MuHHCTEpCTBO HAYKH M BbIcIIero oopasosanus Poccniickoii @enepannu
(benepanbHOE rOCY1apCTBEHHOE aBTOHOMHOE
00pa30BaTENbHOE YUPEXKICHUE BBICILIET0 00pa30BaHUs
«HAIIMOHAJIBHBIN UCCJIEJJOBATEJbCKHI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

[lIxona WHkeHepHas MIKOJIA MPUPOIHBIX PECYPCOB
Hamnpasnenue noaroroBku  18.04.01 Xumuueckasi TEXHOJIOTUS
Otnenenune mkonel (HOL) Otnenenne xumudeckoi HHXEHEPUU

MATHUCTEPCKASA ITUCCEPTALIUA

Tema padoThl

IIpoekTHpOBaHME ONITUMAJIBLHOM CUCTEMBI COOPA U MOATOTOBKU CKBAKMHHOH NMPOAYKIHH
Hanumbero MmecropoxaeHust

V]IK 622.276.8-047.74(571.16)

CryneHt
I'pynna [3(0] Hoanuch Harta
2JIM72 Kypckas [lappst AnexcanipoBHa
PykoBoaurenn
J0KHOCTH [5(0] Yuenasi cTeneHb, Moanucy Jara
3BaHHe
JlouieHT oTaeneHus ITonox EBrenui K.T.H.
XHMHUYECKOMN WHXXCHCPUHN BJ'IaI[I/IMI/IpOBI/I‘l
KOHCYJIbTAHTBI:
ITo pasaciny «®DUHAHCOBBIHI MCHCIPKMCHT, pecprOSq)(beKTHBHOCTB u pecypcoc6epe>I<eHHe>>
JoxkHocTh [01% (0] Yuenas crenenb, IMoanucn Hara
3BaHMe
Z[OI_IGHT OTACICHUA KpI/IHI/II_IBIHa 3os K.T.H.
COIMAIBHO- BacunbreBna

I'YMaHHUTapHbBIX HAYK

Ilo pasacity ((COI_[I/IaJ'H)HaH OTBCTCTBCHHOCTDL»

JokHoCTH [01% (0] Yuenas crenenb, Iloanucs Hara
3BaHNe

Crapumii npenojiaBarenb, | Atenaesa Hatambs

OO/l IBUIT AJeKkcaHApOBHA
JOIMYCTUTD K 3BAIIIUTE:
Pykosoautenn OII DdPUO YyeHasi cTeneHb, IMoanuch JlaTa
3BaHHe
JIOLIEHT OTAEeNeHUS IOpreB Erop K.T.H.

XUMUYECKON MHXKeHepun | MuxailsioBuy

Tomck — 2019 r.



NNAHUPYEMbIE PE3Y/IbTATbl OBYYEHMA NO oon

Kox
pe3yJbTara

PesyabraT 00yuenus
(BBIIYCKHHUK J10JI5K€H ObITH TOTOB)

Ipogheccuonansnvie komnemenyuu

P1

HpI/IMeHHTB 2./1)/‘607(146 C€CTECCTBCHHO-HAYYHbIC, MATEMATHUYCCKUEC U NHXXCHCPHBIC
SHAHUA NI CO3JaHUA HO6bIX MATCPUAJTIOB

P2

[TpumeHsTH 2n1yb0KUe 3HaHus B 00JIACTH COBPEMEHHBIX TEXHOJIOTHI XUMHUYECKOTO
IPOM3BOJICTBA JUIsl PELICHUS] MeNCOUCYUNIUHAPHBIX NHKEHEPHBIX 33134

P3

CraBUTb U pelllaTh UHHOBAYUOHHbIE 3a[AUU UHIICEHEPHO20 AHANU3A, CBSI3aHHBIE C
CO3JIaHMEeM MaTepuajoB W M3JENIUN, C UCIOJIB30BAHUEM CHCTEMHOrO aHajiu3a H
MOJICJTMPOBAHUSI OOBEKTOB M MPOLIECCOB XUMUYECKOW TEXHOJIOTUN

P4

Pa3pa6aTBIBaTB XUMHKO-TEXHOJOTMYCCKUE IIPOLECCCBI, npoexkmuposanv H
HCII0Jb30BaTh HOoe60€ O60py,[[0BaHI/I€ JJIs COo3aaHusAd MaTcpuraioB,
KOHKprHTOCHOCO6HI)IX Ha MUuposom PbBIHKE

P5

[IpoBOANTH TEOPETUYECKUE M IKCIEPUMEHTAIBHBIC UCCIe008aHuss B O0IAaCcTH
CO3JIAaHUSI HOBbIX MATEPUAIOB, COBPEMEHHBIX XHMMHYECKMX TEXHOJOTHM,
HAHOTEXHOJIOTUI

P6

BHuenapste, axcnayamuposéams COBpPEMEHHBIE BBICOKOTEXHOJIOTUYHBIC JIMHUM
ABTOMATHU3HPOBAHHOTO MIPOU3BOJICTBA, o0ecrieunBaTh 175 8bICOKYIO
aghghexmusnocmo, cOONIOAATH MPaBUIIA OXPAHBI 3J0POBBS U OE30MACHOCTU TPya
HA XUMAYECKOM ITPOU3BOJICTBE, BHITOJIHATH TPEOOBAHUS TI0 3aIUTE OKPYKAOMICH
cpezpl

Ynueepcaﬂbuble Komnemenuuu

P7

Hcnonb3oBate enybokue 3Hanus MO NPOEKMHOMY MeHeONCMeHmy Ul BelCHHs
UHHOBAYUOHHOU VHIKEHEPHOW IEATENbHOCTH C Y4ETOM HOPUAMYECKHX aCIIEKTOB
3alIUThl HHTEJUIEKTYaJIbHOW COOCTBEHHOCTH

P8

Axmueno BJIAZICTD UHOCMPAHHbIM A3bIKOM HA YPOBHC, ITO3BOJIAIOMIEM pa6OTaTB B
WHOS3BIYHOMN cpeae, paBpa6aTbIBaTb JOKYMCHTAIIHIO, MMPE3CHTOBATL W 3alllMIIATH
PE3YIbTATHI I/IHHOB&HI/IOHHOﬁ I/IH)KCHepHOfI JACATCIIBHOCTH

P9

OddexkTuBHO paboTaTh MHIWBHUAYAJIbHO, B KA4YE€CTBE uleHA U PYKOBOOUMEJ
2pynnbl, COCTOSIIIEH U3 CIIEIUAIMCTOB Pa3IMYHBIX HAMIPABICHUN 1 KBaTU(UKALINH,
JIEMOHCTPUPOBATh OTBETCTBEHHOCTh 3a PE3yJbTaThl PabOThI M TOTOBHOCTH
C1e008amv KOPNOpAmMuUSHoLl Kyibmype OpraHu3aluu

P10

JIeMOHCTpUpOBATh 21YOOKUEe 3HAHUA COYUANbHBIX, DMUYECKUX U K)IbMYPHbIX
acnekmoé WHHOBAllMOHHOM WH)KEHEPHON N1eATE€IbHOCTH, KOMIETEHTHOCTh B
BOIPOCAX YCMOUYUBO20 PA3GUMUSL

P11

CamocmosamenvHo yyumvcs U HEMPEPHIBHO NOBbIUUAMb KEANUDUKAYUIO B TCUCHHE
BCEro neprosa npodeccruoHalbHOMN 1eITeIbHOCTH




TOMSK
POLYTECHNIC
UNIVERSITY

TOMCKUNN
MONMUTEXHUYECKUN
YHUBEPCUTET

MurHUCTEpPCTBO HayKn 1 Bbicllero obpasoBaHua Poccuinickon Qefepaunm
benepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpa3zoBaTesibHOe yupexaeHue Bbicllero o6pasoBaHna
«HaumoHanbHbIN nccnefoBaTenbCknii TOMCKUI MONMTEXHUYECKNA YHUBEPCUTET (TI1Y)

[IIxona UHkeHepHad 1IKOJIa IPUPOIHEIX PECYPCOB

Hamnpasnenue noarotosku (cnenuanbHocTh)18.04.01 «Xumudeckas TeXHOJIOTHSAY, TPOPUIh

«XuUMHYecKasl TCXHOJIOTHS TOIIJINBA U Ta3ay

Otnenenne mkomasl (HOIL) OTneneHne XMMUYECKOW HHKEHEPUHU

VTBEPX/IAIO:
PyxoBonutens OOII
(IMommuce)  (Mara) (®.11.0.)
3AJJAHUE
HA BBINOJIHEHHE BBIIYCKHOM KBaIN(pUKAINOHHON padoThl
B dopwme:
MarucTtepckoit 1uccepTanum
(baxanaBpcKOi pabOTHI, TUIIOMHOTO MPOEKTA/paboThl, MArMCTEPCKON ICCEPTALIH)
Crygnenry:
I'pynna (0]5 (0]
2]IM72 Kypckas /lapbsa AnexcanapoBHa
Tema paboThI:

HpOCKTI/IPOBaHI/Ie ONTHUMAJILHOM CHCTEMBI c60pa M NOATOTOBKU CKBAXKHHHOM NPOAYKIHH
Haaumbero MECTOPOKIACHUS

VYTBep:keHa MpUKa3oM JUpPEKTopa (Aara, HOMep) o1 21.03.2019 Ne2190/c
Cpok cauu CTYJIEHTOM BBITIOJTHEHHON paOOThI: 21 mas 20191
TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie nanHbIe K padore

nPOU3EOOUMENLHOCHIb WU HASPY3KA; PEXCUM pabombl
(HenpepbiBHbILL, NEPUOOUYECKUL, YUKAUYECKUU U M. 0.), 8UO
CbIPbA UTU MAMEPUAT U30enUs; mpeboanus K npooyKmy,
uz0enuio unu npoyeccy; ocobuvie mpebosanus Kk 0CobeHHoCmam
@ynkyuonuposanus (FKcnayamayuu) 06vekma unu u0enus 6
naame 6e30NaAcCHOCHIU SKCHILYAMAayuu, IUAHUA HA
OKpYJHCAIOWYIO Cpedy, IHeP203AMPAmam,; IKOHOMUIECKUll
anamz um. 0.).

(HauM@HoeaHue 00bexma ucciedo8anus uiu npoeKmupoeatus;

®u3NKO-XMMUYECKHE CBOWCTBA IIACTOBOrO (hiarouaa
Hanumebero MecTopoxIeHus.

OcHOBHBIE TUIAaHUPYEMBbIE TMOKa3aTelnn pa3paboOTKu
MECTOPOXACHUS  —  KOJUYECTBO  JIOOBIBAFOIIUX
CKB)XMH, OXHJAACMBbI Je0ET CKBa)XMH, pacCTaHOBKA
CKBAXHH, THUI CHUCTEMbI MOJJIEPKAHUS IUIACTOBOTO
JIaBJICHMSI.




[TepeueHp U XapaKTEPUCTUKU OJIOYHOTO U MOAYIBLHOTO
000pyI0BaHUS YCTAHOBOK IOATOTOBKU HE(PTH

Hepeqeﬂb noaJiekalmux ucCJieaA0BaHuIo,
NMPOCKTUPOBAHUIO U pa3pa60TKe

BOIIPOCOB

(ananumuueckuii 0630p nNo IUMEPAMyPHLIM UCTHOYHUKAM C
Yenvio BbIACHEHUs. OOCIMUNCEHUL MUPOBOUL HAYKU MEXHUKU 8
paccmampugaemoll 0o1acmu; NOCMaHoeKa 3a0auu
uccnedo8anusl, npoeKmupoBanuUs, KOHCMPYUpOBaHUsL;
cooepoicanue npoyedypbl UCCIe008aAHUSL, NPOEKMUPOEAHU,
KOHCMPYUpO8anusl; o0cyxcoerue pes3yibmamos 6blnoIHeHHOU
pabomvl; HauMeHO8aHUe OONOTHUMETbHbIX PA30eIOs,

0030p Croco6oB

NPOMBICIIOBOM TOATOTOBKM He(PTH M ra3a, aHaIu3

AHanuTHYECKU COBPEMEHHBIX

IIATEHTHOM JINTEpaTyphl B JAHHOM HAIIPABIICHUH.

barouna
cobopa W TOJATOTOBKH

Pacuer CBOWCTB IJIACTOBOT'O TS

IIPOCKTUPOBAHUS  CUCTEMBI
CKBa)KMHHOM NPOAYKIIUH.

(c MOUHBIM YKa3aHUeM 0053aMeNbHbIX Yepmedicell)

noonedxcawux paspabomre; 3aKuoyeHue no pabome). BBIGOp OHNTHUMAJIbHOU TEXHOJIOTHYCCKOU CXCMbI
CHUCTCMbI IIOATOTOBKHU He(i)TI/I Hamumeero
MCCTOPOKACHUA.

Hepeqeﬂb rpa(]mquKoro MaTepuaJia HJIaHI/IpyeMaFI TEXHOJIOTMYECKasd CXE€Ma CHCTEMBbI

noAroToBku Hed Ty HanMbero MecTopoxaeHus

(c yrasanuem pazoenos)

KOHchIbTaHTbI Mo pasaejam BbIHYCKHOﬁ KBaJ’[I/I(l)I/IRaIII/IOHHOﬁ paﬁoTbI

Pa3nen

Koncyabrant

DuHaHCOBBIN MEHEOHCMEHM,
pecypcoshexmuenocmp

Kpunuubina 305 BacmibeBHa, K.T.H., JOIEHT OTJeJeHUS
CONUATbHO-TYMAHUTAPHBIX HAYK

u pecypcocoepedicerue
Coyuanvnas AtenaeBa HaTaubsi AjlekcaHAPOBHA, CTAPIIUIA penoaaBareb
omeemcmeeHHOoCnb

OT/AeJIeHHS 00IeTeXHUYEeCKUX AUCIUILINH

HasBanus pa3aejaoB, KOTOPbIE JOJKHBI ObITh HAIIMCAHBI HA PYCCKOM H HHOCTPAHHOM SI3bIKAX:

O030p neprnoaNYECKO JTUTEPATYPHI

JlaTa BbI1a4M 32JaHUS HA BbINIOJHEHUE BHINTYCKHOM 14.01.2019
KBATU(PUKAIMOHHOM PadoThI 10 JUHEHHOMY rpauky
3agaHue BbI1aJ PYKOBOAUTEIb:
J0KHOCTH [ %(0] ‘Y4enasi cTeneHs, Moanucey JlaTa
3BaHHUE
Houent OXU UIIIIP ITonoxk E.B. K.T.H. 14.01.2019
3anaHue NPUHSAJ K MCIIOJHEHHIO CTY/ICHT:
T'pynna [0)7 (0] Moanuch Jara
2J]IM72 Kypckas [I.A. 14.01.2019




3AJAHUE JIJISI PA3JIEJIA
«®PUHAHCOBBIII MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEKXEHHE)
CryneHnry:
I'pynna DdUO
2J]IM72 Kypckoit Jlapbe AnekcanapoBHe
HucTutyT ump Kadenpa XTT u XK
Yposenn 00pa3oBanus MamCTpaTypa HanpagJienue/cnenuaibHOCTb 18.04.01 XumMmuueckas
TCXHOJIOTUA

pecypcocOepe:keHmne»:

Hcxonnbie 1anHble K pa3aenay « DHHAHCOBbIA MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U

1. Cmoumocmu pecypcos nayunozo uccieoosanus (HH).

IInanosas cebecmoumocms no 6bINOIHEHUIO NPOEKMA
pasna 86924,7 pyonetl.

Cmoumocmsb ~ 000py008aHus, HeoOX00UMO20

onsa peanuzayuu npoekma pasua 1604290
pyoneu.

2. Hopmbi U HOpMamuesl pacxo008anus pecypcos

Kospdpuyuenm omuucnenuii na yniamy 6o
eHebo0cemuvie ponov — 27,1%

Hepeqeﬂb BOIIPOCOB, NOJIC/KAIIUX HCCIACT0BAHUI0, IPOCKTUPOBAHUIO H pa3paﬁoTKe:

1. IIpeonpoexmmviii ananusz

1.1 [luacpamma Hcukaguor.

2. HJZLZHMpOGGHue ynpaeneHus HAY4YHO-MEXHO102UYeCKUM

NPOeKmoMm: CmMpyKmypa u 2epagux npogedenus, 0r00xcem
paspabomxu

2.1 ITnan npoexma (kanenoapwuiii naan HTH)
2.2 Brooowcem npoexma uccrnedosanus (nianupyemovie
3ampamwl Ha evinoanenuss HTH)

3. Onpedenernue pecypcHoll, QUHAHCOBOI, IKOHOMUYECKOU

3.10yenka

IKOHOMUUECKOU u CoOYUaIbHOU
aghgpexmusrnocmu aghexmusnocmu pazpabomxu.
Ilepeyensb rpaguyeckoro marepuaja
(c TOYHBIM yKa3aHHEM 00s3aTeNbHBIX YepTexeil):
1. Juazpamma Hcuxaguwi;
2. Kanenoapwuiii naan-epagpux nposedenus HUOKP;
3. Cpasnumenvhas oyenka Xapakmepucmux 6apuanmos ucnoIHeHUs npoeKma
‘ JaTa BbI1auu 3a1aHusA JJIA pa3jiesia no JuHelHoMy rpaduxy ‘
3agaHue BbI/1aJ KOHCYJIbTAHT:
JlokHOCTH (1% (0] Yuenas cTenens, Moanucey JlaTa
3BaHHuE
Houent OCI'H LLIBUII Kpununisina 3os K.1.H., mouenTt
BacunbreBna
3a[[aH1/le MNPUHAJT K HCITIOJTHEHUIO CTYACHT:
I'pynna DdUO Hoamucs Jara
2]IM72 Kypckas [apsst AnexcanapoBHa




3AJTAHUE JIJISI PA3JIEJIA
«COIIAAJIBHASI OTBETCTBEHHOCTDb»

Crygenry:
I'pynna [0)5 (0]
2JIM72 Kypckoit Jlapbe AnekcanapoBHe
Ixoaa HUHIITP Otnenenue (HOLL) (0).4/1
Yposenb 00pa3oBanus MaFI/ICTp HanpasieHue/cnenuajbHOCTD 18.04.01 Xumuueckas
TCXHOJIOI'UA

Hcxoanblie 1aHHble K pa3aeny «CounajabHasi 0TBETCTBEHHOCTbY:

1. XapakrepucTuka 00BHEKTa UCCIICIOBAHUS
(BemecTBO, MaTepral, IPUOOP, aNTOPUTM,
METOAMKA, paboyvast 30Ha)  007IaCTH ero
MPUMEHCHHUS

Obwvexm uccaedosanusi — YIIH Hanumvezo mecmoposicoenus.

Bo epems pabomul na mecmopodicoenuu onepamop nposooum omoop
npob Hepmu Ha OMKpLIMOU NIOWAOKe, a Makdce pabomaem c
INEKMPOOOOPYOOBAHUEM 6 NOMEWEHUU OnepamopHo2o OloKa 6
meyenue ONUMenIbHO20 6PEMEHU.

Tpumensiemca Ha mecmopodicoeHusx 01 000vluYU Hehmu

Hepeqeﬂb BOIIPOCOB, NOJIC/KALIUX HCCIACT0BAHUI0, IPOCKTUPOBAHUIO H pa3paﬁoTKe:

1. [IpaBoBbIe U OPpraHU3alMOHHbIE
BOIIPOCHI o0ecneyeHust 0€30MACHOCTH:
CICLMANIbHBIC (XapaKTepPHBIC TPH
9KCILTyaTa[HU o0BeKTa
HCCIICIOBAaHMS, IPOCKTUPYEMOH
paboueii 30HBI) IPAaBOBEIC HOPMEI
TPYIOBOTO 3aKOHOATENIBCTBA;

OpraHHU3aIIOHHBIE MEPOIPUATHS
IIPU KOMIIOHOBKE pabodeii 30HBI.

Ilpasosvle HOpMbBL MPYO0BO20 3AKOHAOAMENLCMBA, De2yIUPYIouiUe
cobniooenue bOezonachocmu npu pabome 8 NPOU3BOOCHBEHHBIX
NnOMeUjeHUsIX.

Tpyoosoii kodexc P® om 30.12.2001 N 197-®3 (peo. Om 01.04.19)
Deoepanvuviti 3akon Ne 426-D3 om 28 Odexabps 2013 2o00a «O
CneyuanvbHol oyeHKe YCI08ull mpyoay

2. IlpousBoacTBeHHAs1 0€30IACHOCTD:
2.1. AHanu3 BBISIBJICHHBIX BPEIHBIX U
OTIACHBIX (PaKTOPOB

2.2. O00CHOBaHUE MEPOIIPUITUHN IO
CHIDKEHHIO BO3/ICHCTBHUS

| Ananu3z peoHbIX U ONACHBIX (PAKMOPO8:

—8peoHbvle Beujecmed;
—102CapoB83pbIBOOE30NACHOCHIb,
—01eKMpoOe30nacHocms (Mmokogedyujue yacmu
brekmpoobopydosanus);

—MUKPOKIUMAMUYECKUE YCTIOBUSL

—peblUeHUE YDOBHSL ULYMA;

—He0OCMAMOYHAsL OC8EULCHHOCHTb PAOOUell 30HbL.

2 Cpeocmea 3auumol:

—pasmeujenue 1eKmpoobopyo0sanusi ¢ yuemom
Bawumsl nepCoraAId Om CAyHalHbiX NPUKOCHOBEHULL K
IMOKOGEOYUWUM YACSM;

—asapuiinoe OMKIoYeHUe I1eKmMmpoodbopyO08anus npu
6O3HUKHOBEHUU ABAPUTIHBIX CUMYAYUTL 8 Pe3YIbmame
HapywieHus MexHOIO2UYECKO20 NPOYECCd,
—cneyooedcoa,

—co0a100eH e mexXHUKU 6e30nacHocmu.




3. OkoJiornuecKkas 0€30MacHOCTh:

Bosoeiicmeuss YIIH na okpyoicarowyio cpedy:

- 8blOpOC  2a306  Oom  NPEOOXPAHUMENbHLIX — KIANAHOS
(venesooopoodwvr C1-C10, benzon, KCunon, moayon); cacueanue 2a3a Ha
@axenbHbIX ycmanoskax (Ouokcud aszoma, yenepoo (casica), oKcuo
yenepooa, Mmeman, 6eH3anupeH).

- COPOCHI XO35ULCMBEHHO-ObIMOBHIX, MEXHUUECKUX CTMOYHBIX 800
8 6000€eMbl U NOO3EMHbLE BOObI.

