYJICHTOM BBITIOJIHEHHOW paOOTHI: 30.05.2022 1.

TEXHUYECKOE 3ATAHHUE:

Hcxoanbie JaHHbIE K padoTe
(HaI/IMeHOBaHI/Ie O6’beKTa HUCCIea0BaHNUA HIINn

HpOCKTI/IpOBaHI/I}I; HpOI/ISBO,Z[I/ITeJILHOCTL 501058
Harpy3ka, pexuM  paboTbl  (HEeTpepBIBHBIM, 5
L T — Texnonornueckas cxema u obOopynoBanue YIIH

WM MaTepual M3jennsi; TpeGoBaHusi K mpomykty, | €YPMAaHCKOe»;  (DU3HKO-XUMUYECKUEC  CBOMCTBA
M3JIETMI0 WM TIpoLeccy; ocoOble TpeboBamus K | HETSIHOW HMynbcuu; MaTemaTuueckas MOJAETb

0COOEHHOCTAM (byHKUHOHMPOBARKSA | 11n01ECCOB IPOMBICTIOBOIT OATOTOBKH HE(TH
(9kcuryatanun) OOBEKTa WM H3JENHsS B IDIAHE

0e30macHOCTH OKCIUTyaTalnu, BIIMAHHAA Ha

OKPYXAIOLIYIO cpeny, 3HEpro3aTparam;

SKOHOMHMYECKUH aHaJIN3 | T. 1.).

IMepeuens momieskammx uccaenoBanui, | 1. JlureparypHsiit 0030p; Teopetnueckue
NPOEKTHPOBAHUIO 1 pa3padorke OCHOBBI IIPOLIECCOB MPOMBICIOBOM ITOJATOTOBKHU
BOIIPOCOB Heptu. HedTsHpie  SMynbCcHUU,  METOJBI
(aHanmuTHUECKMH  0030p 1O JINTEPATYPHBIM paspylieHusi 3MyJabcuil. MexaHu3m NencTBUs

HUCTOYHUKaAM C I1CJIbKO BbIACHCHHUA OOCTHXKCHHUH Ile3Myjlbl"aTOpOB HpI/I pa3pyIlIeHI/II/I

MHpPOBOM HAayKH TEXHHKH B paccMaTpHBaeMOH o
BOI[OHC(I)THHLIX OMYJIbCHUH.
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obmacty; TOCTaHOBKAa 3ajaun wmccnegoBaHmst, | 2, OOBEKTHI U METOJbI UccienoBanus;, Hedrsanas
IIPOEKTUPOBAHMS, KOHCTPYUPOBAHUS; COICPIKAHUE SMYIIbCHS MECTOPOIKICHHS YpmaHckoe,
npoueaypbl HUCCIICA0OBAHUA, IMPOCKTUPOBAHUA,
KOHCTDYMDORAHIA,  OGCYAICHHE  pE3ymsTaros TEXHOJIOTHYECKass cXemMa U 00opyIoBaHUE
BHITIOTHCHHOI paGoTHL; HANMCHOBAHME YCTaHOBKH TPOMBICIIOBON MOATOTOBKH HE(TH,
JIOTIOJIHUTENIHHBIX pasnenos, MOJJIEKAIIIX MaremaTtnueckoe MOACIIUPOBAHUC.
pa3paboTKe; 3aKTIOYEHHE TI0 padoTe). 3. Pacuersl u AHAIINTHKA; Ananrtanus
MOJICTIMPYIOIIEH CHUCTEMBI K TEXHOJIOTMYECKOM
cxeme YIIH; IIpoBeneHue wuccieqoBaHHil
BIIMSHUSI TEXHOJOTMYECKUX IMapaMeTpoOB Ha
MPOIIECC MOATOTOBKM HEPTH MECTOPOKIACHUS
YpmaHcKOoeC TPUMEHEHHEM MOJCIUPYIOIIEH
CHUCTEMBI.
4., DOuUHAHCOBBLIA MEHEPKMEHT,
pecypcodhPeKTUBHOCTD u
pecypcocOepekeHue;
5. CouunanbHast OTBETCTBEHHOCTD;
6. 3axmrodcHHE.
Ilepeyennb rpaguyeckoro Mmarepuajia TexHomornueckas cxema, NCXOIHbIE JaHHbIe — 1I;
(c TOYHBIM yKazaHWEM 00s3aTeNbHBIX | MaTeMaTtuueckas Mmojaens — 1
yepTexeit) Pesynbrarer uccnenopanuii — 4 .
KoHcyabTaHTBI 0 pa3iejaM BbINYCKHOM KBAJIM(PUKAIUOHHON PAad0ThI
(c ykazauuem pazoenos)
Pasznen Koncyabranr

«DOUHAHCOBEIM MEHEIKMEHT,

Poixakuna Tarbsina ['aBpusioBHa
pecypcorhHEKTUBHOCTD U pecypcocOepekeHUE»

«ConyanbHas OTBETCTBEHHOCTE) CeunH AHJpelt AJleKcaHIpOBUY

HNHocTpaHHBIH A3BIK Haneuna Jlynsza BacuibeBHa

JaTa BpI1a4u 3aIaHUS HA BbINOJIHEHUE BHINYCKHOM L02. 2022
. . .02. T.
KBAJIN(UKANMOHHOI PadoThI 110 JIMHEeITHOMY rpaguky
3aaHue BblJ1a]d PYKOBOUTENb:
JomxHOoCTH D®UO Yuenast cTenens, MMoanucek Hdata
3BaHUue
Jouent Moiizec Onbra EdbnmoBHa K.T.H. 01.02.2022 r.
3ajaHye NPUHSIT K UCTIOJTHEHUIO CTY/ICHT:
I'pynna PUO Hopmuce Jara
21M02 3aitiieBa Onbra FOpreBHa 01.02.2022 r.




MuHnCTEpCTBO HAYKH H BbIcLIero oopasosanus Poccuiickoii @enepanuu
(benepanabHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUpEeKICHHE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHUM MOJIATEXHUYECKA YHUBEPCUTET»

[[Ixona MHxeHepHas KoJa TPUPOJIHBIX PECYPCOB

Otnenenne mkoiisl (HOLL) OTaenenrne XuMudeckoi HHKCHEPUH
Hamnpasnenue noarorosku 18.04.01 XumMuueckast TEXHOJIOTUS
[Tpodunp «XuMuYeckasi TEXHOJIOTHsI TOIIMBA U Ta3ay

YpoBeHb 00pa30BaHUs MAaruCTPATypa

[Tepuon BeimoHeHUs1 BecenHuit cemectp 2021/2022 yyeOHOro roga

dopma npecTaBiaeHus pabOTHI:

‘ Mazucmepckas ouccepmayus

(bakamaBpckast pabota, IUIUTOMHBINA TPOEKT/paboTa, MarucTepcKast IICcepTarus)

KAJIEHJIAPHBIN PEUTUHI -TIJIAH
BbIIIOJIHEHH S BbIITYCKHON KBAJTH(PHUKANMOHHOM padoThl

‘ Cpok c/1ayMl CTYy/IEHTOM BBINIOJIHEHHOM pabOThI:

Hara HasBanmue pa3aesaa (MoayJsi) / BUa padoThl MakcumajibHbIi 0aJ11
KOHTPOJISA (McciieqoBaHus) pa3naesna (MoayJis)
18.02.2022 r. | Beenenue. 10
28.03.2022r. | Coop wmHpOpMAIMKL C  MECTOPOXKICHUS  JUIS 10

TanbHEHIMX wucchneaoBanuii. JluteparypHbeiii 0030p:
TeopeTnueckue OCHOBBI IPOIECCOB IPOMBICIOBOM
noarotoBku Hedptu; HedrsHnbie sMynbcuu, METOJBI
pa3pylmieHus  SMyibcuil;  MexaHu3sMm  AeHCTBUS
Ne3MYNbraTopoB MNpU Pa3pylIeHUH BOJOHE(PTAHBIX

SMYJIbCUH.

15.04.2022 r. | llenp m 3amaun ucciegoBanusa. OOBEKTBI U METOJBI 20
uccienoBanus: HedTsaHas s>Mmynbcuss YPMaHCKOTO
MECTOPOXKICHHUS, TEXHOJIOTHYECKAS cxeMa u

O60py,Z[OBaHI/Ie YCTaHOBKH HpOMBICJ'IOBOﬁ IIOArOTOBKH
He(I)TI/I; Maremaruueckoe MOACIIMPOBAHUC.

10.05.2022 r. | O6cyxaeHue pe3ynbTaToB. PacueTsl M aHaAIUTHKA. 50
Ananranus MoJIeNIupyroei CHCTEMBI K
TEXHOJIOTHYECKOH cXeme VIIH. [IpoBenenue
UCCIeI0BaHUM BIIMSHUSA TEXHOJIOTUYECKUX
napamMeTpoB  Ha  Ipolecc TMOATOTOBKH  HepTH
YpMaHCKOr0O  MECTOpPOXJEHUs C  MpUMEHEHHEM
MOJIJIUPYIOILEH CUCTEMBI.

22.05.2022 r. | Pasnen «®DUHAHCOBBIIT MEHEKMEHT, 10
pecypcoddhdekTuBHOCTE U pecypcocOepeskeHuey.
Paznen «CoruanpHas OTBETCTBEHHOCTBY.

3aKkIrOUEHHE.




CocraBua npemnoaaBareib.

Yuenasi cTenens,
Jo1KHOCTH DPUO Moanucey Jara
3BaHue
JloueHT Moiizec Onbra E¢umoBHa K.T.H.
3aganune HNPHUHSAJ K HCIIOJTHCHHIO CTYJACHT:
prl‘[l‘[a DdUO Moanuce Jara
2J]IM02 3aiiuesa Onbra KOppeBHa
COI''TACOBAHO:
PykoBoaurenn
y O(})IH D®UO yqe"::a:ljli“eﬂb’ Moanucey Jara
[Tpodeccop MBamkuna Enena Hukonaesna JI.T.H.




_ 3AJIAHME JUUISI PA3JIEJIA
«@PUHAHCOBBIN MEHE/I[KMEHT, PECYPCO®®EKTUBHOCTb
U PECYPCOCBEPEXEHMUE)

CryneHry:
I'pynna DPUO
2JIMO02 3aitnieBa Onbra FOpreBHa
T HHEe XUMHYEeCKOH
IIkoua NHITIP Otaenenne Otaenenne €cKo
HHKEeHEPUH
18.04.01 Xumuueckas
YpoBens 00pa3oBanus Marwucrtparypa Hanpagaenue
TEXHOJIOTHS

Hcxoanblie faHHbIe K pa3geny «PHHAHCOBBIH MEHEIKMEHT, pecypcod((PeKTUBHOCTD U
pecypcocoepeskeHne»:

1. Cmoumocms pecypcoes HaydHoco UCCe008anUsL.
mamepuailbHblX, IHEepceMU4eCKuUx, d)uHGHCO@le,
MHd)OpMaL]MOHHblx U yejloeedeckux

Hopmuvl u nopmamuewt pacxo0osanus pecypcos

3. chozlwyeMaﬂ cucmema HGJZ02006]Z09!C€HM}1, cmaeKku

HA10208, omuumeﬂuﬁ, auCKOHmupOGGHM}l

U Kpeoumosaus

Paboma c HAY4YHOU Jaumepamypot,
npeocmasieHHoul 8 POCCULICKUX u
UHOCMPAHHBIX HAY4HbIX nyonuKayusx,

anaiumuvdeckux mamepuaiax

Hepeqeﬂb BOIIPOCOB, MOAJICKAINUX HCCIICAOBAHUIO, IPOCKTUPOBAHUIO H paapaﬁoTKe:

1. Oyenka xommepueckozo nomenyuana,
nepcnekmueHOCu U albMepHamue papabomxu
nPoeKma ¢ no3uyul pecypcodggexmueHocmu u
pecypcocbepesicenus

Ilposedenue npeonpoexmmnozo auanuza. OnpedeneHue
yeneo20 puiHKA U NposedeHue e20 CecMeHMUPOBAHU.
Buinonnenue SWOT-ananusa npoexma

2. IInanuposanue u popmuposarnue 6100dcema
paspabomxu

Onpeodenenue yeneti u  odcuoanutl,  mpebogaHull
npoexma. Onpedenenue b10001cema Hay4H020
uccnedosHausl

3. Onpedenenue pecypchol, hpunancosotl,
IKOHOMUHECKOTU I pexmueHocmu pazpabomru

IIpogedenue oyenKu dKOHOMUYECKOU ghpexmusnocmu,
pecypcoaghpexmusnocmu u CPaGHUMENbHOT

3(ﬁqbei<mu6htocmu PA3IUYHBLX 6APUAHIMOE UCNOJIHEHUSA

Ilepeuenn rpagpuueckoro Marepuaja (c MmouHbIM YKA3AHUeM 0053amelbHbIX Yepmedicell):

. Mampuya SWOT
. Ipaghux nposedenust u 6100xcem npoexma

A ON -

. OI/;EHKLZ KOHKypeHI’I’lOCI’ZOCO6HOC‘mM mexHuweCKuxpemeHuﬁ

. Oyenka pecypcHoii, puHaHCOBOU U IKOHOMUYECKOU dheKmusHocmu paspadbomxu

JlaTta BbI1a4uM 3aaHMA JJIs1 pa3jeia 1o JUHeHHOMY rpaduxy ‘ 31.01.2022 ‘
3amaHue BbIIAJ KOHCYJIbTAHT:
Y
JI0JI5KHOCTD ®UO Henast Creten, Moanuce JlaTa
3BaHue
Jonent Poixakuna TatbsiHa ["aBpunoBHa K.9.H. 31.01.2022
3ajaHue NPUHSI K UCTIOJHEHUIO CTYJIeHT:
I'pynna PUO Hoanuce Hara
21M02 3aitiieBa Onbra FOpreBHa 31.01.2022
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3AJIAHUE JIJISI PA3JIEJIA
«COILUAJIBHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna DOUO
2IM02 3aiiueBa Onbra FOppeBHa
OTtaenenue
Ixona HILITP (0),441
(HOm)
H
Vpoverts Marucrparypa anpasJenie/ 18.04.01 Xumudeckast TEXHOIOTUS
o0pa3oBaHus CIeNHMATbHOCTD
Tema BKP:

MaremaTnyeckoe Mo/IeJIHPOBAHNUE MPOLECCOB MPOMBICIOBOI MOATOTOBKE HeTH

I/ICXOIIHLIC JAaHHBIE K pasaejay «COIII/Ia.T[])Haﬂ OTBETCTBEHHOCTDb)> .

BBenenue

XapakTepucTuka o0beKTa
HCCIICTOBAHMS (BemecTBoO,
MaTepual, Npudop, alrOpUTM,
MeToJMKa) ¥ o0nacTd  ero
NIPUMECHCHUSA.

paboueii  30HBI
(pabouero MecTa) pu
pa3pabotke MIPOEKTHOTO
PEIICHUS/TIPY SKCILIyaTalluK

Onucanune

Obvexm uccnedosanus: BOJOHEDTIHAS IMYIIbCUS
Obnacmy NPUMEHEHUSL: HeTexuMuiecKas
HPOMBIIIICHHOCTh

Pabouasa 3ona: 16 xopmyc 224 aymutopuss HU TIIY,
Kotopass ~ obopyJoBaHa  CHCTEMaMH  OTOILICHHS,
KOH/IMI[HOHUPOBAHUS BO3yXa, & TAKIKE €CTCCTBEHHBIM U
HCKYCCTBEHHBIM OCBEIIICHUEM.

Pasmepul nomewenus: 32 M

Konuuecmeéo u maumenosanue obopyoosanus pabouell
3onwr: T[IK, paccuntannbie Ha 13 pabounx mect

Pabouue npoyeccol, C6A3AHHblEe C obvexmom

uccneQosanus, Ocywecmeusiiowuecs 8 pabouell 30He:
MOWCK W aHajiu3 JIUTEpaTypsl, 00paboTKa M aHaIu3
JKCHEPUMEHTANBHBIX ~ JAHHBIX, pacyeT  OCHOBHBIX
MPOIIECCOB IIPOMBICIIOBOH TIOATOTOBKH HE(PTH c
MPUMEHEHHEM MOJICTUPYIONIEH CUCTEMBI, IPOBE/CHHE
UCCTICIOBAHNN TIpU BapbHPOBAHHH TEXHOJIOTHYECKUMHU

napamMeTpamu.

[epedens BOMPOCOB, MOIISKAIINX UCCIIEIOBAHUIO, TPOSKTHPOBAHUIO U pa3paboTKe:

1. IlpaBoBbIe M OPraHU3aLMOHHBbIE BONPOCHI
o0ecneyeHns 6€30MACHOCTH MPH

IKCITYATALMH .

—  cHeuualbHbIe (xapakTepHbIE
Py  SKCIUTyaTallil  O0BEeKTa
UCCIIEOBAHUS, MPOSKTUPYEMOI
pabodeli  30HBI)  TIPaBOBBIC
HOPMBI TPYZAOBOTO
3aKOHOJIATENbCTBA;

—  OpraHHM3alUOHHEIC

MEpONPUATUS TIPH KOMITOHOBKE
paboueii 30HBI.

- TpynoBoii kogekc Poccuiickoii @enepauun Ot
30.12.2001 N 197-@3 (pen. ot 25.02.2022) (c u3M. 1
Jot., BCTyn. B ciuty ¢ 01.03.2022).;

- CII 52.13330.2016. EcTecTBeHHOE M HCKYCCTBEHHOE
ocBemieHue. AkTyanusupoBaHHas pepakuus CHull
23-05-95;

- T'OCT 12.1.003-83 «Cucrema CTaHIIAPTOB
oesomacHocty Tpyma. llym. OOmme TpeboBaHuUs
Oe3omacHOCTIY

- T'OCT P 12.1.019-2009. Cucrema craHnapToB

Oe3omacHOCTH Tpyna. Diekrpode3onacHocTs. Ooume
TpeOOBaHUS U HOMEHKJIATypa BUJIOB 3aIIUTHI;

- CanlluH 2.2.4.548-96. 'urneanueckuie TpeOOBaHUS K
MHUKPOKJIUMATY IIPOM3BOJCTBEHHBIX TOMELICHUH;

- T'OCT 12.1.006-84 CCBT. OnekTpoMarHuTHbIE MO

paauodacrot. OOmme TpeboBaHUS OE30MaCHOCTH.

2. Ilpom3BoacTBeHHas1 0e30IACHOCTL MNPH
IKCILTyaTAlluM:

AHanu3 BEISIBICHHEBIX BpPCAHBIX
1 OMNAaCHBIX MPOU3BOACTBCHHLIX

Bpennbie ¢pakTopsi:
- HepnocraroyHast OCBEIICHHOCTS;
- lloBbIlICHHBIN YPOBEHD LIIyMa;
- OTxJIOHEHME [T0KAa3aTeIe MUKPOKINMATa;
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¢dakTopos

Pacder ypoBHsSI omacHOro Wiu
BPEAHOTO TPOU3BOACTBEHHOTO

(haktopa

- lloBbIlICHHBI YPOBEHb IEKTPOMAarHUTHBIX
U3JIy4CHMUI;

-  MOHOTOHHOCTbH TPYAOBOTO MPOLECCA;

- HepBHO-3MOLIMOHAIBHBIE IIEPETPY3KHU.
Omnacnble GpakTopbI:

- llopakeHue MEKTPUIECKUM TOKOM;

- CepoBogopon;

- MDA;

- AMMuak;

- Ilapsr HeTEeTPOIyKTOB U T/,
CpencrTBa 3alUTHI:

- X.HOH‘-IaTO6YMa)KHBIe KOCTIOMBI;

— 3alIMTHBIC OYKH,

— OOTHHKH KOXKaHBIC,

— rnepyaTku QUIBTPYIOIIHE;

— TPOTHUBOIa3kbl;

—  Kacka;

— IepyYaTKH.
Pacuert: pacuer cucTeMbl HCKYCCTBEHHOTO OCBEIIECHUS

3. Dkonoruveckasi 6€30MacHOCTH NMPH

IKCIJayaTanuu

Bo3zneiictBue Ha ceJMTeOHYI0 30HY: 3arps3HEHHE
atMocpepHOro  BO3Iyxa  NPOMYKTaMU  CrOpaHHS
MOOOYHEIX BEIIECTB.

Bosngeiicteue Ha Jjutocdepy: 3arps3HEHUE IIOYBBI
TIPOU3BOICTBEHHBIM MYCOPOM U OTXOJIaMH.
BozgeiictBue Ha ruapocdepy: 3arps3HEHHE CTOYHBIX
BOA TP aBapusix Ha OO0BEKTaX HePTEXUMHIECCKON
MPOMBIIIIEHHOCTH.

BozaeiicTBue Ha armocdepy: 3arpsi3HEHUE

aTMOC(EpHOTrO0 BO3IyXa B pE3yJabTaTe YTEUKH WIH
ropeHust He)TENPOAYKTa.

4. be3onacHOCTb B Ype3BbIYaii HbIX
CUTYalUsIX MPHU IKCILUTYyaTallH{

Bo3mo:xkubie UC:

1. TexuoreHHoro xapakrepa (aBapHiiHBIE CHTYaIlUH:
MOXKap, B3PHIB, PO3IUB MPOAYKTOB/KOMIIOHEHTOB
MIPOU3BOJICTBA);

2. CouuanbHOro Xapakrepa (TeppOPUCTHYECKHM aKT);

3. Tlpupoamsie kaTacTpodbl (HABOJAHEHHS, yparaH U TJI)

Hau6osee Tunnunas YC: TeXHOr€HHOr 0 Xapakrepa.

Jara Bpiia4u 3ajaHus 1JIs pa3zjesia o JuHeiiHoMy rpaguky ‘

3agaHue BbI1aJ KOHCYJIbTAHT:

JoaxkHOCTH ®UO Yu4enasn crenenpb, | [Hoanuce Hara
3BaHHe
JloneHT Ceunn AHapel AnekcaHApOBUY K.T.H.
3agaHue NPUHAJ K HCIIOJIHEHHIO CTY/ICHT:
I'pynna PHUO Hoanuce Hara
2J1M02 3aitiieBa Onbra FOpreBHa
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Pedepar

Boinycknas kBanudukanuonHas pabora couxepxkur 121 crpanun, 28
pucyHKOB, 43 Tabnuilbl, 39 UCTOUHUKOB, 2 IPUIIOKEHUS.

KitoueBble cnoBa: BOJOHE(TSAHAs 5SMYJbCUsA, MaTeMaTHYecKash MOJEb,
cenapaiusi, OTCTauBaHue, Je3IMYJIIbraTop.

OOBEKTOM HCCIEOBaHUS SBISETCS y4acTOK MPEABAPUTEIbHON MOArOTOBKH
Heptn (YIIH) YpMaHCKOro MECTOPOXIEHHUS CIYXHUT IJsi IpHeMa M MOJArOTOBKU
He(TU ¢ YPMaAHCKOTO MECTOPOXKIEHUS, a TaKXKe MPU HEOOXOJUMOCTH APUYHMHCKOTO
MecTOpoXkaeHus U MectopoxaeHus 105 JIY ¢ mocnmenyromeid OTKaukOM TOBapHOMU
HedTH dYepe3 y3en ydeta HedTH B MarucTpalibHbli HedTenpoBon «Urombckoe —
TanoBoe - [Tapabens» AO «Tpancuedtr-Llentpansuas Cudupny.

Llens panHONM paboThl — WUCCIENOBAaHUE IMIPOILIECCOB KaruieoOpa3zoBaHuUs
IPOMBICJIOBOM MOJATOTOBKH HE(TH C TPUMEHEHUEM MAaTEMaTUYECKON CUCTEMBI.

JI7ist TOCTH>KEeHHMs 11eJTi ObLUIX MOCTAaBJICHBI CIASAYIONINE 3a/1a4u:

— aHallU3 TEXHOJIOTMH TMPOMBICIOBOM TOATOTOBKHM HeDTH YPMaHCKOTO

MECTOPOKIECHHUS;

— 00paboTKa SKCIIEPUMEHTAJIbHBIX JTaHHBIX;

— pa3paboTKa pacyeTHOW CXEMbl U aJamlTalys MOJCIUPYIONICH CUCTEMBI Y
TEXHOJIOTUU Y PMAHCKOTO MECTOPOXKICHUS;

— MPOBEJCHUE HCCIEIOBAHUN BIMSHHUS TEXHOJIOIMYECKUX I[apaMETpPOB Ha
nporeccbl  00€3BOXKHUBAaHUS M OOECCONMBAHUA TPU  MPOMBICIOBOM
HOJArOTOBKE HEPTH C MPUMEHEHUEM MOJIETUPYIOIIEH CUCTEMBI.

B npoumecce pabOoThl BBINOJHEH aHAIW3 TEXHOJOTMM  YPMAHCKOTO
MECTOPOXKIECHHs, 00pabOTaHbl  AKCIEPUMEHTAJbHbIE  JAaHHBIC,  BBITOJIHECHBI
UCCJIEI0BAaHNS BIMSHUS TEXHOJOTMYECKHX IMapaMeTpOB: TEMIEPATypbl M pacxoja
He(pTH Ha TpPoUECChl O0E3BOXKHMBAHUS M 00€CCONMBAaHUS TPU MPOMBICIOBOM

IIOATOTOBKEC He(l)TI/I C IPUMCHCHHUECM MOI[GJII/Ip}IIOIHeﬁ CHCTCMBEI.
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OO6nacTh MPUMEHEHUS: HA OCHOBAaHUHU aHaN3a MPOBEJICHHBIX MCCIEIOBAHUM
MOTYT OBITh JaHbl peKOMeHAANUu MO0 3(PEPEKTUBHOMY MPOBEIACHUIO MPOIECCOB
paznesieHus: BOAOHEDTIHBIX IMYJIbCUH.

DKOHOMHMYECKasi 3HAUMMOCTh pa0OThI: aHAJIU3 MEPCIIEKTUBHOCTU MTPOBEACHUS
Hay4YHBIX HCCIEJOBAHMUM MOKa3al, 4To paboTa CUMTACTCS 3HAYUMON C TO3UIIMU

(uHaHCOBOI U pecypcHOM 3PHEKTUBHOCTH.
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Omnpenenenusi, 0003Ha4YEHUsI, COKPALLECHHUS, HOPMATHBHBIE CCHLIKH

B wMarucrepckoil auccepranuMyd  NPUBEIACHBI CHEAYIONIME TEPMHHBI C
COOTBETCTBYIOIIIMMH OTIPEICICHUAMU:

IMyJibcusi: B3Bech BHYTpU B3BECH, HAINpPUMEpP, KOrJa B OTHOCUTEIIBHO
KPYIHBIX TJI00YyJIax BOABI B CBOIO OYEpeb TUCIIEPTUPOBAHBI O0JIee MEIKUE TI00YIbI
HedTH (MM HA000POT);

yCTOHYMBOCTHL 3IMYJbcuM: CrnocoOHOCTh  BOAOHEDTSIHOW  IMYJIbCUU
COXpaHATh CBOE JUCIIEPITUPOBAHHOE COCTOSIHUE;

AeIMYJIbraTop: PeareHT, ucnoiab3yeMblid JUUIs pa3pylIeHUs dMYIbCUM.

B BeInyckHOUW KBaJM(PUKAIMOHHON paboOTe HMCMOIB3YIOTCS COKpAIlleHUs U
0003HaYCHUS

W/O — smysbeus Tina Boja B Hed1u;

O/W — smysnbcust THIa HeTh B BOJIC;

ITAB — noBEpXHOCTHO-aKTUBHOE BEILIECTBO;

VYIIH — ycTtanoBKa MOATOTOBKH HE(DTH;

®BJ/] — ¢dhaken BEICOKOTO JaBJIEHUS;

®OHJI — ¢dakesr HU3KOTO JTaBICHUS;

BKHC — 6yiounas KkycToBas HaCOCHAsI CTaHITHUS;

BPX — 6110k peareHTHOTO XO3SiCTBA;

HI'C — nedrerazosslii cenaparop;

HI'CB — nedrerazoBslii cenapatop co cOpocom BOJIBI;

KCY — koH1eBas cenapaliioHHasi yCTaHOBKA,;

I'C — razoBeblii cenaparop;

PBC — pe3epByap BepTUKaTIbHBIN CTAIbHOM;

HUIIN — HayuHo-uccnenoBaTenbCKui MPOECKTHBIA HHCTUTYT;

HTU — nay4HO-TEXHUUYECKOE HUCCIIEIOBAHNUE;

HUP — nayuHo-uccnenoBaTenbckas padbora;

TK P® — tpynoBoii kojekc Poccutickoin @enepanuu;

[IK — nepcoHabHBIN KOMIBIOTED;
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[I9BM — nepcoHanpHas 3J€KTPOHHO-BBIYMCIIUTEIbHAS MAIINHA;

OMII — 2neKTpOMarHuTHOE MOJE;

YC — upe3BblyaliHas CUTYaLUS;

CanlIuH — canutapHble npaBuiia 1 HOPMBI,

B naHHOM BBITYCKHON KBAIM(PUKALMOHHON paboTe UCIOJIb3YIOTCS CChIIIKU HA
HACTOSIIIINE CTAHJAPTHI:

I'OCT 12.2.032-78 Cuctema cranmaptoB Oe3omnacHoctu Tpyaa (CCBT).
PaGouee w™ecto mpu BeIMONHEHUW pabor cuas. OOmME HAProHOMUYECKHE
TpeOOBaHUA.;

I'OCT 12.0.003-2015 Cucrema craHmapToB 10 0O€30MAaCHOCTH  TpyJa.
OnacHele 1 BpeHbIe MPON3BOACTBEHHbIE akTophl. Kitaccudukanus.;

CIT  52.13330.2016  EcrectBeHHOE U  HMCKYCCTBEHHOE  OCBEILICHHE.
AxrtyanusupoBanHas peaakiuss CHull 23-05-95.; BBen. 08.05.2017.;

CHulI 23-05-95. Hopwmbl ipoekTupoBanusi. ECTECTBEHHOE M UCKYCCTBEHHOE
ocsemeHue. — M.: Munctpoii Poccun, Bea. 01.01.1996.

I'OCT 12.1.003-83 «Cucrema cranmaptoB Oe3omacHoctd Tpyna. [lym.
O6mue TpeboBaHusl 6€30MaCHOCTH. |

I'OCT P 12.1.019-2009. Cucrtema cranaapToB 0€30MaCHOCTH Tpy/a.
Onektpobe3omacHocTh. OOmue TpeOoBaHUS ¥ HOMEHKJIATypa BUJIOB 3alIUTHI.; BBE/I.
01.01.2011,;

CanlluH 2.2.4.548-96 T'uruenudeckue TpeOOBaHUS K MHKPOKIUMATY
MPOU3BOACTBEHHBIX MTOMEIIeHUH.; BBea. 1.10.1996.;

I'OCT 12.1.006-84 CCBT. DnexktpomMarHuTHbIe MOl paguodactoT. OOmue
TpeOoBaHUs 0E30MaCHOCTH;

I'OCT 17.1.06-82. Oxpana npupoxasl. ['mapochepa. Obmue TpeboBaHus K
OXpaHe MOJ3EMHBIX BOJ;

I'OCT 17.1.3.13-86. Oxpana npupoasl. ['uapocdepa. O6mme TpeboBaHus K
OXpaHe MOBEPXHOCTHBIX BOJ OT 3arpA3HEHUSL. ;

I'OCT 22.0.04-97. BbeszomacHOCTh B 4YpE3BBIUAWHBIX CUTyalusaX. buoioro-

COLIMaJIBHBIC I-IpCBBLI‘-IEH\/'IHI)IC CUTyalluu.
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BBenenue

C  yBenmMueHWEM  JJIMTENBHOCTH  JKCIUTyaTallud  MECTOPOXKICHUS
YBEJIMUMBACTCS U OOBOJHEHHOCTh HE(PTH M paHO WJIM IMMO3IHO HE(PTIHAS CKBAKUHA
HAaYMHAeT MPOU3BOAUTH BCE OOJbIIMI mpoueHT Boabl. Heobxoaumo yaamute 3Ty
BOJIY IIyTEM JETUAPATAIINH UIH 00ECCOTHBAHMUS.

VYXe JaBHO CTaHJAPTHOHW TPAKTUKOW SBISETCS COOTBETCTBHE HEPTH
TpeOOBaHUSAM, YTOOBI COACP)KAHUE MPUMECEH M BOJBI ObLTO CHM)KCHO JI0 3HAYCHUS,
HE TIPEBBIMIAIONIETO YCTAHOBJIICHHBIA HEOOJBIION MPOIEHT J0 TOro, KaKk HedTh
MOCTYIUT B CUCTEMY TPYOOTPOBOIHOTO TPAHCIIOPTA AJIS MOCIIEAYIONIEH TOCTaBKU Ha
sKcropT. Takoe CHWIKEHHE COJCpP)KaHHMS HEOOXOAMMO KakK JIIi MHUHUMHU3AIUN
TIOBPEXKICHUH TPyOOIIPOBOAa M 000PYyI0BaHUS, HAIPUMED, B PE3YJIbTaTe KOPPO3IUHU U
aOpa3MBHOTO HM3HOCA, TaK W JUIA MHUHHMH3AIMA DKOHOMHYECKHUX TOTEPb,
BO3HUKAIONIUX NP TPAHCIOPTUPOBKE M 00pabOTKE HE HEPTAHBIX KOMIIOHEHTOB.
XoTss  TpeObOBaHHMS ~ BApbUPYIOTCA B 3aBUCUMOCTHM  OT  MECTHOCTH U
HedTenepepadaThIBAIOIMX 3aBOJIOB, B OOIIMX TEXHUYECKUX YCIOBHUSX IMPOIHCAHBI
MoKa3aTeJI MacCOBOMW JTOJIM BOABI U MEXaHUYECKUX Tipumecei [1].

C TeueHHeM BpeMEHH OoJiee OCTPO CTAHOBUTCSA IMpoOJieMa MOATOTOBKH
Hedptn. Hambonee paelCTBEHHBIM CHOCOOOM SBIISIETCS BO3JCHCTBUE Ha HEPTh
AJIeKTpUUecKoro moss. B cBorwo odepear maremaTtwueckas MOJEIb IO3BOJISET
IPOTHO3UPOBATH AP (HEKTUBHOCTH Pa3/eieHUs BOIOHESPTIHON IMYIIbCHUH.

Hayunass HOBu3HA pa0OOTBHI: MOJAEpHU3AIUS MAaTEeMAaTHUYECKOM MOJETU H
aganTanus €€ K TeXHOJIOTUH KOHKPETHOTO MECTOPOXKIACHUS, a TAKKE KOPPEKTUPOBKA
MporpaMMbl ~ pacueTa TMpPOIECCOB 00€3BOKMBAaHUA U  00€CCOIMBAHUA TIpU
MIPOMBICIIOBOM TOATOTOBKM HE(MTH, MPOTHO3UpOBaHUE d(PHEKTUBHBIX PEIKUMOB IS

IMPOBCACHU ITPOLCCCOB OTACIICHUA BOABI.
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1 JlutepatypHblii 0030p

OObpazoBanue 5MylIbCUU B HEPTH MPOUCXOAUT B Mporecce e€ AOOBIYH, U
00ycCTOBIIeHA pa3pyIICHWEM IUIACTOB MPU OYPEHUH W MPOHUKAHUU TUIACTOBOW BOJIBI
B MNpu3a0oiiHyl0 30HY CKBaxuHbL. llpu 3TOoM, B mpoiecce moabémMa, B CTBOJIE
CKBOXWHBI II0J] BIUSHUEM Ta3a IPOUCXOJUT CMEIIMBAHHE KOMIIOHEHTOB (1101
BIUSTHUEM WU3MCHCHHS TEMIIEPATYpPhl M JIaBIICHUS). OMYJIBTHPOBAHUIO BOABI B HEPTH
CHOCOOCTBYET W MHOXKECTBO JAPYrUX (HaKTOpOB, OT Pa3HUIBI JUAMETPOB TPYO
He(dTenoOkIBatOMIEero 000pyNOBaHUS 0 (PUIBTpAIUU KUIKOCTEH uepe3 IIacTOBBIC
nopo/ibl (MEIKO3EPHUCTBIM TMeCcOoK, TTMHUCThIe (pakuuu u mp.) [2,3]. Hedrsausie
OMYJIBCUH TIPEJCTABISIOT COOOW SMYIBTHPOBAHHYIO B3BECh JKUAKOCTH (OOBIYHO
BOJIbI) B He(pTh. B3Bech mpezcTaBiisieT co00i MHOXKECTBO Kaleslb OYeHb MaJICHHKOTO
(MHKpPOCKOTIMUECKOT0) pa3Mepa, KOTOpble HasbIBaloTCsA T00ynel. OOpa3zoBaHHE
17100yl CTAHOBHUTCS BO3MOXKHBIM, TaK KaK BOJIa HEpacTBOpHMa B He(TH.

[IpoGnema BOMOHEDTAHBIX AMYIbCHH OOYCJIOBJIEHA TEM, YTO OCHOBHBIM
OPOAYKTOM TIepepabOTKM HEePTH ABISETCS TOIUIMBO. Bce BUABI TOIUIUBA,
nojiydaemble M3 HE(PTHU TOJDKHBI 00JaJaTh XOPOUIMMHU TOPIOYMMHU CBOMCTBAMHU C
OJIHOW CTOPOHBI, U HE 3arpSI3HITH ABUTATENb C APpyroi. OnacHOCTh BOJHON AMYJIbCUU
3aKJII0YAeTCsl ¥ B TOM, UYTO B BOJIE YacTO PACTBOPEHBI Pa3IMYHbBIE COJIU, KOTOPHIE
MOTYT BBI3BIBATh KaK (PU3MYECKOW, TaK M XUMHUYECKOE H3HAIIMBaHUE JeTajei
(3abuBaHue GUIbTpPa, KOPPO3UHHBIE TPOILECCHl U Mp.) HedTIHOro 0OOpYyIOBaHMS,
MO3TOMY OYEHb BAKHO JI€IMYIBIUPOBATH HEPTH (00E€3BOKHUTH U 0OECCONMUTH) TIEPET

MOATOTOBKOM €€ K TOCTEAYIOMIeH TeXHOIOTHIEeCKOi 00padoTKe.

1.1 OOpa3oBanue BOAOHe(PTAHBIX IMYJIbCHIT

C ryOuHOM OOBOAHEHHOCTH HE(PTSHOTO CJIOS CHIIKAETCS, B YACTHOCTH Ha
TIIyOWMHE CBBINIE JBYX THICSY METPOB B HE(PTH, MPAKTHUYECKH HE COACPKUTCS
BOJSHBIX Karelb. OTHAKO ¢ MPUOIIKEHNEM K TTIOBEPXHOCTH 3€MJIN — 0OBOTHEHHOCTH
He(Tr moBeimaercs. OgHOW U3 (GU3MYECKUX MPUYUH JAHHOTO SIBICHUS SBIISETCS

conyTcTBytomui ra3. Hegte Ha riyOuHe HAXOIUTCS MO JABICHUEM U C MOABEMOM
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Ha MOBEPXHOCThH JABJICHUE MAJACT U ra3 HAYMHACT BBIICIATHCS, MPU I3TOM IHEPTUU
BBIJICJISIIONIETOCS Ta3a BIOJHE T0CTaTOYHO, JJIsl TOTO, YTOOBI TUCTIEPTUPOBATH BOJY B
npoxoasuux ciosx. Bononedtsinas smynbcus siBiseTcsi o0paTuMO, HO CTOMKOCTh U
HACBHIIIIEHHOCTh BOJIOHE(PTSIHONW CMeCH 3aBUCHUT OT psijaa HpuduH. Paccmorpum
HauOoJsiee XapaKTepHBIE.

1. HauOonbmas ponsg BOASHONM B3BeCM B He(TH BCTpEHaeTcs MpuU
(dboHTAaHHON »JKCITyaTalldd CKBaXWHBI. B CKBaXWHE 53TOro TUIa 0Opa3oBaHUE
JUCTIEPCUU TPOUCXOUT B MPOIECCE MPOXOXKICHHUS CMECH KUIKUX U ra3000pa3HbIX
yIIEBOJOPOJIOB B MOABEMHBIX Tpydax U dYepe3 mTynepbl. I CHUXKEHUS
0OBOJIHEHHOCTH HE(PTU MpU AOOBIYE ATUM CHOCOOOM — HCHOJIB3YeTCsl MPHUHIINII,
OCHOBaHHBIM Ha CHWXEHUM TIeperajia JaBJIeHUs B CHCTEME. DTO MOKHO CJIeNaTh
YCTAaHOBKOM IITyIlepa HE Ha BBIXOJIC M3 CKBAXKHHBI, a Ha 3a00€, U TMOCPEJICTBOM
MOJJIEp>KaHusl TIOBBIIICHHOTO JABJICHUsI B cemapaTopax, yCTaHaBIMBAEMBIX IOCIE
mrynepa. OCHOBHOE MPEUMYILIECTBO ATOTO CIIOCO0a 3aKIII0YAETCs B TOM, YTO MITYLIEP
OpU 3TOM pACHOJIaraeTcs Ha IMOBEPXHOCTH U €ro MOXKHO OTHOCHUTEIBHO JIETKO
00CITy)KUBAaTh.

2. Ha oOpa3zoBanue BOJOHE(DTSIHONW SMYIBCUU BIUAET HHTCHCHUBHOCTD
nepeMenIBaHusl BOJHOW W HeTsHON (pakiuii, B mporecce, SBISIOMMMCS Y4acThIO
TEXHOJIOTMYECKOT0 IHKiIa HedTenoobun. Hambonee WHTEHCHBHO MPOUCXOJUT
oOpa3zoBaHue BOJOHE(DTIHON IMYIBCUU TIPH MPOXOKICHUH YTIECBOAOPOIHOTO CHIPbHS
gyepe3 IEeHTPOOSKHBINH HAacoc. B JaHHOM cilydae 3MyIbrMpOBAaHHOCTH HE()TH MOKHO
CHU3UTDH, 3aMECHHB IIEHTPOOEKHBIN HACOC Ha BUHTOBOM, WM IITAHTOBBINA, B KOTOPBIX
MPOIYKT MPUOOPETAET MEHBIITYI0O MEXaHUYECKYIO YHEPTHIO.

3. VYcroWumBas BomHas AMylbcus ~obOpasyercs B HePTH  TIpHU
MEXaHU3UPOBAaHHOM JOOBIYM, MOCPEICTBOM KOMIIPECCOPHOTO MPHUBOJA, cama CYTh
KOTOpOTO 0OycnaBimuBaeT 'razupoBaHue" HEPTH, U TEM CaMbIM TMOBBIIMICHHE €€
00BOTHEHHOCTH. Y CYTYOISIOT CUTYAIMI0 U MHOTOUMCIICHHBIC TIepPETajbl 1aBICHUS, U
TypOyJE€HTHbIE  3aBUXPEHUS] TOTOKAa  YrJIEBOJAOPOJOB, BO3HUKAIOIIHE TMpHU
MPOXOXKACHUU IITYLEPOB, 3aJBHXKEK, IOBOPOTOB CHUCTEMBbI, (PUTUHIOB TpYoO,

M3MEHEHUH JuameTrpa TpyOompoBoma. Kpome Toro, B CBA3M C BBICOKOU
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razuukane HepTH TpU AOOBIYE KOMIIPECCOPHBIM CIOCOOOM Tpeldyer €€
perasupoBaHmsi, I KOTOPOTO  HCIIOJB3YIOTCS  CIICIUaIbHBIE  HACAJKH-

AUCIICPTraTOpbl, KOTOPHIC MMOBLIIAIOT HAJTUYHC BOI[OHG(l)THHOfI OMYIJIbCHH.

1.2 Tunbl BogoHePTAHBIX IMYJIbCHH

Hecmotpst Ha To, 4TO B 11€JI0OM BOJOHE(MTSIHBIE SMYJIBCUHU COCTOSIT U3 BOJIBI U
HeTH, TeM HE MEHEE, OHU MOTYT pa3IMuaThCsl MO CBOUM CBOMCTBaAM, KOTOPHIE BO
MHOT'OM 3aBHCST OT THUIIA AMYJbCUU. DMYJIbCUU ObIBAIOT ABYX OCHOBHBIX THUIIOB.

[lepBblii TN MpeaCTaBISIET COO0M MUCTIEPTUPOBAHHYIO B BOAE HEPTh. ITOT
TUI 3MyJibcuu Ha3biBaeTcs H/B, uro o6o3nauvaer "HedTh B Boje". JlucnepcuonHas
cpeia B JaHHOM Cliydae sIBJISICTCS MOJISIPHOM (Bo/a), a Kanenbku HepTH (qucriepcHas
¢daza) HemoJsApHBIMU. Takasi AMYJIBCHUS MOXKET JIETKO CMEIIMBATHCS C BOJOWU, U
BCJIE/ICTBHE MOJISPHOCTU JUCTIEPCUOHHOM Cpeibl - 00J1a1aeT AIEKTPOIPOBOIHOCTHIO.

Bropoii Tun BOMOHE(DTSHON SMYIBCUU TMPEICTABICH KamelbKaMu BOJBbI,
B3BEIICHHBIMU B He(PTH. DTOT T 00603Havaercs kak B/H (Boxa B HedTH). [ maBHBIM
OTJINYHMEM OT MPEIbIAYIIEH 3MYJIbCUU 31ECh SBISETCA MOJSPHOCTh JUCIEPCUU H
HEMOJISIPHOCTh JTUCIIEPCUOHHOW CcpeAbl. B mpoTuBOBeC MpeAplaylieMy THILY —
smynbcuss B/H cmemmBaercs Tonpko ¢ HedThiO. BBUAY OTCYTCTBHUS MOJISPHOCTH
TUCIIEPCHOM Cpebl — 3JIEKTPOIPOBOIHOCTh OTCYTCTBYET UM MUHUMAJbHA.

B TtexHomornueckom mporiecce o0paboTku HedTH BO3MOKHO 0OOpa3oBaHHE
CMEILIEHHOW (MHO>KECTBEHHOMW ) 3MYJIbCUU. MHOKECTBEHHAsI SMYJIbCUS NTPEACTABISET
co0oii B3BeCh BHYTPHU B3BECH, HAIIPUMED, KOT/Ia B OTHOCUTENIBHO KPYITHBIX TI00YyIax
BOJBI (IIUCTIEPTHPOBAHHBIX B JUCIEPCHOHHON cpefe - HeDTH) B CBOIO OYEPEnb
aucneprupoBansl Oonee Menkue riaoOymsl HedTu (wim Haobopot). Kpome Toro,
MOMOOHBIE OMYJIBCHUM KaK TMPaBUJIO  COJAEPKAT MEXaHWYECKHE IMPUMECH.
Cy1iecTBeHHBIM HEJOCTATOK TAKUX SMYJIbCHUM SIBISETCA UX IJI0Xasl pa3pyliaeMoCTh.

B mpouiecce n100bm HeTH BaXKHO YMETh pazindaTh OOBOJTHEHHOCTh HE(TH.
Hedtp ¢ pa3Hoii cTeneHbi0 OOBOJHEHHOCTH pa3iauvaeTcsi Mo uBetry. B yacTHoCTH,
HeTh He MEHSIET CBOEM OKpacku, eciid oHa coaep:xkut A0 10% Bonawl. Eciu HedTh

HMCCT OTTCHKHM OT KOPHYHCBOI'O OO0 )KéJ'ITOFO, 3HAYUT 3TO OMYJIbCHA, B KOTOpOﬁ
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CoJiep>KaHMe BOJIbI KOyieOieTcsl mpuMepHO B mipeaenax oT 15 go 20% (uem Boiie %,
TeM xenree). Ecnu nms BoAsl B AMYJIbCUH cocTaBisieT 25% W BbIIIE, TO OHA UMEET

BBIPAXKCHHBIN KENTHIA OTTEHOK [4,5].

1.3 dDuzuko-xuMHYecKHe CBOHCTBA HEPTAHBIX IMYJIbCHIA
1.3.1/IlucnepcHOCTH

OCHOBHBIM TIPU3HAKOM JTF0O00W AIMYJIBCUU SIBIIETCS JAUCIEPCHOCTH, KOTOpas
XapakTepus3yeT pa3poOJEHHOCTh M pa3Mephbl AMCIEpPCHON (a3bl B AMCHEPCHOMN
cpene. JucnepcHocTh onpeensieTcs: COOTHOIEHHEM OO1IeH Mmomaan (MOBEPXHOCTh

S) Bcex Kamenek aucnepcHoi (asbl K ux odmemy 00bémMy (V). Juametp karau =d:

s xd® 6
S =7:7=7, 1-1
¥ v zd®/6 d (1)

[Ipu mpombiciioBori HedTenoO0bIYe oOOpazyeMble BOJOHE(DTSHBIE SMYJIbCUH
XapaKTepU3yITCs MOJUAUCIEPCHOCTHIO, T.€. JucrepcHas (a3a COAEP>KUT TI0OYIbI
pazHoro nauamerpa. B cpegHeM MOXXHO BBIJEIUTH MEJKO, CpedHE U KPYIHO -
JTUCTIEPCHBIE BOJAOHE(TSIHBIE AMYJIBCHUU, TaK MEPBbIE COAEPKAT TII00YIIBI TUAMETPOM
oT 0,2 1o 20 mukpomeTpoB. CpeIHEAUCIIEPCHBIE dMYJIbCUU COCTOSAT U3 Karelb,
nuamerpom 20-50 MmxM. KpynHoaucnepcHble coiepkaT Kaliu 1uaMeTpoM cBbiiie S50
MKM (MoryT gocturatb 300 mkm). OpHako 3To wuaeanbHble aucnepcuu. Ilpu
IPOMBIIIEHHON HedTeno0bIde BOJI03MYJIbCUOHHAS CMECh SIBIIACTCS
MOJUANCIEPCHOM, T.€. COAEPXKHUT KAIUIM BCEX TPEX THUMOB. JlUCHEPCHOCTh HE
SBJISIETCS TOCTOSIHHOW BEJIIMYMHOW U TMOCTOSIHHO H3MEHSETCS B TEXHOJOTMYECKOM
nporiecce HepTemoObIYM Ha pa3HBIX €ro CTaausX. /lucrnepcHOCTh BIMAET HA MPOYUE

CBOICTBa dMYJIbCHH [6].

1.3.2Ba3kocTh

Bsaskocte ompenensier 3HEPrUI0, 3aTpauyvBacMyl0 Ha [MEPEMELICHHE U
dbpakuMOHUpPOBaHUE  YIIEeBOJAOpoJ0B. DakTopbl, BIUAIONIME HA  BA3KOCTH
BOJOHE(TAHOW HMYJIBCUU: MEXAaHWYECKUE MPHUMECH, TeMmIepaTypa MpH KOTOPOM

Obl1a 0Opa3oBaHa AMYJbCHUs, cojiepxkaHue Boabl B HepTH. [Ipy n3ydeHun BA3KOCTH
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BOJOHE(TAHBIX AMYIbCUU ObUIO BbIABICHO (PucyHok 1), uTo yBenuueHwue
coJiep KaHUsl BOJbI B 3MYJBCUHU JI0 HEKOTOPOrO0 MOPOTa CIHOCOOCTBYET YBEIUYECHHIO

BA3KOCTH, B JaJIbHEUIIIEM BS3KOCTh PE3KO0 CHUIKACTCH.

1507

100 ¢

0 10 20 30 40 50 60 70 80 90

Comepmarme nognt,

Pl/IcyHOK 1.1 — 3aBUCHUMOCTH Kancymeﬁcsl BA3KOCTHU OMYJIBCHUU OT COACPIKAHUA

BOJIbI B HE(DTU U TEMIIEPATYPhl CMEIICHUS

HpI/I OIIPCACICHUN BA3KOCTHU BOJIOHG(l)TSIHOfI OMYJIbCUH BAXHOC 3HAYCHHC

HMCCT KPUTUYCCKAA KOHLCHTPpAIHA BOIbI, o0o03Hauaemas Kak pr . HpI/I JOCTHKCHHNU

KPUTUYECKOW KOHIEHTpPAlUUMW OHMYJIbCUS IMEPEXOJUT TOYKY HMHBEpPCHUH, T.C.
npeBpaliaeTcs B Ipyrou Tur, Hanpumep, u3 H/B => B/H. 310 cBoiicTBO HePTIHBIX
OMYJbCUNA HCIOJB3YETCS HA TMpaKTUKE TPU TPAHCHOPTUPOBKE HePTH 1O
TpyOompoBogaM. Tak Kak dMyJIbCHs, B KOTOPOH IUCIIEPCHOHHON Cpeaoi SIBISETCS
BOJA — SIBIISIETCSI MEHEE BSI3KOM, TO Ha €€ TPaHCIOPTUPOBKY MPUXOASTCS MEHbILIHE
SHEpro3aTparbl, HO B 3TOM CJIy4a€ HaJl0 Y4YUThIBaTh Koppo3uro. Boma arpeccuBHO
BO3/ICHCTBYET HAa METANTHYECKUE YaCTH TPYyOOIpOBOIa.

Kputnueckass kOHIEHTpauus BOABI PAa3jIMYaeTCs UIsI AMYJIbCHUM C Pa3HbIX
MECTOPOXKICHHUM, T.K. pa3Hble HEPTH HMMEIOT pPa3THYHbIE (U3UKO-XUMUUYECKHE
CBOMCTBA U KOMIIOHEHTHI, TAKXKE PA3HOCTh OOBSICHICTCS HAJTUYUEM WJIH OTCYTCTBHEM
OMYJIBraTOpOB, KOTOPBIE CIIOCOOCTBYIOT 00Pa30BaHUIO M CTAOMIIN3AIUN AMYIIbCHH.

CBsi3pb MEXAy MANCHEPCHOCTHIO U BSA3KOCTHIO BOJAOHE(PTSIHOW SMYIIbCHH
BBIPAYKAETCSA B TOM, YTO BA3KOCTbH MPOIMOPUHUOHAIbHA CTENEHD JTUCIEPIrUPOBAHHOCTH

(pa3apoOaeHHOCTH ) AUCTIEPCHOM (a3bl.