- pacmexanue Heghmu u Hegmenpodykmos npu
paseepmemuzayuu 000py008arUsi u mpyoonpo8ooos.
Texnonocuueckue meponpusmus no oxpame oKpyscaroujell cpeovl:
-NOHASL 2epMemu3ayus cucmemul cOOpa U Mpancnopma Hemu,
-OCHAUeHue nPedoXpPaHUmenbHbIMU KIAnaHAMU,

-006a1068anue NIOWAOOK, PE3EPEYAPHO20 NAPKA, 20€ BO3MOICEH PA3NIUG
npooyKma;

-cOOp CMOKO8 8 NPOMIUBHEBYIO 30HY.

4. bBe3omacHOCTH B Ype3BbIYaAHHBIX
CUTYaIUsIX:

Haubonee 6o3moocnvie YC 01 0anHOU nPOU3600CMEEHHOU
NAOWAOKU — IMO NOJCAPLL U 83DbIGYL.

Hnsi ucknouenus gosnuxrogenusi 4C neobxooumo cobmodams mepbvl
npeodoCmopOANCHOCU, C80EBPEMEHHO NPOU3BOOUMD 0DYYeHUe
nepconana.

Meponpusmus, npogodumvlie 60 6peMs UPE3GLIYAUHBIX CUTNYAYULL
npeocmaeniom coboll  npogedeHue CRACAmenvHvlx pabom U
HEOMIIONCHBIX — ABAPUTIHO-80CCTNAHOBUMENbHBIX — pabom 6 ouace
HOPANCEHUSL.

JlaTa BbI1auM 3aJaHMA 1JIS1 pa3gesia no JuHelHoMy rpadguky ‘

3agaHue BbI/1aJ KOHCYJIbTAHT:

JlomkHOCTH

(1115 (0] Y4eHasi cTeneHs, Moanucey JaTa
3BaHHe

Crapuuii npenogasarens OO/ | ArtenaeBa Hatanbs
AnekcanapoBHa

IBUII

3azlalme NMPUHAJ K UCIIOJTHEHUIO CTYAECHT:

I'pynna

DdPUO Ioanuch JaTa

2JIM72

Kypckas JI.A.




PE®EPAT

Brimycknas kBanudukanuonHas padora comepxut 118 c., 16 puc., 26 tadim.,
50 HCTOYHUKOB.

KitoueBble cioBa: HEPTSIHOE MECTOPOXKIEHUE, HEPTh, YCTAHOBKA MOJTOTOBKH
He(dTH, cucTeMa cOOpa CKBAXKUHHOW MPOAYKIIMH, CUCTEMA MOATOTOBKH CKBAaXXUHHOM
POy KITHH.

OO0bekTOM  HccienoBaHusi  siBisierca  HedrsHoW — dmoun  Hammmbero
mectopoxaeHus npeanpusatusi OAO «TomckuedTs» BHK.

[leas paGoTel — ompenesieHHe ONTUMAJIBHOM CHCTEMBbI cOOpa M MOJATOTOBKH
CKBXXHMHOU MPOoayKIuu HamuMbero MecToposkaeHusl.

B mpomecce wuccnenoBaHusi MPOBOAMIMCH CIEAYIONINE JTambl Pa3pabOTKH
MIPOEKTA: pacyeT CBOMCTB IJIACTOBOTO (IO Ia, TI0JI00p ONTUMATLHOM CHCTEMBI cOopa
U TOATOTOBKM CKBRXWHHOW MPOAYKIMHU IJis IJIacToBOro (urouaa, paspadoTka
MOJCIUPYIOMIEH CHUCTEMBI I TOA00pa OOOpPYAOBAaHHUS YCTAaHOBKH ITOATOTOBKHU
HeTH.

B pesynpTate mWcciemoBaHWS pacCUMTAIM CBOMCTBA IIACTOBOTO (rowma B
nporpamme Ha s3bike C#, Obula momoOpaHa onTUMalibHasg cUCTeMa cOopa U
MOJTOTOBKM CKBAKUHHOW MPOAYKIIUH, C UCTIOJIb30BAaHUEM MOJEITUPYIONIEH CHCTEMbI
Unisim Design — moka3ano, 4to HedTh yaoBiaeTBopseT TpedoBanusm ['OCT. Takke
ObL1a pa3zpaboTaHa MOJETUPYIOIIAs CHCTEMA, MO3BOJISIOIIAs TT0I00paTh CTaHIAPTHOE
00opyA0BaHUE AJIs1 CUCTEM COOpa CKBAKMHHOM MPOITYKIIMH.

O6mue cBenenus o ¢uoune HamuMmbero MecTOpOXKIEHUS MPEICTaBICHBI B

pazzene 3.
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BBenenue

XKuakoe u ra3zo00pa3sHOe YIIIEBOAOPOJHOE CBHIPhE U TMPOAYKTHI €ro
nepepadOTKU SBISIOTCS BaXKHBIM COCTABIISIONIMM SKOHOMUKH CTpaHbl. B HacTosmiee
BpeMsI TPYITHO HAUTU OTPACIb MPOU3BOACTBA, PA3BUTHE KOTOPOU MPSMO I KOCBEHHO
HE CBS3aHO C MOCTaBKaMU HE(PTH, Ta3a U HEPTEHPOAYKTOB. YTIEBOJOPOIHOE ChIPHE
ABJISIETCA HE TOJIBKO OJIHMM M3 OCHOBHBIX SHEPIOHOCHUTEIIEN, HO U CIIYy’KUT OCHOBOM
Pa3BUTHS HOBBIX TEXHOJIOTUH MTPOU3BOJICTBA, HOBBIX MAaTEPUATIOB U MPOAYKTOB.

[TpombicioBOe 00YCTpPOWCTBO TpeOyeT OONBIIOro 00beMa KalmuTaTIbHBIX
BJIO’KEHMI 3HAUUTENbHAS JOJISl KOTOPBIX TPUXOAUTCS Ha COOPYKEHHE CUCTEM cOopa U
TpaHcnopta Hedptu u rasza. IlosTomy rpamoTHas IPOMBICIOBAsT MOJATOTOBKA MMEET
MEPBOCTEIICHHOE 3HAYEHWE KaK [UJIsi CHIDKEHUS KalWUTAJIbHBIX 3aTparT H
AKCIUTyaTAllMOHHBIX PACXOAOB, TaK M JJIA COKpAIEHHS CPOKOB OOyCTpOWCTBa
MECTOPOXKACHUS, a, CJIEAO0BATENIbHO, Ui YCKOPEHHsS BBOJA B JEHCTBUE HOBBIX
MECTOPOKICHUU.

CoBpeMEeHHbIE HWHXKEHEpP [0 BHYTPHUIIPOMBICIOBOMY TPYyOONPOBOJIHOMY
TPAHCHIOPTY M XPAaHEHUIO MPOIYKIIUU CKBAXXUH He(PTH U Ta3a JOJKEH 3HATh COCTaB U
(bU3UKO-XMMHUYECKHE CBONCTBa HE(PTH, Ta3a, BOJbl KaK MHOTOKOMIIOHEHTHBIH
MHOTO()a3HOM CHUCTEMbl, OCHOBHBIE NPHUHLMIBI W 3aKOHOMEPHOCTH IMPOILIECCOB
MOATOTOBKYU CKBaKUHHOM MPOAYKIIUU U €€ TPAHCTIOPTUPOBKH, 3HATh IPUYUHBI U ITYTH
O0pBOBI C KOPPO3ZUOHHBIMU TTOBPEKICHUAMH.

OTH 3HaHUS TO3BOJISIIOT MPABUIIBHO OLEHMBATH CYIIECTBYIOIIME TEXHOJIOTUU
MOJATOTOBKH, TPAHCHOpPTa, XpaHeHWs HepTH W ra3za, U MOJECPHUZHPOBATH HX B
COOTBETCTBHE C JACOUTOM JTOOBIBAEMBIX CKBaKUH, UX OOBOJHEHHOCTHIO M TEKYIIUM
ra3oBbIM ()aKTOPOM.

OO6nacTbi0 TMPUMEHEHUS TaKOW MOIECIUPYIOUIEH MpOrpaMMbl  SIBIISIOTCS

YCTaHOBKHU MOATOTOBKU HE(PTHU CKBAXXUHHOU npoaykiuu ToMckoii obsactu
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1. IIpombIiciioBasi MOATOTOBKA He(PTH U ra3a
1.1 Teopernyeckue 0CHOBBI IPOMBICJI0BOI MOATOTOBKM He(PTH

[loctynatomass u3 HEPTSIHBIX WM Ta30BbIX CKBWKWH NPOAYKLIHS HE
IpeCTaBIsieT cO00M COOTBETCTBEHHO YMCThIe He(PTH U Ta3. M3 CKBaXHHBI BMECTE C
HE(THIO NOCTYNAIOT IJIACTOBAsl BOAA, NOMYTHBIN (HEPTSIHOMN ra3), TBEp/ble YaCTULIBI
MEXaHUYECKUX MPUMECEH, TOPHBIX MOPO/I, 3aTBEP/IECBIIETO [IEMEHTA.

[Tponykius cKkBaXMH HE(TAHBIX U Ta30BbIX MECTOPOKICHHUM IMpEICTaBIsAET
c000i1 MHOTO(a3HYI0 MHOTOKOMIIOHEHTHYIO CUCTEMY.

[IpombiciOBOE 00YCTpOMCTBO TpeOyeT OO0bIIero o00beMa KamUuTATbHBIX
BJIO’KEHUH, 3HAUUTENbHAs JOJISl KOTOPBIX MPUXOIUTCS HA COOPYKEHHE CUCTEM cOopa
U TpaHcrnopTa HedTH U Ta3a. B cBs3u ¢ 3TUM He0OX0IMMa TpaMOTHAsI TIPOMBICTIOBAS
[OJIFOTOBKA, UMEIOIAsi IEPBOCTENICHHOE 3HAYEHUE KAK JUUIsl CHU)KEHUSI KalluTalbHbIX
3aTpaT U SKCILTyaTallMOHHBIX PACXO0JI0B, TaK U JUIsl COKpALEHHUs CPOKOB 00yCTpOMCTBA
MECTOPOXKICHUA U, CIIEOBATENbHO, NIJS YCKOPEHHWS BBOJA B JCHCTBHE HOBBIX
MECTOPOKICHUU.

[lepcnexTuBHBIE 00beMBI JOOBIYM HePTH B Poccum OynyT onpenensTbes B
OCHOBHOM YPOBHEM MHPOBBIX II€H Ha HE(Th, HAIOTOBBIMU YCIOBUSMU W HAy4YHO-
TEXHUUYECKUMHU JOCTHKEHUSIMU B Pa3BeJIKe U pa3pabOTKe MECTOPOXKICHUH.

[Tpupoanslii ra3, TpUHAJICKUT K HEBO30OHABIIIEMBIM pecypcaM cTpaHbl. OH
SIBJIIETCSL OJTHUM M3 LICHHEUILIUX BUJIOB ChIPhs, B 3HAUUTEIBHON MEpe ONPEAeIIIOINX
pa3BUTHE HKOHOMHUKH. ['a3 — HCTOUYHUK (opMuUpOBaHUs OroJkKeTa cTpaHbl. B
HACTOsIIIee BpEMs 101l MOTPEOIEHUSI MPUPOJIHOTO ra3a B CTPAHE COCTABIISET CBBIIIE
30 % u, UMeeT yCTOMYMBYIO TEHICHIIUIO K TaJIbHEHIIIEMY POCTY.

HaubGonbmme morepu raza (mo 90 %) mpoucxoisT B ra3oTpaHCHOPTHBIX
CUCTEMaX.

[Ipu moarotoBke JOOBIBAEMOIO YIJIEBOJOPOIHOTO CHIPbsl K MaruCTpajibHOMY
TPAHCIIOPTY, Ha COBPEMEHHBIX IMPOMBICIAX TOJYYWIH IHPOKOE TMPUMEHEHHE

TCXHOJOIMYCCKHUC ITPOUCCChl, OCHOBAHHLIC HAa UCIIOJIb30BaHUU IIPHUHINUIIA Pa3ACICHUA
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(cemapanuy) IJIACTOBOM CMECH Ha XHUJAKYIO W Ta3oByl0 (a3pl B pe3ynbrare
€CTECTBEHHBIX CHJI: TPABUTALIUN, UHEPLIUU U JIP.

CocTtosiHEe W CBOWCTBAa HE(TAHBIX CHCTEM OIPEACTSIOTCS BIUSHHEM
pa3IMYHBIX [apaMETPOB: JABJICHUEM, TEMIIEpaTypoW, VYAEIbHBIM O0BEMOM,
KOMITOHEHTHBIM COCTaBOM (ha3.

[Tpu aBwxeHnn yriaeBogopoaHoi (YB) cucreMsl o Beel memouke «IiactT —
CKBaAXMHA — cucTemMa cOopa W TOJATOTOBKM — MAarucTpajbHBIA TPyOOIpOBOI»
HEIMPEPBIBHO M3MEHSETCS JaBJIEHHE W Temueparypa. B pesynprare H3MEHSIOTCS
(a30BblE€ COCTOSTHUSI CHUCTEM, KOMIIOHEHTHBI cocTaB (a3, M Kak CIEACTBUE,
HaOJ01aeMble (PU3MKO-XMMHUECKHUE CBOICTBA.

CrnenoBaTenbHO, MPOMBICIIOBAs MOATOTOBKAa HE(PTH HYyKHA JJISl TOTO, YTOOBI
00ecneunTh JTOJDKHOE KayecTBO HEpropecypca, mepei TeM Kak €ro OTIpaBsAT Ha
MPOMBIIUICHHBIE TTPEANPUSATHUA.

Taxoxe sTa mponenypa CHMUXXKAET O MUHUMYMa HaJlM4Yu€ B ChIPbE BPEIOHBIX
BELIECTB, YTO FAPAHTUPYET JUIUTEIbHBIA CPOK IKCILTyaTallud HEPTEIPOBOIOB.

HekauecTBeHHast MOArOTOBKA CHIPbsi MOXET MPUBECTH K HEMAJbIM JIMIIIHUM
3arparaM. Pedb uaer o 1oporoBu3He TPAHCIOPTUPOBKH, €CIU MPOAYKT HE OUYUCTUIH
OT HEHYXHBIX BEIIECTB, MPUAAIOLUIMX €My JUIIHUA o0BeM M Bec. A Takxke O
(MHaHCOBBIX BJIOXKEHUAX B oOopynoBaHue. Benb He(Th, U3 KOTOPOW HE BHIBEACHBI
COJIM, MOXET OYCHBb OBICTPO IMOBPEIUTH TPYOONPOBOJ, M TOrAa MOTPEOyeTCs €ro
3aMeHa.

Best ToBapHas HedTh, MocTynaromass B MarucTpajibHbId HEPTENPOBOL,
cootBercTBYyeT «I'OCT P 51858-2002. Hedth. OOmIME TEXHUUECKHE YCIOBUSY.
TaOnuuHbBIC TaHHBIC TPUBEACHBI HIDKE [1].

Tabnuua 1 - Kiaccer Hedtu

Kiracc nedrm HanmenoBanune MaCCOBaHOHOHH Metox ucobITaHUS
cepsl, %o
1 MarnocepHucras o 0,60 BkiIrOU. Ilo TOCT 1437,
2 CepHucras Or 0,61 >> 1,80 TOCT P 51947
3 BricokocepHucTas >> 1,81 >> 3,50
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4

Oco00
BBICOKOCEPHHCTAS

Cs. 3,50

9.2 HACTOAILIETO
CTaHJapTa

ITo IINIOTHOCTH, a IIPpH ITOCTABKC Ha SKCIIOPT — AOIMMOJHUTCIIBHO I10 BBIXO1Y

(dbpakiuii 1 MaccoBo j1o1e mapaduHa HeTh MOAPA3ICIIIIOT Ha MISATh TUIIOB (Ta0mia 2):

A W DL O

Tabnuna 2 - Tunel HedTH

Oco0060 nerkas;

Jlerkas;
Cpennss;

Tsoxenas;

butymunosHnas

Hopwma s vedtu tumna
0 1 2 3 4
0]
E a )E >§ >§ >§ )E
@ E s & s & s & < E s
SRR N - - s
S5 | Ee = = = £ = =5 £ =6 = | MCHIbITAHUSA
55 | 9 | g 5 | o~ 5 0 P~ 5| o 3
a, o, o, <Y o,
T = = = = = = = = = =
- 7| = 2 | = = = 5 | = =
= = = = =
S¢ S¢ S¢ S¢ S¢
1P, kr/m®, ipu T: I[Io I'OCT
3900 m 9.3
HACTOSIIIET
0
CTaHJapTa
20 °C <830,0 830,1-850,0 850,1-870,0 870,1-895,0 >8950 | IloI'OCT P
51069 u 9.3
15°C | <8337 | 8338-8536 | 853,7-8735 | 8736-8984 | >8984 | T
CTaHaapTa
2 Beixon dpaxiuit, % 006., He MeHee, 10 T: Ilo
IroCT2177
(meTon B)
200°C - 30 - 27 - 21 - - - -
300°C - 52 - 47 - 42 - - - -
3 Maccogas nons napaduna, %, He 6onee
I[Io 'OCT
- |8 ] 0 ) 0 ) ) N 11851
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[Ipumeyanus

1. Ecnu HedTh 0 ofHOMY U3 TIOKa3aTesel (TUIOTHOCTH WK BbIXOAY (Ppakiiuii) OTHOCUTCS K TUITY
C MEHBIIUM HOMEPOM, a TO-APYrOMY - K TUITY ¢ OOJIBIINM HOMEPOM, TO He()Th MPU3HAIOT

COOTBETCTBYIOIIEH TUIY C OOJNBIIUM HOMEPOM.

2. Hedtu TumoB 3 u 4 npu npueMe B CUCTEMY TPyOOIIPOBOAHOTO TPAHCIIOPTA /ISl TIOCTIEAYIOIICH
MIOCTAaBKHU Ha SKCIOPT JOHKHBI UMETh HOPMY I10 TIoka3aTeinto 3 He Ooiee 6%.

[lo crenenn moAroToBKM He(TH MOAPA3AEISAIOT HA TPpyMIIb 1-3 (Tabmuma 3).

Ta6nuna 3 - ['pynmnsl HeGTH

Hopwma s
HaumMenoBanme moka3arens HeDTH TPYIIIBI MeTtoxa uCTIBITaHUS
1 2 3
1 Maccogas mons Boasl, %, ve 6onee | 0,5 | 0,5 | 1,0 o TOCT 2477 u 9.5
HACTOSIIIEr0 CTaHJapTa
2 MaccoBast KOHLIEHTpaLHs [ToI'OCT 21534 1 9.6
. 3 100 | 300 | 900
XJIOPUCTHIX COJICH, MI/IM°, HE OoJiee HACTOSAIIETO CTaHAapTa
3 MaccoBasa )I[E)J'I}I MEXaHUYECKUX 0,05 o TOCT 6370
npumecei, %, He 0oiiee
4 JlaBli€HHE HACBHIIICHHBIX ITApOB o FOCT 1756, TOCT
”1 POB, 66,7 (500) P 52340 u 9.8
klla (MM pT. cT.), HE OoJee
HACTOSIIIEr0 CTaHapTa
S MaccoBas 107151 OpraHu4YECKUX
XJIOPUIOB BO (ppakiuu, IIo I'OCT P 52247 nnn
. 10 | 10 | 10
BBIKUIIAIOLIEN 1O TEMIIEPATYPHI NpUIOKEHUIO A (6)
204°C, mun. (ppm), He Gonee

[Tpumeuanue - Eciu no ogHOMY 13 nokazaTesieil HeTh OTHOCUTCS K TPYIIIE C
MEHBIIIUM HOMEPOM, a MO-JIPYrOMY - K TpyIIne ¢ OOJIbITUM HOMEPOM, TO HEDTH
MIPU3HAIOT COOTBETCTBYIOIEH IpyMie ¢ OOJBITUM HOMEPOM.

[lo m™maccoBoit [mone cepoBOOpoJa W JIETKUX MeEpKanTaHOB He(PTh

oApa3aeyAoT Ha 2 BUAa (Tabmuma 4).

Tabnuua 4 - Buasl Hedtu

Bun
Meton
HanmenoBanue nokasarens He(TH
1 5 UCIIBITAaHUS
1 MaccoBas 1ons cepoBofopoaa, MiH. ™ (ppm), ue [IoT'OCT P
20 | 100
Oosee 50802
2 MaccoBas 107151 METWJI- U STUIMEPKANTAHOB B
1 40 | 100
cymme, MitH. ™ (ppm), He Ootee

[Ipumeuanus

1 Hopmbl o mokasaresnsiM Tabiuiibl 4 siBISIFOTCS (DaKyIbTaTUBHBIMHU JI0
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01.01.2013r.
Onpenensitorcst Juist HA00pa JaHHBIX.

TpeOoBaHus K MNPOEKTUPOBKE CUCTEM cOOpa W TOATOTOBKM He(dTH B
HacTosnii MmoMmeHT mpomnucansl B BHTII 3-85 [2] «Hopwmbl TexHOJIOrHYECKOro
MPOEKTUPOBAaHUSI 00BEKTOB COOpa, TpaHCIOPTAa, MOATOTOBKU HE(TH, ra3a U BOJbI
HedTsHBIX MecTopoXxaeHui» (TOCT P 58367-2019 «O0ycTpOicTBO MECTOPOXKICHU
HepTH Ha cymre. TexHomormyeckoe npoektupoanue» [50]), B koTopoMm mpuBeneH
BECh PErJIaMEHT K MPOEKTUPYEMbIM 00beKTaM HedTe100bIYH.

[lepBuyHasi MOArOTOBKAa HE(PTH, B MOAABISIONIEM OOJBIIMHCTBE CIy4yaes,

MIPOUCXOIUT HETIOCPEJCTBEHHO Ha OOBEKTaX €€ I0OBIUH.

[TepBuuHas moAroToBKa HE()TH MOJPA3YMEBAET:
e  Jlera3aluio — yJAaJI€HUE U3 ChIPbhs ra30B;
e  CTAa0WIM3ALMIO — y/IaJICHHE HEHYKHBIX JIETKUX (DpaKIuit;
e  00€3BOXKMBaHUE — OTJIEJICHUE HEPTU OT BOJIBL;

L o0eccoJIMBaHNe — U3bIMAaHHUE U3 OHCpropecypca JUIMHUX COJICH.

1.2 erazauusi HegTH

Hedtp, moObiBaemass W3 3eMHBIX HeAp, KaK TMPABHIIO, COJCPKHUT Tras,
Ha3bIBaEMbIi TTOMyTHBIM. Ha Kakayro ToHHy 1006bITOM HedTn mpuxoautcs 50-100 m3
nomyTHoro rasa. Ilepen TpancnopTHpoBKOW U Tonauvelt HePTH Ha nepepaboTKy ras
JOJKEH OBITh OTAENIEH OT He(TH. Y AalieHne raza u3 He)Tu — Jerasanus, IpoBOJUTCS
C TIOMOIIIBIO CEMapalyy U CTAOMIU3ALIH.