23



CornacHO KMHETHYECKOMY NPHUHIUIY, NHWCIEPCHOE BIMSHUE B 3MYJIbCHU
MPOSBIIAETCS JIUIIB B TOM CIIy4dae, €CJIU PACCTOSHUE MEKY YacTULIAMH OYyAET TAKOro
e TOpsAJKA KaK pa3Mepbl CaMUX YacTHll. TO €CTh, AMCHEpPCUs TOJKHA ObITh OYEHb

MEJIKOM U 0YEHb KOHLIEHTPUPOBAHHOM.

1000 =

Pucynok 1.2 — 3aBucuMOCTb BI3KOCTH 3MYysibcun (Mrma“c) OT MaKCUMaJIbHOTO

TuaMeTpa Kamnemib (MKM)

Ha pucynke 1.2 BuUIHO, 4TO yMEHBIIIEHHE JaMeTpa TJIO0YJ B dMYJIbCUU [0
ONpPEAEIEHHOr0 TMOPOrOBOI0 3HAYCHHMS HE OKAa3bIBACT BIIMSIHUE HA W3MEHEHHE
BSI3KOCTH, OJHAKO IIOCJI€ TMPOXOXKJIEHUS TOPOrOBOTO 3HAYEHHS  BA3KOCTH
YBEJIUYUBAETCS TIPOMOPIIMOHATIBLHO JUAMETPY TII00YII.

Bs13k0CcTh AMYIIBCUN ONUCHIBACTCS PSIIOM (PU3HUECKUX YPAaBHEHUM

1. ®opmyna DitHTelHA.

u,= 1,1+ 2,5W0), (1.2)
II€ 4, — BA3KOCTb OMYJIbCHUU;
M, — BA3KOCTb JUCIIEPCUOHHOU CpPEbI,
W0v — xosdpunuent 06B0AHEHHOCTH.

®opmyna OHWHIITEMHA OMMCHIBAET BS3KOCTh OMYJbCHH, C  MajbiM

COJICP’KAHUEM BO/JIBI.

2.  ®opmyna Tritnopa.

2
Hompp. = .
. ) (1+ 2 5 . eHymp.¢. 5 snemu.(j).) (13)
H, = IL[(;Hymp.(]). 9P !
lll 6Hymp.d).+ ll’lsnemn.d).
TAC  f4,,..., — BI3KOCTb BHYTPCHHEH (a3l
Ky . — BIBKOCTD BHELIHEH (asbl;
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¢ — UCTUHHOE ra30CoIepKaHue.
Jlpyroii BaXHBIM I1OKAa3aTelb — IUIOTHOCTb 3MYJIBCUHU, PAaCCUUTBHIBAETCH,
UCXOJs 3HAYEHUH MJIOTHOCTH U J10J€H, 00pa3yroMMX SMYJIbCHIO BOJIBI U HEPTH.

1
P>=10,01g ,1-0,01g" (1.4)

P Py

rae  p, — IIOTHOCTb AMYJIbCHH;
p, — INIOTHOCTb BOJIbI;
p, — INIOTHOCTb HEPTH;

0 — MaccoBas 1011 BOJbI B OMYJIBCHH, KOTOpas ompenessercs no gopmyie:

g=—__ (1.5)
1-0,01X

Tac gO — MaccoBas A0JIA YUCTOU BOJbI B OMYJIbCUU,

X — cojiepkaHue pacTBOPEHHBIX COJIeH B Boje, % Macc.;
1.3.32/1eKTpPONPOBOIHOCTH

Hedts m Boma sABnAIOTCS auasiekTpukamMu. Tem He MeHee BOJOHe(TsSHAs
OMYJbCUS  MPOBOIUT  DJIEKTPUYECTBO.  DJIEKTPONPOBOJHOCTH  BOJOHE(DTIHOMN
AMYJbCUU OOYCJIOBIIEHa PACTBOPEHHBIMU B BOJIE COJSIMA M KHUCIOTaMH, KOTOpPBIE
CIIOCOOCTBYIOT MHOTOKPATHOMY YBEIIMYEHUIO AJIEKTPOMPOBOTHOCTH. B CBA3M ¢ 3TUM
BOJIsIHBIE TJIOOYNBI B dMynbcun B/H mipu mpomyckaHuu uepe3 He€ IEKTPUUYECKOTO
TOKa — BBITSTUBAIOTCS BAOJIb CUJIOBBIX JIMHHI. TO CBONCTBO MOJOXEHO B OCHOBY

TEXHOJIOTUHU Pa3pyIIeHUs SMYIIbCHI, B KOTOPBIX BOJia 00pa3yeT rio0yibl B HeTH.

1.4 VYcroitunBOCTH BOAOHEPTAHOM IMYJIbCUM

YCTOWYNUBOCTE  OMpEnensieT CHOCOOHOCTh  BOAOHE(PTSHOW  SMYIBCUHU
COXpaHATh CBOE AUCHEPrHpoBaHHOE cocTosiHue. Jlrobas aucnepcusi co BpeMEHEM
paccnauBaeTcsi Ha ¢Gpakuuu. DakTUYECKHU, NUCHEPCUS SABISAETCS NUCIEPCUEN JIUIb
0 TeX TOop, MOKa €€ KOMIIOHEHTHl HAaXOJATCS BO B3BEIICHHOM COCTOSIHUU B
rnoOynax. C TeyeHHeM BPEMEHHM 3TH TJIOOYJbI HEU3MEHHO TEpSIOT SHEPrulo,

00BEIUHSIOTCA U JUCIiepcus pacnajnaercs Ha ¢ppakuuu. B BomoHedTIHOM SMyIbCcUM
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B3BeCh (ppakiuu (BoAbl JUOO HEPTH) MPOUCXOIUT 3a CUET MOCTYIUICHHS] SHEPTUU
U3BHE (B MpOIECCE TEXHOJIOTUYECKOro Hukia o0buu HedTu). Takum oOpaszowm,
BOAOHE(PTSIHAsT AMyJbCUs ABISEeTCS JHUOPOOHONW KOJUIOMIAHOW cucTeMod (OHa He
JTUCIIEPTUPYETCS CAMOIIPOU3BOJIBHO).

BogoHeTsiHple SMyNnbCUM XapaKTEPU3YIOTCA JBYMS THIaMU MPOLECCOB,
KOTOpbIE CIOCOOCTBYIOT pPacClOEHUI0 3MyJbcuu. [lepBblii mpouecc ocHOBaH Ha
KWHETHYECKHUX MPUHIIMIIAX CUCTEMBI, @ BTOPOW Ha arperaTuBHBIX.

1. Kunernueckoe paccioeHHe AUCIEPCUU MPOUCXOAUT IO BO3AECHCTBUEM
CWJIBl TSKECTH, T.€. TJ00YJIbl CO BPEMEHEM BCIUIBIBAIOT (WJIM OCEHNAI0T), 4YTO
OPUBOJUT K PACCIAUBAHUIO JTUCTIEPCHH.

Jist BomoHe(DTAHONM SMYNIbCUM YCTOMYMBOCTh K pacnaay Ioj BIHSHUEM
KUHETUYECKONM HHEPruM ONUCHIBACTCS YypaBHEHHMEM, KaK BeJMYMHA OOpaTHas
CKOPOCTH OCE€JIaHUs/BCIUIBIBAHUS TJI00YI:

_ 1 9-v,
T We o 2p,-p)59

rae W, — cKOpocTh OceJaHus YaCTHl] IUCIIEPCHOM ¢a3bl, M/C;

(1.6)

I, — paauyc 4acTul, M;

p, — P, — Pa3HOCTh IUIOTHOCTEH AucrnepcHOW ¢a3bl U JUCIEPCUOHHOM Cpenbl,
Kr/M°;

v — KHHEMaTU4eCKas BSI3KOCTh, [la-c;

g — yckopeHue cBOOOIHOTrO MajieHus, M/c2.

N3 ypaBHEeHMs cleayer, 4YTO CKOPOCTh KHHETHUYECKOrO0 PpPaCCIOCHUS
BOJAOHE(TSIHONW OSMYIbCUU 3aBUCUT OT BS3KOCTH JIMCTIIEPCHOHHOW  CpPEIbl,
COOTHOIICHUS TUIOTHOCTEM KOMIIOHEHTOB, COCTABJISIOIIUX 3MYJbCUIO M pajauyca
KalleJIEK B3BECH.

MoxHO cnenath BBIBOJ: YE€M MEHbIIE AuaMeTp Triao0yin, Tem Oosee
yCTOMYHMBOH OymeT BogoHE(DTSIHAS dMYJIbCHS, a C YBEIWYCHUEM JIuUaMeTpa riao0yn -

KHHETHYECKOE pa3pylieHue 0ynet 001ee NHTEHCUBHBIM.
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2. ArperaTHoe = pacclO€HUE  MPOUCXOJUT  BCIEICTBUE  CIHSHUS
JTUCTIEPTUPOBAHHBIX YacTUIl MexAy co0oil. Takoe "crnusHue" riao0yn NpOUCXOAUT,
KaK MpaBUiIO, MOJ BIUSHUEM MOJICKYJISIPHOrO MPUTSKEHUS (BaH-Iep-BaalbCOBOM
CUJIbl) W HaszbIBaeTcs koaryisiiuen. [logobHoe ciusiHue METKuX YacTull B Ooliee
KpYITHbIE UHUITUUPYET JaTbHEHIITUN pacmaa YMYJIbCUH 10 NMPUHIUIY KUHETUYECKOTO
pacciioeHusl.

OxoHuatenbHast HeTsIHAS MPOAYKIUS JOJKHA ObITh MaKCUMAaJIbHO CBOOO THA
OT AMYJILCUHU, TTIOATOMY CIEAYET MPEANPUHITL MEPHI JJIl TOTO, YTOOBI MaKCUMAaJIbHO
CHU3UTh YCTOMYMBOCTH OMYJIbCUNA K pa3pylIeHUI0 (CHU3UTh YCTOWYHUBOCTH K
arperaTHOMY M K KMHETHYECKOMY pacciioenuio). [Ipobiema 3akiirogaeTcsi B TOM, 4TO
BOJAOHE(PTSAHBIE HSMYJIbCHUM MOTYT CYIIECTBOBAaTh OYEHb JUIUTEIBHOE BpEMS.
[IpyunHo#t  MOJOOHOTO  MOBEJAEHUS  BOJOHE(MTSIHBIX  OMYJIbCUH  SIBISETCS
CYIIECTBOBAHUE CHWJI, MPENATCTBYIONIUX TMPUTSHKCHUIO W KOATYJSIUHM TIIOOYIL.
Hanmpumep ans smynsrupoBaHHON B HedTH BOJE XapaKTepHO 0Opa3oBaHHE Ha
MOBEPXHOCTH KameleK AUCIEPrupOBaHHOTO BellecTBa (BOJbI) aacOpOIMOHHBIX
000J104€eK, 00JaIar0NIMX MOBBIIIEHHON CTPYKTYpPHOHM BSI3KOCTBIO, OJlarojapsi Takum
BEIIECTBAM KaK: HEKOTOpBhIE€ CMOJIbI, acdaibTeHbl, COJIM HA(TEHOBBIX KHUCIOT,
MUKpPOKpUCTAIIBI mapaduHa u 1p. Takue BemiecTBa SBISIOTCS MPUPOTHBIMU
AMYJIbraTopaMy, U UMEHHO OJjlarojapsi UM BO3MOXKHO OOpa3oBaHUE W YCTOMUYMBOE
NoJIIep>)KaHUE BOJOHEPTIHON SMYIBCUH, T.K., JUIIb MPU UX HAJTUYUH BO3MOXKHO
o0Opa3oBaHue dMYJIbCUU U3 BOABI U HEPTH (OTHON MEXaHWYECKOW SHEPTUH JJIS 3TOTO
HepocTaTodHo) [7]. Tak, kak Bce 3TH BemiecTBa (TPUPOIHBIC IMYJIBraTOpPhl) B TOU
WM WHOW CTETICHW COJEPX AaThCs B HEPTAX, UIU B IUIACTOBOW BOJE, TO BCE HEPTH
MOTYT 00pa30BbIBaTh AIMYJIbCUHU, OJTHAKO, CTOMKOCTh BOJAOHE(DTSIHBIX IMYIbCUN OyIeT
pa3Hasi, ¥ oHa OyJleT ONpeNeNAThCS B NEPBYIO OUYEpEeIb HATUUMEM U KOHUEHTpalUeH
TE€X WIM HHBIX 3MYJIBraToOpoB, KPOME TOTO, YBEIMYEHUE KOHILEHTPALMU B HEPTHU
MOJISIPHBIX ~ BKJIFOYEHUW  CIIOCOOCTBYET  YBEIMYEHUIO CTOMKOCTH  3MYJIbCHHU.
Munepanu3anus IUIaCTOBOM BOABI TakK K€ BiaMseT Ha mpouecc. C yBenndeHHEM

MUHCPpAJIN3allin CTOUKOCTh OMYJBbCHUH BO3PACTACT.
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B wenom, mpUpOAHBIMU SMYJIBraTOpaMH SIBJISIOTCS BELIECTBA, KOTOPBIE
obnamaroT  A(PpdekToM  CHIKEHUST  MOBEPXHOCTHO-AaKTUBHOTO  HATSKEHUS
(MOBEpXHOCTHO-aKTHUBHBIE BellecTBa). OOBOIaKKUBas TJI00YJbl B3BECH B 3MYJIbCUH -
MOBEPXHOCTHO-aKTUBHBIE BEIIECTBA CO3JAIOT IUIEHKY, KOTOpas He NaéT riolyiam
KOaryJupoBaTh, 00pa3ys CBO€OOpa3HbIi CTPYKTypHO-MEXaHU4ecKui Oapbep,
KOTOPBIM, TAK)KE UMEET Pa3HYI YCTOMUYMBOCTb, B YACTHOCTH, HanboJee YyCTONYUBbIC
000JIOUKM TOJydaroTcs 3a Cu€T moppupUHBl U acQaJbTEHOB, TOT/AA KAaK CMOJIbI
00pa3zyroT MeHee MPOYHbIC 000JIOUKH.

HccnenoBanusi mokKas3bIBalOT, YTO MOMUMO XMMHMUYECKHX BEIECTB, B COCTaB
000JIOYKM MOTYT BXOJUThH Jlake TBEPJbIE MEJIKOAMCIEPCHBIE BKIIOUYEHMS MEcKa U
riuHbl [8,9]. OxgHako, OCHOBHYIO pojib B 00pa30BaHUU 3alllUTHOTO Oapbepa BOKPYT

I‘H06y.11 HUI'parOT IMOBCPXHOCTHO-AKTHBHBIC BCIIICCTBA.

Pucynok 1.3 — CtpoeHue 000709KH, COCTOSIIEH U3 MOJIEKYJT IIOBEPXHOCTHO-

AKTHUBHBIX BCIICCTB

Monekyna IIAB mo cTpykType HalOMHHAET MOJIEKYy, 0O0Opa3yromei
OMIMIUIHBIA CIOM OMOJIOTMYECKON MeMOpaHbl, a WUMEHHO: 3Ta MOJICKYJIa HUMEET
MOJSIPHYI0 YacTh W HEMNOJSAPHYIO YacTh, UYTO OOYCIABIMBACT OIPEACIEHHYIO
OPHUEHTAIINIO MOJICKYJIBI B IPOCTPAHCTBE, TaK, HAIIPUMED, €CIIH TII00YJIbI 00pa30BaHBI
BOJSTHBIMH KamleJIbKaMH, TO MOJEKYJIbl OOJCIUISAS WX TNPHUTATHBAIOTCS TOJSIPHBIMH
KOHITaMH K TJI00yJie, a HeMOJsApHbIe, COOTBETCTBEHHO TopuaT Hapyxy (PucyHok 3),
o0paszys MexaHW4YeCKHil 0apbep, KOTOPBIC MPETSATCTBYET MPUTSKECHUIO U KOAT YIS IIUH
OTACNBHBIX TJIOOYHA. Kpome TOro, mnoBEpXHOCTHO-aKTHBHBIC BEIIECTBA TaKXKe
CHIDKAIOT TIOBEPXHOCTHOE HATSHKCHHE, IMIpujiaBas TeM CaMbIM BOJOHEDTSIHOM

AMYJIbCHU JOTOJHUTEIBHYKO YCTOMYNUBOCTD.
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Tun smynscun B/H unu H/B Gyner onpenenstbcsi OpUEHTAMEH MOJEKYIIbI
[IAB-a otHOcuTenbHO Tr00ynBl M cpeapl. B nepBoHavanbHbII  MOMEHT
CYLIECTBOBAaHUS BOJAOHE(PTSIHAs SMyJIbCUS MNPEACTABISIET COOOW COBOKYIHOCTh
My3bIPbKOB BOJABI U HE(PTH, TIe B TEUECHUU HENPOJOJIKUTEIHHOTO BPEMEHU MEHEe
YCTOMYMBBIE My3bIPbKH CIMBAIOTCA MEX]Yy CO00, 00pa3ysl JUCIEPCUOHHYIO Cpeay, B
TO BpeMs Kak Oojee yCTOWYMBBIE CTaHOBSTCA JucnepcHoil ¢azoi. Ilocne
YCTAaHOBJIEHUs paBHOBecHs (a3 B 3MYJIbCUU B psA€ CIy4yaeB, BO3MOXKHO HX
oOpalleHue, eciii CMEHUTh TUI 3MYJIbraTopa.

3alUTHRI ~ MEXaHU3M,  MPENATCTBYIOIIMA  KOAJIECHEHIHH  TJI00Yy,
3aKJIIOYAETCS B HAIMYMHU JIEKTPUYECKOIO 3apsiia Ha €€ MOBEPXHOCTU. B aToM cirydae
pOJIb TOJSPHBIX W HEMOJSPHBIX KOHIIOB MIPaeT JJIEKTPUUYECKHI 3apsl, a T.K.
rJ100yJbl OJHOTO BEIIECTBA HMEIOT OJWHAKOBBIM 3apsifl, TO, NPOUCXOAUT HX
ANEKTPOCTATUYECKOE OTTalKuBaHUWE. (CXEMaTHUYHO HTOT MPOLECC MNPUBEAEH Ha

pHUCYHKE 4.

Pucynok 1.4 — JIBOHOM 3JIeKTpUYECKUI ClIOM Ha ri00ynax HeTH B BOJHON

cpene

TemneparypHsiii ¢pakTop BIUSET HA YCTOWYUBOCTH SMYJIBCHH, B YaCTHOCTH,
CHW)KCHHE YCTOWYMBOCTH BOJOHE(DTSIHON dMYIBCUU MOKHO JTOOUTHCS MOCPEICTBOM
MOBBIIIEHUSI TeMIiepaTypbl. [Ipy MOBBIIEHUH TEMIIEpaTypbl HEU3MEHHO CHUKAETCS
BSI3KOCTh, YTO MPHUBOJMUT K BO3PACTAHUIO TOJBIKHOCTH TJIOOYJ], YTO MPHUBOAHUT K
YBEIIMYEHUIO YacCTOThl CTOJIKHOBEHHH. Taxxke yBeIMYEHUE TeMIEepaTypbl
CIOCOOCTBYET CHIDKCHHIO TIPOYHOCTH 3alIMTHBIX 000J0dek Tmodyn. Oba 3TtmX
mpoliecca MPUBOAST K 00Jiee MHTCHCHUBHOW KOAJIECIIEHIIMN U PACCIOCHUIO IMYIbCUU

Ha (ppakuuu.
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B HekoTOppIX chydasX Ha YCTOMYMBOCTb BOJOHE(TAHOW SMYIbCUU
OKa3bIBAa€T BIMSHHUE MHUHEpaIU3alMs M KUCIOTHO-IIenoyHoW OanaHc. [lomoOHoe
BJIMSIHUE BO3MOJKHO 32 CUET HAJU4Ms B HEPTH MOJSAPHBIX KOMIIOHEHTOB, C KOTOPBIMU
MOTYT O0Opa30BbIBAaThCA XMMHYECKUE COCIUHEHHUS, WU3MEHSIOLME KOANIEeCIUPYIOLIne
CBOWCTBA OMYJIbCUHU.

HccnenoBanusi yCTOMYMBOCTH BOJOHE(DTSIHBIX SMYJIbCHI IMOKA3bIBAIOT, YTO
npu pH Boawsl Menee 7 (kuciasi) aacopOIMOHHBIE CJIOWM Ha €€ ro0ynax CTaHOBSTCS
KECTKUMHU, U IMYJbcUs nonyyaercss ycroduuBas. [Ipu pH>7 naoGopoT 3ammTHbIC
IEHKKH OoJjiee MSTKHME U TOJBEPXKEHbl pa3pylICHHUI0, COOTBETCTBEHHO TaKas
AMyJbcUs Oy/IeT HeyCTOMYUBOM.

[ToMumMO BBINICTIEPEUYUCIICHHBIX TMPUYUH, BIUSIONIMX HA YCTOWYUBOCTH
AMYJIbCUNA MOXKHO BBIJICIUTH €II€ TAKHE KaK:

1. Bsaskoctp aucnepcuoHHod cpenbl. C  TOBBINIEHUEM BA3KOCTH —
YCTOWYMBOCTh AMYJIbCHII BO3pACTaeT, MO3TOMY, Halpumep, 4em Oojiee 0OBOJIHEHA
He(Th, TEM MEHEE YCTONYMBYIO IMYJIBCHUIO OHA 00pa3yer.

2. TazoBas (daza. Ona no6aBisieT PHEPTrUIO CHUCTEME, U CIIOCOOCTBYET
NEpEeMEIINBAHNIO, B pE3yJbTaTe€ YEero MOTyT OOpa30BBIBATHCS SMYJIBCHH, OIHAKO,
NPUCYTCTBUE Ta3a B HEPTH YBEIUYUBAET IMYJIbIUPOBAHKE JUIIH J0 OMPEAEIEHHOTO
3HadyeHus (cM. puc.1l4), U mpu mocCiIenyroleM yBeIMUYeHHU 00bEéMa ra3za B 00BEME
HEe(DTH MPOUCXOUT CHUKEHUE dIMYIILCHOHHON COCTaBJIISIOIICH.

3. TypOyneHTHOCTH TOTOKa BIMSAET Ha oOpa3oBaHHE | pa3pyIICHUE
AMYJIBCHH, T.K. CHOCOOCTBYET MEPEMEIINBAHUIO.

4. ®akrop BpeMeHu. Tak Kak ajacopOIMs 3MyibraTopa HPOUCXOAUT HE
OJTHOMOMEHTHO, TO CO BPEMEHEM 3MYJbCUS HAINUTHIBAETCS HMYJBraTOpPOM BCE
Oosbie U GOJbIIe, COOTBETCTBEHHO TIIOOYJIBI MOKPBIBAIOTCS 3AIMTHOMN TUIEHKOH, U
UX pa3pylleHHe CTaHOBUTCS Oojiee 3aTpyIHUTENbHBIM. Takum 00pa3soM MOXKHO
clenaTh BBIBOJ, YTO CO BPEMEHEM BOJAOHE(TSHAS 3MYJIbCHUS CTAHOBHUTCA Oolee

YCTOMYUBOI.
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1.5 Cnoco0bl pa3pylieHusi BOXOHe(PTIHON IMYJIbCHHI

Paznenenue BomoneTsiHON SMynbcuu Ha (pa3bl B CBOEH OCHOBE COCTOUT U3
JBYX OCHOBHBIX mporieccoB [10,11]:

1. Arperanus. Ha »Toif cTaguum mnpoucxoguT ocliabieHue MexdazHou
IIEHKU Ha TIO0yliaX, B pe3yJibTaTe 4Yero rio0yjabl HE OTTAJIKUBAIOTCA, U MOTYT
COMMKAThCST MEXIY COOOM, BIUIOTH A0 KOHTakTa. OJHAKO WX HMJICHTHUYHOCTH MPHU
ATOM HE TEPSIETCHI.

2. CrnenyrouM 3TarioM SIBISIETCS KOANECHECHIUS, MPU KOTOPOH TIIOOYIIbI
CIIMBAIOTCSI MEXKIy COOOM, YKPYIHSSACh B pa3Mepax, B pe3ysibTaTe 4ero MpPOUCXOIUT
pasziesieHue dMYJIbCUH Ha (QpaKIuu.

CeroHs CyIIECTBYIOT pa3Hble METOAbI AedIMYIbCcU(PUKau HedTH, KOTOPHIC
B 1I€JIOM MOYKHO pa3eiuTh Ha 4 TPYIIIBL:

1. MexaHudyecknue METOJbI — SIBISIOTCS HaWMEHEEe pachpoCTpaHEHHBIMU
BBUJlY CBO€HM HU3KOW MTPOU3BOAUTEIHLHOCTH U CIOKHOCTU. K MeXxaHn4YeckuM mMeTo1aM
neaMyIbcupUKauu HeTH OTHOCATCA TaKUe KakK:

OtctanBanue. TOT METOJI OCHOBAH Ha Pa3HOCTU (HPAKIMOHHBIX TUIOTHOCTEH
smyibcud. Ha cKOpoCTh OTCTanMBaHUs BIMSIOT Takue (akTophl Kak: JuameTp riao0yn
(ckopoCTh nedIMyNbCcU(BUKAIIMM CHUKAETCA C YMEHBIIEHHWEM auameTpa). BsskocTb
cpenbl (4eM BBIIIE BA3KOCTh, TEM MEJJICHHEE MPOUCXOAUT paccianBanue). PaznocTsb
IJIOTHOCTEN (4eM OHa HIKE, TeM pacciauBaHue MeaiieHHee). CKOpOoCTbh OTCTauBaHUS
MOXHO YBEJIWYUTh, IOCPEACTBOM HarpeBa »SMYJIbCHUU, WIM HCHOJIb30BAHUEM
J€AIMYIIbraTopa.

HenrpudyrupoBanue. SBmsercs 3GpGEKTHUBHBIM METOAOM, OJHAKO B CHIY
CBOEH HEBBICOKOM MPOMYCKHOM CHOCOOHOCTH W CIOXKHOCTH 3KCILTyaTallMOHHOTO
o0CTy)KWBaHMsI TAHHBIA METOJT HE HAIIEN MMUPOKOTO PACIIPOCTPAHEHUS.

Owunprparus.  SBnsercs APPEKTUBHBIM  METOAOM, MPUMEHUMBIM IS
paccioeHusi HECTOMKUX OMYJIbCUW, WU I HePTEed C BBICOKOM CTENEHBIO

O6BOI[HéHHOCTI/I. B IMPpUHOUIIC I[eI\/‘ICTBI/IH 9TOTr0 MCTOAA JICKUT CCICKTHUBHOC
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CMayuBaHHE. B CBf3M € HEBBICOKOM IMPOU3BOAUTEIIBHOCTBIO M  CIIOKHOCTBHIO
00cCITy>KMBaHMsI ATOT METOJT HE UCTIOJIb3YETCSl B MPOMBIIIUIEHHOM MacliTaoe.