B ycnoBusix He(TSAHOTO MjacTa MpU BHICOKOM JaBJICHHUU ra3bl paCTBOPEHBI B
HeTH, TpU mnoabeMe He(TH Ha 3EeMHYI0 IOBEPXHOCTh [ABJICHHWE TMAJacT M
PacTBOPEHHBIN T'a3 BBIACISAETCS, BA)KHO B 3TOT MOMEHT YJIOBUTH €ro. CylecTByer
HECKOJIbKO CXEeM OTHEJNeHHs Tra3a OT He(TH Ha NPOMBICIE, pa3IuyarouuXcs

yCIIOBUSIMU TiepemMelieHns HeTu u raza. CxeMmbl IEpBOM IPYIIIbI XapaKTePU3YIOTCS
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TEM, 4TO ra3 OTAENIAI0T OT HETU Ha KpaTyalllleM PacCTOSTHUM OT CKBakuHbI. [locne
OTIEJICHUS Ta3a K LEHTPAJIbHBIM IIyHKTaM cOopa MEepeMelIaeTcsl TOJbKO HE(PTb.
[Tpumep mogo00HOM CXeMBbl OT/IeTICHUS Ta3a OT HE(PTH MPUBOIUTCS HA PUCYHKE 1a.
["a3oHe(dTAHAsA cMeCh U3 CKBaXKUHBI MOCTYIAET, B BEPTUKAIBHYIO eMKOCTh C-
1, 060pya0BaHHYIO YCTPOWCTBAMU JIJIsl IPEAOTBPAILIEHUSI YHOCA HE(TH C Ta30M. JTa
€MKOCTh HOCHUT Ha3BaHue Tpama. M3 Tpama C-1 ra3 mocTymaeT B Ta30COOpHBIN
KOJUIEKTOp, a He(pTh — B MepHUK E-1. [1o ra30cO0pHOMY KOJUIEKTOPY HOIYTHBIN Ta3
nepesaeTcs A JaubHene o0paboTku Ha ra300eH3MHOBbIE 3aBObI. K KOJIEKTOpY
HOJIKJIFOYAETCsl A0 CTa M 00Jee CKBAKMH OJHOTO WJIM HECKOJIbKMX OJM3JeKaliux
HE(QTAHBIX MecTOopokKaeHUM. I[loCcKoNbKy naBieHHE, NpU KOTOPOM HPOUCXOAUT
pasnmenenne B Tparme, HeBbicokoe (101,3-202,6 klla), mis momaym Tra3a Ha
ra300€H3MHOBBIE 3aBO/IbI €r0 CXKMMAIOT KoMIipeccopamu JIK-1.
Hed1b n3 mepuuka £-1 caMoTeKkoM UM HacocaMu MOAAeTCs Ha HePTEeCOOPHBIN MYHKT,

rac nmoABCpracTc:Aa 00€3BOKMBAHUIO.

k=1

7

as

T
=

&1

Pucynox 1 — Cxemsl oTaieneHus ra3a ot Hetu Ha HepTenpomBbIciie ¢
OJIHOCTYIIEHYATOM (@) U MHOTOCTYIIEHUYaTo! cenapauueit (0): 1-eas na 3a600; 11-
Heghmo

OnucanHasg cxema OTJIMYAETCs MPOCTOTOM, HO HE OOECIEYMBAET MOJTHOTHI
yJIaBIUBaHUs MOMYTHOTO Ta3a. [locne omHocTyneHuaToil cenapaiuu B HeTh ocTaeTcs
10 40-50 % momyTHOTO Ta3a. DTOT Ta3, momnajaas BMecTe ¢ HeThio B MepHUKH E-1 u
pe3epByapbl He()TECOOPHBIX IMYHKTOB, B 3HAYMTEILHOW CTCIICHU YJICTYYHMBACTCS B

atmocdepy. bonee 3ppekTUBHBI cHCTEMbI MHOTOCTYNIEHUATON cenapauuu (puc. 10).
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Ha yctbe He(TsAHONM CKBaXXMHBI NOJAEPAKUBACTCS MOBBIIIEHHOE J1aBicHUe. B
HENOCPEICTBEHHON OJIM30CTH OT CKBAaXKMHBI PA3MEIIAETCs Ta300TACIUTENb MEPBOU
ctynenn cenapaiuu C-1, naBnenwe B kKotopoM paBHO 607,9-709,3 klla. Otoro
JaBJICHUS JOCTaTOYHO, 4YTOOBI 0€3 JOMOIHUTENBHOIO CKaThs OJaTh ra3 Ha 3aBoJ. U3
ra300TACIUTENS MIEPBOI CTYNIEHH HEPTh BMECTE C OCTABIIMMCS B HEM pacTBOPEHHBIM
ra3zoM CaMOTEKOM IepeEMENIAeTCsl Ha HEHTPAIbHBINA COOpHBIN MyHKT. Ha 3TOM myHKTE
COOMPAIOTCS HOTOKHU OT OOJIBILIOTO YKCiIa CKBAKUH. B pe3ynbrare CHUKEHUS JaBJICHUS
Ha [EHTPaJIbHOM COOPHOM MYHKTE BHOBb MPOMCXOAUT BBIJCIICHUE Ta3a B CEMapaTrope
C-2. DJtor ra3 mojaeTcs Ha 3aBoj  Kommpeccopamu. [IpemmyiectBa
MHOTOCTYIIEHYATON CXEMBI Cellapariu:

e  0ojee MOJHOE OTAEIIEHUE Ta3a OT HePTH;

®  COKpAlllEHHE YHOCA Kareb HEPTH C ra3om;

e  yMCHBIIICHUE pacxo/ia JICKTPOIHEPTUH Ha C)kaTue rasa [3].

1.3 Crabuan3auus HepTH

Crabunuzauus He(TH — U3BJIEYEHUE JIETKUX YIJIEBOAOPOJIOB, KOTOpBIE MpHU
HOPMaJbHBIX YCJIOBUAX SIBISIOTCA Tra3000pa3HbIMU, Ui JaJbHEHIIEro MX
UCIIOJIb30BaHUs B HEPTEXUMUYECKOU MPOMBIIIJIEHHOCTH.

Crenenb cTaOunu3anuu HEPTU YCTAHABIMBAETCS IJI KaXKJIOTO KOHKPETHOTO
MECTOPOXKICHHUS C YUYETOM: KOJIMYECTBA NTOObIBaeMOW He(TH, coAepKaHUs B HEH
JETKUX YIIJIEBOJOPOJOB, TEXHOJOTMU cOOpa HEPTHU U Ta3a Ha MPOMBICIE, BIUSIHUS
crabuin3alui HepTH Ha OEH3MHOBBIM (aKTOp HEPTH, YBEIWYEHUs 3aTpaT Ha
nepekauky HepTH 3a Cy€T TMOBBIIIEHUS BSI3KOCTU IMpH OOJBIIEH CTENeHU
crabunuzanuu HedTu. B 3aBUCHMOCTH OT CTeneHW cTabuiu3aiuu HedTH Mpoliecc
OCYHIICCTBJISIOT  cemapanuei  (M3BICYCHHUEM  IMUPOKOM  dpakuuu  JIETKUX
YII€BOIOPOAOB OHO- MJIM MHOTOKPAaTHBIM pa3ra3upoBaHUEeM HEPTH MYTEM CHUKECHHUS
e JaBJjeHUs, B T.4. C MPEABAPUTEIBHBIM MOJOTPEBOM He(pTH) Uiu peKkTUuuKanuen

(orbopom N€rkux ¢Gpakmuii Ipu 0THO- UIIM MHOTOKPATHOM HarpeBe M KOHIACHCAIIHH C
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YETKUM paslieJIeHueM yriaeBoaoponoB). Ha mnpombiciax crabunuzauud HepTH
MPOBOJAT B OCHOBHOM B CENapaliOHHBIX YCTAHOBKAX, KOTOPbIE Pa3IMYaroTcs IO
NPUHITUIY JCUCTBUS (TpaBUTAIIMOHHBIE, WHEPIIMOHHBIC WM JKATIO3WHHBIC U
HEHTPOOEKHBIE), TPOCTPAHCTBEHHON OpHUEHTALMH (BEPTUKAIbHBIC, TOPU3OHTAIbHBIC
Y HAKJIOHHBIC) M TeOMeTpudecKor dopme (ImmmHIApUYecKrue u chepudeckue). s
crabmim3anu HeTH ¢ OOJNBIIMMH Ta30BbIMH (DAKTOPAMH TPUMEHSIOTCS, Kak
MpaBuiIo, TOPU3OHTAIbHBIE cernapaTopbl. CTeneHb U3BICUCHHS Ta3a U HEPTH U BHIHOC
Kareyiek He)TH BMECTE C Ta30M 3aBHCST OT YKCJIa CTYyTNICHEH cenapaiu, JaBJICHUS 110
CTYIICHSIM CeTapaluu, TeMIepaTypbl 1 00bEMa MocTynaroieil HererasoBoii cmecH, a
TaK)Xe OT KOHCTPYKIIMH CenapaTopoB.

[Ipu MHOTOCTYIIEHYaTOW Cerapalid Ha TMEPBBIX CTYMNCHSIX IMONIy4aroT B
OCHOBHOM METaH, KOTOPbIN UCTIOIB3YIOT Ha MPOMBICIIE WJTU MOJAI0T B MATUCTPATbHBIN
ra30mpoBO/I, Ha MOCIEAYIONIUX CTYIICHIX — JIETKUE YIIIeBO0poibl (B ocHOBHOM C3Hs).
bnaronaps crabunuzanuu HeTH yMEHBIIAIOTCS MOTEPH MPU XPAHEHUHU U TPAHCIIOPTE
HeTH.

[Iporpecc B obsactu crabunuzanuu HedTH BO3MOXKEH MNpU OOECIEYECHUU
CHI)KCHHMSI 3aTpaT DJHEPrud Ha Cemapaiui ¢ TeM, 4YTOObl 3aKIIOYEHHYIO B
He(Tera3oBoM MOTOKE SHEPTUI0 MCIOJIb30BaTh TJIABHBIM OOpa3oM [Jisi TpaHCIOpTa
HepTM u Ta3za, a TaKXKe TPU 3HAYUTEILHOM TOBBIINIEHUU 3GPEKTUBHOCTH
CemapalMoOHHbIX amnmnapaTtoB. [lepcrneKTUBHBI METOABI pa3zelieHus HedTH U Tasza ¢
MPUMEHEHUEM YJIbTpa3ByKa, MEMOpaH, cemapaiy B TOHKUX CJIOSIX U Ap., a TaKkKe

COYETaHUS MX C BO3JICHCTBUEM TEILIOTHI, IIEHTPOOCKHBIX CHII U 1Ip. [4].

1.4 Ob6e3BokMBaHMe U 00ecco/IMBaHNE HePTH

O06e3BoKMBaHKE U 00ECCOJIMBaHKE HEPTU — MOATOTOBKA HE(TU K IIEpepadoTKe
IyTEM YJAJICHUS U3 HEE BOJIbI, MUHEPAJIbHBIX COJIEHM M MEXAaHUYECKUX ITpumMecen. [Ipu
no0brye HepTH HEeM30EKHBIN ee crmyTHUK-TuiactoBas Boga (ot < 1 go 80-90 % mo
Macce), KoTopas, TUCIeprupysch B HedTH, 00pa3yeT ¢ Hel dMyJIbCHUU TUMa "Boja B

Hedptu" (mucnepcuonHas ¢asza-HepTh, AUcTepcHas -Boaa). Ux ¢dopMmupoBaHUIO U
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CTaOMIIM3AIMKM CIIOCOOCTBYIOT MPUCYTCTBYIOIIME B HE(DTHU MPUPOIHBIE SMYJIBIaTOPbI
(acanbTensl, HapTEHBI, CMOJIBI) W AUCHEPTUPYIOIIME. MEXAHUYECKHE IMpUMECU
(4acTuIlpl TJIMHBI, TIECKA, U3BECTHsAKA, MeTaJoB). [liacToBast Boja, Kak MpaBwiio, B
3HAUUTEIBLHON CTeneHu MuHepaiu3oBaHa xyopujgamu — Na, Mg u Ca (mo 2500
MT/JT cOIe make mpu Hanumuuu B HeGTu Bcero 1 % Bompl), a Takke Cyiabharamu

TUAPOKAPOOHATAMH.

Hanuuue B He(pTH yKa3aHHBIX BEIIECTB U MEXAHUYECKUX IPUMECEN OKa3bIBaeT
Bpe/IHOE BIIMSHUE Ha paboTy oOopynoBaHMsA HedTenepepadaTHIBAIOLUIMX 3aBOJOB

(HIT3):

1. IIpu 0O0JIBIIIOM COACPKAaHNHU BOJAbI ITOBBIIIACTCA AABJICHUC B allllapaTypcC
YCTAaHOBOK IICPCTOHKH He(l)TI/I, CHMIXKACTCA HX IIPOHU3BOAUTCIIBHOCTb, BO3PACTACT

Pacxo/1 PHEPTHUH;

2. OTJOXEHHEe coyied B TpyOax medell W Terio0OMEHHUKOB TpeOyeT ux
YaCTOW OYHCTKH, YMEHbIIAeT Kod(QuimeHTa Terionepeaadyn, BbI3bIBACT CHIHHYIO
Koppo3uto (xjmopuasl Ca u Mg runponusytorcst ¢ oopazoBanuem HCI); kpome Toro,
COJIM M MeX. MPUMECH, HAKAIUIMBAsCh B OCTATOYHBIX HE(TENPOAYKTaX — Ma3zyTe U

I'yJIpOHE, YXYALIAKOT UX Ka4eCTBO.

['unpomexaHWuecKuil METOJ OTCTauBaHUS HEPTH C IEJIbI0 PaCCIOEHUs
IJIaCTOBOM BOJABI M HEPTH, a TakkKe JUISI OCAKIACHUS MEIKUX YaCTHII
JMCTIEPTUPOBAHHOM BOJBI B CJI0O€ HE(PTHU OCYIIECTBISETCS B T'PaBUTALMOHHBIX
OTCTOMHUKAX Pa3TUYHON KOHCTPYKIIUU. OTCTOMHUKHU — 3TO OOBIYHO TOPU3OHTATIBHBIC
MUTMHApUYECKHe ammaparsl oobemom 100-150 M° ¢ GOJIBIION MIOBEPXHOCTHIO pa3jena
a3, B KOTOPBIX OTCTaBaHUE HE(PTU MPOUCXOIUT B T€UCHHUE 1-2 U mpu TeMIieparype
120-140 °C u naBnenuu no 1,5 Mlla. IIpoctoe orcrauBanue Hedgtu ManodppexkTuBHO,
HO OHO BXOJUT 00s13aTEJIbHBIM 3JIEMEHTOM BO BCE JPYTHe METO b 00€3BOKHUBAHUSI.

TepMOXUMUYECKHI METOT UCTIONB3YET 100aBIECHUE B HEPTh AEIMYJIBIaTOPOB,
KOTOPbIE XUMHUUYECKH Pa3pyMIAI0T 000J0UKY METhbYAUIIINUX TI00YIT JUCTIEPTUPOBAHHOM

BOJIbI. Menkue 100ybl BOJBI OOBEIUHSIIOTCS IPYT ¢ JPYyroM, U oOpa3oBaBIIHUECS
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rJI00yJbl KPYMHOTO JUaMeTpa OCAXKIAITCs C Topas3no OoJbIIell CKOPOCTHIO.
Heamynwratopsl (5-50 r/T HedTH) B cMecurtese J00aBIsAOT K HEPTH, KOTOpas Mpu
temneparype 60-100 °C HampaBisercss B  TOPU3OHTAIBHBIM  OTCTOWHUK.
JleamynbraTopbl Ype3BbIYaitHO pa3HOOOpa3HbI, UX COCTaB U A00ABIsIEMOE KOJIUYECTBO
NOMOMPAIOT HKCHEPUMEHTATBHO ISl KaXI0l HedTH pa3HBIX MECTOPOKICHUIA.
Haubonpiiee nmpuMeHeHHE TOMYYWIM MOBEPXHOCTHO-akTUBHBIE BemiecTBa (ITAB):
cynbdanon, cynbGodpupbl, OKCUITHIUPOBAHHBIE KUJKUE OPTaHUYECKUE KHUCIIOTHI
(OXKK), anxundenonst (OII-FO u OII-30), HedreHONbI, OpraHUYEeCKHE CIHUPTHI
(HEOHOJ, CHHTAHOJI U JIp.), COMIOJUMEPHI ATHIICH- U TIPOIMUIICHOKCUIOB (JUCCOJIbBAH,
IPOKCAHOJIbI, MPOKCAMUH, KEMEJIHMKC, Celaposl U Jp.), TUIPOKCAMUH, OKcadophl,
IPOXHHOP U JP.

['my6okas ounctka HedTu oT Boasl (10 0,1 mac. %) u coneit (mo 1-5 mr/n)
JIOCTUTACTCI  TOJBKO  ANEKTPOTEPMOXMMHUYECKUM METOJOM C HHTEHCHUBHBIM
OCXKJICHUEM MEJKUX YaCTHUI[ BOJBI B CHJIBHOM JJIEKTPUUYECKOM T10JIe B MPUCYTCTBUU
OOJIBIIIMX KOJMYECTB CBEXEH MPOMBIBOUHOW mpecHOHM Boabl (5-7 Mac. %).
Cdepuueckue rio0ymbl (Karin) BOJbI MO JEHCTBUEM TEPEMEHHOTO AJIEKTPUUYECKOTO
noyist  1e(OpMUPYIOTCS, BBITSATUBAIOTCA, <«JAPOXKAT», COYIApSIOTCS M, HAKOHEII,
CIMBAIOTCA B 0OoJjiee KpymHble TIJOOYJIbl. IDTOMY CIHOCOOCTBYIOT TakXke |
JIEOMYJBraToOphbl, pa3pbIBalONIFEe OOOJOYKH Kamedb BOJABIL, M  MOBBIIICHHAS
temriepatypa (120-130 °C), monmxaromias BI3KocTh HeGTu. Bee atu hakTopsl BMecTe
YBEJIMYUBAIOT CKOPOCTh OCAXKACHMS Kallelb AUCIEPTHPOBAHHONW BOJBI, B KOTOPOW
PacTBOPEHBI MUHEPAIbHBIE COJIH.

Ounctka HEPTH OT BOABI U COJIEH HAYMHAETCA HAa HEPTSIHOM MPOMBICIIE
(moaroroBka HEPTH K TpaHCHOPTY) U 3akaHuuBaeTcs Ha HII3, mpu 3TOM BO3MOXKHBI
TPU-TISITh CTAJANM OYUCTKU C HMCIOJIB30BAHMEM PAa3HBIX METOJOB OOE3BOKHMBAHMS.
KoneuHoii craauelt sisiercs anekTpoooe3BoxuBanue Hegtu Ha HI13. CoBpemeHHas
TEXHOJIOTUYECKasi yCTAaHOBKA OOE3BOKMBAHUSI ©  oOOeccolmBaHus HedTH C
MPUMEHEHUEM JJICKTPOACTUIPATOPOB MOXKET ObITH aBTOHOMHOU (Hampumep, IJIOVY -
6, ungexc 10/6) unu ObITH OJOKOM B COCTaBe KOMOMHUPOBAHHOM YCTaHOBKHU

aTMocpepHOU pekTHupuKanmmu HePTH U BAKYyMHOM peKTU(UKAIMU Ma3yTa
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(manmpumep, IJIOY-AT-8, ungexkc 13/1 umu DJIOY-ABT-6, ungekc 11/4). B
MocJIeTHEM BapraHTe He(PTh HACOCOM MTPOKAYMBAETCS Yepe3 TEINIOOOMEHHYIO IPyIITy,
I7Ie 3a CUeT TeIlla MOJYYCHHBIX HEe(TIHBIX (paKIUid HATPEBACTCS 10 TEMIIEPATyPhI
130-140 °C u mox naBnenuem 1,4-1,5 MIla uepes cmecurensb (11 cMelIMBaHus HeDTH
C JIEAIMYJIBraTOPOM U MMPOMBIBOYHOM MPECHOU BOOM ) MOCTYNAET B ANEKTPOAETUAPATO-
pel mepBoii crymeHu. Jlanee oOe3BokeHHas HE(Th BHOBb CMEIIUBACTCS C
NEAIMYJIbraTopoM ¥ TPOMBIBOYHOM  TNpPEcHOW  BOJOM M MOCTymaeT B
IEKTPOJETHAPATOPHI BTOPOM CTYIEHHU, U3 KOTOPHIX 00€3BOKEHHAsI M 00ECCOJICHHAS
He(Th MPOXOIUT TEIUIOOOMEHHYIO TPy JIJIsl Harpesa a0 TemiepaTtypsl 200-230 °C
nepe nepBoi pekTuUKAIMOHHON KOJOHHOU. M3 anekTpoaeruapatopoB OTBOJIUTCS
JIpeHaXkHask coJieHass BojAa (C OoJblleld YacThbio JeAMYJIbraTtopa U COJSIMH) ISt
nanpHeimen — yrunuszanuu.  KOHCTpYKIIMM  MPOMBICTIOBBIX M 3aBOJCKHX
AIEKTPOAECTHAPATOPOB  HECKOJIBKO  pa3nyaroTcs. THUIIOBOM  TOPU3OHTAIBHBIN
anexTpoaeruaparop (puc. 2) umeet quametp 3,4 M u uHy 18-24 M, 06bem 160-200
M® u pacuerHoe naBnenue 1,8 MIla. BHyTpu Hero pacrosaraioTcsi aBa-TPH
peleTyaThIX 3JIeKTPo/1a (HECKOJIBKO BBIIIE OCH almapara), KOTOpbIe MOABEIINBAIOTCS
Ha M30JITOPAX K KOpITyCcy anmnapata. J{Jist paboThl CIIOIb3YETCsl BHICOKOE HANIPSKEHHE
MEPEMEHHOT0 AIEKTPUUECKOTo ToKa (22-44 kB), pacxon 3€KTPOIHEPTUU COCTABIISIET

2,5-5,0 Bt /m® medru [5].

PucyHOK 2 — TOpU30HTANIBHBIN AIEKTPOJIUTUAPATOP. |- KOpIyC; 2- KOJUIEKTOP
obecconieHHON He(dTH; 3- MITYIEp 71 IPEIOXPAHUTEIHLHOTO KianaHa; 4,5- matpyoku

JUTSL TPOXOAHBIX U30JIATOPOB; 6,9- MOKU-TIa3bl; 7- KOJUIEKTOP Chipoit HedTH; 8-
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anektponsl. [Toroku: |- ceipast HedTh; |1- o6ecconennas nedts; - mmam; 1V-

BOJsIHOM map; V- coysiHOM pacTBop; V- mpoMbIBHas BOJA.
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2 OB30P NEPUOJUYECKOM JUTEPATYPHI

2.1 IlpoMbIcjioBasi MOATOTOBKA He(PTH

B Hacrtosiee BpeMs MPOBOAMUTCS OTPOMHOE KOJIMYECTBO HCCIEAOBAHUM IO
COKpAILIEHUIO 3aTPAT Ha POMBICIIOBOE 000pYAOBaHHE, C AOMYCTUMON ONTUMHU3AIIHEH.
Tak kak JaHHBIA BOIPOC OCTPO BOCTPEOOBAH MOCIEIHHE TOJbI, BBHIMYIIEHO MHOTO
cTaTeil Ha JaHHYI0 TEMYy, B KOTOPBIX PACKpBIBA€TCS BCS TIyOHWHA MPOBEIEHHBIX
MEPOIIPUATHM.

B cratee [6] aBTOpsl T.H. Bopmorora, I1.FO. Cokonpuuk paccMaTpuBarOT
BO3MO>KHOCTH pacIIMPEHUs] CUCTEM aBTOMAaTU3UpoBaHHOTO npoekTrpoBanus (CAIIP)
TEXHOJOTHUECKUX YCTAaHOBOK cHCTeM cOopa W TOAroToBKM HedTH. [is sToro
IPUBEECHbl MPAKTUYECKUE MPUMEPHl TEXHOJOTMYECKUX MPOLIECCOB MOATOTOBKU
HE(TH U COCTAB TEXHOJOTUUYECKUX YCTAHOBOK C MPUMEHEHHEM MOAYJIBHOIO IOJIX0/1a,
orpeneneHbl WHOOPMAIMOHHBIE MOJAETH, (OpMaTM3YIONIME TPYMHMbl PEIICHUH |
OINKCBHIBAIONINE OTJENbHBIE pEHICHUSs 10 TEXHOJIOIHMYecKoil ycrtaHoBke. Jlis
MOCTPOCHHUS MOJeNield MPUMEHEH OOBEKTHO-OPHEHTHPOBAHHBIN TOIX0J] OMHCAHUSA
pelIeHui U MOJX0J, OCHOBAHHBIM Ha peNsUUOHHBIX Mozensix. [Ipu paccmorpenun
TEXHOJIOTMYECKON YCTAaHOBKH C MPUMEHEHUEM 00 BEKTHO-OPUEHTHPOBAHHOT'O MTOIX0/1a
oTpesieNieHa nepapxusi KJIACCOB, UCTIONB3YEMBIX TS JAbHEHIIIETO MPOSKTUPOBAHMS,
U CBOICTBa KJIACCOB. DTH MOJXOJbI MPUBOIAT K mocTpoeHuto 0a3 manubix (B/I) u
cucteMbl ynpasienus 0azamu gaHHbIX (CYB/I), unrerpupoBannbix B CAIIP unu
UCTIONB3YEMBIX  OTAENBHO, KOTOpbIE  TMO3BOJSIOT  (OpMaiIn30BaTh  BHIOOD
anmnapaTypHOro oQpOpMIIEHHUsS TEXHOJIOTUYECKUX yCTaHOBOK. [IpuBoauTcs anroputm
ucnonp30Banus b/l mpu mpoekTHpOBaHNN TEXHOJIOTHUECKUX YCTAaHOBOK.

B pa6ote E.B. Hukonaes, C.H XapinamoB npecTaBuin B cTaThe [7]. CBeICHUS
00 O0COOCHHOCTSX WM3MEHEHHM KPUTEPHUEB TMOM00MS B Ta3000pa3HBIX CIUIONTHBIX
cpenax, XapakTepHu3yIOIUX MPOIECCHl IEPeHOCca UMITYIIbCa, TeIIa U Macchl. M3ydeHsl
O0COOCHHOCTH M3MEHEHUN COCTaBa CMECH U TEIJIOPU3UUECKUX CBOMCTB BBIXOSAIIETO
MOTOKA ra3a B OTICNBHBIX PEKUMaX M3MEHEHHH TOJS TEeMIEepaTypbl U JaBICHUSA,

XapaKTCPHBIX JIA q)YHKI_[I/IOHI/IpOBaHI/ISI IMPOMBIINIJICHHBIX aIlllapaTOB IMOATOTOBKHU
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He(TU. YCTaHOBIEHO, YTO JaHHBIE pacueTa W3MEHEHUN KPUTEPUEB YCIHEIIHbI IS
IIPOTHO3a MPOLIECCOB B pealibHbIX ra3zax. OTMedaeTcs, YTO pacCUUTAHHBIE 3HAYCHUS
yucen Ilpanarnsa, mwmara w Jlptomca s ONHOKOMIOHEHTHBIX XUMHYECKH
OHOPOJHBIX CHUCTEM JOCTATOYHO XOPOIIO KOPPEIUPYIOT € 3KCIEPUMEHTAIBHOM
uHpopmarmeri. OOcykmaemass MareMaTwudeckassh MOJEIb 10  ONPEACIICHUIO
napaMeTpoB MPOIECCOB MEPEeHoca, B YaCTHOCTH, yucia [lIMuara, i cMecu MOXeT
ObITh BepU(UIMPOBAHA JAaHHBIMH SKCHEPUMEHTAIBHBIX HCCIICOBAHUN SIBIICHUN
camonuddy3un B ra3000pa3HBIX CHCTEMaX.

Ha ycranoBke moarotoBku He(TH B crathe [8] aBTOpamMu NpOBOAMIUCH
OTIBITHO-TIPOMBIIIIJIEHHBIE PA0OTHI ¥ BHEAPEHHUE HOBBIX TEXHOJOTHUN MO MOBBIIICHUIO
KaduecTBa He(PTH M CTOYHOW BOJBI. B CBSI3M C 3TUM NPOBEACHUE BCEBO3MOKHBIX
UCIIBITAaHUIM 0€3 BMENIaTeIbcTBA M HAPYIICHHUs] OCHOBHOTO Tpoliecca Ha CTEHIO0BOM
o0OpyJOBaHUM SABIAETCS akTyalbHOW 3ajmayeil. I[lpumenenue 3HaHuil 00
3G ()EKTUBHBIX TEXHOJOTHUAX TMPOMBICIIOBOM TMOATOTOBKM He(pTH W BOHBI, H
KOHCTPYKTOPCKHX pelieHud B 00JacTH HEe(PTSIHOro MaIIMHOCTPOCHHS IMO3BOJIUIH
pa3paboTaTh MOOWJIBHBIA KOMIUJIEKC MJII MOJICIUPOBAHMS MPOILIECCOB MOIATOTOBKHU
CKBQXUHHOM MPOAYKUWHA M TPOBEAECHUS OIBITHO-IIPOMBIILICHHBIX HWCIBITAHUNA C
MCIIOJIb30BaHUEM HOBBIX TEXHUYECKHUX CPEJICTB U TEXHOJIOTUMA.

B.H. UBanosckuii, A.A. Cabupos, A.B. JleroBros B cratbe [9] mumyt o ToM,
YTO B COBPEMEHHBIX YCIOBUAX HEDTSIHOW MPOMBINIICHHOCTH 3(PGEKTUBHOCTD
CUCTEMBbI TOJJIEp)KaHusl TUIACTOBOTO JABJICHHUS OKa3bIBA€T OTPOMHOE BJIUSHHE Ha
IKCIUTyaTaluio CKBaKUH. Hambombliee pacmpocTpaHeHue U3 CUCTEM MOJACPIKaHUS
MJIACTOBOTO JIABJICHHS HAIEJ METOJ 3aKaukKy BOJbI B IuiacT. J[Jig 3TOro yamie Bcero
UCIIOJIB3YEeTCsI MJIACTOBAs BOJIa C YyCTaHOBOK NepBUuHOT0o copoca Bojs! (YIICB) u Bona
U3 TOBEPXHOCTHBIX HMCTOYHUKOB (peku, o3epa W T.1.). HemoaroromneHHass Bojna
COJIEP)KUT B ceOe OO0JbIIoe KOIMYECTBO MEXAaHWYECKUX MpUMEceid W OCTATOYHOM
He(TH, YTO MOXKET MPUBECTH K 3aCOPEHUIO TuTtacTa. [109ToMy KauyecTBO BOIBI )KECTKO
pErJIAMEHTUPYETCS OTPACIEBBIMM CTAaHAAPTAMU U CTaHJapTaMU MPEANPUSTUH,
BBITIOJTHUTh KOTOPHIE HA JIAHHBIM MOMEHT HEBO3MOXHO 0€3 MPUMEHEHUS TPOMO3IKUX

CHUCTEM OUYMCTKU. B cTaTthe npempjaracrcsa Al IOATOTOBKHM BOJbI HCIIOJIB30BATb
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MOJYJIbHBIE CUCTEMBI OUMCTKH BOJIbI, BKIIFOUYAIOIIKE B C€0s1 10 TPEX CTYNEHEH OUNCTKU
B 3aBUCUMOCTH OT YCJIOBHUH paboThl. [lepBas cTyneHb — 3T0 cenapaTrop MEXaHUYeCKUX
npumecei, pazpaboTaHHbIN Ha Kadeape MaluH U 000py10BaHMs HE(TIHOM U ra30BOM
npombiniuieHHOCTH PI'Y HedTu m raza umenu M.M. I'yOkuna. Brtopas crynenp —
bunbpTpyomas 4actb ¢ (QUIBTPOIIEMEHTAMH W3 MPOBOJOYHOTO MPOHHUIIAEMOTO
matepuana (IIIIM) paspadotku OOO «PEAM-PTU» 6e3 rumpodwmibHOTO ™|
osieooOHOrO MOKpBITHI. TpeTbs cTyneHb — 3To copOep, KOTOPhIM oOecrieuynBaeTcs
MoJHAs O4YMCTKA BOJBI OT oOcTaToyHoW HedTu. JlaHHas cucTemMa MOXET
ycraHaBiauBaTtbca B cuctemax YIICB 1u00 HEMOCPEeICTBEHHO Ha  YCThe
HarHeTaTeJIbHON CKBa)KMHBI.

Ucmarunos @.P., Capun P.P., TaiimykeBuu B. A. B [10] mpemmnoxeHbr
TE€XHOJOTMUECKUE CXEMbl CTa0WIM3alMM HePTH M KOHAEHCaTa C NPUMEHEHHEM
TUAPOLUUKIOHOB, KOTOpPBIE MOTYT OBITh HCIIOJIB30BaHbl JIsi CO3/IaHUS HOBBIX
3aMKHYTBIX ~ TEXHOJIOTMUYECKHX CXEM  KOMIUIEKCHOM  TMOATOTOBKHM  HEQTH.
Hcnonp30BaHue TUAPOLUUKIOHOB — MaJOrabapUTHBIX, HPOCTBIX MO YCTPOWCTBY H
BBICOKO3(P()EKTUBHBIX alapaToB - MO3BOJIUT HMHTEHCU(PUIUPOBATH pa0OTYy CUCTEMBI
NEPBUYHON MOATOTOBKM HEPTH M COOPYKEHHE YCTAHOBKH B OJIOUHO-arperaTHoOM
BapuaHTe. lIpennokeHbl HOBBIE CXEMbI, B KOTOPBIX COYETAIOTCS pa3pabOoTaHHbIE U
TpaAuIIMOHHbIE  CHOCOObI  crabunuzanuu  HepTu.  Pe3ynbTaThl  OMBITHO-
IPOMBIIIJIEHHBIX MCIBITAHUM MPOLIECCOB CTAOMIM3alUKd He(PTHU C HCIIOIb30BAHUEM
LHEHTPOOEKHBIX CHJI, OUMCTKA T'a3a OT CEPOBOAOPO/A MO3BOJIAT PEaIU30BaTh HOBYIO
TEXHOJIOTHIO JIJISI LIMPOKOTO NMPOMBIIIJIEHHOTO BHEAPEHHUS.

B uccrnenoBanuu [11] roBopuTcst 0 TOM, YTO OCHOBHBIM IOKa3aTeNIeM KauecTBa
3aKaYMBAEMbIX IJIACTOBBIX BOJI, OKa3bIBAIOIIMX BIUSHUE HA CHIXKEHHE TPUEMHUCTOCTH
HArHeTaTeNbHbIX CKBA)KWUH, SIBJISICTCS KOHLIEHTpalMs HE(TENpOIyKTOB U TBEPABIX
B3BCIICHHBIX YacTUIl. B yCIOBUAX BBICOKON 3arpy3ku OOBEKTOB MPOMBICIOBON
MOJATOTOBKM CKBRXMHHOW MPOAYKLIMH HE BCErIa yAAaeTcsl IOCTUYb YKa3aHHBIX
TpeboBanwmii. Ha mastanom mectoposknennu LIJITHI Ne5 (Tlepmckuii kpaif) cymecTByer
pan mnpobineMm. K mnpumepy, Ha MECTOPOXKIECHMM HUMEIOTCS KYCThl CKBa)KHH,

I[06I>IBaIOIHI/IX BI)ICOKOO6BOI[H€HHYIO MNPOAYKIHUIO, YTO ITOBBIIIACT SKOHOMHYCCKHC
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3aTpaThl Ha TPAHCHOPTUPOBKY M MOATOTOBKY BOAOHEe(pTsHON smynbcuu (BHD). B
CBS3U C ATHUM AaKTyaJbHbIM CTAHOBUTCS BONPOC IOBBILICHHS KauyeCcTBa MOATOTOBKU
NOATOBAPHOM  BOABI Uil 3aKaykKd B  IUIACT, CHIDKEHHE HArpy3ku Ha
BHYTPUIIPOMBICIIOBBIE ~ OOBEKTHI ~ MOJIOTOBKM W  COKpallleHWE 3arpaT Ha
TPaHCTIOPTUPOBKY M pazpyuienne BHD. B mannoit paboTe mpuBeneHo pelieHHe o
TEXHOJIOTUH KYyCTOBOM MOJTOTOBKHM M 3aKauyKH MOJTOBAPHOW BOJBI U3 JOOBIBAIOLIUX
CKBaXXHH B IIACT C UCMOJIb30BaHUEM TpyOHOTO nenutens da3 (THD).

B cratbe [12] paccMOTpeH TEXHOJOTUYECKUU Tpolecc J00bIYU
yrieBonoponoB Ha npumepe YKIII-8, xoTopas mpenHazHaueHa s MEPBUYHOU
NOJIFOTOBKU rasza K TpaHcnopty Ha OpeHOyprckuid razonepepadaTbIBarOLINi 3aBOJ.
[IpoBenenb! ananu3 padoThl Bcex ckBakuH Y KIII'-8, nanHbie 0 Hayase sKCITyaTanuu
U BpEMEHM OOBOJHEHHS CKBaXKMH, a TaK)Ke roJioBas J100blYa Tra3a W IUIACTOBBIC
JIaBJICHUsI C Hayaja J3KcIulyarauuu ¢ nporHo3om a0 2020 r. BugHo, 4tOo Ha
COBPEMEHHOM 3Tare pa3pabOTKH HKCIUTyaTalUsl 3ajJ€XU OCJI0KHEHA IOBCEMECTHBIM
O0OBO/IHEHHMEM CKBa)XMH, 3aIac IJIAaCTOBOTO JABJICHMS JJISl OCYILECTBICHUS IPOCCEb-
s dekra ucuepnan u paxktuuecku noaroroBka raza Ha YKIII'-8 ocyiiectBisiercs npu
IUTFOCOBBIX TEMIIEpaTypax ra3a, 100bIBa€MOro U3 CKBakuH. ['a3onpoBoisl paboTatoT B
ycioBusix 100%-i1 BIa)XKHOCTHM Ta3a W MPU HAJIMYUU B TPyOOIPOBOJAAX BOABI B BUIE
*Kuakou daszel. {5 ocymiecTBieHus cioco0a dKCITyaTaliud 0OBOTHEHHBIX CKBAXKUH
HEOOXOJMMO TMPOBECTH PEKOHCTPYKIMIO CHUCTEMBI cOOpa M TPaHCHOPTHPOBKHU
MJIACTOBOM MTPOAYKIIHH.

A.Il. BepéBkun, O.B. Kuptommd B [13] mosicHWIM, moyemy CTaHJIApTHBIC
3agaun  npoekthupoBaHus ACYTII ngonmonHsAOTCS MNPOSKTHBIMH 3aJlaHUSIMM  Ha
pa3paboOTKy alanTUBHBIX MoOAened o0BbeKTOB yrpaBieHus, pacuera IIK, xoHTypoB
ajanTallid B CJIy4ae OJIHOIO KPUTEpHUS WM ONTHMH3ALMHU B CIy4yae HECKOJIbKHUX.
[Ipaktuka BHeapenust amantuBHbIXx CY mo IIK mnoxkasbiBaer, yTo 3pdexkt Moxer
pocturate 15-20 % wmma 0,5-1,0 gommapa Ha M° TPOXYKIMH, YTO IMOATBEPHKIACT
1eJIeCO00Pa3HOCTh Pa3BUTHUS POEKTUPOBAHNUS TAKUX CUCTEM.

ABtopsl crathu [14] mpemIokMIM CHOCOO  yIABJIMBAHUS IEeCKa H

MEXAHUYECKUX IPUMECEH B MOTOKE >KHUJIKOCTH, BKIIOYAKOIIEH YCTPOMCTBO A
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OCellaHus TMeCKa, KOTOpOE€ YCTAHABIMBAIOT JI0 NyHKTa cOopa W MOATOTOBKHU
MPOJYKIIMU, HEMOCPEJACTBEHHO Ha BHYTPHUIIPOMBICIOBOM TpyOONpOBOJE, Kak Ha
JMHUU OJHOW CKBaKUHBI, TAK M Ha y3J1aX COEIMHEHUS HECKOJIbKHX CKBAXKHUH. lIpu
ATOM pa3paboTaHHOE YCTPOMCTBO ISl OCEIaHUs TIECKa pacIioaraloT Ha pacCTOSIHUM,
KOTOPOE ONPENEISAIOT C MOMOILIBIO MPEIIOKEHHONW 3aBUCUMOCTU. KOHCTpYKIIMOHHBIE
napameTpbl yCTPOICTBaA Uil OCEJaHUsl NEecKa, 0OecreunBaroniee HauOOoJee MOJHOE
yJIaBJIMBaHUE U MEXAHUUYECKUX MPUMECEH, ONIPENEISIOT C yUeTOM CYTOYHOTO 00bemMa
KUIKOCTH, MPOXOASAIIEr0 Yepe3 yCTPOMUCTBO MYTEM CPaBHEHHUS TAaKHX NapameTpoB,
KaK BpeMs OCEaHus TBEPABIX YACTHUIL U BPEMS MPOXOKICHUS KUIKOCTU C TBEPABIMU
4acTUI[AMU Yepe3 YCTPOKCTBO.

B nannHoii crarbe [15] paccMOTpeH BONPOC TOATOTOBKH CKBaKHHHOMN
OpOAYKIMM Ha PyCCKMHCKOM HE(PTSIHOM MECTOPOKIACHUM. 3aTpoHyTa Tema
YTWIA3aMU TOMYyTHOro HepTsHOro rasza. g 3Toro ObUI TPOU3BENEH pacyeT
cenapaiuy HeTH OT ra3a Ha EPBOM CTYNEHU MPH JBYX TEMIIEPATYPHBIX PEKUMAX: B
CTaHJAPTHBIX YCIOBHUAX CEMAPALMU U MTPU MOBBIIEHHON TEMIIEPAType MOCTYHAIOIIEH
BOAOHE(PTsHOU 3Mynbcuu. [1o pe3yabTaTam pacdeToB ObLIO ONPEAEICHO KOJIUYECTBO
OTJEIUBLIErOCA rasa

B crarbe [16] mpemymokeH crmoco0 yiaBIMBaHUS IMeCKa W MEXaHHUYECKHX
MpUMECE B TOTOKE KHUJKOCTH, BKIIOYAIOIIMKA YCTPOMCTBO ISl OCEaHUs IECKa,
KOTOpO€ yCTaHaBIMBAIOT JO IyHKTa cOopa M MOATOTOBKU HPOAYKIIMH,
HEIMOCPEJICTBEHHO Ha BHYTPHUIIPOMBICIOBOM TPYOONpPOBOJE, KAaK Ha JMHUM OJHOU
CKBQXWHbBI, TaK W Ha Yy3/aX COEIAMUHEHUS HECKOJbKUX CKBaxuH. I[Ipu 3TOM
pa3zpaboTaHHOE YCTPOWCTBO JUJIsi OCEJaHMs Iecka pacrojlaraloT Ha pacCTOSHUM,
KOTOPOE ONPENEISAIOT C MOMOILBIO MPEAIOKEHHOW 3aBUCUMOCTU. KOHCTPYKIIMOHHBIE
napaMeTpbl YCTPOWCTBaA JJIsl OCEdaHMsl Mecka, o0ecreurBaoe Hauboiee MmoJHOoe
yJIaBIIMBaHUE U MEXAHUYECKHUX NMPUMECEH, ONIPENEISAIOT C yUeTOM CYTOUYHOTO 00bemMa
XKUIKOCTH, MPOXOASAIIET0 Yepe3 yCTPOMCTBO IyTEM CPABHEHUS TaKHUX MApaMETPOB,
KaK BpeMsl OCEJJaHus TBEPABIX YACTHUIl U BPEMS MPOXOKICHUS KUIKOCTU C TBEPABIMU

YaCTULIAMHU YEPE3 YCTPOMCTBO.
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B pabore [17] paccMoTpeHbl OCIOXHEHHS (OHIA MECTOPOXKICHHIA
napadunucroil Heptu Camapckoil 00acTh U MOCTaBieHa NpobiemMa oOpa3zoBaHUs
acganbrocMoonapaduHOBBIX OTI0KEHUHN B CKBAXKHHHOM 000PYI0BAaHUU HA IPUMEPE
[TeTpyxHOBCKOTO MecTOpokaeHUsI. DOpMHUpPOBaHUE OPraHUYECKHX OTJIOKCHUU B
CKBOKMHHOM OOOPYJAOBAaHMM U BBIKMJHON JIMHUU OOYCJIOBIIMBAET CHIKEHUE
HAJSKHOCTA (DYHKITMOHMPOBAHUS UYBCTBUTEILHON THAPOJIMHAMHUYECKOW CHCTEMBI
IUTacT-CKBaKMHA-HePTecOOpHBIH KoJIeKTOp. Ha aTamne npoektupoBanus pa3paboTKu
MECTOPOXKICHHS OCYIIECTBISIIOTCA cOOp MPOMBICIOBON WHGOpMAIlMU, €€ aHaJIu3,
OTpeIeNIeHNEe BO3MOXKHBIX PUCKOB TIPH AKCIUTyaTaIlMi U pa3paboTKa METOA0B OOPHOBI
c Humu. [Ipenioxkensl Hanbosee TEXHOJOTHYHbIE (U3UKO-XUMHUYECKHUE METO/IBI,
HanpaBlICHHbIE HA CHIDKEHUE TPEACTABICHHBIX PHUCKOB. B paboTe BBIMOIHEHO
TECTUPOBAHUE HMHTHOUTOPOB MapadUHOOTIOKEHUM, MPUMEHSIEMBbIX Ha HEQTSHBIX
MectopoxaeHusx Camapckoid oOmactu. BeisiBiaeHsl HaunOonee 3(P(GEKTHUBHBIC
XUMUYECKHUE KOMIIO3UIIMU IO OTHOIICHHIO K OOBEKTY HUccienoBaHus. Pe3ynbTaTel
MIPOBEICHHBIX UCIIBITAHUN MTOKA3aJIH, YTO CHUKEHUE TEMITEPaTyphbl HACHIIIICHUS HEPTH
napauHOM 00yCIOBJICHO NENTH3UPYIOIINM H IEITPECCOPHBIM JCHCTBUEM PEareHTOB.
JlaGopaTopHble HUCCIEIOBaHUS MPOBEJEHBI B COOTBETCTBUU C TOCYJApPCTBEHHBIMU
CTaHJIapPTaMH.