2. Tepmuyeckue MeTONbl. B OCHOBE 3THX METOAOB JICKUT HArpeBaHUE
BOJIOHE(TSAHOM dSMyNbcun. HarpeBaHue BeliecTBa MHUIIMUPYET YCKOPEHUE IBUKEHUS
MOJIEKYJ MYJIbCUOHHBIX (ha3, B PE3yJbTaTe Yero BS3KOCTb AMYJIbCUU CHHKAETCs (B
YaCTHOCTU M Mex{asHas), U ria00ysbl B3BECH HAYMHAIOT JIBUTaThCs OBICTpee, B
pe3yabTaTe 4ero KOaJeCUECHIUS TJIOOYJ YCWIMBACTCS U HUHUIIMUPYETCS MPOIECC
paccioeHus: SMYJIbCUU Ha (pakiuu. DTOT METOJ, OJIHAKO, UMEET PsiJi HEIOCTATKOB,
BO-TIEPBBIX — 3TO BBICOKHE DHEPreTHUECKUE 3aTPaThl, a BO-BTOPHIX — MOTEPs JETKUX,
Oosiee neTyunx (ppakiui, 4To CHUKAET KaueCTBO HETH U €€ TOBAPHYIO CTOUMOCTb.

3. XUMHYECKHE METOJbl Pa3pyIICHUSI BOJOHE(PTIHON IMYIBCUU SBIISIIOTCS
HauOosiee G (PEKTUBHBIMU U3 CYIIECTBYIONIUX HA CETOAHSIIHUN JIEHb METO/OB. B
OCHOBE BCEX XHUMHUUYECKHX METOJIOB JICKHUT pa3pylieHUe 3allUTHOU O000JOUKU
rJ00ysbl, O0Opa30BaHHOW TMOJSAPHBIMUA  MoOJeKylnamu. Pazpymienue o00onouyku
OCYIIECTBIISIETCSI TIOCPEJCTBOM BBEJEHHUS B SMYJIbCHIO CIHEIUATbHBIX BEHIECTB -
JI€IMYIBIaTOPOB, KOTOPBIE MO CYTH MPEACTABIAIOT COOOW MOBEPXHOCTHO-aKTHUBHBIE
BEIIECTBA, KOTOpbIe emé Ooyiee aKTUBHBI, YEM T€, KOTOPbIE OOPa3yloT 3alIUTHBIN
cio Ha rioOynax. JleaMmymbratopbl  OCiaOisiOT  BIMUSHHE 3MYJIbraTOpPOB
MIOCPEJICTBOM pa3pylICHUS] WIM OCHaONeHUsl 3alllUTHOM TUIEHKH, TEM CaMbIM,
oOecrieunBasi KOAJIECICHIIMIO Kameidb W PACCIOCHUE SMYIbCHH Ha (PpaKIuu.
XUMUYECKYIO IEAMYITBCUPUKAITUNIO0 HE)TH MOXKHO YIIYUIIUTh TIocpeacTBom [12,13]:
1)  BriOopa nmpaBHIBLHOTO JEIMYJIBIaTOPA.

2)  BbIOOp paBWILHOTO KOJUYECTBA JIEIMYIIbIraTopa.

3)  TmarenbpHOE IEpEMEIIMBAHAEC IMYIBCUH U JIEIMYIIBraTopa.
4)  Bpemennoi aktop (pacTBOp JOIKESH OTCTOATHCS).

5)  Ilomorpes.

4.  DJeKTpuYecKHe METOAbl. JJEKTPUYECKHUE METOJbl OCHOBaHbI Ha
YOOPSIIOUYEHHOM JIBUKEHUU TJ00YN BOABI MOJ JEHUCTBUEM DJIEKTPUUYECKOIO TOKAa.

Ilox nelictBuemM Toka TJIO0YINbl OyAyT MEHATH (OPMY U MEpPEeMENaThbCsi B Pa3HBIX
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HalpaBJICHHUAX, YTO B COBOKYIIHOCTH ocliabiser IMPOYHOCTH FJ'IO6y.TI n acjaacT

BO3MOKHOM MX KOAJIECIICHITUIO U JIalibHEeIIee (paKIIMOHUPOBAHUE.

1.6 IloBepXHOCTHO AaKTHBHbIE BelIeCTBA — J1eIMYJIbIaTOPbI

BOAOHE(PTAHBIX IMYJIbCUH

Oco0ast CTOMKOCTh BOJOHE(PTSAHBIX 3MYJIbCUN 00ECHEUMBAECTCS B YCIOBHUH
cTabuiu3alMy 3a CYeT HaJluuds Ha rpaHule pasgena (a3 Bojga-HedTh
a7ICOPOIIMOHHO-COJIBBATHOTO CJIOSL.

BemectBa,  crmocoOHble  CTaOWIU3UPOBATH  AMYJbCHUH,  HA3bIBAIOTCS
smynbratopamu. OHU cojepkarcda B He(TH M MPEACTaBISAIOT COO00M CMOJIbI,
acanbTeHbl, Ha(TEHOBBIE KHUCIOTHI, KPUCTAUIBI THapaguHa, a TaKXKe TBEpAble
MUHEpAJIbHbIE YaCTHUIIBI: MECOK, TIWHA, Ccynbhuj >kene3a u Apyrue. B mmacroBoit
BOJAE TaKXKe IMPUCYTCTBYIOT OMYJIbraToppl B BHJE COJEA M  KHUCIOT.

CnocoOHOCT,  00pa3oBBIBATH OMYJIBCHUU TMpPHUCYIIa BCeM HePTSIM, HO
CHOCOOHOCTh WX K OMYJbCHPOBAHHUIO JallekO HE OJMHAKOBA, MOBBIIIEHHOE
COJIEp’KaHHE MOISPHBIX KOMIIOHEHTOB MPUBOJNUT YBEJIMUYEHUIO CTOMKOCTU 3MYJIbCHHU.
Takum o00pa3om, CTOMKOCTb mMapadUHOBBIX HePTEl MeHblIe, 4eM HadTEHOBBIX.
[loBbillIeHHAass MUHEpaIHM3aMsl TAaKXKE TOBBIIIAET CTOUKOCTh OOpa3yrOIUXCA
AMYJIbCHU.

Paznenenne HeQTIHBIX AMYIbCHUI 3aKIIOYAETCS B Pa3pylIEHUU CTPYKTYPHO-
MEXaHMYEeCKOro Oaphepa Ha MOBEPXHOCTHU Karesb. Pa3pymuTs 3Ty 0007109Ky MOKHO
BBEJICHUEM B CHCTEMY BEIIECTB, 001aalouInx 0oJiee BHIPA)KEHHBIMU MTOBEPXHOCTHO-
AKTUBHBIMM CBOWCTBAMHM, YE€M IPUPOAHBIE HMYJbraTopbel. Takue BenlecTna
Ha3bIBAIOTCSI  peareHTamu-fesmysbraropamu.  Mexanusm — geiicteus  I[1IAB
3aKJII0YAETCS] B KOHLIEHTPALUU UX HA MOBEPXHOCTHU pasneia (a3, BbI3bIBASI CHIKEHUE
IMOBEPXHOCTHOTO HATsKEeHUs. [[0OBEpXHOCTHAs aKTMBHOCThH peareHTa-Ae3MyJibratopa
JOJI>KHA OBITh MHOTO BBIIIE MOBEPXHOCTHON aKTUBHOCTH MPUPOJIHBIX SMYJIIaTOPOB.

Knaccupuxanus IIAB onpenensiercs 3apsioM €ro HMOHU3UPOBAHHOM
ruapodoOHoit yactu. Eciu opranudeckuii MOH 3apsiKEH OTPULIATENBHO, TO 3TO

AHHOHHOE BEIIECTBO, €CIIH MOJIOKHUTEIIBHO — TO 3TO KATHOHHOE BemecTBo [14,15].
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1. AmnwuonaktuBHbie I[IAB auccoummpyor B Boje ¢ 00pa3oBaHHEM

OTpULATCIBbHO 3aPA’KCHHBIX ITOBECPXHOCTHO-AKTHUBHBIX NOHOB.

RCOONa = RCOO™ + Na*
2. KaTuoHOakTUBHBIC BEIIECTBA MPHU JAUCCOIMAIMA B BOJE 00pa3yloT
MOJIOKUTENBHO 3apsiKEHHBIE TTOBEPXHOCTHO-aKTUBHBIC HOHBI.

RNH, - HCl = RNH" +Cl~

3. Heuonorennsie ITAB mpaktuuecku He 00pa3yrOT B BOJHOM pPacTBOPE
MOHOB.

4.  Awm¢onutasie [IAB o0pa3yioT B BOJHOM pacTBOpPE B 3aBHUCHUMOCTU OT
ycioBuilt (pH, pacTBopuTenh W T.J.) WM AHWOHAKTUBHBIE M KAaTHOHOAKTHBHBIC
BEIIECTBA.

5.  Bricokomonekynsapusie (monmumepHsie) [TAB BbIACISIIOTCS B OTAETBHYIO
TPYIIY W COCTOST W3 OOJBIIOTO YHCIa TOBTOPSIONIUXCS 3BEHBEB, KaXKI0E U3
KOTOPBIX UMEET MOJIAPHBIE ¥ HETIOISPHBIE TPYIIIIHI.

JleamynbraTopsl, MpUMEHSEMbIE I pa3pylieHus HePTSIHBIX 3MYJIbCUH
JIOJDKHBI YJIOBJICTBOPSITH CIICIYIONUM OCHOBHBIM TpeboBanusm [16,17]:

1. bBeictpas wmurpamus yepe3 00bEM HedTsSHOW ¢a3pl K MOBEPXHOCTH
pasnena (a3, riae oH JOJDKEH MPOU3BECTU ACHCTBHUE MO Pa3pyIICHUIO OPOHUPYIOIINX
000JI0YEK Ha KaIIsiX dMYJIIHPOBAHHON BOJIBI.

2. CnocobHocts K duokymsiiuu. Jleamynbratop J0JDKeH 00J1a1aTh
CIIOCOOHOCTHIO 00ECIIeYNBATh MPUTSHKEHUE JAPYT K APYTY U COMMKEHUE Karelb BOIBI.
B wurtore o06pa3yroTcss OONBIIME CKOTUICHUS Karelb BOMABI, BBITISIANME TIOJ
MHKPOCKOTIOM, KaK CI'YCTKH, aCCOLIUATHI.

3. MakcumanbHOe CHW)KCHHE NPOYHOCTH CTPYKTYPHO — MEXaHHYECKHX
aJICOPOIMOHHBIX CJIOEB Ha rpaHuIle pazaena a3, odjmerdyeHue koanecieHuuu. [locie
drokynsuu mI€HKa 3MyabraTopa Be€ emé octaéres cruiomHoi. Cuitbl GIOKyISIIUN
MOXXET OBITh HEJOCTaTOYHO, YTOOBI BBI3BATh KOAICCICHIMIO Kamenb. OIHAKO B

OOJIBIIMHCTBE CIIy4aeB JI€IMYJbraTop BBI3bIBAET Pa3pbiB IUIEHKKM Ha MOBEPXHOCTHU
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Karejb, YTO AaT Hadajo MpPOIECcCy KOoaJeCIEeHUWHU. Pa3pbIBbl MIEHKM B COCTaBe
(IIOKyN PUBOIAT K YBEJICUCHHUIO pa3Mepa Kareib

4. CwmaumBaHue TBEPIABIX YacTUIl. J(eIMynbraTopsl, mpeaHa3HAYCHHBIC IS
pa3pymIeHuHs IMYIBCHH, CTaOMIM3UPOBAHHBIX  OONBIIUM  KOJIHYECTBOM
MEXaHWYECKUX TPUMECEH, JJODKHBI HM3MEHSATh CMA4YMBaeMOCTh ITOBEPXHOCTH
TBEPJBIX KOMIIOHEHTOB M OOECHEeYMBaTh MX MEPEX0]] C MOBEPXHOCTH pazaena ¢as
BHYTPH Kameslb BOJBI.

5. Bricokas 3¢ (PEeKTUBHOCTB. O¢ddexTuBHOCTD JE€IMYIIBIaTOPOB
XapakTepu3yeTcss HX pacXoJloM, KadecTBOM IIOATOTABIMBAEMOW HEPTH, WU
COJIep’)KaHUEM B HEW BOIBI M MEXaHHYECKUX MPHUMECEH, OCTATOYHBIX XJIOPUCTBIX
cColieil, MHHUMAJbHBIMH TEMIIEPATypOll HarpeBa W  TPOJOJDKUTEIBHOCTHIO
OTCTaBaHUS HEPTH.

6. bBonee BbicOKasi MOBEPXHOCTHAS aKTUBHOCTH, YEM y CTAOMIIM3HPYIOMINX
AMYJIBbCUIO KOMIOHEHTOB. MakCUMalbHOE CHIKEHHE MTOBEPXHOCTHOTO HATSKEHUS Ha
rpanuiie pasnena ¢as3 JI0DKHO 00ecrneyuBaThbCs IMPU OTHOCUTEIBHO HEOOIBIIMX
pacxoiax 1esMyJibraTopa.

7. OtcyrcTBHE B3aMMOJEUCTBHS C KOMIIOHEHTAMU IUTACTOBBIX BOJ C
o0pa3oBaHUEM OCAJIKOB.

Hapsiny ¢ TuM 1eamynbraTopsl JODKHBI OBITh JEIIEBBIMHU, TEPMOCTONKHMH,
TpaHCIOPTAOENbHBIMU U 00JaJaTh ONPENEJICHHOM YHHMBEPCAIBbHOCTBHIO, T.€.
pa3pylaTh SMyJIbCUU PA3INYHBIX MECTOPOKICHUN

TeopeTndecku nesMynbpraTop MoxkeT ObITh 3PHEKTUBHBIM TOJIBKO JIJISI OJTHOM
OIpeIeTICHHON 3MYJIbCHUHU, UMEIOIIEH CTPOroe COOTHOIIEHUE KUAKUX (a3, 3alaHHYIO
CTENEHb JUCIEPCHOCTH, OINPEAEIEHHOE KOJUYECTBO 3MYJIbraropa HEU3MEHHOTO
cocraBa. CrenoBaTelbHO, THII J€IMYJIbratopa B Ipolecce pa3padoTKu HEPTIHOTrO
MECTOPOXKACHUS JODKEH KOPPEKTUPOBATHCA MO MEPE M3MEHEHUsSI COCTaBa dMYJIbCUI
1 uX (pU3NIECKUX CBOMCTB.

EnvHCTBEHHBIM  JTOCTOBEPHBIM  crmocoOoM  mojxbopa  ONTUMAIBHOTO
JedMyNbraTopa SBISETCS OKCIEPUMEHTAIbHAs MPOBEpKa AEIMYJIbIUPYIOIIEH

CIIOCOOHOCTH Ha MOJIeNIbHOM 3Mylibcuu. KpoMe Toro, coBpeMeHHbIE MpPEeANpUSITHUS
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OTAAK0T MHNPCANOYTCHUA HCUOHOI'CHHBIM ACOMYJIbIraTOpaM, TdK KaK OHHW HMCIOT

CJICYIONIUE TIPEUMYIIECTBA, TI0 CPABHEHHUIO C HOHOTSHHBIMU (Tabu.1.1).

Tabmuuna 1.1 — CpaBHUTENbHas XapakTEPUCTHKA HOHOT€HHBIX M HEHMOHOT€HHBIX

ACOMYJIBIaTOpPOB

HMoHOreHHbIl 1€9MYIbraTop

HewnoHnorennslil Aeamysbrarop

1. Ilpu B3aumopelictBuu ¢ miaactoBoil Bojoil | 1. He B3aumoneiicTByeT ¢ pacTBOPEHHBIMU B
00pa3yloT MaJlOpacTBOPHMBIE OCagkd  ( IUTACTOBOM BOJE COJIIMH M HE 00pa3yroT
CaSO, - 2H,0,Fe(OH); u 1p.); TBEPABIX OCA/IKOB;

2. SIBnsIOTCS AMYyIbraropaMu SMyibcuid Tuma | 2. [lpumMeHnstor UCKJIIOYUTETIHHO TUIs
H/B,uaro BEJIET K MTOBBIIIEHHOMY paspyuieHus: smynbcuii Thna B/H, u oHn
COJIep’KaHUI0 He()TU B OTJEIIEHHOM BOJIE; He 00pa3yroT npu 31oM 3mynbcuu H/B;

3. bBonpmioit yaensHBIN pacxo. 3. Maurelii yensHBINA pacxon;

4. OOmagaroT XOPOUTUMU MOIOIIIUMHA
CBOWCTBAMH
B HacToAIICC BpPCMA HauOOJIbIIIEE IMPUMCHCHUC HAIJIM CJIICAYIOOINC

PCarcHTbI-ACOMYJIbI'aTOPHI:

Tabnuna 1.2 — OTeuecTBEeHHbIE U UMIIOPTHBIE PEAreHThI-1€IMYIIBraTOPhI

OteuecTBEHHEIE

NmnopTHbIe

ok whE

Pexon, MaTekc — «XumrexHo» (Kazans);
HeBon — «Ukap2 (Ya);

Hedrenon]l — «Xumexo-I'AHI» (Mocksa);
CHIIX — HUuedTenpomxum (Kazanp),
HNKAII — Xummpowm (Yda);

JIH#b1 — «ITpoton» (Kazanp);

SoaswdE

[Tporamuter — Buna (I'epmanus);
Kpoaakc — Komicro (Xopsarus);
Kememukc — ICl (Benmukobpuranus);
Haydax — Dow Chemical (SImonwst);
HucconBansl — Clariant AG (I'epmanus);
Cenapoutsl — Baker (CILA);
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2 OO0BeKTDBI K METOAbI UCCJICAOBAHUSA
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3 Pacuernl M aHAJIMTHKA

38



4 @MOUHAHCOBBIII MEHEIKMEHT, pecypcodPPeKTUBHOCT H

pecypcocoepe:xeHune

Ilenbto maHHOTO pasgena sBIAETCS pPa3pabOTKa CTPATETMM YIPaBICHUS
(MHAHCOBBIMM OTHOIICHUSIMM M (PUHAHCOBBIMH pecypcamMu Mjid OoOecredeHus

KOHKYPEHTOCIIOCOOHOCTH MPEINPHUITHS Ha COBPEMEHHOM phIHKE [24].

4.1 TlpennpoeKTHBIH aHAJIN3
4.1.1MMoTeHuuaabHbIe NOTPEOUTEIN PE3yJIbTATOB HCCIEI0BAHUSA

I[J'ISI OOCHKHM ITOTCHIHAJIBHBIX MoJb30BaTeIeH PE3YIbTATOB HCCJIICAOBAHUA
HYKHO IIPOHU3BCCTHU OLCHKY HCJIICBOTIO PbIHKA M €TI0 CCTMCHTHUPOBAHUHC IIO HauoOoJiee
CYHICCTBCHHBIM IIPHU3HAKAM.

IIo pe3yiibTaTtaM IPOBCACHHOTO CCTMCHTHPOBAHUS PBIHKA OBLIN OIIPCACIICHBI
OCHOBHBIC CCI'MCHTBI, a TAK¥KC BBI6paHBI Haubolee 6J'IaFOl'IpI/I}ITHI>IC.

Tabnuna 4.1 — Kapta cerMeHTUpOBaHUS PhIHKA YCIYT

[Tpodunn Bun yeryrn
[IpoekTupoBanue MoHUTOpPUHT Ontumuzanus
Hedrexumuaeckuit M_mm_m
[TpompblieHHbIH E—

rIe:

Hedresotummone i e

[IpoananusupoBaB Tabnuiy 4.1, MOXHO cKa3aTh, 4TO HaumOolee

MEPCIEKTUBHBIM CETMEHTOM B OTpacisix Hererazono0bran u HererazonepepadoTKu
it GopMupoBaHHS — cpoca  SBISIETCSl  CETMEHT  KPYMHBIX W CPEHUX

He(TeT0OBIBAIOIIMX KOMITAHHM.
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4.1.2AHanM3 KOHKYPEHTHBIX TeXHHYECKHX PpelleHui ¢ MNO3UIUN

pecypco3¢dPeKTUBHOCTH U pecypcocOepeKeHus

B tabmuue 4.2 mpuBeAeH pe3ynbTaT aHajdn3a KOHKYPEHTHBIX TEXHHUYECKUX
pelIeHn ¢ MO3UIUU pecypcodrDPEKTUBHOCTU U PECypCcocOepeKeHNS.
Tabmuua 4.2 — OneHouHas KapTa JJisi CPaBHEHMSI KOHKYPEHTHBIX TEXHUYECKHX

peteHui (pa3paboToK)

Bec Konkypenro-
Kputepuu oneHku KpuTe Baiet CIOCOOHOCTDH
pus | by | ba | b | Ky | Ka | Ke
1 2 3 4 5 6 7 8
TexHUYeCcKHe KPUTEPUH OLIEHKH pecypco3PpeKTUBHOCTH
1. TloBeIIeHNE TPOU3BOIUTEILHOCTH TPY/Ia 0,14 5 4 3 0.7 | 056 | 042
MOJIL30BaTENIS
2. Y1mo0CTBO 3KCIUTyaTaIluu 0,06 3 3 3 0,18 | 0,18 | 0,18
3. DHEpro3KOHOMHYHOCTH 0,07 4 5 4 0,28 | 0,35 | 0,28
4. HanexHoCTb 0,08 5 3 3 0,4 | 0,24 | 0,24
5. bBesomacHocTh 0,1 4 4 4 0,4 0,4 0,4
6. Ilpocrora B sKCIUTyaTaIiuu 0,06 4 3 3 0,24 | 0,18 | 0,18
JKOHOMHMYECKHE KPpUTEPUHN OleHKH 3¢ PeKTUBHOCTH

1. KoHKypeHTOCTIOCOOHOCTh MPOAYKTa 0,1 4 3 3 0,4 0,3 0,3
2. YpoBeHb NPOHUKHOBEHUS HA PHIHOK 0,06 2 3 3 0,12 | 0,18 | 0,18
3. llena 0,09 4 4 3 0,36 | 0,36 | 0,27
4. TlpeamonaraeMblii CpOK IKCILTyaTaI[H 0,06 4 4 4 0,24 | 0,24 | 0,24
5. @duHaHCHpPOBaHUE HAYYHOU pa3zpabOTKH 0,08 3 4 5 028 | 0,32 | 0,4
6. Cpoxk BbIX0OJ1a Ha PHIHOK 0,05 4 4 4 0,2 0,2 0,2
7. Hanwuwme ceprudukanuu pazpaboTKu 0,05 1 3 3 0,05 | 0,15 | 0,15
Hroro 1 a7 | 47 45 | 3,85 | 3,66 | 3,44

AHann3 KOHKYPEHTHBIX TEXHUYECKHUX PEIISHUN orpeensercs mo Gopmye:
K =3B -5, (4.1)
rie K — KOHKypeHTOCIIOCOOHOCTh HAy4YHOW pa3pabOTKH MM KOHKYPEHTA;
B, — Bec nmokasarens (B 10JIIX €UHHUIIBI);

b, — 6ann i-ro mokazarens

4.1.3SWOT — anaau3s

SWOT — 3T0 KOMIUIEKCHBIN aHaJIW3 HAyYHO-MCCIIEIOBATEIHCKOTO MPOCKTA.
JIaHHBIM aHAIN3 TPUMEHSIOT JJIs MCCICAOBAHUS BHEIIHEH W BHYTPEHHEW CpEbI

npoekTa. CyllecTByeT HECKOJBKO ITAIOB aHaJN3a.
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Ha nepBom 3Tare cocTaBisIIOT MaTpHILy, I'/I€ YKa3bIBalOT CHUJIbHBIE U ClaOble

CTOPOHBI ITPOCKTA. BBIABISIIOT BO3MOXKHOCTH M YIpo3bl JIA IIPOCKTA, KOTOPLIC

IMMPOSABUIIMCH WUJIIN MOT'YT ITOSABUTLCA B €TO BHCIIIHEH cpenc.

Tabmuuma 4.3 -—

Matpunia SWOT-aHanmza 10 MOJETUPOBAHUIO Mpolecca

Karieo0pa3oBaHMsI MPU MPOMBICIIOBOM MOATOTOBKUA HEPTH

CuibHbIe CTOPOHbLI HAYYHO-

HCCIIeJ0BATE/IbCKOI0
NpoeKTa:
Cl. [Ilpoctota mnpuUMeHEHUs

Cnalble CTOPOHBI HAY4YHO-
HCC/Ie0BaTe/IbCKOI0 MPOoeKTAa:
Cal. OrcyrcTBUE IPOTOTHIIA
Hay4yHOU pa3zpaboTku

C2. AnexBatHocTb pazpabotku | Cn2. OtcyrcTBHE
C3. bonee cBexas | cepTuuKauuu
uHpopmanus, kortopas Oswia | Cn3. OrcyrcTBUE
UCIIOJIb30BaHa Ui pa3paboTKu | HEOOX0UMOro  000pyA0BaHUS
npoekta. C4. OTHOCHUTENBHO | JUIsi TPOBEACHUS  HCIBITAHUSA
HEBBICOKAs JIeHEeKHas U | OTIIBITHOTO 00pasia
BpEMEHHAas 3arpaTHOCTh | Cin.4 OtcyrcTBUE  OIOIKETHOTO
MPOEKTA. (brHaHCUPOBAHUSI.
Bo3moxkHocTH: IIpocrota  npumeHenuss u | IHHOBalMOHHbBIE
B1. Vcnons3oBanue aJICKBaTHOCTh paszpabotku | uHppactpykryper TIIY u 033
WHHOBALIMOHHOM MOXeT BbI3BaTh crpoc Ha Hee, | TBT Tomck Moryr okazarh
uHppactpykrypsr TITY a DdT0O B CBOI ouepenb | oMol B (UHAHCHUPOBAHUU
B2. Wcnonws3oBanue YBEJIUYUT KOJIMYECTBO | MPOEKTA. [Tpu CHIDKCHUU
uHppactpykrypet 093 TBT | cnoncopoB.  Kpome  TOro, | KOHKYpeHTOCTIOCOOHOCTH
Tomck YHU(UIIMPOBAHHOCTH U | MOJOOHBIX pPa3paboOTOK W TP
B3. IlosBnenne aJICKBaTHOCTh pa3paboOTKH | MOSBICHUH CIIPOCAa Ha HOBBIC
MOTEHIIMATIBHOTO CIpOCa Ha | MOXKET YMEHBIIUTh | MOKET MOSIBUTHCSI BO3MOXKHOCTD
HOBBIE pa3paboTKu KOHKYPEHTOCIOCOOHOCTD ucnoJib3oBanus nanHoi HUP B
B4. Ymenbiienue JIpYTux pa3paboToK. | KOMIAHUAX UCIIOJIB3YIOIIHUX
3HAYUMOCTHU wiu | HeBpicokas 3aTpaTHOCTh | TPAIUIMOHHbIE METO/IbI
JOCTOMHCTBA IpOeKTa MOXET IMpHBIEYb | HepepaboTKu HeDTH.
KOHKYPEHTHBIX pa3paboToK | Ooiibiie COTPYAHHUKOB u
VCIIOJIHUTEIIEN.
Yrpo3sr: B cuny Toro, uro B pgaHHO¥ | OTCYyTCTBHE TPOTOTHIIA HAyIHOW
VY1. OtcyrcTBUE cipoca Ha | pa3paboTke HCIOJIb3YETCS pa3paboTku FOBOPUT 00
HOBBIE TEXHOJIOTHH O6onee HoBag wmH(popMmarus | OTCYTCTBHA  CIIpOoCa  Ha  HOBBIC
V2. 3HauuMas | HapAAy CO CTapoil, TO 3To | LoxHOTOrHH " OTCYTCTBIN
KOHKYPEHLIHS MOXET TOBBICHTh CIIPOC 1 | oy PEHIHH fpociTa.
HeCBoeBpeMeHHoe
V3. Beenenus KOHKYpeHLIUI0 pa3paboTku. B
. (mHAHCHpOBaHUE HAy4YHOI'O
JOTIOJTHUTEIbHBIX CHTy ~ ManmoH  3aTPATHOCTH | joovoronano mpHBeneT «
roCyAapCTBEHHBIX MIPOEKTa NPEACTABIACTCS | LonoavoKHOCTH TonyYeHus
TpeOoBaHMH K | BO3BMOKHOCTh BIOXKCHUS | ceprudpukamum.
cepTuduKanuu JOTIOJIHUTEIBHBIX  JIEHEKHBIX
V4. HecBoeBpeMeHHOE CPEICTB B JAPYrU€ YCIYIH.
¢uHaHcoBoe obecrieueHHe

HAayY4YHOT'O HCCJIICOOBAaHHUA CO
CTOPOHBI roCyaapCTBa
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Jlanee mnepexomsT K pealu3ald BTOPOrO 3Tama, KOTOPBIM COCTOUT B
BBISIBJIEHUN COOTBETCTBUSl CHJIBHBIX M CJIAOBIX CTOPOH HAyYHO-UCCIEI0BATEIBCKOIO
MIPOEKTA BHEIIHUM YCJIOBHUSAM OKPY’KaOIIEH Cpebl.