B cratee [18] aBTOpamm Ha OCHOBe cocTaBiieHHOTO aU(BdEepPEHIMATEHOTO
ypaBHEHUS aHAIMTUYECKUM TTyTeM U3y4aeTcs KojebaHne JMHAMUYECKOTO YPOBHSI TIPH
paboTe MITaHrOBOrO TIIYOMHHOTO Hacoca. PerieHune 3TOro ypaBHEHHE MO3BOJISIET
ONpENENIUTh MapaMeTphbl KOJIEOMIOMIETocs YpPOBHS JKUAKOCTEW Hacoca M JaHO
MPaKTUYECKOE PEKOMEH/ 1AMl yperyIupoBaHue kojaebanuu ypoBHs. B craThe Takxke
OTMpEAENIEHO WHAMUYECKUI YpPOBEHb BS3KO-TUIACTHUYECKOW HeDTH B TIyOMHHO

HAaCOCHBIX CKBAXXHMHAaX.
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2.2 IlaTeHTHBIH 0030p

No [Tarent Bnanenern (crpana) Kparkoe conepsxanue
denepanbHOE FOCYAAPCTBEHHOE
OroKeTHOE oOpa3oBarenbHoe | Onucanue pexxrMa
[19] YUPEXKIECHUE BBICIIETO NepeKauMBaHUs  IJIACTOBOTO
1 RU 159286 U1 poheccCHOHATLHOTO barouga ¢ UCHOIB30BAaHUEM
oOpa3oBanus «TMXOOKEaHCKUN | MHOTOKAHAJIbLHOTO
roCy/1apCTBEHHBIN TpyOoIpoBoIa
YHHUBEPCUTET»
N300pereHne OTHOCHUTCS K
He(TenoObIue, B YaCTHOCTU K
TEXHOJIOTUSIM MTOBBIIICHUS
2 [20] 3aKprITOE AKUMOHEPHOE He(TEeOTaul IUIACTOB IyTEM
RU 2388905C1 00111eCTBO «AJTOUI»
MPUTOTOBIICHUS W HArHETAHUS
ra30)KUTKOCTHOM  CMECH B
acT
CKBa)KUHHBIN Hacoc,
cColepKalluii  IUTyH)XKep U
1007030705110 R cHaOKEeHHbBIE
[21] 3aKpbITOE aKIIMOHEPHOE L1apAKOBLIMI KJIanlaHaMH,
3 RU 2525060 o6mectBo «JIKAM- OTJIMYAIOIIMICS TEM, YTO IITOK
HedTemMaln TUTYHXKepa BBITIOJTHEH c
BO3MOXXHOCTBIO COCIAMHCHHSI C
MOTPYKHBIM JBUTATEIIEM,
PacIoI0KEHHBIM HUKE Hacoca
CkBaXxHHHAS Kamepa,
coJiepkaras CEKIMOHHBIN
KOopIyc, KpaitHue
[IWTHHIPAYECKHC COOCHBIC
CEeKIIMH  UMEIOT  KPYIJIbIe
IKCIEHTPUYIHO
pacmoIoKeHHbIE
HAKOHCYHHKH, HYDKHHAN
COEIMHEH C MPOCTaBKOH, OCh
MIPOTOYHOTO KaHaja
[22] OO0111ecTBO C OTpaHHUEHHOM MOCIIEHETO COBMAAAET C OChIO
4 RU 105352 OTBETCTBEHHOCTHIO HUTITIENS, 3aKPeIUICHHOTO B
"Kypraumpom" (RU) BEPXHEM HAKOHEYHUKE,
OTJIMYAMOIIAsACS  TEM,  4YTO
MEXITY BEPXHUM

HaAKOHCYHHKOM H HpOCTaBKOﬁ
YCTAaHOBJICH IICPCXOJHUK, B
KOTOpPpOM 3aKpPCILICHBI
HampasJIAOINUEC, 1 COCAUHCHUA
BCPXHETO HaKOHCYHHKA C
MNEPEXOTHUKOM, IMEPEXOAHUKA C
HpOCTaBKOﬁ, IIpOCTaBKH C
HUXHUM HAKOHCYHHUKOM
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[23]
RU 2498061

[mrombepxe Texnonomxu b.B.
(NL)

CHAOKEHBI CTOTIOPHBIMU
JJIeMEHTaMH, HarpuMmep
BUHTaMH.

CKBa)XUHHBIN JIaTYHK,
coJiep Kaiui MOJIBIA
OTKPBITBIH C OJHOTO KOHIIA
METAJUIMYECKUM  KOpIyc ¢
PaCIOJIOKEHHBIM B ero
MOJIOCTH JATYNKOM
TepMOaHEMOMETDA,
COCTOSIIIAM u3
HarpeBaTeIbHOTO u

TEPMOYYBCTBUTEIILHOTO
AJIEMEHTOB, W JJICKTPUUYECKUI
HU30JITOP, OTIIMYAIOIITUICS TEM,
YTO  CKBQXXWHHBIM  JaT4YMK
COLEPKUT  BTOPOM  TOJIBIA
OTKPBITBIH C OJHOTO KOHIIA
METAJITNYECKUM KOpITYC,
WJICHTUYHBIM ~ TIEpBOMYy, C
PacIOI0KEHHBIM B ero
MOJIOCTH BTOPHIM  JaTYMKOM
TEPMOAHEMOMETPA, IPU ITOM
OCH CHMMETPUU  KOpPITYCOB
HaxoJATCsl Ha OJHOW JIMHWH,
OTKPBITBIE KOHIIBI KOPITYCOB
oOpareHsl Apyr K JApyry u
JKECTKO 3aKpeIICHBI B
AJIEKTPUYECKOM H30JISITOpE, a
AIEKTPUYECKUE BBIBOJIBI
JAaTYMKOB TPOXOASAT BHYTPH
MOJIOCTEN KOPIYCOB W 4Yepe3
ANEKTPUYECKUI U30JISTOP
BBIBEJICHBI HAPYXKY.
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DUHAHCOBbIN MEHEIKMEHT, pecypcodP(PeKTUBHOCTb U
pecypcocoepexeHue

BenymuM HampaBieHHEM TMOBBIIICHUS SKOHOMHUYECKOH 3(PPEKTUBHOCTH
HE(QTAHBIX  KOMIIAHUM  SIBJIIOTCSL ~ DHEProcOEpe’keHUE U YBEIMYEHHUE
9HeprodHPEeKTUBHOCTH 3a CUET pallOHATH3AIUN TOTPEOICHUS TETIOHEPT€TUUECKUX
pECypcoB, TNPUMEHEHHsS HHEpProcOEeperarommux TEXHOJIOTMM U 00OpynOBaHUS.
BHenpeHue panoHanbHOIO MCHOJB30BAaHUSI SHEPIETUUECKUX PECYPCOB HAIPABIECHO
Ha [I0JIE3HOE PACXOJOBAHHME DJHEPrUH, MO3BOJSIONIEE CHHU3UTh €€ KOJUYECTBO,
o0ecrnieurBasi yCTAaHOBJIEHHBIN YPOBEHb NOTPEOJICHUS.

B wu3menstonmxcs ycinoBUSX (PYHKIMOHUPOBAHUS MHUPOBOM 3KOHOMHKH,
MOCTOSIHHOTO pOCTa Tapu(OB HA SHEPropecypcChl, YBEIMUECHHS IKCILTYyaTALIMOHHBIX
U3JIepKEK HEPTSIHbIE KOMIAHUU NPEIIPUHUMAIOT JTOTOJHUTENbHBIE YCUIIHS, YTOObI
3aJIeiCTBOBATh MAKCUMYM PE3€PBOB YKOHOMHUH HA BCEX HAMPABIICHUAX IS TEIBHOCTH.

VYuuthiBas 00beMbl IPOU3BOJICTBA, OBBIILIEHUE YHEPTOIPPEKTUBHOCTH JaXKe
Ha JOJM NPOLEHTAa BBUIMBAETCS B JIECATKU U COTHU MUJUIMOHOB pyOjeil 5KOHOMUH,
o0ecrieunBas KOHKYpPEHTOCIIOCOOHOCTh KOMIIAHUU Ha PBIHKE.

[lepcniekTUBBI pa3BUTHSI TOILUIMBO-3HEpreTuueckoro  komuiekca (TOK)
omnpeAeseHbl B « JHepreTuueckon crpareruu Poccum Ha nepuon no 2020 r.»

OCHOBHBIMH MMPpHUOPUTETAMHA B TAHHOM OJOKYMCHTC SABJIAIOTCS:

* TOBBIIMICHHUE SHEPTOID(DEKTUBHOCTH IKOHOMHUKHU U IHEPTOCOECpEKEHUE;

* COBEpILECHCTBOBAHME TOIUIMBHO-DHEPreTUUYECKOT0 OajaHca CTpaHbl MU
cTpykTypsl TOK;

¢ o0ecreyeHne 3HepreTUYecKoi 0e30MacHOCTH.

B nannoiil pabote npejuiaraeTcst OMH U3 BO3MOKHBIX CIIOCOOOB COKPAILLIEHUS
HHEPreTHYECKUX 3aTpaT Ha yCTaHOBKE MOATOTOBKM HedTu Hammmbero HedTsiHOTO
mectopoxaeHuss OAO «TomcknedTs» BHK myrem perenepanuu Ternsiga OCHOBHBIX
MIOTOKOB. [ToaToMy LEJIBIO pasznena «PUHaAHCOBBIN MEHEI>KMEHT,

pecypcoddHEeKTUBHOCTE M pecypcocOepekeHue»  sBiseTcss  00OCHOBaHUE
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9HEProdHEeKTUBHOCTH U ONpPENENICHUE CpOKa OKYHNaeMOCTH MPEIJIOKEHHOTO

peleHus.

4.1 llpeaAnpOeKTHBIN aHATU3
4.1.1 Imarpamma UcukaBbl

Juarpamma npuunHsl-ciaeacteus Mcukassl (Cause-and-Effect-Diagram) — sto
rpadguyeckuii METOa aHaiu3a W (HOPMHUPOBAHUS PUUNHHO-CICICTBEHHBIX CBSI3CH,
HHCTPYMEHTAIBHOE CPEACTBO ISl CHCTEMATHYECKOTO ONPEACICHHS IMPHYUH
IPOOJIEMBI U TTOCIISAYIONMIET0 IpaduIecKoro npeacrabieHus [35].

O06macTh NPUMEHEHHUSI TUarpaMMBbl:

* BrigBrneHue npuurH BO3HUKHOBEHUS TIPOOIEMBI;

*  AHaNM3 U CTPYKTYPUPOBAHUE MIPOIIECCOB HA MPEANPUATUH;

*  OueHKa NPUYUHHO-CIIECTBEHHBIX CBS3EH.

OOBeKTOM aHallu3a B TMPOBOJAMMON HCCIENOBATENBLCKOW paboTe sBIsSETCS
Her((PEKTUBHOE HCIIOIB30BaHUE TOOBIBAEMBIX PECYPCOB Ha YCTAHOBKE MOJTOTOBKH
HeTn HanuMbero MecToposxieHus.

K ¢akropam, Biusromum Ha 00BEKT aHATN3a, OTHOCATCS:

* OO6opynoBaHue;

*  ChIpbe;

* TexHonorus nNpoBeAcHUS padoT;

* Ilepconai.

[TpuurHHO-CIEACTBEHHAS AarpaMMa MPEICTaBICHa Ha PUCYHKe 9.

32



MepcoHan

Py

Hun3Kaa ocBe4OMNIEHHOCTb

O6opyaosaHue \

Cuctema oTonneHus

KOHCTPYKTUBHbIE
ocobeHHoOCTH

He npegHa3HavyeHa anA

LUMPKYNALMM NOTOKA BOAbI

HeaddekTusHoe

Mo Bonpocam
3HeprosapPeKTUBHOCTH
AHANUTUKH
PereHepauma Tenna um
\ TexHuueckan oborpes NomeLLeHMI C
UHXKeHepbl HEKOMMNETEHTHOCTb Mo
MOMOLLbIO KOT/a,
oueHKe
OTcyTcTBME KBanndUKaumum L paboTaloLLero Ha
3HeproapPeKTUBHOCTU U
MO BONPOCaM BHeApeHuA proadpd > 3NEKTPO3HEPM UM
OTONUTENbHbIX CUCTEM BO3MOXHOCTEU
MEeCTOPOKAEeHUA

> ncnosib3oBaHune

MocnepoBaTeNbHOCTb NPOLLECCOB
NOAroTOBKM NPOAYKLUM

He obecneuuBatloT
MaKCMMa/bHbI BbIXOA,
TOBapHOW NPOAYKLUUMU

TexHonorna nposegeHua pabor

TexHONOorM4YecKknin pexxum

Mpouecc cenapaumm un
OTCTanBaHMA HePTU He
npegycmatpusaet
N3MEHEHMA NapameTpoB

nobbiBaemMbliX
pecypcos Ha
MeCTOpPOXKAeH

CKBaXXKMHHaA NpoayKuuA

Bbicokaa TemnepaTtypa
noctynatowen Ha YMH
3MY/IbCUN

Cbipbe

T

BbicoKkas cTeneHb
06BOAHEHMA, NOCTYNAOLLEMN
Ha YIH amynbcumn



4.2 IlnanupoBaHue ynpaBJieHUs HAYYHO-TEXHOJIOTMYECKUM MPOEKTOM

4.2.1 Ili1an mpoekTa

B nanHOM paszene cocTaBiieH NepedeHb 3TAoB MPOBEACHUS pabOT B paMKax

IMPOBCACHUS HAYYHOI'O MUCCIICAOBAHMA, ITIPOBCACHO PACIIPCACIICHHUC HCIIOJTHUTENICH 1O

BHJIaM padoT.

Ta6nuna 8 — KanengapHslii 1aH MpoekTa

JIuneiinbIil rpaguK npeacTaBieH B Tabuuie 8.

[ara Jara CocraB
Koz Haspanue AT-Tb, Hayaya OKOHYaH | YyYaCTHHUKOB
padoTb! AHH pabor us pabot
CocraBiieHHE U YTBEPKICHUE
1 sajanns 3 08.02.19 | 10.02.19 | TIlomok E.B.
Kanengapnoe ranupoBaHue [Tonok E.B.
paGoTsl 2 12.02.19 | 13.02.19 Kypekas J1.A.
[TateHTHBIN TTOUCK 3 12.02.19 | 15.02.19 | Kypckas [I.A.
[TonGop u u3zyueHue
TEOPETUUYECKUX MaTEpUAJIOB,
2 COOTBETCTBYIOIINX TEME 5 16.02.19 | 20.02.19 | Kypckas [I.A.
3a/laHus
MoaenupoBaHue B
MporpaMMHOM cpeze Aspen Kypckas /I.A.
HYSYS; IIposepka moaenu Ha S 220219 ) 26.02.19 ITonok E.B.
a/IeKBaTHOCTh
[IpoBeneHune TeopeTHIECKUX Kypckas JI.A..
3 pacyeToB 1 000OCHOBAHUM 15 28.02.19 14.03.13
TexHonornueckas oreHKa
BEDOATHBIX BAPHAHTOB 10 200319 | 20.03.19 | Kyperai JLA.
WCIIOJTHEHUS TIPOEKTA llonok E.B.
[TonGop obopynoBanus, A
HE00XOIUMOTO ISl peanu3aliu 10 01.04.19 10.04.19 Kypckas [I.A.
[Tonok E.B.
MpOeKTa
Ouenka 3¢ heKTUBHOCTH
IIPOCKTA U NIEPUOJA €T 15 12.04.19 | 26.04.19 | Kypckas [I.A.
OKYITaéMOCTH
4 Kypckas JI.A.
AHanus pe3yinbTaToB 10 28.04.19 | 07.05.19 ook E.B.
OdopmneHne TUTITOMHOM Kypckas [I.A.
pAGOTHI 20 08.05.19 | 28.05.19 omok E.B.
Uroro: 107 12.02.19 | 28.05.19
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Jluarpamma ["aHTa — 3TO THI CTONOYATHIX quarpamMm (TUCTOrpamm), KOTOPBIH
UCTIONIB3YETC s AJI MIUTIOCTPALlMK KaJICHIApHOTO IJIaHa MPOEKTa, Ha KOTOPOM paboThI
Mo TeMe  MPEACTABISAIOTCS  NPOTSHKEHHBIMH — BO  BPEMEHH  OTPE3KaMH,
XapaKTePU3YIOIIMMHUCS JaTaMH Havajla i OKOHYaHHS BBITIOJHEHUS TaHHBIX padoT [35].

Ha ocHoBanuu Ta0auIbl 8 MOCTPOCH KaleHAapHBIH UIaH-Tpaduk (Tadnuma 9)
10 JUTUTETTFHOCTH UCTIOMHEHHS paboT B paMKaX Hay4YHO-HCCIEA0BATEIBCKOTO MPOCKTA

C p8.36I/IBKOI?I IO MECiallaM U ACKAaAaM 3a IICpruoa BPpCMCHHU BBITIOJTHCHUA pa6OTBI.

Tabnuua 9 — Kanennapusiii minan-rpadux nposenenns HUOKP o teme

Bua pabor HUcnonaurenn | Tx [TpoaoKUTETBHOCTh BBITIOTHEHUS pad0T
Kau

2

AH 1 despans MapT Anpernb Maii

{23 (1|2(3|1{2;3}11}2/|3

CocraBnenue u PykoBoaurens 3
yTBEpIKIEHHE
3agaHuA

Kanennapsoe PykoBoaurens, 2
IJIaHUPOBAHUE JUTIIIOMHHK
paboTHI

[TaTenTHBII MOKCK HJunnoMHuk 3

[Monbop n usyuenue JAUnnoMHuK 5
TEOPETUIECKUX
MaTepHaIoB,
COOTBETCTBYIOIHX
TEME 3aJaHuA

AR,

Mopnenuposanue B | PykoBoaurens, 5
NPOrpaMMHOIL cpene JUTUIOMHUK
Aspen HYSYS;
IIpoBepka Mmonenu Ha
aIeKBaTHOCTh

IIpoBenenmne JnnmnoMHuK 15
TEOPETUYECKHUX
pacyeTos U
000CHOBaHMIH

D\

TexHonornueckas Pykosoaurens, | 10
OLIEHKa BEPOATHBIX JOUTIIIOMHHK
BapUAHTOB J

HCMOJIHEHHUS POEKTA

[Iponomxenue Tabnuist 9
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http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D1%81%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0

Bug pador Hcenonuurenn Tk, [TpoaOmKNTENBHOCTD BBIMOIHEHHs padoT
Kai,
AH (eBpaisb Mapt Anpens Maii
1123 2 112]3 23
[Tonbop Pykosoaurens, | 10 V/
obopyaoBaHus, JMILIOMHUK /
HEeoOX0AUMOTOo s
peanu3anuy IpoeKTa
Ouenka JIUTIIOMHHK 15 7
2 PeKTUBHOCTH
MIPOEKTa U Iepuoaa /
€ro OKyrnaeMocTH é
Amnanu3 pesynbtatoB | Pykosoaurtens, | 10
JTUTUIOMHUK
Odopmnenne PykoBoautens, | 20 I
I[HHHOMHOﬁ pa60T51 IHUITTIOMHHUK

A - JIMnioMHuUK

4.2.2 BrojaxeT nmpoeKTa

- Pykosoaurens

B mpouecce miuaHupoBaHHs OOJKETAa HAYYHO-TEXHUYECKOIO HCCIIEIOBAaHUSA

JOJIXKHO OBITH O0OECIIEYeHO IIOJIHOE M JOCTOBCPHOC OTpPAKCHHA BCCX INNIAHUPYCMBIX

pacxo10B, HEOOXOUMBIX TSl €T0 BBINOTHEHUs. B nporiecce hopmupoBanus 0roxeTa

UCTIONIB3YETCS CCYIOIas IPYMITUPOBKA 3aTpaT Mo cTaThsM [35]:

* CblIpbe, MaTepHabl (32 BBIYETOM BO3BPATHBIX OTXOA0B), TOKYITHBIE U311

u nostypadpukatel; CriennanbHoe 000pyAOBaHUE JIJIs1 HAYYHBIX

* (9PKCIepUMEHTaNbHBIX) padoT;

* OcHoBHas 3apa00THAas TUIATA UCTIOTHUTENIEH TEMBI;

» JlononHuTenbHAas 3apaboTHAs 11aTa;

*  OtynciaeHus Ha COMAJIbHBIC HYK]IbI,

® HaquLIe N IIPOU3BOJACTBCHHBIC KOMAaH/IUPOBKH;

* Omata pa0boT, BBITIOHIEMBIX CTOPOHHUMU TIPEANPUITUSIMH;

* IIpoune npsiMbie pacxo/bl;

* Hakmaaneie pacxopl.
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4.2.2.1 Pacyer 3aTparT Ha CcbIpbe, MaTepHaJIbl, MOKYNHbIE M3AeJUS M
noJsypadpuxkarsl

JUis BBINOJIHEHMS] JAHHOIO NPOEKTa He TpeOyeTcss 3aTpaT Ha ChIpbe U
MaTepuaisbl, T.K padoTa CBsi3aHa  C  NPOEKTUPOBAHUEM  OOOpPYAOBaHHS  H

MOACIUPOBAHHUCM pa6OTI>I YCTAHOBKH ITIOAT'OTOBKH HC(i)TI/I

4.2.2.2 Pacuer 3aTpar Ha crienuajbHoe 000py10BaHMe AJIs1 HAYYHBIX padoT

B nanHyro cTaThio BKJIIOYAIOT BCE 3aTpaTthl, CBS3aHHBIC C MPUOOPETECHUEM
crieruaibHOro 000pynoBaHus (IpruOOPOB, KOHTPOILHO-U3MEPUTEIHLHOM aIapaTyphl,
CTEHJIOB, YCTPOMCTB M MEXAHU3MOB), HEOOXOJMMOTO MJisi MPOBEACHUS PpabOT IO
KOHKpeTHON Teme. OmpejiesieHne CTOMMOCTH CHEI000pY/I0BaHUS MPOU3BOJUTCS IO
JEUCTBYIOIIUM MPEUCKYypaHTaM, a B PSAIE CIIy4aeB MO JIOTOBOPHOU LIEHE.

[Ipu npuobpereHnn crienodopy10BaHusd HEOOXOAUMO YYECTh 3aTPaThl MO €ro
JIOCTaBKe W MOHTaxy B pazmepe 15% ot ero 1iensl [35]. CToumMocTs 000pya0BaHUA,
WCIIOJIb3YEMOTO TPH BBIMNOJHEHUH KOHKPETHOTO MPOEKTa U UMEIOIIErocsl B JAaHHOUN
HAy4YHO — TEXHUYECKOM OpraHu3allid, YYWUTHIBACTCS B KaJIBKYJISIUU B BUIL
aMOPTU3ALIMOHHBIX OTYUCIICHUM.

Bce pacuets! o npuobperennto o0opyaoBaHus CBoAsATCS B Tabnuiry 10.

Tabnuua 10 — Pacyet Orokera 3aTpat Ha IPUOOPETEHHUE CTIEIO00PYA0BaHUS

JUTSl HAYYHBIX paboT

Kon-Bo Oo6mas
No HaumeHnoBanue €IMHHL] Hena epuammet MommocTs CTOUMOCTD
00opymoBaHus, | AIEKTPOIPHOOP,
n/n 000pyI0BaHUS 000py0BaHU o0opyoBaHus,
pyo. Br
s pyo.
1 C“‘ggﬁ‘\*;’(;;‘tf;“ 2 27990 240 55980
2 MOH\j‘;‘;lZgﬁSUS 2 14590 25 20180

[Tponomxenue Tadbmuist 10
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Komnerorepnas
3 MBIIIIb 2 1190 2380
Lenovo 500 Silver
Knasuarypa
4 | Defender Oscar SM- 2 1190 2380
660L
5 JlocTaBka 1 MOHTaX 8 13488
000opyI0BaHUS
5 1eT — cpok pabOTHI CHCTEMHOTO OJI0Ka U
MOHUTOPA; ['0/10BBIE aMOPTU3ALIMOHHBIE
6 AMOpTH3AIOHHBIE 4 OTUUCTICHUS:
OTYHUCIICHHS ((55980+(55980- 0,15))/5)+((29180+(29180-
0,15))/5) =19 586 py0.;
Amoprtuzanmsi 3a 4 mecsira: 19586/4=4897 py6.
Hroro: 23145

4.2.2.3 OcHoBHas1 3apaboTHAs MJIATA UCIIOJHHUTE el

B craThi0 BKIIIOYAETCSI OCHOBHAS 3apa60THa51 IJiaTa HAy4HbIX M HHKCHCPHO-

TCXHUYCCKHUX pa6OTHI/IKOB, pa60‘-II/IX MAKCTHBIX MAaCTCPCKUX U OIIBITHBLIX IIPOU3BOJCTB,

HETMOCPEJCTBEHHO YUYaCTBYIONIUX B BBIMOJIHEHUU PadOT Mo JaHHOM Teme. Bennunna

pacxooB IO

3apaboOTHON TUIaTe

OIIPpCACIIACTCA HCXOOA H3

TPYIOEMKOCTH

BBINIOJIHAEMBIX pa0OT M JEUCTBYIOIIEH CHUCTEMBI OKJIAIOB M Tapu(HBIX CTaBOK. B

COCTaB OCHOBHOH 3apaOOTHOM MJIaThl

BKJIFOYACTCA  IIPEMU,

BhIIIJTaYHUBacMasd

exxemecsiyHo u3 ¢poHa 3apadoTHOM miatkl B pazmepe 20 —30 % ot tapuda unm oxnaga.

Pacdet ocHOBHOI 3apabOTHOM MJ1aThl CBOAUTCA K Tabmwmie 11.

Tabnuua 11 — PacyeT ocHOBHOM 3apabOTHOM MIaThl

Bcero
3apaboTHas
3apaboTHas
Tpynoem IJ1aTa,
No Ucnonaurenu mno nJaTa 1mo
HaumenoBanwme sTana KOCTb, | TIPUXOJISIIASCS
n/m KaTeropusim Tapudy
Yeln.-IH. | Ha OJUH YeJl.-
(oxmamam),
IIH., THIC.pYO.
THIC.pYO.
1 Cocranenue u
yTBEpIKICHNE 3a1aHNs PykxoBouTenn 3 1,277 3,831
2 Kanenmapuoe PykoBoauTens
Aap YHOROA 2 1,277 2,554
IUIaHUpPOBaHKUE PabOThI

[Tponomxenne Tadmutsl 11
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JurioMHuK - -
3 [TaTeHTHBII TTOUCK JMmioMHIK 3 - -
4 [Tonbop u uzyuenue
TEOPETUYECKUX MAaTEPHAJIOB JMIIIIOMHUK 5 - -
) MopnenupoBanue B
IPOrPaMMHOM Pykosoaurens 1277 6.385
cpene Aspen 5 ' ’
HYSYS; IIposepka moaenu
Ha aJICKBaTHOCTb JIMTUTOMHUK - -
6 [TpoBenenue TEOPETHYECKHX JIHTOMHNK 15 i i
pacyeToB 1 000CHOBaHHIA
7 TexHoNOrHYeCcKas OI[eHKa PyKOBOJUTEIE 1,277 12,770
BEPOSATHBIX BApUAHTOB 10
UCIIOJIHEHUS TIPOEKTA JunioMHuK ) )
8 [TonGop obopynoBanus, PykxoBoauTens 1277 12,770
HE00XO0UMOT0 IS
peanu3anu 10
JIMITIOMHHUK - -
IPOEKTA
9 Onenka 3¢ GeKTHBHOCTH
NPOCKTA U TIEPUOIa €ro JIMIIIIOMHUK 15 - -
OKYIIaeMOCTH
10 AHanus pe3ynbTaToB PyxoBoauTeinp 1,277 12,770
JnrioMHuK 10 - -
11 OdopmiieHne TUNIOMHOM PykoBoauTENb 20 1,277 25,540
paboTs JIMIIIOMHUK - -
Hroro 76,620
Cratbsl BKIIIOYAET OCHOBHYIO 3apa0OTHYIO miary pPabOTHHUKOB,

HETMOCPEJCTBEHHO 3aHAThIX BbimojdHeHueM HTU, (Bkitouass mpemuu, IOIJIAThI) U

JIOTIOJTHUTEIBHYIO 3apaboTHYIO maty [35]:

331'[ =30CH +3HOH (5' 1)
r1e 3ocn — OCHOBHAS 3apabOTHAs ILIATA;

30n — JOTOTHUTENbHAs 3apadoTHast miata (12 — 20 % oT Bocx).
OcHoBHas 3apaboTHas Twiata (3ocs) PYKOBOIUTENS OT MpEANpUsTHS (TpU

HAJTMYUHA PYKOBOJUTENS OT MPEANPHUSITHS ) PACCUUTHIBACTCS MO cieayromen hopmyre

[31]:

—_ *
30CH - 3[(}[ 7—;7 (5.2)
re 3ocu — OCHOBHas 3apalboTHAas IJIaTa OJJHOTO PAOOTHUKA;
Ty, — IPOAOKUTETBHOCTh PAOOT, BBHIMOIHIEMBIX HAYYHO — TEXHUYECKHM

paboTHUKOM, pad. IH.;
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3. — CpeaHeHeBHAS 3apa0OoTHAs 11aTa paboTHUKA, PYO.

CpennenneBHas 3apaboTHas 1UIaTa paccuuThiBaeTcs 1o gopmysie [31]:

3M*M

3w = 5.3
= 53)
rje 3y — MECSYHBIA TOJDKHOCTHOM OKJIaj paboTHHKA, py0.; M —
KOJIMYECTBO MECSIEB padOThI 0€3 OTITyCKa B TEUEHHUE Io/ia; MpH
ormycke B 28 pad. gast M =11,0 mecsitia, S-aHeBHAS HEACSI; TIPU
oTmycke B 56 pab. nueit M=10,2 mecsiiia, 6-1HeBHAs HEJEIS;
F. — nelictBuTenbHBI TOA0BOM (OHA pabodyero BPEMEHM HAy4yHO —
TEXHUYECKOT'0 MepcoHaa, pad. aH. (Tadymma 12).
Ta6nuna 12 — bananc pabodero BpeMeHu
[Toka3zatenu pabodero BpeMeHH PykoBogurens WNuxenep
KanennapHoe uncio aaei 365 365
KonnyecTBo Hepabounx gHEH
BBIXOIHBIE JHU 44 48
Mpa3IHUYHBIC THU 14 14
[ToTepu pabouero BpeMeHU
Otnyck 56 28
HEBBIXOBI 110 00JIE3HU 1 1
JeiicTBuTenbHbIN ro1oBoi hoHa padoyero 250 274
BPEMCHU
MecsiunbIi TOJDKHOCTHOM OKJ1aa pabotHuka [35]:
3M - 36 . (knp + kﬂ) * kp, (54)

rae 35 — 6a30BbIN OKIaMd, pYO.;

Kop — mpemuanbHbiii koddduiment, paBubiit 0,15 (t.e. 15% ot 3g); Ky —
kodddurmenT mormnar u HaabaBok cocrasisger npumepHo 0,2 — 0,5 (8 HUM u na
NPOMBINUICHHBIX ~TMPEANPHUATHAX — 3a pacmupeHue cdep oOCTyKUBaHHS, 32
npodeccHoHaTbHOE MAacTepcTBO, 3a BpeaHbie ycioBus: 15 — 20 % ot 3y); k, —
paiionHbli kodpduruent, paBubiii 1,3 (mns Tomcka). Pacuér ocHoBHOM 3apaboTHOM

1J1aThl NpuBeAEH B Tabue 13.

Tabnuua 13 — Pacy€t 0ocHOBHOM 3apabO0THOM MIIaThl UCIIOJHUTENEH

HUcnomuurenn

36, pyO.

kr[p

Kz

kp

3m, Py0

3, PYO.

Tp, pab.
ITH.

3ocH,
pyo.
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PyxoBoauTenp 33664 | 0,15| 0,2| 1,3| 15317,12 | 624,95 60 37497,0
Wmxenep 26300 | 0,15 0,2 1,3| 11966,50 | 480,41 95 45638,5
4.2.2.4 JlonoiHuTEIbHAS 3apadoTHAs IJIaTAa UCIIOJIHUTeJIel
B naHHyr0 cTaThiO BKJIIOYAETCS CyMMa BBIILJIAT, MPETyCMOTPEHHBIX

3dKOHOOATCIBLCTBOM O TPYAC, HAIIPUMCP, OIlNIaTa OYCPCAHBIX W HOIIOJIHHUTCIIBHBIX

OTIIYCKOB; OIlIaTa BPCMCHH, CBA3AHHOI'O C BbIIOJHCHUCM TIOCYyAApPCTBCHHLIX H

06HICCTBCHHI>IX 065133.HHO0TCI>1; BBIIIJIaTA BO3HAI'PAXACHHA 3a BBLICIIYTY JICT U T.II. (B

cpenaeM — 12 % oT cyMMbI OCHOBHOM 3apa0OTHOM TI1aThl).

JlonoyiHUTENbHAST 3apa00THAs IIaTa paccuuThiBaeTcs ucxoas uz 10-15% ot

OCHOBHOM Sapa6OTHOﬁ I1J1aTHI, pa6OTHI/IKOB, HCIIOCPCACTBCHHO YYaCTBYIOIIHNX B

BBIMOJIHEHHE TeMbI [35]:

3,aon = k;[on ) 30CH,

rac 3non— JOITOJIHUTCJIbHAsA 3apa60THa;1 Ijiara, pY6,

Knon — KOO HUIIMEHT TOTOTHATEILHON 3apILIAThI; Socu

— OCHOBHas 3apaboTHas 11aTa, pyo.

B Ttabmuue 14 npuBeaeHa dopma pacuéra OCHOBHOM
3apa0OTHOM TJIATHI.

Tabnuia 14 — PacyeT OCHOBHOM U JIOMIOJIHUTENLHOMN 3apab0THOM TIaThI

(5.5)

A JIONOJIHUTEILHOMN

3apaboTHas 1u1aTa

PykoBogurens WNuxenep
OcHoBHasl 3apruiara, pyo. 33664 26300
JlononHuTEbHAS 6732 8 5260
3apruiata '
Hroro o crarbe Csp, pyo. 40396.8 31560

4.2.2.5 OTunciieHns BO BHEOIOIKeTHbIE (DOHIBI (CTPAXOBbIe OTUYHUCIEHNS)

B panHOI cTaThe pacxoJ0B OTPAKAIOTCS O00S3aTeNbHbIE OTUYMUCIEHUS IO

YCTAHOBJICHHBIM 3aKOHOJATENbCTBOM Poccuiickon @Penepanuu HOpMaM OpraHam
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rocyaapcTBeHHoro conuanbHoro crpaxoanus (OCC), nencuonnoro ¢ouaa (I1D) u
MeauiuHekoro crpaxoBanusi (OPOOMC) ot 3aTpaT Ha oriaTy TpyJa pabOTHUKOB.

BenuunHa oT4YHCIEHUM BO BHG6IOI[)K€THBIC (1)OHI[BI OIIpeaACIICTCA UCXOJAA U3

dopmyst [35]:

3BHG6 = kBHe6 *(300}1 +3Zl0n) (56)

T71e Kones — KOIPPHUIMCHT OTIHUCICHUA HA YIUIATy BO BHEOIOJKCTHBIC (DOHJIBI
(nencuoHHbIN HoH, HOoHT 0013aTEILHOT0 MEAUIIMHCKOTO CTPaXOBaHUs U TIp.).

Ha 2016r. B cootBeTrcTBUU ¢ DenepanbHbiM 3aKOHOM OT 24.07.2009 No212-D73
YCTAHOBIIEH pa3Mep CTPaxoBbIX B3HOCOB paBHBIN 30%. Ha ocHoBanum nmyHkra 1 ¢1.58
3akoHa Ne212-D3 i yupexIeHUH OCYyIIECTBISIONINX 00pa30BaTEIbHYIO U HAYUYHYIO
nestenbHOCTh B 2016 Toay BomuTes moHmwkeHHas ctaBka — 20%.

OTtuwnciienust BO BHEOIOIKEeTHBIE (POHJIBI TIPEICTaBIIEHBI B TabmuIe 15.

Ta6nuna 15— Otuncnenust BO BHEOIOKETHBIC (POH/IBI

OcHoBHas JlononHuTEIbHAS
Ucnonaurens 3apaboTHas 1uIaTa, 3apaboTHas 1uIaTa, Hroro
pyo. pyo.
PykoBonurenn 33664 6732,8 8079,36
Wmxenep 26300 5260 6312
Kosdduunent otuncnenuii Bo 02
BHEOIOKETHBIE (DOH/IBI !

4.2.2.6 Hayunble 1 npou3BOJACTBEHHbIE KOMAHIUPOBKHU

[Ipn BBIMOSTHEHUH npoekTa  He  ObUIO pacXofoB IO  HAyYHBIM
Y IIPOU3BOJICTBEHHBIM  KOMAaHAUPOBKAM, CBSI3aHHBIM C HEIOCPEACTBEHHBIM

BBITIOJTHEHHUEM JIAaHHOMW pabOTHI.

4.2.2.6 Oniiata padoT, BLINOJHAEMbIX CTOPOHHMMHU OPraHU3auMsIMHU

B 3Ty cTatbio OTHOCHUTCSI CTOMMOCTh KOHTpAareHTHbIX padot. Kpome Toro, Ha

3Ty CTaThIO PACXOA0B OTHOCAT OILIATy KOHCYJIbTALlUM, HCIIOJIb30BaHuE Internet u T.4.
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Pacxonel Ha ucnonb3oBanue Internet coctaBwim 800 py6./mecsan uau 3200
pyOJieii Ha epUO/T BBHITIOTHEHHUS MPOEKTA.

4.2.2.7 HaknaaHble pacxoabl

B »aTy crarbio BKIIIOYAIOTCS 3aTpaThl Ha YIpaBICHUE M XO3AWCTBEHHOE
oOcCy>KMBaHUE, KOTOPbIE MOTYT OBITh OTHECEHBbI HEMOCPEJCTBEHHO HAa KOHKPETHYIO
TeMy. Kpome Toro, crojla OTHOCATCS pacxojbl MO COAEPKAHUIO, IKCILTyaTallud H
pPEMOHTY 00OpYJOBaHUs, MPOU3BOJCTBEHHOIO MHCTPYMEHTAa W HHBEHTaps, 3/1aHUM,
coopyxeHui u Ap. B pacuerax »tu pacxonsl npuHumaroTcst B pazmepe 70 - 90 % ot
CYMMBbI OCHOBHOM 3apaOO0THOM IJIaThl HAYYHO-IIPOU3BOICTBEHHOIO MepCOHala JaHHOMN
Hay4YHO-TEXHHUYECKON OpraHU3alllH.

Haxnmannsie pacxonbl coctaBisitoT 80-100 % oT cymMMBbI OCHOBHOM U
JOTIOJTHUTENBHOU 3apab0THOM MIaThl, PAOOTHUKOB, HEMTOCPEICTBEHHO YYaCTBYIOIIUX
B BBIIIOJIHEHHE TEMBI.

Pacyer HakIaaHBIX pacXo0B BEJETCS 10 ciieayrommei hopmye [35]:
Chaxn = Kuaxn (30CH + 3aon) (57) Irac
Kyp — K03 GUIHEHT, YIUTHIBAIOLIHNI HAKIIAIHBIC PACXOIBI.

Bennuuny ko3 uirenTa HakJIaJHbIX PacX0J0B MOXHO B34Th B pa3zmepe 18%.

Cuacnp = 0,18 - (33664 + 6732,8) = 7271,4 py6ueit

Charn= 0,18 - (26300 + 5260) = 5680,8 pydneit

4.2.2.8 ®opMupoBaHue OIKeTa 3aTpPaT HAYYHO—

HCCICT0BATEC/ILCKOTO0 ITPOEKTA

Ha ocHoBanumn IMMOJIYYCHHBIX JAHHBIX IO OTACIBbHBIM CTATBAM 3aTpaT
COCTaBJICHA KAJIbKYJIAIHA IUIAHOBOM C€0ECTOMMOCTH IMPOCKTAa Ha YBCIIMYCHUC

s¢pdextuBHocTH YITH (Tabmura 16)
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Tabmuma 16 — 'pynnupoBKka 3aTpat 1Mo CTaThsIM

Crarbu
Bun pabor Cripbe, | Cnenunanpaoe | OcHoBHa | Jlomomuut | Otumcne | Hayunsie m | Orutara pabor, [Ipoune | Haxianu Hroro
Marepu | 00OpymOBaHME o eJbHast HUSI HA | TIPOU3BOJCT | BBIMOJHSAEMbIX npsiMble ble MJIaHOBAs
aJiel, JUIS HAYYHBIX | 3apa0oTH | 3apaboTHa | couuaib BEHHBIE CTOPOHHUMU pacxomsl, | pacxospl, | ce€OecTOMMO
py6. (3KCTIEPUMEHT | ag ruiara, | s miara, HBbIE KOMaHJIUPO | OpraHu3alusIMu pY6. py6 CTb,
QITBHBIX ) py6. pyo. HYXKIbI, BKH, pyO. u pyo
pabor, pYo. NpEANPUITHIMU
0. ’
py' pYG.
[IpoexT o - 23145,0 33664+ 6732,8+ | 8079,36+ - 3200,00 - 7271,4 125645,4
MOBBIIICHUIO 26300 5260 6312 +5680,8
3P PEeKTUBHOC
TH
Hamumbero
MECTOPOXKE

HUA




4.3 Onenka a0co/I0THOM 3(P(PeKTUBHOCTH MPOEKTA

B ocHOBe mNpOEKTHOro IMOAXOJa K WHBECTULMOHHOM JI€ATEIbHOCTU
OPEINpUITUS JISKUT MPUHIMUI JeHEXHbIX NMOTOKOB (cash flow). OcobenHocThiO
SBJIIETCSL €0 MPOTHO3HBIM M JOJITOCPOYHBIM XapakTep, MOTOMY B IPUMEHSEMOM
MOJIXOJIE€ K aHAIM3y YYUTHIBAIOTCS (hakTop BpeMeHH U (paxTop pucka. [[ns oueHku
o0mieil IKOHOMUYECKOW 3(P(PEKTUBHOCTH HHHOBALMKA COINacHO «MeToauueckum
PEKOMEHIALUSAM T10 OLIEHKE 3(P(PEKTUBHOCTH MHBECTULIMOHHBIX MPOEKTOB...» [36] B
KayeCTBE OCHOBHBIX MOKa3aTeNeil peKOMEHIYIOTCS:

*  YHCTBHIA JOXOJ;

* YUCTBIM JUCKOHTHUPOBAHHBINA JOXO/;

* BHYTPEHHSS HOpMa JOXOAHOCTH;

* TOTPeOHOCTH B IOMOJIHUTEILHOM (PUHAHCHPOBAHUU;

* CpOK OKYIaeMOCTH;

¢ HHIACKCHI JOXOAHOCTH 3aTpaTt U I/IHBGCTHHI/Iﬁ Hu ap.

Onenka 3(QQPEeKTUBHOCTH HMHBECTHLMHA 3aHUMAET LEHTPAJbHOE MECTO B
npoliecce 000CHOBAaHUS U BHIOOpA BO3MOKHBIX BAPUAHTOB BIIOKEHHSI CPEJICTB.

Craruueckue MeToAbl OLEHKH J(PPeKTHBHOCTH WHBECTHIHOHHOM
e TeJIbHOCTH.

1. Cpok oKynaeMoCTH HHBECTHITUI

Merton pacuera cpoka okynaemoct naBectuiinii PP (payback period) cocrout
B OTIPEICIICHUH TOTO TIEPHOIa, Yepe3 KOTOPHIN IMepBOHAYAIbHBIC HHBECTUIIUN OYIyT
BO3BpAIICHbI MPHUOBLIBIO I YUCTHIMU JICHS)KHBIMH TIOCTYIICHUSIMU.