B pamkax paHHOro jsTama CTPOMTCS MHTEPAaKTHBHAs MaTpHlla, KOTOpas
MOMOTaeT pa3zodpaTbcs C pa3IUYHBIMU KOMOMHAIIMSIMU B3aUMOCBs3€l oOsactei
matpuiibl SWOT (tabu. 4.4).

Tabnuua 4.4 — VIntepakTuBHAs MaTpHIla MPOEKTA

CunbHBIE CTOPOHBI TIPOSKTA
Cl C2 C3 C4
Bo3moxkHocTH Bl - - - *
MPOEKTa B2 - - - *
B3 + + + -
B4 + + + -
CHIIBbHBIE CTOPOHBI TIPOSKTA
Cl C2 C3 C4
4! 0 + 0 -
Yrpo3sl mpoekTa | Y2 + + + +
VY3 - - - 0
Y4 - - - -
Crnabbie CTOPOHBI ITPOCKTA
Cnl Cn2 Cn3 Cn4
BosmoxnocTn Bl - - - *
B2 + + + +
MIPOEKTa B3 . - - 0
B4 - - - -
Crnabble CTOPOHBI IPOEKTa
Cnl Cn2 Cn3 Cn4
Vi - - - +
Yrpo3sl poekTa | Y2 - - 0 +
V3 + + + 0
V4 + + - -

B caydae, xorjga gBe BO3MOXHOCTH CHJIBHO KOPPEIHPYIOT C OJHUMHU U TEMHU
K¢ CHIIbHBIMH CTOPOHAMH, C OOJIBIION BEPOSTHOCTHIO MOXKHO TOBOPHTH 00 HX
CAMHOW TmpHupoae. B 3ToM ciaydae, BO3MOXKHOCTH OIMCHIBAIOTCS CJIEAYIOIIUM
obpazom: B2B3C2C3.

B pamkax TpeThero srama J0JKHa OBITh COCTABJIICHA WTOrOBas MaTpHIlA

SWOT-ananmsa, (tab:. 4.5)
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Tabonuua 4.5 — SWOT-ananus

Cia0ble CTOPOHBI IPOEKTA:

Cnalble CTOPOHBI Hay4HO-

Cl.IlpocroTa  mNpUMEHEHUS | HCCIEA0BATEIBCKOTO
C2. AnexBaTHOCTB npoekra:  Cul. OrcyrcTBHe
pa3paboTku IPOTOTUIIA Hay4yHOU
C3. bosnee CBeXasl | pa3paboTKu
uHpopmanus, koropas Obuta | Cn2. OTcyrcTBHE
UCTIOJIb30BaHA /ISl pa3pabOTKU | CepTHPHUKAINN
IIPOEKTA. Cn3. OrcyrcTBUE
C4. OTHOCUTENBHO HEBHICOKAs | HEOOXOIUMOTO CusnbHbIe
JICHeXKHAassT W BpPEMEHHas | CTOPOHBI Hay4YHO-
3aTpaTHOCTb MIPOEKTA. M CCJIEIOBATENBCKOTO
000pyI0BaHUS TUTST
NIPOBEICHUS WCTIBITAHUS
OTIBITHOTO oOpasua
Cn4. OrcyrcTBUE
OIOKETHOTO
(buHaHCHPOBaHUSI.
Bo3moknocTH: [IpocTora npuMmenenus, | [Tomours B (uHaAHCMpOBAHUU
B1. Ucnons3oBanue aZICKBaTHOCTH pa3paboTKy, | IpoeKTa U ero cepTudukanuu
MHHOBAI[MOHHOM HCIOJIb30BaHKEe OoJiee CBEXKEH | MOTYT OKazaTh
UHQPaACTPYKTYpPHI TITY | undopmauy B MPOEKTE | THHOBAIIMOHHbBIE
B2. Ucnons3oBanue YBEITUYHT CIIpoc u | uadppactpykrypsi(B1B2Cn2C
uadpactpykrypet 023 TBT | koukypenTocnocooHocth HUP | 14). Heobxoaumo  CHU3HTH
Tomck (B3B4C1C2C3). [Ipu | KOHKYPEHTOCTIOCOOHOCTH
B3. [TosiBnenue NOJKIIOYEHUH B pabOTy | MOJOOHBIX  pa3pabOTOK |
MOTEHIIMATIBHOTO CIpOca Ha | MHHOBAIIMOHHBIX CTPYKTYp | PaCIIMPUTh  HUCIOJIb30BaHUE
HOBBIE Pa3pabOTKH YMEHBIIIAETCA Bpems | nanHon HHMP Bo MHoOrmx
B4. YMeHbIIeHHE 3HAYUMOCTH | pa3paboTku U mosBisiorcs | kommnanusax (B3B4Cnl1Cn3).
W JOCTOMHCTBA | IOMOJHUTENbHbIE JICHE)KHBIC
KOHKYPEHTHBIX pa3padoToOK cpenctBa(B1B2C4).
Yrpo3wsi: V1. OtcyrctBue | Ucnons3oBanue Oosiee HOBoM | OTCyTCTBHE MPOTOTHIIA,
CIpoca Ha HOBBIE TEXHOJOTUH | UHQOPMAILlMK, TMPOCTOTAa U | cepTUUKALUN Hay4YHOM
V2. 3naunmasi KOHKYpPEHIHMsI | aleKBaTHOCTb pa3paboTKH, HEBO3MOXKHOCTh
TEXHOJIOTUH MIPOU3BOJICTBA | MAaTEMATHUYECKON MOJIETIH | UCTIONb30BAHUS B KOMITAHUSIX
VY3. BBenenus | mo3BOJISIOT MOBBICUTH CIPOC U | C TPAAUIIMOHHBIMUA METOJaMH
JIOTIOJTHUTEIBHBIX KOHKYpEHILIMI0  pa3paboTku, | oOpaboTku HedTel mnpuBenet
roCy/IapCTBEHHBIX YTO  YMEHbBIIAET  BIMSAHUE | K OTCYICTBHIO CIIpoca U
TpeboBaHui K cepTudUKauu | GUHAHCHPOBAHUS OTCYTCTBHIO KOHKYpPEHIIUHU
V4. Hecoespemennoe | (C1C2C3VY1V2V4). B cuiny | npoekra (Y1Y2CnlCn2Cn3),
¢uHaHCOBOE obecrieyeHue | MaJoOl 3aTPAaTHOCTH IPOEKTa | a OTCYTCTBHE
HAy4HOTO MCCJIENOBaHUSA CO | MPEJCTABISAETCS BO3MOXHOCTH | (PMHAHCUPOBAHUS NpPHUBENET K
CTOPOHBI TOCY/1apCTBA BJIOXEHUS  JIOTIOJHUTEIBHBIX | HEBO3MOXKHOCTH  IMOJYYEHUs
JICHEeXHBIX CpeAcTB B apyrue | ceprudukanuu (Y3Cn4).
YCIYTH, Takue Kak
ceprudukanus (C4Y3).
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4.1.401eHKA rOTOBHOCTH MPOEKTA K KOMMePIUAIN3AI MU

JInsi OLIEHKU CTENEeHHM TOTOBHOCTHM HAy4YHOM pa3pabOTKH HEOOXOIAUMO

OLCHUTL CTCIICHb €€ TOTOBHOCTHM K KOMMCpHHAIM3AIWKW W BBIICHUTH YPOBCHDL

COOCTBEHHBIX 3HaHUN Ha ee mpoBeaeHHe. 11 3TOro HEOOXOAMMO 3alOJHUTH

CrielUalIbHYI0 opMy, MIPEJCTaBICHHYIO B Tabnuie 4.6, coaepkaliyro mokazareiu o

CTEMEHU TMPOpabOTAaHHOCTH TPOEKTA C TMO3UIUU  KOMMEpPIHAIU3AlUN U
KOMITETCHITUSIM pa3paboTunKa HAy4HOTO MPOEKTa.
Tabmuuna 4.6 — OrneHka CTeNeHH TOTOBHOCTM  HAy4YHOTO  MpPOEKTa K
KOMMeEpLHaAIU3aLuu
CreneHsn Yposensn
Ne HanMeHOBAHMe NpopadoTAHHOCTH HMEIOIHXCA
n/n HAY4YHOI'0 3HAHMH Y
MPOEKTA pa3pabdoTyuka
1. |Onpenenen umeromuiics HayYHO-TEXHUUECKUHN 3aJielT 5 5
2. |OmpeneneHsl MepCreKTUBHBIC HATTPABIICHHSI
KOMMEPIHATA3AIUN HAyIHO-TEXHUUECKOTO 5 5
3amena
3. |Ompenenensl OTpaciu U TEXHOJIOTUH (TOBApHI, YCIYTH) 4 4
JUTSL IPEJJTO’KEHS Ha PBIHKE
4. |Omnpenenena ToBapHas ¢opMa HayIHO-TEXHUYECKOTO 4 4
3ajerna Juisl MPEJICTaBICHHS Ha PIHOK
5. |Omnpenenenpl aBTOPBI M OCYIIECTBICHA OXpaHa WX MPaB 5 5
6. |IIpoBeneHa olleHKa CTOMMOCTH UHTEIUICKTYaIbHON 5 4
cOOCTBEHHOCTHU
7. | IIpoBeneHbI MAPKETHHTOBBIE UCCIICIOBAHNS PHIHKOB 4 4
cObITa
8. | Pa3zpaboran OusHec-11aH KOMMEpITMAIU3allui HAyYHOU 5 5
pa3paboTKu
9. | OmpeneneHsl MyTH MPOJIBUKCHUS HAYYHOU Pa3padOTKU 4 4
Ha PHIHOK
10. | Pa3paboTtana crparerus (popma) peanuzanuu HayqYHOM 5 4
pa3paboTKu
11.| IIpopaboTaHbl BOIIPOCH MEXKAYHAPOAHOTO 2 5
COTPY/IHUYECTBA M BBIX0/1a Ha 3apyOEKHBIH PHIHOK
12. | ITpopabGoTaHbl BOIPOCH! UCIIOJIB30BAHUS YCIYT 4 4
UHQPACTPYKTYPbI MOJJIEPHKKHU, MTOJTYUEHHS JIbIOT
13. | I[TpopaboTaHbl BONPOCk! (PMHAHCUPOBAHUS 4 4
KOMMepIHaIN3allui HaydYHO! pa3paboTKu
14.| Nmeetcs koMaH/a JUls KOMMeEpIHaATU3alii HayqHOH 5 4
pa3paboTKu
15. | IIpopaboTan MeXaHU3M pealn3alii HAyqHOTO MPOEKTa 5 5
NTOI'O BAJLUIOB 60 60
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OreHKa TOTOBHOCTH HAYYHOTO MPOEKTa K KOMMEPIHAIU3AINU (MU YPOBCHB
MMEIOIIUXCS 3HAaHUM y pa3paboTunka) onpenensercs no popmyse:
EcyM = ZBI" (42)

rne b

cym

— CYyMMAapHO€ KOJIMYECTBO OAJIJIOB MO KaXKJI0MY HaIlpaBJICHUIO;

b; — 06ann o i-My noxasaTero.

[TomydeHHBIC 3HAYCHUS IMO3BOJIAIOT OLICHUTH CTENEHb TOTOBHOCTH HAy4HOM
pa3paboTKH U ee pa3paboTUMKa K KOMMEpPIHAIH3aIuU. Pe3ynbTarhl, MOJydeHHBIC B
Tabmure 4.6, MO3BONSIIOT cCHelaTh BBIBOJA, YTO JaHHas pa3paboTKa CUYHTAETCS
NEPCIICKTUBHON, a 3HaHWS pa3padOTYMKa JIOCTATOYHBIMHM JIJIS YCIICHTHOW ee
KOMMEepITHATH3aI1H.

B nmepcnexktuBe HEOOXOIWMO YBEIWYUTh KOJIMYECTBO OaywioB. I
peanu3aiu HeoOX0AMMO pa3paboTaTh OM3HEC-TUIAaH KOMMEPIMAIU3alui HaydyHOH

pa3paboTKH, MPOJOIKUTH MOMCKH TPEOYEMBIX CHEIIMAIMCTOB B KOMAaHY.

4.1.5MeToabl KOMMEPHHAIU3ANMUN Pe3YJbTATOB HAYYHO-TEXHHYECKOTO

HCCJIEeJ0BAHUA

[Ipy koMMepLManu3alM¥ HAYYHO-TEXHUYECKUX pa3paboTOK MpojaaBell
IpeciieayeT BIOJIHE ONMPEAEICHHYIO 1I€]Ib, KOTOPas BO MHOTOM 3aBUCHUT OT TOTO, KyJia
B TIOCJICAYIONIEM OH HaMEpPEH HaIpPaBHUTh MMOJYyYCHHBIM KomMMmepueckuit 3 dexT. [Ipu
ATOM BpeMsl IPOJBHXKEHHUSI TOBapa Ha PHIHOK BO MHOTOM 3aBHCHUT OT IPAaBUIBHOCTH
BBIOOpa METOJ]a KOMMEPIHATU3AIMHU. 3a7a4a JAaHHOTO pasjiesia — 3TO BBIOOp METo/a
KOMMeEpITMAIN3alii 00bEeKTa UCCIIEIOBAaHUS U 00O0CHOBAHUE €T0 11EeJIECO00PA3HOCTH.

JIns IpOJBHKEHHST HAyYHOM pa3pa0OTKHM MOXHO MCHOJIb30BaTh JBa METOAA
KOMMEpLHAIU3AMNA: TOProBis IMATEHTHBIMU JIMIEH3USAMU M IIepellada HOy-xay,
MOCKOJIBKY ~ pa3paboTkKa TMpEACTaBIsSeT CcoOOW HE ToBap, a TEXHUYECKOE,
HAay49HOOOOCHOBAaHHOE pEIICHWE WM HOBAas TEXHOJOTHS B 00JIACTH TMOATOTOBKHU
Hedptu. Mcmonmp3oBaHWME HSTUX METONOB TMIO3BOJUT TOJYYUTH CpEACTBA IS
MPOJOKEHUSI CBOMX HAyYHBIX MCCICAOBAaHUW U pa3pabOTOK, HEOOXOAUMOe
0o0opy1I0BaHUE, MAaTEpUAIIbl U IPYTUE HAYYHO-TEXHUYECKHE Pa3pabOTKU OXPaHSIIOTCS

PECKUMOM KOMMCp‘-IGCKOﬁ TaWHBI n HCIIOJIBb30BaThHCA I JOCTHIXKCHUA
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KOHKYPEHTHOTO MPEUMYIIECTBA HaJ APYTMMH CyOBEKTaMH MpeANpUHUMATENIbCKOM

ACATCIIbPHOCTH.

4.2 WnHunuanus npoexKra

B nmaHHOM paszaene ONpenensroTCs W3HAYAJIBHBIE LEIW W COAEPKAHHE U
(GuKCUpYIOTCS M3HAuYaJbHble (UHAHCOBBIE pecypchbl. OnpenenstoTcs BHYTPEHHUE U
BHEITHUE 3aMHTEPECOBAHHBIE CTOPOHBI MTPOEKTA, KOTOPhIE OYAYT B3aUMOICHCTBOBATh
U BIMATh Ha OOWMHA pe3yiabTaT HAydyHoOro mnpoekra. JlanHas wuHbopmalus
3aKpervIsieTcsa B Y CTaBe MPOEKTA.

YcTaB npoekra JOKyMEHTHUpYET OU3Hec-OTPEeOHOCTH, TeKylllee MOHUMaHue
noTpeOHOCTeN 3aKa3uuKa MPOEKTa, a TAKKE HOBBIM MPOJYKT, YCIYTy WIH PE3yJbTar,
KOTOPBIW IJTAHUPYETCS CO3/1aTh.

Tabnuua 4.7 — 3auHTEepecOBaHHbIE CTOPOHBI MPOEKTA

3anHTEepecoBaHHbIE CTOPOHBI POEKTA O:xn1aHus 3aUHTEPECOBAHHBIX CTOPOH
OcBoeHre HOBOH 00JIACTH HCCIENOBAaHUSA U
MOJEIUPOBAHUS 181 IIPOMBICJIOBOH
HU TITY JCIHP A p
MOATOTOBKH HedTH. Brimyck

BBICOKOKBaJ'II/I(bI/IHI/IpOBaHHI)IX CIICnuaJIucTOB
HonyquHe METOAUK IMO3BOJIAIONINX BECTHU U

HedrenoO6riBaromiue 3aBo/Ibl perynMpoBaTh Mpoliecc KarieoOpa3oBaHus Ha
YITH

B Tabnure 4.8 npencraBieHsl EJIA U Pe3yJIbTaThl HAYYHOUM pa3paboTKH.

Tabmuma 4.8 — Llenu u pe3yapTaThl MPOEKTA

Pa3paboTrka  MmaTemaTuueckoil =~ MoAenHM U
MPOrPaMMHOTO MPOIYKTa c LENbI0
Lenu npoexra: pPEerylupoBaHUsl TEXHOJOTHYECKHX IapaMeTpoB
mporecca 00€3BOKMBAHUA M 00ECCONUBAHUS
He(TH NPU €€ MPOMBICIOBOM MOITOTOBKE.
O:xuaembie pe3yJibTaThl IPOEKTA: ["oTOBBIN MOIYSH pacyeTa mpoiiecca.

Co3nath MaTeMaTH4ecKyl0 MOJeNb, KOTopas
KpuTepuu npueMkn pe3ysibTaTa npoekTa: | OyJeT COOTBETCTBOBATH IpOLECcCaM MOJATOTOBKH
HeTH.

TpeboBanme:

TpeGosanus K pe3yabTaTy NpoeKTa: Crangapruzanus TOTOBOTO IIPOJIYKTA.
Perucrpanys nporpaMMHOTO MPOIYKTA.

B tabmune 4.9 mpencraBieHa opraHW3alMOHHAS CTPYKTypa MPOeKTa (poiihb

KaXXJIOT0 YYACTHUKH, UX QYHKIUH, TPYA03aTPATHhI).
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Tabnuua 4.9 — Paboyas rpynna npoekra

PUO,
Tpyno-
Ne OCHOBHOE MeCTO Poas B
DyHKINHU 3aTpaThl
n/n padoThI, NpoeKTe yac
HOJIZKHOCTh ’

. KoncynstupoBanue, KOOpAUMHAITHSI
Moiizec O.E., H1 | PykoBoaurens Y P pAUHaI

1 eITEILHOCTH, OIIPEAeIIEHNE 3a1a4 500
TIIVY, nouent OXU MPOEKTA a » OTIpeaL Aad,
KOHTPOJIb BBITIOJTHEHUS
. AHanu3 TUTepaTypHBIX HCTOYHUKOB
3aiinesa O.10., patyp o ’
Ucnonaurenn paboTa ¢ MaTeMaTH9IECKOW MOJICIIBIO,
2 maructpant HU 1800
TITY O MPOCKTY aHaJIA3 JIA0OPATOPHBIX JTAHHBIX,
HanucaHue paboThl
HUTOTO: 2300

B TpetheM pasznene mpencraBlieHbl OTpaHUYEHUS W JIOMYIICHUS HAYYHOU
pa3paboTku. OrpaHUYEHUs TPOCKTA — ATO BCE (DAKTOPHI, KOTOPHIE MOTYT MOCTYKHUTh
OTpaHUYEHUEM CTEIIEHU CBOOOIbI YUaCTHUKOB KOMaH/IbI IIPOCKTA, a TAKKE «TPAHUIIBI
MPOEKTa» — TMapaMeTpbl MPOEKTa WM €ro TMNpoAyKTa, KOTOpble HEe OyayT
peaM30BaHHBIX B paMKaX JaHHOIo mpoekTa (tadsuna 4.10).

Ta6muma 4.10 — OrpanuyueHus ¥ JOMYIIEHUS TPOSKTa

dakTop OrpanuveHust/ 1onymeHust
3.1. brokeT npoekra 1318161
3.1.1. Ucrounuk puHAHCUPOBAHUS HU TITY
3.2. Cpoku mpoeKTa: 09.09.2020-31.05.2022
3.2.1. JlaTa yTBep>KAcHUS IJIaHA YIIPABIICHUS 07.09.2020
MIPOEKTOM
3.2.2. JlaTa 3aBepiieHus MPOCKTa 31.05.2022

4.3 TlnaHupoBaHue yNpaBJieHUS HAYYHO-TEXHUYECKUM MPOEKTOM

['pynna npoueccoB IIaHUPOBaHKUS COCTOUT U3 MPOLECCOB, OCYIIECTBISIEMbIX
JUIsL  ompenesieHus: o01mero couepkanus paboT, YTOYHEHUS ©  pa3paboTKu
MOCJICIOBATEILHOCTH JEHCTBUM, TPEOYEMBIX IS TOCTHYKCHHS TAHHBIX TICJICH.

[nan ympaBneHUs HAyYHBIM MPOCKTOM BKJIIOYACT B ce0s MEPAPXUUYECKYIO
CTPYKTYPY pabOT MpOEKTa, KOHTPOJBbHBIE COOBITHS TMPOEKTa, TJIaH MPOEKTa U €ro

OIOKET.
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4.3.1hepapxuyeckasi CTPyKTypa padoT npoexra

IIpoekr

1 3Tan:
ToaroToBAT e BHBIH

CocraBnesne n VIBEQWE JEHIIE
TeXHHNISCKOI 0 3JAaJaHms

IMoatop o m3vIeHE
MATEPHATA II0 TEME

Budop Hanpas leHHA
HCCTe OB AN

Kan EHTAPHOE IIIAH HpOBaHIE
pabor mo TeMme

2sTam:
SKcNepHMEHTAMbHBIH

Istam:
ZarnHuHTEeIEHBIE

HPDBE,IEHIIE Te0peTHIECKIDD
PACTETOB M 000CHOBAHNE

PacueT #a KOMIE HTepe
BILAH HA OCHOBHEIX

1 TEXHOIOTHYEC KX

mEpaMeTpos
Ha 3§ (e ETHEHOCTD NpoNEcca

C ocraBiesmie
TIC A C HITe b HOE 34 I ¢ KL

IloareToBEA K 3amuTe
aMmAoMHOR paboTh
(pazpaboTEA Ipe3sHTANE I
Pas 1aTOYHOT 0 MATEp HATA)

OfpafoTEa HoIeHKa
— 3 hexTHB HOCTI
MOy 9 eHH BIX PE3Y IbTATOE

Pucynok 4.2 — epapxuueckas CTpykTypa pabot

4.3.2I1n1aH npoexkT

Kanenmapuplii 11aH npoekTa npejacrabieH B Tadsmie 4.11.

Tabmuma 4.11 — KanengapHslil Tutad npoekTa

JIIUTEeIbHOCTD, Jlata Jlata Cocras
Ha3Banmue Ha4YaJla | OKOHYAHMSA
JHH YYACTHMKOB
padoTt padoTt
(ocTasuenne 1 yTBepieHHe 2 09.09.20 | 10.09.20 Moiizec O.E
TEXHUYECKOTO 3aJJaHHs
TonGop n usysenne 100 11.09.20 | 201220 | Moiisec O.E
Marepuaia 1o Teme 3aitnesa O.10.
Br16op HanpaBneHus 5 21.12.20 25.12.20 Mf)ﬁ3ec O.E.
HUCCIIEIOBAHU 3aiinesa O.10.
KanengapHoe nianupoBanue 6 26.12.20 31.12.20 Mf)ﬁ3ec O.E.
paboT 1o Teme 3aitnesa O.10.
Hposezetie Teoperiieckix 20 01.01.21 | 20.01.21 | 3aiiuesa O.fO.
pacueToB 1 000CHOBAHUI
Pacuer Ha koMIIBIOTEpE
BITUSIHUSL OCHOBHBIX .
TEXHOJIOTHYECKU X 130 21.01.21 31.05.21 MVOI/I3eC O.E.
3aitesa O.10.
napaMeTpoB Ha
2 dEeKTUBHOCTB TpoIecca
O0paboTka u OIleHKa .
Moiizec O.E.
3()(HEKTHBHOCTH MOTYIEHHBIX 122 1.09.21 31.12.21 3aiitiesa O.10.
pE3yIbTaTOB
CocraBieHue NOsICHUTETFHOU 93 01.03.22 99 05.22 3aiitiesa O.O.
3aMICKU
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[Ipononxenue Tabiauist 4.11

9. TloaroToBka K 3alIuTe
JUIIIOMHOI paboTE! 9 23.05.22 | 31.05.22 | 3aiinesa O.IO.
(pa3paboTka mpe3eHTaIH |
pa3IaTOYHOrO MaTepualia)
NUTOI'O: 487

Ha ocnoBe tabmuipl 4.11 cTpoutcs KajneHAapHbIM MJIaH-TpaduK, KOTOPHINA

npezactasieH B Tadnute 4.12 ([Ipunoxenue B).