CymiecTByeT JiBa IOIX0/4a K pacyeTy cpoka okymnaeMocTu. [lepBoiii
3aKJTF0YAEeTCs B TOM, YTO CyMMa MEePBOHAYAbHBIX MHBECTHUIINI IETUTCS HA BETUIUHY
TOJIOBBIX JCHEKHBIX MOCTYIUICHHUH MO0 YUCTON MPUOBLIH.

Bropoii crmoco6 mpumeHsieTcss B TeX CIIy4asX, KOTJa YUCThIC JICHEKHBIC

nocTyrjeHus (mpuObLUIb) MO ToAaM HEPABHOMEPHBI.



Ecan paccMaTpuBaTb, 4YCpPE3 KaKou IEpUoa OKYIIATCA COKOHOMJICHHBIC Ha
QJICKTPOOHCPIUK0 ACHbI'M, TO H€O6XOI[I/IMO BOCITIOJIB30BAThCsI BTOPBIM CII0COO0OM

pacuerta [28].

ACF,
CFryi’

PP = n, + (5.8)

rac ny — OcjIoC 4Yrucjio I€Cpruoa0B, IIPH KOTOPOM KYMYJIATHBHAA CyMMa

OoKa3bIBaeTCs HanboJiee OJIM3KOM K BEJIMUMHE HHBGCTHHHﬁ, HO MCHBIIC CC;

ACF: — HenoKpbITasi 4aCTh UHBECTULIMN B MOMEHT {;

CFt+1 — 4HCTBIE ICHEKHBIE IOCTYIUIEHUS! B MOMEHT t+1.

y‘lI/ITBIBaH, 49TO CTOUMOCTD JJICKTPOOIHCPI'UMHU ITOBBIITACTCA KEDKI[BIﬁ roa Ha

56%, cocraBuM Tabmumy 17, mMOKa3bIBAIOIIy0 pocT TapudoB U

CyYMMY COKOHOMIJICHHBIX CPCACTB.

Tabnuna 17 — IIporHo3 cTOMMOCTH 3JEKTPOIHEPTUH AJII OJHOCTAaBOYHOIO Tapuda,
U pepeHInPOBAHHBIM MO JBYM 30HaM CYTOK JIJISl IPOMBIIUIEHHBIX MPEAIPUSITHIA

I'on [InkoBasg | Hounas 30Ha,| 3aTparsl MPEaNPUATHUS Ha

30Ha, pyo/MBT 4 | 3ieKTpO3HEPTUIO TSt oborpena

py6/MBT-u MMOMEIIEHUS MPHU TETUIOBOM MOIIHOCTH

cucTeMbl oTorieHus 65,3 MBT-u

1 4984,88 2076,27 262247,8
2 5283,973 2200,846 277982,6
3 5601,011 2332,897 294661,6
4 5937,072 2472,871 312341,3
5 6293,296 2621,243 331081,8
6 6670,894 2778,518 350946,7
7 7071,148 2945,229 372003,5
8 7495,416 3121,942 394323,7
9 7945,141 3309,259 417983,1

Pacuer kyMyJIATHUBHBIX AEHEKHBIX MOTOKOB IMpeACTaBieH B Tadaune 18.
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Tabmuua 18 — PacyeT KyMyJISTUBHBIX IEHEKHBIX IOTOKOB

I'onbr JIeHeKHbIE TOCTYIUICHUS, KymynaruBHbII
pyoO. JICHEeKHBIN MOTOK, pyO.
0 1604 290 -1 604 290
1 262 247,8 -1 342 042
2 277 982,6 -1 064 060
3 294 661,6 -769 398
4 312 341,3 -457 057
5 331 081,8 -125975
6 350 946,7 224 971,8
7 372003,5 596975,2
8 394323,7 991298,9
9 417983,1 1409282
CpoK OKynaeMOCTH IPOEKTA COCTABUT:
125975
PP = 5+ ——=15,36ro/1a
350946,7

2. PacuetHas HOpMma npuObLIU

JIaHHBIM ITOKA3aTeNlb MHOTAA B JIUTEPATYpE HOCHUT HA3BAHUE CPEINHEN HOPMBI
npuobUI Ha uHBecTULIMU (ARR), nnm Oyxranrepckoil peHTa0eIbHOCTH WHBECTHUIIHIMA
(ROI).

DTOT METOJT OCHOBAH Ha CONOCTABIICHUYU MPUOBLIN M WHBECTUIUH [36].
HpCp

0

ARR =

-100%, (5.9)

rae Pep— cpenHsst npuObLIb (OalaHcoBast MO0 YUCTas) 3a EPUOT;

IO — IICPBOHAYAJIbHBIC HHBCCTUIINH.

PacueTHas HOpMa MpuOBLIM Ha ONpPEAEIICHHBIN BBILIE CPOK OKymaeMocTH (6

JIET) COCTABUT:

_ (262247,8+ 277982,6 + 294661,6 + 312341,3) /4

ARR1 1604300 - 100%
ARR2 = (331081,8 + 350946,7 + 372003,5)/3 . 100%
1604300
ARR3 — (394323,7 +417983,1)/2 . 100%
1604300

' ARR= 20,87 %



JAnHamMu4yeckue MeToAbl OUWEHKU I(PPeKTUBHOCTH HHBECTULMOHHON
AesITeJIbHOCTH.

1. Yncras TCKYILAsd CTOUMOCTD

I[aHHBIﬁ MCTOJ OCHOBaH Ha COIIOCTAaBJICHUN JHCKOHTHPOBAHHBLIX YHCTBIX
JACHCKHBIX HOCTYHJ'ICHI/Iﬁ oT OHepaHHOHHOﬁ " HHB@CTHHHOHHOﬁ ACATCIBbHOCTH.
I/IHBGCTI/IHI/II/I npeajraracMoro IpocKTa HOCAT pa3OBLIﬁ XapaKkTep, IMOITOMY

qucTyto Tekymyto ctoumocTh (NVP) onpenensiem o dhopmyne [28]:
CF,
NVP = Z%—IO, (5.10)

rae CFone — YUCTHIE JEHEKHBIE TOCTYIUIEHUS OT ONEPALMOHHON NESATEIBHOCTH;

lo — pa30BbIE NHBECTHUIIMH, OCYILECTBIIIEMBIE B HYJIEBOM I'O11Y;

t — HoMep 1m1ara pacuera; N — TOPU30HT PacyeTa;

ro - CTaBKa JUCKOHTUPOBAHUS (>xemaeMblil ypOBEHb
JIOXOJTHOCTH UHBECTUPYEMBIX CPEJCTB).

Pa3pabaTbiBaeMblii IPOEKT IIpearnoaaract CHU)KCHUE
ce0eCTOMMOCTH TIPOYKIIUH, TIOITOMY CTaBKa JUCKOHTUpOoBaHUs 1=10%.

Tak>ke IpOEKT HANPaBJIEH HA CHU)KEHUE 3aTPAT Ha AIEKTPOIHEPTHIO, [I03TOMY
3a CF Oyzaet nmpuHUMAaTh COKOHOMJICHHBIC CPEICTRA.

OcHoBbiBasicb Ha Tabmuue 5.10, kaxzawslid roa, ¢ pocToM TapudoB Ha
AIIEKTPOIHEPTUI0, COKOHOMJIEHHBIE CpelcTBa OynyT yBenuuuBarbes, modromy NVP

IMPOCKTa COCTABUT:

262247,8 2779826 2946616 3123413

A+0D) A+00Z T a+013 Ta+o01)’

ypy L 3310818 | 3509467 3720035 3943237 4179831
A+01)° d+01° (1+01)7 TA+0,08 T A+01)

NVP1 =
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NVP > 0, a 3TO 3HaUUT, 4YTO UHBECTUIIMOHHBIM MPOEKT OKAXXET BIIMSHUE HA
HDKOHOMHUYECKUI MOTEHIMAII IPEATIPUATHS U HA €T0 SKOHOMUYECKYIO LIEHHOCTb.

[IpoekT mpuHECET NOJOKUTEIBbHBIA pPE3yNbTaT TOJBKO B JaJbHEUIIEH
IIEPCIEKTHUBE, HECMOTPS Ha TO, YTO CPOK OKYITAEMOCTH COCTABIIIET 5,4 roza.

2. Nnupekc moxomHocTH (peHTadenbHocTH ) naBecTuimii (Pl) [36]

n _ CF
t
pI =Z(1+T)/,O, (5.11)
t=1

rac IO — HepBOHaanBHBIe HMHBCCTUIIHUH.
2622478 277982,6 294661,6 312341,3 331081,8
=g tasoz T a0 TG00t T A r00)8
_ 350946,7 372003,5 394323,7 417983,1

PI2 =
A+010° T d+01)7 Td+010° (1+01)0°
J_PntPR2_
1604300

I/ICXOI[SI K3 3HAYCHUA NHIACKCA JOXOAHOCTH MOXKHO CACJIATh BBIBOJ, YTO TaKasd
HHBCCTHULUSA IIPpUCMIICMA.

3. JluckoHTHpOBaHHBIN cpok okymaemoctu (DPP)

HawnbGonee MMPHUEMIICMBIM METOAOM YCTAHOBJICHUS JUCKOHTHUPOBAHHOI'O CPOKaA
OKYITaCMOCTH SABJIICTCA paCuUCT KYMYJIATUBHOTI'O (HapaCTaIOH_[I/IM I/ITOFOM) JACHCKHOI'O
ITIOTOKA.

Onpenenenre MMCKOHTUPOBAHHOTO CPOKA OKYITAEMOCTH MPUBEICHO B Tadsmwe 19.



Ta6muma 19 — OnpeneneHne AMCKOHTHPOBAHHOTO CPOKA OKYITAEMOCTH pa3pabaThIBAeMOTO MPOESKTA

Ne | HaumenoBanue HuTepBan miaHupoBaHUs
| OResATe 0 1 2 3 4 5 6 7 8 9
1| HucTerd AeHeRHBIH | - 262247,8 | 277982,6| 294661,6 312341,3| 331081,8| 350946,7| 372003,5| 394323,7| 417983,1
IIOTOK 1604290
2 To xe ¢
HapacTarOIIUM -160 4290 -1342042 | -1064060| -769398 -457057 | -125975 | 224971,8| 596975,2| 991298,9| 1409282
HUTOrOM
3 [IpocToii cpok 125975
OKYMaeMOCTH PP =5+ 3509467 5,4 rona
4 Koaddumuent
JTHUCKOHTHPOBAHHUS 1,000 0,909 0,826 0,751 0,683 0,621 0,564 0,513 0,467 0,424
(r=10%)
5 |JduckoHTHpPOBaHHBIN
YUCTBIA I€HEKHBII -1604290 238383,2 | 229613,7| 221290,9 213329,1| 205601,8| 197933,9| 190837,8| 184149,2| 177224,8
notok (r=0,1)
6 To xe ¢ -701673 -496071
HapaCTarOIIUM -160 4990 -1365907 | -1136293| -915002 -298137 | -107300 | 76849,51| 254074,3
HATOIOM
/ WCKOHTUPOBAHHBII 107300
2:ipox OKyrli)aeMocm PP =T+ 1841492~ 76 rosa

B pesynbTaTe pacuera TUCKOHTUPOBAHHBIN CPOK OKYMAaEMOCTH COCTaBIISIET 7,6 JIeT, 4TO Ha 2,2 ToJla MPEBBIIIAET TPOCTON

CPOK OKYIaeMOCTH.




4. Buyrpennss craBka qoxoanoctd (IRR)
Mesxny uncToii Tekyiieit croumocthio (NPV) u ctaBkoii uckoHTHpOBaHus (I)
CYILECTBYET 00paTHas 3aBUCUMOCTb. OTpe/ieTuM 3Ty 3aBUCUMOCTh U3 Tabiuibl 20 u

rpaduka, mpeacTaBIeHHOrO Ha pUcyHKe 16.

)

Yucraa Tekywan crommocts NPV
o

200,0 IRR

o
=)

0,05 0,1 0,8 0,2 0,25

AN
o
(=}
(=}

’

N
[
o
o

’

-300,0

-400,0
CTaBKa AMCKOHTMPOBaHMA (r)

Pucynoxk 16 — 3aBucumocts NPV ot cTaBku nuckoHTHpoBaHUsS CaMblii
IPOCTOM PYyYHOU CHOCOO — METOJIOM MOJCTaHOBKM omnpenenuTsh IRR, nmpu koTopom
NPV ob6pamaercs B Hynb. [lonyuuB ctaBky auckontupoBanusi, rae NPV uyTe Oombiie
HyJis1, U cTaBKy, riae NPV uyTh MeHbIIIE HyJIsl, MOKHO C TTIOMOIIBIO METO/1a JTMHEHHON
WMHTEPHOJSLUN HAalTU cpenHee Mexay AByms 3HaueHusaMH IRR, rae NPV paBHo Hynro
[28]:
NPV,

IRR =1, + :
"1 NPV, — NPV,

(ry — 1), (5.12)

rae I — CTaBKa JUCKOHTHUPOBAHMA, KOTOpas AaCT IMOJOXKXHUTCIbHOC 3HAUCHUE

NPV, 6au3koe Kk HyJI0; ', — CTaBKa JUCKOHTUPOBAHMS, KOTOpPas 1ae€T OTPUIATEIHHOE
3nayenue NPV,
0JIM3KOE K HYJIIO;

NPV, — monoxurensHoe 3aauenue NPV; NPV,

— oTpuratenbHoe 3HaueHne NPV.

IRR =0,1+ 2541 (0,2—-0,1) = 0,143
-7 254,1—(-3443) SR

Takum o6pazom, 3HaueHue IRR mis pa3pabaTbiBaeMOro MpoeKTa COCTABIISIET
14,3%, 4TO BBIIIE CTAaBKU AUCKOHTHpOBaHUS T =10%.
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Ta6muna 20 — 3aBucumocth NPV OT cTaBKH TUCKOHTHUPOBaHUS

Ne HaumenoBanue NPV
/1 IoKas3aTeseu 0 1 2 3 4 5 6 7 8 9
1 YucTeli JeHeXHBIH ToToK | -1604,3 262,2 278,0 2947 312,3 331,1 | 350,9 | 372,0 | 394,3 | 418,0
Koaddurment
2 JTUCKOHTHPOBAHUS:
r1=10% 1 0,909 0,826 0,751 0,683 0,621 | 0,564 | 0,513 | 0,467 | 0,424
r,=20% 1 0,833 0,694 0,579 0,482 0,402 | 0,335 | 0,279 | 0,233 | 0,194
JIMCKOHTHUPOBAHHBIN
3 YUCTHINA JEHEKHEBIN MOTOK:
r1i=10% -1604,3 238,4 229,6 221,3 213,3 2056 | 197,9 | 190,8 | 184,1 | 177,2
r,=20% -1604,3 218,5 192,9 170,6 150,5 133,1 | 117,6 | 103,8 | 91,9 81,1
To >xe HapacTarIUM
4 HTOT'OM
r1=10% -1604,3 | -1365,9 | -1136,3 | -915,0 -701,7 | -496,1 | -298,1 | -107,3 | 76,8 | 254,1 | 254,1
r,=20% -1604,3 | -1385,8 | -1192,9 | -1022,3 -871,8 | -738,7 | -621,1 | -517,3 | -425,4 | -344,3 | -344,3




CommanbHass 3(QQPEKTUBHOCTh HAYYHOTO IPOEKTa YYUTHIBAET COLUATBHO-
HYKOHOMHUYECKHE TIOCIEICTBUS OCYIIECTBICHUSI HAYYHOTO MPOEKTa JIs OOIIeCTBa B
I[EJIOM WJIA OTACIBHBIX KAaTeTOPUH HACEIICHWW, WU TPYII JIUI, B TOM YHUCJE Kak
HEIOCPEICTBEHHBIC PE3YIbTaThl IPOSKTA, TAK W «BHEITHUE)» PE3yJIbTaThl B CMEXKHBIX
CEKTOpaxX ASKOHOMHUKH: COITMAIBHBIC, DKOJOTHMYECKHE M WHBIC BHEIKOHOMHUYCCKHE
3 PeKTHI.

Kpurepuu comumanbHOM 3(P(HEKTUBHOCTH, Ha KOTOPHIE BIUACT peaTu3aIlvs
MPOEKTA U OLICHKA CTEIIEHH MX BIIUSHUSA MPECTaBICHBI B Tabuie 21.

Ta6muma 21 — Kpurepuu conpanbHoi 3pheKTUBHOCTH

J0 ITOCJIE
HepaunonansHoe  ucnosbp3oBaHue| Mcnonp3oBaHue NpUPOOHBIX PECYpCOB B
MPUPOIHBIX PECYPCOB MOJIHOM Mepe C TMOJYYEHUEM MPHUOBLIH.

IloBbiIeHHE 3HEProdP(HeKKTUBHOCTH

SKOHOMUKH U SHEPTrOCOEPEKEHUS.

3atparel  3nekTpodHeprun Ha | Mcnosib3oBaHue Teruia OCHOBHOTO

o0orpeB nomMenieHui J00BIBAEMOTO MOTOKa B KayecTBe
TEIUIOHOCUTENS, ©0€3  JOMOJHUTEIBHOTO
HarpeBa

Bricokas cebectoumocTh| COKpalieHne 3aTpaT Ha JJICKTPOIHEPTHUIO

POAYKITHH BCEMU JOCTYIHBIMHU CIIOCOOAMH TO3BOJISIIOT

IPEANpPUSATHIO CTaTh OoJiee

KOHKYPEHTOCTIOCOOHBIM Ha PBIHKE

4.3.1 OueHka cpaBHUTEIbHOMH () PeKTUBHOCTH UCC/IeI0BAHUSA

Onpenenenne  3G(EKTUBHOCTH  MPOUCXOJUT HAa  OCHOBE  pacuera
WHTETPATbHOTO  MOKa3aTens dS(PQPEeKTUBHOCTH HAYYHOTO HCClenoBaHusA. Ero
HAXOXKJIEHUE CBSA3aHO C OTMPE/ICTICHUEM JBYX CPEIHEB3BEIICHHBIX BEJIMUNH:

dbunaHcoBo# 3 (HEKTUBHOCTH U pecypcodrhPEeKTUBHOCTH.

53



WuTerpanbHblil PUHAHCOBBIN MOKA3aTeNb Pa3pabOTKU onpeaessercs kak [37]:

D
P=—r1 (5.13)
q) cDmax

riae IoP — MHTErpaIbHbIA (PUHAHCOBBII TOKA3aTENh PA3PA0OOTKU;
¢ s

®p; — CTOMMOCTB I-T0 BapUAHTa MCIIOJTHEHUS;

Dimax  — MaKCHMaJIbHas ~ CTOMMOCTH HCIIOJHEHUS
Hay4YHOMCCJIE0BATEIBCKOTO MPOEKTA (B TOM YHCJIE aHAJIOTH).

Cy1iecTByeT HECKOJIBKO BAPUAHTOB CUCTEM OTOIUICHUS HAa JAHHOW YCTaHOBKHU
MOATOTOBKU HE(PTH, OHU MPEICTABJICHBI B TaOIUIIE 22.

Ta6J'II/II_Ia 22 — BapI/IaHTI)I HCIIOJHCHHA HAYYHO-HUCCIICAOBATCIILCKOI'O IIPOCKTA

Tekymmii TpoeKT Amnaror 1 Amnaror 2
Onucanue npoekra | O0orpeB mnomemenuii | O6orpes OborpeB mnomelmieHuil ¢
c HACIIOJIL30BAHMEM | [joMeneHUN C| UCIOIB30BAHUEM Teruia
TEILIa OCHOBHBIX | peronp30BaHrEM OCHOBHBIX IIOTOKOB;
H0T0K06B§ YCTaHOBKA | razoporo koTna, WA | yeraHoBKa
Zil:[g;ZTngHHXnocne ggggz::elmﬂ TETUIO0OMEHHBIX
CenapaTopos. KOTOPOro anmapaTtoB  Tocle
KOMIIaHUS 3aKyIaeT PE3CPBYapOB.
3JIEKTPOIHEPTHIO.
CroumMocTb BapuaHTa HelicTByromui 1604,29+10n0onHUTENBHBI
HUCIIOJIHCHMUS, BapuaHT, HEC " HarpeB BOJELI C
TBIC.pYO. 1604,29 TpeOyrommit MTOMOIIIBIO 3aKyIaeMon
(bMHAHCOBBIX 3aTparT. STEKTPOIHEPTHH.
1604,29+262,25=1866,54
MakcuManbHas
CTOUMOCTD
HUCHOJIHEHUSA 1700,00
MPOEKTA, THIC. PYO.
WuTerpanbHbIi 0,94 0,00 1,01
(buHaHCOBBIN Cokpailienue 3aTpar He tpeGyer YBenuueHue 3arpar Ha
HoKa3aTelb Ha pa3paboTKy (UHAHCOBBIX pa3paboTKy
pa3paboTku BIIOYKCHU I

WNuTterpanbHblii ToKazatenb pecypcodPGEeKTUBHOCTH BapUAHTOB UCIIOJIHEHHUS

00BEKTa UCCIICAOBAHMS MOYKHO OTPEACTUTD ClIeaytonuM oopaszom [37]:
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n n

18 = Z a;b?, 1P = Z a;b?, (5.14)

rie [ — MHTerpaibHbIi MoKa3aTelb pecypcoddHeKTUBHOCTH BapUaHTOB;
a; — BecoBOI K03 (PHIMEHT I-TO mapamMeTpa;
b, b? -
i » Yi— OannbpHas OIEHKA 1-TO MapaMeTpa JjIsl aHaJora U pa3padoTKH,

YCTaHABIMBACTCS DKCIIEPTHBIM ITyTEM TI0 BEIOPAHHOM ITKaJIe OICHUBAHUS; N

— YHCJI0 TTapaMeTPOB CPaBHEHHUSI.

Jlnis pacdera MHTETPaIbHOTO TOKa3aTeNs pecypcodPPEeKTUBHOCTH COCTaBUM
Tabmauiy 23.