4.4 BoaKeT HAYYHOT0 UCCIeT0BAHUS

broxer HayuHON pa3pabOTKH COAEPKUT B ceOe CelyIoIIe CTaThU:

. CBIpBQ, MaTCpHaJIbl, IIOKYIIHBIC U3ICIUA U HOJ'Iy(l)a6pI/IKaTI)I;

. CnenipanbHOE 000pyAOBaHUE JIJIs1 HAYYHBIX padoT;

. 3apaboTHas 1uiara;

. HaquHe " IMPOU3BOJACTBCHHBIC KOMAHIANPOBKHU,

. Ommara pabor,

MpCAIIPUATHAMUA

1
2
3
4. Ot4ncieHus Ha COLMAIIBHBIE HYK/bI,
S)
6

BBIITOJIHACMBIX

7. HakyagHbie pacxo/ibl.

CTOPOHHUMHU

OopraHmu3anuAaMunu )41

Coipve, mMamepuanvl, NOKynHvle uzoeius u nonygabpuxamsel (3a vluemom

omxo006). B 3Ty cTaTbi0 BKIIOYAIOTCS 3aTpaThl HAa TPUOOPETEHHE BCEX BUIOB

MaTepHalioB, KOMIUIEKTYIONIUX H3JeHUid U monyhaOpuKkaToB, HEOOXOMMMBIX IS

BBITTOJTHEHHS padoT 10 JaHHOH TeMe (Tabmuma 4.12).

Tabnmuna 4.12 — Ceippe, MaTepHalbl, KOMIUICKTYIONINE W3ACIUS M TOKYITHBIE
o1y aOpuKaThI
Ennnnna Ilena 3a 3atpatsl Ha
HaunmenoBanwue UL KonnyecTBo marepuainsi (3,,),
U3MEpEHUs en., pyo. pY6
Terpanp pyoIB 2 70 140
Pyuka pyoIH 5 30 150
bymara pyoIB 150 1,5 225
Queni-kapra pyoIB 1 537 537
Kaprpumx uist npunrepa (4/6) pyoIB 1 2500 2500
Hroro 3552
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Cneyuanvrnoe obopyodoganue 0 HAYUHLIX (IKChepuMeHmanvhvix) pabom. B
JAHHYIO CTAaThl0 BKIJIFOUCHBI BCE 3aTPAThl 1O MPUOOPETCHUIO CIEI0O00PYIOBAaHUS U
0o0OpynOBaHUS, WMEIOMIECTOCS] B OpPraHU3allMd, HO HCIIOJB3YyeMOTO IS KaKIIOTO
WCIIOJTHEHUS KOHKPETHOU TeMBbl, IIpejIcTaBleHo B Tadaule 4.13.

Tabnuua 4.13 — Pacuer 3aTpat Ha cienMagbHOE 000PYJOBaHHUE

Ilena equHULIBI OO0mast CTOMMOCTh
Haumenosanune Koi-Bo enuanin
0Gopy1oBaHN 0GopyIoBaHHs 000pyI0BaHUS THIC. 000pyI0BaHUS THIC.
pyo. pyo.
Antuupyc Kaspersky 1 3510 3510
Microsoft office 1 3999 3999
I10 Pascal ABC 1 3331 3331
11O Delphi 1 44500 44500
[TepconanbHBII 1 80000 80000
KOMIIBIOTED
[TpunTep 1 4500 4500
Hroro 139840

Pacuem ocnosnou 3apabommuou niamul. B HacTOSAUIYIO CTaThIO BKIIIOYAETCS
OCHOBHas 3apaboTHas TUlaTa HAyYHBIX M HHXKEHEPHO-TEXHUYECKUX PaOOTHUKOB,
paboyux MaKETHBIX MACTEPCKHUX M OIBITHBIX MPOU3BOJCTB, HEMOCPEICTBEHHO
YYacCTBYIOIIMX B BBIMOJHEHWHU palbOT MO JaHHOW Teme. BennunmHa pacxomoB mo
3apabOTHOM MJIaTe OMPENENSIETCS UCXOs U3 TPYIAOEMKOCTH BBITIOJHSAEMBIX paboT U
NEHCTBYIOIIEH CHCTEMBI OIUIaThl Tpyaa. Pacduer OCHOBHOM 3apaOOTHOHW ILIATHI
cBoauTcs B Tabnuiie 4.14.

C3n = 30cn + 30 (43)

on

rae 3, — OCHOBHas 3apaboTHas ILIaTa;

3

— JOITOJIHUTCJIbHAA 33p360THa$I IiaTa.

don

OcHoBHas 3apaboTHas wiata 3, ~ pyKoBoaHTENs (JabopaHTa, MHKEHEpA) OT

don

npeanpusaTus (Ipu HAJIUYUU PYKOBOJUTENSI OT MPEANPHUATHS) PACCUUTHIBACTCS TIO
cleaymIe popmyie:

3001—1 = 30H ) Tpa6 (44)
rae 3, — OCHOBHas 3apaboTHas TuiaTa OJHOTO pabOTHHKA;

T

pat — HIIPOAOJLKHUTCIBHOCTD pa60T, BBIIIOJHACMBIX HAYYHO-TCXHHUYCCKHUM
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rac

paboTHUKOM, pad. IH.;

3,, —cpenHenHeBHas 3apaboTHas IulaTa paboTHUKA, PYO.

CpennenneBHas 3apaboTHas TUIaTa paCCUUTHIBACTCS IO (popMyJie:

_3]W.M
" F

0

3, (4.5)

3, — MeCS4HBIH JOKHOCTHOM OKJIaj paboTHHKA, PYO.;

M — konudecTBO MecsleB pabOThl 6€3 OTIyCcKa B TEUEHHE I0/1a:
npu otnycke B 24 pa6. nus M =11,2 mecsua, S-n1HeBHas HeAes;
npu otmycke B 48 pab. queit M=10,4 mecsiia, 6-1HEeBHAs HEJENS;

F, — JIWCTBUTENBHBIM rom0BOM (GOHA paboyero BpPEeMEHU HAY4YHO-

TEXHUUYECKOTO0 MepcoHaina, pab. JH.

Pacuer 3apa60THOﬁ IJIaTbl HAYYHO — TIIPOU3BOACTBCHHOI'O M IIPOYCTO

nepcoHajga MPOeKTa MNPOBOAMWIM C Y4eTOM paboThl 2-X 4YEJIOBEK — HAy4YHOIO

PYKOBOJAUTCIIAI KW HMCIIOJTHHUTCIIA. bananc pa60qer0 BpPCMCHU HCIIOJIHUTEJICH

npeacTaBieH B Tadmuie 4.14.

Tabmuma 4.14 — bananc pabouero BpemMeHu

[Toka3zarenu pabodero BpeMeH! PykoBoautens Maructpant
Kanennapnoe uncno nueu 365 365
KonnuecTBo Hepabounx qHEH

- BBIXOJHBIE IHU 48 24

- Tpa3gHUYHBIC THU 14 14
[Torepu pabovero BpeMeHU

- OTHYCK 56 28

- HEBBIXOJHBI I10 O0JIE3HU 0 0
JletictBurenbHbIi GoHA 3a 83 qHSA pabodyero BpeMeHu 247 299

MecsuHbIi TOJKHOCTHOM OKJIa] paOOTHHKA!

3, =3k, (4.6)

rae 3, —3apaboTHas mata 1o tapudHoi craBke, pyo.;

kK, — pailonHslii kodpduiment, pasubiid 1,3 (111 Tomeka).

Pacuet ocHOBHOW 3apabOTHOM MIaThl IpUBEeH B Tabnuie 4.15.

o1



Tabmuua 4.15 — MHroroBas Ttalbnuma pacdyeTa OCHOBHOM 3apaOOTHOM IIaThl

PYKOBOJUTCIIA U MHIKCHCPA

Wcnonuurenn | 3w, pyd | Kop | K Kp Buee, pYO. | 3, py0. | Tppab.mH. |  Bocu, pyoO.
PykoBoaurens | 33664 1 0,0 1,3 43763,2 | 1842,7 247 455146,9
Marwucrpant 6200 - - 1,3 8060 280,3 299 83809,7
HTOTIO: 538957
Jlonoanumenvuas 3apabomuast niama HAYYHO-NPOU3800CH 8EHHO20

nepconana. B JaHHYIO CTaThIO BKJIOYAETCS CyMMa BBIIUIAT, MPEIyCMOTPEHHBIX
3aKOHO/IATEILCTBOM O TpPYJE, Halmpumep, oIulaTa OYepPeTHBIX M JIOMOTHUTEIHHBIX
OTITYCKOB; OIUIaTa BPEMEHM, CBSI3AHHOTO C BBIMIOJIHEHUEM TOCY/IapCTBEHHBIX U
00I1IeCTBEHHBIX O0s3aHHOCTEH; BBITUIATA BO3HATPAXKICHUS 33 BBICJIYTY JIET U T.I. (B

cpeadeM — 12 % ot cymMMbl OCHOBHOM 3apa0OTHOM TJIaTHI).
Pacuer nomomHUTENbHONW 3apabOTHOM TIUIATBI BEAETCS MO Cleayroniei

dbopmyie:
3 =

oon don

) 3OCH

— KO3 PUIIMEHT JOMOTHUTEIbHON 3apaboTHOM TaThl, npuHATHIN 3a 0,13

(4.7)
rne k

don

(Ha cTaauu IPOEKTUPOBaHUs mpuHUMaeTcs paBHbiM 0,12 — 0,15).
JlononHuTenbHas 3apaboTHAas 11aTa:

- s pykoBoautens: 59169,1 pyo.;

s maructpanTa: 10895,3 py6.
3HauuT 3apaboTHas 1miaTa OyJaeT paccuuTaHa mo Gpopmyiie:

C3n = 3ocn + 30 (48)

on

rae 3, — OCHOBHas 3apaboTHas ILIaTa;

3

— JOITOJIHUTCJIbHAA 3apa60THaﬂ IiaTa.

oon
- st pykoBoautensi: 514316,0 py0.;

- st maructpanTa: 94705,0 pyO.

Pe3ynbTaTel cBeneHsl B TaOmiy 4.16.

B tabmumne 4.16 mpuBeneHa dopma pacuéra OCHOBHOW W JOMOJHHUTEIHHON

3apabOTHOM TIIAThI
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Tabnuia 4.16 — 3apabotHas miata ucnonauteneit HTU

3apaboTHas 11ara PykoBoutenn MaructpaHt
OcHoBHas 3apriaTa 455146,9 83809,7
JlomomHATEIBHAS 3apIliaTa 59169,1 10895,3
Hroro no craree Csy 514316,0 94705,0

Omuucnenuss Ha coyuanvHvle HyHcOvl. CTaThs BKIIOYAET B ce€0s OTYUCIICHUS
BO BHEOIO/KETHBIE (DOHIBI.

C

6HeO

= }%ene6 ) (:3

OCH

+35) (4.9)

rie K . —KO3(pQOUIIMEHT OTUYMCIICHUS BO BHEOIOKETHBIC (DOH/IBI.

6He0
Ha 2014 r. B coorBeTcTBNM ¢ PeaepanbHbIM 3aKk0HOM OT 24.07.2009 Ne212-03
YCTAHOBJIEH pa3Mep CTPaxoBbIX B3HOCOB paBHbIN 30%. CTUnNEHIUATBbHBIN BBIIIATHI
CTYyJIEHTaM, MarucTpaM U aclupaHTaM He 00JIararoTCsi HaJOTOM.

OTuncnenns Ha COIMabHBIE HY>K/IbI COCTABIISAIOT:

C. .. =0,3-(455146,9 +59169,1) =154294,8 pyo.

6HeO

Haxnaouwie pacxoowi. Pacuer HakIaIHBIX PacXo10B MPOBENH IO CJICIYIOMICH

bopmyie:
C _=0,8-(455146,9+59169,1) = 411452,8 pyo.

HAK

Taxkum o6pa3zoMm, 3arparbl mpoekTa coctaBiaser 1318161 py6., koTophie
npuBeeHbI B Tabuie 4.17.

Tabnuna 4.17 — 3aTpaThl HAyYHO-HCCIEOBATENBCKON pabOThI

3arpaThl Ha BUJ HCCIEA0BaHus, pyo
3arpathl 1O CTaThsIM JHanHoe Anaor
UCCIICIOBAaHUE
1 Ceipbe, MaTepHualibl (32 BBIYETOM BO3BPATHBIX 3552 4124
OTXOJIOB), MOKYIIHBIE U3/eNUs U NonyhaOpuKaThl
2 CrienuaibHOE 000pyIOBaHHE JIJISI HAYYHBIX 139840 147200
(3KCIIepUMEHTAIIbHBIX) Pa0bOT
3 OcHoBHas 3apaboTHas mjara 538957 555678
4 JlonosnHuTENbHAS 3apaboTHAs IJ1aTa 70064 72238
5 OTuuncaeHus: Ha COLIMAIIbHBIE HYXK/IbI 154295 188375
6 Haknannble pacxompl 411452,8 502333
Hroro nnanoBasi ce0ECTOUMOCTD 1318161 1469948
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4.4.10pranu3auMoOHHAsi CTPYKTYPa NMPOEKTA

JIaHHBIM [POEKT INPEACTAaBICH B BHUJAEC [POCKTHOW OPraHU3alMOHHOMN

CTpyKTypbl. [IpoekTHass opraHuzalnuMoHHasi CTPYKTypa IMpOEKTa IMpeACTaBlIeHAa Ha

pucyske 4.3.
[Ipencrasiutens Pyxosomut e1s Mpeacrasurenu
3AKAYHKA (KIIHEHT) NPOeKTa NOAPAYHKA
I
«KomaHm» npoekTa,
obeqreunBaoUAL
KOOpIMHALEO pabor
TIO MIPOSKTY
SKcy-
3ambices T30 IIpoext Konrpaxt Peamizaunz
Hem Kouxype (Topri) 3aeepiuesne

KOMMYHHKAITHSM CO CTOPOHBI YYaCTHHUKOB IpoekTa (Tabmuia 4.18).

Pucynok 4.3 — [IpoexTHas cTpyKTypa mpoeKTa

4.4 2111an ynpaBJjieHHsI KOMMYHUKAIMAMHU MPOEKTA

Inan

yIpaBICHUS

KOMMYHHKaAIIUAMU

OTpa)xactT

Tabmuma 4.18 — Ilnan ynpaBieHUs] KOMMYHHUKAITASIMHU

TpeOOBaHUS K

No Kaxkasn Kro Komy Koraa
. /;1 nHpopMarus nepeaaer nepenaeTcs nepenaer
nepeaaeTcs nHbopmaIuio nHpopManus nHpopMaIuio
Hcnonaurens PykoBonureinto Exenenensno
1. Cratyc npoekra
MIPOCKTA MIPOCKTA (mMOHEIeTTbHUK)
Oo6mMmen undopmarueii o
(bopmary Hcnonaurens PykoBonureinto Exenenensno
2. TEKYIIEM COCTOSIHUU
MIPOCKTA MIPOCKTA (nsATHULIA)
MpOEKTa
He no3xe cpokoB
3 JIokyMeHTBI 1 Hcnonnurens PykoBonurento IpadHKOB ¥ K
' nH(OpMALIHS TIO TIPOEKTY MIPOEKTa MIPOEKTa p )
TOYEK
He no3xe nas
4 O BBINIOTHEHUH HUcnonunrens PykoBoaurento KOHTPOJIBHOTO
' KOHTPOJIbHOW TOYKHU MIPOEKTa MIPOEKTa COOBITHS 10 TIIAHY
YOPABJICHUS
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4.4.3PeecTp pHCKOB NPOEKTA

NnenTuduurpoBaHHble PHUCKHA NPOEKTa BKIIOYAIOT B C€e0sS BO3MOXKHbBIE

HCOIIPECACIICHHBIC CO6BITI/I$I, KOTOPBIC MOI'yT BO3HHKHYTb B IIPOCKTC W BLI3BATH

MOCJIEICTBUS, KOTOPhIE MOBJIEKYT 3a cOO0M HexenarenbHble 3 exTsl. MHbopmanuo

[0 JaHHOMY pa3jiesly HeoOX0IUMO CBecTH B Tabmuiy 4.19.

Tabnuua 4.19 — Peectp puckos

BepositHocTs | BnusiHue CrniocoOsl
YpoBeHb YcenoBus
Ne Puck HacTyrieHust | pucka (1- % CMATYEHUS
pHcKa HACTYTUICHHSI
(1-5) 5) pHcKa
OrpanuueHus IIpuBneyenue OTtcyrcTBUE
1 Ha JKCIIOPT 2 5) Husknit WHOCTPaHHBIX Hay4HOU
TEXHOJIOTUHU WHBECTOPOB HOBH3HBI
3anpoc
HecBoeBpemen P
HOE (unarncosoro OtcyrcTBHE
2 3 5 Cpemumii | obecrieueHus co
(uHaHCOBOE HMHBECTOPOB
CTOPOHBI
obecrnieueHue
YHHUBEPCHTETOB
3aKIroyeHue
OtcyrcTBHE KOHTpPAaKTa C
cripoca Ha HII3 na OrcyrcTBHE
3 HOBBIC 2 5 Huzkuii | mpenocTaBieHue | pe3yabTaToOB
TEXHOJIOTUU 00OpyIOBaHUS | HCCIIEAOBAaHUS
MPOU3BOJCTBA 10 CHIDKCHHOU
LICHE
4.5 Onmnpepaesienue pecypcHoil (pecypcocOeperawineii), ¢GuHAHCOBOI,

0I0/I’KETHOM CONMAJIbHON M IKOHOMUYECKOH 3(p(peKTUBHOCTH
4.5.10ueHka a0coa0THOMH 3(PPeKTUBHOCTH HCCIIEIOBAHUSA

B OCHOBe TMPOEKTHOrO TOAXOAa K WHBECTHUIIMOHHOW JEATCIHHOCTH
NPEIIPHUITHAS JISKUT TMPHUHIAI JIEHEKHBIX MOTOKOB. OCOOCHHOCTBIO SIBIISIETCS €T0
MPOTHO3HBIM M JOJITOCPOYHBIN XapakTep, MOITOMY B NPUMEHSIEMOM IOAXOJE K
aHanMM3y YYHUTHIBAIOTCS (akTtop BpemeHu W (aktop pucka. [Ins onenkm oOmien
IKOHOMUYECKOI 3()(HEKTHBHOCTH HCITOB3YIOTCS CIIEAYIONINE OCHOBHBIE TIOKAa3aTeIH:

e gucTas Tekymias croumocth (NPV);

e wunaekc goxoguoctH (Pl);

e BHYyTpeHHss crtaBka nqoxonHoctu (IRR);
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e cpok okynaemoctu (DPP).

Yucmas mexywas cmoumocmv (NPV) — 3T0 mokazaTeinb SKOHOMHUYECKOM

3¢ (PEKTUBHOCTH HMHBECTULMOHHOTO MPOEKTa, KOTOPBIA PACCUUTHIBAECTCS MYTEM

AUCKOHTHPOBAaHUSA

(mpuBeneHUs K

TEeKYyIIEH

CTOMMOCTH,

T.C.

Ha MOMCHT

I/IHBGCTI/IpOBaHI/ISI) OXHNOacMbIX JCHCKHBIX IIOTOKOB (KaK JOXO0O0B, TaK U paCXOI[OB).

Pacuér NPV ocymectBisiercs no cieayromieit popmye:

" YTl

NPV =)’

= (L+i) ’

ont

rne  YJI1 — x03h(HUIUEHT OTYUCICHNS BO BHEOIO)KETHBIE (DOH/IBI;

|0— Pa30BbIC HHBCCTUIINH, OCYIICCTBIISICMBIC B HYJICBOM I'O1Y,

t — Homep 1ara pacuera (t=0, 1, 2 ...n);

N — rOpU30HT pacyeTa,

T CTaBKa

AUCKOHTUPOBAHHUA

UHBECTUPYEMBIX CPEJICTB).

(>xeymaemblii

YPOBEHb

(4.10)

JIOXOQHOCTH

Pacuér NPV mnosBossieT cyauTh O I1e7ec000pa3HOCTH WHBECTUPOBAHUS

nenexHbIx cpenacts. Eciiu NPV>0, To mpoekT oka3biBaeTcst 3 (PeKTUBHBIM.

Pacuer uncToit Tekymiei croumocty npeacTtasieH B Tabi. 4.20. [Ipu pacuere

peHTabenbHOCTh poekTa cocTaisiia 20-25 %, nopma amoptuzanuu — 10 %.

Tabmuma 4.20 — PacdeT uncTol TEKyIIe CTOMMOCTH TI0 MPOEKTY B IIEJIOM

Ne HaumenoBanue [IIar pacuera
- moKasarejen 0 1 2 3 4
1 | Beipyuxa Olfyl%eaﬂma“““’ 0 1647701 | 1647701 | 1647701 | 1647701
2 WIToro puTOK, pyo. 0 1647701 | 1647701 | 1647701 1647701
3 I/IHBeCTI/II_[I/IOHHHe '1318161 O O O 0
W3JIEPKKH, PYO.
4 | OmCpauMOHHEIC 3aTPaTHL, 0 461356 | 461356 | 461356 461356
py6. (35% ot Gromxkera)
5 Hanoroo6naraemas 0 1186345 | 1186345 | 1186345 1186345
npuoObLTE( 1-4)
Hamoru 20 %,
6 oy6.(5%20%) 0 237269 | 237269 | 237269 237269
g | ‘Incras npng;,mb, py6.(5- 0 049076 | 949076 | 949076 949076
YucThIf TeHEKHBIN ITOTOK
9 (Y1), py6.(uucras -1318161 | 1080892 | 1080892 | 1080892 1080892
npuObLIbG + aMOpTH3ALHMSA)
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[Iponomxenue Tabnuus 4.20

Koadduunent
10 JTVCKOHTHPOBAHHUS TIPU 1 0,833 0,694 0,579 0,482
iI=20% (KJI)
YucTeii
1 JMCKOHTUPOBAHHBIN
neHexHeit motox (Y1),
py0.(9*10)

12 > YU, pyb. 2796268
13 Uroro NPV, py6. 1478107

-1318161 | 900383 | 750139 | 624756 520990

NPV =2796268 —-1318161=1478107 py6.>0

Koagpgpuyuenm ouckonmuposanus paccuutas no Gopmysie:

1
- (4.11)
nal (L+i)
rae i — craBka auckoHtuposanus, 20 % (10%);

t — mar pacuyera.

Takum oOpa3zom, uyucTas TeKyllas CTOMMOCTb IO TIPOEKTYy B IIEJIOM
coctanisier 1478107 pybiieit, uTo mo3BoIseT CyAuTh 00 ero 3d(PEeKTUBHOCTH.

Hnoexc ooxoonocmu (Pl) — mnoxasarenb 3()(HEKTHBHOCTH HWHBECTHIINH,
NPEJICTABIISIONINI CO00M OTHOIIEHUE JTUCKOHTHPOBAHHBIX JOXOJOB K pasMepy
WHBECTUIIMOHHOTO  KamuTana. JlaHHBIA T[OKa3aTeNlb TO3BOJIAET  OIpPEACNIUTh
WHBECTHITMOHHYIO 3(P(EKTUBHOCTh BIIOKEHMM B JaHHBIA TpoekT. MHaekc
JIOXOJTHOCTHU PACCUUTHIBAETCS IO PopMmyIie:

" L,
2

p = = @+i) 4 (4.12)

ly
rae  YJ[J] — 9ucThlii IEHEKHBIN TTOTOK, pYO.;

| ,— HauaNbHBIN MHBECTULIMOHHBIN KamuTal, pyo.;
Takum oOpazom, Pl 1 1aHHOrO MpOEKTa COCTABIISIET:

oy 2196268 _
1318161

Tax kak Pl >1, To mpoexrt siBnsiercst 3 PeKTUBHBIM.
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Buympennsisa cmasexa ooxoonocmu (IRR). 3HaueHue CTaBKH, MPU KOTOPOM

oOpaiiaercsi B HyJlb, HOCUT Ha3BaHUE «BHYTPEHHEW cTaBKU noxogHocTw» uiau IRR.

dopmanbHOE ONPENCICHUE «BHYTPEHHEW CTAaBKU JTOXOJHOCTH) 3aKIIIOYAETCS B TOM,

4TO 39TO Ta CTaBKa AWCKOHTHPOBAHUA, IIPpU KOTOpOﬁ CYMMBI AWCKOHTHPOBAHHBIX

IMIPUTOKOB JACHCKHBIX CPCACTB paBHbI CYMME AUCKOHTHPOBAHHBIX OTTOKOB HJIN =0.

[lo paznoctu mexny IRR u craBkodl NHCKOHTHPOBAHUS 1 MOXHO CYAMTH O 3amace

AKOHOMUYECKON MPOYHOCTH WHBECTUIIMOHHOTO TpoekTa. Yem Ommke IRR k craBke

AUCKOHTHUPOBAHUA i, TeM OOJIBIIIE PUCK OT HHBCCTUPOBAHHUS B I[aHHBIﬁ IMPOCKT.

Mexnay uuctoit Tekymei crouMoctbio (NPV) u cTaBkod NHCKOHTUPOBAHUS

(1) cymecTByeT oOpaTHasi 3aBUCUMOCTb. JTa 3aBUCUMOCTh MPEJICTaBICHA B TaOIuUIIE

4.21 n na pucyske 4.3.

Tabnuua 4.21 — 3aBucumocts NPV OT cTaBKU TUCKOHTUPOBAHMS

Hanmenosanue

N noKazares 0 . 2 3 4
NPV,
Huctsie
1 JICHEXKHBbIE -1318161 | 1080892 1080892 1080892 1080892 pyo.
ITOTOKH, pyO.

2 KoahduimeHT TUCKOHTHPOBAHUS
0,1 1 0,909 0,826 0,751 0,683
0,2 1 0,833 0,694 0,578 0,482
0,3 1 0,769 0,592 0,455 0,35
0,4 1 0,714 0,51 0,364 0,26
0,5 1 0,667 0,444 0,295 0,198
0,6 1 0,625 0,39 0,244 0,153
0,7 1 0,588 0,335 0,203 0,112
0,8 1 0,556 0,309 0,171 0,095
0,9 1 0,526 0,277 0,146 0,077

1 1 0,500 0,250 0,125 0,062

3 JIMCKOHTHPOBaHHBIN AEHEXKHBIHN IMOTOK, PYO.
0,1 -1318161 982531 892817 811750 738249 | 2107186
0,2 -1318161 900383 750139 624756 520990 | 1478107
0,3 -1318161 831206 639888 491806 378312 | 1023051
0,4 -1318161 771757 551255 393445 281032 679327
0,5 -1318161 720955 479916 318863 214017 415590
0,6 -1318161 675558 421548 263738 165376 208059
0,7 -1318161 635565 362099 219421 121060 19983
0,8 -1318161 600976 333996 184833 102685 -95672
0,9 -1318161 568549 299407 157810 83229 -209166
1,0 -1318161 540446 270223 135112 67015 -305365
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Pucynok 4.4 — 3aBucumocts NPV OT cTaBKM THUCKOHTUPOBAHUS

N3 Tabmumel u Tpaduka ciemyer, dYTO MO MEpPEe pPOCTa CTaBKH
JUCKOHTHUPOBAHUS ~ YUCTasi TEKyllas CTOMMOCTh  YMEHBUIIAETCS, CTAaHOBSCH
OTpUIIATEIbHONU. 3HaUE€HUE CTaBKH, Mpu kotopoir NPV obpamiaercs B HyNb, HOCUT
Ha3BaHHE «BHYTPEHHEH CTaBKH JOXOJIHOCTH» WM «BHYTPEHHEH HOPMBI MPUOBLIN.
N3 rpaduka nonyuaem, uro IRR cocrasnser 0,71.