Tabmuna 23 — CpaBHUTENbHAs OLIEHKA XapaKTEPUCTUK BapUAHTOB HCIIOJHECHUS
MPOEKTa

o Becosoii Texymuii | Ananor 1 | Ananor 2
KOA(ULIUEHT | TPOEKT
Kpurepuii napameTpa

1.CnocoberByer pocty
KOHKYPEHTOCIIOCOOHOCTH 0,35 5 3 3
KOMIIAHUHU Ha PbIHKE
2.Y 1006CTBO B 3KCITyaTalluU 0,10 5 5 5
3.DHeprocOepexkeHue 0,30 5 3 2
4 Ilpoctota  MOHTaXka

0,10 5 5 5
00CTy)KMBaHUS
5.HanexHoCTh 0,15 4 5 5
HUTOI'O 1,00

[tn=5-0,35+5-0,10+5-0,30+5-0,10+4-0,15=4,85 Ananor
1=3-0,35+5-0,10+3-0,30+5-0,10+5-0,15=3,7
Amnanor 2= 3-0,35+5-0,10+2-0,30+5-0,10+5-0,15=3,4

p
NuTerpanbHbiii mokaszarens 3G (HEKTUBHOCTH pa3padOTKU (I durp) 1 amaora
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(Ipunp® )  ompenmernsieTcs  Ha  OCHOBAaHMM  WHTETPAJIBHOTO  MOKAa3aTels

pecypcorhHEKTUBHOCTH ¥ HHTETPATIBLHOTO (PMHAHCOBOTO MOKa3aTes o Gpopmyiie

[31]:
1P _lm 2 i (5.15)
=77 lommp T '
$uHp 1¢ p [51)

CpaBHeHI/Ie HHTCI'PAJIBHOI'O ITOKA3aTCIIA Bq)(i)eKTI/IBHOCTI/I TCKYIICI'O IIPOCKTA U
AHAJIOT'OB ITO3BOJIUT OIIPCACIIUTE CPABHUTCIIBHYIO 3(1)(1)CKTI/IBHOCTL IIPOCKTA.

CpasuuTtenbHas 3¢ GeKTUBHOCTH mpoekTa [31]:

Ip
Iep = (5.16)
Lgmap

rae deop — cpaBHUTENbHASA d(DPEKTUBHOCTh MPOEKTA; [punpP — MHTETPATBHBIN

a
II0KAa3aTCJIb p33pa6OTKI/I; Iq)HHp— I/IHTGFPEIJIBHBII?I TEXHUKO-PKOHOMMYECKHM MMOKa3aTelb

aHaJiora.

Tabnuua 24 — CpaBHutenbHas 3 PEKTUBHOCTH pa3pabOTKU

[Tokazarenu Amnanor 1 Amnanor 2 Pa3zpaboTka
WHTerpaibHbIN (MHAHCOBBIHA 0,00 1,01 0,94
MoKazaresib pa3paboTKu
WHTeTpasibHbIN TTOKa3aTelh 3,70 3,40 4.85
pecypcoahhekTHBHOCTH
pa3paboTku
WHTerpanbHblil TOKa3aTelNb 0,00 3,37 5,16
s exTuBHOCTH
CpaBHuTtenbHas 3¢ (HEKTUBHOCTh 1,53

BAapHWaHTOB UCIIOJTHCHHA

(Ananor 2 u Pazpabotka)

Ha ocnoBanuu Tabmuiel 24 MOXXHO cienaTh BBIBOJ, YTO pa3paldaThbIBaCMbIii
HAyYHBIA TPOEKT, MO CcpaBHEHHIO ¢ AHamorom | u 2, uWMeer HaMOOJBIIYIO
3 PEKTUBHOCTh, KaK IO HHTErPAJIBHOTO (PMHAHCOBOMY TMOKa3aTel0, TaK M IO

MoKazaTelto pecypcodrhPeKTUBHOCTH pa3pabOTKH.
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Oil field preparation

Products from oil or gas wells do not constitute pure oil and gas, respectively.
Produced water, associated gas (oil gas), solid particles of mechanical impurities,
rocks, hardened cement come from the well along with oil.

The production of wells in oil and gas fields is a multi-phase multicomponent
system.

The field development requires a larger amount of capital investments, a
significant share of which is accounted for by the construction of systems for the
collection and transportation of oil and gas. In this regard, competent field preparation
IS necessary, which is of paramount importance both to reduce capital costs and
operating costs, and to reduce the time of field development and, consequently, to
accelerate the commissioning of new fields.

Prospective volumes of oil production in Russia will be determined mainly by
the level of world oil prices, tax conditions and scientific and technical achievements
in exploration and development of fields.

Natural gas belongs to the unreported resources of the country. It is one of the
most valuable types of raw materials, largely determining the development of the
economy. Gas - the source of the country's budget. Currently, the share of natural gas
consumption in the country is over 30% and has a steady tendency to further growth.

The greatest gas losses (up to 90%) occur in gas transmission systems.

In the preparation of the extracted hydrocarbon raw materials for the main
transport in modern fields, technological processes based on using the principle of
separation (separation) of the reservoir mixture into liquid and gas phases as a result of
natural forces: gravity, inertia, etc., are widely used.

The state and properties of oil systems are determined by the influence of
various parameters: pressure, temperature, specific volume, component composition of
the phases.

When the hydrocarbon (HC) system moves along the whole chain “reservoir -
well - collection and preparation system - main pipeline”, pressure and temperature
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continuously change. As a result, the phase states of the systems, the component
composition of the phases, and, as a consequence, the observed physicochemical
properties change.

Consequently, oil field preparation is necessary in order to ensure proper
quality of the energy resource before it is sent to industrial enterprises.

Also, this procedure minimizes the presence of harmful substances in the raw
materials, which guarantees a long service life of oil pipelines.

Poor quality raw materials can lead to considerable extra costs. We are talking
about the high cost of transportation, if the product is not cleared of unnecessary
substances, giving it extra volume and weight. And also about financial investments in
equipment. After all, oil, from which no salt has been removed, can damage the
pipeline very quickly, and then its replacement will be required.

All commodity oil entering the main oil pipeline corresponds to GOST R
51858-2002. Oil. General technical conditions. Tabular data are given below.

Table 1 - Oil Classes

Oil Name Mass fraction of Test method

grade sulfur,%

1 Low-sulfur b_efore 9’60

including

2 Sulfur Ot 0,61 >>1,80 | According to GOST 1437, GOST R

3 Sour >> 1,81 >> 3,50 51947 and 9.2 of this standard

4 Particularly Cs. 3.50

sour

According to density, and when delivered for export, in addition to the output
of fractions and the mass fraction of paraffin, oil is divided into five types (table 2):
0 - especially easy;
1 - easy;
2 - average;
3 - heavy;

4 - bituminous.
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Table 1 — Types oil

® Oil rate type
g 0 1 2 3 4
= for for for for for Test
% enter | for | enter | for | enter | for | enter | for | enter | for | meth
% prises | exp | prises | exp | prises | exp | prises | exp | prises | exp | od
5_‘:5 of the | ort | of the | ort | of the | ort | of the | ort | of the | ort
RF RF RF RF RF
Acco
rding
1 to
) GOS
Densit
T
y. kg/ 3900
m3, at
temper and
ature: 9.3 of
' this
stand
ard
o No more 830,1- 850,1- 870,1- GOS
20°C 1 e300 850.0 870.0 go50 | MOre89so | Lo
5106
9 and
o No more 833,8- 853,7- 873,6- 9.3 of
I15°C 1 g337 853.6 8735 ggg4 | More838.4 | i
stand
ard
2
Yield Acco
of rdin
fractio g
ns,% to
: GOS
vol., T
||:sost 2177
! (meth
up to od B)
temper
ature:
200 °C - 30 - 27 - 21 - - - -
300 °C - 52 - 47 - 42 - - - -
3 Mass Acco
fractio - 6 - 6 - 6 - - - - | rding
n of to
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paraffi
n,%,
not
more
than

GOS

1185

Notes
1. If oil according to one of the indicators (density or yield of fractions) refers to
the type with a lower number, and according to another - to the type with a higher
number, then oil is recognized to correspond to the type with a larger number.
2. Oil types 3 and 4, when accepted into the pipeline transportation system for the
subsequent export, must have a norm in indicator 3 not more than 6%.

According to the degree of preparation, oil is divided into groups 1-3 (table 3).

Table 3 - Oil groups

than

Norm for oil
Name of the indicator group Test method
1 2 3
: According to GOST
0
1 Mass fraction of water,%, not more 05 | 05 | 1.0 | 2477 and 9.5 of this
than
standard
i : According to GOST
2 Mass concentration of chloride salts, 100 | 300 | 900 | 21534 and 9.6 of this
mg / dm3, not more than
standard
3 Mass fraction of mechanical 0.05 According to GOST
impurities,%, not more than ’ 6370
4 Saturated vapor pressure, kPa (mm GOST 1756, GOST.R
’ 66,7 (500) 52340 and 9.8 of this
Hg), not more than
standard
e e 1 pccoring o GOST
10 | 10 | 10 | R 52247 or Appendix
temperature of 2040C (ppm) not more A (6)

Note - If, according to one of the indicators, oil belongs to a group with a lower
number, and according to another, to a group with a higher number, then oil is
recognized as the corresponding group with a higher number.

According to the mass fraction of hydrogen sulfide and light mercaptans, oil is

divided into 2 types (table 4).

Table 4 - Types of oil

Name of the indicator

Type of
oil

Test method
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1 2
1 Mass fraction of hydrogen sulfide (ppm) no According to GOST R
20 | 100
more than 50802
2 Mass fraction of methyl and ethyl

: 40 | 100

mercaptans in total, (ppm)
Notes
1 Standards for indicators in table 4 are optional until 01/01/2013.

Determined for the data set.

Requirements for the design of systems for the collection and treatment of oil are
currently prescribed in VNTP 3-85 "Standards for the technological design of objects
for the collection, transportation, preparation of oil, gas and water from oil fields",
which gives all the regulations to the designed oil production facilities.
Primary preparation of oil, in the overwhelming majority of cases, occurs directly at
the sites of its production.

Primary preparation of oil implies:

* degassing - removal of gases from raw materials;

« stabilization - removal of unwanted light fractions;

« dehydration - separation of oil from water;

» desalting - removal of excess salts from the energy source.

Oil degassing

Oil extracted from the earth's interior, as a rule, contains gas, called associated gas. For
every ton of oil produced, there are 50-100 m3 of associated gas. Before transporting
and supplying oil for processing, gas must be separated from oil. Removal of gas from
oil - degassing, carried out with the help of separation and stabilization.

Under conditions of an oil reservoir at high pressure, gases are dissolved in oil, when
oil rises to the earth's surface, the pressure drops and the dissolved gas is released, it is
important to catch it at this moment. There are several schemes for the separation of
gas from oil in the field, which differ in the conditions of movement of oil and gas.

Schemes of the first group are characterized by the fact that gas is separated from oil
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at the shortest distance from the well. After separation of gas to the central collection
points, only oil moves. An example of such a gas / oil separation scheme is shown in
Figure 1a.

Gas-oil mixture from the well enters the vertical tank

S-1, equipped with devices to prevent the loss of oil with gas. This capacity is called
the ladder. From the S-1 ladder, the gas enters the gas collector, and the oil enters the
E-1 measuring device. Through the gas collector, the associated gas is transferred for
further processing to gasoline plants. Up to one hundred and more wells of one or
several nearby oil fields are connected to the reservoir. Since the pressure at which the
separation occurs in the ladder is low (101.3-202.6 kPa), it is compressed with LK-1
compressors to supply gas to gas and gas plants.

Oil from the E-1 measuring tank is supplied by gravity or by pumps to the oil-collecting

station, where it is dehydrated.

&l -2
1| k-1
: 1
Yinoas Cd t LI
rrrn¥ £ LTI 0
LILT* Ll

Figure 1 - Schemes of separation of gas from oil in the oil field with a single-
stage (a) and multi-stage separation (b): 1-gas to the plant; I1-oil

The described scheme is simple, but does not provide complete capture of the

associated gas. After single-stage separation, up to 40-50% of associated gas remains

in the oil. This gas, getting together with the oil in the E-1 measuring tanks and

reservoirs of oil gathering points, largely disappears into the atmosphere. Systems of
multistage separation are more efficient (Fig. 1b).

Increased pressure is maintained at the mouth of the oil well. A gas separator of

the first separation stage C-1 is placed in the immediate vicinity of the well, the

68



pressure in which is 607.9-709.3 kPa. This pressure is enough to apply gas to the plant
without additional compression.

From the first stage gas separator, the oil, along with the dissolved gas remaining
in it, flows by gravity to the central collection point. At this point, flows from a large
number of wells. As a result of the pressure reduction at the central collection point,
gas is again released in the C-2 separator. This gas is supplied to the plant by
compressors. The advantages of a multi-stage separation scheme:

» more complete separation of gas from oil;
» reduction of the ablation of oil droplets with gas;

» reduction of electricity consumption for gas compression.

Oil stabilization

Oil stabilization is the extraction of light hydrocarbons, which under normal
conditions are gaseous, for further use in the petrochemical industry.

The degree of oil stabilization is established for each specific field, taking into
account: the amount of oil produced, the content of light hydrocarbons in it, technology
for collecting oil and gas in the field, the effect of oil stabilization on the petrol factor
of oil, increasing the cost of pumping oil by increasing viscosity with a greater degree
of stabilization of oil. Depending on the degree of oil stabilization, the process is
carried out by separation (by extracting a broad fraction of light hydrocarbons by single
or multiple oil degassing by reducing its pressure, including with preheating the oil) or
by distillation (selection of light fractions by single or multiple heating and
condensation with a clear separation of hydrocarbons). In the fields of stabilization of
oil is carried out mainly in separation plants, which differ in the principle of operation
(gravitational, inertial or louvre and centrifugal), spatial orientation (vertical,
horizontal and inclined) and geometric shape (cylindrical and spherical). As a rule,
horizontal separators are used to stabilize oil with large gas factors. The degree of

extraction of gas and oil and the removal of oil droplets together with gas depend on
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the number of separation steps, the pressure on the separation steps, the temperature
and volume of the incoming oil and gas mixture, as well as the design of the separators.
In multi-stage separation, in the first stages, mainly methane is obtained, which
is used in the field or is fed to the trunk gas pipeline, and in subsequent stages - light
hydrocarbons (mainly C3Hs). Thanks to the stabilization of oil, losses during storage
and transportation of oil are reduced.
Progress in the field of oil stabilization is possible while ensuring reduction of energy
costs for separation, so that the energy contained in the oil and gas flow is used mainly
for the transport of oil and gas, as well as with a significant increase in the efficiency
of separation devices. Perspective methods for the separation of oil and gas using
ultrasound, membranes, separation in thin layers, etc., as well as combining them with

the effects of heat, centrifugal forces, etc., are promising.

Dehydration and desalting oil

Dehydration and desalting of oil - preparation of oil for processing by removing
water, mineral salts and mechanical impurities from it. When oil is produced, its
inevitable satellite is the reservoir water (from <1 to 80-90% by weight), which,
dispersing in oil, forms with it a water-in-oil emulsion (dispersed phase-oil, dispersed
-water). Natural emulsifiers (asphaltenes, naphthenes, resins) and dispersants that are
present in petroleum contribute to their formation and stabilization. mechanical
impurities (particles of clay, sand, limestone, metals). Produced water, as a rule, is
largely mineralized by chlorides — Na, Mg, and Ca (up to 2500 mg / | of salts, even if
only 1% of water is present in the oil), as well as hydrocarbon sulfates.

The presence of these substances and mechanical impurities in the oil has a
detrimental effect on the operation of the equipment of oil refineries (refineries):

1. with a high water content, the pressure in the equipment of oil distillation
units increases, their productivity decreases, and energy consumption increases;

2. salt deposition in the tubes of furnaces and heat exchangers requires their

frequent cleaning, reduces the heat transfer coefficient, causes severe corrosion
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(chlorides of Ca and Mg hydrolyze to form HCI); in addition, salt and fur. impurities
that accumulate in residual oil products — fuel oil Igudrona — impair their quality.

Hydromechanical method of oil settling for the purpose of stratification of
formation water and oil, as well as for the deposition of fine particles of dispersed water
in the oil layer is carried out in gravity settling tanks of various designs. The settling
tanks are usually horizontal cylindrical devices with a volume of 100-150 m3 with a
large interface, in which oil settling occurs within 1-2 hours at a temperature of 120-
140 ° C and pressure up to 1.5 MPa. Simple oil settling is ineffective, but it is a
mandatory element in all other dehydration methods.

Thermochemical method uses the addition of oil demulsifiers, which
chemically destroy the shell of the smallest globules of dispersed water. Small globules
of water are combined with each other, and the resulting globules of large diameter
precipitate at a much higher rate. The demulsifiers (5-50 g / t of oil) in the mixer are
added to the oil, which at a temperature of 60-100 ° C is sent to a horizontal sump. The
demulsifiers are extremely diverse, their composition and the amount added are
experimentally selected for each oil from different fields. The most widely used are
surface-active substances (surfactants): sulfanol, sulfoesters, oxyethylated liquid
organic acids (OFA), alkylphenols (OP-S and OP-ZO), neftenols, organic alcohols
(neonol, sintanol, etc.), ethylene copolymers and propylene oxides (Dissolvan,
proxanols, proxamine, Chemelix, Separol, etc.), diproxamine, oxaphora, prohinor, etc.

Deep purification of oil from water (up to 0.1 wt.%) And salts (up to 1-5 mg /
) is achieved only by the electrothermochemical method with intensive sedimentation
of small water particles in a strong electric field in the presence of large amounts of
fresh washing fresh water (5- 7 wt.%). Spherical globules (drops) of water under the
action of an alternating electric field are deformed, stretched, “tremble”, collide and,
finally, merge into larger globules. This also contributes to the demulsifier, tearing the
shell of water droplets, and increased temperature (120-130 ° C), which reduces the
viscosity of the oil. All these factors together increase the precipitation rate of dispersed

water droplets in which mineral salts are dissolved.
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Refining oil from water and salts begins in the oil field (preparing oil for
transport) and ends at a refinery, with three to five refining stages using different
dewatering methods. The final stage is the electrical dehydration of oil at the refinery.
The designs of field and factory dehydrators are somewhat different. A typical
horizontal dehydrator (Fig. 2) has a diameter of 3.4 m and a length of 18-24 m, a
volume of 160-200 m3 and a design pressure of 1.8 MPa. Inside it are two or three
lattice electrodes (slightly higher than the axis of the apparatus), which are suspended
on insulators to the body of the apparatus. For operation, high voltage alternating

electric current (22-44 kV) is used, electricity consumption is 2.5-5.0 W/ m3 of oil [4].

Figure 2 - Horizontal Electrodehydrator. 1- housing; 2- demineralized oil collector; 3-
fitting for safety valve; 4,5- branch pipes for bushing insulators; 6,9- manholes; 7-
crude oil reservoir; 8- electrodes. Streams: I- crude oil; Il - desalted oil; 111 slurry; IV

- water vapor; V-brine; VI- wash water.

literature review

A huge amount of research is currently underway to reduce the cost of field
equipment, with acceptable optimization. Since this issue has been in great demand in
recent years, many articles have been published on this topic, which reveal the full
depth of the events held.

In the article, the authors T.N. Bormotova, P.Yu. Sokolchik is considering the
possibility of expanding computer-aided design (CAD) systems for technological

installations of oil collection and treatment systems. For this purpose, practical
72



examples of technological processes for oil preparation and the composition of
technological installations using a modular approach are given, information models are
defined that formalize decision groups and describe individual solutions for a
technological installation. To build models, an object-oriented approach to describing
solutions and an approach based on relational models was applied. When considering
a technological installation using an object-oriented approach, the hierarchy of classes
used for further design and the properties of classes are determined. These approaches
lead to the construction of databases (DB) and database management systems (DBMS)
integrated into CAD systems or used separately, which allow to formalize the choice
of hardware design of technological installations. The algorithm of using the database
in the design of technological installations.

V.N. lvanovski, A.A. Sabirov, A.V. Degovtsov, in assure efficiency of the
reservoir pressure maintenance system has a great impact on the wells operation in the
current conditions of oil industry. The water injection method is mostly used among
the reservoir pressure maintenance systems (RPMS). Typically, the reservoir water
from the primary water disposal facilities (PWDF) and water from surface sources
(rivers, lakes, etc.) is used in most cases. Raw water contains a large amount of
mechanical impurities and residual oil; it may lead to the reservoir clogging. Therefore,
the quality of water is highly restricted by the industry and enterprise standards, it is
currently impossible to comply with these standards without unmanageable treatment
systems. The article proposes to use skid-mounted water treatment systems, which
include up to three stages of treatment, depending on the operating conditions. The first
stage - mechanical impurities separator developed at the Oil and Gas Industry
Machinery and Equipment Department of the Gubkin Russian State University of Oil
and Gas. The second stage - filter with the filtering elements made of the wire porous
materials (WPM) developed by REAM-RTI without hydrophilic and oleophobic
coating. The third stage — sorber, it provides complete water cleaning from residual oil.
This system may be installed in PWDF systems or directly on the injection wellhead.
The treatment system specified successfully passed pilot testing (PT) at the facilities

of LUKOIL-Perm LLC — Unvinskoye field (water from land-based sources) and
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PWDF «Byrkay» Oil and gas production shop No. 3 (water bottoms). Pilot test results
showed reduction of suspended solid particles (SSP) content by 2,9 with the average

particle size of 2,5 microns and reduction of residual oil amount by 2,1.

F. R. Ismagilov, R. R. Safin, V. V. Gaidukevich, Z. F. Ismagilova the
technological schemes were offered. They are intended for oil & condensate
stabilization with the usage of hydrocyclon which may be applied to create new closed
technological schemes of integrated oil preparation. The usage of hydrocyclons —
smallsized, simple in device & highly effective apparatus — will allow to intensify the
work system of the initial oil preparation & the construction of the installation in made
of units version. The new schemes were proposed in which the developed & traditional
methods of oil stabilization are combined. The results of experienced industrial tests of
oil stabilization processes with centrifugal power usage, gas purification from
hydrogen sulphide allow to realize a new technology for wide industrial introduction.

In the article the main parameter of the quality of the injected reservoir water,
which has an impact on reducing injectivity of injection wells, is the concentration
(content) of oil and solid particles (SP). In conditions of high load of well production
preparation objects is not always possible to achieve these requirements. On
Majachnye field of workshop oil and gas Ne5 there are certain problems. In addition,
in the field there are well clusters, producing high water cut products. It increases the
economic costs of transportation and preparation of oil emulsion. In this regard, the
issues of improvement of produced water quality for injection, the reducing the load of
in-field training facilities and the reduction of transportation costs and the destruction
of oil emulsion becomes more urgent. This paper presents a solution — Cluster
technology of preparation and injection of produced water from wells into the reservoir
using a pipe phase divider.

The paper suggests a method for sand and mechanical settling in a liquid flow,
including a sand settler, which is installed prior to a production gathering and handling
point directly on the infield pipeline, both on one well line and at branch

connections.However, the.developed sand settler is located at a distance determined by
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the proposed relationship. The design parameters of the sand setting device , which
provide the most complete trapping of mechanical impurities as well, are determined
based on the daily volume of liquid passing though the device by comparing parameters
such as settling time of solids and the passage time of liquid with solid particles through

the device.

In the article, in the case of bottom-hole pump dinamic level have been studied
on the basis of analytical solution of differential equations. The solution of this
equation gives the pump fluids to determine the parameters of the oscillations of level,
and reveals the importance of the regulation of the level of oscillations. Determination
of dynamic level of fluid level in deep-pumping wells with abnormal viscous - plastic

oil has been considered in the article.
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