3amac sKoHOMHUuecKoi npounocty npoekTa: 1% —20%=51%.

Lluckonmuposgannsiii cpox okynaemocmu. Kak oTMedalioch paHee, OJHUM M3
HEJOCTAaTKOB IOKa3aTelis MPOCTOT0 CPOKa OKYNAEMOCTHU SABJISIETCS UTHOPHUPOBAHUE B
IPOLIECCE €r0 pacyeTa pa3HOW LHEHHOCTH JIEHET BO BPEMEHHU.

DTOT HENOCTAaTOK YCTPAHSETCA MYTEM OMNpPEAECICHUs IHUCKOHTUPOBAHHOIO
CpOKa OKynaemocTH. To €CTb 3TO BpeMs, 3a KOTOPOE JIEHEKHbIE CPEICTBA JTOJKHBI
COBEPIIUTH 000POT.

Haubonee npuemieMbIM METOJOM YCTAHOBIICHUS JUCKOHTHPOBAHHOTO CPOKA
OKYIIA€MOCTH SIBISETCS pacueT KyMYJSTHBHOIO (HApaCTAOIIMM MTOIOM) JIEHEKHOTO
noroka (tabmwma 4.22).

Tabnuna 4.22 — JIuCKOHTUPOBAHHBIN CPOK OKYITaeMOCTH

IITar pacuera
Ne | HammenoBanue nokazaTens 0 1 5 3 7]
JIMCKOHTUPOBAHHBIN

1 | uucTeIil feHexHbIN OTOK (| -1318161 900383 750139 624756 520990
i=0,20), py6.

p |  TooKeHapacTaiommM | 318161 | 417778 | 332361 | 957117 | 1478107
UTOTOM, pPYO.

3 JIMCKOHTUPOBAHHBIN CPOK DPP. =1+ 417778 —1.56 200a
OKYyIIaeMOCTH dex 750139 ’
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Coyuanvras 3¢pgexmusHocms HaAY4HO20 NpPOeKmAa YUUTHIBACT COIMAIBHO-
HKOHOMHUYECKHE TMOCIEJCTBUS OCYIIECTBICHHS HAYYHOTO NMPOEKTa I OOIIecTBa B
[EJIOM WU OTICNbHBIX KaTerOpud HACENCHHWW WM TPYII JIMI, B TOM YHCIE Kak
HETIOCPEICTBEHHBIC PE3YJIbTAThI IIPOCKTA, TAK U «BHEIIHUE» PE3YJIbTAThI B CMEKHBIX
CEKTOpax SKOHOMHUKH: COIMAIbHBIC, SKOJIOTUYECKAE M WHBIC BHEIKOHOMHUYCCKUE
ekt (Tadbmuna 4.23).

Tabnuua 4.23 — Kpurepuu counanbHoil 3 heKTUBHOCTH

A0 IOCJIE
Bosnbimoe conepskanue coneit B HeTH, TosapHast He(Tb, yTOBIETBOPSIOIAS
HECOOTBETCTBHE TOBAPHOMY BHlY tpedoBanusim 'OCT

[TocTostHHOE MPOBECHUE TOPOTOCTOSIIUX
OKCIICPUMCHTOB IJId BBIABJICHUA Hanobosee
MOJIXOIAIIUX TTAPAMETPOB MpoIiecca

HccnemoBanue mporiecca Ha MaTeMaTHIECKOM
MOICITTH

4.5.20ueHKa cpaBHUTEIbHON 3P PeKTUBHOCTH UCCIETOBAHUSA
WNuTerpanbHblil GpUHAHCOBBIN MOKa3aTENb pa3pabOTKU OMpeaessieTcs Kak:

ucni cDpi
d)uﬂp:@ : (4.13)

max

Tae |, — MHTerpaibHbli ()MHAHCOBBIA MOKA3aTeNb Pa3paboTKHy;

@,; — CTOMMOCTb i-TO BApPHAHTA MCTIOTHEHNUS;

D « — MaKCHMaJIbHasi CTOMMOCTD UCIIOJIHCHUA HAYyYHO-HCCIICAOBATCIbCKOI'O

m
IIPOCKTA.
HNHuTerpanpHbIi TOKazaTeb pecypcoddHEKTUBHOCTH BaPUAHTOB HCIIOTHEHUS
00BEKTa UCCIETOBAHNS MOKHO OIIPEICIIUTH CICIYIOMHUM 00pa3oMm:

Ipi :Zai 'bi, (414)

rae | ; — MHTErpaibHbIi MoKasaresb pecypcodhGeKTUBHOCTH s 1-r0 BapuaHTa

UCIIOJTHEHUS pa3paboTKH;

8, — BecOBOM K03()PUIMEHT 1-TO BapUaHTa UCTIOJIHEHUS pa3paboTKu;
b®,bP — GanbHas OLEHKA 1-T0 BapuaHTa UCIIOJIIHEHUS Pa3padoTKy;

N — 9uca0 mapaMeTpoOB CPaBHECHUS.
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Pacuer wmHTErpanpHOro IokasaTeilsi IPOBOAWICS Ha OCHOBAHUM JaHHBIX,
MPEICTABICHHBIX B Ta0IMUIE 24.
| =03-5+02-5+0,2-5+0,15-5+0,15-5=5
| =035+02-4+0,2-4+0,15-4+0,15-5=4,45

Tabnuua 4.24 — CpaBHUTENbHAs OLIEHKA XapAaKTEPUCTUK BapUAHTOB HMCIOJIHEHUS

MIPOEKTOB
| OOBbeKT nccneroBaHus Becosoit Texymuit
Kpurepun KO3 UITUEHT Amnanor 1
MPOEKT
napamerpa

1. AnekBaTHOCTH pa3pabOTKH 0,3 5 5
2. YHUQHUIHPOBAHHOCTH 0,2 3) 4
3. YHHBEpCaIbHOCTH 0,2 5 4
4. TlpoctoTa npuMeHeHus 0,15 5 4
5. Hapexnocts 0,15 5 5
Uroro 1 25 21

Wurterpanpupiii  mokazatenb 3(Q@PEKTUBHOCTH  BAPUAHTOB  HUCIIOTHEHHS

paspa6otku (l,,,) ompemensercs Ha OCHOBaHHH HWHTETPAIBHOIO IOKA3aTelNs

pecypcodPpdeKTUBHOCTH U UHTErPATbHOTO (DMHAHCOBOTO MOKa3aTess 1o ¢hopmyiie:

_ " p-ucnl __ " p-ucn.2
Iucn-l - I ucenl ! Iucn-Z - I ucn.2 ! (415)
Gunp Qunp

CpasHuresnbHas 5QEKTHBHOCTH IPOeKTa (3,

!
3, =7+, (4.16)

ucn.2

Tabnuna 25 — CpaBuutenbHas 3GHEKTUBHOCTh pa3padOTKu

[Toxazartenu PazpaboTtka | Anauor I
1. HuTerpanbHblii GPMHAHCOBBIN MOKa3aTeb Pa3pabOTKH 0,90 1
2. VHTterpanpHblii MoKaszareiab pecypcodhdHeKTUBHOCTH 50 445
pa3paboTKu ' '
3. HWuTerpanpHbli okaszarenb 3PPEeKTUBHOCTH 5,95 4,45
4. CpaBHuTtenpHas 3p(heKTUBHOCTh BAPUAHTOB MCIIOJHEHMS 1,25 0,80

4.6 BbIBOABI MO pa3jeny

CpaBHeHHE 3HAUYEHM  HMHTErpalibHBIX  MoOKazaTenel  3P(heKTUBHOCTH

MO3BOJIIET MOHSATh, UYTO pa3paOOTaHHBIN BapHaHT MPOBEJCHUS MPOCKTA SIBISETCA
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HanOosee dS(PQPEeKTUBHBIM MPU PELIEHUU T[OCTABJIEHHOM B  MarucTepcKkom
JUCCePTAllMM TEXHUYECKOM 3aJauyd C NOo3UMUuM (UHAHCOBOM M  pecypcHOU
3 PeKTUBHOCTH.

B xone BbllonHeHust pasznena (UHAHCOBOIO MEHEKMEHTa OIpeeieHa
yuctass Tekymas croumocTb, (NPV), paBnas 1478107 py0.; MHIEKC NOXOJHOCTH
Pl =2,12,BuyTpennsis ctaBka poxogHoctd IRR=71%, cpok oKynaeMocTu

DPP,. =1,56 co0a.
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5 ConuajibHasi 0TBETCTBEHHOCTD

OkcnepuMeHTanbHasg yactb HU paboThl ocyiecTBisgach Ha NEPCOHATBHOM
kommbtoTepe (IIK) mpu pabore ¢ paznuyHbIMH MPOTPAMMHBIMU OOECTIEUEHUSIMH B
OTJEJICHUN XMUMHUYECKOW MH)KeHepUH TOMCKOro MOJUTEXHMYECKOTO YHHMBEPCHUTETA.
Pabouas 30Ha mpeacTaBisieT co00M ayauTOpUIO0, 00OPYTOBAHHYIO MEPCOHATBHBIMU
KOMITIbIOTEpaMH B KOJHM4YecTBE 13 mIT, cucTeMamMu OTOIUIEHUS, KOHAUIIMOHUPOBAHUS
BO3/lyXa, ECTECTBEHHbIM (2 OKHAa) M MCKYCCTBEHHBIM OCBelleHHMeM. Takxke B
ayIUTOPUM HAXOJUTHCS anTeuka MEepBOM MEAMIIMHCKON IMOMOIIH, YTJIEKUCIOTHBIN
OTHETYIIMTENb JJs TylmeHus mnoxapa. Pabouee MecTto — CTallMOHApHOE,

000pyA0BaHHOE KOMITBIOTEPOM.

5.1 IlpaBoBble W  OpraHU3alMOHHbIe  BONPOCHI  oO0ecreYeHUs

0€30MaCHOCTH

5.1.1CneunanbHbie (XapakTepHble JJIs1 MPOEeKTHPYeMOH pado4eil 30HbI)

NpaBoOBble HOPMbI TPYIOBOI0 3aKOHOAATEJIHCTBA

Cornacao TK P®, N 197-®3 kaxapiii pabOTHUK UMeeT mpaBo Ha [25]:

—  pabodee MECTO, COOTBETCTBYIOIIEE TPEOOBAHUSIM OXPaHbI TPYA;

—  o0s3aTeNbHOE COLMANLHOE CTPAXOBAaHME OT HECUYACTHBIX CIIy4aeB Ha
IIPOU3BOICTBE U MPO(HECCHOHAITBHBIX 3a00JIEBaHUIA;

—  OTKa3 OT BBINOJHEHUS padOT B cllydyae BOSHUKHOBEHHUS OIMACHOCTH JIJIS
€ro KU3HU U 3]I0POBbS BCIICJICTBUE HAPYIICHUS TPeOOBAaHUHN OXpaHbI TPY/a,

—  UCKIIOYEHHEM CITydaeB, MPEAyCMOTPEHHBIX (ellepaibHBIMU 3aKOHAMH,
110 YCTpaHEHHs TAaKOM OMaCHOCTH;

—  o0ecrieueHue CpeICTBAMH WHIUBUTYATbHOW W KOJUICKTUBHOM 3aIlIUTHI 32
CYET CpelcTB paboToaaTes;

— oOydeHme O€30IMacHBIM METOJIaM W TpHeMaM TpyAa 3a CUeT CPEJCTB

paboToaarens;
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—  BHEOYEpPEIHOM MEIUIMHCKUUA OCMOTpP C COXPaHEHUMEM 3a HUM MECTa

paboThI (HOKHOCTH) U CPEAHErO 3apaboTKa.

5.1.20pranuzanuoHHble MEPONIPUATHS NPH KOMIIOHOBKe padoyeii 30HbI

OnuuM u3 HakTopoB KOMPOPTHOCTH paboueit cpebl SBISACTCS OpraHU3aIUs
pabouero mecra.

PabGouee Mecto nomkHO cooTBercTBOBaTh TpeboBanusim ['OCT 12.2.032-78
[26]:

1. Konctpykuueit pabouero mecta JOMKHO ObITh 00€CIeUeHO BhITIOJHEHUE
TPYJOBBIX ONEPALUA B MPEAesax 30Hbl TOCATAEMOCTH MOTOPHOTO TOJIS.

2. KoHcTpykuuel mpou3BOJCTBEHHOTO O0OpYAOBaHHS M paboyero mecra
JOJKHO OBITh 00ECreYeHO ONTUMalIbHOE TMOJ0XKEeHHe padoTarolero, KOoTopoe
JIOCTUTAETCSl  PETYJIMPOBAHMEM: BBICOTHI paboyell MOBEPXHOCTH, CHACHBS U
OPOCTPAHCTBA [IJII HOT; BBICOTHI CHUJIEHbS W TOJCTaBKM [JIsi  HOr (IIpuU
HEPETyJIUPYEMOii BHICOTE paboyeii MOBEPXHOCTH).

3. KoHCcTpykumst  peryaupyemMoro  Kpeciia  omeparopa  JOJDKHA
cootBeTcTBOBaThH TpeOoBanusM ['OCT 21889—76.

4, ®opmy pabouell MOBEPXHOCTH PA3TMYHOTO OOOPYHOBAHUS CIIEIYET
yCTaHABIMBATh C YYETOM XapakTepa BbIMONHAEMOW paboTbl. OHa MOXKET OBITh
NPSIMOYTOJIbHOM, MUMETh BBIpE3 [JIsl KOpIlyca, paboTarolmero Wik yriayOJeHue s
HACTOJIbHBIX MAILIUH U T. 1.

5. TloacraBka [y1st HOT 1OJIKHA OBITH PEryIHPYyEeMOM O BBICOTE.

6. B momemeHun AOMKEH OBITh OPraHU30BaH BO3AYXOOOMEH. ITO

OCYIHICCTBIACTCA C IIOMOIIBIO BECHTUJIALIMU.

5.2 Tlpou3BoacTBeHHAasi 6€30NMACHOCTH

UccnenoBanre  MOAENMpPOBAHMS  MPOLIECCOB  KamieoOpa3oBaHHs — IPHU
MIPOMBICIIOBO MOJTOTOBKE HEYTHU MOXKET CO3/1aTh BPEHBIE U OMACHbIE (PAKTOPHI AJIs

pabOTHUKOB HCCleI0BaHus. B nmpeacTaBieHHOM HUXKe TaOIuIe MOKa3aHbl BPEIHbIE U
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omacHble (PaKTOpPHI, KOTOPBIE MOTYT TOBIHITH HAa PAOOTHHKOB TIPH TPOBEICHUU
uccienoBanus [27].

Tabmuma 5.1 — Bo3moxusie onacubie U Bpeanbie daktopsl o 'OCT 12.0.003-2015
CCBT [28]

Oransl paboT
o =
2|
DakTopsl S = HopmatuBHbIE JOKYMEHTBI
g 2
M

1. OrcyrctBUE WIM HEIOCTaTOK CIT 52.13330.2016 EcrectBeHHoe u
HE00XOIMMOTO €CTECTBEHHOTO U + + HCKYCCTBEHHOE OCBEIIICHHE.
HUCKYCCTBEHHOTO OCBEILEHUSA Ha AxrtyanusupoBanHas peaakuust CHull
pabouem mecre [29,30]. 23-05-95.

2. TloBBIICHHBII  ypPOBEHB u I'OCT 12.1.003-83 «Cucrema
npyrue HeOIaronpusiTHbIE + CTaHAapToB  0e30macHOCTH  Tpyna.
XapakTepucTuku nryma [31]. [ym. OO6mme TpeboBaHUs

0€30MacHOCTI

3. Topaxenne AIIEKTPUUYECKUM 'oCT P 12.1.019-2009 Cucrema
tokoM [32]. CTaHIApTOB  0OE€30MacHOCTH  Tpyaa

+ (CCBT).
DNeKTpoOe30MacHOCTb. O061mue
TpeOOBaHUST M HOMEHKJIaTypa BHJIOB
3aIUTHL.

4. OTKIOHEHHE roKasaTeJen CanlIuH 2.2.4.548-96 "I'urnennueckue
Mukpokiaumara [33]. + + TpeboBaHUs K MHUKPOKIIIMATY

MIPOU3BOJACTBEHHBIX MOMEIIICHUI".

5. TloBbIIeHHBIN YPOBEHb I'ocTt 12.1.006-84 CCBT.
AJIEKTPOMArHUTHBIX U3JIy4eHUN «OIeKTpOMarHUTHbIE HoJIst
[34]. pamunoyactor. OOmme  TpeGoBaHUsA

0e30MacHOCTH.

5.2.1AHanu3 ONACHBIX U BPEAHBIX NPOU3BOJACTBEHHBIX (PAKTOPOB

5.2.11 OTcyTcTBHE MJIM HEJOCTATOK HEOOXOAUMOIr0 €CTeCTBEHHOIO H

HCKYCCTBCHHOI'0 OCBCIICHUA HA paﬁoqu MeCTe

HMCTOYHMKOM BO3HUKHOBCHUS HEOOCTaTKa CCTCCTBCHHOI'O CBC€Ta MOXKCT
CIY>XUTb HCAOCTATOYHOC KOJIMYCCTBO OKOH H CBCTOIIPOCMOB. HcTtounnkom
BO3HHMKHOBCHHUA HCAOCTAaTKAa MCKYCCTBCHHOI'O CBE€TA MOXKCT CIYKUTb OTAAJICHHOCTD

OCBCIICHHUA OT pa6oqer0 MCCTAa, HCBO3MOKHOCTb YIIPABJICHHUSA CBCTOBBIM IIOTOKOM,
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nepenaabl HaNpsHKEHUS CETH, MUTAIOIIEH OCBETUTENbHbIE NMpuOopbl. Bo3zaeiicTBue
(akTopa HeIOCTaTKa CBE€Ta HAa OpPraHU3M 4YeJOBEKa MOXKET NpPOSBIATHCS B
VXYALIEHUH 3pUTENBHOTO0 (YHKIMOHUPOBAHUSA, BO3JACHCTBUM HAa ICUXUKY H
AMOLMOHAIBHOE COCTOSIHUE YEJIOBEKA, BBI3BIBAHUMU YCTAJIOCTH LEHTPAIBHON HEPBHOM
cuctembl. JlomycThMble HOPMBI OCBELIEHHOCTH pabOyero MOMELIEHUsI COIIACHO
I'OCTy P 55710-2013: 3HaueHHME OCBEHIEHHOCTM B 30HE HEMOCPEACTBEHHOIO
OKpyXkeHusi cocrtasisieT He MeHee 500 JIK; paBHOMEPHOCTb OCBEILEHHOCTU
cocrapisieT He MeHee 0,60; 00beJMHEHHBII NTOKa3aTeNlb TUCKOM(pOpTa COCTABISET HE
o6onee 19; kodpPuIMEHT OCBEIIEHHOCTH He JoibkeH mpesbimate 10 %. s
MUHUMU3AIUN BPEIHOTO BO3JEHCTBUSA OCBELIEHHOCTH HEOOXOAMMO MpuoOpeTaTh
JIOTIOJTHUTENIbHBIE  CBETWJIbHUKHM,  HMCIOJIb30BaTh  JIaMIlbl, padoTampmue  OT

nepeMeHHoro Toka yactotoi 400 I'ty u Beimre [28].

5.2.1.1.1 Pacuer HCKYCCTBEHHOI0 OCBEIEHUS

HcTouHMKHM cBeTa, MPUMEHSIEMbIC JIJIT HCKYCCTBEHHOTO OCBEIICHHMS, ACIIAT Ha
JBE TPYIMIBl - Ta30pa3psjHbIC JIaMIIbl M JIaMIbl HakajauBaHus. s oOmiero
OCBCIIICHHMSI, KaK MPABUJI0, IPUMEHSIOTCS Ta30pa3psIHBIC JIAMITBI KaK YHEPreTHYCCKU
Oojiee IKOHOMHUYHBIE W OOJajaromue OOJBIIUM CPOKOM ciyObl. HamGonee
pacnpoCTpaHEHHBIMHM SBIISIOTCS JIIOMHHECIICHTHBIC JIAMITBI. B ydeOHBIX ayIuTOpHsX,
3pUTEIbHBIC PA0OTHI YaCTO OTHOCSITCS K IEPBOM rpyIine paboT Mo ocBenieHHocTH. U
3TO TOBOPUT 00 0CO00H BaKHOCTH KAYECTBCHHOT'O OCBECIICHHS B €€ CTEHAX, IOATOMY
B KayeCTBE MCKYCCTBEHHOT'O OCBCIICHUS 4Yallle BCEro, HCIOJB3YIOTCS JIAMIIBI
nHeBHOrO cBeta (JIXB).

Tabnuna 5.2 — OCHOBHBIE XapaKTEPUCTUKH JTFOMUHECIIEHTHBIX JIaMII

MoiHOCTB, BT Hanpsoxenue cetu, B CBeTOBOM MOTOK, JIM

15 127 700
20 127 880
30 220 1650
40 220 2300
65 220 3750
80 220 4250
125 220 -
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I/IHTGFpaJ'IBHBIM KpUTCpHUEM OITHUMAJIbHOCTU PACIOJOKCHUS CBCTUIIBHUKOB

L

ABJIs€TCS  BenuuuHa A =F,xapaKTepH3onmaﬂ HaWIydlllee  OTHOCHUTEIbHOE

paccTosiHUEe MEXIy CBeTWIbHUKaMu. B Tabnuie 5.3 mpuBeneHbl 3HAUYCHHS A IS
Pa3HBIX CBETUJIBHUKOB.

Tabnuua 5.3 — HauBbironneiiiee pacroyioxkeHHE CBETHIIBHUKOB

HaumenoBaHue cBETUIILHUKOB A
JlromuHectieHTHBIE ¢ 3amuTHOM pemerkoir OAP, OAOP, LIJIA, IO, 1,1-1.3
JlromuHectieHTHBIE Oe3 3ammTHOU pemerku Tunos JIJI, OO0 14
[IBJI 1,5
I'C, Jiq 1,6
VY, I1Y ¢ oTpakeHnem 1,8
M, ITY 6e3 oTpaxenus, miaapoHbI 2,3
C-4-]1PJ1 1,0

[Momemenue, ¢ pasmepamu: maauHa A=8m; mupuna B=4m; H =4 .
Beicora paboueit mosepxuoctd h  =0,8 x. YpOBEHb OCBELICHHOCTH B KabMHeTax
MH(GOPMATUKN U BBIYUCIUTEIBHON TEXHUKH JIOJDKEH COCTaBlATh He MeHee 200 k.
Koadpounuent orpaxxkenus cren R, =50%, noronka R, =70% (uucThlil, OETOHHBIN).
Koaddumment 3amaca k =1,5, koapduruent nepaBHomeproctn Z =1,1.

PaccuuthiBaem cuctemy 00IIETo JIIOMUHECIIEHTHOT'O OCBEIICHUS.

Bri6upaem ceetminbauku THa O/, A= 1,4.

[Mpunss h, =0,7 m,onpenenseM pacdeTHYIO BBICOTY:

h=H-h-h, A =4-0,7-0,8=2,5mu
Paccrosinue mexmy cBeTunbHUKaMu L ompenensercs:
L=1-h=14-25=35m
PaccrosiHne ot kpallHEro psiia CBETUIBHUKOB /10 CTEHBI:

L_35
3 3

KonuuectBo pAaIOB CBCTHJIBHHUKOB C JIOMUHCCUHCHTHBIMHM  JIaMIIaMH

=12m

omnpezaensercs mo gpopmyse:
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_2. 4—235j
Byt ( 3%, (5.1)

R TR
rac npﬂ() — KOJIMYCCTBO PsAOOB,

B — mupuHa nomeuenus, M;
L — paccTosiHUE MEXIY psiJaMU CBETHIIbHUKOB, M.

KonmmuecTBO CBETHIIBHUKOB C JIIOMUHCCIICHTHBIMU JIAMIIAMHU OIIPCACIIACTCA 110

dbopmyre:

2 _2,
(A‘s’L)_(S 3 3’5L3 (5.2

n
“" 1. +05  1,23+0,5

Tac nw— KOJIMYCCTBO CBCTUIIbHHUKOB B PAAY,

A — mMpUHA IOMEIICHUS, M;
L, — AJIMHA CBETHJILHUKOB, M.

O6Hlee KOJIMYECTBO CBCTHJIIBHUKOB C JIIFOMUHCCHOCHTHBIMHU JIaMIlaMHU B
TIOMEIIICHUH OTPEICIIAETCS 10 hopMyJIe:
N =n n =1-3=3wm.

pao 'lce

[TockonbKy JyIMHA MTOMEIIEHUS COCTABISET 8§ M, a CyMMa PAacCTOSTHUM MEXIY
CBE€THUJIIbBHUKAMHN U paCCTOHHI/Iﬁ OT KpaﬁHGFO piaga CBCTHIIBHUKOB JO CTCHBI
NPEBBINIAIOT  JAHHBIA  TapaMeTp IIOMCIICHHS, OBLJI0O TPHHATO  PCEIICHHE
CKOPPCKTHUPOBATH IMOJIYYCHHBIC 3HAYCHUA paCCTOHHI/Iﬁ JJISL OITHUMAJIIBHOTO
pasMCIICHUA CBECTUIBHUKOB B paCCMAaTPUBACMOM ITIOMCIICHUHU

—  pacCTOSIHUE MEXIY CBETHIIbHUKAMU IPUHUMAETCS] PaBHBIM § M;

- PacCTOAHUC OT KpaﬁHero psaga CBCTHUIIBHUKOB JO CTCHBI IIPHUHHUMACTCA

paBHBIM | M.
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&n
226 ch

4
/]
I

123 m

BN i

PI/IcyHOK 5.1 — Cxema pasMeICHUS CBETUJIIBHUKOB

HaXOI[I/IM HMHACKC ITIOMCIICHUA:

i S _ 32 1
(h-(A+B)) (2,5-(8+4))

Koaddunment ucnonszoBanus ceetoBoro notoka 7 =0,49.

OmnpenensieM MOTPEOHBIN CBETOBOM MOTOK JIAMIT B KAXKJIOM PSIY:

_E,-S-K,-Z 200-32-15-11
N, -7 6-0,49

) =1916,5

Bribupaem Ommkaiimyro cranmaptHyro jammy — JIXB 30 Bt ¢ cereBbiM

notokoM 1940 nm. [lenaem npoBEpKY BBITIOJTHEHUS YCIOBUSA:

@1 cmano _®Jl acu
-10% < ———= L2 .100% < +20%

J.CMAamo.

—10%<1,2% < +20%
OrnpenensieM 3JeKTPUUYECKYIO0 MOIIIHOCTh OCBETUTEILHON YCTAaHOBKU

P=30-40=1200 Bm

5.2.12 IloBbllIeHHBINT YpOBeHb U JApyrue HeOJaronpusTHbIE

XapaKTEePUCTHKH IIIymMa

[Tpu pabote ¢ 11K BO3MOXKHO MOSABICHUE HEPBHOTO HAMPSKEHUSI U CHUKEHUE
paboTocrnocoOHOCTH. VICTOUHUKYM IIyMa - IMPOLIECCOpP KOMIIbIOTEPA, 3JIEKTPOIAMIIbI,

CHUCTCMbI BEHTWIAIHNHN 1 OTOIIJICHUA.
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[IIym HeOnarompusTHO JEUCTBYIOT HA OpPraHU3M YEJIOBEKa, BBI3BIBAIOT
TOJIOBHYIO 0OJIb, MOJ| €r0 BIUSHUEM DPa3BUBACTCS PA3APaKUTEIBHOCTh, CHUXKACTCS
BHUMaHHE. Takke BO3MOKHO IMOSBICHUE TUINEPTOHUYECKOM WJIM THINOTOHUYECKOMN
00J1€3HU, Pa3BUTHIO PO(ECCUOHATBHBIX 3a00JIEBAaHUI — TYTOYXOCTH U TIIYXOTE.

Ha paGoromatene mneXUT OCHOBHas OTBETCTBEHHOCTh 3a oOOecleueHue
0e301acHOCTH MpHY BO3ACHCTBUU LIymMa HA paOOTHUKOB. MeponpusTUIMH O 3aLIUTE
OT IIIyMa B ayJIUTOPHUSIX SIBIISIOTCS:

®  TIPOCKTUPOBAHUE pabOYMX MECT C YUETOM JOIMYCTUMOIO YPOBHS PHUCKA; -
UCIIOJIb30BAHUE MAJIOLTYMHBIX MAIlINH;

®  CHOJIb30BaHWE MATEpPUATIOB M  KOHCTPYKUHH, MPENSTCTBYIOUINX
PacIpOCTpaHEHUIO IIIyMa W BHOPAIMHU, KOTOpas MOXKET OBITh MEpEeu3NiydeHa B BHUJIC
nyma;

®  KOHTPOJIb MPABUIBHOCTH MCIOJB30BAaHUSI CPEACTB HWHAUBUYaJIbHOU
3aIIMTHI OT IIYMA;

®  COCTaBJIEHUE KOMIUIEKCHBIX MPOTpaMM COXpPaHEHUs CiyXa paOOTHUKOB.

B cootBetcTBUU ¢ [31], ypoBeHb mIymMa Ha paboueM MecTe MoJib3oBaTesei
IIK ne momxHbl mnpeBblmaTh 3HaueHud S50 nbA. B momemnieHusx Bcex THUIIOB
o0pa3oBaTeIbHBIX YUPEXKICHUM, B KOTOPBIX J3KcIuryatupyrotcs [I9BM, ypoBeHs
BUOpaIMy HE JOJKEH IMPEBBIIATh JONMYCTUMBIX 3HaueHU B cooTBeTcTBUU ¢ ['OCT
31319-2006 [32]. «BwuoOparus. HM3mepenue oOImiei BuOpanud H OICHKA €€
BO3JECHCTBHUS HA YEJTOBEKAY.

Ha paboyem MecTe cCOTpyIHHKA UCTOYHUKAMU IITyMa, KaK MPaBUIIO, SIBISIIOTCS
TEXHUYECKHE CpEICTBA, KaK, — KOMIIBIOTEp, NPUHTEP, BEHTWISILUOHHOE
o0opynoBaHue, a Takke BHEMTHUHN 1mryM. OHM H37AOT JOBOJBHO HE3HAYUTEIHHBIN

IyM, IIO3TOMY B INIOMCIICHNUH AOCTATOYHO HMCIIOJIbB30BATh 3BYKOIIOIJIOIICHUC.

5.2.13 ITopa:keHue 3JIeKTPUIECKUM TOKOM

CornacHo  kinaccuuKalud  TMOMEIIEHUH MO  3JIEKTPOOE30MacCHOCTH

JTUIUJIOMHBIN MPOEKT pa3padaThiBajiCsi B MOMEIICHUU O€3 MOBBIIEHHOW OMACHOCTH

(xmacc 01 mo I'OCT 12.1.019) [33].
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I[Ipy  HOpMasibBHOM  pexume  paboTbl  O0OpYHOBaHHA  ONACHOCTh
AIEKTPONOPAKEHUSI  HEBEJIMKA, OJHAKO, BO3MOXHBI PEXHMBI, Ha3bIBA€MbIC
aBapUilHBIMM, KOTJa IMPOUCXOJMUT CIy4ailHOE BJEKTPUYECKOE COEIUHEHUE YacTei
000pyAOBaHUs, HAXOALIMXCS O] HAMPSKEHUEM C 3a3€MJIEHHBIMU KOHCTPYKIUSAMHU.
OCHOBHBIMM TEXHHUYECKUMHU CIIOCOOAMH W CpPEJACTBAMHU 3alIUThl OT MOPAKEHUS
JIIEKTPUYECKHUM TOKOM siBiisitoTcst [33]: 3amuTHOE JKpaHMpPOBAHME, 3alIMTHOE
3a36eMJICHUE, DJIEKTPUUECKOE pa3/eleHUE CETH, H30JISLIMS TOKOBEAYIIMX 4YacTeH,
OrpajiuTeNbHbIe YCTPOMCTBA U JIp.

B kaxxnom paboueM MOMEIIeHUH JOJIKHBI ObITh B HAJIMYUU OTHETYIIMTENIU U

IICCOK.

5.2.1.4 OTK/I0OHEeHHE TTOKAa3aTeJ el MUKPOKJIUMATA

OTKIJIOHEHHH TOKa3aTesiel MUKPOKJIMMAaTa MOTYT BBI3bIBATh KIMMATHYCCKHE
YCIIOBUSL CHapy>KH TOMENIEHUS B 3aBUCHMOCTH OT BpPEMEHM T0/ia, OTKIIOYEHUE
otorieHus, HeaddekTuBHAs paboTa BEHTUIISALIUM.

BoznelicTBie OTKJIOHEHHMI Ha 4YeJOBEeKa TMPOSBISETCS B YCKOPEHHOM
NEPEyTOMIICHUH, TPU TMOBBIIMICHUH TEMIIEPaTypbl, OOMOPOKEHHUU U TMPOCTYAHBIX
3a00eBaHUSAX TPU HU3BKUX TeMIlepaTypax. Takxke BBICOKas TeMmIepaTypa
CIIOCOOCTBYET MEPECHIXaHUIO CIIU3UCTHIX 000I0YEK JbIXaTEIbHBIX MyTEH.

JlommycTuMble HOPMBI TEMIIEpATyphl M BIAXKHOCTH BO3JyXa B pabodeil 30HE
npou3BoACcTBeHHOTO ToMemeHus: corsiacio 'OCTy 12.1.005-88 [34]: B xoioaHBIH
MEepPHOJ ONTUMAJIbHAS TeMIlepaTypa coctaBisger 22-24 °C mpu BIaKHOCTH BO3TyXa
40-60 %. domyctumasi TemriepaTtypa coctapisger 18-26 °C, mpu BIaXXHOCTH BO3yXa
75 %; B TemIbli mEpHOJ ONTUMalbHas Temieparypa coctaBmsieT 23-25 °C mpu
BnakHoctu Bo3ayxa 40-60 %. Jlomyctumas temmeparypa coctasisier 20-30°C npu
nomycTuMoi BitaxxHoctr 55 % (mpu 28 °C).

JIiss  MUHAMM3AIUU  BO3JCHCTBHS  NTaHHOTO  (aKkTopa TpEaararoTcs
CJIEAYIOIINE CPEJICTBA 3allUTHI: TONIIUHA CTeH HEe MeHee 0,8 MeTpoB, BEHTUIISITOPHI,

CHUCTCMA OTOINICHMU, CIICOOACKAA.
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5.2.15 IoBbIICHHBIN YPOBEHDb 3JIEKTPOMATHUTHBIX M3J1y4YeHUI

OMII npu mnpeBBIIEHWH JONMYCTUMBIX YPOBHEM OKa3bIBAET BPENHOE HA
HEPBHYIO, HIMMYHHYIO, SHJOKPUHHYIO CHUCTEMbI 4esioBeKa. OCHOBHBIM HCTOYHUKOM
OM wuznydenuit o MoHuTopoB [IOBM sBnsiercs TpancopmaTop BEICOKON 4acTOTHI
CTPOYHOM pa3BEPTKHU, KOTOPBIM pa3meriaercs B 3a7Hel uium 6okoBoil yactu. Kpome
TOro, Hapymaercs padoTa HEPBHOW CHUCTEMBI, OCIAa0€BAET MaMsATh, MOBBIIIAETCS
yTOMJIIEMOCTh, Hapymaercsa pexuMm cHa. CormacHo ['OCT 12.1.006-84 CCBT.
«ONEeKTPpOMarHuTHbIE NOJs paguouyactoT. O6mue TpeboBaHMsl 0€30IIaCHOCTU» NPU
HAIPSYKEHHOCTH DJIEKTPUYECKOIO TOJIA B IMANa3oHe B Auarna3one yactoT 5 I'u-2 xI'n
u B juanazoHe dyactoT 2 k[1-400 kI'm BpeMEHHbIE JOMYCTHUMBIE YPOBHHU
AJIEKTPOMArHUTHOTO TOJs cocTaBisioT 25 B/M u 2,5 B/M coorBerctBeHHO [35].
MOIIHOCTh AKCIO3UIIMOHHON JI03bI MSTKOTO PEHTT€HOBCKOTO HM3Jy4€HUs B JIFOOOU
Touke Ha pacctossHuu 0,05 M OT 3KpaHa M KOpmyca BUAEO AMCIUIEHOTO TEpMHUHAJIA

He J0JDKHA npeBbimath 1 Mk3B/49 (100 MxP/4).

5.3 Dxkogornyeckass 0e30MacHOCTDH
5.3.1Bo3aeiicTBue Ha aTMochepy

[Ipu HOpManmbHOW paboTe TEXHOJIOTMYECKOrO0 OOOPYAOBAHHUS BO3MOMKHBI
MIOCTOSIHHBIE HEOOIBIINE YTEUKHU 3arpsI3HAIONINX BEIIECTB B aTMOC(hepy.

OCHOBHBIMH HMCTOYHHMKAMH BPEIHBIX Ta30BbIACICHUN SIBISIOTCS E€MKOCTH,
cenapatopsl. OCHOBHBIMH 3arpsi3HUTEISIMU  aTMOC(hephl TpPU TPAHCIIOPTUPOBKE
He(TU SBIAIOTCS YTJIEBOJIOPOJBI, OKCHUIBI a30Ta, OKCHUJ YIJIEPO/aa, XUMPEAreHThl U
T.J.

JIist KOHTpoOJIT KadecTBa aTMOC(EpHOTro BO3ayxXa HEOOXOJUMO COOIIOJATh
TUTHEHUYEeCKHE TPEOOBaHMUS:

®  [I0Jy4YaTh CaHUTAPHO-DIUJIEMUOJIOTHYECKOE 3aKJIOUYCHHE OpPraHoB H
YUPEKJCHUN TOCYJapCTBEHHOM CAHUTAPHO-AIUIEMUOJIOTHYECKON CIyKObl Ha BCe

HN3MCHCHUS TCXHOJIOTHYCCKOI'O IIponuccca nin O60py,HOBaHI/IH;
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e obecneunTb pabOTBl MO  MPOCKTUPOBAHHUIO,  OpraHu3aluu U
051aroyCcTpONCTBY CAHUTAPHO-3aIIUTHBIX 30H Ha 00BEKTaX;
®  TPOBOAMTH J1TAOOPATOPHBIE HCCIIEAOBAHUS 3arpsA3HEHUN aTMOC(HEpPHOTo

BO3/lyXa B 30HE BJIUSAHMS BEIOPOCOB JAHHOTO OOBEKTA.

5.3.2 Bo3saeiicTBue Ha ruapocgepy

XUMHUYECKasi ~ MPOMBINUICHHOCTh  SIBJSETCS ~ MOIIMHBIM  HCTOYHHUKOM
BO3JICHCTBUS Ha TIOBEPXHOCTHBIE BOABI. JIJIsI JaHHOW OTpaciad XapaKTEPHO
3HAYUTEILHOEC HW3BITHE BOJl, KOTOPBIC HWCIOJIB3YIOTCS B IPOW3BOACTBEHHBIX
nporeccax, s 1eIei OXJIaXCHUS, TPOMBIBKH H T.]I.

dakTopaMu 3arpsA3HEHUS THIPOCPEPHI ABISIOTCS:

e  3arps3HEHUE BOJBI XUMHUKATaMU U TOOOYHBIMH IPOTYKTAMH;

®  JIOXKJCBOW CTOK C TEPPUTOPHUH, TJie pa3MEIICHbI MPOMBIILICHHBIC
COOpY>KEHUsI, pe3epByapHbIE MapKu, XpaHWIHINIA U T.1.;

e cOpoc TMpOXYBOYHBIX BOJA, aBapuiHbIE pPa3jIMBBI W  BBIOPOCHI
IPOU3BOJIMMBIX MaT€pUAJIOB U T.]I.

TUnUYHBIMU  3arpS3HUTENSIMU  TIOBEPXHOCTHBIX BOJ SABIAIOTCS: (DEHOJIBI,
CIIUPTHI, CMOJIBI, XJIOPUBI, CYyIb(AThI, KaJbIUil, aMMHUAK, OPTAHUYECKUE KUCIOTHI.

Jlns obecrnieyeHus: 0€30MacCHOTO IOJIB30BaHMS THAPOchEpor MPUMEHSIOTCS
TaKU€ MEpPOMPUATHS, KaK OOOpyIOBaHME pA3ACIbHBIX CHUCTEM XO3AWCTBEHHO-
OBITOBOI M JUBHEBOU KaHAIH3AINH.

MepomnpusiTusi 10 OXpaHE MOJ3EMHBIX BOJ[ OT 3arps3HEHUS] MPHUBEICHBI B
'OCT 17.1.3.06-82 [37]. Meponpusatuss 1O OXpaHe IOBEPXHOCTHBIX BOJ OT
sarpsizaeHus npuseacHs B [OCT 17.1.3.13-86 [36].

5.3.3 Bo3sjaeiicTBue Ha autocdepy

Ha HedTexmMudeckux MPEANPUATHSIX  OCYHICCTBISIETCS  €KETOJIHBIN
IJIAHOBBIM PEMOHT 00OPYAOBaHUS U YUCTKA TPYOOIPOBOJOB, PEAKTOPHBIX YCTPONCTB
M KOHTAKTHBIX IMOBEPXHOCTEH OT LUIamMa, KOTOPbIM HEOOXOAMMO YTHIM3UPOBATD.

yTI/IJII/I3aI_[I/IH JaHHBIX OTXOJ0B OKAa3bIBACT HCTATUBHOC BJIMIHHNEC HaA J'II/ITOC(l)pr.
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I[Hﬂ yYTUIn3anuu HGO6XOI[I/IMO IMPOBOJAUTH 3aXOPOHCHHC Ha CIICHHAJIBHBIX

MMOJIMTroHax JJIsl ITPOMBIIIIJIICHHBIX OTXOJ0B.

5.4 be30nacHOCTb B Ype3BbIYAWHBIX CUTYaIUSAX

5.4.1Ananu3 BepoaTHbIX YC, KoTOpble MOXeT MHUIUMPOBATH O00BEKT

HccJeI0BaHuI

Huxe npencrasieHbl BO3MOKHBIE YPE3BbIUANHBIE CUTYallUH, KOTOPBIE MOKET
UHULMUPOBATH OOBEKT UCCIIEIOBAHMUS

— TexnorenHnoro xapaxkrtepa (aBapuiiHble CUTYallUN);

— ConuanbHOro Xapakrepa (TeppOpUCTHICCKHM aKT).

Haubonee tunmuHoit m omacHou sBisiercs UC TEXHOTEHHOTO XapakTepa.
Campiii BeposiTHbII Tunl UYC, KOTOpBIA MOXKET MNPOU30UTH B MOMEIICHUU —

Bosropanue IIK.

2.4.11 AHanan3 BeposTHbIX UC, KoTOpbIe MOIYyT BO3HMKHYThH MPH

IMMpOM3BOJACTBE 00beKTa uccjaeJ0BaAHUA HA IMPpOM3BOJACTBE

Huxe npencraBieHsl BO3MOKHBIE UPE3BbIUANHBIE CUTYAIIMU, KOTOPBIE MOXKET
BO3HMKHYTb [PY BHEIPEHUH JAHHOTO UCCIEA0BAHUS B IPOU3BOICTBO:
— TexHOreHHOIr 0 XapakTepa (aBapuiHbIE CUTYaALIUH);
— CormanbHOro xapakrepa (TeppOpUCTHYECKUN aKT);
- CruxuifHOro xapakrtepa (JIECHbIe MOKapbl, HABOAHEHUS, yparaHHbIE
BETPHI).
Taxxe nambonee Tunmuno YC OyneT SBIATHCA CUTyalUs TEXHOTCHHOTO

XapaKkTepa, TCOPETHUSCKH BbI3BaHHAS BBIXOJOM U3 CTPOs dJIEKTpUIecKoi cetn [38].

5.4.1.2 O0ocHoBaHue MeponpusTuii 1o mnpegorspameHure YC wu

pa3padoTka nopsiiKka AeicTBUA B cj1ydae BO3HUKHOBeHus1 YC

Meponpusitus o MPEIOTBPALLEHUIO Ype3BbIYaNHbBIX CUTyaluin

perynupyrores cornacao I'OCT 22.0.04-97 [39].
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B  nmanmHom pasnmene Obuin  mOAPOOHO  pa3oOpaHbl  TPaBOBbIE U
OpTraHM3alMOHHBIE BOMPOCH 00eCTieueHus Oe30MacCHOCTH COTPYIHUKOB KacaTelIbHO
MPOCKTUPOBAHUS ONTUMAIBHO KoMQOpTHO# pabouelt 30HBL [lpomsBenaeH aHamus
BPEIAHBIX U OIMACHBIX (PaKTOPOB, KOTOPHIE MOTYT BO3HHUKHYTH B PE3yJIbTaTe PaOOTHI
HaJ HCCIe0BaHHMEM Ipollecca KarieoOpa3oBaHusl MPH MPOMBICIOBON MOATOTOBKH
He(TH C UCITOJIB30BAaHUEM METO/Ia MATEMATHYECKOTO MOCITUPOBAHUS.

[TpakTueckass 3HAYMMOCTh TIOJYYCHHBIX HAMHM JAHHBIX O COIMAJIBHOMN
OTBETCTBEHHOCTH COCTOWT B IOHMMAHHWH BPEIHBIX U OMACHBIX (DAKTOPOB C KOTOPHIMHU
MOTYT CTOJKHYThCS pAOOTHHKH, a TaKXKe YMCHHE BBIUTH W3 Pa3IUYHBIX
Ype3BbIYAMHBIX CUTYAIlMHd, KOTOPHIE MOTYT BO3HHKHYTH IPH MPOBEICHUH JAHHOTO

HCCJICAOBAHUA WK IIPpU €TI0 IPUMCHCHHUU Ha ITPOU3BOACTBC.

5.5 BwbIBoaBI MO pa3aeny

B nanHOM paznene paccMOTpPEHBI MPABOBBIE U OPraHU3aLUOHHBIE BOIPOCHI
oOecrieueHus: 0€30MAaCHOCTH; BBISIBJICHBI BpPEIHbIE M ONacHble (aKTOPhI, KOTOPHIE
OKa3bIBAIOT OTPULATEIBHOE BIMSHHUE, a TaKXe€ 3HAYUTEIbHO YMEHBLIAIOT
IPOU3BOJIUTEIBLHOCTh TPYJa; OOOCHOBAaHBI MEPONPUATHUS IO CHUKEHUIO JTAHHOTO
BO3JICHCTBUSA;, paCCMOTPEHA DKOJIOTHYECKasi 0€30MacHOCTh, a TaKkKe 0e30MacHOCTh B
Ype3BbIYAHBIX CUTYAIUSX.

Cobunroierre Mep 1Mo COIMAIbHONW OTBETCTBEHHOCTH TMO3BOJIUT 3HAYUTEIBHO
MOJICPHU3UPOBATH TPOU3BOJICTBO IO TPOMBICIOBOM TMOATOTOBKE HEPTH IMMyTEM
yiIydiieHuss ycloBud Tpyna. llpum pa3paGoTke JaHHBIX Mep, KpaiHe Ba)XXHO
VUUTHIBaTh HE TOJBKO OTCYECTBEHHBIE pa3pabOTKM U pe3yibTaThl, HO U
MEXIYHAPOJIHBIM  OMNBIT, YTO IIO3BOJUT OCYLIECTBUTH COBEPLICHCTBOBAHUE
HOpMaTUBHOW TmpaBoBoi 0as3sl Poccuiickoit @denepanuu B COOTBETCTBHH C

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

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

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

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

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

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

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

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

An electric current is used to separate stable emulsions or for large water cuts.
Under its action, water molecules are polarized, coalesced, and gravitationally settle

and separate from oil [6].
Physico-chemical properties of oil emulsions

An emulsion is a mixture of two liquid-immiscible liquids, one of which is
dispersed as very small droplets in the other and stabilized with an emulsifying agent
[4].

Water-oil emulsions are of three groups (types). Emulsion of the first group
(O / W) is a direct emulsion, where oil droplets (non-polar liquid) act as a dispersed
phase, and water (polar liquid) as a dispersion medium. Such an emulsion is also

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

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

o- 4
.. .1
a b

Fig. 6.1 (a) Water-in-oil emulsion (b) Oil-in-water emulsion

impurities [5].

One of the most important characteristics of the emulsion is the dispersion of

water particles.
Particle size emulsions:

— d, =0,1-20 um — finely dispersed,;

— d, =20-50 microns — medium dispersed;

— d,=50-100 microns — coarse;

- d,=<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 it prevents the merging of water droplets even in

a collision.
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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.

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 is the 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.
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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.

Methods of destruction of water-oil emulsion

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

In this paper, it is attempted to overview the most commonly employed
demulsification methods by discussing the effective factors involved in contribution
to improving their efficiency for separation of emulsions. The rest of demulsification
techniques mentioned above are not included here.

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

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

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

emulsion.

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

3. Enough heating may be necessary to accelerate the separation of or

completely break the emulsion.

4. Adequate residence time in containers must be allocated to enable settling

of demulsified water droplets.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Varied mechanisms have been described for the electrostatic separation of

W/O emulsions. An external electric field can promote the coalescence not only

between the dispersed droplets, but also between droplets and interface. In general, a

three-step coalescence mechanism is introduced: approaching of dispersed droplets,

interfacial film thinning, and ultimately film rupture leading to coalescence of
droplets. The overall governing step is often the film thinning process which is
appreciably improved applying an effectual electric field. Other mechanisms
proposed are chain formation of droplets, formation of intermolecular bonds,
dipoledipole coalescence, electrophoresis, dielectrophoresis, random collisions, and
electrorefining. Besides optical microscopy and coalescence measurement
techniques, electrical conductivity is considered as a useful tool to distinguish the
water droplets coalescence from their chain formation when subjected to high voltage
gradients, as related to the crude oil-water interfacial rheological features;
incompressible oil-water interface hampers the droplet-droplet coalescence and
establishes chains of water droplets (high conductivity), yet compressible interface
contributes to an efficient coalescence followed by marginal conduction. Rayat and

Feyzi have recently proposed a modified thermodynamic model introducing

dipoleinduced dipole attraction force in electrical demulsification of W/O emulsions,

taking into account both water droplet size and the adsorbed layer thickness of
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asphaltenic film around the water globules, and found it to be a more realistic model
which could predict the electrical field strength, required for emulsion breakup,
remarkably lower than that of the unmodified model which considered the dipole-
dipole interactions irrespective of mutual induction, as evaluated in an earlier report.
Both AC and pulsed DC modes of electric field entail induced dipoles on the water
drops, resulting in attraction and coalescence between contiguous droplets [6].

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

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

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

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

increasing temperature as a result of a decrease in the viscosity of the crude oil.
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Emulsifiers and demulsifiers of oil emulsions

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

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

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

However, in a sizable number of cases, it is believed to be colloidal asphalt,
which includes all asphalts and similar substances which occur in colloidal dispersion
in crude oil. Since the nature and compositions of crude oils vary so widely, there
exists also a great variety of crude oil emulsifying agents. These emulsifiers include
asphaltic materials, “resinous substances, soluble organic acids, particles in the
ocean, particles found in crude oils including waxes and asphaltenes, particles found
in sea water including suspended sediments, dissolved surfactants which accumulate
at the water/oil interface including metallic salts, organic acids, organic bases and

organometallics. And other tiny particles of solids, including products of corrosion of

92



the equipment involved or particles of the producing formation, in case of wells
completed in unconsolidated sands and sandy shales, are also the emulsifying agents
contributing toward stability of the emulsions.

Evidently, an emulsion with higher emulsifier concentration requires larger
concentration of chemical demulsifier for treatment. Appropriately, the emulsions
formed during chemical EOR as a tertiary oil recovery process need a higher amount
of demulsifier (normally hundreds of ppm, or even more in extreme circumstances)
than those gained from primary and secondary oil recoveries as clarified in Section 1.
As a result, too little demulsifier may not break the emulsion produced from chemical
EOR, while overdosing demulsifier would result in the emulsion re-stabilization.
However, the hydrophilicity or lipophilicity and molecular weight of a demulsifier
are the determining factors in identification of its optimum dosage for breaking an
emulsion. Equally, if an alkaline additive, for instance, increases the hydrophilicity of
asphaltenes in a W/O emulsion through ionization effect, lesser amount of an
efficient hydrophilic demulsifier for achievement of an optimum formulation in
which separation rapidly occurs is required. Likewise, demulsifying surfactants with
too low molecular weight (MW < 4000) are unable to resolve the W/O emulsion with
low dosages (300-400 ppm) regardless of their hydrophilic/lipophilic affinities.
Additionally, separation vessel dimensions may influence the optimal demulsifier
dosage, owing to their impact on the contact time between emulsion and separator
and/or on fluid dynamics. For example, it was evidenced that larger bed height of a
coalescing separator improved the oil removal efficiency of an O/W emulsion due to
the provision of longer contact/retention time. In terms of fluid dynamics effects,
regions of high shearing, for example, can cause drops to come closer together and
enhance their collision probability, resulting in decrease of the demulsifier
concentration required to achieve the minimum emulsion stability [18].

Most commercial demulsifiers employed to rupture the W/O emulsions are
soluble in oil. The interfacial activity of the oil-soluble demulsifiers is dominated by
the diffusion rate from the bulk phase to the interface plus the adsorption obstacle at

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

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

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

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

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

its lack of adsorption on the film interface.

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-

94



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 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 [19].

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 6.2).
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Fig. 6.2 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 [19]:
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—  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);

— 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 it 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
is 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 6.3:

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

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

—  Horizontal cylindrical electrode dehydrator V = 160 m3; P = 16 atm.
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Fig. 6.3 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 characterize 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 [19].

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.

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.

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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